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1.1 ##
1.1.1  FERFNAL 45 : pMD19-T simple vector, I
H TaKaRa 2\ 7] ; £ #BR ] # N U1 i, DNA Marker,
WU PERS 2 Jif ( Alkaline Phosphatase) , T, DNA % $25 i,
Taq DNA 2 [, DNA B i [l it ) & 35 1 A
TaKaRa /v ] ; i B, RNase , 22 (B K, 1 F bt 5
AP R 2 Al LA A R BioRad 23 W) A= 77
Water 600E Y & &0 AH 2,35 {3 A Dikma 23 7] A= 7=
PCR Y}y ASTEC-BIO /3 w] Az 5 25 M AL Ay 1 i
JBURT FOGA RS
1.1.2 B ¥R A% H7: Bacillus megaterium NK13 B
PR, AR S5 28 A 77 2538 A= 24 ) BEE I 19 - B8 v A g
155 ; pUCIS , ARSI ZE {R AF s E. coli DHS o, AR 5255
FIRAF MR ZFAEAT IS AS L1176, m A B2 ik 5
2 U B il R 2R AT B 2 A B WB600 , pHY300-
plk Jokr, W B R Tl A O TR AR R T
pET-NK-lipase FTH7 , 2= 5206 5 A4 2
113 3550k LB IR TR 15 3%, SOC K
FEH F AL IS AR E IR, NKI3 TE R WA 85 57
F %%7]%‘ 1.2% % EH& 0.5% ; NaCl: 1% ;
pH7.0,
1.2 fEREREE R IFE

Sau3 Al #B4rEEY) NK13 FE[R2H DNA | 37 8
fE ke 2 -4 kb DNA R Bz, Biki pUCI8 48 BamH |
Mg U1 I FH 2 B IR AL il ( CTAP) 4b B, [a11it DNA R Bt
FIGY) 5 0 2B IR Ak 2R LA T, DNA B[ EH )
PRI vE B 4L E. coli DHS o, WA 1E & A =
TRRHMERAZ P B 89 Amp HidE LB P L35
FF LR S e A 7K e el A FH 4 B2 % (pUC-
NK Ji#r) ,i% TaKaRa A w4700
1.3 FEIRESTWHEENEE
1.3.1 JRWisgGEE R A PCR 915 AR 45 1% 15 I g
PRI e 8 SR i 35 1 4 L3514 (5'-CCGCTCGAG
GAAGCAAACCATAATCCG G-3") I R34 (5'-CG
GGATCCGAGCCTGTCTTGTCCAAC-3") , 34 W51 A
Xho 1 F1 BamH T NI 2 . LA pUC-NK ki

Bt , i PCR 43 b2 B 10y g i) 2 A ¥ %1 . PCR
ZM44:94 C 5 min;94 °C 1 min,52°C 30 5,72 C
1 min,32 ME# ;72 °C 10 min,

1.3.2 sacB BN 5 3+ M A5 5 KT 51 (sacR) 1Y
PCR 4" . M4 B & 29 sacB JEP ™ 19 2% 31 331
214, FWES W (5'-CGGGATCCAAAGCTTATCA
CATATACCTGCCG-3") 5| A BamH 1 HindIIl {74
fF 5, TG4 (5'-CTGCAGACTCGAGCGCAAA
CGCTTGA GTTGC-3") G| A Pst 1. Xho 1 FBEEIN &5,
DIAG B 2R AT AS 11176 L[ ZH DNA A4 , i
3t PCR $"3 sacR J#41, PCR &5 :94 °C 5 min;
94 °C 1 min,50 °C 30 s,72 C 1 min,32 MEH;
72 °C 10 min,

