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Epstein-Barr virus (EBV)-associated membrane antigens have been purified
from the plasma membranes of the producer cell line P3HR-1 NONO. The
antigens were assayed with a specific rabbit anti-EBV antiserum using an 12"'
labeled staphyloccocal protein A binding assay. The antigens have been shown to
be present on purified plasma membranes. Treatment of the plasma membranes
with Triton X-100 allows the separation of two antigenically distinct classes of
antigens, one soluble and one insoluble in the detergent. Immunoprecipitates of
[1211]- and [:"S]methionine-labeled, detergent-soluble antigens contained three
major polypeptides of molecular weights of 350,000, 140,000, and 75,000 (on 7.5'/
sodium dodecyl sulfate-polyacrylamide gel electrophoresis) and several minor
components. These polypeptides were all specifically precipitated from four EBV-
producer cell lines, P3HR-1, P3HR-1 NONO, B95-8, and 7744. They could not be
precipitated from producer cell lines treated with phosphonoacetic acid, which
inhibits late viral functions, nor could they be precipitated from nonproducer cell
lines. The 350,000 and 75,000 molecular weight polypeptides bound to Ricin and
lentil lectin columns; however, most of the 140,000 molecular weight material did
not. A component of molecular weight 220,000 (prominent only in P3HR- 1
NONO) was probably a degradation product of the 350,000 molecular weight
polypeptide.

Epstein-Barr virus (EBV) is a large, complex
virus 11 nm in diameter (8) with a genome of 108
daltons (32). The virus is able to transform nor-
mal human peripheral B lymphocytes in vitro
into permanently growing lymphoblastoid cell
lines (15) which express the Epstein-Barr nu-
clear antigen (25) and carry multiple copies of
the viral genome (33). Virtually nothing is
known about the mechanism of this process or
the nature and function of the Epstein-Barr
nuclear antigen, although the latter has recently
been studied intensively (1, 8, 19).

Lytic infection by EBV has been demon-
strated in vivo in humans (20) and in vitro with
new world primates (21). EBV infection is asso-
ciated, in some circumstances, with certain dis-
ease states, i.e., infectious mononucleosis (14),
African Burkitt's lymphoma (12) and nasopha-
ryngeal carcinoma (15). Again, very little is
known about the process whereby virus is re-
leased or about the structure of the virus itself
at the molecular level.

In a previous study (28), a rabbit anti-EBV
antiserum of high neutralizing titer was pro-
duced. The neutralizing antibody could be spe-
cifically absorbed only by EBV producer cells,
indicating that EBV producer cells express an-

tigens on their surfaces which cross-react with
the neutralizing antigens on the virus. Further-
more, these antigens are only expressed on the
small percentage of cells which are actively pro-
ducing virus. The isolation of neutralizing anti-
gens is of interest for two reasons: first, it is
thought that antibodies against these antigens
can protect against reinfection by the virus and
therefore, purified or partially purified antigen
preparations may be useful in vaccination stud-
ies (5, 7); second, they provide information about
the structural polypeptides of the virus and their
assembly into an envelope during virus matura-
tion. In this paper, we report the purification
and characterization of the EBV membrane an-
tigen complex from the plasma membranes of
EBV producer cell lines.

MATERIALS AND METHODS

Cells. The method of maintenance of the cell lines
used in this study has been described elsewhere (28).
Large-scale cultures of P3H11-1 NONO were carried
in diptheria toxin bottles (VRW). The bottles, con-
taining 2 liters of culture, were stood on end overnight
before harvesting. T'he next day the bulk of the super-
natant was siphoned off before removal of the cells for
centrifugation. This procedure reduced the volume to
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be centrifuged to obtain the cell pellet by a factor of
10.
The preparation of the immune and preimmune

rabbit anti-EBV sera has been described previously
(28). The rabbit anti-human T cell serum A99 and the
rabbit anti-f?2-microglobulin were kind gifts from Di-
ane Pratt.

