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Abstract The nucleocapsid (N) gene of the porcine
epidemic diarrhea virus (PEDV) strain LIB/03 which
was previously isolated in Heilongjiang province,
China, was cloned, sequenced and compared with
published sequences of other avian and mammalian
coronavirus. The nucleotide sequence encoding the
entire N gene open reading frame (ORF) of LIB/03
was 1326 bases long and encoded a protein of 441
amino acids with predicted Mr of 49 kDa. It consisted
of 405 adenines (30.5%), 294 cytosines (22.1%), 329
guanines (24.8%) and 298 thymines (22.5%) residues.
Sequence comparison with other PEDV strains
selected from GenBank revealed that the LJB/03
N gene has a high sequence homology to those of
other PEDYV isolates, 97.4% with JS2004, 95.6% with
chinju99, 96.6% with Br1/87, and 96.8% with CV777.
The encoded protein shared 96.4% amino acid identi-
ties compared with CV777, 96.1% with Brl/87, 98%
with JS2004, 96.90% with chinju99, respectively. The
amino acid sequence contained seven potential protein
kinase C phosphorylation sites, nine Casein kinase II
phosphorylation sites, one Tyrosine kinase phosphor-
ylation site, two cAMP- and cGMP-dependent protein
kinase phosphorylation sites.
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Introduction

Porcine epidemic diarrhea virus (PEDV) is classified as
a member of the Coronaviridae and causes acute
enteritis in pigs [1], which was first reported in England
in 1971 and has been reported in many countries such
as Germany, Canada, Japanese, Korea, France, Bel-
gium, Switzerland, etc. [2-5]. The disease was first
reported in China in 1976 [6], caused serious economic
losses due to the death of neonatal piglets and weight
loss of the infected pigs. Clinical signs of PED include
anorexia, vomiting, diarrhea, and dehydration. Mor-
bidity and mortality in infected neonatal piglets less
than 5 days old approach 100% because of severe
diarrhea and dehydration. However, mortality in
infected piglets older than 10 days is less than 10% [1].

The coronavirus genome consists of a positive-sense,
single-stranded RNA molecule that is 20-30 kb in
size [7]. Virions are enveloped, pleomorphic, and
80-220 nm in diameter, and they have club-shaped
peplomers approximately 20 nm in length. Coronavi-
rus possesses four major structural proteins including a
phosphorylated nucleocapsid (N) protein and three
envelope proteins, membrane protein (M), spike pro-
tein (S), and envelope protein (E); the first two enve-
lope proteins are major envelope proteins, while the
amount of E protein in virion is low [8-10], S glyco-
protein makes up the large surface projections of the
virion and the M and E proteins are essential for viral
envelope formation and release [11, 12].

Studies indicate that the N proteins of coronaviruses
are extensively phosphorylated, highly basic, and binds,
to the viral genomic RNA forming a helical ribonu-
cleoprotein (RNP) [13]. A variety of functional activi-
ties have been ascribed to the N proteins of previously
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known coronaviruses, including participation in
transcription of the viral genome, the formation of viral
core, and packaging viral RNA [14]. The N protein is
highly immunogenic, more then, the cellular immune
response against N protein of some animal coronavi-
ruses can enhance the recovery from the virus infection
[15, 16].

N protein can accumulates intra-cellularly even be-
fore it is packed in the mature virus [17] and is the most
abundant virus derived-protein throughout the infec-
tion, probably because its template mRNA is the most
abundant subgenomic RNA [18]. These features make it
a suitable candidate for the accurate and early diagnosis
and develop genetically engineered vaccines [19].

The aim of present study was to determine the
complement nucleotide sequence of the PEDV N gene
and get more information about PEDYV isolates comes
from different region. In this study, the RNA of PEDV
was extracted directly from the feces samples of piglets
naturally infected with PEDV LJB/03. The N gene has
been cloned, sequenced and compared with other
PEDYV strains. These data are useful for further the
study of molecular biology of PEDYV strains that are
prevalent in China.

Materials and methods
Virus strain

PEDV LIJB/03 was collected from the feces of piglets
suffering from severe diarrhea in Heilongliang,
China.

