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M AMITE . FTLL, ARWF 58 A /S BB R H 3 iR Y
SR HETE S UL IGAT A C48-3 #RIEMEMR 11 . 4lifk ) Cp39
FE RN rCp39 88 AR/ BUA N I 28 AR D fg

1 MotAe 7 &

L1 ##

L1.1 EERFSEE Y. & AT R C48-3 #k (IfiL
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SeaAf, 3h R 58 245, HRP FRiC /Y L F 450 B
IgG J — A FLE A e (DAB) 350y Sigma 23 W] 7 i 5
o8 bR KIS S AE ) TR A W™ s A
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Heealon o B frat,
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PRHCA K AE DSA [R5 57 b & E AT
CA8-3 BRHLEATEHEAN T 10 mL (1) TB iR 256,
37°CE:3% 18 h, B 0.5 mL )R IR 4 T DSA 1533
5E,37°CHFR 18 h, KA KTE DSA [ AR; Ik F i
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KU R v [N PR EH , 15300 x g B0 5 min B 18
T PBS 22 vl v 3 X, Bk i 20 T 1S DR AE T
~80°C IKH , FH T I A 1 By il 4% o
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AR IR B I IRAT R C48-3 BRTE 1A, 2 it Kodama 25
Ay NaCl $2HGE 2 il 4 SR (1, BN 6
0.5 mg WAEFET 7 mL 2.5 % NaCl 5k h, 78
56°C KB H IR AT 1 h,20800 x g Z.0> 20 min
WA 13 K 3B 0. 85 % (1) NaCl VBT 48 h,
At 0. 22 pm P8 MR 8 AR 2 JE B 8L H |, Bradford %
MWEEH SR,

% W Sa-Pereira % 738 19 HL PE B vk 4l fk
Cp39, HAKANT - i@ i SDS-PAGE Hi Tk /3 1 I I 4
FUG B BECH 0.3 mol/L CuCly WYL 14, I JT Fr
MEERE EUIT B B8 B A, 28K e 3 . H]
HLGE AL (ATTO ) DAEERE HH BRI H 192 11, PEG6000
TRy BEATH AR , Bradford YA E 8 & &
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22 ZFREVE IR VeI B R H . BRI ARLS & E
MBP-rCp39 il A % [ i Factor Xa, — & L H
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P BEo) SO g T Amylose Resin S HZ AL, 4k
T, PEG6000 1853 247 e 4f , Bradford 15 2 2
H .
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18 h, FHfet TB A R: F2 2 55 i B A B 1071
1072107 10 7 (10 77 10 ~° A T 28, FH P M i 7%
THECE N & 7E B 2 T W P TG R A, 90 25 JE
WA EL I 2R /N BRI AL 53 1 O 21, B2 10 H e
H/NEFZ 0. 1 mL/ i s 3 0 C48 - 3 fRal C51-3
PR AN [R5 5 AT B W, T I A i 20/ BRI 1
$70.1 mL (% TB #5585, #2005 12 d, 0%/ R
FET B, 458 Favk ' 3 C48-3 BRA C51-3 Hix
/NERIEEEOE R R (LD, ) .
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45 HU5 JE i MEvE R R /N ER B AL A3 1 5 412 X8
JIRHETE C48-3 bk I B A 11 fe e 4 AR AP 15 77 C48-3
PRIER A 1 S e 2 L KSR Cp39 s 4 . xCp39 Hjis
ZH AERE NI IRAE B 2H 10 H o IR S AR
B G AR FLAL, 25 R S e FHAE AR R BE IR 58
AERFAL . #4100 png/0. 2 mL HUBIF R E K T TE
A /N B, IR R ST 2 R R S 1K
TR RRERT B IR RRES 2.4 J8 o3 ) 48 e v Dk ok 4
M3 o 55 =k 2 JJUG ¥ 520/ BUR-F 34 20 B
24, 6.7 x 10%cfu 1y C48-3 kkak 1.1 x 107 cfu 1y
C51-5 BRXH 25 2H /N BRFEA 71 I 0, I 2L %6 7 d,
SR /INRIE T3, TR R R %
1.8 ELISA ;& iF 45 R

