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ABSTRACT

Protein haze in wine is caused by plant pathogenesis related (PR) proteins that precipitate
when heated, cause the wine to look cloudy and render it unsaleable. Advancements have been
made to reduce the economic, environmental and wine quality impacts that come with traditional
bentonite stabilisation. Enzymatic treatment with recombinant proteins has shown some promise,
however genetically modified organisms cannot be used in Australian commercial winemaking.
In order to find a non-genetically modified alternative for protein haze removal, 99 isolates of
Botrytis cinerea were initially screened for strong growth and sporulation, with 55 of these
isolates selected and screened for protease production by skim milk plate clearing assay. These
results coupled with guaiacol plate assays to assess laccase production from these isolates, which
would oxidize the finished wine, resulted in 6 B. cinerea isolates that were assessed for protease
secretion in liquid culture. Analyses of the protease and laccase production of these isolates by
fluorescence microplate and syringaldazine assays identified 6 B. cinerea isolates that secrete

high levels of protease, to be used in continuing research.
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INTRODUCTION

Winemaking is a $4.2 billion dollar industry, contributing approximately $48 billion to
the Australian economy [ Winemakers aim to make the winemaking process more efficient,
less costly and more environmentally friendly by incorporating technological advances.
However, one winemaking process which has undergone little change over time is that of heat
stabilizing wine to prevent protein haze. Wine protein haze is caused by the aggregation of
grape pathogenesis related (PR) proteins, which makes wine look cloudy and unsaleable.
Typically, bentonite is used to remove these proteins, though this process has associated
economic and environmental impacts and can also damage the quality of the finished wine. B.
cinerea has been shown to secrete a protease that has direct action on PR proteins . The gene
for this protease was successfully expressed in Pichia pastoris, resulting in a significant
reduction in PR proteins and protein haze compared to untreated wine B! The current study
aimed to find a method of replicating these results without recombinant genetic modification, in

order to harness this process for commercial winemaking in Australia.

This paper commences with a brief literature review covering wine haze, bentonite use
and alternatives, and an overview on the properties of B. cinerea. The screening and evaluation
tools developed during this study were successfully used to identify six isolates of B. cinerea
with strong protease production to be used for continuing research. The isolates are candidates

for use in production of proteases for preventing wine haze.

Wine Haze is caused by Grape Pathogenesis-Related Proteins
Wine protein haze occurs when a wine is heated for a period of time, either during
transport or under regular storage conditions over long periods of time. Proteins in the wine
slowly unfold and aggregate, causing a fluffy precipitate, making the wine look cloudy and

unappealing to consumers . Protein haze can also be mistaken for microbial spoilage .

Several studies have analyzed the proteins that occur in wine haze, with the overall aim
of identifying and targeting these proteins for degradation and removal. These proteolytically

resistant proteins were identified as pathogenesis-related (PR) proteins, namely chitinases and
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thaumatin-like proteins (TLPs)[G]. Further studies examined the behavior of these proteins during
wine-haze formation and identified chitinase as the major cause of protein haze I, while only
TLP isoforms that denature under winemaking conditions contribute to protein haze . Exo-B-1,
3-glucanases ! have also been identified in the protein fractions of white wine haze.

Bentonite and Alternative Methods of Wine Fining

To prevent protein haze in wine, bentonite is added at varying stages; either before,
during or following fermentation [10. 11 Bentonite is a silica-based clay with a large surface area,
owing to the flat sheets of its structure. At the pH of wine (generally 3.0 to 3.5) bentonite has a
negative charge and wine proteins a positive charge. These mutually attract, and aggregate by
cation exchange . The bentonite adsorbs the proteins and settles out of solution to the bottom of

the tank, forming bentonite lees.

While this method has been used for over a century to prevent wine-haze, there are many
disadvantages to its use. At a chemical level, studies have observed that bentonite can remove
some of the finer, varietal characteristics of a wine, such as the volatile compounds that
incorporate the distinct mouthfeel or aroma of a wine 2 **. The environmental impact of
bentonite use occurs from mining and transporting the clay and from the disposal of the used
bentonite after wine fining, usually requiring specialised transport and storage and increased
manual labour ™ **!. However, the most costly factor of bentonite treatment is the volume of
wine which is trapped following treatment, with up to 10% of total wine volume sequestered in
the bentonite lees™. Most of the wine can be recovered by rotary drum vacuum filtration or
centrifugation, but recovery can cause loss of quality through oxidation and subsequent decrease
in value of the wine ¥ . This is the greatest cause of monetary loss in the bentonite fining

process, costing the Australian wine industry approximately $45 million in 2005 14,

As such, researchers have been examining alternatives to bentonite for removing haze-
forming proteins from wine. Alternative adsorptive methods were examined as a replacement for
bentonite, such as ion-exchange resins, low-swelling clays and other adsorbents of proteins such
as silica gel and alumina ™. Although some compounds had good potential as alternatives to
bentonite, none of these methods has been adopted by the commercial winemaking industry.

Ultrafiltration of wine to collect haze forming proteins has also been researched ¢, though the
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high cost of set up and unreliable heat-stability results have made this option unattractive to

commercial winemakers.

As early as the 1960’s, researchers were using enzymes to attempt to remove proteins
from fermented beverages (71" An immobilized acid protease has been tested to treat wine
protein haze ™8 however the treatment did not successfully prevent protein haze formation. Later
studies examined heat treating wine at 90 °C for 1 minute, with and without the addition of an
enzyme to cleave the haze-forming proteins *%. This method showed promising results, though
more efficient proteolysis was required. A mix of Aspergillopepsins | and Il (AGP) coupled with
flash pasteurisation was shown to successfully heat-stabilise wine . Ideally though, an
enzymatic treatment that does not require heat activation would provide a viable, low cost
alternative to bentonite, and remove the unnecessary labour and environmental impact associated
with bentonite use. Such an enzyme has recently been identified from the fungus Botrytis cinerea
Bl The activity of this protease was first identified in plants infected with B. cinerea which
showed lower levels of PR proteins than those infected with different species of phytopathogenic
fungi, though the cause could not be identified Y. Later studies showed that B. cinerea secreted
proteases have a direct effect on haze-forming PR proteins %!, with the most abundantly secreted
of these proteases identified as BCAP8 22 'In a 2013 study, Van Sluyter et al. inserted the Bcap8
gene into Pichia pastoris and the addition of the recombinant protease to wine produced a
marked reduction in protein haze compared to the control wine. Unfortunately, the use of
recombinant DNA excludes this protease preparation from use in the Australian wine industry.
Hence, the aim of the current study is; to isolate strains of B. cinerea that have the highest natural

secretion of proteases for cost-effective use in commercial winemaking.
Botrytis cinerea

1. Host species

Botrytis cinerea is one of the best-studied of all pathogenic fungi #*!

, possibly due to its
extensive host range, adaptable growth requirements and the economic impact it has on crops
worldwide. B. cinerea is a phytopathogenic fungus with a host range spanning over 200 species
of agriculturally significant crops ?*. While researchers have studied the fungus on hosts

including beans, tomatoes, cucumbers and roses, the most commonly associated host, and name
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sake (from Greek Botrys meaning grape bunch)[25] is Vitis vinifera or the common grape vine. B.
cinerea causes grey rot or ‘bunch rot” in infected host plants, causing damage to the exterior and
leaving the plant susceptible to secondary infection with environmental bacteria or yeasts.
Infection typically occurs in host plants after late-season rain, or following times of high

humidity ¢,

Under the right conditions, B. cinerea can also be utilised to make sweet and desirable
dessert wines. When a period of high humidity and rainfall is followed by a stretch of low
humidity, the fungus permeates the walls of the grape, allowing the fruit to dry out and
concentrating the sugars and other compounds in the berries ") This phenomenon is known as

noble rot 281,

Researchers have suggested that B. cinerea’s adaptability to many host species and
opportunistic tendencies are largely due to the great variation within the species, both

[29]

morphologically and physiologically . B. cinerea is well known for its genetic variability,
even within strains, due to its multinucleate cells . Studies have found significant variation
both within the species and within strain types, making the isolation and maintenance of stable

cultures difficult B3,

2. Invitro Growth and Analysis of B. cinerea

The most commonly used growth media for growth of B. cinerea are potato-dextrose agar
(PDA)BY malt-extract agar (MEA) and yeast-extract agar (YEA)P®!. Researchers have also
created specific media for enumerating and identifying isolates of B. cinerea from environmental
samples, such as Botrytis spore trap medium (351, though these methods are not necessary for

general laboratory use.

Differentiation among B. cinerea isolates has recently been assessed using a combination
of morphological, genetic and biochemical approaches ¢ Following publication of the entire
genome sequence of B. cinerea "), methods for its identification and comparison have become
more DNA based. However, in this study, the focus will be on the morphological differences and

biochemical processes of B. cinerea before progressing to DNA based methods.



3. B. cinerea Secretome

Studies on the secretome of B. cinerea are integral to the current study, as proteases,
laccases and extra-cellular glucan production are all part of the B. cinerea secretome. Much of
the recent research efforts on B. cinerea involve the identification, comparison and utilisation of
the many gene products that the fungus produces. Researchers have identified enzymatic activity
such as pectinase, xylanase and acid proteases *®, ascorbic and glutathione peroxidases *° and

acid phosphatase % amongst many others in the secretome of B. cinerea.

