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Introduction

Bovine viral diarthea virusBVDV) is the causative agent
of viral mucosal disease in cattle’ Besides clinically
observed diarthea, it frequently causes fever, oral ulceration,
cough, leukemia as well as persistant infection in mild cases.
Abortion, stillbirth and congenital defects were also con-
fimed in the cases of pregnant cows? BVDV has a single
stranded RNA of positive polarity with about 12kb in
length®~® Recent studies on viral proteins indicated that the

sum of viral proteins in infected cell was more than its max
imum coding capacity of viral genome, which suggesting the
precursorproduct relationship among those viral proteins”
However, numerous studies of the viral proteins of BVDV
showed deviations, both in numbers of proteins and in
molecular weight® 2 The controversies with respect to
structural proteins of BVDV seem to be mainly due to the
diffculties in virus purification as well as low viral vield in
cell culture. In this study, the monoclonal antibodies against
structural proteins of BVDV were denved and applied for



characterization of structural proteins of BVD virus.

Materials and Methods

Vius and cell . The plaque purified NADL strain of
BVDV was propagated in MadinDarby bovine kid-
ney(MDBK) cells grown in Dulbecco’s modified Eagle's
minimal essential medium(DMEM) supplemented with 10%
fetal bovine serum. The maintenance medium for infected
cells was DMEM supplemented with 5% horse serum of
human serum. The procedures for purification of BVDV
have been described by Chu et al'® The protein concentra-
tion was determined by the procedures of BioRad."

Production of monoclonal antibodies : Four week old
Balb/c mice were immunized intraperitoneally with 100 g
of purfied BVDV emulsified with Freund incomplete ad-
juvant. At regular three week intervals. these mice received
the same antigen without adjuvant for a total of three times
until three days before cell fusion. Monoclonal hybridomas
were produced according to standard methods using
3 X 63Ag 86531 After fusion, the supematants from hyb-
ridomas were tested for the presence of antibodies aganst
BVDV by the indirect fluorescent antibody method(IFA) us-
ing BVDV infected MDBK cells. which were fixed with
4% paraformaldehyde in PBS or cold acetone.'® The posi-
tive cells were cloned twice by the limiting dilution proce-
dures. The monoclonal ascites were produced by inoculating
mice with 10°hybridoma cells. Immunoglobulin subclasses
were determined by the Ouchterlony double diffusion
method."”?

Virus neutralization test . Two fold dilutions of heat inacti-
vated mouse ascites were mixed with an equal volume of
50~100 PFU BVDV and incubated at 37°C for 2hours.
ach sample was inoculated to duplicate of 5mé flask with
actively growing MDBK cells when 90% of monolayer was
made. Cells were inoculated with virus 4~5hrs after subcul-
ture with 25 X 10°cells. After 2hrs inoculation, 5mé of over-
lay medium containing DMEM, 05% agarose and 5% horse
serum was added to each flask followed by incubation at
57°C for 4days. Plaques were visualized by staining cells
with 0.01% neutral red. Neutralizing antibody titers were de-
terminded by 50% plaque reduction.

SDS-PAGE  and  immunoblating  analysis - Purified
BVDV(01tq) or infected cell lysates, prepared by the
methods of Swack et al'®, were subjected to SDS-PAGE in
10% slab gel ar 4°C." The electrophoresis pattem of puri-
fied BVDV was stained with Coomassie brilliant blue and

scanned by a video densitometetBiomed Instrument, INC)
For immunoblotting, the SDS-PAGE separated proteins
were electrophoretically transferred to nitrocellulose paper as
described® Following transfer, the nitrocellulose paper was
biocked in 3% bovine serum abumin containing 0.15M
NaCl, 005M TrsHCl, pH74 for 30minutes at room
temperature.  The subsequent immunodetection procedures
wete as previously described '

Immuncprecipitation : Monolayers of MDBK  cells 1
25cnf flasks were inoculated with virus at a multiplicity of
infection(MOI) of 10PFU/cell. At 24hrs post infection the
cells were labeled with 10 #Ci/mé of *(Symethionine with a
speciic activity(sa) 1117Ci/mf. After 8hrs incubation, the in-
fected cell supematant was collected and cenmifuged at
160C0 X ¢ for Sminutes to remove cell debrs. The col-
lected] supematant was mixed with 1% SDS PBS(0.i4M
NaCl, 27mM KCL. 15mM KH,PO,, 81mM NaH.FP0,)
to firal concentration of 0.1% in total volume.

