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Introduction

Bovine viral diarrhoea viruses (BVDVs) are members 
of the genus Pestivirus, belonging to the Flaviviridae family, 
and they are closely related to the classical swine fever virus 
(CSFV) and border disease virus (BDV) [11]. All members 
of the Pestivirus genus cause significant economic losses 
to the livestock industry. The identification in the early 
1990s of persistent infected (PI) cattle responsible for the 
persistence of infection in the cattle population led to a better 
understanding of the BVDV epidemiology.

BVDVs are basically divided into two sub genotypes, 
although in recent years a third genotype has been added [27, 

35]. Based on the nucleotide sequences of the 5’-UTR, Npro, 
and E2 regions BVDV-1 and BVDV-2 have also been divided 
into 16-multiple subtypes (1a–1r) and four subtypes (2a–2d), 
respectively [4, 13, 14, 34]. New subtypes are being added to 
these from different countries every year. The viral genome 
consists of a positive-sense, single-stranded RNA molecule 
of approximately 12,300 nucleotides encoding a polyprotein 
of about 4,000 amino acids. After translation, the polyprotein 
is cleaved by viral and host cell proteases into four structural 
proteins (capsid: C, envelope glycoproteins: Erns, E1, and E2) 
and 6–7 nonstructural proteins (including p7, NS2-3, NS4A, 
NS4B, NS5A, and NS5B) [16]. 
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RÉSUMÉ

Expression et production de protéines recombinantes à but 
prophylactique à partir de régions immunodominantes du gène E du 
virus de la diarrhée virale bovine 1 (BVDV-1), souches originaires de 
Turquie 

Depuis la première description du virus de la diarrhée virale bovine 
(BVDV), de nombreuses études ont été réalisées, et des programmes de 
contrôle et d’éradication ont été développés dans le monde entier. Plusieurs 
études ont été réalisées sur la présence/prévalence et la caractérisation 
moléculaire des virus BVD en Turquie, mais il n’existe pas de programme de 
lutte efficace à ce jour dans ce pays. Cette étude actuelle a été réalisée pour 
identifier le pour plusieurs protéines immunogènes de BVDV codées par 
le gène E. L’immunogénicité des protéines recombinantes pour un éventuel 
vaccin a été testée. Les souches étudiées sont issues d’isolats (n = 40) obtenus 
en Turquie entre 1997 et 2007. Deux protéines recombinantes de la région 
E, Erns et E2, ont été choisies et exprimées dans le système de vecteurs de 
baculovirus. Les protéines Erns (environ 34 kDa, obtenue de BVDV 1-a) 
et E2 (environ 44 kDa, obtenue de BVDV 1-l) ont déclenché une réponse 
immunitaire humorale chez la souris. Ces protéines pourraient représenter 
un bon produit de départ pour la préparation de vaccins indispensables 
aux programmes de lutte et d’éradication de l’infection par ce pestivirus en 
Turquie.
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Specific antibodies to BVDVs can develop against three 
important proteins expressed from the Pestivirus genome 
[29]. These proteins can be ordered according to their 
immunogenic potential (E2>Erns>NS2-3). The NS2-3 protein 
is important for serological BVDV diagnosis, but antibodies 
to this gene region do not neutralize BVDVs [27]. Erns is 
a highly glycosylated envelope protein that is associated 
with the virus particle, is secreted by the infected cells. 
Additionally, Erns has neutralizing activity [26]. Glycoprotein 
E2 is another immunogenic protein, eliciting high titers of 
neutralizing antibody after infection. Nevertheless, the Erns 
glycoprotein shows less antigenic diversity than E2 [9]. E2, 
located at the N-terminus of the E protein, has major antigenic 
determinants targeted by most antibodies [6]. Therefore, the 
E2 protein of Pestiviruses has been produced successfully by 
many methods, using recombinant DNA technology, and it 
constitutes the main candidate for subunit vaccines [20]. 

