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BRAEF & Mbpl SREBEVEIRAVE R H OB & B2t

Byt BNAY Gt kAT RfEC EERY
(L. JPERFE AmRlE SR RS TP B8 530004)
. JPIRkARE AR Y R E R S BRI A R TR AR ST L
PR TARBE TP AR S SERE )P BT 530007)

W . [ 8¢9 ) #F5ERE B4 (Saccharomyces cerevisiae) T Ak ¢k Mbpl 2 B #9354 48, 453+ Mbpl
AR ATEOH B LR B AL Hh, [k ) vABRE BEB MF1015 4 & X B4k, /i PCR 7 kA
7 Mbpl 2B SR 204 Loxp-KanMX-Loxp, 53k 2a k4444 i A B 2 44 BB BB 434K, @it
AR FAZFRAT AR Mbpl A B 6 R R R AR, ARRLAMT S TMNA B LB, [4
21 % Mbpl AR B REAHRAERKMELEZF R, BFEEK, @IRARRE K 19.2%, x4
IREHR, BT BB A L. HEBRZEEHELFTAR, REAKRNLE "2 RIKTHAEE,;
F£ 130 r/min 6954 T LB, REAMAT AR LBR T 6 OB =2 A ARHE. [4£] Mbpl &
] Bk K A% BROB B EE 09 LBR R BE AR ) T IR rm s iR e T S k.

EHA: Mbpl AB, AREL, TEAR, BMERE, Bh

Construction of Saccharomyces cerevisiae AMbpl and its alcohol
fermentation characteristics
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Abstract: [Objective] To study the function of Mbpl gene, including the effects of Mbpl gene
mutation on ethanol fermentation of Saccharomyces cerevisiae. [Methods] The Loxp-KanMX-Loxp
was constructed and transformed into haploid Saccharomyces cerevisiae MATa and MATa. After
haploid mating test, the diploid mutant was selected. Ethanol fermentation and physiological studies of
the mutant were performed and compared with those of the wild type strain. [Results] The growth rate
of the mutant was similar to that of the wild strain; the budding rate of mutant strain is lower than that
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of the parent strain during the fermentation before 48 h; the mutant is approximately 19.2% bigger than
the parent strain in cell volume and was more sensitive to nutrient starvation; in addition,
pseudomycelium was also observed in the mutant. The ethanol production and sugar utilization ability
of the mutant is slightly lower than that of the parent strain. The ethanol production level of mutant
strain is lower than that of the wild strain in static culture, while there is no different between the
mutant strain and the wild strain in agitated culture at 130 r/min. [Conclusion] Mbp! is involved in
fermentability and morphogenesis of Saccharomyces cerevisia.

Keywords: Mbpl gene, Gene-knockout, Ethanol-fermentation, Saccharomyces cerevisiae, Appearance

H R A AR, TR
T % B (Saccharomyces cerevisiae)VE Ryt I & T4
PR . T H RERE S A P R B AR Y ) R
JERTERCRAR, XTRIPT R B £ 1 A T AR DG RURIAR,
WHER TGS, PTABEm RO . (A, TEiE
FTRGE T, T2 T IR EE R £ BER TR I A
A&,

W EIE, FRPEEREAIN G1 #1581 S WY
AR i R S ELZ R S A1) MBF A1 SBF Ry
MBF i1 Mbplp I Swi6p 41, SBF Hi Swidp Al
Swi6p 41, H:H', MBF ifiid Mbplp EHLEEE
HFrHERE I ACGCG Fo A7, SBF
Wik Swidp S5 G FTAEE K CACGAAAA JF
%P1 Horak 25 19F5% % B MBF F1 SBF A 23454
5 GU/S WA IR E S X5, M m )|
Gl/S WX —H6A5 i BRI ) DNA &l HZERE |
BAGM. SRR E SYIRIER . LA Y)heE
PELL B 545 5 AKX PN e Tl 23456 B
btz SR PR 14 i B0 F- DX, 35 i 40 T 8 %) G b i
FE, Bean 2PN 3 WIRLA Mbpl F1 Swid, L)% ]
B} RSk Mbp1 1 Swid AeAfF5¢ MBF 1 SBF 2 1] () H
S IIRE, AT RIS AR IASHIN At 5 PR 1 2
KRR BT, 6T AH i A5 A
ST BSR4 AA AR A28 4k . Hussein 251
LA MR 2218 £F (Canidia albicans) WX, i
1 [RVRE A R SO R ik o . TRRRA RN K
B 22T AE T T AT, IRGE PR S R X TR b
FER . AR, MARIWA ST Mbpl B
(ORF %5l YDLOS56W )2 X BTG Bk Tl B ik

