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Expression and Purification of an Adhesive Protein of Rabbit
Pasteurella multocida C51-3 and Detection of Its Antigenicity
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Abstract: The cp36 gene encoding an adhesive protein was amplified by PCR from genomic DNA of rabbit P. multocida C51-3
strain, and cloned into the pMD18-T vector and then sequenced. The mature adhesive protein without a signal peptide of cpm36 gene
was amplified by PCR from the recombinant plasmid pMD18-cp36, then cloned into the prokaryotic expression vector pQE30 to
provide a recombinant plasmid pQE30-cpm36. The recombinant protein of CPM36 was produced in Escherichia coli M15 harboring
the recombinant plasmid pQE30-cpm36 by IPTG induction, and the recombinant protein purified by the affinity chromatography
with Ni**-NTA resin. The sequence analyses showed that the ORF of cp36 gene was 1032 bp in length, and DNA homology of the
cp36 genes between the C51-3 strain and the previously reported different serotype strains of P. multocida in GenBank was 76.9 to
100%. The SDS-PAGE analyses revealed a single fusion protein band with a molecular weight of 37 kD, and the Western blotting
analysis demonstrated that the recombinant protein CPM36 and native 36 kD protein of C51-3 were recognized specifically by an

antiserum against the recombinant protein, suggesting that the recombinant protein is an antigenic protein.
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o WU 20 25 11 OmpH (1 S8 OR3P D R e 30 H Ao e
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PR 2 18 TR R 2 SC P v B Y G B i R R 1 1
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1.1.2 &7

Tag DNA R4, FRETEPNVIEE, DNA #3247
£, DNA BER SO &, Bkl DNA alifbistn £,
PCR F=¥p4lifbid] &, 100 bp DNA Ladder Marker,
A-Hind III Digest DNA Marker, {732 b
WhKREFAY TREAMRZA A =& ; Brain Heart
Infusion(BHI) £% 3% #£ & Bacto 72 &) 7= fh; IPTG N
Promega 23 Ay ih; X-Gal AU E S EA 7] AR 25,
His-Bind Resin il His-Bind Columne I H Novagen /A #l;
B E AR RIC L EhT R 1gG RN s BRI ORI
(DAB) H Sigma 2\ r; eGR40 E 740 Hrati
12 A&k
1.2.1  ZFPE[CHFE C51-3 A2 DNA #9744

4 C51-3 BREEA T 10 mL 9 BHI A R: 35 5L,
T 37°C BB R 9% 18 h, $508 CTAB 31 £ 3L R 4
DNA.,
1.2.2  HHIHEB 1 52 FE 172
HRHE7E GenBank $iHi A Ho 2 5 1) 2 3 M EL IR AT
P-1059B FEZ [T 5 1 cp36 FE[A 42 ¥ %1 (Accession
No. EF203904), &Iit—X5[#), L P1: 5'-CAGGA
TCCATGAAAAAGACAATCGTAGCA-3 ", F i P2:
5'-CAGTCGACTTAGAAGTGTACGCGTAAACC-3’,
A3id A BamH 1 A1 Sal T B0 5. 5140 H EiREE
TA M. #IBLLT PCR FOWFEF 2 51k 5 AT B
C51-3 BRILHZH DNA 3 i H i 5L cp36: 94°C
Ti72s P 5 min; 94°C, 5 s; 55°C, 1 min; 72°C, 1 min; 30
MEALE G, 72°C 4RZLEEA 10 min, Zlifk PCR /™
Yy & $ F| pMDIS-T # &, # & & 4 i ki
pMD18-cp36 F-i44b KHFF I DH5a, 47 PCR
1l BamH I/Sal 1 XU )% 5¢ 820 Fows fg ik b ifEAE T
HEAFIY -
1.2.3  HHIHBIE /71159 7 FH 1650

M GenBank {4 2 ] H B8 S 2 A R
FF R cp36 JE K AT R 17 41, FH ClustX B4 & A
JPH1S C51-3 Bk cp36 Jyaliktr 2 ENT L, SREH
MEGA 344 8 R G bR
1.2.4  JREHAE K pQE30-cpm36 /9157

