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Abstract 

The study of membrane proteins has become increasingly important, as they play a number of 

cellular roles such as signal transduction, cell adhesion and cell communication. However, 

membrane proteomics has often been hampered by the low abundance, extreme 

hydrophobicity and large size of membrane proteins and therefore alternative enrichment 

strategies are required to efficiently analyse these types of proteins. In this thesis, we 

developed an alternative strategy for enriching membrane proteins by targeting both the 

hydrophobicity and glycosylation of these proteins, which involved (1) Triton X-114 

detergent phase partitioning (2) isolation of glycosylphosphatidylinositol (GPI)-anchored 

proteins and (3) glycoprotein capture using either lectin affinity or hydrazine chemistry. Using 

this strategy we identified four predicted GPI-anchored proteins and two glycoproteins 

(Limbic system-associated membrane protein precursor (LSAMP) and Neuronal growth 

regulator 1 precursor) that have not previously been seen in the liver.  

The capture of membrane glycoproteins by lectin affinity and hydrazine chemistry 

resulted in mostly different populations of enriched glycoproteins demonstrating the 

complementarity of the two glycocapture approaches. Lectins are often preferred as tools for 

studying glycoproteins because the sugars on the enriched proteins remain intact compared to 

the hydrazine capture approach. The selectivity and specificity of lectins for specific glycan 

structures however, was not reflected in the glycoforms retained from a complex mixture of 

proteins such as those present in the liver membrane. The use of ConA and WGA for 

enrichment of membrane glycoproteins showed little difference between the N-glycans on the 

bound proteins compared to those unbound. Only Jacalin appeared to enrich for O-glycan 

containing glycoproteins from the liver membrane preparation. Lectins are valuable tools for 

enrichment and fractionation of glycoproteins; however detailed structural analysis must be 

undertaken to define specific differences in the glycosylation of the proteins of interest in a 

complex mixture. 
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Applying label-free shotgun proteomics we determined that the presence of a distal 

Engelbreth-Holm Swarm (EHS) sarcoma and a distal colon 26 (C26) adenocarcinoma could 

induce differential expression of many metabolic classes of hepatic enzymes of cancer-

bearing mice, demonstrating the extensive systemic effect of a distal cancer on the functions 

of the liver. In particular, we determined that many enzymes involved in the protein 

glycosylation machinery in the liver were differentially expressed in cancer-bearing mice. 

Glycomics analysis determined that differential expression of these enzymes was reflected in 

changes to specific glycan structures expressed on the liver membrane glycoproteins. Both 

distal cancer models (EHS sarcoma and C26 adenocarcinoma) resulted in an overall increased 

sialylation of N-glycans presented on the liver cell membrane proteins compared to the 

control. The liver membrane glycoproteins of EHS-bearing mice showed increased sialylation 

of core 1 and core 2 O-glycans containing NeuGc residues, whilst there were no observable 

O-glycan differences observed on the liver membrane proteins of non-cachectic and cachectic 

C26-bearing mice. Specifically, both EHS bearing mice and non-cachectic mice bearing the 

C26 adenocarcinoma were shown to preferentially display more N-acetyl neuraminic acids 

(NeuAc) than N-glycolylneuraminic acid (NeuGc) on their N-glycans. The preferred 

expression of NeuAc-containing glycans over the more common NeuGc-containing glycans 

suggests that the CMP-hydroxylase enzyme, which converts NeuAc to NeuGc, had impaired 

function and/or expression in these mice. There was also increased expression of N-glycan 

structures containing NeuAcα(2-3/6)Galβ(1-4)GlcNAcβ(1-2) (sialyl LacNAc) on the liver 

proteins in both cancer-bearing murine models compared to control livers. The expression of 

this specific glycan motif on the liver cell membrane of mice bearing two different distal 

cancers suggests that this glycan motif may serve as a marker for tumour-induced liver 

inflammation in the mouse.  

The differential expression of the enzymes in the glycosylation pathway and the 

corresponding glycan products observed on the liver membrane glycoproteins of EHS-bearing 
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and C26-bearing mice strongly suggests that glycosylation of liver membrane proteins plays a 

role in the systemic inflammatory responses in the liver to the presence of distal cancers. 
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1.1. Membrane glycoproteomics 

Membrane proteins are involved in key biological functions such as signal transduction, cell 

adhesion and cell-cell communication. Because of their diverse functions, membrane proteins 

are the most elusive and sought after proteins in drug discovery as many of these proteins 

have been identified to be responsible for a range of diseases such as human cancers [1, 2], 

Alzheimer’s disease [3] and autoimmunity [4]. Currently, approximately 70-80% of all drugs 

target membrane proteins [5] which include: G-protein coupled receptors (GPCR) (30%), ion 

channels (7%), transporters (4%) and nuclear hormone receptors (4%) [6]. Although 

membrane proteins are key targets for drug discovery, membrane proteomics has often been 

hampered by their low abundance and relatively high hydrophobicity and, therefore efficient 

methods to enrich for these types of proteins are essential for a better understanding of 

membrane organization and function. 

Traditional proteomics approaches such as one-dimensional (1D SDS PAGE) and two-

dimensional gel electrophoresis (2DGE) separation in combination with mass spectrometry 

are commonly used for separating and identifying soluble and mildly hydrophobic proteins. A 

major challenge with isolating and analyzing membrane proteins by these gel-based 

approaches is their low abundance and extreme hydrophobicity, which can make separating 

and identifying these proteins by gel electrophoresis difficult. Proteomic approaches currently 

used to overcome these issues are commonly based on “shotgun proteomics” methods using 

high resolution separation of proteolytic peptides in combination with tandem mass 

spectrometry [7-9].  

The liver is involved in numerous biological functions such as xenobiotic metabolism, 

fatty acid metabolism, protein and ion transport, glycogen storage, plasma protein synthesis 

and bile acid biosynthesis, to name a few. In addition, the liver plays a functioning role in the 

immune system and is also responsible for conditioning and producing most plasma proteins 

[10]. Liver-derived plasma proteins and significant increases in serum acute phase 
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glycoproteins and their sialylation have generally been observed with most rodent 

experimental inflammation models [11-13]. Recently, it has been shown that mice bearing a 

distal Engelbreth Holm Swarm (EHS) sarcoma can induce differential expression of liver 

membrane proteins particularly those involved in xenobiotic metabolism and solute carrier 

transport [14-16], and these functions are thought to be correlated with the inability of many 

advanced cancer patients to metabolise and clear chemotherapeutic drugs leading to 

chemotoxicity. Patient deaths resulting from advanced stage cancers, particularly pancreatic 

and colon cancers, are mostly due to the condition of cachexia instead of the cancer itself 

[17]. In cachectic cancer patients, reduced levels of xenobiotic enzymes (e.g. cytochrome 

p450s), extreme body weight loss and loss of appetite is often associated with the condition. 

To emulate the condition of cachexia, murine studies employing the colon 26 (C26) 

adenocarcinoma are often used to induce inflammation of the liver and disorders of 

homeostasis [18]. 

The purpose of this chapter is to provide some background on what is currently known 

of membrane structure and function, the types of proteins that associate with the membrane 

and the approaches that are currently employed for studying the membrane proteome. In 

addition, since glycosylation of membrane proteins plays a significant role in processes such 

as cell adhesion, cell communication and cell signaling [19], and because of the importance of 

these processes in cancer we address how proteomics and glycomics can be used as 

complementary approaches to study the effect on liver membrane glycosylation of mice 

bearing a distal EHS non-metastasizing sarcoma and mice bearing a C26 adenocarcinoma 

with and without cachexia.  
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1.2. What is the cell membrane? 

The major function of a plasma membrane is to act as a barrier between the cytosol of a cell 

and the extracellular environment. It also facilitates the removal of toxic molecules and ions, 

importation of nutrients to the cell, energy transduction, cell locomotion and reproduction, to 

name a few. Molecules such as oxygen, water, sugars, amino acids and proteins are able to 

pass across the membrane. 

Eukaryotic plasma membranes are essentially composed of a lipid bilayer. The lipid 

bilayer consists of components such as lipids, proteins and carbohydrates. The structure of the 

plasma membrane was first described by Singer and Nicolson and named the ‘Fluid Mosaic 

Model’ [20]. This model presents the overall organization of the plasma membrane and its 

components where the phospholipid bilayer is a fluid matrix that is a two-dimensional solvent 

for proteins. Within plasma membranes, both lipids and proteins are capable of rotational and 

lateral movement [21]. The ‘fluidity’ of the lipid bilayer is the flexibility of lipids, which 

allows many of the proteins and carbohydrates associated with the plasma membrane to move 

to different locations on the surface of the cell. Lipids are composed of a terminal carboxyl 

group and a long hydrocarbon tail. The hydrocarbon tails of fatty acids pack together to form 

the lipid bilayer. The lipid molecules are arranged as a continuous double layer which 

provides the basic fluid structure of the membrane serving as a impermeable barrier to the 

passage of water-soluble molecules [22]. The transport of molecules and ions are assisted by 

the proteins that are associated with the membrane. Membrane proteins can be classified as 

peripheral, integral and lipid-anchored. Peripheral membrane proteins can associate with the 

lipid bilayer or with other membrane proteins by electrostatic interactions. Integral membrane 

proteins can either insert into one or both layers of the lipid bilayer [20]. Lipid-anchored 

proteins are mostly soluble proteins that are anchored by a lipid moiety either co-

translationally, or post-translationally in the endoplasmic reticulum (ER) and/or Golgi 

Apparatus (GA) and are subsequently tethered to the membrane. The plasma membrane is 
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heavily glycosylated typically with carbohydrates covalently linked to membrane lipids 

(glycolipids) or to membrane proteins (glycoproteins). The fluid mosaic model which 

describes the cell membrane and its associated components has become a paradigm for 

studying eukaryotic membrane structures. 

 

1.2.1. The lipid bilayer 

Membrane lipids spontaneously form bilayers due to their amphipathic nature. All lipid 

molecules that make up cell membranes have a hydrophilic polar head and a hydrophobic tail. 

These lipid molecules can spontaneously form structures such as micelles, vesicles and 

bilayers through hydrophobic interactions between their fatty acid tails. Bilayers are the most 

common lipid structure found in eukaryotic membranes as their conformation is more 

energetically favourable [23]. Lipid bilayers are made up of three main classes of lipid 

molecules they are cholesterol, glycolipids and phospholipids. Lipid bilayers also form the 

basis for membrane boundaries of other eukaryotic organelles such as the nuclear envelope, 

ER, GA, mitochondria and peroxisomes. 

 

1.2.2. Lipid rafts 

The lipid bilayer of cell membranes are not planar but contain structures that are known as 

lipid assemblies or rafts, which provide fluid platforms that dynamically compartmentalize 

areas of the membrane [20, 23, 24]. Lipid rafts were first observed by Thompson and Tillack 

and described  to be resistant to solubilisation with the non-ionic detergent Triton X-100 [25, 

26] due to the tight packing of fatty acyl chain tails [27]. Lipid rafts are highly enriched in 

sphingolipids, cholesterol and some membrane proteins. Sphingolipids have long and 

saturated fatty hydrocarbon chains, which have interactions strong enough to hold adjacent 

molecules, being other sphingolipids or cholesterol [28]. They are thought to help organize 

proteins either by concentrating them for transport in small vesicles or to function as 
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platforms for the attachment of proteins and their internalization into the cell during signal 

transduction, endocytosis and cholesterol trafficking  (Figure 1-1) [23, 28, 29]. A variety of 

proteins including caveolin [30], glycosylphosphatidylinositol (GPI)-anchored proteins [26] 

and other cell-signaling proteins [31, 32] are commonly found to be associated with lipid 

rafts. 

 

Figure 1-1. Lipid rafts consist of high concentrations of lipids and proteins that are clustered and 

concentrated in particular regions of the membrane. Many membrane proteins involved in cell-signaling 

and GPI-anchored proteins are often clustered in lipids rafts [33].  

 
1.2.3. Types of membrane proteins 

Based on the sequences from several genomes, membrane proteins have been predicted to 

comprise approximately 30% of eukaryotic proteomes [34]. Membrane proteins mediate and 

regulate the transport of metabolites, macromolecules and ions for the cell and their 

organelles and commonly act as intermediaries between the cell and the extracellular 

environment. Hormones and many other biological signal molecules and regulatory agents 

exert their effects via interactions with membrane proteins. Proteins are relatively large 

compared to lipid molecules – on average approximately 50 lipid molecules occupy the same 

hydrodynamic volumes as each membrane protein. Membrane proteins can be classified as 1) 

peripheral, 2) integral and 3) lipid-anchored.   
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Figure 1-2. Various ways in which membrane proteins associate with the lipid bilayer as (A) single and 

multiple helices crossing the bilayer, (B) a β barrel, (C) anchored to the cytosolic surface by an 

amphipathic α helix that partitions into the cytosolic monolayer of the lipid bilayer through the 

hydrophobic face of the helix, (D) attached to the bilayer by a covalently attached by a fatty acid chain (E) 

attached via an oligosaccharide linker, to phosphatidylinositol in the non cytosolic monolayer and (F,G) 
proteins attached to the membrane only by non covalent interactions with other membrane proteins [22]. 

 
1.2.3.1. Peripheral membrane proteins  

Peripheral proteins do not penetrate the lipid bilayer, however, they do associate with integral 

membrane proteins and the cytosolic and extracellular surface of the lipid bilayer by virtue of 

hydrophobic and electrostatic interactions, respectively [20] (Figure 1-2F and Figure 1-2G). 

They interact with the plasma membrane and integral transmembrane proteins by weak 

electrostatic forces, which can activate or inhibit signal pathways such as Protein Kinase C 

(PKC) family, which can induce processes such as cell proliferation, differentiation and 

apoptosis [35]. Other peripheral membrane proteins include Ras [36] and guanine nucleotide-

binding proteins (G-proteins) [37] are also involved in many signal transduction pathways.  

 

1.2.3.2. Integral membrane proteins 

Integral membrane proteins are amphipathic in nature, where their hydrophobic regions pass 

through the membrane and interact with the hydrophobic tails of lipid molecules in the 

interior of the bilayer. The hydrophilic regions of transmembrane proteins are exposed to the 

extracellular and intracellular environment on either side of the membrane. In general, the 

structure of integral membrane proteins within the core of the lipid bilayer is dominated by 

complex tertiary protein structures. How integral membrane proteins cross the lipid bilayer is 



 
23 

determined by the conformation of the α-helices and peptide bonds [38]. Alpha helices either 

form as single-pass transmembrane proteins, crossing the bilayer only once or as multi-pass 

transmembrane proteins. Environmental cues prompt helices to undergo conformational 

changes that allow for ion channels to open and shut allowing transport of ions into the cell 

and the transfer of extracellular signals (Figure 1-2). 

Integral membrane proteins can be either single-pass or have multiple-pass 

transmembrane regions. Single-pass transmembrane proteins are essentially anchored by a 

small hydrophobic polypeptide segment (usually in the form of a single α helix) and 

hydrophilic segments extending into either the cytoplasmic or extracellular space (Figure 

1-2A). These membrane proteins often function as receptors for extracellular molecules and 

can act as recognition sites for the immune system [39, 40].  

Multi-pass membrane proteins cross the membrane more than once and are often 

involved with transport and functions that require peptide binding [41]. They can cross the 

membrane in a globular shape with numerous hydrophobic α helical segments joined by hinge 

or loop regions (Figure 1-2A). Regions of single and multi-pass transmembrane proteins that 

are exposed to the extracellular surface of the plasma membrane often have hydrophilic 

oligosaccharides attached, which are exposed to the extracellular environment and act as 

recognition sites for other proteins and ligands [42]. 

Multi-pass transmembrane proteins can also be arranged as anti-parallel β sheets 

linked by β turns. They usually have a barrel-like structure and some are known as porins 

(Figure 1-2B). Porin proteins  are made up of a cylindrical structure with polar amino acids 

lining the inside of the pore forming an aqueous channel, while the non-polar amino acids are 

projected on the outside of the barrel which interact with the lipid bilayer. The barrel motif 

forms a cavity that serves as a ligand binding region [43]. Porins control the diffusion of small 

metabolites like sugars, ions, and amino acids [43, 44]. Proteins mainly consisting of β 

pleated sheets are commonly found in gram-negative bacteria, mitochondrial and chloroplast 
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outer membranes including OmpC and OmpF from E. coli K-12 [45]; and the family of 

Translocator Outer Membrane (TOM) proteins found in mitochondria.  

 

1.2.3.3. Lipid-Anchored Proteins 

Lipid-anchored proteins are initially made as soluble proteins in the cytosol, where the ER 

identifies and attaches a lipid moiety and subsequently directs it to the plasma membrane via 

the Golgi apparatus (GA) (Figure 1-2D). The lipid that is anchored to the protein can 

modulate the activity of the attached protein [23, 26, 46, 47]. Lipid anchors can be reversibly 

attached to and detached from proteins and this provides a mechanism by which signal 

transduction pathways are controlled in eukaryotic cells [46-48]. There are currently four 

known types of lipid-anchoring motifs. These are amide-linked myristoyl [49], thioester-

linked fatty acyl [50], thioether-linked prenyl [51] and amide-linked glycosyl 

phosphatidylinositol anchors [52]. 

Amide-linked myristoyl anchored proteins are formed by the linkage of the carboxyl 

end of myristic acid via a amide bond with the N-terminal glycine residues of a variety of 

eukaryotic and viral proteins [53]. Myristic acid is a saturated 14 carbon fatty acid chain, 

which is embedded into the lipid bilayer [49]. Thioester-linked fatty acyl anchored proteins 

are formed in the GA by ester linkages of fatty acids (Myristate [14 carbon], palmate [16 

carbon], stearate [18 carbon] and oleate [unsaturated 18 carbon]) with cysteine, serine or 

threonine side chains of proteins [50]. Thioether farnesyl and geranyl are part of the long-

chain polyisoprenoid lipid groups that can be attached to proteins at a cysteine residue in the 

polypeptide with the carboxy-terminal recognition sequence Cys-Ala-Ala-X (X: other amino 

acid). 

Glycosylphosphatidylinositol (GPI) groups are structurally more complex membrane 

anchors than fatty acyl and prenyl groups (Figure 1-2E). Soluble glycoproteins are anchored 

in the outer leaflet of the plasma membrane by a moiety of phosphatidylinositol (PI), linked 
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via a glucosamine residue to a central glycan core composed of mannose residues (and often 

other sugars), which is coupled in the ER to the carboxyl group of the C-terminal amino acid 

of the protein via phosphoethanolamine (Figure 1-3). The GPI anchor is initially covalently 

linked to glucosamine, followed by deacetylation and addition of mannose residues and 

phosphoethanolamine [54, 55]. This GPI-anchor precursor is transferred to a specific site 

upstream of the C-terminal end of the target protein in the ER by the action of a transamidase 

complex, which simultaneously cleaves off the signal C-terminal peptide [56]. The C-terminal 

sequence of the protein thus acts as a signal for GPI attachment. The association of GPI-

anchored proteins with lipid rafts occurs in the GA during outward trafficking of GPI-

anchored proteins and helps to target them to the extracellular surface of the plasma 

membrane [57]. 

Unconjugated GPI lipids synthesized in the ER that are not attached to proteins are 

also directed to the cell surface [58]. The glycan core of unconjugated GPI lipids is different 

to GPI anchors linked to proteins instead consisting of galactose, N-acetylgalactosamine 

(GalNAc) and glucosamine. Mannose and ethanolamine are not present in unconjugated GPI 

lipids [54, 59]. A number of polypeptide growth factors, hormones and cytokines including 

insulin, insulin-like growth factor I, transforming growth factor-β, epidermal growth factor, 

interleukins 1 and 2, thyrotropin releasing hormone and thyroid stimulating hormone have 

been shown to stimulate hydrolysis of “free” GPI lipids as part of their mechanism for signal 

transduction [54, 59, 60]. 

 

Figure 1-3. GPI-anchored proteins consist of an inositol region embedded in the lipid bilayer covalently 

attached to a glucosamine molecule. The glucosamine molecule is attached to mannose sugar molecules 

and ethanolamine. The ethanolamine is bound to the protein via an amide linkage [61]. 



 
26 

1.3. Protein glycosylation 

Glycosylation is an enzymatic process that covalently links glycans to proteins and/or lipids. 

There are two main types of protein glycosylation; N-linked and O-linked. N-linked 

glycosylated proteins are composed of N-acetylglucosamine (GlcNAc) linked to the amide 

nitrogen of asparagine side chains at the consensus sequence Asn-X-Ser/Thr (Cys), where X 

can be any amino acid except proline. N-glycans contain a common tri-mannose chitobiose 

core where additional monosaccharides are commonly elongated to the two outer mannose 

residues [Manα(1,3) and Manα(1,6)] producing three main classes of N-glycans: high-

mannose, hybrid and complex (Figure 1-4 and Figure 1-5). O-linked glycosylation as 

described in this thesis refers to a GalNAc (O-GalNAc) monosaccharide α-linked to the 

hydroxyl groups of serine or threonine residues on proteins. However, other types of O-

glycosylation also involve modification of serine and threonine residues in proteins, which 

include the attachment of fucose (O-fucose), glucose (O-glucose), N-acetylglucosamine (O-

GlcNAc) or mannose (O-mannose). O-linked glycosylation does not have a consensus 

sequence for glycan attachment, and currently consists of eight characterised O-GalNAc 

linked core structures (Figure 1-6). Other types of glycosylation include the previously 

described GPI-anchors and C-glycosylation, which is often attached to tryptophan residues in 

some membrane-associated and secreted proteins [62].  
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Figure 1-4. The tri-mannose chitobiose core which is commonly found in N-linked glycans consists of two 

N-acetylglucosamine residues linked to the asparigine residue in the consensus sequence (N-X-S/T) 
followed by three mannose residues (A). Other monosaccharide units can be attached to each of the two 

outer mannose residues producing high-mannose, hybrid and complex N-glycan structures (B). GlcNAc: 

N-acetylglucosamine, Man: mannose, Gal: galactose, Fuc: fucose, NeuAc: N-acetyl neuraminic acid 
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Figure 1-5. N-glycosylation pathway in humans (left) provides a template for humanizing N-glycosylation 

pathways in yeast (right). The glycosylation pathway begins in the ER and is synthesized by 

mannosyltransferases and mannosidases. The N-glycans are then further processed in the GA where a 

number of glycosyltransferases including N-acetylglucosaminyl transferases, galactosyltransferases and 

sialyltransferases catalyse the addition of other monosaccharide units to the maturing N-glycan. Different 
isoforms of glycosyltransferases are expressed in different cells, tissues and species. GalT, 

galactosyltransferase; GlcNAc, N-acetylglucosamine; GnT I, N-acetylglucosaminyl transferase I; GnT II, 

N-acetylglucosaminyl transferase II, Man, mannose; Mns II, mannosidase II; MnTs, 

mannosyltransferase; NANA, N-acetylneuraminic acid; ST, sialyltransferase. 

 
Figure 1-6. Main mammalian O-glycan core structures which are linked to the hydroxyl groups of 

Ser/Thr. Additional monosaccharide units can be attached to either of the eight core structures. 

 N-glycosylation can occur as co-translational and post-translational processes where 

attachment to proteins is catalyzed by a number of glycosyltransferases and glycosidases in 

the ER and GA compartments. The co-translational N-glycosylation process assists in the 

folding of glycoproteins. Many mammalian glycosyltransferases themselves are glycosylated 

as they possess the motif for N-glycosylation.  

O-GalNAc linked glycosylation is catalysed by the enzyme UDP-N-acetyl-D-

galactosamine:polypeptide N-acetylgalactosaminyltransferase in the GA at the latter stages of 
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protein processing (Figure 1-7) and is known to be involved in processes such as adhesion 

[63], immune regulation [64-66] and intracellular processing [67] in mammals. Intracellular 

glycosylation processes are also present in the cytoplasm and nucleus as single O-GlcNAc 

additions [68]. O-GlcNAc is added to serine or threonine by O-GlcNAc transferase on sites 

that would otherwise be phosphorylated by serine/threonine kinases [68]. Some of the other 

common monosaccharides found in oligosaccharides attached to proteins in mammals 

include: hexoses (mannose, galactose and glucose), hexosamines (N-acetyl glucosamine and 

N-acetyl galactosamine), deoxyhexoses (fucose) and sialic acids (N-acetyl neuraminic acid 

and N-glycolyl neuraminic acid).  

Glycans are often heterogeneous since the monosaccharide units can be arranged in a 

number of combinatorial positions depending on the glycosyltransferases and glycosidases 

involved in the enzymatic processes (Figure 1-7). The different combinations of glycans that 

are attached to a protein can produce a number of glycoforms of the same protein, which often 

exhibit different physicochemical properties (e.g. hydrophilicity). However unlike the amino 

acids of proteins, which are linked in a linear structure, oligosaccharides are often branched-

like structures formed by the different linkage(s) of one or more monosaccharides which can 

produce a number of different glycan structures (microheterogeneity). The numerous possible 

glycan structures and the lack of a template make it difficult to predict the type of structures 

that are produced and their different site(s) of attachment to glycoproteins 

(macrohetereogeneity).  

Glycans can be recycled and re-used to glycosylate other proteins; this process is 

initiated by endoglycosidases that remove whole glycans from glycoproteins. The released 

oligosaccharides are further broken down into their individual monosaccharides components 

by exoglycosidases releasing them into the cytoplasm to be re-used as substrates for further 

protein glycosylation processing. In addition, sialic acids that are found “capped” at the end of 

glycans can also be removed and replaced with new monosaccharide units during endosomal 
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recycling without affecting the underlying sugar chain. Capping sugars such as sialic acids are 

usually α-linked, unlike the backbone residues, which are normally β-linked. α and β 

conformations, also known as stereoisomers, are determined by the position of the hydroxyl 

group that is attached to the anomeric carbon (carbon-1) which can be below the plane (α-

linked) or above the plane (β-linked) 
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Figure 1-7. Summary of glycosylation processes (N-glycans, O-glycans, glycosaminoglycans, GPI anchored 

proteins and glycosphingolipids) that occur in the ER and GA [19]. Image reproduced from Varki et al. 

Essentials in Glycobiology [19]. Protein synthesis and initial stages of lipid and glycan attachment are 

carried out in the ER. Sialic acid capping of glycans and glycolipids is carried out in the GA.  

 
1.3.1. Role(s) of protein glycosylation 

As more knowledge of glycoproteins and their attached glycans emerges, there is growing 

evidence that the abundance and heterogeneity of glycans on the cell surface can reflect the 

differences in cell types and states [69]. Glycosylation of proteins has been shown to be 

associated with cell development, differentiation, implantation and morphogenesis [69] in 

diseases such as diabetes [70], cystic fibrosis (CF) [71], arthritis [72], Alzheimer’s [73], 

autoimmunity [74] and cancer [75]. For example, increased glycoprotein expression of 

MUC2, MUC5AC and MUC5B and increased sulfation of N- and O-linked oligosaccharides 

on MUC5B in the lung cavity are often present in CF patients [71]. In addition, lung epithelial 

cells of CF patients often present increased expression of N-glycans containing Fucα(1,3) 

attached to the antennary GlcNAc, increased core fucosylation [Fucα(1-6)GlcNAc] and 

decreased expression of NeuAc residues [76]. The increased sulfation of MUC5B and 



 
30 

alterations to N- and O-glycans on the lung epithelial cell surface are thought to facilitate 

bacterial colonisation and leukyocyte recruitment in CF [76]. 

Another example of the role of glycosylation in diseases is the altered N-glycosylation 

of IgG (agalactosylated IgG/IgG0) in the pathogenesis of rheumatoid arthritis, which exposes 

GlcNAc residues on N-glycans as the terminal sugars [77]. Additionally, monosaccharide 

compositions of total N-glycans from plasma proteins of arthritis patients have shown higher 

concentrations of mannose residues and reduced amounts of glucose residues compared to the 

normal [77]. The high mannose/glucose ratio in arthritis patients suggests the presence of 

unprocessed oligomannosidic glycan structures still attached to plasma proteins, which could 

be attributed to congenital disorders of glycosylation (CDGs). These two examples (CF and 

arthritis) demonstrate that aberrant protein glycosylation are features of these diseases and the 

study of protein glycosylation is important for the development of new diagnostics and 

identification of targets for therapeutic intervention. 

All cells from all animal, plant and bacterial kingdoms are coated with abundant and 

heterogeneous glycans. Glycans have diverse functions, many of which are involved in 

modulating structure and functions of proteins to which they are attached. These glycans are 

presented as recognition sites for glycan-binding proteins known as lectins. Lectins are 

proteins found in plants, animals and microorganisms that have affinity for particular 

oligosaccharide structures presented on proteins and lipids. There are several major classes of 

animal lectins including galactose-type lectins (galectins), calcium-dependent type (C-type) 

lectins, cation-dependent type (P-type) lectins and immunoglobulin-like (I-type) lectins. 

Lectins serve many different biological functions in animals, including cell-adhesion (e.g. 

galactose-binding lectins [galectins]), immune system regulation (e.g. sialic acid 

immunoglobulin-like lectin [siglecs]), glycoprotein synthesis (e.g. calreticulin/calnexin) and 

degradation (e.g. mannose-6-phosphate receptor). The role of lectins in many of these 

biological phenomena relies mostly on the type of glycans and specific linkages that are 
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attached to proteins and/or lipids. For example, siglec-1, and siglec-2 are cell surface 

receptors expressed on leukocytes that play major roles in the immune system by specifically 

recognizing α(2,3)-linked and α(2,6)-linked sialic acids on N- and O-glycan structures [78, 

79]. Therefore, correct protein glycosylation including the attachment of monosaccharide 

components and their specific linkages are important for their particular recognition by 

different lectin proteins. 

Glycosylation of proteins is also commonly used for maintaining structural and 

thermal stability of glycoproteins, as well as signaling proteins for degradation by proteases. 

How a protein is glycosylated can determine the localization, activity and function of the 

glycoprotein [80], therefore glycosidases and glycosyltransferases play a crucial role in 

catalyzing and maintaining the correct glycosylation of proteins. Many glycan-specific 

diseases such as congenital disorders of glycosylation (CDGs), are caused by defects in the 

protein glycosylation machinery [81]. For example, diseases such as cancer and autoimmunity 

have been reported to possess altered glycosylation as a consequence of defective or altered 

glycosyltransferases [82-84] 

Glycosyltransferases are a group of enzymes that synthesize the oligosaccharides on 

glycoproteins. There are approximately 30,000 glycosyltransferase sequences across all 

kingdoms (~500 genomes), of which there are around 90 different glycosyltransferase 

families based on primary DNA sequences [19]. Glycosyltransferases can catalyse the 

addition of the same monosaccharides but may differ in their starting substrates. For example 

ST3Gal-I and ST3Gal-II are two isoforms of sialyltransferases that are responsible for adding 

NeuAcα(2,3) to Galβ(1-3)GalNAc on proteins and lipids respectively [85]. Moreover, 

different isoforms of glycosyltransferases are also expressed in different cells and tissues. 

Most glycoproteins are either secreted into the extracellular environment or attached to 

the plasma membrane; therefore changes to glycosyltransferases can ultimately influence the 

overall adhesive properties of the cell [84]. For example, changes in carbohydrate moieties of 
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membrane glycoproteins are extensively modified during cancer carcinogenesis and 

metastasis [86] due to reduced levels of sialyltransferases and increased expression of 

fucosyltransferases [87]. Sialyltransferases are responsible for catalyzing the addition of sialic 

acids to N- and O-glycans, which play an important role in cell-cell communication through 

protein-glycan and glycan-glycan interactions [88]. Fucosyltransferases catalyse the addition 

of fucose to N- and O- glycans and are responsible for synthesising Lewis x, y, a and b 

antigens, which are often found on the surface of red blood cells and are also determinants for 

secretory status [89]. Increased expression of SLex antigens is often associated with cancer 

and poor prognosis and it has been speculated that the degree of sialylation of the Lewis x 

antigen is a more confident marker of the aggressiveness of the tumour than the overall 

quantity of the antigen expressed [87, 90, 91]. 

 

1.3.2. Glycosylated membrane proteins in cancer 

Membrane glycoproteins are currently used as markers for diagnosis and monitoring 

progression of cancer. Some of these glycoproteins which are used as general protein and/or 

glycan cancer markers include: Selectins, CD44 (protein and glycosylation), E-cadherin, 

Carcinoembyronic antigens (CEA), extracellular matrix (ECM) and basement membrane 

proteins and, matrix metalloproteinases (MMPs). The most common types of aberrant 

glycosylation observed on human cancer cell membrane proteins are 1) increased expression 

of Sialyl Lewis x and a antigens (SLex and SLea) on tumour cells [83, 86, 92], 2) increased 

β(1-6)GlcNAc antenna in N-linked structures resulting from enhanced or induced expression 

of GlcNAc transferase-V, 3) increased expression of Tn and Sialyl Tn antigens and 4) 

increased expression of poly-LacNAc (Galβ(1-4)GlcNAc) sequences. These glycoproteins 

and glycan epitopes are all associated with cancer, particularly in metastatic processes. 

During cancer metastasis, tumour cells separate from the primary mass, enter the 

bloodstream, disperse through the body, migrate across vessel walls and generate distant 
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colonies. The ability of a cancer cell to adhere to the basement membrane and its interaction 

in the appropriate geometry with neighbouring cells is governed by the expression of the 

plasma membrane proteins (e.g. integrins) and associated glycans [93]. These factors are 

commonly mediated by adhesion molecules such as integrins and selectins. Integrins are 

heterodimeric (α, β subunits) transmembrane cell surface glycoproteins that act as receptors 

for ECM proteins and can also function as fibronectin receptors for metastasis [87, 94]. 

Integrins, together with selectins, play key roles in adhesion of tumour cells to microvascular 

endothelium and the migration of tumour cell colonies.   

Selectins are a family of cell surface adhesion receptors expressed on endothelial cells, 

which have a high affinity for SLex and SLea antigens expressed on monocytes, granulocytes, 

T-lymphocytes [87] and metastatic colon cancer cells [95]. There are three classes of 

selectins: L, E and P selectins which are all expressed on the surface of leukocytes during 

inflammation and immune system regulation. The expression of SLex antigens by metastatic 

cancer cells promotes E-selectins to mediate adhesion of metastatic cancer cells to vascular 

endothelium. P-selectins promote initial attachment of metastatic cancer cells to blood vessel 

endothelium through protein interactions with α5β1 integrin promoting adhesion between 

cancer cells and platelets to form emboli [96]. This interaction has also been shown to activate 

p38 MAPK and PI3-K signaling pathways and as a result activate α5β1 integrin [96]. α5β1 

integrin, which can also be activated by CD24 and CD44 stimulates the cell attachment and 

spreading of metastatic cancer cells [96]. 

Sialyl Lewis (SLe) x and a antigens are sialylated lacto-N-fucopentaose carbohydrate 

moieties that are normally expressed on leukocytes and interact with E-selectins to adhere to 

the endothelium and their extravasation to sites of inflammation. However, SLe antigens are 

also found on cell surface glycoproteins of metastatic tumour cells similarly to leukocytes, 

which are often use these antigens to aid metastasis, mimicking the still unknown mechanism 

of leukocyte extravasation [87, 97, 98]. The degree of sialylation of these antigens can affect 
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the polar orientation and adhesion of tumour cells to basement membranes during cancer 

metastasis [87]. SLex and SLea antigens which help to promote adhesion by selectins are also 

expressed on carcinoembryonic antigens (CEA) and on the surface of tumour cells.  

CD44 is a single pass transmembrane glycoprotein that acts as a receptor for 

hyaluronan, fibronectin, collagen IV and laminin [99]. The interaction of these proteins with 

CD44 activates cell motility and proliferation [87, 99]. CD44 may also act as an anchor for 

epithelial cells in basement membranes to maintain their polar orientation and adhesive 

properties. The diverse functional roles of CD44 are governed by the sialylation and 

fucosylation of glycans attached to the molecule, which can influence the binding of CD44 to 

the different protein partners such as fibronectin, collagen and CEA [87, 92, 100-102]. The 

different CD44 variants arising from alternative splicing of mRNA and the degree of 

glycosylation can increase the size of CD44 to range from 37 kDa to 100 kDa [103-106], 

which can have profound effects in binding hyaluronidate, thus influencing the overall 

adhesive properties of the cancerous cells [103-106]. Decreased expression of CD44 in 

tumour cells can often lead to lymph node metastasis and poor prognosis [107]. Alternatively, 

elevated expression of CD44 can lead to increased binding of MMPs and cause venous 

invasion and hepatocellular carcinoma [108]. CD44 has been reported to be a protein involved 

with common cancers; however it is the glycosylation of CD44 which governs the adhesive 

properties of the cancerous cell which can influence the degree of metastasis [108]. 

Adhesion molecules maintain epithelial cell integrity and cellular architecture of 

normal cells. The architecture of tumour cells loses its capacity to adhere through degradation 

of the collagen meshwork of the ECM and basement membranes by MMPs, thus facilitating 

their dettachment from the primary tumour mass. Cell adhesion events following detachment 

can be regulated by cadherin and catenin complexes. There are three types of cadherins: N-

cadherin found in neurons, P-cadherin found in the placenta and, E-cadherin found on 

epithelial cells. E-cadherin requires α and β catenins to bind to complete a cadherin-catenin 
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complex. This complex interacts with CD44 to facilitate and sustain the adhesive functions of 

normal cells, and it has been shown to suppress invasion and metastasis of cancer [109]. The 

decreased or loss of expression of either the cadherin-catenin complex or CD44 is often 

correlated with poor prognosis and survival [109]. 

Carcinoembyronic antigens (CEA) are soluble glycoproteins secreted to the cell 

surface of metastatic and Duke’s C (non-metastatic) colon and liver cancer cells. CEA 

contains high concentrations of SLex and SLea antigens. Levels of CEA and fibronectin 

concentration are being examined as potential prognostic markers for cancer. However, CEA 

has been described as a poor diagnostic marker since secretion of this antigen is normally 

considered to be a secondary phenomenon following cell adhesion and metastasis [110]. In 

addition, the binding of CEA to its specific receptor on Kupffer cells triggers the degradation 

of CEA itself whilst also releasing cytokines (for example interleukin-6 (IL-6) and tumour 

necrosis factor-α (TNF-α)) into the sinusoid environment causing increased growth of tumour 

cells [111, 112].  

Cancer metastasis involves the interaction of tumour cells with ECM and basement 

membranes at distant locations. In the liver, the principal ECM components are collagen type 

I and IV as the structural skeleton and laminin as the glycoprotein attachment to the basement 

membrane. The basement membrane and ECM can be broken down by MMPs releasing 

tumour cells to distant locations. There are over 20 types of MMPs, which are found as 

secreted and membrane bound proteinases. Many of the MMPs which have been studied 

focus on the degradation of ECM and basement membranes, most commonly collagen IV and 

fibronectin (MMP 2, 9 and 11) [113-115]. In addition to degradation of ECM components, 

MMPs with plasminogen activators participate in the processing of angiogenesis and 

proliferation of endothelial cells. The breakdown of ECM components releases mitogens and 

growth factors such as vascular endothelial growth factor (VEGF) and platelet derived 

endothelial growth factor (PDGF) [116] which can further promote tumour growth.  
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Although there are many factors that influence the adhesion and metastasis of cancer 

cells and multitude of biological processes, it is both the proteins and glycans in concert that 

ultimately govern the interaction of the cancerous cells with the basement membranes and 

neighbouring cells [87, 99, 109]. In a study by Casey et al. [99] to determine the effect of 

glycosylation on the metastatic potential of tumour cells, ovarian carcinoma cells were treated 

with glycosidases (chondroitinase, hyaluronidase and neuraminidase) to remove chondroitin 

sulfate, hyaluronan and sialic acid respectively from the surface of cells. Carcinoma cells with 

removed glycans were subjected to cell adhesion assays and were demonstrated to have 

altered adhesion, migration and invasion towards ECM components. This treatment also 

reduced the adhesion of CD44 to hyaluronan influencing cell adhesion and migration via 

signal transduction through c-src kinase, Ras and Rac 1 [99]. This study demonstrated that a 

detailed understanding of cancer-associated glycoproteins and their attached glycans can 

provide further understanding of the roles of glycosylation mechanisms in cancer. An 

example of such an application is a recently approved diagnostic test for hepatocarcinoma, 

which measures the percentage of N-glycans that carry a fucose near the reducing end in a 

α(1,6) linkage attached to alpha-fetoprotein in the blood [117]. 

 

1.3.3. Glycosylated proteins in inflammation 

The concentration of acute phase proteins and their glycosylation status have been reported to 

be altered in the presence of cancer and/or inflammation [118-120]. Inflammatory cytokines 

such as interleukin-6 (IL-6), IL-1b, tumour necrosis factor α (TNF-α), Interferon γ and 

transforming growth factor β (TGF-β) are produced by a variety of cell types including 

macrophages and monocytes during inflammatory processes [121]. These secreted cytokines 

circulate from the initial site of disturbances to distant organs such as the liver, resulting in the 

increased synthesis and modulation of acute phase proteins and inflammation. Some major 

acute phase glycoproteins include: C-reactive protein (CRP), serum amyloid A (SAA), α-1-
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acid glycoprotein (AGP), haptoglobin (HPT), protease inhibitors such as α-1-antitrypsin and 

α-1-antichymotrypsin (ACT) and complement proteins. The release of acute phase proteins 

from the liver is part of the acute phase innate response that mediates non-specific 

phagocytosis by Kupffer cells, initiating non-specific cell killing by liver natural killer cells 

(pit cells) and assists in the endocytosis of circulating macromolecules by liver sinusoidal 

endothelial cells. The purpose of the acute phase response is to restore homeostasis by 

removing injury, infection or diseases (e.g. cancer) that can cause disturbances to systemic 

and metabolic functions. These perturbations to homeostasis which can result in chronic 

inflammation can induce persistent acute phase responses and contribute to the development 

of the disease and lead to other metabolic disturbances such as cachexia [122]. 

Tumours and their microenvironments are rich sources of cytokines, which are 

released into the plasma and can trigger chronic inflammation in the liver. These factors 

promote acute phase protein synthesis and enhance the expression of specific 

glycosyltransferases, such as sialyltransferases and fucosyltransferases [123], which result in 

specific N- and O-glycosylation modifications of some acute phase proteins in the plasma of 

cancer patients. Changes in the serum glycome of cancer patients have been well 

characterised with many N-glycosylation modifications including increased levels of tri- and 

tetra-antennary N-glycan structures, SLex epitopes and agalactosylated bi-antennary N-

glycans [118]. These N- and O-glycosylation modifications are also found on the plasma 

membrane of tumour cells [119]. In addition, increased levels of acute phase glycoproteins 

containing SLex antigens have been also correlated with the increased concentration of C-

reactive protein in the serum, and is considered a strong inflammatory protein marker [124].  
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Figure 1-8. Perturbations to homeostasis can cause alterations to a multitude of different biological 

processes. For example, a tumour is able to release pro-inflammatory cytokines into the bloodstream and 

cause inflammation of the liver. This inflammation can result in the increase secretion of acute phase 

proteins and change the expression of glycosyltransferases resulting in aberrant glycosylation of these 

acute phase proteins. 

Cancer is well known to cause inflammation to the liver due to the release of increased 

levels of pro-inflammatory cytokines by the tumour into the bloodstream, which can cause 

alterations to the glycosyltransferases in the liver and ultimately lead to aberrant glycosylation 

of acute phase glycoproteins [125]. Several glycosylation markers have been linked to both 

cancer and chronic inflammatory diseases which promote questions about their biological 

correlation. However, the effect of cancer and liver inflammation on the glycosylation of liver 

membrane proteins is not known. 

 

1.4. Chacterisation of membrane glycoproteins 

1.4.1. Proteomics 

Proteomics is the large-scale study of proteins with particular relevance to their identification, 

quantitation, structure and function. The study of the proteome now attempts to address not 

only the identification of the representative proteins in any given cell, but the set of all 

isoforms and modifications, interactions between them, structural descriptions of the proteins 

and their higher order complexes and everything ‘post genome’ [126]. Most importantly, 

while the genome is a relatively constant entity, the proteome differs from cell to cell, cell 
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location, and differentiation status and is constantly changing due to environmental cues and 

through biochemical interactions. One organism, cell and/or tissue type may have different 

protein expression patterns in different parts of its body, in different stages of its life cycle and 

under different environmental conditions [127]. Proteomics promises to provide a better 

understanding of the structure and function(s) of expressed proteins and has the potential to 

identify diagnostic and prognostic markers of disease and disease states which may offer 

therapeutic value. 

 

1.4.1.1. Characterising the membrane proteome 

A major challenge with isolating and analyzing integral membrane proteins by traditional 

proteomic methods is that membrane proteins are often present in low abundance and are 

poorly soluble in many aqueous buffers. In addition, many integral membrane proteins tend to 

be very large. For example; human Ca2+ channel proteins (e.g. voltage-dependent anion 

channels) can have up to 24 transmembrane helices and are typically over 200 kDa in size. It 

is likely that a combination of hydrophobicity, low abundance and size of membrane proteins 

account for the problematic isolation of integral membrane proteins by gel-based approaches 

such as one-dimensional gel electrophoresis (1D SDS PAGE) and two-dimensional gel 

electrophoresis (2DGE). 

One-dimensional gel electrophoresis (1D SDS PAGE) 

The separation of proteins by 1D SDS PAGE involves the denaturation of proteins by sodium 

dodecyl-sulfate (SDS). SDS is an anionic detergent that coats proteins with a net negative 

charge by disrupting the intermolecular forces, such as hydrogen bonding and van der Waals 

forces that contribute to protein folding. 1D SDS PAGE is commonly used to separate 

complex mixtures of proteins, investigate subunit compositions and verify homogeneity of 

protein samples. However, 1D SDS PAGE often poorly separates complex mixtures of 

proteins and often gives inaccurate mass determinations of proteins that are globular in shape 
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and those that are posttranslationally modified [128]. The shape or ‘linearity’ of a protein can 

influence the level of migration in the gel as the separation of proteins is influenced by their 

Stokes’ radius [129]. In addition, protein modifications such as glycosylation and 

phosphorylation can induce a net negative charge on a protein, restricting the binding of SDS 

to the protein backbone due to steric hindrance, and causing proteins to migrate slower 

through a gel and show a higher apparent molecular weight [130]. Nevertheless, 1D SDS 

PAGE is still commonly used for separating crude protein mixtures and membrane proteins 

for subsequent applications such as western blotting and shotgun proteomics. 

 

Two-dimensional gel electrophoresis (2DGE) 

Two-dimensional gel electrophoresis (2DGE) has been widely used for more comprehensive 

analysis of proteins by first separating proteins based on their isoelectric point using 

immobilized pH gradient (IPG) strips (first dimension) followed by separation according to 

their apparent molecular weight (second dimension) [131]. While IPG-IEF focusing has been 

a superior technique in separating soluble and mildly hydrophobic proteins in the first 

dimension; separation of membrane and other extremely hydrophobic proteins have often 

resulted in poor focusing [132]. This is due to the hydrophobic interactions within and/or 

between membrane proteins and also the interactions of these proteins with the basic acryl-

amido derivatives of the IPG matrix, which can produce protein aggregates and impede IPG-

IEF [133]. Although there are many considerations and alternative solubilisation strategies, 

such as the use of chaotropes, surfactants and reducing agents, it has been reported that 

separation of proteins with GRAVY (Grand Average Hydropathy) scores > 0.3 are poorly 

underrepresented by 2DGE [134]. The GRAVY score of a protein is the relative value for 

hydrophobic residues of a protein, where decreasing GRAVY values below 0 represent 

increasing protein hydrophilicity [135, 136].  
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2DGE utilising narrow pH ranges have been applied to increase the resolution of 

proteins from complex protein mixtures. Modified isoforms of proteins such as glycosylated 

proteins have different pIs and apparent molecular weight, which can be separated into 

individual protein spots on a 2D gel. Because 2DGE can isolate proteins into their different 

isoforms it is still considered the preferred method for separating protein isoforms. 

Additionally, the staining intensity of protein isoforms can reflect the relative amounts of 

protein present within a protein mixture, providing quantitative information of the different 

protein isoforms. The expression of these different protein isoforms may be useful for 

diagnostic purposes [137]. However, alternative approaches to study membrane proteins are 

now based on ‘shotgun proteomics’ methods using high resolution separation of proteolytic 

peptides to overcome the solubility issues associated with membrane proteins. 

 

Shotgun proteomics for protein identification 

The combination of 1D SDS PAGE or 2DGE with mass spectrometry (Matrix Assisted Laser 

Desorption Ionisation Mass Spectrometry (MALDI-MS) and/or Electrospray Ionisation Mass 

Spectrometry (ESI-MS)) and the sequencing of many genomes has allowed for accurate and 

efficient identification and characterisation of proteins [138]. This approach is termed as “top-

down” proteomics since proteins are initially separated and subsequently digested with a 

protease to obtain proteolytic peptides. These peptides are then separated by an analytical 

technique (e.g. liquid chromatography) and separated peptides are identified by mass 

spectrometry. 2DGE separation in combination with mass spectrometry has been successfully 

used for separating and identifying soluble hydrophilic and mildly hydrophobic proteins in 

many systems. 

With improvements in mass spectrometry and software now enabling the rapid and 

sensitive identification of thousands of proteins and peptides by mass, approaches to study 

membrane proteins are usually now based on ‘shotgun proteomics’ methods which uses 
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protease total digests of complex protein mixtures to overcome the solubility issues associated 

with membrane proteins. This approach is termed “bottom-up” proteomics. The digestion of 

proteins into peptides alleviates the solubility contraints associated with membrane proteins 

since peptides are generally more soluble in aqueous solutions [139]. The high resolution 

separation of proteolytic peptides is commonly achieved by 1) strong cation exchange and 

reverse phase chromatography (MudPit) and/or 2) peptide immobilized pH gradient 

isoelectric focusing (peptide IPG-IEF) in combination with tandem mass spectrometry [7, 8]. 

Other shotgun proteomics approaches such as capillary peptide electrophoresis [140] and 

ampholyte-free liquid-phase isoelectric peptide focusing [141] separation techniques are also 

commonly used to separate peptides for identifying membrane proteins.  

 

Multi-dimensional protein identification technology (MudPit) 

Multi Dimensional Protein Identification Technology (MudPit) is a shotgun proteomics 

technique that incorporates strong cation exchange (SCX) and reverse phase (RP) 

chromatography to separate proteolytic peptides followed by tandem mass spectrometry. 

MudPit can be performed either ‘offline’ or ‘online’ [142]. Offline systems fractionate 

proteins or peptides using SCX, which can be further desalted, concentrated and digested with 

a protease (commonly trypsin and/or proteinase K). Proteolytic peptides are then subjected to 

RP chromatographic separation and analysed by tandem mass spectrometry.  

SCX fractions that are directly eluted onto an RP trap or coupled onto the RP portion 

of a biphasic microcapillary column are described as ‘online’ systems. The biphasic 

microcapillary column is first packed with RP phase media followed by SCX resin and is 

interfaced with a HPLC pump. The biphasic microcapillary column elutes ionized peptides 

and acts as the ion source for tandem mass spectrometry. The spectra obtained from MS/MS 

analysis of eluted peptides are searched using a database such as Sequest, Mascot or the 

Global Proteome Machine (GPM) for protein identification. [143]. 
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MudPit has been demonstrated to identify largely different subsets of proteins 

compared to gel-based approaches but is considered to be a better technique for protein 

identification, by identifying greater numbers of peptides corresponding to more protein 

identifications [144, 145]. MudPit approaches have also been used to study differential 

expression of proteins in advanced prostate cancer patients using quantitative labeling 

methods such as Isotope Coded Affinity Tag (ICAT), Stable Istope Labelling of Amino acids 

in Cell Culture (SILAC) and Isotope Tags for Relative Abundance Quantitation (iTRAQ) 

[146], and found that the androgen receptor and its binding partners in prostate cancer were 

determined to be elevated using these quantitation methods. MudPit has also recently been 

used to detect some minor protein post-translational modifications [147]. The main advantage 

of using standard RP LC-MS/MS and MudPit shotgun approaches for protein identification is 

the ability to perform experiments on limited quantities of sample since the entire proteolytic 

digest can be directly subjected to LC separation and tandem MS. However, a major 

disadvantage of MudPIT is the inability to readily provide comprehensive information on 

protein isoforms and their post-translational modifications. 

 

1D SDS PAGE and RPLC-MS/MS  

An alternative two-dimensional fractionation approach for characterizing membrane proteins 

involves initially separating proteins by 1D SDS PAGE, and each gel lane is subsequently cut 

into smaller fractions and in-gel digested with trypsin. Tryptic peptides are extracted and 

analysed by RPLC-MS/MS [145]. This shotgun proteomics approach has been effectively 

used to characterize the yeast [145], HeLa cells [148, 149], human peripheral blood 

mononuclear cells [150] and rat liver [151] proteomes. 1D SDS PAGE separation and RPLC-

MS/MS has many advantages in fractionating and analyzing membrane proteins most notably 

because of the ability of SDS to solubilise membrane proteins, whilst maintaining the 

solubility of membrane proteins during gel electrophoresis. In addition, the procedure is 

relatively quick and easy compared with other shotgun techniques. A limitation of this 
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approach for analyzing membrane proteins is the poor separation of higher molecular weight 

(>250 kDa) membrane proteins, which are not often resolved by 1D SDS PAGE, and 

therefore these proteins are not identified.  

 

Peptide IPG-IEF 

The use of IPG-IEF to separate proteins on the basis of their isoelectric point is widely used 

as a first dimension technique in 2DGE. One of the first studies using IEF for protein 

separation by O’Farrell demonstrated the separation of 1100 proteins from a protein mixture 

[152] and this technique has been widely used as a first dimension separation technique in 

many other 2DGE proteomic studies. Peptide IPG-IEF, however, is a recent development in 

which the peptides from digestion of complex mixtures of proteins, usually with trypsin, are 

rehydrated into an IPG strip and separated by IEF. Peptides are focused according to the pI of 

the individual peptides and the focused strip can be cut into equal fractions, and peptides 

extracted for RPLC-MS/MS analyses [153]. IPG-IEF has several advantages as a high 

resolution shotgun proteomics technique most notably because of its high sample loading 

capacity (up to 1 mg) [8, 139] and increased solubility of peptides from hydrophobic proteins. 

This method has previously been demonstrated to provide more confident and reproducible 

protein identifications compared to 1D SDS PAGE [154] and MudPit [155] by using the 

theoretical pI of peptides as an additional filtering criteria to reduce false discovery rates [8].  

Peptide IPG-IEF, 1D SDS PAGE and MudPit analyses can be used for comparative 

label-free quantitative proteomics by using a protein’s calculated normalised spectral 

abundance factor (NSAF) of a protein and it has recently been applied to study the yeast [156, 

157], rat and mouse liver membrane proteome [8, 139] (See Chapter 4). Normalized spectral 

abundance factors (NSAF) for quantitation of proteins as described by Zybailov et al.,[156] is 

calculated by the total number of tandem mass spectra that match peptides to a particular 

protein, and normalized against the entire protein and spectra datasets to measure the relative 
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abundance of proteins in a complex mixture. This label-free method takes into account the 

sample-to-sample variation that is obtained when carrying out replicate analyses of a sample 

and also that longer proteins tend to have more peptide identifications than shorter proteins. 

NSAF for quantitative proteomic analysis has been applied to study expressional changes of 

membrane proteins in S. cerevisiae [156] and human transcriptional regulatory complexes 

[158]. This NSAF statistical approach for quantitating proteomic data has also been shown to 

have a high degree of statistical similarity to Affymetrix GeneChip™ analysis demonstrating 

its reproducibility and accuracy for quantitation [159]. 

While shotgun proteomics has demonstrated its utility in identifying membrane 

proteins, one of the disadvantages of shotgun proteomics is that specific information such as 

post-translational modifications (e.g. phosphorylation and glycosylation) of protein isoforms 

is not obtained [160]. In addition, the large data sets obtained from these experiments can be 

complex and difficult to interpret, therefore alternative pre-fractionation methods such as 

chromtography  approaches (ion exchange, size-exclusion and/or lectin affinity) are needed to 

reduce sample complexity prior to chromatographic separation and MS analyses [150].  

 

Protein identification and data analysis 

The integration of the different algorithms such as Sequest, Mascot and X!Tandem to 

interpret tandem mass spectra for identifying proteins is now easily and routinely performed. 

The output from software platforms (e.g. Bioworks™ [Thermo], Mascot [Matrix science] and 

Global Proteome Machine (GPM) [Beavis Informatics]) that use these algorithms provide 

large collections of protein identifications; however they do not provide information of the 

biological significance of these proteins in relation to the entire subset of identified proteins.  

Gene ontology (GO) analysis is commonly used to address the need for consistent 

descriptions of gene products and functions from different databases [161]. GO analysis has 

three categories that describe gene products in terms of their associated 1) biological 
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processes, 2) cellular components and 3) molecular functions in a species-independent 

manner. The analysis involves the development and maintenance of the ontologies themselves 

within a analysed sample set; the annotation of gene products and assembling of their 

associations between the ontologies and the genes and gene products in the collaborating 

databases (also termed GO mapping); and the use of ontologies to find all the gene products 

that are involved in specific functions (e.g. signal transduction) [161].  

The cellular component GO category determines the subcellular location(s) of the 

gene products. The molecular function GO category describes activities (e.g. catalytic or 

binding activities) that occur at the molecular level of individual gene products which 

describe functional activities rather than their entities (molecules or complexes) that perform 

the specific function. The biological process GO component describes a series of events 

accomplished by one or more ordered assemblies of molecular functions. 

Another tool that is also used to functionally categorise collections of proteins is 

Kyoto Encylopedia of Genes and Genomes (KEGG) Pathway Mapping [162-165]. KEGG 

pathway mapping is a collection of manually drawn pathway maps representing current 

knowledge and reported literature on the molecular interaction and reaction networks of 

proteins involved in various biological pathways such as 1) metabolism (e.g. 

glycolysis/gluconeogenesis, fatty acid oxidation and glycan biosynthesis) 2) genetic 

information processing (e.g. transcription, translation and protein folding) 3) environmental 

information processing (e.g. membrane transport, signal transduction and cell interactions) 4) 

cellular processes (e.g. cell transport, motility and communication) 5) organismal systems 

(e.g. immune, endocrine and circulatory systems) and, 6) human diseases (e.g. cancers, 

metabolic and infectious diseases). These maps can be used to match identified proteins 

against the biological pathways that have been previously reported. 

Several software platforms such as Ingenuity™ [166, 167] and Blast2GO [168] have 

been recently developed to provide easier analysis and interpretation of protein compilations 
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by using GO analysis, KEGG pathway mapping, Interpro and Enzyme code mapping. These 

‘all-in-one’ software platforms are now becoming increasingly used for interpretation of 

proteomics data to provide better insights into the biological significance of large datasets of 

identified proteins from shotgun proteomics experiments. 

 

1.4.2. Glycomics 

Analogous to genomics and proteomics, which is the study of a whole set of genes and 

proteins respectively, glycomics is the study of a whole set of glycans produced in a single 

cell, organism or tissue [169]. Glycomics is an emerging field in biology, which can provide 

complementary information to the genome and proteome. Many of the well-established 

techniques used in proteomics (such as 1D SDS PAGE, 2DGE and mass spectrometry) are 

applicable to studying the glycome. Glycomics can involve the fundamentals of the 

monosaccharide composition and how they diverge (structural), comparative observations of 

how glycans change through biochemistry and evolution (comparative), and how glycans and 

glycosylation can affect the function of biological processes (functional). It is important to 

study glycans and their associated proteins because not only are they markers to characterize 

cell types and states, but they are also involved in numerous biological phenomena. In 

addition, the hydrophilicity of glycans can affect the physicochemical properties of 

glycoproteins and analysis of the mature glycoprotein.  

  
Figure 1-9. The genome and transcriptome of most organisms have been sequenced and protein 

information is mostly derived from these completed genomes. Unlike proteins which are linked in a linear 

amino acid structure, the difficulty with studying glycans is that the monosaccharide units can be linked 

in a number of combinatorial positions and there is no template from which produced glycans can be 

predicted [170]. 
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Protein sequence information from most organisms is derived from completed 

genomes and transcriptomes, and is more easily determined because of the ordered linear 

structure and composition of amino acids that produce proteins. However, unlike proteins, the 

difficulty with studying glycans is that the monosaccharide units can be linked in a number of 

combinatorial positions producing a number of different isoforms of glycans 

(microheterogenity) (Figure 1-9) [170]. In addition, the heterogeneity of glycans and the lack 

of a template make it difficult to determine the micro- and macroheterogeneity of glycans that 

may be present on glycoproteins. Several approaches used for proteomics are currently 

modified for studying the glycome but strategies for studying glycomics are still in their 

infancy [169, 171]. The field of glycomics is expected to expand due to the complexity and 

importance of glycans and their roles in biology and disease. 

 

1.4.2.1. Characterising the membrane protein glycome 

Release of glycans from glycoproteins 

N- and O-linked glycans can be globally released from complex mixtures of proteins or from 

individual glycoproteins for further analysis. Global N- and O-linked glycan profiling of 

membrane proteins enables the characterization of all possible glycans that are produced by a 

particular cell. This provides an overview of the entire subset of different types of glycans that 

are produced and attached to the cell membrane at a particular time and/or state. However, 

this global glycan analysis approach cannot provide detailed glycan information with regards 

to the specific glycans and their site(s) of attachment to individual glycoproteins. Glycomic 

analysis of individual N-linked glycoproteins is commonly carried out by separating complex 

mixtures of proteins by 1D SDS PAGE or 2DGE [128], excising the glycoprotein isoforms 

and treating with N-glycosidase F (PNGase F) to release N-linked oligosaccharides [172-178]. 

PNGase F hydrolyzes the amide bond between the N-glycan and the side chain of asparagine, 

which releases the glycan and converts the asparagine to aspartic acid. The glycosidase 
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releases nearly all bound N-linked glycans, except for glycans containing fucose attached in a 

α(1,3) linkage to the reducing GlcNAc residue [179]. These PNGase F-resistant glycans, 

which are commonly found in plants and nematodes, can be hydrolyzed  by PNGase A [180]. 

The N-linked oligosaccharides released from these enzymatic methods can be reduced with 

sodium borohydride, derivatized via reductive amination with chromophores or fluorophores, 

or further analysed without derivatisation [179].  

O-linked glycans are attached to the hydroxyl groups of serine and threonine residues 

of glycoproteins. There is no common enzyme available, such as the PNGase F used to 

release N-glycans that can be used to cleave this linkage. O-linked glycans are usually 

released by reductive alkaline β-elimination in the presence of high concentrations of sodium 

borohydride which reduces terminal reducing end residues and prevents the released glycan 

from undergoing subsequent peeling and destruction in the alkali. Both released N- and O-

linked oligosaccharides can be analysed by MS to determine the composition and/or 

structures of these glycans. 

 

Oligosaccharide analysis 

The two most common ionization methods for MS characterization in glycomics are Matrix 

Assisted Laser Desorption Ionisation (MALDI) and Electrospray Ionisation (ESI). MALDI-

MS and ESI-MS are commonly used to analyse complex mixtures of proteins and peptides, 

but they can also be applied to study N- and O-linked oligosaccharides. The characterization 

of glycans using MALDI involves the mixture of the sample with a matrix compound such as 

3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic acid), α-cyano-4-hydroxycinnamic acid or 

2,5-dihydroxybenzoic acid (DHB), which protects the samples from being destroyed directly 

by the laser and allows crystallization of the sample: matrix mixture. The ionization of the 

mixture is triggered by a laser (normally a nitrogen laser), which vapourises the mixture into a 

gas-state and it is thought that the matrix provides charge to the analyte [181]. The mass of 
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the oligosaccharide is then examined using either time-of-flight (TOF), quadrupole TOF (Q-

TOF), quadrupole ion-trap (Q-IT) or TOF-TOF mass spectrometers and ions are usually 

observed by MALDI as singly charged species (e.g. [M+H]+ and/or [M+Na]+) [182-184]. On 

the other hand, ESI involves the flow of analytes in organic solutions through a capillary that 

is under high voltage. This allows the oligosaccharides to be dispersed in a gas-state, and 

under high-vacuum they can be analysed by the same mass detectors as previously described. 

The oligosaccharide ions produced by ESI are often seen as multiply charged species. 

Both MALDI-MS and ESI-MS have advantages and disadvantages for MS 

characterization of glycans. MALDI-MS is sometimes considered a more sensitive technique 

than ESI-MS since the multiple charged ions formed by ESI-MS can reduce the sensitivity of 

detection as a result of the resultant signal splitting [185]. In addition, detection of larger 

molecules by MALDI is relatively constant, in contrast to that observed for ESI, where the 

ionization efficiency decreases with increasing molecular weight [186]. For the analysis of 

oligosaccharides, MALDI is usually applied in positive ion mode where it is effective for 

characterizing neutral and mono- or de-sialylated oligosaccharides both for molecular mass 

determination and for fragmentation analysis [187]. Most neutral oligosaccharides present as 

intense signals corresponding to their [M+Na]+ ions. However, complex glycans containing 

sialic acids are more difficult to analyse by MALDI-MS due to loss of sialic acid by the laser 

ionization and loss of sialic acids in the mass analyzer. It has been reported that detailed 

profiling of sialylated oligosaccharides by MALDI-MS can be achieved in linear ion mode in 

TOF analysis [184]. 

To prevent the loss of sialic acid during MALDI-MS and ESI-MS analysis, sialylated 

oligosaccharides are often permethylated to remove the negative charge on the carboxyl 

groups and thus increase the sensitivity of detecting ions in positive ion mode. Permethylation 

of oligosaccharides stabilizes the sialic acid residues in acidic oligosaccharides by converting 

the negatively charged sialic acids into methyl esters or lactones, yielding more predictable 
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ion products when subjected to MS/MS experiments. Permethylation also allows for 

oligosaccharides to be subsequently analysed by gas chromatography mass spectrometry (GC-

MS) for  quantitative monosaccharide analysis after hydrolysis [188].  

ESI-MS has been widely used to analyse mixtures of N- and O-linked 

oligosaccharides in both positive and negative ion modes [187], and ESI-MS has been shown 

to provide good analysis of neutral and acidic oligosaccharides [189, 190]. The generation of 

multiply charged and stable parent ions in ESI can provide more informative fragmentation 

spectra compared with MALDI, which requires a constant accumulation of spectra from 

concentrated regions of analytes on the MALDI target to produce adequate parent ion 

intensities. Both positive and negative ionization methods for ESI-MS are commonly used for 

analyzing N- and O-linked oligosaccharides, and both have their advantages and 

disadvantages (Table 1-1). A recently study to compare ESI-MS ionization in both positive 

and negative ion modes demonstrated that positive ion mode was more effective in ionising 

oligomannosidic structures than negative ion mode [191]. Conversely, negative ion mode was 

shown to have better sensitivity and ionization efficiency of acidic glycans [191, 192].  

Recent studies to compare MALDI-MS and ESI-MS for oligosaccharide analysis have 

demonstrated that both MS techniques can be effectively and reproducibly used for 

characterizing neutral and sialylated oligosaccharides by using either (i) MALDI mass 

fingerprinting complemented by sequencing of mixtures of permethylated glycans or (ii) on-

line LC-ESI-MS in the negative ion mode of native glycans [193, 194]. Both approaches are 

routinely semi-quantitative making them applicable for comparative glycomics. 
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Table 1-1. Summary of different MS ion modes for MALDI and ESI-MS used for oligosaccharide 

analysis. *Refers to ESI-MS. 

Mode Glycan derivative MS

Positive Free or alditols

Metal adducts (e.g. Na). Difficult to detect acidic sialylated and 

sulfated oligosaccharides. Metastable ions detected in MALDI 

reflectron mode for sialylated oligosaccharides.

Positive Permethylated

Metal adducts (e.g. Na). Permethylation of sulfated 

oligosaccharides are difficult. Sialic acids are converted into 

methyl esters. Mixtures of neutral and sialylated 

oligosaccharides can be analysed together. Excellent MSn

Positive Reducing end derivatives

Derivatives of quaternary amines and amines with high pKa 

give H and metal adducts. Good MSn. 

Negative* Free or alditols

[M-xH] ions of neutral and acidic oligosacchardies. Both 

neutral and acidic oligosaccharides can be analysed together 

by ESI

Negative* Permethylated Not often reported  

Chromatographic separation of glycans 

HPLC systems can be coupled online with ESI-MS, which can separate oligosaccharides 

either by reverse-phase, anion-exchange or graphitized carbon chromatography prior to MS 

analyses. Of these three chromatographic methods, graphitized carbon chromatography is 

most widely used for separating native oligosaccharides. The glycan separation is based on 

polar interactions of the hydroxyl groups on oligosaccharides with the stationary phase, which 

separates these glycans depending on the increasing elongation of the glycan chains. The 

separation also allows for the analysis of both neutral and sialylated oligosaccharides in the 

one separation. The retention time of eluted glycans using graphitized carbon allows for the 

separation and identification of isobaric glycan isomers and MS fragmentation of the 

separated oligosaccharides from LC-ESI-MS experiments, together with their 

chromatographic retention time, can produce both composition and linkage information of 

analysed glycans [189]. 

Other means of chromatographic separation of glycans can be carried out by reducing 

end derivatization (reductive amination) which introduces functional groups such as 2-

aminobenzamide (AB) (monoisotopic mass increment 138.08) and 2-aminopyridin (PA) 

(monoisotopic mass increment 96.07) into oligosaccharides. The most frequently used 

reducing end derivatives are low molecular weight amines that do not significantly change the 

mass range in which the oligosaccharides can be detected by mass spectrometry. The 
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functional group can include features such as a chromophore or fluorophore which can make 

the oligosaccharide detectable by UV or fluorescence [195]. Additionally, the attachment of a 

hydrophobic chromophore or fluorophore to the oligosaccharide allows for RP 

chromatographic separation prior to MS analysis. 

 

Structural determination of glycans 

A suite of glyco-informatic tools can used to interpret data obtained from MALDI-MS and 

ESI-MS experiments to interpret peak lists obtained from MS analyses and to compare 

observed fragmentation masses with the predicted masses and compositions in glycan 

databases such as GlycoMod [196] (http://www.expasy.org/tools/glycomod/), Cartoonist 

(MALDI only) [197], GlycoSidIQ [198], GlycoSearch (http://www.glycosciences.de) 

(MALDI only) [199] and OSCAR (http://glycome.unh.edu/tools/GlySpy/) [200]. Unlike the 

genome and proteome, the difficulty with studying the glycome is that there is no template for 

which glycans can be predicted and thus predictive databases cannot be created but rely on 

experimentally determined structural information (e.g. GlycoSuiteDB, GlycomeDB and 

Consortium of Functional Glycomics (CFG)). Glycomics currently lacks the informatics 

necessary for high-throughput and facile molecular sequencing of glycans and structural 

determination relies heavily on the manual interpretation of mass spectra. It is hoped that 

improvements and advances in glyco-informatics in the near future will help improve the 

analysis and interpretation of mass spectrometric data for analysing glycans.  

 

1.4.3. Glycoproteomics 

Glycoproteomics brings proteomics and glycomics together in order to 1) identify the 

glycoprotein or glycopeptides of interest, 2) locate potential glycosylation site(s) and, 3) 

structurally analyse the glycans that are attached to the protein or peptide. With the creation of 

many genome and proteome databases, identification of proteins is relatively easy, fast and 
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automated, and usually involves i) 1D or 2DGE for protein separation, followed by tryptic 

digestion and MALDI-MS or ii) LC separation of tryptic peptides, followed by ESI-MS [7, 

201]. Identifying glycoproteins and glycopeptides by mass spectrometry can be challenging 

due to their low level of abundance in complex mixtures often caused by the attachment of 

structurally different glycans (microhetereogeneity) that can occupy (to varying degrees) 

different glycosylation sites (macroheterogeneity). The heterogeneity of glycans and their 

numerous sites of attachment can result in a number of glycoforms of the same glycoprotein. 

Therefore, full characterization of glycoproteins from biological systems is a challenge which 

can be facilitated by enriching the glycoproteins/glycopeptides from the complex mixtures. At 

present, the two most used methods for capturing glycoproteins and glycopeptides include 

hydrazine coupling of N-linked glycoproteins and glycopeptides to a solid support [202] and 

immobilized lectin chromatography that employs the affinity of these proteins for particular 

glycan sub-structures [203].  

 

Enrichment by hydrazine coupling 

The hydrazine chemistry method immobilizes the N-linked glycoprotein or glycopeptide onto 

a solid-phase support by first oxidizing with periodate those attached carbohydrates that 

contain vicinal hydroxyl groups into aldehydes [204]. The resulting aldehydes then react with 

hydrazide groups on an agarose media support to form stable hydrazone bonds. The 

immobilized glycoproteins can be subsequently treated with trypsin, releasing peptides for 

mass spectrometry analysis and identification of the bound proteins. The immobilized N-

linked glycosylated peptides can also be treated with PNGase F to release and identify the 

attached peptide. This hydrazine chemistry approach has been used to identify glycosylated 

proteins in human cerebrospinal fluid (CSF) [205], saliva [206], plasma [207] human platelet 

proteins [208] and cell surface proteins from the LNCaP prostate cancer epithelial cell line 

[202]. The disadvantage of using the hydrazine chemistry approach is that the carbohydrates 
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are destroyed by the oxidative chemical coupling leaving the glycans no longer able to be 

identified and characterized.  

 

Enrichment by lectin affinity 

The use of lectins as a glycocapture method is considered to be a more favourable approach 

for glycosylation analysis since the integrity of the attached glycans or their sites of 

attachment is maintained during the fractionation. Lectins are carbohydrate binding proteins 

of non-immune origin that are capable of recognition and reversible binding to carbohydrates 

of glycoconjugates [209]. Different lectins have affinities for particular oligosaccharide 

epitopes (Table 1-2) and have been used in glycomics to examine the microheterogeneity of 

carbohydrates [69]. Lectins are frequently used in cytology and histology to stain 

glycoproteins [210] due to their ability to recognize specific carbohydrate sub-structures. In 

many clinical applications, detection of glyco biomarkers is based on lectin recognition which 

is a rapid and sensitive detection of differences in samples. Several lectins with different 

specificities have been used sequentially [211] and in parallel [203] on complex mixtures; to 

enrich glycoproteins for identification of low abundance plasma proteins [203], examine the 

microheterogeneity of carbohydrates associated with disease and disease progression [69, 70], 

targeting specific glycosylation sites on proteins [171] and for isolating glycopeptides [171, 

212, 213].  
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Table 1-2. Specificity of some common plant lectins used for recognising glycoproteins. ConA: 

Concanavalin A, LCA: Lens culinaris agglutinin, PSA: Pisum Sativum agglutinin, GNL: Galanthus 

nivalis lectin, ECL: Erthrina cristagalli lectin, GSL: Griffonia simplicifolia lectin, PNA: Peanut 

agglutinin, RCA: Ricinus communis agglutin, AAL: Aleuria aurantia lectin, LTL: Lotus tetragonolobus 

lectin, VVL: Vicia Villosa lectin, WFA: Wisteria Floribunda agglutinin, WGA: Wheat germ agglutinin, 

SNA: Sambus Nigra agglutinin, MAL: Maackia amurensis lectin. Table reproduced from Vector 

Laboratories. 

 
 

Enrichment by hydrophilic interaction (HILIC) and electrostatic repulsion (ERLIC) liquid 

chromatography  

Hydrophilic interaction chromatography (HILIC) has been used for enrichment and targeted 

analysis of post-translational modifications (PTMs) such as N-acetylation [214], 

phosphorylation [215] and glycosylation [216] in many proteomics applications. HILIC is 

characterized by the use of a hydrophilic stationary phase and a hydrophobic organic mobile 

phase that separates polar compounds such as oligosaccharides [217]. The order of elution is 

based on the increasing hydrophilicity of compounds with those that are more hydrophilic 

being retained longer, which is reversed relative to reversed-phase chromatography (RP) 

[218]. Unlike lectin affinity, which targets particular glycan epitope sub-structures, the 

capture potential of the HILIC medium is dependent on the size of the glycans and not their 

specific sub-structures [219, 220]. Several HILIC applications have been used on complex 

mixtures; to enrich glycopeptides from human serum [221], platelets [222], and plasma and 

cellular fibronectins [223] for glycosylation site analysis.  

A special type of HILIC called electrostatic repulsion–hydrophilic interaction 

chromatography (ERLIC) specifically utilizes the electrostatic interactions in HILIC by 

selecting a stationary phase that has a similar charge to the analytes to be separated [224]. 

These compounds are repelled by the stationary phase but are retained by the aqueous layer 
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surrounding the stationary phase. These opposing interactions allow for isocratic resolution  

of the analysed compounds [224]. 

 

Glycosylation site analysis 

Glycopeptides are difficult to detect in MALDI-MS and ESI-MS analysis of tryptic mixtures 

due to the limited control of the size of glycopeptides as masses can be > 2000 Da, which 

includes the tryptic peptide and attached oligosaccharides. In addition, the separation and 

enrichment of tryptic glycopeptides by RP chromatography is also complicated by the 

physicochemical properties (e.g. size and charge) of the tryptic peptide and attached glycan. 

Finding glycopeptides in a complex mixture can be facilitated by software such as 

GlycoSpectrumScan [225] and GlycoMiner [226] which can locate m/z ions corresponding to 

potential glycopeptides in a MS spectrum. Alternatively, detection of intact tryptic 

glycopeptides in a MS spectrum can be facilitated by the loss of specific diagnostic ions from 

a series of peptide masses corresponding to saccharide unit mass differences (Hex: m/z 162, 

HexNAc: m/z 203 and NeuAc m/z 291), which give an indication of the ions that may 

correspond to a family of glycopeptides within the sample. These mass ions in MS2 

fragmentation of the glycopeptides will also give identification of which parent peptide ions 

are glycosylated in a MS spectrum. The CID-MS/MS spectrum of a glycopeptide (Figure 

1-10A) will give information on the overall composition and with the help of some specific 

diagnostic ions can give some structural linkage information (e.g. core fucose [Fucα(1-

3)GlcNAc] m/z 350.1 and sialyl LacNAc [NeuAcα(2-3/6)Galβ(1-4)GlcNAc] m/z 655.2). 

Further fragmentation (MS3) can either give information on the underlying peptide sequence 

(Figure 1-10B) or provide further specific diagnostic structural ions. In addition, differential 

display of peptides before and after PNGase F digestion can provide information on the 

possible sites of N-glycosylation attachment. The site of attachment on the previously 

glycosylated peptide will be converted from asparagine to aspartic acid after PNGase F 
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digestion resulting in a peptide mass increase of +1 Da compared to the predicted peptide 

mass [178]. To effectively study glycoproteomics, two separate experiments need to be 

carried out in parallel to 1) identify the peptide and glycopeptides to determine the underlying 

glycoprotein and glycosylation site(s) (proteomics) and 2) structural characterization of 

released oligosaccharides (glycomics). 

 

Figure 1-10. MALDI-QIT-TOF MS/MS of glycopeptides derived from ribonuclease B followed by SNA-

lectin affinity chromatography. MS/MS spectrum indicates B ions corresponding to Hex (m/z 162) and 

HexNAc (m/z 203) (A) and MS/MS/MS fragmentation indicates amino acid sequence and Y ions with 

attached HexNAc to the Asn residue (B). Image adapted from Kubota et al., [227]. 
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1.5. Mouse liver membrane glycoproteomics  

 
The liver has been well studied at both the genomic and proteomic levels with particular 

emphasis on diseases such as hepatitis [228, 229], hepatocellular carcinoma (HCC) [229], and 

alcoholism [230]. Infection of the liver by hepatitis B and C viruses are the major contributing 

factors in predisposition to HCC [231]. The main symptoms associated with most liver 

diseases involve inflammation of the liver due to extensive damage and apoptosis of hepatic 

cells. This is followed by the replacement of the destroyed liver cells with connective tissue 

(fibrosis), which can eventually result in the loss of normal liver function and interference 

with blood flow throughout the liver. Liver and liver-associated diseases are very often poorly 

diagnosed, with most diagnoses associated with low survival rates due to relatively poor 

detection at early stages of disease. Therefore, studying the liver proteome in health and 

disease is of great importance as it may provide further information which could assist in the 

early diagnosis and prognosis of diseases that affect the liver.  

 

1.5.1. Liver structure and function 

The liver is a crucial organ in the body which is responsible for a range of functions such as 

detoxification, protein synthesis, and xenobiotic metabolism [232]. Other functions also 

include glycogen storage, production of cholesterol, breakdown of red blood cells, plasma 

protein synthesis and the production of bile, which assists in the digestion of lipids. The bile 

that is produced by the liver is stored and released by the gall bladder for absorption of fatty 

acids from the intestines and metabolism of xenobiotics. The liver also maintains blood 

glucose levels by storing excess glucose as glycogen or breaking it down and secreting the 

resulting glucose into the blood stream; these factors are governed by external cues such as 

insulin and glucagon. Furthermore, the liver is also involved in the breakdown and storage of 

fatty acids in adipose tissue and catabolism processes which convert excess amino acids into 

ammonia through the urea cycle. 
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The liver is the only internal human organ capable of natural regeneration of lost 

tissue [232]; these are promoted by hepatocytes and a number of different growth and 

regulatory factors such as hepatocyte growth factor (HGF), epidermal growth factor (EGF) 

and interleukin-6 (IL-6). The liver acts as a detoxifier with numerous enzymes from different 

liver cells breaking down toxins and chemicals found in food and medicines. There are a 

number of different cells in the liver which are involved in these processes; some of these 

include hepatocytes, stellate cells, endothelial cells, kupffer cells and epithelial cells.  

Hepatocytes make up 70-80% (w/w) of the cytoplasmic mass of the liver. Hepatocytes 

are organised into plates separated by vascular channels (sinusoids) [233]. These cells are 

involved in protein synthesis, protein storage, transformation of carbohydrates, detoxification, 

modification and excretion of exogenous and endogenous substances and, synthesis of 

cholesterol, bile salts and phospholipids [233, 234]. Hepatocytes also initiate the formation 

and secretion of bile into the bile canaliculi. Stellate cells are responsible for fat and vitamin 

A storage and the accumulation of ECM proteins [234]. Endothelial cells are a thin layer of 

cells that are found in the sinusoid and line the interior surface of blood vessels forming an 

interface between circulating blood in the lumen and the rest of the vessel wall. Endothelial 

cells are responsible for blood clotting, formation of new blood vessels, inflammation and 

also provide a barrier between blood vessels and the surrounding tissue controlling the 

transport of white blood cells. Kupffer cells are liver-specific macrophages located in the 

sinusoid of the liver and are responsible for phagocytosis of red blood cells [234]. Epithelial 

cells are usually tightly packed together in one or more layers and are specialized in covering 

and lining all internal and external body surfaces. Epithelial cells line the connective, muscle 

and nervous tissue of the liver. 
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1.5.2. Mouse liver proteomics 

A comprehensive proteomics study of the mouse liver and corresponding plasma proteomes 

has provided a strong foundation for employing mouse models to better understand the effect 

of liver-associated diseases [235]. Large-scale proteomic studies using mouse models are 

relevant to further improve our understanding of hepatic processes that occur during 

progression of diseases such as cancer. 

Previous proteomic approaches using sucrose density gradient centrifugation to enrich 

for mouse liver plasma membrane proteins followed by 2DGE separation identified 175 

nonredundant proteins, of which 88 were determined to be integral membrane proteins with 

one to seven transmembrane domains [236]. Approximately 40% of the integral membrane 

proteins were annotated to contain some enzymatic function such as proteins belonging to the 

UDP-glucuronosyltransferase family [236]. A more recent study using a combination of 1D 

SDS PAGE and MudPit separation followed by Fourier Transform Ion Cyclotron Resonance 

(FT-ICR) mass spectrometry characterized the mouse liver and plasma proteomes. This study 

identified 7099 proteins in the liver and 4727 in the plasma respectively which had a dynamic 

concentration range of 4 orders of magnitude [235]. Comparison of the liver and plasma 

protein datasets demonstrated that a significant number of proteins identified in the liver were 

also detected in the plasma with most proteins identified to be involved in complement and 

coagulation, fatty acid metabolism, gluconeogenesis, glycolysis, protein ubiquitination and 

insulin, interleukin-4, epidermal growth factor, and platelet-derived growth factor signaling 

(Figure 1-11).  
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Figure 1-11. Dynamic range of the abundance of identified liver proteins [235]. Hepatic enzymes make up 
the majority of the liver proteome, most of which are membrane-associated proteins such as cytochrome 

p450s and fatty acid binding proteins. 

 
The most abundant proteins that were identified included cytochrome p450s, 

glutathione S-transferases, phosphorylation enzymes, ribosomes and histones [235]. 

Cytochrome p450s and glutathione S-transferases are peripheral enzymatic membrane 

proteins that are involved in 70% of phase I and II xenobiotic metabolism and transport [237]. 

The identification of these peripheral enzymatic membrane proteins is important since it has 

been described that reduced levels of cytochrome p450s is correlated with inflammation of the 

liver [14, 238]. Not surprisingly, integral membrane proteins such as cell surface receptors 

were vastly underrepresented in this study which further substantiates the fact that membrane 

enrichment strategies are required to reduce the sample complexity and improve the 

identification of membrane proteins by mass spectrometry.  

 

1.5.3. Engelbreth-Holm Swarm (EHS) sarcoma 

 
Mouse models have been widely used as model systems to study parallel aspects of human 

disease (e.g. cancer) to further improve our understanding of the mechanisms involved with 

these diseases. Two different distal xenograft cancers have been used in this thesis to 

investigate the effects of tumour-induced liver inflammation on membrane protein 

glycosylation. The first distal xenograft cancer mouse model is an encapsulated non-

metastatic EHS sarcoma and the second model is a metastatic colon 26 adenocarcinoma. Most 

membrane proteomic studies that investigate tumour-induced inflammatory effects on the 
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liver are predominately focused on enzymes involved in xenobiotic metabolism (e.g. 

cytochrome p450s, UDP-glucuronosyltransferases and glutathione-S-transferases), which are 

often found to be repressed in expression and enzymatic function [14-16, 18].  

Liver inflammation and reduced expression of these enzymes have been linked to the 

lack of safety of many chemotherapeutic drugs, due to the inability of many advanced cancer 

patients to metabolize and clear these drugs [14-16]. Previous mRNA expression studies of 

mice bearing the Engelbreath-Holm Swarm (EHS) sarcoma have demonstrated that increased 

levels of pro-inflammatory cytokines can initiate an hepatic acute phase response and cause 

reduced hepatic gene expression of cytochrome p450 enzymes (Figure 1-12) [14-16]. 

Advanced cancer patients often have reduced levels of CYP3A4, usually mediated by pro-

inflammatory cytokines such as tumour necrosis factor (TNF-α), IL-6, IL-8 and IL-17 [239, 

240] and, it is now known that once a cancer is established these cytokines are continuously 

released into the tumour microenvironment which promote tumour cell proliferation, 

metastasis and liver inflammation (Figure 1-13).  

 
Figure 1-12. Comparison of normal liver and inflamed liver shows that the colouration of the surface of 

the liver has changed. This is partly due to the ‘smoothing’ of liver endothelial cells which line the cellular 
membrane of the liver. This can give rise to increased resistance to blood flow in and out of the liver and 

restricts infilterating lymphocytes from getting into the sinusoid and attending to activated Kupffer cells 

[234]. 

 

Inflammed 
liver 
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Figure 1-13. Tumour and stromal cells secrete pro-inflammatory cytokines into the blood stream which 

interact with the liver. This can result in cytokine signaling in the liver which can lead to reduced hepatic 

expression of cytochromes and ultimately to reduced drug clearance and increased chemotoxicity  [241].  

 
In a parallel, as yet unpublished study in our lab (Chick J.M., Liver Membrane 

Proteome Dynamics in Cancer Bearing Mice. In preparation) using peptide IPG-IEF 

separation and label-free quantitation employing NSAF to investigate the effect of a distal 

EHS sarcoma and its associated inflammation on the mouse liver membrane proteome, 1625 

proteins were identified from sodium carbonate-treated membrane preparations. Of the total 

proteins, 813 were classified as integral membrane proteins. A large proportion of these 

integral membrane proteins (236) were determined to be differentially expressed and were 

mostly responsible for solute carrier transport, electron transport chain metabolism (TCA 

cycle) and fatty acid oxidation. Although many studies [14-16] have investigated the EHS 

sarcoma mouse model with strong emphasis on its inflammatory effects on the liver 

membrane proteome and liver metabolism, it is not known whether liver membrane 

glycosylation is also affected by the presence of this distal EHS sarcoma.  

 

1.5.4. Colon 26 (C26) adenocarcinoma 

The murine colon 26 xenograft adenocarcinoma is an undifferentiated colon carcinoma 

induced by the carcinogen N-nitro-N-methylurethane [242]. The C26 adenocarcinoma Balb/c 

mouse model is useful for studying liver inflammation and cancer cachexia as very few 
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animal transplantable tumours and tumour xenografts are able to induce inflammation, 

cachexia and disorders of homeostasis [18, 242]. The presence of a distal C26 

adenocarcinoma has been shown to reduce the abundance and activity of cytochrome p450 

drug metabolizing enzymes in the liver [18]. It is also capable of inducing inflammation and 

increasing levels of acute phase response proteins in the plasma such as fibrinogen, serum 

amyloid, α-1-antitrypsin and α-2-macroglobulin in response to tissue damage and 

inflammation [243, 244]. In addition to the inflammatory effects, the C26 adenocarcinoma has 

also been shown to induce cancer cachexia in some hosts [242]. 

Cachexia is the loss of lean body mass that cannot be controlled and/or reversed 

nutritionally. Cachexia is often seen in patients with advanced stages of diseases such as 

cancer, autoimmunity and pulmonary diseases [245, 246]. The risk of death is dramatically 

increased in cachectic patients as therapeutic intervention is further complicated by this 

condition. Cachectic cancer patients often exhibit increased energy expenditure, possibly due 

to increased thermogenesis and increased operation of the Cori cycle in the skeletal muscles 

[247]. The loss of skeletal muscle as a result of cachexia is mostly caused by the reduced 

protein synthesis and increased protein degradation by the ubiquitin-proteome and lysosomal 

pathways [248, 249]. Depending on the tumour type and stage, weight loss occurs in 30-80% 

of cancer patients with pancreatic and gastric cancers having the highest frequency of weight 

loss [250]. The exact mechanism in which these diseases cause cachexia is poorly understood, 

but it is thought that pro-inflammatory cytokines such as TNF-α, interferon gamma (IFNγ) 

and IL-6, as well as the tumor-secreted proteolysis inducing factor (PIF) are increased in the 

blood and transported across the blood-brain barrier where they interact with the luminal 

surface of brain endothelial cells and affect appetite [17]. 
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Normal mice 

Cachectic mice 

C26 cells injected 
subcutaneously 

 

Figure 1-14. Phenotypic difference between normal (control) and cachectic mice. Mice were considered 

cachectic if there was loss of least 25% of its original weight. The C26 cells are injected subcutaneously 

into the intracellular muscle and allowed to grow for 18-21 days. 

 
A recent study combining proteomics and glycomics approaches to investigate the 

plasma glycoproteome of mice bearing a distal metastasizing C26 adenocarcinoma 

demonstrated that levels of leukocytes and acute phase proteins in the blood of tumour-

bearing mice were significantly increased compared to controls [11]. In addition, overall 

increased sialylation of acute phase glycoproteins in tumour-bearing mice was observed with 

increased high mannose and complex bi- and tetra-antennary N-glycan structures with 

terminating NeuAcα(2-3/6)Galβ(1-4)GlcNAc (sialyl LacNAc) sequences. Complex N-glycans 

with N-glycolylneuraminic acid (NeuGc) attached to the termini were found to be 

downregulated in the plasma of tumour-bearing mice, which suggested either a 

downregulation or impaired function of the CMP-hydroxylase enzyme in tumour-bearing 

mice [11]. This enzyme is responsible for hydroxylating N-acetylneuraminic acid (NeuAc) to 

NeuGc [251]. The findings in this study suggested that glycosylation of liver-derived acute 

phase proteins found in the plasma were altered during cancer metastasis. However, it is not 

known whether similar glycosylation changes are also reflected on the liver cell membrane 

proteins of C26 cancer-bearing mice. 
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1.6. Thesis Aims and Scope 

Most membrane proteins are glycosylated. Therefore, studying both proteins and glycans will 

improve the chracterisation of a membrane glycoproteome. The aim of this thesis was to use 

proteomics, glycomics and glycoproteomics approaches to gain insight into the changes that 

occur to liver membrane glycoprotein status in response to a host bearing distal extra-hepatic 

tumours. The specific aims were: 

1. To develop enrichment strategies to better isolate and characterise the membrane 

glycoproteome using rat liver tissue as a model system. A range of detergents that are 

commonly used for solubilising membrane proteins was trialled to determine their 

applicability for studying membrane proteins by 1D SDS PAGE, lectin affinity 

chromatography and mass spectrometry. Two common glycoprotein capture methods (lectin 

affinity and hydrazine chemistry) were compared as alternative strategies for membrane 

glycoprotein enrichment and identification.  

2. To apply the optimized membrane glycoprotein enrichment strategies to proteomic 

and glycomic analyses to investigate whether the presence of a distal non-metastasizing EHS 

tumour influences the liver membrane glycoproteome. Expression of the enzymes involved in 

the glycosylation machinery of the liver was correlated with the glycan products of the 

pathway.  

3. To apply similar strategies to examine expressional changes of liver membrane 

proteins as well as their associated glycans, of mice bearing a distal metastasising C26 

adenocarcinoma. Mice bearing early stages of the distal C26 adenocarcinoma, which did not 

phenotypically display cachexia (non-cachectic), were also compared.  

Overall, the thesis studies the effects on the liver membrane glycoproteome of the 

presence of distal extra-hepatic non-metastatic and metastatic tumours. 
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Chapter 2: General Methods 
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2.1. Materials 

Tris, sodium chloride, sodium hydroxide, sodium carbonate, EDTA, Bradford reagent, PBS 

tablets, ammonium bicarbonate (NH4HCO3), formic acid, 3-[(3-

Cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 3-

(Decyldimethylammonia) propanesulfonate inner salt (SB3-10), n-Octyl-β-D glucopyranoside 

(OG), n-dodecyl-β-D maltoside (DDM), Triton X-100, Triton X-114, dithiothreitol (DTT), 

iodoacetamide (IAA), methyl-α-glucopyranoside, galactose, sodium dihydrogen 

orthophosphate (NaH2PO4), α-1-antitrypsin from human serum, ovalbumin from Gallus 

gallus, sodium meta-periodate, N-acetyl-glucosamine (GlcNAc),  WGA conjugated to Horse 

Radish Peroxidase (HRP), agarose bound Jacalin with protein concentration of 5 mg/mL and 

binding capacity of 1-2 mg human IgA/mL and, agarose bound WGA with protein 

concentration of 5 mg/mL and binding capacity 1-2 mg ovomucoid/mL were obtained from 

Sigma (St. Louis, MO, USA). NuPAGE 10% Bis-Tris pre-cast gradient gels, 3-(N-

morpholino) propane sulfonic acid (MOPS) running buffer and phospholipase C from 

Bacillus cereus were obtained from Invitrogen (San Diego, CA, USA). Agarose bound 

Concanavalin A (ConA) with protein concentration of 10-16 mg/mL and binding capacity of 

20-45 mg porcine thyroglobulin/mL was obtained from GE Healthcare (Uppsala, Sweden). 

Sequencing-grade trypsin was obtained from Promega (Madison, WI, USA). Immobolin-P 

Polyvinylidene Fluoride (PVDF) and Immobilon Western Chemiluminescence Substrate was 

obtained from Millipore (MA, USA). Hydrazide Gel was obtained from Pierce (Rockford, IL, 

USA). Recombinant N-Glycosidase F (PNGase F, cloned from Flavobacterium 

meningosepticum and expressed in Escherichia. coli) lyophilized in 10 mM sodium phosphate 

buffer, pH 7.2 was acquired from Roche Diagnostics (Basel, Switzerland). AG50W-X8 

cation-exchange resin and Criterion pre-cast gels were obtained from Bio-Rad (Hercules CA, 

USA) and C18 tips were obtained from Eppendorf (Hamburg, Germany). 
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2.2. Liver membrane preparation 

Rat livers obtained from 8 week old Dark Agouti rats (Save Sight Institute, Sydney Eye 

Hospital, Australia) and mouse livers from 8-10 week old Balb/c mice (Concord Repatriation 

Hospital, Australia) were perfused with 0.9% (w/v) phosphate buffered saline (PBS). Liver 

tissue (rat ~3 g and mice ~1.5 g) was homogenized in 5 mL of lysis buffer (pH 7.4) 

containing 50 mM Tris-HCl, 0.1 M NaCl, 1 mM EDTA & protease inhibitor cocktail (3 mg of 

antipain-dihydrochloride, 0.5 mg of aprotinin, 0.5 mg of bestatin, 1 mg of chymostatin, 3 mg 

of E-64, 10 mg of EDTA-Na2, 0.5 mg of leupeptide, 20 mg of Pefabloc SC, 0.5 mg of 

pepstatin, 3 mg of phosphoramidon) (Roche Diagnostics, Switzerland) using an Omni TH 

homogenizer (Omni International Inc., VA, USA).  

The homogenized liver tissue was centrifuged at 2,000g for 20 min at room 

temperature. The supernatant containing cellular proteins was removed and diluted with 

binding buffer (20 mM Tris-HCl, 0.1 M NaCl, 1 mM MnCl2, 1 mM MgCl2 and 1 mM CaCl2, 

pH 7.4) to a final volume of 40 mL and chilled on ice for 1 hr. This was to ensure that the 

sample was compatible for lectin affinity chromatography. The diluted proteins were 

sedimented by ultracentrifugation at 120 000 gavg for 1 hr and 20 mins. The supernatant was 

removed, and the membrane pellet was washed twice with 0.1 M sodium carbonate (pH 11) 

and was stored at -80 °C if not used immediately. Membrane pellets were homogenised in 

binding buffer containing 1% (w/v) detergent and protein quantification was performed by 

Bradford Assay (Sigma-Aldrich, MO, USA).  

 

2.3. Amino Acid Analysis (AAA) for protein quantitation 

Membrane pellets were homogenized separately in 5 mL binding buffer containing 1% (w/v) 

detergent and incubated at 4°C for 1 hr with gentle rocking. Homogenised membrane proteins 

were subsequently centrifuged at 10,000 g for 20 mins to remove any remaining insoluble 

compounds and the supernatant was obtained for AAA. AAA was performed by Dr. Leon 
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McQuade from the Australian Proteome Analysis Facility (APAF). Detergent-solubilised 

membrane protein samples underwent 24 hr gas phase hydrolysis with 6 M HCl at 110ºC. 

Amino acids were analysed using the Waters AccQTag chemistry and cysteine and 

tryptophan were not analysed by this method as these amino acids are destroyed by acid 

hydrolysis. Samples were analysed in duplicate and results were expressed as an average. A 

constituent of both the undiluted and diluted buffers used in the preparation of the samples 

eluted from the UPLC column at the same position as serine and therefore serine could not be 

quantitated. 

 

2.4. Gel electrophoresis and protein visualisation 

2.4.1. SDS PAGE and protein visualization  

Approximately 10 µg of protein was applied per lane onto NuPAGE 10% Bis-Tris pre-cast 

gradient gels with MOPS running buffer. Electrophoresis conditions were set to 200 V, 125 

mA for 60 mins. The gels were fixed in 7% (v/v) acetic acid and 10% (v/v) methanol and 

stained overnight with Sypro Ruby (Invitrogen, San Diego, CA). Gel images were obtained 

using Typhoon Trio Variable Mode Imager (GE Healthcare, Uppsala, Sweden). 

 

2.4.2. Pro-Q Emerald staining for glycoprotein confirmation 

For glycoprotein confirmation, 1D SDS PAGE separated membrane proteins were stained 

with Pro-Q® Emerald 300 glycoprotein stain (Invitrogen, San Diego, CA) according to the 

manufacturer’s instructions to determine if N-linked glycoproteins were present in lectin-

fractionated samples. Briefly, gels were fixed in 5% (v/v) acetic acid/50% (v/v) methanol for 

30 mins and subsequently washed with 3% (v/v) acetic acid to ensure SDS was completely 

washed out of the gel. Glycoproteins were oxidized with 10 mM periodic acid for 30 mins, 

and washed again with 3% (v/v) acetic acid. Gels were stained with Pro-Q® Emerald 300 

stock solution in the dark for 90 mins and washed with 3% (v/v) acetic acid for 15 mins at 
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room temperature. Gel images were obtained using Fujifilm LAS-3000 CCD camera with the 

excitation filter set at 280 nm and the emission filter set at 530 nm. 

 

2.4.3. Lectin blotting with WGA-HRP 

Lectin fractionated rat liver membrane proteins were separated by 1D SDS PAGE and 

separated proteins were electroblotted onto PVDF according to manufacturer’s instructions 

(Invitrogen, San Diego, CA). PVDF membranes were initially wet with 100% (v/v) methanol 

and subsequently buffered with NuPAGE Transfer Buffer containing 20% (v/v) methanol. 

Electroblotting of proteins onto PVDF membranes was carried out at 30 V for 2 hrs. PVDF 

membranes were washed three times in PBS containing 2% (v/v) Tween-20 for 15 mins each 

wash, and further rinsed in PBS. PVDF membranes were incubated with 1 µg/ml WGA-HRP 

in PBS containing 0.05% (v/v) Tween-20, 1 mM CaCl2, 1 mM MnCl2 and 1mM MgCl2 

overnight at room temperature. After incubation, blots were washed with PBS and incubated 

with Millipore Immobilon Western Chemiluminescence Substrate for 5 mins. Images were 

obtained from the Fujifilm LAS-3000 CCD camera with a 510 nm emission filter and an 

excitation at 460 nm. 

 

2.4.4. Two-dimensional gel electrophoresis 

Triton X-114 phase partitioned membrane proteins were precipitated in ice-cold acetone at 

-20ºC overnight. Precipitated aqueous and detergent phase containing proteins were 

resolubilised and buffer exchanged in 7 M urea, 2 M thiourea and 4% CHAPS until the 

conductivity < 300 µS.cm-1. Samples were then diluted with 7 M urea, 2 M thiourea, 4 % 

CHAPS, 40 mM Tris, 5 mM TBP and 10 mM acrylamide to reduce and alkylate the proteins 

and subsequently incubated at room temperature for 90 mins. Approximately 250 µg of 

protein was passively rehydrated onto an 11 cm Immobilised pH gradient (IPG) 3-10, 3-6 and 

4-7 strips overnight. Isoelectric focusing (IEF) was conducted on a Protean IEF Cell (Bio-
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Rad, MA, USA) with a current limit of 50 µA per strip with the following focusing program: 

300 V for 5 hrs, a linear gradient to 8000 V for 8 hrs and 8000 V until 100 kVh was reached. 

 Focused IPG-strips were equilibrated with 6 M urea, 2 % (w/v) SDS and 2 % (v/v) 

glycerol for 30 mins. The second dimension was run on 10-20% Criterion Tris-HCl Pre-cast 

gels (Bio-Rad, MA, USA) with the following running program: 10 mA for 30 mins, 35 mA 

for 2 hrs and 50 mA for 10 mins. Gels were fixed in 7 % (v/v) acetic acid/10% (v/v) methanol 

and stained with Sypro Ruby (Invitrogen, MO, USA). Gel images were obtained using 

Typhoon Trio Variable Mode Imager (GE Healthcare, Uppsala, Sweden). 

 

2.5. Protein Identification by RP LC-MS/MS 

2.5.1. In-solution digestion with trypsin 

Phase partitioned proteins were buffer exchanged with 100mM NH4HCO3, pH 7.8 using a 

Microcon YM-10 Centrifugal Filter unit (Millipore, MA, USA). The samples were reduced 

with 25mM DTT for 30 mins and alkylated with 55mM IAA in the dark for 45 mins. The 

samples were buffer exchanged again with 100mM NH4HCO3, pH 7.8 and concentrated. 

After concentration the proteins were digested with trypsin (trypsin:protein 1:50 (w/w)) and 

prepared for lectin affinity chromatography for isolating glycopeptides and RPLC-MS/MS 

analysis as below. 

 

2.5.2. In-gel digestion with trypsin 

Following 1D SDS PAGE, gel lanes were cut into 12 equal fractions and equilibrated with 

100 mM NH4HCO3 pH 7.8 for 10 mins. Gel pieces were dehydrated in 50 mM 

NH4HCO3/50% (v/v) ACN for 20 mins with intermittent vortexing followed by 100% (v/v) 

ACN for 20 mins. Dehydrated gel pieces were reduced with 25 mM DTT at 37ºC for 30 mins 

and alkylated with 55 mM IAA in the dark at room temperature for 45 mins. The samples 

were buffer exchanged again with 100 mM NH4HCO3, pH 7.8 for 20 min, followed by 50 
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mM NH4HCO3/50% (v/v) ACN pH 7.8 for 20 mins and dehydrated again with 100% (v/v) 

ACN.  The gel pieces were digested with 1:50 trypsin:protein (w/w) with sequencing-grade 

trypsin (Promega, Madison, WI) for 18 hours at 37 °C. The tryptic peptides were extracted 

with twice with 50% (v/v) ACN/2% (v/v) formic acid and dried under vaccum centrifuge until 

all ACN was removed. Each fraction was desalted using C18 tips (PerfectPure C18 Tips) 

(Eppendorf®, Germany) and the eluate was dried using a vacuum centrifuge followed by 

resuspension in 0.1% (v/v) formic acid in preparation for RPLC-MS/MS [252]. 

 

2.5.3. RP LC-ESI-MS/MS 

The extracted tryptic peptides were analyzed by nanoLC-MS/MS using a LTQ-XL ion-trap 

mass spectrometer (Thermo, CA). Reversed phase columns were packed in-house to 

approximately 7 cm (100 µm i.d.) using 100 Å, 5 mM Zorbax C18 resin (Agilent 

Technologies, CA) in a fused silica capillary with an integrated electrospray tip. A 1.8 kV 

electrospray voltage was applied via a liquid junction upstream of the C18 column. Samples 

were injected onto the C18 column using a Surveyor autosampler (Thermo, CA). Each sample 

was loaded onto the C18 column followed by initial wash step with Buffer A (5% (v/v) ACN, 

0.1% (v/v) formic acid) for 10 mins at 1 µL/min. Peptides were subsequently eluted from the 

C18 column with 0−50% Buffer B (95% (v/v) ACN, 0.1% (v/v) formic acid) over 58 mins at 

500 nL/min followed by 50−95% Buffer B over 5 min at 500 nL/min. The column eluate was 

directed into a nanospray ionization source of the mass spectrometer and spectra were 

scanned over the range 400−1500 amu. Automated peak recognition, dynamic exclusion, and 

tandem MS of the top 6 most intense precursor ions at 35% normalized collision energy were 

performed using the Xcalibur software (Thermo, CA). 
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2.5.4. Protein Identification and Data Analysis 

Spectra files were converted to mzXML format and processed through the global proteome 

machine (GPM) software (version 2.2.1), an open source protein identification system that 

uses the X!Tandem algorithm [253]. The spectra obtained from each experiment were 

processed sequentially and a nonredundant output file generated for protein identifications 

with Log(e) values less than −1. Peptide identification was determined using a peptide ion 

tolerance of +3 Da and -0.5 Da a fragment ion tolerance of 0.4 Da. Carbamidomethyl was 

considered as a complete modification and partial modifications were also considered, 

including oxidation of methionine and threonine, and deamidation of asparagine and 

glutamine. MS/MS spectra were searched against the Rattus norvegicus and Mus musculus 

databases (Database derived from Swiss-prot, Ensembl and NCBI) and reverse database 

searching was used for estimating false discovery rates [254]. The assignment of an identified 

protein as being located in the membrane was made using a combination of predictions using 

Transmembrane Hidden Markov Model (TMHMM) (available at 

http://www.cbs.dtu.dk/services/TMHMM) [255] and information on membrane location 

derived from UniProt, GO annotation and the Swiss-Prot database. In this context, membrane 

proteins were considered to be both integral and peripheral to total cellular membranes. 

Protein identifications that have contributed to this thesis are attached as a CD. 

 

2.5.5. Calculation of protein Normalized Spectral Abundance Factors (NSAF) 

Normalized spectral abundance factors (NSAF) were calculated according to Zybailov et al., 

[156] using the following formula: NSAF = (Spc/L)/∑(Spc/L), where Spc refers to spectral 

count (number of nonredundant peptide identifications for a given protein), L is the length of 

the protein. Protein identifications were only included in NSAF data analysis if a given 

protein was identified in each of the triplicates. In addition, only identified proteins containing 

at least five nonredundant peptides were used for label-free quantitation analysis. The reduced 
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protein list was then adjusted with a fraction of a spectral count (in these datasets a factor of 

0.25 was used) to allow the incorporation of proteins with zero spectral counts for statistical 

analysis [156]. The protein and peptide identifications used to generate this protein dataset are 

available on a CD and are attached with this thesis. An optimal adjustment factor was 

determined through fitting the natural log of the NSAF values to a Gaussian curve, assessed 

by computing both R2 values and applying a Shapiro−Wilk test. To satisfy the Shapiro−Wilk 

test, a W value > 0.05 was required. Statistical analysis was conducted with Microsoft Excel 

using the Student t-test with equal sample sizes and P < 0.05 for assignment of statistical 

confidence. Origin8 software package was used for assessing Gaussian distribution of data for 

label-free quantitation by computing both R2 values and a Shapiro−Wilk test. The rigorous 

statistical approach used in the experiments (through the use of a reduced protein list, 

ShapirO-Wilk analysis and Student t-test) was designed to address concerns of analytical 

reproducibility. 

 

2.6. N- and O-glycan identification by carbon LC-MS/MS 

2.6.1. Preparation of N- and O-linked oligosaccharides 

N- and O-linked oligosaccharides were sequentially released according to Wilson et al.[178]. 

Immobilon-P PVDF membranes were pre-wet with 100% (v/v) ethanol. Triton X-114 phase 

partitioned membrane proteins and lectin eluates were dot-blotted (2 x 2.5 µL) and left to dry 

overnight. PVDF membranes were then washed with water followed by methanol to remove 

residual salts and detergents. The membrane was stained with Direct Blue 71 so that proteins 

could be visually recognized. Protein spots were cut from the PVDF membrane and placed in 

separate wells of a 96-well microtiter plate. The spots were blocked with 100 µL of 1% (w/v) 

polyvinylpyrrolidone (PVP) 40 000 in 50% (v/v) methanol, agitated for 20 mins, and washed 

thoroughly with water. N-linked oligosaccharides were released from the protein by 

incubation with 5 µL of PNGase F (0.5 units/µL) for 15 mins at 37°C, and subsequently 
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topped up with 10 µL water and incubated overnight at 37°C. The sample wells were 

surrounded by wells containing water to prevent evaporation, and the plate was sealed tightly 

with parafilm.  

To recover N-linked oligosaccharides, the samples were sonicated in a water bath (in 

the 96-well plate) for 20 mins, and the supernatant containing released N-linked 

oligosaccharides was collected. Spots were washed two times with 50 µL water and combined 

with the supernatant and were reduced to alditols prior to LC separation. Before reduction the 

released N-linked oligosaccharides were incubated with 100 mM CH3COONH4 pH 5 (final 

concentration 15 mM) for 1 hr at room temperature to ensure complete regeneration of the 

reducing terminus and were reduced with 1 M NaBH4/50 mM KOH (20 µL) at 50ºC for 2 hrs. 

The reduction was quenched with 5 µL glacial acetic acid.  

β-elimination of O-linked oligosaccharides was carried out after the PNGase F release 

of the N-linked oligosaccharides by re-wetting the protein spots with 2 µL methanol and 

incubation overnight with 0.5 M NaBH4/50 mM KOH (20 µL) at 50ºC. The reaction was 

quenched with 2 µL acetic acid and both reduced N- and O-linked oligosaccharides were 

purified as described below. 

 

2.6.2. Purification of reduced N- and O-linked oligosaccharides. 

Homemade cation exchange columns comprising 20 µL of AG50W-X8 cation-exchange resin 

(H+−form) (BioRad, Hercules, CA) were packed on top of µC18 ZipTips[256]. Columns were 

prepared by washing 3 x 50 µL 1 M HCl, followed by 3 x 50 µL methanol and 3 x 50 µL 

water. N- and O-linked oligosaccharide alditols were eluted with 2 x 60 µL of water and 

dried. The borate was removed by the addition of 100 µL methanol and drying under vacuum 

five times. The oligosaccharides were re-suspended in 10 µL of water for Carbon 

LC−ESI−MS/MS analysis. 
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2.6.3. Carbon LC-ESI-MS/MS 

N- and O-linked oligosaccharide alditols were analyzed by porous graphitized carbon LC-

MS/MS using a HCT Ultra ETD II ion-trap mass spectrometer (Bruker BioSciences 

Corporation, MA USA). The samples were applied to a Hypercarb porous graphitized carbon 

column (5 µm Hypercarb, 0.32 × 100 mm, Thermo Hypersil, Runcorn UK). N-linked 

oligosaccharides were separated using a linear gradient with 0-45% (v/v) ACN/10 mM 

NH4HCO3 for 83 mins, followed by a 10 mins wash with 90% (v/v) ACN/10 mM NH4HCO3 

at a flow rate of 5 µL/min. O-linked oligosaccharides were separated using a linear gradient 

with 0-90% (v/v) ACN/10 mM NH4HCO3 for 45 min, followed by a 10 min wash with 90% 

(v/v) ACN/10 mM NH4HCO3 at a flow rate of 5 µL/min. ESI−MS was performed in negative 

ion mode with three scan events:  full scan with mass range m/z 100−2500 amu, dependent 

zoom scan, and dependent MS/MS scan after collision induced fragmentation. Automated 

peak recognition and tandem MS of the top three most intense precursor ions at 40% 

normalised collision energy was performed with an activation time of 30 ms. The composition 

of glycans was determined using the monoisotopic masses of detected ions and was verified 

by their associated MS/MS. Monoisotopic masses were searched using the GlycoMod 

software (available at http://www.expasy.ch/tools/glycomod) with parameters of ±0.7 Da to 

predict the possible glycan compositions corresponding to these masses.  

The general workflow for studying the liver membrane proteome and glycome are 

outlined in Figure 2-1. 
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Figure 2-1. General workflow used to study the liver membrane proteome and glycome 
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Chapter 3: Approaches for membrane glycoprotein analysis 



 
81 

3.1. Sample preparation 

It is currently not known how many membrane proteins are expressed in a cell at any given 

time. It has been speculated that human membrane proteins contribute 26% (5539) of all 

protein-encoded genes [257], and because of their diverse biological roles and functions in the 

cell membrane they are the most sought after proteins in drug discovery. Despite membrane 

proteins constituting approximately 70% of all human protein based drug targets, studying 

membrane proteins is often hindered by their low abundance, large size and relatively high 

hydrophobicity. Therefore, optimization and development of enrichment methods was carried 

out using rat liver as a model system to improve the isolation of membrane proteins.  

Sodium carbonate stripping [258] has been used to isolate plasma and intracellular 

membranes from a range of cell types and tissues including prokaryotic cells [45], eukaryotic 

cells [259], archaebacteria [260] and rat liver microsomes [261]. The procedure consists of 

diluting prepared organelles in cold sodium carbonate followed by high-speed centrifugation 

to isolate total cell membranes. The treatment of these membranes with sodium carbonate 

converts closed vesicles into open membrane sheets releasing the cytoplasmic protein 

contents within organelle membranes and the high pH ionizes and releases many loosely 

bound proteins [258]. Therefore, sodium carbonate ultracentrifugation was used as the first 

step in all membrane preparation protocols. 

 

3.1.1. Comparison of detergents for membrane protein solubilisation  
 
Membrane proteins are often difficult to resolubilise in aqueous buffers and therefore it is 

necessary to solubilise these proteins in the presence of organic solvents or detergents. 

Solubilisation of membrane proteins is required for further functional and structural studies 

using techniques such as mass spectrometry, nuclear magnetic resonance spectroscopy 

(NMR) [262] and x-ray crystallography [263]. In this study, we investigated some 
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commercially available detergents for their ability to solubilise membrane proteins and their 

suitability for protein gel electrophoresis and lectin affinity chromatography.  

We evaluated six different detergents for membrane protein solubilisation that suited 

our general criteria for further analytical studies such as protein gel electrophoresis, lectin 

affinity chromatography and mass spectrometry. Ideally membrane solubilisation can be 

achieved using SDS, which was shown to be solubilise more membrane proteins that the other 

non-ionic detergents as shown in Figure 3-1. However, SDS cannot be used for subsequent 

studies of membrane proteins as it causes denaturation of the proteins and is incompatible 

with lectin affinity and mass spectrometry. Although, non-ionic detergents did not solubilise 

the equivocal amounts of protein as compared to SDS, they were selected for membrane 

solubilisation as they do not cause protein denaturation and many non-ionic detergents are 

compatible for subsequent studies.  

Membrane protein solubilisation with non-ionic detergents involves the penetration of 

the lipid bilayer with the hydrophobic tails of the detergent and interaction with the 

hydrophobic regions of lipids and proteins that are embedded within the lipid bilayer. The 

polar head groups of the detergent allow the detergent-protein complex to be soluble and exist 

in both hydrophobic and hydrophilic phases. A number of common and commercially 

available non-ionic detergents were compared for efficient membrane solubilisation, which 

included: 3-[(3-Cholamidopropyl)-dimethylammonia]-1-propane sulfate (CHAPS), 3-

(Decyldimethylammonia) propanesulfonate inner salt (SB3-10), n-Octyl-β-D glucopyranoside 

(OG), n-dodecyl-β-D maltoside (DDM), Triton X-100 and Triton X-114. The rat liver 

membrane pellet was homogenised in binding buffer (Chapter 2.2) containing 1% (w/v) 

detergent and the protein extraction was monitored by 1D SDS PAGE (Figure 3-1).  

Rat liver membrane proteins from a carbonate stripped total membrane preparation 

(Chapter 2.2) solubilised in Triton X-100, Triton X-114 or with no detergent showed very 

poor protein solubilisation and poor separation as judged by 1D SDS PAGE (Figure 3-1: lanes 
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5, 6 and 7). Prior to 1D SDS PAGE separation, Triton-X detergents were shown to effectively 

solubilise rat liver membrane proteins. However, the poor separation of Triton X-solubilised 

membrane proteins by 1D SDS PAGE could be due to the ability of Triton X detergents to 

inhibit SDS from binding to proteins thus providing lack of negative charge to proteins for 1D 

SDS PAGE separation which were subsequently not visualized on the gel [264]. On the other 

hand, membrane proteins solubilised with CHAPS, OG, DDM and SB3-10 showed a very 

similar distribution of proteins on the 1D gel (Figure 3-1). The same amount of solubilised 

protein was loaded in each lane as judged by the Bradford assay but OG and DDM appear to 

have much more intense protein bands compared to the other detergents. This could be due to 

the inaccuracies and interferences with the Bradford assay in determining protein 

concentrations in the presence of glycosidic detergents, which can often underestimate the 

amount of protein assayed (Product information from Sigma-Aldrich). An equivalent volume 

of proteins solubilised by Triton-X detergents were loaded in lanes 5 and 6. 
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Figure 3-1. 1D SDS PAGE of rat liver membrane proteins prepared by ultracentrifugation and 

subsequently solubilised in 1% (w/v) CHAPS (lane 1), OG (lane 2), DDM (lane 3), SB3-10 (lane 4), Triton 
X-100 (lane 5), Triton X-114 (lane 6) and with no detergent (lane 7). Rat liver membrane proteins 

prepared by ultracentrifugation and solubilised in only SDS (liver membrane). 

 
To determine the success of the detergents in enriching for membrane proteins from 

the crude membrane pellet, the enriched membrane pellets were homogenised in the presence 
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of CHAPS, digested in-solution with trypsin and analysed by RPLC-MS/MS. In total, 195 

common proteins were identified, of which membrane proteins (transmembrane and 

membrane associated proteins) as determined by GO analysis, comprised 48% (95) of the 

total protein identifications (protein identifications have been included as supplementary 

information on a CD). Identified membrane proteins localized to the mitochondria and 

endoplasmic reticulum/Golgi apparatus represented 15% and 17% of the membrane protein 

identifications respectively. Membrane proteins localized to lysosomes/peroxisomes and 

plasma membrane proteins represented 10% and 6% of the data set respectively, but 

cytoplasmic proteins still comprised 48% of the total protein identifications in the membrane 

pellet. Two percent of the protein identifications were not able to be assigned (Figure 3-2). 

The percentage of identified membrane proteins in this study reflects similarly to most 

shotgun proteomic studies that employ ultracentrifugation as their primary membrane 

enrichment strategy [8, 139, 265]. For example, enrichment of membrane proteins from D. 

radiodurans strain R1 cells by sodium carbonate treatment identified 503 proteins in total, of 

which 268 (53%) were classified as membrane proteins [265]. 
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Figure 3-2. Distribution of cellular components of identified proteins from CHAPS-solubilised rat liver 

membrane proteins. 

 
3.1.2. Detergent compatibility with ConA lectin affinity chromatography 

With the aim of further enrichment of membrane proteins by targeting their glycosylation 

using lectins, the compatibility of these six non-ionic detergents with lectin affinity 
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chromatography was investigated. Agarose-bound ConA lectin (0.5 mL) were packed in 

disposable gravity-flow Poly-Prep chromatography columns (Bio-Rad, Hercules MA) and 

initially washed with 10 mL of elution buffer A (20 mM Tris-HCl, 0.1 M NaCl, 0.2 M 

methyl-α-D glucopyranoside) followed by equilibration with 20 mL binding buffer. The 

membrane pellet was homogenised in binding buffer containing either 1 % (w/v) CHAPS, 

OG, DDM, SB3-10, Triton X-100 or Triton X-114 and approximately 80 µg of each 

detergent-solubilised membranes were subjected to ConA affinity fractionation. The ConA 

column was washed with binding buffer (20 mM Tris-HCl, 0.1 M NaCl, 1 mM MnCl2, 1 mM 

MgCl2 and 1 mM CaCl2, pH 7.4) to remove proteins that were not retained by the lectin and 

bound proteins were competitively eluted with 0.2 M methyl-α-glucopyranoside. ConA 

unbound and bound fractions were desalted and concentrated using an Amicon Ultra-10 

centrifugal device with 10 kDa nominal molecular weight limit (NMWL) (Millipore, MA) 

and concentrated proteins were separated by 1D SDS PAGE (Figure 3-3).  

CHAPS

1   2   3
OG

1   2   3
DDM

1   2   3
SB3-10

1   2   3
TX100

1   2    3
TX114

1   2   3
No detergent

1   2   3
250
150
100

75

37

25

20

15

kDa

50

CHAPS

1   2   3
OG

1   2   3
DDM

1   2   3
SB3-10

1   2   3
TX100

1   2    3
TX114

1   2   3
No detergent

1   2   3
250
150
100

75

37

25

20

15

kDa

50

 

Figure 3-3. Solubilised rat liver membrane proteins in 1%(w/v) detergent (CHAPS, OG, DDM, SB3-10, 

Triton X-100, Triton X-114) or with no detergent followed by ConA affinity fractionation with different 

detergents. Homogenised rat liver membrane proteins in 1% (w/v) detergent (1), ConA flow through (2), 

and ConA bound fractions (3).  

 
Membranes solubilised with Triton X-100 and Triton X-114 were again not visible by 

1D SDS PAGE however, a few proteins were seen to be fractionated by ConA. This is 

possibly due to reduced concentration and dilution of Triton-X detergents during the elution 

process. This indicated that Triton X detergents were not suitable for enriching membrane 
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proteins for further analytical studies such as lectin affinity enrichment. Membrane proteins 

solubilised with SB3-10, particularly proteins with an apparent molecular weight > 75 kDa, 

were not observed on the 1D gel which suggested poor solubilisation and lectin fractionation 

of larger proteins. SB3-10 has been previously reported to only solubilise membrane proteins 

with an apparent molecular weight ranging between 10-80 kDa [266] and is known to cause 

precipitation of proteins with high concentrations of chaotropes (>5 M urea) [267, 268]. For 

these reasons, membrane proteins that are solubilised with SB3-10 were not suitable for 

anion-exchange and size exclusion chromatography [269] and as shown by this study, not 

suitable for lectin affinity. CHAPS, OG and DDM were visually assessed to be the best 

detergents for membrane protein solubilisation and lectin affinity.  

Rat liver membrane proteins were then solubilised in different concentrations (0.01% 

(w/v), 0.1% (w/v), 1% (w/v) and 5% (w/v)) of CHAPS, OG and DDM to determine the most 

appropriate concentration of these detergents for solubilising membrane proteins. We 

observed that the detergent concentrations 0.1% (w/v), 1% (w/v) and 5% (w/v) solubilised 

similar protein amounts as determined by the Bradford assay and visual assessment of 1D 

SDS PAGE gel (Appendix C-1). Therefore, we standardized the detergent concentration for 

subsequent experiments to 1% (w/v) to ensure that the detergent:protein ratio of molecules 

was approximately 3:1, which would allow for efficient solubilisation of membrane proteins 

and easy removal of excess detergent monomers [270]. Other common non-ionic detergents 

such as Brij and Tween detergents were not compared in our study as they have been reported 

to offer poor solubilisation of membrane proteins and often cause precipitation of proteins in 

chaotrope mixtures during protein gel electrophoresis [271].  

 

3.1.3.AAA to quantitate detergent-solubilised proteins 

Monitoring the protein solubilisation by 1D SDS PAGE is seen to be difficult to interpret 

accurately and quantitately. Amino acid analysis (AAA) is one of the most robust methods for 
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protein quantitation. AAA was used to compare the amount of protein solubilised in 1% (w/v) 

CHAPS, OG and DDM and to quantitate the amount of solubilised protein bound to the ConA 

column.  

Table 3-1. Amino Acid Analysis (AAA) of rat liver membrane proteins solubilised in CHAPS, OG and 

DDM. AAA was performed in duplicates and protein concentrations were expressed as an average. 

Detergent AAA of diluted 

rat liver 

membrane 

proteins (µµµµg/ml) 

Concentration of 

solubilised rat liver 

membrane proteins in 

original pellet (mg/ml) 

Concentration of rat 

liver membrane 

proteins bound to 

ConA column (µµµµg/ml) 

% bound 

CHAPS 668.60 6.43 196.10 12.2 % 
OG 275.71 2.64 96.10 23.4%  

DDM 694.80 6.67 226.90 13.5% 
 

CHAPS (0.669 mg/ml) and DDM (0.695 mg/ml) solubilised similar concentrations of 

crude membrane proteins. This was approximately 2.5 times more protein, compared to that 

solubilised by OG (0.275 mg/ml), although solubilisation with OG resulted in a larger 

percentage of these proteins bound to the ConA column (by approximately 10%) when 

compared to CHAPS and DDM ([quantity of protein bound]/[quantity of protein loaded] x 

100) % (Table 3-1). Previous studies using serial and array biosensor technologies for 

determining ligand-membrane protein interactions have shown that both CHAPS and DDM 

are the best detergents for solubilising membrane proteins for functional and interaction 

studies. This is mostly due to their ability to solubilise membrane proteins efficiently whilst 

also maintaining protein native structure and function in solution [272, 273]. From these 

results, OG, DDM and CHAPS appear to be equally able to solubilise proteins whilst being 

compatible with lectin affinity.  

Glycosidic detergents such as OG and DDM have been reported to solubilise 

membrane glycoproteins for anion exchange and lectin affinity chromatography and are 

generally very efficient in solubilising membrane proteins for functional and protein 

interaction studies [274, 275]. These glycosidic detergents are acid labile and have high 

critical micelle concentrations making them easily removable by dialysis. Similarly, CHAPS 

also has a high critical micelle concentration and it is readily available in the laboratory and 
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cheaper than both glycosidic detergents. CHAPS has been used to solubilise MHC membrane 

glycoproteins from tumour cells prior to lectin affinity chromatography [276], and was shown 

to be more effective in disrupting protein-protein interactions compared to other non-ionic 

detergents such as Triton X-100 and NP-40. CHAPS was also shown to improve the binding 

of membrane glycoproteins to the lectin Lens culinaris [276]. In addition, the CMC of 

CHAPS allows the detergent to be easily removed by dialysis and it is also compatible with 

trypsin digestion [277] and mass spectrometric analysis [278]. Overall, all three detergents 

(CHAPS, OG and DDM) were evaluated as suitable detergent(s) for membrane protein 

solubilisation with applicability to further analytical studies such as lectin affinity 

chromatography, protein gel electrophoresis and mass spectrometry, but CHAPS was chosen 

as the best overall for further experimentation.  

 

3.1.4. Enrichment of rat liver membrane glycoproteins by lectin affinity 

chromatography 

Membrane proteins are often glycosylated on the extracellular surface of the plasma 

membrane and this characteristic was targeted as an enrichment strategy for isolating 

membrane glycoproteins. Agarose-bound lectins (ConA, Jacalin and WGA) (0.5 mL of each 

lectin) were packed in separate disposable gravity-flow columns and initially washed with 10 

ml of their corresponding elution buffer (20 mM Tris-HCl, 0.1 M NaCl with 0.2 M methyl-α-

D glucopyranoside [ConA] or 0.5 M α-D galactose [Jacalin] or 0.5 M N-acetyl glucosamine 

[WGA], pH 7.4) and then equilibrated with 20 ml binding buffer. The membrane pellet was 

homogenised in binding buffer containing 1% (w/v) CHAPS and loaded on each lectin 

column. The lectin columns were washed with 20 ml binding buffer to remove proteins that 

were not retained by the lectins. Competing monosaccharides were used to elute bound 

proteins from ConA (0.2 M methyl-α-glucopyranoside), Jacalin (0.5 M α-D galactose) and 

WGA (0.5 M GlcNAc) columns. Each fraction was desalted and concentrated using an 

Amicon Ultra-10 centrifugal device with 10 kDa nominal molecular weight limit (NMWL) 
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(Millipore, MA). Concentrated proteins were digested in-solution with trypsin and prepared 

for RPLC-MS/MS analysis for protein identification.  

The three lectins used in parallel isolated 383 proteins in total, which included 148 

(39%) membrane proteins as defined by GO analysis (protein identifications are included 

attached on CD). A common subset of only 20 membrane proteins was isolated by the three 

lectins used in parallel. ConA, which recognizes α-mannose (and α-glucose), isolated 33 

unique membrane proteins. Jacalin isolated 16 unique membrane proteins and WGA, which 

recognizes GlcNAc and sialic acid, isolated 38 unique membrane proteins (Figure 3-4). ConA 

and WGA are two of the most common lectins used for isolating N-linked glycoproteins and 

glycopeptides. Both lectins captured 132 (89%) of the total 148 membrane proteins isolated 

with a 36% overlap of common proteins isolated by both ConA and WGA.  

 

 

Figure 3-4. Number of proteins identified from rat liver membranes solubilised with 1% CHAPS using 

immobilized lectins: ConA, Jacalin and WGA, in parallel. 

 
The proteins that bound to the individual lectins were separated by 1D SDS PAGE and 

stained with Pro-Q Emerald 300 glycoprotein stain (Invitrogen, MO, USA) to determine if the 

lectin-bound proteins were glycosylated. This stain is commonly used to detect carbohydrates 

that consist of vicinal hydroxyl groups for example, mannose and galactose, which are found 

in N- and O-glycans. Many proteins in the CHAPS-solubilised membrane pellet and those that 

bound to the ConA and WGA column were seen to be glycoproteins (Figure 3-5). Jacalin is a 

ConA Jacalin 

WGA 

33 16 8 

20 
20 13 

38 
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general lectin commonly used to isolate O-linked glycoproteins due to its specificity for 

Galβ(1,3)GalNAc and less glycoproteins were seen in this separation.  
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Figure 3-5. ProQ-Emerald 300 glycoprotein staining to confirm glycosylated proteins in lectin eluates. 

Membrane pellet solubilised in 1% (w/v) CHAPS (lane 1), bound glycoproteins eluted from ConA (lane 2), 

Jacalin (lane 3) and WGA (lane 4).  

To further examine the cross-reactivities of the three lectins for the different subsets of 

glycoproteins, lectin eluates were separated by 1D SDS PAGE, followed by electroblotting of 

separated proteins onto PVDF which was probed for N-linked glycoproteins containing 

GlcNAc and sialic acid with WGA-HRP. Surprisingly, WGA-HRP was shown to recognize 

glycoproteins in both lectin unbound and bound fractions from all three lectins. Moreover, 

WGA-HRP reacted with proteins in the unbound fraction of the WGA lectin column which 

may suggest that the WGA column may be overloaded and become saturated with 

glycoproteins (Figure 3-6). However, in these experiments only ~80 µg of solubilised 

membrane proteins (as determined by Bradford assay) were applied to 0.5 mL of each lectin 

column to ensure that the amount of protein loaded was well below the maximum binding 

capacity (binding capacity specified by manufacturer as 20-45 mg/ml thyroglobulin [ConA], 

1-2 mg human IgA/ml [Jacalin] and 1-2 mg/ml ovomucoid [WGA]) of the columns. 
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Figure 3-6. WGA-HRP blot to determine whether there was cross reactivity between the other WGA and 

lectin eluates. Ovalbumin was used as a positive control (lane 1), membrane pellet (lane 2), ConA flow 

through (lane 3), ConA bound (lane 4), Jacalin flow through (lane 5), Jacalin bound (lane 6), WGA flow 

through (lane 7), WGA bound (lane 8) and, BSA was used as a negative control (lane 9).  

The results presented here illustrate that lectin affinity chromatography has potential 

for fractionating membrane glycoproteins although there is no absolute correlation between 

the presence of specific glycoprotein epitopes and their retention by the lectin. The low 

percentage of membrane proteins, relative to the number of cytoplasmic proteins, that were 

identified using lectin affinity and annotated by GO to be membrane-associated could be due 

to the high percentage of contaminating cytoplasmic proteins in the initial membrane 

preparation, which may reduce the spatial environment and propensity for the lectins to 

specifically target glycoproteins. It is also possible that these cytoplasmic proteins may be 

bound non-specifically to the support media and/or to other bound glycoproteins.  

To improve the fractionation of membrane glycoproteins using lectin affinity, 

additional methods are required to increase the enrichment of membrane proteins prior to 

fractionation. As seen from the decreased solubilisation of membrane proteins by non-ionic 

detergents compared with SDS (Figure 3-1 [lane: liver membrane] and Figure 3-3), initial 

membrane protein solubilisation is being compromised by the need to make the solution 

compatible with lectin affinity chromatography and mass spectrometry. Another approach 

which has been shown to solubilise membrane proteins well, whilst also separating soluble 

cytoplasmic proteins from enriched hydrophobic proteins is solubilisation with the detergent 

Triton X-114 followed by aqueous phase partitioning [279]. 
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3.1.5. Triton X-114 phase partitioning for improved membrane protein 

enrichment 

Triton X-114 was previously shown to be incompatible with protein gel electrophoresis 

(Chapter 3.1.1) and lectin affinity (Chapter 3.1.2). However, Triton X-114 has been used 

effectively to solubilise hydrophobic proteins to improve the enrichment of membrane 

proteins from complex mixtures [148, 149, 279].  

Crude membrane preparations obtained from differential centrifugation of carbonate-

stripped liver homogenate were subjected to Triton X-114 phase partitioning [279] to further 

enrich membrane proteins. Triton X-114 effectively solubilises membrane proteins by 

forming mixed micelles with proteins at 4ºC and when heated to its cloud point temperature 

(20°C) exhibits phase partitioning with water [279, 280], which permits the isolation of 

integral membrane proteins and membrane-associated proteins from soluble proteins [148, 

279].  

Approximately 100 µl (equivalent to approximately 0.5-1 mg) of the rat liver 

membrane pellet was homogenised with 4 volumes of binding buffer (20 mM Tris-HCl, 0.1 

M NaCl, 1 mM MnCl2, 1 mM MgCl2 and 1 mM CaCl2, pH 7.4) containing 1% (v/v) Triton X-

114 and chilled on ice with intermittent vortexing for 20 mins. The samples were heated at 

37°C for 20 mins and phase partitioned by centrifugation at 300 g for 5 mins. The upper 

aqueous phase was removed and stored. The detergent phase was further diluted with 4 

volumes of binding buffer containing 1% (v/v) Triton X-114 and phase partitioning was 

repeated. Because of the temperature-sensitive and detergent properties of Triton X-114 

which can influence chromatographic separation and mass spectrometric analyses, the 

proteins in the combined aqueous, and Triton X-114 phases were precipitated with 9 volumes 

of ice-cold acetone and centrifuged at 300 g for 5 mins. Precipitated membrane proteins were 

resolubilised in binding buffer containing 1% (w/v) CHAPS. Proteins partitioned between the 

aqueous and detergent phases were digested in-solution with trypsin and analysed by RPLC-

MS/MS.  
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Enrichment of proteins in the detergent phase of Triton X-114 phase partitioning 

identified 245 proteins in total, of which 188 (76.7%) were classified as membrane proteins  

by GO analysis (protein identifications are provided on CD). Of these membrane proteins, 

46% and 29% were localized to the mitochondria and endoplasmic reticulum/Golgi apparatus 

respectively with 12% of the proteins (Appendix A-1), many of which contained predicted N-

linked glycosylation sites, classified as plasma membrane proteins (Publication I). Some of 

these plasma membrane proteins included cell adhesion proteins (e.g. cadherins), cell surface 

receptors (e.g. basigin) and many solute carrier transporters (e.g. solute carrier family 25). 

Based on the number of membrane protein identifications, Triton X-114 phase partitioning 

improved the initial enrichment of membrane proteins by 29% relative to stand-alone 

differential centrifugation. 

Interestingly, 13 membrane proteins identified in the detergent phase were also found 

to be present in the aqueous phase (Table 3-2). Based on the information obtained from the 

Swiss Prot database, 11 of these membrane proteins also found in the aqueous phase 

contained multiple glycosylation sites (N- and/or O-linked). PNGase F treatment of the crude 

membrane proteins to remove N-linked glycans prior to Triton X-114 phase partitioning 

resulted in seven of these proteins no longer partitioning to the aqueous phase suggesting that 

N-glycosylation was responsible for their apparent partitioning into the hydrophilic fraction. 

The four membrane-associated proteins (Kupffer cell receptor, cadherin-2, cadherin-17 and E-

cadherin) which remained soluble in the aqueous phase after PNGase F treatment were 

classified as proteins involved in cell adhesion and had relatively low GRAVY (Grand 

Average Hydropathy) scores. A GRAVY score is the relative value for the hydrophobic 

residues of a protein, where decreasing GRAVY values represent increasing protein 

hydrophilicity [135, 136]. These membrane proteins that remained in the aqueous phase thus 

had a large distribution of hydrophilic amino acids, which could contribute to their solubility 

and partitioning behaviour. In addition to glycosylation, protein isoforms such as those 
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modified by phosphorylation [281] and acetylation [282] may also influence the solubility of 

these membrane proteins. 

Table 3-2. Triton X-114 phase partitioning of membrane proteins showed that 13 of the 188 membrane 

proteins partitioned to the detergent phase were also present in the aqueous phase. Of these, 11 were 

either N- and/or O- glycosylated.*Membrane-associated proteins remaining in aqueous phase after 

treatment with PNGase F followed by Triton X-114 phase partitioning. 

 

Identifier Protein description Location 

Glycosylation 
(N-X-S/T) 

GRAVY 
score 

ENSRNOP00000017101 
Membrane-associated progesterone receptor 
component 1 Membrane 0 

 
-0.598 

ENSRNOP00000010579 Microsomal glutathione S-transferase 1 Membrane 0  
 

0.193 

ENSRNOP00000025254 Asialoglycoprotein receptor 1 (ASGPR 1) Membrane 3 N 
 

-0.625 

ENSRNOP00000017472 Prohibitin-2  Membrane 2 N 
 

-0.266 

ENSRNOP00000005853 Polymeric-immunoglobulin receptor precursor Membrane 4 N 
 

-0.501 

ENSRNOP00000000177 Lysosome-associated membrane glycoprotein 2  Membrane 16 N 
 

0.048 

ENSRNOP00000050252 Basigin precursor (OX-47 antigen)  Membrane 3 N 
 

-0.305 

ENSRNOP00000014235 Long-chain-fatty-acid--CoA ligase 1  Membrane 3 N 
 

-0.08 

ENSRNOP00000056976 Translocon-associated protein subunit  Membrane 2 N 
 

-0.176 

ENSRNOP00000017643* 

 
C-type lectin domain family 4  
(Kupffer cell receptor) 

Membrane 
associated 6 N 

 
-0.576 

ENSRNOP00000021170* Cadherin-2 precursor (Neural-cadherin)  
Membrane 
associated 8 N 

 
-0.347 

ENSRNOP00000021612* Cadherin-17 precursor  
Membrane 
associated 7 N 

 
-0.256 

ENSRNOP00000027346* Epithelial-cadherin precursor (E-cadherin)  
Membrane 
associated 2 N 

 
-0.431 

 

The anomalous phase partitioning of some of these membrane proteins strongly 

suggests that posttranslational modifications such as glycosylation influences their solubility. 

This phenomenon has also been observed with Triton X-114 phase partitioning of 

acetylcholinesterase from Torpedo californica (4 N-linked glycosylation sites), Na',K+-

ATPase from kidney microsomes (3 N-linked glycosylation sites) and Ca2+ ATPase from 

sarcoplasmic reticulum membranes (3 N-linked glycosylation sites) [283]. The anomalous 

partitioning of these membrane glycoproteins is also contributed to the presence of high 

numbers of hydrophilic amino acids, which may explain the reason that 4 of the membrane 

glycoproteins remained in the aqueous phase after deglycosylation [283]. 
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3.1.6. 2DGE of Triton X-114 phase partitioned rat liver membrane proteins 

To determine whether 2DGE could be used for further characterizing membrane proteins 

Triton X-114 phase partitioned rat liver membrane proteins were separated by 2DGE using 

broad range (pH 3-10) (Figure 3-7) and mid-range (pH 3-6, 4-7) IPG strips (Figure 3-7 and 

Appendix C-3). In-gel rehydration of Triton X-114 phase partitioned rat liver membrane 

proteins was used to reduce the problems associated with precipitation of membrane proteins 

during isoelectric focusing. In-gel rehydration has been shown to resolve murine mammary 

epithelial cell membranes on 2D gels far better than cup-loading [131].  

Most Triton X-114 detergent phase proteins separated by 2DGE were visible in the pH 

4 to pH 8 region with many higher molecular weight proteins, particularly those with apparent 

molecular weight >150 kDa observed. These higher molecular weight proteins were not 

clearly resolved on the gel suggesting poor entry into the second dimension gel. This could be 

due to the poor solubility of membrane proteins in isoelectric focusing buffers which often 

leads to protein precipitation [136], or very high molecular weight and/or heterogeneity. 

‘Trains’ of protein spots were observed in the pH 3-10 gel (Figure 3-7). These spots are 

usually posttranslationally modified proteins, for example glycoproteins and phosphoproteins, 

which can often reduce the overall pI of these protein isoforms making them more hydrophilic 

and amenable for 2DGE separation [284]. 
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Figure 3-7. Triton X-114 phase partitioned rat liver membrane proteins were focused on pH 3-10 IPG 

strips and stained with Sypro Ruby. RL: Triton X-114 phase partitioned rat liver membrane proteins 

separated by 1D SDS PAGE. Membrane proteins were more clearly resolved in the pH range 5 to 8 (blue). 

Higher molecular weight were poorly solubilised and not separated by 2DGE (red). Trains of protein 

spots (protein isoforms) were resolved on the 2DGE (green). Acidic and alkaline membrane proteins were 

poorly resolved in regions with pH < 4 and pH > 9 (yellow). 

 
While 2DGE has been shown to be a technique for separating soluble and mildly 

hydrophobic proteins; membrane and other extremely hydrophobic proteins have often 

resulted in poor separations [132]. In particular, integral membrane proteins which are 

‘designed’ to be soluble in lipid bilayers and not in aqueous solvents are often difficult to 

solubilise with the urea-detergent mixtures in water-based environments that are used in 

2DGE. In addition, the poor separation of membrane and hydrophobic proteins by 2DGE can 

be also attributed to hydrophobic interactions between these types of proteins and the basic 

acryl-amido derivatives of the IPG matrix, forming protein aggregates that impede isoelectric 

focusing [133].  

Other components found in membrane preparations, such as lipids and contaminating 

soluble proteins, can also interfere with membrane solubilisation in IEF sample buffers and 

can often be presented as protein spots on the 2D gel [285]. Vertical streaking was observed 

in the basic region of the pH 3-10 2D gel due to the alkaline pIs that membrane proteins often 

exhibit and are not clearly resolved on 2D gels [134]. Precipitation and loss of membrane 
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proteins may have also occurred during IEF since horizontal streaking was observed on all 2D 

gels. This study showed that 2DGE fractionation of Triton X-114 enriched rat liver membrane 

proteins provided limited separation and resolution of proteins, and as a result 2DGE was not 

used in further comparative studies.  

The investigation of methods to improve membrane protein analysis described here 

have demonstrated that Triton X-114 phase partitioning following carbonate stripping and 

centrifugation improves the enrichment of membrane proteins from rat liver tissue whilst 

lectin affinity chromatography using ConA, Jacalin and WGA was shown to have some 

potential in isolating membrane proteins by targeting their glycosylation. In our further 

studies both the hydrophobic and glycosylation properties of membrane proteins were 

exploited by combining these two analytical methods as a strategy for isolating membrane 

glycoproteins for characterisation. 

 

3.2. Proteomics 

The optimised sample preparation methods developed in Chapter 3.1 were applied to 

investigate the glycoproteomic complement of the liver membrane using two common 

glycoprotein capture approaches (lectin affinity and hydrazine chemistry). Here we report the 

strategy and results of the analysis of the tissue membrane glycoproteome which involves (1) 

Triton X-114 phase partitioning (2) isolation of glycosylphosphatidylinositol (GPI)-anchored 

proteins and (3) glycoprotein capture using lectin affinity or hydrazine chemistry.  Triton X-

114 phase partitioning was used to enrich rat liver membrane glycoproteins following 

differential ultracentrifugation as it was shown (Chapter 3.1.5) to improve the number of 

membrane protein identifications. Phase partitioned membrane proteins were resolubilised 

with CHAPS, as this was shown (Chapter 3.1.1, 3.1.2 and 3.1.3) to be a good detergent for 

membrane solubilisation, and solubilised membrane proteins were then subjected to lectin 
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affinity chromatography and hydrazine chemistry to compare these as a method of 
glycoprotein enrichment.   

3.2.1. Rat liver membrane glycoproteome: enrichment by phase partitioning and 

glycoprotein capture (Publication I) Reprinted with permission from Albert Lee, 
Daniel Kolarich, Paul A. Haynes, Pia H. Jensen, Mark S. Baker, and Nicolle H. 
Packer, Journal of Proteome Research 2009 8 (2), 770-781
DOI: 10.1021/pr800910w. Copyright 2009 American Chemical Society
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3.2.2. Glycopeptide capture as an alternative approach to identify membrane 

glycoproteins 

In our previous study (Chapter 3.2.1) rat liver membrane glycoproteins were enriched using 

Triton X-114 phase partitioning and glycoprotein capture using lectin affinity and hydrazine 

chemistry. This approach identified 424 membrane proteins annotated by gene ontology to be 

membrane-associated, of which 335 (79%) of these proteins contained a predicted N-linked 

glycosylation site (N-X-S/T). In this section, we examine whether enriching for rat liver 

membrane tryptic glycopeptides, rather than glycoproteins, using three common glycopeptide 

capture methods could increase the number of membrane protein identifications. The 

glycopeptide capture methods used were: tri-lectin affinity (ConA, Jacalin and WGA) [203], 

hydrazine chemistry and hydrophilic interaction chromatography (HILIC). The glycopeptides 

strategy for identifying rat liver membrane glycoproteins was employed to tackle the 

challenges associated with selective enrichment of membrane glycoproteins due to their poor 

solubility in the aqueous buffers used for lectin and hydrazine-binding. The previous criteria 

for validating protein identifications using a minimum of two peptides was not applied here 

because glycopeptides generally represent only 2-5% of an entire tryptic digest [220] and 

many glycoproteins often contain less than two unique glycopeptides. Therefore, identified N-

linked glycopeptides were manually validated by the presence of an N-glycosylation site (N-

X-S/T). N-linked glycopeptides enriched by all three approaches were treated with PNGase F 

to remove N-glycans prior to RPLC-MS/MS analysis and protein identification.  

Approximately 250 µg of rat liver membrane proteins were digested in-solution with 

trypsin as specified in Chapter 2. Lectin affinity and hydrazine chemistry to capture 

glycopeptides were carried out as previously described in Publication I. To isolate N-linked 

glycopeptides by HILIC, tryptic peptides were dried using a vacuum centrifuge, resuspended 

in 80% (v/v) ACN/5% (v/v) formic acid. HILIC resin (Waters, MA, USA) was packed on top 

of µC18 pipette tips and the HILIC resin was activated with 0.1% (v/v) formic acid followed 

by equilibration with 80% (v/v) ACN/5% (v/v) formic acid. Resuspended tryptic peptides 
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were loaded on top of the HILIC resin and washed with 80% (v/v) ACN/5% (v/v) formic acid 

to remove unbound peptides. Bound glycopeptides from all three capture methods were eluted 

with 0.1% (v/v) formic acid and subsequently digested with 5 µl PNGase F (0.5 U/µl) 

overnight at 37ºC. De-glycosylated peptides were analysed by RPLC-MS/MS as described in 

Chapter 2. 

Hydrazine chemistry isolated more (44) unique N-linked glycopeptides compared to 

HILIC (32) and lectin affinity (24). All three methods isolated a common subset of 13 N-

linked glycopeptides which matched to 12 glycoproteins. The largely different populations of 

N-linked glycopeptides isolated by lectin affinity, hydrazine chemistry and HILIC is most 

likely due to the different chemistries that the three methods use for capturing glycopeptides 

[220, 221].  For example, lectin affinity is based on the recognition of particular glycan 

epitopes and, hydrazine chemistry is based on the coupling of oxidized carbohydrates 

containing vicinal hydroxyl groups to the hydrazide groups on agarose support media. On the 

other hand, HILIC enrichment of glycopeptides is based on the interaction between polar 

species such as oligosaccharides and hydrophilic amino acids to either cellulose or Sepharose 

gel matrices [218] and/or to zwitterionic beads (Zic-HILIC) [286].  

(44)
(7)

(12)
(8)

(24)

(4)

(29)

(44)
(7)

(12)
(8)

(24)

(4)

(29)

 

Figure 3-8. Number of N-linked glycopeptides containing the N-X-S/T sequence enriched using lectin 
affinity,  hydrazine chemistry and HILIC. Numbers in brackets indicate matched proteins 

 
Membrane proteins identified by all three glycopeptides capture approaches were 

localized to the plasma membrane (20%), mitochondria (16%), endoplasmic reticulum/Golgi 

apparatus (16%) and lysosomes and peroxisomes (6%). Cytoplasmic and peripheral 
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membrane proteins represented 35% of the total identified membrane glycoproteins 

(Appendix C-5).  

 

Figure 3-9. Number of membrane proteins containing a N-glycosylation site identified using glycopeptide- 

(lectin affinity, hydrazine chemistry and HILIC) and protein-centric approaches (lectin affinity and 
hydrazine chemistry). 

 
Lectin affinity, hydrazine chemistry and HILIC enriched mostly different populations 

of N-linked glycopeptides demonstrating the complementarity of these strategies for 

glycopeptide identification (Figure 3-8). In total, 134 N-linked glycopeptides were identified 

from the three glycopeptide capture methods which corresponded to 128 unique glycoproteins 

(Figure 3-8 and Appendix C-5). This compares with the 334 N-linked membrane 

glycoproteins identified using the two glycoprotein (lectin affinity and hydrazine chemistry) 

capture methods (Chapter 3.2.1) (Figure 3-9). In addition, the identities of the proteins 

corresponding to the matched glycopeptides were largely different to the glycoproteins 

identified by protein-centric approaches (Figure 3-9). Generally, we observed less membrane 

protein identifications using the combined three approaches of glycopeptide enrichment and 

therefore targeting glycopeptides for membrane protein characterisation was not adopted for 

subsequent studies.  

 

3.3.Glycomics 

The approach of using hydrazine chemistry to identify membrane glycoproteins has been 

shown (Chapter 3.2) to result in a higher level of glycoprotein identifications (78%) compared 

to lectin enrichment (71%). However, lectin affinity approaches to glycoprotein enrichment 

have the advantage of maintaining the attached protein carbohydrates intact and able to be 

Protein-centric Peptide- 
centric 
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characterised. Mass spectrometry (MS) has proven to be a useful technique for detailed 

glycomic analysis of glycans and glycoconjugates in complex biological samples. However, 

identification of low abundance glycoconjugates is often difficult in complex samples and 

therefore strategies for targeting and isolating these molecules are required to reduce the 

complexity and improve their characterization by MS. One of the most common methods 

used for isolating glycoconjugates and free oligosaccharides is lectin affinity chromatography. 

Lectins are proteins found in plants, animals and microorganisms that display affinity towards 

different oligosaccharide epitope structures. However, the mechanism(s) of how carbohydrate 

residues and sequences are recognized by lectins in complex mixtures of proteins are largely 

unknown. In the present study, three lectins (ConA, Jacalin and WGA) were used to enrich N- 

and O-linked glycoproteins from Triton X-114 phase partitioned rat liver membrane proteins. 

Enrichment of glycoproteins has been shown to result from the use of these lectins (Chapter 

3.2.1) and analysis of the glycosylation of proteins that were bound and flowed through the 

lectin columns was carried out to determine the efficacy of using this approach to study the 

membrane glycoproteome.  
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3.3.1. The lectin riddle: glycoproteins fractionated from complex mixtures have 

similar glycomic profiles (Publication II) 
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The study presented in this paper emphasizes that whilst the use of lectins in 

glycoproteomics is a valuable tool for enrichment and fractionation of glycoproteins, detailed 

structural analysis must be undertaken to define specific differences in the glycosylation of 

the proteins of interest in a complex mixture. Global glycan profiling of released N- and O-

linked oligosaccharides from the lectin-fractionated proteins showed that overall, both N- and 

O-glycan structures were very similarly attached to the lectin bound proteins and those 

glycoproteins not retained by the lectins. There is currently growing interest in using lectins to 

study protein glycosylation and these results indicate that care should be taken when 

interpreting results from using lectins to enrich glycoproteins from complex samples. Due to 

the largely different subsets of glycoproteins isolated by the different capture approaches 

investigated in this chapter, the unfractionated Triton X-114 phase partitioned membrane 

protein fraction was used as the preferred sample preparation method for enriching liver 

membrane proteins for subsequent studies into the effect of distal cancers on the liver 

glycoproteome.  
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Chapter 4: Liver membrane proteome glycosylation changes in 

mice bearing an extra-hepatic tumour (Publication III) 
 
 

The optimized workflow for enrichment and analysis of liver membrane proteins that was 

developed in Chapter 3 was applied to study liver membrane glycoproteomic changes in mice 

bearing a distal tumour. In this study, proteomic and glycomic analyses were used together to 

determine whether liver membrane protein glycosylation was affected in mice bearing the 

Engelbreth-Holm Swarm (EHS) sarcoma.  
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Chapter 5: Effects of a distal colon 26 adenocarcinoma on the 

liver membrane proteome of non-cachectic and cachectic mice  

 

 
 
Both cancer and inflammation are known to cause changes to protein glycosylation. The 

murine model examined in Chapter 4 involves systemic liver inflammation produced by a 

distal non-metastasizing EHS sarcoma, which was shown to cause perturbations to liver 

metabolism as well as chronic liver inflammation. Specifically, the presence of a distal non-

metastasizing EHS tumour was shown to cause differential expression of glycosyltransferases 

and cell surface lectins in the liver of cancer-bearing mice. These changes were shown to 

reflect an overall increased sialylation of glycans on liver membrane proteins. These 

enzymatic and glycan differences in the liver membrane of EHS-bearing mice provided the 

basis to study glycosylation changes in another mouse model bearing a metastasizing distal 

cancer of the C26 adenocarcinoma. 
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5.1. Introduction 

The liver is the main organ that is responsible for conditioning and producing approximately 

70% protein yield of plasma in the body [235]. In addition, the liver also contains large 

numbers of leukocytes which upon stimulation by pro-inflammatory cytokines play key roles 

in the immune system in removing antigens, pathogens and toxins. The release of pro-

inflammatory cytokines from a tumour can often stimulate the immune system and induce 

liver inflammation, which is a common cause of reduced hepatic drug metabolism and 

increased toxicity in advanced cancer patients being treated with cytotoxic chemotherapies.  

Additionally, the increased levels of pro-inflammatory cytokines can also initiate hepatic 

acute phase responses and cause reduced hepatic gene expression of major classes of 

membrane proteins such as UDP-glucuronosyltransferases and cytochromes p450s, which are 

responsible for phase I xenobiotic metabolism [4, 5].  

The C26 adenocarcinoma mouse model is a distal metastasizing tumour that is capable 

of reducing the abundance and activity of cytochrome p450 drug metabolizing enzymes in the 

liver [18]. It is also able to induce increased levels of acute phase response proteins in the 

plasma such as fibrinogen, serum amyloid, α-1-antitrypsin and α-2-macroglobulin in response 

to tissue damage and inflammation [18, 242-244]. In this study, the C26 adenocarcinoma 

mouse model was used to investigate the effects of bearing a distal metastasizing cancer on 

liver membrane protein glycosylation, and to compare the glycosylation changes with those 

observed in the non-metastasizing EHS-bearing mice (Chapter 4). In addition, the C26 mouse 

model also offers an opportunity to study the effects of cachexia on the liver as a consequence 

of bearing a distal metastasizing tumour [18, 242].  

The C26 adenocarcinoma is a unique cancer model that sometimes manifests severe 

weight loss (cachexia) as well as liver inflammation. Cachexia is the loss of lean body mass 

that cannot be controlled and/or reversed nutritionally. Cachexia is often seen in patients with 

advanced stages of diseases such as cancer, autoimmunity and pulmonary diseases. The risk 
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of death is dramatically increased in cachectic patients as therapeutic intervention is further 

complicated by this condition. Cachectic cancer patients often exhibit increased energy 

expenditure, due to increased thermogenesis and increased operation of the Cori cycle in the 

skeletal muscles. In addition, the loss of skeletal muscle as a result of cachexia is also caused 

by the reduced protein synthesis and increased protein degradation by the ubiquitin-proteome 

and lysosomal pathways, which utilize these by-products for catabolic processes.  

Depending on the tumour type and stage, weight loss occurs in 30-80% of cancer 

patients, with pancreatic and gastric cancers having the highest frequency of weight loss 

[250]. The exact mechanism by which these diseases cause cachexia is poorly understood, but 

it is thought that pro-inflammatory cytokines such as TNF-α, IFNγ and IL-6, as well as the 

tumor-secreted proteolysis inducing factor (PIF) are increased in the blood and transported 

across the blood-brain barrier where they interact with the luminal surface of brain endothelial 

cells and affect appetite [17]. The mechanism of how PIF affects appetite is not known.  

The clinical relevance of liver inflammation and cachexia both in contributing to the 

development of cancer and in determining prognosis has been well established [11, 14, 17, 

287]. The C26 adenocarcinoma murine model studies described in this chapter have been 

designed to provide insights into the pathogenesis of the tumour-induced inflammatory effects 

and cachexia on liver. A recent study combining proteomics and glycomics approaches to 

investigate the plasma glycoproteome of mice bearing a metastasizing C26 xenograft 

adenocarcinoma demonstrated that levels of leukocytes and acute phase proteins in the blood 

of tumour-bearing mice were significantly increased compared to the normal [11]. An overall 

increased sialylation of acute phase glycoproteins in plasma of tumour-bearing mice was 

observed with increased high mannose and complex bi- and tetra-antennary N-glycan 

structures with terminating NeuAcα(2-3/6)Galβ(1-4)GlcNAc (sialyl LacNAc) sequences. 

Complex N-glycans with N-glycolylneuraminic acid (NeuGc) attached to the termini were 

found to be downregulated in the plasma of tumour-bearing mice, which suggested either a 
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downregulation or impaired function of the CMP-hydroxylase enzyme in tumour-bearing 

mice. This enzyme is responsible for hydroxylating N-acetylneuraminic acid (NeuAc) to 

NeuGc [11]. The findings from this study suggested that glycosylation of most liver-derived 

acute phase proteins in the plasma can be altered in the presence of the C26 adenocarcinoma 

and during cancer metastasis. However, it is not known whether similar glycosylation changes 

are also observed on the liver cell membrane of mice bearing the C26 adenocarcinoma.  

In the present study, shotgun proteomics employing 1D SDS PAGE separation of 

Triton X-114 phase partitioned mouse liver membrane proteins and label-free quantitation 

employing NSAF [139, 156, 159, 288] was used to identify and determine the relative 

abundance of liver membrane proteins in mice bearing a distal C26 adenocarcinoma. Mice 

bearing the distal C26 adenocarcinoma, which display either the phenotype for cachexia or 

non-cachexia, were also compared with normal mice. Specifically, membrane proteins 

involved in the cellular glycosylation machinery were focused on, with any protein changes in 

other metabolic pathways also documented, to determine protein expression differences 

between the livers of the two cancer models (non-cachectic and cachectic) and normal livers. 

Global glycan profiling of Triton X-114 phase partitioned liver membrane proteins from the 

livers of non-cachectic and cachectic mice was used to determine if glycosylation of the liver 

membrane proteins was also affected by the presence of a distal metastasizing C26 

adenocarcinoma. The study of the liver membrane proteome using a combination of 

proteomic and glycomic approaches could help determine potentially important biological 

changes that occur during tumour-induced liver inflammation and cancer cachexia. 
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5.2. Methods 

5.2.1. Tumour transplantation 

Eight to ten week old transgenic BALB/c male mice (n=3) were aseptically inoculated using a 

14-gauge needle with 0.3 mL suspension of mouse colon 26 adenocarcinoma cells (containing 

106 cells) in 0.9% (w/v) PBS into the subcutaneous right flank muscle1. Control mice (n=3) 

were injected with 0.3 mL of 0.9% (w/v) PBS. Reduced food intake was observed after 9 to 

10 days with no apparent loss of weight. Tumour mass reached approximately 3 g or 10% 

(w/w) total body weight over 14 to 16 days where approximately 20% (w/w) of weight was 

lost in cachectic mice. Tumour and control mice were euthanized and livers were harvested. 

To address concerns of biological reproducibility, all proteomic and glycomic experiments 

were conducted on three biological replicates of individual control and tumor-bearing mice. 

All animal work was approved by the Concord Repatriation General Hospital local area health 

service Animal Ethics Committee. Triton X-114 phase partitioning to enrich rat liver 

membrane proteins, 1D SDS PAGE protein separation and, RPLC-MS/MS for protein 

identification, and analysis of N-linked oligosaccharides was carried out as described in the 

Chapter 2. 

 

 

  

                                                
1 Tumour implantation and liver harvesting was carried by A/Prof. Graham Robertson from 
Concord Hospital Repatriation General Hospital. 
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5.3. Results  

Liver membrane proteins from control (n=3), non-cachectic (n=3) and cachectic (n=3) mice 

were prepared by differential ultracentrifugation using a modified sodium carbonate stripping 

method [258]. Membrane proteins were further enriched by Triton X-114 phase partitioning 

and separated by 1D SDS PAGE. Each gel lane was cut into 12 equal fractions, in-gel 

digested with trypsin and tryptic peptides were analysed by RPLC-MS/MS for protein 

identification. The relative abundance of identified proteins was quantitated by calculating the 

NSAF [139, 156, 159, 288] of all membrane-associated proteins. Gene ontology mapping 

suggested the membrane proteins were involved in the glycosylation machinery, xenobiotic 

metabolism, endo- and exocytosis, glycolysis and gluconeogenesis and fatty acid metabolism. 

In this study we have defined membrane proteins as comprising of integral membrane 

proteins, lipid-anchored proteins and membrane-associated proteins as determined by 

TMHMM together with information derived from UniProt, GO annotation and the Swiss-Prot 

databases. GO mapping of comprehensive lists of sequences were arranged into the different 

GO categories (biological process, molecular function and cellular component) using 

Blast2GO [168]. Although GO annotations have not been fully characterised it is currently 

one of the more suitable informatic methods for determining cellular roles and biological 

pathways of proteins in a given cell and/or tissue [289].  

 

5.3.1. Comparison of liver membrane proteins in cachectic, non-cachectic and 

normal mice. 

A large number of common and unique proteins were identified from control, non-cachectic 

and cachectic mouse liver membrane preparations. GO mapping of the comprehensive list of 

nonredundant proteins obtained from control, non-cachectic and cachectic mouse liver 

membrane preparations illustrated that there was a similar distribution of proteins in all the 

mice across all subcellular locations. For example, proteins found in the cytosol and 

mitochondria from the control, non-cachectic and cachectic mouse liver made up 
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approximately 33% and 30% of their corresponding data sets respectively (Appendix D-1). 

Similarly, proteins found localized to the plasma membrane and the ER made up 

approximately 17% and 9 % of the identified proteins in each dataset. 

 

Figure 5-1. Common and unique subsets of proteins identified from control (A), non-cachectic (B) and 
cachectic (C) mouse liver membrane preparations. 

Proteins belonging to the GO categories: 1) biological and 2) cellular processes made 

up 46 % (control), 48% (non-cachectic) and 47% (cachectic) of the total proteins with 

proteins responsible for molecular functions such as 1) protein and ion binding and 2) 

catalytic and enzymatic activity comprising approximately 43% and 33% respectively 

(Appendix D-1). The identified proteins from normal, non-cachectic and cachectic mouse 

liver membrane preparations were similarly distributed in all GO annotation categories and as 

a collection could not be used to interpret specific changes to particular biological functions 

of the liver as a result of a distal adenocarcinoma. Therefore, label-free quantitation of 

proteins was used to determine their relative abundance in specific biological pathways. 

Using label-free quantitation employing NSAF [139, 156, 159, 288] we determined 

the relative abundance of identified proteins from control, non-cachectic and cachectic mouse 

liver membranes (Figure 5-2, Figure 5-3 and Figure 5-4). Applying the natural log to the 

NSAF values of all proteins normalizes the distribution to allow for significance testing and 

quantitation of proteins in low abundance (Figure 5-2). Proteins were determined to be 

confident identifications if found in all three biological replicates of each murine model, with 

at least five nonredundant peptides per protein identification. We identified 1143 common 
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proteins between non-cachectic and normal mice, of which 581 were annotated by GO to be 

membrane-associated. Approximately 45% (516, p<0.05) of the total proteins were 

determined to be differentially expressed (up- and downregulated by at least 1.5-fold) (Figure 

5-3A).  

Additionally, 1050 common proteins were identified between cachectic and normal 

mice, of which 539 were annotated by GO to be membrane-associated. Approximately 29% 

(312, p<0.05) of the total proteins were determined to be differently expressed (up- and 

downregulated by at least 1.5-fold) (Figure 5-3B). A heat map summarizing the differentially 

expressed proteins provided helpful information of the expressed proteins that may be related 

to particular biological pathways (Figure 5-4). The percentage of differentially expressed 

proteins in the liver membranes of both non-cachectic (45%) and cachectic (29%) relative to 

the control appear to be quite high with many protein identifications from a diverse range of 

metabolic pathways. Some of these identified protein classes included: ribosomal, 

cytoplasmic and, cytoskeletal proteins such as tubulin and actin, as well as biological 

pathways involved in xenobiotic metabolism, endo- and exocytosis, glycolysis and 

gluconeogenesis, fatty acid metabolism (Appendix D-2) and the glycosylation pathways. This 

chapter describes those changes evident in the glycosylation pathway in the first instance, in 

order to compare the effects of the C26 metastatic distal tumour on this pathway in the liver 

with that of the non-metastatic EHS tumour (described in Chapter 4). 

