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The lytic cycle-associated lytic latent membrane protein-1 (lyLMP-1) of Epstein-Barr virus (EBV) is an
amino-terminally truncated form of the oncogenic LMP-1. Although lyLMP-1 shares none of LMP-1’s trans-
forming and signal transducing activities, we recently reported that lyLMP-1 can negatively regulate LMP-1-
stimulated NF-�B activation. The lyLMP-1 protein encoded by the B95-8 strain of EBV initiates from methi-
onine 129 (Met129) of the LMP-1 open reading frame (ORF). The recent report that Met129 in the B95-8
LMP-1 ORF is not conserved in the Akata strain of EBV prompted us to screen a panel of EBV-positive cell
lines for conservation of Met129 and lyLMP-1 expression. We found that 15 out of 16 tumor-associated virus
isolates sequenced encoded an ATT or ACC codon in place of ATG in the LMP-1 ORF at position 129, and
tumor cell lines harboring isolates lacking an ATG at codon 129 did not express the lyLMP-1 protein. In
contrast, we found that EBV DNA from 22 out of 37 healthy seropositive donors retained the Met129 codon.
Finally, the lyLMP-1 initiator occurs variably within distinct EBV strains and its presence cannot be predicted
by EBV strain identity. Thus, Met129 is not peculiar to the B95-8 strain of EBV, but rather can be found in the
background of several evolutionarily distinct EBV strains. Its absence from EBV isolates from tumors raises
the possibility of selective pressure on Met129 in EBV-dependent tumors.

Epstein-Barr virus (EBV) is a human herpesvirus well
known for its causative role in infectious mononucleosis (IM).
EBV is associated with a number of malignancies, including
endemic Burkitt’s lymphoma (BL) (20), nasopharyngeal carci-
noma (NPC) (10), and Hodgkin’s disease (40). Immunocom-
promised individuals, such as transplant recipients and AIDS
patients, are at high risk for development of EBV-dependent
lymphoproliferative diseases and malignancies.

EBV is a latent virus, persists for the lifetime of the host, and
rarely enters the lytic phase of its life cycle. Viral gene expres-
sion in latently infected B cells is restricted to �10 out of 100
open reading frames (ORFs) (reviewed in reference 46). Of
the 10 expressed viral proteins, 5 are required for B-cell im-
mortalization by EBV in vitro (reviewed in reference 42). Stud-
ies of transformed cells in vitro indicate that approximately 1 in
103 to 1 in 106 latently infected B cells per generation sponta-
neously enters the lytic cycle, during which virion production
and release are accompanied by cell death (45, 54). Very little
is known about EBV reactivation in vivo. Lytic cycle entry in
EBV-immortalized B cells can be stimulated in vitro by super-
infection with P3HR1 virus (5) or by manipulation of cell
signaling pathways by chemical or immunoglobulin treatment
(47, 53).

Our research is focused on the role of two related, yet
differentially expressed, viral membrane proteins in EBV’s life

cycle. Latent membrane protein-1 (LMP-1) is expressed during
the latent phase of EBV’s life cycle, functions as EBV’s trans-
forming protein, and is indispensable for B-cell immortaliza-
tion in vitro (42). LMP-1 is localized in patches in the plasma
membrane where it is associated with the cytoskeleton (re-
viewed in reference 28). The large cytoplasmic carboxy termi-
nus of LMP-1 is critical for immortalization of primary B cells
by EBV, TRAF binding, and activation of cellular signaling
pathways (reviewed in references 12 and 15).

A late lytic cycle promoter within the LMP-1 gene activates
expression of a gene product whose translation is predicted to
initiate at the 129th codon (ATG) of the B95-8 LMP-1 ORF
(Fig. 1) (25). This truncated LMP-1 protein is called lyLMP-1
(also known as D1LMP-1, or trLMP-1) because of its associ-
ation with EBV’s lytic cycle (3, 13). The lyLMP-1 protein is
associated with extracellular EBV virions and is detectable in
EBV-infected cells within minutes after infection, independent
of protein synthesis (13). Although lyLMP-1 encodes the car-
boxy-terminal signaling domain of LMP-1, it shares none of
LMP-1’s identified transforming or signaling activities, nor
does it localize with LMP-1 or share its biochemical properties
(3, 18, 26, 35, 38, 39, 51, 52). To date the only identified
biological activity of lyLMP-1 is its ability to negatively regu-
late LMP-1 signaling (14). The recent report that LMP-1’s
activation of NF-�B prevents lytic cycle activation (1), together
with our findings that lyLMP-1 negatively regulates LMP-1 sig-
naling and is associated with extracellular EBV virions, strong-
ly support a role for lyLMP-1 in progression of EBV’s lytic
cycle.

