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REFEBEAEATHERYY. E4BBREEBMMY BAE P A QM ERAF A Hs AW ELR I B,
BHBEHLE,SDSPAGE B M W Z B A4 35 kDa th s —~F AR &%,
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RS IR S5 2 Tl SR . Tolk 6 A B9 IR BT A 22 % PR A KBl AR IR R 50 C. 5o REEAH L,
ARG 6L 1 s T P 10 T G RE AR ZEIRIR A R B T BB T ) . IR 0 B TE 1 RB PR AR O THT B A LS B R
P 35 DR T B B T 9 T Y B

24 A # o R G 1 Bk B B v R OF R KA R R R AR . SR L ARAR AR By B 7 K M AT B 7P 5 %
BAEY#EERGRA. TSR E A E G R IR R 8 R R 4R R R AR A W B F 9 3R ) #4
RS . BRBRRERGZEFRRBRE AT ZH—MERRERE . ERBESERE LW
SMEE A B FRE T AR EARE TR T i, B AR —RRE R Y B R
TEAERMRE 5 TI5F R AR AR 2 B A WA s b i REXTH SR & Bk T R AL R R IT R B
BmBEMEE BN, A TRELEFNEIERTY . HEFHZ AW, Holmqguis Y 54 i
W ER AL T RBRIE.
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1 MRSk

1.1 #&# #

1.1.1 BHhFRE
AEF TR ERAMIARLILER 1. $PTA E. coli BHRE T LBIEIREAP 37 CIEIR, MAERKKEN
ZERHTETHEER 100 pg. BRER 40 pg HTHFERGITE; BRER 80 pg ITEANWERBEETRE

W
=1 EHRMER
Table 1 Strains and Plasmids
I H F 0 FH A >k bl
B Escherichia coli DHba j(%ﬁ%”:pf;i; Alac"zllﬁf)(ji()l lacZAM15) LR ERE
e Pichia pastoris X-33 e B, B AR A Invitrogen 2\ &)
Pichia pastoris Lip-1 G RR A AR TR AW
R pUC118-Lip-948 BYEBRIE, wERR S REEBER MRE BUR
pPICZa HRBRIME, Bk TaKaRa A 7
M pPICZa Lip W T b Sk R AR5
1.1.2 & #
TagDNA R4, DNA E R, & Fr B % A T EE A DNA J BIORGR & 33 B TaKaRa 20 7] HE 4t
2R 3 o [ P Ay M
1.1.3 ## £
LB i ardk . p(BEREE) =5 g/Lsp(EE M) =10 g/L;p(NaCl) =10 g/L; [El & 5% 5 5 p (BAE K1) = 14
g/L;pH=7.0;

YPD 5575 o (EEH ) =20 g/L; p (BB R B =10 g/L;s p (B & M) =20 g/L;pH=5. 8(JH 3
mol/L HCL &4 , B A5 72 F T o(BEAEK) =14 g/L;

YPDS $; 555 . ] YPD ¥R b i A ILBLEE, o (I BLEE) =180 g/L;

BMGY i BMMY 355 o (B HR) =20 g/L; p (BB IR IH) = 10 g/L; p(YNB) =13. 4 g/L;
c(pHS6. 0 BEER 22 1) =100 mmol/L;p(ﬁE%%) =4X10"* g/L;go(H‘YHﬂ)(BMGY) =1%8k go(Eﬁﬁ?) (BM-
MY)=0.5%;

“Fi 40 buffer” .C(Tris) =50 mmol/L, pH=7.9; C(EDTA)=0.5 mmol/L; C(NaCl) =50 mmol/L;
pCH M) =50 g/L,

1.2 7# &

1.2.1 PCR 3%
HRAE 8 107 B 5 BB 7 91 (g AR B R 3R 1, GenBank B 512528 GU247897) #1154 -
948P1:CCAGAATTCATGTTGTTAAAAAGATTATCCTTGG(F I H Eco RI BEYI7 &)
948P2; ACCTCTAGATTTTTCAAACCTTCTCTGAAAGCCCF R} Xba 1 B AL 5)
L EBI Yt B4 T A9 TRA RA R & 8.
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1.2.2 REBRKGHZE

