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Recombinant Epstein-Barr viruses with a stop codon inserted into the nuclear protein 3B (EBNA 3B) open
reading frame were generated by second-site homologous recombination. These mutant viruses infected and
growth transformed primary B lymphocytes, resulting in the establishment of lymphoblastoid cell lines (LCLs).
Polymerase chain reaction analysis and Southern hybridizations with infected cell DNA demonstrated the
presence of the mutant EBNA 3B and the absence of wild-type EBNA 3B. Immunoblot analysis of the LCLs
with affinity-purified EBNA 3B antibodies confirmed the absence of EBNA 3B cross-reactive protein. Virus was
reactivated from two of these infected LCLs and serially passaged through primary B lymphocytes. The newly
infected cells contained only the mutant recombinant virus. No difference was noted between mutant and
wild-type recombinants, derived in parallel, in latent (other than EBNA 3B) or lytic cycle-infected cell virus
protein expression or in the growth of the latently infected transformed cell lines. These data indicate that the
EBNA 3B protein is not critical for primary B-lymphocyte infection, growth transformation, or lytic virus

infection in vitro.

Epstein-Barr Virus (EBV) infection of B lymphocytes is
primarily latent, causing cell activation and growth transfor-
mation (17, 45). The resulting transformed lymphoblastoid
cell lines (LCLs) are similar to antigen-activated primary B
lymphocytes except for their continued proliferation (3, 14,
34, 57, 60). Although EBV has 80 to 100 genes, only 10 genes
are expressed in latent infection (reviewed in references 24
and 25). These are likely to be involved in the initiation or
maintenance of latent virus infection or the concomitant
B-lymphocyte growth transformation. Six virus genes ex-
pressed in latent infection encode nuclear proteins (EBNA)
EBNA 1, EBNA 2, EBNA 3A, EBNA 3B, EBNA 3C, and
EBNA LP. Two genes encode integral membrane proteins
LMP 1 and LMP 2, and two genes encode EBV-encoded
nonpolyadenylated small RNAs (EBERS).

Recent advances in EBV recombinant molecular genetics
have made possible the assessment of the importance of
specific EBV genes in virus infection and cell growth trans-
formation (7, 8, 15, 32, 33, 56). One approach is to transfect
an EBV-infected cell line with an EBV DNA fragment and to
induce virus replication so that the replicating endogenous
genome can undergo homologous recombination with the
transfected DNA (7, 8, 15, 32, 33, 56). When P3HR-1 cells,
whose resident EBV genome contains a single deletion
involving EBNA LP and EBNA 2 (4, 11, 16, 18, 21, 26, 46,
47) rendering it unable to transform B lymphocytes (35, 38),
were transfected with cloned EBV DNA which spanned the
deletion, recombinants arose which were restored for the
deleted DNA and for the ability to transform primary B
lymphocytes (7, 8, 15). Since mutations within the EBNA 2
or EBNA LP open reading frames altered the ability of the
transfected DNA to restore transformation, the critical role
of EBNA LP and the essential role of EBNA 2 in transfor-
mation could be established (7, 8, 15, 32). This strategy is
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centered around the P3HR-1 deletion and was therefore
initially limited in application to the construction of EBNA
LB or EBNA 2 mutants. Subsequent experiments demon-
strated that this strategy could be extended to genes which
map near the P3HR-1 deletion and which could therefore be
included in a large cosmid DNA fragment which spanned the
deletion (33, 56). Since there was strong positive selection
for the P3HR-1-deleted DNA, linked mutations in adjacent
genes which did not adversely affect transformation could be
recovered in the resultant LCLs. Using this latter strategy,
recombinant mutant EBVs were constructed which were
deleted for the EBERs (56). Despite the 40-kb distance
between the EBERs and the P3HR-1 deletion, 15% of all
recombinants which had acquired the EBNA LP and EBNA
2 exons from the transfected DNA and were therefore
transformation competent had also acquired the linked
EBER mutation (56). Surprisingly, these EBER-deleted
recombinant viruses did not differ from wild-type control
recombinant viruses in their ability to infect, growth trans-
form, or replicate in B lymphocytes (56). On the basis of
these experiments, the number of EBV genes potentially
necessary for lymphocyte growth transformation was re-
duced from 10 to 8.

The high frequency (15%) of coincorporation of the EBER
mutation and the EBNA LP- and EBNA 2-encoding DNAs,
which are necessary to restore P3HR-1’s deletion and a
transforming phenotype, was likely to be due to the physical
linkage in the transfected cosmid between the EBER and the
EBNA LP- and EBNA 2-encoding DNAs. However, the
EBERs are separated from the deleted EBNA LP- and
EBNA 2-encoding DNA by multiple copies of a 3-kb DNA
element which was likely to be highly recombinogenic. We
therefore began to consider the possibility that the incorpo-
ration of the EBER mutation into P3HR-1 genomes which
were engaged in recombination with the EBNA LP and
EBNA 2 genes might not be dependent on the physical
linkage between the EBERs and EBNA LP- and EBNA
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FIG. 1. (A) Schematic representation of the EBV genome indicating the location of the EBNA 2 and EBNA 3 genes and the P3HR-1
deletion. Also shown are the EBV DNA fragments in the pDVEcoRI A and pDVSECWT cosmids. (B) Schematic representation of the
BamHI-E region indicating the locations of the EBNA 3A, 3B, and 3C genes and the fragments amplified by PCR and the EBNA 3B Spel

site used to terminate translation of the EBNA 3B open reading frame.

2-encoding DNA. To investigate the possibility that genomes
which participate in one recombination event, thereby pick-
ing up EBNA LP- and EBNA 2-encoding DNA, are more
likely than other genomes to recombine with another DNA
fragment, thereby picking up EBER-encoding DNA, we
investigated the frequency of coincorporation of a nonlinked
marker (58). P3HR-1 cells, which are deleted for EBV DNA
extending from 30 to 45 kb, were transfected with a cosmid
extending from 7 to 69 kb and with a second cosmid
extending from 75 to 105 kb relative to the prototype EBV
genome (2, 10). The frequency of the first recombination as
assayed by the number of resultant transformation-compe-
tent virus recombinants was approximately 200. Of these,
about 10% had incorporated DNA from the second cosmid
(58). Both DNA segments were incorporated into the correct
locations in the EBV genome, presumably by homologous
recombination. The second cosmid included the EBNA 3A,
3B, and 3C genes. Since the EBNA 3A, 3B, and 3C genes
differ between type 1 EBV isolates and type 2 isolates such
as P3HR-1 (50, 52), the strategy was used to create recom-
binant EBVs which differed in having the P3HR-1 type 2
EBNA 3 genes or type 1 EBNA 3 genes from the transfected
cosmid DNA (58). Although lymphocytes infected with type
1 EBV strains differ from those infected with type 2 strains
in their growth (48), primary B lymphocytes infected with
recombinant EBVs carrying type 1 or type 2 EBNA 3 genes
grew similarly. These data indicated that second-site homol-
ogous recombination occurred with a sufficient frequency
that recombinant EBVs could be made with mutations in the
EBNA 3 genes and that type 1 and type 2 EBNA 3s are
equivalent in their effects on in vitro cell growth or virus
infection (58).

