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The number of Epstein-Barr virus (EBV) genomes per cell in established
leukocytic lines and tissue specimens has been evaluated by measuring DNA-
DNA reassociation kinetics with hydroxyapatite chromatography. Under the
proper conditions, this method is sufficiently sensitive to detect EBV DNA in the
amount of 0.1 genome per cell. All the samples tested that have been suspected to
be without EBV DNA by cRNA hybridization proved negative by this more
sensitive specific analysis. These included Hela and Hep2 cells, a negative case of
Burkitt's lymphoma, two negative cases of nasopharyngeal carcinoma, and two
established human leukocytic lines. Homology tests conducted with single-
strand-specific nuclease S1 indicated that the viral DNA from a nasopharyngeal
carcinoma and infectious mononucleosis were more than 90% homologous to EBV
DNA.

ZurHausen and his collaborators originally
detected Epstein-Barr virus (EBV) DNA in
various cells (7) and tumor tissues (8) by
DNA-DNA membrane hybridization. We con-
firmed and extended their results by the more
sensitive cRNA-DNA hybridization method
(M. Nonoyama, C.-H. Huang, J. S. Pagano, G.
Klein, and S. Singh, Proc. Nat. Acad Sci.
U.S1.A., in press; reference 12). In those papers
Hela or Hep2 cells were used as EBV DNA-
negative cell controls, but the negativity of
these human cells had not actually been proved.
In addition, the cRNA hybridization method
cannot detect more than two genome equiva-
lents of EBV DNA per cell against the back-
ground of results with Hela or Hep2 cells, and
important questions about their negativity for
the EBV genome have remained unanswered.
Fresh tissue from one case of Burkitt's lym-
phoma and five cases of nasopharyngeal carci-
noma obtained at biopsy, for example, have not
exhibited detectable levels of EBV DNA by
cRNA hybridization, in contrast to 22 Burkitt's
lymphomas and 18 nasopharyngeal carcinomas
in which the viral DNA was detectable (M.
Nonoyama et al., in press). To ascertain the
association of EBV DNA with these diseases, it
is important to determine whether these biop-
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sies are really negative for EBV DNA or contain
a small amount of the EBV genome which could
not be detected by cRNA hybridization.
With the development of methodology for

DNA-DNA reassociation kinetics for EBV
DNA, which involved in our method labeling
nicked viral DNA in vitro with 'H-thymidine
triphosphate (TTP) and DNA polymerase I to
make highly reactive EBV DNA (13), we are
now able to answer questions of this kind. By
using the same technique with single-strand-
specific nuclease Si, we could further test the
homology of EBV DNA with viral DNA associ-
ated with nasopharyngeal carcinoma and infec-
tious mononucleosis.

MATERIALS AND METHODS
Preparation of EBV DNA. The HR1K cell line

was used to produce EBV as described previously
(12). Approximately 15% of the cells were positive for
viral capsid antigen when tested by the indirect
immunofluorescence method. The partially purified
virus (12) was treated with Pronase (1 mg/ml) and
sodium dodecyl sulfate (SDS) (1%) for 10 h at 37 C in
0.05 M Tris and 0.001 M EDTA buffer, pH 7.4. The
extracted DNA was centrifuged at 21,500 rpm in an
SW27 rotor for 15 h at 18 C. The viral DNA sedi-
mented in the region of 55S. This DNA was purified
by two cycles of isopycnic centrifugation in CsCl in an
SW50 rotor at 35,000 rpm for 60 h at 1.718 g/cm3 (12).
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Preparation of cellular DNA and DNA from
tissue specimens. DNA was extracted from cells and
specimens obtained at biopsy by treatment with
Pronase (1 mg/ml) and 1% SDS in 0.05 M Tris buffer,
pH 9.0, at 37 C overnight followed by two extractions
with phenol. The DNA was precipitated with two
volumes of ethanol and dissolved in 0.05 M Tris, pH
7.4, EDTA 0.01 M, and then treated with 20 gg of
RNase per ml at 37 C for 1 h. After sonic disruption
(13) the DNA was treated with phenol two times and
precipitated by alcohol. The final DNA preparations
were dissolved in 0.5 to 1 ml of 0.0025 M EDTA. The
size of the DNA was about 4 x 10' daltons, deter-
mined by sedimentation through a neutral sucrose
gradient (15) with SV40 component I and II DNA as
markers.
Labeling of EBV DNA with 3H-TTP in vitro.

