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pg/ml) LB (10g/L NaCl, 10g/L , Sg/L
, 20g/L ), 37°C 16h,
1
1.1 EcoR /Not , 1% s PCR
Escherichia coli DH5a Y. lipolytica Boha-
isea-9145( , 2004) P. pastoris 123
GS115 plasmid pPIC9k Invitrogen pPICk-lipYp Bgl ,
T, DNA TakaRa( ) ( : C=25uF, PC=400Q, V=1.5kV,
; DNA =10ms) GS115 Gene
Qiagen (Qiagen, Hilden, Germany) ; Protein Pulser Bio-Rad
Marker DNA Marker Fermentas (Fermentas, (100pg/ml) MD (13.4g/LYNB, 0.4mg/L ,
Shanghai, China); s s 20g/L ,20g/L )
(YNB) Sangon (Sangon, Shanghai, China) (Mut”  Mut®) MD
; MM (13.4g/LYNB, 0.4mg/L , 20g/L , 20g/L
Sigma ) s MD MM
1.2 lipYp , Mut"
1.21 YPD , ,
LipYp (GenBank accession HM194605), PCR
lipYp Fl: 5'-GACGAATTCGC- 1.2.4
AGGCGTGTCTCAAGG-3’ R1: 5’-AAC- 1L , 200ml BMGY
GCGGCCGCGTTCTCAACTTGTGGGG-3"), (10g/L , 20g/L , 13.4g/L YNB,
EcoR Not ( ), 0.4mg/L , 10g/L ,pH 6.0  100mmol/L
Y. lipolytica Bohaisea-9145 , ), 30°C, 200r/min 22— 24h
PCR ODs0 2, :
EcoR /Not PCR pPICI9K, 1% 200ml BMMY (10g/L , 20g/L
( ; ) , 13.4g/L YNB, 0.4mg/L ,5¢/L  ,pH
. T 16C ; ; 6.0  100mmol/L ) 1L ,
DH3a PPICOK- 30°C, 200r/min 12h
lipYp (Sambrook 24h 0.5%(V/V)
BN sael yes o0 1989 www. (Tolner et al, 2006)
invitrogen.com ’)
EcoR | 1.3
1 Hatzinikolaou (1999)
Bgll p Pll (%991‘2' éip tp Not1 1.2.2 ) p-nitrophenyl
pPIC9k-lipYp laurate A, 40mg pNP-laurate
CaCl, 12ml ( ) B , 0.1mol/L pH8.0
(Sambrook et al, 100ml 0.4g Triton X-100 A B
1989) 4°C 0.lml A 1.5ml B
. 35C 3min, 50ul
! PPICOKAIDYD s ( 50ul, 100°C5min )
Fig.1 The recombinant plasmid ’
pPIC9k-lipYp (100 8min, , 410nm