The experiments reported here used this latter EBV

recombinant molecular genetic strategy to assess the role of
EBNA 3B in B-lymphocyte infection, growth transforma-
tion, and virus replication. EBNA 3A, 3B, and 3C are
distantly homologous and are tandemly placed in the EBV
genome (19, 22, 23, 41, 43, 49, 54). Each consists of a short
and a long exon. The proteins are remarkably hydrophilic
overall, contain unusual clusters of charged amino acids, and
have similarly positioned clusters of negatively charged
amino acids (19, 23, 41, 43). The type 1 EBNA 3A, 3B, and
3C genes encode 145-, 165-, and 155-kDa proteins, respec-
tively (19, 23, 41, 43, 49). In all latently infected growth-
transformed B lymphocytes, these proteins localize to
clumps within the nucleus but spare the nucleolus (19, 22,
41-43). Although nothing is known about the role of EBNA
3B in B-lymphocyte infection, single-gene transfer experi-
ments with EBNA 3C in non-EBV-infected B-lymphoma
cells revealed that cells expressing EBNA 3C also expressed
higher levels of CD21, suggesting that EBNA 3C and the
other EBNA 3s proteins are transactivators of B-lymphocyte
gene expression (61). Thus, EBNA 3B mutants might be
expected to differ from wild-type virus in their effects on
B-lymphocyte growth or gene expression.

MATERIALS AND METHODS

Plasmid and cosmid construction. Plasmid pSVNael Z (32,
33, 56) was used to induce lytic EBV replication (9). Cosmid
EcoRI-A (33) was used to obtain recombinants restored for
the last two EBNA LP exons and the EBNA 2 exon. Cosmid
Sall-E/C (pDVSECWT) (58) was used to obtain recombi-
nants at the EBNA 3B allele (Fig. 1). A stop codon was
introduced after codon 109 of EBNA 3B in pDVSECWT by
partial digestion with Spel. The overhanging Spel ends were
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filled in with T4 DNA polymerase. A 14-bp Xbal linker,
CTAGTCTAGACTAG, with termination codons in all three
reading frames was blunt-end ligated into the Spel site and
packaged into bacteriophage lambda by using an in vitro
packaging extract (Stratagene). Cosmid clones obtained fol-
lowing infection of Escherichia coli with packaged lambda
were screened with Xbal restriction enzyme digestion to
identify clones with linker inserted into the Spel site in
EBNA 3B. Analysis with additional restriction enzymes
demonstrated no other changes in the DNA.

Cells and cell culture. The HH514-16 subclone of P3HR-1
(c16) (a gift from George Miller, Yale University) contains a
type 2 EBV genome deleted for the EBNA 2 gene and part of
the EBNA LP gene, rendering it nontransforming (20). B95-8
is a marmoset B-cell line immortalized with type 1 EBV (37,
39). BJA-B is an EBV-negative B-lymphoma cell line (36).
Louckes is an EBV-negative Burkitt’s lymphoma cell line
(59). Human peripheral blood B lymphocytes were obtained
from adult seronegative or seropositive donors. T cells were
depleted with S-(2-aminoethyl)isothiuronium bromide (Sig-
ma)-treated sheep erythrocytes (33). Cell lines were main-
tained in complete medium which consisted of RPMI 1640
medium supplemented with 10% inactivated fetal bovine
serum, glutamine, and 10 pg of gentamicin per ml.

Cosmid transfection. P3HR-1 c16 cells were transfected
with cloned type 1 EBV EcoRI A and wild-type or mutant
Sall C DNA fragments after release from cosmid vector
DNA. Ten micrograms of cosmid EcoRI-A DNA and 50 pg
of wild-type or mutant cosmid Sa/l-E/C DNA were mixed
with 25 pg of pSVNael Z and used to electroporate 107
P3HR-1 c16 cells. For electroporation, the cells were har-
vested during log-phase growth, washed once with complete
medium, and resuspended in 400 pl of complete medium
with DNA in a cuvette (0.4-cm gap; Bio-Rad). Following a
10-min incubation at 25°C, the culture was pulsed with 200 V
at 960 wF. Cells were immediately diluted into 20 ml of
complete medium. Lytic EBV infection was activated in
LCLs by transfection with 25 pg of pSVNael Z under similar
conditions.

Primary B-lymphocyte infections. Primary human B lym-
phocytes were infected with filtered (0.45-pm pore size)
culture supernatant obtained from P3HR-1 c16 cells 3 days
after transfection. Intracellular virus was first released into
the medium by three cycles of freezing and thawing. The
virus preparation was used directly or concentrated by
centrifugation at 8,800 x g for 2 h. Virus was incubated with
107 primary B-lymphocyte-enriched human peripheral blood
mononuclear cells for 2 h at 37°C. Infected cells were
resuspended in complete medium at a concentration of 3.3 X
10° cells per ml, and 150 pl (5 x 10* cells) was distributed
into each well of a 96-microwell plate. The cultures were fed
at 14 days after plating with 100 pl of complete medium.
LCLs were macroscopically visible 3 to 5 weeks after
plating. Recombinant virus from LCLs was passaged by
cocultivation of lethally irradiated EBV-infected B lympho-
cytes with human T-cell-depleted mononuclear cells or by
infection of T-cell-depleted mononuclear cells with filtered
(0.45-um pore size) culture supernatant from EBV-infected
cells. For cocultivation, 3 days after pSVNael Z transfec-
tion, 5 x 10* irradiated (8,800 rads) LCLs were mixed with
5 X 10* T-cell-depleted mononuclear cells in a 96-microwell
plate. The cultures were fed at 14 days after plating with 100
wl of complete medium. LCL outgrowth was visible 3 to 5
weeks after plating. Irradiated LCLs (5 X 10%) were also
plated separately to serve as irradiation controls.

