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Impact of zinc sulfate supplementation on global gene expression
profiling of Saccharomyces cerevisiae in response to acetic acid stress
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(1. School of Life Science and Biotechnology, Dalian University of Technology, Dalian, Liaoning 116023, China)
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Abstract: [Objective] To study the molecular mechanisms underlying improved acetic acid stress
tolerance of the flocculating yeast Saccharomyces cerevisiae SPSC01 by zinc sulfate
supplementation. [Methods] Global gene expression profiling was studied by comparative
transcriptomic analysis using yeast cells of the log phase cells that were grown with or without
0.03 g/L zinc sulfate addition in the presence of 10.0 g/L acetic acid. [Results] Transcription levels
of 50 genes were up-regulated and 162 genes were down-regulated when zinc sulfate was added in
the fermentation medium. Genes involved in carbohydrate metabolism, methionine synthesis, and
vitamin biosynthesis were up-regulated. In addition, genes encoding the antioxidant enzymes and
other stress responsive genes were also up-regulated. [Conclusion] Zinc sulfate addition affected
global gene transcription of S. cerevisiae, exerting positive effects on the expression of antioxidant
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enzymes, stress tolerance and redox balance, as well as energy metabolism. Our results indicate that
zinc sulfate supplementation improves acetic acid tolerance of S. cerevisiae by regulating multiple

genes and metabolic pathways.

Keywords: Saccharomyces cerevisiae, Transcriptome, Acetic acid tolerance, Zinc sulfate

supplementation
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Table 1 The primers for RT-qPCR analysis

FEH Gene 5|94 FR Primer name 5|4 Primer (5'—3")

ALGY rtALG9-F ATCGTGAAATTGCAGGCAGCTTGG
rtALG9-R CATGGCAACGGCAGAAGGCAATAA

OPI3 rtOPI3-F GGTGACTATTTCGGCATCCT
rtOPI3-R CGCAGGCTTTCCTTTGTAA

PETIS8 rtPET18-F CATCCCTCACCAAGGAAGAA
rtPET18-R CACGAGCCCATCTCCAATAG

INO1 rtINO1-F TGGGACATCAATAACGCAGA
rtINO1-R GGCTTCACCAAGGACATCTT

THI20 rtTHI20-F TAAAAAGGTTGCGGACGGTA
rtTHI20-R CCCGCGATACAATGAACTCT

CITI rtCTT1-F CGTTGGTGGTGAAAGTGGTA
rtCTT1-R TCTGAGGAAGAAGACGGGAGT

HUGI rtHUG1-F GCAATTCTTCCTTGACGATGT
rtHUGI-R AACGTGATCCTTGGGGAATA
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Figure 1 Effect of zinc sulfate supplement on cell growth and ethanol fermentation of the flocculating yeast SPSC01 under
acetic acid stress
TE: A BERAYERRINZ; B: BRI OB ENZ. CK: RRIGRER BN IRAL; Zn: BRERPERINA; G: H%h
THFE; B: LB
Note: A: Growth curve; B: Glucose consumption and ethanol production. CK: Control group without zinc sulfate supplementation; Zn:
Experimental group with zinc sulfate addition; G: Glucose consumption; E: Ethanol production.
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Table 2 RT-qPCR analysis of genes in transcriptomic results

FEHTRE SEI RE AR () HeRALRIEED
Gene Gene function RT-PCR results (Fold) Transcriptome results (Fold)
CTTI Cytosolic catalase T; has a role in protection from oxidative damage by 10.20 1.62
hydrogen peroxide
INOI Inositol-3-phosphate  synthase; involved in synthesis of inositol 4.41 6.21
phosphates and inositol-containing phospholipids
OPI3 Methylene-fatty-acyl-phospholipid synthase; catalyzes the last two steps 2.55 1.83
in phosphatidylcholine biosynthesis; also known as phospholipid
methyltransferase
PETI8 Protein of unknown function; has weak similarity to proteins involved in 6.39 2.04
thiamin metabolism; expression is induced in the absence of thiamin
HUGI Ribonucleotide reductase inhibitor; intrinsically disordered protein that 3.23 1.98

binds to and inhibits Rnr2p; involved in the Meclp-mediated checkpoint
pathway; transcription is induced by genotoxic stress and by activation of
the Rad53p pathway
THI20  Trifunctional enzyme of thiamine biosynthesis, degradation and salvage; 9.95 2.52
has hydroxymethylpyrimidine (HMP) kinase, HMP-phosphate (HMP-P)
kinase and thiaminase activities
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Figure 2 Pathway enrichment for differentially expressed genes in the transcriptomic results
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Table 3 Effect of zinc sulfate supplementation on transcription levels of genes related to energy metabolism

FE LR TRE e (e
Gene Gene function Difference Fold
HXT9 Putative hexose transporter that is nearly identical to Hxt11p Up 1.63

IMA2 Isomaltase  (alpha-1,6-glucosidase/alpha-methylglucosidase);  preferred  specificity  for Up 1.52
isomaltose, alpha-methylglucoside, and palatinose, but also exhibits alpha-1,2 glucosidase
activity on sucrose and kojibiose, and can cleave the 1,3-alpha linkage of nigerose and turanose
and the alpha-1,5 linkage of leucrose in vitro

IMA3 Alpha-glucosidase Up 1.51
IMA4 Alpha-glucosidase Up 1.50
TDH3 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), isozyme 3 Down 0.59
GND1 6-Phosphogluconate dehydrogenase (decarboxylating); catalyzes an NADPH regenerating Down 0.72

reaction in the pentose phosphate pathway; required for growth on D-glucono-delta-lactone and
adaptation to oxidative stress

SOL3 6-Phosphogluconolactonase; catalyzes the second step of the pentose phosphate pathway Down 0.67

IDH] Subunit of mitochondrial NAD(+)-dependent isocitrate dehydrogenase; complex catalyzes the Down 0.61
oxidation of isocitrate to alpha-ketoglutarate in the TCA cycle

IDH?2 Subunit of mitochondrial NAD(+)-dependent isocitrate dehydrogenase; complex catalyzes the Down 0.61
oxidation of isocitrate to alpha-ketoglutarate in the TCA cycle

FUMI Fumarase; converts fumaric acid to L-malic acid in the TCA cycle Down 0.68

DAL7 Malate synthase Down 0.69

PDC5 Minor isoform of pyruvate decarboxylase; key enzyme in alcoholic fermentation, decarboxylates Down 0.39

pyruvate to acetaldehyde, regulation is glucose-and ethanol-dependent
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Table 4 Effect of zinc sulfate supplementation on transcription levels of genes related to stress tolerance

FED SERTRE R
Gene Gene function Fold of up-regulation
CTTI Cytosolic catalase T; has a role in protection from oxidative damage by hydrogen peroxide stress 1.62
TSA2 Stress inducible cytoplasmic thioredoxin peroxidase; cooperates with Tsalp in the removal of 1.55
reactive oxygen, nitrogen and sulfur species using thioredoxin as hydrogen donor
HSPI2 Plasma membrane protein involved in maintaining membrane organization; involved in 1.52
maintaining organization during stress conditions; induced by heat shock, oxidative stress,
osmostress, stationary phase, glucose depletion, oleate and alcohol
GTO3 Omega class glutathione transferase; putative cytosolic localization 1.59
TIR4 Cell wall mannoprotein; expressed under anaerobic conditions and required for anaerobic growth 1.60
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Figure 3 Changes of methionine pathway genes by zinc sulfate addition under acetic acid stress
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