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Molecular Characterization and Immunogentic Properties of a Group 3 Membrane
Protein Isolated from B. abortus Infection
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Abstract: This study was conducted to evaluate the immunogenicity and protective efficacy of B. abortus
protein antigen. A gene that encode 0.85 kbp was isolated from B. abortus genome Agtll expression library by
probing with a Polled Human Abs (PHAbs) infected with B. abortus or B. melitensis. Sequence analysis of the
cloned gene revealed the presence of an Open Reading Frame (ORF) of 259 amino acids encoding for a protein
with calculated molecular weight of 23 kDa (BpZ23). The predicted amino acid sequences of this gene shows 83%
similarity with B. abortus outer membrane 26 kDa protein (Omp26) previously sequenced. The recombinant
B. abortus protein was identified by human sera infected with either B. abortus or B. melitensis, but not healthy
persons as shown by Western blotting. Therefore, the availability of this recombinant protein and the
identification of the antigenic determimant recognized by human Ab will allow the evaluation of its potential
protective activity for the development of subcellular vaccines against brucellosis. Moreover, the use of this
recombinant protein in Western blotting allowed differentiation between vaccinated from naturally infected
camels. Hyperimmune rabbit serum against Bp23 recombinant protein could detect naturally infected ammals
with different specificities, whereas represented mn camels (100%), cows (54%) and sheep (33%), but not
detected at all in brucellosis free camels. These data indicated that the new 1solated Bp23 recombinant protein
might be of value as a vaccine candidate for treatment of human brucellosis and as an antigen for serclogical

diagnosis of brucellosis in different animals as well.
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INTRODUCTION

Microorgamsms belonging to the genus Brucella are
mtracellular coccobacilli, small, normotile, gram negative
bacteria, that are able to infect a broad range of wildlife
and domestic animal species as well as humans
(Young, 1983). The genus Brucella is classified into six
species: three major (Brucelle melitensis, B. abortus
and B. suis) and three minor, (B. ovis, B. canis and
B. neotomae). In addition, several biovars are included in
the three major species. The six Brucella species and their
biovars are cumrently differentiated by pathogemcity,
animal host preference infections, serotyping, phage
typing, dye sensitivities, culture and metabolic properties
(Alton et al, 1988). Among these different biotypes
B. abortus and B. melitensis are the most widespread
species for infection of camels (Young, 1995), most
causative agent of bovine brucellosis (Young, 1983) and
most pathogemc species for infection of humans
(Corbel, 1997; Fallatah et @i., 2005). Animal brucellosis
induced abortions and reduced fertility in camels
(Yagupsky, 1999) causes severe economic losses in

underdeveloped and developing countries in which
animal husbandry is an important industry (Blasco and
Diaz, 1993). In addition, severe human brucellosis
characterized in its acute phase by undulant fever and in
its chronic phase by localization of the pathogen and
damage of different organs (Corbel, 1997, Roop et al.,
2004, If localized in the brain or the heart, this can result
in fatal memngitis or fatal endocarditis, respectively
(Fallatah et ol., 2005). Futhermore, all these Brucella
species are listed as potential bioweapons by the Centers
for Disease Control and Prevention (Kaufmann et al.,
1997; Kortepeter and Parker, 1999). This 1s due to the
highly infectious nature of three major species. In fact
they can be readily aerosolized and an outbreak would be
difficult to detect because the initial symptoms are easily
confused with those of mfluenza.

Brucellosis is an endemic zoonotic disease in many
areas of Saudi Arabia mainly in the western and southern
province, due to a traditional custom fostered by the
nomadic heritage and dietary habits of the people, a high
cross transmission of Brucella sp. from domestic ammals
including sheep and camels to humans (Al-Eissa, 1999).
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However, camel husbandry is wvital for numerous
pastoralist groups at Taif area in Western Saudi Arabia.
Therefore, infected camels are the main source of human
infection. Currently, seroprevelance of
Brucellosis in humans at these regions increased from
4 to 15% within the last 20 years (Almuneef et al., 2004),
due to increase the rate of camel’s raw milk ingestion for
treatment of some diseases. Meanwhile, the overall
Brucellosis seroprevalance was also increased from
3 to 22% in camels (Radwan et aof., 1995; Abbas and
Agab, 2002). Results of laboratory tests indicated that
a significant proportion of the population in the
southern region (19.2%) had serological evidence of
exposwre to Brucella antigen and 2.3% had active disease
(Radwan et al., 1995). However, recorded data about the
main risk factors proved that 45% of human brucellosis
population from Northern area of Saudi Arabia was due to
ownership or direct contact with domestic camels and
75% was from the ingestion of raw products of ammal or
unpasteurized milk (Almuneef et af., 2004). The disease
present in both sexes and in all ages (Alballa, 1996). Many
attempts had been done to evaluate a human vaccine,
control brucellosis infection n large camel herd m Saudi
Arabia and prevention of cross transmission to humans
(Fallatah et al., 2005; Al-Tawtfig, 2006).

treated with
of antibiotics or

Brucellosis

Brucella infection is either a
attenuated strains
(Aguirre et al, 2006);, however, mn its chronic phase,
eradication is difficult since Brucella sp. are intracellular
pathogens, which puts them out of reach of humoral
mnmumty and several antibiotics (Kohler et af., 2003,
Roop et al, 2004). Vaccination against brucellosis 1s
commonly performed by using living attenuated Brucella
strains. These vaccines have several disadvantages,
among them lack of a safe, their capacity to produce
underlying infections in ammals (Abbas and Agab, 2002)
and humans (Young, 1983), sometimes becomes
pathogens for human (Cloeckaert et al., 2002), its use is
prohibited in countries free of it (Jimenez et al., 1994;
Lucero et al., 2006) and to elicit antibodies agamst the
lipopolysaccharide (LPS; Cloeckaert et al., 2002) which
interfere in the differential diagnosis between vaccinated
and infected animals. Therefore, the development of new
vaccines and effective therapeutic agents 1s one of the
principal aims in brucellosis research. Numerous attempts
to develop killed vaccines that are as effective as
attenuated Brucella strains have met with himited success
(Cassataro et al., 2005). Subcellular vaccines as protective
antigens (Ags) that could avoid the drawbacks of live
attenuated vaccines, being safer and not interfering with
immunediagnosis, are selected. Therefore, 1dentification
of Brucella sp. antigens with the capacity to elicit a

combination

protective immune response is of great interest for the
development of subcellular vaccines that do not have the
drawbacks of living attenuated vaccines.

