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Construction of THI3/BAT2 Gene-deleted Saccharomyces cerevisiae and

Its Application in Preparing Chinese Rice Wine

CHEN Wenying', ZHOU Shishui'", YAN Tongshuai!, LIANG Siyu?
(1.School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006, China)
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Abstract: To investigate the effect of deleting the genes encoding branched-chain amino acid transaminase (BAT2 gene) and pyruvate
decarboxylase-like enzyme (THI3 gene) inSaccharomyces cerevisiae on the high alcohol content in Chinese rice wine, the diploid yeasts XF1-B
(BAT?2 gene deletion) and XF1-TB (THI3 and BAT2 gene deletion) were constructed using the Cre/loxP recombination system with the haploid
XF1a7/XFla6 of XF1 and haploid XF1a7-T/XF1a6-T of XF1-T (THI3 gene deletion) as the original strains. Chinese rice wine was fermented
using XF1, XF1-B, and XF1-TB under the same conditions. The growth capability of XF1-B and XF1-TB was similar to that of XF1, and the
basic fermentation capability was not significantly different. The isoamyl alcohol content decreased by 18.12% and 26.06%, the isobutanol
content decreased by 35.21% and 18.83%, the n-propanol content increased by 15.42% and 32.75%, and the high alcohol content decreased by
15.65% and 15.28% to 269.59 and 270.77 mg/L in the Chinese rice wine brewed using XF1-B and XF1-TB, respectively, compared with those
of wine brewed using XF1. The ratio of isoamyl alcohol/isobutanol was 3.24 and 2.34 in Chinese rice wine brewed using XF1-B and XF1-TB,
respectively, representing a decrease of 27.78% compared with that of wine brewed using XF1. In summary, both XF1-B and XF1-TB
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effectively reduced the total higher alcohol content, and XF1-TB effectively reduced the ratio of isoamyl alcohol/isobutanol in Chinese rice wine.

Hence, they can weaken the intoxication degree and improve the quality of Chinese rice wine.

Key words: THI3; BAT2; Saccharomyces cerevisiae, Chinese rice wine; higher alcohols; isoamyl alcohol/isobutanol
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A RBELLG], BRI “ F3k” BOmMERE R
TS, AHER IR K R A
HEE L

PR BE 2 I 7 A 1) e 2 BRI TR AR A
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RAEER AN N a-TRARR, BE 3 — P N =P
THI3 JE Rt — N5 R R A (PDCs)” 143 4H

BRI R AR R, Bl 4 e R e AR 3=
RN, AL 2-F 5 CRRIE ST . B AT BAT?
BEERI-UF THI3 H=PRI021 4 R 0 AN [R] VP 2 5 M 32
BRI, HIEST THI3 F1 BAT2 F [ [F] s i 2 %o 3
T EZIR I T IR 3

ASCLABRIBE R (Saccharomyces cerevisiae) TPk
XF1 [ ¥f54A XFla7/XFla6 1 THI3 BRI XF1-T
[ BALEAR XF1a7-T/XF1a6-T MR 46 3 K Cre/loxP [F]
J5 E 20 R G0 BAT2 FE R H 41 i XF1-B
THI3/BAT?2 X R ER B 20 XF1-TB, SRJ5HEAT 8
PR B 5T BAT2 5K RSN THI3/BAT2 RUEE RISk 2k
Xof v I AR B IR e - LA SR el S v v 7
At B L R AR TR « B3k MR, e
PR S

T MRS 5E

1.1 ks A

1.1.1. Atk 5 Rt
AT A B B T A B AR R SRR A S T3 1.

= 1 ASSEIRYBEARANBURL
Table 1 Strains and plasmids used in this study.