PCR and DNA sequence analyses. (i) Primers. Oligonucle-
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otide primers for amplification of distinctive fragments from
type 1 versus type 2 EBNA 3A, 3B, or 3C (52) or from
mutant versus wild-type EBNA 3B were synthesized on an
Applied Biosystem model 391 oligonucleotide synthesizer.
The EBNA 3B Spel-specific primers GAGCACAATGGTG
GTGACGA and TCAAGGAATAAACTGCCTAG corre-
spond to bases 95590 to 95609 and 95825 to 95806 of the
prototype EBV DNA sequence, respectively (2). These
primers amplify a 236-bp fragment from type 1 EBV DNA
and a 254-bp fragment from mutant type 1 EBV DNA
containing the Xbal linker. The type 2 EBNA 3C-specific
primers GTAGGTGACTATGGTTTTGT and AAATCTA
GAGCAGCCGGAAG correspond to bases in a 69-bp inser-
tion (inserted following base 100759 in the B95-8 sequence)
and a 27-bp insertion (inserted following base 100775 in the
B95-8 sequence), respectively, in type 2 EBNA 3C (52).
These primers amplify a 110-bp fragment from type 2 EBV.

DNA amplification and electrophoresis. DNA was prepared
from 0.5 X 10° to 1 x 10° cells harvested from microwell
cultures. Cells were resuspended in 0.2x phosphate-buff-
ered saline, boiled for 10 min, and digested with 0.1 volume
of 10-mg/ml proteinase K (Sigma) for 30 min at 55°C.
Proteinase K was inactivated by incubation at 95°C for 20
min. DNA was amplified in a Perkin-Elmer thermal cycler
machine with 10 to 20 pl of DNA in a 50-pl reaction mixture.
Polymerase chain reaction (PCR)-amplified DNA was ana-
lyzed by electrophoresis with 1% SeaKem ME-2% NuSieve
agarose (FMC Corp.) gels and visualized by staining with
ethidium bromide.

(ii) DNA sequencing. PCR products were sequenced by the
dideoxy method (53).

Immunoblot and Southern blot analyses. Expression of
latent or lytic-cycle EBV proteins was evaluated by electro-
phoresis of denatured infected cell proteins in 7% denaturing
polyacrylamide gels and immunoblotting with human EBV
immune sera or mouse monoclonal antibodies. EBV latent
proteins were detected by incubation (2 h at room tempera-
ture) of the blots with a 1/10 dilution of a human serum
specific for type 1 proteins. EBNA 3B and 3C proteins were
specifically detected by incubation of blots with a 1/10
dilution of EBNA 3B- and EBNA 3C-specific antibodies,
respectively, affinity purified from the type 1-specific serum
(41, 43). LMP 1 protein was detected by using the monoclo-
nal antibody S12 (31). For Southern blots, 15 pg of cell DNA
was digested with Xbal and Bcll restriction enzymes in 200
pl. DNA was then precipitated, dried briefly in a vacuum
dryer, and resuspended in 40 pl of loading buffer. The DNA
fragments were size fractionated by electrophoresis through
a 0.8% agarose gel. DNA was then transferred to an acti-
vated nylon membrane (GeneScreen Plus; New England
Nuclear). The filter was hybridized with a 3°P-labeled EBNA
3B cDNA probe (30). For detection of linear and episomal
EBV DNA in cells, in situ lysing gel analysis was performed
by loading 2 x 10° cells into a gel well with 1% sodium
dodecyl sulfate and proteinase K (12). The gel was run at 0.5
V/cm for 4 h to achieve lysis, and episomal and linear EBV
DNA was fractionated by increasing the voltage to 3.3 V/cm
for 18 h (12). The DNA was transferred to an activated nylon
membrane and probed with a 3?P-labeled EBV Sal/l C DNA
fragment.

LCL growth. Cell growth was determined in quadruplicate
by seeding cells at serial twofold dilutions from 2 x 10° cells
per ml (4 X 10 cells per well) to 3 x 10 cells per ml (6 x 107
cells per well) in microwells and measuring thymidine incor-
poration 3 days later (48). Cells were pulsed with 0.625 uCi
of [*H]thymidine (5 Ci/mM) for 6 h and harvested, and the
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TABLE 1. EBNA 3B recombination frequency

No. of type 1 EBNA 3B recombi-
nants (no. of P3HR-1 coinfected)/
total no. of LCLs analyzed

Expt

Mutant type Type 1

1 EBNA 3B EBNA 3B“
1 5 (3)/65 NT*
2 4 (1)/19 NT
3 9 (4)/87 9 (6)/68
4 9 (7)/89 11 (10)/91
Total 27 (15)/260 20 (16)/159
Total % E3B recombinants 10 12
Total % P3HR-1 coinfected 56 80

“ Results are taken from a previous study (58) which was performed in
parallel with this study and served as a baseline control for EBNA 3B mutant
analysis.

» NT, not tested.

incorporation of [*H]thymidine was quantitated. LCL out-
growth from conditions of low-inoculum cell density was
determined in quadruplicate by serially diluting to 6 x 10?
cells per well and maintaining the cultures in growth medium
until macroscopic growth was visible or until the cells in the
well had died. Saturation density was determined by plating
cells at 10°/ml in 400 pl in triplicate microwells. At 3- to
4-day intervals, 20 nl was removed and the cell concentra-
tion was determined.

RESULTS

EBYV recombinants with an EBNA 3B stop codon mutation.
Otherwise isogenic EBV recombinants with wild-type or
mutant EBV type 1 EBNA 3B were created by homologous
recombination with the EBV genome in P3HR-1 cells.
P3HR-1 cells were transfected with EcoRI-A, which spans
the P3HR-1 deletion and restores the deleted EBNA LP and
EBNA 2 genes, with wild-type or mutant type 1 Sall-C,
which contains the exons for EBNA 3B, and with pSVNael
Z to induce virus replication. The EBNA 3B mutation was
made by inserting a 14-bp oligonucleotide into the Spel site
located after EBNA 3B codon 109 in a cloned type 1
Sall-E/C cosmid (Fig. 1) (58). The 14-bp oligonucleotide has
translational termination codons in all three reading frames
and a new Xbal cleavage site. Virus from filtered culture
supernatant obtained from transfected P3HR-1 cells was
used to infect human primary B lymphocytes. Infected cells
were plated out in microwells to establish growth-trans-
formed lymphoblastoid cell lines (LCLs). The resultant
LCLs were screened by PCR analysis, using primers which
distinguish between type 1 and type 2 EBV to identify those
LCLs which were infected with recombinant virus in which
the type 2 EBNA 3B gene of the P3HR-1 parent had been
replaced by the EBNA 3B gene of the transfected mutant or
wild-type Sall-E/C cosmid.

