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Aspergillus oryzae koji plays a crucial role in fermented food products due to the hydrolytic activities of secreted
enzymes. In the present study, we performed a comparative secretome analysis of the industrial strain of Asper-
gillus oryzae 3.042 and its spontaneous mutantZJGS-LZ-21. One hundred and fifty two (152) differential protein
spots were excised (p < 0.05), and 25 proteins were identified. Of the identified proteins, 91.3% belonged to hy-
drolytic enzymes acting on carbohydrates or proteins. Consistent with their enzyme activities, the expression of
14 proteins involved in the degradation of cellulose, hemicellulose, starch and proteins, increased in the ZJGS-LZ-
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Aspergillus oryzae 21isolate. In particular, increased levels of acid protease (Pep) may favor the degradation of soy proteins in acidic
Secretome environments and promote the cleavage of allergenic soybean proteins in fermentation, resulting in improve-

Soybean paste ments of product safety and quality. The ZJGS-LZ-21 isolate showed higher protein secretion and increased hy-

Koji drolytic activities than did strain 3.042, indicating its promising application in soybean paste fermentation.
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1. Introduction

Aspergillus oryzae is an important industrial strain that has been ex-
tensively applied in a variety of food manufacturing applications. This
organism has a long history in the preparation of traditional fermented
condiments and spirits, such as soybean sauce, paste, vinegar, Chinese
rice wine, and Japanese Sake (Kitamoto, 2015; Yamane et al., 2002;
Zhang et al., 2012). The solid mold preparation, usually called “Qu” in
China and koji in Japan, is characterized by large amounts of hydrolytic
extracellular enzymes that can be directly used in the hydrolysis of car-
bohydrates and proteins (Hong et al.,, 2015;Marui et al.,, 2013; Wang et
al., 2010; Yoshino-Yasuda et al., 2011). A. oryzae 3.042 (equivalent to AS
3.951) is regarded as a prime industrial strain because of its high-yield
of proteases and it is widely used in most brewery fermentations in
China (Zhao et al., 2012). Previous studies have demonstrated that the
cooperative function of high hydrolytic activities and a balanced collec-
tion of enzymes species secreted allow A. oryzae to function more effi-
ciently in the utilization raw materials thus improving the quality of
soybean paste fermentation (Hong et al., 2015; Kumazawa et al.,
2013). For example, A. oryzae mutant A100-8, with enhanced acid and
neutral protease activities, promotes the utilization of substrate and im-
proves soy sauce flavor and the quality (Zhao et al., 2014). Recently,
Kum et al. (2015) reported that the activities of ai-amylase, protease,
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lipase, and esterase from Aspergillus species, commonly increased in fer-
mentation, resulting in the generation of the volatile components of
rice-koji (doenjang). While A. oryzae mainly secretes high activities of
neutral proteases, efforts have been made to enhance its production of
acid proteases (Vishwanatha et al., 2010; Xu et al., 2011). Therefore,
the abundance and types of enzymes secreted by A. oryzae has become
a prominent factor for controlling the quality of soybean paste produc-
tion (de Souza et al., 2015).

Various proteomic techniques have been explored to profile the ex-
tracellular proteins of microbes. Differences in the secreted proteins of
Aspergillus, Trichoderma, and Penicillium have been detected by SDS-
PAGE combined with LC-MS/MS (Borin et al., 2015; Gong et al., 2015).
Two-dimensional electrophoresis (2-DE) or isobaric tags for relative
and absolute quantification (iTRAQ) methods are often adopted in
quantitative assays. Using the iTRAQ technique, many extracellular pro-
teins such as cellulases, hemicellulases, lignin-degrading enzymes, and
proteases were identified in the comparative differential secretomes
of Trichoderma reesei and A. fumigates (Adav et al., 2012; Adav et al.,
2015). One-dimensional electrophoresis (1-DE) and two-dimensional
electrophoresis (2-DE), combined with MALDI-TOF-MS, has allowed
the identification of 16 to 41 extracellular protein species in the
secretome of A. oryzae SU16 koji (Liang et al., 2009; Zhang et al.,
2012). Comparative secretome analysis showed a total of 29 identified
proteins and indicated the different enzyme species present in solid-
state and submerged cultures of A. oryzae RIB40, an industrial strain
often used to produce sake, soybean paste and soy sauce in Japan


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijfoodmicro.2017.02.003&domain=pdf
http://dx.doi.org/10.1016/j.ijfoodmicro.2017.02.003
mailto:dbiot@mail.zjgsu.edu.cn
Journal logo
http://dx.doi.org/10.1016/j.ijfoodmicro.2017.02.003
http://www.sciencedirect.com/science/journal/01681605
www.elsevier.com/locate/ijfoodmicro

2 Y. Zhu et al. / International Journal of Food Microbiology 248 (2017) 1-9

(Odaetal., 2006). In addition, a genome-sequencing project on A. oryzae
strain RIB40 has been published and expression sequence tags (ESTs)
have been introduced (Machida et al., 2005). In apparent contrast to
the less secreted proteins, Zhao et al. (2012) reported 522 unique pro-
teins from whole cell lysate, providing a reference map of the intracellu-
lar protein expression profile. These studies, of the genome,
transcriptome, and proteome, provide robust data for the analysis of
proteins differentially secreted from industrial A. oryzae strains
(Kitamoto, 2015; Machida et al., 2005; Wang et al., 2010).

In our previous study, we isolated a spontaneous mutant, A. oryzae
ZJGS-LZ-21, from an A. oryzae 3.042 koji sample at Zhejiang Wuweihe
Food Co., Ltd., Zhejiang Province, China (Zhu et al.,, 2016). Based on mor-
phological, genetic, and non-aflatoxigenic characteristics, the ZJGS-LZ-
21 isolate is classified as A. oryzae. Isolate Z]JGS-LZ-21 can produce
much higher activities of amylase and acid protease in than its parental
strain A. oryzae 3.042 and, thus, can enhance soybean paste production.
One should be cautious in using the name A. oryzae since the non-afla-
toxin-producing character is no longer a specific guarantee for A. oryzae
(Fakruddin et al., 2015; Jorgensen, 2007). A. flavus, in Aspergillus section
Flavi, is genetically and functionally almost identical to A. oryzae and
often isolated from fermented soybean products (Gibbons et al., 2012;
Lee et al., 2014; Tao and Chung, 2014). Production of aflatoxins is condi-
tional and often inconsistent within the A. flavus/oryzae complex
(Jorgensen, 2007). Currently, the fact that A. oryzae is the currently
used name for the non-aflatoxin-producing species of A. flavus/oryzae
associated with oriental fermentations (Hong et al., 2013) relates to
economic and societal issues rather than to biology, as suggested by
Jorgensen. Here, we investigate the secretome profiles and suggest po-
tential commercial applications for ZJGS-LZ-21 isolates in soybean
paste manufacture.

