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4. Conclusion and future aspects 
Particular Ophiostoma species such as O. piliferum are industrially and 

economically important microorganisms which have been widely used to prevent blue 

staining in the wood industry and to degrade wood extractives in the paper and pulping 

industry. Most previous studies have focused on the biochemical aspects rather than 

molecular genetics of sapstaining Ophiostoma spp. This work is the first attempt to 

develop a novel expression system using Ophiostoma as the expression host featuring a 

strong homologous amy1 gene promoter isolated from O. floccosum as the driving force 

for the expression of recombinant proteins of interest.  

Initially, the protein secretion capability of the parental strain O. floccosum 

J2026 was enhanced by five rounds of UV mutagenesis. Total protein concentration and 

amylase activity in the culture supernatant of the best mutant MQ.5.1 were increased by 

6 and 240 times compared to the parental strain, respectively. It should be noted that 

even after this notable improvement of secreted proteins was obtained, Ophiostoma is 

not yet competitive with currently available fungal hosts applied in industry for bulk 

production of recombinant enzymes. However, Ophiostoma may found uses at a 

specific nieche addressing in situ expression of recombinant proteins by a whole 

organism.   

The series of mutants generated in this study have slightly different enzyme 

profiles. Proteinase profiles in the culture supernatants of the parental strain and 

selected key mutants were also characterized. Different strains may be used as hosts for 

the expression of recombinant proteins sensitive to particular proteinases to decrease 

potential degradation of the gene products. 

Several dominant secreted proteins were identified in the culture supernatants of 

the parental strain and selected key mutants. The structural gene and the regulatory 

sequences of one of the dominant proteins �-amylase were isolated and characterized 

with a view of using the �-amylase (amy1) gene promoter for expression of gene 

products of interest. The predicted �-amylase protein featured a catalytic domain at the 

N-terminus and a starch binding domain at the C-terminus, which are connected by a 

linker region. Detailed studies revealed that three amy1 transcripts were generated from 

a single gene locus. The formation of three transcripts was due to the differential 

splicing events of introns. The amy1 gene promoter and its regulatory sequences were 
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used further to construct a series of expression vectors. In this study, five expression 

vectors were constructed, however, several other dominant proteins identified, such as 

the glucoamylase and subtilisin-like serine proteinase, provide material for the 

construction of additional expression cassettes.   

During this study, genetic transformation of Ophiostoma was the biggest 

challenge. There were two major difficulties, lack of a suitable selection marker and low 

transformation efficiency. Eventually, a modified protoplast transformation protocol 

based on previously published studies (Wang et al., 1999) was adopted and an 

alternative screening approach based on expression and detection of thermostable 

xylanase activity was developed to confirm Ophiostoma transformation. 

Notwithstanding this improvement, the transformation efficiency still remained low and 

would need to be optimized further. This seems possible based on recent efforts by 

several groups (Bernier, 2006; Hoffman and Breuil, 2004b) featuring application of 

Agrobacterium Ti plasmids and exploration of Ophiostoma transposons. Since the 

transformation efficiency seems different with different Ophiostoma strains, other 

mutant strains than MQ.5.1 or other Ophiostoma spp. may be explored for easier 

transformation. 

Finally, a thermostable bacterial xylanase B was successfully expressed in the 

mutant MQ.5.1 under the amy1 gene promoter. This approach also provided an 

alternative strategy for the detection of Ophiostoma transformants and provides 

apparent promise for the expression of foreign gene products in this new expression 

host, Ophiostoma floccosum. 

In order to further improve the novel Ophiostoma expression system for 

industrial uses, promoters of genes encoding other dominant secreted proteins identified 

in this study can be isolated and used along with the amy1 gene promoter. In addition, 

post-translational modification, such as glycosylation and phosphorylation of the 

secreted proteins can be investigated to better understand the nature and cellular 

mechanisms responsible for these modifications. This information may be valuable in 

assessing the ability of Ophiostoma to host the production of therapeutic proteins. 

 

 

 



 101  

References 
Abraham, L .D., Roth, A ., Saddler, J .N . and Breuil, C. (1993)  Growth, nutrition, and 

proteolytic activity of the sap-stainingfungus Ophiostoma piceae. Can. J. Bot. 71: 

1224-1230.  

Abraham, L. and Breuil, C. (1996) Isolation and characterization of a subtilisin-like 

serine proteinase secreted by a sap-staining fungus Ophiostoma piceae. Enzyme 

Microb. Technol. 18:133-140. 

Abraham, L., Hoffman, B., Gao, Y. and Breuil, C. (1998) Action of Ophiostoma piceae 

proteinase and lipase on wood nutrients. Can. J. Microbiol. 44: 698-701. 

Abuodeh, R.O., Orbach, M.J., Mandel, M.A., Das, A. and Galgiani, J.N. (2000) Genetic 

transformation of Coccidioides immitis facilitated by Agrobacterium tumefaciens. J. 

Infect. Dis. 181: 2106-2110. 

Adam, G. C., Sorensen, E. J. and Cravatt, B. F. (2002) Trifunctional chemical probes 

for the consolidated detection and identification of enzyme activities from complex 

proteomes. Mol. Cell Proteomics 1: 828-835.  

Adrio, J.L. and Demain, A.L. (2003) Fungal biotechnology. Int. Microbiol. 6: 191-199. 

Amoresano, A., Andolfo, A., Corsaro, M.M., Zocchi, I., Petrescu, I., Gerday, C. and 

Marino, G. (2000) Structural characterization of a xylanase from psychrophilic yeast by 

mass spectrometry. Glycobiology 10: 451-458. 

Ashikari, T., Nakamura, N., Tanaka, Y., Kiuchi, N., Shibano, Y., Tanaka, T., Amachi, T. 

and Yoshizumi, H. (1985) Cloning and expression of the Rhizopus glucoamylase gene 

in yeast. Agric. Biol. Chem. 49: 2521-2523. 

Bailey, M.J. and Nevalainen, K.M.H. (1981) Induction, isolation and testing of stable 

Trichoderma reesei mutants with improved production of solubilizing cellulase. 

Enzyme Microb. Technol. 3: 153-157.  

Baird, G.S., Zacharias, D.A. and Tsien, R.Y. (2000) Biochemistry, mutagenesis, and 

oligomerization of DsRed, a red fluorescent protein from coral. Proc. Natl. Acad. Sci. 

USA 97: 11984-11989. 

Ballard, R.G. and Walsh, M.A. (1982) Blue-stain fungi in xylem of lodgepole pine: a 

light-microscope study on extent of hyphal distribution. Can. J. Bot. 60: 2334-2340. 

Basten, D.E.J.W., Visser, J. and Schaap, P.J. (2001) Lysine aminopeptidase of 

Aspergillus niger. Microbiology 147: 2045-2050. 



 102  

Behrendt, C.J., Blanchette, R.A. and Farrell, R.L. (1995a) Biological control of blue 

stain fungi in wood:  Investigation of fungal interactions in the laboratory and field. 

Phytopathology 85: 92-97. 

Behrendt, C.J., Blanchette, R.A. and Farrell, R.L. (1995b) An integrated approach, 

using biological and chemical control, to prevent blue stain in pine logs. Can. J. Bot. 73: 

613-619. 

Bej, A.K. and Perlin, M.G. (1989) A high efficiency transformation system for the 

basidiomycete Ustilago violacea employing hygromycin resistance and lithium-acetate 

treatment. Gene 80: 171-176. 

Bell, P.J., Davies, I.W. and Attfield, P.V. (1999) Facilitating functional analysis of the 

Saccharomyces cerevisiae genome using an EGFP-based promoter library and flow 

cytometry. Yeast 15: 1747-1759. 

Berger, A., Vitorino, P., and Bogyo, M. (2004) Activity-based protein profiling: 

applications to biomarker discovery, in vivo imaging and drug discovery. Am. J. 

Pharmacogenomics 4:371-381. 

Bergqusit, P.L., Te’o, V., Gibbs, M., Cziferszky, A., de Faria, F.P., Azevedo, M. and 

Nevalainen, H. (2002) Expression of xylanase enzymes from thermophilic 

microorgaisms in fungal hosts. Extremophiles 6: 177-184. 

Bernier, L. and Hubbes, M. (1990) Mutations in Ophiostoma ulmi induced by 

N-methyl-N'-nitro-N-nitrosoguanidine. Can. J. Bot. 68: 225-231. 

Bernier, L. and Hubbes, M. (1994) Induction and genetic characterization of 

ultraviolet-sensitive mutants in the elm tree pathogen Ophiostoma ulmi (sensu lato). 98: 

943-953. 

Bernier, L. (2006) Ophiostoma Genomics. In: Ophiostoma fungi: expanding frontiers. 

Morton Bay Research Station, North Stradbroke Island, Brisbane, Australia. 

Bevis, B.J. and Glick, B.S. (2002) Rapidly maturing variants of the Discosoma sp. Red 

fluorescent protein (DsRed). Nat. Biotechnol. 20:83-87. 

Bhella, R.S. and Altosaar, I. (1987) Translational control of �-amylase gene expression 

in Aspergillus awamori. Biotechnol. Appl. Biochem. 9: 287-293. 

Bieth, J., Spies, B. and Wermuth, C.G. (1974) The synthesis and use of a highly 

sensitivie and convenient substrate of elastase. Biochem. Med. 11: 350-357. 



