MR B MR Modern Food Science and Technology 2016, Vol.32, No.11

Thermoanaerobacter sp. X514 REMAERRES LipTX BY
SERIESHEEMSRMAR

&, MM, AR, EZH
(M2 FrimS A IRFER, THFRM 450002)

WE: KALFBEELT KRR TERME Thermoanaerobacter sp. X514 497& # g 78 LipTX I (Teth514_0029), #|F) FFa EATLE
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Heterologous Expression and Enzymatic Properties of Lipase LipTX from

Thermophilic Bacterium Thermoanaerobacter sp. Strain X514
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(School of Food and Biological Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: The gene coding for a thermostable lipase LipTX (Teth514 0029) from thermophilic bacterium Thermoanaerobacter sp. strain
X514 was cloned and the lipase LipTX was purified using affinity chromatography. The gene coding for lipase LipTX was amplified using
polymerase chain reaction (PCR) method, and cloned into a pET15b vector, which was used to construct the recombinant plasmid
pET15b-LipTX. The constructed pET15b-LipTX was transformed into host Escherichia coli BL21 (DE3) to express the recombinant enzyme
via isopropyl B-D-1-thiogalactopyranoside (IPTG) induction. The purified recombinant enzyme was obtained after heat treatment and
nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography. The sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
result showed that the relative molecular mass of lipase LipTX was approximately 28 ku. Study of the enzymatic properties indicated that
LipTX displayed optimal activity at 70 ‘C and pH 7.5. Substrate specificity and kinetics experiments showed that LipTX could hydrolyze
p-nitrophenyl ester (pNP-ester) substrates with different acyl chain lengths (from Cg to Cy,), and the most suitable substrate was pNP-decanoate.
Additionally, this enzyme could hydrolyze triacylglycerols with long acyl chains (from C, to C;s) and showed the strongest enzymatic activity
with tributyrin as the substrate. Furthermore, the recombinant lipase LipTX was found to have strong resistance to non-polar organic solvents
(methanol, ethanol, acetone, N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexane, and chloroform) and denaturants (sodium
dodecyl sulfate (SDS), Tween-20, and Triton X-100). These results demonstrate that the lipase LipTX has a broad application prospect for
biocatalysis and organic synthesis.
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JIE/jHF (Lipases, EC3.1.1.3, MAR=MedEHhK
flElE) J&T alf KGRI IR, REMS ALK FENR TR T
TR KA H AR ISR, |2 N T RS 4 T
T BT, FAEfE. HRGEAUIR G
AR, RRIEERORRE L, TS, AR
A EAATE . BT SR ITEGAELL, TEE
NeWiBEE ] pH Sl FEVE L A M s e
Xof A SRR, AT kA A = 305 it 71
Bl T g ¥ 75 B i sl A WU A& 1F R Ak
SN, IR BECE R S5 A T RS 52 B RR], BRI
R R R LA T 37 B T 22 ORI
B FE AT o — FEep SRR T R v A oy T R AT
(AT SRR ORE Rl SHIRBEAHEL, WE BT
FoE s A WL AN (e A3 20 55 7 T EL G AR
T, —ZRIZRIZRFH Z2E. FIE
ik, BOKERZ RETANE, GiRDIRE. NERE. SRR,
TP TR A SR il S AN I M 1A B v o e B R

[10,11]

W& INANTR Thermoanaerobacter sp. X514 12002 4F
1E2E E RS hi 2 Kz H T2 b 2000 KM R B ORI, 1%
BRI A — P R o DR AR Y, Hosod AR KR E R
70 “CU21, HRAEFE DI 3 A5 50 o3t SR, W I
Thermoanaerobacter sp. X514 JERIH &4 Z /il
IR, XL G AT 2 B Al S H
B =PRSS e A AT, PR Teth514 0029, @it
NCBI Blast 777, &3 Teth514_0029 15 CARFIAR Vil
IR T VAR (29 30%LL ), BRizi
AIRE R — PR ARG . A, BT R AR AR
BONHE, ARKHERNE, AR KRGS,
(UL FESE R R IR I AN . B FE CRERAR A
Wik fg, BIFEn] LUK g R A e FE AN, (I AE
—gerpi g Frh RIS, AT PAE IR NS EIRE R
WEIAEE ., AT R E Thermoanaerobacter sp. X514
(¥ G EE M TethS514_0029 7E K B v AT i
ik, FHTRANET TR, DAY TR
A IR BB R S A VG DT 535

