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plays a critical role in viral pathogenicity (Sokol et al., 1971;
Dietzschold et al., 1978). It is the viral attachment protein
that is, therefore, important in determining the tissue tropism
of the virus (Iwasaki et al., 1973; Perrin et al., 1982; Wunner
et al., 1984). The G protein has several important functions;
it is a major antigenic stimulus of the host immune system
following RV infection or vaccination. The G protein
forming trimers on the virion surface and determining the
tropism of the virus by binding to receptors on neurons is
the only viral protein that induces virus neutralizing
antibodies (Cox et al., 1977; Wiktor et al., 1973).
Furthermore, the G protein stimulates T helper (Th) as well
as cytolytic T (Tc) cells (Ertl et al., 1990; Wiktor et al., 1988).
DNA vaccines have many advantages over conventional
vaccines because of the ease in their construction, their
ability to induce a full spectrum of long lasting humoral
and cellular immune responses, and their high temperature
stability, which would represent a particular advantage for
use in tropical areas where refrigeration is difficult.
Moreover, the low cost for their mass production makes DNA
vaccines ideally suited for developing countries.

The purpose of this study was to examine the
immunogenicity of the pTargeT.rabgp plasmid for mice and
dogs.
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Summary. – A recombinant plasmid pTargeT.rabgp containing the glycoprotein (G) gene of Rabies virus
(RV) was constructed and produced for immunogenicity studies on mice and dogs. The mice immunized twice
with 50 μg or 100 μg of pTargeT.rabgp intramuscularly (i.m.), showed a serum antibody titer of 256 or 64,
respectively 14 days post immunization (p.i.). When the vaccinated mice were challenged at 14 days p.i. with
RV i.c., they were protected in 81.25% or 87.5%, respectively. A positive cell mediated immune response was
observed by lymphocyte proliferation assay and macrophage migration inhibition test. These results indicate
that the pTargeT.rabgp plasmid can be used as a rabies DNA vaccine.
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Introduction

Rabies is considered one of the oldest diseases of mankind
worldwide which is a 100% fatal but, fortunately, easily
preventable zoonosis. RV (the Lyssavirus genus, the
Rhabdoviridae family) has a negative-sense RNA genome
of about 12 kb, encoding five structural proteins:
nucleoprotein (N), phosphoprotein (P), matrix protein (M),
glycoproptein (G) and large protein (L) (Ito et al., 2001).
The N, P and L proteins form ribonucleoprotein together
with the viral genomic and antigenomic RNA. The N protein
is responsible for encapsidation of the genome, while the
L protein in cooperation with the P protein function as an
RNA-dependent RNA polymerase (Ito et al., 2001). The
G and M proteins are located in viral envelope. The
G protein, the only protein on the surface of the mature virion
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Materials and Methods

Amplification and cloning of RV G gene. The 1650 bp G gene
of RV ERA strain was amplified by RT-PCR using viral RNA as
template. The primers 5'-AGGAAAGATGGTTCCTCAGGCTA-3'
(forward) and 5'-ATCTTCAGGACTTGGATCGT-3' (reverse) were
used. The amplified G gene was cloned into the pTargeT vector
(Promega) according to Rai and Yadav (2001). The recombinant
plasmid was designated pTargeT.rabgp.

Plasmid DNA isolation. Escherichia coli DH5 strain transfor-
med with the pTargeT.rabgp plasmid was grown in LB broth with
100 μg/ml ampicillin at 37oC overnight. The bacterial culture, 1.5
ml or 50 ml, was processed using either the QIAprep Spin Mi-
niprep Kit or HiSpeed Plasmid Midi Kit, respectively (both from
QIAgen). The isolated plasmid DNA was electrophoresed on 0.7%
agarose gel. The concentration and purity of plasmid DNA prepa-
rations were assayed spectrophotometrically.

Immunogenicity and protection studies in mice. Four-week-
old Swiss albino mice were immunized i.m. into left quadriceps
two times at seven-day-interval with 50 μg of tested plasmid DNA
in 0.5 ml per animal. Serum RV antibodies were assayed 14 days
p.i. by ELISA. Challenge of mice was done using a method descri-
bed by Wibur and Aubert (1996) with modifications. The mice
were challenged i.c. with 15 LD50 of RV in 0.03 ml per animal 14
days p.v. They were observed for 14 days to calculate the protec-
tion.

Immunogenicity studies in dogs. Four-week-old pups were
immunized i.m. into the thigh two times at a 14-day-interval with
100 μg of tested plasmid DNA in 0.5 ml per animal. Twenty-one
days p.i., blood was collected for assaying RV antibodies by ELISA
and cell-mediated immunity response by MTT and MMIT assays.
For the latter assays, heparin (SRL) was added to the blood
(20 IU/ ml blood).

ELISA was used for assaying serum RV antibodies in mice
(Talwar, 1983; Almeida et al., 1979). Serial two-fold dilutions of
sera from 1:16 to 1:256 were tested and A450 was read.

