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ARBEHAR, [BM] RFTEFTHEAZHE. HEFHALATLHRRZOERAR, FiTIML
Bl X At H R B CEtdt. [k ] RA &KL LB M8 3030 2 BIML 52 16 & AR A 49 BR
B B A MR(CICC 33068), B iTaf b IMLAMAE X AMRE SRE CB . S4E. FEAK pH 3%
Fag kK R A SRR B LB AL, RITIMLE MR St 4. [4R] AR T ELA#K, KIF
QIMLERT ES 13%CBEARAZREATAR, FRFICEG@EAERA R @B E, ot
Z W EAEIREL 450 g/L. IR 45 °CA= pH 3.5. ZBLEPRAL 4B IR 450 g/L. 45 °C#= pH 3.5
IR T AR, BEIALETIA 7922%, RELXBAREG 7.72%, @240 MAX AR KALIN, &
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A Saccharomyces cerevisiae strain with high tolerance:
breeding by gradual acclimation and fermentation
performance

LIU An', WANG Danyang', WANG Zhen’, WU Xiaofen', QI Hui', DENG Ming',
WANG Kegqin"', CHEN Liang '

1 Hunan Institute of Nuclear Agricultural Science and Space Breeding, Hunan Academy of Agricultural Sciences,
Changsha 410125, Hunan, China

2 Hunan Institute of Agricultural Environment and Ecology, Hunan Academy of Agricultural Sciences,
Changsha 410125, Hunan, China

Abstract: [Background] Saccharomyces cerevisiae is an important microorganism in the
fermentation of glucose to yield ethanol. However, high concentrations of ethanol and sugar,
high temperature, low pH, and other highly stressful conditions often occur during the
fermentation, which affect the fermentation efficiency of S. cerevisiae. [Objective] To obtain a
S cerevisiae strain with improved tolerance to high concentrations of ethanol and sugar and
high temperatures and evaluate the fermentation performance of the domesticated strain in the
case of high sugar levels. [Methods] A laboratory-preserved strain (CICC 33068) of S cerevisiae
was gradually acclimated to an environment of highly concentrated ethanol. The domesticated
strain was compared with the original strain in terms of the growth curves and fermentation
performance under high concentrations of ethanol and sugar, high temperature, and low pH for
the evaluation of its tolerance. [Results] Compared with the original strain, the domesticated
strain displayed a complete growth cycle and normal morphology in the broth medium with 13%
ethanol. The domesticated strain was capable of growing in the presence of 450 g/L glucose and
at 45 °C and pH 3.5, with the glucose-to-ethanol conversion rate of 79.22%, which was 7.72%
higher than that of the original strain. The gene expression levels indicated that the improved
tolerance was associated with the up-regulation of intracellular trehalose synthesis pathway.
[Conclusion] A S cerevisiae strain with improved tolerance to high concentrations of ethanol and
sugar and high temperatures and low pH was obtained by environmental acclimation to high
levels of ethanol. The domesticated strain outperformed the original strain in the fermentation
with high glucose for ethanol production. The results demonstrate that adaptive acclimation could
enhance the strain tolerance by upregulating intracellular trehalose synthesis. The findings
provide fundamental data for subsequent domestication and screening of other strains.

Keywords: Saccharomyces cerevisiae; adaptive acclimation; high-stressed conditions; tolerance;
glucose-to-ethanol conversion rate
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Bl e A A SR ) W T SR T A B RERARAL T e PR I, AR R,
U FEAY R RS R, EE SNBSS SBUERIE UL, AR . AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1020 (YIS Gk

Microbiol. China

PEREISS , 7 H I AT BB 2 RN I B T PR A 2R 25
t, SRR AR IE T K, BRAFRS
e I A P A T 52 ) B R AR X T B v
Yy CME R RO B OCH BE, H RITTR IS 1 B T
MEE B2 BT . @Y. FEE
M RHEN TRESE T ik . Horb, TGk Wi i
TE T A 15 5% B rp AN W B R O R 4 RS T
B SEIR RR R E PRI S, R RA
FART 52 PE R B 0, 3205 7 B 7 T 3R A%
DE R HFR R BAGIA SRS B i, 20
PR 52 TR R (1 B Bk A