Viral RNA extraction

The feces sample was operated following the methods
of Fan Jinghui and Li Yijing [20]. The feces sample was
diluted 1-10 in a disruption buffer (500 mM Tris—HCI
[pH 83], 2% (w/v) PVP-40, 1% (w/v) PEG6000,
140 mM NaCl, 0.05% (v/v) Tween 20), vortexed,
incubated at room temperature for 10 min, and cen-
trifuged using a Beckman F3602 rotor at 2000 x g at
4°C for 5 min. The supernatant was removed and used
for the extraction of the viral RNA using the Trizol
reagent (Invitrogen USA) according to the manufac-
turer’s protocol and dissolved in diethyl procarbonate-
treated distilled water.

Primers for RT-PCR

A pair of sense and antisense primer was designed and
aligned based on nucleotide sequences of the N gene of
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CV777 and Brl/87 available in GenBank. The sense
primer 5-TTATGGCTTCTGTCAGCTTT-3" and anti-
sense primer 5-ACATTGTTTAATTTCCTGTATC-3’
were used to amplify the n gene coding for the N
protein of PEDV strain LIB/03.

Reverse transcriptase polymerase chain reaction

Synthesis of the first-strand cDNA for n gene was
carried out by reverse transcription using promega
reverse transcription reagent. The viral RNA (50 pl)
was mixed with 2.5 pl of 10 pM of the antisense primer,
incubated at 65°C for 5 min, and then placed on ice for
2 min. After that, 4 ul of 5x RT buffer, 4 ul of 2.5 mM
dNTP mixture, 1 ul of RNase inhibitor (40 U/ul), 1 pl
of reverse transcriptase (200 U/ul), 2.5 ul H,O was
added and mixed gently. The reaction mixture was
incubated for 50 min at 42°C, and was terminated by
heating for 10 min at 65°C. RNase H (1 pl) was added
to degrade RNA template for 20 min at 37°C prior to
PCR amplification.

PCR was carried out in a 50 pl volume by mixing the
cDNA above with 2.5 pul of each 10 pM sense and
antisense, 1 mM each of dATP, dGTP, dTTP, dCTP, 5
pul of 10x PCR buffer (100 mM Tris—-HCI, 1.5 mM
MgCl,, 50 mM KCI1, pH 8.3), and 2.5 U Taqg DNA
polymerase (TaKaRa Biotechnology (Dalian) Co.
Ltd.). Cycles were as follows: 94°C for 15 s, followed
by 30 cycles of 94°C for 40 s, 49°C annealing for 30 s,
72°C extension for 1 min and a final extension of 72°C
for 5 min.

The PCR product was analyzed by electrophoresis
through an agarose gel (Fig. 1), and visualized by
staining with ethidium bromide, the target cDNA band
was extracted from the gel using the Qiagen® gel
extraction kit according to the manufacturer’s instruc-
tions. The purified PCR products were cloned into the
pGEM-T easy vector (Promega, Madison, USA) with
T4 DNA ligase. The plasmids were transformed into
E. coli DH5a using standard molecular technique.
Plasmid DNA was extracted by alkaline-lysis from
E. coli DHSo culture and verified by using restriction
enzyme digestion, PCR and electrophoresis in 1%
agarose (Fig. 2). Colonies with correct sizes was named
pGEM-T-N and at least three independent plasmid
clones were analyzed, confirmed and sequenced.

Sequencing

The nucleotide sequence of the N gene of LIJB/03 was,
determined by TaKaRa Biotechnology (Dalian) Co.
Ltd.
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Fig. 1 PCR products of
PEDV N gene on 1% gel.
Lane 1, N products (1326 bp);
Lane 2 and 3, negative
control; Lane 4, a molecular
weight Marker DL 2000
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— 500

— 250

Sequence analysis

Amino acid sequences were aligned using the CLUS-
TAL W method, and phylogenetic trees were con-
structed using the neighbor-joining method. Analyses
were done using the MegAlign application of the
Lasergene software package. The identification of se-
quence motifs was done with the Psi-Blast program
using the Swiss-Prot database through the MyHits web
server (http://myhits.isb-sib.ch).