Approximately 12% of the transformation-competent re-
combinants resulting from cotransfections with the wild type
1 Sall-C were recombinant for the type 1 EBNA 3B gene,
while approximately 88% had the type 2 EBNA 3B gene of
the P3HR-1 parent (Table 1). These results have been
reported as part of a previous study characterizing type 1
EBNA 3 recombinants and the high frequency of second-site
homologous recombination (58). The results are partially
restated here because the EBNA 3B mutant transfections
were done in parallel with these other studies so that the
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FIG. 2. PCR analysis of the EBNA 3 genes in LCLs immortal-
ized by mutant recombinant EBVs with a termination codon in
EBNA 3B. (A, B, and C) Ethidium bromide-stained PCR-amplified
fragments, shown by using primers which distinguish between type
1 and 2 EBNA 3A, 3B, and 3C genes, respectively (52). The EBNA
3A primers amplify a 237- or 276-bp fragment from type 2 or type 1
DNA, respectively. The EBNA 3B primers amplify a 218- or 183-bp
fragment from type 2 or type 1 DNA, respectively. The EBNA 3C
primers amplify a 179- or 158-bp fragment from type 2 or type 1
DNA, respectively. The location of these DNA fragments is shown
in Fig. 1. Lanes 1 and 2 are negative control amplifications with
primers only and EBV-negative BJA-B genomic DNA. Lanes 3 and
4 are positive control amplifications of P3HR-1 (type 2) and B95-8
(type 1) genomic DNA. Lanes 5 to 10 are amplifications of mutant
EBNA 3B (T1E3BT) LCL genomic DNA transformed by viruses
taken from P3HR-1 cells transfected with pSVNael Z plasmid,
EcoRI-A, and mutant EBNA 3B Sal/l-C DNAs. Size markers (base
pairs) of Rsal fragments of $X174 DNA are shown on the left.

frequency of recombination of wild-type EBNA 3B could
serve as a control for the expected frequency of derivation of
mutant EBNA 3B recombinants if EBNA 3B were to be
unimportant in B-lymphocyte infection or growth transfor-
mation. Of the LCLs infected with virus from transfections
with Sal/l-E/C DNA carrying the EBNA 3B stop codon
mutation, 12% were recombinant for the type 1 EBNA 3B
stop codon mutation (Table 1). Some of these were coin-
fected with parental nonrecombinant P3HR-1 virus, and
some were singly infected with virus containing the type 1
EBNA 3B stop codon mutation (Table 1 and Fig. 2). The
similar frequency of derivation of mutant and wild-type
EBNA 3B recombinants is consistent with the hypothesis
that EBNA 3B is nonessential to B-lymphocyte growth
transformation in vitro.

PCR was used to initially characterize the EBV genomes
in LCLs infected with EBNA 3B mutant recombinant virus
(Fig. 2 and 3). PCR with the type-specific EBNA 3B primers
resulted in amplification of a 218-bp fragment from type 2
P3HR-1 EBV DNA (Fig. 2B, lane 3) and a 183-bp fragment
from type 1 B95-8 EBV DNA (Fig. 2B, lane 4). For each of
the five recombinant EBNA 3B mutant-infected LCLs, only
a fragment the size of the type 1 EBNA 3B was amplified.
No larger type 2 EBNA 3B-sized fragment was amplified
(Fig. 2), indicating the absence of coinfecting P3HR-1 virus.
Although not apparent from these analyses, initial analysis
of early passages of the TIE3BT-10 and -37 LCLs demon-
strated amplification of type 2 DNA, indicating that these
LCLs were initially coinfected with wild-type P3HR-1 virus
(see below). The TIE3BT-10 LCL later had little or no type
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FIG. 3. (A) PCR analysis of the mutant EBNA 3B-infected LCLs
with primers which amplify a 254-bp fragment from DNA with the
mutated EBNA 3B Spel site or a 236-bp fragment from DNA with
the wild-type Spel site. Amplifications of the wild-type pPDVSECWT
(lane 1) or the EBNA 3B mutant pDVSECBT (lane 2) cosmid are
shown as controls. Amplifications from five TIE3BT LCLs are
shown in lanes 3 to 7. In all cases, the size of the amplified product
is the same as the pDVSECBT mutant cosmid PCR fragment,
demonstrating the insertion the Xbal-termination codon linker into
the EBV genome. (B) The PCR fragments shown in panel A were
digested with Xbal to confirm the presence of the linker. Digestion
of the 254-bp PCR fragments amplified from the pPDVSECBT cosmid
DNA or five TIE3BT LCL DNAs resulted in two smaller fragments
(lanes 2 to 7), while the 236-bp pDVSECWT PCR fragment was not
digested with Xbal (lane 1).

2 EBV DNA (Fig. 2). The loss of coinfecting P3HR-1 virus
over time has been observed in previous studies (7, 32, 33,
56, 58) and is consistent with the fact that the wild-type
P3HR-1 virus is nontransforming and therefore dispensable
for LCL growth (35, 38). The recombinant EBNA 3B-

infected LCLs were also analyzed with primers for the type-

1 or 2 EBNA 3A and 3C genes (Fig. 2A and C). Four type 1
EBNA 3B mutant recombinant-infected LCLs had type 1
EBNA 3A and 3C amplification products only (Fig. 2A and
C, lanes 5 to 9), indicating that the recombination in these
LCLs occurred 5' to EBNA 3A and 3’ to EBNA 3C.
Amplification of DNA from LCL T1E3BT-15 resulted in a
type 1 EBNA 3A fragment (Fig. 2A, lane 10) and a type 2
EBNA 3C fragment (Fig. 2C, lane 10), indicating that the
recombination occurred 5’ to EBNA 3A and between EBNA
3B and EBNA 3C. The EBNA 3 genotypes of these recom-
binants and the control LCLs are summarized in Table 2.

