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Comparison of extracellular proteome from Rhizopus chinensis in
solid-state and submerged cultures
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Abstract: [Objective] We studied the influence of solid-state and submerged cultures on the
extracellular proteome of filamentous fungus Rhizopus chinensis CCTCC M201021, to understand
the specificity of enzyme production by filamentous fungi in different cultures. [Methods] Using
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same media, we carried out solid-state agar-plate culture and submerged culture of R. chinensis.
Two-dimensional electrophoresis (2-DE) and MALDI-TOF/TOF-MS were used to analyze the
extracted extracellular proteins, and the differential proteins were identified. [Results] Protease
activity of extracellular protein from the solid-state culture was much higher (9.2-fold) than that from
submerged culture. The 2-DE gel maps indicate the differences in the extracellular proteomes
between solid-state and submerged cultures, and most proteins (about 70%) were special from
solid-state or submerged culture. After identification, the variety and expression level of extracellular
proteins from the two different cultures were significantly different. Among these differential
proteins, hydrolases were the majority, most of which were related with protein degradation.
[Conclusion] Different cultures influenced the composition of extracellular proteome by R.
chinensis, and some proteins were only expressed in a specific culture. Relatively more variety and
higher expression level of some proteases under solid-state culture could be the reason, which
resulted in the much higher protease activity of extracellular protein. These results suggested the
possible inconsistencies of extracellular enzymes produced by filamentous fungi between the strain
screening and submerged fermentation in industry production, when solid-state culture and
submerged culture were used.

Keywords: Rhizopus chinensis, Extracellular proteome, Two-dimensional electrophoresis (2-DE),
Solid-state and submerged culture
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Table 1 Comparison of solid-state and submerged
cultures of R. chinensis

. Protein ..
Biomass . Protease activity
Culture (@) concentration (UfnL)
(g/L)

Solid-state ~ 24.00+0.48 0.32+0.04 187.23+4.78
culture
Submerged ~ 33.50+0.64 0.90+0.07 20.28+0.42
culture
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Figure 1 2-DE gel map of extracellular proteins from solid-state (A) and submerged (B) cultures of R. chinensis
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Table 2 Functional annotation of identified protein spots