 103  

Binninger, D.M., Skrzynia, C., Pukkila, P.J. and Casselton, L.A. (1987) DNA-mediated 

transformation of the basidiomycete Coprinus cinereus. EMBO J. 6: 835-840. 

Binz, T. and Canevascini, G. (1997) Purification and Partial Characterization of the 

Extracellular Laccase from Ophiostoma novo-ulmi. Curr. Microbiol. 35: 278-281. 

Blanchette, R.A., Farrell, R.L., Burnes, T.A., Wendler, P.A., Zimmerman, W., Brush, 

T.S. and Snyder, RA. (1992) Biological control of pitch in pulp and paper production by 

Ophiostoma piliferum. Tappi J. 75, 102-106.  

Boel, E., Hjort, I., Svensson, B., Norris, F., Norris, K.E. and Fill, N.P. (1984) 

Glucoamylases G1 and G2 from Aspergillus niger are synthesized from two different 

but closely related mRNAs. EMBO J. 3: 1097-1102. 

Boel, E., Brady, L., Brzozowski, A.M., Derewenda, Z., Dodson, G.G., Jensen, V.J., 

Petersen, S.B., Swift, H., Thim, L. and Woldike, H.F. (1990) Calcium binding in 

�-amylases: An X-ray difiraction study at 2.1 Å resolution of two enzymes from 

Aspergillus. Biochemistry 29: 6244-6249. 

Bonifacino, J.S. and Weissman, A.M. (1998). Ubiquitin and the control of protein fate 

in the secretory and endocytic pathways. Annu. Rev. Cell Dev. Biol. 14: 19–57.  

Brasier, C. M. 1991. Ophiostoma novo-ulmi sp. nov., causative agent of current Dutch 

elm disease pandemics. Mycopathologia 115:151-161. 

Broekhuijsen, M.P., Mattern, I.E., Contreras, R., Kinghorn, J.R. and van den Hondel, 

C.A.M.J.J. (1993) Secretion of heterologous proteins by Aspergillus niger: production 

of active human interleukin-6 in a protease-deficient mutant by KEX2-like processing 

of a glucoamylase-hIL-6 fusion protein. J. Biotechnol. 31: 135-145.   

Brush, T.S., Chapman, R., Kurzman, R. and Williams, D.P. (1999) Purification and 

characterization of extracellular lipases from Ophiostoma piliferum. Bioorg. Med. 

Chem. 7: 2131-2138. 

Bull, J.H. and Wootton, J.C. (1984) Heavily methylated amplified DNA in 

transformants of Neurospora crassa. Nature 310:701–704. 

Buxton, F.P. and Radford, A. (1983) Cloning of the structural gene for orotidine 

5’-phosphate carboxylase of Neurospora crassa by expression in Escherichia coli. Mol.  

Gen. Genet. 190: 403-405. 



 104  

Bzymek, K.P., D’Souza, V.M., Chen, G.J., Campell, H., Mitchell, A. and Holz, R.C. 

(2004) Function of the signal peptide and N- and C-terminal propeptides in the leucine 

aminopeptidase from Aeromonas proteolytica. Protein Expr. Purif. 37: 294-305. 

Calmels, T.P.G., Martin, F., Durand, H. and Tiraby, G. (1991) Proteolytic events in the 

processing of secreted proteins in fungi. J. Biotechnol. 17: 51-66. 

Campana, R.J. (1978) Inoculation and fungal invasion of the tree. In: Dutch Elm 

Disease Perspectives after 60 years. Edited by Sinclair, W.A. and Campanan, R.J., 

Northeast Regional Research Publication, Vol. 8, pp, 17-20. 

Carlsen, M., Nielsen, J. and Villadsen, J. (1996) Growth and�-amylase production by 

Aspergillus oryzae during continuous cultivations. J. Biotechnol. 45: 81-93. 

Casas-Flores, S., Rosales-Saavedra, T. and Herrera-Estrella, A. (2004) Three decades of 

fungal transformation: novel technologies. Methods Mol. Biol. 267: 315-325. 

Chakraborty, B.N., Patterson, N.A. and Kapoor, M. (1991) An electroporation-based 

system for high-efficiency transformation of germinated conidia of filamentous fungi. 

Can. J. Microbiol. 37: 858-863. 

Chalfie, M., Tu, Y., Euskirchen, G., Ward, W.W. and Prasher, D.C. (1994) Green 

fluorescent protein as a marker for gene expression. Science 263: 802-804. 

Cherry, J.R. and Fidantsef, A.L. (2003) Directed evolution of industrial enzymes: an 

update. Curr. Opin. Biotechnol. 14: 438-443. 

Chiba, Y., Midorikawa, T. and Ichishima, E. (1995) Cloning and expression of the 

carboxypeptidase gene from Aspergillus saitoi and determination of the catalytic 

residues by site-directed mutagenesis. Biochemistry 308: 405-409. 

Chien, H.C.R., Lin, L.L., Chao, S.H., Chen, C.C., Wang, W.C., Shaw, C.Y., Tsai, Y.C.,  

Hu, H.Y. and Hsu, W.H. (2002) Purification, characterization, and genetic analysis of a 

leucine aminopeptidase from Aspergillus sojae. Biochimi. Biophys. Acta 1576: 

119–126. 

Christensen, T., Woeldike, H., Boel, E., Mortensen, S.B., Hjortshoej, K., Thim, K. and 

Hansen, M.T. (1988) High level expression of recombinant genes in A. oryzae. 

Biotechnology 6: 1419-1422. 

Conesa, A., Punt, P.J., van Luijk, N. and van den Hondel, C.A.M.J.J. (2001) The 

secretion pathway in filamentous fungi: a biotechnological view. Fungal Genet. Biol. 

33: 155-171. 



 105  

Conesa, A., Jeenes, D.J., Archer, D.B., van den Hondel, C.A.M.J.J. and Punt, P. (2002) 

Calnexin overexpression increases manganese peroxidase production in Aspergillus 

niger. Appl. Environ. Microbiol. 68: 846-851. 

Contreras, R., Carrez, D., Kinghorn, J.R., van den Hondel, C.A.M.J.J. and Fiers, W. 

(1991) Efficient KEX2-like processing of a glucoamylase-interleukin-6 fusion protein 

by A. nidulans and secretion of mature interleukin-6. Biotechnology 9: 378-380. 

Cornett, C.A.G., Fang, T.Y., Reilly, P.J. and Ford, C. (2003) Starch-binding domain 

shuffling in Aspergillus niger glucoamylase. Protein. Eng. 16: 521-529. 

Coutinho, P.M. and Reilly, P.J. (1997) Glucoamylase structural, functional, and 

evolutionary relationships. Proteins 29: 334-347. 

Cox, J.S. and Walter, P. (1996) A novel mechanism for regulating activity of a 

transcription factor that controls the unfolded protein response. Cell 87: 391–404. 

Cravatt, B.F. and Sorensen, E.J. (2000) Chemical strategies for the global analysis of 

protein function. Curr. Opin.Chem. Biol. 4: 663-668. 

Croan, S.C. (2004) Conversion of conifer wastes into edible and medicinal mushrooms. 

Forest Prod. J. 54: 68-76. 

Curach, N.C., Te'o V.S.J., Gibbs M.D., Bergquist, P.L., Nevalainen K.M.H. (2004) 

Isolation, characterization and expression of the hex1 gene from Trichoderma reesei. 

Gene 331: 133-140. 

Dantas-Barbosa, C., Arauè jo, E.F., Moraes, L.J.M.P., Vainstein, M.H. and Azevedo, 

M.O. (1998) Genetic transformation of germinated conidia of the thermophilic fungus 

Humicola grisea var. thermoidea to hygromycin B resistance. FEMS Microbiol. Lett. 

169: 185-190. 

Debets, A.J., Swart, K., Holub, E.F., Goosen, T. and Bos, C.J. (1990) Genetic analysis 

of amdS transformants of Aspergillus niger and their use in chromosome mapping. Mol. 

Gen. Genet. 222: 284-290. 

de Beer, Z.W., Wingfield, B.D. and Wingfield, M.J. (2003) The Ophiostoma piceae 

complex in the Southern Hemisphere: a phylogenetic study. Mycol. Res. 107: 469-476. 

de Faria, F.P., Te'o, V.S.J., Bergquist, P.L., Azevedo, MO. and Nevalainen, K.M.H. 

(2002) Expression and processing of a major xylanase (XYN2) from the thermophilic 

fungus Humicola grisea var. thermoidea in Trichoderma reesei. Lett. Appl. Microbiol. 

34: 119-123. 



 106  

de Souza, D.F. and Peralta, R.M. (2001) Production of amylases by Aspergillus tamarii 

in solid state fermentation at high initial glucose concentration. Acta Scientiarum 23: 

599-602. 

de Vries, R.P., Michelsen, B., Poulsen, C.H., Kroon, P.A., van den Heuvel, R.H.H., 

Faulds, C.B., Williamson, G., van den Hombergh, J.P.T.W. and Visser, J. (1997). The 

faeA gene from Aspergillus niger and Aspergillus tubingensis encode ferulic acid 

esterases involved in degradation of complex cell wall polysaccharides. Appl. Environ. 

Microbiol. 63: 4638-4644. 

