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Abstract
Background and Aims: The aim of this study was cloning and expression of rabies virus
glycoprotein by a eukaryotic expression plasmid pcDNA3.1(+) in BSR cell line. This
construct might be used for a potential DNA vaccine.
Materials and Methods: Glycoprotein gene was synthesized and cloned into pBluescript
vector and then sub cloned into eukaryotic expression vector (pcDNA3.1(+)). After
verification of the cloning, the recombinant plasmid was transfected into BSR cell line (a
clone of BHK-21 cell), and its expression was detected by RT-PCR.
Results: The authenticity of the recombinant plasmid pcDNA3.1(+)-Gp has been confirmed
by a quick check method and restriction endonuclease digestion analysis, and after
transfection into eukaryotic cells, the presence of mRNA transcripts was verified by reverse
transcriptase-polymerase chain reaction (RT-PCR).
Conclusion: This study demonstrated that the construction of eukaryotic expression plasmid
for rabies virus glycoprotein is possible. Nevertheless, more work is necessary to develop this
kind of vaccine for final use.
Keywords: Rabies virus, glycoprotein; DNA vaccine; Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR)

Introduction

R

abies virus is the etiological agent of a
major zoonotic disease that triggers
fatal encephalitis in all of mammals
including humans (1). This virus is a member
of Lyssavirus genus in Rhabdovridae family
(2). The nucleocapsid of rabies virus contained
three proteins including nucleoprotein,
phosphoprotein and RNA dependent RNA
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polymerase, which is surrounded by a lipid
bilayer that is associated with matrix protein
and glycoprotein (3). Glycoprotein (Gp) of
rabies virus is a type one membrane
glycoprotein. This protein is a trimer which
extends from the viral membrane. This
glycoprotein contains 505 amino acids and is
responsible for binding to cellular receptor and
is involved in cellular entry of the virus (4, 5).
This protein is also involved in the
transsynaptic movement of the virus (6-8). In
addition, antibodies that are induced against
glycoprotein protect against rabies virus
infection (9).
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In DNA vaccines, a naked DNA is being
transferred in to target cell and induces
expression of the desired protein. If this
happens successfully in an animal target, the
expressed protein could be presented along
with MHC antigens in order to raise an
immune response. Moreever in the DNA
vaccine production process the produced
protein is native, in its tertiary structure which
has advantages over the subunit vaccines that
are based on chemically treated virion (10-12).
In this study we demonstrate cloning and
expression of rabies virus glycoprotein gene in
BSR cell line. This construct which is able to
produce rabies virus glycoprotein, could
potentially be used as a DNA vaccine.

Methods
Rabies virus glycoprotein gene cloning
The Gp gene of rabies virus sequence (1575
bp) has been synthesized and cloned into
pBluescript vector. This circular plasmid and
circular pcDNA3.1(+) (Invitrogen), was
digested by NheI and EcoRI restriction
enzymes (fermentas), and identified by 1%
agarose gel electrophoresis. The liner
pcDNA3.1(+) and the Gp fragment were
excised and recovered using gel extraction kit
(fermentas). The target fragment was ligated
into linearized pcDNA3.1(+) plasmid using T4
DNA ligase (fermentas) based on the standard
protocoles. The ligation product was
transformed into competent E.coli TOP10F'
strain. A number of colonies carrying antibiotic
resistance gene were selected and screened by
a quick check method using phenol for
denaturing of bacterial proteins, then
centrifuge in 12000 rpm. The upper phase
contained
recombinant
plasmid.
After
conformation, individual colonies were
isolated and the plasmid was purified using
plasmid extraction kit (fermentas). The
purified plasmid was further checked by
digestion using NheI and EcoRI restriction
enzymes (fermentas).
Cell transfection
The pcDNA3.1(+)-Gp gene was transfected
into BSR cell line (a clone of BHK-21 cell).
This cell line was cultured and maintained in

