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1.1 ##

1.1.1 F# 5 EmHi:S. cerevisiee CEN. PK2 (a/
MATa; ura3-52/ura3-52; trpl-289/trpl-289; leu2-3,
112/1leu2-3, 112; his3 D1/his3 D1; MAL2-8/MAL2-
8; SUC2/SUC2) Wy T EUROSCARF B 45 8% /0> o
ZWMAE AR SR E . E. coli IM109 HF it
KLk, ZEMR 24K pY26-GPD-TEF fy A8 B il M 37 K
# Li Aimin 1 +3#24t, pMDI19-T Simple Vector 3L
HREFEEWARAA,

1.2 35 se: (1) LB 3R 4y 7R E B Ik
10 g, 70 T WERERY S g, S ALHN 10 g, P81 pH =
7.0, AR 1 L #FEEKEEMA 100 pg/mL
MR EER, BARIE IR 20 g Bilg; (2) Fh
TRUR R F2 55D YPD K35 520 g #4545 ,20 ¢
EEAMI0 g MR ERZE 1 LI HREFEHTF
il & S. cerevisiae [FZ A MM LA IEFE . @ YNB
(AN B T 2 TR 1Y) 2 SRR ) 5% R 6k - 7 7 20 g,
YNB 6.7 ¢ (YNB 1 & 4 B iR B, A YNB i AN
H e MA 1.7 ¢ YNB FIS ¢ MilREk) EXE
1 L, WS FHESE S, cerevisiae A= FRAY T, | 3iA
B 7 HEAE B R BB A 20 g 3R .

1.1.3 B34k (1) E. coli IM109 5 35 £ 4 . #k
BRI V% 24547 20 mL LB f9 250 mL (47 8, ik
B 37°C 5k 200 o/min BFEIR F. (2) S.
cerevisiae CEN. PK2 %35 514 . QIR =2 & 45 1% 3¢ 5%
PRI TR V% 2= & A 20 mL YPD 1y 250 mL [ 4%
L, B T 30°C F5 8 o 200 r/min {9 4% K b B 5%
12 h, DL 10% %4z 5 7% A &4 50 mL YPD 35 3% B (1)
PR, 2 ODgy, Ry 1.0 Z2 A7 150 WUHE 40 i ) 45 SRk 52
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FEMR M YNB [ BE R B, B T 30°C o R
200 r/minf 4% PR L, A K BRI, LD 10% 1) B
PR A E4 50 mL () YNB 5553 (A T 4
K pr iy 19 2 iR ), A K B E0 JE R D
10% W55 e M 25 A 100 mL 1) YNB (135 77 3
S
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(1) W& NCBI LKA HY S. cerevisiae S228C
ACSI F1 ACS2 WP 7 0 B3PI XT 514, T K S.
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FE (R 1), 51 ¥ s 23 550 fin A BR a4 P9 7 i il U1 o2
H EcoR 1 Fl Hindll . (2) FH EcoR 1 F1 Hind Il 4351
fitg U] Bk pY26-GPD-TEF F1 PCR J2 i i) 7= 9y , 41 48
b Al Ak 0 2k Ak ) BUORL R H AR DNA Bl 1:6 1y
iR G  12CEREE %, (3) Had &R R
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YA € AR, G T 4% 028 L 2 % Sk . LA
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A8, 4G I 25 L2 2 SCik ™ o A0 B A T SR I 2
PP RRE L AT, e 8 B AL 3 A [ 1 AL
P AT e A e RO g g e
il ok A AT A A0 b TR A SE TR
0 IR A I A A28 O B 35 DXL S Y 0 2 < £ 1] Beacon
Designer 7. 0 it 2¢ 6 € i PCR Fi s B a0 519, 51
Yy ang 1 fos ;i 1] RNAiso PlusRNA 4 Hitiat 5

& (WK HORIE A WA R A $2IUE RNA, Jffi
JH PrimeSecript II 1st Strand ¢eDNA Synthesis Kit ( 3%
HRIEFAEYA RN A K S RNA 2 # 5%k
¢cDNA ,ffi J§ SYBR® Premix Ex Tag TM ( Perfect Real
Time) i) & (MK A RIEFEWARLA) L
cDNA V& RN 3EAT ¢ 6 € B PCR I, BL B-HL5h
BRI ACTL AE 2 IO, O3 = ki 1 Y 2
TR AR I AR A e s K P Y AR AR A O o AR 5236 %¢
JtsE B PCR U #% & BIO-RAD CFX96™ ¢ i &2
PCR A,

