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The Epstein-Barr virus (EBV) mutant P3HR1 is incapable of immortalizing B lymphocytes because of a
6.8-kilobase deletion in the BamHI W, Y, and H regions of the viral genome (M. Rabson, L. Gradoville, L.
Heston, and G. Miller, J. Virol. 44:834-844, 1982). To characterize transcripts that are encoded in this region,
poly(A)+ RNA from the EBV-transformed lymphoblastoid cell line JY was isolated, and this RNA was used to
generate a cDNA library in X gtlO. By screening 500,000 recombinant bacteriophages with the BamHI H
fragment, we isolated 10 cDNA clones and characterized them in detail. One group of six cDNA clones was
derived from a 2.9-kilobase early transcript encoded by the IR2 repeat element and showed restriction site
polymorphism for the enzyme SmaI. The second group consisted of four cDNA clones, all of which contained
the BamHI-H right reading frame (BHRF1), and used the polyadenylation signal at base pair 662 in the BamHI
F fragment. Computer analysis of the hydrophobicity of the BHRF1 protein revealed that it is likely to be a
membrane protein. Northern blotting experiments with RNA from an EBV producer line, B95-8, and a tightly
latent lymphoblastoid B-cell line, IB4, revealed that BHRF1 is contained in at least two different mRNA species
which can be detected during the latent cycle of EBV. These data and the recent characterization of a spliced
transcript (containing five exons in common with other known latent messages [M. Bodescot and M.
Perricaudet, Nucleic Acids Res. 14:7103-7113, 1986]) suggest that alternative splicing is used to generate
transcripts containing BHRF1, as for the EBV nuclear antigen 1 transcripts. Furthermore, the observation that
a potential oncogene activated in human follicular lymphomas is homologous to the BHRFl-encoded
polypeptide (M. L. Cleary, S. D. Smith, and J. Sklar, Cell 47:19-28, 1986) suggests a possible role for this
putative viral protein in EBV-induced growth transformation of B lymphocytes.

Epstein-Barr virus (EBV) is a human lymphotropic her-
pesvirus which is the etiologic agent of infectious mononu-
cleosis and is associated with two human cancers, Burkitt's
lymphoma and nasopharyngeal carcinoma. A characteristic
feature of EBV is its ability to transform resting human B
lymphocytes into continuously growing lymphoblastoid cell
lines (LCLs; 13). One important clue to which region of the
EBV genome is essential for growth transformation is pro-
vided by the nontransforming EBV strain, P3HR1. This
virus has a 6.8-kilobase (kb) deletion when compared with
several other strains of EBV that are immortalization com-
petent (5, 19, 29). The deletion starts at the right end of the
major internal repeat (IR1) and extends through the BamHI
Y fragment and the internal repeats (IR2) 3.5 kb into
BamHI-H (Fig. 1). The importance of this deletion is em-
phasized by the analysis of a series of recombinant viruses
generated by superinfection of a Burkitt's lymphoma cell
line, Raji, with P3HR1. Immortalizing viruses recovered
from the culture supernatant were recombinants, all of
which retained the BamHI W, Y, and H regions and parts of
the F region from the Raji genome (34). One open reading
frame (ORF) in this region, the BamHI-Y right reading frame
(BYRF1), has been shown to code for an EBV nuclear
antigen, EBNA 2 (30). The sequence analysis of cDNA
clones revealed a complicated splicing pattern, with repeti-
tive use of exons from the BamHI W fragments (31, 36). The
other transcripts have only been characterized by Northern
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(RNA) blotting, and even their number is controversial (39,
42).
Here we report the results of cDNA cloning of mRNAs

encoded by the BamHI H fragment. We present DNA
sequencing data of 10 cDNA clones which indicate that they
represent transcripts from the IR2 repeat region and
BHRF1. These transcripts are further characterized by
Northern blotting experiments with RNA from the EBV-
transformed B95-8 marmoset cell line and from JY and IB4
LCLs.

