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To determine the characteristics of the Korean porcine reproductive and respiratory syndrome virus
(PRRSYV), CA, which was isolated from the serum of an infected pig in 2006, we investigated the nucleo-
tide sequence and expression of the structural ORFs (ORFs 2 to 7) using the bApGOZA system. We found
that the structural ORFs 2 to 7 of CA consisted of 3188 nucleotides that were the same as those formed
from VR-2332. Comparison of the CA with the other strains revealed nucleotide sequence identity ranging
from 89.8 to 99.5%. To better understand the genetic relationships between other strains, phylogenetic
analyses were performed. The CA strain was closely related to the other North American genotype strains
but formed a distinct branch with high bootstrap support. Additionally, expression levels of the PRRSV
proteins in insect cells were strong or partially weak. The results of this study have implications for both

the taxonomy of PRRSV and vaccine development.
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Porcine reproductive and respiratory syndrome (PRRS) is
one of the most economically important diseases affecting
the swine industry worldwide, characterized by reproductive
failure in late term gestation in sows and respiratory dis-
ease in pigs of all ages. The causative agent, the PRRS virus
(PRRSV), is a member of the family Arteriviridae and be-
longs to the order Nidovirals, along with equine arteritis virus
(EAV), lactate dehydrogenase-elevating virus (LDV), and the
simian hemorrhagic fever virus (SHFV) (Cavanagh, 1997,
Snijder and Meulenberg, 1998). PRRSV is an enveloped virus
containing a 15 kb positive strand RNA genome (Meulenberg
et al., 1997) with a poly (A) tail at its 3’-end. The viral ge-
nome contains nine open reading frames (ORFs). The first
two ORFs (la and 1b) comprise the 5’-terminal two-thirds
of the viral genome and encode the RNA-dependent RNA
polymerase. The ORFs 2~7 are postulated to encode for
structural proteins. Proteins encoded by ORFs 2~4 are
designated GP2, GP3, and GP4 and, postulated to be asso-
ciated with the viral membrane (Mardassi et al., 1995; Van
Nicuwstadt et al., 1996). The major structural proteins are
15 kDa nucleocapsid (N), 18~19 kDa matrix (M), and 25
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kDa envelope (GP5) proteins that are encoded by ORFs 7,
6, and 5, respectively (Meulenberg et al., 1995; Murtaugh et
al., 1995). Despite the strong immunogenicity of the N pro-
tein, it has not been associated with protection. The M pro-
tein may be involved in virus assembly and budding and
contains three highly hydrophobic regions in its N-terminal
half, which are assumed to represent potential membrane-
spanning domains, with only 10~18 amino acids being ex-
posed on the virion surface (Mardassi et al., 1995; Mardassi
et al., 1996; Plagemann, 1996). GP5 is the most important
glycoprotein of PRRSV involved in the generation of
PRRSV-neutralizing antibodies and protective immunity
(Bastos et al., 2004; Jiang et al., 20006).

PRRSVs can be divided into European (type I) and North
American (type II) genotypes, which are represented by the
Lelystad and VR-2332 strains, respectively. The two geno-
types share less than 60% nucleotide identity (Nelsen et al.,
1999) and are distinguished not only genetically but also
antigenically (Meng, 2000). Genetic variation among PRRSVs
within each genotype also has been reported, and viruses
tend to be clustered by geographical origin (Forsberg et al.,
2002; Larochelle et al., 2003; Mateu et al., 2003; Thana-
wongnuwech et al., 2004). However, the genetics of the
Korean PRRSVs are not yet well characterized. Kang et al.
(2004) determined the first complete genomic sequence
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from the Korean PRRSV isolate PL97-1 and then com-
pared it with the sequences of 11 other PRRSV isolates (3
each from the US and, China, 1 each from Canada and the
UK, and 3 vaccine strains). They found that PL97-1 was
most closely related to the North American genotype VR-
2332, a VR-2332-derived vaccine strain, and the Chinese
genotype BJ-4, but they did not further characterize the
Korean PRRSV genes. Recently, Cha et al. (2006) and Yoon
et al. (2008) determined the complete ORF5 and ORF7 se-
quences of Korean PRRSV isolates and compared them
with previously published sequences, respectively. Previous
phylogenetic analyses have mainly focused on partial ORF5
sequences (Meng et al., 1995a; Mateu et al., 2003), which
appears to be the most variable protein when the American
and European isolates are compared and which shows the
highest degree of genetic diversity within a single genotype.
Other studies have also investigated the PRRSV genetic re-
lationships by comparing the ORF7 nucleotide sequences
(Forsberg et al., 2002; Stadejek et al., 2002) or other proteins
(Meng et al., 1995b; Oleksiewicz et al., 2000).

The baculovirus expression vector system is a helper-in-
dependent system that has found extensive use for the ex-
pression of heterologous genes. Autographa californica nucle-
opolyhedrovirus (AcNPV) is the prototype baculovirus strain
and the virus most commonly used in expression vector
systems. The target gene is cloned into an appropriate trans-
fer vector such that it is flanked by viral DNA sequences to
allow recombination. Insect cells are then co-transfected
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with viral DNA and the modified transfer vector. Double
recombination between these DNAs results in the transfer
of the target gene to the viral genome. bApGOZA system
is AcNPV-based recombinant baculovirus (Je et al., 2001)
and combines recombination with a deleted viral genome
lacking part of the essential ORF1629 (Kitts and Possee,
1993) and recombination with a viral genome maintained in
E. coli (Luckow et al., 1993). Therefore, the bApGOZA
system facilitates the rapid and efficient generation of re-
combinant virus.

