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(Escherichia coli) DH5o HASSE 6 1R 77, By d
48 pA06 ADHI1 1z pKTO150 43 H Addgene 23 A .
1.1.2  $5555 . YEPD 555 5 3R H R 20 g, BERERY
10 g, Fii 45 M 20 g, A2 1 L,pH B, 121°C & &
KB 15 min, 5555 BRI REBE S % A YEPD B33
B R B FRFEUS NN 2% R , 0 8 % 4k 1 i A2
Wk BE & 200,300,400, 500,600,800, 1000 ng/L [
G418 ,7F 30°C ik 8555

1.1.3 i 3 20 . BRI A R N YD i Nde T |
Aat1l .Spe 1 .Sal 1 .Eco52 1 (Eag 1 ), Hpa 1 WK
H TaKaRa 7\ & 5% NEB /A @], EasyPfu DNA B &
fiti \Taq DNA REHWE At XS EYHARA
PR H . T4 DNA 420G B 49 TR A RS
Hlo YeastBuster'™ J £ & (4 i #2 i 7] & W £ A

Novagen 73 ®), B B8 i BE =C 79 AR B2 ¥ ( PEP-K) |
ATP NADH | D-/R Fi i | P4 1 7% 384 Bt ( PK) | -0 2
20 (LDH) 1 H Sigma A H]
1.2 5|¥pigit

FR A ik pKTO150 |+ G418 Fi 1k #& [H KanR JZ
ADHI1 % 1k R Be iy ZE A 5 51 Fl GenBank 2 %% fili
P TR VPG [ BF XKS1 56 A G 42 )7 91 O 2 25 HH 56 X
BRE B 4 %R0 T G418 Hrdk R
KanR ADH1 2 1k + R B BRI % BE XKST P )
2.2 kb rDNA B, 724 LR UF51 0 b 4 il A
F TURLAS E T 7 04 B D) AL A IR AE S5 s i AR B
BE 2 BRIV 9 B 7 3 A A ST A A8 ) B B B AL
IR ORI p406 ADHI T T, & 51 WF A L
1,

®1 51955 RETIMNE B4 =

Table 1 Primer sequences, templates and their restriction endonuclease sites
Gene Primer sequences(5'—3") Oriteiation Templates Restriction endonuclease sites
KanR TTCCATATGTCTGTTTAGCTTGCCTC + pKTO150 Nde |
CTGGACGTCTATCATCGATGAATTCGA - pKTO150 Aat 1T
XKS1 CGGACTAGTAGTACTTTAATGTTGTGTTCAGTAA + W5 genome Spe 1
CGCGTCGAC TTTAGATGAGAGTCTTTTCCAG - W5 genome Sal 1
ADHI terminator CGCGTCGACATTTGTTACTGCTGCTGGTATT + pKTO150 Sal 1
TATCGGCCGCCCTGTTATCCCTAGCGG - pKTO150 Eag 1
2.2 kb rDNA TTCCATATGGGAACCTCTAATCATTCGCT + W5 genome Nde 1
TCTCGGCCGAACGAACGAGACCTTAACCT - W5 genome Eag |

“ +7 indicated the upstream primers,

1.3 BHMETHHERE
MBI 4 X518 ) EasyPfu DNA %451,

— ”indicated the downstream primers, letters with underlined indicated the restriction endonuclease sites.

B LLR 4% SN A e PCR 47 38 Fh 4 00k 28 (A 4 2t
i 4 oL B (£ 2) .

x2 ATRETHFNPCRREBFERBEXSH

Table 2 The PCR systems used in cloning of four components

Cloning components Pre-denaturation PCR systems Reaction cycles
KanR 94°C 1 min,45°C 1 min,72°C 2 min