DNA polymerase I (Komberg enzyme) (9) was used to
prepare highly radioactive EBV DNA (13). One mi-
crogram of purified EBV DNA was incubated with
0.05 Mg of DNase I at 37 C for 20 min in 0.45 ml of the
polymerase buffer (potassium phosphate, 70 mM (pH
7.4); MgCl2, 7 mM; and 2-mercaptoethanol, 1 mM);
the enzyme was inactivated by heating at 70 C for 10
min. This solution was mixed with 0.025 ml of twenty
times concentrated reaction mixture (2 mM each of
dCTP, dGTP, and dATP in polymerase buffer), 250
UCi of 3H-TTP (16 Ci/mM), and 0.03 ml of DNA
polymerase I (3 units). The mixture was incubated at
18 C for 5 to 10 h until the incorporation reached a
plateau. The reaction was stopped by addition of
Sarkosyl-97 to 1% and cooled in ice for 1 min. The
specific activity, determined by measurement of the
radioactivity of trichloroacetic acid precipitates of a
portion of the reaction mixture at the end of the
reaction, was 2.2 x 106 counts per min per ug of EBV
DNA. The mixture was passed through Sephadex G50
equilibrated with Tris buffer, 0.01 M (pH 7.4); EDTA,
0.001 M; and 0.1% Sarkosyl-97. The DNA fractions
were pooled, treated with water-saturated phenol,
and precipitated in two volumes of ethanol at -20 C
overnight. The average size of 3H-EBV DNA thus
obtained was about 2 x 105 daltons in a single-
stranded form as determined by Fore (13, 15). The
even labeling of EBV DNA with 3H-TTP has also been
discussed in the previous paper (13).
The DNA polymerase I was purified according to

Richardson et al. (14) and had a specific activity of
13,000 units/mg of protein determined with deoxyade-
nylate-deoxythymidylate polymer as a primer.
DNA-DNA reassociation kinetics. Tritium-

labeled EBV DNA fragments of 2.5 x 10-3 to 1.5 x
10-2 Mg (6 x 10' to 3.6 x 10' counts/min) were added
to 0.75 ml of a reaction mixture in 0.0025 M EDTA
containing sheared cellular DNA or tissue DNA (0.5
to 5 mg) in a test tube. The mixture was denatured by
heating at 100 C for 10 min and then chilling in ice. Six
molar NaCl (0.25 ml) was added to the mixture to
make a final concentration of 1.5 M. One milliliter of
the reaction mixture in Tris, 0.01 M (pH 7.0), and
NaCl, 1.5 M, was divided into 0.1 ml in each glass
tube, and the tubes were sealed. The samples were
incubated at 66 C for appropriate periods.

Hydroxyapatite (BioRad) in columns (3 by 1 cm)
was equilibrated with 0.1 M phosphate buffer, pH 6.8,

and 0.1% SDS in 5-ml syringes in a water bath
maintained at 60 C. The capacity of the hydroxyapa-
tite varied between 10 and 40 optical density units of
DNA per centimeter of column bed. The samples
were applied to the hydroxyapatite columns, and
single-stranded DNA was collected in three eluates of
2.5 ml each of 0.14 M P04 buffer containing 0.1%
SDS. Double-stranded DNA was recovered by elution
three times at 60 C with 2.5-ml portions of 0.4 M
phosphate buffer containing 0.5% SDS. Five percent
of single-stranded DNA was eluted in the double-
stranded DNA fraction, and no appreciable double-
stranded DNA came out in the single-stranded DNA
fraction. We have corrected for the 5% value for
unreassociated DNA. The effluents were allowed to
cool at 4 C for 20 min, precipitated with trichloro-
acetic acid (20% final), and filtered on membrane
filters (Millipore Corp.). The filters were then re-
moved and counted in a liquid scintillation spec-
trometer. The kinetics of reassociation follow the
equation (2): C/Co = 1/(1 + K Cot). Therefore, Co/
C = 1 + K Cot, where C is the concentration of unre-
associated 3H-EBV DNA, Co is the total concentration
of 3H-EBV DNA, t is time, and K is the reassocia-
tion constant. The plots of Co/C values at various
times can be expressed as single straight line (3).