Results

By using RT-PCR method, we successfully amplified
the nucleocapsid gene. The PCR products were

Fig. 2 Restriction enzyme
analysis of the recombinant
plasmid pGEM-T-N. Lane 1,
Marker DL 15000; Lane 2,
digestion of the recombinant

pGEM-T-N DNA (3400 bp) 5888:
with EcoR 1
2500 —
1000 —

approximately 1.3 kb in size and cloned into the
pGEM-T easy vector.

The complete nucleotide sequence of nucleocapsid
gene has been deposited in GenBank, accession num-
ber is DQ072726.

Sequence analysis indicate that the compete open
reading frame (ORF) for the nucleocapsid gene of
PEDYV LJB/03 consists of 1326 bases and codes for a
basic protein of 441 amino acid. It consisted of 405
adenines (30.5%), 294 cytosines (22.2%), 329 guanines
(24.8%) and 298 thymines (22.5%) and a G+C content
of 47.0%.

The result of motif blast indicated the LJB/03
N protein had seven potential protein kinase C phos-
phorylation sites, nine Casein kinase II phosphoryla-
tion sites, one Tyrosine kinase phosphorylation site,
two cAMP- and cGMP-dependent protein kinase
phosphorylation sites.

The gene had 43 nucleotide mismatches compared
to CV777, a substantial portion (72%, 31/43) of the
substitutions was transversions, about 60% of the
substitutions were non-synonymous mutations.

Table 1 shows that the percent similarity of the
N nucleotide sequences varied from 95.6% to 97.4%
between LJB/03 and the other four strains of PEDV, and
a high degree of identity (94.9-99.8%) was observed
between the nucleotide sequences of PEDYV strains. The
alignment of the nucleotide sequences shows that no
deletion or insertion event was detected, and there is a
large region of absolute identity such as in the region
from nucleotide 517 to nucleotide 614 (517-614 bases).

The entire nucleocapsid protein of PEDV LJB/03
aligned with the published sequences of CV777, Brl/87,
chinju99 and JS2004. This alignment indicates that
overall the sequences are, highly conserved with some
regions showing no variation at all, and the 15 nucle-
otide acid substitutions in the 5" region (1-249 bases)
did not arouse amino acid changes, which may sug-
gestion the N-terminal of the protein had more
homologous than the C-terminal. Two-way compari-
sons among the nucleocapsid proteins of these five
strains of PEDV indicate that the identities range from
95.9% to 98.0%, with CV777 and Brl/87 having the
most identity, and LIB/03 and chinju99 the least.

Phylogenetic analysis

A phylogenetic tree was prepared to further examine
relationships between PEDV and other coronaviruses
based on a comparison of N protein amino acid
sequences (Fig. 3). Phylogenetic analysis showed that
PEDV was more closely related to group 1 (TGEV,
HCV 229E and FIPV) than to members of group 2
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Table 1 Comparision of the nucleotide and deduced amino acid of the N gene of PEDV LJB/03 and CV777, Br1/87, chinju99, JS2004

Homology percent—amino acid

LJB/03 Brl/87 Chinju99 CV777 JS2004
LJB03 96.1 95.9 96.4 98.0
Br1/87 96.6 96.6 99.8 95.9
chinju99 95.6 96.3 96.8 95.2
CV7171 96.8 99.8 96.5 96.1
JS2004 97.4 95.6 94.9 95.8

Similarity percent—nucleotides

PEDV strains chinju99 (Korean field isolate), CV777, Br1/87, JS2004 (another China field isolate) sequences are retrieved from the
GenBank database, accession numbers are AF237764, NC003436, Z24733 and AY653206, respectively

coronaviruses (BCV, HCV 0OC43, and MHV) and
group 3 (IBV and TCV) coronaviruses. In addition,
phylogenetic analyses based on N protein sequences
demonstrated that PEDV strains LJB/03 and JS2004
which comes from China and chinju99 comes from
Korea are more closely related to each other than they
are to those two isolates European CV777 and B1l/87.