A A4E R
XF1 diploid yeast strain AEBRT
XF1a7 MATa, haploid yeast strain AEBE
XFla6 MATa, haploid yeast strain AEBE
XFla7-BK MATaABAT2:: loxP-kanMX-loxP, haploid yeast strain AFR
XFla6-BK MAToABAT?:: loxP-kanMX-loxP, haploid yeast strain AR
XF1a7-B MATaABAT?2:: loxP, haploid yeast strain AFR
XFla6-B MATa ABAT?:: loxP, haploid yeast strain AR
<R XF1-B ABAT?:: loxP, diploid yeast strain AHR,
XFla7-T MATaATHI3:: loxP, haploid yeast strain ARBE
XFla6-T MATaATHI3:: loxP, haploid yeast strain AEBRTE
XF1a7-TBK MATaATHI3.: loxPABAT?2:: loxP-kanMX-loxP, haploid yeast strain AR
XF1a6-TBK MATeATHI3:: loxPABAT?:: loxP-kanMX-loxP, haploid yeast strain AFR
XF1a7-TB MATaATHI3:: loxPABAT?2:: loxP, haploid yeast strain AR
XF1a6-TB MATaATHI3:: loxPABAT?:: loxP, haploid yeast strain AFR
XF1-TB ATHI3:: loxPABAT?:: loxP, diploid yeast strain AR
Bt pUG6 Kan', Amp'loxP-kanMX-loxP AEBRT
pSH65 Zeo, Cre recombinant enzyme expression vector ARBE
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Table 2 Primers used in this study

HEZ] K7 (5— 39
BAT2-F1 CCCTCTCTGACACCTCTTG
BAT2-R1 AAACTCGTGGAGATGCT

S A 5 BAT2-F2 TACTGCTGCGATTGTTT
BAT2-R2 GGATAATTGCAGGTTTCGAC
loxP-F TAAGGGAAAGCATCTCCACGAGTTTTCGTACGCTGCAGGTC
loxP-R ATGGGAGAAACAATCGCAGCAGTAGCGTTGGCCGATTCAT
BAT2-A CTGTGACCGCACTACAC
BAT2-D CGACATTACGGAAACGTCT
B-M TTCCGTCAGTTTAGTC

IIER| 4 M-B GATGAGATGGTCAGACTAAACTG

MAT-a ACTCCACTTCAAGTAAGAGTTTG
MAT-a GCACGGAATATGGGACTACTTCG
MAT-F AGTCACATCAAGATCGTTTATGG

E: TRIZA D AAPCRYEEFT.
1.1.2 3|4kt

AWFF ARSI F TR 2 B BRI R

(S288¢) BAT2 %: K 41 /¥ % N NCBI (¥ 41 5 -

NC-001144.5) 3kf3. K Snapgene A1t 514,
A TR ARG R AR S
1.1.3 =&KX

PR RS XUREE RS, TR AR
FRAT]; ApexHF HS it E A% HERZ IR 5 A1« DNA [5]
WeAifb GRS Bk N SR BGARE, R R AR
VB ARAR; BEER (G418) A kER

(Zeocin), JLHRCEHKAEDRHE R TTEAF; A&

FEbrdEsh . CBR TS A AE RS 57 TR IR
. p-ZK OB (Hangal), gl T AR %
MAEIRAF]; 7R TR FEH . YA, A,
SN G HTAD, KEATRPER A A A R
AT SEREFERARNS, BT T AE R A A R
Aw]; BERHEROR . AR IR EAEGRD: TR
I AEMRHE AR A
114 FEEHRAE

LB B3k, SN 10 gL, A 10 /L. B}
PR 5 g/l

YPD 559755 HiAIRE 20 /L. AR 20 /L.
REREHOR 10 /L.

YPG #5773 LA 20 /L. AN 20 /L. B
REEHOR 10 g/L.