 

Figure 5-2. Log NSAF of all proteins in control, non-cachectic and cachectic mouse liver membrane 
preparations. The sample densities show that after applying log to the NSAF, the distribution has become 

normal allowing for quantitation and statistical analyses. Applying natural log to the the NSAF of proteins 

also allows for low abundance proteins (low spectral counts) to be quantitated. 
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A B  

Figure 5-3. Comparison of identified proteins between the control and non-cachectic (A) and cachectic (B) 

mice. Dark blue spots are proteins determined to be differentially expressed. Light blue spots indicate 

proteins that did not change in expression (p<0.05, fold change > 1.5).  
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Figure 5-4. Heat map of the differentially expressed proteins in control, non-cachectic (NC) and cachectic 

mouse liver membrane preparations. Collections of proteins belonging to some biological pathways 

(xenobiotic metabolism, fatty acid metabolism and glycosylation) were shown to be differentially 
expressed. 

 
5.3.2. Effects of a distal C26 tumour on the glycosylation machinery of the liver 

membrane glycoproteome 

5.3.2.1. Cell surface receptors 

The majority of cell surface receptors involved in antigen recognition by T-cells for immune 

regulation and in the orchestration of cell-adhesion and cell-signalling events are 

glycoproteins [290]. Glycosylation of these immune-specific cell surface receptors markedly 
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change the properties and modulate the function of these glycoproteins [291]. Three 

membrane receptors which were described by GO to be involved in immune-specific cell 

surface responses and cytokine signaling were identified to be upregulated by at least 1.5-fold 

in the livers of non-cachectic mice compared to the normal (Figure 5-5A). These included H2 

histocompatibility antigen (6.11±4.30 fold upregulated), lymphatic endothelial hyaluronic 

acid receptor (8.05±3.37 fold upregulated) and tumour necrosis factor receptor associated 

protein (TRAP-1) (9.51±3.52 fold upregulated). H2 Class I Histocompatibility antigen is 

known to be expressed on the surface of hepatocytes, which can act as antigen-presenting 

cells (APCs) for CD1 or MHC class I-restricted T-cells during liver inflammation [232]. 

Lymphatic vessel endothelial hyaluronan receptor is a homolog of CD44 which is widely 

expressed on leukocytes, dendritic cells, and tumor cells [292] and, TRAP-1 associates with 

the intracellular domain of TNF receptor 1 and is essential for mediating programmed cell 

death by inducing apoptosis and activation of NF-kappa B [19]. 

 

5.3.2.2. Glycosylation pathway enzymes 

Many glycosyltransferases and glycosidases were downregulated in the liver of non-cachectic 

mice but showed very little change in expression in the cachectic mice. Some of these 

enzymes included: alpha (1-3)-mannosyltransferase, dolichol-diphospholigosaccharide 

protein glycosyltransferases, mannosyl-oligosaccharide glucosidase, neutral alpha glucosidase 

AB and alpha mannosidase II (Figure 5-5B). These identified glycosyltransferases and 

glycosidases are mostly localised to the ER membrane and are responsible for the initial 

biosynthesis of N-glycans. 

Interestingly, bifunctional UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase 

was determined to be upregulated by approximately 20 fold in the liver of both non-cachectic 

and cachectic mice (Figure 5-5A).  The bifunctional enzyme UDP-GlcNAc 2 epimerase/N-

acetylmannosamine kinase, encoded by the GNE gene, catalyzes the first two committed, 
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rate-limiting steps in the biosynthesis of NeuAc but is not involved in the attachment of 

NeuAc to complex glycans. Therefore, this enzyme plays a crucial role in biosynthesis and 

addition of sialic acids to N- and O-glycans, and is significantly upregulated in the liver in 

response to distal tumour whether cachexia is a symptom or not.  
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Figure 5-5. Relative fold change difference of UDP-GlcNAc epimerase and cell receptors involved in 

immune responses proteins (A) and proteins involved in the initial stages of N-linked glycosylation (B). 

*indicates proteins that did change in expression in both non-cachectic and cachectic mouse livers. 
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5.3.2.3. Analysis of N-linked oligosaccharides on the liver membrane 

glycoproteins 

To determine whether the observed differential expression of glycosyltransferases and 

glycosidases in the liver of cancer-bearing mice influenced the glycosylation of liver 

membrane proteins, global N-glycan analysis was performed on Triton X-114 phase 

partitioned liver membrane proteins from control, non-cachectic and cachectic mice. The 

identification of any global N-glycan differences would determine if the significant 

differential expression of glycosylation-related enzymes was reflected in an altered product 

glycosylation status of the glycoproteins in the cell membrane. N-linked oligosaccharides 

were released from Triton X-114 phase partitioned mouse liver membrane proteins by 

PNGase F and analysed using graphitized carbon LC-ESI-MS in negative ion mode.  
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Figure 5-6. Average MS of N-glycans from control (A), non-cachectic (B) and cachectic (C) shows that the 

major N-glycans in normal and cachectic mice are similarly distributed. Non-cachectic mice were however 

shown to have biantennary N-glycans with two NeuAc, whilst both non-cachectic and cachectic expressed 

a biantennary N-glycan with three NeuGc (m/z (1280.9)
2-

). 

The combined mass spectra of the released N-linked oligosaccharides from liver 

membrane proteins from control, non-cachectic and cachectic are shown in Figure 5-6. Ions 
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corresponding to N-glycans were found as doubly charged [M-2H]2- ions in the combined 

mass spectra. Several masses assigned to N-glycan compositions were seen in the liver 

membranes of all three mouse models with all mice expressing high mannose structures (for 

example [M-2H]2- of m/z 860.3 and 941.3), hybrid (for example [M-2H]2- of m/z 872.3 and 

953.3) and sialylated complex type N-glycan structures (for example [M-2H]2- of m/z 973.8 

and 1127.4). N-glycans assigned to these masses are shown in Table 5-1.  

Interestingly, a tri-sialylated complex N-glycan structure of m/z (1280.9)2- with 

composition (NeuGc)3(HexNAc)2(Hex)2 + (Man)3(HexNAc)2 was identified on the liver 

membrane  glycoproteins of non-cachectic and cachectic mice but not in the control. We have 

substantiated the relative tumour-specific difference in the abundance of these structures by 

using a combined EIC of m/z 973.8 and 1280.9 (+/- 0.5 Da) to detect the specific abundance 

of this ion normalised to the m/z 973.8 chromatographic peak (Figure 5-7). Although at low 

abundance, several isomers of this structure are apparent in the chromatogram of the N-linked 

oligosaccharides released from the liver membrane glycoproteins from the tumour-bearing 

mice. Average MS of the narrower retention time (50-65min) window of elution of the m/z 

ion (1280.9)2- confirms that this mass ion is present in both non-cachectic and cachectic mice 

but is not detectable in the normal mice. This same tri-sialylated complex biantennary N-

glycan with three NeuGc attached has been previously identified on serotransferrin [29] and 

on the liver membrane of mice bearing a distal EHS sarcoma as described in Chapter 4. 
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Table 5-1. Total assigned N-glycan compositions identified on the liver membrane of normal, non-

cachectic and cachectic mice. 

Assigned N-glycan compositions

(M-H)
2-

*

617.3 (Hex)2 

658.2 (HexNAc)2

698.3 (Hex)3 

731.3 (HexNAc)2 (Deoxyhexose)1 

779.3 (Hex)4 

791.3 (Hex)1 (HexNAc)1 (NeuGc)1 

799.8 (Hex)3(HexNAc)1 

812.3 (Hex)1(HexNAc)2(Deoxyhexose)1 

820.3 (Hex)2 (HexNAc)2 

832.8 (HexNAc)3 (Deoxyhexose)1

860.3 (Hex)5

872.3 (Hex)2 (HexNAc)1 (NeuGc)1 

884.8 (Hex)1 (HexNAc)2 (NeuAc)1

893.9 (Hex)1 (HexNAc)2 (NeuGc)1 

913.8 (Hex)1 (HexNAc)3 (Deoxyhexose)1 

941.3 (Hex)6 

952.9 (Hex)3 (HexNAc)1 (NeuGc)1

961.8 (Hex)5 (HexNAc)1 

965.9 (Hex)2 (HexNAc)2 (NeuAc)1

973.8 (Hex)2 (HexNAc)2 (NeuGc)1

994.5 (Hex)2 (HexNAc)3 (Deoxyhexose)1 

1022.4 (Hex)7 

1038.9 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 

1046.4 (Hex)1 (HexNAc)2 (NeuGc)2

1067.5 (Hex)2(HexNAc)3(Deoxyhexose)2

1103.4 (Hex)8 

1111.4 (Hex)2 (HexNAc)2 (NeuAc)2

1119.9 (Hex)3 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1

1127.5 (Hex)2 (HexNAc)2 (NeuGc)2 

1148.6 (Hex)2 (HexNAc)3 (Deoxyhexose)1 (NeuGc)1

1148.6 (Hex)3 (HexNAc)3 (NeuAc)1 

1169.4 (Hex)2 (HexNAc)4 (NeuAc)1

1184.4 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)2

1192.4 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 (NeuGc)1

1200.5 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuGc)2

1221.4 (Hex)3 (HexNAc)3 (Deoxyhexose)1 (NeuAc)1 

1280.9 (Hex)2 (HexNAc)2 (NeuGc)3

1293.9 (Hex)3 (HexNAc)3 (NeuAc)2

1302.4 (Hex)4 (HexNAc)3 (Deoxyhexose)1 (NeuAc)1

1309.9 (Hex)3 (HexNAc)3 (NeuGc)2

1331.4 (Hex)4 (HexNAc)4 (NeuAc)1 

1463.5 (Hex)3 (HexNAc)3 (NeuGc)3

 * (Man)3(GlcNAc)2 core N-glycan structure  
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Figure 5-7. Combined extracted ion chromatogram (EIC) m/z (973.8)

2-
 and m/z (1280.9)

2-
 and average MS 

over LC retention time 50-65 min of N-glycans released from the liver membrane of control (A) non-

cachectic (B) cachectic(C) mice. 

In addition, three mass ions m/z of (965.8)2-, (1111.4)2- and (1184.4)2- were observed 

in the N-glycans released from liver membrane glycoproteins of non-cachectic mice but were 

not detectable in the control and cachectic mice. These ions correspond to N-glycan 

compositions of (NeuAc)1(Hex)2(HexNAc)2 + (Man)3(GlcNAc)2, (NeuAc)2(Hex)2(HexNAc)2 

+ (Man)3(GlcNAc)2 and (dHex)1(NeuAc)2(Hex)2(HexNAc)2 + (Man)3(GlcNAc)2 respectively 

and these compositions have been previously assigned in mouse erythrocytes [293, 294]. 

MS/MS fragmentation of these ions deduced the detail of the N-glycan structures as depicted 

in Figure 5-8. Non-cachectic mice were shown to express N-glycans with the motif consisting 

of NeuAcα(2-3/6)Galβ(1-4)GlcNAc, which was also observerd on the liver membrane of 

EHS-bearing mice (Chapter 4). Therefore, the expression of N-glycans consisting of the 

NeuAcα(2-3/6)Galβ(1-4)GlcNAc motif may serve as an important inflammatory glycan 

marker on the liver membrane of tumour-bearing mice. Normal mice predominately express 
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NeuGc on their sialylated glycans so, the increased expression of NeuAc over NeuGc in the 

plasma of C26 cancer-bearing mice has been suggested to be caused by the loss or impaired 

function of the CMP-hydroxylase that converts CMP-NeuAc to CMP-NeuGc [8]. This was 

not the case in the cachectic mice.  

 

 

 

 
Figure 5-8. MS/MS fragmentation of m/z (965.8)

2-
 (A), (1111.4)

2-
(B) and (1184.4)

2-
(C) which was only 

observed in non-cachectic mice and not in the normal and cachectic mice 
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5.3.2.4. Analysis of O-linked oligosaccharides 

The average MS (LC retention time 20-25 min) of O-linked oligosaccharides released by β-

elimination from liver membranes of control and tumour-bearing mice show no observable 

differences between m/z 600-1200. Ions corresponding to known O-glycan structures which 

have been previously identified in the mouse were seen as singly charged ions [M-H]1- [295, 

296] (Figure 5-9), indicating that the liver membranes from control and tumour-bearing mice 

(non-cachectic and cachectic) expressed similar compositions containing both NeuAc and 

NeuGc terminal residues: ([M-H]1- of m/z 675.3 ((Hex)1(HexNAc)1(NeuAc)1), m/z 691.3 

((Hex)1(HexNAc)1(NeuGc)1), m/z 877.3 ((Hex)1(HexNAc)2(NeuAc)1, m/z 895.3 

((Hex)2(HexNAc)2(dHex)1, m/z 966.2 ((Hex)1(HexNAc)1(NeuAc)2), m/z 982.3 

((Hex)1(HexNAc)1 (NeuAc)1 (NeuGc)1) and m/z 998.4 ((Hex)1(HexNAc)1(NeuGc)2) (Table 

5-2). MS/MS fragmentation of these mass ions identified mono- (m/z 675.3, 691.3 and 877.3) 

and di-sialylated (m/z 966.2, 982.3 and 998.4) core 1 structures and a mono-sialylated core 2 

structure (m/z (877.3)1-) in both control and tumour-bearing mice. The mass ions m/z 

(877.3)1- in the control mice and m/z (895.3)1- were more abundant in cachectic mice 

compared with the non-cachectic mice as shown by the average MS spectra, but interrogation 

using EIC of these masses confirmed that these ions were present in all mice (data not 

shown). Overall, there were no significant O-glycan differences observed in either control, 

non-cachectic or cachectic mouse liver membranes. 

Table 5-2. Total assigned O-glycan compositions identified on the liver membrane of normal, non-

cachectic and cachectic mice. 

[M-H] Assigned O-glycan compositions

675.5 (Hex)1 (HexNAc)1 (NeuAc)1

691.3 (Hex)1 (HexNAc)1 (NeuGc)1

877.3 (Hex)1 (HexNAc)2 (NeuAc)1

895.3 (Hex)2 (HexNAc)2 (Deoxyhexose)1

966.5 (Hex)1 (HexNAc)1 (NeuAc)2

982.3 (Hex)1 (HexNAc)1 (NeuAc)1 (NeuGc)1

998.3 (Hex)1 (HexNAc)1 (NeuGc)2  
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Figure 5-9. Average MS (over LC retention time 20-25 min) of released O-linked oligosaccharides from 

control (A), non-cachectic (B) and cachectic (C) mouse liver membrane proteins. Mono-(m/z (675.3)
1-

 and 

(691.3)
1-

) and di-sialylated (m/z (966.3)
1-

, (982.4)
1-

 and (998.3)
1-

) core 1 O-glycans, and a mono-sialylated 

core 2 O-glycan (m/z (877.2)
1-

) were identified on the liver membranes of all mice. 

 
5.3.3. Effects of a C26 distal tumour on the metabolism of the liver  

5.3.3.1. Xenobiotic metabolism (UGTs and cytochrome p450s) 

The family of enzymes responsible for metabolism, glucuronidation and clearance of 

xenobiotic compounds are the UDP-glucuronosyltransferases (UGT) and cytochrome p450s. 

Metabolism and removal of xenobiotics such as bilirubin, fatty acid derivatives, drugs and 

antibiotic compounds require the glucuronidation of the molecule prior to transport out of the 

cell. In total, 18 UGT isoforms were identified, of which 12 were determined to be 

downregulated in both the non-cachectic and cachectic mouse livers compared to the normal 

(Figure 5-10).  
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Figure 5-10. Differential expression of UDP-gluronosyltransferases in the liver of non-cachectic and 

cachectic mice. 

 

Cytochromes p450s form part of the multi-component electron transfer chains and use 

both exogenous and endogenous compounds as substrates for enzymatic reactions. We 

identified 36 different cytochrome p450 isoforms, of which 27 were determined to be 

downregulated in the liver of non-cachectic mice. In addition, 21 of these same cytochrome 

p450 enzymes were determined to be downregulated in both non-cachectic and cachectic 

mice and two had not changed in abundance compared to the control (Figure 5-11A). 

Significantly, four cytochrome p450s, CYP2E1 (1.35±0.06 fold change), CYP3A13 

(3.03±1.76 fold change), CYP2B19 (1.27±0.1 fold change) and CYP17A1 (72.1±27.26 fold 

change) were determined to be significantly upregulated in the liver of only cachectic mice 

(p<0.05, Figure 5-11) compared to the normal. CYP2E1 is responsible for the hydroxylation 

of oleic acid in rat liver microsomes in fatty acid metabolism [297] whereas CYP3A13 is 

responsible for metabolizing and clearing the carcinogenic mycotoxin aflatoxin B [298], 

whose associated protein aflatoxin B aldehyde reductase was also determined to be 

significantly upregulated in cachectic mice. CYP2B19 is involved in the NADPH-dependent 

electron transport pathway and oxidizes a variety of compounds, including steroids, fatty 

acids, and xenobiotics. Very significantly, CYP17A1 was determined to be at least 40 fold 

upregulated in the liver of cachectic mice (Figure 5-11B). It is a key enzyme involved in 
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glucocorticoid production, which is known to play a major role in cancer cachexia by 

mediating the ubiquitin-proteosome pathway [17]. 
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Figure 5-11. Differential expression of cytochrome p450s in the liver of non-cachectic and cachectic mice 
(A) and cytochrome p450 17A1 (B), which was not identified in either control or non-cachectic mouse 

livers. 

5.3.3.2. Proteins involved in receptor-mediated endocytosis  

Membrane proteins described by GO annotations to be involved in endo- and exocytosis were 

determined to be generally downregulated, particularly in the non-cachectic mice. 

Specifically, transferrin receptor (0.28±0.17 fold change), clathrin interactor (0.32±0.02 fold 

change), asialoglycoprotein receptor 1 (0.48±0.04 fold change), Adapter protein 2 (AP-2) 

alpha 1 (0.5±0.15 fold change) and 2 (0.56±0.05 fold change) and mannose-6-phosphate 

receptor (0.43±0.17 fold change) were identified to be downregulated in non-cachectic mice 

but not in the cachectic mice (Figure 5-12). These receptors and adapter proteins are all 

associated with clathrin-mediated endocytosis of apoptotic cells[299]. In addition, vesicular 
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integral membrane protein VIP36 (0.66±0.09 fold change), scavenger receptor (0.43±0.08 

fold change) and sarcoplasmic reticulum calcium ATPase 2 (0.23±0.06 fold change) were 

determined to be downregulated in the liver of only non-cachectic mice, and are also involved 

in the endocytosis (not clathrin-mediated). Interestingly, AP-3 complex subunit beta-1 was 

determined to be significantly upregulated in the livers of cachectic mice (4.69+1.77 fold 

change) but showed no change in the non-cachectic mice. 

Differentially expressed proteins involved in endo/exo-cytosis
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Figure 5-12. Differentially expressed proteins involved in endo and exocytosis. 

 

5.3.3.3. Sugar Metabolism and Transport  

Protein kinases that are responsible for phosphorylating key enzymes involved in sugar 

metabolism and transport were identified to be upregulated in the liver of both non-cachectic 

and cachectic mice. These include: 6-phosphofructokinase, glycerol kinase, probable 

glucokinase, glucokinase regulatory protein, galactokinase and glucokinase (Figure 5-13), all 

of which belong to the major hexokinase family. Glucokinase is a hexokinase isozyme which 

can mediate the phosphorylation of glucose to glucose-6-phosphate (G6P) in preparation for 

glycogen synthesis and glycolysis. On the other hand, galactokinases and fructokinases 

mediate the phosphorylation of galactose to galactose-1-phosphate and fructose to fructose-1-

phosphate respectively, which can be further used as substrates for carbohydrate metabolism. 

In addition, aflatoxin B aldehyde reductase, glucose-6-phosphatase and UDP-glucose-6-
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dehydrogenase were identified to be upregulated in both non-cachectic and cachectic mice. 

UDP-glucose-6-dehydrogenase is responsible for converting the nucleotide sugar UDP-

glucose to glucose-6-phosphate through a number of reactions, which could be used as an 

intermediate substrate for either glycolysis or gluconeogenesis (Figure 5-15).  

GDH-endoplasmic bifunctional protein and fructose bisphosphate adolase did not 

change in expression in either non-cachectic or cachectic mice. However, sugar transporters 

such as glucose-transporter 2 (GLUT 2) and solute carrier family 37 (glucose-6-phosphate) 

transporter were determined to be downregulated in the liver of both non-cachectic and 

cachectic mice.  
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Figure 5-13 Differential expression of kinases involved in sugar metabolism (A) and enzymes involved in 

sugar metabolism and transport (B) 

 
Many enzymes involved in the gluconeogenesis metabolic pathway were determined 

to be upregulated in abundance (Figure 5-13), particularly in the liver of cachectic mice 

including: glucose-6-phosphatase (3.66+0.14 fold change), glycerate kinase (37.46+10.48fold 
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change), alpha enolase (29.14+15.16 fold change), pyruvate carboxylase (4.33+2.21 fold 

change), dihydroxyacetone kinase (4.66+0.82 fold change) and glycerol-3-dehydrogenase 

(3.24+0.94 fold change). Some enzymes responsible for glycolysis including pyruvate kinase 

(0.133+0.004 fold change) and phosphoglycerate kinase (0.68+0.83) were determined to be 

either downregulated or unchanged in the liver of cancer-bearing cachectic mice.  
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5.4.Discussion 

The colon 26 (C26) adenocarcinoma is one of the few animal transplantable tumours that are 

able to induce liver inflammation, cachexia and disorders of homeostasis in different hosts. 

The C26 mouse model was employed to study the effects of bearing a distal metastasizing 

tumour on liver membrane protein glycosylation, and to compare these glycosylation changes 

with those observed on the liver membrane proteins in EHS-bearing mice (Chapter 4). This 

cachexia model results in systemic inflammation of the liver produced by the C26 

adenocarcinoma, and has been previously demonstrated to show a reduction in hepatic 

cytochrome p450 drug metabolizing enzyme activity and alterations to other metabolic 

processes (e.g. glycolysis/gluconeogenesis and fatty acid metabolism) [242]. The tumour and 

surrounding stromal macrophages, which are among the first to respond to the 

adenocarcinoma, release pro-inflammatory cytokines such as interleukin-1 (IL-1) and 

interleukin-6 (IL-6), TNF-α and interferons, into the bloodstream [18]. The increased levels of 

these cytokines are able to induce liver inflammation and liver regeneration [232] causing 

elevated secretion of acute phase proteins such as fibrinogen and sialic acid-rich glycoproteins 

into the plasma [11, 18]. In addition to the inflammatory effects, the C26 adenocarcinoma is a 

unique cancer model that is capable manifesting severe weight loss (cachexia) in some hosts, 

which provides an opportunity to study the effects of cachexia on the liver. 

 

5.4.1.  Differential expression of enzymes involved in protein glycosylation in the 

liver of C26 adenocarcinoma-bearing mice. 
 
It is well known that alterations to protein glycosylation play a major role in ligand-selectin 

interaction in inflammatory and immune responses [118]. The enzymes responsible for 

protein glycosylation are the family of glycosyltransferases (such as fucosyltransferases, 

sialyltransferases and galactosyltransferases) and glycosidases, which are often found 

localized to the ER and Golgi Apparatus membrane, and are often implicated in the 

generation of glycan ligands that are responsible for responding to inflammatory stimuli 
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[120]. The expression and function of these protein glycosylation enzymes as well as their 

resultant glycans are often altered in parallel during tumour-induced inflammation (Chapter 

4).  

The family of dolichol-diphospholigosaccharide transferases and alpha (1,3)-

mannosyltransferases were downregulated by at least 1.5-fold in the liver of non-cachectic 

mice but showed little or no significant change in cachectic mice. These transferases are 

involved in the first steps of the N-glycosylation pathway which is carried out on the cytosolic 

face of the ER membrane. The first step consists of the formation of an oligosaccharide-lipid 

complex containing a chitobiose N-glycan core with six mannose and three glucose residues 

linked to a dolichol moiety. Alpha (1,3)-mannosyltransferase is responsible for adding the 

first mannose residue on to the chitobiose N-glycan core. It is not known what the cause or 

overall effect of decreased expression of dolichol-diphospholigosaccharide protein 

transferases and mannosyltransferases has on the liver however, the decreased expression of 

these transferases has previously been reported to occur as a result of ethanol-induced liver 

injury and inflammation [300]. The reduced expression of these transferases has also been 

correlated with decreased concentrations of intracellular dolichol and reduced levels of 

transferrin [300].  

Mannosyl oligosaccharide glucosidase, neutral alpha glucosidase AB and alpha 

mannosidase 2 were also downregulated by 4.8, 5.4 and 3.8-fold respectively in the liver of 

non-cachectic mice but showed no significant change in expression in cachectic mice. These 

enzymes trim the α(1,2) and α(1,3) linked glucose residues of the attached 

Glc3Man9GlcNAc2-dolichol N-glycan precursor structure and cleave terminal mannose 

residues on both the Manα(1,3) and Manα(1,6) arms of precursor N-glycans in preparation for 

complex N-glycan biosynthesis. Chronic ethanol-induced injury to the liver has been shown 

to reduce glucosidase and mannosidase activity [301].  
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The final step of the N-glycosylation pathway is the addition of neuraminic acid to 

complex N-glycan structures. The first two steps in neuraminic acid biosynthesis are catalysed 

by the bifunctional UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase (Figure 5-14). 

UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase was significantly upregulated by 

20.9 and 19.3 fold in the livers of non-cachectic and cachectic mice respectively. UDP-

GlcNAc 2 epimerase/N-acetylmannosamine kinase is phosphorylated by several isoforms of 

protein kinase C and is a key enzyme in regulating neuraminic acid biosynthesis in the rat and 

mouse liver [302, 303]. It catalyzes the synthesis of neuraminic acid in the cytosol by the 

conversion of UDP-GlcNAc to ManAc and the subsequent phosphorylation to ManAc-6-

phosphate [303]. The activity of UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase is 

feedback-regulated by the concentration of CMP-NeuAc [304]. Alterations to metabolic 

processes, for example reduced xenobiotic enzyme expression, can often lead to lack of CMP-

NeuAc feedback-inhibition of UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase 

resulting in overexpression of NeuAc (Figure 5-14) [11, 302]. Therefore, UDP-GlcNAc 2 

epimerase/N-acetylmannosamine kinase is the major determinant of cell surface sialylation 

and is critical for the function of most cell surface adhesion molecules [302]. 
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Figure 5-14. The function and activity of UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase is 

crucial in the biosynthesis of NeuAc and NeuGc [302]. This enzyme is responsible for converting UDP-

GlcNAc to ManAc and the phosphorylation to ManAc-6-phosphate and is the rate limiting step in 
producing NeuAc.  
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The elevated expression of UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase 

gives some clues as to how the presence of the C26 adenocarcinoma may affect the overall 

sialylation status of glycans as seen in the cancer-bearing mice. Both non-cachectic and 

cachectic mice were observed to have increased expression of UDP-GlcNAc epimerase/N-

acetylmannosamine kinase but differed in the nature of the sialylation of the liver cell 

membrane with less NeuGc attached to non-cachectic liver membrane glycoproteins. This 

suggests that the CMP-hydroxylase, which converts CMP-NeuAc to CMP-NeuGc, was 

downregulated in the non-cachectic mice (Figure 5-14).  

The specific glycosyltransferases and sialyltransfases that carry out the final additions 

of neuraminic acid to glycans were not identified in this study as they are in very low 

abundance. To correlate these sialylation changes with the expression of specific transferases, 

other confirmatory methods such as RT-PCR would need to be used in future work to 

measure the level of mRNA transcripts corresponding to the sialyltransferases. It should be 

noted that mRNA levels may not correlate with the actual levels of protein present, such that 

Western blot analysis, ELISA and peptide IPG-IEF separation and label-free quantitation 

employing NSAF may have to be used to identify and quantitate the relative abundance of 

specific glycosyltransferases. Such determination of the differential expression of 

sialyltransferases has been shown to explain some, but not all, observed differential 

sialylation of membrane proteins [302, 305]. For example, human B lymphoma cells 

displayed differential sialylation of proteins on the cell membrane as a result of leukemia 

treatment, which correlated to reduced levels of α(2,6) and α(2,3)-linked sialic acids on their 

glycan structures. However, the activity and abundance of the enzymes responsible for these 

structures: β-galactoside α(2,6) sialyltransferase (ST6Gal-I) and β-galactoside α(2,3) 

sialyltransferase (ST3Gal-I) were unchanged [306, 307]. This suggests that the degree of 

sialylation of glycans, in addition to the abundance of their responsible sialyltransferases, may 
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also be dependent on the concentration of the CMP-NeuAc substrate, which is in turn 

controlled and maintained by UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase.  

 

5.4.2. N-glycans presented on liver membrane proteins differ between non-

cachectic and cachectic mice. 
 
Glycosylation changes to the liver membrane proteins of mice reflected the differential 

expression of the glycosylation pathway enzymes seen in the livers of mice bearing a distal 

metastasizing C26 adenocarcinoma. The N-glycan profiles of both cachectic and non-

cachectic mouse liver membranes were observed to be very similar to the normal but both 

expressed an additional unusual biantennary N-glycan containing three NeuGc that was not 

detectable in the normal. The expression of this tri-sialylated complex biantennary N-glycan 

on the mouse liver membrane and its relationship to cancer and cachexia has not been 

previously reported. This N-glycan was also identified in this thesis on the liver membrane of 

mice bearing a distal EHS tumour (Chapter 4) suggesting strongly that this N-glycan is 

expressed in response to pertubations to liver metabolism and homeostasis which may be 

caused by either a metastatic or non-metastatic distal tumour.  

Interestingly, liver membranes from non-cachectic mice expressed complex 

biantennary N-glycans with terminal NeuAc, which were not expressed in either the cachectic 

or normal mice that express only terminal NeuGc. The expression of both NeuAc and NeuGc 

on the N-glycan structures presented on the liver membrane of non-cachectic mice suggests 

that the liver is affected by an inflammatory response, since the increased expression of 

NeuAc-containing glycans is directly correlated with perturbations to the immune system [79, 

308-312]. This inflammatory effect was confirmed by the expression of these same specific 

N-glycans containing NeuAc determinants also identified on the liver membrane of mice 

bearing a distal EHS-tumour as described in Chapter 4. These NeuAc-containing N-glycans 

are the preferential ligands for selectins and sialic acid-binding lectins (Siglecs) for glycan-

mediated cellular interactions such as B- and T-cell activation in the immune system in mice 
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[79, 308-312]. Siglecs are commonly expressed by resident and inflammatory macrophages in 

the liver, lung, and spleen, which are found either secreted into the extracellular environment 

or attached to the surface of cells where they interact specifically with the sialic acids on 

glycan structures. In the mice, siglecs have a higher affinity for NeuAc-containing glycans 

compared to those consisting of NeuGc [308, 312-316]. The presence of these NeuAc-

containing N-glycans suggests that the activity of the CMP-hydroxylase that converts NeuAc 

to NeuGc in the liver of non-cachectic mice may be impaired.  

CMP-hydroxylase catalyses the hydroxylation of CMP-NeuAc to CMP-NeuGc in the 

presence of hydrogen donor NADH, cytochrome b5 and NADH-cytochrome b5 reductase and 

is the rate limiting reaction in expressing NeuGc [310, 311]. Knockout studies of the CMP- 

hydroxylase gene in mice have demonstrated that the loss or reduced activity of this enzyme 

leads to hyperactivation of B-cells and, interestingly the change of expression from NeuGc to 

NeuAc-containing glycans leads to further activation of leukocytes in the mouse liver and 

spleen [313, 314, 317]. Humans are defective for the CMP-hydroxylase gene and therefore 

this enzyme is not normally expressed in human tissues [309]. Therefore the differences in 

sialic acid determinants observed in these mouse models may not truly reflect the 

glycosylation status observed in humans.  

In this study, liver membrane protein glycosylation was shown to differ in the two 

mouse models bearing the same distal C26 adenocarcinoma with differences in their cachectic 

condition. Increased N-glycans containing NeuAcα(2,3/6)Galβ(1,4)GlcNAcβ(1,2) were 

observed on the liver membrane of only non-cachectic mice which also expressed a higher 

ratio of NeuAc compared to NeuGc. These N-glycan structures containing the 

NeuAcα(2,3/6)Galβ(1,4)GlcNAcβ(1,2) motif were also observed to be highly expressed on 

the liver membrane proteins of EHS-bearing mice, and it suggests that these N-glycan 

structures may be expressed in response to inflammatory stimuli [11, 309]. In addition, a 

biantennary N-glycan with three attached NeuGc was observed in both non-cachectic and 
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cachectic cancer-bearing mice but not in the normal. These differences in sialic acid 

determinants correlates with the observed upregulation of the sialic acid pathway enzyme, 

bifunctional UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase (Chapter 5.4.1), in both 

the non-cachectic and cachectic mice. The complementary results suggest that the feedback-

inhibition mechanism of CMP-NeuAc may differ with the same cancer showing differed 

phenotypic effects (i.e. cachexia).  That is, the liver of cachectic mice may have normal 

biosynthesis of NeuGc, whereas livers of non-cachectic mice may have reduced or impaired 

CMP-hydroxylase activity favouring the remaining presence of NeuAc (Figure 5-14). The 

differences in abundance of sialylation and of the corresponding synthesized glycan structures 

also suggest that there may also be functional and/or expressional differences in the 

sialyltransferases downstream in the protein glycosylation pathway.  

Overall, the protein glycosylation changes observed on the liver membrane proteins of 

non-cachectic and cachectic C26-bearing mice described here and EHS-bearing mice 

(Chapter 4) strongly suggests that glycosylation is a general feature of liver responses to distal 

tumours. The specific differences in sialic acid determinants on N-glycan structures on the 

liver cell membrane of non-cachectic and cachectic mice and its relationship to tumour-

induced liver inflammation and cancer cachexia is not fully understood. However, this data 

suggests that the CMP-hydroxylase enzyme and the sialic acid synthetic pathway may play a 

role in response to perturbations to the mouse liver by distal cancers. 

 

5.4.3. Non-glycosylation related changes to liver metabolism in response to a 

distal C26 adenocarcinoma 
 
Examination of the liver membrane proteins also revealed a multitude of effects of the distal 

C26 tumour in addition those observed in the protein glycosylation pathway and its glycan 

structural products. The liver plays a crucial role in maintaining metabolic functions such as 

processing of carbohydrates, lipids and amino acids. It is also responsible for detoxification, 

digestion of xenobiotics, phagocytosis of molecules from the portal circulation and in the 
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regulation of the immune system. The major cell type that carries out most of the functions of 

the liver are the hepatocytes. Hepatocytes make up approximately 80% (v/v) of the liver and 

are known to modify amino acid uptake and gluconeogenesis whilst also increasing synthesis 

of acute phase proteins after exposure to pro-inflammatory cytokines (e.g. IL-6) [232]. 

Hepatocytes can modify the host immune response by releasing immunomodulatory 

molecules which can signal to the immune system and act as scavengers for inflammatory 

mediators [232]. In addition, they can express various molecules on their surfaces (e.g. MHC 

class I and II molecules such as CD1 and CD40L) that can initiate mechanisms that serve to 

eliminate infection(s) whilst also restoring the structural and functional integrity of any 

associated liver damage resulting from the infection [232]. 

Loss of adipose tissue and skeletal muscle coupled with subsequent weight loss is 

often associated with cachectic cancer patients. This is due to increased resting energy 

expenditure as a result of increased thermogenesis and operation of the Cori cycle in skeletal 

muscles. The loss of adipose tissue and skeletal muscle is also due to decreased protein 

synthesis and increased protein degradation by the 1) lysosomal system including cathepsins 

to degrade extracellular proteins and cell receptors, 2) calcium-activated calpains which are 

involved in tissue necrosis and autolysis and, 3) ubiquitin-proteosome which is responsible 

for degrading myofibrillar proteins [17]. 

 

5.4.3.1. Immune-specific cell surface receptors 

Immune-specific cell surface receptors such as H2 histocompatibility class I antigen receptor, 

lymphatic vessel endothelial hyaluronan receptor and tumour necrosis factor receptor 

associated protein (TRAP-1) were upregulated in the livers of non-cachectic C26-bearing 

mice but not in the cachectic mice. H2 histocompatibility class I antigen receptor is involved 

in antigen processing and presentation of peptide antigens on the surface of the plasma 

membrane for recognition by cytotoxic CD8
+ T-cells. They are found on all cells except red 
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blood cells and are responsible for triggering cytotoxic T-cell responses to kill infected and 

abnormal cells [318].  It has been speculated that MHC class I antigen expression is related to 

natural killer (NK) cell development leading to effective recognition of infected cells by the 

host immune system [319]. The elevated expression of H2 histocompatibility class I antigen 

receptor in non-cachectic mice suggests that the liver may be regulating the immune system in 

response to inflammation caused by the presence of the tumour. 

Lymphatic vessel endothelial hyaluronic acid receptor 1 (LYVE-1) is a homolog of 

the hyaluronan receptor CD44, which is widely expressed on the cell surface of leukocytes, 

dendritic cells and tumour cells as well as sinusoidal endothelial and Kupffer cells within the 

liver [292]. LYVE-1 together with hyaluronan is an important component of the extracellular 

matrix and a key mediator of cell migration in tissues during inflammation and wound healing 

[320]. It is thought that LYVE-1 may be involved in the lymphatic system providing fluid 

drainage of immune cells and foreign antigens from the liver to the peripheral lymph nodes, 

where they are sampled by antigen-presenting cells and phagocytes, stimulating the immune 

system [321]. In addition, it is thought that the expression of LYVE-1 may play a similar role 

to CD44 in promoting adhesion to the lymphatic endothelium during inflammation and cancer 

[292], and the elevated expression of this receptor in the livers of non-cachectic mice could be 

related to these stresses.  

 Tumour necrosis factor (TNF) is produced predominately by macrophages that are 

activated by infections and/or malignancies. It is involved in promoting immunity, 

inflammation and altering metabolic processes [322]. The TNF receptor is an integral 

membrane protein that is embedded on the extracellular monolayer of the plasma membrane, 

and does not contain an intrinsic cytoplasmic domain for protein tyrosine kinase activity and 

intracellular signalling. The tumour necrosis factor receptor associated protein (TRAP-1) 

interacts with the cytoplasmic monolayer of the plasma membrane and with the intracellular 

domain of the TNF receptor for intracellular signaling [322, 323]. The interaction of TNF 
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with its associated receptor (TNF receptor) and subsequently TRAP-1 mediates programmed 

cell death by inducing apoptosis and activation of NF-kappa B. TRAP-1 has also been 

described to mediate TNF-α and TNF receptor signaling to modulate N-cadherin expression 

and regulation of cell adhesion during cancer and inflammation [323, 324]. In addition, 

TRAP-1 is considered a novel marker of localized and metastatic prostate cancer, which has 

only recently been used as a therapeutic target for preventing cancer in human patients [323]. 

The upregulation of the three cell surface receptors: H2 histocompatibility class I antigen 

receptor, LYVE-1 and TRAP-1 have all been reported to be related to immune system 

regulation in response to perturbations such as inflammation and/or cancer, and in this study it 

strongly suggests that the livers of non-cachectic C26 cancer-bearing mice may be related to 

these stresses. 

 

5.4.3.2. Xenobiotic metabolism 

Hepatic xenobiotic metabolism is carried out by the family of cytochrome p450s, UDP-

glucuronosyltransferases and glutathione-S-transferases (GSTs). Cytochrome p450s introduce 

reactive and polar groups such as carboxyl groups into xenobiotic compounds during phase I 

metabolism. These modified compounds are then glucuronidated by UGTs adding a 

glucuronosyl group from uridine 5’-disphospho-glucuronic acid to the hydroxylated 

compound during phase II metabolism. The glucuronidated compound is subsequently 

conjugated to a glutathione group by GSTs where the final conjugated xenobiotics are further 

processed and transported by solute carrier transporters (ABC transporters) out of the liver 

and into the bile or urine (phase III) [325]. Previous studies to monitor the levels and activity 

of hepatic UGTs in lipopolysaccharide (LPS) induced inflammation of mouse livers have 

shown that both the abundance and activity of UGTs are generally downregulated during 

inflammation [326]. In addition, the expression of UGTs is often closely correlated with the 
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expressional levels of cytochrome p450 enzymes as both are required for efficient 

glucuronidation and xenobiotic metabolism [326]. 

Decreased expression of UGTs were directly correlated in this study with the reduced 

expression of most cytochrome p450s in the liver of non-cachectic and cachectic mice, 

suggesting that reduced expression of hepatic xenobiotic enzymes are a common feature of 

liver inflammation. Four cytochrome p450 enzymes (CYP2E1, CYP2B19, CYP3A13 and 

CYP17A1) were determined to be upregulated in the liver of only cachectic mice. The 

CYP2E1 enzyme is responsible for the hydroxylation of oleic acid in rat liver microsomes in 

the fatty acid oxidation pathway [297] and may reflect the elevated energy expenditure and 

loss of muscle experienced by the cachectic mice, which would require the breakdown and 

oxidation of fatty acid stores for more energy [327]. CYP2B19 is involved in the NADPH-

dependent electron transport pathway and has been described to oxidize a variety of 

structurally unrelated compounds, including steroids, fatty acids, and xenobiotics. CYP2B19 

plays an important role in drug metabolism as well as in the bioactivation and disposition of 

fatty acids and lipids. It is also implicated in formation and regulation of squamous epithelial 

tissue [328]. However, it is not known what the role of elevated CYP2B19 has in the liver of 

cachectic C26-bearing mice. CYP3A13 is part of the CYP3A subclass of cytochrome p450 

enzymes and is responsible for phase I metabolism of 45–60% of clinically administered 

drugs [329] and metabolizing and clearing the carcinogenic mycotoxin aflatoxin B [298].  The 

elevated expression of this enzyme in the liver of cachectic mice has never been observed but 

may be correlated with the elevated expression of aflatoxin reductase in cachectic mice 

(Figure 5-13A). 

One of the most dominant changes was in CYP17A1, which was determined to be at 

least 40-fold upregulated in only the liver of cachectic mice. This cytochrome p450 enzyme is 

a key enzyme in the steroidogenic pathway that produces progestins, mineralocorticoids and 

glucocorticoids and is responsible for mediating the ubiquitin-proteosome pathway in cancer 
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cachexia [17, 330-332]. The increase in glucocorticoids can explain some of the metabolic 

alterations that occur during cancer cachexia, such as the induction of hepatic enzymes 

promoting gluconeogenesis [333, 334], the increased synthesis of acute phase proteins [335, 

336] and, the regulation of the production of IL-1 [337] and TNF [338] mediators. In addition, 

increased levels of glucocorticoids may help to maintain the physiological homeostasis that is 

perturbed by the C26 adenocarcinoma [18]. CYP17A1 has been reported to be elevated in 

cancer patients and is considered a marker of cancer development and progression in humans 

[330-332], which correlates well with our findings in the mouse model and extends its use to 

the possible differentiation between the cancer-induced cachectic phenotype. The four 

cytochrome p450 enzymes that were determined to be upregulated in cachectic mouse livers 

have been described to be functionally related to fatty acid metabolism and steroid 

production, suggesting that these enzymes play a major role in reconditioning the liver and 

synthesizing hormones and metabolites during cachexia. 

 

5.4.3.3. Endocytosis 

Receptor-mediated endocytosis and vesicular trafficking is often impaired in hepatocarcinoma 

and as such, unbalanced recycling of cell surface receptors (such as integrins and cadherin-

based adhesion complexes) are often associated with the disease [339]. Impaired receptor-

mediated endocytosis in the liver can also be affected by other means of liver injury such as 

alcoholism, hepatitis and cirrhosis [340]. We observed many proteins involved in receptor-

mediated endocytosis to be downregulated in the liver of non-cachectic mice that did not 

change in abundance in cachectic mice. These proteins included: asialoglycoprotein receptor 

1, cation dependent mannose-6-phosphate receptor, adaptor proteins, transferrin receptor and 

clathrin-interacting protein.  

Hepatic asialoglycoprotein receptor is responsible for the endocytosis of serum 

glycoproteins containing terminal galactose and/or N-acetyl galactosamine such as transferrin, 
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alkaline phosphatase and immunoglobulins. Increased levels of pro-inflammatory cytokines 

and liver inflammation have been attributed to reduced synthesis and function of the hepatic 

asialoglycoprotein receptor [341] in several diseases such as cancer, viral hepatitis and 

cirrhosis [342]. The decreased expression of the asialoglycoprotein receptor in non-cachectic 

C26-bearing mice suggests that the livers of these mice are affected by inflammation as a 

consequence of bearing a distal cancer and that cachexia does not involve this pathway. 

The transferrin receptor is responsible for binding and internalizing iron and 

transferrin into the liver. The downregulation of the transferrin receptor in both non-cachectic 

and cachectic mouse liver membranes suggests either reduced expression of the transferrin 

receptor or increased shedding of the receptor on the cell surface [343]. The increased 

shedding of the membrane-bound transferrin receptors can occur as a result of increased 

concentrations of TNF-α in the blood and chronic liver inflammation, which can activate a 

cascade of proteases that initiate the digestion of the receptor [343]. 

The cation dependent mannose-6-phosphate receptor, clathrin-interacting protein, 

vesicular integral membrane protein 36 (VIP36) and adapter proteins (AP-1 and AP-2) were 

determined to be downregulated in the liver of non-cachectic mice but not in the cachectic 

mice. These proteins are all involved in clathrin-mediated endocytosis and vesicular 

trafficking of newly synthesized soluble acid hydrolases by binding specifically to high 

mannose and mannose 6-phosphate (Man-6-P) residues found on their N-glycans [299, 344]. 

The reduced expression of the identified membrane proteins responsible for clathrin-mediated 

endocytosis is a common feature in tumour-induced inflammation [339]. Overall, the 

downregulation of these proteins involved in endocytosis have been previously described to 

occur as a consequence of liver inflammation and cancer [339, 341, 345] further suggesting 

that an inflammatory response may be a characteristic of the non-cachectic mouse liver, but 

that other responses dominate the cachectic phenotype. 
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5.4.3.4. Glycolysis and gluconeogenesis 

Although many studies have focused on the mechanisms of cachexia in tissue-wasting, little is 

known about how metabolic processes such as glycolysis, gluconeogenesis and fatty acid 

metabolism are altered in the liver. We examined the liver membrane proteins associated with 

glycolysis and gluconeogenesis. The abundance of most proteins involved in liver glycolysis 

was downregulated in the cachectic mice which showed approximately 20% weight loss 

compared to the non-cachectic mice. Proteins involved in gluconeogenesis were 

concomitantly upregulated in the cachectic mice including pyruvate carboxylase, 2-

phosphoglycerate and glycerate kinase. The increased expression of these enzymes may also 

suggest that the liver of cachectic mice may be favouring glucose production for transport to 

other parts of the body such as the skeletal muscles and/or to the tumour itself. 

Increased gluconeogenesis is well known to be associated with cancer cachexia [346]. 

The process of gluconeogenesis involves converting pyruvate to glucose-6-phosphate 

followed by its conversion to glucose by the enzyme glucose-6-phosphatase (Figure 5-15). 

We determined glucose-6-phosphatase to be upregulated by at least 3-fold in the liver of 

cachectic mice suggesting that gluconeogenesis is indeed increased in these mice [347]. The 

increased production of free glucose in the liver can be transported via the bloodstream to 

other parts of the body such as the skeletal muscles, or to the tumour itself, which can then 

utilize the glucose for energy production. This outcome is often observed to be reversed in the 

skeletal muscles of cachectic mice. That is, skeletal muscles of cachectic mice often 

experience increased glycolysis and decreased gluconeogenesis to allow increased ATP 

production and increased energy expenditure [17].  

Conversely, hexokinases (such as galactokinase and glucokinase), which are involved 

in the first steps of glycoslysis, were upregulated in the liver of cachectic mice suggesting that 

the initial stages of glycolysis may be upregulated. This initial step in glycolysis involves the 

phosphorylation of glucose by hexokinases to produce glucose-6-phosphate for glycolysis or 



 
262 

glycogen storage. This class of hexokinases together with glucose transporters (e.g. GLUT2) 

are known to interact between the glucose transport system, hepatic glucose production and 

glycogen storage, which have been described to be altered during cancer cachexia [348].  

The upregulation of the two antagonistic processes of glycolysis and gluconeogenesis  

in the liver show that these processes can be upregulated simultaneously under certain 

metabolic conditions which would result in increased cycling between glucose and glucose-6-

phosphate [348]. Under normal conditions these two metabolic processes complement each 

other i.e. glycolysis is activated whilst the gluconeogenesis is disabled.  
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Figure 5-15. Summary of the glycolysis and gluconeogenesis pathways with identified proteins coloured to 

signify level of abundance in the liver of cachectic mice. 

 
The process of breaking down glycogen stores involves the conversion of UDP-

glucose to glucose-1-phosphate by the enzyme UDP-glucose-pyrophosphorylase, which is 

then subsequently converted to glucose-6-phosphate and thereafter into glucose. The transport 

of glucose between the liver and the bloodstream is carried by glucose transporter 2 (GLUT2), 

which is the major isoform expressed in hepatocytes, pancreatic β-cells, intestines and 

kidneys. Although the expression of this transporter would be expected to increase to deal 

with the increased rate of glucose production in the liver of cachectic mice, GLUT2 

transporter was downregulated in these mice. This may indicate that the transport of glucose 
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from the liver of cachectic mice into the bloodstream is being carried out by other means (e.g. 

Na+/glucose transport) besides GLUT2 transport [348].  

  Based on these results, we propose that livers of non-cachectic mice bearing a distal 

C26 adenocarcinoma may be reacting with an inflammatory response whereas, cachectic mice 

bearing the same distal C26 adenocarcinoma show less of an inflammatory response, as their 

metabolism switches to favour more essential cellular processes such as energy metabolism 

and liver cell homeostasis which do not affect the protein glycosylation pathway. This 

scenario is plausible since most of the glycans presented on the liver membrane of cachectic 

mice were very similar to the normal control. This speculation warrants further investigation 

in the future. 

In this study, in addition to changes in glycosylation of liver membrane glycoproteins, 

we determined changes in the relative abundance of proteins involved in many important 

biological processes, specifically those related to xenobiotic metabolism, endo- and 

exocytosis, glycolysis and gluconeogenesis and fatty acid metabolism induced in the liver as a 

consequence of a C26 adenocarcinoma distal to the liver. The identification and quantitation 

of enzymes involved in the protein glycosylation pathway together with complementary 

information on the N- and O-glycans on the liver cell membrane also provided insights into 

the effects of tumour-induced liver inflammation and cancer cachexia on protein 

glycosylation.  
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Chapter 6: General Discussion 
 



 
265 

The work presented in this thesis describes the optimization of methods for isolating liver 

membrane glycoproteins and the application of these methods to study the liver membrane 

glycoproteome of two murine models as models of tumour-induced liver inflammation. The 

two murine cancer models examined have been established [14, 15, 241, 287] and described 

by our collaborators at the ANZAC Research Institute (Concord Hospital, NSW, Australia) to 

be involved in systemic liver inflammation produced by a distal non-metastasizing EHS 

sarcoma (Chapter 4) and a distal metastasizing C26 adenocarcinoma (Chapter 5) (Table 6-1). 

The EHS sarcoma is an encapsulated xenograft murine non-metastasizing tumour, which 

contains ECM basement membrane extracts that are rich in laminin, growth factors, 

entactin/nidogen, type IV collagen, and heparan sulfate proteoglycan [349]. In contrast, the 

colon 26 adenocarcinoma is an undifferentiated grade IV carcinoma induced by the 

carcinogen N-nitroso-N-methylurethane that is capable of metastasis and causing cachexia 

[242]. In this study, immune-specific cell surface receptors such as siglec-1 and TRAP-1, 

which are often used as markers for determining inflammatory status, were determined to be 

upregulated [323, 350] in liver membrane preparations and is concordant with the proposed 

inflammatory murine models.  

Table 6-1. Summary of the changes determined by proteomics analysis of metabolic pathways relative to 

normal metabolism.  

UpNo changeDown*Fatty acid oxidation and 

metabolism

Up (first step only)UpUp*Glycolysis

UpDownDown*Gluconeogenesis

C26 carcinoma

cachectic

C26 carcinoma 

non-cachectic

EHS

Sarcoma

Metabolic process

No changeDownDown*Endocytosis

No changeUpUp*Immune-cell specific 

receptors

Down
Decreased expression
Decreased expression 

(except CYP17A, CYP2E1, 
CYP3A13 & CYP2B19)

Down
Decreased expression
Decreased expression

Down*
Decreased expression
Decreased expression

Xenobiotic metabolism
- UDP-glucuronosyltransferases
- Cytochrome p450s 

Up
Only NeuGc structures

No change

No change
Increased expression

No change

Up
NeuAc & NeuGc structures

Impaired/Reduced

Decreased expression
Increased expression

No change

Up
NeuAc & NeuGc structures

Impaired/Reduced

Increased expression
Increased expression

Increased sialylation

Glycosylation

- sialylated structures

- CMP-hydroxylase activity

- Glycosyltransferases (OGTs)
- Galactosyl/Sialyltransferases

- O-linked glycosylation

Distal Tumour

UpNo changeDown*Fatty acid oxidation and 

metabolism

Up (first step only)UpUp*Glycolysis

UpDownDown*Gluconeogenesis

C26 carcinoma

cachectic

C26 carcinoma 

non-cachectic

EHS

Sarcoma

Metabolic process

No changeDownDown*Endocytosis

No changeUpUp*Immune-cell specific 

receptors

Down
Decreased expression
Decreased expression 

(except CYP17A, CYP2E1, 
CYP3A13 & CYP2B19)

Down
Decreased expression
Decreased expression

Down*
Decreased expression
Decreased expression

Xenobiotic metabolism
- UDP-glucuronosyltransferases
- Cytochrome p450s 

Up
Only NeuGc structures

No change

No change
Increased expression

No change

Up
NeuAc & NeuGc structures

Impaired/Reduced

Decreased expression
Increased expression

No change

Up
NeuAc & NeuGc structures

Impaired/Reduced

Increased expression
Increased expression

Increased sialylation

Glycosylation

- sialylated structures

- CMP-hydroxylase activity

- Glycosyltransferases (OGTs)
- Galactosyl/Sialyltransferases

- O-linked glycosylation

Distal Tumour

 
*Data obtained with permission from Dr. Joel Chick from the PhD thesis titled “Proteomic Analysis of 

Liver Membranes through an Alternative Shotgun Methodology”, Macquarie University 2009. 
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Liver inflammation, cancer and perturbations to liver metabolism are factors that are 

well-known to result in alterations to the protein glycosylation machinery and have been 

reported extensively to cause aberrations to the glycosylation of plasma glycoproteins [118, 

351-353]. It was not known whether these external cues (inflammation, cancer and/or liver 

metabolism) can influence the glycosylation of proteins presented in an implicated organ such 

as the liver. The presence of a distal non-metastasizing EHS tumour was shown to influence 

the expression of glycosyltransferases and cell surface lectins expressed on the membrane of 

the liver of EHS-bearing mice. Global glycan analysis confirmed that the changes in 

expression of these enzymes were reflected in the status of their N- and O-glycan products 

that were attached to the liver membrane proteins of EHS-bearing mice and were not 

observed in the non-tumour bearing mice. Most differences were observed to occur in the N-

linked glycans with four unique biantennary N-glycans containing NeuAc moieties present 

only on the liver membrane proteins of EHS-bearing mice.  

Whether these glycosylation changes were attributable to the type of distal cancer was 

investigated by studying whether the same glycosylation changes occur in other cancer 

models such as the C26 adenocarcinoma bearing mice. These have the added variable of 

resulting in weight loss (cachexia) in a sub-population and thus provide a further model in 

which to study the downstream effects of a distal tumour on the liver. Differences in sialic 

acid determinants were also observed in the N-glycans of liver membrane proteins in both the 

non-cachectic and cachectic C26-bearing mice. Liver membrane proteins however showed 

different effects on the sialylation of their attached glycans, with biantennary complex N-

glycans containing three NeuGc being expressed on glycoproteins of cachectic C26-bearing 

mice, whilst non-cachectic C26-bearing mice expressed complex N-glycans containing both 

NeuGc and NeuAc residues. The expression of NeuAc-containing glycans rather than the 

normally expressed NeuGc in mice has been previously reported to increase upon B-cell 



 
267 

activation in the mouse liver and spleen during inflammatory stimuli [317] and has also been 

reported to be present on acute phase plasma glycoproteins in C26-bearing mice [11]. 

Specifically, both non-cachectic mice bearing the C26 adenocarcinoma and EHS-

bearing mice were shown to have increased expression of N-glycans with the glycan motif 

NeuAcα(2,3/6)Galβ(1-4)GlcNAcβ(1-2). N- and O-glycans containing this motif have been 

reported to be highly expressed in inflammation and cancer [118, 125]. The results presented 

from the two different murine non-cachectic cancer models in this thesis suggest that this 

motif could be a glycan epitope biomarker for tumour-induced liver inflammation in the 

mouse. This thesis reports for the first time that glycosylation of membrane proteins in non-

cachectic mouse livers is altered in the presence of a distal non-metastatic EHS tumour and a 

metastatic C26 adenocarcinoma, and it substantiates that protein glycosylation of membrane 

proteins in the liver may play a role in systemic responses in the liver  to distal cancers.  

In contrast, cachectic mice bearing the C26 adenocarcinoma did not show these 

changes in sialylation of the protein N-glycans and their metabolism appears to favour more 

essential processes that involve energy metabolism and liver cell homeostasis. In addition, the 

changes observed in the livers of C26-bearing mice may not be a complete reflection of the 

liver inflammatory effects of bearing colon cancer since the adenocarcinoma was injected into 

the subcutaneous muscle in these experiments. Future studies employing other distal cancers 

such as pancreatic or prostate cancers should also be compared to monitor for glycosylation 

changes on liver membrane proteins. Further studies to determine the activity of some 

glycosylation enzymes found to be over-expressed in the liver of mice with a distal tumour 

(e.g. CMP-hydroxylase and sialyltransferases) as well as the concentration of substrates (e.g. 

CMP-NeuAc) would be interesting to carry out in order to confirm whether substrate 

dependency and specific enzymatic activity, rather than only protein expression, are 

contributing factors to the differential glycan expression observed in these murine cancer 

models. These studies will give further insights into liver responses to cancer as this thesis has 
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demonstrated that physical condition (cachexia), that is a cancer phenotype affected by factors 

such as nutrition and tissue wasting does not result in substantial glycosylation changes to 

liver proteins, whilst tumour-induced liver inflammation in non-cachectic mice is seen to 

significantly influence the protein glycosylation pathway.  

One of the challenges with determining glycosylation changes and identifying glycan 

markers in animal models that are used to reflect human diseases is the distinction between 

expressed glycans containing NeuGc and NeuAc moieties. As demonstrated in this thesis, 

compared to normal mice that express mostly NeuGc (95%) in the liver, cancer-bearing mice 

exhibit the expression of NeuAc in response to tumour-induced inflammation. The differential 

expression of these residues on liver membrane proteins is unlikely be reflected in humans 

since humans express only NeuAc (not NeuGc) in their tissues, however, NeuGc has been 

reported to be expressed in some human cancers [354-356]. Extension to these murine studies 

could be made by using rats as model organisms, since rats preferentially express NeuAc 

(89%) over NeuGc (11%) [312]. Glycosylation changes of rat (or other mammals including 

humans) liver membrane proteins may be more relevant and reflective of the changes that 

may occur in humans.  

In addition to the changes in the glycosylation pathway, cancer and liver inflammation 

was observed to affect a multitude of metabolic pathways in the liver including immune 

system regulation, endocytosis, xenobiotic metabolism and energy metabolism. The liver 

plays an important role in both innate and specific immune regulation. The innate response of 

the liver to inflammation is the secretion of acute phase plasma proteins as a part of the acute-

phase response, mediation of non-specific phagocytosis by Kupffer cells, initiation of non-

specific cell killing by liver natural killer cells and endocytosis of circulating macromolecules 

by liver sinusoidal endothelial cells. The results presented in this study, as well as results from 

the PhD thesis “Proteomic Analysis of Liver Membranes through an Alternative Shotgun 

Methodology” by Dr. Joel Chick show that proteins involved in endocytosis were 
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downregulated in expression in the livers of non-cachectic EHS- and C26-bearing mice, but 

were shown to have no significant change in cachectic C26-bearing mice. The decreased 

expression of these proteins have been shown to be directly correlated with cancer and 

chronic and recurring liver inflammation [339, 345] and it indicates that the livers of non-

cachectic EHS- and C26-bearing mice may be under extreme inflammatory stress. 

Injury, infection, inflammation and diseases (e.g. cancer) that disturb homeostasis 

involve several systemic and metabolic changes that make up the acute phase response which 

can also perturb other metabolic pathways such as xenobiotic metabolism. In advanced 

cancer, the persistence of the acute phase response and chronic liver inflammation can lead to 

numerous metabolic disturbances and cachexia. Tumour-induced inflammation has been 

attributed to decreased expression of hepatic UGTs and cytochrome p450s [15, 241], both of 

which were observed in the livers of all cancer-bearing mice examined in these studies. This 

further supports the notion that decreased expression of hepatic xenobiotic metabolic 

enzymes, such as these proteins, is a general feature and is directly correlated with the 

presence of cancer and systemic tumour-induced liver inflammation. 

The body of work presented in this thesis describes changes in glycans and their 

associated glycosyltransferases in tumour-bearing mouse livers, the structures of which have 

been implicated in cancer and chronic inflammatory diseases. Proteomics and glycomics were 

used as complementary experimental approaches to study these glycosylation changes to the 

liver membrane proteins of mice bearing distal non-metastatic and metastatic tumours. Both 

proteomics and glycomics, as separate entities, have their advantages and disadvantages for 

glycoproteomic analysis. In this study, proteomics approaches identified and quantitated the 

relative abundance of membrane proteins and enzymes involved in different biological 

pathways including the glycosylation pathways, and gave a perspective of other pathways that 

were affected in response to tumour-induced liver inflammation. In most proteomic 

applications, differentially expressed proteins are often validated using Western blot analysis 
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with specific antibodies to these proteins, which can give supportive information on their 

relative abundance. However, Western blot analysis may be complicated by the specificity of 

the antibodies to different protein isoforms and to those proteins with similar sequence 

homology. More importantly, neither Western blot analysis nor proteomics can determine 

whether the differentially expressed proteins and enzymes have different functional activity.  

Glycomics is a separate experimental approach which gave detailed information on the 

abundance and the types of structures and linkages of the glycans that were differentially 

expressed on liver cell membrane proteins of tumour-bearing mice. For example, increased 

sialylation of N-glycans was observed on the liver cell membrane proteins of all cancer-

bearing mice, which indicated that one or more sialyltransferases may have been upregulated. 

An alternative explanation may be that the nucleotide-sugar substrates for this family of 

enzymes may be in excess.  

In Chapters 4 and 5, both proteomics and glycomics approaches were used to study 

changes to total liver membrane glycoproteins in response to a distal tumour. Differentially 

expressed glycan structures were determined and were correlated directly to the specific 

enzyme(s) that were up or down regulated in the biosynthesis of these glycans. The 

application of these analytical approaches, which we term “reverse translational 

glycoproteomics”, identified both the glycan products and their corresponding glycosylation 

enzymes and highlights that glycomics can be used as a confirmatory approach for 

verification of both the differential expression of glycosylation enzyme abundance and the 

resultant enzymatic activity (Figure 6-1). 
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Figure 6-1. Summary of the protein glycosylation pathway in normal, EHS-bearing and non-cachectic and 

cachectic mouse livers. OGT – dolichol-oligosaccharide transferase, Alg/Mgat – mannosyltransferases and 

mannosyl N-acetylglucosaminyltransferase, GalT – galactosyltransferase, STGal – sialyltransferase and 
CMP - cytidine monophosphate. (+) - Normal activity/expression, (-) - Reduced activity/expression, 

↑ - synthesis of NeuAc-containing glycans due to reduced CMP-hydroxylase activity/expression. 

↓ - synthesis of NeuGc-containing glycans due to normal CMP-hydroxylase activity/expression. Enzymes 

of the protein glycosylation pathway that were observed in this study are indicated. 

The information gathered from the combination of these analytical approaches also 

provided more detail on the effects of cancer on liver protein glycosylation between non-

cachectic and cachectic C26-bearing mice. For example, non-cachectic and cachectic mice 

bearing the same distal C26 adenocarcinoma were shown to both have elevated expression of 

the bifunctional UDP-GlcNAc 2 epimerase/N-acetylmannosamine kinase that is a key enzyme 

in the addition of both NeuAc and NeuGc sialic acids at the termini of N- and O-glycans 

(Figure 6-1). The upregulation of this enzyme using an exclusive proteomics approach may 

lead us to simply conclude that this enzyme may cause increased downstream sialylation of 

the glycans on membrane glycoproteins. Further verification by glycomics identified the 

Proteomics 

Glycomics 
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specific glycan structures that were affected and the differences in the specific sialic acid 

determinants (NeuAc and NeuGc) as well as the glycan linkage information (α(2,3) and/or 

α(2,6)) of the sialic acids, that were altered.  

In this way, glycomics analysis significantly increased the information on the fine 

detail of the induced changes; that the sialylation of the N-glycans on the liver cell membrane 

proteins of non-cachectic and cachectic mice were very different i.e. non-cachectic mice 

expressed N-glycans containing NeuAc whereas cachectic mice expressed only NeuGc. These 

sialylation differences imply that there are also functional and/or expressional alterations to 

the CMP-hydroxylase that converts NeuAc to NeuGc as a consequence of tumour-induced 

liver inflammation. This deduction could not have been made using proteomics alone as 

CMP-hydroxylase was not identified in the study, probably due to its low abundance. The 

results presented in this thesis demonstrate that both proteomics and glycomics experimental 

approaches add value to glycoproteomic analysis of the protein glycosylation pathway. 

This thesis emphasizes that tumour-induced liver inflammation can affect the 

glycosylation pathway in the liver to produce different glycan structures presented on liver 

membrane glycoproteins, in two different cancer models. The differential expression of the 

enzymes in the glycosylation pathway and the resultant glycan products observed on the liver 

membrane glycoproteins of EHS-bearing and C26-bearing mice strongly suggests that 

glycosylation of liver membrane proteins plays a role in systemic responses to liver 

inflammation in the presence of distal cancers. The changes to the glycosylation status and the 

expression of unique glycan structures on liver membrane glycoproteins of tumour-bearing 

mice that are different to those displayed in normal mice may indicate that these glycans may 

play some role as immunomodulatory molecules in the liver as a consequence of infections 

and/or inflammation. The unique glycans expressed only in tumour-bearing mice could be 

used diagnostically for determining inflammatory status of the liver. In addition to the 

aberrant glycosylation of serum glycoproteins which have been extensively reported, the work 
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presented in this thesis establishes that changes to liver membrane protein glycosylation are 

also evident in cancer-induced liver inflammation. 
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Appendix A: Publication I Supplementary Information 

Appendix A-1: Subcellular localization of membrane proteins isolated by lectin affinity and 

hydrazine chemistry  
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A: Distribution of cellular functions of membrane proteins isolated using lectin affinity 
chromatography 
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B: Distribution of cellular functions of membrane proteins isolated using hydrazine chemistry 

Figure A-1-1. Distribution of cellular functions of membrane proteins isolated using lectin affinity 

chromatography B: Distribution of cellular functions of membrane proteins isolated using hydrazine 

chemistry 
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Appendix B: Publication III Supplementary Information 

Appendix B-1: Assigned N- and O-glycans in normal and EHS tumour-bearing mice 

N-glycans

(M-H)2- (M-H)1- Glycan assignment

617.3 1235.6 (Hex)2 + (Man)3(GlcNAc)2

658.2 1317.4 (HexNAc)2 + (Man)3(GlcNAc)2

698.3 1397.6 (Hex)3 + (Man)3(GlcNAc)2

779.3 1559.6 (Hex)4 + (Man)3(GlcNAc)2

791.3 1583.6 (Hex)1 (HexNAc)1 (NeuGc)1 + (Man)3(GlcNAc)2

799.8 1600.6 (Hex)3(HexNAc)1 + (Man)3(GlcNAc)2

812.3 1625.6 (Hex)1(HexNAc)2(Deoxyhexose)1 + (Man)3(GlcNAc)2

820.3 1641.6 (Hex)2 (HexNAc)2 + (Man)3(GlcNAc)2

832.8 1666.6 (HexNAc)3 (Deoxyhexose)1 + (Man)3(GlcNAc)2

860.3 1721.6 (Hex)5 + (Man)3(GlcNAc)2

872.3 1745.6 (Hex)2 (HexNAc)1 (NeuGc)1 + (Man)3(GlcNAc)2

884.8 1770.6 (Hex)1 (HexNAc)2 (NeuAc)1 + (Man)3(GlcNAc)2

893.9 1788.8 (Hex)1 (HexNAc)2 (NeuGc)1 + (Man)3(GlcNAc)2

913.8 1828.6 (Hex)1 (HexNAc)3 (Deoxyhexose)1 + (Man)3(GlcNAc)2

941.3 1883.6 (Hex)6 + (Man)3(GlcNAc)2

952.9 1906.8 (Hex)3 (HexNAc)1 (NeuGc)1 + (Man)3(GlcNAc)2

961.8 1924.6 (Hex)5 (HexNAc)1 + (Man)3(GlcNAc)2

965.9 1932.8 (Hex)2 (HexNAc)2 (NeuAc)1 + (Man)3(GlcNAc)2

973.8 1948.6 (Hex)2 (HexNAc)2 (NeuGc)1 + (Man)3(GlcNAc)2

994.5 1990 (Hex)2 (HexNAc)3 (Deoxyhexose)1 + (Man)3(GlcNAc)2

1022.4 2045.8 (Hex)7 + (Man)3(GlcNAc)2

1038.9 2078.8 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 + (Man)3(GlcNAc)2

1046.4 2093.8 (Hex)1 (HexNAc)2 (NeuGc)2 + (Man)3(GlcNAc)2

1067.5 2136 (Hex)2(HexNAc)3(Deoxyhexose)2 + (Man)3(GlcNAc)2 

1103.4 2207.8 (Hex)8 + (Man)3(GlcNAc)2

1111.4 2223.8 (Hex)2 (HexNAc)2 (NeuAc)2 + (Man)3(GlcNAc)2

1119.9 2240.8 (Hex)3 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 + (Man)3(GlcNAc)2

1127.5 2256 (Hex)2 (HexNAc)2 (NeuGc)2 + (Man)3(GlcNAc)2

1148.6 2298.2 (Hex)2 (HexNAc)3 (Deoxyhexose)1 (NeuGc)1 + (Man)3(GlcNAc)2

1148.6 2298.2 (Hex)3 (HexNAc)3 (NeuAc)1 + (Man)3(GlcNAc)2

1184.4 2369.8 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)2 + (Man)3(GlcNAc)2

1200.5 2402 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuGc)2 + (Man)3(GlcNAc)2

1280.9 2562.8 (Hex)2 (HexNAc)2 (NeuGc)3 + (Man)3(GlcNAc)2

1309.9 2620.8 (Hex)3 (HexNAc)3 (NeuGc)2 + (Man)3(GlcNAc)2

1463.5 2928 (Hex)3 (HexNAc)3 (NeuGc)3 + (Man)3(GlcNAc)2

O-glycans

675.5 (Hex)1 (HexNAc)1 (NeuAc)1

691.3 (Hex)1 (HexNAc)1 (NeuGc)1

966.5 (Hex)1 (HexNAc)1 (NeuAc)2

982.3 (Hex)1 (HexNAc)1 (NeuAc)1 (NeuGc)1

998.3 (Hex)1 (HexNAc)1 (NeuGc)2

681.3 1363.6 (Hex)2 (HexNAc)2 (NeuGc)2  
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Appendix B-2: MS/MS fragmentation of N-glycans observed only in tumour-bearing mice 
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Appendix C: Approaches for membrane glycoprotein analysis 

Appendix C-1: Titration of detergent concentration for solubilising membrane proteins 
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Figure C-1-1. Rat liver membrane proteins were solubilised in different concentrations (0.01% (w/v), 
0.1% (w/v), 1% (w/v) and 5% (w/v)) of CHAPS, OG and DDM and subjected to ConA lectin affinity 

chromatography to determine the most appropriate concentration to be used for membrane solubilisation 
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Appendix C-2: Amino acid analysis of solubilised rat liver membrane proteins 

 

   
 

 
 

Figure C-2-1. Amino Acid Analysis (AAA) of rat liver membrane proteins solubilised in CHAPS, OG and 

DDM. AAA was performed in duplicates and protein concentrations were expressed as an average. Amino 

acid analysis of (1) Solubilised membrane proteins in 1 % (w/v) CHAPS (2) Solubilised membrane 

proteins in 1 % (w/v) OG (3) Solubilised membrane proteins in 1 % (w/v) DDM (5) Lectin bound 

membrane proteins in 1 % (w/v) CHAPS(7) Lectin bound membrane proteins in 1 % (w/v) OG (8) Lectin 

bound membrane proteins in 1 % (w/v) DDM 
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Appendix C-3: 2D gels of Triton X-114 phase partitioned rat liver membrane proteins 

 
The purpose of using 2DGE to fractionate Triton X-114 phase partitioned membrane proteins 

was to complement the number of protein identifications obtained from our previous study, 

which employed in-solution digestion with trypsin in combination with LC-ESI-MS analyses. 

Due to the very limited number of protein spots that were observed on these 2DGE gels using 

pH 3-10, pH 4-7 and pH 3-6 IPG strips, protein spots were not excised for further mass 

spectrometric analysis and identification. Whilst membrane proteins were poorly separated by 

2DGE, it did reveal that a large proportion of membrane proteins (of those observable) are 

likely post-translationally modified. 

 

  
Figure C-3-1. Triton X-114 phase partitioned rat liver membrane proteins were focused on pH 4-7 IPG 

strips and stained with Sypro Ruby. RL: Triton X-114 phase partitioned rat liver membrane proteins. 
Membrane proteins that were clearly resolved in the pH range 4.5 to 5.5 (blue). Higher molecular weight 

were poorly solubilised and not separated by 2DGE (red). Trains of protein spots (protein isoforms) were 

clearly resolved on the 2DGE (green). Acidic membrane proteins were poorly resolved in regions with pH 

< 4.5 (yellow). 

 

4 pH 

250 
150 
100 

75 

50 

37 

25 
20 
15 

7 RL kDa 



 
282 

  

  
Figure C-3-2. Triton X-114 phase partitioned rat liver membrane proteins were focused on pH 3-6 IPG 

strips and stained with Sypro Ruby. RL: Triton X-114 phase partitioned rat liver membrane proteins. 

Most membrane glycoproteins that could be separated by 2DGE were localized between pH 4 and pH 5.25 

(blue). Higher molecular weight were poorly solubilised and not separated by 2DGE (red). Trains of 

protein spots (protein isoforms) were clearly resolved on the pH 3-6 2D gel (green). Acidic membrane 

proteins were poorly resolved in regions with pH 3 (yellow). 
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Figure C-3-3. 2DGE separation of the aqueous phase obtained from Triton X-114 phase partitioning using 

pH 3-10 strips and stained with Sypro Ruby. AQ: Aqueous phase proteins separated by 1D SDS PAGE. 

Trains of protein spots were observed in the 2DGE separated aqueous fraction (green). 
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Appendix C-4: Differential isolation of rat liver membrane glycoproteins using ConA, 

Jacalin and WGA 
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Figure C-4-1. Triton X-114 phase partitioned rat liver membrane proteins solubilised in binding buffer 

containing CHAPS were incubated with immobilized ConA, Jacalin and WGA lectins. Bound membrane 

glycoproteins were eluted using a combination of high concentrations of displacing monosaccharides (1.5 

M methyl-α-glucopyranoside, 1.5 M galactose and 1.5 GlcNAc) and showed enrichment of common and 
unique subsets of glycoproteins. Liver membrane proteins [Lane 1], ConA FT [lane 2], ConA bound [lane 

3], Jacalin FT [lane 4], Jacalin bound [lane 5], WGA FT [lane 6], WGA bound [lane 7], M-LAC FT [lane 

8], M-LAC bound [lane 9] and combination of all individual bound fractions from ConA, Jacalin and 

WGA [lane 10] 
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Appendix C-5: Enrichment of glycopeptides 

Table C-5-1. Triton X-114 phase partitioned rat liver membrane N-linked glycopeptides obtained from M-

LAC enrichment. 

Accession Protein Description Glycopeptide identified UniProt/SwissProt No#

ENSRNOP00000000327 forkhead box O3a fkdk197 GDSNSSAGWK NSIR 210hnls RefSeq_peptide NP_001099865

ENSRNOP00000001960

Transmembrane protein 120A (Transmembrane protein 

induced by tumor necrosis factor alpha). eltk43 LQDNCTNSIT R 53qkkr  Q5HZE2

ENSRNOP00000002366

D-beta-hydroxybutyrate dehydrogenase, mitochondrial 

precursor (EC 1.1.1.30) (BDH) (3-hydroxybutyrate akgr191 VVNISSMLGR 200manp  P29147

ENSRNOP00000002738

CD166 antigen precursor (Activated leukocyte cell adhesion 

molecule) (Protein MEMD) (HB2) (SB-10 antigen) (KG-CAM). yysk473 IIISPEENVT LTCTAENQLE R 493tvns  O35112

ENSRNOP00000003052

Lysosome membrane protein 2 (Lysosome membrane protein 

II) (LIMP II) (Scavenger receptor class B member 2) (85 kDa 

lysosomal membrane sialoglycoprotein) (LGP85) (CD36 antigen-lrnk98 ANVQFGENGT TISAVTNK 115ayif  P27615

ENSRNOP00000003334

Guanine nucleotide-binding protein subunit beta-2-like 1 

(Receptor of activated protein kinase C 1) (RACK1) (Receptor 
for activated C kinase). scvr159 FSPNSSNPII VSCGWDK 175lvkv  P63245

ENSRNOP00000006359 60S ribosomal protein L19.  gkkk21 VWLDPNETNE IANANSR 37qqir  P84100

ENSRNOP00000007398

Myosin-9 (Myosin heavy chain 9) (Myosin heavy chain, non-

muscle IIa) (Non-muscle myosin heavy chain IIa) (NMMHC II-a) 

(NMMHC-IIA) (Cellular myosin heavy chain, type A) (Non-
muscle myosin heavy chain-A) (NMMHC- A). leak1816 IAQLEEQLDN ETK 1828erqa  Q62812

ENSRNOP00000007870

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 

1.1.1.146) (11-DH) (11-beta-hydroxysteroid dehydrogenase 1) pmlk158 QSNGSIAIIS SMAGK 172mtqp  P16232
ENSRNOP00000008094 No other features on this peptide nslk144 IVSNASCTTN CLAPLAK 160vihd  

ENSRNOP00000008477

Voltage-dependent anion-selective channel protein 1 (VDAC-1) 

(rVDAC1) (Outer mitochondrial membrane protein porin 1). fsak253 VNNSSLIGLG YTQTLKPGIK 272ltls  Q9Z2L0

ENSRNOP00000010383 40S ribosomal protein S6. 1 LNISFPATGC QK 12liev  P62755

ENSRNOP00000010932 elastin microfibril interfacer 1 lslr561 LNLTAAQLSQ LEGLLQAR 578gdeg  RefSeq_peptide NP_001100180

ENSRNOP00000011823

Serum paraoxonase/arylesterase 1 (EC 3.1.1.2) (EC 3.1.8.1) 

(PON 1) (Serum aryldialkylphosphatase 1) (A-esterase 1) 
(Aromatic esterase 1). nafr33 EVTPVDLPNC TLVK 46giea  P55159

ENSRNOP00000011922

Teneurin-2 (Ten-2) (Tenascin-M2) (Ten-m2) (Protein Odd 

Oz/ten-m homolog 2) (Neurestin). 

tigr2632 KVLESGVNVT VSQPTLLVNG R 

2652trrf  Q9R1K2

ENSRNOP00000013230

Solute carrier organic anion transporter family member 1C1 
(Solute carrier family 21 member 14) (Blood-brain barrier-

specific anion transporter 1) (BBB-specific anion transporter aapk535 SGNWSGMMGR CQK 547dngc Q9EPZ7

ENSRNOP00000014235

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-chain 
acyl-CoA synthetase 1) (LACS 1) (Long-chain-fatty-acid--CoA 

ligase, liver isozyme).

digk545 WLPNGTLK 552iidr                       

rvnr261 TKPKPPEPED LAIIC 275ftsg  P18163

ENSRNOP00000015947

similar to Protein C20orf129 (predicted) 

(RGD1311988_predicted), mRNA peqk555 EVNSCTTGSS NSTIIGSQGR 574dtpk  RefSeq_dna NM_001108169

ENSRNOP00000016353
Integrin alpha-1 precursor (Laminin and collagen receptor) (VLA-
1) (CD49a antigen). pcvk77 LDLPVNTSIP NVTEIK 92enmt  P18614

ENSRNOP00000017339

No description available.Protein Family: MACROPHAGE 
SCAVENGER RECEPTOR TYPES I AND II MACROPHAGE 

ACETYLATED LDL RECEPTOR I AND II qevk246 VLNNITNDLR 255lkdw  

ENSRNOP00000017950

TGF-beta receptor type-2 precursor (EC 2.7.11.30) (TGF-beta 

receptor type II) (TGFR-2) (TGF-beta type II receptor) 

(Transforming growth factor-beta receptor type II) (TbetaR-II). sqek582 IPEDGSLNTT K 592 P38438

ENSRNOP00000018043

No description available.Protein Family: TRANSMEMBRANE 9 

SUPERFAMILY MEMBER PRECURSOR ngnr168 IVDVNLTSEG K 178vklv  

ENSRNOP00000018328 transglutaminase 2, C polypeptide svlk415 SINNSLVVGQ K 425istk  RefSeq_peptide NP_062259
ENSRNOP00000018682 Cerebellin-2 (Cerebellin-like protein). gsak93 VAFSATRSTN HEPSEMSNR 111tmti P98087

ENSRNOP00000018850

3-ketoacyl-CoA thiolase, mitochondrial (EC 2.3.1.16) (Beta- 

ketothiolase) (Acetyl-CoA acyltransferase) (Mitochondrial 3-

oxoacyl- CoA thiolase). 

dpsk336 TNVSGGAIAL GHPLGGSGSR 

355itah  P13437

ENSRNOP00000019021

Carbamoyl-phosphate synthase , mitochondrial precursor (EC 

6.3.4.16) (Carbamoyl-phosphate synthetase I) (CPSase I). manr317 GQNQPVLNIT NR 328qafi  P07756

ENSRNOP00000019162 60S ribosomal protein L35. siar56 VLTVINQTQK 65enlr  P17078
ENSRNOP00000021221 similar to small nuclear ribonucleoprotein D2 (LOC680309), qsvk38 NNTQVLINCR 47nnkk  Source: RefSeq_dna NM_001109399

ENSRNOP00000021514

Cytochrome b-c1 complex subunit 2, mitochondrial precursor 

(Ubiquinol- cytochrome-c reductase complex core protein 2) 

(Core protein II) (Complex III subunit 2). 

nqvk359 AVAQGNLSSA DVQAAK 374nklk         

hikr301 GNNTTSLLSQ SVAK 314gsqq  P32551

ENSRNOP00000022150 T-cell surface glycoprotein CD1d precursor (CD1d antigen). egtr175 ETVQILLNDT CPQFVR 190glle  Q63493
ENSRNOP00000023811 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 2 gqek75 NVSLNNLSAA EVTK 88amen  RefSeq_peptide NP_001099623

ENSRNOP00000024707 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC). 

nslk144 IVSNASCTTN CLAPLAK 160vihd        

relk203 VGIPVTDENG TR 214lges  Q63965

ENSRNOP00000025025 LIM domain binding 1

rkrk301 MSGGSTMSSG GGNTNNSNSK 

320kksp  RefSeq_peptide NP_001101071

ENSRNOP00000025254

Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) (Hepatic 
lectin 1) (RHL-1). rvlr74 QNFSNFTVST EDQVK 88altt  P02706

ENSRNOP00000025446

Enoyl-CoA hydratase, mitochondrial precursor (EC 4.2.1.17) 

(Short chain enoyl-CoA hydratase) (SCEH) (Enoyl-CoA kkgk44 NSSVGLIQLN RPK 56alna P14604

ENSRNOP00000025655 40S ribosomal protein S14. lrat101 GGNRTKTPGP GAQSALR 117alar  P13471  
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Table C-5-2. Triton X-114 phase partitioned rat liver membrane N-linked glycopeptides obtained from 

hydrazine chemistry enrichment. 

Accession Protein Description Glycopeptide identified UniProt/SwissProt No#

ENSRNOP00000000327 forkhead box O3a fkdk197 GDSNSSAGWK NSIR 210hnls RefSeq_peptide NP_001099865

ENSRNOP00000001960

Transmembrane protein 120A (Transmembrane protein 

induced by tumor necrosis factor alpha). eltk43 LQDNCTNSIT R 53qkkr  Q5HZE2

ENSRNOP00000002366

D-beta-hydroxybutyrate dehydrogenase, mitochondrial 

precursor (EC 1.1.1.30) (BDH) (3-hydroxybutyrate akgr191 VVNISSMLGR 200manp  P29147

ENSRNOP00000002738

CD166 antigen precursor (Activated leukocyte cell adhesion 

molecule) (Protein MEMD) (HB2) (SB-10 antigen) (KG-CAM). yysk473 IIISPEENVT LTCTAENQLE R 493tvns  O35112

ENSRNOP00000003052

Lysosome membrane protein 2 (Lysosome membrane protein 
II) (LIMP II) (Scavenger receptor class B member 2) (85 kDa 

lysosomal membrane sialoglycoprotein) (LGP85) (CD36 antigen-lrnk98 ANVQFGENGT TISAVTNK 115ayif  P27615

ENSRNOP00000003334

Guanine nucleotide-binding protein subunit beta-2-like 1 

(Receptor of activated protein kinase C 1) (RACK1) (Receptor 

for activated C kinase). scvr159 FSPNSSNPII VSCGWDK 175lvkv  P63245

ENSRNOP00000006359 60S ribosomal protein L19.  gkkk21 VWLDPNETNE IANANSR 37qqir  P84100

ENSRNOP00000007398

Myosin-9 (Myosin heavy chain 9) (Myosin heavy chain, non-

muscle IIa) (Non-muscle myosin heavy chain IIa) (NMMHC II-a) 

(NMMHC-IIA) (Cellular myosin heavy chain, type A) (Non-

muscle myosin heavy chain-A) (NMMHC- A). leak1816 IAQLEEQLDN ETK 1828erqa  Q62812

ENSRNOP00000007870

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 

1.1.1.146) (11-DH) (11-beta-hydroxysteroid dehydrogenase 1) pmlk158 QSNGSIAIIS SMAGK 172mtqp  P16232

ENSRNOP00000008094 No other features on this peptide nslk144 IVSNASCTTN CLAPLAK 160vihd  

ENSRNOP00000008477

Voltage-dependent anion-selective channel protein 1 (VDAC-1) 

(rVDAC1) (Outer mitochondrial membrane protein porin 1). fsak253 VNNSSLIGLG YTQTLKPGIK 272ltls  Q9Z2L0

ENSRNOP00000010383 40S ribosomal protein S6. 1 LNISFPATGC QK 12liev  P62755

ENSRNOP00000010932 elastin microfibril interfacer 1 lslr561 LNLTAAQLSQ LEGLLQAR 578gdeg  RefSeq_peptide NP_001100180

ENSRNOP00000011823

Serum paraoxonase/arylesterase 1 (EC 3.1.1.2) (EC 3.1.8.1) 

(PON 1) (Serum aryldialkylphosphatase 1) (A-esterase 1) 

(Aromatic esterase 1). nafr33 EVTPVDLPNC TLVK 46giea  P55159

ENSRNOP00000011922

Teneurin-2 (Ten-2) (Tenascin-M2) (Ten-m2) (Protein Odd 
Oz/ten-m homolog 2) (Neurestin). 

tigr2632 KVLESGVNVT VSQPTLLVNG R 

2652trrf  Q9R1K2

ENSRNOP00000013230

Solute carrier organic anion transporter family member 1C1 
(Solute carrier family 21 member 14) (Blood-brain barrier-

specific anion transporter 1) (BBB-specific anion transporter aapk535 SGNWSGMMGR CQK 547dngc Q9EPZ7

ENSRNOP00000014235

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-chain 
acyl-CoA synthetase 1) (LACS 1) (Long-chain-fatty-acid--CoA 

ligase, liver isozyme).

digk545 WLPNGTLK 552iidr                       

rvnr261 TKPKPPEPED LAIIC 275ftsg  P18163

ENSRNOP00000015947

similar to Protein C20orf129 (predicted) 

(RGD1311988_predicted), mRNA peqk555 EVNSCTTGSS NSTIIGSQGR 574dtpk  RefSeq_dna NM_001108169

ENSRNOP00000016353
Integrin alpha-1 precursor (Laminin and collagen receptor) (VLA-
1) (CD49a antigen). pcvk77 LDLPVNTSIP NVTEIK 92enmt  P18614

ENSRNOP00000017339

No description available.Protein Family: MACROPHAGE 
SCAVENGER RECEPTOR TYPES I AND II MACROPHAGE 

ACETYLATED LDL RECEPTOR I AND II qevk246 VLNNITNDLR 255lkdw  

ENSRNOP00000017950

TGF-beta receptor type-2 precursor (EC 2.7.11.30) (TGF-beta 

receptor type II) (TGFR-2) (TGF-beta type II receptor) 

(Transforming growth factor-beta receptor type II) (TbetaR-II). sqek582 IPEDGSLNTT K 592 P38438

ENSRNOP00000018043

No description available.Protein Family: TRANSMEMBRANE 9 

SUPERFAMILY MEMBER PRECURSOR ngnr168 IVDVNLTSEG K 178vklv  

ENSRNOP00000018328 transglutaminase 2, C polypeptide svlk415 SINNSLVVGQ K 425istk  RefSeq_peptide NP_062259
ENSRNOP00000018682 Cerebellin-2 (Cerebellin-like protein). gsak93 VAFSATRSTN HEPSEMSNR 111tmti P98087

ENSRNOP00000018850

3-ketoacyl-CoA thiolase, mitochondrial (EC 2.3.1.16) (Beta- 

ketothiolase) (Acetyl-CoA acyltransferase) (Mitochondrial 3-

oxoacyl- CoA thiolase). 

dpsk336 TNVSGGAIAL GHPLGGSGSR 

355itah  P13437

ENSRNOP00000019021

Carbamoyl-phosphate synthase , mitochondrial precursor (EC 

6.3.4.16) (Carbamoyl-phosphate synthetase I) (CPSase I). manr317 GQNQPVLNIT NR 328qafi  P07756

ENSRNOP00000019162 60S ribosomal protein L35. siar56 VLTVINQTQK 65enlr  P17078
ENSRNOP00000021221 similar to small nuclear ribonucleoprotein D2 (LOC680309), qsvk38 NNTQVLINCR 47nnkk  Source: RefSeq_dna NM_001109399

ENSRNOP00000021514

Cytochrome b-c1 complex subunit 2, mitochondrial precursor 
(Ubiquinol- cytochrome-c reductase complex core protein 2) 

(Core protein II) (Complex III subunit 2). 

nqvk359 AVAQGNLSSA DVQAAK 374nklk         

hikr301 GNNTTSLLSQ SVAK 314gsqq  P32551

ENSRNOP00000022150 T-cell surface glycoprotein CD1d precursor (CD1d antigen). egtr175 ETVQILLNDT CPQFVR 190glle  Q63493
ENSRNOP00000023811 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 2 gqek75 NVSLNNLSAA EVTK 88amen  RefSeq_peptide NP_001099623

ENSRNOP00000024707 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC). 

nslk144 IVSNASCTTN CLAPLAK 160vihd        

relk203 VGIPVTDENG TR 214lges  Q63965

ENSRNOP00000025025 LIM domain binding 1

rkrk301 MSGGSTMSSG GGNTNNSNSK 

320kksp  RefSeq_peptide NP_001101071

ENSRNOP00000025254

Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) (Hepatic 
lectin 1) (RHL-1). rvlr74 QNFSNFTVST EDQVK 88altt  P02706

ENSRNOP00000025446

Enoyl-CoA hydratase, mitochondrial precursor (EC 4.2.1.17) 

(Short chain enoyl-CoA hydratase) (SCEH) (Enoyl-CoA kkgk44 NSSVGLIQLN RPK 56alna P14604
ENSRNOP00000025655 40S ribosomal protein S14. lrat101 GGNRTKTPGP GAQSALR 117alar  P13471  
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Table C-5-3. Triton X-114 phase partitioned rat liver membrane N-linked glycopeptides obtained from 

HILIC enrichment. 

Accession No Protein description Glycopeptides UniProt/SwissProt No

ENSRNOP00000002067

No description available.Protein Family: MITOGEN 

ACTIVATED KINASE kyyr683 GSVSLNSSPK 692gryg 

ENSRNOP00000042159 No description available.Protein Family: UNKNOWN qhgk26 VEIIANDQGN R 36ttps  

ENSRNOP00000015365 Filamin-A-interacting protein 1 (FILIP). kgmk1021 AGKPVVAASG AGNLTK 1036fqpr Q8K4T4

ENSRNOP00000049709 No other features on this peptide ktgr64 VCNVTQHAVG IIVNK 78qvkg

ENSRNOP00000011275

Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 

(CD147 antigen). ltcf159 LNSSGIDIVG HR 170wmrg P26453

ENSRNOP00000011275

Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 

(CD147 antigen). vwfk259 TSDTGDQTIS NGTEANSK 276yvii P26453

ENSRNOP00000034321

Low affinity immunoglobulin gamma Fc region receptor II 
precursor (Fc- gamma RII) (FcRII) (IgG Fc receptor II beta) 

(CD32 antigen). ytfk110 ATVNDSGEYR 119crme Q63203

ENSRNOP00000018850

3-ketoacyl-CoA thiolase, mitochondrial (EC 2.3.1.16) (Beta- 

ketothiolase) (Acetyl-CoA acyltransferase) (Mitochondrial 3-

oxoacyl- CoA thiolase). dpsk336 TNVSGGAIAL GHPLGGSGSR 355itah P13437

ENSRNOP00000019021

Carbamoyl-phosphate synthase , mitochondrial precursor 

(EC 6.3.4.16) (Carbamoyl-phosphate synthetase I) 

(CPSase I). manr317 GQNQPVLNIT NR 328qafi P07756

ENSRNOP00000041174

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-

DB1) (P450-CMF1A) (P450-UT-7) (Debrisoquine 4-
hydroxylase). fmal254 LDNLLAENR 262ttwd P10633

ENSRNOP00000041174

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-

DB1) (P450-CMF1A) (P450-UT-7) (Debrisoquine 4-

hydroxylase). qppr273 NLTDAFLAEV EK 284akgn P10633

ENSRNOP00000013262

Electron transfer flavoprotein-ubiquinone oxidoreductase, 
mitochondrial precursor (EC 1.5.5.1) (ETF-QO) (ETF-

ubiquinone oxidoreductase) (ETF dehydrogenase) 
(Electron-transferring- flavoprotein dehydrogenase). pvnr548 NLSIYDGPEQ R 558fcpa Q6UPE1

ENSRNOP00000021514

Cytochrome b-c1 complex subunit 2, mitochondrial 

precursor (Ubiquinol- cytochrome-c reductase complex 
core protein 2) (Core protein II) (Complex III subunit 2). nqvk359 AVAQGNLSSA DVQAAK 374nklk P32551

ENSRNOP00000042159 No description available.Protein Family: UNKNOWN qhgk26 VEIIANDQGN R 36ttps

ENSRNOP00000032635 60S ribosomal protein L9. [mk3 TILSNQTVDI PENVDITLK 21grtv P17077

ENSRNOP00000028237

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) (Steroid 

hormones 7- alpha-hydroxylase) (Testosterone 7-alpha-

hydroxylase) (P450-UT-F). ekvr253 QNHSTLDPNS PR 264nfid P11711

ENSRNOP00000045650

Sodium/potassium-transporting ATPase subunit alpha-1 

precursor (EC 3.6.3.9) (Sodium pump subunit alpha-1) 
(Na(+)/K(+) ATPase alpha-1 subunit). aiak361 GVGIISEGNE TVEDIAAR 378lnip Q8VDN2

ENSRNOP00000006359 60S ribosomal protein L19. gkkk21 VWLDPNETNE IANANSR 37qqir P84100

ENSRNOP00000024707 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC). relk203 VGIPVTDENG TR 214lges  Q63965

ENSRNOP00000025446

Enoyl-CoA hydratase, mitochondrial precursor (EC 

4.2.1.17) (Short chain enoyl-CoA hydratase) (SCEH) 

(Enoyl-CoA hydratase 1). kkgk44 NSSVGLIQLN RPK 56alna P14604

ENSRNOP00000025351 glyceraldehyde-3-phosphate dehydrogenase (Gapdh), mafr186 VPTPNVSVVD LTCR 199lekp RefSeq_dna NM_017008
ENSRNOP00000011230 Catalase (EC 1.11.1.6). kavk481 NFTDVHPDYG AR 492vqal  P04762

ENSRNOP00000026122

Hydroxymethylglutaryl-CoA synthase, mitochondrial 

precursor (EC 2.3.3.10) (HMG-CoA synthase) (3-hydroxy-3-

methylglutaryl coenzyme A synthase). fyhk442 VNFSPPGDTS NLFPGTWYLE R 462vdem P22791

ENSRNOP00000012255 No other features on this peptide mvvr12 NCSSFLIK 19rnkq

ENSRNOP00000004228 succinate dehydrogenase complex, subunit C fwnk45 NTSSNRPVSP HLTIYR 60wslp  RefSeq_peptide NP_001005534

ENSRNOP00000039607 coronin, actin binding protein 1C dflk886 SACYTPTPSS ISSNLTR 902ssss RefSeq_peptide NP_001100624

ENSRNOP00000045344 ribosomal protein L27a (predicted) (Rpl27a_predicted) hlkr68 NQSFCPTVNL DK 79lwtl  RefSeq_dna NM_001106290

ENSRNOP00000046281

No description available.Protein Family: 60S RIBOSOMAL 
L35 siar57 VLTVINQTQK 66enlr

ENSRNOP00000039099 60S ribosomal protein L35a. ykak55 NNTVTPGGKP NK 66trvi P04646

ENSRNOP00000046448 No description available.Protein Family: HEAT SHOCK qimk396 AQVLRDNSTM GYMMAK 411kqle 

ENSRNOP00000003020

Starch-binding domain-containing protein 1 (Genethonin-

1). sesk91 DLGNLTEAQR 100lqnv Q5FVN1

ENSRNOP00000018460

No description available.Protein Family: GAMMA TUBULIN 

COMPLEX COMPONENT 4 vaek276 ILFVGESVQM FENQNVNLTR 295kgsi 

ENSRNOP00000013789

Glutamate dehydrogenase 1, mitochondrial precursor (EC 

1.4.1.3) (GDH) (Memory-related protein 2) (MRG-2). inpk192 NYTDNELEK 200itrr P10860

ENSRNOP00000044696

Cytochrome b-c1 complex subunit 1, mitochondrial 
precursor (Ubiquinol- cytochrome-c reductase complex 

core protein 1) (Core protein I) (Complex III subunit 1). dlpk143 VVELLADIVQ NISLEDSQIE K 163erdv Q68FY0

ENSRNOP00000025351 glyceraldehyde-3-phosphate dehydrogenase (Gapdh), nslk97 IVSNASCTTN CLAPLAK 113vihd RefSeq_dna NM_017008

ENSRNOP00000055369

Cytochrome P450 1A2 (EC 1.14.14.1) (CYPIA2) (P450-

P2/P450-P3). sskd225 FVENVTSGNA VDFFPVLR 242ylpn P00186

ENSRNOP00000051846

solute carrier family 25 (mitochondrial carrier; dicarboxylate 

transporter), member 10 sqrr139 NYSHALDGLY R 149vare  RefSeq_peptide NP_596909

ENSRNOP00000000627 splicing factor, arginine/serine-rich 3 (SRp20) ldck12 VYVGNLGNNG NK 23tele RefSeq_peptide NP_001041372 
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Figure C-5-1. Subcellular location annotated by gene ontology, of all identified membrane proteins 
enriched using a ‘peptide-centric’ approach employing M-LAC, hydrazine chemistry and HILIC. 

Approximately 35% of the membrane protein identifications were annotated by GO to be 

cytoplasmic/peripheral membrane proteins and 20% of identifications were determined to be localized to 

the plasma membrane. 
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Appendix D: Effects of a distal C26 adenocarcinoma on the liver membrane 

glycoproteome of non-cachectic and cachectic mice. 

Appendix D-1: Subcellular Localisation of proteins in control, non-cachectic and cachectic 

mouse liver membranes. 
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Figure D-1-1. Subcellular Location of identified proteins from control (A) non-cachectic (B) and cachectic 

(C) shows very little differences 
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Figure D-1-2. Distribution of proteins involved in various molecular functions (A) and biological processes 

(B) also shows no distinct differences between control, non-cachectic and cachectic mice. 
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Appendix D-2: Fatty acid oxidation and metabolism in cachectic mice 

 
The process of fatty acid metabolism requires the breakdown and oxidation of long chains of 

fatty acids into acetyl-coA. The process of fatty acid oxidation is initiated by the 

dehydrogenation of long chain fatty acids by acyl-coA dehydrogenase. This is followed by 

hydration by enoyl-coA hydratase and further dehydrogenation by hydroxyl-coA 

dehydrogenase. Each cycle removes two carbons off the fatty acid carbon chain and the 

oxidation cycle continues until the fatty acid chain has been completely oxidised yielding both 

acetyl-coA and propionyl-CoA (Figure D-2-1). Excess acetyl-coA is often converted to 

ketone bodies by ketogenesis, which can then be transported from the liver to other tissues 

such as the heart and brain for further energy consumption. 

 Label-free quantitation determined that many membrane-associated enzymes involved 

in fatty acid oxidation were upregulated in abundance in the liver of cachectic mice. These 

enzymes included: very long acyl-coA dehydrogenase (1.65±0.48 fold change), acyl-coA 

synthetase (18.89±2.32 fold change), enoyl-coA hydratase (11.62±2.25 fold change), 

hydroxyacyl-coA dehydrogenase (2.61±0.77 fold change), acetyl-coA acetyltransferase 

(1.86±0.86 fold change), 2,4 dienoyl-coA reductase (1.28±0.5 fold change) and short chain 

enoyl-coA hydratase (4.97±2.57 fold change) (Figure D-2-2). The elevated expression of fatty 

acid metabolic enzymes in the livers of cachectic mice serves as a good control that is 

indicative of cachexia [17]. 
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Figure D-2-1. Summary flow diagram of identified proteins involved in fatty acid oxidation and 

ketogenesis 

 

Proteins involved in fatty acid oxidation

0

5

10

15

20

25

 C
a
rn

iti
n
e

 O
-

p
a
lm

ito
y
ltr

a
n
s

fe
ra

s
e

1

 C
a
rn

iti
n
e

 O
-

p
a
lm

ito
y
ltr

a
n
s

fe
ra

s
e

2

 V
e
ry

 lo
n

g
-c

h
a
in

s
p
e

c
ifi

c
 a

c
y
l-

C
o

A

d
e
h
y

d
ro

g
e

n
a

s
e

 A
c
y

l-
C

o
A

s
y

n
th

e
ta

s
e

 f
a

m
ily

m
e
m

b
e
r 

2

 E
n

o
y

l-
C

o
A

h
y
d

ra
ta

s
e
 d

o
m

a
in

-

c
o
n
ta

in
in

g
 p

ro
te

in
 1

 

S
h

o
rt

 c
h

a
in

 e
n
o

y
l-

C
o

A
 h

y
d

ra
ta

s
e

 3
-h

y
d
ro

x
y

a
c

y
l-
C

o
A

d
e

h
y
d

ro
g
e
n

a
s

e

ty
p
e

-2

A
c
e

to
a
c

e
ty

l-
C

o
A

th
io

la
s

e

 2
4
-

d
e

h
y
d

ro
c

h
o

le
s

te
ro

l

re
d

u
c
ta

s
e
 P

re
c
u
rs

o
r

 P
e
ro

x
is

o
m

a
l 3

,2
-

tr
a

n
s
-e

n
o
y
l-

C
o

A

is
o

m
e
ra

s
e

Protein

F
o

ld
 c

h
a

n
g

e
 d

if
fe

re
n

c
e

 

c
o

m
p

a
re

d
 t

o
 t

h
e

 c
o

n
tr

o
l

Cachectic

 
Figure D-2-2. Proteins identified to be involved in fatty acid oxidation and metabolism in the liver of 

cachectic mice. 

Excess acetyl-coA can be converted to ketone bodies by ketogenesis, which can be 

transported and used for energy in the brain, heart and/or skeletal muscles. Enzymes 

responsible for producing ketone bodies including: 3-ketoacyl-coA thiolase A (3.09±0.53 fold 

change) and B (1.32±0.28 fold change) and HMG-coA synthase (9.86±3.85 fold change) were 

determined to be upregulated in the liver of cachectic mice (Figure D-2-3). Interestingly, 

HMG-coA synthase was determined to be upregulated by > 5 fold and it is the enzyme 
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responsible for converting acetyl-coA to acetoacetyl-coA to form 3-hydroxy-3-

methylglutaryl-coA (HMG-coA), which is the starting substrate for producing ketone bodies. 
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Figure D-2-3 Proteins identified to be involved in ketogenesis in the formation of ketone bodies. 

The tumour itself deprives the host of available glucose that is either extracted from food or 

the glycogen storages in the liver. Other tissues including the liver have to rely mainly on the 

aerobic oxidation of fatty acids to acetyl-coA for energy. Lipid metabolism in the liver is a 

complex process involving the synthesis of very low density lipoproteins (VLDL), ketone 

bodies, as well as fatty acid oxidation. The enzymes responsible for fatty acid oxidation and 

metabolism were determined to be elevated in the liver of cachectic mice and this is a 

common feature among cachectic cancer patients [357]. These enzymes function by oxidizing 

the long hydrocarbon chains of fatty acids to produce acetyl-coA, which can be subsequently 

used for metabolism via the Krebs cycle or the fatty acids can be converted to ketone bodies 

and transported to other tissues such as the heart and/or the brain for further metabolism. It 

was not surprising that many of the enzymes involved in fatty acid oxidation processes had 

elevated expression in the liver of cachectic mice, and this outcome is often reflected in many 

patients with advanced stages of cancer cachexia.  
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Supplementary Table 1     

Proteins identified in the membrane pellet following differential centrifugation 
(Chapter 3)  

Identifier 
# 

peptides 
log(e) 
score Description 

Glycosylation 
(N-X-S/T) 

Accession 
No. 

ENSRNOP00000003965 149 -173.8 ATP synthase subunit beta, mitochondrial precursor (EC 3.6.3.14).  0 P10719 

ENSRNOP00000022892 118 -135.5 ATP synthase subunit alpha, mitochondrial precursor (EC 3.6.3.14). 1  P15999 

ENSRNOP00000002732 56 -85.3 
ATP synthase O subunit, mitochondrial precursor (EC 3.6.3.14) 
(Oligomycin sensitivity conferral protein) (OSCP).  0 Q06647 

ENSRNOP00000043239 47 -82.5 

UDP-glucuronosyltransferase 2B3 precursor (EC 2.4.1.17) (UDPGT) 
(Testosterone, dihydrotestosterone, and beta-estradiol specific) (17- 
beta-hydroxysteroid specific) (UDPGTr-3) (RLUG38).  0 P08542 

ENSRNOP00000044296 10 -61 Actin, cytoplasmic 1 (Beta-actin).  1 P60711 

ENSRNOP00000013816 43 -51.8 No other features on this peptide 0   

ENSRNOP00000017472 45 -51.3 Prohibitin-2 (B-cell receptor-associated protein BAP37) (BAP-37). 2 Q5XIH7 

ENSRNOP00000014235 38 -48.7 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-chain acyl-CoA 
synthetase 1) (LACS 1) (Long-chain-fatty-acid--CoA ligase, liver 
isozyme).  3 P18163 

ENSRNOP00000014630 10 -48.1 
No description available.Protein Family: MICROSOMAL 
TRIGLYCERIDE TRANSFER LARGE SUBUNIT PRECURSOR 1   

ENSRNOP00000051841 26 -46.4 
Protein disulfide-isomerase precursor (EC 5.3.4.1) (PDI) (Prolyl 4- 
hydroxylase subunit beta) (Cellular thyroid hormone-binding protein) 0 P04785 

ENSRNOP00000014464 10 -43.3 

Annexin A6 (Annexin-6) (Annexin VI) (Lipocortin VI) (P68) (P70) 
(Protein III) (Chromobindin-20) (67 kDa calelectrin) (Calphobindin-II) 
(CPB-II) (Calcium-binding protein CATA 65/67). 1 P48037 

ENSRNOP00000042597 20 -41.6 

Liver carboxylesterase 4 precursor (EC 3.1.1.1) (Carboxyesterase ES-
4) (Microsomal palmitoyl-CoA hydrolase) (Kidney microsomal 
carboxylesterase). 1 Q64573 

ENSRNOP00000034723 55 -41.5 
UDP-glucuronosyltransferase 2B2 precursor (EC 2.4.1.17) (UDPGT) 
(3- hydroxyandrogen specific) (UDPGTr-4) (RLUG23) 1 P08541 

ENSRNOP00000010209 7 -41.3 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 63 
kDa subunit precursor (EC 2.4.1.119) (Ribophorin II) (RPN-II). 2 P25235 

ENSRNOP00000012413 9 -39.9 
Cytochrome P450 2D26 (EC 1.14.14.1) (CYPIID26) (P450-DB2) 
(P450-CMF2) (Debrisoquine 4-hydroxylase). 3 P10634 

ENSRNOP00000021920 12 -37.4 ATP synthase B chain, mitochondrial precursor (EC 3.6.3.14) 0 P19511 

ENSRNOP00000020002 5 -34.2 

Aminopeptidase N (EC 3.4.11.2) (rAPN) (Alanyl aminopeptidase) 
(Microsomal aminopeptidase) (Aminopeptidase M) (APM) (Kidney Zn 
peptidase) (KZP) (CD13 antigen) 6 P15684 



ENSRNOP00000012425 13 -34.1 

No description available.Protein Family: NADH DEHYDROGENASE 
IRON SULFUR 3 MITOCHONDRIAL PRECURSOR EC_1.6.5.3 
EC_1.6.99.- 3 NADH UBIQUINONE OXIDOREDUCTASE 30 KDA 
SUBUNIT COMPLEX I 30KD CI 30KD 0   

ENSRNOP00000046414 16 -30.7 
Cytochrome c oxidase subunit 2 (EC 1.9.3.1) (Cytochrome c oxidase 
polypeptide II).  0 P00406 

ENSRNOP00000004941 5 -26.7 Leucine-rich repeat-containing protein 59 (Protein p34) 1  Q5RJR8 

ENSRNOP00000015913 19 -25.5 
ADP/ATP translocase 2 (Adenine nucleotide translocator 2) (ANT 2) 
(ADP,ATP carrier protein 2) (Solute carrier family 25 member 5). 1 Q09073 

ENSRNOP00000050581 14 -25.4 
Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 1.1.1.146) (11-
DH) (11-beta-hydroxysteroid dehydrogenase 1) (11-beta-HSD1) 2 P16232 

ENSRNOP00000045002 19 -24 

UDP-glucuronosyltransferase 2B3 precursor (EC 2.4.1.17) (UDPGT) 
(Testosterone, dihydrotestosterone, and beta-estradiol specific) (17- 
beta-hydroxysteroid specific) (UDPGTr-3) (RLUG38). 0 P08542 

ENSRNOP00000015802 6 -23.6 No description available.Protein Family: CYTOCHROME P450 2 1   

ENSRNOP00000053675 7 -22.1 No other features on this peptide 1   

ENSRNOP00000004686 6 -22 
Ornithine carbamoyltransferase, mitochondrial precursor (EC 2.1.3.3) 
(OTCase) (Ornithine transcarbamylase). 3 P00481 

ENSRNOP00000002712 12 -21.6 
UDP-glucuronosyltransferase 2B4 precursor (EC 2.4.1.17) (UDPGT) 
(UDP- glucuronosyltransferase 2B12). 0 P36511 

ENSRNOP00000034293 4 -21.5 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal epoxide hydrolase) 
(Epoxide hydratase). 1 P07687 

ENSRNOP00000041174 11 -21.3 
Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-DB1) (P450-
CMF1A) (P450-UT-7) (Debrisoquine 4-hydroxylase). 4 P10633 

ENSRNOP00000008477 9 -20.1 
Voltage-dependent anion-selective channel protein 1 (VDAC-1) 
(rVDAC1) (Outer mitochondrial membrane protein porin 1). 2 Q9Z2L0 

ENSRNOP00000045886 10 -18.9 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) (Aldehyde 
dehydrogenase, microsomal) (Aldehyde dehydrogenase family 3 
member A2) (Aldehyde dehydrogenase 10). 0 P30839 

ENSRNOP00000001816 9 -18.8 
Aldehyde dehydrogenase, mitochondrial precursor (EC 1.2.1.3) 
(ALDH class 2) (ALDH1) (ALDH-E2). 1 P11884 

ENSRNOP00000051846 6 -17.8 
solute carrier family 25 (mitochondrial carrier; dicarboxylate 
transporter), member 10 Source: RefSeq_peptide NP_596909 1 O89035_RAT 

ENSRNOP00000020306 3 -17.7 
dolichyl-di-phosphooligosaccharide-protein glycotransferase 
(predicted) Source: RefSeq_peptide NP_001012104 0   

ENSRNOP00000016883 8 -17.4 
Cytochrome P450 2E1 (EC 1.14.14.1) (CYPIIE1) (P450-J) 
(P450RLM6). 2 P05182 



ENSRNOP00000019624 3 -17.4 

No description available.Protein Family: NADH DEHYDROGENASE 1 
BETA SUBCOMPLEX SUBUNIT 10 EC_1.6.5.3 EC_1.6.99.- 3 NADH 
UBIQUINONE OXIDOREDUCTASE PDSW SUBUNIT COMPLEX I 
PDSW CI PDSW 1   

ENSRNOP00000046654 3 -17.2 

Carcinoembryonic antigen-related cell adhesion molecule 1 precursor 
(Cell-CAM 105) (C-CAM 105) (Ecto-ATPase) (ATP-dependent 
taurocolate- carrier protein) (GP110) (pp120) 16 P16573 

ENSRNOP00000055824 3 -16.8 

Dipeptidyl peptidase 4 (EC 3.4.14.5) (Dipeptidyl peptidase IV) (DPP 
IV) (T-cell activation antigen CD26) (GP110 glycoprotein) (Bile 
canaliculus domain-specific membrane glycoprotein) [Contains: 
Dipeptidyl peptidase 4 membrane form (Dipeptidyl peptidase IV 9 P14740 

ENSRNOP00000019571 4 -16.5 
All-trans-retinol 13,14-reductase precursor (EC 1.3.99.23) (All-trans- 
13,14-dihydroretinol saturase) (RetSat) (RMT-7) 0 Q8VHE9 

ENSRNOP00000021215 6 -14.7 
similar to prohibitin (LOC364817), mRNA Source: RefSeq_dna 
XR_005946 1 0 

ENSRNOP00000048711 2 -13.6 
Cytochrome P450 2D3 (EC 1.14.14.1) (CYPIID3) (P450-DB3) 
(Debrisoquine 4-hydroxylase) 1 P12938 

ENSRNOP00000026794 2 -13.2 No description available.Protein Family: ALPHA GLUCOSIDASE 7   

ENSRNOP00000054537 2 -12.4 lysosomal-associated membrane protein 1  18   

ENSRNOP00000028237 5 -12.2 

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) (Steroid hormones 
7- alpha-hydroxylase) (Testosterone 7-alpha-hydroxylase) (P450-UT-
F).  1 P11711 

ENSRNOP00000017101 2 -12.2 
Membrane-associated progesterone receptor component 1 (Acidic 25 
kDa protein) (25-DX) (Ventral midline antigen) (VEMA) 0 P70580 

ENSRNOP00000020681 2 -12 

Vesicle-associated membrane protein-associated protein A (VAMP- 
associated protein A) (VAMP-A) (VAP-A) (33 kDa Vamp-associated 
protein) (VAP-33). 5 Q9Z270 

ENSRNOP00000017310 3 -11.2 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) (P-450(M-1)) 
(P450H) (P450-UT-A) (UT-2). 1 P08683 

ENSRNOP00000041608 4 -11.1 
Phosphate carrier protein, mitochondrial precursor (PTP) (Solute 
carrier family 25 member 3) 0 P16036 

ENSRNOP00000018336 7 -10.7 
Succinate dehydrogenase flavoprotein subunit, mitochondrial 
precursor (EC 1.3.5.1) (Fp) (Flavoprotein subunit of complex II) 0 Q920L2 

ENSRNOP00000015598 3 -10.6 Ras-related protein Rab-11A (Rab-11) (24KG). 0 P62494 

ENSRNOP00000025045 3 -10.3 
UDP-glucuronosyltransferase 1-1 precursor (EC 2.4.1.17) (UDPGT) 
(UGT1*1) (UGT1-01) (UGT1.1) (UGT1A1) (B1).  2 Q64550 

ENSRNOP00000010579 20 -9.7 
Microsomal glutathione S-transferase 1 (EC 2.5.1.18) (Microsomal 
GST- 1) (Microsomal GST-I).  0 P08011 



ENSRNOP00000026290 21 -9.5 

3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-hydroxysteroid 
dehydrogenase type V) (3-beta-HSD V) (NADPH-dependent 3-beta-
hydroxy- Delta(5)-steroid dehydrogenase) (EC 1.1.1.-) (3-beta-
hydroxy-5-ene steroid dehydrogenase) (Progesterone reductase). 2 P22071 

ENSRNOP00000013279 3 -9.3 butyrylcholinesterase Source: RefSeq_peptide NP_075231 8   

ENSRNOP00000013262 2 -9.3 

Electron transfer flavoprotein-ubiquinone oxidoreductase, 
mitochondrial precursor (EC 1.5.5.1) (ETF-QO) (ETF-ubiquinone 
oxidoreductase) (ETF dehydrogenase) (Electron-transferring- 
flavoprotein dehydrogenase). 1 Q6UPE1 

ENSRNOP00000040859 7 -9.2 Calnexin precursor. 1 P35565 

ENSRNOP00000054078 5 -9.1 
Cytochrome P450 2A3 (EC 1.14.14.1) (CYPIIA3) (Coumarin 7-
hydroxylase) 1 P20812 

ENSRNOP00000002724 4 -8.9 
UDP-glucuronosyltransferase 2B1 precursor (EC 2.4.1.17) (UDPGT) 
(UDPGTr-2). 2 P09875 

ENSRNOP00000015851 2 -8.8 
NADH-ubiquinone oxidoreductase 75 kDa subunit, mitochondrial 
precursor (EC 1.6.5.3) (EC 1.6.99.3). 1 Q66HF1 

ENSRNOP00000029578 2 -8.7 
nicotinamide nucleotide transhydrogenase Source: RefSeq_peptide 
NP_001013175 5 Q61941 

ENSRNOP00000026290 21 -9.5 

3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-hydroxysteroid 
dehydrogenase type V) (3-beta-HSD V) (NADPH-dependent 3-beta-
hydroxy- Delta(5)-steroid dehydrogenase) (EC 1.1.1.-) (3-beta-
hydroxy-5-ene steroid dehydrogenase) (Progesterone reductase) 2 P22071 

ENSRNOP00000057816 2 -8.3 
Polymeric-immunoglobulin receptor precursor (Poly-Ig receptor) 
(PIGR)  3 P15083 

ENSRNOP00000023526 2 -8.1 

No description available.Protein Family: NADH DEHYDROGENASE 
IRON SULFUR 8 MITOCHONDRIAL PRECURSOR EC_1.6.5.3 
EC_1.6.99.- 3 NADH UBIQUINONE OXIDOREDUCTASE 23 KDA 
SUBUNIT COMPLEX I 23KD CI 23KD 0   

ENSRNOP00000004836 15 -8.1 
No description available.Protein Family: ATP SYNTHASE D CHAIN 
MITOCHONDRIAL EC_3.6.3.14 1   

ENSRNOP00000026574 3 -7.8 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile acid CoA ligase) 
(BA-CoA ligase) (BAL) (Cholate--CoA ligase) (Very long chain acyl-
CoA synthetase-related protein) (VLACS-related) (VLACSR) (Fatty 
acid transport protein 5) (FATP-5) (Solute carrier family 1 Q9ES38 

ENSRNOP00000000177 2 -7.6 

Lysosome-associated membrane glycoprotein 2 precursor (LAMP-2) 
(Lysosomal membrane glycoprotein-type B) (LGP-B) (LGP-96) (LGP-
110) (CD107b antigen) 16 P17046 



ENSRNOP00000044696 2 -7.5 
Ubiquinol-cytochrome-c reductase complex core protein 1, 
mitochondrial precursor (EC 1.10.2.2) (Core I protein). 2 Q68FY0 

ENSRNOP00000049879 2 -7.4 ATP synthase gamma chain, mitochondrial (EC 3.6.3.14). 4 P35435 

ENSRNOP00000017180 4 -6.9 
similar to eukaryotic translation elongation factor 1 alpha 2 
(LOC364172), mRNA Source: RefSeq_dna XR_006078 1   

ENSRNOP00000030668 2 -6.8 
transmembrane emp24 protein transport domain containing 9 Source: 
RefSeq_peptide NP_001009703 1   

ENSRNOP00000019552 2 -6.7 

Annexin A5 (Annexin-5) (Annexin V) (Lipocortin V) (Endonexin II) 
(Calphobindin I) (CBP-I) (Placental anticoagulant protein I) (PAP-I) 
(PP4) (Thromboplastin inhibitor) (Vascular anticoagulant-alpha) (VAC- 
alpha) (Anchorin CII). 0 P14668 

ENSRNOP00000043148 2 -6.6 Catechol O-methyltransferase (EC 2.1.1.6) 0 P22734 

ENSRNOP00000017237 2 -6.3 Cytochrome P450 2C6 (EC 1.14.14.1) (CYPIIC6) (P450 PB1) (PTF2).  3 P05178 

ENSRNOP00000006855 2 -6.3 Surfeit locus protein 1 1 Q9QXU2 

ENSRNOP00000048723 3 -5.7 No other features on this peptide 1   

ENSRNOP00000024973 5 -5.7 
Very-long-chain specific acyl-CoA dehydrogenase, mitochondrial 
precursor (EC 1.3.99.-) (VLCAD) 3 P45953 

ENSRNOP00000024423 2 -5.7 
Dimethylaniline monooxygenase 5 (EC 1.14.13.8) (Hepatic flavin-
containing monooxygenase 5) (FMO 5) (Dimethylaniline oxidase 5) 2 Q8K4C0 

ENSRNOP00000027760 2 -5.4 
CD81 antigen (26 kDa cell surface protein TAPA-1) (Target of the 
antiproliferative antibody 1) 0 Q62745 

ENSRNOP00000035416 2 -5.4 
No description available.Protein Family: SYNAPTIC GLYCOPROTEIN 
SC2 3 0 

ENSRNOP00000004864 2 -5.3 
Dimethylaniline monooxygenase 3 (EC 1.14.13.8) (Hepatic flavin-
containing monooxygenase 3) (FMO 3) (Dimethylaniline oxidase 3) 3 Q9EQ76 

ENSRNOP00000010760 2 -4.9 
Methyltransferase-like protein 7B precursor (EC 2.1.1.-) (Associated 
with lipid droplet protein 1) (ALDI).  0 Q562C4 

ENSRNOP00000012448 14 -4.3 Cytochrome P450 4X1 (EC 1.14.14.1) (CYPIVX1) 3 Q8K4D6 

ENSRNOP00000012233 2 -4.3 

Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 
subunit DAD1 (EC 2.4.1.119) (Oligosaccharyl transferase subunit 
DAD1) (Defender against cell death 1) (DAD-1) 0 P61805 

ENSRNOP00000052656 2 -4.2 Clathrin heavy chain 6 P11442 

ENSRNOP00000013607 3 -4.2 Solute carrier family 27 (Fatty acid transporter), member 2 2 Q66HN6 

ENSRNOP00000027520 2 -3.7 

Mitochondrial carnitine/acylcarnitine carrier protein 
(Carnitine/acylcarnitine translocase) (CAC) (Solute carrier family 25 
member 20) 0 P97521 

ENSRNOP00000039545 2 -3.5 Cytochrome P450 4F4 (EC 1.14.14.1) (CYPIVF4) 3 Q498D5 

ENSRNOP00000009511 2 -3.3 
Ras-related protein Rap-1b precursor (GTP-binding protein smg 
p21B). 0 Q62636 



ENSRNOP00000051361 2 -3.1 
Dimethylaniline monooxygenase 1 (EC 1.14.13.8) (Hepatic flavin-
containing monooxygenase 1) (FMO 1) (Dimethylaniline oxidase 1) 2 P36365 

ENSRNOP00000002806 2 -3 
Annexin A3 (Annexin-3) (Annexin III) (Lipocortin III) (Placental 
anticoagulant protein III) (PAP-III) (35-alpha calcimedin) 1 P14669 

ENSRNOP00000045029 2 -3 Cytochrome P450 2C7 (EC 1.14.14.1) (CYPIIC7) (P450F) (PTF1) 1 P05179 

ENSRNOP00000011773 5 -26 Actin, alpha cardiac muscle 1 (Alpha-cardiac actin). 1 P68035 

ENSRNOP00000005990 3 -4.1 
Alpha-actinin-1 (Alpha-actinin cytoskeletal isoform) (Non-muscle 
alpha-actinin-1) (F-actin cross-linking protein) 1 Q9Z1P2 

ENSRNOP00000011158 3 -19.6 Nipsnap1 protein (Fragment). Source: Uniprot/SPTREMBL Q5EBA4     

ENSRNOP00000053689 3 -15.9 No description available.Protein Family: UNKNOWN     

ENSRNOP00000010512 1 -5.7 No description available.Protein Family: PRECURSOR     

ENSRNOP00000034144 1 -3 nitrilase family, member 2 Source: RefSeq_peptide NP_001029298     

ENSRNOP00000034135 2 -2.9 Ndufa9 protein (Fragment). Source: Uniprot/SPTREMBL Q5BK63     

ENSRNOP00000056312 17 -34 
tumor rejection antigen gp96 (predicted) Source: RefSeq_peptide 
NP_001012197     

ENSRNOP00000024452 4 -9.8 
No description available.Protein Family: SERINE BETA LACTAMASE 
LACTB MITOCHONDRIAL PRECURSOR EC_3.4.-.-     

ENSRNOP00000024517 1 -4 
NADH dehydrogenase (ubiquinone) flavoprotein 1, 51kDa Source: 
RefSeq_peptide NP_001006973     

ENSRNOP00000019021 110 -233.6 

Carbamoyl-phosphate synthase , mitochondrial precursor (EC 
6.3.4.16) (Carbamoyl-phosphate synthetase I) (CPSase I). Source: 
Uniprot/SWISSPROT P07756     

ENSRNOP00000002366 62 -115.1 

D-beta-hydroxybutyrate dehydrogenase, mitochondrial precursor (EC 
1.1.1.30) (BDH) (3-hydroxybutyrate dehydrogenase). Source: 
Uniprot/SWISSPROT P29147     

ENSRNOP00000025064 39 -91.1 

78 kDa glucose-regulated protein precursor (GRP 78) (Heat shock 70 
kDa protein 5) (Immunoglobulin heavy chain-binding protein) (BiP) 
(Steroidogenesis-activator polypeptide). Source: Uniprot/SWISSPROT 
P06761     

ENSRNOP00000020478 20 -55.9 

Protein disulfide-isomerase A3 precursor (EC 5.3.4.1) (Disulfide 
isomerase ER-60) (ERp60) (58 kDa microsomal protein) (p58) 
(ERp57) (HIP-70) (Q-2). Source: Uniprot/SWISSPROT P11598     

ENSRNOP00000003921 68 -54.3 Serum albumin precursor. Source: Uniprot/SWISSPROT P02770     

ENSRNOP00000001958 23 -53.5 
Malate dehydrogenase, mitochondrial precursor (EC 1.1.1.37). 
Source: Uniprot/SWISSPROT P04636     

ENSRNOP00000040121 20 -52.7 

Transitional endoplasmic reticulum ATPase (TER ATPase) (15S 
Mg(2+)- ATPase p97 subunit) (Valosin-containing protein) (VCP). 
Source: Uniprot/SWISSPROT P46462     



ENSRNOP00000014177 40 -42.4 

Carbonic anhydrase 3 (EC 4.2.1.1) (Carbonic anhydrase III) 
(Carbonate dehydratase III) (CA-III). Source: Uniprot/SWISSPROT 
P14141     

ENSRNOP00000001518 16 -39.6 
60S acidic ribosomal protein P0 (L10E). Source: Uniprot/SWISSPROT 
P19945     

ENSRNOP00000011333 11 -39.4 40S ribosomal protein S7 (S8). Source: Uniprot/SWISSPROT P62083     

ENSRNOP00000021812 27 -39.4 

Carboxylesterase 3 precursor (EC 3.1.1.1) (Liver carboxylesterase 10) 
(Carboxyesterase ES-10) (pI 6.1 esterase) (ES-HVEL). Source: 
Uniprot/SWISSPROT P16303     

ENSRNOP00000026122 10 -37.3 

Hydroxymethylglutaryl-CoA synthase, mitochondrial precursor (EC 
2.3.3.10) (HMG-CoA synthase) (3-hydroxy-3-methylglutaryl coenzyme 
A synthase). Source: Uniprot/SWISSPROT P22791     

ENSRNOP00000004091 12 -36.9 

Calreticulin precursor (CRP55) (Calregulin) (HACBP) (ERp60) 
(CALBP) (Calcium-binding protein 3) (CABP3). Source: 
Uniprot/SWISSPROT P18418     

ENSRNOP00000025224 7 -35.7 
40S ribosomal protein SA (p40) (34/67 kDa laminin receptor). Source: 
Uniprot/SWISSPROT P38983     

ENSRNOP00000017911 9 -34.6 
Arginase-1 (EC 3.5.3.1) (Type I arginase) (Liver-type arginase). 
Source: Uniprot/SWISSPROT P07824     

ENSRNOP00000043608 16 -29.1 

3-hydroxyacyl-CoA dehydrogenase type-2 (EC 1.1.1.35) (3-
hydroxyacyl- CoA dehydrogenase type II) (Type II HADH) (3-hydroxy-
2-methylbutyryl- CoA dehydrogenase) (EC 1.1.1.178) (Endoplasmic 
reticulum-associated amyloid beta-peptide-binding protein). Source: U     

ENSRNOP00000039050 20 -27.6 

Glutathione S-transferase Mu 1 (EC 2.5.1.18) (GSTM1-1) (Glutathione 
S- transferase Yb-1) (GST Yb1) (GST 3-3). Source: 
Uniprot/SWISSPROT P04905     

ENSRNOP00000014637 18 -27.2 
Trifunctional enzyme subunit beta, mitochondrial precursor (TP-beta) . 
Source: Uniprot/SWISSPROT Q60587     

ENSRNOP00000025939 15 -26.8 

Glutathione S-transferase Mu 2 (EC 2.5.1.18) (GSTM2-2) (Glutathione 
S- transferase Yb-2) (GST Yb2) (GST 4-4). Source: 
Uniprot/SWISSPROT P08010     

ENSRNOP00000010573 10 -26.4 
Acetyl-CoA acetyltransferase, mitochondrial precursor (EC 2.3.1.9) 
(Acetoacetyl-CoA thiolase). Source: Uniprot/SWISSPROT P17764     

ENSRNOP00000013789 4 -25.7 

Glutamate dehydrogenase 1, mitochondrial precursor (EC 1.4.1.3) 
(GDH) (Memory-related protein 2) (MRG-2). Source: 
Uniprot/SWISSPROT P10860     

ENSRNOP00000021970 11 -25.6 
Uricase (EC 1.7.3.3) (Urate oxidase). Source: Uniprot/SWISSPROT 
P09118     



ENSRNOP00000048250 26 -25.5 

Hemoglobin subunit beta-1 (Hemoglobin beta-1 chain) (Beta-1-globin) 
(Hemoglobin beta chain, major-form). Source: Uniprot/SWISSPROT 
P02091     

ENSRNOP00000055923 7 -25.1 
similar to ribosomal protein L10a (LOC435570), mRNA Source: 
RefSeq_dna XR_004012     

ENSRNOP00000011784 3 -23.8 

3,2-trans-enoyl-CoA isomerase, mitochondrial precursor (EC 5.3.3.8) 
(Dodecenoyl-CoA isomerase) (Delta(3),Delta(2)-enoyl-CoA 
isomerase) (D3,D2-enoyl-CoA isomerase). Source: 
Uniprot/SWISSPROT P23965     

ENSRNOP00000014658 15 -23.8 

Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial precursor 
(EC 1.1.1.35) (Short chain 3-hydroxyacyl-CoA dehydrogenase) 
(HCDH) (Medium and short chain L-3-hydroxyacyl-coenzyme A 
dehydrogenase). Source: Uniprot/SWISSPROT Q9WVK7     

ENSRNOP00000037786 8 -23.6 

Glutathione S-transferase alpha-2 (EC 2.5.1.18) (Glutathione S- 
transferase Ya-2) (GST Ya2) (GST 1b-1b) (GST A2-2). Source: 
Uniprot/SWISSPROT P04903     

ENSRNOP00000009111 11 -23.3 
Fructose-bisphosphate aldolase B (EC 4.1.2.13) (Liver-type aldolase). 
Source: Uniprot/SWISSPROT P00884     

ENSRNOP00000017954 4 -23.1 
Fumarylacetoacetase (EC 3.7.1.2) (Fumarylacetoacetate hydrolase) 
(Beta-diketonase) (FAA). Source: Uniprot/SWISSPROT P25093     

ENSRNOP00000019912 5 -23 

60 kDa heat shock protein, mitochondrial precursor (Hsp60) (60 kDa 
chaperonin) (CPN60) (Heat shock protein 60) (HSP-60) (Mitochondrial 
matrix protein P1) (HSP-65). Source: Uniprot/SWISSPROT P63039     

ENSRNOP00000029068 35 -22.3 
Keratin, type II cytoskeletal 8 (Cytokeratin-8) (CK-8) (Keratin-8) (K8) 
(Cytokeratin endo A). Source: Uniprot/SWISSPROT Q10758     

ENSRNOP00000023935 5 -21.2 40S ribosomal protein S3. Source: Uniprot/SWISSPROT P62909     

ENSRNOP00000024782 6 -20.9 

Dehydrogenase/reductase SDR family member 4 (EC 1.1.1.184) 
(NADPH- dependent carbonyl reductase/NADP-retinol 
dehydrogenase) (CR) (PHCR) (Peroxisomal short-chain alcohol 
dehydrogenase) (NADPH-dependent retinol 
dehydrogenase/reductase) (NDRD). Source: Unipr     

ENSRNOP00000035423 25 -20.1 
Retinol dehydrogenase 2 (EC 1.1.1.105) (Retinol dehydrogenase type 
II) (RODH II) (29 k-protein). Source: Uniprot/SWISSPROT P50170     

ENSRNOP00000021512 6 -19.8 

Peroxisomal trans-2-enoyl-CoA reductase (EC 1.3.1.38) (RLF98) 
(Peroxisomal 2,4-dienoyl CoA reductase) (PX-2,4-DCR1). Source: 
Uniprot/SWISSPROT Q9WVK3     

ENSRNOP00000056469 6 -19.1 No description available.Protein Family: HISTONE H2A     



ENSRNOP00000043510 8 -17.3 

Glutathione S-transferase alpha-1 (EC 2.5.1.18) (Glutathione S- 
transferase Ya-1) (GST Ya1) (Ligandin) (GST 1a-1a) (GST B) (GST 1-
1) (GST A1-1). Source: Uniprot/SWISSPROT P00502     

ENSRNOP00000042159 3 -16.6 No description available.Protein Family: UNKNOWN     

ENSRNOP00000039702 2 -16 triosephosphate isomerase Source: RefSeq_peptide NP_001028244     

ENSRNOP00000028770 35 -15.6 No description available.Protein Family: HISTONE H2B     

ENSRNOP00000009467 6 -15.4 
Alpha-1-macroglobulin precursor (Alpha-1-M) . Source: 
Uniprot/SWISSPROT Q63041     

ENSRNOP00000056595 3 -14.8 No description available.Protein Family: UNKNOWN     

ENSRNOP00000011823 6 -14.1 

Serum paraoxonase/arylesterase 1 (EC 3.1.1.2) (EC 3.1.8.1) (PON 1) 
(Serum aryldialkylphosphatase 1) (A-esterase 1) (Aromatic esterase 
1). Source: Uniprot/SWISSPROT P55159     

ENSRNOP00000042628 5 -14.1 

similar to Tubulin alpha-2 chain (Alpha-tubulin 2) (predicted) 
(RGD1565476_predicted), mRNA Source: RefSeq_dna 
NM_001044270     

ENSRNOP00000044081 17 -13.3 hemoglobin alpha 2 chain Source: RefSeq_peptide NP_001007723     

ENSRNOP00000025844 6 -12.9 60S ribosomal protein L14. Source: Uniprot/SWISSPROT Q63507     

ENSRNOP00000041462 6 -12.7 60S ribosomal protein L12. Source: Uniprot/SWISSPROT P23358     

ENSRNOP00000057443 7 -12.6 

Glutathione S-transferase alpha-5 (EC 2.5.1.18) (Glutathione S- 
transferase Yc-2) (GST Yc2) (GST A5-5). Source: 
Uniprot/SWISSPROT P46418     

ENSRNOP00000038073 15 -12.5 
Trifunctional enzyme subunit alpha, mitochondrial precursor (TP-
alpha) . Source: Uniprot/SWISSPROT Q64428     

ENSRNOP00000042411 5 -12.2 Histone H4 . Source: Uniprot/SWISSPROT P62804     

ENSRNOP00000050293 17 -10.9 No description available.Protein Family: 40S RIBOSOMAL S10     

ENSRNOP00000004491 11 -9.5 
No description available.Protein Family: HETEROGENEOUS 
NUCLEAR RIBONUCLEOPROTEIN HNRNP     

ENSRNOP00000015336 8 -9.4 
Betaine--homocysteine S-methyltransferase 1 (EC 2.1.1.5). Source: 
Uniprot/SWISSPROT O09171     

ENSRNOP00000056824 4 -9.3 

Dihydrolipoyl dehydrogenase, mitochondrial precursor (EC 1.8.1.4) 
(Dihydrolipoamide dehydrogenase). Source: Uniprot/SWISSPROT 
Q6P6R2     

ENSRNOP00000009431 5 -9.2 60S ribosomal protein L7. Source: Uniprot/SWISSPROT P05426     

ENSRNOP00000049473 1 -8.8 
Alpha-1-inhibitor 3 precursor (Alpha-1-inhibitor III) (Alpha-1- inhibitor 3 
variant II). Source: Uniprot/SWISSPROT P14046     

ENSRNOP00000018820 12 -8.6 
60S acidic ribosomal protein P1. Source: Uniprot/SWISSPROT 
P19944     

ENSRNOP00000026528 4 -8.5 40S ribosomal protein S5. Source: Uniprot/SWISSPROT P24050     



ENSRNOP00000022828 1 -8.3 

Peptidyl-prolyl cis-trans isomerase B precursor (EC 5.2.1.8) (PPIase) 
(Rotamase) (Cyclophilin B) (S-cyclophilin) (SCYLP) (CYP-S1). 
Source: Uniprot/SWISSPROT P24368     

ENSRNOP00000005611 1 -8.3 

4-trimethylaminobutyraldehyde dehydrogenase (EC 1.2.1.47) 
(TMABADH) (Aldehyde dehydrogenase 9A1) (EC 1.2.1.3). Source: 
Uniprot/SWISSPROT Q9JLJ3     

ENSRNOP00000020544 1 -8 
Electron transfer flavoprotein subunit alpha, mitochondrial precursor 
(Alpha-ETF). Source: Uniprot/SWISSPROT P13803     

ENSRNOP00000004278 9 -7.4 ribosomal protein S4, X-linked      

ENSRNOP00000056413 3 -7.4 
Hypoxia up-regulated protein 1 precursor (150 kDa oxygen-regulated 
protein) (Orp150). Source: Uniprot/SWISSPROT Q63617     

ENSRNOP00000039338 3 -7.3 
Thiosulfate sulfurtransferase (EC 2.8.1.1) (Rhodanese). Source: 
Uniprot/SWISSPROT P24329     

ENSRNOP00000046175 3 -7.2 No description available.Protein Family: HISTONE H2A     

ENSRNOP00000016346 10 -7.2 
Alcohol dehydrogenase 1 (EC 1.1.1.1) (Alcohol dehydrogenase A 
subunit). Source: Uniprot/SWISSPROT P06757     

ENSRNOP00000041707 1 -7.2 No description available.Protein Family: 60S RIBOSOMAL L9     

ENSRNOP00000036106 1 -7.1 No other features on this peptide     

ENSRNOP00000013588 5 -6.5 No description available.Protein Family: 40S RIBOSOMAL S24     

ENSRNOP00000025794 2 -6.2 
Superoxide dismutase , mitochondrial precursor (EC 1.15.1.1). 
Source: Uniprot/SWISSPROT P07895     

ENSRNOP00000022089 1 -6.2 

NADH dehydrogenase 1 alpha subcomplex subunit 10, mitochondrial 
precursor (EC 1.6.5.3) (EC 1.6.99.3) (NADH-ubiquinone 
oxidoreductase 42 kDa subunit) (Complex I-42kD) (CI-42kD). Source: 
Uniprot/SWISSPROT Q561S0     

ENSRNOP00000026696 2 -6.2 

Stress-70 protein, mitochondrial precursor (75 kDa glucose-regulated 
protein) (GRP 75) (Heat shock 70 kDa protein 9) (Peptide-binding 
protein 74) (PBP74) (MTHSP70) (Mortalin). Source: 
Uniprot/SWISSPROT P48721     

ENSRNOP00000026316 2 -5.2 
Pyruvate carboxylase, mitochondrial precursor (EC 6.4.1.1) (Pyruvic 
carboxylase) (PCB). Source: Uniprot/SWISSPROT P52873     

ENSRNOP00000054026 1 -5.2 

2-oxoglutarate dehydrogenase E1 component, mitochondrial 
precursor (EC 1.2.4.2) (Alpha-ketoglutarate dehydrogenase). Source: 
Uniprot/SWISSPROT Q5XI78     

ENSRNOP00000034299 1 -5.2 
Keratin, type I cytoskeletal 18 (Cytokeratin-18) (CK-18) (Keratin-18) 
(K18). Source: Uniprot/SWISSPROT Q5BJY9     

ENSRNOP00000021055 2 -5 
Plasma retinol-binding protein precursor (PRBP) (RBP). Source: 
Uniprot/SWISSPROT P04916     

ENSRNOP00000045215 1 -5 No description available.Protein Family: 60S RIBOSOMAL L18     



ENSRNOP00000018850 1 -5 

3-ketoacyl-CoA thiolase, mitochondrial (EC 2.3.1.16) (Beta- 
ketothiolase) (Acetyl-CoA acyltransferase) (Mitochondrial 3-oxoacyl- 
CoA thiolase). Source: Uniprot/SWISSPROT P13437     

ENSRNOP00000000134 4 -4.8 
Adenylate kinase isoenzyme 2, mitochondrial (EC 2.7.4.3) (ATP-AMP 
transphosphorylase). Source: Uniprot/SWISSPROT P29410     

ENSRNOP00000026928 1 -4.6 

Proteasome subunit alpha type 5 (EC 3.4.25.1) (Proteasome zeta 
chain) (Macropain zeta chain) (Multicatalytic endopeptidase complex 
zeta chain). Source: Uniprot/SWISSPROT P34064     

ENSRNOP00000012050 2 -4.6 
Serum paraoxonase/lactonase 3 (EC 3.1.1.-). Source: 
Uniprot/SWISSPROT Q68FP2     

ENSRNOP00000025446 1 -4.5 

Enoyl-CoA hydratase, mitochondrial precursor (EC 4.2.1.17) (Short 
chain enoyl-CoA hydratase) (SCEH) (Enoyl-CoA hydratase 1). 
Source: Uniprot/SWISSPROT P14604     

ENSRNOP00000013863 3 -4.5 Tubulin beta-2C chain. Source: Uniprot/SWISSPROT Q6P9T8     

ENSRNOP00000028875 1 -4.1 
similar to heterogeneous nuclear ribonucleoprotein A2/B1 (predicted) 
(RGD1562992_predicted), mRNA Source: RefSeq_dna XR_008579     

ENSRNOP00000024083 1 -4 
Electron transfer flavoprotein subunit beta (Beta-ETF). Source: 
Uniprot/SWISSPROT Q68FU3     

ENSRNOP00000008503 1 -3.8 

Apoptosis-inducing factor 1, mitochondrial precursor (EC 1.-.-.-) 
(Programmed cell death protein 8). Source: Uniprot/SWISSPROT 
Q9JM53     

ENSRNOP00000017332 1 -3.7 glycogen synthase 2      

ENSRNOP00000022307 1 -3.6 
Glycine N-methyltransferase (EC 2.1.1.20) (Folate-binding protein). 
Source: Uniprot/SWISSPROT P13255     

ENSRNOP00000015234 1 -3.6 40S ribosomal protein S9. Source: Uniprot/SWISSPROT P29314     

ENSRNOP00000011330 2 -3.4 
2,4-dienoyl-CoA reductase, mitochondrial precursor (EC 1.3.1.34) 
(2,4- dienoyl-CoA reductase ). Source: Uniprot/SWISSPROT Q64591     

ENSRNOP00000048563 1 -3 C-reactive protein precursor. Source: Uniprot/SWISSPROT P48199     

ENSRNOP00000008728 2 -3 

Protein disulfide-isomerase A4 precursor (EC 5.3.4.1) (Protein ERp-
72) (ERp72) (Calcium-binding protein 2) (CaBP2). Source: 
Uniprot/SWISSPROT P38659     

ENSRNOP00000027494 2 -3.8 
similar to heterogeneous nuclear ribonucleoprotein L isoform a 
(LOC679914), mRNA Source: RefSeq_dna XR_005602     

ENSRNOP00000014819 1 -4.4 
Uncharacterized protein C10orf58 homolog precursor. Source: 
Uniprot/SWISSPROT Q6AXX6     

 



 
Supplementary Table 2     

Lectin affinity fractionation of the membrane pellet 
(Chapter 3)     

Identifier Protein  SwissProt/Uniprot ConA Jacalin  WGA 

ENSRNOP00000026290 3 beta-hydroxysteroid dehydrogenase type 5  P27364 13 6 3 

ENSRNOP00000013816 Adenine nucleotide translocator 1    4 23 21 

ENSRNOP00000015913 ADP/ATP translocase 2  Q09073 11 21 15 

ENSRNOP00000022892 
ATP synthase subunit alpha, mitochondrial precursor (EC 
3.6.3.14).  P15999 2 4 6 

ENSRNOP00000003965 
ATP synthase subunit beta, mitochondrial precursor (EC 
3.6.3.14). P10719 1 2 3 

ENSRNOP00000046414 
Cytochrome c oxidase subunit 2 (EC 1.9.3.1) 
(Cytochrome c oxidase polypeptide II).  P00406 9 6 1 

ENSRNOP00000017310 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) (P-
450(M-1)) (P450H) (P450-UT-A) (UT-2).  P08683 10 5 5 

ENSRNOP00000012413 
Cytochrome P450 2D26 (EC 1.14.14.1) (CYPIID26) 
(P450-DB2) (P450-CMF2) (Debrisoquine 4-hydroxylase). P10634 6 3 16 

ENSRNOP00000010209 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 63 kDa subunit precursor (EC 
2.4.1.119) (Ribophorin II) (RPN-II).   P25235 6 4 3 

ENSRNOP00000034293 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal epoxide 
hydrolase) (Epoxide hydratase). P07687 2 2 2 

ENSRNOP00000045886 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) (Aldehyde 
dehydrogenase, microsomal) (Aldehyde dehydrogenase 
family 3 member A2) (Aldehyde dehydrogenase 10).  P30839 6 14 9 

ENSRNOP00000019772 Fibronectin precursor (FN).  P04937 5 8 4 

ENSRNOP00000003334 

Guanine nucleotide-binding protein subunit beta 2-like 1 
(Receptor of activated protein kinase C 1) (RACK1) 
(Receptor for activated C kinase).  P63245 4 5 13 

ENSRNOP00000042597 

Liver carboxylesterase 4 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-4) (Microsomal palmitoyl-CoA 
hydrolase) (Kidney microsomal carboxylesterase).  Q64573 46 6 11 

ENSRNOP00000014235 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-
chain acyl-CoA synthetase 1) (LACS 1) (Long-chain-fatty-
acid--CoA ligase, liver isozyme).  P18163 11 69 39 

ENSRNOP00000017101 

Membrane-associated progesterone receptor component 
1 (Acidic 25 kDa protein) (25-DX) (Ventral midline 
antigen) (VEMA).  P70580 3 2 2 



ENSRNOP00000010579 
Microsomal glutathione S-transferase 1 (EC 2.5.1.18) 
(Microsomal GST- 1) (Microsomal GST-I).  P08011 11 23 12 

ENSRNOP00000012878 
NADH-cytochrome b5 reductase 3 (EC 1.6.2.2) 
(Cytochrome b5 reductase) (B5R) (Diaphorase-1) .  P20070 1 2 4 

ENSRNOP00000034954 Perlecan (Fragment). Laminin  O08591 2 2 2 

ENSRNOP00000008477 

Voltage-dependent anion-selective channel protein 1 
(VDAC-1) (rVDAC1) (Outer mitochondrial membrane 
protein porin 1).  Q9Z2L0 4 16 4 

ENSRNOP00000019571 

All-trans-retinol 13,14-reductase precursor (EC 1.3.99.23) 
(All-trans- 13,14-dihydroretinol saturase) (RetSat) (RMT-
7).  Q8VHE9 6 5 0 

ENSRNOP00000024106 
Alpha-enolase (EC 4.2.1.11) (2-phospho-D-glycerate 
hydro-lyase) (Non- neural enolase) (NNE) (Enolase 1).  P04764 6 2 0 

ENSRNOP00000015956 

Aspartate aminotransferase, mitochondrial precursor (EC 
2.6.1.1) (Transaminase A) (Glutamate oxaloacetate 
transaminase 2).  P00507 2 2 0 

ENSRNOP00000005755 Calmodulin (CaM).  P62161 2 3 0 

ENSRNOP00000040859 Calnexin precursor.  P35565 2 2 0 

ENSRNOP00000050581 

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 
1.1.1.146) (11-DH) (11-beta-hydroxysteroid 
dehydrogenase 1) (11-beta-HSD1).  P16232 5 5 0 

ENSRNOP00000017237 
Cytochrome P450 2C6 (EC 1.14.14.1) (CYPIIC6) (P450 
PB1) (PTF2).  P05178 3 2 0 

ENSRNOP00000016965 

NADH dehydrogenase flavoprotein 2, mitochondrial 
precursor (EC 1.6.5.3) (EC 1.6.99.3) (NADH-ubiquinone 
oxidoreductase 24 kDa subunit). P19234 2 2 0 

ENSRNOP00000002732 

ATP synthase O subunit, mitochondrial precursor (EC 
3.6.3.14) (Oligomycin sensitivity conferral protein) 
(OSCP).  Q06647 4 0 13 

ENSRNOP00000050252 
Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 
(CD147 antigen).  P26453 13 0 9 

ENSRNOP00000026574 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile acid 
CoA ligase) (BA-CoA ligase) (BAL) (Cholate--CoA ligase) 
(Very long chain acyl-CoA synthetase-related protein) 
(VLACS-related) (VLACSR) (Fatty acid transport protein 
5) (FATP-5) (Solute carrier family   5 0 9 

ENSRNOP00000021407 choline dehydrogenase precursor  
RefSeq_peptide 
NP_942026 38 0 5 

ENSRNOP00000020446 Cytochrome b5.  P00173 2 0 20 

ENSRNOP00000041174 

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-
DB1) (P450-CMF1A) (P450-UT-7) (Debrisoquine 4-
hydroxylase). P10633 7 0 31 



ENSRNOP00000012233 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit DAD1 (EC 2.4.1.119) 
(Oligosaccharyl transferase subunit DAD1) (Defender 
against cell death 1) (DAD-1).  P61805 1 0 1 

ENSRNOP00000020306 
dolichyl-di-phosphooligosaccharide-protein 
glycotransferase (predicted)  

RefSeq_peptide 
NP_001012104 1 0 4 

ENSRNOP00000020775 
Liver carboxylesterase 3 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-3) (pI 5.5 esterase) (ES-HTEL).  Q63108 6 0 9 

ENSRNOP00000000177 

Lysosome-associated membrane glycoprotein 2 
precursor (LAMP-2) (Lysosomal membrane glycoprotein-
type B) (LGP-B) (LGP-96) (LGP-110) (CD107b antigen).  P17046 1 0 1 

ENSRNOP00000001961 
NADPH--cytochrome P450 reductase (EC 1.6.2.4) (CPR) 
(P450R).  P00388 20 0 31 

ENSRNOP00000026794 
No Description Available. Protein family: Alpha 
glucosidase    11 0 5 

ENSRNOP00000053474 
No description available.Protein Family: COLLAGEN 
ALPHA 1 CHAIN   2 0 1 

ENSRNOP00000015802 
No description available.Protein Family: CYTOCHROME 
P450 2   1 0 1 

ENSRNOP00000014630 

No description available.Protein Family: MICROSOMAL 
TRIGLYCERIDE TRANSFER LARGE SUBUNIT 
PRECURSOR   7 0 8 

ENSRNOP00000058260 
Prohibitin-2 (B-cell receptor-associated protein BAP37) 
(BAP-37).  Q5XIH7 13 0 8 

ENSRNOP00000025045 
UDP-glucuronosyltransferase 1-1 precursor (EC 2.4.1.17) 
(UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) (UGT1A1) (B1).  Q64550 4 0 1 

ENSRNOP00000002724 
UDP-glucuronosyltransferase 2B1 precursor (EC 
2.4.1.17) (UDPGT) (UDPGTr-2).  P09875 1 0 7 

ENSRNOP00000034723 

UDP-glucuronosyltransferase 2B2 precursor (EC 
2.4.1.17) (UDPGT) (3- hydroxyandrogen specific) 
(UDPGTr-4) (RLUG23).  P08541 7 0 10 

ENSRNOP00000043239 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, dihydrotestosterone, 
and beta-estradiol specific) (17- beta-hydroxysteroid 
specific) (UDPGTr-3) (RLUG38).  P08542 4 0 7 

ENSRNOP00000020670 
ATP synthase delta chain, mitochondrial precursor (EC 
3.6.3.14).  P35434 2 0 0 

ENSRNOP00000000072 ATP synthase e chain, mitochondrial (EC 3.6.3.14).  P29419 5 0 0 

ENSRNOP00000040969 
ATP synthase, H+ transporting, mitochondrial F0 
complex, subunit G  

RefSeq_peptide 
NP_997681 6 0 0 

ENSRNOP00000015724 Carboxylesterase precursor (EC 3.1.1.1) (Fragment).  O35535 3 0 0 



ENSRNOP00000024033 

Cytochrome c oxidase subunit 4 isoform 1, mitochondrial 
precursor (EC 1.9.3.1) (Cytochrome c oxidase subunit IV 
isoform 1) (COX IV-1) (Cytochrome c oxidase polypeptide 
IV).  P10888 13 0 0 

ENSRNOP00000025525 

Cytochrome c oxidase subunit 5A, mitochondrial 
precursor (EC 1.9.3.1) (Cytochrome c oxidase 
polypeptide Va).  P11240 3 0 0 

ENSRNOP00000028249 
Cytochrome P450 2A2 (EC 1.14.14.1) (CYPIIA2) 
(Testosterone 15-alpha- hydroxylase) (P450-UT-4). P15149 12 0 0 

ENSRNOP00000045567 

Cytochrome P450 4A14 precursor (EC 1.14.15.3) 
(CYPIVA14) (Lauric acid omega-hydroxylase) (P450-LA-
omega 3).  P20817 13 0 0 

ENSRNOP00000006533 
Cytochrome P450 4F1 (EC 1.14.14.1) (CYPIVF1) (P450-
A3).  P33274 16 0 0 

ENSRNOP00000055824 

Dipeptidyl peptidase 4 (EC 3.4.14.5) (Dipeptidyl peptidase 
IV) (DPP IV) (T-cell activation antigen CD26) (GP110 
glycoprotein) (Bile canaliculus domain-specific membrane 
glycoprotein) [Contains: Dipeptidyl peptidase 4 membrane 
form (Dipeptidyl peptidase IV   2 0 0 

ENSRNOP00000013262 

Electron transfer flavoprotein-ubiquinone oxidoreductase, 
mitochondrial precursor (EC 1.5.5.1) (ETF-QO) (ETF-
ubiquinone oxidoreductase) (ETF dehydrogenase) 
(Electron-transferring- flavoprotein dehydrogenase).  Q6UPE1 64 0 0 

ENSRNOP00000034828 eukaryotic translation elongation factor 1 delta  
RefSeq_peptide 
NP_001013122 2 0 0 

ENSRNOP00000027880 Hormone-sensitive lipase (EC 3.1.1.79) (HSL).  P15304 2 0 0 

ENSRNOP00000016353 
Integrin alpha-1 precursor (Laminin and collagen 
receptor) (VLA-1) (CD49a antigen).  P18614 2 0 0 

ENSRNOP00000004941 Leucine-rich repeat-containing protein 59 (Protein p34).  Q5RJR8 9 0 0 

ENSRNOP00000011485 MAL2 proteolipid protein  
RefSeq_peptide 
NP_942081 1 0 0 

ENSRNOP00000015851 
NADH-ubiquinone oxidoreductase 75 kDa subunit, 
mitochondrial precursor (EC 1.6.5.3) (EC 1.6.99.3).  Q66HF1 3 0 0 

ENSRNOP00000004836 
No description available.Protein Family: ATP SYNTHASE 
D CHAIN MITOCHONDRIAL EC_3.6.3.14   4 0 0 

ENSRNOP00000029426 
No description available.Protein Family: ATP SYNTHASE 
F CHAIN MITOCHONDRIAL EC_3.6.3.14   1 0 0 

ENSRNOP00000057649 
No description available.Protein Family: LIVER 
CARBOXYLESTERASE PRECURSOR EC_3.1.1.1   3 0 0 



ENSRNOP00000012425 

No description available.Protein Family: NADH 
DEHYDROGENASE IRON SULFUR 3 
MITOCHONDRIAL PRECURSOR EC_1.6.5.3 
EC_1.6.99.- 3 NADH UBIQUINONE OXIDOREDUCTASE 
30 KDA SUBUNIT COMPLEX I 30KD CI 30KD   4 0 0 

ENSRNOP00000003611 
Nucleoside diphosphate kinase B (EC 2.7.4.6) (NDK B) 
(NDP kinase B) (P18). P19804 1 0 0 

ENSRNOP00000041608 
Phosphate carrier protein, mitochondrial precursor (PTP) 
(Solute carrier family 25 member 3).  P16036 10 0 0 

ENSRNOP00000001500 
Phosphatidylethanolamine-binding protein 1 (PEBP-1) 
(HCNPpp) (23 kDa morphine-binding protein) (P23K) .  P31044 1 0 0 

ENSRNOP00000039493 
Receptor expression-enhancing protein 6 (Polyposis 
locus protein 1- like 1).  Q5XI60 1 0 0 

ENSRNOP00000026047 Rho guanine nucleotide exchange factor (GEF) 17    2 0 0 

ENSRNOP00000024707 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC).  Q63965 3 0 0 

ENSRNOP00000021215 similar to prohibitin (LOC364817),  
RefSeq_dna 
XR_005946 2 0 0 

ENSRNOP00000044696 
Ubiquinol-cytochrome-c reductase complex core protein 
1, mitochondrial precursor (EC 1.10.2.2) (Core I protein).  Q68FY0 2 0 0 

ENSRNOP00000020558 

UDP-glucose:glycoprotein glucosyltransferase 1 
precursor (EC 2.4.1.-) (UDP-glucose ceramide 
glucosyltransferase-like 1) (UDP-- Glc:glycoprotein 
glucosyltransferase) (RUGT).  Q9JLA3 3 0 0 

ENSRNOP00000035497 Uncharacterized protein KIAA0152 homolog precursor.  Q5FVQ4 14 0 0 

ENSRNOP00000018462 

Voltage-dependent anion-selective channel protein 2 
(VDAC-2) (Outer mitochondrial membrane protein porin 
2) (B36-VDAC).  P81155 2 0 0 

ENSRNOP00000026197 

Voltage-dependent anion-selective channel protein 3 
(VDAC-3) (rVDAC3) (Outer mitochondrial membrane 
protein porin 3).  Q9R1Z0 6 0 0 

ENSRNOP00000018711 Adenylyl cyclase-associated protein 1 (CAP 1).  Q08163 0 2 2 

ENSRNOP00000014464 

Annexin A6 (Annexin-6) (Annexin VI) (Lipocortin VI) (P68) 
(P70) (Protein III) (Chromobindin-20) (67 kDa calelectrin) 
(Calphobindin-II) (CPB-II) (Calcium-binding protein CATA 
65/67).  P48037 0 5 3 

  
Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) 
(Hepatic lectin 1) (RHL-1).  P02706 0 2 5 

ENSRNOP00000014058 Cytochrome c, somatic.  P62898 0 3 2 

ENSRNOP00000006087 epidermal growth factor receptor  
RefSeq_peptide 
NP_113695 0 2 3 

ENSRNOP00000046750 
Major urinary protein precursor (MUP) (Alpha-2u-globulin) 
(Alpha(2)- euglobulin) (Allergen Rat n 1) (Rat n I) .  P02761 0 3 2 



ENSRNOP00000007398 

Myosin-9 (Myosin heavy chain 9) (Myosin heavy chain, 
nonmuscle IIa) (Nonmuscle myosin heavy chain IIa) 
(NMMHC II-a) (NMMHC-IIA) (Cellular myosin heavy 
chain, type A) (Nonmuscle myosin heavy chain-A) 
(NMMHC- A).  Q62812 0 3 2 

ENSRNOP00000052490 

No description available.Protein Family: SOLUTE 
CARRIER ORGANIC ANION TRANSPORTER FAMILY 
MEMBER SOLUTE CARRIER FAMILY 21 MEMBER 
ORGANIC ANION TRANSPORTER ORGANIC ANION 
TRANSPORTING POLYPEPTIDE   0 1 1 

ENSRNOP00000051841 

Protein disulfide-isomerase precursor (EC 5.3.4.1) (PDI) 
(Prolyl 4- hydroxylase subunit beta) (Cellular thyroid 
hormone-binding protein).  P04785 0 12 4 

ENSRNOP00000022233 
Prothrombin precursor (EC 3.4.21.5) (Coagulation factor 
II) .   P18292 0 1 3 

ENSRNOP00000012725 

Serotransferrin precursor (Transferrin) (Siderophilin) 
(Beta-1-metal- binding globulin) (Liver regeneration-
related protein LRRG03).  P12346 0 6 4 

ENSRNOP00000018336 

Succinate dehydrogenase flavoprotein subunit, 
mitochondrial precursor (EC 1.3.5.1) (Fp) (Flavoprotein 
subunit of complex II).  Q920L2 0 11 13 

ENSRNOP00000021514 

Ubiquinol-cytochrome-c reductase complex core protein 
2, mitochondrial precursor (EC 1.10.2.2) (Core protein II) 
(Complex III subunit II). P32551 0 6 7 

ENSRNOP00000009266 

Adrenergic receptor, alpha-2A <br>  SH2 motif <br>  
Proline-rich region <br>  Vacuolar sorting protein 9, 
subgroup <br>  Vacuolar sorting protein 9 <br>  RA    0 2 0 

ENSRNOP00000013629 

AP-2 complex subunit beta-1 (Adapter-related protein 
complex 2 beta-1 subunit) (Beta-adaptin) (Plasma 
membrane adaptor HA2/AP2 adaptin beta subunit) 
(Clathrin assembly protein complex 2 beta large chain) 
(AP105B).  P62944 0 1 0 

ENSRNOP00000016247 
Cell adhesion molecule-related/down-regulated by 
oncogenes precursor.  O35158 0 4 0 

ENSRNOP00000019338 K+ channel tetramerization protein  
RefSeq_peptide 
NP_001014044 0 1 0 

ENSRNOP00000042136 
Latrophilin-2 precursor (Calcium-independent alpha-
latrotoxin receptor 2) (CIRL-2).  O88923 0 1 0 

ENSRNOP00000013496 Low-density lipoprotein receptor precursor (LDL receptor).  P35952 0 3 0 

ENSRNOP00000034210 Lrp1 protein (Fragment).  Q5I0H1 0 23 0 

ENSRNOP00000017360 MAP-kinase activating death domain  
RefSeq_peptide 
NP_446037 0 1 0 

ENSRNOP00000051616 No description available.Protein Family: CYTOCHROME   0 4 0 



P450 2 

ENSRNOP00000028680 
No description available.Protein Family: NODAL 
MODULATOR PRECURSOR PM5   0 1 0 

ENSRNOP00000030087 
Nociceptin receptor (Orphanin FQ receptor) (Kappa-type 
3 opioid receptor) (KOR-3) (ROR-C) (XOR1).  P35370 0 1 0 

ENSRNOP00000020737 
P11 protein (Cdtw1), Protein of unknown function 
UPF0136, Transmembrane  

RefSeq_dna 
NM_134395 0 1 0 

ENSRNOP00000040018 Plectin-1 (PLTN) (PCN).  P30427 0 2 0 

ENSRNOP00000028189 

Shab voltage-gated K+ channel <br>  Shaker voltage-
gated K+ channel <br>  Kv9 voltage-gated K+ channel 
<br>  Sodium <br>  Shal voltage-gated K+ channel <br>  
Ion transport <br>  K+ channel tetramerisation <br>  Kv 
channel <br>  Voltage-dependent potassium   0 1 0 

ENSRNOP00000033224 

Sodium channel protein type 11 subunit alpha (Sodium 
channel protein type XI subunit alpha) (Voltage-gated 
sodium channel subunit alpha Nav1.9) (Sensory neuron 
sodium channel 2) (NaN).  O88457 0 1 0 

ENSRNOP00000017145 TLC domain-containing protein 1 precursor.  Q5U2T1 0 3 0 

ENSRNOP00000043164 Acyl-coA-binding protein, ACBP    0 0 1 

ENSRNOP00000018711 Adenylyl cyclase-associated protein 1 (CAP 1).  Q08163 0 0 2 

ENSRNOP00000047811 
ADP-ribosylation factor 3 (Liver regeneration-related 
protein LRRG202).  P61206 0 0 7 

ENSRNOP00000001816 
Aldehyde dehydrogenase, mitochondrial precursor (EC 
1.2.1.3) (ALDH class 2) (ALDH1) (ALDH-E2).  P11884 0 0 4 

ENSRNOP00000003910 
Amine oxidase A (EC 1.4.3.4) (Monoamine oxidase type 
A) (MAO-A).  P21396 0 0 2 

ENSRNOP00000043466 
Amine oxidase B (EC 1.4.3.4) (Monoamine oxidase type 
B) (MAO-B).  P19643 0 0 8 

ENSRNOP00000027337 
Anion exchange protein 3 (Neuronal band 3-like protein) 
(Solute carrier family 4 member 3).  P23348 0 0 2 

ENSRNOP00000018761 Arylacetamide deacetylase (EC 3.1.1.-) (AADAC).  Q9QZH8 0 0 1 

ENSRNOP00000021920 
ATP synthase B chain, mitochondrial precursor (EC 
3.6.3.14).  P19511 0 0 6 

ENSRNOP00000049879 ATP synthase gamma chain, mitochondrial (EC 3.6.3.14).  P35435 0 0 8 

ENSRNOP00000045650 ATPase, Na+/K+ transporting, alpha 1 polypeptide    0 0 14 

ENSRNOP00000043148 Catechol O-methyltransferase (EC 2.1.1.6).  P22734 0 0 2 

ENSRNOP00000027760 
CD81 antigen (26 kDa cell surface protein TAPA-1) 
(Target of the antiproliferative antibody 1). Q62745 0 0 1 



ENSRNOP00000016083 
Ceruloplasmin precursor (EC 1.16.3.1) (Ferroxidase). 
Source: Uniprot/SWISSPROT P13635   0 0 7 

ENSRNOP00000052656 Clathrin heavy chain.  P11442 0 0 5 

ENSRNOP00000018545 Complement component C9 precursor.  Q62930 0 0 1 

ENSRNOP00000051608 
Cytochrome P450 2C70 (EC 1.14.14.1) (CYPIIC70) (P-
450Md) (P450 P49).  P19225 0 0 1 

ENSRNOP00000012681 Cytochrome P450, E-class, group II   0 0 1 

ENSRNOP00000007074 D(1B) dopamine receptor (D(5) dopamine receptor).  P25115 0 0 1 

ENSRNOP00000041026 ectonucleoside triphosphate diphosphohydrolase 5  
RefSeq_peptide 
NP_955426 0 0 1 

ENSRNOP00000006141 

Junctional adhesion molecule A precursor (JAM-A) 
(Junctional adhesion molecule 1) (JAM-1) (CD321 
antigen).  Q9JHY1 0 0 1 

ENSRNOP00000021638 lectin, mannose-binding 2    0 0 1 

ENSRNOP00000003052 

Lysosome membrane protein 2 (Lysosome membrane 
protein II) (LIMP II) (Scavenger receptor class B member 
2) (85 kDa lysosomal membrane sialoglycoprotein) 
(LGP85) (CD36 antigen-like 2).  P27615 0 0 2 

ENSRNOP00000022985 NAD(P) dependent steroid dehydrogenase-like  
RefSeq_peptide 
NP_001009399 0 0 3 

ENSRNOP00000017067 
No description available.Protein Family: CYTOCHROME 
C1 HEME PROTEIN MITOCHONDRIAL PRECURSOR   0 0 8 

ENSRNOP00000035416 
No description available.Protein Family: SYNAPTIC 
GLYCOPROTEIN SC2   0 0 3 

ENSRNOP00000001905 
No description available.Protein Family: TRANSFERRIN 
RECEPTOR   0 0 1 

ENSRNOP00000021512 

Peroxisomal trans-2-enoyl-CoA reductase (EC 1.3.1.38) 
(RLF98) (Peroxisomal 2,4-dienoyl CoA reductase) (PX-
2,4-DCR1).  Q9WVK3 0 0 4 

ENSRNOP00000005853 
Polymeric-immunoglobulin receptor precursor (Poly-Ig 
receptor) (PIGR) .  P15083 0 0 5 

ENSRNOP00000022532 
Prenylcysteine oxidase precursor (EC 1.8.3.5) (Chloride 
ion pump- associated 55 kDa protein).  Q99ML5 0 0 2 

ENSRNOP00000017878 
Rim ABC transporter <br>  AAA+ ATPase, core <br>  
ABC transporter related    0 0 2 

ENSRNOP00000001299 Scavenger receptor class B member 1 (SRB1) (SR-BI).  P97943 0 0 2 

ENSRNOP00000043207 

similar to Alpha-enolase (2-phospho-D-glycerate hydro-
lyase) (Non-neural enolase) (NNE) (Enolase 1) 
(LOC435375),  

RefSeq_dna 
XR_001998 0 0 4 



ENSRNOP00000007825 

Sodium/bile acid cotransporter (Na(+)/bile acid 
cotransporter) (Na(+)/taurocholate transport protein) 
(Sodium/taurocholate cotransporting polypeptide) (Solute 
carrier family 10 member 1) P26435 0 0 4 

ENSRNOP00000006855 Surfeit locus protein 1.  Q9QXU2 0 0 2 

ENSRNOP00000015043 
translocase of inner mitochondrial membrane 8 homolog 
a (yeast) (Timm8a),  

RefSeq_dna 
NM_053370 0 0 2 

ENSRNOP00000010663 UDP-glucose pyrophosphorylase 2  
RefSeq_peptide 
NP_001019914 0 0 2 

ENSRNOP00000024973 
Very-long-chain specific acyl-CoA dehydrogenase, 
mitochondrial precursor (EC 1.3.99.-) (VLCAD). P45953 0 0 6 

 



 
Supplementary Table 3     

Membrane proteins identified in Triton X-114 detergent phase (Chapter 3)   

Identifier 
# 

peptides 
log (e) 
score Description 

Glycosylation 
(N-X-S/T) 

Accession 
No. 