Nuclease SI assay (A. oryzae). Recently, single-
stranded DNA-specific nuclease (nuclease S1) (1) has
been used for DNA reassociation experiments (10).
We obtained nuclease S1 from T. Ando, Institute of
Physical and Chemical Research, Tokyo, Japan. The
enzyme was suspended in water to 1 mg/ml and stored
at -20 C. One-tenth milliliter of the reassociation
mixture was diluted in 0.9 ml of the nuclease buffer
containing 0.03 M sodium acetate buffer, pH 4.5, and
5 x 10-' M zinc acetate. The mixture was divided in
two samples. After the addition of 10 Mg of nuclease
S1 to one of the samples, the reaction was continued
for 4 h at 37 C and stopped by adding 5% trichloro-
acetic acid containing 0.01 M sodium pyrophosphate.
The reaction mixtures were chilled in ice for 5 min.
The precipitates were collected on membrane filters
(0.45 um, Millipore Corp.), washed twice with 4 ml of
cold trichloroacetic acid, and processed for liquid
scintillation counting.
The same concentration of cellular DNA alone was

reassociated as above at the same time and mixed
with single- or double-stranded 3H-EBV DNA in
amounts equivalent to those used in the experiment
above. The mixture was digested with S1 enzyme as
above; there was digestion of 97 to 99% of single-
stranded DNA and 10% of double-stranded DNA
throughout the experiment. A correction was made for
the under evaluation of double-stranded DNA by
dividing by a factor of 0.9.

RESULTS
Demonstration of human DNA negative

for EBV DNA. To test whether the reassocia-
tion kinetics are sensitive enough to detect as
little as 0.1 genome equivalent per cell of EBV
DNA, and to verify whether Hela and Hep2
DNA which have been used as negative controls

1007VOL. 12, 1973



KAWAI, NONOYAMA, AND PAGANO

for the hybridization studies of EBV (12, 13)
were truly negative, the reassociation kinetics
were compared between calf thymus DNA and
0.1 or 0.05 genome equivalent of cold EBV DNA
mixed with calf thymus DNA and Hela or Hep2
DNA. In each experiment 0.1 genome equiva-
lent per cell of 3H-EBV DNA was allowed to
reassociate in the presence of 0.1 or 0.05 genome
per cell of cold EBV DNA mixed with 5 mg of
calf thymus DNA per ml. It is reasonable to
assume that calf thymus DNA does not contain
EBV DNA since the distribution of EBV is
limited to man and to higher species of pri-
mates.
As in Fig. 1, the slopes for the mixture of

3H-EBV DNA and Hep2 DNA or Hela DNA
were identical to the slope for the mixture of
3H-EBV DNA and calf thymus DNA, whereas
the reaction for the reconstruction experiment
containing 0.1 or 0.05 genome of cold EBV
DNA, 0.1 genome of 3H-EBV DNA, and 5 mg
of calf thymus DNA per ml went 2.1 or 1.6 times
as fast as it did for the control experiment with-
out cold EBV DNA. These experiments show
that Hep2 and Hela DNA contain as little
homology to EBV DNA as does calf thymus
DNA and that 0.05 genome per cell of EBV
DNA can be detected accurately. From the fig-
ure it is expected that the limit of the sensitivity
should be 0.02 to 0.03 genome per cell under
these conditions; we can distinguish a slope of
1.2 to 1.3 times faster than that of the mixture
of 9H-EBV DNA and calf thymus DNA.
Table 1 summarizes the viscosity effects on

the kinetics. The half Cot values increase with
the addition of increased amounts of calf thy-
mus DNA. The increased rate for Cot l/2 or the
decreased rate for the reassociation kinetics was
about the same as in the case of SV40 DNA
versus salmon sperm DNA (4) and suggests that
significant contamination of calf thymus DNA
with EBV DNA is not present. If a significant
amount of EBV DNA were present in the calf
thymus DNA, the rate for the reassociation
should be accelerated with the increased
amount of calf thymus DNA.