/ / a b
?\ll)gt Gene Theo(rgg;;g Imass Exp er;g;l/t:ll fnass Protein description Ratio  Score
Oxidoreductases
1 A11658 34.92/6.33 40.48/6.62 NAD-dependent malate dehydrogenase S 94
2 37.03/6.74 0.46 154
3 A09161 35.64/8.52 37.10/7.02 NAD-dependent malate dehydrogenase L 196
4 A00642 35.32/5.63 17.03/5.29 Thioredoxin reductase L 319
5  A01185 15.78/5.74 17.37/6.08 Cu*'/zn** superoxide dismutase (SOD1) L 101
6 A07336 60.83/6.55 59.03/6.77 Delta(1)-pyrroline-5-carboxylate dehydrogenase L 59
Transferases
7 A04609 35.73/5.39 33.97/4.98 Transaldolase S 98
8 A00208 44.58/5.89 49.10/5.65 3-Phosphoglycerate kinase S 118
9 A02640 47.02/5.89 50.07/6.35 Ornithine aminotransferase S 120
10 A14029 32.99/5.56 34.33/5.89 Spermidine synthase L 110
11 A08898 13.22/7.73 16.69/6.77 Nucleoside diphosphate kinase L 241
12 A09643 47.21/8.73 43.94/8.11 Aspartate aminotransferase L 40
Hydrolases
Acting on peptide bonds
13 A13528 102.00/5.06 42.77/4.32 Aspartyl protease S 261
14 A04813 40.46/7.50 36.65/4.86 Aspartic proteinase S 812
15 33.65/4.86 3.90 304
16 A05899 62.94/9.70 32.83/8.65 Subtilisin-related protease 5.99 106
17 A04838 62.82/9.65 28.56/8.95 Subtilisin-related protease S 131
18 33.97/7.77 18.18 197
19 A01284 58.28/5.12 33.97/4.98 Serine carboxypeptidases S 189
20 A00335 58.19/5.06 17.11/5.80 Serine carboxypeptidases S 30
21 A09980 41.43/5.36 39.16/4.40 Aspartyl protease L 715
22 37.03/4.35 0.49 997
23 All411 41.33/5.94 38.98/4.45 Aspartyl protease L 138
24 A05635 48.06/6.99 25.90/6.02 Aspartyl protease L 32
25 A07771 99.82/5.76 32.20/4.32 Puromycin-sensitive aminopeptidase L 549
26 A08721 77.36/5.48 98.02/5.80 Dipeptidyl aminopeptidase L 66
Acting on ester bonds
27 A16284 63.84/9.48 32.55/4.51 Hormone-sensitive lipase L 58
28 A07081 34.28/5.72 35.40/5.92 Alkaline phosphatase L 303
29 A02285 27.11/5.30 34.69/5.29 Ribonuclease L 53
Acting on acid anhydrides
30 A08632 32.18/5.24 40.71/5.47 Inorganic pyrophosphatase L 361
31 40.38/6.11 L 280
32 A00873 12.65/8.23 55.68/4.20 F,Fi-type ATP synthase, beta subunit L 136
Glycosylases
33 A13812 54.87/5.38 66.38/5.62 Chitinase S 117
C )
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Isomerases
34 A16561 62.44/5.84 62.56/60.8 Glucose-6-phosphate isomerase S 71
35 A05913 53.06/6.11 8.48/6.38 Fructose-2,6-biphosphatase S 36
36 A09038 27.50/5.42 19.92/5.50 Triosephosphate isomerase 4.43 68
37 27.89/5.44 221 311
38 28.61/5.47 L 247
39 28.42/5.59 L 423
Ligases
40 A08526 81.19/6.65 42.52/6.51 E3 ubiquitin protein ligase L 35
Other proteins
41 A13941 16.00/4.97 17.64/4.38 Actin depolymerizing factor 50
42 17.11/5.02 277
43 A17336 20.34/5.19 21.44/5.11 Uncharacterized conserved protein, contains ML 166
domain
44 A12616 70.49/5.17 45.26/5.65 Molecular chaperones HSP70/HSC70, HSP70 154
45 45.26/5.89 superfamily 231
46 A00900 143.43/6.08 66.56/6.38 Mismatch repair ATPase MSH2 182
47 Al1841 29.88/4.48 18.17/4.56 Mitochondrial matrix glycoprotein 3.28 187
48 A10237 158.01/5.94 59.03/6.56 Mismatch repair ATPase MSH2 4.13 119
49 A08191 19.04/4.26 35.76/4.26 Stromal cell-derived factor 2, contains MIR 249
50 33.98/4.49 domains L 60
51 A16562 19.01/4.28 35.75/4.30 Stromal cell-derived factor 2, contains MIR L 186
domains
52 A04379 18.58/4.57 24.35/4.71 Uncharacterized conserved protein L 320
53 Al16773 292.32/5.56 41.45/4.77 Beta-spectrin L 34
54 A11922 47.10/4.43 55.68/4.46 Calreticulin L 38
55 65.06/4.46 L 229
56 66.42/4.46 L 93
a S L b

MALDI-TOF/TOF-MS

Note: *: Ratio means the ratio of protein abundances between the samples from the solid-state culture and submerged culture; S or L indicate

the proteins only expressed in solid-state culture or submerged culture, respectively.

MALDI-TOF/TOF-MS.

Oxidoreductase EXY Solid-state up regulated
Solid-state exclusively
| Submerged up regulated
Transferase ZZ|m Submerged exclusively
Hydrolase B7777777777ZZ|[MMIIIKEYY
Isomerase PAMIIRSS
Ligase 2
Other proteins v 7MY
-12 -8 —4 0 4 8 12
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3 BERSEFRESEASESE

® Score is the score of identification by

Figure 3 The functional classification of identified differential protein spots from solid-state and submerged cultures

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



409

[20-21]
[6]
(
2 )
(67%)
(2
Subtilisin ( 18)
18 1
3 i
MALDI-TOF/

(3]

(4]

[3]

(6]

% 3

Gibbs PA, Seviour RJ, Schmid F. Growth of filamentous fungi in
submerged culture: problems and possible solutions[J]. Critical
Reviews in Biotechnology, 2000, 20(1): 17-48

Dufossé L, Fouillaud M, Caro Y, et al. Filamentous fungi are
large-scale producers of pigments and colorants for the food
industry[J]. Current Opinion in Biotechnology, 2014, 26:
56-61

Hevekerl A, Kuenz A, Vorlop KD. Filamentous fungi in microtiter
plates-an easy way to optimize itaconic acid production with
Aspergillus  terreus[J]. Applied Microbiology Biotechnology,
2014, 98(16): 6983-6989

