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Effects of systematic overexpression of genes involved in the
non-oxidative pentose phosphate pathway on xylose metabolism of
recombinant Saccharomyces cerevisiae strains

SUN Jin-Yun GAO Wen-Xuan DING Wen-Tao LIU Wen CHEN Xun"
(School of Biochemical Engineering, Tianjin University, Tianjin 300072, China)

Abstract: [Objective] Construction of highly efficient xylose-utilizing Saccharomyces cerevisiae
strains by single, double or multiple overexpression of genes involved in the non-oxidative pentose
phosphate (PP) pathway. [Methods] TAL1, TKL1, RPE1 and RKI1 under the control of different
strong promoters were integrated either alone or in combination into the xyloses-fermenting recom-
binant yeast strain AYHNEW2. The fermentation performances of the resulting strains were studied
on 5% xylose. [Results] The recombinant strains generated with our approach showed improved xy-
lose fermentation performance with varying degrees. The best results were obtained by simultaneous
overexpression of all the non-oxidative PP pathway genes, and compared to the reference strain
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AYHNEW?2, the strain resulted from this genetic modification showed a 39.25% and 12.57% increase
in ethanol productivity and yield, respectively. [Conclusion] Previous studies for enhancing xylose
fermentation rate by genetic modification of the non-oxidative PP pathway had been more focused on
overexpression of the individual genes in the pathway. In this work, we demonstrated that, compared
to single or partial over-expression of the non-oxidative PP pathway, simultaneous overexpression of
all the genes in the pathway was more effective in increasing the rate of carbon flow from xylose to

ethanol.

Keywords: Saccharomyces cerevisiae, Non-oxidative pentose phosphate pathway, Xylose, Ethanol
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TR P B E P R o, SR AR A5 T A 2 2 5
Ja T pCCWI12, pGPMI1 ., pHXT7 LA} pFBA1 %}
PP 423K TALL, TKL1, RPEl #1 RKIl #4TT
ARIH G L HKIE R G— RPN BA AR iR
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REHEAT T LA SE, DA RE ML PP iR fe LK i
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1.1 EPRFA AL

Escherichia coli DH5a (F-recAl endAl hsdR17
[rk-mg JSUPE44 A-thi-1 gyrA96 rel A1) T 5 A vl

TAE. Scheffersomyces stipitis NRRL7124 F T5: 4
XYLL F1XYI2 5ok, HABEER e S. cere-
visiae W303-1a, A< T3 A PRI e A1 R R Bk
Sy RIEN T 1R 2,

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



594

A=Yy~ 8 Microbiol. China

2014, Vol.41, No.4

F1 ALEPRABEREERSEK

PR BR A TR

Table 1 Yeast strains used in this work

FEA Y

Strain name Genotype Reference or source
W303-1a MATa leu2-3, 112 ura3-1 trp1-92 his3-11,15 ade2-1 can1-100  Thomas and Rothstein (1989)"
KAM-2 MATa ura3-1 Kong et al. (2006)™°!
MATa ura3-1, pCCW12-XYL1-tHSP26, pFBA1-XKS1-tFBA1,
AYHNEW?2 PHXT7-XYL1-tHXT7, pFBA1-XYL2-tFBAL, This work
pCCW12-XYL2-tHSP26, pTPI1-XKS1-tTPI1

