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AL R S REIEBE TR TR 518055)

B E. [869]) LB EERR Aurantiochytrium sp. PKU#SWT 898 B A H , KL E KA
H@mied 7R e kL, St mb s AR, &) ATHFIALEE8, KRR EE
A8 lip, #EEMEE TAH Rosetta(DE3)/pET30-lip, A1 MRz AFFH B REES,
F3K F ) (LIP)4 Ni-Agarose His 3 A2 BATAE 4040 /5 HEATBE 5 M R AR 5 L 48 R A Aurantiochytrium
sp. PKU#SW7 ¥ S5 #F2| — /A~ K> 873 bp #9157 B JL H) (GenBank &3k 5 4 KT305964), iZB&
%+ p-NPB 518 B LR A= pH 5514 40 °C 2 8.0. VARRRE A B EF Ca¥F= Co’ 5k n 5l
PRig AL 2 AR 30 min TARBEER &5 1.3 R AL, FEA GBI 4R R R, ARER L
# F2f p-NPP 5 p-NPB #18% /) o % 4 70.0£3.1 U/mg #= 102.5+2.6 Umg. [4 i1
Aurantiochytrium sp. PKU#SW7 JI§ Wi B B AT RAF 69451, 64 5 A LA AR E R,
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Cloning, auto-induced expression by dual temperature controlling and
characterization of lipase from Aurantiochytrium sp. PKU#SW7
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Abstract: [Objective] The lipase gene of Aurantiochytrium sp. PKU#SW7 was cloned and expressed
in Escherichia coli, and the lipase enzymatic properties were characterized. [Methods] Sequence of
lipase gene was identified with transcriptome data (Liu, et al; unpublished data). The recombinant
plasmid pET30-/ip was over expressed in Rosetta(DE3) by auto-induced and dual temperature control
strategy. The recombinant lipase (LIP) was purified with Ni-Agarose His affinity chromatography and
the enzymatic properties were further determined. [Results] A length of 873 bp lipase gene was
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obtained (GenBank accession number: KT305964). The optimal temperature and pH for lipase
hydrolytic activity on p-NPB were 40 °C and pH 8.0, respectively. The LIP activity was increased to
about 130% after treated by Ca®" and Co®" for 30 min. No significant inhibition of LIP activity was
observed by methanol treatment. Under the optimal conditions, the LIP specific activities for p-NPP
and p-NPB were 70.0+£3.1 U/mg and 102.5+£2.6 U/mg. [Conclusion] The LIP of Aurantiochytrium sp.
PKU#SWT7 possess favorable characteristics and meets the basic requirements of biodiesel catalyst.

Keywords: Aurantiochytrium, Lipase, Auto-induced expression by dual temperature controlling

fig Wi (Lipase, EC3.1.1.3)J& T-¥& FLHR /K fit il
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alifb A SAE T Tl AR SR 00 5, B R A A
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R SEBRIAEE HR A E DR Ml o AT ) SN S8z o
LR, BeNiBlE Ry —FhE S TR, PikEIE
B BEYY . K H AT R b 38540
SR, MR s AT B v e 5t A i 0 i A
KIHATRETRALR SOV R, BRI AT AR A 7= A=
S R, RS R,

30 R — R A TR EIK | IRYE . 200
MARE R EDY AR A K R T LM i
Wty IAh B BRI SR, EWE T
REA KRR 2l — RS NS NEGREfRI T . AE
b B TUA AR D6 i 2 A R A B9 R B e AR )
LR L AR O AR R T e R K
P vp 23 B R & A A R I b B N U TR
(Docosahexaenoic acid, DHA), hAMEE K. H
BT 3% A7 T DHA (T & A FH E A DGR,
BT Al R I R AS R RR H EE A DS . IR TR
FEHEFP AR E PR S5 R T 2 5 ] B A AR R e

B o CEYS, SO — M EEEEARE MR,
BT XA, T2 ext A9 F B BRI R 2=
TR TR, FIWOR BTGRP S A YL
R SR, L FDOT T 50 T T A AR HAS ]
T3 DA TR PRI A2 0 ) A 0 2 DL