The aims of this study were (1) to determine the nucleo-
tide sequences of the structural ORFs (ORFs 2 to 7) of
CA, the PRRSV recently isolated in Korea; (2) to assess
the phylogenetic relationships between CA and those from
other countries; and (3) to characterize the proteins en-
coded by ORFs 2 to 7.

Materials and Methods

Virus and cells

The CA strain (KCTC 11131BP) was isolated from the sera
of field pigs at the acute stage of PRRSV infection in 2006.
The virus was passaged twice on sub-confluent monolayers
of MARC-145 cells in minimum essential medium supple-
mented with 10% fetal bovine serum (Gibco BRL, UK),
nonessential amino acids, sodium pyruvate, and antibiotics
in 5% CO, at 37°C. The virus was collected when 70% of
the cells showed cytopathology. The supernatant was stored

Table 1. Primers used for amplification and sequencing of PRRS viral genome

Primer Sequence® Fragment position
ORF2F 5-GGAATTCGCCACCATGAAATGGGGTCCATGCAAA-3’ 12073-12843
ORF2R 5-AACTGCAGTCACCGTGAGTTCGAAAGAAAAA-¥

ORF3F 5-GGAATTCGCCACCATGGTTAATAGCTGTACATTC-3 12696-13460
ORF3R 5-AACTGCAGCTATCGCCGTACGGCACTGAG-3’

ORF4F 5-GGAATTCGCCACCATGGCTTCGTCCCTTCTTTT-3 13241-13777
ORF4R 5-AACTGCAGTCAAATTGCCAACAGAATGGCAA-3’ i
ORF5F 5-GGAATTCGCCACCATGTTGGAGAAATGCTTGACC-3’ 13788-14390
ORF5R 5-AACTGCAGCTAAGGACGACCCCATTGTTCC-3

ORF6F 5-GGAATTCGCCACCATGGGGTCGTCCTTAGATGACT-3 14375-14899
ORF6R 5-AACTGCAGTTATTTGGCATATTTGACAAGGTT-3’

ORF7F 5-GGAATTCGCCACCATGCCAAATAACAACGGCAA-3’ 14889-15260
ORF7R 5-AACTGCAGTCATGCTGAGGGTGATGCTGTG-3 )
ORF1-2F 5-CAAACATACCTGGGGGTTTGAAT-3 11871-12373
ORF1-2R 5-GGTGCCATAACATCCCCAAAGG-¥

ORF4-5F 5-GGGATTTAAGGTGGTATTTGGCA-3 13576-14086
ORF4-5R 5-CCGGCGGTAGACACAGTGACC-3

ORF5-6F 5-GGCGCTACTCATGTACCAGATA-3’ 14188-14673
ORF5-6R 5-CGGCATCTGGAGGTGATGAATTTC-3

ORF6-7F 5-GGCCCCTGCCCACCACGTTG-3 14704-15195
ORF6-7R 5-CCACAGTGTAACTTATCCTCCC-3

ORF7-eF 5-GCGACTGAAGATGATGTCAGAC-3 15060-15411
ORF7-eR 5-AATTTCGGCCGCATGGTTCTCG-3

* Restriction sites are underlined
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Table 2. PRRSV isolates used in this study
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Virus strain

Country of isolation

GenBank accession no.

PA8 Canada, 1995 AF176348
CH-1a China, 1996 AY 032626
HB-1(sh)/2002 China, 2002 AY150312
BJ-4 China, 2000 AF331831
Em2007 China EU262603
EDRD-1 Japan, 1992 AB288356
PL97-1 Korea, 1997 AY585241
PL97-1/LP1 Korea AY612613
Lelystad Netherlands, 1991 M96262

01CB1 Thailand DQ864705
0INP1.2 Thailand DQ056373
VR-2332 USA, 1989 U87392

16244B USA, 1997 AF046869
NVSL 97-7985 USA, 1997 AF325691
P129 USA, 1995 AF494042
MN184C USA EF488739
RespPRRS MLV Vaccine strain AF066183
SP Vaccine strain (Prime Pac) AF184212

CA Korea, 2006

This study, FJ194950

at -80°C as the viral stock. Spodoptera frugiperda (Sf) 21 cells
were cultured at 27°C in Sf-900 II SFM media (Gibco BRL,
UK) following previously published procedures (O’Reilly et
al., 1992).

RT-PCR

Viral RNA was extracted from infected cell cultures with
Viral Gene-spin™ Kit (iNtRON Biotechnology, Korea) as
recommended by the manufacturer. The viral RNA was
used as a template for cDNA synthesis using RNA LA
PCR Kit (TaKaRa, Japan). Primers were based on the con-
sensus sequence of the fully sequenced PRRSV RNA ge-
nomes available from GenBank. PCR amplification was
performed using AccuPower PCR Premix (Bioneer Co.,
Korea). Primers used for PCR amplification are listed in
Table 1.

Cloning and nucleotide sequencing of PRRSV ORFs
2 to7

The purified RT-PCR products were cloned into the T&A
cloning vector (RBC Bioscience, Taiwan), and the plasmids
were named as pTA-ORF2, -ORF3, -ORF4, -ORF5, -ORF6,
and -ORF7, respectively. The positive clones were first
screened by agarose gel electrophoresis of the plasmids iso-
lated with a LaboPass Mini-prep Kit (CosmoGenetech,
Korea), followed by restriction endonuclease digestion and/or
nucleic acid sequencing. Restriction endonucleases were-
purchased from commercial sources (TaKaRa, Japan), and
used according to the supplier’s instructions. Nucleic acid
sequencing of the clones and/or PCR fragments was per-
formed by SolGent Co. (Daejeon, Korea) using ABI 3730XL

Capillary DNA Sequencer. This nucleotide sequence has
been submitted to the GenBank database under accession
number FJ194950. Antigenic determinants were predicted
using a computer program, PROTEAN (DNASTAR, USA),
which takes into account hydrophilicity, surface probability,
chain flexibility, hydropathy, and secondary structure.