AYHNEW2-RKI1 AYHNEW?2 derivative; pFBA1-RKI1 This work
AYHNEW2-RPE1 AYHNEW?2 derivative; pHXT7-RPE1 This work
AYHNEW2-TAL1 AYHNEW?2 derivative; pCCW12-TAL1 This work
AYHNEW2-TKL1 AYHNEW?2 derivative; pPGPM1-TKL1 This work
AYHNEW2-TKL1-RKI1 AYHNEW?2 derivative; pFBA1-RKI1, pGPM1-TKL1 This work
AYHNEW2-TKLI-RPE1 AYHNEW?2 derivative; pHXT7-RPE1, pGPM1-TKL1 This work
AYHNEW2-TKL1-TAL1 AYHNEW?2 derivative; pCCW12-TAL1, pGPM1-TKL1 This work
AYHNEW2-TAL1-RKI1 AYHNEW?2 derivative; pFBA1-RKI1, pPCCW12-TAL1 This work
AYHNEW2-TAL1-RPE1 AYHNEW?2 derivative; pHXT7-RPE1, pCCW12-TAL1 This work
AYHNEW2-RKI1-RPE1 AYHNEW?2 derivative; pFBA1-RKI1, pHXT7-RPE1 This work
AYHNEW2-TKL1-TALI-RKII ‘;g ggf_‘?’éﬂemame’ ARSI, (SIS A2, This work
AYHNEW2-TKLI-TALI-RPE1 g‘gghﬁf_‘ﬁfl_‘iemat”e; PHXT7-RPEL, pCCWI2-TALL, This work
AYHNEW2-TKL1-RPE1-RKII ‘;gg\ljf_\yél_‘iematwe’ B bR, This work
AYHNEW2-TALI-RPE1-RKI g‘g o SE R CE DI RN DI This work
AYHNEW?2-J4* AYHNEW?2 derivative; pFBA1-RKI1, pHXT7-RPE1, This work

pCCWI12-TAL1, pGPMI-TKL1

F2 AR AR RR
Table 2 Plasmids used in this work
JoAE 4% K i BaN IR
Plasmid name Description Reference or source
Yiplac211 Amp", URA3 Gietz and Sugino (1988)!"”
YIp-H8 Amp", URA3, pHXT7-XYL1-tHXT7, pFBA1-XYL2-tFBAI Zhang et al. (2012)"%
YIp-Y8 Amp', URA3, pPCCW12-XYL1-tHSP26, pFBA1-XKS1-tFBA1 This work
YIp-A8 Amp', URA3, pPCCW12-XYL2-tHSP26, pTPI1-XKS1-tTPI1 This work
YIp-FK Amp', URA3, pRKI1-pFBA1-RKI1 This work
YIp-HR Amp', URA3, pRPE1-pHXT7-RPE1 This work
YIp-CA Amp', URA3, pTAL1-pCCW12-TAL1 This work
YIp-GT Amp', URA3, pTKL1-pGPM1-TKL1 This work

1.2 EFEREFEMG

KIGHF# DHSa 75 LBA “FAR(10 /L AL M
W, 5 g/L BERFEE, 10 g/L NaCl, 15 g/L 3R
#, 0.1 gL & NH&E, pH 7.5 LA TRRA
i B FTURL A 5 P % B:AE YPD (20 g/L 8 R,
10 o/L BEREMARYI LIS 20 o/L #2500 s 32 3k s
FE, BRIRBENE PSR G NE IR (6.7 g/L LA HER
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()RR SR IR (YNB) | R B E 1) 2 SE R IR 5 )
PAJZ 20 /L #4500 Tk E 2
1.3 AR

HEEE RNAour 17 & L at KB R R
AR A, FE), Transcriptor First Strand cDNA
Synthesis Kit (Roche Applied Science, Penzberg,
Germany), LightCycler® 480 SYBR Green I Master
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mix (Roche Applied Science, Indianapolis, IN),
LightCycler® 480 real-time PCR system (Roche Ap-
plied Science, USA), Waters Alliance 2695 HPLC

(Waters, Milford, USA), Aminex HPX-87H & ¥
At (Bio-Rad), Bioquest CE2502 284Ny y6o6
71 (Progen Scientific Ltd, UK),
1.4 FHRREE

KIGFFHEEAL R CaCly 32, LAREREHEE 4 i
Wi Ylplac211 VE R val A, Sk A R AL ) 2h+
RS A XYL, XYL2 DL J XKS1 B Fk: YIP-HS
YIP-Y8 1 YIP-A8, Hr, YIP-H8 ARSI = F
et YIP-YS8 F1 YIP-AS (R g BN T .
WA T g R R 7 B Y1 Y2, XYL2 )
HJa 8hF pCCWI12 FIZ 1k tHSP26, XKS1 K5
T pTPI1 FIZ LT tTPI R 35 Yiplac211
I, PARFRL YIP-Y8, [AH, 7£ Ylplac211 L43
B ARE S BT [l Be A1 F A2, XYL JeH:
Ja hF pCCWI12 FIZ k¥ tHSP26, XKS1 K5 3
T pFBAI1 FIZ& 1|7~ tFBAL 41, 15 3| Fiki YIP-AS.