The Brucella cell wall consists of a groups of
immunogenic and protective antigens which characterized
as an outer membrane proteins (Omps) of Brucella or
Brucella group antigens (Ags) that focused for vaccine
applications and potential diagnostic  purposes
(Jimenez et al, 1994). These proteins are categorized
to  seven Brucells Omps Ags according to their
molecular weight by using MAbs (Pugh et al, 1991;
deWergifosse et al., 1995). Three major Omps classified
into two groups; group 2 porin protein Ags sharing a
high degree of identity (>85%; Bowden et al., 2000;
Estemn et al., 2003) with a molecular weight approximately
ranged from 36 to 38 kDa, (Omp 2b; Ficht et al, 1989)
and group 3 proteins that have two different
molecular weights, 25 to 27 kDa Omps (Omp 25;
Vizeamo et al., 2001) and 31 to 34 kDa Omps (Omp31;
de Wergifosse ef al., 1995). Four minor Omps classified
into two groups; designed as group 1 Ags that have an
approximately molecular mass of 94 kDa (Omp94;
Lmdler et al., 1996, Halling et al., 2005) and group 4 Ags
with three different molecular weights of 10, 16 and 19 kDa
Omps (10, 16 and Omp 19, respectively; Cloeckaert et al.,
2002). Previous reports proved that antibodies against the
group 3 Ags have been detected n mice naturally and
experimentally infected with B. melitensis (Zygmunt et al.,
1994) and in camels infected with B. abortus and seems to
be highly accessible for sheep infected with smooth
B. suis (S B. suis, Bowden et al., 1995). Accordingly, the
Brucella sp. group 3 Omps might be an interesting
candidate for the development of a subcellular vaccine
agamnst human as well as domestic camels breellosis
caused by B. melitensis and B. abortus strains.

Our mam objective in this present research was to
isolate genes coding for surface proteins, which could be
useful as protective, therapeutic or diagnostic tools for
brucellosis infection. In this study, clomng, nucleotide
sequence and expression of the gene coding for the
0.85 kbp from B. abortus that may be useful as a vaccine
candidate Ag and/or diagnostic agent.

MATERIALS AND METHODS

Bacterial strains: The B. abortus and B. melitensis
strains used in this study were 1solated from milk of
infected camels by the Brucella Culture Collection staff,
a branch of Agriculture and Water Ministry at Taif, Saudi
Arabia and classified as rough (R) Brucella strains by
standard methods (Radwon et al., 1995). Working culture
of Brucella strains were grown and maintained on tryptic
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soy agar (Gibco-BRI/Life Technologies, Eragny, France)
supplemented with 0.1% (wt./vol) yeast extract (Difco
Laboratories, Detroit, Mich.) for B. melitensis and with 5%
horse serum (Gibeco-BRL/Life Technologies, Eragny,
France) for B. Abortus. Characterization of cultures was
performed by standard procedures (Alton et al., 1988).
Stock Brucella cultures were stored in trypticase broth
supplemented with 20% glycerol and stored at -80°C
(Guilloteau et al., 1999). Escherichia coli TMI0O9 and
Y1090 cell strains (Promega, Madison, WT) used in this
study were cultured overmight on Luria-Bertam (LB)
mediurn containing 50 pg of ampicillin mL ™"

Genomic DNA preparation and construction of Brucella
genomic library: Total genomic DNA was extracted and
purified from isolated B. abortus and B. melitensis as
described previcusly (Sambrook et al., 1989). The Agtll
B. abortus gemonic library was prepared in King Fahed
mstitute, Jeddah, Saudi Arabia by digestion of B. abortus
chromosomal DNA with Sau 3A1 (Promega, Madison,
Wis.). Briefly, B. abortus genomic DNA was partially
digested for 30 min at 37°C with Sau3Al, the enzyme
concentration giving the lghest percentage of fragments
ranging from 0.5 to 23 kb. DNA fragments were purified by
elecroelution of 1% agarose gels then EcoRI linkers were
added to the fragment and ligated with T4 DNA ligase
(Promega, Madison, Wis) mnto Agtl1 EcoRI cloning site
that performed as described by Sambrook et al. (1989).
B. melitensis library was also constructed in Agtll by
similar method described above. Recombinant phage
DNA were packaged in vitro with the Packagene System
(Promega, Madison, Wis) and libraries were titrated for
determination the number of PFU by infection of
Escherichia coli TM109 cells and spread onto plates
containing Luria-Bertani (LB) medium supplemented with
ampicillin (50 pg mL™") as illustrated by the manufacturer.

Sera and Ab preparation: Several sources of human and
amimals infected serum samples were used in this
experiment. Twenty unvaccinated human brucellosis sera
were obtained from outpatients of the brucellosis
Department at Taif National Hospital (Taif, KSA). Among
them twelve sera from infected patients with B. abortus
and eight sera from patients mfected with B. melitensis.
Two sera from normal subjects used as a negative control
and six serum samples were collected from King Faisal
National Hospital termed human sera Ab. Three of them
collected from patients mnfected with B. abortus and
other three sera collected from patients infected with
B. melitensis. Those infected patients were confirmed by
positive culture for each strain as a routine work 1in the
hospital. Pooling of first twenty serum samples collected

from Taif National Hospital were passed on a column
containing protein A/G (Pierce) for puwrification of
immunoglobulin - G (IgG) as suggested by the
manufacturer. This Ab preparation represents a pool of
sera with both Brucella sp. and designated as Pooled
Human Ab (PHAb). TgG preparation from other six serum
samples were also prepared separately as described
above. 1n addition, five serum samples from camels, 7
serum samples from cows and 9 serum samples from
sheep infected with B. abortus and two serum samples
from vaccinated camels with S19 B. abortus, two serum
samples from camels nfected with B. melitensis and
two serum samples from vaccinated camels with Revl
B. melitensis were obtained from Disease Prevention and
Control Unit (DPCU), at Mimstry of Agriculture and
Water branch at Taif, Saudi Arabia. Five serum samples
from healthy camels (negative by complement fixation
test) were obtained from a Brucellosis free herd kindly
prepare by Dr. Zakara, H. from the field with helping of
some speclalists in animal resources Department Mimustry
of Agriculture and Water. TgG fraction of anti -23 kDa
protein sera were obtained from immumzed rabbits with a
purified protein extract prepared as follows: Whole cell
lysate of E. coli carrying the plasmid that produces
fussion 23 kDa protein (pGEX4T-2-23) was subjected to
12.5% SDS-PAGE gels as described by Laemmli (1970) and
transferred to mitrocellulose membrane. A Western blot
using HPAD sera described above was made with part of
the nitrocellulose membrane as described by Towbin et al.
(1979) and the corresponding band on the gel (about
50 kDa fussion proten) was sliced, purified by
electroelution and concentrated by protein filter tube
(Millibore, TJSA). Fussion protein digested with factor X
and purified on GST-column to separate GST protein from
recombinant 23 kDa protein. Purified protein mixed with
an equal volume of mcomplete freund adjuvant (Sigma
Chemical Co.) for repeated immunization of rabbit.
Hyperimmune rabbit sera was collected from the rabbit by
heart puncture and pass over protein A column according
to manual (Sambrook ef al., 1989).