McClary # [KP= {572 LU0, H &b 1 /L, &k
M 1.8g/L, /KON 82 g/L, BARHERUN 2.5 g/L,
Bl 20 g/L.

i Ll s % 5 5 T VA B 77 5 1 At B s T
20 /L Biflg, 3548 121 °C Rk 285K 20 min, %57

120 s & 8

TC1000-S PCR ¥ #4{%. PowerPac 3000 HLjK{X
GelDoc 2000 &Ef% 5% bt 248, 3£[H Bio-Rad A Fl;
CanNeed-MB-800 H zliHE{ba%, 2T U AR
A F]; 5804R g G AR B OHL, 4 E Eppendorf
AH]; GC8100 SAHE R, MM A RHEFAZEA PR 2
Al AR IR, LC-10A XUZE S A (i,
ZAEG TC-C18 thilfhl, ZHER R (hE)ARA A,

1.3 F&%

1.3.1 &Uratsz

PL pUG6 ki AtsitR, 514 loxP-F/loxP-R 4T
PCR 414, 345 P i 15 1 BEHE N AH RIS KanMX Bift
SR A B (1736 bp); DAL AIEERE LK 41 DNA i
W, 5149 BAT2-F1/BAT2-R1 Al BAT2-F2/BAT2-R2 %
%) PCR 31 i [F] 5 BU (290 bp) A1 BD (361 bp).
FIF KanMX 3 [R5 iy 5 15 [R]60 6 (1) 260 25 g 225 14 AT i
4 PCR % # s BAT2 . W W B 41 1
BU-loxp-KanMX-loxp-BD (2338 bp).
132 BRIEBFHEHENIMaEET ifiz

P AR T i o 2L A1 32 N B35 A VP 1% B 4
i XF1a7/XFla6 1 XF1a7-T/ XFla6-T, /il 0.1~0.2 pg
ALRFRZNT DNA BB AL, R (1.5kV,
200 Q. 25 mF MIHZ RS Sms) J5, iR E LT
175 100 pg/mL G418 HiA A YPD PR E357%. $k
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B A 7% FH 514 BAT2-A BAT2-D 84T PCR $ilF .
133 msicit kR B ik

I ALK A 4T Cre SEZHBEFEDR Y pSH65 JF
KL 5 N BAT2 & Rk % 19 55 4k B2 BF 40 g
XF1a7-BK/XF1a6-BK 1 XF1a7-TBK/XF1a6-TBK, &
i+ 200 pg/mL zeocin HUAEZ AR _EH57% 3 d, BREL
FHMERLE YPG W IARE TR A LG 72 10h L B, DL
WA 0 T RS - FLBE 75 5 BURL pSH6S 4= Cre H
A, Hid Cre EAMGVINR loxP 157 518 FIPT LA,
SRIGIRAT T3 G418 “FARAIAE G418 PR L, Jiiike A
REfE G418 LA F PR A KM REEA & G418 itk =7
W EAE K2 R HE1T PCR B0AiE, FEAEARHEFE 15 &
PL_E, FEVRFH 200 pg/mL zeocin 4714 2 FH#ki% pSH65
kLR PRI E AR R B XFa7-B/XFa6-B
Al XFa7-TB/XFa6-TB. FEHFEFREFELE 1 iR,

it — ZomBU <@ Kaix |<@{ GEBD —

meerEme — [ oEBU | BAT2 | #%BD |——

watmEp sy — kwBu <@ Kax |<@ #HBD ——

loxp l loxp

sitehist ———{ Zmeu | _GHBD ———

loxp

1 BATZEERFRIEFE
Fig.1 BAT2 gene knockout process

1.3.4 s ikaksd

D N 7 TR T O A e N RN R S
XF1a7-B/XF1a6-B 1 XF1a7-TB/XF1a6-TB - 100 L
M T 54 3 mL YPD [l HREIRFE 78577 8 hy X
10 uL BERAE BAE TSR ST RS, AW
R B & B RRER T YPD ~FAR 30 C {3 E 3
7t 2 d, PRECR I 78 DA BE LSS, I 7 a5 B v A T
77 8% 5% 56 IE XM R XF1-B Al XF1-TB, Hl 514
MAT-F/MAT-a/MAT-al'$1i3-4 FEelv%& PCR 56AIE
1.3.5 FHAM

