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Anti-Epstein-Barr Virus {EBV) vaccines are being developed which are based on the gp340/220 membrane antigen
{MA) gene products from the B95-8 strain. Some proteins are known to be immunolegically quite different between
type-A (1) and type-B (2) strains of EBV and therefore from a vaccine point of view it was critical to evaluate the degree
of conservation of gp340/220. The complete MA coding sequence was determined for two B-type viruses, AG876 and
P3HR-1, for comparison with the A-type B95-8. A variable region within MA was sequenced from several other strains.
In addition the other open reading frames within the MA-containing BamHI-L fragment of AGB76 were sequenced and
compared. The results show that there is a high degree of homology between sl strains examined. Although some
differences were found within the MA coding sequence the only major site of variation was within the repeat region and
no consistent A/B changes were found. Meonoclonal antibodies generated against A-type MA and representing six
epitope groups along the length of the gp340 molgcule were found te recognize B-type gp340, thereby demonstrating
functional homology. We conclude that, as a vaccine antigen, B95-8 gp340/220 should be equally effective against both

types of EBV. @ 1993 Academic Press, Inc.

INTRODUCTION

Epstein-Barr virus (EBV), a member of the herpes-
virus group, is the causative agent of infectious mono-
nucleosis and may play an etiological rale in the devel-
opment of Burkitt’s lymphoma and nasopharyngeal car-
cinoma (reviewed by de Thé, 1985}, in addition, the
virus is associated with the appearance of lymphomas
in immunosuppressed patients {Thomas and Craw-
ford, 1989) and seems to be involved in cases of Hodg-
kin's disease {Wu et af., 1990). The introduction of a
vaccine effective against EBV is therefore an important
objective. To date vaccine development efforts have
centered upon the use of the EBV major envelope gly-
coprotein gp340/220 {memhrane antigen, MA} {re-
viewed in Arrand, 1992) which mediates virus adsorp-
tion and penetration via the complement receptor mole-
cule CR2 [CD21] (Nemerow et 2/, 18987; Tanner et a/,
1987) and is a major target for the production of virus-
neutralizing antibodies (Thorley-Lawson and Poodry,
1982). As a result of these effarts, initial smali-scale
trials of a vaccinia recombinant-expressing membrane
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ited with the EMBL/GenBank Data Libraries under the Accession
Numbers 107922 for strain P3HR-1 and LO7923 for strain AG876.

% Current address: Department of Biachemistry and Molecular Bi-
clogy Univ. of Manchester, Manchester M13 9PT, United Kingdam.

* To whom correspondence and reprint requests should be ad-
dressed.

0042-6822/93 $5.00
Copyright @ 1993 by Academic Press, inc.
All rights of reproduction in any torm reserved.

578

antigen have begun in China (Gu et al, 1991) while
development of a potential source of the glycoproteins
for a subunit vaccine is well advanced (Madej et a/.,
1992} and clinical trials are planned for the near future.

The efficacy of the response to a vaccing immuno-
gen is clearly influenced by antigenic variation within
the target protein. The overall extent of such genetic
variation between different isofates of EBV is uncertain.
Restriction enzyme analyses have revealed deletions,
fragrment polymorphisms, and differences in the extent
of repeat sequences (Lung et al., 1988; Bornkamm et
al., 1980, 1984; Dambaugh et a/.,, 1980; Heller et a/,,
1981; Harris et af., 1984; Rymo et alf, 1978, 19871;
Sugden, 1977), although this level of variability is con-
sistent with that expected for wild type isolates of any
herpesvirus. However, two distinct EBV types {types A
and B), sornetimes referred to as EBV-1 and EBV-2,
have been defined on the basis of specific sequence
variation within the EBNA-2 gene encoding antigeni-
cally distinct forms of EBNA-2 {Adldinger et al., 1985;
Dambaugh et al., 1984; Zimber et a/., 1986). More re-
cent studies have also revealed that such type-specific
differences extend to the EBNA-3 a,b,c genes and to
the transcription units of the EBER RNAs (Rowe ef &/,
1989; Sample et al., 1990; Arrand et al., 1989).

