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Abstract : Plaque characteristics of porcine reproductive and respiratory syndrome (PRRS)
virus isolates were examined using MARC-145 line cells. The plaque morphology of PRRS
virus isolates was variable in size and heterogenic in population. Upon serial passages of the
PRRS virus isolates on MARC-145 cells, heterogeneity was maintained but numbers of the large
plaque size virus were increased with certain isolates. A PRRS virus isolate with variable plaque
sizes was subcloned into 2 populations : small plaque (Hs) and large plaque (H,) viruses. Growth
kinetics of the subclones were then determined in MARC-145 cells, and production of the
structural polypeptides was analyzed by SDS-PAGE. In a comparison of the growth kinetics, the
H; virus showed higher infectivity titers during the first 48 hours but slower to reach the peak
titier than H, virus did. In a nucleotide sequence comparison, differences of 4 nucleotides in
open reading frames 5-6 gene were found between Hs and H; viruses. Both the Hg and H, clones
produced S polypeptide bands with molecular weights of 15, 19, 26, 36 and 42 kD. The 5 bands
were detected at 48 hours postinoculation (PI) with antisera to H, and another large plaque virus
(W,) and at 72 hours PI with H; virus antiserum. The present results demonstrate differences of
biologic and molecular characteristics between the two PRRS virus plaque clones.
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virus was first isolated in Europe' and North America™ as
the cause of a new disease in swine. The PRRS virus is
now classified into the family Arteriviridae along with lac-
Porcine reproductive and respiratory syndrome (PRRS)  tate dehydrogenase elevating virus, equine arteritis virus and
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simian hemorrhagic fever virus. They share structural,
genomic, and biological properties within the family memb-
ers™*. Replication of PRRS virus showed a limited in vitro
cell susceptibility, and viral growth is only achieved in por-
cine alveolar macrophage cultures and some clones of mon-
key kidney cell lines"’. Three major polypeptides have been
described for both North American and European PRRS
virus strains : a nucleocapsid polypeptide (N ; 15kD), an un-
glycosylated transmembrane polypeptide (M; 19kD), and
glycosylated envelope polypeptides (E; 24-26kD)*. An-
tigenic and molecular differences have been demonstrated
between the U.S. and European PRRS virus isolates'™",
Pathogenic and antigenic variations were also reported
among the U.S. isolates™",

We have observed PRRS virus isolate from the field out-
break with various plaque sizes. Certain isolates were a mix-
ture of virus population with various plaque sizes. At this
time, in vitro biological properties of the plaque variants are
not known. The objectives of this study were to examine
plaque characteristics of different PRRS virus isolates, in-
vestigate growth kinetics, viral polypeptide synthesis in
MARC-145 cell line and compare nucleotide sequences of
the selected PRRS virus plaque variants.

Materials and Methods

Cell cultures and viruses : Cell culture used was a per-
missive clone (MARC-145) of MA-104 cell line’. The
MARC-145 cells were maintained in Eagle's minimal es-
sential medium (MEM) supplemented with 3% fetal bovine
serum (FBS), 0.15% sodium bicarbonate and antibiotics.
Thirty PRRS virus field isolates were used from a panel of
the virus isolates for an examination of their plaque mor-
phology. Twenty-six of the isolates were obtained from the
Oxford Veterinary Laboratories. All of the isolates were
made from the farms before 2 PRRS modified live virus vac-
cine was implemented and had been passaged no more than
S times in MARC-145 cells. Two PRRS virus plaque vari-
ants (H, and Hg) which were subclones of a field virus and
a large plaque variant (W) were initially established in this
laboratory, and these were utilized for the examination of

growth kinetics, viral structural protein synthesis and nu-
cleotide sequence analysis.

