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@ E: [ 3] sepEsEmUK il & SO AR SR T A (KpOmpA ) BN, R 41 Bk f7 2 H3RGk,
4l fL BRI 21 A ) KpOmpA , A B RALL K 0T 28 5 B A0 TR A AR DGR iR e 58 Bt . [ 50k ] DABIRAUK
Jiti R S ERAA T DNA W, FoRE3kS KpOmpAd FEH)G Y5 pET-32a FiR AT H:; W H a0 4 Tk pET-32a—
KpOmpA ¥ AL K AT 1 BL21 (DE3) BZ 41, 2R3N -p-D- Hi 3L (IPTG) %S, i SDS-
PAGE HLIKAGIN KpOmpA FALEE B FRIR GO, FFRT RS A Tol T 48 Ni-TDA Sigbial (b A Al
1t KpOmpA A, [ Western blot iS4k, [ 455 ] KpOmpAa FEH CDS J¥FI41K 0 1071 bp,
e gty 356 KRR, SHAMMG 5 7S AT B OmpA S IR P4 R EE T 99%, MRS, AR pET-
32a-KpOmpA ZWEHY . P AfAZE R P9 oDl 5828, R Rt d . $ bfa i) BL21 iz 20
L E N 1 mmol/L IPTG 1E 37 C R iES 4 h J5 -7 SDS-PAGE £, 5530, KpOmpA #4HH H R #ik,
VM RIAIEAFTE, 73 F 12928 57 kD, 48 Ni-IDA BilEMEaifbmARtEaife, SATEGRaiEE AR . Western
blot &5 /R AT 57 kD 4517, W KpOmpA FZH K FIREDL/NRIT His—tag BATTREDTAUS . [ 458 ] sizh
K T AL kL pET-32a-KpOmpA, TERIGFFIR IR RGPS HARE, IfFalifbid 218 m 4l 1) KpOmpA HE 4]
L, R TS M 58 o T A1 AR (492 T B il
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Prokaryotic Expression and Purification of OmpA of
Klebsiella pneumoniae Isolated from Mauremys mutica

MO Chaodi, QIN Chenghuan, DAT Longxi, HAN Pengfu, JI Yuexin, WEI Youchuan
( College of Animal Science and Technology, Guangxi University, Nanning 530005, China )

Abstract: [ Objective ] The study was conducted to clone the outer membrane protein A (KpOmpA) gene of Klebsiella
pneumoniae isolated from Mauremys mutica, construct the recombinant plasmid and induce its expression, purify and
obtain the recombinant protein KpOmpA, which would lay a foundation for preparing the vaccine to prevent K. pneumoniae
infection. [ Method ] Using the DNA as the template, KpOmpA gene was cloned and connected with pET-32a expression
vector, and the constructed recombinant plasmid pET-32a—KpOmpA was transformed into the competent cells of E. coli

BL21 (DE3). After induction by IPTG, the expression of recombinant protein KpOmpA was detected by using SDS-PAGE
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and the dissolubility was analyzed. Then the KpOmpA was purified by Ni-IDA agarose resin column. In addition, purified
recombinant protein was identified by Western blot. [ Result ] The CDS sequence of KpOmpA was 1 071 bp in length with
presumptive encoding 356 amino acids. The OmpA was highly conserved which shared more than 99% sequence homology with
those from other K. pneumoniae strains. The pET-32a—-KpOmpA was identified and confirmed by double enzyme digestion
and sequencing. The sequencing result confirmed that there was no code shift or mutation, indicating that the recombinant
plasmid was successfully constructed. The transformed competent cells of E.coli BL21 were induced by IPTG with the final
concentration of 1 mmol/L at 37 °C for 4 h, SDS-PAGE assay showed that KpOmpA was expressed abundantly in the form of
inclusion bodies, with a molecular weight of about 57 kD. The recombinant protein was purified and obtained by Ni—-IDA
agarose resin column. Western blot results show that there was a 57 kD band, indicating that recombinant protein KpOmpA
could be recognized by His—tag mouse monoclonal antibody. [ Conclusion ] The recombinant plasmid pET-32a—~KpOmpA was
successfully constructed and expressed in E. coli expression system. The recombinant protein KpOmpA with high purity was
obtained, laying a foundation for preparing the vaccine to prevent K. pneumoniae infection.

