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Three monoclonal antibodies were produced against the Epstein-Barr virus-
induced early antigen complex. These antibodies were shown to be specific for the
early antigen complex by the fact that they only reacted with cells supporting a

permissive or abortive Epstein-Barr virus infection and their synthesis was not
affected by inhibitors of viral DNA synthesis. One monoclonal antibody, designat-
ed R3, was directed against a diffuse component of the early antigen complex
since it reacted by immunofluorescence with cells fixed in acetone or methanol.
The other two monoclonal antibodies, designated K8 and K9, reacted with a

methanol-sensitive restricted component of this complex. The appearance of the
R3 antigen in P3HR-1 superinfected Raji cells occurred approximately 4 h earlier
than the antigen detected by K8. By both sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and radioimmunoelectrophoresis, it was determined that the
R3 monoclonal antibody recognized two major polypeptides with molecular
weights of approximately 50,000 to 52,000, whereas K8 and K9 precipitated a

protein of approximately 85,000. The R3 monoclonal antibody also immunopre-
cipitated an in vitro primary translation product. It was, therefore, possible to
map this product to the Epstein-Barr virus DNA BamtiHI M fragment. These in

vitro products were slightly smaller than the in vivo proteins, suggesting that these
proteins probably undergo posttranslational modification during the virus replica-
tion cycle.

A number of antigen complexes have been
identified in Epstein-Barr virus (EBV)-infected
cells, mainly by immunofluorescence proce-
dures. These have been designated EBNA for
the EBV-induced nuclear antigen, VCA for vi-
ral-capsid antigens, MA for cell membrane-asso-
ciated viral antigens, and EA for EBV-induced
early antigens (25). EBNA is a viral-specified
nuclear antigen expressed in all latently infected
cell lines such as Raji (30). VCA and MA are late
viral proteins expressed in permissively infected
cells, whereas EA is synthesized early in abor-
tive or permissive infections (25). EA can also
be induced in latently infected cell lines by
superinfection with P3HR-1 virus or by treat-
ment with chemical inducers (1, 10, 13, 15, 18,
34, 36). The synthesis of EA is not affected by
treating cultures with inhibitors of DNA synthe-
sis, whereas VCA and MA production is inhibit-
ed by such treatment (7, 11, 12, 24, 35). The EA
complex has been divided further into diffuse
(D) and restricted (R) components based on
staining patterns with different human sera (14).
Antibody to EA(D) causes diffuse staining of the

nucleus and cytoplasm. This antigen is ex-
pressed in both acetone and methanol-fixed
cells. In contrast, EA(R) staining is restricted to
the cytoplasm in acetone-fixed cells and is dena-
tured by methanol (14). Although most, if not
all, of these antigens are now recognized to be
complexes, little is known about the polypep-
tides that compose each of these antigens.
The EA complex has been of particular inter-

est since antibodies to this complex are fre-
quently present at high titers in patients with
EBV-associated diseases as opposed to latently
infected but nondiseased control populations
(25). The anti-EA reactivity in the sera of pa-
tients with infectious mononucleosis and naso-
pharyngeal carcinoma is directed primarily
against the D component, whereas reactivity in
sera of patients with African Burkitt's lympho-
ma is directed mainly against the R component
(14). In addition, antibodies to the EA complex
are of prognostic importance in patients with
EBV-associated malignancies since titers tend
to vary with disease course.
A number of candidate polypeptide compo-
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nents of EA(D) and EA(R) have been identified
by their synthesis early in permissive EBV in-
fections, by the demonstration that their synthe-
sis is not affected by inhibitors of EBV DNA
replication, and by their specific precipitation
with human sera known to have high antibody
titers to EA(D) or EA(R). Early polypeptides
with molecular weights ranging from 150,000
(150K) to 165K, 138K to 140K, 120K to 134K,
85K to 103K, 50K to 65K, and 26K to 40K have
been identified with anti-EA-positive human
sera (2, 3, 6-8, 18-20, 22, 23, 31, 33, 34).
However, since these sera also contained anti-
body reactive with other EBV-specific antigens,
no specific polypeptide could be conclusively
correlated with EA as defined with immunofluo-
rescence assays. Several of the candidate EA
polypeptides have been tentatively mapped to
restriction endonuclease fragments of EBV
DNA by hybrid selection of early RNA and by
demonstrating that the RNA encodes for a poly-
peptide which is immunoreactive with polyva-
lent anti-EA serum and is similar in size to a
candidate EA polypeptide immunoprecipitated
from infected cell extracts (17). Sera specific for
individual polypeptides were not available, how-
ever, to permit more definitive correlation of
infected cell polypeptides with primary in vitro
translation products.
We now report the development of monoclon-