Examination of viral plaque morphology : The palque
test was performed by a method described previously®.
Briefly, confluent MARC-145 cell monolayers grown in pe-
tri dishes (60mm X 15Smm) were inoculated with each virus,
and the inoculum was removed after 1 hour incubation at
37°C. The culture was washed once with MEM, and 5ml of
a liquid culture medium consisting of an equal volume of
double strength MEM and 2.4% boiled agar, supplemented
with 100pg diethylamino-etyl-(DEAE)-dextran/ml and 2%
FBS. The plates were incubated for 5 days at 37C in a CO,
incubator, and the cell monolayers were stained with 2ml of
1% crystal violet in 20% ethanol for 10 minutes. Plaque
size variants were determined on a plate which forms at
least 10 plaques. A large-size plaque was considered to be
>3mm in diameter, 2 medium-size plaque 2- { 3mm in di-
ameter and a small-size plaque  2mm in diameter.

In order to determine morphological change of the plaque
upon passages, 3 PRRS virus isolates (OVL-135, OVL-112
and OVL-99) were subjected to a serial passage in MARC-
145 cells up to 30 times. Each virus was collected when cy-
topathic effects reached at 70~80% and kept at -70C until
plaque assay. The plaque-size subpopulation was evaluated
on the virus passages 1, 7, 13, 19, 25 and 30.

One-step growth curves : Growth kinetics of PRRS
virus plaque variants between H, and Hg were compared.
The MARC-145 cells (approximately 3.0 10° cells per tis-
sue culture tube) were allowed to form a monolayer for 24
hours. The 2 plaque variant viruses (2ml, 10° TCID;y/ml)
were inoculated into the tubes. Afier 30 minutes virus ad-
sorption, the monolayers were washed twice with MEM,
and then fresh MEM containing 4% FBS was replaced.
Two tubes were sampled at the known intervals, and in-
fectivity of the virus pools was determined and calculated
by the method of Reed and Muench™.

RNA sequence analyses : Oligonucleotide primers
were synthesized on an automated DNA synthesizer ac-
cording to nucleotide sequence information from the PRRS
virus VR-2332. Open reading frames (ORFs) 5-6 gene was
amplified by reverse transcriptase polymerase chain reaction,
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and cDNA sequencing was done by an automated DNA
fragment analyzer (ABI 377). The procedures and analyses
were carried out in the Advanced Genetic Analysis Center,
University of Minnesota.

SDS-PAGE : In order to examine viral polypeptides syn-
thesis at different times postinoculation (PI), 3 plaque vari-
ants of PRRS virus (H;, Hg and W;) were metabolically la-
beled with **S-methionine (TRAN*S-LABEL, ICN Biomedi-
cals) for 4 hours, and the cell lysates were cross-immunopre-
cipitated with polyclonal swine sera against PRRS virus
plaque variants (H;, Hs and W,). Antisera used were from
pregnant sows which were inoculated with each PRRS virus
plaque variant and collected at 33-46 days PI in a previous ex-
periment’®. The sera showed serum neutralizing antibody titers
between 1:2-1: 8 and IFA titers 1 : 256-1:1,024.

For the cross immunoprecipitation, MARC-145 cells were
allowed to form monolayer in 75cm’® of tissue culture flask
for 24 hours. The viruses were inoculated with a titer of 10°
TCID,, per flask. The flasks were incubated for 24, 48 and
72 hours, respectively. The infected cells were labeled with
100uCi of S™-methionine. Hot cell lysate preparations at the
known intervals (1 ml) were reacted with different swine an-
tisera (10p1), and then 100pl of a 10% protein A sepharose
CL-4B (Pharmacia Biotech) was added. The prepared im-
munoprecipitates were resuspended with 100p1 of 1x sample
buffer and boiled for 3 minutes. The loading samples were
subjected to SDS-PAGE' at 35-40mA/gel for 2.5 hours and
analyzed by autoradiography. The gels were stained with
Coomasie brilliant blue, destained, pretreated with 1M so-
dium salicylate for 20-30 minutes, dried and exposed to X-
ray film (X-OMAT, Kodak) at -70C for 2-4 days. The
molecular weights of the viral polypeptides were calculated
by comparison with a broad range molecular weight stan-
dards (BioRad Lab., CA).

