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Abstract: For the yeast Saccharomyces cerevisiae, the cAMP signal transduction pathway plays an important role in the control of
metabolism, proliferation, differentiation and acquisition of stress resistance. During the fermentation process, stress environments such as high
temperature, high osmotic pressure, nutrient starvation, -high-alcohol- toxicity, etc. are unavoidable. There is a high requirement for yeast
tolerance in industrial applications. It can increase the fermentationperformance of strains and reduce the energy consumption during
fermentation. The constructed mutant_has great signification in industrial application. Based on the existing strain AY12a in the laboratory, the
strong promoter PGK1, was added to the N-terminus of MSN2 gene to achieve overexpression of the gene by using the intracellular
recombination method, using URA3 gene.as the screening marker. The mutant AY12a-msn2 was successfully constructed by PCR verification.
The results showed that the mutant had no temperature tolerance. The mutant and AY12a were tested for very high gravity (VHG) fermentation,
and the alcohol content, residual sugar, 48 h cell survival rate, CO, weight loss and fermentation time were determined. The results showed that
the alcohol content decrease, the residual sugar content and the survival rate of 48 h cells increased. The mutant had longer fermentation time.
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# 1 PCR 5|4&it
Table 1 PCR primer design

7140 4 AR A3 (5°-37) B KB E/C

MAT-F AGTCACATCAAGATCGTTTATGG 55

MAT-a GCACGGAATATGGGACTACTTCG 55

MAT-a ACTCCACTTCAAGTAAGAGTTTG 55

MSN2 ER]/EA U TTTCGCTCTTGGTATCCGTACCTCAC 55

MSN2 EFR]E& D CCTTATATGTAGCTTTCGACATTTTAGATCTAGTTCTTCTATGAGC 60

MSN2-URA3 U GCTCATAGAAGAACTAGATCTAAAATGTCGAAAGCTACATATAAGG 60

MSN2-URA3 D CAGTTTTGGATAGATCAGTTAGATTAGTTTTGCTGGCCGCATCTTC 60

MSN2-PGK1p U GAAGATGCGGCCAGCAAAACTAATCTAACTGATCTATCCAAAACTG 60

MSN2- PGK1p D GAAATCATGGTCGACCGTCATGTTTTATATTTGTTGTAAAAAGTAG 60

MSN2 FR&% U CTACTTTTTACAACAAATATAAAACATGACGGTCGACCATGATTIC 60

MSN2 F R4 D TTAAATGTCTCCATGTTTTTTATGAG 55

I54E MSN2 _EF)JR4-URA3 U CAATTTCCCCTCTACAGAC 55

I5iE £ R RA MSN2-URA3 D CTAAACCCACACCGGGTGTC 55

I URA3- PGK1p U (MSN2) CATGCAAGGGCTCCCTAGC 55

I24E URA3- PGK1p D (MSN2) GAGCCGTCGCTAGGACCTTG 55

I8 PGK1p-MSN2 U CGTCACAATTGATCCCTCCC 55

I3 PGK1p -MSN2 D CAGACTTCCGCECTCCGAAGG 55
Real-Time PCR

RT-U ACGATATGCTGCCGAATTC 55

RT-D TAGTCGCCACTTTCGCAATA 55

‘ MSN2p I I URA3 I I PGK1P I I MSN2 I

4{ MSN2p ‘ MSN2 |7

lHomoIogous
Recombination

4‘ MSN2p | URA3 ‘ PGKI1P | MSN2 }—

13T F5% MSN2 EFIRIZE
Fig.1 Overexpression of MSN2 gene flow chart
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R ZAT R TR R GF R G5 £ Gah sk CO-hkit
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(I RRE R, B SCE 403 5 mL, 105 ‘C K 20 min,
RRBAREGE, 73R N—H 5, 30 CHEREE R 24
h.
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TRFh TR EE: 12 Bix W T KK, N
0.5% IR Ay, FAMEEEI /2% 45 mL, 105 CK
20 min, B—HFFRAEREI 100 mL HEEIE,
30 ClHIRFEHEFE 16 h,

(3) [FPHE L TR SR SR R I P RS A

FREX 100 g Tk 1503k T4 PR E 1) 500
mL =, i 200 g 60 ‘C~70 “C ) E KK 1 0.2
mL FER g, 5T pH % 5.5~5.8, iP5l K
WAL, BRRGRFELF] 90 CHFEATHIRAAL 90 min,
WAL RE PR R, g R ( H 24
KR AUE . MASEREA I 38 ‘CAA, AT pH &
4.2~4.4, N 0.2 mL (IKE{LES, 0.36 g JKZE, 15 mL
YOI BERES), FER 35 CAA I B SRIKANE
WA FE PR 7K, K R A 8 A 1 st
Fin—JZ PE F&, HBEH2EE, 30 °C, 160 r/min %
PERREFE 12 h, JEHEN 38 'C, 160 r/min 41F FHET
TR KB, (et AR, RER% 12 h BRE—IR, PikE
BT 1 g BIRTZ80F . £5 % 48 h, il 48 h ZHJfLAFi5
2, HUE R AR SO 30 °C.

