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RAFEE pSW2H R FR A4 °CEMH TG 10.74%). vAIR B0 H Shewanella piezotolerans WP3
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Construction of cold inducible expression vector pSW4 and
expression of DNA polymerase III epsilon subunit

CHENG Rui-Xue JIAN Hua-Hua XU Guan-Peng WANG Feng-Ping”

(State Key Laboratory of Microbial Metabolism, School of Life Science and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: [Objective] Deep-sea derived shutter vector pSW2 has been constructed previously. In
this study, a cold inducible expression vector was constructed based on pSW2 to provide useful
explant materials and toolbox for the construction of an engineered strain that can degrade
environmental pollutants. [Methods] Mutation experiments were performed to identify essential
gene in the vector, and green fluorescent protein (GFP) was used as reporter gene to test the
expression efficiency of mutated vectors. Finally, the cold inducible vector pSW4 was constructed by
adding purification tags and multiple cloning sites, and by replacing of the promoter region.
[Results] The mutation experiment indicated that the GFP intensity was significantly increased by
deletion of fpsB gene, which encodes the ssDNA binding protein. The expression efficiency of pSW4
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was higher than that of pSW2 (10.7-fold at 4 °C) by using GFP as reporter gene. The sps01203 gene
in the deep-sea bacterium Shewanella psychrophila WP2 was successfully expressed using
Shewanella piezotolerans WP3 as expression host and pSW4 as expression vector. Subsequent assay
indicated that the protein possesses nuclease activity. Specifically, Mg2+ is essential for the ssDNA
substrate, whereas Mg®" or Mn”" is required for the dsDNA substrate. [Conclusion] A cold-induced
expression vector pSW4 has been successfully constructed, and its applicability has been verified.
Thus, our study will contribute to the further applied research of bioremediation bacterium.
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[1-2]

Shewanella
Shewanella
( )
[3-5]
[6-7]
[8-9]
Photobacterium
profundum SS9 2 500 m
Lauro pEE3
pIN105 pFL190
(9 538 bp) P. profundum SS9

B-Galactosidase

Escherichia coli 18%!'!
Shewanella piezotolerans WP3
1914 m
[11-12]
0-28 °C 0.1-
50 Mpa'"’
WP3

SW1 pSW2 (1)
[14]

WP3

pSW2
pSW2
pSW4

WP3-pSW4

1 MRS Tik

L1 #H

111 SRS EARFARAN

DH5a WM3064 BL21(DE3)

WP3ASW1 ( SW1 S.

piezotolerans WP3 )

pSW2
TaKaRa

sps01203

(Escherichia coli)

pMDI8-T
01203 (

pSW4-
pSW4 )

1.1.2 EFE: 2216E (g/L) 1.0

5.0 NaCl 34.0 150 pH7.0 LB
(g/L) 5.0 10.0 NaCl 10.0
150 pH7.0 LCD LB 0.1

0.1% DAP ( )
1.1.3  EZFEAFFLEE: (50¢g
R-250 100 mL 300 mL
1 000 mL) (100 mL 300 mL
1 000 mL) 5xSDS-PAGE
(3% Tris-HCl 1% SDS  14.4%
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pH8.3) 15% (480 g 8 mol/L Urea Omega RNase A
1425 ¢ 75 g 50 mL
10xTBE 1 000 mL) 15% 8 mol/L GIS4DW

(35 mL 15% 8 mol/L ZHJH-C1115C

220 mL 10% AP 17.5 mL TEMED) ZDP-2160
Buffer (20 mmol/L Tris-HC1 0.2 mol/L UV-2550
NaCl 2 mmol/L DTT 2 mmol/L Mg>" pH 8.0) CR21G III
(90% Formanide 0.25% SDS HITACHI HZQ-X100
0.25% 100 mmol/L. EDTA) DNA SYNERGY H1
TaKaRa KOD TOYOBO BioTek
DNA ClonExpress  Vazyme 1.1.4 3|4 ( )
DNA 1

x1 SKBETASIY
Table 1 Primers used in this study

Primer and application

Nucleotide sequence (5'—3")

Vector construction
pSW2PR1869-For
pSW2PR1869-Rev
pSW2-For
pSW2-For
AfpsB-For
AfpsB-Rev
MCS+His-Tag-For
MCS+His-Tag-Rev
pSW3-For
pSW3-Rev
GFP-For
GFP-Rev
pSW4-For
pSW4-Rev

Deletion mutation
pSW2AfpsBCD-For
pSW2AfpsBCD-Rev
pSW2AfpsCD-For
pSW2AfpsCD-Rev
pSW2AfpsA-For
pSW2AfpsA-Rev
pSW2AfpsB-For
pSW2AfpsB-Rev
pSW2AfpsC-For
pSW2AfpsC-Rev
pSW2AfpsD-For
pSW2AfpsD-Rev
pSW2AfpsR-For
pSW2AfpsR-Rev