Results

Plaque morphology of PRRS virus isolates : Plaque
morphology of the 30 PRRS virus isolates were examined
in MARC-145 cells (Table 1). Three of the 30 isolates showed
a mixture of virus with various plaque sizes : large, medium

Tabld 1. Heterogeneity in plaque sizes of porcine reproductive
and respiratory syndrome (PRRS) virus isolates

PRRS virus _ No. of plaque (in diameter)  Virus titer®
isolate® >3mm  2-(3mm  (2mm TCiDso/ mi)
MN-W 1 13 2 4
MN-1b 7 6 9 4
OVL-220 5 9 20 1
OVL73 6 1 4
OVL-135 9 14 4
OVL-214 3 19 4
OVL-112 4 15 3
OVL-132 5 10 3
OVL-186 2 17 3
MN-H 4 8 3
OVL-110 5 30 2
OVL-161 2 12 2
7025 50 5
OVL-11 34 4
OVL-99 41 4
OVL-173 20 4
OVL-202 15 4
OVL-30 2 3
OVL-114 28 3
OVL-1321 13 3
OVL-113 43 2
OVL-174 4 2
OVL-180 2 2
OVL-211 23 2
OVL215 23 2
OvL217 12 2
OVL93 28 !
OVL-184 23 !
OVL-212 12 !
OVL-218 20 !

*All PRRS virus isolates were passaged (5 times on MARC-145 cells.
®The lowest virus dilutions which plaque sizes were determined.

- 753 -



Table 2. Subpopulation of different plaque size of porcine reproductive and respiratory syndrome (PRRS) virus isolates through

serial passage in MARC-145 cells

Level of scrial passage

PRRS
virus Plaque size 1 7 13 19 25 3
OVL-135 L 0 0 0 9 8 1
M 5 4 0 3 5 21
5 12 49 19 17 7 0
pfa 17x10* 5.3x10° 19x10° 29x%10* 2.0x10° 32x10°
OVL-112 L 0 14 5 13 19 7
M 0 8 3 4 8 26
S 5 4 2 3 1 4
pfu 5.0x107 2.6x10* 1.0x 10° 2.0x10° 2.8x10° 37x10°
OVL-99 L 0 0 2 0 0 0
M 0 0 11 10 11 23
S 13 12 13 12 19 16
pfu 1.3x10* 1.2x10° 2.6x10* 2.2x10° 3.0x10° 39x10°
*No. of plaque.

L~ 2>3mm (in diameter), M = 2- {( 3mm, §= ( 2mm.
pfu = plaque forming unit (ml).

and small in diameter. Nine isolates of PRRS virus con-
tained 2 different plaque variants : medium- and small-size
plaques. The remaining 18 isolates showed only small-size
plaques.

Serial passage of 3 PRRS virus isolates (OL-135, OVL-
112 with medium- and small-size plaque, and OVL-99 with
small-size plaque) in MARC-145 cells resulted in pro-
duction of the subpopulations with large- or medium-size
plaques (Table 2). The numbers of large-size plaque virus in-
creased markedly from the passage 19 for OVL-135 and pas-
sage 7 for OVL-112, but largely medium-size plaque in-
creased from the passage level 13 for OVL-99.

One-step growth kinetics of plaque variants of PRRS
virus : Two plaque variants, H; and Hs showed a similar
growth kinetics in MARc-145 line cells. Progeny virus was
detected from 18 hours PI, and the Hg virus showed higher
infectivity titers during the first 48 hours but slower to reach
the peak titer than H, virus did. The highest titers of the H,

was 10*° TCID/0.1m! at 72 hours PI, and that of the H
virus was 10°° TCID,/0.1ml at 96 hours PI (Fig 1). The in-
fectivity decreased after the highest titers.

