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Tissue culture cells infected with herpes simplex type 1 virus express virus-
specified glycoprotein antigens on the plasma membrane. Three of these have
been previously identified and have been designated as Ag-11, Ag-8, and Ag-6. In
the present study, immunoglobulins to each of the antigens were shown to be
capable of mediating immunocytolysis in the presence of either complement
(antibody-dependent complement-mediated cytotoxicity) or peripheral blood
mononuclear cells (antibody-dependent cell-mediated cytotoxicity [ADCC]). Two
herpes simplex virus type 1 strains, VR-3 and F, reacted similarly in the ADCC
test in the presence of immunoglobulins to Ag-li, Ag-8, and Ag-6 in both infected
Chang liver cells and HEp-2 cells. Anti-Ag-6, however, produced a lower ADCC
reaction in HEp-2 cells than in Chang liver cells, suggesting differences in the Ag-
6 surface expression in, or release from, these cells. Chang liver and HEp-2 cells
infected with the MP mutant strain of herpes simplex virus type 1 showed
reduced ADCC in the presence of anti-Ag-il and anti-Ag-8, but no reactivity at
all with anti-Ag-6. Crossed immunoelectrophoretic analysis showed that MP-
infected cell extracts contain Ag-11 and Ag-8, but lack Ag-6. Polypeptide analysis
ofherpes simplex virus type 1 strains F, VR-3, andMP showed that Ag-li consists
of the glycoproteins gA and gB, that Ag-8 consists of gD, and that Ag-6 consists
of gC. In conclusion, the present study demonstrates that either one of the
glycoproteins (gC, gD, and a mixture of gA and gB) can function as a target for
immunocytolysis and that the antibody preparation to gC (Ag-6) does not cross-
react with any of the other glycoproteins.

Herpes simplex virus type 1 (HSV-1) induces
the incorporation of viral proteins into the mem-
branes of infected cells (6, 21). Insertion of the
viral proteins in the plasma membrane imparts
a new antigenic specificity to the infected cells,
as demonstrated by various immunological as-
says. These have included lysis of cells with
antibody and complement (antibody-dependent
complement-mediated cytotoxicity [AbC]) and
lysis by antibody in the presence of peripheral
blood leukocytes (K-lymphocytes, polymorpho-
nuclear leukocytes, or monocytes), a process
termed antibody-dependent cell-mediated cyto-
toxicity (ADCC) (8, 14, 15, 19). With the aid of
the crossed immunoelectrophoretic technique,
we have demonstrated previously that HSV-1-
infected cells contain three major membrane-
bound glycosylated antigens, designated as Ag-
11, Ag-8, and Ag-6 (10, 24). When injected into
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rabbits, each of these antigens produced anti-
body which reacted only with the respective
antigen when tested by the crossed immunoelec-
trophoretic technique, employing an intermedi-
ate gel (1, 25).

In the present paper we report that: (i) each
of the glycoprotein antigens Ag-il, Ag-8, and
Ag-6 reacts as a target for imnmunocytolysis
when rabbit sera reacting to each of the three
antigens are employed in either the comple-
ment-dependent or the cell-dependent cytolytic
assay; (ii) Ag-11, Ag-8, and Ag-6 consist of the
glycopolypeptides gA plus gB, gD, and gC, re-
spectively; (iii) the antibody preparation to Ag-
6 (gC) only reacts to gC, as demonstrated by the
lack of reactivity to cells infected with HSV-1
strain MP which lacks gC.

MATERIALS AND METHODS
Virus strains and cels. HSV-1 strains F and 17

(2, 22) were propagated in HEp-2 cells; HSV-1 strain
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VR-3 was propagated in Chang liver (CL) cells in
Eagle minimum essential medium (MEM) with 2%
fetal calf serum (FCS) (maintenance medium). The
mutant HSV-1 (MP) previously shown to lack one
major glycopolypeptide, gC (5, 20), and used primarily
to demonstrate the specificity of the reagents, was also
propagated in HEp-2 cells.