%£1 A3 PCR REFTASIY

Table 1

Primers of PCR reactions used in this work

Name of Primer

Name of Primer(5'—3")

Target gene Restriction enzyme cutting site

ACS1-F GCgaattc ATGTCGCCCTCTGCCGT
ACSI-R GCaagcttTTACAACTTGACCGAATCAATTA
ACS2-F GCgaattc ATGACAATCAAGGAACATA
ACS2-R GCaagcttTTATTTCTTTTTTTGAGAGA
ERGS8-F AGGAGTTCTTACTTGCTTAATAC
ERG8-E CTGAGTTACATCCAGCCATTG
BST1-F TGTCTCCTTCCTCACACCAC
BST1-R TGTAATGTCCTCAGCAAAGCC
MVD1-F CGTTTACACAGCATCCGTTAC
MVDI1-R GTAGCCGCAGAGGTCAAC
ERGI3-F CCAAGTCTGTCAAGTCTGTC
ERGI3-R ACTACAATGGCGTCTCTACC
ERG20-F AGCCAGAGATGTCTTGATTCC
ERG20-R TTCCAATGCCTTGTTGATTACC
HMGI-F GCCTTTCATTGTAGTTGTTGTTG
HMGI-R ATCAAACGACCACCCTCTTC
HMG2-F TTTATGAGATTTCGGACAACTACC
HMG2-R TACCAGATACGGAGACAACTTC
IDI1-F CATTACAACAAAGACCTAATACCC
IDI1-R CGGCACCAATAGCATTATCG
ACT1-F TCCCAGGTATTGCCGAAAGAATG
ACTI-R TGTTGGAAGGTAGTCAAAGAAGCC

ACS1 EcoR 1

Hind Il

ACS2 EcoR |

Hind Il

ERG8 —

BST1 —

MVD1 —

ERG13 —

ERG20 —

HMG1 —

HMG2 —

IDI1 —

ACT1 —

Underscored lowercase alphabets are the sequence of restriction enymze sites of primers.

2 &R

2.1 ACSI ACS? ZERIFEHAREKRNBE

LI S. cerevisiae CEN. PK2 4 JL[H 20 Jy#if ,PCR
PG 5 SCER B AR A ) ACST (2142 bp) Fil ACS2
(2052 bp) K=K BE . ¥ PCR P14 fr 15 (0 £ 8 A B
#5425 pMD19-T Simple Vector || & 4% F PCR %
IR ff B PR, U P 45 5 NCBT | Tl 8 i) ACST |
ACS2 FE P9 58 4 — 3 . # ACSI Fl ACS2 KL A Jv
Bey 3l 1% 4 B JJKL pY26-GPD-TEF, 3 15 5 £ 3 34
JkL pY26-ACST F1 pY26-ACS2, 43 5| 48 H 2H J51 kL
pY26-ACSI . pY26-ACS2 1 pY26-GPD-TEF #% 1k S.
cerevisiae CEN. PK2 , 43 57l b U5 Ak - 2l 4k 35 57 42 B

JORL, I LA BB g Al 647 PCR B ik, Bk &5 2R
oo, A LL A8 F| ACSI (2142 bp) Fl ACS2
(2052 bp) K&K &7, % B 75 41 o A 2 ) o
2.2 TERIEACSI ACS? WA ZELES A B
B % i

CTTHEE A 5 LR AL ACST/2 Wit 2 3Rk,
XF TR B A B B TS RN SRR A SR
W LR 1, & 1-B 2B Acslp F1 Acs2p 7E S.
cerevisiae VIR T DL Ko S P die AR A AL 1 4 1) 5[] O
[f], i B Fe ik ACSI Rl ACS2 1 14 Bk 23 ) 78 24 h Al
12 h R0 S5 8 14 £ 5 T BRI T, 3 S0l Okt
HRAH R 1. 41 %A 1. 62 A% . £ Tkl 5 ol 86 145 1 1Y
O i A = TS, cerevisiae TE X EUAE K AT
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Fig. 1 The changes of acetyl-CoA content and its
synthetase activity. A acetyl-CoA; B: The changes of
intracellular acetyl-CoA synthetase activity. — A—
strain of ACS2 over-expressed, — @ — strain of ACSI

over-expressed, — [ll— strain of control.

