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Xylose Fermentation Performance of Saccharomyces cerevisiae with
Different Combination of the Overexpressed Non-Oxidative Pentose
Phosphate Pathway Genes

Sun Jinyun Gao Wenxuan Ding Wentao Liu Wen Chen Xun®
( School of Chemical Engineering and Technology Tianjin University Tianjin 300072 China)

Abstract: To study the influence of non-oxidative pentose phosphate pathway ( PPP) on xylose utilization
in Saccharomyces cerevisiae  different combinations of PPP genes TKL1 RPE1 and RKI1 were overex—
pressed in the TAL1-enhanced yeast strain  which also had the double-copy integration of upstream path—
way genes XYL1 XYIL2 and XKS1. Performance of recombinant yeasts was investigated at both 5 % and
8 % xylose as well as glucose and xylose mixture results showed that overproduction of PPP genes stimu—
lated cell growth and xylose conversion at both xylose concentrations concomitant with higher ethanol
yield at the expense of xylitol and glycerol formation and all recombinant strains can use up 5 % xylose
within 36 to 48 h. Yeast strains of S. cerevisiae with four PPP genes co-overexpressed showed more ad—
vantages and under the 8 % xylose concentration ethanol yield was about 0. 337 g/g xylose 7.86 %
higher than parent strain. It indicated that co-everproduction of all PPP genes may be the top priority for

enhancing xylose metabolism in S. cerevisiae strains.
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Table 1 S. cerevisiae strains used in this work

Strain Complete genotype Reference or source

W303da MATa leu2-3 112 wra34 trp1 92 his3-1 15 ade24 canl400 Thomas and Rothstein ( 1989) "
KAM-=2 MATa ura34 Kong et al. 2006 "
AYHNEW2 MATa wra34 pCCWI12-XYL1+HSP26  pFBA1-XKS1+FBA1 this work

pHXTT-XYL1+HXTT pFBA1-XYL2+4FBA1 pCCW12-XY[2-+H-

SP26 pTPI1-XKS1+TPI1

AYHNEW2-TALI AYHNEW?2 derivative; pCCW12-TALI this work
AYHNEW2-TALI-RKI1 AYHNEW?2 derivative; pCCW12-TAL1 pFBA1-RKI1 this work
AYHNEW2-TAL1-RPE1 AYHNEW?2 derivative; pCCW12-TAL1 pHXTT-RPE1 this work
AYHNEW2-TAL1-TKL1 AYHNEW?2 derivative; pCCW12-TALl pGPM1-TKL1 this work

AYHNEW2-TAL1-TKL1-RKI1 AYHNEW2 derivative; pCCW12-TAL1 pGPM1-TKL1 pFBA1-RKI1 this work

AYHNEW2-TALI-TKL1-RPE1 AYHNEW2 derivative; pCCW12-TAL1 pGPM1-TKL1 pHXT7-RPE1  this work

AYHNEW2-TAL1-RPEI-RKI1 AYHNEW2 derivative; pCCW12-TALl pHXTT-RPE1 pFBA1-RKI1  this work

AYHNEW2- * AYHNEW?2 derivative; pCCW12-TALl pGPM1-TKL1 pHXTT7- this work
RPE1  pFBA1-RKI1

1.2 20 g/L )
DH5« LBA (10 g/L (6.7 ¢g/L. ( YNB) .
5¢/L 10 g/L NaCl 15 g/L 0. 83 g/L dropout powder.
0.1¢g/L pH 7.5) o 20 g/L ) o

YPD(20 g/L 10 g/L 5% 8% 8% .
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Table 2 Plasmids used in this work

Plasmid name Description Reference or source

Ylplac211 Amp" URA3 Gietz and Sugino ( 1988) "

YIp-HS8 Amp' URA3 pHXTT-XYLI4HXTT pFBA1-XYI2+FBA1 Zhang et al. (2012) **

YIp-Y8 Amp" URA3 pCCWI12-XYL1+HSP26 pFBA1-XKS1-FBAl this work

YIp-A8 Amp" URA3 pCCWI12-XYL2-+HSP26 pTPI1-XKS1~+TPIl this work

YIp-CA Amp" URA3 pTAL1-pCCW12-TAL] this work

YIp¥K Amp" URA3 pRKI1-pFBA1-RKI1 this work

YIp-HR Amp" URA3 pRPE1-pHXTT-RPE1 this work

YIp-GT Amp" URA3 pTKL1-pGPM1-TKL1 this work

YP o Hpal YIP-H8 YIP-Y8  YIP-A8
1.3 YIP-H8 YIP-Y8  YIP-AS
RNA 7 ( KAM2 HEM13 NRG1
) Transcriptor First Strand ¢cDNA Syn— | YHKS

thesis Kit( Roche Applied Science Germany) LightCy—  AAP1 XV AUS1
cler® 480 SYBR Green I Master mix( Roche Applied TIR2
Science IN) LightCycler® 480 Real-Time PCR sys— AYHNEW?2.
tem( Roche Applied Science USA) Waters Alliance AYHNEW?2 Bglll
2695 HPLC( Waters USA) Aminex HPX-87H YIp-CA i TALL