PCR amplification with oligonucleotide primers flanking
the stop codon linker insertion site revealed the expected
size fragments from wild type- and mutant-infected LCLs
(Fig. 3). Type 1 EBNA 3B DNA resulted in the amplification
of a 236-bp fragment (Fig. 3, lane 1), while Xbal linker
mutant EBNA 3B resulted in the amplification of a 254-bp
fragment due to an increase of 18 bp from the blunt-end
ligation of the 14-bp Xbal linker into the EBNA 3B site. The
larger size of the mutated fragment is reflected by its slower
migration (Fig. 3A, lane 2). PCR amplification of DNA from
the five LCLs with type 1 EBNA 3B resulted in the ampli-
fication of the larger 254-bp DNA fragment (Fig. 3A, lanes 3
to 7), consistent with the insertion of the Xbal linker in all
five recombinant EBNA 3B LCLs. This was confirmed by
digestion of the PCR-amplified fragments with Xbal, which
resulted in two smaller fragments (Fig. 3B, lanes 2 to 7). The
wild-type PCR-amplified fragment was not digested by Xbal
(Fig. 3B, lane 1).

The amplified linker insertion site DNAs from five recom-
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TABLE 2. Genotype and immunophenotype of
EBNA 3B recombinants

a Immuno- Coinfec-
Clone Genotype' phenotype® tion
Mutant EBNA 3B recom-
binant LCLs

T1E3BT-2 TI/T1/T1 T1/TYT1 No

T1E3BT-3 TI/TYT1 T1/TUT1 No

T1E3BT-6 T1/T1/T1 T1/TYT1 No

T1E3BT-10 T1-T2/T1-T2/ TUTUT1 Yes

T1-T2¢

T1E3BT-15 T1/T1/T2 T1/T1/T2 No

Type 1 EBNA 3 recom-
binant LCLs

T1E3-26 . T1/TV/T1-T2 T1/T1T1 No

T1E3-28 T1/T1/T2 T1/T1/T2 No

T1E3-35 T1/TYT1 T1/T1T1 No

T1E3-100G T1/T1/T2 T1/T1/T2 No
Type 2 EBNA 3 LCLs?

T2E3-3 T2/T2/T2 T2/T2/T2 NT<

T2E3-9 T2/T2/T2 T2/T2/T2 NT

T2E3-14 T2/T2/T2 T2/T2/T2 NT

T2E3-6H T2/T2/T2 T2/T2/T2 NT

2 Type 1 EBNA 3A/type 1 EBNA 3B/type 1 EBNA 3C.

® Did not test for type 2 EBNA 3 protein expression.

€ T1-T2 indicates the presence of type 1 and type 2 EBNA 3 genes.

4 LCLs taken from a previous study (58) which was performed in parallel
with this study and served as a baseline for EBNA 3B mutant analysis.

¢ NT, not tested.

binant mutant EBNA 3B virus-infected LCLs were se-
quenced to further confirm the persistence of the mutation in
the infected LCLs. The sequence of all five DNAs was
exactly that expected from the previously determined EBV
DNA sequence (2) and the methods used to construct the
mutation (data not shown).

Southern hybridization with an EBNA 3B-specific probe
confirmed that the mutant EBNA 3B was in the expected
context in the EBV genome, consistent with the expected
product of doubly reciprocal homologous recombination
between the transfected mutant Sal/l-C DNA and the
P3HR-1 EBV genome. DNAs from P3HR-1, B95-8, five
mutant EBNA 3B (T1E3BT) recombinant virus-infected
LCLs, one type 2 EBNA 3 recombinant virus-infected LCL
(T2E3-3), and one type 1 EBNA 3 recombinant virus-
infected LCL (T1E3-35) were digested with Bg/l and Xbal
and probed with 32P-labeled type 1 EBNA 3B cDNA. Figure
4A shows a schematic representation of the type 1 and 2
EBV genome around EBNA 3B, the EBNA 3B linker
insertion (Spel) site, and the relevant Bg/I and Xbal sites in
wild-type and mutant EBV DNA. Type 1 EBV has a 1.6-kb
fragment and a 1.4-kb fragment when digested with Bg/I and
Xbal and hybridized with an EBNA 3B cDNA probe (Fig.
4B, lanes 3 and 10). Type 2 EBV (P3HR-1) lacks a BglI site
at 96827 within the EBNA 3B open reading frame and
therefore generates a 3.0-kb fragment when digested with
Bgil and Xbal and hybridized with an EBNA 3B cDNA
probe (Fig. 4B, lanes 2 and 4). The faint 4.3-kb fragment seen
in the P3HR-1 DNA is due to weak hybridization of the
probe to the 4.3-kb BglI fragment to the right of the 3.0-kb
Bgll-Xbal fragment (Fig. 4A). In mutant EBNA 3B DNA,
the 1.4-kb fragment includes the Xbal linker at the Spel site
so that the 1.4-kb fragment should be cleaved into a 1.1- and
a 0.3-kb fragment. Genomic DNA from all five mutant
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FIG. 4. Southern hybridization of genomic DNA from mutant
EBNA 3B LCLs to demonstrate homologous recombination. Ge-
nomic DNA from representative LCLs was digested with Bg/I and
Xbal and probed with 3?P-radiolabeled B95-8 EBNA 3B open
reading frame cDNA. (A) Schematic representation of the type 1
and type 2 EBNA 3B region, indicating the EBNA 3B Spel site and
the expected BglI-Xbal fragments from type 2 P3HR-1 DNA, type 1
B95-8 DNA, and mutant type 1 EBNA 3B (T1E3BT) DNA. Type 2
DNA lacks a Bgll site within the EBNA 3B open reading frame
(96827) and has a different Bg/l fragment pattern compared with type
1 DNA when probed with an EBNA 3B cDNA probe. The type 1
1.4-kb fragment contains the EBNA 3B Spel site. Mutant EBNA 3B
DNA is digested by Xbal to generate 1.1- and 0.3-kb fragments. (B)
Southern blot hybridizations of representative LCLs. A negative
control digest of EBV-negative BJA-B genomic DNA is shown (lane
1). Digests of genomic DNA from P3HR-1 and B95-8 (lanes 2 and 3),
one wild-type type 2 EBNA 3 (T2E3-3) LCL (lane 4), one wild-type
type 1 recombinant (T1E3-35) LCL (lane 10), and five TIE3BT
LCLs (lanes 5 to 9) are shown. Size markers (kilobases) of HindIII
fragments of lambda DNA are shown on the left.

EBNA 3B LCLs (Fig. 4B, lanes 5 to 9) yielded fragments of
1.6 and 1.1 kb when digested with Bg/l and Xbal, demon-
strating the presence of the Xbal linker. The 3.0-kb fragment
characteristic of the type 2 parent DNA was absent from all
mutant EBNA 3B LCLs, consistent with replacement of the
P3HR-1 parent type 2 EBNA 3B by reciprocal homologous
recombination. The absence of the 3-kb fragment also con-
firms the PCR, which did not detect coinfecting parental
nontransforming P3HR-1 virus.

