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8§ F. [869) ML f B B L B s FoR4= A B MSN2 44988 B 5 (Saccharomyces
cerevisiae) ) B TAEH MR, -G LB fe . [ 5] CABREBEE BY4742 A FE 40 DNA
AHREH, KA PCR LAY 3EIRF ADH7 B3hF. CYCI 4bF AR MSN2 hAAER 5], vh pUG6
R K A BARA A ADH7p-MSN2-CYCIt (34 &t & 48 £ 3K i 42 pUG6-AM. 18 it BEBR4Z 3%, 144
MEAJE 89 Ji ke pUGE-AM 46 NBRIE BEEE BY4742, Ik FabEdsibT, 08 o7 L3t ik 6 ot 4t
71, FRARAZE PCR #HAEM MSN2 ARA L PR ELR T T/, (LRI METE
ADH7 B3 F 424 F &35 MSN2 698 B BE A B TAZH AR AMOL, % B ARt HR B it % 48 /) B 238
5%, MSN2 AR5 FAF2| T A RMmifdE, FHRS T HAEAR ST, [44] ket
5 R IR 69 8 3 TAF a4 B AE TR AR B MSN2 6955 5 kA, R R SEVE R H TR
MR ARBR G T2 88y, AbEE b L4 SRRk R e SIE .
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Abstract: [Objective] The aim of this study is to improve furfural tolerance of Saccharomyces
cerevisiae by constructing its recombinant strain with fine-tune expression of MSN2 under a
self-regulated promoter control. [Methods] The ADH7 promoter, coding region of MSN2, and CYC/
terminator sequences from genomic DNA of the S. cerevisiae strain BY4742 were obtained by PCR
amplification, and then were ligated into the pUG6 plasmid resulting in a recombinant plasmid
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pUG6-AM containing the ADH7p-MSN2-CYC1t cassette. The recombinant plasmid was transformed
into the S. cerevisiae BY4742 strain by the LiAc/SS-DNA/PEG transformation method after
linearization, and then positive transformants were screened. Tolerability of a selected recombinant
yeast strain to furfural was compared to its control, and transcription responses of MSN2 and its
representative regulons between this recombinant strain and its control under both furfural stress and
normal conditions were further comparatively studied. [Results] A recombinant S. cerevisiae strain
(named as AMO1) with fine-tune expression of MSN2 under the ADH7 promoter control was
successfully constructed. This recombinant strain showed significantly improved tolerance to furfural,
and MSN2 displayed fine-tune transcription response to furfural stress and then positively affected
transcription responses of its regulons. [Conclusion] Fine-tune expression of MSN2 controlled by a
self-regulated promoter from a gene induced by furfural not only improved furfural tolerance of the
genetically engineered S. cerevisiae strain, but also avoided side-effects due to its constitutive
overexpression under the strong promoter control.
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Figure 1 Sketch map of transcription-factor binding sites
in the promoter region of ADH?7
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FHIEH 7ElE | DNA [AlR B S5 A, 5 e
SERTE LR MSN2 #H4T A TGRS, JHAHN
M ) L BT R (8 e R ) ek . s A TR
PARRIGOR XTI T A2 68 0, ke MSN2 FF&id i
FIRWRIEWER, RIS SR LT 4 IRk BER)
Tl A A = B He

1 MRS HE
1.1 ##

1.1.1  BRRFAGTRL: BRI R RE AR RS0 = % A
¥k BY4742, I H 32 Open Biosystems 23 1) ; K
¥F i (Escherichia coli) DH5a, W4 TaKaRa /A ]
TelEAR pUG6, I F 78[5 EUROSCARF R H > o
1.1.2 E£Zi{5: PCR Mix. T4 DNA Ligase FIfR
M PEN VIS, W H TaKaRa A A ; E.ZN.A.™ Yeast
DNA Kit, E.ZN.A.™ Plasmid Mini Kit. E.ZN.A.™
Gel Extraction Kit 1 E.ZN.A.™ PCR Kit, I H
Omega A Fl; N5 % % (Ampicillin), RIPE R
(G418)LU S PCR #5141, W H i TAYARA
F); RNA 4ifbif5f & . FastQuant RT Kit, SuperReal
PreMix Plus, W H RBAEHEAL)ABRAF
PE RIS RNA mix & ELMD R
FEHU Liu ZLAFSE 00BN s BRI, 0 [ i D3
FEAHE] AT ARG B oA Al