Infection of cells. (i) For ADCC and AbC tests,
HEp-2 or CL cells were infected with HSV-1 as follows.
Monolayers in 25-cm2 plastic flasks were infected at a
multiplicity of infection of 1 to 2 PFU ofVR-3 per cell,
5 to 10 PFU of F per cell, and 20 to 30 PFU ofMP per
cell. After 1 h of absorption at 37°C, the monolayer
was washed twice in phosphate-buffered saline, and
replenished with 10 ml of maintenance medium. (ii)
For antigen production and polypeptide analysis, 150-
cm2 monolayers of rabbit kidney (RK), CL, or HEp-2
cells were exposed to either VR-3, F, MP, or 17 at 10
to 20 PFU/cell. After 1 h of adsorption, the monolayer
cultures were overlaid with 50 ml of maintenance
medium.
Labeling of cells with radioisotopes. The main-

tenance medium was replaced at 9 h postinfection by
medium containing 1/10 the normal amount ofleucine,
isoleucine, and valine, but supplemented with 5 ,uCi of
each of the amino acids [U-'4C]leucine, [U-'4C]isoleu-
cine, and [U- 4C]valine per ml of maintenance medium
(300 mCi/mmol for each amino acid; New England
Nuclear Corp., Boston, Mass.). The cells were proc-
essed at 10 h postinfection. For labeling with glucosa-
mine, the maintenance medium was replaced at 9 h
postinfection with medium containing 1/10 the normal
concentration of glucose, but supplemented with 1 uCi
of D-[1-'4C]glucosamine per ml of medium (45 to 55
mCi/mmol; New England Nuclear Corp.). The cells
were processed at 20 h postinfection.

Preparation of viral protein and polypeptides.
(i) Triton X-100 solubilization. For Triton X-100
solubilization, HSV-1-infected cells were scraped off
the flasks, washed once in Hanks balanced salt solu-
tion, and suspended in 4 volumes of 5% Triton X-100
in 0.020 M glycine-0.0076 M Tris buffer, pH 8.6. The
suspension was disrupted by sonication and centri-
fuged as described elsewhere (10).

(ii) SDS-mercaptoethanol solubilization. For
sodium dodecyl sulfate (SDS)-mercaptoethanol solu-
bilization, monolayers of infected cells were washed
once in Hanks balanced salt solution and disrupted in
2% (wt/vol) SDS-5% (vol/vol) 2-mercaptoethanol, as
reported by Morse et al. (9).

Antibodies. Polyspecific antibodies were produced
by inoculation of rabbits with HSV-1 (F)-infected rab-
bit cornea cells disrupted in distilled water (25). Anti-
bodies to Ag-li, Ag-8, and Ag-6 were obtained after
immunization of rabbits with individual immunopre-
cipitates, obtained from lysates of HSV-1 (VR-3)-in-
fected RK cells, as described elsewhere (25). The
globulin fractions of the sera were obtained by am-
monium sulfate precipitation, followed by serial di-
alysis against water, 0.05 M acetate buffer (pH 5.0),
and phosphate-buffered salt solution, pH 7.2 (3). All
purified globulin fractions were absorbed with unin-
fected HEp-2 or CL cells as follows. Globulin aliquots
(1 ml each) were absorbed three times for 1 h at 37°C
with 5 x 107 cells. All serum globulins were heat
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inactivated at 56°C for 30 min before use in the
cytotoxicity assays.
Crossed immunoelectrophoresis. Crossed im-

munoelectrophoresis, including the intermediate gel
procedure, has been detailed elsewhere (10, 25).
Briefly, 30 A1 of Triton X-100-solubilized antigens from
HSV-1 (F)- or HSV-1 (MP)-infected cells were elec-
trophoresed in a 1% (wt/vol) agarose gel (Indubiose,
Vitry-sur-Seine, France) in 0.18 M Tris-0.06 M barbi-
tal buffer, pH 8.6. First-dimension electrophoresis was
performed at 5 V/cm for 1.5 h. For second-dimension
electrophoresis, the agarose gel contained 15 tll of
polyspecific rabbit immunoglobulin per cm2 (30 to 40
mg of protein per ml). The intermediate gel contained
either preimmune rabbit globulin or monospecific im-
munoglobulin at a concentration of 10 Pd/cm2. The
second electrophoresis was performed at 2 V/cm for
18 h. According to the experiment, individual immu-
noprecipitates were either (i) examined only after
staining, (ii) cut out for antibody preparation, or (iii)
extracted and solubilized for polypeptide analysis (11).
SDS-polyacrylamide gel electrophoresis. HSV-