Discussion

In the present study, the N gene of LIB/03 was cloned
and sequenced. The result sequence revealed the
N gene has a ORF of 1326 nucleotides coding for a 441
amino acids protein. Sequence comparison with other
PEDYV strains selected from GenBank indicated that
the N gene of PEDV was highly conserved even
though comes from different geographic region, and
the alignment result showed there is some region of
absolute identity in the sequences.

Previous studies showed the chinju99 N protein had
7 potential T- or S-linked phosphorylation sites and
seven potential Casein kinase II phosphorylation sites,
the result in this study indicated the LIB/03 N protein
had seven potential protein kinase C phosphorylation
sites, nine Casein kinase II phosphorylation sites, one

Tyrosine kinase phosphorylation site, two cAMP- and
cGMP-dependent protein kinase phosphorylation sites.

The entire nucleocapsid protein of PEDV LJIB/03
aligned with the published sequences of CV777, Brl/87,
chinju99 and JS2004. This alignment of nucleocapsid
protein sequences indicates that overall the sequences
are highly conserved with some regions showing no
variation at all. This can be the feasible information for
the development of genetically engineered N protein
for vaccine to prevent PEDV infections. Shuichi et al.
developed a method of detection of PEDV Using
Polymerase Chain Reaction based on part of nucleo-
capsid nucleotide, and then compare the Nucleocapsid
nucleotide among Strains of the Virus, the result of
restriction analysis the PCR products were that CV777
and all the Korean strain can be digested with Dra I,
EcoR 1, but the Korean strain was not digested with Pst
I. We found the N gene of LIJB/03 and JS2004 (another
China isolate) have the same restriction patterns with
the Korean strains [21].

Coronaviruses have been subdivided into three
major antigenic groups based on antigenic differ-
ences identified by serological analyses and nucleotide
sequence analyses [22, 23]. Group I members are the
porcine transmissible gastroenteritis virus (TGEV)
and epidemic diarrhea virus (PEDV), feline and ca-

LJB/03

JS2004

— BRUS7

L cvrr7

chinju99

2.0

Nucleotide Substitutions(X100)

Fig. 3 Phylogenetic relationship of PEDV LJB/03 and other
PEDV strains based on a comparison of N protein sequences.
Amino acid sequences were aligned using the CLUSTAL
method, and phylogenetic. trees were constructed using the
neighbor-joining method. Analyses were done using the
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MegAlign application of the Lasergene software GenBank
accession numbers of sequences in the phylogenetic tree are:
LJB/03 DQ072726; chinju99 AF237764; CV777 NC003436; Brl/
87 724733 (Britain isolate); JS2004 AY653206 (China field
isolate)
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nine coronavirus (FCoV and CCoV), and human
coronavirus 229E (HCoV-229E). Group II includes
porcine hemagglutinating encephalomyelitis virus
(HEV), murine hepatitis virus (MHV), bovine,
equine, and rat coronavirus (BCoV, ECoV, and
RtCoV), and human coronavirus OC43 (HcoV-
OC43). Group III is specific for avian species
including turkey coronavirus (TCoV), pheasant coro-
navirus and avian infectious bronchitis virus (IBV).
The coronavirus N protein has been shown to be
highly variable in size as well as in amino acid com-
position between the viruses that comprise the three
coronavirus antigenic groups but highly conserved
within these groups. Group I viral genomes have the
smallest nucleocapsid protein with 378-389 residues,
group II genomes have the largest with 449-455 res-
idues and Group III 409 residues. All 5 PEDYV strains
had 441 amino acid residues, and have a longer pep-
tide than other Group I members, which illuminate
PEDYV, a particular case is an exception to the rule of
the coronavirus N protein has been shown to be
highly conserved within these groups.

In the study, we acquired the nucleotide sequence of
the N gene PEDV LJB/03 and did the nucleotide se-
quence analysis to establish the phylogenetic relation-
ships between several strains of PEDV. This work
showed that the nucleotide sequence can form a base
for further study on the epidemiological study of
PEDYV infections.
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