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Table 1  Strains and plasmids used in this work

Name Description Source

Saccharomyces cerevisiae strains

CEN. PK 113-5D MATa; ura3-53 12
BSPC002 CEN. PK 113-5D derivative; ( =194 -1)XKS1:: loxP-TEF1p This work
BSPC004 CEN. PK 113-5D derivative; ( =194 —1)XKSI1:: loxP-PGKlp This work
BSPC006 CEN. PK 113-5D derivative; ( =194 -1)XKS1:: loxP-HXK2p This work
BSPCO10 CEN. PK 113-5D derivative; {pY7} This work
BSPCO12 BSPC002 derivative; {pY7} This work
BSPCO14 BSPCO004 derivative; {pY7} This work
BSPCO16 BSPCO06 derivative; {pY7} This work
Plasmids
pUG6 E. coli plasmid with segment LoxP-KanMX4-LoxP 13
pSH4T shuttle plasmid for E. coli and S. cerevisiae Cre gene under GAL2 regulative regulation 13
promoter
Y7 2p  containing XYLl XYL2 genes optimal XR/XDH expressing ratio for xylose 14
P fermentation
1.1.3 (1) YPD/YPG 2% 3% .
1% 2% / ; (4) DMM /XMM /DXMM ( / /
200 pg/mL G418 . ):6.7 ¢/L 20 g/L
(2) SCURA ( /20 g/L /20 g/L 20 g/L
):6.7 g/L (YNB) 0.77 g/L pH 6.0,
20 /1. pH  1.1.4 DNA
6.0. (3)5FO0A (5- - ):2 2 . DNA
SC-URA 50 mg/L | g/l 5= .

FOA pH 6.0 0.2 um
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2 PCR
Table 2 PCR Primers
Primers Description Sequence (5°—37)"
Amplification of fragment loxP-KanMX-oxP-Promoter
XKTEF1ps TEF1 promoter AGTGGCCTATGCACAATGCTACTTTGTACGTTCAAAAT
XKTEF1pa aacctetettgtetgtetetgaattactgaacacaacatTTTGTAATTAAAACTTAGATT
XKPGK1ps PGK1 promoter CTAGTGGCCTATGCTTTTGGCTTCACCCTCATAC
XKPGKl1pa cetetettgtetgtetetgaattactgaacacaacat TGTTTTATATTTGTTGTA
XKHXK2ps HXK2 promoter CTAGTGGCCTATGCTTGAAAAAAAGTGCGGGGCT
XKHXK2pa ctetettgtetgtetetgaattactgaacacaacat TTTATTTAATTAGCGTAC
XKKans loxP-KanMX4-oxP aaacaaaaacaaccccgatttaataacattgtcacagtaCAGCTGAAGCTTCGTACGCTG
Kana GCATAGGCCACTAGTGGATCTG
Fragment validation
Kans CAGCTGAAGCTTCGTACGCTG
VXKSla CAAAGTTATGGCCGTCTCAG
Real+time PCR
RTXKS1s XKS1 TTTACCCCTGCGGAAGAATG
RTXKS1a GGCAGAGTTGGATGAATGAAAAG
RTACT1s ACT1 ATGCAAACCGCTGCTCAA
RTACTIa AGTTTGGTCAATACCGGCAGA

" The bases underlined indicate the complementary sequences between the promoters and the loxP-KanMX4-oxP fragment respectively; the bases written

in lowercase are the recombinant sequences involved in the substitution of XKS1 promoter.

1.2 KanMX4-oxP PCR (

CEN. PK113-5D 1) loxP-KanMX4HoxP-TEF1p (

TEF1p PGKlp HXK2p ( XKKans XKTEF1pa) « loxP-KanMX4-oxP-PGK1p (

2). pUG6 : XKKans XKPGKlpa) loxP-KanMX4HoxP-
loxP G418 KanMX4 loxP- HXK2p( : XKKans XKHXK2pa)
KanMX4-oxP . DNA loxP— o
Genomic DNA « VXKSla
S | B XKS1
XKKans_joxP-KanMX4-loxP-__ B
Koo =

XKTEFlps TEFIp XFTEF1pa

XKPGK 1ps PGKIp XKPGK Ipa

XKHXK2ps HXK2p XKHXK2pa
1

Fig. 1 Amplification of loxP-KanMX4-HoxP-Promoter fragment.

