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Glycoprotein GVP-11 (molecular weight, 71,500), induced by bovine herpesvi-
rus type 1, was detected on the external surface of infected cells. It could be
categorized as an "early" or "13" class protein since it was synthesized early in
the infectious process and its expression was not dependent upon prior viral DNA
replication in the infected cells. Monoclonal antibodies directed against GVP-11
immunoprecipitated that glycoprotein and some low-molecular-weight polypep-
tides from infected cells labeled with either [35S]methionine or [3H]lucosamine.
Immunoprecipitation of extracts from cells surface labeled with 12 I yielded an
additional 138,000-molecular-weight polypeptide. Tunicamycin- or bromovinyl
deoxyuridine-treated infected cells yielded polypeptides that were smaller in size
than corresponding glycoproteins in untreated cells. Tunicamycin-sensitive glyco-
sylation appeared to be necessary for the expression of the glycoproteins on the
surface of the infected cells. The monoclonal antibodies directed against GVP-11
and serum from an immune cow could participate in antibody- and complement-
mediated immunocytolysis of infected cells, and this immunocytolysis could be
enhanced by arresting cells in the early phase of viral gene expression by
treatment with inhibitors of viral DNA synthesis.

During infection, the expression of herpesvi-
rus genes is controlled in a manner such that
virus-induced proteins can be categorized as
"immediate early" (a), "early" (,B), or "late"
(-y) depending upon the temporal order of their
synthesis and the degree to which their synthesis
is dependent upon the successful progression of
certain physiological processes in the infected
cell (13, 18, 25). Thus only immediate early
genes are transcribed in the absence of prior
protein synthesis, and in the absence of viral
DNA synthesis, infected cells contain relatively
low concentrations of late gene products (5, 13,
18, 20, 25).
Herpes simplex viruses specify a number of

glycoproteins (2, 3, 8, 9, 21, 24) which are
located on the virion envelope as well as on the
surface of infected cells. These glycoproteins
have been termed "social" proteins (14) since
they mediate interactions between virions and
host cells (24, 26, 27), between infected cells (11,
19), and between various components of the
immune system and virions or infected cells (15,
23, 26, 27).
Among virus-induced glycoproteins, any early
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glycoproteins that are expressed on the surface
of infected cells would be of particular interest
for a number of reasons. (i) During viral replica-
tion after a primary infection, early glycopro-
teins would probably be the first viral gene
products recognized by the afferent arm of the
host's immune system. (ii) During subsequent
infections or episodes of reactivation, early gly-
coproteins would again be the first viral targets
available to the efferent arm of the immune
system. (iii) These proteins may be the only viral
targets available to the immune system in indi-
viduals who have been treated with antiviral
agents that block viral DNA synthesis. Since at
least some of these agents are virostatic and do
not destroy infected cells (unpublished observa-
tion), it is important that these infected cells be
recognized and destroyed by the immune sys-
tem. Otherwise these drugs would merely delay,
rather than prevent, replication. (iv) Early gly-
coproteins may be the only targets expressed in
the absence of viral DNA synthesis in latently
infected cells.

Recently (13) we identified an early glycopro-
tein in cells infected with bovine herpesvirus
type 1 (BHV-1). In this communication we de-
scribe the characterization of this glycoprotein.
Our results indicate that although this glycopro-
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tein can act as a target for immune cytolysis, its
ability to function as such may be hindered by
the expression of late viral gene products.

MATERIALS AND METHODS
Virus and cdls. Strain P8-2 of BHV-1 was cultured

in Madin Darby bovine kidney (MDBK) cells. Details
of cell growth, virus purification, infection, and label-
ing of cells have been described previously (1, 13).
Immunization of mice and preparation of monoclonal

antibodies. Female BALB/c mice obtained from Jack-
son Laboratories were injected intraperitoneally with
0.1 ml of purified BHV-1, ultrasonically emulsified
with an equal volume of Freunds complete adjuvant.
The mice were iWected again 2 weeks later with virus
emulsified in Freunds incomplete adjuvant, followed
by subcutaneous injections of purified virus in
Freunds incomplete adjuvant administered at 15-day
intervals. Four days before the fusion, mice were
injected via the tail vein with 0.1 ml of purified virus in
phosphate-buffered saline.