The EBV prototype strain, B95-8, originating from a patient
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with IM, encodes a methionine codon (ATG) at position 129 in
the LMP-1 ORF which is predicted to function as lyLMP-1’s
initiating methionine (2, 25). The lyLMP-1 promoter, tran-
script, and protein were initially characterized in B95-8 cells
(16, 25). B95-8 cells are distinct from EBV-positive tumor cell
lines in that they are an in vitro-immortalized lymphoblastoid
cell line (not tumor derived) and are permissive for virus rep-
lication and release. B95-8 cells can be induced by treatment
with phorbol 12-tetradecanoate 13-acetate (TPA) and butyrate
to enter the lytic cycle with concomitant upregulation of
lyLMP-1 mRNA and protein (3, 13, 25). Induced B95-8 cells
produce and release infectious virus. Lytic cycle induction in
EBV-positive Akata cells results in the upregulation of
lyLMP-1 mRNA but, unlike induced B95-8 cells, the lyLMP-1
protein is undetectable (48). However, high levels of full-
length LMP-1 and variable levels of LMP-1 degradation prod-
ucts, some of which migrate with an apparent molecular weight
similar to that of lyLMP-1, are detected in induced Akata cells.
Nucleotide sequence analysis of the Akata virus LMP-1 ORF
reveals an ATT codon in the position of Met129 of the B95-8
strain, resulting in an amino acid change to isoleucine (48).
This report raised the question that Met129, and therefore the
lyLMP-1 ORF, is peculiar to the B95-8 laboratory-adapted
strain of EBV, is found only in EBV strains found in permissive
cell lines, or is not conserved in EBV isolates from tumors.

Here we report a series of experiments designed to test
whether Met129 functions as the lyLMP-1 initiator and if
Met129 is unique to the B95-8 strain of EBV. We found that
Met129 does serve as the lyLMP-1 initiator and thus specifies
the lyLMP-1 ORF. Further, we found that Met129 is not
unique to the laboratory-adapted B95-8 strain of EBV and is
not conserved in isolates from tumor cell lines or biopsies.
Finally, Met129 occurs variably in distinct strains of EBV and,
thus, its presence cannot be predicted by strain identity.

Met129 functions as the initiator for lyLMP-1 protein. To
ensure that codon 129 encodes the initiating methionine for
the lyLMP-1 protein, we translated lyLMP-1 in vitro using
pcDNA3-based plasmids encoding the lyLMP-1 ORF with or
without its initiating methionine. lyLMP-1 was transcribed and
translated in a reticulocyte lysate in the presence of pancreatic
microsomes (Promega) from a pcDNA3-based lyLMP-1 ex-
pression vector encoding the lyLMP-1 transcript (14). The
ATG codon corresponding to Met129 of LMP-1 was mutated
to GCG by site-directed mutagenesis. Translated products

were resolved by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), analyzed by Western blotting
using affinity-purified anti-LMP-1 antiserum, and visualized by
ECL (Amersham) as described previously (14). We found that
substitution of ATG at codon 129 with GCG, resulting in an
amino acid change from methionine to alanine, inhibited trans-
lation of lyLMP-1 protein (Fig. 2). The essential role of this
methionine residue in lyLMP-1 translation (Fig. 2) and the
observation that Met129 is not encoded by Akata virus (48)
prompted us to screen a panel of EBV isolates and EBV DNA
from clinical specimens, with the goal of determining whether
Met129 is restricted to the B95-8 strain of EBV.