DL 948P1,948P2 KB ¥, UL ki pUCL18-Lip-948 M4k, #: 47 PCR § 84, PCR R B & 4.95 °C 4
min;95 °C 40 5,58 °C 40 5,72 °C 1 min, 30 ME# ;72 °C 7 min, PCR F=#4ifk /5 34T Eco R1/Xba I U
Y1 R4, X BkL pPICZa #4T Eco RIFI Xba T XUEGY) . SR )5 VI B K B BB R FIEE T 16 Cit & %
B REHAL E. coliDHS o, TEARER LB 355736 (& 40 pg/mL HRER) BB FIF#1TE % PCR HiE
AT SRR R IKFAE pICZa Lip,
1.2.3 ARFEEFRE

I Sal 13844k pICZo Lip #ATEGY] SR G VI B, 4% HE o T Bk L S5 AL SRR 2 S 4RI s I 5 L R4
KR 80 pL HEAREEELIRZ AR ML R T, B 5 R A MRS T YPDS VAR (5 80 pg/mL {#RE
2 PhE AL T R R 5 514 (948P1 Fi 948P2) Rl ke ol B 8538 FI 51 7 #F 17 I V& PCR e R 4% 1b 7. 3k
TR P sE BB A T BMGY WA S5 IR 27,30 ‘CIR G IE IR LR .3 000 r/min B0 5 min BORE A, I H R
% T BMMY 335 8,20 CHELERESF 3~6 d, 8 12 h iy BMMY 3R AP EEAWRE 0. 5% .5 E
HARIRIE V7 B R 3%
1.2.4 %3k 74ty SDS-PAGE 54

BEHABEN AR T 4 °C,3 000 r/min E.L> 10 min, f# ¥ FEW®. I 10 mL EE®, HTFEMEN,
“ifbir A His-tag FE MBI DIEE: EEW S 50% 8 Ni Sepharose 6 Fast Flow HEHE & , ZRMERY
1h, A E&Z (B 20 mmol NaH,PO,,0.5 mol NaCl,20 mmol Bkmé, pH7. ) PEEZREH, AR
ZE (BF5 20 mmol NaH,PO, ,0. 5 mol NaCl,500 mmol Bkmk, pH7. )30 B B9 3, #1T SDS-PAGE
1o 46 2 5 2 B R 5E R U I O

SDS-PAGE Hijk k5 B Laemmlit™ g 5T,
1.2.5 &40 05 W5 B 69 MR

T P F7 G 35, MR PR R B A A R B, 15 3 O JE O R R A ) 2 R R
1.2.5.1 E&#EHE pH

PL 4-Nitrophenyl Esters(C4) Ry ie¥y , WX E AN B E A pH $/F T MBS J1. pH H 5~7 R BERR
PR, pH {H 7~9 2 Tris-HCl Z WK .
1.2.5.2 mERABE

YEERGEE A pH, Lh 4-Nitrophenyl Esters(C4) 24 i Y7 » 1 8 T 2H N8 117 8 76 A (W) 3L BE 45 140 1 (9 TG
1.2.5.3 BEHTH

K BB S AN FE A R EECE 30 min J5 IR, P4 H3& pH, A 4-Nitrophenyl Esters(C4) FiK#) , 75 &
TR T W R AR R E T
1.2.5.4 BREERHEY

TEEGEIEN pH O REEMIRET , W A E C 55K B RY 4-Nitrophenyl Esters 1E R JIRY) , I & B 5 .
1.2.6 F ARSI B B 09 7% M5 AT

% BB i A AR 3 E 42 Tl 30 4% A b5 v GB/T1803—93(2002) H T2y Btk 30 18 F 50 iR 56 7 vk, % 10 )8
WERN 35 C, BEIEAAE X ERMAGT  BoMKMA=TRETMEERR S 1 pmol EIRFIFENHE
K —A~ g W7 B I B B2 (TUD
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2 HR540h
2.1 [ERfEEFER PCR ¥ 1g

it PCR ¥ #8545 1 000 bp K4 (/A 1); H& 2000bp
S 0 43 A 2% B 22 51 5 e G 3R AR B0 R IR AR 1 e B
—3, % PCR 7= ¥ M k. pP1CZa 43 5 # 47 Eco RI 1000bp
N Xba 1 3UHEY] s SR 5 Wr 17 Wi 1 410 7 0 3 42 3 R, 3R 750bp
183236 ki pPICZa Lip, 500bp M. marker DL2000