'25I-labeled staphyloccal protein A competi-
tion radioimmunoassay. Antigen preparations were
assayed after normalization of the Triton X-100
(Sigma Chemical Co.) concentration to 0.1lc. The an-
tigen (50 1d) was incubated overnight with antibody
(10l, of 1:8 diluted rabbit anti-EBV serum) at 4°C.
The antibody activity in duplicate 25-1l portions was
then assayed as described previously (28), except that
the P3HR-1 NONO cells which were generally used in
the assay were fixed with glutaraldehyde immediately
before the assay. The cells were washed once in Hanks
balanced salt solution, supplemented with 10 mM
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethane-
sulfonic acid; pH 7.2), and resuspended to I x 10"/ml
in the same buffer, and an equal volume of 0.25%k
glutaraldehyde (Sigma) in the same buffer was added.
After 5 min at 20°C, the reaction was stopped by
addition of bovine serum albumin (Miles Laboratories,
Inc.) in the same buffer and the cells were washed
twice before use.
The antigenic activity of a preparation in a total

volume (v t11) was defined in units as being equal to
the fold dilution of 50 !l of antigen which would absorb
50% of the binding activity of 10 tL of 1:8 diluted
antibody x v/50.

Since the Triton X-100-soluble antigens competi-
tively inhibited the assay to a plateau of 60 to 70%, (see
Results), the 50% inhibition point was always calcu-
lated from this curve, i.e., with a range of 0-65% the
50%, point would be taken as 32.5% inhibition. This
was then used as a reference for measurement on
further purified material. A new calibration curve us-
ing Triton X-100-solubilized material was made for
every assay. All data were calculated after subtracting
the background of binding shown by a negative preim-
mune serum. This background was usually about 30%,
of that obtained with positive sera.

Purification ofplasma membranes. Purification
of plasma membranes was based on the method of
Crumpton and Snary (4). All procedures were carried
out at 4°C. Cells were obtained by centrifugation at
250 x g for 10 min in the JA 10 Beckman rotor in the
.J216 Beckman preparative centrifuge. Usually 10 to
15 ml of packed cells was resuspended to 100 ml in
RPMI 1640 and subjected to nitrogen cavitation with
a Parr model 4635 cell disruption bomb at a pressure
of 250 lb/in2 for 5 to 10 min. The crude nuclei were
then removed by centrifugation at 600 x g for 10 min
in a Sorvall RC3 centrifuge. The nuclei were washed
once, and the total supernatant was centrifuged at
4,000 x g for 15 min in the RC5 centrifuge. The
supernatant was poured off from the crude mitochon-
drial pellet, and the crude membranes were pelleted
by centrifugation at 50,000 x g for 1 h in the SS34
rotor of an RC-5 centrifuge. The resulting pellets were
resuspended by using a tight-fitting Dounce homoge-
nizer in 10 mM Tris (pH 7.4). The suspension was

then adjusted to 40%, sucrose (Schwarz/Mann density
grade) by addition of 60% sucrose and divided equally
among three cellulose nitrate centrifuge tubes (Beck-
man Instruments Inc.; 1 by 3.5 in. [2.54 by 8.8 cm]).
The tubes were half-filled with 40%, sucrose in 10 mM
Tris (pH 7.4) and overlaid with 27% sucrose in 10 mM
Tris (pH 7.4). The sucrose gradients were centrifuged
overnight at 23,000 rpm (g average, 75,000) in an
SW27 swinging bucket rotor of an L5-65 ultracentri-
fuge. The interface plasma membrane material was
removed, diluted 1:3 (vol/vol) with 50 mM Tris (pH
7.4), and pelleted for 1 h at 50,000 x g in the Sorvall
RC-5 as before. The pellets were resuspended as be-
fore. The amount of protein and DNA in the prepa-
ration was estimated by the method of Warburg and
Christian (31), by measuring the absorbancy at 280
nm (A>,) and As;, of a sample after boiling in sodium
dodecyl sulfate (SDS). By using their correction to
estimate the true A>, and assuming that a 1-mg/ml
protein solution has an A>, of 1, then the typical yield
of plasma membrane protein was approximately 2 mg/
ml of packed cells, with a DNA content of 4 to 6%C by
weight. The plasma membranes were solubilized by
the addition of detergent, usually Triton X-100, in a
ratio of 1 mg of detergent per mg of protein based on
the preceding measurement. The mixture was then
made up to 5 ml with 10 mM Tris (pH 7.4) and
incubated at 4°C for 30 min. After this time, the
mixture was centrifuged at 50,000 rpm (g average,
=200,000) in an SW50.1 swinging bucket rotor of a
Beckman L5-65 ultracentrifuge.