Aurantiochytrium W HAHH— 8, BA

T A P R E R R kR o 7R S A i T
Ve, 23 et 3] —tkar 244 Aurantiochytrium sp.
PKU#SW7 HyRIRK, X HATFERINZR R TR &
e, I HLIR TR 4 B o3 ] B (T B R R
DHA), J&/E™ DHA {48 5 F1 A= 9 580 10 R 47
BB AN, TESMT Aurantiochytrium sp. PRU#SW7
e SRAB B (R OB SENR TR & Az R,
WMTRIA 36 Fbric R i mE s Mt L A R
B, ULMIZIEM T REAEE R IEE M, B A B
o & MW S o o A SCEE U
Aurantiochytrium sp. PKU#SW7 JE[RHZ] DNA ik
M, FIH PCR BARY WA Lip KA, W H]
KIKEAR pET30a(HM @ EALTRL, LB RIAH
MEKRWHATE Rosetta(DE3), ZHEEZik R ImIL A T
FEE, FH AP SRR AR RIRER, Jf
EZY e bl e S s A i DR E
A7 B A P A ) S B R

1 MB5T5k

1.1 SRR

1.1.1  E#FABCRL: 15 3 Escherichia coli DH5a.,
Rosetta(DE3). #i{& pMDI18-T il pET30a(+), T
Thermo A W ; % % 4% & Aurantiochytrium sp.
PKU#SW7 LI I F IR 5 REIR = e 7325 FH R
KOWE OW R K (22°3132.632'N
114°28'40.185"E), P T~ Hh [ fole A= 40y i o DR JRRAE, 2
Z AL, PRGNS CGMCC 8575,
112 EFZRF: REMEADIEE EcoR 1, Xho1, T4
DNA &3/, Tag DNA % 40§, PageRuler
Prestained Protein Ladder, W4T Fermentas 2\l ;
pMD18-T Vector Cloning Kit, 14T Y TR(GE)
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AR PCR A . K41 DNA $2HGAH
& . DNA e It & R ok /Iy i 42 s &
W F i HEs A=) TREA R/ F; DNA Marker .
Millipore Amicon Ultrafiltration Centrifuge Tubes.
piece#BCA Protein Assay Kit, W4T Thermo Fisher
Scientific /A F]; 6xHis-Tagged Protein Purification
Kit, WTACat B A YR A BRA A
1.1.3 55 E: Wk M4 553 L 0 (5 SRR AL,
O34 B2 SCHR[91FA[ 101 BC ] o

i F Bl O e 5 % 3 (g/L) : G K A K 20.0, %
HR R 1.0, BN 1.5, 0.01% KWL LK 1%F
HHEIh , B3 12.0, RARMEK I IESTCH], 1x10° Pa
KA 30 min, FEJEREAR
1.2 WA
121 WETFE Aurantiochytrium sp. PKU#SW7
AR RAEETE M 3R E A 1% A 0.01% K Bh4L
[ AR EFT/ML(EARZ 1 em), KEREFRE 2-3 d
(¥ 7 AT BRTRCT 4 000 r/min 250 10 min, L4640
WOFH TR T 100 pL HRP B NLA, XIS
100 uL M4 i3 kk, RN 095 VA8 E T
28 °C1iJ%, 24 h JRWlgsii e F i e fe, ek
I MR A E N T 1
122 BEEEA lp 5. Dear E )R mEEE A
FIB P A NI S AL P B P v AR A R s ZH N
FPEdEE 36 SbRic R sl me i i B P R
BUttAT o0, BRAS— A SE BT e Y BE TR A
B, Rl sl i Ie i Re 1 o 0 Ami%
TFRC BEHE, Bt s . F: 5-CCGGAATT
CGGGTCTGAAGAATATACCTTGGATG-3'; R :

5'-CCGCTCGAGCTATAACTGAAGGGCAAATCTT
TCAGC-3', Hrr, TRIZALS350A EcoR T #1 Xho 1

it A7 15

VIS BE5 1 Aurantiochytrium sp. PKU#SW7 F&
P8 AR, i id PCR 348 lip FE 4 K541,
PCR JZ WK% (20 pL): £ 4 DNA 2.0 pL,
2xUltraTag Master Mix 10.0 uL, 5[4 F f15|4 R
(10 pmol/L)% 1.0 pL, ddH,0 6.0 pL., PCR ¥4 4%