Protein expression
pSW4-01203-For
pSW4-01203-Rev

GGGAATCCTGCTCTGCGAGGAAGGCATACCCTGACGGTGC

GCGACGCGTGCATGCCTGCAGAGGCTGTTTTAACTCTGACTCAACA

TGCAGGCATGCACGCGTC

CCTCGCAGAGCAGGATTCC
AATACATAAACTATGACTGAATTTA
TCAGTCATAGTTTATGTATTCCTAT
TCAGAGTTAAAACAGCCTATGCGATCGGGGCCCCA
GGTACCGAGCTCCTCGAGGTGATGATGATGATGAT
CTCGAGGAGCTCGGTACCCGGGGAT
ATCAAGACAGCGCAATCACCAAAGACTTGAACGTC
GTCAGAGTTAAAACAGCCTCATGGTGAGCAAGGGCGAGG
GCGACGCGTGCATGCCTGCATTACTTGTACAGCTCGTCCATGCC
TGCAGGCATGCACGCGTC
GAGGCTGTTTTAACTCTGACTCAACA

AGCGGGCCCTTAGGCGCATTCAAATAAAT
AGCGGGCCCTTTATGTATTCCTATTTATT
AGCGGGCCCTTAGGCGCATTCAAATAAAT
AGCGGGCCCATAAGATCCCTTTATAGCGT
AGCGGGCCCCCTTGGACTCGTGTCAATAA
AGCGGGCCCTGTAGCGTTGTGGCCTAGTT
AGCGGGCCCCTATGACTGAATTTAAGCGT
AGCGGGCCCTTTATGTATTCCTATTTATT
AGCGGGCCCCATGAATACATTGATGATTT
AGCGGGCCCATAAGATCCCTTTATAGCGT
AGCGGGCCCTTAGGCGCATTCAAATAAAT
AGCGGGCCCGGTTATTTGTTCCTAACTGC
TTGGGGGCCCTTTGTTCGCCCCTTT
CACGGGGCCCCGACGCGTGCATGCC

CATCATCACGCGCGCCCGCGGATGAACATAGTTTCTAGTGCAAAAAGG

ATGATGATGATGATGAGGCCTTTATTCACGCCAGGCACAAA
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1.2 IAE

1.2.1 pSW2 RITHIRAIHIE: pSW2
Apa 1

( 1) PCR KOD-Plus-Neo
Apa 1 PCR

TaKaRa Apa [

T4

WM3064 LCD 37 °C

PCR LCD

122 JRHEEEL E. coli: 42 °C
(DH50/BL21 45s WM3064 90 s)
E. coli DNA ( 50 ng
2 ng) 50 pL ( )
30 min 42 °C
45/90 s 2 min 5
LB ( WM3064
DAP ) 37°C 200 r/min 1h
123 ®EE®: pSW2
WM3064 WP3 LB+Chl"+DAP
(LCD) 2216E 37°C  20°C 200 r/min
WM3064 LB+DAP
WP3  2216E 37°C  20°C 200 r/min
5h 1:2 1:1 2:1
100 uL 2216E+DAP
28 °C 24h 5mL 2216E
2216E+Chl”
20 °C 72h

1.24 GFP RNBERNIZESEER:

WP3 20 °C/4 °C 200 r/min
(
25 °C 460 nm
490 nm)!'” 3

1.2.5 ZEA{k: 4°C 8000xg 5 min

Binding buffer
4 °C 12 000xg

15 min Binding buffer
Ni Ni
Washing buffer
1 mL 5 4 °C
SDS- PAGE
1.2.6 FEEBREANE: GT-600
2 mL 1 000xg
2 min
2 min
1 000xg
4 min

1.2.7 DNA ZEREGE N E -
(ssDNA/dsDNA) 1 uL Reaction

buffer 1 pL (Tris-HCl 20 mmol/L, NaCl 200 mmol/L,
DTT 2 mmol/L, Mg"" 2 mmol/L, pH 8.0)

0.5 uL (0.5 mg/mL) (Mn**/Ca*"/Co*"/
Mg**/Ni*/Cu*") 20 mmol/L 6.5 uL
15°C 30 min 1:1
95 °C 5 min
Urea-denatured PAGE
2 RS540

