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Summary The recombinant adhesive protein (rCp39) of Pasteurella multocida strain P-1059
(serovar A:3) was prepared and purified with a hybrid condition of affinity chromatography.
The rCp39 was highly protective for chickens from fowl cholera by challenge-exposure with
parental strain P-1059 or heterologous strain X-73 (serovar A:1) compared to various kind of
vaccines. Sixteen groups of ten chickens each were subcutaneously inoculated twice with 100,
200 or 400 �g proteins of rCp39, native Cp39, native outer membrane protein H (OmpH) or
recombinant OmpH, or 100 �g proteins of crude capsular extract (CCE) of strains P-1059 or X-73
at 2 weeks interval. Five chickens of each group were challenge-exposed with each strain 2
weeks after the second inoculation. As the results, 60—100% protections were demonstrated
in the chickens against both strains. Fisher’s exact test indicated no significant differences

(P < 0.05) in vaccine types and dosages. ELISA and Western blot analysis indicated that the
chicken anti-rCp39 sera reacted to whole-cell lysate of parental or heterologous strains. In
conclusion, rCp39 is a cross-protective recombinant adhesive antigen of P. multocida capsular
serogroup A strains. Moreover, a
demonstrated and protected th
© 2008 Elsevier Ltd. All rights re

∗ Corresponding author. Tel.: +81 422 31 4151; fax: +81 422 31 4560.
E-mail address: t-sawada@nvlu.ac.jp (T. Sawada).

264-410X/$ — see front matter © 2008 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2008.02.051
hybrid condition of affinity chromatography was successfully

e immunogenicity of recombinant protein.
served.
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Recombinant adhesive protein vaccine for fowl cholera

Introduction

Pasteurella multocida is a gram-negative bacterium and the
causative agent of fowl cholera, bovine or buffalo hemor-
rhagic septicemia and swine atrophic rhinitis. The bacteria
can be classified into five capsular serogroups A, B, D—F
[1] and 16 somatic serotypes 1—16 [2]. Strains of cap-
sular serogroup A and somatic serotypes 1, 3 and 4 are
known as the causative agents of fowl cholera [1,3,4]. The
virulence factors of P. multocida including capsular pro-
tein have been demonstrated [5—8]. Our previous studies
demonstrated that the 39 kDa protein or native protein
Cp39 in crude capsular extract (CCE) of strain P-1059
(serovar A:3) is an adhesive protein, a capsule-associated
antigen and a cross-protective antigen among P. multo-
cida capsular serogroup A strains [9—11]. The N-terminal
sequence analysis demonstrated that the Cp39 was iden-
tical to the major outer membrane protein (OmpH) of
strain X-73 (Borrathybay E., unpublished data). Recombi-
nant Cp39 (rCp39) protein was prepared in Escherichia
coli and the rabbit antisera against rCp39 indicated that
the recombinant protein was a cross-reactive recombi-
nant antigen among P. multocida capsular serogroup A
strains.

Our preliminary experiments, the antibody induced by
the recombinant proteins purified with the denatured con-
dition of affinity chromatography could not react to the
undenatured conformational epitopes in whole-cell lysate
of strains P-1059 or X-73 because the immunogenicity of
that recombinant proteins have changed and needs to
be modified (Sthitmatee N., unpublished data). There-
fore, the aims of this study were to demonstrate a hybrid
condition of the affinity chromatography to purify the
recombinant protein and to determine the protectivity in
rCp39-immunized chickens from fowl cholera by challenge-
exposure with parental strain P-1059 or heterologous strain
X-73 (serovar A:1) in comparison with various kind of vac-
cines. Moreover, protectivity conferred by immunization
with the major outer membrane protein and its recom-
binant protein (OmpH and rOmpH) of strain X-73 [12]
were determined and compared to the rCp39. In addi-
tion, the antibody response was determined by indirect
enzyme-linked immunosorbent assay (ELISA) and Western
blotting.