In our previous cRNA hybridization studies
(M. Nonoyama et al., in press; reference 12),
there were tissue specimens and established
leukocytic lines in which EBV DNA could not
be detected, although it was expected to be
present. Since the DNA of some of these speci-
mens and cells was still available, we conducted
reassociation kinetics with different concentra-
tions of DNA. In the first series of experiments,
5 mg of DNA and 0.1 genome per cell of 3H-EBV
DNA were used. In the second and third series,

0
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FIG. 1. DNA-DNA reassociation kinetics for cold
EBV DNA, Hela, Hep2, and calf thymus DNA with
3H-EBV DNA. Each reaction mixture containing 5
mg of sheared and heat-denatured DNA and 2.4 x 104
counts/min (0.01 lAg, 0.1 genome/cell) of 'H-EBV
DNA in 0.001 M EDTA, 1.5 M NaCI, pH 7.2, was
allowed to reassociate at 66 C. Samples were removed
at intervals, and single- and double-stranded DNA
were separated on hydroxyapatite columns with 0.14
M phosphate buffer containing 0.1% SDS and 0.4 M
phosphate buffer containing 0.1% SDS at 60 C. The
results are plotted as a function of 3H-EBVDNA Co/C
value. Symbols: 0, cold EBVDNA (0.1 genome), calf
thymus, and 'H-EBVDNA; *, cold EBVDNA (0.05
genome), calf thymus, and 3H-EBV DNA; 0, Hep2
DNA and 3H-EBV DNA; 0, Hela DNA and 3H-EBV
DNA; A, calf thymus DNA and 3H-EBV DNA. Co is
the initial concentration of DNA, and C is the
concentration of unreassociated DNA. The number of
genome equivalents was calculated as previously (12,
13).

TABLE 1. Viscosity effect for the reassociation
kinetics

Calf thymus 'H-EBV DNA Cot 1/2
DNA (mg/ml) (Mg/mi) (mol s/liter)

0 0.01 0.61 x 10-2
0.5 0.01 0.63 x 10-2
1.0 0.01 0.75 x 10-2
2.0 0.01 0.80 x 10-2
5.0 0.01 1.03 x 10-2

1 mg of DNA and 0.25 genome per cell of
3H-EBV DNA or 0.5 mg of DNA and 0.25
genome per cell of 3H-EBV DNA were used. In
each series the negative controls for EBV DNA
were a mixture of calf thymus DNA and 3H-
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EBV DNA. In the first series we tested DNA
from the only biopsy ("Fausta") of Burkitt's
lymphoma so far found without detectable EBV
DNA by cRNA hybridization (M. Nonoyama et
al., in press) and "Molt" DNA, which was
extracted from established leukocytes derived
from a patient with acute lymphatic leukemia
(from J. Minowada, Roswell Park) and also
negative for EBV DNA by cRNA hybridization.
As shown in Fig. 2, there were no significant

differences in the reassociation rates between
these two DNAs and calf thymus DNA, which
indicates that Fausta DNA and Molt DNA
contain less than one EBV genome in every 30
to 50 cells.
Two samples of DNA of nasopharyngeal car-

cinoma negative for EBV DNA by cRNA hy-
bridization (M. Nonoyama et al., in press) and
DNA from another established leukocytic line,
"Simpson," derived from a patient with multi-
ple myeloma (Minowada) and negative for EBV
DNA by cRNA hybridization (M. Nonoyama et
al., in press), were tested in the second and
third series of experiments (Fig. 3, 4). None of
the test DNAs showed any significant difference
in the reassociation kinetics from calf thymus
DNA. Simpson DNA and the specimens of
nasopharyngeal carcinoma DNA contained less
than one EBV genome in every 10 to 20 cells.
Homology between EBV DNA and hybridiz-

