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Abstract

Background: Rabies is a zoonotic infectious disease that infects the human and animal central nervous system. Worldwide, es-
pecially in low-income countries, this disease is still a burden for public health. Among the rabies virus proteins, phosphoprotein
plays a very important role in viral infection, and this research found that immunization of rabies virus vaccines could widely in-
duce antibody responses against phosphoprotein, therefore rabies virus phosphoprotein may be a useful target for development
of rapid and low cost serological diagnosis test, and therapeutic drugs.
Objectives: The aim of this study was to prepare anti-rabies virus phosphoprotein monoclonal antibody, which is used for rapid
detection and diagnosis of rabies virus infection.
Methods: The phosphoprotein gene was amplified by the polymerase chain reaction (PCR), and sub-cloned in a his-tagged prokary-
otic expression vector to generate a recombinant plasmid named pET-32a-RABV-P. Recombinant RABV-P was induced by isopropyl-β-
D-Thiogalactopyranoside (IPTG), and then purified by the Ni-NTA purification system. Immunization of BALB/c mice with the recom-
binant protein was performed, and the spleen cells of the immunized mice and SP2/0 myeloma cells were fused together to obtain
the monoclonal cell strains, and then identification of the characteristics of the antibody by the enzyme linked immunosorbent
assay (ELISA), western blotting, and indirect immunofluorescence assay was done.
Results: The prokaryotic expression vector of pET-32a-RABV-P was successfully constructed. The fusion protein was expressed in
Escherichia coli Rosetta and purified. After cell fusion, a hybridoma cell line 1A4 was successfully obtained. The antibody titer of
the anti-RABV-P ascites reached 256,000. The results of western blotting and indirect immunofluorescence assay indicated that 1A4
hybridoma cell line was able to produce specific antibodies against rabies virus phosphoprotein.
Conclusions: Recombinant rabies virus phosphoprotein could be successfully expressed in E. coli. A specific monoclonal antibody
against rabies virus phosphoprotein has been successfully prepared.
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1. Background

Rabies is a highly lethal disease and is still a serious
threat for public health all over the world (1, 2). Although
effective rabies vaccines have been developed for decades,
effective treatment for rabies disease is still unavailable (3-
6). The detection technique of Rabies is necessary to moni-
tor the natural infection and evaluate the immune effect of
the vaccine. Rabies virus (RABV), belonging to Lyssavirus in
the family Rhabdoviridae, is composed of 11928 or 11932 nu-
cleotides and encodes five structural proteins: nucleopro-
tein (N), phosphoprotein (P), matrix protein (M), glycopro-
tein (G), and RNA-dependent RNA polymerase (L) (2, 6-8).

The length of the phosphoprotein is 894 bp, which is
located on nucleotides 1514 to 2407 of the whole genome.

Phosphoprotein is a highly hydrophilic protein and ac-
counted for about 6% of the total protein content of the
virus (9-11). Phosphoprotein is a viral RNA polymerase co-
factor, and it complexes with large proteins and nucleo-
proteins encased in viral genomic RNA. Phosphoprotein is
a multifunctional protein, and plays an important role in
immune response. Through interaction with STAT1 and in-
hibition of interferon signal transduction pathway, phos-
phoprotein prevents the cell’s anti-viral response after in-
fection. Therefore, it is an important regulator of immune
response (4, 12-14). The expression of rabies virus phospho-
protein in infected cells is second only to nucleoprotein,
and it is relatively stable in structure and plays an impor-
tant role in virus assembly and immune mechanism (15-17).

The pervious study performed by the authors found
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that antibody responses against phosphoprotein were
strongly induced by immunization of rabies virus. There-
fore, rabies virus phosphoprotein maybe a useful antigen
for clinical diagnosis and treatment of rabies virus.

2. Objectives

This study aimed at screening anti-RABV mAbs, which
is useful for rapid detection of rabies virus infection and
new anti-viral drugs.

3. Methods

3.1. Cell-Line and Virus

Mouse myeloma cell-line SP2/0 was cultured at 37°C
in RPMI-1640 (Gibco, USA), supplemented with 10% fetal
bovine serum (FBS) (Transgen, China) in a 5% a CO2 humid-
ified incubator (18, 19). The ethics committee of the Kun-
ming University of Science and Technology approved the
animal experiment of this study. Rabies virus HEP-Flury
strain was amplified in N2a cells, and was stored at -80°C.