2.3 TERE ACSI F1 ACS2 3t BE LB 1 i5HiR
BXEERHERKENE M

20 8. cerevisiae W 3 IR 578 8 Nk
WL A . ERGI3  HMGI .HMG2 . ERG8 .MVDI . IDII |
BSTI F1 ERG20 . 8 /> DX 4 i (1) i 53 53] Oy« 3 -7 Bk -
3-HELR TR IS A G RS 3-8 SR -3-H R
TTREBEAIEE A 0 R 1305 3L -3-F 3L i TR A
AR A I SR 2 Bl R P R DGR T IR TP R
TG TR G R L S M S B RS- M L R L
ERSEE R W L m N R . R 28Ot e i
PCR F RWF5E L i %38 ACS1/2 J5iX 8 A K HE L A
M SRR DL o Hor, ACST FT ACS2 ()i it ik 3y
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ERG20 WA /KF o (HIE,ACST F1 ACS2 Wit = 3%
IR 8 A S L P R R K P IS B FE R [F] . 5
MM LG8, o 5 Gk ACST T A 8 N EE R K ik K
BV, Hod ERGI3 CHMGI  HMG2 . MVDI1 3 ik /K
b i R 2 A%, 3 o 2021 £ 2. 38 £
4.25 f5 F13.24 £ ACS2 3 8 F kB T i 15
ERG13 ERG20 HMGI MVDI F1 BSTI ik I 8
it 2 4%, 5350 3. 39 A% 2. 27 A 2. 40 £% 3. 29 £ Al
2,15 £, M, FBOIDI B By ik & T 2. 27

(~r.
Ho
2.4 ZEtHE A &R 8 REX Z B2 8 B
ZHE
2.4.1 ZBEAEE A 5 RS I SRR RORRAE A R vk

B ) B 30 A5 1T B AR AR O <8 D 4 Y AR
FARZS 0D , 5T 1 R IK S TRGIT G A A 50 i A
ACS1/2 Xt S. cerevisiae Z,HE A T 52 GE 1 19 52 e ( (K]
3) o MR EEME 5T (5% 7.5% ) , ik e ik ACSI
X} B AE I A7 6 ) B 3 R 0 i Rk ACS2 (] 3
B-C). 7E5% CBEMIE R T i 5 K38 ACST 1 TE
PR A A= IR BN E I 0D, Ry 4. 25, T 3 1 58
ACS2 W ARG BE TR AR I 0D g0 7ERRE AR 3.2
3.0, BARESWE R QB A (10% (12, 5% ) Xt
S. cerevisiae MK B A RIIAMHIVER (K 3 D -
E) ,{Hid 3235 ACSI F1 ACS2 ¥ n i 35 14 o 1 bk )
1R TR B C R 22 BE ), Hoad i 3k ACST (5% B
iR T Rl iRk ACS2,

Bl 4 it ik ACS1/2 J5 4L BE T~ 1 A8 fk
MO0, S a0 45 R — P R W] o i R 8 ACS1/2 W3
WA T S. cerevisiae HLAH £ BE 30 A RE 0. f
ik ACS1/2 Bl L) ZEREAR S, cerevisiae 7E AN [R] ¥k i 2,
BE T AIMIFE TR, 7E SR R 5% B, % HREA
PRFS A2 1 40 B 09 B8 T 3 4y il 2 o i 8 ACST Al
ACS2 KR 4. 74 F5H0 1. 44 5%, SR, 1E B W E 2
BESAE T (12.5% ) , i 5 R ik ACST FiI ACS2 X Fa €
1240 0 1) AE 0 e 7 T B 3 R
2.4.2  ANIA) B RE A0 R 20 M P9 AE R AR Y
AEOL 3 2 i i KK ACST/2 T PR RN RE bR R
TEHRE N 0% 5% 7.5% 10% £ B30 4 18 F 4
LN ATP [ B[] (4 28 4B 100 o 3 o 3% 3k & Tk i il
A ARG L R ACST/Z2 J5 4N N ATP & i 3% 2
o i, AL FOE O BE S AR o B R
ACSI F1 ACS2 TEHBRN ATP &+ 2 % BB R 3. 93
2,05 £, BEAE CBEHR FE AR T3 i, X6 BE TR B R0
AR ATP (9 & BRI T R, Ho, X R
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Glycolysis —» Acetyl-CoA — Acetoacetyl-CoA
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Mil: 1
M2: 1.96
M3: 1.21
MVDI M-SPP IDI1 ERG20
Mi1:1 Ml:1 Mi1:1
M2: 3.24 ™M2: 1.33 M2: 1.16
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M2: 1.06 M2: 1.06
M3: 2.15GGPP M3: 2.15
Diterpenoid biosynthesis Monoterpenoid biosynthesis

