36 B 1 1 = Kt ¥ 5 I W Vol. 36 No. 1

2016 72 Chemistry and Industry of Forest Products Feb.2016

doi:10. 3969/j. issn. 0253-2417.2016.01. 019

*EREBENHMELFABRSHNBELRAR
g 5 ‘

F X LA HRA, s AT R EE, M ERE

(L. v EHMFm TNERFEL; PEMFE THEAERERARARSGHELER S,
J & M 5106405 2. Rk kF KRER, & SN 510642)

W E: MRAEEEBE (Pichia pastoris) BT A& ik, sh Kk BAREE AR B85 (RML) & # Ak A B
AT 4 & BT HAL, AR H RML 2 B /5 85 4 i P Rk 69K T, 5F &7 & 4805 B3 B 09 B 5 b it 4T
TH%, BRAEREMS PCROMKALES RML A RAAE, A SR RASEREEA
pPICOK-RML i it & & ik #ALE A BEAF GS115 Bk, 2 G418 Hi kA PCR A S A HH N EF4 T, THUMTEHR
0.5% P EFSHRABAK, £ 28 CHEMEHR 168 h E8EE A5 122 U/mL, B AR BEERGALZBERSGT
1045, EMMBEBREREA A5 C, % pHEA T, PEARSH A 40% 22 F o &40 RML £ A S IFe98 2 M,
XER: RIEZRLEMRAE; RA8F, FATRA,BFER

LUO Wen

hE 43S TQ35; Q78' ZEERINAD A N EHS :0253-2417(2016)01-0135-06
IR F X, T4, GKA,F AERLEBHSERARETYHARRERGERRHR[I]. A= F S L 1,2016,36(1):
135-140.

Expression of Lipase Gene from Rhizomucor miehei in

Pichia pastoris and Properties of Lipase
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(1. Key Laboratory of Renewable Energy and Gas Hydrate ,Guangzhou Institute of Energy Conversion,CAS, Guangzhou 510640,
China; 2. College of Forestry,South China Agricultural University, Guangzhou 510642, China)