1.2.6 HIBEGAT T

R S I = A 4T, FEfEEH SPSS 115 A
EXCEL 2013 30 Seaadidim it A7 2 7 B B A 56
Hr (ANOVA).

2 GRS

21 Huh kBRI

& 2 i BRIRER MSN2 5 EZ YETIE
Fig.2 Verification of MSN2 fragment amplification with
homologous arm

E: R34 MSN2 ERIRA U A= MSN2 LR R4 D.
MSN2-URA3U  #= MSN2-URA3D . MSN2-PGK1,U #=
MSN2-PGK1,D. MSN2 T Fl/#% U #= MSN2 TR/ D PCR
Y HAFE R ME ey H B M: DL5000 Marker; ki 1:
822bp; #kif 2: 851bp; vkik 3: 1523bp; ki 4: 2140 bp.

DISRAS T bR AY12a AR, FIF S5 MSN2 E

[FJRE U A MSN2 L [EJEE D. MSN2-URA3U #i
MSN2-URA3D. MSN2-PGK1pU F1 MSN2-PGK1:D.
MSN2 T [EJ5E U A1 MSN2 R [EJEE D #H1T PCR ¥~
WA o3 RN DO SR A B, o B R/
THE 2 R, SR BRN—3, "THT TP

5.
22 R RIE

FEPEBIMENTIER AY12a FE DR 4R ORH R JE DR 41 5 IE
IERA BRI, 23 50l FH 3SR B4 AT SeriE . )
5P EHIE MSN2 | [FJE I -URA3U FIEGHE MSN2
F IR JE B -URA3D . 46 1E PGK1g-MSN2U' Fl46 ik
PGK1p-MSN2D. Z&ilE URA3-PGK1pU-MSN2 Fl136GAIE
URA3-PGK1,D-MSN2 k475 Feik MSN2 J [ & pkidt
1758 MR, IMSN2 FE[F 1 H /N 471126 bp. 3006
bp. 1433 bp MFERPER B SHUHAN—2, HYIHE
XTHE PCR JEJattstats, 25Kk 3 .

M 1 2 3 4 5 6

bp
5000
3000
2000
1500
1000
750

[E 3 £ PCR IGIE MSNZ 3K EE
Fig.3 Verified MSN2 by PCR using specific primers
E: AR 3T EGE MSN2 LR JBA-URA3 U FbiE
MSN2 L] /&4 -URA3 D. ¥ iE PGKIL,-MSN2U #e %23k
PGK1p-MSN2D . % 3E URA3-PGK1,U-MSN2 #= & iE
URA3-PGK1,D-MSN2 #2495 4 ¥L. M: DL5000 Marker;
7Ki8 1: 1126 bp; #ki& 3: 3006 bp; #kid 5: 1433 bp, #kid 2,
4, 6 HTAMTR,

23 RT-PCR %

T B IRE MSN2 R R AT, $RECE
HEH AY12a-msn2 KEEABEE AY12a (15 RNA
FESR K cDNA, $218 715 1.2.3 LR 347 52 5%
JeER PCR X MSN2 HEFFRIAEIAT M. WK 4
EREH AY12a-msn2 B AR MSN2 JE[A] 1) 3R0A At o5
KWtk AY12a [f] 4.43 £, SiRERRZE (p<0.05).
BG4 R W A MSN2 JE [R5, SEHLEESKT
(38N, RT-qPCR 45 SR REM% Ui B MSN2 i Fik il
0.
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Fig.4 Comparison of relative expression levels of MSN2 gene in
AY12a and AY12a-msn2

24 WBEBELIRRLKEGFRAEREKHE

MSN2 7} Feik K F

A By AR

a 18-

30C

1.2F
g
2
o]
0.6}
= AY12a
! -&- AY12a-msn2
0'0 1 1 1 1 ]
5 10 15 20 25
Time / h
1.8
b 40C
1.2F
g
2
o]
0.6}
= AY12a
b -&- AY12a-msn2

0.0

é 16 15 2CI) 2%
Time / h
5 EREYE KL

Fig.5 Growth curve of strains

AR A A il A E O Ok A B Bk AY12a
AY12a-msn2 KA PRAEHEAT A HE 2 AR E o PR —
H AY12a Fll AY 12a-msn2 & e 3T 5 mL YPED ¥k
Bigrdkh, WREIR)E, I8 1.2.4.1 TR SRAS E AR
FNRAFKRAE 30 ‘CHI 40 C FRHATAEKAIZR T, 45
UKl 5 s,

K 5 SRR A AR AN RARPR I AR K S . iR
FA BRI A K A R A R AR E T LR, FE
30 CHIBEFRAME T AY12a-msn2 AR bk AY12a [

100

ARG, AERKPEREIEAE —2; UK
N 40 CHY, BRI AR AY 12a-msn2 A KR
K, BERARMK AY12a ERKRE A RN, H
ARIFHIE K . BRI AR B oK iRk
P B BRI o