Materials and methods

Bacterial strains, plasmids, media and growth
conditions

The bacterial strains and plasmids used in this study
are listed in Table 1. P. multocida strains were grown
in tryptose broth (TB; Difco Laboratories, MD, USA) at
37 ◦C for 6 h and then subcultured on dextrose starch

◦
agar (DSA; Difco) at 37 C for 18 h. E. coli strains PQE-
cp39 [Borrathybay et al., submitted for publication] and
PQE-ompH [12] were grown at 37 ◦C in Luria-Bertani (LB)
broth or on agar supplemented with 100 �g/ml ampicillin
and 25 �g/ml kanamycin (Sigma—Aldrich, St. Louis, MO,
USA).
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reparation of immunogen

rude capsular extract
CE of P. multocida strains was prepared using the saline
xtraction method as described previously [13]. Briefly, one
ingle colony of strains P-1059 or X-73 on DSA plate was
elected and cultivated in TB at 37 ◦C for 6 h. Then, 0.2 ml
f 6-h culture were streaked onto DSA plates and incubated
t 37 ◦C for 6 h. The bacteria grown on the plate were har-
ested in a 2.5% NaCl solution (5 ml/plate) and agitated at
6 ◦C in a water bath for 1 h. The bacterial suspension was
entrifuged at 17,000 × g for 20 min. Supernatant was trans-
erred to new centrifuge tube and centrifuged twice in the
ame manner. Supernatant was subjected to dialyze against
.85% NaCl solution containing 0.01% thimerosal at 4 ◦C for
8 h. Supernatant was concentrated with carboxymethyl-
ellulose sodium salt (Sigma). CCE was kept at −20 ◦C until
se.

urification of Cp39 and OmpH proteins
urified Cp39 (Cp39) of strain P-1059 and major outer mem-
rane protein H (OmpH) of strain X-73 were prepared by the
lectroelution method as described previously [10,14,16].
riefly, after separation of proteins by SDS-PAGE, the gel
as dipped in distilled water for several seconds and then

tained with 100 ml of 0.3 M CuCl2 solution at room temper-
ture for 5 min. The stained gel was washed with distilled
ater for 3 min to remove excess reagent, and then the

arget protein band was cut out. The cut strip of protein
as destained twice by incubation in 0.25 M EDTA, 0.25 M
ris—HCl (pH 9.0) solution with gentle agitation at room
emperature for 10 min. The target protein was purified
y electroelution (electroelution electrophoresis apparatus,
TTO) in 20 mM Tris base, 150 mM glycine and 0.01% SDS
uffer at 100 V for 1 h in icebox. The eluted protein was
assed through the detergent removing minicolumn (Ampure
T, Amersham, Japan) in order to remove SDS from protein
olution. Then, the eluted protein was kept at −20 ◦C until
se.

urification of recombinant proteins
. coli strains PQE-cp39 and PQE-ompH (Borrathybay E.,
npublished data, 12) that carried the cp39 gene of strain P-
059 and the ompH gene of strain X-73, respectively, were
sed to produce the recombinant protein in this study as
escribed in Qiagen Qiaexpressionist instructions. Briefly,
ml from overnight culture of E. coli strains in selec-

ive LB broth containing 100 �g/ml ampicillin and 25 �g/ml
anamycin was inoculated in pre-warm selective LB broth
s above and incubated at 37 ◦C in shaking incubator until
D600 reached 0.5—0.7 (mid-log phase). Then, expression of
-His-tagged fusion protein was induced by adding a final
oncentration of 1 mM of isopropyl-D-thiogalactopyranoside
IPTG; Takara, Shiga, Japan) and incubating continuously
t 37 ◦C for 4—5 h. This fusion protein was easily purified
y a hybrid condition of affinity chromatography with Ni-

itrilotriacetic acid resin (Ni-NTA; QIAGEN, Valencia, CA,
SA). Briefly, bacterial cells were resuspended in lysis buffer
(100 mM NaH2PO4, 10 mM Tris—Cl, 8 M urea, pH 8.0) at

ml/g wet wt. Bacterial cells were stirred by a rotary shaker
or 60 min at room temperature. Then, bacterial suspension
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Table 1 Bacterial strains and plasmids used in this study

