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FIG. 2. Composite surface profile for deduced amino acid se-
quence of potential BXLF2-encoded protein as predicted by the
program of Parker and colleagues (27). Dashed horizontal line
indicates residues synthesized as peptide V-1.

peptide V-1 was extended to include amino acids 518 to 533.
A cysteine residue was added to the N terminus of the
peptide to facilitate coupling to carrier protein. The V-1
sequence is not duplicated in EBV DNA.

Recognition of peptide V-1 in ELISA. Successful immuni-
zation of the rabbit with peptide V-1 was first determined by
the ability of the immunoglobulin purified from preimmune
and immune sera to react with peptide V-1 and not with an
unrelated peptide B, derived from the human C9 sequence.
Anti-V1 antibody was further purified by affinity chromatog-
raphy on immobilized peptide. Its reactivity with peptide
V-1 (Fig. 3A) and peptide B (Fig. 3B) was then compared
with that of two monoclonal antibodies, F-2-1 and E1D1,
that are known to react with gp85, and with a rabbit antibody
prepared against affinity-purified gp85. Neither of the two
monoclonal antibodies reacted with either peptide. How-
ever, the monospecific rabbit antibody, R24, reacted weakly
but specifically with peptide V-1; no such reactivity was seen
with identical concentrations of immunoglobulin purified
from preimmune sera from the same rabbit.

Reactivity of anti-V-1 in Western blots with gp85. The weak
reactivity of R24 with peptide V-1 suggested that this se-
quence might be present in gp85. We have not found the
gp85 protein to be detectable in Western blots of electropho-
resed lysates of virus, presumably because of its lack of
abundance. However, reactivity with rabbit antibody has
been observed if the protein is enriched by immunoprecipi-
tation with F-2-1 before transfer. We therefore immunopre-
cipitated gp85 from P3HR1-C113 virus with F-2-1, electro-
phoresed and transferred it to nitrocellulose filters, and
examined whether anti-V-1 or immunoglobulin purified from
preimmune serum taken from the same rabbit reacted with
the transferred protein. In our hands, the protein immuno-
precipitated by antibody F-2-1, although known as gp85, has
an apparent molecular weight of approximately 80,000 in 9%
acrylamide cross-linked with diallyltartardiamide; anti-V-1
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FIG. 3. Reactivity in ELISA of monoclonal antibodies F-2-1 and
E1D1, monospecific rabbit anti-gp85 (R24), affinity-purified anti-V-
1, and preimmune rabbit antibody. (A) Reactivity with peptide V-1;
(B) reactivity with peptide B. Symbols: O, F-2-1; O, E1D1; @,
anti-gp85; M, anti-V-1; A, preimmune rabbit antibody purified from
rabbit R24.

antibody, but not preimmune antibody, reacted with a trans-
ferred protein of this molecular weight (Fig. 4).

Protein immunoprecipitated by anti-V-1. Immunoprecipi-
tation of !2°I-labeled virus or TPA-induced P3HR1-C113
cells labeled with [*H]glucosamine also indicated that anti-
V-1 recognized a glycoprotein with a mobility in gels similar
to that of gp85 immunoprecipitated with either F-2-1 or the
monospecific rabbit antibody R24 (Fig. 5). The probable
identity of proteins immunoprecipitated by F-2-1 and anti-
V-1 was further examined by comparing V8 protease diges-
tion patterns of the two. Virus was labeled with 1],
immunoprecipitated, and electrophoresed, and those regions
of gel containing the immunoprecipitated protein were ex-
cised and electroeluted. Eluted proteins were digested with
various amounts of V8 protease, and the digestion products
were analyzed by SDS-PAGE (Fig. 6). Despite our attempt
to digest equal amounts of protein as determined by the
amount of radioactivity in each eluted sample, it appeared
that more of the F-2-1 than the anti-V-1 protein was available

116K-

FIG. 4. Reactivity of preimmune antibody (lane 1) and anti-V-1
antibody (lane 2) with gp85 immunoprecipitated by monoclonal
antibody F-2-1 from P3HR1-C113 cell-grown virus, separated by
electrophoresis in 9% acrylamide, and blotted onto nitrocellulose.
The arrow on the right indicates the band recognized by anti-V-1.
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FIG. 5. SDS-PAGE in 9% acrylamide of proteins immunoprecip-
itated by F-2-1 (lanes 1 and 5), by anti-V-1 (lanes 2 and 6), by
preimmune rabbit antibody (lanes 3 and 7), and by monospecific
rabbit anti-gp85 (lane 4) from TPA-induced P3HR1-C113 cells met-
abolically labeled with [*H]glucosamine (lanes 1, 2, and 3) and from
virus labeled extrinsically with '?°I (lanes 4, 5, 6, and 7).

for digestion. Comparison of the digestion patterns never-
theless indicated that the two proteins were identical.

Effect of anti-V-1 on virus infectivity. Antibody F-2-1
inhibits infectivity of EBV in the absence of complement,
whereas antibody E1D1 has no neutralizing effect. A com-
parison of the effects of F-2-1 and anti-V-1 on the ability of
EBYV to induce immunoglobulin synthesis by normal human
lymphocytes indicated that anti-V-1 had only minimal neu-
tralizing ability (Table 1). This observation was not unex-
pected since anti-V-1 failed to react with virus-producing
cells in surface immunofluorescence assays and could not be
visualized by fluorescein-conjugated anti-mouse antibody if
added to virus before or after attachment of virus to recep-
tor-positive Raji cells (data not shown).

