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Replicon size was estimated in two Epstein-Barr virus (EBV)-negative human
lymphoma lines, BJAB and Ramos, and four EBV-positive lines derived from the
former ones by infection (conversion) with two viral strains, B95-8 and P3HR-1.
Logarithmic cultures were pulse-labeled with [*H]thymidine, and the deoxyribo-
nucleic acid was spread on microscopic slides and autoradiographed by the
method of Huberman and Riggs. After developing, replication forks were visual-
ized as silver grain tracks on the autoradiograms. Average replicon size was
estimated by scoring the number of replication forks per constant length of
deoxyribonucleic acid and by measuring distances between centers of adjacent
tracks, followed by detailed statistical analyses. Three of the four EBV-converted
cell lines, BJAB/B95-8, Ra/B95-8, and Ra/HRIK, were found to have signifi-
cantly shorter replicons (41, 21, 54% shorter, respectively), i.e., more initiation
points, than their EBV-negative parents. BJAB/HRIK had replicons which were
only slightly shorter (11%) than those of BJAB. However, analysis of track length
demonstrated that extensive track fusion occurred during the labeling of BJAB/
HRIK, implying that its true average replicon size is shorter than the observed
value. The results indicate that in analogy to simian virus 40, EBV activates new
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initiation points for cellular DNA replication in EBV-transformed cells.

Simian virus 40 (SV40)-transformed cells have
more initiation points for deoxyribonucleic acid
(DNA) replication (shorter replicons) than do
nontransformed cells when grown under normal
growing conditions and fewer (longer replicons)
when incubated in depleted medium (15, 22). It
was suggested that SV40 induces transformation
by activating new initiation points for host DNA
replication that may escape normal cellular con-
trol (14-16). Our experiments with £sA mutants
indicated that a functional big T-antigen is re-
quired. We proposed that big T-antigen of SV40
acts as an initiator of host DNA synthesis and
that this action is an important part of the
mechanism of transformation by SV40 (16).

Cells that carry the Epstein-Barr virus (EBV)
genome also contain a nuclear antigen (EBNA).
Although there is no direct evidence, EBNA is
considered to be the transforming protein of
EBV (11). Like big T-antigen of SV40, EBNA
binds with high affinity to cellular DNA (12, 13)
and chromosomes (20). It was therefore of inter-
est to study whether EBV also activates new

1 Present address: National Cancer Institute, Bethesda,
MD 20205.
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initiation points for cellular DNA replication
during transformation.

EBV has been shown to be associated with
two human malignancies, Burkitt’s lymphoma
and nasopharyngeal carcinoma (9, 27). The pres-
ence of the EBV genome(s) and EBNA was
demonstrated in the great majority of Burkitt’s
lymphoma cases (97%) and in the permanent
lymphoma lines established from them. How-
ever, about 3% of the Burkitt lymphoma cases
examined were found to be EBV (and EBNA)
negative. The permanent cell lines established
from these cases were also EBV (and EBNA)
negative. These EBV-negative lines can be con-
verted in vitro by infection to EBV-positive
lines. The EBV-positive lines are different from
their “parent” lines: they exhibit lower serum
requirements and grow to higher cell densities
(24, 25).

Under laboratory conditions, EBV can be used
to infect nondividing human B lymphocytes and
transform them into continuous cell lines (“im-
mortalization”; 18). Invariably, these cell lines
are EBNA positive. Common sources for lym-
phocytes in these experiments are peripheral
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blood samples of EBV-negative adult donors or
cord blood samples.

For the investigation of initiation points, we
have chosen the system of cellular conversion
by EBV, which might be analogous to transfor-
mation of a “normal” cell line by SV40. This
system provides us with cell lines that are pre-
sumably isogenic and differ only in the EBV
genome (24). The experiments were conducted
by analyzing replicon size by using the elegant
method of fiber autoradiography of Huberman
and Riggs (8). Our results indicate that similar
to SV40, EBV activates new initiation points for
cellular DNA replication in EBV-converted
cells.