1 MR5ERE

L1 A

1.1.1 BfE5RE

FFk Escherichia coli BL21(DE3). E. coli DH50. 11
KPR LI TR pET15b A SLIt S ARAF .
1.12 T HEE5 XA

BREE VIR (Ndel A1 SalD)+ 1= Pyrobest

92

A1 T4 DNA R H TAKARA VR AT
JFRHEHGAFIE R PCR BRARFEELR RIS & 5
Jb 5 TIANGEN A ]; Ni-NTA SEF1EHFE, WHE GE
Healthcare A5 XHAEFEA G RN H il =8y 5 &
sigma A #]; A Ayt O B P2 A b4l
1.13 FE2MNE

QYC 211 1HIRIEFAE, RIS R A RA
"]y LDZX B R AV K A, iRy
W s pH i, EEZEZ R AR DYY-6C B
WAL AL A TAN—AER 5 YOo-TIIHE A 4h B A e L
TWH ZEMBHA AR AT UV-2600 551455k
IR ) i P b s W =Y K V& S /NI
BLOO1790 PCR 1%, 7 [E Eppendorf A#F]; & 205
E0HL, 85 Eppendorf 2 ] 5 R RAH R4, Syngene
AH]; 3730XL DNA MIJ74%, 3£ Applied Biosystem
AT,

1.2 o7k

12,1 JEWBE LipTX A5 047

FIH GenBank #1 MBGD (Microbial Genome
Database for Comparative Analysis) £33/ Teth514 0029
() /2741, FFH The NCBI BLASTP Al CLUSTAL
W 2.1 {4, %} Thermoanaerobacter sp. X514 & iTi#
LipTX (Teth514_0029) 5% HAH IR A 3T = ILFR 51
[R5
122 BSWB& LipTX ¢4 F £ 1%

HR¥E GenBank H i ijfif LipTX (Teth514_0029)f
RAEMFH), FIH Primer 5.0 B SIMIT: L
W5 ¥ : 5-GCCCATATGGTTAAGCTGATAATCAA
G-3; N5l ¥: 5-GATGTCGACTCACCTCTT
CAAAAAGGAAAC-3’, INRRIZIIE 3 70 7w R
HlE VI Ndel A1 Sall FIBEVINL A Frisit-51 4 H
FWg AT A A A K. LB g
Thermoanaerobacter sp. X514 F:[KI2H DNA AR,
PCR J7iEY W JIEfH# Teth514 0029 FE[K. 18444
94 “CHiEM: 5 min, 94 CHIAEME: 30's, 52 CHEH 305,
72 ‘CHEMH 2 min, 3£ 30 MEH, 4 CLRAT. ¥ 113
F) H LR Fr Be Ndel 1 Sall XY e -5 FIFEW
B Y)Y pET1Sb FikiiEs:, HEEM R pET15b-
LipTX F2_FifgAE T A= MT .