DT, ARSEES RS KT . IR
JE PRI 1.6 REAARFR 7K 78 24, FTR S5 1 0.1%~0.3%
i R RN 95 “C AR 20 min HEATWAL, FEIIAKE
KR Swt%ZE 2. Swive b AE DY . 250wt%IK |
0.25wt%HPEE (Il 0.25% XU 2 BRI 0.1%~0.3%

(V) WEALBEEATREAL, 26 : 50 ‘CHEML 4 h. 65 C

1h #1172 °C 20 min. AIEKERENGEH . FREEEE
R3] 10 mL _FIRHI& PR RAR T, 30 CRERKE
724 h J5, U1 mL BEEMEE 50 mL 5P REAK
W, 30 ‘CREIRESFE 16 h, REFFTHE. B 100 mL

58

TR R BT 3%V VOB REE AT 30 'C 8% 7 d.
136 AKk

AR A2 AR EE DO 7k, BURHET B Fh 1 38,
$:3) 10 mL YPD ¥ {A$: 77, 30 °C, 180 r/min £%
7 12 he TR 1%3EM R A 50 mL YPD kR %
FEARALREFR, ARG 2 h D52 600 nm ALTINOGIE .
1.3.7 F2H N2

CO B R R E VLIRS, SR, SFE. &
FEARHIN E S8 E bR GB/T 13662-201801%, ik &
1IN 5 2 R s PRS2 ) 77 ¥ o
1.3.8 @ REF A 2 BRG] €

IR 52 2 I8 W 25RO 7 il S
PIARZIIE - SRR I 2 o 1 R SRR ik
FEVBAR E i €

1.4 HiEs =

FifAsicie s e/ bE R 3 IR, a5 R LI £ bk
2RI, #ﬁ‘ﬁ SPSS 25.0 # R FH HLIK 3R 77 22 3 i
2 (ANOVAY. HEAT B LT . iﬂiﬂ HEIRE 4
K #2845 F] Graph Pad Prism 8.0 #/4-3E47 0 b .

2 HRSHL

2.1 RIR AR AR R T A AR 5 R

MRAE 1.3.1 (520 B SR 2L, AR i i) A
[KZH DNA M#EHR, F 5% BAT2-F1/BAT2-R1 Al
BAT2-F2/BAT2-R2 435 PCR ¥ 1 H! [A]J5# BU fll BD;
DL pUG6 FURL R, 514 loxP-F/loxP-R 414 H
loxp-KanMX-loxp, Z5R40FE 2a. 2b Fios, Ao RV
BU (290 bp) HIAIA[FIJEE BD (361 bp) FIHi PR
1t loxP-KanMX-loxP (1736 bp) il PCR %,
1551 BAT2 3N BU-loxp-KanMX-loxp-BD

(2338bp).
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2 RERRAMFIELABEIRE] PCR 3E
Fig.2 PCR verification of disruption cassette
7E: a: M-2 000 bp DNA Marker, 1-£ R /&% BU (290 bp),
2-% B %% BD (361 bp); b: M-5 000 bp DNA Marker,
1-loxP-KanMX-loxP (1 736 bp), 2-BAT2 ¥ B &% 41+

(2338bp): c: M-5000 bp DNA Marker, 1-% %1% #k
XF1a7-TBK (2 600bp), 2-FAH# XFla6-TBK (2600 bp),
3-R45E AR XFla7 (1692bp), 4-R4EH % XFlab (1692bp).

