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Current studies on stress tolerance of yeast Saccharomyces cerevisiae have mainly focused on transcription control, but the
role of transfer RNA (tRNA) was rarely investigated. We found that some tRNA genes showed elevated transcription levels in
a stress tolerant yeast strain. In this study, we further investigated the effects of overexpressing an arginine transfer RNA gene
tR(ACG)D and a leucine transfer RNA gene tL(CAA4)K on cell growth and ethanol production of S. cerevisiae BY4741 under
acetic acid stress. The tL(CAA)K overexpression strain showed a better growth and a 29.41% higher ethanol productivity than
that of the control strain. However, overexpression of tR(ACG)D showed negative influence on cell growth and ethanol
production. Further studies revealed that the transcriptional levels of HAAI, MSN2, and MSN4, which encode transcription
regulators related to stress tolerance, were up-regulated in tL(CAA)K overexpressed strain. This study provides an alternative
strategy to develop robust yeast strains for cellulosic biorefinery, and also provides a basis for investigating how yeast stress
tolerance is regulated by tRNA genes.

Keywords: Saccharomyces cerevisiae, acetic acid stress, tRNA, lignocellulosic biomass, ethanol fermentation
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%1 AXFAK RT-qPCR 5|1 F5

Table 1 RT-qPCR primers used in this study
Primer names

rt-tL(CAA)K-F

rt-tL(CAA)K-R

Primer sequences (5'-3')
TTGTTTGGCCGAGCGGTCTA
ACGATACCTGAGTATTCCCACAGTT

rt-ALG9-F GGAATTATTGCCTTCTGCCGTTGC
rt-ALG9-R AGACCCAGTGGACAGATAGCGTAG
rt-HAAI-F GTGTGGGCGAAGTTAGCGTTCC
rt-HAAI-R TGCAGCGGTTGCGGTTGTAC
rt-PMA1-F CCGTCGGTGCTGCTTACTTGG
rt-PMAI-R ACAGTGTATGGTTCGTGCAAGGAC
rt-MSN2-F GCTGGGGTTACGAAGGAAAGAAGG
rt-MSN2-R TGGGACAAATGTGACAGTGGAACG
rt-MSN4-F TCTCAAGTCATCTCCGGCTCAGG
rt-MSN4-R TTTAGCGGCAGCAGAGGCATTATC
rt-CAR1-F CGAACAGATTCCCCTTGACC
rt-CAR1-R TATCAGCGTGGGCGTCTATC
rt-PRO3-F TGTGCGGTGGTGTCCTACTCAG
rt-PRO3-R AAGCCGTAGCAGCATCCATGTTC
rt-ADY2-F TTCAGCCTTCGCGTTGACGAC
rt-ADY2-R AGCACAACCGACGACAACATTAGG
rt-JEN1-F CGTGGTTGTCTGCGGCTTGG
rt-JEN1-R GGTGATGTCCTTGGTTGGTCTGTC
rt-PUT1-F TCATGTGTCGGTACTTGGCAGTTG
rt-PUT1-R AGCACCACGAACCAGTTTCAGC
rt-TRM4-F GCTGCTCCTGGCTCCAAAACTG
rt-TRM4-R TCTTCTGGCATCGGCATCATTAGC
rt-RPL22A-F GTCGGTAACTTGGGTAACGCTGTC
rt-RPL22A-R ACCAGAGAACTTGGCAGTGGAAAC

2 ERE44

2.1 CZEREMEEHET (RNA ZEEEFRIESD

XF SETS PR ik SRk e Bk T R A 6T BE TR AR AR
SR T B Sk AT LR o by, R BLR %
SEH 25 (RNA JER, HARILE 2,

M 2 /] LA, KiEftia RNA BEHTE SETS
L RIB AR SR A AR, b, 3R
KSR S B E R tRNA JE PR 2 4 iR 24
tRNA fFEH (R(ACG)D, H¥ CGU., CGC LUK
CGA HM TR A AR . PRI, ZHEEZ
T I, FLE R S A RAEAIR AT M (0.025% 1]
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Table 2 The tRNA genes show significant changes at
the transcription level in SET5 overexpression strain
under acetic acid stress

