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IntroductionIntroduction
Bovine ephemeral fever (BEF) is an Arthro-

pod-borne disease of cattle and water buffalo, span-
ning tropical and subtropical zones such as Aus-
tralia, Asia, the Middle East, and Africa, caused by 
an Ephemerovirus of the Rhabdoviridae (1, 2). The 
clinical signs of disease in cattle are acute febrile re-
action, stiffness, lameness, depression, cessation of 
rumination, and constipation. The morbidity may be 
high but the mortality is low (3). The infection can 
spread rapidly and lead to considerable economic 

losses in the cattle industry, through reduced milk 
production at dairy farms and loss of conditioning of 
beef cattle (4).

BEF virus (BEFV) is bullet or cone-shaped and 
contains a single-stranded, negative-sense RNA ge-
nome and five structural proteins including N, G, L, 
P, and M (3). The protein G is the main protective 
antigen of the virus and harbors five antigenic sites 
named as G1, G2, G3a, G3b, and G4 (5). The G1–
G3 neutralisation sites have been characterized us-
ing BEFV G protein specific monoclonal antibodies 
(MAbs) in competition ELISAs (6). Epitope-G1 is a 
linear site (Y487-K503) in the C-terminal region of the 
ectodomain (7) that only reacts with the sera against 
BEFV but other antigenic sites have cross-reactions 
with the sera against the related viruses besides BEFV 
(8). The G1 site is predicted to face the viral mem-
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brane in both the pre-fusion and post-fusion forms 
of the trimer and may be accessible to antibodies 
only during a transitional monomeric phase (7).

In previous studies, the recombinant baculovi-
ruses expressing the BEFV envelope glycoprotein G 
was constructed (9). The gene encoding the antigenic 
G1 site was cloned and expressed into E. coli BL21 
(DE3) (10). Antigenic properties of the expressed G1 
protein in Pichia pastoris was characterized by Zheng 
et al. (2007b). In some studies, expressed G1 protein 
was used for development an indirect ELISA for de-
tection of antibodies against BEFV (5, 12). The first 
scientific report on isolation, identification, and mo-
lecular characterization of BEFV in Iran was done by 
Bakhshesh and Abdollahi (2015). The disease preva-
lence of BEF was surveyed in cattle and buffaloes in 
Khuzestan province of Iran by Momtaz et al. (2012).

According to reports of Iran Veterinary 
Organization, BEF has been widely distributed 
in many provinces of Iran such as Tehran, North 
Khorasan, Golestan, Mazandaran, Ardebil, Ilam, 
Khuzestan, Fars, and Yazd in recent years. Treatment 
will be very effective if BEF is diagnosed early. 
Serological diagnosis of BEF can be performed by 
virus neutralisation (VN) and blocking ELISA tests. 
Compared with the VN test, the blocking ELISA 
which can detect specific antibodies to the G1 epitope 
of BEFV glycoprotein G is more sensitive, faster, and 
simpler to perform (6). Hence, the blocking ELISA is 
preferred for the diagnosis and monitoring of BEFV 
infections. So far no effort has been accomplished 
for development of an ELISA for BEF diagnosis in 
Iran. The main objective of this study was to produce 
the recombinant G1 antigen of BEFV in an efficient 
bacterial expression system to development of an 
ELISA for detecting infected animals in future.

Materials and MethodsMaterials and Methods
Virus and bacterial strainsVirus and bacterial strains
The strain of BEFV used in this study was pro-

cured from Razi Vaccine and Serum Research Insti-
tute (Hesarak, Karaj, Iran). BLAST analysis based 
on G gene sequence showed that this strain had the 
most identity with the YHL strain isolated in Japan’s 
Yamaguchi prefecture in 1966. BEFV was propagat-
ed in monolayer culture of hamster lung (HmLu-1) 
cells, using Roswell Park Memorial Institute (RPMI) 
medium (Bio Idea, Iran) supplemented with 5% fe-
tal bovine serum (Gibco, UK). After 48 h incubation 
at 37ºC, the infected cells exhibited complete cyto-
pathic effects. Then the cell culture supernatants was 

separated from cellular debris by centrifugation and 
stored at -70ºC until use. DH5α and Rosetta Strains 
of E. coli (CinnaGen, Iran) were used for initial clon-
ing and protein expression, respectively. 

Design of G1 epitope specific primersDesign of G1 epitope specific primers
The sequence of the gene for glycoprotein G with 

the accession number of AB462028 was obtained 
from the Gene Bank and used for designing G1 spe-
cific primers in order to amplify the G1 encoding 
sequence (nucleotides 1144 to 1563). Appropriate 
restriction sites were also added to the 5’ ends of 
primers to enable directional cloning of the amplicon 
in pMAL-c2X plasmid. The final sequences of G1F 
and G1R primers designed using Oligo Analyzer 
software 3.0 (Integrated DNA Technologies, Coral-
ville, IA) were:

G1F (5’-GCCGGAATTCAGAGCTTGGTGT-
GAATACA-3’- EcoRI site underlined) and G1R 
(5’-CATTGTCGACTCACCAACCTACAACAG-
CAGATA-3’- SalI site underlined).