al antibodies reactive with major polypeptides of
the EA complex. One of these antibodies is
directed against a D component, whereas two
other monoclonal antibodies are reactive with an
R component. The anti-D monoclonal antibody
immunoprecipitated an in vitro primary transla-
tion product similar in size to the in vivo protein,
thereby making it possible to map this antigen to
a specific EBV DNA fragment.

MATERIALS AND METHODS

Cell lines. The lymphoblastoid cell lines used in
these experiments include the EBV genome-positive
Raji, P3HR-l, and B-95-8 cell lines and the EBV
genome-negative Ramos and BJAB cell lines. All of
these cell lines were cultivated in RPMI 1640 medium
supplemented with 10% heat-inactivated (56°C, 30
min) fetal calf serum and gentamicin (50 ,ug/ml). The
cells were passaged every 3 to 4 days by reseeding in
fresh medium at a concentration of 5 x 105 cells per
ml.

Production of monoclonal antibodies to EA. BALB/c
mice were hyperimmunized with P,HR-1 cells activat-
ed with 40 ng of tumor-promoting agent (TPA) per ml
for 48 h or with P,HR-1 virus-superinfected Raji cells.
Such cultures routinely contained 30 to 40%' EA-
positive cells. The initial immunization included 20 x
10" cells in complete Freund adjuvant injected intra-
peritoneally. Three and 5 weeks later, these mice were
inoculated intraperitoneally with 20 x 106 cells with-
out adjuvant. Spleens were removed for the produc-

tion of hybridomas 4 days after the third immuniza-
tion.

For the production of hybridomas producing anti-
bodies to EBV antigens. 80 x 10" to 100 x 106 spleen
cells were fused with an equal number of cells from the
mouse plasmacytoma cell line P3NS-1 1-AG4-1(NS-1)
as previously described (28) with some modifications.
Briefly, the cell mixtures were pelleted at 900 x g for 5
min, and the cells were washed one time in medium
without fetal calf serum. Medium was drained from the
tubes, and the pellets were gently suspended in 0.5 ml
of 30% polyethylene glycol 1500 (J. T. Baker Chemical
Co., Phillipsburg, N.J.) in medium for 6 min at 37°C.
The cells were then diluted with 15 ml of serum-free
medium and again centrifuged at 900 x g for 5 min.
The cell pellets. suspended to a concentration of 1 x
106 to 2 x 106 cells per ml in 40 ml of HAT medium
(0.1 mM hypoxanthine, 0.4 F.M aminopterin, 16 l.M
thymidine in RPMI 1640 medium supplemented with
4.5 g of glucose per liter, 10 ml of 200 mM glutamine,
20% fetal calf serum, and 10% NCTC 135 [GIBCO
Laboratories, Grand Island, N.Y.]), were transferred
to 75-cm2 tissue culture flasks and incubated for 48 h at
37°C. The cells were then plated into 96-well microtiter
plates at a concentration of 2.0 x 105 to 2.5 x 105 cells
per well. Peritoneal mouse macrophages were added
as feeder layers. Cultures were refed every 3 days with
HAT medium and monitored for the presence of
growing clones. Supernatant fluids from wells with
visible growth were assayed for antibodies to EBV
antigens by immunofluorescence. Positive cultures
were cloned and the subclones rescreened for anti-
body production. Positive clones were grown in Fal-
con flasks and injected into mice primed with 0.3 ml of
pristane for the production of antibody-containing
ascitic fluid. The immunoglobulin subclass produced
by each clone was determined by radial immunodiffu-
sion.
Immunofluorescence assays. Culture supernatants

were screened for antibodies to EBV antigens by
immunofluorescence against acetone-fixed smears of
TPA-activated (40 ng/ml) virus-producing cell lines
and against EBV genome-positive nonproducer and
virus-negative cell lines as previously described (26).
If positive, they were screened against VCA-negative,
EA-positive cells to identify those monoclonal anti-
bodies directed against EA components. EA-positive,
VCA-negative cell smears were fixed in both methanol
and acetone to distinguish those antibodies directed
against the D component of the EA complex (methanol
resistant) from those directed against the R component
(methanol sensitive).