H Sthitmatee %[16] 57 ) Cp39 H H Hi ik
ELISA J7vA A6 I 40 % 3% o rCp39 & BTk .
R 50 mmol/ L B h 2% whifk ( pHO. 6) B il & (11 %
4 100 pg/mL 1) rCp39 L, ¥4 100 WL 35 1A
S ELISA # LN, 4 CHaE %, & 1 % AT,
¥3F1 1 % BSA (1 PBS-Tween20 i} [4] i, 37°C £} 4]
3 b BRI BRI 3 A VREAT 10 A5 BE AR RE JS
JnA ELISA #efL N ,37°CH%H 2 h, PBS-Tween20 2%

MR PER 3 W, H HRP FRic iy L 250 R 1gG FH 3]
WEAT 1. 1000 B, MAASLH, 37CHFR 1 h, A
PBS-Tween20 27 vl ¥ V8 ¥ 3 WK, ¥ IR W (%
0.04% OPD BYBERREL-Fr IR 42 1P, pH4. 8 ) JIIA
FLH,37°C EEE S 30 min, fiil A 2 mol/L H,S0, &
WL 1k BN, ARSI A OD 9, S ISE
1.9 Cp39 ZEEEEFE4R Western E[1 7461

VX RS B D R S BB 11 L AR A 35 57 TR AR SR
HHFRIR Cp39 28 SDS-PAGE HLIK )5 , il 15X
HLFEASCRE B A e B2 22 NC S L FH 5% WO RE W%
H1 4°CE R, 23 ) SRR ECA 12 500 (%) rCp39
B IMIFER SR Cp39 A L i T 3 S 2 h, 4%
J5 5 HRP #ric i L =E 4T 1gG(1: 1000) == R F 1
h, B 2058 BUG Y AR BRIEL, 555 0 DAB I (2 ke Y
B,

2 #XR

2.1 SERFHEEEANG &R Cp39 WLl
FHAU0 DSA 15 7 5 R0 0 IR R 38 15 37 1 &5 1
[CHF P C48-3 # , 2 NaCl $2 IR0 i #8 FE AR 11, H
SDS-PAGE H ik LA Py 1486 5 5 1 AT 1 S i 2
IR IR 2E 5 455 BRI IN MR C48-3 BRI
EEAR SN Ao ARRl, BRIk T R4 8
28 kDa 39 kDa 87 kDa 99 kDa (/] 4 FiZE [, i A AR
PERIGTE AR R R R T —A 0 T 244109 kDa
MEME (K1), R E A& & 8354 mg/mlL,
SR FHHL R 5 10 ARG IR IR B8 35 7 C48-3 MR IR IR
I alifb53 28] T 20 F 14 39 kDa i Cp39 (&1 1) , 46
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Fig. 1 SDS-PAGE profiles of capsular proteins of in vivo and in vitro
grown strain C48-3. M. Low molecular protein marker; 1. Capsular
proteins of P. multocida C48-3 cultured on DSA medium; 2.
Capsular proteins of P. multocida CA8-3 grown in allantoic fluids of
chicken embryo; 3. Purified Cp39 protein of P. multocida C48-3

grown in allantoic fluids of chicken enbryo.
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& Cp39 H H & & N 1.26 mg/mL, HJ % 1+
BandScan X EERCHAT RIS R KT, Cp39 &
AR SRR 27% .
2.2 rCp39 WiFSRIERHEML

4] B pMAL-p2X-cp39/B121 4 0.3 mmol/L
IPTG - 37°CY55 2 h J&, JHBE P I i 1A, 28 %
O % b 3%, SDS-PAGE 45 % &%, J pMAL™
Protein Fusion and Purification System M 8 75 Ji il %
5 BiEThaifeii R 720 81 kDa M, 5
e 8 UMY 2 7 B0 2 3KE 6) , %Rl
HHE TR AL AR A AT U5 (& 2 TKGE 4
HS) o BB 328 Amylose Resin S5 F1Z T
alifk AR50 15k 81 kDa BYRA 1 (8 2 Wil