R R AR A HGE , ERP R Tl
WKk Mbpl SERITE KA ™ B 5 TR DI RE A FF T
W98 AHFIE ARG RERE MF1015 A H R HRE, #i
bk Mbpl JEH )5, it bFoE Mbpl BEPRIBRI R A&
Tz H IR L 7 LR PR e R RIE S AR fE R
BRI L T R RE Mbp 1 FER I DIRE .

1 HE5ETE%

1.1 SEIG#AY

1.1.1  EFE: YEPD WIAK: R (g/L): BELEM
10.0, I 20.0, %50 20.0 (FARL: = IE MBS
¥5 20.0); McClary F= #1355 (/L) %k 1.0,
NaAc 8.2, KCI 1.8, [ERERY 2.5, HifigHr 20.05 i
Wi & TR IR (/L) : BERRARIY) 10.0, B2 (PR 20.0,
TEME 230.0, HERESHABLL 0T KR ; W A
RS 12,74 °Be (5 29.9 °Be)HEE, JRZ 0.2% (i
w ), BEER 0.02% (Bt k), FH 72% MG fR I T pH
% 3.8-3.9,

112 HRFARF: rTag 8L HAHERF G A
TaKaRa /A7) ; G418 [ Sigma /A ; Zfb =285
PUEIE(TTC)E A i Al R A FRA A Hses
% (Zeocin)lly H T Invitrogen; Wa2F-H§A1 SDS I H A=
TAY TREABR A 20 2#W : TritonX-100 2%
(1&FLEL), SDS 1% (Fi AR H), NaCl 100 mmol/L,
Tris-HCI (pH 8.0) 10 mmol/L, EDTA 1 mmol/L,
1.1.3 BFAAGTRL: EUB R MF101S f)7 7Y
Flez G A YRl 5 H R 5E L TR 3R A s Bk
PSH65 1 pUG6 hy) PRI =B A PrRH# S5 H AR5
HUL AT

1.1.4 3149: 5% Invitrogen A A S 8(FE 1), H
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e Mbpl FERGEBRAE Loxp-KanMX-Loxp 3445 |
Y1k R FF, MAT BRGNS 1) MATF MATa
K MATa, Loxp-KanMX-Loxp SE#VERIED |9 N
Ka Kb Kc & Kd, Mbp 1 3R I SAE(YDLOS6W)
SERPERAES |1 056wa 056w ,056we 2 056wd.
1.2 KWHE

1.2.1 Mbpl ERFRRR: BRIERLEE MF1015 BRI
FOFR IR IR SCHR[7]; MF1015 B A 42 18 S0
HK[8-9]5 BAAH AN L i i 2 MR SCik[10-11]5 A
TIANprep Mini Plasmid Kit {257 & #£H pUG6 [Tk ;
FIH Neo 1%} pUG6 AT HLRGEYI I 1o SIS HHEE AL
HLUKIIE, BEDIIA RS IR,

FIH RF 519543 Mbpl @& B 40 1
Loxp-KanMX-Loxp, EAKT7 152 BICHk[12-13].
R LA 3 e A P P B TR B A T B (MA T BB
MATo W), BT S IESCHR[14], Hefb T IobiisE
RS2 SRR [15]

