and 30 monoclones were obtained from
clones 3.2G11 and 3.2F7, respectively,
by the limiting dilution method (12). All
of these monoclones belonged to the
immunoglobulin G3 isotypes, as deter-
mined by the Ouchterlony method with
antibodies to the mouse isotype.

Monoclonal antibodies were harvested
from culture supernatants when cell ti-
ters reached 5 x 10°to 7 x 10° cells per
milliliter and were used to detect the AY
agent in diseased lettuce. As shown in
Table 1, the AY agent could be detected
when such monoclonal antibodies were
diluted up to 1600 times and vascular
preparations were diluted 20 times with
coating buffer (0.05M carbonate buffer,
pH 9.6). Reciprocally, serial dilutions of
lettuce vascular preparation were also
used to test the detecting ability of the
antibodies. The AY agent could be easily
detected when the antigen was diluted
4,860 to 14,580 times (Table 2). Using the
same antibodies we found that they also
reacted specifically to AY antigen pre-
pared from infected periwinkle plants
(Catharanthus roseus L.) or inoculative
M. fascifrons, but not to preparations
from healthy periwinkles or noninocula-
tive insects. On the other hand, the AY
monoclonal antibodies did not react with
vascular preparations of corn infected
with maize bushy stunt and from six
other MLO-infected periwinkle plants:
ash yellows, loofah witches’-broom,
paulownia witches’-broom, sweet potato
witches’-broom, peanut rosette, or elm
yellows (elm phloem necrosis) (Table 3).

Monoclonal antibody-producing hy-
bridoma cells were used to induce asci-
tes by injecting 10° cells into pristane-
primed BALB/c mice. The ascitic fluids
harvested resulted in a 100 to 1000 times
higher antibody titer (160,000 to
1,600,000) than those of the culture su-
pernatants (1600).

Until the MLO’s that are associated
with AY diseases can be cultured, their
identification will depend on techniques
that are not based on pure antigens.
Antibodies developed by our hybridoma
technique are reliable for AY diagnosis
and for comparison with similar yellows
disease agents, providing that antigens
can be obtained from them. The tech-
nique may be the only means for prepar-
ing specific antibodiés against these
agents because of their apparent noncul-
tivability and their inevitable contamina-
tion by plant or insect antigens when
they are purified by the techniques of
virology. Because of their highly dis-
criminatory capacity, such monoclonal
antibodies can now act as a useful tool in
yellows disease diagnosis, forecasting,
and epidemiology, and they may also be
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used in taxonomic differentiation among
the various MLO’s associated with plant
yellows diseases.

Note added in proof: Since this report
was submitted, five more hybridoma
clones have been obtained by using the
partially purified MLO preparations
from diseased lettuce as immunogen.

CHAN-PIN LIN
TseEH AN CHEN
Department of Plant Pathology,
Cook College, New Jersey Agricultural
Experiment Station, Rutgers
University, New Brunswick 08903
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Coexpression of Translocated and Normal c-myc Oncogenes in
Hybrids Between Daudi and Lymphoblastoid Cells

Abstract. Mechanisms that affect the transcription of the c-myc oncogene take
part in the development of B-cell neoplasias such as Burkitt’s lymphoma. Daudi
Burkitt lymphoma cells, which express only the translocated c-myc oncogene, were
hybridized with human lymphoblastoid cells, which express the normal c-myc gene;
the hybrids were phenotypically lymphoblastoid and expressed both the translocated
and the normal c-myc gene. This result contrasts with the findings that the
decapitated c-myc gene, translocated to an immunoglobulin switch w or o region, is
transcriptionally silent in lymphoblastoid hybrids. Thus, there may be at least two
distinct enhancer-like elements capable of deregulating c-myc transcription in
lymphomas and leukemias with (8;14) chromosome translocations. In addition,
since the Daudi X lymphoblastoid hybrids express both the translocated and the
normal c-myc gene, the c-myc gene product does not autoregulate c-myc transcrip-

tion.