1.3.3 FF 50 W AU AR A9 A 2 40 72 : pHY300-plk-
sacR-gene ZARM AT B UL 1, B 5% PCR ¥
H1S3HY sacR #47 T-A wwfE, S8 5 H] Hind LA Pst
I XUEGYIFHE T-A 5EkE Bk A pUCLS BTAL, Ff sacR
F Bl A pUCLS 2k, Xhol Fl BamHI XLEfFY)
pUC18-sacR [H4: o [ JSRL 11 A 17 B 525 (X PCR 47
K=, o i) Bl AR DNA R B 3047 1% 4% S
Ak E. coli DHS o 32 2541 B, #4 & pUC18-sacR-
gene, $EHL pUCI8-sacR-gene i Fl pHY300-plk Jii
B, 4y B Hind AT BamHI WY 5 1Y pHY300-
plk Bk AN J5 %) 1200 bp |9 sacR-gene PifH DNA
H B I AL E. coli DHS o [ SZ S A0 M, 42 X
e Ak BT TR, D] 3k PR VRS 0 468 BH 1 A
65 #& B pHY300-plk-sacR-gene J5i ¥, ] 1k 5%
WL T AR B ETURT R WB600 , 2R A5 A B 2E AT
7 WB600 4k () .

B 2R T 1 3L PR 4 DNA 14 $2 B 3k 14 32
IUE. coli DH5ov J8% 37 25 41 Jif 11 5801k 85 72 il 4% Al
1k \DNA Bt i g1 | [m] S0 3% 22 55 A 25 4 43 1
SIS AR AR B B AT
1.4 RIEFHHEE

PREPHPE 40T 37 CH53% 12 h J5 % 5% $Fh
i LB 353 37 °C,250 v/min $553 2 h J5 N
AN W LW E R 2% AT R G R B 5%
24 hm BT mL BV S 0 i A0 i SCER T RN AR
R BB TR AT 4, TR S 0 TR AR A T
WeRE ARG il W B 5 AR iR A, WK s
5 —10 min/5 ff] SDS-PAGE % E #ik=¥ . [FIRT, 5%
FH TR XY T S 2R B2 0T 22 T 8 0 i 7 Tt M A 7
TRl
1.5 RERABBRI4E1L

PRI pET B Ak 7470 T LB Wi iASE 57255 ,37 C |
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Fig. 1  Construction of the inducible secretion vector.
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HUE
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OIS SRR AE R . Horh  RERARCH 160 G254
TR 0. 25% 2 LT AE R P/ LA 1:3(M: V)
1) LU (RIS i i o
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YRR T B AFURS: DN R L A7 3 25 ARG 2 S (e el fHD o
HERE & 20 pl/ak, R 1 mL/min, 500 % 4y
260. 4 nm,
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2.1 RERFEREERIIFIE

A B 114 5 DR S i 1 38— R B K i =
TR HIM TR RE S Y PR SERE , I 45 R 2 s BE A 5
Bt Jo s v 4 A AR IR B B2 Oy 2826 bp, Horh
633 bpfy ORF gt (1) 2 HE W2 7 4 & A NG i 1t 1) £
SFIFS) G/A-X-S-X-G (1%l AHSMG ) Fl{F 5 ik,
W Hopg L7 51 5 NCBI (1) GenBank £ 405 2 i 14 5 (4]
FEANHEAT LEXT , A 2 BRIRIIEAE 731 5 SO H s i)
RAIEMR)T 55 NCBI o GenBank $4fg 22 Hh 4 25 11 i
FEANHEAT LEXT, AR5 Bacillus subtilis ] esterase
(GenBank %5572l NP388716) 1) [m] 514 fie ey , A
85% , Ut FHIZHE A Ry — 3t ) i 107 T ik AT ( GenBank %5
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2.2 PERAEBMIRIAR EEWEN

HE AT ARG B 25 FLAT 1 WB600 T 2H [ 15 B
I B R BER 4 °C B DU EIE R H] SDS-PAGE
DT AT TR LA BR A0 3 AN A3 2 Ok, 19 7
TR ZER AN 2 frs . IR KSR 2 H
YRR F1 0 T2 0 20 kDa (JKIE 1) , 138 B Bk L
AbTEEE At , BT R T R R A sacR Y51 T S8R

2 B. subtilis WB600 H13%3% B9 AE FrEERY SDS-PAGE

Fig.2  SDS-PAGE analysis of lipase gene expressed in B. subtilis
WB600. M:Protein Marker( SM0431) ; 1. Culture supernatant of B.
subtilis WB600 harboring lipase; 2: Control culture supernatant of B.
subtilis ;3 ; Cell proteins of B. subtilis WB600 secreting lipase treated

with lysozyme.

