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Abstract | In this study, expression of immunogenic portion of Peste des Petits ruminants virus (PPRV') nucleocapsid
(N) protein in Escherichia coli (BL21) was envisaged to evaluate the potential use of recombinant protein as a diag-
nostic antigen in polyclonal antibodies based indirect ELISA for serodiagnosis. The immunogenic region of IV gene
coding sequences from PPR vaccine virus (Sungri 96 strain) was amplified, cloned in pET32a vector and expressed in
E. coli as fusion protein for bulk production and easy Ni-NTA His-tag purification. The recombinant PPRV N protein
(rPPRVNP) was expressed in E. co/i at an optimal temperature of 37 °C with 1 mM IPTG for 5 h post induction and
characterized by SDS-PAGE and western blot using PPRV-specific monoclonal and polyclonal antibodies or serum or
anti-His-tag conjugate that confirmed PPRYV specific protein with a size of ~50kDa. The expressed rPPRVNP was in
insoluble form and was purified under denaturation condition by Ni-NTA purification method followed by refolding,
renaturation methods and further concentrated by protein cut-off concentrators for obtaining single protein band. The
rPPRVNP was assessed for its immunoreactivity as diagnostic antigen by immunoblotting and ELISA using standard
PPRYV specific antibodies. The immunogenic reactivity of expressed PPRVNP was optimized in indirect ELISA using
known true positive and negative sera with respect to PPRV antibodies. On standardization of IPPRVNP based indi-
rect ELISA using 661serum samples, the relative diagnostic sensitivity and specificity of the assay 83.76% and 83.13%
respectively was observed at cut off level of 25 Per cent Positivity (PP) with an agreement of Cohen’s kappa value of
0.648 with good agreement. This indirect ELISA as additional diagnostic tool for diagnosis of PPR in sheep and goats
and rPPRVNP could be a sustainable source of safe antigen in countries of non-endemicity without the need to handle
infectious virus for sero-diagnosis.
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INTRODUCTION

Pesz‘e des Petits ruminants (PPR) is a highly contagious
viral disease of domestic and wild small ruminants and
is currently emerging to cause infections in camels (Albina

et al., 2013). The causative agent, PPR virus (PPRV) is

a member of the genus Morbillivirus of the family Par-
amyxoviridae and contains approximately 16 kb long ge-
nome of a single-stranded negative sense RNA (Bailey et
al., 2005). The disease was first described in 1942 in Céte
d’Ivoire (Ivory Coast), West Africa, since then the disease
has spread to different regions in sub-Saharan Africa, the
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Arabian Peninsula, the Middle East, Southwest Asia, In-
dia and other Asian countries (Parida et al., 2015). As of
now, a total of 76 countries with approximately 1.7 billion
sheep and goats population in Africa, the Middle East and
the Indian subcontinent have confirmed PPR within their
borders, and many countries are at risk of the disease being

introduced (http://www.fao.org/ppr/en/).

In India, PPR was first reported from Arasur village, Vil-
lupuram, Tamil Nadu, during 1987 (Shaila et al., 1989).
Since then, the disease became enzootic in many southern
and northern states of India causing huge economic losses
(Balamurugan et al., 2014). Now the disease is enzootic
and outbreaks occurs throughout India almost all season
of the year (Balamurugan et al., 2014; Muthuchelvan et
al., 2015). Currently in India, sero-surveillance and/or se-
ro-monitoring and clinical diagnosis of PPR is being car-
ried out by monoclonal antibody (MAb) based competitive
enzyme-linked immunosorbent assay (c-ELISA) (Singh
et al., 2004b) and sandwich ELISA (s-ELISA) (Singh et
al., 2004a) kits, respectively. However, the accidental loss
of the monoclonal antibody-producing hybridoma clone
owing to a laboratory accident or improper storage con-
ditions (McCullough et al., 1986) constitutes a limitation
of well-established MAb based assay some times. To ac-
commodate such a situation in future, polyclonal anti-
body-based indirect ELISA has also been developed for
the detection of PPRV antibodies for sero-epidemiological
survey (Balamurugan et al., 2007).