Removal of excess detergent. For some experi-
ments detergent levels were lowered before assay by
mixing with polystyrene beads (SM-2 Bio-Rad). The
details of this procedure have been published previ-
ously (29).

Lectin affinity chromatography. The following
Sepharose-coupled lectins were obtained from Vector
Labs: Lens culinaris agglutinin (lentil), Ricinus com-
munis agglutinin II (Ricin), Ulex europaeus agglutinin
I, and wheat germ agglutinin. Sepharose-coupled He-
lix pomatia lectin was the kind gift of Diane Pratt.

Samples were loaded onto the affinity columns (2-
ml columns for large-scale preparations, 0.5-ml col-
umns for small-scale [:'Slmethionine-labeled prepa-
rations) at the maximum flow rate. All columns were
preequilibrated with a solution of 0.2% Triton X-100,
0.1 mM MnCl,. 0.14 M NaCI, 0.25 mM dithiothreitol,
and 10 mM Tris, pH 7.8 (lectin buffer) and washed
with 5- to 10-column volumes of Lectin buffer after
application of the sample. The appropriate sugar in 1
ml of lectin buffer was applied to the column, which
was then turned off and allowed to stand for 30 min.
The specifically bound material was then eluted by
using the same sugar solution. All procedures were
performed at 4°C. Sugars were purchased from Sigma
and used at 3% (wt/vol) in lectin buffer, except for
galactose which was 10% (wt/vol).

Lactoperoxidase- and chloramine T-catalyzed
iodination. These iodination procedures were per-
formed exactly as described in the literature (3, 11).

Metabolic labeling with [3"Slmethionine. CelLs
(2 x 107) were pelleted at 1,000 rpm in an RC-3
centrifuge and resuspended in 15 ml of methionine-
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free RPMI 1640 (ABS) supplemented with 5% dialyzed
fetal calf serum, and 0.5 mCi of [ 'Slmethionine (800
Ci/mmol) (Amersham Corp.). The cells were incu-
bated at 37°C overnight, pelleted, resuspended in 0.1
ml of saline, and lysed by the addition of 2 ml of a
solution of 0.574 Triton X-100, 1 mM MgCl2, 1 mM a-
toluenesulphonyl fluoride, 0.25 mM dithiothreitol, and
10 mM Tris (pH 7.4). The mixture was incubated at
4°C for 0.5 h and then centrifuged at 50,000 rpm (g
average, 150,000) in a type 50 Ti rotor in an L5-65
Beckman ultracentrifuge that uses 10-ml Oak Ridge
polycarbonate tubes. The resulting supernatant was
then passed over a Hicin lectin column as described
above.

Immunoprecipitation with fixed Staphylococ-
cus aureus. Immunoprecipitation was exactly as de-
scribed in the literature (17), except for the B95-8 and
B95-8 PAA cell lines. In these cases a preclearing step
was required because these lines possess two major
polypeptides which bind very strongly to S. aureus.
The material (1 x 10 to 2 x 10' cpm in 100 to 200 yu)
was precleared by addition of 5 to 10 ld of preimmune
rabbit serum, followed by incubation at 4°C for 1 h.
The suspension of S. aureus was then added (10 ill of
10r suspension per 1 ul of serum) and incubated for
an additional 1 h. The suspension was then clarified.
The immunoprecipitations in any given experiment
were performed on equal amounts of material from
each cell line as judged by the amount of isotopic label
in the Ricin eluate.
SDS-PAGE. The SDS-polyacrylamide gel electro-

phoresis (PAGE) was performed as described previ-
ously (28). Myosin (Bio-Rad Laboratories), thyroglob-
ulin (Sigma), and LETS protein from Lan Bo Chen
were included as molecular weight markers.

Protein estimation. In early experiments with pu-
rified plasma membranes the protein concentration
was estimated from the ratio of A2,v, to A21, (see plasma
membrane preparation above). However, Triton X-
100 absorbs strongly in this range; therefore, protein
estimates in later experiments were performed by the
Lowry method (bovine serum albumin standard) with
the modifications of Bennett (2) and Dulley and
Grieve (6). For whole plasma membrane protein the
Lowry procedure gave values approximately 30Ck lower
than for the absorbance method. The method used for
protein determination is indicated in the appropriate
table and figure legends.