== H}

Infectivity (TCID,, /0.1 ml)

[] T T T T 1
0 24 48 72 26 120

Hours postinoculation

Fig 1. One-step growth curves of two plaque variants (H, and
Hs) of PRRS virus in MARC-145 cell.
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1019 1020 103C 1040 1050
VR2332.8SEQ 1001 TCCGGCGTCC CGGCTCCACT ACGGTCAACG GCACATTGGT GCCCGGGTTA 1050
HL.8EQ LOQL #6#evwerus 4nUNaewiss AXRRANIRAE SANNESIANS wunataerus  ]05Q
HS.SEQ 1001 **PAamscas SARSRARSNS SNPARARNRIN FANSRAANER wkCbbasnat  ]050

1060 1070 1080 109¢ 1100
VR2332.SEQ 1051 AAAAGCCTCG TGTTGGGTGG CAGAAAAGCT GTTAAACAGG GAGTGGTAAA 1100
HL.SEQ D051 VAR RNANER NAREAERUES ARPARRNRAN RNk NTINS ahhxmddsns 1100
HS.SEQ 105] #xwadasmse *RAGHRATRE WRNRAINGEAR ARWNEURAERR SAshkntaie 1100

1110 1120 1130 1140 1150
VR2332.SEQ 1101 CCTTGTCAAA TATGCCAAAT AR, .. ..... ..tivnnnnr teennnnnn, 1150
HL.SEQ 1101 AverawToae wanwhehenn wk L L., 1150
HS.SEQ 1101 wwwwwhToan waswawwdar ww ., 1150

Fig 2. Nucleotide sequence comparison of two PRRS virus plaque variants (Hy and H). The ATCC VR-2332 sequences used in this
alignment are based on the sequence data presented by Murtaugh et al V",
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Fig 3. Comparison of the distribution of PRRS virus polypeptides
in cell lysates.
H:-(lane 1-4), Hs{(lane 5-8) and W, (lane 9-12) virus-infected
cell lysates were immunoprecipitated with anti-H, virus, anti-
Hs virus, anti-W, virus and negative control sow sera, respec-
tively. The molecular weight of the virus proteins were cal-
culated on the basis of the migration pattern of molecular
weight standards included in each gel. Numbers in the left
represent kilodaltons. A ; 24 hours postincubation (PI), B; 48
hours PI, C; 72 hours PL

Sequencing of ORFs 5-6 genome : A comparative se-

quence analysis showed a minor degree of difference between
small (Hs) and large (H,) plaque variants. The identity was
100% in ORF 5, and 99.3% of nucleotides and 98.3% of
amino acids in OFR 6. Only 4 point mutations were ob-
served in nucleotide 363 (C—T ; Gly—Gly), 365 (T—C ; Phe—
Ser), 385 (G—T; Asp—Tyr) and 467 (T—-G; Leu—Tyr) in
genome encoding ORF 6 (Fig 2). However, there were some
degree of differences between VR-2332 and the plaque vari-
ants. the nucleotide identity was 93.6% in ORF 5, and 99.0%
between VR-2332 and the large plaque variant in ORF6 and
98.3% between VR-2332 and the small plaque variant in ORF 6.

Viral polypeptides synthesis of PRRS virus plaque
variants : Cell lysates of 3 PRRS virus plaque variants (H,,
Hs and W,) were cross-immunoprecipitated with 3 antisera
to each plaque variant, and viral polypeptides synthesis was
examined at 24, 48 and 72 hours PI, respectively. Two po-
lypeptides with molecular sizes of 15 and 19kD were de-
tected at 24 hours PI, but the amounts were markedly less
against Hg antiserum (Fig 3A). At 48 hours PI, viral po-
lypeptides were more obvious and additional bands with H;
and W, virus antisera were detected at approximate molec-
ular sizes of 26, 36 and 42kD polypeptides (Fig 3B). With
Hg virus antiserum, the additional 3 bands were not clear at
48 hours PI, but obvious at 72 hours PI. At 72 hours PJ,
only 1 or 2 lower bands were detected with H, and W,
virus antisera, while all of the 5 bands were detected with
Hg virus antiserum (Fig 3C).