In all these assays, cell culture attenuated live PPRV is be-
ing used as antigen. The bulk production of such virus anti-
gen requires expertise and elaborate infrastructure. There is
also possible batch to batch variation in antigen production
and also involved in risk of handling live virus and acci-
dental release into the environment. Therefore, generally, a
recombinant antigen based diagnostic assay will be a bet-
ter alternative not only for disease control and eradication
but also useful for disease surveillance in the non-endemic
countries and post-eradication phase where there could be
restriction in handling of the live virus. Due to the ad-
vancement in rfDNA and gene expression technologies,
several attempts have been made since long to express
various viral proteins in different expression systems and
to assess potential use of recombinant proteins in various
diagnostic assays.

Earlier recombinant antigen based diagnostic methods
have been developed for the detection of several morbillivi-
ruses such as rinderpest virus (RPV') (Kamata et al., 1993),
PPRV (Ismail et al., 1995; Libeau et al., 1995; Choi et al.,
2005b; Dechamma et al., 2006; Balamurugan et al., 2006;
Yadav et al., 2009), canine distemper virus (CDV) (La-
tha et al., 2007) and Nipah virus (Yu et al., 2006). Among

the structural proteins of morbilliviruses, N protein is the

highly conserved immunogenic core protein (Lefebvre et
al., 1991) and is expressed at a high level in infected cells
(Diallo et al., 1994). Further, N protein has both type-spe-
cific and cross-reactive epitopes. So, it is a good antigen
candidate for diagnosis of morbilliviruses. The nucleocap-
sid (N) protein is the most abundant, antigenically well
conserved among morbilliviruses and is expressed to a very
high level as compared to the other viral proteins, and is
highly immunogenic while being located internally to the
virus and can be used for diagnosis (Diallo, 1990; Bodjo et
al., 2007).

Several researches have been used expressed PPRV N
protein as diagnostic antigen in ELISA for serodiagnosis
of the PPR. Earlier, recombinant baculovirus expressed
PPRV N protein in insect cells was used as a coating an-
tigen in ELISA for serodiagnosis of PPR. Further, Libeau
et al. (1995) developed a c-ELISA based on the reaction
between a MAb and a recombinant N protein of PPRV
(Nigeria 75/1) expressed in baculovirus. Choi et al. (2005b)
developed a rapid c-ELISA for diagnosis and surveillance
of PPR. In addition, the expressed truncated and full-
length N protein of PPRV in E. co/i showed reactivity in
s-ELISA and c-ELISA with MAbs (Yadav et al., 2009).
Recently, Zhang et al. (2012) developed an indirect ELISA
with artificially synthesized N protein of PPRV. Moreover,
the amino-terminal domains of 420aa in the N protein of
PPRYV, are highly conserved across the genus and among
PPRYV strains. But, in RPV, it has been established that
the epitopes at the amino-terminal half of the N protein
are variable, highly immunogenic (Bodjo et al., 2007) and
stimulate humoral immune response more rapidly than
those in C-terminal region (Choi et al., 2005a). Prokaryot-
ic E.coli system is used most commonly for protein which
does not requires the post-translational modifications,
since the expression is easy and it is possible to express
the protein in bulk. Further, production of recombinant
antigens in bacteria is simpler and more economical when
compared to other heterologous system.

Keeping the recombinant protein could be a sustainable
source of safe antigen in the diagnostic assays in countries
of non-endemicity or in the post control and eradication
phases of endemic countries without the need to handle
infectious virus for serodiagnosis of disease, the present
study, expression of immunogenic portion of PPRV N pro-
tein in E.co/i was envisaged to evaluate the potential use of
recombinant protein as a diagnostic antigen in a polyclonal
antibody based indirect ELISA as additional diagnostic
tool for diagnosis of PPR in sheep and goats.