Library plating and immunoscreening: A bacteriophage
suspension (10 pL; approximately 7x0° PFU) in phage
dilution buffer (20 mM Tris-HCI, 100 mM NaCI, 10 mM
Mg30,, pH 7.4) was incubated for 20 min at 37°C with
0.6 mL of an overnight E. ¢oli IM109 culture grown at
37°C in LB media that supplemented with 50 mg ampicillin,
10 mM MgS0, and 2% maltose per liter. Platting of E. col
infected with Agtll bacteriophages, overlaying of
nitrocellulose membrane, blocking of membranes with
5% free fat milk, probing the membrane with HPAb and
color development of expressed protein was done
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according to Sambrook et «l. (1989). The strongest
positive bacteriophages were repeated several times until
plaque lifts showed more than 99% immunoreactive
plaques.

PCR, subcloning and plasmid preparation: B. abortus
and B. melitensis DNA mserts were recovered {rom the
1solated bacteriophages by using PCR as described
previously (Mullis and Falnoona, 1987) on the purified
bacteriophage. Forward and reverse umversal Agtll
primers (Stratagene, La Jolla, Calif.) were used under the
following conditions. The reaction mixture (100 pl)
contained 0.1 x10° PFU of recombinant phage, 100 pmol of
each primer, 200 mM of each deoxynueleoside
triphosphate (ANTPs; Phannacia, Sweden) and 2 U of Taq
polymerase (Perkin-Elmer, Cetus, Emeryville, Calif.) with
the appropriate 10x polymerase buffer. The reaction
mixture was preheated for 10 min at 95°C and then
35 cyeles (denaturation at 95°C for 60 sec annealing at
55°C for 90 sec and polymerization at 72°C for 2 min) were
performed in a thermocycler (Perkin-Elmer Cetus,
Emeryville, Calif). The reaction was completed by heating
for 10 min at 72°C as elongation step, then kept at 4°C
until used. Different sizes of DNA fragments obtammed
were subjected to EcoRI digestion, phenol/chlorophorm
extraction, ethanol precipitation, then resuspended into
20 ul. TE buffer. Purified DNAs were subcloned into a
pGEM-5Z1+ vector (Promega-Biotech, Madison, WT) by
T4 DNA ligase (Promega) as described previously
(Ausubel, 1989). Recombinant plasmids were transformed
and propagated in E. cofi IM109 as described by
Sambrook et al. (1989). Plasmid DNA punification was
performed on a Maxi-prep DNA purification kit (Promega)
according to the manufacturer instruction.

DNA sequencing and protein analysis: DNA sequence
mnformation was obtained from sequencing of both
strands of the imserts by primer-directed dideoxy
sequencing of double-stranded templates with Sequenase
version 2.0 (US Biochemicals, Cleveland, Ohio) using [°S]
as 1sotope (Amarsham; USA). The forward and reverse
primers were a umversal primers for pGEM plasmid
(T7 and SP6, respectively; Stratagene, La Jolla, Calif)
used for sequencing. Sequence was performed using 6 pl.
of purified DNA product per reaction, 4 ul. of forward or
reverse primer, 8 ul. of primex buffer as described by
Sanger et al. (1977). DNA sequence data obtained from
sequencing gels were analyzed by the DNA Strider 1.1
program {(Marck, 1988). Sequence analyses
performed also on a SUN Spareserver 10/41, FastA,
TFastA, PepPlot and Motifs programs. DNA and amimno
acid sequences were used to search the DNA and protein

WETe

databases at the National Center for Biotechnology
Information (NCBI), National Library of Medicine,
Washington, DC., by using the BLAST algorithm
(Altschul et al., 1990).

Protein expression, gel electrophoresis and westerm
blotting: For expression of the encoded protein,
recombinant pGEM-DNA for Brucella msert was
purified by using Qia Quick purification kit (Qiagen)
as described by the manufacturer. Open Reading
Frames (ORF) of encoded genes was generated by
constructed two sets of primers, sense primer 5'-
GAATTCACTTGCTAGCCGGAC-3" and antisense primer
5 -GGATCCTCGGAGGGATTACTTA-3 for B. abortus
containing EcoRI and BamHI cloning site. DNA fragment
was generated by PCR of 100 ng DNA with PCR
conditions as described above. PCR fragment was
recovered and digested with EcoRl and BamHI and
ligated into pGEXAT-2 vector. Following transformation
of E. coli Y1090 competent cells, colonies were examined
by cracking gel electrophoresis to identify which carries
the recombmant plasmid. A single bacterial colony
containing the recombinant plasmid was grown in a
culture and mnduced with 0.5 mM IPTG to induce
recombinant protein expression. Cells were harvested at
2 hintervals by centrifugation at 3000xg and resuspended
in fussion protein extraction buffer (Tris-HCI1, 50 mM;
NaCl, 15mM, EDTA pH 85; Trron-X 100, 1%; PMSF
1 mM). Cells were then lysed by sonication for 2-3 min at
20 kHz with 30 sec intervals using 0.2 nm microtipe and
centrifugatied in a sorval S534 rotor at 1200 rpm at 4°C for
10 mm. The pellet was then resuspended in the fussion
protein extraction buffer and analyzed together with the
supemnatant on 15% SDS PAGE gel as described by
Laemmli (1970). Western blotting was performed
according to the method of Towhin et @l (1979) on the
supernatant.