123 E40% 8 LipTX 9% XA LAk

B ELHFURL pET15b-LipTX #4LE] E. coli BL21
(DE3) &2, IR 25 100 mg/L AR H 5
Al 34 mg/L @EEM LB Bk FRIEE, 37 CHI%
12~16 ho BREXSHMERALFHLE T T 5 mL LAC fss
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Frdk, #5395 12 hs % 2% R R 2 200 mL LAC
WiAkREFRHEE T, 37 *C. 180 r/min FR¥%H55E 2~3 h; 1N
N IPTG 24K E 0.2 mmol/L 5 $RIEEH, T37°C
FHIEEFE 4 ho BEOUEERR, M 20 mL AEESZ b
¥ (20 mmol/L Tris-HCl, pH 8.0 20 mmol/L NaCD),
S (Th% 400 W, EEFEIE] 5 s, [AIFG S5 s, HE
UL 60 O B FEAAS, 70 ‘CHUEEE 30 min; 4 °C,
12000 r/min &> 10 min, 35 RIA LipTX FHEER . K
F Ni-NTA ZEHERESEAZMNT T LipTX pydt—bal
1k, I SDS-PAGE #Efi VKGRI ZE AL R . &
5 R 2% 305 B 8 Bradford 5755 .
1.2.4  Jig Wy BaligiE 7 695
43 ) K FH R BBl 52 V221 p-NPA 2300 5 A I it s 7k
R RN 1 NIRRT 7B SE UM AE 70 (CRT pH 7.5
AT, BRI AE K 1 wmol [ 7 FREA A
FORT B 35 B EAE N 1 /NE J1HRALU).
1.2.5 FLARSBE LipTX 69865 1 i R AE
1.2.5.1 31240 E
7670 ‘CAIpH 7.5 6440, WA RN RS 2Ly
BRJEYDIR B (0.2~20 mmol/L) i [ [ AT, i
Lineweaver-Burk 1E&%: 1/V-1/[SWEHE, 152150114
M2k, 32 E0M LipTX 1Y Km. kcat F1 kcat/Km {H .
XA 2 2K By BRI ) L HE . X0 A 2 R R 4 TR B8
(pNP-acetate) XfHHFEEARE T RS (pNP-butyrate) .
KPAHIE R IL L RIE (pNP-caprylate) X iH2& 2Ry 28R
fis (pNP-decanoate ). % fiff £ 78 5 H A IRl - (pNP-
laurate) X AHZEATE N G IRREE (pNP-myristate) Al
XPRHFERIERFAIIREE (pNP-palmitate) NN
12.52 JRYFEIE
T e A ELHEAN (R RRCBE K B 1 H b = R A i 5
Kylg, HobHmMm =@Eas: HHm=TRKHE
(Tributyrin) Hil = BRI (Tricaproin) Hl =3¢
FRME (Tricaprylin) Hyl —=25RME (Tricaprin). HH
= A A (Trlaurin )« H = A 5 7% 8 g
(Trimyristin) FH Yl —FRAFEELEE (Tripalmitin), FCii
FHEIREEY) (10 mmol/L), T-hrufE e Nk 2 il &
BTG, DUFFREEEE LipTX (KR 71k .
1.2.53  fld R AR FEA pH
BRI S N JEIEE 20~90 CYuRE P,
K RIS FE R ZE RIS (10 mmol/L) JEA TG AR
ko ek 228 50 mmol/L FIRSRRENZE MR (pH 7.5),
SRS 20 mine #vEssEYE: e A R FE R AEAS
[FHELE (70, 75 F180 'C) T ARURA FI [A] R 7k ARl
VAR
DLXT i 25 K My 22 IR B N 9, 1EAH pH

(4.0~10.0) FIZZ PR T IBEREVEI 224k . B FH G0t
AN 50 mmol/L IFFIFIRENZEMR (pH 3.0~4.0). [t
FRENSE PR (pH 4.5~6.0) RN ZZ M (pH 6.5~8.0)
Tris-HCl 220 (pH 8.5~9.0) 1 3-3f CUEFE IR

(CAPS) Zzrpii (pH 9.0~10.0).

1.2.54 GHWEF. SJEET MR A1
& T

£ 70 “CHlpH 7.5 244 T ME A HOH 20%E%
50% A A HLIE D B s PE R0 . A ALV R s

g, CBE. AR, NN-ZHEFER (DMF), —
FEEH (DMSO). Ky HZR. ZHIEZR, &AL
Obt. MR SHENIAFILLIE 1. 24, F172h J5, K60
HRARTE T

fE 70 CAHI pH 7.5 M FIEAF &R B+

(Ni*", Mg*"\ Zn®". Mn*", Co*". Ca’". Pb*"#l Cu®™")
XIS J1 g0 o [ AR 209 1 mL, RN SR
ZEFRTGIR N 10 mmol/L, &)@ B FAEMAR R &k
FE9 5 mmol/L.

1E70 “CHIpH 7.5 244 Nl ARFR LE A 1% 5%
AR (Tween 20, Tween 80 A1 SDS) LLK 5 mmol/L
#77 (EDTA. PMSF A1 DTT) X EgiE LR,
SN E] A 30 min.