After 30 minutes incubation, the supematant was added
with 10%(v/v) Pansorbin Sigplooaus aums cellsCalbiochem.
San Diago, CA) and incubated for 30 minutes at room tem-
paratire 1o remove nonspecific binding components. The su-
pematant was then centrifuged for Sminutes to remove
Staphylococs cells. The collected supernatant was used for the
immunoprecipitation experiment according to the procedures
previously described® The fluorography of gels was pre-
pared by the procedues of Chamberlain’

Pues-Chase experiment . After inoculation of virus in
MDEK cells, the cells were incubated with methionine free
media for 30 minutes and then added with 20040 of
®(Symethionine/m¢ for 30 minutes. The cells were washed
once with normal media and then replaced with a medium
contaning excessive methionine(150mg/m¢é) and 5% human
serwr. AT various time, the cells were scraped off and
washed once with DMEM media and mixed into 1mé of
lysis buffef005M TrisHC! pH80, 05M NaCl, 0.1%
SDS and 10#M phenylmethylsulphonyl fluroride). The cells
were incubated for 30 minutes on ice and the cell lvsates
were collected after centrigugation at 16000 X ¢ for
15minutes. The collected cell lysates were treated with
Staphprocuss awrens cells to remove nonspecific binding  pro-
teins and used for immunoprecipitation. For immunopreci-
pitation of the whole virus particle the supematant from
virus infected cells was directly absorbed with Sigphlowess @
ras c2lls and then used with monoclonal antibody according

to the immunoprecipitation procedures described above. In



this case, the whole immune complex was washed with
PBS twice at 5000g and mixed with SDS sample buffer
before loading into SDS-PAGE.

Patial pepide analysis : Afier SDSPAGE of purified
BVDV (204), the gel was briefly stained with Commassie
brilliant blue and each viral polypeptide was cut into a 3mm
fragment according to its corresponding molecular weight.
The gel slices were then placed into 7.5~175% Density
gradient gel with 3cm stacking gel. An aliquot of 2044 of
Cleveland’s sample buffef0.125M Tds, 1% SDS, 1%
2mercaptoethancl, 1 mM EDTA and 20% glycerol) was
added to each well. Twenty ¢ of digestion buffer[sample
buffer containing 10% glycerol, 0.05% BPB and 20 ¢ /m¢
of Staplplocoaus amas protease V. 8Miles)lwas overlaid into
each well®*, and the gel was electrophoresed at 15mA until
dye marker reached the bottom of the gel. The gel were
stained with Coomassie brilliant blue followed by silver
staining®

Fig 1. Immunoblotting analysis of monoclonal antibodies.

Results Lane 1, uninfected and Lane 2, NADL infected MDBK czll ly-
sate were reacted with monoclonal antibody 115~3(1000 X )
Derivation of manocional antibodies : A total of 714 su- Lane 3 and 4, purified NADL reacted with monoclonal antibody
pematants of hybridoma cultures were screened by the in- 115~3(ane 3 : 2000 X , lane 4 2 1000 X , respectively)
. . . ) Lane 5, uninfected and lane 6, NADL infected MDBK cell lysate
direct immunofluorescent antibody(IFA). The 6 hybridoma were reacted with monoclonal antibody 2~4(2000 X )
cells showing specific immunofluorescent reactions against Lane 7, purified NADL was reacted with monoclona antibody 2
BVDV-nfected MDBK cells were established. Among these, ~42000 %)

i 8, purified NADL was reacted with monoclonal antibody 63
one antibody(115~3)showed neutralizing activities. The If;‘iml’:(“?ed was wil onal antibody

general characteristcs of the monoclonal antibodies are listed antigen, but this cross reaction was diminished with higher
in Table 1. dilution of monoclonal ascites(Fig 1, lane 3 and 4). When

Immuncbioling and  immunoprecipitation  analysis © The this monoclonal antibody was reacted with *(S)methionine
neutralizing monoclonal antbody 115~3 reacted with labeled virus infected cell supemnatants lysatesICSLS), three
56kd(M.W) protein of the infected cell lysates(Fig 1, lane viral proteins of 56kd, 54kd and 45kd were immunoprecipi-
2). However, a cross reactive pattem with 80kd protein was tatec(Fig 2a, lane 2). In order to determine if the 45kd pro-
observed when the purified virus was used as a reactive  (sin was detected through close association with the 56kd to

Table 1. Characteristics of monoclonal antibodies

Proteins recognized .