Cell extraction and immune precipitation. Viable B-
95-8 cells at a concentration of 2 x 106 per ml were
incubated in the presence of 40 ng of TPA per ml or 40
ng of TPA plus 150 pLg of phosphonoacetic acid (PAA)
per ml for 24 h. The cells were then centrifuged at 900
x g for 15 min, washed once with methionine-free
medium, and suspended in methionine-free medium
containing TPA or TPA plus PAA at a concentration of
2 x 106 cells per ml. [15S]methionine was then added
to each flask at a final concentration of 50 ,uCi/ml, and
the cultures were incubated at 37°C for 18 h. The cells
were then washed three times in medium and extract-
ed with 0.5% Nonidet P-40 in 0.02 M Tris-0.3 M NaCl,
1.0 mM CaClI-0.5 mM MgClI-2 mM EDTA-10%
glycerol-2.0 mM phenylmethylsulfonyl fluoride, pH
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TABLE 1. Reactivity of different cell lines with anti-EA monoclonal antibodies

Reactivitv
Monoclonal
antibody" RajRiActivated P3HR-1-Rajii P,HR-t PlHR-1 + PAA" Ramos BJAB

R3' - + + + +
K8.1' + + + + - -
K9' - + + + + - -

Ascitic fluids containing monoclonal antibodies were diluted 1:100 or 1:1.000 before testing in immunofluo-
rescence assays.

6 Raji cells activated in the presence of 20 ng of TPA per ml and 3 mM sodium butyrate for 48 to 72 h.
Approximately 10% of the cells were positive for EA as determined with human reference sera.

P3HR-1 virus-superinfected Raji cells.
"Cultures cultivated in the presence of 150 p.g of PAA per ml for 72 h. These cultures were negative for VCA

as determined with human reference sera.
When positive, this monoclonal antibody was positive on cells fixed in acetone or methanol.

J When positive, these monoclonal antibodies were positive on cells fixed in acetone but negative on cells fixed
in methanol.

9.0 (21). For radioimmunoprecipitation, portions of
the extracts containing 2.5 x 106 cpm of 35S were
incubated overnight at 40C with 0.2 ml of a 1:50
dilution of the appropriate antibody-positive or anti-
body-negative ascitic fluid or with human control sera
diluted in the extraction buffer. Immune complexes
were removed by precipitation with protein A-Sephar-
ose 4B (Pharmacia Fine Chemicals, Piscataway, N.J.)
(29). The immune complexes were then analyzed for
the presence of EBV-specific polypeptides by poly-
acrylamide gel electrophoresis, using a 7.5 to 15%
exponential gradient and a 3% stacking gel (29). The
14C-labeled proteins used as molecular weight stan-
dards were myosin (210,000), phosphorylase B
(92,500), bovine serum albumin (67,000), ovalbumin
(45,000), and carbonic anhydrase (30,000) (New En-
gland Nuclear Corp., Boston. Mass.).

Radioimmunoelectrophoresis. Samples of Raji, Ra-
mos, and TPA-activated B-95-8 cells were solubilized
in 2% wt/vol sodium dodecyl sulfate (SDS)-1% (vol/
vol) 2-mercaptoethanol-0. 1 mM phenylmethylsulfonyl
fluoride-10 mM sodium phosphate, pH 6.8. Approxi-
mately 20 [d (150 .g of protein) of each preparation
was then subjected to electrophoresis in 10% (wt/wt)
polyacrylamide-SDS slab gels. Electrophoresis was at
100 V for 16 h at 0 to 4°C. Electrophoretic transfer of
protein from SDS-polyacrylamide gels to nitrocellu-
lose paper was performed according to Burnette (5).
Radioiodinated or alkaline phosphatase-labeled rabbit
antibody to mouse immunoglobulin G (IgG) was used
to identify immune reactions between the monoclonal
antibodies and viral proteins on the nitrocellulose
paper. For molecular weight determinations, standard
proteins were also electrophoresed, transferred to
nitrocellulose paper. and identified by staining with
Coomassie blue.

