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Introduction

Bovine viral diarthea virus, an enveloped virus with a pl-
usstranded RNA genome of about 12 Kb in length is the
causative agent of viral mucosal disease in cattle! ™ BVDV
strains have been classified into two biotypes based on the
pathology in cell cultures. Recent studies on BVDV infec-
tion indicated that cytopathic strains were usually coisolated
with serologically related noncytopathioNC) strains in clinic-
al mucosal disease®~7

Although the etiological roles as well as pathological sig-
nificance of noncytopathic BVDV has been reported, studies

to characterize such strains were few. Main reason of this
situation is mainly due to fact that noncytopathic virus do
not produce any detectable cytopathic effect as well as low
viral yields following passage i witn® We have propagated a
NC BVDV cell culture of bovine fetal lung(BFL), which
persistantly infected with NC BVDV. Herein, we described
certan of the biophysical and morphological chractenistics of
the NC BVDV.

Materials and Methods

Viius and cells . Primary bovine fetal lung(BFL) cells,
which were persistently “infected with NC BVDV, were used
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for preparation and characterization of NC BVDV. The cell,
which derived from a normal bovine fetus obtaned from
slaughter house, was identified as containing NC BVDV by
and indirect immunofluorescence method(IFA) using polyc-
lonal antibody conjugate against BVDV and was supplied
by the central viral diagnostic station(CVDS) of the school
of veterinary medicine, University of California, Davis, CA.
The cell passages used in this study were between 4 and
10. For the assay of the NC BVDV of the propagation of
cytopathic BVDV(NADL), established MDBK of bovine fet-
al lung(BFL) line cells were prepared using the same
methods for primary BFL cells. Brefly, cells were grown as
monolayers in flasks for three or four days in Dulbecco’s
modified Eagle’s minimal essential medium(DMEM) sup-
plemented with 10% fetal bovine serum and maintained in
the same media with 3% human serum of horse serum after
inoculation of the virus.

Purification of noncytopathic BYDV . Procedures for pun-
fication of noncytopathic BVDV were modified from those
described by Chu et al’

Brefly cells and tissue culture fluids were frozen and
thawed three times and clarified by centrifugation(8000 X ¢)
at 4C for 30 minutes.

The clanfied fluid was then layered onto a 3mé cushion
of 15%(W/W) potassium tartrate in TEN buffef0.01M Tris,
0001IM EDTA. 01M NaCl, pH72) and centrifuged at
70000 X 4 for 90 minutes in type 30 rotor. The pellet was
resuspended to 1/100 of onginal volume with TEN buffer
and centrifuged for Sminutes by eppendorf. The supematant
was then layered onto 15% to 359%(W/W) potassium tartrate
gradients and centrifuged to equilibrium(60.000 g for 24hrs
at 4TC) in a SW 251 rotor. Senal fractions(0.5m¢) were col-
lected by automatic density gradient fractionator(ISCO. INC,
Lincoln, Nebraska, US.A).

Each fraction was assayed for its viral infectvity by IFA,
corresponding density and absorbance by methods described
previously.”

Monocional antibody : Derivation of monoclonal antibody
with neutralizing activity against NADL strain and its char-
acterizations are described in previous paper.'”

Immunoeleciron microscopy - The method for immune
electron microscopy(IEM) was based on the procedures of
Thangue et al.!’ With slight modifications. A 500#¢ of
partially purified virus preparation prior to the steps equilib-
rium centrifugation was reacted with 54¢ of monoclonal
ascites overnight at 4C. The immune complex was further

incubated with 10#¢ of rabbitantimouse 1gG(Pel-Freez
biologicals, Rogers, AR 72756) for 2hrs at room temperature
before centnifugation for 1hr at 15000 ¢. The resulting pel-
let was resuspended to 1/10 of onginal volume with TEN
auffer and dropped onto a carbon coated gnd(200mesh), then
stained negatively with 4% phosphotungstic acid(PTA) and
examined by electronmicroscopy.

Radidimmunaprecipitation © Monolayers of cell in 25¢nf
flasks were labeled with 100 £Ci/m¢ of *(Symethionine with
& specific activity(s.a) 1117Ci/mé. After 6hrs incubation. the
supematant of infected cell as well as the control were col-
lected and centrifuged at 16000 X ¢ for Sminutes to re-
move cell debris. A freezethaw lysate from virus infected
calls and control were prepared at same way. The proce-
dures for immunoprecipitation of whole virus particles using
the monoclonal antibody were described in previovs paper.

