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Immunogenicity of Recombinant Outer Membrane Protein H from Pasteurella multocida. Lee, Jeong-
min*. Institute of Life Science and Technology, Sungkyunkwan University, 300 Chunchundong, Changanku,
Suwon 440-746, Korea — To investigate the antigenicity and protective immunity of outer membrane protein H
(OmpH) in Pasteurella multocida D:4, the recombinant OmpH protein was produced in Escherichia coli. The
truncated and Trx-fused form of recombinant OmpH (53 kDa) was purified, and used as an antigen in the
immunization and challenge experiment. The immunized mice with the recombinant OmpH produced a high-
titer antibody, and had protective immunity against P. multocida as same level as the mice immunized with

formalin-killed whole cell.
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Pasteurella multocida= 3973 vIYE2A d%E <
TEIA gt o] HHTE B2 TFHY Tl 3l B
AFd ez A 283h=d], &, buffalo FolA 234 AISF
(haemorrhagic septicaemiayS-, B3 @8 Sl 715 2|
Z(fowl cholera)E-, ==~ #1541 B] A (atrophic rhinitis)
3} g~FE el H "] (pneumoniays Y27 8 HATS
2 o#A glh2, 6]. Akte] Ao = Zhds FEA &
HoZA W] Add RuEo] st o|xFH w2 |
2] T=el A3t AR & Vel P muliocidaol 2|3t
a5 FolA; e =H-E P multocida) 3 WA o
Hat A 8A o YA L, S T 5 U WAl
A 2 g 59 Fooll ZA FYA AFEH A ot
[1, 7].

PasteurellosisE <¥I8l7] HslA oln] ez e] wiilo
2Jgt oAb e] AldiEelA ot e dubg oz g o
L5 B33 At A1) 7ol Al A|Fol| ARSE
B4 gAY daMut Wil ez o] FAE e R
heFst 52 P multocidedl] Y& B WolE Fofs)rle|
+ o&lFe] 9.2™, attenuated strainsg o]t A WAl
o] Zfoll= ME B8 FRe a5l HE Wi =
d 5 o, AES AT Welof) ofgt WU FEolet
E EALes ols)] b3l wial A Fo 2|7t ool o
2ol AT, 7, 18].
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H2) 154 v Aol T2 A Dol sl ¥
A, of HUATE WY T Ak 24
dermonecrotic toxin¢l P multocida toxin (PMT)*% A A
ot a2 o PMTE A, HH3eke] MUTLS 5
420 E(toxoid) HAlL2 AMSEIL glom, el A}
Az} 716 ookl Az 5o R Hb HEA (oxin
derivatives)Z AAlsle] Wil oz 83} T gl FAoju} 7,
10, 13-15].

Porin® 13 £49) stelelolol He A4 25
A g Faste] gk I sl ez oo}
A == 2] 2419 8A (receptor) AEHE B o &
2} chlA (transmembrane protein)e]th, Porin®] = 53 F
22 QIsjo] 704 % ofeliAle) 13}, 23 72} %
oA Blid 2 BESe] glom T AEAHE ekl
B2 porin® o) Fahdel WAl FH2A, ShRF
o] 23t £4 leieiel Aol disk AR HA L 5
& = UL, 3, 12]. P multocida®) #%F A H (outer
membrane protein H; OmpH)E= porin®] 4FE2.2 A o8
T AME o2 gAY TFelM BAEEH, T
A (homotrimer)2A] A ER}ol] A3}, L&k (monomer)2]
AR T2 A A7]dFel webA 34 kDatE
42 kDa7}A| wfekstAl vrebhdeH 11, 19]. P multocida Z Y
oA} Z; - 7ke) o)ut whilAl HY el SelAel 34
712 2H3Re loop 1) ArINILe] by 9 ole] o
el 7198k 7o Hedxln(12].