1.2.2 MATa BF0 MATo BIRZE1E: MATa FIA
MATa FAZAEENE S5 SCHR 16 PR RS 2, AR

=1

BNy SRTEALERR, B 2x10° 4> MATa R4k
T-YHALAT 13107 4> MATa BVEAY T 20035 /018 2T

8 000 r/min &[> 3 min, £ Fi; BUE4 YEPD i
IR AN, 30 °C #FE TR 34 h e, K
B 0.45 pm RYRREFAEZR Bt )%, 5 mL YEPD i3
YRR ;s KRN AE A 8% 494 Y YEPD “F-AR
I, 30 °C 3% 3-5 h, F 5 mL YEPD {iifki773k
Ve EA, 8 000 r/min B> 3 min, FiBIRH, 30 °C
K% 2-3 d JE AR TE AR REALPRICR 75

P47 PCR S~ fU 5k
1.2.3 G418 futEric &bk L% G418 HitEtmicny
FARTTEZ7% 3CHR[15]

124 £ KMEURBFRMNE: ZEHN
1x10°4~/mL (17 A: B EETR 5 9825 B bR 2% A
f YEPD $igrdkrf, 43 8 h ke, T RAET T H
LB 240 S R 2 A O TR,
AR R TP I 2R I ZFR =1 2R A Ry 4
i IhsSve8

1.2.5 REESCYS: BRMUATE . H RN R A I R Aot

Elk7IE2IES

Table 1 The list of primers

Gk B 519575 TR
Primer name Primer sequence (5'—3") Notes

R gtgcttaacattccgagacacaacgtaaatcccagaaacacaage Upstream of YDLOS6W
GCAGGTCGACAACCCTTAAT Upstream Loxp

F cagtatatggatacatgtaaagttcctctatttatgtatatttta Downstream of YDLO5S6W
GCCACTAGTGGATCTGATATCACC Downstream of Loxp

MATF AGTCACATCAAGATCGTTTATGG Downstream of MATF

MATa ACTCCACTTCAAGTAAGAGTTTG Within of MATa

MATa GCACGGAATATGGGACTACTTCG Within of MATo

Ka CAGCATCCATTAGCCGTTAG Upstream of YDLO5S6W

Kb ATTCCGACTCGTCCAACATC Within of kanmx

Ke AGGTCTAGAGATCTGTTTAGCTTGC Within of kanmx

Kd CACAGAAAAAGCACTGCTTACTG Downstream of YDLO56W

056wa ATGGAATACCTGCAAGATAC Upstream of YDLO5S6W

056wb TGCAATAACACTTGTGGTAG Within of YDLO5S6W

056wc GGATCTACGAGGGGAAGCAG Within of YDLO5S6W

056wd CACTGTCTTGGGTGACGACG Downstream of YDLO56W

IE: INETREFRIRS Mbpl FEN IR, KEFRRY HEIEIRCH 7Y,

Note: The lowercase indicate homology with gene, while the capital letters indicate homology with the resistance marker.

http://journals.im.ac.cn/wswxtbcn



X T TR B RE Mbp | SRIE R GERR AR SO S A A 2111

e B AR TS5 SCER[17-18] 5 WP i BE
FESICHR19], WEIRGE L DL ODggo fHFRR

1.2.6 “AABIKFR K (BR TR 2 ROAQ . 40 At AR FEUAG: I
S SCHR[20-21] o BRTA 22K I« 0k 73 Ak 1Y
MF1015-WT 1 MF1015-AYDLO56W #i B )5 1545 T
YEPD VA b, 7E 30 °C 155546 b 1% S2 18] & 5 5%
3-4 d JEWERTHTE LA, FERRBUR R TR

2 HRE54MW
2.1 Mbpl REEKE UL R

PRE G418 G Fa LR BaYETERE, ¥ khER
JHREUERZ DNA, i#47 PCR ¥, 458K 1)
R SN Ka-Kb, Ke-Kd 3= #1i kN5 K
1.4 kb A1 1.7 kb; MG ¥ X 056wa-056wb ,
056wc-056wd ¥ 34, Joac s HHILUERH AR 1
Mbpl £