Since to date all potential vaccines have been based
on gp340/220 from the B95-8 A-type strain, there ex-
isted the possibifity that if the glycoproteins were anti-
genically distinct, a B-type virus may evade the effects
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of such a vaccine. We decided to address the question
of inter- and intrastrain variation within the MA gene
first by nucleotide sequence analysis of two type-B vi-
ruses, P3HR-1 and AG876, and subsequent compari-
son with data available for the prototype B95-8 EBV
strain {type-A), and second by examination of the ability
of a panel of gp340/220-speacific monoclonal antibod-
ies to recognize cells containing A-type or B-type EBV.

MATERIALS AND METHODS
Plasmids and DNA sequencing

The MA gene is located within the BamHI-L. fragment
of the EBV genome. This fragment from strain AGB76,
subcloned into pBluescript KS+ (Stratagene), was a
gift from Dr. leffery Sample while the P3HR-1 putative
BamHi-L fragment was isolated from cosmid clone
CP101.41 (kindly provided by Dr. Georg Bornkamm)
and inserted into pBluescript pSK+. Sets of nested de-
letions were generated using a Pharmacia double-
stranded nested deletion kit according to the manufac-
turer's instructions, with the exception of a Klenow
end-fill reaction which was performed immediately
prior to ligation and transformation. The nuclectide se-
guence was determined using the dideoxynucleotide
chain-termination method (Sanger et a/,, 1977) and
modified T7 polymerase {United States Biochemical
Corporation). Sequence analysis of deletion clones in-
volved the use of small-scale plasmid preparations
{Sambrook et a/., 1989) and the M13 universal primer.
Additional sequence data were obtained using BamHl-
L specific oligonucleotide primers. Sequences were
assembled using the SAP programs of Staden (1987)
and analyzed using the GCG suite of programs (Dever-
eux et al., 1984).

B95-8 nucleatide coordinates are those used in the
Genbank Database {release 73.0) which are derived
from the sequence of Baer et a/. (1984).

Cell lines and preparation of genomic DNA

B-lymphoid cell lines B95-8 and FF41 are derived
from American cases of infectious moncnucleosis;
C2.BL16 is a lymphoblastoid cell line established by
infection of adult seronegative blood with the B-type
EBV strain BL16 (Rowe et a/., 1989); M-ABA is from an
African NPC; P3HR-1, Chep, Wan, BL16, BL29, BL74,
and AGB76 are from African Burkitt's lymphomas;
Igunga, Alvoch, and Ojango are from normal African
individuals (Young et &/, 1987); and Akata is from a
Japanese BL. Du, Zhu, and Zhang are biopsigs taken
from Chinese cases of NPC (Chen et &/, 1992). Cell
lines were maintained as suspension cultures in RPMI
1640 medium ({Gibco} supplemented with 10% fetal
bovine serum (Seralabs) at 37° in an atmosphere con-

taining 6% CQ,. Total cellular DNA was prepared as
described by Sambrook st af, (1989).

DNA amplification

DNA amplification was performed essentially as de-
scribed by Lees et al. {1992). Cligonucieotide primers
were prepared by the phosphoramidite method on an
Applied Biosystems 392 synthesiser. Amplification re-
actions were analyzed by electrophoresis on 4% com-
posite agarose gels consisting of 3% low-melting-point
agarose and 1% normal agarose.

The nucleotide sequence of the portion of the gp340
sequence which was missing from cosmid CP101.41
{see Results) was obtained by PCR amplification of
P3HR-1 total cellular DNA using the primers GGGACG-
TGAAGCAAAGAA (B95-8 coordinates 89,377-89,
394) and ACTGCAGTGGGCCTCTCT (reverse comple-
ment of 89,548-89,665), in which one of the oligonu-
cleotide primers was biotinylated, followed by DNA
strand separation using streptavidin-coated magnetic
beads (Dynal) and direct nucleotide sequencing as de-
scribed above.

