大韓獸醫學會誌(2006) 第46卷 第4號

Korean J Vet Res(2006) 46(4) : 355~361

Analysis for nucleotide sequence of the membrane protein
gene of porcine epidemic diarrhea virus Chinju99
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Abstract : Porcine epidemic diarrhea virus (PEDV) strain Chinju99, which was previously isolated from

piglets suffering from severe diarrhea was used to characterize the membrane (M) protein gene to establish
the molecular information, and the results will be useful in elucidating concepts related to molecular
pathogenesis and antigenic structures of PEDV isolates. The Chinju99 M gene generated by reverse
transcription and polymerase chain reaction (RT-PCR) consisted of 681 bases containing 22.3% adenine,
22.3% cytosine, 23.1% guanine and 32.3% thymine nucleotides, and the GC content was 45.4%. It had
some nucleotide mismatches from M gene of other PEDV strains, such as CV777, Br1/87, KPEDV9, JMe2, JS2004-2 and LJB-03 with 97-99% nucleotide sequence homology to these strains. Also, it
encoded a protein of 226 amino acids, which had some mismatches from those of CV777, Br1/87,
KPEDV-9, JMe2, JS20004-2 and LJB-03, as the amino acid sequence homology showed a 97-98% to
these strains. The Chinju99 had a very close relationship to the Japanese strain JMe2 for the nucleotide
and amino acid sequences of the M gene. The amino acids predicted from Chinju99 M gene consisted
of mostly hydrophobic residues and contained three potential sites for asparagine (N)-linked glycosylation,
two serine (S)-linked phosphorylation sites by protein kinase C, and two S- or threonine (T)-linked
phosphorylation sites by casein kinase II.
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Among the proteins, M has been suggested for the
immune reaction and may play an important role in
the induction of protection and in mediating the course
of the disease [6, 19, 21]. Furthermore, the M protein
of the coronaviruses provides an interesting opportunity
for studying the taxonomic position of viruses because
of a number of unifying and distinguishing features of
the amino acid sequence themselves and of their cotranslational and post-translational processing [8, 9, 19].
In the genomic studies for the PEDV strains, the
complete nucleotide sequence of the Belgian strain
CV777 genome was established [12]. Also, nucleotide
sequences of N and S genes of the British strain Br1/
87 were reported [1, 3]. Lee and Yeo [14] isolated a
PEDV strain from piglets suffering from severe
diarrhea in Korea and named it as Chinju99 after they

Introduction

Porcine epidemic diarrhea (PED) affects swine of all
age of which clinical signs are similar to transmissible
gastroenteritis such as watery diarrhea, vomiting and
dehydration [16, 18]. The PED virus (PEDV) belongs
to the genus
of the family
,
and it is a member of the group I coronaviruses on
the basis of antigenic properties [16]. The genomic
RNA of coronaviruses is a linear, single-stranded
molecule that is capped, polyadenylated, and infectious
[16]. PEDV possesses a glycosylated peplomer (spike,
S) protein with a molecular weight of 180-200 kDa, a
glycosylated membrane (M) protein of 27-32 kDa, and
an unglycosylated RNA-binding nucleocapsid (N) protein
of 57-58 kDa [3, 5, 11, 17, 19, 20].
Coronavirus

Coronaviridae
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characterized biological and physiochemical properties
of the strain. They reported the nucleotide sequence of
the Chinju99 N gene, which shows a 96.5% homology
with that of CV777 [15]. Yeo
. [22] also reported
nucleotide sequence of the Chinju99 S gene with 94.5%
homology to CV777.
As regards M gene, nucleotide sequences of Belgian
strain CV777, British strain Brl/87, Korean strain
KPEDV-9, Japanese strain JMe-2 and Chinese strain
LJB-03 were reported [1, 9, 10, 13]. There is, however,
no information on the analysis for the nucleotide and
amino acid sequences of the M gene of PEDV strains.
Therefore, molecular characterization of the M gene
needs further exploration as far as it concerns with
immune reaction and pathogenesis of the disease.
The present study gives insights to the sequences of
nucleotides and deduced amino acids of M gene from
PEDV Chinju99 strain and to be able to characterize the
M gene of Chinju99 to provide molecular information.
et al

Materials and Methods

Virus

A strain of PEDV, Chinju99 which was previously
isolated from the intestinal tissues of piglets suffering
from severe diarrhea in Chinju, Korea was used in this
study [14]. The virus was propagated in Vero cells grown
in minimal essential medium containing streptomycin
(100 µg/ml), penicillin (100 U/ml) and trypsin (10 µg/
ml) in a 5% CO2 incubator at 37oC following the methods
of Hofmann and Wyler [7].

