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Development of recombinant partial nucleoprotein of
rabies virus as the potential antigen for developing in
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Abstract

Rabies viral nucleoprotein is proven to be antigenic and immunogenic in nature. Monoclonal antibody
binding characterises the Rabies viral nucleoprotein's immune-reactivity. However, studies on reactivity
of nucleoproteins to polyclonal antibodies are limited. In this study, a partial Rabies viral nucleoprotein
gene of 516 bp was cloned into a pET-32a (+) vector, and prokaryotic expression was induced to obtain a
protein of 24.1 kDa. The protein obtained was further characterised by Western blot and indirect ELISA.
Our research discovered Rabies nucleoprotein immune-reactivity in polyclonal sera and suspected that
the epitopes' are conformational in nature. This study adds to the limited number of polyclonal sera-based
studies on Rabies nucleoprotein.
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Introduction

The Rabies viral nucleoprotein is a strong immunogen with the potential to activate B cells and
T helper cells. Internally, the ribo-nucleoprotein complex is ring-shaped, with the two core
domains of nucleoprotein clamped around RNA M. The immune reactivity of the protein is
determined by antibody binding to epitopic sites. Monoclonal antibody (mAb) screening has
identified up to four (I-1V) antigenic determinants; | and IV contain linear epitopes, while 11
and 1l comprise several conformational epitopes [@. But the polyclonal sera-based
nucleoprotein binding is unknown, and its epitopic sites have yet to be explored.

Anti-Rabies vaccine sera from dogs immunised against the Rabies virus are primarily rich in
IgM, which is seen in the acute phase and IgG, which is seen later in the immunisation
process. 1gG has more neutralisation activity and IgM has antigen binding activity 4. These
antibodies also have properties of inhibition of complement activation, Fc interaction, anti-
idiotypic neutralization, toxin-neutralizing antibodies, and modulation of cytokine responses
BB1. As serum is rich in antibodies targeting multiple epitopes of different antigens, it is referred
to as polyclonal.

Polyclonal sera are abundant in neutralising and non-neutralizing antibodies secreted by
different B cell lineages. The high avidity of polyclonal antibodies (PAbs) is due to the
multiple binding sites that allow secondary reagent binding, an essential component of most
immunochemical techniques [61. Additionally, PAbs are also more stable over a broad pH and
salt concentration range and conformational changes of proteins, whereas mAbs can be highly
susceptible to small changes [, These factors investigate polyclonal sera for immune-
reactivity to the nucleoprotein of rabies.

Materials and Methods

In our study, for the purpose of obtaining nucleoprotein, viral nucleic acids were amplified,
cloned into the pET-32a (+) vector, and expressed in E. coli BL21 DE3 cells. The antigenicity
and immunogenicity of the nucleoprotein obtained were characterised by SDS-PAGE, Western
blotting and ELISA using canine high-titer polyclonal serum.
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Cloning and Transformation

Rabies CVS-11 viral cDNA was synthesized using Prime
Script 1%t strand cDNA Synthesis kit (Takara), from viral
RNA. Amplification of nucleoprotein gene cDNA by
conventional PCR was carried out using designed primers,
forward primer 5'-CGGGATCCGAGGAAGAGATAAGAA
GAAT-3" (RNEF) and reverse primer, 5'-CGGAATTCTGA
GTTCGGACGAGCTTGG-3' (RNER) at an initial
denaturation temperature of 95 °C for 5 minutes, denaturation
at 95 °C for 1 minute, annealing at 51 °C for 1 minute,
extension at 72 °C for 1 minute, final extension at 72C for 20
minutes and hold at 4 °C.

The obtained PCR product was purified using QIA quick PCR
Purification Kit (Qiagen, Germany), and along with pET-32a
(+) vector digested with EcoRI(NEB, USA) and BamHI(NEB,
USA). The restriction digested products were purified using
gel purification and ligated with vector using T4 DNA ligase
(Thermofisher, USA) by heat shock method. Further, the
ligated product was transformed into E. coli DH5aand BL21-
DE3 cells using ampicillin (100 pg/ml) as selection marker.
Transformed colonies were further screened by Colony PCR
using gene and T7 promoter specific primers, for confirming
orientation of insert.