RESULTS

Demonstration of the EBV-associated
membrane antigen on purified plasma
membranes and its solubilization by Triton
X-100. It was demonstrated previously that a
rabbit serum prepared against whole purified
EBV (rabbit anti-EBV) could be used to detect
quantitatively the EBV-membrane antigen com-
plex on the surface of producer cell lines by
means of the '2'1-labeled S. aureus protein A
assay (23, 28). By competing for the antibody
before the assay, it is possible to quant". +- the
amount of antigen in a given preparation. A
competition curve using P3HR-1 NONO cells as

the source of competing antigen is presented in
Fig. 1. P3HR-1 NONO was chosen as the cell
line for both assay and purification studies be-
cause it expressed the most membrane antigen
per cell when grown under stressed conditions
(see Materials and Methods) (28). Furthermore,
the rabbit antiserum had been raised against the
B95-8 strain of EBV, which was derived from a
marmoset cell line; therefore, use of the human
P3HR-1 NONO cell line in purification experi-
ments would minimize the possibility ofstudying
spurious reactivities in the serum.
Plasma membranes were prepared from

P3HR-1 NONO cells by nitrogen cavitation and
discontinuous density centrifugation. The ability
of such a membrane preparation to inhibit the
'25I-labeled protein A binding assay is shown in
Fig. 2. This experiment indicates that equal
amounts of activity were present in the purified
plasma membrane faction and in the endoplas-
mic reticulum. This was not due to the presence
of contaminating plasma membranes in the en-
doplasmic reticulum, since less than 10% of the
f2-microglobulin was associated with the endo-
plasmic reticulum fraction.

Ultracentrifugation of the plasma membrane
preparation (100,000 x g per h) removes the
EBV membrane antigen activity from the su-
pernatant (Fig. 3). If, however, the plasma mem-
branes were ultracentrifuged after preincubation
with Triton X- 100 (1:1 [wt/wt], Triton to protein
for 30 min at 4°C), activity remained in the
supernatant, indicating that the antigen complex
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FIG. 1. Ab.sorption of the rabbit anti-EBV antise-
rum by membrane antigens on P.3HR- I NONO cells.
Serially diluted cells (107/ml, 100 .l) were placed in
V-shaped microtiter plates and pelleted. Anti-EBV
anti-serum (100 Ml) uwas added at a dilution of 1:50,
and the cells uwere resuspended. The suspensions uwere
rocked overnight at 40 C. The cells were pelleted, and
the activity of the antiserum was assayed by the 1251_
labeled protein A binding assay (28).
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FIG. 2. Detection ofEBV-membrane antigens and
132-microglobulin on purified plasma membranes and
crude endoplasmic reticulum. Membranes from the
P3HR-1 NONO line were assayed as described in
Materials and Methods. An antigen dilution of I is
equivalent to 186 pg of membrane protein estimated
by A2 The plasma membranes were removed from
the antiserum by centrifugation before assay. Sym-
bols: 0, crude endoplasmic reticulum; 0, purified
plasma membrane.

was solubilized under these conditions. A char-
acteristic feature of this kind of experiment was
the failure of the Triton X-100-solubilized ma-
terial to compete completely in the assay. No
matter how much of the solubilized material was
added, it was never possible to obtain more than
60 to 70% inhibition (Fig. 3). In contrast, the
antigens in the total plasma membrane after
Triton X-100 treatment, but before centrifuga-
tion, inhibited by almost 100%. These results
suggest that the antiserum contains antibodies
against two distinct antigenic systems in the
membrane antigen complex, one soluble and one
insoluble in Triton X-100.
By using Triton X- 100, 60 to 70% ofthe soluble

antigenic activity was extracted compared with
only 35 to 45% of the membrane protein (Table
1). By comparison, the nonionic detergent Brij-
94 only solubilized 30 to 40% of the activity, and
the ionic detergent sodium deoxycholate inter-
fered with the assay for reasons which are not
known. Therefore, Triton X-100 was used in all
subsequent studies.
When the Triton X-100-solubilized material

was used to compete for the binding of the T
cell specific antiserum A99 to the T cell line
CEM, no inhibition was seen (Fig. 4). Further-
more, mock-purified material from the EBV-
negative cell line RAMOS did not compete for
the binding of the rabbit anti-EBV serum to
P3HR-1 NONO cells (Fig. 5). These two exper-
iments demonstrated that the solubilized plasma

membrane preparation from P3HR-1 NONO
was specifically competing for the anti-EBV se-