MATERIALS AND METHODS

AMPLIFICATION OF PPRV N-GENE SEQUENCES
The viral RNA was extracted from partially purified PPR
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vaccine virus (Sungri 96) by using RNeasy Mini Kit (Qia-
gen, Hilden, Germany) as per the manufacturer’s instruc-
tions. The extracted RNA was used as a template for re-
verse-transcription (RT) by using random hexamer primer
(MBI, Fermentas, MD, USA) and 200U of MMuLV re-
verse transcriptase (Promega, Madison, USA). The amino
terminal portion of N Protein coding sequence was ampli-
fied from the synthesized cDNA, by PCR using Pfi DNA
polymerase (MBI, Fermentas, MD, USA) and PPRV N
gene-specific primers PPRNF or (EcoRI): 5-ATCT-
GAATTCATGGCTACTCTCCTTAAAAGC-3 and
PPRNRev (Notl) (His): 5-ATG GCGGCCGCATG-
GTGATGGTGATGGTGGAGTCCGGCTTCGA-
CAATATA-3" modified from earlier reported one (Choi et
al., 2005a; Yadav et al., 2009), which were designed based
on published sequence (Accession #AY560591). The ap-
plied cycling conditions were: preheating at 95°C for 3min,
35 cycles of 94°C for 45sec, 50-60°C (incremental step up
annealing +1°C/cycle) for 1 min and 72°C for 2 min with a
final extension of 72°C for 10 min. The amplified products

were analysed in agarose gel and documented.

CONSTRUCTION OF EXPRESSION CASSETTE INpET 32a
VECTOR

The amplicon was purified from the agarose gel using
Gene]ET Gel Extraction Kit(Thermo Scientific Waltham,
Massachusetts, USA) as per manufacturer’s instructions
and directionally cloned in to pET32a vector at EcoRI
and Not I sites after ligation and transformation into E.co/i
Top 10F’ competent cells (Invitrogen, Life technologies,
CA, USA)by heat shock method. The recombinant trans-
formed cells were plated on Luria Bertini (LB) agar con-
taining ampicillin (50pg/ml), for selection of recombinant
clones. The colonies (pET32a+ NP) were screened and
confirmed by colony PCR, release of insert by restriction
enzyme (RE) analysis and commercial DNA sequencing
for identification of the cloned gene products in proper
frame and orientation.

ExpPreEssiON OF PPRV IMMUNOGENIC PORTION OF
N PROTEIN IN E. coli

'The confirmed recombinant plasmid DNA containing tar-
get gene in the proper frame in the vector backbone was
transformed into E. co/i BL21(DE3) pLysS (Invitrogen,
Life technologies, CA, USA) and plated on LB agar con-
taining ampicillin (50pg/ml) and Chloramphenicol (34pug/
ml), for selection of recombinant BL.-21 clones. The clones
were screened for the presence of PPRV Ngene specific
sequences by colony PCR. The positive individual colo-
nies were grown at 37°C till the culture reached mid-log
phase (OD 600nm of 0.4-0.5) and induced for expres-
sion of the cloned gene products. The expressed protein
was characterized by Sodium Dodecyl Sulfate-Polyacryla-
mide Gel Electrophoresis (SDS-PAGE) and immunoblot

/Western blot as per standard procedures described earlier.
To optimize the induction time for expression of cloned
gene products (recombinant protein), the cultures were
harvested at hourly intervals post induction (0, 1, 2, 3, 4,
5,6,7,8,and 9 hours) under standard conditions of ImM
IPTG concentration and 37°C induction temperature.
Similarly the optimal working concentration of IPTG
(0.5,1,1.5 and 2 mM IPTG) and incubation temperature
(18, 25, 30 and 37°C) were determined. The harvested in-
duced cultures pellets were then mixed with sample load-
ing buffer (v/v: 1/1, Sigma) heated at 100°C for 10 min for
SDS-PAGE analysis.