XKS1 94%C 1 min,55°C 1 min,72°C 2 min

ADHI1 terminator 94°C ,5 min 94°C 1 min,50°C 1 min,72°C 1 min 30

2.2 kb rDNA fragment

94°C 1 min,53°C 1 min,72°C 2.5 min

i T EasyPfu DNA ZGHE m IR H Y DNA 45
ity , AL, B e R 1S B9 DNA R Beadb A7 A”
FANEE, HARTT S 1] 50 wL EasyPfu DNA 24 i
) PCR BB i 0. 25 pL Taq(5 U/mL) DNA B4
fitf , 72°C /K% 10 min,, BJVA] 767 St 9 373 b
AV, RIS P T SRR AT

R B #R pMDIS-T 3% £2 /5 19 7 ¥ 43
W Ay 4 4 pCXS-T-KanR . pCXS-T-XKS1. pCXS-T-
ADHIT pCXS-T-rDNA
1.4 SENESRIEHMAEK pCXS-RKTr 2

Jiki p406ADH1 F1 J5i ki pCXS-T-KanR 43 51

BR 45 M VT g Nde T F0 Aar 11 43 590 32547 SURG T, 18] 0
H R B, 0 T4 DNA 3% 22 il 6 79 Fr B i #5645 3 T
B pCXS-R, # JFi B2 pCXS-R H1 ik ki pCXS-T-XKS1
53 ) BR il N YT 1 Spe T F1 Sal T 43 5 32F 47 XUl
Ui, w2 3 eyBgd) i B, # XKST BE P R BeAE Sl 4
AR B3] pCXS-R WU U115 8 iy 3 K v B b,
53] & 41 ik pCXS-RK, Jii ki pCXS-RK F Jii i
pCXS-T-ADHIT 4351l H] FR i ¥ 9 U) i Sal 1 F1 Eag
I 47 X020, ey B g 90 Beo ¥ ADHI
1FF A Bt 3 3] pCXS-RK XU 1) 15 2] (4 %5 K H By
453 8 20 5ok 8K pCXS-RKT, XJ J5i B pCXS-
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RKT 1 it A2 pCXS-T-rDNA 73 53] JiI BR il 1 P U il
Nde I \Eag 1 #£47 XUEEY), 014 P1 H 4 B U0 A B o
2.2 kb rDNA J5 Bt i% 4% ) pCXS-RKT XU U] 15 2 (19
BRA B b, 1 B e 200 H By B 4 FORL 8014 pCXS-
RKTr,

W UL b A A 3 ARG BRI 5 AL K A
DHS5 o, 2 BBk pCXS-RKTr % it 41 #1 PCR J7 3
458 B SRR AP 25 T
1.5 SBHRNBEENIRERE

BRI pCXS-RKTr [ Hpa 1 VI AL
Je 1) R T T R 2 A v Xk T TR Y P RE WS AT R
16", Hpa 1 By SEGEYIO7 507 T 45 & 2.2 kb tDNA
Jr B i i, o 2 R 48 A 28 32 il 2k P AL R T Ry
S B PR T RE G R B R R, LA SE I 2 4
DUfE) 2
1.6 EAMABSNHIESERE

FHE 200 ng/L G418 B YEPD 3 Hg i %8 FH 1
ST, A0 e A E A B A S PR A
BB T v, B AR S e L Y G418 AR bl i
fi s G418 e B LA vt w5 45 D1 A B S etk 7.

[F) B Xof 22 9 126 45 81 14 8 5 DL e A 7 $i IOk A 4
DNA i i PCR 56 UE#f 1 5 20 BTk 40 K 2 75 & & %%
A B B R g R L E TR PR 0 R
HIEA S A XKST B P 41, B DLAS BBl ok PCR
PG B R R AT B0,y el i PCR 4 1 Bk 28
K FAFAERY GAL8 Hi Mk K KanR , L5 HiF 25 44 /2 15
EES.