To detect more sensitively possible coinfecting P3HR-1
virus, we synthesized primers specific for type 2 EBNA 3C
and used them to detect type 2 EBNA 3C in the mutant
EBNA 3B LCLs. To assess the sensitivity of detection of
type 2 virus by these primers, we mixed a constant amount
of type 1 EBV DNA with fivefold dilutions of type 2 EBV.
Type 2 EBNA 3C sequences were detected to a sensitivity of
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1 part of type 2 EBV in 625 parts of type 1 EBV. Under these
conditions, no type 2 EBNA 3C DNA was amplified from
mutant EBNA 3B LCLs T1E3BT-2, -3, and -6. Type 2
EBNA 3C DNA was amplified in the coinfected mutant
EBNA 3B LCLs T1E3BT-10 and -37 and T1E3BT-15, which
has type 2 EBNA 3C (Fig. 2). The absence of the type 2
EBNA 3C PCR product in TIE3BT-2, -3, and -6, further
confirms the above PCR and Southern hybridization re-
sults—that these LCLs are free of coinfecting P3HR-1 virus
and are infected with only pure mutant EBNA 3B recombi-
nant virus.

Immunoblot analysis of the mutant EBNA 3B LCLs with
human EBV-immune serum specific for type 1 latent pro-
teins and purified EBNA 3B-specific human antibodies con-
firmed the absence of EBNA 3B and did not detect any
antigenically related cross-reactive proteins. Protein lysates
from representative LCLs were separated on 7% polyacryl-
amide gels, transferred to nitrocellulose membranes, and
incubated with a human immune serum and antibodies
affinity purified from the serum which specifically react with
type I EBV latent proteins (1, 41, 43, 58). Figure 5 shows
immunoblots of protein lysates from representative LCLs
reacted with the whole human type 1-specific immune serum
(Fig. 5A), affinity-purified EBNA 3B-specific antibodies
(Fig. 5B), and affinity-purified EBNA 3C-specific antibodies
(Fig. 5C). The type 1 specificity of the serum is shown by its
strong reactivity with the type 1 EBNA 3A, 3B, and 3C of
B95-8 (Fig. 5A, lane 3) and its absence of reactivity with the
type 2 EBNA 3A, 3B, and 3C of P3HR-1 (Fig. 5A, lane 2)
and T2E3-3 (Fig. 5A, lane 4). The specificity of the E3B-
specific antibodies is shown by their strong reactivity with
EBNA 3B expressed from the BJpZE3B-2 expression vector
(Fig. 5B, lane 12) and their nonreactivity with vector-
expressed EBNA 3A (Fig. 5B, lane 11) and EBNA 3C (Fig.
5B, lane 13). Similarly, the specificity of the EBNA 3C-
specific antibodies is shown by their strong reactivity with
the vector-expressed EBNA 3C (Fig. 5C, lane 13). No
proteins of any size were detected by the EBNA 3B-specific
antibodies in the protein lysates of the five mutant EBNA 3B
LCLs (Fig. 5B, lanes 5 to 9). EBNA 3B protein expression
was detected in B95-8 and T1E3-35 (Fig. 5B, lanes 3 and 10)
but not in P3HR-1 or T2E3-3 (Fig. 5B, lanes 2 and 4). As
expected, EBNA 3C could be detected in the mutant recom-
binant virus-infected LCLs with affinity-purified type 1
EBNA 3C-specific antibodies (Fig. 5C) (43). The type 1
EBNA 3C-specific antibodies detected type 1 EBNA 3C
protein in each of the mutant EBNA 3B LCLs except
T1E3BT-15, which by PCR contains type 2 EBNA 3C DNA.
These data demonstrate the absence of full-length or trun-
cated EBNA 3B in the mutant recombinant virus-infected
LCLs and the effectiveness of the linker insertion in termi-
nating EBNA 3B translation. These data indicate that EBNA
3B is not required by EBV for maintenance of B-lymphocyte
latent infection or growth transformation.

EBYV gene expression, episome maintenance, and growth of
LCLs infected with EBNA 3B mutant recombinant virus. The
absence of EBNA 3B protein expression in the mutant
recombinant virus-infected cell lines was not associated with
abnormal expression of other latent or lytic infection-asso-
ciated viral proteins. The mutant recombinant EBNA 3B-
infected LCLs expressed latent proteins EBNA 1, 2, LP,
3A, and 3C (Fig. 5A, lanes 5 to 9) at levels which were
indistinguishable from those of type 1 B95-8 or T1E3-35
recombinant virus-infected LCLs (Fig. 5A, lanes 3 and 10).
Similarly, no difference was seen in LMP 1 (Fig. 6A) or lytic
virus infection-associated protein (Fig. 6B) expression be-
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FIG. 5. EBNA protein expression in mutant EBNA 3B LCLs. Triplicate immunoblots were incubated with a 1/10 dilution of a human EBV
immune serum (1, 41, 43, 58) specific for type 1 latent proteins (A), a 1/10 dilution of EBNA 3B-specific antibodies (41) purified from the
immune serum (B), or a 1/10 dilution of EBNA 3C-specific antibodies (43) purified from the immune serum (C). Human immunoglobulin was
detected with radiolabeled '?°I-protein A. A negative control from the EBV-negative BJA-B is shown in lane 1. Protein lysates from P3HR-1
and B95-8 cells are shown in lanes 2 and 3. The antigen specificity of the purified EBNA 3B-specific antibody is shown by its strong reactivity
with EBNA 3B expressed from the BJpZE3B-2 expression vector and lack of reactivity with EBNA 3A (panel B, lane 11) or EBNA 3C (panel
B, lane 13). Similarly, the specificity of the EBNA 3C-specific antibody is shown by its specific reactivity to the vector-expressed EBNA 3C
(panel C, lane 13). Protein lysates from one T2E3 LCL (T2E3-3, lanes 4), one T1E3 LCL (T1E3-35, lanes 10), and five TIE3BT LCLs (lanes
5 to 9) are shown. Size markers (kilodaltons) of protein molecular mass standards are shown on the left of each gel.

tween the mutant EBNA 3B recombinant virus-infected
LCLs and control virus-infected LCLs.