PURIFICATION OF EXPRESSED RECOMBINANT PROTEIN
Harvested 50ml of induced culture pellet at 5 h post in-
duction was suspended in 8ml urea lysis buffer, vortexed
and incubated for an hour and supernatant was collected
for Ni-NTA purification methods. The supernatant was
allowed to bind with Ni-NTA Agarose (Genetix Nu-
cleopore) for 4 h with gentle agitation. The suspension
was passed through agarose column (Thermo Scientific
Waltham, Massachusetts, USA) and flow through was col-
lected. Further the column was washed with solublisation
buffer (20mM TrisHcl, 1mM EDTA,500mM NaCl, 8M
Urea, 0.5% Triton X-100, and 5mM B Mercaptoethanol)
and protein was eluted with solublisation buffer containing
different concentration of 100, 200, 300, 400 and 500mM

imidazole.

'The eluted protein was dialysed against dialysis buffer con-
taining different concentration of urea in the decreasing
concentration (8, 6,4, 3,2,1 and 0 M with 2 h interval for
each dialysis) for refolding or renaturation of purified de-
natured protein in order to bring the protein in solubilizing
form. The dialyzed protein was further subjected to 30kDa
and 50kDa protein cut-off concentrators (AmiconUltra
filter, Merk Millipore) to obtain the single purified and
concentrated PPRVNP for used as diagnostic antigen. The
final concentration of purified single band PPRV NP was
estimated by Bradford method. The rPPRVNP with pro-
tease inhibitors was stored in -80°C in aliquot and used as
diagnostic antigen in ELISA as and when required.

SDS-PAGE AND WESTERN BLOTTING

The harvested post-induced recombinant bacteria sam-
ples, 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 by SDS-PAGE
were transferred on to a nitrocellulose membrane (NCM)
(Sigma Aldrich, St. Louis, Missouri United States) follow-
ing method described earlier (Yadav et al., 2009) and the
membrane was blocked with 5% skimmed milk powder
and 3% Lactalbumin Hydrolysate in PBS-Tween 20 buff-
er(pH?7.2) overnight at 4°C. The blot was incubated with
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primary antibodies either PPRV specific-polyclonal serum
or monoclonal antibodies (MAb) (s-ELIAS Kit - Singh
et al., 2004a) or negative control serum or PPRV specif-
ic hyper immune serum and followed by incubation with
secondary antibodies either anti-His-tag conjugate or an-
ti-goat HRPO conjugate or anti-mouse HRPO conjugate
(Sigma Aldrich, St. Louis, Missouri United States)as the
case may be, and incubated for 1 h followed by washing of
membrane and development of blot with Diaminobenzi-
dine (DAB) as a chromogen and documentation.

INDIRECT ELISA STANDARDIZATION

ELISA was carried out according to Balamurugan et al.
(2007) with some modifications. Recombinant purified rP-
PRVNP was coated (in 50pl volume/well)in a flat bottomed
96 well plate (Nalgene Nunc Int., Hamburg, Germany)
and stored in 4°C for overnight. The plate was further in-
cubated at 37°C for 1h (optional), then washed thrice with
PBST( 0.1% Tween-20) and blocked with 100pl of block-
ing buffer [1X PBST with 5% w/v Skim Milk Powder, 3%
w/v lactalbumin Hydrolysate (pH 7.2)] for 1h at 37°C in a
shaker incubator. All control sera (Strong positive, positive
and negative) and test sera were diluted in 1:10 dilution
in blocking buffer and added in 50pl volume/well. After
incubation at 37°C for 1h, the plate were washed thrice
with PBST (0.1% Tween-20). The antigen—antibody reac-
tion was followed by incubation with anti-Sheep and Goat
HRPO conjugate (1:3000 dilution) and detected by colour
development with the chromogen, ortho-phenyl diamine
(OPD) and H,O, as the substrate. Substrate solution
(OPD 1 mg/ ml containing 4 pl 3% H,O,) was added in
each well and the colour reaction was developed for 15 min
before stopping the reaction with 1 mol/LL H,SO, The ab-
sorbance values were measured at a wavelength of 492 nm.
The assay included standard controls (conjugate, strong
positive, and negative) to assess the quality and accuracy.