. ®
Clones Isotype immnoblotting immuneprecipitation FneunalizatY(;gls
115~3 IgGl1 56~54Kd 56~54Kd + +
2~4 IgGl 45, 36Kd 45Kd + -
63~6 IgGl 120Kd NR + -
15~1 1gG1 NR NT + -
38~7 IgG2a NR NT + -
40~1 1gG2a NR NT - -

NR : Not reacted.

NT : Not tested.

» : Indirect fluorescent antibody method using BVD virus infected cells.
@ : 50% plaque reduction test using 50~100pfu(=32).
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Fig 2 Immunoprectipitation of BVDV polypeptides using
monoclonal antibodies.

(a), lane 1 and 3 . uninfected controls, lane 3 and 4 : BVDV in-
fected cell supemantants, which were reacted with monoclonal anti-
body 115~3,

(b), lane 1 : uninfected control and 2 : BVDV infected cell super-
natant were reacted with monoclonal antibody 2~4.
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Fig 3. Polypeptides profile of purified BVDV.
a H ! high molecular markers
L. Low molecuar markers
BVDV  purified virustNADL)
b. Scanning of the separated viral polypeptides numbers and
arrows at the top of the graph represent the position and sizes in
deltons of the polypeptides used for molecular weight
markersMW X 107)
54kd viral polypeptides, virus infected cell supematant was
directly incubated with monoclonal antibody and reacted
with antimouse 1gG. The mixture was then reacted with
Staptploovaus moeus cells. The whole immune complex was tre-
ated with 01%SDS for 30minutes and washed with
01%SDS in PBS before loading into SDS-PAGE. Since
only the 56kd and 54kd proteins were detected in this ex-

Fig 4. Immunodetection of BYDV polypeptides with the positive
bovine serum.

Lane 1. purified viral polypeptides reacted with 50 X bovine
serum.

Lane 2. purified viral polypeptides reacted with 100 X bovine
serum.

Lane 3. purified viral polypeptides reacted with 200 X hovine
serum.

periment, the 45kd protein band, which was detected in
immunoprecipitation experiment using ICSLS, comes {-
rom the result of coimmunoprecipitation with those two
polypeptides(Fig 2a, lane 4).

Ancther monoclonal antiboy(2~4) reacted with the 45kd
and 36kd viral proteins in immunoblotting and immunopre-
cipitated the 45kd protein with ICSLS(Fig 1, lane 6~7
and Fig 2b, lane 2). Monoclonal antibody 63~6 reacted
with the 120~115kd proteins in immunoblotting(Fig 1, lane
8) but it was not reactive with ICSLS. The other monoc-



Table 2. Comparison of the molecular weights of the identified BVDV polypeptides

Present Donis Magar Pocock Purchio Ocria Matthaeus Prichett
study et al et al et al. et al. et al. et al. et al.
Strain 6 @) (10) 12) @) €9) (1)
NADL Singer NADL NADL NADL Singer NADL NADL
165 )
145°
153
120° 18" 115 120 115
100° 110~93
92" 87
8" 80 80 80
76" 75" 75°
72° 69" 70
66 65 66
62 62
56~54 58~56" 55~53" 57" 55° 54" 57" 59~50
45" 48" 47" 49 45° 4"
42
41
40
38" 37 38 37 38
%
34 35 34
33 32 33
28" 2 26
25 23° 25
19

+ ! Detected in SDS-PEGE and RIP. *: Reported as a glycoprotein.

12 34 567891

Fig 6. The partial peptibe mapping of the 45kd and 36kd(M.W.)
of BVDV structural polypeptides.
a . Silver stained gel, lane 1(115kd), lane 2(80kd) lane 3(56kd),

Fig 5. Precipiiation of the *Smethionine labeled BVDV

through the immune complex using the neutralizing lane 4(45kd) and lane 5(36kd), respectively.

monoclonal antibody. b : Coomassie blue stained gel, lane 1(45kd), lane 2(36kd)

Lane 1, 3,5, 7,9 : uninfected cell supematants

Lane 2, 4, 6, 8, 10  virus infected cell supematants, which were lonal antibodies were not reactive with either immunoblottig
reacted at O hr (lane 1 and 2), 2hr(lane 3 and 4), 4hr(lane 5 and 6), or ICSLS.

6Ghr(lane 7 and 8) after pules labeling.