Degan, D.F., Ribadeau-Dumas, B. and Breddam, K. (1992) Purification and 

characterization of two serine carboxypeptidases from Aspergillus niger and their use in 

C-terminal sequencing of proteins and peptide synthesis. Appl. Environ. Microbiol. 58: 

2144-2152. 

Delgado-Jarana, J., Pintor-Toro, J.A. and Benítea, T. (2000) Overproduction of 

�-1,6-glucanase in Trichoderma harzianum is controlled by extracellular acidic 

proteases and pH. Biochim. Biophys. Acta. 1481: 289-296. 

Deutch, C.E. (2002) Characterization of a salt-tolerant extracellular �-amylase from 

Bacillus dipsosauri. Lett. Appl. Microbiol. 35: 78-84. 

Dhawale, S.S., Paietta, J.V. and Marzluf, G.A. (1984) A new rapid and efficient 

transformation procedure for Neurospora crassa. Curr. Genet. 8: 77-79. 

Díez, E., Álvaro, J., Espeso, E.A., Rainbow, L., Suárez, T., Tilburn, J., Arst Jr, H.N. and 

Peñalva, M.Á. (2002) Activation of the Aspergillus PacC zinc finger transcription factor 

requires two proteolytic steps. EMBO J. 21: 1350-1359. 

Dorion, N., Bigot, C. and Neumann, P. (1994) Evaluation of Dutch elm disease 

susceptibility and pathogenicity of Ophiostoma ulmi using micropropagated elm shoots. 

For. Path. 24: 112-122. 

Du, W.L., Huang, Z.Y., Flaherty, J.E. and Wells, K. (1999) Green fluorescent protein as 

a reporter to monitor gene expression and food coloniztion by Aspergillus flavus. Appl. 

Environ. Microbiol. 65: 834-836. 

Dunn-Coleman, N.S., Bloebaum, P., Berka, R., Bodie, E., Robinson, N., Armstrong, G., 

Ward, M., Przetak, M., Carter, G.L., LaCost, R., Wilson, L.J., Kodama, K.H., Baliu, 

E.F., Bower, B., Lamsa, M. and Heinsohn, H. (1991) Commercial levels of chymosin 

productionby Aspergillus. Biotechnology 9: 976-981. 



 107  

Durand, H., Clanet, M. and Tiraby, G. (1988) Genetic improvement of Trichoderma 

reesei for large scale cellulase production. Enzyme Microbiol. Technol. 10: 341-345. 

Eksteen, J.M., Steyn, A.J.C., van Rensburg, P. and Otero, R.R.C. (2003) Cloning and 

characterization of a second �-amylase gene (LKA2) from Lipomyces kononenkoae 

IGC4052B and its expression in Saccharomyces cerevisiae. Yeast 20: 69-78. 

Ellgaard, L. and Helenius, A. (2001) ER quality control: toward an understanding at the 

molecular level. Curr. Opin. Cell Biol. 13: 431-437. 

Erratt, J.A., Douglas, P.E., Moranelli, F. and Seligy, V.L. (1984) The induction of 

�-amylase by starch in Aspergillus oryzae: evidence for controlled mRNA expression. 

Can. J. Biochem. Cell Biol. 62: 678-690. 

Farrell, R.L., Blanchette, R.A., Brush, T.S., Hadar, Y., Iverson, S., Krisa, K., Wendler, 

P.A. and Zimmerman, W. (1993) Cartapip™: a biopulping product for control of pitch 

and resin acid problems in pulp mills. J. Biotechnol. 30: 115-122. 

Fincham, J.R.S., Day, P.R. and Radford, A. (1979) Mechanisms of mutation. In: 

Botanical Monographs Fungal Genetics. Blackwell Scientific publications, Volume 4, 

pp, 254-281. 

Finkelstein, D.B., Rambosek, J., Crawford, M.S., Soliday, C.L., McAda, P.C. and 

Leach, J. (1989) Protein secretion in Aspergillus niger. In: Genetics and Molecular 

Biology of Industrial Microorganisms. Edited by Hershberger, C.L., Queenerand, S.W. 

and Hegeman, G. American Society for Microbiology, pp, 295-300. 

Flipphi, M.J.A., Visser, J., van der Veen, P. and De Graaff, L.H. (1993) Cloning of the 

Aspergillus niger gene encoding �-L-arabinofuranosidase A. Appl. Microbiol. 

Biotechnol. 39: 335-340. 

Forsburg, S.L. and Guarente, L. (1989) Identification and characterization of HAP4: a 

third component of the CCAAT-bound HAP2/HAP3 heteromer. Genes Dev. 3: 

1166-1178. 

Fowler, T., Berka, R.M. and Ward, M. (1990) Regulation of the glaA gene of 

Aspergillus niger. Curr. Genet. 18: 537-545. 

Fowler, T. and Berka, R.M. (1991) Gene expression systems for filamentous fungi. Curr. 

Opin. Biotechnol. 2: 691-697. 

Frederick, G.D., Rombouts, P. and Buxton, F.P. (1993) Cloning and characterisation of 

pepC, a gene encoding a serine protease from Aspergillus niger. Gene 15: 57-64. 



 108  

Gadd, G.M. and Brunton, A.H. (1992) Calcium involvement in dimorphism of 

Ophiostoma ulmi, the Dutch Elm disease fungus, and characterization of calcium uptake 

by yeast cells and germ tubes. J. Gen. Microbiol. 138: 1561-1571. 

Gao, Y. and Breuil, C. (1998) Properties and substrate specificities of an extracellular 

lipase purified from Ophiostoma piceae. World J. Microbiol. Biotechnol.14: 421-429. 

Garcia-Parajo, M.F., Koopman, M., van Dijk, E.M.H.P., Subramaniam, V. and van 

Hulst, N.F. (2001) The nature of fluorescence emission in the red fluorescent protein 

DsRED, revealed by single-molecule detection. Proc. Natl. Acad. Sci. 98: 14392-14397. 

Ge, Y., Rajkumar, L, Guzman, R.C., Nandi, S., Patton, W.F. and Agnew, B.J. (2004) 

Mutiplexed fluorescence detection of phosphorylation, glycosylation, and total protein 

in the proteomic analysis of breast cancer refractoriness. Proteomics 4: 3464-3467. 

George, E., Tamerler, C., Martinez, A., Martinez, M.J. and Keshavarz, T. (1999) 

Influence of growth medium composition on the lipolytic enzyme activity of 

Ophiostoma piliferum (CartapipTM). J. Chem. Technol. Biotech. 74: 137-140.  

Gerngross, T.U. (2004) Advance in the production of human therapeutic proteins in 

yeasts and filamentous fungi. Nat. Biotechnol. 22: 1409-1414. 

Gething, M.J. (1999) Role and regulation of the chaperone BiP. Semin. Cell Dev. Bio. 

10: 465-472. 

Gheshlaghi, R., Scharer, J.M., Moo-Young, M. and Douglas, P.L. (2005) Medium 

optimization for hen egg white lysozyme production by recombinant Aspergillus niger 

using statistical methods. Biotechnol. Bioeng. 90: 754-760. 

Gibbs, J.N. (1993) The biology of Ophiostomatoid causing sapstain in trees and freshly 

cut logs. In: Ceratocystis and Ophiostoma Taxonomy, Ecology, and Pathogenicity. 

Edited by Wingfield, M.J., Seifert K.A. and Webber, J.F. St Paul: APS Press, pp, 

153-160. 

Goldman, G.H., van Montagu, M. and Herrera-Estrella, A. (1990) Transformation of 

Trichoderma harzianum by high-voltage electric pulse. Curr. Genet. 17: 169-174. 

Goller, S.P., Gorfer, M. and Kubicek, C.P. (1998a) Trichoderma reesei prs12 encodes a 

stress- and unfolded-protein-response-inducible regulatory subunit of the fungal 26S 

proteasome. Curr. Genet. 33: 284-290. 



 109  

Goller, S.P., Schoisswohl, D., Baron, M., Parriche, M. and Kubicek, C.P. (1998b) Role 

of endoproteolytic dibasic protein processing in maturation of secretory proteins in 

Trichoderma reesei. Appl. Environ. Microbiol. 64: 3202-3208. 

Gomes-Barcellos, F., Pelegrinelli-Fungaro, M.H., Furlaneto, M.C., Lejeune, B., 

Pizzirani-Kleiner, A.A. and Azevedo, J.L. (1998) Genetic analysis of Aspergillus 

nidulans unstable transformants obtained by the biolistic process. Can. J. Microbiol. 44: 

1137-1141. 

Gomi, K., Kitamoto, K., and Kumagai, C. (1992) Transformation of the industrial strain 

of Aspergillus oryzae with the homologous amdS gene as a dominant selectable marker. 

J. Ferment. Bioeng. 74: 389-391. 

Gordon, C.L., Khalaj, V., Ram, A.F.J., Archer, D.B., Brookman, J.L., Trinci, A.P.J.,  

Jeenes, D.J., Doonan, J.H., Wells, B., Punt, P.J., van den HondeL, C.A.M.J.J. and 

Robson, J.D. (2000a) Glucoamylase::green fluorescent protein fusions to monitor 

protein secretion in Aspergillus niger. Microbiology 146: 415-426. 

Gordon, C.L., Archer, D.B., Jeenes, D.J., Doonan, J.H., Wells, B., Trinci, A.P. and 

Robson, G.D. (2000b) A glucoamylase::GFP gene fusion to study protein secretion by 

individual hyphae of Aspergillus niger. J. Microbiol. Methods 42:39-48. 