HRAE C51-3 ¥ cp36 K&K (4% 1 R 7 41 T T Xt
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G55 BRBR S AR B 25 11 A9 cpm36 JEAI Y 1
5514 P3: 5'-CAGGATCCGCAACAGTTTACAATC
AAGAC-3', {fi A BamH 1 BVIN0: &S, H Bk T4
B, RS 1.2.2 PRI RS P2, 5
1.2.2 AH[F Y PCR 2 b F2 17 A EE 41 Bk pMD18-cp36
Hy B emp36 L A B, IR PCR =4 4lifk i 5
& 4ifk, PCR 7#%) . 4 BamH I/Sal I X{ /4] PCR /=4
I DNA B moa5 & B B B DNA B, 5
[ 25 BamH I/Sal I XUA§Y] 49 pQE30 FRik #iAk %4z,
¥ pQE30-cpm36 Fik# K, L KIHHTH DHSa,
25 V& PCR FUBUG U] 46 502 1R 1) B 21 6 2K ok a% I
A TR TIY, LLI UE e 52 HE 4 2 7 I A S A TG
RAS I

1.2.5 5if \PTG B S EHI 0 &

W e 40 S T 1) E 2H PR pQE30-cpm36 F4 4k
KIAFF B M15 J5, FRYER PR E SR T 10 mL &%
THBREM LB Bigdlhh, F 37°C IRERFRAK,
PG TE DL 2% i B T 100 mL 5 2 N5 &
K LB B3k, SEATM 3 1y, 37°C K535 E ODeoo 1
) 0.6~1.0 B, 43 LAZWEE 0.2, 0.5, 1.0 mmol/L
IPTG, 4%2:355% 4 h )5, 9000 r/min 50> 15 min, W4
WK, % 12.5% SDS-PAGE HLUK4MT H 8 135
T K 56 AL T 25 ik pQE30 B K IAAT I M1S 55
FEWINE R B XT B
1.2.6 A& F1n92ktt

B R IR R R B R L 2% 3R B BERR T 200 mL
THRNEREN LB R I, 37°C #5595 % ODgo fH
$90.6~1.0, AL 0.2 mmol/L IPTG, T 37°C i
T ah, BB PBS YEk 11k, HIAHSE
PPV R, FEVKIVE B R R TR AR . e RIS Y
B 4°C. 12 000 r/min #5.0> 15 min, 4> HICEE &
FIVLE, £ 12.5% SDS-PAGE HL kI H 198 F 1Y
FXE A % Ni+-NTA BEAG2EAE R S8 i i FH 3L
gtk B &1, F PEG6000 T ¥y X} 4lifb 2 F1iE 47 1k
45 3 #% Bradford 74 2 4lifb & A &, 4 SDS-
PAGE Hi Jk kGl #lifb 2 11 .

1.2.7 77 6xHis-Cpm36 4 % F1 % 1l /& HI #] 75

1 200 pg ZifLEE 5 o [RS8 2 AA R SR BUR S,
BB E N IESTRE 22 . BR 7 RAIRI&ERI=E N
HERBEE A S SERIRA R 2 K, 5 3
WHRIESTIE 7 R, BB PCR M5 25 103 . ¥ Lo 5%
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1.2.8  FEA & 190/ HEH9 Western blotting #7271/
iR RIBEA ML E 4 SDS-PAGE
KA a, T AR OO B A S B Y
PR 2T Y AR b, W Tl IR 2T 4 A 4 B Tk S R IR
28 5% AR Wik 4°C EH A, 54T 6xHis-Cpm36 fil
A E PRI (1:500)F 1 h, SHM S S YHG
FRiCH L2 EHT % 1gG(1:1000)85F 1 h, &% ME
KA vER, f )T DAB R A ROE A, FEED
Hby 43 o B 110 b o A A R AT Ak R S 2 T

Tt

2 R

21 HRERMRESFEIISH
211 HuyHA PCR 74

PCR 7™ ¥y () 35 B 58 e L Uk 45 AR {7, T PCR
HARMN R Z AT RFF R C51-3 BRIEN4] DNA
Paa i R/NA 1.0 kb () DNA F B, 5K E—
HE 1),