1.1.3 EHFE: FHIEE LB 2 Anderson! it
#il; YEPD B35t/ E/=5E (M 20, BEREE
Y 10, AAIRE 20, pH 6.0; BRI SR THIA
HiflE 18 go

1.2 A%

1.2.1 DNA EEE4L: KM EZNA™ Yeast
DNA Kit $EHUERTEERE BY4742 23K 4] DNA; H
E.ZN.A.™ Plasmid Mini Kit M E. coli DH5a H42Hit
Bk DNA; ] E.Z.N.A.™ Gel Extraction Kit M\ FLTk
e ik H i DNA FBe; B E.ZN.A.™ PCR Kit
4lifk, PCR MY H Y DNA H Bt B S84+
R EEAEULR T .

1.2.2 PCR¥#&. % DNAStar 5.0 4%+ ADH7

JABhF . MSN2 3£ K CYCl 1k FH 1514, 5l
WP A RAE R 1,

DABRPGER: BY4742 JLHIZ] DNA W, H
5% ADH7p F Fl ADH7p R 4% ADH7 J5 5+ ;
F5#% CYC1t F fICYC1t R 18 CYCI 11T
FHZ1MI%) MSN2_F #l MSN2 R 914 MSN2 Jt [ 4
F5]. PCR ZIAZR A : 2xPCR mixture 25 pL,
BY4742 H:[H 41 DNA (10 mg/L) 1.0 uL, dNTPs
(2.5 mmol/L) 4 pL, 54 F (10 umol/L) 1.5 uL, 514
R (10 pmol/L) 1.5 pL, ddH,O 17 puL, SR ST
50.0 uL. PCR KW 274 : 95 °C 5 min; 95 °C 30,
56 °C 455,72 °C 2 min, 3t 35 MEFF ;72 °C 10 min;
4 °C RAF o U35 197 W LOY B BE MR E I FL UK A
iy, Teseatife 5 R B

il PCR ¥4 . % ADH7 J35h¥H1 CYCI % 11
T PCR 4 B4 22 I DU 42 55 LU ATINR B A S A
¥t DNA, L) ADH7p F 1 CYCIt R M| 4ydktTal
4 PCR ¥"14 ADH7p-CYC1t FBf. PCR ¥ 14 5 )i
FEIRLE o P 3874 ] 1.0% B Mg A e L A, [
Weatifem G B R B
123 FHEERIERK pUGE-AM BIME: I
pUG6 JFuki Fll ADH7p-CYC1t filE H B4 EcoR V Hil
Hpa 1 WUk 46405 , ] T4 DNA %320 16 °C
BRI, AL E. coli DHSo S S, k4
WA T & N EER00 mg/L)) LB EAR;
I, 37 °C K537 18 h, Phikiefb v, REUTRL,
PEAT W U] K PCR B 3F o FH M R 4 N
pUG6-ADH7p. %5 J5 I BHPERS b 7-80 °C H Mk
el

¥ MSN2 ¥ ¥54640f5 1) DNA J=¥)4: Spe 1 il
Sac 11 ARG VI vk ghifb J5 , 5 4 R FE b 31
pUG6-ADH7p JikiiE 5, K H T4 DNA #4247 16 °C
PR, Ak E. coli DHSo A2 S 4L, 402
M T & T HEEE00 mg/L)) LB [EAR
F I, 37 °C K37 18 h, Bkikikib T, $RBUTHL,
PEFTFD] B2 PCR IKHIE o P br Bk 5 21 e B 358
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#z1 PCR 5|4
Table 1 Primers used for PCR

5149 5271 TnfH K I
Primers Sequences (5'—3") T values (°C) Lengths (bp) Enzyme sites

