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a b s t r a c t

Pasteurella multocida serotype B:2 is the causative agent of haemorrhagic septicaemia (HS), a fatal disease
of cattle and buffaloes. As a step towards the identification of individual antigens that may protect against
HS, proteins present in a sonicated cell extract (SCE) and outer-membrane protein (OMP) preparation of a
wild-type P. multocida serotype B:2 were investigated by immunoblotting with sera from calves which
had been protected against challenge with a virulent strain of P. multocida B:2 by vaccination with a
live-attenuated aroA derivative of the challenge strain. Five proteins in SCE, of approximately 50, 37,
30, 26 and 16 kDa, were recognised by the sera. In an OMP preparation, two bands, at 37 and 50 kDa,
were recognised as strongly immunogenic. Mass spectrometry analysis of proteins corresponding in size
to those detected by immunoblotting identified the 37 kDa band as OmpA, but the band at 50 kDa was
not identified with certainty. A major 30 kDa OMP, identified as OmpH, was not strongly immunogenic.

� 2009 Elsevier Ltd. All rights reserved.

Haemorrhagic septicaemia (HS) is an acute, fatal disease of cat-
tle and buffaloes (Bubalus bubalis) characterized by terminal septi-
caemia and shock (Horadagoda et al., 2001). The disease is the
most economically important contagious disease of these species
in South and South–east Asia and the Middle East, where Pasteu-
rella multocida serotype B:2 is the causative agent (Wijewardana,
1992; De Alwis,1992, 1999). HS is generally controlled by vaccina-
tion with inactivated whole-cell preparations, but these have prob-
lems of reactogenicity, due probably to high endotoxin content,
and do not provide long-lasting immunity (Verma and Jaiswal,
1998; De Alwis, 1999). The key antigens of P. multocida B:2 that
evoke protective immunity to HS in cattle have not been defined,
but P. multocida B:2 outer-membrane proteins (OMPs) have been
implicated as protective antigens (Vasfri Marandi and Mittal,
1997; Srivastava, 1998; Pati et al., 1996; Basagoudanavar et al.,
2006; Lee et al., 2007). For other serotypes of P. multocida, OMPs
are recognised as important immunogens (Rimler, 2001; Gatto
et al., 2002; Prado et al., 2005; Al-Hasani et al., 2007; Wu et al.,
2007; Dabo et al., 2008). As a step towards identification of individ-
ual OMPs of serotype B:2 that may confer protection against HS,

sera obtained at different times following vaccination intramuscu-
larly (IM) of calves with an attenuated aroA derivative (JRMT12) of
P. multocida B:2 (Tabatabaei et al., 2002) were used. Calves vacci-
nated with the aroA strian were fully protected against subcutane-
ous (SC) challenge with the virulent parent strain 85020 (Hodgson
et al., 2005).

Sonicated cell extract (SCE) was prepared from strain 85020
after static growth in Brain Heart Infusion broth (BHI, Oxoid) for
18 h at 37 �C. Bacteria were collected by centrifugation at 3000xg
for 30 min at 4 �C (RC-5B, Sorvall), washed three times with PBS,
resuspended in PBS and disrupted by sonication using a Vibra Cell
ultrasonic processor (Jencons-PLS, Leighton Buzzard) for three 60-s
bursts with intermittent cooling on ice. The resulting suspension
was centrifuged at 3000xg for 30 min at 4 �C, and the supernate
was filtered through a 0.2 lm-pore-size membrane (Sartorius).
The protein concentration was determined by a modified Lowry
procedure (Markwell et al., 1978). OMPs of strain 85020 were ob-
tained by Sarkosyl extraction as described by Davies et al. (1992)
with modifications. A suspension of sonicated bacteria in 20 mM
Tris–HCl (pH 7.2) was centrifuged at 10,000xg for 30 min at 4 �C.
The supernate was then centrifuged at 1,00,000xg for 1 h at 4 �C
(Combi, Sorvall) and the pellet, containing the cell envelopes,
was resuspended in 0.5% (w/v) N-lauroylsarcosine (Sarkosyl,
Sigma) and left for 20 min at room temperature to solublise the
cytoplasmic membranes. OMPs (Sarkosyl-insoluble membrane
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fraction) were then pelleted by centrifugation at 1,00,000xg for
30 min at 4 �C, washed once in distilled water and resuspended
in PBS (pH 7.2).