2 AT B2 954 vge] kel BoHos
A 4= Sl WalE kRt 1S4 v el AR
el M B2lgk P multocida®) oF2)1F7} 71A)= ojuf vy
A 1) ) AME s Ael B 71z A7, olde) <
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SA M2 Y 2F oY =
Aol AME P mudtocida D:4 TFE AMEEn 49
o) gt WA gtwA 2 e Fof vho} Al wjoksle] ARE-3}
9ot F59 wleFE Bacto brain-heart infusion (BHI)
(Difco Laboratories, Detroit, MI) agar plate, = 5%
calf serume] %7}%l blood agar platesl|A] 37°Col|A wfoFs}
912w genomic DNA®| F3-& $]3le] ¥55 Brain-heart
infusion A wixjell FF3 F 37°Cell A 1247t Ft &

o wio} st

2io} cHHE H [REXlo| s

P multocida®] 1% 292 H §3 2= B dF3lo] &
218 -4 AH(GenBank Accession number AY603962)5 A}
S3ldeh9]. kiAo fAARs oAl fAlAle] v
& $sled signal sequence® AlAZ F-E A A
W E]Ql pET320l AFakdeh(Fig. 1). o] Mx3 31z}
# WEE dA BL21 (DE3) =3} Isopropyl-B-D-
thiogalacto-pyranoside (IPTG)E &3] f-3xke] HaS &
=3ldct. WA 5 mie] LB wiA|ell s} 5 wiakst Al
z23 17 AEF HEE v ODgottel 0571 2 a7
37°CAlA et ik skt #HE 5ot 0.8 mMo] B =5
IPTGE A7Fk vhA] 37°CellA 1241782t 3 wiek &}
of FAAR) WS Fsisict. AT E A EE A5
I AA AL FEEte] 12.5% sodium dodecyl sulfate
(SDS)-polyacrylamide gel Abol|A] %7]935-& 3lo] Ealdlyl
=H9].

Rizxgh 2o chE Hol X

Azg e HeE 50 pg/ml ampicilline] E3H% 5 ml
o] LB brotholl Al 3424 51t wioFst F, o5 ©hA] 50 pg/
ml ampicilling 3-F3+ 500 ml LB brothel] A E3led 37
°CollAl ODsgp %kel 0.72 wj7kx] slet vk Aot HEs =
7} 0.8 mMe] HEE IPTGE B7I8ka, o] F 37°CellA] 12
AlZE Feb wekstsdet. o] FA wiks M E2E A EE)
(5,000xg, 204, 4°C)3ted 7138k H, pelletS “HA] lysis
buffer (100 mM NaH,PO4, 10 mM Tris, 8 M urea, pH
8.0) AEA|F| I AF-2ol| A 127 Bt &3 AT o) E
oA 94172](10,000xg, 20, 4°C) & F A2l F35led
ANz dFEHE A Ag Felaglen, o] AR
2 3}od NTA Ni-affinity column chromatography (QIAGEN,

Germany)E 43 3}3ith A8 10 mlE 2 ml 53] Ni-
resin columnel] 23}t % 20 mi®} wash buffer (100 mM
NaH;PQy, 10 mM Tris, 8 M urea, pH 6.4)& A ¥ u¥k-&-
3t M| Z 5li vl Elution2 10 ml®] elution buffer (100
mM NaH;PO,;, 10 mM Tris, 8 M urea, pH 4.5)% 29l
HhESlo] 3fsioiet. ofAle} Zolste] Fvigt thiiAe F
3= Bradford methodE ©|-8-3te] 5313 SDS-PAGEES
E3ked Falshoihg, 9].