Multiple alignments and phylogenetic analyses

The GenBank accession numbers of the fully sequenced
PRRSV strains used in the sequence alignments and phylo-
genetic analyses are detailed in Table 2. Multiple sequence
alignments were performed using the CLUSTAL X program
(Thompson et al., 1997). Percentage sequence divergences
between aligned nucleotide sequences were calculated using
CLUSTAL X. The phylogenetic unrooted and rooted trees
were reconstructed on aligned nucleotide sequences by using
the neighbor-joining method (Saitou and Nei, 1987). The
Lelystad virus (M96262) was used as the outgroup in all
analyses. Constructed neighbor-joining trees were subjected
to bootstrap analysis using 1000 replicates (Felsenstein,
1985) to assess confidence values of virus groupings, and a
distance matrix was obtained from bootstrapped datasets by
the Kimura method (Kimura, 1980). All trees were drawn
using TreeView software (Page, 1996).

Construction of recombinant transfer vectors and vi-
ruses

The plasmids (pTA-ORFs 2 to 7) were digested with EcoRI
and Pst], and then cloned into the transfer vector pBacPAK9
(Clontech, USA), to get the recombinant transfer plasmid
pBPRSV-ORFs 2 to 7. Sf21 cells were co-transfected with a
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1 ORF2 120
CA ATGAAATGGG GTCCATGCAA AGCCTTTTTG ACAAAATTGG CCAACTTTTT GTGGATGCTT TCACGAAGTT CTTGGTGTCC ATTGTTGATA TCATTATATT TTTGGCCATT TTGTTTGGCT
PLO7-1
VR-2332
CH-1a
121 240
CA  TCACCATCGC CGGTTGGCTG GTGGTCTTTT GCATCAGATT GGTTTGCTCC GCGATACTCC GTACGCGCCC TGCCATTCAC TCTGAGCAAT TACAGAAGAT CTTATGAGGC CTTTCTTTCC
S
VR 2332 . i i i i
CH-1a ... Covvrnnnnnn . G.T... .. Gooooonl A .G..... Covvnne Covvnen e T
241 360
CA CAGTGCCAAG TGGATATTCC CACTTGGGGA ACTAAACATC CTTTGGGGAT GTTATGGCAC CACAAGGTGT CAACCCTGAT TGATGAAATG GTGTCGCGTC GAATGTACCG CATCATGGAG
PLO7-1 .. Coon 1 Covrren T. .CT...... .. T e s A
VR-2332 .......... ... (SR G CT...... .. T A
CH-1a ........ G. ... Covn ol C..... CGT...... Coovviiiin L. G...... .. T s A
361 480
CA  AACGCAGGGC AGGCTGCCTG GAAACAGGTG GTGAGCGAGG CTACGTTGTC TCGCATTAGT AGTTTGGATG TGGTGGCTCA TTTTCAGCAT CTTGCCGCCA TTGAAGCCGA GACCTGTAAA
PLO7-1
VR-2332 LA G Ao
CH-1a A ... o AC.... A
481 600
CA
PL97-1
VR-2332
CH-1a
601 ORF3 720
CA
PLI7-1
VR-2332
CH-1a
721 **ORF2 840
CA
PLO7-1
VR-2332
CH-1a
841 960
CA
PLO7-1
VR-2332
CH-1a
961 1080
CA
PLY7-1
VR-2332
CH-1a
1081 ORF4 1200
CA
PL97-1
VR-2332
CH-1a
1201 1320
CA TTTTAAATGT CTCTTGGTTT CTCAGGCGTT CGCCTGCAAG CCATGTTTCA GTTCGAGTCT TTCAGACATC AAGACCAACA CCACCGCAGC GGCAGGCTTT GCTGTCCTCC AAGACATCAG
PLO7-1 G T T
VR-2332 ... AL oG TT LAl ..
CH-1a ToGo G Goovvrn e Tooooo. ATl Tooooo G........
1321 *xx0RF3 1440
CA  TTGCCTTAGG CATCGCAACT CGGCCTCTGA GGCGATTCGC AAAGTCCCTC AGTGCCGTAC GGCGATAGGG ACACCCGTGT ATATCACTGT CACAGCCAAT GTTACCGATG AGGATTATTT
PL97-1
VR-2332
CH-1a
1441 1560
CA  GCATTCCTCT GACCCTCTCA TGCTTTCTTGC TTGCCTTTTC TATGCTTCTG AGATGAGTGA AAAGGGATTT AAGGTGGTAT TTGGCAATGT GTCAGGCATC GTGGCAGTGT GCGTCAACTT
PLO7-1 A.....T... ..T.
VR-2332 A.....T... ..T.
CH-1a A.....T... ..T.
1561 1680
CA
PLO7-1
VR-2332
CH-1a