1-infected cell extracts and solubilized immunoprecip-
itates were treated with 2% (wt/vol) SDS-5% (vol/
vol) 2-mercaptoethanol and boiled for 1 min. Electro-
phoresis was performed in a 9.25% (wt/vol) acrylamide
separation gel cross-linked with 0.24% (wt/vol) N,N-
diallyltartardiamide (Bio-Rad Laboratories, Rich-
mond, Calif.). The stacking gel was 3.0% (wt/vol)
acrylamide-0.08% (wt/vol). N,N-diallyltartardiamide.
Buffer conditions were as specified previously (9).
Autoradiographs of the dried gels were obtained on
Cronex X-ray film (E. I. du Pont de Nemours & Co.,
Inc., Wilmington, Del.).
AbC. HSV (VR-3)-infected CL cells were sus-

pended with 0.25% trypsin-0.05% EDTA, washed three
times in MEM containing 2% heat-inactivated FCS (I-
FCS), and labeled in suspension at 18 h postinfection
with 50 to 100 ytCi of 51Cr (sodium chromate, 200 to
500 Ci/g of chromium; New England Nuclear Corp.)
for 1 h. After labeling, the cells were washed through
a cushion of 4 ml of I-FCS and resuspended in MEM
with 10% I-FCS. The AbC assay was performed in a
total volume of 0.3 ml. One-tenth of the target cells
(7 x 103) was incubated with 0.1 ml ofvarious antibody
dilutions and 0.1 ml of undiluted guinea pig comple-
ment. The complement source was a pool of fresh
guinea pig sera. After incubation for 2 h at 37°C, 0.7
ml of MEM with 10% I-FCS was added. The 51Cr
release was measured in triplicate samples in a gamma
counter, as previously described (19).
ADCC. The ADCC test, detailed elsewhere (8, 14,

19), was done as follows. CL or HEp-2 cells infected
with VR-3, F, or MP for 18 h were trypsinized and
labeled in suspension with 50 to 100,uCi of 51Cr for 1
h. The target cells were washed as described for the
AbC assay and resuspended in MEM with 10% I-FCS
to a concentration of 5 x 104 cells per ml. The mono-
nuclear effector cells were prepared from the periph-
eral blood of healthy HSV antibody-positive or -neg-
ative human donors by the Ficoll-Hypaque density
centrifugation technique (4). The cells were washed
three times in Hanks balanced salt solution and resus-
pended in MEM with 10% I-FCS at a concentration of
1.5 x 106 cells per ml. The assay was performed in a
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1.0-ml volume with 0.4 ml of target cells, 0.4 ml of
effector cells, and 0.2 ml of rabbit antibodies diluted
as specified in the figure legends; the effector/target
cell ratio was 30:1. After 6 h of incubation at 37°C, the
specific 51Cr release was measured in triplicate sam-
ples, as previously described (19).

Calculations. For AbC, percent specific 5"Cr re-
lease was calculated as the percent release in the
presence of rabbit immunoglobulin and complement
minus the percent release in the presence of preim-
munoglobulin and complement. For ADCC, percent
specific 51Cr release was calculated as the percent
release in the presence of immunoglobulin and mono-
nuclear effector cells minus the percent release in the
presence of pre-immunoglobulin and mononuclear ef-
fector cells. The release from target cells alone into
the medium was between 9 and 11% for the 2-h incu-
bation time used in the AbC measurements and be-
tween 7 and 14% for the 6-h incubation period used in
the ADCC assay. In the latter assay, the release ob-
tained after the addition of effector cells alone never
exceeded 21%. The maximal cell-associated isotope
release was 85%. With either the AbC or the ADCC
assay, antibody titers were defined as the reciprocal of
the dilution yielding half of the maximal specific re-
lease (23).

RESULTS
Surface expression of individual viral

glycoprotein antigens as measured by im-
munocytolysis. Previous experiments with
either AbC or ADCC assays utilized polyspecific
antibodies to HSV-1 obtained by immunization
of rabbits (14) or from human convalescent se-
rum (19). The recent availability of antibodies
to three HSV glycoprotein antigens (Ag-11, Ag-
8, and Ag-6) has enabled us to measure the
cytotoxicity due to the reaction of each of these
antigens with the corresponding antibody (26,
27).