M 12
bp
1500
S | 032 bp
1000
500

100

1 BFRMHERAFE C51-3 £ cp36 EEF Y PCR §18
Fig.1 PCR amplification of cp36 gene from P. multocida
C51-3
M: 100 bp DNA ladder marker; 1: PCR product of ap39 gene;
2: negative control

2.1.2 FHZFE#, pMD18-cp36 47 PCR K7

LW 7% PCR B S A EA b EH 7, IE
Bk 44~ 1GR3 0 F T 20 pL A JEIE K, DA
1 uL W NBAR S 9 P1FI P2 54T PCR 748, £
TR NS WHEE e Ha VKA I PCR 7741, PCR % 1E R Bk ik
1) 4 s PEAR & A EALTRL, PCR =1 R/N 5
WIEAHAF (A 2).

M 1 2 3 4

bp
1500

1000 1032 bp

500

100

2 EHETFHIPCRETE
Fig. 2 PCR identification of recombinants
M: 100 bp DNA ladder marker; 1~4: PCR product of recombinants

2.1.3  FZ)E#, pMD18-cp36 #IIF LT K =

M 3R PCR %5 BHPE I 241 7 rh SR U R, 48
BamH I/Sal I X Y] J5 45 2] — > R/MMi T 1032 bp 4b
/N Be Al —AS KM T 2692 bp BIR A B 3),

UEWT H B9 RE R 5 3R R A B, Sy BH A 5 20 Ok

M 1 2

bp

23130 —!

9416
6557 b
4361 P
2692

2322

2027
~— 1032

564

3 E4HEHK pMD18-cp39 BIEEI L E
Fig. 3 Restriction analysis of recombinant plasmid
pMD18-cp39
M: A-Hind III digest DNA marker; 1 and 2: recombinant plasmid
pMD18-cp36 digested with BamH I and Sal I

2.1.4  HWERAH

W45 FAESE cp36 FEH K/NA 1032 bp, S
W ZE 0 A — 2 [P 25 R, C51-3 5
HI 9 AT —Ars, ESMER 4 785 1 iR
5.15. 2. 3. 11, 16 JE BN I s — 1037
PERE, Uil = H RGHFEOC R %) .C51-3 Fk cp36
JFA5 Z2 25 M B IRATF R IL Al 16 Fhf 75 Bk cp36
i R 9 i R JRPEAE 76.9%~100%22 8], 5 IfiL ¥
9. 4.5.15, 14, 1 WRITEHES 514 100% . 98.7% .
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93.7%. 93%. 85.2%. 76.9%, ViHiZIEHELEL 2k
EL T BT A [) I 375 28 o ok =2 T PR ST PR s (] 4) 0

98

96

100

C51-3 #k cp36 L A (4% 1T iR 7 516 SR #E GenBank %X
P, %5 EF635595.

100) C51-3
100 |ser0type 9
serotype 4

| serotype 5
100 L— serotype 15
serotype 11

serotype 3
_|_— serotype 2
98 serotype 16

[ serotype 10

92

100! serotype 12
100
s

serotype 6
erotype 7

100 serotype 8

100|:

serotype 13

serotype 1

4 ZRMEERTE cp36 ERMARZH LD
Fig. 4 Phylogenetic analysis of P. multocida cp36 gene

2.2 FTIEH K pQE30-cpm36 HIEFNLFE
221  HHEF 2 1A PCR 774

DI A vl A pMDI18-cp36 Jytit, FH5 I
P3 I P2 444 Hh i i 45 5 IR IR A0 14 s 220 B 2 11 1Y)
cpm36 HE [N B, PCR W) 22 1% B eI L Ik A
W, I PE— 4% 975 bp 1 DNA 454, 5 F 25 AR ST
(LS
2.2.2  FHZH# K pQE30-cpm36 I E LK E

# PCR F=#)f1 pQE30 #4451 BamH I Al
Sal 1 XUV, 4lifk)5H DNA LR & kAT
My g 4 Bk pQE30-cpm36, #:4k K E DH5a,
FTEVE PCRYIA Tk A f5, $EHCE 4 5k pQE30-
cpm36, % BamH 1 # Sal I AUFDI 4, IR/ N
3461 bp 1 975 bp 1544 (K1 5), UEHH H A9 5%k
PRIE A2, R B 2 Bk
23 EHWMEAMRIE. g REREMESN
2.3.1 4Rif \PTG (FGF M0 &