Spleen cells were fused with NS-1 cells, and hybrid
cells were selected as described by Kennett et al. (10).
Hybridomas were screened for their ability to produce
antibodies against BHV-1 proteins by indirect immu-
nofluorescence, using as test cells an equal mixture of
BHV-1-infected and uninfected cells acetone fixed
onto printed slides (Reboz Surgical Instrument Co.,
Washington, D.C.). The secondary antibody was fluo-
rescein-conjugated goat anti-mouse (H and L chain)
immunoglobulin (Cappel Laboratories, Cochranville,
Pa.). Identification of cultures secreting antibody to
herpesviruses was later confirmed by immunoprecipi-
tation. Positive clones were recloned at least once and
injected into pristane (2, 6, 10, 14-tetramethylpenta-
decane)-treated BALB/c mice for production of asci-
tes containing specific antibody.

Preparation of antigen for lmmupepitatin. Ra-
dioactively labeled cells were resuspended in RIPA
buffer (0.05 M Tris-hydrochloride [pH 7.0], 0.15 M
NaCl, 1% sodium deoxycholate, 1% Triton X-100) and
sonicated on ice for 3 s at a setting of 4 on a Sonifier
cell disrupter (Ultrasonics Inc., Plainsview, N.Y.).
The cell debris was removed by centrifugation at
80,000 x g for 1 h, and the supernatant was used
immediately for immunoprecipitation. Inclusion of 0.1
mM phenylmethylsulfonyl fluoride in RIPA buffer did
not alter the pattern of immunoprecipitation.

Immunoprecipitation. Ten microliters of ascites fluid
was added to BHV-1 antigen in 200 p.l of RIPA buffer.
After standing overnight at 4°C, immunoglobulin G
fraction of rabbit anti-mouse immunoglobulin (Cappel
Laboratories) was added, and incubation was contin-
ued for 4 h more. Ten milligrams of protein A Sephar-
ose CL-4B beads (Pharmacia Fine Chemicals, Inc.,
Sweden) in 100 ,ul of RIPA buffer was then added.
After 45 min, the Sepharose beads were washed four
times with RIPA buffer containing 0.1% sodium dode-
cyl sulfate, resuspended in 50 p.l of sample buffer (0.06
M Tris-hydrochloride [pH 6.81, 0.15 M P-mercaptoeth-
anol, 0.00125% bromophenol blue, 1.25% sodium do-
decyl sulfate, 12.5% glycerol), and heated in boiling
water for 4 min.

Analysis of proteins by polyacrybamide gel electropho-
reds. Samples were electrophoresed in the presence of
sodium dodecyl sulfate through polyacrylamide gels

(12) using a 15-cm vertical electrophoresis apparatus
(Richter Scientific, Vancouver, British Columbia).
Gels containing l25I- or 35S-labeled samples were
autoradiographed on 3M film. 3H- and "4C-containing
gels were soaked in En3Hance (New England Nuclear
Corp., Lachine, Quebec) and fluorographed on pre-
flashed film.