Key words: Mauremys mutica; Klebsiella pneumoniae; outer membrane protein A; prokaryotic expression; recombinant
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mutica ) J& Hi f, B} ( Geoemydidae ) 1 /K 16 &
( Mauremys ) , A EWEM . Z5AFWE M
B, M\ 20 42 80 AFEARLAK T ik k3R 1 81 22 1) 57
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1.1 iKIew A

B DL K R Y5 4% 5 75 AT B GXINNT BT BE:
KIHFF#E TOP10, BL21(DE3) &2 25400 & pET-
32a FRINGAR T V8 KA sh B2 FoR 2 B oK ™
B PEN LI EARAT . BREIME YIS ( EcoR 1,
Xho 1) F1T4 DNA % #: i  H TaKaRa ( % H &
EFARGIRAF ) 3 PCR =W IR &
Bk R & E A FahsidE. SDS-PAGE
BE I ) #3857 . Ni-IDA E50 i A 24 £ A 8 A LA &L
PVDF B350 A A4E T A T/ ( 1) AR
sl SN A -p-D- AR FLE Y (IPTG)
AP (PMSF) | AWK LA & ECL HE
RGN AR S ER A RAR; AN
His—tag . 5w FEHTAAR R BRAR 1 A6 P B A 12 19 1
PN G PR A L2 = KAV H AR R
/NI
1.2 REFHE
1.2.1 KpOmpA 3R ¥ 53 9475 Az &k
BAkw iz WY KpOmpd F N FE 4 (NCBI %
S KP728941.1) , IV S 5190, I
ol (RILH N EcoR 1REVIN S )« 5'-CC
GGAATTCATGAAAAAGACAGCTATCGC-3', Fijf
519 (RIZEEHB5 R Xho 1 EEVINL ) + 5'-CCGCT
CGAGTTAAGCCGCCGGCTGAGTTA-3", LA MEH
Kt 2 T2 A TE DNA VE MR 1 KpOmpA
FH, PCRY BT N: 94 °C 4 min; 94 °C 30
s, 68 C 30s. 72 °C 90 s, 35 MG ,; 72 °C 10
min, PCR ;=94 BB S0 & vl B B 647 H
0 Bealifbdf 28 TAEY T/ ( Bk A BR
ISTEVE . W SeqMan B4 BEEE 751, 78
2 BLAST # K [Al Ji & 2L 2 )¥ 51, 12 JH MegAlign
B X 2 SRR T 5 A T 22 5 X AN AR 53T o

iz [l EcoR 1, Xho 1 X} pET-32a %5 #; {& Al
H oy B A7 WU U1, ¥ 24k f5 09 3SR 7= 1)
T4 EHET 16 CTiE#HSh (HWHF B @ 2,
RBYEEIREE R 3 0 1), YRR KA AT
W TOP10 J&Z &4 ffrh, T 37 CF#EJIK (220
r/min ) ZHEEFE 3 h R ERIE T &R0 E
R FEHL, 37 CHEFR 14~16 h, PRikPATapedifT
PRSI, 519 FEHE I (T7. TTer) ,
PR SR AR A T4 RS 75 A F 4 SOk pET-
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32a-KpOmpA, WHFVISE ¥ G326 LA TAY T#
( L) et A BRA /1T

122 T@EGRZTEMEEE AT
pET-32a-KpOmpA % 1k & BL21(DE3) J& %7 75 4
farp, Pk B s B FP 2 A 100 pg/mlL &K1 10
ml LB #5533k, 37 Ciladsae. B
PR 1 0 100 #:AF &2 R0 10 mL LB 355%
Ferp, 37 CHRG SR 3 he HEK 0D, 294 0.6 1,
I 1 mL AR R, IR BRI IPTG ffi 284
JEH 1 mmol/L, 37 CiFES 4h J5E 1 mL BEROHAT
SDS-PAGE &l ,

Rt E AR AR, B8 mLiEREH
B LA 10 000 g 250> 3 min P EFEIAIFFRE.,
IR AN 10 mL pH 4 8.0 FI4H 7 21k ( 50
mmol/L Tris HCI. 500 mmol/L NaCl. 0.1 mmol/L
PMSF ., 1 mg/mL %5 18 i .5 mmol/L EDTA 47,
TrK AT B A DA 30 min (30 W, #7455 s,
[BEK 8 s) , 4 °C 10 000 g &0 i AIUTHE Ik
1T SDS-PAGE #&:1l
123 Takaskit Maifk KpOmpA 4 &K
H, ¥ KB F%0G 0 BL21 E4H, BT R
ik AR TR . B R SR DTTE (R4 )
JrEW 122, WEEDIER, N T EBRDRIEE.
B A AL e B 45, W 10 mL YRS A (50
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M2 mol/L JR % ) MR UL, WIERE G, 4 C
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FIA 10 mL 25428 Wi (20 mmol/L Tris HCL, 500
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LN 8 mol/L JRE ) , NAHBEIHFEART 4 CF
PRI IR 8 he g LIRIEAARLL 4 °C 10 000 g 250
10 min J5YAE F3E, LIS Ni-IDA B g b4l
FERREAE , WA . B 4 mL RTRIHEEE (5.
10, 25, 50 mmol/L ) HJ WK I 7 W e i Ni-IDA Bt
REEAAL IR, A4S Ak, it SDS-
PAGE #7347
1.2.4 Western blot 28 T4% ¢ 4ifbf5nEH
R 128 SDS-PAGE HLUK 5, 38 & WIX 2 /) f% Bp
{SCKs i e 22 28 TBST 0619 PVDF i, =R
FH 5% WA W5k B 2 h, AN BT His—tag 8L
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FEREPLMA (1 2 3000) , fE4 CRIBFEIR.
Z )5 I TBST B 3 ¥k (8 min/ K ), F i A H
R A AL D AR 12 A 1L E BTN R 1eG ik (1
2000) , FEEE TIHFE 1 h 5K A TBST P
3 (8 min/ IK) , #EEIHN 8~10 i ECL HRUA
TR A, FH ImageQuant LAS 500 AU XAIA,

