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Construction of Engineered Saccharomyces cerevisiae for Steadily Metabolizing

Glucose and Xylose to Ethanol*
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(College of Life Science, Capital Normal University, Beijing 100048, China)

Abstract This paper presents our studies on the cloning of gene XYL/ encoding xylose reductase (XR) from Candida
shehatae and gene XYL2 encoding xylitol dehydrogenase (XDH) from Candida tropicalis, the establishment of recombinant
expression plasmids pACT2-xyll and pDR195-xyl2. The two plasmids were used to transform the Saccharomyces cerevisiae
host cell, respectively. The specific enzyme activities indicated that both the XR and XDH were functionally expressed in the
host cell. The two genes and their expression elements were cloned from the recombinant expression plasmids to construct
recombinant plasmid YIp5-kanR-x12 afterwards. It is expected that the above genes could be integrated into the genome of

S. cerevisiae possessing good fermentation abilities by homologous recombination to acquire a recombinant yeast strain that

could metabolize glucose and xylose to ethanol steadily. Fig 3, Tabl, Ref 15
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1.1 #F 8

111 E#FBRBL KIGFF# (Escherichia coli) Topl0. FRIE
EEE(S. cerevisiae) YSS8., KM IE B 221 1) (C. shehatae)FFR
B LW TE(C. tropicalis) ¥ A L5 EARAF. BRI pACT2,

pDR195LL K YIp5-kanR ¥ i A S0 06 S AR 17, 7 e k1A
pGM-TI H JAR AE AL B b 50 A FRA F.

112 EFREREFEGE KRG E AT A LB R
F, ffi FHE AT RMIN100 png/mL%E & 7 5 25 /E i B 45 F2 58 7]
Tk HE 5 A+, F37 CHrE SRR 75T 5%, % H YEPD
KRR, BRI T F G A 3R 25 (SC), SCREFEIT FREEMR
i SR B 8 6 b 10 2% B X D A SR B R B A 2, T30 Ck
BRI IR G B

1.1.3 B, AESFNKF 258 HT BRI P bR A 5 A=
TRORE)VHRAF. 5 FEYF AT IR & | Tag DNA
RAHE . Pluf ff EDNAR A FE I F AR BB BHE AL ) A R
ol PUAE RS AR A A E AR AR A R THEA
wl, BT A2 a4l 51 b A TR AR A BR A
FIA R, R A I LR AR M AR R SE AR

12 7%

1.2.1 EFEXYLIFAXYL2BIPCRYIE 4 BIHLILC. shehataeFlC.
tropicalisi 7 R 41 DNA MR M, #R P GenBankH C. shehatae
AKWEE R R XYLT (AF278715)F1C. tropicalis/A W T it &
fifg R XYL2 (DQ220745) 0¥ 57 B 514, PCRY 115
F|XYLIFIXYL2.

1.2.2 EAEBEFRIARAPACT2-xyl1FpDR195-xyl 2402 K BR
BB XYLIMXYL2% 5 58 R ik 2 K pACT2 fl
pDR1953% 4%, J¥ h 5 41 ¢ £ 32 34 R pACT2-xyl 1l pDR 195-
xyl2, LiAcSE 3 4l it 4 Ak 122 B AL S. cerevisiae YS58.

1.2.3 1EEEESISMEEFENE LI IR0 6] A DL SR 8
DT L AW I B A T TS DU o8 42 S BROCR ©HEA T ]
Coomassie Blue: "l & 5 [ B 4.

124 BEABSEESRAYIpS-kanR-x 12408 435 DL 41 1%
B F 35 BB pACT2-xyl UFIpDR 195-xy12 WA i 5 1514, PCR
P AR B XYLIM X YL2E [F) 45 3k 1 Rk oo K A BE X
X2, FRBEXT, XARWKGE AT A 2K Y IpS-kanR, FIEHEH
T2 W R Y O R A ORI Y IpS-kanR-x12.