able DNA in EBV-containing cells and tis-
sues. We have demonstrated the homology
between EBV DNA and hybridizable DNA in
Burkitt's lymphoma and nasopharyngeal carci-
noma by DNA reassociation kinetics with hy-
droxyapatite chromatography (13). However,
this technique only showed that the DNA had
sequences hybridizable to EBV DNA in every
105 daltons, as we used DNA of that size and did
not prove complete homology.

Recently, nuclease Si, a single-strand-spe-
cific nuclease, has been used in reassociation
kinetics instead of hydroxyapatite column
chromatography. When hydroxyapatite is used,
DNA recovered in 0.4 M phosphate buffer is a
mixture of true double-stranded DNA and
partially double-stranded DNA which might
give a misleading test of homology. When nu-
clease Si is used for such experiments more
definite conclusions about the homology should
be possible since any single-stranded tail at-
tached to reassociated DNA should be removed.
We first compared the kinetics of 3H-EBV

DNA reassociation by the nuclease Si method
and the hydroxyapatite method. As in Fig. 5,
the reassociation rate with the nuclease Si
method was half as fast as with the hydroxyapa-

tite method, which indicated the removal of
tails attached to reassociated DNA by the
nuclease; it therefore appeared reasonable to
evaluate homology by the nuclease S1 method.
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FIG. 2. DNA-DNA reassociation kinetics for DNA
from tissues obtained at biopsy from Burkitt's lym-
phoma and a human lymphocytic line for EBVDNA.
Each reaction mixture contained 5 mg of sheared and
heat-denatured DNA and 2.4 x 104 counts/min (0.01
.ug, 0.1 genome/cell) of 3H-EBVDNA in 1 ml of 0.001
M EDTA, 1.5 M NaCl solution, pH 7.2, and was
allowed to reassociate at 66 C. The fractionation was
done as in Fig. 1. Symbols: 0, human lymphocyte
DNA (Molt cell line) and 3H-EBV DNA; 0, Burkitt's
lymphoma (Fausta) DNA and 3H-EBVDNA; A, calf
thymus DNA and 3H-EBV DNA.
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FIG. 3. DNA-DNA reassociation kinetics for DNA
from a nasopharyngeal carcinoma and from a human
lymphocytic line negative for EBV DNA. Each reac-
tion mixture contained 1 mg of sheared and heat-
denatured DNA and 1.2 x 104 counts/min (0.005 ,ug,
0.25 genome/cell) of 3H-EBV DNA in 1 ml of 0.001 M
EDTA, 1.5M NaCI solution, pH 7.2, and was allowed
to reassociate at 66 C. The fractionation was done as
in Fig. 1. Symbols: 0, DNA from nasopharyngeal
carcinoma and 3H-EBV DNA; 0, lymphocyte (Simp-
son cell line) DNA and 3H-EBVDNA; A, calf thymus
DNA and 3H-EBVDNA.
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FIG. 4. DNA-DNA reassociation kinetics for DNA

from a nasopharyngeal carcinoma and 3H-EBVDNA.
Each reaction mixture contained 500 Ag of sheared
and heat-denatured DNA and 6 x 103 counts/min
(0.0025 Mg, 0.25 genome/cell) of 3H-EBVDNA in 1 ml
of 0.001 M EDTA, 1.5 M NaCl solution, pH 7.2, and
was allowed to reanneal at 66 C. The fractionation
was done as in Fig. 1. Symbols: 0, DNA from
nasopharyngeal carcinoma and 3H-EBVDNA; A, calf
thymus DNA and 3H-EBV DNA.