Some studies have addressed the presence and prevalence 
of Pestivirus infections in Turkey [21, 22, 37, 38, 39]. These 
field Pestivirus strains obtained from ruminants were 
characterized based on the nucleotide sequences of the 
5’UTR, Npro, and E2 regions. It has been reported that BVDV-
2 genotypes determined in Turkey are closely related to 
BVDV-2a strains from North America and Canada reference 
strains [21]. Research has also reported the presence of 
BVDV-1-a, b, d, f, h, l, and r subtypes in Turkey, and l has 
been described as a local predominant subtype [22, 37, 38, 
39]. Although several successful vaccines, that are generally 
specific of only one subtype of BVDV, have been developed 
and licensed throughout the world, combined vaccine have 
been suggested against to both BVDV-1 and BVDV-2 for 
efficient protection. These vaccines including local strains 
used in control and eradication programs for BVDV infection 
are not available in Turkey. 

This study has two goals: to carry out the genetic 
characterization of the immunodominant E gene region 
of the BVDV-1 field strains from Turkey and to generate 
recombinant proteins of the E gene region related to 
dominantly circulating field subtypes for further development 
of a subunit vaccine for control and eradication programs in 
Turkey.

Materials and Methods

VIRUS AND CELLS

The forty BVDV-1 field strains isolated between 1997 and 
2007 [22] were propagated in primer fetal calf kidney (FCK) 
cells prepared from three- to six-month-old bovine fetuses. 
E gene regions of 40 BVDV isolates were amplified using 
B11-32 and B43-53 primer pairs, as described in Couvreur et 
al.,[5] and sequenced for the determination of the dominant 
Pestivirus strain circulating in Turkey.

Spodoptera frugiperda insect cells (Sf-9 cells) were grown 
in SFM900-II (Gibco) supplemented with 5% fetal bovine 

serum at 28°C. A recombinant baculovirus vector carrying 
the amv133 gene (vAmBac133) was used as a negative 
control [24]. Autographa californica nuclear polyhedrosis 
virus (AcNPV) was used as a control in immunization studies 
in mice.

FCK, Sf-9 cells, and fetal bovine serum were tested before 
use, and they were found negative for Pestivirus nucleic acids 
by reverse transcription-polymerase chain reaction (RT-
PCR) using panpesti generic primers (324/326) [33].

RNA EXTRACTION AND RT-PCR

The supernatants obtained from the FCK cell culture 
infection collected at 72 hours post inoculation were 
extracted using the RNeasy kit (Qiagen), and RT reaction 
was carried out using a First Strand cDNA Synthesis kit 
(Fermentas) according to the manufacturer’s instructions. 
The obtained cDNAs were applied to PCR assays to amplify 
the E gene region using specific primer pairs (Table I). The 40 
Pestivirus field isolates were first characterized for the E gene 
region by using specific primers reported by Couvreur et al. 
[5] in order to determine the dominant strain and to choose 
which virus strain/subtype would be used in recombinant 
protein production. 

SEQUENCING AND PHYLOGENETIC ANALYSIS 

The purified PCR products were sequenced in both 
directions using a sequence analyzer (Beckman Coulter, 
CEQ8000). The sequences were evaluated and identified 
utilizing the BLAST web service (http://blast.ncbi.nlm.nih.
gov). All alignments of E gene sequences were performed in 
the Bioedit program (version 7.2.5) [10] with reference viruses 
obtained from GenBank, and the phylogenetic tree was 
constructed by the Mega program (v.6.) [31]. The selection 
of subtype/strain for recombinant protein production was 
performed by the molecular subtyping of field strains and 
the identification of the subtypes dominantly circulating in 
Turkey. To acquire the full products of the Erns [40] and E2 
gene regions intended for selected subtypes, the degenerate 
and normal primer pairs were used in RT-PCR (Table 1). 

