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KAFMEGYMERAE SWEEE TR

EHE BN e

(LR R BRWRHY: SRR O BRIGERZED 5N B2 s iRk SHEORE K E = TLm K
HET T A ARE AL E LA L8 214122)

B E. (800 ZEBFAFAYmAELTELE S HENXEREZI—, HABMET B
FORF A TRAZTEALEFREFEAETENERNEL, [FF] A—FF 2 dpauis A R ahifoat bk
BTG Tk, ATEIREBRIBEE XY #7E5 R RAFE A FR(CTZ) s ey Z BB R TR, &
— W VABE R BV AR FEAT IR AT B K Bk R R H O RE B A AR XY-3. [4R] iR
TRAME R4 ARERE AL I, XY-3 BHRR AL R FR RS ARIRS 5.21%. FHIBERE )
KERDTAHAN 4 R XY-3 AMRCEEAREFPN RS TREAMHK, LRK CBA KRR FM XY
HRE) 14.77 g/d R 52 1530 g/d. XY-3 BEAMRABHRFORJEBEELBLAHEEH 1-2
R, A TR GEBEERE AR E, st—FARLIN XY-3 LBk F R TRE XY-3 B
% Ik (PDRYA K. [ 458 ) BRAE AL S if A h M Ut i it Rkt F 452 & 20k B B4
AR, A 5k R B Ky KBRS AT AR R RO H RAE T — AP 69 B3,
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Breeding high-efficiency Chinese rice wine yeast by a new drug
resistance strategy
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of Brewing Science and Enzyme Technology, MOE Key Laboratory and Industrial Biotechnology, Jiangnan University,
Wuxi, Jiangsu 214122, China)

Abstract: [Objective] High fermentation efficiency is desirable for Saccharomyces cerevisiae used
in the Chinese rice wine brewing. In this study, we developed a drug resistance screening protocol to
obtain a Chinese rice wine yeast strain with higher fermentation efficiency. [Methods] Clotrimazole
(CTZ)-resistant strains of S. cerevisiae were isolated from the parent Chinese rice wine yeast strain.
Then fermentation power, fermentation rate, and brewing property were used to screen mutants with
higher fermentation efficiency compared with the parent. [Results] A total of 18 stable CTZ-resistant
mutants were obtained through UV mutagenesis from Chinese rice wine yeast strain XY. In these 18
CTZ-resistant mutants, strain XY-3 gave a 5.21% higher max-fermentation rate than that of the strain
XY by flask fermentation tests. In lab-scale Chinese rice wine brewing, strain XY-3 (15.30 g/d) also
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showed a higher maximum fermentation rate than that of strain XY (14.77 g/d), leading to shorter
fermentation period of Chinese rice wine brewing by 1-2 days. [Conclusion] Combining traditional
mutation with CTZ-resistant screening protocol was an efficient approach to screen Chinese rice

wine yeasts with higher fermentation efficiency.

Keywords: Chinese rice wine, Yeast, CTZ-resistance, Fermentation rate

HE PG 1% B (Saccharomyces cerevisiae) & & i7 &
R RIS IS T 20 A XU DB PR 3R 22—, X P o 7
A & T LR SR R 77 i TR
it 38 T el e TR R S T B AT R T 4R T
T8 A P AR LA T2 S H AT R D G R R
WERF RN E T TARA S, BOR T —, B E
B, MCRMCFRY, BRTaMmamf, Hiik
P i A B ke 7 T B R AR T B AT
H 2% 575 TP s 285 00 9 [ G, I I T R B
RIS TR e A i R 8, R L A S T
PR AT 2R Y 2B ST R B2 Wi v
AR R 225 Bt (PDR), HAFsE R A2
Y vE s B AR N ATP JKSF- A28 AL % e B &
e R BT R STk w2 Wb
BEREA 0 AR 2870k , i a7 B PR A e IR TR
T BRO% BRI E R T Fe bn ) 12 AEAE T
HE WAL T TR, 7P & 5 B0 i B (4 % v
AR ILAE

ARSCE R L TLEE M (CTZ )y B T B R4
b, Sl UV P78 J5 B B R XY SEF TR AL
B, RIERRAE R IR GIR CTZ Pidk Bl me Lk,
38 2o A T T R RS e b A2 ) T R o A 2
Py Pk B IR o 8 G SR8 5 25 bk 4s
B 77 R U P RE AT RO R, 9D TR T
1, M T ImEseE.

