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Peste-des-petits-ruminants (PPR) is a transboundary viral disease of small
ruminants. In the present study, the full length C gene was amplified from
PPR vaccine virus (Sungri/96) and expressed in a prokaryotic expression
system. Specificity of the recombinant C protein was confirmed through
immune-blot using anti-His conjugate and hyperimmune sera from goats.
The immunogenicity of the protein was assessed using monospecific sera
raised in goats. The recombinant C protein produced in this study will be
useful for the development of DIVA enabled vaccine and diagnostics.

Introduction
Peste-des-petits -ruminants (PPR) is a
devastating viral disease of small ruminants.
Presence of this disease hampers the
livelihood of poor farmers and is targeted for
global eradication in 2030 by FAO and OIE
(Muthuchelvan et al., 2015; Parida et al.,
2015). The morbidity and mortality rates may
vary depending on the virulence of the
outbreak strain, breed, age, sex and the
immune status of the host. The case fatality

rate can go up to 100% in naïve population
(Lefevre and Diallo, 1990). Generally, goats
exhibit more severe clinical symptoms than
sheep (Sen et al., 2010). The etiological
agent, small ruminant morbillivirus peste-despetits-ruminants virus (PPRV) belongs to the
genus
Morbillivirus
of
the
family
Paramyxoviridae. Although the PPRV is
single serotype, genetically it can be classified
into four distinct lineages (I, II, III, and IV)
based on F gene (Shaila et al., 1996) and N
gene (Kwiatek et al., 2007). Occurrences of
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all four lineages have been reported in many
countries of Africa whereas only lineage IV
has been reported across Asia (Banyard et al.,
2010; Muthuchelvan et al., 2015; Parida et
al., 2015).The virus codes for six structural
(N, P, M, F, H & L) and two non-structural
proteins (C & V) (Bailey et al., 2005).
PPR is enzootic in India and the outbreaks are
being regularly reported (Muthuchelvan et al.,
2015). Live attenuated PPR vaccine and MAb
based competitive and sandwich ELISAs has
been developed by IVRI. Availability of these
indigenous technologies helped the Govt. of
India to launch a national control programin
2010 which resulted in significant reduction
of PPR outbreaks in some states. However,
the protective herd immunity has yet to be
established
for
the
whole
country
(Muthuchelvan et al., 2014). The present
vaccine being a live attenuated vaccine is
expected to induce antibodies against all the
viral proteins. Therefore, differentiating the
infected from the vaccinated animals (DIVA)
is difficult. Developing DIVA enabled
vaccine and the diagnostic assay is need of
the hour.
The PPRV codes for two non-structural
proteins (C&V) from the P ORF. The C
protein is generated from the alternate start
codon of the P ORF (Bailey et al., 2005;
Muthuchelvan et al., 2006). It is a small basic
nonphosphorylated protein with a molecular
weight of 19-21 kDa. Two primary functions
of C protein of paramyxoviridae have been
reported, prevention of host innate immunity
and control of viral RNA synthesis (Garcin et
al., 1999). Itaugments the maturation of
infectious particle, has an antagonistic action
against IFN and modulates RNA polymerase
activity (Horvath, 2004). This protein can
occur in both nucleus and cytoplasm of
infected cells in Measles Virus and only in the
cytoplasm of Rinder pest virus (Patterson et
al., 2000) and blocks the type I interferon in

rinderpest virus (Boxer et al., 2009). In the
present study, we expressed the C protein of
PPRV in prokaryotic expression system and
confirmed it through immune-blot using antiHis and hyperimmune sera raised in goats.
The reactivity of the recombinant protein was
assessed using monospecific sera raised in
rabbits.
The PPR vaccine virus (Sungri 96 isolate)
was propagated as per standard protocol and
the viral RNA and cDNA was prepared as
described earlier (Muthuchelvan et al., 2014).
The PPRV C gene-specific primers [C-F
(NcoI): CCG CCA TGG GGA TGT CAA
CAA GGG GCT GGA ATG and C-R (Hind
III): GCG AAG CTT GTT TCT CGA CAT
CTG TGG ACC TAG] were designed using
published sequence (GenBank Accession #
AY560591). The amplification was carried
out using Pfu DNA polymerase (M/s MBI,
Thermoscientific, Maryland, USA) and the
cycling conditions followed were: preheating
at 95 °C for 5 min, 35 cycles of 95 °C for 30
sec, 64 °C for 30 sec and 72 °C for 1 min with
a final extension of 72 °C for 10 min. The
PCR amplicons were gel purified and cloned
directionally into pET32a vector (Novagen,
Madison, WI, USA) at the NcoI and Hind III
restriction sites. The recombinant clones were
selected on LB agar plates containing
ampicillin (50 μg/ml) and were verified by
colony PCR, restriction enzyme analysis,and
sequencing.
E. coli BL21 cells were transformed with
recombinant plasmids and grown at 37 °C
overnight, on LB agar plates containing
chloramphenicol (34 μg/ml) and amplicillin
(50 μg/ml). The positive colonies were
screened by colony PCR and grown at 37 °C
till the culture reached mid-log phase (OD600
nm of 0.4–0.5). The protein expression was
induced at 30 °C by using 1 mM IPTG.
Samples were collected at 2, 4 and 6 h postinduction (hpi) and were analyzed by SDS-
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PAGE and immune-blot as per standard
procedures.

at 56°C for 30 min and then used to check the
reactivity in an indirect ELISA.