1.3 pSH47 o
loxP-KanMX4-oxP-TEF1p .

loxPKanMX4-HoxP-PGK1p loxP-KanMX4-oxP- (XR) (XDH)
HXK2p CEN. PK113-5D G418 (XYL1 XYL2) pY7

YPD 2 Kans ( D,

VXKSla ( D, pSH47 1.4

SC-URA YPD 0Dy, 0.8 1.0
YPG Cre a
KanMX4 o KanM X4 RNA. DNA RNA

YPD 5F+0A PCR °
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Table 3  Expressional level of xylulokinase and intracellular ATP level

Fold-change for XKSI mRNA

Promoter controlling

Xylulokinase activity" Intracellular level of ATP*

Strains XKS1 z(}:;zi;r}l‘r:i(zoplzsff)?glo (U/mg total protein) (pmol/g biomass)
BSPCO10 native promoter 1 0.07 £0. 00 9.42
BSPCO12 TEF1 promoter 48 +6 0.16 +0.01 5.67
BSPCO14 PGK1 promoter 35+9 0.20 +0.01 3.28
BSPCO16 HXK2 promoter 11 2 0.10 £0.03 6.37

a. Values are given as the average and experimental deviation of two independent experiments. b. Values are calculated by 2 **" method *
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2.2 2.3
( 2). 15 h
« 4
XKS1
BSPCO010. (Ethanol Yield)
BSPCO12. BSPCO16. BSPC014 . BSPC010, (Xylitol Yield) o
BSPCO14
0.35 g/g o
4
Table 4 Sugar consumption and product production in oxgen-imited batch co-fermentations of glucose and xylose
Consumed Consumed Produced Xylitol Yield on  Glycerol Yield on  Acetate Yield on  Ethanol Yield on
Strains Glucose Xylose Ethanol Consumed Consumed total  Consumed total ~Consumed total
(g/L) (g/L) (g/L) Xylose(g/g) sugars(g/g) sugars (g/g) sugars (g/g)
BSPCO10 19.00 +0. 08 7.94 0. 24 7.71 £0. 17 0.61 +0.03 0.019 £0. 004 0.048 £0.012 0.28 0. 01
BSPCO12 19.04 £0.09 13.16 £0.20 10. 47 £0. 15 0.35 +£0.05 0.035 £0.003 0.013 +£0. 002 0.33 0. 00
BSPCO14 19. 00 £0. 05 11.42 £0.05 10.74 +0. 05 0.18 +0. 04 0.043 £0.010 0.018 +0. 002 0.35 +0.00
BSPCO16 18.97 £0. 11 12.17 £1. 16 9.99 +0.23 0.40 0. 05 0.032 £0. 001 0.018 +0.003 0.32 +0.01

Values are given as the average and experimental deviation of two independent batch fermentations.

