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Abstract: Random mutagenesis on Bacillus pumilus lipase YZ02 gene was conducted by using error-prone PCR strategy. Through
two cycles of directed evolution, two optimum mutants BpL1-7 and BpL2-1369 with lipase activity improved 2 folds and 6 folds
respectively were screened. The sequence of BpL2-1369 lipase gene showed that four nucleotides substitution, T61C, C147T, A334G
and T371A have occurred, and three of them caused amino acid changes. Thus, amine acid Ser21 was changed into Pro21, Argl12 to
Gly112, and Leul24 to His124. According to the 3D structure of Bacillus pumilus lipase mimicked by SWISS-MODEL Repository,
three mutated amino acids were located at the third amino acid of the first a-helix, the turn between the fourth and fifth § fold, and
the first amino acid of the fifth B fold, respectively. The BpL and BpL2-1369 genes were ligated into pET28a vector, and transferred
into E. coli BL21 (DE3). After induced by IPTG, the lipases were purified and characterized. The results showed that the specific
activity of the evolved lipase was 1.31-fold than that of the wild lipase, and the K ,, decreased from 8.24 mmol/L to 7.17 mmol/L. The
pH stability of the evolved lipase was better than wild lipase when pH>8.0.
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1 MBA T i
1.1 w8
1.11
pMD18-T ,
pET28a E. coli BL21(DE3) Novagen
(Wisconsin, USA), pUCI18 E. coli DH5a
BpL(GenBank
DQ339137)
1.1.2
LB , M, ( 4%
), SOB SOC
[71] RB (1000 mL LB 20 mL
0.2%(W/V) B 40 mL , pH
)
1.1.3
T4 DNA Taq DNA
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Ni-NTA agarose Sephadex G-75 DL-3000

DL-5000 DNA marker ; PCR
QIAGEN ;
1.2 A%
1.2.1 PCR
Y702
BpL plsb(5 “CTT GAA TTC GAT TAG

AGT CGT ATA AGA TG-37 EcoR I) plab (5%
CTT GGT ACC TTA ATT CGT ATT CTG TCC TC-3 7
Kpn 1) BpL (690 bp, )
BpL DNA ,

PCR 100 pL : 10 pL 10x

PCR (500 mmol/L KCl, 70 mmol/L MgCl,
100 mmol/L Tris-HCI1 pHS.3, 0.1%(W/V) ); 10 pL
10 x ANTP (2 mmol/L dGTP, 2 mmol/L dATP,
10 mmol/L dCTP 10 mmol/L dTTP); plsa
plsb 30 pmol; 10 pL 5 mmol/L MnCly;
DNA 20 pmol; Taqg DNA S5u,

100 uL PCR 1 95°C

5 min; 94°C 30 s, 52°C 1 min, 72°C 1 min, 35 ;
72°C 10 min

PCR 0.8%(W/V) ,
PCR
PCR pMD18-T ,
DHS5a , LB( 100 pg/mL
Amp) , )
1.2.2
RB , 37°C
24 h
3mLLB (100 pg/mL ), 37°C
ODgyp 0.6, 3uL
B ,37°C 12~24 h
M,
, 25°C 72 h
, ,  pNpp [
PCR
1.2.3
DNA
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, plsa(5 “CA CAT ATG AAA GTG ATG TTT 1 , Mn*" 0.5 mmol/ L
GTT AAG-37Nde I) plaa(52CTT GAA TTC TTA Mn** , Mg**
ATT CGT ATT CTG TCC TC-3 TECoR 1) Mg ,
Mg 7 mmol/L
Nde I  EcoR I pET28-a 2.2 ERE¥ BIR TR EMEER KT IRATTF
E. coli BL21 IPTG EIEE
, , Ni-NTA PCR ,
agarose Sephadex G-750 pMD18-T , E. coli
1.2.4 DH5a ( 2
Bradford ! 5000~6000
Km PH ) 10 ’
K., [ , 4.82%,
1.25
2.2.1
(http://www.led.uni-stutt PA , oD
gart.de) B ,37°C 24 h
; ; C 2
SWISS-MODEL (http://swissmodel.expasy. >
org/repository) ( )
[10]
[10]
2 %
21 5t PCR &HMHE
Mg**  PCR
. Mn2+
Mg* 1 3 5 7mmol/L,
Mn** 0 0.5 1 mmol/L PCR
PCR 1 .
2 Z 1R B FRMIGEER
M1 2 3 45678 9101112 Fig. 2 The screening result in Rhodamine B plates