2. Materials and methods
2.1. Strains and sample preparation of koji

The strain Aspergillus oryzae 3.042 (equivalent to AS 3.951) and A.
oryzae isolate ZJGS-LZ-21 were from Zhejiang Wuweihe Food Co., Ltd.,
Huzhou City, Zhejiang Province, China. ZJGS-LZ-21 isolate has higher ac-
tivities of acid protease and amylase than the parent 3.042 strain (Table
S2). Seed koji was prepared as the earlier described (Yang et al., 2013).
Wheat bran and soybean meal (w/w, 17/3) with 50% (v/w) water were
divided into 40 g portions and put into 500 mL Erlenmeyer flasks. After
sterilization at 121 °C for 30 min, the autoclaved media was inoculated
with fungal spore suspension (10° spores/g medium), and incubated at
30 °C for 3 days with flasks shaken every 12 h.

2.2. Protein sample preparation for 2-DE

Koji (25 g) was soaked at 4 °C for 12 h in 100 mL of 50 mM sodium
acetate buffer (containing 90 mM NaCl and 1 mM phenylmethylsulfonyl
fluoride (PMSF), pH 4.78) to extract the extracellular protein. The sus-
pension was centrifuged twice at 13,000 x g for 10 min to remove
large particles. The supernatant was filtered through a 0.45 pm filter
(Millipore). With ice-cold acetone precipitation, the filtrate was concen-
trated and then desalted. Precipitate was dissolved in the lysate buffer
containing 8 M urea, 2 M thiourea, 4% (w/v) CHAPS (3-[(3-
cholamidopropyl) dimethylammonio]-1-propanesulfonate), 1 mM
PMSF for 2-DE analysis. Protein concentration was determined by the
Bradford method (Bradford, 1976).

2.3. 2-DE electrophoresis process and image analysis

2-DE was performed as previously reported with minor modifica-
tions (Wu et al., 2009). Before 2-DE, 400 pg of protein was mixed in
300 pL rehydration buffer containing 8 M urea, 2 M thiourea, 4% (w/v)
CHAPS, 65 mM DTT (dithiothreitol), 0.67% (v/v) IPG buffer. The first

dimension of electrophoresis (isoelectrofocusing; IEF) performed on
the IPG strips (17 cm with a linear gradient range of pH 4-7; Bio-Rad,
USA) in a Protean IEF cell (Bio-Rad, USA) at 20 °C for 80 kV-h. Next,
the IPG strips were reduced with 2% DTT for 15 min and alkylated
with 2.5% iodoacetamide for 15 min in equilibration buffer (6 M urea,
50 mM Tris-HCI (pH 8.8), 20% glycerol, 2% SDS). The equilibrated strips
were capped by low melting agarose (Bio-Rad, USA) and run at 12 °C on
12.5% SDS-polyacrylamide gels by PowerPac Universal electrophoresis
system (Bio-Rad, USA). The protein spots were visualized with
Coomassie brilliant blue (10% ammonium sulfate, 10% phosphoric
acid, 0.12% xylene brilliant cyanine G (G-250), and 20% methanol)
(Lima et al., 2010; Zhao et al., 2012a).

The stained gels were scanned using a GS-800 Calibrated Densitom-
eter (Bio—Rad, USA) and the images (300 dpi) were saved as TIFF files.
Image analysis was performed with the BIO-RAD PD Quest Basic 2-
Dimage processing software (version 8.0.1) according to the protocol
provided by the manufacturer. Comparison of spot quantity was per-
formed after background subtraction, normalization, and spot match.
Changes in the intensity of protein spots that reached 1.5-fold were con-
sidered meaningful in the present work based on statistical analysis
(Student's t-test). The average ratios, pl and Mr of each spot were com-
puted and then exported in Microsoft Excel by the PD Quest software.
The abundance of protein spots showing significant differences
(p <0.05) also exported and used for further analysis.

2.4. Protein identification by MALDI TOF/TOF tandem MS

Protein spots were excised from the stained gels and were de-
stained in-gel with 50% acetonitrile containing 40 mM ammonium bi-
carbonate, washed with 100% acetonitrile, and then dried in a SpeedVac.
The destained spots were reduced with 10 mM DTT and subsequently
alkylated with 55 mM iodoacetamide as previously described (Adav et
al., 2013). Finally, the dehydrated gel pieces were thoroughly washed
with 100% acetonitrile solution, completely dried by SpeedVac, then
digested with trypsin solution (10 ng/pL) by incubating at 37 °C over-
night. The supernatant, containing peptides, was mixed with 50% aceto-
nitrile containing 0.1% trifluoroacetic acid and vacuum centrifuged to
dryness. The trypsin-digested fraction was reconstituted in matrix solu-
tion consisting of ai-cyano-4-hydroxycinnamic acid (5 mg/mL) in 100%
acetonitrile with 0.1% trifluoroacetic acid. The peptide samples were ap-
plied onto the target well, dried at room temperature, and analyzed by
AB 4800 MALDI-TOF-TOF Plus mass spectrometer (Applied Biosystems,
Carlsbad, CA, USA). The mass spectrum of each protein was collected in
a reflective mode with a laser intensity of 4000 and an m/z range from
800 to 4000 Da. Parent ions with the seven highest signal strengths
were analyzed by MS/MS, and their corresponding ion fragments fin-
gerprints were collected using CID collision cleavage at an accelerating
potential of 2 kV.

The MS/MS spectra were searched using Mascot software (Applied
Biosystems) against the complete proteome NCBI database and Uniprot
database based on the annotated A. oryzae RIB40 genome information.
Search parameters included trypsin digestion, one maximum missed
cleavage site, carbamidomethyl of cysteine (fixed modification), methi-
onine oxidation (variable modification), peptide mass tolerance, and
fragment mass tolerances of 1000 ppm and = 0.3 Da, respectively. Pro-
tein spots were considered identified if the Mascot score and CI % was
>60 and 95% respectively with the significance level, p < 0.05.

2.5. Separation of the whole protein sample using SDS-PAGE

In addition to protein separation by 2-DE, a second electrophoresis
process on 12.5% SDS-polyacrylamide gels, 1-DE, was adopted to ana-
lyze the whole protein samples. Briefly, 10 pg of protein was resolved
in 2.5 pL loading buffer. After boiling in a water bath for 5 min, the sam-
ple was loaded and run at 80 V at 20 °C by electrophoresis system (Bio-
Rad, USA). The Band I and Il samples obtained were applied to Triple
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TOF 5600 system (AB SCIEX) IIl binding nanospray ion source (AB
SCIEX, USA) for analysis (details in the Table S1).

