
Introduction

Rinderpest virus (RPV) infection is a viral disease with
an acute and peracute course and having infections
showing high mortality and morbidity (1). The disease
causes necrosis and erosions on the mucosa of respiratory
and digestion systems (2-4).

RPV belongs to the morbilli virus genus of
paramyxoviridae family, and has single stranded, negative
polarity and nonsegmented RNA genome (5-7). RPV,
which has serologically single serotype, has antigenic
affinities with the measles virus, canine distemper virus
and the peste-des-petits ruminantes virus, which causes
plague in small ruminants, included within the morbilli

virus genus (8-11). It has six structural proteins, namely
nucleoprotein (N), phosphoprotein (P), matrix (M), fusion
(F), hemagglutinin (H), and large (L), and two
nonstructural V and C proteins. Using transcription
mapping method, the sequence of the genes on the viral
genome was found to be N–P–M–F–H–L from 3’
direction to 5’ direction (7,12,13).

The nucleoprotein of the RPV plays a role not only in
the formation of nucleocapsid, but also in transcription
and replication (6,14-18). Since NP, which is an internal
protein, stimulates cellular immunity, it is important for
the development of vaccination against the RPV (19).
Moreover, the determination of NP protein is also used in
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Abstract: In the present study cloning of the NP gene in a cloning vector is reported. For this purpose, Vero cells were infected with
rinderpest RBOK vaccine strain. Total RNA was obtained from the infected cells and reverse-transcription (RT) was performed to
get cDNAs of NP gene. Afterwards, the NP gene was amplified by polymerase chain reaction (PCR) with the primers specific to the
NP gene. The NP gene, 1575 bp in length, was cloned into pGEM-3Zf (-) cloning vector. PCR screening and enzyme digestion assays
carried out to verify the presence of the NP gene.
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S›¤›r Vebas› Virüsü RBOK Afl› Suflu Nükleoprotein (NP) Geninin Klonlanmas›

Özet: Bu çal›flmada nükleoprotein (NP) geninin bir klonlama vektörüne klonlanmas› amaçlanm›flt›r. Bu amaçla Vero hücreleri s›¤›r
vebas› RBOK afl› suflu ile infekte edildi. ‹nfekte hücrelerden toplam RNA’lar elde edildi ve NP geni kopya DNA’lar›n› elde etmek için
tersine transkripsiyon (TT) yap›ld›. Daha sonra NP genine özgül primerler ile NP geni polimeraz zincir reaksiyonu (PZR) ile ço¤alt›ld›.
1575 baz uzunlu¤una sahip NP geni pGEM-3Zf (-) klonlama vektöründe klonland›. NP geninin klonlanmas› PZR tarama ve enzim
kesim deneyleri ile teyit edildi. 
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the diagnosis of viral diseases (19,20). NP gene has a
1668 nucleotide length and expresses the NP protein,
which has a molecular weight of 65 kDa (21). The NP
gene has an open reading frame (ORF) encoding 525
amino acids with a 1575 nucleotide length. 3’
nontranslating region has 53 nucleotides, and 5’
nontranslating region has 40 nucleotides (11,13,19).

Cloning activities provide great convenience for gene
manipulations. Cloning of viral genes and expression of
them in different systems enable studies on the biological
activities of these genes (22).

In this study, total RNAs obtained from Vero cells
infected with the RPV vaccine strain are used for
multiplication of nucleoprotein gene region through
reverse transcription and polymerase chain reaction
(PCR), for the placement of the amplified NP gene to the
cloning vector, for the transformation of recombinant
plasmid to Escherichia coli cells and for the cloning of NP
gene in the E. coli cells.

Materials and Methods

Cells and virus: African green monkey kidney (Vero)
cells (Sigma, St. Louis, MO, USA) was produced in
Dulbecco’s Modified Eagle’s Medium (DMEM) containing
10% fetal bovine serum and 100 IU/ml penicillin and 100
µg/ml streptomycin. In the study, RPV RBOK vaccine
strain adapted to cell culture as produced in the Etlik
Research Institute was used.

Total RNA isolation: After approximately 65-75% of
the 25 cm2 cell culture flask monolayer with Vero cells, it
was infected with the RPV RBOK vaccine strain. On the
5th day of the infection when cytopathological effect
(CPE) was observed in approximately 80% of the cells,
total RNA isolation was performed with TRI-Reagent
(Sigma, St. Louis, MO, USA) in accordance with the
protocol of the manufacturer (23).

Reverse transcription (RT) and PCR: In the
establishment of the primers specified to the NP gene,
EMBL gene bank X68311 RPV RBOK vaccine strain gene
sequence was utilized. According to the gene sequence,
the forward primer (NP1: 5’ GG AAG CTT CCG CTA GCC
CAC CAT GGC TTC TCT C 3’) and the reverse primer
(NP2: 5’ GGG TCG ACT CAG TTG AGA AT 3’) were
designed. HindIII and NheI enzyme cut sites and Kozak
DNA sequence were added to the forward primer; and
SalI enzyme cut sites was added to the reverse primer.