MRAE 1.3.2 B 7 ¥ 38 i 5] I8 5 41 5% b B B
XF1a7/XFla6 1 XF1a7-T/XF1a6-T, 4R JGHserH ik
T PCR BGIE, &5 R0l 2¢ Fon (B XFla7-TBK.
XF1a6-TBK 7~fi), HZ P 2 600 bp, JELAE N
1 692 bp, PCR I AIE 464 AEL R AH — 3%, N34S BAT?
F THI3/BAT2 HE R 2k 5 AH BT

22 KanMX Fiybk ff 4798 5 pSHOS i B %

IE

MR 1.3.3 B AR B B 175 8 77, AR JE R R
Pt 2 R 3R 47 PCR 3610, I8 UE 455 Wi 3a fir
7~ (PL XF1a7-TB N .. BL BAT2-A Fl BAT2-D 1£H
5%, REBPMER XFla7-TBK fJPCR P2 K /NN
2600 bp. ZEEPiMER XF1a7-TB [ PCR =41k /MR
1093 bp. LA BAT2-A 1 B-M LA M-B 1 BAT2-D Ay
5140 XF1a7-TB ] PCR 5 AT 61 . S5 KW E
AR ) KanMX FiikHER e 2 6

a M 1 2 3 4

bp

3 ELHEK XF1a7-TB BY I R FRIGIES Bk & K 50E
Fig.3 Resistant removal verification and plasmid loss
verification of strains XF1a7-TB

7£: a: M-5000 bp DNA Marker, 1-XF1a7-TBK (3]4»
BAT2-A/BAT2-D ), 2-XF1a7-TB (3] # BAT2-A/BAT2-D ),
3-XF1a7-TB ( 3| 4 BAT2-A/B-M ) , 4-XFla7-TB ( 5| 4%
M-B/BAT2-D); b: A B A T4 zeocin #4£F YPD F4R, &K
A& zeocin FAEFE YPDFH.

R 1.3.3 FVRRL AN BRpSHOS i A ) H 41
T BEAT 5 BN RR2: Thade 25 PR BORL R T PR . UK 252K 1
AR A BREA SPUAER R ALK, AREAER zeocin
PRI P ARE A 45 R W 3b Fios (UL XF1a7-TB
MBI AN G zeocin FUAER KPR EEARAR, &
zeocin PLAE R AR FEAFR RAEK. 4R EH
pSHO65 JFki & % o

230 ARG K N R A E A B R

MW 134 0 07 %% A [ AR fE K
XF1a7-B/XF1a6-B 1 XF1a7-TB/XF1a6-TB fil & )5
PL5 141 MAT-F/MAT-o/MAT-a #:47 # 7% PCR $6:iE, 45
RuwlE 4 o, ¥iE 1 fgkiE 3 Y XFla7-B fl
XF1a7-TB ¥4 544 bp, JkIE 2 F13KIE 4 ) XF1a6-B
F1 XF1a6-TB $41°4 404 bp, JKIE 5 FIYKIE 6 216 544 bp
F1404 bp P4k 5671, RIIRUAE 1A XF1-B F1 XF1-TB filt
B

M 1 2 3 4 S 6

bp

2000

1 000
750
500
250

100

4 FRETUEFERIIE
Fig.4 PCR verification of Diploid strains
E: M-2 000 bp DNA Marker; 1-XFla7-B, 2-XFla6-B,
3-XF1a7-TB, 4-XFl1o6-TB, 5-XF1-B, 6-XF1-TB (34435 %
MAT-F/MAT-o/MAT-a) »
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i8] / h
5 [R¥AE XF1. EZHE XF1-B F1 XF1-TB £ KHhzk
Fig.5 The growth curves of XF1, XF1-B and XF1-TB
MR 1.3.6 BIT7ELH AR B XF1. E24HH XF1-B
M XF1-TB A HIZ, S5 RaE 5 Prs, SUCEREA

% 1F XF1-B A XF1-TB i 14 1 A 3 R mg K T
XF1, {H @& A A WIS 2 7 . THI3 M1 BAT2
5 TRl 2 52 M R o) 8 TR AR, A AR e
g, (ETIERE B AR KM RERE AN K