( Bio-Rad) Bioquest CE2502
( Progen Scientific Ltd UK) ,
1.4
CaCl,
S. stipitis NRRL 7124
ae W303-1a

XYLl XYI2
S. cerevisi—
Ylplac211
XKS1
YIP-HS
YIP-AS
Y1 Y2
tHSP26

XYL1 XYI2
YIP-AS.
*YIP-YS

YIP-
H8 YIP-Y8

XYI2
XKS1 tTPI
Ylplac211 YIP-YS. YI-
plac211 Al A2
XYLl pCCW12 tHSP26
XKS1 pFBA1 tFBA1
YIP-AS; TAL1 RKI1 RPEI1
TKL1 : PCR
TALl RKI1 RPE1  TKIL1
ORF Ylplac211.,
PCR pCCW12 pFBAl1 pHXT7  pGPM1

pCCW12
pTPI1

YIp-CA YIpFK YIp-HR  YIp-GT( 2) .
1.5

Spel Hpal

Sphl Clal ~ Clal
YIpFK YIp-HR  YIp-GT

TALL ( 1) .
1.6 RNA RT-QPCR
2%  YPX
RNA oy
RNA ACT1
2 - AACT
1.7
30 mL YP
100 mL .
YPD 12 h
0D,y = 1.
24 h 30 °C 220 r/min

24 h
Company USA)
110 r/min 12

( Parafilm PM-996 Bemis
( 0.5 mm )
24 h o
1.8
13 000 r/min
0.22 pm .

1 min

S S

ters Alliance 2695 HPLC 5 mmol /L. H,SO,
45 °C 0.6 mL/min o
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Fig.1 Physical maps of recombinant plasmids and restriction endonuclease analysis
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Fig.2 Identification of recombinant yeasts by PCR and

agarose gel electrophoresis analysis
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Table 3 Relative transcript levels of engineered PPP genes”

Gene Promoter Relative transcript level
TAL1 pCCW12 9.31
RKIl pFBAL 14. 39
RPE1 pHXTT 28. 84

TKIL1 pGPM1 5.95

a: Present values were given as the average of two inde—

pendent experiments.

2.4 PP
PP

2.4.1 5%
5% YP
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Table 4 Fermentation parameters of recombinant yeasts under the condition of 5% and 8% xylose®

5% xylose 8% xylose

strains Mo/ Xylose/ Ethanol/ Xylitol/ Glycerol/ ./ Xylose/ Ethanol/ Xylitol/ Glycerol/

h™t (gL' +h™) (gg™") (g°g™) (g°s™) h™' (gL7'*h™") (gg)(sg) (g8)
AYHNEW2 0. 089 0.971 0.282 0.076 0.018 0.103 0. 842 0.312 0.138 0.034
AYHNEW2-TAL1 0. 129 1. 469 0.306 0.036 0.008 0.136 1.216 0.324 0.108 0.023
AYHNEW2-TALI-RKII1 0. 130 1.458 0.304 0.037 0.009 0.136 1.223 0.327 0.107 0.017
AYHNEW2-TAL1-RPE1 0. 129 1.488 0.305 0.044 0.010 0.135 1.229 0.329 0.108 0.016
AYHNEW2-TAL1-TKL1 0. 125 1. 440 0.309 0.045 0.010 0.136 1.218 0.326 0.110 0.017
AYHNEW2-TAL1-TKL1-RKI1 0. 129 1. 470 0.301 0.040 0.009 0.130 1.214 0.324 0.107 0.024
AYHNEW2-TAL1-TKL1-RPE1 0. 127 1.435 0.304 0.046 0.010 0.136 1. 205 0.323 0.116 0.020
AYHNEW2-TAL1-RPEI-RKI1 0. 126 1.344 0.313 0.048 0.008 0.129 1.132 0.335 0.096 0.022
AYHNEW2- * 0. 128 1.384 0.315 0.042 0.009 0.131 1. 198 0.337 0.093 0.021

a. The yields of the products were calculated based on the xylose consumed

with less than 5% difference.

3 5%

Fig.3 Performance of recombinant yeasts on 5% xylose

3 5%

36 ~48 h

PP
PP

TAL1

PP

AYHNEW2-

+

0.313

AYHNEW?2

HENW2-TAL1

PP

1

Hasunuma
TALI1 TKL1
4%
0.324 ¢g/¢g
TAL1 TKL1
PP
PP
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