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mE FERREE £ KAREAE( Trichoderma reesei YRutC-30 Y cDNA I:’Eé%ﬁﬁﬂ
AL B IR A I R BB (Pichia stipiris ) 8 ¥ T8 3 18] (1) 22 461 9070 8 % ( Saccharomyves
cerevisiae )BT PR HATS, 76 H475 B T R IR AT DNA RIETE 0B, 76 RUAKE H W — 5%
ﬁ%ﬁﬁﬁ?ﬂ%ﬁﬁfﬁ?ﬁgi.&ﬁﬂiﬁ*ﬂ%ﬁ?fﬁﬁ*ﬁ*ﬁﬁﬂiﬁﬁ cDNA 2, i%
EFF BN 1.3kb. Southern, Northern B 4% 38 43 47 1 3 £ 5 58 0 o Yk 4 S 3 W i F
HELRBETREARE, FRAES RS FRYN 40kDa, B4 5ok B2 4 855 BB R 7
RABARMREBEAVEHAM GBS EU ARSI —REMERE L Ek, FBH
90% B F B AR A AR, 2B TR R,

KPIE AR, ACHE B N, RUEAE A, Ao

FRAAEES Qo33

D-AERARAHE P AR FFLREE RARARARETMEE — HEry
EYF LR EENSE 2,

Eﬁm‘ﬁiﬁi(Saccharomyces ceremszae)ﬂ?%ff@.ﬁﬁﬁ@:[lk FF 7S Bl A = N, 3
ENTE WA EAYMNEEA D, BEE A A AT (LB, 8 A R AR, 5
ZABABHMGE SIS, EHEZ b AKE S A B AR B L B A B — AT R
FE(XR) (E. C. 111. 139) FI A #E B Z( BB (XDH) (E. C. 1.1.1.9), EFHERKE R
(Pichia stipitis )W) ARBT R E S I A BB B FHWARAE ST, EZXERAEEMUA
PEAME—REMNERE LER, RS HE SRR

AR B Trichoderma reesei) 7 [l SRR At B EVESOR LW, (550 oy
T 47 & PR R, e g R B RO B R O IR S, T A e A
TZEEE SR, EAETERHRT HCEENE LB ATIMEESD, EAFR
T, ROVFA T BOEEE S AER A SNE R R, A M — BRI R R s
E b, W5 KA RutC-30 <DNA 223k ¥ 3CFE BT 1 28 B 3 (R K BAOE M i S B L
EFAMZENHATTEE.
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AR BEEES PCGK Bl THA L FINRE, LABIFE IS4 yEEH BT EARRE
EAEWEBREARS VIT-D-86271 (Rut C-30) #7 cDNA 3CE., XEMBENED, DNA K
BY 8181178 EcoRI #l Xhol 17 ., HEREAFIAFA pUAL03 (10.7kb, H EBHAF
P. stipitis A F R , EEHAFI0 SCIY - Leu) W E B 1 H475 1214 24 i R AR R G
SEEREENE I, WS H550" (36 P B35 kL . pUAL03 AT pYEP-XYL2,
H B4 BIH#AE P. sipitis XR 5 XDH # [H ) & 29 IE X B 8 Bk, M i 4712 SC-Leu-Ura,
H158 B8 H475 BT E B £ 8. E. coiDHSa AR H &8 F®. S. cerevisiae
HX1 E#% A3 LR FEBIINEARER G EEE BHFHE P. stipitis XR 1 T. reesei
XDH P, ZEFEHRIC SC-Leu-Ura, 24 6.85kb,
1.2 HEKARR cDNA TEFER 37 B AW S E R R 5 2