CK 1 2 3 4

1 FRIBFRKETHELE PCR

Fig.1 Error-prone PCR conducted with different ion concentration
M: DNA marker; Lane 1~4: 1 mmol/L, 3 mmol/L, 5 mmol/L, 7 . —
mmol/L Mg**, no Mn?"; Lane 5~8: 1 mmol/L, 3 mmol/L, 5 mmol/L, 3 HFARIFLIERMEEENE
7 mmol/L Mg**,0.5 mmol/L Mn>"; Lane 9~12: 1 mmol/L, 3 mmol/L, Fig. 3 Activity of wild and evolved enzymes
5 mmol/L, 7 mmol/L Mg**, 1 mmol/L Mn** 1: BoL: 2- A
: BpL; 2: BpL1-7; 3~4: BpL2-1369
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2.2.2 1 2 M .-
1% My 97.2
(100 pg/mL 4% ), 66.4
25°C 72 h,
pNPP ,  45°C 43
R BpL1-7,
21.5 TU/mL, 2.0
10.5 TU/mL 2.0 BpL1-7
BpL2-1369, 63.5 TU/mL 0.1
6.0 ( 3)
2.2.3 & 4 “i{ki589A5RAES BpL #0 BpL2-1369 B9 SDS-PAGE
, BpL2-1369 S
4 3 1 Fig. 4 SDS-PAGE of purified lipases BpL and BpL2-1369
’ ’ 1: BpL; 2: BpL2-1369
.3 2 T C )1 , ,
A G ! F 2 FHCBERABEFIEF & BEARBERY AL E
( ) Table 2 Purification of evolved lipase and wild lipase
. N 1 Total . R .
#1 REEENFER Steps pfc())tt:in act(i)\tr?ty Activity erca(g;ery Pur1.ﬁed
Table 1 Sequencing results of the mutants /mg hu /wimg 1% ration
Mutants Mutated nucleotide bases ~ Mutated amino acids BpL2-1369
- Crude
BpL1-7 Cl47T/T371A Samisslrllls;ﬁtsatlon enzyme 433.5  81240.6 187.41 100 1
Ser21Pro/same sense :h:r\g[: 2.64 260539  9868.90 32.07 52.66
B T61C/C147T/A334G/ \ g
pL2-1369 T371A mutation/Argl12 Sephadex
Gly/Leul 24His i 1.83 227555 1243470 2801 6635
. X BpL
F \ \5E 1 N \—.—é
2.4 HHHEEEE’]lﬁEF%L*Hﬁ %'Iﬁ'ft ;f:;;e 347.1  78256.6 22546 100 1
plsa plaa Ni-NTA 2.11  18545.1 8789.15 23.70 38.98
( 648 bp), Ndel EcoRI agarose ’ ' ' ' '
pET28a i ée_glgadex 178 169122 9501.24 2161 4214
pET28a-BpL pET28a-2-1369 E. coli
IPTG 040 = 8.24 mmol/L
’ Z 0357y,,.=2033 mmol/(min‘mg)
Ni-NTA Agarose , BEI’ 030
025+
Sephadex G-75 E 020 | * BpL2-1369
( 4 2 2 £ 015t < = Bpl.
§ 0.10 K=7.17 mmol/L
1.31 Km 5 - 0.05 Viun=26.18 mmol/(min-mg)
U I L L L I I 1 1 J
N . 0 010203040506 070809
[=3 k 4 AN
25 BERAERRIBEZ £/ 4T SV L/mmol)
251
BpL BpL2-1369 5 BplL2-1369 A5AAEEFN BpL BERAEERY K, 1B
(Ky) 5 ’ BpL Fig. 5 The Ky, value of BpL2-1369 and BpL
BpL2-1369 K, 8.24 mmol/(min'mg) 259

7.17 mmol/(min-mg)

>
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6 , BpL2-1369 120
—e— BplL2-1369
45°C, 40°C; 35~45°C 100 |
a\f —=— BpL
, 80% .E‘ 80 F
7 ’ S
120 T‘“: 40 |
o
X 100 —e— BpL2-1369 20
% 80 |- —a— Bpl. 0
é 5 6 7 8 9 10 11 12
S 60 pH
2
E 40 - 8 BplL2-1369 #1 BpL AY&ziE pH
= 20| Fig. 8 The optimum pH of BpL2-1369 and BpL
0 ! L I J I l L l l 120
20 25 30 35 40 45 50 55 60 65 70 —e— BpL.2-1369
TIC _ 100 F —=— BpL
=
6 BplL2-1369 #1 BpL BIRiEEE £ 80
Fig. 6 The optimum temperature of BpL2-1369 and BpL 3 60 L
2
120 =
T 40}
—e— BplL.2-1369 &
100
—a— BpL 20
N
£ 80 0
% 4 13
S 60t
=
3 sk 9 BplL2-1369 1 BpL &I pH R E1E
Fig. 9 The stability of BpL2-1369 and BpL over pH
2T ( 10) (1)
0 L 1 L L 1 1 1 s
20 25 30 35 40 45 50 55 60 65
T 5 a 6 B ,
7 BplL2-1369 #0 BpL BB EFAE L
Fig. 7 The stability of BpL2-1369 and BpL over temperature 3 , Ser21
253 pH  pH 10~15aa  131~137aa
2
BpL2-1369 BpL =, Ser
pH pH 8 9 8 , Pro,
pH , pH8.5; 9 Leul24 Aspl33
,  pH>8.0 BpL2-1369  pH , 5B ,
BpL; pH<8.0 , His
BpL2-1369  pH BpL a-COOH ;
2.6 FE/NGFRMERHEASHTNMREMS >
S : K Argl12
, Gly pH 1 Arg
(Lipase Engineering Database) ) >
(AARB84668) 81% , Gly ,
(116 WB) , SWISS- pH

MODEL REPOSITORY
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Secondary structure of simulated Bacillus pumilus lipase

1
19x181 3439,
19x181x180
B 11 =/ FRTEBEREEAIEL =R 5 5.7
Fig. 11 3D structure of simulated Bacillus pumilus lipase
N 5000~6000,
3 it
s 648 bp, 5
181 , PCR (<800 bp)!*!
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