XTEAARAR A T EAS , PR B T5 , FIFH PCR KHIE,
LAY, A AR IR R ARG R FLA R

bp M 1 2 3 4

2 000

1000
750

500

250

100

Bl1 BEEREL TR B IKEIE

Figure 1 Agarose gel electrophoresis verification of
haploid transformants

{E: M: DL2000 7> fibaifE; 1: Ka-Kb 514 PCR =45 2:
Ke-Kd 5% PCR 7=#); 3: 056wa-056wb 5|44 HZER; 4.
056we-056wd 7|1 4R

Note: M: DL2000 marker; 1: Ka-Kb primers PCR amplification
products; 2: Kc-Kd primers PCR amplification products; 3:
056wa-056wb primers PCR amplification result; 4: 056wc-056wd
primers PCR amplification result.

TR G418 PrtAric I HLE = gir , Hr=sgs

FEMIEE = H(E 2) o

2.2 Mbpl EFERRKIMERKESRIE N

2201 HRKBEREFE. @dNEAERMELR

PR, 75 D AR R A TR TR MR TR R I AE 32 h A

FIRFIE AR (DR 1.7x10° 4 /mL), ZJEHEA
Y A= VRIS AR TR AR I Hh 2R 85 R (8] 3) R, 78

5 KGN BT () 5 2 A8 PR R 1) 1 2 3 I B A T

25738

2.2.2  YAREARER: AR IE L R, R

AL A H G B S 200 B T e A S, T AR

FHESCO B 5 AR/ NBIE o 340 A

B2 RETER_EARFERIER

Figure 2 Diploid of mutants spore culture
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Figure 3 Bud ratio of wild-type and mutant strains
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IR 10 000 /4 HEF A B RR RN AR AR 1) T34
FSC 7354 988 261.955 Fll 1 177 935.460, LI
FSC 5 59 F/R AR, 38 i 113 Rk AR TR
PRI SRR LB A TR K 19.2%.
223 (RELFR: AR AR KA YPD
P ERESR 35 d I, EEIES S K AEN R
e P R R VR R S AN (A 4A); TRAR
PRIPR B DA 75 B 5 LT I IR SR 4, et
AT 5 (K] 4B)o 43 5IPRE A 75 i 100 /0 f TR A it
TPk, BB A RUBARAT IR BRSO
R Z2IE (] 4C) ;5 TRER 53 948 TR A T 30 1T
2z, WIAZIPIR(E 4D),
2.3 Mbpl EFEREKX T A EERIS M
231 ZEFEMAABIERNTIR: AL
SRR R IR, AR TR OB 1 LB AR A
MA TR (R R B 7R) o TE LLREREVE ikl A 1
Bf, B AR R TR R RN S8 TR AR 1Y SR AR b i i —
., HAME 40 h [T o BRI PR AN R A5 R
R () TR 5 52 00 0 SO 23 10 2 26.30%:+0.76%
HI 25.90%+0.33%, KBEAGHF(56 h) S50
0.110%+0.001%F1 0.110%+0.004% , 7 B BB

FIEAHAN], 0 99.6% (Kl 5)0

B4 FERMRTHEKERZMEMBES

Figure 4 Single colony and single cell morphology of
wild-type and mutant strains

E: A E‘E@’ﬁk%@%ﬁ;u, KA HEFILS; C
P LR TR SR U3 5 R %ﬁ%éﬂﬂﬂ@%

Note: A: Wild-type colony single morphology; B: Mutant strains

single colony morphology; C: Wild-type single cell morphology; D:

Mutant strains single cell morphology.
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Figure S Total sugars curves for sucrose fermentation of
wild-type and mutant strain at 30 °C

TE: e, —A— HEHEHCEEREE; o, A WEEOREREE
Note: -e—, —A— Sucrose fermentation, —o—, -A—: Molasses
fermentation.