Strain or plasmid Genotype or other relevant characteristics Reference

P. multocida strains
P-1059 A:3, Iridescent colony ATCC15742
X-73 A:1, Iridescent colony ATCC11039

E. coli strains
PQE-cp39 6 × His-tagged fused cp39 gene of strain P-1059

plasmid in E. coli strain M15 [pREP4]
Borrathybay E. (unpublished data)
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PQE-ompH 6 × His-tagged fused ompH gene
plasmid in E. coli strain M15 [pR

as centrifuged at 10,000 × g for 20 min at room tempera-
ure to pellet the cell debris. Four milliliters of supernatant
as transferred and mixed gently by a rotary shaker with
ml of the 50% Ni-NTA slurry for 60 min at room temper-
ture. The lysate—resin mixture was transferred carefully
nto an empty column and washed twice with 4 ml of wash-
ng buffer (50 mM Na2H2PO4, 300 mM NaCl, 20 mM imidazole,
H 8.0). The recombinant protein was eluted with 0.5 ml
f elution buffer (50 mM Na2H2PO4, 300 mM NaCl, 250 mM
midazole, pH 8.0) to a new tube and kept at −20 ◦C until
se.

In addition, recombinant proteins were also purified with
denatured condition of the affinity chromatography as

escribed in Qiagen Qiaexpressionist instructions and per-
ormed in immunoblotting.

etermination of protein concentration
rotein concentration was determined by Bradford’s method
15] using bovine serum albumin standard (BSA; Sigma) and
io-Rad Protein Assay (Bio-Rad, CA, USA).

accine preparation
mmunogens were prepared as desired concentration and
hen completely emulsified with an equal volume of Freund’s
ncomplete adjuvant (Wako, Japan) as desired concentra-
ions and kept at 4 ◦C until used. The dosages of each
mmunogens are shown in Tables 2 and 3.
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Table 2 Protections in chickens immunized with rCp39

Group Type of vaccinea (total protein/0.5 ml)

1 Purified recombinant adhesive protein (rCp39: 100 �g)
2 Purified recombinant adhesive protein (rCp39: 200 �g)
3 Purified recombinant adhesive protein (rCp39: 400 �g)
4 Purified native adhesive protein (Cp39: 100 �g)
5 Purified native adhesive protein (Cp39: 200 �g)
6 Purified native adhesive protein (Cp39: 400 �g)
7 CCE of strain P-1059 (100 �g)
8 No immunization

a Chickens were inoculated subcutaneously twice with various types
b Chickens were exposed intramuscularly with 5.5 × 103 CFU/0.2 ml o
c Chickens were exposed intramuscularly with 7.1 × 105 CFU/0.2 ml o
d No. of survived/no. exposed (%).
train X-73 Luo et al. [12]

hickens

ight-week-old layers of P. multocida-antibody-free (RPM
arm & Feed Co. Ltd., Chiang Mai, Thailand) were used in
his study. The animal welfare committee of Faculty of Vet-
rinary Medicine, Chiang Mai University controlled use of
aboratory animals with the laboratory animal ethics. Exper-
ments were performed in closed system. Experiment rooms
nd instruments were cleaned with disinfectant for 2 weeks
efore and after experiment. Waste products were treated
efore released to environment.

rotection assay in chicken

hickens were categorized into two experiment groups
ased on immunization strategies. The birds of each group
ere subcutaneously inoculated twice with 0.5 ml of each

mmunogen per dose at 2 weeks interval. At 2 weeks after
he second inoculation chickens were challenge-exposed
ntramuscularly with 0.2 ml of bacterial suspension con-
aining 103 to 104 cfu of strain X-73 or 105 to 106 cfu of
train P-1059 [16]. Non-vaccinated control chickens were
lso exposed with the bacteria in the same manner. The birds

ere observed for their mortality rates and clinical signs for
0 days. Necropsies and bacterial isolation were taken for
ead chickens. Gross lesions were recorded and lungs, liv-
rs, spleens, kidneys and hock joints were collected for the
acterial isolation by direct culture using DSA plates.