1.7 ZHER % #0 BE B il U <E

JH Novagen 2\ 7] By YeastBusterTMﬁ?%}fﬁﬁ A
il B2 1200 00k o 2 I R TR R Y 0 R AR AT SR
S IO Ay REL Tl VAR A A T M 5 ot T 5 00 RO
W k2 ok
1.8 EAEWREMENE

W Ot e 15 B 1Y = #5 DL BH PR T RE A AL T e A T
YEPD i 5: Fe v, f B 12 h JBORE, 3R 90 i R, LA
RETEF- Bz b B 9% O B, 20 B AR YEPD Rl &
G418 1) YEPD V- L B ¥ 55, 23 50l o S i 2o
A5 A BB OB A B Y R, T R AR e D

TRENE(% ) = (AR5 ORI R v &R +

BEH) x100%

2 #X

2.1 SENRIEESREHME pCXS-RKTr HyHE
B P GA18 fdE LN (XKSI K[ (ADHIT £ I

TR B AT Y 3 . a5 R R BT, S8 N ) v P F
A5 A B (KIS ) .

KNG AR B G418 Pk LK (1477 bp) .
XKSI 3 H (1831 bp) \ADH1 2 |- 7 F Bt (301 bp)
F4E5E 2.2 kb tDNA B B (2.2 kb) 44 & & ik
p406ADHI |-, B #2158 %% & F ik # ik pCXS-
RKTr, H J5 B K /N 9516 bp, 4 T ki 2 K
pCXS-RKTr i PCR 56 UF 4% 5% 1 8 il U] 56 iF 45 S 46
SIS AHAF . A g R R 1,

2.2 EAMBEEBRENHKESETE

Iz iRy G418 ¥ J&E (1000 ng/L) - #i |- < %
B S ARV, LUSCR 320 B bR, 430l i 44 R
XKS1-1 ,XKS1-2, XKS1-3, XKS1-4, XKS1-5,

Xof O Ao B Y 5 A 1w DL Ak 1 4 HROEE IR 4
DNA i@ it PCR # 1§ 8 241 J R0 804K [ 776 (1) G418
Uk FE A KanR , LUR & TR 804002 15 O 288 4 3R
R RE A etk b, O LARD 4R R AR WS A R B P X
ML AR UE 2,

M | 2 3 4 5 ¢
bp

2000 —
<—KanR
1000 —

2 PHMHENEFH PCREESHR

Fig.2 The dectection of positive transformants by PCR.

M:DNA Marker DL2000; Lane 1, PCR result of W5 genome;
Lane 2, PCR result of the transformant XKS1-1; Lane 3, PCR
result of the transformant XKS1-2; Lane 4, PCR result of the
transformant XKS1-3; Lane 5, PCR result of the transformant

XKS14; Lane 6, PCR result of the transformant XKS1-5.

TG TS P DR M) A B 08 B A 5 AN Fe Ak 1 g JE TN
HIGY ) KanR B PRy S50 400 000 46 bk WS
JC I &7, 3 I W A i A 5 4 J00ORE 418 pCXS-RKTr
CEAT WS M @REENA T,

2.3 EARBEGHAREREMEES

DA A R B AR WS B B e 7 B ) S A 75 DL
0 e REL TR T A A R SR T T A SR L3R 3

T 3 B0 A 25 2R TT LU i e A B A S A
5 DL T 09 XK 3% 0 2 T R bk WS
i XKS1-1 ,XKS1-2 5 21 e AL bk XK {6 g i T il
KWK, M XKS1-3  XKS1-4  XKS1-5 5 2H 5% 1k 1 ¥k
B A R A B O R B R e, 23 R R Bk XK
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%10 2.66 A5 .2. 61 A% AN 2. 87 7%, X UE W AR A Sl S B 1A R B SR 1) R K-SR IR B TOA
(4 5Ok 2 /& pCXS-RKTr #2 AL BRI e £F 40 i WS J5 SCOFSER BB H Y .

