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; Escherichia coli 1 umol
DHS5a  Pichia pastoris GS115 pPIC9K (U/mL)
Bradford ® ,
1.1.2 Tag DNA dNTP
Mixture T,DNA pMD18-T
3'_Full RACE Core Set TaKaRa F1 VESKERGERMEAEHEERSIY
. Table 1  Primers used for amplification of complete and
; TRIZOL Invitrogen ; mature lipase gene
Invitrogen Multi-Copy Pichia Primer Sequence (5'— 3') Size/bp
Expression Kit FI ~ ATGGTWTCCAAAAVCTTKTTYTTRGC* 26
MILLIPORE , Sigma PCR Rl TTAACCGTAGAGATTAACGTCAGWCTC* 27
53333 (Eppendorf AG 22331 Hamburg), F2  CTGAATTCCAAGCTCCTACGGCTGTTCT** 28
DYY-5( ), EL R2  CTTGCGGCCGCTTAACCGTAGAGATTAACGT** 31
Logizmnkotak . USK e L L i s
1.1.3 Geotrichum
FI  RI, 1.3 HZERRYIZENFN cDNA HEAR K& AL
; GCLY162 F2 DNA Ul RNA
R2 ( EcoR Not TRIzol cDNA (
) GCL ) 3'-Full RACE Core Set
(1 14 PERAEBEE GCL RYTFEFAELARAL pPICIK-

1.2 FERAEB/KEEENMEARIRENNE
BI 50, 0.05mol/L, pH 8.0

Tris-HC1 , 2mmol/L CacCl, 4

Kanamycin
EcoR 1
Not |
Belll Sac |
5'AOX 1

a-factor
SnaB 1

Ampicillin

pBR322

pPICIK
Bel I

9276bp
3'AOXI

Sal |

Kanamycin

GCL g9
F1 Rl
DNA

, G. candidum Y162
cDNA ,

Total
DNA

EcoR 1 PCR
Avrll
Not |
I e— |iPGC
EcoR |
Not 1
—
I
T4 DNA ligase I
Sal
Belll >4 sa0XI
Ampicillin

a-factor
SnaB 1

LipGC

HIS4

Kanamycin

1 EEE% pPICIK-GCL By
Fig.1 Strategy for the insertion of lipase gene of G. candidum into vector pPIC9K.
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(GCL) 94C 5min; 94C Imin, 52C Tris-HC1 ,
Imin, 72°C1min, 28 ; 72°C 10min PCR 100% pH 8.0,
pMD18-T , E. coli DH5a 0.05mol/L  Tris-HC1 12h,
F2 R2 s DNA , PCR 100%
GCL EcoR 182 pH 0.05mol/L pH
Not PCR pPIC9K , ( - (pH 4-8); Tris-HCI (pH 7-9);
T, DNA , glycine-NaOH (pH 9-10); Na,HPO4- NaOH (pH 11))
pPICIK-GCL 1 E. coli DH5a, » 50 ; pH
LB-Amp 37°C 12 16h 100% 0.05mol/L pH ,
2 R2 PCR , PCR 12h, ; pH
100%
, GCL " 1.8.3
’ 12hs ]
15 EHEFRATFLIGE L 100%
pPIC9K-GCL  pPICIK Sac 184 (C8:0,
, P. pastoris GS115 ) (C18:0,
Invitrogen ) (C18:1, cis-9, C9
Multi-Copy Pichia Expression Kit )
2501 (C18:1, trans-9, C9 |
MD  , 30T  2~4d MD ) (C18:2, cis-9,
P R PCR ) 12) (C18:3, cis-9, 12, 15) , 1.2
’ 0,
YEPD-G418 : ’ 100%
YEPD- B y) %ﬁﬂ(
16 EEE% 21 FERAEEEREMTESFEINS T
BMGY NCBI GenBank ,
ODgoo=2~6(16~18h) BMMY Geotrichum ( )
24h  0.5%( ) Galactomyces geotrichum cDNA (
0 24h 48h 72h 96h 120h 144h E02678)  G. geotrichum MRNA(
, X78032) Geotrichum fermentans I
1.7 REREBEEY Y S 4k mRNA ( AB000260) G. geotrichum
96h P. pastoris , 8000r/ min ( DQ313172)
10min 300mL (ORF)5" ( ) 3
50kDa 100mL0.02 mol/L pH ( ) ,
8.0  Tris-HCI , 0.02  BioEdit FI Rl
mol/L pH 8.0 Tris-HCI DNA cDNA ,
DEAE-Sepharose Fast Flow (2.0cm>20cm) 1700bp ( mRNA PCR
, 0~1 mol/L  NaCl , , ) DNA c¢DNA
GCL  ORF1692bp,
1.8 EEFMR , 563 ; 57bp,
1.8.1 pH 8.0, 0.05mol/L 19 ( 2 )
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Fig. 2 Multi alignment of amine acid sequence of G. candidumY 162 lipase and the related sequence. The catalytic triad -Ser®**-Glu*"*-His**-
is marked by triangles. The conservative motif -Gly***-Glu-Ser-Ala-Gly***- is boxed. Line indicate flap domain and bold lines indicate the
potential glycosylation sites. Rectangles and arrowhead show the disulfide bonds and signal peptide proteolytic cleavage, respectively.
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Ser”*-Glu’"-His"™*( 2 2 GCL ,96
) N-A-T-( 2 h , 55 U/mL
) -Cys*'~Cys'*-  -Cys*~Cys*"’- 9.6 U/mL , 573
( 2 ); Met®'~Asp'* 120~140 h Holmquist "% |
s & 7 ( 2 ),
cc »3[8,9]
. . ) * 2 EHRHEMNFSRE
2.2 FREREBHIIBESFRIX Table 2 Recombinant lipase secreted induced by meth- anol
MD G418 for 0~144h
1~5 YEPD.- B Fermentation time/h 0 24 48 72 96 120 144
(3 Enzz(n[“;niit)iv“y 09 28 42 49 55 35 23