M 1 2 3 4 5 6 7 8

2 RFZAMAHLEBR SDS-PAGE &l

Fig. 2 SDS-PAGE analysis of fusion protein MBP-rCp39 and
purified rCp39 protein. M. Low molecular protein marker; 1.
Whole-cell lysate of E. coli BI21 harboring pMAL-p2X induced with
IPTG; 2. Whole-cell lysate of E. coli BL21 harboring pMAL-p2X-
cp39 without IPTG induction; 3. Whole-cell lysate of E. coli BL21
harboring pMAL-p2X-cp39 induced with IPTG; 4. Supernatant of
E. coli harboring pMAL-p2X-cp39 induced with IPTG; 5. Precipitate
of E. coli BI21 harboring pMAL-p2X-cp39 induced with IPTG; 6.
Purified fusion protein of MBP-rCp39; 7. Purified fusion protein

after Factor Xa cleavage; 8. Purified recombinant protein of rCp39.

6); HE B Factor Xa JHILAL G EH, B R A &
FIRT/A MBP Fi1 rCp39 (18 2 kil 7) , 15 1 Amylose
Resin EFZ M 4L A58 T 70 F 2200 39 kDa 11y
rCp39 (&2 Jki& 8) , glifb dE 4l rCp39 & A
1. 32 mg/mL,
2.3 BERFEMT/DMROBERGE

EELCH B C48-3 ARA/INRAEIR YL 5 5 2 RIT
GRFET, N5 3 RN AL T, 1 fe B IR P
C51-3 BREH/N BRSO RE f5 55 2 RIFIR i BigE T, 5
G54 KATAET o FIREFET /N B | B A A i 45
FEER T R R AR B A L, UE O AT
CA8-4 R AN B FC AT 18 X /N BUAE AR 5 14 B0 1
C48-3 KR AT C51-3 BXF/INELAY LDy, 43 51 4 6.7 cfu
F110. 6 cfu,
2.4 GREFRPIRE

AT IRAES 15 d, 6. 7 x 107 efu (85 B AT
T C48-3 BRal 1. 1 x 10° cfu % [ [GAF B C51-3 k
X5/ BRI T I B 0, LB 45 2 /N BRAE T
o ST WR AR HER K X BE 4L/ R I S 4 2
RIFGR I 55 AT B A A 4 B #h AR
SEREAR 5 4 RAFRIET . PRI ss R0, DSA
RIS S P N NS e R AN DO N EIR AR S
C48-3 FN 5 U5 I Bk C51-3 T8 19 LR 37 2% 3 il oy
100 % 1 60 % , XV R ZE W 38 5 T AR I RS A2 11 i
2 /NG R JE B R C48-3 FLSF R B bk C51-3 TLFEEMY
131553 91K 100 % 1 80 % , KRk Cp39 HsE 2 /)
FRFIEEZH rCp39 Hyse 4 /)N FROG [R] U TR Ak C48-3 Mrsg
PRI R 100 % , 1 IR B R C51-3 BRI LR 3
Bk 80% (R 1) o A4 %W, Cp39 F1 rCp39
Begse/ NS RIS R G0 7 A R AP e 2 o

®1 PREERUSRPHEAEER

Table 1  Protection of immunized mice following challenge with P. multocida C48-3 and C51-3
Survival rate of mice challenge-exposed with
Group Type of vaccine® - s - -
Strain C48-3 Strain C51-3
1 Physiological saline 0/5 (0)* 0/5 (0)
2 Capsular proteins in vitro (100 pg) 5/5 (100) 3/5 (60)
3 Capsular proteins in vivo (100 pg) 1575 (100) 4/5(80)
4 Purified native Cp39 (100 pg) 5/5 (100) 4/5 (80)
5 Purified recombinant rCp39 (100 wg) 5/5 (100) 4/5 (80)

¢ Mice were inoculated subcutaneously twice with various types of vaccine at 2 week intervals. " Mice were exposed intraperitoneally with 6.7 x 10°CFU/
0.1 ml of strain C48-3. ° Mice were exposed intraperitoneally with 1. 1 x 1 0°CFU/0. 1 ml of strain C51-3. * No. of survived/no. exposed (% ).