A checkerboard titration was performed for optimization
of working dilutions of antigen and antibodies as per stand-
ard protocols. Antigen concentrations of 50ng to 500ng
(50, 100, 200, 300, 400 and 500ng) and antibody dilutions
of 6.25 to 200 (6.25, 12.5, 25, 50, 100 and 200) were per-
formed for optimization of assay. The antigen and serum
dilutions that gave maximum difference in absorbance at
492nm between positive and negative (P/N) were selected
as strong positive and negative for further standardization.

For standardization of rPPRVNP based indirect ELISA,
the serum sample from animals of varied immunological
status (pre-vaccinated, post-vaccinated, infected or recov-
ered animals) collected during field visit and outbreaks
investigation were included in the study for initial screen-
ing of theses samples by PPR ¢c-ELISA kit (Singh et al.,
2004b) and PPR indirect ELISA (Balamurugan et al.,
2007) for the selection of the true positive and true nega-

tive serum samples with respect to PPRV antibodies in or-
der to determine cut-off value for the recombinant antigen
based indirect ELISA for sheep and goats.

STATISTICAL ANALYSIS

'The optimum combination of diagnostic specificity/sensi-
tivity (Thrushfield, 2005) and cut off percentage positivity
(PP) value were determined by frequency analysis graph
(Wright et al., 1993). The raw data (OD values) obtained
were converted into PP, using the following formula:

pp = (Test sample OD value — Negative control 0D value) ¥ 100
B (Positive control 0D value — Negative control OD value)

The cut oft PP was determined from the frequency distri-
bution of graph plotted with PP values obtained from 661
field samples. Cohen’s Kappa Test (Cohen, 1960) was used
to determine a agreement. The Cohen’s Kappa coeflicient
was determined using open source software Win Episcope
Version 2.0. Cut of value was derived from percent posi-
tivity (PP) by two sided contingency table from Receiver
Operating Characteristics (ROC) curve. Sensitivity and
Specificity of standardized ELISA was determined using
the statistical formula given by Thrusfield (2005) using
Vassar Stats online software.

RESULTS

ExPRESSION CASSETTE IN pET32a VECTOR

'The immunogenic region of N gene coding sequences from
PPR vaccine virus was amplified, cloned in pET32a vec-
tor and expressed in E.co/i as fusion protein. The partial 5’
end of PPRV N gene sequences was amplified by RT-PCR,
which resulted in specific products of 838bp. The amplicons
were ligated into thepET32a vector at EcoRI and NotI sites
and ligated mixture were transformed in the E. co/i TOP
10F cells. The efficiency of transformation was 3x10*/pg of
ligated DNA products. The presence of the insert in the re-
combinant colonies was confirmed by colony PCR and RE
analysis. Amplification of the gene specific product with
virus specific primers, confirmed the presence of the insert
five out of seven colonies screened. The positive colonies
were grown and plasmid DNA was purified and subjected
to RE digestion, which resulted in the release of cloned
gene products from the recombinant clone and further nu-
cleotide sequence of the insert in the recombinant clone
was confirmed by sequencing which showed 100% identity
of sequences of PPRV N gene of Sungri 96 strains.
EXPRESSION AND PuriricaTiION oOfF rPPRVNP
PROTEIN IN E. coli

In order to express PPRV NP, the recombinant cloned
DNA was transformed into BL21 strain of E. co/i by the
heat-shock method along with the pET32a vector control.
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Figure 1: SDS PAGE analysis of crude cell lysate containing
PPRV N protein

Lane 1: Insoluble fraction of cell lysate of recombinant NP clone
2; Lane 2: Soluble fraction of cell lysate of recombinant NP
clone 2; Lane M: Prestained protein marker (Thermo Scientific
26612); Lane 3: BL.-21 Host cell control; Lane 4: BL.-21 -PET

32a Vector control.