B A T 5 2 W1 TR T 1 B o PR A 3 B 85
I P 7 T R RE A A E AN L AN Al 45 4, A
AR AP AN 32 50 S, O EL R T B A Pk
X R Z BT S R e R A A e 2
ol 52 1 B A i v 40 1 B IR 1N e e R 5 HE Y
$2Tte DIk, $ v s i A 35 0 n] BESR e T
AR A Z AR 2 VERE . SCRRIABE A& 8L, Ik
R IR 2t 4 14 5 12 AT I B TR R Y £ B s T 32
Mk 1%, L BE IS B 22 i T 2B i
Wi A PR, IR, AR DL o e e L
O30 PR35 DA T R N PR T O AR S AR, B
A YIS 2 R A TR e BRI AR, 3RTR B
it 32 P e il o e W S A S T 32 4k RE R e 0
RUBR AR, IS I BRT AR A S A BRT R A R
BEVERE , N AEY) S A SR UL B RR BT IR

AR

1.1 #HR
1.1.1 &

HY &% P RR R % 1 (Saccharomyces cerevisiae)
CICC 33068 5250 % PR R PR, —80 °CLRIEAE
DA 2 A B — Rl U5 P IR R AU
1.1.2 1EHE

H KBS B (yeast extract peptone dextrose

medium, YPD) (g/L): #i%5#¥% 20.0, & 11 20.0,
BERESRIBORY 10.0, BEBR A48 1.0, E/KBREREE
0.5, 115 °CZ&¥R K& 20 min,

T ORER RS (/L) A 20.0, BEREC
i 20.0, BEEEEREURY 10.0, BERR 480 1.0, &
IKBRBREE 0.5, 115 °CZEV KA 20 min, fFRESF
BV G Tl TS I A—E R ICE
ToK L o

FPERE R (g/L): BREE 1R 20.0, FEEER
BUky 10.0, #fe A8 1.0, L/KERIREE 0.5,
53 0 AR IAH N ) A 2 B L 300.0 . 350.0 .
400.0.450.0 F1 500.0 g/L (IR IERE IR 3L, 115 °C
ZEVA KA 20 min,

TG FR A (g/L): #i%IHE 50.0, BEEREERHL
Hr 5.0, iR A 5.0, BEREL 2.0, TL/KERR
BE 1.0, oK EALES 0.2, 115 °CZEVE KA 20 min,

IR R e 97 3 (g/L) . B REREUR 5.0,
B — S8 5.0, BEREL 2.0, JOKEREREE 1.0,
TooKEALES 0.2, 4350 S IIRH 1L 1) i 260 1
160.0.240.0 11 320.0 g/L 143 25 & e RG 97 3
115 °CZE{A K 30 min,

KRR IR A (g/L): PRk 4ER 100.0, Wbk
PEHCKY 5.0, W2 AR 5.0, BiEREL 2.0, JoK
TRAREE 1.0, JoKELES 0.2, 115 CHEIRKR
30 min,

] R 355 SR SEBC I A 20 /L BEAR B
1.1.3  EE RTINS

SARGE . SENEE, BCH R SRS OGN
[ 25 4 A b2 AR A PR3 F] 5 TriQuick Reagent
M IxTAE, Jbmi&m3EEREARAR; RTII
All-in-One Mix . MonScript'™ dsDNase #11 gPCR
A&, O AEYRIECA RA F s S
StarStain Red Plus &R 4uk}t, A TAEY) TR (L
T R

ENTA RIS I I a3 oS M o8 e Sl
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el MEIERRR, EOMNERAER A R A %
PR OHL, RS I DAL T R A BRI 5
FEM AP KRR AL, I NS A R B
o] JERTHAL, HRE A AT AR A A D
PG E 5 PCRAY, FEER L RBHL A w]
BEREUGAL, MRAF RSB, %
K24t B AL HIERT
1.2 7k
1.2.1 EHREM MY TEE

W R R R BRI VE 2R T YPD WA KT 5%
Jerpr, 28 °C. 160 r/min fEIRIEZHEF 12 h )5
W BB B 22.(1-5)x10% CFU/mL J:14ii T YPD
AR IR, 28 CCIEIERESF 2-3 d )5, BEHL
FEVE RN T 2% & W R, F 28 °C,
160 r/min SEATFRRASE SR, FoF VA DAL J5 7 AR 0
AT 2% CEERERRE SR, FR i AR K R
AR 2% L BERE R . MR DL B, B2
W AR RS BT & CRERHREE | 235 3R I b
WEEART 12%H0F, R T — Yk 2 ek s 4
2% MEEFRIEL T IR IE N 12%—13%0,
AT — R Y LR B R 0.5%, e 23RS i
W BEIR 13% IRtk YL fE WA 1.
1.2.2 ¥k 26S rRNA £F D1/D2 XU 547