rum in the '2'I-labeled protein A assay. There-
fore, the purified plasma membranes contain at
least part of the EBV-membrane antigen com-

plex.
Purification of the EBV-membrane anti-

gen complex by lectin affinity chromatog-
raphy. One of the most effective methods for
purifying membrane proteins is based on the
fact that many of them are glycosylated and will
bind specifically to lectin affinity columns. In
Table 2, data are summarized from one experi-
ment in which the ability of several lectins to
bind the EBV-membrane antigen complex was

studied. The membrane antigens bound to Ricin
affinity columns, resulting in approximately 50-
fold purification in high yield after elution with
galactose. The antigens also bound partially to
lentil lectin (60% of the activity was specifically
bound, the rest passed through), suggesting het-
erogeneity in the glycosylation of the membrane

Plasma Membranes Triton X-100 Solubilized
byOTriton X-100. Pla.smamembrane.sma Membranes
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Dilution Of Antigen

FIG. 3. Solubilization ofEBV membrane antigens

by Triton X-1X0. Plasma membranes from P3HR-I
NONO (antigen dilution of I = 3.3 mg of membrane
protein by A2,4 were preincubated with either Triton
X-100 (I mg/mg ofprotein) or 10mM Tris (pH 7.4) for
0.5 h in a final volume of300 pL. Half of each sample
was then subjected to ultracentrifugation at 100,000
x g for I h. The samples were then assayed as

described in the legend to Fig. 1. Symbols: 0, fraction
before 100,000 x g for I h oftreatment; 0, supernatant
after 100,000 x g for I h of treatment.

TABLE 1. Recovery of EBV-membrane antigens and
total protein after solubilization of P3HR- I NONO

membranes in Triton X-100
Recovery

Activ- Lowry Sp act _
Membrane ity (U/ protein (U/Sgc

ml) (mg/ml) mg) Activ- Pro-
ity tein

Plasma 1,120 6.9 162
Triton-solu- 666 2.6 256 59 38

bilized
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antigen. Furthermore, recovery of total activity
from the lentil lectin columns was variable and
often low (<30%). Therefore, this method was

not effective as a purification step. No antigenic
difference between bound and unbound material
from the lentil column was detected by the '"I-
labeled protein A assay. The antigens did not
bind to wheat germ agglutinin (Table 2), nor did
they bind to the lectin U. europaeus agglutinin
I or to the lectin isolated from H. pomatia (data
not shown).

Inhibition curves on equivalent samples of the
Triton X-100-solubilized plasma membrane ma-

terial and on the material purified by Ricin
affinity chromatography (Fig. 6) were identical,
indicating that most of the membrane antigen
specificities present in the soluble plasma mem-
brane preparation were recovered from the affin-
ity column. Furthermore, material from the
EBV-negative cell line RAMOS after mock pu-

rification over the Ricin column had no inhibi-
tory activity (data not shown).
Immunoprecipitation of the membrane
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antigens from material purified by passage
over a ricin affinity column. Immunoprecip-
itation of membrane proteins purified by Ricin
affinity chromatography was used as a final pu-
rification step to identify the components of the
membrane antigen complex. The material was

labeled in two ways: first by chloramine T-cat-
alyzed iodination with '2rI; and second by met-
abolic incorporation of ['S]methionine. The
SDS-PAGE pattern of the immunoprecipitate
obtained from P3HR-1 NONO after labeling
with "'5I is presented in Fig. 7. Two major bands
were seen with molecular weights of approxi-
mately 220,000 and 75,000. The SDS-PAGE pat-
tern of the immunoprecipitate from ['S]methi-
onine-labeled B95-8 is shown in Fig. 8. Included
in this experiment were B95-8 cells grown in the
presence ofphosphonoacetic acid, which inhibits
expression of late viral functions in producer cell

lines (10, 22, 28). Two major bands were precip-
itated from B95-8, but had molecular weights of
350,000 and 75,000 and, in addition, several mi-
nor bands including those with molecular
weights of 220,000, 140,000, and 56,000. The
same result was obtained when immunoprecipi-
tation was performed on material purified by

cl 12
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FIG. 4. Absorption of the anti-EBVserum and an

anti-humnan T cell serum A99 by P3HR-I NONO
plasma membranes. For details see the legend to Fig.
2.

