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R 1R B2 AR T RS A Big R 5e P& 3Rk K Bis = 14 B bt 5%

HeEw BE RET HALE
(LR (e TRSAEY TRER WL Ml 310027)

B OE: [86] AR ZBELREGIEEAR, FARLERMFAR ¥ 7R AL AT
Bex AR, [ &) A AR EMEF PCR, RIFIEMEEAE, L pET30a(+) %
KIEHMK. E. coli BL2ZI(DE) A B L8, AXMHAFTRAFREAL, KL FHE
HisTrap™ A= BEATAR thAb e b ATBE S MR AF 5. (4R AR E L E F L5172 —
A8 B 3B, Ko)sh 1575 bp (GenBank &35 % IN674069). iZB44F & % 55 kD, &iE
&4 A p-NPO, it BB &A= pH 441 35°C. pH9.0. £ 1 mmol/L 4§ Cu® 4k
3 30 min TTALEEE IR 5 £ 156%. AERERE FMF T EUBELE ) A 275 Uimg, Ky =
Vimax 2~ %1 24 80 pumol/L #= 290 mmol/(min-g protein). [#5i&1 /= R B 3 i 4 B8 I B 25 B 49
EEFATBRRT B BAR TR, FALEFHEIFS TR E 2,

KRR FRBEICE, MR, LK, RE

Cloning, expression and characterization of lipase from
Pseudomonas alcaligenes
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Abstract: [Objective] The lipase gene of P. alcaligenes was cloned and expressed in Es-
cherichia coli, the enzymatic properties were characterized. [Methods] The lipase gene was
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obtained by constructing the genomic library of P. alcaligenes and PCR. Then the gene over-
expressed in E. coli BL21(DE3) with plasmid pET30a(+). The recombinant lipase was purified
with HisTrap™ affinity chromatography and the enzymatic properties were determined. [Re-
sults] A 1 575 bp lipase gene was attained (GenBank assession number: JN674069). The mo-
lecular weight of lipase was 55 kD, the optimal substrate of the lipase was p-NPO, the optimal
temperature and pH were 35 °C and pH 9.0. The lipase activity was increased to 156% after
treated by 1 mmol/L Cu®* for 30 min. Under the optimum conditions, the specific activity, K,
and V. of the enzyme were 275 U/mg, 80 umol/L and 290 mmol/(min-g protein), respec-
tively. [Conclusion] The cloning and expressing of lipase provided the fundamental to the ap-

plication in chiral resolution.

Keywords: Pseudomonas alcaligenes, Lipase, Cloning, Expression

N W5 (EC3.1.1.1) 2 73 = MR It THIih oK ik 1t
K, BT op FrS/KEHEEE, —RaSiEE
PSRN G-[HYWV]-S-x-G, Ser AidtEA 5, If:
5 His F1 Asp 4 LAY TGRSO . H FTRHE R
TR A 7 U2 T Family | Family 11 Family 1V,
Family V. Family VIIIM 84 F7E Family | 7,
Jaeger MR KA IR TSI R IR b 1.1, 1.2
F13. B P AR i B TR R S AR
PR R — DL DI R R vz
TR 296 AFHYr o, =i
P TR R e T oK i, S A R R TR Bl 17 T FH T
APLE K, 112 5B B Y B D i T 5
AIFS, HATE R A TR B
2 AT OGS, U DL-37 B AT Rk R
5y, BARIEA AR IR (Lipase-PS)™ |
TG AT Amano AKPYE AR s e
TR SRR, AR . REFEAREN
VAP

H 175G T 7 Bl B A 1 i 107 /i i 174 66 )
JFHITE NCBI HfiE K2y 19 Fh, {HZ 8] A9 2
PR 7 A RIS BARR, R4 T Il PR RN D) B 4 2 1Y
S AL DRI o S0 2 DR B A TR Bl
PA I (Pseudomonas alcaligenes X1)EL#EASXTF

KA DL BRI G P LA s RE T, %0
Mo I Z FNRINTNE, NPT R L — TR il &
L= 1y ot 4 7 il B R IR e 81, AR SO i B A
PR BB L TR A R TR S8, i DR 1B,
AR SZ R 5 AL X (pal), ISt HAE KA
H B RESCRIS o ld RIR AR AL MR AY 26 1L,
B EX R Wi T (PAL) Y B~ o, LA R ad o () Py
ARl A TR A4 AT