REEEE A E

FELUH RENEEEAE iR & TR, A 7R B Rk A
2B MR ORI IR T R B M OEOBE 4 R
19.55%+0.26%F1 19.87%+0.14%, 435k K 45
ff (64 h) & BE W i AT & B M BB 53 0 R
3.37%+0.07%F1 3.88%+0.15% (1 5), B2 I B bk}
WEIFIHZRZN 82.8%, M 5878 BaREXTIE 1) H %
9 80.5%,

232 MREERENCEFFEMEM: FFIRRE
e 25 H(3R 2) R 130 r/min 25078 T B A R RRAY

P 5 8 2 5 AR R R Y 6.06 i 5 B EL S5 R o8 1.53
5o DAH RERE S R B e B A T R Mﬂ'ﬂ;:ﬁ%{&
CBERIE, KEETIh 5, FEIRFGH R 0 i, 58748

MR & TR R B LU AR BRI RR BAIG 4% 5 i%r“
B3R 130 r/min B, B AR R P iR S S8 A8 TR Y £
P SEA AR A () 6).

%2 "?W?if":)”'/?& %

Table 2 Respiration intensity measurement results

e el
E‘ﬁ Rotate speed (r/min)
Strains 130 0
Wild type 1.31+0.34 0.616+0.04
Mutant 0.21+0.02 0.403+0.02
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Figure 6 Molasses fermentation curves of wild-type and

mutant
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BRI EE RN G1 15 S WG As it R 2557
B A MBF 45 BRI 22 1T i 5
MAPK #ZEFEAHICHY , &R EREE 1 —Fh
F %P2, Hussein 2 W0F58 K B, LA (0 BRHE A H
R EMRTERLE Swid . Swi6 J5 R A RE LB, $
THESR Mbpl JEU IR 22, A5 Sk ms
Mbpl J5, RASEMRIMIL T E 2, X —45 R A hE
AR 80 . Bean 2505 1 Rl Mbpl J5 &
PR AS TR R LB AE RUARFRK 20%, I Hh K
R AR 5 H 2R B A — B0 . ASBIF SRS I 40
JARFRR 2R a0 22 5], R IR AR ARAATR LB A
IR 19.2%, (HHZER AT/, U400 AR
PSR 5 2R IR R

Horak %71 Pham 451015 % I8 MBF 5458
KR ARKNIER , MBF 2454 8] 540k KT fg
IR R 87 L, Mg gtk ige.
A, Kuyper 2P BORIFFE /R 7E AR % B e v 48
il THEEN, BERESTELRRNT IR LR W
] 5 A S 77 A2 1 NADH, M FARS 2 B 4t
ARG R ERR R G 3 0 F1 130 r/min (9 55

T SRR I I i B 1 52 BN [R) R S S, e+
PRAEE A 0 B 578 R Rk Ol B HL P A= RUAY AR, H
AT DAHEI Mbp ] W 578 S M SRR 1 T T
FEMA ZRAL G 1Y) K T PR E

AW IR EERE MF1015 S R #bk, ¥
Mbp 1 3 R E R AL 5 A RPN [R) BC A B B A 4
JiL, R R S A Dk S B H 3 R Mbp 1 19
bR, St iR A%, ALk pSH6S,
s i a7 Y= ] i N (a3 =R G UK I AR
pSH65., W5 HFEHAL 1 K pSH6S ki f# ol 5L
PR R A1 P R G A E b i i 256k, 5
— P A AR R A R S AR L BET 2 T
BFfa], SORRFE R T bR A %