1681 *x+0RF4 0RF5 1800
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1801 1920
CA TCAGCGCCAA CAGCAACAGC GGCTCAAATT TACAGCTGAT TTACAACTTG ACGCTATGTG AGCTGAATGG CACAGATTGG CTAGCTAATA AATTTGACTG GGCAGTGGAG TGTTTTGTCA
PLO7-1 C..A..... G . AG. ... AL CC..C e e e C..oovnts T.. ... T A
VR-2332 C..A..... G..AG.....A....CC..C...
CH-1a .TC..
1921 2040
CA TTTTTCCTGT GTTGACTCAC ATTGTCTCTT ATGGTGCCCT CACTACTAGC CATTTCCTTG ACACAGTCGG TCTGGTCACT GTGTCTACCG CCGGATTTGT TCACGGGCGG TATGTTCTGA
PLO7-1 .C.....C.. T......... ........ Coovviiis Corr C.TA ... .o Goooow C..A
VR-2332 .C.....C.. T......... ........ Coovviii Corr i C.TA ... oo Gooon C..A
CH-1a .C..... Cov i T..C. ... G..A.. ... C..Cooo i Too [ G...TA ... . CT
2041 2160
CA GTAGCATCTA CGCGGTCTGT GCCCTGGCTG CGTTGATTTG CTTCGTTATT AGGCTTGCGA AGAATTGCAT GTCCTGGCGC TACTCATGTA CCAGATATAC CAACTTTCTT CTGGACACTA
PLO7-1 o Co.. ..., C... ... T AL G.G.... o
VR-2332 ... Cooo ol C... ... Too AL GGl o
CH-1a .......... ... T Cov i Covven i T Cooo i,
2161 2280
CA  AGGGCAGACT CTATCGTTGG CGGTCGCCTG TCATCATAGA GAAAAGGGGC AAAGTTGAGG TCGAAGGTAA ACTGATCGAC CTCAAAAGAG TTGTGCTTGA TGGTTCCGCG GCAACCCCTG
PLO7-1
VR-2332
CH-1a
2281 ORF6 ***0RF5 2400
CA  TAACCAGAGT TTCAGCGGAA CAATGGGGTC GTCCTTAGAT GACTTCTGTC ATGATAGCAC GGCTCCACAA AAGGTGCTCT TGGCGTTTTC TATTACCTAC ACGCCAGTGA TGATATATGC
PLY7-1
VR-2332
CH-1a
2401 2520
CA
PLO7-1
VR-2332
CH-1a
2521 2640
CA
PLY7-1
VR-2332
CH-1a
2641 2760
CA CCACCACGTT GAAAGTGCCG CAGGCTTTCA TCCGATTGCG GCAAATGATA ACCACGCATT TGTCGTCCGG CGTCCCGGCT CCACTACGGT CAACGGCACA TTGGTGCCCG GGTTAAAAAG
S
VR-2332 ... GG e e e e e e e
CH-1a ......... Coiiinnnn G e e e T G...G
2761 ORF7 *%+0RFB 2880
CA CCTCGTGTTG GGTGGCAGAA AAGCTGTTAA ACAGGGAGTG GTAAACCTTG TTAAATATGC CAAATAACAA CGGCAAGCAG CAGAAGAGAA AGAAGGGGGA TGGCCAGCCA GTCAATCAGC
PLO7-1
VR-2332
CH-1a
2881 3000
CA
PLO7-1
VR-2332
CH-1a

3001

3120

CA ATGTCAGACA TCACTTTACC CCTAGTGAGC GGCAATTGTG TCTGTCGTCA ATCCAGACCG CCTTTAATCA AGGCGCTGGG ACTTGCACCC TGTCAGATTC AGGGAGGATA AGTTACACTG

PLO7-1
VR-2332
CH-1a

3121

*x0RF7 3188

CA TGGAGTTTAG TTTGCCTACG CATCATACTG TGCGCCTGAT CCGCGTTACA GCATCACCCT CAGCATGA

Fig. 1. Nucleotide sequence comparison of the structural ORFs 2 to 7 of CA strain sequenced in this study with other known PRRSV
isolates. The start and stop codons of each ORF are shown in bold and underlined. The stop codon is indicated with asterisks.

mixture of purified transfer vector each containing a PRRSV
gene, bApGOZA DNA (Je et al., 2001), and Cellfectin
(Invitrogen, USA), according to the manufacturer’s instruc-
tion. Briefly, 100 ng of bApGOZA DNA and 500 ng of
transfer vector DNA were mixed in a polystrene tube. Fifty
microliters of Cellfectin was gently mixed with the DNA
solution, and the mixture was incubated at room temper-

ature for 1 h. The Cellfectin-DNA complexes were added
dropwise to the medium covering the cells while the dish
was gently swirled. After incubating at 27°C for 4 h, media
were removed, and the cells were washed twice with fresh
medium. Five days after adding the Cellfectin-DNA com-
plexes to the cells, the medium containing viruses released
by the transfected cells was transferred to a sterile container
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Table 3. Percent nucleotide (NT) and deduced amino acid (AA) identities of the structural ORFs between CV and PL97-1, VR-2332, and

CH-1a

ORF Protein product PO VR332 cia

NT AA NT AA NT AA
ORF2 GP2 96.8 96.9 97.3 97.7 94.6 95.3
ORF3 GP3 94.0 94.1 94.0 94.1 92.7 93.7
ORF4 GP4 93.7 94.4 93.3 94.4 89.8 92.1
ORF5 GP5 93.5 90.5 93.4 90.5 91.2 91.0
ORF6 M 99.0 99.4 98.5 98.9 95.4 98.3
ORF7 N 99.5 100 99.2 100 94.1 99.2

and stored at 4°C. A standard plaque assay procedure
(O’Reilly et al., 1992) was used to obtain viral plaques from
dilutions of the media harvested from the co-transfections.
Individual plaques were examined under a microscope and
scored for polyhedra production.