Southern blotting and hybridization: Fragments
generated from Sau3A4! restriction enzyme digestion of
1.5 pg of chromosomal DNA Brucella sp. fractionated
on 0.7% agarose gel were transferred to Nylon membranes
(Schleicher and Schuell, Keene, N.H) and hybridized
at 42°C as suggested by the manufacturer with
0.85 Kbp DNA labeled with ["F]. The membranes
were washed under high-stringency conditions at
65°C in Ix Denhardt's solution {0.02% Ficoll, 0.02%
polyvinylpyrrolidone, 0.02% bovine serum albumin,
2x88C(20x88C 18 3 M NaCT and 0.3 M sodium citrate) and
three 30 min washes in 0.1%x33C-0.1% SDS by using
conventional method according to Sambrook et al. (1989).
The membranes were dried and autoradiographed on
X-0Omat AR film (Kodak, Rochester. NY).
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RESULTS

Isolation,identification and cloning of a B abortes insert
gene: In a first screending, about 250,000 4 g1l plagues
from each B aborfus and B melifensis lbraties were
probed separately with a pooled of HPAW. Five positive
plagees  were  identified as  strongest  positive
immmunogenic dots (bro from B aborfus andthree from
E melifersis). The isclated five plaques were purified by
repeated plaing and probing. The purified bacteriophages
were again plated by spotting into two plates contaning
T1090 bactetia as in spot Hlotting tectwdepe (Magdsy,
19581, One plate was probed with pooled three haman
sera Ab directed to B melifensis and the other plate
was probed with pooled three Inman sera Ab directed to
E aborfis. Only one plagoe (Mo, 4) that described as a
hi ghily immuwioreactive bacteriophage with both separate
sera Ahs which was used for further characterization To
recover the DA fragment the purified bacteriophage
was used as a template in a PCR reaction with primers
flarking the cloning site. The PCE DHA fragmerds of
these five plagques were tun o 1% agarose gel to detect
their sizes (Fig. 1 ). Interestingly, two B melifersis DHA
fragments (Mo 1, 3) were almost in the satve size as two
DHA fragments of the B oborfs Mo 4, 5, 085 kp),
however, B melifensis DNA (plagque Mo, 2) size iz ahout
3.7 kbp A 085 Kop DNA fragmernt was parified wa FeoRT
digestion of PCR product and subecloned into the
PO ENSEf wector BeoRl cloning site. & recom binant
vector transformed into Y1090 bacteria, then amplified
digested and rnn on 1% agarose gel electrophoresis
(Fig 1), whichrepresented DN A fragment with ~ 250 by

Mucleotide sequence and amino acid analysis: & complete
coding sequence was carried out for clone Mo, 4 from
both strands of pOGEMSES+ containing DN A fragment by
waing wdversal TT and P8 primers flanking the parerdal
850 bp fragment. On one strand, a single open reading
frame (ORF) of 777 tpowas identified (Fig 2% with an ATG
starting codon and a TAA stop codon and could code for
259 amino acid protein Indeed DN A insert contains a
sevenn muclectide sequence that is homclogous to a
putative Shitie-Dal gatno COTLSETIRAS SeUETICE
(TAZFAGA) that was found upstresm from the putative
irdtiation codon (position 4. A CHG rich region that codd
function as transcription terminator  secquence was
detected at 4 bp down stream of the TAA stop codon
The B. aborfus amino acids were predicted by transl ation
of the mmclectide sequence through the cwrert Swriss
Prot, EMEL and GenBank databases The calculated
molecdar  tmass  of  the predicted encoded protein
was 23 kD (Bpd3). & search for amino acid sequence

E £

(A) E

Fig 1: 1% agarose gel electtophoresiss Panel (A)
tepresents a PCR fragmert of isclated placues
from B aborfis Agtll library (lanes 1, 2) and
B melefiveis (lanes 3, 4, 5. M is a mol ecular weight
matker, (1Kbp DHNA ladder Gibeo). Panel (B)
showing the BeoRT digestion of pGEM3Zf+ wector
cordairing DA fragment purified from lane 4 that
showinga high immunoreactivity for PHAK.

homologles revealed that its amino acid sequence exhibits
83 0% idertity with 26 kDa Omp (Omp2 &) of B aborfus
atnd 75 0% identity with Ompd 5 B aborfus of B melifensis
(Dmp2 5 and much lower idertities recorded with other
proteins. Aligmment of the predicted protein secuence
with B, aborfus Ompddé proteinis shown inFig 3.

PAGE analysisand western blot: Characterization of B pd3
protein was carried owt by subcloned the coding
sequerce in the expression vector pOEXAT-2 and the
protein was expressed in B ooli as a fussion protein with
226 (28 kDa). One, three and five howes post induction of
PIEE-I5 bacterial cells were centrifiiged and resuspended
in potein resaspension nadffer, After sonication, pellets
and supernatant of lysed cells were tun on 15% 3DE-
PAGE. The proteinwaspresent mostly in the pellets
thath supernatant fractions Figure 4 shows a band of
about 51 kD'a in both fractions, thus the expected size
for protein iz about 23 kDa that agree with the
predicted size.

1050



181
22

271
52

el

451

112

541
142

631
172

Tzl
202

811
232

901

Fig. 2: Nucleotide and amino acid sequence of B. abortus insert gene. The putative ribosome binding site (rbs) is
underlined. The nucleotide and amine acid sequence numbered at the left. The ORF is shown with the deduced
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tcggaaaccgeogeaaatgtcacgetoegtcggacgacatggeggaacccacgracggtaacggtgocogegataggtgacgogggeattttt

atgtcoaaccttgoctgtaggaga tEttATGAACACTCG TGCTAGCAATTTI CTCECAGCCTCAT T TTCCACAATCATGCTCETCGGCGECT
rbs M W T R A § N F L A A 5 F 5 T I M L Vv G A

TTCAGCCTECCCGCTTTCGCACAGGAGAATCAGATGACGACGCAGCCCGCECECATCGCCE TCACCGGEGAAGGCATGATEACCCCCTCE
¥ § L P A F A p E N ¢ M T T ¢ P A R I A ¥ T G E G M M P T &

CCCGATATGGUCATTCTCAATCTCTCGGTGCTACGCCAGGUAAAGACCGCGUCGCGAAGCCATGACCGUGAATAATAATGAAGCCATGACT
r DM AT LN L S V¥V L R § A ETHA R E?AMTHAMNDMNDNEEMT

GCGAATAATGAAGCCATGAGARAAGTGCTCGATGCCATGAAGAAGGCCGECATCEARGATCGUEATCTCCAGACAGGCGGCATCGATATC
A N N E A M R K v L b A M K K A ¢ I E D R D L ¢ T G G I D I

CAGCCGATTTATGTCTAT CCTGACGACAAGAACAACCTGAAAGAGCCTACCAT CACCGEC TATTCTGTACTAATCTTGCCTCCTGGGCCE
Q P I Y ¥ Y P D D K N N L KB E P T I T G Y 5 ¥ N L A & W A V