MATERIALS AND METHODS

Cells and media. The nonconverted EBV-negative
lymphoma lines BJAB (17) and Ramos (10) and their
converted EBV-positive derivatives (4, 10) were kindly
supplied by George Klein. The cell lines were free of
mycoplasma as determined by growth on agar. Cul-
tures were grown in RPMI 1640 medium supple-
mented with 20% fetal calf serum (GIBCO Laborato-
ries, Grand Island, N.Y.).

Labeling procedure and autoradiography.
Since lymphoid cells in suspension cultures are fragile,
it was essential to avoid centrifugation of the cells
before labeling. In our hands, even a gentle centrifu-
gation reduced thymidine uptake during the 8 min
pulse. The percentage of cells that became labeled
after centrifugation was not reproducible and as low
as <5%, compared with 30 to 50% without centrifuga-
tion.

Logarithmic cultures, with a viable count of >95%
(determined by the trypan blue exclusion test) were
used. Cells were grown in 2 ml of medium in test tubes,
at 0.75 X 10° to 1 X 10° cells per ml. The medium
was gently sucked off the cell pellet and replaced by
0.5 ml of medium (25% fetal calf serum) containing 5-
fluorodeoxyuridine at 2 X 107 M. The cells were
gently mixed and incubated at 37°C for 30 min. Then
[*H]thymidine (~50 Ci/mmol) was added to a final
concentration of 500 uCi/ml and the cells were mixed
again and incubated at 37°C for 8 min. Labeling was
terminated by adding 5 ml of RPMI 1640 (25% fetal
calf serum) at 4°C and centrifuging (1,000 rpm, 5 min).
The cells were washed twice with cold phosphate-
buffered saline and treated with hypotonic solution
(75 mM KCIl) for 10 min at room temperature to
facilitate spreading of the DNA. A drop of cell suspen-
sion (containing 1 X 10* to 2 X 10* cells) was then
placed on microscopic slides precoated with 1% bovine
serum albumin. The cells were lysed by adding a drop
of lysis buffer (15), and the DNA was spread on the
slides, fixed, washed, and autoradiographed essentially
as described before (15).

Analysis of the autoradiograms. Analysis of the
autoradiograms was performed as described previ-
ously, after 6 months of exposure (15). The slides were
examined under X400 enlargement in a Zeiss micro-
scope equipped with an eyepiece with a ruled engrav-
ing. Magnification was determined by using a slide
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with a 5-mm scale ruled to 1-um divisions (Zeiss). The
slides were coded, and scanning and measurements
were performed “double blind,” to eliminate possible
bias of the investigators. Scanning was done as de-
scribed before (15), and all of the suitable sets of track
that were encountered were scored (in the first prelim-
inary experiments) or photographed (in the detailed
experiments described below). Most of the rules have
been described (15). The sets of tracks that were
scored or photographed had to be straight, had to be
well separated, had to correspond to single-fiber width,
and had to contain at least three tracks. The tracks
had to be longer than their width. In addition, the
photographed sets of tracks had to be at least 50 mm
(67 um) long. The reason for this rule was that many
of the tracks and intertrack distances were very short
(Fig. 1), and visually, it was easier to pick stretches
with many short tracks and to overlook long distances
between tracks. After all of the slides were scanned,
the photographs of the six cell lines were shuffled and
measured blind (15), and distances between track cen-
ters, and also track lengths, were measured. Because
replication is bidirectional, an even number of inter-
track distances was recorded for each set of tracks (see
legend to Fig. 1, reference 15). If the number of inter-
track distances in a set was odd, the two outer dis-
tances on each side were averaged and recorded as a
single measurement. All measurements were recorded
to the nearest millimeter on the photograph, corre-
sponding to 1.3 um at the fiber level.

RESULTS

Replicon size was analyzed in two EBV-neg-
ative lines, BJAB and Ramos, and in each of
these lines converted by two strains of EBV,
derived from the producer cell lines B95-8 and
P3HR-1. Logarithmic cultures of randomly
growing cells were labeled for 8 min with high-
specific activity [*H]thymidine. The cells were
gently lysed, and the DNA was spread on micro-
scopic slides and autoradiographed by a modifi-
cation of the procedure of Huberman and Riggs
(8). By this method, one can observe replication
forks along the DNA fiber that became labeled
during the radioactive pulse (Fig. 1). Autora-
diography of nonlysed cells showed that 30 to
50% of the cells became labeled in the different
experiments. There was no apparent difference
between the converted and the nonconverted
lines.