1 RS h%
1.1 RIE R

Btk . PEEEERE S, cerevisiae XY, FRIEETH
A7l s el A A P2 R R, A SEIR S IR, B
ZORIFIERE XY-3 PR T v s A 1 e A DR i
P Lo iU E Y G, B 5 . CGMCC

No. 6329,

BRI kL TR s W AKEF(10 000 U/mL),
BEALEE(50 000 U/mL), MRPEE HEFH(25 000 U/mL)
B T I AN RERM A ) TR FR A W] 5 A2 1ith i Fe
SR AL AR

YPD [E &K 5 (/L) : Fi%bE 20, A 20,
B R 10, AR 20,

YPD WARR:F= (/L) : FZEBE 20, B 20,
FEREER IO 10,

KRR AL KR ZEBIR &M, WAL, b
FEREFNBRYESE FABAL B, CBAE T M 3] 15°Bx.

CTZ [ERRE 35 . YNB 6.7 g/L, %4 20 g/L,
Bl 20 g/L. CTZWREEMEE N 0. 5. 10, 15, 20,
30, 40 mg/L,

SEERFL. YNB6T gL, Hh20gL, H%
% 2g/L,

TR TR B 5 YNB 6.7 g/L, #i%8E 20 g/L,
TR B 0.1 mg/L.

1.2 iREEKF

Yeast Nitrogen Base without amino acids
(YNB)., HBEE . LR INEAIET Sigma 22 .
1.3 RIEHZE
1.3.1 AEBEFEMSIE: 500 g K 30 °C =Hifd
2 dJE7EE, WUk 1 L, WbEE . WAbmE . m
P FES 200 pL, ZZ2 1l 75 ¢, 1215 60 °C /K,
[ JCHE T FLAR 10 h 5 uE s, BUS R H .
1.3.2 FRERIREBRE CTZ FARECH]: 0 w20
20 g/L,YNB 6.7 g/L, 3lig 20 g/L WERIE 5L,
IIAA IRl & CTZ B il Lk BERR L4328 0.5, 10,
15, 20, 30. 40 mg/L 1) CTZ “FH.,

1.3.3 EEEE CTZ BILRENE: MEARE
EREERER 10 mL YPD JRARE 3L 30 °C HE
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B RIGAL 24 h, BURESH R 107°, KR B AG
A ANE R E R CTZ AU , 30 °C K53 7-10d,
ST B A A L

134 A ERRE: LI UV (RITEHE
3 min)%f XY (200 r/min $#&RKFFE 8 h B XHEH )itk
TS, WARRIRM T HE0EHE CTZ Akt
BigE 7-10 d, BEAEK KRR 25 YbitE vk, L
AR 5 AR BE S RN 2 CTZ A I H A 5 Pk
1.3.5 [RERABERTEE: UREIETT 10 mL &k
WESE IR R IE | d )5, RESRGRER S 5B =AM
R B A R R B o S H8 A i B TR 2 PR e B,
FRARMR AR H e KRB HURS T XY M5
FPL R, W fe R & T 58 B T 235 s i) LA
CO, RFREMIE,

1.3.6 FRIERENZE: ERWSE O R,
DN'S 30 5 i JEO e Ji 1)

137 BEABHASESEAABERNE: 5 mL i
bR BERE RN T 100 mL & BERE I3 T (O ok e ig:
=), 30 °C FrEKEFR, BB COo,
REHO, LL CO, KREZDRERFL LS, &
T 71 85 3 Origin >R 515 1) & R i 28
R B R d K ok U