Hybrid selection, in vitro translation, and immunpre-
cipitation. Cytoplasmic, polyadenylated RNA was pu-
rified (16) from B-95-8 cells 3 days after induction with
TPA (20 ng/ml) and sodium butyrate (3 mM). DNA
fragment-specific RNA was selected by hybridizing
the RNA at a concentration of 1 mg/ml for 4 h at 50°C
to EBV DNA fragments covalently bound to diazo-
benzyloxymethyl-paper (32) in 50% recrystallized for-
mamide-40 mM PIPES [piperazine-N,N'-bis(2-
ethanesulfonic acid)], pH 6.5-0.8 M NaCI-0.5% SDS-

2 mM EDTA (17). Unbound RNA was removed by
washing the filters five times for 5 min at 50'C in 50%
formamide-40 mM PIPES. pH 6.5-15 mM NaCI-0.50Sc
SDS. EBV-specific RNA was eluted at 700C with 1.5
ml of 99% formamide-10 mM PIPES. pH 6.5-13.3 p.g
of tRNA (Boehringer Mannheim Corp.. New York.
N.Y.) per ml. The eluted RNA was diluted with two
volumes of water, adjusted to 0.2 M potassium ace-
tate, and precipitated with ethanol at -20°C. The RNA
was translated in vitro in a rabbit reticulocyte lysate
(New England Nuclear) with [35S]methionine at 37TC
for 60 min. The translation reaction was adjusted to
0.14 M NaCI-20 mM Tris, pH 7.4-1% Nonidet P-40-
0.5% deoxycholate-1 mg of ovalbumin per ml and
preabsorbed twice with EBV-negative serum and
staphylococcal protein A-Sepharose (Pharmacia).
EBV antigens were immunoprecipitated by incubating
the preabsorbed lysate with 4 ,ul of antiserum or with I
l of H126. a human antiserum with high titers to EBV

antigens (VCA. 1:40. 960: EA. 1:10. 240: EBNA.
1:160) at 4°C for 18 h. Antigen-antibody complexes
were removed with protein A-Sepharose. washed,
eluted with SDS gel sample buffer. and electrophoreti-
cally separated on 10% polyacrylamide gels. The gels
were stained, destained, impregnated with En3Hance
(New England Nuclear), dried, and subjected to fluo-
rography. Molecular weights were assigned by migra-
tion of the polypeptides relative to unlabeled molecu-
lar weight markers (myosin: 210K: 3-galactosidase.
116K: phosphorylase B. 92.5K; bovine serum albu-
min, 67K; ovalbumin, 45K: carbonic anhydrase. 30K;
soybean trypsin inhibitor. 21.5K; lysozyme. 14.4K;
Bio-Rad Laboratories. Richmond, Calif.).

RESULTS
Production of monoclonal antibodies to EA

components. Three clones designated R3. K8,
and K9 were identified that were producing
antibodies to EBV-induced intracellular anti-
gens. None of these reacted with the EBV
genome-negative Ramos or BJAB cells or with
the EBV genome-positive, latently infected Raji
cell line (Table 1). They all reacted, however,
with the virus-producing. TPA-activated PIHR-
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FIG. 1. Immunofluorescence staining patterns with R3 and K8 monoclonal antibodies. R3 reactivity on B-95-
8 cells (A), B-95-8 cells cultivated in PAA (B), and on B-95-8 cells fixed in methanol (C); K8 reactivity on B-95-8
cells (D), B-95-8 cells cultured in the presence of PAA (E), and B-95-8 cells fixed in methanol (F) (X425).

1 cell line, establishing that they were directed
against antigens produced during the virus repli-
cation cycle. Similar results were obtained with
the B-95-8 cell line (data not shown). They also
reacted with acetone-fixed smears of EA-posi-
tive, VCA-negative P3HR-1 virus-superinfected
or TPA-and-sodium butyrate-activated Raji cells
and TPA-activated P3HR-1 cells cultivated in
the presence of PAA, thereby establishing that
the antigens were related to the EA complex
(Table 1). In addition, the R3 antibody reacted
with the methanol-fixed EA-positive, VCA-neg-
ative cells, suggesting that this antibody was
directed against a D component of the EA
complex. In contrast, K8 and K9 appeared to be
directed against an R component since these
antibodies did not react with cells fixed in meth-
anol. None of these antibodies reacted with
membrane antigen-positive viable cells, indicat-
ing that they were not directed against viral-