ADH7p F  GCGCGATATCACATTATTAGGTGCATCAACAACGGAA 57.00 EcoRV

ADHTp R OTGACATAACTAATTACATCCGCGGGACTTTCTGGGTAAA 6490 LY SacTl
GCATACTAGTTTTGTATT Spe 1

CYCIt F  GTCCCGCGGATGTAATTAGTTATGTCACGCTT 75.70 s SacTl

CYCItR  GGAAGCGTITAACGAGAGCGACGATGAGAGT 70.70 Hpa

MSN2 F  GCGCACTAGTATGACGGTCGACCATGATTTCAA 57.90 ) iss Spe

MSN2 R GCGCCCGCGGTTAAATGTCTCCATGTTTTTTATGAGTC 53.90 Sacll

qMSN2 F  GATGAAGACCCCAAGAACGA 60.05 o

GMSN2 R GTAGTCGCCACTTTCGCAAT 60.28

qCTTI F  GCCAAAGGTGGTGGTTGTAG 60.41 1

qCTTI R ACGGTGGAAAAACGAACAAG 60.01

qHSP26 F  ATGCTGGCGCTCTTTATGAT 59.84 s

qHSP26 R TCAACTGGAACTGCGACACT 59.47

qHSP104 F  AAGGACGACGCTGCTAACAT 59.90 .

qHSP104 R TTCTTTCAAAGGCACCATCC 60.05

qTPSI F  TGTCTTCCGTGCAAAGAGTG 60.02 124

qTPSI R AACCCATCGGTGAACTTGTC 59.83

qTSLI F  ATTGGCGTAACGATGTAGCC 59.99 .

qTSLLR  CGATCTTGATCTTCCGCATT 60.18

qTPS2 F  CAGCAGTCCTACTGCCAACA 60.05

qTPS2 R CTGGACGGGAGAAAAATTCA 60.04 18

Jiki pUG6-AM ., %7€ J5 1 B2 AL 7-80 °C Tl
HFEE o

124 EHFRNEVRBEESRE: 1 Kpn | WU
ML BT AL B E A R pUG6-AM, SR S Rl
UV AL BT 1 BYA742 B2 25400 78 5 G418
(200 mg/L)I*) YEPD [&{A&E5573E |- 28 °C K557 3-5d,
Peitiefb v, RILLifbihaE, P g LA
20 DNA, XM514%F ADH7 F 1 MSN2 R #f7
ADH7p-MSN2 ik (1) PCR %5, HZH BRI EE L
HEP TR 44 AMOL .

125 EBERKRIARMFEROSLEDN: LS
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MR Li ZEPOHRE I T, B, PR R
A ER AMO1 MR BERE BY4742 (RRRTE, 2
FiE] YEPD WIARE SR, F 28 °C. 200 r/min $R3%
PGSR o A ERE TN A2 B ODeoo fH.,

BT B IROMEE ODgoo fHE] 1.0, DL 10%35 5 4%
FhE] 50 mL BriE YEPD AR FRILLU L&A 10,

20. 30 mmol/L BERF(Y) YEPD WA 32 5L, 28 °C,
200 r/min 1555, [AIFRBUREINERE S ODeoo H., 2l
AR HhZta B, AT eI 5 A K AR AN IR
A PR AE R, R 3 N EE ., [,

TEFERN 2 h )5, &3 F 3 000 r/min 2.0 5 min Y8
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12,6 FHEFXIX qRT-PCR 4 #f: HFFKL
qRT-PCR Z:H# Liu %2238 (4 ik 40T o SR FHR
'f&“%‘(pH 4.5). A0 I7 ¥ NEERETE o B A
RNA, £ RNA 4lifbii & 4lifb )5 , LA FastQuant RT
Kit Lﬁfi?%% [F I A SR 2 RNA mix fERZ
P65 5 PCR K SuperReal Premix Plus il &%
ULIAFEFT . QRT-PCR 345 |91 R FH 5 191 14k
Primer 3  (http://biotools.umassmed.edu/bioapps/
primer3_www.cglyi 1T, 51 ¥F 5 LARAR B 1
R AL H K 3T B IR Lin 5P R80T

2 ZR54H
2.1 BHBIREZBIFRIS

VIERPGEER: BY4742 JEH4] DNA Wb, R
FH PCR Jr ik U 48545 T MSN2 W4t v 41, 7=
W1 Lk 45 5 DL IR 24 25 5 Bon B Y TR T
2000 bp, SHUHIR/N—2, I BY4742 FEHIAH H L
i 54 T ADH7 1551800 bp)Fl CYCI 4111
(303 bp), ¥F3RFF ADH7p FiI CYCIt JE = ¥4
LB )IRAVE M DNA BEfTRlA PCR ¥
H, K137 ADH7p-CYCIt fili & DNA F B, 7%
HLyk 25 SR WL 2B, 25 R BoR Al A R BER/NEE
1100 bp 247, SRR/ N—EFL,

