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ABSTRACT. The gene for the nucleocapsid (N) protein of canine 
distemper virus was cloned into the pMD-18T vector, and positive 
recombinant plasmids were obtained by enzyme digestion and 
sequencing. After digestion by both EcoRI and KpnI, the plasmid was 
directionally cloned into the eukaryotic expression vector pcDNA; the 
positive clone pcDNA-N was screened by electrophoresis and then 
transfected into COS-7 cells. Immunofluorescence analysis results 
showed that the canine distemper virus N protein was expressed in the 
cytoplasm of transfected COS-7 cells. After emulsification in Freund’s 
adjuvant, the recombinant plasmid pcDNA-N was injected into the 
abdominal cavity of 8-week-old BABL/c mice, with the pcDNA 
original vector used as a negative control. Mice were immunized 
3 times every 2 weeks. The blood of immunized mice was drawn 2 
weeks after completing the immunizations to measure titer levels. 
The antibody titer in the pcDNA-N test was 101.62 ± 0.164, while in the 
control group this value was 100.52 ± 0.56, indicating that specific humoral 
immunity was induced in canine distemper virus nucleocapsid protein-
immunized mice.
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INTRODUCTION

Canine distemper virus (CDV) belongs to the Morbillivirus genus, Paramyxoviridae fami-
ly, and induces an acute, highly contagious disease in the Canidae, Felidae, Mustelidae, Viverridae, 
and some members of the raccoon family. This disease is very harmful to the kennel industry, fur 
animal breeding industry, and wildlife conservation industry, with a fatality rate of 80% and ferret 
fatality rate of 100% (Yin and Liu, 1997). With ecological and environmental changes, the natu-
ral hosts of CDV have expanded to 8 families of Carnivora and even to humans. In recent years, 
the prevention of this disease has mainly depended on inoculation with an attenuated vaccine. 
Although CVD prevention has been effective, potential hazards with a certain degree of immune 
inhibition and nervous system damage still exist (Chappuis, 1995; Pardo et al., 1997).

Traditional vaccines are produced using a complete virus, and thus some components 
are not related to specific immunity, which can induce local or systemic adverse reactions. 
Furthermore, attenuated vaccines can cause artificial virus spreading and virulence atavism, 
limiting the traditional application of some vaccines. Currently, some progress has been made 
in studies on genetic engineering of a CDV vaccine that is safer than the traditional vaccine 
(Kerdiles et al., 2006; Rubin and Levin, 2009; Jensen et al., 2009); however, there are few re-
ports from China (Jian et al., 2008; Zhang et al., 2008). DNA vaccine, which includes nucleic 
acid vaccines, is a technology developed in the 1990s. This type of vaccine is used to inoculate 
eukaryotic genes encoding antigen proteins into animals; a vector will express the target an-
tigen protein through the host transcription system to induce an immune response against the 
antigen for prevention and therapy (Fischer et al., 2003; Plattet et al., 2005; Wang et al., 2010). 
DNA immunity comprehensively induces an organism’s immune system, simulating natural 
viral infection and inducing the organism to produce specific body fluids and cellular immune 
responses to protect against the antigen, with both high efficiency of attenuated vaccine and 
safety of the inactivated vaccine (Xue et al., 2006). 

A CDV nucleocapsid (N) protein recombinant plasmid was constructed in this study. 
The vector was transfected into cells and shown to be stably expressed in mice. Our results can 
be expanded for CDV prevention.

MATERAL AND METHODS

Vaccine

Vaccine CDV/R/20-8 was provided by Wuxing Animal Health Medicine Factory in Jilin 
Province, inoculated into Vero cells at 1%, and collected when the cytopathic effect was approxi-
mately 80%. Cellular debris was removed by freezing at -20°C and thawing 3 times followed by 
centrifugation at 89,000 g. The pellet was suspended in phosphate-buffered saline and frozen.

Strains and plasmids

The Escherichia coli JM109 strain was preserved in our laboratory. The pMD-18T 
vector and pcDNA vector were purchased from Promega (Madison, WI, USA). COS-7 cells 
(transformed African green monkey nephrocytes by SV40) were used for transfection and 
purchased from the Institute of Biochemistry and Cell Biology (Shanghai, China) and Chinese 
Academy of Sciences (Beijing, China).
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Reagents 

The RNA PCR Kit (AMV) Ver. 3.0 reverse transcription kit was purchased from TaKaRa 
(Shiga, Japan); the viral RNA Kit was purchased from OMEGA Bio-Tek (Norcross, GA, USA); 
T4 DNA ligase, EX Taq polymerase, dNTP mixture, isopropyl b-d-1-thiogalactopyranoside, 
X-Gal, l-EcoT14I marker, DNA Gel Extraction Kit, and transfection kit (LipofectamineTM 
2000) were purchased from Takara Biotechnology Co., Ltd. (Dalian, China) The E.Z.N.A.® 
HP Plasmid Midi Kit (OMEGA Bio-Tek) was used for large-scale plasmid extraction. Other 
agents were imported or domestic analytical reagents.