R B TR T 3 0 5 2R Sl R e g ) B
PP RFRIE Y 18 h, MG i T F7 53k 8. 08 x 107
U/ mg, il LU T BOMIRER 5 1 29 16 475, i — 215 ]
IR EE N S e 3 T AR

2.3 WHEFMIFE WB600 = A E X ERE 7% T
S B F RS

2.3.1  KHEZEFUAE I WB600 4 B 76 A & Tween-
80 MFAEE T 5 AL AT 1 o7 A L g - F AL 2 SR N ] 3
7R, A5 R U R B 2 RAT B % AL R0 pET Ak xF
P B4 1 25 TR A 3R R o ) ) S T 4 5 o

A M 1 2 3 4 5 6 7 8

B3 >k/n Tween-80 A% 1L F v A5 By & X B B 70 3%
FRCENELER

Fig.3 The transformal result for ketoprofen chloroethyl ester when
there is no Tween-80. a; ketoprofen chloroethyl ester; b:
ketoprofen. (A): The transformal result of WB600 recombinant
M : Marker; 1-8 :the transformated products at 2 h,4 h,6 h,8 h,10
h,12 h, 14 h,20 h. (B): The transformal result of pET

recombinant M ; Marker; 1-8:the transformated products at 2 h,4
h,6 h,8 h,10 h,12 h,14 h,20 h.

TLC 43 5] [0 i 9 5 Ak 10 S Ak 7= 4, k47
HPLC #:0, ZgA43#F TLC A1 HPLC fé 60 25 S WL
Fe 1, 55 MR B 2R AT TR 2k AL O R A Y
FEALHRTE 10 h 3k 33% , A2 i (S) Bl KA 9% 25 10 e
e. %ol , ik 60.52% ; MR 45/, pET ik &
Y 6 h (AL ZRIRT] 25% | A i (S) - L 7R 18 2%
e.e. % (AL TS, 35 85.24% ; — % [] NK13 H il i ()
i 5. 84% 11 e. e. %o FHEL, 200 i 9 A5 0 13 £%,

F1 K0 Tween-80 Bt IS IEER IE R MR TENE R RS ZEEMNEL I EM ee &

Table 1 The result of transformation and enantiomeric excess when there is no Tween-80

Strains Bacillus subtilis WB600 recombinant Escherichia coli B121 recombinant

Conversion time/ h 8 10 12 14 4 6 8 10 20
Conversion rate/ % 28 33 40 60 15 25 30 38 56
e.e % 40. 12 60. 52 46.20 30. 58 81.28 85.24 82. 80 72.48 54. 06

2.3.2  MiEZEFATE WB600 T4 1 & Tween-80
FROBRIEE T AR R AT 385 05 S8 TR < A o 28 J AT TR
A7 I RERE S S35 5% 10 h i, A LR 1% 11
Tween-80 JG4kLEE53% 3 h, #£ B A5 Tween-80 Ff i
AIARTR] A5 EAT 56 4k 5 pET #6467 1 TPTG 55 2 h
JE AL E Jy 1% 1) Tween-80, FRARZERE 37 2 h,

AR RS X S A7 i - SR O BR A T i A . PR
T E Tween-80 WK R T FALEIFEAR % JF H &
fiRf%) TLC F1 HPLC 545 R anfsl 4 figk 2,

PR FEAL T 7F Tween-80 ¥ fLIR R T 45 R B
7N, R ZEAUAT B SR A RO R Y 4k 36 h i
WAL 45% A 1L (S) -FEEAT V& ZF 1 e. e. % {H I
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151,15 93. 64% s AHIFE ZAF T pET RIKE A 8 h i}
FEALRAET 30% A2 J8(S) -BHE AT 15 5% e. e. % {H B
Bk 88.12% ,

A4 M 1 2 3 4 5 6 7 8

4 fin Tween-80 Bt FrREREEX M EF IR TR B
R ER

Fig.4 The transformal result for ketoprofen chloroethyl ester when there
is Tween-80. a: ketoprofen chloroethyl ester; b: ketoprofen. (A): The
transformal result of WB600 recombinant M Marker; 1-8: the
transformated products at 15 h,18 h,21 h,24 h,27 h,30 h,33 h,36 h.
(B): The transformal result of pET recombinant M: Marker; 1-5: the
transformated products at 4 h,6 h,8 h,10 h,20 h.