] QIAGEN i A K BHI SR E. coliJS4 B E T. reesei cDNA CEEFHL,
R Z B i AL B R B HA75 Btk 7E SC-Leu-Ura, 2% BB AR FEW B EE N
REE kT, BE T. reesei ¢cDNA W32 E, B3I EHELTE SCLeu-
Ura, 2% A4 —REN SRS RE LIRS AERNABER N EERE. B8
Holfman % A 875 5: 1), B0 BA 1 5 1 H 4 BE 5 5 DNA, 5L A B #F 8 DHSe. H
T R EUK R AT B B P s e T R0 DNAIYT, IR I8 U0 55, 1T SR AR BE B A
Hk N, MBS FRA/DHEFENFR . B35 HKHE L H475 B, 3HE SC-Leu-
Ura, ARSI —REN S RIRHE LS UBEE R RERE . RS PGKS
B 3 BREEERE BN S 4, DU T xR B By LA BURL A B AT R 8 U PR LA B
i oA R ) B AR
1.3 Southern 3% ENdE4+#7

% 8 Raeder #l Brodal V'@ 7 5 #47 .
1.4 Northern %32 EQsE 4 #R

B Chuirgwin! 19128 A8 R BAEARE L 4AKM T. reesei Rut C-30 & RNA,
¥5 Maniatis'*1 %5 A § 7 B 3647 Northern 2438 ETE M7
1.5 FIAKNNEABENERREBTR

TR IR I0GE  EALER Y, DA 2% B VIR IR A, S00ml RS MR & LA K 2d
WIEFEY), SR 1E BN, #T0HE S, SEAAMERENF (0D =2.4). 4
BEEFAE S0ml IS B BE R e & IS SR B P AT (L L. 8% ARNET 0.2% T4 8 +
1.8% M HBRIE), & —F B[R] RI PR U AR 41 i
1.6 i3 EINERS 9

H—E W EERR iml 355y, SO0 EAR. DEEHT 200, ATHTRE
WATEH (HPLC), S 8 A8 AER M ZBE ], HPLC & .HC40 BT RX#HK
&, 80C, BaiK AR,
1.7 SEReE

F AR B B A U IR T E 10% SDS- 58 UM Bt R e L AT B R vk . BEREA
0.1%% LTS IE R-250(Sigma) — 20% HEE — 10% Z BB Geta, KA P. stipitis K
REBEST P Promega BEYEBEREEE 77 1 (ProtoBlot Western Blot AP Systerm)i#4T
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PR 1.2 TR TR, M TR R
Fik BB pAJ401 L # T. reesei cDNA
TR LA S, cerevisiae HATS B
Bk, 7 H475 PEL T HIKAKE cDNA
FRWLE, BZTCEERT SC-Lew
Ura, 2% AHE A ME— i JF A MR 7
B EIEREE] 38 PRI, ML
9 BRI B R, RS D
DNA, B K AT E DHSx, HEEFE
F(100ug/ml) By LB F47 £, I E
fH P BRSO M R B R L

& B E RS T,
e
«,‘Exxxxxxxxx :ﬂ - 2 %%%%
SEShAAAAAAAL FE .
§§§%%E§§E§§EE§§S 2.1 HEARE cDNA T ENRBTE
\ \\\[’ AEBEHEHERNSE

P 1 kA ~
Fig.1 Electrophoresis of plasmids in 0.7 % agrose gel FEHLPEE 4 HE: %ﬁiﬁ‘f? DNA %%Hf

E.EcoRI1; X. Xhol; B. Bgl II pl - p% are plasmids existed in 9 Eﬁu—EIﬂE %Eli%ﬁ%%m%ﬁﬁ
. . 2 L

E. coli transformants by transformation of total DNA ex-

tracted from 9 yeast transformants grown in xylose medium DNA i&ﬁ?i‘ﬁﬁ EE \?ﬂ( = ﬁiﬂﬂéﬁ a: I__ﬁj -

