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Raji cells, collected at various times from a synchronized culture, were gently lysed, and the high-molecular-
weight DNA was enriched ca. 10-fold for latent Epstein-Barr virus (EBV) genomes by equilibrium density
gradient centrifugation in neutral CsCl. The heavy-density DNA pool, which included more than 90% of the
total intracellular EBV DNA sequences, was further fractionated by velocity sedimentation on neutral glycerol
gradients, and material from fractions containing potential EBV DNA replicative forms was examined in the
electron microscope. Early in the cellular S phase, when the EBV DNA content was found to be doubling in
parallel with host chromosome replication, half of the 50- to 55-,um circular EBV genomes were observed to
have two or more DNA branch points or forks. Most molecules were in a relaxed theta configuration, indicative
of the Cairns mode of DNA replication. In the supercoiled state, the two daughter strands of the partially
replicated molecules were seen to be wrapped around each other. Two theta structures had more than two DNA
forks, indicating that DNA replication can initiate more than once on the same DNA molecule. Late in the S
phase, the EBV DNA sedimenting at positions where theta structures were found with early S phase samples
was composed of catenated dimers rather than partially replicated genomes. It is concluded that the circular
EBV genomes, which are the major intracellular form in latently infected cells, are maintained as independent
replicons and are not synthesized from an integrated template.

The Epstein-Barr virus (EBV) is a herpesvirus whose
complete genome, in multiple copies, is maintained in a
predominately nonexpressed form in the majority of human
B lymphocytes growing in continuous cell culture (21, 27).
The physical state of the EBV DNA present in such cells has
been partially characterized. The Burkitt lymphoma-derived
Raji cell line, which has served as the prototype for these
investigations, harbors ca. 50 copies of the 110 x 106-dalton
viral genome (19, 22). The intracellular state of the majority
of these EBV genomes is a circular DNA plasmid (4, 18).
Circular forms, which can be isolated either in the covalently
closed, supercoiled structure or as a relaxed, open DNA
circle (16), have subsequently been found in all cells with
more than two to three copies of the EBV genome thus far
examined (1).

In addition to the circular DNA species, some EBV DNA
sequences are covalently bound to cellular DNA (3, 5), and
the possibility of one or more integrated copies of the
complete viral genome has not been excluded. Even in the
case of a single cell line where no evidence of integrated
EBV DNA sequences was detected by the density analysis
method used (2), there could still be a complete EBV
genome integrated into an unusually guanine-cytosine-rich
region of the host chromosome. Thus, the possibility that the
circular EBV DNA forms are not independent replicons, but
are the products of one or more integrated genomes, has
remained open.

Catenated dimers of two interlocking DNA circles are
intermediates in the replication of simian virus 40 DNA (25).
The finding of catenated dimers of EBV DNA circles (11)
suggests, by analogy, that the circular forms might indeed be
independent replicons. However, catenated circular DNA
forms can arise by recombination (7) and thus, to our
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knowledge, it has not been conclusively demonstrated that
the circular EBV genomes in latently infected cells are
capable of self-replication.
The amount of EBV DNA in non-virus-producing cell

lines has been reported to double early in the cellular S phase
(13). In the present investigation we succeeded in isolating
replicative intermediates of the circular EBV genomes dur-
ing this period from a synchronized culture of Raji cells. We
conclude from the electron micrographs presented that cir-
cular herpesvirus genomes can replicate via a Cairns-type
intermediate in cells which are not productively infected.

MATERIALS AND METHODS
Cell culture and synchronization. Mycoplasma-free Raji

cells were maintained in exponential growth by passage
every other day in antibiotic-free RPMI 1640 medium sup-
plemented with 8% fetal calf serum. Cell synchrony was
induced by the double thymidine blocking method, as previ-
ously employed with this cell line (12). Briefly, 2 x 108 Raji
cells, in which DNA synthesis had been blocked by a 24-h
exposure at 37°C to medium containing 3 mM thymidine,
were washed free of thymidine, suspended at a concentra-
tion of 4 x 105 cells per ml in medium containing 5 ,ug of
deoxycytidine per ml, and incubated for 8 h at 37°C. The
cells were then washed and exposed to a second 3 mM
thymidine block for 16 h. Allowing for a 5 to 10% loss of cells
during the collecting and washing steps, the total cell number
doubled during the 8-h period when the culture was released
from the first thymidine block.