3.2. Plasmid Construction

The RABV-P gene was amplified
by PCR with specific primers F (5’-
CGCGAATTCATGAGCAAGATCTTTGTTAATCCGAG -3’) and
R (5’-GTCGACGCCGCTTAGCATGATGTGTAGCGATCCAAGT -3’)
(the enzyme sites EcoR I and Sal I are underlined). The
amplified PCR products were double digested with EcoR
I and Sal I, gel-purified, and ligated in the pET-32a (+) ex-
pression vector, doubly digested with the same restriction
enzymes. The connected product was transformed to Es-
cherichia coli Rosetta. The positive clone was confirmed by
DNA sequencing. Theoretically, the resulting recombinant
plasmid defined as pET-32a-RABV-P, could express a fusion
protein corresponding to RABV-P.

3.3. Expression and Purification of the Recombinant Protein

The bacterial expression plasmid pET-32a-RABV-P was
transformed to E. coli Rosetta (DE3) cells, and protein
expression was induced with 1.0 mM isopropyl-β-D-
thiogalactopyranoside (IPTG) at 37°C for 4 to 5 hours.
The cells were collected and resuspended in Phosphate
Buffered Saline (PBS), and were then lysed by ultrasoni-
cation on ice. After centrifugation at 10,000 × g for 20
minutes at 4°C, the precipitates were washed 3 times with
washing buffer (50 mM Tris-HCl, 100 mmol/L NaCl, pH
7.9). Next, it was clarified by centrifugation at 10,000 ×
g for 20 minutes at 4°C; the precipitates were denatured
in 8 M urea (50 mM Tris-HCl, 100 mmol/L NaCl, pH 7.9),
at room temperature for 3 hours, and the lysates were

centrifuged at 10,000 × g for 30 minutes at 4°C, and
proteins in the supernatant were purified with a column
of nickelnitrilotriacetic acid (Ni2+-NTA) agarose resin.
Next, denatured proteins were refolded in refolding buffer
at 4°C overnight. Finally, the proteins were identified
by SDSPAGE assays (20). The concentrationof the recom-
binant fusion proteins RABV-P was determined by the
Bradford assay with bovine serum albumin (BSA, Amresco,
USA) as a standard, and stored at -80°C.

3.4. Preparation of Polyclonal Antibody Against RABV-P

The purified recombinant RABV-P was used for anti-
body production in Balb/c mice. Prior to immunization,
blood samples were obtained from each mouse. Blood was
placed for 1 hour at 37°C and was then centrifuged at 5,000
rpm for 20 minutes at 4°C. The serum was gathered as a
negative control. Mice were first immunized by back mul-
tipoint subcutaneous injection using a mixture of 20µg of
purified recombinant RABV-P with an equal volume of Fre-
und’s complete adjuvant (Sigma, USA). After 2-week inter-
vals, the injections were given with a mixture of 20 µg of
purified recombinant RABV-P, each in incomplete Freund’s
adjuvant. Subsequently, the blood was obtained 1 week af-
ter the last injection. The serum was gathered according to
the above method and then equal volume of glycerol was
added, and the solution was stored at -20°C for further use.

3.5. Screening and Characterization of Monoclonal Antibodies

3.5.1. Indirect Enzyme-Linked Immunosorbent Assay (iELISA)

Indirect Enzyme-Linked Immunosorbent Assay
(iELISA) was used to determine the titer of ascites. The
purified recombinant RABV-P diluted to 3µg/mL in 50 mM
phosphate buffer (pH 9.6) was coated on a microtiter plate
at 100 µL and incubated for 3 hours at 37°C. The coated
wells were washed 3 times with Phosphate-Buffered Saline
(PBS) with 0.1% Tween 20 (PBST) and then blocked with
100 µL of blocking buffer (5% skimmed milk in PBST) for
2 hours at 37°C. After washing 3 times with PBST buffer,
the coated wells were incubated with 100 µL of ascites
against RABV-P with different consecutive dilutions (from
1:2000 to 1:256,000) at 37°C for 2 hours. After incubation,
the coated cells were washed 3 times with PBST buffer
followed by goat anti-mouse IgG (H + L) HRP (Southern
Biotech, USA), as a secondary antibody. The optical den-
sity of each well was then measured at 450 nm, using a
microplate reader (Thermo Fisher Scientific, Finland).

3.5.2. Western Blot Analysis

Rabies virus infected and mock-infected N2a cells were
lysed by RIPA buffer, and the protein in lysates (20 µg)
were separated by 12% SDS-PAGE; the gel was immersed
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in the transfer buffer. The proteins were transferred to
a Nitrocellulose (NC) membrane equilibrated in transfer
buffer at 100 V 160 mA for 60 minutes. The membrane
was incubated in a blocking buffer (5% skimmed milk in
PBST buffer) for 2 hours at room temperature and then
washed 3 times with PBST. The membrane was incubated
with the prepared anti-RABV-P ascites (1:1000), overnight
at 4°C. Rabbit anti-GAPDH polyclonal antibody (Goodhere
Biotechnology, China) (1:1000) was used as an internal con-
trol. PageRulerTM Prestained Protein Ladder Plus (Thermo
Fisher, USA) was used for controlling the electrophoretic
separation rate, the efficiency of protein transfer, and the
size of target protein. After 3 washes with PBST, the mem-
brane was incubated with HRP conjugated secondary anti-
bodies at a dilution of 1:5000 at 37°C for 1 hour. The mem-
brane was then washed 3 times with PBST. EasySee Western
Blot Kit (TransGen Biotech, China) was used to detect the
immune response.