Abstract ; Rhizomucor miehei lipase (RML) gene was designed using yeast’s prefered codon to improve its expression level in
Pichia pastoris Vector and the properties of RML was studied. According to the bias in codon choice of the high expression gene
in P. pastoris, the mature portion of RML gene with high specific activity was optimized and artificially synthesized by overlap
extension PCR without changing the amino acid sequence. The RML gene was subcloned into expression vector pPICOK to yield
the recombinant expression vector pPIC9K-RML. The recombinant plasmid was transformed into P. pastoris. GS115 by
electroporation. Subsequently, the positive clone was selected by G418 and PCR and the high expression recombinant P. pastoris
GS115-RML was obtained. After induced by 0. 5% methanol for 168 h at 28 °C, the activity of lipase achieved 122 U/mL and
was 10 times higher than that of the unoptimized wild type R. miehei. The expression of RML gene in P. pastoris could be
successfully improved by using codon optimization. The optimum reaction conditions of recombinant RML were temperature 45 °C
and pH value 7. At these conditions, when RML reacted in 40% methanol for 100 min, the remaining activity was 96.9% . This
showed that RML displayed a good stability in methanol.
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KEWEEEWHHE(RML) 2—&H 269 M EERBREHNY o BRIBEHEK, 4 THEN
31.6 ku'", RML BA 1L B ST RSE 8 b RS 1, B — M EE A YR, BB kKM R
ek AR P H 0 = EE M ER K % BEAR BRAR R ER AL S RN, BT 2 A TR AR N T PR AR e
RGN KA T 0L R A s & &Y L HERR =Y BOFE LS & B FH 4y
TS FEEA RN AR, BETRL/LE RML A& 2 #, 250 0 AR EEE AT LR
Palatase 2000 L 5 LipozymeRM IM, ##& 1435 5%, BR il T L AUBAL RGO B F o 177 85 3 SCHR AR E B 48
Bs 19 RML B§E 77104 50 U/mL'® | 5 HABRS BB AN Rhizopus chinensis BEUiEE(161 U/mL) ") Rhizopus
oryzae JEREE(500 U/mL) I AL, A AR K RO B2 1], ELEPEEE R BERERIA R A RER AR LR
EH.EARBEARAESHYS T ERERK AKR B TRFEELBRSFLS B ZAET
Tk =0", BEICH SRS AR B R P S SE B T IS Rs. kA% @id PCR
AR HERIEAS D EE L lip-948 f H 5K KE Ak pPICIK % #2 f5 H AL B T B L AR BE &) GS115 i@ 1L il ik
KB 48 h J5 HiEW P IR BEE S13A 8] 27. 5 U/mL, M58 & T H A 40 S R IB AR B B 7E S R B B v R ik
i, MBS EME Y162 eRiRERE TR pPICOK FX ik I, L AR EERE GS115, 789
KB 96 h 5 EEAREEREREAS S IR IR 55 U/mL HARHES . AREREMR T, EEASGSBEMEE
AGICE MR EERNEMEE, Akcapinar £V B R0, SR BE AT B TS T1E7E 1 B 60 2 1, Xt
R SRS 08 F s 3R REAL M, S 3R] SUB RS 78 B AR L R B B 3R A i H IR F 9 R IR R A B
MR ER S A KRB TR, A ERFN 7 GCC . HERFIN T GGG HEMEIE T CCC,aX K
55 5 BB B B S R R , AT B R AR R 2k U . R, ARBIT ST R PR AR B AL B I S T,
PR BAREEISHEEELE P AR BB FHT A, A TTA RS R E i BRI R IK F & pPICOK
o, ¥R E 2 R R 8k pPICOK-RML, AL B R EEE): GS115, SLHUK BAR BTG U AL B A B v B iy
BRI, IR T RML BIEG2A MR, B 70 0= % B R B RML $24t— 2 Bhe 5l

1 L

1.1 ##

e gRB2H} ( Pichia pastoris) GS115 JHRL pPICIK . KJGHT B ( Escherichia coli) DHS o Hi A= 3C 50 = $R13t,
Pfu DNA 48 . T4 DNA Z 38 & FRFIMENYIEE (EcoR T Not [ \Sal [ ), E4AM T&E(KE)ARAH,
PCR 7= i AR &  Brbr 42 Bl & OB I om) &, i B ( L) ME A RAE ., TEREREE
BHEMATE YNB, Fifg4: TAY TRERRSARAR AWE BEEEE G418, ERAEYNFE] TMMER
B TURBLE .+ TR & N, N - XA RS, ¥ a4,