induced membrane components (data not
shown). Immunoglobulin typing of the antibod-
ies produced by these clones showed that the R3
antibody was of the IgGl class, whereas the K8
and K9 antibodies were both of the IgG2a class.
Photographs showing the immunofluores-

cence with the R3 and K8 monoclonal antibodies
on fixed cells are presented in Fig. 1. The R3
antibody reacted primarily with the nuclei of
acetone-fixed TPA-activated B-95-8 cells (Fig.
1A). Reactivity was not inhibited by culturing
the cells in medium containing PAA (Fig. 1B) or
by fixation of the cells in methanol (Fig. 1C).
The staining pattern of the same cells was quite
different with the K8 and K9 monoclonal anti-
bodies. The reaction with acetone-fixed cells
was largely cytoplasmic and much less intense
(Fig. 1D and E). There was no reaction with
methanol-fixed cells (Fig. 1F).

Figure 2 shows the kinetics of appearance of
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the antigens detected by the R3 and K8 mono-
clonal antibodies after superinfection of Raji
cells with P3HR-1 virus. The R3 antibody react-
ed with less than 1% of the infected cells until
about 8 h postinfection. At that time, the per-
centage of antigen-positive cells increased to
13%. Approximately 20% of the cells were posi-
tive at 12 h, 35% at 16 h, and 40% at 20 h
postinfection. In contrast, the K8 monoclonal
antibody reacted with less than 1% of the cells
until 12 h postinfection. Approximately 10% of
the cells were positive at 12 h, and the percent-
age increased to 30% at 16 h and approximately
35% at 20 h postinfection.
Immune precipitation of 35S-labeled cell ex-

tracts from TPA-activated B-95-8 cells. To identi-
fy the EBV-specific polypeptide reactive with
these monoclonal antibodies, immune precipi-
tates formed after the reaction of each of these
monoclonal antibodies with 35S-labeled extracts
prepared from TPA-activated B-95-8 cells culti-
vated in the presence or absence of PAA were
analyzed by exponential SDS-polyacrylamide
gel electrophoresis (Fig. 3). The R3 monoclonal
antibody precipitated two polypeptides, with
sizes of approximately 50K and 52K from both
the PAA-treated and non-PAA-treated B-95-8
cell extracts (Fig. 3A and B, lane e). The K8 and
K9 monoclonal antibodies both precipitated a
protein with a molecular weight of approximate-
ly 85K from both extracts (Fig. 3A and B, lanes f
and g). A human anti-EA (both D and R) positive
control serum precipitated the 50K, 52K, and
85K polypeptides from both extracts (Fig. 3A
and B, lane a), confirming that these were major
EA components. This serum also precipitated
140K, 150K, and 320K polypeptides from the
TPA-activated B-95-8 extract (Fig. 3A, lane a)

A a b

320K- -
-....

150K-_.
140K- _

85K-
-

"WPM
52K-_ m
50K-- -

U.
_ _on

a 08

B

.I

140K-

85K-_

52K

:. , *

"=-_ -.

.,i. .u
_t _w an

.... amm-1

f g

v"*mo40
_to loom w _ 0

O.N _-4

50 FIG. 3. SDS-polyacrylamide gel electrophoresis
.T analysis of proteins precipitated by R3, K8, and K9

0 40 - R3 monoclonal antibodies from [35S]methionine-labeled
Q K8 ---/ TPA-activated B-95-8 cells (A) or activated B-95-8

cells cultured in the presence of PAA (B). Lane a, anti-
en 30 -VCA-positive, anti-EA-positive human control serum;

9/ lanes b and c, antibody-negative human sera; lane d,
< 20 - antibody-negative mouse ascites; lane e, R3 monoclo-
w

c/I,' nal antibody; lane f, K8 monoclonal antibody; lane g,

Q 10 / K9 monoclonal antibody; lane h, standards.

