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Brucella abortus is an intracellular pathogen that has zoonotic implication. Currently used live
attenuated vaccines have several limitations including interference in serodiagnosis of clinical
infection and presence of residual virulence in the vaccine strains. There is an urgent need to
develop a safe vaccine for control of brucellosis. Here, we describe development of a DNA vaccine
construct by combining two immunodominant antigens namely, copper-zinc superoxide
Key Words: Brucellosis; DNA  dismutase (Cu-Zn SOD) and L7/L12 ribosomal protein. Both the genes were amplified and ligated
vaccine; ELISA, Immunity; together to produce the DNA vaccine construct. The combine gene was further expressed in
Challenge prokaryotic system to produce recombinant fusion protein. A DNA prime-protein boost strategy
was followed to immunize mice. Strong immune response dominated by IgG2a subtype shows
immune skewing towards Thl type. Further we have showed that combined antigen conferred
significantly higher level of protection against a challenge infection as compare to single antigen
immunization. However, the level of protection conferred by combined antigen was lower that the
S19 live vaccine. Our report shows the potential of SOD: L7/L12 combined antigen as candidate
vaccine eliciting strong immune response against experimental murine brucellosis.
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INTRODUCTION

Brucellae are gram-negative, facultative intracellular
microorganism. Species in the genus Brucella are the causative
agents of brucellosis and the disease is endemic in many
countries. It causes abortion in pregnant animals, resulting from
complex, not well understood interactions between the tissues
of placenta, the intracellular Brucellae and the fetus (Ko and
Splitter, 2003). Orchitis and vesiculitis are the major signs and
common manifestations in infected bulls (Corbel, 1997).
Because of its intracellular localization, cell mediated immune
response play important role in resolving infection. Brucella has
been categorized as a potential agent for bio-terrorism because
it is highly infectious to human and there is no effective human
vaccine for brucellosis.

Currently, Babortus strain 19 and RB51 are being used for
cattle and Revl for small ruminants to control animal
brucellosis in various countries (Cardena et al., 2009; Jimenez de
Bagues et al, 1994; Schurig et al., 1991; Wyckoff et al., 2005). In
India, calf hood vaccination is practiced using B. abortus stain 19
for control of brucellosis in cattle and buffaloes. However, this
vaccine suffers from some serious drawbacks like - residual
virulence for animals and human, interference in sero-diagnosis
of clinical infection (Nicoletti, 1990). The identification of
Brucella antigens with the capacity to elicit protective immune
response is of great interest for the development of sub—cellular
vaccines that do not have the drawbacks of live attenuated
vaccine. Several Brucella antigens have been evaluated for their
immunogenic properties (Al-Mariri A, Tibor et al, 2001

Bachrach et al., 1994; Cassataro et al., 2005; Mallick et al., 2007;
Oliveira and Splitter, 1996; Oliveira et al., 1992; Oliveira et al.,
1994; Oliveira et al., 1996; Oliveira and Splitter, 1994; Tabatabai
and Pugh,1994; Vemulapalli et al., 2000). Of these, Brucella
abortus 17/L12 ribosomal protein has been identified as an
immunodominant antigen (Brooks—Worrel and Splitter, 1992).
This protein is a major constituent of brucellin which elicits
delayed —type hypersensitivity (Bachrach et al., 1994).The other
important Brucella antigen is Cu-Zn SOD. Brucella Cu=Zn SOD
is a 18.5-19 kDa protein encoded by 522 bp open reading frame
of sodC gene (Bricker et al., 1990). Cu-Zn SOD is one of the
principal antioxidants of B. abortus and plays a vital role in
defense versus the respiratory burst of the macrophage (Tatum
et al,, 1992). Several reports have suggested that DNA, RNA or
synthetic peptide based Brucelli Cu-Zn SOD vaccine can
proficiently induce a Thl type of immune response and some
level of protection against challenge infection in mice
(Tabatabai and Pugh,1994; Onate et al, 2003; Munoz-
Montesino et al., 2004; Onate et al., 2005).