12.6 ZIBEHT

KM Excel 2010 AT AR, FrAsiinEE =
R, GEFRK AP EER A 22 T AR

2 HER51He

2.1 g HiEE LipTX &8 F 7| o4

NCBI Blast 73 #7455 K W, BRI LipTX 5
Thermoanaerobacterium saccharolyticum N
Caldanaerobacter subterraneus~ Dehalobacter restrictus
F Clostridium cellulolyticum 9 [R5 B2 L8R T 51
FFAE 58~TA%HIARAUNE . I Clustal W2.1 EEX IR
i LipTX A [FYR 741, 45 R il 1 Fos, LipTX B
A e 7 B IR ST A = BC AR 7 41, BD Serls-
Asp211-His214; Bt4h, LipTX K HEEF 5 A
GDSI/L fR5F 453K

22 f& e LipTX 2E R v e KRk

L Thermoanaerobacter sp. X514 FE[K 2 DNA s

B, PCR 31K 3 5 FUH A /MERT I H IR B
(726 bp). % PCR JIiEEE M wlE S, X H HHE
LipTX @47 2RI , kg LipTX 5Th
o B B# AR pET15b, HZH 5L pET15b-LipTX 75K
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FF# BL21(DE3)EIA G, LA miE. 70 CHALRE

LipTX BHE His 1134 5] 2069.23 U/mg, 4tk 550k )

I Ni-NTA H2eMZT, 15240 HAHAGNTEE LipTX,

6.18 fi5, WK 1 fimm.

T ERINN 28 ku, GERUIE 2 PR, 405 R

=1 BERhEE LipTX ROSELITRE
Table 1 Purification of the lipase LipTX from Thermoanaerobacter sp. strain X514

Hpe R EEA/mg BIEAN  EAUMmE) AR FR%
AminEa 36.92 12364.02 334.89 1 100
HA I MG 20.11 9864.12 490.51 1.46 79.78
Ni-NTA £/t% & 3.83 7921.32 2069.23 6.18 64.06

_:*****:. . * ¥ . **:
LipTX MAGMT- -LENYYDIVV.
LipCS MASVT-- LQNYYKIVV.
LipTS MEMLN- - IKENYNFLV
LipDR MDNNQPELKDNYTFLI

¥ ok .

SKGVVYSKEKSKYV I $ DVNYVNLLKDNIKGT VKN I AKFGNTL LKGI DlLKRYLL KDKP-
ISRGVVYSEEKNKYV I SDVNYVNLLKNNIKGT VKN I AKFGNTL LKGI DTLKRYLS KDKP-
SKGVVLDKI RNKYVV LKDSYANLLNGCLKGTVE N I SKFG ST I LRGKDRLKKELDKVSP-
SKGV IYNEDQGKYS L LDRNYVSLVQNSLKGMVYNAAKFGNT I KKGI ERLNRDVS KTCP-

LipSS ----------- MRYLV! SKGV IYDEARSK YV I LKENYVSL LQGRLKGP VRNTARFG NTVLKGVGHLKRDALEDRP-
LipCC MSNLT----- KKNIIVW] LKG I 1 LDEKDGKYKVMKDNSI SN FAQI TG FNVKNNAYFGMTST KALNRI S KS I DKLITG
*********.::* -* ***: * * - . - -k ***'***:_: *** **
LipTX - -D IVLI EFGGNDCDFDWEE IAKNPYDEHSPKTDFYI FKE KLKEL 1KSLEDANI I PVLMTLPPLDADRYFKW ISKNSEEM
LipCS - -D IVVI EFGGNDCDFNWEE IAKNPHAEHRPKTDFYI FKE KLKEL I KSLDDANIIPVLMTLPPLDADRYFKW ISKNSEEM
LipTS --D IVLLEFGGNDCDFNWDEVAKDPYKEHLPNTDFNVFKE TL REL I DSLKNANIAPVL LTLPPLDADRYFS W ISKGNKEM
LipDR - -D IVLI EFGGNDCDFDWMQI ASDPMAEHEPKTDFNVFGKMLTDT I1SLKNNNIIPVLMTLPPLDADRYFKW ISKN SNE I
LipSS - -NVVLIEYGGNDCDFDWDE IARNPE ADHRPKTGFDEFRV MLTES 1EYLKS LQITPVL MTLPPLNAESYFK WVSKNDPET