2.5 rCp39 EQHfkpyam

JH ELISA J5 6 I 4 S22 2H /N BRUML T vCp39 4R
HEREF PR S, Bk BE)E 2.4 JA, X9
JIRHETE CA8-3 bk J& AR 11 f e 4 AR AP 15 77 C48-3

PRI F1 e 4\ Cp39 SE 4 AN rCp39 Fg 4 /)
SRS S B o 25 i) 2 R A i 20
NIRRT, T Cp39 S22 A +Cp39 H
PEA BT KF 2 2 = T HAR P4 (P <0.05), H



364 Entomack Borrathybay et al. /Acta Microbiologica Sinica(2010)50(3)

0.90
0.80 F O Control
B Capsularprote ins in vivo
070 E Capsularprote ins in vitro T T
0.60 F Bl Native Cp39 b4
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Fig.3 The dynamic changes of antibody levels against rCp39 protein per group. Mice were immunized with saline for negative

control, Capsular proteins of strain C48-3 grown in allantoic fluids of chicken embryo, Capsular proteins of strain C48-3 cultured on

DSA medium, Native Cp39 and rCp39,respectively. The antibody levels were measured by ELISA using rCp39 as an antigen. Each

value represents the Mean + Standard deviation.

OD {E35%]0.7 LA (& 3)
2.6 Cp39 EHHREETER Western E[l 17546 1
4lif AT 5 KAR Cp39 Y Western B[ 375 46 1]
S5 WoR Bt vCp39 11 S MLV 43 1) e 55 0 iR 4
PSR SN 35 57 C48-3 HEJEME A 1 (1) 39 kDa £ 1
Fafifh S5 39 kDa 5 [ 5540 LA RE R IO, HXG R
H9%E CA8-3 BRIZMEAL v 39 kDa 45 Y S 1
Talifb /51 39 kDa HH (8 4-A) . HI KR Cp39 i
F AP I A2l AT F5 7Y 39 kDa 5 1 Z 8] & A2 4%
SR N (B 4-B) o A SEEG S5 AR KSR Cp39 &
HEA R0 e e

<39 kDa

20.0— A B

4 Western Eifi#&ill Cp39 #9525 R 1%

Fig. 4 Wetern blot analysis of Cp39 protein from P. multocida
C48-3 probed with mice antisera against rCp39 (A) or mice
antisera against native Cp39 (B). M. Low molecular protein
marker; 1 and 4. Capsular proteins of P. multocida C48-3
cultured on DSA medium; 2 and 5. Capsular proteins of P.
multocida C48-3 grown in chicken embryo; 3 and 6. Purified Cp39

protein from Capsular proteins of P. multocida C48-3.