4 : 94 °C 3 min; 94°C30s, 60°C30s, 72°C
1 min, 28 MEH; 72 °C 10 min, K585 lip KA
TefEZ pMDIS-T Ht, RIZl pMDI18-lip ki, PCR
7T pMD18-lip JFORLIN 7 FH AR R SEE R 58 A

1.2.3  FTEFHIKHIE: K pMDI18-lip FikiH EcoR 1
H1 Xho VRG], [ HWIEH lip BB 5240
[F N VDB RUEEYI 1Y pET30a(+) Bk E, M4
# 3K i kL pET30a-lip , %1k & & % 25 40 i
Rosetta(DE3), PEyEFHMHALT, FEHUTURLE i 42
REEFIF 5387

1.2.4 F¥o4#: KM Expasy ' ProtParam
(http://web.expasy.org/cgi-bin/protparam/protparam)
PO AR Wi mEHE D Zip AR B0 1 DA SR A
SOPMA il i Fif i) — S 45 k055 ;SR FH SignalP 4.1
(http://www.cbs.dtu.dk/services/SignalP/) Tl £ FH it
KDL BTOIN S, S H R R R s e —
e ST SN

1.2.5 FHFH pET30a-lip JGEIZBIESFIE: ¥
HZH T Rosetta(DE3)/pET30-lip #Mh &5 H FINE
(50 g/L)ME K (50 g/L)I A B S 5,
37 °C.200 r/min 153 4 h J5FFIEE] 25 °C #5574,
4°C, 4000 r/min B5.L> 15 min WEEE TR,

1.2.6 FERAEEE B4 WEEMURE A5 TR,
FHT Y456 28 i (20 mmol/L Tris-HCI, 3 mol/L
NaCl, 50 mmol/L Bk, pH 8.0)ti4% 2 KRG 14
ASIRTRIRIR, vKIs AT R D AL 220 min,
FAMEHIBET 5 s JFEE 85)o 4°C. 4000 r/min &
> 20 min J5 A5/ His-tag-lip Bl &5 FIER .
TEHREZM T, R Ni-Agarose His R85 144k
W& alife, W3R sl AL BRI B A (Millipore
Amicon Ultrafiltration Centrifuge Tubes)#f47 i £h4b
PG, FH P B g o sl AL i i i SDS-PAGE
H ARG 2 AR

1.2.7  XTREEFEEN LN LIP /KRR 11 - JRIAEES 1
D5 DAY B 28 1 T B2 16 (p-NPB) M IR, 4% R
Gupta ZEM 7B 5E . OB R BAF] 4 mL,
WAL E 3.6 mL IRV V(W A: 176 uL p-NPB
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T 10mL 2N, —20 °C P47 ; % B: 50 mmol/L
Tris-HCl ZZ 19, pH 8.0; JEWI RN : I A%
& B=1:9)F1 400 pL KA , Foi % T 520 10 min
G, IMAZRBUICK CBELAE RN, 7E 405 nm &b
e CAE o B BRGNS B 1 S BRI
1 pmol X fil 3 4% Wy P 75 1 il ot . SR — ATl T
LR A

128 ZOHZEENEBELRE". @
Pierce#BCA Protein Assay Kit & HWE, UL
BSA (AFIIEE ) IbRHEE A, AR BSA
TE 595 nm AMRGIE, DA ODsos MEEARSR, 25 Uk
BERYARRR, il kB bR £, PRiit s H
(B (IR

1.2.9 EHEBEHEEIEFERMR: (1) BHEY
TR DA SRR PRI S o AR 00 it 3% 125 D0 4 Ak A
£ 20-60 °C N EEHE 7, 6 B 17 b R SN it B
T T TG A5 o A P AR T ERS F1oh 100%,  LUAH XAl
T 22 T - 2k

(2) WOl pH WF5E . IASTE) pH 28 ik e il S
Yo W W, pH 4.0-60 % I 50 mmol/L
CH;COOH-CH;COONa 2 fi#fi, pH 5.0-8.0 %
50 mmol/L NaH,PO,-Na,HPO, ZZ &, pH 7.0-9.0
K 50 mmol/L Tris-HCl Z¢#fif, pH 9.0—-11.0 R
50 mmol/L Gly-NaOH &k, Heidi & T 2 i
Wi, BE GG pHo W B fo i AL AR G )
1 100%,  DAFAXTEEEG 2 0 pH-BES 2 .