5 % X M

[1] Koch C, Nasmyth K. Cell cycle regulted transcription in yeast[J].
Current Opinion in Cell Biology, 1994, 6(3): 451-459
[2] Koch C, Moll T, Neuberg M, et al. A role for the transcription
factors Mbpl and Swi4 in progression from G1 to S phase[J].
Science, 1993, 261(5128): 1551-1557
[3] Breeden L, Nasmyth K. Cell cycle control of the yeast HO gene:
Cis and Trans-acting regulators[J]. Cell, 1987, 48(3): 389-397
[4] Horak CE, Luscombe NM, Qian J, et al. Complex transcriptional
circuitry at the G1/S transition in Saccharomyces cerevisiae[J].
Genes & Development, 2002, 16(23): 3017-3033
[5] Bean JM, Siggia ED, Cross FR. High functional overlap
between Mlul cell-cycle box binding factor and Swi4/6
cell-cycle box binding factor in the G1/S transcriptional
program in Saccharomyces cerevisiae[J]. Genetics, 2005, 171(1):
49-61
[6] Hussein B, Huang H, Glory A, et al. G1/S transcription factor
orthologues Swi4p and Swi6p are important but not essential for
cell proliferation and influence hyphal development in the
fungal pathogen Candida albicans[J]. Eukaryotic Cell, 2011,
10(3): 384-397
[7]1 Zhao HY, Li J, Zhao Y, et al. Comparison of four methods for
genomic DNA extraction from yeasts[J]. Food Science, 2011,
32(9): 170-173 (in Chinese)
BT, 2R, BB, SF. ARDEERS SRR 2 SO R Y UL
AR, 2011, 32(9): 170-173
[8] Xiao DG, Liu Q, Li J, et al. Optimization of sporulation and
haploidization of S. cerevisiae BY-6[J]. Liquor-making Science
& Technology, 2004(4): 21-22 (in Chinese)
H A, XITF, 25, 5. TR EE AR AN (A R & 07 i n AL
[7]. ERERME, 2004(4): 21-22
[9] McClary DO, Nulty WL, Miller GR. Effect of potassium versus
sodium in the sporulation of Saccharomyces[J]. Journal of
Bacteriology, 1959, 78(3): 362
[10] Illuxley C, Green ED, Dunbam I. Rapid assessment of S.
cerevisiae mating type by PCR[J]. Trends in Genetics, 1990, 6:
236
[11] Mirhendi H, Diba K, Rezaei A, et al. Colony PCR is a rapid and
sensitive method for DNA amplification in yeasts[J]. Iranian
Journal of Public Health, 2007, 36(1): 40-44
[12] Huang YY, Guo L, Chen D, et al. Reseach on Saccharomyces

REE

http://journals.im.ac.cn/wswxtbcn



2114 WA 2# 8 Microbiol. China 2015, Vol.42, No.11

cerevisiae mutant deficient in YBR-019C[J]. Guangxi Science, PRSI, ) PR, 2010, 17(4): 363-367
2014ﬁ1(2): 108-114 (in Chinese) . [19] Burmelle M, Webb JS, Rao D, et al. Enhanced biofilm formation
HEHOHE, TREY, WRAR, S THIRERE YBRO19C JERIRAL TS and increased resistance to antimicrobial agents and bacterial
KREGSHTI]. f" PuRkeE, 2014, 21(2): 108-114 invasion are caused by synergistic interactions in multispecies
[13] Gueldener U, Heinisch J, Koehler GJ, et al. A second set of loxP biofilms[J]. Applied and Environmental Microbiology, 2006,
marker cassettes for Cre-mediated multiple gene knockouts in 72(6): 3916"3923 o
budding yeast[J]. Nucleic Acids Research, 2002, 30(6): 1-8 [20] Wen GL, Xiang XL, He JL, et al. Study on the behavior in
[14] Gietz RD, Schiestl RH. High-efficiency yeast transformation capillary electrophoresis of the programmed cell death process
using the LiAc/SS carrier DNA/PEG method[J]. Nature in Saccharomyces cerevisiae[J]. Chinese Journal of Analytical
. Chemistry, 2004, 32(9) 1189-1192 (in Chinese)
Protocols, 2007, 2(1): 31-34
Ve AR 2 2z
[15] Wang YZ, Lei JJ, Jiang XZ, et al. Construction of fFE, U/, A2, S5 WRNE R A AN

HLIKAT MAIFSE[]. 40T k2E, 2004, 32(9): 1189-1192

Saccharomyces cerevisiae mutant deficient in adh2 and ald6 - 8 ' .
[21] Liu D, Liu ZH. Detection of the cell volume and the ratio of

genes[J]. Microbiology China, 2009, 36(2): 211-216 (in Chinese)