Tumor virus isolates do not encode Met129. We screened a
panel of EBV-positive tumor cell lines to determine if EBV
strains other than B95-8 encode Met129. These EBV-positive
tumor cell lines differ from the in vitro-immortalized marmoset
lymphoblastoid cell line B95-8 in that they were derived from
BL tumor biopsies. EBV DNA was isolated from tumor cell
lines and the region encompassing the Met129 codon was
amplified by PCR with primer set a (Fig. 1; Table 1). Sequence
analysis was performed simultaneously on viral DNA isolated

FIG. 1. Schematic of the BNLF-1 region of EBV encoding the LMP-1 and lyLMP-1 ORFs. Leftward arrows indicate the position of the EDL1
(LMP-1) and EDL1A (lyLMP-1) promoters; open rectangles represent the three exons of LMP-1 and are numbered accordingly; the triangle below
exon 3 shows the position of codon 129. Numbers (169,474 and 168,160) correspond to B95-8 genome coordinates. Horizontal arrows show
positions of the PCR primers used and are summarized in Table 1.

FIG. 2. Met129 is required for lyLMP-1 translation. The lyLMP-1
ORF was expressed in vitro from the T7 promoter in pcDNA3-based
expression plasmids encoding Met129 (�ATG) or Ala129 (-ATG).
Translated products were resolved by SDS-PAGE and analyzed by
Western blotting using affinity-purified anti-LMP-1 rabbit antiserum
recognizing LMP-1’s carboxy terminus (14) followed by anti-rabbit–
horseradish peroxidase–conjugated secondary antibody. lyLMP-1 was
visualized by ECL (Amersham).
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from B95-8 (2), Raji (19), and Akata (48) cells to confirm the
high fidelity of the DNA polymerase (Bio-X-Act) used in the
PCR amplification (Fig. 3).

Sequence analysis revealed that EBV isolates from three of
four tumor lines (BL74, Elijah, and Jijoye) did not encode the
lyLMP-1 ORF (Fig. 3). Elijah and Jijoye virus encoded a G-
to-T substitution in Met129, resulting in an amino acid change
to isoleucine. BL74 virus encoded ACC in place of ATG at
codon 129, resulting in an amino acid change from methionine
to threonine. LMP-1 protein expression in these Met129-neg-
ative cell lines was assessed to determine if, as in Akata cells,
a “lyLMP-1-like” LMP-1 proteolytic fragment was detectable
after treatment with TPA and butyrate. We found that none of
these cell lines expressed lyLMP-1, or LMP-1 cleavage prod-
ucts comigrating with lyLMP-1, following treatment with TPA
and butyrate (Fig. 4), nor did they enter the lytic cycle as
assessed by immunofluorescence staining with anti-gp350 an-
tibody (gift of L. Hutt-Fletcher) (data not shown). The BL74
cell line expressed the early antigen complex but not late viral
antigens following TPA and butyrate treatment, suggesting
that it may enter an abortive lytic cycle as has been shown for
Raji cells (19). EBV from HH514 BL cells was found to encode
Met129 and to express lyLMP-1 protein following TPA and
butyrate treatment (Fig. 3 and 4). Interestingly, HH514 cells,
like B95-8 cells, are permissive for lytic replication and thus
differ in this regard from the other tightly latent BL lines
sequenced (53) (data not shown). Consistent with these results,
a literature search revealed that LMP-1 sequences from addi-
tional tumor-associated EBV strains, either from tumor cell
lines, NPC xenografts, or primary NPC biopsies, have a G-to-
T substitution at codon 129 (Fig. 3) (reference 17 and refer-
ences shown in Fig. 3) and thus do not encode the lyLMP-1
ORF.

Met129 is found in EBV DNA from healthy individuals. The
association of specific LMP-1 sequences with disease has been
extensively studied. Some studies reveal no relationship be-
tween specific EBV strains and disease (11, 27, 50), whereas
others have shown that sequence variation in LMP-1 (com-
pared to the B95-8 reference strain) is associated with more
oncogenic phenotypes (21–24, 29–31, 44, 49). Thus, the ATG-
to-ATT/ACC substitution in the LMP-1 gene in tumor-associ-

ated strains may not be representative of virus found in healthy
individuals. Therefore, we determined if Met129 was con-
served in EBV DNA from healthy seropositive donors.
Genomic DNA was prepared from hyperplastic tonsils of 37
EBV-seropositive children from Switzerland and amplified us-
ing primer set b (Fig. 1; Table 1).