Iodination of cell surface proteins. A technique modi-
fied from that of Glorioso and Smith (6) was used.
Infected or mock-infected cells were harvested by
mild trypsinization, which has previously been shown
not to alter surface antigen expression or immune lysis
(1), and washed once with Hanks balanced salt solu-
tion (HBSS)-2% fetal bovine serum (FBS) and once
with HBSS containing KI at a concentration of 10-5
M. The cells were then counted in a hemacytometer
after staining with trypan blue, and only cultures with
greater than 95% viable cells were used. The cells (2 x
106) were resuspended in 0.49 ml of HBSS-10-5 M KI
and mixed with 25 pLl of a 2% solution of 3-D-glucose,
100 ,ul of Enzymobeads (Bio-Rad Laboratories, Mis-
sissauga, Ontario), and 0.5 mCi of Na1"I (New En-
gland Nuclear Corp.). After standing at room tempera-
ture for 30 min, 10 ml of HBSS-10-' M KI was added.
The cells were then pelleted and washed three times
with HBSS-10-4 M KI. The cells retained their viabili-
ty throughout the procedure. Soluble antigen was then
prepared from the cells as outlined above.

Antibody- and complement-mediated cytolysis. BHV-
1-infected or mock-infected MDBK cells were labeled
overnight with 100 pLCi of Na251CrO4 (New England
Nuclear Corp.). The cells were then harvested and
washed twice with Veronal buffer (0.15 M NaCi, 3 mM
barbitol, 1.8 mM sodium barbitol, 0.5 mM magnesium
chloride, 0.15 mM calcium chloride) containing 2%
FBS, and the concentration of viable cells was deter-
mined by counting trypan blue-unstained cells in a
hemacytometer. The target cells (2 x 104) in 100 ,ul of
Veronal buffer-2% FBS were dispensed into dispos-
able tubes (12 by 75 mm). Serum was added to the
tubes which were then incubated at 37°C for 30 min. A
100-,lI amount of rabbit complement (Cappel Labora-
tories) diluted 1/10 in Veronal buffer-2% FBS was
added to each tube, and incubation was continued for
an additional 90 min. A 1-ml amount of Veronal
buffer-2% FBS was added to each tube, cells were
pelleted by centrifugation for 10 min at 500 x g, 1 ml of
supernatant was removed, and the amount of 5'Cr was
determined in a Searle model 1185 y counter. All tests
were performed in triplicate, and each test contained
samples lysed with 3% Triton X-100 to estimate total
releasable radioactivity. The percent specific 51Cr
release was used as an indicator of cell death. This
index was calculated as: 100 x [(counts per minute of
51Cr released from cells with serum plus complement)
- (counts per minute released with complement
alone)]/[(counts per minute released from cells with
Triton X-100) - (counts per minute released with
complement alone)].

RESULTS

Early glycoprotein GVP-11. We have reported
earlier (13) that BHV-1 induces at least one
glycoprotein, GVP-11, that can be categorized
as an early protein. To confirm this observation,
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two approaches were used. First, cultures of rn
MDBK cells infected at a multiplicity of infec- c
tion of 10 PFU per cell with BHV-1 were labeled (1
for 2-h intervals with [35S]methionine or [3H]glu- ti
cosamine. Cells harvested at the end of the 2-h M
labeling periods were analyzed by polyacryl- b
amide gel electrophoresis. Figure 1 shows that di
expression of BHV-1-induced polypeptides and sl
glycoproteins was temporally controlled. G
Among the glycoproteins, GVP-11 was labeled p
in the first 2 h after infection, whereas GVP-9, t4
the most heavily labeled glycoprotein in infected ci
cells, was not labeled until later in the infection
process. c
The second approach was based on the obser- so

vation that in the absence of viral DNA synthe- ?
sis only early polypeptides are synthesized. Fig- M
ure 2 shows that in infected cells treated with n
cytosine arabinoside (araC), a nonspecific inhib- li
itor of DNA synthesis (lanes E and F), or C
phosphonoformate (PFA), an inhibitor that pref- fi
erentially blocks herpesvirus DNA synthesis kI
(lanes C and D), more GVP-11 was radioactively
labeled than in untreated cells (lane B). In con- c
trast, inhibition of DNA synthesis reduced the M

