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Protein p72 is the major surface protein of African swine fever 
virus (ASFV), which is immunogenic and can prime the host 
to elicit a protective immune response, while G protein is the 
surface glycoprotein of vesicular stomatitis virus (VSV), which 
is well-known to be a strong antigen to stimulate an effective 
humoral immunity. The aim of this study was to sequence full-
length p72 gene of a field strain of ASFV causing typical ASF in 
Dong Nai province in 2020 and fuse this p72 gene with VSV G 
gene to generate a recombinant fusion gene G-p72 that could 
simultaneously express both proteins and stimulate a better host 
immune response than p72 expression alone. The sequence of 
the gene showed 99.59% nucleotide sequence similarity to an 
ASFV isolate from China. The PCR was employed to produce the 
recombinant G-p72 gene, which was cloned into plasmid pET28a, 
followed by transformation into E. coli BL21 (DE3) for protein 
expression. The G-p72 expression was induced at 37°C and 28°C 
for 6 and 16 h, respectively. The expression showed that G-p72 was 
observed at 28°C for 16 h. In summary, the full length p72 gene of 
a field strain of ASFV was successfully sequenced and expressed 
as the recombinant G-p72 protein in E. coli BL21 (DE3). The 
expression level of the G-p72 fusion should be optimized and the 
immunogenicity of the recombinant protein should be examined 
in futher studies.
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1. Introduction

African swine fever (ASF) is a lethal viral 
disease of swine that leads to a very high 
mortality in domestic and wild pigs. ASF cases 
were first recorded in Kenya in 1921 and then 
spread to some sub-Saharan African countries, 
Central and Eastern Europe, and Asia which were 
causing significant damage in global economic 
losses (Costard et al., 2009; Urbano & Ferreira, 
2020).  In Vietnam,  the ASF outbreak started in 
February 2019 (Nguyen et al., 2022). There have 
been many efforts to develop vaccines against 
this disease so far. Unfortunately, the current 
vaccines have not been successful (Ramirez-
Medina et al., 2022). Presently, early detection 
and depopulation of pig farms are the primary 
methods for decreasing the virus’ spread. 

The ASF is caused by the African swine fever 
virus (ASFV), a large-double strand DNA virus 
genome is 170-190 kbp in length and also the 
only member of the Asfarviridae family, genus 
Asfivirus (Alonso et al., 2018; Miao et al., 2023). 
The most important structural element of the 
virion is the protein p72, which is the primary 
capsid protein and accounts for approximately 
31 - 33% of the total mass of the virion (Alonso 
et al., 2018; Revilla et al., 2018; Miao et al., 2023). 
The protein p72 is considered to be the primary 
and highly immunogenic antigen in infected 
pigs (Kollnberger et al., 2002; Miao et al., 
2023). Additionally, studies using monoclonal 
antibodies demonstrated that p72 contains a 
variety of neutralizing epitopes that could be 
utilized to develop vaccines or other control 
strategies against virulent ASFV isolates (Yin et 
al., 2022; Miao et al., 2023).

Vesicular stomatitis virus (VSV) 
belongs to the Vesiculovirus genus of 
the family Rhabdoviridae and order of  
Mononegavirales, and is a zoonotic pathogen 