ENSRNOP00000014235 49 -351.4 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-chain acyl-
CoA synthetase 1) (LACS 1) (Long-chain-fatty-acid--CoA ligase, 

liver isozyme).   3 P18163 

ENSRNOP00000043239 58 -351.1 

UDP-glucuronosyltransferase 2B3 precursor (EC 2.4.1.17) 
(UDPGT) (Testosterone, dihydrotestosterone, and beta-estradiol 

specific) (17- beta-hydroxysteroid specific) (UDPGTr-3) 
(RLUG38). 0 P08542 

ENSRNOP00000013816 40 -261.6 No other features on this peptide 0   

ENSRNOP00000041174 39 -203.2 
Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-DB1) 

(P450-CMF1A) (P450-UT-7) (Debrisoquine 4-hydroxylase) 4 P10633 

ENSRNOP00000017310 27 -159.5 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) (P-450(M-1)) 

(P450H) (P450-UT-A) (UT-2)  2 P08683 

ENSRNOP00000040266 35 -196.6 
Cytochrome P450 2D10 (EC 1.14.14.1) (CYPIID10) (P450-DB5) 

(P450-CMF1B) (Debrisoquine 4-hydroxylase). 4 P12939 

ENSRNOP00000003965 32 -209.8 
ATP synthase subunit beta, mitochondrial precursor (EC 

3.6.3.14).  0 P10719 

ENSRNOP00000048711 27 -181.5 
Cytochrome P450 2D3 (EC 1.14.14.1) (CYPIID3) (P450-DB3) 

(Debrisoquine 4-hydroxylase). 1 P12938 

ENSRNOP00000012413 35 -227.4 
Cytochrome P450 2D26 (EC 1.14.14.1) (CYPIID26) (P450-DB2) 

(P450-CMF2) (Debrisoquine 4-hydroxylase)  3 P10634 

ENSRNOP00000026574 21 -181.5 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile acid CoA 
ligase) (BA-CoA ligase) (BAL) (Cholate--CoA ligase) (Very long 

chain acyl-CoA synthetase-related protein) (VLACS-related) 
(VLACSR) (Fatty acid transport protein 5) (FATP-5) (Solute carrier 

family 1 Q9ES38 

ENSRNOP00000010209 15 -164.8 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 63 

kDa subunit precursor (EC 2.4.1.119) (Ribophorin II) (RPN-II). 2 P25235 

ENSRNOP00000025045 34 -212.9 
UDP-glucuronosyltransferase 1-1 precursor (EC 2.4.1.17) 
(UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) (UGT1A1) (B1) 2 Q64550 

ENSRNOP00000008477 13 -70.1 
Voltage-dependent anion-selective channel protein 1 (VDAC-1) 

(rVDAC1) (Outer mitochondrial membrane protein porin 1). 2 Q9Z2L0 

ENSRNOP00000034723 34 -170.6 
UDP-glucuronosyltransferase 2B2 precursor (EC 2.4.1.17) 

(UDPGT) (3- hydroxyandrogen specific) (UDPGTr-4) (RLUG23) 1 P08541 



ENSRNOP00000010579 34 -152.4 
Microsomal glutathione S-transferase 1 (EC 2.5.1.18) (Microsomal 

GST- 1) (Microsomal GST-I). 0 P08011 

ENSRNOP00000017237 19 -143.2 
Cytochrome P450 2C6 (EC 1.14.14.1) (CYPIIC6) (P450 PB1) 

(PTF2). 2 P05178 

ENSRNOP00000001961 16 -106.4 
NADPH--cytochrome P450 reductase (EC 1.6.2.4) (CPR) 

(P450R). 1 P00388 

ENSRNOP00000004864 15 -84.9 

Dimethylaniline monooxygenase 3 (EC 1.14.13.8) (Hepatic flavin-
containing monooxygenase 3) (FMO 3) (Dimethylaniline oxidase 

3)  3 Q9EQ76 

ENSRNOP00000015913 38 -179.1 

ADP/ATP translocase 2 (Adenine nucleotide translocator 2) (ANT 
2) (ADP,ATP carrier protein 2) (Solute carrier family 25 member 

5). 1 Q09073 

ENSRNOP00000005875 14 -97.6 
Retinol dehydrogenase 7 (EC 1.1.1.105) (Retinol dehydrogenase 

type III) (RODH III).  1 P55006 

ENSRNOP00000022892 25 -162.7 
ATP synthase subunit alpha, mitochondrial precursor (EC 

3.6.3.14). 1  P15999 

ENSRNOP00000035423 11 -95.9 
Retinol dehydrogenase 2 (EC 1.1.1.105) (Retinol dehydrogenase 

type II) (RODH II) (29 k-protein). 0 P50170 

ENSRNOP00000043466 15 -76.8 
Amine oxidase B (EC 1.4.3.4) (Monoamine oxidase type B) 

(MAO-B). 1 P19643 

ENSRNOP00000024423 8 -44.7 

Dimethylaniline monooxygenase 5 (EC 1.14.13.8) (Hepatic flavin-
containing monooxygenase 5) (FMO 5) (Dimethylaniline oxidase 

5). 2 Q8K4C0 

ENSRNOP00000002712 18 -88.1 
UDP-glucuronosyltransferase 2B4 precursor (EC 2.4.1.17) 

(UDPGT) (UDP- glucuronosyltransferase 2B12). 1 P36511 

ENSRNOP00000049879 8 -51.1 ATP synthase gamma chain, mitochondrial (EC 3.6.3.14).  4 P35435 

ENSRNOP00000026290 10 -59.9 

3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-
hydroxysteroid dehydrogenase type V) (3-beta-HSD V) (NADPH-
dependent 3-beta-hydroxy- Delta(5)-steroid dehydrogenase) (EC 

1.1.1.-) (3-beta-hydroxy-5-ene steroid dehydrogenase) 
(Progesterone reductase) 3 P22071 

ENSRNOP00000013789 19 -128.5 
Glutamate dehydrogenase 1, mitochondrial precursor (EC 1.4.1.3) 

(GDH) (Memory-related protein 2) (MRG-2). 1 P10860 

ENSRNOP00000021514 19 -108.9 

Ubiquinol-cytochrome-c reductase complex core protein 2, 
mitochondrial precursor (EC 1.10.2.2) (Core protein II) (Complex 

III subunit II). 3 P32551 

ENSRNOP00000045567 18 -138 
Cytochrome P450 4A14 precursor (EC 1.14.15.3) (CYPIVA14) 

(Lauric acid omega-hydroxylase) (P450-LA-omega 3).  3 P20817 

ENSRNOP00000003910 14 -79 
Amine oxidase A (EC 1.4.3.4) (Monoamine oxidase type A) 

(MAO-A). 1 P21396 



ENSRNOP00000020670 2 -16.8 ATP synthase delta chain, mitochondrial precursor (EC 3.6.3.14).  0 P35434 

ENSRNOP00000013262 13 -80 

Electron transfer flavoprotein-ubiquinone oxidoreductase, 
mitochondrial precursor (EC 1.5.5.1) (ETF-QO) (ETF-ubiquinone 

oxidoreductase) (ETF dehydrogenase) (Electron-transferring- 
flavoprotein dehydrogenase). 1 Q6UPE1 

ENSRNOP00000017472 13 -85.6 Prohibitin-2 (B-cell receptor-associated protein BAP37) (BAP-37).  2 Q5XIH7 

ENSRNOP00000012681 12 -75.4 No other features on this peptide 1   

ENSRNOP00000011494 17 -81.8 
Phosphate carrier protein, mitochondrial precursor (PTP) (Solute 

carrier family 25 member 3). 0 P16036 

ENSRNOP00000002724 16 -114.1 
UDP-glucuronosyltransferase 2B1 precursor (EC 2.4.1.17) 

(UDPGT) (UDPGTr-2).  1 P09875 

ENSRNOP00000012878 15 -89.3 
NADH-cytochrome b5 reductase 3 (EC 1.6.2.2) (Cytochrome b5 

reductase) (B5R) (Diaphorase-1) 0 P20070 

ENSRNOP00000028237 11 -71.4 

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) (Steroid 
hormones 7- alpha-hydroxylase) (Testosterone 7-alpha-

hydroxylase) (P450-UT-F).   1 P11711 

ENSRNOP00000011846 4 -17.2 
mitochondrial carrier homolog 2 Source: RefSeq_peptide 

NP_001099958 1   

ENSRNOP00000025525 21 -63.4 
Cytochrome c oxidase subunit 5A, mitochondrial precursor (EC 

1.9.3.1) (Cytochrome c oxidase polypeptide Va).  0 P11240 

ENSRNOP00000020446 8 -29.6 Cytochrome b5 1 P00173 

ENSRNOP00000029578 17 -120.8 
nicotinamide nucleotide transhydrogenase Source: 

RefSeq_peptide NP_001013175 5 Q61941 

ENSRNOP00000028249 10 -71.2 
Cytochrome P450 2A2 (EC 1.14.14.1) (CYPIIA2) (Testosterone 

15-alpha- hydroxylase) (P450-UT-4). 2 P15149 

ENSRNOP00000020306 7 -32.6 
dolichyl-di-phosphooligosaccharide-protein glycotransferase 

(predicted) Source: RefSeq_peptide NP_001012104 2   

ENSRNOP00000024033 10 -44.7 

Cytochrome c oxidase subunit 4 isoform 1, mitochondrial 
precursor (EC 1.9.3.1) (Cytochrome c oxidase subunit IV isoform 

1) (COX IV-1) (Cytochrome c oxidase polypeptide IV).  0 P10888 

ENSRNOP00000001291 6 -56 
Cytochrome P450 3A2 (EC 1.14.14.1) (CYPIIIA2) (P450-PCN2) 

(P450/6- beta-A) (Testosterone 6-beta-hydroxylase). 2 P05183 

ENSRNOP00000017840 3 -29.6 
Cytochrome P450 2C23 (EC 1.14.14.1) (CYPIIC23) (Arachidonic 

acid epoxygenase). 1 P24470 

ENSRNOP00000018455 11 -48.5 
Protein transport protein Sec61 subunit alpha isoform 1 (Sec61 

alpha- 1). 0 P61621 

ENSRNOP00000015851 11 -86.3 
NADH-ubiquinone oxidoreductase 75 kDa subunit, mitochondrial 

precursor (EC 1.6.5.3) (EC 1.6.99.3). 1 Q66HF1 



ENSRNOP00000002732 8 -63.8 
ATP synthase O subunit, mitochondrial precursor (EC 3.6.3.14) 

(Oligomycin sensitivity conferral protein) (OSCP). 0 Q06647 

ENSRNOP00000017067 5 -27 
No description available.Protein Family: CYTOCHROME C1 

HEME PROTEIN MITOCHONDRIAL PRECURSOR 0   

ENSRNOP00000044696 10 -91.1 
Ubiquinol-cytochrome-c reductase complex core protein 1, 

mitochondrial precursor (EC 1.10.2.2) (Core I protein).  2 Q68FY0 

ENSRNOP00000055369 5 -17.9 cytochrome P450, family 1, subfamily a, polypeptide 2  3   

ENSRNOP00000016883 9 -58.2 
Cytochrome P450 2E1 (EC 1.14.14.1) (CYPIIE1) (P450-J) 

(P450RLM6).  2 P05182 

ENSRNOP00000051846 15 -89.3 
solute carrier family 25 (mitochondrial carrier; dicarboxylate 

transporter), member 10 Source: RefSeq_peptide NP_596909 1 O89035_RAT 

ENSRNOP00000024707 6 -44.4 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC).  3 Q63965 

ENSRNOP00000028194 12 -65.6 
7-dehydrocholesterol reductase (EC 1.3.1.21) (7-DHC reductase) 

(Sterol Delta(7)-reductase). 3 Q9Z2Z8 

ENSRNOP00000000306 10 -58.6 

Tricarboxylate transport protein, mitochondrial precursor (Citrate 
transport protein) (CTP) (Tricarboxylate carrier protein) (Solute 

carrier family 25 member 1). 0 P32089 

ENSRNOP00000045650 11 -68.2 ATPase, Na+/K+ transporting, alpha 1 polypeptide  3   

ENSRNOP00000004836 11 -39.5 
No description available.Protein Family: ATP SYNTHASE D 

CHAIN MITOCHONDRIAL EC_3.6.3.14 1   

ENSRNOP00000040859 9 -48.9 Calnexin precursor.  1 P35565 

ENSRNOP00000034293 10 -109.3 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal epoxide hydrolase) 

(Epoxide hydratase). 0 P07687 

ENSRNOP00000051445 7 -41.1 
Long-chain-fatty-acid--CoA ligase 5 (EC 6.2.1.3) (Long-chain acyl-

CoA synthetase 5) (LACS 5).  1 O88813 

ENSRNOP00000035497 3 -15.7 Uncharacterized protein KIAA0152 homolog precursor.  1 Q5FVQ4 

ENSRNOP00000045029 6 -28.6 Cytochrome P450 2C7 (EC 1.14.14.1) (CYPIIC7) (P450F) (PTF1). 1 P05179 

ENSRNOP00000021920 8 -56 ATP synthase B chain, mitochondrial precursor (EC 3.6.3.14). 0 P19511 

ENSRNOP00000019571 10 -65.4 
All-trans-retinol 13,14-reductase precursor (EC 1.3.99.23) (All-

trans- 13,14-dihydroretinol saturase) (RetSat) (RMT-7). 0 Q8VHE9 

ENSRNOP00000013607 9 -45.9 Solute carrier family 27 (Fatty acid transporter), member 2. 2 Q66HN6 

ENSRNOP00000003498 5 -31.5 

No description available.Protein Family: BETA 
DEHYDROGENASE BETA HYDROXYSTEROID 

DEHYDROGENASE 3   

ENSRNOP00000036519 6 -37 
dehydrogenase/reductase (SDR family) member 7 Source: 

RefSeq_peptide NP_001013116 0   

ENSRNOP00000024517 5 -12.8 
NADH dehydrogenase (ubiquinone) flavoprotein 1, 51kDa Source: 

RefSeq_peptide NP_001006973 1   

ENSRNOP00000015802 4 -34.3 No description available.Protein Family: CYTOCHROME P450 2 1   



ENSRNOP00000005005 5 -42 
Kynurenine 3-monooxygenase (EC 1.14.13.9) (Kynurenine 3-

hydroxylase). 2 O88867 

ENSRNOP00000001738 12 -94.4 

Sarcoplasmic/endoplasmic reticulum calcium ATPase 2 (EC 
3.6.3.8) (Calcium pump 2) (SERCA2) (SR Ca(2+)-ATPase 2) 

(Calcium-transporting ATPase sarcoplasmic reticulum type, slow 
twitch skeletal muscle isoform) (Endoplasmic reticulum class 1/2 

Ca(2+) ATPase). 3 Q64578 

ENSRNOP00000022487 6 -34.9 

Cytochrome c oxidase subunit 5B, mitochondrial precursor (EC 
1.9.3.1) (Cytochrome c oxidase polypeptide Vb) (Cytochrome c 

oxidase subunit VIA*). 1 P12075 

ENSRNOP00000027520 8 -53.3 

Mitochondrial carnitine/acylcarnitine carrier protein 
(Carnitine/acylcarnitine translocase) (CAC) (Solute carrier family 

25 member 20) 0 P97521 

ENSRNOP00000018462 5 -31.2 
Voltage-dependent anion-selective channel protein 2 (VDAC-2) 
(Outer mitochondrial membrane protein porin 2) (B36-VDAC)  3 P81155 

ENSRNOP00000004798 2 -14.2 

No description available.Protein Family: MICROSOMAL 
GLUTATHIONE S TRANSFERASE 3 EC_2.5.1.18 

MICROSOMAL GST 3 MICROSOMAL GST III 0   

ENSRNOP00000015810 7 -49.5 
solute carrier family 37 (glucose-6-phosphate transporter), 

member 4 Source: RefSeq_peptide NP_113777 1   

ENSRNOP00000058260 5 -39.4 No other features on this peptide 1   

ENSRNOP00000015684 4 -30.5 No description available.Protein Family: AMBIGUOUS 1   

ENSRNOP00000007870 9 -51.6 

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 1.1.1.146) 
(11-DH) (11-beta-hydroxysteroid dehydrogenase 1) (11-beta-

HSD1)  2 P16232 

ENSRNOP00000000749 5 -28.8 

No description available.Protein Family: CDGSH IRON SULFUR 
DOMAIN CONTAINING 1 ZINC FINGER CDGSH DOMAIN 

CONTAINING 1 0   

ENSRNOP00000034135 5 -40 Ndufa9 protein (Fragment).   1 Q5BK63 

ENSRNOP00000021638 6 -40 
Vesicular integral-membrane protein VIP36 precursor (Lectin 

mannose- binding 2).  1 Q9DBH5 

ENSRNOP00000039545 3 -15.3 Protein FAM82A.  3 Q498D5 

ENSRNOP00000012425 2 -28.9 

No description available.Protein Family: NADH 
DEHYDROGENASE IRON SULFUR 3 MITOCHONDRIAL 

PRECURSOR EC_1.6.5.3 EC_1.6.99.- 3 NADH UBIQUINONE 
OXIDOREDUCTASE 30 KDA SUBUNIT COMPLEX I 30KD CI 

30KD 0   

ENSRNOP00000054924 9 -47.2 
inner membrane protein, mitochondrial Source: RefSeq_peptide 

NP_001030100 3   



ENSRNOP00000017101 10 -65.5 
Membrane-associated progesterone receptor component 1 (Acidic 

25 kDa protein) (25-DX) (Ventral midline antigen) (VEMA). 0 P70580 

ENSRNOP00000045886 8 -48.5 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) (Aldehyde 
dehydrogenase, microsomal) (Aldehyde dehydrogenase family 3 

member A2) (Aldehyde dehydrogenase 10).  0 P30839 

ENSRNOP00000010760 6 -25.1 
Methyltransferase-like protein 7B precursor (EC 2.1.1.-) 

(Associated with lipid droplet protein 1) (ALDI).  0 Q562C4 

ENSRNOP00000020681 3 -14.9 

Vesicle-associated membrane protein-associated protein A 
(VAMP- associated protein A) (VAMP-A) (VAP-A) (33 kDa Vamp-

associated protein) (VAP-33).   5 Q9Z270 

ENSRNOP00000003004 2 -16.5 

Dehydrogenase/reductase SDR family member 8 precursor (EC 
1.1.1.-) (17-beta-hydroxysteroid dehydrogenase 11) (17-beta-HSD 

11) (17-beta- HSD XI) (17betaHSDXI) (17bHSD11) 
(17betaHSD11).  0 Q6AYS8 

ENSRNOP00000007223 4 -22.9 
SAC1 (supressor of actin mutations 1, homolog)-like Source: 

RefSeq_peptide NP_446250 2   

ENSRNOP00000026197 5 -35 
Voltage-dependent anion-selective channel protein 3 (VDAC-3) 

(rVDAC3) (Outer mitochondrial membrane protein porin 3). 2 Q9R1Z0 

ENSRNOP00000025254 6 -18.5 
Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) (Hepatic 

lectin 1) (RHL-1). 3 P02706 

ENSRNOP00000020015 6 -43.9 aldehyde dehydrogenase 8 family, member A1  0   

ENSRNOP00000025240 6 -46.4 
solute carrier family 25 (mitochondrial carrier, glutamate), member 

22 Source: RefSeq_peptide NP_001014049 1   

ENSRNOP00000002705 3 -17.7 
No description available.Protein Family: UDP 

GLUCURONOSYLTRANSFERASE PRECURSOR EC_2.4.1.17 3   

ENSRNOP00000006855 2 -20.5 Surfeit locus protein 1 1 Q9QXU2 

ENSRNOP00000040969 5 -31.1 
ATP synthase, H+ transporting, mitochondrial F0 complex, subunit 

G Source: RefSeq_peptide NP_997681 0   

ENSRNOP00000001816 6 -45.6 
Aldehyde dehydrogenase, mitochondrial precursor (EC 1.2.1.3) 

(ALDH class 2) (ALDH1) (ALDH-E2). 2 P11884 

ENSRNOP00000040087 7 -52.5 

No description available.Protein Family: DOLICHYL 
DIPHOSPHOOLIGOSACCHARIDE GLYCOSYLTRANSFERASE 
SUBUNIT EC_2.4.1.119 OLIGOSACCHARYL TRANSFERASE 

SUBUNIT STT3 2   

ENSRNOP00000018973 1 -6.2 

No description available.Protein Family: ERLIN 2 PRECURSOR 
ENDOPLASMIC RETICULUM LIPID RAFT ASSOCIATED 2 

STOMATIN PROHIBITIN FLOTILLIN HFLC/K DOMAIN 
CONTAINING 2 SPFH DOMAIN CONTAINING 2 1   



ENSRNOP00000017180 4 -17.3 
similar to eukaryotic translation elongation factor 1 alpha 2 
(LOC364172), mRNA Source: RefSeq_dna XR_006078 1   

ENSRNOP00000004941 4 -14.2 Leucine-rich repeat-containing protein 59 (Protein p34).  1  Q5RJR8 

ENSRNOP00000015598 6 -14.8 Ras-related protein Rab-11A (Rab-11) (24KG). 1 P62494 

ENSRNOP00000023152 4 -25.4 

Cytochrome P450 27, mitochondrial precursor (EC 1.14.13.15) 
(Cytochrome P-450C27/25) (Sterol 26-hydroxylase) (Sterol 27- 

hydroxylase) (Vitamin D(3) 25-hydroxylase) (5-beta-cholestane-3- 
alpha,7-alpha,12-alpha-triol 27-hydroxylase) 0 P17178 

ENSRNOP00000017282 6 -15 Brain protein 44-like protein (Apoptosis-regulating basic protein). 0 P63031 

ENSRNOP00000055824 2 -14.8 

Dipeptidyl peptidase 4 (EC 3.4.14.5) (Dipeptidyl peptidase IV) 
(DPP IV) (T-cell activation antigen CD26) (GP110 glycoprotein) 

(Bile canaliculus domain-specific membrane glycoprotein) 
[Contains: Dipeptidyl peptidase 4 membrane form (Dipeptidyl 

peptidase IV  10 P14740 

ENSRNOP00000051412 4 -25.5 
Multidrug resistance-associated protein 6 (ATP-binding cassette 

sub- family C member 6) (MRP-like protein 1) (MLP-1). 8 O88269 

ENSRNOP00000000177 2 -4.9 

Lysosome-associated membrane glycoprotein 2 precursor 
(LAMP-2) (Lysosomal membrane glycoprotein-type B) (LGP-B) 

(LGP-96) (LGP-110) (CD107b antigen).  16 P17046 

ENSRNOP00000051361 4 -19.7 

Dimethylaniline monooxygenase 1 (EC 1.14.13.8) (Hepatic flavin-
containing monooxygenase 1) (FMO 1) (Dimethylaniline oxidase 

1).  2 P36365 

ENSRNOP00000022703 3 -13.3 
L-gulonolactone oxidase (EC 1.1.3.8) (LGO) (L-gulono-gamma-

lactone oxidase) (GLO). 2 P10867 

ENSRNOP00000025649 3 -13 Ras-related protein Rab-14.   2 P61107 

ENSRNOP00000005153 2 -10.1 LRRGT00013.   1 Q6TXI6 

ENSRNOP00000053215 5 -36.1 
Translocon-associated protein subunit delta precursor (TRAP-
delta) (Signal sequence receptor subunit delta) (SSR-delta).  0 Q07984 

ENSRNOP00000015217 3 -15 

NADH dehydrogenase iron-sulfur protein 4, mitochondrial 
precursor (EC 1.6.5.3) (EC 1.6.99.3) (NADH-ubiquinone 

oxidoreductase 18 kDa subunit) (Complex I-18 kDa) (CI-18 kDa). 2 Q5XIF3 

ENSRNOP00000028033 4 -23.5 Glucose-6-phosphatase (EC 3.1.3.9) (G6Pase) (G-6-Pase).   3 P43428 

ENSRNOP00000029426 3 -15.9 No description available.Protein Family: AMBIGUOUS 0   

ENSRNOP00000018001 5 -20.5 
No description available.Protein Family: COILED COIL HELIX 

COILED COIL HELIX DOMAIN CONTAINING 2   

ENSRNOP00000036810 2 -4.7 No description available.Protein Family: UNCHARACTERIZED 0   

ENSRNOP00000056976 3 -16.3 

Translocon-associated protein subunit alpha precursor (TRAP-
alpha) (Signal sequence receptor subunit alpha) (SSR-alpha) 

(Liver regeneration-related protein LRRG137).  2 Q7TPJ0 



ENSRNOP00000001545 4 -11.2 Translocation-associated membrane protein 1.  3 Q5XI41 

ENSRNOP00000027760 2 -14.8 
CD81 antigen (26 kDa cell surface protein TAPA-1) (Target of the 

antiproliferative antibody 1). 1 Q62745 

ENSRNOP00000014235 49 -351.4 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-chain acyl-
CoA synthetase 1) (LACS 1) (Long-chain-fatty-acid--CoA ligase, 

liver isozyme).  3 P18163 

ENSRNOP00000050252 7 -49.4 
Basigin precursor (OX-47 antigen) (Glycoprotein CE9) (CD147 

antigen).  3 P26453 

ENSRNOP00000035966 5 -31.2 
ERGIC-53 protein precursor (ER-Golgi intermediate compartment 

53 kDa protein) (Lectin, mannose-binding 1) (p58) 1 Q62902 

ENSRNOP00000030069 5 -21.9 
Cytochrome P450 2B1 (EC 1.14.14.1) (CYPIIB1) (P450-B) 

(P450b) (P450- PB1 and P450-PB2) (P450-LM2).   1 P00176 

ENSRNOP00000051608 3 -21.7 
Cytochrome P450 2C70 (EC 1.14.14.1) (CYPIIC70) (P-450Md) 

(P450 P49).  2 P19225 

ENSRNOP00000054078 5 -31.7 
Cytochrome P450 2A3 (EC 1.14.14.1) (CYPIIA3) (Coumarin 7-

hydroxylase). 1 P20812 

ENSRNOP00000002728 5 -36.4 
No description available.Protein Family: UDP 

GLUCURONOSYLTRANSFERASE PRECURSOR EC_2.4.1.17 2   

ENSRNOP00000024609 3 -12.4 

Ubiquinol-cytochrome c reductase iron-sulfur subunit, 
mitochondrial precursor (EC 1.10.2.2) (Rieske iron-sulfur protein) 

(RISP) (Liver regeneration-related protein LRRGT00195).  0 P20788 

ENSRNOP00000003611 3 -10.8 
Nucleoside diphosphate kinase B (EC 2.7.4.6) (NDK B) (NDP 

kinase B) (P18) 0 P19804 

ENSRNOP00000052490 2 -25.8 solute carrier organic anion transporter family, member 1a1  6   

ENSRNOP00000019624 8 -40.7 

similar to NADH-ubiquinone oxidoreductase PDSW subunit 
(Complex I-PDSW) (CI-PDSW) (LOC681418), mRNA Source: 

RefSeq_dna NM_001109443 1   

ENSRNOP00000007015 2 -22.6 

3-beta-hydroxysteroid-Delta(8),Delta(7)-isomerase (EC 5.3.3.5) 
(Cholestenol Delta-isomerase) (Delta(8)-Delta(7) sterol 

isomerase) (D8-D7 sterol isomerase) (Emopamil-binding protein) 
(Sterol 8- isomerase). 0 Q9JJ46 

ENSRNOP00000009777 3 -13.4 

Bile acid CoA:amino acid N-acyltransferase (EC 2.3.1.65) (BAT) 
(BACAT) (Glycine N-choloyltransferase) (Kan-1) (Long-chain fatty-

acyl-CoA hydrolase) (EC 3.1.2.2).  1 Q63276 

ENSRNOP00000015866 8 -29.2 
Solute carrier family 2, facilitated glucose transporter member 2 

(Glucose transporter type 2, liver) (GLUT-2).  1 P12336 

ENSRNOP00000015956 4 -23.7 
Aspartate aminotransferase, mitochondrial precursor (EC 2.6.1.1) 

(Transaminase A) (Glutamate oxaloacetate transaminase 2). 1 P00507 

ENSRNOP00000036896 13 -64.8 No other features on this peptide 0   



ENSRNOP00000032909 4 -16.5 solute carrier family 25 (mitochondrial carrier, Aralar), member 12  1   

ENSRNOP00000039338 3 -15.1 
Protein transport protein Sec61 subunit alpha isoform 1 (Sec61 

alpha- 1). 2 P61621 

ENSRNOP00000011158 3 -10.3 Nipsnap1 protein (Fragment) 0 Q5EBA4 

ENSRNOP00000042159 4 -24.8 No description available.Protein Family: UNKNOWN 6   

ENSRNOP00000049222 2 -9.4 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000048358 14 -81 

No description available.Protein Family: ADP/ATP 
TRANSLOCASE ADENINE NUCLEOTIDE TRANSLOCATOR 

ANT ADP ATP CARRIER SOLUTE CARRIER FAMILY 25 
MEMBER 2   

ENSRNOP00000015667 7 -63.3 
Fatty-acid amide hydrolase 1 (EC 3.1.-.-) (Oleamide hydrolase 1) 

(Anandamide amidohydrolase 1) 1 P97612 

ENSRNOP00000016043 8 -49.8 
solute carrier family 25 member 15 Source: RefSeq_peptide 

NP_001041345 0   

ENSRNOP00000053689 3 -27 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000016739 4 -26.5 
ATP-binding cassette sub-family D member 3 (70 kDa 

peroxisomal membrane protein) (PMP70).   2 P16970 

ENSRNOP00000035416 4 -25.6 

No description available.Protein Family: SYNAPTIC 
GLYCOPROTEIN SC2 EC_1.3.1.- TRANS 2 3 ENOYL COA 

REDUCTASE TER 3   

ENSRNOP00000008045 5 -23.3 Protein FAM82A.  1 Q498D5 

ENSRNOP00000030668 3 -22.2 
transmembrane emp24 protein transport domain containing 9 

Source: RefSeq_peptide NP_001009703 1   

ENSRNOP00000010512 2 -17.1 No description available.Protein Family: PRECURSOR 1   

ENSRNOP00000003436 4 -12.6 Implantation-associated protein precursor (IAP).  2 O35777 

ENSRNOP00000017002 2 -12.5 No description available.Protein Family: AMBIGUOUS 1   

ENSRNOP00000057449 3 -11.1 Ras-related C3 botulinum toxin substrate 1 precursor (p21-Rac1).  1 Q6RUV5 

ENSRNOP00000001285 3 -10.9 
Cytochrome P450 3A18 (EC 1.14.14.1) (CYPIIIA18) 

(P450(6)beta-2).  2 Q64581 

ENSRNOP00000043148 2 -10.5 Catechol O-methyltransferase (EC 2.1.1.6).  0 P22734 

ENSRNOP00000057476 2 -10.4 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000021215 2 -6.3 
similar to prohibitin (LOC364817), mRNA Source: RefSeq_dna 

XR_005946 1   

ENSRNOP00000002410 3 -21.7 Peroxisomal bifunctional enzyme (PBE) (PBFE) 1 P07896 

ENSRNOP00000003020 5 -11.7 
succinate dehydrogenase complex, subunit C Source: 

RefSeq_peptide NP_001005534 0   



ENSRNOP00000003674 3 -14.3 
NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 4, 15kDa 

Source: RefSeq_peptide NP_001032415 0   

ENSRNOP00000005144 2 -10.7 
Mitochondrial 2-oxoglutarate/malate carrier protein (OGCP) 

(Solute carrier family 25 member 11)  0 P97700 

ENSRNOP00000006950 3 -18.9 
Ras-related protein Rab-1A. Source: Uniprot/SWISSPROT 

Q6NYB7 1   

ENSRNOP00000007825 2 -4.1 

Sodium/bile acid cotransporter (Na(+)/bile acid cotransporter) 
(Na(+)/taurocholate transport protein) (Sodium/taurocholate 

cotransporting polypeptide) (Solute carrier family 10 member 1).  6 P26435 

ENSRNOP00000007840 2 -11.9 
NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 8 

Source: RefSeq_peptide NP_001041327 0   

ENSRNOP00000009511 3 -12.2 
Ras-related protein Rap-1b precursor (GTP-binding protein smg 

p21B). 0 Q62636 

ENSRNOP00000011521 3 -18.9 
Mannosyl-oligosaccharide glucosidase (EC 3.2.1.106) 

(Glycoprotein- processing glucosidase I). 1 O88941 

ENSRNOP00000014684 3 -11.9 ATPase family AAA domain-containing protein 1.  2 Q505J9 

ENSRNOP00000016432 3 -14.9 Ras-related C3 botulinum toxin substrate 1 precursor (p21-Rac1). 0 Q6RUV5 

ENSRNOP00000018761 3 -13.1 Arylacetamide deacetylase (EC 3.1.1.-) (AADAC).  3 Q9QZH8 

ENSRNOP00000018795 4 -25.6 
Estradiol 17-beta-dehydrogenase 2 (EC 1.1.1.62) (17-beta-HSD 

2) (17- beta-hydroxysteroid dehydrogenase 2) 2 Q62730 

ENSRNOP00000020544 4 -41.3 
Electron transfer flavoprotein subunit alpha, mitochondrial 

precursor (Alpha-ETF). Source: Uniprot/SWISSPROT P13803 1   

ENSRNOP00000022985 2 -12.3 
NAD(P) dependent steroid dehydrogenase-like Source: 

RefSeq_peptide NP_001009399 2   

ENSRNOP00000024772 3 -10.9 

No description available.Protein Family: SIGNAL PEPTIDASE 
COMPLEX SUBUNIT 2 EC_3.4.-.- MICROSOMAL SIGNAL 
PEPTIDASE 25 KDA SUBUNIT SPASE 25 KDA SUBUNIT 0   

ENSRNOP00000025327 2 -5 

Vesicle-trafficking protein SEC22b (SEC22 vesicle-trafficking 
protein homolog B) (SEC22 vesicle-trafficking protein-like 1) 

(ERS24) (ERS- 24).  1 Q4KM74 

ENSRNOP00000027234 2 -11.2 

Translocon-associated protein subunit alpha precursor (TRAP-
alpha) (Signal sequence receptor subunit alpha) (SSR-alpha) 

(Liver regeneration-related protein LRRG137).  1 Q7TPJ0 

ENSRNOP00000028196 5 -40.6 
Cytochrome P450 2B2 (EC 1.14.14.1) (CYPIIB2) (P450E) (P450 

PB4).  1 P04167 

ENSRNOP00000040338 3 -17.3 
methyltransferase like 7A Source: RefSeq_peptide 

NP_001032432 0   

ENSRNOP00000044573 1 -5.8 
NADH-ubiquinone oxidoreductase chain 5 (EC 1.6.5.3) (NADH 

dehydrogenase subunit 5) 3 P11661 



ENSRNOP00000048723 6 -33.2 No other features on this peptide 1   

ENSRNOP00000053518 2 -20.4 
Peroxisomal membrane protein 2 (22 kDa peroxisomal membrane 

protein) 1 Q07066 

ENSRNOP00000057446 2 -11.8 Son protein (Fragment).  0 Q6PDU3 

ENSRNOP00000017643 2 -11.1 
C-type lectin domain family 4 member F (C-type lectin superfamily 

member 13) (C-type lectin 13) (Kupffer cell receptor). 6 P10716 

ENSRNOP00000021612 2 -12.7 Cadherin-17 precursor (Liver-intestine-cadherin) (LI-cadherin). 7 P55281 

ENSRNOP00000027346 3 -25.9 
Epithelial-cadherin precursor (E-cadherin) (Uvomorulin) 

(Cadherin-1) (CD324 antigen) . Source: Uniprot/SWISSPROT  2 Q9R0T4 

ENSRNOP00000021170 3 -26 
Cadherin-2 precursor (Neural-cadherin) (N-cadherin) (CD325 

antigen).  8 Q9Z1Y3 

ENSRNOP00000005853 2 -14.3 
Polymeric-immunoglobulin receptor precursor (Poly-Ig receptor) 

(PIGR) . Source: Uniprot/SWISSPROT  4 P15083 

 



 
Supplementary Table 4     

Membrane Proteins identified by ConA fractionation (Chapter 3)   

Identifier 
# 
peptides 

log (e) 
score Description 

Glycosylation 
(N-X-S/T) 

Accession 
No 

ENSRNOP00000000306 2 -9.4 

Tricarboxylate transport protein, mitochondrial precursor 
(Citrate transport protein) (CTP) (Tricarboxylate carrier 
protein) (Solute carrier family 25 member 1).   0 P32089 

ENSRNOP00000000749 2 -15.1 

No description available.Protein Family: CDGSH IRON 
SULFUR DOMAIN CONTAINING 1 ZINC FINGER 
CDGSH DOMAIN CONTAINING 1 0   

ENSRNOP00000001299 8 -72.9 Scavenger receptor class B member 1 (SRB1) (SR-BI).  8 P97943 

ENSRNOP00000001315 5 -3.5 
Actin-related protein 2/3 complex subunit 1B (ARP2/3 
complex 41 kDa subunit) (p41-ARC).  0 O88656 

ENSRNOP00000001816 2 -3.7 
Aldehyde dehydrogenase, mitochondrial precursor (EC 
1.2.1.3) (ALDH class 2) (ALDH1) (ALDH-E2). 2  P11884 

ENSRNOP00000001924 3 -14.7 

Mitochondrial fission 1 protein (Fis1 homolog) (rFis1) 
(Tetratricopeptide repeat protein 11) (TPR repeat protein 
11).  0 P84817 

ENSRNOP00000002712 8 -27.8 

UDP-glucuronosyltransferase 2B4 precursor (EC 
2.4.1.17) (UDPGT) (UDP- glucuronosyltransferase 
2B12).  0 P36511 

ENSRNOP00000002738 8 -46.3 

CD166 antigen precursor (Activated leukocyte-cell 
adhesion molecule) (ALCAM) (MEMD protein) (HB2) 
(SB-10 antigen) (KG-CAM). 5 O35112 

ENSRNOP00000003601 3 -15.7 No description available.Protein Family: AMBIGUOUS 1   

ENSRNOP00000003791 2 -3.6 Probable saccharopine dehydrogenase (EC 1.5.1.9).   2 Q6AY30 

ENSRNOP00000004311 4 -16.2 RAB37, member of RAS oncogene family  1   

ENSRNOP00000004836 4 -7.7 
No description available.Protein Family: ATP 
SYNTHASE D CHAIN MITOCHONDRIAL EC_3.6.3.14 1   

ENSRNOP00000005755 2 -4 Calmodulin (CaM). 1 P62161 

ENSRNOP00000005853 8 -56.6 
Polymeric-immunoglobulin receptor precursor (Poly-Ig 
receptor) (PIGR) . 4 P15083 

ENSRNOP00000005875 13 -29.5 
Retinol dehydrogenase 7 (EC 1.1.1.105) (Retinol 
dehydrogenase type III) (RODH III). 1 P55006 

ENSRNOP00000006087 2 -12.4 
epidermal growth factor receptor Source: 
RefSeq_peptide NP_113695 6   



ENSRNOP00000006141 2 -10.8 

Junctional adhesion molecule A precursor (JAM-A) 
(Junctional adhesion molecule 1) (JAM-1) (CD321 
antigen). 2 Q9JHY1 

ENSRNOP00000007233 2 -3.3 Dynein-like protein 11 (Fragment). 1 Q63162 

ENSRNOP00000007870 4 -26.8 

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 
1.1.1.146) (11-DH) (11-beta-hydroxysteroid 
dehydrogenase 1) (11-beta-HSD1).  2 P16232 

ENSRNOP00000008045 2 -11.9 Protein FAM82A.  1 Q498D5 

ENSRNOP00000008163 2 -8.7 No other features on this peptide 2   

ENSRNOP00000008477 9 -21.5 

Voltage-dependent anion-selective channel protein 1 
(VDAC-1) (rVDAC1) (Outer mitochondrial membrane 
protein porin 1) 2 Q9Z2L0 

ENSRNOP00000008932 18 -128.7 
similar to RIKEN cDNA 2310001A20 (RGD1308874), 
mRNA Source: RefSeq_dna NM_001034003 1   

ENSRNOP00000008987 2 -6.2 
CD302 antigen precursor (C-type lectin domain family 
13 member A).  0 Q5FVR3 

ENSRNOP00000009989 2 -14.5 
Protein LYRIC (Lysine-rich CEACAM1 co-isolated 
protein) (Metastasis adhesion protein) (Metadherin) 3 Q9Z1W6 

ENSRNOP00000010209 6 -40 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 63 kDa subunit precursor (EC 
2.4.1.119) (Ribophorin II) (RPN-II).  2 P25235 

ENSRNOP00000010467 2 -9.6 
No description available.Protein Family: PLEXIN 
PRECURSOR 11   

ENSRNOP00000010579 20 -47.2 
Microsomal glutathione S-transferase 1 (EC 2.5.1.18) 
(Microsomal GST- 1) (Microsomal GST-I). 0 P08011 

ENSRNOP00000010663 2 -9.1 
UDP-glucose pyrophosphorylase 2 Source: 
RefSeq_peptide NP_001019914 4   

ENSRNOP00000010760 6 -4.6 
Methyltransferase-like protein 7B precursor (EC 2.1.1.-) 
(Associated with lipid droplet protein 1) (ALDI).  0 Q562C4 

ENSRNOP00000011158 3 -16.1 Nipsnap1 protein (Fragment).  0 Q5EBA4 

ENSRNOP00000011275 8 -54.5 
Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 
(CD147 antigen).  3 P26453 

ENSRNOP00000011880 3 -15.2 
Cytochrome P450 2D18 (EC 1.14.14.1) (CYPIID18) 
(P450 2D-29/2D-35).  1 Q64680 

ENSRNOP00000012260 2 -9.2 No other features on this peptide 0   

ENSRNOP00000012413 13 -29.6 

Cytochrome P450 2D26 (EC 1.14.14.1) (CYPIID26) 
(P450-DB2) (P450-CMF2) (Debrisoquine 4-
hydroxylase).  3 P10634 

ENSRNOP00000012661 2 -8.3 No description available.Protein Family: TENSIN 1   



ENSRNOP00000012681 7 -23.4 No other features on this peptide 1   

ENSRNOP00000012878 2 -4 
NADH-cytochrome b5 reductase 3 (EC 1.6.2.2) 
(Cytochrome b5 reductase) (B5R) (Diaphorase-1)  0 P20070 

ENSRNOP00000013262 64 -441.8 

Electron transfer flavoprotein-ubiquinone 
oxidoreductase, mitochondrial precursor (EC 1.5.5.1) 
(ETF-QO) (ETF-ubiquinone oxidoreductase) (ETF 
dehydrogenase) (Electron-transferring- flavoprotein 
dehydrogenase).  1 Q6UPE1 

ENSRNOP00000013607 2 -10.5 
Solute carrier family 27 (Fatty acid transporter), member 
2.  2 Q66HN6 

ENSRNOP00000013816 18 -65.7 No other features on this peptide 0   

ENSRNOP00000013935 2 -8.6 No other features on this peptide 3   

ENSRNOP00000014058 2 -4.6 Cytochrome c, somatic.  0 P62898 

ENSRNOP00000014235 50 -154.1 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-
chain acyl-CoA synthetase 1) (LACS 1) (Long-chain-
fatty-acid--CoA ligase, liver isozyme).   3 P18163 

ENSRNOP00000014630 3 -8.8 

No description available.Protein Family: MICROSOMAL 
TRIGLYCERIDE TRANSFER LARGE SUBUNIT 
PRECURSOR 1   

ENSRNOP00000014704 4 -17 

ADP/ATP translocase 1 (Adenine nucleotide translocator 
1) (ANT 1) (ADP,ATP carrier protein 1) (Solute carrier 
family 25 member 4). 0 Q05962 

ENSRNOP00000014819 2 -6.5 Uncharacterized protein C10orf58 homolog precursor.  0 Q6AXX6 

ENSRNOP00000015302 3 -15.7 
No description available.Protein Family: PDZ AND LIM 
DOMAIN 2   

ENSRNOP00000015851 3 -16.6 
NADH-ubiquinone oxidoreductase 75 kDa subunit, 
mitochondrial precursor (EC 1.6.5.3) (EC 1.6.99.3). 1 Q66HF1 

ENSRNOP00000015866 2 -3.6 
Solute carrier family 2, facilitated glucose transporter 
member 2 (Glucose transporter type 2, liver) (GLUT-2). 1 P12336 

ENSRNOP00000015913 11 -49.3 

ADP/ATP translocase 2 (Adenine nucleotide translocator 
2) (ANT 2) (ADP,ATP carrier protein 2) (Solute carrier 
family 25 member 5).  1 Q09073 

ENSRNOP00000016205 2 -10.2 

Cysteine sulfinic acid decarboxylase (EC 4.1.1.29) 
(Sulfinoalanine decarboxylase) (Cysteine-sulfinate 
decarboxylase).  2 Q64611 

ENSRNOP00000016423 5 -28.8 
Collagen alpha-2(I) chain precursor (Alpha-2 type I 
collagen).  0 P02466 

ENSRNOP00000016954 4 -9.8 

Carnitine O-palmitoyltransferase 2, mitochondrial 
precursor (EC 2.3.1.21) (Carnitine palmitoyltransferase 
II) (CPT II).  6 P18886 



ENSRNOP00000016965 2 -3.1 

NADH dehydrogenase flavoprotein 2, mitochondrial 
precursor (EC 1.6.5.3) (EC 1.6.99.3) (NADH-ubiquinone 
oxidoreductase 24 kDa subunit).  0 P19234 

ENSRNOP00000017067 2 -4.8 

No description available.Protein Family: CYTOCHROME 
C1 HEME PROTEIN MITOCHONDRIAL PRECURSOR 
CYTOCHROME C 1 CYTOCHROME B C1 COMPLEX 
SUBUNIT 4 UBIQUINOL CYTOCHROME C 
REDUCTASE COMPLEX CYTOCHROME C1 SUBUNIT 
COMPLEX III SUBUNIT 4 COMPLEX III SUBUNIT IV 0   

ENSRNOP00000017067 2 -4.8 

No description available.Protein Family: CYTOCHROME 
C1 HEME PROTEIN MITOCHONDRIAL PRECURSOR 
CYTOCHROME C 1 CYTOCHROME B C1 COMPLEX 
SUBUNIT 4 UBIQUINOL CYTOCHROME C 
REDUCTASE COMPLEX CYTOCHROME C1 SUBUNIT 
COMPLEX III SUBUNIT 4 COMPLEX III SUBUNIT IV 0   

ENSRNOP00000017101 3 -22.4 

Membrane-associated progesterone receptor 
component 1 (Acidic 25 kDa protein) (25-DX) (Ventral 
midline antigen) (VEMA).  0 P70580 

ENSRNOP00000017237 3 -15.3 
Cytochrome P450 2C6 (EC 1.14.14.1) (CYPIIC6) (P450 
PB1) (PTF2).  2 P05178 

ENSRNOP00000017310 10 -50.3 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) (P-
450(M-1)) (P450H) (P450-UT-A) (UT-2). 1 P08683 

ENSRNOP00000018116 4 -23.3 Collagen alpha-1(IX) chain (Fragment). 0 P20850 

ENSRNOP00000020184 5 -23.5 
procollagen, type IV, alpha 4 Source: RefSeq_peptide 
NP_001008333 0   

ENSRNOP00000020302 5 -39.7 
Dihydroorotate dehydrogenase, mitochondrial precursor 
(EC 1.3.3.1) (Dihydroorotate oxidase) (DHOdehase).  3 Q63707 

ENSRNOP00000020306 13 -105 

dolichyl-di-phosphooligosaccharide-protein 
glycotransferase (predicted) Source: RefSeq_peptide 
NP_001012104 0   

ENSRNOP00000020364 5 -33 
Cation-dependent mannose-6-phosphate receptor 
precursor (CD Man-6-P receptor) (CD-MPR).  5 Q6AY20 

ENSRNOP00000020446 27 -147.1 Cytochrome b5.  0 P00173 

ENSRNOP00000020554 9 -29.6 
No description available.Protein Family: RRNA 2- O 
METHYLTRANSFERASE FIBRILLARIN EC_2.1.1.- 1   

ENSRNOP00000021170 2 -6.7 
Cadherin-2 precursor (Neural-cadherin) (N-cadherin) 
(CD325 antigen).  7 Q9Z1Y3 

ENSRNOP00000021407 38 -283.4 
choline dehydrogenase precursor Source: 
RefSeq_peptide NP_942026 0   



ENSRNOP00000021512 4 -21.5 

Peroxisomal trans-2-enoyl-CoA reductase (EC 1.3.1.38) 
(RLF98) (Peroxisomal 2,4-dienoyl CoA reductase) (PX-
2,4-DCR1). 3 Q9WVK3 

ENSRNOP00000021514 2 -9.3 

Ubiquinol-cytochrome-c reductase complex core protein 
2, mitochondrial precursor (EC 1.10.2.2) (Core protein II) 
(Complex III subunit II).  3 P32551 

ENSRNOP00000021920 5 -17.2 
ATP synthase B chain, mitochondrial precursor (EC 
3.6.3.14).  0 P19511 

ENSRNOP00000022703 6 -34.8 
L-gulonolactone oxidase (EC 1.1.3.8) (LGO) (L-gulono-
gamma-lactone oxidase) (GLO). 2 P10867 

ENSRNOP00000022892 2 -4.5 
ATP synthase subunit alpha, mitochondrial precursor 
(EC 3.6.3.14). \ 1 P15999 

ENSRNOP00000023601 2 -8.2 Ryanodine receptor type II (Fragment).  1 O08661 

ENSRNOP00000024106 6 -46 
Alpha-enolase (EC 4.2.1.11) (2-phospho-D-glycerate 
hydro-lyase) (Non- neural enolase) (NNE) (Enolase 1). 2 P04764 

ENSRNOP00000024423 3 -3.8 

Dimethylaniline monooxygenase 5 (EC 1.14.13.8) 
(Hepatic flavin-containing monooxygenase 5) (FMO 5) 
(Dimethylaniline oxidase 5). 2 Q8K4C0 

ENSRNOP00000024824 2 -7.6 tau tubulin kinase 1  1   

ENSRNOP00000025045 4 -11.7 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1). 2 Q64550 

ENSRNOP00000025254 10 -86.6 
Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) 
(Hepatic lectin 1) (RHL-1). 3 P02706 

ENSRNOP00000025525 3 -15.1 

Cytochrome c oxidase subunit 5A, mitochondrial 
precursor (EC 1.9.3.1) (Cytochrome c oxidase 
polypeptide Va). 0 P11240 

ENSRNOP00000026122 4 -22 

Hydroxymethylglutaryl-CoA synthase, mitochondrial 
precursor (EC 2.3.3.10) (HMG-CoA synthase) (3-
hydroxy-3-methylglutaryl coenzyme A synthase). 0 P22791 

ENSRNOP00000026279 2 -6.1 

Proteasome activator complex subunit 2 (Proteasome 
activator 28- subunit beta) (PA28beta) (PA28b) 
(Activator of multicatalytic protease subunit 2) (11S 
regulator complex subunit beta) (REG-beta).  0 Q63798 

ENSRNOP00000026290 13 -80.6 

3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-
hydroxysteroid dehydrogenase type V) (3-beta-HSD V) 
(NADPH-dependent 3-beta-hydroxy- Delta(5)-steroid 
dehydrogenase) (EC 1.1.1.-) (3-beta-hydroxy-5-ene 
steroid dehydrogenase) (Progesterone reductase).  2   



ENSRNOP00000003052 2 -11.2 

Lysosome membrane protein 2 (Lysosome membrane 
protein II) (LIMP II) (Scavenger receptor class B member 
2) 11 P27615 

ENSRNOP00000026347 2 -8.5 
Vitamin K epoxide reductase complex subunit 1 (EC 
1.1.4.1) (Vitamin K1 2,3-epoxide reductase subunit 1). 1 Q6TEK4 

ENSRNOP00000026574 5 -17.6 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile acid 
CoA ligase) (BA-CoA ligase) (BAL) (Cholate--CoA 
ligase) (Very long chain acyl-CoA synthetase-related 
protein) (VLACS-related) (VLACSR) (Fatty acid transport 
protein 5) (FATP-5) (Solute carrier family 1 Q9ES38 

ENSRNOP00000027520 2 -12 

Mitochondrial carnitine/acylcarnitine carrier protein 
(Carnitine/acylcarnitine translocase) (CAC) (Solute 
carrier family 25 member 20).  0 P97521 

ENSRNOP00000027754 2 -17.5 

Up-regulated during skeletal muscle growth protein 5 
(Diabetes- associated protein in insulin-sensitive 
tissues).  0 Q9JJW3 

ENSRNOP00000027760 6 -53.8 
CD81 antigen (26 kDa cell surface protein TAPA-1) 
(Target of the antiproliferative antibody 1). 0 Q62745 

ENSRNOP00000028066 2 -9.8 
Intercellular adhesion molecule 1 precursor (ICAM-1) 
(CD54 antigen).  8 Q00238 

ENSRNOP00000028237 2 -5 

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) 
(Steroid hormones 7- alpha-hydroxylase) (Testosterone 
7-alpha-hydroxylase) (P450-UT-F).  1 P11711 

ENSRNOP00000028680 3 -9.4 
No description available.Protein Family: NODAL 
MODULATOR PRECURSOR PM5 5   

ENSRNOP00000028760 2 -9.9 
Synaptic vesicle glycoprotein 2A (Synaptic vesicle 
protein 2A) (Synaptic vesicle protein 2). 3 Q02563 

ENSRNOP00000029426 2 -4.6 
No description available.Protein Family: ATP 
SYNTHASE F CHAIN MITOCHONDRIAL EC_3.6.3.14 0   

ENSRNOP00000030046 2 -8 
No description available.Protein Family: 
UNCHARACTERIZED 1   

ENSRNOP00000031599 2 -3.1 
hydroxysteroid (17-beta) dehydrogenase 6 Source: 
RefSeq_peptide NP_775427 3   

ENSRNOP00000031896 5 -39 
Collagen alpha-1(I) chain precursor (Alpha-1 type I 
collagen). 2 P02454 

ENSRNOP00000033706 2 -3.8 

No description available.Protein Family: CYTOCHROME 
B C1 COMPLEX SUBUNIT 7 EC_1.10.2.2 UBIQUINOL 
CYTOCHROME C REDUCTASE COMPLEX 14 KDA 
COMPLEX III SUBUNIT 7 COMPLEX III SUBUNIT VII 0   

ENSRNOP00000034293 9 -69.9 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal epoxide 
hydrolase) (Epoxide hydratase).  1 P07687 



ENSRNOP00000034723 7 -50.8 

UDP-glucuronosyltransferase 2B2 precursor (EC 
2.4.1.17) (UDPGT) (3- hydroxyandrogen specific) 
(UDPGTr-4) (RLUG23).  1 P08541 

ENSRNOP00000034954 6 -26.6 Perlecan (Fragment). 5 O08591 

ENSRNOP00000035031 2 -7.3 No description available.Protein Family: UNKNOWN 5   

ENSRNOP00000035416 2 -4.6 

No description available.Protein Family: SYNAPTIC 
GLYCOPROTEIN SC2 EC_1.3.1.- TRANS 2 3 ENOYL 
COA REDUCTASE TER 3   

ENSRNOP00000035423 7 -42.4 
Retinol dehydrogenase 2 (EC 1.1.1.105) (Retinol 
dehydrogenase type II) (RODH II) (29 k-protein).  0 P50170 

ENSRNOP00000035497 14 -113.1 Uncharacterized protein KIAA0152 homolog precursor. 1 Q5FVQ4 

ENSRNOP00000038602 3 -15.7 No other features on this peptide 2   

ENSRNOP00000040139 2 -4.6 
Metalloreductase STEAP4 (EC 1.16.1.-) (Six-
transmembrane epithelial antigen of prostate 4).  2 Q4V8K1 

ENSRNOP00000055824 2 -15.3 

Dipeptidyl peptidase 4 (EC 3.4.14.5) (Dipeptidyl 
peptidase IV) (DPP IV) (T-cell activation antigen CD26) 
(GP110 glycoprotein) 8 P14740 

ENSRNOP00000040266 12 -69.5 

Cytochrome P450 2D10 (EC 1.14.14.1) (CYPIID10) 
(P450-DB5) (P450-CMF1B) (Debrisoquine 4-
hydroxylase).  4 P12939 

ENSRNOP00000040513 2 -9.9 

No description available.Protein Family: CATION 
DEPENDENT MANNOSE 6 PHOSPHATE RECEPTOR 
PRECURSOR CD MAN 6 P RECEPTOR CD MPR 46 
KDA MANNOSE 6 PHOSPHATE RECEPTOR MPR 46 4   

ENSRNOP00000040859 36 -257.1 Calnexin precursor.  1 P35565 

ENSRNOP00000041174 30 -62.7 

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-
DB1) (P450-CMF1A) (P450-UT-7) (Debrisoquine 4-
hydroxylase). 4 P10633 

ENSRNOP00000041608 10 -10.4 
Phosphate carrier protein, mitochondrial precursor (PTP) 
(Solute carrier family 25 member 3). 0 P16036 

ENSRNOP00000043032 6 -20.4 
poliovirus receptor related 2 Source: RefSeq_peptide 
NP_001012064 3   

ENSRNOP00000043239 10 -45 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, dihydrotestosterone, 
and beta-estradiol specific) (17- beta-hydroxysteroid 
specific) (UDPGTr-3) (RLUG38). 0 P08542 

ENSRNOP00000043466 2 -12.8 
Amine oxidase B (EC 1.4.3.4) (Monoamine oxidase type 
B) (MAO-B). 1 P19643 

ENSRNOP00000043524 14 -75.9 
similar to RIKEN cDNA 2310001A20 (RGD1308874), 
mRNA Source: RefSeq_dna NM_001034003 1   



ENSRNOP00000043567 2 -4.8 actin, gamma, cytoplasmic 1  0   

ENSRNOP00000044296 6 -8.2 Actin, cytoplasmic 1 (Beta-actin). 1 P60711 

ENSRNOP00000045002 10 -33.7 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, dihydrotestosterone, 
and beta-estradiol specific) (17- beta-hydroxysteroid 
specific) (UDPGTr-3) (RLUG38). 0 P08542 

ENSRNOP00000045029 3 -11.8 
Cytochrome P450 2C7 (EC 1.14.14.1) (CYPIIC7) 
(P450F) (PTF1).  1 P05179 

ENSRNOP00000045388 2 -9.4 
RT1 class I, CE2 Source: RefSeq_peptide 
NP_001008840 2   

ENSRNOP00000045650 3 -9 ATPase, Na+/K+ transporting, alpha 1 polypeptide  3   

ENSRNOP00000045886 6 -35 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) (Aldehyde 
dehydrogenase, microsomal) (Aldehyde dehydrogenase 
family 3 member A2) (Aldehyde dehydrogenase 10).  0 P30839 

ENSRNOP00000045952 2 -3.3 
solute carrier family 25 member 15 Source: 
RefSeq_peptide NP_001041345 0   

ENSRNOP00000047647 2 -3.7 

Glycerol kinase (EC 2.7.1.30) (ATP:glycerol 3-
phosphotransferase) (Glycerokinase) (GK) (ATP-
stimulated glucocorticoid-receptor translocation 
promoter) (ASTP).  1 Q63060 

ENSRNOP00000048417 4 -14.3 
RT1 class Ia, locus A2 Source: RefSeq_peptide 
NP_001008829 1   

ENSRNOP00000048711 6 -48.4 
Cytochrome P450 2D3 (EC 1.14.14.1) (CYPIID3) (P450-
DB3) (Debrisoquine 4-hydroxylase).  1 P12938 

ENSRNOP00000048723 9 -44.7 No other features on this peptide 0   

ENSRNOP00000049689 2 -4.6 

similar to Tricarboxylate transport protein, mitochondrial 
precursor (Citrate transport protein) (CTP) 
(Tricarboxylate carrier protein) (Solute carrier family 25 
member 1) (LOC288311), mRNA Source: RefSeq_dna 
XR_006058 1   

ENSRNOP00000049883 2 -9.6 
RT1 class Ib gene, H2-TL-like, grc region (N1) Source: 
RefSeq_peptide NP_036778 3   

ENSRNOP00000050252 11 -90.3 
Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 
(CD147 antigen).  3 P26453 

ENSRNOP00000050322 2 -4 
Actin, gamma-enteric smooth muscle (Smooth muscle 
gamma actin) (Gamma- 2-actin) (Alpha-actin-3).  1 P63269 

ENSRNOP00000051614 2 -13.5 No other features on this peptide 2   



ENSRNOP00000051841 8 -47.5 

Protein disulfide-isomerase precursor (EC 5.3.4.1) (PDI) 
(Prolyl 4- hydroxylase subunit beta) (Cellular thyroid 
hormone-binding protein). 0 P04785 

ENSRNOP00000052247 3 -9.2 
RAB30, member RAS oncogene family Source: 
RefSeq_peptide NP_001015012 2   

ENSRNOP00000052513 2 -8.3 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000053689 2 -8 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000054537 5 -31 lysosomal-associated membrane protein 1  18   

ENSRNOP00000056312 4 -15.4 
tumor rejection antigen gp96 (predicted) Source: 
RefSeq_peptide NP_001012197 4   

ENSRNOP00000056976 2 -9 

Translocon-associated protein subunit alpha precursor 
(TRAP-alpha) (Signal sequence receptor subunit alpha) 
(SSR-alpha) (Liver regeneration-related protein 
LRRG137).  2 Q7TPJ0 

ENSRNOP00000057369 2 -9.1 No description available.Protein Family: FRAGMENT 0   

ENSRNOP00000057476 2 -7.5 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000057564 2 -8.1 No description available.Protein Family: PRECURSOR 0   

ENSRNOP00000057699 3 -10.2 
RT1 class I, CE5 isoform 1 Source: RefSeq_peptide 
NP_001008843 1   

 



 
Supplementary Table 4 (continued)   

Membrane Proteins identified by Jacalin fractionation (Chapter 3)   

Identifier # peptides 
log (e) 
score Description 

Glycosylation 
(N-X-S/T) Accession No 

ENSRNOP00000024187 34 -224.2 

Liver carboxylesterase 4 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-4) (Microsomal palmitoyl-CoA 
hydrolase) (Kidney microsomal carboxylesterase).  0 Q64573 

ENSRNOP00000014235 69 -179.3 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) (Long-
chain acyl-CoA synthetase 1) (LACS 1) (Long-chain-fatty-
acid--CoA ligase, liver isozyme).  3 P18163 

ENSRNOP00000034210 23 -169.1 Lrp1 protein (Fragment). 3 Q5I0H1 

ENSRNOP00000021812 24 -149.3 

Carboxylesterase 3 precursor (EC 3.1.1.1) (Liver 
carboxylesterase 10) (Carboxyesterase ES-10) (pI 6.1 
esterase) (ES-HVEL). 2 P16303 

ENSRNOP00000041174 32 -94.5 

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) (P450-
DB1) (P450-CMF1A) (P450-UT-7) (Debrisoquine 4-
hydroxylase). 4 P10633 

ENSRNOP00000044296 20 -79 Actin, cytoplasmic 1 (Beta-actin).  1 P60711 

ENSRNOP00000040266 26 -78.6 
Cytochrome P450 2D10 (EC 1.14.14.1) (CYPIID10) (P450-
DB5) (P450-CMF1B) (Debrisoquine 4-hydroxylase).   4 P12939 

ENSRNOP00000013816 23 -69.7 No other features on this peptide 0   

ENSRNOP00000020775 7 -57.9 
Liver carboxylesterase 3 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-3) (pI 5.5 esterase) (ES-HTEL).  3 Q63108 

ENSRNOP00000051841 12 -56.5 

Protein disulfide-isomerase precursor (EC 5.3.4.1) (PDI) 
(Prolyl 4- hydroxylase subunit beta) (Cellular thyroid 
hormone-binding protein). 0 P04785 

ENSRNOP00000020446 19 -56.4 Cytochrome b5.  1 P00173 

ENSRNOP00000010579 23 -51.4 
Microsomal glutathione S-transferase 1 (EC 2.5.1.18) 
(Microsomal GST- 1) (Microsomal GST-I).   0 P08011 

ENSRNOP00000005875 20 -49.8 
Retinol dehydrogenase 7 (EC 1.1.1.105) (Retinol 
dehydrogenase type III) (RODH III).  1 P55006 

ENSRNOP00000035423 14 -48 
Retinol dehydrogenase 2 (EC 1.1.1.105) (Retinol 
dehydrogenase type II) (RODH II) (29 k-protein). 0 P50170 

ENSRNOP00000025254 6 -43.7 
Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) 
(Hepatic lectin 1) (RHL-1). 3 P02706 

            

ENSRNOP00000045567 10 -43.2 

Cytochrome P450 4A14 precursor (EC 1.14.15.3) 
(CYPIVA14) (Lauric acid omega-hydroxylase) (P450-LA-
omega 3).   3 P20817 



ENSRNOP00000015913 21 -40.6 

ADP/ATP translocase 2 (Adenine nucleotide translocator 
2) (ANT 2) (ADP,ATP carrier protein 2) (Solute carrier 
family 25 member 5). 1 Q09073 

ENSRNOP00000045886 14 -39.8 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) (Aldehyde 
dehydrogenase, microsomal) (Aldehyde dehydrogenase 
family 3 member A2) (Aldehyde dehydrogenase 10). 0 P30839 

ENSRNOP00000020558 6 -38.6 

UDP-glucose:glycoprotein glucosyltransferase 1 precursor 
(EC 2.4.1.-) (UDP-glucose ceramide glucosyltransferase-
like 1) (UDP-- Glc:glycoprotein glucosyltransferase) 
(RUGT).  3 Q9JLA3 

ENSRNOP00000019772 8 -37 Fibronectin precursor (FN). 6 P04937 

ENSRNOP00000058524 5 -34.6 carboxylesterase 6 Source: RefSeq_peptide NP_653344 1   

ENSRNOP00000042597 6 -34.4 

Liver carboxylesterase 4 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-4) (Microsomal palmitoyl-CoA 
hydrolase) (Kidney microsomal carboxylesterase).  1 Q64573 

ENSRNOP00000024622 5 -34.2 
No description available.Protein Family: 
CARBOXYLESTERASE PRECURSOR EC_3.1.1.1 4   

ENSRNOP00000018649 6 -34.1 Dsp protein (Fragment).   4 Q4QQR7 

ENSRNOP00000034723 7 -33.9 

UDP-glucuronosyltransferase 2B2 precursor (EC 2.4.1.17) 
(UDPGT) (3- hydroxyandrogen specific) (UDPGTr-4) 
(RLUG23).  1 P08541 

ENSRNOP00000021514 6 -33.5 

Ubiquinol-cytochrome-c reductase complex core protein 2, 
mitochondrial precursor (EC 1.10.2.2) (Core protein II) 
(Complex III subunit II).  3 P32551 

ENSRNOP00000043239 8 -33.4 

UDP-glucuronosyltransferase 2B3 precursor (EC 2.4.1.17) 
(UDPGT) (Testosterone, dihydrotestosterone, and beta-
estradiol specific) (17- beta-hydroxysteroid specific) 
(UDPGTr-3) (RLUG38).  0 P08542 

ENSRNOP00000003334 5 -33 

Guanine nucleotide-binding protein subunit beta 2-like 1 
(Receptor of activated protein kinase C 1) (RACK1) 
(Receptor for activated C kinase).  1 P63245 

ENSRNOP00000026794 6 -31.1 

No description available.Protein Family: NEUTRAL ALPHA 
GLUCOSIDASE AB PRECURSOR EC_3.2.1.84 
GLUCOSIDASE II SUBUNIT ALPHA 1   

ENSRNOP00000045002 7 -30.8 

UDP-glucuronosyltransferase 2B3 precursor (EC 2.4.1.17) 
(UDPGT) (Testosterone, dihydrotestosterone, and beta-
estradiol specific) (17- beta-hydroxysteroid specific) 
(UDPGTr-3) (RLUG38).  0 P08542 

ENSRNOP00000017310 5 -30 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) (P-
450(M-1)) (P450H) (P450-UT-A) (UT-2). 1 P08683 

ENSRNOP00000022892 4 -29.4 
ATP synthase subunit alpha, mitochondrial precursor (EC 
3.6.3.14).  1 P15999 

ENSRNOP00000001299 3 -28.8 Scavenger receptor class B member 1 (SRB1) (SR-BI). 8 P97943 



ENSRNOP00000012796 5 -27.5 
No description available.Protein Family: FILAMIN B FLN B 
BETA FILAMIN ACTIN BINDING ABP 280 4   

ENSRNOP00000002738 5 -26.6 

CD166 antigen precursor (Activated leukocyte-cell 
adhesion molecule) (ALCAM) (MEMD protein) (HB2) (SB-
10 antigen) (KG-CAM). 5 O35112 

ENSRNOP00000038602 5 -26.4 No other features on this peptide 2   

ENSRNOP00000042268 6 -26.4 
Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 
(CD147 antigen).  3 P26453 

ENSRNOP00000024423 3 -25.7 

Dimethylaniline monooxygenase 5 (EC 1.14.13.8) (Hepatic 
flavin-containing monooxygenase 5) (FMO 5) 
(Dimethylaniline oxidase 5). 2 Q8K4C0 

ENSRNOP00000043950 4 -25.4 Junction plakoglobin.  7 Q6P0K8 

ENSRNOP00000053689 4 -24.7 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000016353 4 -23.5 
Integrin alpha-1 precursor (Laminin and collagen receptor) 
(VLA-1) (CD49a antigen).  21 P18614 

ENSRNOP00000004864 5 -22.9 

Dimethylaniline monooxygenase 3 (EC 1.14.13.8) (Hepatic 
flavin-containing monooxygenase 3) (FMO 3) 
(Dimethylaniline oxidase 3).  3 Q9EQ76 

ENSRNOP00000024736 4 -22.7 No description available.Protein Family: PRECURSOR 3   

ENSRNOP00000010209 4 -22 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 63 kDa subunit precursor (EC 
2.4.1.119) (Ribophorin II) (RPN-II). 2 P25235 

ENSRNOP00000021170 5 -21.9 
Cadherin-2 precursor (Neural-cadherin) (N-cadherin) 
(CD325 antigen). 7 Q9Z1Y3 

ENSRNOP00000013532 4 -21 No description available.Protein Family: PLAKOPHILIN 5   

ENSRNOP00000021920 5 -20.6 
ATP synthase B chain, mitochondrial precursor (EC 
3.6.3.14).  0 P19511 

ENSRNOP00000005755 3 -19.9 Calmodulin (CaM).  1 P62161 

ENSRNOP00000026290 6 -19.7 

3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-
hydroxysteroid dehydrogenase type V) (3-beta-HSD V) 
(NADPH-dependent 3-beta-hydroxy- Delta(5)-steroid 
dehydrogenase) (EC 1.1.1.-) (3-beta-hydroxy-5-ene steroid 
dehydrogenase) (Progesterone reductase).  2 P27364 

ENSRNOP00000008477 16 -19.6 

Voltage-dependent anion-selective channel protein 1 
(VDAC-1) (rVDAC1) (Outer mitochondrial membrane 
protein porin 1). 2 Q9Z2L0 

ENSRNOP00000054924 4 -19.3 
inner membrane protein, mitochondrial Source: 
RefSeq_peptide NP_001030100 3   

ENSRNOP00000008987 2 -17.7 
CD302 antigen precursor (C-type lectin domain family 13 
member A).  0 Q5FVR3 

ENSRNOP00000019285 3 -17.6 
Cathepsin H precursor (EC 3.4.22.16) (Cathepsin B3) 
(Cathepsin BA) .  2 P00786 

ENSRNOP00000035497 2 -17.6 Uncharacterized protein KIAA0152 homolog precursor.  1 Q5FVQ4 



ENSRNOP00000037093 3 -16.9 No description available.Protein Family: COPINE COPINE 2   

ENSRNOP00000043466 4 -16.9 
Amine oxidase B (EC 1.4.3.4) (Monoamine oxidase type B) 
(MAO-B).  1 P19643 

ENSRNOP00000004091 4 -16.3 
Calreticulin precursor (CRP55) (Calregulin) (HACBP) 
(ERp60) (CALBP) (Calcium-binding protein 3) (CABP3).  0 P18418 

ENSRNOP00000026574 3 -15.9 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile acid 
CoA ligase) (BA-CoA ligase) (BAL) (Cholate--CoA ligase) 
(Very long chain acyl-CoA synthetase-related protein) 
(VLACS-related) (VLACSR) (Fatty acid transport protein 5) 
(FATP-5) (Solute carrier family  1 Q9ES38 

ENSRNOP00000046111 3 -15.6 LRRGT00082. 3 Q6TUG2 

ENSRNOP00000001095 3 -15.3 Tubulin beta-5 chain.  2 P69897 

ENSRNOP00000044376 2 -14.3 
Asialoglycoprotein receptor 2 (ASGP-R 2) (ASGPR 2) 
(Hepatic lectin R2/3) (RHL-2). 3 P08290 

ENSRNOP00000011880 2 -14.2 
Cytochrome P450 2D18 (EC 1.14.14.1) (CYPIID18) (P450 
2D-29/2D-35). 3 Q64680  

ENSRNOP00000030301 3 -14.2 Elastin precursor (Tropoelastin).  0 Q99372 

ENSRNOP00000050167 3 -14.1 Elastin precursor (Tropoelastin).  0 Q99372 

ENSRNOP00000004836 5 -13.5 
No description available.Protein Family: ATP SYNTHASE 
D CHAIN MITOCHONDRIAL EC_3.6.3.14 1   

ENSRNOP00000044696 4 -12.9 
Ubiquinol-cytochrome-c reductase complex core protein 1, 
mitochondrial precursor (EC 1.10.2.2) (Core I protein). 2 Q68FY0 

ENSRNOP00000005459 4 -12.6 LOC690745 protein (Fragment).   0 Q5I0K9 

ENSRNOP00000050581 5 -12.3 

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 
1.1.1.146) (11-DH) (11-beta-hydroxysteroid 
dehydrogenase 1) (11-beta-HSD1).   2 P16232 

ENSRNOP00000013262 3 -12.1 

Electron transfer flavoprotein-ubiquinone oxidoreductase, 
mitochondrial precursor (EC 1.5.5.1) (ETF-QO) (ETF-
ubiquinone oxidoreductase) (ETF dehydrogenase) 
(Electron-transferring- flavoprotein dehydrogenase). 1 Q6UPE1 

ENSRNOP00000003965 2 -11.6 
ATP synthase subunit beta, mitochondrial precursor (EC 
3.6.3.14). 0 P10719 

ENSRNOP00000015956 2 -11.2 

Aspartate aminotransferase, mitochondrial precursor (EC 
2.6.1.1) (Transaminase A) (Glutamate oxaloacetate 
transaminase 2).  1 P00507 

ENSRNOP00000048723 3 -11.1 No other features on this peptide 1   

ENSRNOP00000013607 2 -11 Solute carrier family 27 (Fatty acid transporter), member 2.  2 Q66HN6 

ENSRNOP00000003052 2 -10.8 

Lysosome membrane protein 2 (Lysosome membrane 
protein II) (LIMP II) (Scavenger receptor class B member 
2) 11 P27615 

ENSRNOP00000027520 5 -10.8 

Mitochondrial carnitine/acylcarnitine carrier protein 
(Carnitine/acylcarnitine translocase) (CAC) (Solute carrier 
family 25 member 20). 0 P97521 



ENSRNOP00000049879 6 -10.3 ATP synthase gamma chain, mitochondrial (EC 3.6.3.14).  4 P35435 

ENSRNOP00000057476 2 -10 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000028237 3 -9.6 

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) (Steroid 
hormones 7- alpha-hydroxylase) (Testosterone 7-alpha-
hydroxylase) (P450-UT-F).  1 P11711 

ENSRNOP00000034293 2 -9.6 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal epoxide 
hydrolase) (Epoxide hydratase).  1 P07687 

ENSRNOP00000011485 2 -9.2 
MAL2 proteolipid protein Source: RefSeq_peptide 
NP_942081 1   

ENSRNOP00000022487 3 -9.2 

Cytochrome c oxidase subunit 5B, mitochondrial precursor 
(EC 1.9.3.1) (Cytochrome c oxidase polypeptide Vb) 
(Cytochrome c oxidase subunit VIA*).   1 P12075 

ENSRNOP00000014058 3 -8.9 Cytochrome c, somatic. 0 P62898 

ENSRNOP00000019624 2 -8.9 

No description available.Protein Family: NADH 
DEHYDROGENASE 1 BETA SUBCOMPLEX SUBUNIT 10 
EC_1.6.5.3 EC_1.6.99.- 3 NADH UBIQUINONE 
OXIDOREDUCTASE PDSW SUBUNIT COMPLEX I 
PDSW CI PDSW 1   

ENSRNOP00000021407 4 -8.9 
choline dehydrogenase precursor Source: RefSeq_peptide 
NP_942026 0   

ENSRNOP00000018455 3 -8.8 
Protein transport protein Sec61 subunit alpha isoform 1 
(Sec61 alpha- 1). 0 P61621 

ENSRNOP00000028194 3 -8.6 
7-dehydrocholesterol reductase (EC 1.3.1.21) (7-DHC 
reductase) (Sterol Delta(7)-reductase).  3 Q9Z2Z8 

ENSRNOP00000004365 2 -8.5 
No description available.Protein Family: WD REPEAT 
CONTAINING 0   

ENSRNOP00000027773 3 -8.5 
Alpha-actinin-4 (Non-muscle alpha-actinin 4) (F-actin 
cross-linking protein).  3 Q9QXQ0 

ENSRNOP00000052801 2 -8.4 Perlecan (Fragment).  0 O08591 

ENSRNOP00000024106 2 -8.2 
Alpha-enolase (EC 4.2.1.11) (2-phospho-D-glycerate 
hydro-lyase) (Non- neural enolase) (NNE) (Enolase 1).  2  P04764 

ENSRNOP00000035416 2 -8.2 

No description available.Protein Family: SYNAPTIC 
GLYCOPROTEIN SC2 EC_1.3.1.- TRANS 2 3 ENOYL 
COA REDUCTASE TER 3   

ENSRNOP00000049615 2 -8.2 
No description available.Protein Family: COLLAGEN 
ALPHA 1 CHAIN 1   

ENSRNOP00000010043 2 -8.1 Ras-related protein Rab-15.  1 P35289 

ENSRNOP00000015338 2 -8 src homology 2 domain-containing transforming protein B  0   

ENSRNOP00000040018 2 -8 Plectin-1 (PLTN) (PCN).  9 P30427 

ENSRNOP00000006087 2 -7.9 
epidermal growth factor receptor Source: RefSeq_peptide 
NP_113695 6   



ENSRNOP00000029578 2 -7.9 
nicotinamide nucleotide transhydrogenase Source: 
RefSeq_peptide NP_001013175 5   

ENSRNOP00000009989 2 -7.8 
Protein LYRIC (Lysine-rich CEACAM1 co-isolated protein) 
(Metastasis adhesion protein) (Metadherin).  3 Q9Z1W6 

ENSRNOP00000001284 2 -7.7 

No description available.Protein Family: GUANINE 
NUCLEOTIDE EXCHANGE FACTOR LYMPHOID BLAST 
CRISIS ONCOGENE 2   

ENSRNOP00000010333 2 -7.4 
procollagen, type XXVII, alpha 1 Source: RefSeq_peptide 
NP_942042 3   

ENSRNOP00000013496 3 -7.4 Low-density lipoprotein receptor precursor (LDL receptor). 4 P35952 

ENSRNOP00000020554 2 -7.4 
No description available.Protein Family: RRNA 2- O 
METHYLTRANSFERASE FIBRILLARIN EC_2.1.1.-     

ENSRNOP00000033098 2 -7.3 sidekick homolog 2 (chicken)  17   

ENSRNOP00000051703 2 -7.2 predicted gene, ENSMUSG00000072030  0   

ENSRNOP00000015684 2 -6.9 No description available.Protein Family: AMBIGUOUS 1   

ENSRNOP00000017101 2 -7 

Membrane-associated progesterone receptor component 1 
(Acidic 25 kDa protein) (25-DX) (Ventral midline antigen) 
(VEMA).  0 P70580 

ENSRNOP00000002410 2 -6.3 Peroxisomal bifunctional enzyme (PBE) (PBFE) . 1 P07896 

ENSRNOP00000022233 2 -6.3 
Prothrombin precursor (EC 3.4.21.5) (Coagulation factor 
II) .  4 P18292 

ENSRNOP00000005853 2 -6.1 
Polymeric-immunoglobulin receptor precursor (Poly-Ig 
receptor) (PIGR) .  4 P15083 

ENSRNOP00000029426 4 -5.6 
No description available.Protein Family: ATP SYNTHASE 
F CHAIN MITOCHONDRIAL EC_3.6.3.14 0   

ENSRNOP00000015851 2 -5.5 
NADH-ubiquinone oxidoreductase 75 kDa subunit, 
mitochondrial precursor (EC 1.6.5.3) (EC 1.6.99.3). 1 Q66HF1 

ENSRNOP00000016965 2 -5.3 

NADH dehydrogenase flavoprotein 2, mitochondrial 
precursor (EC 1.6.5.3) (EC 1.6.99.3) (NADH-ubiquinone 
oxidoreductase 24 kDa subunit).  0 P19234 

ENSRNOP00000003645 2 -5.1 
homogentisate 1, 2-dioxygenase Source: RefSeq_peptide 
NP_001012145 0   

ENSRNOP00000045650 2 -4.9 ATPase, Na+/K+ transporting, alpha 1 polypeptide  3   

ENSRNOP00000030508 2 -4.7 No description available.Protein Family: F BOX ONLY 0   

ENSRNOP00000040859 2 -4.7 Calnexin precursor.  1 P35565 

ENSRNOP00000002712 5 -4.3 
UDP-glucuronosyltransferase 2B4 precursor (EC 2.4.1.17) 
(UDPGT) (UDP- glucuronosyltransferase 2B12).  1 P36511 

ENSRNOP00000041608 11 -4.1 
Phosphate carrier protein, mitochondrial precursor (PTP) 
(Solute carrier family 25 member 3) 0 P16036 



ENSRNOP00000000177 2 -4 

Lysosome-associated membrane glycoprotein 2 precursor 
(LAMP-2) (Lysosomal membrane glycoprotein-type B) 
(LGP-B) (LGP-96) (LGP-110) (CD107b antigen).  16  P17046 

ENSRNOP00000048004 2 -4 
No description available.Protein Family: SKIN SPECIFIC 
32 0   

ENSRNOP00000036896 2 -3.9 No other features on this peptide 0   

ENSRNOP00000010760 8 -3.5 
Methyltransferase-like protein 7B precursor (EC 2.1.1.-) 
(Associated with lipid droplet protein 1) (ALDI).  0 Q562C4 

ENSRNOP00000012448 3 -3.5 Cytochrome P450 4X1 (EC 1.14.14.1) (CYPIVX1). 3 Q8K4D6 

ENSRNOP00000013629 2 -3.5 

AP-2 complex subunit beta-1 (Adapter-related protein 
complex 2 beta-1 subunit) (Beta-adaptin) (Plasma 
membrane adaptor HA2/AP2 adaptin beta subunit) 
(Clathrin assembly protein complex 2 beta large chain) 
(AP105B).  3 P62944 

ENSRNOP00000015866 3 -3.5 
Solute carrier family 2, facilitated glucose transporter 
member 2 (Glucose transporter type 2, liver) (GLUT-2). 1 P12336 

ENSRNOP00000038428 2 -3.5 

Annexin A2 (Annexin-2) (Annexin II) (Lipocortin II) 
(Calpactin I heavy chain) (Chromobindin-8) (p36) (Protein 
I) (Placental anticoagulant protein IV) (PAP-IV). 1 Q07936 

ENSRNOP00000020306 2 -3.4 

dolichyl-di-phosphooligosaccharide-protein 
glycotransferase (predicted) Source: RefSeq_peptide 
NP_001012104 2   

ENSRNOP00000037521 2 -3.3 No description available.Protein Family: AMBIGUOUS 0   

ENSRNOP00000042136 2 -3.2 
Latrophilin-2 precursor (Calcium-independent alpha-
latrotoxin receptor 2) (CIRL-2). 12 O88923 

ENSRNOP00000052656 2 -3.2 Clathrin heavy chain.  6 P11442 

ENSRNOP00000055369 2 -3.2 cytochrome P450, family 1, subfamily a, polypeptide 2  3   

ENSRNOP00000034511 2 -3.1 

No description available.Protein Family: NADH 
DEHYDROGENASE 1 BETA SUBCOMPLEX SUBUNIT 7 
EC_1.6.5.3 EC_1.6.99.- 3 NADH UBIQUINONE 
OXIDOREDUCTASE B18 SUBUNIT COMPLEX I B18 CI 
B18 0   

 



 
Supplementary Table 4 (continued)   

Membrane Proteins identified by WGA fractionation (Chapter 3)   

Identifier # peptides 
log (e) 
score Description 

Glycosylation 
(N-X-S/T) 

Accession 
No 

ENSRNOP00000014235 39 -164.2 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) 
(Long-chain acyl-CoA synthetase 1) (LACS 1) (Long-
chain-fatty-acid--CoA ligase, liver isozyme).  3 P18163 

ENSRNOP00000041174 31 -109.4 

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) 
(P450-DB1) (P450-CMF1A) (P450-UT-7) 
(Debrisoquine 4-hydroxylase).  4 P10633 

ENSRNOP00000013816 21 -107.1 No other features on this peptide 0   

ENSRNOP00000003334 13 -85.7 

Guanine nucleotide-binding protein subunit beta 2-like 
1 (Receptor of activated protein kinase C 1) (RACK1) 
(Receptor for activated C kinase).  1 P63245 

ENSRNOP00000040266 20 -84.3 

Cytochrome P450 2D10 (EC 1.14.14.1) (CYPIID10) 
(P450-DB5) (P450-CMF1B) (Debrisoquine 4-
hydroxylase).  4 P12939 

ENSRNOP00000034293 12 -77.7 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal 
epoxide hydrolase) (Epoxide hydratase). 1 P07687 

ENSRNOP00000005875 18 -62.2 
Retinol dehydrogenase 7 (EC 1.1.1.105) (Retinol 
dehydrogenase type III) (RODH III). 1 P55006 

ENSRNOP00000015913 15 -60.8 

ADP/ATP translocase 2 (Adenine nucleotide 
translocator 2) (ANT 2) (ADP,ATP carrier protein 2) 
(Solute carrier family 25 member 5). 1 Q09073 

ENSRNOP00000042597 11 -55.3 

Liver carboxylesterase 4 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-4) (Microsomal palmitoyl-CoA 
hydrolase) (Kidney microsomal carboxylesterase).  1 Q64573 

ENSRNOP00000010579 12 -50.3 
Microsomal glutathione S-transferase 1 (EC 2.5.1.18) 
(Microsomal GST- 1) (Microsomal GST-I).  0 P08011 

ENSRNOP00000012413 16 -48.2 

Cytochrome P450 2D26 (EC 1.14.14.1) (CYPIID26) 
(P450-DB2) (P450-CMF2) (Debrisoquine 4-
hydroxylase). 3 P10634 

ENSRNOP00000044296 13 -47.7 Actin, cytoplasmic 1 (Beta-actin). 1 P60711 

ENSRNOP00000043466 8 -44.8 
Amine oxidase B (EC 1.4.3.4) (Monoamine oxidase 
type B) (MAO-B).  1 P19643 

ENSRNOP00000026574 9 -44.7 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile 
acid CoA ligase) (BA-CoA ligase) (BAL) (Cholate--
CoA ligase) (Very long chain acyl-CoA synthetase-
related protein) (VLACS-related) (VLACSR) (Fatty 
acid transport protein 5) (FATP-5) (Solute carrier 
family  1 Q9ES38 



ENSRNOP00000043239 7 -44.6 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, 
dihydrotestosterone, and beta-estradiol specific) (17- 
beta-hydroxysteroid specific) (UDPGTr-3) (RLUG38).  0 P08542 

ENSRNOP00000035423 7 -42.5 
Retinol dehydrogenase 2 (EC 1.1.1.105) (Retinol 
dehydrogenase type II) (RODH II) (29 k-protein).  0 P50170 

ENSRNOP00000021812 7 -42.4 

Carboxylesterase 3 precursor (EC 3.1.1.1) (Liver 
carboxylesterase 10) (Carboxyesterase ES-10) (pI 6.1 
esterase) (ES-HVEL). 2 P16303 

ENSRNOP00000010209 6 -42.2 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 63 kDa subunit precursor (EC 
2.4.1.119) (Ribophorin II) (RPN-II). 2 P25235 

ENSRNOP00000045886 9 -41.5 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) 
(Aldehyde dehydrogenase, microsomal) (Aldehyde 
dehydrogenase family 3 member A2) (Aldehyde 
dehydrogenase 10).  0 P30839 

ENSRNOP00000003965 7 -40.8 
ATP synthase subunit beta, mitochondrial precursor 
(EC 3.6.3.14). 0 P10719 

ENSRNOP00000020446 20 -40.1 Cytochrome b5.  1 P00173 

ENSRNOP00000002724 7 -39.3 
UDP-glucuronosyltransferase 2B1 precursor (EC 
2.4.1.17) (UDPGT) (UDPGTr-2).  2 P09875 

ENSRNOP00000024973 6 -38.7 
Very-long-chain specific acyl-CoA dehydrogenase, 
mitochondrial precursor (EC 1.3.99.-) (VLCAD).  3 P45953 

ENSRNOP00000027994 6 -37.5 
No description available.Protein Family: COLLAGEN 
ALPHA 1 CHAIN 4   

ENSRNOP00000048358 11 -37.4 

No description available.Protein Family: ADP/ATP 
TRANSLOCASE ADENINE NUCLEOTIDE 
TRANSLOCATOR ANT ADP ATP CARRIER SOLUTE 
CARRIER FAMILY 25 MEMBER 2   

ENSRNOP00000021920 6 -37.1 
ATP synthase B chain, mitochondrial precursor (EC 
3.6.3.14).  0  P19511 

ENSRNOP00000045002 13 -35.8 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, 
dihydrotestosterone, and beta-estradiol specific) (17- 
beta-hydroxysteroid specific) (UDPGTr-3) (RLUG38). 0 P08542 

ENSRNOP00000054537 7 -34.9 lysosomal-associated membrane protein 1  18   

ENSRNOP00000045567 9 -34.4 

Cytochrome P450 4A14 precursor (EC 1.14.15.3) 
(CYPIVA14) (Lauric acid omega-hydroxylase) (P450-
LA-omega 3).  3 P20817 

ENSRNOP00000015956 5 -34.2 

Aspartate aminotransferase, mitochondrial precursor 
(EC 2.6.1.1) (Transaminase A) (Glutamate 
oxaloacetate transaminase 2).  1 P00507 



ENSRNOP00000008477 4 -33.6 

Voltage-dependent anion-selective channel protein 1 
(VDAC-1) (rVDAC1) (Outer mitochondrial membrane 
protein porin 1).  2 Q9Z2L0 

ENSRNOP00000016083 7 -33.4 Ceruloplasmin precursor (EC 1.16.3.1) (Ferroxidase).  4 P13635 

ENSRNOP00000005853 5 -32.1 
Polymeric-immunoglobulin receptor precursor (Poly-Ig 
receptor) (PIGR) .  4 P15083 

ENSRNOP00000004091 7 -31.7 

Calreticulin precursor (CRP55) (Calregulin) (HACBP) 
(ERp60) (CALBP) (Calcium-binding protein 3) 
(CABP3).  0 P18418 

ENSRNOP00000034723 10 -31.7 

UDP-glucuronosyltransferase 2B2 precursor (EC 
2.4.1.17) (UDPGT) (3- hydroxyandrogen specific) 
(UDPGTr-4) (RLUG23).  1 P08541 

ENSRNOP00000014630 8 -31.5 

No description available.Protein Family: 
MICROSOMAL TRIGLYCERIDE TRANSFER LARGE 
SUBUNIT PRECURSOR 1   

ENSRNOP00000018649 5 -31.4 Dsp protein (Fragment). 4 Q4QQR7 

ENSRNOP00000021514 7 -30.6 

Ubiquinol-cytochrome-c reductase complex core 
protein 2, mitochondrial precursor (EC 1.10.2.2) (Core 
protein II) (Complex III subunit II). 3 P32551 

ENSRNOP00000019772 4 -29 Fibronectin precursor (FN). 6 P04937 

ENSRNOP00000046654 3 -25.3 

Carcinoembryonic antigen-related cell adhesion 
molecule 1 precursor (Cell-CAM 105) (C-CAM 105) 
(Ecto-ATPase) (ATP-dependent taurocolate- carrier 
protein) (GP110) (pp120).  15 P16573 

ENSRNOP00000025254 5 -24.6 
Asialoglycoprotein receptor 1 (ASGPR 1) (ASGP-R 1) 
(Hepatic lectin 1) (RHL-1).  3 P02706 

ENSRNOP00000002738 4 -24.5 

CD166 antigen precursor (Activated leukocyte-cell 
adhesion molecule) (ALCAM) (MEMD protein) (HB2) 
(SB-10 antigen) (KG-CAM).  5 O35112 

ENSRNOP00000027773 3 -24.1 
Alpha-actinin-4 (Non-muscle alpha-actinin 4) (F-actin 
cross-linking protein).  3 Q9QXQ0 

ENSRNOP00000005311 5 -23.8 
Collagen alpha-1(I) chain precursor (Alpha-1 type I 
collagen).  2 P02454 

ENSRNOP00000005073 4 -23.3 Collagen alpha 2 type V (Fragment).  2 O70598 

ENSRNOP00000024106 3 -23.3 

Alpha-enolase (EC 4.2.1.11) (2-phospho-D-glycerate 
hydro-lyase) (Non- neural enolase) (NNE) (Enolase 
1). 2 P04764 

ENSRNOP00000019547 4 -23.2 

No description available.Protein Family: BRAIN 
SPECIFIC ANGIOGENESIS INHIBITOR 
PRECURSOR 5   

ENSRNOP00000033956 7 -22.9 

No description available.Protein Family: ADP/ATP 
TRANSLOCASE ADENINE NUCLEOTIDE 
TRANSLOCATOR ANT ADP ATP CARRIER SOLUTE 
CARRIER FAMILY 25 MEMBER 2   



ENSRNOP00000021407 5 -22.8 
choline dehydrogenase precursor Source: 
RefSeq_peptide NP_942026 0   

ENSRNOP00000020775 9 -21.6 
Liver carboxylesterase 3 precursor (EC 3.1.1.1) 
(Carboxyesterase ES-3) (pI 5.5 esterase) (ES-HTEL).  3 Q63108 

ENSRNOP00000051445 10 -21.3 

Long-chain-fatty-acid--CoA ligase 5 (EC 6.2.1.3) 
(Long-chain acyl-CoA synthetase 5) (LACS 5). 
O88813 1 O88813 

ENSRNOP00000019408 4 -21.1 

No description available.Protein Family: ZINC 
FINGER HOMEOBOX ZINC FINGER 
HOMEODOMAIN ZFH 14   

ENSRNOP00000022892 6 -20.9 
ATP synthase subunit alpha, mitochondrial precursor 
(EC 3.6.3.14).  1 P15999 

ENSRNOP00000004864 3 -20.4 

Dimethylaniline monooxygenase 3 (EC 1.14.13.8) 
(Hepatic flavin-containing monooxygenase 3) (FMO 3) 
(Dimethylaniline oxidase 3).  3 Q9EQ76 

ENSRNOP00000043950 7 -19.8 Junction plakoglobin.  7 Q6P0K8 

ENSRNOP00000049879 8 -19.3 
ATP synthase gamma chain, mitochondrial (EC 
3.6.3.14). 4 P35435 

ENSRNOP00000051841 4 -18.6 

Protein disulfide-isomerase precursor (EC 5.3.4.1) 
(PDI) (Prolyl 4- hydroxylase subunit beta) (Cellular 
thyroid hormone-binding protein).  0 P04785 

ENSRNOP00000021512 4 -18.1 

Peroxisomal trans-2-enoyl-CoA reductase (EC 
1.3.1.38) (RLF98) (Peroxisomal 2,4-dienoyl CoA 
reductase) (PX-2,4-DCR1).  3 Q9WVK3 

ENSRNOP00000026290 3 -17.5 

3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-
hydroxysteroid dehydrogenase type V) (3-beta-HSD 
V) (NADPH-dependent 3-beta-hydroxy- Delta(5)-
steroid dehydrogenase) (EC 1.1.1.-) (3-beta-hydroxy-
5-ene steroid dehydrogenase) (Progesterone 
reductase). 2 P27364 

ENSRNOP00000003965 7 -40.8 
ATP synthase subunit beta, mitochondrial precursor 
(EC 3.6.3.14).  0 P10719 

ENSRNOP00000033185 3 -16.2 No description available.Protein Family: AMBIGUOUS 1   

ENSRNOP00000005459 3 -16 LOC690745 protein (Fragment).  0 Q5I0K9 

ENSRNOP00000044696 3 -15.5 

Ubiquinol-cytochrome-c reductase complex core 
protein 1, mitochondrial precursor (EC 1.10.2.2) (Core 
I protein).  2 Q68FY0 

ENSRNOP00000027234 4 -15.2 
Monocarboxylate transporter 1 (MCT 1) (Solute carrier 
family 16 member 1). 1 P53987 

ENSRNOP00000017310 5 -14.8 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) 
(P-450(M-1)) (P450H) (P450-UT-A) (UT-2).  1 P08683 

ENSRNOP00000052856 5 -14.4 

similar to solute carrier family 25, member 5 
(LOC673916), mRNA Source: RefSeq_dna 
XR_004388 1   



ENSRNOP00000020184 3 -14 
procollagen, type IV, alpha 4 Source: RefSeq_peptide 
NP_001008333 3   

ENSRNOP00000015851 2 -13.5 
NADH-ubiquinone oxidoreductase 75 kDa subunit, 
mitochondrial precursor (EC 1.6.5.3) (EC 1.6.99.3).  1 Q66HF1 

ENSRNOP00000019552 3 -13.5 

Annexin A5 (Annexin-5) (Annexin V) (Lipocortin V) 
(Endonexin II) (Calphobindin I) (CBP-I) (Placental 
anticoagulant protein I) (PAP-I) (PP4) (Thromboplastin 
inhibitor) (Vascular anticoagulant-alpha) (VAC- alpha) 
(Anchorin CII).  0   

ENSRNOP00000028237 3 -13.2 

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) 
(Steroid hormones 7- alpha-hydroxylase) 
(Testosterone 7-alpha-hydroxylase) (P450-UT-F).  1 P11711 

ENSRNOP00000050581 4 -13 

Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 
1.1.1.146) (11-DH) (11-beta-hydroxysteroid 
dehydrogenase 1) (11-beta-HSD1). 2 P16232 

ENSRNOP00000001816 4 -11.5 
Aldehyde dehydrogenase, mitochondrial precursor 
(EC 1.2.1.3) (ALDH class 2) (ALDH1) (ALDH-E2).  2 P11884 

ENSRNOP00000012878 4 -11.5 
NADH-cytochrome b5 reductase 3 (EC 1.6.2.2) 
(Cytochrome b5 reductase) (B5R) (Diaphorase-1) . 0  P20070 

ENSRNOP00000022532 2 -11.3 
Prenylcysteine oxidase precursor (EC 1.8.3.5) 
(Chloride ion pump- associated 55 kDa protein). 3 Q99ML5 

ENSRNOP00000022233 3 -11.1 
Prothrombin precursor (EC 3.4.21.5) (Coagulation 
factor II) .  4 P18292 

ENSRNOP00000014464 3 -10.6 

Annexin A6 (Annexin-6) (Annexin VI) (Lipocortin VI) 
(P68) (P70) (Protein III) (Chromobindin-20) (67 kDa 
calelectrin) (Calphobindin-II) (CPB-II) (Calcium-
binding protein CATA 65/67). 1 P48037 

ENSRNOP00000051613 4 -10.4 
No description available.Protein Family: 
CYTOCHROME P450 2 2   

ENSRNOP00000003052 2 -10.2 

Lysosome membrane protein 2 (Lysosome membrane 
protein II) (LIMP II) (Scavenger receptor class B 
member 2) (85 kDa lysosomal membrane 
sialoglycoprotein) (LGP85) (CD36 antigen-like 2).  9 P27615 

ENSRNOP00000052152 2 -10.2 Fibronectin receptor alpha chain (Fragments). 6 Q7M074 

ENSRNOP00000018462 2 -9.9 

Voltage-dependent anion-selective channel protein 2 
(VDAC-2) (Outer mitochondrial membrane protein 
porin 2) (B36-VDAC). 3 P81155 

ENSRNOP00000025570 2 -9.9 

Golgi apparatus protein 1 precursor (Golgi 
sialoglycoprotein MG-160) (E-selectin ligand 1) (ESL-
1). 5 Q62638 

ENSRNOP00000046414 2 -9.9 
Cytochrome c oxidase subunit 2 (EC 1.9.3.1) 
(Cytochrome c oxidase polypeptide II).  0 P00406 



ENSRNOP00000017101 2 -9.8 

Membrane-associated progesterone receptor 
component 1 (Acidic 25 kDa protein) (25-DX) (Ventral 
midline antigen) (VEMA).  0 P70580 

ENSRNOP00000010663 2 -9.7 
UDP-glucose pyrophosphorylase 2 Source: 
RefSeq_peptide NP_001019914 4   

ENSRNOP00000052490 2 -9.7 

No description available.Protein Family: SOLUTE 
CARRIER ORGANIC ANION TRANSPORTER 
FAMILY MEMBER SOLUTE CARRIER FAMILY 21 
MEMBER ORGANIC ANION TRANSPORTER 
ORGANIC ANION TRANSPORTING POLYPEPTIDE 6   

ENSRNOP00000055369 2 -9.7 cytochrome P450, family 1, subfamily a, polypeptide 2  3   

ENSRNOP00000008851 2 -9.4 
24-dehydrocholesterol reductase Source: 
RefSeq_peptide NP_001073617 0   

ENSRNOP00000020364 3 -9.3 
Cation-dependent mannose-6-phosphate receptor 
precursor (CD Man-6-P receptor) (CD-MPR).  5 Q6AY20 

ENSRNOP00000054267 2 -9.3 
No description available.Protein Family: COLLAGEN 
ALPHA IV CHAIN 1   

ENSRNOP00000048004 3 -9.2 
No description available.Protein Family: SKIN 
SPECIFIC 32 0   

ENSRNOP00000013262 2 -9.1 

Electron transfer flavoprotein-ubiquinone 
oxidoreductase, mitochondrial precursor (EC 1.5.5.1) 
(ETF-QO) (ETF-ubiquinone oxidoreductase) (ETF 
dehydrogenase) (Electron-transferring- flavoprotein 
dehydrogenase).  1 Q6UPE1 

ENSRNOP00000020669 2 -9.1 Alpha-3 type IV collagen (Fragment).  1 Q63122 

ENSRNOP00000012219 3 -8.8 No other features on this peptide 1   

ENSRNOP00000018796 2 -8.6 
Membrane-associated progesterone receptor 
component 2.  0 Q5XIU9 

ENSRNOP00000034954 2 -8.6 Perlecan (Fragment).  5 O08591 

ENSRNOP00000009777 2 -8.3 

Bile acid CoA:amino acid N-acyltransferase (EC 
2.3.1.65) (BAT) (BACAT) (Glycine N-
choloyltransferase) (Kan-1) (Long-chain fatty-acyl-
CoA hydrolase) (EC 3.1.2.2).  1 Q63276 

ENSRNOP00000052513 2 -8.1 No description available.Protein Family: UNKNOWN 0   

ENSRNOP00000004836 4 -8 

No description available.Protein Family: ATP 
SYNTHASE D CHAIN MITOCHONDRIAL 
EC_3.6.3.14 1   

ENSRNOP00000042268 2 -8 
Basigin precursor (OX-47 antigen) (Glycoprotein CE9) 
(CD147 antigen). 3 P26453 

ENSRNOP00000012425 3 -7.9 

No description available.Protein Family: NADH 
DEHYDROGENASE IRON SULFUR 3 
MITOCHONDRIAL PRECURSOR EC_1.6.5.3 
EC_1.6.99.- 3 NADH UBIQUINONE 
OXIDOREDUCTASE 30 KDA SUBUNIT COMPLEX I 0   



30KD CI 30KD 

ENSRNOP00000029204 2 -7.9 
No description available.Protein Family: ZINC 
FINGER 0   

ENSRNOP00000034851 3 -7.8 

No description available.Protein Family: E3 
UBIQUITIN LIGASE MARCH4 PRECURSOR 
EC_6.3.2.- MEMBRANE ASSOCIATED RING 
FINGER 4 MEMBRANE ASSOCIATED RING CH IV 
MARCH IV 1   

ENSRNOP00000025045 2 -7.7 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1).  2 Q64550 

ENSRNOP00000016423 2 -7.6 
Collagen alpha-2(I) chain precursor (Alpha-2 type I 
collagen).  0 P02466 

ENSRNOP00000011641 2 -7.5 

No description available.Protein Family: ZINC 
FINGER HOMEOBOX ZINC FINGER 
HOMEODOMAIN ZFH 11   

ENSRNOP00000038770 2 -7.5 

No description available.Protein Family: 
FIBRONECTIN TYPE III DOMAIN CONTAINING 3B 
FACTOR ADIPOCYTE DIFFERENTIATION 104 HCV 
NS5A BINDING 37 3   

ENSRNOP00000019624 2 -7.4 

No description available.Protein Family: NADH 
DEHYDROGENASE 1 BETA SUBCOMPLEX 
SUBUNIT 10 EC_1.6.5.3 EC_1.6.99.- 3 NADH 
UBIQUINONE OXIDOREDUCTASE PDSW SUBUNIT 
COMPLEX I PDSW CI PDSW 1   

ENSRNOP00000000095 2 -7.3 No description available.Protein Family: EC_3.6.1.- 5   

ENSRNOP00000015006 2 -7.3 
Cytochrome b5 type B precursor (Cytochrome b5 
outer mitochondrial membrane isoform).  0 P04166 

ENSRNOP00000026333 2 -7.3 
No description available.Protein Family: RING 
FINGER 31 2   

ENSRNOP00000041026 2 -7.3 
ectonucleoside triphosphate diphosphohydrolase 5 
Source: RefSeq_peptide NP_955426 1   

ENSRNOP00000055547 2 -7.3 

No description available.Protein Family: NESPRIN 
NUCLEAR ENVELOPE SPECTRIN REPEAT 
SYNAPTIC NUCLEAR ENVELOPE 10   

ENSRNOP00000000177 2 -6.8 

Lysosome-associated membrane glycoprotein 2 
precursor (LAMP-2) (Lysosomal membrane 
glycoprotein-type B) (LGP-B) (LGP-96) (LGP-110) 
(CD107b antigen).  16 P17046 

ENSRNOP00000006855 2 -6.6 Surfeit locus protein 1.  1 Q9QXU2 

ENSRNOP00000018761 2 -6.5 Arylacetamide deacetylase (EC 3.1.1.-) (AADAC).  3 Q9QZH8 



ENSRNOP00000012233 2 -6.4 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit DAD1 (EC 2.4.1.119) 
(Oligosaccharyl transferase subunit DAD1) (Defender 
against cell death 1) (DAD-1).  0 P61805 

ENSRNOP00000024707 2 -6.4 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC).  3 Q63965 

ENSRNOP00000001299 2 -6.3 
Scavenger receptor class B member 1 (SRB1) (SR-
BI).  8 P97943 

ENSRNOP00000014058 2 -6.1 Cytochrome c, somatic.  0 P62898 

ENSRNOP00000015684 3 -6.1 No description available.Protein Family: AMBIGUOUS 1   

ENSRNOP00000018711 2 -6.1 Adenylyl cyclase-associated protein 1 (CAP 1).  3 Q08163 

ENSRNOP00000013532 2 -5.8 
No description available.Protein Family: 
PLAKOPHILIN 5   

ENSRNOP00000001905 2 -5.7 
No description available.Protein Family: 
TRANSFERRIN RECEPTOR 5   

ENSRNOP00000056312 2 -5.6 
tumor rejection antigen gp96 (predicted) Source: 
RefSeq_peptide NP_001012197 4   

ENSRNOP00000040859 2 -5.5 Calnexin precursor.  1 P35565 

ENSRNOP00000007567 2 -5.2 
NADH dehydrogenase (ubiquinone) 1 alpha 
subcomplex, 4  0   

ENSRNOP00000049568 2 -4.9 
No description available.Protein Family: 
PRECURSOR 6   

ENSRNOP00000025045 2 -7.7 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1).  2 Q64550 

ENSRNOP00000027760 2 -4.6 
CD81 antigen (26 kDa cell surface protein TAPA-1) 
(Target of the antiproliferative antibody 1).  1 Q62745 

ENSRNOP00000003910 2 -4.4 
Amine oxidase A (EC 1.4.3.4) (Monoamine oxidase 
type A) (MAO-A). 1 P21396 

ENSRNOP00000029426 2 -4.2 

No description available.Protein Family: ATP 
SYNTHASE F CHAIN MITOCHONDRIAL 
EC_3.6.3.14 0   

ENSRNOP00000041608 6 -4.2 
Phosphate carrier protein, mitochondrial precursor 
(PTP) (Solute carrier family 25 member 3). 0  P16036 

ENSRNOP00000051608 2 -4.2 
Cytochrome P450 2C70 (EC 1.14.14.1) (CYPIIC70) 
(P-450Md) (P450 P49). 2 P19225 

ENSRNOP00000024736 2 -4.1 
No description available.Protein Family: 
PRECURSOR 3   

ENSRNOP00000026347 2 -4.1 
Vitamin K epoxide reductase complex subunit 1 (EC 
1.1.4.1) (Vitamin K1 2,3-epoxide reductase subunit 1).  1 Q6TEK4 

ENSRNOP00000010760 6 -3.9 
Methyltransferase-like protein 7B precursor (EC 
2.1.1.-) (Associated with lipid droplet protein 1) (ALDI).  0 Q562C4 

ENSRNOP00000012681 2 -3.6 No other features on this peptide 1   



ENSRNOP00000038428 2 -3.6 

Annexin A2 (Annexin-2) (Annexin II) (Lipocortin II) 
(Calpactin I heavy chain) (Chromobindin-8) (p36) 
(Protein I) (Placental anticoagulant protein IV) (PAP-
IV).  1 Q07936 

ENSRNOP00000043148 2 -3.6 Catechol O-methyltransferase (EC 2.1.1.6). 0 P22734 

ENSRNOP00000015802 2 -3.5 
No description available.Protein Family: 
CYTOCHROME P450 2 1   

ENSRNOP00000050137 10 -3.5 

No description available.Protein Family: VOLTAGE 
DEPENDENT ANION SELECTIVE CHANNEL VDAC 
OUTER MITOCHONDRIAL MEMBRANE PORIN 1   

ENSRNOP00000001315 2 -3.4 
Actin-related protein 2/3 complex subunit 1B (ARP2/3 
complex 41 kDa subunit) (p41-ARC).  0 O88656 

ENSRNOP00000026197 2 -3.4 

Voltage-dependent anion-selective channel protein 3 
(VDAC-3) (rVDAC3) (Outer mitochondrial membrane 
protein porin 3).  2 Q9R1Z0 

ENSRNOP00000028066 2 -3.4 
Intercellular adhesion molecule 1 precursor (ICAM-1) 
(CD54 antigen).  8 Q00238 

ENSRNOP00000042986 2 -3.4 
cytochrome P450, family 2, subfamily b, polypeptide 
13 Source: RefSeq_peptide NP_942028 1   

ENSRNOP00000002712 2 -3 

UDP-glucuronosyltransferase 2B4 precursor (EC 
2.4.1.17) (UDPGT) (UDP- glucuronosyltransferase 
2B12).  0 P36511 

ENSRNOP00000015866 2 -3 

Solute carrier family 2, facilitated glucose transporter 
member 2 (Glucose transporter type 2, liver) (GLUT-
2).  1 P12336 

ENSRNOP00000028194 2 -3 
7-dehydrocholesterol reductase (EC 1.3.1.21) (7-DHC 
reductase) (Sterol Delta(7)-reductase).  3 Q9Z2Z8 

ENSRNOP00000007398 2 -7.7 

Myosin-9 (Myosin heavy chain 9) (Myosin heavy 
chain, nonmuscle IIa) (Nonmuscle myosin heavy 
chain IIa) (NMMHC II-a) (NMMHC-IIA) (Cellular 
myosin heavy chain, type A) (Nonmuscle myosin 
heavy chain-A) (NMMHC- A). 6 Q62812 

ENSRNOP00000028458 2 -4.4 

Myosin light polypeptide 3 (Myosin light chain 1, slow-
twitch muscle B/ventricular isoform) (MLC1SB) 
(Ventricular/slow twitch myosin alkali light chain).   1 P16409 

 



 
Supplementary Table 4 (continued)   

Membrane Proteins identified by hydrazine chemistry (Chapter 3)   

Identifier # peptides 
log (e) 
score Description 

Glycosylation 
(N-X-S/T) Accession No 

ENSRNOP00000000072 13 -39.6 ATP synthase subunit e, mitochondrial. 0 P29419 

ENSRNOP00000003022 10 -18.3 

Cytochrome c oxidase polypeptide VIIa-liver/heart, 
mitochondrial precursor (Cytochrome c oxidase 
subunit VIIa-L).  0 P35171 

ENSRNOP00000040969 20 -50.8 
ATP synthase, H+ transporting, mitochondrial F0 
complex, subunit G  0 NP_997681 

ENSRNOP00000001545 6 -19.5 
Cytochrome c oxidase polypeptide VIa-liver, 
mitochondrial precursor.  1 P10818 

ENSRNOP00000042135 2 -5.7 NADH dehydrogenase 1 beta 4 (Fragment).  0 Q2XTA8 

ENSRNOP00000037647 2 -13.8 Protein Mpv17.  0 Q5BK62 

ENSRNOP00000040759 2 -12.5 

Myosin light polypeptide 6 (Smooth muscle and 
nonmuscle myosin light chain alkali 6) (Myosin light 
chain alkali 3) (Myosin light chain 3) (MLC-3) 
(LC17).  1 Q64119 

ENSRNOP00000020670 2 -9.5 
ATP synthase subunit delta, mitochondrial 
precursor.  0 P35434 

ENSRNOP00000038100 1 -4.3 
translocase of inner mitochondrial membrane 17 
homolog B Source: RefSeq_peptide  0 NP_001101719 

ENSRNOP00000053215 5 -18.1 

Translocon-associated protein subunit delta 
precursor (TRAP-delta) (Signal sequence receptor 
subunit delta) (SSR-delta). 0 Q07984 

ENSRNOP00000024033 9 -13.6 

Cytochrome c oxidase subunit 4 isoform 1, 
mitochondrial precursor (Cytochrome c oxidase 
subunit IV isoform 1) (COX IV-1) (Cytochrome c 
oxidase polypeptide IV).  0 P10888 

ENSRNOP00000021274 2 -4.1 
Myosin regulatory light chain 2-B, smooth muscle 
isoform (Myosin RLC- B).  2 P18666 

ENSRNOP00000017692 18 -23.3 ADP-ribosylation factor 4.  1 P61751 

ENSRNOP00000054063 7 -10.7 Ras-related protein Rab-4B.   1 P51146 

ENSRNOP00000040401 8 -5.4 

No description available.Protein Family: 
MITOCHONDRIAL IMPORT INNER MEMBRANE 
TRANSLOCASE SUBUNIT TIM23 2   

ENSRNOP00000006950 11 -19.8 Ras-related protein Rab-1A. 1 Q6NYB7 

ENSRNOP00000053518 8 -8.5 
Peroxisomal membrane protein 2 (22 kDa 
peroxisomal membrane protein).  1 Q07066 



ENSRNOP00000002732 38 -93.6 
ATP synthase subunit O, mitochondrial precursor 
(Oligomycin sensitivity conferral protein) (OSCP).  0 Q06647 

ENSRNOP00000053675 6 -11.5 No other features on this peptide 1   

ENSRNOP00000057446 4 -15.3 NADH dehydrogenase (ubiquinone) Fe-S protein 7  0 NP_001008525 

ENSRNOP00000025327 3 -12.6 

Vesicle-trafficking protein SEC22b (SEC22 vesicle-
trafficking protein homolog B) (SEC22 vesicle-
trafficking protein-like 1) (ERS24) (ERS- 24).  1 Q4KM74 

ENSRNOP00000040879 4 -6.4 
similar to CG7582-PA (LOC690610), mRNA 
Source: RefSeq_ 0 

dna 
NM_001109604 

ENSRNOP00000030668 9 -5.7 
transmembrane emp24 protein transport domain 
containing 9  1 NP_001009703 

ENSRNOP00000034299 16 -53.8 
No description available.Protein Family: 
ARACHIDONATE LIPOXYGENASE 1   

ENSRNOP00000018897 10 -24.4 catechol-O-methyltransferase domain containing 1  1 NP_001100719 

ENSRNOP00000023562 6 -5.9 membrane-associated ring finger (C3HC4) 5  1 NP_001099842 

ENSRNOP00000051846 26 -89.5 
solute carrier family 25 (mitochondrial carrier; 
dicarboxylate transporter), member 10  1 NP_596909 

ENSRNOP00000022519 5 -7 Uncharacterized protein C18orf19 homolog.  0 Q5XIJ4 

ENSRNOP00000010593 4 -14.8 

Succinate dehydrogenase iron-sulfur subunit (EC 
1.3.5.1) (Ip) (Iron-sulfur subunit of complex II) 
(Fragment).  1 P21913 

ENSRNOP00000016043 12 -52.6 solute carrier family 25 member 15  0 NP_001041345 

ENSRNOP00000021893 2 -7.7 
Iodotyrosine dehalogenase 1 precursor (EC 1.-.-.-) 
(IYD-1).  0 Q5BK17 

ENSRNOP00000003004 11 -32.6 

Estradiol 17-beta-dehydrogenase 11 precursor (EC 
1.1.1.-) (17-beta- hydroxysteroid dehydrogenase 
11) (17-beta-HSD 11) (17-beta-HSD XI) 
(17betaHSDXI) (17bHSD11) (17betaHSD11) 
(Dehydrogenase/reductase SDR family member 8).  0 Q6AYS8 

ENSRNOP00000002044 6 -4.5 

Alpha-soluble NSF attachment protein (SNAP-
alpha) (N-ethylmaleimide- sensitive factor 
attachment protein, alpha). 1 P54921 

ENSRNOP00000017472 22 -55.8 
Prohibitin-2 (B-cell receptor-associated protein 
BAP37) (BAP-37). 2 Q5XIH7 

ENSRNOP00000042462 51 -69.8 No description available.Protein Family: UNKNOWN 1   

ENSRNOP00000005144 17 -69.3 
Mitochondrial 2-oxoglutarate/malate carrier protein 
(OGCP) (Solute carrier family 25 member 11).  0 P97700 

ENSRNOP00000011846 18 -54.9 mitochondrial carrier homolog 2 Source:  1 NP_001099958 

ENSRNOP00000025240 5 -32.6 
solute carrier family 25 (mitochondrial carrier, 
glutamate), member 22  1 NP_001014049 



ENSRNOP00000004941 10 -18.1 
Leucine-rich repeat-containing protein 59 (Protein 
p34).  1 Q5RJR8 

ENSRNOP00000020544 5 -5.9 
Electron transfer flavoprotein subunit alpha, 
mitochondrial precursor (Alpha-ETF).  1 P13803 

ENSRNOP00000027615 2 -6.2 Solute carrier family 25 member 42.  0 P0C546 

ENSRNOP00000015844 2 -6 retinol dehydrogenase 11  2 NP_001012193 

ENSRNOP00000036519 16 -47.8 dehydrogenase/reductase (SDR family) member 7  0 NP_001013116 

ENSRNOP00000034963 2 -10.2 
MOSC domain-containing protein 2, mitochondrial 
precursor (EC 1.-.-.-).  0 Q922Q1 

ENSRNOP00000025523 2 -5.9 carbonic anhydrase 14  1 NP_001103125 

ENSRNOP00000021017 2 -4.5 
eukaryotic translation initiation factor 3, subunit 5 
(epsilon)  2 NP_001099762 

ENSRNOP00000013151 3 -4.7 Stomatin-like protein 2 (SLP-2).  2 Q4FZT0 

ENSRNOP00000027815 6 -10.5 Secretory carrier membrane protein 3 (Fragment).  0 Q9ERM8 

ENSRNOP00000043885 3 -5.9 
NADH-ubiquinone oxidoreductase chain 2 (EC 
1.6.5.3) (NADH dehydrogenase subunit 2). 3 P11662 

ENSRNOP00000017268 2 -8.6 SPFH domain family, member 1  2 NP_001099823 

ENSRNOP00000011494 23 -81.5 
Phosphate carrier protein, mitochondrial precursor 
(PTP) (Solute carrier family 25 member 3).  0 P16036 

ENSRNOP00000022985 7 -45 NAD(P) dependent steroid dehydrogenase-like  2 NP_001009399 

ENSRNOP00000028033 2 -5.7 
Glucose-6-phosphatase (EC 3.1.3.9) (G6Pase) (G-
6-Pase).  3 P43428 

ENSRNOP00000022550 3 -3.8 

Guanine nucleotide-binding protein G(i), alpha-2 
subunit (Adenylate cyclase-inhibiting G alpha 
protein).  1 P04897 

ENSRNOP00000018795 8 -15.3 

Estradiol 17-beta-dehydrogenase 2 (EC 1.1.1.62) 
(Testosterone 17-beta- dehydrogenase) (EC 
1.1.1.63) (17-beta-HSD 2) (17-beta-hydroxysteroid 
dehydrogenase 2).  2 Q62730 

ENSRNOP00000034135 11 -60.2 

NADH dehydrogenase 1 alpha subcomplex subunit 
9, mitochondrial precursor (NADH-ubiquinone 
oxidoreductase 39 kDa subunit) (Complex I-39kD) 
(CI-39kD) (Fragment).  1 Q5BK63 

ENSRNOP00000005912 6 -30.3 lysophosphatidylglycerol acyltransferase 1 1 NP_001102846 

ENSRNOP00000028084 3 -16.1 
vesicle amine transport protein 1 homolog (T 
californica)  2 NP_001028855 

ENSRNOP00000039584 25 -115.8 

Cytochrome P450 4A14 precursor (EC 1.14.15.3) 
(CYPIVA14) (Lauric acid omega-hydroxylase) 
(P450-LA-omega 3).  2 P20817 



ENSRNOP00000050691 2 -5.3 

3-ketoacyl-CoA thiolase B, peroxisomal precursor 
(EC 2.3.1.16) (Beta- ketothiolase B) (Acetyl-CoA 
acyltransferase B) (Peroxisomal 3-oxoacyl- CoA 
thiolase B).  3 P07871 

ENSRNOP00000027925 4 -11.3 
Organic cation transporter-like protein 2 (Solute 
carrier family 22 member 18).  0 Q6AY78 

ENSRNOP00000001556 19 -34.7 

Short-chain specific acyl-CoA dehydrogenase, 
mitochondrial precursor (EC 1.3.99.2) (SCAD) 
(Butyryl-CoA dehydrogenase). 3 P15651 

ENSRNOP00000023215 4 -8.7 COX15 homolog  1 NP_001028871 

ENSRNOP00000049419 4 -11.1 eukaryotic translation initiation factor 4A1 1 NP_955404 

ENSRNOP00000015810 9 -24 
solute carrier family 37 (glucose-6-phosphate 
transporter), member 4  1 NP_113777 

ENSRNOP00000016561 5 -10.7 
No description available.Protein Family: 
AMBIGUOUS 2   

ENSRNOP00000007552 5 -24.2 Suclg2 protein (Fragment). 0 Q68FT4 

ENSRNOP00000027999 3 -4.6 

Short/branched chain specific acyl-CoA 
dehydrogenase, mitochondrial precursor (EC 
1.3.99.-) (SBCAD) (2-methyl branched chain acyl-
CoA dehydrogenase) (2-MEBCAD) (2-
methylbutyryl-coenzyme A dehydrogenase) (2-
methylbutyryl-CoA dehydrogenase).  1 P70584 

ENSRNOP00000025203 10 -11.4 Tu translation elongation factor, mitochondrial  1 NP_001099765 

ENSRNOP00000048850 3 -16.5 
No description available.Protein Family: 
AMBIGUOUS 2   

ENSRNOP00000006322 44 -92 
Tubulin alpha-1A chain (Tubulin alpha-1 chain) 
(Alpha-tubulin 1).  1 P68370 

ENSRNOP00000027305 2 -7.9 
Elongation factor 1-gamma (EF-1-gamma) (eEF-1B 
gamma).  1 Q68FR6 

ENSRNOP00000042628 51 -109.2 tubulin, alpha 1B (Tuba1b), 1 
dna 
NM_001044270 

ENSRNOP00000017180 27 -53.5 
No description available.Protein Family: 
ELONGATION FACTOR 1 ALPHA EF 1 ALPHA 1   

ENSRNOP00000023516 3 -7.9 
succinate-Coenzyme A ligase, ADP-forming, beta 
subunit  0 NP_001101857 

ENSRNOP00000032909 35 -30.8 

Calcium-binding mitochondrial carrier protein 
Aralar1 (Mitochondrial aspartate glutamate carrier 
1) (Solute carrier family 25 member 12).  1 Q8BH59 

ENSRNOP00000028392 13 -40.3 
Probable proline dehydrogenase 2 (EC 1.5.99.8) 
(Proline oxidase-like protein).  2 Q2V057 

ENSRNOP00000016520 5 -4.5 
Sorting and assembly machinery component 50 
homolog.  1 Q6AXV4 



ENSRNOP00000055224 17 -27 

NADH dehydrogenase iron-sulfur protein 2, 
mitochondrial precursor (EC 1.6.5.3) (EC 1.6.99.3) 
(NADH-ubiquinone oxidoreductase 49 kDa subunit) 
(Complex I-49kD) (CI-49kD).  1 Q91WD5 

ENSRNOP00000043141 9 -22.4 
NADH-ubiquinone oxidoreductase chain 4 (EC 
1.6.5.3) (NADH dehydrogenase subunit 4).  4 P05508 

ENSRNOP00000016356 2 -8.4 Protein FAM82C.  1 Q66H15 

ENSRNOP00000053174 2 -4.2 
No description available.Protein Family: 
AMBIGUOUS 1   

ENSRNOP00000020015 13 -43.4 
Aldehyde dehydrogenase family 8 member A1 (EC 
1.2.1.-) (Retinal dehydrogenase 4).  0 Q8BH00 

ENSRNOP00000014051 3 -7.7 
cytochrome P450, family 39, subfamily a, 
polypeptide 1  2 NP_001100363 

ENSRNOP00000005005 18 -53.5 
Kynurenine 3-monooxygenase (EC 1.14.13.9) 
(Kynurenine 3-hydroxylase). Source:  2 O88867 

ENSRNOP00000003691 2 -3.6 

UDP-glucose 6-dehydrogenase (EC 1.1.1.22) 
(UDP-Glc dehydrogenase) (UDP-GlcDH) 
(UDPGDH).  0 O70199 

ENSRNOP00000012533 3 -5.2 Coiled-coil domain-containing protein 47 precursor.  1 Q5U2X6 

ENSRNOP00000045196 26 -89.5 

Cytochrome P450 2B1 (EC 1.14.14.1) (CYPIIB1) 
(P450-B) (P450b) (P450- PB1 and P450-PB2) 
(P450-LM2).  1 P00176 

ENSRNOP00000012300 2 -3.6 

Alpha-(1,3)-fucosyltransferase 11 (EC 2.4.1.-) 
(Galactoside 3-L- fucosyltransferase 11) 
(Fucosyltransferase 11) (FucT-XI) (Fuc-TXI). 4 Q68FV3 

ENSRNOP00000028249 42 -125.5 
Cytochrome P450 2A2 (EC 1.14.14.1) (CYPIIA2) 
(Testosterone 15-alpha- hydroxylase) (P450-UT-4).  2 P15149 

ENSRNOP00000002054 4 -12.8 Cytochrome P450 2B15 (EC 1.14.14.1) (CYPIIB15).  2 Q64583 

ENSRNOP00000017840 62 -102.8 
Cytochrome P450 2C23 (EC 1.14.14.1) (CYPIIC23) 
(Arachidonic acid epoxygenase). 1 P24470 

ENSRNOP00000016883 26 -101.4 
Cytochrome P450 2E1 (EC 1.14.14.1) (CYPIIE1) 
(P450-J) (P450RLM6).  2 P05182 

ENSRNOP00000054078 13 -39.3 
No description available.Protein Family: 
CYTOCHROME P450 EC_1.14.14.1 1   

ENSRNOP00000028196 28 -99.1 
Cytochrome P450 2B2 (EC 1.14.14.1) (CYPIIB2) 
(P450E) (P450 PB4).  1 P04167 

ENSRNOP00000020478 9 -38.6 

Protein disulfide-isomerase A3 precursor (EC 
5.3.4.1) (Disulfide isomerase ER-60) (ERp60) (58 
kDa microsomal protein) (p58) (ERp57) (HIP-70) 
(Q-2).  0 P11598 

ENSRNOP00000001285 9 -50.2 
Cytochrome P450 3A18 (EC 1.14.14.1) (CYPIIIA18) 
(P450(6)beta-2).  2 Q64581 



ENSRNOP00000001291 45 -110 
No description available.Protein Family: 
CYTOCHROME P450 EC_1.14.14.1 2   

ENSRNOP00000035966 7 -3.9 

Protein ERGIC-53 precursor (ER-Golgi intermediate 
compartment 53 kDa protein) (Lectin mannose-
binding 1) (p58).  0 Q62902 

ENSRNOP00000025094 6 -31.2 solute carrier family 22 member 7  3 NP_445989 

ENSRNOP00000025652 33 -63.8 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1).  2 Q64550 

ENSRNOP00000051361 23 -84.2 

Dimethylaniline monooxygenase 1 (EC 1.14.13.8) 
(Hepatic flavin-containing monooxygenase 1) (FMO 
1) (Dimethylaniline oxidase 1).  2 P36365 

ENSRNOP00000040239 8 -28 
UDP-glucuronosyltransferase 2A1 precursor (EC 
2.4.1.17) (UDPGT) (UGT- OLF).  4 P36510 

ENSRNOP00000006533 4 -23.1 
Cytochrome P450 4F1 (EC 1.14.14.1) (CYPIVF1) 
(P450-A3).  2 P33274 

ENSRNOP00000045670 33 -67.3 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1).  4 Q64550 

ENSRNOP00000039545 5 -25.5 Cytochrome P450 4F4 (EC 1.14.14.1) (CYPIVF4).  3 P51869 

ENSRNOP00000030374 32 -63.4 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1).  2 Q64550 

ENSRNOP00000024452 10 -35.8 lactamase, beta Source:  1 NP_001100303 

ENSRNOP00000028787 11 -14.6 Atlastin-3.  4 Q0ZHH6 

ENSRNOP00000023152 15 -46.8 

Cytochrome P450 27, mitochondrial precursor (EC 
1.14.13.15) (Cytochrome P-450C27/25) (Sterol 26-
hydroxylase) (Sterol 27- hydroxylase) (Vitamin D(3) 
25-hydroxylase) (5-beta-cholestane-3- alpha,7-
alpha,12-alpha-triol 27-hydroxylase).  0 P17178 

ENSRNOP00000002728 18 -70.8 

No description available.Protein Family: UDP 
GLUCURONOSYLTRANSFERASE PRECURSOR 
EC_2.4.1.17 2   

ENSRNOP00000013392 2 -5.6 

Acetyl-coenzyme A transporter 1 (AT-1) (Acetyl-
CoA transporter) (Solute carrier family 33 member 
1). Source: Uniprot/SWISSPROT  1 Q6AYY8 

ENSRNOP00000002705 11 -48.3 

No description available.Protein Family: UDP 
GLUCURONOSYLTRANSFERASE PRECURSOR 
EC_2.4.1.17 3   

ENSRNOP00000013789 17 -74.4 

Glutamate dehydrogenase 1, mitochondrial 
precursor (EC 1.4.1.3) (GDH) (Memory-related 
protein 2) (MRG-2).  1 P10860 



ENSRNOP00000021257 4 -6.5 
Probable oxidoreductase C10orf33 homolog (EC 1.-
.-.-). 0 Q68FT3 

ENSRNOP00000028995 4 -19.7 Arl6ip2 protein (Fragment). 3 Q562A0 

ENSRNOP00000007223 5 -14.9 
SAC1 (supressor of actin mutations 1, homolog)-
like  2 NP_446250 

ENSRNOP00000019571 12 -49.4 

All-trans-retinol 13,14-reductase precursor (EC 
1.3.99.23) (All-trans- 13,14-dihydroretinol saturase) 
(RetSat) (RMT-7).  0 Q8VHE9 

ENSRNOP00000002238 5 -11.7 
Mitochondrial precursor proteins import receptor 
(Translocase of outer membrane TOM70).  2 Q75Q39 

ENSRNOP00000036958 2 -12.6 ilvB (bacterial acetolactate synthase)-like  1 NP_001102208 

ENSRNOP00000034828 4 -4.4 eukaryotic translation elongation factor 1 delta  2 NP_001013122 

ENSRNOP00000018336 18 -47.1 

Succinate dehydrogenase flavoprotein subunit, 
mitochondrial precursor (EC 1.3.5.1) (Fp) 
(Flavoprotein subunit of complex II).  0 Q920L2 

ENSRNOP00000029702 5 -28.9 
DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 3, 
X-linked  5 NP_001101716 

ENSRNOP00000018185 2 -15.1 DEAD (Asp-Glu-Ala-Asp) box polypeptide 17  3 NP_001015018 

ENSRNOP00000057949 6 -17.2 
ATP-binding cassette, sub-family G (WHITE), 
member 3 2 NP_001004076 

ENSRNOP00000039792 4 -22.2 

Solute carrier organic anion transporter family 
member 1A6 (Solute carrier family 21 member 13) 
(Kidney-specific organic anion- transporting 
polypeptide 5) (OATP-5). 5 Q9QYE2 

ENSRNOP00000016739 15 -55.8 
ATP-binding cassette sub-family D member 3 (70 
kDa peroxisomal membrane protein) (PMP70).  2 P16970 

ENSRNOP00000010260 5 -11.2 

Acyl-coenzyme A oxidase 2, peroxisomal (EC 
1.17.99.3) (3-alpha,7- alpha,12-alpha-trihydroxy-5-
beta-cholestanoyl-CoA 24-hydroxylase) (3- alpha,7-
alpha,12-alpha-trihydroxy-5-beta-cholestanoyl-CoA 
oxidase) (Trihydroxycoprostanoyl-CoA oxidase) 
(THCCox) (THCA-  2 P97562 

ENSRNOP00000001961 12 -70.3 
NADPH--cytochrome P450 reductase (EC 1.6.2.4) 
(CPR) (P450R).  1 P00388 

ENSRNOP00000034745 5 -21.1 Ac1573.  5 Q7TQ74 

ENSRNOP00000015667 16 -74.3 
Fatty-acid amide hydrolase 1 (EC 3.1.-.-) (Oleamide 
hydrolase 1) (Anandamide amidohydrolase 1).  1 P97612 

ENSRNOP00000055824 7 -15.3 

Dipeptidyl peptidase 4 (EC 3.4.14.5) (Dipeptidyl 
peptidase IV) (DPP IV) (T-cell activation antigen 
CD26) (GP110 glycoprotein) (Bile canaliculus 
domain-specific membrane glycoprotein) [Contains: 
Dipeptidyl peptidase 4 membrane form (Dipeptidyl 
peptidase IV  9 P14740 



ENSRNOP00000003739 8 -4.5 

ATP-binding cassette sub-family B member 7, 
mitochondrial precursor (ATP-binding cassette 
transporter 7) (ABC transporter 7 protein).  3 Q704E8 

ENSRNOP00000040087 5 -18 

No description available.Protein Family: DOLICHYL 
DIPHOSPHOOLIGOSACCHARIDE 
GLYCOSYLTRANSFERASE SUBUNIT 
EC_2.4.1.119 OLIGOSACCHARYL 
TRANSFERASE SUBUNIT STT3 2   

ENSRNOP00000036574 5 -24.5 
acyl-Coenzyme A dehydrogenase family, member 
11  3 NP_001101651 

ENSRNOP00000000345 3 -16.3 Translocation protein SEC63 homolog.  1 Q8VHE0 

ENSRNOP00000013985 3 -15.2 

Carnitine O-palmitoyltransferase I, muscle isoform 
(EC 2.3.1.21) (CPT I) (CPTI-M) (Carnitine 
palmitoyltransferase 1B) (Carnitine 
palmitoyltransferase I-like protein).  2 Q63704 

ENSRNOP00000024632 2 -3.7 Afg3l2 protein.  0 Q5BJM6 

ENSRNOP00000040121 3 -7.2 

Transitional endoplasmic reticulum ATPase (TER 
ATPase) (15S Mg(2+)- ATPase p97 subunit) 
(Valosin-containing protein) (VCP).  1 P46462 

ENSRNOP00000011521 18 -47.6 
Mannosyl-oligosaccharide glucosidase (EC 
3.2.1.106) (Glycoprotein- processing glucosidase I).  1 O88941 

ENSRNOP00000025627 2 -7.7 

Mitochondrial ATP-binding cassette sub-family B 
member 6 (Ubiquitously-expressed mammalian 
ABC half transporter).  4 O70595 

ENSRNOP00000050050 2 -13.3 
Glycerol-3-phosphate acyltransferase, 
mitochondrial precursor (EC 2.3.1.15) (GPAT).  3 P97564 

ENSRNOP00000006582 2 -18.7 
Extended synaptotagmin-2 (E-Syt2) (Protein 
FAM62B).  5 Q3TZZ7 

ENSRNOP00000058268 19 -52.6 
No description available.Protein Family: RAS 
GTPASE ACTIVATING 2   

ENSRNOP00000028445 5 -29.5 

Band 3 anion transport protein (Anion exchange 
protein 1) (AE 1) (Solute carrier family 4 member 1) 
(CD233 antigen).  2 P23562 

ENSRNOP00000047113 3 -11.7 
Armadillo repeat protein deleted in velo-cardio-facial 
syndrome homolog.  5 P98203 

ENSRNOP00000001738 25 -58 

Sarcoplasmic/endoplasmic reticulum calcium 
ATPase 2 (EC 3.6.3.8) (Calcium pump 2) 
(SERCA2) (SR Ca(2+)-ATPase 2) (Calcium-
transporting ATPase sarcoplasmic reticulum type, 
slow twitch skeletal muscle isoform) (Endoplasmic 
reticulum class 1/2 Ca(2+) ATPase). 3 P11507 

ENSRNOP00000027497 10 -13.1 

Sodium/potassium-transporting ATPase subunit 
alpha-3 (EC 3.6.3.9) (Sodium pump subunit alpha-
3) (Na(+)/K(+) ATPase alpha-3 subunit) (Na(+)/K(+) 
ATPase alpha(III) subunit).  5 P06687 



ENSRNOP00000006119 3 -9.6 

Extended-synaptotagmin-1 (E-Syt1) (Membrane-
bound C2 domain-containing protein) (vp115) 
(Protein FAM62A).  2 Q9Z1X1 

ENSRNOP00000039718 7 -11.2 

No description available.Protein Family: 
PROBABLE PHOSPHOLIPID TRANSPORTING 
ATPASE EC_3.6.3.1 ATPASE CLASS I TYPE 3   

ENSRNOP00000048088 2 -15.8 
Myosin-Ib (Myosin I alpha) (MMI-alpha) (MMIa) 
(Myosin heavy chain myr 1).  2 Q05096 

ENSRNOP00000048476 10 -29.5 
Vigilin (High density lipoprotein-binding protein) 
(HDL-binding protein).  2 Q9Z1A6 

ENSRNOP00000042749 3 -11.9 
Nuclear pore complex protein Nup155 (Nucleoporin 
Nup155) (155 kDa nucleoporin) (P140).  4 P37199 

ENSRNOP00000051412 13 -41.5 

Multidrug resistance-associated protein 6 (ATP-
binding cassette sub- family C member 6) (MRP-like 
protein 1) (MLP-1).  8 O88269 

ENSRNOP00000014833 2 -4.9 nucleoporin 205kDa  5 NP_001102090 

ENSRNOP00000003983 4 -20.4 

Myosin-10 (Myosin heavy chain 10) (Myosin heavy 
chain, non-muscle IIb) (Non-muscle myosin heavy 
chain IIb) (NMMHC II-b) (NMMHC-IIB) (Cellular 
myosin heavy chain, type B) (Non-muscle myosin 
heavy chain-B) (NMMHC- B).  7 Q9JLT0 

ENSRNOP00000026573 3 -8.7 

Spectrin beta chain, brain 2 (Spectrin, non-erythroid 
beta chain 2) (Beta-III spectrin) (SPNB-3) (Beta 
SpIII sigma 1) (Glutamate transporter EAAT4-
associated protein 41) (Spectrin-like protein 
GTRAP41). 2 Q9QWN8 

ENSRNOP00000008210 2 -10.2 spectrin beta 2 4 NP_001013148 

ENSRNOP00000042382 3 -11.9 
Spectrin alpha chain, brain (Spectrin, non-erythroid 
alpha chain) (Alpha-II spectrin) (Fodrin alpha chain).  5 P16086 

ENSRNOP00000001517 7 -16.9 
No description available.Protein Family: 
AMBIGUOUS 3   

ENSRNOP00000032156 3 -11.4 
E3 ubiquitin-protein ligase UBR4 (EC 6.3.2.-) (N-
recognin-4) (Zinc finger UBR1-type protein 1).  19 Q2TL32 

ENSRNOP00000027754 16 -22.5 

Up-regulated during skeletal muscle growth protein 
5 (Diabetes- associated protein in insulin-sensitive 
tissues).  0 Q9JJW3 

ENSRNOP00000029426 2 -7.1 

No description available.Protein Family: ATP 
SYNTHASE F CHAIN MITOCHONDRIAL 
EC_3.6.3.14 0   

ENSRNOP00000000749 3 -3.7 

No description available.Protein Family: CDGSH 
IRON SULFUR DOMAIN CONTAINING 1 ZINC 
FINGER CDGSH DOMAIN CONTAINING 1 0   



ENSRNOP00000012233 10 -15.3 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit DAD1 (EC 2.4.1.119) 
(Oligosaccharyl transferase subunit DAD1) 
(Defender against cell death 1) (DAD-1).  0 P61805 

ENSRNOP00000022487 5 -3.5 

Cytochrome c oxidase subunit 5B, mitochondrial 
precursor (EC 1.9.3.1) (Cytochrome c oxidase 
polypeptide Vb) (Cytochrome c oxidase subunit 
VIA*).   1 P12075 

ENSRNOP00000020446 36 -45.4 Cytochrome b5.  0 P00173 

ENSRNOP00000025525 8 -24.1 

Cytochrome c oxidase subunit 5A, mitochondrial 
precursor (EC 1.9.3.1) (Cytochrome c oxidase 
polypeptide Va). 0 P11240 

ENSRNOP00000037521 3 -4.2 
No description available.Protein Family: 
AMBIGUOUS 0   

ENSRNOP00000010579 62 -157.8 
Microsomal glutathione S-transferase 1 (EC 
2.5.1.18) (Microsomal GST- 1) (Microsomal GST-I). 0 P08011 

ENSRNOP00000026347 4 -7.3 

Vitamin K epoxide reductase complex subunit 1 (EC 
1.1.4.1) (Vitamin K1 2,3-epoxide reductase subunit 
1). 1 Q6TEK4 

ENSRNOP00000019624 4 -22.3 

No description available.Protein Family: NADH 
DEHYDROGENASE 1 BETA SUBCOMPLEX 
SUBUNIT 10 EC_1.6.5.3 EC_1.6.99.- 3 NADH 
UBIQUINONE OXIDOREDUCTASE PDSW 
SUBUNIT COMPLEX I PDSW CI PDSW 1   

ENSRNOP00000015684 6 -18 
No description available.Protein Family: 
AMBIGUOUS 1   

ENSRNOP00000017101 13 -31.4 

Membrane-associated progesterone receptor 
component 1 (Acidic 25 kDa protein) (25-DX) 
(Ventral midline antigen) (VEMA).  0 P70580 

ENSRNOP00000031599 6 -25.3 
hydroxysteroid (17-beta) dehydrogenase 6 Source: 
RefSeq_peptide NP_775427 3   

ENSRNOP00000014819 2 -6.5 
Uncharacterized protein C10orf58 homolog 
precursor.  0 Q6AXX6 

ENSRNOP00000027760 2 -6 
CD81 antigen (26 kDa cell surface protein TAPA-1) 
(Target of the antiproliferative antibody 1). 0 Q62745 

ENSRNOP00000046414 7 -19.7 
Cytochrome c oxidase subunit 2 (EC 1.9.3.1) 
(Cytochrome c oxidase polypeptide II).  0 P00406 

ENSRNOP00000010760 24 -81.7 

Methyltransferase-like protein 7B precursor (EC 
2.1.1.-) (Associated with lipid droplet protein 1) 
(ALDI).  0 Q562C4 

ENSRNOP00000021920 20 -50.8 
ATP synthase B chain, mitochondrial precursor (EC 
3.6.3.14).  0 P19511 



ENSRNOP00000012425 6 -25.1 

No description available.Protein Family: NADH 
DEHYDROGENASE IRON SULFUR 3 
MITOCHONDRIAL PRECURSOR EC_1.6.5.3 
EC_1.6.99.- 3 NADH UBIQUINONE 
OXIDOREDUCTASE 30 KDA SUBUNIT COMPLEX 
I 30KD CI 30KD 0   

ENSRNOP00000026197 16 -38.8 

Voltage-dependent anion-selective channel protein 
3 (VDAC-3) (rVDAC3) (Outer mitochondrial 
membrane protein porin 3).  2 Q9R1Z0 

ENSRNOP00000015802 25 -68.2 
No description available.Protein Family: 
CYTOCHROME P450 2 1   

ENSRNOP00000018462 11 -22.6 

Voltage-dependent anion-selective channel protein 
2 (VDAC-2) (Outer mitochondrial membrane protein 
porin 2) (B36-VDAC). 3 P81155 

ENSRNOP00000007870 26 -80.6 

Corticosteroid 11-beta-dehydrogenase isozyme 1 
(EC 1.1.1.146) (11-DH) (11-beta-hydroxysteroid 
dehydrogenase 1) (11-beta-HSD1).  2 P16232 

ENSRNOP00000008477 23 -47.3 

Voltage-dependent anion-selective channel protein 
1 (VDAC-1) (rVDAC1) (Outer mitochondrial 
membrane protein porin 1) 2 Q9Z2L0 

ENSRNOP00000035497 5 -16.9 
Uncharacterized protein KIAA0152 homolog 
precursor. 1 Q5FVQ4 

ENSRNOP00000056976 5 -15.2 

Translocon-associated protein subunit alpha 
precursor (TRAP-alpha) (Signal sequence receptor 
subunit alpha) (SSR-alpha) (Liver regeneration-
related protein LRRG137).  2 Q7TPJ0 

ENSRNOP00000021512 44 -92.9 

Peroxisomal trans-2-enoyl-CoA reductase (EC 
1.3.1.38) (RLF98) (Peroxisomal 2,4-dienoyl CoA 
reductase) (PX-2,4-DCR1). 3 Q9WVK3 

ENSRNOP00000014704 22 -56.7 

ADP/ATP translocase 1 (Adenine nucleotide 
translocator 1) (ANT 1) (ADP,ATP carrier protein 1) 
(Solute carrier family 25 member 4). 0 Q05962 

ENSRNOP00000015913 66 -101.3 

ADP/ATP translocase 2 (Adenine nucleotide 
translocator 2) (ANT 2) (ADP,ATP carrier protein 2) 
(Solute carrier family 25 member 5).  1 Q09073 

ENSRNOP00000027520 23 -66.2 

Mitochondrial carnitine/acylcarnitine carrier protein 
(Carnitine/acylcarnitine translocase) (CAC) (Solute 
carrier family 25 member 20).  0 P97521 

ENSRNOP00000011158 7 -26.6 Nipsnap1 protein (Fragment).  0 Q5EBA4 

ENSRNOP00000000306 9 -39.5 

Tricarboxylate transport protein, mitochondrial 
precursor (Citrate transport protein) (CTP) 
(Tricarboxylate carrier protein) (Solute carrier family 
25 member 1).   0 P32089 



ENSRNOP00000012878 37 -56.6 
NADH-cytochrome b5 reductase 3 (EC 1.6.2.2) 
(Cytochrome b5 reductase) (B5R) (Diaphorase-1)  0 P20070 

ENSRNOP00000017067 9 -22.9 

No description available.Protein Family: 
CYTOCHROME C1 HEME PROTEIN 
MITOCHONDRIAL PRECURSOR CYTOCHROME 
C 1 CYTOCHROME B C1 COMPLEX SUBUNIT 4 
UBIQUINOL CYTOCHROME C REDUCTASE 
COMPLEX CYTOCHROME C1 SUBUNIT 
COMPLEX III SUBUNIT 4 COMPLEX III SUBUNIT 
IV 0 0 

ENSRNOP00000003334 4 -14.4 

Guanine nucleotide-binding protein subunit beta 2-
like 1 (Receptor of activated protein kinase C 1) 
(RACK1) (Receptor for activated C kinase).  1 P63245 

ENSRNOP00000035423 30 -100.2 
Retinol dehydrogenase 2 (EC 1.1.1.105) (Retinol 
dehydrogenase type II) (RODH II) (29 k-protein).  0 P50170 

ENSRNOP00000024707 12 -49.2 Sideroflexin-1 (Tricarboxylate carrier protein) (TCC).  3 Q63965 

ENSRNOP00000005875 37 -109.8 
Retinol dehydrogenase 7 (EC 1.1.1.105) (Retinol 
dehydrogenase type III) (RODH III). 1 P55006 

ENSRNOP00000036896 23 -94.8 No other features on this peptide 0   

ENSRNOP00000041608 19 -71.6 
Phosphate carrier protein, mitochondrial precursor 
(PTP) (Solute carrier family 25 member 3). 0 P16036 

ENSRNOP00000044296 60 -194.2 Actin, cytoplasmic 1 (Beta-actin). 1 P60711 

ENSRNOP00000035416 4 -18.1 

No description available.Protein Family: SYNAPTIC 
GLYCOPROTEIN SC2 EC_1.3.1.- TRANS 2 3 
ENOYL COA REDUCTASE TER 3 0 

ENSRNOP00000026290 27 -95.8 

3 beta-hydroxysteroid dehydrogenase type 5 (3 
beta-hydroxysteroid dehydrogenase type V) (3-
beta-HSD V) (NADPH-dependent 3-beta-hydroxy- 
Delta(5)-steroid dehydrogenase) (EC 1.1.1.-) (3-
beta-hydroxy-5-ene steroid dehydrogenase) 
(Progesterone reductase).  2   

ENSRNOP00000012681 24 -99.6 No other features on this peptide 1   

ENSRNOP00000011275 4 -16.6 
Basigin precursor (OX-47 antigen) (Glycoprotein 
CE9) (CD147 antigen).  3 P26453 

ENSRNOP00000018761 9 -35.2 Arylacetamide deacetylase (EC 3.1.1.-) (AADAC).  3 Q9QZH8 

ENSRNOP00000008932 3 -16.5 

similar to RIKEN cDNA 2310001A20 
(RGD1308874), mRNA Source: RefSeq_dna 
NM_001034003 1   

ENSRNOP00000003791 5 -13.3 
Probable saccharopine dehydrogenase (EC 
1.5.1.9).   2 Q6AY30 

ENSRNOP00000021514 28 -119.7 

Ubiquinol-cytochrome-c reductase complex core 
protein 2, mitochondrial precursor (EC 1.10.2.2) 
(Core protein II) (Complex III subunit II).  3 P32551 



ENSRNOP00000020306 24 -51.1 

dolichyl-di-phosphooligosaccharide-protein 
glycotransferase (predicted) Source: 
RefSeq_peptide NP_001012104 0   

ENSRNOP00000001095 35 -124.1 Tubulin beta-5 chain.  2 P69897 

ENSRNOP00000045029 29 -75 
Cytochrome P450 2C7 (EC 1.14.14.1) (CYPIIC7) 
(P450F) (PTF1).  1 P05179 

ENSRNOP00000018455 16 -32.4 
Protein transport protein Sec61 subunit alpha 
isoform 1 (Sec61 alpha- 1). 0 P61621 

ENSRNOP00000034293 57 -158 
Epoxide hydrolase 1 (EC 3.3.2.9) (Microsomal 
epoxide hydrolase) (Epoxide hydratase).  2 P07687 

ENSRNOP00000044696 13 -34 

Ubiquinol-cytochrome-c reductase complex core 
protein 1, mitochondrial precursor (EC 1.10.2.2) 
(Core I protein). 2 Q68FY0 

ENSRNOP00000026122 25 -98 

Hydroxymethylglutaryl-CoA synthase, mitochondrial 
precursor (EC 2.3.3.10) (HMG-CoA synthase) (3-
hydroxy-3-methylglutaryl coenzyme A synthase). 0 P22791 

ENSRNOP00000003052 3 -9.9 

Lysosome membrane protein 2 (Lysosome 
membrane protein II) (LIMP II) (Scavenger receptor 
class B member 2) (85 kDa lysosomal membrane 
sialoglycoprotein) (LGP85) (CD36 antigen-like 2).  9 P27615 

ENSRNOP00000028237 63 -154.9 

Cytochrome P450 2A1 (EC 1.14.14.1) (CYPIIA1) 
(Steroid hormones 7- alpha-hydroxylase) 
(Testosterone 7-alpha-hydroxylase) (P450-UT-F).  1 P11711 

ENSRNOP00000017237 74 -179.4 
Cytochrome P450 2C6 (EC 1.14.14.1) (CYPIIC6) 
(P450 PB1) (PTF2).  2 P05178 

ENSRNOP00000001816 3 -10.7 
Aldehyde dehydrogenase, mitochondrial precursor 
(EC 1.2.1.3) (ALDH class 2) (ALDH1) (ALDH-E2). 2  P11884 

ENSRNOP00000003965 212 -372 
ATP synthase subunit beta, mitochondrial precursor 
(EC 3.6.3.14). 0 P10719 

ENSRNOP00000042986 8 -15.6 
cytochrome P450, family 2, subfamily b, polypeptide 
13 Source: RefSeq_peptide NP_942028 1   

ENSRNOP00000001299 2 -5.3 
Scavenger receptor class B member 1 (SRB1) (SR-
BI).  8 P97943 

ENSRNOP00000051608 21 -61.5 
Cytochrome P450 2C70 (EC 1.14.14.1) (CYPIIC70) 
(P-450Md) (P450 P49). 2 P19225 

ENSRNOP00000045886 42 -125.2 

Fatty aldehyde dehydrogenase (EC 1.2.1.3) 
(Aldehyde dehydrogenase, microsomal) (Aldehyde 
dehydrogenase family 3 member A2) (Aldehyde 
dehydrogenase 10).  0 P30839 

ENSRNOP00000043466 25 -92.1 
Amine oxidase B (EC 1.4.3.4) (Monoamine oxidase 
type B) (MAO-B). 1 P19643 



ENSRNOP00000040266 55 -206.2 

Cytochrome P450 2D10 (EC 1.14.14.1) (CYPIID10) 
(P450-DB5) (P450-CMF1B) (Debrisoquine 4-
hydroxylase).  4 P12939 

ENSRNOP00000048711 29 -133.7 
Cytochrome P450 2D3 (EC 1.14.14.1) (CYPIID3) 
(P450-DB3) (Debrisoquine 4-hydroxylase).  1 P12938 

ENSRNOP00000041174 71 -230.4 

Cytochrome P450 2D1 (EC 1.14.14.1) (CYPIID1) 
(P450-DB1) (P450-CMF1A) (P450-UT-7) 
(Debrisoquine 4-hydroxylase). 4 P10633 

ENSRNOP00000015866 13 -13.5 

Solute carrier family 2, facilitated glucose 
transporter member 2 (Glucose transporter type 2, 
liver) (GLUT-2). 1 P12336 

ENSRNOP00000055369 11 -42.2 
cytochrome P450, family 1, subfamily a, polypeptide 
2  3   

ENSRNOP00000012413 61 -182.9 

Cytochrome P450 2D26 (EC 1.14.14.1) (CYPIID26) 
(P450-DB2) (P450-CMF2) (Debrisoquine 4-
hydroxylase).  3 P10634 

ENSRNOP00000045567 35 -146.9 

Cytochrome P450 4A14 precursor (EC 1.14.15.3) 
(CYPIVA14) (Lauric acid omega-hydroxylase) 
(P450-LA-omega 3).   3 P20817 

ENSRNOP00000017310 115 -253.3 
Cytochrome P450 2C11 (EC 1.14.14.1) (CYPIIC11) 
(P-450(M-1)) (P450H) (P450-UT-A) (UT-2). 1 P08683 

ENSRNOP00000003910 11 -58.8 
Amine oxidase A (EC 1.4.3.4) (Monoamine oxidase 
type A) (MAO-A). 1 P21396 

ENSRNOP00000025045 52 -130.3 

UDP-glucuronosyltransferase 1-1 precursor (EC 
2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) 
(UGT1A1) (B1). 2 Q64550 

ENSRNOP00000022892 174 -326.7 
ATP synthase subunit alpha, mitochondrial 
precursor (EC 3.6.3.14). \ 1 P15999 

ENSRNOP00000004864 48 -144.6 

Dimethylaniline monooxygenase 3 (EC 1.14.13.8) 
(Hepatic flavin-containing monooxygenase 3) (FMO 
3) (Dimethylaniline oxidase 3).  3 Q9EQ76 

ENSRNOP00000024423 32 -128.2 

Dimethylaniline monooxygenase 5 (EC 1.14.13.8) 
(Hepatic flavin-containing monooxygenase 5) (FMO 
5) (Dimethylaniline oxidase 5). 2 Q8K4C0 

ENSRNOP00000043239 73 -229.8 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, 
dihydrotestosterone, and beta-estradiol specific) 
(17- beta-hydroxysteroid specific) (UDPGTr-3) 
(RLUG38). 0 P08542 

ENSRNOP00000002724 36 -94 
UDP-glucuronosyltransferase 2B1 precursor (EC 
2.4.1.17) (UDPGT) (UDPGTr-2).  2 P09875 



ENSRNOP00000045002 54 -172.5 

UDP-glucuronosyltransferase 2B3 precursor (EC 
2.4.1.17) (UDPGT) (Testosterone, 
dihydrotestosterone, and beta-estradiol specific) 
(17- beta-hydroxysteroid specific) (UDPGTr-3) 
(RLUG38). 0 P08542 

ENSRNOP00000002712 46 -144.1 

UDP-glucuronosyltransferase 2B4 precursor (EC 
2.4.1.17) (UDPGT) (UDP- glucuronosyltransferase 
2B12).  0 P36511 

ENSRNOP00000034723 58 -188.1 

UDP-glucuronosyltransferase 2B2 precursor (EC 
2.4.1.17) (UDPGT) (3- hydroxyandrogen specific) 
(UDPGTr-4) (RLUG23).  1 P08541 

ENSRNOP00000021407 16 -43 
choline dehydrogenase precursor Source: 
RefSeq_peptide NP_942026 0   

ENSRNOP00000040859 8 -24.7 Calnexin precursor.  1 P35565 

ENSRNOP00000049879 33 -80.2 
ATP synthase gamma chain, mitochondrial (EC 
3.6.3.14).  4 P35435 

ENSRNOP00000013262 45 -132.3 

Electron transfer flavoprotein-ubiquinone 
oxidoreductase, mitochondrial precursor (EC 
1.5.5.1) (ETF-QO) (ETF-ubiquinone 
oxidoreductase) (ETF dehydrogenase) (Electron-
transferring- flavoprotein dehydrogenase).  1 Q6UPE1 

ENSRNOP00000010209 61 -183.5 

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 63 kDa subunit precursor (EC 
2.4.1.119) (Ribophorin II) (RPN-II).  2 P25235 

ENSRNOP00000013607 25 -62.3 
Solute carrier family 27 (Fatty acid transporter), 
member 2.  2 Q66HN6 

ENSRNOP00000024973 37 -148.6 
Very-long-chain specific acyl-CoA dehydrogenase, 
mitochondrial precursor (EC 1.3.99.-) (VLCAD).  3 P45953 

ENSRNOP00000013816 130 -358.4 No other features on this peptide 0   

ENSRNOP00000016954 3 -16.8 

Carnitine O-palmitoyltransferase 2, mitochondrial 
precursor (EC 2.3.1.21) (Carnitine 
palmitoyltransferase II) (CPT II).  6 P18886 

ENSRNOP00000056312 16 -41.7 
tumor rejection antigen gp96 (predicted) Source: 
RefSeq_peptide NP_001012197 4   

ENSRNOP00000052490 11 -26.8 

No description available.Protein Family: SOLUTE 
CARRIER ORGANIC ANION TRANSPORTER 
FAMILY MEMBER SOLUTE CARRIER FAMILY 21 
MEMBER ORGANIC ANION TRANSPORTER 
ORGANIC ANION TRANSPORTING 
POLYPEPTIDE 6   



ENSRNOP00000026574 41 -158.5 

Bile acyl-CoA synthetase (EC 6.2.1.7) (BACS) (Bile 
acid CoA ligase) (BA-CoA ligase) (BAL) (Cholate--
CoA ligase) (Very long chain acyl-CoA synthetase-
related protein) (VLACS-related) (VLACSR) (Fatty 
acid transport protein 5) (FATP-5) (Solute carrier 
family 1 Q9ES38 

ENSRNOP00000051445 21 -56 

Long-chain-fatty-acid--CoA ligase 5 (EC 6.2.1.3) 
(Long-chain acyl-CoA synthetase 5) (LACS 5). 
O88813 1 O88813 

ENSRNOP00000014235 111 -262.2 

Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3) 
(Long-chain acyl-CoA synthetase 1) (LACS 1) 
(Long-chain-fatty-acid--CoA ligase, liver isozyme).   3 P18163 

ENSRNOP00000002410 12 -49 Peroxisomal bifunctional enzyme (PBE) (PBFE) . 1 P07896 