The kinetic complexity of the in vitro-labeled
EBV DNA was determined from the kinetics by
the nuclease Si method of Fig. 5 by the equa-
tion of Wetmur and Davidson (16). The value
k2 corrected for the standard conditions de-
scribed by these authors was 69.4 liters per mol
per s, and the kinetic complexity was 9.56 x 107.
The value did not change significantly in the
absence of 0.5 mg of calf thymus DNA.
DNA was extracted from specimens of Bur-

kitt's lymphoma and of nasopharyngeal carci-
noma. DNA was also extracted from established
cell lines transformed from human cord blood
leukocytes by throat washings from patients
with infectious mononucleosis. Such washings
apparently contain an EBV-like agent that can
transform cord blood cells (5, 11). One and
one-half genomes per cell of 3H-EBV DNA were
added to 0.5 mg of these DNAs per ml, and the
reassociation experiments were conducted. Fig-
ure 6 shows the results, which indicate that
reassociation in all the DNA preparations pro-
ceeded linearly without a break in the curves as
far as Co/C values of 10 to 20. This means that
DNA hybridizable to EBV DNA in the tissues of
Burkitt's lymphoma and nasopharyngeal carci-
noma and in cells transformed by throat wash-
ings of patients with infectious mononucleosis
was more than 90% homologous or probably

identical to EBV DNA. The average number of
genomes per cell in these experiments was 8.2
for the Burkitt's lymphoma, 13.5 for the naso-
pharyngeal carcinoma, and 7.5, 6.3, and 5.5 for
the transformed cells if it is assumed that the
reaction should proceed in proportion to the
amount of cold EBV DNA, as in the hydrox-
yapatite method.

DISCUSSION
The use of calf thymus DNA as a negative

control is reasonable because EBV infects only
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FIG. 5. Comparison of hydroxyapatite and nu-
clease Sl for the reassociation rate of 3H-EBVDNA.
Each reaction mixture contained 500 Asg of sheared
and heat-denatured DNA and 3.6 x 104 counts/min
(0.015 Mg, 1.5 genome/cell) of 3H-EBVDNA in 1 ml of
0.001 M EDTA, 1.5M NaCl, pH 7.2, and was allowed
to reanneal at 66 C. Samples were removed at inter-
vals, and single- and double-stranded DNA were sepa-
rated on hydroxyapatite with 0.15Mphosphate buffer
containing 0.1% SDS and 0.4 M phosphate buffer con-
taining 0.1% SDS at 66 C, respectively. For the nu-
clease S assay, single-stranded DNA was digested
with 10 pg of nuclease Sl as described in Materials
and Methods. Symbols: A, calf thymus DNA and 3H-
EBV DNA on hydroxyapatite; A, calf thymus DNA
and 3H-EBV DNA with nuclease Sl.
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FIG. 6. Homology between EBV DNA and viral
DNA from Burkitt's lymphoma, nasopharyngeal car-
cinoma, and infectious mononucleosis determined by
DNA-DNA reassociation. Each reaction mixture con-
tained 500 pg of sheared and heat-denatured DNA
and 3.6 x 104 counts/min (0.015 jg, 1.5 genome/cell)
of 3H-EBV DNA in 1 ml of 0.001 M EDTA, 1.5 M
NaCI, pH 7.2, and was allowed to reassociate at 66 C.
Samples were removed at intervals, and single-
stranded DNA was digested with 10 jg of nuclease
SI at 37 C for 4 h. Symbols: 0, DNA from a naso-
pharyngeal carcinoma and 'H-EBV DNA; 0, DNA
from a Burkitt's lymphoma and 'H-EBV DNA; E,

DNA from infectious mononucleosis no. 1 cell line
and 3H-EBV DNA; 0, DNA from infectious mononu-
cleosis no. 2 cell line and 3H-EBVDNA; A, DNA from
infectious mononucleosis no. 3 cell line and 'H-
EBV DNA; A, calf thymus DNA.

man and higher species of primates. In addition,
the absence of EBV DNA or any related se-
quences in calf thymus DNA was confirmed in
the following way. When 3H-EBV DNA was
mixed with 5 mg or 0.5 mg of calf thymus DNA
or without calf thymus DNA, the reaction rates
with 0.5 mg and without calf thymus DNA were
not appreciably different. However, the rate
with 5 mg of calf thymus DNA was 60% slower
due to the higher viscosity, and there was no
acceleration of the reaction, which should have
been expected if any hybridizable DNA had
been present in calf thymus DNA.