Synchronized cells were collected after the second thymi-
dine block, washed twice in cold Hanks balanced salt
solution, and at zero time suspended at a concentration of 4
x 105 cells per ml in medium, again supplemented with 5 ,ug
of deoxycytidine per ml. One-third of the culture was
immediately processed for isolation of DNA (see below).
Sixteen portions (2.5 ml each) were quickly transferred to
individual sterile plastic tubes, and these, together with the
remaining bulk culture, were incubated at 37°C. At hourly
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FIG. 1. DNA synthesis in the synchronized culture of Raji cells
at various times. After an 1-h incubation with [3H]thymidine, the
cells in the 2.5-ml cultures (initially containing 106 cells per tube)
were mixed, two 1-ml samples were transferred to small tubes, and
the cells were pelleted, washed once with sodium phosphate-
buffered saline, suspended in a small volume of buffer, and precip-
itated with trichloroacetic acid. The trichloroacetic acid precipitates
were collected on individual glass fiber filters, dried, and counted.
The plotted amount of [3H]thymidine incorporated into acid-insolu-
ble material is the mean of duplicate samples. At 10 h, the number of
cells per milliliter was determined on a small sample of one cell
suspension and found to be twice that present at zero time.

intervals, 1 ,uCi of [3H]thymidine (specific activity, 40 to 60
Ci/mmol; New England Nuclear Corp.) was added to one of
the 16 tubes, and the degree of cell synchrony was followed
by measuring the amount of isotope incorporated into acid-
insoluble material after an additional 1-h incubation at 37°C
(Fig. 1).
The control culture consisted of a second batch of cells

which was washed and transferred to fresh medium (without
any nucleoside additions) at those times when synchrony-
inducing medium changes were made on the parallel culture.
The control culture doubled once during the first 24-h
incubation and again during the combined 8- plus 16-h
incubation periods.

Cell viability was periodically determined by the trypan
blue exclusion test and found to be greater than 95% in both
the synchronized and control cultures throughout the experi-
ment. In addition, both cultures were carefully monitored for
evidence of induction of the productive viral cycle. Acetone-
fixed cell smears were prepared from washed cell samples
taken at the time of all medium changes, as well as 24 h after
the last cell sample was removed for DNA isolation. At no

point were early antigen-positive cells, indicative of lytic
EBV infection, observed by direct immunofluorescence with
fluorescein isothiocyanate-conjugated anti-early antigen sera

of high titer.
Isolation and analysis of EBV DNA. At 0, 1.5, and 4 h after

the synchronized cells had been suspended in the final
deoxycytidine-containing medium, 5 x 107 to 6 x 107 cells
were removed, collected, and quickly washed twice with
cold sodium phosphate-buffered saline (0.14 M NaCl, 0.01 M

sodium phosphate [pH 7.4]). A total of 3 x 107 washed cells
were suspended at a concentration of 2 x 107 cells per ml in
2 x -concentrated sodium phosphate-buffered saline. An
equal volume of 1.8 M NaCl was added, the suspension was
mixed, and the cells then were gently lysed by the addition of
one-half volume of 3% Sarkosyl in 1 M NaCI-0.075 M Tris-
hydrochloride-0.025 M EDTA (pH 9.0). These three DNA
samples will, for reasons to be discussed below, be referred
to as the early, middle, and late S phase preparations. The
control DNA sample was prepared from an equal number of
cells taken from the unsynchronized culture at 4 to 5 h after
the cells were last suspended in fresh medium.
DNA was isolated in the continued presence of 1 M salt to

inhibit both nuclease activities and branch migration at
replicating forks. After treatment of the cell lysate with
proteinase K, the DNA was enriched for viral DNA se-
quences by equilibrium density gradient centrifugation in
CsCl. The viral DNA-containing fractions were pooled,
mixed with 3H-labeled bacteriophage T4 DNA, dialyzed,
and concentrated, and the sedimentation properties of the
EBV DNA were determined by velocity centrifugation
through neutral glycerol gradients. The viral DNA content of
a sample of individual fractions was quantitated by nucleic
acid hybridization with EBV [32P]cRNA (16). Hybridization
over representative CsCl gradients demonstrated that 90 to
95% of the total intracellular EBV DNA was included in the
pool analyzed by velocity sedimentation.