(i) Reactivity of individual antigens in
the AbC reaction. HSV-1 (VR-3)-infected CL
cells were labeled with 5"Cr at 18 h postinfection.
The 51Cr-labeled target cells were reacted with
polyspecific immunoglobulin, as well as with
anti-Ag-11, Ag-8, and Ag-6 rabbit immunoglob-
ulins diluted from 1:30 to 1:1,000. All of the
immunoglobulin preparations initiated immu-
nocytolysis, giving a maximal percent specific
release ranging from 30 to 65% (Fig. 1). This
finding indicates that all three antigens are ex-
posed at the surface of the cells and are able to
bind antibody and complement. The comple-
ment was used in a final concentration of 1:3, as
higher dilutions were found to give a lower spe-
cific 5'Cr release (data not shown).

(ii) Reactivity of individual antigens in
the ADCC reaction. Previous studies with hu-
man sera have suggested that the ADCC assay
is more sensitive than the AbC method for the
detection of small amounts of antibodies (19,
23). To confirm participation of all three anti-
gens in the ADCC reaction and to compare the
difference in sensitivity between the two meth-
ods, we diluted the various immunoglobulins
from 1:1,000 to 1:300,000 and reacted them with
target HSV-1 (VR-3)-infected CL cells labeled
with 51Cr at 18 h postinfection (Fig. 2). The
results show that all of the anti-HSV sera tested
in these assays mediated cytolysis and that the
ADCC assay was more than 100-fold more sen-
sitive in detecting HSV antibodies than was the
AbC method (Table 1). Therefore, in all subse-
quent experiments, only the ADCC reaction was
used.

(iii) Possible influence ofhost cells on the
surface expression of an individual anti-

80
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1:10 1:30 1:100 1:300 1:1000
Ab. dilution

FIG. 1. Titration of the immunoglobulin preparations in the AbC assay with HSV-I (VR-3)-infected CL
cells. Symbols: x, polyspecific anti-HSV-I;@*, anti-Ag-li;E, anti-Ag-8; A, anti-Ag-6. Arrows represent
antibody titers of the various immunoglobulins.
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FIG. 2. Titration of the immunoglobulin preparations in the ADCC assay with HSV-1 (VR-3)-infected CL
cells. Symbols: x, polyspecific anti-HSV-I; 0, Anti-Ag-11; , anti-Ag-8; A, anti-Ag-6. Arrows represent
antibody titers of the various immunoglobulins.

TABLE 1. Comparison of antibody titers in the AbC
and ADCC assays

Antibody titer Ratio ofImmunoglob- ADCC/AbC
ulin AbC ADCC titers

Anti-HSV-1 240 47,000 195
Anti-Ag-1l 160 27,000 168
Anti-Ag-8 440 270,000 613
Anti-Ag-6 700 110,000 157

gen. Experiments were done to ascertain
whether the host cell might influence surface
viral antigen expression. This was relevant as
most of our previous studies with immunocyto-
lytic assays were performed in CL cells infected
with HSV-1 (VR-3) (8, 14, 19), whereas most of
the information regarding HSV-1 polypeptides
and antigens has been obtained in HEp-2 cells
infected with other strains of HSV-1 (5, 11). The
immunocytolysis obtained with HEp-2 cells in-
fected with HSV-1 (VR-3) or (F) was compared
with that measured with CL cells infected with
the same strains. Table 2 gives the maximum
percent specific release for each of the immu-
noglobulins. In both types of cells infected with
either HSV-1 (VR-3) or (F), similar percent spe-
cific releases were obtained in the presence of
the polyspecific globulin and the anti-Ag-li and
anti-Ag-8 immunoglobulins. In contrast, lower
specific 51Cr releases were obtained with anti-
Ag-6 globulin when this was employed in the
test with HEp-2 target cells, but not when em-
ployed with CL cells, infected with either strain
F or VR-3.
Antigenic analysis of cells infected with

TABLE 2. Comparison of different host cells and
HSV-1 strains in ADCC mediated by polyspecific

and monospecific immunoglobulins
Specific release (%)