Recently, researchers have focused more on analyzing the composition, role and timing
of the proteins and other components secreted by B. cinerea. 2D electrophoresis followed by
mass spectrometric (MS) analysis of the protein profile of B. cinerea identified 64 major spots
visible for all replicates, varying from 14 to 85 kDa in size and spanning pH 5.4 to 7.7 1. These
proteins were identified as mostly malate dehydrogenase, glyceraldehyde-3-phosphate and
hypothetical proteins. 2D electrophoresis and MS were subsequently used to identify differences
in secreted proteins between two B. cinerea strains with differing virulence ¥, showing both

quantitative and qualitative differences in protein expression patterns between the two isolates.

High-throughput liquid chromatography—mass spectrometry (LC-MS/MS)**! has also
been used to identify and compare proteins secreted by B. cinerea during interaction with
different plant hosts, finding that sixty of eighty-nine proteins contained a motif that implied
their extracellular nature, with seven proteins observed in all growth conditions, including two
peptidases and an aspartic protease. A similar method was used to look at the compounds
secreted during germination in a simulated plant environment ¥4, identifying aspartic acid

protease BCAPS8 as the most abundant protein secreted in the first 16 hours of culturing.

More recent studies have used 2-D electrophoretic techniques coupled with the
introduction of label-free liquid chromatography—mass spectrometry to identify variable proteins
between the mycelia and secretome “*! and 2-D electrophoresis combined with qPCR to identify
proteins secreted during conidial germination (4] These studies identified the secretion of many
compounds related to B. cinerea pathogenicity and virulence, along with other proteins involved
in the biological functions of the fungus, including those proteins mentioned previously, and

again, aspartic protease.
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4. B. cinerea Protease as a Potential Alternative to Bentonite

Early studies into protease production in B. cinerea ® showed that more virulent strains
of B. cinerea secreted an acid protease at higher levels compared to less virulent strains. Further
purification and characterization of the protease found that the enzyme had a mass of 38 to 39
kDa, was inhibited by pepstatin, was present in ungerminated spores and was also produced
during germination ™). Additionally, it was discovered that the activity of aspartic protease
secreted by B. cinerea could only be seen in synthetic media with a pH of between 3 and 4 &,
Concurrently, researchers noted the degradation of proteins in champagne musts from grapes
infected with B. cinerea in comparison with those of healthy grapes “%, which decreased the
desirable foaming properties of the champagne. Subsequent studies ! identified the specific
proteolytic activity of proteins from B. cinerea at wine pH, using SDS-PAGE and the Bradford
protein assay.

Investigations into the expression of proteases by B. cinerea coupled with phylogenetic
analyses of the protease genes and RNA, identified a family of aspartic proteases designated as
BcAP1 to 5 P2, Further studies *? identified an additional nine BcAP proteases in B. cinerea,
designated BcAPG to 14. Of these aspartic acid proteases, BcCAP8 alone comprised up to 23% of
the total protein secreted by B. cinerea. To establish a link between the abundance of secreted
BcAP8 from B. cinerea and the ability of B. cinerea proteins to break down wine proteins, a
2013 study by Van Sluyter et al.”! used genetic manipulation techniques to insert the Bcap8 gene
into Pichia pastoris. When expressed in P. pastoris, this enzyme successfully removed grape
chitinases under normal winemaking conditions and had some activity on TLPs. Overall, this
method resulted in wine that was substantially more heat stable than the control wines under

normal winemaking conditions.
5. Additional Considerations - Glucan and Laccase

In addition to many proteins and other compounds, B. cinerea secretes an extracellular -
(1, 3)(1, 6)-D-glucan sheath which is believed to regulate the activity of secreted enzymes, help
spores adhere to host plants and assists in the virulence of the fungus ®Y. This extra-cellular
sheath is mostly comprised of carbohydrates, proteins and lipids ®%, and also displays

polygalacturonase and laccase activity. The presence of this glucan in culture results in a greatly
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increased viscosity of culture media 531 which can interfere with subsequent assays. The glucan
is also undesirable to the winemaking process as it can clog filters and increase the viscosity of
the wine. As such, reduction or inhibition of glucan production in B. cinerea isolates would be

advantageous to prevent downstream interference in the winemaking process.

Laccases secreted by B. cinerea are another area of interest to this study, as the addition
of laccase to wine can cause serious oxidative damage ®* and it is difficult to remove or degrade
due to its stability at acidic pH (3.5 to 4.6) ®***]. Several assays have been developed to identify
and quantify laccase activity from fungi, including B. cinerea. Depending on the target organism,
2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), polymeric dyes like remazol
brilliant blue-R (RBB-R), guaiacol or syringaldazine ©® have been used in different
combinations by researchers as indicators of laccase activity. Of these, syringaldazine is
commonly used for the detection of laccase activity in B. cinerea, and has even been used for
localizing laccase activity cytochemically 571 A specific test for the detection of B. cinerea
laccase activity in musts and wines has also been developed 8. Laccases are a highly useful
product in many industrial material processing operations such as textile dye decolourization,
delignification of pulp and effluent detoxification ! and have even been tested for use in heat

stabilization of wine through pre-fermentative treatment [60],
4. Experimental Approach

Although beyond the scope of the current study, the overall aim of this research program
is to grow B. cinerea on an industrial scale in order to produce high amounts of proteases that
can be utilised for protein haze removal during commercial winemaking. Ultimately, the large
scale growth will need to be coupled with the elimination or inhibition of laccase and glucan
production to prevent the degradation of wine quality. Additionally, the use of recombinant
genetic modification on the organism must be avoided so that the protease can be used in
Australian commercial winemaking. With this in mind, the current study aims to screen B.
cinerea isolates from the wild in order to identify strains with the greatest natural protease, and

low laccase production. The particular study aims were as follows:

1. Isolate and identify B. cinerea isolates that grow and sporulate well and quickly enough to

facilitate large scale growth
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2. Identify B. cinerea isolates with the highest natural secretion of proteases and lowest levels of

laccase as expressed on agar medium

3. Test culture media and techniques that provide the best level of protease secretion from B.

cinerea isolates, while minimizing interfering glycan production

4. Compare relative levels of protease and laccase production between B. cinerea isolates by

fluorescence protease assay and syringaldazine assay, respectively
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METHODS
Botrytis cinerea Isolates

Sixteen isolates of B. cinerea were provided by Treasury Wine Estates (Nuriootpa, South
Awustralia), collected from grape vines in Robin Vale, VIC, Sellicks Beach, Robe, and Riverland,
SA and Coomella, NSW. Five stock isolates previously collected from SA and Fernhill, VIC
were purchased from AgPath (Vervale, Victoria), and 65 isolates were provided by the Primary
Industries and Regions South Australian division of the SA Research and Development Institute
(PIRSA-SARDI; Adelaide, South Australia), collected from various regions in the Adelaide
Hills, SA. Treasury Wine isolates were designated a number prefixed by ‘TWE’, Agpath isolates
prefixed by ‘AP’ and PIRSA-SARDI isolates by ‘S’ (Table 1).

Growth and Sporulation of B. cinerea Isolates

Isolates were grown on potato dextrose agar (PDA) plates, prepared as per
manufacturer’s instructions (Sigma-Aldrich, NSW) by adding 39 g/L of potato-dextrose agar to
deionized water (dH,0), for initial observation of morphology and to check for contamination. In
the case of contaminated isolates, spore solutions were serially diluted to 10° mg /mL and the
lowest three dilutions plated onto PDA plates containing 0.1% Triton X-100 to inhibit the spread
of colonies. Isolated B. cinerea colonies were then collected from these plates, re-grown on fresh
PDA plates and newly generated spores collected and stored as described below. Induction of
sporulation was also tested on V8 tomato-juice agar, containing 600 mL V8 vegetable juice, 300
mL tomato juice, 100 mL water, 15g sucrose and 20g agar in 1L, with pH adjusted to 6.5 using

malic acid .
Collection and Storage of Spores from Isolates

Spores were harvested from B. cinerea isolates by the addition of 8 to 10 mL of 0.01%
Tween80/ 0.9% NacCl solution to the agar plates which was gently spread with a microbiological
spreader to loosen spores. The spore solution was then removed from the plate using a
serological pipette and collected into a 15 mL Falcon tube. Samples were centrifuged on low

speed and the supernatants were discarded. Spores were suspended in Milli Q water for storage
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Table 1. B. cinerea isolates used in this study, including identification number, location of
collection and host plant from which the isolate was collected. For brevity, consecutive samples
with the same details have been grouped.

Sample Name ) Collected / )

21D no Species Provided By Location Collected Host

TWEOQ2 B. cinerea TWE Sellicks Beach, SA Chardonnay
TWEO03 B. cinerea TWE Robin Vale, VIC Chardonnay
TWEO05 B. cinerea TWE Robin Vale, VIC Pinot gris grape
TWEOQ6 B. cinerea TWE Coomella, NSW Pinot gris grape
TWEOQ7 B. cinerea TWE Riverland, SA Chardonnay grape
TWEOS8 to 18 B. cinerea TWE Robe, SA Shiraz grape

AP1 (AgL67) B. cinerea B400 | AgPath SA Grape Leaf

AP2 (AgL72) B. cinerea B406 | AgPath Fernhill, VIC Chardonnay Berry
AP3 (AgL73) B. cinerea B407 | AgPath Fernhill, VIC Chardonnay Berry
AP4 (AgL76) B. cinerea B419 | AgPath Fernhill, VIC Chardonnay Berry
AP5 (AgL75) B. cinerea B418 | AgPath Fernhill, VIC Chardonnay Berry
Slto S77 B. cinerea SARDI Adelaide Hills, SA Grape bunch
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at 4 °C, with an additional 1 mL of each isolate placed in a solution of 12.4% glycerol/ 0.04%
Tween 80 for long term storage at -80 °C. Prior to storage, 10 pL of each isolate was used to
measure spore density with a haemocytometer. In the case of spore densities lower than 10° cells/
mL, isolates were replated onto PDA for additional collection at a later date.