ENSRNOP00000015851 4 -19.1 
NADH-ubiquinone oxidoreductase 75 kDa subunit, 
mitochondrial precursor (EC 1.6.5.3) (EC 1.6.99.3). 1 Q66HF1 

ENSRNOP00000043950 5 -24.7 Junction plakoglobin.  7 Q6P0K8 

ENSRNOP00000006855 6 -17.6 Surfeit locus protein 1.  1 Q9QXU2 

ENSRNOP00000045650 17 -45.4 ATPase, Na+/K+ transporting, alpha 1 polypeptide  3   

ENSRNOP00000054924 9 -34.6 
inner membrane protein, mitochondrial Source: 
RefSeq_peptide NP_001030100 3   

ENSRNOP00000001905 4 -7.4 
No description available.Protein Family: 
TRANSFERRIN RECEPTOR 5   

ENSRNOP00000014630 5 -28.1 

No description available.Protein Family: 
MICROSOMAL TRIGLYCERIDE TRANSFER 
LARGE SUBUNIT PRECURSOR 1   

ENSRNOP00000029578 21 -76.7 
nicotinamide nucleotide transhydrogenase Source: 
RefSeq_peptide NP_001013175 5 0 

ENSRNOP00000052656 19 -74.3 Clathrin heavy chain.  6 P11442 

ENSRNOP00000007398 38 -151.2 

Myosin-9 (Myosin heavy chain 9) (Myosin heavy 
chain, nonmuscle IIa) (Nonmuscle myosin heavy 
chain IIa) (NMMHC II-a) (NMMHC-IIA) (Cellular 
myosin heavy chain, type A) (Nonmuscle myosin 
heavy chain-A) (NMMHC- A). 6 Q62812 

ENSRNOP00000019772 3 -11.7 Fibronectin precursor (FN). 6 P04937 

ENSRNOP00000034954 3 -17.2 Perlecan (Fragment). 5 O08591 

ENSRNOP00000040018 6 -30.7 Plectin-1 (PLTN) (PCN).  9 P30427 

 



 
Supplementary Table 6        

Enzymes involved in the Glycosylation pathway and cell surface lectins   

EHS-bearing mice Chapter 4        

   Control 1 Control 2 Control 3   

Identifier Glycosylation enzymes Abrev 
#peptides 
(control 1) 

#peptides 
(control 2) 

# peptides 
(control 3) 

Control 
(AvgNSAF) SD SE 

ENSMUSP00000003843 mannosidase 1, alpha Man1a1 63 63 67 9.332075654 0.495901871 0.286309079 

ENSMUSP00000036996 
mannosidase, alpha, class 1B, 
member 1  Man1b1 3 3 1 0.365104662 0.164235082 0.094821169 

ENSMUSP00000083928 mannosidase 2, alpha 1 Man2a1 89 109 149 9.108451016 1.823922886 1.053042369 

ENSMUSP00000080484 
mannoside 
acetylglucosaminyltransferase 1 Mgat1 5 10 10 1.465457349 0.276359436 0.159556195 

ENSMUSP00000057905 
mannoside 
acetylglucosaminyltransferase 2 Mgat2 6 7 7 1.488337166 0.108293356 0.062523198 

ENSMUSP00000038359 
mannoside 
acetylglucosaminyltransferase 5 Mgat5 0 0 0 0.023406591 0.001136845 0.000656358 

ENSMUSP00000090307 
ST3 beta-galactoside alpha-2,3-
sialyltransferase 3 St3Gal1 15 22 8 4.010906483 1.443234817 0.83325201 

ENSMUSP00000023601 
beta galactoside alpha 2,6 
sialyltransferase 1 St6Gal1 1 11 2 0.732574536 0.767178809 0.442930892 

ENSMUSP00000092655 
Alpha-N-acetylgalactosaminide 
alpha-2,6-sialyltransferase 6 St6GalNAc6 0 0 0 0.055338266 0.002687748 0.001551772 

ENSMUSP00000060247 

UDP-GlcNAc:betaGal beta-1,3-
N-
acetylglucosaminyltransferase 2 B3galt7 0 0 0 0.043629414 0.002119055 0.001223437 

ENSMUSP00000066353 
Beta-1,4-galactosyltransferase 
3  B4galt3 0 0 0 0.043850322 0.002129785 0.001229632 

ENSMUSP00000047931 

core 1 synthase, glycoprotein-
N-acetylgalactosamine 3-beta-
galactosyltransferase, 1  C1GalT1 4 4 0 0.495490039 0.573508724 0.331115416 

ENSMUSP00000059224 C1GALT1-specific chaperone 1  C1GalT2 0 0 1 0.158868752 0.181438367 0.10475349 

ENSMUSP00000034458 

Polypeptide N-
acetylgalactosaminyltransferase 
1  Galnt1 5 7 0 0.085153497 0.092319494 0.053300685 

ENSMUSP00000072764 
lectin, galactose binding, 
soluble 9 Lgals9 9 13 8 2.752415865 0.572788682 0.3306997 

ENSMUSP00000014686 
C-type lectin domain family 4, 
member f Clec4f 2 4 4 0.49805957 0.092404488 0.053349756 



ENSMUSP00000028794 

Sialoadhesin precursor (Sialic 
acid-binding Ig-like lectin 1) 
(Siglec- 1)  Siglec1 0 0 0 0.010218807 0.000496322 0.000286551 

 



 
Supplementary Table 6 (continued)          

Enzymes involved in the Glycosylation pathway and cell surface lectins      

EHS-bearing mice Chapter 4           

 Control 1    Control 2    Control 3    

Identifier LogE % Unique Pep Total Pep LogE % 

Unique 

Pep Total Pep LogE % 

Unique 

Pep Total Pep 

ENSMUSP00000003843 -198.8 33 17 63 -228 42 20 63 -215.2 37 19 67 
ENSMUSP00000036996 

-14.4 5.8 2 3 -20.4 5.3 2 3 -3.4 2.9 1 1 
ENSMUSP00000083928 -390.8 35 33 89 -412.4 37 37 109 -436.6 41 39 149 
ENSMUSP00000080484 

-33 7.2 3 5 -54.5 18 6 10 -46.3 13 5 10 
ENSMUSP00000057905 

-18.6 5.2 2 6 -33.5 13 4 7 -16.8 11 3 7 
ENSMUSP00000038359 

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
ENSMUSP00000090307 

-47.7 26 6 15 -53.8 25 6 22 -16 13 2 8 
ENSMUSP00000023601 

-12.9 3.5 1 1 -31.9 9.7 3 11 -6.6 3.7 1 2 
ENSMUSP00000092655 

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
ENSMUSP00000060247 

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
ENSMUSP00000066353 

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
ENSMUSP00000047931 

-18.2 6.3 2 4 -12.5 6.9 2 4 #N/A #N/A #N/A #N/A 
ENSMUSP00000059224 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A -6.1 6.3 1 1 
ENSMUSP00000034458 

-24.1 7.5 3 5 -47.4 11 5 7 #N/A #N/A #N/A #N/A 
ENSMUSP00000072764 

-33.3 13 3 9 -46.5 17 5 13 -38.3 15 4 8 
ENSMUSP00000014686 

-9.9 5.1 2 2 -16.4 3.8 2 4 -27.9 4.6 2 3 



ENSMUSP00000028794 

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 

 



Supplementary Table 7 (Chapter 4) 

Assigned glycan structures identified in both control and EHS-bearing mice 

N-glycans     

(M-H)2- (M-H)1- Glycan assignment 

617.3 1235.6 (Hex)2 + (Man)3(GlcNAc)2 

658.2 1317.4 (HexNAc)2 + (Man)3(GlcNAc)2 

698.3 1397.6 (Hex)3 + (Man)3(GlcNAc)2 

779.3 1559.6 (Hex)4 + (Man)3(GlcNAc)2 

791.3 1583.6 (Hex)1 (HexNAc)1 (NeuGc)1 + (Man)3(GlcNAc)2 

799.8 1600.6 (Hex)3(HexNAc)1 + (Man)3(GlcNAc)2 

812.3 1625.6 (Hex)1(HexNAc)2(Deoxyhexose)1 + (Man)3(GlcNAc)2 

820.3 1641.6 (Hex)2 (HexNAc)2 + (Man)3(GlcNAc)2 

832.8 1666.6 (HexNAc)3 (Deoxyhexose)1 + (Man)3(GlcNAc)2 

860.3 1721.6 (Hex)5 + (Man)3(GlcNAc)2 

872.3 1745.6 (Hex)2 (HexNAc)1 (NeuGc)1 + (Man)3(GlcNAc)2 

884.8 1770.6 (Hex)1 (HexNAc)2 (NeuAc)1 + (Man)3(GlcNAc)2 

893.9 1788.8 (Hex)1 (HexNAc)2 (NeuGc)1 + (Man)3(GlcNAc)2 

913.8 1828.6 (Hex)1 (HexNAc)3 (Deoxyhexose)1 + (Man)3(GlcNAc)2 

941.3 1883.6 (Hex)6 + (Man)3(GlcNAc)2 

952.9 1906.8 (Hex)3 (HexNAc)1 (NeuGc)1 + (Man)3(GlcNAc)2 

961.8 1924.6 (Hex)5 (HexNAc)1 + (Man)3(GlcNAc)2 

965.9 1932.8 (Hex)2 (HexNAc)2 (NeuAc)1 + (Man)3(GlcNAc)2 

973.8 1948.6 (Hex)2 (HexNAc)2 (NeuGc)1 + (Man)3(GlcNAc)2 

994.5 1990 (Hex)2 (HexNAc)3 (Deoxyhexose)1 + (Man)3(GlcNAc)2 

1022.4 2045.8 (Hex)7 + (Man)3(GlcNAc)2 

1038.9 2078.8 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 + (Man)3(GlcNAc)2 

1046.4 2093.8 (Hex)1 (HexNAc)2 (NeuGc)2 + (Man)3(GlcNAc)2 

1067.5 2136 (Hex)2(HexNAc)3(Deoxyhexose)2 + (Man)3(GlcNAc)2  

1103.4 2207.8 (Hex)8 + (Man)3(GlcNAc)2 

1111.4 2223.8 (Hex)2 (HexNAc)2 (NeuAc)2 + (Man)3(GlcNAc)2 

1119.9 2240.8 (Hex)3 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 + (Man)3(GlcNAc)2 

1127.5 2256 (Hex)2 (HexNAc)2 (NeuGc)2 + (Man)3(GlcNAc)2 

1148.6 2298.2 (Hex)2 (HexNAc)3 (Deoxyhexose)1 (NeuGc)1 + (Man)3(GlcNAc)2 

1148.6 2298.2 (Hex)3 (HexNAc)3 (NeuAc)1 + (Man)3(GlcNAc)2 

1184.4 2369.8 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)2 + (Man)3(GlcNAc)2 



1200.5 2402 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuGc)2 + (Man)3(GlcNAc)2 

1280.9 2562.8 (Hex)2 (HexNAc)2 (NeuGc)3 + (Man)3(GlcNAc)2 

1309.9 2620.8 (Hex)3 (HexNAc)3 (NeuGc)2 + (Man)3(GlcNAc)2 

1463.5 2928 (Hex)3 (HexNAc)3 (NeuGc)3 + (Man)3(GlcNAc)2 

O-glycans     

  675.5 (Hex)1 (HexNAc)1 (NeuAc)1 

  691.3 (Hex)1 (HexNAc)1 (NeuGc)1 

  966.5 (Hex)1 (HexNAc)1 (NeuAc)2 

  982.3 (Hex)1 (HexNAc)1 (NeuAc)1 (NeuGc)1 

  998.3 (Hex)1 (HexNAc)1 (NeuGc)2 

681.3 1363.6 (Hex)2 (HexNAc)2 (NeuGc)2 

 



Supplementary Table 8   Chapter 5  

Protein identification from control, non-cachectic and cachectic mouse liver membrane preparations  

Identifier: ENSEMBL number    

Mr: Molecular weight    

Description: Protein Description    

AA: Amino Acid Length    

Identifier Mr Description AA 

ENSMUSP00000068282 60.8  UDP-glucuronosyltransferase 2B5 Precursor (UDPGT 2B5)(EC 2.4.1.17)(M-1) Source: 2.4.1.17 IPR002213 UDP glucos 
trans 

533.33333 

ENSMUSP00000071573 35.7  retinol dehydrogenase 16 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR016040 NAD(P)-bd 

313.15789 

ENSMUSP00000037665 57.8  Cytochrome P450 3A11 (EC 1.14.14.1)(CYPIIIA11)(P-450IIIAM1)(P-450UT) Source: 1.14.14.1 IPR001128 Cyt 
P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR008072 Cyt P450 E CYP3AIPR002401 
Cyt P450 E grp-IIPR002402 Cyt P450 E grp-IIIPR002403 Cyt P450 E grp-IV 

507.01754 

ENSMUSP00000072598 60.9  UDP glucuronosyltransferase 2 family, polypeptide B38 IPR002213 UDP glucos trans 534.21053 

ENSMUSP00000031633 57.8  Cytochrome P450 3A16 (EC 1.14.14.1)(CYPIIIA16) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR008072 Cyt P450 E CYP3AIPR002401 Cyt P450 E grp-IIPR002402 
Cyt P450 E grp-IIIPR002403 Cyt P450 E grp-IV 

507.01754 

ENSMUSP00000052945 164.8  hypothetical protein LOC545428 IPR007110 Ig-likeIPR013098 Ig I-setIPR018159 Spectrin/alpha-actininIPR002017 
Spectrin repeat 

1445.614 

ENSMUSP00000033086 46.5  Phosphorylase b kinase gamma catalytic chain, testis/liver isoform (PHK-gamma-T)(EC 2.7.11.19)(Phosphorylase kinase 
subunit gamma 2) Source: 2.7.11.19 IPR011009 Kinase likeIPR002291 Phosph kin gammaIPR000719 Prot kinase 
coreIPR017441 Protein kinase ATP BSIPR017442 Se/Thr pkinase-relIPR008271 Ser thr pkin ASIPR002290 Ser thr 
pkinaseIPR001245 Tyr pkinase 

407.89474 

ENSMUSP00000034173 61.5  Liver carboxylesterase 22 Precursor (Esterase-22)(Es-22)(EC 3.1.1.1)(Egasyn) Source: 3.1.1.1 IPR002018 
CarbesteraseBIPR000997 Cholinesterase 

539.47368 

ENSMUSP00000020266 32  Phenazine biosynthesis-like domain-containing protein 1 (EC 5.1.-.-) Source: 5.1.-.- IPR003719 PhzC PhzF 280.70175 

ENSMUSP00000102636 41.9  3 beta-hydroxysteroid dehydrogenase/Delta 5--&gt;4-isomerase type 2 (3-beta-HSD II) Source: 1.1.1.145 IPR002225 
3Beta OHSteriod DHase/EstaseIPR001509 Epimerase deHydtaseIPR013120 Male sterile NAD-bdIPR016040 NAD(P)-
bdIPR003869 Polysac CapD 

367.54386 

ENSMUSP00000023709 61.7  Keratin, type II cytoskeletal 5 (Cytokeratin-5)(CK-5)(Keratin-5)(K5) IPR016044 FIPR018039 Intermediate filament 
CSIPR002957 Keratin IIPR003054 Keratin IIIPR009053 PrefoldinIPR000533 Tropomyosin 

541.22807 

ENSMUSP00000004478 88.9  Cullin-3 (CUL-3) IPR016157 Cullin CSIPR001373 Cullin NIPR016158 Cullin homologyIPR016159 Cullin repeat-like 779.82456 

ENSMUSP00000017597 43.8  Peroxisomal sarcosine oxidase (PSO)(EC 1.5.3.1)(EC 1.5.3.7)(L-pipecolate oxidase)(L-pipecolic acid oxidase) Source: 
1.5.3.1 IPR006076 FAD-dep OxRdtaseIPR006281 SoxA mon 

384.21053 

ENSMUSP00000004396 13.4  V-type proton ATPase subunit F (V-ATPase subunit F)(Vacuolar proton pump subunit F)(V-ATPase 14 kDa subunit) 
IPR005772 ATPase V1-cplx fsu eukIPR008218 ATPase V1/A1-cplx fsu 

117.54386 

ENSMUSP00000094929 82.8  Methylmalonyl-CoA mutase, mitochondrial Precursor (MCM)(EC 5.4.99.2)(Methylmalonyl-CoA isomerase) Source: 
5.4.99.2 IPR006159 Acid CoA mut CIPR016176 Cbl-dep enz catIPR006158 Cobalamin-bdIPR006099 MMCoA mutase 
a/b catIPR006098 MMCoA mutase a cat 

726.31579 

ENSMUSP00000077972 53  G-rich sequence factor 1 (GRSF-1) IPR000104 Antifreeze 1IPR003072 NOR1 rcptIPR000504 RRM RNP1 464.91228 

ENSMUSP00000072558 16.3 no description availableIPR001971 Ribosomal S11IPR018102 Ribosomal S11 CS 142.98246 

ENSMUSP00000099436 22.9  Proteasome subunit beta type-3 (EC 3.4.25.1)(Proteasome theta chain)(Proteasome chain 13)(Proteasome component 
C10-II) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR016050 Proteasome bsu CS 

200.87719 



ENSMUSP00000066990 10.6  28S ribosomal protein S21, mitochondrial (S21mt)(MRP-S21) IPR001911 Ribosomal S21 92.982456 

ENSMUSP00000001497 24.8  Cell death activator CIDE-B (Cell death-inducing DFFA-like effector B) IPR003508 CAD 217.54386 

ENSMUSP00000103034 49.5  Keratin, type I cytoskeletal 15 (Cytokeratin-15)(CK-15)(Keratin-15)(K15) IPR016044 FIPR018039 Intermediate filament 
CSIPR002957 Keratin IIPR009053 PrefoldinIPR000817 PrionIPR003536 Transloc intimin rcpt 

434.21053 

ENSMUSP00000034046 77.9  Long-chain-fatty-acid--CoA ligase 1 (EC 6.2.1.3)(Long-chain acyl-CoA synthetase 1)(LACS 1) Source: 6.2.1.3 IPR000873 
AMP-dep Synth/Lig 

683.33333 

ENSMUSP00000057069 100.1  Endoplasmic reticulum metallopeptidase 1 (EC 3.4.-.-)(Felix-ina) Source: 3.4.-.- IPR002933 Peptidase M20IPR007484 
Peptidase M28 

878.07018 

ENSMUSP00000044012 174.2  amylo-1,6-glucosidase, 4-alpha-glucanotransferase IPR008928 6-hairpin glycosidase-likeIPR010401 GDE CIPR006421 
Glyc debranchIPR017853 Glyco hydro cat 

1528.0702 

ENSMUSP00000018727 51.8  Ras GTPase-activating protein-binding protein 1 (EC 3.6.1.-)(G3BP-1)(ATP-dependent DNA helicase VIII)(HDH-
VIII)(GAP SH3 domain-binding protein 1) Source: 3.6.1.- IPR002075 NTF2IPR018222 Nuclear transport factor 2 
eukIPR000694 PRO richIPR000504 RRM RNP1 

454.38596 

sp|K1C15_SHEEP| 48.7  Keratin, type I cytoskeletal 15; Cytokeratin-15; CK-15; Keratin-15; K15;  427.19298 

ENSMUSP00000032074 25.7  Probable N-acetyltransferase CML5 (EC 2.3.1.-)(Camello-like protein 5) Source: 2.3.1.- IPR016181 Acyl CoA 
acyltransferaseIPR000182 GCN5-rel AcTrfase 

225.4386 

ENSMUSP00000039784 17.1  39S ribosomal protein L23, mitochondrial (L23mt)(MRP-L23)(L23 mitochondrial-related protein) IPR012678 Ribosomal 
L23/L15e coreIPR013025 Ribosomal L25/23 

150 

ENSMUSP00000029387 64.4  Eukaryotic translation initiation factor 2A (eIF-2A) IPR011046 WD40 repeat-likeIPR011387 eIF2AIPR013979 eIF2A 
central-region 

564.91228 

ENSMUSP00000040580 37.8  Aldose 1-epimerase (EC 5.1.3.3)(Galactose mutarotase) Source: 5.1.3.3 IPR008183 Ald1 epimeraseIPR018052 Ald1 
epimerase CSIPR011013 Glyco hydro-type carb-bd 

331.57895 

ENSMUSP00000073444 60  UDP-glucuronosyltransferase 1-7C Precursor (UDPGT)(UGT1*7C)(EC 2.4.1.17)(UGT1-
07C)(UGT1.7C)(UGT1A7C)(UGT1A10) Source: 2.4.1.17 IPR002213 UDP glucos trans 

526.31579 

ENSMUSP00000059943 8.5  UPF0608 protein C19orf42 homolog Precursor  74.561404 

ENSMUSP00000034860 58.1  Cytochrome P450 1A2 (EC 1.14.14.1)(CYPIA2)(P450-P2/P450-P3) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 
Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-
IVIPR008066 Cyt P450 E grp-I CYP1IPR008067 Cyt P450 E grp-I CYP2A-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

509.64912 

ENSMUSP00000089691 35.9  cis-retinol/3alpha hydroxysterol short-chain dehydrogenase-like IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase 
SDRIPR002347 Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bd 

314.91228 

ENSMUSP00000026462 36.1  Hydroxysteroid 17-beta dehydrogenase 6 Precursor (EC 1.1.1.62)(EC 1.1.1.63)(EC 1.1.1.105)(17-beta-HSD6)(17-beta-
HSD9)(Oxidative 3-alpha hydroxysteroid dehydrogenase)(3-alpha-&gt;beta-hydroxysteroid epimerase)(3-alpha-&gt;beta-
HSE) Source: 1.1.1.62 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR016040 NAD(P)-bd 

316.66667 

ENSMUSP00000074990 56.1  Cytochrome P450 2A12 (EC 1.14.14.1)(CYPIIA12)(Steroid hormones 7-alpha-hydroxylase)(Testosterone 7-alpha-
hydroxylase) Source: 1.14.14.1 IPR001128 Cyt P450IPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt 
P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-
likeIPR008071 Cyt P450 E grp-I CYP2J-like 

492.10526 

ENSMUSP00000081370 58.3  Cytochrome P450 4A12A (EC 1.14.14.1)(CYPIVA12) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002402 Cyt P450 E grp-IIIPR002403 
Cyt P450 E grp-IV 

511.40351 

ENSMUSP00000003100 55.9  Cytochrome P450 2F2 (EC 1.14.14.-)(CYPIIF2)(Naphthalene dehydrogenase)(Naphthalene hydroxylase)(P450-NAH-2) 
Source: 1.14.14.- IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 
Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I 
CYP2B-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

490.35088 

ENSMUSP00000082352 35.1  Retinol dehydrogenase 11 (EC 1.1.1.-)(Retinal reductase 1)(RalR1)(Prostate short-chain dehydrogenase/reductase 
1)(Androgen-regulated short-chain dehydrogenase/reductase 1)(Short-chain aldehyde dehydrogenase)(SCALD)(Cell line 

307.89474 



MC/9.IL4-derived protein 1)(M42C60) Source: 1.1.1.- IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase 
SDRIPR002347 Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bd 

ENSMUSP00000029569 36  UDP-N-acetylglucosamine transporter (Golgi UDP-GlcNAc transporter)(Solute carrier family 35 member A3) IPR007271 
Nuc sug transptIPR004689 UDPgal transpt 

315.78947 

sp|K1C10_HUMAN| 59.5  Keratin, type I cytoskeletal 10; Cytokeratin-10; CK-10; Keratin-10; K10;  521.92982 

ENSMUSP00000065796 56.1  cytochrome P450, family 2, subfamily c, polypeptide 67 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 
CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008068 Cyt P450 E grp-I 
CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008070 Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I 
CYP2J-like 

492.10526 

ENSMUSP00000031195 61.1  UDP-glucuronosyltransferase 2A3 Precursor (UDPGT 2A3)(EC 2.4.1.17) Source: 2.4.1.17 IPR002213 UDP glucos trans 535.96491 

ENSMUSP00000057732 35.7  retinol dehydrogenase 9 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR016040 NAD(P)-bd 

313.15789 

ENSMUSP00000034567 67.9  Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complex, mitochondrial Precursor 
(EC 2.3.1.12)(Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase complex)(PDC-E2)(E2) Source: 
2.3.1.12 IPR003016 2-oxoA DHase lipoyl-BSIPR001078 2-oxoacid DHase actylTfraseIPR006257 AcTrfase Pyrv DHase 
cplx LIPR000089 Biotin lipoylIPR004167 E3 bdIPR000694 PRO richIPR011053 Single hybrid motifIPR001412 aa-tRNA-
synth I CS 

595.61404 

ENSMUSP00000023832 33.4  Regucalcin (RC)(Senescence marker protein 30)(SMP-30) IPR008367 RegucalcinIPR013658 SGLIPR005511 SMP-30 292.98246 

ENSMUSP00000026398 28  Methyltransferase-like protein 7B Precursor (EC 2.1.1.-) Source: 2.1.1.- IPR013216 Methyltransf 11IPR013217 
Methyltransf 12 

245.61404 

ENSMUSP00000028807 46.3  Isovaleryl-CoA dehydrogenase, mitochondrial Precursor (IVD)(EC 1.3.99.10) Source: 1.3.99.10 IPR006091 Acyl-CoA 
DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA DHase CSIPR006092 Acyl-CoA DHase 
NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/N 

406.14035 

ENSMUSP00000045351 49.8  GPI-anchor transamidase Precursor (GPI transamidase)(EC 3.-.-.-)(Phosphatidylinositol-glycan biosynthesis class K 
protein)(PIG-K) Source: 3.-.-.- IPR001096 Peptidase C13 

436.84211 

ENSMUSP00000002840 104.5  Peroxisome assembly factor 2 (PAF-2)(Peroxisomal-type ATPase 1)(Peroxisomal biogenesis factor 6)(Peroxin-6) 
IPR003593 AAA+ ATPase coreIPR003960 AAA ATPase CSIPR003959 AAA ATPase core 

916.66667 

ENSMUSP00000047551 52.5  Epoxide hydrolase 1 (EC 3.3.2.9)(Microsomal epoxide hydrolase)(Epoxide hydratase) Source: 3.3.2.9 IPR000073 AB 
hydrolase 1IPR000639 Epox hydrolase-likeIPR010497 Epoxide hydro NIPR016292 Epoxide hydrolaseIPR002410 
Peptidase S33 

460.52632 

ENSMUSP00000066958 67.5  Transmembrane 9 superfamily member 3 Precursor IPR004240 EMP70 592.10526 

ENSMUSP00000030299 57.7  Cytochrome P450 2J5 (EC 1.14.14.1)(CYPIIJ5)(Arachidonic acid epoxygenase) Source: 1.14.14.1 IPR001128 Cyt 
P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002402 Cyt 
P450 E grp-IIIPR002403 Cyt P450 E grp-IVIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-
likeIPR008071 Cyt P450 E grp-I CYP2J-like 

506.14035 

ENSMUSP00000004381 56.1  Lysophosphatidylcholine acyltransferase 3 (EC 2.3.1.23)(Membrane-bound O-acyltransferase domain-containing protein 
5)(O-acyltransferase domain-containing protein 5) Source: 2.3.1.23 IPR004299 MBOAT fam 

492.10526 

ENSMUSP00000027478 40.6  NADH dehydrogenase IPR002624 Deoxynucleoside kinaseIPR015828 NADH UbQ OxRdtase 42KD su 356.14035 

ENSMUSP00000043061 33.1  3-mercaptopyruvate sulfurtransferase (MST)(EC 2.8.1.2) Source: 2.8.1.2 IPR001763 Rhodanese-likeIPR001307 
Thiosulphate STrfase CS 

290.35088 

ENSMUSP00000042095 46.6  Serine protease inhibitor A3K Precursor (Serpin A3K)(Contrapsin)(SPI-2) IPR000295 Prot inh Lserp2IPR000215 
Protease inhib I4 serpin 

408.77193 

ENSMUSP00000065425 36.8  Tartrate-resistant acid phosphatase type 5 Precursor (TR-AP)(EC 3.1.3.2)(Tartrate-resistant acid 
ATPase)(TrATPase)(Acid phosphatase 5, tartrate resistant) Source: 3.1.3.2 IPR004843 M-pesterase 

322.80702 

ENSMUSP00000061851 47.7  Adenosylhomocysteinase (AdoHcyase)(EC 3.3.1.1)(S-adenosyl-L-homocysteine hydrolase)(Liver copper-binding 
protein)(CUBP) Source: 3.3.1.1 IPR000043 Ad hcy hydrolaseIPR015878 Ado hCys hydrolase NAD-bd 

418.42105 

ENSMUSP00000001834 55.2  UPF0027 protein C22orf28 homolog IPR001233 UPF0027 484.21053 



ENSMUSP00000032078 59.6  T-complex protein 1 subunit eta (TCP-1-eta)(CCT-eta) IPR012720 Chap CCT etaIPR017998 Chaperone TCP-
1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1 

522.80702 

ENSMUSP00000035417 62.2  Pyruvate kinase isozymes R/L (EC 2.7.1.40)(L-PK) Source: 2.7.1.40 IPR001697 Pyr KnaseIPR015813 Pyrv/PenolPyrv 
Kinase catIPR018209 Pyrv Knase ASIPR015795 Pyrv Knase C-likeIPR015794 Pyrv Knase a/bIPR015793 Pyrv Knase brl 

545.61404 

ENSMUSP00000025279 142.8  Niemann-Pick C1 protein Precursor IPR004765 NP C typeIPR003392 PatchedIPR000731 SSD 5TM 1252.6316 

ENSMUSP00000021370 50.9  L-2-hydroxyglutarate dehydrogenase, mitochondrial Precursor (Duranin)(EC 1.1.99.2) Source: 1.1.99.2 IPR006076 FAD-
dep OxRdtaseIPR003042 Rng hydrolase 

446.49123 

ENSMUSP00000024963 16.2  Multiple coagulation factor deficiency protein 2 homolog Precursor (Neural stem cell-derived neuronal survival protein) 
IPR018247 EF HAND 1IPR018249 EF HAND 2 

142.10526 

ENSMUSP00000000394 71.5  Protein TBRG4 (Transforming growth factor beta regulator 4) IPR013579 FAST 2IPR010622 FAST Leu-richIPR013584 
RAP 

627.19298 

ENSMUSP00000001183 58.9  Formimidoyltransferase-cyclodeaminase (Formiminotransferase-cyclodeaminase)(FTCD) Source: 2.1.2.5 IPR007044 
Cyclodeamin/CycOHaseIPR004227 FormiminotransferaseIPR013802 Formiminotransferase CIPR012886 
Formiminotransferase N 

516.66667 

ENSMUSP00000034624 46  solute carrier family 37 (glucose-6-phosphate transporter), member 4 IPR000849 GlpT transporterIPR011701 MFS 
1IPR016196 MFS gen sb transpt 

403.50877 

ENSMUSP00000041442 41.9  3 beta-hydroxysteroid dehydrogenase type 5 (3 beta-hydroxysteroid dehydrogenase type V)(3-beta-HSD V)(NADPH-
dependent 3-beta-hydroxy-Delta(5)-steroid dehydrogenase)(EC 1.1.1.-)(3-beta-hydroxy-5-ene steroid 
dehydrogenase)(Progesterone reductase) Source: 1.1.1.- IPR002225 3Beta OHSteriod DHase/EstaseIPR002198 DHase 
sc/Rdtase SDRIPR001509 Epimerase deHydtaseIPR013120 Male sterile NAD-bdIPR016040 NAD(P)-bdIPR003869 
Polysac CapD 

367.54386 

ENSMUSP00000086530 56.9  Cytochrome P450 2D9 (EC 1.14.14.1)(CYPIID9)(P450-16-alpha)(CA)(Testosterone 16-alpha hydroxylase) Source: 
1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt 
P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt P450 E grp-I CYP2J-
like 

499.12281 

ENSMUSP00000051293 75.2  Cleft lip and palate transmembrane protein 1 homolog (Thymic epithelial cell surface antigen) IPR008429 CLPTM1 659.64912 

ENSMUSP00000086528 56.8  Cytochrome P450 2D11 (EC 1.14.14.1)(CYPIID11)(P450-16-alpha)(CC)(Testosterone 16-alpha hydroxylase) Source: 
1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt 
P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt P450 E grp-I CYP2J-
like 

498.24561 

ENSMUSP00000022976 134  Strumpellin IPR001756 ATPase P-typ Cu-transptrIPR014756 Ig E-set 1175.4386 

ENSMUSP00000051621 14.7  Membrane magnesium transporter 1 Precursor (Transmembrane protein 32)  128.94737 

sp|K1C9_HUMAN| 62.1  Keratin, type I cytoskeletal 9; Cytokeratin-9; CK-9; Keratin-9; K9;  544.73684 

ENSMUSP00000101999 42.4  Phosphoribosyl pyrophosphate synthetase-associated protein 1 (PRPP synthetase-associated protein 1)(39 kDa 
phosphoribosypyrophosphate synthetase-associated protein)(PAP39) IPR005946 PRPP kinaseIPR000836 PRibTrfase 

371.92982 

ENSMUSP00000034414 35  Ester hydrolase C11orf54 homolog (EC 3.1.-.-) Source: 3.1.-.- IPR015021 DUF1907 307.01754 

ENSMUSP00000051441 51.7  Transmembrane protein 195  453.50877 

ENSMUSP00000029240 56.9  Solute carrier family 2, facilitated glucose transporter member 2 (Glucose transporter type 2, liver)(GLUT-2) IPR002440 
Glc transpt 2IPR011701 MFS 1IPR016196 MFS gen sb transptIPR005828 Sub transporterIPR003663 Sugar/inositol 
transptIPR005829 Sugar transporter CS 

499.12281 

ENSMUSP00000034623 24.4  Trafficking protein particle complex subunit 4 (Synbindin)(TRS23 homolog) IPR011012 Longin likeIPR007233 Sybindin 214.03509 

ENSMUSP00000111510 60.4  Nuclear protein NP60 IPR006183 6-phosphogluconate DHaseIPR006115 6PGDH NAD-bdIPR017956 AT hook DNA-bd 
CSIPR016040 NAD(P)-bdIPR004455 NADP OxRdtase F420IPR000313 PWWPIPR006151 Shikm DHase/Glu-tRNA 
Rdtase 

529.82456 

sp|K2C1_HUMAN| 65.8  Keratin, type II cytoskeletal 1; Cytokeratin-1; CK-1; Keratin-1; K1; 67 kDa cytokeratin; Hair alpha protein;  577.19298 



ENSMUSP00000086418 60.4  T-complex protein 1 subunit alpha B (TCP-1-alpha)(CCT-alpha)(Tailless complex polypeptide 1B)(TCP-1-B) IPR012715 
Chap CCT alphaIPR017998 Chaperone TCP-1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 
Cpn60/TCP-1 

529.82456 

ENSMUSP00000025713 46.5  Delta(14)-sterol reductase (Delta-14-SR)(EC 1.3.1.70)(C-14 sterol reductase)(Sterol C14-reductase)(Transmembrane 7 
superfamily member 2) Source: 1.3.1.70 IPR001171 ERG4 ERG24IPR018083 Sterol reductase CS 

407.89474 

ENSMUSP00000017946 51.6  Protein FAM134C  452.63158 

ENSMUSP00000051700 80.7  Fatty-acid amide hydrolase 1 (EC 3.1.-.-)(Oleamide hydrolase 1)(Anandamide amidohydrolase 1) Source: 3.1.-.- 
IPR000120 Amidase sig enzIPR006206 Mev galkinaseIPR003979 Tropoelastin 

707.89474 

ENSMUSP00000034848 29.5  Proteasome subunit alpha type-4 (EC 3.4.25.1)(Proteasome component C9)(Macropain subunit C9)(Multicatalytic 
endopeptidase complex subunit C9)(Proteasome subunit L) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR000426 
Proteasome alpha CSIPR016050 Proteasome bsu CS 

258.77193 

ENSMUSP00000047790 23.6  Glutathione S-transferase P 1 (Gst P1)(EC 2.5.1.18)(GST YF-YF)(GST-piB)(GST class-pi)(Preadipocyte growth factor) 
Source: 2.5.1.18 IPR004046 GST CIPR003080 GST alphaIPR003082 GST piIPR010987 Glutathione-S-Trfase C-
likeIPR004045 Glutathione S-Trfase NIPR012336 Thioredoxin-like fold 

207.01754 

ENSMUSP00000097860 184.1  ATP-binding cassette sub-family A member 8-A IPR003593 AAA+ ATPase coreIPR003439 ABC transporter-
likeIPR017871 ABC transporter CS 

1614.9123 

ENSMUSP00000034172 61.7  Carboxylesterase 3 Precursor (EC 3.1.1.1)(EC 3.1.1.67)(Triacylglycerol hydrolase)(TGH)(Fatty acid ethyl ester 
synthase)(FAEE synthase) Source: 3.1.1.1 IPR002018 CarbesteraseBIPR000997 Cholinesterase 

541.22807 

ENSMUSP00000041244 23.4  28S ribosomal protein S26, mitochondrial Precursor (S26mt)(MRP-S26)  205.26316 

ENSMUSP00000040424 74.5  Probable urocanate hydratase (Urocanase)(EC 4.2.1.49)(Imidazolonepropionate hydrolase) Source: 4.2.1.49 IPR000193 
Urocanase 

653.50877 

ENSMUSP00000005923 29.1  Proteasome subunit beta type-4 Precursor (Proteasome beta chain)(EC 3.4.25.1)(Macropain beta chain)(Multicatalytic 
endopeptidase complex beta chain)(Proteasome chain 3) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR016050 
Proteasome bsu CSIPR016295 Proteasome endopept cplx B 

255.26316 

ENSMUSP00000031181 60.8  UDP glucuronosyltransferase 2 family, polypeptide B34 IPR002213 UDP glucos trans 533.33333 

ENSMUSP00000027464 37.5  39S ribosomal protein L44, mitochondrial Precursor (L44mt)(EC 3.1.26.-)(MRP-L44) Source: 3.1.26.- IPR001159 Ds-RNA 
bdIPR000999 RNase III 

328.94737 

ENSMUSP00000003843 73.2  Mannosyl-oligosaccharide 1,2-alpha-mannosidase IA (EC 3.2.1.113)(Processing alpha-1,2-mannosidase IA)(Alpha-1,2-
mannosidase IA)(Mannosidase alpha class 1A member 1)(Man(9)-alpha-mannosidase)(Man9-mannosidase) Source: 
3.2.1.113 IPR001382 Glyco hydro 47 

642.10526 

ENSMUSP00000104806 116.3  Probable phospholipid-transporting ATPase IIA (EC 3.6.3.1)(ATPase class II type 9A) Source: 3.6.3.1 IPR001757 
ATPase PIPR006539 ATPase P-typ Plipid-translIPR006069 ATPase P-typ cation-exchng asuIPR018303 ATPase P-typ 
phosphor siteIPR005834 Dehalogen-like hydro 

1020.1754 

ENSMUSP00000107118 22.4  Proteasome subunit beta type-5 Precursor (EC 3.4.25.1)(Proteasome epsilon chain)(Macropain epsilon 
chain)(Multicatalytic endopeptidase complex epsilon chain)(Proteasome subunit X)(Proteasome chain 6) Source: 3.4.25.1 
IPR000243 Pept T1A subBIPR001353 Proteasome A B suIPR016050 Proteasome bsu CS 

196.49123 

ENSMUSP00000076578 55.8  cytochrome P450, family 2, subfamily b, polypeptide 23 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 
CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 Cyt P450 E grp-I 
CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

489.47368 

ENSMUSP00000023083 56.4  cytochrome P450, family 2, subfamily d, polypeptide 22 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 
CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008066 Cyt P450 E grp-I 
CYP1IPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

494.73684 

ENSMUSP00000026208 173.6  Canalicular multispecific organic anion transporter 1 (ATP-binding cassette sub-family C member 2) IPR003593 AAA+ 
ATPase coreIPR011527 ABC TM 1IPR001140 ABC TM transptIPR003439 ABC transporter-likeIPR017940 ABC 
transporter type1IPR005292 Multidrug-R assoc MRP 

1522.807 

ENSMUSP00000034178 61.6  hypothetical protein LOC234564 IPR002018 CarbesteraseB 540.35088 

ENSMUSP00000025356 19.1  Protein MAL2 IPR013295 MALIPR008253 Marvel 167.54386 



ENSMUSP00000014913 26.4  Proteasome subunit beta type-1 Precursor (EC 3.4.25.1)(Proteasome component C5)(Macropain subunit 
C5)(Multicatalytic endopeptidase complex subunit C5)(Proteasome gamma chain) Source: 3.4.25.1 IPR001353 
Proteasome A B suIPR016050 Proteasome bsu CS 

231.57895 

ENSMUSP00000025196 30.2  Proteasome subunit beta type-8 Precursor (EC 3.4.25.1)(Proteasome subunit beta-5i)(Proteasome component 
C13)(Macropain subunit C13)(Multicatalytic endopeptidase complex subunit C13) Source: 3.4.25.1 IPR000243 Pept T1A 
subBIPR001353 Proteasome A B suIPR016050 Proteasome bsu CS 

264.91228 

ENSMUSP00000084445 16.9  OCIA domain-containing protein 2 IPR009764 OCIA 148.24561 

ENSMUSP00000080996 25.1  ATP synthase subunit a (F-ATPase protein 6) IPR000568 ATPase F0-cplx asu 220.17544 

ENSMUSP00000072555 57.2  Cytochrome P450 2D10 (EC 1.14.14.1)(CYPIID10)(P450-16-alpha)(P450CB)(Testosterone 16-alpha hydroxylase) 
Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 
CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt 
P450 E grp-I CYP2J-like 

501.75439 

ENSMUSP00000109355 64  RNA-binding protein 47 (RNA-binding motif protein 47) IPR006535 HnRNP R QIPR003954 RRM 1IPR000504 RRM 
RNP1 

561.40351 

ENSMUSP00000028657 40.1  Sorbitol dehydrogenase (EC 1.1.1.14)(L-iditol 2-dehydrogenase) Source: 1.1.1.14 IPR013154 AlcDHase GroES-
likeIPR013149 AlcDHase Zn-bdIPR002328 AlcDHase Zn CSIPR013027 FAD pyr nucl-diS OxRdtaseIPR011032 GroES 
likeIPR000103 Pyridine nuc-diS OxRdtase 2 

351.75439 

ENSMUSP00000031251 32.9  Estradiol 17-beta-dehydrogenase 11 Precursor (EC 1.1.1.62)(17-beta-hydroxysteroid dehydrogenase 11)(17-beta-HSD 
11)(17betaHSD11)(17bHSD11)(17-beta-HSD XI)(17betaHSDXI)(Dehydrogenase/reductase SDR family member 8) 
Source: 1.1.1.62 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR002424 
Insect AlcDHase famIPR016040 NAD(P)-bd 

288.59649 

ENSMUSP00000022148 61.3  Methylcrotonoyl-CoA carboxylase beta chain, mitochondrial Precursor (MCCase subunit beta)(EC 6.4.1.4)(3-
methylcrotonyl-CoA:carbon dioxide ligase subunit beta)(3-methylcrotonyl-CoA carboxylase non-biotin-containing 
subunit)(3-methylcrotonyl-CoA carboxylase 2) Source: 6.4.1.4 IPR011763 COA CT CIPR011762 COA CT NIPR000022 
Carboxyl trans 

537.7193 

ENSMUSP00000073061 21.7  Membrane-associated progesterone receptor component 1 IPR001199 Cyt B5IPR000417 Hyethyz kinase 190.35088 

ENSMUSP00000037022 74.3  Solute carrier organic anion transporter family member 1A1 (Solute carrier family 21 member 1)(Sodium-independent 
organic anion-transporting polypeptide 1)(OATP1) IPR011701 MFS 1IPR016196 MFS gen sb transptIPR004156 OA 
transporterIPR011497 Prot Inh Kazal 2 

651.75439 

ENSMUSP00000075235 65.6  APOBEC1 complementation factor (APOBEC1-stimulating protein) IPR001159 Ds-RNA bdIPR006535 HnRNP R 
QIPR003954 RRM 1IPR000504 RRM RNP1 

575.4386 

ENSMUSP00000055206 80.3  Putative uncharacterized protein Fragment Source: UniProtKB/TrEMBL Q8BNL1  704.38596 

ENSMUSP00000112236 35.5  2-oxoisovalerate dehydrogenase subunit beta, mitochondrial Precursor (EC 1.2.4.4)(Branched-chain alpha-keto acid 
dehydrogenase E1 component beta chain)(BCKDH E1-beta) Source: 1.2.4.4 IPR005476 Transketo CIPR005475 
Transketo Cen R 

311.40351 

ENSMUSP00000032422 45.7  Cysteine-rich with EGF-like domain protein 1 Precursor IPR006210 EGFIPR000152 EGF-type Asp/Asn hydroxyl 
CSIPR000742 EGF 3IPR001881 EGF Ca bdIPR013091 EGF Ca bd 2IPR018097 EGF Ca bd CSIPR002049 EGF 
lamininIPR013032 EGF like reg CSIPR006212 Furin repeatIPR009030 Growth fac rcpt 

400.87719 

ENSMUSP00000037259 59.9  Dimethylaniline monooxygenase Source: 1.14.13.8 IPR000759 Adrndx reductaseIPR013027 FAD pyr nucl-diS 
OxRdtaseIPR000960 Flavin mOaseIPR002253 Flavin mOase 1IPR002254 Flavin mOase 2IPR002255 Flavin mOase 
3IPR002257 Flavin mOase 5IPR002345 LipocalinIPR012143 dManiline mOase 

525.4386 

ENSMUSP00000056152 39.7  Ornithine carbamoyltransferase, mitochondrial Precursor (EC 2.1.3.3)(Ornithine transcarbamylase)(OTCase) Source: 
2.1.3.3 IPR006130 Asp/Orn carbamoylTrfaseIPR006132 Asp/Orn carbamoyltranf P bdIPR006131 Asp carbamoyltransf 
Asp/Orn bdIPR002082 Aspartate carbamoyltransf eukIPR002292 Orn carbamltrans 

348.24561 

ENSMUSP00000076735 35.9  retinol dehydrogenase similar protein 2 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bd 

314.91228 

ENSMUSP00000028083 29.9  Proteasome subunit beta type-7 Precursor (EC 3.4.25.1)(Proteasome subunit Z)(Macropain chain Z)(Multicatalytic 
endopeptidase complex chain Z) Source: 3.4.25.1 IPR000243 Pept T1A subBIPR001353 Proteasome A B suIPR016050 

262.2807 



Proteasome bsu CS 

ENSMUSP00000022341 28.1  UPF0568 protein C14orf166 homolog  246.49123 

ENSMUSP00000003137 55.7  Cytochrome P450 2C29 (EC 1.14.14.1)(CYPIIC29)(P-450 MUT-2)(Aldehyde oxygenase) Source: 1.14.14.1 IPR001128 
Cyt P450IPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-
IVIPR008067 Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-
likeIPR008070 Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

488.59649 

ENSMUSP00000046585 76.2  Long-chain-fatty-acid--CoA ligase 5 (EC 6.2.1.3)(Long-chain acyl-CoA synthetase 5)(LACS 5) Source: 6.2.1.3 IPR000873 
AMP-dep Synth/Lig 

668.42105 

ENSMUSP00000002663 39.5  Serum paraoxonase/arylesterase 1 (PON 1)(EC 3.1.1.2)(EC 3.1.8.1)(Serum aryldialkylphosphatase 1)(A-esterase 
1)(Aromatic esterase 1) Source: 3.1.1.2 IPR002640 ArylesteraseIPR008363 Paraoxonase1IPR008364 
Paraoxonase2IPR013658 SGL 

346.49123 

ENSMUSP00000108763 60.5  UDP-glucuronosyltransferase 1-7C Precursor (UDPGT)(UGT1*7C)(EC 2.4.1.17)(UGT1-
07C)(UGT1.7C)(UGT1A7C)(UGT1A10) Source: 2.4.1.17 IPR002213 UDP glucos trans 

530.70175 

ENSMUSP00000084959 35  Putative deoxyribose-phosphate aldolase (EC 4.1.2.4)(Phosphodeoxyriboaldolase)(Deoxyriboaldolase)(DERA) Source: 
4.1.2.4 IPR011343 DeoCIPR002915 DeoC/AroFGH archIPR002953 Filo VP35 

307.01754 

ENSMUSP00000030051 11.7  Thioredoxin (Trx)(ATL-derived factor)(ADF) IPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like 
subdomIPR017937 Thioredoxin CSIPR013766 Thioredoxin dom 

102.63158 

ENSMUSP00000010049 35.9  3-ketodihydrosphingosine reductase Precursor (KDS reductase)(EC 1.1.1.102)(3-dehydrosphinganine 
reductase)(Follicular variant translocation protein 1 homolog)(FVT-1) Source: 1.1.1.102 IPR003560 DHB 
DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bdIPR013968 Polyketide synth 
KR 

314.91228 

ENSMUSP00000008801 61.2  cytochrome P450, family 4, subfamily f, polypeptide 15 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 
CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002402 Cyt P450 E grp-IIIPR002403 Cyt P450 E grp-IV 

536.84211 

ENSMUSP00000036245 41.1  3 beta-hydroxysteroid dehydrogenase type 7 (3 beta-hydroxysteroid dehydrogenase type VII)(3-beta-HSD VII)(3-beta-
hydroxy-Delta(5)-C27 steroid oxidoreductase)(EC 1.1.1.-)(C(27) 3-beta-HSD) Source: 1.1.1.- IPR002225 3Beta OHSteriod 
DHase/EstaseIPR002198 DHase sc/Rdtase SDRIPR001509 Epimerase deHydtaseIPR013120 Male sterile NAD-
bdIPR016040 NAD(P)-bdIPR013968 Polyketide synth KRIPR003869 Polysac CapD 

360.52632 

ENSMUSP00000031183 60.1  UDP glucuronosyltransferase 2 family, polypeptide B1 IPR002213 UDP glucos trans 527.19298 

ENSMUSP00000039543 31.1  Syntaxin-16 IPR006012 Syntaxin/epimorphin CSIPR006011 Syntaxin NIPR000727 T SNAREIPR010989 t-SNARE 272.80702 

ENSMUSP00000031822 73  ATP-binding cassette sub-family G member 2 (Breast cancer resistance protein 1 homolog)(CD338 antigen) IPR003593 
AAA+ ATPase coreIPR013525 ABC 2 transIPR003439 ABC transporter-likeIPR002091 ArAA permease 

640.35088 

ENSMUSP00000079065 55.7  Cytochrome P450 2C50 (EC 1.14.14.1)(CYPIIC50) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 
Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008070 
Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

488.59649 

ENSMUSP00000042188 94.4  Two pore calcium channel protein 1 (Voltage-dependent calcium channel protein TPC1) IPR005821 Ion transIPR001220 
Lectin legB 

828.07018 

ENSMUSP00000053877 127.8  Constitutive coactivator of PPAR-gamma-like protein 1 (Oxidative stress-associated Src activator)(Protein FAM120A) 
IPR006030 Mollsc rhodpsn CIPR000694 PRO rich 

1121.0526 

ENSMUSP00000025602 41.5  Guanine nucleotide-binding protein subunit alpha-14 (G-protein subunit alpha-14)(G alpha-14) IPR002975 Fungi 
GproteinAIPR001019 Gprotein alph bdIPR000469 Gprotein alpha12IPR001408 Gprotein alpha IIPR000654 Gprotein 
alpha Q 

364.03509 

ENSMUSP00000032399 21.5  GTPase KRas Precursor (K-Ras 2)(Ki-Ras)(c-K-ras)(c-Ki-ras) IPR006689 ARF/SARIPR003579 GTPase RabIPR003577 
GTPase RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

188.59649 

ENSMUSP00000039663 97.2  Dimethylglycine dehydrogenase, mitochondrial Precursor (EC 1.5.99.2)(ME2GLYDH) Source: 1.5.99.2 IPR006076 FAD-
dep OxRdtaseIPR013027 FAD pyr nucl-diS OxRdtaseIPR013977 GCV T CIPR006222 GCV T N 

852.63158 



ENSMUSP00000000349 53.2  Lipoamide acyltransferase component of branched-chain alpha-keto acid dehydrogenase complex, mitochondrial 
Precursor (EC 2.3.1.168)(Dihydrolipoyllysine-residue (2-methylpropanoyl)transferase)(Dihydrolipoamide branched chain 
transacylase)(BCKAD E2 subunit)(E2) Source: 2.3.1.168 IPR003016 2-oxoA DHase lipoyl-BSIPR001078 2-oxoacid 
DHase actylTfraseIPR000089 Biotin lipoylIPR004167 E3 bdIPR000694 PRO richIPR011053 Single hybrid motif 

466.66667 

ENSMUSP00000085244 139.8  Tripeptidyl-peptidase 2 (EC 3.4.14.10)(Tripeptidyl-peptidase II)(TPP-II)(Tripeptidyl aminopeptidase) Source: 3.4.14.10 
IPR003006 Ig/MHC CSIPR000209 Pept S8 S53 

1226.3158 

ENSMUSP00000099848:reversed 111.5  978.07018 

ENSMUSP00000022317 24.4  Uncharacterized protein C10orf58 homolog Precursor IPR012336 Thioredoxin-like fold 214.03509 

ENSMUSP00000073939 25  Probable N-acetyltransferase CML1 (EC 2.3.1.-)(Camello-like protein 1) Source: 2.3.1.- IPR016181 Acyl CoA 
acyltransferaseIPR000182 GCN5-rel AcTrfase 

219.29825 

ENSMUSP00000099770 146.7  Bile salt export pump (ATP-binding cassette sub-family B member 11)(Sister of P-glycoprotein) IPR003593 AAA+ 
ATPase coreIPR011527 ABC TM 1IPR001140 ABC TM transptIPR003439 ABC transporter-likeIPR017871 ABC 
transporter CSIPR017940 ABC transporter type1IPR017970 Homeobox CS 

1286.8421 

ENSMUSP00000103436 169.1  Canalicular multispecific organic anion transporter 2 (ATP-binding cassette sub-family C member 3)(Multidrug resistance-
associated protein 3) IPR003593 AAA+ ATPase coreIPR011527 ABC TM 1IPR001140 ABC TM transptIPR003439 ABC 
transporter-likeIPR017871 ABC transporter CSIPR017940 ABC transporter type1IPR005292 Multidrug-R assoc MRP 

1483.3333 

ENSMUSP00000048832 21.2  Transmembrane protein 205  185.96491 

ENSMUSP00000092966 60.9  Cytochrome P450 4V3 (EC 1.14.-.-) Source: 1.14.-.- IPR001128 Cyt P450IPR017973 Cyt P450 CIPR017972 Cyt P450 
CSIPR002401 Cyt P450 E grp-IIPR002402 Cyt P450 E grp-IIIPR002403 Cyt P450 E grp-IV 

534.21053 

ENSMUSP00000105754 35.2  Solute carrier family 25 member 42 IPR002113 Aden trnslctorIPR014762 DNA mismatch repair CSIPR002167 Graves 
DCIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrierIPR003842 VacA 

308.77193 

ENSMUSP00000033074 17.8  Vitamin K epoxide reductase complex subunit 1 (EC 1.1.4.1)(Vitamin K1 2,3-epoxide reductase subunit 1) Source: 1.1.4.1 
IPR012932 VKOR 

156.14035 

ENSMUSP00000109150 98.6 10-formyltetrahydrofolate dehydrogenase (EC 1.5.1.6) (10-FTHFDH) (Aldehyde dehydrogenase family 1 member L1). 
Source: Uniprot/SWISSPROT Q8R0Y6 

864.91228 

ENSMUSP00000101096 41.3  Apoptosis-inducing factor 2 (EC 1.-.-.-)(Apoptosis-inducing factor-like mitochondrion-associated inducer of 
death)(Apoptosis-inducing factor homologous mitochondrion-associated inducer of death) Source: 1.-.-.- IPR000759 
Adrndx reductaseIPR013027 FAD pyr nucl-diS OxRdtaseIPR001327 Pyr OxRdtase NAD bdIPR000103 Pyridine nuc-diS 
OxRdtase 2IPR003042 Rng hydrolase 

362.2807 

ENSMUSP00000002844 33.3  39S ribosomal protein L2, mitochondrial Precursor (L2mt)(MRP-L2) IPR016027 NA-bd OB-fold-likeIPR002171 Ribosomal 
L2IPR008991 Translation prot SH3-like 

292.10526 

ENSMUSP00000017365 60.7  26S proteasome non-ATPase regulatory subunit 3 (26S proteasome regulatory subunit S3)(Proteasome subunit 
p58)(Transplantation antigen P91A)(Tum-P91A antigen) IPR013586 26S Psome reg CIPR013143 PAMIPR000717 PCI 

532.45614 

sp|K22E_HUMAN| 65.8  Keratin, type II cytoskeletal 2 epidermal; Cytokeratin-2e; CK 2e; K2e; keratin-2;  577.19298 

ENSMUSP00000007977 84.7  Aldehyde dehydrogenase family 16 member A1 IPR011408 ADH duplIPR016161 Ald DHase/Histidinol DHaseIPR015590 
Aldehyde DHase 

742.98246 

ENSMUSP00000088246 42  3 beta-hydroxysteroid dehydrogenase/Delta 5--&gt;4-isomerase type 3 (3-beta-HSD III) Source: 1.1.1.145 IPR002225 
3Beta OHSteriod DHase/EstaseIPR001509 Epimerase deHydtaseIPR013120 Male sterile NAD-bdIPR016040 NAD(P)-
bdIPR003869 Polysac CapD 

368.42105 

ENSMUSP00000097395 21.9  Peroxiredoxin-5, mitochondrial Precursor (EC 1.11.1.15)(Prx-V)(Peroxisomal antioxidant enzyme)(PLP)(Thioredoxin 
reductase)(Thioredoxin peroxidase PMP20)(Antioxidant enzyme B166)(AOEB166)(Liver tissue 2D-page spot 2D-0014IV) 
Source: 1.11.1.15 IPR000866 Alkyl hydroperoxide RdtaseIPR013740 RedoxinIPR012336 Thioredoxin-like fold 

192.10526 

ENSMUSP00000023519 49.9  Homogentisate 1,2-dioxygenase (EC 1.13.11.5)(Homogentisic acid oxidase)(Homogentisate 
oxygenase)(Homogentisicase) Source: 1.13.11.5 IPR011051 Cupin RmlC typeIPR005708 Homogentis dOase 

437.7193 

ENSMUSP00000102665 60  Dimethylaniline monooxygenase Source: 1.14.13.8 IPR000759 Adrndx reductaseIPR013027 FAD pyr nucl-diS 
OxRdtaseIPR000960 Flavin mOaseIPR002253 Flavin mOase 1IPR002254 Flavin mOase 2IPR002255 Flavin mOase 
3IPR002257 Flavin mOase 5IPR012143 dManiline mOase 

526.31579 



ENSMUSP00000075089 123.9  Regulator of nonsense transcripts 1 (EC 3.6.1.-)(ATP-dependent helicase RENT1)(Nonsense mRNA reducing factor 
1)(NORF1)(Up-frameshift suppressor 1 homolog)(mUpf1) Source: 3.6.1.- IPR003593 AAA+ ATPase coreIPR014001 
DEAD-like NIPR006935 Restrct endonuc I R/III Res 

1086.8421 

ENSMUSP00000025804 22.2  Ras-related protein Rab-1B IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002078 RNA pol sigma 54 intIPR002041 Ran GTPaseIPR013753 
RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

194.73684 

ENSMUSP00000056643 23.3  Membrane-associated progesterone receptor component 2 IPR001199 Cyt B5 204.38596 

ENSMUSP00000072803 60  UDP-glucuronosyltransferase 1-7C Precursor (UDPGT)(UGT1*7C)(EC 2.4.1.17)(UGT1-
07C)(UGT1.7C)(UGT1A7C)(UGT1A10) Source: 2.4.1.17 IPR002213 UDP glucos trans 

526.31579 

ENSMUSP00000052872 272.3  Fatty acid synthase (EC 2.3.1.85) Source: 2.3.1.85 IPR009081 ACP likeIPR016035 Acyl Trfase/lysoPlipaseIPR014043 
Acyl transferaseIPR013149 AlcDHase Zn-bdIPR002198 DHase sc/Rdtase SDRIPR018201 Ketoacyl synth ASIPR014031 
Ketoacyl synth CIPR014030 Ketoacyl synth NIPR013217 Methyltransf 12IPR016040 NAD(P)-bdIPR006163 
Phsphopanteth bdIPR013968 Polyketide synth KRIPR006162 Ppantne SIPR001031 ThioesteraseIPR016039 Thiolase-
like 

2388.5965 

ENSMUSP00000093390 34.8  hypothetical protein LOC328099 IPR005946 PRPP kinaseIPR000842 PRib-PP synthetase CSIPR000836 PRibTrfase 305.26316 

ENSMUSP00000037487 58.4  Cytochrome P450 7B1 (EC 1.14.13.100)(25-hydroxycholesterol 7-alpha-hydroxylase)(Oxysterol 7-alpha-
hydroxylase)(HCT-1) Source: 1.14.13.100 IPR001128 Cyt P450IPR017973 Cyt P450 CIPR002401 Cyt P450 E grp-
IIPR002403 Cyt P450 E grp-IV 

512.2807 

ENSMUSP00000045362 55.6  Cytochrome P450 2C37 (EC 1.14.14.1)(CYPIIC37) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 
Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008070 
Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

487.7193 

ENSMUSP00000031492 23  Ras-related protein Rab-35 IPR003593 AAA+ ATPase coreIPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR001019 Gprotein alph bdIPR013684 Miro-likeIPR002078 RNA pol sigma 54 
intIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

201.75439 

ENSMUSP00000046497 61.4  Putative uncharacterized protein Source: UniProtKB/TrEMBL Q8BZP6 IPR006091 Acyl-CoA DHase/Oxase MIPR013107 
Acyl-CoA DHase 2 CIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/N 

538.59649 

ENSMUSP00000048096 144.2  Isoleucyl-tRNA synthetase, cytoplasmic (EC 6.1.1.5)(Isoleucine--tRNA ligase)(IleRS)(IRS) Source: 6.1.1.5 IPR002301 Ile-
tRNA-synt IaIPR015905 Ile-tRNA-synt Ia NIPR013155 V/L/I-tRNA-synth anticodon-bdIPR002303 Val-tRNA synth 
IaIPR015413 aa-tRNA-synt IIPR001412 aa-tRNA-synth I CSIPR002300 aa-tRNA-synth IaIPR009080 tRNAsynth 1a 
anticodon-bd 

1264.9123 

ENSMUSP00000004910 38.9  Translation initiation factor eIF-2B subunit beta (eIF-2B GDP-GTP exchange factor subunit beta) IPR000649 IF-2B 
related 

341.22807 

ENSMUSP00000045285 191.8  ATP-binding cassette sub-family A member 3 IPR003593 AAA+ ATPase coreIPR003439 ABC transporter-likeIPR017871 
ABC transporter CS 

1682.4561 

ENSMUSP00000021412 27.4  Proteasome subunit alpha type-6 (EC 3.4.25.1)(Proteasome iota chain)(Macropain iota chain)(Multicatalytic 
endopeptidase complex iota chain) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR000426 Proteasome alpha CS 

240.35088 

ENSMUSP00000032228 165.2  Murinoglobulin-1 Precursor (MuG1) IPR009048 A-macroglobulin rcpt-bdIPR002890 A2M NIPR011625 A2M N 
2IPR011626 A2M compIPR001599 MacrogloblnA2IPR008930 Terpenoid cyclase/PrenylTrfaseIPR010916 TonB box CS 

1449.1228 

ENSMUSP00000104358 33.2  Dehydrogenase/reductase SDR family member 7B (EC 1.1.-.-) Source: 1.1.-.- IPR003560 DHB DHaseIPR002198 DHase 
sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bdIPR013968 
Polyketide synth KR 

291.22807 

ENSMUSP00000038763 79.9  Propionyl-CoA carboxylase alpha chain, mitochondrial Precursor (PCCase subunit alpha)(EC 6.4.1.3)(Propanoyl-
CoA:carbon dioxide ligase subunit alpha) Source: 6.4.1.3 IPR011761 ATP-graspIPR013651 ATP-grasp RimK-
typeIPR003135 ATP-grasp carboxylate-amineIPR001249 AcCoA biotinCCIPR011764 BCIPR001882 Biotin BSIPR005482 
Biotin COase CIPR000089 Biotin lipoylIPR005483 CarbamoylP synth lsuIPR005479 CarbamoylP synth lsu ATP-
bdIPR005481 CarbamoylP synth lsu NIPR008992 Enterotoxin bacIPR016185 PreATP-grasp-likeIPR011054 Rudment 
hybrid motifIPR011053 Single hybrid motif 

700.87719 



ENSMUSP00000033683 29.6  40S ribosomal protein S4, X isoform IPR005824 KOWIPR000876 Ribosomal S4eIPR013843 Ribosomal S4e 
NIPR018199 Ribosomal S4e N CSIPR013845 Ribosomal S4e centralIPR002942 S4 RNA bd 

259.64912 

ENSMUSP00000031186 60.4  UDP glucuronosyltransferase 2 family, polypeptide B35 IPR002213 UDP glucos trans 529.82456 

ENSMUSP00000021273 12.7  Vesicle-associated membrane protein 2 (VAMP-2)(Synaptobrevin-2) IPR001388 SynaptobrevinIPR016444 Synaptobrevin 
met/fun 

111.40351 

ENSMUSP00000032419 48  N-acylneuraminate cytidylyltransferase (EC 2.7.7.43)(CMP-N-acetylneuraminic acid synthetase)(CMP-NeuNAc 
synthetase) Source: 2.7.7.43 IPR003329 Cytidylyl trans 

421.05263 

ENSMUSP00000016031 72.2  Histidine ammonia-lyase (Histidase)(EC 4.3.1.3) Source: 4.3.1.3 IPR005921 HutHIPR008948 L-Aspartase-likeIPR001106 
Phe/His NH3-lyase 

633.33333 

ENSMUSP00000090727 23.6  Ras-related protein Rab-4B IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

207.01754 

ENSMUSP00000059404 34.9  Transcriptional activator protein Pur-alpha (Purine-rich single-stranded DNA-binding protein alpha) IPR006628 PUR DNA 
RNA bd 

306.14035 

ENSMUSP00000031377 54  Lysosome membrane protein 2 (Lysosome membrane protein II)(LIMP II)(Scavenger receptor class B member 2)(85 kDa 
lysosomal membrane sialoglycoprotein)(LGP85) IPR002159 CD36IPR005428 CD36 antigenIPR005429 LimpII 

473.68421 

ENSMUSP00000043424 87.3  Nephrocystin-3 IPR002575 APH transIPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006090 
Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/NIPR011009 Kinase likeIPR008271 Ser thr pkin AS 

765.78947 

ENSMUSP00000044877 13.3  BET1 homolog (mBET1)(Golgi vesicular membrane-trafficking protein p18) IPR000727 T SNARE 116.66667 

ENSMUSP00000048284 55.8  Cytochrome P450 2C54 (EC 1.14.14.1)(CYPIIC54) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 
Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008070 
Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

489.47368 

ENSMUSP00000022268 38.9  Pyruvate dehydrogenase E1 component subunit beta, mitochondrial Precursor (PDHE1-B)(EC 1.2.4.1) Source: 1.2.4.1 
IPR005476 Transketo CIPR005475 Transketo Cen R 

341.22807 

ENSMUSP00000108422 33.4  17-beta hydroxysteroid dehydrogenase 13 Precursor (EC 1.1.-.-)(Short-chain dehydrogenase/reductase 9)(Alcohol 
dehydrogenase PAN1B-like) Source: 1.1.-.- IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 
Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bdIPR013968 Polyketide synth KR 

292.98246 

ENSMUSP00000029076 29.3  Carbonic anhydrase 3 (EC 4.2.1.1)(Carbonic anhydrase III)(CA-III)(Carbonate dehydratase III) Source: 4.2.1.1 
IPR018338 Carbonic anhydrase a-class CSIPR001148 Carbonic anhydrase a-class cat 

257.01754 

ENSMUSP00000035458 183.2  ATP-binding cassette sub-family A member 6 IPR003593 AAA+ ATPase coreIPR003439 ABC transporter-like 1607.0175 

ENSMUSP00000003038 104  AP-2 complex subunit alpha-2 (Adapter-related protein complex 2 alpha-2 subunit)(Adaptor protein complex AP-2 subunit 
alpha-2)(Alpha2-adaptin)(Plasma membrane adaptor HA2/AP2 adaptin alpha C subunit)(Alpha-adaptin C)(Clathrin 
assembly protein complex 2 alpha-C large chain)(100 kDa coated vesicle protein C) IPR017104 AP2 complex 
asuIPR016024 ARM-type foldIPR009028 Calthrin/coatomer app sub CIPR002553 Clathrin/coatomer adapt-like 
NIPR013041 Clathrin/coatomer app Ig-likeIPR003164 Clathrin a-adaptin app sub CIPR008152 Clathrin a/b/g-adaptin app 
Ig 

912.2807 

ENSMUSP00000025549 15.2  Cytochrome b5 IPR001199 Cyt B5IPR018506 Cyt B5 heme-BS 133.33333 

ENSMUSP00000022946 14.2  Ribonuclease UK114 (EC 3.1.-.-)(Heat-responsive protein 12) Source: 3.1.-.- IPR013813 Endoribo LPSP/chorism mut-
likeIPR006175 Endoribon LPSPIPR006056 YjgF-like 

124.5614 

ENSMUSP00000023712 70.9  Keratin, type II cytoskeletal 2 epidermal (Cytokeratin-2e)(CK2e)(K2e)(keratin-2)(keratin-2 epidermis) IPR016044 
FIPR018039 Intermediate filament CSIPR002957 Keratin IIPR003054 Keratin IIIPR009053 PrefoldinIPR000817 Prion 

621.92982 

ENSMUSP00000024823 20.8  Lactoylglutathione lyase (EC 4.4.1.5)(Methylglyoxalase)(Aldoketomutase)(Glyoxalase I)(Glx I)(Ketone-aldehyde 
mutase)(S-D-lactoylglutathione methylglyoxal lyase) Source: 4.4.1.5 IPR004360 Glyas bleo-R dOaseIPR004361 
Glyoxalase 1IPR018146 Glyoxalase 1 CS 

182.45614 

ENSMUSP00000026427 121.5  Extended synaptotagmin-1 (E-Syt1)(Membrane-bound C2 domain-containing protein)(Protein FAM62A) IPR000008 C2 
Ca-depIPR008973 C2 Ca/lipid-bd reg CaLBIPR018029 C2 membr targeting 

1065.7895 

ENSMUSP00000082519 107.6  AP-2 complex subunit alpha-1 (Adapter-related protein complex 2 alpha-1 subunit)(Adaptor protein complex AP-2 subunit 943.85965 



alpha-1)(Alpha1-adaptin)(Plasma membrane adaptor HA2/AP2 adaptin alpha A subunit)(Alpha-adaptin A)(Clathrin 
assembly protein complex 2 alpha-A large chain)(100 kDa coated vesicle protein A) IPR017104 AP2 complex 
asuIPR016024 ARM-type foldIPR009028 Calthrin/coatomer app sub CIPR002553 Clathrin/coatomer adapt-like 
NIPR013041 Clathrin/coatomer app Ig-likeIPR003164 Clathrin a-adaptin app sub CIPR008152 Clathrin a/b/g-adaptin app 
IgIPR000694 PRO rich 

ENSMUSP00000060346 49  Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex, mitochondrial 
Precursor (EC 2.3.1.61)(Dihydrolipoamide succinyltransferase component of 2-oxoglutarate dehydrogenase 
complex)(E2)(E2K) Source: 2.3.1.61 IPR003016 2-oxoA DHase lipoyl-BSIPR001078 2-oxoacid DHase 
actylTfraseIPR000089 Biotin lipoylIPR000694 PRO richIPR011053 Single hybrid motifIPR006255 SucB 

429.82456 

ENSMUSP00000081485 13.3 no description availableIPR008195 Ribosomal L34eIPR018065 Ribosomal L34e CS 116.66667 

ENSMUSP00000007272 52.8  Keratin, type I cytoskeletal 14 (Cytokeratin-14)(CK-14)(Keratin-14)(K14) IPR016044 FIPR018039 Intermediate filament 
CSIPR002957 Keratin IIPR009053 Prefoldin 

463.15789 

ENSMUSP00000028610 59.8  Catalase (EC 1.11.1.6) Source: 1.11.1.6 IPR002226 CatalaseIPR011614 Catalase NIPR018028 Catalase rel subgroup 524.5614 

ENSMUSP00000032998 26.7  40S ribosomal protein S3 IPR004087 KHIPR009019 KH prok-typeIPR004044 KH type 2IPR001351 Ribosomal S3 
CIPR018280 Ribosomal S3 CSIPR005703 Ribosomal S3 euk/arc 

234.21053 

ENSMUSP00000027153 47.9  Long-chain specific acyl-CoA dehydrogenase, mitochondrial Precursor (LCAD)(EC 1.3.99.13) Source: 1.3.99.13 
IPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA DHase CSIPR006092 Acyl-
CoA DHase NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/N 

420.17544 

ENSMUSP00000031729 88.3  Transferrin receptor protein 2 (TfR2) IPR003137 PAIPR007484 Peptidase M28IPR007365 Transferrin rcpt-like dimerise 774.5614 

ENSMUSP00000071292 50.7  2-oxoisovalerate dehydrogenase subunit alpha, mitochondrial Precursor (EC 1.2.4.4)(Branched-chain alpha-keto acid 
dehydrogenase E1 component alpha chain)(BCKDH E1-alpha) Source: 1.2.4.4 IPR001017 DHase E1 

444.73684 

ENSMUSP00000027381 32.4  Peroxisomal trans-2-enoyl-CoA reductase (EC 1.3.1.38) Source: 1.3.1.38 IPR003560 DHB DHaseIPR002198 DHase 
sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bd 

284.21053 

ENSMUSP00000025778 113.2  Glycine dehydrogenase Source: 1.4.4.2 IPR017871 ABC transporter CSIPR003437 GDC-PIPR015424 PyrdxlP-dep 
Trfase major 

992.98246 

ENSMUSP00000039252 35.6  Retinol dehydrogenase 7 (EC 1.1.1.105)(Cis-retinol/androgen dehydrogenase type 2)(CRAD-2)(Cis-retinol/3alpha-
hydroxysterol short-chain dehydrogenase isozyme 2) Source: 1.1.1.105 IPR003560 DHB DHaseIPR002198 DHase 
sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bd 

312.2807 

ENSMUSP00000034355 62.3  carboxylesterase 5 IPR002018 CarbesteraseBIPR000997 Cholinesterase 546.49123 

ENSMUSP00000031334 33.8  Translation initiation factor eIF-2B subunit alpha (eIF-2B GDP-GTP exchange factor subunit alpha) IPR000649 IF-2B 
related 

296.49123 

ENSMUSP00000031411 56.5  Aldehyde dehydrogenase, mitochondrial Precursor (EC 1.2.1.3)(ALDH class 2)(AHD-M1)(ALDHI)(ALDH-E2) Source: 
1.2.1.3 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald DHase CSIPR015590 Aldehyde DHase 

495.61404 

ENSMUSP00000104955 206.1  Putative uncharacterized proteinMCG140951Plexin B2Plxnb2 protein ;;; Source: UniProtKB/TrEMBL B2RXS4 IPR002909 
IPT TIG rcptIPR014756 Ig E-setIPR003659 Plexin-likeIPR016201 Plexin-like foldIPR013548 Plexin cytoplIPR002165 
Plexin repeatIPR008936 Rho GTPase activation protIPR001627 Semaphorin/CD100 Ag 

1807.8947 

ENSMUSP00000029770 75.4  ATP-binding cassette sub-family D member 3 (70 kDa peroxisomal membrane protein)(PMP70)(PMP68) IPR003593 
AAA+ ATPase coreIPR010509 ABC Ald NIPR011527 ABC TM 1IPR003439 ABC transporter-likeIPR017871 ABC 
transporter CSIPR017940 ABC transporter type1IPR005283 FA transporter 

661.40351 

ENSMUSP00000029663 35.1  Multisynthetase complex auxiliary component p43 IPR016027 NA-bd OB-fold-likeIPR010989 t-SNAREIPR002547 tRNA 
bd 

307.89474 

ENSMUSP00000090593 151.7  hypothetical protein LOC74148 IPR016160 Ald DHase CSIPR010916 TonB box CS 1330.7018 

ENSMUSP00000021001 22.5  Ras-related protein Rab-10 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002078 RNA pol sigma 54 intIPR002041 Ran GTPaseIPR013753 
RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

197.36842 

ENSMUSP00000090909 63  Liver carboxylesterase 31-like Precursor (EC 3.1.1.1) Source: 3.1.1.1 IPR002018 CarbesteraseB 552.63158 



ENSMUSP00000029877 36.2  2,4-dienoyl-CoA reductase, mitochondrial Precursor (EC 1.3.1.34)(2,4-dienoyl-CoA reductase Source: 1.3.1.34 
IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bd 

317.54386 

ENSMUSP00000020948 182.9  ATP-binding cassette sub-family A member 8-B IPR003593 AAA+ ATPase coreIPR003439 ABC transporter-
likeIPR017871 ABC transporter CS 

1604.386 

ENSMUSP00000090155 63.6  Sphingosine-1-phosphate lyase 1 (SP-lyase)(mSPL)(EC 4.1.2.27)(Sphingosine-1-phosphate aldolase) Source: 4.1.2.27 
IPR000192 Aminotrans V/Cys dSaseIPR015424 PyrdxlP-dep Trfase majorIPR002129 PyrdxlP-dep de-COase 

557.89474 

ENSMUSP00000032073 25.6  Probable N-acetyltransferase CML4 (EC 2.3.1.-)(Camello-like protein 4) Source: 2.3.1.- IPR016181 Acyl CoA 
acyltransferaseIPR000182 GCN5-rel AcTrfase 

224.5614 

ENSMUSP00000029987 39.5  Fructose-bisphosphate aldolase B (EC 4.1.2.13)(Liver-type aldolase)(Aldolase 2) Source: 4.1.2.13 IPR000741 Aldolase I 346.49123 

ENSMUSP00000054322 36.1  Starch-binding domain-containing protein 1 (Genethonin-1) IPR013784 Carb-bd-like foldIPR002044 Glyco hydro carb-bd 316.66667 

ENSMUSP00000032841 32.1  39S ribosomal protein L46, mitochondrial Precursor (L46mt)(MRP-L46) IPR015797 NUDIX 281.57895 

sp|ALBU_HUMAN| 69.3  Serum albumin; Flags: Precursor;  607.89474 

ENSMUSP00000092283 52  Regulator of microtubule dynamics protein 3 (RMD-3)(mRMD-3)(Protein FAM82A2)(Protein FAM82C)  456.14035 

ENSMUSP00000034426 67.8  Lysyl-tRNA synthetase (EC 6.1.1.6)(Lysine--tRNA ligase)(LysRS) Source: 6.1.1.6 IPR002312 Asp-tRNA-synth 
IIbIPR002313 Lys-tRNA-synth IIIPR018149 Lys-tRNA-synth II CIPR016027 NA-bd OB-fold-likeIPR004365 NA bd OB 
tRNA-helicaseIPR004364 aa-tRNA-synt IIIPR006195 aa-tRNA-synth II 

594.73684 

ENSMUSP00000023462 41.2  Mitogen-activated protein kinase 1 (EC 2.7.11.24)(Extracellular signal-regulated kinase 2)(ERK-2)(Mitogen-activated 
protein kinase 2)(MAP kinase 2)(MAPK 2)(p42-MAPK)(ERT1) Source: 2.7.11.24 IPR008349 Erk 1 2 MAPKIPR008350 Erk 
3 4 MAPKIPR008351 JNK MAPKIPR011009 Kinase likeIPR008352 MAPK p38IPR003527 MAP kinase CSIPR000719 
Prot kinase coreIPR017441 Protein kinase ATP BSIPR017442 Se/Thr pkinase-relIPR008271 Ser thr pkin ASIPR002290 
Ser thr pkinaseIPR001245 Tyr pkinase 

361.40351 

ENSMUSP00000018186 34.1  NADH-cytochrome b5 reductase 3 (Cytochrome b5 reductase)(B5R)(EC 1.6.2.2)(Diaphorase-1) Source: 1.6.2.2 
IPR013113 FAD bd 9 SIPIPR001709 Flavoprot Pyr Nucl cyt RdtaseIPR001834 NADH-Cyt B5 reductaseIPR008333 
OxRdtase FAD-bdIPR001433 OxRdtase FAD/NAD bdIPR001221 Phe hydroxylase 

299.12281 

ENSMUSP00000076472 35.9  Dehydrogenase/reductase SDR family member on chromosome X homolog Precursor (EC 1.1.-.-)(DHRSXY)(SCAD 
family protein) Source: 1.1.-.- IPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bd 

314.91228 

ENSMUSP00000003569 29.4  Indolethylamine N-methyltransferase (Indolamine N-methyltransferase)(EC 2.1.1.49)(Aromatic alkylamine N-
methyltransferase)(Arylamine N-methyltransferase)(Amine N-methyltransferase) Source: 2.1.1.49 IPR000940 NNMT 
TEMT trans 

257.89474 

ENSMUSP00000052989 57.7  Cytochrome P450 8B1 (EC 1.14.13.95)(CYPVIIIB1)(7-alpha-hydroxycholest-4-en-3-one 12-alpha-hydroxylase)(7-alpha-
hydroxy-4-cholesten-3-one 12-alpha-hydroxylase)(Sterol 12-alpha-hydroxylase) Source: 1.14.13.95 IPR001128 Cyt 
P450IPR017973 Cyt P450 CIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IV 

506.14035 

ENSMUSP00000037555 62.6  Liver carboxylesterase 1 Precursor (EC 3.1.1.1)(Acyl coenzyme A:cholesterol acyltransferase)(ES-x) Source: 3.1.1.1 
IPR002018 CarbesteraseB 

549.12281 

ENSMUSP00000106140 25.9  Proteasome subunit alpha type-2 (EC 3.4.25.1)(Proteasome component C3)(Macropain subunit C3)(Multicatalytic 
endopeptidase complex subunit C3) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR000426 Proteasome alpha CS 

227.19298 

ENSMUSP00000023559 78.3  Peroxisomal bifunctional enzyme (PBE)(PBFE) Source: 4.2.1.17 IPR006180 3-OHacyl-CoA DHase CSIPR006176 3-
OHacyl-CoA DHase NAD-bdIPR006108 3HC DHase CIPR008927 6-PGluconate DH C likeIPR001753 Crotonase 
coreIPR018376 Enoyl-CoA hyd/isom CSIPR016040 NAD(P)-bd 

686.84211 

ENSMUSP00000002549 46.2  Abhydrolase domain-containing protein 3 (EC 3.1.1.-)(Lung alpha/beta hydrolase 3)(MmLABH3) Source: 3.1.1.- 
IPR012020 AB-Hydro YheTIPR000073 AB hydrolase 1IPR000952 UPF0017 hydro-like CS 

405.26316 

ENSMUSP00000004774 28.8  Aquaporin-1 (AQP-1)(Aquaporin-CHIP)(Water channel protein for red blood cells and kidney proximal tubule)(Delayed 
early response protein 2)(DER2) IPR012269 AquaporinIPR000425 MIP 

252.63158 

ENSMUSP00000070944 38.1 no description availableIPR002735 Transl init fac IF2/IF5IPR016189 Transl init fac IF2/IF5 N 334.21053 

ENSMUSP00000035116 58.4  Propionyl-CoA carboxylase beta chain, mitochondrial Precursor (PCCase subunit beta)(EC 6.4.1.3)(Propanoyl-
CoA:carbon dioxide ligase subunit beta) Source: 6.4.1.3 IPR000438 Acetyl CoA COase Trfase b suIPR011763 COA CT 
CIPR011762 COA CT NIPR000022 Carboxyl trans 

512.2807 



ENSMUSP00000077223 16.5  Eukaryotic translation initiation factor 1A (eIF-1A)(eIF-4C) IPR016027 NA-bd OB-fold-likeIPR006196 S1 IF1IPR001253 
TIF eIF-1AIPR018104 TIF eIF-1A CS 

144.73684 

ENSMUSP00000008684 17.5  Microsomal glutathione S-transferase 1 (Microsomal GST-1)(EC 2.5.1.18)(Microsomal GST-I) Source: 2.5.1.18 
IPR001129 MAPEG 

153.50877 

ENSMUSP00000038305 20.5  28S ribosomal protein S28, mitochondrial (S28mt)(MRP-S28) IPR016027 NA-bd OB-fold-likeIPR003029 S1 RNA-bd 179.82456 

ENSMUSP00000103136 17.5  Major urinary proteins 11 and 8 Fragment (MUP11 and MUP8) IPR002968 A1-microgloblnIPR011038 Calycin 
likeIPR002345 LipocalinIPR000566 Lipocln cytFABPIPR002971 Maj urinaryIPR003087 N gelatinaseIPR002448 Odour 
bdIPR002972 PstgldnD synthIPR002450 vonEbner gland 

153.50877 

ENSMUSP00000103903 36.5  Galectin-9 IPR008985 ConA like lec glIPR001079 Galectin CRD 320.17544 

ENSMUSP00000042967 50.8  NADH dehydrogenase Source: 1.6.5.3 IPR011538 NADH-UbQ OxRdtase 51KDa suIPR011537 NADH-UbQ OxRdtase F 
suIPR001949 NADH-ubq OxRdtase 51KDa CS 

445.61404 

ENSMUSP00000006094 56.9  Cytochrome P450 2D26 (EC 1.14.14.1)(CYPIID26) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008066 
Cyt P450 E grp-I CYP1IPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

499.12281 

ENSMUSP00000099435 14.9  60S ribosomal protein L23 IPR000218 Ribosomal L14b/L23e 130.70175 

ENSMUSP00000010807 52.3  Fatty acid desaturase 1 (EC 1.14.19.-)(Delta(5) fatty acid desaturase)(Delta(5) desaturase)(D5D) Source: 1.14.19.- 
IPR001199 Cyt B5IPR012171 Fatty acid/sphinglp desaturaseIPR005804 Fatty acid desaturase-1 

458.77193 

ENSMUSP00000028063 28.6  Phosphotriesterase-related protein (Parathion hydrolase-related protein) IPR017947 AryldialkylPase Zn-BSIPR001559 
Aryldialkylphosphatase 

250.87719 

ENSMUSP00000019622 23.8  Ras-related protein Rab-4A IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

208.77193 

ENSMUSP00000002850 164.8  Multidrug resistance-associated protein 6 (ATP-binding cassette sub-family C member 6) IPR003593 AAA+ ATPase 
coreIPR011527 ABC TM 1IPR001140 ABC TM transptIPR003439 ABC transporter-likeIPR017871 ABC transporter 
CSIPR017940 ABC transporter type1IPR009147 CysFib conduc TMIPR005292 Multidrug-R assoc MRP 

1445.614 

ENSMUSP00000026470 55.7  serine hydroxymethyltransferase 2 (mitochondrial) IPR001085 Gly HO-MeTrfaseIPR015424 PyrdxlP-dep Trfase major 488.59649 

ENSMUSP00000031093:reversed 48.4  424.5614 

ENSMUSP00000041361:reversed 175.5  1539.4737 

ENSMUSP00000033662 43.2  Pyruvate dehydrogenase E1 component subunit alpha, somatic form, mitochondrial Precursor (EC 1.2.4.1)(PDHE1-A 
type I) Source: 1.2.4.1 IPR001017 DHase E1 

378.94737 

ENSMUSP00000030112 99  Cytoplasmic aconitate hydratase (Aconitase)(EC 4.2.1.3)(Citrate hydro-lyase)(Iron-responsive element-binding protein 
1)(IRE-BP 1)(Iron regulatory protein 1)(IRP1) Source: 4.2.1.3 IPR001030 Acoase/IPM deHydtase lsu abaIPR015928 
Aconitase/3IPM dehydase swvlIPR006249 Aconitase/Fe reg prot 2IPR000573 AconitaseA/IPMdHydase ssu 
swvlIPR018136 Aconitase 4Fe-4S BS 

868.42105 

ENSMUSP00000021443 101.1  C-1-tetrahydrofolate synthase, cytoplasmic (C1-THF synthase) Source: 1.5.1.5 IPR000559 For THF ligaseIPR016040 
NAD(P)-bdIPR000672 THF DHase/CycOHase 

886.84211 

ENSMUSP00000036288 57.4  T-complex protein 1 subunit beta (TCP-1-beta)(CCT-beta) IPR012716 Chap CCT betaIPR017998 Chaperone TCP-
1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1IPR017441 Protein kinase ATP 
BS 

503.50877 

ENSMUSP00000007212 100.1  26S proteasome non-ATPase regulatory subunit 2 (26S proteasome regulatory subunit RPN1)(26S proteasome 
regulatory subunit S2)(26S proteasome subunit p97) IPR016643 26S Psome Rpn1IPR002015 APC 
proteasomeIPR016024 ARM-type fold 

878.07018 

ENSMUSP00000086252 37.4  Killer cell lectin-like receptor 2 (T-cell surface glycoprotein Ly-49B)(Lymphocyte antigen 49b)(Ly-49b) IPR001304 C-type 
lectinIPR016187 C-type lectin foldIPR013600 Ly49 

328.07018 

ENSMUSP00000086987 8.5  Small nuclear ribonucleoprotein G (snRNP-G)(Sm protein G)(Sm-G)(SmG) IPR006649 Euk arc LSM coreIPR010920 
LSM related coreIPR001163 LSM snRNP core 

74.561404 



ENSMUSP00000000090 16.1  Cytochrome c oxidase subunit 5A, mitochondrial Precursor (Cytochrome c oxidase polypeptide Va) IPR003204 Cyt c 
oxidase su5A 

141.22807 

ENSMUSP00000105288 89.5  85 kDa calcium-independent phospholipase A2 (CaI-PLA2)(iPLA2)(EC 3.1.1.4)(Group VI phospholipase A2)(GVI PLA2) 
Source: 3.1.1.4 IPR002110 ANKIPR016035 Acyl Trfase/lysoPlipaseIPR002641 Patatin 

785.08772 

ENSMUSP00000015858 45  LAG1 longevity assurance homolog 2 (Translocating chain-associating membrane protein homolog 3)(TRAM homolog 3) 
IPR001356 HomeoboxIPR009057 Homeodomain likeIPR016439 Longevity assurance LAG1 LAC1IPR006634 TLC 

394.73684 

ENSMUSP00000033289 77.5  Stromal interaction molecule 1 Precursor IPR001660 SAMIPR011510 SAM 2IPR010993 SAM homology 679.82456 

ENSMUSP00000025667 27.3  Reticulon-3 IPR003388 Reticulon 239.47368 

ENSMUSP00000112196 36.1  ELAV-like protein 1 (Hu-antigen R)(HuR)(Elav-like generic protein)(MelG) IPR006548 ELAD HUD SFIPR002343 Hud Sxl 
RNAIPR003954 RRM 1IPR000504 RRM RNP1 

316.66667 

ENSMUSP00000032882 14.2  NADH dehydrogenase IPR009423 NADH-UbQ OxRdtase b14.5b 124.5614 

ENSMUSP00000103940 16.4  40S ribosomal protein S16 IPR000754 Ribosomal S9 143.85965 

ENSMUSP00000088057 26.4  Proteasome subunit alpha type-5 (EC 3.4.25.1)(Proteasome zeta chain)(Macropain zeta chain)(Multicatalytic 
endopeptidase complex zeta chain) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR000426 Proteasome alpha CS 

231.57895 

ENSMUSP00000034400 16.3  Cytochrome b5 type B Precursor (Cytochrome b5 outer mitochondrial membrane isoform) IPR001199 Cyt B5IPR018506 
Cyt B5 heme-BSIPR000425 MIP 

142.98246 

ENSMUSP00000032371 80.8  Glycogen Source: 2.4.1.11 IPR008631 Glycogen synth 708.77193 

ENSMUSP00000026565 14.9  interferon induced transmembrane protein 3 IPR007593 CD225 TM 130.70175 

ENSMUSP00000007216 49.6  AP-2 complex subunit mu-1 (Mu2-adaptin)(AP-2 mu-2 chain)(Plasma membrane adaptor AP-2 50 kDa protein)(Clathrin 
assembly protein complex 2 medium chain)(Clathrin coat assembly protein AP50)(Clathrin coat-associated protein AP50) 
IPR001392 Clathrin muIPR008968 Clathrin mu CIPR018240 Clathrin mu CSIPR011012 Longin like 

435.08772 

ENSMUSP00000083281 17  AP-2 complex subunit sigma-1 (Adapter-related protein complex 2 sigma-1 subunit)(Sigma2-adaptin)(Sigma-adaptin 
3b)(Plasma membrane adaptor AP-2 17 kDa protein)(Clathrin assembly protein 2 small chain)(Clathrin coat assembly 
protein AP17)(Clathrin coat-associated protein AP17) IPR016635 AP complex ssuIPR000804 Clathrin sigma/coatomer 
zetaIPR011012 Longin like 

149.12281 

ENSMUSP00000025161 49.8  Tapasin Precursor (TPSN)(TPN)(TAP-binding protein)(TAP-associated protein) IPR007110 Ig-likeIPR003006 Ig/MHC 
CSIPR003597 Ig C1-setIPR003599 Ig subIPR008056 Tapasin 

436.84211 

ENSMUSP00000003066 35.8  Apolipoprotein E Precursor (Apo-E) IPR000074 ApoA1 A4 E 314.03509 

ENSMUSP00000040954 63.5  Selenocysteine-specific elongation factor (Elongation factor sec)(Eukaryotic elongation factor, selenocysteine-tRNA-
specific)(mSelB) IPR000795 ProtSyn GTP bdIPR004161 Transl elong EFTu/EF1A 2 

557.01754 

ENSMUSP00000045127 22.9  Ras-related protein Rab-9A (Rab-9A)(Sid 99) IPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR006036 K uptake TrkAIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

200.87719 

ENSMUSP00000002846 32.7  Glycine N-methyltransferase (EC 2.1.1.20) Source: 2.1.1.20 IPR014369 Gly N MeTrfaseIPR013216 Methyltransf 
11IPR013217 Methyltransf 12 

286.84211 

ENSMUSP00000047665 40.1  Adenosine kinase (AK)(EC 2.7.1.20)(Adenosine 5--phosphotransferase) Source: 2.7.1.20 IPR001805 
AdenokinaseIPR011611 Carb/pur kinaseIPR002173 Carboh/pur kinase PfkB CSIPR002139 Ribokinase 

351.75439 

ENSMUSP00000034346 61.9  carboxylesterase 6 IPR002018 CarbesteraseBIPR000997 Cholinesterase 542.98246 

ENSMUSP00000022861 59.7  UDP-glucuronosyltransferase 3A1 Precursor (UDPGT 3A1)(EC 2.4.1.17) Source: 2.4.1.17 IPR007235 Glyco trans 28 
CIPR002213 UDP glucos trans 

523.68421 

ENSMUSP00000022256 45.5  26S proteasome non-ATPase regulatory subunit 6 (26S proteasome regulatory subunit S10)(p42A) IPR000717 PCI 399.12281 

ENSMUSP00000099730 23.4  60S ribosomal protein L13a (Transplantation antigen P198)(Tum-P198 antigen) IPR005822 Ribosomal L13IPR005755 
Ribosomal L13 euk/arc 

205.26316 

ENSMUSP00000070449 15.1  Uncharacterized protein C19orf12 homolog  132.45614 

ENSMUSP00000099534 13.8  Beta-2-microglobulin Precursor IPR013151 IgIPR007110 Ig-likeIPR003006 Ig/MHC CSIPR003597 Ig C1-set 121.05263 



ENSMUSP00000102289 25.7  Glutathione S-transferase Mu 3 (EC 2.5.1.18)(GST class-mu 3)(Glutathione S-transferase GT9.3) Source: 2.5.1.18 
IPR004046 GST CIPR003081 GST muIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-Trfase 
NIPR012336 Thioredoxin-like fold 

225.4386 

ENSMUSP00000029830 43.5  Cystathionine gamma-lyase (EC 4.4.1.1)(Gamma-cystathionase) Source: 4.4.1.1 IPR000277 Cys/Met-Metab PyrdxlP-dep 
enzIPR015424 PyrdxlP-dep Trfase major 

381.57895 

ENSMUSP00000051561 75.7  Sulfate anion transporter 1 (SAT-1)(Solute carrier family 26 member 1) IPR018045 S04 transporter CSIPR002645 SO4 
transptr/STASIPR001902 SulP transptIPR011547 Sulph transpt 

664.03509 

ENSMUSP00000099490 265.1  Acetyl-CoA carboxylase 1 (EC 6.4.1.2)(ACC-alpha)(Acetyl-CoA carboxylase 265) Source: 6.4.1.2 IPR011761 ATP-
graspIPR013537 AcCoA COase cenIPR011764 BCIPR001882 Biotin BSIPR005482 Biotin COase CIPR000089 Biotin 
lipoylIPR011763 COA CT CIPR011762 COA CT NIPR005479 CarbamoylP synth lsu ATP-bdIPR005481 CarbamoylP 
synth lsu NIPR000022 Carboxyl transIPR016185 PreATP-grasp-likeIPR011054 Rudment hybrid motifIPR011053 Single 
hybrid motif 

2325.4386 

ENSMUSP00000025563 21.1  Ferritin heavy chain (Ferritin H subunit)(EC 1.16.3.1) Source: 1.16.3.1 IPR009078 Ferritin/RR likeIPR014034 Ferritin 
CSIPR008331 Ferritin DpsIPR009040 Ferritin like 

185.08772 

ENSMUSP00000071624 28.4  Proteasome subunit alpha type-3 (EC 3.4.25.1)(Proteasome component C8)(Macropain subunit C8)(Multicatalytic 
endopeptidase complex subunit C8)(Proteasome subunit K) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR000426 
Proteasome alpha CS 

249.12281 

ENSMUSP00000002171 50.4  26S protease regulatory subunit 6A (Proteasome 26S subunit ATPase 3)(TAT-binding protein 1)(TBP-1) IPR005937 26S 
Psome P45IPR003593 AAA+ ATPase coreIPR003960 AAA ATPase CSIPR003959 AAA ATPase core 

442.10526 

ENSMUSP00000029402 61  Acetyl-coenzyme A transporter 1 (AT-1)(Acetyl-CoA transporter)(Solute carrier family 33 member 1) IPR004752 AmpG 
permeaseIPR016196 MFS gen sb transpt 

535.08772 

ENSMUSP00000072858 14  Histone H2A type 2-B (H2a-613A) IPR003958 CBFA NFYB domainIPR009072 Histone-foldIPR002119 Histone 
H2AIPR007125 Histone core D 

122.80702 

ENSMUSP00000031402 58.5  T-complex protein 1 subunit zeta (TCP-1-zeta)(CCT-zeta)(CCT-zeta-1) IPR012722 Chap CCT zetaIPR017998 
Chaperone TCP-1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1 

513.15789 

ENSMUSP00000037348 41.8  3-ketoacyl-CoA thiolase, mitochondrial (EC 2.3.1.16)(Beta-ketothiolase)(Acetyl-CoA acyltransferase)(Mitochondrial 3-
oxoacyl-CoA thiolase) Source: 2.3.1.16 IPR000870 Homoser kinIPR002155 ThiolaseIPR016039 Thiolase-like 

366.66667 

ENSMUSP00000089551 21.3 no description availableIPR001063 Ribosomal L22IPR018260 Ribosomal L22/L17 CSIPR005721 Ribosomal L22/L17 
euk/arc 

186.84211 

ENSMUSP00000088372 20.8  Ferritin light chain 1 (Ferritin L subunit 1) IPR009078 Ferritin/RR likeIPR014034 Ferritin CSIPR008331 Ferritin 
DpsIPR009040 Ferritin like 

182.45614 

ENSMUSP00000028121 52.3  Acyl-CoA-binding domain-containing protein 5 IPR000582 Acyl-CoA-binding proteinIPR016347 M-assoc diazepam-bd-inh 458.77193 

ENSMUSP00000078123 20.7  39S ribosomal protein L18, mitochondrial Precursor (L18mt)(MRP-L18)  181.57895 

ENSMUSP00000025668 60.5  Atlastin-3 IPR015900 Guanylate-bd-like CIPR015894 Guanylate-bd N 530.70175 

ENSMUSP00000023312 65.1  CD166 antigen Precursor (Activated leukocyte cell adhesion molecule)(Protein DM-GRASP)(CD166 antigen) IPR013162 
CD80 C2-setIPR013151 IgIPR007110 Ig-likeIPR003596 Ig V-set subIPR003599 Ig subIPR003598 Ig sub2 

571.05263 

ENSMUSP00000090844 91.7  AP-1 complex subunit gamma-1 (Adapter-related protein complex 1 subunit gamma-1)(Adaptor protein complex AP-1 
subunit gamma-1)(Golgi adaptor HA1/AP1 adaptin subunit gamma-1)(Gamma1-adaptin)(Gamma-adaptin)(Clathrin 
assembly protein complex 1 gamma-1 large chain) IPR017107 AP1 complex gsuIPR016024 ARM-type foldIPR002553 
Clathrin/coatomer adapt-like NIPR013041 Clathrin/coatomer app Ig-likeIPR008152 Clathrin a/b/g-adaptin app 
IgIPR008153 Clathrin g-adaptin app 

804.38596 

ENSMUSP00000013737 52.6  NADH dehydrogenase Source: 1.6.5.3 IPR014029 NADH-UbQ OxRdtase 49kDa CSIPR010219 NADH DH 1 
dsuIPR001135 NADH UbQ OxRdtase 49kDa 

461.40351 

ENSMUSP00000003521 18.4  40S ribosomal protein S11 IPR016027 NA-bd OB-fold-likeIPR000266 Ribosomal S17 161.40351 

ENSMUSP00000075953 9.3  NADH dehydrogenase  81.578947 

ENSMUSP00000034227 19.8  Plasmolipin (Plasma membrane proteolipid) IPR013295 MALIPR008253 Marvel 173.68421 



ENSMUSP00000080058 81.5  Acylamino-acid-releasing enzyme (AARE)(EC 3.4.19.1)(Acyl-peptide hydrolase)(APH)(Acylaminoacyl-peptidase) Source: 
3.4.19.1 IPR002471 Pept S9 ASIPR001375 Peptidase S9IPR002470 Peptidase S9A 

714.91228 

ENSMUSP00000111831 16.7  146.49123 

ENSMUSP00000045621 31.3  Peroxisomal 2,4-dienoyl-CoA reductase (EC 1.3.1.34)(2,4-dienoyl-CoA reductase 2) Source: 1.3.1.34 IPR003560 DHB 
DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bdIPR013968 Polyketide synth 
KR 

274.5614 

ENSMUSP00000102363 48.3  26S proteasome non-ATPase regulatory subunit 12 (26S proteasome regulatory subunit p55) IPR000717 PCI 423.68421 

ENSMUSP00000020504 13.8  Histidine triad nucleotide-binding protein 1 (EC 3.-.-.-)(Adenosine 5--monophosphoramidase)(Protein kinase C inhibitor 
1)(Protein kinase C-interacting protein 1)(PKCI-1) Source: 3.-.-.- IPR011146 His triad-like motifIPR001310 Histidine triad 
HIT 

121.05263 

ENSMUSP00000096222 64  Heterogeneous nuclear ribonucleoprotein L (hnRNP L) IPR006536 HnRNP-L PTBIPR005404 K chnl volt-dep 
Kv3.3IPR001399 Orbi VP6IPR000694 PRO richIPR000504 RRM RNP1 

561.40351 

ENSMUSP00000030940 37.4  Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-1 (Transducin beta chain 1) IPR001632 Gprotein 
BIPR016346 Guanine nucleotide-bd bsuIPR001680 WD40 repeatIPR011046 WD40 repeat-likeIPR017986 WD40 repeat 
region 

328.07018 

ENSMUSP00000034141 94.5  Peroxisomal Lon protease homolog 2 (EC 3.4.21.-)(Lon protease-like protein 2)(Lon protease 2) Source: 3.4.21.- 
IPR003593 AAA+ ATPase coreIPR011704 AAA 5IPR003959 AAA ATPase coreIPR001270 Chaprnin clpA/BIPR008269 
Pept S16 CIPR003111 Pept S16 NIPR004815 Pept S16 lonIPR001984 Peptidase S16IPR008268 Peptidase S16 AS 

828.94737 

ENSMUSP00000017065 39  arginine/serine-rich splicing factor 6 IPR000504 RRM RNP1 342.10526 

ENSMUSP00000026704 59.5  T-complex protein 1 subunit theta (TCP-1-theta)(CCT-theta) IPR012721 Chap CCT thetaIPR017998 Chaperone TCP-
1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1 

521.92982 

ENSMUSP00000034881 9.3  Cytochrome c oxidase polypeptide 7A2, mitochondrial Precursor (Cytochrome c oxidase polypeptide VIIa-
liver/heart)(Cytochrome c oxidase subunit VIIa-L) IPR003177 Cyt c oxidase su7a 

81.578947 

ENSMUSP00000028238 23.9  Ras-related protein Rab-14 IPR006688 ARFIPR001270 Chaprnin clpA/BIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

209.64912 

ENSMUSP00000028062 53.7  Vimentin IPR016044 FIPR006821 Intermed filament DNA bdIPR018039 Intermediate filament CSIPR002957 Keratin 
IIPR009053 PrefoldinIPR000533 Tropomyosin 

471.05263 

ENSMUSP00000029259 79.3  Methylcrotonoyl-CoA carboxylase subunit alpha, mitochondrial Precursor (MCCase subunit alpha)(EC 6.4.1.4)(3-
methylcrotonyl-CoA carboxylase 1)(3-methylcrotonyl-CoA:carbon dioxide ligase subunit alpha)(3-methylcrotonyl-CoA 
carboxylase biotin-containing subunit) Source: 6.4.1.4 IPR011761 ATP-graspIPR013651 ATP-grasp RimK-typeIPR003135 
ATP-grasp carboxylate-amineIPR001249 AcCoA biotinCCIPR011764 BCIPR001882 Biotin BSIPR005482 Biotin COase 
CIPR000089 Biotin lipoylIPR005483 CarbamoylP synth lsuIPR005479 CarbamoylP synth lsu ATP-bdIPR005481 
CarbamoylP synth lsu NIPR016185 PreATP-grasp-likeIPR011054 Rudment hybrid motifIPR011053 Single hybrid motif 

695.61404 

ENSMUSP00000023749 26.5  Bax inhibitor 1 (BI-1)(Transmembrane BAX inhibitor motif-containing protein 6)(Testis-enhanced gene transcript protein) 
IPR006213 Bax inhbtr1 CSIPR006214 UPF0005 

232.45614 

ENSMUSP00000064655 14.2  Fatty acid-binding protein, liver (L-FABP)(14 kDa selenium-binding protein) IPR011038 Calycin likeIPR000463 Fatty acid 
bdIPR000566 Lipocln cytFABP 

124.5614 

ENSMUSP00000030455 36.6  Alcohol dehydrogenase Source: 1.1.1.2 IPR001395 Aldo/ket redIPR018170 Aldo/ket reductase CS 321.05263 

ENSMUSP00000000001 40.5  Guanine nucleotide-binding protein G(k) subunit alpha (G(i) alpha-3) IPR006688 ARFIPR002975 Fungi 
GproteinAIPR001019 Gprotein alph bdIPR000469 Gprotein alpha12IPR001408 Gprotein alpha IIPR006036 K uptake 
TrkAIPR001806 Ras GTPase 

355.26316 

ENSMUSP00000098076 91.3  Eukaryotic translation initiation factor 3 subunit B (eIF3b)(Eukaryotic translation initiation factor 3 subunit 9)(eIF-3-
eta)(eIF3 p116) IPR003954 RRM 1IPR000504 RRM RNP1IPR013979 eIF2A central-regionIPR011400 eIF3b 

800.87719 

ENSMUSP00000005685 56.7  Cytochrome P450 2A5 (EC 1.14.14.1)(CYPIIA5)(Coumarin 7-hydroxylase)(P450-15-COH)(P450-IIA3.2) Source: 
1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt 
P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-
likeIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

497.36842 



ENSMUSP00000089374 45  Betaine--homocysteine S-methyltransferase 1 (EC 2.1.1.5) Source: 2.1.1.5 IPR017226 Betaine-hCys S-MeTrfase 
BHMTIPR003726 S MeTrfase 

394.73684 

ENSMUSP00000084918 54.4  Retinal dehydrogenase 1 (RALDH 1)(RalDH1)(EC 1.2.1.36)(Aldehyde dehydrogenase family 1 member A1)(Aldehyde 
dehydrogenase, cytosolic)(ALHDII)(ALDH-E1) Source: 1.2.1.36 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald 
DHase CSIPR015590 Aldehyde DHase 

477.19298 

ENSMUSP00000033480 127.7  Probable phospholipid-transporting ATPase 11C (EC 3.6.3.1)(ATPase class VI type 11C) Source: 3.6.3.1 IPR001757 
ATPase PIPR006539 ATPase P-typ Plipid-translIPR018303 ATPase P-typ phosphor siteIPR005834 Dehalogen-like hydro 

1120.1754 

ENSMUSP00000099642 275.6  acetyl-Coenzyme A carboxylase beta IPR011761 ATP-graspIPR013537 AcCoA COase cenIPR011764 BCIPR005482 
Biotin COase CIPR000089 Biotin lipoylIPR011763 COA CT CIPR011762 COA CT NIPR005479 CarbamoylP synth lsu 
ATP-bdIPR005481 CarbamoylP synth lsu NIPR000022 Carboxyl transIPR016185 PreATP-grasp-likeIPR011054 Rudment 
hybrid motifIPR011053 Single hybrid motif 

2417.5439 

ENSMUSP00000090184 24.1 no description availableIPR001047 Ribosomal S8eIPR018283 Ribosomal S8e CS 211.40351 

ENSMUSP00000018430 25.4  Proteasome subunit beta type-6 Precursor (EC 3.4.25.1)(Proteasome delta chain)(Macropain delta chain)(Multicatalytic 
endopeptidase complex delta chain)(Proteasome subunit Y) Source: 3.4.25.1 IPR000243 Pept T1A subBIPR001353 
Proteasome A B suIPR016050 Proteasome bsu CS 

222.80702 

ENSMUSP00000027067 25.3  Glutathione S-transferase A3 (EC 2.5.1.18)(Glutathione S-transferase Yc)(Ya3)(GST class-alpha member 3) Source: 
2.5.1.18 IPR004046 GST CIPR003080 GST alphaIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-
Trfase NIPR012336 Thioredoxin-like fold 

221.92982 

ENSMUSP00000091541 51.1  Abhydrolase domain-containing protein UNQ6510/PRO21435 homolog Precursor (EC 3.1.1.-) Source: 3.1.1.- IPR012020 
AB-Hydro YheT 

448.24561 

ENSMUSP00000099819 30.7  Voltage-dependent anion-selective channel protein 1 (VDAC-1)(mVDAC1)(Voltage-dependent anion-selective channel 
protein 5)(VDAC-5)(mVDAC5)(Outer mitochondrial membrane protein porin 1)(Plasmalemmal porin) IPR001925 Porin Euk 

269.29825 

ENSMUSP00000054421 29.5  Eukaryotic translation initiation factor 3 subunit J (eIF3j)(Eukaryotic translation initiation factor 3 subunit 1)(eIF-3-
alpha)(eIF3 p35) IPR000104 Antifreeze 1IPR013906 eIF3 subunit 

258.77193 

ENSMUSP00000077917 14.9  28S ribosomal protein S14, mitochondrial (S14mt)(MRP-S14) IPR001209 Ribosomal S14 130.70175 

ENSMUSP00000003461 116.4  2-oxoglutarate dehydrogenase E1 component, mitochondrial Precursor (EC 1.2.4.2)(Alpha-ketoglutarate dehydrogenase) 
Source: 1.2.4.2 IPR011603 2oxoglutarate DHase E1IPR001017 DHase E1IPR005475 Transketo Cen R 

1021.0526 

ENSMUSP00000034097 47.4  Aspartate aminotransferase, mitochondrial Precursor (mAspAT)(EC 2.6.1.1)(Transaminase A)(Glutamate oxaloacetate 
transaminase 2)(Fatty acid-binding protein)(FABP-1)(FABPpm) Source: 2.6.1.1 IPR004839 Aminotrans I/IIIPR000796 Asp 
transIPR008120 Dense granule Gra7 proteinIPR004838 NHTrfase class1 PyrdxlP-BSIPR015424 PyrdxlP-dep Trfase 
major 

415.78947 

ENSMUSP00000004232 39.7  Alcohol dehydrogenase 1 (EC 1.1.1.1)(Alcohol dehydrogenase A subunit)(ADH-A2) Source: 1.1.1.1 IPR013154 
AlcDHase GroES-likeIPR013149 AlcDHase Zn-bdIPR002328 AlcDHase Zn CSIPR011032 GroES likeIPR016040 NAD(P)-
bd 

348.24561 

ENSMUSP00000031773 39.3  Serum paraoxonase/lactonase 3 (EC 3.1.1.-) Source: 3.1.1.- IPR002640 ArylesteraseIPR008364 Paraoxonase2 344.73684 

ENSMUSP00000069359:reversed 33.7  295.61404 

ENSMUSP00000103557 22.3  Selenoprotein T Precursor (SelT) IPR011893 CXXU selWTH 195.61404 

ENSMUSP00000099415 52.1  Keratin, type I cytoskeletal 16 (Cytokeratin-16)(CK-16)(Keratin-16)(K16) IPR016044 FIPR018039 Intermediate filament 
CSIPR002957 Keratin IIPR013253 Kinetochore Spc7IPR009053 Prefoldin 

457.01754 

ENSMUSP00000001507 56.7  cytochrome P450, family 51 IPR001128 Cyt P450IPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E 
grp-IIPR002403 Cyt P450 E grp-IVIPR018114 Peptidase S1/S6 AS 

497.36842 

ENSMUSP00000047960 11.4  ATP synthase subunit g, mitochondrial (ATPase subunit g) IPR016702 ATP-Synthase su G mt metIPR006808 ATPase 
F0-cplx gsu mt 

100 

ENSMUSP00000017975 23.6  Ras-related protein Rab-5A IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR001019 Gprotein alph bdIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

207.01754 

ENSMUSP00000088252 18  Peptidyl-prolyl cis-trans isomerase A (PPIase A)(Rotamase A)(EC 5.2.1.8)(Cyclophilin A)(Cyclosporin A-binding 157.89474 



protein)(SP18) Source: 5.2.1.8 IPR015891 Cyclophilin-likeIPR002130 PPIase cyclophilin 

ENSMUSP00000080995 7.8  ATP synthase subunit a (F-ATPase protein 6) IPR001421 ATPase F0-cplx su8 mt metazoan 68.421053 

ENSMUSP00000099908 17.9  40S ribosomal protein S27a IPR002906 Ribosomal S27aIPR000626 Ubiquitin 157.01754 

ENSMUSP00000110223 11.4  UPF0569 transmembrane protein  100 

ENSMUSP00000028278 34.6  26S proteasome non-ATPase regulatory subunit 14 (26S proteasome regulatory subunit rpn11)(MAD1) IPR000555 
Mov34 MPN PAD1 

303.50877 

ENSMUSP00000106968 18.4  Succinate dehydrogenase cytochrome b560 subunit, mitochondrial Precursor (Integral membrane protein CII-3)(QPs-
1)(QPs1) IPR000701 Succ DHase cyt bsuIPR018495 Succ DHase cyt bsu CSIPR014314 Succ DHase 
cytb556IPR014361 Succ DHase cytb560 

161.40351 

ENSMUSP00000034304 41.8  Estradiol 17-beta-dehydrogenase 2 (EC 1.1.1.62)(Testosterone 17-beta-dehydrogenase)(EC 1.1.1.63)(17-beta-
hydroxysteroid dehydrogenase 2)(17-beta-HSD 2) Source: 1.1.1.62 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase 
SDRIPR002347 Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bd 

366.66667 

ENSMUSP00000088358 52.6  Selenium-binding protein 2 (56 kDa acetaminophen-binding protein)(AP56) IPR011048 Cyt cd1 nitrite Rdtase haem 
CIPR008826 Se bd 

461.40351 

ENSMUSP00000089302 13.6  119.29825 

ENSMUSP00000029476 24.7  Vesicle-trafficking protein SEC22b (SEC22 vesicle-trafficking protein homolog B)(SEC22 vesicle-trafficking protein-like 
1)(mSec22b)(ERS24)(ERS-24) IPR010908 LonginIPR011012 Longin likeIPR001388 Synaptobrevin 

216.66667 

ENSMUSP00000000284 70.7  Tripartite motif-containing protein 25 (Zinc finger protein 147)(Estrogen-responsive finger protein)(Efp) IPR001870 
B302IPR003879 ButyrophylinIPR006574 PRYIPR003877 SPRY rcptIPR018355 SPla/RYanodine receptor sgIPR000315 
Znf B-boxIPR001841 Znf RINGIPR017907 Znf RING CS 

620.17544 

ENSMUSP00000081567 135.9  Bromodomain and WD repeat-containing protein 2 (WD repeat-containing protein 11) IPR018215 Pept S14 ClpP 
CSIPR001680 WD40 repeatIPR011046 WD40 repeat-like 

1192.1053 

ENSMUSP00000002452 14.9  NADH dehydrogenase IPR003397 Tim17 Tim22 130.70175 

ENSMUSP00000025095 12.4  Cytochrome c oxidase subunit 7A-related protein, mitochondrial Precursor (Cytochrome c oxidase subunit VIIa-related 
protein)(Silica-induced gene 81 protein)(SIG-81) IPR003177 Cyt c oxidase su7aIPR017267 Cyt c oxidase su7a-rel mt 

108.77193 

ENSMUSP00000007251 63  Protein BAT5 (HLA-B-associated transcript 5) IPR000073 AB hydrolase 1 552.63158 

ENSMUSP00000108003 15.4  40S ribosomal protein S24 IPR001976 Ribosomal S24eIPR018098 Ribosomal S24e CS 135.08772 

ENSMUSP00000029325 45.2  Arylacetamide deacetylase (AADAC)(EC 3.1.1.-) Source: 3.1.1.- IPR013094 AB hydrolase 3IPR017157 Arylacetamide 
deacetylaseIPR002168 Lipase GDXG AS 

396.49123 

ENSMUSP00000104816 23.4  Dolichol-phosphate mannosyltransferase (EC 2.4.1.83)(Dolichol-phosphate mannose synthase)(DPM synthase)(Dolichyl-
phosphate beta-D-mannosyltransferase)(Mannose-P-dolichol synthase)(MPD synthase) Source: 2.4.1.83 IPR001173 
Glyco trans 2 

205.26316 

ENSMUSP00000037446 101.4  Methionyl-tRNA synthetase, cytoplasmic (EC 6.1.1.10)(Methionine--tRNA ligase)(MetRS) Source: 6.1.1.10 IPR004046 
GST CIPR010987 Glutathione-S-Trfase C-likeIPR002304 Met-tRNA-synth IaIPR009068 S15 NS1 RNA bdIPR012336 
Thioredoxin-like foldIPR000738 WHEP-TRSIPR015413 aa-tRNA-synt IIPR001412 aa-tRNA-synth I CSIPR014758 tRNA-
synt met NIPR009080 tRNAsynth 1a anticodon-bd 

889.47368 

ENSMUSP00000034326 132.3  Probable cation-transporting ATPase 13A1 (CATP)(EC 3.6.3.-) Source: 3.6.3.- IPR001757 ATPase PIPR008250 ATPase 
P-typ ATPase-assoc-regIPR018303 ATPase P-typ phosphor siteIPR006544 ATPase P-typ unknown-pump-spIPR005834 
Dehalogen-like hydro 

1160.5263 

ENSMUSP00000032888 23.4  ADP-ribosylation factor-like protein 6-interacting protein 1 (ARL-6-interacting protein 1)(Aip-1)(Protein TBX2)  205.26316 

ENSMUSP00000032761 28.1  Peroxisomal membrane protein 11A (Peroxin-11A)(Peroxisomal biogenesis factor 11A)(PEX11alpha) IPR008733 PEX11 246.49123 

ENSMUSP00000060892 12  Transmembrane protein 93 IPR008504 DUF786 105.26316 

ENSMUSP00000092557 104.5  GPI inositol-deacylase (EC 3.1.-.-)(Post-GPI attachment to proteins factor 1) Source: 3.1.-.- IPR012908 PGAP1 916.66667 

ENSMUSP00000046856 83.1  Lanosterol synthase (EC 5.4.99.7)(Oxidosqualene--lanosterol cyclase)(OSC)(2,3-epoxysqualene--lanosterol cyclase) 728.94737 



Source: 5.4.99.7 IPR000923 BlueCu 1IPR001330 PrenyltransIPR018333 Squalene cyclaseIPR002365 Terpene 
synthIPR008930 Terpenoid cyclase/PrenylTrfase 

ENSMUSP00000100593 16.9 no description availableIPR012678 Ribosomal L23/L15e coreIPR005633 Ribosomal L23/L25 NIPR001014 Ribosomal L23 
CSIPR013025 Ribosomal L25/23 

148.24561 

ENSMUSP00000022070 106.5  Endoplasmic reticulum aminopeptidase 1 (EC 3.4.11.-)(Adipocyte-derived leucine aminopeptidase)(A-LAP)(ARTS-
1)(Aminopeptidase PILS)(Puromycin-insensitive leucyl-specific aminopeptidase)(PILS-AP)(VEGF-induced 
aminopeptidase) Source: 3.4.11.- IPR014782 Peptidase M1 N 

934.21053 

ENSMUSP00000021676 15.8  Probable ergosterol biosynthetic protein 28 IPR005352 Erg28 138.59649 

ENSMUSP00000109310 31.4  Transmembrane protein 33 (Protein DB83) IPR005344 UPF0121 275.4386 

ENSMUSP00000047218 35.3  Glyoxylate reductase/hydroxypyruvate reductase (EC 1.1.1.79) Source: 1.1.1.79 IPR006139 D-isomer 2 OHA 
DHaseIPR006140 D-isomer 2 OHA DHase NAD-bdIPR016040 NAD(P)-bd 

309.64912 

ENSMUSP00000092233 61  UDP glucuronosyltransferase 2 family, polypeptide B36 IPR002213 UDP glucos trans 535.08772 

ENSMUSP00000066238 20.8  Ras-related protein Rap-1b Precursor (GTP-binding protein smg p21B) IPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

182.45614 

ENSMUSP00000049584 307.3  Inositol 1,4,5-trisphosphate receptor type 2 (Type 2 inositol 1,4,5-trisphosphate receptor)(Type 2 InsP3 receptor)(IP3 
receptor isoform 2)(InsP3R2)(Inositol 1,4,5-trisphosphate type V receptor) IPR016024 ARM-type foldIPR000699 Ca-rel 
channelIPR014821 Ins145 P3 rcptIPR000493 InsP3 rcpt bdIPR005821 Ion transIPR003608 MIRIPR016093 MIR 
motifIPR013662 RIH assoc 

2695.614 

ENSMUSP00000007959 21.8  Transforming protein RhoA Precursor IPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 
GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP 
bd 

191.22807 

ENSMUSP00000031423 114.8  Sarcoplasmic/endoplasmic reticulum calcium ATPase 2 (SERCA2)(EC 3.6.3.8)(Calcium pump 2)(Calcium-transporting 
ATPase sarcoplasmic reticulum type, slow twitch skeletal muscle isoform)(SR Ca(2+)-ATPase 2)(Endoplasmic reticulum 
class 1/2 Ca(2+) ATPase) Source: 3.6.3.8 IPR001757 ATPase PIPR008250 ATPase P-typ ATPase-assoc-regIPR005782 
ATPase P-typ Ca-transpIPR000695 ATPase P-typ H-transpIPR006069 ATPase P-typ cation-exchng asuIPR006068 
ATPase P-typ cation-transptr CIPR004014 ATPase P-typ cation-transptr NIPR018303 ATPase P-typ phosphor 
siteIPR005834 Dehalogen-like hydro 

1007.0175 

ENSMUSP00000032824 47.4  26S protease regulatory subunit 6B (Proteasome 26S subunit ATPase 4)(MB67-interacting protein)(MIP224)(TAT-binding 
protein 7)(TBP-7)(CIP21) IPR005937 26S Psome P45IPR003593 AAA+ ATPase coreIPR011704 AAA 5IPR003960 AAA 
ATPase CSIPR003959 AAA ATPase coreIPR001957 Bac DnaAIPR001270 Chaprnin clpA/B 

415.78947 

ENSMUSP00000024223 26.7  Triosephosphate isomerase (TIM)(EC 5.3.1.1)(Triose-phosphate isomerase) Source: 5.3.1.1 IPR000652 Triosephosphate 
isomerase 

234.21053 

ENSMUSP00000090911 57.8  Liver carboxylesterase 31 Precursor (Esterase-31)(EC 3.1.1.1)(ES-male) Source: 3.1.1.1 IPR002018 CarbesteraseB 507.01754 

ENSMUSP00000099769 19.7  Actin-related protein 2/3 complex subunit 4 (Arp2/3 complex 20 kDa subunit)(p20-ARC) IPR008384 ARPC4 172.80702 

ENSMUSP00000101011 22.2  Phospholipid hydroperoxide glutathione peroxidase, mitochondrial Precursor (PHGPx)(EC 1.11.1.12)(GPX-4) Source: 
1.11.1.12 IPR000889 Glutathione peroxidaseIPR012336 Thioredoxin-like fold 

194.73684 

ENSMUSP00000059501 11.4  Vesicle-associated membrane protein 8 (VAMP-8)(Endobrevin)(Edb) IPR001388 SynaptobrevinIPR016444 
Synaptobrevin met/fun 

100 

ENSMUSP00000005953 50.2  Sulfide:quinone oxidoreductase, mitochondrial Precursor (EC 1.-.-.-) Source: 1.-.-.- IPR013027 FAD pyr nucl-diS 
OxRdtaseIPR000103 Pyridine nuc-diS OxRdtase 2 

440.35088 

ENSMUSP00000018875 105.7  AP-2 complex subunit beta-1 (Adapter-related protein complex 2 beta-1 subunit)(Beta2-adaptin)(Beta-adaptin)(Plasma 
membrane adaptor HA2/AP2 adaptin beta subunit)(Clathrin assembly protein complex 2 beta large chain)(AP105B) 
IPR016342 AP complex bsuIPR016024 ARM-type foldIPR000225 ArmadilloIPR009028 Calthrin/coatomer app sub 
CIPR002553 Clathrin/coatomer adapt-like NIPR013041 Clathrin/coatomer app Ig-likeIPR008152 Clathrin a/b/g-adaptin 
app IgIPR015151 Clathrin b-adaptin app sub CIPR000357 HEAT 

927.19298 

ENSMUSP00000045048 45.7  Heterogeneous nuclear ribonucleoprotein F (hnRNP F) IPR000504 RRM RNP1IPR012996 Znf CHHC 400.87719 



ENSMUSP00000037341 16.3  NADH dehydrogenase IPR008698 NADH UbQ OxRdtase B18 su 142.98246 

ENSMUSP00000011492 68.7  Acyl-CoA dehydrogenase family member 9, mitochondrial Precursor (ACAD-9)(EC 1.3.99.-) Source: 1.3.99.- IPR006091 
Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA DHase CSIPR006092 Acyl-CoA DHase 
NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/NIPR009075 AcylCo DHase/oxidase C 

602.63158 

ENSMUSP00000018992 75.6  Arginyl-tRNA synthetase, cytoplasmic (EC 6.1.1.19)(Arginine--tRNA ligase)(ArgRS) Source: 6.1.1.19 IPR001278 Arg-
tRNA-synth IcIPR005148 Arg-tRNA-synth Ic NIPR015945 Arg-tRNA-synth Ic coreIPR008909 DALR anticod bdIPR001412 
aa-tRNA-synth I CSIPR009080 tRNAsynth 1a anticodon-bd 

663.15789 

ENSMUSP00000051921 19.1  Bone marrow stromal antigen 2 Precursor (BST-2)(HM1.24 antigen)(CD317 antigen)  167.54386 

ENSMUSP00000023707 15.9  Superoxide dismutase Source: 1.15.1.1 IPR018152 SOD Cu/Zn BSIPR001424 SOD Cu Zn 139.47368 

ENSMUSP00000110532 18.9  40S ribosomal protein S10 IPR005326 S10 plectin N 165.78947 

ENSMUSP00000027810 54.3  Fumarate hydratase, mitochondrial Precursor (Fumarase)(EC 4.2.1.2)(EF-3) Source: 4.2.1.2 IPR003031 D 
crystallinIPR005677 Fum hydIIIPR000362 Fumarate lyaseIPR008948 L-Aspartase-like 

476.31579 

ENSMUSP00000044955 43.1  Protein tyrosine phosphatase-like protein PTPLAD1 (Protein-tyrosine phosphatase-like A domain-containing protein 
1)(Butyrate-induced protein 1)(B-ind1) IPR017447 CSIPR007052 CS domainIPR008978 HSP20-like 
chaperoneIPR007482 Tyr Pase-like PTPLA 

378.07018 

ENSMUSP00000034277 23.3  Neighbor of COX4 IPR005366 UPF0172 204.38596 

ENSMUSP00000021217 17.4  Nucleoside diphosphate kinase B (NDP kinase B)(NDK B)(EC 2.7.4.6)(nm23-M2)(P18) Source: 2.7.4.6 IPR001564 Nuc 
diP kinase core 

152.63158 

ENSMUSP00000095263 60  UDP-glucuronosyltransferase 1-7C Precursor (UDPGT)(UGT1*7C)(EC 2.4.1.17)(UGT1-
07C)(UGT1.7C)(UGT1A7C)(UGT1A10) Source: 2.4.1.17 IPR002213 UDP glucos trans 

526.31579 

ENSMUSP00000021512 38.1  Dehydrogenase/reductase SDR family member 7 Precursor (EC 1.1.-.-)(Retinal short-chain dehydrogenase/reductase 4) 
Source: 1.1.-.- IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR002424 Insect 
AlcDHase famIPR016040 NAD(P)-bdIPR013968 Polyketide synth KR 

334.21053 

ENSMUSP00000107237 34.4  Heterogeneous nuclear ribonucleoproteins C1/C2 (hnRNP C1 / hnRNP C2) IPR003954 RRM 1IPR000504 RRM 
RNP1IPR017347 hnRNP C Raly 

301.75439 

ENSMUSP00000047571 87.9  heterogeneous nuclear ribonucleoprotein U IPR000850 Adenylate kinIPR001870 B302IPR003034 SAP DNA 
bdIPR003877 SPRY rcptIPR018355 SPla/RYanodine receptor sg 

771.05263 

ENSMUSP00000021940 40.4  Vesicular integral-membrane protein VIP36 Precursor (Lectin mannose-binding 2) IPR008985 ConA like lec glIPR005052 
Lectin leg 

354.38596 

ENSMUSP00000077909 46  Alpha-1-antitrypsin 1-4 Precursor (Serine protease inhibitor 1-4)(Serine protease inhibitor A1d)(Alpha-1 protease inhibitor 
4) IPR000215 Protease inhib I4 serpin 

403.50877 

ENSMUSP00000099563 121.9  Myosin-Ic (Myosin I beta)(MMIb) IPR003593 AAA+ ATPase coreIPR000048 IQ CaM bd regionIPR001609 Myosin 
headIPR010926 Myosin tail 2 

1069.2982 

ENSMUSP00000006496 22.6  40S ribosomal protein S9 IPR001912 Ribosomal S4IPR005710 Ribosomal S4/S9 euk/arcIPR018079 Ribosomal S4 
CSIPR002942 S4 RNA bd 

198.24561 

ENSMUSP00000004057 17.7  UPF0389 protein FAM162A (E2-induced gene 5 protein homolog) IPR009432 DUF1075 155.26316 

ENSMUSP00000020241 51.9  Phenylalanine-4-hydroxylase (PAH)(EC 1.14.16.1)(Phe-4-monooxygenase) Source: 1.14.16.1 IPR002912 ACT 
bdIPR001273 ArAA hydroxylaseIPR018301 ArAA hydroxylase Fe/CU BSIPR005961 Phe-4-hydroxylase tetra 

455.26316 

ENSMUSP00000044405 60.9  Dimethylaniline monooxygenase Source: 1.14.13.8 IPR000759 Adrndx reductaseIPR013027 FAD pyr nucl-diS 
OxRdtaseIPR000960 Flavin mOaseIPR002253 Flavin mOase 1IPR002254 Flavin mOase 2IPR002255 Flavin mOase 
3IPR002256 Flavin mOase 4IPR002257 Flavin mOase 5IPR012143 dManiline mOase 

534.21053 

ENSMUSP00000060912 50.4  L-gulonolactone oxidase (LGO)(EC 1.1.3.8)(L-gulono-gamma-lactone oxidase)(GLO) Source: 1.1.3.8 IPR007173 
ALOIPR016166 FAD-bd 2IPR010031 FAD lactone oxidaseIPR006094 Oxid FAD bind NIPR006093 Oxy OxRdtase FAD 
BS 

442.10526 

ENSMUSP00000104179 22.9  40S ribosomal protein S5 IPR000235 Ribosomal S7IPR005716 Ribosomal S7 euk/arc 200.87719 

ENSMUSP00000043580 47.4  Alpha-1,3-mannosyltransferase ALG2 (EC 2.4.1.-)(GDP-Man:Man(1)GlcNAc(2)-PP-dolichol 415.78947 



mannosyltransferase)(Asparagine-linked glycosylation protein 2) Source: 2.4.1.- IPR001296 Glyco trans 1 

ENSMUSP00000078236 41.7  Minor histocompatibility antigen H13 (EC 3.4.23.-)(Signal peptide peptidase)(Presenilin-like protein 3) Source: 3.4.23.- 
IPR006639 Peptidase A22IPR007369 Peptidase A22B SPP 

365.78947 

ENSMUSP00000108760 60.4  UDP-glucuronosyltransferase 1-7C Precursor (UDPGT)(UGT1*7C)(EC 2.4.1.17)(UGT1-
07C)(UGT1.7C)(UGT1A7C)(UGT1A10) Source: 2.4.1.17 IPR002213 UDP glucos trans 

529.82456 

ENSMUSP00000031061 90.9  Putative pre-mRNA-splicing factor ATP-dependent RNA helicase DHX15 (EC 3.6.1.-)(DEAH box protein 15) Source: 
3.6.1.- IPR003593 AAA+ ATPase coreIPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR002464 DNA/RNA 
helicase DEAH CSIPR011709 DUF1605IPR007502 Helicase-assoc regIPR014021 Helicase SF1/SF2 ATP-bd 

797.36842 

ENSMUSP00000031726 37.3  Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-2 (Transducin beta chain 2)(G protein subunit beta-2) 
IPR001632 Gprotein BIPR016346 Guanine nucleotide-bd bsuIPR001680 WD40 repeatIPR011046 WD40 repeat-
likeIPR017986 WD40 repeat region 

327.19298 

ENSMUSP00000052258 72.7  Autocrine motility factor receptor (AMF receptor)(EC 6.3.2.19) Source: 6.3.2.19 IPR003892 CUEIPR001841 Znf 
RINGIPR011016 Znf RING-CH 

637.7193 

ENSMUSP00000016338 32.3  Corticosteroid 11-beta-dehydrogenase isozyme 1 (EC 1.1.1.146)(11-beta-hydroxysteroid dehydrogenase 1)(11-beta-
HSD1)(11beta-HSD1A)(11-DH) Source: 1.1.1.146 IPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bd 

283.33333 

ENSMUSP00000043559 12.1  CDGSH iron sulfur domain-containing protein 1 (MitoNEET) IPR006622 FeS-containing CDGSH-typ 106.14035 

ENSMUSP00000101105 61  Sulfated glycoprotein 1 Precursor (SGP-1)(Prosaposin) IPR003119 SapAIPR007856 SapB 1IPR008138 SapB 
2IPR008373 SaposinIPR008139 SaposinBIPR011001 Saposin like 

535.08772 

ENSMUSP00000092746 15.5  NADH dehydrogenase  135.96491 

ENSMUSP00000074935 43.5  FK506-binding protein 8 (EC 5.2.1.8)(Peptidyl-prolyl cis-trans isomerase)(PPIase)(Rotamase)(38 kDa FK506-binding 
protein)(mFKBP38)(FKBPR38) Source: 5.2.1.8 IPR001179 PPIase FKBPIPR001440 TPR-1IPR013105 TPR 2IPR013026 
TPR region 

381.57895 

ENSMUSP00000029684 38.4  Secretory carrier-associated membrane protein 3 (Secretory carrier membrane protein 3) IPR000694 PRO 
richIPR007273 SCAMP 

336.84211 

ENSMUSP00000048363 52.6  Presenilin-1 (PS-1)(EC 3.4.23.-)(Protein S182) Source: 3.4.23.- IPR003568 Cyt c biogenesis CcmFIPR002031 Pept 
A22A PS1IPR006639 Peptidase A22IPR001108 Peptidase A22A 

461.40351 

ENSMUSP00000087192 38.3  D-beta-hydroxybutyrate dehydrogenase, mitochondrial Precursor (BDH)(EC 1.1.1.30)(3-hydroxybutyrate dehydrogenase) 
Source: 1.1.1.30 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 
NAD(P)-bd 

335.96491 

ENSMUSP00000029805 99  Microsomal triglyceride transfer protein large subunit Precursor IPR001747 Lipid transpt N 868.42105 

ENSMUSP00000041149 12.5  Macrophage migration inhibitory factor (MIF)(EC 5.3.2.1)(Phenylpyruvate tautomerase)(Glycosylation-inhibiting 
factor)(GIF)(Delayed early response protein 6)(DER6) Source: 5.3.2.1 IPR001398 Macrophage inhib fac 

109.64912 

ENSMUSP00000029837 35  Uricase (EC 1.7.3.3)(Urate oxidase) Source: 1.7.3.3 IPR002042 Uricase 307.01754 

ENSMUSP00000065585 58.1  Cytochrome P450 3A25 (EC 1.14.14.1)(CYPIIIA25) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR008072 Cyt P450 E CYP3AIPR002401 Cyt P450 E grp-IIPR002402 
Cyt P450 E grp-IIIPR002403 Cyt P450 E grp-IV 

509.64912 

ENSMUSP00000059395 51  Eukaryotic translation initiation factor 2 subunit 3, X-linked (Eukaryotic translation initiation factor 2 subunit gamma, X-
linked)(eIF-2-gamma X) IPR000795 ProtSyn GTP bdIPR001806 Ras GTPaseIPR009001 Transl elong EF1A/Init IF2 
CIPR004161 Transl elong EFTu/EF1A 2IPR009000 Transl elong init/rib B-barrelIPR015256 eIF2 C 

447.36842 

ENSMUSP00000098053 63.9  Eukaryotic translation initiation factor 3 subunit D (eIF3d)(Eukaryotic translation initiation factor 3 subunit 7)(eIF-3-
zeta)(eIF3 p66) IPR007783 EIF-3 zeta 

560.52632 

ENSMUSP00000023790 65.6  Keratin, type II cytoskeletal 1 (Cytokeratin-1)(CK-1)(Keratin-1)(K1)(67 kDa cytokeratin)(Krt1 protein) IPR016044 
FIPR018039 Intermediate filament CSIPR002957 Keratin IIPR003054 Keratin IIIPR009053 PrefoldinIPR000817 
PrionIPR003536 Transloc intimin rcpt 

575.4386 

ENSMUSP00000046910 17.8  15 kDa selenoprotein Precursor IPR014912 Sep15 SelM 156.14035 



ENSMUSP00000063744 62.6  Heterogeneous nuclear ribonucleoprotein Q (hnRNP Q)(hnRNP-Q)(Synaptotagmin-binding, cytoplasmic RNA-interacting 
protein)(Glycine- and tyrosine-rich RNA-binding protein)(GRY-RBP)(NS1-associated protein 1)(pp68) IPR006535 HnRNP 
R QIPR002343 Hud Sxl RNAIPR000504 RRM RNP1 

549.12281 

ENSMUSP00000000137 44.7  Actin-related protein 2 (Actin-like protein 2) IPR004000 Actin like 392.10526 

ENSMUSP00000039844 42.6  Alpha-centractin (Centractin)(Centrosome-associated actin homolog)(Actin-RPV)(ARP1) IPR004001 Actin CSIPR004000 
Actin like 

373.68421 

ENSMUSP00000029217 21.7  NADH dehydrogenase  190.35088 

ENSMUSP00000069004 17  40S ribosomal protein S15 (RIG protein) IPR005713 Ribosomal S15 euk/arcIPR002222 Ribosomal S19 149.12281 

ENSMUSP00000023486 85.7  Transferrin receptor protein 1 (TfR1)(TfR)(TR)(Trfr)(CD71 antigen) IPR003137 PAIPR007365 Transferrin rcpt-like 
dimerise 

751.75439 

ENSMUSP00000030642 22.9  Proteasome subunit beta type-2 (EC 3.4.25.1)(Proteasome component C7-I)(Macropain subunit C7-I)(Multicatalytic 
endopeptidase complex subunit C7-I) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR016050 Proteasome bsu CS 

200.87719 

ENSMUSP00000051657 32.7  26S proteasome non-ATPase regulatory subunit 8 (26S proteasome regulatory subunit S14) IPR005062 
SAC3/GANP/Nin1/mts3/eIF-3-p25 

286.84211 

ENSMUSP00000035034 41.2  28S ribosomal protein S22, mitochondrial (S22mt)(MRP-S22)  361.40351 

ENSMUSP00000037962 28.7  Peroxisomal membrane protein 11B (Peroxin-11B)(Peroxisomal biogenesis factor 11B)(PEX11beta)(Pex11pbeta) 
IPR008733 PEX11 

251.75439 

ENSMUSP00000040222 56.1  Cytosol aminopeptidase (EC 3.4.11.1)(Leucine aminopeptidase)(Leucyl aminopeptidase)(Leucine aminopeptidase 
3)(LAP)(Proline aminopeptidase)(EC 3.4.11.5)(Prolyl aminopeptidase) Source: 3.4.11.1 IPR000819 Peptidase M17 
CIPR008283 Peptidase M17 N 

492.10526 

ENSMUSP00000010254 39.7  Syntaxin-5 IPR004090 Chemotax Me-accpt rcptIPR006012 Syntaxin/epimorphin CSIPR006011 Syntaxin NIPR000727 T 
SNAREIPR010989 t-SNARE 

348.24561 

ENSMUSP00000029082 27.8  Proteasome subunit alpha type-7 (EC 3.4.25.1)(Proteasome subunit RC6-1) Source: 3.4.25.1 IPR001353 Proteasome A 
B suIPR000426 Proteasome alpha CS 

243.85965 

ENSMUSP00000091429 559.2  Ring finger protein 213 Fragment Source: UniProtKB/TrEMBL B1ATE2 IPR003593 AAA+ ATPase coreIPR009003 Pept 
Trypsin-like Ser/CysIPR001841 Znf RINGIPR017907 Znf RING CS 

4905.2632 

ENSMUSP00000085523 42.5  NADH dehydrogenase IPR002225 3Beta OHSteriod DHase/EstaseIPR001509 Epimerase deHydtaseIPR013120 Male 
sterile NAD-bdIPR016040 NAD(P)-bdIPR008030 NmrA 

372.80702 

ENSMUSP00000021719 6.7  6.8 kDa mitochondrial proteolipid IPR012574 Mit proteolip 58.77193 

ENSMUSP00000002090 18.9  Translocon-associated protein subunit delta Precursor (TRAP-delta)(Signal sequence receptor subunit delta)(SSR-delta) 
IPR008855 TRAP-delta 

165.78947 

ENSMUSP00000080302 44.5  Phosphoglycerate kinase 1 (EC 2.7.2.3) Source: 2.7.2.3 IPR001576 Phosphoglycerate kinaseIPR015911 
Phosphoglycerate kinase CS 

390.35088 

ENSMUSP00000095197 134.1  Leucyl-tRNA synthetase, cytoplasmic (EC 6.1.1.4)(Leucine--tRNA ligase)(LeuRS) Source: 6.1.1.4 IPR004493 Leu-tRNA-
synth Ia arc/eukIPR013155 V/L/I-tRNA-synth anticodon-bdIPR015413 aa-tRNA-synt IIPR001412 aa-tRNA-synth I 
CSIPR002300 aa-tRNA-synth IaIPR009080 tRNAsynth 1a anticodon-bd 

1176.3158 

ENSMUSP00000055743 33.4  Thiosulfate sulfurtransferase (EC 2.8.1.1)(Rhodanese) Source: 2.8.1.1 IPR001763 Rhodanese-likeIPR001307 
Thiosulphate STrfase CS 

292.98246 

ENSMUSP00000095655 20.7  Major urinary protein 2 Precursor (MUP 2) IPR002968 A1-microgloblnIPR002447 BlactoglobulinIPR011038 Calycin 
likeIPR002345 LipocalinIPR000566 Lipocln cytFABPIPR002971 Maj urinaryIPR003087 N gelatinaseIPR002448 Odour 
bdIPR002972 PstgldnD synthIPR002450 vonEbner gland 

181.57895 

ENSMUSP00000099475 191.4  Clathrin heavy chain 1 IPR016024 ARM-type foldIPR000547 Clathrin H-chain/VPS repeatIPR015348 Clathrin H-chain 
linker coreIPR001473 Clathrin H-chain propeller NIPR016341 Clathrin heavy chain 

1678.9474 

ENSMUSP00000022437 63.6  2-hydroxyacyl-CoA lyase 1 (EC 4.1.-.-)(2-hydroxyphytanoyl-CoA lyase)(2-HPCL)(Phytanoyl-CoA 2-hydroxylase 2) 
Source: 4.1.-.- IPR012001 TPP bd enzyme NIPR012000 TPP enzyme MIPR011766 TPP enzyme bd C 

557.89474 

ENSMUSP00000014457 8.5  Cytochrome c oxidase polypeptide VIc IPR004204 Cyt c oxidase su6c 74.561404 



ENSMUSP00000031910 26.1  protease, serine, 1 IPR009003 Pept Trypsin-like Ser/CysIPR018114 Peptidase S1/S6 ASIPR001314 Peptidase 
S1AIPR001254 Peptidase S1 S6 

228.94737 

ENSMUSP00000110027 77.6  Heterogeneous nuclear ribonucleoprotein M (hnRNP M) IPR000504 RRM RNP1 680.70175 

ENSMUSP00000023085 15.3  NADH dehydrogenase IPR000104 Antifreeze 1IPR008011 Complex1 LYRIPR016488 NADH Ub cplx-1 asu su-6 134.21053 

ENSMUSP00000003906 57.6  Phenylalanyl-tRNA synthetase alpha chain (EC 6.1.1.20)(Phenylalanine--tRNA ligase alpha chain)(PheRS) Source: 
6.1.1.20 IPR013196 HTH 11IPR018157 Phe-tRNA-synth IIc CIPR004529 Phe-tRNA-synth IIc asuIPR006195 aa-tRNA-
synth II 

505.26316 

ENSMUSP00000002043 55.8  Coiled-coil domain-containing protein 47 Precursor (Adipocyte-specific protein 4) IPR012879 DUF1682 489.47368 

ENSMUSP00000021049 45.6  26S protease regulatory subunit 8 (Proteasome 26S subunit ATPase 5)(Proteasome subunit p45)(p45/SUG)(mSUG1) 
IPR005937 26S Psome P45IPR003593 AAA+ ATPase coreIPR011704 AAA 5IPR003960 AAA ATPase CSIPR003959 
AAA ATPase coreIPR001806 Ras GTPase 

400 

ENSMUSP00000042285 37.3  UPF0554 protein C2orf43 homolog  327.19298 

ENSMUSP00000034276 19.5  Cytochrome c oxidase subunit 4 isoform 1, mitochondrial Precursor (Cytochrome c oxidase subunit IV isoform 1)(COX IV-
1)(Cytochrome c oxidase polypeptide IV) IPR004203 Cyt c oxidase su4IPR013288 Cyt c oxidase su4 sub 

171.05263 

ENSMUSP00000021329 24.7  Golgi SNAP receptor complex member 2 (27 kDa Golgi SNARE protein)(Membrin) IPR007705 V-SNARE 216.66667 

ENSMUSP00000001452 60.6  T-complex protein 1 subunit gamma (TCP-1-gamma)(CCT-gamma)(Matricin)(mTRiC-P5) IPR012719 Chap CCT 
gammaIPR017998 Chaperone TCP-1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 
Cpn60/TCP-1 

531.57895 

ENSMUSP00000087948 112.4  Sec24 related gene family, member C IPR007123 GelsolnIPR018120 Glyco hydro 1 ASIPR000694 PRO richIPR012990 
Sec23 24 beta SIPR006900 Sec23 helicalIPR006896 Sec23 trunkIPR006895 Znf Sec23 Sec24 

985.96491 

ENSMUSP00000008036 11.5  60S acidic ribosomal protein P1 IPR001813 Ribosomal 60SIPR001859 Ribosomal P2IPR017859 TCS treacle-like 100.87719 

ENSMUSP00000081000 51.8  NADH-ubiquinone oxidoreductase chain 4 (EC 1.6.5.3)(NADH dehydrogenase subunit 4) Source: 1.6.5.3 IPR010227 
NADH quinone OxRdtase I MIPR003918 NADHub OxRdtase 4IPR003916 NADHub OxRdtase 5IPR000260 OxRdtase q5 
NIPR001750 Oxidored q1 

454.38596 

ENSMUSP00000085379 37.9  Prolactin regulatory element-binding protein (Mammalian guanine nucleotide exchange factor mSec12) IPR001680 WD40 
repeatIPR011046 WD40 repeat-likeIPR017986 WD40 repeat region 

332.45614 

ENSMUSP00000032919 95.9  Major vault protein (MVP) IPR018247 EF HAND 1IPR002499 Vault N 841.22807 

ENSMUSP00000013304 40.3  V-type proton ATPase subunit d 1 (V-ATPase subunit d 1)(Vacuolar proton pump subunit d 1)(V-ATPase AC39 
subunit)(V-ATPase 40 kDa accessory protein)(P39)(Physophilin) IPR016727 ATPase V0-cplx dsuIPR002843 ATPase 
V0/A0-cplx csu/dsu 

353.50877 

ENSMUSP00000034586 10.9  Apolipoprotein C-III Precursor (Apo-CIII)(ApoC-III) IPR008403 Apo-CIII 95.614035 

ENSMUSP00000014221 22.4  Calcium-binding protein p22 (Calcium-binding protein CHP)(Calcineurin homologous protein)(Sid 470) IPR018247 EF 
HAND 1IPR018249 EF HAND 2IPR018248 EF handIPR002048 EF hand Ca bdIPR008080 ParvalbuminIPR001125 
Recoverin 

196.49123 

ENSMUSP00000021790 11.6  Transmembrane protein 14C IPR005349 UPF0136 TM 101.75439 

ENSMUSP00000032065 56.5  Prenylcysteine oxidase Precursor (EC 1.8.3.5) Source: 1.8.3.5 IPR000759 Adrndx reductaseIPR006076 FAD-dep 
OxRdtaseIPR013027 FAD pyr nucl-diS OxRdtaseIPR010795 Prenylcys lyaseIPR017046 Prenylcysteine Oxase 

495.61404 

ENSMUSP00000023514 15.1  NADH dehydrogenase IPR009866 NADH UbQ OxRdtase NDUFB4 su 132.45614 

ENSMUSP00000026735 45.1  Coiled-coil domain-containing protein 51  395.61404 

ENSMUSP00000093955 50  Elongation factor 1-gamma (EF-1-gamma)(eEF-1B gamma) IPR004046 GST CIPR010987 Glutathione-S-Trfase C-
likeIPR004045 Glutathione S-Trfase NIPR012336 Thioredoxin-like foldIPR001662 Transl elong EF1 G con 

438.59649 

ENSMUSP00000029815 15.2  CDGSH iron sulfur domain-containing protein 2 (MitoNEET-related 1 protein)(Miner1)(Nervous system over-expressed 
protein 70) IPR006622 FeS-containing CDGSH-typ 

133.33333 

ENSMUSP00000022865 63.8  Protein LYRIC (Lysine-rich CEACAM1 co-isolated protein)(3D3/LYRIC)(Metastasis adhesion protein)(Metadherin)  559.64912 



ENSMUSP00000018851 531.7  Cytoplasmic dynein 1 heavy chain 1 (Cytoplasmic dynein heavy chain 1)(Dynein heavy chain, cytosolic) IPR003593 
AAA+ ATPase coreIPR011704 AAA 5IPR004273 Dynein heavyIPR013594 Dynein heavy N 1IPR013602 Dynein heavy N 
2IPR010987 Glutathione-S-Trfase C-likeIPR000169 Pept cys ASIPR012336 Thioredoxin-like fold 

4664.0351 

ENSMUSP00000075954 47.6  Glyceraldehyde-3-phosphate dehydrogenase, testis-specific (EC 1.2.1.12)(Spermatogenic glyceraldehyde-3-phosphate 
dehydrogenase)(Spermatogenic cell-specific glyceraldehyde 3-phosphate dehydrogenase 2)(GAPDH-2) Source: 1.2.1.12 
IPR000173 GlycerAld 3-P DHaseIPR006424 Glyceraldehyde-3-P DHase 1IPR000381 Inhibin betaBIPR006030 Mollsc 
rhodpsn CIPR016040 NAD(P)-bdIPR000694 PRO richIPR003882 Pistil extensinIPR003267 Small Pro richIPR017997 
Vinculin 

417.54386 

ENSMUSP00000024932 15.8  V-type proton ATPase 16 kDa proteolipid subunit (V-ATPase 16 kDa proteolipid subunit)(Vacuolar proton pump 16 kDa 
proteolipid subunit)(PL16) IPR002379 ATPase F0/V0-cplx csuIPR000245 ATPase V0-cplx csuIPR011555 ATPase V0-
cplx csu eukIPR001036 Acrflvin-RIPR013281 Apop reg Mc1 

138.59649 

ENSMUSP00000080403 36  TraB domain containing (Trabd), mRNA IPR002816 Pheromone shutdown-rel TraB 315.78947 

ENSMUSP00000106014 12.8  60S ribosomal protein L30 IPR000948 Ribosomal HS6IPR000231 Ribosomal L30eIPR004038 Ribosomal 
L7Ae/L30e/S12e/Gad45 

112.2807 

ENSMUSP00000079340 12.2  60S ribosomal protein L36 IPR000509 Ribosomal L36e 107.01754 

ENSMUSP00000031707 102.9  Alpha-aminoadipic semialdehyde synthase, mitochondrial Precursor (LKR/SDH) Source: 1.5.1.8 IPR007698 Ala 
DHase/PNT CIPR007886 Ala DHase/PNT NIPR016040 NAD(P)-bdIPR005097 Saccharopine DHase 

902.63158 

ENSMUSP00000083973 14.5  40S ribosomal protein S12 IPR004038 Ribosomal L7Ae/L30e/S12e/Gad45IPR000530 Ribosomal S12e 127.19298 

ENSMUSP00000108229 31.2  Cation-dependent mannose-6-phosphate receptor Precursor (CD Man-6-P receptor)(CD-MPR)(46 kDa mannose 6-
phosphate receptor)(MPR 46) IPR009011 Man6P isomerase rcpt bdIPR000296 Man 6 P rcpt 

273.68421 

ENSMUSP00000030698 31.2  Syntaxin-12 IPR006012 Syntaxin/epimorphin CSIPR006011 Syntaxin NIPR000727 T SNAREIPR010989 t-SNARE 273.68421 

ENSMUSP00000076589 57.6  Glucosylceramidase Precursor (EC 3.2.1.45)(Beta-glucocerebrosidase)(Acid beta-glucosidase)(D-glucosyl-N-
acylsphingosine glucohydrolase) Source: 3.2.1.45 IPR001139 Glyco hydro 30IPR017853 Glyco hydro cat 

505.26316 

ENSMUSP00000005647 30.1  NADH dehydrogenase Source: 1.6.5.3 IPR010218 NADH DH csuIPR001268 NADH DHase Ub 30kDa su 264.03509 

ENSMUSP00000015100 37.2  Serine/threonine-protein phosphatase PP1-beta catalytic subunit (PP-1B)(EC 3.1.3.16) Source: 3.1.3.16 IPR004843 M-
pesteraseIPR006186 T phtase apaH 

326.31579 

ENSMUSP00000080998 13.2  NADH-ubiquinone oxidoreductase chain 3 (EC 1.6.5.3)(NADH dehydrogenase subunit 3) Source: 1.6.5.3 IPR000440 
Oxidored q4 

115.78947 

ENSMUSP00000106104 14.9  Histone H2B type 1-F/J/L (H2B 291A) IPR009072 Histone-foldIPR000558 Histone H2BIPR007125 Histone core D 130.70175 

ENSMUSP00000042150 23.7  Ras-related protein R-Ras Precursor (p23) IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 
GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP 
bd 

207.89474 

ENSMUSP00000041968 36.5  26S proteasome non-ATPase regulatory subunit 7 (26S proteasome regulatory subunit rpn8)(26S proteasome regulatory 
subunit S12)(Proteasome subunit p40)(Mov34 protein) IPR000555 Mov34 MPN PAD1 

320.17544 

ENSMUSP00000039264 78.8  Antigen peptide transporter 1 (APT1)(Peptide transporter TAP1)(ATP-binding cassette sub-family B member 
2)(Histocompatibility antigen modifier 1) IPR003593 AAA+ ATPase coreIPR013305 ABC B2IPR011527 ABC TM 
1IPR001140 ABC TM transptIPR003439 ABC transporter-likeIPR017871 ABC transporter CSIPR017940 ABC transporter 
type1IPR005293 Ag transporter2 

691.22807 

ENSMUSP00000033008 29.5  Proteasome subunit alpha type-1 (EC 3.4.25.1)(Proteasome component C2)(Macropain subunit C2)(Multicatalytic 
endopeptidase complex subunit C2)(Proteasome nu chain) Source: 3.4.25.1 IPR001353 Proteasome A B suIPR000426 
Proteasome alpha CS 

258.77193 

ENSMUSP00000071214 36.1  Eukaryotic translation initiation factor 2 subunit 1 (Eukaryotic translation initiation factor 2 subunit alpha)(eIF-2-alpha)(EIF-
2alpha)(EIF-2A) IPR011488 EIF 2 alphaIPR016027 NA-bd OB-fold-likeIPR003029 S1 RNA-bd 

316.66667 

ENSMUSP00000027853 14.3  Brain protein 44 IPR005336 UPF0041 125.4386 

ENSMUSP00000090284 17.8  60S ribosomal protein L12 IPR000911 Ribosomal L11 156.14035 

ENSMUSP00000081474 11.6  60S acidic ribosomal protein P2 IPR001813 Ribosomal 60SIPR001859 Ribosomal P2IPR017859 TCS treacle-like 101.75439 



ENSMUSP00000021993 13.6  Cytochrome b-c1 complex subunit 7 (Ubiquinol-cytochrome c reductase complex 14 kDa protein)(Complex III subunit 
7)(Complex III subunit VII) IPR003197 Cyt bd ubiquinol oxidase 14kDa 

119.29825 

ENSMUSP00000042988 17.1  Thyroid hormone-inducible hepatic protein (Spot 14 protein)(SPOT14)(S14 protein) IPR009786 Spot 14 150 

ENSMUSP00000030914 23  Protein RER1 IPR004932 Rer1 201.75439 

ENSMUSP00000107966:reversed 371.7  3260.5263 

ENSMUSP00000107749 32.4  Malectin Precursor  284.21053 

ENSMUSP00000060523 9.5  40S ribosomal protein S27 IPR000592 Ribosomal S27eIPR011332 Ribosomal zn-bd 83.333333 

ENSMUSP00000030340 59.1  Non-specific lipid-transfer protein (EC 2.3.1.176)(Propanoyl-CoA C-acyltransferase)(NSL-TP)(Sterol carrier protein 
2)(SCP-2)(Sterol carrier protein X)(SCP-X)(SCP-chi)(SCPX) Source: 2.3.1.176 IPR003033 SCP2 sterol bdIPR016083 
Sterol-binding-likeIPR002155 ThiolaseIPR016039 Thiolase-like 

518.42105 

ENSMUSP00000029610 34.4  Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial Precursor (HCDH)(EC 1.1.1.35)(Short chain 3-hydroxyacyl-CoA 
dehydrogenase)(Medium and short chain L-3-hydroxyacyl-coenzyme A dehydrogenase) Source: 1.1.1.35 IPR006180 3-
OHacyl-CoA DHase CSIPR006176 3-OHacyl-CoA DHase NAD-bdIPR006108 3HC DHase CIPR008927 6-PGluconate 
DH C likeIPR000447 FAD-dep Gly3P DHaseIPR006036 K uptake TrkAIPR016040 NAD(P)-bd 

301.75439 

ENSMUSP00000036541 20.8  Trafficking protein particle complex subunit 5 IPR007194 TRAPP Bet3IPR016696 TRAPP I complex Trs31 182.45614 

ENSMUSP00000032196 21.5  ADP-ribosylation factor-like protein 8B (ADP-ribosylation factor-like protein 10C)(Novel small G protein indispensable for 
equal chromosome segregation 1) IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR001019 Gprotein alph bdIPR013684 Miro-likeIPR013753 RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP 
bdIPR005225 Small GTP bd 

188.59649 

ENSMUSP00000030169 38.4  Stomatin-like protein 2 (SLP-2) IPR001107 Band 7IPR001972 Stomatin 336.84211 

ENSMUSP00000020920 76.9  Regulator of G-protein signaling 9 (RGS9) IPR015898 G-protein gamma-likeIPR000591 Pleckstrin/G-protein 
interactIPR000342 Regulat G prot signalIPR016137 Regulat G prot signal superfam 

674.5614 

ENSMUSP00000023851 13.4  NADH dehydrogenase IPR006806 ETC CI 29 9 117.54386 

ENSMUSP00000105886 36 Uncharacterized protein C20orf116 homolog precursor. Source: Uniprot/SWISSPROT Q80WW9 315.78947 

ENSMUSP00000095433 571.9  E3 ubiquitin-protein ligase UBR4 (EC 6.3.2.-)(N-recognin-4)(Zinc finger UBR1-type protein 1)(p600) Source: 6.3.2.- 
IPR016024 ARM-type foldIPR018187 Asp/Glu racemase CSIPR000694 PRO richIPR011046 WD40 repeat-likeIPR007087 
Znf C2H2IPR003126 Znf N-recogninIPR013993 Znf N-recognin met 

5016.6667 

ENSMUSP00000032425 30  Transmembrane protein 111 IPR008568 DUF850 TM euk 263.15789 

ENSMUSP00000022781 12.5  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit DAD1 (Oligosaccharyl transferase subunit 
DAD1)(EC 2.4.1.119)(Defender against cell death 1)(DAD-1) Source: 2.4.1.119 IPR003038 DAD 

109.64912 

ENSMUSP00000015950 25.6  Dihydropteridine reductase (EC 1.5.1.34)(HDHPR)(Quinoid dihydropteridine reductase) Source: 1.5.1.34 IPR002198 
DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bd 

224.5614 

ENSMUSP00000001547 137.9  Collagen alpha-1(I) chain Precursor (Alpha-1 type I collagen) IPR008160 CollagenIPR000885 Fib collagen CIPR002181 
Fibrinogen a/b/g CIPR000694 PRO richIPR003979 TropoelastinIPR006552 VWC outIPR001007 VWF C 

1209.6491 

ENSMUSP00000066682 65  Lipase maturation factor 1 (Transmembrane protein 112) IPR009613 DUF1222 570.17544 

ENSMUSP00000045394 37.2  aldo-keto reductase family 1, member C14 IPR001395 Aldo/ket redIPR018170 Aldo/ket reductase CS 326.31579 

ENSMUSP00000039657 112.9  Sodium/potassium-transporting ATPase subunit alpha-1 Precursor (Sodium pump subunit alpha-1)(EC 
3.6.3.9)(Na(+)/K(+) ATPase alpha-1 subunit) Source: 3.6.3.9 IPR001757 ATPase PIPR008250 ATPase P-typ ATPase-
assoc-regIPR000695 ATPase P-typ H-transpIPR005775 ATPase P-typ cation-ex asu eukIPR006069 ATPase P-typ 
cation-exchng asuIPR006068 ATPase P-typ cation-transptr CIPR004014 ATPase P-typ cation-transptr NIPR018303 
ATPase P-typ phosphor siteIPR005834 Dehalogen-like hydro 

990.35088 

ENSMUSP00000054634 21.2  Cell division control protein 42 homolog Precursor (G25K GTP-binding protein) IPR006689 ARF/SARIPR003579 GTPase 
RabIPR003577 GTPase RasIPR003578 GTPase RhoIPR006036 K uptake TrkAIPR013684 Miro-likeIPR002041 Ran 
GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

185.96491 



ENSMUSP00000030660 20.3  Trafficking protein particle complex subunit 3 (BET3 homolog) IPR007194 TRAPP Bet3IPR016721 TRAPP I complex 
Bet3 

178.07018 

ENSMUSP00000019382 36.1  Synaptic glycoprotein SC2 (EC 1.3.1.-)(Trans-2,3-enoyl-CoA reductase)(TER) Source: 1.3.1.- IPR001104 3-oxo-5 a-
steroid 4-DHase C 

316.66667 

ENSMUSP00000026649 24.8  Synaptogyrin-2 (Cellugyrin) IPR008253 MarvelIPR016579 Synaptogyrin 217.54386 

ENSMUSP00000100505 21.9 no description availableIPR000554 Ribosomal S7e 192.10526 

ENSMUSP00000045930 517.4  Probable E3 ubiquitin-protein ligase MYCBP2 (EC 6.3.2.-)(Myc-binding protein 2)(Protein associated with 
Myc)(Pam/highwire/rpm-1 protein) Source: 6.3.2.- IPR001298 FilaminIPR017868 Filamin/ABP280 repeat likeIPR008979 
Galactose-bd-likeIPR014756 Ig E-setIPR012983 PHRIPR000408 Reg chr condensIPR009091 Reg csome cond/b-
lactamase inhIPR000315 Znf B-boxIPR001841 Znf RING 

4538.5965 

ENSMUSP00000102211 8.2  60S ribosomal protein L38 IPR002675 Ribosomal L38e 71.929825 

ENSMUSP00000025217 73.4  Stress-70 protein, mitochondrial Precursor (75 kDa glucose-regulated protein)(GRP 75)(Heat shock 70 kDa protein 
9)(Peptide-binding protein 74)(PBP74)(P66 MOT)(Mortalin) IPR012725 DnaK prokIPR018247 EF HAND 1IPR018181 
Heat shock 70 CSIPR001023 Hsp70IPR013126 Hsp 70 

643.85965 

ENSMUSP00000018905 26.4  Mannose-P-dolichol utilization defect 1 protein (Suppressor of Lec15 and Lec35 glycosylation mutation homolog)(SL15) 
IPR006603 CTNSIPR005282 LC transporterIPR016817 MannP-dilichol defect-1 

231.57895 

ENSMUSP00000015725 26.2  Vesicle transport protein SEC20 IPR005606 Sec20 229.82456 

ENSMUSP00000106709 18.7  AP-1 complex subunit sigma-1A (Adapter-related protein complex 1 sigma-1A subunit)(Adaptor protein complex AP-1 
sigma-1A subunit)(Sigma-adaptin 1A)(Sigma1A-adaptin)(Golgi adaptor HA1/AP1 adaptin sigma-1A subunit)(HA1 19 kDa 
subunit)(Clathrin assembly protein complex 1 sigma-1A small chain)(Clathrin coat assembly protein AP19)(Sigma 1a 
subunit of AP-1 clathrin) IPR016635 AP complex ssuIPR000804 Clathrin sigma/coatomer zetaIPR011012 Longin like 