HSV-1 (VR- HSV-1 (F)-
Immunoglobulin 3)-infected infected cels

cells

HEp-2 CL HEp-2 CL

Anti-HSV-1 32.0 27.7 29.3 36.7
Anti-Ag-li 27.5 24.5 26.5 34.7
Anti-Ag-8 32.2 25.8 30.5 34.8
Anti-Ag-6 13.4 23.7 12.0 27.8

HSV-1 (MP). Inasmuch as a mutant strain of
HSV-1, (MP), fails to accumulate glycoprotein
gC (20), we investigated antigen reactivity of
cells infected with this strain in the ADCC test
and by crossed immunoelectrophoresis. The
ADCC test was done with both HEp-2 and CL
infected cells. The results (Table 3) show that
anti-Ag-6 failed to mediate the ADCC reaction
with either type of infected cells. It is of interest
that polyspecific anti-Ag-11 and anti-Ag-8 im-
munoglobulins also produced a lower specific
5"Cr release in MP-infected cells than in F- or
VR-3-infected cells.
The lack of reactivity of the anti-Ag-6 immu-

noglobulin with MP-infected target cells
prompted us to study HSV-1 (MP)-infected cells
by the crossed immunoelectrophoresis tech-
nique to determine whether all three antigens
(Ag-li, Ag-8, and Ag-6) are expressed. Analysis
of Triton X-100-solubilized antigens by this
technique showed that Ag-11 and Ag-8 were
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identified by electrophoresis through interme-
diate gels containing antibodies to either Ag-11
or Ag-8 (data not shown). On the other hand,
Ag-6 could not be demonstrated, since the anti-
Ag-6 in the intermediate gel did not shift any of
the precipitates to a lower position (Fig. 3A and
B). It should be noted that an antigen that we
designate as Ag-5 is present and that its electro-
phoretic mobility is sinilar to that of Ag-6 in
HSV-1 (F)-infected cells (Fig. 3C and D). Ag-5
was slightly glycosylated by D-[1-14C]glucosa-
mine under labeling conditions used in the pres-
ent study (data not shown).
Correlation between viral antigens and

glycopolypeptides of HSV-1 (MP)-infected
cells. The polypeptides present in the individual
Triton X-100-solubilized antigens of HSV-1
(MP)-infected HEp-2 cells were identified with
a 4C-amino acid-labeled antigen preparation.
Individual immunoprecipitates were cut from
the agarose gel after crossed immunoelectropho-
resis, as shown with arrows in Fig. 3A, solubilized
in SDS and 2-mercaptoethanoL and analyzed on
SDS-polyacrylamide gels (Fig. 4). The Ag-li
precipitate contained three polypeptides (Fig. 4,
slot d), two of which correspond to the glyco-
polypeptides gA and gB (Fig. 4, slots b and c)
found by other workers (5, 20). The Ag-8 precip-
itate showed one broad band corresponding to
the glycopolypeptide gD2 and a minor band cor-
responding to gD, (Fig. 4, slots b, c, and e). Only
one band, corresponding to the nonglycosylated
ICP-5, was demonstrated in Ag-5 (Fig. 4, slots a
and f). As a control for Ag-6, an Ag-6 immuno-
precipitate was cut from an HSV-1 (F) reference
antigen preparation as shown in Fig. 4, slot g.
Only one band corresponding to the glycopoly-
peptide gC could be detected. HSV-1 strains 17
and F have been used as reference strains inter-
changeably, as no difference with respect to
either virus-specified polypeptides or antigens
has been demonstrated (9; Norrild, unpublished
data). The reference bands for D-[14C]glucosa-
mine-labeled HSV-1 (MP) polypeptides are
shown in Fig. 4, slot c, which demonstrates the
absence of the glycopolypeptide gC.