Lane 9 and 10 : 8hrs’ pulse labeling BVDV paypeptides . After SDSPAGE of purified



BVDV, the gel was stained with Coomassie brilliant blue
and the seperated viral polypeptides was scanned using
video densitometer. The scanning result indicated that there
were at least fourteen seperated peaks(Fig 3, a and b). The
estimated molecular weights of the peaks were estimated as
>200kd, 145kd, 120kd, 100kd, 92kd, 80kd, 76kd, 72kd, 62kd,
45kd, 38kd, 36kd, 34kd and 28kd, repectively. Among those
fourteen peaks, the 36kd and 45kd polypeptides proteins were
most abundant in the purfied virus. The positive bovine serum
of various dilutions was also reacted with purified BVDV anti-
gens by immunoblotting. Ten polypeptides(100kd, 92kd, 80kd,
76kd, 72kd, 56kd, 45kd, 38kd, 36kd and 34kd) were detected in
this experiment. However, the 80kd and 56kd proteins were
reacted with higher dilution of serum, indicating these two pro-
tens are major immunogenic viral polypeptides(Fig 4, lane 1~
3).

Pulse chase experiment: In order to get an insight on
the translational processing of structural proteins of BVDV,
virus infected cells were pulse chased and then immunopre-
cpitated with monoclonal antibodies.

Although on viral protein was detected with neutralizing
monoclonal antibody(115~3)using cell lysates in pulse label-
ing experiment, the presence of virion was found immediate-
ly after pulse labeling through immunoprecipitation of whole
virus as described above(Fig 5, lane 1~8). In addition,
when the supematant from long labeled(8 hrs) virus infected
cells was tested by this method using monoclonal antibody,
the results indicated that all but one of those previously de-
tected protein bands from SDS-PAGE using purified vrus
were also identified as viral specific polypeptides bands(Fig
5, lane 9 and 10). One high molecular weight of protein
band(>200kd) turned out to be a nonspecific protein in this ex-
periment because the same molecuar weight band was also de-
tected in the control(Fig 5, lane 9). In addition, seven viral spe-
cific bands with the molecular weight of 68kd, 56kd, 42kd,
41kd, 40kd, 33kd and 25kd were detected along with those thir-
teen viral polypetides. In contrast to scanning result of purified
virus, the 80kd, 56kd, 42kd and 38kd viral bands appeared to
be a same intensity with the 45kd polypeptide band and the
92kd viral protein band was often difficult i detect.

Partial peptide mapping analysis . Since a cross reaction
between the 45kd and 36kd proteins were detected in im-
munoblotting and immunoprecipitation, partial digestion of
those viral proteins with Stapiplowens aeeus protease V 8 was
performed in order to examine and similarity in primary
sequence of those proteins. In addition, three other viral pro-

tein bands(120kd, 80kd and 56kd)were also selected because
they have been reported as the major structural proteins.

The digeston pattems of the 45kd and 36kd proteins
showed considerable similarity, suggesting that thses two vir-
al proteins are related(Fig 6a, lane 4, 5 and b, lane 1, 2).
However, it was difficult to compare the digestion patterns
of other viral proteins even after silver staining as indicated
in Fig 6 a, lane 1~3.

Discussion

The molecular weight of viral proteins, which were
reacted with monoclonal antibodies derived in the study,
were 120~115kd, 80kd, 56 to 54kd, 45kd and 36kd, respec-
tively. The results on the molecular weight of the viral
structural proteins were in agreement with those found by
others.""*? Among those viral proteins, the 56kd~54kd pro-
tein was identified as the glycosylated viral polypeptides for
vitus neutralization with monoclonal antibodies®** The
fact that two viral proteins of similar molecular weight 56kd
and 54kd were detected with neutralizing monoclonal anti-
boly may be due to the presence of carbohydrate moieties
in polypeptides as suggested previously’ Although a total
of twelve viral proteins were identified in the virus infected
cells as reported by Donis et al® it is still not clear how
thcse viral polypeptides are related to the mature viron. In
this study, it was possible to demonstrate that BVDV con-
sisis of at least more than twelve structural polypeptides
through the combined analysis of purified virus using
SDS-PAGE and densitometer scanning. Purifying BVD
virus is laborious because BVDV does not grow well in
cel. culture and also contains the possibility of host cell
cortamination! In addition, there is also a loss of some of
viral polypeptides during the extensive purification steps.
For example, the 56kd of viral protein peak was not de-
tected in the gel, but was detected by immunoblotting with
positive bovine serum even at a higher dilution of serums.
In fact, the 92kd and 80kd protein bands were identified as
the minor peaks. However, the 80kd of viral band was
strongly detected as a major band, but the 92kd of protein
band was detectable at a low dilution of positive bovine
serum in immunoblotting. The result of densitometer scan-
ning on SDS-PAGE of the purfied virus indicated rather
asymmetrical distribution of previously reported  viral
polypeptides. For these reason, previous definitions on major
stuctural proteins based on RIP, which showed the possible
selection of immunodominance viral proteins using hyperim-