3.5.3. Indirect Immunofluorescence Assay

Immunofluorescence assay was performed as previ-
ously described (21). The N2a cells were infected with
the HEP-Flury strain and further cultured for 36 hours.
The cells were washed once with PBS, and fixed with cold
acetone-methanol (1/1) for 20 minutes at -20°C. Next, the
samples were air dried at room temperature and blocked
by 5% skimmed milk. The anti-RABV-P monoclonal an-
tibody was diluted in 1:1000 with 5% skimmed milk as
a primary antibody. Fluorescein isothiocyanate (FITC)-
conjugated goat anti-mouse IgG H&L antibody (Abcam,
China) was used as a secondary antibody, followed by five
washes with PBS. The cells were then viewed under a fluo-
rescence microscope.

4. Results

4.1. Plasmid Construction

A 894-bp gene fragment was amplified by RT-PCR from
rabies virus infected cells. The RABV-P gene was success-
fully inserted to expression vector PET-32a (+) (Figure 1). Se-
quence analysis of the inserted phosphoprotein gene (894
bp) displayed 100% identity with the sequence published
in NCBI (GenBank: AF369264.1) (data not shown); no muta-
tion was found in the nucleotide sequence of the inserted
fragment.

4.2. Expression and Purification of the Recombinant Protein

The confirmed pET-32a (+)-RABV-P plasmid was used to
express the fusion protein in the expression host E. coli
Rosetta (DE3). A band of approximately 50 kDa, the target
protein size of the pET-32a (+)-RABV-P fusion protein, was

Figure 1. Amplification of Rabies Virus Phosphoprotein Gene

M: DL2000 DNA marker; 1: phosphoprotein gene fragment; 2: digestion production
of pET-32a-P by EcoR I and Sal I Enzymes.

observed. Thus, the recombinant RABV-P was successfully
expressed in the E. coli. As the recombinant protein was ex-
pressed mainly in inclusion bodies, 8 M urea as a strong
denaturant and Ni2+-affinity chromatography for purifica-
tion of the recombinant protein were together added to
the buffer. After binding to the resin, the target protein was
successfully eluted with 250 mM imidazole elution buffer.
The collected sample was analyzed by SDS-PAGE, and a sin-
gle homogeneous band of about 50 kDa was observed (Fig-
ure 2). The purity of fusion protein was more than 90% and
approximately 0.5 mg/mL of recombinant RABV-P was ob-
tained.

4.3. Production and Characterization of Monoclonal Antibodies

4.3. 1. Anti-RABV-P Ascites titer and Specificity Analysis by iELISA

Through cell fusion and three sub-cloning steps, one
hybridoma cell line with stable secretion of specific mono-
clonal antibody against RABV-P, named 1A4, was obtained.
After the injection of Balb/c with 1A4, according to standard
protocols, ascites were collected and centrifuged at 10,000
×g for 20 minutes at 4°C, and purification of ascites by am-
monium sulfate method was performed. The purification
results were verified by SDS-PAGE (Figure 3). The ascites an-
tibody titer was examined by ELISA with different consec-
utive dilutions, 1:2000; 1:4000; 1:8000; 1:16,000; 1:32,000;
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Figure 2. SDS-PAGE Analysis of Expressed and Purified of Recombinant RABV Phos-
phoprotein in E. coli

The input of sample are 10µL. The lysates of E. coli before induced, after induced and
purified recombinant RABV phosphoprotein were separated using 12% SDS-PAGE
gels and then stained with Coomassie brilliant blue. M: Protein Marker; 1: E. coli
Rosetta (DE3) containing pET-32a-RABV-P before induced by IPTG; 2: E. coli Rosetta
(DE3) containing pET-32a- RABV-P was induced with IPTG; 3: Purified recombinant
RABV-P protein.

1:64,000; 1:128,000; and 1:256,000. The antibody titer was
defined as the highest dilution of serum at which the A450
of ascites/A450 of negative serum was greater than 2.1. The
antibody titer was approximately 1:256 000 (Table 1).