. 18
2.2 FERNEEE R X33 ha R 25000 b
100bp

pPICZo-Lip £k ¥ 6 ) B %% T A BE 75 BE ) X-33
%A TERERREWRE N 80 pg/mL B YPDS
T30 CHUE 3 d BB, Bhik 6 151k B 1 PCR 338 K9 B8 o B 35 P A B R 408 68 B L ok
TR R ST 4 (948P1 i 948P2) Pl AR BEBEE ] Fig 1
2[4 (5" AOXlprimer M 3" AOXlprimer) # 17 & 7%

Agarose gel electrophoresis of gene encoding
cold-adapted lipase by PCR

PCR BiE# L. 4R RIRRT1 7 27 900 bp B R (& 22) ; 138 514 (5" AOX1primer 1 3’
AOXlprimen) ¥ 3 H £y 1 500 bp %47 (& 2b). B THEMAFI WY EEF 57 HEZEEMZH His-tag B3
ZL BT UYMW R T BRI NGBS . M, BrEkerg 8 o BHPE B . XRS5 51 #7 (948P1 Fl 948P2) 3
G5 R AT I PP Sk I PR 45 R R I 0 R
M 1 2 3 4 5 6

2000bp

1000bp

750bp
500bp

250bp
100bp

M:Marker
DL2000
1:PCR¥"1#
Ny
2~6:PCRY
B IREE

(b)

B2 W% PCRRIE

Fig.2 Confirmation of recombinant P. pastoris Colonies PCR
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2.3 HUBBHNESREKZE

BIMRFEANBEERNHEREAEE TSN
P. pastoris Lip-1, X 4%4LF Lip-1 #7HIFREA
FHOSYuHEEFESF 64, F4°C 3000 r/min &.0 10
min, RFW EW. EFF4b. kB RKBEME
HEH T EFE 35 kDa £ 4, 5 F AR 1815 I e 4>
TR B D,

2.4 EARBIEHELEESH

LA 4-Nitrophenyl Esters FJEY), M EiH S 5x L
BRI BB IS PR, 45 R 8RB kR X-33 L
IR, 4 0.4 U B A bk Lip 1 Logme 29 z@@hﬁ@izﬁg‘aaﬁm SDS PAGE ﬁﬁﬁ |
Yk 15 TU. 5B 2 4 I W B R 1 S0 BL T %3k A Fig. 3 SDS-PAGE analysis of purified recombinant lipase
B DTT, MR M T 14GR 2, EEEELT,EDTA MH o] 8 <X 5% 7 A R, Bk
1 W3R 1 B 22 OB b v I B B i A EDTA FIH A “J5 &9 buffer”, HELBREERKE . H
SLREX WIS A — E R ERRIEER.

F2 EHARWHEWENED

Table 2 The detection of activity of recombinant lipase

M. S TR EEHR
L B4R B AR

i

Btk PR W/ TU “73 4t buffer”/TU AR JFF DTT, &8 B4 10 mmol » L71/IU
JFIAE R 74+0.2 10+0.1 1640.1