2R R Y A1) I A2 A TC 5, B 4 Rk
# pQE-cpm36 FAb KIHATF I M15, FFxANE IPTG
WEAES E R EARIEFT SDS-PAGE i, 4554 &
N, G5ZEER pQE30 ALK IAFFE M15 FHLL,
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pQE30-cpm36 F4 AL 1Y K 1A M15 7 37 kD &b Hi 81
TR REEWE D&KW, AR IPTG ¥ 5k EH AT
VA HIE N, ez sca B 22 7 (&
6). 4 IPTG ¥4 0.2 mmol/L .37°C S 4 h i, H
PEANRKEL SRR LEH TR 40%.

2

3

bp
=— 3461

975

5 EEFRIXRRM pQE30-cpom36 KB K E
Fig. 5 Restriction analysis of recombinant plasmid
pQE30-cpm36
M: A-Hind III digest DNA marker; 1 and 2: recombinant plasmid
pQE30-cpm36 digested with BamH I and Sal I; 3: pQE30 digested
with BamH I as control

232 FAEKFIHIZME
S FEMZEraitk AE R, HExTaifk
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HIJA A RIS (61T SDS-PAGE HLyKAGI, 45 R 3%
B, SRS IPTG I EHEAH I, 4 0.2 mmol/L
IPTG 5% 4 h AL 1€ 37 kD Ab A7 —FE & A
iy, i H AR B B R A i T, OF
alifb. & 1 SDS-PAGE 43 #r 25 e  W 4lifb 2 11 i 4l
k3] 95%(1& 7). i Bradford ¥ 1 4tk 8 11 & &
4 0.44 mg/mL, FHEHEAEKRBITHE PSR T

B 6 Ri&ER 6xHis-CPM36 & SDS-PAGE #&ill
Fig. 6 SDS-PAGE analysis of fusion protein of
6xHis-CPM36 in E. coli M15
M: protein marker; 1~3: E. coli M15 harboring pQE30-cpm36
induced with 0.2, 0.5, 1.0 mmol/L of IPTG for 4 h, respectively; 4:
E. coli M15 harboring pQE30 induced with IPTG. Arrows indicated
the position of fusion protein 6xHis-CPM36

kD
97
66

43

31

7 REEBMANWEBR SDS-PAGE fa il
Fig. 7 SDS-PAGE analysis of expressed fusion protein and
purified protein
M: protein marker; 1: whole-cell lysate of C51-3; 2: precipitate of E.
coli M15 harboring pQE30-cpm36 induced with IPTG for 4 h; 3:
supernatant of E. coli M15 harboring pQE30-cp36 induced with IPTG
for 4h; 4: purified fusion protein of 6xHis-CPM36. Arrow on the right
indicate the position of the 6xHis-CPM36, and arrow on the left
indicate the position of the native 36 kD adhesive protein of C51-3

2.3.3 LA 1D/ 17 Western blotting £7/
Falifb AR 4 & 11 6xHis-CPM36 %, K15
AL . Western blotting #1255 B 7%, Hrah
G E PR AT LURE R 37 kD MR A O
6xHis-CPM36 FIZ A L [CHF I C51-3 £ 36 kD %
BRHER 1 (&L 8), 1t B 20k 2R 1 AT R BT .

o M 12 3 4
97
66
43

- ..+3?kD
31

Bl 8 R&ZEH 6xHis-Cp36 HR1ERY Western ENiZE4& )
Fig. 8 Antigenicity of 6xHis-CPM36 by Western blot with
antiserum against the recombinant protein
M: protein marker; 1: whole-cell lysate of P. multocida C51-3; 2:
precipitate of the lysate of E. coli M15 harboring pQE30-cpm36
induced with IPTG for 4 h; 3: supernatant of the lysate of E. coli
M15 harboring pQE30-cpm36 induced with IPTG for 4 h; 4:
purified fusion protein 6xHis-CPM36. Arrow on the right indicated