Survival rate of chickens challenge-exposed with

Strain X-73b Strain P-1059c

3/5 (60)d 5/5 (100)
4/5 (80) 5/5 (100)
4/5 (80) 5/5 (100)
4/5 (80) 5/5 (100)
4/5 (80) 5/5 (100)
4/5 (80) 5/5 (100)
4/5 (80) 5/5 (100)
0/5 (0) 0/5 (0)

of vaccine at 2 weeks interval.
f strain X-73.
f strain P-1059.
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Table 3 Protections in chickens immunized with rOmpH

Group Type of vaccinea (total protein/0.5 ml) Survival rate of chickens challenge-exposed with

Strain X-73b Strain P-1059c

1 Purified recombinant outer membrane protein (rOmpH: 100 �g) 5/5 (100)d 4/5 (80)
2 Purified recombinant outer membrane protein (rOmpH: 200 �g) 5/5 (100) 5/5 (100)
3 Purified recombinant outer membrane protein (rOmpH: 400 �g) 5/5 (100) 5/5 (100)
4 Purified native outer membrane protein of X-73 (OmpH: 100 �g) 5/5 (100) 5/5 (100)
5 Purified native outer membrane protein of X-73 (OmpH: 200 �g) 5/5 (100) 5/5 (100)
6 Purified native outer membrane protein of X-73 (OmpH: 400 �g) 5/5 (100) 5/5 (100)
7 CCE of strain X-73 (100 �g) 5/5 (100) 5/5 (100)
8 No immunization 0/5 (0) 0/5 (0)

a Chickens were inoculated subcutaneously twice with various types of vaccine at 2 weeks interval.
b Chickens were exposed intramuscularly with 5.5 × 103 CFU/0.2 ml of strain X-73.
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c Chickens were exposed intramuscularly with 7.1 × 105 CFU/0.2
d No. of survived/no. exposed (%).

Chicken sera

Blood was collected from all the chicken before each
inoculation and exposure for ELISA and Western blot anal-
yses. In addition, chicken antisera against P-1059 or X-73
bacterins and against denatured condition of the affinity
chromatography-based rCp39 or rOmpH were also employed
in this study for the determinations of antibody response
(Sthitmatee, N. from personal control chicken sera).

Enzyme-linked immunosorbent assay

Antibody titers were evaluated by the indirect ELISA. Micro
plates (Nunc-immunoTM plate, Denmark) were coated with
antigens; rCp39, rOmpH or whole-cell of strains X-73 or
P-1059 and an equal volume of coating buffer; 0.5 M carbon-
ate buffer (pH 9.6), and then incubated at 4 ◦C overnight.
Plates were washed three times with PBS containing 0.05%
Tween 20 (PBS-T). Non-specific bindings were inhibited with
blocking buffer; 1% skim milk (Difco), 1% bovine serum
albumin (BSA; Difco), 0.1% sodium azide (Wako) and PBS
(pH 7.2). A serial twofold dilution of each chicken serum
was prepared in blocking buffer and added into each well.
Then, the plate was incubated at room temperature for
1 h. After washed three times with PBS-T, each well was
added with a 1:1000 dilution of horseradish peroxidase-
conjugated anti-chicken IgY (IgG; Sigma) in blocking buffer
and incubated continuously at room temperature for 1 h.
Substrate solution containing of 30 mg o-phenylenediamine
dihydrochloride (O-PDA; Wako) in 100 ml substrate buffer
(0.2 M Na2HPO4—12H2O; 0.1 M C6H8O7; pH 4.8) was added
to each well after a further washing and incubated with-
out light at room temperature for 30 min. The reaction
was stopped by adding 2N sulfuric acid (H2SO4; Wako) and
absorbance values were recorded at wavelength 492 nm by
ELISA reader (Immuno Mini NJ 2300, Intermed, Japan). End-

point titers were expressed as the log of the highest dilution,
which provided the optimal density more than 0.1 U above
back ground value of the preimmune sera. The log mean
titers and standard error of the mean of each group were
calculated and were used to compare the statistical data.

I
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c

f strain P-1059.