G1 gene amplification G1 gene amplification 
A recombinant plasmid containing the gene of 

glycoprotein G (pTZ57R-G), previously constructed 
in virology laboratory of Shahid Chamran University 
of Ahvaz (under publication), was used as the tem-
plate for PCR amplification of the sequence encoding 
G1 epitope. PCR was performed by Pfu DNA poly-
merase in a final volume of 25 μL including 1μL of 
the pTZ57R-G plasmid, 0.4 mM of dNTPs mix, 0.2 
units of Pfu DNA polymerase, 2.5 μL of 10X Pfu PCR 
buffer (without MgSO4), 5 mM of MgCl2, 0.32 pmol 
of G1F and G1R primers and 16.2 μl of DEPC-treat-
ed water. The PCR thermal program was optimized 
under these conditions: after an initial denaturation 
at 95 °C for 3 min, 30 cycles of amplification (dena-
turation at 95 °C for 30 s, annealing at 50 °C for 45 s, 
and extension at 72 °C for 90 s) followed by a 10 min 
final extension at 72 °C was carried out. After visu-
alizing on 1.5% agarose gel electrophoresis, the PCR 
product was purified by GF-1 AmbiClean Kit (Gel 
& PCR) according to the manufacturer’s instructions 
(Cat. # GF-GC- 050, Vivantis, Malaysia) and stored 
at -20°C until use.

Construction of a recombinant vector for 
expression of G1 epitope
pMAL-c2X, a prokaryotic expression plasmid 

(New England Biolabs) was used in this study. 
Plasmid DNA was amplified in E. coli DH5α and 
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purified by GF-1 plasmid DNA extraction kit (Vi-
vantis, Malesia). In order to introduce the amplified 
gene into pMAL-c2X vector, plasmid DNA and the 
purified G1 PCR product were double digested with 
EcoRI and SalI restriction enzymes (Fermentas, 
USA). After electrophoresis and visualizing on1.5% 
agarose gel, the digested products were purified by 
GF-1 AmbiClean Kit (Gel & PCR) according to the 
manufacturer’s instructions (Cat. # GF-GC- 050, Vi-
vantis, Malaysia). 

For ligation, the concentrations of vector and am-
plified gene were approximately determined by com-
paring with the DNA marker and then the reaction 
was performed using T4 DNA ligase (Fermentas, 
Lithuania) for 1 h at room temperature and overnight 
at 4°C. Finally, the reaction was inactivated at 65°C 
for 10 min.

Using heat shock, E.coli DH5α competent cells 
were transformed by the vector containing the G1 
sequence and then cultured on LB agar containing 
ampicillin (100 μg/mL) (Jaber Ebne Hayyan, Iran), 
at 37°C for 24 h. To confirm the transformation, bac-
terial colonies were screened using colony-PCR, for 
the presence of the recombinant plasmid (pMAL-
c2X-G1). Recombinants plasmids were extracted 
from three confirmed clones and sequenced (Taka-
pozist, Iran) to ensure that the insert was intact and 
in correct orientation. After sequencing, a confirmed 
recombinant plasmid was transformed into E. coli 
Rosetta competent cells for protein expression.

Induction of expression and purification of the
 recombinant protein
A recombinant E. coli Rosetta colony containing 

the pMAL-c2X-G1 construct was cultured in 3 mL 
LB broth at 37°C overnight with shaking. Then 70 
μL of the overnight culture inoculated into 3 mL of 
fresh LB broth containing ampicillin and 2 M glucose 
(Merck, Germany) and grown at 37°C with shaking. 
After reaching the OD600 to 0.7, IPTG (1mM) was 
added and incubation continued at 37 ° C for 18 h 
with moderate shaking. Finally, 2 samples of the bac-
terial culture, taken before and after adding IPTG, 
were electrophoresed on a 10% polyacrylamide gel 
and stained with the Coomassie brilliant blue (Ap-
pliChem, Germany), to assess the protein expression.

To study the solubility of the protein, 100 mL of 
bacterial culture was induced by IPTG and bacteri-
al cells were pelleted by centrifugation (5000 rpm 
for 10 min). The pellet was resuspended in 8 mL of 
column buffer (20 mM TrisHCl, 200 mM NaCl, 1 

mM EDTA, and 700 μL of β-mercaptoethanol) and 
sonicated. Then, the mixture was centrifuged (12000 
rpm for 20 min) and supernatant and precipitate were 
electrophoresed on SDS-PAGE as soluble and insol-
uble proteins, respectively.