TCAATGGCAAGCARCAAT GT TG AMAAATTTTGGATGAATCCGTCACGCTCGE TG TTAATCAGGECGGTGATTTGAACCTEETCAATGAT
N ¢ K ¢ L ¥ ¥V ¢ ¥ I L b E S ¥ T L & ¥V N @ G @ D L N L ¥ N D

AATCCCTCCGCCETGAT CACGAGGGECARGCGCGCAGTEECCARTGCCATTGCCARGCCGAAGACGCTTGCCGACECTGCAGGCETEG GG
N P 5 A ¥V I T R G K R A ¥V A N A I A K F K T L A DD A AR G V G

CTTGECCETETGGTEEARAATCAG TGAACTGAGCCECCCGCCCATECCGATGCCEATGCCAATTECGCGUGGACAGTTCAGAACCATGCTA
L ¢ R ¥V Vv E I $§ E L 8 R P P M P M P M P I A R G Q F R T M L

GCAGUCGCACCGGACAATTCCGTGCCGATTGCCGUAGGUGARAACAGCTATAACGTATCGGTCAATGTCGTTTTTGAAATCAAGTAAATA
A A A P DN S ¥V P I A A G E N S5 Y N ¥V 5§ VvV N V ¥V F E I K

acceggggtatgacgeocctttgocacctgatacaaagooggoctggtttttoacaggoocggtttttttttttLtttttt

amno acid sequence below the third nucleotide m single-letter

Query 1 MNTRASNFLAASFSTIMLVGAF SLPAFAQENQMTTQEFAR-AVTGEGMMPTSFDMATLNLS 559
MNTRASNFLAARSFSTIMLVGAFS LPAFAQENQMTTQPAR AVTGEGMM** SEDMA*LNLS
B.abortus 1 MNTRASNFLAASFSTIMLVGAFS LPAFAQENQMTTQPARIAVTGEGMMTASPDMATILNLS &0
Query &0 VLRQAKTAREAMTANNNEEMTANNEAMREVLDAMEEAG-EDRDLQTGG-DIQP-YVYPDD 116
VLRQAETAREA MTANNEAM KEVLDAMEKAG EDRDLQTGG DIQP YVYPDD
B.abortus 61 VLRQAKTAREA-——————— MTANNEAMTEVLDAMEKAGIEDRDLQTGGIDIQPIYVYPDD 112
Query 117 ENNLEKEPT-TGYSVNLASWAVNGECOLNVGE-LDESVTLGVNQGQDLNLVNDNPSAVTRG- 173

ENNLEEET TGYSVF***x***x 2 *x*NYGK* LDESVTLGVNQG*DLNLVNDNPSAV***
B.abortus 113 ENNLEKEPTITGYSVSTSLTVRVRELANVGEILDESVTLGVNQGGDLNLVNDNPSAVINER 160

Query 174 -EKRAVANAIAKPETLADARAGVGLGRVVE-SELSRFEFMPMPMPARGQFRTMLAAAPDNSVE 231
KRAVANAIAK* KTLADAAGVGLGRVVE SELSRPPMPMP* ARGQFRTMLARAPDNSVE
B.abortus 161 RERAVANAIAKAKTLADARAGVGLGRVVEISELSRFEMPMEI-ARGQFRTMLAAAPDNSVP 219

Query 232 -ARGENSYNVSVNVVFE 247 $Identity
AAGENSYNVSVNVVEE
B.abortus 220 ITAAGENSYNVSVNVVFE 236 83%

Fig. 3: Alignment of predicted amino acid sequence of B. abortus 23 kDa protein, with B. abortus Omp26 that showing
83% homology, dashes are missing amino acids, * 1s different amino acids

In order to detect the existence of antibodies in
human sera against the Bp23 protein, Western blot
analysis was carried out on purified recombinant Bp23
protein as an antigen against infected human sera (Fig. 5)
with either B. abortus (lanes 2-4) or B. melitensis
(lanes 5-7). There is a high immuno-reactivity with a
protemn at a band of 23 kDa molecule with both cases. The
recombinant Bp23 bacterial protemn was analyzed as a

positive control against hyperimmune rabbit sera for the
existence of an immunogenic activity (lane 1).
Furthermore, Western blot analysis of negative infected
sera did not show any immunogenic reactivity with the
recombinant Bp23 protein (lane 8).

Western blot strips analysis of sera from naturally
infected (which were positive by classic standard
serology), vaccinated and uminfected camels against
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Fig 4. SD5-PAGE frominduction experitnent ofizolated

E abortus 23 kDa protein in the expression vector pGEZ4T-2

Lanes | and 2 are pellet Iysate and supernatant respectively, lane 3 15 GET-28 kDa as a marker. W is prestained

molecular wel ght marlker (Gibea)

Eiymugn ey, infocted
writh A iy
Hrman aera infected 3 Py 7 1
whth B. aborfus

Panol & Paoel B

Fig 5 Westem blot for reactivity of cloned 5 aborfus
with wvarious lnanan serm. The recombinant 23 kDa
protein antigen was used on the Westem blot.
The irmmmanoreactive protein is indicated by the
labeled amowhead. Lane 1; hyperinwne mbhit
&b szera against 23kDa protein as a positive
control, lanes 2-4, human senun from patient
infected with B akortus; lane 5-7. hutran senim
from patient infected with B melitensis, lane 8 iz
healthy human serumn The dilution of all the
primary Abs was 1/1,000

purified recombinant Bpd3 antigen protein (Fig 6)
showed that infected animals with either B abortus and

Fig 6: Western blot analyss of B aborfus  proteins.
Blotz were loaded with a 23-kDa recombinant
protein and probed against serarmn sample from
a health camels (lanes 1, 4) or infected with
E ahortus (lane ), B melifenzis (lane 3) or
vaccinated catnels against B ahortus; 519 strain
(lane 5 or B welitensis, Fev 1 strain (lane )

E melitensis induced antibodies against the 23 kDa
protein, as represented by strongly immunoreactive bands
(lanes 2 and 3), respectively, while very weels reaction was
detected of waccinated camels wath ether 519 or Revl
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Camels naturally infected with B. abortus Cows naturally infected with 5. aborfus
kDa M 5 4 3 2 1 kDa M 7 6 5 4
— g 12 }
. gee

15.0 - e w

Panel A Panel B
Sheep naturally infected with B. abortus Camels negatively infected with B. aborrus
kDa M 9 8 7 6 5 4 E] 2 1 kDa M 5 4 3 2 1

15.0

-9

Lot

=]
o

Panel C Penel D

Fig. 7: Western blot analysis of naturally infected sera from camels cows and sheep to detect the immunoreactivity of
infected animal serum (Ag) against prepared hyperimmune rabbit serum for 23 kDa protein (Ab) of B. abortus.
A represents infected semum running on PAGE and stained with commassiee brilliant blue dye and B is a western
blot of corresponding PAGE using hyperimmune rabbit serum prepared as in materials and methods
(lanes 5 and 6), respectively where the presence of a 1 z
23 kDa band could be hardly observed. Serum from
healthy camels as a controls did not show any existence
of 23 kDa band (lanes 1 and 4). The present experiments
show that camels naturally infected with either B. aborfiis
or B. melitensis produced an Abs that might be directed
to same molecular weight antigen.