Western blot

Sf21 cells were infected with AcNPV (wild type) or each
recombinant virus in a 60-mm diameter dish (2x10° cells)
at a multiplicity of infection (MOI) of 5 PFU per cell.
After incubation at 27°C, cells were harvested at 3 days
post-inoculation (p.i.). For SDS-PAGE (Laemmli, 1970) of
cell lysates, AcNPV- or recombinant virus-infected cells were
washed twice with PBS and mixed with protein sample buffer
and boiled. The total cellular lysates were subjected to 12%
SDS-PAGE. For Coomassie stains, gels were washed with
deionized water and stained with BioSafe Coomassie. For
Western blot analysis, 12% SDS-PAGE was performed as
described above. Proteins of cellular lysates were blotted
on-to a nitrocellulose membrane (Pall Corp., USA). After
transfer, the membrane was incubated for 60 min with gen-
tle agitation in 5% (w/v) non-fat dry milk in TBST buffer
(20 mM Tris-HCI; pH 7.5, 150 mM NaCl, 0.05% Tween
20). The blot was incubated with PRRSV-specific antiserum
(Choongang Vaccine Lab., Korea) in TBST for 1 h and
washed. Subsequently, the membrane was incubated with
rabbit anti-pig IgG horseradish peroxidase conjugate for 30
min at room temperature. After repeated washing, the im-
munoreactive bands were visualized with the ECL Western
Blotting Detection System (Elpis Biotech, Korea).

Results and Discussion

Comparison of the structural ORFs sequences

To characterize CA, the Korean PRRSV strain that was
isolated from the serum of an infected pig in 2006, we de-
termined the nucleotide sequence of its structural ORFs
(ORFs 2 to 7) as described in ‘Materials and Methods’ in
detail. Primers for each ORF based on the consensus se-
quence of the other PRRSV RNA genomes are available
from GenBank. Therefore, to confirm that the nucleotide
sequence of the primer region was corrected, we performed
additional PCR amplification using ORF1-2, ORF4-5, ORF
5-6, ORF6-7, and ORF7-¢ primer (Table 1). The N-terminal
region of ORF2 and the C-terminal region of ORF3, and
the N-terminal region of ORF3 and the C-terminal region

of ORF4 were overlapped by 148 bp and 220 bp, respec-
tively, these regions were excluded from analysis. The se-
quence was aligned with that of the other fully sequenced
PRRSV genomes. As shown in Fig. 1, the length of CA
structural ORFs is 3188 bp long, which was the same
length as PL97-1 (Korean isolate), VR-2332 (American iso-
late), and CH-1a (Chinese isolate). No additions or deletions
were observed in the genomic sequence of CA. As pre-
viously reported, each ORF partially overlapped. A detailed
sequence identity among CA, PL97-1, VR-2332, and CH-1a
for each ORF is summarized in Table 3. The identities be-
tween CA and other PRRSV strains ranged from 89.8 to
99.5% for the nucleotide sequences and from 90.5 to 100%
for the amino acid sequences. The CA strain was most
closely related to PL97-1, the Korean isolate, but it was not
perfectly identical. Also, it is distantly related to the Euro-
pean genotype (data not shown).

Phylogenetic analysis of the structural ORFs sequences
To establish the genetic relationships of the sequenced CA
strains, phylogenetic analyses were performed on the struc-
tural ORFs. A phylogenetic tree reveals that there are two
distinct phylogenetic groups based on their geographical
origin (Fig. 2A and B). The European genotype consists of
the Dutch Lelystad strain and the 01CB1 (Thailander) strain,
while the North American genotype contains the other 16
PRRSV isolates, which are from Canada, China, Japan,
Korea, Thailand, and the USA. Two separate clusters with
high bootstrap support were defined in the North American
genotype. In the first cluster, the six isolates from Canada
(PAS8), VR-2332-derived vaccine strain (RespPRRS MLYV),
China (BJ4), Thailand (01NP1.2), and Korea (PL97-1 and
PL97-1/LP1) were closely related to the VR-2332, but each
formed a single minor branch. The American 16244B strain
was grouped in the first cluster but formed a single minor
branch. The CA strain isolated in this study also grouped
in the first cluster but formed a single minor branch. As we
expected, the CA strain belongs to the North American
genotype. In the second cluster, three Chinese isolates
CH-1a, HB-1(sh)/2002 and Em2007 were most closely related
to the American P129 strain. The American NVSL 97-7985
strain was also grouped in the second cluster but formed a
single minor branch. The SP vaccine strain, EDRD-1, and
MN184C belonged to the North American genotype but
formed a distinct branch. Subsequently, we performed phy-
logenetic analyses based on the ORF5 and ORF7 using the
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0.02 L()]CB]

Fig. 2. Phylogenetic trees based on the nucleotide sequence of the structural ORFs 2 to 7 (A and B), ORF5 (C), and ORF7 (D) of CA
strain. The tree was constructed by the neighbor-joining method based on genetic distances calculated by Kimura’s two-parameter method.
Lelystad virus was used as the outgroup. The reliability of the tree was assessed by bootstrap analysis with 1000 replications. Scale bars
at the bottom of each tree represent the number of nucleotide substitutions per site. The references for the sequences of PRRSV isolates

used in the phylogenetic analyses are cited in Table 2.

18 fully sequenced strains. ORF5, which encodes for the
major envelope protein of the virus, has been the target
gene for molecular epidemiology of PRRSVs by sequence
analysis because ORFS5 has shown the highest genetic varia-
bility among PRRSVs (Key et al., 2001). Kang et al. (2004)

noted that the phylogenetic tree derived from ORF7 most
closely resembles the tree derived from the full-length ge-
nomes of PRRSVs. The phylogenetic trees based on the
ORF5 and 7 genes revealed overall similar tree topologies
to the whole structural ORFs-based phylogenetic tree, but
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Fig. 3. Antigenicity plot for the structural proteins of CA strain. The Jameson-Wolf antigenicity plot was generated using a computer pro-
gram, PROTEAN (DNASTAR, USA). x-axis values are amino acid residues for each protein; the y-axis represents the antigenic index. A

high score indicates high antigenicity (Jameson and Wolf, 1988).

with minor differences. In the ORF5 tree, the CA strain
was related to members of the first cluster of the North
American genotype, but it forms a distinct branch (Fig.
2C). In the ORF7 tree, the CA strain was related to the
members of the first cluster of the North American geno-
type, but it forms a single minor branch (Fig. 2D). The
ORF7 gene-based analysis also showed high genetic varia-
tion exists not only between two genotypes but also within
each genotype. Although the functional significance of this
genetic variation remains to be determined, antigenic dif-
ferences between two genotypes on a serological basis have
been reported (Katz et al., 1995; Sorensen et al., 1998).