Extraction of viral RNA

The medium was removed at 15 h post-infection at
the early stage of cytopathic effects such as rounding
degeneration and syncytia formation. Viral RNA was
extracted from the cells by using commercial kit (RNeasy
minikit; QIAGEN, USA) following manufacturer’s suggestions. The RNA was dissolved in diethyl pyrocarbonate-treated distilled water and stored at −70oC before
use.

Primers used for cDNA synthesis

Sense and antisense primers were designed and
aligned to the nucleotide sequences of the M gene of
CV777, Br1/87, JMe2 and KPEDV-9 strains from the
GenBank database of National Center for Biotechnology
Information (NCBI, USA). The sense primer MF1

(5'ACCCCCTCCCCAGTACTGTTA3') and the antisense
primer MR1 (5'CCTGAAAGCTGACAGAAGCCA3')
were used to generate cDNA for the M gene of Chinju99.

Synthesis of cDNA for M gene

The reverse transcription (RT) for the synthesis of
the first strand cDNA was done using the extracted
RNA with Superscript II reverse transcriptase kit
(Invitrogen, USA) following the manufacturer’s suggestions. The viral RNA was mixed with 2 µl of 100 pM
antisense primer, 4 µl of 5X first-stand buffer, 1 µl of
10 mM dNTP mixture, 2 µl of 0.1 M DTT, 1 µl of
reverse transcriptase (200 U/µl) and brought to 20 µl
by adding distilled water. The reaction mixture was
incubated at 42oC for 50 min and heated at 70oC for
15 min to stop the reaction.
Using a reagent kit (Perkin-Elmer, USA), the dscDNA for the M gene was synthesized by polymerase
chain reaction (PCR). A 3 µl from the first strand
cDNA template was added to 5 µl of 10X PCR buffer,
4 µl of 25 mM MgCl2, 1 µl of 10 mM dNTP mixture,
1 µl of each 100 pM sense and antisense primers, 1 µl
of
DNA polymerase (5 U/µl) and brought to 50 µl
with distilled water. The PCR was carried out in a
thermocycler (Biometra, Germany) following the program of 2 min at 94oC and 30 cycles of 1 min at 94oC,
1 min at 60oC and 1 min at 72oC, and a final extension
at 72oC for 5 min. The PCR products were run in 1%
agarose gel by electrophoresis.
Taq

Nucleotide sequencing

Nucleotide sequencing for the M gene was done
using the Dye Terminator Cycle Sequencing reagent kit
(ABI, USA) by automated DNA analyzer (ABI Prism
3100 DNA analyzer). Direct nucleotide sequencing
reaction was done by PCR using the reagent mixture
of 1 µl of template cDNA for the M gene, 1 µl each
of sense and antisense primers, 2 µl of dye reagent of
fluorochrome-labeled ddNTPs, DNA polymerase and
buffer, and 5 µl of distilled water. The PCR reaction
was carried out in a thermocycler (Perkin-Elmer, USA)
following 30 cycles of 10 sec at 96oC, 5 sec at 50oC
and 4 min at 60oC.

Analysis of nucleotide and amino acid sequences

The sequences of nucleotides and deduced amino
acids from Chinju99 M gene were analyzed by computer
program ClustalW (version 1.82) using data available

Nucleotide sequence of PEDV Chinju99 M gene
from NCBI and European Molecular Biology Laboratory
(EMBL). The protein chemistry of Chinju99 M amino
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acids was analyzed using protein statistic programs
PEPSTATS (Pasteur, France), PredictProtein (EMBL)
and ProtScale (Swiss Institute of Bioinformatics, Swiss).
Homology of nucleotide and amino acid sequences was
determined between Chinju99 and other PEDV strains
such as CV777 (NCBI accession No., NC003436) [12],
Br1/87 (Z24733) [1], KPEDV-9 (AF015888) [13], JMe2
(D89752) [9], JS2004-2 (AY653205) and LJB-03 (Y60
8890) [10].
Results

Fig. 1. DNA of PEDV Chinju99 M gene synthesized by

RT-PCR. Lane 1, PEDV M DNA with 681 bases; M, 1
kb plus DNA ladder (Invitrogen, USA).