The mixture were then subjected to SDS-PAGE i 10%
slad gel™

RNA extraction and gel electrophoresis . For a compar-
scn of the RNA genome of noncytopathic BVDV with a
cytopathic  strainlNADL), cytoplasmic cellular RNA from
each virus infected cell was extracted from the four day old
prmary BFL cells, NADL infected cells and uninfected
control cells according to the methods of Perbal

The extracted RNA(20/¢g) were then glycosylated and
separated in 0.8% agarose gel according to the procedures of
Maniatis et al"

Results

Purification and Identification of a noncytopathic BVDV :
After equilibrium centrifugation of viral samples in potassium
tartate gradient, eight fractions were collected and indi-
vidually examined for their infectivity by [FA, UV light
absorbance and corresponding density. Infective virus were
found to have a density of 009 g m/cnf to 1.11 ¢ m/enfi with
the maximum infectivity located at 0089 g m/cni(Fig 1)
When a partially purified virus sample was examined by in-
murcelectron microscopy with monoclonal antibody, spheric-
al shaped virus aggregates with 30~80nm in diameter
see(Sig 2).

To determine if a cytopathic BVD)V was present. purihed
virus samples were inoculated onto different cells and the
BFL cells were further subcultured up to 20 passages.
Cytopathic effects suspicious for BVDV were not observed
in either experiment. When NC BVDV was compared to
cytopathic strain(NADL), it was found that NC BVDY was
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Fig 1. Purification profile of NC BVDV in density gra-
dient.

Fig 2. immunoeletron microscopy of NC BVDV.
Magnification : X 125000

cell associated NC BVDV frequently did not yield any de-
tectable viral bands by density gradient using concentrated
samples with PEG from infected cell culture supernatant.

Identification of viral prateins noncytopathic BVDV : To
investigate viral proteins of the NC BVD virus, punfied
virus samples were subjected to SDS-PAGE and coomassie
brilliant blue staining. As a positive control, purified NADL
was tested in parallel with noncytopathic virus. Although
two structural proteins of NC BVDV with molecular
weights of 45kd and 36kd were identified, further identifica-
tion and comparison of other viral proteins was difficult due
to the relatively low protein concentration of noncytopathic
virus(data not presented).

However, since the monoclonal antibody against NADL
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Fig 3. Comparison of the protein profiles between NC
BVDV and cytopathic NADL by immunoprecipita-
tion of whole immune complex using monoclonal
antibody 115~3.

lane 1. uninfected cell supernatant

lane 2. uninfected cell lysate from freeze-thaw

lane 3. NADL infected cell lysate from freeze-thaw
lane 4. BFL cell supernatant

lane 5. BFL cell lysate from freeze-thaw

lane 6.- NADL infected cell supernatant

viral protein was found to react with the noncytopathic virus
frorn the result of immunoelectron microscopy, this monoc-
lonal antibody was used for immunoprecipitation of whole
virus particles after™(Symethionine labeling in contrast to
the immunoprecipitation results of NADL protein, no viral
proein was detected from immunoprecipitation using cell
culture supematant from primary BFL cells(Fig 3, lane 4).
Nevertheless, viral protein bands were detected with ronoc-
lonal antibody using cell supematant after freezing and thaw-
ing with media, substantiating the presence of NC BVDV
particles(Fig 3, lane 5). Although there was little difference
between the protein profile of noncytopathic virus and the
cytopathic NADL strain, different intensities of viral bands
with the same molecular weight proteins between two viral
strains were also observed. For instance, while the 62kd
protein band was strong in the noncytopathic virus, 42kd,



Fig 4. Identification of the NC BVD viral RNA and com-
parison with the cytopathic NADL.

2 > lane 1 and 4, RNA from the uninfected MDBK cells.
lane 2, RNA from the NADL infected cells.
lane 3, RNA from the A NC BVDV infected BFL cells. 9th pas-

sage.
B : lane 1, RNA from the uninfected MDBK cells

lane 2, RNA from the NADL infected MDBK cells
line 3. RNA from the BFL cells, 20th passage.

41kd and 25kd protein band were hard to detect compared
with those viral bands of NADL(Fig 3, lane 5 and 6). In
addition, 37kd of viral specific protein bands were usually
detected samples using a freezethaw lysate from both NC
BVDV and cytopathic NADL strain infected cells, but not
in the supematants or uninfected control. The reason for this
result is not clear now. However, two proteins with molecu-
lar weight of 200kd and 44kd were also detected both in
control as well as virus infected cells during immunopreci-
pitation, indicating that these proteins were precipitated as a
result of nonspecific binding of myosin and actin proteins
with Staphlooocaus cells as reported previously.'”