Analysis of sheep, bovine and camel sera: To evaluate
that anti-23 kDa sera (hyperimmune rabbit sera) has
immunogenicity against putative Bp23 antigen in animals
infected sera iz vive. Serum samples from 9 sheep, 7 cows
and 5 camels belonging to infected flocks with B. abortus
strain and 5 normal control sera were randomly chosen
from different herd. They were 1an on 12.5%
poloyacrylamide gel (Fig. 7) and stained with Commassie
brilliant blue dye as in upper trays in panels (A, B, C and
D). Existence of putative anfigen in animals sera was
tested by Western through reactivity with the
hyperimmune rabbit sera as shown in the lower trays in
panels (A, B, C and D). Data in Fig. 7 demonstrated that
most of the reactivity seen at the 23 kDa position where Fig. 8: Southern blot hybridization of digested

0.85 kbp—»

100% of'infected camels (5/5), 57% of infected cows (4/7) chromosomal Brucella DNAs of B. aborfis in lane
and 33% of infected sheep (3/9) were recognized by this 1 and B. melitensis in lane 2 with [**P] labeled
prepared hyperimmune rabbit sera against Bp23 protein. fragment of 0.85 kbp nucleotide probes.
In addition, 5 control serum samples from camels were Approximately 1.5 pg of each chromosomal DNA
none reactive with prepared hyperimmun rabbit sera. was digested with EcoRl DNAs in each lane
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Southern blot: The DNA probe of 0.85 kbp PCR fragment
was hybridized with Sau34 1-digested chromosomal DNA
fragments of B. abortus and B. melitensis as represented
i Fig. 8. There is a major band at 0.85 kbp size of both
strains indicating that this gene were located on same
Sau3Al fragments and did not vary in size between the
chromosomes of different Brucelle sp. It was not
surprising that this gene might be highly homologous at
the genomic level of both B. abortus and B. melitensis.

DISCUSSION

Characterization of 0.85 kbp gene and BP23 protein: In
order to identify antigens which provoke a serclogical
ummune response in hosts infected with Brucella bacteria
and therefore might be used for diagnostic or vaccmation
purposes. A B. abortus and B. melitensis chromosomal
genome were digested with Sau34/ and cloned into a
Agtll expression library which expressed a protein
recognized by a pooled human sera infected with
B. melitensis and/or B. abortus. A 0.85 kbp DNA fragment
of B. abortus was identified and subcloned into pGEXA4T-
2 expression vector which expressed a protein recognized
by ammals or human serum infected with Brucella
bacteria (Fig. 5, 6 and 7). The size of DNA fragment was
agreed with that located in the chromosomal DNA of
B. melitensis digested with Sau34! (Fig. 8), mdicating
that locus of the gene 1s similar in both Brucella sp. and
its expressed protein is consistence. A computer analysis
revealed that this gene represents a complete coding
sequence in this fragment (Fig. 2) starting with ATG
codon and ending within frame stop codon TAA. The
C-terminal end of the protein was a phenyalanine that
seems to be a signal sequences or transmembrane
domains essential for efficient translocation of proteins
across the bacterial outer membrane. However no
consensus promoter sequence was found upstream from
the putative start codon. A Shine-Dalgarno sequence or
ribosomal binding site (TAGGAGA) was found 4 bp
upstream from the first ATG on the DNA strand encoding
gene. Upon inspection of the complete coding sequence
of isolated B. abortus DNA fragment revealed that the
predicted amino acid sequence derived from only one
ORF with calculated molecular mass of 23 kDa. A similar
situation has been observed for other Brucella genes
(Larsson et al., 2005), in which most of the Brucella sp.
DNA strand contains only one ORF of significant length.
As reported for other Brucella Omps (Pugh et al., 1991)
no region of high overall hydrophobicity were found
except for first 15 N-terminal residues (Fig. 2).

A search for homologies of the newly identified gene
sequence or the deduced Bp23 protein sequence with

other sequenced protein in sequence libraries revealed
83% identity with a previously described antigen of
B. abortus designed Omp26 (Fig. 3), an antigen that
belongs to group 3 Ag that expressed protein with
molecular mass of 26 kDa (Rossetti et al., 1996) and 75%
identity with B. abortus Omp25 (de Wergifossee et al.,
1995). Both Omp25 and Omp26 proteins are belonging to
the Omp group 3 Ags that were present in membrane
blebs of both B. abortus and B. melitensis. Comparison of
owr data with both proteins demonstrated that Bp23 may
be present on similar blebs and lends credence to classify
this Ag as one of the Omp group 3 Ags. Other cloned
genes of Brucella sp. that express proteins with similar
molecular masses characterized by other research groups
showed very low or no significant homology with BpZ23.
Lindler et al. (1996) cloned a 28 kDa outer membrane
protein but the predicted amino acid sequence is mostly
different from the one reported here (37%); the 31 kDa
protein cloned by Vizcaino et al. (1996) does not show
any similarity with BP23 either. The protein (Ompl7)
characterized by Goldbaum et al. (1993) and sequenced by
Hemmen et al. (1995) does not show any sequence
similarities with 1solated gene although sharing some
properties with BP23 as reaction against brucellosis sera
from sheep and patients but not against vaccinated
animals. Moreover, nucleotide and amino acid sequences
of BP23 showed no homology with the 29 kDa protein
(Cloeckaert et al., 2002) of different Brucella sp. or with
other bacterial proteins in a data bank. This data clearly
reflect that Bp23 is a newly identified gene and strongly
belonging to Omp group 3 Ags of B. abortus where
antigens of molecular mass approximately ranging from
23 to 34 kDa were designated as Omp group 3 Ags
(Verstreate et al., 1982; Larsson et al., 2005; Patrick et al.,
2005).