0 4 8 12 16 20 24 and the 140K protein from the extract of cells

Time post-infection (hours) cultivated in the presence of PAA (Fig. 3B, lane

a), indicating that the 140K protein was also
FIG. 2. Kinetics of appearance of antigens reactive early." None of these proteins were precipitat-
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the EBV DNA BamHI M and I fragments (17).
These fragments were therefore used for hybrid
selection. Figure 5 shows the results of in vitro
translations of total polyadenylated RNA, tRNA
(a negative control), and the RNAs eluted from
EBV DNA BamHI M or I filters. The interpreta-
tion of the results was complicated by the fact
that a 47K protein was translated by reticulocyte
extract to which only tRNA was added. This
polypeptide was endogenous to the reticulocyte
lysate since it was not immunoprecipitable with
negative serum (see lane marked B-95-8 RNA,
NRS imm.) or with the R3 serum (see lane
marked BamHI I, R3 imm.). The R3 antibody,
however, specifically immunoprecipitated 47K

FIG. 4. Reactivity of R3 monoclonal antibody with
50K to 52K proteins in TPA-activated B-95-8 cells
after SDS-polyacrylamide gel electrophoresis and
transfer to nitrocellulose. (A) Detection of antigen-
antibody reaction with '25I-labeled rabbit anti-mouse
IgG. (B) Detection with alkaline phosphatase-labeled
rabbit anti-mouse IgG. Lane 1, B-95-8 extract; lane 2,
extract prepared from Raji cells; lane 3, extract pre-
pared from Ramos cells.

absence of superinfection (data not shown). The
R3 antibody reacted with the 50K and 52K
polypeptides even after SDS denaturation, elec-
trophoresis, and transfer to nitrocellulose, indi-
cating that the determinants on these antigens
were at least partially resistant to SDS denatur-
ation (Fig. 4). Two minor bands, one smaller
than 50K and one larger than 52K, were also
detected by this method.

Hybrid selection, in vitro translation, and im-
munoprecipitation. The K8 and K9 monoclonal
antibodies and a high-titered anti-EA-positive
human serum did not immunoprecipitate an 85K
polypeptide from in vitro translation products of
B-95-8 polyadenylated RNA. A smaller polypep-
tide, however, was precipitated by these anti-
bodies. The 85K protein could, therefore, be a

post-translational modification of this smaller
polypeptide. Because of the uncertain relation-
ship of the smaller polypeptide to the 85K pro-

tein, the DNA encoding for the smaller polypep-
tide was not mapped. The R3 antibody did,
however, recognize polypeptides of 44K and
47K translated in vitro from B-95-8 polyadenyl-
ated RNA (Fig. 5, lane marked B-95 RNA, R3
imm.). To identify the EBV DNA fragments
which encode for these polypeptides, RNA from
productively infected cells was hybrid selected
with EBV DNA fragments and translated in
vitro, and the translation products were immu-
noprecipitated with the R3 antibody. Polypep-
tides of this size had previously been mapped to
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shown above. R3 is a monoclonal antibody specific for
a D component of early antigen; H126 is a human
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control. In vitro translation products were immuno-
precipitated with R3 after preabsorption with NRS,
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and 44K polypeptides translated from BaimlHI
M-selected RNA (see lane marked BamnHl M,
R3 imm.). The 47K BarnHI M-encoded polypep-
tide was more abundant than the 44K polypep-
tide. The polypeptides in the in vitro translations
which did not react with the R3 antiserum were
immunoprecipitated with H126. a human serum
with high antibody titers to EA and VCA (see
lane marked BamnHI M, H126 imm.). Immuno-
precipitation of the BarnHI M polypeptides with
H126 showed that some of the R3 antigen re-
mained after immunoprecipitation with R3 se-
rum and that BamnHI M also encoded for an
antigen of 37K. Polypeptides of 47K and 28K
encoded by BamtiHI I were not immunoprecipi-
tated with the R3 antiserum but were immuno-
precipitated by H126 (see lane marked BamttiHI I.
H1 26).

Since the polypeptides precipitated from la-
beled cells by R3 antibody seemed to be larger
than those precipitated from in vitro transla-
tions, both immunoprecipitates were run on the
same gel for direct comparison (Fig. 6). The
major in vitro translation products were smaller
than the in vivo proteins, which ranged in size
from 50K 55K. With longer autoragiographic
exposure, minor polypeptides similar in size to
the in vitro translation product could be detected
in the gel of the in vivo immunoprecipitate.