Plate Assays of B. cinerea Protease and Laccase Production

Skim milk agar was used to test for protease activity of isolates by proteolysis of casein
in the medium, producing a zone of clearing around the growing colony. Skim milk agar plates
were adapted from a previous study % and contained 2% skim milk powder (Coles, Australia),
0.5% yeast extract, 1.5% agar and 0.1% Triton X-100, dissolved in a minimal salts solution **!
containing 1 g KH,PQO,, 0.5 g K;HPO,, 0.5 g MgS0,.7H,0, 0.5 g KCI and 0.01g FeSO per litre.
Skim milk mixture was autoclaved at 121°C for 15 minutes, and then approximately 20 mL was
poured into plastic petri plates. Guaiacol agar was used to assess laccase production in B. cinerea
isolates, indicated by a red/brown colouration of the agar from oxidation of guaiacol in the
medium ®%. Plates contained PDA, prepared as mentioned previously, with 0.02% guaiacol
added before autoclaving at 121°C for 15 minutes, with approximately 20 mL poured into plastic

petri plates.

Inoculation methods for these media were tested first by placing a 10 pL drop of spore
suspension onto a divided plate and allowing the droplets to absorb into the agar before being
placed into a 22 °C incubator for daily observation. The second method involved collecting and
placing a 1 pL loop full of mycelium onto each of the agar types. Mycelia were slightly pushed
into the agar so that any secreted proteases/laccases could be absorbed by the depth of the agar
then plates were incubated at 22 °C for daily observation. All plate assays were performed in

duplicate and the results averaged.
Shake Flask Cultures of B. cinerea

Shake flasks were prepared using a variety of liquid media to find a solution that
provided adequate nutrients for the growth of the B. cinerea isolates while providing a low pH
environment to simulate the pH of wine making. The skim milk medium contained 2% skim
milk powder and 0.5% yeast extract dissolved in a minimal salts solution. Minimal salts based

medium was comprised of 1 g KH,PQOy,, 0.5 g K;HPO,, 0.5 g MgS0O,.7H20, 0.5 g KCl and 0.01g
16



FeSQy, per litre 631 i, dH,0. 50 mL volumes were used in all flasks, with incubation temperature
at 22°C and shaking at 124 OPM for 7 days. As this particular skim milk medium had not been
used to grow B. cinerea in previous studies, several runs were attempted in order to optimise the

formulation, autoclaving conditions and pH of this medium.

A yeast extract- lactose medium was also trialled, comprised of 3% yeast extract 1%
lactose and minimal salts media as above. The pH was adjusted to 3.5 using malic acid or H,SO,.
Shake flask experiments were typically run with a single flask for each B. cinerea isolate and one
negative control with no B. cinerea. A final experiment was conducted in triplicate using the
yeast extract-lactose medium, to test the reproducibility of protease production and compare B.
cinerea isolates. A 20 pL drop of supernatant from each flask was also spotted onto skim milk
and guaiacol agar plates as a preliminary test of protease and laccase production from the B.

cinerea isolates, prior to further testing with fluorescence protease assays.
Fluorescence Assays for Assessment of Protease Production

In order to quantify and more accurately compare protease production between B. cinerea
isolates, a fluorescence protease assay was conducted using supernatant collected from culture
media in the shake flasks. This assay was performed using an EnzChek® Protease Assay Kit
with green fluorescence (Life Technologies, VIC) prepared using citrate-phosphate buffer at pH
3.5 (14.1 mL 0.2M NayHPO, plus 35.9 mL 0.1M citric acid in dH,0) and tested with 50 pL each
of substrate and B. cinerea supernatant sample. Pepsin from porcine gastric mucosa (Sigma-
Aldrich, NSW) was used as a reference protease at 8 dilutions from 2.5 to 0.02 pg/mL, to
produce standard curves for comparison of B. cinerea isolate protease activity in each assay. The
protease activity units were expressed as mg/L pepsin equivalents. Pepsin standards, citrate-
phosphate buffer blank and B. cinerea supernatant samples were loaded in triplicate onto black,
flat bottomed 96 well plates (Greiner, Sigma-Aldrich), incubated for 20 minutes at room
temperature and fluorescence was read with filters at 485 excitation and 530 emission using
OPTIMA Software (BMG Labtech, VIC) and a FLUOstar OPTIMA microplate reader (BMG
Labtech). To calculate protease activity in the B. cinerea sample supernatant, a 2nd order
polynomial standard curve was created with the pepsin dilutions, then protease activity in mg/L
was calculated as pepsin equivalents using the quadratic equation and corrected for dilution

factors. From those values, the top daily value for each isolate was chosen, and then the mean of
17



the triplicates for each isolate was plotted in a bar chart with error bars showing the standard
deviation. A single-factor ANOVA was performed on the results using the Data Analysis Tools
add-in for Microsoft Excel 2010.

Syringaldazine Assays for Assessment of Laccase Production

To quantify the amount of laccase produced by the isolates, a laccase assay was
performed using syringaldazine (Sigma-Aldrich) with laccase from Rhus vernicifera (>50
units/mg; Sigma-Aldrich) as a positive control. Syringaldazine solution was prepared at a
concentration of 0.216 mM by dissolving syringaldazine powder in absolute methanol (0.0077 g
in 100 mL) and placed on a magnetic stirrer until fully dissolved (approximately one to two
hours). Laccase enzyme solution standard was prepared immediately before use by adding 1 mg
of laccase powder to 1 mL of cold dH,0. Assays were conducted using 100 mM potassium
phosphate buffer at pH 6.5, prepared by adding 1.36 g of KH,PO, to 100 mL of dH,0 and
adjusting the pH to 6.5 by addition of 1M KOH. Assays were performed at room temperature
(approximately 22°C)!®*. Assays were read in a spectrophotometer at 530nm in 30 second

intervals to 10 minutes total assay time, using Kinetics over time setting.

One unit of laccase activity is described as the quantity of enzyme required to oxidize 1
nanomole of syringaldazine®®. Laccase units /mL of enzyme were determined by the AAszonm Of

a sample, using the formula below:

AAszonm Sample = Aszonm/Min Test - Aszgnm/min Blank)

(0.001)(0.5)

0.001 = the change in A530nm/min. per unit of laccase at pH 6.5 in a 3 mL reaction mix

0.5 = volume (in milliliters) of enzyme used.
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RESULTS
Growth and Sporulation of B. cinerea Isolates

B. cinerea isolates showed great variation in colony morphology, ranging in colour from
off white to greyish-brown (Figure 1). Isolates typically grew in diameter between 2 to 20 mm a
day, with an average of 5 days to reach the edges of an agar plate. Some isolates, for example
TWEL13, grew slowly and did not produce much aerial hyphae, but produced spores within three
to four days of being plated. Most other isolates had more fluffy growth and produced abundant
aerial hyphae with a thick mat of hyphal growth when the edge of the plate was reached. B.
cinerea isolates were typically grown on PDA plates. Most isolates sporulated well on PDA so
were maintained on this medium. The V8 tomato-juice sporulation medium was also tested, but
was not preferred for the optimal growth and sporulation of B. cinerea isolates, as growth on this
medium was often coupled with greater extra-cellular glucan production from the isolates,
visible as an orange slime covering the mycelial growth. Due to the large number of isolates
screened and time constraints of this study, single spore isolation of the B. cinerea isolates was

not performed.
Collection and Storage of Spores from Isolates

Sporulation of B. cinerea cultures typically occurred when an isolate had covered the
plate and the hyphal growth had darkened. If sporulation was not evident within 14 days of
growth on PDA, the B. cinerea isolate was plated onto VV8-tomato juice agar to encourage
sporulation. If sporulation was still not evident on either the PDA or VV8-tomato juice agar an

isolate was deemed ‘non-sporulating’ (Table 2).

19



Figure 1. Example of differing colony appearance of 2 B. cinerea isolates (AP3 and AP4) after
10 days on PDA at 22 °C in 12-hour alternating light and dark cycles.
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Table 2. Total rankings for 55 B. cinerea isolates following protease and laccase plate assays,
including decisions based on adequate growth and purity of cultures. 44 isolates that did not
provide adequate growth or sporulation for further testing were not used for plate assays.
Favourable protease ratings were 2 and above, while favourable laccase ratings were 8 and
above. Shaded cells indicate the final 6 B. cinerea isolates used in shake flask cultures.
Sporulation rating from - for poor sporulation to +++ for strong sporulation. N.d (not
determined) indicates that no further assessment was required for that isolate to be excluded from
further experimentation.