1 MRS

1.1 ##l

1.1.1 H#KFABKI: f5E E. coli DH50, E. coli
BL21(DE3), #f& pUC19. pET30a(+) 7Sz {4
FE, 7B B B P S O R AR AR

1.1.2  E=ZRXF: RGN EcoR 1. Xho I,
SaudA 1. F/Nizmmd kiR G (CIAP), T4 DNA %
W, Tag DNA R &1, DNA Marker I H
TaKaRa A F]; DNA & EIGR7 &, FokifL i
A& A Axygen; 4-FEFEZE R (p-NP), 4-fHFE7E
LTRIE(P-NPA, Cy), 4-TEEA T FRTR(p-NPB, Cy),
AT FEFE PR IE (0-NPO, Cg), 4-filiFEAE H EERR TS
(p-NPL, Cyy), 4-fiFEARRMAFRES (p-NPP, Cy6)3404
H Sigma 2\ Fl,
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1.1.3 fHikiEsRE(/L): EERHERYW 5.00, Bifk
[ W 20.00, MgSO, 0.60, MgCl, 0.45, F
0.1 MPa JE£ 71 F K 20 min, EFFRIIIAL MK E
A 0.1 g/L Z R EEZE, 0.5 mmol/L IPTG, 0.001%
B PHLL K 0.3% 1) =T R HmBE LIk, #5318
P
12 ERFEXEHE

PRI A P 5L R 4 DNA, FH Sau3A T
HATER BN S, BRIRMEEERC UK R 2-10 kb
) DNA 7 Bto SR HI BBl B a5 & 52 sk
puUC19, A BamH I f V15 H L B2 LR (CIAP)
A3, IR R B S AL B S  Bi ik & T4
DNA % $5 i % #F AL B 9% 2 & E. coli
DHb50, IRATHEIS SR AL, A EE R SO
1.3 PHMZREFIFIE

PRECA 7K A B (1) BH A 5 B 7 (pUC19-pal Jiit
P)ZESHARNEER©O0L /L)W LB Bk,
37 °C 1597 % ODeoo i5% 0.6 A IPTG 157 6 h,
B0 S B VSRS DL-SEAT N IR, 1%
B35 T R v B SR USRI TN o
1.4 A5

REWIBEHED pal YR 15T o—F o S S5 L S il
% Compute pl/Mw  (http://web.expasy.org/
compute_pi/), & FH R — =/ M o R A
PSI-BLAST (http://blast.ncbi.nlm.nih.gov), 155 ik
FEA TR SignalP 3.0 (http://www.cbs.dtu.dk/
services/SignalP/), i #T il MEGA 4.1 3k
{4, ClustalX 1.83 4 FL IR W
1.5 B#rEER pal HTFE

R W P 45 SR 43 A ik ) 2 A, Bt 4
F. 5-CCGGAATTCGTTTCTTACATGTTGCTCA

GCA-3', R: 5-CGCCTCGAGTGCATTCATTCAG
AAACTGCCA-3" F X445k EcoR I, Xho 1 i

YIfii R, Lk pUC19-pal AR, it PCR 14
PRI . PCR Z5(1F9: 94 °C 2 min; 94 °C

http://journals.im.ac.cn/wswxtbcn

305,56 °C30s, 72 °C 3min, 3£ 30 MiEEF; 72 °C
2 min, FIF EcoR T 1 Xho T X% A B, Tifk
£2 EcoR I Al Xho I XUEFIINY pET30a(+))5, %
b ZJEZ 54000 E. coli BL21(DE3)., #kikFHM: 7
BET, $RIUTURLIES TR S AE o
1.6 =4H PAL HNIESRIE

B EHRE E. coli BL21(DE3)/pET30a(+)-pal
FEAh % 50 mL A RAREEER (50 g/L)AY LB Hi 75k
th, 37 °C 5572 ODgooibEl 1.2, IMALIKEE N
0.3 mmol/L IPTG, 18 °C 5 10 h,,
1.7 E4H PAL B94h{L