Predicted antigenic differences

Figure 3 shows the antigenicity plots of the structural pro-
teins (GP2, GP3, GP4, GP5, M, and N) of the CA strain.
As previously reported, the N protein was highly antigenic,
which therefore makes it a suitable candidate for detection
with virus-specific antibodies and diagnosis of the disease
(Seuberlich et al., 2002; Inoue et al., 2007). However, the

most important glycoprotein of PRRSV involved in the
generation of PRRSV-neutralizing antibodies and protective
immunity is the GP5 protein (Bastos et al., 2004; Jiang et
al., 2006). As shown in Fig. 3, GP5 protein is triple-mem-
brane spanning, and it likely functions as a receptor-binding
protein (Mardassi et al., 1995; Meng et al., 1995a; Murtaugh
et al., 1995). According to several reports, the GP3, GP4,
and M proteins are also highly antigenic and may be in-
volved in viral neutralization along with the GP5 protein
(Meng et al., 1995b; Meulenberg et al., 1997, Hedges et al.,
1999).

Expression of PRRSV proteins

To generate the recombinant baculoviruses, Sf21 cells were
co-transfected with a mixture of bApGOZA and pBPRSV-
ORFs 2 to 7 as described in Methods. The new baculovi-
ruses were called rApRSV-ORF2, rApRSV-ORF3, rApRSV-
ORF4, rApRSV-ORF5, rApRSV-ORF6, and rApRSV-ORF7
(Fig. 4A). They contained the respective ORF gene inserted
in the genome as demonstrated by PCR (Fig. 4B). Sf21
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Fig. 4. Expression of CA structural proteins in insect cells. Construction (A) and PCR identification (B) of recombinant viruses SDS-PAGE
(C) and Western blotting (D) of recombinant proteins. Sf21 cells were infected at an MOI of 5 PFU per cell with the recombinant viruses.
Cells were harvested at 3 days post-infection. Proteins were separated on a 12% SDS-PAGE, transferred to nitrocellulose membranes for
immunoblot analysis and reacted with porcine anti-PRRSV antibodies (1:100). ORF, each gene of ORFs 2 to 7; M, DNA (B) and protein
(C and D) size marker; Con, wild type AcNPV; lane 1, rApRSV-ORF2; 2, rApRSV-ORF3; 3, rApRSV- ORF4; 4, rApRSV-ORFS5; 5,
rApRSV-ORF6; 6, rApRSV-ORF7. The recombinant proteins are indicated with arrowheads and black brackets.

cells were infected at a MOI of 5 PFU per cell with each
recombinant baculovirus and incubated at 27°C until har-
vesting of the cultures. Expression of the PRRSV proteins
was analyzed by 12% SDS-PAGE and Western blotting.
Using Coomassie blue staining, detection was difficult except
for the ORF7 proteins (Fig. 4C). To confirm the presence
of PRRSV proteins, the proteins were transferred to nitro-
cellulose and analyzed by immunoblotting (Fig. 4D). As
shown in Fig. 4D, expression levels of the GP2 and GP5
proteins were not high. This result could be explained by
the high hydrophobicity of these proteins, which contain
several transmembrane domains. For GP3, several bands
were also observed. The major band showed a MW of 30
kDa, the size of the non-glycosylated form. The size and
distribution of the other lower bands may correspond to
degraded forms of the ORF3. For GP4, three major bands
were observed of MW: 19 kDa, 22 kDa, and 25 kDa, that
would correspond to nonglycosylated and glycosylated and
different glycosylated forms (Plana Duran et al., 1997; Dea
et al., 2000), respectively. A possible explanation for the
various patterns of PRRSV proteins expression might be
due to incomplete glycosylation in insect cells. The M (19
kDa) and N (14 kDa) proteins provided a clear positive re-
action with anti-PRRSV pig antisera. A negative control
consisting of Sf21 cells infected with wild-type AcNPV did
not show any reactivity against the PRRSV-specific pig an-

tiserum, as expected. All the expressed PRRSV proteins
were insoluble, except ORF7, which was partially soluble.
They remained associated with the cell membranes, con-
firming the hydrophobicity and membrane-associated nature
of these proteins.

In summary, this study provides the nucleotide sequences
of the CA structural ORFs and phylogenetic tree analyzed
to date. Also, each of the structural proteins of CA strain
was expressed using a recombinant baculovirus expression
system. Our major goal in the very near future is the devel-
opment of new, safe, effective, and economic vaccines
against this pathogen using an insect bioreactor. Additionally,
further studies for the characterization of expressed protein
are needed.

Acknowledgements

This work was supported by a grant (Project No. 200704010
34002) from BioGreen 21 Program, Rural Development
Administration, Republic of Korea.

References

Bastos, R.G., O.A. Dellagostin, R.G. Barletta, A.R. Doster, E.
Nelson, F. Zuckermann, and FA. Osorio. 2004. Immune re-
sponses of pigs inoculated with Mycobacterium bovis BCG ex-
pressing a truncated form of GP5 and M protein of porcine



718 Koo et al

reproductive and respiratory syndrome virus. Vaccine 22, 467-
474.