Experimental animals

BALB/c mice were purchased from Norman Bethune University of Medical Science.

Virus gene amplification and cloning

RNA extraction was conducted according to the Viral RNA Kit (OMEGA) instructions.

Primer design and synthesis

The primer pair was designed based on the N gene sequence in the CDV genome 
(Seq. No. AF014953.1) recorded in GenBank: S1: 5'-TGAATTCGGGGAGCAATAAGAGGA
ATA-3'; S2: 5'-ANNGAATTCNNCCAAGATAACCATGTACG-3'. The primers containing 
EcoRI and KpnI restriction sites were synthesized by Shanghai Sangon Company (Shanghai, 
China).

Reverse transcription-polymerase chain reaction (RT-PCR)

Extracted RNA was used for cDNA synthesis according to TaKaRa RNA PCR Kit 
(AMV) Ver. 3.0 instructions. The PCR system included: 6.5 mL double-distilled water, 5 mL 
10X PCR buffer, 4 mL 2.5 mM dNTP mix, 1 mL 10 mM forward and reverse primers, 2 mL 
cDNA template, and 0.5 mL 5 U/mL Taq DNA polymerase. The following reaction conditions 
were used: 95°C for 4 min; 94°C for 30 s, 59°C for 30 s, and 72°C for 40 s for 35 cycles, fol-
lowed by 72°C for 10 min.

PCR product extraction and purification were conducted according to extraction kit 
(Axygen, Union City, CA, USA) instructions. The target segment was ligated into the pMD-
18T vector overnight at 16°C. The ligation reaction system included 0.5 mL pMD-18T vector, 
4.5 mL inserted target segment, and 5 mL ligation mixture in a total volume of 10 mL.

N protein gene clone and identification

The ligation product was added into freeze-thawed competent cells on ice for 45 min, 
heat-shocked at 42°C for 2 min, and placed in an ice bath for 5 min. The transformed cells 
were added to 890 mL Luria-Bertani (LB) medium and oscillated at 120 rpm for 30 min. Next, 
200 mL transformed cells were coated onto LB solid medium and incubated at 37°C for 12 
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h. Single colonies were selected from LB solid medium, inoculated into 5 mL LB liquid me-
dium containing ampicillin, and oscillated at 37°C for 12 h. Transformed bacteria were used 
as a template for PCR. The 50-mL reaction system contained: 38 mL double-distilled water, 5 
mL 10X PCR buffer, 4 mL 2.5 mM dNTPs, 1 mL 10 mM forward and reverse primers, 0.5 mL 
bacterial solution, and 0.5 mL 5 U/mL Taq DNA polymerase. Positive clones were detected by 
agarose electrophoresis and identified by sequencing.

 
Subcloning and transfection

The target gene cloned into pMD-18T was extracted by double-enzyme digestion 
with EcoRI and KpnI and purified according to the Axygen extraction kit instructions. 
The gene was ligated into the eukaryotic expression vector pcDNA using conventional 
methods, and positive pcDNA-N clones were screened and analyzed by restriction en-
zyme digestion.

Transfection was conducted according to the transfection kit LipofectamineTM 2000 
instructions, with the original pcDNA vector used as a negative control. An indirect immuno-
fluorescence assay was used to confirm the results. The serum of mice immunized by CDV 
recombinant N gene product expressed in E. coli was used as the primary antibody; goat 
anti-mice IgG labeled by fluorescein isothiocyanate was used as the second antibody. The 
results were observed and recorded under an inverted fluorescence microscope. Recombinant 
plasmid amplification and purification were conducted according to the E.Z.N.A.® HP Plasmid 
Midi Kit instructions.

DNA immune

Twenty BALB/c female mice that were 8 weeks old were divided into 2 groups 
(pcDNA-N-injected group and original pcDNA-injected group); complete emulsion of 100 
mg plasmid DNA and 100 mL Freund’s adjuvant (1:1) were injected into mouse abdomens. 
These mice were immunized 3 times at intervals of 2 weeks, and their blood was extracted to 
separate the serum 2 weeks after completing the immunization.

Serum anti-N antibody titer detected using enzyme-linked immunosorbent assay 
(ELISA) 

Reaction conditions were determined based on previous studies (Waner et al., 2003). 
The OD490 value was measured after the reaction. Titers were calculated at the serum maxi-
mum dilution ratio when P/N ≥ 2.0.