LipCC KEN IV II EFGGNDCDFNWSEVAENPD LVHQPKTS IE SFKN TLQNMVEMFRKKDITPVL MNLPPLEPERYFN W ISKGL N- -

d ok kokok k..okk kokok kK Sk Lk koK * . Sk dokk ok k ok . Rk . X

GKNILKWLGSVTKIYWWQEKYN SAI LS IAEE TKTRLID IRSA FLDYPDFRQF l CTDGIHPNEKGHKI IAHKIYEY LQRNY
GKNILKWLGSVTKIYWWQEKYNSAIL S TAEE TKT RLI D IRSA FLDYPDFRQF I CADGIHPNERGHKI IAHKVYEYLQRNY

LipTX
LipCS
LipTS
LipDR
LipSS
LipCC

AKNILTWLGSVTKIYWWQERYN SAIL S IASS TDT KI I DVRSA FLDRPDYRKLLCEDGIHPNEDGHKAIADRI KDYVMTYY
GKSILT WLGSVTKIYWWQERYN SMIV N IAEE TRT RWIDVRGAFLKTPDFT QLLCI DGIHPNEDGHKVIAQKVTEY LRQNY
QRNILQWLGSVTKIYWWQERYN ST I L KVSAATGT RFI DVRGAFLEHPDFT RFL CSDGIHPNKEGHQLIC DKVLDFMRTDY

230

LipTX
LipCS
LipTS
LipDR NFLLKDSSADTLS 250
LipSS
LipCC

KENILHWLGDVARIYRWQEAYN NAVEWVSRQMDCKMIDIRE S FLLSRDYS SKI CADGIHPNEKGHKKIL ESML QFGF - - -
"N

1 LipTX BYFHIEERT R BIRIME 547
Fig.1 Multiple sequence alignment for LipTX and its homologs

E: BHFSREBLBGEE; WHASHRTFF; o,
%8 LipTX: Thermoanaerobacter sp. X514 (ABY91353);

LipCS: Caldanaerobacter subterraneus (WP_022588599);

“OFa S ARERT A F R BB L W RERAEE K
LipTS:

Thermoanaerobacterium saccharolyticum (WP_045412175); LipDR: Dehalobacter restrictus (WP_025206083); LipSS: Saccharibacillus
sacchari (WP_037292120); LipCC: Clostridium] cellulolyticum (WP_015926558)
2 2 PBERnEE LipTX KRR R E RIS N F S
Table 2 Kinetic parameters of the purified lipase LipTX for hydrolysis of various pNP-esters

JrAh (3T AR REY B ) Kea/s™ Ko/uM Kea/Ko/(s™-mM™)
S AH AR GERES(C,) 14.62+14.52 168.22+21.64 86.91
*F A ARIL T BR B (Cy) 27.34+5.02 120.11+15.26 227.62
Xt A¥ IR R BR B5(Cy) 41.13+7.62 22.93+4.25 1793.72
3ot B AR B BLES(C o) 89.55+4.27 9.8243.03 9119.14
xR HOREY Pl AR BRES(C o) 40.32+4.83 6.8242.03 5912.02
AR I 2 BERES(C y) 30.11+1.24 4.42+1.04 6812.21
ot BH R BAFARBRBE(C ) 19.82+2.12 3.51+0.93 5646.72

23 Jl R LipTX B0 R 0y &

23.1 BRWBE LipTX 693h 5

7£70 'C. 50 mmol/L BERINZZME (pH 7.5)
WITE LipTX KA F A R A B B3N /2% . 1
%2 ffiR, BRI LipTX (il Frivist (CeC) 1

94

A, H &R AR R R 25 IR (Co), HifE
WAL AR SRR SER S 2 BR TR (C) JRAIN 105 1%+
AR KN T 10 I keat f5EE Km 185 56 & HE K
ippiTppIEIY iR

£ 70 “C 50 mmol/L RN M (pH 7.5)
W5E LipTX 6T H-ih = BR 1R RE 514 4l 3 B,
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LipTX figfig /K C4 3] Cl6 MHM=RaEY), HiE

JERAIH =T BRI, B H I = R A RER 13,

HARAIE /1A AN, LipTX AR R E

67179 23 Ulmg, HAEHE/K ARG T R AR IE S 124

J& T R IEE S R,
M

ku 1 2 3

| —
—

116.0 —

66.2 — -
-

450 —

350 —

250—
| —

—
[E]2 SDS-PAGE #XNERERA £ Co// BL21 FREIFRIAFILEL
Fig.2 SDS-PAGE analysis of the expression and purification of
the recombinant lipase in E. coli BL21
E: M, &#& Marker; 1, BHRREBRELEE; 2,
PR G LEHEE; 3, Ni-NTA EFREMHALERE.