1.3.8 HRIEEMHAN: iR 30 °C
TR, HECE 1A B 10 AR 20 R E S 22591
1.3.9 2L HBEMERETE: HHERE LS
Wi U4 BT gk b, B AR IR - 1000 g
R A2 2 d, Z8BE A K 1000 mL, 2 fil] 150 g,
WAL S LI 300 uL, FEEFES SR 250 mL.
30°CTHIAR®E 4d )5, 17°C J5 KB 10 d, E BT HURE
D5t 2 Pt P R H b e JBE o 2 Ryl ol 8 R
F HPLC ¥EEATVY, &l 14 d 45 Rdug, BIK
BT A o

1.3.10 HELZE, S, SES, pH NE: =
MR EFR 5% GB/T 13662-2008 J5 i 3E17,

1.3.11 ZEEMZ MR L 1x107 cells/mL $%Hf
N R TR R S S AR AR B R R 1 20% (AR L)
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ZWE YPD Bi3R3E, 30°C BERiFE 3d, HUEELLWE
FH L 55 i G (v TR RE SR TR
1.3.12 BHEYIMEAR: Lh 1x107 cells/mL 5
B R TR 5 5 TR R B A T R iR
FEEE 3R %L, 30 °C. 200 r/min $2KKEFE 1 d )5,
Kz f& ODgoo 22 LA L o
2 HR5wie
2.1 CTZ MHE RIS BRI Eia E

H T30 00 S 0 i o T G R B 5 M AR 1 i
FERES S - B 1x10° cells/mL, UV AbHHAT(A] «
3 min, BEPEEREEIEREN 68.92%, LA [FHRE
CTZ X EERE XY A KM CTZ X #
IR EGEHREE R 20 mg/L, X5 ESMYRFsT L,
A, 1 SR DU AR SRR XY Bk
HEFT RIS AL B A TR REAE 20 mg/L CTZ P4 |
MAERAE T, BRI AE KRR R CTZ Huik Beiry %
FERR 0 B Bk A5 5 28 Wk CTZ Pkl i CTZ
PR E S — i e o 18 #RIBAS
X CTZ yutkfeE, AT —feimikid i,
22 SABREREBEERTHRYG

e KR SR 238 55 AR AE ) /2 80000 I B R I T
PN EE AR bR o R TRV SR M VAR B BRATR , SRS BE R
FHABERSE 4, RIFERERE 7 B, PRI DA R I 1) 5
Wi B RERAF BERAEERE S, W 1 PR, 276

1 HBEESIFTEHK 20 mg/L CTZ FREKER
Figure 1 Growth of yeast mutants on 20 mg/L CTZ plate
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x1 BELABRXEREREARBERR

Table 1 Residual sugar content of fermented medium and maximum fermentation rate of each yeast

S 37373 3 TR R A
Strains Residual sugar content (g/L) Maximum fermentation rate (g/h)

XY 5.523 0.191
XY-1 5.737 0.188
XY-3 5.494 0.196
XY-4 5.611 0.179
XY-5 5.698 0.190
XY-6 6.058 0.195
XY-7 6.185 0.176
XY-8 5.620 0.191
XY-10 6.029 0.186
XY-11 6.020 0.183
XY-12 6.100 0.181
XY-15 6.564 0.177
XY-16 5.445 0.194
XY-18 5.513 0.198
XY-19 5.620 0.190
XY-21 6.400 0.186
XY-23 5.844 0.191
XY-26 5.523 0.189
XY-28 5.465 0.196

JETRE R R TR R B S e R R R, XY-3.,
XY-16. XY-18 Fll XY-28 % ik sk vk FE 1% T )54
W XY, HEREKAEEHERE XY &, BTEet
XY-3, XY-16, XY-18 Il XY-28 #E A T —4 Kk Wi
Voo PRSI, Wi & iRGERH TTC
S BT O e R SRR L RR D), B IL S
R R4y B ARy 50 BRLL BT T Tz

