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The Identification of a Novel Gene and Its Effect on Stress Tolerance in

Saccharomyces cerevisiae Chinese Rice Wine Strain

Wang Mingyue, Yu Wenwen, Zhang Lu, Liang Xinle, Li Yudong*
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018)

Abstract They identified a putative gene g5170 from Saccharomyces cerevisiae (S. cerevisiae), a Chinese
rice wine strain D2, and characterized its effects on stress tolerance and fermentation performance. A protein
encoded by g5770 contains an amidase domain, and was over-expressed in growth culture in YPD medium. A
knockout strain D2Ag5170 is constructed by using Cre/loxP system. A disruption cassette of g5/70 with a short
flanking homologous regions to g5/70 and kan" as selectable marker was amplified and transformed into S.
cerevisiae through LiAc/SS carrier DNA/PEG method. Positive transformants were screened on G418 plates and
verified by PCR. The kan” marker was removed by transforming plasmid pSH65 into the positive transformants and
inducing expression of Cre recombinase by galactose. The procedure was repeated to obtain the knockout strain
D2Ag5170, in which two g5170 copies were completely deleted. Compared to a wild type strain, mutant D2Ag5170
showed no significant alterations of tolerance to heat stress and osmotic stress, but exhibited significant lower

tolerance to ethanol stress. In contrast, over-expression of g5/70 in S. cerevisiae resulted in enhanced tolerance
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to ethanol stress. Simulation of rice wine fermentation showed that the growth rate, ethanol production and other

parameters of the mutant were similar to that of the wild strain. These results suggested that g57/70 was associated

with ethanol stress response, which might impact fermentation performance of S. cerevisiae in rice wine production.
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Table 1 Main strains and plasmids used in this paper

L B YSpi SR

Strain or plasmid names Genotype descriptions Sources

D2 g5170 Laboratory
D2Ag5170* g5170 241 This study
D2Ag5170 g5170 240 This study

S. cerevisiae BY4741 MATa his341 leu2A0 met1540 ura340 Laboratory
BY4741+pYES2 pYES2 This study
BY4741+pYES2+g5170 PYES2+g5170 This study

E. coli DH5a - Laboratory

pUG6 kan’, loxP Zhejiang University
pSH65 Zeocin Zhejiang University

pYES2 EcoR 1, BamH 1, Ampicillin, URA3

Zhejiang University
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Table 2 Primers used in this paper

519 JFA)(5'—3") L
Primers Sequence (5'—3") Notes
51718 CTC GCC TGA CTG CGT TTG Located downstream of g5770
g5171A CAT CGG CTC GTCACCACT Located within g5770
251698 GAA GCA CCC TCG ACT GG Located upstream of g5170
g5169A GGT AGC GAA GGC GGATA Located within g5170
KNIS ACT TAT AAATTG TGC CAG AGG TCATTA From directly upstream of g5170
CCATAG TAATACTC
AGG TCGACAACC CTT AAT Derived from upstream of loxP
KNIA AAA GGT CAG GAT TACA GTT TAATTT TGT From directly downstream of g5170
TCTCTTATT TCT TGAT
CTG ATA TCA CCT AAT Derived from downstream of /oxP
KN2S TTT CTT TAG GGA AAT CTC ACA AAA GGA From directly upstream of g5170*
TGT AAG ATA GAA G
AG GTC GACAACCCTTAAT Derived from upstream of loxP
KN2A ATT ATC GAT ATG CAG CTATTT CCT TTT CTA  From directly downstream of g5/170*
CCGTTGGCTTT
ATCT GAT ATC ACC TAATA Derived from downstream of /oxP
KNS CCG TGT CAC GAAATTAGAT Located within g5770
KNA GAG ACT TAT GGC GAT GGT A Located within g5770
YZS AGC CGGATT TCT TAC TTACT Located upstream of g5770
KA TAG ATT GTC GCACCT GAT T Located within kanMX
g5170+p+S CGG GAT CCT TTA GGG CGA CGA AAT AT Located downstream of g5/70 on pYES2
g5170+p+A CGG AAT TCAATT GTG CCA GAG GTC AT Located upstream of g5/70 on pYES2

EEMEL0 g/L. &ALAN10 g/L, BA G T 121 °CK
30 min, [l 5; 7% 5 I82%(w/v) K B i ; YPDE 97 5
LA R &IHE20 g/L. R EME20 g/L. BELER
10 g/L, InZ&487K 21000 mL, V2] J5 115 °C7K %20 min,
] A 15 75 2 AR 2% (w/v) I B Ml YPGS S5 7R 2L 24
FRALTE: RS0 o/L. FFLHE20 g/ AR
20 g/L, IR2JJ5 T 115 °CrE R K B20 min; SD; 77 %
() ZH B F 45 %8 %) BE20 g/L. YNB 6.7 g/L; SG1: 7%
TR R 2 FLPE20 g/L. YNB 6.7 g/L.