CONSTRUCTION OF RECOMBINANT BACMIDS

The Bac-to-Bac Baculovirus Vector System (Invitrogen) 
was used to express the Erns and E2 coding regions. The 
genes—TR-05/Erns from BVDV-1a (Erns) and TR-171450/
E2 from BVDV- 1l (E2)—were amplified using a phusion 
DNA polymerase (Finnzymes) and cloned into pJET1.2 
and pJET1.2, which was digested with BamHI and XbaI 
restriction enzymes. The E2 fragment was then ligated with 
pFastBac™HTB digested with BamHI and XbaI to form 
phusion DNA with the His-tag derived from the vector. The 
ligation product was transformed into E. coli JM101 (NEB). 
pFastBac™HTB vectors carrying Erns-TR-05 and E2-171450 
were transformed into E. coli DH10Bac cells to regenerate 
bacmid-expressing Erns and E2 (vBacErns and vBacE2) 
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and incubated on LB agar plates containing kanamycin, 
gentamicin, tetracycline, X-Gal, and IPTG. Following 48-
hour incubation, the resulting white colonies (including 
the bacmid) were picked up and confirmed by PCR. BacErns 
and BacE2 were isolated from one of the positive clones 
and confirmed via PCR using a pair of primers (M13Fw 
and M13Rv) and extracted. Spodoptera frugiperda (Sf9) 
cells (2 x 106 cells/ml) were transfected with the BacErns and 
BacE2 using the Cellfectin (Invitrogen) transfection reagent 
according to the Bac-to-Bac manual. The transfected cells 
were incubated at 27°C until the cells showed visible signs 
of infection (usually after 72 hours or more). The expression 
of Erns and E2 was confirmed by Western blot analysis using 
anti-His monoclonal antibody conjugated with alkaline 
phosphatase (1:5,000; Sigma). Recombinant baculovirus 
expressing Erns and E2 (vBacErns and vBacE2) were amplified 
in Sf9 cells in T75 flasks, and the virus titer was determined 
by endpoint dilution assay. 

PROTEIN EXPRESSION AND PURIFICATION 

Sf9 cells were adapted to a suspension culture by the 
following procedure: 2.5 x 106 Sf9 cells were transferred to a 
125 ml glass Erlenmeyer flask containing 20 ml of SFM900-
II medium, which consisted of 5% fetal bovine serum. The 
cells were then incubated at 28°C, rocked at 100 rpm for 48 
hours, and sub-cultured. For protein production, 100 ml of 
medium containing 2x106 cells/ml infected with vBacErns and 
vBacE2 at m.o.i 5; cells were then harvested after 78 hours 
post infection and washed with PBS containing protease 
inhibitor solution (Roche). The pellet was frozen at -80°C 
and re-suspended in 5 ml of PBS. Protein purification was 
performed using the MagneHis™ Protein Purification System 

(Promega) according to the manufacturer’s instructions. 
The protein concentration was determined by the method 
of Bradford [3], with bovine serum albumin as the standard. 
Extraction was confirmed by Western blot analysis using 
anti-His monoclonal antibody (1:5,000, Sigma).

IMMUNE RESPONSE TO RECOMBINANT PROTEINS
 
To check whether recombinant Erns (pFastBacHTB/

Erns05) and E2 (pFastBacHTB/E2-171450) proteins stimulate 
immune response, Balb-c mice (males aged six to eight  
weeks) were injected intraperitoneally two times by 50 µg 
expressed proteins emulsified in Freund’s complete adjuvant 
for the first immunization. The Freund’s incomplete adjuvant 
was used for the second immunization four weeks after the 
first immunization. Immunization study details are presented 
in Table II. 

To determine the titer of neutralizing antibody, the serum 
samples were collected intracardially at zero, four, six, and 
eight weeks after initial injection. A virus neutralization 
test (VNT) was carried out using the BVDV-NADL 
strain in FCK cells, and the evaluation was performed by 
immunoperoxidase assay [30]. Additionally, VNT have been 
performed with homolog field pestivirus strains (TR-171450-
BVDV-1l and TR-05-BVDV-1a).

Results

The accession numbers of the field pestivirus sequences 
existed between KJ605929 and KJ605968. The sequence 
results of the PCR products of the E gene region were analyzed 
phylogenetically using reference Pestivirus sequences 

Primer sequence Name and locasion Product (bp) References

5´- ATGCCCWTAGTAGGACTAGCA –3´ 324-5’UTR 288 [33]

5´- TCAACTCCATGTGCCATGTAC –3´ 326-5’UTR

5´-TAAGACCA(A/G)ATTGGTGGCCTTATGAGAC-3´ B11 (2247-2274) 606 [5]

5´-GGGCA(A/T)ACCAT(C/T)TGGAAGGC(C/T)GG-3´ B32 (2853-2831)

5´-ACTAGGAT(A/T)TGGAACGCTGC-3´ B43 (2345-2364) 406 

5´-AGTC(A/G)TCAG(A/G)CATATCTATCAC-3´ B53 (2750-2729)

5-CGCGGATCCATGAAACTGGAAAAAGCATTG-3 Erns 745 [40] 