MATERIALS AND METHODS
Cell culture. The B-cell lines IB4 (20), B95-8 (26), and JY

(38) were used. Cultures were grown at 37°C in RPMI 1640
medium containing 10% fetal calf serum with antibiotics as
previously described (15).
RNA preparation and Northern blotting. Total cellular

RNA was prepared by the method of Auffray and Rougeon
(1). Frozen cells (5 g) were suspended in 50 ml of lysis buffer
(6 M urea and 3 M lithium chloride containing heparin at 100
p.g/ml) and disrupted in a Waring blender for 2 min. The
lysate was stored on ice at 4°C for 4 to 16 h to allow
precipitation of the RNA. The RNA was recovered by
centrifugation for 30 min at 10,000 x g, suspended in 20 ml
of 10 mM Tris hydrochloride (pH 7.6)-0.5% sodium dodecyl
sulfate (SDS), and then extracted several times with chloro-
form-isoamyl alcohol (24:1 [vol/vol]) and precipitated.
Poly(A)+ RNA was isolated by fractionation on oligo(dT)-
cellulose (2). Total or poly(A)+ RNA (10 p.g) was fraction-
ated on a formaldehyde-agarose gel (23) and subsequently
transferred to a nylon membrane (Pal Biodyne A). RNA
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FIG. 1. BamHI restriction endonuclease map of the B95-8 strain of EBV. The BamHI W, Y, H, and F regions are enlarged to show the
sizes of the deletion in the genome of the nontransforming virus strain P3HR1. The sizes and orientations of the ORFs BWRF1, BYRF1,
BHLF1, and BHRF1 are indicated by arrows. The position of the IR2 repeat elements in BamHI-H is represented by a solid bar.

blots were hybridized with a 32P-labeled nick-translated
DNA fragment in 50% (vol/vol) formamide-50 mM HEPES
(N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, pH
7.0)-i X Denhardt solution (9)-6 x SSC (1 x SSC is 0.15 M
NaCl plus 0.015 M sodium citrate, pH 7.0) containing
denatured salmon sperm DNA at 100 ,ug/ml. The filters were
washed twice with 1 x SSC-0.05% SDS for 15 min at room
temperature and four times with 0.1 x SSC-0.05% SDS for
15 min at 42°C. Autoradiography was carried out for 12 h at
- 70°C by using an intensifying screen (Du Pont Co.,
Wilmington, Del.).
cDNA synthesis. A cDNA library was prepared from

poly(A) + JY RNA by a modification of the method of Gubler
and Hoffmann (12). Poly(A)+ (5 ,tg) RNA was denatured at
68°C for 3 min, quickly cooled on ice, and incubated with
oligo(dT)12_14 (100 ,g/ml) for 30 min at 42°C in 70 mM Tris
hydrochloride (pH 8.3)-14 mM dithiothreitol-6 mM sodium
PP1-50 mM KCI containing RNasin (Promega Biotech, Mad-
ison, Wis.) at 1 UIA.l and nuclease-free bovine serum albu-
min (Enzo Biochemicals, New York, N.Y.) at 50 ,ug/ml.
Deoxynucleoside triphosphates (1.25 mM) and avian
myeloblastosis virus reverse transcriptase (Life Sciences,
Inc., St. Petersburg, Fla.) at 3 UIAI were added, and incu-
bation was continued for an additional 30 min. Second-
strand synthesis was carried out by using RNase (Bethesda
Research Laboratories, Inc., Gaithersburg, Md.) and Esch-
erichia coli DNA polymerase I (New England BioLabs, Inc.,
Beverly, Mass.) as previously described (12), except that E.
coli DNA ligase and ,B-NAD+ were omitted. The double-
stranded cDNA was ligated to EcoRI linkers with T4 DNA
ligase (both from New England BioLabs), digested with
EcoRI, and fractionated over a Sepharose CL-4B column.
The cDNA was cloned into EcoRI-digested calf intestinal
alkaline phosphatase (Boehringer Mannheim Biochemicals,
Indianapolis, Ind.)-treated A gtlO (17). Recombinant bac-
teriophage was packaged in vitro and plated on the C600 hfl
strain of E. coli.

