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In immunoelectrophoretic analyses one common antigen was demonstrated in
antigen preparations from herpes simplex virus types 1- and 2- (HSV-1 and HSV-
2), bovine herpes mammillitis (BHM) virus-, and B virus-infected cells solubilized
by Triton X-100. The antigen was also demonstrated in solubilized purified HSV-
1 and BHM virus. The common antigen was identified as antigen 11 of HSV-1 or
HSV-2. Differences were found in the polypeptide composition of the related
antigens when isolated from the four different herpesviruses, but a glycopolypep-
tide with a molecular weight of 125,000 was present in each of the four different
antigen preparations, indicating that this polypeptide carried the common anti-
genic determinants.

Herpes simplex virus types 1 and 2 (HSV-1 ditions and maintenance of the different cells were as
and HSV-2) are immunologically related to bo- published previously (7, 8). All infections were per-
vine herpes mammillitis (BHM) virus and B formed by using a multiplicity of infection of 5 to 10
virus (8,9, 11, 14; R. A. Killington, J. M. Yeo, R. PFU/cell.
W. Honess, I. W. Halliburton, and D. H. Watson Radioactive labeling of infected cells. The cells
inThirdInternational Symposium on Oncoge- were labeled from 4 to 20 h postinfection by additionin Third . . o to the maintenance medium of either 3,iCi of 14C-nesis and Herpesviruses, in press). Cross-neu- labeled protein hydrolysate per ml (>45 mCi/matom),

tralization experiments indicated that common 10 fCi of L-[3S]methionine per ml (275 Ci/mmol), 0.5
antigens are present and located in the envelope ,uCi of D-[1-'4C]glucosamine per ml (59 mCi/mmol), or
of the virus (10, 11). 70,uCi of D-[1-3H]glucosamine per ml (15,000 to 25,000

In this report we have identified and further mCi/mmol). The composition of the maintenance me-
characterized one common antigen of the her- dium is specified elsewhere (8). All radioisotopes were
pesviruses originating from three different host purchased from Amersham (England).
species. Our results suggest that the common Preparation of antigens. The infected cells were
antigen has a complex polypeptide structure in harvested at 20 h post-infection, and the proteins were
which the cross-reacting antigenic determinants solubilized in 4 times the volume of packed cells inwhich the cross-reacting antigenc determiants 0.020 M glycine-0.0076 M Tris buffer (pH 8.6, 20°C)

are localized to one glycopolypeptide of antigen containing 5% (vol/vol) nonionic detergent Triton X-
11 (Ag- i) of HSV-1 and HSV-2 (7). 100 (Serva, Heidelberg, West Germany) (6). Cell-free

(Part of this study was presented at the Third HSV-1 or BHM virus was purified by ultracentrifu-
Herpesvirus Workshop, Cold Spring Harbor, gation in sucrose gradients (8) and solubilized as de-
New York, August 1976, and at the Third Inter- scribed above,
national Symposium on Oncogenesis and Her- Purification of Ag-11. "C-amino acid-labeled Ag-
pesviruses, Harvard University, Boston, 1977.) 11 was purified from the culture medium of HSV-1-

infected HEp-2 cells. The medium was collected 20 h
MATERIALS AND METHODS after infection, ultracentrifuged at 100,000 x g for 1 hat 4°C in a SW27 rotor, and concentrated by precipi-

Cell cultures and viruses. HSV-1 (strains F and tation with an equal volume of saturated (NH4)2SO4
KOS) and HSV-2 (strains G and 196) were grown in (4°C). After dialysis against 0.05M Tris-hydrochloride
human epidermoid carcinoma no. 2 (HEp-2) cells or buffer (pH 7.5, 20°C) containing 15 mM NaN3 and 1%
in primary rabbit kidney (RK) cells. The B virus (vol/vol) Triton X-100, the sample was fractionated
(strain 130-65) was grown in RK cells; antigen prepa- by ion-exchange chromatography on a DEAE-cellu-
rations of this virus were kindly supplied by M. D. lose column (Whatman DE-52) equilibrated in the
Daniel, Harvard Medical School, Boston, Mass. BHM buffer mentioned above. Elution was performed by
virus (strain TVA) was passaged in bovine fetal lung, using stepwise-increasing concentrations of NaCl to
bovine brain, or bovine testes cells. The growth con- 0.3 M.