(3) &R ET RHAMRXFI WA . 75 5 mL
B 23 SN AR ] 42 )@ 5 7-(Ca®" . Mg, Min™",
Na‘. Li". K", Co*"). PMSF (% (AW #I5]). SDS
(+ e ELms R M) . DMSO (—H 37 AK) . EDTA (Z
TR TR), FeidliE T E 30 min [FHEE 1.2.7
H it TR 5 VAR B A P e R T, 1
TE AN AT AT 370 AR B R TS R 100% 6

(4) BE2EY) OB R SE0A o 76 5 mL BERE 430
IMAARFIERY R (PEE, OB, N =B, SN,
I 5% 10% (KRR, Bd iR i

A 30 min JEHEIR FIRBEE I E T il SR T
DN 5 NI TG 1, T AN TS T 2K 00 Jo %) A AR i
1524 100%.

(5) BEMTmEICYE IR . 7Efid pH 50T,
2 AN AU BE T B 017 T X 0 e DU A o) i R 1 T
W2 i (p-NPB) 1 K 5% JIE ¥ % i JE 4 1y -+ 75 R Wi
(p-NPP)RIZK i, € p-NPB T f5c i AR
XHEE 120 100%, 2 i 7 ) A 5] i e Ak
k.
2 HR5404
2.1 Aurantiochytrium sp. PKU#SW7 BgRAlEE
MHEEE

M1 Aurantiochytrium sp. PKU#SW7 % 5%
HEHE, KIZERAAENR DI . A I T
MO AR AR T S PR A T e A, S5 SR A& 1 Fr
7N WA h BRI A A £1AE pH 7.3-7.4
BERZLE, Y pH TREEHAS A, THE RN
15 B TR S R, A A A5 WA D i
I, MRS 2o N FREIR , S8 pH T
W, O VAR bl s b B (ol FEdfie A 4T
FLINABRIE L35, 28 °C 5538 2.d, LBU/MLJER

1 ZRER-5 S T AR AL AR B BE TR 14

Figure 1 Lipase activity detected by the phenol-olive oil
plate

T A WAL B: SCRd. 23 0P CO, FIEFRIEEUR S EUN
FL A JFIBEFREE pH TR, BiEE.

Note: A: Control group; B: Experimental group. CO, and M4

medium caused a decrease in pH, then slight yellow halo appeared
around hole A.
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BRI, AN R AE 0 R DT B s 1k o
] LAz T A A A 0 1 B 07 T P
Prd e,
2.2 Aurantiochytrium sp. PKU#SW7 fgRAfig &
& 3R ERAA 0 2B 5 51 0 1

I Expasy Hi9 ProtParam Tl F 1Y) 2 5k
FRZH SRR BT, A HAT LL4wRYS 290 2 HERR
73 F N Cras7Ha318Na020416S15, 77 F 2N 32.7 kD,
PR AL R 7.63, A T Z LR Asp Fl Glu 3
£ 304, T IE R SRR Arg Fl Lys A1 37 1,
FH HHEWTIG AR o — R, B S AE
WS RS0 22 A a2 11 A 6 4 Cys,
VLR P AT AR B i i SOPMA X LIP
TREERIA TN A B, LIP o o-d2iE S 51.38%,
TR b7 24.48%, JEMEE S 16.9%, I di
7.24%. SingnalP FNZEHYFRIAE H N A 28 4>
RPN N w5 5 T, LBy UIf s 7456
28 IS 29 NSRRI, KRB UME S AR g 3=
B TCIE AT AT, VIBME S NG, o0
B 2R 3K ) B 1 M 0 B R 7 g . 385k NCBI
BLASTp Xf WM &£ B J¢ 5 r #r , % B8 )8 T
Esterase-lipase # 5% ; (HJ21% 8 7515 O AHRGE

