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Abstract : Swine diseases could be caused by unrecognized or minor pathogens. In this study, two
unknown cytopathogenic agents were isolated from swine, through cell culture. In order to identify these
two cytopathogenic agent (designated CP129 and #2045-7), a particle associated nucleic acids PCR (PAN-
PCR) from previous paper was used with simple modification. The cloning procedure was more specitied
in this study by adding cell control system. According to the modified PAN-PCR, two and four agents-
specific DNA sequences were obtained from CP129 and #2045-7, respectively, and they were identified
as Mycoplasma (M.) hyorhinis and Mammalian orthoreovirus by nucleotide BLAST. Since M. hyorhinis
(CP129) was filterable and non-visible by microscope, this unusual virus-like nature of M. hyorhinis
(CP129) was discussed. Especially, the reovirus (#2045-7) was a serotype 3 and a triple reassortant among
three serotypes of reoviruses. It was grouped with recently reported reoviruses from disease cases (swine,
human and feline), based on the genetic analysis of L1 and S1 partial sequences. In conclusion, two
unknown cytopathogenic agents were successfully identified using modified PAN-PCR with cell control
system and they were characterized in this study.
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Introduction

Virus infection in swine industry has been a main
issue for history. Recently viruses such as porcine
reproductive and respiratory syndrome virus (PRRSV)
and porcine circovirus (PCV) are regarded as crucial
pathogens for swine industry. Until now, several new
swine viruses has been isolated and identified. Therefore,
it is important to consider various possible swine viruses
for the diagnosis of swine diseases.

There might be limitation for the detection of specific
pathogens, such as unknown and minor pathogens. Virus
isolation using diverse cultured cells can be a way to
find unknown swine viruses. Since the virus isolation
has broader spectrum for viral detection than target-
specific methods, such as polymerase chain reaction and
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immunoassay, several novel viruses were identified from
unknown viral isolates infecting specific cell types during
the virus isolation.

Identification of unknown agents from cell culture can
be achieved by random polymerase chain reaction
(random-PCR) approach. Many efficient random-PCR
methods were developed and improved by previous
researchers [1, 3, 8, 26]. With diverse random-PCR
approaches, previously unknown viruses were successfully
identified in humans [2, 8, 25]. In this study, two
unknown cytopathogenic agents isolated from pigs were
studied. Since they were negative for several major
swine pathogens, they were identified by particle-
associated nucleic acid PCR (PAN-PCR) method [21].
By sequence analysis and additional study, the unknown
agents were also confirmed and characterized.
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Materials and Methods

Sample information

The CP129 was isolated from a 14 days old pig
presented hepatic necrosis and sudden death in 2010.
The #2045-7 was isolated from the serum of an aborted
sow in 2005. They were consistently inducing cytopa-
thogenic changes at serial passage in Vero and MARC-
145 cell lines.

To identify the viral agents, they were tested by PCR
or RT-PCR which were routinely used for laboratory
detection of swine viruses. No positive results were
found for PRRSV, PCV2, classical swine fever virus
(CSFV), pseudorabies virus (PRV), Hemagglutinating
encephalomyelitis virus (HEV), Tescho virus, porcine
enterovirus A and B.

Virus isolation and sample preparation

In the case of CP129, the Vero cell monolayer was
prepared in DMEM (3% FBS). The 10% tissue homo-
genate in DMEM was filtered through 0.2 um filter
(Sartorius, Germany) and inoculated to Vero cell
monolayer previously washed with PBS (pH 7.4). Two
hours after incubation, the Vero cells were PBS-washed
and maintained with fresh DMEM (3% FBS) for 5 days.
The cytopathic effect (CPE) was observed after 3 times
of blind passage. For #2045-7, 10% serum dilution with
DMEM (filtered, 0.2 pm) and MARC-145 cells (cloned
from MA-104) were used for virus isolation [13]. After
inoculation, the MARC-145 cells were maintained with
fresh DMEM (5% FBS) for 3 to 5 days until CPE was
observed.

When CPE was observed over 80%, Vero and MARC
145 cell infected with CP 129 and #2045-7, respectively
were frozen for the PAN-PCR. To select agent-specific
amplicons more efficiently, mock-infected cells were
also included during this step. After two freezing and
thawing of the infected cell, the cell lysate was
centrifuged at 3,000 rpm for 20 min at 4°C and the
supernatant was filtered through 0.2 pum filter. The 20
mL of filtered supernatant was ultracentrifuged at 35,000
rpm for 1 h and concentrated into 500 pul. of solution
using PBS. The concentrated stock was re-centrifuged
at 3,000 rpm for 20 min at 4°C and the supernatant was
used for DNA and RNA extraction.