gy dd

A A L, AAsE Az o) shia Hel A
I} A& WAAE delir] Hsled AFFTEAF)E o83t
e A AYS 3stgvt. 24 HETFE Phosphate-
buffered saline (PBS; 137 mM sodium chloride, 10 mM
phosphate, 2.7 mM potassium chloride, pH 7.4)& A}-8-3}
REP(E 1), A DTS AL AR ol
337] A &3} WAl (Bordetella bronchiseptica, Pasteurella
multocida, 1213 Haemophilus pleuropneumoniae®] 523}
Al7t W Al; Daesung microbiological lab. Co., LTD, Korea)
L 1% 22, AT AR P omultocida D:42] formalin-
killed whole cell (inactivated bacterin)S 1% 322 A%
st A+ A A2 o A HE PBSell
B|X 3] ARSBlgIC). A 2 AgTe] AFA HAS A
Fg F wd A g o= abdsidct. A HA dos 8
g F 27 714 oR 33 v] WS slglem, 2 Wy £ 7
A-1094 He Foll AYTEZTE A5 AYsilet. A
G AL 4°Col|A] st F<t $2F A F, AR
2](2000xg, 20 min, 4°C)3le] AL 731, A2 o
7Ve EA317] f13led ELISAE AAslsdet. 94 Azgt 9
ot chillzl HE [0 pg/mPP} =5 carbonate buffer®. 34
T 96-well plateel] 50 pl/well® F53}3L 4°CollA 3}F F
oF B#slod &9 coatingZ AA1EHI T 0.05% Tween 20
7} 2= PBS (PBS-T)Z 3 AIA3t &, 3% BSAZ} A7}
| PBS-TE 200 pl¥ E53tke] A2elA 343 <t
blockingS: AAIEIAS. B 33 HHgh F 72+ FH3E- 100
] SMsled 12} R R ARSsle] 100 pd B8 F 37°C
o A 2 A|ZF F<t HEEAIZ oL 3 M-8t $ 23 A2
anti-mouse IgG peroxidase conjugated (Sigma A8924)E
3% BSA7} A71E PBS-TZ 15008 33l 100 py &
T8k & 37°CA 1A ZF 5)F uhEAIF T 33 Al F ul
2 7122 dimethyl sulfoxideo-phenylenediamine (DMSO)e]
=09l 3,3'5,5'-tetramethylbenzidine (TMB)2- phosphate-
citrate buffers} 1:109] A &2 g3 5, 7+ well 3 10 pl
A BFslo] 23} A9 peroxidaseel] 23F WAL Fx3)
Aot ELISA E3712 650 nmoll A F3=E A sle] 2
AN =g A3t shdvt8).
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2ol oy AN

42pe] W FAREHo| ¢ F, Alg 58 WA o
A A (protective immunityyg olR 7] 9}3}o], B of ol A]
ARSEE 9154 vg WUTl P omudtocida D:4Z E7}
HE(3.42x10° CFURE ¥ 722)7H8)t AP EEe] 428 =
Aste] AxF ot Tl He| WAl gxfe] §3} = g}
3 WYL Falslsivt

g1 9 nE
=gt 2ot ciMEl Ho| di8 3l XxF CHHZol K|
et il H {32 & AollM A D43l
F 2ol WA vehlE ME o2 A3 FFolM s
90% ole] wi-¢- B AL Ve, w3t o & 7t
ANME WY & AFAE HEPATH9). vl AbgAde]

ko Hojl oln| Al 83-107, 18]I 228-249 92, o
£ 9= P mulrocida®) 7t TFE0] MR o2 A4S
viepl=d] glejA 2481 epitope 02 FAFHT, 9].
opa| Al M-S viEleE 3 Fx ¥A AxE st o,
P multocida®) £J=F =14 HE= porin®2Aje] EAFH]]
25 7L g)eH, & 71, F el vlaH AbsAle] =
= TE2Z 7 9leEmR MR oE A3 15l o
gk WA} W ] 3A] (cross-protective immunity)S- bk
T U F2 e FHE 2R 2 d7elM e oy
gk o= sk He| IS A sk, T A
23 e E AL FAAke e 2 2 A S 3
shoic.