(A IR 7 Bl 2 SR 7 AR, mTRE i
YR 15 T ) — oI I o A A T e O~ 6 1R 7 371 i
514, RS (E5IKFs, PCR ¥ )5 k15
873 bp lip MW A B, mENFIHC LR
GenBank, %554 KT305964.
2.3 EELIP BRES4k

g2 WEHAFESFRBIRSRE, T4
Rosetta(pET30-lip) Kt i8I i 8 1 LIP,
o FH AR P AR TR, MG B0 AR SDS-PAGE HiF
wmE 2 s, MESrFRKE N 35 kD HELIH,
Zead Ni HAfbfE RS p—2kAr . il % DI
WA s A B AR M e Ni ARglifb)s B B9
FIVREE , DIAHHBRR AR 2R 2.1 g/L, BRIEGE
FIFEERZ N 0.8 g/L, HAEAEN 38%A4, Ui
B EE A Bk 7 A £ P AT LERiERik . FIH Millipore
Amicon Ultrafiltration Centrifuge Tubes ¥f4£2 Ni #:4[
AL E 2] LIP A1 His-Tag 41 5 Rl-& 25 e ot
TTERAbER, FERGE AU T IE AR IR TG, WS =
ik 102.5 U/mg,
2.4 LIPEFMROTER
241 BERAMG & IE RN &M 38 o 0 B TR
2070 °C Z [Al A7 B 1% A, 35 2 fi s BTG

2 RS LIP ZHA) SDS-PAGE 747
Figure 2 Analysis of Ni-Agarose purified LIP by SDS-PAGE
H: M: EHAMHE; A: 5% Rosetta(pET30-lip); B-E: ALk ; F-G: KIES Rosetta(DE3); H: HKif'S: Rosetta(pET30-lip), &

#ik; 1. 55 Rosetta(pET30-/ip).

Note: M: Marker; A: Induced Rosetta(pET30-/ip); B—E: Purified; F—G: Uninduced Rosetta(DE3); H: Uninduced Rosetta(pET30-/ip), leaky

expressed; I: Induced Rosetta(pET30-/ip).
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100%, VIAAXTBEEG g\ Aabs , A I R 5 A X R
MR, WE 3 Prn. WE 3A hafLIEH, %
GRPR R 07 i 1 il W BE TE 40 °C Ay, (R7EmEEE
T s AR KR 30 °C Zody, IZBEAEHE 60%
(AR ERT o 78 =il 25 47F 5 (60 °C Z247), i BHAFAE
B S0%MEE , BAE 70 °C FEATIEBHET TR AS o
PIASR] pH 2B E R OV, #I8 Gupta
A5 . 7E pH 5.0-6.0 , SRHI 50 mmol/L
CH;COOH-CH3;COONa % # # . 50 mmol/L
NaH,PO4-NayHPO4 22 i 43 0l I o % Pk, g 0
fl 3 92 41.243.4 U/mg 1 88.2+4.1 U/mg.
42.3+4.6 U/mg 1 90.9+3.5 U/mg; T pH 7.0-8.0
% F 50 mmol/L NaH,PO,-Na,HPO, Z& #f ¥ .
50 mmol/L Tris-HC1 2% W 43 50 16 7, Tl
{4392 95.3+2.2 U/mg 1 101.5+1.7 U/mg.
97.4+5.4 U/mg F1 103.5+2.8 U/mg; pH 9.0 %
50 mmol/L Tris-HCl 2 W #% . 50 mmol/L
Gly-NaOH 22 M 43 5 I o 15 1, T 3% 6 53 51 o2
78.9+4.2 U/mg. 81.5+2.9 U/mg, UiBATEAMfE pH F
PG P ROHZ R I B M AN, DA o
T 5 RS 1)V {E % pH T IR IS . AN
SER FEE pH 4.0-11.0 Z A AYRES 254k, B
e R RHGBEE N 100%, 23] pH-FXTEEG HZE, an
Kl 3B fizn o M 3 W& B, 205 105 T s 1 i pH

A 120 -

100 -

il / E\\*\
i/

60

g/

20

Relative activity (%)

0 1 1 1 1 1 ] 1
10 20 30 40 50 60 70 80
Temperature (°C)