W 1 TR AR B S A TR R B T % 3 ) e b T
YPD WBAAR; TR, T 28 °C. 160 r/min {HIGEHR
Vil SR 12 h Ja SR EERR BT A T YPD {4

R M AR =
"‘:’" \‘\.I" C; h \ { \ W '/ \‘ \‘
i 30 3 i 30 3
— i
YPD medium ,"'; _‘"\ l:,'——*\
'ﬂ ) sasana U
Single colony
2% ethanol 8% ethanol

BEFR AL O A B I JORS % HLY R BRRTE 1Y
FE SR A T A TRE (R0 ey A1 BR A w47
26S rRNA £ D1/D2 X 5 54347 %5 52 B kA
J& o 1 Bzup X E I 20 DNA 4 157
SR ZH DNA . fii e BE T 8 5 14 NL1
(5'-GCATATCAATAAGCGGAGGAAAAG-3") il
NL4 (5'-GGTCCGTGTTTCAAGACGG-3"), PCR
AR Z (25 uL): FEH4 DNA (20-50 ng/uL)
0.5 uL. 10xBuffer (with Mg®") 2.5 uL. dNTPs
(2.5 mmol/L) 1 uL. i 0.2 uL. forward primer
(10 umol/L) 0.5 pL. reverse primer (10 umol/L)
0.5 pL. ddH,0 19.8 uL., PCR Sz &1 94 °C
4min; 94°C45s, 55°C45s, 72°C60s, 30}
¥R ; 72 °C 10 min; 4 °CLR-AF . BRI TP %2
AR AR TR () e A RS W) 58 B, 3R
BRI SIE R BLAST 25K I e #5 s 5 $os
JERE AR 26S rRNA KK FE 5 gEF T AR
PE LA T, R FH MEGA 11 3338 5 91 AH A
MIERGEEEW .
1.2.3 AR ENER

YA TR PR S & B AR 4 i #E R T YPD
W RE FR B, 28 °C . 160 r/min 1H AR 7 1 5%
12 h &, BT, 10%8 R 8T 13% L0
FydEFR AL, 28 °C . 160 r/min fHIRIEZ 1555 24 h
J&, KEWT 8 000 r/min, 4 °CE5.0» 10 min J53F
i, AR BERRZZ e 3 1K, 8 000 r/min,

12% ethanol

J L J

13% ethanol

The ethanol in the medium was increased by 2%

1 EEN MR
Figure 1

Process of adaptive domestication of strains.

I
The ethanol in the medium was increased by 0.5%
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4 °CE.0 10 min J55 B3, A 2.5%5% 8
4 CitlEE, BOo5m b, WAATE, &
S, kPR s K
OB 30 A SR o) B

1.24 JMLEHKSELZEKRESE. K pH X
=R IME PR E K Eh T

Y TR e 2 R AR S R T YPD W)
R FRIEH, F 28 °C., 160 r/min fH IR 7% 15 #
12 h )5, BB ZE ODgoo HZ 0.7, % 3%
A DT AS [ B A B B2 (300, 350, 400,
450 F1 500 g/L)@iAIE pH (3.5, 4.5, 5.5, 6.5
7.5 A KR IR, 28 °C, 160 r/min {H
PR EFE, B 2 h B—kAE, MEHE ODgg,
B, Jremdkhz.

W YA TR PR S & TR Bk 43 5 4580 T YPD
WA R R, F 28 °C., 160 r/min H IR R 77 5
12 h J5, BHEIEFHBESE ODg EZ 0.7, %
3%FER IR TAE RS SR Y, BT 25, 30,
35, 40 145 °ClHIRIRZIES R, B2 h B—k
B, D& H ODgoo fH, JRZil A K4 .