164.03509 

ENSMUSP00000087974 18.6  ATP synthase, H+ transporting, mitochondrial F0 complex, subunit d Fragment Source: UniProtKB/TrEMBL B1ASE2 
IPR008689 ATPase F0-cplx dsu mt 

163.15789 

ENSMUSP00000056604 14.2  Histone H2B type 1-A (Histone H2B, testis)(Testis-specific histone H2B) IPR009072 Histone-foldIPR000558 Histone 
H2BIPR007125 Histone core D 

124.5614 

ENSMUSP00000053900 54.7  CAAX prenyl protease 1 homolog (EC 3.4.24.84)(Prenyl protein-specific endoprotease 1)(Farnesylated proteins-
converting enzyme 1)(FACE-1)(Zinc metalloproteinase Ste24 homolog) Source: 3.4.24.84 IPR001915 Peptidase M48 

479.82456 

ENSMUSP00000088581 44.7  Ferrochelatase, mitochondrial Precursor (EC 4.99.1.1)(Protoheme ferro-lyase)(Heme synthetase) Source: 4.99.1.1 
IPR001015 Ferrochelatase 

392.10526 

ENSMUSP00000096435 54.2  Probable ATP-dependent RNA helicase DDX6 (EC 3.6.1.-)(DEAD box protein 6)(ATP-dependent RNA helicase 
p54)(Oncogene RCK homolog) Source: 3.6.1.- IPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 
DNA/RNA helicase DEAD/DEAH NIPR014021 Helicase SF1/SF2 ATP-bdIPR000629 RNA-helicase DEAD-box 
CSIPR014014 RNA helicase DEAD Q motif 

475.4386 

ENSMUSP00000006435 56.5  V-type proton ATPase subunit B, brain isoform (V-ATPase subunit B 2)(Vacuolar proton pump subunit B 
2)(Endomembrane proton pump 58 kDa subunit) IPR000793 ATPase F1/V1/A1-cplx a/bsu CIPR004100 ATPase 
F1/V1/A1-cplx a/bsu NIPR000194 ATPase F1/V1/A1 a/bsu nucl-bdIPR005723 ATPase V1-cplx bsu 

495.61404 

ENSMUSP00000085251 12.5  60S ribosomal protein L35a IPR001780 Ribosomal L35AeIPR018266 Ribosomal L35Ae CS 109.64912 

ENSMUSP00000068568 67.3  All-trans-retinol 13,14-reductase Precursor (EC 1.3.99.23)(All-trans-13,14-dihydroretinol saturase)(RetSat) Source: 
1.3.99.23 IPR000759 Adrndx reductaseIPR006076 FAD-dep OxRdtaseIPR002005 Rab GDI REP 

590.35088 

ENSMUSP00000025955 161.8  Eukaryotic translation initiation factor 3 subunit A (eIF3a)(Eukaryotic translation initiation factor 3 subunit 10)(eIF-3-
theta)(eIF3 p167)(eIF3 p180)(eIF3 p185)(p162)(Centrosomin) IPR000717 PCI 

1419.2982 

ENSMUSP00000079232 36.8  aldo-keto reductase family 1, member C20 IPR001395 Aldo/ket redIPR018170 Aldo/ket reductase CS 322.80702 

ENSMUSP00000099788 75.2  Annexin A6 (Annexin-6)(Annexin VI)(Lipocortin VI)(p68)(p70)(Protein III)(Chromobindin-20)(67 kDa 
calelectrin)(Calphobindin-II)(CPB-II) IPR001464 AnnexinIPR002391 AnnexinIVIPR002392 AnnexinVIPR002393 
AnnexinVIIPR018502 Annexin repeatIPR018252 Annexin repeat CS 

659.64912 

ENSMUSP00000109671 265.5  SON protein IPR001159 Ds-RNA bdIPR000467 G patchIPR000694 PRO richIPR011046 WD40 repeat-like 2328.9474 



ENSMUSP00000093965 109.3  Neutral alpha-glucosidase AB Precursor (EC 3.2.1.84)(Glucosidase II subunit alpha)(Alpha-glucosidase 2) Source: 
3.2.1.84 IPR000322 Glyco hydro 31IPR017853 Glyco hydro cat 

958.77193 

ENSMUSP00000029722 29.9  40S ribosomal protein S3a IPR001593 Ribosomal S3AeIPR018281 Ribosomal S3Ae CS 262.2807 

ENSMUSP00000047356 48.5  interferon gamma induced GTPase IPR007743 Interferon-inducible GTPase 425.4386 

ENSMUSP00000039726 10.3  ATP synthase subunit f, mitochondrial  90.350877 

ENSMUSP00000072775 32.9 no description availableIPR000504 RRM RNP1 288.59649 

ENSMUSP00000075987 39.6  Phosphate carrier protein, mitochondrial Precursor (Phosphate transport protein)(PTP)(Solute carrier family 25 member 
3) IPR002113 Aden trnslctorIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

347.36842 

ENSMUSP00000044050 87.4  Dipeptidyl peptidase 4 (EC 3.4.14.5)(Dipeptidyl peptidase IV)(DPP IV)(T-cell activation antigen CD26)(Thymocyte-
activating molecule)(THAM)(CD26 antigen) Source: 3.4.14.5 IPR002471 Pept S9 ASIPR001375 Peptidase S9IPR002469 
Peptidase S9B 

766.66667 

ENSMUSP00000019198 17  Mitochondrial fission 1 protein (Fis1 homolog)(Tetratricopeptide repeat protein 11)(TPR repeat protein 11) IPR016543 
Tetratricopeptide rpt 11 Fis1 

149.12281 

ENSMUSP00000050446 46.5  Immunity-related GTPase family M protein (EC 3.6.5.-)(Immunity-related GTPase family M protein 1)(Interferon-inducible 
protein 1)(LPS-stimulated RAW 264.7 macrophage protein 47)(LRG-47) Source: 3.6.5.- IPR007743 Interferon-inducible 
GTPase 

407.89474 

ENSMUSP00000028225 55.9  26S proteasome non-ATPase regulatory subunit 5 (26S proteasome subunit S5B)(26S protease subunit S5 basic) 
IPR016024 ARM-type fold 

490.35088 

ENSMUSP00000054856 7.4  Cytochrome b-c1 complex subunit 9 (Ubiquinol-cytochrome c reductase complex 7.2 kDa protein)(Cytochrome c1 non-
heme 7 kDa protein)(Complex III subunit X)(Complex III subunit 9) IPR008027 Ubiquinol cyt c Rdtase QCR9 

64.912281 

ENSMUSP00000067681 10  Protein transport protein Sec61 subunit beta IPR005609 Sec61 betaIPR016482 Sec61 beta euk 87.719298 

sp|TRY1_BOVIN| 25.4  Cationic trypsin; EC 3.4.21.4; Beta-trypsin; Contains: Alpha-trypsin chain 1; Contains: Alpha-trypsin chain 2; Flags: 
Precursor;  

222.80702 

ENSMUSP00000100074 13.4  40S ribosomal protein S20 IPR001848 Ribosomal S10IPR018268 Ribosomal S10 CSIPR005729 Ribosomal S10 euk/arc 117.54386 

ENSMUSP00000031931 26.4  trypsinogen 7 IPR009003 Pept Trypsin-like Ser/CysIPR018114 Peptidase S1/S6 ASIPR001314 Peptidase 
S1AIPR001254 Peptidase S1 S6 

231.57895 

ENSMUSP00000030164 89.3  Transitional endoplasmic reticulum ATPase (TER ATPase)(15S Mg(2+)-ATPase p97 subunit)(Valosin-containing 
protein)(VCP) IPR003593 AAA+ ATPase coreIPR011704 AAA 5IPR003960 AAA ATPase CSIPR003959 AAA ATPase 
coreIPR005938 AAA CDC48IPR003338 ATPaseVAT NIPR009010 Asp de-COase-like foldIPR000641 CbxX CfqX 

783.33333 

ENSMUSP00000024797 69.8  molybdenum cofactor synthesis 1 isoform 1 IPR006638 Elp3/MiaB/NifBIPR013483 MoaAIPR000385 MoaA NifB PqqE 
Fe-S bd CSIPR010505 Mob synth CIPR002820 Mopterin CF MoaC regIPR007197 Radical SAM 

612.2807 

ENSMUSP00000045111 25.8  28S ribosomal protein S34, mitochondrial (S34mt)(MRP-S34)(T-complex expressed gene 2 protein)  226.31579 

ENSMUSP00000101139 16.3  Sorting nexin-3 (SDP3 protein) IPR001683 PX 142.98246 

ENSMUSP00000035105 32.8  40S ribosomal protein SA (Laminin receptor 1)(p40)(34/67 kDa laminin receptor)(37 kDa oncofetal antigen)(OFA/iLRP) 
IPR001865 Ribosomal S2IPR018130 Ribosomal S2 CSIPR005707 Ribosomal S2 euk/arc 

287.7193 

ENSMUSP00000023677 23.3  ATP synthase subunit O, mitochondrial Precursor (Oligomycin sensitivity conferral protein)(OSCP) IPR000711 ATPase 
F1-cplx OSCP/dsu 

204.38596 

ENSMUSP00000093959 75  Metastasis-associated protein MTA2 (Metastasis-associated 1-like 1) IPR001025 BAHIPR000949 ELM2IPR009057 
Homeodomain likeIPR014778 Myb DNA-bdIPR001005 SANT DNA-bdIPR000679 Znf GATA 

657.89474 

ENSMUSP00000034000 44.6  Acid ceramidase Precursor (AC)(EC 3.5.1.23)(Acylsphingosine deacylase)(N-acylsphingosine amidohydrolase) Source: 
3.5.1.23 IPR016699 Acid ceramidase-likeIPR003199 Chologlycine hydro 

391.22807 

ENSMUSP00000023238 53.2  Gasdermin-D (Gasdermin domain-containing protein 1) IPR007677 DFNA5 466.66667 

ENSMUSP00000059801 85.2  6-phosphofructokinase, muscle type (EC 2.7.1.11)(Phosphofructokinase 1)(Phosphohexokinase)(Phosphofructo-1-kinase 
isozyme A)(PFK-A)(Phosphofructokinase-M) Source: 2.7.1.11 IPR009161 6-phosphofructokinase eukIPR015912 
Phosphofructokinase CSIPR000023 Ppfruckinase 

747.36842 



ENSMUSP00000025802 23.2  Nucleoside diphosphate-linked moiety X motif 8, mitochondrial Precursor (Nudix motif 8)(EC 3.6.1.-) Source: 3.6.1.- 
IPR015797 NUDIXIPR000086 NUDIX hydrolase core 

203.50877 

ENSMUSP00000033483 70.8  Coiled-coil domain-containing protein 22 IPR008530 DUF812IPR000533 Tropomyosin 621.05263 

ENSMUSP00000045654 12.4  Brain protein 44-like protein IPR005336 UPF0041 108.77193 

ENSMUSP00000029777 31.2  Transmembrane protein 56 IPR006634 TLC 273.68421 

ENSMUSP00000060940 43.4  Reticulon-4-interacting protein 1 Precursor (NOGO-interacting mitochondrial protein) IPR013154 AlcDHase GroES-
likeIPR013149 AlcDHase Zn-bdIPR011032 GroES likeIPR016040 NAD(P)-bdIPR002364 Quin OxRdtase/zeta-crystal CS 

380.70175 

ENSMUSP00000020640 35.1  Guanine nucleotide-binding protein subunit beta-2-like 1 (Receptor of activated protein kinase C 1)(RACK1)(Receptor for 
activated C kinase)(p205)(12-3) IPR001680 WD40 repeatIPR011046 WD40 repeat-likeIPR017986 WD40 repeat region 

307.89474 

ENSMUSP00000023513 19  cytochrome P450, family 2, subfamily ab, polypeptide 1 IPR001128 Cyt P450IPR017973 Cyt P450 CIPR017972 Cyt 
P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IV 

166.66667 

ENSMUSP00000040853 38.2  Agmatinase, mitochondrial Precursor (EC 3.5.3.11)(Agmatine ureohydrolase)(AUH) Source: 3.5.3.11 IPR005925 
AgmatinaseIPR005924 ArginaseIPR006035 Ureohydrolase 

335.08772 

ENSMUSP00000099480 14.7  60S ribosomal protein L22 (Heparin-binding protein HBp15) IPR002671 Ribosomal L22e 128.94737 

ENSMUSP00000041907 32.4  Junctional adhesion molecule A Precursor (JAM-A)(Junctional adhesion molecule 1)(JAM-1)(CD321 antigen) IPR013151 
IgIPR007110 Ig-likeIPR003597 Ig C1-setIPR013098 Ig I-setIPR013106 Ig V-setIPR003596 Ig V-set subIPR003599 Ig 
subIPR003598 Ig sub2 

284.21053 

ENSMUSP00000095081 21.2  Transmembrane and coiled-coil domain-containing protein 1 IPR008559 DUF841 euk 185.96491 

ENSMUSP00000053145 9.8  Cytochrome b-c1 complex subunit 8 (Ubiquinol-cytochrome c reductase complex ubiquinone-binding protein QP-
C)(Ubiquinol-cytochrome c reductase complex 9.5 kDa protein)(Complex III subunit VIII)(Complex III subunit 8) 
IPR004205 UcrQ 

85.964912 

ENSMUSP00000088736 51.1  Eukaryotic translation initiation factor 2 subunit 3, Y-linked (Eukaryotic translation initiation factor 2 subunit gamma, Y-
linked)(eIF-2-gamma Y) IPR000795 ProtSyn GTP bdIPR001806 Ras GTPaseIPR009001 Transl elong EF1A/Init IF2 
CIPR004161 Transl elong EFTu/EF1A 2IPR009000 Transl elong init/rib B-barrelIPR015256 eIF2 C 

448.24561 

ENSMUSP00000056082 43.3  Solute carrier family 22 member 18 (Organic cation transporter-like protein 2)(ORCTL-2)(Imprinted multi-membrane 
spanning polyspecific transporter-related protein 1)(Multi-membrane spanning polyspecific transporter) IPR001226 
Flavodoxin CSIPR011701 MFS 1IPR016196 MFS gen sb transptIPR001958 Tet-R TetA 

379.82456 

ENSMUSP00000079628 15.5  40S ribosomal protein S17 IPR001210 Ribosomal S17eIPR018273 Ribosomal S17e CS 135.96491 

ENSMUSP00000030903 66.7  ATPase family AAA domain-containing protein 3 (AAA-ATPase TOB3) IPR003593 AAA+ ATPase coreIPR003959 AAA 
ATPase core 

585.08772 

ENSMUSP00000032192 313  Inositol 1,4,5-trisphosphate receptor type 1 (Type 1 inositol 1,4,5-trisphosphate receptor)(Type 1 InsP3 receptor)(IP3 
receptor isoform 1)(InsP3R1)(Inositol 1,4,5-trisphosphate-binding protein P400)(Purkinje cell protein 1)(Protein PCD-6) 
IPR016024 ARM-type foldIPR000699 Ca-rel channelIPR014821 Ins145 P3 rcptIPR000493 InsP3 rcpt bdIPR005821 Ion 
transIPR003608 MIRIPR016093 MIR motifIPR013662 RIH assoc 

2745.614 

sp|TRYP_PIG| 24.4  Trypsin; EC 3.4.21.4; Flags: Precursor;  214.03509 

ENSMUSP00000025178 82  Vacuolar protein sorting-associated protein 52 homolog IPR007258 Vps52 719.29825 

ENSMUSP00000089348 15.4  Histone H3.1 IPR009072 Histone-foldIPR000164 Histone H3IPR007125 Histone core D 135.08772 

ENSMUSP00000103086 10.1  Dolichol-phosphate mannosyltransferase subunit 3 (Dolichyl-phosphate beta-D-mannosyltransferase subunit 3)(Dolichol-
phosphate mannose synthase subunit 3)(DPM synthase complex subunit 3)(Mannose-P-dolichol synthase subunit 
3)(MPD synthase subunit 3) IPR013174 DPM3 

88.596491 

ENSMUSP00000043540 24  Keratinocytes-associated protein 2 (KCP-2)  210.52632 

ENSMUSP00000057595 70.4  Very long-chain acyl-CoA synthetase (VLACS)(VLCS)(EC 6.2.1.-)(Very long-chain-fatty-acid-CoA ligase)(THCA-CoA 
ligase)(Fatty-acid-coenzyme A ligase, very long-chain 1)(Long-chain-fatty-acid--CoA ligase)(EC 6.2.1.3)(Fatty acid 
transport protein 2)(FATP-2)(Solute carrier family 27 member 2) Source: 6.2.1.- IPR000873 AMP-dep Synth/Lig 

617.54386 

ENSMUSP00000074448 45.8  Lysosome-associated membrane glycoprotein 2 Precursor (LAMP-2)(Lysosomal membrane glycoprotein type B)(LGP- 401.75439 



B)(CD107 antigen-like family member B)(CD107b antigen) IPR018133 LAMP/LAMP-like membraneIPR018134 LAMP 
CSIPR002000 LampIPR001412 aa-tRNA-synth I CS 

ENSMUSP00000003620 68  Proline dehydrogenase, mitochondrial Precursor (EC 1.5.99.8)(Proline oxidase) Source: 1.5.99.8 IPR002872 Proline 
DHase 

596.49123 

ENSMUSP00000107927 156.5  Leucine-rich PPR motif-containing protein, mitochondrial Precursor (130 kDa leucine-rich protein)(LRP 130)(mLRP130) 
IPR002885 Pentatricopeptide repeatIPR001420 X opioid rcpt 

1372.807 

ENSMUSP00000005431 82.9  LETM1 and EF-hand domain-containing protein 1, mitochondrial Precursor (Leucine zipper-EF-hand-containing 
transmembrane protein 1) IPR018247 EF HAND 1IPR011685 LETM1 

727.19298 

ENSMUSP00000016771 226.2  Myosin-9 (Myosin heavy chain 9)(Myosin heavy chain, non-muscle IIa)(Non-muscle myosin heavy chain IIa)(NMMHC II-
a)(NMMHC-IIA)(Cellular myosin heavy chain, type A)(Non-muscle myosin heavy chain-A)(NMMHC-A) IPR000048 IQ CaM 
bd regionIPR004009 Myosin NIPR001609 Myosin headIPR002928 Myosin tailIPR009053 PrefoldinIPR016137 Regulat G 
prot signal superfamIPR002661 Ribosome recyc facIPR000533 TropomyosinIPR006077 Vinculin/cateninIPR004174 gpW 

1984.2105 

ENSMUSP00000023806 60.6  Sterol O-acyltransferase 2 (EC 2.3.1.26)(Cholesterol acyltransferase 2)(Acyl coenzyme A:cholesterol acyltransferase 
2)(ACAT-2) Source: 2.3.1.26 IPR004299 MBOAT fam 

531.57895 

ENSMUSP00000057664 23.5  Ras-related protein Rab-2A IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR013684 Miro-likeIPR002078 RNA pol sigma 54 intIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

206.14035 

ENSMUSP00000002551 13.3  Small nuclear ribonucleoprotein Sm D1 (Sm-D1)(snRNP core protein D1)(Sm-D autoantigen) IPR006649 Euk arc LSM 
coreIPR010920 LSM related coreIPR001163 LSM snRNP core 

116.66667 

ENSMUSP00000066038 25.1  Eukaryotic translation initiation factor 3 subunit K (eIF3k)(Eukaryotic translation initiation factor 3 subunit 12)(eIF-3 p25) 
IPR016024 ARM-type foldIPR005062 SAC3/GANP/Nin1/mts3/eIF-3-p25 

220.17544 

ENSMUSP00000110434 51.4  Trifunctional enzyme subunit beta, mitochondrial Precursor (TP-beta) Source: 2.3.1.16 IPR002155 ThiolaseIPR016039 
Thiolase-like 

450.87719 

ENSMUSP00000020820 23.8  39S ribosomal protein L22, mitochondrial Precursor (L22mt)(MRP-L22) IPR001063 Ribosomal L22 208.77193 

ENSMUSP00000041104 66.7  Apoptosis-inducing factor 1, mitochondrial Precursor (EC 1.-.-.-)(Programmed cell death protein 8) Source: 1.-.-.- 
IPR016156 FAD/NAD-linked Rdtase dimerIPR013027 FAD pyr nucl-diS OxRdtaseIPR000815 Hg reductaseIPR001327 
Pyr OxRdtase NAD bdIPR000103 Pyridine nuc-diS OxRdtase 2 

585.08772 

ENSMUSP00000020637 67.2  Calnexin Precursor IPR001580 Calret/calnexIPR018124 Calret/calnex CSIPR009033 Calreticulin/calnexin PIPR008985 
ConA like lec gl 

589.47368 

ENSMUSP00000022821 29.9  Dehydrogenase/reductase SDR family member 4 (EC 1.1.1.184)(NADPH-dependent carbonyl reductase/NADP-retinol 
dehydrogenase)(PHCR)(CR)(Peroxisomal short-chain alcohol dehydrogenase)(NADPH-dependent retinol 
dehydrogenase/reductase)(NDRD)(mouNRDR) Source: 1.1.1.184 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase 
SDRIPR002347 Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bdIPR013968 Polyketide synth KR 

262.2807 

ENSMUSP00000070149 26.3  Coiled-coil-helix-coiled-coil-helix domain-containing protein 3, mitochondrial Precursor IPR010625 CHCHIPR007964 
DUF737 

230.70175 

ENSMUSP00000103257 9.8  85.964912 

ENSMUSP00000065987 82.4  ATP-dependent RNA helicase DDX1 (EC 3.6.1.-)(DEAD box protein 1) Source: 3.6.1.- IPR001870 B302IPR014001 
DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 Helicase 
SF1/SF2 ATP-bdIPR014014 RNA helicase DEAD Q motifIPR003877 SPRY rcptIPR018355 SPla/RYanodine receptor sg 

722.80702 

ENSMUSP00000101665 13.6  5-hydroxyisourate hydrolase (HIU hydrolase)(HIUase)(EC 3.5.2.17)(Transthyretin-related protein) Source: 3.5.2.17 
IPR000895 Transthyretin 

119.29825 

ENSMUSP00000047254 59.5  Xylulose kinase (Xylulokinase)(EC 2.7.1.17) Source: 2.7.1.17 IPR018485 Carb kinase FGGY CIPR018484 Carb kinase 
FGGY N 

521.92982 

ENSMUSP00000091608 11.6  UPF0451 protein C17orf61 homolog Precursor IPR006696 DUF423 101.75439 

ENSMUSP00000069962 40.7  ATPase family AAA domain-containing protein 1 IPR003593 AAA+ ATPase coreIPR003960 AAA ATPase CSIPR003959 
AAA ATPase coreIPR000850 Adenylate kinIPR014001 DEAD-like N 

357.01754 

ENSMUSP00000107659 39.2  Erlin-1 (Endoplasmic reticulum lipid raft-associated protein 1)(Stomatin-prohibitin-flotillin-HflC/K domain-containing protein 
1)(SPFH domain-containing protein 1)(Protein KE04 homolog) IPR001107 Band 7 

343.85965 



ENSMUSP00000028619 34.7  Estradiol 17-beta-dehydrogenase 12 (EC 1.1.1.62)(17-beta-hydroxysteroid dehydrogenase 12)(17-beta-HSD 12)(3-
ketoacyl-CoA reductase)(KAR)(EC 1.3.1.-)(KIK-I) Source: 1.1.1.62 IPR002198 DHase sc/Rdtase SDRIPR002347 
Glc/ribitol DHaseIPR016040 NAD(P)-bd 

304.38596 

ENSMUSP00000103012 120.7  ATP-citrate synthase (EC 2.3.3.8)(ATP-citrate (pro-S-)-lyase)(Citrate cleavage enzyme) Source: 2.3.3.8 IPR014608 ATP-
citrate synthaseIPR017440 Cit synth/succinyl-CoA lig ASIPR002020 Citrate synthase-likeIPR016141 Citrate synthase-like 
coreIPR003781 CoA bdIPR005810 CoA lig alphaIPR005811 CoA ligaseIPR017866 Succ-CoA synthase bsu 
CSIPR016102 Succinyl-CoA synth-like 

1058.7719 

ENSMUSP00000026818 20.6  Signal peptidase complex catalytic subunit SEC11A (EC 3.4.-.-)(SEC11 homolog A)(SEC11-like protein 1)(Microsomal 
signal peptidase 18 kDa subunit)(SPase 18 kDa subunit)(SPC18)(Endopeptidase SP18)(Sid 2895) Source: 3.4.-.- 
IPR000223 Pept S26A signal pept 1IPR015927 Peptidase S24 S26A/B/CIPR011056 Peptidase S24 S26 CIPR001733 
Peptidase S26B 

180.70175 

ENSMUSP00000020358 22.4  Ras-related protein Rab-1A (YPT1-related protein) IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase 
RabIPR003577 GTPase RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002078 RNA pol sigma 54 intIPR002041 
Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

196.49123 

ENSMUSP00000032539 76.2  Bile acyl-CoA synthetase (BACS)(EC 6.2.1.7)(Bile acid-CoA ligase)(BA-CoA ligase)(BAL)(Cholate--CoA ligase)(Very 
long-chain acyl-CoA synthetase-related protein)(VLACS-related)(VLACSR)(Fatty acid transport protein 5)(FATP-5)(Solute 
carrier family 27 member 5) Source: 6.2.1.7 IPR000873 AMP-dep Synth/Lig 

668.42105 

ENSMUSP00000092502 31.2  40S ribosomal protein S2 (S4)(LLRep3 protein) IPR005324 Ribosomal S5 CIPR013810 Ribosomal S5 NIPR018192 
Ribosomal S5 N CSIPR005711 Ribosomal S5 euk/arc 

273.68421 

ENSMUSP00000026924 102.7  Probable 2-oxoglutarate dehydrogenase E1 component DHKTD1, mitochondrial Precursor (EC 1.2.4.2)(Dehydrogenase 
E1 and transketolase domain-containing protein 1) Source: 1.2.4.2 IPR011603 2oxoglutarate DHase E1IPR001017 
DHase E1IPR005475 Transketo Cen R 

900.87719 

ENSMUSP00000006181 33.2  Alpha-soluble NSF attachment protein (SNAP-alpha)(N-ethylmaleimide-sensitive factor attachment protein alpha) 
IPR000744 NSF attach 

291.22807 

ENSMUSP00000102062 15.3  Histone H3.3 IPR009072 Histone-foldIPR000164 Histone H3IPR007125 Histone core D 134.21053 

ENSMUSP00000001592 81.7  Junction plakoglobin (Desmoplakin-3)(Desmoplakin III) IPR016024 ARM-type foldIPR000225 ArmadilloIPR013284 Beta-
cateninIPR000357 HEAT 

716.66667 

ENSMUSP00000072483 46.5  Medium-chain specific acyl-CoA dehydrogenase, mitochondrial Precursor (MCAD)(EC 1.3.99.3) Source: 1.3.99.3 
IPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA DHase CSIPR006092 Acyl-
CoA DHase NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/NIPR009075 AcylCo 
DHase/oxidase C 

407.89474 

ENSMUSP00000071939 49.8  Ectonucleoside triphosphate diphosphohydrolase 5 Precursor (NTPDase 5)(EC 3.6.1.6)(Nucleoside 
diphosphatase)(CD39 antigen-like 4)(ER-UDPase) Source: 3.6.1.6 IPR000407 GDA1 CD39 NTPase 

436.84211 

ENSMUSP00000025197 77.4  Antigen peptide transporter 2 (APT2)(ATP-binding cassette sub-family B member 3)(Histocompatibility antigen modifier 2) 
IPR003593 AAA+ ATPase coreIPR013305 ABC B2IPR013306 ABC B3IPR011527 ABC TM 1IPR001140 ABC TM 
transptIPR003439 ABC transporter-likeIPR017871 ABC transporter CSIPR017940 ABC transporter type1IPR005293 Ag 
transporter2 

678.94737 

ENSMUSP00000004673 40.8  Protein NDRG2 (Protein Ndr2) IPR004142 Ndr 357.89474 

ENSMUSP00000040140 57.8  Protein ERGIC-53 Precursor (ER-Golgi intermediate compartment 53 kDa protein)(Lectin mannose-binding 1)(p58) 
IPR008985 ConA like lec glIPR005052 Lectin leg 

507.01754 

ENSMUSP00000027602 57.1  Aspartyl-tRNA synthetase, cytoplasmic (EC 6.1.1.12)(Aspartate--tRNA ligase)(AspRS) Source: 6.1.1.12 IPR002312 Asp-
tRNA-synth IIbIPR004523 Asp-tRNA-synth IIb arc/eukIPR004365 NA bd OB tRNA-helicaseIPR004364 aa-tRNA-synt 
IIIPR006195 aa-tRNA-synth II 

500.87719 

ENSMUSP00000017572 47.4  26S proteasome non-ATPase regulatory subunit 11 (26S proteasome regulatory subunit S9)(26S proteasome regulatory 
subunit p44.5) IPR013143 PAMIPR000717 PCI 

415.78947 

ENSMUSP00000032114 91.8  Mannosyl-oligosaccharide glucosidase (EC 3.2.1.106)(Glycoprotein-processing glucosidase I)(Glucosidase 1) Source: 
3.2.1.106 IPR008928 6-hairpin glycosidase-likeIPR004888 Glyco hydro 63 

805.26316 

ENSMUSP00000018437 14.9  Profilin-1 (Profilin I) IPR002097 ProfilinIPR005454 Profilin mammal 130.70175 



ENSMUSP00000024596 61.5  Solute carrier family 22 member 1 (Organic cation transporter 1)(mOCT1) IPR011701 MFS 1IPR016196 MFS gen sb 
transptIPR004749 Orgcat transpIPR005828 Sub transporterIPR005829 Sugar transporter CS 

539.47368 

ENSMUSP00000108237 82.8  Glycerol-3-phosphate dehydrogenase, mitochondrial Precursor (GPDH-M)(GPD-M)(EC 1.1.99.5)(Protein TISP38) 
Source: 1.1.99.5 IPR018247 EF HAND 1IPR018249 EF HAND 2IPR018248 EF handIPR002048 EF hand Ca 
bdIPR000447 FAD-dep Gly3P DHaseIPR006076 FAD-dep OxRdtase 

726.31579 

ENSMUSP00000040840 46.4  Adipocyte plasma membrane-associated protein (Protein DD16) IPR013658 SGLIPR018119 Strictosidine synth cons-reg 407.01754 

ENSMUSP00000008812 17.7  40S ribosomal protein S18 (Ke-3)(Ke3) IPR001892 Ribosomal S13IPR010979 Ribosomal S13-like H2THIPR018269 
Ribosomal S13 CS 

155.26316 

ENSMUSP00000015256 74.4  Calcium-binding mitochondrial carrier protein Aralar2 (Mitochondrial aspartate glutamate carrier 2)(Solute carrier family 25 
member 13)(Citrin) IPR002113 Aden trnslctorIPR018249 EF HAND 2IPR018248 EF handIPR002048 EF hand Ca 
bdIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

652.63158 

ENSMUSP00000051222 8.2  ATP synthase subunit e, mitochondrial IPR008386 ATPase F0-cplx esu mt 71.929825 

ENSMUSP00000031524 44.9  Short-chain specific acyl-CoA dehydrogenase, mitochondrial Precursor (SCAD)(EC 1.3.99.2)(Butyryl-CoA 
dehydrogenase) Source: 1.3.99.2 IPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 
Acyl-CoA DHase CSIPR006092 Acyl-CoA DHase NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA 
DH/oxidase M/N 

393.85965 

ENSMUSP00000019726 47.2  Mannose-6-phosphate receptor-binding protein 1 (Cargo selection protein TIP47) IPR017993 Atrophin-1IPR004279 
Perilipin 

414.03509 

ENSMUSP00000103145 20  major urinary protein (Mup)-like precursor IPR002968 A1-microgloblnIPR002447 BlactoglobulinIPR011038 Calycin 
likeIPR002345 LipocalinIPR000566 Lipocln cytFABPIPR002971 Maj urinaryIPR003087 N gelatinaseIPR002448 Odour 
bdIPR002972 PstgldnD synthIPR002450 vonEbner gland 

175.4386 

ENSMUSP00000074994 15.4  Histone H3.2 IPR009072 Histone-foldIPR000164 Histone H3IPR007125 Histone core D 135.08772 

ENSMUSP00000072236 59.6  UDP-glucuronosyltransferase 3A2 Precursor (UDPGT 3A2)(EC 2.4.1.17) Source: 2.4.1.17 IPR007235 Glyco trans 28 
CIPR002213 UDP glucos trans 

522.80702 

ENSMUSP00000088837 155.5  Insulin receptor Precursor (IR)(EC 2.7.10.1)(CD220 antigen) Source: 2.7.10.1 IPR000494 EGF rcpt LIPR003961 FN 
IIIIPR008957 Fibronectin typ-III-like foldIPR003962 FnIII subdIPR006211 Furin-likeIPR006212 Furin repeatIPR000174 IL8 
rcptIPR016246 Insulin rcptIPR011009 Kinase likeIPR000719 Prot kinase coreIPR017441 Protein kinase ATP 
BSIPR002011 Recept tyr kinase-II CSIPR017442 Se/Thr pkinase-relIPR002290 Ser thr pkinaseIPR001245 Tyr 
pkinaseIPR008266 Tyr pkinase AS 

1364.0351 

ENSMUSP00000020209 17.6  NADH dehydrogenase IPR007763 NADH UbQ OxRdtase 17.2kD su 154.38596 

ENSMUSP00000018561 132  Myosin-Ib (Myosin I alpha)(MMI-alpha)(MMIa)(MIH-L) IPR000048 IQ CaM bd regionIPR001609 Myosin headIPR010926 
Myosin tail 2 

1157.8947 

ENSMUSP00000025598 33.7  Glycine N-acyltransferase-like protein Keg1 (EC 2.3.1.13)(Acyl-CoA:glycine N-acyltransferase protein Keg1)(Kidney-
expressed gene 1 protein) Source: 2.3.1.13 IPR016181 Acyl CoA acyltransferaseIPR013652 Glycine N-acyltransferase 
CIPR015938 Glycine N-acyltransferase N 

295.61404 

ENSMUSP00000105796 16.8  NADH dehydrogenase IPR009346 GRIM-19 147.36842 

ENSMUSP00000087632 30 no description availableIPR001921 Ribosomal L7AIPR018492 Ribosomal L7A/RS6 famIPR004037 Ribosomal 
L7AeIPR004038 Ribosomal L7Ae/L30e/S12e/Gad45 

263.15789 

ENSMUSP00000101495 43.5  Platelet-activating factor acetylhydrolase 2, cytoplasmic (EC 3.1.1.47)(Serine-dependent phospholipase A2) Source: 
3.1.1.47 IPR016715 Ac Ohase PAFIPR005065 PAF acetylhydro II 

381.57895 

ENSMUSP00000090564 36.9  Fructose-1,6-bisphosphatase 1 (FBPase 1)(EC 3.1.3.11)(D-fructose-1,6-bisphosphate 1-phosphohydrolase 1) Source: 
3.1.3.11 IPR000146 Fructose bisphosphataseIPR017955 IMPase/FBPase 

323.68421 

ENSMUSP00000109215 33.4  Monoglyceride lipase (MGL)(EC 3.1.1.23) Source: 3.1.1.23 IPR000073 AB hydrolase 1IPR002410 Peptidase S33 292.98246 

ENSMUSP00000097561 3904.
1 

 Titin (EC 2.7.11.1)(Connectin) Source: 2.7.11.1 IPR018483 Carb kinase FGGY CSIPR003883 Extensin likeIPR003961 
FN IIIIPR008957 Fibronectin typ-III-like foldIPR003962 FnIII subdIPR002016 Haem peroxidase pln/fun/bacIPR013151 
IgIPR007110 Ig-likeIPR003006 Ig/MHC CSIPR003597 Ig C1-setIPR013098 Ig I-setIPR013106 Ig V-setIPR003596 Ig V-
set subIPR003599 Ig subIPR003598 Ig sub2IPR011009 Kinase likeIPR004168 PPAK motifIPR000694 PRO 

34246.491 



richIPR000719 Prot kinase coreIPR017442 Se/Thr pkinase-relIPR002290 Ser thr pkinaseIPR015129 Titin ZIPR001245 
Tyr pkinaseIPR008266 Tyr pkinase AS 

ENSMUSP00000031314 68.6  Serum albumin Precursor IPR001703 Alpha-fetoproteinIPR000264 Serum albuminIPR014760 Serum albumin N 601.75439 

ENSMUSP00000111272 29.5  Catechol O-methyltransferase (EC 2.1.1.6) Source: 2.1.1.6 IPR017128 Catechol O-MeTrfase eukIPR002935 O-MeTrfase 
3 

258.77193 

ENSMUSP00000031472 22.1  Peroxisomal membrane protein 2 (22 kDa peroxisomal membrane protein) IPR007248 Mpv17 PMP22 193.85965 

ENSMUSP00000090897 15.1  Hemoglobin subunit alpha (Hemoglobin alpha chain)(Alpha-globin) IPR013314 Globin lamprey/hagfishIPR009050 Globin 
likeIPR000971 Globin subsetIPR002338 Haemoglobin aIPR002339 Haemoglobin piIPR002335 Myoglobin 

132.45614 

ENSMUSP00000083928 131.5  Alpha-mannosidase 2 (EC 3.2.1.114)(Alpha-mannosidase II)(AMAN II)(MAN II)(Mannosyl-oligosaccharide 1,3-1,6-alpha-
mannosidase)(Golgi alpha-mannosidase II)(Mannosidase alpha class 2A member 1) Source: 3.2.1.114 IPR011013 Glyco 
hydro-type carb-bdIPR011330 Glyco hydro/deAcase b/a-brlIPR011682 Glyco hydro 38 CIPR015341 Glyco hydro 38 
centralIPR000602 Glyco hydro 38 core 

1153.5088 

ENSMUSP00000088729 73.4  ATP-dependent RNA helicase DDX3Y (EC 3.6.1.-)(DEAD box protein 3, Y-chromosomal)(DEAD-box RNA helicase 
DEAD2)(mDEAD2)(D1Pas1-related sequence 1) Source: 3.6.1.- IPR014001 DEAD-like NIPR001650 DNA/RNA helicase 
CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 Helicase SF1/SF2 ATP-bdIPR000629 RNA-helicase DEAD-
box CSIPR014014 RNA helicase DEAD Q motif 

643.85965 

ENSMUSP00000005477 56.8  Cytochrome P450 2B10 (EC 1.14.14.1)(CYPIIB10)(Testosterone 16-alpha hydroxylase)(P450-16-alpha)(Clone 
PF3/46)(Cytochrome P450 2B20)(CYPIIB20)(P24) Source: 1.14.14.1 IPR001128 Cyt P450IPR017973 Cyt P450 
CIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt 
P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

498.24561 

ENSMUSP00000030078 54.2  Hydroxysteroid dehydrogenase-like protein 2 (EC 1.-.-.-) Source: 1.-.-.- IPR002198 DHase sc/Rdtase SDRIPR002347 
Glc/ribitol DHaseIPR000815 Hg reductaseIPR016040 NAD(P)-bdIPR003033 SCP2 sterol bdIPR016083 Sterol-binding-
like 

475.4386 

ENSMUSP00000026144 25.7  L-xylulose reductase (XR)(EC 1.1.1.10)(Dicarbonyl/L-xylulose reductase) Source: 1.1.1.10 IPR003560 DHB 
DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bdIPR013968 Polyketide synth 
KR 

225.4386 

ENSMUSP00000075825 62.9  Probable oxidoreductase C10orf33 homolog (EC 1.-.-.-) Source: 1.-.-.- IPR000759 Adrndx reductaseIPR000447 FAD-dep 
Gly3P DHaseIPR006076 FAD-dep OxRdtase 

551.75439 

ENSMUSP00000019937 87.8  Translocation protein SEC63 homolog IPR001623 DnaJ NIPR003095 Hsp DnaJIPR004179 Sec63IPR018127 Sec63-
dom subgr 

770.17544 

ENSMUSP00000105420 82  Transmembrane 9 superfamily member 4 Precursor IPR004240 EMP70 719.29825 

ENSMUSP00000022380 44.1  26S protease regulatory subunit S10B (Proteasome 26S subunit ATPase 6)(Proteasome subunit p42) IPR005937 26S 
Psome P45IPR003593 AAA+ ATPase coreIPR003960 AAA ATPase CSIPR003959 AAA ATPase coreIPR000641 CbxX 
CfqX 

386.84211 

ENSMUSP00000032992 105.5  Eukaryotic translation initiation factor 3 subunit C (eIF3c)(Eukaryotic translation initiation factor 3 subunit 8)(eIF3 p110) 
IPR000717 PCIIPR008905 eIF3c N 

925.4386 

ENSMUSP00000026270 66.9  Phosphatidylinositide phosphatase SAC1 (EC 3.1.3.-)(Suppressor of actin mutations 1-like protein) Source: 3.1.3.- 
IPR002013 Syja N 

586.84211 

ENSMUSP00000002091 27.9  B-cell receptor-associated protein 31 (BCR-associated protein Bap31)(p28 Bap31) IPR008417 Bap31IPR000533 
Tropomyosin 

244.73684 

ENSMUSP00000044827 151.9  Myb-binding protein 1A (Myb-binding protein of 160 kDa) IPR016024 ARM-type foldIPR007015 DNA pol V 1332.4561 

ENSMUSP00000091035 17.2  40S ribosomal protein S13 IPR012606 Ribosomal S13/S15 NIPR000589 Ribosomal S15IPR009068 S15 NS1 RNA bd 150.87719 

ENSMUSP00000038135 149.6  ATP-dependent RNA helicase A (EC 3.6.1.-)(Nuclear DNA helicase II)(NDH II)(DEAH box protein 9)(mHEL-5) Source: 
3.6.1.- IPR003593 AAA+ ATPase coreIPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA 
helicase DEAD/DEAH NIPR002464 DNA/RNA helicase DEAH CSIPR011709 DUF1605IPR001159 Ds-RNA bdIPR007502 
Helicase-assoc regIPR014021 Helicase SF1/SF2 ATP-bdIPR000817 Prion 

1312.2807 

ENSMUSP00000081142 33.6  TAR DNA-binding protein 43 (TDP-43) IPR002343 Hud Sxl RNAIPR000504 RRM RNP1 294.73684 



ENSMUSP00000022062 72.5  Succinate dehydrogenase Source: 1.3.5.1 IPR003953 FAD bind2 NIPR013027 FAD pyr nucl-diS OxRdtaseIPR003952 
FRD SDH FAD BSIPR015939 Fum Rdtase/Succ DH flav-like CIPR004112 Fum Rdtase/Succ DHase flav CIPR011281 
Succ DHase flav su fwdIPR014006 Succ Dhase frdA Gneg 

635.96491 

ENSMUSP00000034234 35.1  Ubiquinone biosynthesis protein COQ9, mitochondrial Precursor IPR013718 COQ9IPR009057 Homeodomain 
likeIPR012762 Ubiq biosynth COQ9 

307.89474 

ENSMUSP00000029645 47.7  Tryptophan 2,3-dioxygenase (TDO)(EC 1.13.11.11)(Tryptophan pyrrolase)(Tryptophanase)(Tryptophan 
oxygenase)(TRPO)(TO)(Tryptamin 2,3-dioxygenase) Source: 1.13.11.11 IPR004981 Trp 2 3 dOase 

418.42105 

ENSMUSP00000018449 273.4  Pre-mRNA-processing-splicing factor 8 (Splicing factor Prp8) IPR008972 CupredoxinIPR000555 Mov34 MPN 
PAD1IPR012591 PRO8NTIPR012592 PROCNIPR012984 PRO C 

2398.2456 

ENSMUSP00000016072 158.3  ribosome binding protein 1 isoform a IPR003914 RabaptinIPR007794 Rib rcpt KPIPR000533 TropomyosinIPR010989 t-
SNARE 

1388.5965 

ENSMUSP00000075150 10.1  Cytochrome c oxidase subunit VIb isoform 1 (COX VIb-1) IPR003213 Cyt c oxidase su6B 88.596491 

ENSMUSP00000108058 30.4  COP9 signalosome complex subunit 7a (Signalosome subunit 7a)(SGN7a)(JAB1-containing signalosome subunit 7a) 
IPR000717 PCI 

266.66667 

ENSMUSP00000021630 37  Estradiol 17 beta-dehydrogenase 5 (EC 1.1.1.-)(17-beta-HSD 5) Source: 1.1.1.- IPR001395 Aldo/ket redIPR018170 
Aldo/ket reductase CS 

324.5614 

ENSMUSP00000109228 23.5  Ras-related protein Rab-7a IPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase RhoIPR013684 Miro-
likeIPR002078 RNA pol sigma 54 intIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small 
GTP bd 

206.14035 

ENSMUSP00000025511 16.3  40S ribosomal protein S14 IPR001971 Ribosomal S11IPR018102 Ribosomal S11 CS 142.98246 

ENSMUSP00000067767 59.2  Fatty aldehyde dehydrogenase (EC 1.2.1.3)(Aldehyde dehydrogenase family 3 member A2)(Aldehyde dehydrogenase 3) 
Source: 1.2.1.3 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald DHase CSIPR012394 Ald DHase 
NAD(P)IPR015590 Aldehyde DHase 

519.29825 

ENSMUSP00000101006 17.6  ATP synthase subunit delta, mitochondrial Precursor (F-ATPase delta subunit) IPR001469 ATPase F1-cplx dsu/esu 154.38596 

ENSMUSP00000104884 69.7  Clathrin interactor 1 (Epsin-4)(Epsin-related protein)(EpsinR)(Enthoprotin) IPR008942 ENTH VHSIPR013809 Epsin-like 
NIPR001026 Epsin N 

611.40351 

ENSMUSP00000104163 27.8  Derlin-2 (Der1-like protein 2)(Degradation in endoplasmic reticulum protein 2)(F-LANa) IPR007599 DER1 243.85965 

ENSMUSP00000099950 101.6  Sarcosine dehydrogenase, mitochondrial Precursor (SarDH)(EC 1.5.99.1) Source: 1.5.99.1 IPR000447 FAD-dep Gly3P 
DHaseIPR006076 FAD-dep OxRdtaseIPR013977 GCV T CIPR006222 GCV T N 

891.22807 

ENSMUSP00000089769 22.7  Transmembrane emp24 domain-containing protein 2 Precursor (Membrane protein p24A)(Sid 394) IPR000348 Emp24 
gp25L p24IPR009038 GOLD 

199.12281 

ENSMUSP00000000804 73.1  ATP-dependent RNA helicase DDX3X (EC 3.6.1.-)(DEAD box protein 3, X-chromosomal)(DEAD box RNA helicase 
DEAD3)(mDEAD3)(Embryonic RNA helicase)(D1Pas1-related sequence 2) Source: 3.6.1.- IPR003593 AAA+ ATPase 
coreIPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 
Helicase SF1/SF2 ATP-bdIPR000629 RNA-helicase DEAD-box CSIPR014014 RNA helicase DEAD Q motif 

641.22807 

ENSMUSP00000048469 24.8  60S ribosomal protein L10a (CSA-19)(Neural precursor cell expressed developmentally down-regulated protein 6)(NEDD-
6) IPR002143 Ribosomal L1 

217.54386 

ENSMUSP00000105177 75.8  SAM domain and HD domain-containing protein 1 (Interferon-gamma-inducible protein Mg11) IPR003607 Met-dep 
phosphohydro HDIPR006674 Met-dep phosphohydro HD subIPR001660 SAMIPR011510 SAM 2 

664.91228 

ENSMUSP00000053270 45.3  Lysosomal acid lipase/cholesteryl ester hydrolase Precursor (LAL)(Acid cholesteryl ester hydrolase)(EC 3.1.1.13)(Sterol 
esterase)(Lipase A)(Cholesteryl esterase) Source: 3.1.1.13 IPR006693 AB hydro lipaseIPR000073 AB hydrolase 1 

397.36842 

ENSMUSP00000011526 36.3  Trans-1,2-dihydrobenzene-1,2-diol dehydrogenase (EC 1.3.1.20)(Dimeric dihydrodiol dehydrogenase)(D-xylose-NADP 
dehydrogenase)(EC 1.1.1.179)(D-xylose 1-dehydrogenase) Source: 1.3.1.20 IPR016040 NAD(P)-bdIPR004104 OxRdtase 
CIPR000683 Oxidoreductase N 

318.42105 

ENSMUSP00000078996 18.8 no description availableIPR001147 Ribosomal L21eIPR008991 Translation prot SH3-like 164.91228 

ENSMUSP00000038744 18.7  S-phase kinase-associated protein 1 (S-phase kinase-associated protein 1A)(Cyclin A/CDK2-associated protein 
p19)(p19skp1)(p19A) IPR011333 BTB/POZ foldIPR016897 E3 ubiquit lig SCF SkpIPR001232 Skp1 compIPR016073 

164.03509 



Skp1 comp POZIPR016072 Skp1 comp dimer 

ENSMUSP00000020562 58  T-complex protein 1 subunit delta (TCP-1-delta)(CCT-delta)(A45) IPR012717 Chap CCT deltaIPR017998 Chaperone 
TCP-1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1 

508.77193 

ENSMUSP00000062670 39.6  Serum paraoxonase/arylesterase 2 (PON 2)(EC 3.1.1.2)(EC 3.1.8.1)(Serum aryldialkylphosphatase 2)(A-esterase 
2)(Aromatic esterase 2) Source: 3.1.1.2 IPR002640 ArylesteraseIPR008364 Paraoxonase2 

347.36842 

ENSMUSP00000043543 21  NADH dehydrogenase  184.21053 

ENSMUSP00000058368 20.7  60S ribosomal protein L18a IPR002670 Ribosomal L18ae 181.57895 

ENSMUSP00000004172 35.7  Heme oxygenase 2 (HO-2)(EC 1.14.99.3) Source: 1.14.99.3 IPR002051 Haem OaseIPR016053 Haem Oase-
likeIPR016084 Haem Oase-like multi-hlxIPR018207 Haem oxygenase CS 

313.15789 

ENSMUSP00000054391 48.6  Protein kinase C and casein kinase II substrate protein 3 IPR001060 Cdc15 Fes CIP4IPR011511 SH3 2IPR001452 SH3 
domain 

426.31579 

ENSMUSP00000041152 25  Signal peptidase complex subunit 2 (EC 3.4.-.-)(Microsomal signal peptidase 25 kDa subunit)(SPase 25 kDa subunit) 
Source: 3.4.-.- IPR009582 SPC25 

219.29825 

ENSMUSP00000021595 49.2  26S protease regulatory subunit 4 (P26s4)(Proteasome 26S subunit ATPase 1) IPR005937 26S Psome P45IPR003593 
AAA+ ATPase coreIPR003960 AAA ATPase CSIPR003959 AAA ATPase coreIPR001957 Bac DnaA 

431.57895 

ENSMUSP00000027193 11.7  NADH dehydrogenase IPR012576 NADH UbQ OxRdtase B12 su 102.63158 

ENSMUSP00000110314 68.3  V-type proton ATPase catalytic subunit A (V-ATPase subunit A)(EC 3.6.3.14)(Vacuolar proton pump subunit alpha)(V-
ATPase 69 kDa subunit) Source: 3.6.3.14 IPR003593 AAA+ ATPase coreIPR018118 ATPase F1/A1-cplx a/bsu 
NIPR000793 ATPase F1/V1/A1-cplx a/bsu CIPR004100 ATPase F1/V1/A1-cplx a/bsu NIPR000194 ATPase F1/V1/A1 
a/bsu nucl-bdIPR005725 ATPase V1-cplx asuIPR008378 Ubiq surface 

599.12281 

ENSMUSP00000100992 19.4  Receptor expression-enhancing protein 6 (Polyposis locus protein 1-like 1)(TB2 protein-like 1) IPR004345 TB2 DP1 
HVA22 

170.17544 

ENSMUSP00000053540 24.3  Maleylacetoacetate isomerase (MAAI)(EC 5.2.1.2)(Glutathione S-transferase zeta 1)(EC 2.5.1.18)(GSTZ1-1) Source: 
5.2.1.2 IPR004046 GST CIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-Trfase NIPR005955 Mal ac 
isomIPR012336 Thioredoxin-like fold 

213.15789 

ENSMUSP00000035222 33  Mitochondrial carnitine/acylcarnitine carrier protein (Carnitine/acylcarnitine translocase)(mCAC)(CAC)(Solute carrier 
family 25 member 20) IPR002113 Aden trnslctorIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial 
sb/sol carrier 

289.47368 

ENSMUSP00000028852 48.2  28S ribosomal protein S5, mitochondrial (S5mt)(MRP-S5) IPR005324 Ribosomal S5 CIPR013810 Ribosomal S5 
NIPR018192 Ribosomal S5 N CS 

422.80702 

ENSMUSP00000021471 31.4  Thioredoxin domain-containing protein 1 Precursor IPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like 
subdomIPR017937 Thioredoxin CSIPR013766 Thioredoxin dom 

275.4386 

ENSMUSP00000046480 16.8  UPF0527 transmembrane protein  147.36842 

ENSMUSP00000035033 102.4  Coatomer subunit beta- (Beta--coat protein)(Beta--COP)(p102) IPR006692 Coatomer WD-assoc regIPR016453 
Coatomer beta&apos; subunitIPR001680 WD40 repeatIPR011046 WD40 repeat-likeIPR017986 WD40 repeat region 

898.24561 

ENSMUSP00000070267 20.2  signal peptidase complex subunit 3 IPR007653 SPC22IPR010916 TonB box CS 177.19298 

sp|CASB_BOVIN| 25.1  Beta-casein; Contains: Casoparan; Contains: Antioxidant peptide; Contains: Casohypotensin; Flags: Precursor;  220.17544 

ENSMUSP00000021930 35.6  Sideroflexin-1 IPR004686 Mtc 312.2807 

ENSMUSP00000030191 117  Atrial natriuretic peptide receptor B Precursor (ANP-B)(ANPRB)(GC-B)(Guanylate cyclase B)(EC 4.6.1.2)(NPR-B)(Atrial 
natriuretic peptide B-type receptor) Source: 4.6.1.2 IPR001054 A/G cyclaseIPR018297 A/G cyclase CSIPR001828 ANF 
lig bd rcptIPR011009 Kinase likeIPR001170 Ntpep rcpt NIPR000719 Prot kinase coreIPR017442 Se/Thr pkinase-
relIPR002290 Ser thr pkinaseIPR001245 Tyr pkinase 

1026.3158 

ENSMUSP00000073975 51.7  Programmed cell death protein 4 (Topoisomerase-inhibitor suppressed protein)(Protein MA-3) IPR003891 Initiation fac 
eIF4g MI 

453.50877 

ENSMUSP00000032597 15.7  60S ribosomal protein L28 IPR002672 Ribosomal L28e 137.7193 



ENSMUSP00000009790 21.7  Group XIIB secretory phospholipase A2-like protein Precursor (Group XIII secretory phospholipase A2-like protein)(GXIII 
sPLA2-like)(sPLA2-GXIIB)(GXIIB) IPR016090 Phospholipase A2IPR010711 Phospholipase A2 secretory G12 

190.35088 

ENSMUSP00000101027 43.3  1-acyl-sn-glycerol-3-phosphate acyltransferase gamma (EC 2.3.1.51)(1-AGP acyltransferase 3)(1-AGPAT 
3)(Lysophosphatidic acid acyltransferase gamma)(LPAAT-gamma)(1-acylglycerol-3-phosphate O-acyltransferase 3) 
Source: 2.3.1.51 IPR002123 Acyltransferase 

379.82456 

ENSMUSP00000025567 52.4  Fatty acid desaturase 2 (EC 1.14.19.-)(Delta(6) fatty acid desaturase)(Delta(6) desaturase)(D6D) Source: 1.14.19.- 
IPR001199 Cyt B5IPR012171 Fatty acid/sphinglp desaturaseIPR005804 Fatty acid desaturase-1IPR001635 Flag hook 

459.64912 

ENSMUSP00000033121 133.3  nodal modulator 1 IPR013784 Carb-bd-like foldIPR008969 CarboxyPept-like regulatoryIPR008454 Collagen-bd Cna-like 
B-reg 

1169.2982 

ENSMUSP00000000727 23.7  Ras-related protein Rab-5B IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR001019 Gprotein alph bdIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

207.89474 

ENSMUSP00000030432 34.2  Hydroxymethylglutaryl-CoA lyase, mitochondrial Precursor (HMG-CoA lyase)(HL)(EC 4.1.3.4)(3-hydroxy-3-
methylglutarate-CoA lyase) Source: 4.1.3.4 IPR000138 HMG CoA lyase ASIPR000891 PYR CT 

300 

ENSMUSP00000095695 37.7  Ubiquinone biosynthesis protein COQ7 homolog (Coenzyme Q biosynthesis protein 7 homolog)(Timing protein clk-1 
homolog) IPR004916 COQ7IPR009078 Ferritin/RR like 

330.70175 

ENSMUSP00000065271 28.1  methyltransferase like 7A1 IPR013216 Methyltransf 11IPR013217 Methyltransf 12 246.49123 

ENSMUSP00000099938 36.5  Malate dehydrogenase, cytoplasmic (EC 1.1.1.37)(Cytosolic malate dehydrogenase) Source: 1.1.1.37 IPR001557 L-
lactate/malate DHaseIPR001236 Lactate/malate DHaseIPR015955 Lactate DHase/Glyco Ohase 4 CIPR001252 Malate 
DHase ASIPR011274 Malate DHase NAD-dep eukIPR010945 Malate DHase SF1IPR016040 NAD(P)-bd 

320.17544 

ENSMUSP00000004140 26  Glutathione S-transferase Mu 1 (EC 2.5.1.18)(GST class-mu 1)(Glutathione S-transferase GT8.7)(pmGT10)(GST 1-1) 
Source: 2.5.1.18 IPR004046 GST CIPR003081 GST muIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-
Trfase NIPR012336 Thioredoxin-like fold 

228.07018 

ENSMUSP00000065542 66.4  Choline dehydrogenase, mitochondrial Precursor (CHD)(CDH)(EC 1.1.99.1) Source: 1.1.99.1 IPR011533 Choline 
dehydrogenaseIPR012132 GMC OxRdtaseIPR000172 GMC OxRdtase NIPR007867 GMC OxRtase C 

582.45614 

ENSMUSP00000019896 32.8  Iodotyrosine dehalogenase 1 Precursor (IYD-1)(EC 1.-.-.-) Source: 1.-.-.- IPR000415 Nitroreductase 287.7193 

ENSMUSP00000069209 62.5  Epoxide hydrolase 2 (EC 3.3.2.10)(Soluble epoxide hydrolase)(SEH)(Epoxide hydratase)(Cytosolic epoxide 
hydrolase)(CEH) Source: 3.3.2.10 IPR000073 AB hydrolase 1IPR005834 Dehalogen-like hydroIPR000639 Epox 
hydrolase-likeIPR006402 HAD-SF hydro IA v3IPR005833 Haloacid DHase/epoxide hydro 

548.24561 

ENSMUSP00000106471 43.9  Lysosome-associated membrane glycoprotein 1 Precursor (LAMP-1)(Lysosomal membrane glycoprotein A)(LGP-A)(120 
kDa lysosomal membrane glycoprotein)(LGP-120)(P2B)(CD107 antigen-like family member A)(CD107a antigen) 
IPR018133 LAMP/LAMP-like membraneIPR018134 LAMP CSIPR002000 Lamp 

385.08772 

ENSMUSP00000062005:reversed 27.4  240.35088 

ENSMUSP00000108056 46.8  Atlastin-2 (ADP-ribosylation factor-like protein 6-interacting protein 2)(ARL-6-interacting protein 2)(Aip-2) IPR015900 
Guanylate-bd-like CIPR015894 Guanylate-bd N 

410.52632 

ENSMUSP00000091840 14.2  NHP2-like protein 1 (High mobility group-like nuclear protein 2 homolog 1)(U4/U6.U5 tri-snRNP 15.5 kDa protein)(Sperm-
specific antigen 1)(Fertilization antigen 1)(FA-1) IPR002415 HMG nuclearIPR000948 Ribosomal HS6IPR018492 
Ribosomal L7A/RS6 famIPR004037 Ribosomal L7AeIPR004038 Ribosomal L7Ae/L30e/S12e/Gad45 

124.5614 

ENSMUSP00000092888 28.5  60S ribosomal protein L7-like 1 IPR000295 Prot inh Lserp2IPR016082 Ribosomal L30 CIPR000517 Ribosomal L30 
coreIPR005998 Ribosomal L7 eukIPR018038 Ribosomal protein L30 

250 

sp|CAS1_BOVIN| 24.5  Alpha-S1-casein; Contains: Antioxidant peptide; Flags: Precursor;  214.91228 

ENSMUSP00000034607 57.2  Coatomer subunit delta (Delta-coat protein)(Delta-COP)(Archain) IPR008968 Clathrin mu CIPR011012 Longin like 501.75439 

ENSMUSP00000043660 25.3 no description availableIPR000348 Emp24 gp25L p24IPR009038 GOLD 221.92982 

ENSMUSP00000071636 24.8  Peroxiredoxin-6 (EC 1.11.1.15)(Antioxidant protein 2)(1-Cys peroxiredoxin)(1-Cys PRX)(Acidic calcium-independent 
phospholipase A2)(aiPLA2)(EC 3.1.1.-)(Non-selenium glutathione peroxidase)(NSGPx)(EC 1.11.1.7) Source: 1.11.1.15 
IPR000866 Alkyl hydroperoxide RdtaseIPR013740 RedoxinIPR012336 Thioredoxin-like fold 

217.54386 



ENSMUSP00000108956 110.8  26S proteasome non-ATPase regulatory subunit 1 (26S proteasome regulatory subunit RPN2)(26S proteasome 
regulatory subunit S1) IPR016642 26S Psome Rpn2IPR002015 APC proteasomeIPR016024 ARM-type foldIPR004155 
PBS lyase HEAT 

971.92982 

ENSMUSP00000004729 27.6  Electron transfer flavoprotein subunit beta (Beta-ETF) IPR014730 ETF a/b NIPR012255 ETF bIPR000049 ETF b core 242.10526 

ENSMUSP00000079180 13.7  40S ribosomal protein S25 IPR000079 HMG 14 17IPR004977 Ribosomal S25 120.17544 

ENSMUSP00000026425 43.7  Proliferation-associated protein 2G4 (Proliferation-associated protein 1)(Protein p38-2G4)(Mpp1)(IRES-specific cellular 
trans-acting factor 45 kDa)(ITAF45) IPR004545 Pap 1IPR018349 Pept M24A MAP2 BSIPR000994 Pept M24 structural-
domain 

383.33333 

ENSMUSP00000023433 67.5  Mitochondrial import receptor subunit TOM70 (Translocase of outer membrane 70 kDa subunit)(Mitochondrial precursor 
proteins import receptor) IPR001440 TPR-1IPR013105 TPR 2IPR013026 TPR region 

592.10526 

ENSMUSP00000005066 43.4  Dual specificity mitogen-activated protein kinase kinase 1 (MAP kinase kinase 1)(MAPKK 1)(EC 2.7.12.2)(ERK activator 
kinase 1)(MAPK/ERK kinase 1)(MEK1) Source: 2.7.12.2 IPR011009 Kinase likeIPR000719 Prot kinase coreIPR017441 
Protein kinase ATP BSIPR017442 Se/Thr pkinase-relIPR008271 Ser thr pkin ASIPR002290 Ser thr pkinaseIPR001245 
Tyr pkinase 

380.70175 

ENSMUSP00000030028 46.8  Thioredoxin domain-containing protein 4 Precursor (Endoplasmic reticulum resident protein ERp44) IPR001393 
CalsequestrinIPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like subdomIPR013766 Thioredoxin dom 

410.52632 

ENSMUSP00000083375 42.1  Glutamine synthetase (GS)(EC 6.3.1.2)(Glutamate--ammonia ligase) Source: 6.3.1.2 IPR008147 Gln synt 
betaIPR008146 Gln synth cat 

369.29825 

ENSMUSP00000060584 56  Cytochrome P450 2C70 (EC 1.14.14.1)(CYPIIC70) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 
Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-like 

491.22807 

ENSMUSP00000027111 79.7  NADH-ubiquinone oxidoreductase 75 kDa subunit, mitochondrial Precursor (EC 1.6.5.3)(EC 1.6.99.3)(Complex I-
75kD)(CI-75kD) Source: 1.6.5.3 IPR001041 FerredoxinIPR006656 Mopterin OxRdtaseIPR000283 NADH DHase 75KDa 
su CSIPR010228 NADH quinone OxRdtase GIPR015405 NuoG C 

699.12281 

ENSMUSP00000024946 32.2  3,2-trans-enoyl-CoA isomerase, mitochondrial Precursor (EC 5.3.3.8)(Dodecenoyl-CoA isomerase)(Delta(3),Delta(2)-
enoyl-CoA isomerase)(D3,D2-enoyl-CoA isomerase) Source: 5.3.3.8 IPR001753 Crotonase coreIPR018376 Enoyl-CoA 
hyd/isom CS 

282.45614 

ENSMUSP00000078369 60.6  60 kDa lysophospholipase (EC 3.1.1.5) Source: 3.1.1.5 IPR002110 ANKIPR006033 AsnASEIIPR006034 Asp/Glutamnse 531.57895 

ENSMUSP00000036265 137.4  superkiller viralicidic activity 2-like IPR003593 AAA+ ATPase coreIPR014001 DEAD-like NIPR001650 DNA/RNA helicase 
CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR012961 DSH CIPR014021 Helicase SF1/SF2 ATP-bdIPR016438 
RNA helicase ATP-dep SK12/DOB1IPR013324 RNA pol sigma r3 r4 

1205.2632 

ENSMUSP00000040550 58.5  Amine oxidase Source: 1.4.3.4 IPR000759 Adrndx reductaseIPR001613 Amineoxid flIPR002937 Amino oxidase 513.15789 

ENSMUSP00000087110 72.9  Elongation factor 1-delta (EF-1-delta) IPR001326 Transl elong EF1B B/D CSIPR014038 Transl elong EF1B B/D G exch 639.47368 

ENSMUSP00000032927 32.9  PCTP-like protein (PCTP-L)(StAR-related lipid transfer protein 10)(START domain-containing protein 
10)(StARD10)(Serologically defined colon cancer antigen 28 homolog) IPR002913 START lipid bd 

288.59649 

ENSMUSP00000047661 12.5  Cytochrome c oxidase polypeptide 6A1, mitochondrial Precursor (Cytochrome c oxidase polypeptide VIa-liver) 
IPR001349 Cyt c oxidase su6aIPR018507 Cyt c oxidase su6a CS 

109.64912 

ENSMUSP00000080614 39.8  Mitochondrial import inner membrane translocase subunit TIM50 Precursor IPR004274 NIF 349.12281 

ENSMUSP00000046016 9.5  40S ribosomal protein S27-like protein IPR000592 Ribosomal S27eIPR011332 Ribosomal zn-bd 83.333333 

ENSMUSP00000037930 173.8  UDP-glucose:glycoprotein glucosyltransferase 1 Precursor (EC 2.4.1.-)(UDP-glucose ceramide glucosyltransferase-like 
1)(UDP--Glc:glycoprotein glucosyltransferase) Source: 2.4.1.- IPR009448 UDP-g GGtrans 

1524.5614 

ENSMUSP00000089808 36.3  Transmembrane protein 19 IPR002794 DUF92 TM 318.42105 

ENSMUSP00000034131 91.7  Vacuolar protein sorting-associated protein 35 (Vesicle protein sorting 35)(Maternal-embryonic 3) IPR005378 Vps35 804.38596 

ENSMUSP00000070751 42.4  Basigin Precursor (Basic immunoglobulin superfamily)(Membrane glycoprotein gp42)(HT7 antigen)(CD147 antigen) 
IPR013151 IgIPR007110 Ig-likeIPR013098 Ig I-setIPR003599 Ig subIPR003598 Ig sub2 

371.92982 



ENSMUSP00000044004 504.4  Prolow-density lipoprotein receptor-related protein 1 Precursor (LRP)(Alpha-2-macroglobulin receptor)(A2MR)(CD91 
antigen) IPR006150 Cys repeat 1IPR006210 EGFIPR000152 EGF-type Asp/Asn hydroxyl CSIPR000742 EGF 
3IPR001881 EGF Ca bdIPR013091 EGF Ca bd 2IPR018097 EGF Ca bd CSIPR002049 EGF lamininIPR006209 EGF 
likeIPR013032 EGF like reg CSIPR006212 Furin repeatIPR000033 LDLRIPR002172 LDL rcpt classA cys-richIPR003566 
Tcell CD5 

4424.5614 

ENSMUSP00000070993 29.2  14-3-3 protein epsilon (14-3-3E) IPR000308 14-3-3 256.14035 

ENSMUSP00000022842 59.6  T-complex protein 1 subunit epsilon (TCP-1-epsilon)(CCT-epsilon) IPR012718 Chap CCT epsiIPR017998 Chaperone 
TCP-1IPR002194 Chaperonin TCP-1 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1 

522.80702 

ENSMUSP00000023210 35.3  Cytochrome c1, heme protein, mitochondrial Precursor (Ubiquinol-cytochrome-c reductase complex cytochrome c1 
subunit)(Cytochrome c-1)(Cytochrome b-c1 complex subunit 4)(Complex III subunit 4)(Complex III subunit IV) IPR002326 
Cyt C1IPR009056 Cyt c monohaem 

309.64912 

ENSMUSP00000005508 49.6  Transducin beta-like protein 2 IPR001632 Gprotein BIPR001680 WD40 repeatIPR011046 WD40 repeat-likeIPR017986 
WD40 repeat region 

435.08772 

ENSMUSP00000053842 52.4  DnaJ homolog subfamily A member 3, mitochondrial Precursor (Tumorous imaginal discs protein Tid56 homolog)(DnaJ 
protein Tid-1)(mTid-1) IPR002939 DnaJ CIPR001623 DnaJ NIPR008971 HSP40/DnaJ pept-bdIPR001305 HSP DnaJ cys-
richIPR018253 Heat shock DnaJ CSIPR003095 Hsp DnaJ 

459.64912 

ENSMUSP00000055313 48.1  Squalene synthetase (SQS)(SS)(EC 2.5.1.21)(Farnesyl-diphosphate farnesyltransferase)(FPP:FPP farnesyltransferase) 
Source: 2.5.1.21 IPR002060 Squ/phyt synthseIPR006449 Squal synthIPR008949 Terpenoid synth 

421.92982 

ENSMUSP00000025294 65.4  Tetratricopeptide repeat protein 39C (TPR repeat protein 39C)  573.68421 

ENSMUSP00000064699 26.9  Vesicle-associated membrane protein-associated protein B (VAMP-associated protein B)(VAMP-B)(VAP-B)(VAMP-
associated protein 33b) IPR000535 Major spermIPR008962 PapD-likeIPR016763 Vesicle-associated membrane 

235.96491 

ENSMUSP00000104831 116.2  nicotinamide nucleotide transhydrogenase (Nnt), transcript variant 2, transcribed RNA IPR007698 Ala DHase/PNT 
CIPR008142 Ala DHase/PNT CS1IPR008143 Ala DHase/PNT CS2IPR007886 Ala DHase/PNT NIPR004003 NADP 
transhyd b 

1019.2982 

ENSMUSP00000010007 31.8  Succinate dehydrogenase Source: 1.3.5.1 IPR006058 2Fe2S fd BSIPR017900 4Fe4S Fe S CSIPR001041 
FerredoxinIPR009051 Helical ferredxnIPR004489 Succ DHase/fum Rdtase Fe-S 

278.94737 

ENSMUSP00000066181 83.8  Mitochondrial inner membrane protein (Mitofilin)  735.08772 

ENSMUSP00000026495 59.7  ATP synthase subunit alpha, mitochondrial Precursor IPR005294 ATPase F1-cplx asuIPR018118 ATPase F1/A1-cplx 
a/bsu NIPR000793 ATPase F1/V1/A1-cplx a/bsu CIPR004100 ATPase F1/V1/A1-cplx a/bsu NIPR000194 ATPase 
F1/V1/A1 a/bsu nucl-bd 

523.68421 

ENSMUSP00000021806 27.6  Thiopurine S-methyltransferase (EC 2.1.1.67)(Thiopurine methyltransferase) Source: 2.1.1.67 IPR008854 Thiopurine S-
MeTrfaseIPR016822 Thiopurine S-MeTrfase sub 

242.10526 

ENSMUSP00000099664 25.6  Adenylate kinase 2, mitochondrial (AK 2)(EC 2.7.4.3)(ATP-AMP transphosphorylase 2) Source: 2.7.4.3 IPR006259 
Adenyl kin subIPR000850 Adenylate kinIPR007862 Adenylate kinase Znf lid 

224.5614 

ENSMUSP00000046079 55.6  Probable carboxypeptidase PM20D1 Precursor (EC 3.4.17.-)(Peptidase M20 domain-containing protein 1) Source: 
3.4.17.- IPR002933 Peptidase M20IPR011650 Peptidase M20 dimer 

487.7193 

ENSMUSP00000097738 20.2  Coatomer subunit zeta-1 (Zeta-1-coat protein)(Zeta-1 COP) IPR000804 Clathrin sigma/coatomer zetaIPR011012 Longin 
like 

177.19298 

ENSMUSP00000052086 42  Beta-actin-like protein 2 (Kappa-actin) IPR004001 Actin CSIPR004000 Actin like 368.42105 

ENSMUSP00000026420 13  40S ribosomal protein S26 IPR000892 Ribosomal S26e 114.03509 

ENSMUSP00000101300 20  Protein DJ-1 (Parkinson disease protein 7 homolog) IPR006287 DJ1IPR002818 ThiJ/PfpI 175.4386 

ENSMUSP00000101023 68.1  Acetolactate synthase-like protein (EC 2.2.1.-)(IlvB-like protein) Source: 2.2.1.- IPR000399 TPP bd CSIPR012001 TPP 
bd enzyme NIPR012000 TPP enzyme MIPR011766 TPP enzyme bd C 

597.36842 

ENSMUSP00000080354 46.1  60S ribosomal protein L3 (J1 protein) IPR000597 Ribosomal L3IPR009000 Transl elong init/rib B-barrel 404.38596 

ENSMUSP00000026843 82.6  Trifunctional enzyme subunit alpha, mitochondrial Precursor (TP-alpha) Source: 4.2.1.17 IPR006180 3-OHacyl-CoA 
DHase CSIPR006176 3-OHacyl-CoA DHase NAD-bdIPR006108 3HC DHase CIPR008927 6-PGluconate DH C 

724.5614 



likeIPR001753 Crotonase coreIPR018376 Enoyl-CoA hyd/isom CSIPR012803 Fa ox alpha mitIPR006036 K uptake 
TrkAIPR016040 NAD(P)-bd 

ENSMUSP00000033176 48.2  Cytochrome b-c1 complex subunit 2, mitochondrial Precursor (Ubiquinol-cytochrome-c reductase complex core protein 
2)(Core protein II)(Complex III subunit 2) IPR011249 Metalloenz metal-bdIPR011765 Pept M16 NIPR001431 Pept M16 Zn 
BSIPR007863 Peptidase M16 C 

422.80702 

ENSMUSP00000057543 40.5  Guanine nucleotide-binding protein G(i), alpha-2 subunit (Adenylate cyclase-inhibiting G alpha protein) IPR006688 
ARFIPR002975 Fungi GproteinAIPR001019 Gprotein alph bdIPR000469 Gprotein alpha12IPR001408 Gprotein alpha 
IIPR000367 Gprotein alpha SIPR001806 Ras GTPase 

355.26316 

ENSMUSP00000020262 32  Phenazine biosynthesis-like domain-containing protein 2 (EC 5.1.-.-) Source: 5.1.-.- IPR003719 PhzC PhzF 280.70175 

ENSMUSP00000073322 35.9  retinol dehydrogenase 1 (all trans) IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bd 

314.91228 

ENSMUSP00000038063 60.1  24-dehydrocholesterol reductase Precursor (EC 1.3.1.-)(3-beta-hydroxysterol delta-24-reductase) Source: 1.3.1.- 
IPR016166 FAD-bd 2IPR006094 Oxid FAD bind N 

527.19298 

ENSMUSP00000044587 26.4  Probable N-acetyltransferase CML2 (EC 2.3.1.-)(Camello-like protein 2) Source: 2.3.1.- IPR016181 Acyl CoA 
acyltransferaseIPR000182 GCN5-rel AcTrfase 

231.57895 

ENSMUSP00000071976 26.2  trypsin 10 IPR009003 Pept Trypsin-like Ser/CysIPR018114 Peptidase S1/S6 ASIPR001314 Peptidase S1AIPR001254 
Peptidase S1 S6 

229.82456 

ENSMUSP00000061152 33.5  Mitochondrial carrier homolog 2 IPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 293.85965 

ENSMUSP00000027108 24.7  Elongation factor 1-beta (EF-1-beta) IPR010987 Glutathione-S-Trfase C-likeIPR001326 Transl elong EF1B B/D 
CSIPR014038 Transl elong EF1B B/D G exch 

216.66667 

ENSMUSP00000032946 23.6  Ras-related protein Rab-6A (Rab-6) IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

207.01754 

ENSMUSP00000077021 56  Cytochrome P450 2B19 (EC 1.14.14.1)(CYPIIB19) Source: 1.14.14.1 IPR001128 Cyt P450IPR017973 Cyt P450 
CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008067 Cyt P450 E grp-I 
CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008071 Cyt P450 E grp-I CYP2J-like 

491.22807 

ENSMUSP00000032143 68.5  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1 Precursor (EC 2.4.1.119)(Dolichyl-
diphosphooligosaccharide--protein glycosyltransferase 67 kDa subunit)(Ribophorin-1)(Ribophorin I)(RPN-I) Source: 
2.4.1.119 IPR007676 Ribophorin I 

600.87719 

ENSMUSP00000026459 56.3  ATP synthase subunit beta, mitochondrial Precursor (EC 3.6.3.14) Source: 3.6.3.14 IPR003593 AAA+ ATPase 
coreIPR005722 ATPase F1-cplx bsuIPR018118 ATPase F1/A1-cplx a/bsu NIPR000793 ATPase F1/V1/A1-cplx a/bsu 
CIPR004100 ATPase F1/V1/A1-cplx a/bsu NIPR000194 ATPase F1/V1/A1 a/bsu nucl-bd 

493.85965 

ENSMUSP00000019226 34.6  Mitochondrial glutamate carrier 1 (GC-1)(Glutamate/H(+) symporter 1)(Solute carrier family 25 member 22) IPR002113 
Aden trnslctorIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

303.50877 

ENSMUSP00000002837 26.2  Transmembrane emp24 domain-containing protein 5 Precursor IPR000348 Emp24 gp25L p24IPR009038 GOLD 229.82456 

ENSMUSP00000019323 35.6  Malate dehydrogenase, mitochondrial Precursor (EC 1.1.1.37) Source: 1.1.1.37 IPR001557 L-lactate/malate 
DHaseIPR001236 Lactate/malate DHaseIPR015955 Lactate DHase/Glyco Ohase 4 CIPR001252 Malate DHase 
ASIPR010097 Malate DHase NAD-dep euk g bacIPR016040 NAD(P)-bd 

312.2807 

ENSMUSP00000097754 62.8  Keratin, type II cytoskeletal 2 oral (Keratin-76)(K76) IPR016044 FIPR018039 Intermediate filament CSIPR002957 Keratin 
IIPR003054 Keratin IIIPR009053 Prefoldin 

550.87719 

ENSMUSP00000021062 69.2  Probable ATP-dependent RNA helicase DDX5 (EC 3.6.1.-)(DEAD box protein 5)(RNA helicase p68)(DEAD box RNA 
helicase DEAD1)(mDEAD1) Source: 3.6.1.- IPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 
DNA/RNA helicase DEAD/DEAH NIPR014021 Helicase SF1/SF2 ATP-bdIPR012587 P68HRIPR000629 RNA-helicase 
DEAD-box CSIPR014014 RNA helicase DEAD Q motif 

607.01754 

ENSMUSP00000073261 35.6  Metaxin-1 IPR010987 Glutathione-S-Trfase C-likeIPR017410 Metaxin 312.2807 

ENSMUSP00000103365 21.6  60S ribosomal protein L18 IPR000039 Ribosomal L18e 189.47368 

ENSMUSP00000027966 37.8  Low affinity immunoglobulin gamma Fc region receptor II Precursor (IgG Fc receptor II beta)(Fc gamma receptor IIB)(Fc- 331.57895 



gamma-RIIB)(Fc-gamma RII)(FcRII)(Lymphocyte antigen 17)(Ly-17)(CD32 antigen) IPR013151 IgIPR007110 Ig-
likeIPR003599 Ig subIPR003598 Ig sub2 

ENSMUSP00000049394 30.6  Carbonyl reductase Source: 1.1.1.184 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR016040 NAD(P)-bd 

268.42105 

ENSMUSP00000069508 65.7  Phenylalanyl-tRNA synthetase beta chain (EC 6.1.1.20)(Phenylalanine--tRNA ligase beta chain)(PheRS) Source: 6.1.1.20 
IPR005146 B3/B4 tRNA-bdIPR005147 B5IPR009061 DNA bd putIPR004531 Phe-tRNA-synth IIc bsu arc 

576.31579 

ENSMUSP00000020329 134.8  Epidermal growth factor receptor Precursor (EC 2.7.10.1) Source: 2.7.10.1 IPR016060 Complement control 
moduleIPR000494 EGF rcpt LIPR006211 Furin-likeIPR006212 Furin repeatIPR011009 Kinase likeIPR000719 Prot kinase 
coreIPR017441 Protein kinase ATP BSIPR017442 Se/Thr pkinase-relIPR002290 Ser thr pkinaseIPR016245 Tyr kinase 
rcpt EGF/ERB/XmrKIPR001245 Tyr pkinaseIPR008266 Tyr pkinase AS 

1182.4561 

ENSMUSP00000099441 57  CDK5 regulatory subunit-associated protein 3 IPR008491 DUF773 500 

ENSMUSP00000068408 59.1  Cleavage and polyadenylation specificity factor subunit 6 IPR013286 AnnexinVIIIPR000694 PRO richIPR003882 Pistil 
extensinIPR000504 RRM RNP1IPR017997 Vinculin 

518.42105 

ENSMUSP00000045841 170  Bifunctional aminoacyl-tRNA synthetase Source: 6.1.1.17 IPR004154 Anticodon bdIPR004526 Glu-tRNA-synth Ic 
arc/eukIPR000924 Glu/Gln-tRNA-synth IcIPR010987 Glutathione-S-Trfase C-likeIPR002316 Pro-tRNA-synth 
IIaIPR004499 Pro-tRNA-synth IIa pro-typeIPR017449 Pro-tRNA synth IIIPR016061 Pro-tRNA synth II CIPR011035 
Ribosomal L25/Gln-tRNA synthIPR009068 S15 NS1 RNA bdIPR000738 WHEP-TRSIPR002314 aa-tRNA-synt 
IIbIPR006195 aa-tRNA-synth IIIPR001412 aa-tRNA-synth I CS 

1491.2281 

ENSMUSP00000019469 40.4  Glucose-6-phosphatase (G-6-Pase)(G6Pase)(EC 3.1.3.9) Source: 3.1.3.9 IPR016275 Glucose-6-phosphataseIPR000326 
P Acid Pase 2/haloperoxidase 

354.38596 

ENSMUSP00000020463 62.9  Nicalin Precursor (Nicastrin-like protein) IPR016574 Nicalin 551.75439 

ENSMUSP00000042364 19.8  Myosin regulatory light chain MRLC2 (Myosin regulatory light chain 2-B, smooth muscle isoform) IPR018247 EF HAND 
1IPR018249 EF HAND 2IPR018248 EF handIPR002048 EF hand Ca bd 

173.68421 

ENSMUSP00000009003 23.5  Ras-related protein Ral-A Precursor IPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 
GTPase RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP 
bd 

206.14035 

ENSMUSP00000027975 38.6  Phytanoyl-CoA dioxygenase, peroxisomal Precursor (EC 1.14.11.18)(Phytanoyl-CoA alpha-hydroxylase)(PhyH)(Phytanic 
acid oxidase)(Lupus nephritis-associated peptide 1) Source: 1.14.11.18 IPR008775 Phytyl CoA dOase 

338.59649 

ENSMUSP00000049732 34.4  Glycolipid transfer protein domain-containing protein 2 IPR014830 Glycolipid transfer prot 301.75439 

ENSMUSP00000109305 35.9  Annexin A4 (Annexin-4)(Annexin IV) IPR001464 AnnexinIPR002389 AnnexinIIIPR002390 AnnexinIIIIPR002391 
AnnexinIVIPR002392 AnnexinVIPR009115 AnnexinVIIIIPR018502 Annexin repeatIPR018252 Annexin repeat CS 

314.91228 

ENSMUSP00000006838 87.6  glutaminyl-tRNA synthetase IPR004514 Gln-tRNA-synth IcIPR007639 Gln-tRNA-synth Ic RNA-bd 1IPR007638 Gln-tRNA-
synth Ic RNA-bd 2IPR000924 Glu/Gln-tRNA-synth IcIPR011035 Ribosomal L25/Gln-tRNA synthIPR001412 aa-tRNA-
synth I CS 

768.42105 

ENSMUSP00000035157 29.6  Signal recognition particle receptor subunit beta (SR-beta) IPR006688 ARFIPR006689 ARF/SARIPR006687 SAR1 GTP 
bd 

259.64912 

ENSMUSP00000002403 34  Dehydrogenase/reductase SDR family member 1 (EC 1.1.-.-) Source: 1.1.-.- IPR003560 DHB DHaseIPR002198 DHase 
sc/Rdtase SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bd 

298.24561 

ENSMUSP00000048460 10.3  Phospholemman Precursor (FXYD domain-containing ion transport regulator 1) IPR000272 Ion-transport regulator FXYD 90.350877 

ENSMUSP00000074600 24  NADH dehydrogenase Source: 1.6.5.3 IPR001080 3Fe4S ferredoxinIPR017900 4Fe4S Fe S CSIPR001450 4Fe4S Fe S 
bd subgrIPR009051 Helical ferredxnIPR010226 NADH quinone OxRdtase I 

210.52632 

ENSMUSP00000038839 66.6  Eukaryotic translation initiation factor 3 subunit L (eIF3l)(Eukaryotic translation initiation factor 3 subunit E-interacting 
protein)(Eukaryotic translation initiation factor 3 subunit 6-interacting protein)(67 kDa polymerase-associated 
factor)(PAF67)(66 kDa tyrosine-rich heat shock protein)(HSP-66Y)  

584.21053 

ENSMUSP00000075990 28.9  Synaptophysin-like protein 1 (Pantophysin) IPR008253 MarvelIPR001285 Synaptophysin/porin 253.50877 

ENSMUSP00000022734 57.4  DnaJ homolog subfamily C member 3 Precursor (Interferon-induced, double-stranded RNA-activated protein kinase 
inhibitor)(Protein kinase inhibitor of 58 kDa)(Protein kinase inhibitor p58) IPR001623 DnaJ NIPR001440 TPR-1IPR013105 

503.50877 



TPR 2IPR013026 TPR region 

ENSMUSP00000004574 40.5  DnaJ homolog subfamily B member 11 Precursor (ER-associated dnaJ protein 3)(ERj3p)(ERdj3)(ER-associated Hsp40 
co-chaperone)(ER-associated DNAJ)(APOBEC1-binding protein 2)(ABBP-2) IPR002939 DnaJ CIPR001623 DnaJ 
NIPR008971 HSP40/DnaJ pept-bdIPR018253 Heat shock DnaJ CSIPR003095 Hsp DnaJ 

355.26316 

ENSMUSP00000044871 61.7  GPI transamidase component PIG-S (Phosphatidylinositol-glycan biosynthesis class S protein)  541.22807 

ENSMUSP00000028396 74.5  Calcium-binding mitochondrial carrier protein Aralar1 (Mitochondrial aspartate glutamate carrier 1)(Solute carrier family 25 
member 12) IPR002113 Aden trnslctorIPR018247 EF HAND 1IPR018249 EF HAND 2IPR018248 EF handIPR002048 EF 
hand Ca bdIPR002167 Graves DCIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

653.50877 

ENSMUSP00000099653 36.4  Eukaryotic translation initiation factor 3 subunit I (eIF3i)(Eukaryotic translation initiation factor 3 subunit 2)(eIF-3-
beta)(eIF3 p36)(TGF-beta receptor-interacting protein 1)(TRIP-1) IPR001680 WD40 repeatIPR011046 WD40 repeat-
likeIPR017986 WD40 repeat region 

319.29825 

ENSMUSP00000103015 109.6  Aminopeptidase N (mAPN)(EC 3.4.11.2)(Alanyl aminopeptidase)(Microsomal aminopeptidase)(Aminopeptidase 
M)(Membrane protein p161)(CD13 antigen) Source: 3.4.11.2 IPR014782 Peptidase M1 N 

961.40351 

ENSMUSP00000099417 73.5  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 2 Precursor (EC 2.4.1.119)(Dolichyl-
diphosphooligosaccharide--protein glycosyltransferase 63 kDa subunit)(Ribophorin-2)(Ribophorin II)(RPN-II) Source: 
2.4.1.119 IPR008814 Ribophorin II 

644.73684 

ENSMUSP00000078670 20.6 no description availableIPR002132 Ribosomal L5 180.70175 

ENSMUSP00000047606 65.4  Complement component C8 alpha chain Precursor (Complement component 8 subunit alpha) IPR013032 EGF like reg 
CSIPR002172 LDL rcpt classA cys-richIPR001862 MAC perforinIPR000884 Thrombospondin 1 rptIPR008085 
Thrombospondin 1 rpt sub 

573.68421 

ENSMUSP00000020741 40.5  Developmentally-regulated GTP-binding protein 1 (DRG-1)(Neural precursor cell expressed developmentally down-
regulated protein 3)(NEDD-3) IPR006074 GTP1-OBG CSIPR006073 GTP1 OBGIPR002917 MMR HSR1 GTP 
bdIPR005225 Small GTP bdIPR004095 TGS 

355.26316 

ENSMUSP00000022322 61.3  Glutamate dehydrogenase 1, mitochondrial Precursor (GDH)(EC 1.4.1.3) Source: 1.4.1.3 IPR006095 Glu/Leu/Phe/Val 
DHaseIPR006096 Glu/Leu/Phe/Val DHase CIPR006097 Glu/Leu/Phe/Val DHase dimerIPR016040 NAD(P)-bd 

537.7193 

ENSMUSP00000006900 15.2  Thioesterase superfamily member 2 IPR003736 PAAIIPR006683 Thioestr supf 133.33333 

ENSMUSP00000004375 33.3  Prohibitin-2 (B-cell receptor-associated protein BAP37)(Repressor of estrogen receptor activity) IPR001107 Band 
7IPR000163 Prohibitin 

292.10526 

ENSMUSP00000103657 19.5  Peptidyl-tRNA hydrolase 2, mitochondrial Precursor (PTH 2)(EC 3.1.1.29) Source: 3.1.1.29 IPR002833 Pep tRNA hydro 
PTH2 

171.05263 

ENSMUSP00000090910 61.4  Liver carboxylesterase 31 Precursor (Esterase-31)(EC 3.1.1.1)(ES-male) Source: 3.1.1.1 IPR002018 CarbesteraseB 538.59649 

ENSMUSP00000022925 39.8  Eukaryotic translation initiation factor 3 subunit H (eIF3h)(Eukaryotic translation initiation factor 3 subunit 3)(eIF-3 
gamma)(eIF3 p40 subunit) IPR000555 Mov34 MPN PAD1 

349.12281 

ENSMUSP00000017488 54.8  Vitronectin Precursor (Serum-spreading factor)(S-protein) IPR000585 HemopexinIPR018486 Hemopexin/matrixin 
CSIPR018487 Hemopexin/matrixin repeatIPR001212 Somatomedin B 

480.70175 

ENSMUSP00000026899 31.7  Mitochondrial dicarboxylate carrier (Solute carrier family 25 member 10) IPR002113 Aden trnslctorIPR002067 Mit 
carrierIPR002030 Mit uncouplingIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

278.07018 

ENSMUSP00000022894 27.8  14-3-3 protein zeta/delta (Protein kinase C inhibitor protein 1)(KCIP-1)(SEZ-2) IPR000308 14-3-3 243.85965 

ENSMUSP00000096932 17.2  Ubiquitin-conjugating enzyme E2 N (EC 6.3.2.19)(Ubiquitin-protein ligase N)(Ubiquitin carrier protein 
N)(Ubc13)(Bendless-like ubiquitin-conjugating enzyme) Source: 6.3.2.19 IPR016135 UBQ-conjugat/RWD-likeIPR000608 
UBQ-conjugat E2 

150.87719 

ENSMUSP00000026222 21.9  NADH dehydrogenase IPR008699 NADH UbQ OxRdtase ASHI suIPR016551 NADH Ub cplx-1 bsu su-8 192.10526 

ENSMUSP00000095287 15.8  60S ribosomal protein L27 IPR005824 KOWIPR001141 Ribosomal L27eIPR018262 Ribosomal L27e CS 138.59649 

ENSMUSP00000036246 59.7  Keratin, type II cytoskeletal 75 (Cytokeratin-75)(CK-75)(Keratin-75)(K75)(Type II keratin-18)(Type II keratin-K6hf)(Keratin-
6 hair follicle)(mK6hf) IPR016044 FIPR018039 Intermediate filament CSIPR002957 Keratin IIPR003054 Keratin 
IIIPR009053 PrefoldinIPR003536 Transloc intimin rcptIPR000533 Tropomyosin 

523.68421 



ENSMUSP00000055535 72.5  Probable ATP-dependent RNA helicase DDX17 (EC 3.6.1.-)(DEAD box protein 17) Source: 3.6.1.- IPR014001 DEAD-like 
NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 Helicase SF1/SF2 ATP-
bdIPR000694 PRO richIPR000629 RNA-helicase DEAD-box CSIPR014014 RNA helicase DEAD Q motif 

635.96491 

ENSMUSP00000056027 25.2  Sigma 1-type opioid receptor (Sigma1-receptor)(Sigma1R) IPR006716 ERG2 sigma1 rcpt like 221.05263 

ENSMUSP00000080854 34.4  60S ribosomal protein L5 IPR005484 Ribosomal L18/L5IPR005485 Ribosomal L5 euk 301.75439 

ENSMUSP00000046324 27.6  Glutathione S-transferase theta-2 (EC 2.5.1.18)(GST class-theta-2) Source: 2.5.1.18 IPR004046 GST CIPR010987 
Glutathione-S-Trfase C-likeIPR004045 Glutathione S-Trfase NIPR012336 Thioredoxin-like fold 

242.10526 

ENSMUSP00000041872 37.3  Sideroflexin-5 IPR004686 Mtc 327.19298 

ENSMUSP00000033873 37.8  Erlin-2 (Endoplasmic reticulum lipid raft-associated protein 2)(Stomatin-prohibitin-flotillin-HflC/K domain-containing protein 
2)(SPFH domain-containing protein 2) IPR001107 Band 7 

331.57895 

ENSMUSP00000028704 41  Hydroxyacid oxidase 1 (HAOX1)(EC 1.1.3.15)(Glycolate oxidase)(GOX) Source: 1.1.3.15 IPR000262 FMN-dep 
DHaseIPR008259 FMN hydac DHase ASIPR012133 a-Hydoxy acid DHase FMN 

359.64912 

ENSMUSP00000066715 38.2  MOSC domain-containing protein 2, mitochondrial Precursor (EC 1.-.-.-) Source: 1.-.-.- IPR005303 MOSC NIPR005302 
MoCF Sase CIPR011037 Pyrv Knase b-brl-likeIPR000231 Ribosomal L30e 

335.08772 

ENSMUSP00000022980 22  NADH dehydrogenase IPR008011 Complex1 LYR 192.98246 

ENSMUSP00000016400 34  Cathepsin Z Precursor (EC 3.4.18.1) Source: 3.4.18.1 IPR000169 Pept cys ASIPR000668 Peptidase C1A C 298.24561 

ENSMUSP00000010795 44  3-ketoacyl-CoA thiolase B, peroxisomal Precursor (EC 2.3.1.16)(Beta-ketothiolase B)(Acetyl-CoA acyltransferase 
B)(Peroxisomal 3-oxoacyl-CoA thiolase B) Source: 2.3.1.16 IPR013747 ACP syn III CIPR002155 ThiolaseIPR016039 
Thiolase-like 

385.96491 

ENSMUSP00000043047 141.7  Vigilin (High density lipoprotein-binding protein)(HDL-binding protein) IPR004087 KHIPR004088 KH type 1IPR018111 KH 
type 1 subgr 

1242.9825 

ENSMUSP00000033953 44.4  Indoleamine 2,3-dioxygenase-like protein 1 (EC 1.13.11.-)(Indoleamine-pyrrole 2,3-dioxygenase-like protein 1) Source: 
1.13.11.- IPR000898 Indolamine dOase 

389.47368 

ENSMUSP00000037617 33.8  solute carrier family 35 (UDP-glucuronic acid/UDP-N-acetylgalactosamine dual transporter), member D1  296.49123 

ENSMUSP00000083271 85.8  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit STT3A (Oligosaccharyl transferase subunit 
STT3A)(STT3-A)(EC 2.4.1.119)(B5)(Integral membrane protein 1) Source: 2.4.1.119 IPR003674 Oligo trans STT3 

752.63158 

ENSMUSP00000049025 19.3  Splicing factor, arginine/serine-rich 3 (Pre-mRNA-splicing factor SRP20)(Protein X16) IPR000504 RRM RNP1 169.29825 

ENSMUSP00000043111 14.5  60S ribosomal protein L22-like 1 IPR002671 Ribosomal L22e 127.19298 

ENSMUSP00000093394 49.3  t-complex protein 10b IPR009852 Tcp10/CenJ C 432.45614 

ENSMUSP00000033342 38  Eukaryotic translation initiation factor 3 subunit F (eIF3f)(Eukaryotic translation initiation factor 3 subunit 5)(eIF-3-
epsilon)(eIF3 p47) IPR000104 Antifreeze 1IPR000555 Mov34 MPN PAD1IPR001013 NK3 rcptIPR000694 PRO rich 

333.33333 

ENSMUSP00000105531 27.1  Transmembrane emp24 domain-containing protein 9 Precursor (Glycoprotein 25L2) IPR000348 Emp24 gp25L 
p24IPR009038 GOLD 

237.7193 

ENSMUSP00000003912 48  Calreticulin Precursor (CRP55)(Calregulin)(HACBP)(ERp60) IPR001580 Calret/calnexIPR018124 Calret/calnex 
CSIPR009169 CalreticulinIPR008985 ConA like lec gl 

421.05263 

ENSMUSP00000099907 126.5  Reticulon-4 (Neurite outgrowth inhibitor)(Nogo protein) IPR000694 PRO richIPR003388 Reticulon 1109.6491 

ENSMUSP00000106961 50.4  Rho GTPase-activating protein 1 (Rho-type GTPase-activating protein 1) IPR001251 CRAL bd TRIO CIPR000198 
RhoGAPIPR008936 Rho GTPase activation prot 

442.10526 

ENSMUSP00000021335 72.3  Sec1 family domain-containing protein 1 (Syntaxin-binding protein 1-like 2) IPR001619 Sec1-like 634.21053 

ENSMUSP00000089350 13.9  Histone H2B type 1-F/J/L (H2B 291A) IPR009072 Histone-foldIPR000558 Histone H2BIPR007125 Histone core D 121.92982 

ENSMUSP00000109399 21.9  60S ribosomal protein L9 IPR000702 Ribosomal L6IPR002359 Ribosomal L6 CS2 192.10526 

ENSMUSP00000031697 89.6  Cullin-1 (CUL-1) IPR016157 Cullin CSIPR001373 Cullin NIPR016158 Cullin homologyIPR016159 Cullin repeat-like 785.96491 

ENSMUSP00000045284 29.3  Cytochrome b-c1 complex subunit Rieske, mitochondrial Precursor (EC 1.10.2.2)(Ubiquinol-cytochrome c reductase iron- 257.01754 



sulfur subunit)(Rieske iron-sulfur protein)(RISP)(Complex III subunit 5) Source: 1.10.2.2 IPR011070 Globular prot 
asu/bsuIPR005805 Rieske Fe-S prot CIPR005806 Rieske regIPR015248 Ubiqinol cyt c Rdtase NIPR004192 Ubiquinol cyt 
Rdtase TMIPR006317 Ubiquinol cyt c Rdtase Fe-S-su 

ENSMUSP00000024897 27.8  Vesicle-associated membrane protein-associated protein A (VAMP-associated protein A)(VAMP-A)(VAP-A)(33 kDa 
Vamp-associated protein)(VAP-33) IPR000535 Major spermIPR008962 PapD-likeIPR016763 Vesicle-associated 
membrane 

243.85965 

ENSMUSP00000006235 37.3  Cathepsin B Precursor (EC 3.4.22.1)(Cathepsin B1) Source: 3.4.22.1 IPR002016 Haem peroxidase 
pln/fun/bacIPR000169 Pept cys ASIPR000668 Peptidase C1A CIPR012599 Propeptide C1A 

327.19298 

ENSMUSP00000061059 31.6  Phosphatidylinositol transfer protein beta isoform (PtdIns transfer protein beta)(PtdInsTP)(PI-TP-beta) IPR001666 PI 
transfer 

277.19298 

ENSMUSP00000102987 23.4  Ras-related protein Rab-5C IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR001019 Gprotein alph bdIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

205.26316 

ENSMUSP00000009256 46.7  Bcl-2-like 13 protein (Protein Mil1)(Bcl-rambo) IPR002475 BCL2 apoptsisIPR000712 Bcl2 BH 409.64912 

ENSMUSP00000031038 27.6  OCIA domain-containing protein 1 IPR009764 OCIA 242.10526 

ENSMUSP00000015800 70.8  Heat shock cognate 71 kDa protein (Heat shock 70 kDa protein 8) IPR018181 Heat shock 70 CSIPR001023 
Hsp70IPR013126 Hsp 70 

621.05263 

ENSMUSP00000071777:reversed 395.4  3468.4211 

ENSMUSP00000049338 33.3  Protein NipSnap homolog 1 (NipSnap1) IPR012577 NIPSNAP 292.10526 

ENSMUSP00000108940 35.1  sulfotransferase family 1D, member 1 IPR000863 Sulfotransferase 307.89474 

ENSMUSP00000031637 9.3  NADH dehydrogenase  81.578947 

ENSMUSP00000073541 53.9  7-dehydrocholesterol reductase (7-DHC reductase)(EC 1.3.1.21)(Sterol Delta(7)-reductase) Source: 1.3.1.21 IPR001171 
ERG4 ERG24IPR018083 Sterol reductase CS 

472.80702 

ENSMUSP00000030118 44.8  DnaJ homolog subfamily A member 1 (Heat shock 40 kDa protein 4)(DnaJ protein homolog 2)(HSJ-2) IPR002939 DnaJ 
CIPR001623 DnaJ NIPR008971 HSP40/DnaJ pept-bdIPR001305 HSP DnaJ cys-richIPR018253 Heat shock DnaJ 
CSIPR003095 Hsp DnaJ 

392.98246 

ENSMUSP00000034547 44.8  Acetyl-CoA acetyltransferase, mitochondrial Precursor (EC 2.3.1.9)(Acetoacetyl-CoA thiolase) Source: 2.3.1.9 IPR002155 
ThiolaseIPR016039 Thiolase-like 

392.98246 

ENSMUSP00000033229 16.1  Hemoglobin subunit epsilon-Y2 (Hemoglobin epsilon-Y2 chain)(Epsilon-Y2-globin) IPR013314 Globin 
lamprey/hagfishIPR009050 Globin likeIPR000971 Globin subsetIPR002337 Haemoglobin bIPR002339 Haemoglobin 
piIPR001032 LeghaemoglobinIPR002335 Myoglobin 

141.22807 

ENSMUSP00000032898 123.5  Importin-5 (Imp5)(Importin subunit beta-3)(Karyopherin beta-3)(Ran-binding protein 5)(RanBP5) IPR016024 ARM-type 
foldIPR000357 HEATIPR001494 Importin-b N 

1083.3333 

ENSMUSP00000029266 35.7  Annexin A5 (Annexin-5)(Annexin V)(Lipocortin V)(Endonexin II)(Calphobindin I)(CBP-I)(Placental anticoagulant protein 
I)(PAP-I)(Placental anticoagulant protein 4)(PP4)(Thromboplastin inhibitor)(Vascular anticoagulant-alpha)(VAC-
alpha)(Anchorin CII) IPR001464 AnnexinIPR002390 AnnexinIIIIPR002391 AnnexinIVIPR002392 AnnexinVIPR018502 
Annexin repeatIPR018252 Annexin repeat CS 

313.15789 

ENSMUSP00000071486 41.8  Actin, cytoplasmic 2 (Gamma-actin) IPR004001 Actin CSIPR004000 Actin like 366.66667 

ENSMUSP00000110021 24.5  Ras-related protein Rab-11B IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR013684 Miro-likeIPR002078 RNA pol sigma 54 intIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

214.91228 

ENSMUSP00000101651 49.8  Ribonuclease inhibitor (Ribonuclease/angiogenin inhibitor 1) IPR001611 Leu-rich rptIPR003590 Leu-rich rpt RNase inh 
sub-typ 

436.84211 

ENSMUSP00000066419 37.2  H-2 class I histocompatibility antigen, Q10 alpha chain Precursor IPR002411 Allergen/amylase inhib riceIPR013151 
IgIPR007110 Ig-likeIPR003006 Ig/MHC CSIPR003597 Ig C1-setIPR011162 MHC I/II-like Ag-recogIPR001039 MHC I a 
a1/a2 

326.31579 



ENSMUSP00000087524 38  GTPase IMAP family member 4 (Immunity-associated protein 4)(Immunity-associated nucleotide 1 protein) IPR006703 
AIG1IPR000048 IQ CaM bd regionIPR001806 Ras GTPase 

333.33333 

ENSMUSP00000023510 52.3  Uridine 5--monophosphate synthase (UMP synthase) Source: 2.4.2.10 IPR014732 OMPdecase 1 coreIPR018089 
OMPdecase ASIPR001754 OMPdecase coreIPR004467 Or phspho transIPR000836 PRibTrfaseIPR011060 RibuloseP-bd 
barrel 

458.77193 

ENSMUSP00000032844 21.5  Transmembrane protein 126A IPR009801 DUF1370 188.59649 

ENSMUSP00000006764 19.7  Adenine phosphoribosyltransferase (APRT)(EC 2.4.2.7) Source: 2.4.2.7 IPR005764 Ade phspho transIPR000836 
PRibTrfase 

172.80702 

ENSMUSP00000079672 14.5  60S ribosomal protein L35 IPR001854 Ribosomal L29IPR018254 Ribosomal L29 CS 127.19298 

ENSMUSP00000003445 22.1  FK506-binding protein 11 Precursor (EC 5.2.1.8)(Peptidyl-prolyl cis-trans isomerase)(PPIase)(Rotamase)(19 kDa FK506-
binding protein)(FKBP-19) Source: 5.2.1.8 IPR001179 PPIase FKBP 

193.85965 

ENSMUSP00000058919 10.3  60S ribosomal protein L37a IPR002674 Ribosomal L37aeIPR011332 Ribosomal zn-bd 90.350877 

ENSMUSP00000098591 138.3  Inverted formin-2 IPR016024 ARM-type foldIPR018299 Alkaline phosphatase ASIPR010472 Drf FH3IPR010473 Drf 
GTPase bdIPR015425 FH2 actin bdIPR003104 FH2 actin bd DRFIPR000694 PRO richIPR003882 Pistil 
extensinIPR003124 WH2 actin bd 

1213.1579 

ENSMUSP00000105028 102.3  Transportin-1 (Importin beta-2)(Karyopherin beta-2) IPR016024 ARM-type foldIPR000225 ArmadilloIPR000357 
HEATIPR001494 Importin-b N 

897.36842 

ENSMUSP00000110364 71.3  Transmembrane protein 214  625.4386 

ENSMUSP00000028286 31  1-acyl-sn-glycerol-3-phosphate acyltransferase beta (EC 2.3.1.51)(1-AGP acyltransferase 2)(1-AGPAT 
2)(Lysophosphatidic acid acyltransferase beta)(LPAAT-beta)(1-acylglycerol-3-phosphate O-acyltransferase 2) Source: 
2.3.1.51 IPR004552 AGP acyltransIPR002123 Acyltransferase 

271.92982 

ENSMUSP00000033087 51.1  RuvB-like 2 (EC 3.6.1.-)(p47 protein) Source: 3.6.1.- IPR003593 AAA+ ATPase coreIPR003959 AAA ATPase 
coreIPR004504 DNA repair RadAIPR010339 TIP49 CIPR000764 Uridine kinase 

448.24561 

ENSMUSP00000031398 45  4-hydroxyphenylpyruvate dioxygenase (EC 1.13.11.27)(4-hydroxyphenylpyruvic acid 
oxidase)(HPPDase)(4HPPD)(HPD)(F Alloantigen)(F protein) Source: 1.13.11.27 IPR005956 4OHPhenylPyrv 
dOaseIPR004360 Glyas bleo-R dOase 

394.73684 

ENSMUSP00000095794 15.7  Hemoglobin subunit beta-1 (Hemoglobin beta-1 chain)(Beta-1-globin)(Hemoglobin beta-major chain) IPR013314 Globin 
lamprey/hagfishIPR009050 Globin likeIPR000971 Globin subsetIPR002338 Haemoglobin aIPR002337 Haemoglobin 
bIPR002339 Haemoglobin piIPR002335 Myoglobin 

137.7193 

ENSMUSP00000104725 118.7  Protein transport protein Sec24A (SEC24-related protein A) IPR017993 Atrophin-1IPR007123 GelsolnIPR000694 PRO 
richIPR012990 Sec23 24 beta SIPR006900 Sec23 helicalIPR006896 Sec23 trunkIPR006895 Znf Sec23 Sec24 

1041.2281 

ENSMUSP00000072717 74.6  Peroxisomal acyl-coenzyme A oxidase 1 (AOX)(EC 1.3.3.6)(Palmitoyl-CoA oxidase) Source: 1.3.3.6 IPR006091 Acyl-
CoA DHase/Oxase MIPR012258 Acyl-CoA oxidaseIPR002655 Acyl-CoA oxidase CIPR009100 AcylCoA DH/oxidase 
M/NIPR009075 AcylCo DHase/oxidase CIPR001412 aa-tRNA-synth I CS 

654.38596 

ENSMUSP00000061227 61.4  Phosphoglucomutase-1 (PGM 1)(EC 5.4.2.2)(Glucose phosphomutase 1) Source: 5.4.2.2 IPR005843 A-D-PHexomutase 
CIPR016066 A-D-PHexomutase CSIPR005841 A-D-PHexomutase NIPR005844 A-D-PHexomutase a/b/a-IIPR016055 A-
D-PHexomutase a/b/a-I/II/IIIIPR005845 A-D-PHexomutase a/b/a-IIIPR005846 A-D-PHexomutase a/b/a-III 

538.59649 

ENSMUSP00000027989 37.3  3-keto-steroid reductase (EC 1.1.1.270)(Estradiol 17-beta-dehydrogenase 7)(EC 1.1.1.62)(17-beta-hydroxysteroid 
dehydrogenase 7)(17-beta-HSD 7) Source: 1.1.1.270 IPR002198 DHase sc/Rdtase SDRIPR002347 Glc/ribitol 
DHaseIPR016040 NAD(P)-bd 

327.19298 

ENSMUSP00000066897 33.3  sulfotransferase-like protein 1 IPR000863 Sulfotransferase 292.10526 

ENSMUSP00000020653 22.4  GTP-binding protein SAR1b IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR013684 Miro-
likeIPR001806 Ras GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

196.49123 

ENSMUSP00000089978 56.9  Polypyrimidine tract-binding protein 1 (PTB)(Heterogeneous nuclear ribonucleoprotein I)(hnRNP I) IPR000104 Antifreeze 
1IPR006536 HnRNP-L PTBIPR000870 Homoser kinIPR003954 RRM 1IPR000504 RRM RNP1 

499.12281 

ENSMUSP00000003655 41.8  Arsenite methyltransferase (EC 2.1.1.137)(S-adenosyl-L-methionine:arsenic(III) methyltransferase)(Methylarsonite 
methyltransferase) Source: 2.1.1.137 IPR013216 Methyltransf 11IPR013217 Methyltransf 12IPR004033 UbiE/COQ5 

366.66667 



MeTrFase 

ENSMUSP00000023396 27.6  Phosphomannomutase 2 (PMM 2)(EC 5.4.2.8) Source: 5.4.2.8 IPR013200 HAD-SF hydro-like 3IPR006379 HAD-SF 
hydro IIBIPR005002 PMM 

242.10526 

ENSMUSP00000109611 61.2  Glycerol kinase (EC 2.7.1.30)(ATP:glycerol 3-phosphotransferase)(Glycerokinase)(GK) Source: 2.7.1.30 IPR018485 Carb 
kinase FGGY CIPR018483 Carb kinase FGGY CSIPR018484 Carb kinase FGGY NIPR005999 Glycerol kin 

536.84211 

ENSMUSP00000000175 17  Succinate dehydrogenase IPR007992 Cyt b succ DHase CybS 149.12281 

ENSMUSP00000106540 70.1  614.91228 

ENSMUSP00000071752 22.6  COMM domain-containing protein 7 IPR009886 HCaRG 198.24561 

ENSMUSP00000081009 47.8  Selenide, water dikinase 2 (EC 2.7.9.3)(Selenophosphate synthetase 2)(Selenium donor protein 2) Source: 2.7.9.3 
IPR000728 AIR synthIPR010918 AIR synth CIPR016188 PurM N-likeIPR004536 SelD 

419.29825 

ENSMUSP00000027429 17.9  Uncharacterized protein C2orf72 homolog Precursor  157.01754 

ENSMUSP00000025218 49  Eukaryotic peptide chain release factor subunit 1 (Eukaryotic release factor 1)(eRF1) IPR004403 eRF1IPR005140 eRF1 
1IPR005141 eRF1 2IPR005142 eRF1 3 

429.82456 

ENSMUSP00000030076 56.7  Regulator of differentiation 1 (Rod1) IPR006536 HnRNP-L PTBIPR000504 RRM RNP1 497.36842 

ENSMUSP00000038772 62.6  MAGUK p55 subfamily member 6 (Protein associated with Lin-7 2)(Dlgh4 protein)(P55T protein) IPR008144 Guanylate 
kinIPR008145 Guanylt/CaIPR004172 L27IPR014775 L27 CIPR001478 PDZ/DHR/GLGFIPR011511 SH3 2IPR001452 
SH3 domain 

549.12281 

ENSMUSP00000068174 30.4  Inositol monophosphatase (EC 3.1.3.25)(Inositol-1(or 4)-monophosphatase)(IMPase)(IMP)(Lithium-sensitive myo-inositol 
monophosphatase A1) Source: 3.1.3.25 IPR017955 IMPase/FBPaseIPR000760 Inositol P 

266.66667 

ENSMUSP00000078914 19.5  Ufm1-conjugating enzyme 1 (Ubiquitin-fold modifier-conjugating enzyme 1) IPR014806 DUF1782IPR016135 UBQ-
conjugat/RWD-like 

171.05263 

ENSMUSP00000003117 48.5  AP-1 complex subunit mu-1 (Adaptor-related protein complex 1 mu-1 subunit)(Adaptor protein complex AP-1 mu-1 
subunit)(Golgi adaptor HA1/AP1 adaptin mu-1 subunit)(Mu-adaptin 1)(AP-mu chain family member mu1A)(Mu1A-
adaptin)(Clathrin assembly protein complex 1 medium chain 1)(Clathrin coat assembly protein AP47)(Clathrin coat-
associated protein AP47) IPR001392 Clathrin muIPR008968 Clathrin mu CIPR018240 Clathrin mu CSIPR011012 Longin 
like 

425.4386 

ENSMUSP00000103181 23.2  60S ribosomal protein L19 IPR005819 Histone H5IPR000196 Ribosomal L19/L19e 203.50877 

ENSMUSP00000005651 77  NADPH--cytochrome P450 reductase (CPR)(P450R)(EC 1.6.2.4) Source: 1.6.2.4 IPR003097 FAD-binding 1IPR001094 
Flavdoxin likeIPR008254 Flavodoxin/NO synthIPR001709 Flavoprot Pyr Nucl cyt RdtaseIPR001834 NADH-Cyt B5 
reductaseIPR001433 OxRdtase FAD/NAD bdIPR017938 Riboflavin synthase like b-brl 

675.4386 

ENSMUSP00000000687 32.8  3-hydroxyanthranilate 3,4-dioxygenase (EC 1.13.11.6)(3-hydroxyanthranilic acid dioxygenase)(HAD)(3-
hydroxyanthranilate oxygenase)(3-HAO) Source: 1.13.11.6 IPR010329 3hydroanth dOaseIPR016700 3hydroanth dOase 
metIPR011051 Cupin RmlC type 

287.7193 

ENSMUSP00000102857 40.7  26S proteasome non-ATPase regulatory subunit 4 (26S proteasome regulatory subunit S5A)(Rpn10)(Multiubiquitin chain-
binding protein) IPR003903 Ubiquitin-int motifIPR002035 VWF A 

357.01754 

ENSMUSP00000026625 37.5  Citrate lyase subunit beta-like protein, mitochondrial Precursor (Citrate lyase beta-like)(EC 4.1.-.-) Source: 4.1.-.- 
IPR011206 Citrate lyase betaIPR005000 HpcH HpaIIPR015813 Pyrv/PenolPyrv Kinase cat 

328.94737 

ENSMUSP00000034834 57.8  Pyruvate kinase isozymes M1/M2 (EC 2.7.1.40)(Pyruvate kinase muscle isozyme) Source: 2.7.1.40 IPR001697 Pyr 
KnaseIPR015813 Pyrv/PenolPyrv Kinase catIPR018209 Pyrv Knase ASIPR015795 Pyrv Knase C-likeIPR015794 Pyrv 
Knase a/bIPR015793 Pyrv Knase brl 

507.01754 

ENSMUSP00000065113 35  Succinyl-CoA ligase Source: 6.2.1.4 IPR017440 Cit synth/succinyl-CoA lig ASIPR003781 CoA bdIPR005810 CoA lig 
alphaIPR005811 CoA ligaseIPR016040 NAD(P)-bdIPR016102 Succinyl-CoA synth-like 

307.01754 

ENSMUSP00000022271 76.8  Peroxisomal acyl-coenzyme A oxidase 2 (EC 1.17.99.3)(3-alpha,7-alpha,12-alpha-trihydroxy-5-beta-cholestanoyl-CoA 
24-hydroxylase)(3-alpha,7-alpha,12-alpha-trihydroxy-5-beta-cholestanoyl-CoA oxidase)(Trihydroxycoprostanoyl-CoA 
oxidase)(THCA-CoA oxidase)(THCCox) Source: 1.17.99.3 IPR006091 Acyl-CoA DHase/Oxase MIPR012258 Acyl-CoA 
oxidaseIPR002655 Acyl-CoA oxidase CIPR009100 AcylCoA DH/oxidase M/NIPR009075 AcylCo DHase/oxidase C 

673.68421 



ENSMUSP00000025679 31.3  Ubiquitin thioesterase OTUB1 (EC 3.1.2.-)(Otubain-1)(OTU domain-containing ubiquitin aldehyde-binding protein 
1)(Ubiquitin-specific-processing protease OTUB1)(Deubiquitinating enzyme OTUB1) Source: 3.1.2.- IPR003323 
OTUIPR016615 Ubiquitin thioesterase Otubain 

274.5614 

ENSMUSP00000021425 38.1  Activator of 90 kDa heat shock protein ATPase homolog 1 (AHA1) IPR013538 AHSA1IPR015310 AHSA1 N 334.21053 

ENSMUSP00000027356 60.7  Cytochrome P450 27, mitochondrial Precursor (EC 1.14.13.15)(Cytochrome P-450C27/25)(Sterol 26-hydroxylase)(Sterol 
27-hydroxylase)(Vitamin D(3) 25-hydroxylase)(5-beta-cholestane-3-alpha,7-alpha,12-alpha-triol 27-hydroxylase) Source: 
1.14.13.15 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt 
P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR002399 Cyt P450 mit 

532.45614 

ENSMUSP00000099754 22.6  Phosphatidylethanolamine N-methyltransferase (PEAMT)(PEMT)(EC 2.1.1.17)(PEMT2) Source: 2.1.1.17 IPR007318 
PEMT 

198.24561 

ENSMUSP00000095285 23  Ras-related protein Rab-18 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR013684 Miro-likeIPR002078 RNA pol sigma 54 intIPR002041 Ran GTPaseIPR013753 
RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

201.75439 

ENSMUSP00000028004 55.9  4-trimethylaminobutyraldehyde dehydrogenase (TMABADH)(EC 1.2.1.47)(Aldehyde dehydrogenase family 9 member 
A1)(EC 1.2.1.3) Source: 1.2.1.47 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald DHase CSIPR015590 Aldehyde 
DHase 

490.35088 

ENSMUSP00000104825 46.8  interferon gamma inducible protein 47 IPR007743 Interferon-inducible GTPase 410.52632 

ENSMUSP00000030769 52.8  26S protease regulatory subunit 7 (Proteasome 26S subunit ATPase 2)(Protein MSS1) IPR005937 26S Psome 
P45IPR003593 AAA+ ATPase coreIPR003960 AAA ATPase CSIPR003959 AAA ATPase core 

463.15789 

ENSMUSP00000026743 52.8  Cytochrome b-c1 complex subunit 1, mitochondrial Precursor (Ubiquinol-cytochrome-c reductase complex core protein 
1)(Core protein I)(Complex III subunit 1) IPR011249 Metalloenz metal-bdIPR011765 Pept M16 NIPR007863 Peptidase 
M16 C 

463.15789 

ENSMUSP00000054490 15.8  40S ribosomal protein S23 IPR016027 NA-bd OB-fold-likeIPR006032 Ribosomal S12/S23IPR005679 Ribosomal S12 
bac-typeIPR005680 Ribosomal S23 euk/arc 

138.59649 

ENSMUSP00000022960 52.2  Eukaryotic translation initiation factor 3 subunit E (eIF3e)(Eukaryotic translation initiation factor 3 subunit 6)(eIF-3 
p48)(Mammary tumor-associated protein INT-6)(Viral integration site protein INT-6)(MMTV integration site 6) IPR000717 
PCIIPR016650 Transl init fac 3 su6 euk 

457.89474 

ENSMUSP00000015829 47.8  Short/branched chain specific acyl-CoA dehydrogenase, mitochondrial Precursor (SBCAD)(EC 1.3.99.-)(2-methyl 
branched chain acyl-CoA dehydrogenase)(2-MEBCAD)(2-methylbutyryl-coenzyme A dehydrogenase)(2-methylbutyryl-
CoA dehydrogenase) Source: 1.3.99.- IPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 
Acyl-CoA DHase CSIPR006092 Acyl-CoA DHase NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA 
DH/oxidase M/N 

419.29825 

ENSMUSP00000068594 111.1  Hypoxia up-regulated protein 1 Precursor (170 kDa glucose-regulated protein)(GRP-170)(140 kDa Ca(2+)-binding 
protein)(CBP-140) IPR018181 Heat shock 70 CSIPR001312 HexokinaseIPR001023 Hsp70IPR013126 Hsp 70 

974.5614 

ENSMUSP00000109196 41.6  Magnesium transporter protein 1 Precursor (MagT1)(Implantation-associated protein)(IAP) IPR006844 OST3 
OST6IPR012336 Thioredoxin-like fold 

364.91228 

ENSMUSP00000101003 24.7  NADH dehydrogenase Source: 1.6.5.3 IPR006138 NADH DHase 20kDa suIPR006137 OxRdtase q6 216.66667 

ENSMUSP00000065352 20  NADH dehydrogenase IPR010625 CHCHIPR016680 NADH Ub cplx-1 asu su-8 175.4386 

ENSMUSP00000026560 42.8  26S proteasome non-ATPase regulatory subunit 13 (26S proteasome regulatory subunit S11)(26S proteasome regulatory 
subunit p40.5) IPR007985 Hemolysn expr modulating HHAIPR000717 PCI 

375.4386 

ENSMUSP00000021313 26.5  Dephospho-CoA kinase domain-containing protein IPR001977 Depp CoAkinase 232.45614 

ENSMUSP00000026827 22.7  UPF0585 protein C16orf13 homolog IPR010342 DUF938 199.12281 

ENSMUSP00000023237 58.2  Nicotinate phosphoribosyltransferase (NAPRTase)(EC 2.4.2.11)(Nicotinate phosphoribosyltransferase domain-containing 
protein 1) Source: 2.4.2.11 IPR015977 Nic PRibTrfase-likeIPR007229 Nic PRibTrfase-relIPR006405 Nic PRibTrfase put 

510.52632 

ENSMUSP00000031383 24.4  GTP-binding nuclear protein Ran (GTPase Ran)(Ras-related nuclear protein)(Ras-like protein TC4) IPR006688 
ARFIPR006689 ARF/SARIPR018210 GTP-bd nuclear protein CSIPR003579 GTPase RabIPR003577 GTPase 
RasIPR003578 GTPase RhoIPR001019 Gprotein alph bdIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 

214.03509 



RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

ENSMUSP00000008991 270.8  spectrin beta 3 IPR001589 Actinin actin-bd CSIPR016146 Calponin-homologyIPR001715 Calponin act bdIPR001849 
Pleckstrin homologyIPR018159 Spectrin/alpha-actininIPR001605 Spectrin PHIPR016343 Spectrin bsuIPR002017 
Spectrin repeat 

2375.4386 

ENSMUSP00000084053 32.7  Translocon-associated protein subunit alpha Precursor (TRAP-alpha)(Signal sequence receptor subunit alpha)(SSR-
alpha) IPR005595 TRAP alpha 

286.84211 

ENSMUSP00000018506 57.9  Importin subunit alpha-2 (Karyopherin subunit alpha-2)(SRP1-alpha)(RAG cohort protein 1)(Pendulin)(Pore targeting 
complex 58 kDa subunit)(PTAC58)(Importin alpha P1) IPR016024 ARM-type foldIPR000225 ArmadilloIPR000357 
HEATIPR002652 Importin-a-like IBB-bd 

507.89474 

ENSMUSP00000025375:reversed 123.7  1085.0877 

ENSMUSP00000035220 45.6  cAMP-dependent protein kinase type II-alpha regulatory subunit IPR012198 PK regulatoryIPR010916 TonB box 
CSIPR003117 cAMP-dep prot kin reg I/II a/bIPR002373 cAMP/cGMP kinIPR000595 cNMP bdIPR018490 cNMP bd-
likeIPR018488 cNMP bd CS 

400 

ENSMUSP00000099763:reversed 21.9  192.10526 

ENSMUSP00000014750 34.1  Mitochondrial 2-oxoglutarate/malate carrier protein (OGCP)(Solute carrier family 25 member 11) IPR002113 Aden 
trnslctorIPR002067 Mit carrierIPR002030 Mit uncouplingIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

299.12281 

ENSMUSP00000034866 35  Electron transfer flavoprotein subunit alpha, mitochondrial Precursor (Alpha-ETF) IPR001308 ETF aIPR014730 ETF a/b 
NIPR014731 ETF a CIPR018206 ETF asu C CS 

307.01754 

ENSMUSP00000080994 26  Cytochrome c oxidase subunit 2 (Cytochrome c oxidase polypeptide II) IPR001505 Copper CuAIPR008972 
CupredoxinIPR011759 Cyt c oxidase II TMIPR014222 Cyt c oxidase su2IPR015964 Cyt c oxidase su2-like TMIPR002429 
Cyt c oxidase su2 C 

228.07018 

ENSMUSP00000051092 80.1  Phosphatidylinositol-binding clathrin assembly protein (Clathrin assembly lymphoid myeloid leukemia)(CALM) IPR011417 
ANTHIPR008942 ENTH VHSIPR013809 Epsin-like NIPR001026 Epsin N 

702.63158 

ENSMUSP00000070109 87.1  Vitamin K-dependent gamma-carboxylase (EC 6.4.-.-)(Gamma-glutamyl carboxylase)(Vitamin K gamma glutamyl 
carboxylase) Source: 6.4.-.- IPR011051 Cupin RmlC typeIPR011020 HTTMIPR007782 VKG COase 

764.03509 

ENSMUSP00000005606 40.5  cAMP-dependent protein kinase catalytic subunit alpha (PKA C-alpha)(EC 2.7.11.11) Source: 2.7.11.11 IPR000961 AGC-
kinase CIPR011009 Kinase likeIPR017892 Pkinase CIPR000719 Prot kinase coreIPR017441 Protein kinase ATP 
BSIPR017442 Se/Thr pkinase-relIPR008271 Ser thr pkin ASIPR002290 Ser thr pkinaseIPR001245 Tyr pkinase 

355.26316 

ENSMUSP00000028691 58.1  ADP-ribosylation factor GTPase-activating protein 2 (ARF GAP 2)(GTPase-activating protein ZNF289)(Zinc finger protein 
289) IPR001164 ArfGAP 

509.64912 

ENSMUSP00000030385 33.8  Phosphopantothenate--cysteine ligase (EC 6.3.2.5)(Phosphopantothenoylcysteine synthetase)(PPC synthetase) Source: 
6.3.2.5 IPR007085 DNA/pantothenate-metab flavo C 

296.49123 

ENSMUSP00000094167 46.1  DEP domain-containing protein 6 IPR001478 PDZ/DHR/GLGFIPR000591 Pleckstrin/G-protein interact 404.38596 

ENSMUSP00000036555 119.2  Importin-4 (Imp4)(Importin-4a)(Imp4a)(Ran-binding protein 4)(RanBP4) IPR016024 ARM-type foldIPR000357 
HEATIPR001494 Importin-b N 

1045.614 

ENSMUSP00000036881 94.9  ATP-binding cassette sub-family F member 1 IPR003593 AAA+ ATPase coreIPR003439 ABC transporter-likeIPR017871 
ABC transporter CSIPR001984 Peptidase S16IPR009068 S15 NS1 RNA bd 

832.45614 

sp|CASK_BOVIN| 21.3  Kappa-casein; Contains: Casoxin-C; Contains: Casoxin-6; Contains: Casoxin-A; Contains: Casoxin-B; Contains: 
Casoplatelin; Flags: Precursor;  

186.84211 

ENSMUSP00000033673 54.5  Non-POU domain-containing octamer-binding protein (NonO protein) IPR012975 NOPSIPR000504 RRM RNP1 478.07018 

ENSMUSP00000032920 23.6  CDP-diacylglycerol--inositol 3-phosphatidyltransferase (EC 2.7.8.11)(Phosphatidylinositol synthase)(PtdIns synthase)(PI 
synthase) Source: 2.7.8.11 IPR000462 CDP-OH P transIPR014387 CDP diag ino 3 P euk 

207.01754 

ENSMUSP00000105447 51.9  Glucokinase (EC 2.7.1.2)(Hexokinase type IV)(HK IV)(Hexokinase-4)(HK4)(Hexokinase-D) Source: 2.7.1.2 IPR001312 
HexokinaseIPR001023 Hsp70 

455.26316 

ENSMUSP00000027491 45.9  Serine--pyruvate aminotransferase, mitochondrial Precursor (SPT)(EC 2.6.1.51)(Alanine--glyoxylate 
aminotransferase)(AGT)(EC 2.6.1.44) Source: 2.6.1.51 IPR000192 Aminotrans V/Cys dSaseIPR015424 PyrdxlP-dep 
Trfase major 

402.63158 



ENSMUSP00000110094 19.5  60S ribosomal protein L24 IPR000988 Ribosomal L24eIPR011017 TRASH 171.05263 

ENSMUSP00000025476 32.2  Thioredoxin-like protein 1 (32 kDa thioredoxin-related protein) IPR010400 DUF1000IPR012336 Thioredoxin-like 
foldIPR006662 Thioredoxin-like subdomIPR017937 Thioredoxin CSIPR013766 Thioredoxin dom 

282.45614 

ENSMUSP00000027863 35.2  Sodium/potassium-transporting ATPase subunit beta-1 (Sodium/potassium-dependent ATPase subunit beta-1) 
IPR000402 ATPase H Na/K b 

308.77193 

ENSMUSP00000026289 27.3  3-hydroxyacyl-CoA dehydrogenase type-2 (EC 1.1.1.35)(3-hydroxyacyl-CoA dehydrogenase type II)(Type II HADH)(3-
hydroxy-2-methylbutyryl-CoA dehydrogenase)(EC 1.1.1.178)(17-beta-hydroxysteroid dehydrogenase 10)(Mitochondrial 
ribonuclease P protein 2)(Mitochondrial RNase P protein 2)(Endoplasmic reticulum-associated amyloid beta-peptide-
binding protein) Source: 1.1.1.35 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR001509 Epimerase 
deHydtaseIPR002347 Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bdIPR013968 Polyketide 
synth KR 

239.47368 

ENSMUSP00000015877 32.9  F-actin-capping protein subunit alpha-2 (CapZ alpha-2) IPR002189 F-actin cap asuIPR017865 F-actin cap asu 
CSIPR018315 F-actin cap asu actin bd 

288.59649 

ENSMUSP00000018470 28.1  14-3-3 protein beta/alpha (Protein kinase C inhibitor protein 1)(KCIP-1) IPR000308 14-3-3 246.49123 

ENSMUSP00000027529 23.6  Ras-related protein Rab-17 IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

207.01754 

ENSMUSP00000031741 57.5  Cytochrome P450 3A13 (EC 1.14.14.1)(CYPIIIA13) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 Cyt P450 
BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR008072 Cyt P450 E CYP3AIPR002401 Cyt P450 E grp-IIPR002402 
Cyt P450 E grp-IIIPR002403 Cyt P450 E grp-IV 

504.38596 

ENSMUSP00000035804 38  MOSC domain-containing protein 1, mitochondrial Precursor (EC 1.-.-.-) Source: 1.-.-.- IPR005303 MOSC NIPR005302 
MoCF Sase CIPR011037 Pyrv Knase b-brl-like 

333.33333 

ENSMUSP00000033715 40.7  Sterol-4-alpha-carboxylate 3-dehydrogenase, decarboxylating (EC 1.1.1.170) Source: 1.1.1.170 IPR002225 3Beta 
OHSteriod DHase/EstaseIPR001509 Epimerase deHydtaseIPR013120 Male sterile NAD-bdIPR016040 NAD(P)-
bdIPR003869 Polysac CapD 

357.01754 

ENSMUSP00000003622 33.9  solute carrier family 25, member 1 IPR002113 Aden trnslctorIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 
Mitochondrial sb/sol carrier 

297.36842 

ENSMUSP00000029386 68  Electron transfer flavoprotein-ubiquinone oxidoreductase, mitochondrial Precursor (ETF-ubiquinone oxidoreductase)(ETF-
QO)(EC 1.5.5.1)(Electron-transferring-flavoprotein dehydrogenase)(ETF dehydrogenase) Source: 1.5.5.1 IPR007859 
ETFD OxRdtaseIPR006076 FAD-dep OxRdtaseIPR000103 Pyridine nuc-diS OxRdtase 2 

596.49123 

ENSMUSP00000069432 292.8  GCN1 general control of amino-acid synthesis 1-like 1 IPR016024 ARM-type foldIPR000225 ArmadilloIPR000357 
HEATIPR004155 PBS lyase HEAT 

2568.4211 

ENSMUSP00000099482 21.9  Inosine triphosphate pyrophosphatase (ITPase)(Inosine triphosphatase)(EC 3.6.1.19) Source: 3.6.1.19 IPR002637 
Ham1p like 

192.10526 

ENSMUSP00000042232 21.1  Heme-binding protein 1 (p22HBP) IPR006917 SOUL haem bd 185.08772 

ENSMUSP00000022962 34.9  Tetratricopeptide repeat protein 35 (TPR repeat protein 35) IPR013105 TPR 2IPR013026 TPR region 306.14035 

ENSMUSP00000101478 24.8  Acyl-protein thioesterase 2 (EC 3.1.2.-)(Lysophospholipase II)(Lysophospholipase 2)(mLyso II) Source: 3.1.2.- 
IPR003140 Phospholipase/Carboxylesterase 

217.54386 

ENSMUSP00000022293 31.7  Voltage-dependent anion-selective channel protein 2 (VDAC-2)(mVDAC2)(Voltage-dependent anion-selective channel 
protein 6)(VDAC-6)(mVDAC6)(Outer mitochondrial membrane protein porin 2) IPR001925 Porin Euk 

278.07018 

ENSMUSP00000080888 111.5  Uncharacterized protein KIAA0090 Precursor IPR011678 DUF1620IPR011047 Quino AlcDHase-like 978.07018 

ENSMUSP00000020343 24.1  Ras-related protein Rab-21 (Rab-12) IPR006688 ARFIPR003579 GTPase RabIPR003577 GTPase RasIPR003578 
GTPase RhoIPR006036 K uptake TrkAIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras 
GTPaseIPR005225 Small GTP bd 

211.40351 

ENSMUSP00000045864 45.7  Arylacetamide deacetylase-like 1 (EC 3.1.1.-)(Chlorpyrifos oxon-binding protein)(CPO-BP)(Neutral cholesterol ester 
hydrolase)(NCEH) Source: 3.1.1.- IPR013094 AB hydrolase 3IPR017157 Arylacetamide deacetylaseIPR002168 Lipase 
GDXG AS 

400.87719 

ENSMUSP00000034947 23.7  Peptidyl-prolyl cis-trans isomerase B Precursor (PPIase)(Rotamase)(EC 5.2.1.8)(Cyclophilin B)(S- 207.89474 



cyclophilin)(SCYLP)(CYP-S1) Source: 5.2.1.8 IPR015891 Cyclophilin-likeIPR002130 PPIase cyclophilin 

ENSMUSP00000001566 49.6  Tubulin beta-5 chain IPR002452 Alpha tubulinIPR013838 Beta-tubulin BSIPR002453 Beta tubulinIPR000158 Cell division 
FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ CIPR000217 
TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

435.08772 

ENSMUSP00000021854 39.5  Peroxisomal 3,2-trans-enoyl-CoA isomerase (EC 5.3.3.8)(Dodecenoyl-CoA isomerase)(Delta(3),delta(2)-enoyl-CoA 
isomerase)(D3,D2-enoyl-CoA isomerase) Source: 5.3.3.8 IPR000582 Acyl-CoA-binding proteinIPR001753 Crotonase core 

346.49123 

ENSMUSP00000025968 55.8  Cytochrome P450 2C39 (EC 1.14.14.1)(CYPIIC39) Source: 1.14.14.1 IPR004090 Chemotax Me-accpt rcptIPR001128 
Cyt P450IPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-
IVIPR008067 Cyt P450 E grp-I CYP2A-likeIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008069 Cyt P450 E grp-I CYP2D-
likeIPR008070 Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I CYP2J-likeIPR000362 Fumarate lyase 

489.47368 

ENSMUSP00000081030 16.7 no description availableIPR001196 Ribosomal L15 146.49123 

ENSMUSP00000029414 21.1  Translocon-associated protein subunit gamma (TRAP-gamma)(Signal sequence receptor subunit gamma)(SSR-gamma) 
IPR009779 TRAP-gamma 

185.08772 

ENSMUSP00000026610 55.7  Argininosuccinate lyase (ASAL)(EC 4.3.2.1)(Arginosuccinase) Source: 4.3.2.1 IPR009049 Argininosuccinate 
lyaseIPR003031 D crystallinIPR000362 Fumarate lyaseIPR008948 L-Aspartase-like 

488.59649 

ENSMUSP00000025617 17.4  Riboflavin kinase (EC 2.7.1.26)(ATP:riboflavin 5--phosphotransferase)(Flavokinase)(KOI-4) Source: 2.7.1.26 IPR015865 
Riboflavin kinase 

152.63158 

ENSMUSP00000027036 24.7  Acyl-protein thioesterase 1 (EC 3.1.2.-)(Lysophospholipase 1)(Lysophospholipase I)(LysoPLA I) Source: 3.1.2.- 
IPR003140 Phospholipase/Carboxylesterase 

216.66667 

ENSMUSP00000099649 46.1  Eukaryotic initiation factor 4A-I (eIF-4A-I)(eIF4A-I)(EC 3.6.1.-)(ATP-dependent RNA helicase eIF4A-1) Source: 3.6.1.- 
IPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 
Helicase SF1/SF2 ATP-bdIPR000629 RNA-helicase DEAD-box CSIPR014014 RNA helicase DEAD Q motif 

404.38596 

ENSMUSP00000077118 23.5  60S ribosomal protein L14 IPR000104 Antifreeze 1IPR005819 Histone H5IPR005824 KOWIPR002784 Ribosomal L14e 206.14035 

ENSMUSP00000088168 28.9  ATP synthase subunit b, mitochondrial Precursor IPR008688 ATPase F0-cplx bsu mt 253.50877 

ENSMUSP00000109451 34.3  Actin-related protein 2/3 complex subunit 2 (Arp2/3 complex 34 kDa subunit)(p34-ARC) IPR007188 P34-arc 300.87719 

ENSMUSP00000105356 21.8  Peroxiredoxin-2 (EC 1.11.1.15)(Thioredoxin peroxidase 1)(Thioredoxin-dependent peroxide reductase 1)(Thiol-specific 
antioxidant protein)(TSA) Source: 1.11.1.15 IPR000866 Alkyl hydroperoxide RdtaseIPR013740 RedoxinIPR012336 
Thioredoxin-like fold 

191.22807 

ENSMUSP00000027916 33.2  3-(2-),5--bisphosphate nucleotidase 1 (EC 3.1.3.7)(Bisphosphate 3--nucleotidase 1)(PAP-inositol-1,4-phosphatase)(PIP) 
Source: 3.1.3.7 IPR018062 HTH AraC-typ sub 2IPR000760 Inositol P 

291.22807 

ENSMUSP00000016463 32.9  ADP/ATP translocase 2 (Adenine nucleotide translocator 2)(ANT 2)(ADP,ATP carrier protein 2)(Solute carrier family 25 
member 5) IPR002113 Aden trnslctorIPR002067 Mit carrierIPR002030 Mit uncouplingIPR001993 Mitoch 
carrierIPR018108 Mitochondrial sb/sol carrier 

288.59649 

ENSMUSP00000037583 24.9  Transmembrane emp24 domain-containing protein 10 Precursor (21 kDa transmembrane-trafficking 
protein)(Transmembrane protein Tmp21) IPR009038 GOLD 

218.42105 

ENSMUSP00000100059 89.5  UPF0555 protein KIAA0776  785.08772 

ENSMUSP00000093229 39.4  Sodium/bile acid cotransporter (Na(+)/bile acid cotransporter)(Na(+)/taurocholate transport protein)(Sodium/taurocholate 
cotransporting polypeptide)(Solute carrier family 10 member 1) IPR002657 BilAc/Na symportIPR004710 Bil ac transpt 

345.61404 

ENSMUSP00000080523 15.8  60S ribosomal protein L32 IPR001515 Ribosomal L32eIPR018263 Ribosomal L32e CS 138.59649 

ENSMUSP00000098648 74.6  signal recognition particle 72 IPR005819 Histone H5IPR013699 Signal recog part SRP72 RNA-bdIPR001440 TPR-
1IPR013105 TPR 2IPR013026 TPR region 

654.38596 

ENSMUSP00000023550 59.2  Protein disulfide-isomerase A5 Precursor (EC 5.3.4.1)(Protein disulfide isomerase-related protein) Source: 5.3.4.1 
IPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like subdomIPR017937 Thioredoxin CSIPR013766 Thioredoxin 
dom 

519.29825 

ENSMUSP00000023952 54.5  Keratin, type II cytoskeletal 8 (Cytokeratin-8)(CK-8)(Keratin-8)(K8)(Cytokeratin endo A) IPR016044 FIPR018039 
Intermediate filament CSIPR002957 Keratin IIPR003054 Keratin IIIPR009053 PrefoldinIPR017441 Protein kinase ATP 

478.07018 



BSIPR003536 Transloc intimin rcpt 

ENSMUSP00000003681 46.3  SEC14-like protein 2 (Alpha-tocopherol-associated protein)(TAP) IPR001251 CRAL bd TRIO CIPR008273 CRAL bd 
TRIO NIPR001071 CRAL bd toc tranIPR000348 Emp24 gp25L p24IPR009038 GOLDIPR011074 Sec14p like N 

406.14035 

ENSMUSP00000051223 28.3  14-3-3 protein gamma IPR000308 14-3-3 248.24561 

ENSMUSP00000098041 204.4  kinesin family member 13B IPR000938 Cytoskel-assoc-prot CAP-GlyIPR000253 FHAIPR001752 Kinesin 
motorIPR008984 SMAD FHA dom 

1792.9825 

ENSMUSP00000010208 55.6  Sodium-coupled neutral amino acid transporter 3 (Na(+)-coupled neutral amino acid transporter 3)(System N amino acid 
transporter 1)(N-system amino acid transporter 1)(Solute carrier family 38 member 3)(mNAT) IPR013057 AA transpt 
TMIPR003975 K chnl volt-dep Kv4 

487.7193 

ENSMUSP00000003907 48.6  Glutaryl-CoA dehydrogenase, mitochondrial Precursor (GCD)(EC 1.3.99.7) Source: 1.3.99.7 IPR006091 Acyl-CoA 
DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA DHase CSIPR006092 Acyl-CoA DHase 
NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/NIPR009075 AcylCo DHase/oxidase C 

426.31579 

ENSMUSP00000076575 39.3  Porphobilinogen deaminase (PBG-D)(EC 2.5.1.61)(Pre-uroporphyrinogen synthase)(Hydroxymethylbilane 
synthase)(HMBS) Source: 2.5.1.61 IPR000860 4pyrrol synth OHMeBilane synth 

344.73684 

ENSMUSP00000097561:reversed 3904.
1 

 34246.491 

ENSMUSP00000084572 140.1  Valyl-tRNA synthetase (EC 6.1.1.9)(Valine--tRNA ligase)(ValRS)(Protein G7a) Source: 6.1.1.9 IPR004046 GST 
CIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-Trfase NIPR013155 V/L/I-tRNA-synth anticodon-
bdIPR002303 Val-tRNA synth IaIPR015413 aa-tRNA-synt IIPR001412 aa-tRNA-synth I CSIPR002300 aa-tRNA-synth 
IaIPR009080 tRNAsynth 1a anticodon-bd 

1228.9474 

ENSMUSP00000103904 40  Galectin-9 IPR008985 ConA like lec glIPR001079 Galectin CRD 350.87719 

ENSMUSP00000018699 32.6  Asialoglycoprotein receptor 1 (ASGP-R 1)(ASGPR 1)(Hepatic lectin 1)(MHL-1) IPR002353 AntifreezeIIIPR001304 C-type 
lectinIPR018378 C-type lectin CSIPR016187 C-type lectin foldIPR005640 Lectin NIPR003990 Pancreatis ac 

285.96491 

ENSMUSP00000026552 56.8  Cytochrome P450 2E1 (EC 1.14.14.1)(CYPIIE1)(P450-J)(P450-ALC) Source: 1.14.14.1 IPR001128 Cyt P450IPR002397 
Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-
IVIPR008068 Cyt P450 E grp-I CYP2B-likeIPR008070 Cyt P450 E grp-I CYP2E-likeIPR008071 Cyt P450 E grp-I CYP2J-
like 

498.24561 

ENSMUSP00000081782 119.4  Importin-7 (Imp7)(Ran-binding protein 7)(RanBP7) IPR016024 ARM-type foldIPR003006 Ig/MHC CSIPR001494 Importin-
b N 

1047.3684 

ENSMUSP00000073175 17.2  60S ribosomal protein L26 (Silica-induced gene 20 protein)(SIG-20) IPR005824 KOWIPR005825 Ribosomal L24/26 
CSIPR005756 Ribosomal L26 euk/arcIPR008991 Translation prot SH3-like 

150.87719 

ENSMUSP00000104830 16.3  Ubiquitin-conjugating enzyme E2 variant 1 (UEV-1)(CROC-1) IPR016135 UBQ-conjugat/RWD-likeIPR000608 UBQ-
conjugat E2 

142.98246 

ENSMUSP00000087046 28.7  Proteasome activator complex subunit 1 (Proteasome activator 28 subunit alpha)(PA28alpha)(PA28a)(Activator of 
multicatalytic protease subunit 1)(11S regulator complex subunit alpha)(REG-alpha) IPR003185 Proteasome activ REG 
asuIPR009077 Proteasome activ REG asu/bsuIPR003186 Proteasome activ REG bsu 

251.75439 

ENSMUSP00000029353 57.9  Importin subunit alpha-4 (Karyopherin subunit alpha-4)(Importin alpha Q1)(Qip1) IPR016024 ARM-type foldIPR000225 
ArmadilloIPR000357 HEATIPR002652 Importin-a-like IBB-bd 

507.89474 

ENSMUSP00000031160 47  Multifunctional protein ADE2 Source: 6.3.2.6 IPR000031 AIR COase coreIPR001636 SAICAR syntIPR018236 SAICAR 
synthetase CS 

412.2807 

ENSMUSP00000022993 28.8  Derlin-1 (Der1-like protein 1)(Degradation in endoplasmic reticulum protein 1) IPR007599 DER1 252.63158 

ENSMUSP00000106250 12.4  60S ribosomal protein L36a (60S ribosomal protein L44) IPR000552 Ribosomal L44eIPR011332 Ribosomal zn-bd 108.77193 

ENSMUSP00000100968 44.3  Dual specificity mitogen-activated protein kinase kinase 2 (MAP kinase kinase 2)(MAPKK 2)(EC 2.7.12.2)(ERK activator 
kinase 2)(MAPK/ERK kinase 2)(MEK2) Source: 2.7.12.2 IPR000960 Flavin mOaseIPR011009 Kinase likeIPR000719 Prot 
kinase coreIPR017441 Protein kinase ATP BSIPR017442 Se/Thr pkinase-relIPR008271 Ser thr pkin ASIPR002290 Ser 
thr pkinaseIPR001245 Tyr pkinase 

388.59649 

ENSMUSP00000049007 100  Catenin alpha-1 (102 kDa cadherin-associated protein)(CAP102)(Alpha E-catenin) IPR001033 Alpha cateninIPR017997 877.19298 



VinculinIPR006077 Vinculin/cateninIPR000633 Vinculin CS 

ENSMUSP00000080974 52.7  Platelet glycoprotein 4 (Platelet glycoprotein IV)(GPIV)(GPIIIB)(PAS IV)(PAS-4)(CD36 antigen) IPR002159 
CD36IPR005428 CD36 antigenIPR005429 LimpII 

462.2807 

ENSMUSP00000020522 85.3  6-phosphofructokinase, liver type (EC 2.7.1.11)(Phosphofructokinase 1)(Phosphohexokinase)(Phosphofructo-1-kinase 
isozyme B)(PFK-B) Source: 2.7.1.11 IPR009161 6-phosphofructokinase eukIPR015912 Phosphofructokinase 
CSIPR000023 Ppfruckinase 

748.24561 

ENSMUSP00000100802 24.1  60S ribosomal protein L15 Fragment Source: UniProtKB/TrEMBL B8JKK2 IPR000439 Ribosomal L15eIPR012678 
Ribosomal L23/L15e core 

211.40351 

ENSMUSP00000029405 76.7  GMP synthase Source: 6.3.5.2 IPR006220 Anth synthIIIPR001317 CarbamoylP synth GATaseIPR011702 
GATASEIPR000991 GATase class1 CIPR001674 GMP synth CIPR004739 GMP synth NIPR018317 Queuosine synth-
like 

672.80702 

ENSMUSP00000051935 48  Basic leucine zipper and W2 domain-containing protein 1 IPR016024 ARM-type foldIPR003307 eIF5C 421.05263 

ENSMUSP00000025483 64.2  Asparaginyl-tRNA synthetase, cytoplasmic (EC 6.1.1.22)(Asparagine--tRNA ligase)(AsnRS) Source: 6.1.1.22 IPR004522 
Asn-tRNA-synth IIbIPR002312 Asp-tRNA-synth IIbIPR004365 NA bd OB tRNA-helicaseIPR004364 aa-tRNA-synt 
IIIPR006195 aa-tRNA-synth II 

563.15789 

ENSMUSP00000028241 31.4  Erythrocyte band 7 integral membrane protein (Stomatin)(Protein 7.2b) IPR001107 Band 7IPR018080 Band 7/stomatin-
like CSIPR001972 Stomatin 

275.4386 

ENSMUSP00000047898 53.9  ATP-dependent RNA helicase DDX19A (EC 3.6.1.-)(DEAD box protein 19A)(DEAD box RNA helicase 
DEAD5)(mDEAD5)(Eukaryotic translation initiation factor 4A-related sequence 1) Source: 3.6.1.- IPR014001 DEAD-like 
NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 Helicase SF1/SF2 ATP-
bdIPR014014 RNA helicase DEAD Q motif 

472.80702 

ENSMUSP00000022060 21.9  Programmed cell death protein 6 (Probable calcium-binding protein ALG-2)(PMP41)(ALG-257) IPR018247 EF HAND 
1IPR018249 EF HAND 2IPR018248 EF handIPR002048 EF hand Ca bd 

192.10526 

ENSMUSP00000001713 27.4  Glutathione S-transferase theta-1 (EC 2.5.1.18)(GST class-theta-1) Source: 2.5.1.18 IPR004046 GST CIPR010987 
Glutathione-S-Trfase C-likeIPR004045 Glutathione S-Trfase NIPR012336 Thioredoxin-like fold 

240.35088 

ENSMUSP00000107760 165.7  Alpha-2-macroglobulin Precursor (Alpha-2-M)(Pregnancy zone protein) IPR009048 A-macroglobulin rcpt-bdIPR002890 
A2M NIPR011625 A2M N 2IPR011626 A2M compIPR001599 MacrogloblnA2IPR008930 Terpenoid cyclase/PrenylTrfase 

1453.5088 

ENSMUSP00000028222 72.4  78 kDa glucose-regulated protein Precursor (GRP 78)(Heat shock 70 kDa protein 5)(Immunoglobulin heavy chain-binding 
protein)(BiP) IPR018181 Heat shock 70 CSIPR001023 Hsp70IPR013126 Hsp 70 

635.08772 

ENSMUSP00000038368 97.6  Coatomer subunit gamma-2 (Gamma-2-coat protein)(Gamma-2-COP) IPR016024 ARM-type foldIPR009028 
Calthrin/coatomer app sub CIPR002553 Clathrin/coatomer adapt-like NIPR017106 Coatomer gamma subunitIPR014863 
Coatomer gsu appIPR000357 HEAT 

856.14035 

ENSMUSP00000080531 40.6  Farnesyl pyrophosphate synthetase (FPP synthetase)(FPS)(Farnesyl diphosphate synthetase)(Cholesterol-regulated 39 
kDa protein)(CR 39) Source: 2.5.1.1 IPR000092 Polyprenyl syntIPR008949 Terpenoid synth 

356.14035 

ENSMUSP00000029630 61.3  fibrinogen, alpha polypeptide isoform 2 IPR014814 Fibrinogen alpha N 537.7193 

ENSMUSP00000100067 27.8  14-3-3 protein theta (14-3-3 protein tau) IPR000308 14-3-3 243.85965 

ENSMUSP00000020285 22.4  GTP-binding protein SAR1a IPR006688 ARFIPR006689 ARF/SARIPR013684 Miro-likeIPR001806 Ras 
GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

196.49123 

ENSMUSP00000004508 26  Transmembrane emp24 domain-containing protein 4 Precursor (Endoplasmic reticulum stress-response protein 
25)(ERS25)(p26) IPR000348 Emp24 gp25L p24IPR009038 GOLD 

228.07018 

ENSMUSP00000093944 82.6  Dynamin-1-like protein (EC 3.6.5.5)(Dynamin-related protein 1)(Dynamin family member proline-rich carboxyl-terminal 
domain less)(Dymple) Source: 3.6.5.5 IPR001401 Dynamin GTPaseIPR000375 Dynamin centralIPR003130 GED 

724.5614 

ENSMUSP00000081010 22.3  Glutathione peroxidase 1 (EC 1.11.1.9)(GSHPx-1)(GPx-1)(Cellular glutathione peroxidase) Source: 1.11.1.9 IPR000889 
Glutathione peroxidaseIPR012336 Thioredoxin-like fold 

195.61404 

ENSMUSP00000045927 31.6  Uncharacterized protein C18orf19 homolog IPR009688 DUF1279 277.19298 

ENSMUSP00000096677 202.1  ADP-ribosylation factor guanine nucleotide-exchange factor 2 (brefeldin A-inhibited) IPR016024 ARM-type foldIPR015403 
DUF1981 SEC7 assocIPR000904 Sec7 

1772.807 



ENSMUSP00000100564 27  Proteasome activator complex subunit 2 (Proteasome activator 28 subunit beta)(PA28beta)(PA28b)(Activator of 
multicatalytic protease subunit 2)(11S regulator complex subunit beta)(REG-beta) IPR003185 Proteasome activ REG 
asuIPR009077 Proteasome activ REG asu/bsuIPR003186 Proteasome activ REG bsu 

236.84211 

ENSMUSP00000008826 24.6  60S ribosomal protein L10 (Protein QM homolog) IPR001197 Ribosomal L10eIPR016180 Ribosomal 
L10e/L16IPR018255 Ribosomal L10e CS 

215.78947 

ENSMUSP00000073213 26.8  Peroxisomal coenzyme A diphosphatase NUDT7 (EC 3.6.1.-)(Nucleoside diphosphate-linked moiety X motif 7)(Nudix 
motif 7) Source: 3.6.1.- IPR015797 NUDIXIPR000059 NUDIX hydrolase CSIPR000086 NUDIX hydrolase core 

235.08772 

ENSMUSP00000041814 105.8  Lon protease homolog, mitochondrial Precursor (EC 3.4.21.-)(Lon protease-like protein)(LONP)(Mitochondrial ATP-
dependent protease Lon)(Serine protease 15) Source: 3.4.21.- IPR003593 AAA+ ATPase coreIPR011704 AAA 
5IPR003959 AAA ATPase coreIPR001270 Chaprnin clpA/BIPR008269 Pept S16 CIPR003111 Pept S16 NIPR004815 
Pept S16 lonIPR001984 Peptidase S16IPR008268 Peptidase S16 AS 

928.07018 

ENSMUSP00000030345 73.9  Carnitine O-palmitoyltransferase 2, mitochondrial Precursor (EC 2.3.1.21)(Carnitine palmitoyltransferase II)(CPT II) 
Source: 2.3.1.21 IPR000542 Carn acyl trans 

648.24561 

ENSMUSP00000102140 21.9  5-(3-)-deoxyribonucleotidase, cytosolic type (EC 3.1.3.-)(Cytosolic 5-,3--pyrimidine nucleotidase)(Deoxy-5--nucleotidase 
1)(dNT-1) Source: 3.1.3.- IPR010708 5&apos;(3&apos;)-deoxyribonucleotidase 

192.10526 

ENSMUSP00000083705 34.2  60S acidic ribosomal protein P0 (L10E) IPR000104 Antifreeze 1IPR001813 Ribosomal 60SIPR001790 Ribosomal L10 300 

ENSMUSP00000085623 37.5  5--AMP-activated protein kinase subunit gamma-1 (AMPK gamma-1 chain)(AMPKg) IPR000644 Cysta beta synth core 328.94737 

ENSMUSP00000105795 24.2  Maleylacetoacetate isomerase (MAAI)(EC 5.2.1.2)(Glutathione S-transferase zeta 1)(EC 2.5.1.18)(GSTZ1-1) Source: 
5.2.1.2 IPR004046 GST CIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-Trfase NIPR005955 Mal ac 
isomIPR012336 Thioredoxin-like fold 

212.2807 

ENSMUSP00000044326 76.7  Solute carrier organic anion transporter family member 1B2 (Solute carrier family 21 member 10)(Liver-specific organic 
anion transporter 1)(LST-1)(SLC21A6) IPR011701 MFS 1IPR016196 MFS gen sb transptIPR004156 OA 
transporterIPR011497 Prot Inh Kazal 2IPR002350 Prot inh Kazal 

672.80702 

ENSMUSP00000087694 102.2  E3 ubiquitin-protein ligase MARCH6 (EC 6.3.2.-)(Membrane-associated RING finger protein 6)(Membrane-associated 
RING-CH protein VI)(MARCH-VI) Source: 6.3.2.- IPR011016 Znf RING-CH 

896.49123 

ENSMUSP00000045216 53.2  Monocarboxylate transporter 1 (MCT 1)(Solute carrier family 16 member 1) IPR011701 MFS 1IPR016196 MFS gen sb 
transptIPR004743 Monocarb transpt 

466.66667 

ENSMUSP00000071078 34.5  Coatomer subunit epsilon (Epsilon-coat protein)(Epsilon-COP) IPR006822 Coatomer esu 302.63158 

ENSMUSP00000034966 47.1  60S ribosomal protein L4 IPR016160 Ald DHase CSIPR002136 Ribosomal L4/L1eIPR013000 Ribosomal L4/L1e euk/arc 
CS 

413.15789 

ENSMUSP00000099634 70.8  Very long-chain specific acyl-CoA dehydrogenase, mitochondrial Precursor (EC 1.3.99.-)(MVLCAD)(VLCAD) Source: 
1.3.99.- IPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA DHase 
CSIPR006092 Acyl-CoA DHase NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase M/NIPR009075 
AcylCo DHase/oxidase C 

621.05263 

ENSMUSP00000030830 89.9  GDH/6PGL endoplasmic bifunctional protein Precursor Source: 1.1.1.47 IPR005900 6-
phosphogluconolactonaseIPR001282 Glc-6-P DHaseIPR006148 Glc/Gal-6P isomerase 

788.59649 

ENSMUSP00000107433 28.8  Endoplasmic reticulum protein ERp29 Precursor IPR016855 ER p29IPR011679 ER p29 CIPR012883 ERp29 
NIPR012336 Thioredoxin-like fold 

252.63158 

ENSMUSP00000081001 68.4  NADH-ubiquinone oxidoreductase chain 5 (EC 1.6.5.3)(NADH dehydrogenase subunit 5) Source: 1.6.5.3 IPR010934 
NADH DHase su5 CIPR003945 NADHpl OxRdtase 5IPR018393 NADHpl OxRdtase 5 sgIPR003918 NADHub OxRdtase 
4IPR003916 NADHub OxRdtase 5IPR001516 OxRdtase q1 NIPR001750 Oxidored q1 

600 

ENSMUSP00000038914 54.5  Kynurenine 3-monooxygenase (EC 1.14.13.9)(Kynurenine 3-hydroxylase) Source: 1.14.13.9 IPR003042 Rng 
hydrolaseIPR002938 mOase FAD bd 

478.07018 

ENSMUSP00000055862 20.1  ADP-ribosylation factor 6 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR013684 Miro-likeIPR013753 
RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

176.31579 

ENSMUSP00000108126 55  Protein FAM98A IPR001174 Galkinase 482.45614 

ENSMUSP00000020161 36.2  Arginase-1 (EC 3.5.3.1)(Type I arginase)(Liver-type arginase) Source: 3.5.3.1 IPR005924 ArginaseIPR014033 Arginase 317.54386 



subIPR006035 Ureohydrolase 

ENSMUSP00000036093 115.9  Importin-9 (Imp9)(Importin-9a)(Imp9a)(Importin-9b)(Imp9b)(Ran-binding protein 9)(RanBP9) IPR016024 ARM-type 
foldIPR001494 Importin-b N 

1016.6667 

ENSMUSP00000025385 79.4  Peroxisomal multifunctional enzyme type 2 (MFE-2)(D-bifunctional protein)(DBP)(17-beta-hydroxysteroid dehydrogenase 
4)(17-beta-HSD 4) Source: 1.1.1.35 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR003965 Fatty acid 
synthaseIPR002347 Glc/ribitol DHaseIPR002539 MaoC deHydtaseIPR016040 NAD(P)-bdIPR013968 Polyketide synth 
KRIPR003033 SCP2 sterol bdIPR016083 Sterol-binding-like 

696.49123 

ENSMUSP00000034541 69.6  Signal recognition particle receptor subunit alpha (SR-alpha)(Docking protein alpha)(DP-alpha) IPR003593 AAA+ 
ATPase coreIPR007222 Sig recog particle rcpt asu NIPR000897 Signal recog part SRP54 GTPaseIPR013822 Signal 
recog particl SRP54 hlx 

610.52632 

ENSMUSP00000047536 29.8  Prohibitin (B-cell receptor-associated protein 32)(BAP 32) IPR001107 Band 7IPR000163 Prohibitin 261.40351 

ENSMUSP00000037783 25.8  Growth arrest and DNA-damage-inducible proteins-interacting protein 1  226.31579 

ENSMUSP00000021239 34.9  Leucine-rich repeat-containing protein 59 IPR005819 Histone H5IPR001611 Leu-rich rptIPR003591 Leu-rich rpt typical-
subtyp 

306.14035 

ENSMUSP00000028916 86.4  Protein transport protein Sec23B (SEC23-related protein B) IPR007123 GelsolnIPR012990 Sec23 24 beta SIPR006900 
Sec23 helicalIPR006896 Sec23 trunkIPR006895 Znf Sec23 Sec24 

757.89474 

ENSMUSP00000037018 49.4  Fibrinogen gamma chain Precursor IPR002181 Fibrinogen a/b/g C 433.33333 

ENSMUSP00000110998 46.5  Eukaryotic initiation factor 4A-II (eIF-4A-II)(eIF4A-II)(EC 3.6.1.-)(ATP-dependent RNA helicase eIF4A-2) Source: 3.6.1.- 
IPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH NIPR014021 
Helicase SF1/SF2 ATP-bdIPR000629 RNA-helicase DEAD-box CSIPR014014 RNA helicase DEAD Q motif 

407.89474 

ENSMUSP00000060218 20  Probable gluconokinase (EC 2.7.1.12)(Gluconate kinase) Source: 2.7.1.12 IPR000623 Shik kinaseIPR006001 Therm gnt 
kinIPR000764 Uridine kinase 

175.4386 

ENSMUSP00000002790 110.4  Exportin-2 (Exp2)(Importin-alpha re-exporter)(Chromosome segregation 1-like protein) IPR016024 ARM-type 
foldIPR005043 CAS CSE1 CIPR013713 Exportin Cse1-likeIPR001494 Importin-b N 

968.42105 

ENSMUSP00000030538 49  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa subunit Precursor (Oligosaccharyl transferase 48 
kDa subunit)(DDOST 48 kDa subunit)(EC 2.4.1.119) Source: 2.4.1.119 IPR005013 DDOST 48kDa 

429.82456 

ENSMUSP00000023803 47.5  Keratin, type I cytoskeletal 18 (Cytokeratin-18)(CK-18)(Keratin-18)(K18)(Cytokeratin endo B)(Keratin D) IPR016044 
FIPR018039 Intermediate filament CSIPR002957 Keratin IIPR003054 Keratin IIIPR009053 Prefoldin 

416.66667 

ENSMUSP00000106481 54.2  Dihydrolipoyl dehydrogenase, mitochondrial Precursor (EC 1.8.1.4)(Dihydrolipoamide dehydrogenase) Source: 1.8.1.4 
IPR016156 FAD/NAD-linked Rdtase dimerIPR013027 FAD pyr nucl-diS OxRdtaseIPR000815 Hg reductaseIPR006036 K 
uptake TrkAIPR006258 Lipoamide DHaseIPR012999 Pyr OxRdtase I ASIPR001327 Pyr OxRdtase NAD bdIPR004099 
Pyr nucl-diS OxRdtase dimerIPR000103 Pyridine nuc-diS OxRdtase 2 