1) Invitrogen. pPIC9K, A Pichia Vector for Multicopy

Www.invitrogen.com

Integration and Secreted Expression. Catalog No.V175-20.
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U : 35C, pH (C2—C18)
8.0 , 1.0pumol ,
p-nitrophenol Hatzinikolaou (1999) 30mmol/L
Bradford(1976) , Sml ( ) ,47C
, , 100ul 1.5ml
R*=0.9968 100mmol/L pH 8.0 ( 0.5% Triton
1.4 SDS-PAGE X-100), 35C 2min,
SDS-PAGE 12% 5% , ( 0.lml)35C 8min
200V R-250 410nm
(Laemmli, 1970) , (C12)
1.5 100%,
()] 35°C,
Q-sepharose FF (210ml, 30cmx3.0cm) pH 8.0 , 1.0pmol
Sephacryl®S-100 (145ml, 60cmx1.8cm) p-nitrophenol
1.6 , Kouker (1987) ,
pH pH R?
: 10—60°C
, 10C ,pH 8.0 8min 50mmol/L pH 8.0 , 2.5%(V/V)
) , 1.5%(\V/NV) (PVA, 1750+50),
, £5C 0.2% B) 6min,
100%, , 3min, Smin 2% ,
, 20ml
0—70C , 5  3mm
10C 30min, 35°C, pH 8.0 (50ul), 35°C 24h
0C 100%, R’ R’
pH pH (trilaurin 12:0) R
- (pH 3.0—6.2), 100%,
(pH 5.8—8.0), - 1.8
(pH 8.6—10.6), - (pH 11.0— LipYp K Vinax
12.0) p-nitrophenyl laurate (C12) ,
pH: pH3.0—11.0 , 10pug/ml pH 8.0,35C ,
35C LipYp , pHB8.0 5—50mmol/L,
100%, pH Lineweaver-Burk s Kn
pH : pH 2.0— V nax
12.0 4°C 24h, 35C,
pH 8.0 , pH 2
2.1 PCR
1.7 Y. lipolytica Bohaisea-9145 ,
LipYp PCR 1100bp ,
(C2—C14) , 1116bp ,
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Bohaisea- , 1956U/ml, ODgq0
9145 cDNA 56h R 60h
DNA pH (
), pH 6.0 R 48h
> 72: >
’ 12000 ~
_ 11800 E
411600 5
{1400 E
- 3
lipYp $1200 13
41000 g;
pPICgK EcoR 1800 T
2 (A) Not {600 J;!
PCR (B) T {400 gﬁ
Fig.2 Identification of the recom- ¢ 1 500 I
binant plasmid by endonucleases pPIC9k- 70
(A) and the recombinant yeast by lipYp, DH5a FESENEN
PCR (B)
M: DNA Marker; A. 1: pPIC9K- 4 GS115-LipYp 1I-L
lipYp B It ) 2A Fig.4 The growth curve of GS115-LipYpr and the yield of en-
GS115 zyme in 1-litre shake flask
, 30T 2.3 pH
> MD 5A R pH 8.5,
pH 7.0—10.5 s
YPD > LipYp
5B 35°C, 0—
45°C R 65C
PCR , , LipYp 45°C 1h,
70%,
30C , 0°C
3 (Margesin et al, 1999) Joseph (2008)
2B 20°C,
Fig3 SDS-PAGE analysisof 2.2 65C (2004)
culture supernatants collected at
different times in shaking flask
cultures 25—457C LipYp
M Marker; 1—5 BMMY , 35C, 45°C s
12 24
36 48 64h ’ .
, LipYp pH 7.0—10.5,
70h 20—35°C >
SDS-PAGE 3
3 ; : 2.4
R 42kDa,
12h >
( 4) 4 , OD600 Llep

48h 32 54h 1, LipYp (C10) (C12)
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(12:0) ,
(
& 1 , LipY] —
5 ) pYp
3Q
B
e ,
(Fickers et al, 2011) Han
(1986) ,
LipYp (=C10)
, LipYp (Rahman et al,
< 2003) C14—C18 ,
b 2
3 .
) , p-Nitrophenyl
@

pH (A)

(B)

Fig.5 Effect of pH on the activity and stability (A), heat stabil-

ity and optimum temperature (B) of the purified recombinant

lipase
: pH pH 8.0, 35C 100%
A.pH pH 10.0 100% ; B.
0C 100%
, LipYp
LipYp
(C2) (C4) (C14)
(D
, LipYp

palmitate (C16) p-Nitrophenyl stearin (C18)
25
Kin )
(Sharma et al,
2001)
Kin ,
( ,2004) Hatzinikolaou (1999)
p-nitrophenyl laurate , Rhodotorula
glutinis K,  0.7mmol/L pPNPP ,
Yarrowia lipolytica NCIM 3639 ,
Kn  Viax 18.18umol/L  0.09pumol/(min-mg)
(Sathish Yadav et al, 2011)
LipYp Kn V max
(0.582+0.018)umol/L.  (124+12.5)umol/(min-mg) (p-
Nitrophenyl laurate ), Rhodotorula glutinis

