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Advances in functional genomics studies underlying acetic
acid tolerance of Saccharomyces cerevisiae

Xinging Zhao, Mingming Zhang, Guihong Xu, Jianren Xu, and Fengwu Bai
School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, Liaoning, China

Abstract:  Industrial microorganisms are subject to various stress conditions, including products and substrates
inhibitions. Therefore, improvement of stress tolerance is of great importance for industrial microbial production. Acetic
acid is one of the major inhibitors in the cellulosic hydrolysates, which affects seriously on cell growth and metabolism of
Saccharomyces cerevisiae. Studies on the molecular mechanisms underlying adaptive response and tolerance of acetic acid
of S. cerevisiae benefit breeding of robust strains of industrial yeast for more efficient production. In recent years, more
insights into the molecular mechanisms underlying acetic acid tolerance have been revealed through analysis of global gene
expression and metabolomics analysis, as well as phenomics analysis by single gene deletion libraries. Novel genes related
to response to acetic acid and improvement of acetic acid tolerance have been identified, and novel strains with improved
acetic acid tolerance were constructed by modifying key genes. Metal ions including potassium and zinc play important
roles in acetic acid tolerance in S. cerevisiae, and the effect of zinc was first discovered in our previous studies on
flocculating yeast. Genes involved in cell wall remodeling, membrane transport, energy metabolism, amino acid
biosynthesis and transport, as well as global transcription regulation were discussed. Exploration and modification of the
molecular mechanisms of yeast acetic acid tolerance will be done further on levels such as post-translational modifications
and synthetic biology and engineering; and the knowledge obtained will pave the way for breeding robust strains for more

efficient bioconversion of cellulosic materials to produce biofuels and bio-based chemicals.

Keywords: Saccharomyces cerevisiae, acetic acid tolerance, fuel ethanol, molecular mechanisms, functional genome
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Mechanisms of acetic acid stress response in S. cerevisiae cells.
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Table 1 Genes related to acetic acid stress in S. cerevisiae

Pathway

Gene name

Lipid metabolism

Response to stress

Mitochondrial function

Transcription factors

Transport

Protein folding

Protein modification

Carbohydrate metabolism

Cytoskeleton organization
and morphogenesis

Ammonium, amino acids
and vitamin metabolism

Ion homeostasis

CRD1 ERG28 LIP5 SAC1 SCS7 CHO2 ERG3 ERG4 ERG6 SUR1 ERG2 HSV2 HTD2
IPK1 ISC1 SUR4 VPS34

ASG1 CCS1 DOT5 FRT1 GTS1 MXR2 WHI2

AEP2 ATP1 ATP11 ATP14 ATP4 ATP5 CBP3 COQ5 COX11 COX12 COX23 COX9 CYT2
FIS1 FMC1 LPD1 MCX1 MDM32 MGM1 MEF2 MGM101 MSS2 MSS51 MTG2 OXAl
PET117 PET122 PET54 POR1 QCR QCR76 QCR8 RRF1 RSM23 RTG2 SAM37 SLS1
YSP1

MIG1 ACE1 ACE2 CBF1 CST6 GCR2 HAA1l INO2 IXR1 MOT3 MSN2 NRG1 PPR1
RIM101 RTG3 SKN7 STB5 STP1 SUM1 SWI6 THI2 TYE7 UGA3 UMEG6

AGP2 AZR1 FET3 FPS1 GUP1 ITR1 MCH5 MDL1 MEP3 NHA1 OPT2 PMR1 RGT2
SPF1 TPO3 TPO1 URE2 YBR241C YIA6 YMD8 YOR378W

CAJ1 DOC1 EMC1 FES1 SSE1 SSZ1

AIM22 ALG12 ARD1 BRE5 COS16 CPR6 CPR7 CTK1 DBF2 FPK1 EUG1 GNT1 GSH2
LAS21 HRK1 KTR4 LIP2 MCK1 MKC7 MTQ2 NAS2 NAT1 NAT3 OST4 PMT1 PMT2
PPT2 PTK2 RPN10 RPS4B SHR5 SWF1 UBC4 UBP14 UBP6 VID22 UBP15VID28 YPK1
ARI1 CAT2 FUM1 GPH1 HXK2 KGD2 NDE1 PCL7 PDAl1 PDC1 PFK1 PKP1 PYC1
PYC2 RHR2 RPE1 TPS1 TPS2 YHM2 YJR096w ZWF1

ALF1 APQ12 ARC18 ARP6 BEM2 BEM4 BUB3 BUD25 CYK3 GIN4 HOF1 KAR3 KEL1
LDB18 MDY2 MMR1 NIP100 NUM1 POM34 RGD1 RHO4 RVS161 SAC6 SEH1 THP1
TMA23 VAC17 VAM10 VRP1 YKE2

ABZ2 ARO1 BUD16 COX10 CYS3 DUR1, 2 ECM31 GCN1 GCV3 GDH1 GLY1 HIS7
MET7 MET8 MEU1 MMP1 NPR2 NPR3 PRS3 SLM5 THI6 Y BR204C

ARL1 FIT2 FIT3 FRA1 FRA2 FRE3 FRE8 TRK1

2 RELHERENR M I RESE 1.8 g/L
1.72
TAL 0.03 mol/L
1.35
-5- -5- -4-
[35]
HAA1L YJS329  ZK2
7 g/L
7ZK2
(Metabolic profiling) ELO1 FEN1 OLE1
PPP -5- ELO1 YJS329 ZK2
-5- -4- 17.6% 9.4%
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