1.2.5 YMLEHR R L A FE KSR EE LB
g

W N1 TR AR B S A TR R 4 31 e o T T Ak 8
Fikkrp, F 28°C, 160 r/min fHIRIR %5555 12 h
J&i . PL10% 2R B2 AT AL R 95 B P B R 5%
PAFRRFN W, K AR FEZ ODgoo (H 0.7 £ 45
HEAT JE B2 1) % T 56

] = AN A 20 mL FHZHE K B IR AL,
115 °CZEIR K 30min, LA 7%EEFEIIA_FIREE
MBI, 28 °C. 160 r/min 254 F K 144 h,
IYRIE 6. 12, 24, 48, 72, 96. 120 F 144 h i
B3 0.2 mL, 6 000 r/min &5.0> 5 min, ¥4
Wt 0.45 pm /K RIERRE , SR SRR (i
£ (high performance liquid chromatography, HPLC)
D7 2 TV P I R A R AN R 5, A 5
s ARZEIOCRINZRRI), K AHELE 45 °C; @ik

# Bio Rad Aminex HPX-87H (7.8 mmx300 mm), ¥
UL 55 °C MR A IR 30 °C; ishAH A 0.005 mol/L
BIBRIR , Wi 0.6 mL/min; #EAEAF 10 pL,
1.2.6 IhaeEE qPCR 17

WeH 1 mL BERERE T 1.5 mL #0488,
10 000 r/min, 4 °CE.0> 5 min, FF FWEW, A
1 mL TriQuick Reagent "XFTJ%5], H'E 5 min J5
FIA 0.2 mL =& H e, RIZIIRTIES), #E 5 min
J&F 10 000 r/min ., 4 °CES.L> 15 min, WH 35K LY
500 pL % AFHE 1.5 mL 2045 A 500 uL
SENTE, #E 10 min, 12 000 r/min, 4 °CES.L>
10 min, & E3HW, A 1 mL 75%2. 8, #5],
12 000 r/min. 4 °CE.L> 5 min, 3+ FiHW, 1
Pl 4 O T3 R 5 15 2 R RNA,

B FRIRIS AR RNA % 0.1 mg/mL,
1E/\FEHEE IR 4 uL 19 SXRTI All-in-One
Mix, 1 uL ) MonScript™ dsDNaswe, 15 pL ki,
SRR N 20 Lo RNFEFH: 37 °C 2 min;
55°C 15 min; 85 °C 5 min, 3518 ¢cDNA,

W70 SIS 1) cDNA F15 | ¥4 Fi Ff 10 7%,
{8 HRR M BE 10 10 pmol/L o DLRE R T s A
S (glyceraldehyde 3-phosphate dehydrogenase,
GAPDH)ENINZ KL, RT-qPCR H i FIE19
M AE TAEY) TR IR A BR A wl Gk, P
FUne 1 iR . RT-gPCR WA 2 : forward primer

£1 SEMRNEE PCRIEHFERMSIY

Table 1 The primers used in real-time fluorescence

quantitative PCR

ElkZEx SCIE7 2] /AN 3

Primer Sequence (5'—3") Product
length (bp)

TPS1-F CAACGAGGCCTTGZCTTTGC 152

TPS1-R TGGCAGAGGAGCTTGTTGAG

TPS2-F CTGCAGCTATTCCATCGGCA 158

TPS2-R TCCATGATCCGCACTTAGAC

GAPDH-F AGCTGTTGTCGTCCAAGGAG 148
GAPDH-R CTTGAGCGGCATTTCGTGAG

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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(10 umol/L) 0.5 pL. reverse primer (10 pmol/L)
0.5 uL. 2xqPCR Mix 10 pL. RNase-free water
7 uL, cDNA ¥ (0.5-10.0 ng/uL) 2 pL, FA&
WA Z N 20 pL, RT-qPCR W 4514 : 95 °C 30 s;
95°C 10s, 55°C30s, 72°C 155, 40 MEH.
1.2.7 IRBEEEEARHR K

FREC 1 g BEAEHEINA 100 mL 1xTAE, Hi#h
FOmBE I B ROE R, B EIE 50-60 °CIA
5 uL MRZIRY R, B o e I s A
BiF, WIHRGBUEREEERS , K BB EE I i
ALK, ARSRACIEL 5 pL ) Marker FlIAE
b AL UK IE . R E N 160 V,
B8] 2% 50 min,
1.2.8 HESR

K1 SPSS 19 Xf Bl TGt o dr,
GraphPad prism 9 X {F AT BB 22, L 3Rk
MR A 2749k

2 ZRE5H®

2.1 ENMYMEIRIGERERE B E AR ASFE
WLEEIE PR P ARAT R R AT SR AE, IF

5 R R TS H o DR B AR B & T AR L
YPD [R5 FRIE P IS A 2 B, KR
[Fi) B ) S 900 TR e ) B TR s AR R R TR AR
K, FHYMEE R E KB E Y, EK A8
Wi, YL AR R RS & FLae. RRE
BAE . ANEW L BT A] . RGN | ST
WERMERIERER ., ZLO6E ., SBRE . 2k
B IS RGBS