The result in the synthesis of ds-cDNA for Chinju99
M gene by RT-PCR showed specific DNA band of 681
bases (Fig. 1).
The complete nucleotide sequence of Chinju99 M

Fig. 2. Nucleotide sequence of Chinju99 M gene compared to the sequences of other PEDV strains. Start codon ATG
and stop codon TAA were underlined; only the nucleotides of other strains that mismatched the Chinju99 sequence were
included.
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Table 1. Nucleotide sequence homology of M gene between Chinju99 and other PEDV strains

Chinju99

CV777
98

Br1/87
98

Homology %
JMe2
KPEDV-9
99
98

JS2004-2
97

LJB-03
97

Fig. 3. Putative amino acid sequence of Chinju99 M gene in comparison to the sequences of other PEDV strains. *, translation

termination; three potential asparagine (N)-linked glycosylation sites were in bold letters (NGSI, NFTW, NASS); two potential
serine (S)-linked phosphorylation sites by protein kinase C were underlined (SIR, SEK); two potential S- or threonine (T)linked phosphorylation sites by casein II kinase were italicized (SLFD, TDSE).

Table 2. Homology of deduced amino acid sequences of M gene between Chinju99 and other PEDV strains

Chinju99

CV777
97

Br1/87
97

Homology %
JMe2
KPEDV-9
98
97

gene showed a single open reading frame (ORF) and
consisted of 681 bases containing 152 adenine (22.3%),
152 cytosine (22.3%), 157 guanine (23.1%) and 220
thymine (32.3%) nucleotides, and a GC content was
45.4%. Nucleotide sequence of the Chinju99 M gene
had 10 mismatches from those of CV777 and Br1/87;
19 from LJB-03; 8 from KPEDV-9, 14 from JS20042 and 6 from JMe2 strains (Fig. 2). The Chinju99 M
gene showed 99% nucleotide sequence homology to
JMe2, 98% to CV777, Brl/87 and KPEDV-9, and 97%
to JS2004-2 and LJB-03 (Table 1).
The protein encoded by Chinju99 M gene comprised
226 amino acids, which had 6 amino acids mismatches
from those of CV777 and Brl/87; 7 from LJB-03; 5
from KPEDV-9 and JS2004-2 and 3 from JMe2. Among
mismatched amino acids, the residues at position 18,
133 and 181 in Chinju99 M protein were cysteine (C),

JS2004-2
97

LJB-03
97

leucine (L) and valine (V), respectively, whereas those
in other PEDV strains were exclusively tryptophan (W),
valine (V) and glycine (G). The Chinju99 M protein
had three potential asparagine (N)-linked glycosylation sites at amino acid position 3, 19 and 188.
There were two potential serine (S)-linked phosphorylation sites at amino acid position 99 and 219 by
protein kinase C. Also, there were two potential S- or
threonine (T)-linked phosphorylation sites at amino
acid position 63 and 217 by casein kinase II recognized
in the protein (Fig. 3). The amino acids of Chinju99
M gene showed 98% sequence homology to JMe2 and
97% to CV777, Brl/87, KPEDV-9, JS2004-2, and LJB03 (Table 2). The Chinju99 M protein consisted of
mostly hydrophobic amino acids, and there was a
stretch of highly hydrophobic residues at position 2730 (Fig. 4).

