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Abstract

African swine fever (ASF) is a serious infectious pestilence characterized by bleeding in domestic pigs. Therefore, it is
necessary to develop effective methods to diagnose this virus, serological detection of specific antibodies against ASFV
infection is important for successful clinical diagnosis. In this study, E. coli was used to express the truncated P72 (tP72) gene
cloned into the prokaryotic expression vector pET28a (+). Rosetta (DE3). An indirect ELISA assay which against African
swine fever virus (ASFV) was established by using purification of recombinant tP72 protein as coated material for detection
antibodies. Most effective in exhibiting positive result was observed when the coated material at a concentration of 3.625
©g/mL, serum was diluted to 1:160 and the concentration of HRP-conjugated secondary antibody was 1:2000. Our results
showed that the method displayed an excellent specificity (100%) and better sensitivity (1:1600) during serological test based

on the criterion of an average value plus three standard deviations. © 2021 Friends Science Publishers
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Introduction

African swine fever (ASF) is a serious infectious pestilence
that is caused by the African swine fever virus (ASFV)
infection. ASFV infection domestic pigs, had caused huge
economic loss. So far there are no effective commercial
vaccines to against the ASF infection (Costard et al. 2013;
Detray 1963; Galindo and Alonso 2017). ASFV possesses a
double stranded DNA genome. Moreover, the C-terminal
region of p72 (B646L) has been traditionally used for the
genotyping of ASFV isolates, more than 20 ASFV
genotypes have been identified. The p72 is one of the most
immunogenic ASFV protein and constitutes about 32% of
the total virus mass, and is an important target for test and
vaccine development (Mur et al. 2016; Achenbach et al.
2017; Mulumba-Mfumu et al. 2017).

In the 1920s, for the first time ASF was discovered in
Kenya and spread to Portugal, Cuba, Brazil, Dominican
Republic and Haiti in 1957. In addition, in 2007, ASF was
led into Georgia, then drawn into Russia and Ukraine, along
with diffused to European Union countries such as Latvia,
Poland, Estonia and Lithuania in 2017 (Montgomery 1921,
Sanchez-Vizcaino et al. 2012; Achenbach et al. 2017). A
new outbreak of ASF has affected domestic pigs around

Liaoning province of China since August 2018. The disease
of ASF has caused severe economic losses, hence, there is
an urgent need to develop efficacious vaccines to control the
spread of the pestilence (Carolina et al. 2013; Gallardo et al.
2013; Sastre et al. 20163, b). As the major structural protein
of ASFV, the p72 is commonly used as the antigen for the
purpose of serologic detection. Based on previous studies, a
truncated p72 recombinant protein was obtained by E. coli
expression system. An indirect ELISA method with the
purified p72 protein as coating material was developed to
identify the ASFV-specific antibodies. This method can be
used for epidemiological investigation of ASF.

Materials and Methods
Bacterial strain, vector, Enzymes and reagents

Plasmid reference material of B646L gene of ASFV
(GBW(E) 091034) was provided by Shenzhen kangbaide
Biotechnology Co., Ltd. E. coli DH5a, E. coli Rossetta
(DE3) and pET28a (+) vector were purchased from Sangon
Biotech (Shanghai) Co., Ltd. Healthy mice (~ 22g), 6-week-
old, were bought from the Binzhou medical university
(Binzhou, China). BamH 1, Xho I, T4 DNA ligase, rTaq
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DNA polymerase, and low molecular weight protein marker
were provided by Jinan chengshen Co., Ltd (Jinan, China).
HRP conjugated goat anti-rabbit 1gG was purchased from
Solarbio (Beijing, China). Microtiter plates (96-well) and
Ni-NTA agarose were provided by Qingdao haosai Co. Ltd.
(Qingdao, China).