P B S A 3 R, YAk R
F R R PRTETC ST ia T (B 3A. 3B), HiZ
MRS, TBEWERNWMEEETE, Mk
TEA AR, 5 R TEMRAH LI TR A
ZHZFIRE ., 16 13% B RE T, HAHE
PR L5 A R, A0 PR AN AT O 5 6 44 i 45
(# 3C), J5 R e B B R A = S EE I IR BT T,
£ 1 A A5 A T T 65 240 L /N e A R AR
SO A0 A 1T PR A, P E RN AN A
AN AR PR R SRR R T
Pt fiirae F JC P 25 () 3D), BLAR B 14
4 . ANRERERRBG . AN AR I DR E IR
{RAP AT SE A i A M 25 44 FN s 2R T Re . R

2 HABERMIMCERNERERS A HAEREKRMPARIEIRIIE WSS, WkEREIPER . 31
FE, JEEE— FEV. B: HR RN AR IR AT WSS, C: YL TR PR M B 57 MLIE R
EAR B mh . FLA A LR . AEW. D IR AR M AR S IR L g

Figure 2 Colony morphology of original strains and domesticated strains. A: The front of original strain
plate culture, the strain exhibits a rounded and elevated morphology, with a milky-white color and a moderate
level of glossiness and semi-transparent. B: The back of original strain plate culture. C: The front of
domesticated strain plate culture, the strain exhibits a circular and highly convex morphology, with a
creamy-white color, displaying a good level of glossiness and opaqueness. D: The back of domesticated
strain plate culture.
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5.0kV 4.8 mm x10.0k SE (TUL)

B3 HAxERMICEREIRE R TR SHHE

)

T

5.0kV 44 mm x10.0 k SE (TUL)

A R TEIRAE 5 i 0% AR B 3R 2 v Y

& B: YHERMRAE B S & 0%RBIAE SR EETRIE LS. C: R EMRAE LB &5 13%M IR 1 57 5%
HHYIEAS. D PIMLTERAE SB35 it 13% AR 7R 5 h B 2
Figure 3 Morphological characteristics of original and domesticated strains by scanning electron microscopy.

A: The original strain with 0% ethanol content medium. B: The domesticated strain with 0% ethanol content
medium. C: The original strain with 13% ethanol content medium. D: The domesticated strain was with 13%

ethanol content medium.

TEBRRTE 13% C FEM 38 PREE T 1 41 i ) e A s
KRBTSR IEH
2.2 HAEHKMIMEEKRBLEE

Xf th & AR AL R ET T 26S rRNA K]
D1/D2 XJFHIT, FHb e TR Etk .
KR A EFITEN Y 26S rRNA LA D1/D2
XpdlRG LB, WE 4. YRk S L
PRI PR () 18t AL HE B a5l , R YIML AR S & 1A
PRJE Tl —Fh)aE ,  HL 5 TR B Bk i AR AL

150 100% . 48 A A0 TR PR R TR 8
iR P 5% £ T Ak (Saccharomyces cerevisiae), it
WAL TR AR A R B R B A
2.3 YMEERRAT 214
23.1 CZEEmZEMH

Kl sA Fos, TERAERET, Yk
PR R TR AR IAARL, 7E 0-2 h Ab T4t
W, 2-12 h A TP ECAE K, 12 h e AR
FE A, (H A TR R A X 5O ) A K R ]
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Saccharomyces cerevisiae SX-MX69 (MH465030.1)
Saccharomyces cerevisiae LY48 (0Q519843.1)
Saccharomyces cerevisiae LY 183 (KY705009.1)
100 | Saccharomyces cerevisiae A65 (KM589489.1)

Saccharomyces cerevisiae 23w61 (HQ149315.1)
Saccharomyces cerevisiae LY37 (0Q519832.1)
Saccharomyces cerevisiae H15 (KM655848.1)

Saccharomyces cerevisiae IMA 36Y (LT718653.1)

Saccharomyces cerevisiae CICC 33068
Saccharomyces cerevisiae SCT1 (OR711918)

0.20

&l 4 HTEEER 26S rRNA £F D1/D2 5511
BRRZLEHN FHSTHFSHIZENKRNG
GenBank #3g%, 030 BECTFRZTT MRS
KEBFEE, RN EA 2K ER 3
FERE IR 21 1 gt 1 7 S

Figure 4 Phylogenetic tree based on 26S rRNA gene
(domain D1/D2) gene sequence of yeast. The
sequence number in parentheses is the GenBank
accession number of the strain, the number on the
branch point represents the credibility of the genetic
relationship, the number 0.20 at the bottom of the
scale indicates that the length of the branch represents
a genetic variation of 0.20 in the genome.