HAE 8.0 ZeAy, pH A R El ik B Xof s A7 A K1)
i, 7 pH 6.0-8.0 /247 BHGASALIR /1N, PiHH
L X — X (B A0 2 A B AP 1R F e
242 EREBTFUREMKFIEGIHM: £ 11
T 7 A JE B TR 4 BRI A 0 T ) e
150, E4JEE T, afLUR I Ca® Fl Co™ ZEM A
NI AV T HRT IR I A G VR, e S
PEFE R 30%; AHXTHE, Li 76 BIASAS ) e B X i
7 TG P AR A S AR s R 42 B X
G WA R B EEH . Bk EDTA 48, HAh
3 PRI EEHG AR A MEIER,, BT PMSF J&
40 0 2 1 SR 500 L R L S e o ) 4 i 4%
FREGAIEE, P PMSF XIS 5 B M0 7
S SSRE N
243 BEERYIREREBEENEZW: £ 2 B
T 4 FPASIR) B2 B I B RGS B2 o F BEXS R 15
MR SCRA B35 7E 10% (RF) RIS,
HAth 3 MEEZ(LEE. SNE. N T
BIAREGZ 40% . 22%. 17%MHG . 76 20% (IRFLEL)
BRSO T, HoAfth 3 FEER (B, SABE, T =
1) S B T REBELY 58% . 40%. 25%F T .
2.4.4 FERAEBIRMVER4FE: frfdd pH 8.0 &
T, 5T HA LIP X 45 RY) p-NPB FIHKAE YY)
p-NPP WG 71, 5500 4 i, AR IhmExT

B

120
100 - i/i

:\; [ {/ \

< gof

>

g eof / \}

s |

1/ \

s

B o0t ;

0 1 1 1 1 1 1 1 1 1
3.0 40 50 6.0 7.0 8.0 9.0 10.0 11.012.0
pH

3 RE )TN pH (B)XELHREE LIP jFMERIEZ I
Figure 3 Effects of temperature (A) and pH (B) on the recombination LIP activity
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R 1 ARERINFIXBEREE LIP & 1R 2208

Table 1 Effects of different factors on lipolytic

activity of LIP
R TREE AERS T
Additives Concentration Relative activity (%, x=s)
25 R
};aﬁnkT - 100
Ca™ 10 mmol/L 12242*
20 mmol/L 136+6*
Mg** 10 mmol/L 106+£5
20 mmol/L 98+3
Mn** 10 mmol/L 98+3
20 mmol/L 95+5
Na' 10 mmol/L 1076
20 mmol/L 1104
Li* 10 mmol/L 83+5%*
20 mmol/L 70+6*
K" 10 mmol/L 109+3
20 mmol/L 106+2
Co™ 10 mmol/L 130£2*
20 mmol/L 141+6*
PMSF 1 mmol/L 20£5%*
2 mmol/L 0£5%*
EDTA 15 mmol/L 95+1
30 mmol/L 93+5
SDS 5% (V/V) 82+4%*
10% (V/V) 63+]1%*
DMSO 5% (V/V) 76+5%
10% (V/V) 60+4%*

F*2 EEYRXAEIEE LIP F RSN

Table 2 Effects of alcohols on lipolytic activity of LIP

w W A
Additives  Concentration (%, V/V) Relative activity (%, x+s)

23 il
5 1R ) 100
Blank
i 10 95+2
Methanol

20 90+4
LB 10 60+5*
Ethanol

20 4243%**
= 10 8343
Glycerol

20 75+£5%
[=A
P 10 7846
Isopropanol

20 60+4*

##: RJH Duncan’s multiple range test /72047, *: % {H-5HA
HUE Y 5 EPE 2 R (P<0.05, n=3); **: ZES5HAMBUEN 5%
P2 5:(P<0.01, n=3).

Note: Analyzed with Duncan’s multiple range test. *: The data is

significantly different from others (P<0.05, n=3); **: The data is
significantly different from others (P<0.01, n=3).

7E: R Duncan’s multiple range test /77404, *: % {E-5 HAh
BUA M B 22 5(P<0.05, n=3); **: iZ{H 5 HAMEEN 52
P25 F(P<0.01, n=3).

Note: Analyzed with Duncan’s multiple range test. *: The data is

significantly different from others (P<0.05, n=3); **: The data is
significantly different from others (P<0.01, n=3).

120 -
—a—p-NPB
100 | —e— p-NPP

= (=) [
(=] (=] (=]
T T T

Relative activity (%)

N
(=]
T

0 1
10 20 30 40 50 60 70 80

Temperature (°C)

Bl 4 FEREAEEXS p-NPB #1 p-NPP HI7K#EIE 71
Figure 4 Enzyme activity of hydrolysis of p-NPB and
p-NPP
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