mune serum, might not valid. Similar result was also de-
scribed by Dinis et al’, who indicated that the 37kd(M.W)
viral protein was found to be fairly abundant, but was poor-
ly immunoprecipitated by hyperimmune serum. It is known
that there is considerable heterogeneity in the viral
polypeptides among BVDV strains®!° When the molecular
weights of purified viral proteins identified in SDS-PAGE
were compared with previously reported results. there was a
considerable agreement(Table 2). The presence of 100kd
and 92kd viral proteins were reported by Prichett et al!!
Who decribed those viral bands as heterogenously migrating
components in SDS-PAGE. Among fourteen protein bands,
which were detected in SDS-PAGE of purified virus, the
specificity of nine protein bands with molecular of 100kd,
92kd, 80kd, 76kd, 72kd, 56kd, 45kd, 38kd, 36kd and 34kd
were suported with positive bovine serum by immunoblot-
ting. However, the presence of other viral polypeptides ex-
cept one was also identified by the immunoprecipitation of
the whole viron. In this experiment, viral proteins with
molecular weights of 42kd, 41kd, 40kd, 33kd and 25kd
were additionally identified. It is not clear whether these pro-
teins bands were detected as a result of heterogenic moiety
of viral proteins with simillar molecular weight. Nevertheless,
it is possible to expect that the immunoprecipitation of
whole virions using monoclonal antibody might alleviate the
possible degradation of other surface proteins through bind-
ing to 56kd protein.

The fact that these proteins were not detected in punfied
virus or immunoblotting with positive serum might presum-
ably by related to the degradation during the punfication
steps as well as a lack of immunogenicity.

Although the BVD viral genome is believed > encode a
large polypeptide, no higher molecular weight protein as
well as the comesponding viral protein band were detected
with neutralizing monoclonal antibody. However, the detec-
tion of the presence of viral proteins in infected cell super-
natant immediately following pulse labeling confirmed the
characteristics of the rapid translational processing of viral
proteins during translation in infected cells. The results of
partial peptide mapping indicated that the 45kd and 36kd
proteins are related, suggesting that the cross reaction be-
tween two proteins may be due to the common antigenic
binding site within those two viral proteins. Since those two
viral proteins are present as the structural proteins, it is of
future interest to determine the exact ralationship between
those viral proteins during maturation of the virus in cells.

Previously, Purchio et al reported that 115kd and 80kd pro-
teins were structually related, but no similarity exist with the
56kd protein.”” In this study. the comparison of the digestion
patterns on those viral proteins was not rewarding, mainly
because those proteins were less abundant than the 45kd
and 36kd proteins in punfied virus. The result of immunob-
lotting with the neutralizing monoclonal antibody indicated
that there was ar centain extent of antigenic similarity be-
tween the 80kd and 56kd proteins. The result of this study.
as well as previous findings on viral proteins, clearly indi-
cated that there is potentially a precursorproduct relationship
among those identified structural proteins.

Further studies including precursorproduct relationship in
mature virion seems to be required to understand the exact

trarslational mechanism of this virus.

Summary

Monoclonal antibodies against structural proteins of hovine
viral diarthea virus(BVDV) were derived by classical hybrido-
ma techniques. These antibodies were characterized by serum
neutralization, immunoblotting and immunoprecipitation. The
neutralizing monoclonal antibody reacted with the S6kd to
54kd(M.W.) viral protein in western blotting and immunopre-
cipitation analysis. Although there was no neutralizing activ-
ity, another monoclanal antibody reacted with the 45kd pro-
tein by immunoprecipitation and with both the 45kd and
36kd proteins in immunoblotting analysis. respectively. De-
nsitometer scanning of purified BVDV and the immunopreci-
pitation of whole virus particles with neutralizing monoclonal
antibody revealed the presence of more than twelve viral
polypeptides. Although no possible precursor form of protein
was. identified with the neutralizing monoclonal antibody. the
presence of intact vinon was detected in the infected cell su-
pematant immediatelty after pulse labeling, indicating rapid
translational processing as well as packaging of the virus.
The partial peptide mapping of 45kd and 36kd proteins with
Staptlocooaus aeus V8 protease showed that these two proteins
are related.
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