Cloning of truncated p72 gene (tP72)

Based on the p72 gene sequences of ASFV (GenBank
accession No. MK128995.1), one pair of p72 gene

primers, forward primer 5’-
CGCGGATCCGCATCAGGAGGAGCTTTT-3’ 4
nucleotides downstream of the ATG start site in the p72
gene) and reversed primer 5’-

CCGCTCGAGAACCTGCTGTTTGGATATT.

G-3 (873 nucleotides downstream of the ATG start
site in the p72 gene) containing BamH | and Xho |
restriction sites at the 5° terminus (underlined), respectively,
were designed with Primer 5.0 software.

The 25 uL PCR reaction system consisted of 12.5 uL
of PCR reaction buffer mixture (2-fold), 1.5 uL of each
primer (10 uM), 2 uL of DNA template (plasmid reference
material of B646L gene) and 7.5 uL of ddH20O. The reaction
procedure of PCR was: 94°C denaturation for 3 min; 35
cycles of 94°Cfor 30 s, 30 s at 52°C and 72°C for 30 s; then
performed at 72°C for 6 min for PCR final extension. PCR
amplification products were detected using 1.5% agarose
gel nucleic acid electrophoresis. The amplified target
sequence was 870 bp in length. The tP72 gene fragment was
cloned into pET28a (+) vector at the BamH I and Xho | sites
(Fig. 1) and was checked through nucleotide sequencing
(data not shown).

Expression and purification of tP72 truncated protein

The amplified tP72 gene was inserted into the BamHI/ Xho |
site of prokaryotic expression vector pET28a(+) using
standard molecular techniques (Carson et al. 2012),
resulting in a recombinant plasmid designated as
pET28a(+)/ tP72. E. coli strain Rossetta (DE3) were
transformed with pET28a (+)/ tP72 plasmid and cultured in
LB medium (ratio of 1:100) containing 50 mg/mL
kanamycin. Cells were induced with 1 mM of IPTG
(isopropyl-b-dthiogalactopyranoside) for 4 h at 37°C, 220
rpm. The cells were obtained by centrifugation for 10 min at
4°C, 3500rpm, and resuspended in a propriate amount of
PBS (pH7.4) buffer and sonicated. The protein was further
purified with AKTA purifier 100. Sequentially, the purified
tP72 protein was detected by protein electrophoresis and
Western blotting.

Mouse immunization
Four female Kunming mice (about six weeks old) were

immunized with purified tP72 antigen (60 pg/mouse) mixed
with 3 times volume of oil adjuvant and the sera were

collected every 7 days from the day post immunization to 42
days. At the same time, three mice were immunized with
purified vector Tag protein and used as control.

Establishment of an indirect ELISA

An indirect ELISA protocol was designed according to the
references (Crowther and Walker 2009; Bu et al. 2015),
briefly, polystyrene microtiter paltes were coated (100 xL
/well) with tP72 protein (14500 xg/mL) diluted with 0.05 M
carbonate buffer (pH = 9.0) and incubated at 2-8°C for 6 h.
After four 3-min rinses with 0.01 M PBS (phosphate-
buffered saline, pH=7.4) containing 0.05% Tween-20
(PBST), the 96-well plate was filled with 200 uL of
blocking solution (5% dry milk in PBST) at 37°C for 2 h,
and discarded the blocking solution, and then added 100 xL
of two-fold dilutions of the positive or negative sera (the
dilution ratio is 1:20, 1:40, 1:80, 1:160 and 1:320,
respectively) at 37°C for 30 min, followed by four times
with PBST. Secondary antibody-peroxidase conjugate was
added to each well (100 pL at 1:2,000 dilution in 0.01 M
PBS) and the microtiter plates were incubated at 37°C for
30 min. The washing step was repeated and finally, 100 puL
of Ultra TMB was added to the holes one by one and the
microtiter plates were placed in the dark for 10 min at room
temperature. An equal amount of stopping solution (1 M
HCIl) was added and the optical density (OD) was
determined at 450 nm wavelength using a plate reader. The
optimal concentrations of coating tP72 protein and serum
dilution were determined based on the ratio of reading
values of positive and negative serum at OD450 nm
wavelength (P/N) >2.