Approximately 75 percent of Burkitt
lymphomas carry t(8;14) chromosome
translocations; the remaining 25 percent
carry either t(8;22) or t(2;8) chromosome
translocations (/). In Burkitt lymphomas
with a t(8;14) translocation, the c-myc
gene, which may remain intact or lose a
portion of its 5’ end, translocates to
various sites within the heavy-chain lo-
cus on chromosome 14 (2). In the variant
t(8;22) and t(2;8) translocations, the c-
myc oncogene remains on chromosome
8, and either the \ or the k locus translo-
cates to a region distal (3') to the c-myc
gene (3, 4). These chromosome translo-
cations result in transcriptional deregula-
tion of the c-myc oncogene, causing ele-
vated constitutive expression (3, 5). Be-
cause the breakpoint near the c-myc lo-
cus—whether 5’ or 3’ of the gene or

close to, within, or distant from it—and
the breakpoints within the immunoglob-
ulin loci are heterogeneous, it is difficult
to propose a single model for c-myc
deregulation. An additional complication
is that the exact stage of B-cell differenti-
ation represented by Burkitt lymphoma
cells is not known and may differ among
different tumor lines. In experiments to
determine the mechanisms taking part in
regulation of c-myc expression during B-
cell differentiation, we have used somat-
ic cell hybridization methods to con-
struct cells of various phenotypes within
the B-cell lineage that carry both translo-
cated and normal c-myc genes within the
same cell; that is, these hybrids have a
Burkitt genotype with a less differentiat-
ed lymphoblastoid or more differentiated
plasma cell phenotype (3, 5, 6).
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Table 1. Phenotype of somatic cell hybrids between Daudi Burkitt lymphoma cells and
GM1500-6TG-OUB lymphoblastoid cells. Secreted and cytosol immunoglobulins (Ig’s) were
labeled with [*H]leucine (100 p.Ci/ml) and immunoprecipitated by means of antiserum to human
Ig and subsequent addition of a 10 percent suspension of fixed Staphylococcus aureus
antibodies (50 nl) as described (13, 20). Daudi cells secrete membrane-bound IgM; GM1500-
6TG-OUB cells secrete IgG. Expression of the antigen recognized by B532 antibodies was
studied by indirect immunofluorescence as described (12).

Immunoglobulin chains

. Antigen
Cells N v K Kl Secretion expression
Daudi + - - + - -
GM1500-6TG-OUB - + + - + +
AAl + + + + + +
AC4 + + + + + +
BB3 + + + + + +
AB4 + + + + + +

*An aberrant k polypeptide expressed by Daudi cells.

For example, we have hybridized hu-
man lymphoblastoid cells with two dif-
ferent Burkitt lymphoma cells, ST486
and CA46, carrying t(8;14) transloca-
tions in which the decapitated c-myc
oncogene is translocated to the immuno-
globulin switch (S) p and « regions,
respectively, of the heavy-chain locus on
the 14q* chromosome (6, 7). Thus, the
heavy-chain enhancer normally located
between the heavy-chain joining (Jy) re-
gion and the S, region is on the 8q~
chromosome and not on the 14q* in
these cell lines (6, 7). The hybrids ex-
pressed the lymphoblastoid phenotype
and the immunoglobulin chains of both
parental cells and transcribed only the
normal and not the translocated c-myc
oncogene (6). Because the translocated
c-myc oncogene was expressed in the
parental lymphoma cells and in their