5 /
Table 5 Specific consumption/production rate of metabolites in oxgen-imited batch co-{fermentations of glucose and xylose
Strains e (mmol /g 1y (Cmmol/g vy, (mmol/g 1y ., (mmol/g v, .. (mmol/g 1y, ., ( mmol/g Carbon
biomass /h) biomass /h) biomass /h) biomass /h) biomass /h) biomass /h) Recovery
Glucose=xylose cofermentation phase
BSPCO10 6.95 +0. 15 0.93 +0. 17 0.44 +0.04 0.65 +0.02 0.35 +0.07 10. 81 +0. 54 0.91 +0.03
BSPCO12 7.01 0. 05 1. 06 0. 04 0.09 +0. 00 0.86 =0.07 0.26 +0.01 11.79 +0. 01 0.93 +0.01
BSPCO14 6.91 £0.02 1.00 0. 02 0.04 +£0. 00 0.83 +£0.08 0.27 +0.02 11.17 £0. 65 0.90 +£0. 05
BSPCO16 7.17 £0. 12 1.12 0. 14 0.16 0. 00 0.87 +0.05 0.29 +0.00 11.69 +0. 14 0.91 +0.03
Xylose fermentation phase”
BSPCO10 0.34 +£0.01 0.22 +0.01 -0.03 £0.01 0.14 £0.04 0.18 £0.01 0.92 +0.05
BSPCO12 0.59 +£0. 00 0.24 +0.04 0.00 +0.02 0.03 +0.01 0.52 +0.02 0.87 +0. 04
BSPCO14 0.53 0. 00 0.11 0. 00 0.03 0. 02 0.04 +0.01 0.69 +0.07 0.89 +0.05
BSPCO16 0.56 0. 04 0.25 +0.01 -0.01 £0.00 0.05 +0.01 0.50 =0. 06 0.91 0. 01

Values are given as the average and experimental deviation of two independent batch fermentations. r. Specific consumption rate of glucose or xylose;

Specific production rate of xylitol glycerol acetate or ethanol. a. The phase when glucose and a fraction of xylose were used. b. The phase after glucose

depletion
« 4.
« 5
3
0.96 mmol/g biomass/h
C 5 T ylose Cre-loxP
Txlitol ); TEF1p PGKlp  HXK2p
' XKS1 XKS1p
¢ 3.

KanMX4
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Fig.2  Growth on xylose. A: flask-shaking experiments; B: plate
drop tests.
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Fig. 3 Correlation between xylulokinase activity and specific

metabolic rate of xylose that fluxes into central metabolism (r xylose
into central metabolism) or specific production rate of ethanol (r

ethanol) during xylose fermentation phase
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Fig. 4  Correlation between xylulokinase activity and specific
consumption rate of xylose (r xylose) or specific production rate

of acetate acid (r acetate) during xylose fermentation phase.
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Effect of controlled overexpression of xylulokinase by
different  promoters on xylose metabolism in
Saccharomyces cerevisiae

Bingyin Peng” Xiao Chen® Yu Shen" Xiaoming Bao
The State Key Laboratory of Microbial Technology Shandong University Jinan 250100 China

Abstract: Objective To investigate xylose metabolism in the Saccharomyces cerevisiae stains overexpressing the
xylulokinase gene XKS1 at different levels by replacing the promoter in the chromosome. Methods Based on S.
cerevisiae CEN. PK 113-5D we constructed xylose-metabolizing strains where the promoter of xylulokinase gene XKS1 was
replaced by TEF1 promoter PGK1 promoter and HXK2 promoter on the chromosome. We quantitated the transcriptional
level of XKS1 gene (accumulated mRNA) and measured the activity of xylulokinase in each stains. Furthermore we also
determined the intracellular level of ATP and evaluated the xylose{fermenting abilities of the engineered strains.

Results The engineered strains exhibited higher expression of xylulokinase than the parental strain at both transcription
and enzyme activity levels. The highest xylulokinase activity was observed in the strain whose XKS1 was controlled by
PGK1p and was decreasingly followed by the strains whose XKS1 was controlled by TEF1p HXK2p and native promoter.
The expression level of xylulokinase negatively correlated with intracellular level of ATP and positively correlated with
ability of ethanol production from xylose. The highest ethanol yield was 0. 35 g/g consumed sugars while the lowest xylitol
yield which was 0. 18 g/g consumed xylose was observed. Conclusion By promoter replacement xylulokinase was
overexpressed at different levels. In this work higher expressional level of xylulokinase improved the conversion of xylose
to ethanol.

Keywords: Saccharomyces cerevisiae promoter xylulokinase xylose ethanol
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