To investigate the repeat region of the gp340 coding
sequence, total cellular DNA was amplified using the
primers TCCTAATGTGTGGTTGGT (B95-8 coordinates
90,261-90,278) and GTCAGGCGCATCACCGGT (re-
verse complement of 90,690-90,708), which flank the
repeat region, followed by strand separation and direct
sequencing as above. In some cases the PCR product
was cloned into plasmid pT7Blue (Novagen) prior to
sequence analysis.

Immunofluorescence assays

Monoclonal antibodies against several epitopes of
gp340 (Qualtiere et al,, 1987) were obtained from Dr.
Louis Qualtiere, with the exception of antibody 72A1
{Hoffman et af., 1980) which was provided by Dr. Diane
Hayward. Monaoclenal antibody OKT3, which recog-
nizes the T-cell surface marker CD3, was obtained
from ATCC. Live-cell immunofluorescence assays on
B95-8 cells {type A) and C2.BL16 (type B) were per-
formed according to Janossy and Amiot (1987). Cells
were chemically induced to EBV late antigen pro-
duction using 12-O-tetradecanoylphorbol-13-acetate
{TPA) and 5-bromodeoxyuridine {BUdR) (Bauer, 1983).
The proportions of MA-positive cells before and after
induction were 1.4 and 29% for B95-8, and 0.8 and
17% for C2.BL18B, respectively.

RESULTS

This work has determined the complete nucleotide
sequence of the BamHI-L fragment from EBV strain
AG876 (4988 nucleotide pairs) and the sequence from
the C-terminus of the gp340 gene to the right end of
BamHI-L from strain P3HR-1 {3210 nucleotide pairs}).
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The sequence analysis revealed that the putative
BamHI-L fragment subcloned from cosmid CP101.41
was a chimeric molecule, the center point of the rear-
rangement being a Salt site. The structure of the resul-
tant clone is such that the leftmost 1479 bp (BamH| to
Sall) actually carrespond to a different region of the
EBV genome {coordinates 103,816 to 105,296 within
the BamHI-R fragment) while the remaining 3189 bp
{Safl to BamHlI) are derived from the BamHI-L DNA frag-
ment. This structure is a cloning anifact since the
P3HR-1 library was constructed in a similar way to the
M-ABA library (Palack et al., 1984), fram a partial Sall
digest of virus DNA. As a consequence of this rear-
rangement, the carboxy-terminal 52 nucleotides of the
MA ORF were missing from the cosmid subclone. The
nucleotide sequence of this region was obtained by
PCR ampilification of P3HR-1 total cellular DNA.

Examination of the gp340/220 ORF from the two B-
type straing, AGB76 and P3HR-1, predicted an identi-
cal polypeptide sequence from these two viruses
which differed somewhat from that of the prototype
B95-8 A-type. An alignment of the predicted MA amino
acid seguences from B95-8 and P3HR-1/AGB76 is
shown in Fig. 1. The B95-8 MA ORF is 2721 bp in
length encoding a protein of 907 aa while the equiva-
lent ORFs in P3HR-1 and AG876 are only 2658 bp,
predicting a protein of 886 aa. The size discrepancy is
acceunted for by the presence of two short deletions of
21 bp {7 aa) and 42 bp (14 aa) within the repeat region
{see below). In addition to the deletions there are 37
base changes resulting in a total of 24 amino acid sub-
stitutions of which 6/24 were conservative changes
{Fig. 1). The EBV MA protein is extensively glycosy-
lated containing both N- and O-linked sugar moieties.
The B95-8 sequence predicts a total of 36 potential
N-linked glycosylation sites (Asn—-X-Ser/Thr) while
P3HR-1 and AG876 contain 35 such recognition sites.
A summary of amino acid substitutions is provided in
Fig. 5. Overall levels of identity are 98 and 97% at the
nucleotide and amino acid levels, respectively.