T R AR A, IF HARE I bk
) ODgoo fELEH i F i A bk, R EA YL TR #k
A R JT5R TR R bR, T DR 2 2 1
YAk A B A T AR A R A A B A T
P TR AR

wmEl 5B Fis, YHLERTE 13% FEkE 57
ARG LS, au—BrnfE, HAK
HRRERK, FRNAERRSRIE, mitk
HRTE 13% L FER R OB K, RAH
G H WA B PR 1) 2 T A2 P A S R B R B o
e AT 2 13% G BEW B . i O A IF s i ]
A, TEARGIASMEIE B 2T, X4l 2 FEi
2R 0 B R Ry ik O 2o AR o R A

R g 1 2R AR TR AR YNS T, I ARTE 11 % B
FRIEHREFE 36 h J5 ODgoo fHAIAE T 0.15-0.20, %
AL B bR e i T 52 SRR R 1%, fIRFAF
FITE T R AR ET WYk T bR 7E
13% B SR AR KRS R AP, 7ER59% 28 h
Jii ODgoo fHI A 1.06, H MM ZMm T+ H
T % T 5 TR R
232 BEEREMIZM

WK 6 P, Bl 35 35 55 v 4 2 W w0 dn vk
FERURWT R, IR R 5 R B RR A 2R R
AFTIESE, Hik AT E WS ODgoo (4 H
TR, EYIEEERRAERR E W ODgoo (EATSH 2
m TR R, UK R PR S S S5
Wi F18) BT RR ) A, (ELXE H BT R 1 5 Wi R B v
TYMER R & ERAERE S 300-350 g/L
Af AR R IO B A8 Ak, YR B2 S T 400 g/L
WO RO AR, W] R T e e Tt W AR 2
4350 g/L. YIMBIEARTIEREHR BE A 300-400 g/L AJh
b F R AT AR RS, E Rl BE e 15
HAE N 6 h 3K F 12 h, XTEUHZ
M 20 h /b 14 h, B2 A ODgo, fH Rl 5
W2 B8 0GB KA s ZEARMR B2 Dy 450 g/L B 9l
FTEAR AR, (HAE 20 h J5RBLH A K
fE 75 UMM BE RN 2 500 g/L A YL B Ak G 1k
LI 30 A K, 2R BH I fh P A e s v R T S
F| 450 g/L. LA R Bk R AR A4 TR 0 B 6E 7 L
R MR R 28.6%, i B B MR 7E 48 5L it 21
PERE I Ak 1 [R] ik LT b e 0 A 2 7 g, 9l
A TR AR T TR v e B 2 Tt %) [ s o L & T v
A A ) BRI T -

Yi S5 B T R T R T A A T 2
5 sz 8 B AEE, FTRE i T RERE R 2
Pt R 80 2 AR 1 TS 32 1 357 55 40 PR T S 1) % i
A 5% Zhang SEU R TR 2, 5 e 1R = 0 TR v e
BERBE YF10-5 7E 35% (5 s AR A0 500 i A bl 2%
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A 20 B 20

—— Domesticated strain —— Domesticated strain
—=— QOriginal strain —=— QOriginal strain
L5 |- 1.5+
g in QE |
8 1.0 3 1.0
0.5 05+
| 1 | 1 | L | L | 1 | 1 | 1 |
0.0 4.0 8.0 120 160 20.0 24.0 0.0 40 80 12.0 16.0 20.0 240 28.0
Time (h) Time (h)

5 AMBEEREIRCESERMEFEPINEKME A YHLEAKRAD L EKER T OB
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Figure 5 Growth curves of original and domesticated strains in liquid medium with different ethanol content. A:

The domesticated strain and original strain were cultured in liquid medium with 0% ethanol content. B: The
domesticated strain and original strain were cultured in liquid medium with 13% ethanol content.
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Figure 6 Growth curves of original and domesticated strains in liquid medium with different glucose
concentrations. A: The domesticated strain and original strain were cultured in 300 g/L glucose medium. B:
The domesticated strain and original strain were cultured in 350 g/L glucose medium. C: The domesticated
strain and original strain were cultured in 400 g/L glucose medium. D: The domesticated strain and original

strain were cultured in 450 g/L glucose medium. E: The domesticated strain and original strain were cultured
in 500 g/L glucose medium.
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Figure 7 Growth curves of original and domesticated strains with different temperature environments. A:
The domesticated strain and original strain were cultured at 25 °C. B: The domesticated strain and original

strain were cultured at 30 °C. C: The domesticated strain and original strain were cultured at 35 °C. D: The
domesticated strain and original strain were cultured at 40 °C. E: The domesticated strain and original strain

were cultured at 45 °C.
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Figure 8 Growth curves of original and domesticated strains in liquid medium with different pH values. A:
The domesticated strain and original strain were cultured in pH 3.5. B: The domesticated strain and original
strain were cultured in pH 4.5. C: The domesticated strain and original strain were cultured in pH 5.5. D: The
domesticated strain and original strain were cultured in pH 6.5. E: The domesticated strain and original strain
were cultured in pH 7.5.
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Figure 9 Fermentation performance of original and domesticated strains with different glucose concentrations.
Sugar and ethanol concentration of 160 g/L glucose fermented by domesticated strain and original strain.
Sugar-ethanol conversion rate of 160 g/L glucose fermented by domesticated strain and original strain.
Sugar and ethanol concentration of 240 g/L glucose fermented by domesticated strain and original strain.
Sugar-ethanol conversion rate of 240 g/L glucose fermented by domesticated strain and original strain.

Sugar and ethanol concentration of 320 g/L glucose fermented by domesticated strain and original strain.
Sugar-ethanol conversion rate of 320 g/L glucose fermented by domesticated strain and original strain.
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1031
i 2 PEBEBIAL] , A BLIE 0 1 9 A o b 8 TR
PRI A R S A QR R i 2 PR RE L AT OA R

2 At T b I A B 2 £ HE AT L i
REFERENCES

(1] XIME. R AR OB h B R PR R BESE[D]. K
i R B TR 2 2 718 5L, 2023.

LIU S. Yeast resistance in ethanol fermentation using
rice with husk[D]. Dalian: Master’s Thesis of Dalian
University of Technology, 2023 (in Chinese).

[2] SHEN DX, HE XL, WENG PF, LIU YN, WU ZF. A
review of yeast: high cell-density culture, molecular
mechanisms of stress response and tolerance during
fermentation[J]. FEMS Yeast Research, 2022, 22(1):
foac050.

[3] QURESHI SA, ZHANG J, BAO J. High ethanol
fermentation performance of the dry dilute acid
pretreated corn stover by an evolutionarily adapted
Saccharomyces cerevisiae  strain[J].
Technology, 2015, 189: 399-404.

[4] GALLONE B, MERTENS S, GORDON JL, MAERE 8,
VERSTREPEN KJ, STEENSELS J. Origins, evolution,
domestication and diversity of Saccharomyces beer

Bioresource

yeasts[J]. Current Opinion in Biotechnology, 2018, 49:
148-155.

[5] CAO TS, CHI Z, LIU GL, CHI ZM. Expression of
TPS1 gene from Saccharomycopsis fibuligera A1l in
Saccharomyces  sp. WO
accumulation,  ethanol

enhances trehalose

tolerance, and ethanol
production[J]. Molecular Biotechnology, 2014, 56(1):
72-78.

[6] DIVATE NR, HUANG PJ, CHEN GH, CHUNG YC.
Construction of recombinant Saccharomyces cerevisiae

aldehydes
overexpression of aldehyde
Microorganisms, 2022, 10(5): 850.

[7] WANG PM, ZHENG DQ, CHI XQ, LI O, QIAN CD,
LIU TZ, ZHANG XY, DU FG, SUN PY, QU AM, WU
XC. Relationship of trehalose accumulation with
ethanol fermentation in industrial Saccharomyces

with  ethanol  and tolerance  via

reductase[J].

cerevisiae yeast strains[J]. Bioresource Technology,
2014, 152: 371-376.