Discussion

Variable plaque sizes were evident when PRRS virus
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field isolates were examined on MARC-145 cells. However,
the majority (18 of 30) of the isolates were small plaque
size with a homogeneous subpopulation. The initial iso-
lation of each virus in the study was made using porcine al-
veolar macrophage or MARC-145 cell cultures. Continuous
passages of the isolates in MARC-145 cells resulted in in-
creased numbers of larger sized plaque subpopulations. This
could be due to virus adaptation in the cells, while there
may be a possibility of mutation or selection of the virus in
the cells. Stability of the palque size of each variant might
be analyzed because of the reason of decreasing the palque
size at 30th passage on OVL-112. Therefore, determination
of the plaque size evaluation for PRRS virus isolates should
be examined at a low passage level. At this time, it is im-
possible to correlate any relationship between the plaque
size and viral properties.

The results of nucleotide sequence analysis between H;
and Hg viruses were unexpected. Only 4 point mutations of
the nucleotides and change of 3 amino acids in ORF 6 were
observed. However, the results between VR-2332 ant the
PRRS virus plaque variants support previous findings;
ORFs 5, 3 and 7 seem to be the most variable', whereas
ORF 6 is the most conserved’®. Genetic distance between
the 10 midwestern US isolates ranged from 2.5-7.9%". Nu-
cleotide sequence information of ORFs 24 and 7 is not a-
vailable at this time. The significance of the change in ORF
6 is not known. It is necessary to define significant gene
structure correlated to the palque size by comparing full
genome sequence and several plaque variants. Although a
full sequence information is required, the changes of ORF 6
may be significant for determining pathogenic differences
between PRRS virus plaque variants H, and Hg viruses.

In a cross-immunoprecipitation assay using the virus-in-
fected cell lysates and antisera in sows raised against each
virus, five specific viral polypeptides with molecular weights
of 15, 19, 26, 36 and 42kD were demonstrated. Three major
polypeptides of 15, 19 and 24-26kD were reported in the
cell lysates of the North American strains of PRRS virus by
immunoblotting with polyclonal antiserum or monoclonal an-
tibodies®, In this study, we observed two additional po-
lypeptides of molecular weights of 36 and 42kD. The origin

of these polypeptides is not known at this time. Further
characterization of the polypeptides would be required.
However, in recent immunoblotting studies using mono-
clonal antibodies, 30-40kD and 40-50kD polypeptides were
reported”. Preliminary results with monospecific antisera
against bacterial fusion proteins suggested that the 30-40kD
surface protein in encoded by ORF 4 of the PRRS virus
genome and the 40-50kD protein by ORF 3. In other stu-
dies, the 45kD polypeptide was determined as the product
of ORF 3*. The 42kD polypeptide has been reported as a
highly glycosylated form of 26kD*”. The number of
glycosylation sites in a protein may affect the molecular
mass of the protein in the gel””. Molecular weights of the 36
and 42kD found in this study were slightly different from
other reports. The differences could be due to the method
for measuring the molecular weight. Western blot method in-
stead of radicimmunoprecipitation was used in most other
studies™>,

This study supports previous reports on the synthesis of 3
viral specific polypeptides. Synthesis of viral polypeptides
in infected cells with an American strain (ATCC VR-2332)
was detected as early as 20 hours PL The first polypeptides
detected at 20 hours showed a molecular weight of 19kD.
The polypeptide with a molecular weight of 15kD was de-
tected only afte 30 hours PI. The three major polypeptides
were optimally detected at 42 to 48 hours PI**, In this study,
major differences in detection of the polypeptides were ob-
served between the use of antisera and time at examination.
Detection of the 5 bands was possible at 48 hours PI with
H, or W, virus antisera, or 72 hours with Hg virus an-
tiserum. It seems that there was no difference between the
antisera of H, and W, viruses but marked difference
between the antisera of H, and Hg viruses.

Marked pathogenic difference between the 2 viruses was
demonstrated”. Further investigation on the relation between
the pathogenicity and the sequence differences along with
amount or speed of the polypeptide synthesis would be re-
quired.
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