2 RS0
2.1 EFEXYLIFAXYL2HJPCRY 1E

S LAC. shehatae FNC. tropicalisit)FE K ZH DNA R AE AT,
FIH 5 P17 PCRIZ N, PCRy™ H 28 Bk kil , % #R
TE989 bpAil1107 bpAh 73 HilA — A~ Wk 254 (K1), W 5E B ™= )
P25 R 30, XYLIS 3 B PR b i) 36 R 40 [R] P 35 99 %,
B P [A) IR 38 100%. X VL2453 [R]E e i) i [R] 2 371 ] P s
100%, 25 1715 [l L PE 34 100%. 3iF B o B 75 3] (14 58 K X YL TN
XYL2F B IEH#.
2.2 EABEFRIERFIPACT2-xyl1FpDR195-xyl2#4

BRERBBEEY
43 S Hind NIBA GV B Xhol . BamH XL Y)WV 55 fe 7

W, 23 NG W B RS FL K IR 2 AL AR B XYL IR X YL23E .
XYLIE A pACT 20 Hind LI 5, A6 7 HH o 21 1 1 3 3K Jook
PACT2-xyll. $f XVL23% 4% 7E pDR 195K Xhol 5 BamHIf 5, ¥4
gt 1 R A 8 1 3% 38 TR, pDR 195-xy12.

o {l000be
8000 bp
[ 5000 bp

FE1 PCRY XYL (A)YFIXYL2 (B)
Fig. 1 Amplification of gene XYL/ (A) and XYL2 (B) by PCR
A: Ji, PCRYMIXYLIFEN; 41, DNAZ T bt B: /o, PCRYHXYL2SE
[H; 47, DNA% T HARAE
A: Left, Amplification of gene XYLI; Right, DNA ladder; B: Left,
Amplification of gene XYL2; Right, DNA ladder

R LAt 48 20 i 17 Ak 74 pACT 2yl 1 FlpDR 195-xy12
O N N E S e R B ASZ AR AR S, cerevisiae YSS58, TESY
S A LeuwHl Urafi SCEAR I i 16 75 1) BH P55 £ 1 RO &F
PR ST R B JBORE, 28 BS54 R WA T8 56 UE 1E 0 ) 43 i
4 WAL T Y S58-xyl LFT Y S58-xy12.
23 EBHERMBBEAELERE. KIEEN S EEE

ME

3 )0 S TR G 1 R AL Y S58-xy1145 Y S58-xy 1 24
rR AR TR T (OXR) RN A M 12 10 S0 (XDH) Y L 1% 71K, 45
R

R1 KREEEIRES. RIEEZH SESEEE K TNE
Table 1 Specific enzyme activities of XR and XDH

XRULIG ) (/U mg?) XDHULE J)(A/U mg™)

Szin Spes:iﬁc enzyme Specific enzyme activity of
activity of XR XDH
YS58 0.0016 0.0216
YS58-xyll 0.3202 /
YS58-xyl2 / 0.6680

DEEE DN E 25 T LR, 16 B RES. cerevisiae YS58
P 3 AR T A A S D R R A A T I TS . 1Y SS8-
Xy T AHHE 36 51 LG 36 47290.320 2 U/mg, R4 35 3 FE #9200
5. AT Y S58-xy 12 A A Mk st Jid S0 /it 1) L 3% 77 °40.668 0 U/
mg, AT EERII3E. KIET C. shehatael) A B I8 5 i 3k
R XYLIFURIR T C. tropicalis WA TR 0 22 R X YL27E 16
ERES. cerevisiae YSS8T HFF 5 T s k.
24 BABBESRMYIpS-kanR-x12#1E

43 LA EE 4 B 2 15 ORI pACT2-xyl 1 I pDR 195-xy12
RN, R RS EF TPCRIZ N, PCRP= M 25 s Tk R T,
KINAEL 770 bpA12 300 bpkh 43 5l — A BH i 24571 (E2) . 58
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e TN 4k R R W, X1, X245 4% A PCRABE AR A1 35 (K] 471 )
TEPE . AT R IR 3415 100%, FERES 3 A% JE K X TR X 2T 4]
1EH.

K2 PCRY KT BIXTH X2
Fig. 2 Amplification of gene X7 and X2 by PCR
M: DNAZShibstE. 1: PCRY XK B 2: PCRY XK B
M: DNA ladder; 1: Amplication of large X7 fragment; 2: Amplication of large
X2 fragment

53 EcoR1, BamHIWL il 1) 8¢ Xmalll, SphIALHE ).
TEREFEY), LB IR A L vk I Al Ak SR AR X TR X2RE A
XIZEHETE YIp5-kanRIW EcoR1S BamHIfv i, T4 X235 B AE
YIpS-kanRI¥W Xmalll 5 Sphlfsi s, #4178 i H 21 B AE e (o (e &
JFOREY Ip5-kanR-x12 (&13).