PUPE T8 77 7 e A DR & TR LE 2 A Y IR T

PR, AR 18 MRIFTEEERE, Hal i A ek

0 S T O A 3] 4 PG 3, O I 8/ 7 o e

FEL, RS THEROR

23 RIRABEEEHRAEDIZE LN
I AR TR BT, H 2 AT XY-3

FHEREE. RE 2 78, XY-3 HkKEREF

x2 BEREEBHIE

Table 2 Fermentation power of each yeast

B €O
Fermentation time (h) CO; weight loss (g)

XY XY-3 XY-16 XY-18 XY-28

0 0 0 0 0
9 0.80+0.01 0.84+0.02 0.81+0.01 0.81+0.02 0.80+0.02
14 2.05+0.01 2.15+0.02 2.05£0.03 2.05+0.05 2.05+0.03
19 3.40+0.02 3.60+0.02 3.45+0.04 3.40+0.01 3.45+0.02
23 4.15+0.05 4.31+0.03 4.15+0.04 4.15+0.03 4.15+0.05
32 5.00+0.02 5.20+0.04 4.95+0.02 4.95+0.04 5.00+0.01
37 5.15+0.04 5.26+0.02 5.15+0.02 5.10+0.04 5.20+0.02
55 5.35+0.01 5.45+0.01 5.30+0.04 5.35+0.03 5.35+0.02

60 5.35+0 5.45+0 5.35+0.01 5.35+0 5.35+0
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7 0.303 g/h, 8 XY JKKEEH A 0.288 g/h 12
B 5.21%, HL.# 3 nlm, XY-3 f£10] 20 18k B2
N5 1R, BARIFNREGENE., EE& L
FFid , TR E XY-3 SR 119 R I 2 v i A R 1A
H A 2735 T 170 B0 55 245 0 B v 3 TG e 1 7
A B R R B R T IR AR AR, M XY-3 1F
JE IR RS XY BG0, X T RE 2 i+ H A R
1 — B TR IR B s A, i E EEREAE 30 °C
R TN LR 7, TR R B R
THFER NS, BB W, MM & st e i h —
W RS

035
0.30

025 e XY

020} ——XY-3

0.15F

0.10

Fermentation rate (g/h)

0.05

0 1 1 1 1 "
0 10 20 30 40 50

t(d)

B2 XY5XY-3%BERML
Figure 2 Fermentation rate of XY and XY-3

24 2L EBERERKBHAR

W UE T R XY-3 TR PR PR R A
FeOU#, X XY-3 #4750 %E 2 L mERE, H
Bl 3 AN, XY-3 TERTEERY B Ol il i 5 A s
ST XY, YRBEERS 4 KEF XY-3 LB
SRR, T XY KEES 6 KA BT RK

H; JEmERf = —8, mA IR T FHAY,
HFRJERT 4 KO R AER, LB RKEL

B, W HET 4 KT Ol AR iGE R A S Y,
BN 4 PR, Xt 25750 i 22 50 B e
T ST 4 K XY-3 5 XY R B R 2 A s %

17 ¢ . 1165
i — 1 !
S 161 - 160 ~
» /%/% E)
\ b1
S5t %/%/% 155 2
5 E
EREES 50 <
E Ethanol ~ Glycerol e
e XY XY S
S 13F ——XY-3 —o—XY-3 145 5
=
1 1 1 1 1 1 1 40
120 2 4 6 8 10 12 14

Fermentation time (d)

B3 XY 5XY3 ®HERECEREMKEETL

Figure 3 Ethanol and glycerol content curve of Chinese

rice wine brewed by XY and XY-3

£3 XY3 kEhiaEM

Table 3 Fermentation power stability of XY-3

SR €O
L. CO, weight loss (g)
Fermentation time (h)