The pMAL-c2X vector encodes a maltose binding 
protein (MBP) at the N-terminus part of the genes 
expressed by this vector. Therefore, purification of 
the recombinant MBP-G1 fusion protein was carried 
out using an amylose resin column, according to the 
manufacturer’s protocol. The result of purification of 
the expressed protein was assessed by SDS-PAGE.

Production of mouse polyclonal serum against 
BEFV
Propagated BEFV was emulsified in Ferund’s in-

complete adjuvant and used for production of mouse 
polyclonal serum. Three-6 week old female mice of 
Balb/c strain were immunized with the prepared an-
tigen intraperitoneally. Immunization was repeated 
two more times with two weeks interval. One week 
after the third immunization animals were bled and 
the resulting sera were tested by an in house indirect 
ELISA using the propagated virus as the antigen. The 
serum sample with the highest optical density in ELI-
SA was used in dot blotting.

Dot blotting 
A small strip of Nitrocellulose membrane was 

dotted with the purified MBP-G1 and MBP pro-
teins and blocked in PBS containing 5% skim milk 
(Merck, Germany) for 2 h at room temperature. Then 
it was washed 3 times with PBS containing 0.05% 
Tween-20 (PBST) and submerged for 2 h in PBST 
containing anti-BEFV mouse serum (1:200 dilu-
tion) and 2% skim milk. After washing as above, the 
membrane was incubated with a peroxidase conju-
gated anti-mouse IgG (Komabiotch, Korea), diluted 
1:4000 in PBST containing 2% skim milk for 1 h. 
The membrane was washed again and the reaction 
was developed by the chromogen substrate solution 
(4-Chloro 1-Naphtol-H2O2). The color change on 
the membrane was considered as a positive reaction.

ResultsResults
Construction of the expression vector
The expected 420 bp sequence encoding the G1 

epitope was successfully amplified in PCR reaction 
using the designed primers (Fig. 1). After cloning the 
PCR product in pMAL-c2X plasmid, the results of 
colony PCR indicated that the gene was inserted in 
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the plasmid in some of the tested colonies. To confirm 
this finding, plasmids extracted from three colonies 
tested positive in PCR were subjected to sequencing 
by malE universal primer. The results of sequencing 
clearly showed that the gene was correctly inserted in 
the plasmid and there was no PCR induced mutation 
in the gene.

Expression and purification of MBP-G1 Fusion 
protein
The expression of G1 protein was monitored 

by SDS-PAGE and dot blot analysis. The results of 
SDS-PAGE analysis showed that the gene encoding 
epitope-G1 was strongly expressed in the host cell 
E. coli Rosetta. The band of the expressed fusion 
protein was appeared at ~58 kDa that was consistent 
with the expected molecular weight of the fusion pro-
tein (including ~16 KDa for G1 protein and~42 KDa 
for MBP). The study of protein solubility showed 
that G1 protein was present in both liquid and sed-
iment phases. Therefore, the protein was easily pu-
rified by an amylose resin column. The results were 
shown in Fig. 2. Dot blotting analysis showed that 
the expressed G1 protein specifically reacted with the 
anti-BEFV mouse serum (Fig. 3). 

DiscussionDiscussion
Bovine ephemeral fever has been distinguished 

in many tropical and subtropical zones around the 
world. Although the BEF epidemiology was rarely 
defined, there are evidences that indicate it has been 
seen as sporadic form in some provinces of Iran, gen-
erally near south parts and warm regions (14, 15). 
Laboratory diagnosis of BEF is based on different 
serological tests, PCR assays on the isolated virus-
es, blocking ELISA, and serum neutralisation test for 
antibody detection (16). The ELISA test is specific, 
inexpensive, and rapid serological detection assay 
that distinguishes between antibodies induced by 
BEF and other antibodies from infections with anti-
genically related viruses (17).

The G glycoprotein is one of the five structural 
proteins of BEFV that five independent neutralizing 
antigenic sites (G1, G2, G3a, G3b, and G4) have 
been located on the its surface (7,18). In previous 

Figure 1: The PCR product of G1 encoding sequence. Lane 1: 
CinnaGen 100 bp DNA Ladder, Lanes 2-4: 420 bp product of G1 
gene, Lane 5: negative control.

Figure 2: Induction of protein expression in E. coli containing 
pMALc2x-G1 construct. 1: CinnaGen molecular weight marker, 
2: E. coli containing pMALc2x Plasmid prior to IPTG induction, 
3: E. coli containing pMALc2x Plasmid after induction with 
IPTG, 4: Transformed colony with pMALc2x-G1 prior to IPTG 
induction, 5: Transformed colony with pMALc2x-G1 after IPTG 
induction, 6 and 7: Precipitate and supernatant of sonicated 
bacteria expressing the recombinant MBP-G1, respectively, and 
8: Purified MBP-G1 protein.