DS-PAGE and Western blotting

amples for SDS-PAGE and Western blotting were prepared
y two methods. Briefly, samples were resuspended in sam-
le buffer and continuously incubated at 37 ◦C for 2 h or
oiled for 5 min. Samples were analyzed on a 12.5% poly-
crylamide slab gel [17] in a mini-slab apparatus (ATTO
orporation, Tokyo, Japan) and stained with Coomassie
lue R-250 (Sigma). Then, proteins were transferred from
DS-PAGE slab gels to nitrocellulose membrane (Amersham
iosciences KK, Tokyo, Japan) and incubated with a dilu-
ion of 1:200 of chicken antisera and followed by incubation
ith a 1:1000 dilution of horseradish peroxidase-conjugated
nti-chicken IgY (IgG; Sigma). Proteins were visualized by
ncubation with 3,3-diaminobenzidine (DAB; Sigma) in PBS
pH 7.2).

tatistical analysis

omparisons of protection in immunized chickens were
ade by the Fisher’s exact test. In addition, comparisons

f protection in immunized chickens between rCp39 and
OmpH were also made. The log ELISA titers were calcu-
ated from the highest dilution of the number that more
han the cut-off value as described above. Mean and stan-
ard deviation of the titers were calculated and are shown in
igs. 6 and 7. The statistical functions used in this study were
alculated with the Microsoft® Office Excel 2003 (Microsoft®

ffice Professional Edition 2003, Microsoft Corporation).

esults

xpression and purification of recombinant
roteins
n transformation of the recombinant pQE-cp39 or pQE-
mpH, which contained the cp39 or ompH gene for the
ature protein without the signal peptide, a large num-
er of transformants on selective LB plate were grown. One
olony of each was chosen and designated E. coli strains
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Figure 1 SDS-PAGE of rCp39 of strain P-1059 and rOmpH of
strain X-73 on a 12.5% gel stained with Coomassie blue. Samples
on lane numbers 1 and 3 were eluted by buffer D (pH 5.9),
and numbers 2 and 4 were eluted by buffer E (pH 4.9) of the
denatured condition. While, samples on lane numbers 5—8 were
eluted by the elution buffer (pH 8.0) of the native condition
under a modified hybrid condition. Lanes: M, molecular mass
standards; lanes 1—2, 5—6, purified rOmpH; lanes 3—4, 7—8,
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urified rCp39. Arrow indicates the position of rCp39 or rOmpH.
umbers on the left indicate the positions of molecular mass
tandards (in kDa).

QE-cp39 or PQE-ompH to express the recombinant pro-
ein. The recombinant proteins were 6 × His-tagged fusion
rotein which assist the recombinant protein bound the
i-NTA resin. A hybrid condition of affinity chromatogra-
hy was successfully demonstrated and the recombinant
roteins rCp39 or rOmpH from E. coli strains PQE-cp39 or
QE-ompH, respectively, were purified by the chromatogra-
hy. Molecular mass of recombinant proteins purified by a
ybrid condition was identical to the denatured condition
Fig. 1).

rotectivities

hickens of each group were immunized with 100, 200
r 400 �g proteins of native or recombinant proteins
Tables 2 and 3). Complete homologous protections of chick-
ns from fowl cholera were obtained by vaccination with
00, 200 or 400 �g proteins of Cp39, or 100 �g proteins of
CE of strain P-1059 (Table 2). Similarly, complete homol-
gous protections were also obtained in rCp39-immunized
hickens. Fisher’s exact test analysis indicated no signif-
cant difference in protection conferred by each rCp39
osage (P < 0.05). Also, there was no significant differ-
nce in protection conferred between rCp39 and Cp39
P < 0.05) whichever protein concentrations were used. Sim-
larly, there was no significant difference in protection
onferred by the CCE and rCp39 or Cp39 at any dosage
P < 0.05). Additionally, 60—80% protections from heterol-
gous challenge-exposure were obtained. Fisher’s exact
est also indicated no significant difference (P < 0.05) in

rotection of chickens from homologous or heterologous
hallenge-exposure.