Measurements of intertrack distances.
Our first set of experiments was performed by
scoring the number of replication forks per 105
pm of DNA fiber (data not shown). Those ex-
periments indicated that BJAB/B95-8 (con-
verted by the EBV strain B95-8) had distinctly
shorter replicons than did BJAB, its parental
nonconverted line, and similarly, that Ra/HRIK
(converted by the EBV strain P3HR-1) had
shorter replicons than did its parental noncon-
verted line, Ramos. Ra/B95-8 (Ramos converted
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FiG. 1. Fiber autoradiograms of lymphoid cells. The sets of tracks correspond to segments of the DNA that
became labeled during an 8-min pulse with [*H]thymidine. The DNA was spread on microscopic slides and
exposed to photographic emulsion for 6 months. The slides were viewed under a magnification of X400. (a)

BJAB; (b) BJAB/B95.8.

by B95-8 EBV) showed a replicon size only
slightly shorter than that of Ramos. BJAB/
HRIK (converted by the strain P3HR-1) was
not analyzed in those experiments.

We proceeded to study replicon size more
precisely in the converted and nonconverted
lines. Cultures were labeled, and fiber autoradi-
ograms were prepared, scanned, and photo-
graphed as described above. Typical fibers are

represented diagrammatically in Fig. 2. Al-
though for each cell line there were fibers with
different fork densities, there were apparent dif-
ferences between the populations of fibers of
BJAB and BJAB/B95-8, and between those of
Ramos and Ra/HRIK, in agreement with the
preliminary experiments. Also in agreement
with those experiments, the fork density of Ra/
B95-8 was closer to that of Ramos. BJAB/HRIK
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F16. 2. Diagrammatic representation of sets of tracks. The thin lines represent DNA fibers that are not
visible under light microscopy. The thick bars represent the segments of the DNA that became labeled during
the pulse and appear as silver grain tracks in the autoradiograms (Fig. 1). For each cell line, eight randomly
Dicked fibers that were measured in the experiments are represented. (a) BJAB; (b) BJAB/B95-8; (c) BJAB/

HRIK; (d) Ramos; (e) Ra/B95-8; (f) Ra/HRIK.

was similar in track density to BJAB. However,
the tracks of this cell line appeared to be longer
(see below).

The distances between track centers were
measured (to the nearest millimeter, which cor-
responds to 1.3 um), and the data were prepared
for computer analysis. Histograms of the fre-
quencies (as percent of total measurements) of
intertrack distances are plotted in Fig. 3. The
frequency histograms showed the same differ-
ences between cell lines as described above. The
mean value of intertrack distance for each cell
population is presented in Table 1 (arithmetic
mean).

As described before (1, 7, 8, 15), the distribu-
tion of intertrack distances was clearly not Gaus-
sian (Fig. 3). There were many short intertrack
distances and the curves were distinctly skewed
to the right, to the values of longer distances.
Also, the median was much smaller than the
(arithmetic) mean, which is another indication
of deviation from normality. In our analysis of
replicon size of hamster and mouse cells (15, 22),
we found that the distributions of intertrack
distances could be approximated by lognormal
distributions, and therefore, it was more mean-
ingful to compare the geometric means (antilogs
of the means of the logs of intertrack distances).
Analysis of the present data showed that they
could also be approximated by a normal distri-
bution after logarithmic transformation.

Figures 4 and 5 present normal probability

plots for the logs of intertrack distances. This
analysis consists of plotting the expected normal
values of the ordered observations (the expected
values if the data were normally distributed)
against the observed experimental results. A
straight line without pronounced “jumps” indi-
cates a good agreement of the experimental re-
sults with the hypothesized distribution. Figure
4 shows rather linear probability plots in the
middle parts of the curves, around the means
and medians. However, for all three cell lines,
the results deviated at both ends of the curves,
at the very low and high values of (logs of)
intertrack distances. We consider the agreement
of the data with the lognormal distribution to be
sufficiently satisfactory for comparisons of
means. This graphical representation also shows
that BJAB/B95-8 had significantly shorter re-
plicons than BJAB. Interestingly, the results for
BJAB/HRIK were close to those of BJAB at
the lower part and approached those of BJAB/
B95-8 at the upper part of the curve. This finding
will be discussed below.