Cavanagh, D. 1997. Nidovirales: a new order comprising Coronaviri-
dae and Arteriviridae. Arch. Virol. 142, 629-633.

Cha, S.H., EJ. Choi, J.H. Park, S.R. Yoon, J.Y. Song, J.H. Kwon,
H.J. Song, and K.J. Yoon. 2006. Molecular characterization of
recent Korean porcine reproductive and respiratory syndrome
(PRRS) viruses and comparison to other Asian PRRS viruses.
Vet. Microbiol. 117, 248-257.

Dea, S., C.A. Gagnon, H. Mardassi, B. Pirzadeh, and D. Rogan.
2000. Current knowledge on the structural proteins of porcine
reproductive and respiratory syndrome (PRRS) virus: compar-
ison of the North American and European isolates. Arch.
Virol. 145, 659-688.

Felsenstein, J. 1985. Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39, 783-791.

Forsberg, R., T. Storgaard, H.S. Nielsen, M.B. Oleksiewicz, P.
Cordioli, G. Sala, J. Hein, and A. Botner. 2002. The genetic
diversity of European type PRRSV is similar to that of the
North American type but is geographically skewed within
Europe. Virology 299, 38-47.

Hedges, J.E, U.B. Balasuriya, and N.J. MacLachlan. 1999. The open
reading frame 3 of equine arteritis virus encodes an immuno-
genic glycosylated, integral membrane protein. Virology 264,
92-98.

Inoue, R., T. Tsukahara, C. Sunaba, M. Itoh, and K. Ushida. 2007.
Simple and rapid detection of the porcine reproductive and
respiratory syndrome virus from pig whole blood using filter
paper. J. Virol. Methods 141, 102-106.

Jameson, B.A. and H. Wolf. 1988. The antigenic index: a novel al-
gorithm for predicting antigenic determinants. Comput. Appl.
Biosci. 4, 181-186.

Je, Y.H., J H. Chang, J.Y. Roh, and B.R. Jin. 2001. Generation of
baculovirus expression vector using detective Autographa cal-
ifornia nuclear polyhedrosis virus genome maintained in
Escherichia coli for virus production. Int. J. Indust. Entomol. 2,
155-160.

Jiang, Y.B., S.B. Xiao, L.R. Fang, X.L. Yu, Y.FE Song, C.S. Niu,
and H.C. Chen. 2006. DNA vaccines co-expressing GP5 and
M proteins of porcine reproductive and respiratory syndrome
virus (PRRSV) display enhanced immunogenicity. Vaccine 24,
2869-2879.

Kang, S.Y., S.I. Yun, H.S. Park, C.K. Park, H.S. Choi, and Y.M.
Lee. 2004. Molecular characterization of PL97-1, the first
Korean isolate of the porcine reproductive and respiratory
syndrome virus. Virus Res. 104, 165-179.

Katz, J.B., A.L. Shafer, K.A. Eernisse, J.G. Landgrafand, and E.A.
Nelson. 1995. Antigenic differences between European and
American isolates of porcine reproductive and respiratory syn-
drome virus (PRRSV) are encoded by the carboxylterminal
portion of viral open reading frame 3. Vet. Microbiol. 44,
65-76.

Key, K.E, G. Hagshenas, D.K. Guenette, S.L. Swenson, T.E. Toth,
and X.J. Meng. 2001. Genetic variation and phylogenetic anal-
yses of the ORFS5 gene of acute porcine reproductive and res-
piratory syndrome virus isolates. Vet. Microbiol. 83, 249-263.

Kimura, M. 1980. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of nu-
cleotide sequences. J. Mol. Evol. 16, 111-120.

Kitts, PA. and R.D. Possee. 1993. A method for producing re-
combinant baculovirus expression vectors at high frequency.
Biotechniques 14, 810-817.

Laemmli, U.K. 1970. Cleavage of structural proteins during assem-
bly of the head of bacteriophage T4. Nature 227, 680-685.

Larochelle, R., S. D'Allaire, and R. Magar. 2003. Molecular epi-
demiology of porcine reproductive and respiratory syndrome

J. Microbiol.

virus (PRRSV) in Québec. Virus Res. 96, 3-14.

Luckow, V.A,, S.C. Lee, G.FE. Barry, and PO. Olins. 1993. Efficient
generation of infectious recombinant baculoviruses by site-spe-
cific transposon-mediated insertion of foreign genes into a ba-
culovirus genome propagated in Escherichia coli. J. Virol. 67,
4566-4579.

Mardassi, H., B. Massie, and S. Dea. 1996. Intracellular synthesis,
processing, and transport of proteins encoded by ORFs 5 to
7 of porcine reproductive and respiratory syndrome virus.
Virology 221, 98-112.

Mardassi, H., S. Mounir, and S. Dea. 1995. Molecular analysis of
the ORF3-7 of porcine reproductive and respiratory syndrome
virus, Quebec reference strain. Arch. Virol. 140, 1405-1418.

Mateu, E., M. Martin, and D. Vidal. 2003. Genetic diversity and
phylogenetic analysis of glycoprotein 5 of European-type por-
cine reproductive and respiratory virus strains in Spain. J.
Gen. Virol. 84, 529-534.

Meng, X.J. 2000. Heterogeneity of porcine reproductive and respi-
ratory syndrome virus: implications for current vaccine efficacy
and future vaccine development. Vet. Microbiol. 74, 309-329.