The region of the LMP-1 sequence corresponding to nucle-
otides 168,966 to 168,830 of B95-8 is shown in Fig. 5. Strikingly,
unlike the sequence in tumor-associated virus strains, Met129
was conserved in EBV DNA from 22 of 37 (60%) healthy
seropositive donors (Fig. 5). Thus, the lyLMP-1 ORF is not
peculiar to laboratory-adapted B95-8 virus from B95-8 cells,
but rather is well represented in vivo in viral DNA isolated
from healthy donors. We observed a difference in the incidence
of Met129 in tumor-associated isolates (1 of 16) compared to
that in EBV DNA from healthy donors (22 of 37). These
results suggest a negative correlation between the conservation
of the lyLMP-1 ORF and the association of these EBV strains
with human tumors. Alternatively, the Met129-positive healthy
donors reported in Fig. 5 could be infected with B95-8-like
strains, with the prevalence of Met129 simply reflecting the
prevalence of B95-8-like EBV strains infecting this population.

The presence of Met129 cannot be predicted by strain iden-
tity. Naturally occurring EBV genotypes can be defined as
strains based on evolutionarily stable patterns of sequence
variation in the carboxy-terminal sequences of the LMP-1 gene
(50). To determine if the occurrence of Met129 in vivo is
associated with a particular strain of EBV (i.e., B95-8), we
identified 23 clinical specimens (EBV-infected, healthy, and
diseased clinical specimens), each infected with a single EBV
strain as determined by PCR amplification, cloning, and se-
quencing of the LMP-1 gene carboxy terminus (50). All spec-
imens were from different donors, with the exception of num-
bers 26 and 28, which came from the same donor. As detailed
in the fourth column in Table 2 (sample source), numbered
specimens originated from the following donors: eight from
healthy donors, one from an individual with IM, five from
human immunodeficiency virus-positive (HIV�) individuals
without disease pathology, six from HIV� individuals with
hairy leukoplakia (HLP), two from individuals with AIDS lym-
phoma, and one from an individual with posttransplant lym-

TABLE 1. PCR primers

Source of amplified DNA (primer set) Sequence B95-8 coordinates

Tumor virus isolates
(a) Sense 5�CCCTAGGCCTTGCTCTCC3� 169,404–169,387

Antisense 5�AATCGCCAGAAACAGGAGGAG3� 168,781–168,801

EBV DNA from healthy donorsa

(b) Sense 5�ATGGAACACGACCTTGAGAGG3 169,474–169,454
Antisense 5�ATCATTTCCAGCAGAGTCGCT3� 168,370–168,390

(c) Sense 5�AGACCTTCTCTGTCCACTTGG3� 169,253–169,233
Antisense 5�AGAATCATCGGTAGCTTGTTG3� 168,689–168,708

EBV DNA from clinical specimens
(d) Sense 5�TGGAACACGACCTTGAGAGG3� 169,473–169,455

Antisense 5�CATCATTTCCAGCAGAGTCG3� 168,369–168,388
(e) Sense 5�TCCACTTGGAGCCCTTTGTA3� 169,241–169,222

Antisense 5�ATGGCCAGAATCATCGGTAG3� 168,682–168,701

a These primers have been described previously (32).
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phoproliferative disorder. We then sequenced the LMP-1
Met129 region of EBV LMP-1 DNA from each of these 23
clinical specimens containing single EBV strains. This ap-
proach ensured that our analysis and interpretation of the
Met129 sequences would not be complicated by a mixed pop-
ulation of EBV strains in the genomic DNA used for amplifi-
cation of Met129.

Total genomic DNA was prepared from clinical specimens
as described by Walling et al. (50). Between 0.1 and 0.5 �g of
DNA was amplified using primers from the carboxy terminus
of the LMP-1 gene (50). PCR products were cloned, and at

least 8 to 10 clones from each specimen were sequenced to
determine the EBV strain(s) present in the tissue, as described
by Walling et al. (50). Between 0.1 and 2.5 �g of DNA was
amplified using a DNA Engine PTC-200 (MJ Research) by
nested PCR using primer pairs d and e (Fig. 1; Table 1). DNA
was amplified with PfuTurbo Hotstart DNA polymerase (Strat-
agene) using the following conditions: 1 cycle of 94°C for 4
min; 30 cycles of 94°C for 15 s, 54°C for 30 s, and 72°C for 1
min; and 1 cycle of 72°C for 5 min. PCR products were visu-
alized by ethidium staining, tailed with Taq polymerase (In-
vitrogen), and cloned into a PCR cloning vector (pCR-TOPO-