The reverse primer was used to make cDNAs of the
nucleoprotein gene by using reverse transcription assay.
Using these cDNAs as templates, 10 pmol reverse and
forward primers, 1.25 mM dNTP (Promega), 25 mM
MgCl2 (Promega), 10X PCR buffer (Promega), 2U Taq
DNA Polymerase (Promega), and 50 µl PCR mixture were
prepared. After preheating at 95 °C for 2 minutes, the
PCR was established containing 32 cycles with
denaturation at 94 °C for 1 minute, annealing at 44 °C
for 1 minute, extension at 72 °C for 5 minutes and
ending with final extension at 72 °C for 15 minutes. The
amplified NP gene PCR products were visualized on 1.5%
agarose gel stained with ethidium bromide (24).

Purification of the nucleoprotein gene from the
agarose gel: The NP gene was purified from the low
melting agarose gel using the Wizard PCR Preps DNA
Purification System (Promega) in accordance with the
protocol of the manufacturer (25).

Formation of recombinant plasmid and
transformation to E. coli: pGEM-3Zf (-) (Promega)
plasmid was used as the cloning vector. After the purified
nucleoprotein gene, both the cloning vector and the
amplified NP gene PCR products were cut with HindIII
and SalI enzymes. The ligation reaction using T4 DNA
ligase enzyme with a gene/vector ratio of 3:1 was
performed at 16 °C for 16 hours. The ligation product
was transformed to JM109 cells of E. coli prepared in
advance with RbCl2 method. The cells were kept at 4 °C
for 30 minutes. Subsequently, they were kept at 42 °C
for 1 minute to ensure the transformation of
recombinant plasmid to the cells. 400 µl Luria Bertani
(LB) solution was added to the cells and they were stirred
at 37 °C for 1.5 hours. The transformed cells were
inoculated to LB plate containing 60 µg/ml ampicillin and
kept at 37 °C for 16 hours (24).

PCR screening and verification with enzyme
digestion assays: In order to determine the recombinant
plasmids, PCR screening (PCR-S) test was performed
(26). Briefly, a sterile toothpick tip was touched on the
enumerated colonies and transferred to another plate
containing ampicillin. Touching with the toothpick tip
again to the colony, the mixture containing 2 µl 25 mM
MgCl2 (Promega), 2 µl 10X PCR buffer (Promega), 3 µl
1.25 mM dNTP, 4 µl 10 pmol/µl nucleoprotein gene
specific primer and 4 µl dH2O was contacted. It was
preheated at 95 °C for 10 minutes. Following a quick
spin, 1 U Taq DNA polymerase (Promega) was added and
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mineral oil was dropped. The PCR-S program was
adjusted to 25 cycles containing preheating at 95 °C for
5 minutes, separation at 94 °C for 1 minute, binding at
55 °C for 1 minute and extension at 72 °C for 1 minute.
PCR products were visualized on 1.5% agarose gel
stained with ethidium bromide.

Showing the NP gene in recombinant plasmid:
Using alkali lysis method, the recombinant plasmid DNA
was obtained from the transformed E. coli cells (24). In
brief E. coli JM109 which recombinant DNAs were
transformed was growth in 100 ml LB with ampicillin at
37°C for 16 hours. To harvest, growth cells in
suspension was centrifuged, then supernatant was
discarded and pellet was resuspended with 1 ml STE (0.1
M NaCl, 10 mM Tris.HCl [pH 8.0], 1 mM EDTA [pH 8.0])
and centrifuged at 12,000 rpm for 10 minutes. Duration
of this lysis mixing was centrifuged at 12,000 rpm for 10
minutes. Following this procedure to degrade RNA,
pancreatic RNAse (10 µg/ml) was mixed at 37 °C for an
hour. For the deproteinization of DNA, an equal volume
of sample phenol-chloroform was performed in same
speed centrifuge. For DNA precipitation upper phase was
replaced new tube and added 2 volumes of ethanol and
1:10 volume 3 M Na-acetate. Mixing left at –80 °C for an
hour precipitation and centrifuged at 12,000 rpm for 15
minutes. To remove salt from DNA, DNA was washed
twice with 70% ethanol. Supernatant was discarded and
pellet dried. Resuspended DNA with sterile was kept at
–70 °C until used. The presence of the NP gene in the
recombinant plasmid was determined using NheI, HindIII
and SalI restriction enzymes. Moreover, the PCR was
established to the recombinant plasmid DNA using the
primers specific to the NP gene.