RAMOS P3HR-I

"14 '4e '464 '456 '404 lb4 '4 I'4 '456 '4X4 '406

Dilution Of Antign
FIG. 5. Absorption of the anti-EBV serum by Tri-

ton X-100-solubilized P3HR-1 NONO and RAMOS
plasma membranes. In this experiment an antigen
dilution of I is equivalent to 60 pg of Triton X-100-
soluble protein (assay by Lowry). The antigen was

assayed as described in Materials and Methods.

TABLE 2. Binding of Triton X-100-solubilized EBV membrane antigens to lectin affinity columns

Activity (U) Lowry protein RecoveySp act (U/mg)
8Qb ~~~~(pg) Reoey()1,200h

Agglutinin" 720

Flow Eluate Flow Eluate Activity Protein Flow Eluate
through through through

WGA 240 230 430 120 56 76 560 1,900
Lentil 160 230 570 7' 46 80 280 33,000'
Ricin 100 730 410 10" 99 58 240 73,000'
" WGA, Wheat germ agglutinin; lentil, Lens culinaris agglutinin; Ricin, Ricinus communis agglutinin II.
' Numbers indicate activity, Lowry protein, .d specific activity in the load.
' The protein estimates here are at the limit of sensitivity of the Lowry assay and can be taken only as an

indication of protein concentration.
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FIG. 6. Absorption of the anti-EBV serum by Tri-
ton X- 100-solubilized plasma membranes before and
after passage over a Ricin lectin affinity column. In
this experiment an antigen dilution of I is equivalent
to 85 pg of Triton X-100-soluble protein (assay by
Lowry). The antigen eluted from the Ricin column
u'as adjusted to the same volume as the applied
sample before assay. Symbols: 0, beforepassage over
a Ricin lectin affinity column; 0, after passage over
a Ricin lectin affinity column.

lentil lectin affinity chromatography. The pat-
tern obtained with B95-8 was the cleanest of all
the producer lines studied and was reproducible
for both major and minor bands. The molecular
weight of the largest band was estimated from
5% polyacrylamide gels, assuming a linear ex-
trapolation from the molecular weight markers
myosin (200,000) and LETS protein (220,000).
The polypeptide also migrated closely to the
heaviest subunit of thyroglobulin (330,000) (30).
The 75,000 molecular weight polypeptide elec-
trophoresed anomalously on different percent-
age gels, migrating with an apparent weight of
60,000 on 5% gels and 75,000 on 7.5% gels. This
is presumably due to the presence of glycan
chains on the protein. No bands were seen when
immunoprecipitation was performed with
preimmune sera or with immune sera on B95-8
cells treated with phosphonoacetic acid.

Immunoprecipitation was performed on
['S]methionine-labeled P3HR-1 cells grown un-
der stressed (P3HR-1 NONO) or normal condi-
tions with or without phosphonoacetic acid (Fig.
9). As seen before, the P3HR-1 NONO gave a
major polypeptide of 220,000 compared with
350,000 from B95-8. Growth of the P3HR-1 un-
der normal conditions gave bands of both mo-

U

-220,000

- 75,000

A B

FIG. 7. Immunoprecipitation of EBV membrane
antigens by anti-EBV serum from material purified
by Ricin lectin affinity chromatography. EBV mem-
brane antigens from the P3HR-1 NONO cell line
solubilized in Triton X-100 and purified over Ricin
lectin affinity columns were iodinated with "2'I by the
chloramine T method (see Materials and Methods)
and then subjected to immunoprecipitation. (A) Im-
mune rabbit anti-EBV serum; (B) preimmune serum.
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nonproducer B cell line derived from normal
peripheral lymphocytes by in vitro transforma-
tion; and RAMOS, an EBV-negative B cell line
derived from a Burkitt's lymphoma biopsy.
Immunoprecipitation of the membrane

antigens from Triton X-100-solubilized
plasma membranes before and after lectin
affinity chromatography. By using the 2'1-
labeled protein A assay it was shown (see above)
that the soluble plasma membrane fraction con-
tained the same antigenic determinants before
and after purification by Ricin affinity chroma-
tography. To confirm this, immunoprecipitation
was performed on these two fractions (Fig. 11).
It was found that the 140,000 molecular weight
polypeptide, which was only a minor component
in the Ricin purified material, was a major com-
ponent in the unfractionated material. Thus, the
EBV-membrane antigens consist of three major
polypeptides, one of which (140,000 molecular
weight) did not bind extensively to Ricin or lentil