Five hundred microlitres of induced bacterial
culture were harvested at 4 hpi, centrifuged at
6000 × g for 10 min and the cell pellet was
suspended in denaturing buffer (Invitrogen
Corporation, Carlsbad, CA). The denatured
pellet was centrifuged at 10,000 × g for 10
min at 4 °C and the supernatant was collected
and purified using nickel affinity columns
according to the manufacturer's instructions
(M/s Qiagen, Hilden, Germany). The final
concentration of purified protein was
estimated calorimetrically using Micro BCA
Protein Assay Kit (Pierce, Rockford, IL,
USA), as well as using Nanovue
spectrophotometer (General Electric, USA).

The PPRV lineage four is now being reported
in several countries in Africa, Europe, and
Asia (Banyard et al., 2010; Parida et al.,
2015). Global control and eradication efforts
are currently underway (Parida et al., 2015)
which means there is a need to develop
modern vaccines and diagnostics that can
differentiate the vaccinated from the infected
animals (DIVA). At present, two groups have
successfully rescued the PPR vaccine virus
(Hu et al., 2012; Muniraju et al., 2015).
However, currently, there is no marker
vaccine and diagnostic test available in the
market. Developing marker vaccine by
altering the non-structural proteins can be an
attractive option. To adopt this strategy, we
need to have either a monoclonal antibody or
monospecific antisera against the nonstructural proteins. In the present study, we
have expressed the non-structural C protein in
the prokaryotic system and evaluated the
immunogenicity of the recombinant protein
through monospecific sera raised in rabbits.

The harvested post-induced samples, mock
vector transformed bacteria, host bacteria and
eluted fractions were mixed separately with
SDS sample buffer and resolved by
polyacrylamide gel (5% stacking and 12%
resolving). The resolved proteins were
transferred on to a nitrocellulose membrane
(M/s Pharmacia Biotech, USA using semi-dry
blot system (M/s ATTO corporation, Japan).
The recombinant proteins on the blot were
detected by incubation with Ni-NTA HRP
conjugate in goats or hyperimmune sera
raised in goats as per the standard procedure.
The immunogenicity of the recombinant C
protein was assessed in terms of immune
response in rabbits. The purified protein (150
µg) was mixed with equal volume of Freund’s
complete or incomplete adjuvant for primary
or booster immunization respectively. The
booster immunization was carried outon 21
and 28 days withFreund’s incomplete
adjuvant (FIA) in the same way and injected
intradermally. All the animals were bled at 0,
21st, 28th and 42nd-day post inoculation. The
serum was harvested from blood and
complement inactivation was done by keeping

The full-length recombinant C protein was
expressed in E. coli and confirmed in SDSPAGE and in immune-blot. The calculated
molecular weight of the protein is 19 kDa and
the His-tagged protein was expected to have a
size of 39 kDa which is in agreement with the
observed result in SDS-PAGE (Fig. 1A) and
in immune-blot with anti His conjugate (Fig.
1B) and with hyperimmune sera of goat (Fig.
1C). The yield of the protein was estimated
to be 2.9mg/ mL in adenatured condition
which is better than the yield reported for N
protein (Yadav et al., 2009). The
monospecific sera raised in rabbits were
evaluated for reactivity in an indirect ELISA.
The optimum concentration of recombinant
antigen and hyperimmune sear for use in
indirect ELISA were 1 µg per well of
antigenand 1: 160 of hyperimmune sera (Fig.
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2). The recombinant protein produced in the
study has good yield in denatured condition
and the monospecific sera could be produced
in rabbits indicate that some of the linear
epitopes present in the protein is
immunogenic and could be targeted for

development of marker vaccines. Studying
the reactivity of this protein with vaccinated
and convalescent sera may shed more light on
the nature of this protein and its role during
virus multiplication and disease spread.

Fig.1 Characterization of the recombinant PPRV C protein: (A) SDS-PAGE analysis of BL21
codon plus post induction culture lysate: Lane M-Prestained protein marker (M/s MBI,
Fermentas; Lanes 1-5: 0h; 6h;4h;2h;uninduced culture lysate. (B) Western blotanalysis of BL21
codon plus post induction culture lysate reactivity with anti His conjugate: Lane M-Prestained
protein marker (M/s MBI, Fermentas; Lanes 1-5: 0h; 6h;4h;2h;uninduced culture lysate. C):
Western blotanalysis of purified recombinant C protein with hyperimmune sera against whole
virus raised in goats

Fig.2 Reactivity of different concentration of recombinant PPRV C protein with hyperimmune
sera raised in two rabbits. The negative cut off is 0.24 OD (twice the OD value of reactivity of
two negative sera with recombinant protein)

2122

Int.J.Curr.Microbiol.App.Sci (2018) 7(2): 2119-2124

In conclusion, the present study has
successfully produced a recombinant form of
C protein and monospecific sera which may
be useful in developing DIVA enabled
vaccine and diagnostics. Evaluating the
reactivity of this protein with convalescent
and vaccinated sera may shed more light on
the nature of this protein and its biology in the
host.
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