2.6. Bioinformatics analysis

The existence of signal peptide sequences was checked using the sig-
nal peptide prediction program SignalP 4.1 server (http://www.cbs.dtu.
dk/services/SignalP), SecretomeP 2.0 server (http://www.cbs.dtu.dk/
services/SecretomeP/). The function and composition of identified pro-
teins was analyzed using the database of UniProtKB (http://www.
uniprot.org/uniprot/)and QuickGO (http://www.ebi.ac.uk/QuickGO/).
Theoretical pl and Mr was obtained by using online EXPASy compute
pI/MW tool (http://www.expasy.org/tools/pi_tool.html)(Vincent et al.,
2009). The subcellular location of protein was predicted using the
WOLFPSORT program (http://wolfpsort.org/).

3. Results and discussion

3.1. Differentially expressed proteins in A. oryzae 3.042 and ZJGS-LZ-
2lisolate

The secreted enzymes are regarded as the basal factors affecting the
quality of soybean paste in the process of fermentation (Yoshino-
Yasuda et al., 2011). Samples of secreted proteins were prepared as de-
scribed in the materials and methods to profile the extracellular pro-
teins of A. oryzae 3.042 and the ZJGS-LZ-21isolate. Each strain was
analyzed in parallel triplicates and the analysis was repeated three
times. The secreted protein content from the ZJGS-LZ-21 isolate had a
mean value of 255.38 + 29.93 (standard error) pg/g dry koji, approxi-
mately 1.5-fold higher than that of strain 3.042 (Fig. 1A). This indicates
that the isolate ZJGS-LZ-21 has a higher capability for protein secretion
as is evidenced by the band density in Fig. 1B. Moreover, the results of 1-
DE showed the clear differences in the profiles of the protein expression
patterns of the two strains. 2-DE gels were run in triplicate and the high-
resolution gels from each sample were used as the reference map to de-
pict the secretome difference between A. oryzae 3.042 and the Z]JGS-LZ-
21isolate. Here, 552 + 21 (in strain 3.042, Fig. 2A) and 971 =+ 85 (in iso-
late ZJGS-LZ-21, Fig. 2B) protein spots were detected on the gels by PD
Quest software, respectively (Table S3). The representative spots from

2-DE gels are displayed in Fig. 2C. A total of 152 statistically different
protein spots was obtained and excised. After analysis by MALDI TOF/
TOF tandem MS, 27 protein spots were finally identified (Tables 1 and
S4). The amount of identified proteins was similar to those of previous
reports, 16 secreted proteins from soy sauce koji by A. oryzae 3.402, 29
secreted proteins from solid and submerged fermentation by A. oryzae
RIB40, and 41 from Shaoxing rice wine koji by A. oryzae SU16, respec-
tively (Liang et al., 2009; Oda et al., 2006; Zhang et al., 2012). Many
spots could not be identified due to low content, high level of protein
glycosylation, or their absence in the reported database for A. oryzae
(Wu et al., 2009). Multiple protein isoforms were likely derived from
post-translational modification or proteolytic processing (Lessing et
al., 2007; Wang et al., 2012). Spots 13, 21, and 39 were identified as
a-amylase A type-3 (POC1B4); and spots 94 and 95 as neutral protease
2 (Q2UP30) on the 2-DE gels. Similar results were observed in A. oryzae
RIB40 where 29 protein species out of 195 spots were identified (Oda et
al., 2006). Since 2, 3-dihydroxybenzoate decarboxylase (spot 81) and
fructose-bisphosphate aldolase (spot 117) were both detected as the
cytoplasm they were not included in the comparative secretome of A.
oryzae.

Among the 27 identified protein spots, the molecular mass of most
of the corresponding proteins ranged from 20.03 to 135.95 kDa. The
presence of signal peptide was checked using a signal peptide predic-
tion program (SignalP 4.1 and SecretomeP 2.0 server) to assess the se-
cretion pathway of these proteins. The results showed that 20 proteins
possessed secretory signal peptides, indicating their secretions through
the classical secretory pathway in A. oryzae. Yet another three proteins
(spots 89, 186 and 187), without signal peptide, are suggested to follow
a non-classical secretory mechanism or are found outside the cells due
to cell death or cell lysis (Liu et al., 2014). The current results were sim-
ilar to a previous report in which 17 extracellular protein species follow-
ed the classical secretory pathway and 10 protein species followed a
non-classical secretory mechanism (Zhang et al., 2012).

In ZJGS-LZ-21 isolate the expression of proteins corresponding to 15
spots were increased and those corresponding to 11 spots was de-
creased (Table 1). Further analysis revealed that spots 67 (Q2UCU3),
89 (Q2UKDO), 186 (Q2U8Y), and 187 (Q2U9IM7) were detected exclu-
sively in ZJGS-LZ-21 isolate, while Q2UP30 (neutral protease 2) was
only detected in strain 3.042. There were seven proteins (corresponding
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and subjected to in-gel digestion with trypsin prior to MALDI TOF/TOF tandem MS analysis
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Fig. 2. Comparative secretome profiles of A. oryzae 3.042 and strain ZJGS-LZ-21. A and B. 2-DE diagrams of secretome of A. oryzae 3.042 koji and ZJGS-LZ-21 isolate, respectively. The
identified differential proteins are marked by arrows and numbers and listed in Table 1. C. Representative secretome spots analysis of A. oryzae koji from 2-DE resolution (pl 4-7 gel), a
closer view of differentially protein spots (strain 3.042, left; isolate ZJGS-LZ-21, right) are shown.

to spots 152, 55,42, 101, 151, 24, and 69) in which expressions regulat-
ed at least 5-fold higher in ZJGS-LZ-21 isolate. Specifically, the proteins
(spots 152 (POC1B3) and 42 (094163)) displayed over a 10-fold in-
crease in expression. Meanwhile, there were seven proteins in which
expressions were down-regulated by 2-fold in ZJGS-LZ-21 isolate. The
differential expressions of these proteins were further classified accord-
ing to biological process in the GO and Uniprot database (Fig. 3). In
terms of species amounts, 65.22% of total identified proteins were in-
volved in the carbohydrate metabolism, 26.09% in proteolysis, and
4.35% in redox process. Notably, 91.3% of these proteins have roles in
carbohydrate metabolism and proteolysis, which are consistent with
the formation of koji through hydrolysis processes (Kitamoto, 2015).
Previously, a comparative proteome of A. oryzae RIB40 was carried out
to analyze extracellular proteins under solid-state and submerged cul-
ture conditions to determine protein secretion profiles. In the solid-
state growth condition, glucoamylase B, alanyl dipeptidyl peptidase,
xylanase G1, a-amylase, and -glucosidase were detected, consistent
with the current study(Oda et al., 2006). The greater abundance and
types of secreted enzymes from the ZJGS-LZ-21 isolate may afford better
hydrolysis performance and produce more sugars to support microbial
metabolism during the soybean paste fermentation.