XY XY-3-1 XY-3-10 XY-3-20
0 0 0 0 0
5 0.01£0.01 0.05+0.02 0.05+0.01 0.05+0.02
10 0.48+0.01 0.58+0.08 0.56+0.03 0.56+0.05
15 1.29+0.02 1.45+0.05 1.43+0.07 1.42+0.07
24 3.16£0.05 3.34+0.06 3.38+0.09 3.38+0.06
29 3.74+0.06 4.00+0.05 3.94+0.02 3.97+0.02
34 4.16+0.04 4.26+0.02 4.26+0.02 4.24+0.01
39 4.39+0.01 4.52+0.04 4.53+0.01 4.52+0
48 4.86+0 4.99+0 4.99+0 4.99+0
53 5.12+0 5.15+0 5.14+0 5.15+0
58 5.12+0 5.15+0 5.14+0 5.15+0
63 5.12+0 5.15+0 5.14+0 5.15+0

H: XY-3-n, nfCEMLREL

Note: XY-3-n, n represents the generations.
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AR XY-3 88 XY o BRI REE OB R B R
2RI H I, Sumio Michnick 5 Elke Ne-
voigt 5 FE i, ERETIM )™ i B3 0 SRR £ B
47 i B PR AR M A LR 32, i AR I Y 2R
AR T A R 3 AT, XY-3
B9 H il = E AL F XY, X5 Sumio Michnick 5 Elke
Nevoigt ifFF8 45 R —5 .

e 5 PR, PIRRBEEERUREE 14 d )5 i
B AT R BRI A R, IR . SR
SR M 2 HE RS N pH 225K, BRI XY 1
. XY-3 Frl s A E— AR bR LI A AR
BRI R bR S T A — 8, i o
FAME(GB/T 13662-2008) 7 1, XY-3 1P A0 44

AW CZT ik ie ik & B R4 T 1Y IR, 3K
IO EERE XY-3 # 2B 2 v A A Ff 28 B
ARG BT T 0. Ik 6 FR, 7E 20%
T A2 R v, XY-3 AR bk 2 T 2 e
ﬁ#?&ﬁi’%ﬁﬂ@%ﬁo fH XY-3 BB X BB 1
FIFINEE R | LRI PERSER XY AW
ﬁhm, N XY-3 RILH —E R PDR G,

X5 PRI AV A, TR A
Wbk XY-3 RS R T AT ge S H 2 2 Wbtk
AR A AH O

R4 B4 REKRCEERRRS T CEERUER

Table 4 Maximum ethanol producing rate and aver-
age ethanol producing rate in the first 4 d

RSB TR PR g TORCRERE LR
25 BEXY35XY ZBREESHMGETR s Mommebml A sl
AR 0 W S 2 LT o o 410

O O 0 LT O 2 AR
XY-3 15.30 4.15

(PDRYBLG IR AF B e pb o221, S TR R R

=5 MAEIEE R

Table 5 Physicochemical indexes of Chinese rice wine brewed by XY and XY-3

ks kS S KR BIHEA oH
Strains Ethanol content (%, V/V) Total sugar (g/L) Total acid (g/L) Amino nitrogen (g/L)
XY 16.77+0.02a 6.30+0.16a 4.26+0.09a 0.78+0.06a 4.20+0.05a
XY-3 16.79+0.01a 6.27+0.13a 4.21+0.11a 0.82+0.04a 4.17+0.05a

. MRFRRRE R AL % (P=0.05).

Note: Same letters indicate the non-existence of a significant difference between samples (P=0.05).

x6 XY-35XY ZEMZMHESHYRE
Table 6 Ethanol tolerance and drug resistance of XY-3 and XY
AOD,
itk TR (%, ZBE20%) o
= P e—
Strains Lethal rate (%, ethanol 20%) AwH TR A
Chloramphenicol (2 000 mg/L) Cycloheximide (0.1 mg/L)

XY 83.54+9.81a 0.02+0.01a 0.98+0.01a

XY-3 78.53+5.55a 0.05+0.01b 1.04+0.01b

1 ARFEFRRES BEP<0.05), MFFEFRRZERAREP=0.05).
Note: Different letters indicate the existence of a significant difference between samples (P < 0.05), same letters indicate the

non-existence of a significant difference between samples (P =0.05).
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