Antibodies. Polyspecific antibodies to HSV-1 and
t Present address: Department of Pediatrics, Emory Uni- HSV-2 were obtained by infection of rabbits through

versity School of Medicine, Atlanta, GA 30303. four subsequent subcutaneous inoculations with in-
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fected RK cells maintained in rabbit serum (B. F. in the separation gel and 3.5% (wt/vol) in the spacer
Vestergaard and B. Norrild, in Third International gel. Both were cross-linked with 0.2% (wt/vol) N,N'-
Symposium on Oncogenesis and Herpesviruses, in methylenebisacrylamide (purchased from Serva, Hei-
press). Bovine antiserum to BHM virus was prepared delberg, West Germany).
as reported previously (11). In the present study, After staining in Coomassie brilliant blue, the gels
preimmune serum and serum taken after the fourth were destained and dried. Autoradiography was done
subcutaneous booster inoculation was used. Normal on Kodirex X-ray film using 2 weeks of exposure.
rhesus monkey serum and antiserum to B virus were Gels containing 3H-labeled samples were prepared
kindly provided by M. D. Daniel, Boston, Mass. for scintillation by the method of Bonner and Laskey
The rabbit monospecific sera to the Ag-11 of HSV- (3). The dried gels were exposed at -70°C for 2 weeks.

1 was produced by immunization with the correspond-
ing immunoprecipitate cut out from the agarose gel RESULTS
(Vestergaard and Norrild, in Third International
Symposium on Oncogenesis and Herpesviruses, in Demonstration of a common antigen.
press). In all experiments, purified immunoglobulin Rocket immunoelectrophoresis of antigens pre-
preparations with 15 mM NaN3 were used (4). pared by Triton X-100 solubilization of cells
Fused rocket electrophoresis. Fused rocket elec- infected with either HSV-1, HSV-2, BHM, or B

trophoresis was performed in 1% (wt/vol) HSA aga- virus showed several precipitation arcs when
rose (Mr = -0.13, Litex A/S Glostrup, Denmark) in analyzed in the homologous antibodies. Fused
0.18 M Tris-0.06 M barbita buffer (pH 8.6, 160C) with

rce muolcrpoei fteatgn1% (vol/vol) Triton X-100. The antigens were allowed rocket immunoelectrophoresis of the antigens
to diffuse from their wells for 1 to 2 h and were then performed in heterologous antibodies showed
subjected to electrophoresis into the antibody-con- one continuous precipitation line. This was
taining, second-dimensional gel (12) at 2 V/cm for 18 formed independently of the tissue culture cells
h. The antibody concentrations are specified in the used for multiplication of the virus (Fig. 1A, B,
legends to the figures. and C). Purified virus of HSV-1 or BHM was

Crossed immunoelectrophoresis. For crossed solubilized in Triton X-100-containing buffer,
immunoelectrophoresis, the intermediate gel tech- and the same common antigen was present in
nique (1) was used. The 1% (wt/vol) HSB agarose (Mr the virions (Fig. 1B).
= -0.10, Litex, Glostrup, Denark) was made in the Spur formation as formed in the common
same buffer as used for fused rocket electrophoresis. pr betwen as fromin B, anThe amount of solubilized antigen applied for the preCipitate between antigens from HSV, B, and
first-dimensional run is specified in the individual ex- BHM virus-infected cells (Fig. 1A, iC) indicated
periments. The first-dimensional electrophoresis was partial identity between these antigens. Besides
run at 10 V/cm for 1.5 h at 16°C. this major antigen, additional faint rockets could
The amount of antibodies used for the intermediate be demonstrated by using high concentrations

and the second-dimensional gels are specified in the of antibodies. In Fig. 1 these weak reactions were
legends to the figures. The second-dimensional run observed for BHM antigen analyzed in HSV-1
was performed at 2 V/cm for 18 h at 16°C.wasprformdat V/cmfor 1 h at16'C polyspecific antibodies or HSV antigens ana-

Isolation of immunoprecipitates from the an ly specific antibodieso V ige ana
tibody-containing gels. Precipitates from 10 individ- lyzed inB vrus-specific antibodies (Fig. iC)
ual rockets were cut out of the unstained agarose gel Control uninfected cell preparations gave no
and pooled. The polypeptides were eluted in 250 tl Of rockets when analyzed with the different anti-
0.06 M Tris-H3PO4 buffer (pH 6.9), containing 2% sera (Fig. 1B).
(wt/vol) sodium dodecyl sulfate (SDS) and 2.5% In what follows, our investigations were con-
(vol/vol) 2-mercaptoethanol (6). centrated only on the major common antigen.

Immunoprecipitates (using 15 Al of the antigen Identification of the common antigen.
preparation) were taken from the following antigen- The cross-reacting precipitating antigen was
antibody combinations: (i) 4C-amino acid-labeled
HSV-1 or HSV-2 antigens subjected to electrophoresis idetifiedhby qus th crossedianmunelecro
in gels containing antibodies to B virus (20 Al/cm2); phoretic technque with intermediate gels. A
(ii) HSV-1 or HSV-2 antigens labeled as in (i) and HSV-1 reference antigen was analyzed in poly-
subjected to electrophoresis in gels containing anti- specific antibodies to HSV-1 present in the sec-
bodies to BHM virus (10,ul/cm3); and (iii) the following ond dimension. The intennediate gel contained
antigens were analyzed in monospecific antibodies to normal monkey antibodies (Fig. 2A). Five viral
Ag-11: HSV-1 or HSV-2 antigens labeled as in (i) or immunoprecipitates were present, numbered ac-
labeled with ['4C]glucosamine, L-['S]methionine-la- cording to their electrophoretic mobility (13).
beled BHM antigen, and '4C-amino acid- or [3H]glu- When antibodies to either B virus, BHM, or
cosamine-labeled B antigen (antibody concentration, monospecific antibodies to Ag-li were included
15 ,u/cm2).