Sedimentation values were calculated relative to the dis-
tance that the 61.8S T4 DNA marker, included on all
gradients as an internal standard, had moved from the
meniscus (8). DNA from selected glycerol gradient fractions
was spread for electron microscopy by the microdiffusion
method in the absence of formamide (11). The open circular
form of bacteriophage PM2 DNA (Boehringer Mannheim
Corp.) was added as a size reference, but no attempt was
made to relax any supercoiled molecules in the test samples
before spreading.
Washed cell pellets from a minimum of 1.5 x 107 synchro-

nized cells taken at 0, 0.75, 1.5, and 4 h after their release
from the G1-S phase boundary and control cells collected at
the time of DNA isolation and 24 h later were frozen for
subsequent analysis of their relative viral DNA content.
DNA was prepared from these samples, the EBV DNA
content was determined in triplicate by filter hybridization
with EBV [32P]cRNA, and total DNA was determined by the
diphenylamine test (6). It was previously reported that at 60
and 90 min after the release of Raji cells from the second
thymidine block, the relative EBV DNA concentration was
twice that seen with unsynchronized and late S phase cells
(13). Compared with the two control DNA samples, the
relative amount of EBV DNA at various times during the S
phase in the present investigation was measured to be 1.0 at
zero time, 1.3 at 45 min, 0.9 at 90 min, and 1.1 at 4 h. Thus,
only at 45 min was the relative DNA concentration found
here to be significantly different from 1.0. One possible
reason for our failure to reproduce the published results is
that we did not achieve the same degree of synchrony. The
time between successive periods of DNA synthesis is only 6
to 7 h (Fig. 1). Therefore, cells arrested late in the S phase
during the first thymidine block could have divided and
entered a second S phase during the 8-h release period
employed. The broadness of the second peak of DNA
synthesis seen in Fig. 1, the above hybridization data, and
the subsequent results are consistent with some of our Raji
cells having been in the early S phase when the second
thymidine block was added. Because some cells were proba-
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bly already in the early S phase at zero time, we prefer to
refer to the three DNA preparations characterized here by
the more general terms of early, middle, and late S-phase
samples.

RESULTS
Sedimentation properties of replicating EBV DNA. Repli-

cating DNA forms should have altered sedimentation prop-
erties from the parental, nonreplicating molecules from
which they are derived. The circular EBV genomes, isolated
from Raji cells in the late log or stationary phase, sediment at
either 104 + 1 or 65S depending on whether they are in the
covalently intact, supercoiled configuration or the relaxed,
open circular form, respectively (16). Supercoiled dimers of
EBV DNA circles sediment, in our hands, between 140 and
150S (11), which probably places the upper limit on the
sedimentation value that a replicative intermediate of circu-
lar EBV genomes might attain. The linear EBV genome, as
isolated from virus particles, has a sedimentation coefficient
(relative to 61.8S T4 DNA) of 58 ± 1S (10, 23), and a
molecule twice that length should sediment at 75S.
The sedimentation properties of the EBV DNA isolated

from cells in the early, middle, or late S phase were
determined. The nucleic acid hybridization profiles mea-
sured over these three neutral glycerol gradients are present-
ed in Fig. 2, together with that obtained with DNA isolated
from exponentially growing, unsynchronized Raji cells. The
major peak of EBV-hybridizing DNA sequences sediments

slightly faster than the 61.8S internal size marker (black
arrow) at the 65S position of all four gradients. However, a
number of differences which appear to be correlated with
DNA replication may be noted in the fast-sedimenting
material in fractions 6 through 22 of Fig. 2A, B, and C.
At early times in the S phase (Fig. 2A and B), there is a

distinct shoulder of EBV-hybridizing DNA sequences on the
forward (left) edge of the 65S peak. Moreover, no distinct
peak at 104S (the position of the open arrow) is seen on
either gradient. Instead, a number offast-sedimenting forms,
the distribution of which is particularly heterogeneous in the
middle S phase sample (Fig. 2B), are seen. Early in the S
phase (Fig. 2A) the fast-sedimenting material is concentrated
at the 130 and 92S regions of the gradient.

Late in the S phase (Fig. 2C) the forward edge of the 65S
peak sharpened considerably, and a clear peak can be seen
just to the left of the 104S position (open arrow). Although
104S mature molecules would thus appear to be forming,
nearly twice as much EBV DNA is found at 90 to 94S in
fractions 17 through 19. Some material is also located at 130S
in fractions 9 and 10 of the glycerol gradient shown in Fig.
2C.