kb
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Fig. 1. Southern blot analysis of parental and
hybrid cell DNA'’s after digestion with Hind
III and hybridization with a human Jy probe
(13). The DNA'’s from the parental GM1500-
6TG-OUB cells (lane 1) and Daudi cells (lane
2) and from the hybrids AAl (lane 3), AC4
(lane 4), AB4 (lane 5), and BB3 (lane 6) are
shown.
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hybrids with plasmacytoma cells, we
concluded that the translocated c-myc
oncogene was under the control of an
unidentified cis-acting enhancer-like ele-
ment active in Burkitt lymphoma and
plasma cells but not in lymphoblastoid
cells (6). This result does not support the
hypothesis (8, 9) that loss of, or muta-
tions in, the c-myc 5’ exon and the
concomitant lack of repressor binding is
the cause of differential regulation of the
translocated and normal c-myc genes. If
loss of its 5’ end resulted in activation of
translocated c-myc in Burkitt lympho-
mas CA46 and ST486, then these decapi-
tated, translocated c-myc genes should
also be (but are not) expressed in the
lymphoblastoid-type somatic cell hy-
brids (6). This argument is strengthened
by the observation that the translocated,
decapitated c-myc gene of ST486 and
CAA46 cells is not expressed in hybrids
with mouse 3T3 fibroblasts (/0) and that
the translocated intact c-myc oncogene
of P3HR-1 Burkitt lymphoma cells, in
which mutations in the first myc exon
have occurred, is also repressed in hy-
brids with mouse fibroblasts (5). Thus, c-
myc genes with mutated or missing 5’
ends can still be turned off or, alterna-
tively, not positively activated when
placed within a lymphoblastoid or fibro-
blast context.

In the present study we investigated
the expression of c-myc transcripts in
hybrids between Daudi Burkitt lympho-
ma cells—where the breakpoint on chro-
mosome 14 is 5’ to the Ji; segment and to
the heavy-chain enhancer between Jy
and S,—and the same human lympho-
blastoid cells (GM1500-6TG-OUB) that
we used to produce the hybrids with
ST486 and CA46 cells (6). Daudi Burkitt
lymphoma and GM1500-6TG-OUB cells
were fused at a ratio of 1:1 in the pres-
ence of polyethylene glycol 1000, and the
hybrids were selected in HAT medium
(11) containing 10~3M ouabain (6). The

hybrids expressed and secreted the
immunoglobulin chains of both parental
cells and reacted with a monoclonal anti-
body specific for lymphoblastoid cells
(12) (Table 1). In addition, the hybrids
were morphologically similar to the lym-
phoblastoid parental cells and aggregat-
ed to form large clumps, whereas paren-
tal Daudi cells grew as single cells.

To determine whether the hybrids re-
tained the 14q* chromosome carrying
the translocated c-myc oncogene, we ex-
amined the hybrids for the 18.0-kilobase
(kb) Bam HI Jy-C, (immunoglobulin
constant . region) fragment derived
from the 14q* chromosome (13). All four
independent hybrids examined (AAl,
AC4, AB4, and BB3) retained the 18.0-
kb band. They also retained the 14.0-kb
band from the normal chromosome 14,
which represents the productively rear-
ranged p gene of Daudi cells (13). After
digestion with Hind III, the parental Jy
bands in all four hybrid clones were
collected (Fig. 1).

Cleavage of Daudi DNA with Bam HI
indicated that Daudi cells carry a translo-
cated but unrearranged c-myc oncogene
(Fig. 2) (2). However, analysis of the 5’
exon of the translocated c-myc gene
from Daudi cells showed mutations in
this exon (9). By using a probe specific
for the myc first exon in an S; nuclease
protection experiment (4, 5), we could
distinguish the normal myc transcripts of
GM1500-6TG-OUB cells as 515- and 350-
nucleotide S; nuclease-resistant DNA
products and the myc transcripts of
Daudi cells as 290- and 195-nucleotide
products on a DNA sequencing gel (Fig.
3). Daudi cells expressed only the trans-

Fig. 2. Southern blot analysis of parental and
hybrid cell DNA’s after digestion with
Bam HI and hybridization with a human c-
myc complementary DNA probe (Ryc 7.4)
(5). The DNA'’s from the parental GM1500-
6TG-OUB cells (lane 1) and Daudi cells (lane
2) and from the hybrids AA1 (lane 3), AC4
(lane 4), AB4 (lane 5), and BB3 (lane 6) are
shown.
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located c-myc gene and not the normal c-
myc gene on chromosome 8 (Fig. 3, lane
2). In contrast, GM1500-6TG-OUB ex-
pressed normal c-myc transcripts initiat-
ed from the two normal myc transcrip-
tion initiation sites (lane 7). All four
hybrid clones expressed both the trans-
located c-myc oncogene on chromosome
14q* and the normal c-myc gene on
chromosome 8 (lanes 3 to 6). At present
it is not possible to determine whether
the normal c-myc oncogene on the nor-

mal chromosome 8 contributed by Daudi.