WEMARSHEE RN A BITE L
FErH R A FRAME (FEAE), A %EARISHETEY 4 RXBTFEEET
FREHLHLIE 1 B, IRIUR KL DNA, H EcoRI HI Xhol 34T /G HAE K, X 9 4Kk
AT E AL TR 0 T RPN S HAE WM ST MR ). Hr 7 SRl 7
Remy XIAFF R TR 6.85kb, A TR A 1.3(0.9+0.4)kb(E 1), BAREI AiEA
I A B AR S8 cONA BEEMEA RN, 7 2 RERHAM TN KT E ik
o FERA % 10.7kb, K/ 5 pUAL03 A1, B RED N %
& Bk, fEEEE 4 1 6.85kb I RB EH L S.
cerevisiae H475 WK, BT ORI 7 BB IR W B2 FE 36 1k
FHRAEAY £ SC-Leu-Ura, 2% A M —HRENHE
e iR LAk, MRS EH HA75 AEEFF MR
FrEE B, WX 4 DR HETIENT, SR E R
R R A EI AR A TS, B R R Rl
pAJ401-xdhl, £¥ B EHE A 2 FF 5 (B, peks” B
B2 H M BR BURE 2R (K] 5" 9 5 pek3” BERR H M BR BB A
3 Amp’, T HF BRI, &6 pAl401-xdh! #5
Bl 2 FRE pAJ401-xdbl MM BB 1475 BibE BN S. cerevasia HX1,
Fig. 2 The phisical map of plasmid 5 » HEREABSRKIEEESE -DNA EENES T
pAJ401-xdhl X H G ACEE Rut C-30 8 BB SU B8 cDNA 2 X

pgks’
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xdhl 47 T Southern. Northern EF#43 47 LA K2 5 (3 R B %E S FB WK 4+ 47 . Southern E[I 20 24
BESTHTEE RUER T . reesei xdhl L2 —¥% D276 F 8kb EcoRI, 2. 2kbSall #1 3. 5kb Sphl J
BE(E3). ' ‘

Northern FIiEZ% 32 5+ HTIE 3 xdbl BEFHELHEH T
PAAS SRR A B U % S A S ) Rut C-30 mRNA. FiIE
AE Rut C-30 A B BE i 50 8§ mRNA K £9 1.35kb
(B 4. )

REEA S. cerevisiae HX1 BE B 3 &/ 1117 SDS-
PAGE BEIRZ 3K A Western BB 732 5347, SR BR S.
cerevisice X1, TEXT I H550* il H475 7E 38kDa b4 E  , 5, &
FERIAT, B B AR E R R ES . T HX1 7F 29 40kDa 4b
(Fk3ERLL) b HA75 £ — &40, i E B E ki
RABEREL BT (& 5). (NESH BHE 3T, T
R, HS50™ B Western 283847 H BT &7, 51158 2 & 59
R B E A R R AR A B R BT A T )

VI FF2S BB, T. reesei xdhl H p, stipitis A<
ERNEMEFRORETRFIESREE, YLk
{3 E IF FEAEFT R

2.2—r

¥ S. cerevisiae HIBE & 3
HXL, H550" M1 H475 BL B £ 3 Southern blot analysis of xdhl.
H475 #] H 5 B Bk H1S8 TE LA The digestions are: 1. Sph T ;2. Pyu Il -
A M —RIE A S BT 35 BED :3.Ace T 54.Sa 1 ;5. EcoR T
H EFRRRRESE, 30T, #3% 6d Ji, HX1 5 H550" =K R 4T,
M H475 5 HI58 ¥ REEAE S35 3 B AR < (EBg) .