DNA and RNA extraction
Before DNA and RNA extraction, the semipurified

samples were treated with 10 unit of DNase I (Promega,
USA) and RNase A (Biosesang, Korea) for 30 min at
37°C. The enzymatic reaction was stopped by EDTA.
The DNase I-treated samples were used for DNA and
RNA extraction. For the DNA extraction, 500 pL of cell
lysis buffer containing 27% sucrose, 1 x saline sodium
citrate (SSC) (15 mM trisodium citrate and 0.15 M NaCl,
pH 7.0), ImM EDTA, 1% sodium dodecyl sulfate
(SDS) and 200 pg/mL of proteinase K, was mixed with
200 uL. of sample and incubated for 1h at 56°C.
Following the incubation, 200 pL. mixture of phenol,
chloroform and isoamyl alcohol (25 :24 : 1) was added
and vortexed. The vortexed sample was then centrifuged
at 12,000 rpm for 15 min and 500 ul. of the aqueous
phase was mixed with the same volume of isopropyl
alcohol, followed by incubation at —20°C for 2 h. After
centrifuge at 12,000 rpm for 10 min, the pellet was
washed with 70% ethanol in distilled water and centrifuged
again under the same condition. The pellet from which
the alcohol was completely removed was resuspended
in Tris-EDTA bufter (pH 8.0).

For the RNA extraction, Trizol LS (Invitrogen, USA),
a commercially available RNA extraction solution was
used. The overall procedure was followed by manu-
facturer’s recommendation.

Random polymerase chain reaction (PCR)

The PAN-PCR method established by Stang et al. [21]
was slightly modified and used for this study. For the
cDNA synthesis, a commercial cDNA synthesis kit (M-
MLV reverse transcriptase kit; Invitrogen, USA) was
used with 10 pL of RNA and 2 uL. of 10 pmol/uL of
primer K-random (5°-GAC CAT CTA GCG ACC TCC
ACMNNMNM-3") following manufacturer’s instruction.
The prepared DNA and ¢cDNA were used for T4 DNA
polymerase reaction (Takara, Japan). Briefly, 7 uL of
mixture containing 1 pl. of 10 x buffer, 1 pL of 0.1%
BSA solution, 1 puL. of 2.5mM dNTP, 2 uL of primer K-
random (10 pmol/pLl) and 2 pL of 3° distilled water, was
mixed with 2 pL. of template DNA or cDNA, followed
by incubation at 70°C for 5 min and stored at 37°C until
the next procedure. After adding 1puL of T4 DNA
polymerase, they were incubated at 12°C for 20 min and
the reaction was stopped by incubating at 75°C for 10
min. The final reactant (10 pL.) was used for the next
PCR reaction.

For the random amplification, primer K (5’-GAC CAT
CTA GCG ACC TCC AC-37) was used. For the PCR,
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PCR premix kit (Intron, Korea) was used following
manufacturer’s manual. Briefly, 2 uL of each primer K
(10 pmol/uLl) and template were mixed with i-star
mastermix solution (Intron, Korea) and added to premix
tube. The PCR reaction was performed as followed;
95°C for 5 min, 40 cycles of 95°C for 30 sec, 55°C for
30 sec, 72°C for 60 sec and 72°C for 5 min. The amplified
PCR products were separated by electrophoresis using
1% agarose gel containing EtBr and visualized under
UV light.

Cloning and sequence analysis

The randomly amplified DNA fragments were cloned
to TA vector and subsequently transformed to the
competent cells (DH5a), using a commercial TA cloning
kit (Topcloner TA kit; Enzynomics, Korea). The selected
recombinant plasmids were sequenced using M13F(-20)
and MI13R universal primers. The sequencing was
performed by Genotech company in Korea.

The obtained sequences were aligned and processed
to remove the overlapping sequences, using CLUSTAL
X v1.81 and BioEdit program [9, 22]. The final sequences
were analyzed by nucleotide BLAST search tool (NCBI,
USA).

