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goat anti-rabbit antibodies (Hyclone, Logan, Utah) for 3 h,
and the bound anti-rabbit antibodies were detected by react-
ing with substrate (5-bromo-4-chloro-3-indophosphate and
Nitro Blue Tetrazolium; Sigma).
V8 protease digestion. 125"-labeled protein was immunopre-

cipitated by F-2-1 or anti-V-1 and electrophoresed. The dried
gel was exposed to XAR film, and that region determined to
contain the protein of interest was excised and electroeluted
using an Elutrap (Schleicher & Schuell) (20). Samples con-
taining equal amounts of radioactivity were partially di-
gested with Staphylococcus aureus V8 protease (Sigma) in
62.5 mM Tris hydrochloride (pH 6.8) for 30 min at 37°C. The
reaction was stopped by addition of an equal volume of
sample buffer containing 2-mercaptoethanol and boiling for 5
min. Boiled samples were then analyzed by SDS-PAGE in
12.5% acrylamide cross-linked with 0.28% N,N'-methylene-
bisacrylamide.

Neutralization. Neutralization of virus infectivity by anti-
body was expressed as the ability to inhibit virus-induced
immunoglobulin synthesis by fresh human B cells. Leuko-
cytes were obtained from heparinized human blood by
flotation on Ficoll-Hypaque and depleted of T cells by a
double cycle of rosetting with 2-aminoethylthioisouronium-
treated sheep erythrocytes (28) and centrifugation over 60%
Percoll (Pharmacia Fine Chemicals, Piscataway, N.J.) as
previously described (18). A total of 200,000 cells were
incubated with or without virus that had been preincubated
with an equal volume of preimmune rabbit antibody and test
antibody, adjusted so that the total amount of immunoglob-
ulin remained constant at 100 pg/ml; all antibodies were
heated at 56°C for 30 min to inactivate complement. Cells
and virus were plated in a total volume of 100 plI in 96-well
round-bottomed tissue culture plates. After 6 days in cul-
ture, 100 ,ul of medium was added to each well. On day 12,
the immunoglobulin concentrations in the media were mea-
sured by a double-sandwich micro-ELISA (35) with appro-
priate concentrations of rabbit anti-human immunoglobulin,
peroxidase-conjugated rabbit anti-human immunoglobulin,
and the substrate hydrogen peroxide with 5-aminosalicylic
acid. The colorimetric change was measured at 492 nm.

RESULTS

Selection of V-1 peptide sequence. Discriminant analysis of
the hypothetical proteins deduced from the EBV DNA
sequence (1), by the program of Klein and colleagues (22),
indicates that there are at least 33 open reading frames that
potentially code for membrane-spanning proteins. The orig-
inal analysis of the EBV sequence implicated one of these,
the BDLF3 open reading frame, as a candidate for the gp85
gene (1). This reading frame is predicted to code for a late
integral membrane protein of approximately 24 kilodaltons
with nine potential N-linked glycosylation sites. The work of
Strnad and colleagues (30), however, indicated that gp85
contains five N-linked oligosaccharide chains and that treat-
ment of the protein with endoglycosidase H reduces its
apparent molecular size to around 70 kilodaltons. Thus, of
those open reading frames that remain unassigned to known
virus proteins, the BXLF2 open reading frame (Fig. 1),
which encodes a late transcript predicted to have a molecu-
lar size of 78 kilodaltons and five potential N-linked glyco-
sylation sites (1), appeared to approximate more closely to
the profile of the native molecule. According to the program
of Klein et al., the sequence includes three stretches which
have a high probability of being membrane-spanning seg-

1 20 40
MQLLCVFCLVLLWEVGAASLSEVKLHLDIEGHASHYTIPWTELMAKVPGL

60 80 100
SPEALWREANVTEDLASMLNRYKLIYKTSGTLGIALAEPVDIPAVSEGSM

*

120 140
QVDASKVHPGVISGLNSPACMLSAPLEKQLFYYIGTMLPNTRPHSYVFYQ

1 60 180 200

220 240
TKDLPDLRGPFSYPSLTSAQSGDYSLVIVTTFVHYANFHNYFVPNLKDMF

260 280 300
SRAVTMTAASYARYVLQKLVLLEMKGGCREPELDTETLTTMFEVSVAFFK

320 340
VGHAVGETGNGCVDLRWLAKSFFELTVLKDIIGICYGATVKGMQSYGLER

360 380 400
LAAMLMATVKMEELGHLTTEKQEYALRLATVGYPKAGVYSGLIGGATSVL

420 440
LSAYNRHPLFQPLHTVMRETLFIGSHVVLRELRLNVTTQGPNLALYQLLS

460 480 500
TALCSALEIGEVLRGLALGTESGLFSPCYLSLRFDLTRDKLLSMAPQEAT

520 540
LDQAAVSNAVDGFLGRLSL EDEDAWNLPAYKCVDRLDKVLMIIPLINV

.. ...........................