H
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adioactivity associated with GVP-9, a late gly-
oprotein (13). Bromovinyl deoxyuridine
BVdU), an inhibitor which effectively prevents
he production of infectious BHV-1 (G. A.
Veinmaster, V. Misra, R. McGuire, L. A. Ba-
)iuk, and E. Declercq, Virology, in press) but
toes not block viral DNA synthesis (results not
hown), did not alter the relative amounts of
'VP-11 and GVP-9. However, the glycopoly-
)eptides made in BVdU-treated cells appeared
o be more electrophoretically mobile than the
,orresponding glycoproteins in untreated cells.
Monoclonal antibodies to GVP-l1. To further

,haracterize GVP-11, we made hybridomas that
;ecreted antibody against BHV-1 proteins.
4onoclonal antibodies against BHV-1 proteins
were detected by immunofluorescence and im-
nunoprecipitation. One such hybridoma cell
ine produced antibodies, of the immunoglobulin
31 class, which immunoprecipitated GVP-11
rom antigen extracts of BHV-1-infected cells
abeled with [35S]methionine (Fig. 3).
GVP-l1 expressed on the surface of infected

ells. GVP-11 is a glycoprotein since it is labeled
with [3H]glucosamine and is associated with the

S
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FIG. 1. Time course of BHV-1 glycoprotein synthesis. BHV-1-infected cells were labeled with [3H]gluco-
samine (lanes A to G) or with [35S]methionine (lanes H to N) at 0 to 2 (lane B), 2 to 4 (lane C), 4 to 6 (lane D), 6 to
8 (lane E), 10 to 12 (lane F), and 12 to 14 (lane G) h after infection. Mock-infected cells were labeled during the 0-
to 2-h interval (lanes A and H). At the end of the labeling period, the cells were harvested and analyzed by
electrophoresis on 7.5% polyacrylamide gels. Structural polypeptides are numbered, while lowercase letters
indicate nonstructural polypeptides (13) and numbers (molecular weight x 1,000) with arrows indicate the
position of molecular weight markers electrophoresed in the same gel.
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FIG. 2. Effect of PFA, araC, or BVdU on proteins and glycoproteins synthesized in BHV-1-infected cells.
Mock-infected cells (lane A), BHV-1-infected cells (lane B), or infected cells treated with 100 ,ug of PFA per ml
(lane C), 500 ,ug of PFA per ml (lane D), 50 ,ug of araC per ml (lane E), 100 ,ug of araC per ml (lane F), 5 ,ug of
BVdU per ml (lane G), or 20 ,ug of BVdU per ml (lane H) were labeled with either [3H]glucosamine or
[35S]methionine. In each case, the drugs were added immediately after virus adsorption. At 20 h after infection
the cells were harvested and analyzed on a 7.5% polyacrylamide gel.

BHV-1 virions (13). It would, however, be im-
munologically of little interest if it was not
expressed on the surface of infected cells. To
establish that GVP-11 was a surface protein, the
external proteins of infected cells and infected
cells treated with PFA, araC, or BVdU were
radioactively labeled with 1251. Antigen extracts
prepared from these cells were then analyzed by
polyacrylamide gel electrophoresis either direct-
ly or after immunoprecipitation with the mono-
clonal antibodies directed against GVP-11. The
results (Fig. 4) show that GVP-11, along with the
other BHV-1-induced glycopolypeptides, was
expressed on the surface of infected cells and of
infected cells treated with the inhibitors. In
BVdU-treated cells, however, the glycoproteins
were of a lower molecular weight than in un-
treated cells. These results also indicate that; in
the absence of viral DNA synthesis, more GVP-
11 was made inside infected cells (Fig. 2), but
the amount of this glycoprotein on the surface of
these cells was not any greater than that on

untreated cells. In addition to immunoprecipitat-
ing GVP-11, the monoclonal antibodies also
precipitated 138,000-dalton and 53,000-dalton
polypeptides. The immunoprecipitation, howev-
er, was specific since no GVP-9 was precipitat-
ed.