Confirmative study for Mycoplasma hyorhinis
(CP129) and mammalian orthoreovirus (#2045-7)

To confirm the cytopathogenic agent (CP129) as
Mycoplasma (M.) hyorhinis, M. hyorhinis-specific PCR
was applied [15]. Also, the cytopathogenic changes were
compared between two groups, Mycokill (PAA, USA)-
treated and non-treated groups. The Mycokill was added
to the maintenance media for incubation time. Since M.
hyorhinis was known to induce hemolysis [18], the

supernatant of CP129-infected Vero cells were inoculated
to blood agar (Komed, Korea) and compared to that of
the mock-infected vero cells.

In the case of mammalian orthoreovirus (#2045-7),
serotype-specific RT-PCR method was used to confirm
and characterize the virus [6]. Since the #2045-7 isolate
was revealed as serotype 3 in the RT-PCR, the partial
S1 segment genome was amplified by RT-PCR and
subsequently sequenced for genetic analysis, using
previously published primers, ENT-S1-R3F (5’-gCTAT
TegeTCggATggAT-3") and S1-R3R (5-CTgAAgTCCAC
CRTTTTgWA-3") [6]. The partial sequence of .1 obtained
from random amplification was also compared with
reference sequences. The obtained L1 and S1 partial
sequences were aligned with previously published type
3 reoviruses using CLUSTAL X v1.81 [22]. Phylogenetic
and molecular evolutionary analyses were conducted
using MEGA version 3.1 [14].

Results

Cytopathogenic effect of the two unknown agents

To exclude bacterial contamination, the cytopathogenic
agents were filtered through 0.2 pm filter (Sartorius,
Germany) in every passage. The cytopathogenic changes
were continuously observed in the infected cells with
filtered inoculum. The cytopathogenic changes of CP129-
infected Vero cell were rapid acidification of medium
and detachment of the cells (Fig. 1). The CP129 also
induced cell detachment, when it was inoculated to
MARC-145 cells. In the case of #2045-7, the cytopatho-
genic changes were observed as cell aggregations and
detachment (Fig. 2). The #2045-7 was also capable of
inducing cytopathogenic changes in MDBK cells. After

Fig. 1. Cytopathogenic effect of CP129-infected Vero cells. Captured images were obtained from the Inverted microscope.

x100. (A) control, (B) CP129-infected vero cells.
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Fig. 2. Cytopathogenic effect of #2045-7-infected MARC-145 cells. Captured images were obtained from the Inverted
microscope. x100. (A) control, (B) #2045-7-infected MARC-145 cells.

the three passages, these two agents induced the obvious
cytopathogenic changes 72 h after inoculation.

Random amplification of two cytopathogenic agents
using modified PAN-PCR method

To increase the efficiency, cell control was also included.
Comparing to the cell control, the cytopathogenic agent-
specific amplicons were selected. The agents-specific
DNA fragments were observed from the PNA-PCR
products using RNA (Fig. 3). In the case of PAN-PCR
products using DNA, it was hard to identify the agents-
specific bands in the electrophoresis, which might be due
to high concentration of DNA fragments. However,
agents-specific bands were clearly observed in PAN-
PCR products from RNA. For the CP129, agent-specific
bands were observed in 300~400 and 500~600 base pair
regions. The agent-specific bands were observed in 700
and 900~1,000 base pair region in the #2045-7 sample.
Even though two agents were treated with RNase A and
DNase I, non-specific bands were also observed from
cell control. The agents-specific bands from RNA/
cDNA-based PAN-PCR were purified using Gel-
extraction method and further processed for TA cloning
and transformation.

Sequencing and BLAST analysis of the agents-
specific amplicons

Two and four independent nucleotide sequences were
obtained from CP129 and #2045-7 isolates, respectively.
The BLAST searching results were presented in Table
1. The two sequences from CP129 were partial 23S and
16S ribosomal RNA of M. hyorhinis, showing 99% of
identity. In the case of #2045-7 isolate, four independent
sequences were all matched to mammalian orthoreovirus.

DNA RNA

Fig. 3. Random amplification results of the two cytopatho-
genic agents using PAN-PCR. The PAN-PCR results from
DNA or RNA were presented. M: 100 bp ladder, 1: mock-
infected Vero cells, 2: CP129-infected Vero cells, 3: mock-
infected MARC-145 cells, 4: #2045-7-infected MARC-145
cells.