FIG. 3. LMP-1 sequence flanking Met129 codon from tumor virus isolates. A region of the LMP-1 ORF was amplified by PCR from genomic
DNA isolated from EBV-positive tumor cell lines (HH514, BL74, Jijoye, and Elijah) using primer set a (Fig. 1; Table 1). A portion of the sequence
obtained from the PCR products is shown and corresponds to EBV coordinates 168,971 to 168,835 of B95-8 virus. LMP-1’s 129th codon (lyLMP-1’s
initiating methionine) is shown in boldface, as are mutations of the ATG codon. Numbers (119 to 164) above the B95-8 sequence indicate the
codon numbers of the LMP-1 ORF; shaded areas represent LMP-1’s fourth and fifth transmembrane domains. Base substitutions and deletions
(-) (relative to B95-8 reference strain) are shown and dots represent identity. HH514 cells are derived from the P3HR1 clone of the Jijoye BL cell
line (41) and are permissive for virus replication; B95-8 cells are an EBV-positive marmoset lymphoblastoid cell line transformed in vitro by EBV
(36). BL74, Jijoye, Elijah, Akata, Raji, and AG876 are virus isolates from BL cell lines; CAO, C15, and Xeno-2117 are virus isolates from NPC
xenografts; NPC3, NPC6, NPC10, and NPC30 are virus isolates from primary NPC biopsies; NPC1510 is a phage clone isolated from NPC biopsy
no. 122 (published sequences are cited in the figure). EBV DNA was isolated from 107 cells resuspended in TE buffer (10 mM Tris [pH 8.0], 1
mM EDTA) at 4 � 107 cells/ml plus 10 volumes of lysis buffer (10 mM Tris [pH 8.0], 100 mM EDTA, 20 �g of pancreatic RNase/ml, 0.5% SDS)
and incubated at 37°C for 1.5 h. Proteinase K was added to the lysate at a final concentration of 100 �g/ml and the mixture was incubated at 50°C
for 4 h. The lysate was phenol extracted and DNA was precipitated and resuspended in TE buffer at 100 ng/�l. The region encompassing the
Met129 codon was amplified by PCR with primer set a (Fig. 1; Table 1) using a DNA Engine PTC-200 (MJ Research) under the following
conditions: 1 cycle of 94°C for 4 min; 35 cycles of 94°C for 15 s, 59.3°C for 30 s, 72°C for 30 s; 1 cycle of 72°C for 5 min. PCR-amplified products
were resolved by agarose gel electrophoresis, excised from the gel, and purified using a QIAquick gel extraction kit (Qiagen). Purified products
were sequenced by automated cycle sequencing using the antisense primer of primer set a (Fig. 1; Table 1).
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II; Invitrogen). Inserts were sequenced by automated cycle
sequencing using either SP6 or T7 primers.

Results from the clinical specimens, along with selected tu-
mor isolates, are shown in Table 2. Met129 was found in
clinical specimens harboring the B958a-B958 strain (the strain
from the B95-8 cell line) and in specimens with the closely
related substrain B958b-F2. Interestingly, Jijoye BL cells har-
bored the closely related substrain B958a-F2, but were Met129
negative (Table 2). Strain 1-G from specimen 28 was Met129
positive, whereas Raji cells (also strain 1-G) were Met129
negative (Table 2). B958a-B958 and 1-G strains share the re-
peat insertion in LMP-1’s carboxy terminus, amino acids 276 to
280, and are evolutionarily closely related (50). These results
suggest that Met129 does not always correlate with the B958 or
1-G strain identities.

Strains 2, 3, 4, and 5 are evolutionarily related and distinct
from B958 and strain 1 (50). Strains 2a-F1 and 3c-D were
variably associated with Met129. Two clinical specimens (num-
bers 6 and 18) in this group were Met129 positive and one
was Met129 negative (number 2). The single sample harboring
strain 3c-C (number 20) was Met129 positive. Akata, CAO,
NPC3, NPC6, Xeno-2117, and NPC10 were strain 2a-F1 (all
Met129 negative). AG876 was strain 2a-C (Met129 negative).
C15 was strain 2c-C (Met129 negative), and NPC1510 was
strain 2b-F1 (Met129 negative). Thus, it is not possible to
predict the presence of Met129 within this evolutionarily re-
lated group of EBV strains.