560 580 600
TFIISSDREVRGSALYEASTTYLSSSLFLSPVIMNKCSQGAVAGEPRQIP

620 640
KIQNFTRTQKSCIFCGFALLSYDEKEGLETTTYITSQEVQNSILSSNYFD

660 680 700
FDNLHVHYLLLTTNGTVMEIAGLYEERAHVVLAIILYFIAFALGIFLVHK

IVMFFL

FIG. 1. Predicted amino acid sequence of protein potentially
coded by the BXLF2 open reading frame. Solid underlines indicate
hydrophobic regions predicted by the program of Klein and col-
leagues (22) to have a high probability of being membrane spanning
regions; *, potential N-glycosylation sites; dashed underline indi-
cates residues synthesized as peptide V-1.

ments: one at the amino terminus, stretching from amino
acids 3 to 19, that may represent a signal sequence domain;
one at the carboxy terminus, stretching from amino acids 680
to 696, that may anchor the protein in the membrane; and
one at amino acids 538 to 554 that might be either a second
anchor sequence or, perhaps, resemble the hydrophobic
stretches that are found in fusion proteins of ortho- and
paramyxoviruses (39). In view of the fact that monoclonal
antibody F-2-1 was suspected to inhibit virus replication at a
point after virus attachment (19), this internal hydrophobic
region at amino acids 538 to 554 was further inducement to
examine the possibility that the BXLF2 sequence encoded
gp85.

Selection of an amino acid sequence within this reading
frame for synthesis was made after analysis with the pro-
gram of Parker and colleagues (27). This program attempts to
predict a composite surface profile to be used for selectioh of
synthetic peptides with good potential for inducing antibod-
ies that recognize linear epitopes on the native protein (Fig.
2); residues with composite profile values of greater than
50% are those considered to be most likely to include
surface-accessible residues. Of the seven stretches of the
BXLF2 sequence that had surface profile values of greater
than 90%, the sequence corresponding to amino acids 518 to
528, which is adjacent to the internal hydrophobic sequence,
was first chosen for synthesis. Since the likely secondary
structure of the sequence 530-533 was predicted by the
alogorithm of Garnier and colleagues (12) to be a turn,
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240 280 320

RESIDUE NUMBER

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-Vi antibody was further purified by affinity chromatog-
raphy on imimobilized 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 ElDl,
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
ElDi, monospecific rabbit anti-gp85 (R24), affinity-purified anti-V-
1, and preimmune rabbit antibody. (A) Reactivity with peptide V-1;
(13) reactivity with peptide B. Symbols: O, F-2-1; 0, ElD1; 0,
anti-gp85; *, 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 125I-labeled virus or TPA-induced P3HR1-C113
cells labeled with [3H]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 1251,
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-

84K-

58K-

4SK-

36K-

1 2

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 [3H]glucosamine (lanes 1, 2, and 3) and from
virus labeled extrinsically with 125I (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 ElDl has no neutralizing effect. A com-
parison of the effects of F-2-1 and anti-V-1 on the ability of
EBV 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 gp85. 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.

FIG. 6. SDS-PAGE, in 12.5% acrylamide cross-linked with
methylenebisacrylamide, of I251-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 pg of V8
protease; lanes 5 and 6, 100 ,ug 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 MCUV5

cell-grown virus to induce immunoglobulin synthesis
by fresh T-depleted human leukocytes

Immunoglobulin
Antibody: preimmune concn (ng/ml) with: %

Antibody rabbit antibody .h.t.
(ng/culture) Antibody Antibody Inhibition

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
gpIII 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 gp85 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.

ACKNOWLEDGMENTS

This work was supported by Public Health Service grant Al 20602
from the National Institute of Allergy and Infectious Disease.
D.E.O. is a predoctoral trainee supported by National Research
Service Award CA09126.
We thank N. Balachandran for helpful criticism of the manuscript.

LITERATURE CITED
1. Baer, R., A. T. Bankier, M. 0. Biggin, P. L. Deininger, P. J.

Farrell, T. J. Gibson, G. Hatfull, G. S. Hudson, S. C. Satchwell,
C. Seguin, P. S. Tufnell, and B. G. Barrell. 1984. DNA sequence
and expression of the B95-8 Epstein-Barr virus genome. Nature
(London) 310:207-211.