Amplified products were purified, restriction digested, and
cloned into the pET-32a (+) vector, transformed into E. coli
DH5 cells, and spread on to Luria Bertani agar with
ampicillin. Transformed colonies having a vector with a gene
insert showing ampicillin resistance were identified and
screened by colony PCR using gene- and vector-specific
primers.

Protein expression and characterisation

Transformed E. coli BL21 DE3 single colonies were
inoculated into LB broth supplemented with ampicillin (100
g/ml) and incubated overnight at 37 °C with shaking (250
rpm). One percent of the inoculum from the overnight
cultures was transferred into fresh medium and incubated at
37 °C to an optical density of ODgg 0.6. Protein expression
was stimulated by adding 100 mM isopropyl-D-
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thiogalactopyranoside (IPTG) for 4 hours at 37 °C. Bacterial
cells were centrifuged, and the obtained cell pellets were
further processed for SDS-PAGE and Western blotting.

The recombinant protein was purified using the Ni-NTA
method due to the presence of a 6xHis-tag in the protein. The
induced transformants, uninduced transformants and purified
protein were subjected to SDS-PAGE in 12% resolving gel
and 5% stacking gel. Protein characterization was performed
using anti-His-tag mouse 1gG (BioLegend, USA) at 1:3000
and polyclonal antibodies with known positives (1:300 high
titre dog serum as primary antibody and 1:5000 anti-mouse
IgG as secondary antibody) with 2% BSA for PVDF
membrane blocking. ClarityTM Western ECL Substrate
created the blot on a chemidoc platform and documented it in
the chemidoc system (UVITEC, Cambridge).

Indirect ELISA was performed using 200, 400, 800 and 1600
ng per 100 yL of recombinant protein antigen, 1: 10 000 high
titre positive dog serum as primary antibody, 1: 5 000 rabbit
anti-dog 1gG HRP conjugate (Sigma, USA) as secondary
antibody, O-phenylenediamine-dihydrochloride as
chromogen, and 3% Hydrogen peroxide (H20) as substrate.
OD values were read at 492 nm in an ELISA reader (a Biorad
ELISA reader).

Results and Discussion

Rabies virus has a single genotypel but has the phylogenetic
lineages Artic-1a, Cosmopolitan, and Asian in the Indian
subcontinent, but the nucleoprotein (N) gene in these lineages
is more conservative®l, so the N gene and its transcriptional
product, Nucleoprotein (NP), are chosen.

In this study, a partial N gene of the size of 516 bp was
amplified (Fig 1). Similar to partial C terminal based
amplification in other studies ), the use of a partial fragment
targeting specific epitopes facilitates easier uptake into the
PET 32a expression vector, while amplification of complete
N gene sequences of 1.3 kb is more tedious as it requires sub-
cloning from other vectors such as pGEM-T or pCDNA or
requires codon optimization and chemical synthesis [0 1% 3],
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Fig 1: Partial nucleoprotein gene amplification. 1a indicating Nucleoprotein gene amplification in lane 1, where lane 2 is negative control and M
is 100 bp molecular marker. 1b indicating amplicon visible in lane 1 with gene specific primers in colony PCR and Fig 1c indicating amplicon
with vector specific primers in lane 2, where M is molecular marker of 1Kb

Cloning and Transformation

The Rabies viral nucleoprotein in its native form is
complexed with viral RNA, phosphoproteins and RNA-
dependent RNA polymerase, making its purification tedious;
hence, recombinant study was chosen for this study. The
linearity of epitopes and non-glycosylation of the NP make it
possible to produce it in E. coli, where the expression quantity
is high and purification is easy.

