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Protective immunity induced by recombinant outer
membrane protein H of pasteurella multocida (A : 3) of
fowl cholera in mice
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Abstract : Pasteurella multocida is a terrible veterinary pathogen that causes widespread infections in
husbandry. To induce homologous and/or heterologous immunity against the infections, outer membrane
protein Hs (OmpH) in the envelope of different strains of P multocida are thought to be attractive vaccine
candidates. Previously we cloned and characterized a gene for OmpH from pathogenic P muitocida (A : 3)
(In Press, Korean J. Microbiol. Biotechnol. 2005, 33, December). The gene is composed of 1,047 nucleotides
(nt) coding 348 amino acids (aa) with signal peptide of 20 aa. The truncated ompH, a gene without nt
coding for the signal peptide, was generated using pRSET A to name “pRSET A/OmpH-F2”. This truncated
ompH was well expressed in Escherichia coli BL21 (DE3). Truncated OmpH was purified for induction
of immunity against live pathogen of fowl cholera (P multocida A : 3) in mice. Some 50 pg of the purified
polypeptide was intraperitoneally injected into mice two times with 10 day interval. Lethal dose (25 pi)
of live P multocida A :3 was determined by directly injecting the pathogen into wild mice (n=25). To
demonstrate the vaccine candidate of the truncated OmpH, the live pathogen (25 pl) was chalienged with
the OmpH-immunized mouse group as well as positive & negative controls (n = 80). The results show that
the truncated OmpH can be used for an effective vaccine production to prevent fowl cholera caused by
pathogenic P multocida (A : 3).

Key words : challenge, fowl cholera, OmpH, pasteurelia multocida (A : 3), protective immunity, vacci-
nation,
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12]. @A, P multocida®-2 ] Ao st oA
v T Ageld, 715 W ollgt op T E7IA
Fage:] 01’ 2 Wo] ko g Qs Alzkst A7} oF7)
H2 e A&t P mulocida= A, B, D, E, F2
oAl 7HA] serogroup2 = WH ™ [19], lipopolysaccharide
antigen®l] 2]8] 167}4]9] serotype® 2 EF¥c} [1]. 2
serotype T serogroupell Wk ME & 713 AE
(host)oll M= th& WS vebli=d (4, 7], /}‘*E
9] 7FaEH et Aol serogroup A, serotype 1.

47t, A 154 v A%odl= serogroup D,
serotype 7} 2 WAL S YERs 20 E BRI HY

[5, 9, 12, 19].

Pasteurellosis& ol %3l7] f&iA e8] dRE
vaccination®l] ]t Oﬂf’“:” o] Algxo] gt A 8
steo] AR = WAL, A5, heatkilled T
formalin-killed whole cell "“ lo] thF-#-& A8k o
t} [32]. Whole-cell bacterin®] 73-$-ol|:= serotype-specific
protection Ho|B2g thdF £79] P multocida® T
o A S Tl ofEgol dlow, s WAl
AlAE ThE strainol] 8k Wojgal= Y 4 2
do g wWolo 9jsle stFFE vt fLEE AR
Hgo] it} [2, 10, I1].

a3 54 vIAEe 99 transmembrane HE| 2 &
A &= porin THH L wlE|E]olke] 2L ey BAE

¢

o] AUt Fatslo] M 9jHE 2 Bty 5&4
&2 5171}, bacteriophage S5+ bacteriocin®] 8- <

g s, oM & WAE S 7K ke A
of ol H& Fall e Ak 12, 21, 23], =3
porin T} E& HRo] ol AU 7HE sl Ty
AZH, P multocidas V&3 3184 v)4Eo] dH A
gt 200 vFE RS of, 2 v Ee] o vhi o]
AP Hr= H'.J_'} Tt [6, 20]. Porin ¥ -2
homotrimer® 4], THeFA| o] ¥E-xl&fo] 37-43 kDa® tFeFah
A BX| AL Qi) o] whuz o] {342} gl okl
Hjdo] & 7ol A WEF0] glom F {hofA EL2
F4< YEPER porin -9 Z7}A ] WAle
2A, O TR 28 54 welefoe] 7o)
g A JERE 5 ) [3, 22]. o AFelME=
porin T2 F ojn] FFQ WAl THE gzl 9
sl Al H(OmpH)ol Theh f-448 &
3 OmpH FATH AL o] &ale] HAslE A7) F,
A4d0] Sl P multocida® AAFEHE Folsiolth 2
o %A&] A 3 OmpH i zlo] WAl o2 2k}
e w HA geskE W vwsl S o Wt
o theto] ol Aol WAL 2| HAE
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Pasteurella multocida A:3= Sheep’s blood(5%)7t 33
¥ BHI(Bacto brain-heart infusion, Difco, USA) 3Hz1 ulj
2] AollA], COL5%) incubatorol] 2441 7F w2k (37°C) &+
-, thgke] BHI 9A) wjA]eA TR0 2 wnk wigk
H S YH10]. Escherichia coli DH50.9F BL21(DE3) @5
LB media(Difco, USA)NA Hl k=] 2},