In order 1o determine whether this high degree of
sequence homology was conserved at a functional
level, a panel of 14 different monoclonal antibodies
raised against A-type EBV and representing six differ-
ent epitope groups along the length of the gp340 mole-
cule was used in immunofluorescence assays against
homologous A-type B95-8 cells and heterologous B-
type C2.BL16 cells. It was found that all six epitope
groups were recognized in both cell lines indicating
functional conservation of B-cell epitopes between
gp340 from both types of EBV. Figure 2 shows a repre-
sentative immunofluorescence and Table 1 summa-
rizes the data for all monoclonal antibodies.

The MA polypeptide sequence contains a repetitive
region which appears to consist of a basic 21-amino-
acid repeat unit composed of three 7-amino-acid sub-
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Fig. 1. An alignment of the predicted amino acid seguences of
gp340 from EBV strains B95-8 {upper sequence) and P3HR-1/
AGB76 (lower sequence) generated using the BESTFIT program.
The output shows amino acid hamology on the basis of the evolu-
ticnary distance between amino acids. (|), Amino acid identity; (),
close relationship; (), distant relationship; blank, no homology.

units. In B95-8 the repeat region is composed of a 14-
amino-acid sequence repeated twice {aa 507-534),
e., the first two repeat subunits, which expand into
the full 21-residue segment repeated four times (aa
535-618). Molecular modeling studies suggest that
this domain may interact with the phospholipid mem-
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Fia. 2. gp34¢/220 immunofiuorescence analysis of B35-8 and C2.8L16 cells. B95-8 cells (A, B, E, F, 1, JJand C2.BL16 (C, D, G, H, K, L} either
uninduced (A-D) or induced with TPA and BUdR (E-L) were assayed for expression of gp340/220 as described in the text. Flucrescence
abtained using the gp340/220-specific menoclonal antibody F34 1F2 is shawnin A, C, E, and G. The negative control antibody OKT3 was used
inland K. B, D, F, H, J, and L show phase contrast micrographs of the corresponding immunofluorescence fields. Magnification X100,

brane (Beisel et al., 1985). Analysis of the P3HR-1 and
AGB76 sequences indicates that, relative to the B95-8
prototype, the second 14-amino-acid segment has
been deleted along with the last 7 amino acids of a
21-residue repeat (Figs. 1 and 4).

TABLE 1

REACTIVITY OF gp340/220-SPECIFIC MONOCLONAL ANTIBODIES
wiTH B95-8 {A-Type) aND C2.BL16 (B-Tvpe) CELLS

Epitope group Antibody B95-8 C2.BLiB

| 72A1*
F30 3Cz2
F34 4t3
F28 1G7~
F34 172*
F34 503
F34 6B1™
F34 685
I Fi16 3E3
IV Fz29 89*
v Fi6 C10
Vi F34 GH7
F34 2811
Vil F30 5C8
Negative control OKT3

I+ +++++++++++++
I+ 4+ ++ ++ + 4+ ++ + 4+ +

Note. Asterisk indicates a virus-neutralizing antibody. Note that
different antibodies within the same epitcpe group do not necessar-
ily recognize identical determinants as evidenced, for example, by
different antibodies within epitope group 1 being either virus-neutra-
lizing or nonneutralizing.

We have used PCR technigues to examine the struec-
ture of the MA repeat domain among a number of EBV
type-A and type-B strains derived from different geo-
graphical regions and clinical sources. It was found
that the length of the repeat region varied quite consid-
erably between different strains as showninFig. 3. The
PCR products of the repeat regions from a number of
these strains were sequenced and found to differ in
length from 399 base pairs (Alvoch) to 168 base pairs
(Chep). The deduced amino acid sequences of six of
these are shown in Fig. 4. They were all variants
around the basic pattern of repeat units. In all strains
the first repeat unit is only 14-amino-acids long, i.e., it
lacks the third 7-residue subunit. Relative to the B95-8
sequence the differences consist of deletions {or in the
case of Alvoch, insertion) of full 21-residue repeats or
7-residue third subunits (see Fig. 4}. The significance
of this is uncertain but it is consistent with strain varia-
tion noted within repetitive elements located else-
where in the EBY genome {Lung et a/, 1988). It also
provides a rational explanation for the differences in
molecular weight estimates of MA that have been ob-
tained in various laboratories.