2.1 LT pSW2 pyIEERRA
PSW2 (6 451 bp)

SWI
(fpsC  fpsD)
(fpsB) (2
pSW2
PCR
pSW2 pSW2AfpsB  pSW2AfpsC
pSW2AfpsD pSW2
pPSW2AfpsCD  pSW2AfpsBCD E.
coli WM3064 (D
WP3
pSW2 ( 3
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2.2 pSW2 REHKAFRIARE NN

pSW2 fpsB  fpsC pSW2
fpsD fpsCD GFP
fpsA fpsA pSW2
pSW2  WP3 ( 3) (PfpsA)
F2 pSW2 HiKFFIiLA pSW2
Table 2 pSW2 vector information
(PcspA) PcspA
Name Strand Length (aa)  Location Function pSW2
JfpsA 3 541 672-2 297 fpsB pSW2 (pSW2A/psB-
fpsB 4 104 2359-2 673 PespA) GFP
fpsC 4 61 2 496-2 681
20 °C 2.7 4°C 10.7
JpsD 3 79 2775-3014
ChIR = 220 32183878 2
fpsR - 116 6146-50 2.3 pSW4 FHiKpIHE
pSW2
bp sB
8000 Jp .
6000 PcspA RBS Multiple
;888 cloning site (MCS) 6xHis N-
2500 C- (3
101 b
1000 p
PcspA
pSW4 (NCBI
GenBank KX296734) 6 623 bp
1 pSW2 R HAMNEFYI I IE DNA HBikE 70000
Figure 1 Electrophoretic analysis of DNA restriction m4°C
fragments from pSW2 mutated vectors 60 000 ©20°C
Note: M: GeneRuler'™ 1 kb DNA ladder. 1: pSW2; 2: 2 50000
PSW2AfpsBCD;  3: pSW2AfpsCD; 4: pSW2AfpsB; S: g 40 000
2AfpsC; 6: 2AfpsD. =
PSW2AfpsC; 6: pPSW2Afps. E 30 000
I— : S 20000
Table 3 Conjugal transfer of pSW2 mutated vectors 0 JT e | ml m =
(Yes/No) \at \ag \ad \ad ¥
N N Q Q N
Mutated vectors Mutated sequences (bp) Conjugal transfer q@ﬁc’% ><Q°% xQQ% XQQ% XQQ% &
QO o o o
SW2AfpsBCD 1236 N S o Q Q Q
AL T o o o
pSW2AfpsCD 519 Y %q\ QG" ‘Q% Q%
PSW2AfpsA 1625 N S
PSW2AfpsB 314 Y e . ]
PSW2AfpsC 186 v 2 pSW2 RELHIKETRRIRE £ TR GFP 2 E T
Figure 2 GFP intensity assays of pSW2 mutated vectors
pSW2AfpsD 240 Y

at different temperatures

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



988 A i@ FR Microbiol. China 2017, Vol.44, No.4

MCS+His-tag

ChiR

3 pSW2 (A)5 pSW4 (B)¥F EL[E
Figure 3 Comparison of pSW2 (A) and pSW4 (B) vector

24 RBKRIFEERE sps01203 EEZEREHSK 20 °C 200 r/min) 12 h

Y (ODgy6=3.5) 4 °C 200 r/min
pSW4 36h
Shewanella psychrophila WP2 SDS-PAGE
sps01203 ( DNA m e ) ( 4B)
729 bp pSW4 ( 11.13 mg/L
4A) PSW4-01203 25 Sps01203 % [ HOTE LT
WP3 WP3-pSW4-01203 DNA n
1:100 (2216E DNA Urea-
A denatured PAGE (95 Mn**

NC Mn?** Ca** Co** Mg?* Ni** Cu**

E 4 FLHFEHK pSW4-01203 N EGLIIEE DNA Bk E
(AR ERFKIEL L SDS-PAGE E|(B)

Figure 4 Electrophoretic analysis of DNA restriction

fragments from recombinant plasmid pSW4-01203 and — .
SDS-PAGE of purified protein Bl 5 Sps01203 £ RFEIZ R E T & TH)E dsDNA B

Note: A: M: GeneRuler™ 1 kb DNA ladder. 1: pSW4; 2: LRl
pSW4-01203. B: M: Protein standard marker; 1: Purified Figure 5 Analysis of dsDNA nuclease activity of the
Sps01203 recombinant protein. Sps01203 protein with different metal ions
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Sps01203 dsDNA
M2 Mg
Sps01203 ssDNA(  6)
pSW4
3 Sk
Shewanella piezotolerans WP3
SW1
E. coli Shewanella
pSW2
(4 pSW2
FpsB pSW2
WP3
pSW4
pSW2
WP2 I €
(Sps01203) pSW4

WP3-pSW4

(Shewanella sp. Acl0-pJRD215) (13l
WP3-pSW4 20 °C

NC Mn* Ca?* Co** Mg* Ni** Cu**

6 Sps01203 EAEI&EE FEHEHTIIE ssDNA B
EAR

Figure 6 Analysis of ssDNA nuclease activity of the
Sps01203 protein with different metal ions
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