1.2 753%
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FEIRA K T 8 N5 A EE, HEXPASYM il 75
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smart.embl-heidelberg.de)# 17 7> 1. 2 K 34 77 #r
FIRNA-Seqil] /7> £ 45 K H SCHR[8], FF LAZE K 2H n] 41
1k B AFIGV (https://www.broadinstitute.org/igv/) i 7~
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AR DL 5 2k FURLpSH65, it J5 15 5]g 51703 R
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VIBL R, 3t B 0 B R B i kA7 DU VI, 15
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JokF o o 3@ 2 R PP AR % FE M 7 B 1. AARH
P v 7 B EUSURL, SR FHPCRY™ 18 30 7 43 B B8 AL
SEILRBH, IR B B TGl g5 170H 1 R
B TR, B ST R4S B A 2H R I R
B AL YR NBY 474182 BE Ak b, i i ura i 1 45
3| PH P 8% B # 2H TBY4741+pYES2+g5170, [l 441
PYES27%S 3 A4 i NBY 47417 R 18 b v 45 B 5 8 54
HkBY4741+pYES2.
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FEEE SbE SR RS A IREFR R
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4 A ST, Ul B T BE R PRBY 4741 AN 17 £E B A
g5170, VKIE2. 3/=WIHI R/ &1 398 bp A yKiES™
YR /21 045 bp, 5 TIUH= ) K /N—2L, UESED2
HAETE B2 g5 1701751 .

A AE B o T TN 2 Rl g5 1700 4w 5 i
IS IEIR 5 9 K 594 aa, 73T E21°465.8 kDa, %5
HL SL(p)N4.93 . 8 it Th B3 LE 48 40 BT B A SMART
30T, g5 SRR, R A MN-u & E — MBS K, IF
A T B (amidase) T BE S R 57 7 51 (I 1A) . Bk
¥ T & — Folt 1] fE 4K T i HE(CO-NH2) 7K fift A8 Al 2
2 T B S B PR 7K AR T, T 7 Okt 5 R S0 6 G
BER MR AE K SR T Re A EEAE . BRI
2517075 A5 X TR 7 1 5 147 S288 ¢ P AN 77 78 [R] Y5 41,
(L TBE J T DR 57 7 1) AR A7 L T At 288 2 RS 1% ) 1,
U H AR B ARK T B E 1 8 B R YISHSE, 1M
1E FAth ) Fob 3 AH ¢ [R1YR 7 71, WBacillus subtilis
Neurospora crassa~Schizosaccharomyces pombeZ5"%
I {EYPDR: 77 2614 N FIRNA-Seq 3 ik B4l 43 1 K&
B, MR I 20 AKF Hilm ik 2 51 2 K YNRO73C
YIR042CZE 3215 K AHIE (BEIB), H T 3V 1 B
BRI RIS M R 0, A A — 2Bt A
2.2 HERIPREREgS170RE K

AHIE TR FH Cre/ loxPIE IR i bk 22 G4 78 3 VG 1%
REBARD2 I 2 R i PR i ik o 2 R i B SE B0 i F2(=
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(A) Pfam
5170 domain:
8 omam — amidase
0 100 200 300 400 500
(B)
e e RNA-Seq read
Chr XV filadl el 1 o & VT B ' : ‘ coverage
YNRO72W  YNRO73C 25169 25170 g5171 YIR042C YNL336W

‘ Strain specific gene . Non-specific gene & End of chromosome

Ar DIREI T, L IXHONE Tk, B: S D7 LD 2 o (i R A R0k B 20 B ORF N = AN Al BE AT ALK, FEIA BT ARNA-Seq read )78
.
A: functional domain analysis, the red region is the signal peptide; B: the location of the gene in the genome and its relative expression. The red ORF is
three possible new genes, above the gene is the coverage of RNA-Seq read.