Dulbecco's Modified Eagles Medium (DMEM,
Invitrogen) with 7% fetal bovine serum (FBS,
PAA). Two day before transfection, cells from
the confluent culture were trypsinazed (0.25%
trypsin-EDTA, Invitrogen) and transferred to 6
well plates (Greiner) containing 2.5x105 cells
per well. The cells were incubated for 48 hours
at 37˚C in incubator with 5% CO2. When 7590% confluency was observed each well of
cells was transfected with 4 μg of plasmid
encoding Gp gene. The transfection process
was done using lipofectamin 2000 reagent
(Invitrogen) according to the manufacturer
instruction.
Confirmation of expression
For confirmation of the presence of Gp gene
mRNA, after 24 hours of transfection, total
RNA was extracted from harvested cells with
high pure RNA isolation kit (Roche), and
treated with RNase-free DNaseI enzyme
(fermentas). Complementary DNA (cDNA)
was synthesis by using of random hexamer
primer (fermentas), and Reverse Transcriptase
enzyme (fermentas). This cDNA was used as
template
for
PCR
using
5'ACCATGGTTCCTCAGGCTC-3' as forward
and 5'- TCTCACAGTCCGGTCTCACC-3' as
reverse primers. The amplified fragment was
visualized by 1% agarose gel electrophoresis.
pcDNA3.1(+) transfected cells were subjected
to RNA extraction as negative control.

Results
To study the insertion of Gp gene in our target
plasmid, a number of colonies caring antibiotic
resistance gene were selected and screened by
a quick check method as a described in
Materials and Methods. Figure 1 shows the
pcDNA3.1(+) band shift during 1% agarose gel
electrophoresis that could be due to insertion of
Gp gene. The Presence of Gp gene (1575bp) in
the recombinant plasmid pcDNA3.1(+)-Gp
was further checked by restriction enzymes
digestion and the results are shown in figure 2.
After
transfection
of
recombinant
pcDNA3.1(+)-Gp plasmid in BSR cell line, the
presences of transcript mRNA was verified by
Reverse Transcriptase polymerase chain
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Fig. 1. Quick check analysis of
pcDNA3.1(+) plasmids after ligation with
Gp. A) pcDNA3.1(+) without recombinant
Gp fragments.
B) pcDNA3.1(+)
Recombination with Gp gene which shows
a larger size.

Fig. 3. Expression analysis of Gp in
transfected cells by RT-PCR. A) DNA
Ladder 1kb (Vivantis). B) RT-PCR result
of RNA that was treated with DNaseI. C)
PCR of pcDNA3.1(+)-Gp that was treated
with DNaseI has no result. D) RT-PCR of
RNA from cell control (was transfected by
pcDNA3.1(+)) and treated with DNaseI,
there was no positive result.

Discussion

Fig. 2. Restriction enzyme analysis of
recombinant plasmid. A) DNA Ladder 1kb
(Vivantis). B) Double digestion of
recombinant plasmid pcDNA3.1(+)-Gp by
NheI and EcoRI restriction enzymes
resulted in a 1575 bp Fragment.
reaction (RT-PCR). The result was shown in
figure 3.
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One of the most important ways to control
rabies is vaccination of domestic and wild
animals. The importance of Rabies vaccination
is well recognized (13). DNA vaccination
technology has grown very fast since 1990s. In
this technology the plasmid DNA codes an
antigenic protein that could induces an immune
response to the desired protein (14, 15). Like
other types of vaccines, DNA vaccines engage
both MHC-I and MHC-II defense mechanism
and are able to induce CD8+ and CD4+ T
cells, unlike recombinant proteins that
generally induce only humoral response (16).
This successful new method has been named as
the "the third generation of vaccines" (17).
Bahloul et al. have compared two rabies postexposure prophylaxis. They demonstrated that
a single administration of rabies DNA vaccine
in BALB/c mice was as effective as five
injections of cell culture-derived vaccine (18).
The other study that was done by Bahloul et al.
showed for the first time that rabies DNA
vaccination could be more efficient under
experimental or field conditions than the
available cell culture-derived vaccine (19).
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In this study rabies virus glycoprotein was
cloned and expressed under the pcDNA3.1(+)Gp
recombinant
plasmid.
Successful
construction and expression vector might
potentially be used as a DNA vaccine. To
evaluate protein expression in eukaryotic cells,
Western blot analysis using specific antibodies
must be done. In the following studies we will
monitor rabies virus glycoprotein expression
and will evaluate immunogenicity of this
potential DNA vaccine in laboratory animals.
Further studies would also be done to compare
this product with recombinant rabies virus
glycoprotein (a parallel study of our team)
expressed in eukaryotic cells and commercial
rabies vaccine in animal model.
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