Screening of the cDNA library. Approximately S x 104
bacteriophage were plated on a lawn of C600 hfl E. coli on

each of 10 150-mm plates, and the phage was grown at 37°C
for about 6 h. Plaques were transferred to nitrocellulose
filters, and the phage DNA was denatured by a 30-s treat-
ment with 0.5 M NaOH-1.5 M NaCI, which was followed by
neutralization for 15 min with 0.5 M Tris hydrochloride (pH
8.0)-1.5 M NaCl and washing with 2 x SSC. The filters were
dried at room temperature for 30 min and then baked at 80°C
under vacuum for 2 h. They were then prehybridized for 2 h
at 680C in 6 x SSC-5 x Denhardt solution (9)-0.1% SDS
containing denatured salmon sperm DNA at 100 ,g/ml.
32P-labeled nick-translated probe (200 ng; 2 x 108 to 6 x 108
cpm/,g) was added, and the mixture was hybridized for 16 to
20 h at 68°C. Filters were washed twice in 2 x SSC-0.1%
SDS for 15 min at room temperature and twice in 0.3 x
SSC-0.1% SDS for 1 h at 68°C. Autoradiography was carried
out overnight at -70C with intensifying screens. Positive
plaques were picked and purified (25). Inserts were excised
from the phage DNA with EcoRI and subcloned into EcoRI-
digested phosphatase-treated pUC18 vector.
DNA sequencing. Appropriate restriction endonuclease

fragments wefe subcloned into phage M13 mpl8 and M13
mpi9 directly from low-melting-point agarose as described
by Crouse et al. (8). Random deletion clones were generated
by using E. coli DNase I in the presence of manganese ions,
as described by Lin et al. (24) and cloned into M13 (27).
DNA was sequenced by the chain termination method of
Sanger et al. (33) by using [35S]dATP.

RESULTS

Isolation and mapping of cDNA clones. Approximately
500,000 recombinant A phages of a k gtlO cDNA library
generated from poly(A)+ RNA of the EBV-transformed
B-cell line JY were screened with the BamHI H fragment.
Positive clones were subcloned into plasmids and used to
probe Southern blots (35) of BamHI restriction endonucle-
ase-digested EBV genomic DNA (Fig. 2). Two groups of
cDNA clones were evident. The first class consists of six
clones (Hi, 1.3 kb; H2, 1.7 kb; H3, 1.7 kb; H4, 1.8 kb; H5,
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FIG. 2. Southern blot of BamHI-digested B95-8 DNA probed
with different cDNA clones and the BarnHI H fragments. DNA (10
,ug per lane) was loaded, separated on a 0.7% agarose gel, and
transferred to nitrocellulose (25, 35). The positions of the BamnHl H
and the F fragments are indicated by arrowheads.

2.1 kb; and H6, 2.8 kb) which hybridized only to the BamHI
H fragment. Clones of the second group (H/F1, 1.5 kb; H/F2,
2.2 kb; H/F3, 2.4 kb; and H/F4, 2.8 kb) hybridized to two
different fragments, BamHI H and BamnHI F. Clone H/F2
was recovered from screening a cDNA library prepared from
the RNA of the IB4 LCL.
A common feature of these isolates is that they are not

spliced. Detailed restriction mapping and Southern blot
hybridizations more precisely mapped these transcripts
within the BamHI H and F restriction fragments, and the
results are summarized in Fig. 3.

Sequence analysis of the BHRF1 containing cDNA clones.