Amplified products were purified, restriction digested, and
cloned into the pET-32a (+) vector, transformed into E. coli
DHb50 cells, and spread on to Luria Bertani agar with
ampicillin. Transformed colonies having a vector with a gene
insert showing ampicillin resistance were identified. The
transformed colonies screened by colony PCR using gene-
and vector-specific products identified amplicons of 516 bp
and 1180 bp, respectively (Figs 1b and 1c).
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In this study, the N gene amplified insert was directly cloned
into the pET-32a (+) expression vector, as the N gene primers
were designed to incorporate the restriction sites for EcoRI
and BamHlI as per their suitability for the vector. The pET-32a
(+) vector has previously been shown to be suitable for
prokaryotic expression [ 9.0Other pET vectors, pET28a 11
and pET100D Bl have also been used for downstream
processing, while pMal-c2x expression vectors 113 10 have
been used for expression in JM109 cells.

Protein expression and immunogenicity

Recombinant Rabies nucleoprotein expression was carried out
by plasmid extraction from E. coli DH5a cells and
transformation into E. coli BL21 DE3 cells by heat shock
method. The E. coli BL21 DE3 cells were further subjected to
IPTG induction at 100mM concentration to obtain a
recombinant protein with a molecular weight of 24.1 kDa,
identified by SDS-PAGE (Fig 2a).

The expected protein size from a gene segment of 516 bp is
around 19 kDa, the increase in molecular weight can be
attributed to the presence of histidine tags and post
translational modifications such as glycosylation in the host
E. coli system. Higher molecular weights of 44 kDa ®and 50
kDa ' can be attributed to varying imidazole concentration
and pH values in the buffer or targeting the of the complete N
gene.

The protein expression and immune-reactivity of recombinant
rabies nucleoprotein was visualised by Western Blot and
Indirect ELISA. On Western blot, band was visualised based
on reactivity with anti-his tag antibody and canine high titre
polyclonal serum (Fig 2b). While Anti-his tag antibody has
proven to be efficient in identifying recombinant Rabies
nucleoprotein expression [* 1in Western blot, no other study
has identified immune reactivity of Rabies Nucleoprotein to
polyclonal canine high titre vaccinal serum.

https://www.thepharmajournal.com

Fig 2: Protein characterization: SDS-PAGE in 2a, Western blotting
in 2b, Indirect ELISA in 2c. Un-induced transformant in lane 1,
induced transformant in lane 2, purified protein in lane 3, reactivity
with anti-his tag antibody in lane 4 and canine high titre sera in lane
5, reactivity with positive sera in lane 6 and negative sera in lane 7

In Indirect ELISA with polyclonal sera, average OD ratio
with positive and negative sera at protein concentration of
200, 400, 800 and 1600 ng/100 uL was 1.0, 1.2, 2.8 and 2.7
respectively, indicating a gradual increase in the OD values
(Fig 3).While most studies used polyclonal sera of mice origin
(0. 91" the immune-reactivity of Nucleoprotein through
polyclonal sera for ELISA based studies have been explored
for ante mortem Rabies diagnosis ! and for sero-surveillance
[24]

Antibody immune-reactivity to the recombinant Rabies
nucleoprotein antigen is determined by specific epitopes. In
our study, the recombinant nucleoprotein antigen has been
subjected to SDS, heat and other chemicals known to denature
proteins, yet its binding efficiency remains immaculate. As a
result, the conformational type of epitope is suspected to be
the culprit for polyclonal sera binding. Additionally, since
binding assays rather than neutralisation assays were used,
IgM could be the suspected antibody involved in antigen
binding in polyclonal sera.
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Fig 3: Protein immunogenicity: Average OD ratio of 1.0, 1.2, 2.8 and 2.7 at protein concentration of 200, 400, 800 and 1600 ng/100 pL
respectively.

Conclusion

The recombinant Rabies virus nucleoprotein, with a molecular
weight of 24.1 kDa, showed immune reactivity to anti-his tag
antibodies and high titre positive control polyclonal canine
serum in Western blot and indirect ELISA. The polyclonal
sera binding to partial nucleoprotein Rabies antigen, is novel
to this study: additionally, the epitopic domains can be
suspected to be conformational in nature. The polyclonal
antibody binding nature to antigen confirms the potentials of
recombinant partial Nucleoprotein of Rabies virus as the
antigen for developing in house immunodiagnostics.
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