ZERLEH S5 1% Tween- 80 HYFEALIA R AE!
5 VRR R AT T R K E A AR o AR AR (S) -
i 6 A7 9 S5 B a2 4l {H Tween-80 [ i0 A XS pET
BEAL (R 5 A3 RN (S) -1 35 A7 98 25016 2% 4 5 52 i)
VN
2.4 PERESMAH RITTEMEFRENFS
2.4.1 JIRIiEgRYaifl DR E2E M PAGE 2lifb s iR
[VitEiE4T SDS-PAGE Kol , Z5 R niE 5,
WS ByTKIE 3 LA H, il JE28 P PAGE i 4%
1) B 77 il . 28 1 D A5 B 4tk
2.4.2  4lABR IR T BEXT R B AL - Al AR R R 1D
it Xof JEC T B AT 18 ST SR SR T AL . 3 TR Ak
16 h 40 h 64 h 5B AE S U497 TLC 1 HPLC £
M, 4557 anlE 6 Fie 3, MBI 6 F1k 3 nJ LI i, 4l
A F I 5 TR XSS TV ) ) e A1 9% 55 58 SR % 4k 40 b I
ALK 30% ,e. e. Y% {HE &,k 60.02% . X [FAG
TR AL TR A & Tween-80 [ 4 & H X JiS
VI AL A TR, 9F B 7E 64 h B 5 4L Ky 40% | e.
e. %o (EATRIRFFTER = 1Y 58. 88%

%2 fin Tween-80 BB AE A BER E R MR I ENE G ig S BRI LRI ee &

Table 2 The result of transformation and enantiomeric excess when there is Tween-80

Strains Bacillus subtilis WB600 recombinant FEscherichia coli BL21 recombinant

Conversion time/ h 27 30 33 36 6 8 10 20
Conversion Rate/ % 20 30 36 45 15 30 38 61
e.e. % 71.48 73.29 83.33 93. 64 81.2 88.12 81.58 79.34

&5

4k B RE A EEHY SDS-PAGE
Fig.5 SDS-PAGE analysis of purified lipase. M :Protein Marker
(SM0431) ; 1: Cell proteins of E. coli BL21 with plasmid pET

treated with lysozyme; 2: Crude enzymes of pET recombinant
treated with ultrasonic; 3: Purified lipase ; 4. Cell proteins of

NK13 treated with lysozyme and ultrasonic.

El6 “LmfsiriExtmERIBFT ZENENLES
ES
Fig.6 The transformal result for ketoprofen chloroethyl ester

by purfied lipase. a: ketoprofen chloroethyl ester; b:
ketoprofen ; M; Marker . 1-3. the transformated products at

16 h,40 h,64 h.
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#3 SRR ERE RIS CERM LR ee E
Table 3  The transformation and enantiomeric excess of

ketoprofen chloroethyl ester by purfied lipase

Conversion time/ h 16 40 64
Conversion rate/ % 25 30 40
e.e. % 8. 60 60. 02 58. 88

3 3t

Hiig 105 1 (lipase, KC3. 1. 1.3 ) J&§ T 22 %4 I /K fift
Fit , e — S BEAE T A S 1 /K g H Tk = g I e 114
B, T N TR AR 25 AT Altah DL
B S S SR T ™ BSR4
Zo {0 HH K ik B2, L oP I U5 Al ( lipase, EC3. 1. 1. 3)
W2 o AEAR KA T 259 & R s 0 T e A
PeHR K i RSt U A S, TR M EBRDE |
MRS BRI , B A i s el Tk 25 i
FRATFE™ . EAXARIR MBS G B % , 10
] ALK 5 T O BIE 5 S 25 e, AN ) 2 00 7 1) i s
B G R o % I 40 45 T AT AT AR AR K
2257