WAE AR, VA IEE A2 0hi (50 mmol/L
BERRANZE Mk, 500 mmol/L NaCl, 20 mmol/L B§
M, pH 7.5) YRR BRI, & T T
RIS, 4 °C, 12 000xg BS.0> 20 min, $3&
His-tag-PAL fl5 25 I, R HisTrap™FF
FAENTAEAIAL, gtk 228 GE healthcare i
M5 A5 3 A B Ik 3R A3 (His Trap Desalting,
GE)i#ATih b2, FH T Mg AP it ot . alifb
i3 SDS-PAGE LUKkl A 35 R o
1.8 E4H PAL BgiE W FNE R BURERINIE
1.8.1 HREEIEENEN PAL /KERFEH: RVR
ZEEECh 4 mL, VAL 1 mmol/L p-NPO,
50 mmol/L Gly-NaOH (pH 9.0)F1Z %, Bl p-NPO:
ZT:Gly-NaOH=1:4:95 (VIVIV)., Wik #: 35 °C

B R, KRl 405 nm., B BN E UK
9380 p-NPO i 1 pmol p-NP Firds il fili i
1.8.2 PAL Xf DL-Efy ABSEEIR 2 7E W B
VS MR e LW 3 mL, I AKWKRE R
25 mmol/L ) DL-#if7lii i) DMSO &4, 35 °C
KV 12 h, FHIEC ke 11 FEH, ARSI HAR 43
T

1.8.3 ZO =I5k (Bradfrod %)M EERIR
FECL: {fiH] Bio-Red ARIFEFHIXF &, Ll BSA H
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FrUfEEE, MELE 595 nm R IE(E, L ODsgs
AR, AW I AR, 2l R B AR
HENZL
1.9 PAL EEFEMRMRUERINEHFEE
M ZE
191 PAL RERMEERMBBEEME: 7
10 °C—60 °C Z[aJ*E B 7, LA fedd SO
WL o WA W AEAS TR IR EE IR 30 min, oK
G R p-NPO I B, K403 0 min 1Y
fifi% ARt IR, e 100%.
1.9.2 PAL &i& pH & pHFREM4: FCE pH L
A 5.0-11.0 1Y% sp i (HH pH 5.0-7.0 H]
50 mmol/L FY IR -BS PR 22 vk, pH 7.0-9.0
FH 50 mmol/L HYBERRENSE vhik, pH 9.0-11.0 JH
50 mmol/L ) Gly-NaOH Z& i), 35 °C il <& i 1%,
DAt I i e A ARG S 7R 100%, iff A R il
pH K & T iR ZE i, 4 °CHltE 20 h f5, 7
35 °C. 50 mmol/L . pH 9.0 Gly-NaOH 2% g
TS0 PG, AR ) B v i A G TS O
100%, ffiE pH FaE .
1.9.3  JRYVERIE: 43I IR RIE S B XA JE K
B (Co—Cue) M IE Y, TEARMER R vl 22 i 3% 77,
Phf s 10 100%.
1.9.4 BEATESSREHGEME: R AL
AT 1, 8 3k AN DT AR T LR B, AU
i P Tl % P R A
195 BB FUREMIKTIXERS G
P J 1 mmol/L, 10 mmol/L 4@ B 1
1 MR BE PAL TR 4] )5 vKif 30 min, 7E 50 mmol/L,
pH 9.0 Gly-NaOH ZZ A& Z il g 77, AbFE
HITFYTETS 77 100%.
1.9.6 REzhHZEEH KaME: JIEY) p-NPO 11
WeRE /39 50, 80, 100, 125 Fi1 160 pumol/L £
JEWHE, MIE PAL FEAN RV BE T 1 52 4]

/\D|J

B, LLRf B 1Y 3 J1 275 8. S Michaelis-
Menten J5 2, i3 SURIEE R E:, SR Ko fE.