Isolate Average Days to Sporulation Comment
Protease score | Laccase 3
score
TWEO02 2 7 ++ Contaminated
TWEOQ3 1.8 3 ++
TWEO05 1.9 6 ++ Contaminated
TWEOQ8 1 6 ++
TWE10 0.8 3 ++
TWE12 2 10 -
TWE13 2.1 4 +++ Contaminated
TWEL7 0.8 4 +
TWE18 0.4 4 +
AP4 2.5 4 +
AP5 2.1 4 ++
S7 15 6 +
S8 15 6 +
S14 2.6 4 ++ Contaminated
S15 2.3 3 ++ Clean sample
S16 0 10 n.d
S17 11 4 n.d
S19 2.8 3 ++ Clean sample
S21 2.8 5 n.d Contaminated
S23 1 5 n.d
S27 1.6 10 -
S32 1.8 4 n.d
S37 2 3 n.d
S38 14 10 ++ Clean sample
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S39 0 8 n.d

S40 1.8 4 +

S41 1.6 5 +

S42 2.5 3 -

S43 2.1 3 ++ Contaminated
S45 0.9 6 n.d

S46 2.3 10 -

S47 1.3 3 n.d

S48 1.3 7 n.d

S50 14 3 n.d

S51 11 10 n.d

S52 2.1 8 ++

S53 14 5 n.d

S54 2 7 + Contaminated
S55 1.6 10 +

S56 21 3 -

S58 0.1 10 n.d

S59 1.3 5 n.d

S60 14 8 +

S61 1.3 10 +

S63 1 10 ++

S64 1.3 4 n.d

S65 1.9 10 A Clean sample
S68 11 8 n.d

S69 2.5 4 ++ Clean sample
S70 2.3 10 -

S71 0 10 n.d

S72 1.8 10 ++ Clean sample
S73 0.9 10 n.d

S74 11 10 ++

S77 1.6 5 -
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Protease and Laccase Plate Assays

Plate assays were used to test for protease and laccase production in the B. cinerea
isolates. Assessment of protease activity was performed by observing the zone of clearing around
the growing colony each day. The optimal plating method for protease and laccase testing was to
collect a 1 pL disposable loop of mycelia and lightly press the growth into the agar, as opposed
to plating a drop of spore solution, which resulted in more uncontrolled growth that quickly
overtook the plates. A numeric rating system was used to rate the protease production of the
isolates, based on the rating of protease activity used in a similar study™. A rating of 0 was
given if there was no visible clearing of the medium upon which the B. cinerea colony was
growing; a rating of 1 was given if only the area of agar below the growing colony showed
clearing; a rating of 2 was given if the area of clearing around the colony was approximately
2mm or less and a rating of 3 was given for any clearing greater than this (Figure 2).

The assessment of laccase production from B. cinerea isolates was rated using a similar
numeric system. A rating of 0 was given if there was no colour change to the guaiacol agar on
which the B. cinerea isolate was growing; a rating of 1 was given if there was a slight or uneven
colour change to the medium, typically localised around the centre of the colony; a rating of 2
was given if there was a more noticeable colour change in the agar, typically spread across the
entirety of the colony, and a rating of 3 was given for any strong colour change in the agar
(Figure 3).

After 8 days of observation the protease and laccase plate results were tabulated. Days 5
to 8 represented the most significant period of growth for the isolates on the skim milk/ protease
plates, so the total score a B. cinerea isolate earned over those days was averaged to give an
overall rating. For the guaiacol agar/ laccase plates, a rating was given for how many days it took
the growing colony to reach a rating of ‘3’ for laccase production. A rating of 10 (days) was
given if the laccase production had not reached a rating of ‘3’ by the last day of observations.
This scoring system provided quantifiable data to differentiate high and low protease producing

strains, while also taking into consideration strains that have lower laccase production.

Preliminary selection of B. cinerea isolates for further testing included any isolate with a

protease rating of 2 or more regardless of laccase production, a protease score of 1.8 and above
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with a laccase score of 5 or more, and then any isolate with a protease score greater than 1.4 and

a laccase score of 8 to 10 (Table 2).

While the ratings for the protease and laccase activity alone provided 11 strains for
further testing, there were secondary considerations for the final choice of B. cinerea isolates to
be taken through to further testing. For example, some isolates provided good protease and
laccase results, but took a long time to sporulate or would produce insufficient spores for
inoculating shake flask medium. Some B. cinerea isolates also had contaminating fungal species
growing when the isolates were subcultured, due to the collection of the original isolates from

the wild. These latter types were excluded from further experimentation.
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S o
Figure 2. Example of clearing around a B. cinerea colony on a skim milk agar plate indicative of
protease production and secretion. This plate represents 5 days of growth, with numbers
indicating the denoted rating of the clearing (0 = no clearing, 1 = clearing under colony, 2 =
<2mm clearing, 3 = >2mm clearing).

e

Figure 3. Example of colour change to a guaiacol agar plate indicative of laccase production and

secretion from different B. cinerea isolates. Numbers denote the associated numeric rating of the

colour change (0 = no change, 1 = feint change, 2 = stronger and more even change, 3 = dramatic
colour change).
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Shake Flask Cultures of B. cinerea

The aim of using skim milk medium in shake flasks was to emulate the protease
production shown by B. cinerea isolates on the skim milk agar plates. The culture supernatant
was subsequently utilised to compare the levels of protease and laccase production across the
isolates in order to identify the B. cinerea isolates that had the highest extracellular protease
production, ideally also with low laccase production. Many different shake flask methods were
tested with varying organic carbon and nitrogen sources added to the minimal salt base, with
varying autoclave conditions, in order to determine the formulation that provided the best
protease production while eliminating any background interference from microorganisms
inherent to the medium constituents (e.g. yeast from yeast extract or bacilli in skim milk
powder). The propensity of skim milk to curdle and caramelise at pH below 4 and at autoclave
conditions longer than 10 minutes at 121°C was a cause for much adjustment of culture medium.
Ease of collecting supernatant isolates was also a focus when assessing the suitability of a
particular medium for culturing the B. cinerea isolates, along with monitoring of the pH to assess

the change B. cinerea isolates made to the medium (Table 3).

The optimum conditions for preparation of the skim milk medium was to add 1 g (2%)
skim milk powder and 0.25 g (0.5%) yeast extract to each flask, topped up with 48 mL dH,0 and
shaken at 60 RPM to dissolve powders. A separate 25x solution of the minimal salts based
medium was prepared with 0.5 g/L KH,PO, substituted for 2g/L K;HPO, (up from 1.5 g/L) to
provide a more buffered solution at pH 3.5, and all autoclaved at 121°C for 30 minutes. 2 mL of
the minimal salts based medium was then added to each flask in a laminar flow hood at the same
time as inoculating flasks with the B. cinerea isolates. This method provided the desired pH of
3.5 and prevented the milk proteins from curdling and adhering to the base of the flasks during

autoclaving, as previous trials with pH adjusted prior to autoclaving had demonstrated.

Protease production by the B. cinerea isolates in this medium was preliminarily tested on
skim milk agar and laccase production on guaiacol agar (data not shown). Protease production
was evident by day 3 for many of the B. cinerea isolates, while by day 7 protease activity could
be noticed for all of the isolates. Laccase production in the isolates was first noticed on day 3 in
several isolates, and was evident in all isolates by day 5. When grown in skim milk medium the

B. cinerea isolates produced high levels of extracellular glucan, which made the medium viscous
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Table 3. Comparison of methods trialled for shake flask preparation. Minimal salts solution as
per Cotoras et al, (2009) contained 1 g KH,PQy4, 0.5 g K;HPQ,, 0.5 g MgS0,4.7H20, 0.5 g KCI
and 0.01g FeSO, per litre, all pH adjusted with malic acid unless stated.

Media Composition
(all prepared in minimal
salts base unless stated)

Autoclave
Conditions

Preparation of Flasks

Comments

2% skim milk at pH 3.6
separately to;
0.5% yeast extract, pH 3.1

100°C for 10
min

121°C for 15
min

Individually autoclaved at
121°C for 15 min then
poured in laminar flow
hood

Found bacilli and yeast growing by
day 3 of sampling. Possibly from
media components

1.5% soybean flour and 2%

Soybean flour increased glucan

sucrose 121°C for 30 Media added before production/ viscosity of media.

compared to min autoclaving Skim milk preferable. Autoclaving

2% skim milk and 0.5% in flasks made powders adhere to

yeast extract base

2% skim milk media in Individually autoclaved at | Milk coagulated under these

dH,0, heated to 65°C for 121°C for 30 121°C for 30 min then conditions and samples became

30 mins, added to 0.5% min poured in laminar flow very viscous by day 3 of growth.

yeast extract at pH 3.5 hood No bacilli or yeast visible

2% skim milk media in Individually autoclaved at | 2 samples not heated prior - none

dH,0, heated to 65°C for 121°C for 30 121°C for 30 min then showed bacilli growth so pre-

30 mins, added to 0.5% min poured in laminar flow heating milk stopped. Milk still

yeast extract. pH adjusted hood coagulated with pH adjustment post

to 3.5 post autoclaving autoclaving

2% skim milk powder and Media added to each flask | Milk adhered to base of flask and

1.5% yeast extract, pH 121°C for 30 and mixed for 5 mins oil droplets from small amount of

adjusted to 3.5 prior to min before autoclaving fat in milk were visible. Media very

autoclaving viscous by day 3 of sampling

2% skim milk powder Milk media added to each | pH of media when salts added was

added to 121°C for 30 flask and mixed for 5 5.2, too high to be desirable. Milk

1.5% yeast extract, pH min mins before autoclaving, still coagulated when pH dropped

adjusted to 3.0 prior to salts added in laminar and media very viscous by day 3 of

autoclaving flow sampling

2% milk and 0.5% yeast Milk media autoclaved in | Very little milk curdling, but flasks

extract with 121°C for 30 flasks, with 2mL minimal | still very viscous by day 3 of