'The recombinant BL21 (DE3) pLysS clones were screened
for presence of the target gene by PCR using insert specific
primers, which result in amplification in six out of seven
colonies screened. PCR positive BL21 clones were selected
and induced to express PPRV NP with IPTG. On anal-
ysis of the expressed protein in SDS-PAGE, a single in-
tense band of ~50 kDa could be seen corresponding to the
expected expressed immunogenic PPRVNP (Figure 1),

whereas no such protein bands were seen in the controls.

For better expression of over expressed PPRVNP clones,
the expression conditions was optimized for various pa-
rameters, which showed the optimum induction time of
5h with 1mM IPTG induction at 37°C temperature. The
expressed recombinant PPRV N Protein (rPPRVNP)
was characterized by SDS-PAGE and western blot using
PPRV- specific polyclonal and monoclonal serum/anti-
bodies, anti-His-tag conjugate that confirmed the band
with a ~ 50kDa size was PPRV specific protein, which was
expressed in insoluble form. The rPPRVNP immunob-
lot with aforesaid primary antibodies showed an intense
color protein corresponding to a ~50kDa expressed band
(Figure 2).

Further protein was purified under denaturation condi-
tion by Ni-NTA purification method followed by refold-
ing with different concentration of urea and obtained the
single purified expressed protein by protein cut-oft con-
centrators. The solubilisation buffer for elution of protein
inNi-NTA agarose was optimized with 300mM imidazole

for maximum yield (Figure 3). There were no contaminating

Figure 2: Western blot analysis of the expressed recombinant PPRV N protein

A) Immunoblotting with standard strong positive serum provided in the PPR ¢c-ELISA kit; B) Immunoblotting with PPRV hyper
immune serum; C) Immunoblotting with Anti-His tag conjugate (Pierce). Lane 1: Purified recombinant PPRV N Protein; Lane 2:
BL-21 -PET 32a Vector control; Lane 3: BL-21 Host cell control; Lane M: Prestained protein Marker (Thermo Scientific 26612)
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Figure 3: SDS PAGE analysis of crude cells and purified lysates of PPRV N protein
Lane 1: Insoluble fraction of cell lysate of recombinant NP clone 2; Lane 2: Flow Through; Lane 3 ~Wash through; Lane M:
Prestained protein marker (Thermo Scientific 26612); Lane 4: 9- Protein Elution with 0, 100, 200,300,400 and 500 mM Imidazole

concentration

proteins in the separation and the concentration of purified

rPPRVNP was 6mg/100ml of induced cell cultural pellet.

rPPRVNP PrOTEIN BASED INDIRECT ELISA

'The immunogenicity of expressed protein was assessed by
using PPRV- specific antibodies from sheep and goats,
which showed reactivity with rPPRVNP in ELISA. Op-
timized antigen concentration of 200ng/well/50p] with
serum dilution of 1:10 was selected along with conjugate
dilution of 1:3000 was standardized for the assay (Figure
4). The optimum reactivity of the rPPRVINP was assessed
using known positive (n=268) and negative (n=393) serum
samples with respect to PPRV antibodies in c-ELISA.
Sensitivity and specificity were calulated for 20 different
cut-oft values (5 to 100) by two sided contingency table us-
ing Receiver operative curve (ROC) curve cut off > 25PP
was arrived. The relative sensitivity and specificity of the
assay with c-ELISA was 83.76% (78.26 to 88.11% at 95%
CI) and 83.13% (79.16 to 86.49% at 95% CI) respective-

ly with the Positive Predictive Value of 73.13 % (67.33
to 78.25 % at 95% CI) and Negative Predictive value of
90.33% (86.86 to 92.98 % at 95% CI) while the Cohen’s
kappa value of 0.648 with good agreement.