Partial blockage of the glycosylation of GVP-11
by tunicamycin. To further characterize GVP-11
we examined the effect of tunicamycin, an anti-
biotic that inhibits the addition of carbohydrate
side chains attached by N-terminal glycosydic
linkages (22), on the glycosylation and surface
expression of GVP-11. Figure 5 shows that the
glycosylation of GVP-11, as well as other glyco-
proteins, was only partially inhibited by tunica-
mycin and that monoclonal antibody directed
against GVP-11 immunoprecipitated a [3H]glu-
cosamine-labeled polypeptide that was lower in
molecular weight than the glycopolypeptide pre-
cipitated from uninfected cells. Although GVP-
11 was glycosylated in tunicamycin-treated
cells, albeit partially, tunicamycin-sensitive gly-
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immunocytolysis, but to a lesser extent than the
monoclonal antibodies against GVP-11. None of
the antibody preparations were able to lyse
uninfected MDBK cells. Interestingly, the abili-
ty of the monoclonal antibody directed against
GVP-11, as well as immune bovine serum, to
mediate cytolysis was enhanced if infected cells
were maintained in the early phase of infection
by treatment with PFA. Although the results
from only two such experiments are depicted in
Table 1, this enhancement was consistently ob-
served whenever PFA-treated cells were used as

targets. Tunicamycin-treated cells, on the other
hand, were not lysed by antibodies and comple-
ment, confirming observations (Fig. 5 and 6) that
although GVP-11 was partially glycosylated in
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FIG. 3. Immunoprecipitation of [35S]methionine-
labeled BHV-1-infected-cell proteins with monoclonal
antibodies. Extract from infected whole cells (lane A)
was immunoprecipitated with monoclonal antibodies
directed against GVP-11, clone 28B (lane B), and clone
28C (lane C) or was immunoprecipitated with mono-
clonal antibodies against VP-23, clone 27A (lane D).
Mock-infected cell extract was immunoprecipitated
with monoclonal antibodies directed against GVP-11
(lane E).

cosylation was necessary for expression of the
glycoproteins on the surface of infected cells
since GVP-11 could not be surface iodinated in
tunicamycin-treated cells (Fig. 6) and these cells
could not be killed by antibody- and comple-
ment-mediated cytolysis (Table 1).

Ability of monoclonal antibodies against GVP-
11 and complement to mediate immunocytolysis.
The monoclonal antibodies directed against
GVP-11 could mediate immune cytolysis of
BHV-1-infected cells in the presence of rabbit
complement, whereas monoclonal antibodies di-
rected against VP-23, a nucleocapsid protein,
were unable to do so (Table 1). Serum from a

cow infected with BHV-1 and reactivated with
dexamethasone (16) was also able to mediate

FIG. 4. Cell surface proteins labeled with 125I-la-
beled Enzymobeads (Bio-Rad) from mock-infected
(lanes A and B), BHV-1-infected cells (lanes C, D, and
K), and BHV-1-infected cells treated with 75 ,ug of
araC per ml (lanes E and F), with 150 ,ug ofPFA per ml
(lanes G and H), or with 7.5 jg of BVdU per ml (lanes
I and J). Whole-cell extracts (lanes A, C, E, G, and I).
Cell extracts immunoprecipitated with monoclonal
antibodies directed against GVP-11 (lanes B, D, F, H,
and J). Cell extracts from BHV-1-infected cells im-
munoprecipitated with monoclonal antibodies directed
against VP-23 (lane K).
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FIG. 5. Proteins and glycoproteins in mock-infected and BHV-1-infected cells treated with tunicamycin.
Mock-infected cells (lanes A, B, J, and K) or BHV-1-infected cells were labeled with [35S]methionine (lanes A to
I) or [3H]glucosamine (lanes J to R). BHV-1-infected cells were treated with either 1 pLg of tunicamycin (lanes E,
F, N, and 0) or 2.5 ,ug of tunicamycin (lanes G, H. P, and Q). Cell extracts were prepared and analyzed by
polyacrylamide gel electrophoresis either directly (lanes A, C, E, G, J, L, N, and P) or after immunoprecipitation
with monoclonal antibodies directed against GVP-11 (lanes B, D, F, H, K, M, 0, and Q) or with monoclonal
antibodies directed against VP-23 (lanes I and R).

the presence of tunicamycin, the antibiotic
blocked expression of the glycoprotein on the
surface of infected cells.