Finally, in Fig. 2D the DNA from exponentially growing
cells can be seen to give a sharp, nearly symmetrical peak at
65S and a small but distinct peak at 104S. The proportion of
the 104 to 65S forms is unusually low in this DNA sample.
We routinely isolate better than 30% of the intracellular EBV
DNA of Raji cells in the covalently intact form, when the
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FIG. 2. Glycerol gradient centrifugation of high-molecular-weight DNA from Raji cells. High-molecular-weight DNA banding at 1.714 to
1.722 g/cm3 from several CsCl gradients was pooled, mixed with bacteriophage T4 [3H]DNA, dialyzed in such a way as to remove CsCl but re-
tain a 1 M salt concentration, concentrated, dialyzed against 1 M salt, layered on a 36-ml glycerol gradient (10 to 30% [wt/vol] glycerol in 1 M
NaCl, 0.02 M Tris-hydrochloride, 0.002 M EDTA [pH 8.0]), and centrifuged for 220 min at 25,000 rpm at 20°C in a Spinco SW27 rotor.
Fractions (1 ml) were collected from the bottom of the tube, and the position of the T4 DNA marker (solid arrow) was determined by
measuring the radioactivity of a small sample. The remaining DNA from each fraction of the gradient shown in (D) and 750-pAl samples of each
fraction of the gradients shown in (A), (B), and (C) were fixed on individual nitrocellulose filters and hybridized with EBV [32P]cRNA. The
104S position was determined relative to the 61.8S T4 DNA (8) and is marked with the large open arrow. The DNA samples were isolated from
the following cell cultures: synchronized cells in the early S phase (A), synchronized cells in the middle S phase (B), synchronized cells in the
late S phase (C), and an unsynchronized cell population (D).
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FIG. 3. Electron micrographs of replicating EBV genomes in the theta structure. DNA samples were spread by the microdiffusion
technique as described (11). Both molecules are from the glycerol gradient shown in Fig. 2B. The molecule shown in (A) is from fraction 18,
and the molecule shown in (B) is from fraction 20. The small DNA circles are bacteriophage PM2 DNA, and the arrows point to the forks of
replication on the two large circular EBV DNA molecules.

cells are taken from either late-log- or stationary-phase
cultures. Using the same high-salt method as employed here
for DNA isolation, we have on occasion recovered over 80%
of the intracellular EBV DNA of Raji cells in the covalently
closed supercoiled form. The precise reason for the poor
yield of covalently closed, supercoiled EBV DNA circles in
the present investigation is unknown, but it could perhaps be
related to the unusually active physiological state of the
culture at the time of DNA isolation. Nonspecific nuclease
digestion of the DNA circles before centrifugation would
seem unlikely in view of the virtual absence of viral DNA
sequences sedimenting slower than the 65S, open circular
form.

Electron micrographs of replicating EBV DNA circles. EBV
DNA can be identified visually as the only 50- to 55-p.m

DNA circle present in Raji cells (9, 16). Grids spread with
material from selected glycerol gradient fractions were
screened in the electron microscope for those large DNA
circles with one or more replicating forks. Two types of
replicating intermediates were seen, depending on whether
the two parental DNA strands were covalently intact or
nicked in specific regions.
Relaxed DNA circles with two replicating forks in the so-