B2 TERACSINACS2 FREBSREXBAHEEXBEAZERBEELR
Fig.2  Changes of Mevalonate pathway key genes transcription after ACSI and ACS2 over-expression. M-5P: mavalonate 5-phosphate, M-5PP:
mavalonate 5-diphosphate, IPP. isopentenyl diphosphate, DPP: dimethylallyl diphosphate, GPP:. Geranyl diphosphate, GGPP:. Geranyl geranyl-
diphosphate; ERGI3 ; 3-hydroxy-3-methylglutaryl-CoA synthase gene, HMGI ; 3-hydroxy-3-methylglutaryl-CoA reductase 1 gene, HMGI ; 3-hydroxy-
3-methylglutaryl-CoA reductase 2 gene, ERGS8: Phosphomevalonate kinase gene, IDII: Isopentenyl-diphosphate delta-isomerase gene, MVDI .
Mevalonate pyrophosphatedecarboxylase gene, ERG20: Dimethylallyliranstransferase gene, BSTI: Geranyliranstransferase gene; ML1:S. cerevisiae -

pY26 ,M2:S. cerevisiae - pY26-ACSI ,M3:S. cerevisiae - pY26-ACS2.

8_
A B
4-
6_
N Q34
Q Q
2_
2.
O T T T T T T 1 T T T T T T 1
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t/h t/h
(¢ D E
41 4 4
QE 34 z i Qc 3] Q:» 34
Q Q Q
1
24 .
2 21

t/h t/h t/h

3 AEAREMZES S. cerevisiae £ KRR
Fig. 3 Changes of growth conditions under different concentration of ethanol stress. A: 0% (v/v) ethanol stress; B: 5% (v/v) ethanol stress; C: 7.
5% (v/v) ethanol stress; D: 10% (v/v) ethanol stress; E: 12. 5% (v/v) ethanol stress. — A — over-expression of f ACS2, — @ —over-expression
of f ACSI, —— control strainl.
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B4 FEREBZEXTS. cerevisiae 4 Bl FE 1= % i 85 1

Fig.4 Changes of mortality under different concentration of ethanol stress. A: 5% (v/v) ethanol stress;

B: 7.5% (v/v) ethanol stress; C: 10% (v/v) ethanol stress; D: 12.5% (v/v) ethanol stress. — A—

strain of ACS2 overexpressed, — @ — strain of ACSI overexpressed, — ll— strain of control.

FRAACS2 BN e S W . 5 OE R R AF T L
B ,ACST i B IR ARAE 5% R 7. 5% LB ia &

ATP ¥ J 12 X FR B T ACS2 19°9. 12 12,4 1% (5% )

32 EM3.845(7.5% ),

R2 ARREZEMHET ATP THER

Table 2 The intracellular ATP content under different ethanol concentrations

Ethanol concentration Time Contents of S. cerevisiae intracellular ATP/(wg/g DCW)

/(v/v) /h pY26 pY26-ACSI pY26-ACS2
0% 12 0.339 £0.021 1.331 £0.158 0.653 £0.028
24 0.282 £0.035 0.401 £0.074 0.311 £0.036

36 0.241 £0.018 0.472 £0.016 0.416 £0.008

48 0.230 £0.025 0.459 £0.005 0.378 £0.008

5% 12 0.085 £0.018 0.775 £0.199 0.063 £0.008
24 0.129 £0.012 0.594 £0.069 0.184 £0.008

