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Effect of vacuolar proteinase B on high temperature ethanol
fermentation of Saccharomyces cerevisiae
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ZHAO Xin-Qing" BAI Feng-Wu
(School of Life Science and Biotechnology, Dalian University of Technology, Dalian, Liaoning 116023, China)

Abstract: [Objective] To improve thermal tolerance of Saccharomyces cerevisiae strains for efficient
ethanol fermentation under high temperature. [Methods] Vacuolar proteinase B encoding gene PRB1
was integrated into the genome of S. cerevisiae, and cell growth and ethanol fermentation of the
recombinant strain were compared with those of the control strain carrying the empty plasmid at 41 °C.
[Results] PRBI overexpressing strain consumed glucose completely in the fermentation broth within
31 h, whereas high residual glucose was detected in the fermentation broth of the control strain (35 g/L,
about 40% of the total sugar amount) at 23 h and the glucose level was not changed until 31 h.
[Conclusion] Overexpression of vacuolar protease B encoding gene improved yeast thermal tolerance
and ethanol production under high temperature. The robust strain developed in this study has provided
basis to further improve thermal tolerance and efficiency of high-temperature ethanol fermentation of
the industrial strains and reduce the production cost of fuel ethanol.

Keywords: Saccharomyces cerevisiae, Protease B, Thermal tolerance, Ethanol fermentation

LB FE%K 863 145 H(No. 2012AA101805); HAHFHT LT AAIHETHIT H (No. NCET-11-0057);
% A SRFHF 415 H (No. 21376043)
*BWAEE: 0<: xqzhao@sjtu.edu.cn
AL [FSE 1R
Wi BEA: 2014-12-03; #ESZHHEA: 2015-02-11; REHF AR B EA(www.cnkinet): 2015-03-11



1842 WA 38R Microbiol. China

2015, Vol.42, No.10

UTAEA, SRR BEE A N KA AL 7= i
(18 P A i i R T P M3 e, (A 7
AT (AU 2 B T A E P S . R,
SRR G BRI AT E . — B E NS EE T
GERYTE S o TP TRE B 5 FY C BE R L P TR R
Z AL O TP R BRI, T AR AT 4 R
IKAFRE R Y 2 T e DR, AR
BEMY . AT PAE AR A R R EAT AR e R S AR
7t o PR . (R, BRI R
AR Z B Z R0 S sE e, AR, &
VR T D) B T 4 2R DURL K fige 7 A 1 2 T 1
SRR AN, e LT 4 R RORIE AT R AL A
iR, R B IR —BEAE 50 °C 2y,
7 T B BT 1) B 3 A K TR R R B 7R
30-37 °C, KPR i 1 I 25 S BHLAS T [R5 M
P& WA R A T 0 I, B v I B T A T A
DA iR A5 T I R R , AT AN K
B AR A HUK A, 8 Tolk A= mliAs, i
A AR A 1o (R 2 AL & B RICR P e R 2 Bk
FER 2T

P RR 20 IR A pHL IR LA B AR R 4
ST R AR FEL A A BRIV Hh ) B
W AT RE R E R, iR 2 aEN
A FIEAR B %, ASC PR BGE AR B
(Prb1p) 2 ZE AT B F B 2 1 il 2 I 1) — P 22 44
WA 1, i PRBI JEH S, 6 2 v 4l
PR RO R U A A BRRE AT SRR BT R
feia fE S R RN, (AT Prolp S0 S 54
RIS, AR S IR A 1 ORI AR IR
i, MR R, PRBI FEH 2 355K F Yaplp Fl
Zaplp (IAY, FEHJH 2 F XIS T X 4~
R TR sras A3 FEN 2 Zaplp K Yaplp 22
T30 25 AR 1 (R 5 SR TR, A3 IS R B e = 2%
T 3 PR A SR B SRR W 38 A5 1 R R Y B S A
ST PRBI DR 23 AN S DR T £
P, HEM PRBI JEPR Fr gt ) & (H n] ie -5 4