Bl HEESERD2NHIERSI70F5SEERED

Fig.1 Gene sequence and expression analysis of a novel gene g5170 from S. cerevisiae Chinese wine strain D2

(A) Marker 1 2 6 Marker Marker

bp
2 000~
1 000~
1000
500

(B) Marker 1 Marker 3 bp

2000
1 000 1 000
500

A: FE RS 17050, JKiE 1~35] 9 Ng5169S/g5169A, 1kiBE4~651 ) Hg5171S/g5171A; Hrfikid 1. 4B ABY4741, Jkil 2. 3. 5. 6K
AD2. B: @R AAFRIEE; JKIE 1~25] P AKNIS/KN1A; ¥KiE3~45 Y AKN2S/KN2A; B ApUG6. C. D: AL FE T4 5E; Wkidl. 2518
YZS/KA, FKiE3. 4517 AKNS/KNA; AR A BH 14 50 e o

A: gene g5170 validation; lane 1-3: primers are g5169S/g5169A, lane 4-6: primers are g5171S/g5171A, the template of lane 1 and 4 are BY4741, the
template of lane 2-6 is D2. B: construction of knockout module; lane 1-2: primers are KN1S/KNIA, lane 3-4: primers are KN2S/KN2A , template is

pUG6. C-D: positive clones; lane 1-2: primers are YZS/KA; lane 3-4: primers are KNS/KNA, template is positive clone.
E2 ZEE/PRPCRIIE
Fig.2 The verification of gene knockout by PCR



T & B RN R A 3 8 S O B BRI RE RO

Al 1339

No EI2BIE K g5170 K F oy — ¥ DL B [Rlg51 70+ 4
PRI Rl B LA I R 7. DAKINTS/KNTAFITKN2S/KN2A
REIY), FEATPCRIRAG 7 A 2N loxPAL i Flkan' i 1%
P i g R B A il Bk ZH AR KN TS5 KIN2, FE K &
REH, 4 KN SHSHIT(1 616 bp)—#.

¥ FALiAc/SS Carrier DNA/PEG /& %% B £ #4 1k,
EG R A KNT T N Z A BED2 )G, FIFHG418
PO A% BH 14 v T, SRS EATPCREGIE. E2C2
FA 10 B T EOAE K 45 . JKiE L. 242 PLYZSAIKA
R PHEATPCR, K/ 5 Tl 847 bp K /N—2, 15 #
MR AAFKNTEV A R AE T IEH YR E . R0 LA
B HTE BT 5 DR A S5 1 5 KNS FIKN A JE [ PCRATS 44
R4 H/N S Tiill(668 bp)AH [H], 15 BH BH P 58 B
TSR — AN VLR 2 Rl g5170.

N REER T L, AR AT B IR bR . it
AT 38 R B, SN BRI pSH6S Ji RL e N B 14
TolE T, BURIpSHOSTE Y PGS 75 3 v 2 3L 0 1) %
TR &= ECre 2L, U)BR R R 4 AFRNT 5 17 46
[ 112N loxPAL s 18] 1 7 41, B8 R 1AM loxPAL i 18
B BN, G418, zeocindft 11 P AR 7 1G4 18471
P F Kezeocindit £ A7 75 1) T PR, 2R J5 7E YPDES 77 it

YPD+40% G

(A)

D2
D2Ag5710%
D2Ag5710

0.510"'102 10210+

YPD+10% E

YPD+16% E

HEAEAEAE KT RipSH6S, 35 zeocindi i Z 2% (174
FED2Ag5170%, i LLD2AgS5170% 4 Hi /& B ¥k, ¥ 5
— P 1L DR R B AP KIN2 S N, P 9 8 - (K 3631
S5 R AN 2D R KB 292 LYZSHIKA A 5] ¥
HEATPCR, K/N5 1847 bp K/h—3%, 10 B i 4 40
PEKN2E & kA 7 IERA I [RDE E 2H; JKIE3 . 42 LA
KNSHIKNA N 5| ¥ 3t 47 PCR, JKIE3ANAFAE ST,
B AZ AL 1 AN 2 DL (RS 1 708 R © 28 1 Th e,
PKIBAFAE S, VIR T bR T . Bk
PO PR M 5 B 734 9 R RR, 5 N RIpSH6S B
HE—RPUIEVI BR I A, 15 B8 5L R s A 1 B B
YkD2Ag5170, AT J& S8 5L K Th R R i 7T
2.3 REiBREE 51700 B2 B EAKE A BB &4
TRV KIS

K F SV AROBE AR K S5, A 9T B T P BF B PR
51705 PRI B ) A [A) B0 5% e i 52 PR g sz . =
PR B PROE 46 TR #RD2, 545 Dlg5170%5 IH] i 5% B4 ik
D2Ag5170% 5 X% U g51 703 [ i 3 # Ak D2Ag 5 170)
T e B HA B 0 s R A B8 B A AR R A U (B3 A),
FTRN AL RS 1706 v 5 R0 v BB A 5 (A Tif 32 M e
YEM . EI3BZ =R PRLEA RN RS IR BEA ST T 14

YPD+40 °C

0.510"'102 10310+

YPD+20% E

0.5107"102 10310+ 0.510'102 10310+ 0.510"102 10310+
A: EFEE SRR B AR A A LB EE A 2 o 1071510724107 10740 B RS 1E W1 4R B TR E DooofE N0, S AR IR T R R IO A5 28 50
A: high sugar concentration and high temperature environment; B: different ethanol concentration environmental stress conditions. 10™, 102 107, 10,
respectively, represents the serial dilution index from the initial concentration of broth concentration D value of 0.5.

