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fuel ethanol. Therefore, the great way to increase the efficiency of cellulosic ethanol production is improvement of
Saccharomyces cerevisiae tolerance to these inhibitors. In this work, the effects of LCB4 gene overexpression on cell growth
and ethanol fermentation in S. cerevisiae S288C under acetic acid, furfural and vanillin stresses were studied. Compared to the
control strain S288C-HO, the recombinant strain S288C-LCB4 grew better on YPD solid medium containing 10 g/L acetic
acid, 1.5 g/L furfural and 1 g/L vanillin. Ethanol yields of recombinant strain S288C-LCB4 were 0.85 g/(L-h), 0.76 g/(L-h) and
1.12 g/(L-h) when 10 g/L acetic acid, 3 g/L furfural and 2 g/L vanillin were supplemented into the fermentation medium
respectively, which increased by 34.9%, 85.4% and 330.8% than the control strain S288C-HO. Meanwhile, ethanol
fermentation time was reduced by 30 h and 44 h under furfural and vanillin stresses respectively. Further metabolites analysis
in fermentation broth showed that the recombinant strain produced more protective compounds, such as glycerol, trehalose and
succinic acid, than the control strain, which could be the reason for enhancing strain tolerance to these inhibitors from
pretreatment process of lignocellulose. The results indicated that overexpression of LCB4 gene could significantly improve
ethanol fermentation in S. cerevisiae S288C under acetic acid, furfural and vanillin stresses.

Keywords: ethanol fermentation, LCB4, acetic acid stress, furfural stress, vanillin stress
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Table 1 Primers used in this study

Primer name Primer sequence (5'-3")

LCB4-F AAACCCGGGATGGTGGTGCAGAAAAA
ACTT

LCB4-R CCCTTAATTAACTACATGGATTCAAACT

PG418-R g(l—BCCTCGAAACGTGAGTC

rtLCB4-F CAAACTCTTCGCCGGATTTA

rtLCB4-R AGGTACTGGTTCCGTCATCG

rtALG9-F ATCGTGAAATTGCAGGCAGCTTGG

ALG9-R CATGGCAACGGCAGAAGGCAATAA
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Fig. 1 Verification of recombinant strain S288C-LCB4
by PCR analysis. M: DNA marker (DL10000); 1: positive
control; 2: target fragment (LCB4 + G418); 3: negative
control.

EBCAS S o 40 ) Y A T RE B0 R 4H T bR
S288C-LCB4 FIXf A #% S288C-HO 4fl il i#k 47
RT-PCR #:iill, /3 #fr LCB4 N AE 2 D EMRH R
At 5RO (K 2) LCB4 KL [HI7E S288C-LCB4
AR AT I8 R R N BR T R 1 2.9 %, KW LCB4
LR 7E S288C-LCB4 it £k,

25X R AT A B Ak A A O T 52 PR
Mo KT EE 2 PR kS N BB R 4 7E 10 /L Z
R, 1.5 g/L MEEA 1 /L 7 B EAI I 40 - A 1
ARG, G5HRNE 3 FR. RN 10 g/L 1R

SRR b X AL 4 TR BB B AR K
40r
230l
§ 1.0+ ’—1—‘

S288C-HO S288C-LCB4
2 S288C-HO 5 5283C-LCB4 E#kH LCB4 EH &Y

Rire

Fig. 2  Comparison of LCB4 expression between
recombinant strain S288C-LCB4 and the control strain
S$288C-HO.
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Fig. 3  Effect of LCB4 overexpression on stress
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YPD solid medium with 10 g/L acetic acid, 1.5 g/L
furfural or 1 g/L vanillin was supplemented and
incubated at 30 C.
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Fig. 4 The profiles of cells growth, residual sugar and ethanol during ethanol fermentation by S. cerevisiae S288C-HO
and S288C-LCB4 when 10 g/L acetic acid was supplemented. (A) Growth curves. (B) Residual sugar and ethanol

production.
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Fig. 5 The profiles of cells growth, residual sugar and ethanol during ethanol fermentation by S. cerevisiae S288C-HO
and S288C-LCB4 when 3 g/L furfural was supplemented. (A) Growth curves. (B) Residual sugar and ethanol

production.