The complete sequence of BamHI-L from strain
AG876 has been determined. In addition to the coding
sequence for gp340/220, this fragment encodes the
N-terminal exon of the fatent protein EBNA 3a and sev-
eral other polypeptides which are associated with pro-
ductive infection. The extent of the homology of these
sequences with their B95-8 counterparts is shown in
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FiG. 3. PCR analysis of the repeat regions of the gp340 gene from different EBV strains. Total cellular DNA was amplified as detailed in the text.
Products were fractionated by agarose gel electrophoresis and visualized under ultraviolet light. Lane 1, no DNA; lane 2, Ramos (EBV-negative),
lane 3, Alvoch (type-B): lane 4, BL29 (type-B); lane 5, B95-8 {type-A); lanc 6, BL16 (type-B); lane 7, P3HR-1 {type-B): lane 8, AGB7E (type-B); lane
9, M-ABA (type-A); lane 10, FF41 {type-A); lane 11, Ojango (type-B); lane 12, Zhu (type-A); lane 13, BL74 (type-A). lane 14, Akata {type-A); lane 15,
Du {type-A); lane 16, Igunga (type-A); lane 17, Zhang {type-A); lane 18, Chep {type-B); lane 19, Wan {type-B); Lane M contains size markers of the

indicated sizes in base pairs.

Table 2. It is clear that in this region of the genome,
interstrain sequence conservation is very high.

DISCUSSION

The variety in the extent of the repeat region predicts
that in different strains, gp340 will exhibit substantial
differences in size. This is due not only to the variation
in length of the polypeptide but also because the high
frequency of threonine and serine residues {potential
O-linked glycosylation sites) in the repeat region and
the existence of a potential N-linked glycosylation site
within each 21-amino-acid repeat unit predicts a sub-
stantial effect on the total carbohydrate content of the
glycoprotein. In contrast, gp220 is expected 10 be in-
variant between strains since the repeat region is
spliced out of the mRNA for this molecule.

Figure 5 shows a schematic of gp340 indicating the
domains of the molecule to which various relevant im-
munological functions have been mapped. Itis notable
that of the 24 amino acid changes between B95-8 and
AG876/P3HR-1, 9 of these cluster in the region which
is spliced out of gp220. The gp340 molecule contains
a high proportion of serine, threonine, and proline resi-
dues, the majority of which are contained in the repeat
region (Fig. 4). This unusual amino acid composition
and variable extent of the repeat, together with the fact
that it is removed from gp220, suggest that this portion
of the molecule may not be essential for persistence
and replication of fully functional virus.

Purified gp340/220 and recombinant vaccinia virus
expressing gp340 have been employed successfully to
protect cotton-top tamarins from a challenge dose of
EBV (Finerty et af., 1992; Morgan et al., 1988). How-
ever, it has been noted that protection against EBV
infection or virally induced disease does not always
correlate with the induction of neutralizing antibodies
(Epstein et al.,, 1986; Emini et a/., 1989} suggesting that
both antibody and cell-mediated responses contribute
to protective immunity.

Sites of B-cell epitopes have been found along the
length of the gp340 molecule (Pither et af., 1992a,b)
and three nonvirus-neutralizing monoclonal antibody
binding sites have been mapped (Zhang et a/., 1991).
Although at least two distinct virus-neutralizing epi-
topes are known to be present {Qualtiere et af., 1987)
their precise location is not yet determined. Monocto-
nal antibody 72A1 (Hoffman et al., 1980) blocks EBV
adsorption and belongs to animmunodominant murine
monoclonal antibody group whose binding site is prob-
ably located within the NH,-terminal 162 aa {Tanner et
al, 1988). Sairenji and co-workers {1988) demon-
strated that 72A1 neutralizes both B95-8 and P3HR-1
viruses suggesting that the epitope is functional in
both type-A and type-B viruses. The present study has
confirmed the ability of antibody 72A1 to recognize
both A-type and B-type gp340 and has also demon-
strated conservation of several B-cell epitopes within
these molecutes.

