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Cloning and expression of organic solvent tolerant lipase gene
from Staphylococcus saprophyticus M36
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Abstract: Lipases are important biocatalysts that are widely used in food processing and bio-diesel production. However, organic
solvents could inactivate some lipases during applications. Therefore, the efficient cloning and expression of the organic
solvent-tolerant lipase is important to its application. In this work, we first found out an organic solvent-tolerant lipase from
Staphylococcus saprophyticus M36 and amplified the 741 bp Lipase gene lip3 (GenBank Accession No. FJ979867), by PCR, which
encoded a 31.6 kD polypeptide of 247 amino acid residues. But the lipase shared 83% identity with tentative lip3 gene of
Staphylococcus saprophyticus (GenBank Accession No. AP008934). We connected the gene with expression vector pET-DsbA,
transformed it into Escherichia coli BL21 (DE3), and obtained the recombinant pET-DsbA-lip3. With the induction by 0.4 mmol/L of
isopropyl beta-D-thiogalactopyranoside at pH 8.0, ODg 1.0, 25°C for 12 h, the lipase activity reached up to 25.8 U/mL. The lipase
expressed was stable in the presence of methanol, n-hexane, and isooctane, n-heptane.
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11 ##
111
S. saprophyticus M36
DH5a
BL21 (DE3) pET-DsbA
pMD19-T simple TAKARA
1.1.2
Nhe Bgl
RNAase, K B
Tag DNA pfu Tag DNA
X-gal IPTG T4 DNA
DNA ;
Oxoide
acrylamide N, N’-methylenebisacrylamide N, N, N’,
N’-tetramethylenediamine TEMED (AP),
G250 Sigma ;
12 HE
121 lip3
GenBank
lipase (GenBank Accession No. AP008934),
lip3f:

5 ZTGCGAGATCTATGCAGATTAAACTTCCAGAACC

ATT-37 lip3r: 5“CTAGCTAGCTAGTTA
ATTCGACCAATCTAATGATTCT-3'
Nhe , Bal
s Invitrogen
PCR : 95°C 5 min; 94°C 40 s, 45°C 40 s,
72°C 1 min, 35 ; 72°C 10 min PCR
TA pMD19-Tsimple
pMD-Lip3,
1.2.2
pMD-Lip3  Nhe /Bgl
, Nhe /BamH
pET-DsbA ,
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pET-DsbA-lip3, DH5a,
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2.5% 100 mL Amp
LB , 35°C 180 r/min ODgoo
0.6 , IPTG 0.2 mmol/mL, 30°C
2 h, 10 mL
NaCl TritoX-100 PBS(pH 7.4) ,
pH
IPTG ,
1.2.4
B )
SDS-PAGE RR ol
, : 1 pmol
1 (U)[4]
1.2.5
S 20 mmol/L
, SDS-PAGE
10 (20 mmol/L Tris,
150 mmol/L NacCl, 2.5% CaCl,, pH 7.4)
S 2 mL s
50~60 U, ; 22°C 8h
126 pH
pH(pH 5.0~10.0)
100% pH 25°C 6 h,
, 100%
(15°C~40°C) ,
100%
(15°C~40°C) 2 h, ) )
100%
1.2.7
25%(VIV) (logP)
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lip3f  lip3r ,  S.saprophyticus M36
DNA 741 bp DNA
lip3(GenBank Accession No. FJ979867)
GenBank
AP008934 , 115 , 31
, 83% Signal P
GXSXG(X
) Ser
His ,
[11]
, lip3 motif

Gly-X-Ser-X-Gly(91~95 ),
190 Asp 220  His,
(triad)Ser”-Asp'*’-His?*'( 1)
lip3 N-

1 ECJJG.ITTJMC‘I'II':(.'JJGMCC.I'I'ICTIT.I'H'GMGHGG!‘MT‘:GCGCTGTAWKTHTACACGGWFTI.CT
| "RQIEKELPEPFFFEEGNRULYLLLEGFT

T6h  GGAAATTCTTCAGATGTRAGACAATTAGGGCGATTCTTACARARARAGGGTTACACTTCTTATGOGCCACAATAT
26 G NS 50DVRQLGRFLOQEERGTYTS Y LPOQTY

15] GATGGGCATGCAGCACCACCAGARGAGATACTCCAATCTAGTCCATTTGCATGGTATARAGATGCGATAGATGGA
51 D GHALLPPEETILGQSSSPF LY EDLRIDG

226 TATGAATTCCTTGTGGATALAGGATATGATGAMATTGTGETTGCCGECTTATCACTCGGTGGTTGTTATGCATTG
76 TEFLVDEGYDETIWVYA|GLSLGGECTLL

301  AMAATAMGCTTAGATAGAGACGTAMAGGGTATTATAACAATGTGTTCACCTATGCATATTAAGACTGARGGGGCA
0] B 1 S LDRDVEGIITHRCSPHEHIETET® GHA

376 ATGTTTGATGGTGTCTTAACGTATGCACGTAATTTTALAAKATACGARGGCAMAGATGAARCALCCATAGARARL
126 ® F D GV L TYALRNTFEEKTYEGETDETTTITEHT R