Identification of noncytopathic BVDV RNA I When cyto-
plasmic RNAs extracted from the primary BFL cells, cyto-
pathicNADL) strain infected cells and uninfected control
cells separated in agarose gel, ope exira high molecular
weight RNA band was detected in virus infected cells, but
not in the uninfected control lane(Fig 4a, 1~4). The com-
panison of two viral RNA bands showed no big difference
in molecular size because two RNA bands appeared in same
position. However, no viral RNA band was detected from of
BFL cells after 20 passages, indicating decreased replication
of the noncytopathic virus(Fig 4b, lane 2 and 3).

Discussion

It has been suggested that a persistent infection of a
fetuses by noncytopathic BVDV results in immunotolerance
calves, which then develop a mucosal disease when infected
or vaccinated by similar serotype of cytopathic strains™ 7
Stuclies on noncytopathic strdins of BVDV and their persis-
tent behavior in infected cells has been rather limited be-
cause of low viral yields. To overcome this problem. the
persstently infected cell derived from a uninfected bovine
fetus was selected as a source of virus. Since no cytopathic
effect{CPE) in these cells was observed for 20 passages.
contamination with other cytolytic viruses appeared unlikely.
The density range(109~1.10 ¢ /cnf) of a noncytopathic viral
strain of BVDV revealed little difference when compared
with previously reported results(1.09~1.12 g /enf) for cyto-
pathic BVDV**!® Differences in the genomic size of their
RNA were also not found. In addition. the examination of
NC BVDV by immunoelectron microscopy also indicated
the presence of regular spherical particles, which can fit the
morphological characteristic of BVDV strains.™!® The ahil-
ity to recognize the morphological features of NC BVDV
will be useful in the diagnosis of noncytopathic BVDV in-
fecticn by EM because such viral particles are usually mor-
pholcgically amorphorous as seen in specimens from clinical
cases. Noncytopathic BVDV is charactenistically associated
with cells and few cell free viruses were found as compared
to th= cytopathic strainNADL), which usually release cell
free viruses.'® The cell associated property of noncytopathic
BVDV was also indicated in a previous study by Nuttal”
who futther suggested that the lower yield of BVDV was
not due to the inability of the virus to infect cells of culture
since all cells were found to be infected by the IFA test.
Although the mechanisms of viral persistence is not com-
pletely understood, it may be related to the pathogenecity of
these biotypes, indicating that noncytopathic BVDV may be
mainly responsible for a persistent infection i wiw as well as
in vibo system. It is known that viral persistence depends on
an altered replication strategy in cells.'® For example, alpha
virus are reported to induce viral persistence in cells by
diminishing synthesis of viral gene products, while certain
picora viruses produce incomplete virus particles®™#! In pre-
vious studies, it was suggested that the translational proces-
sing of viral proteins from 118kd to 80kd was responsible
for the: cytopathogenesis in cells, whereas the antigenic varia-
tions were dependent on 56kd to 58kd glycoprotein™ %



Although the comparison of protein profile of 118kd be-
tween two biotypes was not clear in this study mainly as a
result of nonspecific binding of host cell component during
immunoprecipitation as reproted previously”, it was
observed that there can be different levels of expression
among apparently similar molecular weight proteins between
two biotypes. Further studies will be required to understand
the replicative events of noncytopathic viruses in cells,
which relate to a lack of pathogenecity as well as their per-

sistence in cells.

Summary

A noncytopathic bovine viral diarthea virusNC BVDV)
strain isolated and purified from persistently infected primary
bovine fetal lung(BFL) cells was studied by biophysical
methods. The buoyant density of particles of the NC
BVDV strain was shown to be between 1090 and 1.114 ¢
/et and the maximum virus infectivity occured at 1098 g
/ert. Immunoelectron microscopic examination by using the
partially purified virus revealed regular spherical particles 30
~80nm in diameter. Differences in the genomic size of
cytopathic and noncytopathic BVDV from infected cells
were not found. A comparison of viral proteins of a noncy-
topathic and cytopathic strain(NADL) by immunoprecipita-
tion using monoclonal antibody indicated that NC BVDV,
compared to cytopathic NADL, was cell associated.
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