FIG. 8. Immunoprecipitation of EBV membrane
antigens from Ricin-purified B95-8 and B95-8 PAA
membrane proteins. Note: this autoradiogram uwas

exposed for 36 h. (A) B95-8 PAA + preimmune serum;
(B) as A + immune serum; (C) B95-8 + preimmune
serum; (D) as C + immune serum.

lecular weights after immunoprecipitation. It
was concluded that the 220,000 molecular weight
polypeptide was probably a degradation product
of the 350,000 molecular weight polypeptide.
This notion was supported by the observation
that the appearance of the 220,000 molecular
weight band was also associated with the ap-
pearance of several smaller polypeptides.
As a further test that the precipitated bands

were associated specifically with virus produc-
tion, a series of immunoprecipitations were per-
formed on the low-level producer 7744 and a
number of nonproducer cell lines (Fig. 10). The
same pattern of radioactive bands was observed
with 7744 as with B95-8 (confirmed by comigra-
tion on the same gel; data not shown). As would
be expected for a low-level producer, the amount
of material precipitated was small; consequently,
it was necessary to expose the film for 1 month
to detect the specific bands, compared with 36
h with B95-8. No specifically precipitated bands
were detected from any of the nonproducer cell
lines, even after 1 month of exposure. The lines
tested included RAJI, an EBV-positive nonpro-
ducer B cell line derived from an African Burk-
itt's lymphoma biopsy; JY, an EBV-positive

FIG. 9. Immunoprecipitation of EBV membrane
antigens from Ricin-purified P.3HR-1 groun under
stressed (P3HR-1 NONO) or normal (Pt3HR-1) con-

ditions in the presence and absence of PAA. Note:
this autoradiogram uwas exposed for 5 days. (A)
P3HR- I + preimmune serum; (B) as A + immune
serum; (C) P3HR-I + PAA + preimmune serum; (D)
as C + immune serum; (E) P3HR-I NONO + preim-
mune serum; (F) as E + immune serum; (G) P3HR-I
NONO + PAA + preimmune serum; (H) as G +
immune serum.

med
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columns. All of the polypeptides may be specif-
ically precipitated from all the producer cell
lines studied (P3HR-1, P3HR-1 NONO, B95-8,
and 7744). This is particularly important consid-
ering the diverse origins of these cell lines.
P3HR-1 is a subline derived from an African
Burkitt's lymphoma which produces superin-
fecting but not transforming virus (16), B95-8 is
a cell line derived by in vitro transformation of
marmoset lymphocytes with EBV obtained from
a patient with infectious mononucleosis (21), and
7744 is a subline of QIMR-WILL which was
derived from a patient with myeloblastic leuke-
mia (24). Both B95-8 and 7744 produce trans-

.B .

A B C D E F G H
FIG. 10. Immunoprecipitation of EBV membrane

antigens from Ricin-purified membrane proteins of
EBV-producer, nonproducer, and EBV-negative cell
lines. Note: this autoradiogram was exposed for I
month. (A) EBV-positive producer cell line 7744 +

preimmune serum; (B) as A + immune serum; (C)
EBV-positive nonproducer cell line RAJI + preim-
mune serum; (D) as C + immune serum; (E) EBV-
posititve nonproducer cell line JY + preimmune se-

rum; (F) as E + immune serum; (G) EBV-negative
cell line RAMOS + preimmune serum; (H) as G +

immune serum.

affinity columns and was not detected by the
'2"I-labeled protein A binding assay.

DISCUSSION
In this paper data are presented on the puri-

fication and characterization of the EBV mem-
brane antigen complex. The antigenic complex
consists of three major polypeptides with molec-
ular weights of 350,000, 140,000, and 75,000 plus
several minor components, particularly of mo-
lecular weights of 220,000 and 56,000 (molecular
weights are given for 7.5% SDS-PAGE). The
350,000 and 75,000 molecular weight compo-
nents bind to Ricin and lentil lectin affinity