DISCUSSION
The glycoprotein GVP-11, induced by BHV-1,

could be categorized as an early or 13 protein
because it was synthesized early in the infec-
tious process and because its expression was not
dependent on prior viral DNA replication in the
infected cell. Inhibition ofDNA synthesis led to
increased intracellular synthesis of this glyco-
protein in BHV-1-infected cells, although this
was not reflected by increased expression of
GVP-11 on the surface of cells. Such early
antigens have been observed on Epstein-Barr
virus-infected cells (5, 20), and unpublished ob-
servations (Balachandran and Rawls, personal
communication) suggest that at least two of the
glycoproteins specified by herpes simplex virus
type 2 may be expressed earlier in infection than
others.

In this communication we have used monoclo-
nal antibodies to further characterize GVP-11.
Monoclonal antibodies directed against this gly-
coprotein immunoprecipitated GVP-11 and

small amounts of a glycosylated polypeptide of
lower molecular weight from extracts of cells
labeled after infection with either [3H]gluco-
samine or [35S]methionine. However, when ex-
tracts of cells surface labeled with 125I were
used, the monoclonal antibodies also precipitat-
ed a larger (138,000-molecular-weight) polypep-
tide which possessed the same electrophoretic
mobility as the virus-induced glycoprotein,
GVP-5. Since the 138,000-dalton polypeptide
was not precipitated from [35S]methionine- or
[3H]glucosamine-labeled cell extracts, it may be
a virus-induced non-glycosylated polypeptide
that has a low methionine content. Alternative-
ly, the 138,000-dalton polypeptide may be a
host-specified surface protein that is intimately
associated with GVP-11 in the infected cell and
hence is immunoprecipitated with it. Host-speci-
fied polypeptides would not be extensively la-
beled in infected cells to which radioactive ami-
no acids were added after the cessation of host
cell gene expression (13) and therefore would
not appear in autoradiograms of the immunopre-
cipitates. We are at present trying to establish
the nature of the 138,000-dalton polypeptide.

Tunicamycin, an antibiotic that inhibits the
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TABLE 1. Antibody-complement lysis of BHV-1-infected cells

Time
% Specific release

after Monoclonal antibodies Monoclonal antibodies
Expt Target cells infec- Anti- directed against GVP-11 directed against VP-23

tion BHV-1 Clone Clone Clone
(h) 28B 1-5E8 27A

1 Mock infected 12 0 0 _a 0
BHV-1 infected 12 13.3 ± 1.1 46.6 ± 2.5 - 0
BHV-1 infected plus 12 51.8 ± 5.7 57.5 ± 6.2 - 0

100 ,g of PFA
2 Mock infected plus 20 0 0 0 0

100 ,ug of PFA
BHV-1 infected 20 15.8 ± 3.9 63.0 ± 3.6 54.3 ± 2.9 3.9 ± 0.8
BHV-1 infected plus 20 22.3 ± 3.3 78.0 ± 4.6 80.0 ± 2.1 0

100 ,g of PFA
3 Mock infected 20 0 0

Mock infected plus 1 20 0 0
,g of tunicamycin

BHV-1 infected 20 11.3 ± 1 63 ± 3.4
BHV-1 infected plus 1 20 0 - 0

,ug of tunicamycin
a , Not done.