Figure 3: Results of dot blotting. Dots 1 and 2 indicate purified 
MBP-G1 and MBP proteins, reacted with mouse anti BEFV 
serum respectively.
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studies, the epitope-G1 gene of G protein was suc-
cessfully subcloned into expression vector pGEX-
4T-1 and expressed into E. coli BL21 (DE3) (10). 
The purified protein had appropriate reaction activity 
and specificity in western blot analysis. Zheng et al. 
(2007b) cloned the G1 gene into expression vector 
pPIC9K and transformed into Pichia pastoris GS115. 
They indicated that a recombinant protein with 26 
kDa molecular weight was obtained, which had high 
biological activity and specificity in western blot and 
ELISA tests. Zheng et al. (2009) established an in-
direct ELISA using the expressed G1 protein in the 
E. coli as the coating antigen. The results indicated 
that the G1-ELISA may be a good alternative tool 
for seroepidemiological surveys. Similarly, Zheng et 
al. (2010) reported that the expressed G1 antigen in-
Pichia pastoris GS115 was a suitable coating antigen 
in an indirect ELISA for screening of BEFV infection 
on a large scale. Johal et al. (2008) showed that the 
expressed BEFV glycoprotein G by recombinant ba-
culoviruses reacted with BEFV-neutralizing MAbs to 
all continuous and conformational antigenic sites and 
may be a useful vaccine antigen. There are some re-
searches regarding BEF in Iran (13, 14, 15), however 
no information are available about molecular cloning 
of BEFV in Iran. Hence the aim of the present study 
was to produce a DNA construct for producing a re-
combinant protein which bind anti-BEFV antibodies 
specifically and therefore, could be used as a coating 
antigen for ELISA to diagnose BEFV infections. 

It has been confirmed that the G1 epitope is spe-
cific to BEFV and only reacts with the anti-BEFV 
neutralising antibodies (8, 19, 20). In addition, G1 
is a linear neutralisation site of the ectodomain, thus 
it was suitable antigen to produce in the prokaryot-
ic system. The recombinant G1 antigen produced in 
this study can be injected into mice to induce of an-
tibody-producing lymphoid cells for production of a 
MAb against this antigen. The specific MAbs pro-
duced against BEFV can be useful to development 
of a blocking ELISA in which there was a competi-
tion for antigenic sites, between positive antibody to 
BEFV present in serum and a MAb (17).

The present study is the first report of successful 
cloning and expression of the G1 epitope of BEFV 
in E. coli by using pMAL-c2X expression system. 
The G1 encoding sequence derived from BEF virus 
was cloned into the prokaryotic expression vector, 

pMAL-c2X, under the control of the lac promoter 
and subsequently transferred to Rosetta strain of E. 
coli. Lac is a strong promoter which facilitates a high 
level transcription of the gene which is cloned down-
stream. Therefore, pMAL-c2X vector enables a high 
level expression of the gene encoded protein, com-
pared to many other vectors. The pMAL-c2X vector, 
also adds a maltose binding protein tag at the N-ter-
minus part of the expressed protein which facilitate 
the purification of recombinant expressed protein by 
amylose resin. An important additional attribute of 
MBP is its considerable ability to increase the solu-
bility of its fusion partners (21).

Using SDS/PAGE analysis, it was possible to 
show that the constructed DNA expressed the fu-
sion protein in E. coli as a single sharp band with 
an approximate size of 58 kDa. This observed size 
corresponds to the predicted molecular weight of the 
fusion protein, including ~16 KDa for G1 protein and 
~42 KDa for MBP. Also, based on dot blot analysis, 
reaction of the expressed protein with the mouse pol-
yclonal antibody produced against BEFV, confirmed 
that the expressed protein has retained its specific 
biological activity for anti-BEFV antibodies. In con-
clusion, the expressed G1 protein by our constructed 
recombinant pMAL-c2X vector has potential to be 
used as a coating antigen in the development of an 
ELISA for diagnosis of BEF infections. Thus, the G1 
recombinant protein can be an ideal product to evalu-
ate its potential for immunodiagnostic goals and also 
in production of a MAb against this antigen in future 
studies.

Conclusion
The cloning and expression of the G1 epitope 

of bovine ephemeral fever virus G glycoprotein in 
E. coli was successfully performed in the present 
study. The next step of this research is to survey 
whether the recombinant G1 protein can be used as a 
coating antigen in the development of an ELISA for 
diagnosis of BEF infections.
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