In this report we describe the development of a chimeric
DNA vaccine construct containing Cu-Zn SOD and L7/L12
ribosomal gene and expression of both the genes as SOD:L7/L12
fusion protein. We further evaluate the protective efficacy of
DNA vaccine and the fusion protein against virulent challenge
in experimental animal, mice.

MATERIALS AND METHODS
Animals
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Inbred female Swiss albino mice (4-6 weeks old), weighing
approximately 20 g, were obtained from the Laboratory Animal
Resources, Indian Veterinary Research Institute, Izatnagar,
India. Animal experiments were carried out after obtaining
approval from the Institutional animal ethics committee. All the
mice were housed under standard conditions at the animal shed
facilities and provided sufficient water and food.

PBacterial Strain and Vector

The virulent Brucella abortus Strain 544 and the attenuated
Brucella abortus Strain-19 was obtained from Division of
Standardization, Indian Veterinary Research Institute (IVRI),
Izatnagar, India. Escherichia coli DH5a strain (Life technology,
USA) was used as host for cloning of DNA vaccine construct
whereas E. coli MI15 strain (Qiagen, USA) was used for
expression of SOD:L7/112 fusion protein. Prokaryotic expression
vector pQE-30 (Qiagen, USA) and eukaryotic expression vector
pVAXI (Invivogen, CA, USA) were used in the present study.
Brucella cells were grown on Brucella broth under aerobic
condition for 72 hours at 37°C and E. coli cells were grown in
Luria -Bartani (LB) medium, supplemented with required
antibiotics (kanamycin and ampicillin), under aerobic
condition at 37°C.

Construction of pVSL DNA Vaccine:

Vector pVAXI was used to develop chimeric DNA vaccine
construct encompassing Cu-Zn SOD (sodC gene) and L7/L12
ribosomal protein (17/112 gene) of Brucella abortus. A 522 bp DNA
fragment encoding sodC gene and 375 bp 17/112 genes were
amplified from Brucella abortus strain 544 DNA by Polymerase
Chain Reaction. The primer sequences of the sodC were 5'-
CGGCGGATCCACCATGGGAAAGTCCTTATTTATTGCAT
C-3' (primer 1 with BamH I site underlined) and 5'-
CGGCGTCGACTTCGATCACGCCGCAGGCAAAACG-3'
(primer 2 with Sal I site underlined). The primer sequences of
the I7/112 gene were 5'-
CGCCGICGACTCGTCCGGCGGAGGCGGA-3" (primer 3
with sal I site underlined) and 5-
GCCCCTGCAGTTACTTGAGTTCAACCTTGGC-3' (primer
4 with Pst I site underlined). The PCR amplified sodC gene,
without stop codon, was placed to upstream of 17/112 gene
product and ligated to pVaxl vector. Two genes were separated
by a nucleotide spacer that encoded for six amino acids (2
serine and 4 glycin). The resulting plasmid was designated as
pVSL. The DNA vaccine construct, pVSL, was transformed into
chemically (CaCl,) competent E. coli DH5 a cells by heat shock
method. Recombinant E. coli harbouring DNA vaccine construct
was cultured in LB medium supplemented with kanamycin (25
pg/mL) for large scale production of DNA vaccine, pVSL. DNA
vaccine constructs for individual genes, 17/112 and sodC, were
prepared in pVaxl vector and the DNA vaccine constructs were
named as pVL7 /L12 and pVsod, respectively.

Expression and Purification of Sod: L7/L12 Fusion Protein
To generate recombinant SOD:L7/L12 fusion protein, the target
fusion gene was cleaved from the pVSL plasmid by restriction
endonucleases BamH I and Pst 1. The released insert was ligated
to pQE-30 expression vector and transformed into chemically
competent Ecoli M15 cells. Recombinant E. coli cells were
grown in LB broth supplemented with kanamycin (25 pg/mL)
and ampicillin (100 pg/mL) and IPTG (ImM) was used for
induction of expression. Purification of SOD:L7/L12 fusion
protein was made using Ni*’~NTA agarose resin (Qiagen, USA).
Purified protein was identified by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Recombinant
protein for individual genes, 17/112 and sodC was prepared using
prokaryotic expression vector.