Statistical analysis was performed to calculate the
mean value (X) and standard deviation (SD) of the
OD450nm values of 50 serum samples. The threshold value
was determined as X+3SD. The cross reaction between the
positive serum of Classical swine fever virus (CSFV),
Porcine circovirus type 2 (PCV2), Porcine parvovirus
(PPV), Japanese encephalitis virus (JEV), Porcine Epidemic
Diarrhea Virus (PEDV), Porcine reproductive and
respiratory syndrome (PRRSV) and Transmissible
gastroenteritis virus (TGEV) was investigated using ELISA
to analyze the specificity of the antigen. To validate the
sensitivity of the tP72-based indirect ELISA, two-fold-
diluted positive serum starting at 1:100 was evaluated by
indirect ELISA.

Results

Construction of recombinant expression vector

The target gene of tP72 was successfully ligated into the
pET28a (+) vector, an expected band size of 870 base pairs

(bp) was observed after digestion by double enzymes
(BamH | and Xho 1) when electrophoresed in 1% agarose

gel (Fig. 1).
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Fig. 1: Identification of pET28a (+)/tP72 vector
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The lane M1 shows the DNA marker; lane 1 is the verification of pET28a (+)/tP72 vector which was cleaved by Xho | and BamH I; lane 2 is the verification of pET28a (+)/tP72
vector which was cleaved by Xho I; lane 3 is the cleaved pET28a (+) vector by Xho | and BamH I; the lane M2 is DL15000 DNA marker

M 1 2

Fig. 2: Expression and purification of ASFV tP72 protein
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Lane M is the protein maker; Lane 1, Expression of Rossetta/pET28a (+); lane 2, Expression of Rossetta/pET28a (+)/tP72; Lane 3 is the protein products in the supernatant of the
bacterial lysate; Lane 4 is the protein products in the sediment of the bacterial lysate; Lane 5 shows the purified tP72 protein

Expression and purification of tP72 truncated protein

E. coli Rossetta (DE3) transformed with pET28a (+)/tP72
were induced with 1 mM IPTG for 4 h at 37°C and
harvested and sonicated as previously descried. The proteins
were analyzed using SDS-PAGE (Fig. 2). The main part of
tP72 protein was presented in the insoluble inclusion body.

The purified tP72 protein had the expected molecular size
weight (34 kDa), containing the His-tag fusion peptide with
a mass of about 5 kDa. Western blot assays confirmed that
the expressed tP72 had specific reaction with anti His-tag
mouse monoclonal antibody and anti ASFV positive serum
(Fig. 3). The concentration of purified tP72 protein was 1.45
mg/mL by BCA protein detection kit.
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Compared with the control group, levels of the IgG
antibody of the mouse serum gradually increased from 7 to
14 days after tP72 protein immunization. The titer of the
antibody in the serum rose to the highest level on 21d
(increasing to the peak of 1:1600). At 42 days, the antibody
in the serum was still positive (Fig. 4). Experimental data
indicated that the tP72 has the potential to be used as a
coated material to measure the antibody titer in the
peripheral serum using indirect ELISA method.

Development of an indirect ELISA using tP72

Optimization conditions of the indirect ELISA were
determined according to the square matrix titration test, the
optimum conditions of ELISA were 3.625 pg/mL for the
coated tP72 protein, namely 0.3625 pg per hole and a 1:160
dilution of mouse serum, and a 1:2000 of secondary
antibody-peroxidase conjugate, and the optimal reaction
time was 30 min. The critical value was determined
according to the mean ODyspm Value plus 3SD from 50
negative serum samples from mice using optimum
conditions. The mean value of the OD450nm values of 50
samples was 0.215 and the SD value was 0.018. Therefore,
serum with OD450 nm > 0.269 would be positive, when the
difference between the OD450nm values of the standard
positive serum and the negative serum was higher than 0.05,
P/N >2.0.