5-AGGTCTAGATTAAGCGTATGCTCCAAACCAC-3

5-GGGATCCACCATGGTACAGGGCATTCTG-3 E2 1300

5-GAAGCTTCTAGATTAGAGTAAGACCCACTT-3 

5-GGGATCCATAACAGGGGTACAAGGG-3 Forward – E2 1179 In this study

5-GAAGCTTCTAGACAAGTTGCCCATCATCAC-3 Reverse – E2 

5-GGGATCCATAACAGGGGYRCARGGG-3 Forward- DegE2 1179 
 

In this study

5-GAAGCTTCTAGACARGTTKCCCATCATCAC-3 Reverse- DegE2 

Table I: Primers used for amplification of 5`NTR, Erns and E2 regions in this study
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obtained from the GenBank database. The constructed tree 
is not shown here. The dominant TR field Pestivirus strains 
were determined based on the mentioned phylogenetic tree. 
The strains of BVDV-1a and BVDV-1l have been agreed upon 
for production of recombinant proteins. Therefore, only two 
isolates (TR-05/Erns, TR-06/Erns) were selected, which are 
in the BVDV-1a subtype. One of them, TR-05, had a high 
quality PCR product. Thus, this isolate was used to produce 
the recombinant protein. No product was amplified from the 
specific E2 region by the primer pairs described by Zoth and 
Taboga in Table 1. Because the E2 protein is a major variable 
region of the Pestivirus genome, it may not be recognized 
in local strains. Therefore, new degenerate/normal primer 
pairs were synthesized in order to amplify the entire E2 gene 
region of the BVDV-1-l subtype circulating predominantly 
among field strains (Table 1). The obtained E2 products (TR-
171450/E2, BVDV-1-l) with designed primer pairs were 
cloned identically to TR-05/Erns. Two selected TR-BVDV-1 
strains (BVDV-1-a for Erns and BVDV-1-l for E2) were 
compared within two different phylogenetic trees (Figure 1) 
with reference Pestivirus sequences. In this study, according 
to the mentioned tree, our BVDV-1-a Erns sequence obtained 
from the TR-05 field strain was localized in the BVDV-
1-a canonical subtypes, such as NADL, as anticipated. 
Nevertheless, the E2 gene sequence from another field isolate 
(TR-171450) was drawn within a separated branch among 
the BVDV-1 subtypes, which was reported as BVDV-1-l in 
our previous study [22]. 

The genes—TR-05/Erns from the BVDV-1a (Erns) and TR-
171450/E2 from the BVDV-1l (E2) subtypes—were amplified 
and cloned into the baculovirus expression system. Purified 
protein products were confirmed with Western blot analysis 
using the anti-His antibody. The Erns recombinant protein 
was 34 kDa and the E2 recombinant protein was 44 kDa. This 
data is shown in Figure 2. 

According to the results of the virus neutralization test, 
both recombinant proteins dramatically stimulated an 
immune response. Neutralizing antibody titers to NADL 
(reference strain for BVDV) were passed over to 1:120 four 
weeks after initial injection. Also, antibody titers to field 
strains (TR-171450-BVDV-1l and TR-05-BVDV-1a) were 
detected higher than 1:160. Moreover, it was observed that 
E2 recombinant protein provides higher antibody titers than 
Erns recombinant protein at the fourth week, as shown in 
Table III. 

Discussion

BVDV causes high economic losses in the cattle industry 
[12, 23]. The aim of containment campaigns is first detection 
of PI individuals and then prevention of infection from herds 
by using vaccines. To this end, molecular characterization of 
country-specific dominant strains has become important, in 
order to develop a broadly effective vaccine BVDV in Turkey.

Experiment Groups 
(n=total 6 animal for 

each group)
0.Week 4.Week 6.Week 8. Week

Adjuvant control

Taking blood sample 
from one Balb-c and 
inoculation of 100μl 

FCA+100μl dH2O to 5 
Balb-c 

Taking blood sample 
from one Balb-c and 
inoculation of 100μl 

FICA+100μl dH2O to 
4 Balb-c

Taking blood sample 
(n=2)

Taking blood sample 
(n=2)

Sf9 cell extract

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FCA +100μl Sf9 cell 

extraction to 5 Balb-c

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FICA +100μl Sf9 cell 
extraction to 4 Balb-c

Taking blood sample 
(n=2)

Taking blood sample 
(n=2)