The EBNA 3B mutation was not associated with a differ-
ence in EBV episome copy number in infected LCLs.
EBNA 3B mutant and T1E3 and T2E3 wild-type control
recombinant virus-infected LCLs were analyzed by South-
ern blot analysis of in situ cell-lysing gels (12) with a
32p_labeled EBV Sall-C probe to characterize the EBV
genome in these LCLs. DNAs from two mutant EBNA 3B-,
two T1E3-, and two T2E3-infected LCLs were analyzed.
The EBV DNA in all six LCLs was primarily episomal, with
various amounts of linear EBV DNA for each LCL. No
difference was observed between the mutant EBNA 3B
LCLs and the control LCLs in the EBV episome number
(data not shown).

Five EBV type 1 EBNA 3B mutant recombinant virus-
infected LCLs did not differ from six type 1 EBNA 3B or
from six type 2 wild-type control recombinant virus-infected
LCLs derived in parallel in the time to initial outgrowth,
growth rate, saturation density, or outgrowth from cultures
seeded at 600 cells per well.

Replication and infection of primary B lymphocytes with
mutant EBNA 3B recombinant virus. Since the EBNA 3B
recombinant virus-infected LCLs had been infected with
virus from transfected P3HR-1 cells, they could have been
initially coinfected with P3HR-1 virus which could have
initially supplied wild-type EBNA 3B in trans. Thus, al-
though the absence of P3HR-1 from the recombinant virus-
infected LCLs indicates that EBNA 3B is not essential for
the maintenance of growth transformation, EBNA 3B could
be essential for the initiation of growth transformation. To
exclude this unlikely possibility, lytic infection was activated
in LCLs which contained only type 1 mutant or wild-type
recombinant EBV, and the LCLs were cocultured with
primary human B lymphocytes. The resultant mutant or
wild-type recombinant virus-infected progeny LCLs grew
out equally rapidly. The mutant EBNA 3B viruses did not
differ from type 1 or type 2 wild-type EBNA 3 recombinant

viruses passaged in parallel in their ability to infect and
growth transform primary B lymphocytes. Three mutant
EBNA 3B virus-infected LCLs derived from two different
parental mutant EBNA 3B virus isolates as well as control
recombinant virus-infected LCLs were expanded. PCR am-
plification of EBNA 3B DNA with the E3B-Spe primers
flanking the codon linker insertion site resulted in the ex-
pected 254-bp DNA fragment from the mutant virus-infected
LCLs (Fig. 7A, lanes 5 to 7 and 9 to 11). Digestion of the
254-bp DNA fragment with Xbal resulted resulted in two
smaller fragments, indicating the persistence of the Xbal
linker at this site in the mutant EBNA 3B virus genome in
the infected LCLs (Fig. 7B, lanes 5 to 7 and 9 to 11).
Amplification of DNA from control wild-type recombinant
virus-infected LCLs resulted in a smaller fragment (Fig. 7A,
lanes 3 and 12) which was not digested by Xbal (Fig. 7B,
lanes 3 and 12). PCR analysis of the progeny virus-infected
LCLs with the type-specific EBNA 3A, 3B, or 3C primers
demonstrated that the progeny LCLs were infected with the
same virus as their parent LCL (Fig. 8C to E). In addition,
progeny clones TIE3BT-3F, TIE3BT-3C, T1IE3BT-15A, and
T1E3BT-15C were reactivated by transfection with pSV-
Nael Z, and filtered (0.45-wm pore size) culture supernatants
were used to establish tertiary clones under conditions of
limiting dilution. Progeny mutant EBNA 3B LCLs did not
differ from progeny control recombinant LCLs in time to
outgrowth. PCR analysis of the clones from tertiary passage
of pure mutant EBNA 3B recombinant virus again demon-
strated the persistence of the Xbal linker in the Spel site in
the EBNA 3B gene (data not shown). Tertiary passage of the
mutant EBNA 3B virus further excludes the possibility of
coinfection by wild-type P3HR-1 and ensures passage of
pure mutant EBNA 3B virus. The ability of pure EBNA 3B
mutant recombinant virus to infect and growth transform
primary B lymphocytes confirms that EBNA 3B is nones-
sential for initiation or maintenance of transformation.
Immunoblot analysis of the progeny mutant EBNA 3B-
infected LCLs demonstrated the absence of EBNA 3B and
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FIG. 6. LMP 1 and lytic protein expression in mutant EBNA 3B
LCLs. (A) LMP 1 expression was examined by incubation with S12
anti-LMP 1 monoclonal antibody (31), a rabbit anti-mouse second-
ary antibody, and '*I-protein A. LMP 1 and the lytic cycle product
of the LMP 1 gene, DILMP 1, are indicated. Both are expressed in
B95-8 cells. EBV infection in recombinant LCLs, unlike B95-8, is
primarily latent, and D1ILMP 1 is not detected. Protein lysates from
the EBV-negative BJA-B (lane 1), P3HR-1 (lane 2), B95-8 (lane 3),
one T2E3 (lane 4), and one T1E3 (lane 10) control LCLs and six
T1E3BT LCLs are shown. (B) Lytic antigen expression was exam-
ined by incubation with a 1/100 dilution of serum from a patient with
chronic mononucleosis. Human immunoglobulin was detected with
radiolabeled '*’I-protein A. The location of the major 40- to 60-kDa
early antigen (EA) group is shown on the right. A protein lysate from
EBV-negative BJA-B cells is shown in lane 1. Protein lysates from
P3HR-1 (lane 2), B95-8 (lane 3), two T2E3 (lanes 11 and 12), three
T1E3 (lanes 8 to 10), and four T1E3BT (lanes 4 to 7) LCLs are
shown. Size markers (kilodaltons) are indicated on the left.

of EBNA 3B cross-reactive protein. Protein lysates from the
T1E3BT-3 and T1E3BT-15 progeny LCLs were analyzed
with the EBV type 1-specific inmune human serum, and no
EBNA 3B protein was detected in the mutant virus-infected
LCLs (data not shown). The expression of other EBNA
proteins, lytic proteins, and LMP 1 protein in these LCLs
was indistinguishable from expression in the type 1 and 2
EBNA 3B control recombinant virus-infected LCLs (data
not shown).