cells is reexpressed in the hybrids. We
have shown, however, that somatic cell
hybrids between mouse fibroblasts and
Burkitt lymphoma cells do not transcribe
the silent Burkitt myc allele on the nor-
mal chromosome 8 but do transcribe the
normal mouse myc gene (10). These re-
sults suggest that the silent c-myc allele
of Burkitt lymphoma cells is irreversibly
inactivated and cannot be reactivated in
hybrids expressing the normal c-myc
gene of the non-Burkitt parent. Thus it
seems likely that the normal c-myc tran-
scripts in the Daudi X GM1500 hybrids
derive from the GM 1500 c-myc genes.

The results shown in Fig. 3 contrast
with our finding that a c-myc oncogene
translocated to either an S, or S, region
is not transcribed in hybrids with lym-
phoblastoid cells (6) and indicate that
the cis-acting genetic elements deregu-
lating c-myc transcription in Daudi cells
can activate gene transcription not only
in Burkitt lymphoma and plasmacytoma
cells (3, 5) but also in lymphoblastoid
cells. Because in ST486 the c-myc onco-
gene is translocated to the S, region and
is not transcribed in ST486 x GM1500-
6TG-OUB hybrids, we can also conclude
that the cis-acting enhancer responsible
for the translocated c-myc transcription
in Daudi cells must be located 5’ of the
S, region. Thus, it seems possible that
in Daudi cells the heavy-chain enhancer
between the Jy and S, regions (I4) is
responsible for the enhancement of
translocated c-myc transcription. This
enhancer is active in human lym-
phoblastoid cells because the separated
first exon of the c-myc oncogene that
remains on the 8q~ chromosome of
ST486 cells and to which the enhancer is
translocated is expressed at elevated lev-
els in ST486 x GM1500-6TG-OUB hy-
brids (6).

Because the c-myc oncogene of Daudi
cells appears to be unrearranged (Fig. 2)
(the upstream Bam HI site is 14 kb 5’ of
the oncogene), and because the break-
point on chromosome 14 appears to in-
clude the region carrying heavy-chain
variable region (Vy) genes (13), the dis-
tance between translocated c-myc and
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this enhancer must be large (>30 kb),
which suggests that the immunoglobulin
heavy-chain enhancer may extend its
influence over distances longer than
were previously supposed.

A model has been proposed in which
the c-myc product autoregulates c-myc
transcription (9). This model was based
on the observation that Raji Burkitt lym-
phoma cells produce an altered c-myc
product coded for by the translocated
myc gene and express not only the trans-
located myc but also the normal myc
gene (9). As a possible interpretation of
these results, the mutated c-myc product
in Raji cells was suggested to be incapa-
ble of repressing normal c-myc transcrip-
tion (9). A corollary of this suggestion is
that, in other Burkitt lymphomas (in
which the normal myc gene is not ex-
pressed), the c-myc gene product takes
part directly or indirectly in the regula-
tion of c-myc transcription.

We have shown that Daudi cells ex-

15i2aR 4 e R

o e . B <« 515

- o e =@ - 350

L L L LR

®

-

- - ~195
bp

Fig. 3. S, mapping analysis of c-myc messen-
ger RNA'’s synthesized in Daudi Burkitt lym-
phoma and somatic cell hybrids. The RNA
was analyzed by a modification of the S,
nuclease mapping procedure (14) with the use
of a uniformly labeled DNA probe (16). The
Xma I-Pvu II DNA fragment (610 base pairs)
of the c-myc gene containing a portion of the
5 flanking sequences and the first exon was
cloned in M13, and the clcne was uniformly
labeled with 3P and used as an S, probe.
Cytoplasmic RNA’s (20 pg) prepared from
various cells by the cesium chloride method
(17) were used for each assay. As described
earlier (18), the 3?P-labeled DNA probe was
denatured by heating, hybridized in 80 per-
cent formamide to cytoplasmic RNA’s at
57.5°C for 10 hours, digested with 80 units of
nuclease S,, and analyzed by electrophoresis
on a 7M urea—4 percent polyacrylamide gel
(19). (Lane 1) $X174 Hae III digests labeled
at the 5’ ends with 32P; (lane 2) Daudi cells;
(lane 3) hybrid AA1; (lane 4) hybrid AB4;
(lane 5) hybrid AC4; (lane 6) hybrid BBS;
(lane 7) GM100-6TG-OUB cells.

