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Introduction 
 

Bovine viral diarrhoea virus (BVDV) is a 

pestivirus in the family Flaviviridae and is 

closely related to classical swine fever and 

ovine Border disease viruses
1
. BVDV is a 

positive-sense, single-stranded 

nonpolyadenylated RNA virus about 12.5 kb 

in size with one large ORF flanked by 5' and 

3' NTRs. The virion is enveloped and 

spherical in shape with a diameter of 40-60 

nm. Two antigenically distinct genotypes of 

BVDV exist, types 1 and 2, with further 

subdivisions discernable by genetic 

analysis
2
.The two genotypes may be 

differentiated from each other, and from other 

pestiviruses, by monoclonal antibodies 

(MAbs) directed against the E2 and ERNS 

major glycoproteins, or by genetic analysis
3,4

. 

Multiplex polymerase chain reaction (PCR) 

enables virus typing direct from blood 

samples
5
. Type 1 virus is generally more 

common although the prevalence of type 2 is 

reported to be almost as high as type 1 in 

North America. BVDV of both genotypes may 

occur in noncytopathogenic and 

cytopathogenic forms (biotypes), classified 

according to whether or not it produces visible 

change in cell cultures. Usually, it is the 

noncytopathogenic biotype that circulates in 
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Bovine viral diarrhoea virus (BVDV) is the most prevalent infectious 

disease of cattle. The envelope glycoprotein (E2) gene of an Indian BVDV 

isolate was already cloned. In this study, recombinant plasmid 

pcDNA.BVDV.E2 was used to transfect 70-80% HeLa cell, expressed E2 

protein which was confirmed by immunoperoxidase test. Rabit anti mouse 

HRPO conjugate was used in expression analysis and anti BVDV-E2 

hyperimmune serum was raised in mice using recombinant plasmid 

pcDNA.BVDV.E2 for develop specific antibody. This study demonstrates 

feasibility of BVDV E2 protein expression in HeLa cell and its efficacy as 

an antigen in ELISA for detecting BVDV neutralizing antibodies in cattle. 
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cattle populations. Each biotype has a specific 

role in a variety of clinical syndromes– acute, 

congenital and chronic infections
6,7

. Type 2 

viruses are usually noncytopathogenic and 

have been associated with outbreaks of severe 

acute infection and a haemorrhagic 

syndrome
8
. However recent type 2 viruses 

isolated in the United Kingdom have been 

associated with a disease indistinguishable 

from that seen with the more frequently 

isolated type 1 viruses. Some type 1 isolates 

have been associated with particularly sever 

and fatal disease outbreaks in adult cattle
9 

clinically mild and in apparent infections are 

common with both genotypes.  

 

Persistently viraemic healthy animals resulting 

from congenital infection can be readily 

identified by isolation of noncytopathogenic 

virus in cell cultures from blood or serum. It is 

necessary to use an immune-labelling method 

to detect the growth of virus in the cultures. 

Alternative methods based on direct detection 

of viral antigen or viral RNA in leukocytes are 

also available. Persistence of virus should be 

confirmed by resampling after an interval of at 

least 3 weeks. These animals will usually have 

no or low levels of antibodies to BVDV. 

Viraemia in acute cases is transient and can be 

difficult to detect. In fatal cases of 

haemorrhagic disease, virus can be isolated 

from tissues post-mortem. Confirmation of 

mucosal disease can be made by isolation of 

the cytopathogenic biotype of BVDV, 

particularly from intestinal tissues. 

Noncytopathogenic virus may also be 

detected, especially in blood. 

 

The most common laboratory method for this 

purpose is enzyme-linked immunosorbent 

assay (ELISA)
10

. The most immunogenic 

proteins of BVDV
11

, including Erns and E2 

structural proteins and the non-structural NS3 

protein have been prepared as recombinant 

proteins and applied to design ELISAs for the 

detection of specific antibodies in cattle sera
12

. 