Virus-neutralization test (VNT) in mice was used. Aliquots
(0.2 ml) of the serum samples collected from dogs under testing

were diluted 1:10 with NSS and mixed with an equal volume of
RV to make its concentration 10 LD50/0.03 ml. The mixture was
incubated at 37oC for 1 hr. Four-week-old mice were inoculated
i.c. with 0.03 ml aliquots of the serum/virus mixtures. Control
mice were injected with 10 LD50 of RV only. The mice were obser-
ved for 14 days to calculate the protection.

Cell-mediated immunity. The MTT colorimetric assay of cel-
lular proliferation (Bounous et al., 1992) with modifications was
employed. The stimulation index (SI) was calculated using the fol-
lowing formula:

SI = Astimulated /Aunstimulated

The macrophage migration inhibition test (MMIT) was em-
ployed to demonstrate the CMI response in dogs (Boyum, 1968;
Clausen, 1973; Kalra et al., 1976). The test enabled to calculate
the inhibition of migration in %.

Results and Discussion

The isolated recombinant plasmid pTargeT.rabgp, when
analyzed by gel electrophoresis, showed clear band(s) of
expected size of supercoiled DNA and a A260/A280 value of
1.818. The mice and dogs vaccinated with the recombinant
plasmid DNA did not show any adverse effects and high
serum antibody titers were found by ELISA and VNT in
mice (Tables 1–3). In immunized mice, an antibody ELISA
titer of 256 was found, indicating a fair immune response.
The challenge experiments revealed that the mice immunized
with the recombinant plasmid with seppic oil as adjuvant
were protected in 81.25% which was an apparently higher
value than that for the empty vector (20%) and healthy
control group (0%). This result showed that immune
response to the DNA vaccine applied was evidently positive.
The mice of control groups injected with the empty vector
(pTargeT) or seppic oil adjuvant or unimmunized mice
showed sudden paralytic symptoms, dullness and

Table 1. Immunogenicity of pTargeT.rabgp plasmid for mice

Plasmid/adjuvant/control No. of mice No. of mice protected Protection (%) Antibody titer (ELISA)

pTargeT.rabgp 14 11 78.57 128
pTargeT.rabgp with Al(OH)3 adjuvant 8 6 75.00 ≤16
pTargeT.rabgp with ISA50 adjuvant 16 13 81.25 256
pTargeT plasmid (empty) 10 2 20.00 ≤16
ISA50 adjuvant 11 2 18.18 ≤16
Healthy control 12 0 0 ≤16

Mice were immunized i.m. with 50 μg of tested plasmid/adjuvant/control in 0.5 ml per animal.

Table 2. Immunogenicity of pTargeT.rabgp plasmid for dogs

Plasmid/adjuvant/control No. of dogs Antibody titer (ELISA) VNT/MNT in mice

pTargeT.rabgp with ISA50 adjuvant 4 64 87.5%
PTargeT plasmid (empty) 1 ≤16 37. 5%
Healthy control 1 ≤16 0%

Dogs were immunized i.m. with 100 μg of tested plasmid/adjuvant/control in 0.5 ml per animal.
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unconsciousness resulting into death. Similar findings have
been reported earlier by other workers (Biswas et al., 1999;
Lodmell et al., 2000; Wunderli et al., 2003).

Induction of a long-lasting immunity to RV in mice by
DNA vaccination has been reported by Xiang et al. (1995).
Protection of mice against lethal RV infection by vaccination
with nanogram quantities of plasmid DNA encoding RV gp
has bee reported by Ray et al. (1997).

The dogs vaccinated with pTargeT.rabgp developed an
antibody ELISA titer of 64 and were protected in 87.5%
(Table 2). This finding showed that dogs can be protected
by DNA vaccine against rabies in accordance with the
findings of Perrin et al. (1999) and Shimazaki et al. (2003).
All the vaccinated as well as control dogs remained healthy
and did not show any untoward reaction. The control with
the empty pTargeT plasmid showed no antibody titer and
a 37.5% protection only, while healthy unimmunized dogs
showed neither antibody nor protection.

The cell-mediated immunity response to the DNA
vaccination applied, as determined by the MTT assay, is
shown in Table 3. The SI value for the pTargeT.rabgp
plasmid was apparently insignificantly higher than that for
the healthy control. It showed that cell-mediated immunity
does play a role although not to the extent of humoral
immunity; anyway, they both together play an important role
in protection against rabies, which is in accordance with the
observations reported by Biswas et al. (1999). The MMIT
assay using lymphocytes from immunized and control
healthy dogs revealed that the inhibition of migration for
pTargeT.rabgp with ISA 50 adjuvant was slightly higher
(30%) than that for the healthy and empty plasmid controls
(20%) (Table 3).

The present study shows that pTargeT.rabgp DNA can
be used as DNA vaccine against RV administered along with
ISA50 adjuvant to dogs. This conclusion is in agreement
with the findings reported earlier by several workers (Butts
et al., 1998; Biswas et al., 2001; Yamanouchi et al., 1998).
It has also been demonstrated that DNA vaccines against
RV have several advantages, namely they do not need cold
chain storage but can be stored at room temperature, are
economic to produce, safe in handling, highly effective
(Fodor et al., 2000; Hassett et al., 2000; Gendon, 1999;

Diogo et al., 2001) and thus most suitable for prevention
and control of rabies in developing countries like India.
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