Sodium dodecyl sulphate–polyacrylamide gel electrophoresis
(SDS–PAGE) was done on 10% (w/v) acrylamide gels and protein
bands were visualised with Coomassie blue. Immunoblotting was
done as described previously (Hodgson et al., 2005). Protein iden-
tification by mass spectrometry (MS) followed standard protocols
(Mutapi et al., 2005). MS/MS ions data were extracted using Ana-
lyst QS software and proteins identified using the Mascot search
engine (Matrix Science). Only protein matches with scores that ex-
ceeded the 95% confidence threshold were accepted as positive
identifications with a high ’hit score’ providing greater confidence
that the identification was correct.

SCE of strain 85020 showed numerous protein bands by SDS–
PAGE ranging from 16 to 90 kDa with a prominent band at
30 kDa (Fig. 1A). For immunoblotting, sera collected at intervals
from calves vaccinated with the aroA strain JRMT12 were used
(Hodgson et al., 2005). Groups of four calves were vaccinated twice
4 weeks apart with 109 CFU of strain JRMT12 and challenged sub-
cutaneously with 107 CFU of strain 85020 at 8 weeks of age. Fig. 1B
shows the results obtained using sera collected at different times
from one of the calves as representative of the group. The sera were
obtained on the day of vaccination (pre-vaccination), 4 weeks after
first vaccination, 1 week after the second vaccination and 1 week
after challenge and the IgG titres in these sera were 59, 126,
2753 and 5244 ELISA units ml�1, respectively (Hodgson et al.,
2005). Sera obtained from each of the four calves reacted with pro-
teins of a similar size, although some slight variation in individual
band intensities was apparent between the blots for the four differ-
ent sera (data not shown). The pre-vaccination serum showed
some reactivity against SCE, for example with a band of approxi-
mately 53 kDa (Fig. 1B, lane 1), and serum obtained 4 weeks after
the first vaccination reacted with an additional band at approxi-

mately 44 kDa (Fig. 1B, lane 2). The 44 and 53 kDa bands were
not considered as putative protective antigens because vaccination
IM with a single dose of 109 cfu of the aroA strain showed no pro-
tection against challenge (unpublished observations). Sera ob-
tained after the second vaccination and after challenge, when IgG
titres had increased markedly, reacted strongly with additional
SCE bands at 50, 37, 30, 26 and 16 kDa (Fig. 1B, lanes 3 and 4), iden-
tifying these as possible protective antigens as calves receiving the
booster vaccination IM were protected against challenge (Hodgson
et al., 2005).

The SDS–PAGE profile of the OMP preparation revealed two ma-
jor bands of 30 and 37 kDa and several minor bands (Fig. 2A). An
immunoblot using calf immune serum obtained one week after
the second IM vaccination revealed two strong bands, of 37 and
50 kDa (Fig. 2B) which appeared to correspond to a major OMP
band (number 2 in Fig. 2A) and a minor OMP band (number 1 in
Fig. 2A), respectively. The most dominant band in the Coomassie
blue stained OMP preparation at 30 kDa (number 3 in Fig. 2A)
showed little or no reaction in the corresponding blot (Fig. 2B). It
is possible that the bands at 37 and 50 kDa identified in the OMP
immunoblot (Fig. 2B) are the same bands at 37 and 50 kDa identi-
fied in the SCE immunoblot (Fig. 1B, lane 3). No immunogenic
OMPs equivalent to the 16, 26, 30 and 44 kDa bands visible in
the immunoblot of SCE with the same serum (Fig. 1B, lane 3) were
evident in the immunoblot of the OMP preparation (Fig. 2B).

As the OMP preparation contained fewer proteins than the SCE,
which minimised the possibility that an excised band might con-
tain more than one protein of similar MWs, the protein bands la-
belled 1–3 in the OMP preparation (Fig. 2A) were chosen for
identification. The most dominant, but poorly immunogenic, band
of the OMP preparation at 30 kDa (band 3, Fig. 2A) was identified
as OmpH of P. multocida by MASCOT analysis (highest hit score
718, sequence coverage 41% (percentage of sequence covered by
the matching peptides), 35 kDa, NCBI accession number 2853240,

Fig. 1. (A) Coomassie Blue stained SDS–PAGE profile of a sonicated cell extract (SCE) preparation of P. multocida 85020 grown in BHI broth (right lane). SCE proteins were
loaded at 10 lg per well. MW markers (left lane). (B) Immunoblot of P. multocida SCE with sera taken at intervals from a calf after vaccination IM with P. multocida strain
JRMT12 and challenge with the P. multocida strain 85020 parent strain, as representative of the group of four vaccinated and challenged animals. M; MW marker; Lane 1,
Before vaccination; Lane 2, Four weeks after first vaccination; Lane 3, One week after second vaccination; Lane 4, One week after challenge.
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