DISCUSSION
Viral antigens expressed on the surface of

HSV-1-infected cells have been shown to initiate
different immunocytolytic reactions in the pres-
ence of human, as well as polyspecific rabbit,
antibodies to HSV-1 (15, 19). The present study
has extended these observations by analyzing
the ability of individual glycoprotein antigens
(Ag-l, Ag-8, and Ag-6) to initiate immunocy-
tolysis. Two different immunocytolytic mecha-
nisms were used: AbC and ADCC. The antibody

HSV GLYCOPROTEINS 745

TABLE 3. ADCC mediated bypolyspecific and
monospecific immunoglobulins, using different host

cells infected with the HSV-1 (MP) strain
Specific release (%)

Immunoglobulin
HEp-2 cells CL cells

Anti-HSV-1 14.6 7.7
Anti-Ag-ll 13.9 3.5
Anti-Ag-8 19.4 7.1
Anti-Ag-6 -2.8 -2.6

directed to the Ag-il, Ag-8, and Ag-6 prepara-
tions mediated immunocytolysis in both assays,
thus demonstrating the surface expression of the
three antigens late in the infectious cycle and
the ability of each of the viral antigens to partic-
ipate independently as a target for the cytolytic
reactions (Fig. 1 and 2). Titration of the immu-
noglobulins by both methods showed that the
sensitivity of the ADCC test for the detection of
antibodies was more than 100-fold that of the
AbC reaction (Table 1), leading us to use this
method for later studies. The interaction be-
tween the membrane antigens and the antibod-
ies to Ag-il, Ag-8, and Ag-6 is in agreement with
previous findings demonstrating the neutralizing
capacity of these antibodies (27) and also con-
firms earlier findings demonstrating the pres-
ence of identical viral antigenic determinants at
the surface of the plasma membrane of HSV-1-
infected cells and at the surface of the viral
envelope (15, 16). The ability of individual viral
glycoprotein antigens to participate in the AbC
andADCC cytolytic reactions was demonstrated
with two wild-type HSV-1 strains, VR-3 and F.
No difference was noted with the two types of
HSV-1 when the same host cell line was used,
but the expressions of Ag-il, Ag-8, and Ag-6 at
the surface of infected cells appeared to be host
cell dependent when tested in the ADCC assay
(Table 2). Thus, the specific release obtained
with HSV-1-infected HEp-2 or CL cells was
simiar for the polyspecific, anti-Ag-11 and anti-
Ag-8 antibodies. The reactivity of anti-Ag-6 an-
tibody was lower in HEp-2 cells than in CL cells
infected with HSV-1 (VR-3) or (F). The reason
for this difference is unknown at present. Three
possibilities should be considered. First, the
expression of Ag-6 at the surface of infected cells
varies depending on the host cell used. Second,
the plasma membrane of tissue culture cells
varies in intrinsic properties, as recently re-
ported by Schlehofer et al., who observed differ-
ent permeabilities ofHSV-1-infected cells to 50Cr
(18). Third, the possibility also exists that the
OOviral antigen Ag-6 is preferentially shed from
the surface of HEp-2 cells into the tissue culture
medium, as previously suggested by several
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FIG. 3. Crossed immunoelectrophoresis of Triton X-100-solubilized antigen preparations extracted from

HSV-1 (MP)-infected HEp-2 cells (A and B) or HSV-1 (F)-infected cells (C and D). Antigen (30 Id) was applied
for the first-dimension electrophoresis in all cases. The second-dimension electrophoresis was performed in
anti-HSV-I containing agarose (15 ,ul/cm2). The intermediate gels contained 15 il of either normal rabbit
globulin (A and C) or anti-Ag-6 (B and D) per cm2. The arrows indicate howprecipitates were cut when SDS-
polyacrylamide gel electrophoresis was performed.

workers (7, 13). A selective loss of Ag-6 would
be observed as less reactivity of anti-Ag-6 serum
to the surface of infected cells.
By lactoperoxidase-catalyzed iodination of in-

tact infected cells, we have shown previously
that Ag-6 of HSV-1 (F)-infected HEp-2 cells

could be detected only late in the infectious
cycle (10), whereas recent observations with CL
cells infected with HSV-1 (VR-3) demon-

strated Ag-6 at the cell surface at 8 h postinfec-
tion (Norrild, unpublished observations). Al-
though a different virus was used, these findings
also support host cell-dependent differences in
the exposure of viral antigens at the surface of
infected cells.