Clones H/Fl, H/F2, H/F3, and H/F4 were digested with
appropriate restriction enzymes. The fragments were puri-
fied on low-melting-point agarose gels and subcloned into
mpl8 and mpl9. The sequence was determined by the
method of Sanger et al. (33). All clones have poly(A)+ tracts
which start, with one exception, 20 base pairs (bp) down-
stream from the AATAAA sequence at bp 665 in the BamHI
F fragment. In clone H/F4, the poly(A)+ is added 3 bp
downstream, which may reflect some flexibility in the site
specificity of RNA processing. The 5' ends of the four
cDNAs are overlapping but of different lengths. The largest
clone is H/F4, which includes 2,051 bp of the BamHI H
fragment and has a total size of 2,747 bp. The nucleotide
sequence of this clone and the translation of BHRF1 are
shown in Fig. 4. These clones exhibit several interesting
features which are worth noting. (i) All of these clones are
unspliced. (ii) The corresponding transcripts appear to be
much larger than the encoded BHRF1 (i.e., clone H/F4 has
a 593-bp 3' untranslated region, a 473-bp coding region, and
1,571-bp 5' untranslated region, indicating that only 17% of
the transcript is actually used to generate a translation
product). (iii) Clone H/F4 overlaps the promoter region of
the leftward transcript containing BHLF1 (Fig. 3), which
was mapped by Laux et al. (22).
BHRFI-encoded polypeptide may be a rmembrane protein.

Analysis of the primary structure of the putative BHRF1-
encoded viral protein with the computer program of Kyte
and Doolittle (21) suggests that this protein has the charac-
teristics of a typical cell surface protein. The hydropathy
plot is shown in Fig. 5. Near the carboxy terminus is a group
of 21 hydrophobic amino acids, which could function as the
transmembrane region, while the 5 hydrophilic residues at
the carboxy terminus contain two positive charges (arginine
residues), typical of a cytoplasmic region for many mem-
brane proteins. In addition, there are two N-linked glycos-
ylation sites at residues 22 and 118, also a typical feature of
surface antigens, such as human lymphocyte antigen (28).
Furthermore, the amino terminus of this protein fulfills the
requirements of a signal peptide. After a relatively hydro-
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FIG. 3. Scheme of the BamnHI H and F regions indicating the two groups of cDNA clones isolated. The sizes and orientations of the ORFs
are shown by arrows. The position of the IR2 repeat elements in the BaonHI H fragment is depicted. A, Polyadenylation signals used for the
adjacent ORFs; P, promoter region for the BHLF1 transcript.
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FIG. 4. DNA sequence of the cDNA clone H/F4 and translation of BHRF1. The splice site to an exon of the BamnHl Y region described
by Bodescot and Perricaudet (4) for a BHRF1 cDNA clone is underlined, and the polyadenylation signal is overlined. The start of the shortest
cDNA clone containing BI4RF1 is indicated by an arrowhead. The potential N-linked glycosylation sites in BHRF1 are labeled with squares.
The standard single-letter abbreviations are used for amino acids.

philic amino terminus is a stretch of 8 hydrophobic amino
acids which represent the apolar core sequence found in all
signal peptides; the processing site could be between resi-
dues 19 and 20. This would be in agreement with the rules of
von Heijne (40), which require the signal peptide to be about
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FIG. 5. Hydropathicity plot of the BHRF1 protein according to
Kyte and Doolittle (21). The windowing average at residue i is

calculated across 6 residues from i- 3 through and including i+ 3.

20 to 30 amino acids long and the residues - 3 and -1 to be
small (serine and valine in the case of BHRF1). Residues - 2
and + 1 for many eucaryotic signal peptides are often
occupied by amino acids with a positive charge or with a
long side chain or both. Arginine and histidine at these
positions in BHRF1 are a good match for these require-
ments.

Sequence analysis of cDNA clones containing BHRF1. The
six clones Hi, H2, H3, H4, H5, and H6 were sequenced as
described in Materials and Methods. All the cDNA clones
appear to be generated from the same transcript containing
the highly repetitive BHLF1 ORF. This RNA is transcribed
in the opposite direction to that of the message containing
BHRF1. All of the clones have poly(A)+ sequences which
are attached at bp 1453 of the BamHI H sequence, 17 bp
downstream from the consensus polyadenylation signal.
From here, the clones extend into the region of the IR2
repeats. Only H6 spans the entire IR2 region; its 5' end is at
bp 3482 of BamHI-H (Fig. 6). Analysis of the size of the
repeat region in these cDNA clones by digestion with the
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FIG. 6. DNA sequence of the longest BHLF1 cDNA clone H6. Only one ORF is translated, although all three reading frames are open.