Under the conditions used in these experi-
ments, it is now possible to detect less than one
EBV genome in every 30 to 50 cells (kinetics of
1.2 to 1.3 times faster than the reaction for the
mixture of calf thymus DNA and 3H-EBV DNA
of 0.1 genome per cell). This slight difference in
kinetics can be more easily compared by Co/C
versus t than by conventional plots of C/Co
versus Cot.
Hela cells and Hep2 cells did not contain an

appreciable amount of EBV DNA, as expected,
and can now serve as a good negative control
both for cRNA hybridization and DNA-DNA
reassociation kinetics. One specimen of Bur-
kitt's lymphoma, Fausta, in which EBV DNA
had not been detected by cRNA hybridization
(M. N6noyama et al., in press), proved to be
unassociated with EBV DNA (less than one
genome of EBV DNA in every 30 to 50 cells).
Since this specimen, which was histopathologi-
cally and clinically Burkitt's lymphoma, was
from a large surgical biopsy of the ovary that
should contain more than one tumor cell in
every 30 to 50 normal cells, EBV apparently did
not have a direct relation with this case of
Burkitt's lymphoma. All of the other 22 tissue
specimens of the disease were clearly positive
for EBV DNA in genome equivalent amounts
ranging from 5 to 100 as determined by cRNA-
DNA hybridization (M. Nonoyama et al., in
press).
Two cases of nasopharyngeal carcinoma

which had been negative for EBV DNA by
cRNA hybridization (M. Nonoyama et al., in
press) also did not contain EBV DNA or carried
less than one genome of EBV in every 10 to 20
cells. We have three more negative cases of
nasopharyngeal carcinoma by cRNA hybridiza-
tion, which have not been tested by DNA-DNA
reassociation kinetics. Eighteen out of 23 speci-
mens of nasopharyngeal carcinoma were posi-
tive for EBV DNA (M. Nonoyama et al., in
press).
Most established human leukocytic cell lines

were associated with EBV DNA (J. S. Pagano,
M. Nonoyama, and C.-H. Huang, in press;
reference 6), but there were two exceptional
cases. One, Molt, derived from a patient with
acute lymphatic leukemia, and the other, Simp-
son, derived from multiple myeloma, did not
contain appreciable amounts ofEBV DNA: less
than one genome in every 30 to 50 cells for the
former, and less than one genome in every 10 to
20 cells for the latter.
We cannot exlude the possibility in the nega-

tive cases that these cells or tissues might
contain deleted EBV genome of less than 10% of
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whole DNA. Since EBV DNA is large enough to
code two to three hundred cistrons, 10% of the
genome could be functionally significant.
The reassociation kinetics measured by nu-

clease Si gave the kinetic complexity of 9.56
x 107, which is approximately the molecular
weight of EBV DNA. This suggests that the S1
method is almost equivalent to the measure-
ment by optical density and also that EBV
DNA radioactivity labeled in vitro retains the
integrity of original EBV DNA.
Because of the difference in the diseases,

there has been speculation over whether the
virus from Burkitt's lymphoma, nasopharyn-
geal carcinoma, and infectious mononucleosis
are identical or merely closely related to EBV.
We have presented a partial answer previously
with the use of hydroxyapatite chromatography
(13). In this communication, we have shown
more conclusively with the use of nuclease S1
which removes all or most of tails from partially
double-stranded DNA that the viral DNA in
nasopharyngeal carcinoma and infectious mon-
onucleosis is more than 90% homologous to EBV
DNA. Since we could not detect EBV DNA in
peripheral leukocytes of patients with infectious
mononucleosis, we defined the infectious mono-
nucleosis virus as the transforming agent found
in throat washings from patients (5, 11).
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