2 Gt

21 BEREXEMWEURFSISH

P A P AR AR P R R SO, AR T e fe
AAF— R B IR 4 L far B 00 BH M S B 7,
£ 1575 bp WYFFL B S2AE, bt 524 2 5L 0R,
SignalP T £522 ] N dig &4 20 M2 LRI N
UifE S BT . AR VIBRAE 5 BRI G D7 322 LA TC
IR L XAFATE, YIRS PG, 5%
R ) 5L A I Ik 0 R T B, TN A R
55kD A A7, FH SN 669, ZEF R
GenBank, &35k JIN674069,

¥ PAL 5 NCBI 11 PSI-BLAST 4347, 4553
B PAL HAT —MASF NG DI REIR, 55550
Ji1 B SKAL4 BB WA 90%FARMIYE, 53k H Bl
SR 85-10, MHZ LI A NRRL2338 Fil
HNICH A ATCC19865 4354 57%, 55%Fl
AT% I EIERR)T | — 2k, #E—2RA ClustalX
1.83 Bt ELm) v Hl R EE, K 1 B
PAL H.A SR i 17 B AL o0 Ser™-Asp-
His?™, Hr Ser i TARSFTLAE Gly*®-11e™*2-Ser'®-

Tyr®*-Gly*® b, AN PAL A ATP 45451X

IR, —MAFEAE TR ABC Sl WL B A ep B,
PAL 5 & il ()7 ik B R TR A i 1) 2 e 7
FUAMHEARAS, iz g s 1t ) — FioBi g

MR 7 H kg gt A, PAL 5 1R i
KGN FE X R, 2 5F% 1 H 7401
KGR 8T, 4558 878 PAL 5 1.3 WK AL
TR I, SR X REIE (A 2), CHfGE
1 1.3 ZIENRWilE o F = — MR T L1 AN L2 K
W, Bz N sSSP SR iR, BIJon 1
PRARM,
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PAL CASIMSND 169
EED39308 CASIMSND 169
EGD17472 ERSISSNR 172
CAJ22436 ERRINSNR 172
CAaM00354 ERS N= 177
EFE84984 D SCR 178

PAL 289
EED39308 289
EGD17472 292
CAJ22436 292
CaM00354 293
EFEB498 297

1 PAL 5 Esterase-lipase #8ZR X & X R R =F RUEER FF 5 HI % bE
Fig. 1 Alignment of conserved amino acid sequence between PAL and representative
members of esterase-lipase superfamily
Note: Amino acid residues belonging to catalytic triad were presented as filled circles (V). These sequences share a conserved motif
Gly-lle-Ser-Tyr-Gly, containing a serine residue located at the putative active site. The aligned sequences are: PAL: Pseudomonas
alcaligenes; EED39308: Stenotrophomonas sp. SKA14; EGD17472: Xanthomonas gardneri ATCC19865; CAJ22436: Xanthomonas
campestris pv. 85-10; CAMO00354: Saccharopolyspora erythraea NRRL2338; EFE84984: Streptomyces albus J1074.

55 Pseudomonas aeruginosa (D50587)
38 Pseudomonas aeruginosa (U75975)
Pseudomonas fluorescens (AF031226) Subfamily 1.1
95— Pseudomonas fragi (X14033)
Pseudomonas wisconsinensis (U88907)
Burkholderia glumae (X70354)
Pseudomonas luteola (AF050153) Subfamily 1.2
100~ Pseudomonas cepacia (M58494)
701 Geobacillus stearothermophilus (AF237623)

59|t Geobacillus thermoleovorans (AF134840) Subfamily L5
Geobacillus thermocatenulatus (X95309)
100_ Geobacillus stearothermophilus (1178785)

11

Nel
o

100

94

Staphylococcus hyicus (X02844)
99 Staphylococcus haemolyticus (AF090142) Subfamily 1.6
41:‘ Staphylococcus aureus (M12715)
10 100 Staphylococcus haemolyticus (AF096928)
Bacillus licheniformis (U35855)

100 Bacilluspumilus (A34992) Subfamily I.4

49 |: Bacillus subrilis (M74010)

67 ———— Propionibacterium acnes (X99255)

a—— i Subfamily 1.7

—
<
(=]

4‘ Pseudomonas alcaligenes (IN674069)
Pseudomonas fluorescens (1D11455) .