3 itk

AW 5% 1 T 4L pMAL-p2X-cp39/BI21 i i
IPTG 55 %15 & EL[CATF I C48-3 BRAY rCp39, R H
NaCl $& B 43590 il £ 4 8 sl i A0 15 55 8 B [ 1
C48-3 PRI AR [, I HL e i ik DA 2 B8 2 11 rh 4tk
KK Cp39, 28 SDS-PAGE Z5 R WoR, 0+ 24 H
28 kDa 39 kDa .87 kDa .99 kDa fj 4 75 (11 33k
TER P AN 55 8 L ECAT I C48-3 kv, il 45 49 JIR IR
FEWIE WA PR R RIE T 0 F a2 109 kDa 1)
H, 5 O ARGE P Bk SR T B 95 00 T CCRT 181 2k 4
FEER TR i KA & K
FFE C48-3 #R ANt FCAF B CS1-3 #x/IN BRI 2 4k
FHOIEH 45 o C48-3 BRI C51-3 #kAY LDy, 43
W 6.7 cfu F110. 6 cfu, 130G I8 [ FC AT B o %t/
BRCELA A A B0 1, Sy B 2 DR a8 1 I ) 4 7
AL LAY SEIG R . AR PN ARG 97 8 0 AT 1 3
P Ak KK Cp39 A1 rCp39 AP, 28 2 1K
G e )5 100 LD, Iy 2 A: 1 3R B fk C48-3 B§
MEAY A . 3 58 FEkk C51-3 Xp/NR T, 45 0 2
7R, FAR Cp39 ZH /LR rCp39 4H /N B IE Cp39 &
FI R SRR 38 5 TR N M 95 8 L AT
PR AR 2, HL LR O Cp39 B 1 7E R AR v
18 0 27 % o PR s 45 5 26 BH st 4b
BE IR AR IEE R (1 40 4R Cp39 411 rCP39 21 X 1fil
HA A 1 REER C48-3 FRAYLRIT 3 100% |, 1M X IfiL
HALA: 3 SREEE C51-3 BRUGHE IR IRl 60% -
80% . Ali SE 5% & B, S s 50 pg i & 1 K 4R
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Cp39 41/INEKT A VB P-1059 &k F1 5 I8 X-73 ¥R
LR R A 100 % , R 5E 4 AR 57N [a] 1 3 7Y 5 57 ik
Xt/ B BB P 77 . Sthitmatee 45 4 45 5 3%
B, e 100 pg )3 1) KR Cp39 438 F1 rCp39 4H
X %F [ P-1059 Bk A L4123 100 % , Tt S X-
73 BREIESE 80 % ' Borrathybay 25 ] Cp39 4
SEMEPTAR N E B RAF R IME R A 3 B Rk P-1059 (1)
FIRAISL N SCE TR T op39 N, I Fe ik fnalifk
rCp39 , il & FL AP N , FH RSB 5, Uk 4t
rCp39 HLA 3 Hb A1 1 AN [H) I 7 789 & B P B X
CEF ZIMURsFH™ o FaRAFos 20, & B AT B I
HE M Cp39 2 HATKG T DD BE i 58 AR BT

RIS L R F W, Cp39 2 & L IRAT B i
I R B AR HLR, v LIAE & S
92 7, 1T DAHORY B 0 B 1 1 B 25 1, Cp39 i
AT DA 85 B ECAT BT RT A 3 5 40 B 1% R R ok )
T RARAE 1 AR G5 . R, B SR 45 5
B R LT R B T S T S IR A3 (R T 2 B
TR

5% ik
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Cross-protective effect of the Cp39 adhesive proteins
against avian Pasteurella multicida in mice

Entomack Borrathybay, Qingzhong Peng, Fang Yan, Cui He, Wulumuhan

Nazierbieke *

(College of Biology and Environmental Sciences, Jishou University, Jishou 416000, China)

Abstract: [ Objective] We evaluated the cross-protective effect of a 39-kDa adhesive protein ( Cp39 ), recombinant
adhesive protein (1Cp39) , and capsular proteins from in vitro and in vivo grown avian P. multocida in mice. [ Methods ]
The Cp39 was purified by electroelution from capsular proteins of in vivo grown strain C48-3. The rCp39 was expressed in
E. coli B21 as a soluble protein by IPTG inducing, and purified with pMAL™ protein fusion and purification system. Mice
of each group were subcutaneously immunized twice with 100pg of rCp39, Cp39 or capsular proteins from in vivo or in
vitro grown strain C48-3 with in complete or incomplete Freund adjuvant at 2-week intervals. Five mice of each group were
challenged with 100 LD, of avian P. multocida strain C48-3 or rabbit P. multocida strain C51-3 two weeks after the
second immunization, while the antibody response specific for tCp39 was determined by ELISA. [ Results] SDS-PAGE
indicated that the Cp39 protein was expressed in vitro and in vivo grown P. multocida. Mice immunized with rCp39,
native Cp39 or capsular proteins from in vivo and in vitro grown strain C48-3 were protected completely against the
challenge with the homologous strain C48-3, while 60 — 80% protection was demonstrated in the mice against the
challenge with the heterologous strain C51-3. [ Conclusion ] In conclusion, rCp39 is a cross immunoprotective antigen of
P. multocida capsular serogroup A strains, and might be a useful vaccine candidate against fowl cholera.
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