Sequencing of pVSL

The cloned L7/L12 ribosomal protein gene and sodC gene in
pVSL was sequenced by dideoxy chain termination method.
The nucleotide sequence was analyzed by using ‘EditSeq
program of Lasergene software (DNASTAR, Madison, USA).
Immunization

The immunization studies were carried out in female Swiss
albino mice. Each group was consisted of 15 animals. The mice
were inoculated intramuscularly with 100 pg of pVSL, pVL7/L12
or pVsod in 50 pL of PBS. A booster immunization was carried
out on day 21 with 50 pg of recombinant fusion protein
(SOD:L7/L12), L7/L12 or Cu-Zn SOD. A group of mice was
immunized with PBS as negative control. As positive control,
group of mice was inoculated intraperitoneally with 1 x 10° CFU
of B. abortus strain 19 in 0.2 mL of PBS. Five mice from each
experimental group were bled for collection of sera samples at
different time intervals (0, 20, 35 and 50" day).

Analysis of Specific Antibody Responses by Flisa

To assess the antibody response to SOD:L7/L12 fusion protein,
sera samples were collected at different time points from the
immunized mice. Total IgG and IgG isotype response were
determined by indirect ELISA. Immunoplates (Maxisorp,
Nunc) were coated with purified recombinant SOD:L7/L12
protein at a concentration of 2.5 pg/mL (100 pL/well ) diluted in
carbonate-bicarbonate buffer (0.05M, pH 9.6). Goat anti-
mouse IgG-HRPO conjugate (1:2500) was used as secondary
antibody. ELISA plates were developed in 100 pL of freshly
prepared substrate solution (200 pmol o-phenylene-diamine
and 0.04% H,0, in citrate buffer) and the reaction was stopped
by addition of 50 pL of 018 M sulfuric acid per well
Absorbance of the developed color was measured at 492 nm.
The titer of each serum was expressed as A4 value and
normalized to value of control sera tested at 1:50 dilution.
Similarly, titer of IgG isotypes were determined by using goat
anti-mouse IgGl, IgG2a and IgG2b- HRPO conjugates (Santa
Cruz, USA) at a dilution of 1:10,000. Mean values and standard
deviations were calculated to depict immunoglobulin response
to individual vaccine group.

Protection Study against Brucella Abortus 544 Challenge
Four weeks after last vaccination, mice were challenged with a
virulent culture of Brucella abortus 544 (1 X 10> CFU / mice) by
intraperitoneal route in 0.2 mL PBS. After 30 days of challenge,
mice from each group were euthanized; spleens were aseptically
removed and triturated with 2 mL of 1.5M PBS (pH7.4) with
0.19% TritonX-100 using sterile sand. Ten—fold serial dilutions of
spleen cell lysate were made and 50 pL from each dilution was
plated on Typtose Phosphate Broth (TPB) medium with 1.5%
agar in triplicate. For S-19 vaccinated mice group, 0.1%
Erythriotol was added in the plate for differentiating S-19 and
Brucella abortus 544. Plates were further incubated at 37°C with
10% CO, pressure. Colonies appeared after three days of
incubation were counted and calculated as logjo colony forming
unit (cfu) per spleen. Protection conferred by individual vaccine
group was expressed as logyy unit of protection and it was
derived by subtracting mean logy cfu for the experimental
group from the negative control group.

RESULTS

Construction of DNA Vaccine and Expression of Fusion
Protein

The construction of pVSL DNA vaccine encoding Cu-Zn SOD
and L7/L12 ribosomal protein genes was confirmed by PCR
(Figure 1A). Analysis of DNA sequence showed correct
orientation and also sequence similarity of both the genes (data
not shown). The gene insert was further released from pVSL
and subcloned into pQE-30 prokaryotic expression vector.
Expressed SOD: L7/L12 fusion protein showed the desired
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protein band on SDS-PAGE (Figure 1. To ensure antigen
expression from pVSL DNA vaccine construct in a eukaryotic