EcoRV Spel Sacll Hpal

ADH7p CYCIt
(5.0 kb)
& E
O,

pUG6 %

(4.0 kb) %
CYClIt

Hpal g, i
L 2
, Er]::l){d:’ Spel Kpal Sacl
PUCori  Hpa | C——

MSN2

B2 BAIREHR PCR ¥ &8 IKE

Figure 2
products

7: M: DNA marker DL2000. A: MSN2 JE[H ™ 4 H kAT 5 1:

MSN2 BB 8 BL. B: ADH7p-CYClt fJfili4 PCR ¥4,
K& ; 1. ADH7p-CYCIlt B Fl& A B

Note: M: DNA marker DL2000. A: Agarose gel electrophoresis of
MSN?2 by PCR amplification; 1: PCR product of MSN2 fragment. B:
Agarose gel electrophoresis of fused ADH7p-CYClt DNA
fragment by PCR; 1: PCR product of ADH7p-CYC1t fragment.

Agarose gel electrophoresis of target PCR

22 BHEFIEFRNBIME

AR R IA TR pUG6-AM R 4n &l 3
FITR o AEJERAS 3] (1 RS P B dh 2 ek ook, 2 PR
NI Spe T F1 Sac TTAUEEVIHAL, 7242 2 N B
(1 4), 53517220 2.1 kb ) MSN2 JE 5 5B il 5.0 kb
) pUG6-ADH7p ki B, SR/ N—2K,
FH R IIFE T pUG6-AM HE 4 Fik Tk

LoxP %‘
pUG6-ADHTp foxb
4
/ o 3
AR ) 5
Q / w3
-9 ' A

Y
P/

3 FHEFEHR pUGE-AM BIMETREE

Figure 3 Construction illustration of recombinant plasmid pUG6-AM
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B4 pUG6-AM RYWEELILEIE 2 Hr

Figure 4 Restriction analysis of plasmid pUG6-AM

Note: M: DNA marker DL5000; 1: Plasmid pUG6- ADH7p
(Sacll); 2: pUG6-AM (Spe 1 + Sacll).

23 MRBEERSEHREKNWE

LA E AR FGA TR pUG6E-AM, £
FETRERVEFEAL IR A BY4742 J5, 76 G418 itk
Al iR T BHME LT RSB pUG6-AM
NG R R E R LGP 5, PRz R AN BELE TR
LR ], 1R A Bk LR A RE
T G418 Ptk PHEETEREN PCR % 45 53R

ADH7p-MSN2-CYC1t Eik&HMAR T Y tfhr,
BCIIAAT T A T R L TR R AMO1, 3
IR TORE SR IR Y ik DNA SAIRRCE LA 5,
24 EEHERKENEA RS E SR

PR P B E ZH I bR AMOT B2 BRI Bk BY 4742
FERA BB () 551 T, ARG TCH 82557,
BI7E 60 h kB E BI(E 6A), 245KV : 7EIE
WAKRET, BN K ANZEEHATI
IR o TEA BRI AAAERT, PIRREERE T 1 A K 3452
FE, FEAARREY], JF HAR IR B RS
BT TR 8 (B i (& 6B) . SR, A [RIARERE
WRER, EUE B AR AMOT B HEXT R TR iR
BY4742 $RATIKE A, I H A BRI e B i 34 m
TN (K] 6B). L5 . ZEMRIE N SOk
AT, RH ADH7 JA8hF 84 MSN2 By &g
RS 2 B XS (14 it 32 18 T
25 ERFEFIES

PR VP P B AL AR AMOL Jr H o A B R
BY4742 (13 PR S oA 638 LU A R L3 2 75T
BEREE LR, TIRRTEE MSN2 5% 55K S To W i 24 5
(] 4R  T UE 6 MR R 5 SRk -t JE
WS REREN . IEFAKRET, 4DH7

i mzb} MSN2 Klﬂl)t i
Yufafk DNA
1
s I Chromosomal DNA
1
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Figure 5 Integration diagram of expression plasmid into chromosome DNA of S. cerevisiae
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Figure 6 The growth curve of AMO01 and control strains under different conditions

Note: A: YEPD medium; B: YEPD medium-+Furfural.