Figure 4: Reactivity of serially diluted positive serum with
recombinant PPRV N Protein; Head of arrow indicates 75%
absorbance (4492) of the plateau, which corresponds to optimal
working dilution of the PPRV N protein and PPRV antibodies
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DISCUSSION

PPR is considered as one of the main constraints in aug-
menting the productivity of small ruminants in endem-
ic countries and chance of spread to other non-endemic
countries due to trade or illegal migration of small rumi-
nants populations in the border of the countries. The dis-
ease is economically important and hence, its control and
eradication is a most priority. Considering the importance
of small ruminants in food security and socio-economic
growth mainly in Africa, Asia and in many other parts of
the world, the complete control and eradication of PPR
becomes essential and in this direction, recently, Food and
Agricultural Organisation (FAO) and the World Organ-
isation for Animal Health (OIE) convened in Abidjan,
Cote d’Ivoire for the International Conference for the
Control and Eradication of PPR, the high-level author-
ities from affected countries agreed on a global plan to
control and eradicate PPR by 2030 (http://www.fao.org/
news/story/ en/item/282397/icode/; Parida et al., 2015).
'This campaign will make PPR only the second animal dis-

ease ever to be eradicated, after rinderpest.

Use of whole virus antigen in diagnostic assay is not safe
always, as it requires bio-safety measures and proper dis-
posal, especially in countries of non-endemicity or in
the post control and eradication phases, which warrants
without the need to handle infectious virus for serolog-
ical diagnostic assays. Hence, it is necessary to have a
safe, potent and cost-effective antigen based diagnostics.
Therefore, in the present study, expression of immunogen-
ic portion (262aa from N-terminal region) of PPRVNP
was expressed as ~50kDa recombinant fusion protein in
E.coli system was envisaged to evaluate the potential use of
recombinant protein as a diagnostic antigen with the de-
velopment of polyclonal antibodies based indirect ELISA
tor serodiagnosis of PPR in sheep and goats.

The 5’ end of PPRV N gene sequences was amplified by
RT-PCR, cloned into pET32a vector and characterized.
In order to express PPRV NP, BL21 (DE3) pLysS strain
of E. coli was used for transformation of the characterized
recombinant plasmid DNA. After the characterization of
the BL21 clones, expression of rPPRVNP was induced
using 1mM IPTG at 37°C. Pre-induction incubation
for 3h at 37°C was necessary to achieve mid-log phase
growth. On comparison of protein profiles of the recom-
binant clones with that of the control (vector and BL21),
molecular weight of ~50kDa expressed protein band was
observed in case of recombinant pET32a+NP clone, as
early as 4 h post induction (pi). The intensity of the bands
increased gradually up to 7hpi. In un-induced and control
cultures, such specific bands were not observed even after
prolonged incubation. The optimum time of harvest was
5hpi and not much difference was observed in the rate of

expression either at 6 or 7hpi but thereafter, there was a
reduction in expression. This reduction could be attributed
to autolysis of bacterial cells as reported earlier (Yadav et
al.,2009).The proteins resolved in SDS-PAGE and trans-
ferred on to a nitro cellulose membrane and were detected
by using a PPRV specific serum or antibodies. On analysis,
~50kDa molecular size was observed and confirmed that
the expressed recombinant protein was specific to PPRV
and no other non-specific bands were noticed. The pre-
dicted size of the expressed protein from amino acid se-
quences (32kDa) (Muthuchelvan et al., 2006) along with
tusion His-tag (18kDa) is around ~50kDa. The calculated
size as per aa composition along with fused His-tag and
as observed by the mobility in SDS-PAGE, was in agree-
ment with the reported size indicating that the 50kDa
protein was the product from the cloned gene sequences.
Western blot analysis with MAb against the PPRVNP/
polyclonal antibodies or serum indicated that the bands
observed in SDS-PAGE are virus specific. Such His-tag
tusion protein has been expressed in case of PPR and Ni-
pah virus also (Yu et al., 2006; Yadav et al., 2009).