Detection for cross-reactivity of antibodies against other
common porcine viruses

In this study, mouse anti sera was used to investigated the
Cross-reactions of the Classical swine fever virus (CSFV),
Porcine parvovirus (PPV), Porcine circovirus type 2
(PCV2), Japanese encephalitis virus (JEV), Porcine
Epidemic Diarrhea Virus (PEDV), Porcine reproductive
and respiratory syndrome (PRRSV) and Transmissible
gastroenteritis virus (TGEV) , all of which showed negative
results, demonstrating that the purified antigen was highly
specific for the tP72 protein from African swine fever virus.

Sensitivity of the indirect ELISA using tP72

As shown in Fig. 5, the minimum detection dilution of the
indirect ELISA was 1:1600, demonstrating the high
sensitivity of the established ELISA.

Discussion

The sudden outbreak and quick spread of a severe infectious
ASF, mainly causes high mortality in pigs. ASFV has huge
genomic structure and complex immune evasion
mechanisms; there is no effective treatment or vaccine for
ASFV (Rowlands et al. 2008; Gallardo et al. 2015; Penrith
and Vosloo 2019). The rapid detection and identification of
ASFV particles and antibodies were helpful for the

prevention and control of African swine fever (Carison et al.
2018; Miao et al. 2019). Quickly detect large numbers of
clinical samples using high-sensitivity and specific indirect
ELISA methods.

Early studies showed that capsid protein p72 is a
major antigen detected in infected pigs and is widely used as
a marker of ASFV infection. In the present study, the
amplification product was 870 bp, which was confirmed by
agarose gel electrophoresis (data not shown). We cloned the
segment of the p72 protein from amino acids 2 to 291 that
showed high antigenic index prediction by DNAMAN
software (data not shown). SDS-PAGE analysis showed that
the recombinant tP72 protein was observed with the
expected molecular weight of 34kDa. The tP72 protein
accounted for 39% of the total protein substance, and the
purity of was more than 95% after purification, along with
tested by measuring its interaction with his-tag monoclonal
antibody and antibody against-ASFV. Western blot results
indicated that purified tP72 was recognized by the anti-His
tag monoclonal antibody and polyclonal antibody to ASFV.

Using the purified tP72 protein, an indirect ELISA
was developed. We optimized the conditions of the indirect
ELISA that was established to be highly sensitive. The
optimal concentration of the purified tP72 protein was 3.625
#g/mL and optimal serum sample dilution was 1:160, and
the dilution of the HRP-conjugated secondary antibody was
1:2000. The cutoff value of tP72 indirect ELISA was set at
0.269, the sample with an ODysy,m Value at or above this
cutoff was considered positive.

The positive mouse sera against CSFV, PRRSV, PPV,
PCV2, JEV, PEDV and TGEV were used to evaluate the
specificity of the tP72-based indirect ELISA, the ODgsonm
value of the above serum samples were below the critical
value. These data showed that the method has great
specificity and could distinguish ASFV from other porcine
pathogens rapidly.

In this study, we successfully expressed tP72 protein
as a recombinant protein in E. coli Rossetta. Additionally,
we established an indirect ELISA method based on the tP72
to detect serum antibodies against ASFV. The authors
believe that the highly sensitivity and specificity method
may be useful for epidemiological surveillance and
serological monitoring of ASFV infection.

Conclusion

In summary, the indirect ELISA established by us could be
used for further research of new vaccine development based
on this p72 protein of ASFV, and for the establishment of a
mouse model to evaluate the efficacy of ASFV vaccine.
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Fig. 3: Western-blotting analysis of ASFV tP72 protein

Lane M is the protein marker; lane 1 is the result of reaction between anti-his tag monoclonal antibody and recombinant tP72 protein; lane 2, ASFV-positive sera was used to

recognize the recombinant tP72 protein
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