*3 AEEKFAREEREMLEN(U/mg)
Table 3 The XK activities in different cell extracts( U/mg)

Strains w5 XKS1-1 XKS1-2 XKS1-3 XKS1-4 XKS1-5
XK activities/ (U/mg) 130.60 £0.02 141.20 £0.05 134.70 £0.04 346.76 +0.03 341.00 £0.06 374.40 +0.01
XK activities in transformant/XK activities in W5 - 1.08 1.03 2. 66 2.61 2.87
Increasment - 8% 3% 166 % 161% 187 %

Nde 1 Aat 11

Ampici]]b\'

URA3

p406ADH
6077 bp PBR322

CYCl-terminator
yADH1-promoter,

7144 bp

. X Eag 1 :
Spe 1 Ndel, Aatll digestion Sjl YCl-teﬂmnAartT?;icmm
> Spel ;
T4 DNA ligase \‘(yADI—[l promoter

\ Spe 1 .,Sal 1 digestion

T4 DNA ligase
Nel 1 / -

LacZ
pCXS-T-XKSl1

KanR

Aat1l Amp

Nel 1
=
A
URA3 KanR “\_daTI
Eag 1
CYCl1-terminator
Sal 1 Ampicillin—
pCXS-RK

URA3 KanR

Aat 1l
Eag 1 LacZ Eag 1
Sal 1 yADHI-terminator = Amp
Sal 1 ,Eag 1 digestion Ampicillin pCXS-T-rDNA
> pCXS-RKT DNA
T4 DNA ligase
yADHI-promotes, / Nde 1
pCXS—T—ADH]TLaC foe 1 Spe 1
ag
AITTp ADHI terminator
Sal 1 Nde 1 ,Fag 1 digestionfT4 DNA ligase
sal 1. Eag [
Hpa 1
Spe 1 pCXS-RKTr Nde 1

yADH 1-promoter
9516 bp KanR

Ampicillin
pBR322

Aatll

1 EARH pCXS-RKTr K# 2 5 i

Fig. 1 The construction strategy of recombinant plasmid of pCXS-RKTr.
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2.4 EAEMBREM

Ak T XKS1-5 #2215 1% 60 AR5 1Y Fa e M
99.6% (1 3) 3% 3R W T k) 2 1) o 5 DLk G Rk
BB R EH G T TN ER: W5 B e @ik
e, R LR R A B — 4y, il R B R A
W E M. EA RS A AR R R R 5 &
PF T K i )RR R i S AR AR 9%
140
120 +

100

L
*
*

80 -

60 -

40}

Stability of recombination strain
XKS1-5/%

20 |

0 1 1 1 1 ]
24 48 72 96 120

t/h

B3 EHFEK XKSI-5 BHREY

Fig.3 The Stability of recombination strain XKS1-5.
3 it

AR SC T KL 1) 2 2% 3k R pCXS-RKTr J2& 4%
B R TOR AR A S EERE A 2T A PR R R
M ABERER NS, FAT R B G (o iR b 9 [ Y 1X
RAETEAE JFEEA B ER SRR R A BR 8 AR
MR R, Mk, ASCH A 2.2 kb K JE 1) 183
rDNA AE Sy [F] 58 G 67 8, 76 R ok B2 66 FE 1 G148
P 8 B 5 % v O 5 R 3R WD 4% 1 vk B R E AT
AT A K. b+ XKSL-5 3% 2215 1R 60
AR B Ra B M 99. 6% . M I IE B 49 i 375 %
BE TR AR T RE 1 G418 11k,

1 P ¥ 2 1) FE 4 0T R 2R AR pCXS-RKTr #% fk it
W ERE W5 J5 , L0k 5 5] 5 ANt G418 Hutk i E 4
B Mk XKS1-1 . XKSI-2, XKS1-3, XKS1-4 il XKS1-5,
H WS 4> Ak 141,20 134,70 346. 76, 341. 00,
374.40 U/mg, X} 5 4~ 41 B #k LA S H & B8 fk WS
HEAT XKl 0% I A2 J5 % B, FE A B R Y XK RS 5K
W5 ¥4 r #  , Hoop XKS1-3, XKS1-4 1 XKS1-5
AP S S ) g2 W5 Y 2,66 2. 61 £ Al
2. 87 A5, i B R FH T ) 2 %) Jo s 28 1R o 2y b S B T
XKS1 7 7 e BF 40 e 9 i ad & 258 . T RA W
2 R TG P Bk A B BT L AT 108 A T DR e R DAL, D il
FRWOORE , AR AR Ok LA A
T SR B e J A B R B R Rk