PEREIE IR (MD) AL FREE(MM) BERLE R 2 W IR 1 R 2 (YPD) B/ PR =R &1
FrE(BMGY ) K/ NE v B B R & B9 B (BMMY) , #2 In-vitrogen 23 8] BRAE F- IR I L BL i o
1.2 XRFHZE
1.2.1 RML ARG EDFHRALREREMN PCR &R KKBREEREH(RML) WEFRF
(A02536) , BT T8 B 25 (http : / www. genscript. com/ cgi-bin/tools/ rare_codon_analysis ) #4743
v, [l ] ] DNAMAN %k {4 DL BE 7R B B 35 57 (5 FH AT 3 3R B, X BR 2% 573 94 bp R 3 AIKFI(E S Ak
575 RML § B #1704k, H 456 Primer Premier 5.0 \BLAST $(#5 V- & 0kt 30 X HREBE&H
20 ~25 MEEESNEZER A BCOAGIY, Bl EEEM PCR §REEEFF, 519 REH G BT %k
HSH R (17],
1.2.2 F@a8F L f 4 pPICOK-RML ¢ #4321 RML EE K LTSI 50k LiFS'-
CGGCGAATTCATGTCCATTGACGGTGG TATCAG3' ( F #4 % EcoR 1 B ¥ fi7 & ); T % 5'-
CAGCGCGGCCGCTTAAGTACACAAACCAGTGTTGA TACCGAAGTAGGACAA GTGAT-3'( F R4 Not [
B 55) o PCR 724 J pPICOK #i4k %% EcoR I F1 Not T XUEEY] , 2R K] & B 44k J5 , F T4 DNA %
Bl , B 4 ks pPIC9K-RML,
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1.2.3 H#FENEREASFHGMEL Fik  RABRBH&LH SRR pPICOK-RML, £ Sal I &#
LG AL EEE AR BB GS115 o AL T MD AR | ,28 C1E5E 2 ~3 d; PkEULMD AR L KHR
HHFEL TR E G418-YPD VAR |,28 CIEF 3 ~4 d, R IRE G418 IEHEKNAE AR L&
B H, B GA18-YPD AR F HBIM L FEM TEHRF BS . = TR HHEER MM ¥4k £ ,28 €
B3 ~4d, B8R 24 h NP EES  REEE PRI ENEIL T, PCR X ERBETRA I EE
BERATFHTHRSER,
1.2.4 FASBFRMERRFFAE HBUKREHBEBKETE T BEB GS115/pPICIK K FIHAHE
BRiERD T 50 mL BMGY #5553 1,28 CHRFBEFE 48 ~72 h Z 600 nm AL BB YEE (ODg, ) H 2 ~ 6, B>
WAEBE R4, iNA BMMY 3535 B E & E ODg,o 2l 1,28 C T 200 o/min $E 155, 8 24 h P B,
i BRI BGR0. 5 % #HATHFRIEK. 2 HITE 24 .48.72.96.120,144 168 F 192 h BURER & i b B 15
A, B mL BT 4 CF 6000 r/min B0 10 min, AIEHRSE ZAFURERM 1/5, 20 10 pL L,
47 12% SDS-PAGE B33k , % B R 15 R250 Jufa , Akl B i3 AR RA K EMSFRE
1.2.5 FTammsemsnt RABMMIL D WiE &8 BB+ RML 3E 1, BERAIE
MR AR 4RI A 1 pmol BRI BERE R 1 MMBHiBEEFR AL U,
1.2.6 fEhkyssiic RAMBREUIEERALARE EBRTHIEDE, 100 mL BE P E8 I ARBRE
BEEMRMENR 0% ,F 4 CRKFEPFHFELR)T,12 000 r/min B0 5 min, BUIR A LB FKER, TEE
RRENT 2 ~3 d JRIRB AR AT BERE R .
1.2.7 BEFWRHGMNE  HERNIBRE 488K R 417 20.,30.40.50 .60 170 °C K 10 min 5
e FE Y, LB R R MR B T BRAAERIE /1, e BB R AR .

Bl R pH B : Bl pH {6 7 2.5 ~9.0 BRYIBE, WEEARRF pH E4&4 T RML BIBE§IE 11,48
Ak s B3l )R pH B

it B e s 1 < K BV TE AN [F] P R AR 341 (0 ~ 70% ) T /80 & 100 min J50 %€ AT B o

2 GR5ihe

2.1 EBRFRUER

ERERTIIRRATHIRT, BB FRAOFEEEFIIRET 192 MEE, FETFENER
(CAI)H1 0.61 £ 8% 0.90,GC &8 47.85% FF&F] 46. 52% , F55% T3 FSZR 4045 ( CFD) M 9% [&{%
70,
2.2 RML BEE KRS

4 B RML ZH7E Taq DNA B ABERIMEA T HATRYSGIN A A B/5 K K% 83844 pMD18-T L,
Fxt PA T ST R F B9 R B EAT B R A e DR A I K P51 44T . RML B K A9 PCR ¥ 145 R ILA 1,
e & 1 AT, A BUFFIR/INK 800 bp &4, 5B H—3.
2.3 BAREFRHNHERE