X-33 0.34+0.2 0.44+0.2 0.3+0.3

Lip-1 1540.08 2340, 2 3240.15

2.5 EHARKBEBEOMER

A 4-Nitrophenyl Esters &%), B 55 AR pH B XS Lip-1 RBEWEHAGN BIIE 0. 4R BN, &iE
R WSS PR pH {E K 8. 05 pH {HAE 7. 0~8. 5 Z I8, B Wi B & M AR e S = W& MR 50400 B3 pH H KT
9.0 B, EN MR TE A B E TR O, BEREMNTE N EHEIBHBYEESIERREN 35 C, A%
15 C3H 2 60 % FEETE 11, RIMNIEERFME . 7£ 50 CIBE 30 min J5IHH KL 30 % MY BETE . IR E R M
H(E 5, BIARE CHE(C4~Cl6) KR 4-Nitrophenyl Esters 24 )i ¥ 46 50 5 4H 5 17 MR ) =2 v . 452R
R X E AR ERE U7 B R 7 42 C %89 4-Nitrophenyl Esters JiG 4 B B 17 B B 06 &5 i » T IR 4 C i AR 0% 1
HIARAE s 8C HEIG M 4206, 12C BETEMEL S 3026, 18C HEVG AU R 20 % (LK 6) .
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120 1 120 1
100 100 r e T
2 g0l £ 80 TN e REERRE
5 5 S o BERER
# 60 = 60 | “ N
= 2 %
B0t % 10 N\
“\
20 ¢ 20 | 3 o
0 . . . ‘ . 0 . . . .
5 6 7 8 9 10 0 10 20 30 40 50 60 70
pH t/C
Bl 4 pH {ExXtE 408155 K Bl 5 R E 4R 0 A p R
Fig. 4 Effect of pH on activity of recombinant lipase Fig. 5 Effect of temperature on activity and stability

of recombinant lipase
120 1
100 |
80
60

AR B E /%

40 +

20 r

c8 c12 C16
R E

B 6 HANENEKRYERE

Fig. 6 Comparison of recombinant lipase activities on various carbon chain lengths tested with 4-nitrophenyl various Esters

BEHEEREERBRAEEAMERBINEE AW S B4, 0 WS R G, BUR AE7E 2 H 4
MM AR ER e AT L. 5 THOREELE SMNEEAREZRR CEXSMNEEQH#HTH
FIE BB O AR IR B SR R o, A B el A B R AN . ARBESR P X-33 Rk A ISR Wi e, |
TEEEE 18 32 U/mL, WRIG BRI & 115 . KA S BER XA LR IR BBk Psychrobacter sp. G K, &
— A R R T R E R .

WA, A —ERH DTT 5T LIRS A —ERER RS, NAEREEA RASFERRE. E
G (GG R EBREMH. AFTRRANT S buffer” X E HWREAE—E/FH . 2O THEE
A Hmm EDTA, By LA & 3 BA R PR 2 i 7E .

Catoni 4718 ) 4L AR I B i 8 1R PR BE O 25~37 °CL 3 T 37 "Cul A R 351", T 4 BF 5% P 2 4L Ag M
Bl B B R B O 35 °CL7E 50 CHEH 30 min J5 , J3REARF 30040 LA b R EEIE 7 » IR BEAS B MR AT . OB 1R
M pHAE 8, eSS F T RN IEY .

AT RSB T AR 7 B B AR B P A9 Ak, B (e SE PR A U R B AT ¥y . R — 2B T LA
PCEE A e TR BB 9 R IR 1 » LA RR AR IR IR AR I 17 R T v b4 T 2 BE R I8 » 0 SR IR R R A 75
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Expression of the Cold-adapted Lipase Gene in Pichia pastoris

LIU Yu'?, WANG Neng-fei’”?, HUANG Yi-jun®, LIN Xue-zheng®, SHEN Ji-hong?
(1. Ocean University of China, Qingdao 266003, China; 2. First Institute of Oceanography, SOA,
Qingdao 266061,China; 3. Continent Biotech Co. Ltd. , Qingdao 266061, China)

Abstract: The cold-adapted lipase (CAL) gene was inserted into expression vector pPICZq, and transferred
into Pichia pastoris X-33. After 6 d cultivation under low temperature, lipase activity was detected in the
fermentation broth. The lipase activity in the cultures of recombined Pichia pastoris reached to 32 U/mL
after inducement with DTT, The enzyme activity increased more than four times compared to those with-
out adding DTT. The optimal temperature and pH for lipase activity were 35 “C and pHS8, and 30. 04 % of
lipase activity still retained after incubating at 50 ‘C for 30 min. The recombinant CAL showed a prefer-
ence to shorter carbon chain than the medium and long chain when tested with 4-nitrophenyl esters. The
CAL with His tag was secreted extracellularly by the recombined Pichia pastoris in the BMMY medium
and being purified by Ni**-NTA affinity chromatography. The purified protein showed a single band of a-
bout 35 kDa on SDS-PAGE.

Key words: cold-adapted lipase; recombinant protien; Pichia pastoris; His-tag
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