TEAMEFE Y, W5 Ta bk S0 e 159 3 /9 5 bk 2

B RE ) XK B35 2 A #GE & AR £, Johansson
(2001 ) ") 5 X A BRDHI G 5 6 A BF 5 b, R B
T 4H BBk H158-pXks f9 XK i 1% 1L 20 U/mg; it
18 (2005 ) Fr 4 2 (9 6 1k 7 HSXY-251 fY9 XK il i i1
FOkE T 112 U/mg''" o WA A BF 58w, 5 16 Tk
i XK B B T35 5 374,40 U/mg. X R & %
P R 3A , f T2 PP 2 B B AR B R e AL AR B AR 7 2 T
Y B4 1 2 R

00 e v T 3k A R, — R T R R AR
By 9 XK 3 P4 5 R 0 MO R 1 B0 3R A5 v i i
A T YeastBuster™ B Rk 1 2 1 il 42 1% 7
B AR A B R R T4 G5 10 1 B 20 MO B 12 , 4
PR R SRRy 45 B AL AR A
HEEA XK =&k, W E A gl e, BT L XK
BTG J1 15 DL e o3 KR 5. b B XKS1-5 F% 46 7 Bk 1)
XK i35 , e v 3% 45 1 il 3% 2 326. 54 U/mg, JH]
) £ 1k 3R A I IS N 374,40 U/mg, F AT L,
FH IR G 4R vk, T UG XK % o 4508 T L2
SCAE [ AL R A HIE S T A5 B R A T b L G
XK 52 2 T LA SCHk R s . 5 W I e 3k 0 4
3 AR RS 30 T X XK 3K 005 0 . 76 i 5% 5
SRR XK KB #F5E b, A £ 1Y 2 PKG 5 3l
U AR o A S ADH S BT, 5% RO
)7 9 2 590 T B L X AR XK I 2% 14 22 91 09 LA
LA [ 30 5 33— A B 58 0 L B
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Construction of integrative vector for xylulokinase gene
and its overexpression in Saccharomyces cerevisiae

Jingping Ge, Xisheng Cao, Gang Song, Hongzhi Ling, Wenxiang Ping”
(Key laboratory of Microbiology, College of Life Sciences, Heilongjiang University, Harbin 150080, China)

Abstract: [ Objective ] An integrative vector of Saccharomyces cerevisiae for xylulokinase gene expression was constructed
to overexpress xylulokinase activity. [ Methods] On the basis of plasmid p406ADH1, 4 components were integrated,
which were KanR gene as G418 resistant marker, ADHI terminator fragment, xylulokinase gene from Saccharomyces
cerevisiae W5 and 18S rDNA sequence for homologous recombination. After enzyme digestion and ligation, high copy
recombinant expression vector pCXS-RKTr was constructed. pCXS-RKTr was linearized and transferred into Saccharomyces
cerevisiaee W5 | then xylulokinase activity was detected to determine the expression of pCXS-RKTr. [ Results ]
Xylulokinase gene located on pCXS-RKTr was highly expressed in W5. The xylulokinase activity was 2. 87 times of the
original strain. [ Conclusion] An integrative vector of industry strain Saccharomyces cerevisiae is successfully constructed
and xylulokinase gene of Saccharomyces cerevisiae itself was over expressed by this vector. This intergrative vector can
efficiently raise the xylulokinase activity of Saccharomyces cerevisiae. This system laid a foundation for the construction of
gene engineering Saccharomyces cerevisiae strain which can ferment xylose to ethanol.
Keywords: Saccharomyces cerevisiae; Homologous recombination; Vector construction; Integrative expression;
Xylulokinase
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