BVDV 1-l E2 
recombinant protein

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FCA +100μl E2 

recombinant protein to 
5 Balb-c 

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FICA +100μl E2 

recombinant protein to 
4 Balb-c

Taking blood sample 
(n=2)

Taking blood sample 
(n=2)

BVDV 1-a Erns 
recombinant protein

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FCA +100μl Erns 

recombinant protein to 
5 Balb-c 

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FICA +100μl Erns 

recombinant protein to 
4 Balb-c

Taking blood sample 
(n=2)

Taking blood sample 
(n=2)

AcNPV control

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FCA +100μl AcNPV to 

5 Balb-c 

Taking blood sample 
from 1 Balb-c and 

inoculation of 100μl 
FICA +100μl AcNPV 

to 4 Balb-c

Taking blood sample 
(n=2)

Taking blood sample 
(n=2)

Table II: Experimental infection protocol of Balb-c mice. (FCA: Freund Complete Adjuvant, FICA: Freund Incomplete Adjuvant, AcNPV: Autographa 
californica nucleopolyhedrosis virus)
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Most important criterion of choosing of DNA vaccines 
for control of BVDV infection is to be safety and efficient 
rather than traditional whole virus modified or inactivated 
vaccines [25]. Truncated subunit vaccines development has 
minimized the risk of contamination with used material 
originated from bovine for instance fetal calf sera in cell 
culture passages. With this aim in mind, we have preferred 
to develop DNA vaccine based on Turkish field strains due 
to these advantages. 

Recent investigations on the genetic presence/diversity 
of BVDV field viruses in Turkey have noted the presence 
of BVDV-2 genotypes, as well as the common existence of 

the BVDV-1 genotype, according to their 5’UTR, Npro, and 
E2 gene regions [21, 22, 37, 38, 39]. In reported studies, the 
phylogenetic analysis of field Pestiviruses has shown that 
most field viruses are localized into groups, namely the 
BVDV-1-l subtype [22, 37]. Therefore, in the current study, 
we have paid attention to the production of recombinant 
proteins from this dominant subtype in Turkey. Additionally, 
we have inserted a field strain from BVDV-1-a, the subtype 
that includes Pestivirus reference strains (Fig.1). 

In this study, we have chosen E2 and Erns for expression as 
recombinant proteins (Fig. 2) since antibodies against these 
proteins are associated with neutralizing activity both in vivo 

Figure 1: Phylogenetic trees including BVDV 1-a and BVDV 1-l field strains from Turkey. Phylogenetic tree analyses were constituted using MEGA version 6.0, 
distances were calculated by Kimura’s 2-parameter method. The phylogenetic trees were plotted by the neighbor-joining method. a. E2 gene product (1094 
nt) of one dominant pestivirus field strain BVDV 1-l in Turkey and b. Erns gene product (633 nt) of pestivirus strain (BVDV 1-a) detected during this study 
in Turkey have been compared with reference pestivirus strains in GenBank database. Turkish strains are the square shapes. The scale bar represents the 
phylogenetic distance expressed as expected nucleotide substitutions per site. Bootstrap values (1000 replicates) are shown. Reference strains were selected 
from GenBank and genotype and subtype are indicated. In this study, the strain name designation is our laboratory sample number.
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and in vitro. The response against E2 protein is especially 
an useful target protein for neutralizing antibodies during 
immune response and vaccination. Therefore, it is necessary 
to enable the formation of antibodies against the E2 protein 
in the design of the vaccine to be used in infection control. 
Due to the importance of the E2 gene region, it is the most 
preferred region for producing recombinant protein in 
relation to Pestivirus vaccine models [7, 32, 36]. Similarly, we 
would like to use these pestiviral recombinant proteins in the 
production of a DNA vaccine for prophylactic purposes in 
the near future in Turkey. 

The immune response to natural BVDV infection 
is detectable two to three weeks post exposure by virus 
neutralization assay [13]. The immune response against 
recombinant viral proteins in mice was tested by virus 
neutralization assay. The produced Erns and E2 recombinant 
proteins of the BVDV-1-a and BVDV-1-l, respectively 
induced neutralizing antibodies in Balb-c mice in our study 
(Table 3). Although BVDV-1 subtypes have high genetic 
diversity, there have been wide-range of cross-immunity 
for distinct BVDV subtypes. Obtained results were in 
accordance with this description. Hence, even if both E2 and 
Erns were obtained from different field strains, any significant 
differences could have not been detected between exposed 
neutralizing antibodies in this study. These results show that 
these proteins could serve as vaccine material or be utilized 
for diagnosis of infection in further studies.