4.3.2. Western Blot and Indirect Immunofluorescence Assay

The activity and specificity of the obtained monoclonal
antibody was determined with western blot and indirect
immunofluorescence assay. The result of western blot
showed a single band in the expected position, indicating
that viral protein could be recognized by the 1A4 mono-
clonal antibody. The lysates of mock-infected N2a cells was
also incubated with the same ascites monoclonal antibody
and no band was observed (Figure 4). Furthermore, im-
munofluorescence assay showed that RABV-infected N2a
cell could be notably recognized by the 1A4 monoclonal
antibody and positive serum sample, compared to that in
mock-infected N2a cells (Figure 5).

4.3.3. Subtype Characterization of mAb 1A4

The monoclonal antibody subtype of 1A4 was identi-
fied according to the instructions of the monoclonal an-

Figure 3. SDS-PAGE Analysis of the Primary Purified 1A4 Monoclonal Antibody from
Ascites

M: Protein Marker; 1: Unpurified ascites; 2: Purified ascites of mAb 1A4.

Figure 4. Reactivity of Monoclonal Antibody 1A4 with Phosphoprotein of Rabies
Virus Infected Cells in Western Blot Assay

1: lysates of the N2a cells uninfected with rabies virus; 2: lysates of the N2a cells in-
fected with rabies virus.

tibody subtype identification kit. The result showed that
1A4 belongs to IgG1 type, and the light chain belongs to the
Kappa type.

5. Discussion

Rabies is one of the oldest infectious diseases and is
still a serious threat to public health around the world (22).
Nowadays, rabies detection methods are mainly based
on nucleoprotein and glycoprotein detection (23-27), and
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Table 1. Determination of Ascites Titer

Ascites Dilution

1:2000 1:4000 1:8000 1:16000 1:32000 1:64000 1:128000 1:256000 negative

OD450 1.607 1.431 1.023 0.674 0.389 0.259 0.163 0.107 0.056

Figure 5. Reactivity of Monoclonal Antibody 1A4 with Rabies Virus Infected Cells in Immunofluorescence Analysis (IFA)

A, C are mock-infected N2a cells; B, D are the rabies virus infected N 2a cells. Anti-rabies virus serum was used as positive control.

post-exposure prophylaxis is only against G protein neu-
tralizing antibodies. Whether P protein could be used for
rabies detection is not fully known. In a previous experi-
ment, the authors were surprised to find that a large num-
ber of anti-P protein antibodies were produced in the ra-
bies virus HEP-Flury strain immunized mice, which greatly
encouraged further investigation. Anti-P protein antibod-
ies could provide a powerful tool for establishing the de-
tection method of rabies virus.

The splenocytes from the immunized mice were fused
with SP2/0 myeloma cells. After 3 cycles of subcloning, one
anti-RABV-P mAbs hybridoma cell line 1A4 was obtained.

After several repeated freezing and thawing tests, the re-
searchers determined that the mAbs stably secreted spe-
cific antibody. Further studies will continue to track its
stability. The SDS-PAGE analysis showed that the strain of
mAb could have two distinct bands after purification (Fig-
ure 3). The current research prepares abundant recombi-
nant P protein antigen and its mAbs, and this has signifi-
cant reference on the research of RABV detection kit. The
prepared mAbs could provide a basis and a powerful tool
for further research of the characteristics and function of
P protein.

Similar works were reported previously. Raux et al.
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(28) developed 36 mAbs specific for the rabies virus re-
combinant P (PV strain), and the antigenic epitopes were
identified, yet the immunofluorescence reactions were not
shown. Zhao et al. (29) expressed the recombinant P in
E. coli with pET32a expression vector, and the gene was of
Hep-Flury strain, which was very similar with the materi-
als used in this study. However, the mAb 4B5 produced by
Zhao et al. (29) recognized P distributed both in the cyto-
plasm and nucleus, and the mAb 1A4 recognized P mainly
distributed in the cytoplasm. Full length of P of RABV, and 4
other amino-terminally truncated products (P2, P3, P4 and
P5) translated from P mRNA have been found in infected
cells, in the purified virus, and in cells transfected with a
plasmid encoding the full length P protein gene (2). P and
P2 are located in the cytoplasm, and P3, P4 and P5 are found
mostly in the nucleus (2).

5.1.Conclusion

The epitopes recognized by 4B5 and 1A4 might be dif-
ferent. The mAb 1A4 was prepared from the recombinant
P of Hep-Flury strain of RABV, which could recognize the
CVS strain (data not shown). This suggested that the re-
combinant phosphoprotein of the current study had con-
served epitopes, which are common to both Flury strain
and CVS strain. Rabies virus structural protein phospho-
protein has a high genetic stability, and also a high anti-
genic epitope homology with different strains; different
rabies virus strains’ amino acid have a 92% to 98% homol-
ogy (30, 31). Therefore, monoclonal antibodies to phospho-
protein as a tool for detection of antibodies, has a good
specificity.
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