(Hatzinikolaou et al, 1999), Yarrowia lipolytica NCIM
3639 (Sathish Yadav et al, 2011)

>

>

x1 EABMEKRYKESRME
Tab.1 Hydrolytic specificity of the recombinant liapse

(p-Nitrophenyl esters) (%) (Triglycerides) (%)
p-Nitrophenyl acetate (C2) 25.38 Triacetin (C2:0) 23.21
p-Nitrophenyl butyrate (C4) 35.84 Tributyrin (C4:0) 33.69
p-Nitrophenyl caproate (C6) 57.88 Tricaproin (C6:0) 43.45
p-Nitrophenyl caprylate (C8) 70.20 Tricaprylin (C8:0) 55.36
p-Nitrophenyl caprate (C10) 121.00 Tricaprin (C10:0) 61.67
p-Nitrophenyl laurate (C12) 100.00 Trilaurin (12:0) 100.00
p-Nitrophenyl myristate (C14) 32.84 Trimyristin (C14:0) 62.74

Tripalmitin (16:0) 47.02
Tristearin (18:0) 38.69

Olive oil 5.95
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LipYp

(Fickers et al, 2011),
Yarrowia lipolytica Kim  (2007)
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lipolytica CL180, /
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(C=10) Sathish Yadav (2011)
/ ——Yarrowia

lipolytica NCIM 3639

pH 5.0, 25°C, p-NP caprylate (C8)

Yarrowia lipolytica BohaiSea-9145

) pPIC9k-lipYp
(GS115)
64h 1956U/ml
SDS-PAGE
, LipYp
pH 35°C, 8.5,
LipYp pH7.0 —10.5, 45°C
, LipYp
) p-Nitrophenyl caprate
(C10) trilaurin (12:0)
, 2005.
,35(3): 50—54
, ,2006. DNA

,33(12): 1207—1214
, 2004. Bohaisea-9145
, 44(6): 789—793

5 s

s s , 2009. (Candida
antarctica) A
,25(3): 255—259
, , , 2004.
) ,35(4): 376—383
s s , 2004.
, 24(5): 83—88
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AN ALKALINE LIPASE FROM YARROWIA LIPOLYTICA BOHAISEA-9145: GENE
CLONING, HETEROLOGOUS EXPRESSION, AND CHARACTERIZATION

LI Zhong-Lei"?, WANG Yue-Jun', SHENG Jun', LIU Jun-Zhong', SUN Mi'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, 266071;
2. College of Food Science & Technology, Shanghai Ocean University, Shanghai, 201306)

Abstract A pair of primers were designed according to the nucleotide sequence of the alkaline lipase gene (lipYp,

1116bp in length) from psychrotrophic marine yeast Yarrowia lipolytica BohaiSea-9145. The lipYp sequence was subcloned

into expression vector pPIC9K and successfully integrated into a heterologous fungal host Pichia pastoris GS115. Recom-

binant yeast was obtained by minimal dextrose and minimal methanol plates and confirmed by PCR. In shake-flask culti-

vation, the enzyme activity was 1956U/ml after induction by methanol for 54h. After fermentation, the recombinant lipase

was purified, and SDS-PAGE analysis showed the purified lipase was of high purity. The recombinant lipase showed high

lipolytic activity in the range of pH 7.0—10.5. The optimal temperature and pH value for the lipases activity were 35C

and 8.5, respectively. Additionally, the enzyme hydrolyzed p-nitrophenyl caprate (C10) at the highest hydrolysis efficiency

among the other p-nitrophenyl esters. The lipase showed high activity toward long-chain fatty acid esters (C10—C12) and

toward p-nitrophenyl esters.

Key words Yarrowia lipolytica Bohaisea-9145, Pichia pastoris GS115, Gene clone, Heterologous expression,

Characterization
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