E dFoa= out il H §3371 5 el A
22 T2 WS Vel 5 XS 3] flsled, 2004 o}
]2 Ak7bA] 9] signal sequence F-91ell ddahs G471AEE
AAg Ak Fepe] o= ok H §HAE pET32a ¥
Blof] =33l o] A= Hele] o A H Al
ORF7} 9667112] 729 B =2 320709 o}u)=AkS- 953
3o} pET32a B = F42F A -9 el oF 13 kDa9]
thioredoix (Trx) AP} dom 2, A} WAl U4
Hate} A §3 RS AAgFo R A P o F Azt
il §ARE HH A 5 QlekFig. 1). pET32a el
kel geje] out vl H 32 ARl sle HEAY)

Ori T7promoter

TrxA 6xHis

f1 origin

Fig. 1. Physical map of Pasteurella multocida outer membrane
H (OmpH) gene and expression vector. The truncated form of
OmpH having no signal sequence was ligated into pET32 expres-
sion vectors.

ompH Amp~ |[—

A, HH oz vwA w2 Al HiER Ay AT
i HE Ak AR TFE 48 5 dslH
ANz ol WAl HRkE el 12lEh) $siAM N-
"edel] )= 6xHisell A3Hsk= Ni-NTA affinity columns-
o] 43rh. fAlAL wEE A T F, AZAellE o
2 7HA] 718 0] il Se] EgE ) o) ohild He
porine]el= B2 ols) ME=s} I pellet>2. Hol]
At 244 A e] AR pellete]] @A Eloh Aol
A AR F, FolalE pellet2 denaturing lysis buffer (100
mM NaH,PO,, 10 mM Tris-HCI, 8 M urea, pH 8)°] 4}
2o A 3AI7E ok kel 5 AlE-2](10000xg, 30 min,
4°Cyste] Mg o=t oAl Wb 23R S A9
. o] & Al8.2 3}e] Ni-NTA column chromatography S
ey ete] Axg o oA HE Felgd 4 e £
g A3 o7 skl He) BA}eRS 12.5% SDS-PAGE A
oA 53 kDa =2 RS vrelsiEh. o= 36 kDad
Aetel ele] o=t gl He 17 kDa®l Trx B HE oA
ATEE F217F +8E Jelol Aoz AR (Fig. 2).

gald H3

el A Ea ) AR A ) whailal He) akdA
< doliy] $15te] AP FEAFNE o183 W AL
Sstodct. S4 dlFT2 PBSE AHgEled o, ok o
ZTEL dubHoE ARMEHT ol 57) AW &3 94l
EZ3t AR ik & A7l 8=l P mudiocida D:4
9] 233l Al A1l formalin-killed whole cell2 AR
it AEFEe AAT A2 o7 PR HE PBSell

M 1 2 3 4
kDa
116 -

66

45

35

Fig. 2. Expression and purification of the recombinant OmpH.
The samples were loaded on 12.5 % polyacrylamide gel. M, pro-
tein molecular weight standard marker; lane 1, total protein extract
from E. coli BL21 (DE3) host with pET32 vector; lane 2, crude
extracts from the cell lysate of the host harboring pET32 with
OmpH, lane 3, total protein extraction using denaturing buffer con-
dition; lane 4, purification of the recombinant OmpH using Ni-
NTA column.
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Fig. 3. Antibody titeration in antisera of mice. PBS (G1), com-
mercial vaccine (G2), formalin-killed whole cells (G3), and the
recombinant OmpH (G4) were immunized in mice. The titer of
antibodies were measured by ELISA.

3|Xsle] AMSERAT. 4xtell AA] HQEE 3 F o
Zl gfoll A FAL Bejsla, AxF ot A HE
27 sk ELISAE 733l d4AS sl Fig.
o} Azje} zro], A 23} o9} A HE o e

A A% 7 B2 9718 Vepliglen, 387

W Eg WAl BE38E P omultocida D:42] 735l A
ez e gk A7 vehisleh. $4 WE7< PBS
2] Agolle w3 A7t FAEAE ol A ¢
ot okl HE W 7 $olle v 3 o] ogh
o] o™, ELISA 34] 422 o7 ol HE
ALE317) wfEell Al 97t B4 et Zlo® dus
4 9Ju}. w3t o] 9wt ghildl H FRHOF wj$- 2 H
Eo] glorg uE 9 thise] =& AFAeE <l
3 &7 AW & A E3318 P multocida D:49)
Y FHAANME A7t AEE 2 CE AlRHT4, 7). o
Ae] AE B of, Az o9 oAl HE= o FZA 2}
4310, AA AMET gl A4S wilol} B33l g
el e 2 Al o7t ol Hr o2 A
2832 o ¢ Qe &, Az o A HE A