ARSI i A AE T 5 2R s, NK3 B 24 T
HP BEAE A JLRI R [ 53 E 71 (5 1k W/ B 07
JURRE B 235 1 IS B T I TR A i S AL RO
2Z(5.84% ) o FHICAE NK13 R4 T /015 51
(S) -ketoprofen 1 I EEAFHEE N (DQ196347) , 1%k
BEHE A 1Y) pET 23K HE 20 1 AL A5 21 (S) - 5 A7 %
Mo fik o R A B 55. 46% , S BFAE TR 19 10 4 A SC
HIFFE AN W i ( GenBank %5 5% %5 EU381317) J& M
NK13 kAR A5 1 55 AN BAT R XERRYF 43 0 i
I = A 3% 25 A LR RE T B I, 208 107 iR (X 1 pET
FINFH THEARAT R (S) - 5 A 9% 19 3 42 fi oy ok
#) 85.24% ,

FH TR A1 5 2 S S B R 2R MR K, BT
F 7 i B 2 30 7 o PR o W PR e A AN [
TG R £ o5 i s B AL T o A AR DG SRR
I AT 4 3 T A 55 I I £ 55 42 ST
BAERA AR BN, Horf Triton X-100 F1 Tween-
80 X2 et A I T £ 355 1 0 S A B 4% 1R R EL AT I
A BE 1 . FRATHIBETE R, ik R b &5 A

1% Tween-80 AJ L {nk 25 2036 N7 AR BB 618 , {1 2 B A
(S) -BRFEATIKSF B2 AR RE IR 93% DL L ik — 204
A ST, ol S FH T RE TR A= 7 (S ) -1 A7 5 1
PRt 2 AR AR
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Cloning and expression of a lipase gene in Bacillus subtilis

Yunying Zhao', Ruien Liu', Lijuan Xu', Feifei Shi', Yuhong Zhao',Shanwei Wang’,
Jinhong Zhang'*
('College of Life Science,’College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract; [ Objective] We screened a new lipase gene to asymmetricly hydrolyze the rac- ketoprofen Chloroethyl ester, to
construct a secretive expression strain and to improve its enantioselectivity. [ Method ] Strain NK13 was screened for
asymmetricly hydrolyzing the rac-ketoprofen Chloroethyl ester. We prepared NK13 chromosomal DNA library to screen the
lipase gene. An inducible secretion vector ( pHY300-plk- sacR-gene) was developed based on the sequence that was
ligated by the lipase gene and the regulatory region and the signal sequence (sacR) of the SacB gene. Transforming
Bacillus subtilis WB600 with this vector, we attained a new recombinant strain. The expression of the lipase gene was
analyzed by SDS-PAGE. The lipase was purified through native PAGE. The ability of enantioselected Ketoprofen
Chloroethyl ester of the recombinant was identified by thin-layer chromatography ( TLC) and HPLC. [ Results] A 633bp
lipase gene with enantioselectivity was attained ( GeneBank accession number; EU381317). SDS-PAGE analysis showed
that the expression of the inserted lipase gene could be induced by addition of sucrose into the medium. The results of TLC
and HPLC showed that the highest enantiomeric excess of (S)-Ketoprofen was 93. 64% at 36 h, and the conversion rate
was about 45% of the Bacillus subtilis recombinant strain by adding Tween-80. The enantiomeric excess of (S)-Ketoprofen
of was 16 times of that of NK13. For the purifed lipase the highest enantiomeric excess was 60.22% at 40 h and the
conversion rate was about 30% , which was same to the recombinant strain without Tween-80. [ Conclusion] The lipase
screened from NK13 had high ability to hydrolyze the rac-ketoprofen Chloroethyl ester to ( S)-Ketoprofen. The 633 bp
lipase gene of NK13 was induced to secretively express. By adding Tween-80, the enantioselectivity of the lipase was
improved.
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