36 0.145 £0.009 0.593 £0.068 0.159 £0.009
48 0.145 £0.011 0.734 £0.127 0.191 £0.0197

7.5% 12 0.123 £0.016 0.328 £0.034 0.095 £0.008
24 0.174 £0.007 0.751 £0.044 0.197 £0.008

36 0.201 £0.019 0.686 +0.270 0.220 £0.009

48 0.184 £0.021 0.405 £0.054 0.250 £0.019

10% 12 0.150 £0.012 0.199 £0.020 0.069 +£0.005
24 0.187 £0.026 0.237 £0.012 0.186 £0.013

36 0.214 £0.020 0.153 £0.015 0.067 £0.009

48 0.244 £0.007 0.197 £0.015 0.097 £0.007

R

ARG L) pY26-TEF-GPD %42 2 1A b ik 2k, LA
O- AR T8 2 WO S R DR ) ZEL IS Bl 7 (P ) i 1SR
PORIET H B89 ACST F ACS2 EDH BTSSR A &

BARIINT S, cerevisiae JCHEA: BEFPEMIRE M . Py 263K
560 B 3 HH X AN P L A K A BRI RS AN, SR
FHad i ek T B ST e A PR B Ry A AL
¥ LLS. cerevisiae SR A 32 HEA TGS T =5 8504 7
Az — R AT A2 H R R R A B L TR
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Bk S Mgt ot . GEREW R R AR T
S. cerevisiae |5 ACS1/2 J& , W ¥ SR AR A8 OC B 5L
AL KT B3 Th e X — 25 3 AR T/ e S.
cerevisiae {H UL T 5 R RIS AR 284k G 42
BT HCER S . SO FEXT S, cerevisia #EATARI T R2 2k
A RS S ) R T, LR — R R R
7R AR R 3 2R e ) B B A
A R R B2 I, S, cerevisiae
VE R A PeAE A A 27 i i A 20 55 AL S B £ B g A%
HEPERE S cerevisiae X L BEMITH 2, 1 L BERIFL R
XFT S, cerevisiae [ SN IE I 7 P A A0 A 4 2 B
A S, CEEA R AR 0 TH B 2 25 55 fh 4 g 2k
KM PRI, B A B T 2 B T 2 S T
i ZEik ACSI Fll ACS2 EARART) S, cerevisiae FLAH =
CTEAR IR ATET : (1) MO CBERTRE A SR8,
SR = IRIROG A, NI 32 &5 JfL Y ATP K7 (3% 3) , 1
ATP JKNAE S, cerevisiae 2 HIAIRAR = W & LM E V1 K
LA REREOER T 5(2) BT OB A (L2410
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Effect of acetyl-CoA synthase gene overexpression on
physiological function of Saccharomyces cerevisiae
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Abstract; [ Objective] The aim of our work is to investigate the effects of overexpression of two acetyl-CoA synthase
genes, ACSI and ACS2, on the physiological functions of Saccharomyces cerevisiae. [ Methods] We overexpressed ACS1
and ACS2 in S. cerevisiae CEN. PK2 with shuttle vector pY26-TEF-GPD. We determined and compared the physiological
parameters of the parent strain to the ACS1/2 overexpressed strains, including the intracellular acetyl-CoA content, ATP
content, mevalonate pathway, and the tolerance to ethanol stress. [ Results] Compared to the parent strain, the
overexpression of ACSI and ACS2 led to; (1) The intracellular acetyl-CoA content increased by 2. 19-fold (ACSI) and 5.
02-fold (ACS2), respectively; (2) The intracellular ATP content increased by 3.92-fold (ACSI) and 2. 05-fold
(ACS2) , respectively; (3) The transcription levels of the seven key genes in mevalonate pathway were upregulated,
therefore, more carbon flux was channeled into the mevalonate pathway, which could provide precursor for terpenes
synthesis; (4) The tolerance to high content of ethanol was enhanced, especially for the ACSI overexpression strain.
[ Conclusion] The results presented here demonstrated that the overexpression of acetyl-CoA synthase can enhance the
carbon flux into mevalonate pathway and improve the tolerance of S. cerevisiae to high content of ethanol, which is the
main byproduct of the fermentation process with the yeast.
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