W o, ot 9

WO Bioj UH
A S S 1) A WA F, o AxG Ty

Aoy o)l fr=® Aol ot welH HHA o] WAHE
A #lEl] $3ted, SlellA Wslal AHFES Ao
3led, 91SA vl WHLF P nmultocida D:4AE B3 ] A
% (intraperitoneal injection)d} F, 72A]7-5<r A 522 A
E& SAssch o AAE g.okshd Table 15F 2}
PBSEHS: W slel $4 279 Apolle RE ARSE
o] AFgale] AEEo] 0olsl o, Ao o4 HE TF
7] 2 E3F YAS AR Aol smlele] AdEEe] At
wsled AEEo] 50%, B3N8t P multocida DA 23}
739l 2lel7) Alsle] AEE R0%E VieEldlY. A%
o} chifd HE @5 W3t APsE-S miErt Apet
o] AEE 80%E ViERATE AAA 02 A2 o7t thiAl
HE WAlo2 A8t 79, B3slet Wdd-g ARt A
FTYg HARAE £ 4 slolet 0318 S 3] A
E3hAle] A= FAS A7k 2833 P mudtocida D4
B A velsied, o3 g g ddeE Qe P
multocida D:4% W&k WelH mAAd2 @3]8 vhi HelA|&
7Lz vehget. oo A Fiehd xRy o =Y
A He P multocida D40l 8 A8hg Vel 314l 24
EAAQl WA 27 2 4 lvka ARE U5, 20].
P multocida®] 2%t A He dubd oz ] EAs)
F8 o gzl o sheln, o 727} v ¥
oS e B v B out Al gl 1ef 9A
o] nlAE] Wg 552 U4 (antigenicity)S
elle AoE odelx gleme wilozAY Jix 9 F
842 W zmdx 8 5 gl AAZE Haemophilus
influenzae 5 TR P EOIA Tt A S S Held)
of Wrloz AREs 75, AY T8 WA 80% ik
A Hq-g gl dl= e[, 16]. =3 P multocida
o] B2 dAY A FEAHLE el o il HE
W] AR o]-Bgez A, ME olE A Wl o
8} wx} vhe] WA (cross protective immunityys 494 4
= YAE PR 4 ot web P omudiocida®] ¥4l 7
o] 9leir, 83k o7} chuizlol ofu} thiial H 4zt
=
3

it o rif

N

<

o] g3} A3k whilAlo] YAk, YA 7AA o Hlo] WY
A gkl A2 o] AL P myltocidad HEF WAl S 2
o A FsAE BAlE] B 71ZRARE AlTsks 4
gt A7t & 4 Qv

Table 1. Evaluation of protective immunity of the recombinant OmpH vaccinated mice against P. multocida challenge. The mice were
challenged with intraperitoneal injection of live virulent P multocida D:4 (3.42 x 10> CFU) on the tenth day after the 4th immunization, and
monitored for 72 hrs. Antibody responses were measured by ELISA as described in this paper. :

Immunization group Antibody response (ODgs0) to Number of Survival rate
OmpH on day 52 dead / total challenged (%)
PBS 0.0466+0.0138 10/10 0
Commercial vaccine 0.3615+0.10936 5/10 50
Formalin-killed whole cell 0.2545+0.06328 2/10 80
Recombinant OmpH 0.8353+0.04931 2/10 80
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[e=] oF
P =

B oM WAA Pasteurella multocida D:42] ¢
i He| Wel wejAdat wirle v e reAdE A
Bz}, o9 vl H AARE sl A e, Trxe) &
gl o] Az ot A HE Felshe] Hosiel
Al Age] oz ARgsidvt. W Aol Axd 9
o ehilal He w2 97k FAE fesieled, Esist
Al WAL AR o) Al B v
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