Subfamily 1.3

73 100 L Serratia marcescen (D13253)

. = .
2 FIR4SBALIREZEXT PAL 1 7 NMIERERIK R RG34
Fig. 2 Unrooted Neighbor-Joining phylogenetic tree of PAL and other 7 members of Family |

Note: The tree was created by the program MEGA 4.1. Accession number were in the brackets. Bootstrap value was indicated at the
respective nodes (1 000 replications). The scale bar measured the branch length and indicated the evolutionary distances.
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22 EHPAL BIRES4k

FHRE E. coli [pET30a(+)-pallifFHEKisL
SDS-PAGE ik, 153515 K%°h 55 kD Ay
M, HArEARIKIEZAN 14 g/L, S
FIY 40% 7545, SEIEaideik. WA 3 i, #
PN RS, PAL EEAATE LT, LR T
MITTE 24, B4 PAL /Kl p-NPO (193 113k
F| 89 U/mL; Xt DL-wify N FRERYF/-T6 SR
W, EEZH PAL fey W B AL B AR At -3 Aar Y R
 L-EAEE, YA ARG EARIR 100%0], ee, KT
99%., HZH PAL HI His-Tag 410 & 1440
fEliEh b B S, WG E] 275 U/mg, SDS-PAGE
DN I B — 2% Qi 3 i, 4liEiAF] 95%L I,
bR ECh 4.7 %, Bl 18.4%,
2.3 PAL B RO
231 mERFEEUKRERENMS: WE 4 Fr
7%, A1 mmol/L () p-NPO MJic#y, 45 PAL fid
SRR 35 °C, S5 HiE T KB700AM, {5
B S5 BRI MCSO™M i et s o

3 EH PAL #J SDS-PAGE 43#f

Fig. 3 Analysis of purified recombination PAL by
SDS-PAG

Note: 1: Precipitation of E. coli BL21(DE3)-pET-30a(+)-pal
induced by IPTG for 10 h; 2: Supertanant of E. coli
BL21(DE3)-pET-30a(+)-pal induced by IPTG for 10 h; 3:
Whole cell of E. coli BL21(DE3)-pET-30a(+)-pal induced by
IPTG for 10 h; 4: Purified protein PAL; M: Protein marker.

R —3, SRR E MR R I ZE 30 °C
DU BB iR t, it 40 °C PulAig, 4
I KT 60 °C B, NRWIBEHEAKE, SHGERR
B TGRS B68M vk A —3L.
232 miE/RMN pH LK pH f2EM™: Kl 5 fr
N, TERGE RV IR, S5 OV pH b 9.0, H
7t pH 8.5-10.0 & il N AH Xl I% 7E 70% LA | 7
pH g M7 1, PAL 78 pH 6.0-11.0 Z A&
Mg H, 4ERF 75%LA L ROEEE 1, SRRk
PO A M F-1110° i i B pH R E
(pH 6.0—10.0)FH B .

120

—— Temperature dependence
—— Termal stability

100

80

60

40

Relative activity (%)

20

0

10 20 30 40 50 60 70
Temperature (°C)
4 REXTELHR PAL EMHAIFIE

Fig. 4 Effects of temperature on the recombination
PAL activity

[ —=— pH stability
el —o— Optimum pH I *\E
e 80 ¢ _ .
2 o |
s O
3 I
g o
3 I
Q
L/
O N D/T L 1 ' 1 1 1 I
4 5 6 7 8 9 10 11
pH

5 pH XELE PAL FEMHEAIFZIN
Fig. 5 Effects of pH on the recombination PAL activity
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233 PAL BRI F1%: 76 pH 9.0, 35 °C %
F R4 PAL XS EE AR G (Co—Cao) I A
ek, 45 R PAL FiiE iKY A p-NPOPAL
XF Cov Co I MG 43 AU T 1Y 2% . 4%
(&l 6).