25x concentrated minimal min salts added in laminar sampling. Trialed alternative

salts at pH 3.5 added after flow hood nitrogen source

autoclaving

1, 2 and 3% yeast extract Media added to each flask | 3% yeast extract showed best

with 1% lactose compared | 121°C for 30 and mixed for 5 mins protease production and media was

to 2% skim milk and 0.5% | min before autoclaving not viscous from glucan production

yeast extract, all pH 3.4

3% yeast extract and 1% 121°C for 30 Media added to each flask | Media remained non-viscous and

lactose at pH 3.4 min and mixed for 5 mins easy to sample from, with good
before autoclaving protease production

3% yeast extract and 1% 121°C for 30 Media added to each flask | See detailed results

lactose at pH 3.4 adjusted min and mixed for 5 mins

with H,SOy,, in triplicate
for each isolate

before autoclaving
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and difficult to sample. This observation was noticeable for several B. cinerea isolates from day
3 of incubation, but particularly for isolate S55 (Figure 4; subsequently removed from testing
due to low sporulation), which was also overgrown and almost impossible to collect from by day
7. The pH of the skim milk medium also changed drastically over the 7 days of incubation, with

most isolates peaking at or above pH 6 (Figure 5).

As the collection of culture supernatant was difficult when the B. cinerea isolates were
grown in skim milk medium, an alternative media formulation was tested with a fixed carbon
(lactose) to varying nitrogen (yeast extract) concentrations. Varying concentrations of yeast
extract at 1, 2 and 3% were preliminarily tested with B. cinerea isolate S55 to find the amount
that would produce the optimal protease production compared to the previous formulation of
skim milk medium. The yeast extract medium flasks were supplemented with 1% lactose as a
standard amount of carbon source as used in other fungal cultivations °® along with the standard
minimal salts based medium adjusted to pH 3.5 with malic acid. Yeast extract at 3% was found
to generate the highest protease production for B. cinerea isolate S55 when compared to the
other 3 formulations (1 and 2% yeast extract and skim milk media; data not shown), so this

media formulation was tested further.

B. cinerea isolates were each inoculated into 6 flasks with 1 medium only control and
incubated for 7 days with sampling occurring immediately post inoculation, then at days 1, 3, 5
and 7. Subsequent testing of the supernatant using the EnzChek® Protease Assay Kit for
comparison of protease levels showed the highest maximum protease levels for all isolates on
day 3 of sampling, however this assay was not optimised to allow for background fluorescence

from the yeast medium used, so these results were inconclusive (data not shown).

Laccase production in these flasks was also preliminarily tested by syringaldazine assay.
Calculation of the laccase activity in each flask was not possible as a ‘no inoculum control” was
not measured as a baseline comparison; however over 10 minutes of assaying a difference in the
linear increase in laccase activity was observable between isolates. Four of the five isolates that
showed the greatest protease activity at day 3 of sampling, namely S38, S72, S15 and S19, all

showed the highest maximum readings for laccase by syringaldazine assay. However, B. cinerea
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Figure 4. Progression of growth of B. cinerea isolate S55 in skim milk medium from the initial
day of inoculation (far left) through days 1, 3 and 5 to day 7 (far right), noting the change in
viscosity of the media by day 3 and overgrowth by day 7.

Skim Milk Media pH
8 @ Control
7 /-T
6 - —
e G55
5
pH 4 ~ TWE02
3 e APS
2
e— G5 )
1
0 : ; ; ; ) TWEL3
Initial 1 3 5 7 ss6
Sampling Day

Figure 5. Change in pH of skim milk media flasks over 7 days of incubation with B. cinerea
isolates.

Figure 6. Progression of growth of B. cinerea isolate S19 in yeast extract-lactose medium from
the initial day of inoculation (far left) through days 1, 3 and 5 to day 7 (far right), noting the
change in morphology from growth in skim milk media and the maintained low viscosity of the
medium.
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Figure 7. Change in pH of yeast extract-lactose medium flasks over 7 days of incubation with B.
cinerea isolates.
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isolate S65 showed negligible laccase activity while producing a higher level of protease (data

not shown).

The morphology of growth of the B. cinerea isolates in the yeast extract-lactose media
was another noticeable difference from the skim milk media. Instead of displaying dispersed
growth with increasing glucan production which resulted in increasingly viscous media, the B.
cinerea isolates grew in clusters and did not noticeably produce glucan at levels high enough to
affect the viscosity of the media (Figure 6). The pH of this media did however show a dramatic

increase over the 7 days, with most isolates peaking around pH 6 (Figure 7).

With the success of the yeast extract-lactose medium over the skim milk media for
protease production and ease of sampling taken into account, an additional experiment with the
yeast extract-lactose medium composition was run with triplicate flasks for each B. cinerea
isolate. Included in this experiment were the isolates that showed strong protease production in
the previous flask experiment (B. cinerea isolates S38, S72, S15, S19 and S65) with one lower
protease producing strain for comparison (S69). Triplicates of each isolate were used in order to
analyse the reproducibility of protease and laccase results for each B. cinerea isolate and to

increase the reliability of comparisons between isolates.

Based on previous observations that sampling day 3 showed the highest protease activity,
sampling was also conducted on day 2 to see if protease activity in fact peaked on day 2. Isolates
showed great variation in morphology of growth across 7 days, both within and between groups
of triplicate isolates. For example, isolate S38 showed similar morphology across all 3 flasks on
day 3, but by days 5 and 7 the media in flask 5 was notably less viscous than that in flasks 4 and
6. The pH profile for this run was much less variable than previously observed, with the pH
adjustment being made with dilute H,SO, instead of malic acid. No isolate had a pH higher than

7, with the pH only passing 6 in all 3 replicates of B. cinerea S15 by day 7 (Figure 8).
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Figure 8. Change in pH of triplicate flasks over 7 days of incubation with B. cinerea isolates

mg/L pepsin equivalents

5 519 S65 S69

Protease Activity (mg/L)

20 '
i :-
0 7 T T
S38 S72 S

Sample Name

Figure 9. Maximum protease activity of B. cinerea isolates calculated as equivalent to known
pepsin concentrations. Error bars indicate the standard deviation of each sample.
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Quantification of Protease Production by Fluorescence Microplate Assay

Protease activity for the final run of triplicate flasks was quantified by EnzChek®
Protease Assay, with pepsin used as a reference protease to create a standard curve to calculate
pepsin equivalents for the protease production of B. cinerea isolates. A single-factor ANOVA
was performed for these results, with a p value of 0.56 indicating no significant differences
across the isolates. B. cinerea isolate S69 showed an overall high level of protease production,
followed closely by B. cinerea S65, while isolate S15 showed a great level of variability across
the triplicate flasks as evidenced by the large error bars for this isolate (Figure 9).

Quantification of Laccase Production by Syringaldazine Assay

For the final triplicate flask run laccase activity was quantified using syringaldazine assay
as per Sigma-Aldrich’s enzymatic assay of laccase protocol. Laccase activity for the B. cinerea
isolates was calculated against a ‘no inoculum control’ from the same sampling day. Results
were again variable between triplicates of each B. cinerea isolate, with isolate S15 showing high
overall laccase activity on day 5 in one replicate, reaching similarly high levels of activity on day
7 for the further two replicates. A p value of 0.83 indicated that there were no significant

differences within the dataset.
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Table 4. Laccase activity from triplicate flasks of B. cinerea isolates. Numbers are expressed as
Units/mL enzyme, with 0 denoting that laccase activity was not detected in sample.

B. cinerea Day Replicate Flask Mean +/- St Dev
isolate 1 2 3
S38 3 2 1.6 0.8 1.47 0.5

5 140.8 2.4 114 85.7 59.9

7 5185 25.5 3455 296.5 204.2
S72 3 11.5 5.5 9.5 8.8 2.5

5 162 207.6 43.2 137.6 69.3

7 247.5 464 693 468.2 181.9
S15 3 3.2 2 0 1.7 1.3

5 696 277.2 1021.3 664.8 304.6

7 935.5 756 58.5 583.3 378.3
S19 3 0 0 4.6 15 2.2

5 6.8 3.2 2.4 4.1 1.9

7 173.5 6 27 68.8 74.5
S65 3 8.8 12.8 13.6 11.7 2.1

5 319.2 72.8 49.7 147.2 122.0

7 230 133.5 100.5 154.7 54.9
S69 3 12 6.8 1.6 6.8 4.2

5 17.6 8 10 11.9 4.1

7 43 37.5 42.5 41 2.5
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DISCUSSION

Wine protein haze is an important issue to the winemaking community, with the typical
bentonite treatment having a negative impact on labour time, wine quality and the environment.
As such, an alternative method to bentonite treatment for protein haze removal is paramount. The
greater aim of this research program is to find an alternative method for protein haze removal, in
the form of an enzymatic treatment using proteases secreted by the necrotrophic fungus Botrytis
cinerea. This stage of the study focused on targeting wild strains of B. cinerea with the greatest

natural protease secretion.