Almost complete protections conferred by rOmpH and
ts native immunogens of strain X-73 was also obtained
Table 3). Fisher’s exact test indicated no significant dif-
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erence in protection (P < 0.05) conferred by rOmpH, OmpH
nd CCE at any dosage against homologous and heterologous
hallenge-exposure. Additionally, protection of chickens
hallenge-exposed with strains X-73 or P-1059 resulted no
ignificant difference in protection (P < 0.05) conferred by
Cp39 or rOmpH at any dosage. No survivor was observed
n the non-vaccinated control chickens exposed with both
trains.

linical signs, gross lesions and bacterial isolation

hickens of the non-immunized control groups started to
how the peracute clinical signs, such as depression, inap-
etite, severe diarrhea at 6—8 h after exposure. Then, at
2 h after exposure chickens were found dead and all of the
hickens in this group died within 24 h after exposure.

Chickens of immunized groups rarely showed the acute
r peracute clinical sign. In the case of death, chickens died
t 3rd day after challenge-exposure with strain X-73 while
t the 5th day with strain P-1059. Clinical signs started as
ild depression, anorexia and occasional diarrhea. More-

ver, immunized-chickens challenge-exposed with strain
-73 showed severer clinical signs than with strain
-1059.

At the necropsies, the carcasses showed the typical
ross lesions of fowl cholera, e.g. multiple necrotic foci at
iver and/or spleen, lung congestion and edema, multiple
etechiae in liver, hemorrhage in the small intestines and
plenomegaly. P. multocida was recovered in pure culture
rom the specimens of all the dead chickens.

etermination of antibody response

he SDS-PAGEs of Cp39, rCp39 and whole-cell lysate of strain
-1059, and OmpH, rOmpH and whole-cell lysate of strain
-73 were analyzed before the Western blot analysis employ-
ng eight kinds of chicken antisera (Figs. 2—5). The results
howed that protein or whole-cell lysate (boiled or incu-
ated at 37 ◦C) were immunostained with chicken antisera
gainst hybrid condition-based recombinant proteins (Fig. 2)
nd also with the control sera; chicken sera against P-1059 or
-73 bacterins (Fig. 4), chicken sera against Cp39 or OmpH
Fig. 5). In contrast, whole-cell lysate of strain P-1059 or
-73 incubated at 37 ◦C was not immunostained with the
hicken antisera against denatured condition-based rCp39
r rOmpH (Fig. 3).

The ELISA titers are shown in Figs. 6 and 7. High titers of
hicken sera were observed after immunization with rCp39
r rOmpH. There was no significant difference (P < 0.05)
etween the titers observed for two recombinant proteins at
ny dosages. No reactions were observed in the preimmune
era from all immunized groups with any coated antigens.
n contrast, ELISA titers in the sera of chickens immunized
ith the denatured condition-based rCp39 or rOmpH showed
ery low titer against whole-cell of strains P-1059 or X-73.
iscussion

he Cp39, a cross-protective antigen of avian capsular
erogroup A strains, is an interested protein and a can-
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Figure 2 Western blot analysis of whole-cell, Cp39, rCp39 of strain P-1059 and whole-cell, OmpH, rOmpH of strain X-73 probed
with (A) chicken antisera against hybrid condition-based rCp39 or (B) chicken antisera against hybrid condition-based rOmpH. Lane
1, boiled Cp39; 2, Cp39 incubated at 37 ◦C; 3, whole-cell P-1059 incubated at 37 ◦C; 4, boiled whole-cell P-1059; 5, boiled purified
hybrid condition-based rCp39; 6, purified hybrid condition-based rCp39 incubated at 37 ◦C; 7, boiled OmpH; 8, OmpH incubated
at 37 ◦C; 9, whole-cell X-73 incubated at 37 ◦C; 10, boiled whole-cell X-73; 11, boiled purified hybrid condition-based rOmpH; 12,
purified hybrid condition-based rOmpH incubated at 37 ◦C. Numbers in the center indicate the positions of molecular mass standards
(in kDa).