Gouka, R.J., Punt, P.J., Hessing, J.G.M. and van den Hondel, C.A.M.J.J. (1996) 

Analysis of heterologous protein production in defined recombinant Aspergillus 

awamori strains. Appl. Environ. Microbiol. 62: 1951-1957. 

Gouka, R.J., Punt, P.J. and van den Hondel, C.A.M.J.J. (1997a) Efficient production of 

secreted proteins by Aspergillus: progress, limitation and prospects. Appl. Microbiol. 

Biotechnol. 47: 1-11. 

Gouka, J.A., Punt P.J. and van den Hondel, C.A.M.J.J. (1997b) Glucoamylase gene 

fusions alleviate limitations for protein production in Aspergillus awamori at the 

transcriptional and (post) translational levels. Appl. Environ. Microbiol. 63: 488-497. 

Greenbaum, D., Medzihradszky, K.F., Burlingame, A. and Bogyo, M. (2000) Expoxide 

electrophiles as activity-dependent cysteine protease profiling and discovery tools. 

Chem. Biol. 7:569-581. 

Grinyer, J., Kautto, L., Traini, M., Te’o, Junior, Bergquist, P. and Nevalainen, H. (2007) 

Proteome mapping of the Trichoderma reesei 20S proteasome. Curr. Genet. 51: 79-88. 

Gritz, L. and Davies, J. (1983) Plasmid-encoded hygromycin B resistance: the sequence 



 110  

of hygromycin B phosphotransferase gene and its expression in Escherichia coli and 

Saccharomyces cerevisiae. Gene 25: 179-188. 

Groot, M.J.A., Bundock, P., Hooykaas, P.J.J. and Beijersbergen, A.G.M. (1998) 

Agrobacterium tumefaciens-mediated transformantion of filamentous fungi. Nat. 

Biotech. 16: 839-842. 

Haab, D., Hagspiel, K. Szakmary, K. and Kubicek, C.P. (1990) Formation of the 

extracellular proteases from Trichoderma reesei QM 9414 invovlved in cellulose 

degradation. J. Biotechnol. 16: 187-198. 

Hata, Y., Kitamoto, K., Gomi, K., Kumagai, C. and Tamura, G. (1992) Functional 

elements of the promoter region of the Aspergillus oryzae glaA gene encoding 

glucoamylase. Curr. Genet. 22: 85-91. 

Hayashida, S., Kuroda, K., Ohta, K., Kuhara, S., Fukuda, K. and Sakaki, Y. (1989) 

Molecular cloning of the glucoamylase I gene of Aspergillus awamori var. kawachi for 

localization of the raw-starch-affinitysite. Agric. Biol. Chem. 53: 923-929. 

Hazell, B.W., Téo, V.S., Bradner, J.R., Bergquist, P.L. and Nevalainen, K.M. (2000) 

Rapid transformation of high cellulase-producing mutant strains of Trichoderma reesei 

by microprojectile bombarment. Lett. Appl. Microbiol. 30: 282-286. 

Heck, J. X., Hertz, P.F. and Ayub, M.A.Z. (2002) Cellulase and xylanase productions 

by isolated amazon bacillus strains using soybean industrial residue based solid-state 

cultivation. Braz. J. Microbiol. 33: 213-218. 

Held, B.W., Thwaites, J.M., Farrell, R.L. and Blanchette, R.A. (2003) Albino strains of 

Ophiostoma species for biological control of sapstaining fungi. Holzforschung 57: 

237-242. 

Hijarrubia, M.J., Casqueiro, J., Gutiérrez, S., Fernández, F.J. and Martín, J.F. (1997) 

Characterization of the bip gene of Aspergillus awamori encoding a protein with an 

HDEL retention signal homologous to the mammalian BiP involved in polypeptide 

secretion. Curr. Genet. 32: 139-146. 

Hintz, W.E., Kalsner, I., Plawinski, E., Guo, Z., Lagosky, P.A. (1995) Improved gene 

expression in Aspergillus nidulans. Can. J. Bot. 73: 876-884. 

Hoffman, B. and Breuil, C. (2002) Cloning and genetic analysis of subtilases in 

sapstaining fungi. Curr. Genet. 41: 168-175. 



 111  

Hoffman, B. and Breuil, C. (2004a) Analysis of the distribution and regulation of three 

representative subtilase genes in sapstaining fungi. Fung. Genet. Biol. 41: 274-283. 

Hoffman, B. and Breuil, C. (2004b) Disruption of the Subtilase Gene, albin1, in 

Ophiostoma piliferum. Appl. Environ. Microbiol. 70: 3898-3903. 

Hynes, M.J., Corrick, C.M. and King, J.A. (1983) Isolation of genomic clones containing 

the amdS gene of Aspergillus nidulans and their use in the analysis of structural and 

regulatory mutations. Mol. Cell Biol. 3: 1430-1439. 

Hynes, M.J. and Davis, M.A. (2005) The amdS gene of Aspergillus nidulans: Control 

by multiple regulatory signals. Bioessays 5: 123-128. 

Hyun, H.H. and Zeikus, J.G. (1985) Regulation and genetic enhancement of 

glucoamylase and pullanase production in Clostridium thermohydrosulfuricum. J. 

Bacteriol. 164: 1146-1152. 

Jacobs K. and Kirisits, T. (2003) Ophiostoma kryptum sp. nov. from Larix decidua and 

Picea abies in Europe, similar to O. minus. Mycol. Res. 107:1231-1242. 

Jalving, R., van de Vondervoort, P.J.I., Visser, J. and Schaap, P.J. (2000) 

Characterisation of the kexinlike maturase of Aspergillus niger. Appl. Environ. 

Microbiol. 66: 363-368. 

Jeenes, D.J., Marczinke, B., MacKenzie, D.A., Archer, D.B. (1993) A truncated 

glucoamylase gene fusion for heterologous protein secretion from Aspergillus niger. 

FEMS Microbiol. Lett. 107: 267-271. 

Jefferson, R.A., Burgess, S.M. and Hirsh, D. (1986) �-glucuronidase from Esherichia 

coli as a gene-fusion marker. Proc. Natl. Acad. Sci. USA 83: 8447-8451. 

Jeffery, D.A. and Bogyo, M. (2003) Chemical proteomics and its application to drug 

discovery. Curr. Opin. Biotechnol. 14: 87-95. 

Jessani, N. and Cravatt, B. F. (2004) The development and application of methods for 

activity-based protein profiling. Curr. Opin. Chem. Biol. 8: 54-59.  

Joshi, L. and St. Leger, R.J. (1999) Cloning, expression, and substrate specificity of 

MeCPA, a zinc carboxypeptidase that is secreted into infected tissues by the fungal 

entomopathogen Metarhizium anisopliae. J. Biol. Chem. 274: 9803-9811. 

Juge, N., Le Gal-Cofet, M.F., Furniss, C.S.M., Gunning, A.P., Kramhft, B., Morris, 

V.J., Williamson, G. and Svensson, B. (2002) The starch binding domain of 



 112  

glucoamylase from Aspergillus niger: overview of its structure, function, and role in 

raw-starch hydrolysis. Biologia. 11: 239-245. 

 Kahmann, R. and Basse, C. (1999) REMI (Restriction Enzyme Mediated Integration) 

and its impact on the isolation of pathogenicity genes in fungi attacking plants. Eur. J. 

Plant Path. 105: 221-229. 

Kalnins, A., Otto, K., Rüther, U. and Müller-Hill, B. (1983) Sequence of the lacZ gene 

of Escherichia coli. EMBO J. 2: 593–597. 

Kaneko, A., Sudo, S., Takayasu-Sakamoto, Y., Tamura, G., Ishikawa, T. and Oba, T. 

(1996) Molecular cloning and determination of the nucleotide sequence of a gene 

encoding an acid-stable �-amylase from Aspergillus kawachii. J. Ferment. Bioeng. 81: 

292-298. 

Kato, M., Sekine, K. and Tsukagoshi, N. (1996) Sequence-specific binding sites in the 

Taka-amylase A G2 promoter for the CreA repressor mediating carbon catabolite 

repression. Biosci. Biotechnol. Biochem. 11: 1776-1779. 

Kato, M., Aoyama, A., Naruse, F., Tateyama, Y., Hayashi, K., Miyazaki, M., 

Papagiannopoulos, P., Davis, M.A., Hynes, M.J., Kobayashi, T. and Tsukagoshi, N. 

(1998) The Aspergillus nidulans CCAAT-binding factor AnCP/AnCF is a heteromeric 

protein analogous to the HAP complex of Saccharomyces cerevisiae. Mol. Gen. Genet. 

257: 404-411. 

Kelly, M. and Hynes, M.J. (1985) Transformation of Aspergillus niger by the amdS 

gene of Aspergillus nidulans. EMBO J. 4: 475-479. 

Keränen, S. and Penttilä, M. (1995) Production of recombinant proteins in the 

filamentous fungus Trichoderma reesei. Curr. Opin. Biotechnol. 6:534-547. 

Khalaj, V., Brookman, J.L. and Robson, G.D. (2001) A study of the protein secretory 

pathway of Aspergillus niger using a glucoamylase-GFP fusion protein. Fungal Genet. 