350000- 2

1-140000-X

._.~~~9

75.000~-

A B C D
FIG. 11. Immunoprecipitation of EBV membrane

antigens from purified B95-8 plasma membrane.s be-
fore and after purification by Ricin affinity chroma-
tography. (A) Whole Triton X-I100-soluble plasma
membrane proteins + preimmune serum; (B) a.s A +
immune serum; (C) soluble plasma proteins purified
by Ricin affinity chromatography + immune serum;
(D) as C + preimmune serum. Note: these samples
were electrophore.sed in a 5% SDS gel.
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forming EBV. None of the polypeptides could
be immunoprecipitated from nonproducer cell
lines or from producer cell lines treated with
phosphonoacetic acid at doses sufficient to in-
hibit late viral functions without affecting cel-
lular growth (10, 21, 28). Thus, the immunopre-
cipitated polypeptides are truly late, i.e., post-
viral DNA synthesis (26), EBV-associated poly-
peptides. That these polypeptides are genuine
membrane proteins is indicated from several
lines of evidence: first, they are found associated
with a highly purified plasma membrane frac-
tion; second, they are solubilized by the nonionic
detergent Triton X- 100; third, they are glycopro-
teins as judged by their binding to Ricin and
lentil lectin affinity columns; and fourth, at least
the 350,000 molecular weight polypeptide can be
detected in immunoprecipitates from ['25I]lac-
toperoxidase-labeled whole cells (data not
shown). In addition, we have observed no spe-
cific immunoprecipitate after absorption of the
rabbit anti-EBV serum with B95-8 cells (data
not shown). This implies that all of the polypep-
tides are exposed on the cell surface. We ob-
served that both lentil and Ricin lectin affinity-
purified EBV membrane antigen preparations
were equally effective at inhibiting the binding
of the anti-EBV serum in the 2'I-labeled protein
A binding assay. However, the major component
with a molecular weight of 140,000 did not bind
to the lectin columns. Therefore, the 140,000
molecular weight polypeptide was not detected
by the binding assay. This suggests that there
was only a relatively small amount of antibody
against this molecule in the serum. The poly-
peptide of molecular weight 220,000 appeared in
inverse proportion to the polypeptide of molec-
ular weight 350,000 and was associated most
strongly with cells grown under stressed culture
conditions. This may indicate that the 220,000
molecular weight polypeptide is a degradation
product of the larger polypeptide.

In a previous publication, it was demonstrated
that two major polypeptides of approximately
molecular weights of 150,000 and 75,000 (28)
could be immunoprecipitated from whole cells
with the rabbit anti-EBV serum. The relation-
ship between these two polypeptides and the
major membrane antigen polypeptides de-
scribed above is not yet known; however, work
under way at present in this laboratory suggests
that the viral envelope contains at least four
major polypeptides which are immunoprecipi-
tated by the rabbit anti-EBV serum. These pol-
ypeptides have molecular weights of 350,000,
140,000, 75,000, and 56,000, and they comigrate
with the equivalent bands precipitated from the
plasma membranes of producer cells. However,

only the 350,000, 140,000, and 75,000 molecular
weight polypeptides are major components of
the plasma membrane, whereas all four are pres-
ent in about equal amounts on the virion. A fifth
polypeptide (molecular weight of 150,000 to
160,000) may be precipitated only from the nu-
clei of producer cells and comigrates with a
major polypeptide of the viral capsid.
The experiments presented in this paper dem-

onstrate that the membrane antigen of EBV is
a complex structure, containing both Triton X-
100-soluble antigens (3 to 5 polypeptides) and
Triton X- 100-insoluble polypeptides. The nature
of the insoluble antigens is under investigation.
The complexity of the membrane antigens is not
surprising in view of the complexity of the virus.
Furthermore, it has been suggested, on the basis
of studies using sera from Burkitt's lymphoma
patients, that there are at least three different
antigenic determinants in the membrane antigen
complex, some of which may be expressed before
and some after viral DNA synthesis (9, 29).
A significant amount of EBV-membrane an-

tigenic activity was found associated with the
crude endoplasmic reticulum. Since no,82-micro-
globulin activity was found in this fraction, it is
unlikely that the presence of EBV-membrane
antigens in the endoplasmic reticulum was due
to contaminating plasma membranes. We con-
clude, therefore, that the membrane antigens
are also expressed inside the cell. This means
that cytoplasmic staining obtained with complex
human sera is probably due to a combination of
antimembrane (expressed on the endoplasmic
reticulum?) and antinucleocapsid reactivities.
We are at present studying the subcellular dis-
tribution of the molecules identified in this paper
as well as other virus-specific polypeptides to
understand better the structure of the virus and
the way it is assembled.
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