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

PRaTHZEA S, Ah, BB, Prblp B
AR H3 B N KA VIR, aTRES
Iz SRRk E R . (B2, PRBI FEHRY
1ok 8 TR X TR P R A2 TP R 1 2 T 3 1A AH S AR
H, P, ASGESY PRBI JEN B T RIL, B
FEALFE RS T A0 ol s 32 O 20

1 MRS HE
1.1 MEMEHRERE

KIGHTFH DHSa, FRIB R R E S288¢ M
CBERBE T BERFRIBR Sc4126, HIARSIR 847

YPD i iAkRE 5 (g/L): B AR 20, H#% M 20,
b=y 100 YPD [EfAE FRHE(g/L): YPD WiARK:
FRELR IR E A 20 /L WIBEIGHS . BERF D T
Rigedh(g/L): #%bE 30, EELHIRMY 4, EANE 3.
LR EIE T (g/L): H%bE 85, WERER MY 4, &
HIR 3; ISR ABERT, i HRTIMA R E40%k
FEH S g/l LB 58 3(g/L): HEAM 10, BERRE R
5, SAbEN 10, BEREEFRIECN LB Wik R,
TAZEHE A 20 g/L BIEEIRHS .
1.2 IREZELLEBER PRBIMEARERD
RO FNEE (L

DIFRE EERE S288c R A it , FIHSG 9
PRBI-F (5-CCCCCCGGGATGAAGTTAGAAAATA
CTC-3")#1 PRBI-R (5-CCCTTAATTAATTAAATAA

TATTCAATT-3")¥ 14153 8] PRBI 3L [H, SRI54 PRBI
RN pHO A TR A" B R AL R KT
T DH5a H7, il & 100 me/L 2% 55 2 19 AR
RIS BVEACT o SR oA B 0 R Bk
Not 1EFDIRANEAL G FE AL 2] Tk BB R Sc4126 H1,
S AL IR R R LR BUAE R G418, LR
300 mg/L ([EA)EE 100 mg/L (1A, BB TR
LN, FIH5% PRBI-F (5-CCCCCCGGGATG
AAGTTAGAAAATACTC-3")f1 G418-R (5'-AGCCG
TTTCTGTAATGAAGGAG- 3")#1T PCR 41l
1.3 HHEEBEEREES

VB ERTE YPD #Hfi LG fb)E , HeSCHk[15]



BUNSCEE: ORI B ORI B e L LW A RERCR B2 R 1843

s 7 it W Y o YA ER o a T
14 FHEHKRESBSH THEKMLZEBTM
1.4.1 FHEKSEERIOTZ LR A
FHIBUA R 5 5 RN A, BETEBRTEERET HO
B, ARG AL BEARTE 30 °C 450 P Yk
KGR RIS R R kR IH K T pk
MEA pHO 25 BURRYRARAE AR AR T HAEAE 2
5o B X B BE Sc4126-HO 1 H 20 P 7 % 1
Sc4126-PRB1 EHEFEFNEI &4 50 mL Fh 1520
250 mL £&iH, 30 °C, 150 r/min §iF£id 0, 4391
AW, HAE 620 nm ZbYGH OD, K HE G
MK OD fHZAAIE]; X819 5 W% 10
fERRBERRE, W2 uL s X YPD AR, +
30 °C FRESFE; MO, ST IR RN 3Z 5
T, B A B NG R 2 5 YPD PR BT 43 °C 15 3%,
R AT LA IR S 2 /DA 3 IR,
BB 2R
142 741 °C ZFHETHSEERABRIR: X
W % B T Mk Sc4126-HO 1 T 2H TR 375 1%
Sc4126-PRB1 M 2| &4 50 mL FpF 155 HEM
250 mL =, B59% 16-20 h & ODgyo (L FIAH
Ko ARG INFhF 53R B I 5% i 43 il 42
FIHA 100 mL A EEEFRHEEM 250 mL = fffir, &
T 41 °C. 150 v/min 5508 T & EE . FEARR]HA] 5
HORE, IO VOE > RS A SO T R A
620 nm YOG E W IR S &, B0 R
Ko A m s . CBERHh & R, R R
HE 2R, HBE—-BL
1.5 BEERE. CERE. £ RKiE78
M E