press only the translocated and not the
normal c-myc gene (Fig. 3, lane 2). Be-
cause the translocated c-myc gene of
Daudi cells codes for a normal c-myc
product (9), this result is consistent with
the interpretation of Rabbitts et al. (9).
However, if the translocated c-myc on-
cogene of Daudi cells were able to re-
press the expression of the normal c-myc
gene, we would not observe normal c-
myc transcripts in the Daudi X GM1500-
6TG-OUB hybrids. Because we did ob-
serve normal c-myc transcripts in all
hybrids, we conclude that the c-myc
gene product does not autoregulate c-
myc transcription. This interpretation is
strengthened by the observation that the
levels of the normal c-myc transcripts in
the hybrids were similar in all four hy-
brid clones examined, even though the
levels of the translocated c-myc tran-
scripts varied from clone to clone (Fig.
3). In addition, the level of c-myc tran-
scripts in hybrid AALl is essentially the
same as in the Daudi parent, indicating
that comparable levels of translocated
myc expression occur in B cells in which
the normal c-myc gene is totally sup-
pressed (Fig. 3, lane 1) and in B cells in
which the normal c-myc gene is ex-
pressed. The possibility that subtle alter-
ations in the myc protein structure could
influence autoregulation is excluded by
the finding that the coding exons of the
translocated c-myc oncogene of Daudi
cells are normal (9).

Our results indicate that different ge-
netic elements play a role in the cis
activation of the translocated c-myc on-
cogene in B-cell neoplastic diseases with
t(8;14) (q24;932) chromosome transloca-
tions. On one side, 5’ of the C,, region,
are genetic elements (possibly the en-
hancer located between the Jy and S,
regions) capable of activating c-myc
transcription in pre-B cells (15), lympho-
blastoid cells, Burkitt cells, and plasma
cells. On the other side, 3’ of the C,
region, are elements that can activate c-
myc transcription only in the more differ-
entiated B cells (6). Thus B-cell neo-
plasms carrying t(8;14) chromosome
translocations may represent a heteroge-
neous group of diseases in which related
mechanisms result in the same biologic
consequence: a transcriptional deregula-
tion of the c-myc oncogene involved in
the reciprocal chromosomal transloca-
tion that leads to its constitutive expres-
sion in the B cells.

CARLO M. CROCE
JAN ERIKSON
KAY HUEBNER
KAzuUko NISHIKURA
Wistar Institute,
Philadelphia, Pennsylvania 19104
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A Second Nuclear Protein Is Encoded by

Epstein-Barr Virus in Latent Infection

Abstract. A region of the Epstein-Barr virus (EBV) genome that is important in
inducing cell proliferation includes a single long open reading frame. Part of this
open reading frame has been fused to the lacZ gene and expressed in Escherichia
coli. Antisera to the fusion protein identify a protein in the nuclei of latently infected
growth-transformed lymphocytes and in Burkitt tumor cells grown in vitro. This
nuclear protein is encoded by a different virus gene than that which encodes the
previously described EBV nuclear antigen, EBNA.

Epstein-Barr virus (EBV) infection of
human B lymphocytes results in cellular
proliferation (). The virus causes infec-
tious mononucleosis and is believed to
be an etiologic factor in two prevalent
human tumors, Burkitt lymphoma and
nasopharyngeal carcinoma (2). EBV
does not productively replicate in most

a EBV v

QRz

Fig. 1. EBV genome
and pKH13 construc-

infected B lymphocytes or tumor cells
but persists in a latent state (3). The
latent virus genome is usually episomal
(4) but may integrate into the cell
genome (5). At least three messenger
RNA’s (mRNA’s) are transcribed from
widely separated regions of the 170-kilo-
base (kb) EBV genome in latently infect-
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tion. (a) The EBV
genome showing the
location of major in-
ternal repeats (IR),