(Liu et al., 2021). This virus is an unsegmented, 
negative-stranded RNA virus, 180 nm long and 
65 nm wide, with a single-stranded approximately 
11 kb in size (Rozo-Lopez et al., 2018; Velazquez-
Salinas et al., 2020). The VSV genome encoded 
five structural proteins: nucleoprotein (N), 
phosphoprotein (P), matrix protein (M), large 
protein polymerase (L), and glycoprotein (G). 
These proteins were structural protein and 
constituted the bullet-shaped virions of the 
rhabdovirus (Liu et al., 2021).  Glycoprotein G 
was the first component of the virus to attach to 
the host cells and was the major immunogen of 
VSV. Multiple research demonstrated that the 
recombinant G protein effectively stimulated 
immune responses  (Falkensammer et al., 2009; 
Brakel et al., 2022). Additionally, Cobleigh et al. 
(2010) demonstrated that VSV virus vector was 
able to induce strong protective cell-mediated and 
humoral responses. Nowadays, the applications 
of G glycoprotein from VSV are diverse. It could 
be used for the creation of prosthetic vesicles 
that transport several therapeutic agents, such 
as antibodies and DNA directly into cells, as well 
as being used for anti-cancer treatments (Scher 
& Schnell, 2020). As a foreign protein in various 
constructs of recombinant antigens for vaccine 
development, VSV G has been successfully 
applied for a number of pathogens including 
Influenza virus, Hepatitis B virus (HBV), Ebola 
virus, Hepatitis C virus, etc. (Ezelle et al., 2002; 
Schwartz et al., 2007; Crozier et al., 2022). Our 
long-term research was to examine the potential 
of producing a recombinant antigen that could 
effectively trigger an immune response against 
ASFV. In this initial study, we focused on 
sequencing the entire p72 gene from an ASFV 
field strain and fusing this p72 gene with VSV 
G gene to create a recombinant gene that could 
express ASFV-p72 and VSV-G proteins together 
in one frame. The successfully expressed 
recombinant protein G-p72 was expected to have 
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Tm = 61.05oC”.  This amplicon was sequenced 
and used for subsequent works. The sequences 
of VSV-G gene used for PCR amplification was 
obtained from a plasmid containing full-length 
genome of a wild type VSV Indiana strain which 
was published previously (Dinh et al., 2012).  

2.2. Primers for PCR

The specific primers were designed for fusion 
of the two genes. The primer sequences of 
ASFV p72 gene and VSV G gene were based on 
reference sequences MN793051.1 and J02428.1, 
respectively (Figure 1). EcoRI and NotI were 
added for cloning purpose (underlined) and the 
stop codon of VSV-G gene was removed (Table 
1).

better immunogenicity and could be applied in 
vaccine development against ASFV compared to 
p72 expression alone.

2. Materials and methods

2.1. Sequences of ASFV-p72 and VSV-G

For sequences of ASFV-p72, the 
positive blood samples for ASFV were collected 
from a field sample of infected ASFV in Dong 
Nai province in 2020 and confirmed by Realtime 
PCR. WizPrepTM Viral DNA/RNA Mini Kit was 
used to collect the pathogen’s viral DNA. The p72 
gene of the ASFV was intended to be amplified 
with a product size of 1,941 bp using the primers 
GAAGTGCCTTTTGTACTTAGCCTTT-3’, 
Tm = 61.61oC” and p72-R primer 
TTACTTTCCAAGTCGGTTCATCTCTATG-3’, 

Figure 1. Diagram of designed primers to fuse VSV-G gene and ASFV-p72 gene.

Primer’s name Sequence 5’ --> 3’ Tm

G-EcoRI-F atatatGAATTCATGAAGTGCCTTTTGTACTTAGCCTTT 61.61

G-p72-R CAAAAAGCTCCTCCTGATGCCATCTTTCCAAGTCG-

GTTCATCTCTATGT

61.44

P72-NotI-R atatatGCGGCCGCTTAGGTACTGTAACGCAGCACAG 60.61

Table 1. Primers were used for PCR
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inserted vector pET28a (Novagen, Germany). 
The successful insertion was examined by PCR 
using primers binding to T7 promoter and 
T7 terminator flanking the inserted gene. The 
pET28a containing the G-p72 gene was then 
transformed into E. coli DH10β-capable cells 
(NEB, England) by heat shock method. The 
transformed E. coli DH10β cells were spread 
onto LB agar plates at 37°C containing 50 ng/
mL kanamycin, then incubated for 16 - 18 h at 
37°C.  Plasmid DNA from transformed cells was 
purified using GeneJET Plasmid Miniprep Kit 
(Cat#K0503, Thermo Scientific) according to 
the manufacturer’s protocol. The plasmid DNA 
constructs were sequenced to reconfirm the 
fidelity of the fused G-p72 gene. The sequence 
data were analyzed by Bioedit (version 7.2), 
MEGA software (version 11), and BLAST tools 
before gene expression experiments.