475.4386 

ENSMUSP00000034164 39.4  Uncharacterized protein KIAA0174 IPR005061 DUF292 eukIPR000694 PRO rich 345.61404 

ENSMUSP00000112334 58.8  Alpha-aminoadipic semialdehyde dehydrogenase (Alpha-AASA dehydrogenase)(EC 1.2.1.31)(Delta1-piperideine-6-
carboxylate dehydrogenease)(P6c dehydrogenase)(Aldehyde dehydrogenase family 7 member A1)(Antiquitin-1) Source: 
1.2.1.31 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald DHase CSIPR015590 Aldehyde DHase 

515.78947 

ENSMUSP00000067685 180.4  Ras GTPase-activating-like protein IQGAP2 IPR016146 Calponin-homologyIPR001715 Calponin act bdIPR003197 Cyt 
bd ubiquinol oxidase 14kDaIPR000048 IQ CaM bd regionIPR001936 RasGAPIPR000593 RasGAP CIPR008936 Rho 
GTPase activation protIPR001202 WW Rsp5 WWP 

1582.4561 

ENSMUSP00000099364 82.6  Vesicle-fusing ATPase (EC 3.6.4.6)(N-ethylmaleimide-sensitive fusion protein)(NEM-sensitive fusion protein)(Vesicular-
fusion protein NSF)(Suppressor of K(+) transport growth defect 2)(Protein SKD2) Source: 3.6.4.6 IPR003593 AAA+ 
ATPase coreIPR003960 AAA ATPase CSIPR003959 AAA ATPase coreIPR003338 ATPaseVAT NIPR009010 Asp de-
COase-like foldIPR004201 Cdc48 2IPR001984 Peptidase S16 

724.5614 

ENSMUSP00000020717 20.5  ADP-ribosylation factor 5 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR013684 Miro-likeIPR013753 
RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

179.82456 

ENSMUSP00000033509 26.2  3-beta-hydroxysteroid-Delta(8),Delta(7)-isomerase (EC 5.3.3.5)(Cholestenol Delta-isomerase)(Delta(8)-Delta(7) sterol 
isomerase)(D8-D7 sterol isomerase)(Emopamil-binding protein) Source: 5.3.3.5 IPR007905 EBP 

229.82456 



ENSMUSP00000091180 49.5 no description availableIPR000795 ProtSyn GTP bdIPR009001 Transl elong EF1A/Init IF2 CIPR004161 Transl elong 
EFTu/EF1A 2IPR004160 Transl elong EFTu/EF1A CIPR004541 Transl elong EFTu/EF1A bac/org 

434.21053 

ENSMUSP00000095845 32  Alpha-tocopherol transfer protein (Alpha-TTP) IPR001251 CRAL bd TRIO CIPR008273 CRAL bd TRIO NIPR001071 
CRAL bd toc tranIPR011074 Sec14p like N 

280.70175 

ENSMUSP00000035761 503.7  apolipoprotein B precursor IPR016024 ARM-type foldIPR015819 Lipid transp b-sht shellIPR001747 Lipid transpt 
NIPR009454 Lipid transpt open b-shtIPR015255 Vitellinogen open b-sht 

4418.4211 

ENSMUSP00000021375 86.1  Protein transport protein Sec23A (SEC23-related protein A) IPR007123 GelsolnIPR012990 Sec23 24 beta SIPR006900 
Sec23 helicalIPR006896 Sec23 trunkIPR006895 Znf Sec23 Sec24 

755.26316 

ENSMUSP00000000756 24.3  60S ribosomal protein L13 (A52) IPR001380 Ribosomal L13eIPR018256 Ribosomal L13e CS 213.15789 

ENSMUSP00000107914 39.9  Mannose-1-phosphate guanyltransferase beta (EC 2.7.7.13)(GTP-mannose-1-phosphate guanylyltransferase beta)(GDP-
mannose pyrophosphorylase B) Source: 2.7.7.13 IPR001451 Hexapep transfIPR018357 Hexapep transf CSIPR005835 
NTP transferaseIPR011004 Trimer LpxA like 

350 

ENSMUSP00000023583 37.3  Alpha-2-HS-glycoprotein Precursor (Fetuin-A)(Countertrypin) IPR000010 Prot inh cystatIPR001363 Prot inh fetuin CS 327.19298 

ENSMUSP00000007130 85.4  Catenin beta-1 (Beta-catenin) IPR016024 ARM-type foldIPR000225 ArmadilloIPR013284 Beta-cateninIPR000357 HEAT 749.12281 

ENSMUSP00000039202 30.3  Putative L-aspartate dehydrogenase (EC 1.4.1.21) Source: 1.4.1.21 IPR005106 Asp/hSer DHase NAD-bdIPR002811 Asp 
DHaseIPR011182 Asp DHase NAD synIPR001312 HexokinaseIPR016040 NAD(P)-bd 

265.78947 

ENSMUSP00000001460 102  Staphylococcal nuclease domain-containing protein 1 (p100 co-activator)(100 kDa coactivator) IPR008191 Maternal 
tudorIPR016685 Silence cplx Nase-comp TudorSNIPR016071 Staphylococal nuclease OB-foldIPR006021 Staphylococcal 
nucleaseIPR002071 Thermonucl ASIPR002999 TudorIPR018351 Tudor subgroup 

894.73684 

ENSMUSP00000023087 40.1  Twinfilin-1 (Protein A6) IPR002108 Actin-bd cofilin/tropomyosin 351.75439 

ENSMUSP00000021133 70.5  Signal recognition particle 68 kDa protein (SRP68) IPR013026 TPR region 618.42105 

ENSMUSP00000031355 106.9  General vesicular transport factor p115 (Protein USO1 homolog)(Transcytosis-associated protein)(TAP)(Vesicle-docking 
protein) IPR016024 ARM-type foldIPR000225 ArmadilloIPR006955 Uso1 p115 CIPR006953 Uso1 p115 head 

937.7193 

ENSMUSP00000033093 21.4  Apoptosis regulator BAX IPR013282 Apop reg Bcl2RelIPR002475 BCL2 apoptsisIPR000712 Bcl2 BH 187.7193 

ENSMUSP00000107937 20.5  ADP-ribosylation factor 4 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR013684 Miro-likeIPR013753 RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

179.82456 

ENSMUSP00000072199 98.1  Dynamin-2 (EC 3.6.5.5)(Dynamin UDNM) Source: 3.6.5.5 IPR001401 Dynamin GTPaseIPR000375 Dynamin 
centralIPR003130 GEDIPR000694 PRO richIPR001849 Pleckstrin homology 

860.52632 

ENSMUSP00000026538 31.5  Enoyl-CoA hydratase, mitochondrial Precursor (EC 4.2.1.17)(Short chain enoyl-CoA hydratase)(SCEH)(Enoyl-CoA 
hydratase 1) Source: 4.2.1.17 IPR001753 Crotonase coreIPR018376 Enoyl-CoA hyd/isom CS 

276.31579 

ENSMUSP00000025835 88.2  Carnitine O-palmitoyltransferase 1, liver isoform (CPT1-L)(EC 2.3.1.21)(Carnitine O-palmitoyltransferase I, liver 
isoform)(CPTI-L)(CPT I)(Carnitine palmitoyltransferase 1A) Source: 2.3.1.21 IPR000542 Carn acyl trans 

773.68421 

ENSMUSP00000086021 14.5  60S ribosomal protein L31 IPR000054 Ribosomal L31e 127.19298 

ENSMUSP00000001715 27.4  glutathione S-transferase, theta 3 IPR004046 GST CIPR010987 Glutathione-S-Trfase C-likeIPR004045 Glutathione S-
Trfase NIPR012336 Thioredoxin-like fold 

240.35088 

ENSMUSP00000021793 34.2  Elongation of very long chain fatty acids protein 2 IPR006028 GABAA rcptIPR002076 GNS1 SUR4 300 

ENSMUSP00000071616 31.4  60S ribosomal protein L7 IPR016082 Ribosomal L30 CIPR012988 Ribosomal L30 NIPR000517 Ribosomal L30 
coreIPR005998 Ribosomal L7 eukIPR018038 Ribosomal protein L30 

275.4386 

ENSMUSP00000015011 30.4  Surfeit locus protein 4 IPR002995 Surf4 266.66667 

ENSMUSP00000106359 24.4  ER lumen protein retaining receptor 2 (KDEL endoplasmic reticulum protein retention receptor 2)(KDEL receptor 2) 
IPR000133 ER ret rcpt 

214.03509 

ENSMUSP00000036386 36.5  L-lactate dehydrogenase A chain (LDH-A)(EC 1.1.1.27)(LDH muscle subunit)(LDH-M) Source: 1.1.1.27 IPR001557 L-
lactate/malate DHaseIPR011304 L-lactate DHaseIPR018177 L-lactate DHase ASIPR001236 Lactate/malate 
DHaseIPR015955 Lactate DHase/Glyco Ohase 4 CIPR016040 NAD(P)-bdIPR001806 Ras GTPase 

320.17544 

ENSMUSP00000066035 52.2  Annexin A7 (Annexin-7)(Annexin VII)(Synexin) IPR001464 AnnexinIPR002391 AnnexinIVIPR013286 457.89474 



AnnexinVIIIPR009115 AnnexinVIIIIPR018502 Annexin repeatIPR018252 Annexin repeat CSIPR006030 Mollsc rhodpsn 
CIPR000694 PRO rich 

ENSMUSP00000025833 70.3  Bifunctional 3--phosphoadenosine 5--phosphosulfate synthetase 2 (PAPS synthetase 2)(PAPSS 2)(Sulfurylase kinase 
2)(SK 2)(SK2) Source: 2.7.7.4 IPR002891 APS kinase CIPR002650 ATP-sulfurylaseIPR015947 PUA-like 

616.66667 

ENSMUSP00000032168 52.2  Protein transport protein Sec61 subunit alpha isoform 1 (Sec61 alpha-1) IPR002208 SecY 457.89474 

ENSMUSP00000063825 129.6  Pyruvate carboxylase, mitochondrial Precursor (EC 6.4.1.1)(Pyruvic carboxylase)(PCB) Source: 6.4.1.1 IPR011761 ATP-
graspIPR003135 ATP-grasp carboxylate-amineIPR011764 BCIPR001882 Biotin BSIPR005482 Biotin COase 
CIPR000089 Biotin lipoylIPR005483 CarbamoylP synth lsuIPR005479 CarbamoylP synth lsu ATP-bdIPR005481 
CarbamoylP synth lsu NIPR003379 PYC OADAIPR000891 PYR CTIPR016185 PreATP-grasp-likeIPR005930 Pyruv 
COaseIPR011054 Rudment hybrid motifIPR011053 Single hybrid motif 

1136.8421 

ENSMUSP00000072084 64.6  Glucokinase regulatory protein (Glucokinase regulator) IPR005486 Glucokinase regulatory CS 566.66667 

ENSMUSP00000056433 20.6  Ras-related protein Rap-2a Precursor IPR003579 GTPase RabIPR003577 GTPase RasIPR003578 GTPase 
RhoIPR013684 Miro-likeIPR002041 Ran GTPaseIPR013753 RasIPR001806 Ras GTPaseIPR005225 Small GTP bd 

180.70175 

ENSMUSP00000082125 46.7  Serine protease inhibitor A3C Precursor (Serpin A3C)(Kallikrein-binding protein)(KBP) IPR000295 Prot inh 
Lserp2IPR000215 Protease inhib I4 serpin 

409.64912 

ENSMUSP00000031617 33.5  60S ribosomal protein L6 (TAX-responsive enhancer element-binding protein 107)(TAXREB107) IPR000915 Ribosomal 
L6EIPR005568 Ribosomal L6 N 

293.85965 

ENSMUSP00000038214 116.1  Uncharacterized protein KIAA0564 homolog Precursor IPR003593 AAA+ ATPase coreIPR011704 AAA 5IPR001984 
Peptidase S16 

1018.4211 

ENSMUSP00000035010 93.3  Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit STT3B (Oligosaccharyl transferase subunit 
STT3B)(STT3-B)(EC 2.4.1.119)(Source of immunodominant MHC-associated peptides)(B6dom1 antigen) Source: 
2.4.1.119 IPR003674 Oligo trans STT3 

818.42105 

ENSMUSP00000079379 67.3  ATP-binding cassette sub-family E member 1 (RNase L inhibitor)(Ribonuclease 4 inhibitor)(RNS4I) IPR017900 4Fe4S Fe 
S CSIPR001450 4Fe4S Fe S bd subgrIPR003593 AAA+ ATPase coreIPR013283 ABC EIPR003439 ABC transporter-
likeIPR017871 ABC transporter CSIPR007209 RLI metal bd 

590.35088 

ENSMUSP00000075321 34.6  Sulfotransferase 1A1 (EC 2.8.2.1)(Aryl sulfotransferase)(Phenol sulfotransferase)(Sulfokinase)(Phenol/aryl 
sulfotransferase)(mSTp1)(ST1A4) Source: 2.8.2.1 IPR000863 Sulfotransferase 

303.50877 

ENSMUSP00000006703 104.6  inter alpha-trypsin inhibitor, heavy chain 4 IPR010600 ITI HC CIPR000694 PRO richIPR013694 VITIPR006587 VIT 
metIPR002035 VWF A 

917.54386 

ENSMUSP00000052544 40.5  Zinc-binding alcohol dehydrogenase domain-containing protein 2 (EC 1.-.-.-) Source: 1.-.-.- IPR013154 AlcDHase GroES-
likeIPR013149 AlcDHase Zn-bdIPR011032 GroES likeIPR016040 NAD(P)-bdIPR002364 Quin OxRdtase/zeta-crystal CS 

355.26316 

ENSMUSP00000034058 25.4  Carbonyl reductase 4 (EC 1.1.1.-) Source: 1.1.1.- IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase SDRIPR002347 
Glc/ribitol DHaseIPR002424 Insect AlcDHase famIPR016040 NAD(P)-bdIPR013968 Polyketide synth KR 

222.80702 

ENSMUSP00000026667 46.8  Eukaryotic initiation factor 4A-III (EC 3.6.1.-)(Eukaryotic translation initiation factor 4A isoform 3)(ATP-dependent RNA 
helicase eIF4A-3)(ATP-dependent RNA helicase DDX48)(DEAD box protein 48) Source: 3.6.1.- IPR003593 AAA+ 
ATPase coreIPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA helicase DEAD/DEAH 
NIPR014021 Helicase SF1/SF2 ATP-bdIPR000629 RNA-helicase DEAD-box CSIPR014014 RNA helicase DEAD Q motif 

410.52632 

ENSMUSP00000042860 20.8  Glucosamine 6-phosphate N-acetyltransferase (EC 2.3.1.4)(Phosphoglucosamine transacetylase)(Phosphoglucosamine 
acetylase)(EMeg32 protein) Source: 2.3.1.4 IPR016181 Acyl CoA acyltransferaseIPR000182 GCN5-rel AcTrfase 

182.45614 

ENSMUSP00000028683 56.6  Protein disulfide-isomerase A3 Precursor (EC 5.3.4.1)(Disulfide isomerase ER-60)(ERp60)(58 kDa microsomal 
protein)(p58)(ERp57) Source: 5.3.4.1 IPR005788 Disulphide isomeraseIPR005792 Prot disulphide isomeraseIPR012336 
Thioredoxin-like foldIPR006662 Thioredoxin-like subdomIPR017937 Thioredoxin CSIPR013766 Thioredoxin dom 

496.49123 

ENSMUSP00000028592 42.5  Eukaryotic translation initiation factor 3 subunit M (eIF3m)(PCI domain-containing protein 1) IPR016024 ARM-type 
foldIPR000717 PCI 

372.80702 

ENSMUSP00000026122 57  Protein disulfide-isomerase Precursor (PDI)(EC 5.3.4.1)(Prolyl 4-hydroxylase subunit beta)(Cellular thyroid hormone-
binding protein)(p55)(Erp59) Source: 5.3.4.1 IPR005788 Disulphide isomeraseIPR005792 Prot disulphide 
isomeraseIPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like subdomIPR017937 Thioredoxin CSIPR013766 
Thioredoxin dom 

500 



ENSMUSP00000004072 28  60S ribosomal protein L8 IPR016027 NA-bd OB-fold-likeIPR002171 Ribosomal L2IPR008991 Translation prot SH3-like 245.61404 

ENSMUSP00000076521 72.3  Protein disulfide-isomerase A4 Precursor (EC 5.3.4.1)(Protein ERp-72)(ERp72) Source: 5.3.4.1 IPR001393 
CalsequestrinIPR017068 DS-Isoase A4IPR005788 Disulphide isomeraseIPR005792 Prot disulphide 
isomeraseIPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like subdomIPR017937 Thioredoxin CSIPR013766 
Thioredoxin dom 

634.21053 

ENSMUSP00000001479 97.1  Importin subunit beta-1 (Karyopherin subunit beta-1)(Nuclear factor P97)(Pore targeting complex 97 kDa 
subunit)(PTAC97)(SCG) IPR016024 ARM-type foldIPR000225 ArmadilloIPR000357 HEATIPR001494 Importin-b N 

851.75439 

ENSMUSP00000020238 92.4  Endoplasmin Precursor (Heat shock protein 90 kDa beta member 1)(94 kDa glucose-regulated 
protein)(GRP94)(ERP99)(Polymorphic tumor rejection antigen 1)(Tumor rejection antigen gp96) IPR003594 ATP bd 
ATPaseIPR001404 Hsp90IPR004358 Sig transdc His kin-like C 

810.52632 

ENSMUSP00000027123 60.9  60 kDa heat shock protein, mitochondrial Precursor (Heat shock protein 60)(HSP-60)(Hsp60)(60 kDa 
chaperonin)(Chaperonin 60)(CPN60)(Mitochondrial matrix protein P1)(HSP-65) IPR017998 Chaperone TCP-1IPR018370 
Chaperonin Cpn60 CSIPR001844 Chaprnin Cpn60IPR002423 Cpn60/TCP-1 

534.21053 

ENSMUSP00000075513 47.1  Alpha-enolase (EC 4.2.1.11)(2-phospho-D-glycerate hydro-lyase)(Non-neural enolase)(NNE)(Enolase 1) Source: 4.2.1.11 
IPR000941 Enolase 

413.15789 

ENSMUSP00000019512 46  SEC14-like protein 4 IPR001251 CRAL bd TRIO CIPR008273 CRAL bd TRIO NIPR001071 CRAL bd toc tranIPR000348 
Emp24 gp25L p24IPR009038 GOLDIPR011074 Sec14p like N 

403.50877 

ENSMUSP00000099453 67.9  Acyl-CoA synthetase family member 2, mitochondrial Precursor (EC 6.2.1.-) Source: 6.2.1.- IPR000873 AMP-dep 
Synth/Lig 

595.61404 

ENSMUSP00000111081 53  Metalloreductase STEAP4 (EC 1.16.1.-)(Six-transmembrane epithelial antigen of prostate 4)(Tumor necrosis factor-alpha-
induced adipose-related protein)(Dudulin-4) Source: 1.16.1.- IPR013130 Fe3 reduct TM NIPR018486 Hemopexin/matrixin 
CSIPR016040 NAD(P)-bdIPR004455 NADP OxRdtase F420 

464.91228 

ENSMUSP00000039269 50.9  Heterogeneous nuclear ribonucleoprotein K (hnRNP K) IPR004087 KHIPR004088 KH type 1IPR018111 KH type 1 
subgrIPR004044 KH type 2IPR000694 PRO richIPR012987 ROK N 

446.49123 

ENSMUSP00000101823 43.4  Actin, cytoplasmic 2 (Gamma-actin) IPR004001 Actin CSIPR004000 Actin like 380.70175 

ENSMUSP00000099841 25  Adenylate kinase isoenzyme 4, mitochondrial (EC 2.7.4.3)(Adenylate kinase 3-like)(ATP-AMP transphosphorylase) 
Source: 2.7.4.3 IPR006259 Adenyl kin subIPR000850 Adenylate kinIPR007862 Adenylate kinase Znf lidIPR000623 Shik 
kinase 

219.29825 

ENSMUSP00000078774 46.8  Succinyl-CoA ligase Source: 6.2.1.4 IPR013650 ATP-grasp succ-CoA synth-typeIPR005811 CoA ligaseIPR002347 
Glc/ribitol DHaseIPR017866 Succ-CoA synthase bsu CSIPR005809 Succ CoA synthase bsuIPR016102 Succinyl-CoA 
synth-like 

410.52632 

ENSMUSP00000023760 37.5  Glycerol-3-phosphate dehydrogenase Source: 1.1.1.8 IPR008927 6-PGluconate DH C likeIPR006036 K uptake 
TrkAIPR016040 NAD(P)-bdIPR006168 NAD-dep Gly3P DHaseIPR011128 NAD-dep Gly3P DHase NIPR006109 NAD 
Gly3P DHase C 

328.94737 

ENSMUSP00000052912 48.7  Protein disulfide-isomerase A6 Precursor (EC 5.3.4.1)(Thioredoxin domain-containing protein 7) Source: 5.3.4.1 
IPR005788 Disulphide isomeraseIPR012336 Thioredoxin-like foldIPR006662 Thioredoxin-like subdomIPR017937 
Thioredoxin CSIPR013766 Thioredoxin dom 

427.19298 

ENSMUSP00000005122 39.4  Translation initiation factor eIF-2B subunit alpha/beta/delta-like protein IPR000649 IF-2B relatedIPR011559 Initiation fac 
2B a/b/d 

345.61404 

ENSMUSP00000100000 79.1  Bifunctional UDP-N-acetylglucosamine 2-epimerase/N-acetylmannosamine kinase (UDP-GlcNAc-2-epimerase/ManAc 
kinase) Source: 5.1.3.14 IPR001312 HexokinaseIPR000600 ROKIPR003331 UDP GlcNAc Epimerase 2 

693.85965 

ENSMUSP00000039472 54.7  Fibrinogen beta chain Precursor IPR002181 Fibrinogen a/b/g C 479.82456 

ENSMUSP00000042351 43.9  3-ketoacyl-CoA thiolase A, peroxisomal Precursor (EC 2.3.1.16)(Beta-ketothiolase A)(Acetyl-CoA acyltransferase 
A)(Peroxisomal 3-oxoacyl-CoA thiolase A) Source: 2.3.1.16 IPR013747 ACP syn III CIPR002155 ThiolaseIPR016039 
Thiolase-like 

385.08772 

ENSMUSP00000024988 186.4  Complement C3 Precursor (HSE-MSF) IPR009048 A-macroglobulin rcpt-bdIPR002890 A2M NIPR011625 A2M N 
2IPR011626 A2M compIPR000020 AnaphylatoxinIPR018081 Anaphylatoxin IPR001840 AnaphylatoxnIPR001599 
MacrogloblnA2IPR001134 Netrin CIPR018933 Netrin module non-TIMPIPR008930 Terpenoid cyclase/PrenylTrfase 

1635.0877 



ENSMUSP00000033012 107  Coatomer subunit beta (Beta-coat protein)(Beta-COP) IPR016024 ARM-type foldIPR002553 Clathrin/coatomer adapt-like 
NIPR016460 Coatomer beta subunitIPR011710 Coatomer bsu CIPR000357 HEAT 

938.59649 

ENSMUSP00000048111 27.9  Sepiapterin reductase (SPR)(EC 1.1.1.153) Source: 1.1.1.153 IPR003560 DHB DHaseIPR002198 DHase sc/Rdtase 
SDRIPR002347 Glc/ribitol DHaseIPR016040 NAD(P)-bdIPR006393 Sepiapterin red 

244.73684 

ENSMUSP00000020315 136.2  Cullin-associated NEDD8-dissociated protein 1 (Cullin-associated and neddylation-dissociated protein 1)(p120 CAND1) 
IPR016024 ARM-type foldIPR000225 ArmadilloIPR000357 HEATIPR013932 TATA bd TIP120 

1194.7368 

ENSMUSP00000111471 78.5  Pyridoxal-dependent decarboxylase domain-containing protein 1 (EC 4.1.1.-) Source: 4.1.1.- IPR015424 PyrdxlP-dep 
Trfase majorIPR002129 PyrdxlP-dep de-COase 

688.59649 

ENSMUSP00000111363 17.9  Ubiquitin-conjugating enzyme E2 L3 (EC 6.3.2.19)(Ubiquitin-protein ligase L3)(Ubiquitin carrier protein L3)(UbcM4) 
Source: 6.3.2.19 IPR016135 UBQ-conjugat/RWD-likeIPR000608 UBQ-conjugat E2 

157.01754 

ENSMUSP00000095129:reversed 41.7  365.78947 

ENSMUSP00000031897 25.7  Glutathione S-transferase kappa 1 (EC 2.5.1.18)(Glutathione S-transferase subunit 13)(GST 13-13)(GST class-
kappa)(GSTK1-1)(mGSTK1) Source: 2.5.1.18 IPR014440 HCCAis GSTkIPR001853 OxRdtase DSBAIPR012336 
Thioredoxin-like fold 

225.4386 

ENSMUSP00000002064 33.5  Biliverdin reductase A Precursor (BVR A)(EC 1.3.1.24)(Biliverdin-IX alpha-reductase) Source: 1.3.1.24 IPR017094 
Biliverdin Rdtase AIPR015249 Biliverdin Rdtase catIPR016040 NAD(P)-bdIPR000683 Oxidoreductase N 

293.85965 

ENSMUSP00000087118 43.7  S-adenosylmethionine synthetase isoform type-2 (AdoMet synthetase 2)(EC 2.5.1.6)(Methionine adenosyltransferase 
2)(MAT 2) Source: 2.5.1.6 IPR002133 S-AdoMet synthetase 

383.33333 

ENSMUSP00000086165 20.3  Sorcin IPR018247 EF HAND 1IPR018249 EF HAND 2IPR018248 EF handIPR002048 EF hand Ca bd 178.07018 

ENSMUSP00000078382 50.9  FK506-binding protein 5 (EC 5.2.1.8)(Peptidyl-prolyl cis-trans isomerase)(PPIase)(Rotamase)(51 kDa FK506-binding 
protein)(FKBP-51) Source: 5.2.1.8 IPR001179 PPIase FKBPIPR001440 TPR-1IPR013105 TPR 2IPR013026 TPR region 

446.49123 

ENSMUSP00000033871 32.8  Mitochondrial ornithine transporter 1 (Solute carrier family 25 member 15) IPR002113 Aden trnslctorIPR003949 K chnl 
volt-dep EAGIPR002067 Mit carrierIPR001993 Mitoch carrierIPR018108 Mitochondrial sb/sol carrier 

287.7193 

ENSMUSP00000038755 22.4  Abhydrolase domain-containing protein 14B (EC 3.-.-.-)(CCG1-interacting factor B) Source: 3.-.-.-  196.49123 

ENSMUSP00000079246 20.4  ADP-ribosylation factor-like protein 1 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR003577 GTPase 
RasIPR013684 Miro-likeIPR000795 ProtSyn GTP bdIPR013753 RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP 
bdIPR005225 Small GTP bd 

178.94737 

ENSMUSP00000023214 56.8  Diacylglycerol O-acyltransferase 1 (EC 2.3.1.20)(Diglyceride acyltransferase) Source: 2.3.1.20 IPR004299 MBOAT fam 498.24561 

ENSMUSP00000034453 42  Actin, alpha skeletal muscle (Alpha-actin-1) IPR004001 Actin CSIPR004000 Actin like 368.42105 

ENSMUSP00000098963 55.7  Signal recognition particle 54 kDa protein (SRP54) IPR003593 AAA+ ATPase coreIPR001270 Chaprnin 
clpA/BIPR014001 DEAD-like NIPR000897 Signal recog part SRP54 GTPaseIPR013822 Signal recog particl SRP54 
hlxIPR006325 Signal recog particle SRP54IPR004125 Signal recog particle SRP54 M 

488.59649 

ENSMUSP00000026585 26  Tetraspanin-4 (Tspan-4)(Transmembrane 4 superfamily member 7) IPR018499 TetraspaninIPR008952 
TetraspaninIPR018503 Tetraspanin CSIPR000301 Tetraspanin sub 

228.07018 

ENSMUSP00000098000 20  2-oxo-4-hydroxy-4-carboxy-5-ureidoimidazoline decarboxylase (OHCU decarboxylase)(EC 4.-.-.-)(Parahox neighbor) 
Source: 4.-.-.-  

175.4386 

ENSMUSP00000038878 53.6  Aldehyde dehydrogenase family 8 member A1 (EC 1.2.1.-)(Retinal dehydrogenase 4) Source: 1.2.1.- IPR016161 Ald 
DHase/Histidinol DHaseIPR016160 Ald DHase CSIPR015590 Aldehyde DHase 

470.17544 

ENSMUSP00000066878 61.5  Cystathionine beta-synthase (EC 4.2.1.22)(Serine sulfhydrase)(Beta-thionase) Source: 4.2.1.22 IPR001216 Cys synth 
BSIPR005857 Cysta beta synthIPR000644 Cysta beta synth coreIPR001926 PyrdxlP-dep enz bsu 

539.47368 

ENSMUSP00000109237 97.5  Coatomer subunit gamma (Gamma-coat protein)(Gamma-COP) IPR016024 ARM-type foldIPR009028 Calthrin/coatomer 
app sub CIPR002553 Clathrin/coatomer adapt-like NIPR013041 Clathrin/coatomer app Ig-likeIPR017106 Coatomer 
gamma subunitIPR014863 Coatomer gsu appIPR000357 HEAT 

855.26316 

ENSMUSP00000099461 18.5  Destrin (Actin-depolymerizing factor)(ADF)(Sid 23) IPR017904 ADF/Cofilin/DestrinIPR002108 Actin-bd 
cofilin/tropomyosin 

162.2807 

ENSMUSP00000033230 43.5  threonine aldolase 1 IPR001597 ArAA b-elim lyase/Thr aldolaseIPR015424 PyrdxlP-dep Trfase major 381.57895 



ENSMUSP00000001806 62  Bifunctional coenzyme A synthase (CoA synthase) Source: 2.7.7.3 IPR004821 Cyt trans relIPR004820 
CytidylyltransfIPR001977 Depp CoAkinase 

543.85965 

ENSMUSP00000069418 192.8  Complement C4-B Precursor IPR009048 A-macroglobulin rcpt-bdIPR002890 A2M NIPR011625 A2M N 2IPR011626 A2M 
compIPR000020 AnaphylatoxinIPR018081 Anaphylatoxin IPR001840 AnaphylatoxnIPR001599 MacrogloblnA2IPR001134 
Netrin CIPR018933 Netrin module non-TIMPIPR008930 Terpenoid cyclase/PrenylTrfase 

1691.2281 

ENSMUSP00000019109 28.2  14-3-3 protein eta IPR000308 14-3-3 247.36842 

ENSMUSP00000046101 95.3  Elongation factor 2 (EF-2) IPR009022 EFG III VIPR000795 ProtSyn GTP bdIPR005225 Small GTP bdIPR000640 Transl 
elong EFG/EF2 CIPR005517 Transl elong EFG/EF2 IVIPR004161 Transl elong EFTu/EF1A 2IPR009000 Transl elong 
init/rib B-barrel 

835.96491 

ENSMUSP00000022706 50.1  Succinyl-CoA ligase Source: 6.2.1.5 IPR013650 ATP-grasp succ-CoA synth-typeIPR005811 CoA ligaseIPR017866 Succ-
CoA synthase bsu CSIPR005809 Succ CoA synthase bsuIPR016102 Succinyl-CoA synth-like 

439.47368 

ENSMUSP00000021639 50  Tubulin alpha chain-like 3 IPR002452 Alpha tubulinIPR002453 Beta tubulinIPR000158 Cell division FtsZ NIPR000183 
De-COase2IPR002967 Delta tubulinIPR004057 Epsilon tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ 
CIPR000217 TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

438.59649 

ENSMUSP00000107544 50  Protein odr-4 homolog (mODR-4)  438.59649 

ENSMUSP00000044288 43.5  S-adenosylmethionine synthetase isoform type-1 (AdoMet synthetase 1)(EC 2.5.1.6)(Methionine adenosyltransferase 
1)(MAT 1) Source: 2.5.1.6 IPR002133 S-AdoMet synthetase 

381.57895 

ENSMUSP00000078429 49.9  Tubulin alpha-4A chain (Tubulin alpha-4 chain)(Alpha-tubulin 4)(Alpha-tubulin isotype M-alpha-4) IPR002452 Alpha 
tubulinIPR002453 Beta tubulinIPR000158 Cell division FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon 
tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ CIPR000217 TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-
domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

437.7193 

ENSMUSP00000107492 96.7  Programmed cell death 6-interacting protein (ALG-2-interacting protein X)(ALG-2-interacting protein 1)(E2F1-inducible 
protein)(Eig2) IPR004116 AmelogeninIPR004328 BRO1IPR000694 PRO rich 

848.24561 

ENSMUSP00000070983 27.4  Splicing factor, arginine/serine-rich 7 IPR000504 RRM RNP1IPR001878 Znf CCHC 240.35088 

ENSMUSP00000029769 30.5  Glutamate--cysteine ligase regulatory subunit (Gamma-glutamylcysteine synthetase regulatory subunit)(Gamma-ECS 
regulatory subunit)(GCS light chain)(Glutamate--cysteine ligase modifier subunit) IPR001395 Aldo/ket red 

267.54386 

ENSMUSP00000092157 132  Protein transport protein Sec31A (SEC31-related protein A)(SEC31-like 1) IPR000694 PRO richIPR001680 WD40 
repeatIPR011046 WD40 repeat-likeIPR017986 WD40 repeat region 

1157.8947 

ENSMUSP00000022120 61.7  Acyl-coenzyme A thioesterase 12 (Acyl-CoA thioesterase 12)(EC 3.1.2.1)(Acyl-CoA thioester hydrolase 12)(Cytoplasmic 
acetyl-CoA hydrolase 1)(mCACH-1)(CACH-1) Source: 3.1.2.1 IPR002913 START lipid bdIPR006683 Thioestr supf 

541.22807 

ENSMUSP00000003572 81.8  Glycyl-tRNA synthetase (EC 6.1.1.14)(Glycine--tRNA ligase)(GlyRS) Source: 6.1.1.14 IPR004154 Anticodon 
bdIPR002316 Pro-tRNA-synth IIaIPR009068 S15 NS1 RNA bdIPR000738 WHEP-TRSIPR002314 aa-tRNA-synt 
IIbIPR006195 aa-tRNA-synth IIIPR002315 tRNA-synt gly 

717.54386 

ENSMUSP00000025846 94.6  Serine/threonine-protein phosphatase 6 regulatory subunit 3 (SAPS domain family member 3) IPR016024 ARM-type 
foldIPR007587 SAPS 

829.82456 

ENSMUSP00000032508 51.5  FK506-binding protein 4 (EC 5.2.1.8)(Peptidyl-prolyl cis-trans isomerase)(PPIase)(Rotamase)(HSP-binding 
immunophilin)(HBI)(FKBP52 protein)(52 kDa FK506-binding protein)(FKBP59)(p59 protein) Source: 5.2.1.8 IPR001179 
PPIase FKBPIPR001440 TPR-1IPR013105 TPR 2IPR013026 TPR region 

451.75439 

ENSMUSP00000033050 34.6  Lymphatic vessel endothelial hyaluronic acid receptor 1 Precursor (LYVE-1)(Cell surface retention sequence-binding 
protein 1)(CRSBP-1)(Extracellular link domain-containing protein 1) IPR016187 C-type lectin foldIPR000538 Link 

303.50877 

ENSMUSP00000062215 56.7  Ubiquitin carboxyl-terminal hydrolase 14 (EC 3.1.2.15)(Ubiquitin thioesterase 14)(Ubiquitin-specific-processing protease 
14)(Deubiquitinating enzyme 14) Source: 3.1.2.15 IPR018200 Pept C19ubi-hydrolase C CSIPR001394 Peptidase 
C19IPR000626 Ubiquitin 

497.36842 

ENSMUSP00000064557 24.5  Cofilin-1 (Cofilin, non-muscle isoform) IPR017904 ADF/Cofilin/DestrinIPR002108 Actin-bd cofilin/tropomyosin 214.91228 

ENSMUSP00000066413 67.1  SET domain-containing protein 3 (Endothelial differentiation inhibitory protein D10) IPR015353 Rubisco subst 
bdIPR001214 SET 

588.59649 

ENSMUSP00000084114 46.2  Heterogeneous nuclear ribonucleoprotein D-like (hnRPD-like protein)(hnRNP-DL)(JKT41-binding protein) IPR000504 405.26316 



RRM RNP1 

ENSMUSP00000088334 91.7  Mitogen-activated protein kinase kinase kinase MLT (EC 2.7.11.25)(MLK-like mitogen-activated protein triple 
kinase)(Leucine zipper- and sterile alpha motif kinase ZAK)(Sterile alpha motif- and leucine zipper-containing kinase 
AZK)(Mixed lineage kinase-related kinase)(MLK-related kinase)(MRK) Source: 2.7.11.25 IPR000194 ATPase F1/V1/A1 
a/bsu nucl-bdIPR011009 Kinase likeIPR000719 Prot kinase coreIPR001660 SAMIPR011510 SAM 2IPR010993 SAM 
homologyIPR017442 Se/Thr pkinase-relIPR008271 Ser thr pkin ASIPR002290 Ser thr pkinaseIPR001245 Tyr pkinase 

804.38596 

ENSMUSP00000088663 34.6  Phytanoyl-CoA dioxygenase domain-containing protein 1 (EC 1.-.-.-) Source: 1.-.-.- IPR008775 Phytyl CoA dOase 303.50877 

ENSMUSP00000097097:reversed 107.5  942.98246 

ENSMUSP00000098112 50.2  Arf-GAP domain and FG repeats-containing protein 2 (HIV-1 Rev-binding protein-like protein)(Rev/Rex activation domain-
binding protein related)(RAB-R) IPR001164 ArfGAP 

440.35088 

ENSMUSP00000107983 47.6  Annexin A11 (Annexin-11)(Annexin XI)(Calcyclin-associated annexin 50)(CAP-50) IPR001464 AnnexinIPR013286 
AnnexinVIIIPR008157 AnnexinXI NIPR018502 Annexin repeatIPR018252 Annexin repeat CSIPR006030 Mollsc rhodpsn 
CIPR000694 PRO rich 

417.54386 

ENSMUSP00000111892 17.3  151.75439 

ENSMUSP00000029564 21.9  Phosphomevalonate kinase (PMKase)(EC 2.7.4.2) Source: 2.7.4.2 IPR005919 Pmev kin anim 192.10526 

ENSMUSP00000027766 71.7  Chaperone activity of bc1 complex-like, mitochondrial Precursor (Chaperone-ABC1-like)(aarF domain-containing protein 
kinase 3) IPR004147 ABC 1IPR011009 Kinase likeIPR002290 Ser thr pkinase 

628.94737 

ENSMUSP00000034529 90.9  Cullin-5 (CUL-5) IPR016157 Cullin CSIPR001373 Cullin NIPR016158 Cullin homologyIPR016159 Cullin repeat-like 797.36842 

ENSMUSP00000035208:reversed 418.6  3671.9298 

ENSMUSP00000047376 66.3  Glutaminase liver isoform, mitochondrial Precursor (GLS)(EC 3.5.1.2)(L-glutamine amidohydrolase)(L-glutaminase) 
Source: 3.5.1.2 IPR002110 ANKIPR012338 B-lactamase-typ transpept foldIPR015868 Glutaminase core 

581.57895 

ENSMUSP00000014546 44.1  Tumor susceptibility gene 101 protein (ESCRT-I complex subunit TSG101) IPR000694 PRO richIPR008883 
Tsg101IPR016135 UBQ-conjugat/RWD-likeIPR000608 UBQ-conjugat E2 

386.84211 

ENSMUSP00000020886 55.4  Nicotinamide phosphoribosyltransferase (NAmPRTase)(Nampt)(EC 2.4.2.12)(Pre-B-cell colony-enhancing factor 1 
homolog)(PBEF)(Visfatin) Source: 2.4.2.12 IPR015977 Nic PRibTrfase-likeIPR016471 Nicotinamide PRibTrfase 

485.96491 

ENSMUSP00000029125 31.2  Armadillo repeat-containing protein 1 IPR016024 ARM-type foldIPR000225 ArmadilloIPR006121 HeavyMe 
transptIPR016617 UCP013899 metal bd 

273.68421 

ENSMUSP00000030935 21.7  Uncharacterized protein C1orf93 homolog  190.35088 

ENSMUSP00000035237 108.3  Ubiquitin carboxyl-terminal hydrolase 4 (EC 3.1.2.15)(Ubiquitin thioesterase 4)(Ubiquitin-specific-processing protease 
4)(Deubiquitinating enzyme 4)(Ubiquitous nuclear protein) Source: 3.1.2.15 IPR006615 Pept C19 DUSPIPR010460 Pept 
C19 N 2IPR018200 Pept C19ubi-hydrolase C CSIPR001394 Peptidase C19 

950 

ENSMUSP00000043703:reversed 117.5  1030.7018 

ENSMUSP00000045998 123.9  Ubiquitin-protein ligase E3C (EC 6.3.2.-) Source: 6.3.2.- IPR000569 HECTIPR000048 IQ CaM bd region 1086.8421 

ENSMUSP00000051033 49.9  Tubulin alpha-1C chain (Tubulin alpha-6 chain)(Alpha-tubulin 6)(Alpha-tubulin isotype M-alpha-6) IPR002452 Alpha 
tubulinIPR002453 Beta tubulinIPR000158 Cell division FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon 
tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ CIPR000217 TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-
domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

437.7193 

ENSMUSP00000075722 62.7  hypothetical protein LOC71903 IPR002018 CarbesteraseBIPR000997 Cholinesterase 550 

ENSMUSP00000079905 20.7  ADP-ribosylation factor 1 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR013684 Miro-likeIPR013753 
RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

181.57895 

ENSMUSP00000097582 28.4  Putative uncharacterized protein Source: UniProtKB/TrEMBL Q3V3K5  249.12281 

ENSMUSP00000108098 59.9  poly (ADP-ribose) polymerase family, member 3 IPR012317 PARP catalyticIPR004102 PARP regIPR008893 WGR 525.4386 

ENSMUSP00000111551 32.9  Translin-associated protein X (Translin-associated factor X) IPR002848 Translin 288.59649 



sp|CAS2_BOVIN| 26  Alpha-S2-casein; Contains: Casocidin-1; Casocidin-I; Flags: Precursor;  228.07018 

ENSMUSP00000007708:reversed 65.3  572.80702 

ENSMUSP00000034391 71.6  Conserved oligomeric Golgi complex subunit 8 (COG complex subunit 8)(Component of oligomeric Golgi complex 8) 
IPR000276 7TM GPCR RhodpsnIPR016632 COG8IPR007255 Dor1 

628.07018 

ENSMUSP00000063548 56.4  4-aminobutyrate aminotransferase, mitochondrial Precursor (EC 2.6.1.19)(Gamma-amino-N-butyrate 
transaminase)(GABA transaminase)(GABA-T)(GABA aminotransferase)(GABA-AT)(L-AIBAT)((S)-3-amino-2-
methylpropionate transaminase)(EC 2.6.1.22) Source: 2.6.1.19 IPR004631 4NH2But aminotransferase eukIPR005814 
Aminotrans 3IPR015424 PyrdxlP-dep Trfase major 

494.73684 

ENSMUSP00000073102 34.2  Probable arylformamidase (EC 3.5.1.9)(Kynurenine formamidase)(KF) Source: 3.5.1.9  300 

ENSMUSP00000073861 54.2  Threonine synthase-like 2 (TSH2)(mTSH2)(EC 4.2.3.-) Source: 4.2.3.- IPR001926 PyrdxlP-dep enz bsuIPR004450 Thr 
synthase 

475.4386 

ENSMUSP00000076093 392.5  utrophin IPR016024 ARM-type foldIPR001589 Actinin actin-bd CSIPR016146 Calponin-homologyIPR001715 Calponin 
act bdIPR016344 Dystrophin/utrophinIPR015153 EF-hand regn-1IPR015154 EF-hand regn-2IPR018159 Spectrin/alpha-
actininIPR002017 Spectrin repeatIPR001202 WW Rsp5 WWPIPR000433 Znf ZZ 

3442.9825 

ENSMUSP00000078845:reversed 69.1  606.14035 

ENSMUSP00000099420:reversed 57  500 

ENSMUSP00000106953 11.3  Apolipoprotein A-II Precursor (Apo-AII)(ApoA-II) IPR006801 ApoA-II 99.122807 

ENSMUSP00000043821 61.8  Delta-1-pyrroline-5-carboxylate dehydrogenase, mitochondrial Precursor (P5C dehydrogenase)(EC 1.5.1.12)(Aldehyde 
dehydrogenase family 4 member A1) Source: 1.5.1.12 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald DHase 
CSIPR015590 Aldehyde DHaseIPR005931 d-1-pyrroline-5-COlate DHase-1 

542.10526 

ENSMUSP00000073459 40.6  Aflatoxin B1 aldehyde reductase member 2 (EC 1.-.-.-) Source: 1.-.-.- IPR001395 Aldo/ket red 356.14035 

ENSMUSP00000028892 42.2  isocitrate dehydrogenase 3, beta subunit IPR004434 IsoCit DHase NAD mitIPR001804 IsoCit IM DHase 370.17544 

ENSMUSP00000013773 243.1  carbamoyl-phosphate synthetase 2, aspartate transcarbamylase, and dihydroorotase IPR011761 ATP-graspIPR013651 
ATP-grasp RimK-typeIPR003135 ATP-grasp carboxylate-amineIPR006680 Amidohydro 1IPR006220 Anth 
synthIIIPR006130 Asp/Orn carbamoylTrfaseIPR006132 Asp/Orn carbamoyltranf P bdIPR006131 Asp carbamoyltransf 
Asp/Orn bdIPR002082 Aspartate carbamoyltransf eukIPR001317 CarbamoylP synth GATaseIPR005483 CarbamoylP 
synth lsuIPR005479 CarbamoylP synth lsu ATP-bdIPR006275 CarbamoylP synth lsu Gln-depIPR005481 CarbamoylP 
synth lsu NIPR005480 CarbamoylP synth lsu oligoIPR006274 CarbamoylP synth ssuIPR002474 CarbamoylP synth ssu 
NIPR004722 DHOmultIPR002195 Dihydroorotase CSIPR011702 GATASEIPR000991 GATase class1 CIPR011607 
MGSIPR011059 Metal-dep hydrolase compositeIPR000694 PRO richIPR016185 PreATP-grasp-like 

2132.4561 

ENSMUSP00000024944 78.1  solute carrier family 3, member 1 IPR006046 Glyco hydro 13IPR006047 Glyco hydro 13 catIPR006589 Glyco hydro 13 
sub catIPR017853 Glyco hydro cat 

685.08772 

ENSMUSP00000076777 50.1  Tubulin alpha-1B chain (Tubulin alpha-2 chain)(Alpha-tubulin 2)(Alpha-tubulin isotype M-alpha-2) IPR002452 Alpha 
tubulinIPR002453 Beta tubulinIPR000158 Cell division FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon 
tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ CIPR000217 TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-
domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

439.47368 

ENSMUSP00000047054 75.8  Dymeclin  664.91228 

ENSMUSP00000077040 419.8  Vacuolar protein sorting-associated protein 13C IPR008374 SF assemblinIPR009543 VPSAP 3682.4561 

ENSMUSP00000043220:reversed 81.3  713.15789 

ENSMUSP00000038339 53.4  Mitochondrial antiviral-signaling protein (Interferon-beta promoter stimulator protein 1)(IPS-1)(Virus-induced-signaling 
adapter)(CARD adapter inducing interferon-beta)(Cardif)  

468.42105 

ENSMUSP00000022196 122.7  AP-3 complex subunit beta-1 (Adapter-related protein complex 3 subunit beta-1)(Adaptor protein complex AP-3 beta-1 
subunit)(Beta3A-adaptin)(Clathrin assembly protein complex 3 beta-1 large chain) IPR017108 AP3 complex 
bsuIPR016024 ARM-type foldIPR002553 Clathrin/coatomer adapt-like N 

1076.3158 

ENSMUSP00000030742 40.3  Trans-2-enoyl-CoA reductase, mitochondrial Precursor (EC 1.3.1.38) Source: 1.3.1.38 IPR013154 AlcDHase GroES- 353.50877 



likeIPR013149 AlcDHase Zn-bdIPR011032 GroES likeIPR016040 NAD(P)-bd 

ENSMUSP00000054370 45.1  Isobutyryl-CoA dehydrogenase, mitochondrial Precursor (EC 1.3.99.-)(Acyl-CoA dehydrogenase family member 
8)(ACAD-8) Source: 1.3.99.- IPR006091 Acyl-CoA DHase/Oxase MIPR013107 Acyl-CoA DHase 2 CIPR006089 Acyl-CoA 
DHase CSIPR006092 Acyl-CoA DHase NIPR006090 Acyl-CoA Oxase/DHase 1IPR009100 AcylCoA DH/oxidase 
M/NIPR009075 AcylCo DHase/oxidase C 

395.61404 

ENSMUSP00000007708 65.3  Serine/threonine-protein phosphatase 2A 65 kDa regulatory subunit A alpha isoform (PP2A, subunit A, PR65-alpha 
isoform)(PP2A, subunit A, R1-alpha isoform) IPR016024 ARM-type foldIPR000357 HEATIPR001160 Peptidase M20C 

572.80702 

ENSMUSP00000021698 84.7  Heat shock protein HSP 90-alpha (HSP 86)(Tumor-specific transplantation 86 kDa antigen)(TSTA) IPR003594 ATP bd 
ATPaseIPR001404 Hsp90 

742.98246 

ENSMUSP00000006137 80.2  Heat shock protein 75 kDa, mitochondrial Precursor (HSP 75)(Tumor necrosis factor type 1 receptor-associated 
protein)(TRAP-1)(TNFR-associated protein 1) IPR003594 ATP bd ATPaseIPR001404 Hsp90 

703.50877 

ENSMUSP00000027833 138.3  Coatomer subunit alpha (Alpha-coat protein)(Alpha-COP) IPR009033 Calreticulin/calnexin PIPR006692 Coatomer WD-
assoc regIPR016391 Coatomer alpha subunitIPR010714 Coatomer asu CIPR011044 Quino amine DHase bsuIPR001680 
WD40 repeatIPR011046 WD40 repeat-likeIPR017986 WD40 repeat region 

1213.1579 

ENSMUSP00000030454 22.2  Peroxiredoxin-1 (EC 1.11.1.15)(Thioredoxin peroxidase 2)(Thioredoxin-dependent peroxide reductase 2)(Osteoblast-
specific factor 3)(OSF-3)(Macrophage 23 kDa stress protein) Source: 1.11.1.15 IPR000866 Alkyl hydroperoxide 
RdtaseIPR013740 RedoxinIPR012336 Thioredoxin-like fold 

194.73684 

ENSMUSP00000088249 56.8  Hydroxymethylglutaryl-CoA synthase, mitochondrial Precursor (HMG-CoA synthase)(EC 2.3.3.10)(3-hydroxy-3-
methylglutaryl coenzyme A synthase) Source: 2.3.3.10 IPR000590 HMG CoA synt ASIPR013746 HMG CoA synt 
CIPR013528 HMG CoA synth NIPR010122 HMG CoA synthase eukIPR016039 Thiolase-like 

498.24561 

ENSMUSP00000076294 38.2  Poly(rC)-binding protein 2 (Alpha-CP2)(Putative heterogeneous nuclear ribonucleoprotein X)(hnRNP X)(CTBP)(CBP) 
IPR004087 KHIPR004088 KH type 1IPR018111 KH type 1 subgrIPR004044 KH type 2 

335.08772 

ENSMUSP00000025696 25.4  GTP:AMP phosphotransferase mitochondrial (EC 2.7.4.10)(Adenylate kinase 3)(AK 3)(Adenylate kinase 3 alpha-like 1) 
Source: 2.7.4.10 IPR006259 Adenyl kin subIPR000850 Adenylate kinIPR007862 Adenylate kinase Znf lidIPR000623 Shik 
kinase 

222.80702 

ENSMUSP00000050689 20.6  ADP-ribosylation factor 3 IPR006688 ARFIPR006689 ARF/SARIPR003579 GTPase RabIPR013684 Miro-likeIPR013753 
RasIPR001806 Ras GTPaseIPR006687 SAR1 GTP bdIPR005225 Small GTP bd 

180.70175 

ENSMUSP00000054863 37.5  Poly(rC)-binding protein 1 (Alpha-CP1)(hnRNP-E1) IPR004087 KHIPR004088 KH type 1IPR018111 KH type 1 
subgrIPR004044 KH type 2 

328.94737 

ENSMUSP00000082288 57.9  Methylmalonate-semialdehyde dehydrogenase Source: 1.2.1.27 IPR016161 Ald DHase/Histidinol DHaseIPR016160 Ald 
DHase CSIPR015590 Aldehyde DHaseIPR010061 MeMal-semiAld DHase 

507.89474 

ENSMUSP00000032473 47.5  Interferon-inducible GTPase 1 (EC 3.6.5.-) Source: 3.6.5.- IPR007743 Interferon-inducible GTPase 416.66667 

ENSMUSP00000033185 51.3  Hemopexin Precursor IPR000585 HemopexinIPR018486 Hemopexin/matrixin CSIPR018487 Hemopexin/matrixin 
repeatIPR016358 Hemopexin chordata 

450 

ENSMUSP00000002389 89.7  Protein-glutamine gamma-glutamyltransferase K (EC 2.3.2.13)(Transglutaminase K)(TGase 
K)(TGK)(TG(K))(Transglutaminase-1)(Epidermal TGase) Source: 2.3.2.13 IPR001951 Histone H4IPR014756 Ig E-
setIPR008958 Transglutaminase CIPR013808 Transglutaminase CSIPR001102 Transglutaminase NIPR002931 
Trnsglumase like 

786.84211 

ENSMUSP00000101002 26.3  Guanidinoacetate N-methyltransferase (EC 2.1.1.2) Source: 2.1.1.2 IPR016550 GuanidinoAc N-MeTrfase 230.70175 

ENSMUSP00000031105 22.4  Ubiquitin-conjugating enzyme E2 K (EC 6.3.2.19)(Ubiquitin-conjugating enzyme E2-25 kDa)(E2(25K))(Ubiquitin-protein 
ligase)(Ubiquitin carrier protein)(Huntingtin-interacting protein 2)(HIP-2) Source: 6.3.2.19 IPR000449 UBA/transl elong 
EF1B NIPR015940 UBA/transl elong EF1B N eukIPR009060 UBA likeIPR016135 UBQ-conjugat/RWD-likeIPR000608 
UBQ-conjugat E2 

196.49123 

ENSMUSP00000024739 83.2  Heat shock protein HSP 90-beta (HSP 84)(Tumor-specific transplantation 84 kDa antigen)(TSTA) IPR003594 ATP bd 
ATPaseIPR001404 Hsp90 

729.82456 

ENSMUSP00000099904 46.6  Argininosuccinate synthase (EC 6.3.4.5)(Citrulline--aspartate ligase) Source: 6.3.4.5 IPR001518 Arginosuc 
synthIPR018223 Arginosuc synth CS 

408.77193 



ENSMUSP00000101833 43.4  Nucleolysin TIAR (TIA-1-related protein) IPR008111 RNA bd 8IPR003954 RRM 1IPR000504 RRM RNP1 380.70175 

ENSMUSP00000039243 58.4  Sorting nexin-2 IPR001683 PXIPR005329 Sorting nexin NIPR015404 Vps5 512.2807 

ENSMUSP00000086716 290  Probable ubiquitin carboxyl-terminal hydrolase FAF-X (EC 3.1.2.15)(Ubiquitin thioesterase FAF-X)(Ubiquitin-specific-
processing protease FAF-X)(Deubiquitinating enzyme FAF-X)(Fat facets protein-related, X-linked)(Ubiquitin-specific 
protease 9, X chromosome)(Ubiquitin carboxyl-terminal hydrolase FAM)(Fat facets homolog) Source: 3.1.2.15 IPR017853 
Glyco hydro catIPR018200 Pept C19ubi-hydrolase C CSIPR001394 Peptidase C19 

2543.8596 

ENSMUSP00000086626 117.7  Ubiquitin-like modifier-activating enzyme 1 (Ubiquitin-activating enzyme E1)(Ubiquitin-like modifier-activating enzyme 1 
X)(Ubiquitin-activating enzyme E1 X) IPR009036 Molybdenum cofac synth MoeBIPR000594 ThiF NAD FAD 
bdIPR018075 UBQ-activ enz E1IPR000011 UBQ-activ enz E1IPR018074 UBQ-activ enz E1 ASIPR000127 UBact repeat 

1032.4561 

ENSMUSP00000099807 70.5  SUMO-activating enzyme subunit 2 (EC 6.3.2.-)(Ubiquitin-like 1-activating enzyme E1B)(Anthracycline-associated 
resistance ARX) Source: 6.3.2.- IPR009036 Molybdenum cofac synth MoeBIPR000594 ThiF NAD FAD bdIPR018074 
UBQ-activ enz E1 ASIPR000127 UBact repeat 

618.42105 

ENSMUSP00000027144 164.5  Carbamoyl-phosphate synthase Source: 6.3.4.16 IPR011761 ATP-graspIPR003135 ATP-grasp carboxylate-
amineIPR001317 CarbamoylP synth GATaseIPR005483 CarbamoylP synth lsuIPR005479 CarbamoylP synth lsu ATP-
bdIPR006275 CarbamoylP synth lsu Gln-depIPR005481 CarbamoylP synth lsu NIPR005480 CarbamoylP synth lsu 
oligoIPR006274 CarbamoylP synth ssuIPR002474 CarbamoylP synth ssu NIPR011702 GATASEIPR000991 GATase 
class1 CIPR011607 MGSIPR016185 PreATP-grasp-like 

1442.9825 

ENSMUSP00000071135 49.6  Tubulin beta-4 chain IPR002452 Alpha tubulinIPR013838 Beta-tubulin BSIPR002453 Beta tubulinIPR000158 Cell division 
FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ CIPR000217 
TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

435.08772 

ENSMUSP00000110006:reversed 147.8  1296.4912 

ENSMUSP00000105647 49.3  Legumain Precursor (EC 3.4.22.34)(Asparaginyl endopeptidase)(Protease, cysteine 1) Source: 3.4.22.34 IPR001096 
Peptidase C13 

432.45614 

ENSMUSP00000095316 46.6  Isocitrate dehydrogenase Source: 1.1.1.42 IPR004790 IsoCit DHase NADP-dep eukIPR001804 IsoCit IM DHase 408.77193 

ENSMUSP00000042457 50.1  Elongation factor 1-alpha 1 (EF-1-alpha-1)(Elongation factor 1 A-1)(eEF1A-1)(Elongation factor Tu)(EF-Tu) IPR000795 
ProtSyn GTP bdIPR009001 Transl elong EF1A/Init IF2 CIPR004539 Transl elong EF1A euk/arcIPR004161 Transl elong 
EFTu/EF1A 2IPR004160 Transl elong EFTu/EF1A C 

439.47368 

ENSMUSP00000042342 49.8  Tubulin beta-2C chain IPR002452 Alpha tubulinIPR013838 Beta-tubulin BSIPR002453 Beta tubulinIPR000158 Cell 
division FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ 
CIPR000217 TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

436.84211 

ENSMUSP00000034818 39.6  Isocitrate dehydrogenase Source: 1.1.1.41 IPR004434 IsoCit DHase NAD mitIPR001804 IsoCit IM DHase 347.36842 

ENSMUSP00000044556 59.7  Dihydroxyacetone kinase (DHA kinase)(EC 2.7.1.29)(Glycerone kinase) Source: 2.7.1.29 IPR004006 Dak1IPR004007 
Dak2IPR012734 DhaK ATP 

523.68421 

ENSMUSP00000097469 56.2  EH domain-containing protein 1 (mPAST1) IPR001401 Dynamin GTPaseIPR002917 MMR HSR1 GTP bd 492.98246 

ENSMUSP00000031103 54.8  UDP-glucose 6-dehydrogenase (UDP-Glc dehydrogenase)(UDP-GlcDH)(UDPGDH)(EC 1.1.1.22) Source: 1.1.1.22 
IPR016040 NAD(P)-bdIPR014027 UDP-Glc/GDP-Man DHase CIPR001732 UDP-Glc/GDP-Man DHase NIPR014026 
UDP-Glc/GDP-Man DHase dimer 

480.70175 

ENSMUSP00000021114 42.3  Galactokinase (EC 2.7.1.6)(Galactose kinase) Source: 2.7.1.6 IPR006204 GHMP kinaseIPR013750 GHMP kinase 
CIPR006203 GHMP knse ATP bd CSIPR000705 GalactokinaseIPR001174 GalkinaseIPR006206 Mev galkinase 

371.05263 

ENSMUSP00000020286 32.6  Inorganic pyrophosphatase (EC 3.6.1.1)(Pyrophosphate phospho-hydrolase)(PPase) Source: 3.6.1.1 IPR008162 
Pyrophosphatase 

285.96491 

ENSMUSP00000060246 49.9  Tubulin beta-2A chain IPR002452 Alpha tubulinIPR013838 Beta-tubulin BSIPR002453 Beta tubulinIPR000158 Cell 
division FtsZ NIPR002967 Delta tubulinIPR004057 Epsilon tubulinIPR002454 Gamma tubulinIPR008280 Tub FtsZ 
CIPR000217 TubulinIPR018316 Tubulin/FtsZ 2-layer-sand-domIPR017975 Tubulin CSIPR003008 Tubulin FtsZ 

437.7193 

ENSMUSP00000050292 18.7  Prostaglandin E synthase 3 (EC 5.3.99.3)(Cytosolic prostaglandin E2 synthase)(cPGES)(Telomerase-binding protein 
p23)(Hsp90 co-chaperone)(Progesterone receptor complex p23)(Sid 3177) Source: 5.3.99.3 IPR017447 CSIPR007052 
CS domainIPR008978 HSP20-like chaperone 

164.03509 



ENSMUSP00000027824 26.2  Serum amyloid P-component Precursor (SAP) IPR008985 ConA like lec glIPR001759 Pentaxin 229.82456 

ENSMUSP00000108734 23.2  5, 10-methenyltetrahydrofolate synthetase-like IPR002698 FTHF cligase 203.50877 

ENSMUSP00000068086 51.8  Probable D-lactate dehydrogenase, mitochondrial Precursor (Lactate dehydrogenase D)(DLD)(EC 1.1.2.4) Source: 
1.1.2.4 IPR016166 FAD-bd 2IPR016164 FAD-linked Oxase-like CIPR004113 FAD-linked oxidase CIPR006094 Oxid FAD 
bind N 

454.38596 

ENSMUSP00000034808 29.6  Nicotinamide N-methyltransferase (EC 2.1.1.1) Source: 2.1.1.1 IPR000940 NNMT TEMT trans 259.64912 

ENSMUSP00000030187 269.7  Talin-1 IPR000299 Band 4.1 NIPR009065 FERM 3-hlxIPR002558 ILWEQIPR000159 Ras-assocIPR015224 Talin 
centIPR015009 VBS bdIPR006077 Vinculin/catenin 

2365.7895 

ENSMUSP00000026168 113  MMS19 nucleotide excision repair protein homolog (MMS19-like protein)(MET18 homolog) IPR016024 ARM-type 
foldIPR000357 HEATIPR002016 Haem peroxidase pln/fun/bac 

991.22807 

ENSMUSP00000102254 42.3  Alpha-parvin (Actopaxin) IPR016146 Calponin-homologyIPR001715 Calponin act bd 371.05263 

ENSMUSP00000026012 57.6  Cytochrome P450 17A1 (EC 1.14.99.9)(CYPXVII)(P450-C17)(P450c17)(Steroid 17-alpha-hydroxylase/17,20 lyase) 
Source: 1.14.99.9 IPR001128 Cyt P450IPR002397 Cyt P450 BIPR017973 Cyt P450 CIPR017972 Cyt P450 
CSIPR002401 Cyt P450 E grp-IIPR002403 Cyt P450 E grp-IVIPR008069 Cyt P450 E grp-I CYP2D-like 

505.26316 

ENSMUSP00000064849 34.6  L-serine dehydratase (EC 4.3.1.17)(L-serine deaminase) Source: 4.3.1.17 IPR001926 PyrdxlP-dep enz bsuIPR000634 
Ser/Thr deHydtase PyrdxlP-BS 

303.50877 

ENSMUSP00000101862 51.5  Adenylyl cyclase-associated protein 1 (CAP 1) IPR013912 Adenylate cyclase-assoc CAP CIPR013992 Adenylate 
cyclase-assoc CAP NIPR018106 CAP CSIPR006599 CARP motifIPR000694 PRO rich 

451.75439 

ENSMUSP00000047761 55.3  Glycerate kinase (EC 2.7.1.31) Source: 2.7.1.31 IPR007835 MOFRL 485.08772 

ENSMUSP00000020034 35.4  Enoyl-CoA hydratase domain-containing protein 1 IPR001753 Crotonase coreIPR018376 Enoyl-CoA hyd/isom CS 310.52632 

ENSMUSP00000070682 49  Spliceosome RNA helicase Bat1 (EC 3.6.1.-)(DEAD box protein UAP56)(56 kDa U2AF65-associated protein)(HLA-B-
associated transcript 1) Source: 3.6.1.- IPR014001 DEAD-like NIPR001650 DNA/RNA helicase CIPR011545 DNA/RNA 
helicase DEAD/DEAH NIPR014021 Helicase SF1/SF2 ATP-bdIPR014014 RNA helicase DEAD Q motif 

429.82456 

ENSMUSP00000036337 28  Haloacid dehalogenase-like hydrolase domain-containing protein 3 IPR005834 Dehalogen-like hydroIPR011949 HAD-SF 
hydro IA REG-2-likeIPR006439 HAD-SF hydro IA v1IPR005833 Haloacid DHase/epoxide hydro 

245.61404 

ENSMUSP00000024860 60.8  EH domain-containing protein 3 IPR001401 Dynamin GTPaseIPR018247 EF HAND 1IPR018249 EF HAND 2IPR002048 
EF hand Ca bdIPR000261 EPS15 homology 

533.33333 

ENSMUSP00000051366 57.6  FAD synthetase (EC 2.7.7.2)(FMN adenylyltransferase)(FAD pyrophosphorylase)(Flavin adenine dinucleotide synthetase) 
Source: 2.7.7.2 IPR012183 FAD synth Mopterin-bdIPR001453 Mopterin bdIPR002500 PAPS reduct 

505.26316 

ENSMUSP00000110576 49.5  Zinc finger and BTB domain-containing protein 9 IPR000210 BTB/POZ-likeIPR011333 BTB/POZ foldIPR013069 BTB 
POZIPR003072 NOR1 rcptIPR007087 Znf C2H2IPR015880 Znf C2H2-like 

434.21053 

ENSMUSP00000052174:reversed 55.9  490.35088 

ENSMUSP00000099403 83.1  Signal transducer and activator of transcription 3 (Acute-phase response factor) IPR013289 ETOIPR000980 
SH2IPR013801 STAT TF DNA-bdIPR013800 STAT TF alphaIPR015988 STAT TF coiled-coilIPR013799 STAT TF prot 
interactionIPR008967 p53 like TF DNA-bd 

728.94737 

ENSMUSP00000022369 116.6  Vinculin (Metavinculin) IPR000694 PRO richIPR017997 VinculinIPR006077 Vinculin/cateninIPR000633 Vinculin CS 1022.807 

ENSMUSP00000044554 77.8  Fermitin family homolog 2 (Pleckstrin homology domain-containing family C member 1)(Kindlin-2) IPR000299 Band 4.1 
NIPR009065 FERM 3-hlxIPR001849 Pleckstrin homology 

682.45614 

ENSMUSP00000021506 46.7  Serine protease inhibitor A3N Precursor (Serpin A3N) IPR000295 Prot inh Lserp2IPR000215 Protease inhib I4 serpin 409.64912 

ENSMUSP00000108953 62.2  UDP-glucuronosyltransferase 2B5 Precursor (UDPGT 2B5)(EC 2.4.1.17)(M-1) Source: 2.4.1.17 IPR002213 UDP glucos 
trans 

545.61404 

ENSMUSP00000035823 112.6  SEC24 related gene family, member D IPR007123 GelsolnIPR000694 PRO richIPR012990 Sec23 24 beta SIPR006900 
Sec23 helicalIPR006896 Sec23 trunkIPR006895 Znf Sec23 Sec24 

987.7193 

 



 
Supplementary Table 8 
(continued) 

            

Protein identifications from control, non-cachectic and cachectic mouse liver 
membrane preparations 

    

Identifier: ENSEMBL 
number 

            

cachectic/control/nc (1-3): number of nonredundant 
peptides 

         

LogNSAF: log of the average NSAF            

n.b. NSAF=(Spc/L)/Σ(Spc/L)             