called theta structure were present on grids prepared from
the 130 and 90S regions of the gradients shown in Fig. 2A
and B. Two such replicating EBV DNA molecules are
shown in Fig. 3. The opened, theta-shaped molecules found
in the 130S region were probably in a covalently closed,
supercoiled structure at the time of sedimentation but were
relaxed by the inadvertent introduction of one or more
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single-strand breaks within the nonreplicated segment of the ments, and the combined length of the unreplicated region
parental DNA molecule before being spread on grids. A total plus one of the two newly replicated segments was between
of eight theta-structure molecules similar to those in Fig. 3 50 and 55 pum for all molecules. The size of the replicated
were sufficiently well spread to permnit contour measure- segment varied from 5 to 80% of the EBV genome, and the
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8 of the gradient shown in Fig. 2A, and the molecule shown in (B) is from fraction 9 of the glycerol gradient shown in Fig. 2B. The solid arrows
point to the forks of replication; three of these are quite clear, but the fourth is masked in the twined region of the molecule shlown in (B). The
large open arrows point to the unreplicated regions of parental DNA.
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FIG. 5. Electron micrographs of two EBV genomes with more than a pair of replication forks. Three clear forks of replication are shown
by arrows on each molecule. The molecule shown in (A) is from the pool offractions 7 and 8 of the glycerol gradient shown in Fig. 2A, and the
molecule shown in (B) is from fraction 18 of the gradient shown in Fig. 2B. The contour of a complete circular EBV genome is traced by a solid
line in the small inserts, whereas the dotted lines indicate the extra DNA from the duplicated regions. The length of the solid line of the
molecule shQwn in (A) is 53.8 ,um, and that of the molecule shown in (B) is 51.8 p.m. The fourth arrow with the question mark in the small in-
sert in (A) is at a site which might appear to be a fourth DNA fork on the print but which on higher magnification of the negative is clearly a
loop of the parental DNA thread. The DNA tail extending from the third fork of the molecule shown in (A) is estimated to be 21.8 ,um. Below
the insert of the direct tracing of the molecule shown in (B) is a schematic representation of this molecule, where the unreplicated regions of
the parental genome are shown as thickened solid lines and the daughter strands are shown as either a thin solid line or a dotted line. Finally,
the solid line in the schematic drawing has been straightened to form a circle. Assuming that a fourth fork of DNA replication is located in the
tangled region of the molecule shown in (B), the diagram shows how the structure is most consistent with DNA replication having initiated at
two different sites. The uncertainty about the lengths of the second theta loop is a direct result of the inability to follow the tangled DNA
thread near the site of the fourth arrow.

two daughter strands were within a few percent of the same
length. Linear molecules with one or more replicating forks
were seen on most spreads, but these were heterogeneous in
length and probably of cellular DNA origin.

Replicating, circular EBV DNA molecules in a more
complex configuration were seen in fractions 7 through 10 of
the two glycerol gradients with DNA isolated from cells in
the early and middle S phases (Fig. 2A and B). The partially
completed daughter DNA strands are free to rotate around
their parental template strands, and in the case of small,
circular DNA molecules, the two newly replicated regions of
covalently closed, supercoiled molecules are seen as two
well-separated loops or wings attached to the coiled, unrepli-
cated tail of the parental DNA (15, 24). We have not as yet
seen covalently intact, supercoiled EBV DNA molecules in
a similar configuration. The newly replicated regions of the
two EBV molecules shown in Fig. 4 are instead apparently
wrapped around each other many times. Whether this wrap-
ping reflects a difference in the in vivo structure or is a

property of large, partially replicated, supercoiled DNA
molecules in solution is not known.

In the two early S phase DNA samples, a total of 19

circular EBV DNA molecules were seen, of which 10 were
clearly in the process of DNA replication. No molecules
with only a single DNA fork, indicative of the rolling-circle
mode of DNA replication, have thus far been observed.
However, among the 10 EBV DNA molecules with a pair of
DNA forks enclosing one theta-type replication loop, two
molecules were seen with a third, definite replication fork
(Fig. 5). The DNA strand extending from the third fork of the
molecule shown in Fig. 5A ends in a free DNA tail, and no
indication of a fourth fork could be found on the parental
DNA circle. This structure is consistent with a number of
possible interpretations, including (i) a double initiation of
DNA synthesis at the same origin, (ii) initiation of DNA
synthesis at two independent origins, or (iii) a molecule
undergoing a combination of both the Cairns and rolling-
circle modes of replication. With regard to the molecule
shown in Fig. SB, a fourth fork might be located within the
tangled region indicated by the fourth arrow. If this is the
case, the structure would be consistent with DNA synthesis
having initiated at two independent origins, as depicted
diagramatically in the insert. Regardless of the interpreta-
tion, the finding of the two molecules shown in Fig. 5 among
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a limited population of replicating EBV genomes suggests
that the complete duplication of the large circular EBV DNA
molecules may be more intricate than that of the simple
Cairns type with initiation at a single site.