Biol. 32: 55-65. 

Khan, A., Williams, K., Molloy, M. and Nevalainen, H. (2003) Purification and 

characterization of a serine protease and chitinases from Paecilomyces lilacinus and 

detection of chitinase activity on 2D gels. Protein Expr. Purif. 32: 210-220. 

Kim, S. H., Uzunovic, A., and Breuil, C. (1999) Rapid detection of Ophiostoma piceae 

and O. quercus in stained wood by PCR. Appl. Environ. Microbiol. 65: 287-290. 



 113  

Kingsbury, J.M., Yang, J.H., Ganous, T.M., Cox, G.M. and McCusker, J.H. (2004) 

Novel Chimeric Spermidine Synthase-Saccharopine Dehydrogenase Gene (SPE3-LYS9) 

in the Human Pathogen Cryptococcus neoformans. Eukaryotic Cell 3: 752-763. 

Kolar, M., Punt, P.J., van den Hondel, C.A. and Schwab, H. (1988) Transformation of 

Penicillium chrysogenum using dominant selection markers and expression of an 

Escherichia coli lacZ fusion gene. Gene 62:127–134. 

Kulkarni, R.K. and Nickerson, K.W. (1981) Nutritional control of dimorphism in 

Ceratocystis ulmi. Exp. Mycol. 5: 148-154. 

Lee, S., Kim, S.H. and Breuil, C. (2002) The use of the green fluorescent protein as a 

biomarker for sapstain fungi. Forest Pathol. 32: 153-161. 

Leytus, S. P., Melhado, L. L., and Mangel, W. F. (1983) Rhodamine-based compounds 

as fluorogenic substrates for serine proteinases. J. Biochem. 209: 299–307. 

Li, W., Guo, G.Q. and Zheng, G.C. (2000) Agrobacterium-mediated transformation: 

state of the art and future prospect. Chin. Sci. Bull. 45: 1537-1546. 

Liese, W. and Schmid, R. (1961) Licht-und elctronenmikroscopische untersuchungen 

über das Wachstum von Blauenpilzen in Keifern-und ficten Holz. Holz Roh. Werkst. 

19:329-337. 

Liu, L., Liu, J., Qiu, R.X., Zhu., X.G., Dong, Z.Y. and Tang, G.M. (2003) Improving 

heteroulogous gene expression in Aspergillus niger by introducing multiple copies of 

protein-binding sequence containing CCAAT to the promoter. Lett. Appl. Microbiol. 

36: 358-361. 

Lorang J.M., Tuori, R.P. Martinez, J.P., Sawyer, T.L., Redman, R.S., Rollins, J.A., 

Wolpert, T.J., Johnson, K.B., Rodriguez, R.J., Dickman, M.B. and Ciuffetti, L.M.  

(2001) Green fluorescent protein is lighting up fungal biology. Appl. Environ. 

Microbiol. 67: 1987-1994. 

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951) Protein measurement 

with the Folin phenol reagent. J. Biol. Chem. 193:265–275. 

Mach, R.L., Schindler, M. and Kubicek, C.P. (1994) Transformation of Trichoderma 

reesei based on hygromycin B resistance using homologous expression signals. Curr. 

Genet. 25: 567-570. 



 114  

Maier, F.J. and Schafer, W. (1999) Mutagenesis via insertionalor restriction 

enzyme-mediated-integration (REMI) as a tool to tag pathogenicity related genes in plant 

pathogenic fungi. Biol. Chem. 380: 855–864. 

Mankin, S.L., Allen, G.C. and Thompson, W.F. (1997) Introduction of a plant intron 

into the luciferase gene of Photinus pyralis. Plant Mol. Biol. Rep. 15: 186-196. 

Mäntylä, A, Paloheimo, M. and Suominen, P. (1998) Industrial mutants and 

recombinant strains of Trichoderma reesei. In: Trichoderma & Gliocladium. Edited by 

Harman, G.E. and Kubicek, C.P. Taylor and Francis, Vol 2, pp, 291-309.  

Maor, R., Puyesky, M., Horwitz, B.A. and Sharon, A. (1998) Use of green fluorescent 

protein (GFP) for studying development and fungal-plant interaction in Cochliobolus 

heterostrophus. Mycol. Res. 102: 491-496. 

Maras, M., van Die, I., Contreras, R. and van den Hondel, C.A.M.J.J. (1999) 

Filamentous fungi as production organism for glycoproteins of bio-medical interest. 

Glycoconj. J. 16: 99-107. 

Markaryan, A., Lee, J.D., Sirakova, T.D. and Kolattukudy, P.E. (1996) Specific 

inhibition of mature fungal serine proteinases and metalloproteinases by their 

propeptides. J. Bacteriol. 178: 2211-2215. 

Martin, P., Raymond, M.N., Bricas, E. and Dumas, B.R. (1980) Kinetic studies on the 

action of Mucor pusillus, Mucor miehei acid proteases and chymosins A and B on a 

synthetic chromophoric hexapeptide. Biochim. Biophys. Acta. 612:410-20. 

Mathieu, M. and Felenbok, B. (1994) The Aspergillus niger CREA protein mediates 

glucose repression of the ethanol regulon at various levels through competition with the 

ALCR-specific activator. EMBO J. 13: 4022-4027. 

Matsubara, T., Ammar, Y.B., Anindyawati, T., Yamamoto, S. Ito, K., Iizuka, M. and 

Minamiura, N. (2004) Molecular cloning and determination of the nucleotide sequence 

of raw starch digesting �-Amylase from Aspergillus awamori KT-11. J. Biochem. Mol.  

Biol. 37:  429-438. 

Mattern, I.E., van Noort, J.M., van den Berg, P., Archer, D.B., Roberts, I.N. and van 

den Hondel, C.A. (1992) Isolation and characterization of mutants of Aspergillus niger 

deficient in extracellular proteases. Mol. Gen. Genet. 234: 332-336.  



 115  

Matz, M.V., Fradkov, A.F., Labas, Y.A., Savitsky, A.P., Zaraisky, A.G., Markelov, M.L. 

and Lukyanov, S.A. (1999) Fluorescent proteins from nonbioluminescent Anthozoa 

species. Nat. Biotechnol. 17: 969-973. 

McNabb, D.S., Xing, Y.Y. and Guarente, L. (1995) Cloning of yeast HAP5: a novel 

subunit of a heterotrimeric complex required for CCAAT binding. Genes Dev. 9: 

47–58. 

Michielse, C.B., Ram, A.F., van den Hondel, C.A. (2004) The Aspergillus nidulans 

amdS gene as a marker for the identification of multicopy T-DNA integration events in 

Agrobacterium-mediated transformation of Aspergillus awamori. Curr. Genet. 45: 

399-403. 

Miettinen-Oinonen, A. and Suominen, P. (2002) Enhanced production of Trichoderma 

reesei endoglucanases and use of the new cellulase preparations in producing the 

stonewashed effect on denim fabric. Appl. Environ. Microbiol. 68: 3956-3964. 

Mikkelsen, L., Sarrocco, S., Lübeck, M. and Jensen, D.F. (2003) Expression of the red 

fluorescent protein DsRed-Express in fialentous ascomycete fungi. FEMS Microbiol. 

223: 135-139. 

Mizuno, H., Sawano, A., Eli, P., Hama, H. and Miyawaki, A. (2001) Red fluorescent 

protein from Discosoma as a fusion tag and a partner for fluorescence resonance energy 

transfer. Biochemistry 40: 2502-2510. 

Montenecourt, B.S. (1983) Trichoderma reesei cellulases. Trends Biotechnol. 1: 

156-161. 

Mørkeberg, R., Carlsen, M. and Nielsen, J. (1995) Induction and repression of 

�-amylase production in recombinant and wild-type strains of Aspergillus oryzae. 

Microbiology 141: 2449-2454. 

Moralejo, F.J., Cardoza, R.E., Gutierrez, S. and Martin, J.F. (1999) Thaumatin 

production in Aspergillus awamori by use of expression cassettes with strong fungal 

promoters and high gene dosage. Appl. Environ. Microbiol. 65: 1168-1174. 
 

Morris, D.D., Gibbs, M.D., Chin, C.W., Koh, M.H., Wong, K.K., Allison, R.W., 

Nelson, P.J. and Bergquist, P.L. (1998) Cloning of the xynB gene from Dictyoglomus 

thermophilum Rt46B.1 and action of the gene product on kraft pulp. Appl. Environ. 

Microbiol. 64: 1759-1765. 



 116  

Mullin, E.D., Chen, X., Romaine, P., Raina, R., Geiser, D.M. and Kang, S. (2000) 

Agrobacterium-mediated transformation of Fusarium oxysporum: an efficient tool for 

insertional mutagenesis and gene transfer. Phytopathology 91: 173-180. 

Mullin E.D. and Kang, S. (2001) Transformation: a tool for studying fungal pathogens of 

plants. Cell. Mol. Life Sci. 58: 2043–2052. 

Muthukumar, G. and Nickerson, K.W. (1984) Ca(II)-Calmodulin regulation of fungal 

dimorphism in Ceratocystis ulmi. J. Bacteriol. 159: 390-392. 

Muthukumar, G. and Nickerson, K.W. (1985) Ca(II)-Calmodulin regulation of 

morphological commitment in Ceratocystis ulmi. FEMS Microbiol. Lett. 27: 199-202. 