Results

On the 5th day of the infection at the Vero cells
infected with RPV vaccine strain, it was observed the
cytopathological changes specific to paramyxoviruses
were obvious in 70-80% of the cells. The cDNAs were
obtained through reverse transcription (RT) using the
total RNAs obtained from these infected cells and were
amplified with the PCR method. Following the PCR, the
NP gene with a length of approximately 1575 nucleotides
was shown in 1.5% agarose gel (Figure 1, lane 1).

In order to determine the recombinant plasmids which
were obtained after the ligation of the NP gene to the

pGEM-3Zf (-) cloning vector and the transformation of
these ligation products to the E. coli cells, PCR-S was
performed using the primers specified to the NP gene and
the presence of the NP gene with a length of 1575
nucleotides was shown in these recombinant plasmids
(Figure 2).

With a view to determining the presence of the NP
gene in the recombinant plasmids, enzyme digestion
assay and PCR were performed using the plasmid DNA
obtained through alkali lysis method. By cutting the
recombinant plasmid with HindIII and SalI enzymes, a
fragment of 1575 nucleotides was obtained (Figure 3
lane 3). Moreover, following the cutting with the NheI
enzyme, which does not recognize any site on the cloning
vector, but which is placed at 5’ end of the NP1 primer,
it was observed that the plasmid was opened in a linear
structure as expected (Figure 3 lane 2).

The primers specific to the NP gene were used in
order to show the presence of the NP gene in the
recombinant plasmid. The NP gene with length of 1575
nucleotides as amplified by the PCR was shown in the
agarose gel stained with 1.5% ethidium bromide (Figure
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Figure 1. Agarose gel electrophoresis of RT-PCR products of NP gene
of RPV RBOK vaccine strain.
Lane 1: PCR product (1575 bp) obtained from Vero cells
infected with RPV RBOK vaccine strain. Lane 2: DNA ladder
(Lambda DNA EcoRI/HindIII marker) 



3 lane 4). Moreover, as a result of the ligation of the NP
gene to the pGEM-3Zf (-) cloning vector having a length
of 3200 nucleotides, it was shown to have acquired a
length of 4775 nucleotides (Figure 3 lane 5). The
recombinant plasmid obtained was called pGEM-SV-NP.

Discussion

In this study, gene of NP of rinderpest virus RBOK
strain was cloned successfully. To confirm cloning of NP
gene, restriction enzyme assay was used and almost 200
base pair of region NP gene was sequenced as a manual.
As a result it was confirmed by enzyme digestion and
sequencing assay. RPV RBOK is a vaccine strain. The
whole sequence of NP was known and so NP gene, 1575
nucleotide base pair, was partially sequenced. 

Nucleoprotein is an internal protein of the viruses
within the paramyxoviridae family (19). Nucleoprotein
takes part in the formation of ribonucleoprotein (RNP)
structure (12).

Nucleoprotein is important for the development of
vaccines against the viral infections, especially for the
formation of cellular immunity (19,20,27). Moreover,

the determination of the NP protein is used in the
diagnosis of viral disease (19,20).

For the effective control and elimination of RPV
disease, it is an important step to distinguish serologically
the infected and vaccinated animals (28). Recently, the
utilization of recombinant vaccines for effectively fighting
with RPV has become dominant (1). These vaccines are
very successful in forming a protective immune response
to the disease. However, it is impossible to distinguish the
vaccinated and infected animals concerning the
vaccinations with this vaccine. One of the most reliable
methods in the diagnosis of RPV disease is the serum-
neutralization test (2,19). Yet, this test is time consuming
and expensive as well as requires experienced laboratory
staff. On the other hand, using the diagnostic kits
prepared from nucleoprotein, it is definitely possible to
distinguish the animals vaccinated with recombinant
vaccine from the infected animals and it takes much less
time (20).

For these reasons, we attempted to clone the
nucleoprotein gene of RPV. Works for placing the cloned
NP gene to the expression vector and for preparing the
diagnostic kits are underway.
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Figure 2. Agarose gel electrophoresis of PCR-S products.
Lane 1, 2, 3 positive colonies with PCR-S. Lane 4: RPV-RBOK
NP gene purified from agarose gel. Lane 5: DNA ladder
(Lambda DNA EcoRI/HindIII marker) 

Figure 3. Demonstration of recombinant plasmid pGEM-SV-NP.
Lane 1: RPV-RBOK NP gene purified from agarose gel. Lane
2: NheI cut pGEM-SV-NP plasmid DNA. Lane 3: HindIII/SalI
cut pGEM-SV-NP plasmid DNA. Lane 4: pGEM-SV-NP plasmid
DNA was used as template in PCR assay where RPV-NP gene
specific primers were used. Lane 5: Uncut pGEM-SV-NP
plasmid DNA. Lane 6: Uncut pGEM-3Zf (-) plasmid DNA. Lane
7: DNA ladder (Lambda DNA EcoRI/HindIII marker).
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