Growth experiments with B. cinerea presented a simple and logical place to start
identifying more desirable candidates for ongoing research. Observing and documenting the
growth and sporulation of a large number of isolates provided easy identification of isolates that
would grow quickly enough and sporulate well enough to allow for ongoing experiments. Here it
was observed that B. cinerea isolates grow at differing rates and with different morphology. This
has been previously noted in studies on B. cinerea, describing white colonies that aged to grey
with hyphal morphology described as either “cottony or matty” *®1. Robust growth of B. cinerea
on PDA has also been noted previously, showing stronger growth and faster conidiation
compared to a minimal media ™, with differing rates and morphologies of growth also
observed. Observations of growth and morphology were subsequently utilised to filter the
collection of 99 B. cinerea isolates to a smaller sample size of 55 for protease and laccase plate
assays, and also facilitated the identification of any contaminating pathogens present with the B.

cinerea isolate.

Other pathogens associated with grapevines were the cause of repetition and frustration in
the early stages of this study. The contaminating species were presumptively identified as
Aspergillus, Penicillium and Rhizopus species, which are all known pathogens of grapes
identified in Australia and abroad & ®°1. Due to the large number of B. cinerea isolates tested in
this study, single spore isolation was not performed at this time, however will be carried out prior
to any further research to ensure there is no contamination carried over with any isolate which

could interfere with results.
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Preliminary testing for protease production was performed by growing a small sample of
the B. cinerea isolates on skim milk agar. The clearing assays provided an easy and quantifiable
method for identifying B. cinerea isolates with strong protease production. Proteolytic activity
secreted from the isolates was distinguished as zones of clearing where the milk protein, casein,
had been degraded in the media. Similar plate clearing assays have been used previously to
detect protease production from fungi [62,70] showing similarly variable results among isolates
tested. Rating systems such as the one used in this study have also been used to differentiate
protease production **, whereby the activity of fibrinolytic protease activity from the fungus
Ganoderma lucidum was rated between nil (-) and 3 (+++) for weak to strong activity. The B.
cinerea isolates tested with this method displayed variation in protease activity, with several
isolates such as AP5 and S14 showing clearing around the growing colony within the first 24
hours of testing, while many others showed little to no protease activity over the entire testing
period, such as S39 and S71. This observation could be linked to the virulence of the isolates, as
previous studies have identified that acid protease levels were up to five times lower in a B.

cinerea isolate that was identified as being less virulent than its comparison !,

Assessment of the B. cinerea isolates’ laccase production on guaiacol agar also presented
a simple and reliable method for discerning isolates with more desirable properties over others.
Laccase production has been well studied in B. cinerea ®* ™72 though for the aims of this
study, laccase production was not desirable due to the negative affect the oxidation that laccase
causes would have on the finished wine. Laccase production in the B. cinerea isolates was
observable through plate assays, with guaiacol medium showing a red-brown colour in the
presence of laccase, due to the oxidation of the guaiacol substrate 61 This medium has been
used previously to identify laccase activity from other fungal and bacterial species *° **! and
provided a simple detection method for varying levels of laccase secretion. The B. cinerea
isolates tested with this assay displayed great variation in the time that it took to reach a rating of
3, with many isolates showing laccase production in the first day of testing, while several
isolates, namely S38 and S74, did not reach a strong laccase rating within the 8 day testing
period. The combination of protease and laccase results identified 6 isolates with a varying range
of strong protease and lower laccase secretion to be used for quantifiable assays in shake flask

cultures.
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Optimising the media for use in shake flask cultures of B. cinerea presented a challenge
to this study. While the skim milk media presented a good solution for plate assays of protease
production, liquid cultures were much more difficult to maintain. B. cinerea is well known for its
extra-cellular glucan production ™ causing an increase in the viscosity of culture medium.
Skim milk media was exhaustively tested in order to simulate the protease production observed
in the protease plate assays and also due to the observation that B. cinerea grown on lactose did
not produce the extra-cellular glucan that was present when B. cinerea was grown on other
carbon sources such as glucose, sucrose or maltose [, When the lactose was added to a simple
nitrogen source such as yeast extract, a reduction in extracellular glucan was observed. In
comparison to the growth morphology observed in the skim milk medium, with hyphae dispersed
throughout the medium and great viscosity by day 7 of sampling, the yeast extract-lactose
medium produced B. cinerea isolates that grew in clumps with no noticeable change to the

viscosity of the culture medium.

Production of extracellular glucan by B. cinerea isolates has been reported as occurring
above pH 4.0 8. This observation is supported by this study, as the viscosity in culture media
from the secretion of extra-cellular glucan by the B. cinerea isolates was regularly noticeable by
day 3 of sample collection; also the point at which the culture media pH had increased to pH 4.0
or above. This pH associated increase in glucan secretion will be another point for further
investigation in ongoing experiments, as glucan inhibition will be necessary to avoid interference
with assays, damage to and clogging of wine filters, and even just for basic ease of collection of
supernatant samples. Removal of glucan from B. cinerea cultures has been successful in the past,
by addition of Glucanex which degrades the polysaccharide 741 however this glucan reduction
was coupled with an observable increase in laccase production, which will not be acceptable for

this study.

The use of malic acid to reduce the pH of most flask trials could also have contributed to
the abundant growth of the B. cinerea isolates, as it has been previously observed that the
addition of malic or citric acid to media resulted in greater mycelial production than in media
without the acid ™®!. When sulphuric acid (H,SO,) was used to reduce the pH of the yeast extract
and lactose medium a slower increase in pH over testing days was observed, along with a

reduced maximum pH. For example, B. cinerea isolates S69 and S72 both reached a pH above 5
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by day 3 of sampling in the malic acid adjusted flasks, but neither reached pH 5 in any replicate
when the pH was adjusted with sulphuric acid. As such, sulphuric acid will be utilised for pH

reduction and maintenance in ongoing experiments.

The maintenance of pH in flask cultures will be of importance to further studies, as it has
been identified that aspartic acid protease production was only observed between pH 3.0 and 4.0
481 We would therefore expect lower secreted protease levels beyond pH 4, which was not
observed in this study. In fact, the highest protease activity was observed in isolate S69 with 54.2
mg/mL of protease detected at pH 4.92, and 53.2 mg/mL of protease measured at pH 5.79 in
isolate S65. The protease activity detected at higher pH could possibly be from other proteases
secreted by B. cinerea, though these would have to be secreted at high levels, as previous studies
have shown that aspartic acid BcAP8 is the most abundantly expressed protease by B. cinerea,
comprising up to 70% of total secreted proteases “.. This brings to light the necessity for further
analysis of proteases in the culture supernatants, with methods such as SDS-PAGE and mass
spectrometry for identifying the specific enzymes produced by the B. cinerea isolates on
differing sampling days and at varying pH, which can then be quantified by fluorescence plate

assay.

Protease activity analysis by the cleaving of quenched fluorescent labelled substrates is a
powerful tool in quantifying the protease production of B. cinerea isolates. Protease activity in
general was variable for all of the final B. cinerea isolates tested, with production ranging
between 2.1 mg/mL in one replicate of B. cinerea S15, to 54.2 mg/mL in one replicate of B.
cinerea S69. Sampling on day 2 of incubation did not show an increase in protease levels as
suspected, however protease levels could have reached a maximum on days 4 or 6, which will
also be included for sampling in future experiments. Protease production in these B. cinerea
isolates was expressed at the highest levels between pH 3.72 (isolate S15, day 3) and pH 5.79
(isolate S65, day 7). An outlier was also observed for isolate S15 on day 7, with maximum
protease activity displayed at pH 6.56. This delineates the need for more focused observation of
the protease production over each day of incubation, while also testing media compositions that

aim to increase the levels of protease secreted.
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The boron-dipyrromethene (BODIPY) substrate used in this study has been harnessed
successfully in several previous studies involving microbial proteases ['" ® though a variation on
the calculation of activity was used in this study. Typically, protease activity is quantified
directly, with one unit of activity calculated as “the amount of protease required to liberate 1
mmol of the fluorescent dye from substrate-dye conjugates in 1 min” 78] However, owing to the
use of yeast extract in the shake flask media, which is known to express a yellow
autofluorescence under ultraviolet or blue light " an alternative method for quantifying the
protease activity from the B. cinerea isolates was adopted. Protease activity was instead
measured as the increase in fluorescence in a sample over time, with the protease activity of an
isolate extrapolated from the fluorescence increase in a known concentration of pepsin over the
same time frame. The BODIPY substrate used can also detect the activity of several proteases,
including serine, sulfhydryl, acid and metalloproteases ! most of which have been identified in
the B. cinerea secretome ™!, This, in combination with the autofluorescence of yeast extract,
delineates the need to isolate and purify the proteases secreted by the isolates before performing
further fluorescence assays, in order to most accurately quantify B. cinerea protease and laccase

activity.

Calculation of laccase activity by syringaldazine assay also provided a quantifiable
method for quantifying laccase secretion in the B. cinerea isolates. Laccase production was
highest for most isolates on day 7 of sampling, with isolate S15 showing maximum activity of
935.5 and 756.0 Units/mL enzyme in two replicates, and one day 5 maximum of 1021.3
Units/mL enzyme. The pH profile of the flasks was also variable with relation to laccase
secretion. Maximum secretion of laccase for most isolates was seen on day 7, ranging from 6.0
Units/mL enzyme in isolate S19 to 935.5 Units/mL in isolate S15, observing a 2 to 16 fold
increase in secretion from days 5 to 7. The pH range for the isolates on day 7 ranged from 4.02
for isolate S69 to 6.75 for isolate S15. This data is somewhat supported by previous research,
which found two pH maxima for laccase; at approximate pH 3.1 and 6.0 (481 | accase activity
was observed at the overall highest levels in isolate S15, which also reached a pH of over 6.3 in

each replicate.