140
120 -
100 -
80
60 -

LEiE 77 / (U/mg)

[ 3 REAAES LipTX KA E M =FaRIEE =T
Fig.3 Substrate specificity of LipTX towards different
triacylglycerols

232 PEWrg LipTX sIER LR E b ALt

I NS B RS BRI T T A 2 R B i
JERBFREYE. (£ 20~90 “Cift Bl 4 T 5T g 7 il
LipTX s 2RO, ilEl 4 Frs, LipTX fod &
R EES 70 °C,  HAEART il B L 96 Vi
(50~80 'C) WEAT 50%LL ERyiETE. H TSR
WE BB 3= ZAFAE Bacillus A1 Pseudomonas J&H
(S16] f53d ) AL AE 50~60 “C 2 1A, LipTX fRidi
BLRESY 70 °C, AEFHZEEE P RE R FURET AL
i Y EE SR R

PR MESRIG K], fEROERNVIREE 70 ChL3
120 min, HA7 90%LAEiEE; 80 ‘CALHE 60 min, /3

SRPREF 50% LA ERGIEE (il 5), BEHHZRE AR E
VAR 5

100
80
60 -

40+

FAXSREE 77 1 %

20

5 2I0 2I5 3I0 3I5 46 4I5 SIO 5I5 6IO 6I5 7IO 7I5 SIO 8I5 9I0 9I5
MR/ C

& 4 RERAES LipTX SOER ALEE

Fig.4 Optimum temperature of the lipase LipTX

=)

1008

80

60 -

40 -

AT B / %

20

0 30 610 90 1120 1510
ff[E] / min
&5 BERAEE LipTX HIaEM
Fig.5 Thermostability of the lipase LipTX

JE: 2 HAET70°C (A ). 75°C (m) #280°C (&) £&A+TF
M B R B ARIB AT H] F e 3XARTE A
233 JRWBE LipTX siE R pH

FE[E E RSGREE 70 °C, N AANFITE ] pH 22l
o S 7768 pH AL L. Wil 6 Fras, Nl
LipTX f%idi pH 79 7.5, F:17E pH 6.0~8.5 Y Fl 4 2 A 50%
) 0 e O AR 3 =1 T S B 1 G =

100

80

60 -

401

FHXT B / %

20 -

%.5 4.I5 SI.S 6.I5 7I.5 8I.5 915 10I.5
pH
[ 6 BERHEE LipTX FRiE/R R pH
Fig.6 Optimum pH of the lipase LipTX
234 HAEH. 2B/ET. THF 375 F]
s+ A8 BB LipTX B 7 69 %576
JiE s A LR T R Tl A P rh B B

95
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RIRAME . R WA NWER, BFFIRNIEE LipTX 7&
FA S S IRAAE L . K — E BRI S 20%EE 50%(1)
ZMAFINAE NS FIE SRR 1. 24 F172 h, Rl
FAIE 1. T3 3 R, 20%88 50%HEE. LFE. 75
fii A1 DMF X LipTX B§i5 /A 5.98~48.02%[F1i0E 1
H; DMSO. 1E CUbEFIE X LipTX B I8 A K
2RI RN R R0 LipTX B /1 BAA SO
H . B H AT A LEGE A HLE AR DL 5D, Hun
& T Bacillus sphaericus 205y RgHiHHE JI7E IE Ut
FPERE 2 e 7 2.9 F1 3.5 4515, LipTX 7E£3
AHVEFIR LR, XA HAEA LA R AH ISR
BAMRKPIN AT