The NS3 is an 80 kDa (p80) protein which 

contains an N-terminal serine protease domain 

and a C-terminal RNA helicase
13

. Production 

of NS3 is essential for the viral RNA 

replication and cytopathogenicity
14

. This 

protein is also highly conserved among 

pestiviruses and induces a strong humoral 

immune response in cattle exposed to live 

BVDV either naturally or by vaccination 
15

. 

Therefore, it is a proper candidate antigen to 

detect antibodies against the virus in the sera 

of infected animals. For this purpose, NS3 and 

NS3-specific monoclonal antibodies (MAbs) 

were used to design ELISAs (indirect and 

competitive ELISA) for the detection of 

specific antibodies against the virus
16,17,18

. 

During the recent years, economic impact of 

BVDV infections has led a number of 

countries in Europe to start eradication or 

control programmes
19,20

. In Iran, the 

prevalence of BVDV antibodies in adult cattle 

is around 25.0%
21,22

. It is therefore desirable 

to have a rapid, sensitive and reliable means of 

identifying infected animals for control and 

eradication of BVD. Anti-NS3 MAbs were 

produced mainly following immunization with 

whole virus. The main objective of this study 

was to produce monoclonal antibody against 

recombinant NS3 antigen of BVDV that was 

produced in an efficient bacterial expression 

system to design a local competitive ELISA 

for detecting infected animals in future. 

 

Materials and Methods 

 

Recombinant plasmid 

 

The recombinant plasmid pcDNA.BVDV.E2 

was available in the Biotechnology 

Laboratory, IBT, patwadangar Nainital. 

 

Cell Line 

 

HeLa cell line was obtained from National 

centre for Cell Science (NCCS), Pune. HeLa 

cell line was used in the study for in vitro 
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expression analysis of recombinant plasmids 

(pcDNA.BVDV.E2) and was maintained in 

GMEM (Micro lab), supplemented with 10% 

new born calf serum (Gibco, NY), penicillin 

100 units/ml and streptomycin100 μg/ml. 

 

Virus 

 

Bovine viral diarrhoea viruses as well as BT 

cell culture adapted BDV were available in the 

laboratory. 

 

Conjugates and hyperimmune serum 

 

Direct polyclonal antibody conjugate rabbit 

anti-mouse HRPO obtained from Bangalore 

Genei, Bangalore, was used in expression 

analysis of pcDNA.BVDV.E2 and anti-BVDV 

E2 hyperimmune serum was raise in mice 

using recombinant plasmid 

(pcDNA.BVDV.E2). The recombinant 

plasmid (50μg/mouse) was administered 

intramuscularly in thigh four times at interval 

of one week, to six mice. The bold was 

collected one week later from inner canthus of 

eye of the mouse and serum was harvested. 

 

In vitro expression analysis 

 

Transfection of HeLa cells 

 

Cells were trypsinised using trypsin-versenate 

solution (TVS) and then 4 ml of GMEM 

containing 10% FCS and penicillin and 

streptomycin (50 μl/ml) was added, to make 

cell suspension of 1X105 cells/ml. Harvested 

exponentially growing cells by trypsinization 

and prepared cell suspension in growth 

medium.  

 

Prepared the calcium phosphate-DNA 

coprecipitate as follows: combined 50 μl of 

2.5M CaCl2 with 10 μl of plasmid DNA in a 

sterile microfuge tube. Added 40 μl DW, kept 

at room temperature. Immediately transferred 

the calcium phosphate-DNA suspension using 

20 μl suspension for each wells of microtitre 

plate. Added 100 μl of cell culture suspension 

in each wells of 96 wells microtitter plate. 

Rocked the plate gently to mix the medium, 

which will become yellow-orange and turbid. 

Carried out this step as quickly as possible 

because the efficiency of transfection declines 

rapidly once the DNA precipitate is formed. 

Kept control wells without transfection.  