Further, to assess the utility of the expressed protein, they
were purified by using Ni-NTA affinity columns to their
homogeneity. This method has been successfully used for
purification of several other expressed proteins (Yu et al.,
2006; Sun et al., 2007; Yadav et al., 2009). Presence of
N-terminal His-tag in the vector as well as C-terminal
His-tag both in cloned gene product and expression vec-
tor facilitated easy and efficient Ni-N'TA column protein
purification. It was found that 300mM imidazole concen-
tration was optimum for elution of protein. However, vari-
ous concentrations of imidazole (100—~500mM) have been
reported in purifying expressed protein (Yu et al., 2006;
Latha et al., 2007; Pathak et al., 2008; Yadav, et al., 2009).
Generally, purification under non-denaturing conditions
avoids re-folding of denatured protein. Moreover, in this
study, purification under denaturing conditions followed
by re-folding of denatured protein in urea, resulted in
good yield of protein in native solubilisation form and it
was reacted in the immune assays and blot. This is advan-
tageous to retain conformational epitopes on the protein
and thereby facilitates better reactivity even with MADbs.
It also helps to retain the immunogenicity of recombinant
protein, as was reported earlier (Finzi et al., 2003).

Though other immune assays are used, ELISA is one of the
most sensitive and extensively applied methods to evaluate
expressed recombinant protein (Choi et al., 2005b; Li et
al., 2006).The expressed protein was tested for its suitabil-
ity as diagnostic antigen in indirect ELISA being used as
a coating antigen for development of polyclonal antibod-

ies based assay. Recombinant protein reactivity in ELISA
indicated that the expressed PPRVNP reacted well with
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standard PPR serum in ELISA making it evident that the
epitopes present in expressed protein are well recognized
by the antibody. The OD values of all the standards used in
this assay did not show much variation between the plates,
indicating repeatability of the assay.

In order to determine the relative specificity and sensitiv-
ity of the assay while standardization, known positive and
known negative samples with respect to PPRV antibodies
were selected based on the preliminary screening of the
serum samples by PPRV antigen based c-ELISA (Singh et
al.,2004b), of which 268 positive and 393 negative samples
were selected for determining the efficacy of the developed
assay. A cut-oft value (PP) of 25% was fixed upon compar-
ison with established ELISA by two sided contingency ta-
ble and ROC curve. The relative sensitivity and specificity
of the assay was 83.76% and 83.13% respectively while the
Cohen’s kappa value of 0.648 with good agreement.

However, when preliminary testing of the samples (n=218)
showed the sensitivity (Dsn) and specificity (Dsp) of 84.29
and 89.69 % respectively. Initially, we thought, when test-
ing with more number of serum samples, the sensitivity
and specificity will increase. But, in a real situation, it was
decreased when the samples size was increased to 661. This
variation in the DSn and DSp may be due to the kinet-
ics of the antibodies against H and N proteins of PPRV
present in the serum samples of animals in various stages
of infected or vaccinated animals in the field conditions.
Moreover, in our earlier experimental study (personal
communication) using periodically collected serum sam-
ples from few infected and vaccinated animals when tested
with N and H protein based PPRV MAD based C-ELISA
(Singh et al., 2004b; Yadav et al., 2009), it was observed
that in the infected animals PPRV N specific antibodies
appears earlier up to 10-14 days and afterwards PPRV H
protein antibodies appears in the serum. Where as in vac-
cinated animals H protein specific antibodies appears ear-
lier up to 14 days thereafter N protein specific antibodies.
This needs further studies to be undertaken.

PPR free countries or countries which are at risk of PPR
introduction may not accept the currently being used live
attenuated PPRV antigen based ELISA kit. In these cir-
cumstances, the rPPRVNP polyclonal antibody based
indirect ELISA would be the most sought assay as com-
pared to whole PPRV antigen based kits. Further, it is well
known that the prokaryotic expression system is cost-ef-
fective, user-friendly and easy to scale up commercially. It
is also possible to produce the recombinant antigen on a
large-scale in a single batch with use of fermenter. Such a
product would have the homogeneity due to a single-cycle
of down-stream processing. This indirect ELISA as addi-

tional diagnostic tool for diagnosis of PPR in sheep and
goats and rPPRVNP could be a sustainable source of safe
antigen in countries of non-endemicity without the need
to handle infectious virus for sero-diagnosis.
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