Nucleotide sequence of PEDV Chinju99 M gene

Fig. 4. Hydropathicity predicted in Chinju99 M amino acid
sequence by the Kyte-Doolittle scale: a stretch of highly
hydrophobic residues was found at position 27-30 indicated
by an arrow.
Discussion

The nucleotide sequence of Chinju99 M gene in full
length was established and compared to those of other
PEDV strains in this study. The nucleotide sequence
of Chinju99 M gene showed a single ORF of 681 bases
with 22.3% adenine, 22.3% cytosine, 23.1% guanine
and 32.3% thymine. Chinju99 M gene had some
nucleotide mismatches from those of CV777, Br1/87,
LJB-03, KPEDV-9, JS2004-2 and JMe2, as the nucleotide
sequence homology of Chinju99 showed 97-99% to
these strains, with highest homology to JMe2.
There was a protein of 226 amino acids deduced
from Chinju99 M gene, and the protein had some
amino acid mismatches from those of CV777, Br1/87,
LJB-03, KPEDV-9, JS2004-2 and JMe2, as the amino
acid sequence homology of the Chinju99 M gene
showed 97-98% to these strains, with the highest
homology to JMe2. Therefore, the Chinju99 M gene
had a very close relationship to the Japanese strain
JMe2 for the nucleotide and amino acid sequences, that
means Chinju99 M gene was clearly homologous to
that of JMe2 than to that of KPEDV-9, a Korean strain.
Likewise, the Chinju99 M protein had three amino
acids solely different from those of other PEDVs at the
position 18, 133 and 181. Therefore, it was supposed
that these changes, even minor to the complete sequence
of amino acids, would affect function of the Chinju99
M protein, although no further investigation in this
aspect was made.
Typically, the membrane glycoproteins of the antigenic
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group I coronaviruses are N-glycosylated and a structural
component of the virus particle [16, 19]. N-terminus
of M protein is accessible at the outside of the virion,
whereas the C-terminus is hidden at the inside. In order
to be glycosylated, the M protein has to be integrated
in the endoplasmic reticulum (ER). In the absence of
a cleavable signal sequence, this may be achieved
through each one of the three membrane spanning
domains common to all the M proteins of coronaviruses
[19]. Therefore, the presence of M protein can be a
hint to the replication of PEDV and can give an early
and accurate diagnoses of PEDV infection as the virus
replicates in cytoplasm of the infected cells and mature
by budding from membranes of the ER and cytoplasmic
vesicles [19].
Chinju99 M protein had three potential N-linked
glycosylation sites (N at position 3, 19 and 188). The
glycosylation process will enable this protein to be
more structurally complex, with a change in shape and
a higher molar ratio contributing different immune
response and antigenic reactions in the diagnostic
investigations than simple proteins. Similarly, M proteins
of the CV777 and Br1/87 have one N-linked glycosylation site at amino acid position 3 [4]. Also, Chinju99
M protein consisted of mostly hydrophobic amino
acids, of which feature should be remained masked in
certain serologic assays. Hydrophobic proteins can be
the probable cause of nonspecific background reactions
while they are used as the antigen in ELISA for the
detection of antibodies [2].
Structural features of the Chinju99 M protein
unraveled in the present study can help in elucidating
concepts related to molecular pathogenesis and antigenic
structures of PEDV isolates.
Conclusion

To provide molecular information on the M gene
from Korean strain of porcine epidemic diarrhea virus
(PEDV), nucleotides and deduced amino acids from M
gene of the PEDV Chinju99 were determined and
compared to those of other PEDV strains in the present
study, and the results were as follows.
The Chinju99 M gene in a single open reading frame
encoding 226 amino acids consisted of 681 bases
containing 22.3% adenine, 22.3% cytosine, 23.1%
guanine and 32.3% thymine nucleotides. Nucleotide
sequence of the gene showed 99% homology to JMe2
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and 97%-98% homology to CV777, Br1/87, KPEDV9, JS2004-2 and LJB-03. Amino acid sequence deduced
from the gene showed 98% homology to JMe2 and
97% homology to the remainder.
The Chinju99 M protein consisted of mostly hydrophobic amino acids and had potential asparagine-linked
glycosylation sites at amino acid position 3, 19 and 188,
and potential serine (S)-linked phosphorylation sites at
amino acid position 99 and 219 by protein kinase C.
There also were potential S- or threonine-linked phosphorylation sites at amino acid position 63 and 217 by
casein kinase II.
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