[8] TECHAPARIN A, THANONKEO P, KLANRIT P.
Gene expression profiles of the thermotolerant yeast
Saccharomyces cerevisiae strain KKU-VNg during
high-temperature ethanol fermentation using sweet

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1032 WA

FiE Rk

Microbiol. China

sorghum juice[J]. Biotechnology Letters, 2017, 39(10):
1521-1527.

[91 MATSUMOTO I, ARAI T, NISHIMOTO Y,
LEELAVATCHARAMAS V, FURUTA M, KISHIDA
M. Thermo tolerant yeast Kluyveromyces marxianus
reveals more tolerance to heat shock than the brewery
yeast Saccharomyces cerevisiae[J]. Biocontrol Science,
2018, 23(3): 133-138.

[10] 5K XL, 2B 52 14 WLy 1 B 28 78 1A YN8 it & 1

Ho 52 MU BEFED]. B £ il g B B AL 2 L
W3, 2022.
ZHANG SS. Breeding of ethanol-tolerant mutant YN81
of beer yeast and its tolerance mechanism[D]. Xinxiang:
Master’s Thesis of Henan Institute of Science and
Technology, 2022 (in Chinese).

(11] B ifE 2. BRA AR IS D0 R IRIPY 141 Pk A4 8 75 S TR T K

CZAARWISED]. w9 BH: wg BH IS 27 B A L 27 38
3, 2022.
JIN HY. Breeding of excellent brewing strains for
kiwifruit wine and optimization of mixed fermentation
technology[D]. Nanyang: Master’s Thesis of Nanyang
Normal University, 2022 (in Chinese).

(12] T i, EAEE, 2w, RETE ¥, MR, X mEFT.

TS S0 TP T B DR A5 B 7 R AR A R I S
PEF[I]. ERBEARL, 2016(9): 31-37.
FANG PP, WANG SQ, LI J, XIONG XB, TAN HG,
LIU XL. Establishment of the
atmospheric plasma-inducing mutation of S. cerevisiae
and breeding of an ethanol-tolerant strain[J].
Liquor-Making Science & Technology, 2016(9): 31-37
(in Chinese).

[13]1 YIS, ZHANG X, LI HX, DU XX, LIANG SW, ZHAO
XH. Screening and mutation of Saccharomyces
cerevisiae UV-20 with a high yield of second

conditions of

generation bioethanol and high tolerance of temperature,
glucose and ethanol[J]. Indian Journal of Microbiology,
2018, 58(4): 440-447.

[14] ZHANG Q, JIN YL, FANG Y, ZHAO H. Adaptive
evolution and selection of stress-resistant
Saccharomyces cerevisiae for
bioethanol fermentation[J]. Electronic Journal of
Biotechnology, 2019, 41: 88-94.

[ISTATER A, fT2R o, XUSHHE, FIVBG. T sebs 5 T i b

S A2 PEAH G RIS S (0], b B Y, 2020,
39(11): 1-4.
HE YF, HE RR, LIU DH, SUN Y. Correlation between
trehalose and ethanol tolerance in Saccharomyces
cerevisiag[J]. China Brewing, 2020, 39(11): 1-4 (in
Chinese).

[16] fAh, Semmll, MRF, S, R0, Ei.
I pH FFEE TR Y 43 85 B X R W48 P 04368 107 P [T].
i TR, 2019, 40(16): 112-117.

XU W, CHAI LN, FU XY, MA TT, FU DW, WANG W.
Isolation of low pH resistant yeast and its adaptability

very high-gravity

to acid stress environment[J]. Science and Technology
of Food Industry, 2019, 40(16): 112-117 (in Chinese).

(17 KVAE e, RHEWE, PHE, HEM, skarfr, NV E,

RS, WA, AU T i 2 B IR A
ML), P E AR, 2022, 41(10): 55-61.
LIU YB, SONG Y]J, LI HD, SHEN XK, ZHANG LX,
SUN XY, HAN SN, PAN CM. Breeding of high
temperature resistant with ethanol yield yeast by
compound mutagenesis[J]. China Brewing, 2022,
41(10): 55-61 (in Chinese).

[I8] DIVATE NR, CHEN GH, WANG PM, OU BR,
CHUNG YC. Engineering Saccharomyces cerevisiae
for improvement in ethanol tolerance by accumulation
of trehalose[J]. Bioengineered, 2016, 7(6): 445-458.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