2.5. Recombinant protein expression

In the next step, the purified plasmid pET28a 
containing the G-p72 gene was transformed into 
E. coli BL21 (DE3) cells by heat shock method. 
The pure selected colony was grown in LB broth 
medium until the OD reached 0.6 - 0.8. Then, 
0.4 mM IPTG (Cat#15529019) was added for 
inducing protein expression. The expression 
experiments were carried out at two conditions: 
37°C for 6 h and 28°C for 16 h. E. coli BL21 
containing empty vector of pET28a was used as 
the negative control. The recombinant protein 
expression was analyzed by 12.5% SDS-PAGE 
gel containing Coomassie Brilliant Blue G-250 
staining (Cat#20279, Thermo Scientific).

3. Results

3.1. PCR generating G-p72 gene

The amplicon of 1,981 bp (including 1,941 
bp of p72 gene together with restriction sites 

2.3. PCR condition

In order to fuse the two genes, the PCR 
was performed in two steps. The PCR-1 using 
G-EcoRI-F and G-p72-R amplified G-gene of 
VSV. In PCR-2, the products in PCR-1 were used 
as the forward primer, in combination with p72-
NotI-R primer as the reverse primer to amplify 
the p72 gene. As a result, VSV-G and ASFV- p72 
gene were linked together in one open reading 
frame with EcoRI and NotI restriction sites at 5’ 
and 3’ ends of the fused gene, respectively.

The PCRs were performed with 10 µL 
of DreamTaq Mastermix 2X (Cat# K1081, 
ThermoFisher), 1 µL of each primer pair (with 
the initial concentration of primers being 10 
µM), 1 µL template, and DEPC (Cat# K1081, 
ThermoFisher) - treated water was added to a total 
volume of 20 µL. The PCR conditions for both two-
steps were established with initial denaturation 
at 96°C for 4 min and followed by 35 cycles with 
denaturation at 96°C for 1 min, annealing at 60°C 
for 60 sec, and extension at 72°C for 2 min, and 
final extension at 72oC for 7 min. After that, the 
amplicons were analyzed by electrophoresis in a 
1% (w/v) agarose gel in 0.5X Tris-Acetate-EDTA 
(TAE) (Cat#B49, ThermoFisher) containing 
Midori Green Advance DNA stain (Cat#MG04, 
Nippon Genetics). The DNA marker 1Kb plus 
(Cat#10787018, Invitrogen) was included in 
each DNA gel electrophoresis to indicate the 
PCR product size and analyzed for experiments 
under UV light.

2.4. Cloning and transformation

After electrophoresis, the fused gene G-p72 
was recovered from low-temperature agarose 
gel following manufacturer’s procedure of 
WizPrep™ Viral DNA/RNA Mini Kit (V2) 
(Cat#NAPK059388WIZ, Wizbio solutions, 
Korea). The recovered fused gene was then 
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To generate fused gene G-p72 encoding two 
proteins (G and p72) simultaneously, primers 
G-EcoRI-F and G-p72-R were used in PCR-1 
to amplify G gene, followed by PCR-2 using the 
product of PCR-1 as forward primer together 
with P72-NotI-R as reverse primer. The product 
of the fusion G-p72 gene was 3,481 bp in size 
(Figure 2C). 

and extra nucleotide designed for cloning) 
was successfully amplified (Figure 2A) and 
the nucleotide sequence was determined via 
Sanger sequencing method. Alignment of the 
sequencing result of the p72 gene shared 99.59% 
and 98.7% identity of nucleotide and amino acid 
sequence compared to the the Chinese reference 
strain (MN793051.1) and it belonged to genotype 
II of ASFV. Similarly, the G gene of VSV was also 
amplified successfully from DNA plasmid to 
produce a product of 1,568 bp (Figure 2B).

Figure 2. PCR amplification. Lane M: DNA ladder 1Kb plus; (A). p72 gene of African swine fever 
virus; (B). G gene of vesicular stomatitis virus; (C). Fused product of G-p72 gene. NC: Negative 
control with pure water.
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of the inserted gene compared to the promoter 
direction in the pET28a which is critical for 
successful expression (Figure 4). 

The recombinant pET28a containing G-p72 
was transformed into BL21 (DE3) for evaluating 
the protein expression under two conditions: 
37oC for 6 h and 28oC for 16 h. The results showed 
that the G-p72 protein (130 kDa) was detected at 
28oC for 16 h (Figure 4).  Further experiments 
should be done to improve the expression level 
of recombinant G-p72 protein from E. coli BL21 
and the expressed protein should be confirmed 
specifically by Western blotting.