Inhibition of laccase production by B. cinerea has been identified, showing that EDTAY

was able to repress laccase formation, while sodium azide was found to totally inhibit laccase
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production in Trametes versicolor 2] ‘however this compound is highly toxic and would not be
feasible for use in the winemaking process. Researchers have found that substances in
cucumbers, later identified as curcurbitacins I and D 8! have shown to inhibit the production
of laccase in B. cinerea at certain concentrations. It was also identified that the cucurbitacins do
not have activity against major enzymes, including acid proteinases ), which presents an

additional method for testing in future research.

Overall, the findings of this study highlight the stochastic nature of B. cinerea isolates.
Additionally, due to the lack of statistical difference between the quantified protease and laccase
production of the final 6 B. cinerea isolates, no significant differences could be identified to
reduce the sample size any further. Even so, the screening methods used in this study
successfully identified a set of B. cinerea isolates with varied but quantifiable levels of protease
and laccase production. With further research focused on global mutagenesis of isolates by UV
exposure and an aim to more industrial scale protease production, these methods will provide an
ongoing tool for use in quantifying the increasing levels of protease production and to monitor
laccase production. As the culturing and protease production of these isolates is optimized,
additional experiments will be carried out to identify and differentiate the secreted proteases,
such as SDS-PAGE and mass spectrometry. The isolates will also be identified by PCR and
phylogenetics, coupled with identification of the protease and laccase genes of each isolate.
Finally, the identified and purified proteases will be tested on heat unstable wine to evaluate the
suitability of these proteases for removing haze-forming proteins under normal winemaking

conditions.
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research being reported, and its significance, originality, or contribution to new knowledge
in the field, should be clearly and concisely stated. Current findings should not be included
or summarized in this section.

MATERIALS AND METHODS

Authors are required to call special attention in their manuscripts to safety considerations such as
explosive tendencies, special precautionary handling procedures, and toxicity.

Apparatus, reagents, and biological materials used in the study should be incorporated into a
general section. List devices of a specialized nature or instruments that may vary in performance,
such that the model used may affect the quality of the data obtained (e.g., spectroscopic
resolution).

List and describe preparation of special reagents only. Reagents normally found in the laboratory
and preparations described in standard handbooks or texts should not be listed.

Specify the source, vendor [city and state (or city and country if non-U.S.)], and availability of
special equipment, reagents, Kits, etc. Do not include catalog numbers.

Biological materials should be identified by scientific name (genus, species, authority, and
family) and cultivar, if appropriate, together with the site from which the samples were obtained.
Specimens obtained from a natural habitat should be preserved by deposit of samples in a
herbarium for plants or in a culture collection for microorganisms, with a corresponding
collection or strain number listed.

Manuscripts describing studies in which live animals or human subjects are used must include a
statement that such experiments were performed in compliance with the appropriate laws and
institutional guidelines and also name the institutional committee that approved the
experiments. Authors are encouraged to note the approval code or number or give the
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name of the approving office or official. (See Reporting Specific Data: Animal or Human
Studies.) Manuscripts reporting data from inhumane treatment of experimental animals will be
rejected.

Specific experimental methods should be sufficiently detailed for others to repeat the
experiments unequivocally. Omit details of procedures that are common knowledge to those in
the field. Brief highlights of published procedures may be included, but details must be left to the
References, and verbatim repeat of previously published methods, even if done by the authors,
will not be permitted unless a quotation from a published work is included, and placed in
quotation marks, with the reference to the source included at the end of the quotation. Describe
pertinent and critical factors involved in reactions so the method can be reproduced, but avoid
excessive description. For information on the reporting of certain types of data see Reporting
Specific Data.

Describe statistical design and methods in this section.

RESULTS AND DISCUSSION

Results and discussion may be presented in separate sections or combined into a single section,
whichever format conveys the results in the most lucid fashion without redundancy. Be complete
but concise in discussing findings, comparing results with previous work and proposing
explanations for the results observed.

All data must be accompanied by appropriate statistical analyses, including complete
information on sampling, replication, and how the statistical method employed was chosen.

Avoid comparisons or contrasts that are not pertinent, and avoid speculation unsupported by the
data obtained.

A separate summary or conclusion section is not to be used; any concluding statements are to
be incorporated under Results and Discussion.

ABBREVIATIONS AND NOMENCLATURE
Standard abbreviations, without periods, should be used throughout the manuscript.

Refer to The ACS Style Guide for the preferred forms of commonly used abbreviations.
Specialized abbreviations may be used provided they are placed in parentheses after the word(s)
for which they are to substitute at first point of use and are again defined in this section. Avoid
trivial names and “code” abbreviations (e.g., NAR for naringenin) unless such codes are in
common usage (e.g., MTBE for methyl tert-butyl ether).

If trade names are used, define at point of first use. If nomenclature is specialized, include a
“Nomenclature” section at the end of the paper, giving definitions and dimensions for all terms.
Use Sl units insofar as possible. Refer to The ACS Style Guide for lists of Sl units and a
discussion of their use.

Write all equations and formulas clearly and number equations consecutively. Place superscripts
and subscripts accurately; avoid superscripts that may be confused with exponents. Identify
typed letters and numbers that might be misinterpreted, such as “oh” for zero or “cll” for one.
Chemistry numbering requiring primes should be identified as such (i.e., 3,3 -dihydroxy-), not
by an apostrophe (e.g., 3,3’-dihydroxy- ).

It is the authors’ responsibility to provide correct nomenclature. Structures should be included
for uncommon chemicals, particularly when the systematic or common name is too complex or
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unclear to readily denote the structure. Such structures should be included as a figure or table.
All nomenclature must be consistent and unambiguous and should conform to current
American usage. Insofar as possible, authors should use systematic names similar to those used
by Chemical Abstracts Service, the International Union of Pure and Applied Chemistry, and
the International Union of Biochemistry and Molecular Biology. Chemical Abstracts (CA)
nomenclature rules are described in Appendix IV of the Chemical Abstracts Index Guide. For
CA nomenclature advice, consult the Manager of Nomenclature Services, Chemical Abstracts
Service, P.O. Box 3012, Columbus, OH 43210-0012. A name generation service is available
for a fee through CAS Client Services, 2540 Olentangy River Road, P.O. Box 3343,
Columbus, OH

43210-0334 [telephone (614) 447-3870; fax (614) 447-3747; e-mail answers@cas.org]. In
addition, the ACS Web site has links to nomenclature recommendations at http://chemistry.org.

ACKNOWLEDGMENT

Include essential credits but hold to an absolute minimum. Omit academic and social titles.
Meeting presentation data and acknowledgment of financial support of the work should not be
included here; give these instead in a note following the References. It is the responsibility of the
corresponding author to notify individuals named in the Acknowledgment prior to submission.

FUNDING SOURCES

When submitting a manuscript to the Journal via ACS Paragon Plus, the submitting author is
asked to identify the funding sources for the work presented in the manuscript. Identifying
funding sources is optional during submission of an original manuscript. Funding source
information is required when a revised manuscript is submitted. Funding should be
acknowledged in a separate statement (not in the Acknowledgment paragraph).

REFERENCES
Consult The ACS Style Guide and current issues of the Journal for examples of reference format.

Authors should cite all prior published work directly pertinent to the manuscript. To demonstrate
that the submitted manuscript meets sufficient interest of the readership of the journal, it is
expected that articles recently published on the respective topic in the Journal of
Agricultural and Food Chemistry be cited to a reasonable extent. As a general guideline,
authors should attempt to limit the literature cited to approximately 50 or fewer citations (except
for review or perspective manuscripts).

Authors are responsible for the accuracy of their references. References taken from a review or
other secondary source should be checked for accuracy with the primary source.

References should be listed on a separate page and numbered in the order in which they are cited
in the text.

References should be cited in the text by superscript numbers, for example, %, etc.

Give complete information, using the last name and initials of the author, patentee, or equivalent;
do not use “Anonymous”.

Follow Chemical Abstracts Service Source Index for abbreviations of journal titles. Because
subscribers to the Web edition of the Journal are now able to click on the “Chemport” or other
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tag following each reference to retrieve the corresponding abstract from various Web resources,
reference accuracy is critical.

Typical references follow the styles given below.
For journals:

1. Brown, J.; Jones, M.; Green, D. Atrticle title. J. Agric. Food Chem. 1980, 28, 1-4.
(Issue number must be used if each issue of the periodical begins with page 1.)

For books:

2. Smith, L; Caldwell, A. Chapter title. In Book Title, edition no.; Keys, F., Park,
G., Eds.; Publisher: City, State (or Country if non-U.S.), Year; Vol. no., pp.

For Web pages:
3. Black, A.; White, B. Page title. URL (http://...) (most recent access date).

Papers should not depend for their usefulness on unpublished material, and excessive reference to
material “in press” is discouraged. Reference to the authors’ own unpublished work is permitted
if the subject is of secondary importance to the manuscript in question, but any unpublished
results of central importance must be described in sufficient detail within the manuscript. If
pertinent references are “in press” or unpublished for any reason, furnish copies to enable
reviewers to evaluate the manuscript. An electronic copy of these materials should be
uploaded according to the directions for review-only Supporting Information.