3.2. Proteins involved in carbohydrate hydrolysis

The increased accumulation of ac-amylase A type-1/2 (spot 152,
12.4-fold) and glucoamylase (spot 178, 1.56-fold) were observed in

ZJGS-LZ-21 isolate. Amylase is one of prominently secreted enzymes
of A. oryzae (Oda et al., 2006). Both a-amylase A type-1/2 and
glucoamylase catalyze the degradation of starch to glucose by acting
on 1,4- and 1,6-glycoside bonds (Fig. 4A). This catalysis improves the
utilization of substrate and, thus, the quality of the resulting soybean
paste. Importantly, increased glucose production also results in the
unique flavor generation by yeast and bacteria growth in the post-fer-
mentation of soybean paste (Hong et al., 2012; Ng'ong'ola-Manani et
al, 2014; Roh, 2014).

In addition to starch, there are large quantities of cellulose, hemicel-
lulose and pectin in the soybean paste substrate. The plant cell wall deg-
radation machinery in A. oryzae has been extensively deciphered over
the past decade. Cellulolytic, xylanolytic and pectinolytic enzymatic ac-
tivities are coordinately responsible for this process (de Vries and Visser,
2001; Khosravi et al.,, 2015; Udatha et al.,, 2015). The derived sugars are
not only utilized as carbon source for microbial growth during the fer-
mentation, but also contribute to color and flavor formation. In the cur-
rent study, five cellulases were identified, endo-{>-1,4-glucanase B (EG)
(spot 151), 1,4-B-p-glucancellobiohydrolase A (CBH) (spot 171), p-glu-
cosidase A, I and H (BG) (spots 55, 186 and 187), respectively (Fig. 4B).
EG has endoglucanase activity to cleave 3-1,4 glycosidic bond, which
occurs in complex natural cellulosic substrates such as carboxymethyl-
cellulose (CMC), hydroxyethylcellulose (HEC) and (3-glucan. CBH re-
leases the disaccharide cellobiose from the non-reducing end of the
cellulose polymer chain, and its expression was 7-fold lower in the
ZJGS-LZ-21isolate. In addition, PG catalyzes the last step releasing



Y. Zhu et al. / International Journal of Food Microbiology 248 (2017) 1-9 5

Table 1

Identification of differential secreted proteins between A. oryzae ZJGS-LZ-21 isolate and strain 3.042 by MALDI TOF/TOF tandem MS.
Spot Accession Protein description CAZy Change p-Value® Exp.pl/MW Theor.pl/MW Coverage Cellular SignalP*®
no.? number family fold [kDa] [kDa] (%)/score location?
Carbohydrate metabolism
13 POC1B4 Alpha-amylase A type-3 GH13 —1.71 0.003 433/54.93 4.52/54.80 100/500  extr Y
21 POC1B4 Alpha-amylase A type-3 GH13 —5.68 0.009 4.39/59.16  4.52/54.80 100/500  extr Y
39 POC1B4 Alpha-amylase A type-3 GH13 —7.39 0.015 4.46/57.92 4.52/54.80 100/500  extr Y
152 POC1B3 Alpha-amylase A type-1/2 GH13 1240 0.014 4.13/46.08 4.48/54.81 100/254  extr Y
178 P36914 Glucoamylase GH15 1.56 0.014 4.82/61.07 4.99/65.47 99.549/80 extr Y
55 Q2UUD6 Probable beta-glucosidase A GH3  6.29 0.001 4.89/86.24  4.86/93.41 100/482  extr Y
171 Q2UBM3 Probable 1,4-beta-p-glucan cellobiohydrolase A GH7 —794 0.038 452/58.05 4.27/48.13 99.978/93 extr Y
42 094163 Endo-1,4-beta-xylanase F1 GH10 11.19  0.000 4.47/42.47 4.73/35.40 100/463  extr Y
101 Q96VB6 Endo-1,4-beta-xylanase F3 GH10 9.61 0.000 6.58/3447 6.3/34.70 100/226  extr Y
166 Q75P26 Acetylxylan esterase A CE1 —2.52  0.048 4.52/35.18 4.89/33.29 100/678  extr Y
186 Q2U8Y5 Probable beta-glucosidase I GH3 up’ 0.012 5.41/47.43 5.3/92.14 100/372  extr N
187 Q2uUsM7 Probable beta-glucosidase H GH3 Up' 0.013 5.86/42.35 5.97/90.68 99.286/78 extr N
67 Q2ucu3 Probable beta-galactosidase A GH35 Up' 0.003 5.19/135.95 5.33/109.87 100/433  extr Y
151 Q2UPQ4 Probable endo-beta-1,4-glucanase B GH5 8.57 0.005 4.05/45.51 4.41/36.96 100/132  extr Y
89 Q2UKDO Probable NAD(P)H-dependent p-xylose NA up’ 0.014 5.82/23.15 5.78/35.87 91.606/67 extr N

reductase xyl1
177 Q2U1X8 Probable arabinan GH43 1.51 0.000 4.95/31.78  4.94/34.19 100/143  extr Y
endo-1,5-alpha-L-arabinosidase C

40 Q2U8R6 Probable pectate lyase A PL1 —226 0011 4.46/50.81 4.74/34.12 100/589  extr Y
Proteolysis
126 Q2U1F3 Leucine aminopeptidase A 1.51 0.001 5.02/42.45 5.03/41.10 100/917  extr Y
169 Q2ULM2 probable leucine aminopeptidase 2 —2.81 0.005 447/49.18 4.94/53.56 100/171 extr Y
24 Q06902 Aspartic protease pepl 5.60 0.013 4.4/17.44 4.85/42.31 100/142 extr Y
174 QIYSE3 Dipeptidyl-peptidase 5 —11.36 0.002 4.52/78.7 4.66/80.38 100/214  extr Y
94 Q2UP30 Neutral protease 2 Down®  0.000 6.2/20.07 4.92/37.10 100/203  extr Y
95 Q2UP30 Neutral protease 2 Down® 0.013 6.13/20.03 4.92/37.10 100/203 extr Y
191 P12547 Alkaline protease 1 1.71 0.002 6.48/37.76  5.95/42.57 100/734  extr Y
Oxidation-reduction
69 Q877A8 Catalase B 9.83 0.002 5.2/57.09 5.29/79.87 99.939/89 extr Y
Aromatic compound metabolism
81 P80402 2,3-Dihydroxybenzoate decarboxylase —11.36 0.002 5.41/26.56  5.25/38.86 100/203  cyto N
Glycolysis
117 Q9HGY9 Fructose-bisphosphate aldolase 2.00 0.001 5.03/26.74 5.8/39.72 100/217  cyto_mito,nucl N

NA: no available. up: only produce in isolate ZJGS-LZ-21; down: only produce in A. oryzae 3.042.

2 Spot numbers match those marked in Fig. 2.
P Significantly difference as calculated by Student's t-test.
Protein score > 60 indicate identity.