The predicted size of the protein agreed very well
with the size of the protein observed on Western blots of
serum from naturally infected animals with B. abortus
probed with hyperimmune rabbit sera agamst Bp23
recombinant protein (Fig. 7 panels A, B and C), where a 23
kDa putative protein band was identified. This data
together with Western blot of recombinant Bp23 protein
agaimnst infected human serum with either B. abortus or
B. melitensis (Fig. 5 lanes 2-7) ndicating that the natural
Brucella antigen and the recombinant F. coli-produced
protein are very similar. Moreover, the corresponding
antigen in B. melitensis and B. abortus seemed to be very
similar because
antigenicities.

of ther molecular masses and

A vaccine candidate antigen for human brucellosis: Due
to epidemic potential of brucellosis affecting different
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parts of the human body (Ersoy et al., 2005), absence of
a human vaccine, drawback of current vaccine strains in
terms of safety and the efficiency of aerosol infection, this
airborne pathogen 1s classified as a biosafety level 3
pathogen and considered to be a potential bioterrorism
agent. Several attempts have been made to control human
disease by vaccination with attenuated Brucella strams
(Schurig et al., 2002). However, practical acceptance of
these preparation has been very limited, mainly because
of the unacceptable inflammatory reactions
elicited by them, together with their limited protection
(Huang et al., 2005). Clearly, there 1s a need to develop
effective medical protective vaccine against it for better
human vaccination for individual who may occupationally
exposed to Brucella sp. and for persons who consume
unpasteurized dairy products specially in areas where this
bacteria is endemic, controlling of brucellosis in domestic
animals to reduced animal morbidity and therefore
decrease the incidence of human infection and may be for
brucellosis eradication.

Omps are research area of intense interest for the
development of an effective subunit vaccine against
brucellosis that characterized as potential immunogenic
and  protective  antigens.  Previous  literatures
demonstrated that many Omps Brucella proteins to which
infected animals developed appropriate immune
responses may play a determinant role mn the host-
acquired protective immumnity to brucellosis and it 1s also
possible that these antigens are able to develop another
immune response that is important for protection against
Brucella infection (Lindler et al., 1996, Cassatro et al.,
2005). Meanwhile, Stevens et al. (1995) reported that, Ab
recognition of B. abortus or B. melitensis Omp proteins
may offer some protection against Brucellosis and these
data are in concordance with further reports which proved
that humoral immune recogmtion following smooth (3)
Brucella infection is partially protective but the highest
level of protection is achieved with serum plus T cells
transformation (Lindler et al., 1996). In contrast, ummunity
to mfection with rough (R) Brucella 1s most likely quite
different from protection against challenge with S species.
Timenez et al (1994) showed that passive transfer of
serum Ab 1s approximately four to six tines more effective
than transfer of T cells at preventing colonization of
mice following exposure to Brucella (R) sp. Recent
observations are in agreement with those data which
suggested that the Omps may be a good candidate
for inducing cellular immumity to mfection by 3
straing and humoral immumty to R strains of Brucella
(Cassatro et al., 2003).

Bowden et al. (1995 and 2000) and Estein et al. (2003)
suggested that the major Omps group 2 are not very

local

relevant as antigens in infections with B. abortus or
B. melitensis, i.e., low or no protective activity in the
mouse model of infection and low or no immunogenicity
during host infection by using a recombinant protein
technology and Monoclonal Antibodies (MAbs).
However, group 3 Omp proteins, appear as
immunodominant antigen during the course of infection
with B. ovis, B. abortus, B. melitensis and as important
protective antigen in the B. ovis, B. abortus, B. melitensis
mouse model of infection. Furthermore, ammals immumzed
with hot saline extract of B. ovis contaimng group 3 Ag
were highly protected agamst infection with Brucella sp.
(Jimenz et al., 1994). Therefore, Omps group 3 may not be
very useful for full immunization against (3) species of
Brucella through Ab stimulation (Riezu-Boj et al., 1990),
they may induce a protective humoral immune response
against infection with R species (Jimenez et al., 1994).
Numerous reports are in agreement with this conclusion;
Goldbaum et al (1993) and Ciocchim et al. (2004)
described that B. abortus Omp25 protemn antigen may be
used as a marker of active infection in humans, bovines
and sheep with brucellosis. However, Omp25 is also one
of the two major Omps in B. melitensis strains with strong
immunoreactive properties (Vizcaino et al, 2001,
Patrick et al., 2005). OmpZb in B. abortus and B. melitensis
straing are highly immunogenic activity (Vizcaino et al.,
2001). This finding was not surprising where also
Omp26 stimulates humoral immune system in nfected
animals or humans with either B. abortus or B. ovis,
respectively (Riezu-Boj et al, 1990). In this context,
Stevens et al. (1995) found that 25 to 29 kDa proteins,
are immunodommant in  S2308-mfected cattle.
Characterization, expression and define the epitopes of
Omp28 (Lindler et al., 1996) in Brucella sp. and a new
variant of B. melitensis that infected human in Argentine
(Lucero et al., 2006) may be of useful in vaccine
development as well as diagnosis of the disease. Other
studies by Vizcaino et al. (2001) for determination the
reactivity of sera from B. ovis naturally infected ammals
against recombinant B. ovis Omp3l by Westemn blot
revealed that recombinant B. ovis Omp31 is a promising
candidate for the diagnosis and for vaccination of B. ovis
infection in rams. These results are also m accordance
with previous observations where good reactivity of sera
from infected rams was obtained with the Omp31 protein
extracted from B. ovis (Vizcaino et al., 1996). Therefore, it
1s interesting candidate for both diagnosis of infections
caused by B. ovis in rams and the development of a
subcellular vaccine against ram epididymits caused by
B. ovis. On the other hand, Cassataro et al (2005)
investigated the 1mmune response and protection
elicited by DNA vaccine coding for Omp31. Where mice
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immumzed with it were significantly protected against
B. ovis and B. melitensis infection. However, sumilar levels
of protection induced by this method to those mduced by
control vaccine suggesting that using tlis vaccine
preparation 1s efficiency. Zygmunt et af. (1994) reported
that using a set of monoclonal antibodies against some
antigens of the cell envelope fraction Omp29-Omp34
for diagnosis of B. melitensis infection in sheep was
promising, although they did not characterize these
antigens. Therefore, Omps group 3 Ags are very
promising as a tool for diagnosis as well as vaccination.
Recorded results demonstrated that infected human
with either B. abortus or B. melitensis induced a humoral
immune response directed against Bp23 protein Ag but
not recogmized in sera from negative human infection.
In addition, Bp23 is present in the B. melitensis and
B. abortus suggesting that this antigen might be specific
for Brucellosis spp. (Fig. 5 lanes 2-7). Therefore, Bp23
protein of B. abortus have been considered important in
eliciting an immune response related to the protection of
the host and also for diagnostic purposes. Accordingly,
the OMPs 23, 25, 27, 28 and 31 might be an interesting
candidate for the development of a subcellular vaccine
against humans and camel brucellosis that caused by B.
melitensis and B. abortus strains. Characterization of
those protein still need to be tested in human sera of
patients with acute or chronic Brucellosis and patients
with positive history  of Further
characterization of their genes, gene products and
expression 18 required before we will understand more
fully how these proteins and loci
pathogenesis. However, until now there are no report on
a subumt vaccine that 1s able to confer protection against
Thus, the identification of the epitope
recognized by the Ab form human serum and the
availability of recombinant protein will allow determination
of their potential protective activity against Brucella