RESULTS

Virus proliferation results

Vero cells were inoculated with CDV when they had covered the plate in a monolayer. 
A cytopathic effect occurred after incubation with 5% CO2 at 37°C for 3-4 days, including 
enhanced refraction, cell dragnet, agglutination, and abscission (Figure 1).
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Figure 1. CDV production in vitro cytopathic effects (CPE) (10 x 10). A. Normal Vero cell. B. CPE cell.

N gene RT-PCR amplification product identification results

Based on the known CDV N gene sequence, RT-PCT amplification was conducted and the 
amplified segment length was consistent with the expected length of 1572 bp (Figure 2).

Figure 2. N gene RT-PCR results. 

N gene clone and sequencing identification results

The bacterial solution identified by PCR was sequenced bidirectionally by Shanghai 
SANGON Biotechnology Co., Ltd. to ensure sequence accuracy. A 1572-bp sequence was 
obtained. This sequence was aligned with AF014953.1, and identity was found to be 99.1%, 
indicating that cloning was successful.

Recombinant pcDNA-N expression in COS-7 cells

After purification, recombinant pcDNA-N was transfected into COS-7 cells, fixed 
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with acetone/ethanol (3:2) 48 h after transfection, and expression was verified using an immu-
nofluorescence assay. Specific fluorescence appeared in pcDNA-N-positive cells (Figure 3A), 
while no fluorescence was observed in negative control cells containing the empty plasmid 
(Figure 3B). Thus, the recombinant plasmid was expressed in vitro.

Figure 3. Immunofluorescence assay of pcDNA-N transfection of CDV N gene expression in COS7 cells (200X). 
A. Detection of plasmid pcDNA-N by IFA. B. Negative control.

ELISA detection results for antibody induced by recombinant plasmid in mice

The pcDNA-N and pcDNA empty vector DNA were injected into the abdomens of 20 
8-week-old BALB/c female mice. Mouse blood was extracted to separate the serum 2 weeks 
after completing the immunization, and the specific antibody was detected using ELISA (Fig-
ure 4). Figure 3 shows that pcDNA-N DNA generated the antibody with a titer of 101.62 ± 0.164, 
while the antibody with titer of only 100.52 ± 0.56 was detected in the negative control group, 
which was considered a non-specific background reaction.

Figure 4. pcNDA-N and pcDNA original carrier gene immune BALB/c mice after ELISA to detect CDV antibody titer. 

DISCUSSION

Canine distemper is a highly contagious disease caused by CDV and is harmful to 
Canidae and other Carnivora animals. Viral proteins include nucleocapsid (N) protein, phos-
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phoprotein, matrix membrane protein, fusion protein, and attachment protein; among these, 
the N protein is a structural protein with the highest content in the virus structure and plays 
a regulatory role in virus assembly, transcription, and duplication. N is an immunogenicity 
protein with the highest conservation and can induce a strong antibody reaction upon viral 
infection (Kibirev et al., 2010). In addition, the N protein contains T cell epitopes, which play 
an important role in the cell immune system. CDV toxicity is closely related to the N protein, 
and plays an important role in persistent infection of the central nervous system (Jensen et 
al., 2009; Fukumoto et al., 2009). The N protein is the immunogenicity protein showing 
the strongest conservation in CDV without a glycosylation site. Therefore, the CDV/R/20-8 
strain was used; the gene encoding the virus N protein was inserted into the eukaryotic ex-
pression vector pcDNA3.1; recombinant plasmid pcDNA-N was constructed to examine the 
CDV DNA vaccine.

Recombinant eukaryotic expression vector pcDNA-N was transfected in vitro to veri-
fy its expression, amplified for cultivating, purified, emulsified completely with Freund’s adju-
vant, and injected into BALB/c mice. pcDNA-N induced the ELISA antibody at higher levels 
with a titer of 101.62 ± 0.164, which is consistent with the Sixt (1998) report that the constructed 
pVIJ-F and pVIJ-H recombinant plasmids induced an immune response after immunization of 
mice by gene gun and intramuscular injection. Xu et al. (2003) reported that capsular glyco-
protein genes F and H were cloned for eukaryotic expression and induced an immune response 
through intramuscular injection with polyethyleneimine as an adjuvant. During the immune 
response in this study, other inoculating methods were explored but the results were similar, 
and immune adjuvant screening should be further examined. We found that the constructed 
recombinant plasmid pcDNA-N was expressed and showed biological activity in mice, pro-
viding a foundation for further experiments in Canidae.
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