“In press” references should include the Digital Object Identifier (DOI) assigned by the
potential publisher.

TABLES AND ARTWORK

The tables and graphics (illustrations) should be inserted in the manuscript file after the
References section. Do not upload tables and graphics that are to be published with the
manuscript as Supporting Information files.

Tables and figures should be carefully designed to maximize presentation and
comprehension of the experimental data with superfluous information excluded. Useful
information not directly relevant to the discussion may be included under Supporting
Information.

Tables. Tables may be created using a word processor’s text mode or table format feature. The
table format feature is preferred. Ensure each data entry is in its own table cell. Lower case
should be used for all table entries unless a capital letter is required. If the text mode is used,
separate columns with a single tab and use a line feed (enter) at the end of each row.

Tables should be numbered consecutively with Arabic numerals and should be grouped after the
figure captions. Footnotes in tables should be given letter designations and be cited in the table
by italic superscript letters. The sequence of letters should proceed by row rather than by
column. Each table should be provided with a descriptive heading, which, together with the
individual column headings, should make the table, as nearly as possible, self-explanatory. In
setting up tabulations, authors are requested to keep in mind the type area of the journal page
(17.8 x 25.4 cm), and the column width (8.5 cm), and to make tables conform to the limitations
of these dimensions. Arrangements that leave many columns partially filled or that contain
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much blank space should be avoided. Conversely, arrangements that include >20 columns
should be broken into two tables if possible. If significance of values is to be indicated, use a
lower case letter, on line, one space after the value.

Figures and Artwork. The preferred submission procedure is to embed graphic files in a Word
document. It may help to print the manuscript on a laser printer to ensure all artwork is clear and
legible. Artwork should be sequentially numbered using Arabic numbers. Schemes and charts
may have titles and footnotes; figures should have captions. Insert the captions following the
References and the graphics after the Tables.

Additional acceptable file formats are TIFF, PDF, EPS (vector artwork), or CDX (ChemDraw
file). If submitting individual graphic files in addition to their being embedded in a Word
document, ensure the files are named according to graphic function (i.e., Scheme 1, Figure 2,
Chart 3), not the scientific name. Labeling of all figure parts should be present, and the parts
should be assembled into a single graphic. For EPX files, ensure that all fonts are converted to
outlines or embedded in the graphic file. The document setting should be in RGB mode. Note:
Although EPS files are accepted, the vector-based graphics will be rasterized for production.
Please see below for TIFF file production resolutions.

TIFF files (either embedded in a Word document or submitted as individual files) should have
the following resolution requirements: black and white line art, 1200 dpi; grayscale art (a
monochromatic image containing shades of gray), 600 dpi; color art (RGB color mode), 300 dpi.

The RGB and resolution requirements are essential for producing high-quality graphics within
the published paper. Graphics submitted in CMYK or at lower resolution may be used; however,
the colors may not be consistent. Graphics of poor quality may not be able to be improved.

Most graphic programs provide an option for changing the resolution when images are saved.
Best practice is to save the graphic file at the final resolution and size using the program used to
create the graphic.

For bar charts, bars with hatching patterns generally reproduce well. Bars that range in shading
from light to dark gray to black can usually be reproduced successfully, although we do not
recommend any more than two shades of gray. A legend needs to be included within the figure
itself rather than the patterns or shades included in the caption.

For manuscripts containing gel patterns, use of a high-resolution digital scanner is recommended.
Only high-quality original, unaltered digital reproductions will allow reviewers to correctly
verify the experimental results. For an example of gel patterns see J. Agric. Food Chem., 2012,
60 (18), 4492-4499 (DOI: 10.1021/j£300563n).

Only readable and accurately represented images are acceptable; the Editors reserve the option
to reject images that do not satisfactorily support points made in the manuscript or that
are not of satisfactory quality for publication.

The quality of the illustrations published in the Journal largely depends on the quality of the
originals provided. Figures cannot be modified or enhanced by the journal production staff.
Contrast is important. Each figure or photograph should be properly labeled.

Graphics should be sized at the final production size when possible. Single-column graphics are
preferred and can be sized up to 240 points (3.33 in.). Double-column graphics must be sized
between 300 and 504 points (4.167 in. and 7 in.). All graphics have a maximum depth of 660
points (9.167 in.) including the caption (please allow 12 points for each line of caption text).
Consistently sizing letters and labels in graphics throughout the manuscript will help to ensure
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consistent graphic presentation for publication. Lettering should be no smaller than 4.5 points.
(Helvetica or Arial type works well for lettering.) Lines should be no thinner than 0.5 point.
Lettering and lines should be of uniform density. Avoid the use of very large and very small
lettering within the same figure.

If artwork that must be reduced will be submitted, use larger lettering and thicker lines so that,
when reduced, the artwork meets the above-mentioned parameters.

Avoid using complex textures and shading to achieve a three-dimensional effect. To show a
pattern, choose a simple crosshatch design.

Color illustrations should be submitted only if they are essential for clarity of communication.
Reproduction of color illustrations will be provided at no cost to the author. Do not submit color
prints to be printed in black and white.

Structural Formulas. Structural formulas should be included for all new chemicals and for
existing chemicals for which chemical nomenclature and/or trivial names do not convey the
structure adequately. Structural formulas are valuable in expressing concisely the precise
nature of the compounds under discussion and revealing the essence of the subject to readers
unfamiliar with the topic, without their necessary recourse to reference materials. The use of
chemical names without accompanying structures may cause readers to overlook the significance
of the paper.

Structures should be produced with the use of a drawing program such as ChemDraw. Structure
drawing preferences (preset in the ACS Stylesheet in ChemDraw) are as follows:

as drawing settings select...

chain angle 120°
bond spacing 18% of width
fixed length 14.4 points (0.508 cm, 0.2 in.)
bold width 2.0 points (0.071 cm, 0.0278 in.)
line width 0.6 point (0.021 cm, 0.0084 in.)
margin width 1.6 points (0.056 cm, 0.0222 in.)
hash spacing 2.5 points (0.088 cm, 0.0347 in.)
as text settings select...
Font Arial or Helvetica
Size 10 points
under preferences choose...
Units points
tolerances 3 pixels
under page setup choose...
Paper US Letter
Scale 100%

Using the ChemDraw ruler or appropriate margin settings, create structure blocks, schemes, and
equations having maximum widths of 11.3 cm (one-column format) or 23.6 cm (two-column
format). Note: if the foregoing preferences are selected as cm values, the ChemDraw ruler is
calibrated in cm. Also note that a standard sheet of paper is only 21.6 cm wide, so all graphics
submitted in two-column format must be prepared and printed in landscape mode.

Use boldface type for compound numbers but not for atom labels or captions.
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Authors using other drawing packages should, as far as possible, modify their program’s
parameters to reflect the above guidelines.

For more information, please visit http://pubs.acs.org/page/4authors/submission/index.html.

TABLE OF CONTENTS GRAPHICS

Authors of research articles, perspectives, and reviews are required to include a suitable graphic
for publication in the table of contents (TOC) in the Web edition of the Journal. Submission of
this graphic is mandatory. This graphic should capture the reader’s attention and, in conjunction
with the manuscript’s title, give the reader a quick visual impression of the type of chemistry
described. Structures should be constructed as specified under Structural Formulas above. The
TOC graphic may be up to 3.25 in. (8.5 cm) wide and 1.75 in. (4.75 cm) tall. (See detailed
instructions at the Paragon Plus Web site.) Text should be limited to labels for compounds,
reaction arrows, and figures. The use of color to enhance the scientific value is encouraged. The
TOC graphic should be inserted on a separate page at the end of the manuscript file. A guide to
TOC graphics is available here:
(http://pubs.acs.org/paragonplus/submission/toc_abstract_graphics_guidelines.pdf).

SUPPORTING INFORMATION

Extensive tables, graphs, spectra, calculations, and other material beyond a modest content in the
published paper may be included in the Web edition of the Journal. These will not be part of the
published article but can be accessed separately on the Web by readers.

Supporting Information must be submitted at the same time as the manuscript and uploaded
separately to the ACS Paragon Plus environment. A list of acceptable file types is available on
the Web. All Supporting Information files of the same type should be prepared as a single file
(rather than submitting a series of files containing individual images or structures). For example,
all Supporting Information available as PDF files should be contained in one PDF file.

The material should be described in a paragraph inserted between the Acknowledgment and the
References sections, using the following format:

Supporting Information. Brief statement in nonsentence format listing the contents of the
material supplied as Supporting Information.

Components of the Supporting Information should be clearly labeled with all necessary figure
captions and table titles and footnotes.

DO NOT UPLOAD FIGURES AND TABLES THAT ARE TO BE PUBLISHED IN THE
ARTICLE INTO THE SUPPORTING INFORMATION FILE. Figures and tables that will
appear in the published article are to be inserted in the manuscript directly after the References
section.

CONFLICT OF INTEREST

A statement describing any financial conflicts of interest or lack thereof is published with each
manuscript. During the submission process, the corresponding author must provide this
statement on behalf of all authors of the manuscript. The statement should describe all potential
sources of bias, including affiliations, funding sources, and financial or management
relationships, that may constitute conflicts of interest (please see the Ethical Guidelines). The
statement will be published in the final article. If no conflict of interest is declared, the
following statement will be published in the article: “The authors declare no competing
financial interest.”
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