TH, EIEIE, ITREE, . WUTEERE adh2 T ald6RUE RNA/DNA b.y ﬂow cytometry[:l]. Chinese Journal Qf
l*lﬁ‘ﬁ%giﬂi’}[ﬁﬂ@;f’]@ﬂ | BCEMIPEER, 2009, 36(2): 211-216 Nephrology, Dialysis & Transplantation, 1999, 8(3): 295-296 (in

[16] Sprague GF Jr. Assay of yeast mating reaction[J]. Methods in Shmese) 4 il !
XUER, XL AU A AT % RNA/DNA Al

Enzymology, 1991, 194(1): 77-93
[17] Wei Y. Breeding of two respiration-impaired mutants of
Saccharomyces cerevisiae with enhanced sugar metabolism

[0]. BHERR SENT BB HALE, 1999, 8(3): 295-296
[22] Gimeno CJ, Ljungdahl PO, Styles CA, et al. Unipolar cell
divisions in the yeast S. cerevisiae lead to filamentous growth:

capacity[D]. Nanning: Master’s Thesis of Guangxi University, regulation by starvation and RAS[J]. Cell, 1992, 68(6):
2012 (in Chinese) 1077-1090

4. ?ﬁi QMF\EA H?j?\ TR RN RS R S [D]. T [23] Pham TH, Clemente JC, Satou K, et al. Computational discovery
JUPEREEM AR S, 2012 of transcriptional regulatory rules[J]. Bioinformatics, 2005,

[18] Zhang SS, LU Q, Chen D, et al. Studies on alcohol fermentation 21(Suppl 2): ii101-ii107

features of a high-yield Saccharomyces cerevisiae using [24] Kuyper M, Winkler AA, Dijken JP, et al. Minimal metabolic
sugarcane molasses as feedstock[J]. Guangxi Science, 2010, engineering of Saccharomyces cerevisiae for efficient anaerobic
17(4): 363-367 (in Chinese) L xylose fermentation: a proof of principle[J]. FEMS Yeast
SKRAEAE, BEF, WRZR, A5, MR I RR 0 R R Research, 2004, 4(6): 655-664

HRY Y R HRY Ry HRY Y R HRY Y HRY Y HRY Y Y HRY Y AP Y R AR Ry ARY oY R AR Y ARY Y R HRY Ry HRY Y R oY Y ARY Y Y Y Y HRY Y Y HRY Y ARY Y Y Y Y HRY Y RY Y R Y

R IPAT N (A4 S3EIR)

CHUEDmaR ) RIFTF 1974 48, AT, EHhEBE %fﬁi#’]ﬁ?ﬁ@?%ﬂtP@?ﬁii’JM/\iﬁ\, E M TE K
17, DMSA Y22 IR 5T S AR 5 0 o F 28 AR, PPENAEFETES, FEAHRE: TolkiHE
YrrEitas, ERUEYEDETE, R UAE Y= R ﬁﬁm%&%%ﬁﬁ BRI, B YRR
PP YEEE , U YT RESE AR ZT , SRR AL 9T, R BRI 5T, kY TR S 20 aE
A I AR R P A B A B R 5 A A

AP SCZOIAT] ., 8 AR E R T BT =52, R R B S R R =%, U R SR T,
e AT ) H R E R ST v R B S R R RO L. A 2013 AR, EARSRIR TR ERLER AR BT
JEA 5 < e B S 2R AR )2

IR BRI RSN E#E S A TIMEIHRREE, 2016 FaHE M 58 JC, 24 696 6, FATKFbRT:
2l

M HtiE . (100101 ) JEEA B IXAL RV #E 1 5B 3 5 ERFEBE R E PR (A2 ) s
Tel: 010-64807511; E-mail: bjb@im.ac.cn, tongbao@im.ac.cn

P41k : http://journals.im.ac.cn/wswxtben

NI AT . 2-817; EANEATIUS : M413

http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