ragent, Promega, USA) and further immunofluorescence was
detected by using SOD:L7/L12 specific antiserum (data not

system, Vero cells were transfected (TransFast transfection shown).
Fig. 1 A) Agarose gel electrophoresis of PCR amplified
product : M) DNA marker, 1) 897 bp sodC:L7/L12 fusion
gene from pVSL. B) SDS-PAGE of recombinant SOD:L7/L12
fusion protein expressed in E. coli.
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Figure 2: Analysis of serum antibody titer (total IgG) in mice immunized
with various antigens. Sera (1:100) obtained from various experimental
groups at different interval of time were assayed individually by ELISA.
The level of IgG was expressed as absorbance (OD40onm) of the colored
complex developed in the immunosorbent assay.
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Figure 3: Analysis of IgG isotype response in mice immunized with
various antigens. Sera (1:100) obtained from various experimental
groups on day 50 were assayed by ELISA. The level of IgG isotypes was
expressed as absorbance (OD49,nm) of the colored complex developed
in the immunosorbent assay. Fach data represents mean + Standard
deviation from five individual mice belonging to each experimental

group

Table I: Level of protection against Brucella _Vaccine group  CFU/spleen  Logyo Brucella Logo Protection
abortus 544 infection conferred by various _pVSL 4.7X10° 3.67 158
vaccine antigens in mice on day 30 post pVL7/L12 92X10° 3.96 1.29
challenge pVsodC 1.4 X 10° 414 111
S19 93X10° 2.96 2.29
PBS 1.8 X10° 5.25 0

Analysis of Immune Response in Mice Immunized with
DNA Vaccines

In the present study we followed DNA prime-protein boost
regimen for immunization of mice. Sera collected from 5 mice of
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individual vaccine group were analyzed by indirect ELISA
(Figure 2). The detectable antibody titer was measurable on
35" day sera of pVSL group. The level of antibody titer was
maintained even on day 50 post immunization (Figure 2).
Further, we analyzed the IgG isotype antibody response on day
50 post immunization. IgG2a and IgG2b titer was significantly
high in the sera of mice immunized with chimeric DNA vaccine
construct. Similar immune response was also observed with
other groups in which mice were immunized with individual
DNA vaccine (Figure 3)

Protective Efficacy of DNA Vaccine in Mice

Degree of protection conferred by individual vaccine group was
assessed by calculating the logjy value of bacterial load in the
spleen. Immunization with pVSL resulted in a significantly
higher degree of protection in comparison to pVL7/L12 or
pVSOD alone (Table 1). However, the level of protection
conferred by pVSL was lesser than S19 live vaccine

DISCUSSIONS

Recent trend in the development of successful vaccine
candidate against various intracellular pathogens emphasizes
on importance of simultaneous activation of cellular immunity
along with desirable humoral counterpart. The protective
immunity against brucellosis, a continuous threat to our
livestock population, relies more on Thl lymphocytes that play
a prominent role in stimulation of cell-mediated immune
response. The subunit vaccines have advantages as they exclude
safety concerns associated with live vaccines, These subunit
vaccines in the form of DNA vaccine or purified proteins elicit
immune responses in animals. In order to introduce an
improved vaccine against Brucella infection, subunit vaccines
have been used but not found to be efficient enough in
protecting animals from subsequent infection and disease
(Singha et al., 2008; Winter and Rowe, 1988; Confer, 1987).