LR R R A OB RIS %
SCHR[1813E4 7 o

R A . AT H I = RSO
AT HT, R Aminex HP-87H A HLIR 4>
Hr#: (300 mmx7.8 mm; Bio-Rad, Hercules),
0.005 mol/L H,SO4 AifishAH, i 0.5 mL/min, i

FEiE 20 pl, AR 50 °C, Zm 2RI #R R 50 °C.
1.6 RNA EEUR LR EE D

PRBI 3 23R AR FIT R G G55 A A 0T 7 A
RNA % TransGen Biotech i&7 &2 HL , 4 TaKaRa
PrimeScript' ™ RT Reagent Kit i % & )2 % 5% N
¢cDNA J5, FHM SYBR® Premix ExTag™ II (Tli
RNaseH Plus)ifif &4 1 520} 85387 PRBI 1)
RT-PCR 5%~ rtPRB1-F (5-GCGGTGTCACGTC
CTATGTT-3")F1 rtPRBI-R (5-TCGTCGTTAAGTGG
GATGGTT-3"), FHLERIHE ACTI fEANS, H
5% ACT1-F (5-GCCGAAAGAATGCAAAAGG
A-3")Hl ACTI-R (5-GGAAGGTAGTCAAAGAAGC
CAAGA-3"), SEB}5E & PCR £ Rotor-Gene RG-3000
(Corbett Research, Australia)sé ;e & PCR R4 H
AT, RO ZA4 A 95 °C 2 min; 95°C 10's, 56 °C
20's, 72 °C 20 s, 40 MEH. &BELER R
278 ik
2 HR5WH
2.1 FEHEFEMKREIERERIREMELIIIE

P W 2 B bR SR BT PR A SR R A, DA
PRBI-R 5|#fl G418-F 5|#i1T PCR Hrilk, i3
KRR PSR H R B, o AR e B R
B, IEMIE A PRBI BT B RRCRIIA HE (25 SRR
IR [FIRE, K A5 2 E A R T AR e 5K
5, BB B S s, BENLEEEUY 100
AR SIAERUE AR IR R A K, I A I bR
HA R e,
2.2 EHFREEE Sc4126-PRB1 5B MBS
HT B FRE K L

W ERE Sc4126-PRB1 5 %) IR T4 bk 78 25 1
B A T AT ARSI e, 25U 1, Wl R
7311 Sc4126-PRBI Mk 5 25 4800 BRTERETE 30 °C
MR YPD P BIRAAEKZESR, Ui PRBI
SR AR SR R IR A K R A
WEFRHPART LV, 133k PRBI BRI LI R
R I R AR 1) e R T 32, 3306) 2 /o PRI AR A = Tl 2%

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



Y% B4R Microbiol. China

2015, Vol.42, No.10

1844
.
4126-HO
Control
4126-PRB1
4126-HO
43 °C
4126-PRB1
1 SERMEEHTHELEREKS T BEKAN

SR L
Figure 1 Effect of over-expression of PRBI on cell growth
of S. cerevisiae Sc4126 under high temperature
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Figure 2 Ethanol fermentation of the PRB1 over-expressing strain Sc4126-PRB1 at 41 °C in comparison with that of
the control strain Sc4126-HO
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Note: A: Effect of over-expression of PRBI on cell growth of S. cerevisiae at 41 °C; B: Effect of over-expression of PRBI on sugar
consumption of S. cerevisiae at 41 °C; C: Effect of over-expression of PRBI on ethanol production of S. cerevisiae at 41 °C; D: Effect of
over-expression of PRBI on glycerol accumulation of S. cerevisiae at 41 °C.
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