TELAARKE R ME—BRUE, 7 A AR R B IR 80 & S S B4R
i, 30T, 125t/ min 335 S. cerevisiae HX1.H550 " #1 H475,
# 100h ¥ 57 )5, HX1.H550 " F1 H475 R AME 49 ¥4k #1 2R 4
FR91.8%,72.2%FW 3.72% (3 W SEEE & T 448 ), 4 5 AE4E

A B 55.95%,38.5%F1 1.65% M AR L h AMER, HX1 SHE

B4 sdbl 8 Northemn £ EW HATS M, WA LR 20 500 L, HEM AR

573 A B3 534 30 £ (HX1, H550 " fl H475 5+ 814 9.5 g/L, 6.7 g/L
Fig.4  Northern blot analy- 1 0.31 g/L.). H475 FEEF A A4 = 2 BE, T HX1 it HS50*
o b Eeeophoness ST HITT= 0.9 /LA 1.1 /L 2B, 72 1.8% A +0.2% #i%
with 1% agrose gel PR RE DL, SERARER S Z2BHEERS T
ERWEEFRE LB R (BIERTIL).

xdhi B Southern BT 4257 4+ 47

kb
I
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94
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B S SDS-PAGE BB HL 1K (A) Il Western EIE 24384341 (B)
Fig.5 S8DS-PAGE electrophoresis{A) and Western blot analysis(B)
Lanes: 1. Xylose reductase from P. stipitis ;2. X133, H350" ;4. H475: 5. H158.
WESTERN blot was carried out probing with antibody of xylose reductase from

P. stipiti . The arrow shows the location at which there is more one band in HX1
than in H475.

3 1 W

TEBF R 2 FRO R T, R 2R B DNA ZEER ER SR P ERA, 7
ATHREFEREFAREN X — 8, U RER ST SN ERT 2N EEY
cDNA & [H #4745 [ 045 B A AR 96 7P (Microtiter plate) 7% 743 B F i 017,
SR, TR AR SR AR A AR A ARG RE A M P Rk, 3 BT B A vk . X
o B 22 R L BB IR DE A O R E RS S T B R AR B W B e T 18] oL
BB S TR A AL R D4 A PR AT T. reesei B9 cDNA KIEP G BEAREERE
BTN, A AT T 2R B R R R 45 0, MR R K Rut C-30 (DNA A
W Th R E E AR B AR RSB E Ny, SR, WNETREAHAEYE
2 TR T

WA T.reesei xdhl Il P. stipitis xr & HHEEH HX1 BEaE H A EEfE AR K
PER R R R, B ASA 90% A b, (HZ BB RS (4 100h BEER H 1g/L A4).
BRI WEN KRBT AR SR a2 PIL R E Y, BRAE
—RM S, A, BT AR B 5 S, AT IR R R
ACHH G Y B[R R0k G I 42 LA St — 2 A B M Bl (ol R B R 1 3 6 B 0, (R SRS
ACE B [ 50 T ) AR B ACHE B ) B EC A Ak P B AR ) B SE TR

& % x B
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Isolation and Identification of Xylitol
Dehydrogenase Gene from Trichoderma reesei

Wang Tianhong! Merja Penttil?
Gao Peiji! Wang Chunhui' Zhong Ling!
( National Key Laboratory of Microbial Technology, Shandong University, Jinan  250100)"
( VTT Biotechnology and Food Research, P. 0. Boxr 1500, FIN-02044, Fintand)?

Abstract A cDNA sub-library from the fungus Trichoderma reesei grown on xylan was constructed
in S. cerevisiaze recombinant strain H475 harboring xylose reductase ( XR)gene from Pichia stipitis.
The sub-library was screened for xylitol dehydrogenase ( XDH) gene on SC selective medium in
which xylose was used as a sole carbon source. The XDH gene, xdhl, was isolated from this sub-poal
and the length of xdhl is about 1.3kb. Southern, Northern and Western blot were carried out. The
results indicated that xdhl has high affinity with T . reesei and the molecular weight of the xylitol de-
hydrogenase produced by S. cerevisiae recombinant strain HX1 is about 40 kDa. The strain HX1
harboring both xr from P. stipitis and xdhl from T . ressei was able to grown on xylose medium and

converted more than 90% of the xylose into xylitol, ethanol and another by-products.

Key words Trichoderma reesei, xylitiol dehydrogenase gene, Saccharomyces cerevisiae, xylose
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