The structure of three repeat elements code for a repeated peptide is shown. The position of the one base pair change which was found in
two repeat elements, resulting in the creation of new SmaI sites, is indicated. The polyadenylation signal is overlined. Other regions of the
nucleotide sequence different than the B95-8 sequence are overlined with a broken line. The standard single-letter abbreviations are used for
amino acids.

restriction endonucleases DdeI and EcoRI or partial digests
with EagI reveal that this area is about 750 bp (six repeat
elements) longer in this JY clone than in the standard B95-8
genome. This result is not surprising, since it is well known
(14) that different EBV strains are variable in the number of
these repeat elements. H6 and the other BHLF1 cDNA
clones are not completely identical. There is a single base
pair change in two of the repeat elements present in clone
6.4, which creates two new SmaI sites (Fig. 6). This kind of
base pair exchange in repeat elements even within the same
EBV strain has been documented for other EBV isolates (14,
22). In general, however, there are few changes in the
nucleotide sequence of these cDNA clones compared with
the standard B95-8 genome. The two other examples of base
changes found in the BHLF1 cDNA sequence are between
BamHI-H bp 1622 and 1640, where GGCGAAGTAGAC
AGG is changed to GGGACAGTAGCACAGG, and be-
tween bp 3400 and 3410, where ATGGGCGTGGT is
changed to ATGGGCTGT. Both mutations cause a frame-
shift but do not interrupt the protein sequence by creating a
stop codon.

Identification of transcripts containing BHRF1 and BHLF1
by Northern blotting. The transcript containing BHLF1 has
been well characterized by Northern blotting and Si nucle-
ase mapping (11, 14, 22). In most EBV-infected cell lines,
this message is about 2,600 bp (depending on the number of
IR2 repeat elements) and transcription is initiated down-
stream of a promoter located at bp 3400 of the BamHI H
fragment (18, 22). This transcript is inducible by the phorbol
ester TPA and appears to be the most abundant early

message in the lytic cycle of EBV (15). However, there is no
published data on transcripts containing BHRF1. To identify
transcripts which contain BHRF1, poly(A)+ RNA from the
JY cell line and total RNA from the productively infected
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FIG. 7. Northern blot with RNA from the cell lines JY and
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FIG. 8. Northern blot with RNA from the cell lines IB4 and
B95-8. Poly(A)+ RNA from IB4 or total RNA from B95-8 (10 ,ug per

lane) was separated on a 1.5% formaldehyde agarose gel and
transferred to nitrocellulose. The filters were probed with nick-
translated cDNA clones H/Fl (containing BHRF1) or H5 (contain-
ing BHLF1) or with the BamHl K fragment (containing the EBNA
1-coding region). The positions and sizes of the two ribosomal RNA
bands are indicated. Nitrocellulose strips with JY RNA were

exposed four times longer than the strips with B95-8 RNA.

B95-8 cell line were fractionated on formaldehyde-agarose
gels and blotted and probed with appropriate cDNA clones
containing either BHRF1 or BHLF1 (Fig. 7). Clone H/Fl,
which contains only the 3' end of the BHRF1 transcript,
including the coding region, hybridized to at least two
different messages of about 1.95 and 2.7 kb and perhaps a

third transcript of 4.5 kb. The smallest transcript is the most
abundant message containing BHRF1 and represents about
75% of these transcripts in the JY and B95-8 cell lines.
The H5 cDNA clone (containing the 3' end of the BHLF1

mRNA and most of the IR2 region) detected a reasonably
high level of expression of this gene region in the JY cell line.
The signal, however, was at least 200 to 300 times more