Spc: spectral counts L: length of the protein           

             
Identifier cachecti

c_3.csv 
cachecti
c_2.csv 

cachecti
c_1.csv 

contro
l_1.cs
v 

contro
l_2.cs
v 

contro
l_3.cs
v 

nc_1.csv nc_2.csv nc_3.csv Log.NSA
F.cachec
tic 

Log.NSA
F.control 

Log.NSA
F.nc 

ENSMUSP00000068282 0 0 0 186 185 163 0 0 143 -11.06014 -
5.420473 

-6.762545 

ENSMUSP00000071573 0 0 0 157 126 120 79 101 68 -10.5277 -
5.168587 

-5.683907 

ENSMUSP00000037665 0 0 0 210 220 166 89 83 102 -11.00954 -
5.260317 

-6.066614 

ENSMUSP00000072598 0 0 0 123 128 99 0 79 92 -11.06179 -
5.843114 

-6.587063 

ENSMUSP00000031633 0 0 0 89 91 66 0 0 0 -11.00954 -
6.141677 

-11.28415 

ENSMUSP00000052945 0 0 0 6 5 5 2 2 3 -12.05729 -
9.838983 

-10.59364 

ENSMUSP00000033086 0 0 0 2 2 2 1 0 0 -10.79201 -
9.421507 

-10.55401 

ENSMUSP00000034173 0 0 0 21 16 21 9 7 9 -11.07159 -
7.629244 

-8.470332 

ENSMUSP00000020266 0 0 0 5 5 4 0 0 2 -10.41829 -
8.321396 

-9.843062 

ENSMUSP00000102636 0 0 0 28 25 17 0 0 0 -10.68784 -
7.061753 

-10.96245 

ENSMUSP00000023709 0 0 0 34 57 45 44 0 39 -11.07484 -6.79478 -7.3138 

ENSMUSP00000004478 0 0 0 1 1 1 0 0 0 -11.44007 -
10.58098 

-11.71467 

ENSMUSP00000017597 0 0 0 1 1 1 1 0 3 -10.73219 -
9.873106 

-9.704283 

ENSMUSP00000004396 0 0 0 1 1 1 0 0 0 -9.547809 -
8.688726 

-9.822418 

ENSMUSP00000094929 0 0 0 1 1 1 0 0 0 -11.36898 -10.5099 -11.64359 



ENSMUSP00000077972 0 0 0 1 1 1 0 0 0 -10.92285 -
10.06376 

-11.19745 

ENSMUSP00000072558 0 0 0 24 44 26 0 0 0 -9.743719 -5.82818 -10.01833 

ENSMUSP00000099436 0 0 0 5 5 7 3 4 3 -10.08369 -
7.809797 

-8.317556 

ENSMUSP00000066990 0 0 0 3 4 3 0 0 3 -9.313408 -
7.515156 

-8.486443 

ENSMUSP00000001497 0 0 0 3 4 3 0 0 0 -10.1634 -
8.365146 

-10.43801 

ENSMUSP00000103034 0 0 0 22 39 21 0 20 15 -10.85453 -
7.073277 

-7.933031 

ENSMUSP00000034046 121 120 124 258 264 246 179 183 217 -5.805026 -
5.305765 

-5.619736 

ENSMUSP00000057069 0 0 0 3 3 2 0 2 0 -11.55872 -
9.951649 

-10.9835 

ENSMUSP00000044012 0 0 0 3 3 2 0 0 3 -12.11276 -
10.50568 

-11.28579 

ENSMUSP00000018727 0 0 0 3 2 2 0 0 0 -10.89994 -
9.404177 

-11.17455 

sp|K1C15_SHEEP| 0 0 0 28 74 52 42 0 46 -10.83823 -
6.435148 

-7.019703 

ENSMUSP00000032074 0 0 0 3 2 3 0 0 0 -10.19905 -8.59197 -10.47365 

ENSMUSP00000039784 0 0 0 7 4 4 2 0 0 -9.791633 -
7.632192 

-9.216404 

ENSMUSP00000029387 0 0 0 2 3 3 1 0 0 -11.11767 -
9.510593 

-10.87967 

ENSMUSP00000040580 0 0 0 4 3 2 2 0 0 -10.58486 -
8.877638 

-10.00963 

ENSMUSP00000073444 92 89 103 206 204 179 113 161 156 -5.793706 -
5.309458 

-5.655281 

ENSMUSP00000059943 0 0 0 4 2 3 0 0 0 -9.09262 -
7.385395 

-9.367229 

ENSMUSP00000034860 22 29 39 299 257 204 59 89 89 -6.899479 -
5.022956 

-6.216013 

ENSMUSP00000089691 25 24 29 60 54 51 42 63 34 -6.558644 -
6.061853 

-6.263766 

ENSMUSP00000026462 80 71 89 230 209 177 119 138 98 -5.453031 -
4.756696 

-5.338166 

ENSMUSP00000074990 89 81 92 207 207 169 52 49 69 -5.806688 -
5.252462 

-6.51078 

ENSMUSP00000081370 21 20 18 99 86 65 16 24 14 -7.316649 -
6.134257 

-7.677527 

ENSMUSP00000003100 83 87 117 326 286 301 175 170 189 -5.712472 -
4.801266 

-5.368565 

ENSMUSP00000082352 4 4 6 21 25 19 9 17 9 -8.17137 -
6.957171 

-7.58926 

ENSMUSP00000029569 0 0 0 4 2 2 1 0 0 -10.53607 -
8.928998 

-10.29808 



sp|K1C10_HUMAN| 156 137 150 286 311 331 311 324 266 -5.342621 -
4.847408 

-4.909004 

ENSMUSP00000065796 26 25 19 78 73 83 16 0 30 -7.111111 -
6.161525 

-7.794735 

ENSMUSP00000031195 21 21 31 80 87 73 23 24 31 -7.155382 -
6.221741 

-7.365027 

ENSMUSP00000057732 68 70 77 163 134 137 87 102 79 -5.551171 -
5.094743 

-5.606796 

ENSMUSP00000034567 4 4 4 13 11 16 11 12 11 -8.969419 -
8.088574 

-8.276879 

ENSMUSP00000023832 5 6 5 27 19 31 10 14 5 -8.000315 -
6.741613 

-7.719236 

ENSMUSP00000026398 23 24 33 81 72 69 47 67 55 -6.285263 -
5.518894 

-5.821697 

ENSMUSP00000028807 0 0 0 3 2 5 0 2 0 -10.7877 -
8.989444 

-10.21247 

ENSMUSP00000045351 0 0 0 2 2 1 0 0 0 -10.86057 -
9.633307 

-11.13518 

ENSMUSP00000002840 0 0 0 2 2 1 0 0 0 -11.60174 -
10.37448 

-11.87635 

ENSMUSP00000047551 19 20 11 138 155 97 47 0 0 -7.37294 -
5.586916 

-7.707575 

ENSMUSP00000066958 0 0 0 3 5 9 4 4 1 -11.16468 -
8.890788 

-9.489574 

ENSMUSP00000030299 29 30 31 95 91 66 21 24 30 -6.892571 -
6.115991 

-7.346242 

ENSMUSP00000004381 5 4 5 11 9 11 3 7 3 -8.640305 -
8.142172 

-8.981634 

ENSMUSP00000027478 6 6 5 16 16 21 6 5 5 -8.139937 -
7.301761 

-8.470136 

ENSMUSP00000043061 0 0 0 2 1 1 0 0 0 -10.45209 -
9.392065 

-10.7267 

ENSMUSP00000042095 0 0 0 2 1 1 0 0 0 -10.79415 -
9.734133 

-11.06876 

ENSMUSP00000065425 0 0 0 2 1 1 3 0 1 -10.55805 -9.49803 -9.530147 

ENSMUSP00000061851 19 23 26 68 85 61 34 30 38 -6.97728 -
6.088073 

-6.853613 

ENSMUSP00000001834 5 6 5 18 14 20 7 3 4 -8.502722 -
7.627477 

-8.89874 

ENSMUSP00000032078 12 7 8 29 30 27 29 26 35 -8.091565 -
7.212164 

-7.199578 

ENSMUSP00000035417 0 0 0 7 4 2 9 0 9 -11.08291 -
9.052736 

-8.78847 

ENSMUSP00000025279 0 0 0 2 4 6 0 0 0 -11.914 -
9.955319 

-12.18861 

ENSMUSP00000021370 0 0 0 1 2 2 2 1 1 -10.88242 -
9.655155 

-9.854512 

ENSMUSP00000024963 0 0 0 1 2 2 0 0 0 -9.737565 - -10.01217 



8.510303 

ENSMUSP00000000394 0 0 0 1 2 2 1 1 1 -11.22225 -
9.994989 

-10.39529 

ENSMUSP00000001183 23 20 13 73 76 75 53 56 96 -7.377752 -
6.253622 

-6.373762 

ENSMUSP00000034624 3 1 4 24 41 29 4 7 6 -8.931629 -
6.865656 

-8.539419 

ENSMUSP00000041442 0 1 0 16 10 10 2 0 0 -10.17524 -
7.707194 

-10.11261 

ENSMUSP00000086530 112 117 158 374 397 297 206 238 265 -5.432599 -
4.662427 

-5.103524 

ENSMUSP00000051293 3 4 3 10 14 13 0 0 0 -9.231962 -
8.265737 

-11.54731 

ENSMUSP00000086528 143 133 163 332 311 253 196 206 232 -5.305221 -
4.836002 

-5.213323 

ENSMUSP00000022976 0 0 0 1 2 1 0 0 0 -11.85039 -
10.79037 

-12.125 

ENSMUSP00000051621 0 0 0 1 2 1 0 2 0 -9.640402 -8.58038 -9.065173 

sp|K1C9_HUMAN| 66 51 64 171 281 179 166 142 171 -6.275612 -
5.275148 

-5.582121 

ENSMUSP00000101999 0 0 1 12 6 7 0 1 0 -10.1871 -
8.066326 

-10.46171 

ENSMUSP00000034414 0 0 0 3 2 1 0 0 0 -10.5079 -
9.137403 

-10.78251 

ENSMUSP00000051441 0 0 0 3 2 1 0 0 0 -10.89801 -
9.527513 

-11.17262 

ENSMUSP00000029240 5 2 3 15 26 23 11 3 12 -8.953106 -
7.455418 

-8.35554 

ENSMUSP00000034623 0 0 0 1 1 2 0 0 0 -10.14714 -
9.087115 

-10.42175 

ENSMUSP00000111510 0 0 0 1 1 2 1 0 1 -11.05354 -
9.993521 

-10.47831 

sp|K2C1_HUMAN| 164 116 142 330 433 318 348 307 364 -5.491662 -
4.795669 

-4.886767 

ENSMUSP00000086418 10 9 10 23 33 38 27 27 27 -8.03706 -
7.138004 

-7.31646 

ENSMUSP00000025713 3 3 3 12 12 7 1 0 0 -8.84229 -
7.954488 

-10.55401 

ENSMUSP00000017946 0 0 0 2 1 3 0 0 0 -10.89608 -
9.525576 

-11.17068 

ENSMUSP00000051700 15 20 21 44 56 52 13 16 0 -7.692649 -
6.953153 

-8.601418 

ENSMUSP00000034848 0 0 0 3 3 1 2 1 0 -10.33694 -
8.841178 

-9.509979 

ENSMUSP00000047790 25 15 34 108 181 104 95 92 96 -6.190782 -
4.779716 

-5.138725 

ENSMUSP00000097860 0 0 2 15 58 53 6 3 5 -11.3182 -
7.963486 

-10.10326 



ENSMUSP00000034172 19 23 17 78 69 47 29 26 35 -7.37333 -
6.442829 

-7.234206 

ENSMUSP00000041244 0 0 0 3 1 3 4 2 1 -10.10529 -
8.609523 

-8.64164 

ENSMUSP00000040424 1 2 3 12 11 9 3 0 8 -9.650362 -
8.395524 

-9.413791 

ENSMUSP00000005923 0 1 1 10 8 8 3 4 4 -9.473455 -
7.652865 

-8.47373 

ENSMUSP00000031181 26 33 24 73 81 63 22 32 36 -7.024497 -
6.316906 

-7.219512 

ENSMUSP00000027464 0 0 0 1 3 2 1 0 0 -10.5769 -
9.206396 

-10.3389 

ENSMUSP00000003843 0 0 0 1 3 2 0 0 1 -11.24575 -9.87525 -11.00775 

ENSMUSP00000104806 0 0 0 1 2 3 0 0 0 -11.70873 -
10.33823 

-11.98334 

ENSMUSP00000107118 0 0 1 9 4 8 1 3 1 -9.549011 -
7.591912 

-8.86647 

ENSMUSP00000076578 0 0 0 4 10 2 0 0 0 -10.97433 -
8.756024 

-11.24894 

ENSMUSP00000023083 94 99 107 231 215 167 88 104 92 -5.677301 -
5.207743 

-6.006439 

ENSMUSP00000026208 0 1 0 5 9 8 0 0 0 -11.5967 -
9.596108 

-12.38392 

ENSMUSP00000034178 10 20 15 65 50 76 14 33 22 -7.634932 -
6.456672 

-7.493332 

ENSMUSP00000025356 0 1 0 6 8 5 0 1 1 -9.389639 -
7.525659 

-9.327014 

ENSMUSP00000014913 1 1 0 7 9 10 3 7 6 -9.376081 -
7.555491 

-8.039732 

ENSMUSP00000025196 0 0 0 3 4 1 0 0 1 -10.3604 -
8.753321 

-10.1224 

ENSMUSP00000084445 0 0 0 4 1 3 1 0 0 -9.779868 -
8.172793 

-9.541873 

ENSMUSP00000080996 0 0 0 4 2 1 0 0 0 -10.17542 -
8.679655 

-10.45003 

ENSMUSP00000072555 187 191 235 423 429 339 284 300 356 -4.979336 -
4.558824 

-4.827275 

ENSMUSP00000109355 0 0 0 3 1 4 0 0 0 -11.11144 -
9.504362 

-11.38605 

ENSMUSP00000028657 1 1 4 16 11 15 2 12 8 -9.03094 -7.51484 -8.162847 

ENSMUSP00000031251 9 6 12 39 47 24 11 14 9 -7.497382 -
6.375579 

-7.552316 

ENSMUSP00000022148 0 2 1 23 11 17 15 6 10 -9.96676 -
7.751165 

-8.262933 

ENSMUSP00000073061 31 29 52 99 118 93 69 76 102 -5.699148 -
4.932006 

-5.190085 

ENSMUSP00000037022 2 2 10 36 43 39 12 15 9 -8.92128 -
7.120922 

-8.312136 



ENSMUSP00000075235 0 0 2 9 12 21 2 2 2 -10.28629 -
8.007039 

-9.797748 

ENSMUSP00000055206 0 0 0 1 3 4 0 0 0 -11.33832 -
9.731249 

-11.61293 

ENSMUSP00000112236 14 8 13 32 26 37 34 29 28 -7.325983 -6.59613 -6.670585 

ENSMUSP00000032422 0 0 1 4 5 3 1 0 0 -10.26205 -
8.815972 

-10.53666 

ENSMUSP00000037259 20 37 44 127 123 103 46 60 79 -6.816459 -
5.818058 

-6.49247 

ENSMUSP00000056152 17 10 11 35 29 28 18 26 18 -7.358799 -
6.739532 

-7.158605 

ENSMUSP00000076735 83 83 94 169 137 134 0 118 81 -5.367908 -
5.086646 

-5.908145 

ENSMUSP00000028083 0 0 0 5 1 4 0 0 0 -10.35041 -
8.552161 

-10.62502 

ENSMUSP00000022341 0 0 0 1 4 4 0 0 0 -10.28832 -
8.581099 

-10.56293 

ENSMUSP00000003137 190 165 202 458 441 303 226 306 265 -5.048317 -
4.523068 

-4.965442 

ENSMUSP00000046585 78 89 91 189 191 140 110 89 112 -6.12821 -
5.672736 

-6.216967 

ENSMUSP00000002663 20 29 15 61 68 64 21 35 30 -6.847932 -
6.001974 

-6.832926 

ENSMUSP00000108763 82 83 101 178 153 138 88 121 121 -5.867129 -
5.544933 

-5.927224 

ENSMUSP00000084959 0 1 1 9 5 16 2 6 0 -9.658065 -
7.701643 

-8.932945 

ENSMUSP00000030051 0 0 0 1 3 5 2 4 1 -9.412143 -
7.704918 

-7.948493 

ENSMUSP00000010049 0 0 0 4 6 1 0 0 0 -10.53329 -
8.651612 

-10.8079 

ENSMUSP00000008801 4 8 5 22 24 15 6 5 2 -8.550316 -
7.575158 

-9.068646 

ENSMUSP00000036245 2 0 0 10 8 7 6 3 7 -9.818725 -
8.035186 

-8.482376 

ENSMUSP00000031183 21 35 47 101 113 102 53 70 66 -6.800466 -
5.931624 

-6.474581 

ENSMUSP00000039543 0 0 0 2 1 5 0 0 0 -10.38976 -
8.782687 

-10.66437 

ENSMUSP00000031822 0 1 0 3 7 9 2 1 0 -10.73041 -8.86643 -10.41605 

ENSMUSP00000079065 63 63 93 246 230 138 58 127 85 -5.977693 -
5.193628 

-6.044231 

ENSMUSP00000042188 0 0 0 1 5 2 0 0 0 -11.5001 -9.89302 -11.7747 

ENSMUSP00000053877 2 1 1 4 10 9 0 2 2 -10.50051 -
9.248136 

-10.77512 

ENSMUSP00000025602 1 1 1 2 3 3 0 4 2 -9.576674 -
9.071173 

-9.339865 



ENSMUSP00000032399 1 0 1 4 6 4 2 2 1 -9.17077 -
7.923713 

-8.825462 

ENSMUSP00000039663 0 1 0 4 3 6 0 0 5 -11.01672 -
9.499152 

-10.33418 

ENSMUSP00000000349 14 20 14 53 34 62 23 25 14 -7.4258 -
6.556211 

-7.451312 

ENSMUSP00000085244 1 2 6 14 23 22 5 5 2 -9.943051 -
8.433751 

-9.966204 

ENSMUSP00000099848:reversed 0 1 0 4 3 7 4 8 6 -11.15398 -
9.569685 

-9.37214 

ENSMUSP00000022317 6 6 10 16 16 16 4 3 7 -7.391446 -
6.888816 

-8.082361 

ENSMUSP00000073939 3 7 4 18 13 18 5 12 3 -7.832045 -
6.893106 

-7.779321 

ENSMUSP00000099770 16 9 16 29 48 40 15 4 8 -8.592622 -
7.809604 

-9.266907 

ENSMUSP00000103436 0 0 1 3 8 3 0 0 0 -11.57044 -9.98615 -12.35765 

ENSMUSP00000048832 10 13 11 24 23 19 5 10 8 -6.838236 -
6.438044 

-7.483788 

ENSMUSP00000092966 0 5 1 29 30 18 4 2 4 -9.448796 -
7.342291 

-9.295653 

ENSMUSP00000105754 1 0 1 8 5 3 0 0 0 -9.663763 -
8.295296 

-10.78821 

ENSMUSP00000033074 4 2 2 8 6 8 6 5 11 -7.982186 -
7.318552 

-7.350669 

ENSMUSP00000109150 48 75 116 249 199 265 70 91 54 -6.461959 -
5.615569 

-6.8417 

ENSMUSP00000101096 1 0 0 4 3 2 1 1 2 -10.16081 -
8.966192 

-9.645512 

ENSMUSP00000002844 1 0 0 3 4 2 0 3 1 -9.945508 -
8.750887 

-9.430207 

ENSMUSP00000017365 0 2 4 18 23 20 21 16 12 -9.445507 -
7.566955 

-7.812291 

sp|K22E_HUMAN| 59 70 87 131 211 177 200 167 172 -6.158032 -
5.527914 

-5.522326 

ENSMUSP00000007977 1 4 4 18 12 13 19 22 14 -9.441953 -
8.239847 

-8.033181 

ENSMUSP00000088246 3 7 12 39 34 24 7 13 9 -7.934532 -
6.743752 

-7.948349 

ENSMUSP00000097395 0 0 1 2 3 4 0 1 0 -9.526437 -
8.331816 

-9.801046 

ENSMUSP00000023519 2 6 6 23 23 14 5 3 3 -8.52319 -
7.387163 

-9.013013 

ENSMUSP00000102665 141 116 185 298 253 261 148 154 132 -5.353242 -
4.989078 

-5.646054 

ENSMUSP00000075089 0 0 0 1 4 1 0 1 0 -11.77203 -
10.40153 

-11.53403 

ENSMUSP00000025804 9 11 13 24 23 18 10 18 12 -6.912906 - -7.002748 



6.499062 

ENSMUSP00000056643 3 4 8 15 19 13 0 11 0 -7.699076 -
6.863098 

-8.251445 

ENSMUSP00000072803 94 106 117 193 170 159 120 181 162 -5.684323 -
5.429892 

-5.581586 

ENSMUSP00000052872 77 60 91 183 124 197 416 357 468 -7.52461 -
6.977441 

-6.110218 

ENSMUSP00000093390 2 3 3 20 6 13 5 2 3 -8.652605 -
7.444551 

-8.736037 

ENSMUSP00000037487 27 22 65 115 106 146 31 37 27 -6.671683 -
5.753965 

-7.12603 

ENSMUSP00000045362 62 69 88 199 207 119 0 115 80 -5.975896 -
5.348016 

-6.365743 

ENSMUSP00000031492 0 0 4 11 15 11 0 0 8 -8.785535 -7.08108 -8.513091 

ENSMUSP00000046497 1 0 0 2 6 3 0 4 0 -10.55736 -
9.188284 

-10.04206 

ENSMUSP00000048096 3 1 6 13 14 28 4 4 1 -9.883012 -8.53315 -10.24865 

ENSMUSP00000004910 0 0 1 3 2 2 1 0 0 -10.10094 -
9.117782 

-10.37555 

ENSMUSP00000045285 0 0 0 1 8 2 0 0 1 -12.20901 -
10.32733 

-11.97101 

ENSMUSP00000021412 0 0 2 6 5 4 3 2 2 -9.41326 -
8.103657 

-8.799447 

ENSMUSP00000032228 0 3 1 7 14 15 0 0 0 -10.7572 -
9.079065 

-12.33432 

ENSMUSP00000104358 0 0 1 2 2 3 0 0 0 -9.9425 -
8.959337 

-10.72971 

ENSMUSP00000038763 2 5 4 19 9 12 8 3 4 -9.209159 -
8.251314 

-9.206007 

ENSMUSP00000033683 55 48 77 112 105 104 76 59 49 -5.540135 -
5.207763 

-5.792944 

ENSMUSP00000031186 2 1 13 41 36 24 15 19 20 -8.592748 -
7.067263 

-7.712914 

ENSMUSP00000021273 0 0 1 2 4 2 2 2 2 -8.981552 -
7.887081 

-8.155774 

ENSMUSP00000032419 0 0 0 1 1 5 0 0 0 -10.82376 -
9.327988 

-11.09836 

ENSMUSP00000016031 0 0 3 5 11 9 3 5 1 -10.13042 -
8.598618 

-9.556886 

ENSMUSP00000090727 0 0 3 8 12 5 0 8 0 -9.012227 -
7.480424 

-8.538843 

ENSMUSP00000059404 0 2 0 7 4 5 0 2 0 -9.655204 -
8.286737 

-9.929813 

ENSMUSP00000031377 5 5 2 11 11 15 4 6 6 -8.740367 -7.93457 -8.755352 

ENSMUSP00000043424 5 12 7 20 36 22 16 11 10 -8.584513 -
7.689749 

-8.447053 

ENSMUSP00000044877 1 0 0 2 2 2 0 0 0 -9.027715 - -9.814927 



8.169819 

ENSMUSP00000048284 99 96 125 247 249 155 64 146 105 -5.602377 -
5.137044 

-5.89266 

ENSMUSP00000022268 11 6 6 35 14 36 13 8 8 -7.816172 -
6.796998 

-7.871674 

ENSMUSP00000108422 39 36 38 81 54 62 40 34 25 -6.121619 -
5.813872 

-6.526653 

ENSMUSP00000029076 6 0 5 38 40 22 23 20 17 -8.205971 -
6.353666 

-6.886847 

ENSMUSP00000035458 5 9 20 30 46 48 13 10 12 -8.994813 -
7.974397 

-9.241637 

ENSMUSP00000003038 24 29 32 50 51 74 19 38 34 -7.537903 -
7.067179 

-7.745443 

ENSMUSP00000025549 35 7 23 130 105 56 108 92 103 -5.877773 -
4.638925 

-4.630835 

ENSMUSP00000022946 1 0 1 5 2 5 2 5 5 -8.755959 -
7.647116 

-7.679233 

ENSMUSP00000023712 19 0 0 60 82 44 0 58 62 -8.59475 -
6.623599 

-7.0896 

ENSMUSP00000024823 1 0 0 2 2 6 2 1 5 -9.474903 -
8.189255 

-8.412549 

ENSMUSP00000026427 5 2 3 7 9 8 0 1 2 -9.711725 -
9.157568 

-10.9255 

ENSMUSP00000082519 5 13 12 25 28 39 15 21 17 -8.582224 -
7.736602 

-8.308531 

ENSMUSP00000060346 1 1 0 8 3 3 6 5 2 -9.994537 -
8.747481 

-8.846319 

ENSMUSP00000081485 4 1 6 13 22 11 13 13 10 -7.416147 -
6.323246 

-6.591789 

ENSMUSP00000007272 12 9 17 27 53 26 17 23 18 -7.643959 -
6.885154 

-7.508835 

ENSMUSP00000028610 31 65 46 137 92 122 48 69 57 -6.478297 -
5.822045 

-6.551593 

ENSMUSP00000032998 64 67 67 141 93 145 106 115 70 -5.342463 -
4.939266 

-5.23441 

ENSMUSP00000027153 0 1 0 2 5 2 3 1 1 -10.30907 -
9.114445 

-9.626525 

ENSMUSP00000031729 3 10 13 27 36 31 10 5 13 -8.520376 -
7.517755 

-8.724764 

ENSMUSP00000071292 14 24 14 51 38 33 56 29 30 -7.299948 -6.70581 -6.79628 

ENSMUSP00000027381 3 0 0 14 7 4 17 20 14 -9.329139 -
7.797336 

-7.14566 

ENSMUSP00000025778 1 1 2 3 3 5 2 1 2 -10.3792 -
9.800031 

-10.48657 

ENSMUSP00000039252 117 118 147 269 213 182 152 183 132 -4.976603 -
4.667888 

-5.051012 

ENSMUSP00000034355 0 2 0 4 5 4 12 13 19 -10.23468 -
9.054343 

-7.942584 



ENSMUSP00000031334 2 1 3 4 7 7 6 2 3 -8.860024 -
8.146459 

-8.623453 

ENSMUSP00000031411 11 13 11 43 18 44 30 31 14 -7.79069 -6.96223 -7.325225 

ENSMUSP00000104955 0 0 0 1 1 7 0 0 0 -12.28092 -
10.57369 

-12.55552 

ENSMUSP00000029770 20 34 32 55 86 58 37 26 28 -7.204824 -
6.618098 

-7.423859 

ENSMUSP00000029663 1 1 0 7 2 5 0 2 0 -9.660918 -
8.413861 

-9.935527 

ENSMUSP00000090593 0 1 1 2 7 10 2 4 1 -11.12462 -
9.597876 

-10.51081 

ENSMUSP00000021001 6 8 8 17 26 12 8 9 9 -7.310378 -
6.675464 

-7.42776 

ENSMUSP00000090909 15 26 37 74 64 50 47 0 57 -7.121041 -
6.494852 

-7.112675 

ENSMUSP00000029877 8 10 6 34 13 25 12 10 8 -7.704221 -
6.887936 

-7.767471 

ENSMUSP00000020948 0 0 2 2 6 8 0 1 0 -11.31166 -9.94319 -11.9235 

ENSMUSP00000090155 0 4 0 5 13 10 2 1 0 -9.802654 -8.36452 -10.2782 

ENSMUSP00000032073 0 0 1 3 3 1 0 0 0 -9.682543 -8.69938 -10.46976 

ENSMUSP00000029987 32 47 40 78 97 62 42 36 52 -6.238286 -
5.798031 

-6.425533 

ENSMUSP00000054322 6 0 2 14 16 12 7 19 10 -8.689281 -
7.409756 

-7.590318 

ENSMUSP00000032841 1 0 0 4 1 3 0 0 0 -9.908807 -
8.814335 

-10.69602 

sp|ALBU_HUMAN| 10 7 12 15 38 41 25 7 6 -8.174516 -7.27546 -8.190501 

ENSMUSP00000092283 6 1 1 9 8 11 3 5 0 -9.054232 -8.16315 -9.32884 

ENSMUSP00000034426 2 6 3 8 11 18 3 5 2 -9.044945 -
8.162148 

-9.402982 

ENSMUSP00000023462 0 0 1 3 1 5 6 6 7 -10.15839 -
8.963767 

-8.326526 

ENSMUSP00000018186 62 54 41 156 102 82 65 99 75 -5.817165 -
5.292041 

-5.674794 

ENSMUSP00000076472 0 1 1 6 3 2 0 0 0 -9.683454 -
8.651612 

-10.8079 

ENSMUSP00000003569 5 0 0 7 7 15 4 9 5 -8.863795 -
7.559557 

-8.03911 

ENSMUSP00000052989 1 10 0 19 21 21 10 11 13 -8.88364 -
7.516268 

-8.1141 

ENSMUSP00000037555 18 24 23 60 31 49 13 20 13 -7.293243 -
6.780584 

-7.904364 

ENSMUSP00000106140 0 0 4 5 6 10 2 2 2 -8.904284 -
7.737095 

-8.868415 

ENSMUSP00000023559 23 19 14 44 28 42 49 45 60 -7.662458 -
7.207406 

-6.942133 



ENSMUSP00000002549 1 2 3 6 4 5 0 0 2 -9.172543 -
8.626094 

-10.21031 

ENSMUSP00000004774 1 10 4 16 25 19 18 11 11 -7.910998 -
6.837518 

-7.263031 

ENSMUSP00000070944 2 3 3 8 4 7 1 4 2 -8.743202 -
8.216185 

-9.129119 

ENSMUSP00000035116 5 10 6 26 11 25 13 6 2 -8.307676 -
7.512452 

-8.582285 

ENSMUSP00000077223 1 0 0 3 1 2 0 0 0 -9.243311 -
8.385415 

-10.03052 

ENSMUSP00000008684 251 146 329 552 534 392 207 270 264 -3.626176 -
3.158817 

-3.880376 

ENSMUSP00000038305 1 0 0 4 1 2 2 2 3 -9.460375 -
8.477212 

-8.509329 

ENSMUSP00000103136 7 7 0 40 24 26 0 22 16 -7.47537 -
5.942006 

-6.814257 

ENSMUSP00000103903 0 20 0 34 37 33 0 0 0 -7.883148 -
6.534736 

-10.82448 

ENSMUSP00000042967 3 3 1 7 5 14 7 4 6 -9.142192 -
8.210023 

-8.638673 

ENSMUSP00000006094 200 185 210 345 364 254 216 217 233 -5.003807 -
4.765764 

-5.165955 

ENSMUSP00000099435 20 17 14 30 27 26 24 19 11 -6.094255 -5.86076 -6.313287 

ENSMUSP00000010807 0 1 0 3 7 1 0 4 0 -10.39695 -
9.027871 

-9.881646 

ENSMUSP00000028063 0 0 1 2 1 2 0 0 0 -9.793357 -
9.078699 

-10.58057 

ENSMUSP00000019622 3 5 2 9 13 6 0 9 9 -8.081496 -
7.381592 

-7.827801 

ENSMUSP00000002850 1 1 0 2 3 8 0 0 2 -11.20745 -
10.02711 

-11.48206 

ENSMUSP00000026470 1 6 3 14 7 18 3 0 2 -8.931791 -
7.914914 

-9.777389 

ENSMUSP00000031093:reversed 1 0 0 2 2 1 0 0 1 -10.31945 -
9.604792 

-10.59406 

ENSMUSP00000041361:reversed 0 0 1 2 5 1 0 1 1 -11.60759 -
10.51312 

-11.54496 

ENSMUSP00000033662 4 10 3 20 11 18 4 3 4 -8.202009 -7.44007 -8.868832 

ENSMUSP00000030112 0 1 2 3 4 6 1 3 4 -10.4461 -
9.517501 

-9.972716 

ENSMUSP00000021443 57 52 103 121 133 146 87 93 81 -6.606084 -
6.216991 

-6.674073 

ENSMUSP00000036288 4 14 13 33 22 32 55 49 48 -7.922589 -
7.163188 

-6.644576 

ENSMUSP00000007212 5 6 12 25 12 20 11 15 11 -8.761348 -
8.133328 

-8.583873 

ENSMUSP00000086252 1 0 0 1 2 2 0 0 0 -10.06162 -
9.346963 

-10.84883 



ENSMUSP00000086987 1 0 0 1 2 2 0 2 2 -8.580017 -
7.865358 

-8.064715 

ENSMUSP00000000090 2 0 6 12 9 12 10 13 4 -7.881807 -
6.834124 

-7.057337 

ENSMUSP00000105288 0 1 0 3 1 2 0 0 2 -10.93419 -
10.07629 

-10.87156 

ENSMUSP00000015858 2 4 4 6 9 7 0 1 1 -8.718473 -
8.246016 

-10.18399 

ENSMUSP00000033289 0 1 0 2 3 1 0 1 2 -10.79023 -
9.932333 

-10.47587 

ENSMUSP00000025667 4 4 0 11 14 12 5 11 5 -8.409875 -
7.252473 

-7.821855 

ENSMUSP00000112196 1 2 0 10 2 8 4 7 3 -9.437273 -
8.114621 

-8.47407 

ENSMUSP00000032882 0 0 1 2 1 7 0 4 1 -9.093192 -
7.807544 

-8.410651 

ENSMUSP00000103940 42 8 29 70 74 67 65 63 50 -5.762687 -
5.034442 

-5.235332 

ENSMUSP00000088057 0 3 4 11 9 10 0 7 0 -8.48766 -
7.419659 

-8.762268 

ENSMUSP00000034400 14 4 3 19 15 22 27 38 29 -7.031525 -
6.335567 

-5.860297 

ENSMUSP00000032371 0 0 4 8 3 7 17 12 19 -10.04202 -
9.017975 

-8.118327 

ENSMUSP00000026565 4 0 1 7 6 5 9 9 6 -8.184162 -
7.327359 

-7.091132 

ENSMUSP00000007216 7 16 6 25 17 42 11 14 16 -7.840062 -
7.051624 

-7.782832 

ENSMUSP00000083281 2 0 0 2 3 3 0 7 0 -8.935931 -
8.178693 

-8.322118 

ENSMUSP00000025161 0 1 0 2 2 1 2 2 2 -10.34797 -
9.633307 

-9.522187 

ENSMUSP00000003066 12 10 8 27 14 19 14 30 14 -7.481751 -7.05509 -7.120272 

ENSMUSP00000040954 1 5 10 23 10 35 10 4 10 -8.642799 -7.50588 -8.540811 

ENSMUSP00000045127 1 1 0 3 2 2 0 0 0 -9.233854 -
8.587924 

-10.3583 

ENSMUSP00000002846 3 3 5 6 6 8 6 7 8 -8.315758 -
8.015703 

-8.002344 

ENSMUSP00000047665 2 2 4 6 6 4 1 4 11 -8.794364 -
8.425627 

-8.457744 

ENSMUSP00000034346 1 6 0 12 8 7 2 7 13 -9.339816 -
8.371921 

-8.596991 

ENSMUSP00000022861 4 4 0 16 9 9 2 7 1 -9.19232 -
8.116058 

-9.275752 

ENSMUSP00000022256 11 7 6 14 13 23 10 7 13 -7.932874 -
7.472331 

-7.996124 

ENSMUSP00000099730 14 17 26 29 43 34 28 31 31 -6.437403 -
6.071378 

-6.264658 



ENSMUSP00000070449 5 0 1 8 5 7 0 6 6 -8.054258 -
7.243022 

-7.740686 

ENSMUSP00000099534 2 0 0 2 2 4 1 4 0 -8.727386 -
7.970148 

-8.382078 

ENSMUSP00000102289 11 0 0 9 13 13 8 0 8 -8.074874 -
7.245432 

-8.012859 

ENSMUSP00000029830 0 3 2 4 8 8 4 0 3 -9.255561 -
8.301089 

-9.261665 

ENSMUSP00000051561 0 0 2 6 5 1 1 2 0 -10.4295 -
9.320652 

-10.45237 

ENSMUSP00000099490 0 7 0 6 9 10 23 20 48 -10.7944 -
9.899285 

-8.681159 

ENSMUSP00000025563 4 4 5 11 7 6 10 8 6 -7.729163 -
7.406927 

-7.439044 

ENSMUSP00000071624 0 0 2 5 6 1 2 2 2 -9.449106 -
8.340263 

-8.960561 

ENSMUSP00000002171 1 3 4 14 4 9 11 12 4 -9.022979 -
8.166392 

-8.198509 

ENSMUSP00000029402 8 3 5 10 9 13 0 2 1 -8.602633 -
8.195598 

-10.23646 

ENSMUSP00000072858 0 0 0 9 0 11 18 21 39 -9.591612 -
7.167385 

-5.891573 

ENSMUSP00000031402 4 10 7 13 13 20 16 26 17 -8.309387 -
7.804508 

-7.594682 

ENSMUSP00000037348 87 62 69 125 107 98 106 127 89 -5.695154 -5.52536 -5.581906 

ENSMUSP00000089551 26 24 24 41 31 43 28 39 22 -6.088242 -
5.896944 

-6.181619 

ENSMUSP00000088372 9 15 19 27 30 23 40 33 30 -6.593193 -
6.230503 

-6.014018 

ENSMUSP00000028121 2 0 4 6 7 6 4 6 4 -9.29656 -
8.532967 

-8.844774 

ENSMUSP00000078123 0 0 4 5 3 5 0 1 1 -8.680174 -
7.952515 

-9.40746 

ENSMUSP00000025668 3 11 18 33 31 21 10 4 8 -7.944876 -
7.238647 

-8.574114 

ENSMUSP00000023312 0 1 2 4 2 5 1 1 0 -10.0269 -
9.246799 

-10.55325 

ENSMUSP00000090844 0 1 3 3 4 11 12 0 13 -10.16856 -9.14452 -8.869817 

ENSMUSP00000013737 9 0 0 12 5 12 0 0 0 -8.965554 -
8.141279 

-11.18988 

ENSMUSP00000003521 30 14 31 43 45 46 25 32 30 -5.928727 -5.5995 -6.057612 

ENSMUSP00000075953 0 0 1 1 2 1 0 0 1 -8.669965 -
8.122547 

-8.944574 

ENSMUSP00000034227 0 0 1 1 2 1 0 1 0 -9.425632 -
8.878214 

-9.700241 

ENSMUSP00000080058 0 0 1 1 2 1 0 0 0 -10.84055 -
10.29314 

-11.62777 



ENSMUSP00000111831 5 0 6 12 12 13 2 4 2 -7.643792 -
6.760995 

-8.193005 

ENSMUSP00000045621 8 9 4 13 12 20 10 13 10 -7.683978 -7.20038 -7.53104 

ENSMUSP00000102363 0 2 4 6 10 5 0 6 5 -9.216995 -
8.360283 

-8.980423 

ENSMUSP00000020504 0 0 1 1 1 2 1 3 4 -9.064619 -
8.517201 

-8.002265 

ENSMUSP00000096222 1 0 0 1 1 3 1 3 2 -10.59883 -
9.884175 

-9.773055 

ENSMUSP00000030940 0 0 3 2 4 4 0 7 2 -9.472651 -
8.775973 

-8.899117 

ENSMUSP00000034141 1 0 1 4 3 1 3 1 1 -10.65132 -
9.894079 

-10.30601 

ENSMUSP00000017065 0 0 0 0 5 12 2 3 1 -10.61612 -
8.342222 

-9.277734 

ENSMUSP00000026704 12 9 13 19 15 26 40 22 30 -7.870211 -
7.563119 

-7.176275 

ENSMUSP00000034881 3 0 0 2 6 3 18 15 11 -8.080995 -
7.300889 

-6.040637 

ENSMUSP00000028238 0 11 5 18 25 16 16 0 12 -7.665637 -
6.667416 

-7.417902 

ENSMUSP00000028062 0 1 1 1 5 4 2 1 1 -10.08613 -
9.137715 

-9.908062 

ENSMUSP00000029259 4 8 3 21 6 23 28 27 13 -8.923861 -
8.027857 

-7.760196 

ENSMUSP00000023749 2 0 3 6 8 3 1 1 1 -8.759945 -
7.955805 

-9.402734 

ENSMUSP00000064655 4 0 6 10 9 13 10 15 19 -7.565053 -
6.737966 

-6.463864 

ENSMUSP00000030455 0 3 3 4 9 9 2 6 5 -8.939612 -
8.039402 

-8.554547 

ENSMUSP00000000001 0 0 5 7 3 5 0 0 0 -9.184103 -
8.494416 

-10.92846 

ENSMUSP00000098076 5 2 2 4 9 10 3 6 6 -9.516989 -8.91182 -9.339382 

ENSMUSP00000005685 0 36 51 223 159 86 18 32 0 -6.908427 -
5.482192 

-7.72451 

ENSMUSP00000089374 0 0 36 37 16 29 19 32 23 -7.536079 -
6.977967 

-7.110807 

ENSMUSP00000084918 8 21 18 32 29 31 6 6 15 -7.468517 -
7.054545 

-8.274882 

ENSMUSP00000033480 16 32 20 36 40 53 19 9 17 -7.962033 -
7.574433 

-8.638563 

ENSMUSP00000099642 1 0 4 6 3 6 10 3 9 -11.10175 -
10.41206 

-10.09042 

ENSMUSP00000090184 22 38 27 52 47 47 43 41 45 -6.052864 -5.7845 -5.939078 

ENSMUSP00000018430 1 0 4 4 4 6 2 0 4 -8.71755 -
8.090409 

-8.848921 



ENSMUSP00000027067 2 7 4 13 14 6 7 9 11 -7.910694 -
7.286109 

-7.509322 

ENSMUSP00000091541 0 1 0 7 1 1 0 0 0 -10.37373 -
9.179114 

-11.16095 

ENSMUSP00000099819 12 11 13 45 17 19 0 17 13 -7.153679 -
6.607616 

-7.602675 

ENSMUSP00000054421 0 0 0 2 0 2 2 1 2 -10.33694 -
9.276922 

-9.141799 

ENSMUSP00000077917 0 0 0 2 0 2 3 6 1 -9.653915 -
8.593893 

-7.887781 

ENSMUSP00000003461 2 4 9 15 7 15 3 0 4 -9.307655 -
8.702618 

-10.24594 

ENSMUSP00000034097 1 2 0 5 3 2 2 9 1 -9.709602 -
9.012925 

-8.884613 

ENSMUSP00000004232 9 3 2 11 7 17 16 18 17 -8.29452 -
7.680292 

-7.348853 

ENSMUSP00000031773 6 19 12 32 18 32 4 8 5 -7.374319 -
6.842529 

-8.382002 

ENSMUSP00000069359:reversed 0 1 0 1 2 1 2 0 0 -9.957448 -9.41003 -9.894824 

ENSMUSP00000103557 0 0 5 3 7 4 0 2 0 -8.587387 -
7.960247 

-9.481913 

ENSMUSP00000099415 15 0 15 26 43 36 20 25 18 -7.856968 -
6.881154 

-7.414791 

ENSMUSP00000001507 6 7 26 33 26 22 3 2 2 -7.690216 -
7.221128 

-9.526679 

ENSMUSP00000047960 11 0 4 17 11 16 5 13 4 -6.984236 -
6.212119 

-6.905084 

ENSMUSP00000017975 6 0 2 7 6 9 0 0 0 -8.264235 -
7.600601 

-10.38841 

ENSMUSP00000088252 0 2 8 9 7 12 0 4 5 -7.802183 -
7.102278 

-8.167818 

ENSMUSP00000080995 2 0 1 2 3 3 1 2 3 -7.905104 -
7.399603 

-7.668296 

ENSMUSP00000099908 9 11 16 17 23 20 9 11 9 -6.614217 -
6.361943 

-7.095481 

ENSMUSP00000110223 2 0 0 1 3 3 0 0 0 -8.536331 -
7.890401 

-9.660776 

ENSMUSP00000028278 5 5 2 8 7 8 4 1 2 -8.295236 -
7.941523 

-9.032758 

ENSMUSP00000106968 1 0 1 4 1 2 1 3 1 -9.015068 -
8.369138 

-8.66976 

ENSMUSP00000034304 24 34 30 51 71 37 17 21 23 -6.592312 -
6.250715 

-7.226025 

ENSMUSP00000088358 19 28 39 45 43 81 27 22 19 -6.844733 -
6.420091 

-7.349674 

ENSMUSP00000089302 12 2 0 12 8 18 22 30 44 -7.223239 -
6.530009 

-5.658474 

ENSMUSP00000029476 12 12 10 16 16 19 2 12 4 -6.991038 - -7.864918 



6.842188 

ENSMUSP00000000284 0 0 0 2 0 1 1 2 2 -11.211 -
10.35192 

-10.01585 

ENSMUSP00000081567 0 0 0 2 0 1 3 2 1 -11.86447 -
11.00539 

-10.52609 

ENSMUSP00000002452 0 0 0 2 0 1 4 3 2 -9.653915 -
8.794833 

-7.978808 

ENSMUSP00000025095 1 0 1 1 4 2 2 1 2 -8.620414 -
7.974484 

-8.275106 

ENSMUSP00000007251 0 0 1 1 1 1 0 0 0 -10.58309 -
10.23661 

-11.3703 

ENSMUSP00000108003 22 5 14 25 21 46 21 23 11 -6.3386 -
5.792549 

-6.328433 

ENSMUSP00000029325 17 41 34 57 60 49 35 53 36 -6.626787 -
6.286225 

-6.607033 

ENSMUSP00000104816 0 0 6 3 8 4 1 2 0 -8.492299 -7.94585 -9.278325 

ENSMUSP00000037446 8 0 10 13 19 19 10 11 14 -9.002579 -
8.254458 

-8.650132 

ENSMUSP00000034326 2 8 6 8 12 17 2 5 1 -9.376831 -
8.830658 

-10.26267 

ENSMUSP00000032888 0 0 0 1 0 2 1 1 1 -10.10529 -
9.246208 

-9.278325 

ENSMUSP00000032761 0 2 0 1 3 3 0 0 0 -9.438487 -
8.792557 

-10.56293 

ENSMUSP00000060892 2 0 2 3 3 4 1 1 0 -8.134947 -
7.639209 

-8.862232 

ENSMUSP00000092557 1 0 0 1 1 1 0 0 0 -11.08914 -
10.74266 

-11.87635 

ENSMUSP00000046856 0 0 9 6 5 7 3 2 2 -9.422882 -
9.046043 

-9.908949 

ENSMUSP00000100593 12 4 9 12 15 23 7 17 7 -6.904 -
6.481932 

-6.974467 

ENSMUSP00000022070 3 3 2 7 3 14 1 5 0 -9.771133 -
9.025799 

-10.28232 

ENSMUSP00000021676 1 0 5 4 5 5 1 3 3 -8.099573 -7.61567 -8.248914 

ENSMUSP00000109310 4 6 4 14 13 5 5 9 2 -8.059977 -
7.531532 

-8.213175 

ENSMUSP00000047218 0 2 0 2 5 1 1 0 0 -9.6666 -
8.909362 

-10.27844 

ENSMUSP00000092233 79 70 82 142 145 87 93 104 107 -6.015592 -
5.778705 

-6.017135 

ENSMUSP00000066238 4 0 14 13 20 12 9 11 15 -7.418459 -
6.791715 

-7.066011 

ENSMUSP00000049584 0 1 2 2 2 6 0 0 0 -11.5788 -
10.88213 

-12.95499 

ENSMUSP00000007959 5 7 6 7 17 13 7 11 10 -7.465416 -
7.027496 

-7.325934 



ENSMUSP00000031423 49 60 77 90 103 89 28 20 19 -6.863028 -
6.692074 

-8.144643 

ENSMUSP00000032824 7 10 6 12 11 20 12 14 8 -8.0138 -
7.659354 

-7.917465 

ENSMUSP00000024223 4 2 2 7 4 4 1 4 0 -8.387651 -
8.077777 

-9.042073 

ENSMUSP00000090911 32 0 67 125 109 65 0 0 0 -6.800477 -
5.947635 

-11.28415 

ENSMUSP00000099769 0 1 1 1 4 2 0 1 0 -9.083336 -
8.437406 

-9.695178 

ENSMUSP00000101011 2 1 4 5 4 4 2 7 3 -8.314388 -
8.022473 

-8.126084 

ENSMUSP00000059501 3 0 4 10 5 4 4 5 4 -7.647909 -
7.009584 

-7.388112 

ENSMUSP00000005953 9 10 14 23 13 20 23 12 16 -7.728828 -
7.460417 

-7.583517 

ENSMUSP00000018875 0 27 40 58 62 79 49 52 52 -7.787448 -
6.955895 

-7.248642 

ENSMUSP00000045048 4 4 0 5 7 10 0 0 0 -8.925086 -
8.261452 

-11.04926 

ENSMUSP00000037341 5 0 2 7 3 9 9 3 3 -8.005461 -
7.367136 

-7.616396 

ENSMUSP00000011492 1 2 0 1 4 10 2 0 3 -10.08073 -
9.022863 

-9.987158 

ENSMUSP00000018992 5 7 19 18 15 27 16 21 9 -8.198001 -
7.802599 

-8.093055 

ENSMUSP00000051921 0 2 0 3 1 2 2 2 0 -9.052406 -
8.531743 

-8.874338 

ENSMUSP00000023707 0 0 5 4 5 2 2 5 4 -8.24912 -
7.837194 

-7.869311 

ENSMUSP00000110532 17 11 16 26 21 19 22 31 25 -6.475176 -
6.323204 

-6.191677 

ENSMUSP00000027810 3 2 0 3 6 4 2 1 2 -9.477325 -
8.916905 

-9.751933 

ENSMUSP00000044955 10 13 15 17 19 25 13 10 8 -7.440971 -
7.224534 

-7.910676 

ENSMUSP00000034277 0 2 1 2 4 2 2 0 3 -8.999434 -
8.493933 

-8.905863 

ENSMUSP00000021217 3 0 3 10 3 4 0 6 0 -8.196033 -7.53513 -8.470642 

ENSMUSP00000095263 0 65 83 155 136 127 0 0 0 -6.440673 -
5.651368 

-11.32151 

ENSMUSP00000021512 2 1 1 4 2 2 0 1 1 -9.290255 -
8.985694 

-10.01754 

ENSMUSP00000107237 2 1 4 8 2 14 5 8 0 -8.752352 -7.89571 -8.492555 

ENSMUSP00000047571 8 5 5 11 7 24 7 5 1 -8.859706 -
8.299663 

-9.430698 

ENSMUSP00000021940 14 20 18 25 25 28 20 19 15 -7.072852 -
6.919228 

-7.310755 



ENSMUSP00000077909 0 0 2 2 1 2 0 0 0 -9.931359 -
9.553933 

-11.0558 

ENSMUSP00000099563 0 1 9 5 9 6 3 3 5 -9.715012 -
9.331529 

-9.906193 

ENSMUSP00000006496 23 34 45 45 69 56 25 33 34 -5.832023 -
5.569477 

-6.208248 

ENSMUSP00000004057 4 0 1 3 3 5 2 5 0 -8.356365 -
7.944439 

-8.362469 

ENSMUSP00000020241 4 0 2 5 4 4 57 30 55 -9.288882 -8.8717 -6.611219 

ENSMUSP00000044405 4 1 2 3 5 6 1 2 0 -9.323529 -
8.964893 

-10.23482 

ENSMUSP00000060912 32 44 50 67 106 51 35 34 36 -6.425507 -
6.097772 

-6.880097 

ENSMUSP00000104179 25 21 30 33 38 37 34 49 36 -6.134525 -
6.031345 

-5.967731 

ENSMUSP00000043580 1 1 2 2 4 2 0 2 0 -9.508663 -
9.204102 

-10.23595 

ENSMUSP00000078236 1 3 7 14 16 3 0 0 1 -8.558884 -
7.785806 

-10.44506 

ENSMUSP00000108760 0 87 101 182 161 138 0 122 121 -6.210215 -
5.518093 

-6.22999 

ENSMUSP00000031061 0 0 3 2 1 7 1 0 0 -10.36074 -
9.664062 

-11.22432 

ENSMUSP00000031726 0 5 4 8 4 11 6 8 3 -8.621831 -
8.016663 

-8.32977 

ENSMUSP00000052258 0 0 4 1 9 3 0 0 1 -9.936382 -
9.208723 

-11.0009 

ENSMUSP00000016338 85 81 73 140 110 98 43 46 49 -5.345955 -
5.214654 

-6.165239 

ENSMUSP00000043559 25 3 8 28 15 25 14 24 5 -6.222622 -
5.848046 

-6.326054 

ENSMUSP00000101105 2 0 3 3 3 5 7 10 6 -9.593674 -
9.181748 

-8.540661 

ENSMUSP00000092746 3 0 2 3 3 5 0 4 0 -8.223641 -
7.811715 

-8.665489 

ENSMUSP00000074935 0 2 0 2 1 2 0 0 0 -9.875478 -
9.498053 

-10.99992 

ENSMUSP00000029684 0 3 6 6 9 5 1 2 1 -8.650895 -
8.176385 

-9.572707 

ENSMUSP00000048363 1 1 0 2 1 2 1 0 0 -10.06543 -
9.688008 

-10.67728 

ENSMUSP00000087192 38 25 18 46 53 34 38 39 37 -6.586312 -
6.340007 

-6.524426 

ENSMUSP00000029805 29 66 45 70 74 84 14 20 14 -6.996447 -
6.755317 

-8.32147 

ENSMUSP00000041149 2 0 5 7 3 5 7 0 7 -7.740024 -
7.318843 

-7.413506 

ENSMUSP00000029837 7 1 5 20 3 20 2 9 5 -8.235238 -7.35608 -8.321716 



ENSMUSP00000065585 0 1 9 4 7 7 0 3 0 -8.973977 -
8.688163 

-10.18775 

ENSMUSP00000059395 0 7 9 14 6 21 0 0 0 -8.423585 -
7.778549 

-11.15899 

ENSMUSP00000098053 0 3 5 4 5 10 6 5 5 -9.260307 -8.73329 -8.923687 

ENSMUSP00000023790 28 19 0 25 56 29 44 34 45 -7.655729 -
7.065682 

-6.987512 

ENSMUSP00000046910 0 0 2 1 4 1 2 1 0 -8.981916 -
8.461253 

-9.004787 

ENSMUSP00000063744 0 2 3 2 7 4 3 1 2 -9.619566 -
9.059146 

-9.750937 

ENSMUSP00000000137 1 3 0 1 5 8 0 0 0 -9.450014 -
8.655634 

-11.02714 

ENSMUSP00000039844 3 1 0 2 2 7 1 1 1 -9.401895 -
8.822729 

-9.877443 

ENSMUSP00000029217 1 0 3 2 3 3 1 4 1 -8.727353 -
8.422792 

-8.691484 

ENSMUSP00000069004 9 9 13 15 18 13 27 28 25 -6.705758 -
6.568695 

-6.060881 

ENSMUSP00000023486 0 0 3 1 2 4 0 1 0 -10.30183 -9.90764 -11.16541 

ENSMUSP00000030642 0 4 2 3 10 3 2 6 2 -8.4707 -
7.865387 

-8.317556 

ENSMUSP00000051657 5 0 3 7 5 4 5 8 2 -8.590363 -
8.221625 

-8.312606 

ENSMUSP00000035034 0 0 2 3 1 1 0 1 0 -9.821155 -9.44373 -10.433 

ENSMUSP00000037962 0 0 4 2 2 3 0 1 0 -9.006938 -
8.813684 

-10.07146 

ENSMUSP00000040222 1 4 0 5 1 15 0 0 0 -9.509936 -
8.509987 

-11.2543 

ENSMUSP00000010254 4 0 1 2 4 4 3 3 1 -9.164152 -
8.835654 

-9.170256 

ENSMUSP00000029082 2 0 2 2 6 2 1 3 0 -8.975077 -
8.479338 

-9.249685 

ENSMUSP00000091429 0 4 1 1 5 15 6 1 1 -11.80931 -
10.80936 

-11.7041 

ENSMUSP00000085523 15 12 8 24 14 19 9 15 8 -7.505954 -
7.276662 

-7.866346 

ENSMUSP00000021719 2 0 0 1 3 1 9 0 3 -8.004825 -7.6274 -6.928099 

ENSMUSP00000002090 14 0 16 22 26 12 7 9 6 -6.842965 -
6.416304 

-7.410633 

ENSMUSP00000080302 0 3 0 2 4 1 1 0 0 -9.646469 -
9.252277 

-10.51005 

ENSMUSP00000095197 1 1 4 2 4 8 3 2 2 -10.23815 -
9.754246 

-10.38749 

ENSMUSP00000055743 4 0 1 5 2 3 0 0 0 -8.991356 -
8.662858 

-10.73572 

ENSMUSP00000095655 0 6 0 37 21 0 9 20 13 -8.369697 - -6.885714 



6.540341 

ENSMUSP00000099475 197 0 341 301 301 350 304 277 250 -6.317315 -
5.990305 

-6.158129 

ENSMUSP00000022437 3 4 2 3 6 13 3 3 0 -9.155451 -
8.591967 

-9.766785 

ENSMUSP00000014457 9 0 5 5 10 13 6 9 4 -6.753235 -
6.351973 

-6.748154 

ENSMUSP00000031910 7 10 3 12 8 17 13 10 15 -7.547771 -
7.207521 

-7.213992 

ENSMUSP00000110027 4 0 3 4 4 5 1 7 0 -9.565863 -
9.273949 

-9.729164 

ENSMUSP00000023085 6 0 4 8 3 11 6 8 3 -7.639664 -
7.167207 

-7.43863 

ENSMUSP00000003906 9 10 8 17 9 23 10 9 11 -8.057432 -
7.727752 

-8.231935 

ENSMUSP00000002043 0 3 0 3 1 2 0 0 0 -9.872754 -
9.603829 

-11.24894 

ENSMUSP00000021049 9 6 9 10 11 16 11 14 6 -7.93507 -
7.765494 

-7.967061 

ENSMUSP00000042285 1 2 0 3 3 1 0 0 0 -9.469974 -
9.075781 

-10.84616 

ENSMUSP00000034276 15 1 7 18 8 15 24 22 13 -7.125593 -
6.817138 

-6.49607 

ENSMUSP00000021329 4 2 5 5 8 5 2 3 6 -8.035186 -
7.832801 

-8.309795 

ENSMUSP00000001452 8 21 21 39 17 35 51 39 41 -7.516422 -7.17323 -6.845951 

ENSMUSP00000087948 2 2 6 4 9 5 18 15 18 -9.633875 -
9.348062 

-8.389566 

ENSMUSP00000008036 12 0 11 12 8 25 17 22 9 -6.597525 -
6.199109 

-6.168697 

ENSMUSP00000081000 0 3 1 4 2 2 6 0 5 -9.597431 -
9.292869 

-9.050382 

ENSMUSP00000085379 0 0 4 1 5 2 3 2 2 -9.284992 -8.98043 -9.123856 

ENSMUSP00000032919 43 54 92 83 106 94 50 34 31 -6.667269 -
6.508668 

-7.43366 

ENSMUSP00000013304 2 4 8 7 6 11 3 4 7 -8.30952 -
8.054005 

-8.584129 

ENSMUSP00000034586 2 0 0 0 5 6 4 4 3 -8.49148 -
7.459637 

-7.491754 

ENSMUSP00000014221 1 3 0 2 2 4 0 0 0 -8.759102 -8.45454 -10.33622 

ENSMUSP00000021790 5 1 7 6 6 10 4 5 1 -7.130895 -
6.890359 

-7.637425 

ENSMUSP00000032065 2 3 3 6 2 14 3 4 3 -9.137228 -
8.473594 

-9.22066 

ENSMUSP00000023514 5 0 0 4 1 3 10 6 8 -8.197495 -
8.060174 

-7.104466 

ENSMUSP00000026735 0 2 0 1 1 2 2 0 0 -9.911599 - -10.18621 



9.701414 

ENSMUSP00000093955 2 9 6 11 13 6 35 35 21 -8.348192 -
8.058318 

-7.013075 

ENSMUSP00000029815 1 0 4 3 2 3 2 2 1 -8.204096 -
8.066775 

-8.478705 

ENSMUSP00000022865 1 0 2 2 1 3 2 4 3 -10.00673 -
9.737808 

-9.4332 

ENSMUSP00000018851 36 56 35 44 65 117 77 65 49 -8.773782 -8.44503 -8.644206 

ENSMUSP00000075954 0 0 0 11 0 0 15 17 15 -10.81539 -
8.933707 

-7.609595 

ENSMUSP00000024932 7 2 1 5 4 7 0 0 0 -7.671821 -7.49426 -9.987173 

ENSMUSP00000080403 3 0 0 1 1 4 0 0 1 -9.434499 -
9.165574 

-10.29808 

ENSMUSP00000106014 14 0 21 15 15 19 18 31 15 -6.305895 -
6.223675 

-5.995685 

ENSMUSP00000079340 31 13 0 20 14 28 13 25 0 -6.03745 -
5.946572 

-6.453492 

ENSMUSP00000031707 13 6 11 23 14 11 5 6 7 -8.537561 -
8.327991 

-9.291873 

ENSMUSP00000083973 4 0 5 3 4 10 7 14 3 -7.676986 -
7.352809 

-7.063919 

ENSMUSP00000108229 5 14 8 10 15 19 9 6 4 -7.444327 -
7.218923 

-8.048506 

ENSMUSP00000030698 0 3 3 3 3 4 0 1 0 -8.779981 -8.59472 -10.15498 

ENSMUSP00000076589 0 2 1 2 1 3 0 0 0 -9.904503 -
9.635577 

-11.28069 

ENSMUSP00000005647 5 8 7 16 6 13 9 7 4 -7.690361 -
7.403466 

-7.96497 

ENSMUSP00000015100 1 0 0 2 2 0 3 5 1 -10.05626 -
9.508841 

-8.893755 

ENSMUSP00000080998 1 0 0 2 0 2 2 2 1 -9.020167 -
8.472749 

-8.337626 

ENSMUSP00000106104 0 1 8 5 1 16 0 0 0 -7.704199 -
7.140715 

-9.928524 

ENSMUSP00000042150 0 1 3 2 6 1 2 5 0 -8.815516 -
8.410804 

-8.65438 

ENSMUSP00000041968 4 9 0 8 5 6 4 4 4 -8.277202 -
8.173283 

-8.623304 

ENSMUSP00000039264 0 1 1 1 1 2 1 0 0 -10.46963 -
10.25945 

-11.08147 

ENSMUSP00000033008 2 0 2 1 7 2 2 0 4 -9.034431 -
8.538693 

-8.998562 

ENSMUSP00000071214 14 12 20 24 15 35 7 16 7 -7.079283 -6.85832 -7.764705 

ENSMUSP00000027853 3 0 1 5 1 2 3 3 4 -8.3103 -
8.005739 

-7.846679 

ENSMUSP00000090284 0 25 41 25 19 39 25 38 28 -6.020749 -
6.038597 

-5.98025 



ENSMUSP00000081474 13 0 13 10 13 11 9 20 12 -6.490641 -
6.477731 

-6.329846 

ENSMUSP00000021993 6 0 5 5 4 7 15 16 5 -7.438453 -7.34432 -6.614095 

ENSMUSP00000042988 0 0 0 0 0 4 7 11 11 -9.791633 -
8.731611 

-7.049758 

ENSMUSP00000030914 0 14 8 9 31 4 0 0 2 -7.332357 -
6.913999 

-9.51282 

ENSMUSP00000107966:reversed 0 0 0 3 0 0 2 1 1 -12.87064 -
12.01156 

-11.84274 

ENSMUSP00000107749 4 0 0 0 9 4 1 2 1 -9.128199 -8.40054 -9.402808 

ENSMUSP00000060523 11 0 13 9 7 17 4 13 5 -6.366454 -
6.306597 

-6.722763 

ENSMUSP00000030340 92 48 17 73 76 73 114 132 127 -6.367098 -
6.265921 

-5.781846 

ENSMUSP00000029610 4 4 1 5 3 7 2 5 3 -8.540894 -8.33117 -8.724476 

ENSMUSP00000036541 0 0 1 1 3 0 2 2 1 -9.474903 -
8.927485 

-8.792362 

ENSMUSP00000032196 4 7 7 8 10 8 7 5 5 -7.451559 -7.35018 -7.77883 

ENSMUSP00000030169 0 7 0 3 1 4 2 4 2 -8.862353 -
8.993537 

-9.025654 

ENSMUSP00000020920 2 0 0 1 1 1 8 8 10 -10.44522 -
10.43598 

-8.65675 

ENSMUSP00000023851 4 0 2 5 1 5 4 1 3 -7.934818 -
7.666129 

-7.972851 

ENSMUSP00000105886 3 2 1 3 3 3 6 3 0 -8.923082 -
8.828848 

-8.860965 

ENSMUSP00000095433 2 4 3 3 4 10 5 4 3 -11.3518 -
11.02762 

-11.37496 

ENSMUSP00000032425 0 5 1 3 2 3 0 0 0 -8.740761 -
8.746677 

-10.62836 

ENSMUSP00000022781 21 5 6 18 9 20 8 16 14 -6.367962 -
6.240373 

-6.477785 

ENSMUSP00000015950 0 4 3 3 3 4 0 0 1 -8.456888 -
8.396895 

-9.957151 

ENSMUSP00000001547 0 2 0 1 1 1 0 0 0 -11.02925 -11.02 -12.15369 

ENSMUSP00000066682 0 5 5 3 8 4 2 0 0 -9.086198 -
8.967501 

-10.55171 

ENSMUSP00000045394 14 4 0 5 6 10 27 21 18 -7.999815 -8.09916 -7.032468 

ENSMUSP00000039657 94 96 100 110 143 143 67 46 39 -6.405065 -
6.337396 

-7.321034 

ENSMUSP00000054634 10 14 14 18 16 18 9 10 17 -6.731449 -
6.670515 

-7.058026 

ENSMUSP00000030660 1 0 2 1 1 4 1 5 1 -8.861601 -
8.592676 

-8.499525 

ENSMUSP00000019382 12 9 19 23 15 18 3 8 6 -7.21434 -
7.130695 

-8.29707 



ENSMUSP00000026649 2 2 3 1 9 8 3 3 3 -8.425139 -
7.836841 

-8.48829 

ENSMUSP00000100505 29 21 42 39 36 54 32 35 33 -5.902176 -
5.811236 

-6.094682 

ENSMUSP00000045930 6 0 0 3 2 1 4 0 1 -11.58838 -
11.83087 

-12.00623 

ENSMUSP00000102211 8 0 4 2 6 10 6 7 7 -6.855517 -
6.730132 

-6.664579 

ENSMUSP00000025217 1 1 1 1 2 2 9 2 7 -10.1469 -
10.02122 

-8.954039 

ENSMUSP00000018905 0 6 8 5 6 6 0 1 0 -7.886533 -
7.952024 

-9.987923 

ENSMUSP00000015725 0 4 0 3 1 1 0 0 0 -8.9158 -
8.991051 

-10.49292 

ENSMUSP00000106709 0 0 1 1 0 2 1 1 1 -9.368474 -
9.021995 

-9.054112 

ENSMUSP00000087974 29 13 14 27 26 23 42 38 25 -6.225072 -
6.169041 

-5.883268 

ENSMUSP00000056604 3 0 4 6 1 5 0 4 2 -7.867538 -
7.647116 

-8.267414 

ENSMUSP00000053900 1 2 1 2 2 2 0 0 0 -9.651904 -
9.583918 

-11.22903 

ENSMUSP00000088581 0 0 1 0 1 2 3 4 1 -10.23992 -
9.893445 

-9.17757 

ENSMUSP00000096435 1 0 0 0 1 2 2 2 1 -10.43263 -
10.08615 

-9.75009 

ENSMUSP00000006435 0 1 0 2 1 0 3 1 3 -10.47419 -
10.12771 

-9.523145 

ENSMUSP00000085251 2 0 5 3 1 9 4 6 2 -7.740024 -7.44811 -7.55172 

ENSMUSP00000068568 21 24 5 22 30 18 0 5 3 -7.621287 -
7.535627 

-9.586757 

ENSMUSP00000025955 22 30 21 27 30 52 40 24 34 -8.129231 -
7.977477 

-8.114459 

ENSMUSP00000079232 18 0 0 10 0 18 11 17 19 -7.989004 -
7.817404 

-7.35226 

ENSMUSP00000099788 0 3 1 1 1 7 0 1 0 -9.970192 -9.56548 -11.03471 

ENSMUSP00000109671 1 3 0 3 2 1 3 3 0 -11.23166 -
11.16367 

-11.19579 

ENSMUSP00000093965 9 19 30 23 28 28 4 4 6 -7.961812 -
7.901993 

-9.581874 

ENSMUSP00000029722 61 45 37 88 42 84 54 51 36 -5.778205 -5.621 -6.066752 

ENSMUSP00000047356 2 3 0 4 3 1 0 2 1 -9.364364 -
9.227043 

-10.00715 

ENSMUSP00000039726 4 3 2 7 2 7 12 7 8 -7.334982 -
7.066394 

-6.610662 

ENSMUSP00000072775 0 15 13 11 3 30 3 9 2 -7.462888 -
7.271978 

-8.38125 



ENSMUSP00000075987 76 48 34 89 56 74 39 44 34 -5.960407 -
5.879033 

-6.532161 

ENSMUSP00000044050 4 4 11 15 12 4 2 5 11 -8.803975 -
8.585531 

-9.12861 

ENSMUSP00000019198 0 0 9 5 8 0 4 6 5 -7.836051 -
7.755595 

-7.658444 

ENSMUSP00000050446 6 8 5 8 9 9 2 2 5 -8.172932 -
8.121579 

-9.116899 

ENSMUSP00000028225 0 0 2 2 0 2 3 8 6 -10.12628 -
9.916097 

-8.734342 

ENSMUSP00000054856 1 0 1 0 2 4 1 2 2 -8.104197 -
7.583535 

-7.758889 

ENSMUSP00000067681 4 0 5 3 2 7 11 8 7 -7.305423 -
7.296459 

-6.616829 

sp|TRY1_BOVIN| 12 0 0 2 2 3 10 5 11 -7.986132 -
8.691536 

-7.548993 

ENSMUSP00000100074 35 8 13 25 16 33 20 29 12 -5.897165 -
5.867282 

-6.088383 

ENSMUSP00000031931 20 6 3 10 14 11 14 12 19 -7.209435 -
7.272305 

-7.062243 

ENSMUSP00000030164 21 16 24 20 26 43 22 25 30 -7.710521 -
7.582797 

-7.757176 

ENSMUSP00000024797 0 0 0 1 0 0 2 1 2 -11.19819 -
10.92808 

-10.00304 

ENSMUSP00000045111 0 0 0 1 0 0 1 1 1 -10.20293 -
9.932816 

-9.375963 

ENSMUSP00000101139 0 0 0 1 0 0 5 9 1 -9.743719 -
9.473607 

-7.616396 

ENSMUSP00000035105 38 33 43 64 36 59 108 97 65 -6.094796 -
6.008247 

-5.51468 

ENSMUSP00000023677 48 35 26 48 49 47 54 55 37 -5.797078 -
5.764394 

-5.782859 

ENSMUSP00000093959 0 0 0 0 1 0 2 1 1 -11.27004 -
10.99993 

-10.24214 

ENSMUSP00000034000 0 0 3 1 1 1 0 0 0 -9.648714 -
9.891206 

-11.0249 

ENSMUSP00000023238 0 0 0 0 0 1 5 15 3 -10.92661 -10.6565 -8.403845 

ENSMUSP00000059801 0 0 0 0 0 1 4 4 3 -11.39756 -
11.12744 

-9.547993 

ENSMUSP00000025802 0 0 0 0 0 1 5 1 6 -10.09671 -
9.826594 

-8.170144 

ENSMUSP00000033483 0 0 0 0 0 1 4 3 5 -11.21241 -10.9423 -9.28585 

ENSMUSP00000045654 0 0 0 0 0 1 4 2 3 -9.470251 -
9.200138 

-7.795143 

ENSMUSP00000029777 1 1 0 1 1 1 0 0 0 -9.543135 -9.53389 -10.66758 

ENSMUSP00000060940 0 3 0 1 1 1 0 0 0 -9.62144 -
9.863931 

-10.99762 



ENSMUSP00000020640 4 8 1 10 2 8 8 11 7 -8.238091 -
8.086529 

-7.872445 

ENSMUSP00000023513 0 2 0 3 1 0 1 2 1 -9.047156 -
8.836971 

-8.869088 

ENSMUSP00000040853 11 4 4 10 6 9 15 28 11 -7.976315 -
7.962013 

-7.254761 

ENSMUSP00000099480 8 3 11 8 8 13 6 11 6 -6.88471 -6.86641 -7.117634 

ENSMUSP00000041907 0 3 0 0 5 1 3 2 3 -9.329139 -
9.060213 

-8.855755 

ENSMUSP00000095081 3 2 3 3 10 2 0 2 1 -8.156989 -
7.847115 

-9.17959 

ENSMUSP00000053145 3 0 1 3 0 6 1 3 4 -7.932423 -
7.527712 

-7.659979 

ENSMUSP00000088736 1 0 7 10 5 0 5 3 4 -9.036772 -
8.726898 

-8.959776 

ENSMUSP00000056082 1 5 6 4 6 5 2 0 0 -8.519535 -
8.561267 

-10.14548 

ENSMUSP00000079628 16 11 16 24 12 25 17 29 8 -6.29908 -
6.201851 

-6.352765 

ENSMUSP00000030903 4 5 4 4 9 6 2 2 4 -8.880095 -
8.776176 

-9.577801 

ENSMUSP00000032192 0 3 7 8 2 2 1 0 0 -10.65801 -
10.74008 

-12.46076 

sp|TRYP_PIG| 393 300 326 433 403 489 539 447 553 -3.620122 -3.60036 -3.482914 

ENSMUSP00000025178 1 0 0 0 1 1 1 4 1 -10.84667 -
10.75193 

-10.02089 

ENSMUSP00000089348 4 0 0 0 1 6 5 12 7 -8.384408 -
8.191155 

-7.124138 

ENSMUSP00000103086 2 0 2 2 1 2 1 2 2 -7.962576 -
8.037827 

-8.069945 

ENSMUSP00000043540 2 0 6 4 2 2 0 2 1 -8.281042 -
8.523533 

-9.303643 

ENSMUSP00000057595 162 185 215 227 292 220 139 152 202 -5.273618 -
5.242948 

-5.678848 

ENSMUSP00000074448 0 2 1 0 5 2 1 2 2 -9.675264 -
9.281071 

-9.581693 

ENSMUSP00000003620 1 5 12 6 7 6 6 2 4 -8.603014 -
8.795478 

-9.245499 

ENSMUSP00000107927 5 2 5 7 4 5 13 1 5 -9.804439 -
9.787306 

-9.661144 

ENSMUSP00000005431 3 3 1 3 5 2 1 0 1 -9.631931 -
9.571937 

-10.79496 

ENSMUSP00000016771 14 39 58 23 33 133 32 16 6 -8.052105 -
7.767874 

-9.033345 

ENSMUSP00000023806 2 2 3 3 12 1 2 0 0 -9.318591 -
8.838545 

-10.48162 

ENSMUSP00000057664 4 9 4 8 8 6 4 15 5 -7.593169 -
7.596354 

-7.546771 



ENSMUSP00000002551 4 0 3 0 3 18 6 11 3 -7.80206 -
7.070616 

-7.148209 

ENSMUSP00000066038 1 0 4 4 1 1 6 10 7 -8.705668 -
8.804923 

-7.652655 

ENSMUSP00000110434 87 81 40 91 84 88 108 82 76 -5.948526 -
5.957894 

-5.978732 

ENSMUSP00000020820 0 4 1 4 1 1 0 0 0 -8.652486 -8.75174 -10.39685 

ENSMUSP00000041104 8 19 15 17 14 24 16 10 11 -7.781177 -
7.762153 

-8.177908 

ENSMUSP00000020637 16 38 44 33 44 46 27 28 18 -6.961162 -
6.979492 

-7.525152 

ENSMUSP00000022821 2 2 0 4 4 0 1 1 2 -9.047899 -
8.743338 

-9.322508 

ENSMUSP00000070149 1 4 0 1 4 1 4 3 2 -8.752369 -
8.851624 

-8.547015 

ENSMUSP00000103257 1 4 0 1 1 4 0 0 0 -7.765183 -
7.864437 

-9.509545 

ENSMUSP00000065987 7 5 12 13 5 17 5 12 3 -8.526748 -
8.410527 

-8.97203 

ENSMUSP00000101665 3 0 5 4 2 2 2 9 8 -7.713058 -
7.955549 

-7.218158 

ENSMUSP00000047254 1 0 1 2 2 0 7 11 7 -10.18869 -
9.978508 

-8.437271 

ENSMUSP00000091608 1 2 3 3 2 3 2 2 1 -7.790568 -
7.796484 

-8.208414 

ENSMUSP00000069962 1 5 2 8 2 2 2 1 0 -8.809216 -
8.700102 

-9.831817 

ENSMUSP00000107659 0 7 6 4 3 4 0 0 0 -8.348566 -
8.739551 

-10.89584 

ENSMUSP00000028619 15 15 18 26 18 19 11 21 8 -6.998481 -
6.976249 

-7.449395 

ENSMUSP00000103012 9 1 3 20 15 0 10 7 23 -9.473198 -
8.792249 

-8.695963 

ENSMUSP00000026818 6 6 6 4 10 13 2 4 1 -7.408797 -
7.271692 

-8.514196 

ENSMUSP00000020358 11 0 12 0 23 21 10 16 13 -7.264239 -
6.887566 

-7.036112 

ENSMUSP00000032539 126 149 162 224 187 156 112 152 168 -5.603597 -
5.586443 

-5.889674 

ENSMUSP00000092502 0 42 50 107 77 0 66 66 42 -6.256108 -
5.813471 

-5.901006 

ENSMUSP00000026924 6 6 9 9 9 9 49 27 67 -8.872172 -
8.878213 

-7.286767 

ENSMUSP00000006181 2 8 6 7 4 9 5 4 2 -7.994309 -
8.030878 

-8.605542 

ENSMUSP00000102062 0 0 3 9 0 0 6 14 23 -8.578833 -
7.973182 

-6.560702 

ENSMUSP00000001592 0 6 1 1 1 5 4 3 3 -9.61735 - -9.589474 



9.859841 

ENSMUSP00000072483 7 6 1 6 7 3 6 8 10 -8.452621 -
8.573703 

-8.229223 

ENSMUSP00000071939 8 6 2 7 7 5 1 2 3 -8.399774 -
8.483986 

-9.522187 

ENSMUSP00000025197 6 14 15 17 11 15 1 4 5 -8.105437 -
8.149718 

-9.535406 

ENSMUSP00000004673 3 7 8 7 5 11 6 7 9 -8.092188 -
8.106352 

-8.180153 

ENSMUSP00000040140 14 15 6 14 9 22 6 7 6 -7.813439 -
7.813751 

-8.665077 

ENSMUSP00000027602 12 19 12 16 12 30 32 19 20 -7.603044 -
7.555011 

-7.389498 

ENSMUSP00000017572 11 8 6 8 7 20 14 10 6 -7.935308 -
7.857564 

-8.037034 

ENSMUSP00000032114 5 6 6 4 8 12 0 3 1 -8.955781 -
8.877266 

-10.44426 

ENSMUSP00000018437 5 0 5 6 8 0 2 7 5 -7.613172 -
7.557021 

-7.589139 

ENSMUSP00000024596 3 2 3 5 4 2 0 0 4 -9.222025 -
9.189912 

-10.04369 

ENSMUSP00000108237 1 9 0 1 2 3 1 0 0 -9.328239 -
9.998483 

-11.13099 

ENSMUSP00000040840 5 7 3 5 5 9 0 4 0 -8.387922 -8.41327 -9.761949 

ENSMUSP00000008812 59 0 111 0 120 74 115 146 108 -5.0826 -5.19411 -4.586918 

ENSMUSP00000015256 63 79 45 86 62 84 59 47 46 -6.423973 -
6.452374 

-6.903987 

ENSMUSP00000051222 6 0 5 4 1 4 3 4 4 -6.932517 -
7.349463 

-7.207126 

ENSMUSP00000031524 14 15 10 18 8 28 14 19 13 -7.45688 -
7.384246 

-7.572037 

ENSMUSP00000019726 0 6 0 3 0 1 3 8 4 -9.193957 -
9.746926 

-8.679625 

ENSMUSP00000103145 0 2 2 2 1 1 0 3 0 -8.645773 -
8.888264 

-9.121321 

ENSMUSP00000074994 7 0 5 9 0 6 8 14 20 -7.48575 -
7.527481 

-6.589948 

ENSMUSP00000072236 29 29 32 43 39 33 19 28 20 -6.924969 -
6.925893 

-7.489107 

ENSMUSP00000088837 1 2 0 1 1 1 0 0 0 -10.89763 -
11.14012 

-12.27381 

ENSMUSP00000020209 2 1 1 7 2 0 3 7 5 -8.51794 -
8.113228 

-7.69313 

ENSMUSP00000018561 3 12 13 4 14 15 14 10 11 -8.852217 -
8.938107 

-8.91386 

ENSMUSP00000025598 2 0 1 2 0 2 24 30 23 -9.368478 -9.41003 -6.782673 

ENSMUSP00000105796 6 0 5 2 4 2 2 9 6 -7.649762 - -7.532156 



8.166858 

ENSMUSP00000087632 59 0 0 0 58 0 30 46 32 -6.652244 -
6.911404 

-6.333522 

ENSMUSP00000101495 1 1 1 4 0 2 0 0 1 -9.623741 -
9.354816 

-10.48732 

ENSMUSP00000090564 10 18 12 15 10 27 2 15 4 -7.236258 -
7.224726 

-8.12318 

ENSMUSP00000109215 3 4 3 3 5 5 6 4 4 -8.420367 -
8.430937 

-8.396333 

ENSMUSP00000097561 3 1 7 6 1 6 2 10 0 -13.09817 -
13.19216 

-13.29577 

ENSMUSP00000031314 4 12 2 4 9 5 6 7 9 -8.611799 -8.85429 -8.699764 

ENSMUSP00000111272 63 67 102 90 101 93 80 104 75 -5.284817 -
5.326243 

-5.450002 

ENSMUSP00000031472 11 8 12 14 14 11 11 11 10 -6.968122 -
6.990511 

-7.212419 

ENSMUSP00000090897 74 3 2 12 3 18 11 25 23 -5.6801 -6.77 -6.24035 

ENSMUSP00000083928 6 3 15 4 13 9 1 1 4 -8.994169 -
9.161134 

-10.49318 

ENSMUSP00000088729 0 14 0 0 14 0 16 14 12 -8.909093 -
9.151584 

-8.151504 

ENSMUSP00000005477 2 8 10 39 0 12 1 4 4 -8.325372 -
7.674921 

-9.316983 

ENSMUSP00000030078 5 9 0 2 2 5 12 6 8 -8.60585 -9.23801 -8.306925 

ENSMUSP00000026144 0 0 2 0 3 0 51 21 25 -9.349208 -
9.339963 

-6.284691 

ENSMUSP00000075825 0 3 0 4 0 0 2 4 4 -9.992526 -
10.03408 

-9.327966 

ENSMUSP00000019937 3 14 15 7 21 7 1 0 1 -8.317294 -
8.474003 

-10.85239 

ENSMUSP00000105420 2 5 2 1 5 6 0 0 3 -9.409557 -
9.400593 

-10.53231 

ENSMUSP00000022380 9 5 5 7 8 8 9 8 12 -8.119939 -
8.184129 

-7.99714 

ENSMUSP00000032992 4 11 8 8 3 21 6 10 7 -8.813889 -
8.743435 

-9.088498 

ENSMUSP00000026270 12 22 20 24 28 14 0 9 13 -7.540516 -
7.587241 

-8.67467 

ENSMUSP00000002091 8 12 15 22 20 5 8 8 5 -7.085076 -
7.043271 

-7.843595 

ENSMUSP00000044827 1 2 5 1 1 11 1 4 0 -10.12621 -
9.945604 

-10.78063 

ENSMUSP00000091035 22 19 19 26 38 14 45 36 39 -6.07956 -
6.065307 

-5.673238 

ENSMUSP00000038135 7 9 14 10 4 30 7 7 6 -8.911768 -8.78647 -9.56841 

ENSMUSP00000081142 2 1 2 6 0 3 1 2 1 -8.997327 -
8.759855 

-9.439175 



ENSMUSP00000022062 40 54 34 55 24 87 39 23 27 -6.773537 -
6.758714 

-7.406499 

ENSMUSP00000034234 2 6 1 5 2 2 8 4 3 -8.561039 -8.80353 -8.383432 

ENSMUSP00000029645 1 10 11 9 3 6 4 11 11 -8.061794 -
8.490929 

-8.179176 

ENSMUSP00000018449 1 1 1 2 0 3 0 0 1 -11.46192 -
11.33623 

-12.3255 

ENSMUSP00000016072 5 19 8 12 10 10 5 14 3 -8.906725 -
9.149216 

-9.535963 

ENSMUSP00000075150 2 0 3 1 1 2 1 2 3 -7.795336 -
8.205068 

-7.926707 

ENSMUSP00000108058 1 2 1 1 2 2 5 9 3 -9.064483 -
9.139735 

-8.12522 

ENSMUSP00000021630 34 8 16 13 17 29 20 36 35 -6.878633 -
7.104456 

-6.71197 

ENSMUSP00000109228 8 15 18 15 19 13 6 12 10 -6.761233 -
6.871645 

-7.401024 

ENSMUSP00000025511 33 25 43 39 50 33 26 53 37 -5.514947 -
5.571049 

-5.652972 

ENSMUSP00000067767 22 20 7 67 0 55 3 20 14 -7.51266 -
6.860806 

-8.058625 

ENSMUSP00000101006 6 0 6 3 2 2 8 5 5 -7.619282 -
8.324686 

-7.526014 

ENSMUSP00000104884 3 1 0 1 1 1 0 0 0 -9.894241 -
10.33767 

-11.47136 

ENSMUSP00000104163 0 1 3 1 1 1 0 0 0 -8.975077 -
9.418508 

-10.5522 

ENSMUSP00000099950 1 3 3 0 6 5 2 2 0 -9.835339 -
9.691918 

-10.54569 

ENSMUSP00000089769 4 5 15 6 11 7 4 11 2 -7.237527 -
7.480019 

-7.833142 

ENSMUSP00000000804 16 15 20 15 23 25 16 17 14 -7.684722 -
7.721338 

-8.03859 

ENSMUSP00000048469 24 21 27 30 27 33 22 39 22 -6.267229 -
6.290649 

-6.402359 

ENSMUSP00000105177 0 0 4 1 1 0 1 1 3 -9.978139 -
10.67331 

-10.08551 

ENSMUSP00000053270 3 0 1 1 0 3 16 19 13 -9.463348 -
9.705839 

-7.539657 

ENSMUSP00000011526 3 0 1 3 1 0 1 6 4 -9.241858 -9.48435 -8.694809 

ENSMUSP00000078996 10 0 14 12 6 0 15 18 10 -7.049019 -
7.559855 

-6.766706 

ENSMUSP00000038744 2 0 0 2 0 0 2 6 1 -9.031241 -
9.273732 

-8.20597 

ENSMUSP00000020562 8 19 6 12 5 19 28 30 26 -7.873256 -
8.032351 

-7.240193 

ENSMUSP00000062670 6 7 8 7 7 12 1 2 0 -7.919189 -
7.960956 

-9.804418 



ENSMUSP00000043543 6 9 1 4 2 8 2 7 3 -7.536281 -
7.900183 

-8.070514 

ENSMUSP00000058368 7 11 14 13 11 13 11 14 10 -6.872367 -6.97572 -7.061192 

ENSMUSP00000004172 2 4 4 6 4 2 0 0 0 -8.486962 -
8.569025 

-10.80231 

ENSMUSP00000054391 0 1 2 1 0 2 1 2 2 -9.734604 -
9.977095 

-9.641033 

ENSMUSP00000041152 1 4 6 3 3 4 1 6 3 -8.047259 -
8.373178 

-8.405295 

ENSMUSP00000021595 9 6 7 16 8 4 19 16 17 -8.092756 -8.1078 -7.544525 

ENSMUSP00000027193 2 0 4 3 0 2 1 4 2 -7.799152 -
8.184881 

-7.948493 

ENSMUSP00000110314 0 6 7 1 2 4 0 2 2 -8.903799 -
9.680697 

-10.14856 

ENSMUSP00000100992 12 9 37 18 22 13 11 28 23 -6.232988 -
6.563266 

-6.442526 

ENSMUSP00000053540 0 0 100 0 0 15 206 231 187 -5.924063 -7.98359 -4.380124 

ENSMUSP00000035222 38 25 6 22 12 22 7 3 1 -6.594569 -7.04091 -8.599499 

ENSMUSP00000028852 1 1 2 3 1 1 0 0 0 -9.5254 -
9.600651 

-11.10252 

ENSMUSP00000021471 3 6 5 5 6 5 0 0 0 -8.059977 -
8.181058 

-10.67397 

ENSMUSP00000046480 12 9 14 12 17 13 4 6 4 -6.577829 -
6.644842 

-7.709156 

ENSMUSP00000035033 16 12 3 10 5 12 11 12 12 -8.501431 -
8.875287 

-8.659945 

ENSMUSP00000070267 0 4 9 3 5 0 2 2 1 -7.685572 -
8.351162 

-8.763092 

sp|CASB_BOVIN| 0 0 7 0 0 3 59 39 39 -8.437164 -9.31634 -5.920234 

ENSMUSP00000021930 26 14 11 23 11 21 11 5 7 -6.965239 -
7.134294 

-8.002132 

ENSMUSP00000030191 1 0 0 0 0 1 3 2 2 -11.20212 -
11.44462 

-10.25108 

ENSMUSP00000073975 0 4 0 0 2 0 4 5 4 -9.595498 -
10.29067 

-8.899956 

ENSMUSP00000032597 8 22 12 11 11 21 4 13 6 -6.334633 -
6.554392 

-7.183447 

ENSMUSP00000009790 2 3 7 4 6 2 2 6 5 -7.828695 -
8.071186 

-8.031811 

ENSMUSP00000101027 0 8 6 1 5 1 1 0 0 -8.381321 -9.22494 -10.48271 

ENSMUSP00000025567 8 9 5 4 13 8 5 1 0 -8.155769 -
8.278084 

-9.573079 

ENSMUSP00000033121 2 1 1 0 2 3 0 0 0 -10.54264 -
10.61789 

-12.11977 

ENSMUSP00000000727 4 8 2 5 5 3 0 0 0 -7.778644 -
8.087856 

-10.39264 



ENSMUSP00000030432 13 3 1 4 1 6 11 15 10 -7.968394 -8.6031 -7.536251 

ENSMUSP00000095695 4 2 1 4 4 0 6 7 6 -8.843956 -
8.975139 

-8.237748 

ENSMUSP00000065271 15 36 33 81 68 0 21 35 32 -6.240911 -
5.917922 

-6.469794 

ENSMUSP00000099938 7 4 0 1 0 7 8 8 14 -8.425695 -
8.942792 

-7.775724 

ENSMUSP00000004140 27 22 25 64 76 0 0 0 47 -6.287632 -
5.901915 

-7.004858 

ENSMUSP00000065542 7 16 0 3 8 0 6 8 5 -8.350875 -
9.266572 

-8.803785 

ENSMUSP00000019896 8 5 14 12 7 9 2 2 1 -7.494338 -
7.702335 

-9.247838 

ENSMUSP00000069209 55 35 12 31 31 24 99 87 129 -6.849239 -
7.259675 

-6.006053 

ENSMUSP00000106471 6 13 9 10 8 12 2 6 2 -7.751329 -
7.928209 

-8.968334 

ENSMUSP00000062005:reversed 1 2 4 4 2 1 1 2 4 -8.524839 -8.76733 -8.799447 

ENSMUSP00000108056 1 6 9 9 0 6 0 2 3 -8.337642 -
8.638997 

-9.603292 

ENSMUSP00000091840 1 0 4 1 0 2 5 5 4 -8.136043 -
8.746714 

-7.541019 

ENSMUSP00000092888 3 0 3 2 2 0 1 1 1 -8.689467 -
9.242436 

-9.475493 

sp|CAS1_BOVIN| 0 0 32 0 0 4 98 67 77 -7.040906 -
9.091205 

-5.331772 

ENSMUSP00000034607 1 3 3 2 3 2 17 13 15 -9.26085 -
9.503341 

-7.835433 

ENSMUSP00000043660 7 4 4 1 7 9 1 5 2 -7.781427 -
7.909464 

-8.608401 

ENSMUSP00000071636 0 6 3 1 1 2 5 9 6 -8.213681 -
9.103376 

-7.771288 

ENSMUSP00000108956 0 4 9 14 0 0 10 12 9 -9.387616 -
9.563387 

-8.85488 

ENSMUSP00000004729 1 3 1 3 1 1 1 5 6 -8.800616 -
9.043108 

-8.343807 

ENSMUSP00000079180 16 12 16 14 17 21 17 26 10 -6.15341 -6.23391 -6.247506 

ENSMUSP00000026425 13 28 22 19 9 40 9 12 1 -6.964366 -
7.132188 

-8.248819 

ENSMUSP00000023433 2 2 1 2 0 4 1 2 0 -9.694928 -
9.794182 

-10.33772 

ENSMUSP00000005066 2 1 0 0 3 0 7 4 3 -9.62144 -
9.863931 

-8.658237 

ENSMUSP00000030028 2 1 1 0 4 1 2 0 0 -9.495924 -
9.571175 

-10.22321 

ENSMUSP00000083375 12 29 14 13 17 24 18 9 9 -7.059505 -
7.319856 

-7.744073 



ENSMUSP00000060584 41 50 110 68 71 56 15 14 17 -6.068225 -
6.340795 

-7.792951 

ENSMUSP00000027111 21 26 13 25 19 20 22 14 6 -7.61292 -
7.792392 

-8.23385 

ENSMUSP00000024946 6 4 0 3 0 2 2 4 2 -8.383777 -
9.197258 

-8.849563 

ENSMUSP00000078369 2 0 0 0 1 0 8 7 9 -10.20701 -
10.78674 

-8.494066 

ENSMUSP00000036265 0 0 2 0 0 1 1 3 2 -11.02561 -
11.60534 

-10.53707 

ENSMUSP00000040550 8 19 10 17 6 14 14 11 28 -7.772121 -
8.014613 

-7.699137 

ENSMUSP00000087110 0 0 2 0 1 0 2 6 6 -10.39181 -
10.97153 

-9.176866 

ENSMUSP00000032927 2 0 0 1 0 0 3 4 4 -9.59619 -
10.17591 

-8.596464 

ENSMUSP00000047661 8 0 5 0 2 4 9 6 12 -7.205618 -
8.107783 

-6.804246 

ENSMUSP00000080614 5 2 2 4 2 3 0 1 0 -8.686705 -
8.929196 

-10.39843 

ENSMUSP00000046016 7 2 12 0 7 13 0 14 0 -6.491652 -
6.779619 

-7.139069 

ENSMUSP00000037930 11 15 14 10 8 27 1 11 1 -8.785952 -
8.914667 

-10.1124 

ENSMUSP00000089808 14 11 7 16 7 11 4 8 2 -7.434051 -
7.618544 

-8.479595 

ENSMUSP00000034131 0 1 2 0 1 1 1 2 5 -10.3695 -
10.86373 

-9.896119 

ENSMUSP00000070751 6 0 11 2 5 0 4 1 1 -8.183317 -
9.203936 

-9.36132 

ENSMUSP00000044004 11 29 22 9 14 38 15 9 1 -9.426014 -
9.684381 

-10.57466 

ENSMUSP00000070993 10 6 4 9 4 7 11 13 7 -7.660005 -
7.902496 

-7.521322 

ENSMUSP00000022842 6 11 13 11 12 8 19 18 27 -7.991459 -
8.202691 

-7.533896 

ENSMUSP00000023210 19 24 11 23 15 17 7 5 5 -6.9012 -
7.125831 

-8.27466 

ENSMUSP00000005508 2 8 3 5 7 0 0 3 2 -8.583881 -
8.897865 

-9.6614 

ENSMUSP00000053842 3 4 1 1 2 4 4 5 4 -9.061894 -
9.415694 

-8.913405 

ENSMUSP00000055313 1 3 4 2 2 3 0 0 0 -8.97627 -
9.330069 

-11.10045 

ENSMUSP00000025294 1 1 5 1 5 0 20 18 38 -9.394818 -
9.762577 

-7.458519 

ENSMUSP00000064699 8 6 5 8 10 2 2 0 1 -7.625606 -
7.820454 

-9.417715 



ENSMUSP00000104831 25 32 10 21 14 23 8 6 5 -7.882156 -8.26552 -9.363401 

ENSMUSP00000010007 27 18 8 19 10 17 7 9 7 -6.814968 -
7.194948 

-7.889253 

ENSMUSP00000066181 3 19 7 7 5 7 2 5 2 -8.364504 -
9.004404 

-9.705879 

ENSMUSP00000026495 244 220 151 227 165 271 215 168 133 -5.018864 -
5.186379 

-5.468524 

ENSMUSP00000021806 5 0 0 0 1 0 3 3 2 -8.800616 -
10.00026 

-8.695412 

ENSMUSP00000099664 4 6 9 5 11 3 11 9 5 -7.576072 -
7.818563 

-7.593887 

ENSMUSP00000046079 28 44 37 31 54 32 30 31 23 -6.666808 -
6.839398 

-7.197933 

ENSMUSP00000097738 1 2 4 0 1 6 6 15 5 -8.219978 -8.46247 -7.319927 

ENSMUSP00000052086 55 58 0 0 0 54 81 75 65 -6.350733 -
7.317478 

-5.960961 

ENSMUSP00000026420 15 17 19 15 20 23 13 14 12 -5.957843 -
6.075156 

-6.492 

ENSMUSP00000101300 2 1 0 0 2 0 2 4 1 -8.846712 -
9.340941 

-8.484637 

ENSMUSP00000101023 5 3 6 5 6 4 0 2 0 -8.834146 -
9.014091 

-10.5983 

ENSMUSP00000080354 43 73 55 41 68 67 31 41 25 -6.034034 -
6.247951 

-6.869013 

ENSMUSP00000026843 222 252 158 190 256 229 234 162 199 -5.31634 -
5.493159 

-5.65113 

ENSMUSP00000033176 72 75 46 77 44 78 24 30 26 -5.958541 -
6.170649 

-7.103026 

ENSMUSP00000057543 2 7 5 8 0 4 2 4 2 -8.314471 -
8.695176 

-9.078898 

ENSMUSP00000020262 1 2 1 5 0 0 1 0 0 -9.115777 -
9.191028 

-10.1803 

ENSMUSP00000073322 85 90 94 0 142 138 0 0 0 -5.33407 -5.5367 -10.8079 

ENSMUSP00000038063 4 5 9 2 14 2 0 1 0 -8.479516 -
8.722008 

-10.81057 

ENSMUSP00000044587 20 23 22 17 28 27 9 17 9 -6.429842 -
6.572241 

-7.304422 

ENSMUSP00000071976 25 10 12 12 6 24 19 9 30 -6.737913 -
7.089223 

-6.808083 

ENSMUSP00000061152 55 36 25 46 32 36 22 19 15 -6.098744 -
6.358404 

-7.088065 

ENSMUSP00000027108 1 3 3 1 3 2 2 4 1 -8.421099 -
8.788858 

-8.695708 

ENSMUSP00000032946 7 8 13 11 15 0 10 0 10 -7.130662 -
7.443374 

-7.721692 

ENSMUSP00000077021 5 5 6 11 0 5 0 0 0 -8.517111 -
8.759602 

-11.25251 



ENSMUSP00000032143 46 90 87 63 89 66 30 34 33 -6.166568 -
6.431583 

-7.265033 

ENSMUSP00000026459 240 252 171 261 177 272 218 210 178 -4.88525 -5.0594 -5.249542 

ENSMUSP00000019226 17 14 9 15 5 18 0 5 1 -7.1719 -
7.463793 

-9.158026 

ENSMUSP00000002837 5 9 8 5 7 10 0 6 0 -7.462622 -
7.705113 

-8.879931 

ENSMUSP00000019323 5 6 1 3 0 5 3 0 0 -8.323728 -
8.917825 

-9.697934 

ENSMUSP00000097754 20 23 28 23 34 21 24 16 17 -7.21004 -
7.360353 

-7.699231 

ENSMUSP00000021062 15 18 15 14 12 25 10 6 10 -7.688742 -
7.872386 

-8.551245 

ENSMUSP00000073261 6 6 4 8 0 6 0 0 1 -8.064105 -
8.428006 

-10.2869 

ENSMUSP00000103365 59 42 37 46 40 60 15 34 28 -5.488256 -
5.674982 

-6.337868 

ENSMUSP00000027966 1 0 4 0 0 2 1 2 1 -9.11511 -
9.977518 

-9.556958 

ENSMUSP00000049394 6 4 0 1 2 0 4 4 7 -8.332811 -
9.514472 

-8.246231 

ENSMUSP00000069508 4 10 14 5 2 15 7 15 2 -8.154514 -
8.624453 

-8.57487 

ENSMUSP00000020329 27 18 16 11 19 29 12 16 5 -8.122312 -8.39733 -8.991214 

ENSMUSP00000099441 1 3 2 0 1 4 3 1 6 -9.382615 -
9.768343 

-9.229471 

ENSMUSP00000068408 4 1 3 4 2 0 2 1 0 -9.182219 -
9.661286 

-10.20482 

ENSMUSP00000045841 8 10 20 11 9 14 12 5 12 -8.813246 -
9.162524 

-9.346478 

ENSMUSP00000019469 11 10 13 12 17 3 0 1 0 -7.483064 -
7.783554 

-10.41339 

ENSMUSP00000020463 2 3 3 3 3 3 0 0 0 -9.244534 -
9.386875 

-11.36871 

ENSMUSP00000042364 0 1 7 0 0 2 1 1 2 -8.08867 -
9.330891 

-8.910331 

ENSMUSP00000009003 2 4 2 1 3 3 0 1 0 -8.259988 -
8.613788 

-9.87156 

ENSMUSP00000027975 0 2 2 2 0 0 3 4 6 -9.303293 -
9.998461 

-8.607751 

ENSMUSP00000049732 10 5 5 5 6 8 1 3 3 -7.823893 -
8.114027 

-9.026961 

ENSMUSP00000109305 5 7 0 0 1 2 2 1 2 -8.33212 -
9.674209 

-9.338146 

ENSMUSP00000006838 15 19 25 11 19 27 17 16 19 -7.723827 -
7.999939 

-8.121412 

ENSMUSP00000035157 16 12 17 15 17 19 6 14 4 -6.902045 -
7.023159 

-7.777545 



ENSMUSP00000002403 34 52 32 50 27 40 22 26 18 -6.09668 -
6.347575 

-6.94252 

ENSMUSP00000048460 3 4 9 3 4 6 3 5 4 -6.823903 -
7.254525 

-7.358135 

ENSMUSP00000074600 3 5 1 2 1 3 5 13 1 -8.180892 -
8.760109 

-7.786142 

ENSMUSP00000038839 11 15 19 9 23 11 20 16 22 -7.712975 -
7.999436 

-7.741029 

ENSMUSP00000075990 2 6 5 9 1 1 0 1 0 -8.043731 -
8.434716 

-10.0784 

ENSMUSP00000022734 1 5 3 2 1 3 1 1 0 -9.052882 -
9.632099 

-10.42737 

ENSMUSP00000004574 3 8 1 1 0 6 0 0 0 -8.452685 -
9.158089 

-10.92846 

ENSMUSP00000044871 2 3 5 2 6 0 2 1 1 -9.034095 -
9.467763 

-10.04693 

ENSMUSP00000028396 9 18 13 18 0 12 0 0 0 -7.938846 -
8.457094 

-11.53796 

ENSMUSP00000099653 4 12 10 10 3 7 1 3 0 -7.634204 -
8.122896 

-9.519218 

ENSMUSP00000103015 2 15 11 6 2 6 3 1 1 -8.666252 -
9.552498 

-10.45425 

ENSMUSP00000099417 46 115 113 57 93 74 22 28 26 -6.032302 -
6.475066 

-7.575282 

ENSMUSP00000078670 12 22 24 17 20 18 13 27 12 -6.293006 -6.58724 -6.673922 

ENSMUSP00000047606 2 3 3 2 2 4 0 0 0 -9.28351 -
9.526002 

-11.40769 

ENSMUSP00000020741 2 5 7 4 1 5 2 3 2 -8.314471 -
8.855604 

-9.190206 

ENSMUSP00000022322 147 150 124 166 71 175 61 86 38 -5.423186 -5.68721 -6.515573 

ENSMUSP00000006900 2 0 3 0 0 2 3 4 4 -8.204096 -
9.066504 

-7.824287 

ENSMUSP00000004375 28 30 17 30 13 26 15 22 9 -6.521934 -6.84611 -7.273156 

ENSMUSP00000103657 3 1 4 2 3 1 0 2 0 -8.073402 -
8.552469 

-9.34774 

ENSMUSP00000090910 0 56 0 0 0 0 64 107 80 -7.41932 -
11.31246 

-6.214214 

ENSMUSP00000022925 2 7 7 7 3 1 1 5 6 -8.175626 -
8.754741 

-8.709858 

ENSMUSP00000017488 0 1 1 0 0 1 2 1 2 -10.10641 -
10.68613 

-9.761099 

ENSMUSP00000026899 19 15 16 16 18 22 7 15 6 -6.868444 -
7.000719 

-7.70034 

ENSMUSP00000022894 6 4 0 3 0 0 6 7 5 -8.236847 -
9.418508 

-7.983151 

ENSMUSP00000096932 5 0 10 4 0 0 5 11 5 -7.395532 -
8.737442 

-7.359878 



ENSMUSP00000026222 3 1 5 1 3 2 4 4 4 -8.089324 -
8.668541 

-8.112478 

ENSMUSP00000095287 14 15 11 12 18 12 15 24 14 -6.388057 -
6.583473 

-6.39012 

ENSMUSP00000036246 43 49 41 38 53 0 46 27 33 -6.541397 -
7.158267 

-7.040092 

ENSMUSP00000055535 16 16 13 14 0 18 0 5 0 -7.797857 -
8.368311 

-10.041 

ENSMUSP00000056027 0 3 5 1 0 1 1 4 3 -8.329832 -
9.572053 

-8.60444 

ENSMUSP00000080854 32 65 52 47 20 59 11 21 6 -5.877718 -
6.286064 

-7.490113 

ENSMUSP00000046324 6 3 0 1 0 1 3 2 6 -8.320654 -
9.663024 

-8.420807 

ENSMUSP00000041872 6 2 1 1 0 4 0 1 0 -8.621831 -
9.344285 

-10.33355 

ENSMUSP00000033873 10 8 15 15 10 6 3 5 2 -7.445122 -
7.747345 

-8.818729 

ENSMUSP00000028704 4 8 15 7 1 9 17 10 10 -7.717481 -
8.392232 

-7.691275 

ENSMUSP00000066715 52 46 23 44 34 26 16 15 14 -6.188359 -
6.580259 

-7.431715 

ENSMUSP00000022980 5 8 3 5 5 3 4 9 2 -7.582801 -
8.013424 

-7.916273 

ENSMUSP00000016400 1 2 3 2 0 2 0 0 0 -8.865924 -
9.418893 

-10.75352 

ENSMUSP00000010795 44 36 28 50 32 23 127 181 162 -6.441906 -
6.712179 

-5.256473 

ENSMUSP00000043047 81 48 16 25 34 24 55 65 46 -7.320312 -
8.113111 

-7.460957 

ENSMUSP00000033953 0 2 14 2 0 0 12 10 15 -8.284998 -
10.13845 

-7.770942 

ENSMUSP00000037617 15 14 19 16 22 11 0 11 0 -6.972202 -
7.194691 

-8.623453 

ENSMUSP00000083271 4 25 28 5 12 8 5 6 1 -7.736686 -
8.771197 

-9.47801 

ENSMUSP00000049025 5 5 16 2 2 13 2 9 4 -6.999741 -
7.638765 

-7.785336 

ENSMUSP00000043111 1 0 1 1 0 0 2 3 1 -8.776866 -
9.356591 

-8.288321 

ENSMUSP00000093394 2 1 3 2 0 2 1 4 2 -9.237487 -
9.790456 

-9.386829 

ENSMUSP00000033342 6 9 6 8 1 7 19 14 10 -7.877946 -
8.371837 

-7.470435 

ENSMUSP00000105531 12 21 12 13 16 13 9 14 5 -6.813804 -
7.122997 

-7.543557 

ENSMUSP00000003912 4 19 4 5 3 5 2 4 0 -7.87511 -
8.793582 

-9.485373 



ENSMUSP00000099907 2 3 1 3 1 0 1 3 0 -10.17981 -
10.73277 

-10.76489 

ENSMUSP00000106961 0 4 0 0 0 0 3 1 2 -9.570032 -
11.11504 

-9.534163 

ENSMUSP00000021335 1 3 1 1 2 0 4 6 3 -9.763625 -10.3743 -9.235322 

ENSMUSP00000089350 7 0 0 0 0 0 12 29 16 -7.846185 -
9.826935 

-6.191164 

ENSMUSP00000109399 42 31 37 36 27 0 23 35 22 -5.726102 -
6.515996 

-6.314154 

ENSMUSP00000031697 4 1 4 2 0 3 5 1 2 -9.498193 -
10.22065 

-9.872952 

ENSMUSP00000045284 6 1 3 3 0 2 4 3 1 -8.289398 -9.10288 -8.755184 

ENSMUSP00000024897 9 3 6 8 0 3 4 6 0 -7.708542 -
8.395911 

-8.511456 

ENSMUSP00000006235 2 1 4 2 1 2 2 2 0 -8.833289 -
9.344285 

-9.543643 

ENSMUSP00000061059 0 3 0 0 0 0 9 4 2 -9.304137 -10.6482 -8.278388 

ENSMUSP00000102987 9 11 5 7 5 9 2 12 5 -7.229422 -
7.635588 

-7.760824 

ENSMUSP00000009256 1 6 1 1 0 2 0 1 1 -8.946732 -
9.937216 

-10.22107 

ENSMUSP00000031038 3 4 3 5 0 2 1 0 0 -8.229627 -
8.774603 

-10.03237 

ENSMUSP00000015800 35 80 74 45 48 61 42 52 37 -6.363822 -
6.809328 

-7.001515 

ENSMUSP00000071777:reversed 4 1 1 0 2 1 4 3 2 -11.31946 -
12.07337 

-11.25734 

ENSMUSP00000049338 8 7 4 6 3 7 15 17 23 -7.839037 -
8.239808 

-7.099623 

ENSMUSP00000108940 0 0 5 0 0 0 6 6 7 -9.041002 -
10.75325 

-8.166289 

ENSMUSP00000031637 7 0 5 1 1 0 6 10 7 -6.981397 -
8.575223 

-6.659801 

ENSMUSP00000073541 12 13 21 17 16 12 6 17 7 -7.480121 -
7.743893 

-8.165543 

ENSMUSP00000030118 6 6 2 5 1 3 2 2 0 -8.415377 -
9.047537 

-9.726857 

ENSMUSP00000034547 5 14 12 6 3 12 1 2 10 -7.674753 -8.28506 -8.756706 

ENSMUSP00000033229 4 0 0 0 0 0 7 10 14 -8.42886 -
9.973865 

-6.925972 

ENSMUSP00000032898 0 0 4 0 0 0 5 1 5 -10.46628 -
12.01129 

-9.919233 

ENSMUSP00000029266 6 4 1 3 2 0 0 0 0 -8.403534 -
9.300443 

-10.80231 

ENSMUSP00000071486 231 230 242 167 137 0 0 252 0 -4.528997 -5.60704 -5.825747 

ENSMUSP00000110021 10 15 11 10 15 10 14 18 11 -6.928089 -
7.197614 

-7.031522 



ENSMUSP00000101651 0 2 0 0 0 0 28 33 27 -10.01073 -
11.10306 

-7.042039 

ENSMUSP00000066419 0 2 0 0 0 0 5 2 1 -9.719026 -
10.81135 

-8.993905 

ENSMUSP00000087524 0 2 0 0 0 0 1 2 2 -9.740303 -
10.83263 

-9.394995 

ENSMUSP00000023510 0 2 0 0 0 0 6 3 4 -10.05971 -
11.15204 

-8.911495 

ENSMUSP00000032844 1 3 3 2 1 2 1 1 0 -8.282349 -
8.793345 

-9.445379 

ENSMUSP00000006764 7 0 4 0 0 2 7 7 4 -7.809002 -
9.325827 

-7.638734 

ENSMUSP00000079672 29 22 24 22 27 31 11 32 6 -5.690525 -
5.869699 

-6.380496 

ENSMUSP00000003445 2 4 3 2 1 4 1 4 0 -8.098415 -
8.552365 

-8.852987 

ENSMUSP00000058919 0 0 3 0 0 0 2 11 3 -8.183124 -9.52719 -7.098511 

ENSMUSP00000098591 0 0 3 0 0 0 4 1 2 -10.78041 -
12.12447 

-10.41833 

ENSMUSP00000105028 0 0 3 0 0 0 3 2 2 -10.47889 -
11.82296 

-10.11681 

ENSMUSP00000110364 4 6 7 0 7 3 1 1 0 -8.703065 -
9.421199 

-10.64422 

ENSMUSP00000028286 10 19 16 16 10 14 0 0 0 -6.948258 -
7.304525 

-10.66115 

ENSMUSP00000033087 0 2 2 0 0 1 5 5 2 -9.583825 -
10.61623 

-8.959776 

ENSMUSP00000031398 5 8 12 2 9 6 2 13 13 -7.883349 -
8.485322 

-8.050686 

ENSMUSP00000095794 158 7 12 7 0 17 34 49 85 -4.922689 -
7.111314 

-5.249036 

ENSMUSP00000104725 14 9 21 7 5 20 28 23 29 -8.312613 -
8.861324 

-8.004266 

ENSMUSP00000072717 29 55 37 40 16 39 29 18 25 -6.857664 -
7.338738 

-7.643134 

ENSMUSP00000061227 27 9 7 5 7 12 30 23 47 -7.67565 -
8.475063 

-7.125605 

ENSMUSP00000027989 8 7 8 7 6 0 0 0 0 -7.774171 -
8.541375 

-10.84616 

ENSMUSP00000066897 11 4 9 6 7 6 76 59 92 -7.62072 -
8.081528 

-5.702239 

ENSMUSP00000020653 7 17 13 10 12 6 14 24 34 -6.812155 -
7.320967 

-6.440055 

ENSMUSP00000089978 30 41 25 22 0 21 24 46 30 -6.815091 -
7.842027 

-7.049491 

ENSMUSP00000003655 2 0 0 0 0 0 5 3 3 -9.835614 -
10.92794 

-8.835888 

ENSMUSP00000023396 2 0 0 0 0 0 8 10 6 -9.420533 - -7.707587 



10.51286 

ENSMUSP00000109611 2 0 0 0 0 0 3 3 1 -10.21686 -
11.30919 

-9.603052 

ENSMUSP00000000175 2 0 0 0 0 0 3 3 1 -8.935931 -
10.02826 

-8.322118 

ENSMUSP00000106540 2 0 0 0 0 0 2 2 1 -10.35264 -
11.44497 

-10.00733 

ENSMUSP00000071752 2 0 0 0 0 0 1 2 2 -9.220667 -10.313 -8.875359 

ENSMUSP00000081009 2 0 0 0 0 0 3 10 7 -9.969743 -
11.06207 

-8.42747 

ENSMUSP00000027429 1 2 2 0 1 2 2 0 0 -8.367601 -
8.978272 

-9.262127 

ENSMUSP00000025218 3 4 1 3 0 1 5 7 4 -8.994808 -
9.784352 

-8.658188 

ENSMUSP00000030076 3 6 2 3 1 3 2 3 3 -8.866157 -
9.494562 

-9.415371 

ENSMUSP00000038772 0 0 2 0 0 0 3 1 3 -10.23948 -
11.33181 

-9.62567 

ENSMUSP00000068174 0 0 2 0 0 0 3 4 4 -9.51716 -
10.60949 

-8.517434 

ENSMUSP00000078914 0 0 2 0 0 0 5 7 5 -9.073132 -
10.16546 

-7.681192 

ENSMUSP00000003117 1 2 2 0 0 3 9 5 3 -9.364364 -
9.975035 

-8.592341 

ENSMUSP00000103181 7 5 5 7 5 6 3 5 3 -7.580321 -7.77015 -8.247144 

ENSMUSP00000005651 97 129 191 127 137 116 50 76 58 -5.660724 -
5.995783 

-6.748975 

ENSMUSP00000000687 0 1 0 0 0 0 3 3 2 -9.930379 -
10.68547 

-8.868025 

ENSMUSP00000102857 0 1 0 0 0 0 3 2 3 -10.14618 -
10.90127 

-9.083825 

ENSMUSP00000026625 0 1 0 0 0 0 9 9 6 -10.06429 -
10.81939 

-8.014112 

ENSMUSP00000034834 0 1 0 0 0 0 3 4 2 -10.49694 -
11.25203 

-9.334435 

ENSMUSP00000065113 1 4 1 1 1 1 16 4 6 -8.894911 -9.64882 -7.869592 

ENSMUSP00000022271 8 15 24 12 2 12 35 19 19 -7.813358 -
8.623332 

-7.658683 

ENSMUSP00000025679 3 0 2 0 0 1 8 7 4 -8.926419 -
10.12606 

-8.051706 

ENSMUSP00000021425 4 2 5 0 5 1 6 8 9 -8.468597 -
9.222269 

-8.070001 

ENSMUSP00000027356 25 30 30 37 28 26 7 4 7 -6.999456 -
7.174878 

-8.764059 

ENSMUSP00000099754 1 4 4 1 3 0 0 2 0 -8.120788 -
9.010482 

-9.495276 

ENSMUSP00000095285 7 6 6 7 3 7 10 14 14 -7.468974 - -7.08755 



7.814154 

ENSMUSP00000028004 2 3 1 0 2 1 7 10 7 -9.363128 -
10.11704 

-8.413335 

ENSMUSP00000104825 6 3 0 1 0 0 6 7 7 -8.848721 -
10.52833 

-8.406328 

ENSMUSP00000030769 4 9 5 7 3 3 9 7 11 -8.350018 -
8.888892 

-8.245029 

ENSMUSP00000026743 26 40 16 21 12 24 11 22 11 -6.895324 -7.49367 -7.777134 

ENSMUSP00000054490 19 11 21 17 11 17 11 14 11 -6.152903 -
6.516772 

-6.764035 

ENSMUSP00000022960 8 19 6 6 6 8 12 3 11 -7.767896 -8.48341 -8.269327 

ENSMUSP00000015829 8 1 5 0 0 5 28 32 30 -8.480194 -
9.592318 

-6.978948 

ENSMUSP00000068594 21 15 25 7 13 25 25 27 24 -7.92895 -
8.467193 

-7.988427 

ENSMUSP00000109196 11 4 10 5 7 6 0 3 0 -7.804786 -
8.354098 

-9.853689 

ENSMUSP00000101003 8 5 9 5 3 9 2 1 4 -7.403666 -
7.885463 

-8.695708 

ENSMUSP00000065352 2 2 3 2 2 0 5 8 1 -8.210028 -
8.888264 

-7.88351 

ENSMUSP00000026560 10 14 12 13 9 13 13 7 8 -7.485954 -
7.755479 

-8.000562 

ENSMUSP00000021313 4 3 2 1 4 1 1 2 1 -8.279982 -8.8592 -9.201794 

ENSMUSP00000026827 5 2 8 4 3 1 10 15 10 -7.672987 -
8.467844 

-7.153423 

ENSMUSP00000023237 3 5 4 3 0 3 19 15 16 -8.815268 -9.64594 -7.750621 

ENSMUSP00000031383 4 1 2 0 0 3 5 10 2 -8.408879 -
9.288055 

-7.90536 

ENSMUSP00000008991 1 7 5 1 0 3 21 12 12 -10.28127 -
11.49391 

-9.39026 

ENSMUSP00000084053 4 4 6 3 2 6 4 1 2 -8.100544 -8.55825 -8.97628 

ENSMUSP00000018506 1 0 0 0 0 0 1 3 2 -10.49867 -
11.25376 

-9.672889 

ENSMUSP00000025375:reversed 1 0 0 0 0 0 1 2 1 -11.25781 -12.0129 -10.74251 

ENSMUSP00000035220 1 0 0 0 0 0 4 3 1 -10.25986 -
11.01495 

-9.197504 

ENSMUSP00000099763:reversed 1 1 2 0 0 2 0 0 0 -8.736527 -
9.431695 

-10.31365 

ENSMUSP00000014750 11 15 8 10 11 8 2 0 1 -7.313532 -7.70786 -9.654886 

ENSMUSP00000034866 14 16 5 10 5 5 9 9 13 -7.311798 -
8.083676 

-7.702501 

ENSMUSP00000080994 25 27 14 22 16 16 21 24 18 -6.399647 -
6.837905 

-6.719723 

ENSMUSP00000051092 11 14 7 8 1 8 4 4 5 -8.225509 -
9.061936 

-9.337774 



ENSMUSP00000070109 2 3 9 0 4 1 0 1 0 -9.080226 -
10.19235 

-11.18162 

ENSMUSP00000005606 0 0 1 0 0 0 2 3 1 -10.14125 -
10.89635 

-9.315474 

ENSMUSP00000028691 0 0 1 0 0 0 1 1 4 -10.50212 -
11.25721 

-9.676338 

ENSMUSP00000030385 0 0 1 0 0 0 7 4 2 -9.960411 -
10.71551 

-8.474959 

ENSMUSP00000094167 0 0 1 0 0 0 1 2 1 -10.27076 -
11.02586 

-9.755462 

ENSMUSP00000036555 0 0 1 0 0 0 2 1 1 -11.22075 -
11.97585 

-10.70545 

ENSMUSP00000036881 0 0 1 0 0 0 2 3 2 -10.99277 -
11.74787 

-10.04173 

sp|CASK_BOVIN| 0 0 1 0 0 0 19 24 13 -9.498658 -
10.25375 

-6.635226 

ENSMUSP00000033673 10 3 8 3 0 5 3 6 3 -8.238561 -9.34368 -9.024192 

ENSMUSP00000032920 3 4 8 4 2 4 1 2 0 -7.711869 -
8.315549 

-9.286836 

ENSMUSP00000105447 1 1 9 2 0 0 17 13 24 -8.777702 -
10.29453 

-7.561244 

ENSMUSP00000027491 1 2 3 2 1 1 1 0 3 -9.166028 -
9.718997 

-9.751114 

ENSMUSP00000110094 22 13 14 9 9 0 5 15 2 -6.402153 -
7.596412 

-7.441885 

ENSMUSP00000025476 1 3 1 0 1 1 0 2 1 -8.954767 -
9.817175 

-9.597555 

ENSMUSP00000027863 5 14 6 0 2 7 1 1 0 -7.637732 -
8.806375 

-9.938372 

ENSMUSP00000026289 8 14 14 17 0 0 5 8 7 -7.036303 -
7.985547 

-7.867332 

ENSMUSP00000015877 1 2 1 1 1 0 0 0 0 -9.143513 -
9.838681 

-10.72064 

ENSMUSP00000018470 6 3 3 0 4 1 13 13 12 -8.087152 -
9.061062 

-7.287826 

ENSMUSP00000027529 4 3 2 1 2 3 2 1 1 -8.164084 -
8.743301 

-9.085896 

ENSMUSP00000031741 7 27 30 9 12 5 0 4 0 -7.223416 -
8.333912 

-9.976434 

ENSMUSP00000035804 27 26 19 25 17 24 24 21 21 -6.693971 -
7.021629 

-7.053746 

ENSMUSP00000033715 17 20 34 20 19 20 4 8 4 -6.776313 -
7.199766 

-8.472596 

ENSMUSP00000003622 11 9 7 7 7 10 4 3 0 -7.527324 -
7.881069 

-9.012319 

ENSMUSP00000029386 27 39 25 14 17 34 22 16 8 -7.045951 -
7.618477 

-7.987107 

ENSMUSP00000069432 33 61 64 26 48 38 42 43 49 -7.961068 - -8.398756 



8.543817 

ENSMUSP00000099482 0 5 1 0 0 0 4 9 3 -8.42605 -
10.28153 

-7.852854 

ENSMUSP00000042232 7 7 1 1 1 2 3 8 7 -7.599895 -
8.941805 

-7.707388 

ENSMUSP00000022962 2 9 3 1 0 3 1 0 0 -8.165656 -
9.445019 

-10.26705 

ENSMUSP00000101478 0 1 6 0 0 0 6 6 10 -8.425139 -
10.40589 

-7.682315 

ENSMUSP00000022293 12 13 8 12 8 8 2 7 2 -7.26913 -
7.668223 

-8.559308 

ENSMUSP00000080888 8 6 12 8 7 3 1 0 2 -8.75366 -
9.340022 

-10.83961 

ENSMUSP00000020343 1 5 8 0 1 2 1 4 2 -7.795381 -
9.275684 

-8.671116 

ENSMUSP00000045864 4 3 2 2 2 3 0 0 1 -8.824936 -
9.278886 

-10.53666 

ENSMUSP00000034947 14 11 26 9 16 5 12 19 7 -6.558368 -7.31177 -7.117531 

ENSMUSP00000001566 169 208 182 0 45 48 237 243 227 -4.928753 -
6.951533 

-4.969039 

ENSMUSP00000021854 7 6 9 7 7 3 18 18 15 -7.873163 -
8.354961 

-7.343803 

ENSMUSP00000025968 63 57 48 0 0 64 0 56 0 -6.24254 -
7.435897 

-7.598293 

ENSMUSP00000081030 5 4 5 6 0 0 0 13 0 -7.428577 -
8.397463 

-7.769907 

ENSMUSP00000029414 5 6 11 3 4 7 2 0 3 -7.246135 -
7.904933 

-8.806682 

ENSMUSP00000026610 24 19 21 21 10 21 51 45 57 -7.191611 -
7.636494 

-6.608018 

ENSMUSP00000025617 11 0 2 0 0 0 4 2 3 -7.53636 -
10.05152 

-8.133917 

ENSMUSP00000027036 4 2 10 1 2 3 22 25 21 -7.698562 -
8.788858 

-6.593761 

ENSMUSP00000099649 93 93 93 27 27 0 149 123 148 -5.547843 -
7.410621 

-5.415198 

ENSMUSP00000077118 62 46 43 49 34 52 20 30 14 -5.483459 -
5.836796 

-6.60324 

ENSMUSP00000088168 53 44 47 57 55 56 58 56 51 -5.737291 -
5.827099 

-5.877075 

ENSMUSP00000109451 1 2 5 0 0 2 2 0 0 -8.638133 -
9.880354 

-9.912471 

ENSMUSP00000105356 3 1 2 0 0 2 14 14 9 -8.421473 -
9.427119 

-7.059613 

ENSMUSP00000027916 3 3 6 4 2 1 27 32 19 -8.253932 -
8.959337 

-6.755065 

ENSMUSP00000016463 147 114 70 99 64 75 61 61 50 -5.040433 -
5.611018 

-5.965522 



ENSMUSP00000037583 12 12 19 11 8 15 5 16 7 -6.773108 -
7.241594 

-7.458891 

ENSMUSP00000100059 5 6 2 1 2 3 0 0 1 -9.174128 -
10.07629 

-11.2088 

ENSMUSP00000093229 12 37 15 12 11 9 4 0 0 -6.845397 -7.75849 -9.598415 

ENSMUSP00000080523 8 8 12 9 4 8 4 17 5 -6.729425 -
7.242861 

-7.074254 

ENSMUSP00000098648 9 9 4 1 0 6 9 8 10 -8.509003 -
9.768928 

-8.590658 

ENSMUSP00000023550 1 9 3 0 0 2 0 4 1 -8.760811 -
10.42613 

-9.838331 

ENSMUSP00000023952 91 122 65 50 90 35 100 88 69 -5.718802 -
6.420989 

-6.071519 

ENSMUSP00000003681 6 15 2 0 2 2 1 6 15 -7.99032 -
9.727674 

-8.306613 

ENSMUSP00000051223 7 5 2 0 3 1 11 9 8 -7.956031 -
9.235394 

-7.586885 

ENSMUSP00000098041 0 11 7 0 0 0 2 1 2 -9.703585 -
12.51512 

-11.07749 

ENSMUSP00000010208 6 37 37 7 7 6 5 3 4 -6.971242 -
8.546511 

-9.044174 

ENSMUSP00000003907 6 7 3 4 3 1 14 11 14 -8.375382 -
9.229103 

-7.810674 

ENSMUSP00000076575 1 0 4 0 0 0 8 4 5 -9.154025 -
10.86627 

-8.382002 

ENSMUSP00000097561:reversed 2 4 1 0 1 1 3 1 3 -13.48408 -
14.61499 

-13.75869 

ENSMUSP00000084572 30 24 36 28 20 32 50 62 50 -7.77967 -
8.137906 

-7.473773 

ENSMUSP00000103904 20 0 24 0 0 0 7 28 13 -7.224893 -
10.88393 

-7.41523 

ENSMUSP00000018699 39 47 36 40 43 36 21 20 19 -6.021705 -
6.288789 

-6.993572 

ENSMUSP00000026552 267 269 277 292 290 184 122 187 136 -4.69055 -
4.992478 

-5.5663 

ENSMUSP00000081782 6 0 2 0 0 0 3 2 6 -9.885467 -
11.97752 

-9.885471 

ENSMUSP00000073175 10 15 14 12 6 11 0 12 10 -6.497351 -
7.023472 

-7.31638 

ENSMUSP00000104830 7 0 13 0 0 0 13 14 18 -7.077001 -
9.986211 

-6.580044 

ENSMUSP00000087046 3 3 0 0 0 0 6 8 3 -8.69646 -
10.55194 

-8.067674 

ENSMUSP00000029353 0 2 1 0 0 0 1 4 3 -9.909698 -
11.25376 

-9.436314 

ENSMUSP00000031160 0 2 1 0 0 0 4 4 2 -9.701128 -
11.04519 

-9.036567 

ENSMUSP00000022993 2 6 2 1 2 1 0 2 1 -8.272186 - -9.485964 



9.252908 

ENSMUSP00000106250 2 0 5 0 0 0 1 1 2 -7.731992 -
9.712742 

-8.442346 

ENSMUSP00000100968 3 0 1 0 0 0 3 7 2 -9.441025 -
10.98603 

-8.816976 

ENSMUSP00000049007 1 2 2 1 0 1 3 7 3 -10.08797 -
10.95038 

-9.559669 

ENSMUSP00000080974 1 3 4 2 0 0 1 3 3 -9.067603 -
10.30982 

-9.45352 

ENSMUSP00000020522 0 2 3 0 0 0 10 13 8 -9.928975 -
11.64122 

-8.593327 

ENSMUSP00000100802 27 23 24 16 11 27 17 24 14 -6.211747 -6.76202 -6.776277 

ENSMUSP00000029405 1 0 3 0 0 0 10 1 4 -9.989942 -
11.53495 

-9.165133 

ENSMUSP00000051935 2 1 0 0 0 0 1 1 2 -9.722181 -
11.06625 

-9.79585 

ENSMUSP00000025483 1 5 5 0 0 2 5 22 6 -8.990386 -
10.50721 

-8.249425 

ENSMUSP00000028241 4 7 1 2 0 0 1 1 0 -8.198191 -
9.792017 

-9.824134 

ENSMUSP00000047898 0 1 2 0 0 0 3 1 3 -9.838111 -
11.18218 

-9.476035 

ENSMUSP00000022060 4 0 2 0 0 0 2 4 2 -8.42605 -
10.28153 

-8.464083 

ENSMUSP00000001713 7 5 7 3 3 0 40 56 58 -7.644022 -
8.892598 

-5.892129 

ENSMUSP00000107760 5 10 1 1 0 1 0 0 0 -9.601938 -
11.45539 

-12.33734 

ENSMUSP00000028222 61 160 131 61 58 72 34 73 32 -5.767922 -
6.618216 

-6.965235 

ENSMUSP00000038368 10 11 13 5 0 4 20 15 22 -8.365112 -
9.826207 

-8.140153 

ENSMUSP00000080531 3 0 4 0 0 0 2 6 6 -8.918064 -
10.89881 

-8.591545 

ENSMUSP00000029630 28 22 6 0 0 9 0 0 0 -7.41769 -
9.361109 

-11.34294 

ENSMUSP00000100067 5 2 4 3 0 0 9 13 7 -8.153419 -
9.418508 

-7.535716 

ENSMUSP00000020285 6 9 9 0 0 6 3 9 7 -7.224223 -
8.691116 

-7.717149 

ENSMUSP00000004508 9 11 7 8 7 4 8 11 5 -7.262006 -
7.834067 

-7.647867 

ENSMUSP00000093944 3 5 9 4 0 0 15 16 16 -8.850178 -
10.30654 

-8.160772 

ENSMUSP00000081010 18 18 21 11 18 18 48 68 38 -6.389254 -
6.819231 

-5.686172 

ENSMUSP00000045927 2 2 2 2 0 0 0 1 1 -8.79272 -
9.798366 

-9.830483 



ENSMUSP00000096677 1 1 0 0 0 0 3 5 4 -11.41148 -
12.50381 

-10.33475 

ENSMUSP00000100564 5 5 8 1 0 4 22 13 7 -7.679343 -
9.021129 

-7.151417 

ENSMUSP00000008826 31 30 25 25 16 28 12 22 12 -6.084764 -
6.543299 

-6.970345 

ENSMUSP00000073213 26 17 11 13 4 8 52 35 41 -6.625719 -
7.607579 

-6.052961 

ENSMUSP00000041814 4 4 8 1 4 2 26 18 35 -9.153309 -
10.11834 

-7.901565 

ENSMUSP00000030345 25 50 26 24 19 18 20 15 24 -7.026495 -
7.763724 

-7.828368 

ENSMUSP00000102140 1 2 1 0 0 1 6 2 6 -8.736527 -
9.768929 

-7.974264 

ENSMUSP00000083705 59 66 77 58 47 71 47 47 34 -5.570172 -
5.949364 

-6.296785 

ENSMUSP00000085623 4 1 1 1 0 0 5 8 7 -8.963904 -
10.30678 

-8.184786 

ENSMUSP00000105795 57 66 100 15 12 0 210 232 191 -5.126087 -
7.432753 

-4.361714 

ENSMUSP00000044326 17 18 20 22 17 18 13 2 12 -7.659359 -7.86706 -8.618419 

ENSMUSP00000087694 1 1 1 1 0 0 0 0 1 -10.47791 -
11.30937 

-11.34149 

ENSMUSP00000045216 7 25 13 7 3 1 1 0 0 -7.488329 -
9.044933 

-10.68862 

ENSMUSP00000071078 5 5 8 1 3 4 7 2 0 -7.924466 -
8.886439 

-8.818406 

ENSMUSP00000034966 51 83 61 41 34 56 21 50 26 -5.925224 -
6.561812 

-6.890473 

ENSMUSP00000099634 42 59 37 37 36 34 42 28 53 -6.675422 -
7.169242 

-7.063795 

ENSMUSP00000030830 6 12 15 5 4 7 4 3 3 -8.311511 -
9.232948 

-9.685117 

ENSMUSP00000107433 2 3 7 0 2 0 2 0 0 -8.111758 -
9.705584 

-9.737701 

ENSMUSP00000081001 3 5 3 2 3 2 0 1 1 -9.053756 -9.68216 -10.6027 

ENSMUSP00000038914 54 53 23 24 14 22 14 9 7 -6.472824 -
7.475343 

-8.176613 

ENSMUSP00000055862 7 6 10 4 7 3 10 12 9 -7.155898 -7.85638 -7.147873 

ENSMUSP00000108126 1 0 1 0 0 0 1 1 1 -10.11005 -
11.20238 

-10.13292 

ENSMUSP00000020161 47 48 22 5 2 20 0 5 1 -6.167782 -7.83546 -9.203231 

ENSMUSP00000036093 6 1 2 0 1 0 3 2 10 -9.755565 -
11.43517 

-9.577959 

ENSMUSP00000025385 69 67 38 39 28 40 95 69 72 -6.560477 -
7.283881 

-6.532547 

ENSMUSP00000034541 20 14 11 2 10 4 5 6 5 -7.757035 - -9.009132 



8.977015 

ENSMUSP00000047536 21 18 14 9 14 14 20 13 13 -6.75001 -
7.340094 

-7.162107 

ENSMUSP00000037783 2 1 1 1 0 0 0 0 0 -8.900415 -
9.932816 

-10.47754 

ENSMUSP00000021239 15 20 16 16 12 15 6 9 4 -6.94538 -
7.353218 

-8.160575 

ENSMUSP00000028916 8 9 13 0 0 5 17 16 15 -8.362791 -
10.18428 

-8.185338 

ENSMUSP00000037018 20 11 7 0 0 5 0 1 0 -7.577398 -
9.625242 

-10.61451 

ENSMUSP00000110998 67 70 70 23 0 0 114 109 0 -5.853125 -
8.237122 

-6.053795 

ENSMUSP00000060218 1 2 4 0 1 0 6 3 10 -8.210028 -
9.678174 

-7.60382 

ENSMUSP00000002790 11 9 22 3 7 1 19 16 31 -8.285082 -
9.774985 

-8.12027 

ENSMUSP00000030538 18 25 26 9 12 19 2 5 6 -6.989882 -
7.762358 

-8.846319 

ENSMUSP00000023803 62 108 44 35 34 27 87 86 67 -5.84138 -
6.877017 

-6.002076 

ENSMUSP00000106481 11 7 3 2 0 1 0 6 2 -8.233041 -
10.08615 

-9.370277 

ENSMUSP00000034164 2 2 1 1 0 0 0 0 0 -9.156566 -
10.35621 

-10.90093 

ENSMUSP00000112334 8 10 6 3 3 6 81 76 81 -8.189304 -
9.068016 

-6.223805 

ENSMUSP00000067685 52 68 77 34 18 46 72 99 68 -7.258001 -
8.191157 

-7.340673 

ENSMUSP00000099364 5 5 5 4 2 1 9 5 2 -8.964632 -
9.870797 

-9.180377 

ENSMUSP00000020717 20 16 22 7 15 12 23 32 26 -6.28814 -
7.047151 

-6.235896 

ENSMUSP00000033509 41 62 49 44 34 35 27 38 23 -5.585682 -
6.121314 

-6.399784 

ENSMUSP00000091180 6 9 7 1 0 3 6 11 5 -8.098835 -
9.794505 

-8.373444 

ENSMUSP00000095845 18 18 25 4 0 4 19 17 24 -6.684256 -
8.811215 

-6.974995 

ENSMUSP00000035761 12 15 18 7 11 11 20 6 5 -9.736251 -
10.40054 

-10.36913 

ENSMUSP00000021375 30 29 31 18 17 29 45 32 55 -7.292823 -
7.869632 

-7.189646 

ENSMUSP00000000756 33 46 39 36 30 26 16 22 16 -5.760796 -
6.248657 

-6.802402 

ENSMUSP00000107914 2 1 3 1 0 0 2 0 3 -9.02594 -
10.36882 

-9.443786 

ENSMUSP00000023583 15 6 11 3 4 6 4 6 3 -7.461226 - -8.573492 



8.541375 

ENSMUSP00000007130 2 3 3 1 0 1 5 3 0 -9.550334 -
10.79255 

-9.824943 

ENSMUSP00000039202 11 10 9 3 0 2 11 21 5 -7.314951 -9.13644 -7.388851 

ENSMUSP00000001460 74 77 75 43 46 71 100 89 84 -6.551432 -7.13658 -6.638234 

ENSMUSP00000023087 1 6 1 0 0 0 0 3 0 -8.794364 -
10.88642 

-9.816965 

ENSMUSP00000021133 8 13 12 1 5 3 27 33 20 -8.068426 -
9.500942 

-7.48328 

ENSMUSP00000031355 12 6 11 0 3 1 25 17 22 -8.607965 -
10.56443 

-8.118134 

ENSMUSP00000033093 3 6 6 2 0 0 2 3 2 -7.614013 -9.4086 -8.552295 

ENSMUSP00000107937 35 19 31 11 17 18 28 38 32 -5.913937 -
6.755907 

-6.048523 

ENSMUSP00000072199 1 17 12 0 0 0 9 4 10 -8.489791 -
11.78103 

-9.015774 

ENSMUSP00000026538 31 26 9 6 6 4 68 72 84 -6.591538 -
8.184238 

-5.659886 

ENSMUSP00000025835 67 80 39 26 34 18 8 16 5 -6.599444 -
7.700005 

-8.690287 

ENSMUSP00000086021 25 12 21 11 5 9 9 19 7 -5.941864 -
6.993326 

-6.705207 

ENSMUSP00000001715 4 5 4 2 0 0 8 11 14 -7.990433 -
9.655752 

-7.397965 

ENSMUSP00000021793 5 6 5 4 4 5 2 0 0 -8.023985 -
8.454607 

-9.909551 

ENSMUSP00000071616 72 50 43 42 38 33 47 65 45 -5.685433 -
6.302363 

-6.009284 

ENSMUSP00000015011 57 49 58 52 52 60 24 22 11 -5.659092 -
5.901583 

-6.973718 

ENSMUSP00000106359 13 20 16 13 10 9 2 9 4 -6.626321 -
7.279308 

-8.019814 

ENSMUSP00000036386 15 16 14 11 14 9 12 11 12 -7.111583 -
7.624038 

-7.628371 

ENSMUSP00000066035 1 5 1 0 0 0 5 8 5 -9.169378 -
11.15013 

-8.613197 

ENSMUSP00000025833 5 5 7 1 2 0 18 30 32 -8.68894 -
10.34624 

-7.480439 

ENSMUSP00000032168 71 119 99 49 65 55 15 32 13 -5.637082 -
6.412458 

-7.464342 

ENSMUSP00000063825 184 103 63 42 23 38 211 184 215 -6.355842 -
7.811401 

-6.076737 

ENSMUSP00000072084 4 2 3 1 2 1 2 5 2 -9.171052 -
10.06075 

-9.445661 

ENSMUSP00000056433 2 2 2 0 0 1 0 2 2 -8.364854 -
9.707733 

-8.94994 

ENSMUSP00000082125 7 12 13 2 0 2 0 2 0 -7.685977 - -10.22107 



9.736276 

ENSMUSP00000031617 110 112 133 80 87 111 46 64 47 -4.98881 -
5.474638 

-6.074021 

ENSMUSP00000038214 6 13 7 1 2 0 24 13 28 -8.794088 -
10.84792 

-8.185539 

ENSMUSP00000035010 6 10 11 5 3 2 1 2 0 -8.539729 -
9.690123 

-10.66141 

ENSMUSP00000079379 5 9 9 3 2 4 35 23 31 -8.364338 -
9.454489 

-7.332072 

ENSMUSP00000075321 19 15 52 0 4 0 37 53 0 -6.425871 -
9.436386 

-6.655776 

ENSMUSP00000006703 9 6 1 0 0 0 2 0 1 -9.141902 -
11.84519 

-10.77573 

ENSMUSP00000052544 7 6 8 1 0 2 8 8 7 -7.941662 -
9.794774 

-8.131089 

ENSMUSP00000034058 5 6 11 2 0 0 5 4 1 -7.431612 -
9.579958 

-8.421169 

ENSMUSP00000026667 8 5 9 0 0 2 11 13 10 -8.042746 -
10.19109 

-7.904726 

ENSMUSP00000042860 1 4 9 0 0 0 4 14 5 -7.648122 -10.23 -7.46474 

ENSMUSP00000028683 138 196 156 62 66 108 35 37 26 -5.192141 -
6.161941 

-7.064107 

ENSMUSP00000028592 15 7 9 2 4 4 1 3 2 -7.622048 -
8.903806 

-9.363676 

ENSMUSP00000026122 50 82 38 24 18 22 25 48 30 -6.252087 -
7.457174 

-7.022116 

ENSMUSP00000004072 38 55 45 35 26 27 31 34 21 -5.747768 -
6.434112 

-6.48883 

ENSMUSP00000076521 18 58 38 6 7 9 0 6 1 -6.885191 -
8.720178 

-9.769729 

ENSMUSP00000001479 11 12 18 2 5 1 29 28 35 -8.179974 -
9.921221 

-7.66604 

ENSMUSP00000020238 115 179 149 40 44 79 108 107 71 -5.782772 -
7.019328 

-6.493116 

ENSMUSP00000027123 79 95 63 40 20 35 162 119 115 -5.988472 -
7.135831 

-5.752244 

ENSMUSP00000075513 78 67 23 4 2 0 94 98 119 -6.073039 -
9.434328 

-5.735878 

ENSMUSP00000019512 4 6 1 0 0 0 3 6 7 -8.657024 -
11.02369 

-8.595009 

ENSMUSP00000099453 36 43 44 5 0 2 131 117 99 -6.747364 -
9.674823 

-5.992606 

ENSMUSP00000111081 38 38 34 2 1 9 7 9 0 -6.609907 -
8.964166 

-8.736659 

ENSMUSP00000039269 27 33 27 24 22 19 39 36 28 -6.800515 -
7.328832 

-6.908928 

ENSMUSP00000101823 189 174 187 134 100 152 0 0 0 -4.81141 -
5.406832 

-10.99762 



ENSMUSP00000099841 3 6 4 0 0 1 14 12 3 -7.898766 -
9.901318 

-7.429556 

ENSMUSP00000078774 20 15 9 0 2 1 15 16 17 -7.381897 -
9.939355 

-7.572233 

ENSMUSP00000023760 9 15 11 6 4 3 12 19 16 -7.380791 -
8.546722 

-7.371103 

ENSMUSP00000052912 69 107 80 32 45 43 63 74 50 -5.688265 -
6.681891 

-6.274805 

ENSMUSP00000005122 4 5 1 0 0 0 6 12 13 -8.585577 -
10.86881 

-7.820919 

ENSMUSP00000100000 17 19 30 3 0 0 42 36 19 -7.512264 -
10.46418 

-7.408912 

ENSMUSP00000039472 8 14 2 0 0 0 0 0 0 -8.117026 -
11.19691 

-11.22903 

ENSMUSP00000042351 76 77 58 42 23 22 148 192 155 -5.776584 -
6.895058 

-5.202533 

ENSMUSP00000024988 11 27 22 0 2 1 0 0 0 -8.462546 -
11.32137 

-12.45506 

ENSMUSP00000033012 38 32 38 8 3 11 32 23 33 -7.330545 -
9.112183 

-7.806853 

ENSMUSP00000048111 6 6 16 1 1 2 19 29 14 -7.298042 -
9.221159 

-6.80588 

ENSMUSP00000020315 34 41 37 5 13 11 53 48 64 -7.53596 -
9.092687 

-7.427358 

ENSMUSP00000111471 6 10 4 0 1 0 3 3 3 -8.648935 -
11.04554 

-9.640545 

ENSMUSP00000111363 4 4 1 0 0 0 1 2 1 -7.887638 -
10.07985 

-8.80945 

ENSMUSP00000095129:reversed 4 4 1 0 0 0 0 0 0 -8.733339 -
10.92555 

-10.95766 

ENSMUSP00000031897 24 24 23 6 1 3 16 23 23 -6.316576 -
8.400793 

-6.723744 

ENSMUSP00000002064 2 4 1 0 0 0 3 5 3 -8.725841 -
10.70659 

-8.614537 

ENSMUSP00000087118 2 4 1 0 0 0 0 6 4 -8.991644 -
10.97239 

-8.963768 

ENSMUSP00000086165 1 4 2 0 0 0 0 3 1 -8.224917 -
10.20567 

-8.93527 

ENSMUSP00000078382 1 4 2 0 0 0 1 1 0 -9.144159 -
11.12491 

-10.30719 

ENSMUSP00000033871 20 32 26 14 12 13 10 8 5 -6.468335 -
7.385362 

-7.920215 

ENSMUSP00000038755 17 12 10 6 3 4 63 77 51 -6.761503 -
8.031442 

-5.477188 

ENSMUSP00000079246 4 5 4 3 2 2 6 10 6 -7.695425 -
8.472322 

-7.487006 

ENSMUSP00000023214 4 7 7 0 1 0 0 0 0 -8.423043 -
10.72198 

-11.2667 



ENSMUSP00000034453 85 83 84 63 55 73 143 139 122 -5.555912 -
6.073679 

-5.360754 

ENSMUSP00000098963 8 5 3 1 1 1 4 6 5 -8.511739 -
10.11345 

-8.845211 

ENSMUSP00000026585 1 3 4 0 0 0 1 0 0 -8.361084 -
10.45314 

-9.972656 

ENSMUSP00000098000 1 3 4 0 0 0 5 7 2 -8.09872 -
10.19078 

-7.88351 

ENSMUSP00000038878 14 20 12 7 6 5 66 64 68 -7.474539 -
8.607547 

-6.313957 

ENSMUSP00000066878 9 4 7 1 1 2 20 12 19 -8.404873 -
10.01157 

-7.786539 

ENSMUSP00000109237 35 46 51 9 16 16 106 93 109 -7.039381 -
8.426576 

-6.473104 

ENSMUSP00000099461 1 1 3 0 0 0 5 8 2 -8.400571 -
10.11282 

-7.743002 

ENSMUSP00000033230 4 1 4 0 0 0 3 3 2 -8.775599 -
10.96781 

-9.150357 

ENSMUSP00000001806 8 18 12 1 0 1 34 30 34 -7.804582 -
10.47234 

-7.155232 

ENSMUSP00000069418 3 16 7 0 0 0 1 2 0 -9.301289 -12.4567 -11.38724 

ENSMUSP00000019109 3 3 1 0 0 0 0 0 0 -8.553618 -
10.53437 

-10.56648 

ENSMUSP00000046101 163 106 80 9 21 19 171 137 166 -6.051268 -8.23126 -6.020866 

ENSMUSP00000022706 23 18 17 3 4 7 59 45 37 -7.181736 -
8.769681 

-6.582914 

ENSMUSP00000021639 7 8 2 0 0 0 16 0 21 -8.348192 -
11.10707 

-7.889726 

ENSMUSP00000107544 1 3 3 0 0 0 0 0 0 -9.126319 -
11.10707 

-11.13919 

ENSMUSP00000044288 69 67 58 3 2 0 57 45 59 -5.850815 -
9.498053 

-6.310312 

ENSMUSP00000078429 93 83 57 29 18 26 177 150 186 -5.806174 -
7.195383 

-5.295027 

ENSMUSP00000107492 6 7 9 0 0 1 17 13 16 -8.768476 -
11.25406 

-8.339212 

ENSMUSP00000070983 3 3 11 0 0 0 0 4 0 -7.746712 -
10.50559 

-9.235192 

ENSMUSP00000029769 3 2 1 0 0 0 5 6 8 -8.75729 -
10.61277 

-8.025815 

ENSMUSP00000092157 18 7 19 1 0 0 27 24 25 -8.418816 -
11.56524 

-8.160798 

ENSMUSP00000022120 0 0 0 0 0 0 7 9 13 -11.07484 -
11.31733 

-8.332964 

ENSMUSP00000003572 0 0 0 0 0 0 3 1 4 -11.35683 -
11.59932 

-9.781874 

ENSMUSP00000025846 0 0 0 0 0 0 2 1 1 -11.50221 -11.7447 -10.47431 



ENSMUSP00000032508 0 0 0 0 0 0 1 2 2 -10.89414 -
11.13663 

-9.698991 

ENSMUSP00000033050 0 0 0 0 0 0 3 6 2 -10.49641 -10.7389 -8.646845 

ENSMUSP00000062215 0 0 0 0 0 0 1 5 1 -10.99033 -
11.23282 

-9.526679 

ENSMUSP00000064557 0 0 0 0 0 0 5 6 1 -10.15123 -
10.39372 

-8.224664 

ENSMUSP00000066413 0 0 0 0 0 0 1 2 1 -11.15874 -
11.40123 

-10.13083 

ENSMUSP00000084114 0 0 0 0 0 0 1 1 1 -10.78553 -
11.02803 

-9.958569 

ENSMUSP00000088334 0 0 0 0 0 0 2 1 1 -11.47108 -
11.71357 

-10.44317 

ENSMUSP00000088663 0 0 0 0 0 0 1 2 2 -10.49641 -10.7389 -9.301263 

ENSMUSP00000097097:reversed 0 0 0 0 0 0 1 1 2 -11.63005 -
11.87254 

-10.60214 

ENSMUSP00000098112 0 0 0 0 0 0 1 1 1 -10.86857 -
11.11106 

-10.0416 

ENSMUSP00000107983 0 0 0 0 0 0 2 1 3 -10.81539 -
11.05788 

-9.477005 

ENSMUSP00000111892 0 0 0 0 0 0 60 85 53 -9.803261 -
10.04575 

-5.183114 

ENSMUSP00000029564 0 0 0 0 0 0 1 4 2 -10.03904 -
10.28153 

-8.575391 

ENSMUSP00000027766 0 0 0 0 0 0 3 4 4 -11.22504 -
11.46754 

-9.375482 

ENSMUSP00000034529 0 0 0 0 0 0 2 2 2 -11.46231 -
11.70481 

-10.12393 

ENSMUSP00000035208:reversed 0 0 0 0 0 0 1 1 1 -12.98947 -
13.23196 

-12.1625 

ENSMUSP00000047376 0 0 0 0 0 0 5 7 4 -11.14674 -
11.38924 

-8.960557 

ENSMUSP00000014546 0 0 0 0 0 0 1 2 1 -10.73901 -
10.98151 

-9.711109 

ENSMUSP00000020886 0 0 0 0 0 0 3 2 3 -10.96713 -
11.20963 

-9.392176 

ENSMUSP00000029125 0 0 0 0 0 0 1 2 1 -10.39297 -
10.63546 

-9.365067 

ENSMUSP00000030935 0 0 0 0 0 0 5 9 4 -10.02987 -
10.27236 

-7.735427 

ENSMUSP00000035237 0 0 0 0 0 0 1 1 1 -11.63746 -
11.87995 

-10.81049 

ENSMUSP00000043703:reversed 0 0 0 0 0 0 2 3 1 -11.71899 -
11.96148 

-10.38061 

ENSMUSP00000045998 0 0 0 0 0 0 1 2 4 -11.77203 -
12.01452 

-10.30838 

ENSMUSP00000051033 0 0 0 0 0 0 184 175 213 -10.86258 -
11.10507 

-5.186463 



ENSMUSP00000075722 0 0 0 0 0 0 1 3 8 -11.09092 -
11.33341 

-9.164353 

ENSMUSP00000079905 0 0 0 0 0 0 31 48 40 -9.982688 -
10.22518 

-5.866728 

ENSMUSP00000097582 0 0 0 0 0 0 2 2 1 -10.29894 -
10.54143 

-9.103798 

ENSMUSP00000108098 0 0 0 0 0 0 2 1 3 -11.04523 -
11.28772 

-9.706848 

ENSMUSP00000111551 0 0 0 0 0 0 3 1 2 -10.44603 -
10.68852 

-9.107645 

sp|CAS2_BOVIN| 0 0 0 0 0 0 25 10 18 -10.21065 -
10.45314 

-6.888206 

ENSMUSP00000007708:reversed 0 0 0 0 0 0 1 1 1 -11.13155 -
11.37404 

-10.30458 

ENSMUSP00000034391 0 0 0 0 0 0 1 1 1 -11.22365 -
11.46614 

-10.39668 

ENSMUSP00000063548 0 0 0 0 0 0 1 2 1 -10.98502 -
11.22751 

-9.957118 

ENSMUSP00000073102 0 0 0 0 0 0 7 6 9 -10.48478 -
10.72727 

-8.003697 

ENSMUSP00000073861 0 0 0 0 0 0 4 2 3 -10.94524 -
11.18773 

-9.270127 

ENSMUSP00000076093 0 0 0 0 0 0 1 1 1 -12.92509 -
13.16758 

-12.09813 

ENSMUSP00000078845:reversed 0 0 0 0 0 0 2 2 2 -11.18811 -11.4306 -9.849727 

ENSMUSP00000099420:reversed 0 0 0 0 0 0 1 1 1 -10.99561 -11.2381 -10.16864 

ENSMUSP00000106953 0 0 0 0 0 0 3 11 10 -9.377357 -
9.619848 

-6.814574 

ENSMUSP00000043821 51 32 27 10 6 9 90 91 114 -6.763518 -
8.443081 

-6.060067 

ENSMUSP00000073459 4 18 8 0 0 0 12 11 12 -7.607571 -
10.89881 

-7.734827 

ENSMUSP00000028892 1 2 3 0 0 0 4 1 2 -9.081984 -
10.93747 

-9.231325 

ENSMUSP00000013773 5 19 6 0 0 0 20 23 17 -9.397276 -
12.68852 

-9.002732 

ENSMUSP00000024944 2 3 7 0 0 0 0 0 0 -9.109373 -
11.55304 

-11.58515 

ENSMUSP00000076777 132 114 85 37 22 33 192 186 0 -5.460981 -
6.972202 

-5.603373 

ENSMUSP00000047054 3 1 3 0 0 0 1 0 0 -9.542394 -
11.52314 

-11.04266 

ENSMUSP00000077040 1 2 1 0 0 0 4 1 0 -11.68982 -
13.23482 

-11.79719 

ENSMUSP00000043220:reversed 1 2 1 0 0 0 1 0 1 -10.04819 -
11.59319 

-10.77547 

ENSMUSP00000038339 1 2 1 0 0 0 3 4 5 -9.627851 -
11.17286 

-9.003802 



ENSMUSP00000022196 1 2 1 0 0 0 0 1 0 -10.45978 -
12.00479 

-11.5243 

ENSMUSP00000030742 1 2 1 0 0 0 1 1 0 -9.346392 -10.8914 -10.07368 

ENSMUSP00000054370 8 13 11 1 0 0 32 29 17 -7.651115 -
10.49132 

-7.061397 

ENSMUSP00000007708 10 11 14 0 0 1 38 33 29 -7.935442 -
10.86143 

-7.187187 

ENSMUSP00000021698 101 137 125 17 15 31 218 176 212 -5.894187 -
7.868625 

-5.657963 

ENSMUSP00000006137 16 27 31 4 3 5 56 29 46 -7.414059 -
9.378398 

-7.12618 

ENSMUSP00000027833 48 38 47 16 11 19 61 65 69 -7.38149 -
8.664907 

-7.276985 

ENSMUSP00000030454 32 24 37 8 12 11 40 68 46 -5.905143 -
7.215128 

-5.681678 

ENSMUSP00000088249 301 297 139 35 31 29 393 315 411 -4.788504 -
7.066134 

-4.646201 

ENSMUSP00000076294 24 23 22 13 11 15 15 26 14 -6.740897 -
7.537769 

-7.236901 

ENSMUSP00000025696 21 16 15 1 1 0 25 41 35 -6.608772 -
9.579958 

-6.23314 

ENSMUSP00000050689 29 26 31 11 16 13 0 0 0 -5.907308 -
6.895829 

-10.25245 

ENSMUSP00000054863 30 29 23 12 10 13 13 19 17 -6.553154 -
7.623282 

-7.330688 

ENSMUSP00000082288 91 53 43 6 3 2 220 150 154 -6.173235 -
9.129592 

-5.422569 

ENSMUSP00000032473 25 34 21 4 2 4 22 36 39 -6.813788 -
9.015032 

-6.898929 

ENSMUSP00000033185 3 8 4 0 0 0 1 1 0 -8.488313 -
11.13274 

-10.31502 

ENSMUSP00000002389 2 4 2 0 0 0 0 0 0 -9.599459 -
11.69152 

-11.72363 

ENSMUSP00000101002 1 2 2 0 0 0 14 19 20 -8.752369 -
10.46461 

-6.899679 

ENSMUSP00000031105 1 2 2 0 0 0 5 10 12 -8.591862 -
10.30411 

-7.387579 

ENSMUSP00000024739 177 212 191 29 49 44 350 299 337 -5.409228 -
7.201132 

-5.154266 

ENSMUSP00000099904 143 122 116 63 67 74 343 286 335 -5.248469 -
6.112258 

-4.59715 

ENSMUSP00000101833 1 1 2 0 0 0 0 0 0 -9.4205 -
10.96551 

-10.99762 

ENSMUSP00000039243 1 1 2 0 0 0 2 9 5 -9.717357 -
11.26236 

-8.833683 

ENSMUSP00000086716 3 3 7 0 0 0 18 0 8 -10.34977 -
12.86493 

-9.984125 

ENSMUSP00000086626 8 3 8 0 0 0 7 11 18 -9.101618 - -8.772164 



11.96318 

ENSMUSP00000099807 4 4 2 0 0 0 0 0 0 -9.167424 -
11.45066 

-11.48278 

ENSMUSP00000027144 1313 1212 963 472 417 418 2583 2329 2332 -4.298979 -5.52235 -3.842964 

ENSMUSP00000071135 143 180 149 36 42 48 220 224 216 -5.097433 -
6.651998 

-5.03768 

ENSMUSP00000110006:reversed 2 4 3 0 0 0 5 4 2 -9.998698 -
12.19091 

-10.09885 

ENSMUSP00000105647 2 2 4 0 0 0 0 1 0 -9.000912 -
11.09297 

-10.61248 

ENSMUSP00000095316 19 23 22 9 9 10 29 36 36 -7.013232 -
8.053507 

-6.839991 

ENSMUSP00000042457 283 284 203 63 64 68 389 377 398 -4.619273 -
6.229464 

-4.48131 

ENSMUSP00000042342 181 229 181 55 57 64 287 288 297 -4.877255 -
6.325153 

-4.763703 

ENSMUSP00000034818 9 5 4 0 0 0 8 10 8 -8.062335 -
10.87387 

-7.993073 

ENSMUSP00000044556 47 36 33 12 10 9 153 122 172 -6.67653 -
8.204368 

-5.611627 

ENSMUSP00000097469 7 17 11 0 0 0 0 15 15 -7.785367 -
11.22396 

-8.207329 

ENSMUSP00000031103 83 50 45 4 5 3 161 152 153 -6.167132 -
8.997564 

-5.484494 

ENSMUSP00000021114 8 12 6 0 0 0 18 15 20 -7.784423 -
10.93983 

-7.374897 

ENSMUSP00000020286 8 6 4 0 0 0 13 19 14 -7.867819 -
10.67936 

-7.251911 

ENSMUSP00000060246 176 207 172 46 49 54 238 246 238 -4.941946 -
6.492174 

-4.954118 

ENSMUSP00000050292 5 5 3 0 0 0 4 7 2 -7.608413 -
10.12357 

-7.883022 

ENSMUSP00000027824 6 9 5 0 0 0 0 2 0 -7.551596 -
10.46081 

-9.643085 

ENSMUSP00000108734 3 3 2 0 0 0 3 6 6 -8.24714 -10.3392 -7.969383 

ENSMUSP00000068086 2 3 3 0 0 0 26 8 9 -9.050378 -
11.14244 

-7.780239 

ENSMUSP00000034808 5 8 9 0 0 0 0 0 0 -7.584637 -
10.58282 

-10.61494 

ENSMUSP00000030187 15 25 13 0 0 0 25 32 36 -8.952811 -
12.79236 

-8.676969 

ENSMUSP00000026168 3 2 2 0 0 0 1 0 1 -9.941684 -
11.92243 

-11.10471 

ENSMUSP00000102254 2 2 3 0 0 0 1 3 4 -8.959083 -
10.93983 

-9.122384 

ENSMUSP00000026012 20 22 41 0 0 0 0 0 0 -6.97043 -
11.24857 

-11.28069 



ENSMUSP00000064849 30 22 49 0 0 0 80 76 61 -6.267636 -10.7389 -5.785287 

ENSMUSP00000101862 17 14 18 5 4 4 20 23 21 -7.37332 -
8.863963 

-7.387822 

ENSMUSP00000047761 12 18 12 0 0 0 44 28 38 -7.593745 -
11.20782 

-6.926997 

ENSMUSP00000020034 5 3 4 0 0 0 12 15 8 -8.318094 -
10.76176 

-7.59777 

ENSMUSP00000070682 14 13 10 0 0 0 29 33 36 -7.594915 -
11.08687 

-6.919918 

ENSMUSP00000036337 3 3 4 0 0 0 22 11 8 -8.244015 -
10.52725 

-7.211045 

ENSMUSP00000024860 11 14 15 0 0 0 32 30 33 -7.735636 -
11.30264 

-7.166304 

ENSMUSP00000051366 1 1 1 0 0 0 3 5 1 -9.904503 -
11.24857 

-9.330969 

ENSMUSP00000110576 1 1 1 0 0 0 0 0 0 -9.752953 -
11.09702 

-11.12914 

ENSMUSP00000052174:reversed 1 1 1 0 0 0 0 0 0 -9.874545 -
11.21861 

-11.25073 

ENSMUSP00000099403 9 9 12 0 0 0 14 14 6 -8.323848 -
11.61509 

-8.478888 

ENSMUSP00000022369 21 14 19 0 0 0 16 27 19 -8.096066 -
11.95379 

-8.236003 

ENSMUSP00000044554 5 5 6 0 0 0 5 5 7 -8.8459 -
11.54919 

-9.064919 

ENSMUSP00000021506 3 3 3 0 0 0 0 0 0 -8.846582 -
11.03879 

-11.07091 

ENSMUSP00000108953 57 50 70 0 0 0 130 130 0 -6.299384 -11.3254 -6.192135 

ENSMUSP00000035823 11 9 10 0 0 0 6 8 16 -8.627645 -
11.91889 

-8.902254 

 



 
Supplementary Table 8 
(continued) 

            

Protein identification from control, non-cachectic and cachectic 
mouse liver membrane preparations 

      

Identifier: ENSEMBL 
number 

            

LogNSAF(cachectic/control/non-cachectic): log of the individual 
NSAF  

        

Log p.value: p value             

ratio: fold change difference compared to the 
control 

          

invratio: inverse of the 
ratio 

            

             

Identifier Log.NSA
F.cachect
ic_3.csv 

Log.NSAF
.cachectic
_2.csv 

Log.NSAF
.cachectic
_1.csv 

Log.NSAF
.control_1
.csv 

Log.NSA
F.control
_2.csv 

Log.NSAF
.control_3
.csv 

Log.NSA
F.nc_1.cs
v 

Log.NSA
F.nc_2.c
sv 

Log.NSA
F.nc_3.cs
v 

Log.p.valu
e 

ratio invratio 

ENSMUSP00000068282 -11.08277 -11.00059 -11.09447 -5.40878 -5.37183 -5.48544 -11.28942 -11.42272 -5.62204 0.00000 0.00355 281.37018 

ENSMUSP00000071573 -10.55033 -10.46816 -10.56203 -5.04535 -5.22221 -5.25817 -5.68367 -5.57266 -5.82912 0.00000 0.00471 212.53740 

ENSMUSP00000037665 -11.03217 -10.94999 -11.04387 -5.23712 -5.14839 -5.41666 -6.04702 -6.24971 -5.90792 0.00000 0.00319 313.94752 

ENSMUSP00000072598 -11.08442 -11.00224 -11.09612 -5.82262 -5.74061 -5.98375 -11.29106 -6.35105 -6.06282 0.00000 0.00541 184.68903 

ENSMUSP00000031633 -11.03217 -10.94999 -11.04387 -6.09238 -6.02796 -6.33447 -11.23882 -11.37212 -11.23535 0.00000 0.00769 130.04316 

ENSMUSP00000052945 -12.07991 -11.99774 -12.09162 -9.76288 -9.88767 -9.87504 -10.67357 -10.80687 -10.33337 0.00000 0.10879 9.19173 

ENSMUSP00000033086 -10.81463 -10.73246 -10.82634 -9.45365 -9.41134 -9.39870 -9.91971 -11.15458 -11.01781 0.00000 0.25398 3.93732 

ENSMUSP00000034173 -11.09422 -11.01204 -11.10592 -7.58069 -7.80310 -7.52574 -8.35222 -8.72197 -8.34875 0.00000 0.03199 31.26025 

ENSMUSP00000020266 -10.44092 -10.35874 -10.45262 -8.29100 -8.24868 -8.43680 -10.64757 -10.78087 -9.03110 0.00001 0.12284 8.14084 

ENSMUSP00000102636 -10.71047 -10.62829 -10.72217 -6.91507 -6.98398 -7.34786 -10.91712 -11.05042 -10.91364 0.00001 0.02662 37.56554 

ENSMUSP00000023709 -11.09747 -11.01529 -11.10917 -7.11100 -6.55783 -6.77927 -6.81109 -11.43741 -6.92681 0.00001 0.01384 72.24465 

ENSMUSP00000004478 -11.46269 -11.38052 -11.47440 -10.61313 -10.57081 -10.55818 -11.66934 -11.80264 -11.66587 0.00001 0.42355 2.36099 

ENSMUSP00000017597 -10.75482 -10.67264 -10.76652 -9.90525 -9.86293 -9.85030 -9.85989 -11.09476 -9.00828 0.00001 0.42355 2.36099 

ENSMUSP00000004396 -9.57044 -9.48826 -9.58214 -8.72087 -8.67855 -8.66592 -9.77709 -9.91038 -9.77361 0.00001 0.42355 2.36099 

ENSMUSP00000094929 -11.39161 -11.30943 -11.40331 -10.54205 -10.49973 -10.48709 -11.59826 -11.73156 -11.59479 0.00001 0.42355 2.36099 

ENSMUSP00000077972 -10.94547 -10.86330 -10.95718 -10.09591 -10.05359 -10.04096 -11.15212 -11.28542 -11.14865 0.00001 0.42355 2.36099 

ENSMUSP00000072558 -9.76635 -9.68417 -9.77805 -6.12219 -5.48301 -5.98876 -9.97300 -10.10630 -9.96952 0.00004 0.01993 50.17613 

ENSMUSP00000099436 -10.10632 -10.02414 -10.11802 -7.95640 -7.91408 -7.59118 -8.36325 -8.24510 -8.35978 0.00005 0.10291 9.71717 

ENSMUSP00000066990 -9.33604 -9.25386 -9.34774 -7.63833 -7.34456 -7.58338 -9.54268 -9.67598 -7.58950 0.00005 0.16559 6.03908 



ENSMUSP00000001497 -10.18603 -10.10385 -10.19773 -8.48832 -8.19455 -8.43337 -10.39267 -10.52597 -10.38920 0.00005 0.16559 6.03908 

ENSMUSP00000103034 -10.87715 -10.79498 -10.88886 -7.31816 -6.71302 -7.30867 -11.08380 -7.49920 -7.64205 0.00005 0.02279 43.87083 

ENSMUSP00000034046 -5.83313 -5.75921 -5.82044 -5.33015 -5.26488 -5.32272 -5.64951 -5.76077 -5.45401 0.00008 0.60698 1.64750 

ENSMUSP00000057069 -11.58135 -11.49917 -11.59305 -9.88365 -9.84133 -10.16542 -11.78800 -10.30831 -11.78453 0.00011 0.20047 4.98820 

ENSMUSP00000044012 -12.13539 -12.05321 -12.14709 -10.43768 -10.39536 -10.71945 -12.34203 -12.47533 -10.38885 0.00011 0.20047 4.98820 

ENSMUSP00000018727 -10.92257 -10.84039 -10.93427 -9.22487 -9.51927 -9.50664 -11.12922 -11.26252 -11.12575 0.00012 0.22408 4.46276 

sp|K1C15_SHEEP| -10.86086 -10.77868 -10.87256 -7.06546 -6.06220 -6.39956 -6.62047 -11.20081 -6.52705 0.00013 0.01224 81.70259 

ENSMUSP00000032074 -10.22167 -10.13950 -10.23337 -8.52397 -8.81837 -8.46901 -10.42832 -10.56162 -10.42485 0.00014 0.20047 4.98820 

ENSMUSP00000039784 -9.81426 -9.73208 -9.82596 -7.35408 -7.82278 -7.81015 -8.40792 -10.15421 -10.01744 0.00017 0.11539 8.66629 

ENSMUSP00000029387 -11.14030 -11.05812 -11.15200 -9.77932 -9.40027 -9.38764 -10.24537 -11.48024 -11.34347 0.00027 0.20047 4.98820 

ENSMUSP00000040580 -10.60749 -10.52531 -10.61919 -8.65833 -8.86747 -9.19156 -9.20115 -10.94744 -10.81067 0.00044 0.18137 5.51364 

ENSMUSP00000073444 -5.84476 -5.79555 -5.74409 -5.29366 -5.26108 -5.37883 -5.84681 -5.62740 -5.52207 0.00045 0.61616 1.62295 

ENSMUSP00000059943 -9.11525 -9.03307 -9.12695 -7.16609 -7.71195 -7.36259 -9.32190 -9.45520 -9.31842 0.00049 0.18137 5.51364 

ENSMUSP00000034860 -7.22634 -6.87327 -6.67522 -4.88966 -4.99844 -5.21626 -6.46047 -6.18550 -6.04872 0.00055 0.15312 6.53076 

ENSMUSP00000089691 -6.61974 -6.57757 -6.48572 -6.00774 -6.06986 -6.11385 -6.31553 -6.04728 -6.52061 0.00058 0.60848 1.64344 

ENSMUSP00000026462 -5.47566 -5.51204 -5.38138 -4.67566 -4.72887 -4.88199 -5.28724 -5.27298 -5.47703 0.00069 0.49841 2.00639 

ENSMUSP00000074990 -5.81052 -5.82198 -5.78925 -5.22162 -5.17930 -5.36895 -6.55061 -6.74275 -6.26661 0.00070 0.57452 1.74059 

ENSMUSP00000081370 -7.27525 -7.24070 -7.43725 -5.99507 -6.09277 -6.35824 -7.74662 -7.48456 -7.87238 0.00071 0.30654 3.26217 

ENSMUSP00000003100 -5.87634 -5.74737 -5.54644 -4.76475 -4.85312 -4.78945 -5.34018 -5.50239 -5.25996 0.00076 0.40204 2.48732 

ENSMUSP00000082352 -8.33221 -8.25003 -7.97604 -7.01986 -6.80690 -7.06255 -7.79139 -7.31367 -7.78791 0.00079 0.29695 3.36760 

ENSMUSP00000029569 -10.55870 -10.47652 -10.57040 -8.60954 -9.15540 -9.14277 -9.66378 -10.89865 -10.76188 0.00101 0.20047 4.98820 

sp|K1C10_HUMAN| -5.31053 -5.35779 -5.36133 -4.95785 -4.83187 -4.75701 -4.82883 -4.92124 -4.98138 0.00125 0.60944 1.64085 

ENSMUSP00000065796 -7.02767 -6.98396 -7.34613 -6.19367 -6.21717 -6.07697 -7.70815 -11.34227 -7.09025 0.00143 0.38690 2.58464 

ENSMUSP00000031195 -7.32216 -7.23998 -6.95189 -6.25389 -6.12819 -6.28991 -7.43985 -7.53147 -7.14337 0.00151 0.39312 2.54375 

ENSMUSP00000057732 -5.62594 -5.51499 -5.51420 -5.00796 -5.16089 -5.12619 -5.58778 -5.56285 -5.68019 0.00158 0.63354 1.57843 

ENSMUSP00000034567 -8.99205 -8.90987 -9.00375 -8.14512 -8.26317 -7.88946 -8.26013 -8.31003 -8.25665 0.00160 0.41443 2.41294 

ENSMUSP00000023832 -8.08181 -7.83251 -8.09351 -6.72406 -7.02554 -6.53329 -7.64164 -7.45210 -8.28498 0.00173 0.28402 3.52085 

ENSMUSP00000026398 -6.45289 -6.32904 -6.11002 -5.46123 -5.53594 -5.56556 -5.95577 -5.73765 -5.79663 0.00178 0.46470 2.15194 

ENSMUSP00000028807 -10.81032 -10.72815 -10.82203 -9.11262 -9.40703 -8.60545 -11.01697 -9.53728 -11.01350 0.00178 0.16559 6.03908 

ENSMUSP00000045351 -10.88320 -10.80102 -10.89490 -9.52222 -9.47990 -9.97868 -11.08985 -11.22315 -11.08637 0.00179 0.29309 3.41188 

ENSMUSP00000002840 -11.62437 -11.54219 -11.63607 -10.26339 -10.22107 -10.71985 -11.83102 -11.96432 -11.82755 0.00179 0.29309 3.41188 

ENSMUSP00000047551 -7.26811 -7.13591 -7.80796 -5.55957 -5.40147 -5.85564 -6.58437 -11.27594 -11.13917 0.00183 0.16763 5.96569 

ENSMUSP00000066958 -11.18731 -11.10513 -11.19901 -9.48960 -8.99507 -8.43572 -9.19279 -9.32609 -10.28891 0.00201 0.10291 9.71717 

ENSMUSP00000030299 -6.94854 -6.83302 -6.89464 -6.02576 -6.02623 -6.33274 -7.47155 -7.47422 -7.11838 0.00208 0.45998 2.17402 

ENSMUSP00000004381 -8.60039 -8.71897 -8.61209 -8.11459 -8.26336 -8.05963 -9.25925 -8.63007 -9.25578 0.00225 0.60766 1.64565 



ENSMUSP00000027478 -8.10990 -8.02772 -8.28872 -7.43015 -7.38783 -7.11047 -8.31655 -8.61697 -8.48019 0.00275 0.43250 2.31215 

ENSMUSP00000043061 -10.47472 -10.39254 -10.48642 -9.11374 -9.58283 -9.57020 -10.68136 -10.81466 -10.67789 0.00281 0.34645 2.88643 

ENSMUSP00000042095 -10.81678 -10.73461 -10.82848 -9.45580 -9.92490 -9.91226 -11.02343 -11.15673 -11.01996 0.00281 0.34645 2.88643 

ENSMUSP00000065425 -10.58068 -10.49850 -10.59238 -9.21970 -9.68880 -9.67616 -8.83761 -10.92063 -9.68228 0.00281 0.34645 2.88643 

ENSMUSP00000061851 -7.17223 -6.90344 -6.87717 -6.16774 -5.90373 -6.22058 -6.80828 -7.06482 -6.69510 0.00285 0.41098 2.43320 

ENSMUSP00000001834 -8.58421 -8.33492 -8.59591 -7.62292 -7.82425 -7.46530 -8.48060 -9.37638 -8.98815 0.00296 0.41676 2.39946 

ENSMUSP00000032078 -7.83970 -8.26847 -8.23715 -7.23295 -7.15729 -7.24820 -7.18758 -7.42814 -6.99896 0.00305 0.41503 2.40945 

ENSMUSP00000035417 -11.10554 -11.02336 -11.11724 -8.64535 -9.11406 -9.68960 -8.36354 -11.44549 -8.36007 0.00312 0.13131 7.61540 

ENSMUSP00000025279 -11.93663 -11.85445 -11.94833 -10.57565 -9.94515 -9.56464 -12.14328 -12.27658 -12.13980 0.00313 0.14104 7.08996 

ENSMUSP00000021370 -10.90504 -10.82287 -10.91675 -10.05548 -9.50175 -9.48911 -9.49870 -10.14342 -10.00665 0.00316 0.29309 3.41188 

ENSMUSP00000024963 -9.76019 -9.67802 -9.77189 -8.91063 -8.35689 -8.34426 -9.96684 -10.10014 -9.96337 0.00316 0.29309 3.41188 

ENSMUSP00000000394 -11.24488 -11.16270 -11.25658 -10.39532 -9.84158 -9.82894 -10.34995 -10.48325 -10.34648 0.00316 0.29309 3.41188 

ENSMUSP00000001183 -7.19653 -7.25094 -7.76261 -6.30819 -6.22587 -6.22639 -6.58045 -6.65918 -5.98709 0.00323 0.32494 3.07754 

ENSMUSP00000034624 -8.85411 -9.62007 -8.61435 -7.15966 -6.59029 -6.91898 -8.80930 -8.43158 -8.43795 0.00345 0.12669 7.89297 

ENSMUSP00000041442 -10.71047 -9.52672 -10.72217 -7.46167 -7.87141 -7.85877 -9.30413 -11.05042 -10.91364 0.00348 0.08475 11.79933 

ENSMUSP00000086530 -5.59596 -5.47029 -5.26485 -4.64532 -4.54339 -4.82054 -5.19525 -5.18448 -4.94046 0.00356 0.46293 2.16014 

ENSMUSP00000051293 -9.34562 -9.01198 -9.35732 -8.49859 -8.13344 -8.19228 -11.50198 -11.63528 -11.49851 0.00384 0.38052 2.62801 

ENSMUSP00000086528 -5.35081 -5.34087 -5.23203 -4.76251 -4.78543 -4.97883 -5.24313 -5.32679 -5.07143 0.00404 0.62549 1.59874 

ENSMUSP00000022976 -11.87302 -11.79084 -11.88472 -11.02346 -10.46972 -10.96850 -12.07967 -12.21297 -12.07620 0.00450 0.34645 2.88643 

ENSMUSP00000051621 -9.66303 -9.58085 -9.67473 -8.81347 -8.25973 -8.75851 -9.86968 -8.38999 -9.86621 0.00450 0.34645 2.88643 

sp|K1C9_HUMAN| -6.20917 -6.38263 -6.25141 -5.51378 -4.97591 -5.41323 -5.49801 -5.78696 -5.46495 0.00480 0.36771 2.71954 

ENSMUSP00000101999 -10.72233 -10.64015 -9.63246 -7.75120 -8.36297 -8.20719 -10.92898 -9.96070 -10.92551 0.00492 0.11994 8.33758 

ENSMUSP00000034414 -10.53053 -10.44835 -10.54223 -8.83282 -9.12723 -9.62601 -10.73718 -10.87048 -10.73371 0.00493 0.25398 3.93732 

ENSMUSP00000051441 -10.92064 -10.83846 -10.93234 -9.22293 -9.51734 -10.01612 -11.12729 -11.26059 -11.12382 0.00493 0.25398 3.93732 

ENSMUSP00000029240 -8.61455 -9.32131 -9.07846 -7.83020 -7.25152 -7.35904 -8.08339 -9.40671 -7.99652 0.00505 0.22365 4.47134 

ENSMUSP00000034623 -10.16977 -10.08759 -10.18147 -9.32020 -9.27788 -8.75383 -10.37641 -10.50971 -10.37294 0.00507 0.34645 2.88643 

ENSMUSP00000111510 -11.07617 -10.99399 -11.08787 -10.22661 -10.18429 -9.66024 -10.18125 -11.41612 -10.17777 0.00507 0.34645 2.88643 

sp|K2C1_HUMAN| -5.36132 -5.62417 -5.51659 -4.91563 -4.60202 -4.89766 -4.81723 -5.07570 -4.76887 0.00543 0.49858 2.00570 

ENSMUSP00000086418 -8.02742 -8.04535 -8.03912 -7.47369 -7.07680 -6.92504 -7.27113 -7.40443 -7.26766 0.00581 0.40695 2.45728 

ENSMUSP00000025713 -8.86492 -8.78274 -8.87662 -7.84351 -7.80119 -8.29950 -9.91971 -11.15458 -11.01781 0.00608 0.41156 2.42978 

ENSMUSP00000017946 -10.91870 -10.83653 -10.93041 -9.55772 -10.02682 -9.16604 -11.12535 -11.25865 -11.12188 0.00636 0.25398 3.93732 

ENSMUSP00000051700 -7.92764 -7.56584 -7.61209 -7.12491 -6.84382 -6.90462 -8.27246 -8.20506 -11.56910 0.00637 0.47735 2.09488 

ENSMUSP00000034848 -10.35957 -10.27739 -10.37127 -8.66187 -8.61955 -9.45505 -8.95323 -9.59795 -10.56275 0.00647 0.22408 4.46276 

ENSMUSP00000047790 -6.20025 -6.61597 -5.90965 -5.00412 -4.44729 -4.98673 -5.08639 -5.25161 -5.07250 0.00650 0.24388 4.10032 

ENSMUSP00000097860 -12.19066 -12.10848 -10.58937 -9.00439 -7.63378 -7.71049 -9.82826 -10.58089 -9.99191 0.00683 0.03492 28.63730 



ENSMUSP00000034172 -7.42958 -7.16080 -7.54951 -6.28882 -6.36828 -6.73625 -7.22221 -7.46277 -7.03359 0.00697 0.39436 2.53578 

ENSMUSP00000041244 -10.12792 -10.04574 -10.13962 -8.43021 -9.23604 -8.37526 -8.13340 -8.85488 -9.22952 0.00703 0.22408 4.46276 

ENSMUSP00000040424 -10.18441 -9.59081 -9.34797 -8.31485 -8.35593 -8.53439 -9.54291 -11.62593 -8.65177 0.00711 0.28512 3.50727 

ENSMUSP00000005923 -10.34592 -9.16217 -9.25605 -7.54918 -7.71822 -7.70558 -8.60285 -8.48470 -8.34793 0.00733 0.16193 6.17550 

ENSMUSP00000031181 -7.10812 -6.79153 -7.19830 -6.33994 -6.19430 -6.43124 -7.47842 -7.24396 -6.99111 0.00734 0.49283 2.02910 

ENSMUSP00000027464 -10.59952 -10.51735 -10.61122 -9.74996 -8.85950 -9.18359 -9.70460 -10.93947 -10.80270 0.00744 0.25398 3.93732 

ENSMUSP00000003843 -11.26838 -11.18620 -11.28008 -10.41881 -9.52835 -9.85244 -11.47503 -11.60833 -10.36998 0.00744 0.25398 3.93732 

ENSMUSP00000104806 -11.73135 -11.64918 -11.74306 -10.88179 -10.32806 -9.97869 -11.93800 -12.07130 -11.93453 0.00772 0.25398 3.93732 

ENSMUSP00000107118 -10.08424 -10.00207 -8.99437 -7.38761 -8.09276 -7.44391 -9.18932 -8.47447 -9.18585 0.00793 0.14127 7.07876 

ENSMUSP00000076578 -10.99696 -10.91478 -11.00866 -9.04780 -8.15790 -9.58102 -11.20360 -11.33690 -11.20013 0.00797 0.10879 9.19173 

ENSMUSP00000023083 -5.76149 -5.62775 -5.64430 -5.11751 -5.14681 -5.38615 -6.03374 -6.00085 -5.98606 0.00830 0.62528 1.59929 

ENSMUSP00000026208 -12.13194 -10.94818 -12.14364 -9.98201 -9.39298 -9.49160 -12.33858 -12.47188 -12.33511 0.00830 0.13525 7.39347 

ENSMUSP00000034178 -8.04709 -7.29576 -7.66926 -6.46825 -6.68602 -6.25805 -7.93091 -7.22673 -7.48802 0.00860 0.30781 3.24872 

ENSMUSP00000025356 -9.92487 -8.74112 -9.93657 -7.60783 -7.29717 -7.71999 -10.13152 -9.16324 -9.02647 0.00873 0.15505 6.44935 

ENSMUSP00000014913 -9.14697 -9.06479 -10.26025 -7.78836 -7.50959 -7.39685 -8.50548 -7.87630 -7.88267 0.00876 0.16193 6.17550 

ENSMUSP00000025196 -10.38302 -10.30085 -10.39473 -8.68532 -8.39154 -9.47851 -10.58967 -10.72297 -9.48463 0.00984 0.20047 4.98820 

ENSMUSP00000084445 -9.80250 -9.72032 -9.81420 -7.85333 -8.91061 -8.04984 -8.90757 -10.14244 -10.00567 0.00985 0.20047 4.98820 

ENSMUSP00000080996 -10.19805 -10.11587 -10.20975 -8.24889 -8.79475 -9.29353 -10.40470 -10.53800 -10.40123 0.01000 0.22408 4.46276 

ENSMUSP00000072555 -5.09038 -4.98710 -4.87415 -4.52761 -4.47123 -4.69374 -4.88007 -4.95866 -4.65100 0.01011 0.65671 1.52274 

ENSMUSP00000109355 -11.13406 -11.05189 -11.14577 -9.43636 -10.24218 -9.12995 -11.34071 -11.47401 -11.33724 0.01060 0.20047 4.98820 

ENSMUSP00000028657 -9.56498 -9.48281 -8.47709 -7.41776 -7.73651 -7.42533 -9.26022 -7.78337 -8.03234 0.01071 0.21957 4.55443 

ENSMUSP00000031251 -7.52001 -7.81743 -7.25722 -6.34683 -6.12008 -6.76954 -7.53556 -7.43702 -7.72319 0.01098 0.32569 3.07038 

ENSMUSP00000022148 -11.09096 -9.39579 -10.00109 -7.48848 -8.16091 -7.72836 -7.85933 -8.86186 -8.24539 0.01132 0.10909 9.16686 

ENSMUSP00000073061 -5.90499 -5.88842 -5.40584 -5.00678 -4.78971 -5.01403 -5.32026 -5.35759 -4.92824 0.01136 0.46434 2.15360 

ENSMUSP00000037022 -9.67030 -9.58812 -8.24624 -7.24047 -7.02269 -7.10652 -8.26680 -8.18496 -8.53782 0.01179 0.16524 6.05181 

ENSMUSP00000075235 -11.15876 -11.07658 -9.55747 -8.46212 -8.14531 -7.59028 -9.75242 -9.88571 -9.74894 0.01199 0.10236 9.76939 

ENSMUSP00000055206 -11.36095 -11.27877 -11.37265 -10.51139 -9.62093 -9.35684 -11.56760 -11.70090 -11.56413 0.01263 0.20047 4.98820 

ENSMUSP00000112236 -7.17313 -7.62515 -7.25630 -6.61797 -6.77976 -6.41990 -6.51288 -6.80276 -6.70048 0.01268 0.48198 2.07477 

ENSMUSP00000032422 -10.79728 -10.71510 -9.70741 -8.84812 -8.60504 -9.04462 -9.90236 -11.13723 -11.00046 0.01345 0.23549 4.24642 

ENSMUSP00000037259 -7.34996 -6.66381 -6.58653 -5.77418 -5.76374 -5.92778 -6.73752 -6.60761 -6.19772 0.01362 0.36847 2.71394 

ENSMUSP00000056152 -7.09687 -7.52561 -7.52849 -6.64149 -6.78432 -6.80618 -7.24794 -7.02183 -7.24447 0.01373 0.53834 1.85756 

ENSMUSP00000076735 -5.43351 -5.35134 -5.32146 -4.97750 -5.14442 -5.15384 -10.76257 -5.42339 -5.66093 0.01400 0.75483 1.32480 

ENSMUSP00000028083 -10.37304 -10.29086 -10.38474 -8.22312 -9.48116 -8.36893 -10.57969 -10.71299 -10.57622 0.01411 0.16559 6.03908 

ENSMUSP00000022341 -10.31095 -10.22877 -10.32265 -9.46139 -8.31947 -8.30684 -10.51760 -10.65090 -10.51413 0.01431 0.18137 5.51364 

ENSMUSP00000003137 -5.04793 -5.10644 -4.99855 -4.42163 -4.41709 -4.77926 -5.08149 -4.91231 -4.91915 0.01452 0.59141 1.69088 



ENSMUSP00000046585 -6.24789 -6.03457 -6.10634 -5.61859 -5.56577 -5.86282 -6.11261 -6.45669 -6.09120 0.01570 0.63415 1.57692 

ENSMUSP00000002663 -6.93358 -6.48740 -7.22490 -6.08691 -5.93679 -5.98432 -7.09260 -6.72437 -6.73942 0.01593 0.42915 2.33021 

ENSMUSP00000108763 -5.96747 -5.87324 -5.77190 -5.44767 -5.55624 -5.64644 -6.10391 -5.92029 -5.78352 0.01638 0.72456 1.38015 

ENSMUSP00000084959 -10.53053 -9.34678 -9.44066 -7.83390 -8.33829 -7.22677 -9.12419 -8.30143 -10.73371 0.01660 0.14136 7.07397 

ENSMUSP00000030051 -9.43477 -9.35259 -9.44647 -8.58521 -7.69475 -7.22990 -8.02843 -7.57355 -8.53637 0.01683 0.18137 5.51364 

ENSMUSP00000010049 -10.55592 -10.47374 -10.56762 -8.60676 -8.19656 -9.65140 -10.76257 -10.89587 -10.75910 0.01683 0.15233 6.56452 

ENSMUSP00000008801 -8.88816 -8.16976 -8.69910 -7.53034 -7.40285 -7.84810 -8.72693 -9.02735 -9.67951 0.01712 0.37713 2.65158 

ENSMUSP00000036245 -9.07820 -10.60901 -10.70289 -7.89445 -8.06349 -8.17605 -8.32879 -9.08142 -8.18217 0.01735 0.16804 5.95088 

ENSMUSP00000031183 -7.30566 -6.72196 -6.52462 -6.00558 -5.85151 -5.94082 -6.60061 -6.45797 -6.37961 0.01836 0.41944 2.38415 

ENSMUSP00000039543 -10.41239 -10.33021 -10.42409 -9.05141 -9.52051 -8.20751 -10.61904 -10.75234 -10.61557 0.01917 0.20047 4.98820 

ENSMUSP00000031822 -11.26564 -10.08189 -11.27734 -9.56794 -8.76314 -8.51405 -9.85930 -10.50402 -11.46882 0.01927 0.15505 6.44935 

ENSMUSP00000079065 -6.14657 -6.06439 -5.77134 -5.04223 -5.06703 -5.56378 -6.43524 -5.78942 -6.05226 0.01971 0.45655 2.19036 

ENSMUSP00000042188 -11.52272 -11.44055 -11.53442 -10.67316 -9.33048 -10.10679 -11.72937 -11.86267 -11.72590 0.02000 0.20047 4.98820 

ENSMUSP00000053877 -10.21266 -10.64190 -10.73578 -9.87649 -8.98659 -9.07406 -12.03230 -10.55261 -10.41583 0.02015 0.28583 3.49863 

ENSMUSP00000025602 -9.59930 -9.51712 -9.61100 -9.33990 -8.96085 -8.94822 -10.90752 -8.83965 -9.29106 0.02016 0.60320 1.65782 

ENSMUSP00000032399 -8.94166 -9.96106 -8.95336 -8.09407 -7.68388 -8.03912 -8.63689 -8.77019 -9.14484 0.02040 0.28735 3.48009 

ENSMUSP00000039663 -11.55195 -10.36820 -11.56365 -9.60279 -9.81193 -9.17996 -11.75860 -11.89190 -9.35320 0.02045 0.21924 4.56113 

ENSMUSP00000000349 -7.57766 -7.14916 -7.58936 -6.52402 -6.92045 -6.31358 -7.30140 -7.35301 -7.78083 0.02053 0.41912 2.38593 

ENSMUSP00000085244 -10.81382 -10.22023 -9.35805 -8.79582 -8.27059 -8.30145 -9.72011 -9.85341 -10.50558 0.02128 0.22106 4.52356 

ENSMUSP00000099848:rever
sed 

-11.68921 -10.50546 -11.70091 -9.74005 -9.94918 -9.17407 -9.69468 -9.19176 -9.32334 0.02171 0.20509 4.87583 

ENSMUSP00000022317 -7.60072 -7.51854 -7.13272 -6.92096 -6.87864 -6.86601 -8.17524 -8.56000 -7.66075 0.02194 0.60494 1.65306 

ENSMUSP00000073939 -8.24434 -7.39969 -8.00459 -6.83083 -7.10364 -6.77588 -7.99877 -7.31087 -8.44752 0.02247 0.39104 2.55727 

ENSMUSP00000099770 -8.46276 -8.93275 -8.47446 -8.13368 -7.59416 -7.76179 -8.73194 -10.10235 -9.32936 0.02335 0.45702 2.18807 

ENSMUSP00000103436 -12.10567 -12.02349 -11.01580 -10.40797 -9.47797 -10.35301 -12.31232 -12.44562 -12.30885 0.02404 0.20509 4.87583 

ENSMUSP00000048832 -6.98043 -6.64689 -6.90114 -6.38502 -6.38438 -6.55835 -7.83390 -7.32038 -7.39497 0.02609 0.67019 1.49211 

ENSMUSP00000092966 -11.08442 -8.60031 -9.99454 -7.25452 -7.17887 -7.66623 -9.08989 -9.81137 -9.08642 0.02632 0.12166 8.21947 

ENSMUSP00000105754 -9.43465 -10.45405 -9.44636 -7.95085 -8.34399 -8.78357 -10.74288 -10.87618 -10.73940 0.02675 0.25450 3.92932 

ENSMUSP00000033074 -7.65321 -8.15921 -8.25309 -7.26900 -7.49502 -7.21404 -7.49198 -7.79240 -6.91782 0.02750 0.51498 1.94184 

ENSMUSP00000109150 -6.98715 -6.46239 -6.12250 -5.60123 -5.78256 -5.48412 -6.81973 -6.69230 -7.07368 0.02758 0.42896 2.33122 

ENSMUSP00000101096 -9.59447 -10.61387 -10.70775 -8.74688 -8.95602 -9.28011 -9.80112 -9.93442 -9.28623 0.02798 0.30282 3.30231 

ENSMUSP00000002844 -9.37917 -10.39856 -10.49244 -8.78303 -8.48926 -9.06480 -10.68739 -8.87097 -9.58234 0.02901 0.30282 3.30231 

ENSMUSP00000017365 -11.08113 -9.38596 -8.89166 -7.71790 -7.43633 -7.56028 -7.52224 -7.92026 -8.06116 0.02950 0.15281 6.54402 

sp|K22E_HUMAN| -6.37828 -6.12646 -6.00430 -5.83724 -5.31969 -5.48231 -5.37006 -5.68319 -5.51701 0.02967 0.53253 1.87783 

ENSMUSP00000007977 -10.31272 -9.13095 -9.22483 -8.05107 -8.40085 -8.31124 -7.95306 -7.94324 -8.24589 0.02970 0.30056 3.32712 

ENSMUSP00000088246 -8.76314 -7.91848 -7.50142 -6.59103 -6.68406 -7.01374 -8.20731 -7.75269 -7.96738 0.02977 0.30398 3.28965 



ENSMUSP00000097395 -10.06167 -9.97949 -8.97180 -8.70069 -8.32164 -8.05755 -10.26832 -9.30004 -10.26485 0.02987 0.30282 3.30231 

ENSMUSP00000023519 -9.27221 -8.23398 -8.32786 -7.28272 -7.24040 -7.71068 -8.68992 -9.27543 -9.13866 0.03001 0.32109 3.11437 

ENSMUSP00000102665 -5.41966 -5.53189 -5.16060 -4.92519 -5.04628 -5.00257 -5.57802 -5.67171 -5.68855 0.03037 0.69478 1.43931 

ENSMUSP00000075089 -11.79466 -11.71248 -11.80636 -10.94509 -9.80318 -10.89014 -12.00131 -11.03303 -11.99783 0.03038 0.25398 3.93732 

ENSMUSP00000025804 -7.12663 -6.85336 -6.78686 -6.43112 -6.43047 -6.65709 -7.23317 -6.79998 -7.05531 0.03170 0.66110 1.51262 

ENSMUSP00000056643 -8.17392 -7.84029 -7.29794 -6.93736 -6.66544 -7.02058 -10.33028 -7.32384 -10.32681 0.03176 0.43345 2.30707 

ENSMUSP00000072803 -5.82336 -5.62164 -5.61722 -5.35868 -5.44291 -5.49697 -5.78696 -5.51064 -5.48445 0.03222 0.77536 1.28973 

ENSMUSP00000052872 -7.53425 -7.69972 -7.37989 -6.92431 -7.26990 -6.79583 -6.05927 -6.34532 -5.93815 0.03282 0.57859 1.72835 

ENSMUSP00000093390 -8.91181 -8.49291 -8.58678 -7.05891 -8.16544 -7.42174 -8.32952 -9.25176 -8.77826 0.03320 0.29878 3.34697 

ENSMUSP00000037487 -7.03081 -7.14932 -6.17460 -5.84767 -5.88648 -5.55496 -7.10164 -7.06058 -7.23398 0.03452 0.39943 2.50357 

ENSMUSP00000045362 -6.16065 -5.97231 -5.82450 -5.25199 -5.17035 -5.70954 -11.20001 -5.88648 -6.11073 0.03493 0.53372 1.87363 

ENSMUSP00000031492 -10.11068 -10.02850 -7.92121 -7.22295 -6.88208 -7.16799 -10.31733 -10.45062 -7.47646 0.03540 0.18187 5.49839 

ENSMUSP00000046497 -9.99102 -11.01041 -11.10429 -9.73161 -8.73324 -9.33993 -11.29924 -9.23137 -11.29577 0.03560 0.25434 3.93172 

ENSMUSP00000048096 -9.99667 -10.76263 -9.38904 -8.89828 -8.78449 -8.09603 -9.95186 -10.08516 -11.04799 0.03622 0.25928 3.85689 

ENSMUSP00000004910 -10.63618 -10.55400 -9.54630 -8.93847 -9.23288 -9.22024 -9.74125 -10.97612 -10.83935 0.03734 0.37413 2.67290 

ENSMUSP00000045285 -12.23164 -12.14946 -12.24334 -11.38207 -9.60394 -10.81570 -12.43828 -12.57158 -11.33324 0.03764 0.15233 6.56452 

ENSMUSP00000021412 -10.28572 -10.20355 -8.68444 -7.96869 -8.09349 -8.28161 -8.54266 -9.01268 -8.87591 0.03816 0.26993 3.70470 

ENSMUSP00000032228 -12.08234 -10.05045 -10.99247 -9.62216 -8.92045 -8.84111 -12.28899 -12.42229 -12.28552 0.03984 0.18672 5.35555 

ENSMUSP00000104358 -10.47773 -10.39555 -9.38786 -9.11675 -9.07443 -8.72507 -10.68438 -10.81768 -10.68091 0.03997 0.37413 2.67290 

ENSMUSP00000038763 -9.74297 -8.87185 -9.16649 -7.94008 -8.61700 -8.32988 -8.72521 -9.74619 -9.35796 0.04023 0.38372 2.60607 

ENSMUSP00000033683 -5.64903 -5.70167 -5.32682 -5.19445 -5.21637 -5.21326 -5.53476 -5.91938 -5.96662 0.04026 0.71722 1.39427 

ENSMUSP00000031186 -9.46318 -9.89242 -7.78776 -6.90496 -6.99103 -7.37706 -7.84454 -7.74823 -7.56144 0.04104 0.21752 4.59737 

ENSMUSP00000021273 -9.51678 -9.43461 -8.42691 -8.15580 -7.52530 -8.10085 -8.11044 -8.24374 -8.10697 0.04134 0.33472 2.98760 

ENSMUSP00000032419 -10.84638 -10.76421 -10.85808 -9.99682 -9.95450 -8.64151 -11.05303 -11.18633 -11.04956 0.04422 0.22408 4.46276 

ENSMUSP00000016031 -11.25462 -11.17244 -9.31661 -9.10470 -8.32457 -8.50303 -9.51155 -9.19264 -10.35622 0.04554 0.21615 4.62651 

ENSMUSP00000090727 -10.13643 -10.05425 -8.19841 -7.55105 -7.12298 -7.93155 -10.34308 -7.63898 -10.33961 0.04601 0.21615 4.62651 

ENSMUSP00000059404 -10.52767 -8.83250 -10.53937 -8.06749 -8.53619 -8.32279 -10.73432 -9.25463 -10.73085 0.04670 0.25450 3.92932 

ENSMUSP00000031377 -8.56223 -8.48006 -9.36288 -8.07644 -8.03412 -7.72294 -8.96964 -8.73507 -8.59829 0.04731 0.44673 2.23848 

ENSMUSP00000043424 -9.04260 -8.13922 -8.74404 -7.97864 -7.35939 -7.83059 -8.15037 -8.64474 -8.59896 0.04734 0.40870 2.44676 

ENSMUSP00000044877 -8.46137 -9.48077 -9.57465 -8.20197 -8.15965 -8.14701 -9.76959 -9.90289 -9.76612 0.04833 0.42405 2.35819 

ENSMUSP00000048284 -5.69923 -5.64767 -5.47878 -5.03998 -4.98961 -5.44979 -6.33939 -5.65231 -5.84386 0.04876 0.62793 1.59254 

ENSMUSP00000022268 -7.49644 -7.98495 -8.07883 -6.62113 -7.47429 -6.53839 -7.54271 -8.13873 -8.00196 0.04921 0.36089 2.77091 

ENSMUSP00000108422 -6.10991 -6.10672 -6.14725 -5.63759 -5.99768 -5.84808 -6.29155 -6.58520 -6.75074 0.04938 0.73510 1.36036 

ENSMUSP00000029076 -7.78372 -10.27059 -7.96254 -6.25659 -6.16363 -6.73882 -6.70493 -6.97481 -6.99629 0.04950 0.15688 6.37450 

ENSMUSP00000035458 -9.78383 -9.15494 -8.47956 -8.32253 -7.85846 -7.80371 -9.09230 -9.47696 -9.16580 0.04957 0.36045 2.77435 



ENSMUSP00000003038 -7.72340 -7.45549 -7.45252 -7.25207 -7.19014 -6.80827 -8.15833 -7.61133 -7.58427 0.04957 0.62455 1.60115 

ENSMUSP00000025549 -5.42942 -6.90211 -5.85369 -4.37955 -4.54989 -5.16175 -4.51881 -4.81165 -4.56252 0.05187 0.28972 3.45164 

ENSMUSP00000022946 -8.52685 -9.54625 -8.53855 -7.47850 -8.22513 -7.42355 -8.22208 -7.56644 -7.42967 0.05243 0.32994 3.03085 

ENSMUSP00000023712 -7.56856 -11.15428 -11.24815 -6.68827 -6.33579 -6.94048 -11.44310 -6.80983 -6.60691 0.05269 0.13930 7.17894 

ENSMUSP00000024823 -8.90856 -9.92796 -10.02184 -8.64915 -8.60684 -7.63814 -8.60379 -9.24851 -7.81138 0.05301 0.27647 3.61701 

ENSMUSP00000026427 -9.37316 -10.07993 -9.83708 -9.31491 -9.03614 -9.13476 -11.98175 -11.01347 -10.36528 0.05413 0.57456 1.74047 

ENSMUSP00000082519 -9.25167 -8.27131 -8.44217 -7.96944 -7.81588 -7.47683 -8.42197 -8.22801 -8.29712 0.05494 0.42929 2.32943 

ENSMUSP00000060346 -9.76543 -9.68325 -10.87870 -8.28162 -9.12698 -9.11434 -8.50460 -8.80502 -9.45719 0.05624 0.28735 3.48009 

ENSMUSP00000081485 -7.36177 -8.37919 -7.00560 -6.51484 -5.96163 -6.62026 -6.46948 -6.60278 -6.71737 0.05710 0.33524 2.98292 

ENSMUSP00000007272 -7.71856 -7.91087 -7.39373 -7.18201 -6.47416 -7.16410 -7.58868 -7.42715 -7.52963 0.05728 0.46823 2.13572 

ENSMUSP00000028610 -6.91868 -6.10441 -6.54090 -5.69700 -6.05111 -5.75756 -6.69373 -6.46725 -6.52003 0.05730 0.51879 1.92755 

ENSMUSP00000032998 -5.39563 -5.26799 -5.36187 -4.86199 -5.23401 -4.77915 -5.10078 -5.15296 -5.50985 0.05731 0.66818 1.49660 

ENSMUSP00000027153 -10.84430 -9.66055 -10.85600 -9.48332 -8.65206 -9.42836 -9.10123 -10.08267 -9.94590 0.05738 0.30282 3.30231 

ENSMUSP00000031729 -9.50621 -8.32499 -8.16751 -7.69624 -7.37078 -7.50547 -8.61382 -9.39394 -8.35899 0.05767 0.36692 2.72542 

ENSMUSP00000071292 -7.52953 -6.92276 -7.54123 -6.51399 -6.76261 -6.88910 -6.37597 -7.15915 -6.98904 0.05846 0.55204 1.81147 

ENSMUSP00000027381 -8.50362 -10.37116 -10.46504 -7.33377 -7.95084 -8.44923 -7.10033 -7.07539 -7.28493 0.05933 0.21615 4.62651 

ENSMUSP00000025778 -10.60276 -10.52059 -10.10305 -10.00663 -9.96431 -9.49946 -10.29800 -10.94271 -10.29452 0.05947 0.56037 1.78455 

ENSMUSP00000039252 -5.08352 -4.99287 -4.86783 -4.50539 -4.69601 -4.84026 -5.02944 -4.97769 -5.16655 0.05959 0.73439 1.36167 

ENSMUSP00000034355 -11.10714 -9.41198 -11.11885 -9.15798 -8.91490 -9.10303 -8.09065 -8.14698 -7.64243 0.05997 0.30718 3.25547 

ENSMUSP00000031334 -8.88265 -9.31189 -8.55763 -8.54648 -7.99314 -7.98050 -8.13324 -9.22260 -8.74910 0.06069 0.48989 2.04126 

ENSMUSP00000031411 -7.86968 -7.62713 -7.88138 -6.79114 -7.60388 -6.71345 -7.10083 -7.20187 -7.84102 0.06323 0.43672 2.28979 

ENSMUSP00000104955 -12.30354 -12.22137 -12.31525 -11.45398 -11.41166 -9.78841 -12.51019 -12.64349 -12.50672 0.06389 0.18137 5.51364 

ENSMUSP00000029770 -7.58009 -6.97733 -7.13093 -6.83607 -6.34998 -6.72847 -7.18277 -7.66329 -7.45375 0.06437 0.55614 1.79809 

ENSMUSP00000029663 -9.43181 -9.34963 -10.54508 -8.07320 -9.13008 -8.32851 -10.74003 -9.26034 -10.73656 0.06468 0.28735 3.48009 

ENSMUSP00000090593 -11.99709 -10.81334 -10.90721 -10.63611 -9.49458 -9.14539 -10.59074 -10.13586 -11.09869 0.06581 0.21724 4.60318 

ENSMUSP00000021001 -7.51965 -7.16913 -7.26301 -6.78105 -6.32374 -7.06262 -7.45795 -7.48000 -7.34323 0.06791 0.52998 1.88686 

ENSMUSP00000090909 -7.68003 -7.06149 -6.80815 -6.36197 -6.46379 -6.69586 -6.76670 -11.45826 -6.57216 0.07127 0.53463 1.87047 

ENSMUSP00000029877 -7.72685 -7.43331 -8.00689 -6.57777 -7.47382 -6.82512 -7.54775 -7.85544 -7.93003 0.07207 0.44207 2.26208 

ENSMUSP00000020948 -12.18412 -12.10194 -10.58283 -10.82314 -9.82477 -9.54379 -12.39077 -11.42250 -12.38730 0.07429 0.25450 3.92932 

ENSMUSP00000090155 -11.12780 -8.84445 -11.13950 -8.97787 -8.03738 -8.27610 -9.72145 -10.36617 -11.33097 0.07561 0.23737 4.21283 

ENSMUSP00000032073 -10.21777 -10.13560 -9.12790 -8.52007 -8.47775 -9.31326 -10.42442 -10.55772 -10.42095 0.07573 0.37413 2.67290 

ENSMUSP00000029987 -6.47272 -6.01104 -6.26435 -5.84284 -5.58376 -6.01582 -6.41109 -6.69659 -6.19630 0.07640 0.64387 1.55310 

ENSMUSP00000054322 -7.99243 -10.47930 -8.96019 -7.44190 -7.27035 -7.53539 -8.05593 -7.23354 -7.71590 0.07648 0.27817 3.59493 

ENSMUSP00000032841 -9.34246 -10.36186 -10.45574 -8.49488 -9.55216 -8.69138 -10.65069 -10.78399 -10.64721 0.07720 0.33472 2.98760 

sp|ALBU_HUMAN| -8.16488 -8.41926 -8.00219 -8.02735 -7.07513 -6.98746 -7.48410 -8.84138 -8.84776 0.07869 0.40695 2.45728 



ENSMUSP00000092283 -8.35738 -9.74267 -9.83655 -8.22979 -8.29873 -7.98374 -9.18336 -8.86444 -11.12960 0.07931 0.41021 2.43776 

ENSMUSP00000034426 -9.57875 -8.54052 -9.25373 -8.60636 -8.26170 -7.77356 -9.44868 -9.12976 -9.78193 0.08005 0.41362 2.41765 

ENSMUSP00000023462 -10.69362 -10.61144 -9.60375 -8.99591 -9.80174 -8.48874 -8.33122 -8.46452 -8.18460 0.08039 0.30282 3.30231 

ENSMUSP00000018186 -5.67176 -5.72656 -6.09295 -5.00586 -5.38674 -5.59118 -5.83153 -5.54671 -5.68597 0.08110 0.59148 1.69067 

ENSMUSP00000076472 -10.55592 -9.37217 -9.46605 -8.23888 -8.81590 -9.13998 -10.76257 -10.89587 -10.75910 0.08234 0.35635 2.80623 

ENSMUSP00000003569 -7.95424 -10.27400 -10.36788 -7.89599 -7.85367 -7.11495 -8.36165 -7.74748 -8.15742 0.08255 0.27138 3.68488 

ENSMUSP00000052989 -9.92887 -7.89951 -11.04214 -7.61456 -7.47459 -7.46196 -8.18834 -8.23065 -7.93350 0.08418 0.25478 3.92502 

ENSMUSP00000037555 -7.49671 -7.13360 -7.26916 -6.56376 -7.17414 -6.70949 -8.01848 -7.73399 -8.01501 0.08485 0.59890 1.66973 

ENSMUSP00000106140 -10.22942 -10.14725 -8.03995 -8.07950 -7.87007 -7.37773 -8.82308 -8.95638 -8.81961 0.08537 0.31124 3.21295 

ENSMUSP00000023559 -7.48124 -7.58566 -7.97585 -7.09471 -7.49801 -7.08575 -6.94286 -7.16043 -6.73871 0.08841 0.63441 1.57626 

ENSMUSP00000002549 -9.70659 -9.11299 -8.87015 -8.49112 -8.81668 -8.60329 -11.01481 -11.14811 -9.39835 0.08985 0.57900 1.72711 

ENSMUSP00000004774 -9.23398 -7.20463 -8.14609 -7.08676 -6.60907 -6.86473 -6.92697 -7.53576 -7.39899 0.08992 0.34182 2.92554 

ENSMUSP00000070944 -9.00241 -8.58350 -8.67738 -8.03001 -8.62392 -8.10026 -9.72047 -8.75417 -9.20558 0.09032 0.59036 1.69387 

ENSMUSP00000035116 -8.64057 -7.91157 -8.48515 -7.31986 -8.11245 -7.30338 -7.94903 -8.81340 -9.63268 0.09154 0.45148 2.21494 

ENSMUSP00000077223 -8.67697 -9.69637 -9.79024 -8.08084 -8.88666 -8.36261 -9.98519 -10.11849 -9.98172 0.09173 0.42405 2.35819 

ENSMUSP00000008684 -3.61236 -4.07061 -3.35393 -3.07736 -3.06816 -3.36432 -4.01132 -3.87948 -3.76514 0.09229 0.62666 1.59577 

ENSMUSP00000038305 -8.89403 -9.91343 -10.00731 -8.04645 -9.10373 -8.57967 -8.58926 -8.72256 -8.24907 0.09357 0.37413 2.67290 

ENSMUSP00000103136 -7.12519 -7.04301 -9.84908 -5.69056 -6.15091 -6.05979 -10.04403 -6.36633 -6.53975 0.09412 0.21581 4.63374 

ENSMUSP00000103903 -10.57249 -6.77241 -10.58420 -6.58602 -6.46032 -6.56048 -10.77914 -10.91244 -10.77567 0.09415 0.25965 3.85131 

ENSMUSP00000042967 -8.95336 -8.87118 -9.81321 -8.44289 -8.71084 -7.72855 -8.39753 -9.04185 -8.53721 0.09421 0.39370 2.54001 

ENSMUSP00000006094 -5.01809 -5.01367 -4.98112 -4.72592 -4.63006 -4.97665 -5.14796 -5.27665 -5.06889 0.09468 0.78817 1.26876 

ENSMUSP00000099435 -5.95864 -6.03471 -6.31666 -5.81331 -5.87454 -5.89895 -5.98702 -6.34860 -6.73998 0.09738 0.79176 1.26301 

ENSMUSP00000010807 -10.93218 -9.74843 -10.94388 -9.23447 -8.42968 -10.02766 -11.13883 -9.07095 -11.13535 0.09744 0.25434 3.93172 

ENSMUSP00000028063 -10.32859 -10.24641 -9.23872 -8.96761 -9.43671 -8.91265 -10.53524 -10.66854 -10.53177 0.09845 0.48936 2.04349 

ENSMUSP00000019622 -8.19515 -7.66076 -8.54358 -7.44823 -7.05445 -7.77288 -10.35152 -7.53617 -7.39940 0.09866 0.49663 2.01356 

ENSMUSP00000002850 -10.97834 -10.89616 -12.09162 -10.71893 -10.33989 -9.43958 -12.28656 -12.41986 -10.67010 0.09942 0.30718 3.25547 

ENSMUSP00000026470 -9.89359 -8.34394 -9.05715 -7.87559 -8.49266 -7.57698 -9.25209 -11.33511 -9.58535 0.09954 0.36172 2.76455 

ENSMUSP00000031093:rever
sed 

-9.75311 -10.77250 -10.86638 -9.49370 -9.45138 -9.95016 -11.06133 -11.19463 -9.95628 0.10013 0.48936 2.04349 

ENSMUSP00000041361:rever
sed 

-12.14282 -12.06064 -11.05295 -10.78184 -9.95058 -11.23830 -12.34947 -11.38120 -11.24442 0.10042 0.33472 2.98760 

ENSMUSP00000033662 -8.53985 -7.61009 -8.80301 -7.27513 -7.81097 -7.32284 -8.74650 -9.13125 -8.74303 0.10153 0.46676 2.14243 

ENSMUSP00000030112 -11.57030 -10.38655 -9.96901 -9.87260 -9.57882 -9.19831 -10.67538 -9.96053 -9.57231 0.10259 0.39511 2.53096 

ENSMUSP00000021443 -6.84196 -6.85076 -6.26586 -6.34582 -6.20931 -6.10375 -6.62874 -6.69572 -6.69631 0.10307 0.67767 1.47564 

ENSMUSP00000036288 -8.82405 -7.57147 -7.73682 -7.06817 -7.42392 -7.04352 -6.51795 -6.76566 -6.64930 0.10334 0.46795 2.13699 

ENSMUSP00000007212 -9.17942 -8.93013 -8.36992 -7.89718 -8.56791 -8.06050 -8.64826 -8.48302 -8.64479 0.10606 0.53365 1.87390 

ENSMUSP00000086252 -9.49528 -10.51468 -10.60855 -9.74729 -9.19355 -9.18092 -10.80350 -10.93680 -10.80003 0.10746 0.48936 2.04349 



ENSMUSP00000086987 -8.01367 -9.03307 -9.12695 -8.26568 -7.71195 -7.69931 -9.32190 -7.84221 -7.70543 0.10746 0.48936 2.04349 

ENSMUSP00000000090 -8.14101 -9.67182 -7.19666 -6.78287 -7.01505 -6.72792 -6.91190 -6.79384 -7.75601 0.10881 0.35075 2.85104 

ENSMUSP00000105288 -11.46942 -10.28567 -11.48112 -9.77171 -10.57754 -10.05349 -11.67607 -11.80937 -10.05961 0.11013 0.42405 2.35819 

ENSMUSP00000015858 -9.16885 -8.49850 -8.59237 -8.46481 -8.04289 -8.26671 -10.98849 -10.02022 -9.88345 0.11065 0.62347 1.60393 

ENSMUSP00000033289 -11.32546 -10.14171 -11.33716 -9.96448 -9.58544 -10.42094 -11.53211 -10.56383 -9.91565 0.11168 0.42405 2.35819 

ENSMUSP00000025667 -8.08090 -7.99872 -10.29377 -7.39434 -7.12018 -7.25599 -8.08679 -7.48228 -8.08331 0.11223 0.31430 3.18166 

ENSMUSP00000112196 -9.45990 -8.86631 -10.57318 -7.76473 -9.15818 -7.92114 -8.56695 -8.18923 -8.81493 0.11254 0.26643 3.75336 

ENSMUSP00000032882 -9.62842 -9.54625 -8.53855 -8.26744 -8.73654 -7.11329 -9.83507 -7.76720 -8.73003 0.11471 0.27647 3.61701 

ENSMUSP00000103940 -5.32542 -6.85289 -5.70226 -5.07131 -4.97380 -5.05984 -5.09951 -5.26382 -5.35612 0.11488 0.48276 2.07144 

ENSMUSP00000088057 -10.24855 -8.21665 -8.05908 -7.36082 -7.50959 -7.39685 -10.45519 -7.87630 -10.45172 0.11498 0.34369 2.90956 

ENSMUSP00000034400 -6.39476 -7.48300 -7.82833 -6.35047 -6.53776 -6.15240 -5.96130 -5.75811 -5.88762 0.11720 0.49860 2.00563 

ENSMUSP00000032371 -11.36716 -11.28498 -9.17769 -8.78178 -9.62713 -8.85202 -8.01415 -8.48397 -7.90245 0.11769 0.35914 2.78443 

ENSMUSP00000026565 -7.47537 -9.59437 -8.58667 -7.21636 -7.31719 -7.47167 -6.93455 -7.06785 -7.31067 0.11957 0.42452 2.35562 

ENSMUSP00000007216 -8.16698 -7.29618 -8.32183 -7.19501 -7.52920 -6.62919 -7.94608 -7.84754 -7.58154 0.12146 0.45455 2.19996 

ENSMUSP00000083281 -8.19540 -9.72622 -9.82010 -8.44742 -8.06837 -8.05574 -10.01504 -7.43615 -10.01157 0.12304 0.46896 2.13238 

ENSMUSP00000025161 -10.88320 -9.69945 -10.89490 -9.52222 -9.47990 -9.97868 -9.47685 -9.61015 -9.47338 0.12341 0.48936 2.04349 

ENSMUSP00000003066 -7.32999 -7.42220 -7.72744 -6.79345 -7.39124 -7.08230 -7.38820 -6.77784 -7.38472 0.12693 0.65268 1.53213 

ENSMUSP00000040954 -10.02465 -8.64211 -8.08917 -7.52374 -8.28716 -7.05622 -8.28412 -9.26500 -8.28065 0.12856 0.32081 3.11715 

ENSMUSP00000045127 -9.00474 -8.92257 -10.11802 -8.40861 -8.70302 -8.69038 -10.31297 -10.44627 -10.30950 0.13296 0.52417 1.90776 

ENSMUSP00000002846 -8.51284 -8.43066 -8.07233 -8.14552 -8.10320 -7.82222 -8.10016 -8.09031 -7.82834 0.13593 0.74078 1.34993 

ENSMUSP00000047665 -9.05357 -8.97139 -8.47709 -8.34952 -8.30720 -8.66244 -9.77163 -8.80533 -7.72999 0.13648 0.69161 1.44591 

ENSMUSP00000034346 -9.99913 -8.44948 -11.11240 -8.12958 -8.47300 -8.58556 -9.69436 -8.72846 -8.00377 0.13661 0.37988 2.63240 

ENSMUSP00000022861 -8.86334 -8.78117 -11.07622 -7.81571 -8.32556 -8.31293 -9.65817 -8.69227 -10.16612 0.13856 0.34087 2.93369 

ENSMUSP00000022256 -7.65315 -7.99852 -8.23555 -7.67332 -7.70247 -7.13546 -7.95079 -8.42065 -7.69596 0.14064 0.63094 1.58494 

ENSMUSP00000099730 -6.75634 -6.48608 -6.16497 -6.29803 -5.86731 -6.08649 -6.28715 -6.32036 -6.18359 0.14249 0.69349 1.44199 

ENSMUSP00000070449 -7.28794 -9.60770 -8.60000 -7.10450 -7.49764 -7.17474 -9.89653 -7.46078 -7.32401 0.14345 0.44431 2.25069 

ENSMUSP00000099534 -7.98686 -9.51767 -9.61155 -8.23887 -8.19655 -7.59574 -8.70493 -7.73863 -9.80303 0.14346 0.46896 2.13238 

ENSMUSP00000102289 -7.08193 -10.13950 -10.23337 -7.52504 -7.13125 -7.11862 -7.59093 -10.56162 -7.58746 0.14389 0.43629 2.29204 

ENSMUSP00000029830 -10.74794 -8.71605 -9.14665 -8.79878 -8.12024 -8.10761 -8.75342 -11.08789 -9.00140 0.14406 0.38502 2.59730 

ENSMUSP00000051561 -11.30196 -11.21978 -9.70067 -8.98492 -9.10972 -10.39744 -10.40704 -10.02892 -11.50514 0.14549 0.32994 3.03085 

ENSMUSP00000099490 -12.55529 -9.76092 -12.56699 -10.23825 -9.81634 -9.70359 -8.90745 -9.17733 -8.17936 0.14573 0.40856 2.44763 

ENSMUSP00000025563 -7.82328 -7.74111 -7.63422 -7.13672 -7.52195 -7.65246 -7.18235 -7.52701 -7.65858 0.14597 0.72453 1.38021 

ENSMUSP00000071624 -10.32157 -10.23939 -8.72028 -8.17165 -7.96222 -9.41705 -8.91523 -9.04853 -8.91176 0.14624 0.32994 3.03085 

ENSMUSP00000002171 -9.79360 -8.86328 -8.70570 -7.77560 -8.90369 -8.14358 -7.96208 -8.01198 -8.89718 0.14923 0.42461 2.35511 

ENSMUSP00000029402 -8.24866 -9.05416 -8.69583 -8.28932 -8.34710 -7.98300 -11.29270 -9.81301 -10.18766 0.15048 0.66562 1.50236 



ENSMUSP00000072858 -9.61424 -9.53206 -9.62594 -6.91760 -9.82393 -6.67155 -6.20565 -6.18865 -5.44358 0.15251 0.08855 11.29349 

ENSMUSP00000031402 -8.84304 -7.91328 -8.34372 -7.99611 -7.95379 -7.52336 -7.75005 -7.40951 -7.68772 0.15330 0.60358 1.65678 

ENSMUSP00000037348 -5.53888 -5.79318 -5.78090 -5.43021 -5.54271 -5.61751 -5.54902 -5.50234 -5.71945 0.15362 0.84384 1.18506 

ENSMUSP00000089551 -6.05924 -6.05554 -6.14942 -5.86267 -6.09608 -5.76065 -6.19313 -6.00001 -6.42606 0.15544 0.82589 1.21082 

ENSMUSP00000088372 -7.06149 -6.48967 -6.35395 -6.25045 -6.10459 -6.35270 -5.81795 -6.14102 -6.09807 0.15552 0.69580 1.43719 

ENSMUSP00000028121 -9.31919 -10.85000 -8.74271 -8.61514 -8.42968 -8.56019 -8.93766 -8.70308 -8.93418 0.15567 0.46599 2.14597 

ENSMUSP00000078123 -10.00532 -9.92314 -7.81585 -7.85539 -8.26529 -7.80044 -10.21196 -9.24369 -9.10692 0.15639 0.48304 2.07023 

ENSMUSP00000025668 -9.12811 -7.85591 -7.47429 -7.12077 -7.14001 -7.50935 -8.23572 -9.21660 -8.44361 0.15729 0.49350 2.02634 

ENSMUSP00000023312 -11.15111 -9.96736 -9.54982 -9.20195 -9.74781 -8.94623 -10.25618 -10.38948 -11.35428 0.15899 0.45836 2.18170 

ENSMUSP00000090844 -11.49370 -10.30995 -9.55569 -9.79600 -9.50222 -8.55102 -8.47722 -11.83365 -8.39677 0.15934 0.35914 2.78443 

ENSMUSP00000013737 -7.98925 -10.85572 -10.94960 -7.96677 -8.74566 -7.91182 -11.14455 -11.27785 -11.14107 0.16253 0.43855 2.28023 

ENSMUSP00000003521 -5.77229 -6.43377 -5.75173 -5.66925 -5.58197 -5.54760 -6.15800 -6.04872 -5.97547 0.16386 0.71948 1.38989 

ENSMUSP00000075953 -9.20520 -9.12302 -8.11532 -8.35563 -7.80190 -8.30068 -9.41185 -9.54514 -8.30680 0.16679 0.57844 1.72878 

ENSMUSP00000034227 -9.96086 -9.87869 -8.87099 -9.11130 -8.55757 -9.05635 -10.16751 -9.19924 -10.16404 0.16679 0.57844 1.72878 

ENSMUSP00000080058 -11.37578 -11.29361 -10.28591 -10.52622 -9.97249 -10.47127 -11.58243 -11.71573 -11.57896 0.16679 0.57844 1.72878 

ENSMUSP00000111831 -7.38866 -9.70841 -7.23324 -6.81946 -6.77714 -6.68753 -8.38425 -7.92937 -8.38078 0.16765 0.41362 2.41765 

ENSMUSP00000045621 -7.58141 -7.38798 -8.22933 -7.37070 -7.40535 -6.89795 -7.57670 -7.45864 -7.57323 0.16824 0.61656 1.62190 

ENSMUSP00000102363 -10.85261 -9.15745 -8.66314 -8.53558 -8.01355 -8.64774 -11.05926 -8.62351 -8.65386 0.16894 0.42456 2.35540 

ENSMUSP00000020504 -9.59985 -9.51767 -8.50998 -8.75029 -8.70797 -8.18392 -8.70493 -7.99008 -7.60186 0.16910 0.57844 1.72878 

ENSMUSP00000096222 -10.03249 -11.05189 -11.14577 -10.28450 -10.24218 -9.38140 -10.23914 -9.52430 -9.72425 0.16933 0.48936 2.04349 

ENSMUSP00000030940 -10.59685 -10.51468 -8.65884 -9.23587 -8.60537 -8.59274 -10.80350 -8.22461 -9.18704 0.17098 0.49824 2.00707 

ENSMUSP00000034141 -10.42221 -11.44160 -10.43391 -9.57462 -9.78376 -10.61926 -9.78071 -10.76216 -10.62538 0.17144 0.46896 2.13238 

ENSMUSP00000017065 -10.63874 -10.55657 -10.65045 -10.89075 -8.44650 -7.61266 -9.23240 -9.02898 -9.74035 0.17259 0.10291 9.71717 

ENSMUSP00000026704 -7.83802 -8.03034 -7.77275 -7.64528 -7.83257 -7.28357 -6.86897 -7.59010 -7.14909 0.17619 0.73558 1.35947 

ENSMUSP00000034881 -7.25548 -9.12302 -9.21690 -7.84422 -6.84584 -7.45254 -5.79661 -6.10686 -6.26863 0.17629 0.45836 2.18170 

ENSMUSP00000028238 -10.14906 -6.92714 -7.75883 -6.78583 -6.42257 -6.84530 -6.85490 -10.48901 -7.12910 0.17735 0.36853 2.71345 

ENSMUSP00000028062 -10.95859 -9.77484 -9.86872 -10.10903 -8.76636 -8.95448 -9.55225 -10.19697 -10.06020 0.17795 0.38735 2.58161 

ENSMUSP00000029259 -9.14725 -8.42885 -9.41041 -7.83489 -8.98906 -7.69098 -7.50766 -7.67668 -8.25148 0.17800 0.40820 2.44979 

ENSMUSP00000023749 -8.63934 -10.17015 -8.31431 -7.93529 -7.62463 -8.49967 -9.35740 -9.49070 -9.35393 0.17858 0.44747 2.23478 

ENSMUSP00000064655 -7.42725 -9.54625 -7.07108 -6.83168 -6.88947 -6.52537 -6.78632 -6.53009 -6.16371 0.18023 0.43732 2.28665 

ENSMUSP00000030455 -10.57523 -8.54334 -8.63722 -8.62607 -7.83628 -7.82364 -9.16889 -8.34613 -8.37648 0.18029 0.40648 2.46012 

ENSMUSP00000000001 -10.67648 -10.59431 -8.28625 -8.21630 -8.93646 -8.47161 -10.88313 -11.01643 -10.87966 0.18143 0.50173 1.99309 

ENSMUSP00000098076 -9.08740 -9.79416 -9.88804 -9.54017 -8.75038 -8.63764 -9.74627 -9.26023 -9.12346 0.18163 0.54598 1.83156 

ENSMUSP00000005685 -11.01296 -6.63594 -6.38553 -5.15798 -5.45303 -6.05231 -7.60437 -7.17415 -11.21613 0.18251 0.24021 4.16300 

ENSMUSP00000089374 -10.78184 -10.69967 -6.49871 -6.71199 -7.49072 -6.89700 -7.32061 -6.94303 -7.13053 0.18489 0.57229 1.74737 



ENSMUSP00000084918 -8.13415 -7.12383 -7.36801 -7.04480 -7.09934 -7.02110 -8.60915 -8.74245 -7.73644 0.18589 0.66102 1.51281 

ENSMUSP00000033480 -8.32405 -7.56393 -8.11866 -7.78204 -7.63572 -7.34470 -8.36363 -9.21617 -8.46838 0.18710 0.67868 1.47344 

ENSMUSP00000099642 -11.49256 -12.51196 -10.40466 -10.27710 -10.85411 -10.22214 -9.75203 -10.98436 -9.84866 0.18731 0.50173 1.99309 

ENSMUSP00000090184 -6.34639 -5.72703 -6.15740 -5.75105 -5.80882 -5.79618 -5.89375 -6.07412 -5.84532 0.18840 0.76463 1.30782 

ENSMUSP00000018430 -9.10836 -10.12775 -8.02046 -8.26077 -8.21845 -7.83794 -8.80359 -10.54988 -8.21194 0.19095 0.53412 1.87225 

ENSMUSP00000027067 -8.59300 -7.41161 -8.01652 -7.15789 -7.04410 -7.83399 -7.70044 -7.59729 -7.26942 0.19097 0.53548 1.86747 

ENSMUSP00000091541 -10.90897 -9.72522 -10.92067 -8.44878 -10.01708 -10.00445 -11.11562 -11.24891 -11.11214 0.19128 0.30282 3.30231 

ENSMUSP00000099819 -7.17631 -7.17753 -7.11103 -6.13621 -7.04948 -6.92861 -10.60609 -7.17973 -7.30251 0.19213 0.57923 1.72644 

ENSMUSP00000054421 -10.35957 -10.27739 -10.37127 -8.99859 -10.56926 -8.94364 -8.95323 -9.59795 -8.94976 0.19396 0.34645 2.88643 

ENSMUSP00000077917 -9.67654 -9.59437 -9.68824 -8.31556 -9.88624 -8.26061 -7.93348 -7.44744 -8.77815 0.19396 0.34645 2.88643 

ENSMUSP00000003461 -10.11922 -9.44887 -8.79527 -8.54594 -9.22971 -8.49099 -9.98915 -12.07216 -9.73422 0.19539 0.54605 1.83132 

ENSMUSP00000034097 -9.73223 -9.13864 -10.84551 -8.68388 -9.09378 -9.41787 -9.42746 -8.22511 -9.93541 0.19699 0.49824 2.00707 

ENSMUSP00000004232 -7.70789 -8.62464 -9.05524 -7.76880 -8.15403 -7.29393 -7.36237 -7.38124 -7.30005 0.19750 0.54106 1.84823 

ENSMUSP00000031773 -8.07736 -6.89634 -7.43497 -6.71966 -7.24086 -6.66470 -8.65188 -8.14896 -8.44765 0.19987 0.58755 1.70198 

ENSMUSP00000069359:rever
sed 

-10.49268 -9.30893 -10.50438 -9.64312 -9.08938 -9.58816 -9.08634 -10.83263 -10.69586 0.20191 0.57844 1.72878 

ENSMUSP00000103557 -10.07977 -9.99759 -7.68954 -8.38206 -7.57727 -8.07565 -10.28642 -8.80673 -10.28295 0.20286 0.53412 1.87225 

ENSMUSP00000099415 -7.49006 -10.84617 -7.50176 -7.20571 -6.66774 -6.83057 -7.41709 -7.33212 -7.51629 0.20385 0.37689 2.65333 

ENSMUSP00000001507 -8.44391 -8.21858 -7.05001 -7.05590 -7.24800 -7.39901 -9.26989 -9.73991 -9.60314 0.20527 0.62557 1.59854 

ENSMUSP00000047960 -6.26905 -9.32662 -7.21933 -6.10115 -6.47875 -6.10504 -7.21351 -6.44863 -7.41080 0.20571 0.46203 2.16434 

ENSMUSP00000017975 -7.56738 -10.05425 -8.53514 -7.67625 -7.77707 -7.38484 -10.34308 -10.47638 -10.33961 0.20589 0.51498 1.94184 

ENSMUSP00000088252 -9.86555 -8.17039 -7.03986 -7.16892 -7.36305 -6.83947 -10.07220 -8.00433 -7.66680 0.21338 0.49663 2.01356 

ENSMUSP00000080995 -7.41631 -8.94713 -7.93943 -7.66833 -7.28928 -7.27665 -8.13438 -7.75626 -7.28277 0.21405 0.60320 1.65782 

ENSMUSP00000099908 -6.91134 -6.63806 -6.37087 -6.55233 -6.21518 -6.33914 -7.11799 -7.06019 -7.11451 0.21550 0.77703 1.28695 

ENSMUSP00000110223 -7.79580 -9.32662 -9.42050 -8.55923 -7.66877 -7.65614 -9.61544 -9.74874 -9.61197 0.21715 0.52417 1.90776 

ENSMUSP00000028278 -8.11710 -8.03493 -8.91775 -7.93365 -8.01653 -7.87870 -8.52451 -9.75741 -9.10922 0.21954 0.70208 1.42435 

ENSMUSP00000106968 -8.78596 -9.80536 -8.79766 -7.93837 -8.99565 -8.47160 -8.99261 -8.27776 -8.98914 0.22014 0.52417 1.90776 

ENSMUSP00000034304 -6.81191 -6.38742 -6.60454 -6.32096 -5.95052 -6.58327 -7.35507 -7.28249 -7.05676 0.22501 0.71063 1.40719 

ENSMUSP00000088358 -7.27001 -6.80831 -6.57577 -6.67466 -6.67729 -6.03679 -7.13286 -7.46684 -7.47319 0.22599 0.65400 1.52904 

ENSMUSP00000089302 -6.36211 -7.89008 -9.59695 -6.61412 -6.95755 -6.16707 -5.98090 -5.80996 -5.29540 0.22745 0.49996 2.00017 

ENSMUSP00000029476 -6.95885 -6.87667 -7.14494 -6.93318 -6.89086 -6.71115 -8.77564 -7.29880 -8.18399 0.22872 0.86170 1.16050 

ENSMUSP00000000284 -11.23363 -11.15145 -11.24533 -9.87265 -11.44332 -10.32911 -10.33870 -9.96058 -9.82381 0.22976 0.42355 2.36099 

ENSMUSP00000081567 -11.88710 -11.80492 -11.89880 -10.52612 -12.09679 -10.98258 -10.14403 -10.61406 -10.98870 0.22976 0.42355 2.36099 

ENSMUSP00000002452 -9.67654 -9.59437 -9.68824 -8.31556 -9.88624 -8.77203 -7.68202 -8.06677 -8.26673 0.22976 0.42355 2.36099 

ENSMUSP00000025095 -8.39130 -9.41070 -8.40301 -8.64332 -7.50140 -8.07694 -8.08654 -8.73125 -8.08306 0.23395 0.52417 1.90776 

ENSMUSP00000007251 -11.11832 -11.03614 -10.02844 -10.26875 -10.22643 -10.21380 -11.32497 -11.45826 -11.32149 0.23395 0.70717 1.41408 



ENSMUSP00000108003 -5.89855 -7.22544 -6.34967 -6.02538 -6.15371 -5.36961 -6.15066 -6.19500 -6.77299 0.23468 0.57923 1.72642 

ENSMUSP00000029325 -7.22662 -6.28088 -6.55950 -6.28896 -6.19578 -6.38382 -6.72587 -6.44900 -6.69462 0.23471 0.71137 1.40574 

ENSMUSP00000104816 -10.12792 -10.04574 -7.57057 -8.43021 -7.50022 -8.12380 -9.23299 -8.85488 -10.33109 0.23586 0.57900 1.72711 

ENSMUSP00000037446 -8.75686 -11.51208 -8.55721 -8.54615 -8.13606 -8.12342 -8.75215 -8.79446 -8.42585 0.23661 0.47325 2.11303 

ENSMUSP00000034326 -10.24726 -8.94068 -9.30291 -9.27487 -8.84681 -8.49765 -10.45391 -9.79827 -10.96186 0.23762 0.57916 1.72663 

ENSMUSP00000032888 -10.12792 -10.04574 -10.13962 -9.27835 -10.33761 -8.71198 -9.23299 -9.36629 -9.22952 0.23789 0.42355 2.36099 

ENSMUSP00000032761 -10.31095 -8.61578 -10.32265 -9.46139 -8.57093 -8.55829 -10.51760 -10.65090 -10.51413 0.23896 0.52417 1.90776 

ENSMUSP00000060892 -7.84710 -9.37791 -7.85880 -7.76238 -7.72006 -7.45597 -8.56516 -8.69846 -9.66327 0.23901 0.60912 1.64171 

ENSMUSP00000092557 -10.52279 -11.54219 -11.63607 -10.77481 -10.73249 -10.71985 -11.83102 -11.96432 -11.82755 0.24063 0.70717 1.41408 

ENSMUSP00000046856 -11.39523 -11.31305 -8.45828 -9.07819 -9.20299 -8.88009 -9.65216 -10.12218 -9.98541 0.24078 0.68603 1.45767 

ENSMUSP00000100593 -6.57936 -7.51915 -6.86555 -6.83137 -6.57390 -6.14506 -7.29695 -6.58278 -7.29348 0.24105 0.65569 1.52511 

ENSMUSP00000022070 -9.69361 -9.61143 -10.04204 -9.18314 -9.90330 -8.46880 -10.74840 -9.58134 -11.84650 0.24135 0.47458 2.10715 

ENSMUSP00000021676 -8.63362 -9.65301 -7.34496 -7.78603 -7.54295 -7.53032 -8.84027 -8.12542 -7.98865 0.24163 0.61637 1.62239 

ENSMUSP00000109310 -8.22082 -7.77076 -8.23252 -7.30242 -7.33157 -8.21711 -8.22671 -7.81329 -9.01218 0.24536 0.58952 1.69629 

ENSMUSP00000047218 -10.53906 -8.84390 -10.55077 -9.17808 -8.34683 -9.63455 -9.64414 -10.87901 -10.74224 0.24596 0.46896 2.13238 

ENSMUSP00000092233 -6.01274 -6.05071 -5.98740 -5.68115 -5.61800 -6.11391 -6.05718 -6.07925 -5.91418 0.24697 0.78908 1.26730 

ENSMUSP00000066238 -7.80896 -9.92796 -6.65025 -6.96203 -6.50192 -6.98405 -7.26814 -7.21034 -6.77503 0.24826 0.53433 1.87151 

ENSMUSP00000049584 -12.70301 -11.51926 -11.10172 -11.34203 -11.29971 -10.33101 -12.90966 -13.04295 -12.90618 0.24950 0.49824 2.00707 

ENSMUSP00000007959 -7.65516 -7.26272 -7.49975 -7.59691 -6.70712 -6.95404 -7.55155 -7.25730 -7.21152 0.25166 0.64538 1.54948 

ENSMUSP00000031423 -7.11886 -6.83600 -6.68224 -6.76747 -6.59093 -6.72363 -7.87761 -8.34042 -8.25366 0.25235 0.84286 1.18644 

ENSMUSP00000032824 -8.12161 -7.70288 -8.27646 -7.86268 -7.90376 -7.31296 -7.81732 -7.80217 -8.19959 0.25451 0.70156 1.42539 

ENSMUSP00000024223 -8.05867 -8.56468 -8.65856 -7.79966 -8.26837 -8.25573 -9.36492 -8.39862 -10.46302 0.25707 0.73354 1.36325 

ENSMUSP00000090911 -6.85341 -10.94999 -6.13419 -5.75431 -5.84837 -6.34962 -11.23882 -11.37212 -11.23535 0.25724 0.42620 2.34631 

ENSMUSP00000099769 -9.95580 -8.77205 -8.86593 -9.10624 -7.96432 -8.53987 -10.16245 -9.19417 -10.15898 0.25902 0.52417 1.90776 

ENSMUSP00000101011 -8.46228 -8.89152 -7.88580 -7.92535 -8.08379 -8.07116 -8.66893 -7.70303 -8.32873 0.26142 0.74683 1.33899 

ENSMUSP00000059501 -7.45908 -9.32662 -7.21933 -6.61206 -7.21656 -7.40468 -7.41427 -7.34681 -7.41080 0.26174 0.52818 1.89331 

ENSMUSP00000005953 -7.94255 -7.76027 -7.53132 -7.28872 -7.80078 -7.37035 -7.24335 -8.00801 -7.59356 0.26328 0.76459 1.30788 

ENSMUSP00000018875 -11.63579 -7.54192 -7.24865 -7.12122 -7.01276 -6.75953 -7.24292 -7.31738 -7.18061 0.26385 0.43537 2.29688 

ENSMUSP00000045048 -8.59611 -8.51393 -10.80898 -8.64736 -8.29478 -7.94559 -11.00393 -11.13723 -11.00046 0.26411 0.51498 1.94184 

ENSMUSP00000037341 -7.36442 -9.68417 -8.16506 -7.30616 -8.02632 -7.01476 -7.02435 -8.15658 -8.01981 0.26826 0.52818 1.89331 

ENSMUSP00000011492 -10.10336 -9.50976 -11.21663 -10.35537 -9.21345 -8.35324 -9.79859 -11.54488 -9.45839 0.27437 0.34720 2.88022 

ENSMUSP00000018992 -8.89871 -8.50627 -7.64445 -7.93741 -8.07205 -7.48600 -8.00647 -7.87505 -8.55517 0.27571 0.67341 1.48498 

ENSMUSP00000051921 -9.92487 -8.22970 -9.93657 -8.22716 -9.03299 -8.50894 -8.51853 -8.65183 -10.12805 0.27611 0.59413 1.68314 

ENSMUSP00000023707 -9.74150 -9.65932 -7.35127 -7.79234 -7.54926 -8.32557 -8.33516 -7.67952 -7.74351 0.27624 0.66237 1.50972 

ENSMUSP00000110532 -6.35468 -6.69243 -6.42523 -6.19171 -6.35850 -6.44351 -6.30999 -6.10679 -6.18134 0.27639 0.85901 1.16413 



ENSMUSP00000027810 -9.01999 -9.27454 -10.98141 -9.27200 -8.61035 -8.96559 -9.56336 -10.20808 -9.55989 0.27773 0.57097 1.75141 

ENSMUSP00000044955 -7.68995 -7.35642 -7.31212 -7.43105 -7.28051 -6.99958 -7.64524 -8.02990 -8.10449 0.28223 0.80538 1.24164 

ENSMUSP00000034277 -10.12364 -8.42847 -9.03376 -8.76266 -8.13216 -8.70770 -8.71729 -10.46358 -8.37710 0.28447 0.60320 1.65782 

ENSMUSP00000021217 -7.88194 -9.74947 -7.89364 -7.03491 -8.09163 -7.82754 -10.03830 -7.60255 -10.03483 0.28629 0.51638 1.93654 

ENSMUSP00000095263 -11.06953 -6.10775 -5.95882 -5.57732 -5.66532 -5.72090 -11.27618 -11.40947 -11.27270 0.28783 0.45416 2.20186 

ENSMUSP00000021512 -9.00241 -9.43165 -9.52552 -8.66624 -9.21210 -9.19946 -10.82205 -9.85377 -9.71700 0.29034 0.73745 1.35603 

ENSMUSP00000107237 -8.90025 -9.32949 -8.32377 -7.92786 -9.10994 -7.33871 -8.31796 -8.01579 -10.71642 0.29082 0.42459 2.35524 

ENSMUSP00000047571 -8.61399 -8.96727 -9.06115 -8.56365 -8.94888 -7.75227 -8.94584 -9.38940 -10.55298 0.29126 0.57118 1.75075 

ENSMUSP00000021940 -7.30243 -6.87393 -7.07048 -6.98984 -6.94753 -6.82366 -7.16276 -7.34607 -7.43890 0.29186 0.85759 1.16605 

ENSMUSP00000077909 -10.80382 -10.72165 -9.20253 -9.44284 -9.91194 -9.38789 -11.01047 -11.14377 -11.00700 0.29259 0.68562 1.45852 

ENSMUSP00000099563 -11.77838 -10.59463 -8.84144 -9.62846 -9.03943 -9.40639 -10.03532 -10.16861 -9.57963 0.29538 0.68148 1.46739 

ENSMUSP00000006496 -6.23864 -5.77247 -5.58958 -5.82989 -5.36394 -5.55840 -6.36360 -6.22401 -6.05783 0.29652 0.76909 1.30024 

ENSMUSP00000004057 -7.64757 -9.76657 -8.75887 -8.15104 -8.10872 -7.64387 -8.44240 -7.78676 -10.05192 0.29817 0.66237 1.50972 

ENSMUSP00000020241 -8.72333 -10.84232 -9.32321 -8.77458 -8.93302 -8.92039 -6.38182 -7.14921 -6.41375 0.29941 0.65890 1.51768 

ENSMUSP00000044405 -8.88324 -9.90066 -9.48313 -9.38671 -8.89218 -8.71242 -10.18949 -9.81137 -11.28759 0.30006 0.69863 1.43138 

ENSMUSP00000060912 -6.71641 -6.31997 -6.28736 -6.23750 -5.73915 -6.45310 -6.83477 -6.99664 -6.80351 0.30319 0.72055 1.38782 

ENSMUSP00000104179 -6.17014 -6.25861 -6.00278 -6.14926 -5.96782 -5.98151 -6.07449 -5.84675 -6.01466 0.30772 0.90196 1.10869 

ENSMUSP00000043580 -9.73223 -9.65005 -9.23251 -9.47282 -8.84232 -9.41787 -11.04045 -9.56076 -11.03698 0.31183 0.73745 1.35603 

ENSMUSP00000078236 -9.60411 -8.67379 -8.00519 -7.58611 -7.41456 -8.95302 -10.91233 -11.04563 -9.80729 0.31236 0.46159 2.16642 

ENSMUSP00000108760 -11.07617 -5.82479 -5.77025 -5.42386 -5.50379 -5.64479 -11.28282 -5.91044 -5.78187 0.31256 0.50051 1.99795 

ENSMUSP00000031061 -11.48494 -11.40276 -9.54693 -10.12396 -10.59306 -8.96980 -10.59002 -11.82489 -11.68812 0.31377 0.49824 2.00707 

ENSMUSP00000031726 -10.59418 -8.11007 -8.40471 -8.00879 -8.60270 -7.65149 -8.23178 -8.09673 -8.84764 0.31744 0.54598 1.83156 

ENSMUSP00000052258 -11.26152 -11.17935 -9.07205 -10.41196 -8.52257 -9.50886 -11.46817 -11.60147 -10.36313 0.31936 0.48304 2.07023 

ENSMUSP00000016338 -5.30417 -5.26991 -5.46711 -5.05948 -5.25736 -5.35968 -6.18660 -6.25321 -6.05391 0.31967 0.87695 1.14031 

ENSMUSP00000043559 -5.53221 -7.43649 -6.64270 -5.67299 -6.23980 -5.72927 -6.30345 -5.91217 -7.26963 0.32165 0.68758 1.45437 

ENSMUSP00000101105 -9.47306 -11.00388 -9.14804 -9.38835 -9.34603 -8.88118 -8.58051 -8.37725 -8.72018 0.32311 0.66237 1.50972 

ENSMUSP00000092746 -7.76631 -9.63384 -8.11473 -8.01832 -7.97600 -7.51115 -9.92267 -7.85480 -9.91920 0.32390 0.66237 1.50972 

ENSMUSP00000074935 -10.74794 -9.05277 -10.75964 -9.38696 -9.85606 -9.33201 -10.95459 -11.08789 -10.95112 0.32543 0.68562 1.45852 

ENSMUSP00000029684 -10.62324 -8.59135 -8.06589 -8.30620 -7.88429 -8.41836 -9.72831 -9.35020 -9.72484 0.32617 0.62219 1.60723 

ENSMUSP00000048363 -9.83632 -9.75415 -10.94960 -9.57692 -10.04602 -9.52196 -10.04297 -11.27785 -11.14107 0.33012 0.68562 1.45852 

ENSMUSP00000087192 -6.27244 -6.60228 -7.01710 -6.33565 -6.15310 -6.57921 -6.47909 -6.58675 -6.50194 0.33073 0.78168 1.27929 

ENSMUSP00000029805 -7.48840 -6.59337 -7.06675 -6.86914 -6.77164 -6.63305 -8.40537 -8.19235 -8.40190 0.33689 0.78574 1.27269 

ENSMUSP00000041149 -7.88792 -9.41873 -7.11068 -7.04073 -7.76089 -7.29604 -6.99537 -9.84086 -6.99189 0.33736 0.65627 1.52376 

ENSMUSP00000029837 -7.81834 -9.34678 -8.14030 -7.06464 -8.79051 -7.00968 -9.12419 -7.92183 -8.33177 0.33743 0.41513 2.40887 

ENSMUSP00000065585 -11.03735 -9.85360 -8.10040 -9.08819 -8.53485 -8.52221 -11.24400 -9.42758 -11.24052 0.33841 0.75140 1.33084 



ENSMUSP00000059395 -10.90701 -8.11264 -7.97006 -7.78744 -8.54765 -7.33853 -11.11366 -11.24696 -11.11018 0.33910 0.52464 1.90605 

ENSMUSP00000098053 -11.13250 -9.10061 -8.74227 -9.18334 -8.94026 -8.28081 -8.77010 -9.07052 -8.93375 0.33987 0.59036 1.69387 

ENSMUSP00000023790 -7.11134 -7.40869 -11.17046 -7.47459 -6.63666 -7.27391 -6.87238 -7.26022 -6.84668 0.34146 0.55430 1.80407 

ENSMUSP00000046910 -9.85438 -9.77220 -8.25309 -9.00482 -7.86290 -8.94986 -8.44804 -9.09275 -10.05756 0.34312 0.59413 1.68314 

ENSMUSP00000063744 -11.11195 -9.41678 -9.17393 -9.75097 -8.60945 -9.10783 -9.36888 -10.35032 -9.70213 0.34322 0.57097 1.75141 

ENSMUSP00000000137 -9.67358 -8.74326 -10.78686 -9.92559 -8.58292 -8.13482 -10.98180 -11.11510 -10.97833 0.34563 0.45186 2.21307 

ENSMUSP00000039844 -8.77732 -9.54328 -10.73874 -9.36606 -9.32374 -8.21190 -9.83211 -9.96541 -9.82864 0.35266 0.56037 1.78455 

ENSMUSP00000029217 -8.95092 -9.97032 -8.11448 -8.69151 -8.31247 -8.29983 -9.15757 -8.19127 -9.15410 0.35450 0.73745 1.35603 

ENSMUSP00000069004 -6.85975 -6.77757 -6.51998 -6.62212 -6.40285 -6.70534 -6.00335 -6.10093 -6.07539 0.35574 0.87192 1.14690 

ENSMUSP00000023486 -11.42603 -11.34386 -9.48802 -10.57647 -10.02274 -9.42192 -11.63268 -10.66441 -11.62921 0.35604 0.67422 1.48319 

ENSMUSP00000030642 -10.10632 -7.82297 -8.50503 -8.40861 -7.26726 -8.35366 -8.69998 -7.87722 -8.69650 0.35778 0.54590 1.83183 

ENSMUSP00000051657 -8.06063 -10.38038 -8.52454 -8.00237 -8.27032 -8.45844 -8.26727 -7.96511 -9.05274 0.35993 0.69161 1.44591 

ENSMUSP00000035034 -10.69362 -10.61144 -9.09233 -8.99591 -9.80174 -9.78910 -10.90027 -9.93199 -10.89680 0.36041 0.68562 1.45852 

ENSMUSP00000037962 -10.33208 -10.24990 -8.14261 -8.97110 -8.92878 -8.57942 -10.53873 -9.57045 -10.53526 0.36154 0.82427 1.21319 

ENSMUSP00000040222 -9.90074 -8.71897 -11.01402 -8.85240 -10.11044 -7.76109 -11.20897 -11.34227 -11.20549 0.36434 0.36790 2.71814 

ENSMUSP00000010254 -8.45536 -10.57436 -9.56666 -9.29555 -8.66505 -8.65242 -8.91347 -9.04676 -9.75814 0.36512 0.72000 1.38888 

ENSMUSP00000029082 -8.68723 -10.21804 -8.69893 -8.93924 -7.94086 -8.88428 -9.40529 -8.69045 -10.50339 0.36652 0.60912 1.64171 

ENSMUSP00000091429 -13.30169 -11.01834 -12.21182 -12.45213 -11.10945 -10.06046 -10.93929 -12.54006 -12.40329 0.36767 0.36790 2.71814 

ENSMUSP00000085523 -7.28640 -7.41937 -7.89900 -7.08053 -7.56280 -7.25385 -7.98269 -7.62635 -8.09047 0.36950 0.79510 1.25771 

ENSMUSP00000021719 -7.26430 -8.79511 -8.88899 -8.02773 -7.13727 -7.97277 -6.13529 -9.21724 -7.13075 0.37156 0.68562 1.45852 

ENSMUSP00000002090 -6.54276 -9.83217 -6.42523 -6.35535 -6.14939 -6.88826 -7.40880 -7.30565 -7.54847 0.37479 0.65268 1.53213 

ENSMUSP00000080302 -10.77067 -8.73878 -10.78237 -9.40969 -8.77919 -9.86615 -9.87575 -11.11062 -10.97385 0.37574 0.67422 1.48319 

ENSMUSP00000095197 -10.77219 -10.69002 -9.68430 -10.51279 -9.88229 -9.23343 -10.13070 -10.60072 -10.46395 0.37614 0.61637 1.62239 

ENSMUSP00000055743 -8.28257 -10.40156 -9.39387 -8.33382 -9.08044 -8.73108 -10.69039 -10.82369 -10.68691 0.37697 0.72000 1.38888 

ENSMUSP00000095655 -10.00532 -7.35409 -10.01702 -5.93546 -6.44947 -10.20237 -7.26332 -6.62736 -6.90838 0.37763 0.16052 6.22988 

ENSMUSP00000099475 -6.24623 -12.14737 -5.71032 -6.07521 -6.03289 -5.86966 -6.01995 -6.24610 -6.21169 0.37831 0.72108 1.38682 

ENSMUSP00000022437 -9.17808 -8.84445 -9.52651 -9.43009 -8.76844 -8.02474 -9.38473 -9.51803 -11.33097 0.38278 0.56922 1.75678 

ENSMUSP00000014457 -6.16660 -9.03307 -6.72502 -6.96533 -6.27619 -6.01219 -6.75285 -6.50655 -7.11725 0.38900 0.66947 1.49371 

ENSMUSP00000031910 -7.52492 -7.10619 -8.29910 -7.26599 -7.60942 -6.87451 -7.14365 -7.52831 -7.00201 0.39041 0.71159 1.40530 

ENSMUSP00000110027 -9.12558 -11.24457 -9.38873 -9.37759 -9.33527 -9.12187 -10.43182 -8.95450 -11.52993 0.39359 0.74683 1.33899 

ENSMUSP00000023085 -7.13399 -9.62086 -7.51356 -7.11765 -7.96301 -6.76035 -7.34064 -7.20559 -7.95649 0.39591 0.62347 1.60393 

ENSMUSP00000003906 -8.08006 -7.89778 -8.20301 -7.72105 -8.28975 -7.37127 -8.18660 -8.42001 -8.09214 0.39846 0.71915 1.39052 

ENSMUSP00000002043 -10.99696 -8.96506 -11.00866 -9.29925 -10.10507 -9.58102 -11.20360 -11.33690 -11.20013 0.40951 0.76420 1.30856 

ENSMUSP00000021049 -7.84644 -8.14386 -7.85815 -7.99835 -7.86504 -7.49133 -7.86200 -7.76346 -8.42922 0.41284 0.84402 1.18480 

ENSMUSP00000042285 -9.49260 -8.89901 -10.60588 -8.89647 -8.85415 -9.68966 -10.80082 -10.93412 -10.79735 0.41348 0.67422 1.48319 



ENSMUSP00000034276 -6.50731 -8.76185 -7.24510 -6.58237 -7.31790 -6.70437 -6.25608 -6.47454 -6.84866 0.41557 0.73458 1.36132 

ENSMUSP00000021329 -7.98081 -8.48682 -7.79176 -8.03206 -7.55429 -7.97711 -8.77564 -8.57222 -7.81611 0.41706 0.81678 1.22432 

ENSMUSP00000001452 -8.24208 -7.23176 -7.32564 -6.95766 -7.72951 -7.00948 -6.64700 -7.04559 -6.85943 0.41781 0.70950 1.40944 

ENSMUSP00000087948 -10.08425 -10.00208 -9.13990 -9.74809 -8.95829 -9.49237 -8.28866 -8.59891 -8.28519 0.41979 0.75140 1.33084 

ENSMUSP00000008036 -6.19439 -9.33535 -6.28949 -6.44640 -6.78983 -5.67841 -6.06452 -5.94647 -6.67206 0.42168 0.67138 1.48946 

ENSMUSP00000081000 -10.92257 -8.89068 -9.83270 -8.97341 -9.51927 -9.50664 -8.56017 -11.26252 -8.72382 0.42189 0.73745 1.35603 

ENSMUSP00000085379 -10.61013 -10.52796 -8.42066 -9.76057 -8.41789 -9.19420 -8.86707 -9.33709 -9.20032 0.42200 0.73745 1.35603 

ENSMUSP00000032919 -7.06819 -6.76056 -6.32542 -6.66809 -6.38247 -6.48938 -7.12562 -7.63995 -7.59416 0.42554 0.85334 1.17187 

ENSMUSP00000013304 -9.05854 -8.38818 -7.84584 -8.21135 -8.31218 -7.72885 -8.92847 -8.81031 -8.16252 0.42878 0.77452 1.29113 

ENSMUSP00000034586 -7.75095 -9.28177 -9.37565 -9.61596 -7.17171 -6.99195 -7.36942 -7.50272 -7.61740 0.42899 0.35635 2.80623 

ENSMUSP00000014221 -8.98267 -8.05235 -10.09594 -8.72326 -8.68094 -8.08013 -10.29089 -10.42419 -10.28742 0.43021 0.73745 1.35603 

ENSMUSP00000021790 -7.02426 -8.24244 -6.72569 -7.10915 -7.06683 -6.57449 -7.43166 -7.36420 -8.52779 0.44971 0.78621 1.27193 

ENSMUSP00000032065 -9.39643 -8.97753 -9.07141 -8.69239 -9.60612 -7.83490 -9.26636 -9.14820 -9.26288 0.45322 0.51498 1.94184 

ENSMUSP00000023514 -7.28794 -9.60770 -9.70158 -7.74072 -8.79799 -7.93722 -6.84777 -7.46078 -7.05566 0.45399 0.87169 1.14720 

ENSMUSP00000026735 -10.78406 -9.08890 -10.79577 -9.93450 -9.89218 -9.36813 -9.37772 -11.12401 -10.98724 0.45575 0.81043 1.23391 

ENSMUSP00000093955 -9.27421 -7.85638 -8.32986 -7.99947 -7.79679 -8.51521 -6.82680 -6.96010 -7.32485 0.45947 0.74836 1.33626 

ENSMUSP00000029815 -8.59490 -9.61430 -7.50701 -7.99877 -8.29318 -7.94382 -8.29014 -8.42343 -8.79808 0.46931 0.87169 1.14720 

ENSMUSP00000022865 -10.02936 -11.04876 -9.52965 -9.76996 -10.23905 -9.37827 -9.72459 -9.26971 -9.38440 0.47100 0.76420 1.30856 

ENSMUSP00000018851 -8.95642 -8.43730 -8.99591 -9.01025 -8.58135 -7.98431 -8.41007 -8.71161 -8.85492 0.47891 0.71982 1.38923 

ENSMUSP00000075954 -10.83801 -10.75584 -10.84972 -7.95028 -11.04771 -11.03507 -7.60638 -7.61830 -7.60291 0.47923 0.15233 6.56452 

ENSMUSP00000024932 -7.02300 -8.04002 -8.64532 -7.58527 -7.74371 -7.22005 -9.94184 -10.07514 -9.93837 0.48115 0.83731 1.19430 

ENSMUSP00000080403 -8.60898 -10.47652 -10.57040 -9.70914 -9.66682 -8.55459 -10.76535 -10.89865 -9.66030 0.48166 0.76420 1.30856 

ENSMUSP00000106014 -6.15304 -9.44245 -5.77079 -6.33835 -6.29604 -6.05380 -6.11604 -5.71707 -6.28952 0.48756 0.92107 1.08569 

ENSMUSP00000079340 -5.32911 -6.09433 -9.48832 -6.01073 -6.31473 -5.62626 -6.38315 -5.88039 -9.67979 0.48810 0.91313 1.09513 

ENSMUSP00000031707 -8.30883 -8.95771 -8.48090 -8.00646 -8.44705 -8.66625 -9.41366 -9.37984 -9.09992 0.48828 0.81093 1.23315 

ENSMUSP00000083973 -7.44816 -9.56715 -7.25910 -7.95162 -7.65785 -6.79764 -7.14379 -6.61770 -7.90279 0.48853 0.72312 1.38289 

ENSMUSP00000108229 -8.01367 -6.96184 -7.58991 -7.61886 -7.18701 -6.94477 -7.67360 -8.18650 -8.41761 0.49663 0.79819 1.25283 

ENSMUSP00000030698 -10.41560 -8.38371 -8.47759 -8.71789 -8.67558 -8.41148 -10.62225 -9.65397 -10.61878 0.50405 0.83089 1.20353 

ENSMUSP00000076589 -11.02870 -9.33354 -9.93883 -9.66772 -10.13682 -9.27604 -11.23535 -11.36865 -11.23188 0.50411 0.76420 1.30856 

ENSMUSP00000005647 -7.97778 -7.46014 -7.67921 -7.13091 -8.02035 -7.27665 -7.63771 -8.00746 -8.38171 0.50446 0.75059 1.33228 

ENSMUSP00000015100 -9.48992 -10.50931 -10.60319 -9.23051 -9.18819 -10.78855 -8.84842 -8.52951 -9.69309 0.50509 0.57844 1.72878 