A similar analysis for Ramos and derivatives
(Fig. 5) also showed approximately straight lines
in the middle parts and deviations at both ends
of the curves. The curve for Ra/HRIK was
shifted significantly to the left (shorter inter-
track distances) compared with that for Ramos.
The curve for Ra/B95-8 ran closer to that of
Ramos and also to its left.

Since agreement with the hypothesized distri-
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F16. 3. Frequency histograms of intertrack distances. Autoradiograms of the six cell lines, labeled for 8

min, were developed after 6 months of exposure. Photographs were taken, and intertrack distances were

measured. The frequency, as the percentage of total frequency, of intertrack distances of length x; is plotted

versus x;. The number of intertrack distances measured for each cell line appears in Table 1. (a) BJAB; (b)
BJAB/95-8; (c) BJAB/HRIK; (d) Ramos; (e) Ra/B95-8; (f) Ra/HRIK.

TABLE 1. Intertrack distances in EBV-negative

and EBYV-positive cells
No. of Intertrack distances (um)
inter-
track
Cell line dis- Arith- Geo-
tances metic Median metric
mea- mean mean®
sured
BJAB 118 16.3 10.1 115
BJAB/B95-8 204 8.7 58 6.8
BJAB/HRIK 156 13.3 9.0 10.2
RAMOS 102 25.2 20.7 20.5
Ra/B95-8 128 21.3 16.3 16.2
Ra/HRIK 302 12,5 8.3 9.5
¢ Geometric means are antilogs of the means of the
logs of the intertrack distances.

bution was not perfect, we have tried other
analyses of the data as well. (Information avail-
able from the authors upon request). In all cases,
the analyses led to similar qualitative differences
between the cell lines. We have summarized the
arithmetic means, medians, and geometric
means in Table 1. We consider the geometric
means more meaningful than the arithmetic
means, because their values are closer to those
of the medians and because the middle parts of
the normal probability plots for the log distri-

0 20 W 60
(um)

1
0 0

butions are rather straight (Fig. 4 and 5), indi-
cating that the geometric means are reasonably
good representatives of the data. The intertrack
distances were compared for significance of dif-
ference by using ¢ tests on the means of loga-
rithms. Probabilities that the samples represent
populations with intertrack distances of the
same size are listed in Table 2. Probability values
below 0.05 are customarily taken to indicate a
significant difference. The analysis showed that
the mean intertrack distance for BJAB/B95-8
was significantly different from that of BJAB.
The mean intertrack distances of Ra/B95-8 and
of Ra/HRIK were significantly different from
that of Ramos. By another statistical method
(the coefficient of variation approach), the dif-
ference between BJAB/HRIK and BJAB was
significant at the 10% level (probability value of
0.09).

Measurements of track length. In our pre-
vious studies, we found no differences in the
average track length between nontransformed
and SV40-transformed cells (15). However, it
appeared from the photographs that the average
track length for BJAB/HRIK was greater than
that of BJAB and most of the other cell lines.
We proceeded to measure and analyze these
lengths.
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Fi16. 4. Normal probability plots for the logs of
intertrack distances of BJAB and its EBV-carrying
derivatives. This analysis consists of plotting the
expected normal values (the expected values if the
data were normally distributed) against the actual
experimental results, i.e., logs of intertrack distances.
Symbols: O, BJAB; A, BJAB/B95-8; ®, BJAB/
HRIK.

Figure 6 shows the frequency distribution
(percent of total frequency) of track lengths for
the six cell lines. BJAB/B95-8 appeared similar
to BJAB, with a minor shift to shorter forks.
However, the curve for BJAB/HRIK was sig-
nificantly skewed to higher values of track
length. The asymmetry of this curve suggests an
extensive merging of tracks. This could have
happened whenever adjacent replicons were
fully replicated during the pulse so that their
converging tracks merged together. A similar
situation was described by Callan (3) and by
Blumenthal et al. (1). Those authors observed a
shift from an almost normal distribution of track
lengths (similar to Fig. 6a and b) to an asym-
metric distribution of pronounced skewness (Fig.
6¢) with increasing pulse length.