EH FR BT pPICOK-RML 28 EcoR 1 #1 Not I SXBEHI/E , 4T BRARWESERE H 3k 7347 , 7T .44 800 bp
B EEE R BRRER B, WFPSRS GenBank &R F5(A02536) 52—,
2.4 WMAHEFBSNEEREEEDEENBEEE

KB EABEE MD ViR L1558, 183 200 4 His* HILE % . K18 L8 GS115 kL
pPICOK %L B (X B4 ) X E 4 kL pPICOK-RML #%4L Ay His * B 7% , & S ZE YPD VAR (& G418 [H &
WESAR1.2.34M5¢/L), EREN, 7 G8 [REKE N1 M2 g/L BV LAFA His* BAEKET
BEXR; Y G418 FRIKEE N 3 f14 g/L it,GS115 £ KEE; % G418 REE N 5 o/L B, RAR
/¥ GS115 His* BAE K, BB B N B A HE K, 75 /L G418 AR b ¥k K RIFMHALT, H
=T BH B ARR I I, v 95 R T AR B B B A B I, T BB 4 (OB pPICOK B 4L B ) Rk LB
BEAE(RE?2), HAEAHNRNESREEE, BSAa s, ARSREARBANERRA
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2.6 [RRIERERFER
2.6.1 R#ERFBA HEBEBRETAFRETHTRN, WEHEE, ERLES(a), HES(a)T]
1,25 ~45 °C Z A BIE 1% Wi F+ 1,45 “CBY RML B35 J13R B0 5,50 CREAEXE 1T RN 92.3%
2.6.2 %#ERE pHE WERETAR pH EKNEY SR D BT RN, I HEHE , 4R ILE S5 (b),
B a4, pH {5 2.5 ~6 JEEA, W% pH {E/ 7+, RML B8 1 &/MEE EF, % pH [ EFHE 7 1,
BETE S 2B B R BIR KM, B R GRE TR, X9 RML EBEBA R TRARE , & TEPHEGT
KR o

2.6.3 #WEMATHE RMLEREFBEERSBETHREERSERILES(c). AETH, P EERS
BAE O ~40% FEFE P, RML Xt H BEAE JE 8 S AT 32 1 , RML BB IS U T RE T 3. 1% . M H EARR A $0E
it 40% j& ,RML B§75 S s F R, 7L, RML A AT 3% 40% LA B9 B 82, AT LASE BB RML G2 A FAEY)
LM REFTEREPBEEENRN,

100 100 100
80 80 801
N IS IS
i O ya O 60
g | & &
z® E 0 % of
z E Z
0 . A . A ) 0 PR L . ) N
25 30 35 40 45 50 2 3 4 5 6 7 8 9 0 10 20 30 40 S50 60 170
BE/C pHIE RS B0%
a.J8 Ftemperature; b. pH{EpH value; c. B BEEBI5 Bvolume fraction of methanol
ES5 RMLMERFHER
Fig.5 Enzymological characterization of RML
3 &®

3.1 UBEFRBREN T ERAMRENKE, EAREEERFHWATRT , i E L E &L PCR
BAREGH T bR MEFL FARAKBREERYE(RML) EHF5, RO T R EERER
KRR BL pPICIK-RML, 2 F AR & G418 Ptk Ik48 T mi#s DU A B Mk, SE B T RML 75 e o B )
PRTE PR IR

3.2 7E28 CHEMARE 168 h 5, AgRiEEE AR 122 U/mL, AR IA BRI R A RIS T 10 4%,
RML 508 [ IR R 45 °C (BB RN pH AE R 7, R B R 40% W44 T RML AR BIFNRERE. R
HIZEHAEEA RIFHNPERZEES, TN A TEEXE T BEAAEN RN, LHEEUMAARR LIS
R A Yy Seh A PP R B R FRE S .
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