Pérez-Rodriguez N, Oliveira F, Pérez-Bibbins B, et al.
Optimization of xylanase production by filamentous fungi in
solid-state fermentation and scale-up to horizontal tube
bioreactor[J]. Applied Biochemistry and Biotechnology, 2014,
173(3): 803-825

Abe K, Gomi K, Hasegawa F, et al. Impact of Aspergillus oryzae
genomics on industrial production of metabolites[J].
Mycopathologia, 2006, 162(3): 143-153

Imanaka H, Tanaka S, Feng B, et al. Cultivation characteristics
and gene expression profiles of Aspergillus oryzae by
membrane-surface liquid culture, shaking-flask culture, and
agar-plate culture[J]. Journal of Bioscience and Bioengineering,
2010, 109(3): 267-273

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



410 A4 Microbiol. China 2017, Vol.44, No.2
[7] Asther M, Haon M, Roussos S, et al. Feruloyl esterase from 2- 1. ,2008,29(4): 403-408

(8]

(9]

[10

[t}

Aspergillus niger: a comparison of the production in solid state
and submerged fermentation[J]. Process Biochemistry, 2002,
38(5): 685-691

Te Biesebeke R, Boussier A, van Biezen N, et al. Identification of
secreted proteins of Aspergillus oryzae associated with growth on
solid cereal substrates[J]. Journal of Biotechnology, 2006, 121(4):
482-485

Oda K, Kakizono D, Yamada O, et al. Proteomic analysis of
extracellular proteins from Aspergillus oryzae grown under
submerged and solid-state culture conditions[J]. Applied
Environmental Microbiology, 2006, 72(5): 3448-3457

Te Biesebeke R, van Biezen N, De Vos WM, et al. Different
control mechanisms regulate glucoamylase and protease gene
transcription in Aspergillus oryzae in solid-state and submerged
fermentation[J]. Applied Microbiology and Biotechnology, 2005,
67(1): 75-82

Ghanem A, Aboul-Enein HY. Lipase-mediated chiral resolution of
racemates in organic solvents[J]. Tetrahedron: Asymmetry, 2004,
15(21): 3331-3351

Xu 'Y, Wang D, Mu XQ, et al. Efficient esterification of sorbitan
oleate by lipase in a solvent-free system[J]. Journal of the
American Oil Chemists’ Society, 2003, 80(7): 647-651

Shan TY, Wang D, Xu YH, et al. Kinetic resolution of 2-octanol
by esterification with mycelium-bound lipase from Rhizopus
chinensis[J]. Chinese Journal of Catalysis, 2008, 29(4): 403-408
(in Chinese)

5 s s

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Wang D, Wu R, Xu Y, et al. Draft genome sequence of Rhizopus
chinensis CCTCC M201021, used for brewing traditional Chinese
alcoholic beverages[J]. Genome Announcements, 2013, 1(2):
€00195-12

Teng Y, Xu Y, Wang D. Changes in morphology of Rhizopus
chinensis in submerged fermentation and their effect on
production of mycelium-bound lipase[J]. Bioprocess and
Biosystems Engineering, 2009, 32(3): 397-405

Zhang B, Guan ZB, Cao Y, et al. Secretome of Aspergillus oryzae
in Shaoxing rice wine koji[J]. International Journal of Food
Microbiology, 2012, 155(3): 113-119

Candiano G, Bruschi M, Musante L, et al. Blue silver: a very
sensitive colloidal Coomassie G-250 staining for proteome
analysis[J]. Electrophoresis, 2004, 25(9): 1327-1333

Jin Z, Mu YW, Sun JY, et al. Proteome analysis of metabolic
proteins (pl 4-7) in Barley (Hordeum vulgare) malts and initial
application in malt quality discrimination[J]. Journal of
Agricultural and Food Chemistry, 2013, 61(2): 402-409
Cupp-Enyard C. Sigma’s non-specific protease activity assay-casein
as a substrate[J]. Journal of Visualized Experiments, 2008(19): 899
Lu X, Sun JB, Nimtz M, et al. The intra- and extracellular proteome
of Aspergillus niger growing on defined medium with xylose or
maltose as carbon substrate[J]. Microbial Cell Factories, 2010, 9: 23
Jun H, Kieselbach T, Jonsson LJ. Enzyme production by
filamentous fungi: analysis of the secretome of Trichoderma
reesei grown on unconventional carbon source[J]. Microbial Cell
Factories, 2011, 10: 68

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