intense for the RNA from B95-8 (there was 50-fold-less
B95-8 mRNA than JY mRNA on these blots). These results
indicate, however, that some transcription of early genes

occurred in the JY cell line. Since the number of transcripts
containing BHRF1 was much lower than the level of expres-
sion of the early transcript containing BHLF1, we decided to
look for BHRF1 transcription during the latent cycle.
Poly(A)+ RNA from the tightly latent LCL IB4 was pre-

pared. Northern blots of poly(A)+ IB4 RNA were probed
with BHRF1 and also with BHLF1 and the BamHI K
fragment (which encodes EBNA 1) as a control for early and
latent transcription, respectively (Fig. 8). In contrast to the
B95-8 and the JY cell lines, no BHLF1 RNA could be
detected in IB4. The BHRF1 transcripts, however, were
easily detectable, as was the EBNA 1 transcript. Of interest
is that in the IB4 cell line, the 2.7-kb mRNA was relatively
abundant compared with the 1.95-kb BHRF1 mRNA. How-
ever, it should be emphasized that the abundance of the
transcripts encoding BHRF1 and BHLF1 was much greater
in the productively infected marmoset cell line B95-8 than in
either of the LCLs JY and IB4.

DISCUSSION

The IR2 region located within the BamHI H fragment has
been of great interest for two reasons. (i) The complete IR2

region is deleted in P3HR-1, and Northern blotting revealed
that the BHLF1 transcript is missing (18). (ii) The structure
of the predicted BHLF1 protein is very unusual, because the
number of nucleotides (125 nucleotides) in each repeat
element results in a frameshift after every Notl site. Thus,
after three repeats, the same amino acid sequence begins
again, and since all three reading frames in the IR2 region are
open, a translation product consisting of the same 125-
amino-acid repeat is generated regardless of which AUG is
used for the initiation of translation. It is apparent from the
cDNA clones in this study that the polyadenylation signal at
bp 1470 in BamHI-H is used for the transcripts containing
BHLF1 and that there are minor heterogeneities in the
sequence of the IR2 repeats, which leave the ORFs intact.
Therefore, 90% of the putative BHLF1 polypeptide struc-
ture is unchanged in the JY EBV strain compared with that
in B95-8, although two frameshift mutations upstream and
downstream of the IR2 repeats were identified.

Several unsuccessful attempts have been made to identify
this protein by hybrid selection and in vitro translation (16,
18, 22). To determine whether the hypothetical BHLF1
protein is expressed during the EBV life cycle, clones Hi,
H4, and H6 were cloned in frame to the lac promoter in
pUC18 and induced with isopropyl-p-D-thiogalactopy-
ranoside. With these constructs, we could not detect the
expression of any EBV proteins by immunoblotting with the
polyclonal antiserum WC (10). This approach was successful
for the BMRF1-encoded protein (data not shown).
The other class of BamHI-H-hybridizing cDNA clones