234 PAL FEEM: WE 7 PR, SEEG0 A
TR F] 1%}, PAL H 30 AH 5 () F s Bl 4L
235 ERBFMEEHISM: 151,10 mmol/L
& V8 B T WA AE R E1 4 N 7 0 A L T ) s

6 =:HRERAEE PAL HIRMIFE R
Fig. 6 Substrate specificity of the recombinant PAL

50
40 |
g L
\5/ 30
) i
S
2 I
<
0 L 1 L 1 L 1 s 1 L |

0 2 4 6 8 10
Substrate concentration (V/V, %)
7 PAL FREHIERL: EHKE S KX BERA A
(3L AT PR A )

Fig. 7 Influence of olive oil concentration on PAL spe-
cific hydrolytic activity

http://journals.im.ac.cn/wswxtbcn

SRR EIR, MWE A 1 mmol/L i, Cu®*, Mg* .,
Mn®*, Zn** BEW] ISR EGEAY AL TS ), Hodh cu®
XF PAL P3G /R B, R ARIE 12 ROk 1Y
156%., KRG iliEsZ Zn®t Hikl, a0 HAE (R 2
B 22.39BU G i, Ca? i i anas S 2 i
# IFO34588 {2 Zn?"Xt PAL AIIHE, 54
BT 15 144%. 4 EEIAE] 10 mmol/L, Co® X fiff
AEVER, BRI 120%. 1 mmol/L Fi
10 mmol/L /) EDTA X 3 o B VEF, X
— p AR A B TR EF2UONIR B — S

*x1 E£EBEFXIHEHAEE PAL jEERIRNG

Table 1 Effects of various metal ions on the
activity of PAL

e
IR %_? ReIative)IEctjiL\{/iﬁt;j (%, xx5)
R 1 mmol/L 10 mmol/L

K* (KCI) 74+0.4 107+0.5

Na* (NaCl) 106+0.9 94+0.6

Ca’* (CaCl,) 108+2.1 77+1.3

Co?" (CoCl,) 104+0.8 120+0.7

Cu?" (CuSOy) 156+3.7 61+1.1

Mg®* (MgSO,) 143+2.3 89+1.4

Mn?* (MnCl,) 132+1.5 54+0.7

Zn** (ZnCly) 144£2.9 92+2.1

EDTA 96+2.5 7420.8

2.3.6 PAL RN AFEEHNE: MHEMichaelis-
Menten J5 %, BUEIEER LIS PAL X p-NPO
(150 715 250 K Tl Vi, FLAES3512 80 pmol/L,
290 mmol/(min-g protein), /R HX}F p-NPO %54
HIERT o

3 &

LT B B P T 0 017 T ) T 7 e DL A3
HFFI R, BR=ETREZECk AAFY)
ol 4 ] — SR TR BRI P T TR AT 4 91— e o R
IR M R R A N S S IR R
i, FAFIERWNGETEEANZSS, Il
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GSP ZM I Ak 2 o U 3 M A RO A
GEIE S RA I R SO, B o A ) 7 A P
MR EEA, IS HAE E. coli BL21(DE3)H:
IR . B PAL TG N {5 5 R —f i,
TR SF HAK S5 H A Gly**-11e*%-Ser'®-Tyr'-
Gly™, 52 w4 i B8 Wil X % 1.3 EZ LU
Gly-His-Ser-Leu-Gly SA{R5F I H ARG IR . i
SRR ANXT b, WS ATP 2545, %
X I —BAFE T ABC S ML FE R, 5P
TP 7 BRI B R T T ) 43 O TR) . il
PERT ST, BRI T R BRI R
SpaE Nk, D RAERSEIE RN pH R, HiZ
it ARG E PR 22, Wl AKRE R A2 AR 22 T R s
BN EILRRA A . —hikE . BiKIER . BFXT .
ZRARH o- SR TE B B AR ARV E A . T
PAL A MaER, Sz i, nlRexHzmgn
RRUE My T AE— 2 B RE I o 75 428 B 1y I,
He Wi BTG 1 H Z AR BT Co™ (hsmZU A,
Zn** . Cu®*, Mn*R2fdmil, {5 zn*, Cu**. Mn**
A PAL 7 14 1.3 %14 I, 10 mmol/L ) Co**
AR ERE R R 1.2 £, AEPRAMTE 107 H IS
/R, PAL ErXtmAE PR K iR L-MiAT iR EG, A
AR 100%, ee, KT 99%., A TAEE
L3 33k [ 2 A T ) AR SIS M A5 T vk B R
RSE PERIBE BRI, IR 5 E MM b AN
T I PAL MMM ERIE, il £ L-TH o i 28
TEHEA

2 % X
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