Two CD4+ (helper} T-cell specific epitopes have
been mapped by Wallace and co-workers (1981).
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Chep TSPTSAV TTPTPNA
Igunga TSPTPAVY TTPTPNA
M-ABA TSPTPAV TTPTPNA
AGB76 TSPTPAV TTPTPNA
P3HR-1 TSPTPAV TTPTPNA
Alvoch TSPTSAV TTPTPNA
B9S5-8 TSSTSPVY TTPTPNA
507 520
Chep et i e e e e e e aeeae
Igunga = = - .. e et e e ae e
M-ABA = i i i i eee e eme e e
AGB76 . i e e i e e eee et e eeaee
PBHR -1 eecimee eemeata emeaaaa
Alvoch TSPTPAVY TTPTPNA TSPTLGK
B95-8 0 L L i i i e s eee e
Chep i e s e e e e
Igunga = = 00 . i iiie eeae e
M-ABA = e e s i e e eeas
AGBT7E 0000 . il iae e eiaas
P3HR-1 = (s e it s i aaae e
Alvoch TSPTPAY TTPTPNA
B9G5-8 TSPTPAV TTPTPNA
521 5;34
Chep i it e i e e e
IgunNngd =000 .4 s iiie meaeama eaeaman
M-ABA TSSTSAV TTPTPNA TSPTLGK
AGB76 TSPTPAV TTPTPNA TSPTLGK
P3HR-1 TSPTPAV TTPTPNA TSPTLGK
Alvoch TSPTPAV TTPTPNA TSPTLGK
B95-8 TSPTPAV TTPTPNA TSPTLGK
1 556
Chep @ @i iiie i i s mme aaanman
Igunga TSPTPAV TTPTPNA .. .....
M-ABA TSPTSAVY TIPTPNG .......
AGH7 6 TSPTSAVY TTPTPNA . ......
P3HR-1 TSPTSAVY TTPTPNA .. .. ...
Alvoch TSPTSAV TTPTPNA ... ....
Bas-8 TSPTSAV TTPTPNA TSPTLGK
556 B76
Chep TSPTPAV TTPTPNA TSPTLGK
Igunga TSPTPAV TTPTPNA TSPTLGK
M-ABA TSPTPAV TTPTPNA TSPTLGK
AGB76 TSPTPAV TTPTPNA TIPTLGK
P3HR-1 TSPTPAY TTPTPNA TIPTLGK
Alvaech TSPTPAV TTPTPNA TSPTLGK
B95-8 TSPTSAVY TTPTPNA TSPTLGK
577 s9T
Chep TSPTSAV TTPTPKA TSPTVGE
Igunga TSPTSAV TTPTPNA TTPTVGE
M-ABA TSPTSAV TIPTPNA TSPTVGE
AGB76 TSPTSAV TTPTPNA TSPTVGE
P3HR-1 TSPTSAV TTPTPNA TSPTVGE
Alvoch TSPTSAVY TTPTPNA TSPTVGE
B95-8 TSPTSAVY TTPTPNA TGPTVGE

588 618
FiG. 4. Predicted amine acid sequences through the repeat region
of gp340 from several strains of EBV. The numbers correspond to

the B95-8 gp340 polypeptide sequence. {(—} Indicates residues de-
leted relative to B95-8.

These are located between positions aa 61-81 and
163-183. The alignment between B95-8 and P3HR-1/
AGB76 sequences reveals a single nonconservative
change Q(GIn) to L(Leu) at position 67. The CR2 bind-
ing site responsible for virus attachment and adsorp-
tion has been defined as EDPGFFNVE and spans aa
21-29. We note a single conservative substitution
E(Glu) to D{Asp) within this domain.