2 HER55H

21 KpOmpA EEH G, FilHHRIEZFRIER
MHESETE

KpOmpA (%) PCR 4" 3 7 W) 48 1% By g Wil ¢
JEEHL VK 43 AT, AE 1000 bp BT S BRE Uk AR
S R (B 1) o MPaiRE, %
SE A CDS J3 81 K /2 1071 bp,  #E E % % 356
DRI, B AW 5T B B IR KpOmpA 5 4 4
KpOmpA ( GenBank % 5% *5: AKN20218.1) . A
I KpOmpA ( GenBank ¥ 5% 5-: MCM5720863.1)
R IR PP T 2 Em XS (E2) , 45K

IR KpOmpA [}
LRJR KpOmpA §
A KpOmpA @

R KpOmpA B
LB Y5 KpOmpA [8
PN YN G5V DNGA ERAGGVQLTARLGYPITOOLDIYTRLGEMY

bp
2000

1000 1071

M: DNA Marker; 1: PCR §"3 /Bt
M: DNA Marker; 1: PCR amplification fragment
B 1 KpOmpA EEK) PCR ¥ &= k4R
Fig.1 Electrophoresis result of PCR amplification
products of KpOmpA gene

KpOmpA 243 8 Jy7 4 55 BE AR ST, [ IR M 5301 A
99.4% F199.7%.

T2 [FokL pET-32a—KpOmpA % EcoR 1H1 Xho 1
XU, WY1 o UK S I AR Uk (&
3) o DNA P45 RAESE, pET-32a-KpOmpA £
T KpOmpA N, HIER 75 A1 B AE IE6f, 3R

& : 180
h: 180
w: 180

ey : 270
¥i: 270
8 : 270

E 2 AFERIE KpOmpA KISEER R 53t

Fig. 2 Alignment of amino acid sequences of KpOmpA from different sources
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M: DNA Marker; 1: BUBFHIZER
M: DNA Marker; 1: Result of double enzyme digestion
3 NWEVISEEARFRN pET-32a-KpOmpA
Fig. 3 Identification of recombinant plasmid pET-32a-
KpOmpA by double enzyme digestion
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R, KpOmpA EHEAAFVIET &R, DA
WARPIEAEAE (K1 4)
23 EHERSGE

H i & A 7E R IBHFF# BL21 B2 540 15 5



M: HE[H Marker; 1: KT pET-32a-KpOmpA; 2: PTG FEF(1)
pET-32a-KpOmpA; 3: [if; 4: UUHE
M: Protein marker; 1: Uninduced pET-32a-KpOmpA; 2: pET-32a-KpOmpA
induced by IPTG; 3: Supernatant; 4: Sediment
El4 KpOmpA EHEBHFESRIESEMESN
Fig. 4 Analysis of induced expression and dissolubility of
KpOmpA recombinant protein

IR, A Ni-IDA BEEHE AL R SE T AT
FHAS ] J3E 1 R s e 58 2 oy A 0 JE RO,
B TR ST SDS-PAGE #6111, 45 % R,
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HIfF IR R R al i R 8 1 KpOmpA (E]5) o
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M: #EF Marker; 1~4: 435105 5, 10, 25, 50 mmol/L BRI
M: Protein marker; 1-4: 5, 10, 25, 50 mmol/L imidazole eluate, respectivety

E 5 KpOmpA EAZEAMAL

Fig. 5 Purification of KpOmpA recombinant protein

2.4 Western blot £EEHEH

2l Ak i 2 1 BE 5 28 SDS-PAGE HL Yk I 75 2
PVDF JR#EFT Western blot 2852 . 4559 (& 6) IR,
57 kD AMA B R4, SEASR AR/ N2,
UER E 20 2R R KR8 .

3 g

It e PR AR PSR IR THAFTF#F} ( Enterobacteria—
ceae ) Snin ARE, JE—FhELA MM, HelkRA
GREME R 2 QPR RE 21, B RIS
(TH AL | PG AT PR AR FE A A . T4k 2%
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M 1
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100

57

M: [ Marker; 1: ZlifL0) KpOmpA A E
M: Protein marker; 1: Purified KpOmpA recombinant protein

6 KpOmpA EHZEHH Western blot ££7E
Fig. 6 Western blot identification of
KpOmpA recombinant protein
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EHEAN G RS, (BB —e s R YE,
Pr&me . AESAEYEME . EHRITRE IS,
AR EAEA B 50% DL, Ha
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