Figure 3 Western blot analysis of whole-cell, Cp39, rCp39 of strain P-1059 and whole-cell, OmpH, rOmpH of strain X-73 probed
with (A) chicken antisera against denatured condition-based rCp39 or (B) chicken antisera against denatured condition-based rOmpH.
Lane 1, boiled Cp39; 2, Cp39 incubated at 37 ◦C; 3, whole-cell P-1059 incubated at 37 ◦C; 4, boiled whole-cell P-1059; 5, boiled
purified denatured condition-based rCp39; 6, purified denatured condition-based rCp39 incubated at 37 ◦C; 7, boiled OmpH; 8, OmpH
incubated at 37 ◦C; 9, whole-cell X-73 incubated at 37 ◦C; 10, boiled whole-cell X-73; 11, boiled purified denatured condition-based
rOmpH; 12, purified denatured condition-based rOmpH incubated at 37 ◦C. Numbers in the center indicate the positions of molecular
mass standards (in kDa).

Figure 4 Western blot analysis of whole-cell, Cp39, rCp39 of strain P-1059 and whole-cell, OmpH, rOmpH of strain X-73 probed
with (A) chicken antisera against P-1059 bacterin or (B) chicken antisera against X-73 bacterin. Lane 1, boiled Cp39; 2, Cp39
incubated at 37 ◦C; 3, whole-cell P-1059 incubated at 37 ◦C; 4, boiled whole-cell P-1059; 5, boiled purified hybrid condition-based
rCp39; 6, purified hybrid condition-based rCp39 incubated at 37 ◦C; 7, boiled OmpH; 8, OmpH incubated at 37 ◦C; 9, whole-cell X-73
incubated at 37 ◦C; 10, boiled whole-cell X-73; 11, boiled purified hybrid condition-based rOmpH; 12, purified hybrid condition-based
rOmpH incubated at 37 ◦C. Numbers in the center indicate the positions of molecular mass standards (in kDa).
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Figure 5 Western blot analysis of whole-cell, Cp39, rCp39 of strain P-1059 and whole-cell, OmpH, rOmpH of strain X-73 probed
with (A) chicken antisera against Cp39 or (B) chicken antisera against OmpH. Lane 1, boiled Cp39; 2, Cp39 incubated at 37 ◦C; 3,
whole-cell P-1059 incubated at 37 ◦C; 4, boiled whole-cell P-1059; 5, boiled purified hybrid condition-based rCp39; 6, purified hybrid
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OMPs among P. multocida have been clarified and recom-
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7,18—23]. Recently, an outer membrane-associated pro-
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Figure 7 Antibody responses in the sera of chicken immunized with rOmpH. ELISA plates were coated with 10 �g protein of rOmpH
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In our previous study, the rabbit antisera against Cp39,
rCp39 and OmpH or rOmpH of strain X-73 [12] had been pre-
pared and used for the Western blot analysis and adhesion
assay (Borrathybay E., unpublished data). Western blot anal-
ysis demonstrated that the OmpH or rOmpH were strongly
immunostained with the rabbit antiserum against Cp39 or
rCp39. Additionally, Borrathybay E. (unpublished data) sug-
gested that the rCp39 was confirmed as a recombinant
adhesive protein and a cross-reactive recombinant anti-
gen among P. multocida capsular serogroup A strains. Our
preliminary protection assays in mice by vaccination with
Cp39 or OmpH have been performed and the results showed
that the efficient protections against challenge-exposure
with P. multocida strains (data not shown). In contrast,
low or no protection was observed in mice immunized
with any dosage of the denatured condition of the affin-
ity chromatography-based rCp39 or rOmpH (P < 0.05). The
Western blot and ELISA analyses of mice sera in that prelim-
inary experiments indicated that mice antibody induced by
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with the whole-cell of both strains. Moreover, whole-cell
of both strains incubated at 37 ◦C were not immunostained
with the control chicken sera against denatured condition-
based rCp39 or rOmpH and the ELISA also showed the
low antibody response to the denatured condition-based
recombinant protein (Figs. 6 and 7). Therefore, the results
of our preliminary experiments coupled with the present
results suggested that the immunogenicity of recombinant

protein have been changed during purification of the pro-
tein. In the present investigation, the purifying condition to
protect immunogenicity of recombinant protein was demon-
strated as suggested from the previous protection assay
in mice. Purification of recombinant protein by the affin-
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nt (The QIAexpressionist, QIAGEN). The instruction manual
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n pH or when the presence of metal ions in the eluate and
ay have an adverse effect on the purified protein. This

uggestion may explain the low or no protection in mice in
ur previous protection assay and also in the previous study
12].