EBNA1 LYDMA)

/\

terminal repeats (TR), PO'Y Pro - Bam Hi Sa“ 3A AATAAA
and single-copy (U)
domains (3). Tran-
; i C pKH13
scripts a_nd. proteins IacZ _tacz.
characteristic of la-
tently infected cells Bam HI Sau3A/BamHi EcoRl
are indicated by ar- ACG AAT [TCC_CCGJGAT CCG CTA .. AAT  GAT[CCG_GGG_AAT]TCA

rows. Two other
polyadenylated RNA’s
and two small non-
polyadenylated RNA’s
have also been detect-
ed from Ul. Paren-
theses indicate tenta-
tive mapping of the

THR ASN5 SER PRO ASP PRO LEU4¢
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LYDMA function to the membrane protein encoded by the U5 RNA (8, 14). (b) The U2 domain
(15). The major open reading frame (open boxes) contains a polyproline-encoding triplet repeat
(solid box). The location of the 465-bp Bam HI-Sau 3A fragment expressed in bacteria is shown
(hatched box). (c) DNA sequence of the boundaries between the pKH13 insert and vector and
the predicted amino acid sequence. Amino acids are numbered for their position in B-
galactosidase (25) or in the EBV open reading frame (15). The boxed regions are characteristic
of the polylinker in the pSKS104 vector (/7). (d) Diagram of pKH13 showing the relationship of

the gene fusion to the lac promoter.
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ed cells (6-8). One of these RNA'’s,
encoded from the IR1-U2 region (Fig.
1A), appears to be important in initiation
of growth transformation since a virus
isolate (P3HR-1) with a deletion in the
U2 domain cannot initiate growth trans-
formation (9, 10). Recombinants be-
tween P3HR-1 and cloned U2 DNA can
be obtained that are capable of trans-
forming cells (11). Furthermore, the U2
domain transfected into lymphocytes in-
duces DNA synthesis (12). We now dem-
onstrate that the U2 domain of EBV
encodes a recently identified nuclear
antigen, EBNA2, that is characteristic of
latently infected, growth-transformed
cells (13).

A membrane protein and two nuclear
proteins have been detected in cells la-
tently infected with EBV (8, 13-15). The
membrane protein is encoded by the 3’
end of the EBV genome (8, 14) (Fig. 1).
This region probably is the source of the
new cell membrane antigen, LYDMA,
which is recognized by T cells from
previously infected individuals, Its ami-
no acid sequence is known from RNA
mapping and DNA sequencing (8). One
nuclear protein, EBNA, has been
mapped to an EBV open reading frame
which contains a polymorphic triplet re-
peat element (6). Mapping of this protein
was facilitated by correlating the DNA
repeat reiteration polymorphism among
different EBV isolates with a polymor-
phism in protein size (6). Transfection
with an EBV DNA fragment containing
the open reading frame resulted in induc-
tion of a nuclear antigen detected by
polyvalent, human sera (16). Antibody to
a protein expressed in Escherichia coli
from part of the EBNA or putative
LYDMA gene identified these proteins
in latently infected cells, thus confirming
the earlier results (13, 14). A second,
antigenically unrelated nuclear protein,
EBNAZ2, was identified by EBV-immune
human sera in all cells of most latently
infected B lymphocyte cultures (13). Re-
cent evidence has suggested that
EBNAZ2 is encoded by the U2 domain of
EBV DNA, a region which contains a
polymorphic 1.5-kb open reading frame
transcribed in latently infected, growth-
transformed cells (7, 15) (Fig. 1). Five
EBYV isolates with similar U2 domains
were shown to induce similar EBNA2
proteins; a virus with a shorter U2 open
reading frame induced a smaller EBNA2
protein and a virus in which U2 was
deleted lacked EBNA2 (15). -

To prove that the U2 open reading
frame encodes EBNA2, we inserted a
465-base-pair (bp) U2 Bam HI-Sau 3A
fragment into the Bam HI site of the
lacZ Dbacterial expression  vector
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