The frequency distributions for Ramos and
derivatives are somewhat skewed to the right
(Fig. 6d to f). However, the three curves are
similar to one another.

Table 3 summarizes the results for the track
lengths. It is noteworthy that the modal values
were identical for all cell lines. We take this to
indicate that the rate of fork movement remains
unchanged by the EBV conversion. Presumably
all the longer tracks that we measured arose
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from fusion. The rate of chain elongation calcu-
lated from the modes was 0.33 um/min, and
from the geometric means, 0.37 to 0.50 yum/min.

DISCUSSION

We have studied replicon size in the EBV-
negative lymphoid lines BJAB and Ramos and
in their EBV-carrying derivatives after conver-
sion in vitro. We have chosen these cell lines for
our studies because the only known genomic
difference between the nonconverted and the
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F16. 5. Normal probability plots for the logs of
intertrack distances for Ramos and its EBV-carrying
derivatives. See legend to Fig. 6. Symbols: O, Ramos;
A, Ra/B95-8; @, Ra/HRIK.

TABLE 2. P values for pairwise t tests between the
means of the logarithmic distributions®

P value
Cell line
BJAB/

BJAB B95-8 Ramos |Ra/B95-8
BJAB/B95-8 |<0.0005
BJAB/HRIK 0.231 |<0.0005
Ra/B95-8 0.016
Ra/HRIK <0.0005 | <0.0005

@ Student’s ¢ tests were performed on the means of
the logs of the intertrack distances. Pooled variances
were used, since the variances of the populations ap-
peared to be equal. The P values correspond to two-
sided tests of significance, i.e., tests of inequality in
either direction. A P value <0.050 indicates a signifi-
cant difference.
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F1G. 6. Frequency histograms of track lengths. Au-
toradiograms were prepared as described in the leg-
end to Fig. 3 and photographed, and track lengths
were measured. The frequency, as the percentage of
total frequency, of tracks of length xi is plotted versus
xi. The number of track lengths measured for each
cell line appears in Table 3. (a) BJAB; (b) BJAB/
B95-8; (c) BJAB/HRIK; (d) Ramos; (e) Ra/B95-8; (f)
Ra/HRIK.

TaBLE 3. Track length in EBV-positive and EBV-
negative cells

No. of Track length (um)
track
Cell line lengths | Arith- Geo-
mea- metic | Mode |Median | metric
sured | mean mean*®
BJAB 252 3.5 2.7 3.0 3.2

BJAB/B95-8 260 3.2 2.7 3.0 3.0
BJAB/HRIK 324 44 2.7 4.1 4.0

RAMOS 315 4.1 2.7 3.6 3.7
Ra/B95-8 248 3.9 2.7 3.3 3.5
Ra/HRIK 323 3.4 2.7 3.1 3.1

¢ Geometric means are antilogs of the means of the logs of
the track lengths.

converted lines is the presence of the EBV-ge-
nome. However, the converted cells acquired
higher resistance to cell density and reduced
serum dependence (25). The converted cell lines
have the same karyotype as the nonconverted
ones (26; J. Zeuthen, personal communication).
Therefore, a decrease in replicon size cannot be
attributed to a selective loss of DNA with longer
replicons.
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We have estimated replicon size in EBV-con-
verted and nonconverted cells by the method of
fiber autoradiography. Our previous studies (15;
unpublished data) showed that this method is
the most suitable for measuring replicon size.
The limitations of this procedure have been
discussed in detail before (1, 7, 8, 15). An addi-
tional limitation of the present study was the
abundance of many short intertrack distances in
these lymphoid lines, which were sometimes
masked by track fusion (see below). To circum-
vent these difficulties, a strict set of rules was
observed (see above) and the experiments were
conducted double blind. We believe that sys-
tematic errors inherent in the technique were
the same for all of the cell lines (with the excep-
tion of BJAB/HRIK, where extensive track fu-
sion has occurred, as discussed below) and that
comparisons are therefore valid.