 

Incubated at 370C in a humidified incubator 

with an atmosphere of 5% CO2 for 72 hours. 

Examined for gene expression by IPT. 

 

Raising primary antibody against 

pcDNA.BVDV.E2 in mice 

 

Primary polyclonal antibody against the 

BVDV E2 gene was raised in mouse by hyper 

immunization of six mice with 

pcDNA.BVDV.E2 plasmid. 50μl of plasmid 

DNA was injected IM rout in lateral region of 

thigh muscles of each mouse and repeated 

every week for four weeks consecutively. 

Mice were bled through inner canthus of eyes 

with a capillary and serum was prepared. 

 

Immunoperoxidase test (IPT) 

 

After 72 hours, transfected HeLa cells were 

washed with 1XPBS twice and fixed with 

80% chilled acetone at 4
0
C for 10 min and air-

dried. Put a few drops of BVDV E2 

hyperimmune serum and incubated at 37
0
C for 

1 hr and again washed with PBS, added a few 

drops of horseradish- peroxidase (HRPO) 

conjugated rabbit anti-mouse antibody to 

wells and incubated at 370C for 1 hr in humid 

chamber.  

 

The cells were again washed with PBS thrice 

and incubated with 2-3 drops of Nadi reagent 

for 5 min. After the development of color, 

cells were washed with PBS, dried in air and 

observed under microscope and photographed, 

protocol was carried out as per
23.
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Results and Discussion 

 

Bovine viral diarrhoea (BVD) is one of the 

most economically important infectious 

diseases in cattle worldwide and the causative 

agent, BVD Virus (BVDV) is a pestivirus in 

the family Flaviviridae. The E2 protein is the 

major target of the protective immune 

response elicited against BVDV infection.  

 

Expression of recombinant plasmid 

 

The expression ability of recombinant 

plasmids was checked by immunoperoxidase 

test (IPT) in HeLa cell line and cells were 

found to express the protein by development 

of purple color. Intense purple coloration of 

cells was observed in which HeLa cells were 

transfected with pcDNA.BVDV.E2 (Fig. 1), 

while healthy cell control did not show any 

color change. 

 

E2 is a main component of the virions and, 

together with Erns and E1, forms the surface 

projections protruding from the viral 

envelope
24

. In infected cells as well as in 

virions, it can be found as a homodimer of 

about 100 kDa or, together with E1, as a 

heterodimer of about 75 kDa. Immunostaining 

of infected cells indicates that E2 and Erns are 

absent from the plasma membrane
25,26,27.

 For 

expression in eukaryotic system pcDNA 3.1 

vector was used which is a high level 

constitutive expression vector designed for use 

in variety of cells. This vector has CMV 

enhancer promoter, bovine growth hormone 

polyadenylation signals, transcription 

termination sequence and SV40 origin of 

episomal replication. The CMV promoter has 

been reported to be very strong promoter and 

has been used by many workers for high level 

expression. It has also been revealed that 

vectors containing the CMV promoter and 

bovine growth hormone termination signal 

works well in avian DNA vaccination
28. 

 

 

Fig.1 HeLa cells transfected with recombinant plasmid pcDNA.BVDV.E2 and analysed with 

IPT showing purple color 

 

        

 

 

 

 

 

 

 

 

 

The cells were transfected with recombinant 

pcDNA.bdv.E2 plasmid by calcium phosphate 

method
29

. In this method, uptake of DNA by 

cultured cells is enhanced when DNA is 

presented as a co-precipitate of calcium 

phosphate and DNA. Replacement of medium 

containing calcium phosphate with medium 

having 2-5% serum was found to reduce the 

toxicity of calcium phosphate co-precipitate to 

the cells
30

. This method of transfection has 

been reported to be better and also less toxic 

for established cell lines 
29,30

. The results of 

the present study would be useful for the 

development of DNA vaccine against BVDV 

disease. 
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