Nakajima, K.I., Asakura, T., Maruyama, J.I., Morita, Y., Oike, H., Shimizu-Ibuka, A., 

Misaka, T., Sorimachi, H., Arai, S., Kitamoto, K. and Abe, K. (2006) Extracellular 

production of neoculin, a sweet-tasting heterodimeric protein with taste-modifying 

activity, by Aspergillus oryzae. Appl. Environ. Microbiol. 72: 3716-3723. 

Nagata, O., Takashima, T., Tanaka, M. and Tsukagoshi, N. (1993) Aspergillus nidulans 

nuclear proteins bind to a CCAAT element and the adjacent upstream sequence in the 

promoter region of the starch-inducible Taka-amylase A gene. Mol. Gen. Genet. 237: 

251-260. 

Nampothiri, K.M., Nagy, V., Kovacs, K, Szakacs, G. and Pandey, A. (2005) L-leucine 

aminopeptidase production by filamentous Aspergillus fungi. Lett. Appl. Microbiol. 41: 

498-504.  

Nandakumar, M.P., Thakur, M.S., Raghavarao, K.S.M.S. and Ghildyal, N.P. (1999) 

Studies on catabolite repression in solid state fermentation for biosynthesis of fungal 

amylases. Lett. Appl. Microbiol. 29: 380-384. 

Nevalainen, K.M.H. and Palva, E.T. (1978) Production of extracellular enzymes in 

mutants isolated from trichoderma viride unable to hydrolyze cellulose. Appl. Environ. 

Microbiol. 35: 11-16. 

Nevalainen, K. M. H. (1981) Induction, isolation, and characterization of Aspergillus 

niger mutant strains producing elevated levels of ß-galactosidase. Appl. Environ. 

Microbiol. 41: 593-596. 

Nevalainen, K.M.H. and Te'o, V.S.J. (2003) Enzyme production in industrial 

fungi-molecular genetic strategies for integrated strain improvement. In: Applied 



 117  

Mycology and Biotechnology. Edited by Arora, D.K. and Khachatourians, G.G. 

Elsevier. Amsterdam, vol. 3, pp, 241-259. 

Nevalainen, H. and Penttilä, M. (2004) Molecular biology of cellulolytic fungi. In: The 

Mycota, "Genetics and Biotechnology" 2nd edition. Edited by Kück, U. 

Springer-Verlag Berlin-Heidelberg, Volume 2, pp, 369-390. 

Nevalainen, K.M.H., Te’o, V.S.J. and Bergquist, P.L. (2005) Heterologous protein 

expression in filamentous fungi. Trends Biotechnol. 23: 468-474.  

Ngiam, C., Jeenes, D.J. and Archer, D.B. (1997) Isolation and characterisation of a gene 

encoding protein disulphide isomerase, pdiA, from Aspergillus niger. Curr. Genet. 31: 

133-138. 

Ngiam, C., Jeenes, D.J., Punt, P.J., van den Hondel, C.A.M.J.J. and Archer, D.B. (2000) 

Characterization of a foldase, protein disulfide isomerase A, in the protein secretory 

pathway of Aspergillus niger. Appl. Environ. Microbiol. 66: 775-782. 

North, M.J. (1982) Comparative biochemistry of the proteinases of Eucaryotic 

microorganisms. Microbiol. Revs. 46: 308-340. 

Novillo, C., Castañera, P., and Ortego, F. (1997) Characterization and Distribution of 

Chymotrypsin-like and Other Digestive Proteases in Colorado Potato Beetle Larvae. 

Arch. Insect Biochem. Physiol. 36: 181–201. 

Nunberg, J.H., Meade, J.H., Cole, G., Lawyer, f.c., McCabe, p., Schweickart, V., Tal, 

R., Wittan, V.P., Flatgaard, J.E. and Innis, M.A. (1984) Molcular cloning and 

charazterization of the glucoamylase gene of Aspergillus awarmori. Mol. Cell Biol. 4: 

2306-2315.  

Nykänen, M.J., Raudaskoski, M., Nevalainen, H. and Mikkonen, A. (2002) Maturation 

of barley cysteine endopeptidase expressed in Trichoderma reesei is distorted by 

incomplete processing. An. Microbiol. 48: 138-150. 

Nyyssönen, E. and Keränen, S. (1995) Multiple roles of the cellulase CBHI in 

enhancing production of fusion antibodies by the filamentous fungus Trichoderma 

reesei. Curr. Genet. 28: 71-79. 

Olmedo-Monfil, V., Cortés-Penagos, C. and Herrera-Estrella, A. (2004) Three decades 

of fungal transformation. In: Recombinant Gene Expression: reviews and protocols. 

Edited by Balbás, P. and Lorence, A. Humana Press Inc., pp, 297-313. 



 118  

Orlando, A.R., Ade, P., Maggio, D.D., Fanelli, C. and Vittozzi, L. (1983) The 

purification of a novel amylase from Bacillus subtilise and its inhibition by wheat 

proteins. Biochem. J. 209: 561-564. 

Ozeki, K., Kyoya, F., Hizume, K., Kanda, A., Hamachi, M. and Nunokawa, Y. (1994) 

Transformation of intact Aspergillus niger by electroporation. Biosci. Biotechnol. 

Biochem. 58: 2224-2227. 

Pakula, T. M., Laxell, M., Huuskonen, A., Uusitalo, J., Saloheimo, M. and Penttilä, M. 

(2003) The effects of drugs inhibiting protein secretion in the filamentous fungus 

Trichoderma reesei. J. Biol. Chem. 278: 45011–45020. 

Pandey, A., Nigam, P., Soccol, C.R., Scoccol, V.T., Sigh, D. and Mohan, R. (2000) 

Advance in microbial amylases. Biotechnol. Appl. Biochem. 31: 135-152. 

Peñalva, M.A., Tourino, A., Patino, C., Sanchez, F., Fernamdez Sousa, J.M. and Rubio, 

V. (1985) Studies on transformation of Cephalosporium acremonium. In: Molecular 

genetics of filamentous fungi. Edited by Timberlake, W.E. Alan. Liss Inc., pp, 59-68. 

Peterson, G.L. (1979) Review of the Folin phenol protein quantitation method of 

Lowry, Rosebrough, Farr and Randall. Anal. Biochem. 100: 201–220. 

Petersen, K.L., Lehmbeck,J. and Christensen, T. (1999) A new transcriptional activator 

for amylase genes in Aspergillus. Mol. Gen. Genet.262: 668-676. 

Phadatare, S., Rao, M. and Deshpande, V. (1997) A serine alkaline protease from the 

fungus Conidiobolus coronatus with a distinctly different structure than the serine 

protease subtilisin Carlsberg. Arch. Microbiol. 166: 414-417. 

Prasher, D.C. (1992) Primary structure of Aequorea victoria green-fluorescent protein. 

Gene 111:229-233. 

Powers, J. C., Kam, C. M., Ricketts, K. M., and Casillas, R. P. (2000) Cutaneous 

protease activity in the mouse ear Vesicant Model. J. Appl. Toxicol. l20: S177–S182.  

Przybył, K., Dahm, H., Ciesielska, A. and Molin´ski, K. (2006) Cellulolytic activity and 

virulence of Ophiostoma ulmi and O. novo-ulmi isolates. For. Path. 36: 58-67. 

Punt, P.J., Oliver, P.R., Dingemanse, M.A., Pouwels, P.H. and van den Honedel, C.A. 

(1987) Transformation of Aspergillus based on the hygromycin B resistance marker 

from Escherichia coli. Gene 56: 117-124. 

Punt, P.J., Dingemanse, M.A., Kuyvenhoven, A., Soede, R.D.M., Pouwels, P.H. and 

van den Hondel, C.A.M.J.J. (1990) Functional elements in the promoter region of the 



 119  

Aspergillus nidulans gpdA gene encoding glyceraldehyde-3-phosphate dehydrogenase. 

Gene 93: 101-109. 

Punt, P.J., van Biezen, N., Conesa, A., Albers, A., Mangnus, J. and van den hondel, C. 

(2002) Filamentous fungi as cell factories for heterologous protein production. Trends 

Biotechnol. 20: 200-206. 

Qiu, R., Zhu, X., Liu, L. and Tang, G.M. (2002) Detection of a protein, AnCP1, which 

binds specially to the three upstream regions of glaA gene in A. niger T21. Sci. China, 

C, Life Sci. 44: 527-537. 

Rao, M.B., Tanksale, A.M., Ghatge, M.S. and Deshpande, V.V. (1998) Molecular 

biotechnological aspects of microbial proteases. Microbiol. Mol. Biol. Rev. 62: 

597-635. 

Rasmussen-Wilson, S.J., Palas, J.S., Wolf, V.J., Taft, C.S. and Selitrennikoff, C.P. (1997) 

Expression of a plant protein by Neurospora crassa. Appl. Environ. Microbiol. 63: 

3488-3493. 

Ray, R.R. (2004) Beta-amylases from various fungal strains. Acta Microbiol. Immunol. 

Hung. 51: 85-95. 

St Leger, R.J., Nelson, J.O. and Screen, S.E. (1999) The entomopathogenic fungus 

Metarhizium anisopliae alters ambient pH, allowing extracellular protease production 

and activity. Microbiology 145: 2691-2699. 