K FHYLRER J5 3T pFBAL, pHXT7., pCCW12
& pGPM1 4333t %35 PP 42 5LH RKI1, RPEL,
TALL 1 TKL1, #9gEEEE4H k. YIp-FK. YIp-HR.
YIp-CA Fil YIp-GT. HARFAIT: H5Ei#id PCR
P18 RKIT, RPEL, TAL1 J& TKL1 BYJE 8+ F5IHI

Saccharomyces cerevisiae

ORF, Z4MV)Ja/ il Yiplac211, #R)5, ¥ PCR
74 pFBAL . pHXT7. pCCW12 il pGPM1 il j5 43
5 _FR BRI AR, AT A RIE S KR 24
4 YIp-FK. YIp-HR. YIp-CA il YIp-GT (W3 1),
1.5 FHHIRBERSERNEE

TGI8 e B 2 Ak R B R AR | T8 3 P 25 8 ks
RS BTR )RR A Fs B AR iC URA3 IS A1,
435 Spe 1. Hpa I 1 Hpa I B4 5k YIP-HS .
YIP-Y8 Hil YIP-A8, T uf Ltk YIP-H8 % 5
#| KAM-2 55 IV &4 ta k& I HEM13 1 NRG1 Z ]
s hi b, BHMEAL IR T 5-FOA Pl 3
tH URA3, £ PCR $3ilE(5|#%F H-CKU #I H-CKD)
IEf)E BB A T R)E, SRAMIRI ik,
WYUK YIP-Y8 Fl YIP-A8 43| b3k 5 4H & bk
SEVIA YL oAk I YHKS Fil AAPT Z [H] i 25 4 1 DL %
B XV A& AR AUST FiT TIR2 Z 123 |, B
FH Pk % 1k T fy 4 4 AYHNEW2 . & 5, L)
AYHNEW?2 St & bk, 8 Sph1. Clal, BgllI
K ClaT ByIf4 Jiok: YIp-FK., YIp-HR., YIp-CA il
YIp-GT 43 JEAT IR B A, FELL Bk sk R it 3
IKHRR N R S 3k PP ARy HA LN,
MRS T R 505 2k PP 42 KL IR k) B 2] FR v 1 £
MR B 1 DL TALL 3845 ] el A T 20 B4 iy
A R R

URA3

strain KAM-2 Ylp-CA
pTAL1 pCCW12 | TAL1
Plasmids Ylp-H8, Inteeration I
Ylp-Y8 and YIp-A8 & —l Transformation I Bgl 1l Digestion
Pop-i Chromosome PTALI TAL]
N op-in
Recombinant strain disTv;/;)c::Egnt ﬂ
AYHNEW2 glethod Chromosome pTALl TAL1 URA3
pTAL1 pCCW12 TAL1
Plasmids Ylp-FK, Ylp- = Tnte ration—T
HR, Ylp-CA and YIp-GT & Pop-out
Chromosome PTAL1  TAL1 ﬂ pTALIpCCW12 TAL1

Strain with different combination
of the overexpressed PPP-genes

E1

Case 1: wide type Case 2: mutant

M4 BiREME EARE R SR

Figure 1 Construction of recombinant S. cerevisiae strains using the two-step displacement method
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1.6 RNA HJ$#ZElF RT-QPCR

TE 2% YPX S5 SR T AR AL T 8UE K
IR REZR M, SR AT UL TR RNAour 38057 £ B L
BB RNA, ZR56SEIR, DL ACTL HINSHEN
XF PP g A% 3 DR B SR OKOSF SE AT I, Ol A
2 AT O A TR 0 HT o
1.7 #EMRARESE