The results and the three statistical measures
computed showed an “average” intertrack dis-
tance which is much shorter for the EBV-posi-
tive lines BJAB/B95-8 and Ra/HRIK and mod-
erately shorter for Ra/B95-8 than for their re-
spective EBV-negative parental lines (Table 1).
The differences between those cell lines were
highly significant (Table 2). Shorter intertrack
distances represent shorter replicons and more
initiation points. Since the only known genomic
difference between the converted and noncon-
verted lines is the presence of EBV DNA (24),
our findings indicate that EBV is responsible for
activation of new initiation points for cellular
DNA replication in BJAB/95-8 and in Ra/
HRIK.

The only EBV-positive line that did not ex-
hibit significantly more initiation points is
BJAB/HRIK. However, track length analysis
(Fig. 6) suggested that extensive track fusion has
taken place in this cell line during the labeling.
We would like to suggest that the true value for
an average replicon for BJAB/HRIK is dis-
tinctly shorter than the observed, and signifi-
cantly shorter than that of BJAB.

Support for this suggestion comes from the
statistical analyses. The normal probability plot
for BJAB/HRIK resembled that of BJAB at the
low values and approached that of BJAB/B95-
8 at the high values of intertrack distances (Fig.
4), suggesting that the main difference between
the two EBV-converted BJAB lines is the abun-
dance of very short replicons in BJAB/B95-8,
which have been presumably lost by track fusion
in BJAB/HRIK. Note also the higher sample
size (204 intertrack distances) of BJAB/B95-8
compared with BJAB/HRIK (Table 1). We
measured 91 intertrack distances shorter than
5.3 um in BJAB/B95-8 and only 37 in BJAB/
HRIK (27 in BJAB). The number of distances
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longer than 5.3 um was almost the same for
BJAB/B95-8 (113) and BJAB/HRIK (119).

It should be also pointed out that the logarith-
mic transformation that we have used in the
analysis for significance of differences (Table 2)
gives more weight to the shorter intertrack dis-
tances, and therefore a bias due to track merging
and preferential loss of short distances would be
magnified. By the coefficient of variation ap-
proach, which gives equal weight to the longer
and shorter intertrack distances, the difference
between BJAB/HRIK and BJAB was signifi-
cant at the 10% level. Also, compare the differ-
ence between the arithmetic means to that of
the geometric means for these cell lines (Table
1). For all of these reasons, we suggest that in
BJAB/HRIK also, EBV-activated initiation
points are functioning.

It is hard to estimate from these experi-
ments what the true value for replicon size for
BJAB/HRIK is. We cannot use a shorter label-
ing time to resolve this question because a
shorter pulse results in autoradiograms with
many tracks that are too short and cannot be
distinguished with confidence from the back-
ground.

From the results of Table 1, we calculated the
size for an “average” replicon, which we define
as twice the geometric mean, assuming that
replication is bidirectional. The sizes ranged
from 13.6 pym for BJAB/B95-8 to 40.9 pm for
Ramos (Table 4). It is interesting to note that
the two EBV-negative lines BJAB and Ramos,
both isolated from patients with similar B lym-
phomas, were so different in their average repli-
cons; 23 um for BJAB and 41 pm for Ramos.
The two cell lines differ also in their growth
properties: BJAB grows more vigorously in tis-
sue culture and is less sensitive to high cell
density and serum starvation (A. Oppenheim
and H. Ben-Bassat, unpublished data). We do
not know whether these differences are related
to the difference in replicon size.

Assuming that the additional initiation points
in the converted cells are EBV activated, it
is remarkable that both BJAB/B95-8 and
Ra/HRIK had almost the same number of ad-
ditional initiation points per 1.0 mm of DNA:
30.0 for BJAB/B95-8 (73.6 — 43.6 = 30.0) and
28.5 for Ra/HRIK (52.9 — 24.4 = 28.5). Compar-
ing these two lines, we did not see, therefore, a
difference in the activation of new initiation
points by the two EBYV strains derived from B95-
8 and P3HR-1. We also did not see a difference
between the two cell lines BJAB and Ramos. If
EBV is using specific nucleotide sequences of
the cellular DNA for the activation, these se-
quences may be equally accessible in the two
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TABLE 4. Replicons of EBV-converted and
nonconverted cells