ENSMUSP00000080998 -8.45382 -9.47322 -9.56710 -8.19442 -9.76509 -8.13946 -8.14906 -8.28236 -8.65700 0.50842 0.57844 1.72878 

ENSMUSP00000106104 -9.67654 -8.49279 -6.85085 -7.52662 -8.78466 -6.37279 -9.88319 -10.01649 -9.87972 0.50905 0.56922 1.75678 

ENSMUSP00000042150 -10.14066 -8.95691 -8.20264 -8.77968 -7.78130 -9.23614 -8.73432 -8.07867 -10.34383 0.51875 0.66717 1.49887 

ENSMUSP00000041968 -8.37132 -7.54167 -10.58420 -7.98711 -8.38025 -8.20050 -8.57797 -8.71127 -8.57450 0.52096 0.90130 1.10951 



ENSMUSP00000039264 -11.34209 -10.15834 -10.25222 -10.49253 -10.45021 -9.92616 -10.44717 -11.68204 -11.54527 0.52295 0.81043 1.23391 

ENSMUSP00000033008 -8.74658 -10.27739 -8.75828 -9.51001 -7.85707 -8.94364 -8.95323 -10.69952 -8.36158 0.52353 0.60912 1.64171 

ENSMUSP00000071214 -7.18989 -7.25616 -6.85527 -6.91732 -7.33288 -6.49147 -8.05593 -7.40061 -8.05246 0.53157 0.80175 1.24728 

ENSMUSP00000027853 -7.68572 -9.55326 -8.54557 -7.48552 -8.74356 -8.21951 -7.89237 -8.02567 -7.63745 0.53177 0.73745 1.35603 

ENSMUSP00000090284 -9.85438 -5.83603 -5.44286 -6.17021 -6.39619 -5.67761 -6.12485 -5.84614 -6.01014 0.53631 1.01801 0.98231 

ENSMUSP00000081474 -6.12607 -9.34401 -6.13778 -6.62945 -6.33577 -6.48350 -6.68419 -6.04823 -6.40623 0.53950 0.98717 1.01299 

ENSMUSP00000021993 -7.01620 -9.50307 -7.19502 -7.43533 -7.59377 -7.07011 -6.35362 -6.42439 -7.38650 0.54532 0.91016 1.09871 

ENSMUSP00000042988 -9.81426 -9.73208 -9.82596 -10.06627 -10.02395 -7.81015 -7.30872 -7.01447 -6.87770 0.54649 0.34645 2.88643 

ENSMUSP00000030914 -10.11068 -6.65692 -7.28499 -7.41404 -6.17286 -8.10656 -10.31733 -10.45062 -8.70086 0.54912 0.65813 1.51946 

ENSMUSP00000107966:rever
sed 

-12.89327 -12.81109 -12.90497 -11.19556 -13.10296 -13.09033 -11.48693 -12.13164 -11.99487 0.55624 0.42355 2.36099 

ENSMUSP00000107749 -8.25217 -10.37116 -10.46504 -10.70535 -7.71439 -8.44923 -9.55842 -9.18030 -9.55494 0.55636 0.48304 2.07023 

ENSMUSP00000060523 -6.08673 -9.14430 -5.93806 -6.52984 -6.72397 -5.86387 -7.23195 -6.26631 -7.02772 0.55992 0.94190 1.06169 

ENSMUSP00000030340 -5.82964 -6.39313 -7.50645 -6.31158 -6.22926 -6.25663 -5.82292 -5.81021 -5.71190 0.56308 0.90377 1.10647 

ENSMUSP00000029610 -8.31207 -8.22989 -9.42337 -8.36332 -8.77321 -7.99810 -9.10690 -8.45125 -8.76670 0.56770 0.81081 1.23334 

ENSMUSP00000036541 -10.01013 -9.92796 -8.92026 -9.16057 -8.27011 -10.20719 -8.60379 -8.73709 -9.11174 0.57121 0.57844 1.72878 

ENSMUSP00000032196 -7.84206 -7.24886 -7.34274 -7.45785 -7.20418 -7.40290 -7.53769 -7.98125 -7.84448 0.57128 0.90359 1.10670 

ENSMUSP00000030169 -10.62324 -7.82887 -10.63494 -8.92553 -9.73136 -8.61912 -9.21690 -8.76202 -9.21343 0.57517 1.14018 0.87706 

ENSMUSP00000020920 -9.70470 -11.23551 -11.32939 -10.46812 -10.42581 -10.41317 -8.68694 -8.82024 -8.47211 0.57546 0.99080 1.00929 

ENSMUSP00000023851 -7.36927 -9.48826 -7.96915 -7.42052 -8.67855 -7.36556 -7.57591 -8.80881 -7.82390 0.58365 0.76438 1.30825 

ENSMUSP00000105886 -8.60898 -8.86353 -9.46883 -8.86100 -8.81868 -8.80604 -8.19630 -8.94893 -10.76188 0.58428 0.91007 1.09882 

ENSMUSP00000095433 -11.71116 -11.04080 -11.38613 -11.62644 -11.33267 -10.47245 -11.12886 -11.46292 -11.57761 0.58465 0.72312 1.38289 

ENSMUSP00000032425 -10.37638 -7.89227 -9.28651 -8.67867 -8.97308 -8.62372 -10.58303 -10.71633 -10.57956 0.58891 1.00593 0.99410 

ENSMUSP00000022781 -5.73537 -7.01680 -6.94356 -6.13768 -6.76196 -5.98006 -6.87017 -6.34005 -6.33250 0.60061 0.88022 1.13609 

ENSMUSP00000015950 -10.21777 -7.93443 -8.27976 -8.52007 -8.47775 -8.21366 -10.42442 -10.55772 -9.31938 0.60078 0.94177 1.06183 

ENSMUSP00000001547 -11.90171 -10.20654 -11.91341 -11.05215 -11.00983 -10.99719 -12.10836 -12.24166 -12.10489 0.60190 0.99080 1.00929 

ENSMUSP00000066682 -11.14957 -8.66546 -8.75934 -9.45186 -8.52187 -9.14545 -9.74323 -11.48952 -11.35275 0.60191 0.88808 1.12603 

ENSMUSP00000045394 -7.21991 -8.30814 -10.60319 -8.44157 -8.23214 -7.73980 -6.78645 -7.16590 -7.17943 0.60405 1.10445 0.90543 

ENSMUSP00000039657 -6.45552 -6.35240 -6.40566 -6.55111 -6.24747 -6.23483 -6.99865 -7.50464 -7.53103 0.60647 0.93457 1.07001 

ENSMUSP00000054634 -6.98043 -6.57542 -6.66930 -6.66596 -6.73806 -6.61100 -7.28719 -7.32038 -6.67270 0.61279 0.94089 1.06283 

ENSMUSP00000030660 -8.88423 -9.90363 -8.38451 -9.13624 -9.09392 -7.98169 -9.09088 -7.92382 -9.08741 0.61351 0.76420 1.30856 

ENSMUSP00000019382 -7.33834 -7.53065 -6.90529 -6.95899 -7.33288 -7.14329 -8.81841 -8.06403 -8.19560 0.62550 0.91976 1.08724 

ENSMUSP00000026649 -8.57303 -8.49086 -8.24801 -9.33646 -7.44707 -7.54569 -8.44296 -8.57626 -8.43949 0.62616 0.55527 1.80092 

ENSMUSP00000100505 -5.97977 -6.21395 -5.62633 -5.93985 -5.97652 -5.56298 -6.08956 -6.13456 -6.05578 0.62677 0.91307 1.09520 

ENSMUSP00000045930 -10.65495 -13.14182 -13.23570 -11.52629 -11.82070 -12.31948 -11.22948 -13.56395 -12.32560 0.63072 1.27442 0.78467 

ENSMUSP00000102211 -6.24192 -8.99714 -6.88985 -7.71834 -6.71996 -6.22762 -6.71692 -6.70707 -6.57030 0.63137 0.88216 1.13358 



ENSMUSP00000025217 -10.16953 -10.08735 -10.18123 -10.42154 -9.86781 -9.85517 -8.52911 -9.99806 -8.76209 0.63198 0.88189 1.13393 

ENSMUSP00000018905 -10.24855 -7.59732 -7.42286 -8.09862 -7.88919 -7.87655 -10.45519 -9.48692 -10.45172 0.63661 1.06768 0.93661 

ENSMUSP00000015725 -10.24094 -7.95759 -10.25264 -8.54324 -9.34906 -9.33642 -10.44759 -10.58089 -10.44412 0.64067 1.07816 0.92751 

ENSMUSP00000106709 -9.90371 -9.82153 -8.81383 -9.05414 -10.11340 -8.48777 -9.00878 -9.14208 -9.00531 0.64454 0.70717 1.41408 

ENSMUSP00000087974 -5.81644 -6.51605 -6.53846 -6.13866 -6.13339 -6.24091 -5.65795 -5.89010 -6.16534 0.64458 0.94551 1.05763 

ENSMUSP00000056604 -7.67871 -9.54625 -7.43895 -7.31139 -8.73654 -7.42355 -9.83507 -7.76720 -8.21861 0.64857 0.80218 1.24660 

ENSMUSP00000053900 -9.87547 -9.28188 -9.88717 -9.61607 -9.57375 -9.56111 -11.18369 -11.31699 -11.18022 0.65107 0.93427 1.07035 

ENSMUSP00000088581 -10.77516 -10.69298 -9.68528 -11.02717 -9.88327 -9.35922 -9.03209 -8.91393 -9.87676 0.65148 0.70717 1.41408 

ENSMUSP00000096435 -9.86629 -10.88569 -10.97956 -11.21987 -10.07598 -9.55193 -9.56152 -9.69482 -10.06947 0.65332 0.70717 1.41408 

ENSMUSP00000006435 -11.00942 -9.82567 -11.02112 -9.64844 -10.11754 -11.20648 -9.26636 -10.24780 -9.26288 0.65359 0.70717 1.41408 

ENSMUSP00000085251 -7.88792 -9.41873 -7.11068 -7.80320 -8.60903 -6.74932 -7.50639 -7.27181 -8.09110 0.65403 0.74683 1.33899 

ENSMUSP00000068568 -7.41881 -7.20600 -8.79411 -7.62535 -7.27879 -7.76616 -11.39099 -9.12236 -9.43780 0.65538 0.91791 1.08944 

ENSMUSP00000025955 -8.25054 -7.86413 -8.30771 -8.30186 -8.15599 -7.60024 -7.86936 -8.50532 -8.02624 0.65897 0.85920 1.16387 

ENSMUSP00000079232 -6.96544 -10.49850 -10.59238 -7.78394 -10.79037 -7.16250 -7.64759 -7.36097 -7.11597 0.66131 0.84232 1.18720 

ENSMUSP00000099788 -11.29533 -9.26344 -10.20546 -10.44577 -10.40345 -8.78020 -11.50198 -10.53371 -11.49851 0.66224 0.66717 1.49887 

ENSMUSP00000109671 -11.45522 -10.52490 -12.56850 -10.85909 -11.15350 -11.65228 -10.81373 -10.94703 -12.75997 0.66657 0.93427 1.07035 

ENSMUSP00000093965 -8.72063 -7.91921 -7.56574 -8.06680 -7.83156 -7.81892 -9.67476 -9.80805 -9.30341 0.66697 0.94194 1.06164 

ENSMUSP00000029722 -5.55645 -5.77561 -6.06287 -5.44449 -6.13569 -5.43578 -5.88394 -6.07386 -6.28138 0.66910 0.85453 1.17024 

ENSMUSP00000047356 -9.24375 -8.82485 -10.86845 -8.90758 -9.11672 -9.95223 -11.06339 -9.58370 -9.95835 0.67121 0.87169 1.14720 

ENSMUSP00000039726 -7.10615 -7.27543 -7.70604 -6.84714 -7.90403 -6.79219 -6.29084 -6.93508 -6.67311 0.67625 0.76446 1.30812 

ENSMUSP00000072775 -10.46865 -6.94819 -7.18024 -7.58092 -8.72863 -6.55047 -8.72559 -7.85996 -9.05884 0.67890 0.82621 1.21035 

ENSMUSP00000075987 -5.61916 -5.99273 -6.42723 -5.71422 -6.13192 -5.84271 -6.48683 -6.50093 -6.61871 0.68132 0.92185 1.08478 

ENSMUSP00000044050 -9.24451 -9.16233 -8.31764 -8.25940 -8.43223 -9.44156 -10.03934 -9.38369 -8.50911 0.69824 0.80377 1.24414 

ENSMUSP00000019198 -9.80840 -9.72622 -6.87145 -7.65847 -7.18070 -10.00545 -7.81387 -7.57930 -7.60964 0.70969 0.92269 1.08378 

ENSMUSP00000050446 -8.24559 -7.89507 -8.42440 -8.22925 -8.07568 -8.06305 -9.40829 -9.54159 -8.61588 0.70986 0.94994 1.05269 

ENSMUSP00000028225 -10.99875 -10.91657 -9.39746 -9.63777 -11.20844 -9.58281 -9.25568 -8.50130 -8.63288 0.71273 0.81043 1.23391 

ENSMUSP00000054856 -7.87509 -8.89448 -7.88679 -9.22867 -7.57336 -6.97255 -8.08174 -7.70362 -7.56685 0.71670 0.59413 1.68314 

ENSMUSP00000067681 -7.07660 -9.19559 -6.88754 -7.58006 -7.87447 -6.76263 -6.34468 -6.78032 -6.76875 0.71824 0.99108 1.00900 

sp|TRY1_BOVIN| -6.98679 -10.12775 -10.22163 -8.84895 -8.80663 -8.45727 -7.36783 -8.14795 -7.27337 0.72256 2.02467 0.49391 

ENSMUSP00000100074 -5.30338 -6.65087 -6.28203 -5.88627 -6.27932 -5.55843 -6.05918 -5.82848 -6.55048 0.72527 0.97056 1.03033 

ENSMUSP00000031931 -6.53064 -7.59732 -8.31053 -7.45181 -7.08666 -7.30586 -7.08361 -7.36536 -6.78384 0.72660 1.06489 0.93907 

ENSMUSP00000030164 -7.70165 -7.88419 -7.58272 -8.00129 -7.70223 -7.19394 -7.86283 -7.87095 -7.55512 0.73747 0.88010 1.13624 

ENSMUSP00000024797 -11.22082 -11.13864 -11.23252 -10.37125 -11.43051 -11.41787 -9.81447 -10.45919 -9.81100 0.74235 0.76329 1.31011 

ENSMUSP00000045111 -10.22556 -10.14338 -10.23726 -9.37599 -10.43525 -10.42261 -9.33063 -9.46393 -9.32716 0.74235 0.76329 1.31011 

ENSMUSP00000101139 -9.76635 -9.68417 -9.77805 -8.91678 -9.97604 -9.96340 -7.57106 -7.15765 -8.86795 0.74235 0.76329 1.31011 



ENSMUSP00000035105 -6.11742 -6.17437 -6.00702 -5.85340 -6.38046 -5.87914 -5.28794 -5.52814 -5.78918 0.74604 0.91709 1.09040 

ENSMUSP00000023677 -5.54453 -5.77440 -6.16069 -5.79654 -5.73381 -5.76242 -5.63454 -5.74965 -6.00494 0.74768 0.96784 1.03322 

ENSMUSP00000093959 -11.29267 -11.21049 -11.30437 -11.54468 -10.40079 -11.48973 -9.88633 -10.53104 -10.39427 0.75644 0.76329 1.31011 

ENSMUSP00000034000 -10.77292 -10.69074 -8.83490 -9.92335 -9.88103 -9.86840 -10.97956 -11.11286 -10.97609 0.75828 1.27442 0.78467 

ENSMUSP00000023238 -10.94924 -10.86706 -10.96094 -11.20125 -11.15893 -10.04472 -8.75396 -7.85090 -9.20270 0.76022 0.76329 1.31011 

ENSMUSP00000059801 -11.42018 -11.33801 -11.43189 -11.67219 -11.62988 -10.51567 -9.42566 -9.55896 -9.67364 0.76022 0.76329 1.31011 

ENSMUSP00000025802 -10.11933 -10.03716 -10.13104 -10.37135 -10.32903 -9.21482 -7.92405 -9.35771 -7.75346 0.76022 0.76329 1.31011 

ENSMUSP00000033483 -11.23504 -11.15286 -11.24674 -11.48705 -11.44473 -10.33052 -9.24052 -9.62527 -9.03629 0.76022 0.76329 1.31011 

ENSMUSP00000045654 -9.49288 -9.41070 -9.50458 -9.74489 -9.70257 -8.58836 -7.49836 -8.21984 -7.74634 0.76022 0.76329 1.31011 

ENSMUSP00000029777 -9.31403 -9.23185 -10.42730 -9.56604 -9.52372 -9.51108 -10.62225 -10.75555 -10.61878 0.76383 0.99080 1.00929 

ENSMUSP00000060940 -10.74564 -8.71375 -10.75734 -9.89608 -9.85376 -9.84112 -10.95229 -11.08559 -10.94882 0.77417 1.27442 0.78467 

ENSMUSP00000020640 -8.33221 -7.61381 -9.44351 -7.73664 -9.13008 -7.89305 -7.90264 -7.73359 -8.02437 0.77644 0.85936 1.16365 

ENSMUSP00000023513 -9.91962 -8.22445 -9.93132 -8.22192 -9.02774 -10.11668 -9.02470 -8.64658 -9.02122 0.77950 0.81043 1.23391 

ENSMUSP00000040853 -7.47828 -8.33467 -8.42855 -7.82128 -8.25866 -7.86643 -7.38638 -6.91055 -7.68145 0.78218 0.98580 1.01440 

ENSMUSP00000099480 -6.82564 -7.63114 -6.53499 -7.07765 -7.03533 -6.55997 -7.30063 -6.86324 -7.29716 0.78680 0.98187 1.01847 

ENSMUSP00000041907 -10.45334 -8.42145 -10.46504 -10.70535 -8.26110 -9.54882 -8.71027 -9.18030 -8.70680 0.79296 0.76420 1.30856 

ENSMUSP00000095081 -8.07947 -8.33401 -8.09117 -8.33148 -7.19012 -8.61325 -10.23583 -8.75614 -9.13079 0.79457 0.73354 1.36325 

ENSMUSP00000053145 -7.30785 -9.17539 -8.16769 -7.55986 -9.46726 -6.88557 -8.36264 -7.64780 -7.25957 0.80698 0.66717 1.49887 

ENSMUSP00000088736 -9.80739 -10.82679 -8.20847 -8.11223 -8.71673 -11.10602 -8.71368 -9.29920 -8.91097 0.81183 0.73354 1.36325 

ENSMUSP00000056082 -9.64176 -8.25923 -8.18599 -8.79417 -8.38398 -8.53846 -9.33699 -11.08328 -10.94651 0.81290 1.04261 0.95913 

ENSMUSP00000079628 -6.21521 -6.49410 -6.22691 -6.07186 -6.70258 -5.97690 -6.36301 -5.97407 -7.08181 0.81398 0.90735 1.10211 

ENSMUSP00000030903 -8.97422 -8.69128 -8.98592 -9.22623 -8.43643 -8.80340 -9.76904 -9.90234 -9.17739 0.81530 0.90130 1.10951 

ENSMUSP00000032192 -12.72139 -10.68949 -10.02089 -10.13600 -11.31809 -11.30545 -11.82646 -13.06133 -12.92456 0.81597 1.08552 0.92121 

sp|TRYP_PIG| -3.49710 -3.68456 -3.69546 -3.65230 -3.68170 -3.47585 -3.38819 -3.70846 -3.35910 0.81746 0.98043 1.01996 

ENSMUSP00000025178 -10.28033 -11.29972 -11.39360 -11.63391 -10.49002 -10.47738 -10.48698 -9.52068 -10.48350 0.82425 0.90961 1.09937 

ENSMUSP00000089348 -7.50838 -9.62737 -9.72125 -9.96156 -8.81767 -7.33756 -7.51427 -6.82636 -7.20053 0.82548 0.82427 1.21319 

ENSMUSP00000103086 -7.67473 -9.20554 -7.68643 -7.92674 -8.39584 -7.87178 -8.39279 -8.01467 -7.87790 0.82788 1.07816 0.92751 

ENSMUSP00000043540 -8.54024 -10.07106 -7.59589 -8.20407 -8.74994 -8.73730 -10.35988 -8.88019 -9.25484 0.82839 1.27442 0.78467 

ENSMUSP00000057595 -5.44112 -5.22657 -5.17054 -5.35666 -5.06302 -5.33296 -5.80039 -5.84459 -5.42424 0.83088 0.96980 1.03114 

ENSMUSP00000074448 -10.79947 -9.10430 -9.70959 -11.05148 -8.60723 -9.38353 -9.90454 -9.52642 -9.38965 0.83844 0.67422 1.48319 

ENSMUSP00000003620 -10.09312 -8.71058 -7.98325 -8.87765 -8.69219 -8.82270 -8.83229 -9.92165 -9.19669 0.84274 1.21223 0.82492 

ENSMUSP00000107927 -9.62631 -10.33307 -9.63801 -9.56805 -10.03676 -9.82336 -8.93477 -11.26661 -9.82948 0.84479 0.98301 1.01728 

ENSMUSP00000005431 -9.44310 -9.36092 -10.30294 -9.69511 -9.20058 -9.97688 -10.49789 -11.73277 -10.49442 0.84599 0.94177 1.06183 

ENSMUSP00000016771 -9.02502 -7.94059 -7.64173 -8.79412 -8.39723 -7.00199 -8.42449 -9.23574 -10.03073 0.85059 0.75259 1.32874 

ENSMUSP00000023806 -9.46649 -9.38431 -9.14146 -9.38177 -8.06603 -10.17496 -9.67313 -11.41942 -11.28265 0.85285 0.61876 1.61615 



ENSMUSP00000057664 -7.93101 -7.10136 -7.94271 -7.54680 -7.50448 -7.76019 -8.13766 -7.03385 -7.93343 0.85977 1.00319 0.99682 

ENSMUSP00000002551 -7.36177 -9.48077 -7.62493 -9.81496 -7.82292 -6.14476 -7.20055 -6.76315 -7.81641 0.86429 0.48121 2.07808 

ENSMUSP00000066038 -9.09648 -10.11587 -8.00858 -8.24889 -9.30617 -9.29353 -7.83565 -7.48925 -7.68903 0.86827 1.10435 0.90551 

ENSMUSP00000110434 -5.74562 -5.73448 -6.52769 -5.95293 -5.99020 -5.93131 -5.73715 -6.14441 -6.08315 0.87405 1.00941 0.99068 

ENSMUSP00000020820 -10.14487 -7.86152 -9.05500 -8.19571 -9.25299 -9.24035 -10.35152 -10.48482 -10.34804 0.87605 1.10435 0.90551 

ENSMUSP00000041104 -8.33799 -7.42532 -7.74880 -7.86774 -8.01350 -7.47627 -7.88122 -8.46658 -8.23882 0.87666 0.98116 1.01921 

ENSMUSP00000020637 -7.68204 -6.75249 -6.70153 -7.22580 -6.89952 -6.84292 -7.37781 -7.47539 -7.77079 0.87739 1.01850 0.98184 

ENSMUSP00000022821 -8.76005 -8.67787 -10.38474 -8.42388 -8.38156 -10.57010 -9.47812 -9.61141 -8.96323 0.87805 0.73745 1.35603 

ENSMUSP00000070149 -9.14318 -7.96140 -10.25645 -9.39519 -8.25327 -9.34023 -8.25023 -8.63498 -8.83494 0.87817 1.10435 0.90551 

ENSMUSP00000103257 -8.15599 -6.97422 -9.26927 -8.40800 -8.36568 -7.25345 -9.46421 -9.59751 -9.46074 0.87865 1.10435 0.90551 

ENSMUSP00000065987 -8.67457 -8.90266 -8.17533 -8.33867 -9.19453 -8.02416 -9.19148 -8.50358 -9.64023 0.88170 0.89028 1.12324 

ENSMUSP00000101665 -7.63554 -9.50307 -7.19502 -7.63609 -8.18195 -8.16932 -8.17891 -6.97655 -6.95104 0.88202 1.27442 0.78467 

ENSMUSP00000047254 -9.95958 -10.97898 -9.97129 -9.70018 -9.65786 -11.25821 -8.55561 -8.26137 -8.55214 0.88327 0.81043 1.23391 

ENSMUSP00000091608 -8.32461 -7.73102 -7.48817 -7.72848 -8.02289 -7.67353 -8.01985 -8.15314 -8.52779 0.89082 1.00593 0.99410 

ENSMUSP00000069962 -9.57984 -8.19730 -9.08012 -8.09603 -9.27811 -9.26548 -9.27507 -9.91978 -10.88459 0.90369 0.89663 1.11529 

ENSMUSP00000107659 -10.64386 -7.84949 -8.08651 -8.69470 -8.90383 -8.63974 -10.85051 -10.98381 -10.84704 0.90524 1.47844 0.67639 

ENSMUSP00000028619 -7.08364 -7.00146 -6.91839 -6.79928 -7.11638 -7.05109 -7.58883 -7.09633 -7.88771 0.91504 0.97801 1.02248 

ENSMUSP00000103012 -8.81984 -10.58474 -9.83048 -8.30260 -8.53990 -11.96555 -8.92639 -9.39624 -8.11717 0.91740 0.50614 1.97575 

ENSMUSP00000026818 -7.43143 -7.34925 -7.44313 -8.05131 -7.16141 -6.89742 -8.59413 -8.13925 -9.10208 0.91908 0.87188 1.14695 

ENSMUSP00000020358 -6.94450 -10.00207 -6.87281 -10.33625 -6.43944 -6.51576 -7.24214 -6.92338 -6.98731 0.92014 0.68614 1.45743 

ENSMUSP00000032539 -5.77073 -5.52150 -5.53199 -5.44910 -5.58688 -5.75497 -6.09467 -5.92375 -5.68721 0.93092 0.98299 1.01730 

ENSMUSP00000092502 -10.41560 -5.88638 -5.80779 -5.29255 -5.57746 -10.61266 -5.72749 -5.86079 -6.17174 0.93205 0.64234 1.55681 

ENSMUSP00000026924 -9.03795 -8.95577 -8.67005 -8.91036 -8.86804 -8.85541 -7.21413 -7.93525 -6.90049 0.93366 1.00606 0.99398 

ENSMUSP00000006181 -8.86474 -7.55816 -7.92039 -8.01755 -8.48625 -7.72614 -8.28245 -8.61651 -9.06792 0.93684 1.03725 0.96409 

ENSMUSP00000102062 -9.70303 -9.62086 -7.76502 -7.00640 -9.91273 -9.90009 -7.34064 -6.67140 -6.05172 0.94172 0.54572 1.83244 

ENSMUSP00000001592 -11.37824 -8.72701 -10.28836 -10.52867 -10.48635 -9.17336 -9.38371 -9.76847 -9.63170 0.94234 1.27442 0.78467 

ENSMUSP00000072483 -8.10244 -8.16341 -9.72476 -8.49760 -8.31213 -9.06197 -8.45224 -8.31719 -7.96906 0.94851 1.12872 0.88596 

ENSMUSP00000071939 -8.04580 -8.23197 -9.28191 -8.42301 -8.38070 -8.67832 -9.98827 -9.61015 -9.13666 0.95100 1.08786 0.91924 

ENSMUSP00000025197 -8.75512 -7.87041 -7.89759 -8.01652 -8.39412 -8.08294 -10.42924 -9.46295 -9.12541 0.97641 1.04528 0.95668 

ENSMUSP00000004673 -8.73415 -7.88949 -7.85817 -8.22368 -8.49162 -7.74118 -8.32147 -8.31162 -7.93840 0.98247 1.01426 0.98594 

ENSMUSP00000040140 -7.66059 -7.51171 -8.47482 -7.91260 -8.29322 -7.41822 -8.66977 -8.65992 -8.66630 0.98528 1.00031 0.99969 

ENSMUSP00000027602 -7.79685 -7.26992 -7.80855 -7.77118 -8.00654 -7.10180 -7.04788 -7.69205 -7.50526 0.99675 0.95310 1.04921 

ENSMUSP00000017572 -7.69406 -7.91423 -8.27646 -8.24842 -8.33130 -7.31296 -7.66887 -8.12500 -8.46793 0.99462 0.92520 1.08085 

ENSMUSP00000032114 -9.09286 -8.84357 -8.93745 -9.54563 -8.86709 -8.46871 -11.70144 -9.88503 -10.59640 0.99414 0.92449 1.08168 

ENSMUSP00000018437 -7.27461 -9.59437 -7.28631 -7.35951 -7.04884 -9.87360 -8.27020 -7.30430 -7.47779 0.97320 0.94540 1.05776 



ENSMUSP00000024596 -9.14450 -9.39905 -9.15620 -8.94430 -9.10274 -9.67828 -11.30087 -11.43417 -9.09622 0.97315 0.96840 1.03263 

ENSMUSP00000108237 -10.29004 -8.36079 -11.40331 -10.54205 -9.98831 -9.63895 -10.49668 -11.73156 -11.59479 0.96895 1.95471 0.51158 

ENSMUSP00000040840 -8.41055 -8.01811 -8.87447 -8.66256 -8.62024 -8.06089 -11.01913 -8.95126 -11.01566 0.96775 1.02567 0.97497 

ENSMUSP00000008812 -5.06522 -9.76657 -4.44886 -10.10076 -4.56922 -5.03745 -4.60856 -4.50410 -4.66761 0.95631 1.11796 0.89448 

ENSMUSP00000015256 -6.43605 -6.12915 -6.78109 -6.37894 -6.66161 -6.34738 -6.70776 -7.06632 -6.95082 0.95119 1.02881 0.97200 

ENSMUSP00000051222 -6.51027 -8.99714 -6.68909 -7.13016 -8.18743 -7.07520 -7.33625 -7.21809 -7.08132 0.94422 1.51732 0.65906 

ENSMUSP00000031524 -7.40804 -7.25916 -7.74257 -7.41639 -8.15192 -6.92926 -7.61469 -7.45168 -7.68268 0.94276 0.92994 1.07534 

ENSMUSP00000019726 -10.82958 -8.17835 -10.84128 -9.13187 -11.03927 -9.92506 -9.08651 -8.33213 -8.83158 0.94095 1.73841 0.57524 

ENSMUSP00000103145 -9.97091 -8.27575 -8.36962 -8.60993 -9.07903 -9.06640 -10.17756 -8.36115 -10.17409 0.93922 1.27442 0.78467 

ENSMUSP00000074994 -6.99736 -9.62737 -7.31932 -7.01292 -9.91924 -7.33756 -7.07881 -6.67792 -6.19482 0.93431 1.04261 0.95913 

ENSMUSP00000072236 -6.98094 -6.89876 -6.89578 -6.84455 -6.89870 -7.05083 -7.60160 -7.35537 -7.54811 0.93148 1.00092 0.99908 

ENSMUSP00000088837 -10.92025 -10.32666 -12.03353 -11.17226 -11.12995 -11.11731 -12.22848 -12.36178 -12.22500 0.93066 1.27442 0.78467 

ENSMUSP00000020209 -8.23009 -8.65933 -8.75321 -7.38290 -8.43978 -10.04014 -8.10001 -7.47083 -7.64433 0.93036 0.66717 1.49887 

ENSMUSP00000018561 -9.90827 -8.55267 -8.56957 -9.90882 -8.69609 -8.61676 -8.69305 -9.14918 -8.92142 0.92228 1.08969 0.91770 

ENSMUSP00000025598 -8.87969 -10.41050 -9.40281 -9.13170 -10.70237 -9.07675 -6.80316 -6.71739 -6.84136 0.92205 1.04243 0.95930 

ENSMUSP00000105796 -7.22751 -9.71438 -7.40633 -8.43558 -7.80508 -8.38063 -8.39022 -7.18786 -7.43069 0.91754 1.67715 0.59625 

ENSMUSP00000087632 -5.59285 -10.29420 -10.38808 -10.62839 -5.81950 -10.57344 -6.46779 -6.17934 -6.40080 0.91717 1.29584 0.77170 

ENSMUSP00000101495 -9.64637 -9.56419 -9.65807 -8.79878 -10.95764 -9.33201 -10.95459 -11.08789 -9.84955 0.91568 0.76420 1.30856 

ENSMUSP00000090564 -7.53464 -6.88598 -7.37196 -7.39712 -7.74433 -6.76876 -9.17705 -7.48506 -8.58540 0.91515 0.98853 1.01160 

ENSMUSP00000109215 -8.53402 -8.20039 -8.54572 -8.78603 -8.29150 -8.27886 -8.12134 -8.62251 -8.48574 0.90581 1.01063 0.98949 

ENSMUSP00000097561 -13.29525 -14.06121 -12.54447 -12.92793 -14.35308 -12.87297 -13.83862 -12.53616 -15.44814 0.90346 1.09856 0.91028 

ENSMUSP00000031314 -9.00230 -7.89816 -9.60219 -9.25431 -8.46452 -8.99860 -8.84108 -8.83123 -8.45801 0.90282 1.27442 0.78467 

ENSMUSP00000111272 -5.51098 -5.36771 -5.04385 -5.40867 -5.25164 -5.32110 -5.48041 -5.35277 -5.54106 0.89918 1.04230 0.95942 

ENSMUSP00000031472 -6.93102 -7.15119 -6.85932 -6.95119 -6.90887 -7.12807 -7.13767 -7.27097 -7.22519 0.89504 1.02264 0.97786 

ENSMUSP00000090897 -4.68152 -7.65798 -8.08859 -6.71875 -7.94985 -6.27170 -6.75678 -6.09365 -6.03856 0.89221 2.97397 0.33625 

ENSMUSP00000083928 -9.28514 -9.82230 -8.42761 -9.90503 -8.76377 -9.10260 -10.95926 -11.09256 -9.85619 0.88874 1.18171 0.84623 

ENSMUSP00000088729 -11.27111 -7.81735 -11.28281 -11.52312 -8.10922 -11.46816 -7.97694 -8.23947 -8.25114 0.88756 1.27442 0.78467 

ENSMUSP00000005477 -9.40173 -8.09515 -7.97767 -6.89290 -11.22441 -7.98864 -10.11979 -9.15349 -9.01672 0.88601 0.52181 1.91641 

ENSMUSP00000030078 -8.56593 -7.93704 -10.97956 -9.60688 -9.56456 -8.76299 -7.95137 -8.73876 -8.33365 0.88377 1.88167 0.53144 

ENSMUSP00000026144 -10.22167 -10.13950 -8.62038 -10.47368 -8.48165 -10.41873 -5.78920 -6.79608 -6.48867 0.88332 0.99080 1.00929 

ENSMUSP00000075825 -11.11673 -9.08483 -11.12843 -9.16757 -11.32642 -11.31378 -9.71039 -9.25550 -9.11873 0.87976 1.04243 0.95930 

ENSMUSP00000019937 -9.50053 -7.99648 -8.02366 -8.99006 -7.89440 -8.93511 -10.55532 -11.79019 -10.55185 0.87847 1.16965 0.85495 

ENSMUSP00000105420 -9.76891 -8.89779 -9.78061 -10.53234 -9.18966 -9.00991 -11.58855 -11.72185 -9.63536 0.87421 0.99108 1.00900 

ENSMUSP00000022380 -7.81300 -8.27753 -8.37141 -8.30146 -8.13394 -8.12131 -8.01965 -8.26420 -7.74168 0.87073 1.06630 0.93783 

ENSMUSP00000032992 -9.43272 -8.41197 -8.80820 -9.04851 -9.89387 -8.06541 -9.27149 -8.92509 -9.12488 0.85478 0.93197 1.07299 



ENSMUSP00000026270 -7.95524 -7.28520 -7.47218 -7.53422 -7.34066 -8.00385 -11.38503 -8.56968 -8.08145 0.85308 1.04783 0.95435 

ENSMUSP00000002091 -7.46642 -6.99849 -6.87723 -6.74482 -6.79560 -8.09893 -7.67307 -7.80636 -8.10505 0.84599 0.95906 1.04269 

ENSMUSP00000044827 -10.89683 -10.30324 -9.60817 -11.14884 -11.10652 -9.05572 -11.10348 -10.13718 -12.20158 0.84131 0.83476 1.19794 

ENSMUSP00000091035 -6.00909 -6.07003 -6.16391 -6.09745 -5.68160 -6.64557 -5.51149 -5.86520 -5.64944 0.84095 0.98585 1.01435 

ENSMUSP00000038135 -9.27095 -8.95232 -8.62327 -9.18641 -9.99167 -8.06496 -9.47760 -9.61090 -9.61728 0.83349 0.88223 1.13349 

ENSMUSP00000081142 -8.87672 -9.30596 -8.88842 -8.17267 -10.69940 -8.73705 -9.59478 -9.21667 -9.59131 0.82913 0.78862 1.26804 

ENSMUSP00000022062 -6.85993 -6.48084 -7.03199 -6.79685 -7.57229 -6.28662 -7.09159 -7.74422 -7.45025 0.82837 0.98529 1.01493 

ENSMUSP00000034234 -8.92039 -7.88216 -9.44351 -8.38346 -9.13008 -9.11745 -7.90264 -8.67216 -8.78684 0.81758 1.27442 0.78467 

ENSMUSP00000029645 -9.73854 -7.70919 -7.71207 -8.14348 -9.10009 -8.46812 -8.84559 -8.04032 -7.90355 0.81395 1.53593 0.65107 

ENSMUSP00000018449 -11.48454 -11.40237 -11.49625 -11.22514 -12.79581 -10.83346 -12.79277 -12.92607 -11.68772 0.80650 0.88189 1.13393 

ENSMUSP00000016072 -9.63774 -8.28961 -9.21398 -9.06855 -9.20062 -9.18798 -9.84439 -9.00804 -10.29313 0.80553 1.27442 0.78467 

ENSMUSP00000075150 -7.67473 -9.20554 -7.34970 -8.43815 -8.39584 -7.87178 -8.39279 -8.01467 -7.54118 0.80473 1.50641 0.66383 

ENSMUSP00000108058 -9.28805 -8.69446 -9.29975 -9.54006 -8.98633 -8.97369 -8.19434 -7.78093 -8.64308 0.80377 1.07816 0.92751 

ENSMUSP00000021630 -6.34762 -7.66653 -7.09699 -7.53800 -7.23613 -6.70125 -7.07485 -6.63121 -6.52222 0.80217 1.25335 0.79786 

ENSMUSP00000109228 -7.29479 -6.61172 -6.52865 -6.94591 -6.67399 -7.02913 -7.76978 -7.24899 -7.28661 0.80148 1.11674 0.89546 

ENSMUSP00000025511 -5.55728 -5.74799 -5.30775 -5.64453 -5.35652 -5.75434 -5.99835 -5.42907 -5.64766 0.79870 1.05771 0.94544 

ENSMUSP00000067767 -7.24510 -7.25602 -8.35561 -6.39843 -11.26580 -6.53923 -9.31304 -7.67815 -7.88770 0.79801 0.52108 1.91910 

ENSMUSP00000101006 -7.27403 -9.76090 -7.28573 -8.14538 -8.43978 -8.42715 -7.21234 -7.78110 -7.64433 0.79557 2.02467 0.49391 

ENSMUSP00000104884 -9.26967 -10.03563 -11.23108 -10.36982 -10.32750 -10.31486 -11.42603 -11.55933 -11.42256 0.79495 1.55804 0.64183 

ENSMUSP00000104163 -10.30022 -9.11647 -8.36220 -9.45065 -9.40834 -9.39570 -10.50687 -10.64017 -10.50339 0.79259 1.55804 0.64183 

ENSMUSP00000099950 -10.49465 -9.56433 -9.65821 -11.84824 -9.23687 -9.39135 -10.18988 -10.32318 -11.79940 0.79162 0.86639 1.15422 

ENSMUSP00000089769 -7.89638 -7.61344 -6.67096 -7.78051 -7.16750 -7.58241 -8.10302 -7.29775 -8.68773 0.79136 1.27442 0.78467 

ENSMUSP00000000804 -7.76620 -7.74655 -7.56081 -8.08074 -7.62221 -7.52789 -7.97285 -8.04730 -8.09860 0.78857 1.03729 0.96405 

ENSMUSP00000048469 -6.28986 -6.33831 -6.18604 -6.32280 -6.38403 -6.17402 -6.58167 -6.15214 -6.57820 0.78692 1.02370 0.97685 

ENSMUSP00000105177 -11.30328 -11.22110 -9.11381 -10.45372 -10.41140 -11.50034 -10.40836 -10.54165 -9.55674 0.77702 2.00405 0.49899 

ENSMUSP00000053270 -8.83877 -10.70631 -9.69862 -9.93893 -10.99818 -9.03583 -7.49433 -7.46055 -7.69155 0.77168 1.27442 0.78467 

ENSMUSP00000011526 -8.61728 -10.48482 -9.47713 -8.86929 -9.67512 -10.76406 -9.67207 -8.33790 -8.56900 0.76798 1.27442 0.78467 

ENSMUSP00000078996 -6.86029 -9.82686 -6.54916 -6.93791 -7.54968 -10.10610 -6.67740 -6.63375 -7.06346 0.76685 1.66668 0.59999 

ENSMUSP00000038744 -8.29071 -9.82153 -9.91541 -8.54273 -10.11340 -10.10076 -8.49736 -7.67461 -9.00531 0.75937 1.27442 0.78467 

ENSMUSP00000020562 -8.19823 -7.28556 -8.47828 -8.06450 -8.84339 -7.56479 -7.19486 -7.26033 -7.26415 0.75885 1.17245 0.85292 

ENSMUSP00000062670 -8.08496 -7.85964 -7.82832 -8.19383 -8.15151 -7.62793 -9.75909 -9.38097 -10.85719 0.75421 1.04265 0.95909 

ENSMUSP00000043543 -7.45066 -6.98888 -8.92983 -8.07054 -8.61641 -7.37937 -8.61336 -7.64746 -8.27316 0.75195 1.43893 0.69496 

ENSMUSP00000058368 -7.29312 -6.78340 -6.64543 -6.95721 -7.07527 -6.90226 -7.07222 -6.97368 -7.15974 0.74497 1.10888 0.90181 

ENSMUSP00000004172 -8.93734 -8.26698 -8.36086 -8.23330 -8.55885 -9.13440 -10.75698 -10.89028 -10.75351 0.73856 1.08552 0.92121 

ENSMUSP00000054391 -10.85881 -9.67505 -9.25752 -10.00924 -11.06850 -9.44287 -9.96388 -9.58576 -9.44899 0.73733 1.27442 0.78467 



ENSMUSP00000041152 -9.09248 -7.91071 -7.63671 -8.49635 -8.45403 -8.18994 -9.29913 -7.96496 -8.44752 0.73349 1.38530 0.72186 

ENSMUSP00000021595 -7.92243 -8.21985 -8.17058 -7.62227 -8.24338 -8.86696 -7.40984 -7.71021 -7.51459 0.72517 1.01516 0.98507 

ENSMUSP00000027193 -7.82178 -9.35259 -7.24530 -7.73707 -9.64446 -8.01884 -8.53985 -7.57355 -8.02496 0.72478 1.47069 0.67995 

ENSMUSP00000110314 -11.19909 -8.54787 -8.49860 -10.34953 -9.79579 -9.19498 -11.40574 -9.92605 -9.78928 0.72108 2.17472 0.45983 

ENSMUSP00000100992 -6.71732 -6.90963 -5.63029 -6.57723 -6.33914 -6.83740 -7.00736 -6.23299 -6.28914 0.71584 1.39135 0.71872 

ENSMUSP00000053540 -10.16566 -10.08348 -4.86964 -10.41767 -10.37535 -6.92443 -4.34443 -4.36345 -4.43748 0.70108 7.84226 0.12751 

ENSMUSP00000035222 -6.12350 -6.45333 -7.91434 -6.91270 -7.45824 -6.85774 -7.96614 -8.86192 -9.57329 0.69479 1.56258 0.63997 

ENSMUSP00000028852 -9.74897 -9.66679 -9.24925 -9.15284 -9.95866 -9.94602 -11.05719 -11.19049 -11.05372 0.69300 1.07816 0.92751 

ENSMUSP00000021471 -8.47227 -7.77076 -8.03176 -8.27207 -8.06263 -8.21711 -10.62864 -10.76194 -10.62517 0.68847 1.12872 0.88596 

ENSMUSP00000046480 -6.57342 -6.76574 -6.43668 -6.82543 -6.44659 -6.69350 -7.80204 -7.56746 -7.79857 0.68810 1.06931 0.93518 

ENSMUSP00000035033 -8.10326 -8.29875 -9.66605 -8.80733 -9.41183 -8.57799 -8.67098 -8.72088 -8.58411 0.68192 1.45333 0.68808 

ENSMUSP00000070267 -9.98086 -7.69752 -7.04392 -8.28316 -7.78862 -10.17792 -8.57452 -8.70782 -9.08247 0.68088 1.94564 0.51397 

sp|CASB_BOVIN| -10.19805 -10.11587 -7.49756 -10.45006 -10.40774 -8.44539 -5.62117 -6.16417 -6.02740 0.67635 2.40891 0.41512 

ENSMUSP00000021930 -6.57288 -7.09377 -7.41949 -6.94505 -7.61748 -6.97905 -7.61444 -8.48554 -8.03851 0.66899 1.18419 0.84446 

ENSMUSP00000030191 -10.63578 -11.65518 -11.74906 -11.98937 -11.94705 -10.83284 -9.99429 -10.46431 -10.32754 0.66453 1.27442 0.78467 

ENSMUSP00000073975 -10.92064 -8.63729 -10.93234 -11.17265 -9.51734 -11.11770 -8.92612 -8.85866 -8.92264 0.66353 2.00405 0.49899 

ENSMUSP00000032597 -6.89145 -5.83566 -6.51741 -6.84111 -6.79879 -6.16036 -7.73432 -6.76868 -7.36297 0.65099 1.24578 0.80271 

ENSMUSP00000009790 -8.43950 -8.02060 -7.35200 -8.10333 -7.69314 -8.63656 -8.64615 -7.82339 -7.85374 0.64660 1.27442 0.78467 

ENSMUSP00000101027 -10.74333 -7.82377 -8.18599 -9.89377 -8.55110 -9.83882 -9.84841 -11.08328 -10.94651 0.64262 2.32476 0.43015 

ENSMUSP00000025567 -8.09670 -7.90327 -8.54386 -8.98493 -7.84367 -8.29375 -8.73881 -10.17246 -11.13727 0.64046 1.13011 0.88487 

ENSMUSP00000033121 -10.25479 -10.68403 -10.77791 -12.11979 -10.46449 -10.11512 -12.07443 -12.20773 -12.07096 0.63518 1.07816 0.92751 

ENSMUSP00000000727 -7.93949 -7.22109 -8.53937 -7.99074 -7.94842 -8.38800 -10.34731 -10.48061 -10.34383 0.63371 1.36235 0.73402 

ENSMUSP00000030432 -7.20730 -8.47551 -9.41754 -8.55825 -9.61553 -8.13542 -7.57432 -7.40907 -7.66183 0.63143 1.88647 0.53009 

ENSMUSP00000095695 -8.40367 -8.90967 -9.51497 -8.65568 -8.61336 -10.80190 -8.24244 -8.23260 -8.23897 0.62809 1.14018 0.87706 

ENSMUSP00000065271 -6.87267 -5.93394 -6.11359 -5.46480 -5.59626 -10.50801 -6.75206 -6.38384 -6.33537 0.62784 0.72398 1.38125 

ENSMUSP00000099938 -7.86030 -8.28915 -10.58420 -9.72293 -10.78219 -8.05736 -7.94175 -8.07505 -7.40409 0.62680 1.67715 0.59625 

ENSMUSP00000004140 -6.22159 -6.34010 -6.30880 -5.62107 -5.40812 -10.43033 -10.43993 -10.57323 -5.87819 0.62658 0.67996 1.47067 

ENSMUSP00000065542 -8.45868 -7.58789 -11.18258 -9.47317 -8.54318 -11.36794 -8.80848 -8.67344 -8.97212 0.62650 2.49851 0.40024 

ENSMUSP00000019896 -7.62822 -7.98150 -7.10573 -7.49448 -7.96311 -7.71402 -9.05927 -9.19257 -9.56721 0.62564 1.23121 0.81221 

ENSMUSP00000069209 -6.39642 -6.76111 -7.89891 -7.21486 -7.17254 -7.41124 -6.01928 -6.28110 -5.75227 0.61805 1.50747 0.66336 

ENSMUSP00000106471 -8.18805 -7.37481 -7.82015 -7.96036 -8.12940 -7.73101 -9.35075 -8.52800 -9.34728 0.60716 1.19349 0.83788 

ENSMUSP00000062005:rever
sed 

-9.18415 -8.59056 -8.09626 -8.33656 -8.88243 -9.38121 -9.39080 -9.01268 -8.28773 0.60672 1.27442 0.78467 

ENSMUSP00000108056 -9.71949 -8.16984 -7.88412 -8.12443 -11.03076 -8.44907 -11.02771 -9.54802 -9.07453 0.60283 1.35169 0.73982 

ENSMUSP00000091840 -8.52685 -9.54625 -7.43895 -8.77886 -9.83812 -8.21249 -7.43314 -7.56644 -7.63043 0.60023 1.84167 0.54299 

ENSMUSP00000092888 -8.37537 -10.24291 -8.38707 -8.96411 -8.92179 -10.52214 -9.43016 -9.56346 -9.42669 0.59639 1.73841 0.57524 



sp|CAS1_BOVIN| -10.17385 -10.09168 -6.00680 -10.42587 -10.38355 -8.16974 -5.09288 -5.60412 -5.32920 0.59500 7.77023 0.12870 

ENSMUSP00000034607 -9.92016 -8.98984 -9.08372 -9.66076 -9.28171 -9.60580 -7.66872 -8.06157 -7.78663 0.59276 1.27442 0.78467 

ENSMUSP00000043660 -7.49379 -7.92264 -8.01652 -9.35642 -7.70348 -7.45440 -9.31106 -8.14400 -8.79617 0.59111 1.13660 0.87982 

ENSMUSP00000071636 -10.18603 -7.53480 -8.24801 -9.33646 -9.29414 -8.77009 -7.99074 -7.57733 -7.82015 0.58859 2.43439 0.41078 

ENSMUSP00000108956 -11.68291 -9.39956 -8.74597 -8.56334 -11.89260 -11.87996 -8.84081 -8.79972 -8.93744 0.58803 1.19216 0.83881 

ENSMUSP00000004729 -9.19142 -8.26110 -9.20313 -8.59529 -9.40112 -9.38848 -9.39807 -8.23101 -7.92713 0.58551 1.27442 0.78467 

ENSMUSP00000079180 -6.09177 -6.28726 -6.10347 -6.47301 -6.24261 -6.02410 -6.23957 -5.95788 -6.74700 0.58422 1.08383 0.92265 

ENSMUSP00000026425 -7.45242 -6.62294 -6.95323 -7.33665 -8.01358 -6.55075 -8.01053 -7.86934 -9.85413 0.58229 1.18273 0.84550 

ENSMUSP00000023433 -9.57432 -9.49214 -10.09744 -9.82633 -11.39700 -9.18319 -10.29238 -9.91427 -11.39049 0.57763 1.10435 0.90551 

ENSMUSP00000005066 -9.13265 -9.56189 -10.75734 -10.99765 -9.00562 -10.94270 -8.24010 -8.88442 -8.99910 0.57448 1.27442 0.78467 

ENSMUSP00000030028 -9.20807 -9.63731 -9.73119 -11.07308 -8.82959 -9.91655 -9.41472 -11.16101 -11.02424 0.56849 1.07816 0.92751 

ENSMUSP00000083375 -7.49209 -6.55115 -7.35535 -7.66713 -7.36526 -7.01612 -7.30664 -8.10653 -7.96976 0.56799 1.29739 0.77078 

ENSMUSP00000060584 -6.57731 -6.29884 -5.60965 -6.32816 -6.24297 -6.46580 -7.76890 -7.96890 -7.64405 0.56699 1.31334 0.76142 

ENSMUSP00000027111 -7.58792 -7.29663 -8.06504 -7.66928 -7.89526 -7.83260 -7.74910 -8.32182 -8.98758 0.55824 1.19659 0.83571 

ENSMUSP00000024946 -7.87810 -8.16380 -10.45885 -8.74944 -10.65684 -9.03121 -9.04081 -8.58592 -9.03733 0.55754 2.25575 0.44331 

ENSMUSP00000078369 -9.46649 -10.99730 -11.09118 -11.33149 -10.18760 -11.27653 -8.44873 -8.70723 -8.33401 0.55632 1.78555 0.56005 

ENSMUSP00000036265 -11.89808 -11.81590 -10.29679 -12.15009 -12.10777 -10.99356 -11.00315 -10.28831 -10.48826 0.55558 1.78555 0.56005 

ENSMUSP00000040550 -8.20682 -7.29414 -8.00716 -7.73656 -8.68485 -7.86968 -7.87928 -8.24442 -7.19997 0.55505 1.27442 0.78467 

ENSMUSP00000087110 -11.26427 -11.18209 -9.66298 -11.51628 -10.37239 -11.46133 -9.85793 -9.03517 -8.89840 0.55345 1.78555 0.56005 

ENSMUSP00000032927 -8.85566 -10.38648 -10.48036 -9.61909 -10.67835 -10.66571 -8.72559 -8.60743 -8.47066 0.54912 1.78555 0.56005 

ENSMUSP00000047661 -6.66352 -9.41873 -7.11068 -9.75292 -8.09761 -7.49680 -6.75891 -7.27181 -6.48095 0.54531 2.46493 0.40569 

ENSMUSP00000080614 -8.25712 -8.96388 -9.05776 -8.70989 -9.25575 -8.90639 -10.86570 -9.89742 -10.86223 0.54437 1.27442 0.78467 

ENSMUSP00000046016 -6.51428 -7.53131 -6.01504 -9.47848 -6.72397 -6.12342 -9.43312 -6.19484 -9.42965 0.53892 1.33371 0.74979 

ENSMUSP00000037930 -8.99335 -8.61263 -8.77321 -9.33635 -9.50539 -8.31845 -11.23816 -9.33329 -11.23469 0.53777 1.13737 0.87922 

ENSMUSP00000089808 -7.19542 -7.34508 -7.86651 -7.31820 -8.06450 -7.62432 -8.57248 -8.06956 -9.15719 0.53776 1.20261 0.83153 

ENSMUSP00000034131 -11.49370 -10.30995 -9.89242 -11.74572 -10.60182 -10.58919 -10.59878 -10.22066 -9.29495 0.53752 1.63923 0.61004 

ENSMUSP00000070751 -8.15328 -10.64015 -7.59429 -9.36135 -8.53009 -10.91939 -8.72781 -9.96070 -9.82393 0.52764 2.77491 0.36037 

ENSMUSP00000044004 -10.05881 -9.03447 -9.39925 -10.50192 -10.03666 -9.04742 -9.96692 -10.58985 -12.30015 0.52441 1.29481 0.77231 

ENSMUSP00000070993 -7.30060 -7.69813 -8.15988 -7.65272 -8.35787 -7.83421 -7.41626 -7.38919 -7.84033 0.52169 1.27442 0.78467 

ENSMUSP00000022842 -8.49379 -7.84092 -7.77443 -8.17511 -8.04939 -8.42250 -7.60160 -7.78755 -7.25432 0.51974 1.23520 0.80959 

ENSMUSP00000023210 -6.87118 -6.56072 -7.41103 -6.93658 -7.31047 -7.17646 -8.03352 -8.47708 -8.34031 0.51523 1.25186 0.79881 

ENSMUSP00000005508 -9.26618 -7.95960 -8.94116 -8.72925 -8.37667 -11.07623 -11.08582 -9.26940 -9.46936 0.51172 1.36887 0.73053 

ENSMUSP00000053842 -8.98437 -8.65074 -9.84422 -10.08453 -9.53079 -8.92997 -8.93957 -8.87210 -8.93609 0.50637 1.42447 0.70202 

ENSMUSP00000055313 -9.74689 -8.81657 -8.65899 -9.48748 -9.44517 -9.09580 -11.05511 -11.18841 -11.05164 0.49854 1.42447 0.70202 

ENSMUSP00000025294 -10.05413 -9.97195 -8.76547 -10.30614 -8.96346 -11.35276 -7.64445 -7.88041 -7.01069 0.49174 1.44449 0.69228 



ENSMUSP00000064699 -7.42992 -7.61608 -7.87708 -7.68193 -7.42825 -8.85137 -8.86097 -10.60726 -9.36891 0.49098 1.21513 0.82296 

ENSMUSP00000104831 -7.79432 -7.46956 -8.69345 -8.21697 -8.56860 -8.07306 -9.09975 -9.50140 -9.53174 0.48877 1.46721 0.68157 

ENSMUSP00000010007 -6.42296 -6.73723 -7.60896 -7.01877 -7.59559 -7.07204 -7.92910 -7.82595 -7.92563 0.48688 1.46226 0.68387 

ENSMUSP00000066181 -9.45390 -7.65355 -8.70312 -8.94343 -9.21138 -8.88848 -9.99727 -9.34163 -9.99380 0.48264 1.89629 0.52735 

ENSMUSP00000026495 -4.86772 -4.88886 -5.35806 -5.19180 -5.46766 -4.96003 -5.20063 -5.57995 -5.67602 0.48157 1.18236 0.84576 

ENSMUSP00000021806 -7.89107 -10.21082 -10.30470 -10.54501 -9.40112 -10.49005 -8.54993 -8.68323 -8.88318 0.48155 3.31893 0.30130 

ENSMUSP00000099664 -8.01660 -7.56655 -7.28083 -8.06785 -7.28773 -8.46511 -7.28468 -7.60908 -8.01902 0.47686 1.27442 0.78467 

ENSMUSP00000046079 -6.94595 -6.41816 -6.68320 -7.09787 -6.50731 -7.01166 -7.08477 -7.18581 -7.34205 0.47152 1.18838 0.84148 

ENSMUSP00000097738 -8.87929 -8.28570 -7.79139 -10.23288 -9.08898 -7.60887 -7.61847 -6.88253 -7.78211 0.46824 1.27442 0.78467 

ENSMUSP00000052086 -5.99892 -5.86410 -10.72455 -10.96486 -10.92254 -6.21416 -5.82134 -6.03111 -6.03643 0.45891 2.62937 0.38032 

ENSMUSP00000026420 -6.10185 -5.89829 -5.88395 -6.35386 -6.03192 -5.88269 -6.44667 -6.50850 -6.52017 0.45710 1.12447 0.88931 

ENSMUSP00000101300 -8.35792 -8.78716 -9.98262 -10.22293 -8.56762 -10.16797 -8.56457 -8.10969 -9.07252 0.44943 1.63923 0.61004 

ENSMUSP00000101023 -8.79423 -9.16427 -8.63881 -9.04624 -8.83680 -9.19204 -11.40281 -9.92312 -11.39934 0.44207 1.19715 0.83532 

ENSMUSP00000080354 -6.33570 -5.72898 -6.10377 -6.63478 -6.09130 -6.09337 -6.86514 -6.72272 -7.07299 0.43917 1.23852 0.80742 

ENSMUSP00000026843 -5.28669 -5.07803 -5.63757 -5.69398 -5.35418 -5.45277 -5.44081 -5.94089 -5.59898 0.43535 1.19341 0.83793 

ENSMUSP00000033176 -5.86940 -5.74667 -6.32525 -6.05472 -6.56721 -5.98694 -7.16102 -7.07525 -7.07907 0.43052 1.23628 0.80888 

ENSMUSP00000057543 -9.06349 -7.88211 -8.28625 -8.09110 -10.88618 -8.67237 -9.27014 -8.81526 -9.26667 0.43019 1.46332 0.68338 

ENSMUSP00000020262 -9.33934 -8.74575 -9.35105 -8.29100 -10.65061 -10.63797 -9.54599 -10.78087 -10.64409 0.42729 1.07816 0.92751 

ENSMUSP00000073322 -5.40984 -5.27083 -5.32146 -10.80793 -5.10870 -5.12453 -10.76257 -10.89587 -10.75910 0.42606 1.22462 0.81658 

ENSMUSP00000038063 -8.87002 -8.58708 -8.13425 -9.71021 -7.90930 -9.65526 -11.27784 -10.30957 -11.27437 0.42274 1.27442 0.78467 

ENSMUSP00000044587 -6.53064 -6.31188 -6.44924 -6.94090 -6.41083 -6.43391 -7.50655 -7.02883 -7.50308 0.42239 1.15304 0.86728 

ENSMUSP00000071976 -6.30476 -7.11001 -7.02951 -7.26981 -7.88159 -6.54183 -6.77970 -7.63224 -6.32888 0.42054 1.42093 0.70377 

ENSMUSP00000061152 -5.77280 -6.10971 -6.56225 -6.20175 -6.51766 -6.38895 -6.88237 -7.15879 -7.25162 0.42011 1.29649 0.77131 

ENSMUSP00000027108 -9.08041 -8.15009 -8.24397 -9.33242 -8.44196 -8.76605 -8.77564 -8.32076 -9.28359 0.41802 1.44449 0.69228 

ENSMUSP00000032946 -7.42423 -7.21686 -6.84802 -7.24870 -6.90784 -10.33348 -7.29433 -10.47638 -7.29085 0.41555 1.36713 0.73146 

ENSMUSP00000077021 -8.59860 -8.51642 -8.44319 -8.11280 -11.21023 -8.79566 -11.20718 -11.34048 -11.20371 0.41554 1.27442 0.78467 

ENSMUSP00000032143 -6.66502 -5.91693 -6.04452 -6.60543 -6.21991 -6.50432 -7.29342 -7.30348 -7.19613 0.41545 1.30345 0.76719 

ENSMUSP00000026459 -4.82558 -4.69471 -5.17542 -4.99387 -5.33902 -4.89772 -5.12816 -5.29876 -5.32689 0.41513 1.19023 0.84017 

ENSMUSP00000019226 -6.95937 -7.06528 -7.58209 -7.33276 -8.32680 -7.10085 -10.72568 -8.45705 -9.62064 0.41406 1.33896 0.74685 

ENSMUSP00000002837 -7.83901 -7.21012 -7.41525 -8.09102 -7.73844 -7.38925 -10.44759 -8.01184 -10.44412 0.41143 1.27442 0.78467 

ENSMUSP00000019323 -8.14560 -7.89630 -9.45766 -8.84982 -10.75722 -8.34265 -8.80446 -10.88748 -10.75070 0.40602 1.81139 0.55206 

ENSMUSP00000097754 -7.39723 -7.17847 -7.07943 -7.51266 -7.08635 -7.54666 -7.42562 -7.95427 -7.75865 0.40387 1.16220 0.86044 

ENSMUSP00000021062 -7.77390 -7.51477 -7.78560 -8.09261 -8.19874 -7.47306 -8.37008 -8.98308 -8.36661 0.39729 1.20159 0.83223 

ENSMUSP00000073261 -7.97848 -7.89630 -8.35806 -7.96215 -10.75722 -8.17554 -10.75418 -10.88748 -9.64913 0.38445 1.43893 0.69496 

ENSMUSP00000103365 -5.26435 -5.51866 -5.73771 -5.76289 -5.85873 -5.44474 -6.81624 -6.14934 -6.20364 0.38206 1.20530 0.82967 



ENSMUSP00000027966 -9.50592 -10.52531 -8.41802 -10.85950 -10.81718 -9.19156 -9.71257 -9.33445 -9.70909 0.38088 2.36886 0.42214 

ENSMUSP00000049394 -7.82713 -8.11283 -10.40788 -9.54662 -8.99288 -10.59324 -8.40166 -8.53496 -7.88716 0.38019 3.25978 0.30677 

ENSMUSP00000069508 -8.95911 -8.02935 -7.80040 -9.01036 -9.75698 -7.91905 -8.65474 -8.06195 -9.75047 0.37933 1.59990 0.62504 

ENSMUSP00000020329 -7.86728 -8.18156 -8.38986 -8.99124 -8.42078 -7.99413 -8.86249 -8.71811 -9.68022 0.37901 1.31655 0.75956 

ENSMUSP00000099441 -9.91666 -8.98634 -9.41694 -11.27024 -10.12635 -9.01412 -9.27517 -10.25661 -8.65236 0.37860 1.47069 0.67995 

ENSMUSP00000068408 -8.85324 -9.87066 -9.11640 -9.10525 -9.65111 -11.25147 -9.64807 -10.29279 -11.25759 0.36793 1.61457 0.61936 

ENSMUSP00000045841 -9.27359 -8.98005 -8.40478 -9.22325 -9.37203 -8.93645 -9.09449 -10.04900 -9.09102 0.36539 1.41804 0.70520 

ENSMUSP00000019469 -7.53427 -7.54308 -7.38560 -7.70288 -7.32404 -8.92135 -10.88066 -9.91239 -10.87719 0.36467 1.35052 0.74046 

ENSMUSP00000020463 -9.50374 -9.08483 -9.17871 -9.41902 -9.37670 -9.36407 -11.32338 -11.45668 -11.31990 0.36449 1.15297 0.86733 

ENSMUSP00000042364 -9.96086 -8.77711 -7.26037 -10.21287 -10.17056 -8.54493 -9.06594 -9.19924 -8.55105 0.36433 3.46330 0.28874 

ENSMUSP00000009003 -8.51919 -7.84883 -8.53089 -9.28262 -8.39216 -8.37952 -10.33883 -9.37056 -10.33536 0.36180 1.42447 0.70202 

ENSMUSP00000027975 -10.62843 -8.93327 -9.02714 -9.26745 -10.83813 -10.82549 -8.88537 -8.76721 -8.26256 0.36119 2.00405 0.49899 

ENSMUSP00000049732 -7.46449 -8.02913 -8.12301 -8.36332 -8.15388 -7.87290 -9.61831 -8.90347 -8.76670 0.36060 1.33661 0.74816 

ENSMUSP00000109305 -8.15399 -7.76155 -10.56762 -10.80793 -9.66404 -9.13998 -9.14958 -9.79429 -9.14610 0.35845 3.82703 0.26130 

ENSMUSP00000006838 -8.00968 -7.69790 -7.52349 -8.56023 -7.98977 -7.63333 -8.09495 -8.28710 -7.98325 0.35692 1.31800 0.75873 

ENSMUSP00000035157 -6.86214 -7.05764 -6.81500 -7.17668 -7.01299 -6.89213 -8.00056 -7.33132 -8.36496 0.35613 1.12875 0.88593 

ENSMUSP00000002403 -6.26306 -5.76101 -6.33449 -6.13404 -6.69954 -6.29976 -6.89719 -6.86684 -7.08948 0.35378 1.28518 0.77810 

ENSMUSP00000048460 -7.35761 -7.02398 -6.37038 -7.60962 -7.31585 -6.93533 -7.56426 -7.24534 -7.30933 0.34992 1.53821 0.65010 

ENSMUSP00000074600 -8.20352 -7.66913 -9.06336 -8.79226 -9.26135 -8.40058 -7.95795 -7.19307 -9.25484 0.34789 1.78464 0.56034 

ENSMUSP00000038839 -8.03415 -7.65343 -7.51770 -8.47725 -7.52909 -8.23120 -7.66263 -8.01302 -7.56606 0.34731 1.33171 0.75092 

ENSMUSP00000075990 -8.72603 -7.68780 -7.94879 -7.64239 -9.44714 -9.43451 -10.54567 -9.57740 -10.54220 0.34641 1.47844 0.67639 

ENSMUSP00000022734 -9.92365 -8.54112 -9.08721 -9.66425 -10.13334 -9.27257 -10.13030 -10.26360 -11.22840 0.34475 1.78464 0.56034 

ENSMUSP00000004574 -8.72677 -7.75691 -9.58661 -9.82692 -10.88618 -8.30449 -10.88313 -11.01643 -10.87966 0.34430 2.02467 0.49391 

ENSMUSP00000044871 -9.48447 -9.06557 -8.70724 -9.73649 -8.73811 -11.29452 -9.69112 -10.33584 -10.19907 0.34188 1.54291 0.64813 

ENSMUSP00000028396 -8.33734 -7.58857 -7.99757 -7.92275 -11.49567 -8.25990 -11.49263 -11.62593 -11.48916 0.34107 1.67908 0.59556 

ENSMUSP00000099653 -8.36858 -7.26444 -7.53270 -7.77301 -8.82973 -8.05461 -9.67483 -8.95998 -10.77293 0.33931 1.63018 0.61343 

ENSMUSP00000103015 -10.05903 -8.15156 -8.54398 -9.35498 -10.26872 -9.30003 -9.92895 -10.91039 -10.77362 0.33545 2.42600 0.41220 

ENSMUSP00000099417 -6.73548 -5.74345 -5.85480 -6.77515 -6.24664 -6.46117 -7.66811 -7.56500 -7.50100 0.33435 1.55701 0.64226 

ENSMUSP00000078670 -6.77734 -6.10729 -6.11601 -6.69282 -6.49226 -6.58229 -6.90701 -6.32873 -6.98051 0.32758 1.34210 0.74510 

ENSMUSP00000047606 -9.54271 -9.12381 -9.21769 -9.79472 -9.75241 -9.15159 -11.36235 -11.49565 -11.35888 0.32713 1.27442 0.78467 

ENSMUSP00000020741 -9.06349 -8.19237 -7.97599 -8.72732 -9.78460 -8.47161 -9.27014 -9.06672 -9.26667 0.32556 1.71795 0.58209 

ENSMUSP00000022322 -5.39956 -5.29725 -5.58079 -5.53040 -6.33340 -5.42281 -6.48102 -6.27320 -6.94595 0.32358 1.30216 0.76796 

ENSMUSP00000006900 -8.08349 -9.61430 -7.75846 -9.94849 -9.90617 -8.28054 -7.95341 -7.83525 -7.69848 0.32313 2.36886 0.42214 

ENSMUSP00000004375 -6.43333 -6.28332 -6.93278 -6.61751 -7.39032 -6.70315 -7.24910 -7.00968 -7.73527 0.32230 1.38289 0.72312 

ENSMUSP00000103657 -7.99588 -8.76185 -7.75613 -8.58462 -8.20557 -9.04108 -10.15225 -8.67255 -10.14877 0.32066 1.61457 0.61936 



ENSMUSP00000090910 -11.09259 -6.27863 -11.10429 -11.34460 -11.30228 -11.28965 -6.43502 -6.05748 -6.20995 0.32053 49.06447 0.02038 

ENSMUSP00000022925 -9.04606 -7.86468 -7.95856 -8.19887 -8.91902 -9.75453 -9.76412 -8.59707 -8.29318 0.31958 1.78446 0.56039 

ENSMUSP00000017488 -10.97887 -9.79512 -9.88900 -11.23088 -11.18856 -10.07435 -9.57253 -10.21725 -9.56906 0.31875 1.78555 0.56005 

ENSMUSP00000026899 -6.76361 -6.91104 -6.94239 -7.18270 -7.02595 -6.81755 -7.92595 -7.33316 -8.06563 0.31657 1.14142 0.87610 

ENSMUSP00000022894 -7.73117 -8.01687 -10.31192 -8.60251 -10.50991 -10.49727 -7.93782 -7.92797 -8.10146 0.31623 3.25978 0.30677 

ENSMUSP00000096932 -7.41816 -9.73791 -6.78304 -7.87093 -10.02978 -10.01715 -7.62481 -7.02030 -7.62134 0.31283 3.82634 0.26135 

ENSMUSP00000026222 -8.11195 -8.87792 -7.67144 -9.21211 -8.32164 -8.64573 -8.06715 -8.20045 -8.06367 0.31237 1.78464 0.56034 

ENSMUSP00000095287 -6.36361 -6.21473 -6.60715 -6.76406 -6.32965 -6.70911 -6.50356 -6.17897 -6.56679 0.31234 1.21582 0.82249 

ENSMUSP00000036246 -6.59422 -6.38282 -6.65299 -6.96834 -6.59698 -11.26157 -6.73417 -7.39277 -7.05862 0.31218 1.85312 0.53963 

ENSMUSP00000055535 -7.75796 -7.67578 -7.97036 -8.13920 -11.46846 -7.84059 -11.46542 -9.19678 -11.46195 0.31199 1.76907 0.56527 

ENSMUSP00000056027 -10.20203 -8.17013 -7.81180 -9.35246 -10.41172 -9.29751 -9.30710 -8.34080 -8.45549 0.31105 3.46330 0.28874 

ENSMUSP00000080854 -6.33448 -5.55146 -5.86658 -6.20698 -7.00503 -5.92677 -7.58015 -7.08765 -8.14737 0.30709 1.50433 0.66475 

ENSMUSP00000046324 -7.72395 -8.26110 -10.30470 -9.44343 -10.50269 -9.38848 -8.54993 -9.01995 -7.92713 0.30612 3.82811 0.26123 

ENSMUSP00000041872 -8.02513 -8.89901 -9.50430 -9.74461 -10.80387 -8.59006 -10.80082 -9.83255 -10.79735 0.30584 2.05948 0.48556 

ENSMUSP00000033873 -7.55874 -7.68792 -7.18091 -7.42122 -7.76843 -8.23550 -8.86442 -8.54551 -9.19768 0.30174 1.35286 0.73917 

ENSMUSP00000028704 -8.48758 -7.76918 -7.26217 -8.22857 -9.79687 -7.93717 -7.33574 -7.97995 -7.84318 0.29595 1.96354 0.50928 

ENSMUSP00000066715 -5.95966 -5.99885 -6.77523 -6.37700 -6.58923 -6.84043 -7.32385 -7.51968 -7.44961 0.29550 1.47979 0.67577 

ENSMUSP00000022980 -7.66429 -7.14666 -8.12821 -7.91630 -7.87398 -8.31356 -8.07170 -7.45753 -8.65641 0.28680 1.53821 0.65010 

ENSMUSP00000016400 -9.39997 -8.80637 -8.56353 -9.14056 -10.71123 -9.08561 -10.70819 -10.84149 -10.70472 0.28652 1.73841 0.57524 

ENSMUSP00000010795 -6.26635 -6.38236 -6.72366 -6.39187 -6.79031 -7.10194 -5.42034 -5.20049 -5.17430 0.28613 1.31032 0.76317 

ENSMUSP00000043047 -6.83073 -7.26761 -8.43978 -8.24473 -7.90010 -8.22978 -7.42161 -7.38924 -7.59508 0.28249 2.20957 0.45258 

ENSMUSP00000033953 -10.76842 -9.07325 -7.40854 -9.40744 -10.97811 -10.96548 -7.75193 -8.05962 -7.53331 0.28232 6.38180 0.15670 

ENSMUSP00000037617 -7.05736 -7.04188 -6.83946 -7.24684 -6.89433 -7.55296 -10.70229 -7.69585 -10.69882 0.28224 1.24918 0.80052 

ENSMUSP00000083271 -9.22603 -7.40885 -7.39149 -9.27728 -8.41376 -8.78687 -9.23192 -9.19810 -10.52880 0.28211 2.81373 0.35540 

ENSMUSP00000049025 -7.53336 -7.45118 -6.44618 -8.57431 -8.53199 -6.83223 -8.52895 -7.32659 -7.93729 0.28133 1.89463 0.52781 

ENSMUSP00000043111 -8.54776 -9.56715 -8.55946 -8.79977 -9.85902 -9.84639 -8.24299 -8.03956 -8.75093 0.27857 1.78555 0.56005 

ENSMUSP00000093394 -9.26012 -9.68935 -8.93509 -9.51213 -11.08280 -9.45717 -9.97818 -9.01188 -9.46329 0.27799 1.73841 0.57524 

ENSMUSP00000033342 -8.04372 -7.58195 -8.05542 -8.02739 -9.72089 -8.09763 -7.15153 -7.58113 -7.76719 0.27761 1.63868 0.61025 

ENSMUSP00000105531 -7.05158 -6.42700 -7.06328 -7.22661 -6.98360 -7.17166 -7.53272 -7.24308 -8.07596 0.27700 1.36232 0.73404 

ENSMUSP00000003912 -8.64521 -7.09632 -8.65691 -8.69646 -9.10636 -8.64151 -9.44004 -8.98516 -11.04956 0.27417 2.50546 0.39913 

ENSMUSP00000099907 -10.20243 -9.78353 -10.72555 -10.11772 -10.92354 -12.01248 -10.92050 -10.20566 -12.01860 0.27171 1.73841 0.57524 

ENSMUSP00000106961 -10.89517 -8.61182 -10.90687 -11.14718 -11.10487 -11.09223 -9.15211 -10.13355 -9.48536 0.26981 4.68800 0.21331 

ENSMUSP00000021335 -10.15443 -9.22411 -10.16613 -10.40644 -9.85271 -11.45306 -9.26148 -9.02691 -9.50947 0.26907 1.84167 0.54299 

ENSMUSP00000089350 -6.89488 -9.52489 -9.61877 -9.85908 -9.81676 -9.80413 -6.59058 -5.86512 -6.30943 0.26823 7.24818 0.13797 

ENSMUSP00000109399 -5.61463 -5.83199 -5.75150 -6.01884 -6.25967 -10.25872 -6.41382 -6.13456 -6.45384 0.26562 2.20316 0.45389 



ENSMUSP00000031697 -9.26937 -10.28679 -9.28107 -10.10956 -11.68023 -9.71788 -9.27525 -10.70891 -10.06072 0.26533 2.05948 0.48556 

ENSMUSP00000045284 -7.78372 -9.16902 -8.41475 -8.65506 -10.56246 -8.93683 -8.35825 -8.74300 -9.45437 0.26466 2.25575 0.44331 

ENSMUSP00000024897 -7.35157 -8.26832 -7.74287 -7.71484 -10.50991 -8.54756 -8.30570 -8.07112 -10.50339 0.26152 1.98848 0.50290 

ENSMUSP00000006235 -8.98118 -9.41042 -8.40471 -9.23320 -9.70229 -9.17824 -9.18783 -9.32113 -10.79735 0.26066 1.66695 0.59990 

ENSMUSP00000061059 -10.42834 -8.39645 -10.44004 -10.68035 -10.63803 -10.62540 -7.68634 -8.56712 -9.01852 0.25906 3.83460 0.26078 

ENSMUSP00000102987 -7.17927 -6.90600 -7.73769 -7.66773 -7.93568 -7.37633 -8.72158 -7.24473 -7.92916 0.25884 1.50105 0.66620 

ENSMUSP00000009256 -9.71735 -8.16770 -9.72905 -9.96936 -11.02862 -9.40299 -11.02558 -10.05730 -9.92053 0.25753 2.69254 0.37140 

ENSMUSP00000031038 -8.34328 -8.00965 -8.35498 -8.14308 -10.50269 -8.87706 -9.39807 -10.63295 -10.49617 0.25475 1.72457 0.57986 

ENSMUSP00000015800 -6.96798 -6.06705 -6.23839 -6.97180 -6.86563 -6.61551 -6.99465 -6.91663 -7.11635 0.25443 1.56128 0.64050 

ENSMUSP00000071777:rever
sed 

-10.75391 -11.77133 -11.86521 -13.20709 -11.55178 -12.05056 -10.96056 -11.34531 -11.54527 0.25397 2.12529 0.47052 

ENSMUSP00000049338 -7.64335 -7.68637 -8.29127 -8.16370 -8.74072 -7.96560 -7.24910 -7.26103 -6.82942 0.25391 1.49298 0.66980 

ENSMUSP00000108940 -10.53338 -10.45121 -8.14315 -10.78539 -10.74308 -10.73044 -8.17098 -8.30428 -8.02437 0.25369 5.54139 0.18046 

ENSMUSP00000031637 -6.49300 -9.12302 -6.81497 -8.35563 -8.31331 -9.40225 -6.84280 -6.49639 -6.69618 0.24956 4.92255 0.20315 

ENSMUSP00000073541 -7.73917 -7.58002 -7.20848 -7.65466 -7.67119 -7.93623 -8.59991 -7.74260 -8.45329 0.24933 1.30183 0.76815 

ENSMUSP00000030118 -8.20834 -8.12617 -9.17610 -8.62747 -9.88551 -9.02473 -9.37105 -9.50435 -10.98057 0.24913 1.88167 0.53144 

ENSMUSP00000034547 -8.37546 -7.32363 -7.56595 -8.46035 -9.03737 -7.75131 -9.88247 -9.50435 -7.93182 0.24791 1.84100 0.54318 

ENSMUSP00000033229 -7.55283 -9.67182 -9.76570 -10.00601 -9.96369 -9.95106 -7.24846 -7.04520 -6.58560 0.24787 4.68800 0.21331 

ENSMUSP00000032898 -11.79142 -11.70925 -9.60195 -12.04343 -12.00112 -11.98848 -9.59614 -11.02980 -9.59267 0.24460 4.68800 0.21331 

ENSMUSP00000029266 -7.98128 -8.26698 -9.46046 -8.85263 -9.14703 -10.74739 -10.75698 -10.89028 -10.75351 0.24444 2.45201 0.40783 

ENSMUSP00000071486 -4.56592 -4.48807 -4.53120 -5.14153 -5.29658 -10.90513 -10.91473 -4.81904 -10.91125 0.24430 2.93892 0.34026 

ENSMUSP00000110021 -7.12510 -6.65339 -7.04582 -7.37712 -6.94526 -7.32216 -7.00892 -6.89857 -7.23729 0.24186 1.30934 0.76374 

ENSMUSP00000101651 -10.88320 -9.18803 -10.89490 -11.13521 -11.09289 -11.08025 -7.04243 -7.01408 -7.07468 0.24074 2.98121 0.33543 

ENSMUSP00000066419 -10.59149 -8.89632 -10.60319 -10.84350 -10.80118 -10.78855 -8.39621 -9.31845 -9.69309 0.24074 2.98121 0.33543 

ENSMUSP00000087524 -10.61277 -8.91760 -10.62447 -10.86478 -10.82246 -10.80982 -9.71784 -9.33973 -9.20295 0.24074 2.98121 0.33543 

ENSMUSP00000023510 -10.93218 -9.23701 -10.94388 -11.18419 -11.14187 -11.12923 -8.56978 -9.32241 -8.93418 0.24074 2.98121 0.33543 

ENSMUSP00000032844 -8.94166 -8.01134 -8.10522 -8.68225 -9.15135 -8.62730 -9.14831 -9.28161 -10.24641 0.24021 1.66695 0.59990 

ENSMUSP00000006764 -7.24361 -9.87362 -7.76633 -10.20781 -10.16549 -8.53987 -7.45026 -7.58355 -7.95781 0.23975 4.55773 0.21941 

ENSMUSP00000079672 -5.56743 -5.75615 -5.76486 -6.09034 -5.84733 -5.69888 -6.71624 -5.81052 -7.28346 0.23564 1.19623 0.83596 

ENSMUSP00000003445 -8.45777 -7.78741 -8.13274 -8.70978 -9.17888 -8.06664 -9.17583 -8.20954 -10.27394 0.23457 1.57452 0.63511 

ENSMUSP00000058919 -9.30733 -9.22515 -7.36931 -9.55934 -9.51702 -9.50438 -7.90098 -6.50753 -7.56079 0.23114 3.83460 0.26078 

ENSMUSP00000098591 -11.90461 -11.82243 -9.96659 -12.15662 -12.11430 -12.10166 -9.91008 -11.14298 -10.49479 0.23114 3.83460 0.26078 

ENSMUSP00000105028 -11.60309 -11.52091 -9.66508 -11.85510 -11.81278 -11.80015 -9.86002 -10.33005 -10.19328 0.23114 3.83460 0.26078 

ENSMUSP00000110364 -9.04091 -8.59085 -8.54159 -11.49409 -8.73958 -9.48942 -10.34715 -10.48045 -11.44525 0.23053 2.05060 0.48766 

ENSMUSP00000028286 -7.36042 -6.65910 -6.92006 -7.16037 -7.57011 -7.23464 -10.61582 -10.74912 -10.61235 0.22801 1.42799 0.70029 

ENSMUSP00000033087 -10.90897 -9.21380 -9.30768 -11.16098 -11.11866 -10.00445 -8.71368 -8.84698 -9.49915 0.22745 2.80780 0.35615 



ENSMUSP00000031398 -8.37991 -7.86228 -7.57041 -9.42086 -8.04289 -8.40985 -9.37550 -7.82168 -7.68491 0.22175 1.82572 0.54773 

ENSMUSP00000095794 -3.96552 -6.93447 -6.51741 -7.26866 -9.93853 -6.36624 -5.69701 -5.46928 -4.78594 0.22148 8.92294 0.11207 

ENSMUSP00000104725 -8.38020 -8.72096 -7.99795 -9.29160 -9.55954 -8.23093 -7.91102 -8.23724 -7.87306 0.22099 1.73102 0.57769 

ENSMUSP00000072717 -7.20542 -6.49122 -6.97716 -7.14050 -7.99620 -7.11055 -7.41207 -8.01203 -7.55432 0.21750 1.61781 0.61812 

ENSMUSP00000061227 -7.08090 -8.06177 -8.39210 -8.94267 -8.59009 -8.06651 -7.18400 -7.57805 -6.73750 0.21606 2.22424 0.44959 

ENSMUSP00000027989 -7.75678 -7.79980 -7.76848 -8.13399 -8.23482 -10.79123 -10.80082 -10.93412 -10.79735 0.21547 2.15373 0.46431 

ENSMUSP00000066897 -7.34100 -8.19739 -7.54380 -8.16370 -7.97824 -8.10875 -5.65254 -6.03716 -5.45914 0.21438 1.58536 0.63077 

ENSMUSP00000020653 -7.37205 -6.44240 -6.79583 -7.28750 -7.07080 -7.71225 -6.91931 -6.52802 -6.04894 0.21421 1.66331 0.60121 

ENSMUSP00000089978 -6.90124 -6.51107 -7.09200 -7.45748 -11.22617 -7.44800 -7.32696 -6.81943 -7.10441 0.21355 2.79250 0.35810 

ENSMUSP00000003655 -9.09509 -10.62590 -10.71978 -10.96009 -10.91777 -10.90513 -8.51280 -9.09831 -8.96154 0.21251 2.98121 0.33543 

ENSMUSP00000023396 -8.68001 -10.21082 -10.30470 -10.54501 -10.50269 -10.49005 -7.66225 -7.58420 -7.92713 0.21251 2.98121 0.33543 

ENSMUSP00000109611 -9.47634 -11.00715 -11.10103 -11.34134 -11.29902 -11.28639 -9.34626 -9.47956 -10.19093 0.21251 2.98121 0.33543 

ENSMUSP00000000175 -8.19540 -9.72622 -9.82010 -10.06041 -10.01809 -10.00545 -8.06533 -8.19863 -8.91000 0.21251 2.98121 0.33543 

ENSMUSP00000106540 -9.61211 -11.14293 -11.23681 -11.47712 -11.43480 -11.42216 -9.81876 -9.95206 -10.32671 0.21251 2.98121 0.33543 

ENSMUSP00000071752 -8.48014 -10.01095 -10.10483 -10.34514 -10.30282 -10.29019 -9.19821 -8.82009 -8.68332 0.21251 2.98121 0.33543 

ENSMUSP00000081009 -9.22922 -10.76003 -10.85391 -11.09422 -11.05190 -11.03926 -9.09914 -8.13340 -8.33319 0.21251 2.98121 0.33543 

ENSMUSP00000027429 -8.75841 -8.16481 -8.25869 -10.11199 -8.96810 -8.44405 -8.45364 -10.19993 -10.06316 0.21174 1.84167 0.54299 

ENSMUSP00000025218 -8.91729 -8.58365 -9.77713 -9.16930 -11.07669 -9.96248 -8.67172 -8.49476 -8.86901 0.21162 2.20239 0.45405 

ENSMUSP00000030076 -9.06324 -8.36173 -9.41167 -9.31525 -10.12107 -9.26030 -9.60661 -9.40319 -9.26642 0.21003 1.87462 0.53344 

ENSMUSP00000038772 -11.11195 -11.02977 -9.51066 -11.36396 -11.32164 -11.30900 -9.36888 -10.35032 -9.36541 0.20827 2.98121 0.33543 

ENSMUSP00000068174 -10.38962 -10.30745 -8.78834 -10.64164 -10.59932 -10.58668 -8.64656 -8.52840 -8.39163 0.20827 2.98121 0.33543 

ENSMUSP00000078914 -9.94560 -9.86342 -8.34431 -10.19761 -10.15529 -10.14265 -7.75031 -7.57335 -7.74684 0.20827 2.98121 0.33543 

ENSMUSP00000003117 -9.75517 -9.16158 -9.25546 -11.10876 -11.06644 -9.10409 -8.11475 -8.79476 -9.11021 0.20587 1.84167 0.54299 

ENSMUSP00000103181 -7.40714 -7.63523 -7.72910 -7.65915 -7.92709 -7.74734 -8.37627 -8.05735 -8.37279 0.20504 1.20904 0.82710 

ENSMUSP00000005651 -6.04157 -5.67556 -5.37823 -6.02531 -5.90749 -6.06058 -6.90612 -6.62409 -6.75559 0.20389 1.39802 0.71530 

ENSMUSP00000000687 -10.46561 -9.28186 -10.47731 -10.71762 -10.67530 -10.66267 -8.72254 -8.85584 -9.05580 0.19896 2.12781 0.46997 

ENSMUSP00000102857 -10.68141 -9.49766 -10.69311 -10.93342 -10.89110 -10.87847 -8.93834 -9.40837 -8.93487 0.19896 2.12781 0.46997 

ENSMUSP00000026625 -10.59952 -9.41577 -10.61122 -10.85153 -10.80922 -10.79658 -7.85753 -7.99083 -8.23365 0.19896 2.12781 0.46997 

ENSMUSP00000034834 -11.03217 -9.84842 -11.04387 -11.28418 -11.24186 -11.22923 -9.28910 -9.17095 -9.62236 0.19896 2.12781 0.46997 

ENSMUSP00000065113 -9.42896 -8.24718 -9.44066 -9.68097 -9.63865 -9.62601 -7.23637 -8.66931 -8.16466 0.19875 2.12529 0.47052 

ENSMUSP00000022271 -8.47899 -7.79593 -7.43192 -8.34526 -9.91309 -8.29030 -7.25598 -7.98845 -7.85168 0.19786 2.24785 0.44487 

ENSMUSP00000025679 -8.46908 -10.33662 -8.81751 -10.67081 -10.62849 -9.51428 -7.78806 -8.04655 -8.42081 0.19659 3.31893 0.30130 

ENSMUSP00000021425 -8.41422 -8.92023 -8.22517 -10.86741 -8.42316 -9.71088 -8.25300 -8.11795 -7.86993 0.19395 2.12479 0.47064 

ENSMUSP00000027356 -7.14495 -6.88371 -6.97759 -7.01127 -7.24341 -7.30353 -8.57558 -9.21990 -8.57211 0.19207 1.19175 0.83910 

ENSMUSP00000099754 -8.99156 -7.80978 -7.90366 -9.24357 -8.35311 -10.29019 -10.29978 -8.82009 -10.29631 0.19182 2.43439 0.41078 



ENSMUSP00000095285 -7.39848 -7.45945 -7.55333 -7.65049 -8.37065 -7.59554 -7.26857 -7.07904 -6.94227 0.18848 1.41225 0.70809 

ENSMUSP00000028004 -9.38576 -8.96685 -9.90887 -11.25076 -9.59545 -10.09423 -8.49320 -8.28994 -8.48973 0.18659 2.12529 0.47052 

ENSMUSP00000104825 -8.25202 -8.78917 -10.83277 -9.97150 -11.03076 -11.01812 -8.45867 -8.44882 -8.31205 0.18369 5.36343 0.18645 

ENSMUSP00000030769 -8.74052 -7.91087 -8.55146 -8.48151 -9.20167 -9.18903 -8.19970 -8.56945 -8.00513 0.18298 1.71408 0.58340 

ENSMUSP00000026743 -6.96705 -6.46068 -7.45258 -7.42817 -7.92825 -7.24258 -8.00860 -7.47064 -8.00513 0.17898 1.81911 0.54972 

ENSMUSP00000054490 -6.06730 -6.51327 -5.98136 -6.42754 -6.80514 -6.37259 -6.80210 -6.70356 -6.79863 0.17896 1.43889 0.69498 

ENSMUSP00000022960 -8.09287 -7.18020 -8.37292 -8.61323 -8.57091 -8.28993 -7.91378 -9.32050 -7.99370 0.17868 2.04524 0.48894 

ENSMUSP00000015829 -8.00482 -9.65846 -8.45198 -11.09422 -11.05190 -8.63733 -7.00144 -7.00340 -6.93014 0.17691 3.04081 0.32886 

ENSMUSP00000068594 -7.92008 -8.16515 -7.76114 -9.22543 -8.59519 -7.94649 -7.95608 -8.01387 -7.99262 0.17379 1.71299 0.58377 

ENSMUSP00000109196 -7.56354 -8.41993 -7.66623 -8.55336 -8.20078 -8.33129 -10.90993 -9.09351 -10.90646 0.17299 1.73206 0.57735 

ENSMUSP00000101003 -7.34459 -7.69788 -7.24504 -8.03206 -8.44196 -7.43040 -8.77564 -9.42036 -8.18399 0.17186 1.61898 0.61767 

ENSMUSP00000065352 -8.35792 -8.27575 -8.03290 -8.60993 -8.56762 -10.16797 -7.77563 -7.47347 -9.07252 0.17073 1.97040 0.50751 

ENSMUSP00000026560 -7.68297 -7.27796 -7.52028 -7.68362 -7.99277 -7.62866 -7.63826 -8.35947 -8.09750 0.16806 1.30934 0.76374 

ENSMUSP00000021313 -8.05116 -8.22043 -8.65104 -9.40276 -8.26085 -9.34781 -9.35740 -8.97928 -9.35393 0.16668 1.78464 0.56034 

ENSMUSP00000026827 -7.69562 -8.40238 -7.27186 -8.14839 -8.35752 -9.19303 -7.25545 -6.99921 -7.25197 0.16593 2.21412 0.45165 

ENSMUSP00000023237 -9.08935 -8.55496 -8.84960 -9.34136 -11.24876 -9.28641 -7.57783 -7.94073 -7.74143 0.16443 2.29486 0.43576 

ENSMUSP00000031383 -7.96859 -8.98601 -8.56848 -10.42178 -10.37946 -8.41710 -7.97448 -7.46096 -8.75995 0.16420 2.40891 0.41512 

ENSMUSP00000008991 -11.47499 -9.78219 -10.18633 -11.72700 -12.78625 -10.82390 -9.01768 -9.69337 -9.55660 0.16414 3.36236 0.29741 

ENSMUSP00000084053 -8.26139 -8.17921 -7.90521 -8.76485 -9.05926 -8.09057 -8.46803 -9.70093 -9.05274 0.16291 1.58044 0.63273 

ENSMUSP00000018506 -9.93233 -10.95172 -11.04560 -11.28591 -11.24359 -11.23096 -10.13897 -9.42413 -9.62409 0.16242 2.12781 0.46997 

ENSMUSP00000025375:rever
sed 

-10.69147 -11.71086 -11.80474 -12.04505 -12.00273 -11.99010 -10.89812 -10.52000 -10.89464 0.16242 2.12781 0.46997 

ENSMUSP00000035220 -9.69352 -10.71291 -10.80679 -11.04710 -11.00478 -10.99215 -8.80057 -9.18532 -9.89669 0.16242 2.12781 0.46997 

ENSMUSP00000099763:rever
sed 

-8.96009 -8.87792 -8.46038 -10.31368 -10.27136 -8.64573 -10.26832 -10.40162 -10.26485 0.16177 2.00405 0.49899 

ENSMUSP00000014750 -7.36474 -6.98402 -7.67879 -7.70774 -7.57443 -7.86414 -9.09814 -10.84443 -9.60608 0.16175 1.48339 0.67413 

ENSMUSP00000034866 -7.15895 -6.94754 -8.14030 -7.73379 -8.33829 -8.32565 -7.78853 -7.92183 -7.43359 0.16151 2.16383 0.46214 

ENSMUSP00000080994 -6.29710 -6.13941 -6.87340 -6.67429 -6.94216 -6.92952 -6.67439 -6.67706 -6.82122 0.16053 1.55000 0.64516 

ENSMUSP00000051092 -8.21872 -7.90470 -8.65797 -8.77308 -10.46658 -8.71812 -9.36394 -9.49723 -9.15970 0.15975 2.30811 0.43326 

ENSMUSP00000070109 -9.82925 -9.41035 -8.50530 -11.69425 -9.45076 -10.53772 -11.64889 -10.68061 -11.64542 0.15771 3.04081 0.32886 

ENSMUSP00000005606 -10.67648 -10.59431 -9.58661 -10.92849 -10.88618 -10.87354 -9.27014 -9.06672 -9.77809 0.15690 2.12781 0.46997 

ENSMUSP00000028691 -11.03735 -10.95517 -9.94748 -11.28936 -11.24704 -11.23440 -10.14242 -10.27572 -9.03935 0.15690 2.12781 0.46997 

ENSMUSP00000030385 -10.49564 -10.41347 -9.40577 -10.74765 -10.70533 -10.69270 -7.99010 -8.63442 -9.08583 0.15690 2.12781 0.46997 

ENSMUSP00000094167 -10.80599 -10.72382 -9.71612 -11.05801 -11.01569 -11.00305 -9.91107 -9.53295 -9.90760 0.15690 2.12781 0.46997 

ENSMUSP00000036555 -11.75598 -11.67381 -10.66611 -12.00800 -11.96568 -11.95304 -10.34964 -10.99436 -10.85759 0.15690 2.12781 0.46997 

ENSMUSP00000036881 -11.52801 -11.44583 -10.43813 -11.78002 -11.73770 -11.72506 -10.12166 -9.91824 -10.11819 0.15690 2.12781 0.46997 

sp|CASK_BOVIN| -10.03389 -9.95171 -8.94402 -10.28590 -10.24358 -10.23095 -6.57265 -6.47767 -6.93695 0.15690 2.12781 0.46997 



ENSMUSP00000033673 -7.92463 -8.94149 -8.14769 -9.27568 -11.18307 -8.76851 -9.23032 -8.74428 -9.22684 0.15290 3.01958 0.33117 

ENSMUSP00000032920 -8.18671 -7.85308 -7.31074 -8.18727 -8.73313 -8.13231 -9.24150 -8.86339 -10.33961 0.15018 1.82884 0.54680 

ENSMUSP00000105447 -9.82293 -9.74075 -7.98756 -9.56352 -11.13419 -11.12156 -7.57149 -7.96434 -7.23151 0.14759 4.55773 0.21941 

ENSMUSP00000027491 -9.70007 -9.10648 -8.86363 -9.44067 -9.90977 -9.89713 -9.90672 -11.14160 -9.05511 0.14660 1.73841 0.57524 

ENSMUSP00000110094 -6.13459 -6.56331 -6.58572 -7.24896 -7.20664 -10.14265 -7.75031 -6.84726 -8.53578 0.14578 3.30111 0.30293 

ENSMUSP00000025476 -9.34557 -8.41525 -9.35728 -10.69916 -9.55527 -9.54263 -10.65380 -9.17411 -9.54875 0.14517 2.36886 0.42214 

ENSMUSP00000027863 -8.13430 -7.08247 -7.97888 -10.78824 -9.13293 -8.02109 -9.64130 -9.77460 -10.73940 0.14247 3.21762 0.31079 

ENSMUSP00000026289 -7.44468 -6.82831 -6.92219 -6.97442 -10.49176 -10.47912 -8.08679 -7.78462 -7.77305 0.13065 2.58375 0.38703 

ENSMUSP00000015877 -9.36708 -8.77349 -9.37878 -9.61909 -9.57677 -10.66571 -10.67530 -10.80860 -10.67183 0.12848 2.00405 0.49899 

ENSMUSP00000018470 -7.74190 -8.27906 -8.37294 -10.56296 -8.31947 -9.40643 -7.21749 -7.35079 -7.29099 0.12756 2.64828 0.37760 

ENSMUSP00000027529 -7.93526 -8.10453 -8.53514 -9.28687 -8.73313 -8.38377 -8.73009 -9.37480 -9.23803 0.12755 1.78464 0.56034 

ENSMUSP00000031741 -8.31477 -6.93310 -6.92343 -8.33033 -8.01352 -8.82209 -11.23362 -9.16574 -11.23014 0.12656 3.03586 0.32940 

ENSMUSP00000035804 -6.60108 -6.55594 -6.95658 -6.92860 -7.26280 -6.91366 -6.92325 -7.18718 -7.05041 0.12448 1.38771 0.72061 

ENSMUSP00000033715 -7.12175 -6.88133 -6.45463 -7.21552 -7.22321 -7.16056 -8.68689 -8.18397 -8.68342 0.12425 1.52723 0.65478 

ENSMUSP00000003622 -7.35886 -7.46777 -7.79810 -8.03841 -7.99610 -7.64690 -8.50407 -8.88883 -10.70177 0.12381 1.42439 0.70205 

ENSMUSP00000029386 -7.18300 -6.73868 -7.27021 -8.07512 -7.84472 -7.15326 -7.59034 -8.03383 -8.56047 0.12349 1.77274 0.56410 

ENSMUSP00000069432 -8.44561 -7.75591 -7.80216 -8.93203 -8.28526 -8.50354 -8.41428 -8.52432 -8.25833 0.12212 1.79096 0.55836 

ENSMUSP00000099482 -10.06167 -7.57756 -8.97180 -10.31368 -10.27136 -10.25872 -8.06715 -7.45297 -8.31513 0.12126 6.39478 0.15638 

ENSMUSP00000042232 -7.31226 -7.23008 -8.93458 -9.17489 -9.13257 -8.60852 -8.28139 -7.52701 -7.51544 0.12120 3.82634 0.26135 

ENSMUSP00000022962 -8.91468 -7.49685 -8.58965 -9.67811 -10.73736 -8.77501 -9.63274 -10.86762 -10.73085 0.12098 3.59435 0.27821 

ENSMUSP00000101478 -10.18603 -9.00227 -7.62868 -10.43804 -10.39572 -10.38308 -7.82363 -7.95693 -7.34045 0.11822 7.24818 0.13797 

ENSMUSP00000022293 -7.20836 -7.04921 -7.60581 -7.46037 -7.80380 -7.79116 -9.02516 -8.05925 -9.02168 0.11802 1.49047 0.67093 

ENSMUSP00000080888 -8.85181 -9.03798 -8.47777 -9.10383 -9.18670 -9.93655 -10.79428 -12.02915 -10.27939 0.11781 1.79744 0.55635 

ENSMUSP00000020343 -9.05582 -7.67328 -7.33170 -10.40940 -9.26551 -8.74146 -9.26247 -8.29617 -8.74758 0.11444 4.39428 0.22757 

ENSMUSP00000045864 -8.59611 -8.76539 -9.19599 -9.43630 -9.39398 -9.04462 -11.00393 -11.13723 -9.89888 0.11357 1.57452 0.63511 

ENSMUSP00000034947 -6.76907 -6.91874 -6.17771 -7.44402 -6.84954 -7.93578 -7.12417 -6.81272 -7.63164 0.11147 2.12421 0.47076 

ENSMUSP00000001566 -5.04875 -4.75948 -4.98655 -11.13118 -6.57361 -6.49712 -4.91808 -5.02643 -4.95762 0.11053 7.55931 0.13229 

ENSMUSP00000021854 -7.93929 -8.00026 -7.71454 -8.19130 -8.14898 -8.89882 -7.24289 -7.37619 -7.41638 0.11021 1.61898 0.61767 

ENSMUSP00000025968 -6.14836 -6.16545 -6.42955 -11.24897 -11.20665 -6.32979 -11.20360 -6.60512 -11.20013 0.11007 3.29813 0.30320 

ENSMUSP00000081030 -7.38866 -7.50724 -7.40036 -7.47355 -10.00028 -9.98765 -9.99724 -6.83043 -9.99377 0.11003 2.63501 0.37951 

ENSMUSP00000029414 -7.62252 -7.37323 -6.89642 -8.32675 -8.03298 -7.50932 -8.61811 -10.36440 -8.27792 0.10870 1.93247 0.51747 

ENSMUSP00000026610 -7.09899 -7.24510 -7.24133 -7.48164 -8.15610 -7.42668 -6.56269 -6.81986 -6.44901 0.10853 1.56031 0.64090 

ENSMUSP00000025617 -6.69191 -9.74947 -8.23036 -10.08366 -10.04134 -10.02871 -7.83713 -8.55861 -8.08511 0.10724 12.36854 0.08085 

ENSMUSP00000027036 -7.98081 -8.48682 -7.14494 -9.33242 -8.77869 -8.42932 -6.57763 -6.58576 -6.61963 0.10718 2.97515 0.33612 

ENSMUSP00000099649 -5.57047 -5.48829 -5.58217 -7.04631 -7.00400 -11.00305 -5.30778 -5.63213 -5.31102 0.10201 6.44161 0.15524 



ENSMUSP00000077118 -5.29946 -5.51301 -5.67359 -5.78468 -6.10339 -5.67088 -6.62093 -6.35689 -6.96378 0.10151 1.42381 0.70234 

ENSMUSP00000088168 -5.66180 -5.76382 -5.79246 -5.84170 -5.83479 -5.80429 -5.77910 -5.94718 -5.90307 0.10121 1.09396 0.91411 

ENSMUSP00000109451 -9.40875 -8.81516 -8.12010 -10.76234 -10.72002 -9.09439 -9.10399 -10.85028 -10.71350 0.10058 3.46330 0.28874 

ENSMUSP00000105356 -8.10738 -8.87334 -8.45580 -10.30910 -10.26678 -8.64116 -6.89216 -7.02546 -7.31162 0.10037 2.73367 0.36581 

ENSMUSP00000027916 -8.52802 -8.44584 -7.92039 -8.52857 -9.07443 -9.57321 -6.67269 -6.63892 -7.01302 0.09992 2.02467 0.49391 

ENSMUSP00000016463 -4.77725 -4.94834 -5.52719 -5.42294 -5.81413 -5.64402 -5.85872 -5.99202 -6.05232 0.09905 1.76930 0.56519 

ENSMUSP00000037583 -6.96691 -6.88473 -6.53386 -7.30232 -7.56235 -6.94882 -7.99477 -7.02919 -7.68103 0.09853 1.59757 0.62595 

ENSMUSP00000100059 -9.06749 -8.81820 -9.86813 -10.61986 -10.06612 -9.71676 -11.67607 -11.80937 -10.57102 0.09852 2.46493 0.40569 

ENSMUSP00000093229 -7.42581 -6.24490 -7.22237 -7.67782 -7.71890 -7.89736 -8.65443 -10.98890 -10.85212 0.09698 2.49202 0.40128 

ENSMUSP00000080523 -6.89780 -6.81562 -6.52376 -7.03856 -7.74371 -7.09486 -7.74067 -6.51548 -7.53644 0.09693 1.67102 0.59844 

ENSMUSP00000098648 -8.33868 -8.25650 -9.09785 -10.43776 -11.49701 -8.91533 -8.54533 -8.78988 -8.44175 0.09684 3.52516 0.28368 

ENSMUSP00000023550 -9.95453 -8.02528 -9.11809 -11.30811 -11.26580 -9.64017 -11.26275 -9.19488 -10.15771 0.09502 5.28736 0.18913 

ENSMUSP00000023952 -5.75948 -5.38553 -6.10548 -6.60588 -5.98016 -6.90338 -5.87231 -6.13277 -6.23768 0.09478 2.01816 0.49550 

ENSMUSP00000003681 -8.24128 -7.28986 -9.20903 -11.06233 -9.40703 -9.39439 -9.91540 -8.58122 -7.57522 0.09474 5.68229 0.17599 

ENSMUSP00000051223 -7.60585 -7.83393 -8.71675 -10.57005 -8.57802 -9.41353 -7.38495 -7.70935 -7.68383 0.09337 3.59435 0.27821 

ENSMUSP00000098041 -12.29526 -9.07334 -9.59477 -12.54727 -12.50495 -12.49232 -10.88892 -11.53363 -10.88545 0.09299 16.63551 0.06011 

ENSMUSP00000010208 -8.42432 -6.58932 -6.68320 -8.53318 -8.49086 -8.62137 -8.79808 -9.38360 -8.99537 0.09250 4.83204 0.20695 

ENSMUSP00000003907 -8.28976 -8.06443 -8.92079 -8.90964 -9.11878 -9.95429 -7.69387 -8.05901 -7.69040 0.09212 2.34837 0.42583 

ENSMUSP00000076575 -9.54483 -10.56423 -8.45694 -10.89842 -10.85610 -10.84346 -8.01566 -8.78518 -8.44765 0.09182 5.54139 0.18046 

ENSMUSP00000097561:rever
sed 

-13.63197 -12.96162 -14.15509 -15.49698 -14.35308 -14.34045 -13.50190 -14.48334 -13.49842 0.09029 3.09848 0.32274 

ENSMUSP00000084572 -7.80230 -7.93919 -7.63440 -8.12214 -8.40933 -7.93584 -7.50467 -7.42477 -7.50120 0.09011 1.43080 0.69891 

ENSMUSP00000103904 -6.94616 -10.58188 -6.77959 -10.91607 -10.87375 -10.86112 -8.15852 -6.95660 -7.56713 0.08847 38.82374 0.02576 

ENSMUSP00000018699 -6.08566 -5.81905 -6.17636 -6.31267 -6.19889 -6.36171 -6.90061 -7.08154 -6.99478 0.08804 1.30615 0.76561 

ENSMUSP00000026552 -4.72802 -4.63839 -4.70302 -4.89069 -4.85523 -5.29655 -5.71569 -5.42331 -5.60400 0.08751 1.35246 0.73939 

ENSMUSP00000081782 -9.18861 -11.67548 -10.15637 -12.00967 -11.96735 -11.95472 -10.01459 -10.48462 -9.39179 0.08655 8.10157 0.12343 

ENSMUSP00000073175 -6.77134 -6.29963 -6.46021 -6.84896 -7.46074 -6.87741 -10.02674 -6.93690 -6.97452 0.08534 1.69235 0.59089 

ENSMUSP00000104830 -7.05415 -9.68417 -6.47794 -10.01836 -9.97604 -9.96340 -6.67288 -6.73471 -6.35429 0.08508 18.34229 0.05452 

ENSMUSP00000087046 -8.38236 -8.30019 -10.34378 -10.58409 -10.54177 -10.52914 -7.96968 -7.83464 -8.58554 0.08210 6.39478 0.15638 

ENSMUSP00000029353 -11.03390 -9.33873 -9.94403 -11.28591 -11.24359 -11.23096 -10.13897 -9.17268 -9.28736 0.08174 3.83460 0.26078 

ENSMUSP00000031160 -10.82533 -9.13016 -9.73546 -11.07734 -11.03502 -11.02239 -8.83081 -8.96411 -9.41552 0.08174 3.83460 0.26078 

ENSMUSP00000022993 -8.72257 -7.68433 -8.73427 -9.48599 -8.93226 -9.43104 -10.54221 -9.06251 -9.43716 0.08166 2.66638 0.37504 

ENSMUSP00000106250 -7.87989 -9.41070 -7.10265 -9.74489 -9.70257 -9.68993 -8.59795 -8.73125 -8.08306 0.08010 7.24818 0.13797 

ENSMUSP00000100968 -8.81645 -10.68399 -9.67629 -11.01818 -10.97586 -10.96322 -9.02310 -8.39392 -9.35635 0.07991 4.68800 0.21331 

ENSMUSP00000049007 -10.47878 -9.88518 -9.97906 -10.73079 -11.79004 -10.67583 -9.83728 -9.20811 -9.83381 0.07948 2.36886 0.42214 

ENSMUSP00000080974 -9.83822 -8.90790 -8.75033 -9.57882 -11.14949 -11.13685 -10.04487 -9.33003 -9.19326 0.07934 3.46330 0.28874 



ENSMUSP00000020522 -11.42136 -9.72619 -9.48334 -11.67337 -11.63105 -11.61841 -8.57925 -8.46119 -8.78714 0.07885 5.54139 0.18046 

ENSMUSP00000100802 -6.14570 -6.22072 -6.27293 -6.90859 -7.22735 -6.34276 -6.80438 -6.60117 -6.98899 0.07881 1.73373 0.57679 

ENSMUSP00000029405 -10.21351 -11.23291 -9.37707 -11.56709 -11.52478 -11.51214 -8.47298 -10.55346 -9.31709 0.07875 4.68800 0.21331 

ENSMUSP00000051935 -9.23339 -9.66263 -10.85808 -11.09839 -11.05608 -11.04344 -9.95146 -10.08476 -9.43657 0.07764 3.83460 0.26078 

ENSMUSP00000025483 -10.03561 -8.65308 -8.74696 -11.38920 -11.34688 -9.72125 -8.94190 -7.66613 -8.77131 0.07713 4.55773 0.21941 

ENSMUSP00000028241 -8.22082 -7.62762 -9.33212 -9.06101 -10.63168 -10.61905 -9.52706 -9.66036 -10.62517 0.07695 4.92255 0.20315 

ENSMUSP00000047898 -10.96231 -9.77856 -9.36102 -11.21432 -11.17200 -11.15937 -9.21924 -10.20069 -9.21577 0.07498 3.83460 0.26078 

ENSMUSP00000022060 -7.86050 -9.97949 -8.46038 -10.31368 -10.27136 -10.25872 -8.65533 -8.20045 -8.65185 0.07429 6.39478 0.15638 

ENSMUSP00000001713 -7.57353 -7.80162 -7.58523 -8.58802 -8.54570 -10.48278 -6.09354 -5.89389 -5.72233 0.07327 3.48537 0.28691 

ENSMUSP00000107760 -9.68343 -8.95443 -10.99549 -11.23580 -12.29505 -11.18084 -12.29201 -12.42531 -12.28854 0.07253 6.38180 0.15670 

ENSMUSP00000028222 -6.44080 -5.39934 -5.69251 -6.69281 -6.70051 -6.47330 -7.22556 -6.60249 -7.28181 0.07123 2.34034 0.42729 

ENSMUSP00000038368 -8.50731 -8.33414 -8.26765 -9.40614 -11.76575 -9.55194 -8.04481 -8.45772 -7.94823 0.07113 4.31068 0.23198 

ENSMUSP00000080531 -8.72923 -10.59677 -8.48948 -10.93096 -10.88864 -10.87601 -9.27261 -8.44985 -8.31308 0.07110 7.24818 0.13797 

ENSMUSP00000029630 -7.04355 -7.19778 -8.53362 -11.34297 -11.30065 -8.33937 -11.29761 -11.43091 -11.29414 0.06785 6.98258 0.14321 

ENSMUSP00000100067 -7.89829 -8.60505 -8.11075 -8.60251 -10.50991 -10.49727 -7.55822 -7.34005 -7.79120 0.06712 3.54341 0.28221 

ENSMUSP00000020285 -7.51519 -7.05342 -7.14730 -10.33625 -10.29394 -7.71225 -8.34118 -7.47555 -7.57523 0.06587 4.33574 0.23064 

ENSMUSP00000004508 -7.28463 -7.01136 -7.53279 -7.64790 -7.73078 -8.22916 -7.60254 -7.43349 -8.03452 0.06575 1.77192 0.56436 

ENSMUSP00000093944 -9.43948 -8.90508 -8.45225 -9.44003 -11.59888 -11.58625 -8.15756 -8.22833 -8.09156 0.06563 4.29033 0.23308 

ENSMUSP00000081010 -6.46453 -6.38235 -6.32593 -7.19204 -6.67422 -6.66159 -5.70731 -5.49533 -5.93476 0.06544 1.53722 0.65052 

ENSMUSP00000045927 -8.81535 -8.73317 -8.82705 -9.06736 -10.63803 -10.62540 -10.63499 -9.66671 -9.52994 0.06506 2.73367 0.36581 

ENSMUSP00000096677 -11.18237 -11.10019 -12.29565 -12.53596 -12.49364 -12.48100 -10.54088 -10.22196 -10.28595 0.06445 2.98121 0.33543 

ENSMUSP00000100564 -7.86909 -7.78691 -7.44533 -9.42146 -10.48071 -8.26690 -6.66666 -7.31085 -7.76200 0.06070 3.82587 0.26138 

ENSMUSP00000008826 -6.03042 -5.98051 -6.25345 -6.49376 -6.88681 -6.32757 -7.16144 -6.70687 -7.15797 0.06070 1.58176 0.63221 

ENSMUSP00000073213 -6.28894 -6.62175 -7.13554 -7.21548 -8.27210 -7.62325 -5.81188 -6.33648 -6.04353 0.06054 2.66942 0.37461 

ENSMUSP00000041814 -9.43556 -9.35338 -8.81104 -10.78717 -9.64525 -10.22080 -7.86873 -8.36144 -7.57285 0.05674 2.62486 0.38097 

ENSMUSP00000030345 -7.34172 -6.57620 -7.31495 -7.63374 -7.81970 -7.85971 -7.76664 -8.17956 -7.58490 0.05617 2.09014 0.47844 

ENSMUSP00000102140 -8.96009 -8.36650 -8.97180 -10.31368 -10.27136 -9.15715 -7.69927 -8.78863 -7.69580 0.05516 2.80780 0.35615 

ENSMUSP00000083705 -5.72388 -5.53048 -5.47127 -5.99284 -6.15883 -5.73721 -6.15579 -6.28909 -6.47210 0.05494 1.46110 0.68441 

ENSMUSP00000085623 -8.39835 -9.41577 -9.50965 -9.74996 -10.80922 -10.79658 -8.40424 -8.10208 -8.09051 0.05471 3.83005 0.26109 

ENSMUSP00000105795 -5.41220 -5.18460 -4.86551 -6.97526 -7.14809 -10.35859 -4.32112 -4.35502 -4.41225 0.05381 10.04090 0.09959 

ENSMUSP00000044326 -7.75542 -7.61767 -7.60888 -7.75609 -7.96512 -7.89690 -8.22162 -10.04204 -8.29512 0.05252 1.23085 0.81245 

ENSMUSP00000087694 -10.50054 -10.41836 -10.51224 -10.75255 -11.81181 -11.79917 -11.80876 -11.94206 -10.70372 0.05007 2.29667 0.43541 

ENSMUSP00000045216 -8.23705 -6.93089 -7.66083 -8.48906 -9.20922 -10.04472 -10.05432 -11.28919 -11.15242 0.04934 4.74269 0.21085 

ENSMUSP00000071078 -8.11421 -8.03203 -7.69045 -9.66658 -8.77612 -8.51203 -8.01060 -9.24310 -10.71932 0.04933 2.61685 0.38214 

ENSMUSP00000034966 -6.18833 -5.62287 -6.02257 -6.65624 -6.79867 -6.29272 -7.26857 -6.54789 -7.05598 0.04740 1.89002 0.52909 



ENSMUSP00000099634 -6.78800 -6.36934 -6.92487 -7.16518 -7.14990 -7.19362 -6.99465 -7.52758 -6.76099 0.04700 1.63856 0.61029 

ENSMUSP00000030830 -8.90483 -8.16856 -8.04730 -9.32396 -9.48240 -8.95874 -9.47936 -9.86411 -9.72734 0.04651 2.51290 0.39795 

ENSMUSP00000107433 -8.72257 -8.30366 -7.63506 -10.58757 -8.93226 -10.53261 -8.92922 -10.67551 -10.53873 0.04596 4.92255 0.20315 

ENSMUSP00000081001 -9.25084 -8.71645 -9.26254 -9.83957 -9.46053 -9.78462 -11.40720 -10.43893 -10.30216 0.04549 1.87462 0.53344 

ENSMUSP00000038914 -6.27764 -6.21398 -7.13059 -7.32922 -7.81149 -7.35944 -7.80845 -8.36469 -8.46437 0.04542 2.72514 0.36695 

ENSMUSP00000055862 -7.26371 -7.32468 -6.93885 -8.02674 -7.47340 -8.22324 -7.13380 -7.09271 -7.23043 0.04514 2.01472 0.49635 

ENSMUSP00000108126 -9.88094 -10.90034 -9.89264 -11.23453 -11.19221 -11.17957 -10.08759 -10.22089 -10.08412 0.04458 2.98121 0.33543 

ENSMUSP00000020161 -6.00597 -5.90296 -6.76494 -8.41432 -9.16094 -7.04339 -10.77089 -8.50226 -9.66584 0.04295 5.29984 0.18868 

ENSMUSP00000036093 -9.15886 -10.54416 -10.12662 -11.97992 -10.83603 -11.92497 -9.98484 -10.45487 -8.88234 0.04179 5.36343 0.18645 

ENSMUSP00000025385 -6.41080 -6.35782 -7.01319 -7.22786 -7.51196 -7.14790 -6.29964 -6.75075 -6.57171 0.04171 2.06144 0.48510 

ENSMUSP00000034541 -7.50004 -7.76419 -8.08991 -9.85697 -8.37889 -9.21383 -9.02266 -8.98885 -9.01919 0.04140 3.38712 0.29524 

ENSMUSP00000047536 -6.60415 -6.67228 -7.00981 -7.67306 -7.20780 -7.19516 -6.85844 -7.40953 -7.27275 0.04130 1.80414 0.55428 

ENSMUSP00000037783 -8.61257 -9.04181 -9.13568 -9.37599 -10.43525 -10.42261 -10.43221 -10.56550 -10.42873 0.04104 2.80780 0.35615 

ENSMUSP00000021239 -7.08939 -6.72759 -7.03856 -7.27887 -7.51422 -7.28644 -8.16527 -7.91897 -8.52967 0.04076 1.50356 0.66509 

ENSMUSP00000028916 -8.59678 -8.40335 -8.14576 -11.68618 -11.64386 -9.22929 -8.08116 -8.27331 -8.19906 0.03976 6.18105 0.16178 

ENSMUSP00000037018 -7.15723 -7.65321 -8.17464 -11.12714 -11.08482 -8.67026 -11.08178 -10.11351 -11.07831 0.03808 7.75118 0.12901 

ENSMUSP00000110998 -5.90495 -5.77929 -5.87317 -7.21215 -11.02433 -11.01169 -5.58314 -5.76109 -11.01781 0.03728 10.84817 0.09218 

ENSMUSP00000060218 -8.86934 -8.27575 -7.78144 -10.22293 -9.07903 -10.16797 -7.60852 -8.36115 -7.12534 0.03599 4.34118 0.23035 

ENSMUSP00000002790 -8.53955 -8.64847 -7.87999 -9.98159 -9.17679 -10.77477 -8.21805 -8.51843 -7.73497 0.03558 4.43666 0.22539 

ENSMUSP00000030538 -7.25176 -6.84865 -6.90406 -8.17037 -7.85356 -7.39617 -9.46066 -8.80502 -8.50113 0.03537 2.16512 0.46187 

ENSMUSP00000023803 -6.00319 -5.36942 -6.35459 -6.82087 -6.80712 -7.02128 -5.87336 -6.01815 -6.12941 0.03034 2.81690 0.35500 

ENSMUSP00000106481 -7.82812 -8.17349 -9.02985 -9.60688 -11.17756 -10.06335 -11.17451 -8.73876 -9.55805 0.02994 6.37964 0.15675 

ENSMUSP00000034164 -9.03596 -8.95378 -9.55908 -9.79938 -10.85864 -10.84600 -10.85560 -10.98890 -10.85212 0.02979 3.31893 0.30130 

ENSMUSP00000112334 -8.21193 -7.91840 -8.49198 -9.35162 -9.30930 -8.67733 -6.15781 -6.35442 -6.15434 0.02975 2.40780 0.41532 

ENSMUSP00000067685 -7.51200 -7.16379 -7.13422 -8.18389 -8.76481 -7.83042 -7.39587 -7.21258 -7.44915 0.02940 2.54252 0.39331 

ENSMUSP00000099364 -8.98726 -8.90508 -8.99896 -9.44003 -9.98589 -10.48467 -8.64720 -9.32721 -9.97938 0.02937 2.47481 0.40407 

ENSMUSP00000020717 -6.27770 -6.41262 -6.19631 -7.53542 -6.76702 -6.96953 -6.34776 -6.15680 -6.22414 0.02898 2.13616 0.46813 

ENSMUSP00000033509 -5.81771 -5.32605 -5.65313 -5.99993 -6.21215 -6.17094 -6.43590 -6.23270 -6.58963 0.02891 1.70853 0.58530 

ENSMUSP00000091180 -8.30811 -7.84633 -8.17666 -10.02759 -11.08685 -9.12449 -8.51476 -8.07736 -8.67840 0.02791 5.45030 0.18348 

ENSMUSP00000095845 -6.82568 -6.74350 -6.51644 -8.49176 -10.65061 -8.43680 -6.97968 -7.22121 -6.74793 0.02729 8.38932 0.11920 

ENSMUSP00000035761 -9.97402 -9.67670 -9.59363 -10.73698 -10.26711 -10.25448 -9.68591 -10.96806 -10.99841 0.02678 1.94311 0.51464 

ENSMUSP00000021375 -7.31545 -7.26661 -7.29489 -8.06746 -8.08072 -7.54585 -7.12209 -7.59188 -6.91994 0.02659 1.78035 0.56169 

ENSMUSP00000000756 -5.95659 -5.54649 -5.80353 -6.12283 -6.26011 -6.38807 -6.87149 -6.69460 -6.86802 0.02639 1.62883 0.61394 

ENSMUSP00000107914 -9.04857 -9.47781 -8.72354 -9.81200 -10.87125 -10.85861 -9.25522 -11.00151 -8.91502 0.02580 3.83005 0.26109 

ENSMUSP00000023583 -7.15589 -7.94295 -7.46614 -8.89647 -8.60270 -8.22218 -8.59965 -8.36508 -8.84764 0.02495 2.94512 0.33955 



ENSMUSP00000007130 -9.80954 -9.39063 -9.48451 -10.57296 -11.63222 -10.51801 -9.22725 -9.81276 -11.62570 0.02480 3.46330 0.28874 

ENSMUSP00000039202 -7.24659 -7.25540 -7.44939 -8.68862 -10.59602 -8.97039 -7.45324 -6.96074 -8.18757 0.02460 6.18105 0.16178 

ENSMUSP00000001460 -6.59180 -6.47014 -6.59017 -7.38187 -7.27286 -6.82996 -6.49908 -6.74830 -6.66902 0.02443 1.79526 0.55702 

ENSMUSP00000023087 -9.56498 -8.01533 -9.57669 -10.91857 -10.87625 -10.86361 -10.87321 -9.05679 -10.86973 0.02412 8.10157 0.12343 

ENSMUSP00000021133 -8.39340 -7.84851 -8.01936 -10.38123 -9.03856 -9.47813 -7.42575 -7.36168 -7.71607 0.02232 4.18923 0.23871 

ENSMUSP00000031355 -8.42394 -8.99585 -8.51904 -11.89909 -9.90705 -10.74256 -7.91755 -8.42736 -8.03925 0.02182 7.07425 0.14136 

ENSMUSP00000033093 -8.08886 -7.38735 -7.48123 -8.67759 -10.24827 -10.23563 -8.63223 -8.42880 -8.62876 0.02169 6.01698 0.16620 

ENSMUSP00000107937 -5.72855 -6.24554 -5.85980 -7.10788 -6.64564 -6.57743 -6.15484 -5.98737 -6.02003 0.02166 2.32093 0.43086 

ENSMUSP00000072199 -10.45960 -7.91933 -8.34973 -11.81318 -11.77086 -11.75823 -8.81917 -9.69995 -8.71560 0.02163 26.87623 0.03721 

ENSMUSP00000026538 -6.27767 -6.36834 -7.48823 -8.10813 -8.06581 -8.42105 -5.70743 -5.78398 -5.49403 0.02138 4.91700 0.20338 

ENSMUSP00000025835 -6.54511 -6.28680 -7.09266 -7.73215 -7.42600 -8.03661 -8.82405 -8.29392 -9.25603 0.02111 3.00585 0.33268 

ENSMUSP00000086021 -5.71315 -6.34402 -5.89550 -6.76160 -7.45709 -6.89774 -6.90733 -6.32139 -7.14031 0.02050 2.86183 0.34943 

ENSMUSP00000001715 -8.08455 -7.80162 -8.09626 -8.92474 -10.49542 -10.48278 -7.65498 -7.48593 -7.11732 0.02045 5.28736 0.18913 

ENSMUSP00000021793 -8.10548 -7.85618 -8.11718 -8.55825 -8.51593 -8.30253 -9.10107 -10.84736 -10.71058 0.02043 1.53821 0.65010 

ENSMUSP00000071616 -5.44085 -5.72030 -5.96339 -6.22696 -6.28349 -6.40998 -6.07037 -5.88234 -6.10992 0.02025 1.85323 0.53960 

ENSMUSP00000015011 -5.64029 -5.70793 -5.63475 -5.98328 -5.94096 -5.78649 -6.70010 -6.91857 -7.45306 0.01952 1.27442 0.78467 

ENSMUSP00000106359 -6.86965 -6.36968 -6.68065 -7.12166 -7.33071 -7.41818 -8.76342 -7.56107 -8.17177 0.01879 1.92127 0.52049 

ENSMUSP00000036386 -7.13421 -6.98950 -7.21261 -7.68476 -7.41060 -7.82091 -7.55601 -7.77270 -7.55253 0.01849 1.66939 0.59902 

ENSMUSP00000066035 -9.82869 -8.44616 -9.84039 -11.18228 -11.13996 -11.12732 -8.73498 -8.43282 -8.73151 0.01847 7.24818 0.13797 

ENSMUSP00000025833 -8.82602 -8.74384 -8.52746 -10.37839 -9.82466 -11.42501 -7.81937 -7.45266 -7.25237 0.01815 5.24515 0.19065 

ENSMUSP00000032168 -5.96301 -5.36720 -5.64424 -6.58276 -6.26035 -6.41339 -7.69863 -7.09145 -7.83333 0.01774 2.17141 0.46053 

ENSMUSP00000063825 -5.92441 -6.42032 -7.00274 -7.64461 -8.19483 -7.68850 -5.99448 -6.26436 -5.97227 0.01768 4.28688 0.23327 

ENSMUSP00000072084 -8.94222 -9.44823 -9.20538 -10.29383 -9.74010 -10.23888 -9.73705 -9.08141 -9.73358 0.01755 2.43439 0.41078 

ENSMUSP00000056433 -8.38748 -8.30530 -8.39918 -10.25248 -10.21017 -9.09596 -10.20712 -8.72743 -8.59066 0.01725 3.83005 0.26109 

ENSMUSP00000082125 -8.10673 -7.51361 -7.53052 -9.45795 -11.02862 -9.40299 -11.02558 -9.54588 -11.02210 0.01670 7.77023 0.12870 

ENSMUSP00000031617 -5.08415 -4.98403 -4.90676 -5.65292 -5.52722 -5.27219 -6.15639 -5.96246 -6.13163 0.01617 1.62552 0.61519 

ENSMUSP00000038214 -9.16059 -8.34734 -9.02914 -10.88007 -10.32634 -11.92669 -8.04011 -8.76947 -7.88540 0.01452 7.79776 0.12824 

ENSMUSP00000035010 -8.94195 -8.38007 -8.38296 -9.36108 -9.77098 -10.09507 -10.61608 -10.23796 -11.71418 0.01425 3.15944 0.31651 

ENSMUSP00000079379 -8.78241 -8.15352 -8.24740 -9.48664 -9.78104 -9.18023 -7.12393 -7.66980 -7.24002 0.01415 2.97472 0.33617 

ENSMUSP00000075321 -6.85115 -6.99857 -5.87238 -10.77105 -8.52756 -10.71609 -6.40382 -6.18176 -10.72221 0.01382 20.29785 0.04927 

ENSMUSP00000006703 -8.67668 -8.97410 -10.53545 -11.87734 -11.83502 -11.82238 -10.21898 -11.96527 -10.72693 0.01318 14.92872 0.06698 

ENSMUSP00000052544 -7.96429 -8.02526 -7.85079 -9.82692 -10.88618 -9.26055 -8.04574 -8.17904 -8.16747 0.01298 6.37964 0.15675 

ENSMUSP00000034058 -7.80800 -7.55871 -7.08189 -8.84895 -10.41962 -10.40699 -8.01465 -8.34871 -9.31153 0.01288 8.57067 0.11668 

ENSMUSP00000026667 -7.98367 -8.33696 -7.88412 -11.07308 -11.03076 -9.40513 -7.88797 -7.86090 -7.97549 0.01263 8.57067 0.11668 

ENSMUSP00000042860 -8.90856 -7.72679 -7.07319 -10.26215 -10.21983 -10.20719 -8.01561 -6.97850 -7.81138 0.01235 13.22193 0.07563 



ENSMUSP00000028683 -5.38275 -4.95078 -5.27226 -6.43048 -6.32613 -5.82393 -6.95078 -7.02927 -7.23972 0.01211 2.63742 0.37916 

ENSMUSP00000028592 -7.28640 -7.93031 -7.78774 -9.36371 -8.73321 -8.72057 -9.82976 -9.11492 -9.31487 0.01163 3.60297 0.27755 

ENSMUSP00000026122 -6.39872 -5.82570 -6.68175 -7.37407 -7.61269 -7.40429 -7.28870 -6.77908 -7.10617 0.01150 3.33705 0.29967 

ENSMUSP00000004072 -5.95920 -5.51128 -5.80384 -6.29234 -6.54243 -6.49275 -6.36653 -6.40885 -6.74503 0.01079 1.98644 0.50341 

ENSMUSP00000076521 -7.64077 -6.40725 -6.91952 -8.93897 -8.75350 -8.50442 -11.46265 -9.02691 -10.35761 0.01006 6.26505 0.15962 

ENSMUSP00000001479 -8.41118 -8.24561 -7.94739 -10.18994 -9.35868 -10.64641 -7.67567 -7.84346 -7.48704 0.00965 5.70445 0.17530 

ENSMUSP00000020238 -6.05447 -5.53138 -5.80814 -7.35449 -7.21798 -6.62505 -6.32364 -6.46620 -6.73723 0.00935 3.44373 0.29038 

ENSMUSP00000027123 -6.01110 -5.74555 -6.24753 -6.93759 -7.57620 -7.01441 -5.50281 -5.94348 -5.84075 0.00907 3.14986 0.31747 

ENSMUSP00000075513 -5.76680 -5.83560 -6.98466 -8.87829 -9.42416 -11.02451 -5.78794 -5.87978 -5.54975 0.00905 28.82631 0.03469 

ENSMUSP00000019512 -8.60265 -8.15260 -9.71395 -11.05583 -11.01352 -11.00088 -9.06076 -8.57472 -8.29481 0.00904 10.66175 0.09379 

ENSMUSP00000099453 -6.89838 -6.64074 -6.71189 -9.04330 -11.40291 -9.77728 -5.82329 -6.06916 -6.09867 0.00904 18.68012 0.05353 

ENSMUSP00000111081 -6.59729 -6.51511 -6.71869 -9.58449 -10.05359 -8.19388 -8.43993 -8.33678 -11.14865 0.00897 10.53032 0.09496 

ENSMUSP00000039269 -6.89335 -6.61380 -6.90505 -7.26089 -7.30373 -7.43421 -6.73786 -6.95015 -7.06081 0.00820 1.69608 0.58960 

ENSMUSP00000101823 -4.80368 -4.80397 -4.82599 -5.39852 -5.64761 -5.21796 -10.95229 -11.08559 -10.94882 0.00810 1.81380 0.55133 

ENSMUSP00000099841 -8.24434 -7.54283 -8.00459 -10.44607 -10.40375 -9.28954 -7.02912 -7.31087 -8.44752 0.00799 7.40794 0.13499 

ENSMUSP00000078774 -7.10316 -7.30060 -7.88412 -11.07308 -9.41777 -9.91655 -7.58943 -7.66020 -7.46458 0.00760 12.90298 0.07750 

ENSMUSP00000023760 -7.65088 -7.07906 -7.47148 -8.28249 -8.60804 -8.84686 -7.58303 -7.27158 -7.30189 0.00742 3.20891 0.31163 

ENSMUSP00000052912 -5.92198 -5.40363 -5.78675 -6.93411 -6.55530 -6.58762 -6.21892 -6.19245 -6.44452 0.00740 2.70101 0.37023 

ENSMUSP00000005122 -8.44778 -8.16484 -9.55908 -10.90096 -10.85864 -10.84600 -8.28655 -7.76576 -7.55201 0.00730 9.80836 0.10195 

ENSMUSP00000100000 -7.78623 -7.59583 -7.24236 -9.64819 -11.55559 -11.54295 -7.10551 -7.39100 -7.88118 0.00668 19.14269 0.05224 

ENSMUSP00000039472 -8.13965 -7.52329 -9.37576 -11.22906 -11.18674 -11.17410 -11.18369 -11.31699 -11.18022 0.00638 21.75587 0.04596 

ENSMUSP00000042351 -5.72225 -5.62708 -6.00222 -6.56207 -7.11230 -7.14315 -5.26559 -5.13937 -5.21605 0.00627 3.06018 0.32678 

ENSMUSP00000024988 -9.06334 -8.10921 -8.40378 -12.45509 -10.79978 -11.29856 -12.40973 -12.54302 -12.40625 0.00613 17.44095 0.05734 

ENSMUSP00000033012 -7.29982 -7.38708 -7.31153 -9.06263 -9.90799 -8.70533 -7.67590 -8.13347 -7.64212 0.00612 5.93958 0.16836 

ENSMUSP00000048111 -7.73476 -7.65258 -6.81470 -9.45425 -9.41193 -8.88787 -6.84257 -6.56186 -7.13540 0.00588 6.84225 0.14615 

ENSMUSP00000020315 -7.65082 -7.38390 -7.57914 -9.73939 -8.79889 -8.94662 -7.41873 -7.65015 -7.22827 0.00583 4.74327 0.21082 

ENSMUSP00000111471 -8.76923 -8.20735 -9.14881 -11.59029 -10.44640 -11.53534 -9.59521 -9.72851 -9.59174 0.00580 10.98583 0.09103 

ENSMUSP00000111363 -7.65881 -7.57663 -8.77011 -10.11199 -10.06967 -10.05704 -8.96506 -8.58694 -8.96159 0.00572 8.95496 0.11167 

ENSMUSP00000095129:rever
sed 

-8.50451 -8.42233 -9.61581 -10.95769 -10.91538 -10.90274 -10.91233 -11.04563 -10.90886 0.00572 8.95496 0.11167 

ENSMUSP00000031897 -6.32550 -6.24333 -6.37888 -7.90464 -9.32979 -8.46901 -6.92751 -6.70713 -6.57036 0.00565 8.03830 0.12440 

ENSMUSP00000002064 -8.87374 -8.20338 -9.39686 -10.73874 -10.69642 -10.68378 -8.74366 -8.42474 -8.74019 0.00554 7.24818 0.13797 

ENSMUSP00000087118 -9.13954 -8.46918 -9.66266 -11.00454 -10.96222 -10.94959 -10.95918 -8.52343 -8.75454 0.00554 7.24818 0.13797 

ENSMUSP00000086165 -8.88423 -7.70245 -8.38451 -10.23781 -10.19550 -10.18286 -10.19245 -8.37603 -9.08741 0.00537 7.24818 0.13797 

ENSMUSP00000078382 -9.80347 -8.62170 -9.30376 -11.15706 -11.11474 -11.10210 -10.01012 -10.14342 -11.10822 0.00537 7.24818 0.13797 

ENSMUSP00000033871 -6.74771 -6.20467 -6.50266 -7.34604 -7.45216 -7.36255 -7.62351 -7.96817 -8.26686 0.00492 2.50184 0.39971 



ENSMUSP00000038755 -6.52458 -6.77893 -7.04719 -7.76721 -8.34422 -8.08013 -5.44230 -5.37636 -5.64829 0.00470 3.56064 0.28085 

ENSMUSP00000079246 -7.78955 -7.50661 -7.80125 -8.29301 -8.58742 -8.57478 -7.62832 -7.28191 -7.62485 0.00446 2.17472 0.45983 

ENSMUSP00000023214 -8.81355 -8.22035 -8.31423 -11.26673 -10.12284 -11.21177 -11.22137 -11.35467 -11.21789 0.00434 9.96357 0.10037 

ENSMUSP00000034453 -5.56677 -5.50827 -5.59024 -6.11627 -6.20861 -5.91507 -5.25559 -5.41716 -5.41035 0.00431 1.67828 0.59585 

ENSMUSP00000098963 -8.15777 -8.51105 -9.05715 -10.14560 -10.10328 -10.09064 -9.00064 -8.76606 -8.79641 0.00422 4.96152 0.20155 

ENSMUSP00000026585 -9.13170 -8.20138 -8.04381 -10.48529 -10.44297 -10.43033 -9.33835 -10.57323 -10.43646 0.00421 8.10157 0.12343 

ENSMUSP00000098000 -8.86934 -7.93902 -7.78144 -10.22293 -10.18061 -10.16797 -7.77563 -7.59867 -8.56110 0.00421 8.10157 0.12343 

ENSMUSP00000038878 -7.58515 -7.15665 -7.74529 -8.49655 -8.59738 -8.75186 -6.26862 -6.43246 -6.23552 0.00421 3.10498 0.32206 

ENSMUSP00000066878 -8.14557 -8.81087 -8.39373 -10.24466 -10.20234 -9.67828 -7.58296 -8.21103 -7.62951 0.00393 4.98631 0.20055 

ENSMUSP00000109237 -7.28798 -6.93587 -6.92761 -8.85840 -8.26391 -8.25128 -6.39597 -6.65946 -6.36472 0.00378 4.00361 0.24977 

ENSMUSP00000099461 -8.79138 -8.70920 -7.95494 -10.14496 -10.10264 -10.09001 -7.69767 -7.39551 -8.48314 0.00365 5.54139 0.18046 

ENSMUSP00000033230 -8.54677 -9.56419 -8.55847 -10.99995 -10.95764 -10.94500 -9.00488 -9.13817 -9.33813 0.00354 8.95496 0.11167 

ENSMUSP00000001806 -8.26492 -7.40490 -7.89088 -10.25275 -11.31201 -10.19780 -7.07048 -7.32702 -7.06701 0.00341 14.40768 0.06941 

ENSMUSP00000069418 -10.28712 -8.65385 -9.53634 -12.48885 -12.44653 -12.43389 -11.34191 -10.96379 -12.44001 0.00329 23.46266 0.04262 

ENSMUSP00000019109 -8.36479 -8.28261 -9.22463 -10.56651 -10.52420 -10.51156 -10.52115 -10.65445 -10.51768 0.00319 7.24818 0.13797 

ENSMUSP00000046101 -5.73783 -6.08432 -6.45810 -8.83558 -7.97637 -8.06138 -5.89670 -6.25097 -5.92282 0.00306 8.84623 0.11304 

ENSMUSP00000022706 -7.03471 -7.19179 -7.34124 -9.19150 -8.89772 -8.37407 -6.31233 -6.71390 -6.77051 0.00306 4.89368 0.20435 

ENSMUSP00000021639 -8.17501 -7.96764 -9.28592 -11.13922 -11.09690 -11.08426 -7.59304 -11.22715 -7.32485 0.00302 15.78211 0.06336 

ENSMUSP00000107544 -9.78563 -8.85531 -8.94919 -11.13922 -11.09690 -11.08426 -11.09385 -11.22715 -11.09038 0.00298 7.24818 0.13797 

ENSMUSP00000044288 -5.80906 -5.75608 -5.99307 -9.05024 -9.34464 -10.94500 -6.20526 -6.57264 -6.16759 0.00270 38.36856 0.02606 

ENSMUSP00000078429 -5.64968 -5.68062 -6.14757 -7.05531 -7.47966 -7.10761 -5.21531 -5.51362 -5.16237 0.00268 4.01167 0.24927 

ENSMUSP00000107492 -8.97775 -8.75242 -8.60985 -11.79881 -11.75649 -10.64228 -8.19378 -8.58663 -8.24916 0.00265 12.00808 0.08328 

ENSMUSP00000070983 -8.33601 -8.25383 -7.15769 -10.53774 -10.49542 -10.48278 -10.49237 -8.42450 -10.48890 0.00243 15.78211 0.06336 

ENSMUSP00000029769 -8.44319 -8.69774 -9.30304 -10.64492 -10.60260 -10.58996 -8.19763 -8.16381 -7.75869 0.00215 6.39478 0.15638 

ENSMUSP00000092157 -8.24275 -9.06361 -8.20180 -11.00842 -12.06768 -12.05504 -8.05294 -8.30176 -8.12498 0.00204 23.25286 0.04301 

ENSMUSP00000022120 -11.09747 -11.01529 -11.10917 -11.34948 -11.30716 -11.29452 -8.59192 -8.48877 -8.00053 0.00200 1.27442 0.78467 

ENSMUSP00000003572 -11.37946 -11.29728 -11.39116 -11.63147 -11.58915 -11.57652 -9.63639 -10.61783 -9.38146 0.00200 1.27442 0.78467 

ENSMUSP00000025846 -11.52484 -11.44266 -11.53654 -11.77685 -11.73453 -11.72190 -10.11850 -10.76321 -10.62644 0.00200 1.27442 0.78467 

ENSMUSP00000032508 -10.91676 -10.83459 -10.92847 -11.16877 -11.12646 -11.11382 -10.02184 -9.64372 -9.50695 0.00200 1.27442 0.78467 

ENSMUSP00000033050 -10.51904 -10.43686 -10.53074 -10.77105 -10.72873 -10.71609 -8.77597 -8.28994 -9.10922 0.00200 1.27442 0.78467 

ENSMUSP00000062215 -11.01296 -10.93078 -11.02466 -11.26497 -11.22265 -11.21001 -10.11803 -8.95097 -10.11456 0.00200 1.27442 0.78467 

ENSMUSP00000064557 -10.17385 -10.09168 -10.18556 -10.42587 -10.38355 -10.37091 -7.97857 -7.94476 -9.27546 0.00200 1.27442 0.78467 

ENSMUSP00000066413 -11.18137 -11.09919 -11.19307 -11.43338 -11.39106 -11.37842 -10.28644 -9.90832 -10.28297 0.00200 1.27442 0.78467 

ENSMUSP00000084114 -10.80816 -10.72598 -10.81986 -11.06017 -11.01785 -11.00522 -9.91324 -10.04654 -9.90976 0.00200 1.27442 0.78467 

ENSMUSP00000088334 -11.49370 -11.41153 -11.50541 -11.74572 -11.70340 -11.69076 -10.08736 -10.73208 -10.59531 0.00200 1.27442 0.78467 



ENSMUSP00000088663 -10.51904 -10.43686 -10.53074 -10.77105 -10.72873 -10.71609 -9.62411 -9.24599 -9.10922 0.00200 1.27442 0.78467 

ENSMUSP00000097097:rever
sed 

-11.65267 -11.57050 -11.66437 -11.90468 -11.86237 -11.84973 -10.75775 -10.89105 -10.24286 0.00200 1.27442 0.78467 

ENSMUSP00000098112 -10.89120 -10.80902 -10.90290 -11.14321 -11.10089 -11.08825 -9.99627 -10.12957 -9.99280 0.00200 1.27442 0.78467 

ENSMUSP00000107983 -10.83801 -10.75584 -10.84972 -11.09003 -11.04771 -11.03507 -9.43167 -10.07639 -9.09147 0.00200 1.27442 0.78467 

ENSMUSP00000111892 -9.82589 -9.74371 -9.83759 -10.07790 -10.03558 -10.02294 -5.23234 -5.01976 -5.35184 0.00200 1.27442 0.78467 

ENSMUSP00000029564 -10.06167 -9.97949 -10.07337 -10.31368 -10.27136 -10.25872 -9.16674 -8.20045 -8.65185 0.00200 1.27442 0.78467 

ENSMUSP00000027766 -11.24767 -11.16550 -11.25937 -11.49968 -11.45736 -11.44473 -9.50461 -9.38645 -9.24968 0.00200 1.27442 0.78467 

ENSMUSP00000034529 -11.48494 -11.40276 -11.49664 -11.73695 -11.69463 -11.68200 -10.07860 -10.21190 -10.07513 0.00200 1.27442 0.78467 

ENSMUSP00000035208:rever
sed 

-13.01210 -12.92992 -13.02380 -13.26411 -13.22179 -13.20915 -12.11717 -12.25047 -12.11370 0.00200 1.27442 0.78467 

ENSMUSP00000047376 -11.16937 -11.08719 -11.18107 -11.42138 -11.37906 -11.36643 -8.97409 -8.79713 -9.17138 0.00200 1.27442 0.78467 

ENSMUSP00000014546 -10.76164 -10.67946 -10.77334 -11.01365 -10.97133 -10.95870 -9.86672 -9.48860 -9.86324 0.00200 1.27442 0.78467 

ENSMUSP00000020886 -10.98976 -10.90758 -11.00146 -11.24177 -11.19945 -11.18682 -9.24669 -9.71672 -9.24322 0.00200 1.27442 0.78467 

ENSMUSP00000029125 -10.41560 -10.33342 -10.42730 -10.66761 -10.62529 -10.61266 -9.52067 -9.14256 -9.51720 0.00200 1.27442 0.78467 

ENSMUSP00000030935 -10.05249 -9.97032 -10.06420 -10.30450 -10.26219 -10.24955 -7.85721 -7.44380 -8.05450 0.00200 1.27442 0.78467 

ENSMUSP00000035237 -11.66009 -11.57791 -11.67179 -11.91210 -11.86978 -11.85714 -10.76516 -10.89846 -10.76169 0.00200 1.27442 0.78467 

ENSMUSP00000043703:rever
sed 

-11.74162 -11.65944 -11.75332 -11.99363 -11.95131 -11.93868 -10.33528 -10.13185 -10.84322 0.00200 1.27442 0.78467 

ENSMUSP00000045998 -11.79466 -11.71248 -11.80636 -12.04667 -12.00435 -11.99171 -10.89973 -10.52161 -9.79666 0.00200 1.27442 0.78467 

ENSMUSP00000051033 -10.88520 -10.80303 -10.89690 -11.13721 -11.09490 -11.08226 -5.17663 -5.35994 -5.02717 0.00200 1.27442 0.78467 

ENSMUSP00000075722 -11.11354 -11.03137 -11.12525 -11.36555 -11.32324 -11.31060 -10.21862 -9.50378 -8.47933 0.00200 1.27442 0.78467 

ENSMUSP00000079905 -10.00532 -9.92314 -10.01702 -10.25733 -10.21501 -10.20237 -6.06446 -5.76616 -5.80966 0.00200 1.27442 0.78467 

ENSMUSP00000097582 -10.32157 -10.23939 -10.33327 -10.57358 -10.53126 -10.51863 -8.91523 -9.04853 -9.42317 0.00200 1.27442 0.78467 

ENSMUSP00000108098 -11.06786 -10.98568 -11.07956 -11.31987 -11.27755 -11.26491 -9.66152 -10.30623 -9.32132 0.00200 1.27442 0.78467 

ENSMUSP00000111551 -10.46865 -10.38648 -10.48036 -10.72067 -10.67835 -10.66571 -8.72559 -9.70703 -9.05884 0.00200 1.27442 0.78467 

sp|CAS2_BOVIN| -10.23328 -10.15110 -10.24498 -10.48529 -10.44297 -10.43033 -6.50375 -7.52448 -6.82122 0.00200 1.27442 0.78467 

ENSMUSP00000007708:rever
sed 

-11.15417 -11.07200 -11.16588 -11.40618 -11.36387 -11.35123 -10.25925 -10.39255 -10.25578 0.00200 1.27442 0.78467 

ENSMUSP00000034391 -11.24628 -11.16410 -11.25798 -11.49829 -11.45597 -11.44333 -10.35135 -10.48465 -10.34788 0.00200 1.27442 0.78467 

ENSMUSP00000063548 -11.00765 -10.92547 -11.01935 -11.25966 -11.21734 -11.20471 -10.11273 -9.73461 -10.10925 0.00200 1.27442 0.78467 

ENSMUSP00000073102 -10.50741 -10.42523 -10.51911 -10.75942 -10.71710 -10.70446 -8.00186 -8.27831 -7.76194 0.00200 1.27442 0.78467 

ENSMUSP00000073861 -10.96786 -10.88569 -10.97956 -11.21987 -11.17756 -11.16492 -8.97334 -9.69482 -9.22132 0.00200 1.27442 0.78467 

ENSMUSP00000076093 -12.94772 -12.86554 -12.95942 -13.19973 -13.15741 -13.14477 -12.05279 -12.18609 -12.04932 0.00200 1.27442 0.78467 

ENSMUSP00000078845:rever
sed 

-11.21074 -11.12856 -11.22244 -11.46275 -11.42043 -11.40779 -9.80439 -9.93769 -9.80092 0.00200 1.27442 0.78467 

ENSMUSP00000099420:rever
sed 

-11.01823 -10.93606 -11.02993 -11.27024 -11.22793 -11.21529 -10.12331 -10.25661 -10.11984 0.00200 1.27442 0.78467 

ENSMUSP00000106953 -9.39998 -9.31781 -9.41169 -9.65200 -9.60968 -9.59704 -7.65692 -6.60019 -6.55441 0.00200 1.27442 0.78467 



ENSMUSP00000043821 -6.45996 -6.83815 -7.09910 -8.30235 -8.73973 -8.34750 -6.10282 -6.22513 -5.86412 0.00199 5.36321 0.18646 

ENSMUSP00000073459 -8.47778 -6.98154 -7.85326 -10.93096 -10.88864 -10.87601 -7.66246 -7.87916 -7.65899 0.00197 26.87623 0.03721 

ENSMUSP00000028892 -9.61603 -9.02243 -8.77959 -10.96961 -10.92729 -10.91466 -8.72308 -9.95598 -9.30779 0.00195 6.39478 0.15638 

ENSMUSP00000013773 -10.06672 -8.71859 -9.91131 -12.72067 -12.67835 -12.66571 -8.95740 -8.95411 -9.11217 0.00185 26.87623 0.03721 

ENSMUSP00000024944 -9.72018 -9.30128 -8.63268 -11.58518 -11.54286 -11.53023 -11.53982 -11.67312 -11.53635 0.00181 11.51514 0.08684 

ENSMUSP00000076777 -5.30505 -5.36888 -5.75483 -6.81935 -7.28789 -6.87719 -5.13818 -5.30315 -11.09238 0.00173 4.53226 0.22064 

ENSMUSP00000047054 -9.35356 -10.11953 -9.36527 -11.55529 -11.51297 -11.50034 -10.40836 -11.64323 -11.50646 0.00167 7.24818 0.13797 

ENSMUSP00000077040 -11.91339 -11.31979 -11.92509 -13.26697 -13.22465 -13.21202 -11.02044 -12.25333 -13.21814 0.00164 4.68800 0.21331 

ENSMUSP00000043220:rever
sed 

-10.27175 -9.67816 -10.28346 -11.62534 -11.58302 -11.57038 -10.47840 -11.71328 -10.47493 0.00164 4.68800 0.21331 

ENSMUSP00000038339 -9.85142 -9.25782 -9.86312 -11.20500 -11.16268 -11.15005 -9.20993 -9.09177 -8.75424 0.00164 4.68800 0.21331 

ENSMUSP00000022196 -10.68335 -10.08976 -10.69505 -12.03694 -11.99462 -11.98198 -11.99157 -11.02330 -11.98810 0.00164 4.68800 0.21331 

ENSMUSP00000030742 -9.56996 -8.97637 -9.58166 -10.92354 -10.88123 -10.86859 -9.77661 -9.90991 -10.87471 0.00164 4.68800 0.21331 

ENSMUSP00000054370 -7.94667 -7.40177 -7.65602 -9.93450 -10.99376 -10.98112 -6.81195 -7.04211 -7.42758 0.00152 17.11934 0.05841 

ENSMUSP00000007708 -8.10542 -7.93226 -7.79429 -11.40618 -11.36387 -10.24966 -7.01264 -7.28506 -7.27545 0.00141 18.65272 0.05361 

ENSMUSP00000021698 -6.09667 -5.71093 -5.89612 -8.10665 -8.18571 -7.46385 -5.53658 -5.88335 -5.56096 0.00137 7.20257 0.13884 

ENSMUSP00000006137 -7.85889 -7.26584 -7.22390 -9.41054 -9.61968 -9.15483 -6.83457 -7.61775 -7.02589 0.00137 7.13020 0.14025 

ENSMUSP00000027833 -7.32550 -7.47424 -7.35804 -8.65581 -8.97456 -8.43378 -7.29467 -7.36495 -7.16890 0.00134 3.60895 0.27709 

ENSMUSP00000030454 -5.89652 -6.09693 -5.76511 -7.48989 -7.06183 -7.13259 -5.88309 -5.49083 -5.74146 0.00133 3.70612 0.26982 

ENSMUSP00000088249 -4.60837 -4.53955 -5.39078 -6.99967 -7.07691 -7.12987 -4.54871 -4.90293 -4.50050 0.00128 9.75353 0.10253 

ENSMUSP00000076294 -6.72185 -6.68135 -6.81872 -7.56992 -7.68797 -7.37679 -7.38638 -6.98332 -7.44961 0.00127 2.21859 0.45074 

ENSMUSP00000025696 -6.44439 -6.62694 -6.78335 -9.36037 -9.31805 -10.40699 -6.48040 -6.12665 -6.14605 0.00113 19.51505 0.05124 

ENSMUSP00000050689 -5.91857 -5.94365 -5.86467 -7.11274 -6.70935 -6.89742 -10.20712 -10.34042 -10.20365 0.00110 2.68726 0.37213 

ENSMUSP00000054863 -6.48428 -6.43544 -6.75673 -7.62840 -7.76046 -7.49647 -7.50606 -7.27158 -7.24304 0.00105 2.91575 0.34296 

ENSMUSP00000082288 -5.82000 -6.27450 -6.57530 -8.71686 -9.29388 -9.61796 -5.14707 -5.66231 -5.49931 0.00096 19.22780 0.05201 

ENSMUSP00000032473 -6.89973 -6.51525 -7.08208 -8.88675 -9.43261 -8.83180 -7.23156 -6.88102 -6.66526 0.00095 9.03625 0.11067 

ENSMUSP00000033185 -8.96316 -7.99330 -8.72340 -11.16488 -11.12256 -11.10993 -10.01795 -10.15125 -11.11605 0.00092 14.07533 0.07105 

ENSMUSP00000002389 -9.85866 -9.18830 -9.87036 -11.72366 -11.68134 -11.66871 -11.67830 -11.81160 -11.67483 0.00082 8.10157 0.12343 

ENSMUSP00000101002 -9.14318 -8.54958 -8.64346 -10.49676 -10.45444 -10.44181 -7.07982 -6.91681 -6.73002 0.00080 5.54139 0.18046 

ENSMUSP00000031105 -8.98267 -8.38907 -8.48295 -10.33625 -10.29394 -10.28130 -7.88896 -7.37544 -7.06428 0.00080 5.54139 0.18046 

ENSMUSP00000024739 -5.51988 -5.25773 -5.45567 -7.56654 -7.00661 -7.10046 -5.04614 -5.33668 -5.08046 0.00068 6.00087 0.16664 

ENSMUSP00000099904 -5.15288 -5.22893 -5.37303 -6.22020 -6.11679 -6.00548 -4.48666 -4.80141 -4.50676 0.00065 2.37213 0.42156 

ENSMUSP00000101833 -9.64407 -9.56189 -9.14435 -10.99765 -10.95533 -10.94270 -10.95229 -11.08559 -10.94882 0.00062 4.68800 0.21331 

ENSMUSP00000039243 -9.94092 -9.85875 -9.44121 -11.29451 -11.25219 -11.23955 -9.63616 -8.43380 -8.84374 0.00062 4.68800 0.21331 

ENSMUSP00000086716 -10.69535 -10.61317 -9.94457 -12.89707 -12.85476 -12.84212 -9.23647 -12.98501 -10.01085 0.00051 12.36854 0.08085 

ENSMUSP00000086626 -8.90593 -9.71143 -8.91763 -11.99533 -11.95301 -11.94038 -9.23778 -8.94353 -8.33126 0.00048 17.48890 0.05718 



ENSMUSP00000099807 -9.02962 -8.94745 -9.62951 -11.48281 -11.44049 -11.42785 -11.43744 -11.57074 -11.43397 0.00048 9.80836 0.10195 

ENSMUSP00000027144 -4.20006 -4.19789 -4.52164 -5.47448 -5.55592 -5.54089 -3.73026 -3.96705 -3.82899 0.00039 3.39863 0.29424 

ENSMUSP00000071135 -5.21527 -4.90369 -5.18601 -6.83635 -6.64183 -6.49712 -4.99235 -5.10767 -5.00718 0.00037 4.73303 0.21128 

ENSMUSP00000110006:rever
sed 

-10.35805 -9.68769 -10.03303 -12.22305 -12.18073 -12.16810 -9.77576 -10.10982 -10.56123 0.00037 8.95496 0.11167 

ENSMUSP00000105647 -9.26012 -9.17794 -8.68364 -11.12512 -11.08280 -11.07016 -11.07975 -10.11148 -11.07628 0.00034 8.10157 0.12343 

ENSMUSP00000095316 -7.14890 -6.88011 -7.01748 -8.12015 -8.07783 -7.96509 -6.94153 -6.86189 -6.72512 0.00033 2.83000 0.35336 

ENSMUSP00000042457 -4.54441 -4.45871 -4.88766 -6.29262 -6.23468 -6.16187 -4.43341 -4.59800 -4.40709 0.00030 5.00377 0.19985 

ENSMUSP00000042342 -4.98437 -4.66754 -4.99607 -6.42128 -6.34356 -6.21604 -4.73104 -4.86087 -4.69338 0.00030 4.25416 0.23506 

ENSMUSP00000034818 -7.70537 -8.16990 -8.46454 -10.90602 -10.86370 -10.85107 -8.02327 -7.94521 -8.01980 0.00024 16.63551 0.06011 

ENSMUSP00000044556 -6.50624 -6.68750 -6.86715 -8.09339 -8.22546 -8.31293 -5.53989 -5.89878 -5.41972 0.00024 4.60820 0.21700 

ENSMUSP00000097469 -8.29190 -7.36226 -7.87606 -11.25611 -11.21379 -11.20115 -11.21075 -7.90576 -7.76899 0.00023 31.14320 0.03211 

ENSMUSP00000031103 -5.85647 -6.27718 -6.47532 -9.02971 -8.78663 -9.22621 -5.40344 -5.59408 -5.45078 0.00023 16.95279 0.05899 

ENSMUSP00000021114 -7.88258 -7.41465 -8.16262 -10.97198 -10.92966 -10.91703 -7.31138 -7.62163 -7.20524 0.00014 23.46266 0.04262 

ENSMUSP00000020286 -7.62210 -7.80827 -8.27002 -10.71151 -10.66919 -10.65655 -7.36603 -7.13155 -7.29109 0.00014 16.63551 0.06011 

ENSMUSP00000060246 -5.01431 -4.77032 -5.04893 -6.60022 -6.49538 -6.38651 -4.91991 -5.02021 -4.91643 0.00013 4.71254 0.21220 

ENSMUSP00000050292 -7.50177 -7.41960 -7.96569 -10.15572 -10.11340 -10.10076 -7.90918 -7.53146 -8.49389 0.00013 12.36854 0.08085 

ENSMUSP00000027824 -7.67189 -7.21012 -7.85071 -10.49295 -10.45063 -10.43800 -10.44759 -8.96790 -10.44412 0.00011 18.34229 0.05452 

ENSMUSP00000108734 -8.16962 -8.08744 -8.51804 -10.37135 -10.32903 -10.31639 -8.37627 -7.89023 -7.75346 0.00010 8.10157 0.12343 

ENSMUSP00000068086 -9.30958 -8.89068 -8.98456 -11.17458 -11.13226 -11.11963 -7.15457 -8.42513 -8.17710 0.00008 8.10157 0.12343 

ENSMUSP00000034808 -7.96102 -7.44339 -7.42601 -10.61497 -10.57265 -10.56001 -10.56961 -10.70290 -10.56613 0.00007 20.04908 0.04988 

ENSMUSP00000030187 -9.13421 -8.55414 -9.28408 -12.82450 -12.78218 -12.76955 -8.84296 -8.73368 -8.48083 0.00007 46.50428 0.02150 

ENSMUSP00000026168 -9.75285 -10.00740 -10.10128 -11.95458 -11.91226 -11.89963 -10.80764 -12.04252 -10.80417 0.00005 7.24818 0.13797 

ENSMUSP00000102254 -9.10698 -9.02480 -8.78195 -10.97198 -10.92966 -10.91703 -9.82504 -9.11020 -8.72197 0.00004 7.24818 0.13797 

ENSMUSP00000026012 -7.31080 -7.13552 -6.61718 -11.28072 -11.23840 -11.22576 -11.23535 -11.36865 -11.23188 0.00004 72.10609 0.01387 

ENSMUSP00000064849 -6.40380 -6.62586 -5.93122 -10.77105 -10.72873 -10.71609 -5.63987 -5.82414 -5.90562 0.00003 87.46718 0.01143 

ENSMUSP00000101862 -7.35710 -7.46300 -7.31323 -8.76684 -8.92528 -8.91265 -7.40551 -7.40222 -7.35440 0.00002 4.43995 0.22523 

ENSMUSP00000047761 -7.76482 -7.29054 -7.77652 -11.23997 -11.19765 -11.18501 -6.70158 -7.28049 -6.84294 0.00002 37.11695 0.02694 

ENSMUSP00000020034 -8.13996 -8.51000 -8.35242 -10.79390 -10.75159 -10.73895 -7.52540 -7.44356 -7.90768 0.00002 11.51514 0.08684 

ENSMUSP00000070682 -7.49542 -7.48471 -7.82995 -11.11901 -11.07669 -11.06406 -6.99175 -6.99788 -6.77534 0.00001 32.84999 0.03044 

ENSMUSP00000036337 -8.35767 -8.27549 -8.11792 -10.55940 -10.51708 -10.50444 -6.70303 -7.50759 -7.67317 0.00001 9.80836 0.10195 

ENSMUSP00000024860 -7.94303 -7.62901 -7.65619 -11.33478 -11.29246 -11.27983 -7.11066 -7.30748 -7.07688 0.00000 35.41017 0.02824 

ENSMUSP00000051366 -9.92713 -9.84495 -9.93883 -11.28072 -11.23840 -11.22576 -9.28564 -8.96672 -10.13031 0.00000 3.83460 0.26078 

ENSMUSP00000110576 -9.77558 -9.69340 -9.78728 -11.12917 -11.08685 -11.07421 -11.08380 -11.21710 -11.08033 0.00000 3.83460 0.26078 

ENSMUSP00000052174:rever
sed 

-9.89717 -9.81500 -9.90887 -11.25076 -11.20844 -11.19580 -11.20540 -11.33869 -11.20192 0.00000 3.83460 0.26078 

ENSMUSP00000099403 -8.44658 -8.36440 -8.18379 -11.64724 -11.60492 -11.59228 -8.23029 -8.36359 -9.02936 0.00000 26.87623 0.03721 



ENSMUSP00000022369 -7.96839 -8.28017 -8.07775 -11.98594 -11.94362 -11.93099 -8.43977 -8.06219 -8.26922 0.00000 47.35768 0.02112 

ENSMUSP00000044554 -8.92739 -8.84521 -8.77198 -11.58133 -11.53902 -11.52638 -9.13404 -9.26734 -8.82031 0.00000 14.92872 0.06698 

ENSMUSP00000021506 -8.86921 -8.78703 -8.88091 -11.07094 -11.02862 -11.01598 -11.02558 -11.15887 -11.02210 0.00000 8.95496 0.11167 

ENSMUSP00000108953 -6.35620 -6.40384 -6.16407 -11.35755 -11.31523 -11.30259 -5.74324 -5.87654 -11.30871 0.00000 152.32510 0.00656 

ENSMUSP00000035823 -8.55928 -8.66820 -8.66197 -11.95103 -11.90872 -11.89608 -9.33662 -9.20158 -8.40139 0.00000 26.87623 0.03721 

 
 
 
 