E3 EEBRERFRIGERE N EIFR F 4 T A 214

Fig.3 Tolerance of gene knockout and original strains under different environmental conditions
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(A) (B) ..
100 —+BY4741+pYES2 PJ
o b2 $ ~ BY4741+pYES2+¢5170 PJ
~o-D2Ag5710 A 2 I
80 = —
;\; ) 6- e -
; 604 N s . -
= - _ ~
£ 404 ' ! 4
- b- .o I
| b o
201 : I 24
0 . . . : 04— : . : :
0 2 4 6 8 0 2 4 6 8
Time (h)

Ethanol concentration (%)

A B PRI R BR R AE 10%(v/v) SEE AL B S TR ARG 22 FURL B: o 0% F 2 BRRAE A [RIVERS BE ARG A58 B AR KA L EL AL

A: comparison of the survival rate of the knockout strains after treatment with 10% (v/v) ethanol; B: comparison of the growth of the overexpressed

recombinant strain under the different initial alcohol environment.

El4 EFEgS170ERBEFEKRAENEIBRMNE THERSH

Fig.4 Growth analysis of 25170 recombinant yeast strain under different alcohol stress

KAB WL, 7ETFHS & B N 10%IN, = FR B PR L0 A [F]
AR DL, RS R BETE16% M LA BB, —#R B pk
FULH IR KA 29, J5 UG B ARD2 EgS 1703 IR i
R AR X L VT 52 1 v, BE Rl g5 170445 DUAR i
[ID2Ag5 1701 Bk 52 P £ 55 -

SR B8 VIE I DR i ok T R X 2 I P A i 52 1 1)
e, 4t — 0 bl R B B R 5 5L AR B AR AR 10% &
BEAE FAS [B] I (8] 5 (735 22 (l4A) . 1E SBEALFE2
4. 6. 8 i, kAl ok B AR AF G J5 46 TR AR IR A7 2
HOBEAR T 1.160~1.7101% « P B8 MR A 15 R AR 0 Ze it
SHTR B, PR R SRR R R E NS 2R
Otk B p=1.29e—4), Ui W] 5 [Klg5170%f & 5 B Pk
(1) BT 52 14 A JCHK
24 SFRIKEFEgS1700 R E4H FRUER T 2 14

SHE— 45 U6 IF KL R g 51705 BB B Ak 1 2, B it
SR REK, A FR R TR R g5 170/ Rk EA
T B B AR (J7151.2.3), 55 i 2 08 55 [F] 26 20 9% B B
TE A TR R VR P A 858 T IR AR KA 0l T bl xS F 9
SD+AA+URAVE 7 1 72 56 AT 15 72 BY4741+pYES2
5 BY4741+pYES2+g51701% ¥, 1 4B UL &
TE AN [RI W46 T8 A ¥R B2 PR 58 T 55 9748 hfim, BY4741-
pYES2+g51 70T #k 1) A K A5 L # EEBY4741+pYES2
BRIPR LT, 0B AT CE RS IR EE T A K AR L L 5 3 i,
BE— DI T 517052 BERE B R 1) £ B 52
2.5 EEHgSI70mBREMRAE KR FNE K EHT
ABETL

Y PDW AR 5 77 P47 55 7R D2 FID2Ag 5 1 7018 K,

HadlAEK L& (ESA) . WEFTTLIEH, 7£0~8 h,
D2Ag5170FID24E K T B FL AN AH [R], 3 N $8 50 5
D2Ag5 1704 K R F %, D2AEKHEE L F+. piE
B 9% 5 853 )T A SOTRS s 3G, 7R I8 2R E
)5, D2Ag5170RID2 1 A K FE AR, {HZ D241 %48
PRFFAERINS . Bk, WRAEK 2 A g RRH,
D2Ag51704H EED2 W] fe % 1o A< B R4S 24 855 1) T 32 18
REA TR
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Table 3 Physical and chemical indexes of each strain after fermentation
" . T FHEE (2L s
itk HHieL) (L) CRED k) RAE@L)
. . Amino acid nitrogen
Strains Total sugar (g/L) Total acid (g/L) (@) Alcohol content (g/L)  Urea (mmol/L)
g
D2 0.218+0.011 2.265+0.113 0.455+0.009 132.000+0.350 0.319+0.016
D2Ag5170 0.242+0.012 2.693+0.134 0.445+0.006 135.000+0.002 0.291+0.015
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