“Average” Initiations
Cell line replicon per 1.0 mm of

(pm)® DNA
BJAB 22.9 43.6
BJAB/B95-8 13.6 73.6
BJAB/HRIK 20.5 488
Ramos 40.9 244
Ra/B95-8 324 30.9
Ra/HRIK 18.9 52.9

“ We define an “average” replicon as twice the geo-
metric mean of the intertrack distances, since repli-
cation is bidirectional.

cell lines. By a similar calculation, the number
of EBV-activated initiations per 1.0 mm of DNA
in Ra/B95-8 was only 6.5 (30.9 — 24.4 = 6.5).
However, note that the total number of initia-
tions of DNA replication for Ra/B95-8 was 30.9
per 1.0 mm of DNA, which is very close to the
number of initiation points that were presum-
ably activated by EBV in BJAB/B95-8 and in
Ra/HRIK (30.0 and 28.5 initiations per 1.0 mm
of DNA, respectively). It is therefore conceivable
that in Ra/B95-8, only the EBV-activated initi-
ations were functioning. An analogous situation
was observed in SV40-transformed Chinese
hamster lung (CHL) cells after isoleucine deple-
tion (15). It appeared that only the SV40-acti-
vated initiations remained functioning after the
amino acid starvation. The nontransformed
CHL cells stopped DNA replication almost com-
pletely (only 1 to 3% of the cells became labeled
during 8 min of [*H]thymidine pulse), whereas
the SV40-transformed cells continued to repli-
cate their DNA (about 50% of the cells became
labeled), but from fewer initiations. Those re-
sults suggested that the SV40-activated initia-
tion of DNA replication can bypass normal cel-
lular control signals and allow transformed cells
to enter S phase also under unfavorable growth
conditions (15). We would like to suggest that
also in Ra/B95-8, the original “normal” initia-
tions were not functioning, possibly because the
normal initiator that functions in Ramos had
been lost. This explanation is plausible in view
of the greater sensitivity of Ramos to unfavora-
ble growth conditions (high cell density and low
serum) (Oppenheim and Ben-Bassat, unpub-
lished data).

A striking feature of the autoradiograms of
these cell lines is the abundance of very short
replicons. Regardless of the average replicon
size, we found stretches of DNA with clusters of
tracks that are less than 1 ym apart in all of the
cell lines. We observed a similar track pattern
also in normal cord blood lymphocytes treated
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with protein A, a mitogen for human B lympho-
cytes (A. Oppenheim and J. Zeuthen, unpub-
lished data). Therefore, we think that this pat-
tern is not related to the malignant state of the
lines used in the present study, but to their
tissue origin. Studies of human fibroblasts (A.
Oppenheim, unpublished data) show track pat-
terns that are similar to those of hamster and
mouse fibroblasts (15, 23). Tissue-specific differ-
ences in replicon size have been observed before
(2), implying that potential sites for initiation of
replication are not always utilized. A similar
conclusion is reached from variations in replicon
size that result from growth conditions (6). Al-
ternatively, it is possible that sites for initiation
on the DNA are not sequence specific, and are
a function of the state of local condensation of
the chromatin (R. G. Martin, Adv. Cancer Res.,
in press). Interestingly, in spite of the abundance
of short replicons, human lymphocytes appear
to have an S phase of 5 h or more (5), similar in
duration to that of fibroblasts.

EBNA, which is present in all of the EBV-
transformed cells, has been implicated as the
transforming protein of this virus (11). This an-
tigen has been shown to bind with high affinity
to DNA (12, 13) and to chromosomes (20). Mi-
croinjection of purified EBNA induced DNA
synthesis in quiescent mouse 3T3 cells (11; J.
Zeuthen, personal communication). It is tempt-
ing to speculate that EBNA, in analogy to T-
antigen of SV40, acts as an initiator of cellular
DNA replication in the EBV-transformed cells.
It is also noteworthy that DNA-binding anti-
gens, which are presumably nuclear, were de-
tected in cells transformed by other DNA-trans-
forming viruses, herpesvirus papio and herpes-
virus ateles (19, 21).
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