Two partial sequences had 96% identity with mammalian
orthoreovirus 1 Neth/85 core-spike protein lambda-2
(L2) mRNA (GenBank Accession no. AF378004). The
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Table 1. The megablast results of the amplified DNA fragment sequences from cytopathogenic agents

Agents DNA fragment Source

BLAST search BLAST information

11seq (574 bp) RNA

CP129
12seq (317 bp) RNA

AF182581 (99%) Mycoplasma hyorhinis gene for 23S ribosomal RNA
GU227401 (99%) Mycoplasma hyorhinis strain USP83TRA 16S ribosomal RNA gene

21seq (626 bp) RNA

22seq (381 bp) RNA

#2045-
043-7 23seq (674 bp) RNA

24seq (371 bp) RNA

Mammalian orthoreovirus 1 Neth/85 core-spike protein lambda-2
(L2) mRNA

GU196312 (97%) Mammalian orthoreovirus 2 segment S3 nonstructural protein gene
GU196306 (98%) Mammalian orthoreovirus 2 segment L1 lambda-3 protein gene
Mammalian orthoreovirus 1 Neth/85 core-spike protein lambda-2
(L2) mRNA, complete cds

AF378004 (96%)

AF378004 (96%)

Neucleotide sequences of #2045-7 were in Genbank accession no. HQ166025-HQ166028.

Fig. 4. Confirmation and characterization of the identified Mycoplasma (M.) hyorhinis, CP129 strain. (A) M. hyorhinis-
specific PCR. M: 100 bp ladder, 1: mock-infected Vero cells, 2: CP129-infected Vero cells. (B) Inhibitory effect of MycoKill
treatment for cytopathogenic changes induced by M. hyorhinis, CP129 strain. 1: mock-infected and Mycokill-treated Vero
cells, 2: CP129-infected and Mycokill-treated Vero cells, 3: mock-infected Vero cells without MycoKill treatment, 4: CP129-
infected Vero cells without MycoKill treatment. (C) alpha-like hemolysis induced by M. hyorhinis, CP129 strain on sheep
blood agar. 1: mock-infected/no FBS supplement, 2: mock-infected/5% FBS, 3: CP129-infected/no FBS, 4: CP129-infected/
1% FBS, 5: CP129-infected/3% FBS, 6: CP129-infected/5% FBS.

other two partial sequences were similar to mammalian Confirmation and characterization of M. hyorhi-

orthoreovirus 2 segment S3 nonstructural protein gene nis (CP129)
(GU196312) and segment L1 lambda-3 protein gene The M. hyorhinis-specific bands were observed in
(GU196306), showing 97% and 98% identity, respectively. CP129%-infected Vero cells, while no bands were observed
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Fig. 5. Confirmation and phylogeny of the identified Mammalian orthoreovirus, #2045-7 strain. (A) RT-PCR for serotyping
of #2045-7. M: 100 bp ladder, C: mock-infected MARC-145 cells, V: #2045-7-infected MARC-145 cells. (B) Neighbor-
joining tree based on partial L1 sequences (674 bp) of #2045-7 and reference sequences. (C) Neighbor-joining tree based
on partial S1 sequences (458 bp) of #2045-7 and reference sequences. All of reference sequences were indicated by Genbank

accession number.

in mock-infected Vero cells by M. hyorhinis-specific
PCR (Fig. 4A). Furthermore, when the CP129-inoculated
Vero cells were incubated with maintenance medium
containing MycoKill solution (PAA, USA) which was
used for Mycoplasma spp. eradication from cell lines,
the cytopathogenic changes were reduced (Fig. 4B).
When the supernatant of CP129-infected Vero cells was
inoculated on the sheep blood agar (Komed, Korea) at
37°C for 4 days, CP129-specific hemolysis (alpha-like
hemolysis) was observed (Fig. 4C), while no changes
were observed from mock-infected Vero cells. No obvious

differences of hemolysis were also observed, when the
supernatant of CP129-infected Vero cells incubated with
different concentration of FBS (0, 1, 3 and 5%) were
inoculated on the blood agar.