A number of proteins have been studied in laboratory
animal model which could impart protective immunity to
brucellosis (Al-Mariri A, Tibor et al., 2001; Tabatabai and
Pugh,1994; Bachrach et al,, 1994; Oliveira and Splitter, 1996;
Vemulapalli et al., 2000). L7/L12 ribosomal protein and Cu-Zn
SOD are among the immuno-dominant antigens that have
shown to trigger immune system of the host with modest
response (Bachrach et al., 1994; Mallick et al., 2007, Munoz-
Montesino et al., 2004; Oliveira and Splitter, 1994; Singha et al.,
2008; Brooks-Worrel and Splitter, 1992). To improve the
efficacy of DNA vaccines, prime-boost regimen has been
followed in many studies (Cassataro et al., 2007; Zhang et al.,
2012). This is based on the use of DNA to prime the host
immune system followed by boosting the immune system with
protein antigen. Our present study is mainly focused on the
possible use of two immune-dominant antigens as fusion
product to be delivered as DNA vaccine as well as fusion
protein. There was no detectable antibody specific to either
L7/L22 or Cu-Zn SOD after primary immunization with DNA
vaccine constructs. However, after booster immunization with
respective protein antigen, there was considerable production
of antigen specific antibodies. DNA vaccines are found poor
immunogen in eliciting antigen specific humoral response. We
observed that the prime-boost immunization regimen was
effective to elicit both cellular and humoral immune response to
Brucella antigens.

We have demonstrated that combined antigen when
delivered as DNA vaccine followed by protein booster conferred
significantly higher protective immunity to mice against
virulent challenge in comparison to individual antigen. We have
shown that the linkage between sodC and 17/112 genes have
synergistic effect, mounting strong immune response. In the
present study we have observed that primary immunization

with DNA vaccine constructs did not elicit detectable antibody
production in immunized mice. Antigen specific antibodies
were produced only after booster immunization with protein
antigens. Induced antibody response was characterized by high
titers of SOD:L7/L12 specific IgG in pVSL vaccinated mice.
Injection with individual antigen also increased the production
of IgG antibodies. However, the increased level was
significantly lower than combined vaccine. Similarly, S-19
vaccine group has also showed high level of IgG induction on
that in turn ensured to maximum protective efficacy against
infection. During generation of bivalent DNA vaccine construct,
we have included a spacer sequence of six amino acids (two
serine and four glycin) placed between the two genes, sodC and
17/12. Presence of spacer sequence would facilitate both the
protein antigens of fusion protein to show protein folding as
independent domain.

To establish vaccine potential of chimeric DNA vaccine
construct, bacterial burden in spleen of the immunized mice
were enumerated. After 30 days of virulent challenge with B.
abortus 544 strain, mice immunized with combined antigen
showed considerably higher level of protection in comparison
to single antigen immunized mice group. We also observed
splenomegaly in certain animals challenged with Brucella abortus
544 infection . Animals exposed to infection without prior
immunization with either DNA vaccine or S-19 vaccine showed
prominent splenomegaly. Moreover, discoloration of surface,
granuloma formation and superficial multiple foci, were also
noted in the spleen, collected from control group of mice. In
contrast, there were no macroscopic lesions observed in the
DNA or S19 vaccinated mice.

Immunized animals with higher IgG2a titer showed the
higher level of protection on individual level. It is important
that Fc portion of IgG2a binds to the Fc receptors present on
the surface of phagocytes which in turn activates a wide
spectrum of antimicrobial response like release of various
inflammatory mediators, cytokine synthesis, generation of
reactive oxidant species (Unkeless et al., 1998). There was a
good correlation between increased level of IgG2a and
containment of the infection in the immunized animals. We do
have observed that pVSL vaccinated mice conferred the greatest
protection in mice that also showed higher induction of IgG2a
isotype in the immunized animals. There was notable
repression in the bacterial load in the pVSL and S-19 vaccinated
mice. Passive transfer of Brucella abortus oligopolysacharides
(OPS)-specific monoclonal antibody protected mice from
Brucella abortus infection (Arya et al, 1989; Montaraz and
Winter, 1986; Philips et al., 1989). Incidentally, it was found
that the antibody was of IgG2a phenotype. Similarly, Elzer et al,
(2002) has also detected a dominant IgG2a isotype in the
infected mice. Our findings also strengthen the observation that
antigen specific IgG2a isotype plays important role in eliciting
protective immune response against Brucella infection.

CONCLUSION

In conclusion, the present study provides useful information in
mounting a strong prophylactic measure against brucellosis by
using Cu-Zn SOD and L7/L12 ribosomal protein as combined
antigen. Delivery of antigen as DNA vaccine followed by
boosting with protein antigen proved beneficial in eliciting
protective immunity in murine model.
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