*2 ERRBLERIR

Table 2 Comparison of gene expression

FH [bfE Ratio (AMO1/BY4742)
Genss’ S RPD+Furfural (0) | YEPD+Furfural (10mmolL) || YEPD+Futfural (20 mmolL)  YEPDFurfurall(30 mmol/L)
MSN2 1.1 2.3 54 12.7
CTTI 0.8 22 36 5.8
HSP26 0.9 52 8.7 30.6
HSP104 1.2 3.1 6.6 8.9
TPSI 0.9 1.7 2.8 43
TSL1 13 22 33 45
TPS2 0.7 2.6 3.9 5.1

. HE(AMO1/BY4742) KT 2.0 WA 57 128 (P<0.05).

Note: Ratio of AMO1 to BY4742 above 2.0 indicates significant difference (P<0.05).

JA s FARIA 8 MSN2 3Rk, T HZH A S1E )
T EAREBAAENIEN T, AMO1 kS
MSN2 By KB TR IR R, AL fE
I 5 MR TS VG PS8 T B R o TR, LR 1 Ui
FRFEE RN SRV () LU AB B B AR G K o 45 2R
T EREREN IR T, ADH7 Jash FIF IR & 15
YER, FER30HE A TR AR R D)

3 gR5VR
SEILTAE IS, AT IUETRE R 300

2B R TR A (380) 5- 55 Y R TRE 1O 8 FH T 7+
BT TR0, R BT R L (R o e ik
AR AP S TR TR R T PR (Y I o S i 32 e T, (A
A REISFIER A R LE AR KT
XU AR 22 14 FE DR R AT 5 A5 T AR A ) el ke o 2
MELLSZEURY o BRI, DR AR L Y
FesraRak, WV M2 8 A TR A 9 ik e
P MSN2 A —Blam FRCRS RN, B4
PR AR, I WA SR TR R Y
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Mif 52 A8 1o SR, %I W HELL A S A M ih
LA T REBCRAS . DATTFE ORI ROBCIR S TR 28 5%
FEEA R E IR TR, XA A IE A K
o, P, PR ERE] RS STk Sii
SRR LR A B TR AR Rk

KRGELL ADH7p ARS8 F B T Rk
MSN2 WP e BE B 2H R bR AMOL . XRIPRAE I
AR T RIS R BRI AR, T
FE RS ) DR A R e B S 1A 5 A0 T 52 i
77, I HHE MR B RGN, il 32 68 7 1G5 B
Wi, qRT-PCR 43#Hr & B, MSN2 Kyl s 3
T AFAEAIE L, g B R S T W
SRFRIR . MSN2 PHFERT TR CTTI Htthidt Ak
A, 258NN HSP26 Fl HSP104 %
iR TR 1, AR o3RRS HAR R i AR
PO TPSI | TSLI I TPS2 ittt el o 7 v
(OB, ZERFANIENIE R BB ERT Nk, i A
FORG I MSN2 IR A5 T W R 5 5k,
AT N2~ F B i #42 ) R DA B4 v TR T P2 B A 1 1Y)
m%%ﬁwwm¢ﬂﬁ%ﬁﬁMm@%W%&ﬁ
RISEEE MSN2 Fik iy A RS, 8 & AR
PR F Yaplp %u,ﬂ&ﬁtﬁﬁéiﬁﬁ% Hsflp H/E
FABLE o DRI, FRAT TR S 0 2 Ry o B 1
TEEAL B IR RS R, Alid@id ADHT J35h T
WG MSN2 [ ZRIE KIS 521 o RIS, A5
KRR T EKEE B EAE SN, K
ADH7p-MSN2-CYCIt 4 BB EER: Y 1Ak MSN2
FRAERINL R o 2385 T AR A SME R A &1 [F] st
RNEWIRIEA MNS2 WSk, WMSEEL T
MSN2 Fik R

TR TP P B X AR SO 2T 4 3R K i T S 4 o) R 1)
3 R it 52 9 S 2 3L . 2RI IR 4= WA AR
M, B T )i HE K (YAPT . YAPS \YAPG
PDRI. PDR3. RPN4 Fl HSF1)Z 5", P,
SR FH B G 20847 04 15 3 >F S Bk 4 PR g B
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