PMBA1 ori

YIp5-kanR-x12
10561 bp

Xmalll

(13 TR A ORLY IpS-kanR-x12
Fig. 3 Recombinant integration plasmid YIpS-kanR-x12

3 vf e

M A Bl 7 22 I NADPH sk NADHAE Jy %l A 74 fig
LA, T ACHE B I A ) L BELINAD 3 K 7, Bk AR
P IE J A DR . (HACHE 16 J i St NADPHRAY 3% AT R, (Rt
4 B ) A D B 2% 5 s o PR AR 3 DA AN S 1,
S EOR A F R J N AhZ BT LU 2 R P. stipitisfE A
T 0 D i ) 2 R A TR, 3 A T Ll AN (R el R Y T
% L 90.65 (NADH/NADPH)®, %5 Hp [ B Y 13— Fb (8 5 5.
] 87 JE A S i 3 PR AR A R T2 g S 3 PR AL ] ik T
SNSRI E R N E R Y S KR A W N TR T
TG 2 e i, WD A BERERL RO, 5P stipitist, C.
shehatael A I J5 i 7E (8 FHAS 18] 5 P9 i HL T 5 HE R 0.40
(NADH/NADPH), 3X— Lt L& ] A AR () e B, 40

W& B A5 A WE B (Pachysolen tannophilis)f) A I8 J5 i 48 =
AR 22000, DR sHe AR T AR S A A AR M %) R L R T I3 B 1 A
IR JE A FE R SRR, 348, C. shehatae'5 P. stipitis—Ff, J& K
SRFN AN = C B S AR W BT, R S5 i 4 3
H0.51 g /g K BEDL 12 Govinden® 5T % TC. shehataefJXR
B, IEHGHAES. cerevisiae ik Rik, G RW], 1% H AW
FERER B 53 Ak P. stipitis i XRIE K (1% 5 21 B R AH LY
RE P, UL RE R RICHE AR B Ak AR B 00, AR 25 i 7R AIF 5 4
B 5 P stipitis i AW 5 I S0 S R Rl G 28 5K T R I
FEREAN R, oG 2 W RESRAT T DUAORE D o — B IR AR 1 A fiE
7, A AR A S TR IS AR (14 50 4834 81.3%(141.
C. tropicalisi Tl EARURAKE AR P2 AR B 04 51 22 R
FEAR A b R ABE [ A B 52 1R B e e v) AR i AR A 7
L. 20064F P24 E T B TC. tropicalisf XYL2FE A, [H]
AF i s AR B M BB AE DI BE 5 P, stipitisi) A 84% AR
P, R T v B B UG 205 R 51 0F H ANAD R 4 1A 7, JF
Fi 1T I P SR A g A AR 7 2 T ) o L R B0,
T, A SCHF SR IR B MK C. shehatael®) AN i4 Ji il & A
XYLIFIC. tropicalis A IR 20 5L K XYL2AE J AR 141
O B 1) R DRI R TR, LA Ik Sy 5 it A A R S A A A A
W7 T ) T 2 R 5
BEE i A PR B R SR B A BB v, SRR TR, (A
ARNE e 5 T 08 25 1R R A R A% e e 3 38 I #8575 (Y BE A1, 5 )
Weop BR, FEOZ IR R B HIMEIL AR RE ) k. 12 L 1E
Tl A = e, AR PRI RS AT REAC 4 TR £ T i R
Xof Tl P T PR R T A AT R DR TR T — R R e (R R
B B AAY Tp, 38 o ] 958 2L 10 44 A/ D50 P e 5 8 e B e £
PR B, I A B DR A5 LAy B A M 3Rk . AR SR Kok A
C. shehataeMC. tropicalisBW~3 K% [7] 45 B 2 K A LAY
F AR IO — i % H2 B Y IpS-kanR b, #4741 i BF 5 ok
B UKL Y Ip5-kanR-x12, LA 4 I K b 230 1A e AL B e AR B 41
3R K W R TR BE R A AELAS B AR A ) TG 7 B T
BRYS (A28 = A7 ). ABEFE N e Al th B A e R A
JoT 2T 4 2R 7K At R v A R 2 W 7 T 11 Tl R T T R R
PREEE T Z AR
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