fir

RYUXN ompH 2| E2Y F UHHYE HNE

oln] W Z ompH - A-E BLAST sequence database
NN AESIA ompH F37+¢] ool 913 A4 E
2 A2k F1 2RI APZA S FI3} R APEA A 54
restriction enzyme site (BamHI, Kpnl)E X887 &
F2, R2 A|2AE A8}, PCRE 95°Col A 5% pre-
heating ¥, 95°C 1%, 56°C 303, 72°C 3024 358 3}
£ 3 vpx]9} elongation steps 72°C 3% HH3-3k H 8°C

oA ¥ FEAIATH [29].

PCRE FEH ompH F4738 F%3 F(Gel Extrac-
tion Kit; Qiagen, U.S.A.) pGEM-T easy vector (Promega,
USAYN 4+ 38ted(T4 DNA ligase; Takara, Japan) E coli
DH54 strain®. 2 H AT HAHSE 5
ek 5 ompH-F2, -R2 A3 & o] &3} sub-PCRa

S5t PCR strategy+= annealing temperature§t 64
ol A 9ol 25 FYUdTh PCR &2 tHA] pGEM-
T* easy vectorell sub-cloning® %1 t}. Sub-cloning® ompH
FA2E BamHIZ Kpnl ©. 2 28] 3+ 5] pRSET A expre-
ssion vector(Invitrogen, USA)ll sub-cloning o] pRSET
A/ompH-F2 HE1 & A zgic).

OmpH CHEE g@ks 3l HH|

OmpH tH} 2 9] -2 34°Co A 0.5 mMe] isopropyl-
B-D-thiogalactopyranoside(IPTG) inductions -3 3t &
overnight Ml 4F3le] o] FoJ L), U R0 2 A[8-8}7] 9]
sl pre-induction?] 59} overnight MY ¥} #3&
| mp F0I3HA T 0vemightE°P HH‘*FJ 55 10,000 g
22087 4°Co A PAE T g 1298 F 5sml
2] 10mM imidazole, pH 80°] lysis bufferol| 4] &=
Tt o] #FE o0 e H 2 Seles IOOOOg
22087 4°Col M AT st s de s
STk EEE "oz Ry g4l denaturmg
condition vhlae 2ajs) 7] 918 8M urea, pH 8.0
9} lysis bufferol Al overnightsst W8 10,000 gol
A 2087 4°CoM AARE sk FEAE HEET

OmpH & &2 A3} 7] |5+, nickel-nitrilotriacetic
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acid resin(Ni-NTA; Qiagen, Germany)S AFE-8FATE &
¥ denaturing condition OmpH w2 gl Ay
off WolFo] Ao 6A7F 7+ Ni-NTA resinl
binding?] Z1t}. Flow Through(FT) A& & 5, 33
9] washing #4-& HA EHas dHAS A8
o}, vRA e 9A| R, 3m/] denaturing condition elution
buffer(8 M urea, pH 4.5)% 1217 3084 F 23] wk-3-4]
7, ezl 2o)8l9{c} Elution buffer 2|8 A&
-2 Econo-Pac 10DG disposable column(BIO-RAD, USA)
& 7}&3fe] phosphate buffered saline(PBS)=. £-7l& 1L
$ete] SDS-PAGEE &3t #1315 2 1, Bradford
AWML o] &3] UV 595 nmollA F2E A