KA E 4@ B F (5 mmol/L) FHHIE I,
A% N2 Mg?t. Zn®'. Mn®'. Ba®'. Ca*'. Co*'fl
Cu™'s GERUNE 4 PR, Ca> Fl Mg™ Xl B4 .
BOEIER, LipTX BEiE 10 48 & 17 34.32% F
29.21%; Ni*'. Ba’". Zn®". Co®"Fll Cu* W& B A ¥
SANGIEF,  AE X B 2 ) B 2 R 78.32%
62.39%- 52.01%- 32.12%#H 28.04%. 5 mM {14 @ 2
A7 EDTA W BgE 5 B R 52 e, Ui A& T
S JBMA L ING . 22 Z R PMSF X LipTX Bi
JIHIAMHIE FH O AR BERG 1) 21.87%), KB LipTX J&
T E WK iR . 7 5 mmol/L i JF7 DTT /EF T,
I ORFE 38.04% % 1 BT SDS. Tween-20 F
TritonX-100 (1%E% 5%, m/V) SFHeHilE LipTX e

A
72 3 BHLATIXIIERASATES LipTX B8RS
Table 3 Effect of organic solvents on the activity of LipTX

20 93.0143.08 54074532  29.09+3.32
Ky

50 90.0742.30  38.64+2.74  15.70+4.27

- 20 999143.02 65954465  32.04+5.32
E'3

50  97.014530  57.08+3.12 25324538

w20 9807230 4507232 15082238

B 50 95014420  31.07+432  11.01%3.65

*4 RETF. THFAHIIEFIXASAEE LioTX BESE 15200
Table 4 Effect of metal ions, detergents and inhibitors on the

enzyme activity of the lipase LipTX

. RE FaxtBaEE Y
AT
V)% 1h 24h 72h
pap:cd 0 100 100 100
. 20 148.02£3.10  14224+4.18  12542+1.16
50 129.1044.49  127.524321  118.02+4.45
L5 20 133.54£4.78  130.12£2.54  120.18+5.39
50 12521£1.32  115.3246.84  112.2142.32
- 20 128.84+1.10  115.35£327  108.21+4.38
50 121214325  119.38+2.87  115.3243.57
DME 20 108.21£1.38  105.9843.32  98.38+5.45
50 94324354  87.324528  81.32+2.21
20 98214239  90.20+3.01  84.31+3.09
DMSO
50 95.02+1.12  88.80+4.21 80.21+3.56
o 20 90304220  81.87+1.54  70.20+3.36
2y
50 81.3043.57  72.01£3.36  51.32+4.28
\ 20 90324230  84.84+321  74.01+6.08
ET
50 85324320  79.45+440  69.32+3.87
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2B TRIEF R/ (mmol/L) AR BAEE Yo
X B8, 0 100
Ca*" 5 134.32+3.39
Mg** 5 129.21+4.97
Mn?* 5 103.37+2.84
Ba® 5 62.39+5.64
Ni?* 5 78.35+7.97
Zn** 5 52.01+2.32
Co* 5 32.1243.35
Cu** 5 28.04+1.39
EDTA 5 105.87+2.35
DTT 5 38.04+3.09
PMSF 5 21.87+4.39
SDS 5 95.47+2.32
Tween-20 5 101.03+3.08
TritonX-100 5 90.87+5.12
3 Lhip

3.1 ARSCKRIETIERAME Thermoanaerobacter sp.
X514 WEIJEWEF LipTX(Teth514 0029)7E K AT #
BL21(DE3) I ek ik, IPTG %3G K H 8 A
28 70 CHACFEFN Ni-NTA HESEAZHT, 15314 L EL
fi§, SDS-PAGE 4R FE LGN 7> 2 28 ku.
3.2 IZHRWIBEIEGE SRR pH 23508 70 CHI
7.5, HHBEABSI#FE, 80 CEE 60 min F5%4
TRFF 50% LA IS

3.3 JERVRE R NS )2 S22 B A O 1 K A K
BEIEEL (Cg-Crp) MIXTREERMBEIRY), BOERYN
XTREHEOR I 2SR ;%R AL K AR K TE Cy B Ci 38
BRI = H MRS, & RN H =T RN (Co.
34 EJRET Ca¥TR Mg X EEE S R
34.32%F129.21%, HEEASANAT (R, 282, W
fiil. DMF. MSO. IECKeMgf;) FAH7] (SDS.
Tween-20 F1 TritonX-100) F I B SRKITTIE

3.5 H5HALCIRBBDIEEAELE, EViEE LipTX BA Y
AT AN R RE, R A B B
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