http://journals.im.ac.cn/cjbcn



fIigiE FdRAKEHSEMBER LCB4 R ERERSHIH T =t

2 TR R E B 8 R T R T R BE L
&5 HZH R Pk S288C-LCB4 5% Rk S288C-HO
TECTR . BEIE R R A T £ B3 80 L ™
HRANER 2 Pin. LR . BREE A& s ia T &4l
R PR WA 238 LU XT R B R 23 Sl 5 7.7% . 22.6%
M 87.0%, LEEH35HIHEE 34.9%. 85.4%FI
330.8%, M 2 g/L LM A T HAH Rk
RREMOEE R Em AW R, EARKES T
WRIRTE TR W R A e JE JUh 0 T 199 2 B R A
K, R LCBA JLH S Rib & T EHA WM LR
T R A 1 I 3 T A2 M
2.2.2 BEAWMAEMHYME T RBERPREY
254k

AR AT R, A B R R AL AR
S288C-LCB4 LR . HEME A R MY TN 52 1 B 3%

PR o NI EE A TR PR I 32 1 B s A ML ) %
Y5 A P T A2 AR G B AR AT T A
(Hrm . EEROMEFIBEEAR), 45 R 7 o,

7E 10 g/L ZBaMe T, EE2H R A e H
5% BT IR RV OB 1 5 0 ) B BB AR AR v T
32.7%. 39.7%H1 6.9%. L FRIMNAFAES TE NI
Bk, MITEEEZH ATP ¥ H I H Ak gk
RN IE R A pHP 2, e R 4R e, ek
Yy TCA TN A THEZH ATP, HilE LA
WEE R P AR, KRR AFE T A, HAY
RNV FA, T AN SO AN M AT 34
L, A B TS AR 2R 2 P2, %
HH 20 75 2 5 2 ) ATP RIS 40 S5k 1o et 2 RN}
AR EENE, BRI LCBA s Feikm] DAfE a4 it A= o
ZHH . BRIHMORSE By R BRI 52 1

A B
Hr o sasscno 100 —o— $288C-HO - 50
—0— S288C-LCB4 g —0— S288C-LCB4
3.0} 2 80 40
g g, 60 303
Q20+ 3 3
N s 40 20 £
= m
r £ 20 10
1 1 1 J 0
0 20 10 60 80 0 20 40 60 30

t(h}

t{h)

6 MBRiEBE2E S288C-HO 5 S288C-LCBA £ 2 g/L HEEMAMTAIEK (A). ZRERCERE (B) WENK
Fig. 6 The profiles of cells growth, residual sugar and ethanol during ethanol fermentation by S. cerevisiae S288C-HO
and S288C-LCB4 when 2 g¢/L vanillin was supplemented. (A) Growth curves. (B) Residual sugar and ethanol

production.
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Table 2
supplemented

Impact of LCB4 overexpression on ethanol yield and productivity of S. cerevisiae S288C with inhibitors

911

10 g/L acetic acid 3 g/L furfural 2 g/L vanillin
Item Yercs Per Yercs Per Yercs Per
(g ethanol/g glucose) (g ethanol/(L-h)) (g ethanol/ (g ethanol/ (g ethanol/ (g ethanol/
g glucose) (L-h)) g glucose) (L-h))
S288C-HO 0.39 0.63 0.31 0.41 0.23 0.26
S288C-LCB4 0.42 0.85 0.38 0.76 0.43 1.12
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Fig. 7 Impact of inhibitors on extracellular metabolites of
S. cerevisiae S288C-LCB4 during ethanol fermentation.
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furfural, 2 g/L wvanillin and their mixture were
supplemented respectively.
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