2.5 FRB A BR A E AL H R B I R B R

R 1.3.7 W77 LD € IR 46 B XF1 . B4 5 XF1-B
N XF1-TB HEA L BEERR QIR 3 iz AAFE 3 AT,
AW XF1-B fil XF1-TB [ CO, =& B &
R AT RE FE 5 R 46 XF1 AHELERE 2 5%, B THI3
HBAT2 B[R S A5 e B BE (1) L AR A eV R o T
XF1-B Ml XF1-TB 2SR5 4 0.66 g/L
0.65g/L, 2% 1 11.86%AH 10.17%, ViR BAT2
RE B A1) SCBE EURIR 43 6 i s A, AT
RIS ER R,

% 3 BRI XF1, EHE XF1-B F XF1-TB BA LB IRE
Table 3 Basic fermentation performance of XF1,XF1-B and XF1-TB

Bk CO, = 4 2/g EobER 2 K B/ (g/L) BB R E R N (g/L) B A B/ Yovol ARZRAEHRE/(GL)

XF1 7.7440.122 18.89+0.17* 6.41£0.23 11.62+0.15° 0.59+0.020
XF1-B 7.77+0.072 18.74+£0.35 6.38+0.122 11.74+0.08 0.66+0.022
XF1-TB 7.75+0.09° 18.61+0.23 6.3120.09 11:82+0.028 0.65+0.02

E: RIFERARE N EFHERTAEALFZF (p<0.05).

2.6 FEFEBERAE AW E R E LB B

350

g = XF1 N
%" 300 XFI-B
hg XFI-TB
o 250+
®
o 200+
§;§
5 150
B ool
i
£ sofywe
IEREE RTHEE FREY p-HK LR A AR AR R
Tt i
6 [RYAE XF1, E40E XF1-B FIXF1-TB £EEE BN REE
FEERSE

Fig.6 The higher alcohol and amino acid content in fermented
Huangjiu of strains XF1, XF1-B and XF1-TB

E: AR EFEEATEALEER (p<0.05).

A 1.3.7 BJ772005E JR 46 7 XF1. HAH R XF1-B
FXF1-TB KBS 5 1) e 5 A1 S R o Ak FEE
Kl 6 fi. MK 6 AT%n, #EAE XF1-B. XF1-TB &
P BT A 1) e LB 53 3 139.604 126.06 mg/L, 5
JRAE B XF1 AHEL 0 PRI T 18.12%- 26.06%; 5+ T
B3 )8 43,024 53.90 mg/L, F&AK T 35.21%- 18.83%:
IETREES5N 37.704 43.36 mg/L, #2717 15.42%F1

60

32.75%; e EZBES TN 269.59. 270.77 mg/L, [E{K
TH15065%F1 15.28% ;452 B2 47 7l N 286.89 .
281.63 mg/L, 2 1 6.75% 4.80%; Fr& L5 HN
112.24. 10749 mg/L, $2&/ 1 2.28%. 6.14%; %R
35104 255.98, 260.71 mg/L, 5T 6.97%. 8.95%:
SRR/ ST Sy N 3.24 A1 234, AT W, EAHEE
XF1-B. XF1-TB BRi& i P A i R PR AR R B
R S s e ] EABAE 22 K

2.7 itk

AW AR LT XF1-B fd A B i b S I
ST RHEICT 18.12% 3521%, 5 Zhang 5
P SRR P B BAT2 FE (R 439 FAIR T 8038 vh 7 B
7T HE 14.20% 33.00%MH45 FAHMLL, 5508 1% 55124
P R BLP EE RE BAT2 J55 (R 43) FEAIR 7 WS op S R
7 THE9.55%- 10.63% M5 RAHZECR, TlagER N
RIEZIFRICL S B RERD AN o S5 R 3 75 VP P 4 2 R
MRS T 6.75% 6.97%, MEmE A HHRE
Bl 7 73, UESE BAT2 BRIt ) S ik S S iR A #4 T
X} S IR A R R RS A E AR .

AHIF 5T M 2 F 2 B XF1-TB 8 & B 5 o 5 %
B, ST BIFFR T 26.06%- 18.83%. Dickinson
S BRERE EE B THI3 R Rh DL 2B e — 4
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