b b b

PMSF, PMSF

2.3 EHEMEBHSBEK

50kDa
DEAE-Sepharose
42.58%, 3.48 3,
SDS-PAGE 62kDa

« 9,
B 3 YEPD-Ff3HA B TR FELINE T HIKERE
Fig. 3 The clear zones produced by transformants on YEPD-
Rhodamine B agar plates exposed by UV light. CK: Transformant 55kDa~66kDa [, 12]
containing vector pPIC9K as control; 1~5: Transformants containing
recombinant plasmid pPIC9K-GCL.

*3 EHEMEMaGL

Table 3 Purification of GCL from culture supernatant of P. pastoris

Purification procedure Total activity /U Total protein/mg Specific activity/( U/mg) Yield/% Purification fold
Crude lipase 16500 90 183.33 100 1
Ultrafiltration 15865 64 247.89 96 1.35
DEAE-Sepharose 7025 1 638.64 42.58 3.48
chromatograph

kDa Holmquist "

97.2 > >
66.4 ’

44.3

=l

N

29.0 24 BgFME
50C, 60T 68%

201 : pH8.0,  pH6~10

14.3 62%

12h
B 4 “{y=E4A GCL fERAES SDS-PAGE 4 #ff
Fig. 4 SDS-PAGE analysis of purifi i i 80% (C8:0)
g. - analysis of purified recombinant lipase GCL. M.
Protein marker, 1. Purified recombinant lipase GCL. (C18:0) (C18:1,
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trans-9) , cis-9 , ,
(C18:1, cis-9; C18:2, cis-9, 12; C18:3, cis-9, 12, 15)
3~4 Bertolini ,
ik 368 425 58
@ [14]
R R RT-PCR
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10, 11
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[17]
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NE(ENGER & £ X M
> [1] Hasan F, Shah AA, Hameed A. Industrial applications of micro-
Bertolini Vernet G. candidum bial lipases. Enzyme and Microbial Technology, 2006, 9: 235-251
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P pastoris CLA . (Journal of Chinese Institute
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’ ’ [3] Zarevucka M, Kejik Z, Samana D, et al. Enantioselective proper-
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. [0, 11] . [4] Schmidt DC. Recombinant microbial lipases for biotechnological
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1L , 2123-2130
23~50 U/mL ! [S] Burker JF, Maugeri F, Rodrigues MI. Optimization of extracellu-
lar lipase production by Geotrichum sp. using factorial design.
> Bioresource Technology, 2004, 91: 77-84
55 U/mL, 573 [6] Braford MM. A rapid and sensitive method for the quantitation of
Catoni [11] G microgram quantities of protein utilizing the principle of protein
. ’ dye binding. Analytical Biochemistry, 1976, 72: 248-254
candidum

[71 ) , . DNA
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Cloning and overexpression of lipase gene from Geotrichum
candidum Y162

Jinyong Yan, Jiangke Yang, Li Xu, Yunjun Yan"
(College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China )

Abstract: By means of bioinformatics, we aligned nucleotide sequence of reported lipase gene from Geotrichum. Primers
were designed based on the conservative nucleotide sequence, and the lipase gene of G. candidum Y 162 was cloned for the
first time in China. Nucleotide sequencing revealed that the open reading frame has 1692 nucleotides without any introns,
encoding 563 amino acid residues including a signal sequence of 19 amino acid residues, which is 86% identical to lipase I
of G. fermentans. Subsequently, we cloned the lipase gene into expression vector pPIC9K, and then transformed into
Pichia pastoris GS115. Cultures of recombined P. pastoris accumulated active enzyme in the supernatant to levels of 55
U/mL after induction for 96 hours in shake flasks. The purified lipase exhibited maximum activity at 50°C and pH 8.0, and
was stable between pH 6.0 and 10.0 and below 60°C. Lipase activity was compatible with the presence of organic solvents
such as methanol, n-heptane, hexane, cyclohexane, glycerol, benzene and diethyl ether. Lipase showed hydrolysis prefer-
ence for triacylglycerol substrates containing cis-9 unsaturated fatty acid. The results suggest that the lipase could be a

candidate for industrial applications.
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