Mouse®flAl ant-OmpH 8hxf| A4t

oo zme] A" OmpH T¥ A& OmpH ¥
S A7) 95t mousedl] FAFSIATE 5004 7
Ateo]9) 80mlel 2] female albino ICR & 20v}z]4
A2 42502 YRk 7F 25 EE PBS(EA U
23, formalin-killed cell(3d tz), OmpH W H &
7vzh ARl o opRlur 25-e o} Rl & jlé}xl
&tk AL 9130 cage W= v Al ste] 200t
[ 81. 7t7he] FHeliA d-R dA & Fysiaen, 3?—4
T, 50 pgAe] OmpH 13} 5‘:3*01 Freund’s Complete
Adjuvant(FCA; Sigma, USA)2 &3hd] F=AKIP)3ISIT].
Al Y dEoEM, JdAld mEdg o &
’do] AFERA] & P multocida®) formalin-killed whole
cell& FCAS} 5 Eqste] FAIIAT [6]. =73 the
o Al PBSOE FH2] FCASl E3HE-& FALINITH |
Fd T 7E FoAM eyebleedingS S8 7 vlelg
100 W 7Hge] e 5‘10?@1 4“C°ﬂ"1 6*1 i Byst

6

e} =]
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ELISA

Immunoglobulin G9| ¥7H= ELISAE %8 4=
th AAE 5 mi2) OmpH A 23 ©hl 218 coating buffer
o &8ake] 96 well plateo]~] ZF well & 100 w4 ¥
o &= H 37°Col A} 1A]7F S AJZ T Polyxyethylene
sorbitan monolaurate”} 0.05% <31 PBS(PBST; Tween-
20, Dae-Jung, Korea)E 200 wA AFE3I] 2 well2] Al
A g5 AR £, PBSTOl 3%4] BSAE H7Ish &4
2 7 well B 200 ui E2E3k0] 4°Co A 16A17F BE3-
AZEE 12 FAE A=) fs] 1% BSA7E ot

ol Az slshe A Hol o)9) 7k Fele 0 A9 wely 7 129

= PBSSH, 17100002 3|4 FdAs £S5, 7}
well T 100w A BF3ka] 37°CollM 1417 wEgAIR]
3 200 wel PBSTE 353 A3 ste] Fo0n). o, 487
A EE /10007 8AMske] Akgslgnt 23 g2,
horseradish peroxidase-conjugated goat anti-mouse IgG
(Sigma, USAYS PBSTS} M 1/10,0000.2 343t A)
28 7} well 100 W ¥ w58t 37°ColA 1417 R
A7l ¥ PBSTZ 53] Al Astith opA e} GA 2,
dimethyl sulfox1de(DMSO)°ﬂ o} 9= 3,3°,5,5 -tetrame-
thylbenzidine(TMB) A1 2F£  phosphate-citrate buffer2}
1:109) Blg2 33 3, 2t well @ 10 A 53}

go & 308 7F kA7l H SHEE 650 nmollA
=43
Vaccination

48 7ML Qe P multocida®) lethal dose 100%
(LDw)®l 27& st S8, W=7 eke, wild
Jele) 25ulele] HE FAAZE SN cageE Ve ¥, 7
cage®] ol AuolA 34, 401H 7.0 4 valueE f
el 2ol e #FF 200w, 100 pl, 50 pl, 25w,
125w P2 FAMSS 3459 A4S A AR
OmpHZ HH3}E AEF Yolrr] 93, ¢ A&
AIE Ul 254 FHoll LDl FiE E40] e
oFE FAEle] 7U7 BAS H, AE RS FRlE)

o} Bk},
2 3

a2t ompH MZEREX 2BH R ME
& OmpH £&l

2ol HAE 7= EH]E]— W F (Pasteurella
multocida A :3)2) ompH F+AAE - Aeldte ®)
Y, 7|20 B o«1 DNA 971 —TL”-HL A &

ko] ompH F3 2= 1,047 bpol™, DNA 714 €
2 DNASTAR(Dnastar, USA)Z 430}, & 7+e] FA}
Aol 85% ollAl 90%eEH Ag BRIttt [34]. ©f ompH
2= 200549 59, NCBI Hlo|Eu| o] 2~o] DQ054529
2 =259t o] §H=}7} codmg?ﬂ D}uu A H4de] =N
}1\3‘9 BLASTZ E.g}] Q;HE] M__tr] L]—Hﬂx] Hoﬂ /\]-o]
= Fego] 7R Ao} 98] At o] F-9)E-L strains
Folf 2 7k3iAdE Roly 9lom [31], porin T 2&
e GaAe) a0k S a2 A
(10, 13, 15].