DISCUSSION

These studies yield the surprising result that EBNA 3B is
not critical for EBV latent infection, cell growth transforma-
tion, or lytic virus replication in B lymphocytes in vitro. The
conclusion is based on a stop codon mutation after codon
109 of EBNA 3B. The stop codon is in the appropriate
context in the recombinant EBV genomes. The infected cells
do not contain any wild-type EBNA 3B genes. The mutant
recombinant EBVs could be freely passaged without any
possible contamination with virus carrying a wild-type
EBNA 3B gene. The frequency of isolation of the EBNA 3B
stop codon recombinant genomes was as high as would be
expected for an indifferent mutation excluding the possibility
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FIG. 7. PCR analysis of the EBNA 3B genes in LCLs derived by
passage of mutant EBNA 3B EBV recombinants. Parental clones
T1E3BT-3 and -15 were transfected with pSVNael Z to induce virus
replication, lethally irradiated (8,800 rads), and cocultured with
human B cells. Transformed lymphocytes were visible 2 to 4 weeks
after plating, similar to the outgrowth of T2E3 and T1E3 progeny
clones. (A) The PCR-amplified Spel-site DNAs from three progeny
mutant virus-infected LCLs (lanes 5 to 7) derived from the
T1E3BT-3 parent LCL (lane 4), three progeny mutant virus-infected
LCLs (lanes 9 to 11) derived from the TIE3BT-15 parent LCL (lane
8), one T1E3 progeny virus-infected LCL (T1E3-100G, lane 12), and
one T2E3 progeny virus-infected LCL (T2E3-6H lane 3) amplified
with the EBNA 3B-Spe primers are shown. (B) These PCR-ampli-
fied DNAs were digested with Xbal. Size markers (base pairs) of
Rsal fragments of $X174 DNA are shown on the left.

of second-site reversion (58). Investigations of the possible
effects of the mutation on latent and lytic EBV gene expres-
sion, on EBV episome copy number, on initiation or main-
tenance of cell growth transformation, on the sensitivity of
transformed L.CLs to growth at limiting dilution, and on
LCL growth rate were all negative. Three issues then require
consideration: Is the stop codon mutation effective in inter-
rupting EBNA 3B expression? What then is the likely
function of EBNA 3B? What are the implications for the role
of EBNA 3A and 3C?

The stop codon mutation used in these experiments inter-
rupts EBNA 3B expression but would permit expression of
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FIG. 8. Type-specific PCR analysis of EBNA 3A (A), EBNA 3B
(B), or EBNA 3C (C) genes in progeny LCLs infected with the
mutant EBNA 3B, T1E3, or T2E3 recombinant EBVs. The PCR
analysis of three progeny mutant virus-infected LCLs (lanes 5 to 7)
derived from the T1E3BT-3 parent LCL (lane 4) and of three
progeny mutant virus-infected LCLs (lanes 9 to 11) derived from the
T1E3BT-15 parent LCL (lane 8) is shown. Also shown is the PCR
analysis of a T1E3 progeny virus-infected LCL (T1E3-100G, lane
12) and a T2E3 progeny virus-infected LCL (T2E3-6H, lane 3).
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109 of the 119 codons of the first EBNA 3B exon. The
resultant 109-residue polypeptide would contain 24 acidic
residues and lack a nuclear localization signal. Thus, it
would not be expected to fulfill putative nuclear functions of
EBNA 3B. Since we have no antiserum to this part of EBNA
3B, we cannot determine whether it accumulates in the
mutant recombinant virus-infected cells. The next down-
stream potential strong translational reinitiation site in
EBNA 3B which has the requisite A or G at the —3 position
(27, 29) is 313 bases into exon 2 and out of frame. Five other
out-of-frame potential strong translational initiation sites
occur before the first in-frame potential initiation site with an
A or G at —3. This later site is 666 bases into exon 2 and
would result in the translation of the carboxyl-terminal 573
amino acids of EBNA 3B. Reinitiation at this site would be
after translation of a 109-amino-acid protein fragment, after
reading through several weak initiation sites (no A or C at
the —3 position), after initiation at any of several strong
out-of-frame sites, and after termination before the putative
strong in-frame initiation site. Reinitiation of translation at
this site is likely to be inefficient, in part because of the
translation of the 109-codon open reading frame and in part
because of the distance between the 109-codon open reading
frame and the next strong initiation site (13, 28, 29, 62).
Moreover, 487 of the putative 593 residues of the anticipated
open reading frame downstream of the site at 666 in exon 2
would be part of the fusion protein used to purify EBNA
3B-reactive antibody from human sera (41), and no cross-
reactive protein was detected in mutant recombinant virus-
infected cells. EBV-infected cells contain few copies of the
EBNA 3 RNAs (51), and alternative splice donor or acceptor
sites are not evident in nuclease protection experiments (23).
Thus, the stop codon mutation is highly likely to be a null
mutation for EBNA 3B expression.

The implications of this study for the role of EBNA 3B,
3A, or 3C in EBV infection are more difficult to assess. The
EBNA 3s are likely to be important in EBV infection in vivo.
These genes encode more than half of the translated open
reading frames in latently infected, growth-transformed lym-
phocytes (for reviews, see references 24 and 25). EBNA 3A,
3B, and 3C are likely to be expressed in vivo since they are
recognized by EBV-immune cytotoxic T lymphocytes (S, 6,
39a, 40, 40a). The persistence of these genes in the EBV
genome in the face of the negative selective pressure of
cytotoxic T lymphocytes also indicates that they play an
important role in EBV infection. Further, in a previous study
of recombinants between the Raji EBV genome and the
P3HR-1 EBV genome, the transforming recombinants had
the BamHI E fragment from P3HR-1 (55). Since the Raji
EBV genome has an unusual deletion in BamHI-E which
includes the EBNA 3C-coding region (44), these data suggest
that EBNA 3C is critical for latent growth-transforming
infection in vitro. Moreover, expression of EBNA 3C by
single-gene transfer was associated with increased CD21
expression in the BJA-B B-lymphoma cell line, suggesting
that EBNA 3C transinduces cell gene expression (61). Thus,
the EBNA 3s are likely to be transactivators of B-lympho-
cyte genes and important for infected cell survival or prolif-
eration.

Despite this evidence that the EBNA 3s are important in
EBYV infection, EBNA 3B may only be critical for latent
growth-transforming infection in vivo, while EBNA 3A or
3C may be critical for latent, growth-transforming infection
in vivo and in vitro. EBNA 3B was not expressed in one
EBV-transformed LCL which has been extensively pas-
saged in vitro, while EBNA 3A and 3C are uniformly
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expressed in such cells (19, 41, 43). Despite the similarities
noted above, there is little precise amino acid sequence
conservation among the EBNA 3 genes. Ongoing analyses of
the results of transfections of P3HR-1 cells with cosmid
constructs carrying stop codon mutations in the EBNA 3A
or 3C genes are consistent with these genes being essential
for latent growth-transforming B-lymphocyte infection in
vitro.
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