3.2. Expression of the recombinant protein 
G-p72

The PCR product of G-p72 was purified, 
inserted in plasmid pET28a, and transformed 
into E. coli DH10β. The E. coli cells that received 
the plasmid were selected by white-blue system. 
The pure white colonies were collected and 
examined by PCR using primers specific for T7 
promoter and T7 terminator in pET28a plasmid, 
with the amplicon of approximately 3,700 bp to 
determine the successfully transformed colonies 
(Figure 3). The fusion gene G-p72 in the plasmid 
pET28a was successfully sequenced to reconfirm 
the nucleotide fidety and the correct direction 

Figure 4. Principle for sequencing G-p72 gene.

Figure 3. Colony-PCR results 
of colonies with primer pair T7: 
Lane M: DNA ladder 1Kb plus; 
Lane 1-5: Pure white colonies; 
Lane (NC) Negative control with 
pure water.
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2019; Cadenas-Fernández et al., 2020; Goatley et 
al., 2020). 

Previously, Cobleigh et al. (2010) showed 
that using VSV was as a vector vaccine, it could 
induce strong protective T cell and antibody 
responses. Attenuated VSV vector or VSV G 
protein were widely applied in vaccine research 
(Chattopadhyay et al., 2013; van den Pol et 
al., 2017; Crozier et al., 2022). With the aim of 
developing a subunit vaccine that could mount a 
better immunity against field strain of ASFV, full-
length p72 gene from a virulent ASFV infected 
pig was isolated and used to design a contruct 
that could express p72 protein of ASFV together 
with G protein of VSV in a monocistronic 
mRNA in hope that G protein of VSV could 
serve as a natural adjuvant to stimulate a bettern 
immune response compared to expression of 
p72 protein alone.  Eventually, the G-p72 coding 
gene was sucessfully constructed and expressed 
the recombinant protein from E. coli BL21 (DE3) 
at 28oC for 16 h. The expressive condition was 
consistent to the report by Sidoruk et al. (2011) 
in which the 1 kb gene was expressed well at 28°C 
compared to 37°C after 17 h. 

5. Conclusions

In summary, the full-length p72 gene of a 
field strain of ASFV circulating in Vietnam was 
sucessfully sequenced and generated G-p72 
fusion gene that was carried by pET28a plasmid 
in E. coli BL21 (DE3). The G-p72 was expressed 
at 28oC for 16 h. Further research should be done 
to increase expression level and examine the 
potential use of the fused protein G-p72 as an 
immunogenic antigen. 
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4. Discussions

African swine fever (ASF) is a viral disease 
with a high fatality in domestic pigs and wild 
boars. The ASF has greatly challenged pig-
raising countries and negatively impacted the 
regional and national trade of pork products. The 
development of safe and effective ASF vaccines 
is urgently required for the control of ASF 
outbreaks. So far, the viral surface protein p72 is 
known to be responsible for membrane fusion 
and viral entry as well as being the primary target 
for a protective immune response. Therefore, in 
order to create a possibly better immunogen, we 
combined the G gene from VSV with the p72 
gene from ASFV, expressed the recombinant 
protein, and utilized it as an antigen for a subunit 
vaccination against ASFV.

Nowadays, developing vaccines against ASFV 
is urgently necessary and thus different types 
of vaccines have been evaluated including live-
attenuated vaccines, subunit vaccines, and DNA 
vaccines. Live attenuated vaccines harbor some 
limitations such as safety concerns and side 
effects in the vaccinated animals (Revilla et al., 
2018). Besides, Blome et al. (2014) demonstrated 
that inactivated ASFV did not provide the 
protective ability, even when various adjuvants 
were used. The subunit vaccines have been 
considered as alternative ways to set the light 
to vaccine development for ASFV. Andrés et al. 
(2001) demonstrated the possible combination 
of pE120R and p72 which could be incorporated 
into the virus particle when expressed in cells. 
The viral proteins p30, p54, p72, A104R, B602L, 
NP419L, and K205R have also been studied 
regarding their immunogenicity and vaccine 
application. Neutralizing epitopes found inside 
p72, p54, and p30 have been reported and 
designed for the development of ASFV vaccines 
and diagnostic techniques (Gaudreault & Richt, 
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