Confirmation and characterization of mammalian
orthoreovirus (#2045-7)

In the serotype-specific RT-PCR, the #2045-7 isolate
was identified as a type 3 reovirus (Fig. 5A). The
phylogenetic analysis of #2045-7 based on partial L1
segment sequences (674 bp, Fig. 5B) showed that #2045-
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7 made an unique subgroup with recent reoviruses
originated from swine (SC-A, DQ997719, serotype 3)
and human (Tou05, GU196306, serotype 2). The Tou05
reovirus was reported as human-swine reassortant
according to the Genbank information. The nucleotide
sequence identity among theses viruses were 97.3~
97.7%. The partial 1.1 segment sequences of #2045-7
showed 88.4%, 75.8% and 87.9% of nucleotide identity
with type 1, 2 and 3 of reference reoviruses, respectively.
The partial S1 sequences of #2045-7 had 95.4% and
97.8% of identities with reoviruses originated from swine
(SC-A, DQ911244, serotype 3) and feline (MPCO04,
GQA468272, serotype 3). In the phylogenetic analysis of
partial S1 sequences (458 bp), these reoviruses were
grouped in the same clade (Fig. 5C). The partial S1
sequences did not discriminate serotype 1 and 2 in the
phylogenetic tree using neighbor-joining method.

Discussion

In this study, we tried to identify two unknown
cytopathogenic agents isolated from the cultured cell
lines with PAN-PCR method [21], which is easy to
perform and provided a good efficiency. To increase the
specificity during the PAN-PCR, cell control system was
used in this study. Although DNase I and RNase A were
treated, DNA or RNA originated from cell lines might
be affect to the result. Therefore, the target-specific
bands could be efficiently selected for the sequencing
using cell control system. M. hyorhinis (CP129) and
mammalian orthoreovirus 3 (#2045-7) were successfully
identified using modified PAN-PCR method in this
study. Notably, M. hyorhinis isolated in this study
showed a virus-like property because it could be
filterable for 0.2 um filter and induce cytopathogenic
changes in the Vero cells, which were differed from
bacterial contamination. This virus-like nature of M.
hyorhinis was previously reported and characterized |5,
7, 20]. Therefore, the test for M. hyorhinis should be
considered for the specific viruses showing cytopathogenic
changes in cultured cell lines.

Although obvious relationship between disease and
etiology was not demonstrated in this study, M. hyorhinis
was isolated from a young pig with severe hepatic
necrosis without other known swine virus infections. M.
hyorhinis is known as common inhabitant in the respiratory
tract of pigs, but occasionally related with polyserositis
and arthritis in young pigs [11, 16]. However, recently,

M. hyorhinis was reported to be associated with abortion
and postweaning mutisystemic wasting syndrome [12,
20]. Furthermore, alpha-hemolytic feature of M. hyorhinis
found in this study raised concerns about its pathogenic
property. Therefore, further etiological study of M.
hyorhinis might be needed in swine species.

The mammalian orthoreoviruses can be divided into
3 serotypes [19]. All serotypes could infect diverse
mammals including human but they were thought as
minor pathogens [23]. In this study, #2045-7 isolate was
identified as type 3 reovirus by RT-PCR for serotyping
[6]. It was revealed as a triple reassortant of all three
serotypes by genetic analysis (L1 from type 2, L2 from
type 1 and S1 from type 3). In the phylogenetic analysis
of partial L1 and S1 segments, it was grouped with
recently reported reoviruses from swine (2006,
DQ997719), human (2009, GU196306) and feline (2009,
GQ468272) species rather than prototypes or classical
reovirus isolates. Furthermore, new suggestions about
the relationship between recent reoviruses and human
diseases were made by several research groups [10, 24].
Therefore, additional studies about recent reoviruses
should be followed to monitor their pathogenic changes.

While type 3 reovirus infection was reported to be
associated to a case of meningitis in human and cat [4,
24], there are few studies about the pathogenicity of type
3 reovirus in pigs. Mammalian orthoreovirus 3 was
reported to be related with abortion and pulmonary lesions
in pigs [17]. Since it was not clear that the identified
reovirus was a causative agent of abortion in this study,
experimental infection studies should be followed to
demonstrate its etiology.

Conclusion

In conclusion, two cytopathogenic agents were
identified as M. hyorhinis and mammalian orthoreovirus
3 by modified PAN-PCR method. Adding cell controls
used for PAN-PCR, the agent-specific amplicons were
more specifically selected. Although novel viruses were
not found in this study, the modified PAN-PCR-based
method can be useful to identify and characterize
unknown cytopathogenic agents in the cultured cells.
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