Analytical SDS-polyacrylamide gel electro- m the intermediate gel, Ag-li was the sole an-
phoresis (SDS-PAGE). Slab gels (14 by 28 by 0.15 tigen that reacted with the heterologous anti-
cm) were run using the discontinuous polyacrylamide bodies (Fig. 2B, C, and D). Identification of Ag-
gel system of Ormstein as modified by Norrild et al. 11 as the common antigen was further supported
(6). by fused rocket immunoelectrophoresis in anti-
The acrylamide gel concentration was 7.5% (wt/vol) bodies to Ag-li (Fig. 1D). One continuous im-
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FIG. 1. Fused rocket immunoelectrophoresis. Coomassie brilliant blue staining. The antigens analyzed
were cellular extracts ofHSV-I, HSV-2, BHM-, and B virus-infected tissue culture cells or solubilizedpurified
virus preparations of HSV-1 (HSV-1 pur.) or BHM (BHM Vpur). Ag-li purified as described in Materials
and Methods was also used. Control preparations of uninfected HEp-2 and RK cells were analyzed. A 15-,Il
volume of each antigen was applied. The antibodies in the gel were: (A) polyspecific HSV-1 (8 jil/cm2); (B)
bovine BHM virus antibodies (10 jtl/cm2); (C) monkey B virus antibodies (20 tI/cm2); (D) monospecific
antibodies to Ag-ll (15 til/cm2). Electrophoresis was performed at 2 V/cm for 18 h.
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FIG. 2. Crossed immunoelectrophoresi's. Coomassie brilliant blue staining. To all four plates was applied
30 /11 of HSV-1 cellular antigen for the first-dimensional electrophoresis, and all second-dimensional gels
contained 15 IAI of polyspecific HSV-1 antibodies per cm2. The antibodies present in the intermediate gels
were: (A) 20 ILI ofnormal monkey antibodies per CM2; (B) 20 AlI of monkey antibodies to B virus per CM2; (C) 10
LIl of bovine antibodies to BHM virus per CM2; (D) 15 /il of rabbit monospecific antibodies to Ag-li per CM2.
Electrophoresi's was performed as described in Materials and Methods.
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munoprecipitation line was found, and spur for- Mo i WI A B C 0 E F
mation was seen between HSV-1 and BHM. -e
Purified Ag-li (isolated from the maintenance X 103
medium of HSV-l-infected cells and giving only
one precipitation line when analyzed in poly-
specific HSV-1 antibodies) was included in the
fused rocket immunoelectrophoresis in antibod-
ies to B virus (Fig. 10), in monospecific antibod-
ies to Ag-li (Fig. 1D), and in antibodies to BHM
(data not shown). 130 0
Analysis of the common antigen by SDS- U S" _

PAGE. The results presented so far suggest that g
the herpesviruses analyzed contain a common
antigen with antigenic determinants correspond-
ing to Ag-li of HSV-1 or HSV-2. To analyze
whether the common antigen complex was iden- 672
tical in all four herpesviruses, polypeptide anal-
yses of the different "Ag-li" precipitates was
performed by SDS-PAGE. The immunoprecip- 43
itates obtained by rocket electrophoresis of ra-
dioactively labeled HSV-1, HSV-2, BHM, and B
virus antigen preparations in agarose gels con-
taining either heterologous antibodies or mono- I
specific antibodies to Ag-l were cut out and FIG. 3. Autoradiam of SDS-PAGE. The poly-
solubilzed for SDS-PAGE. From Fig. 3 and 4 peptides present in individual viral antigens were
and from Table 1, it can be seen that the four analyzed after rocket immunoelectrophoresis and
different immunoprecipitates carrying the com- solubilization for SDS-PAGE. The following combi-
mon antigen determinants were complexes of nations were analyzed: (A) 15 ,ul of '4C-amino acid-
several polypeptides. Only the polypeptide of labeled HSV-I antigen precipitated in gel containing
molecular weight 125,000 is in common and is a 20 /ld of antibodies to B virus per cm2; (B) 15 ul of
glycosylated protein as shown by [3H]- or [14C]- HSV-2 antigen labeled and subjected to electropho-
glucosamine labeling (Fig. 3C and Fig. 40). This resis as in (A); (C) 15 -LI of[14C]glucosamine-labeled
finding suggests that this glycopolypeptide is the HSV-2 antigen precipitated in gel containing 15 td of
carrier of the common antigenic determinant in monospecific antibodies to Ag-li per cm2; (D) 15 . of
the.Ag-11"complex isolated from aUfour viralHSV-1 antigen labeled as in (A) but subjected to