DISCUSSION

Glycoprotein gp85 was first identified as a component of
the EBV membrane antigen complex by immunoprecipita-
tion of extrinsically labeled virus and cells with human and
rabbit antisera (10, 29, 31). Strnad and co-workers further
prepared two monoclonal antibodies, F-2-1 and G-3-1, that
were used to characterize the molecule as a late protein,
containing at least five N-linked oligosaccharide chains (30).
Availability of the EBV DNA sequence, together with a
prediction of likely coding regions within the genome (1),
then allowed us to identify an open reading frame, BXLF2,
as a likely candidate gene for gp85S. The data presented in
this paper indicate that antibodies made to a synthetic
peptide derived from the BXLF2 open reading frame recog-
nize the same glycoprotein as monoclonal antibody F-2-1
and are thus consistent with the hypothesis that BXLF2
encodes gp85. The use of synthetic peptides derived from
known gene sequences is an indirect method for protein
mapping, but is nevertheless a powerful alternative approach
to gene expression that has been extremely useful for
isolation and characterization of gene products (36). The as
yet imprecise ability to predict antigenic epitopes from
primary amino acid sequences is compensated for by the
widespread cross-reactivity between proteins and linear
peptides.

J. VIROL.

FIG. 6. SDS-PAGE, in 12.5% acrylamide cross-linked with
methylenebisacrylamide, of '*°I-labeled proteins immunoprecipi-
tated from P3HR1-C113 cell-grown virus by F-2-1 (lanes 1, 3, and 5)
and anti-V-1 (lanes 2, 4, and 6), after partial digestion with S. aureus
V8 protease. Lanes 1 and 2, No enzyme; lanes 3 and 4, 50 ng of V8
protease; lanes S and 6, 100 pg of V8 protease.

The sequence represented by the V-1 peptide encom-
passed less than 3% of the BXLF2 reading frame, so the fact
that the monospecific rabbit antibody, made against the
entire gp85 glycoprotein, reacted only weakly with the
peptide was not surprising. The inability of the specific
antibody, when titrated into normal rabbit antibody from the
same animal, to reduce virus infectivity, except at high
concentrations, was also not unexpected in view of our
failure to visualize any reactivity with intact virus or virus-
infected cells in immunofluorescence assays. This presum-
ably means that, although the composite profile used for
selection of peptide V-1 may have correctly predicted the
sequence to include residues accessible in partially dena-
tured protein, these residues are not readily accessible in the
native protein inserted into the lipid bilayer. The orientation
of gp85 in the membrane is not known, and it is possible that
the region of the predicted sequence, including V-1, that lies
between the hydrophobic termini is internal to the virus
envelope. Perhaps a more likely possibility, however, is that
the unavailability of the V-1 sequence to antibody is a
function of the tertiary folding or assembly of the molecule.

TABLE 1. Comparison of inhibition by monoclonal antibody
F-2-1 and rabbit antibody anti-V-1 of the ability of MCUVS
cell-grown virus to induce immunoglobulin synthesis
by fresh T-depleted human leukocytes

Immunoglobulin

Antibody : preimmune concn (ng/ml) with: %
Antibody rabbit antibody —————————— [phibiti
(ng/culture) Antibody  Antibody ~ PMOMtion
alone + virus
F2-1 1,000:0 131 198 97
300:700 125 1,188 85
100:900 139 4,639 41
30:970 114 7,858 0
Anti-V-1 1,000:0 60 4,472 43
300:700 90 6,139 22
100:900 170 7,612 3
30:970 123 8,129 0
None 0:1,000 342 7,878
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The fact that anti-V-1 neutralizes virus infectivity very
weakly suggests perhaps that at least one epitope included in
the V-1 sequence is a neutralization epitope, but that the
affinity of the polyclonal anti-V-1 antibody for this epitope is
weak. We are in the process of preparing monoclonal
antibodies to peptide V-1 in an attempt to isolate one of high
affinity with greater neutralizing ability.

Several EBV genes have been shown to have counterparts
in other herpesviruses (7, 13, 26), and the BXLF2 sequence
has been reported to include stretches that have weak
homology with genes coding for herpes simplex virus type 1
glycoprotein gH (25) and for glycoprotein III (21) of vari-
cella-zoster virus (26). Preliminary data (N. Balachandran,
D. E. Oba, and L. M. Hutt-Fletcher) reveal that the mono-
specific rabbit anti-gp85 antibody used in this study reacts
with gH of herpes simplex virus type 1, indicating that the
deduced homology is mirrored by shared antigenicity. Both
gplll and gH are important to the spread of virus in tissue
culture (6, 21), and herpes simplex virus gH is essential for
efficient egress of virus from infected cells (37). The impor-
tance of gp85 to virus infectivity is demonstrated by the fact
that antibody to it can neutralize infectivity in a complement-
independent manner; antibody F-2-1 does not inhibit virus
binding, but does inhibit penetration of virus through the cell
membrane (N. Miller and L. M. Hutt-Fletcher, Twelfth
International Herpesvirus Workshop, abstr. 109; submitted
for publication). The implication of this work is that gp8S is
important to virus entry; whether or not it is also, like its
alpha herpesvirus counterparts, required for release of EBV
from producer cells will be the subject of further study.
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