Only detected in A. oryzae ZJGS-LZ-21.
Only detected in A. oryzae 3042.

d
f
g
glucose from the inhibitory cellobiose and its expression is up-regulated
6-fold (Barr et al,, 2012). Notably, utilization of carbon sources, such as
cellulose, can be limited by various environmental factors even the ex-
istence of cognate genes in their genome, which are tightly controlled
at the transcription or post transcriptional levels (Daynes et al., 2008).
A complex network of these transcriptional modulations has been ex-
tensively evaluated and reviewed (Tani et al., 2014; Udatha et al.,
2015). Overexpression of transcription factor xInR promotes the eleva-
tion of cellulolytic and xylanolytic activities in A. oryzae, about 40 secret-
ed proteins being increased (Noguchi et al., 2009). CIr-1/2 positively
regulates the increase of 50% cellulose-responsive genes in N. crassa
(Coradetti et al., 2012). Additionally, a variety of small metabolites, in-
cluding lactose in T. viride, cellobiose in A. oryzae and xylose in A.
niger, have been identified as inducers of cellulase gene expression. In
the koji preparation for soybean paste fermentation, the components
are complex including various nutrients from raw material and/or its
derived hydrolysates, which will collectedly induce xylanase, pectinase
and cellulose hydrolysis of cell wall components (Sapna and Singh,
2014). The representative secreted enzymes activities are listed in
Table S2, although their activities were not high.
There were six differentially expressed proteins involved in the deg-
radation of hemicellulose, [3-galactosidase A (Gal) (spot 67), endo-1,4-
p-xylanase F1/F3 (EX) (spots 42 and 101, respectively), acetylxylan

Distribution of proteins according to localization: extr: extracellular; cyto: cytoplasm; mito: mitochondrial; nucl: nuclear.
The presence of signal peptides was predicted by using the signal v.4.1 program (http://www.cbs.dtu.dk/services/SignalP/).

esterase A (AXE) (spot 166), arabinan endo-1,5-a-L-arabinosidase C
(ABN) (spot 177), and NAD(P)H-dependent p-xylose reductase xyl1
(XR) (spot 89) (Fig. 4C). 3-p-galactosidase hydrolyzes the non-reducing
terminal 3-p-galactose residues. Both EXs and AXE participate xylan
degradation process. EXs catalyze the hydrolysis of xylan by randomly
splitting the 3-1,4 backbone to release xylose (Moukouli et al., 2011).
In the ZJGS-LZ-21 isolate, the expression of EXs was up-regulated by
at least 9-fold, resulting in greater hydrolysis of xylan-containing sub-
strates. AXE removes the acetyl group from the backbone of the xylan
chain, accelerating the hydrolysis of xylan by endoxylanases (Barr et
al.,, 2012). The release of xylose, a pentose sugar, can contribute to the
formation of the characteristic color and luster in soybean paste
(Davidek et al., 2008; Nomi et al., 2011). XR and XDH (NAD-dependent
xylitol dehydrogenase) can convert xylose into xylitol or ethanol, and
these alcohols may strengthen flavor formation of soybean paste
(Dmytruk et al., 2008; Jeffries, 2006). ABN is a glycosyl hydrolase that
has the ability to cleave the o-1,5-1-arabinan glycosidic bonds to release
arabino-oligosaccharides and L-arabinose (de Sanctis et al., 2010). L-
Arabinose plays a key role in the color and flavor production in the soy-
bean paste fermentation, similar to xylose, and is used as a substrate by
lactic acid bacteria to produce lactate and acetate, conferring sauce
aroma components (Rodas et al., 2006). We also observed reduced
levels of a pectate lyase (PNL, spot 40) (Fig. 4D) in ZJGS-LZ-21 isolate.
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Fig. 3. The diagram of functional attributions of the significantly expressed proteins in A.
oryzae ZJGS-LZ-21 isolate and strain3.042koji.

Carbohydrate metabolism

PNL can catalyze pectin degradation by B-elimination (Lara-Marquez et
al.,, 2011), helping to degrade cell wall pectin for fermented soybean
paste. The reduced role of PNL may not be significant due to the low
levels of pectin in the substrate used in soybean paste fermentation,
but there is a cocktail interaction among the enzymes degrading cellu-
lose, hemicellulose, and pectin (Udatha et al.,, 2015). Nonetheless, one
should note that these hydrolytic enzymatic activities on plant cell
walls are significantly lower than amylase and protease in the koji prep-
aration, but their effects on flavor formation seem much more impor-
tant due to the release of various sugars. In addition to A. oryzae, a
large variety of bacteria or other fungi also participate in the fermenta-
tion process of soybean paste. Strains belonging to genera Leuconostoc,
Lactococcus, Bacillus, Citrobacter, and some uncultured bacteria, along
with fungi Geotrichum, Candida, Pichia, Mucor, and Zygomycota and so
on, have been isolated as the predominant microbial flora from tradi-
tional soybean paste made in China, Korea and Japan (Gao et al., 2013;
Hong et al., 2015; Kumazawa et al., 2013). These microorganisms can
utilize the various sugars and produce their metabolites (such as
amino acids, organic acids, alditols and the like), and, thus, comprise
these characteristics of fermented soybean paste.

3.3. Proteins involved in protein degradation

Typically, the fermentation process of soybean paste is carried out
under a low pH, and acid proteases are often required to completely hy-
drolyze proteins. Alkaline and neutral proteases are the predominant
proteases produced by A. oryzae (de Souza et al, 2015;
Sriranganadane et al., 2010). Therefore, improving acid protease pro-
duction is a goal of industrial strain development (Zhao et al., 2012a).
By physical N* ion implantation mutagenesis, A. oryzae strain A100-8
was screened and its secreted acid protease was improved up to 1.44-
fold. In the current study six types of proteins involved in protein degra-
dation were identified, including aspartic protease pep1 (Pep1) (spot
24), alkaline protease 1 (Alp1) (spot 191), neutral protease 2 (Ntp2)
(spots 94 and 95), leucine aminopeptidase A (LapA) (spot 126), leucine
aminopeptidase 2 (Lap2) (spot 169), and dipeptidyl-peptidase 5
(DppV) (spot 174). The expressions of Pep1, Alp1l and LapA were

upregulated in the ZJGS-LZ-21isolate, but the rest of the degrading en-
zymes were produced at reduced levels (Table 1).