the "Ag-il" complex isolated from all four viral electrophoresis in gel containing 10 ,l of antibodies
antigen preparations. Of the additional polypep- to BHM virus per cm2; (E) 15 ,ul of [35SJmethionine-
tides present in the individual antigens (Table labeled HSV-2 antigen precipitated in gel containing
1), the polypeptide of molecular weight 97,000 is lO/Al of antibodies to BHM virus per cm2; (F) 15IL of
in common between HSV-1, HSV-2, and B virus 5S]methionine-labeled BHM antigen subjected to
antigen. electrophoresis in 15 ,ul of monospecific antibodies to

Ag-li per cm2. The SDS-PAGE was performed in
DISCUSSION 7.5% (wt/vol) polyacrylamide gels subjected to elec-

trophoresis at a constant current of 50 mA for 9 h at
HSV, BHM virus, and B virus, herpesviruses 40C.

of three different natural host species, are ge-
netically independent viruses, as based upon the gations with the crossed immunoelectrophoretic
differences in their DNA composition (5, 11; H. technique using intermediate gels (Fig. 2), with
Ludwig, G. Pauli, B. Norrild, and M. D. Daniel, rocket electrophoresis in monospecific antibod-
submitted for publication). They are, however, ies to Ag-li (Fig. 1D), and with cross-reactivity
antigenically related as already found earlier (8, with purified Ag-li (Fig. 1C and D). Since cross-
9, 11, 14; Killington et al., in Third International neutralization of the four viruses can be dem-
Symposium on Oncogenesis and Herpesviruses, onstrated, the common antigen must be located
in press). The cross-reactivity has been con- on the surface of the viral envelope. It has re-
firmed, and in this report the major common cently been shown by 1251-labeling that the Ag-
antigen has been identified by immunoelectro- 11 complex is exposed on the plasma membrane
phoretic analysis in combination with SDS- of infected cells, but only the glycopolypeptide
PAGE. (molecular weight, 125,000) was available for
The immunochemical analysis revealed that iodination (B. Norrild, 0. J. Bjerrum, H. Ludwig,

the Ag-l of HSV-1 or HSV-2 is responsible for and B. V. Vestergaard, Virology, in press). Sim-
the cross-reactivity, which is based on investi- ilar analysis is in progress with purified virus.
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The common antigen of these four viruses TABLE 1. Molecular weight of the viral
showed a complex polypeptide composition, polypeptidese
with only one glycopolypeptide (molecular Mol wt (X10-')"
weight, 125,000) in common. This suggests that
the common antigenic determinant might reside HSV-1' HSV-2 B BHM
in this polypeptide. The significance of the other 155
polypeptides in the common antigen complex is 133
unknown at present. 125d 125d 125d 125d
The HSV-1, HSV-2, and B virus antigen com- 113 113d

plex contains a second polypeptide (molecular 97 97e 97
weight, 97,000) in common (Table 1), but the 91
additional polypeptides of the B and BHM virus a Polypeptides were extracted from immunoprecip-
antigen complex differ in molecular weight, itates formed from cellular antigen preparations which
which therefore could explain the reaction of had been subjected to electrophoresis in agarose gel
partial antigenic identity (Fig. 1). containing monospecific antibodies to Ag-li.
That the polypeptides in the immunocom- b Molecular weights are mean values of five experi-

plexes are held together in a stable antigenic ments.P.1|.. . . I * * | e'Antigen preparation.structure after SO1Ub1iization in thle nonionic de- d Anie prpaatonstructureafter solubization in the nonionic de- dPolypeptides labeled when using glucosamine ra-tergent Triton X-100 is confirmed by the repro- dioisotope.
ducible finding of the same polypeptide pattern eVery weak band.
independent of the serum used for the precipi-

tation. Stable antigen complexes have also been
MolWl A B C described by the solubilization of membranes in

other systems (2).
-3 The rather similar polypeptide composition in

0 ~ the common antigen of the three primate her-
pesviruses compared to that of the bovine her-
pesvirus antigen strengthens the idea that the
common antigen determinant of the Ag-il com-
plex has been well preserved during evolution,
even though additional polypeptides participate

1 3 0 in the antigen structure. One might speculate130 _.~ about Ag-il serving an important biological
g4 function, which is unknown at present. Further

analysis of the appearance of Ag-il on the sur-
face of cells infected with the different herpes-
viruses is in progress.
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