the position of the 6xHis-CPM36

3 Wi

— B, 9 D R A RS B A4 i ) 6 B
J1 P R R R M EOR M, B LL, BB AN B AN e
FEIH 5 55 I AH OC I B PR S e e, 5 S LA
IRaacy SR 7 N AT N[ N PO R e o ) Oy}
B FG B, 5 B0 A S A MUK N BT H Y, B
SR BF B Y B DA S . Dubreuil %5 U]
SDS-PAGE HLIK L AE K 7E DSA B H A Fa, a2
X Nk BE (BIP) [ DSA X% 3% I (0 A 3€ I 5% 5 %
P10591, JCIENE Y 55 F: 0k P1059B F1 2723 Bk i1 71 i
BEILEH, RIS kN B T, LR 2k
RRPLET IR T 24 70 BIP B, o5 340 1§
235 39 kD & [ I 5 JC I 55 2R /N BRI 2 7,
TEASTE 0 SE RS A TR 8, i s SJE TR ol T i 92 1 )
B CREERY, (AA0 P R E L E 4153 41 OMPs
2 R R T 1Y . Libke 25U S BF 530
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A L2 R B AT 35 kD 6 11 2 12 3% B 0 4 R 1
TEOR 5 T A R IR P . Entomack 25O B 9T
W& Z A RA A A B PR A R 5 H 8L
LTI ARG, H 39 kD REE NS ES FEREE H
ML, Entomack ZEUYE—H5E T & 2 A MEEIR
FFEXT CEF 4 it i 2 5 e A DL R v A 2 i 4l A AE 28
M RE R BT R A, 45 W] 39 kD R IR A B XT
CEF 4l ZE MR 1. Ali 21231 39 kD 7K (1 24
SLREBUAR, RO M AR B R L% 39 kD 2 1 7 4
TR 200 i T P 7 B R B, T A A R A A RE S Y
YRR, HLEA ZH B T BE AN G S AR T RE . TS
S Entomack 25143 i 7E B 4 39 kD Zh IR Y
B DR 2 2 R TR WAL AT R JE 4], I 25 R 3R W ik
AR/ R 1032 bp, 4ifi% 343 NEIERR, Tl 20 N4
SRR BUAE S K, AR B A R 323 R
AR, HBHAX T i m 29 36 kD, 7K
FFRI B 1 36 kD 24 EE B 26 11 (CPM36) T H A %6
MofE. FRIFTRES SRR CPM36 HIAEREZ R
P B G AT B B9 B B IR A A2 SUER P IR 7, o] AR K
T il 22 28 1 B T BT IV 0437 88 1 8 ok e Bt st
ABFFERT B 22 A L IRAF I A 7 C51-3 B cp36
FEH AT T OB 5 43 A, IRk Fali b g i 1
SRR A B R 11 CPM36, FEAG I I
I F0 25 DR A 00 45 SRAIE S cp36 KL A/ A 1032 bp,
gty 343 ANEIEER, Wi 20 DEIERAL(E SRk, T
BCAFEM R Ul 323 AL AL A, HWUH A x4
TREZ N 36 kD, 51E GenBank i J# H £ % 3¢
B 16 AL 3E Y 22 2% PR B ECAF B8 =22 18] % ] U 1 7
76.8%~100%Z 8], 15 BH 1% 3k PR HLAG 4 i A R 1 1
JH PCR M\ EE 4 24K pMD18-cp36 H 7 14 i 4t (55
JRBR AN G RSB B 1T A cpm36 IR B, K A
B A% R IR AR pQE30 Z RN A b, R EY
A& pQE30-cmp36, T AN BamH [ Al Sal 1 3L
fif 1) 45 7 TF B R T A A5 B A B SR R SR A R
ik JBRE pQE30-cpm36., ik 11 SDS-PAGE 5l
GERFW], SR pQE30 F4 AL Y K kT B A L,
pQE30-cpm36 HALHI KIHH WA AR IPTG W15
FIETE 37 kD A IR R ER S WE SN, mH
FIKE I 6xHis-CPM36 T SEE Z AT, Ul
WIRIB ). 4 IPTG ¥ N 0.2 mmol/L, 37°C if
S 4 h B, HMEAMNRKEL SRR LERS
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Western blotting £ il 45 32 B E 41 25 111 CPM36 HAT
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