Pep1 (Q06902) is an endopeptidase that belongs to the acid prote-
ases family. It maintains activity to hydrolyze the peptide bonds to
aspartic acid residues of soy proteins even at pH 3.5 (Sriranganadane
et al., 2010). In the current report, Pep1 expression increased by 5.6-
fold, which benefits protein degradation in soybean paste fermentation
under acidic conditions. This result is consistent with the high acid pro-
tease activity of the ZJGS-LZ-21 isolate. More interestingly, Pep1 may
also act on the aspartic acid residue in immunodominant epitopes of
soybean proteins, thus, its increased levels can promote the reduction
of allergic proteins such as Gly m Bd 30 K (Helm et al., 2000), Gly m
Bd 28 K (Xiang et al., 2004) and Gly m Bd 60 K (Sun et al., 2013). Pep1
may actually improve the safety of the fermented soybean paste by re-
ducing these allergens (Fig. S1). Currently, only microbial fermentation
or enzymatic hydrolysis can decrease food allergenicity affording prod-
ucts generally recognized as safe (GRAS; Verhoeckx et al., 2015). Ac-
cording to the process of paste fermentation, neutral and alkaline
protease preferably function at the initial stage before the medium acid-
ification by accumulation of organic acids, and are still the most pre-
dominant enzymatic activities in koji. Alp1 (P12547) is a serine
protease that is stable and activated at alkaline pH value, and this prote-
ase is an important secreted enzyme applied in the leather and deter-
gent industries (Mushtaq et al., 2015). Alp1 also acts on the serine
residue of immunodominant epitopes (Fig. S1) and may play a role in
the degradation of allergenic soy proteins during the process of soybean
paste fermentation. LapA/Lap2 and DppV are peptidases that catalyze
the hydrolysis of polypeptides at the N-terminal position of peptides
and proteins to release various amino acids. These peptidases play a
key role in amino acid generation in the fermentation process of soy-
bean paste (Lin et al., 2007; Sriranganadane et al., 2010). However,
Lap and DpplV are neutral proteases and the acidic pH in the soybean
paste fermentation limits their performance. Increased levels of acid
protease Pep1 and its improved activity on soybean protein allergen
confer the ZJGS-LZ-21 isolate with improved quality characteristics.

3.4. Other differentially enhanced proteins

In the ZJGS-LZ-21 isolate, the expression level of catalase B was up-
regulated 10-fold. Catalase B is a mono-functional heme-catalase and
most of fungi contain several types of catalases, including CatA, CatB,
CatP, CatC, and CatD (Hansberg et al., 2012; Wang et al., 2013). Catalase
quenches hydrogen peroxide eliminating oxidative cell damage. In the
process of mycelia growth, A. oryzae may respond to a variety of envi-
ronmental factors, such as nutrient supplements, temperature, moisture
content, and light intensity, to produce a large quantity of reactive oxy-
gen species (ROS) that damages cell organelles and compromises cell
functions. The up-regulation of catalase B in the ZJGS-LZ-21 isolate
may help cells survive exposure to these ROS, resulting in greater stabil-
ity and adaptability in the koji preparation process. Mold growth stops
in the highly salted soybean paste and the secreted enzymes dominate
the late hydrolysis process. Thus, the contribution of catalase B in the
koji to the soybean paste fermentation requires further study.

3.5. Resolution of 54 kDa and 32 kDa bands by MALDI-TOF MS

In the 2-DE gels (Fig. 2), one obvious gathering spot and one hori-
zontal stripe near the 54 kDa and 32 kDa were observed, and were re-
ferred to the Band I and II (Fig. 1B), respectively. The 2-DE process
adopted here poorly distinguished these two group proteins, despite
our extensive efforts on adjusting the protein loading and
electrofocusing parameters. Therefore, we tried to combine 1-DE with
MALDI-TOF MS methods to resolve the protein species inside these
two heavy bands from the ZJGS-LZ-21 isolate. The results obtained indi-
cate that Band I and II contain 53 and 55 protein species, respectively
(Tables 2 and S1). Moreover, the theoretical pl values of all these protein
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Table 2
Identification results of representative extracellular proteins in 54 kDa and 32 kDa bands from A. oryzae Koji by MALDI-TOF MS/MS.?

No. Unused %Cov %Cov(50) %Cov(95) Accession Protein description Theor.pl Peptides (95%)
Band I 1 133.81 98.400003 97.799999 88.58 POC1B3 Alpha-amylase A type-1/2 448 654
2 38.89 42.590001 35.02 31.439999 Q2ucu3 Probable beta-galactosidase A 533 32
3 31 46.759999 38.069999 31.45 QIYSE3 Dipeptidyl-peptidase 5 4.66 19
4 27.06 50 50 41.010001 P36914 Glucoamylase 4.99 30
5 22.34 53.960001 46.86 45.030001 Q2ULP9 Predicted protein 4.82 24
Band II° 1 99.35 72.210002 72.210002 70.469999 P12547 Alkaline protease 1 5.95 518
2 45.39 69.340003 64.130002 62.120003 POC1B4 Alpha-amylase A type-3 4,52 261
3 35.06 70.950001 70.950001 68.809998 094163 Endo-1,4-beta-xylanase F1 473 97
4 22.71 27.309999 18.48 171 QIYSE3 Dipeptidyl-peptidase 5 4.66 38
5 20.71 63.859999 59.939998 44.580001 Q2UHY1 Aldo/keto reductase family proteins 5.96 25

¢ The analytic method and detail data were presented in Table S1.

b Both of Band I and Band Il were excised from the Fig. 1B.
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species range from 4.11 to 5.96, consistent with their locations on the
electrofocusing strip in 2-DE process (Fig. 2). The high similarities in
molecular mass and pl values explain the isolation difficulty and the
low resolution by the current 2-DE method. Thus, much narrower pH
IPG strips for 2-DE process or new method such as iTRAQ proteomic
analysis may be required to resolve these issues in the future studies.
In the Band I, a-amylase A type-1/2 was identified with the highest un-
used score (133.81) and the most matching peptides amounts (95%)
(654), the same as alkaline protease 1 in Band II. The results are consis-
tent with previous studies of the soy sauce koji, where amylase A type-
1/2 and alkaline protease 1 were the two dominant enzymes in the se-
creted proteins of A. oryzae (Kitamoto, 2015; Liang et al., 2009).

4. Conclusions

In this study, we performed a comparative secretome analysis of in-
dustrial A. oryzae koji to investigate its characteristics. A novel isolate
from A. oryzae 3.042 koji, A. oryzae ZJGS-LZ-21, has a unique extracellu-
lar enzyme profile with high activities and diverse protein species and
may be more suitable for soybean paste fermentation. Consistently, A.
oryzae ZJGS-LZ-21 koji not only would promote better raw material uti-
lization, but also should improve the quality of products, including color
or flavor. The improved ability of cleaving immune-dominant epitopes
in soybean proteins is noted, which should greatly contribute to the
safety of the derived paste. Therefore, ZJGS-LZ-21 isolate demonstrates
promising potential for the manufacture of soybean paste.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ijfoodmicro.2017.02.003.
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Table S1 Identification results of the rest extracellular proteinsin 54 kDa and 32 kDa bonds from A. oryzae Koji by MALDI-TOF MSIMS?