Meng, XJ., PS. Paul, PG. Halbur, and I. Morozov. 1995a. Sequence
comparison of open reading frame 2 to 5 of low and high vir-
ulence United States isolates of porcine reproductive and res-
piratory syndrome virus. J. Gen. Virol. 76, 3181-3188.

Meng, X.J., PS. Paul, PG. Halbur, and M.A. Lum. 1995b. Phyloge-
netic analyses of the putative M (ORF 6) and N (ORF 7)
genes of porcine reproductive and respiratory syndrome virus
(PRRSV): implication for the existence of two genotypes of
PRRSV in the USA and Europe. Arch. Virol. 140, 745-755.

Meulenberg, J.J., A.P-d. Besten, E.P. De Kluyver, R.J. Moormann,
W.M. Schaaper, and G. Wensvoort. 1995. Characterization of
proteins encoded by ORFs 2 to 7 of Lelystad virus. Virology
206, 155-163.

Meulenberg, J.J., A.P. Den Besten, E. De Kluyver, A. Van Nieuw-
stadt, G. Wensvoort, and R.J. Moormann. 1997. Molecular
characterization of Lelystad virus. Vet. Microbiol. 55, 197-202.

Murtaugh, M.P, M.R. Elam, and L.T. Kakach. 1995. Comparison
of the structural protein coding sequences of the VR-2332
and Lelystad virus strains of the PRRS virus. Arch. Virol. 140,
1451-1460.

Nelsen, C.J., M.P. Murtaugh, and K.S. Faaberg. 1999. Porcine re-
productive and respiratory syndrome virus comparison: di-
vergent evolution on two continents. J. Virol. 73, 270-280.

Oleksiewicz, M.B., A. Botner, P. Toft, T. Grubbe, J. Nielsen, S.
Kamstrup, and T. Storgaard. 2000. Emergence of porcine re-
productive and respiratory syndrome virus deletion mutants:
correlation with the porcine antibody response to a hyper-
variable site in the ORF 3 structural glycoprotein. Virology
267, 135-140.

O’Reilly, D.R., LK. Miller, and V.A. Luckow. 1992. Baculovirus
expression vectors-A laboratory manual. /n R. Possee, TP.
Sun, and S. Howard (eds.). WH. Freeman and Company. New
York, N.Y., USA.

Page, RD.M. 1996. Treeview: an application to display phyloge-
netic trees on personal computers. Comput. Appl. Biosci. 12,
357-358.

Plagemann, PG.W. 1996. Lactate dehydrogenase elevating virus
and related viruses, p. 1105-1120. In B.N. Fields, D.M. Knipe,
and PM. Howley (eds.), Field's Virology, 3" ed., Lippincott-
Raven, Philadelphia, USA.

Plana Duran, J., I. Climent, J. Sarraseca, A. Urniza, E. Cortés, C.
Vela, and J.I. Casal. 1997. Baculovirus expression of proteins
of porcine reproductive and respiratory syndrome virus strain
Olot/91. Involvement of ORF3 and ORF5 proteins in protec-
tion. Virus Genes 14, 19-29.

Saitou, N. and M. Nei. 1987. The Neighbor-joining method: a new



Vol. 46, No. 6

method for reconstructing phylogenetic trees. Mol. Biol. Evol.
4, 406-425.

Seuberlich, T., J.D. Tratschin, B. Thiir, and M.A. Hofmann. 2002.
Nucleocapsid protein-based enzyme-linked immunosorbent assay
for detection and differentiation of antibodies against European
and North American porcine reproductive and respiratory
syndrome virus. Clin. Diagn. Lab. Immunol. 9, 1183-1191.

Snijder, E.J. and J.J. Meulenberg. 1998. The molecular biology of
arteriviruses. J. Gen. Virol. 79, 961-979.

Sorensen, K.J., B. Strandbygaard, A. Botner, E.S. Madsen, J.
Nielsen, and P. Have. 1998. Blocking ELISAs for the dis-
tinction between antibodies against European and American
strains of porcine reproductive and respiratory syndrome virus.
Vet. Microbiol. 60, 169-177.

Stadejek, T., A. Stankevicius, T. Storgaard, M.B. Oleksiewicz, S.
Belak, TW. Drew, and Z. Pejsak. 2002. Identification of radi-
cally different variants of porcine reproductive and respiratory
syndrome virus in Eastern Europe: towards a common ancestor
for European and American viruses. J. Gen. Virol. 83, 1861-

Characterization and expression of PRRSV 719

1873.

Thanawongnuwech, R., A. Amonsin, A. Tatsanakit, and S. Damrong-
watanapokin. 2004. Genetics and geographical variation of
porcine reproductive and respiratory syndrome virus (PRRSV)
in Thailand. Vet. Microbiol. 101, 9-21.

Thompson, J.D., TJ. Gibson, E Plewniak, F Jeanmougin, and
D.G. Higgins. 1997. The CLUSTAL X windows interface: flex-
ible strategies for multiple sequence alignment aided by quality
tools. Nucleic Acids Res. 25, 4876-4882.

Van Nieuwstadt, A.P, J.J. Meulenberg, A. Van Essen-Zandbergen,
B.A. Petersen-Den, R.J. Bende, R.J. Moorman, and G.
Wensvoort. 1996. Proteins encoded by open reading frames 3
and 4 of the genome of Lelystad virus (Arteriviridae) are
structural proteins of the virion. J. Virol. 70, 4767-4772.

Yoon, S.H.,, J.Y. Song, C.H. Lee, E.J. Choi, I.S. Cho, and B. Kim.
2008. Genetic characterization of the Korean porcine repro-
ductive and respiratory syndrome viruses based on the nucleo-
capsid protein gene (ORF7) sequences. Arch. Virol. 153, 627-
635.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