Record, E., Asther, M., Sigoillot, C., Pagès, S., Punt, P.J., Delattre, M., Hoan, M., van 

den Hondel, C.A.M.J.J., Sigoillot, J.-C., Lesage-Meessen, L. and Asther, M. (2003) 

Overproduction of the Aspergillus niger feruloyl esterase for pulp bleaching application. 

Appl. Microbiol. Biotechnol. 62: 349-355. 

Revuelta, J.L. and Jayaram, M. (1986) Transformation of Phycomyces blakesleeanus to 

G-418 resistance by an autonomously replicating plasmid. Proc. Natl. Acad. Sci. USA 

83: 7344-7347. 

Rezende, M.I., Barbosa, A. de M., Vasconcelos, A.F.D. and Endo, A.S. (2002) 

Xylanase production by trichoderma harzianum rifai by solid state fermentation on 

sugarcane bagasse.  Braz. J. Microbiol. 33: 67-72. 

Roberts, I.N., Jeenes, D.J., MacKenzie, D.A., Wilkinson, A.P., Sumner, I.G. and 

Archer, D.B. (1992) Heterologous gene expression in Aspergillus niger: a 



 120  

glucoamylase-porcine pancreatic prophospholipase A2 fusion protein is secreted and 

processed to yield mature enzyme. Gene 122: 155-161. 

Rocha-Ramírez, V., Omero, C., Chet, I., Horwitz, B. and Herrera-Estrella, A. (2002) A 

Trichoderma atroviride G protein a subunit gene, tga1, invovlved in mycoparasitic 

coiling and conidiation. Eukaryotic Cell 1: 594-605. 

Rose, S.H. and van Zyl, W.H. (2002) Constitutive epression of the Trichoderma reesei 

ß-1,4-xylanase gene (xyn2) and the ß-1,4-endoglucanase gene (egl) in Aspergillus niger 

in molasses and defined glucose media. Appl. Microbiol. Biotechnol. 58: 461-468. 

Rossier, C., Pugin, A. and Turian, G. (1985) Genetic analysis of transformation in a 

microconidiating strain of Neurospora crassa. Curr. Genet. 10: 313-320. 

Ross-MacDonald, P., Sheehan, A., Roeder, G.S. and Snyder, M. (1997) A multipurpose 

transposon system for analyzing protein production, localization, and function in 

Saccharomyces cerevisiae. Proc. Natl. Acad. Sci. USA 94: 190-195. 

Royer, J.C., Dewar, K., Hubbes, M. and Horgen, P.A. (1991) Analysis of a high 

frequency transformation system for Ophiostoma ulmi, the causal agent of Dutch elm 

disease. Mol.Gen. Genet. 225: 168-176. 

Ruiz-Díez, B. (2002) Strategies for the transformantion of filamentous fungi. J. Appl. 

Microbiol. 92: 189-195. 

Ryan, D.K., Alexander, H.D. and Morris, T.C.M. (1997) Routine diagnosis of large 

granular lymphocytic leukaemia by Southern blot and polymerase chain reaction 

analysis of clonal T cell receptor gene arrangements. J. Clin. Pathol. 50: 77-81. 

Saarelainen, R., Mäntylä, A., Nevalainen, H. and Suominen1, P. (1997) Expression of 

barley endopeptidase B in Trichoderma reesei. Appl. Environ. Microbiol. 63: 4938-4940. 

Saloheimo, M., Lund, M. and Penttilä, M.E. (1999) The protein disulphide isomerase 

gene of the fungus Trichoderma reesei is induced by endoplasmic reticulum stress and 

regulated by the carbon source. Mol. Gen. Genet. 262: 35-45. 

Saloheimo, M., Valkonen, M. and Penttilä, M. (2003) Activation mechanisms of the 

HAC1-mediated unfolded protein response in filamentous fungi. Mol. Microbiol. 47: 

1149-1161. 

Sánchez, O. and Aguirre, J. (1996) Efficient transformation of Aspergillus nidulans by 

electroporation of germinated conidia. Fungal Genet. Newsl. 43: 48-51. 

Sanford, J.C. (1990) Biolistic plant transformation. Physiol. Plant 79: 206-209. 



 121  

Santana, J. M., Grellier, P., Schrevel, J., and Teixeira, A. R. L. (1997) A Trypanosoma 

cruzi-secreted 80 kDa proteinase with specificity for human collagen types I and IV. J. 

Biochem. 324: 129-137. 

Santerre Henriksen, A.L., Even, S., Muller, C., Punt, P.J., vanden Hondel, C.A. and 

Spear, R.N., Cullen, D. and Andrews, J.H. (1999) Fluorescent labels, confocal 

microscopy, and quantitative image analysis in study of fungal biology. Methods 

Enzymol. 307:607-623. 

Saxena, R.K., Malhotra, B. and Batra, A. (2004) Commercial Importance of Some 

Fungal Enzymes. In: Handbook of Fungal Biotechnology. Edited by Arora, D.K. 

Marcel Dekker, New York, pp, 287-297. 

Schindler, M., Mach, R.L., Vollenhofer, S.K., Hodits, R., Gruber, F., Visser, J., Graaff, 

L.D. and Kubicek, C.P. (1993) Characterisation of the pyruvate kinase-encoding gene 

(pki1) of Trichoderma reesei. Gene 130: 271-275. 

Schuster, E., Dunn-Coleman, N., Frisvad, J.C. and Dijck, P.W.M. (2002) On the safety 

of Aspergillus niger-a review Appl. Microbiol. Biotechnol. 59: 426-435. 

Schwencke, J. and Moustacchi, E. (1982) Proteolytic activities in yeast after UV 

irradiation. Mol. Gen. Genet. 185: 290-295. 

Seifert, K.A., (1993) Sapstain of commercial lumber by species of Ophiostoma and 

Ceratocystis. In Ceratocystis and Ophiostoma Taxonomy, Ecology, and Pathogenicity. 

Edited by Wingfield, M.J., Seifert, K.A. and Webber, J.F. St Paul: APS Press, pp, 

141-151.  

Sitia R. and Braakman, I. (2003) Quality ontrol in the endoplasmic reticulum protein 

factory. Nature 426: 891-894. 

Southall, S.M., Simpson, P.J., Gilbert, H.J., Williamson, G. and Williamson, M.P. 

(1999) The starch-binding domain from glucoamylase disrupts the structure of starch. 

FEBS Lett. 447:58-60. 

Spencer, J.A., Jeenes, D.J., Mackenzie, D.A. Haynie, D.T. and Archer, D.B. (1998) 

Determinants of the fidelity of processing glucoamylase-lysozyme fusions by 

Aspergillus niger. Eur. J. Biochem. 258: 107-112. 

Steidl, S.,   Papagiannopoulos, P.,  Litzka, O., Andrianopoulos, A.,  Davis,  M.A., 

Brakhage,  A.A. and Hynes, M.J. (1999) AnCF, the CCAAT Binding complex of 

Aspergillus nidulans, contains products of the hapB, hapC, and hapE genes and is 



 122  

required for activation by the pathway-specific regulatory gene amdR. Mol. Cell Biol. 

19: 99-106. 

Stoffer, B., Frandsen, T.P., Busk, P.K., Schneider, P., Svendsen, I. and Svensson, B. 

(1993) Production, purification and characterization of the catalytic domain of 

glucoamylase from Aspergillus niger. Biochem. J. 292: 197-202. 

Stone, P.J., Makoff, A.J., Parish, J.H. and Radford, A. (1993) Cloning and sequence 

analysis of the glucoamylase gene of Neurospora crassa. Curr. Genet. 24: 205-211. 

Sudo, S., Ishikawa, T., Sato, T. and Oba, T. (1994) Comparison of acid-stable 

�-amylase production by Aspergillus kawachii in solid-state and submerged cultures. J. 

Ferment. Bioeng. 77: 483-489. 

Svetina, M., Krasevec, N., Gaberc-Porekar, V. and Komel, R. (2000) Expression of 

catalytic subunit of bovine enterokinase in the filamentous fungus Aspergillus niger. J. 

Biotechnol. 76: 245-251. 

Szekeres, A., Kredics, L., Antal, Z., Kevei, F. and Manczinger, L. (2004) Isolation and 

characterization of protease overproducing mutants of Trichoderma harzianum. FEMS 

Microbiol. Lett. 233: 215-222. 

Takai, S. and Richards, W.C. (1978) Cerato-ulmin, a wilting toxin of Geratocystis ulmi: 

isolation and some properties of cerato-ulmin from culture of C ulmi. Phytopathol. Z. 91: 

129-146. 

Takeuchi, M., Ueno, Y., and Ichishima, E. (1988) Fluorogenic substrate of Aspergillus 

aspartic proteinase. Agric. Biol. Chem. 52: 1279-1280. 

Tanguay, P. and Breuil, C. (2003) Transforming the sapstaining fungus Ophiostoma 

piceae with Agrobacterium tumefaciens. Can. J. Microbiol. 49: 301–304. 

Tani, S., Kawaguchi, T., Kato, Kobayashi, T. and Tsukagoshi, N. (2000) A novel 

nuclear factor, SREB, binds to a cis-acting element, SRE, required for inducible 

expression of the Aspergillus oryzae Taka-amylase A gene in A. nidulans. Mol. Gen. 

Genet. 263: 232-238. 