Strains 7, 8, and 9 are the third major evolutionary group
and the most evolutionarily distant from the B958 and 1-G
group (50). The single clinical sample from this group (number
14), strain 8-F3, was Met129 positive. NPC30 harbored strain
7-H and was Met129 negative. These results again demonstrate
that Met129 cannot be predicted by strain identity within this
closely related group of EBV strains.

The two peripheral blood mononuclear cell (PBMC) speci-
mens from healthy individuals, four of six healthy saliva spec-
imens, and the single saliva specimen from an IM patient were
Met129 positive. The HIV� PBMC specimen was Met129 pos-
itive, as were the four HIV� normal tongue specimens. Inter-
estingly, four of six strains from HIV� HLP specimens harbor-
ing lytic EBV infection were Met129 negative. Of the three

immunodeficiency-associated lymphoma samples, two were
Met129 positive and one was Met129 negative. None of these
three lymphomas harbored lytic EBV infection (data not shown).

The lyLMP-1 promoter, pED-L1A, is conserved in samples
lacking Met129. Sequences from a number of samples repre-
sented in Fig. 3 and Table 2 were examined for the presence of
the lyLMP-1 promoter pED-L1A. The lyLMP-1 transcript and
the cap site and TATA box (TATTACA) comprising the ED-
L1A promoter have been mapped in B95-8 cells (25). Inter-
estingly, in all cases shown in Fig. 3 and Table 2 for which the
nucleotide sequence, rather than amino acid sequence, is avail-
able (all our clinical samples and many of the published se-
quences [i.e., Akata, Raji, NPC1510, and CAO]), both Met129
positive and Met129 negative, the TATTACA sequence (B95-
8 coordinates 169,201 to 169,195, within the first intron of the
LMP-1 gene) in the ED-L1A promoter is conserved (data not
shown). Thus, mutation of the lyLMP-1 initiator in Met129-
negative cases occurred independently of the lyLMP-1 pro-
moter, suggesting that the lyLMP-1 transcript is, or can be, ex-
pressed. This has been shown to be true for Akata BL cells,
which lack Met129 but nonetheless express the lyLMP-1 tran-
script (48).

Variations in LMP-1’s carboxy terminus (including 30- and
69-bp deletions) and the loss of the XhoI site at the 5� end of
the LMP-1 ORF have been used to characterize EBV variants
(4, 7, 21, 31, 33, 34, 44). EBV variants lacking the XhoI site and
having the 30-bp carboxy-terminal deletion are found in NPC
tumor biopsies and EBV-dependent lymphoproliferative dis-
orders (6–9, 23, 30–32). Thus, specific polymorphisms within
the LMP-1 gene have been suggested to be predictive of the
tumorigenic potential of EBV variants (21–24, 29–31, 44, 49).
Substitution of codon 129, resulting in a change from methio-
nine to isoleucine/threonine, differs from previously reported
sequence variations in the LMP-1 gene because, in addition to
having the potential to alter the activity of the LMP-1 protein,
this substitution knocks out the lyLMP-1 ORF and thus has
dramatic effects on the expression of the lyLMP-1 protein (Fig.
2).

Our finding that Met129 is not peculiar to any specific strain
of EBV demonstrates that the Met129-negative status of tu-
mor isolates does not simply reflect the prevalence of parental