The data obtained from this comparative study indi-
cate that the EBV membrane antigen is highly con-

served (>97% identity} between type-A and type-B
strains. Many of the changes which do occur lie out-
side the currently defined domains of immunological
significance. These results are in contrast to the type-
specific variation detected within the latent protein
genes EBNAZ, EBNAS3, a,b,c, where amino acid homol-
ogy was reported 1o be 53, 84, 80, and 72%, respec-
tively {Dambaugh et al., 1984; Sample er a/l., 1880}
Few comparative sequence data are available compar-
ing A-type and B-type viruses at other genetic loci al-
though it has been reported that both the BZLF1 ORF
and the IR 1-derived coding exons for EBNA-LP of B95-
8 and P3HR-1 are highly conserved (Jenson et al.,
1987, Jenson and Miller, 1988). In the course of this
work we have obtained the complete sequence of
AG876 BamHI-L. This fragment contains several
genes which exhibit a very high degree of conservation
with the B35-8 homologues (Table 2).

Conseguently, the pattern which is emerging shows
two closely related wild-type virus strains which exhibit
significant but specific divergence at several genetic
loci. These variant loci appear to be confined to the
latent genes, while proteins associated with produc-
tive infection are much more highly conserved. In some
viral systems the major envelope glycoproteins are
subject to genetic variation due to continued immuno-
logic surveillance (Skehel and Wiley, 1986). The high
level of sequence homology between EBY MA genes
may be the result of structural/functional constraints.
Alternatively, it may reflect the life-cycle of EBV in hu-
mans in which the virus latently infects B-lymphocytes
and transcription from the majority of the viral genome
{including gp350/220) is down-regulated (reviewed by
Klein, 1989) thereby reducing immunologic selection
pressure.

Although type-A EBV seems to be generally predomi-
nant in most parts of the world there do not appear to
be disease-specific subtypes and it has been observed

TABLE 2

A COMPARISON OF THE PERCENTAGE |DENTITY BETWEEN BamHI-L
QOPEN ReADING FRAMES IN STRAINS AGB76 AND BO5-8

Nucleotide Amino acid
ORF Function homology (%}  homalogy (%)

BLLF1 gp340/220 98.4 97.3 -
BLLF2 Early ORF 99.1 98.0
BLLF3 dUTPase 99.4 88.9
BLRF1 Putative membrane

protein 100 100
BLRF2 Late ORF 992 100
BLRF3* E£BNA3a* 838.7 79.4

Note. Asterisk indicates that only the first exon of EBNA 3a {which
is within BamHI-L) has been considered and thus the percentage
homology differs from that given in Sample et a/. {1990). BLRF1 has
recently been proposed 10 be a membrane protein (Barnett et af.,
1992).
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441 D {Asp) A (A1)
495 W (Trp) R (Arg)
525 P (Pro) S (Ser)
581 S {Ser) P (Pro)
592 S (Ser) I (Ie)
613 G (Gly) S (Ser)
625 A (Ala) T (Thr)
635 P (Pro) S (Ser)
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FiG. 5. Schematic map of B85-8 gp340 to indicate regions of functional significance. The pelypeptide is represented by the horizontal bar and
the repeat region is indicated. Aming acid position is shown along the bottorn. The positions of substitutions between B25-8 and P3HR-VAGE78
are shown as vertical lines and are listed below. The region spliced out to give gp220 is indicated by the black bar. See text for sources of

mapping immunclogically significant domains.

that both type-A and type-B seem to have equal onco-
genic potential in their association with Burkitt's lym-
phoma and nasopharyngeal carcinoma (Young et al.,
1987: Chen et al., 1892). On the basis of the sequence
homology and antibody binding data obtained in this
study we conclude that a vaccine based on the B95-8
gp340/220 protein should be equally effective against
both type-A and type-B strains of EBY.
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