No. Unused %Cov %Cov(50) %Cov(95) Accession Protein description Theor.pl  Peptides(95%)
Band | 6 19.42  44.139999 35.31 28.14 Q877A8 Catalase B 5.29 20
7 18.65 16.509999 14.749999 13.91 Q2U2F8 Maltase glucoamylase and related hydrolases 4.86 16
8 18.3 30.66 25549999 19.859999 Q2UUDG6 Probable beta-glucosidase A 4.86 12
9 15.93 48.719999 48.719999 46.520001 Q2U193 Predicted protein 472 9
10 1319 30.759999 30.759999 26.499999 Q2U1G7 Extracellular metalloproteinase Npl 5.07 34
11 1226 48.629999 45.449999 38.27 Q2UMU8 Predicted protein 5.1 18
12 1166 40.099999 30.860001 22.939999 Q2U6D9 Alkaline phosphatase 5.21 12
13 1124 22.16 22.16 18.619999 Q2UB14 Uncharacterized conserved protein 5.29 6
14  10.89 17.09 13.349999 10.68 Q2U7z22 Alpha-glucosidases 571 8
15 1073  26.409999 23.39 20.559999 Q2ULM2 Probable leucine aminopeptidase 2 4.94 11
16 1051 25.999999 19.9 19.9 Q2UB76  Hydrolytic enzymes of the alpha/beta hydrolase fold 4.74 15
17 9.02 18.359999 12.84 9.499 Q2u8v9 Beta-glucosidase-related glycosidases 497 7
18 858 22,51 12.989999 12.530001 Q2U4T9 Predicted protein 5.23 5
19 825 23.74 22.27 22.27 Q2UNDS8 Predicted protein 4.99 7
20 8 17.52 13.500001 10.46 Q2U176 Beta-glucosidase-related glycosidases 5.14 6
21 1.77 19.400001 12.34 8.862 Q2UFP4 Probable alpha-glucuronidase A 497 6
22 7.07 23469999 16.419999 12.530001 Q2UONS Predicted protein 4.88 15
23 6.7 13169999 89079998 4.7680002 Q2TYT2 Probable exo-1,4-beta-xylosidase bxIB 4.76 3
24 6 10.32 8.0069996 8.0069996 Q2UTV2 Predicted protein 493
25 5.85 12.33 11.17 6.4999998 Q2URY6 Beta-hexosaminidase 4.84 4



26
27
28
29
30
31
32
33

35
36
37
38
39
40
41
42
43

45
46
47
48

5.78
573
55
5.46
518

431
4.03
3.9
3.84
3.68
3.55
3.32
3.25
321
2.89
2.8
2.73
2.58
243
2.39
2.36
2.23

17.28
41.100001
9.2730001

33.96
14.380001

18.49

14.78

48.44
19.949999
32.600001

11.24
16.509999
4.4470001

16.21
6.2619999

11.07

9.866

14.29
21.160001

15.06
6.3550003

16.09

5.026

16.05
31.209999
8.0200002

27.73

8.179

13.23

14.78
33.070001
19.949999

14.71
6.6990003

12.38
4.4470001
5.1989999
4.9899999
5.6290001
5.5179998
7.4960001

13.49
12.970001
3.8910002

11.84
4.3329999

1111
29.010001
6.391
27.73
6.0690001
9.9569999
12.96
26.820001
9.5849998
12.75
6.6990003
5.816
3.5349999
3.0579999
3.229
4.315
5.5179998
4.3850001
7.209
7.113
3.8910002
3.059
4.3329999

Q2USP5
Q2UBM3
Q2UR38
Q2U8R6
Q2UMRS
Qau4L7
Q2u2I8
Q2UA33
Q2U175
Q2UBZ1
Q2U0U6
Q2uU717
Q2UQV7
Q2U7S5
Q2U6P1
Q2TWJ3
Q2U5H2
Q2UG48
Q2UDS8
Q2uCT77
Q2UH35
Q2u842
Q2U1E5

Predicted protein

Probable 1,4-beta-D-glucan cellobiohydrolase A

Exo-1,4-beta-xylosidase xInD
Probable pectate lyase A
Alpha-glucosidases
Predicted protein
Glucanase
Thioredoxin reductase
Predicted protein
Predicted mutarotase
Predicted protein
Predicted protein
Probabl e alpha/beta-glucosidase agdC
Probable Xaa-Pro aminopeptidase P
Probable beta-gal actosidase B
Carboxypeptidase
Sulfatases
Dipeptidyl peptidase I11
Predicted protein
Carboxypeptidase
Dipeptidyl peptidase 4
Predicted protein

Adenine deaminase/adenosine deaminase

5.29
4.27
4.93
4.74
5.58
4.85
4.57
5.33
4.99
4.66
4.88
4.67
5.04
5.64
4.95
4.61
4.9
544
541
4.7
4.95
4.97
52
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Band |1

214
2.02
1.85
1.72
1.65

18.55
18.09
17.72
1541
15.17
14.85
14.47
12.43
11.93
11.66
9.26
8.58
8.48
8.19
8.02
7.37
7.16

16.500001
9.8010004
7.6109998
9.262
6.1999999

30.559999
66.049999
27.790001
27.410001
20.36
32.409999
57.230002
31.439999
12.88
22.08
41.589999
28.760001
46.020001
20.100001
23.32
30.109999
42.070001

10
8.5759997
3.1709999
2.1980001
6.1999999

26.140001
56.5
19.679999
21.14
15.449999
26.899999
45.85
29.409999
9.657
20.819999
40.979999
28.760001
38.409999
11.34
21.22
19.320001
29.570001

10
2.757
3.1709999
2.1980001
2.8000001

22.390001
53.579998
17.550001
1521
11.62
19.589999
45.85
25.150001
8.7229997
20.819999
32.72
28.760001
29.76
7.3629998
19.12
19.320001
29.570001

Q2UGB5
Q2UIH5
Q2U4D9
Q2UD66
Q2UPS?

P36914
Q2U1F3
Q2u842
Q2UUD6
Q2UFP4
Q877A8
Q2UJIW6
Q2ULP9
Q2U2F8
Q2U1G7
Q2U7D0
Q2ULWS8
Q2uu21
Q2uUcuU3
Q2UNDS
P46076
Q2U7D2

Predicted protein

Predicted protein

Predicted protein
Alpha-L-arabinofuranosidase

Predicted protein

Glucoamylase
L eucine aminopeptidase A
Predicted protein
Probable beta-glucosidase A
Probable alpha-glucuronidase A
Catalase B
Aldo/keto reductase family proteins
Predicted protein
Maltase glucoamylase and related hydrolases
Extracellular metalloproteinase Npl
Beta-xylanase
Predicted protein
Predicted protein
Probable beta-galactosidase A
Predicted protein
Neutral protease 2