Genes Log, Fold change P value Description
tR(ACG)D 6.02 0.000 tRNA-Arg
tL(CAA)K 4.73 0.032 tRNA-Leu
tG(GCC)D2 4.02 0.000 tRNA-Gly
tG(GCC)Oo1 3.67 0.001 tRNA-Gly
tK(UUU)P 3.20 0.012 tRNA-Lys
tT(AGU)H 3.05 0.022 tRNA-Thr
tI(AAU)I1 2.88 0.040 tRNA-Ile
TRT2 2.76 0.000 tRNA-Thr
R(ACG)L 2.20 0.014  tRNA-Arg
tN(GUU)F 2.02 0.014  tRNA-Asn
tN(GUU)P 1.87 0.000 tRNA-Asn
tR(UCU)G3 1.84 0.000 tRNA-Arg
tH(GUG)E?2 1.75 0.000 tRNA-His
tG(GCC)G1 1.64 0.012 tRNA-Gly
tQ(UUG)D3 1.63 0.003 tRNA-GIn
tE(UUC)C 1.62 0.000 tRNA-Glu
tE(UUC)J 1.30 0.004 tRNA-Glu
tN(GUU)NI 1.29 0.000 tRNA-Asn
TGAl 1.26 0.006 tRNA-Ala
tA(UGC)E 1.24 0.046 tRNA-Ala
tD(GUC)B 1.13 0.011 tRNA-Asp
tW(CCA)P 1.03 0.000 tRNA-Trp
tG(GCC)P1 -1.23 0.022 tRNA-Gly
tR(ACG)J -1.27 0.007 tRNA-Arg
tV(AAC)E2 -1.29 0.014 tRNA-Val
tV(AAC)K1 —1.84 0.013 tRNA-Val
tG(GCC)DI -5.12 0.004 tRNA-Gly
tL(UAG)J -5.27 0.002 tRNA-Leu

) B FRAIE T AERKZED, Ah, g
Z R tRNA YFEH tL(CAA)K W & FE iZHE A
WIEAR LTI, FEERER] 1,4- 6 A PEREAAE
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AR, fEad B LS AT, m’C Bt
EE R Trmdp W RLIAIE , SN T H AT mC &M
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Fig. 1 The profiles of cell growth (A), residual sugar (B), ethanol production (C) and glycerol production (D) of
Saccharomyces cerevisiae strains BY4741, BHO, BHO-tR(ACG)D and BHO-tL(CAA)K when 4.2 g/L acetic acid was
supplemented.

£3 ZEMETH3ERIE (R(AACG)D tL(CAA)K X EREE T BY4741 TEE LB
Table 3 Effects of overexpressing tR(ACG)D or tL(CAA)K on ethanol production by Saccharomyces cerevisiae under
acetic acid stress

Strains Si(gh)  Si(gh) S (g/L) Emax (g/L)  Yers (g/2) Y (%) Yerr (g/(L-h))
BY4741 98.07 20.43 78.24 33.46 0.43 0.84 0.35
BHO 97.46 24.51 73.03 32.94 0.45 0.88 0.34
BHO-tR(ACG)D 96.42 43.46 53.64 23.11 0.43 0.84 0.24
BHO-tL(CAA)K 95.96 3.80 92.11 42.49 0.46 0.90 0.44

Fermentation time: 96 h; S;: initial glucose concentration; Sy the sugar concentration when fermentation was finished; S.:
consumed sugar; E.,,: maximal ethanol concentration; Yg/: ethanol yield, g(ethanol)/g(glucose/sugars); Y: ratio of ethanol
yield to the theoretical value of 0.511 g (ethanol)/g (glucose); Yg/r: ethanol productivity. 4.2 g/L acetic acid was added.
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Fig. 2 Transcription levels of 1L(CAA4)K and other key genes in the recombinant yeast overexpressing ¢L(CAA4)K under
acetic acid stress when compared to the control strain. *: P<0.05. **: P<0.01. tL(CAA)K: leucine tRNA (tRNA-Leu);

HAAI: transcriptional activator gene involved in adaptation to weak acid stress; PMAI: plasma membrane P2-type
H'-ATPase gene, pumps protons out of cell, major regulator of cytoplasmic pH and plasma membrane potential; MSN2:
and MSN4: genes encoding stress-responsive transcriptional activator; CARI: arginase gene, catabolizes arginine to
ornithine and urea; PRO3: gene encoding delta 1-pyrroline-5-carboxylate reductase, catalyzes the last step in proline
biosynthesis; ADY2: acetate transporter gene required for normal sporulation; JENI: gene encoding
monocarboxylate/proton symporter of the plasma membrane; PUT!: proline oxidase gene.
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Fig. 3 The intracellular amino acid content of S. cerevisiae strains BHO and BHO-tL(CAA)K when 4.2 g/L acetic acid
was supplemented. (A) The content of amino acid is less than 1x10* mol/g DCW. (B) The content of amino acid is higher

than 1x10* mol/g DCW. *: P<0.05. **: P<0.01.
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