PR B SIS 50 g/L AR YP B3Rk
(YPX), HJC, ¥HEFRTE YPD H5375E LFERT 12 h,
BLOWEER AN, FHICRE/KYE 2 W #eF P 2 YPX
BB ob T R %, W0 ODgoo=1. K TSI IR M
USRI BERETET 24 h7E 30 °C. 220 r/min 551F
TREFERAR, 24 h J5HE D EE(Parafilm PM-996,
Bemis Company, USA)E 1A 0.5 mm il fL)JF:
T 110 v/min, KEEIFEH R 12 37 24 h B
1.8 K~

KEERESAE 13 000 t/min F .0 1 min, B L
THIEA 0.22 pm TALIERE U8 AT ) 4
B, BRSNS | ACKERE . H I B T v T
Waters Alliance 2695 HPLC #4740 . {# FH Aminex
HPX-87H BT 3c4ett, LA 5 mmol/L H,SO4 A it 5l
A, 7E 45°C. 0.6 mL/min B3 F 44047, I
H Waters 2410 75 22460 #8470 %2

2 RS540

2.1 EHFK PP IREERMERKT
TEE A FE R AYHNEW2-PU i il RT-QPCR

BRI PP i 48 5 R A % sk -, T LA Rk

AYHNEW?2 Hi& B[RSk S R, 451  BR,

R IRERR T PP AR SE R A% K A5 3] T

mydE R, BB anER 3 .

*3 EHMESEK PP REEEHENERKE

Table 3 Relative transcript level of the PPP genes in
recombinant yeasts

£ JRBT AR SRR

Genes Promoters Relative transcript level
RKI11 pFBA1 14.39
RPE1 pHXT7 28.84
TAL1 pCCWI12 9.31
TKL1 pGPMI 5.95
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Figure 2 Xylose fermentation performance of the single-gene overexpressed recombinant S. cerevisiae strains
Note: - AYHNEW2; -0-: AYHNEW2-RKII; -A-: AYHNEW2-RPEI; ~#: AYHNEW2-TAL1; —<+—: AYHNEW2-TKLI.
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Figure 3 Xylose fermentation performance of the dual-gene overexpressed recombinant S. cerevisiae strains
-O~: AYHNEW2; -A-: AYHNEW2-TKLI1-RKIl; -#: AYHNEW2-TKLI-RPEl; —<~: AYHNEW2-TKLI1-TALI; -O-:
AYHNEW2-TAL1; ->—: AYHNEW2-TAL1-RKI1; —O—: AYHNEW2-TAL1-RPE1; —0—: AYHNEW2-RPE1-RKII.
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Figure 4 Xylose fermentation performance of the multiple-gene overexpressed recombinant S. cerevisiae strains
Note: -0-: AYHNEW2; -0-: AYHNEW2-TALI1; -A~: AYHNEW2-TKLI-TALI-RKII; <0—: AYHNEW2-PU*; =~: AYHNEW2-TKLI-
TAL1-RPE1l; —<: AYHNEW2-TKLI-RPEI-RKI1; > AYHNEW2-TAL1-RPE1-RKII.

Wi, KR P28 XKS BEER Lk PP &4 AR g
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R, EUEAHHREIER(XR, XDH Al XKS)4% il
7 A R P B A A IR A (i i, NI T
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XoF o IR A MEAC IS e A 56 DX i) o 2H T AR R
& B VE BE VEAT LAY, FRATIZRAS T LA
D135 PsXR . PsXDH F SCXKS T 5 (1 =R
WA I 24 P 7 B R Bk AYHNEW2,

AR 3C DR 1 R 1R R AYHNEW?2 iy H % Tk
RAEFWIXT PP AR JE N I RF s 45 01421 I
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™ EA RN [R) S 5k B A 41 R B S B 7 pFBAL
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PR 35 R e Sy it B RUACHE B A I AT - A T I , 465
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o HARFIADFIE RS 8 T i 3%k PP g2 L [H Ak
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S BRI 2P0 F3k PP i 43 1 i PR ASUARE 2 A A 71
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