FIG. 4. LMP-1 expression in EBV-positive cell lines. Exponentially growing cells were maintained in 20 ng of TPA/ml and 3.5 mM butyrate for
72 h. Sonicated cell lysates were resolved by SDS-PAGE and analyzed by Western blotting using anti-LMP-1 antiserum. �, lysate of cells harvested
prior to adding TPA and butyrate; �, lysate of cells treated with TPA and butyrate for 72 h. Each cell line is indicated above the Western blot.
Upper and lower arrows show migration of LMP-1 and lyLMP-1 proteins, respectively. Molecular mass markers are shown to the right of the blot
and are 68 and 43 kDa, respectively.
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FIG. 5. LMP-1 sequence flanking Met129 codon from viral DNA from healthy seropositive donors. A region of the LMP-1 ORF was amplified
by nested PCR from viral DNA isolated from tonsils using primer sets b and c (Fig. 1; Table 1). A portion of the sequence obtained from the PCR
products is shown and corresponds to EBV coordinates 168,971 to 168,835 of B95-8 virus. Individual donors are designated by the numbers to the
left of each sequence. All else is as described in the legend to Fig. 3. Total genomic DNA was prepared from hyperplastic tonsils of 37
EBV-seropositive children from Switzerland as described in the text, using a QIAamp blood kit following the manufacturer’s instructions (Qiagen,
Inc.) (4). PCRs using primer set b (Fig. 1; Table 1) were performed on the Perkin-Elmer Gene Amp system 9700 with the following conditions
for the primary PCR: 1 cycle of 93°C for 10 min; 2 cycles of 94°C for 30 s, 58°C for 30 s, 72°C for 2 min; 3 cycles of 94°C for 30 s, 66°C for 30 s,
72°C for 2 min; 25 cycles of 94°C for 30 s, 64°C for 30 s, 72°C for 90 s; 1 cycle of 72°C for 10 min. The second round of PCR was performed using
the following conditions: 1 cycle of 93°C for 10 min; 5 cycles of 94°C for 30 s, 63°C for 30 s, 72°C for 2 min; 25 cycles of 94°C for 30 s, 60°C for
30 s, 72°C for 90 s; 1 cycle of 72°C for 10 min. Cycle sequencing was performed using primer set c (Fig. 1; Table 1) with the Perkin-Elmer Gene
Amp system 9700 and ABI Prism 310.
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virus present in the geographical area from which the tumor
originated. Furthermore, we have identified Met129-negative
samples from healthy donors in Switzerland, from individuals
in the United States (HIV�, healthy donors, and an IM pa-
tient), and from tumors originating in Africa and Asia. Thus,
Met129 does not appear to be geographically restricted.
Met129 is strain independent and clearly is not restricted to the
B95-8 strain.

Absence of the lyLMP-1 ORF in tumor virus isolates raises
the intriguing possibility that lyLMP-1 expression may be in-
compatible with EBV-dependent tumor progression. Develop-
ment and/or maintenance of many types of EBV-associated
tumors in vivo requires LMP-1 expression. Erickson and Mar-
tin have shown that NF-�B activation by LMP-1 is inhibited by
coexpressed lyLMP-1 (14). Consistent with this finding are
recent results showing that NF-�B activation by LMP-1 in
EBV-positive cell lines plays a role in preventing lytic cycle
reactivation (1).

lyLMP-1 is a lytic cycle protein (3, 25). We have evidence

that lyLMP-1 is incorporated into virus particles as they bud
through nuclear and cytoplasmic membranes (G. Vazirabadi,
T. Geiger, W. F. Coffin III, and J. M. Martin, submitted for
publication). These findings, together with our results that the
lyLMP-1 ORF is not encoded by tumor-associated virus iso-
lates, suggest a role for lyLMP-1 in the productive phase of
EBV’s life cycle and are consistent with the existence of selec-
tive pressures affecting Met129 in EBV strains in tumors.

The HH514 cell line is a descendant of Jijoye, via the subclon-
ing of a Jijoye subclone (P3HR1) (41). Jijoye BL cells exhibit a
latent phenotype and are Met129 negative, whereas HH514 cells
are permissive for virus replication and are Met129 positive. This
observation suggests that HH514 represents a Met129-positive
EBV isolate selected by in vitro pressures and is consistent with
the hypothesis that Met129 serves a function during productive
infection but is incompatible with the latency state required for
tumorigenesis. In the same context, there may be a correlation
between lyLMP-1 expression and the cell’s ability to support and
complete the lytic cycle. For example, the Met129-positive B95-8
and HH514 cell lines are well known for their spontaneous entry
into the lytic cycle in vitro. Akata cells (Met129 negative) will
sometimes also spontaneously enter the lytic cycle in vitro, albeit
at low levels, as do P3HR1 cells. However, several EBV strains
replicating in HLP in vivo were found to be Met129 positive. It is
interesting that all the Met129-negative NPCs reported in Fig. 3
contain 2a/b/c-C/F1 strains, yet we have found 2a-F1 specimens
(not from NPC) that are Met129 positive. This observation sug-
gests, but does not prove, the existence of in vivo selection against
Met129 in the pathogenesis of NPC specifically.

In summary, Met129 is common in B95-8-like strains but is
neither universal in, nor unique to, B95-8-like strains. Met129
has likely independently evolved, and reverted, many times in
many different EBV isolates. It is plausible that positive and
negative selective pressures exist for Met129, but we don’t yet
know what these may be, nor do we know if they might exist in
vivo, in vitro, or both.
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