o] OmpHE WY Yo ALgsted, 7FEd el WAl
A RS R A7) giste], 20709 A= E S oF
F.3}gt DNA sequences F%|7} Al 7 # (truncated-recom-
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Fig. 1. Overexpression and purification of 40 kDa of OmpH. The ompH in pRSET A induced by IPTG (0.5 mM) in BL21
(DE3) host cell, overexpressed the protein, OmpH. Lanes M: high molecular weight protein marker, 1: BL21 (DE3) only
0 hr, 2: BL2! (DE3) only overnight, 3: pRSET A vector only in BL21 (DE3) 0 hr, 4: pRSET A vector only in BL21 (DE3)
overnight, 5: native condition sample, 6: denaturing condition sample, 7: flow through, 8: 1° washing sample, 9: 2° washing
sample, 10: 3° washing sample, 11: 1° elution sample, 12: 2° elution sample.

Table 1. Evaluation of protection of recombinant OmpH

in mice
Immunogen  Dilution factor  Post-antiserum titer
Not treat (PBS) 1/800 0.4065 + 0.015
Formalin-killed 1/1000 0.3264 £ 0.041
OmpH 1/1000 1.3080 + 0.135

binat ompH DNA) A& PCR WHog 23 .
PRSET A expression vector®ll sub-cloning 3} t}. ©] #}
%3 DNA clone2 E coli BL21(DE3) strain®] A 435

Ay
e
i

Ao WE A7|9tHFig 1). o1 f1¥ g ¥
2L ke 2ottt 3 2 s fjsle, IPTG w55

A (0.1 mM-1.0 mM Alo]) EHE2 2538 3 induction
£ 28°C, 30°C, 34°C, 37°C¢] 7}7] thE oA 423
Sk A IPTG 0.5 mM, 34°Coll A 12A]7) v ok3l & o
71 wol, ¥ W E Tk AS welnl dAdE M
40 kDa®] OmpH wh o] W =] o, Ni-NTA %13}

o] Wk ,
OmpH & #2| gAlst

ABnlEaHE L) 450 :
ek,

8-OmpH & & MM

AdshE FHolA g5 "4 S ELISA 448 %
st 218t A3} OmpHE Helslkd #o] 1717} 1.308
2 Ueht, PBSE AME-E S UIZR 7} formalin-killed
whole cell& o] &3t SpA e Ayl B2 423
5 Uehdo] o] dgelA] =g th(Table 1).

Lethal Dose 100 #F % Chalenge Test

HstE Fol tjall, 2 A3 =& AS3] ¢
g BAXog @o] e A TEEE FASMY
LDgo#ke GOl ATt sutej o] #7F Hof 9= 571 cage
of AletS 7Fzh 200 Wi, 100 i, 50 W, 25 pl, 125 o8
Fabeh ¥ Zaket Ay, FARSE A 24874l E BE F
71 Aol o, 3dAol 25w 2F 12.5 Wl cageZE A
st B APLEvH(Table 2).

OmpHE HH3ME AP+ o, F4=L
me Ae 57 @2 aee 2 e aF
orol 39l mEol At 25l ¥ FAREk] 79 ot
Y. o Z3 AR ZANME Daylel 120
], Day2ell 3v12], Day3ell 3viz], Day4oll iv}a]&) Apnt

2.4 a)

=

o]
5

Table 2. Dose dependently survival rate of mice infected with live-pathogen, P. multocida (A : 3)

Group A Survival rate (%)

Aito Asoo Dose (/) Alive No. Day0 Dayl Day?2 Day3
Gpl 34 7.0 200 0/5 100 100 0 0
Gp 11 3.4 7.0 100 0/5 100 100 0 0
Gp I 3.4 7.0 50 0/s5 100 100 0 0
Gp IV 34 7.0 25 1/5 100 100 20 20
Gp V 34 7.0 12.5 1/5 100 100 20 20
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Table 3. Survival patterns of mice (n = 80) challenged with P multocida (A : 3)