The second major observation described in
the present paper allows a correlation of the
antigenic specificities of Ag-11, Ag-8, and Ag-6

B
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FIG. 4. SDS-polyacrylamideI
a 9.25% (wt/vol) separation g
0.24% (wt/vol) N,N-diallyltart
HSV-1 (MP) "4C-amino acid lat
in disruption buffer; (slot b) BI
glucosamine labeled and soluJ
buffer; (slot c) HSV-1 (MP) D -[l
beled and solubilized in disrupt
and f) Ag-li, Ag-8, and Ag-5 X
beled HSV-1 (MP) solubilized
tates; (slot g) Ag-6 of '4C-aminc
(F) solubilized from immunopre

to the glycoproteins described by other workers
(17, 20). In addition, a new antigenic determi-
nant not previously described was identified and
designated as Ag-5. The polypeptides of antigens
Ag-il, Ag-8, and Ag-5 were identified from "4C-
amino acid-labeled extracts of HSV-1 (MP)-in-
fected cells. As Ag-5 in crossed immunoelectro-
phoresis showed an electrophoretic mobility
similar to that of Ag-6 from extracts of HSV-1
(F)-infected cells (Fig. 3A and C), the polypep-
tides of Ag-6 were included as a reference (Fig.
4, slot g). The polypeptide analysis of Ag-il
identified three polypeptides (Fig. 4, slot d), of
which the two with the highest molecular weight

B corresponded to glycoproteins gA and gB of
Ok HSV-1 demonstrated by other workers (Fig. 4,

slots b, c, and d). This antigen has previously
been demonstrated to be in common with HSV-
1, HSV-2, B-virus, and bovine herpes mammil-
litis virus. Although the Ag-il immunocomplex
consists of different polypeptides when isolated
from extracts of cells infected with these differ-
ent viruses, one glycoprotein was in common
with the Ag-11 of the four viruses, thus indicat-
ing that the major antigenic determinants were
probably carried on this glycoprotein (12). The
polypeptides of Ag-8 of HSV-1 (MP) showed
several bands. A minor band corresponds to gDi,
and the broad band observed above gD, corre-
sponds to gD2 of Spear (20) (Fig. 4, slots c and
e). Inasmuch as the different bands of 14C-amino
acid-labeled Ag-8 all correspond to various forms
of gD, it might be concluded that the antigenic
determinant sites are specified within gD. The
polypeptide analysis of Ag-5 of HSV-1 (MP)
demonstrated a significant difference from that
of Ag-6 of HSV-1 (F) (Fig. 4, slots f and g). Thus,
Ag-5 predominantly consists of ICP-5, which
is identified as the major capsid polypeptide
(5). The observation that Ag-5 is labeled by
[I4C]glucosamine under certain conditions is
most likely because glucosamine labeling was
done in medium with 1/10 of the normal con-
centration of glucose. Reduced glucose allows
labeling of non-glycosylated proteins, and a 1/10
concentration of glucose was near the critical
value where additional proteins showed label

gel electrophoresis in (Spear, personal communication). As the pres-
,el cross-linked with ent study also identified the major polypeptide
ardiamide. (Slot a) of Ag-6 as gC (Fig. 4, slots b and g), the corre-
beled and solubilized lation of Ag-il, Ag-8, and Ag-6 with the major
FSV-1 (17) D [1 _c]- glycoproteins gA, gB, gC, and gD can be sum-
bilized in disruption marized as follows: Ag-il consists of gA and gB,-_ 14C]glucosamine la- Ag-8 consists of gD, and Ag-6 consists of gC.~ion buffer; (slots d, e,
Df 14C-amino acid-la- Regarding the specificity of the antibody prep-
from immunoprecipi- arations employed in the present study, we can
) acid-labeled HSV-1 conclude that the Ag-6 (gO) antibody reacts only
cipitates. to gC (26). This is based on the observation that

VOL. 32, 1979
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Ag-6 antibody did not react to HSV-1 (MP)-
infected cells when employed in the ADCC re-
action. As the test is very sensitive to the con-
centration of antibody, as discussed above, mi-
nor amounts of antibody directed to other viral
antigenic specificities would be detected. The
anti-Ag-li and anti-Ag-8 antibodies cannot be
tested for mono-specificity at present inasmuch
as no mutants which lack either gA plus gB or
gD are available.

In conclusion, the present paper demonstrates
that gA, gB, gC, and gD carry different antigenic
specificities and that either one of them can
participate as a target for immunocytolytic re-
actions in the presence of either complement or
mononuclear leukocytes from human peripheral
blood.
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