DISCUSSION
Previous studies on the composition of EA

complex have utilized human sera which reacted
with a broad spectrum of EBV antigens pro-
duced in permissive EBV infections. It has.
therefore, not been possible to conclusively as-
sociate a specific polypeptide component with
the antigens detected in fixed cells by immuno-
fluorescence. Human sera with high antibody
titers to EA(R) precipitated several polypep-
tides, including the 85K polypeptide detected
with the K8 and K9 monoclonal antibody.
whereas sera with anti-EA(D) reactivity precip-
itated many of the same proteins but also new
polypeptides with molecular weights between
50K and 55K (2, 3, 6-8, 18-20. 22, 23, 31, 33,
34). These data suggested that the 85K protein
was a component of EA(R) and that the 50K to
55K polypeptides were components of EA(D).
The results from the investigations with the K8
and K9 monoclonal antibodies conclusively
demonstrate that the 85K protein has the charac-
teristics of EA(R), which have been defined by
immunofluorescence (14). It is a methanol-sensi-
tive antigen restricted to the cytoplasm. In con-
trast, the R3 monoclonal antibody detects major
proteins with molecular weights of 50K and 52K
which are methanol resistant and largely intra-
nuclear. These are distinguishing characteristics
of EA(D). Other early EBV proteins might also
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FIG. 6. Comparison of the R3 immune precipitate
of polypeptides made in vivo with that made in vitro.
Extract of B-95-8 cells labeled with [35S]methionine in
vivo immunoprecipitated with normal rabbit serum
(lane a) or R3 (lane b) or an in vitro translation of
Ba,nHI M-specific RNA immunoprecipitated with R3
(lane c). The bracket indicates a series of R3 polypep-
tides ranging in molecular weight from 50 to 55 kilodal-
ton immunoprecipitated from the cell extract labeled
in vivo (lane b). The 47- and 44-kilodalton R3 polypep-
tides encoded by BamtiHI M are shown in lane c.
Triangles indicate the position of molecular weight
markers in the 10% polyacrylamide gel.

share these properties and, therefore. also be
part of the EA(D) and EA(R) antigen complexes.
The 50K to 52K proteins appeared in the

nucleus of cells within hours of induction of a
permissive EBV infection, whereas the 85K
protein appeared somewhat later in the cyto-
plasm. This is consistent with earlier immunoflu-
orescence studies, which indicated that EA(D)
was synthesized before EA(R) (14). The nuclear
site of the 50K to 52K polypeptides suggests that
it might be involved in an early stage of viral
DNA or RNA synthesis. The difference in size
between the intracellular 50K to 52K protein and
the primary in vitro translation products report-
ed in this paper and the inability to detect an 85K
in vitro translation product with monoclonal
antibodies which recognize this protein suggests
that both proteins undergo post-translational
modification. This is supported by findings by B.
Kallin and co-workers which indicate that the
50K to 52K polypeptides are phosphorylated in
vivo (personal communication). In addition, pre-
liminary results in our laboratory suggest that
the 85K protein is ADP ribosylated.
The fact that the R3 antibody recognizes a

shared determinant present on the 47K and 44K
in vitro translation products encoded by the
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same EBV DNA fragment (BarnHI M) indicates
that both proteins are likely translated from the
same nucleotide sequence in the identical read-
ing frame. The EBV BarnHI M fragment en-
codes 4.0-, 2.65-, and 1.9-kilobase (kb) early
RNAs (16) and 47K, 44K, and 36K early poly-
peptides (17). The adjacent BamHI Z fragment
encodes part of the 4.0-kb RNA (16) and the 36K
polypeptide (17). It is, therefore, likely that the
4.0-kb RNA encodes the 36K polypeptide. Since
the 2.65-kb RNA is 5- to 10-fold more abundant
than the 1.9-kb RNA and the 47K polypeptide is
the most abundant polypeptide encoded by
BamHI M, then the 2.65-kb RNA probably
encodes for the 47K polypeptide. The less abun-
dant 44K polypeptide could be encoded by the
2.65-kb RNA, by the 1.9-kb RNA, or by an RNA
60 bases smaller than the 2.65-kb RNA, which
would not be detected as a separate RNA in
Northern blot analysis. Variable initiation or
termination of a single RNA has been observed
with herpes simplex virus and adenovirus (4, 9,
27).
The R3, K8, and K9 monoclonal antibodies

will facilitate purification of the 85K and 50K to
52K proteins and studies of their intracellular
interactions and function. They should also be
useful for the development of immunological
assays for detecting antibody responses against
these specific polypeptides. Measurement of
antibody to specific EA polypeptides might
prove to be more discriminating between indi-
viduals with and without EBV-associated dis-
eases than the current assays and therefore
could be of importance in the diagnosis of pri-
mary and premalignant EBV infections.
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