451  GAAATGGATGAGTTTCATCCAACAGATACTTTALAAGATTTGCAAGGTCAAATTCAAAGTATACGTAATCARGTA
151 EXDEF HEPTDTLETDLOQGOQIOQSTIRNG@GQYVY

526 GATGAGGTTATGGATCCGCTACTGGTTATCCARGGTGAGCARGATCARATGATTAATACAGATTCTGCTARCATT
176 D EV EDPLLYVIQGEQEOQEINTDSLANTI

601  ATATACAATGAMAGCGACTCAGATGATARAGAGATTAMATGGTATGCGANTTCAGGACATGTCATTACAATTGAT
200 I YNESDSDDEETIERUYANSGEHY ITIOD

676 AAAGAAAAAGAACAAGTTTTTGAAGATATATACCAATTCTTAGRAATCATTAGATTGGTCGRATTAL
226 R EREQVFEDIYQTPFLESLDUSN?®

1 lip3 £EEFFIFIENEB R EBRFT)

Fig. 1 Complete sequence of lip3 and corresponding amino
acid sequence. The dashed area: initiation codon; [I: catalytic
center.
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Fig. 3 Construction and enzyme digestion of pET-DsbA-lip3.
(A)1: pET-DsbA-lip3; 2: pET-DsbA. (B) M: DNA marker; 1: the

lip3
digestion of recombinant plasmid.

pPET-DsbA-lip3

4143bp 2.3 PFERAEBEMA lip3 iIFSRIEFH ML

Bgl 11 pET-DsbA-lip3 E. coli BL21(DE3),
IPTG
4 , pHS ,ODgy 10 , IPTG
. ) i 0.4 mmol/L, 25°C 12h,
B2 ELARRK pET-DsbA-lip3 Ry B i
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Fig. 4 Effect of different temperature(A), medium pH value(B), induction opportunity(C), inoculation amount(D), and induction time(E) on the lip3
activity expression in recombinant E. coli cells.

Journals.im.ac.cn



Pl M36

1993

2.4 lip3 BREFSTEFYHETE
pET-DsbA-lip3
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B , ( 95
10% SDS-PAGE ,
lip3 58 kD
; pET-DsbA
( 6A)
PAGE RR ,
( 6B)
lip3
, 80%
lip3

5 F A B TR EHBHYEE

Fig. 5 Recombinase activity detected by Rhodamine B plate. 1, 2:

pET-DsbA-lip3 after induction; 3: pET-DsbA after induction.
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L

2
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"
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6 lip3 RikF=#I#Y) SDS-PAGE B PAGE HikiE &
Fig. 6 SDS-PAGE analysis and activity stain of lip3 gene
expressed in E. coli BL21 (DE3). (A) 1: the crude extracts cell
carrying pET-DsbA; 2: the supernatant of the disrupted cells
carrying pET-DsbA-lip3, indicated by arrowhead; M: molecular
mass marker. (B) 1: stained by Coomassie brilliant blue R250; 2,

3: activity stain.
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Fig. 7 SDS-PAGE analysis of recombinant lip3 purified by
NiTrap chelating affinity chromatography and the digestion of

ligand by thrombin. M:
pET-DsbA-lip3; 2: pET-lip3.
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Fig. 9  Optimal temperature and temperature stability of

recombinase.
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Table 1  Comparison of tolerance in organic solvent

between pET-lip3 and S. saprophyticus lipases

Relative activity (%) at concentration

Organic LogP of 25% organic solvent
solvent
S. saprophyticus lipases ~ pET-lip3
Control - 100 100
Methanol —-0.76 75.64 75.4
Acetonitriles —-0.33 22.94 0.74
Ethanol -0.24 66.24 0
Isopropanol 0.14 83.12 0.72
Isoamylol 1.14 40.37 2.23
t-Pentanol 1.4 17.59 1.77
Toluene 2.5 35.76 30.9
n-Hexane 3.1 85.34 72.69
n-Heptane 4.0 71.05 69.61
Isooctane 4.7 77.68 72.82
3 W#
M36 , lip3
(GenBank Accession No. FJ979867) 741
, 247 lip3
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motif Gly-X-Ser-X-Gly(91~95 ),

Ser93_ASp19O_HiSZZO

pET-DsbA-lip3 lip3
, pH 8
, ODggo 1.0 5 IPTG
0.4 mmol/L, 25°C 12 h,
25.8 U/mL
; pH
8.0, 25°C,
lip3 ,
[13]
[14]
lip3 ,
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