Analysis of DNA isolated late in the S phase (Fig. 2C)
revealed no circular EBV DNA molecules in the process of
replication, although some linear DNA forms with branch
points were still found. In particular, fractions 9 and 10 and
17 through 19, which correspond, respectively, to the 130
and 90S regions of the gradient where replicating forms were
found at earlier times, were searched in detail. What appear
to be overlapping pairs of relaxed, open circular EBV
genomes were observed in spreads of material sedimenting
at ca. 90S. However, due to the exceedingly low concentra-
tion of EBV DNA, it is highly unlikely that these forms wern
simply two independent EBV genomes spread on top of eaci
other, but it is likely instead that they were two physically
interlocked, circular DNA molecules or catenated dimers.
Catenated dimers of EBV DNA circles have previously been
isolated as supercoiled forms from unsynchronized cultures
of Raji cells (11). One of the dimers found in the 90S region
of the late S phase sample was unusual in that the two
monomers appear to be wrapped around each other two
times (Fig. 6). The 92S peak at fraction 18 of the gradient
shown in Fig. 2D is presumably also composed of relaxed
catenated dimers, but because the entire fraction of this, the
control gradient, was used for nucleic acid hybridization, it
was not possible to confirm this by direct visualization in the
electron microscope.

Catenated dimers of two circular EBV genomes were also
found in fractions 9 and 10 of the gradient shown in Fig. 2C.
Although one fully relaxed dimer, identical to those found to
sediment in the 90S region, was observed, one or both of the
monomeric EBV genomes of the other pairs isolated as fast-
sedimenting material were in the supercoiled configuration.
However, to have sedimented at the 130S position, both
molecules of all dimers seen in these two fractions were
presumably in the supercoiled configuration at the time of
centrifugation. It is concluded that late in the S phase,
catenated forms of circular EBV genomes are the predomi-
nate species in those fractions where replicating molecules
were seen at earlier times in the cell cycle.

DISCUSSION

Circular EBV genomes in the theta configuration, typical
of plasmids in the process of DNA replication, have been
observed here by electron microscopic examination of DNA
isolated from Raji cells during the S phase of the cell cycle.
The data, on the basis of (i) the relative ease with which
these forms were found in DNA samples prepared at times
when the viral DNA was doubling in parallel with the
replication of the host genome, (ii) the absence of these
structures in the DNA from cells in the late S phase, as well
as in all previously analyzed DNA samples isolated from
unsynchronized cells, and (iii) the failure to detect any
indication that lytic EBV DNA replication had been in-
duced, strongly suggest that the circular EBV genomes.
which are found in multiple copies in the nuclei of latently
infected and transformed cells, are independent replicons.
Because the EBV genome is largely repressed in nonproduc-
er cells like Raji, the viral DNA must predominately employ
the DNA synthesis machinery of the host for self-replica-
tion. The circular EBV genomes are approximately the same
size as the supercoiled loops of chromosomal DNA and
could be similarly associated with the matrix complex where
DNA replication is thought to occur (26). All intracellular
EBV DNA is associated with the chromosomes at meta-
phase (17), and this system may provide a useful model to
probe further chromosome structure and DNA replication in
mammalian cells.
Among a total of 10 circular EBV genomes seen in the

process of DNA replication, 2 molecules had a complex
structure (Fig. 4), which to our knowledge has not previous-
ly been described, and 2 molecules indicated that DNA
replication had probably initiated more than once (Fig. 5).
The newly duplicated regions of the simian virus 40 genomes
ire apparently not wrapped around each other in partially
replicated molecules (15, 24). However, wrapping is intro-
duced during the terminal stages of simian virus 40 DNA
replication when the two replicating forks meet, and newly
formed catenated dimers have been found to be twined
around each other up to 20 times (25). We have thus far only
observed the two newly replicated regions of EBV DNA to
be twined around each other in molecules where DNA
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FIG. 6. Electron micrograph of a catenated dimer of two circular EBV genomes. The molecule is from fraction 18 of the glycerol gradient
shown in Fig. 2C. At the point of contact the two circular monomers appear to be wrapped around each other twice.
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replication is more than 50% complete. This, combined with
the possibility that EBV DNA replication may initiate at
more than one site on the same DNA molecule, suggests that
the wrapping seen could likewise have been introduced
when two replicating forks met. With regard to multiple sites
for the initiation of DNA synthesis, it is of interest that three
potential origins of DNA replication, detected as sequences
capable of conferring the property of autonomous replication
to a selectable gene in the yeast transfection assay, have
been mapped to three widely separated sites on the EBV
genome (14). Moreover, the distance between the initiation
sites of chromosomal DNA replication in EBV-positive
human lymphoid cells is 10 to 20 p.m, which would be
compatible with the 50-pum EBV genomes employing more
than one origin during normal DNA replication (20).
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