brucellosis.

contribute to

Brucella.

mfection and thewr potential for development of
subcellular vaccine without the drawbacks of the living
attenuated vaccines now commonly used. Being a 23 kDa
i B. abortus and B. melitensis, it may have a particular
utility for vaccmation against human brucellosis and may
be a vaccmne candidate antigen that could be mcluded in
the development of a multisubunit vaccine in the
immunoprophylaxis of brucellosis.

Differentiation betweeninfected and vaccinated animals:
The development of subcellular protein-based vaccines to
prevent brucellosis has several advantages. One of the
major advantages 1s the possibility to differentiate
vaccinated ammals from diseased ammals. However, the

current live attenuated vaccines against ammal brucellosis
induce high-titer Abs against the O- polysaccharide of the
LPS which interferes with the serological diagnosis of the
disease (Lindler et «f, 1996). In contrast large-scale
production of recombinant purified protein provides large
quantities of Ag and devoid from all other contaminating
Brucella macromolecules. In addition, Bowden et al.
(1995) reported that, any protein component of the
Brucella cell which elicits an Ab response that cross-
reacts among all or most members of the genus Brucella
would improve the specificity of diagnostic reagents for
brucellosis. From this pilot experiment with vaccinated
and mfected ammals, prelimmary results seem to indicate
that Bp23 antigen 1s located m both B. melitensis and
B. abortus strains and serology response toward it may
be very week in vaccinated and protected animals with
either 319 or Rev] strains, whereas 1t 1s strongly present
in animals naturally infected with either B. abortus or
B. melitensis as represented in western blot (Fig. 6). This
could be explained in fact that host humoral responses
appears different between the vaccinated and infected
animal with Brucella strains where it i3 mounted in
B. abortus and melitensis-infected camels compare to
vaccinated camels. These data are in agreement with the
immunoblotting analysis of a cell envelope fraction
with mfected and vaccinated sheep sera reported by
Zygmunt et al. (1994). Moreover, antigenicity of sera
collected from B. abortus and B. melitensis-imfected camel
flocks were clearly discriminated from sera of Brucella
free animals towards Bp23 antigen (Fig. 6 lane 1 and 4). In
addition, BP23 antigen was expressed in the pellet lysate
buffer of the E. coli in large quantities by plasmid vectors,
could be detected by irn vive Abs formed in ammals
and humean serum of naturally nfected B. abortus or
B. melitensis strains (Fig. 5 and 6) and in vivo 23 kDa
Ag could be detected in different animals infected with
B. abortus strain by anti-Bp23 hyperimmune rabbit sera
(Fig. 7) render this protein a good candidate for the
development of a reagent to be used for differentiation
diagnostic purposes.

Diagnosis of B. abortus in different domestic hosts: To
evaluate the sigmficance of anti- 23 kDa antigen for
diagnostic purposes of putative Bp23 protein m sera,
Western blot experiments were performed with total sera
protein from camels, cows and sheep naturally infected in
the field with B. abortus and were positive by classical
serology methods. A band migrating at about 23 kDa was
specifically recognized in 12 serum samples out of 21
infected ammals (57%), among them 5 of 5 serum samples
from camels (100%) and 4 of 7 cows (54%)and 3 of 9
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serum samples from sheep (33%). The specificity of the
Bp23 was assessed with sera from healthy animals that
showing negative in all assays and no cross-reaction
could be demonstrated which reflecting that this antigen
might be specific for Brucella sp. (Fig. 7, panel D). It 1s
clear that the sensitivity obtained with this protein seems
no sufficient to allow detection of all mfected animal
tested here specially for cows (46%) and for sheep (67%)
but can distinguished all infected camels. Therefore, the
specificity obtained with this new antigen described here
although the sensitivity is not
sufficient to allow detection of all infected animals.

seems acceptable,
Difference in antigenicity detected between camels, cows
and sheep might be explained if the Bp23 display some
minor sequences and
consequently in epitope sequence of putative Bp23 in
different ammals as recorded in different antigens
previously studied (Vizcamno et al., 2001), although the six
species of the genus Brucella display a high degree of
DNA homology (Vizcain et al., 2001). Also Western blot
results demonstrate that rabbit infected with B. abortus
recombinant Bp23 protein can elicit an Ab with high

difference m ammo acid

specificity which was mainly host specific since some
infected sheep and cows do not appears to produced a
humoral immune response directed against this Ag. On
the other hand, sera from B. abortus infected camels and
Ab specific for the B. abortus Bp23 proteins showed
good reactivity as well as with the recombinant B. abortus
Bp23 protem. Therefore complementation with other
antigens will be necessary to enhance the overall
sensitivity. Some other bands with a molecular mass not
corresponding to Brucella Bp23 were detected in some
strips (Fig. 7 panel C; lanes 6). It may be degraded Ag or
presumably corresponded to E. coli proteins reacting with
serum antibodies developed in response to common
exposure of animals to this bacterium. As a result,
Bp23 is the best antigen as a diagnostic material for
diagnosis of B. abortus mfected camels then cows and
sheep, but further analysis should be performed with a
large number of sera to evaluate its real usefulness.

The availability of the gene encoding this 23 kDa
antigen now allows for large-scale production to be used
for further analyze and to use this protein in different
Brucella serology tests. Further characterization of Bp23
genes, gene products and expression is required for well
understand how these proteins and loci contribute to
pathogenesis. Studies are cuwrently under way to
characterize the expression of 23 k Da in Brucella sp. and
define the epitopes on the protein which may be of use
i vaccine development as well as diagnosis of the
disease.
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