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Comparative intracellular proteomics analysis of a low higher

alcohols producing Saccharomyces cerevisiae mutant and
different expression of higher alcohols

synthesis related proteins
WANG Guo-Zheng WU Qun XU Yan"

(The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan
University, Center for Brewing Science and Enzyme Technology, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] Higher alcohols is an important part of liquor trace aroma components, but
higher alcohols will have negative effects on wine flavor as well as the quality when its content is too
high. Higher alcohols in liquor are mainly produced by yeast during alcoholic fermentation and
alcoholic fermentation is mainly processed by Saccharomyces cerevisiae, it means that looking for
higher alcohol synthesis functional proteins is of great importance for liquor production. [Methods]
Two-dimensional electrophoresis was used to compare the differences of intracellular proteins between
the Saccharomyces cerevisiae mutant ARTP5, whose higher alcohols production is much less than the
origin strain, and the origin strain CF4. Comparative analysis of the two strains’ intracellular proteomic
differences helps to find higher alcohols synthesis functional proteins. [Results] Compared with the
origin strain CF4, the higher alcohols production of mutant strain ARTP5 was reduced by 20% and it
indicates that 45 spots (expression ratio=2) were expressed differently. Among them, 29 proteins were
identified by MALDITOF MS-mass spectrometry, including proteins in carbohydrate and energy
metabolism, stress response, protein translation and folding, amino acids metabolism, higher alcohol
metabolism progress, etc. It is amazing to find out that the protein ILVS5 involved in branched chain
amino acid metabolism was up-regulated and the protein ADH1 involved in higher alcohol synthesis
was down-regulated in strain ARTPS5 compared with those in strain CF4, this could possibly be the
reason that the higher alcohols production decreased in strain ARTPS5. [Conclusion] The finding of the
higher alcohols synthesis related protein ILVS and ADH1 has important significance for the revealing
of higher alcohol synthesis mechanism in Saccharomyces cerevisiae alcohol fermentation process.

Keywords: Liquor, Saccharomyces cerevisiae, Higher alcohols, Two-dimensional electrophoresis,
Intracellular proteomics
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Figure 1 The growth curve and CO, weight loss curve of
the mutant strain ARTPS and the origin strain CF4
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Figure 2 Producion of propanol, isobutanol and isoamylol
by the mutant strain ARTPS and the origin strain CF4
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Figure 3 2-D electrophoresis images of the mutant strain ARTP5’s and the origin strain CF4’s intracellular proteome
T A: JRUIATERE CF4; B: 725 HbR ARTPS. JUATHPR CF4 S5iA725 bk ARTPS ik 5 2% 5 =2 ML 8 1 B b,
Note: A: The origin strain CF4; B: The mutant strain ARTPS. The intracellular proteins whose expression difference is more than or equal to
2 times between the mutant strain ARTP5 and the parent strain CF4 are marked by numbers.
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Table 1 MS identification result of the intracellular proteins whose expression was found to be different between
the mutant strain ARTPS and the origin strain CF4

i HHAAR i FEfEL A TR
Spot number Protein name Description Ratio (ARTPS5/CF4) pl Mr

Carbohydrate and energy metabolism

Glycolysis/Gluconeogenesis

8 ENO1 Enolase 3.15+0.048" 6.16 46 802.11
23 ENO1 Enolase =" 6.16 46 802.11
39 ENO1 Enolase 0° 6.16 46 802.11
40 ENO1 Enolase 0° 6.16 46 802.11
10 TDHI1 Glyceraldehyde-3-phosphate dehydrogenase 2.58+0.024° 8.59 35691.90
14 TDHI1 Glyceraldehyde-3-phosphate dehydrogenasel 2.89+0.032° 8.29 35749.94
27 TDHI1 Glyceraldehyde-3-phosphate dehydrogenase =4 8.59 35 691.90
44 TDH3 Glyceraldehyde-3-phosphate dehydrogenase 0° 6.25 35 733.63
TCA cycle
31 PdhB Pyruvate dehydrogenase E1-beta subunit =4 5.21 40 067.67
Other
21 Exglp Glucan 1,3-beta-glucosidase I/11 =4 4.57 51310.97

Stress response

29 Ahplp Peroxiredoxin type-2 =° 5.01 19 114.67
22 HSP26 Heat shock protein 26 =° 5.31 23 909.71
25 HSP26 Heat shock protein 26 =t 531 23 909.71
26 HSP26 Heat shock protein 26 =4 5.31 23 909.71
28 Hsp26p Heat shock protein 26 =t 5.31 23 909.71

Protein translation and folding
17 FPR1 FK506-binding protein 1 3.9+0.075* 5.72 12 157.87

35 AaceriAFL200Wp Sequence-specific  DNA  binding  RNA - 582 69068.56
polymerase II transcription factor activity

24 Prefoldin dubunit 5, putative  Protein folding =t 8.84 17 691.33
Amino acids metabolism

5 GDH1 NADP-specific glutamate dehydrogenase 1 3.5240.053* 5.68 49 552.02

7 ILVS Ketol-acid reductoisomerase 2.06+0.018* 9.10 44 368.46

Higher alcohol metabolism

38 ADH1 Alcohol dehydrogenase 1 o 6.21 36 849.17
41 ADH1 Alcohol dehydrogenase 1 0° 6.21 36 849.17
37 ADH1 Alcohol dehydrogenase 1 0° 6.21 36 849.17

(5480
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(ZER)
Other
19 PHO3 Constitutive acid phosphatase 2.9+0.073° 4.52 52 771.77
20 CLCl Clathrin light chain =° 431 25 472.30
33 BMH2 =t 4.82 31 167.51
4 Hypothetical protein, o .42 90 786.70
conserved
Wt FELER; ° RS TIEMEN. 0 MEFI/E CF4 Wbk ik, ARTPS Wbk AR #&iL; — M/ ARTPS Witk

1K, CF4 HkRARFA. RPREN PIEIY<0.05 ff11IF T4 E AF AR 2ZE RG] S,

Note: *: Up-regulated proteins; > Down-regulated proteins. 0: There was expression of the protein in the strain CF4, with no expression in
the strain ARTPS; —: There was expression of the protein in the strain ARTPS, with no expression in the strain CF4. P-value of every protein
in the table is not higher than 0.05, it was considered to guarantee high statistical confidence of differential expression.
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Figure 4 The biosynthetic pathway of higher alcohols and branched chain amino acid in S. cerevisiae

[20,23]

Note: Dashed arrows are used when one or more intermediates or reactions are omitted. Dash-dot arrows are used to indicate the proteins
catalyze corresponding reactions. KB: a-Ketobutyrate; AHB: a-Aceto-a-hydroxybutyrate; DHMV: a,B-Dihydroxy-B-methylvalerate; KMV:
a-Keto-B-methylvalerate; AL: a-Acetolactate; DHIV: a,B-Dihydroxy-isovalerate; KIV: a-Keto-isovalerate; RI: a-Acetohydroxyacid

reductoisomerase.
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