The present investigation tried to clarify the protec-
ion conferred by immunization with rCp39 in the natural
ost chickens. The protection against challenge-exposure
ith parental strain P-1059 and heterologous strain X-73
as obtained by two inoculations of 100, 200 or 400 �g
f rCp39 proteins in chickens. Likewise, high ELISA titers
ere induced by rCp39 or rOmpH and a cross-reaction was

hown between strains P-1059 and X-73 (Figs. 6 and 7).
isher’s exact test indicated that there was no significant
ifference (P < 0.05) in efficacy of the rCp39 and the native
mmunogens (Cp39, CCE) at any dosages. These results sup-
orted that vaccines prepared from the bacterial OMP were
ble to induce the sufficient protection against parental

train [18,21,23,26,27]. Moreover, the present rCp39 was
lso able to induce the cross-protection against heterol-
gous challenge-exposure. However, low mortalities were
bserved in chickens immunized with recombinant proteins
gainst heterologous challenge-exposures. This might be



2

d
s

p
d
w
c
b
p
W
t
a
p
r
c
o
w
c
p
t
d
(
a
C
T
e
t
t
i
n
e
g
t

m
p
e
i
fi
t
o
o
[

t
(
fi
p
T
(
T
v
c

A

W
p
t
U
U

R

[

[

[

[

[

[

[

[

[

406

ue to higher virulence of strain X-73 and difference in
omatic antigenicity of the two strains.

Protection induced by immunization with recombinant
rotein in the present study is interesting. Luo et al. [12]
emonstrated that immunization of purified native OmpH
as able to confer the protection of chickens from fowl
holera by challenge-exposure with parental strain X-73
ut the recombinant OmpH of strain X-73 induced little
rotection against challenge-exposure of parental strain.
estern blotting and ELISA indicated that the undena-

ured OmpH of strain X-73 could not induce the antibody
gainst native OmpH of strain X-73 [12]. While, in the
resent investigation, the protection conferred by native or
ecombinant OmpH in chickens was observed even though
hallenge-exposure with high bacterial numbers of homol-
gous or heterologous strain after purification condition
as modified. Western blotting showed that the hybrid
ondition-based recombinant proteins were undenatured
rotein and the induced antibodies were able to react to
he whole-cell lysate of both strains (Fig. 2) while the
enatured condition-based recombinant proteins were not
Fig. 3). ELISA have been performed and showed the high
ntibody titers against native conformational epitopes of
p39 or OmpH in the whole-cell lysate of both strain.
hese indicated that antisera against rCp39 or rOmpH were
xpressed in vivo and a hybrid condition was able to protect
he immunogenicity of protein. Interestingly, these observa-
ions correlated to the previous investigation that protective
mmunity was obtained by the immunization with the unde-
atured form of other porin protein [21]. However, the
fficacy of this modified method to protect the immuno-
enicity and the solubility of the recombinant protein need
o be determined.

The protein modification in host and the host response
echanism are interesting and these may affect upon the
rotection. Recently, Boyce et al. [28] described how the
xpression of OMP of P. multocida changed during infection
n the hosts. A total of 35 proteins of OMP were identi-
ed from host samples. Analysis of the proteins concluded
hat the OMP will modify itself during infection in host in
rder to function. Then, host response and modification
f the OMP during infection affect upon protection in vivo
28].

In conclusions, the homologous and heterologous protec-
ions were conferred by the recombinant adhesive protein
rCp39) of P. multocida strain P-1059 in chickens. A modi-
ed hybrid condition of affinity chromatography successfully
rotected immunogenicity of the recombinant protein.
he Fisher’s exact test indicated no significant differences
P < 0.05) in protections among vaccine types and dosages.
herefore, the rCp39, an emerging candidate recombinant
accine, was able to induce a sufficient immunity for fowl
holera in the natural host chickens.
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