isolated correspond to transcripts containing BHRF1.
Northern blotting analysis with B95-8, JY, and IB4 RNA
revealed that at least two and possibly three different
mRNAs contain this ORF. Because of its size, 2.8 kb, clone
H/F4 either is nearly full length or corresponds to the
low-abundance 4.5-kb message. One obvious question con-
cerns the structure of the 5' end of these transcripts. Since
there is no evidence for a promoter with the appropriate
orientation in the BamHI H or Y fragment, one hypothesis is
that these transcripts are initiated at one of the promoters
identified in the BamHI C and W fragments (3). This
assumption would implicate at least one splicing event,
because the closest BamHI W restriction fragment is about 7
kb upstream of BHRF1. Indeed, the recent characterization
(4) of a cDNA clone isolated from the marmoset cell line
B95-8 supports this hypothesis. In this study (4), clones
corresponding to five different transcripts were isolated, all
of which initiate downstream of a consensus eucaryotic
promoter in the BamHI C fragment. In addition, they all
contain another exon from BamHI-C and a variable number
of exons from the BamHI W and Y fragments. They are then
spliced to coding regions in the BamHI K (EBNA 1), E
(thought to encode either EBNA 3 or EBNA 4), or the H
(BHRF1) fragment. This BHRF1 transcript from B95-8 cells,
however, is quite different from the mRNAs we have char-
acterized here, because its 5' end is spliced from an exon in
BamHI-Y to a splice junction only 41 bp upstream of the
BHRF1 AUG (Fig. 4). However, all of the cDNA clones
reported here contain sequences further in the BamHI H
fragment (the shortest contains 267 bp of additional 5'
sequences, and the longest contains 1,532 bp). Different
splicing patterns are obviously used for BHRF1 mRNAs.
Similarly, three structurally distinct cDNAs have been char-
acterized for the EBNA 1 transcripts (4, 37). Since the
BHRF1 cDNA clone from B95-8 cells (4) does not contain
the complete 3' end of the transcript, about 500 bp must be
added to the cDNA clone in the previous study if use of the
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same polyadenylation signal is assumed. Together with an
average-sized poly(A)+ tail, the size of this transcript is in
good agreement with the 2.7-kb mRNA detected with
BHRF1 on Northern blots.
Because several transcripts which utilize common exons

from the IR1 region have been shown to code for EBV
antigens associated with the latent viral life cycle (31, 36,
37), it has been proposed that long primary transcripts are
generated that are spliced to give rise to mRNAs coding for
these viral antigens. If this pattern of viral transcription is
characteristic of latent transcripts, this would imply that
BHRF1 is transcribed during the latent cycle. Northern blots
of poly(A)+ RNA from the tightly latent LCL IB4 indeed
showed that all BHRF1 messages were present in this cell
line, while the abundant 2.6-kb early message containing
BHLF1 could not be detected. However, the BHRF1 tran-
scripts were expressed at even higher levels in B95-8, a cell
line with a relatively high level of virus production (in
contrast to the transcripts encoding EBNAs, which are not
transcribed at a higher level during the lytic cycle). In this
respect, the BHRF1 product may resemble the EBV latent
antigen LMP (latent membrane protein), which is expressed
at relatively low levels in transformed cells (41) and can be
induced by TPA or dilution of the cells (N. Muller-Lantzch,
H. Boos, R. Berger, and C. Kuklik-Roos, 11th Int. Herpes-
virus Meet., abstr. 97, 1986). These data indicate that during
the lytic phase, transcriptional up-regulation of some tran-
scripts present in the latent phase occurs.
Two independent pieces of information suggest that

expression of BHRF1 may be important in the latent cycle of
EBV. (i) Studies of viral transcription after infection of
peripheral blood lymphocytes (32) showed that the first
transcriptional activity observed is in the BamiiHI W, Y, H,
and F regions and in the BamnHI K fragment. Moreover, the
signal for the BamiiHI F fragment (which is the only unique
index for BHRF1 expression, since W and Y exons are
contained in all of the EBNA transcripts characterized to
date and BamHI-H encodes a portion of EBNA 2) is much
stronger than the signal for BamHI-K (EBNA 1). This is in
good agreement with our Northern blotting data for
poly(A)+ RNA from the latently infected cell line 1B4 (Fig.
8). (ii) Analysis of chromosomal rearrangements in human
follicular lymphomas (7) revealed that the t(14:18) translo-
cation, observed in greater than 90% of these lymphomas,
joins the bcl-2 gene to the immunoglobulin H gene. This
rearrangement has been proposed to lead to an activation of
the transcription of bcl-2 analogous to that of the c-miVc gene
in Burkitt's lymphoma. A homology search revealed that the
putative bcl-2 gene product, a 26-kilodalton protein, shows
homology to the BHRF-1 ORF. It is therefore conceivable
that this EBV-encoded protein may serve a similar function
in the growth transformation of B lymphocytes. In addition
there is also a structural similarity between the bcl-2 tran-
script and the BHRF1 mRNAs, in that both have very long
3' untranslated regions, which could be involved in transla-
tional regulation of protein expression (6).
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