Te'o, V.S.J., Cziferszky, A.E., Bergquist, P.L. and Nevalainen, K.M.H. (2000) Codon 

optimization of xylanase gene xynB from the thermophilic bacterium Dictyoglomus 

thermophilum for expression in the filamentous fungus Trichoderma reesei. FEMS 

Microbiol. Lett. 190: 13-19. 



 123  

Te’o, V.S.J., Bergquist, P.L. and Nevalainen, K.M.H. (2002). Biolistic transformation 

of Trichoderma reesei using the BioRad Hepta Adaptor system. J. Microbiol. Methods 

51: 393-399. 

Terskikh, A.V., Fradkov, A.F., Zaraisky, A.G., Kajava, A.V. and Angres, B. (2002) 

Analysis of DsRed mutants - Space around the fluorophore accelerates fluorescence 

development. J. Biol. Chem. 277: 7633-7636. 

Tilburn, J., Scazzocchio, C., Taylor, G.G., Zabicky-Zissman, J.H., Lockington, R.A. 

and Davies, R.W. (1983) Transformation by integration in Aspergillus nidulans. Gene 

26: 205-221. 

Timberlake, W.E. and Marshall, M.A. (1989) Genetic engineering of filamentous fungi. 

Science 244: 1313-1317. 

Toda, T., Sano, M. Honda, M., Rimoldi, O.J., Yang, Y., Yamamoto, M., Takase, K., 

Hirozumi, K., Kitamoto, K., Minetoki, T., Gomi, K. and Machida, M. (2001) Deletion 

analysis of the enolase gene (enoA) promoter from the filamentous fungus Aspergillus 

oryzae. Curr. Genet. 40: 260-267. 

Travers, K.J., Patil, C.K., Wodicka, L., Lockhart, D.J., Weissman, J.S. and Walter, P. 

(2000) Functional and genomic analyses reveal an essential coordination between the 

unfolded protein response and ER-associated degradation. Cell 101: 249-258. 

Umebayashi, K., Hirata, A., Horiuchi, H., Ohta, A. and Takagi, M. (1999) Unfolded 

protein response-induced BiP/Kar2p production protects cell growth against 

accumulation of misfolded protein aggregates in the yeast endoplasmic reticulum. Eur. J. 

Cell Biol. 78: 726–738. 

Upadhyay, H. P. (1993) Classification of the Ophiostomtiod fungi. In: Ceratocystis and 

Ophiostoma Taxonomy, Ecology, and Pathogenicity. Edited by Wingfield, M.J., Seifert, 

K.A. and Webber, J.F. St Paul: APS Press, pp, 7-15.  

Valdivia, R.H. and Falkow, S. (1996) Bacterial genetics by flow cytometry: rapid 

isolation of Salmonella typhimurium acid-inducible promoters by differential 

fluorescence induction. Mol. Microbiol. 22: 367-378. 

Valkonen, M. (2003) Functional analysis of the secretory pathway of filamentous fungi. 

PhD thesis, VTT Biotechnology, Finland. 

Valkonen, M., Penttilä, M. and Saloheimo, M. (2004) The ire1and ptc2genes involved 

in the unfolded protein response pathway in the filamentous fungus Trichoderma reesei. 



 124  

Mol. Gen. Genom.  272: 443–451. 

vanKuyk, P.A., Cheetham, B.F. and Katz, M.E. (2000) Analysis of two Aspergillus 

nidulans genes encoding extracellular proteases. Fungal Genet. Biol. 29: 201-210. 

van Gorcom, R.F.M., van Hartingsveldt, W., van Paridon, P.A., Veenstra, A.E., Luiten, 

R.G.M. and Selten, G.C.M. (1990) Cloning and expression of microbial phytase. 

European Patent Application (EPA) 0420358. 

van Gorcom, R.F.M., Hessing, J.G.M., Maat, J., Roza, M. and Verbakel, J.A. (1991) 

Xylanase production. World Patent Application (WO) 91/19872. 

van Peij, N.N.M.E., Geielkens, M., M. C., de Vries, R.P., Visser, J. and de Graaff, L.H. 

(1998) The transcriptional activator XLnR reulates both xylanolytic and endoglucanase 

gene expression in Aspergillus nidulans. Appl. Environ. Microbiol. 64: 3615-3619. 

Vanneste, J.L., Hill, R.A., Kay, S.J., Farrell, R.A. and Holland, P.T. (2002) Biological 

control of sapstain fungi with natural products and biological control agents: a review of 

the work carried out in New Zealand. Mycol. Res. 106: 228-232. 

Ventura, L., González-Candelas, L. Pérez- González, J.A. and Ramón, D. (1995) 

Molecular cloning and transcriptional analysis of the Aspergillus terreus gla1 gene 

encoding a glucoamylase. Appl. Environ. Microbiol. 61: 399-402. 

Verdoes, J.C., Punt, P.J., Stouthamer, A.H. and van den Hondel, C.A.M.J.J. (1994) The 

effect of multiple copies of the upstream region on expression of the Aspergillus niger 

glucoamylase-encoding gene. Gene 145: 179-187. 

Walsh, D.J., Gibbs, M.D. and Bergquist, P.L. (1998) Expression and secretion of a 

xylanase from the extreme thermophile Thermotoga strain FjSS3-B1 in Kluveromyces 

lactis. Extremophiles 2:9-16. 

Wang, H.L., Kim, S.H., Siu, H.Y. and Breuil, C. (1999) Transformation of sapstaining 

fungi with hygromycin B resistance plasmids pAN7-1 and pCB1004. Mycol. Res. 103: 

77-80. 

Wang, R.H. and Webb, C. (1995) Effect of cell concentration on the rheology of 

glucoamylase fermentation broth. Biotechnology Techniques 9: 55-58. 

Ward, M., Kodama, K.H. and Wilson, L.J. (1989) Transformation of Aspergillus 

awamori and Aspergillus niger by electroporation. Exp. Mycol. 13: 289-293. 



 125  

Ward, M., Wilson, L.J., and Kodama, K.H. (1993) Use of Aspergillus overproducing 

mutants, cured for the integrated plasmid, to overproduce heterologous proteins. Appl. 

Microbiol. Biotechnol. 39: 738-743. 

Ward, P.P., Piddington, C.S., Cunningham, G.A., Zhou, X., Wyatt, R.D. and Conneely, 

O.M. (1995) A system for production of commercial quantities of human lactoferrin: a 

broad spectrum natural antibiotic. Biotechnology 13: 498-503. 

Waring, R.B., May, G.S. and Morris, N.R. (1989) Characterisation of an inducible 

expression system in Aspergillus nidulans using alcA and tubulin coding genes. Gene 

79: 119-130. 

Wernars, K., Goosen, T., Wennekes, L.M., Visser, J., Bos, C.J., van den Broek, H.W., 

van Gorcom, R.F., van den Hondel, C.A. and Pouwels, P.H. (1985) Gene amplification 

in Aspergillus nidulans by transformation with vectors containing the amdS gene. Curr. 

Genet. 9: 361-368. 

White-McDougall, W. J., Blanchette, R.A. and Farell, R.L. (1998) Biological control of 

blue stain fungi on Populus tremuloides using selected Ophiostoma isolates. 

Holzforchung 52:234-240. 

Whittington, H., Kerry-Williams, S., Bidgood, K., Dodsworth, N., Peberdy, J., Dobson, 

M., Hinchliffe, E. and Balance, D.J. (1990) Expression of the Aspergillus niger glucose 

oxidase gene in A. niger, A. nidulans and Saccharomyces cerevisiae. Curr. Genet. 24: 

408-416. 

Wu, C., Te’o, V.S.J., Farrell, R.L., Bergquist, P.L. and Nevalainen, K. H. M. (2006) 

Improvement of the secretion of extracellular proteins and isolation and characterization 

of the amylase I (amy1) gene from Ophiostoma floccosum. Gene 384: 96-103.  

Xu, J., Mo, M.H., Zhou. W., Huang, X.W. and Zhang, K.Q. (2005) Transformation and 

mutagenesis of the nematode-trapping fungus Monacrosporium sphaeroides by 

restriction enzyme-mediated integration (REMI). J. Microbiol. 43: 417-423. 

Yabuki, M,, Ono, N,, Hoshino, K., and Fukui, S. (1977) Rapid induction of �-amylase by 

nongrowing mycelia of Aspergillus oryzae. Appl. Environ. Microbiol. 34: 1–6. 

Yamashita, T., Tonouchi, N., Uozumi, T. and Beppu, T. (1987) Secretion of Mucor 

rennin, a fungal aspartic protease of Mucor pusillus, by recombinant yeast cells. Mol. 

Gen. Genet. 210: 462-467. 



 126  

Yoshigi, N., Sahara, H. and Koshino, S. (1995) Role of the C-Terminal Region of 

ß-Amylase from Barley. J. Biochem. 117: 63-67. 

Zhu, X.G., Qiu, R.X., Liu, L. and Tang, G.M. (2004) Binding of trans-acting protein 

AngCP to CCAAT-containing motifs in Aspergillus niger glaA promoter. Prog. Nat. 

Sci. 14: 338-343.  

Zimmerman, W.C., Blanchette, R.A., Burnes, T.A. and Farrell, R.L. (1995) Melanin 

and perithecial development in Ophiostoma piliferum. Mycologia 87: 857-863. 

 

 

 

 

 

 

 

 