2. Balachandran, N., D. E. Oba, and L. M. Hutt-Fletcher. 1987.
Antigenic cross-reactions among herpes simplex virus types 1
and 2, Epstein-Barr virus, and cytomegalovirus. J. Virol. 61:
1125-1135.

3. Balachandran, N., J. Pittari, and L. M. Huft-Fletcher. 1986.
Detection by monoclonal antibodies of an early membrane
protein induced by Epstein-Barr virus. J. Virol. 60:369-375.

4. Beisel, C., J. Tanner, T. Matsuo, D. Thorley-Lawson, F. Kexdy,
and E. Kieff. 1985. Two major outer envelope glycoproteins of
Epstein-Barr virus are encoded by the same gene. J. Virol. 54:
665-674.

5. Bonner, W. M., and R. A. Laskey. 1974. A film detection
method for tritium-labeled proteins and nucleic acids in poly-
acrylamide gels. Eur. J. Biochem. 40:83-88.

6. Buckmaster, E. A., U. Gompels, and A. Minson. 1984. Charac-
terization and physical mapping of an HSV-1 glycoprotein of
approximately 115 x 103 molecular weight. Virology 139:408-
413.

7. Cameron, K. R., T. Stamminger, M. Craxton, W. Bodemer,
R. W. Honess, and B. Fleckenstein. 1987. The 160,000-Mr virion
protein encoded at the right end of the herpesvirus saimiri
genome is homologous to the 140,000-Mr membrane antigen
encoded at the left end of the Epstein-Barr virus genome. J.
Virol. 61:2063-2070.

8. Cleary, M., R. Dorfman, and J. Sklar. 1986. Failure in immu-

nologic control of the virus infection: post transplant lympho-
mas, p. 163-181. In M. Epstein and B. Achong (ed.), The
Epstein-Barr virus: recent advances. Heinemann Publishing,
London.

9. de The, G. 1982. Epidemiology of Epstein-Barr virus and
associated malignant diseases in man, p. 25-103. In B. Roizman
(ed.), The herpes-viruses, vol. 1. Plenum Publishing Corp., New
York.

10. Edson, C. M., and D. A. Thorley-Lawson. 1981. Epstein-Barr
virus membrane antigens: characterization, distribution, and
strain differences. J. Virol. 39:172-184.

11. Fraker, P. J., and L. C. Speck. 1978. Protein and cell membrane
iodination with a sparingly soluble chloroamide, 1,3,4,6-tetrach-
loro-3a,6a-diphenylglycouril. Biochem. Biophys. Res. Com-
mun. 80:849-857.

12. Garnier, J., D. J. Osguthorpe, and B. Robson. 1978. Analysis of
the accuracy and implications of simple methods for predicting
the secondary structure of globular proteins. J. Mol. Biol. 120:
97-120.

13. Gong, M., T. Ooka, T. Matsuo, and E. Kieff. 1987. Epstein-Barr
virus glycoprotein homologous to herpes simplex virus gB. J.
Virol. 61:499-508.

14. Henle, G., and W. Henle. 1979. The virus as the etiologic agent
of infectious mononucleosis, p. 297-320. In M. Epstein and B.
Achong (ed.), The Epstein-Barr virus. Springer-Verlag, New
York.

15. Heston, L., M. R. Abson, N. Brown, and G. Miller. 1982. New
Epstein-Barr virus variants from cellular subclones of P3J-HR-1
Burkitt lymphoma. Nature (London) 295:160-163.

16. Hoffman, G. J., S. G. Lazarowitz, and S. D. Hayward. 1980.
Monoclonal antibody against a 250,000 dalton glycoprotein of
Epstein-Barr virus identifies a membrane antigen and a neutral-
izing antigen. Proc. Natl. Acad. Sci. USA 77:2979-2983.

17. Hummel, M., D. Thorley-Lawson, and E. Kieff. 1984. An Ep-
stein-Barr virus DNA fragment encodes messages for the two
major envelope glycoproteins (gp350/300 and gp220/200). J.
Virol. 49:413-417.

18. Hutt-Fletcher, L. M. 1987. Synergistic activation of cells by
Epstein-Barr virus and B-cell growth factor. J. Virol. 61:774-
781.

19. Hutt-Fletcher, L. M., N. Balachandran, and P. A. LeBlanc.
Modification of Epstein-Barr virus replication by tunicamycin.
J. Virol. 51:117-123.

20. Jacobs, E., and A. Clad. 1986. Electroelution of fixed and
stained membrane proteins from preparative sodium dodecyl
sulfate-polyacrylamide gels into a membrane trap. Anal. Bio-
chem. 154:583-589.