synthesis and attachment to proteins of N-linked
carbohydrate side chains (22) only partially in-
hibited the glycosylation of GVP-11 and other
BHV-1-induced glycoproteins. The tunicamy-
cin-sensitive glycosylation was, however, nec-
essary for expression of GVP-11 on the surface
of infected cells since the glycoproteins were not
iodinated on tunicamycin-treated cells which
were also not susceptible to lysis by antibody
and complement. The observation that tunica-
mycin only partially inhibited the glycosylation
of BHV-1-induced glycoproteins did not come
as a surprise as Norrild and Pedersen (Abstr.
Int. Workshop on Herpesviruses, p. 108, 1981)
have shown that tunicamycin only partially in-
hibits the glycosylation of at least some of the
herpes simplex virus-induced glycoproteins.
However, unexpectedly, we found that treat-
ment of infected cells with BVdU, a thymidine
analog which prevents the synthesis of infec-
tious BHV-1, also led to the synthesis of glyco-
sylated polypeptides which possessed a lower
molecular weight than those of untreated cells.
Since BVdU did not affect the electrophoretic
mobility of any of the non-glycosylated polypep-
tides, it must have interfered only with post-
translational glycosylation. Unlike tunicamycin,
BVdU-sensitive glycosylation did not prevent
the expression of glycoproteins on the surface of
infected cells since these glycoproteins could be
labeled with 1251I and these cells were susceptible
to immunocytolysis. These results suggest that
GVP-11 may have two kinds of carbohydrate
side chains. One kind, which is attached by a
tunicamycin-sensitive step, is necessary for

A B C D E F

FIG. 6. Cell surface proteins labeled with 125I-la-
beled Enzymobeads (Bio-Rad) from mock-infected
cells (lanes A and D), BHV-1-infected cells (lanes B
and E), or BHV-1-infected cells treated with 1.0 ,ug of
tunicamycin (lanes C and F). Cell extracts were either
electrophoresed through 7.5% polyacrylamide gels di-
rectly (lanes D, E, and F) or after immunoprecipitation
with monoclonal antibodies directed against GVP-11
(lanes A, B, and C).
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expression of the glycoprotein on the surface of
infected cells. The other side chains, inhibited
by BVdU, may be necessary for the production
of infectious virus. BVdU is phosphorylated by
herpesvirus-induced thymidine kinases (4;
Weinmaster et al., in press) and is thought to
interfere with virus replication by being incorpo-
rated into viral DNA (E. DeClercq, J. Descamps,
and H. S. Allandeen, Abstr. Int. Workshop on
Herpesviruses, p. 180, 1981). Our results sug-
gest that it may also interfere with virus-induced
glycoprotein synthesis or processing. This alter-
nate mechanism of BVdU action is at present
being investigated.
The monoclonal antibodies directed against

GVP-11, as well as specific bovine antiserum,
could participate in antibody- and complement-
mediated immune cytolysis of BHV-1-infected
cells as well as of infected cells in which only the
early glycoproteins were expressed. This indi-
cates that GVP-11 is probably accessible to the
immune system and can participate as a target
for immunocytolysis. The results also indicate
that although antiherpetic agents such as PFA
are inhibitory in vitro (results not shown), in
conjunction with the immune system in vivo,
they may destroy virus-infected cells. Interest-
ingly, infected cells arrested in the early phase
by PFA were more sensitive to antibody- and
complement-mediated cytolysis than untreated
cells. PFA-treated cells did not express more

GVP-11 on their surface; this enhanced sensitiv-
ity to immunocytolysis in the absence of viral
DNA synthesis and consequently in the absence
of late glycoproteins and other late functions
suggests that early glycoprotein-targeted im-
munocytolysis may in fact be suppressed or

camouflaged by late functions. We are presently
conducting experiments with other viral DNA
synthesis inhibitors to determine whether they
have similar effects. This should hopefully help
us determine the reason for increased sensitivity
to immune cytolysis. An alternative explanation
for the increased sensitivity of PFA-treated cells
to antibody and complement lysis would be that
these cells are less able to repair the membrane
damage caused by complement.
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