It was reported that the level of immune response against 
the Erns protein was weaker than the immune response 
against the E2 protein after vaccination by a modified live 
vaccine or after natural infection [29]. However, Erns is the 
earliest existing viral protein that was used to detect BVDV 
antigen in blood, as well as in plasma and serum. In addition, 
immune response is proportionally induced by this protein. 
Therefore, we suggest that a DNA vaccine should include not 
only the E2 protein but also the Erns protein. 

In recent years, the use of recombinant viral proteins 
as antigens for vaccine preparation and ELISA design has 
increased for the study of Pestivirus infections [8, 15, 18, 
19, 40]. A baculovirus expression system can also eliminate 
the pestiviral contamination risk of fetal bovine serum 

due to its origin from a mammalian organism because it is 
nonessential for this system’s processes. In this study, the 
produced recombinant proteins specified BVDV-E genes 
by baculovirus expression system elicited high antibody 
titers in Balb-c mice. The results of this study thus provide a 
starting point for the development of a DNA vaccine against 
Pestivirus.

The genomic and antigenic differences among BVDV 
subgroups may be associated to high levels of serological 
differences, resulting in insufficient cross neutralization and 
protection to challenge infection. It has been reported by 
various researchers [2, 17, 28] that immune response triggered 
through infection by heterologous strains or various vaccines 
does not provide sufficient protection against a previously 
defined BVDV. In this vein, a recent study by Alpay and 
Yeşilbağ [1] determined that a commercial vaccine including 
BVDV-1a and BVDV-1b did not induce sufficient protection 
against BVDV-1-l, which is one of the predominant strains 
in Turkey. Thus, the immunological responses induced by 
strains of the current vaccine should be engineered to be 
effective against field BVDV isolates in Turkey.

On the other hand, commercial killed or modified live 
vaccines have contained BVDV-1a, BVDV-2a, or BVDV-1a/
BVDV-2a combinations [28]. Whether live or inactivated, the 
serological differences between the vaccine and field strains 
should be taken into account in developing tools for BVDV 
control and eradication programs. This study presenting 
production of recombinant viral proteins from field BVDV 
strains, is therefore a first step to the development of specific 
tools which could be used for a BVDV control program in 
Turkey. 

There is no applied control or eradication program 
against BVDV infection in Turkey, whereas the European 
Union (EU) countries have implemented programs for 
eradication of Pestivirus infections. Several EU countries 
have achieved BVDV free status. The detection/elimination 
of PI individuals and immunization of remaining cattle by 
vaccination in herds is the best solution to BVDV infection 
in Turkey. 

The experiment 
groups

0.week *SN50 
(n=1)

4.week *SN50 
(n=1)

6.week *SN50 
(n=1)

6.week *SN50 
(n=1)

8.week *SN50 
(n=1)

8.week *SN50 
(n=1)

Adjuvant ≤5 ≤5 ≤5 ≤5 ≤5 ≤5

Sf9 ≤5 ≤5 ≤5 ≤5 ≤5 ≤5

TR-5-Erns ≤5 1:120 >160 ≥160 1:120 >160

TR-E2-171450 ≤5 1:120 >160 ≥160 ≥160 >160

AcNPV ≤5 ≤5 ≤5 ≤5 ≤5 ≤5

Table III: Antibodies titer against to the recombinant proteins (TR5-Erns, TR-E2-171450) following to neutralizing assay by using reference strain (NADL). 
(*SN50 values: anti-pestivirus antibodies titer in diluated blood serum samples based on log5. Value of ≤5 = antibody negative)
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Figure 2: Immunization protocol and the results of western-blot assays. a. Purified Erns specific protein obtained from BVDV 1-a Turkish field strain by using 
His-taq purification kit (Promega). b. Purified E2 specific protein obtained from BVDV 1-l Turkish field strain by using novel primer pairs usage of the His-
taq purification kit (Promega).
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In conclusion, it is believed that the current expressed 
recombinant proteins will play a major role as a source of 
biological material for diagnostic tests or vaccines to be used 
in future BVDV control programs in Turkey.
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