25 WBEBEARER LG FARAERE XK

#y He

Control 55°C4 min 15% ethanol (v/v) 6% NaCl
10* 10 10° 10° 10" 10* 107 104 10" 107 10° 10* 10" 10* 10° 10* 10' 10° I() 10°

o AR T A W X
m e THEE O
& 6 BRI 1%
Fig.6 Stress tolerance-of strains
TR RS Tk 1.2.4.2 W BTt B 5 2 5 HY
KBEPE AY 128 DL B ISR BE R AY12a-msn2 175 55 °C (4
min) #idi. 15%(V)IFZ.EE . 6%[1) NaCl A 5%(V/V)
SR E I R T it S22 b o 5 SR A& 6 P
MR A 6 T 1, 7EVEE AR 1) YEPD “FAAR L,
Hi R R AY12a FIZRARRE AY 12a-msn2 (1A KB Tl
A b E ] A 52 SR ) R B AR DA
RAZ TR IR G o AR IR B AR EARFRE— 8. 1
55.°C (4 min) IAALELERR AL ST, HER
Pk AY12a FNTASRRAR A A KA SZ 2 TR KA 40
il o (HAH EC R B PR, AEAH [F] R A R,
AY12a-msn2 Lt AY12a IR &Y, BT
PESS T HIUR R AY12a; 1E 15%(VIV)I1) ZEEFT 6%I1)
NaCl &R B R 1, MEMRBEAET,
AY12a-msn2 RAGHR B EAC T 1w £ 5%(VIV)
LRGSR RS, MG K FE R AY12a, RAZ
HE AY12a-msn2 3 BORIIARL T 5%(VIV) I Z,
P o A e RAR IR AR A A T 12k

26 WMEBEHEERTHRE FRAEFHRY E X

5% Acetic acid

JFOR B T R B A R
%2 REEHIAFRE R 5%

Table 2 Fermentation performance and survival ratios of
mutant strains

AY12a AY12a-msn2
20 C B E%I(VIV) 15.4149.20 15.0320.30
FEHE/(gIL) 11.0240.10 19.5020.20
48 h i f7% 1% 50.81+1.70 88.3141.20
KB TA) 72.00 96.00
CO, 6 X Ely 36.8240.30 35.5040.40
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R 1.2.4, H 00 )5 I E R AY12a-msn2 F
HOR B PR AY 12a AT TR iR R B . 15 K kAT
48h J5, WREERIES]), BRER, H=BE2miELE
Kits, HLEHEKMRBEEAEME, 857 1.2.45 i
TR ), HORARE400 A T AL 48 h
AR . FEREEERE, %I 1.2.4.3 e K
B h S, FROT % 1.2.4.4 5E R EAR DR bE
e, 4iRNE 2 .

& 2 AlH, 78 38 CikMB kB, RAKk
AY12a-msn2 T FEAE ELH & AR AY12a A BT T F%,
WS R ETE, 48 h T REESE R IS R
ARRYES, HARMEN AEK . X S50 A 26
Mg 5B —8, HSm 2t RSB
IR i i TR ) (R A, 5 ¥ il o5 A4 PRI 52 2 1) 389 o
teans 8, mil, SBiEESSE, H AY12a-msn2
FAFKRIBAT AT T IR

27 N4k

ASEEG L) MSN2 JE R BEREDR], BRIFGIEEE AY12a
YE MM R EE, BN EAE, 76 MSN2 A1) N
S _E— NSRS BT PGK L, MM SEELE R (it i,
A R4y 52V, IR RAPR AY12a-msn2.

R BB AR AR KR RE AT IR R, Sk
AY12a-msn2 7t 40 CHIAEK LM, A T RIE
T AY12a H 2 ) AY 12a-msn2 20k FE AR T AY 12a.
PRI B RE TR () ol LB R S5 52 1 B o BT 4 R, A
Eb H R I RE AY 124, i 1 A 25 S8 7R N AY 12a=msn2
B, 38 C N B R OK IR K B ah 3R 3% B R AD R
AY12a-msn2 ) L& T b, SRS A B, FTRE
SRR 1 SRR 22 7 G

3 Zh5ip

31 ALLSER =AW AY12a M H KB E,
URA3 ZE K NS ERR e , 1] PR P B 403K 3 MSN2
FRMERIE, I EEERIA MSN2 R 9848 B
¥k AY12a-msn2.

32 XRARKR AY12a-msn2 BEATTR SZPERIIE, K I
FRARKE AY12a-msn2 KILH M mrim e . [FIEH
SRR G R ERE AY12a 3T TOKE R IRIKEE R
P Ss, FEIE K E G &N S8 RARE
AY12a-msn2 (1] 2, & i H R BEAR T B, TRpH & S
i, BRI A RE .
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