Name Number of Number of alive mice
Group Sample challenged mice  Dayl  Day2 Day3 Day4 Day5 Day6  Day7
Gpl PBS 20 8 5 2 1 1 1 1
Gp Il Formalin-killed 20 12 8 3 2 2 2 2
Gp 1 OmpH 20 18 14 14 14 14 14 14
Gp IV Not challenged 0 20 20 20 20 20 20 20
& Aog #HAUT FANZFIME Daylell 87 A F Rl OmpHE Wl A A3 44 ¢
2], Day2ell 4vlg], Day3el 5vh], Day4oll 17k At vk A= g (10, 15, 311 A2gH Bdd
gek Aoz FAEY o, 48]l OmpH immunized OmpH &9E o9Hoz HAGA T FHE 53t WY
cagel M Dayloll 2ul2], Day20l 49l2]7F Apdsiict g A4 A9 Y8 23)9] A immunization2 3
(Table 3 slom), 7t vhleith 4] BHL A5ale] ELISAS
s gAl A Y8 Selskch 44 YAV A
ini &t P multocida®l & MG g7} J=AE Elshrt ¢
SlH S 3 Gl AR FAkste] HE & 9l
Porin®] thif A OmpHE 25 74 polypeptide Utk A2 ] FAF FRE AR SlsiA, BE #HE A
%, Z lethal dose 100(LDyo0)S &7

o] § FFo] 7hAA o] S5l e ich
7kl & 7PHAS Holal 1o [31], porin T AL
WwAle 24 gaAQl TRIF HA b g o
[10, 13, 15].

2] porin FH 2R= 1 2|21 porin T o] A
EE AN F A AEE 7HE 7] del 7
B E. colid)X EF=2o] ofgh. Bl-24714 porin T
e 3 M oA YA BrEE FEot, 2
ZA5aL UE porin TS A A WEl A, E coli
olut gl Eejje] HelE HelAF7|E b T
OmpHe] Awghuld. o )z ok OmpH T2 2| targeting
Z #dHo| o}, HFAHES] £ coli BL2I(DE3)®] A}
g fedity %‘ﬁﬁ AUk, ¥ MmehiE s §HA)
Agela A7 Fohd, OmpH YA A3 9jvto g
9] o] Fol Aafd Ao, A7 07 534 ] OmpH
chat ol FafalA € Aol &, Axvhdo] gle
OmpH Thi2).2- A st 2o ixﬂﬁﬁﬂ g Aloj o]7lo
2 8 E coli Rl olr-dd #shF UElLER] o8
Aolek. AA, el F P multocida®l*] tF¥E OmpH
7b 2el=o] dztek Aol gt o Aol o] 8¥
Atk &4 A4 /= 7S pasteurellosis®] ¥
017} wal W

o %9

+

Q1S wralE A ARE T glow,
W 81570 BHOR Qo] s FH-Solx
G910 volsle AEgoRM sFssl A Aotk

Louis Pasteur”} 53§ §i5d,
94 714 mgEel Pl tie viejsh 49 ol ¥
o u]xg%g] gluh:hiu S0 /hﬂ§y 3l EAg 7_<1]-%
5

P multocida®} 738 13

&

iLTEa=

dH A gl 53] P mulocida®) $19HHY

PR & e
STk 94 AAbge 3]
2k o

Uehle 255 &

P SL'

flsko] Au0lM 349 %
FE 2 sto] AR A3t 25 uel
A ek 7t *E‘O}D »b- 50 Wl A= 25 =958 991
gk o] 4748 EU)E, lethal dose 100%el 233
2|21 25 W LD 2 At =t ol#A 4A
H doseE AT H glxzdo H83}e challenge test
= *—E%JEP A7, OmpHE WAsE FEWH 2EAM
70% 7hEF AAEFrhs 2ol ARHAUL, PR Fo
§Hfd 58z Folxle oA ddd A 2ol 1wt
27} AEsthE Zlo] ER1ESIT) v FA o 29
At ES whael 2 AR, HFAJ AP e T
SHA| ekt o] Aapell A= A AldE L gl Al
W} FL3EA 10%2] formaldehyde® 2] ste] 213 A
23t formalin-killed whole cell W4lo] WA SHY T35
] FRoH, ol vk YAl ol ¥

3t B Ad Azl v wgPe uf A= eapef] 2

delo] & Fez Az o) el A o] AF
o A4 El vl 9l ELISA 97he) Biws) Heks o
OmpHZ Weishd FolAl |9 asrt vebds el
g & glo 111 g eATY OmpH cuiAle He g
F7} lgol HEHUeH, OmpH T dL g3l

= 5]
Halel FH *3743“ T eol A==t

a2 =

Pasteurella multocida v % %4 5 AHE op7]4]7]
ook 7radglo T AelA 9
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