21. Keller, P. M., A. J. Davison, R. S. Lowe, M. W. Riemen, and
R. W. Ellis. 1987. Identification and sequence of the gene
encoding gpIII, a major glycoprotein of varicella-zoster virus.
Virology 157:526-533.

22. Klein, P., M. Kanehisa, and C. DeLisi. 1985. The detection and
classification of membrane-spanning proteins. Biochim. Bio-
phys. Acta 815:468-476.

23. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

24. Liu, K.-T., M. Zinnecker, T. Hamaska, and D. H. Katz. 1979.
New procedures for preparation and isolation of conjugates of
proteins and a synthetic copolymer of D-amino acids and
immunochemical characterization of such conjugates. Biochem-
istry 18:690-697.

25. McGeoch, D. J., and A. J. Davison. 1986. DNA sequence of the
herpes simplex virus type 1 gene encoding glycoprotein gH and
identification of homologies in the genomes of varicella-zoster
virus and Epstein-Barr virus. Nucleic Acids Res. 14:4281-4292.

26. McGeoch, D. J., A. Dolan, and M. C. Frame. 1986. DNA
sequence of the region in the genome of herpes simplex virus
type 1 containing the exonuclease gene and neighboring genes.
Nucleic Acids Res. 14:3435-3448.

27. Parker, J. M. R., D. Guo, and R. S. Hodges. 1986. New
hydrophilicity scale derived from high-performance liquid chro-
matography peptide retention data: correlation of predicted

VOL. 62, 1988 1113

 on S
eptem

ber 19, 2019 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


1114 OBA AND HUTT-FLETCHER

surface residues with antigenicity and X-ray-derived accessible
sites. Biochemistry 25:5425-5432.

28. Pellegrino, M. A., S. Ferrone, M. P. Pietrich, and R. A. Reisfeld.
1975. Enhancement of sheep red blood cell human lymphocyte
rosette formation by the sulfhydryl compound 2-aminoethyliso-
thiouronium. Clin. Immunol. Immunopathol. 3:324-333.

29. Qualtiere, L. F., and G. R. Pearson. 1979. Epstein-Barr virus-
induced membrane antigens: immunochemical characterization
of Triton X-100 solubilized viral membrane antigens from EBV-
superinfected Raji cells. Int. J. Cancer 23:808-817.

30. Strnad, B. C., M. R. Adams, and H. Rabin. 1983. Glycosylation
pathways of two major Epstein-Barr virus membrane antigens.
Virology 127:168-176.

31. Strnad, B. C., R. H. Neubauer, H. Rabin, and R. A. Mazur.
1979. Correlation between Epstein-Barr virus membrane anti-
gen and three large cell surface glycoproteins. J. Virol. 32:885-
894.

32. Strnad, B. C., T. Schuster, R. Klein, R. F. Hopkins III, T.
Witmer, R. H. Neubauer, and H. Rabin. 1982. Production and
characterization of monoclonal antibodies against the Epstein-
Barr virus membrane antigen. J. Virol. 41:258-264.

33. Tanner, J., J. Weis, D. Fearon, Y. Whang, and E. Kieff. 1987.
Epstein-Barr virus gp350/gp220 binding to the B lymphocyte

C3d receptor mediates adsorption, capping and endocytosis.
Cell 50:203-213.

34. Thorley-Lawson, D. A., C. M. Edson, and K. Geilinger. 1982.
Epstein-Barr virus antigen-a challenge to modern biochemis-
try. Adv. Cancer Res. 36:295-348.

35. Voller, A., D. Bidwell, and A. Bartlett. 1976. Microplate enzyme
immunoassays for the immunodiagnosis of virus infections, p.
506-512. In N. R. Rose and H. Friedman (ed.), Manual of
clinical immunology. American Society for Microbiology,
Washington, D.C.

36. Walter, G. 1986. Production and use of antibodies against
synthetic peptides. J. Immunol. Methods 88:149-161.

37. Weller, S. K., D. P. Aschman, W. R. Sacks, D. Coen, and P. A.
Schaffer. 1983. Genetic analysis of temperature sensitive mu-
tants of HSV-1: the combined use of complementation and
physical mapping for cistron assignment. Virology 130:290-305.

38. Whang, Y., M. Silberklang, A. Morgan, S. Munshi, A. B. Lenny,
R. W. Ellis, and E. Kieff. 1987. Expression of the Epstein-Barr
virus gp350/220 gene in rodent and primate cells. J. Virol. 61:
1796-1807.

39. White, J., M. Kielian, and A. Helenius. 1983. Membrane fusion
proteins of enveloped animal viruses. Q. Rev. Biophys. 16:151-
195.

J. VIROL.

 on S
eptem

ber 19, 2019 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/