Probable al pha-L -arabinofuranosidase axhA

4.7
4.82
571
4.56
4.87

4.99
5.03
4.97
4.86
4.97
529
5.97
4.82
4.86
5.07
4.42
4.77
4.83
533
4.99
513
4.29

e S

30
19
10

12
14

17
16
10

27
11



23
24
25
26
27
28
29
30
31
32
33

35
36
37
38
39
40
41
42
43

45

6.89
6.3
5.89
584
5.47
5.38
5.35
5.32
5.08
4.95
4.21

3.96
3.87
3.52
3.03
2.73
2.69
2.55
2.29
2.16
211
21

26.800001
18.790001
21.170001
23.639999
17.67
10.82
36.91
21.05
22.409999
29.519999
30.71
42.109999
15.899999
21.81
25.07
16.159999
8.7289996
13.689999
7.6640002
16.670001
4211
23.270001
11.24

26.800001
12.06
15.32
17.36
11.16
5.934
34.07

15.790001
20.51
24.23

27.880001
41.18
15.48

15.2
18.73
5.816

5.5199999
11.46

7.6640002
11.59
4.211

23.270001
11.24

26.800001
9.5129997
1411
15.270001
8.6049996
5.934
17.98
15.790001
13.950001
17.18
24.65
38.389999
15.48
11.27
6.0520001
4.685
3.3380002
8.5989997
5.7179999
6.9109999
3.4740001
23.270001
8.8189997

Q2UGM5
Q2u4T9
Q2ULM2
Q2ucCT77
Q2uUMC1
Q2UB76
Q2U1X8
Q2UD19
Q2UMUS
Q2UKT7
Q2u428
Q96VB6
Q2UFRS
Q2UBZ1
Q2UN61
Q2UU40
Q2U8V9
Q2ULH3
Q2U176
Q2TYX2
Q2UONS
Q2U7D3
Qau4L7

Predicted protein
Predicted protein
Probable leucine aminopeptidase 2
Carboxypeptidase
Probable carboxypeptidase AO090003000058
Hydrolytic enzymes of the alpha/beta hydrolase fold
Probable arabinan endo-1,5-al pha-L-arabinosidase C
Predicted protein
Predicted protein
Chitinase
Subtilisin-related protease/V acuolar protease B
Endo-1,4-beta-xylanase F3
Predicted protein
Predicted mutarotase
Arabinogalactan endo-beta-1,4-gal actanase A
Predicted protein
Beta-glucosidase-related glycosidases
Predicted protein
Beta-glucosidase-related glycosidases
Phospholipase C
Predicted protein
Predicted protein
Predicted protein

4.36
5.23
4.94
47
4.85
474
4.94
4.45
5.1
5.65
5.62
6.3
4.36
4.66
471
5.71
4.97
511
5.14
5.24
4.88
421
485
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46
47
48
49
50
51
52
53
54
55

2.03
2
2
2
2

1.85

172

1.64

1.43

135

11.99
69.340003
22.34
2.344
5.8630001
26.06
21.38
5.8189999
5.9179999
6.6990003

2.6459999
64.130002
4.7619998
2.344
5.8630001
4.8160002
13.770001
3.5220001
2.6529999
3.5890002

2.6459999
62.120003
4.7619998
2.344
5.8630001
4.8160002
13.770001
1.991
2.6529999
3.5890002

Q2USP5
POC1B3
Q2uU193
Q2TXS5
Q75P26
Qa2ussl
P10281
Q2UIH5
Q2TZU7
Q2U0U6

Predicted protein
Alpha-amylase A type-1/2
Predicted protein
Predicted protein
Acetylxylan esterase A
Predicted protein
Ribonuclease T2
Predicted protein
Endoglucanase

Predicted protein

5.29
4.48
472
4.29
4.89
452
5.02
4.82
4.73
4.88

258
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& Mass spectrometry analysis was used the TripleTOF 5600 system (AB SCIEX) |11 binding nanospray ion source (AB SCIEX, USA), with a spray voltage of 2.4 kV,
curtain air pressure of 30 PS|, atomization gas pressure of 5 PSI and a heating temperature of 150 °C. MS scan mode was dependent on the IDA (Information Dependent
Analysis), asingle TOF-MS spectrum scan time was 250ms, each under the IDA collect up to 35 two patterns with the charge range 2+ to 5+ and single second count greater
than 150, the cumulative time for each two map was 60 ms. Each cycle time was fixed at 2.5 seconds, the collision cell energy settings applied to al of the precursor ion
collision-induced dissociation (CID), a dynamic exclusion settings 18 seconds, equivalent to about half chromatographic peak width. Original documents collected by Mass
spectra were processed and searched using Protein Pilot Software v. 4.5(AB SCIEX, USA) with Paragon algorithm. Retrieval database was Uniprot species-specific database
of Aspergillus oryzae (12,072 protein sequences, July 2015 Download), search parameters were seted as follows: cysteine akylation was iodoacetamide modified, trypsin

digestion, retrieval way was quick search analysis, the false positive rate was controlled to 1% FDR, protein searches unused score> 1.3 deemed credible result, confidence

peptide sequence was greater than 95% reliable.



Table S2. Thesecreted enzymes activities produced by A.oryzae 3.042 and ZJGS-LZ-21

Strains Neutral protease®  Acidic protease® Amylaseb Glucoamylase® Cellulase® Xylanased Pectinase®
Strain 3.042 43504+441.77 11.39+7.51 832.56+98.76 30.62+9.72 0.78+0.28 2.92+1.61 2.14+£0.78
Z2)GS-LZ-21  4597+395.32 121.48+50.67 44071£87.34 37.98+4.37 0.69£0.3 15.31+8.74 3.72+0.35

Triple tests were carried out to determine the enzymatic activities followed themethods as the below references.

& Lakshman PLN, Toyokawa Y, Toyama H, Taira T, Yasuda M. 2010. Purification and characterization of two extracellular acid proteinases from Monascus pilosus. Food

Chem 121(4):1216-1224.

®Yyang S, Choi SJ, Kwak J, Kim K, Seo M, Moon TW, et al. 2013. Aspergillus oryzae strains isolated from traditional Korean Nuruk: Fermentation properties and influence

on rice wine quality. Food Sci Biotechnol 22(2):425-432.

¢ Murado MA, Pastrana L, Vazquez JA, Miron J, Gonzalez MP. 2008. Alcoholic chestnut fermentation in mixed culture, compatibility criteria between Aspergillus oryzae and

Saccharomyces cerevisiae strains. Bioresource Technol 99(15):7255-7263.

dSgpna & Singh, B. 2014. Phytase production by Aspergillus oryzae in solid-state fermentation and its applicability in dephyinization of wheat ban. Appl Biochem

Biotechnol 173(7), 1885-1895.



Table S3. Summary of secretome protein spots of A. oryzae 3.042 and ZJGS-21 by 2-DE analysis

Strain
3042 Strain ZJGS-21
Repeatl Repeat2 Repeat3 Repeat1l Repeat2 Repeat 3
Number of spots 575 548 535 940 906 1068
Number of variant spots 348 352 327 495 406 587
Up-accumulated spots 164 176 158 394 331 489
Differential spots 169 178 156 211 193 239

( by T-test)

Spots were compared by PDQuest software.
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