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Analysis of vaccinia DNA by reassociation kinetics revealed that 7% of the
genome contains a sequence repeated 10 times. This sequence does not contain
any host cell DNA, is viral specific, and is found in virions passed at either high
or low multiplicities of infection.

Berns and Silverman (1) have shown that the
vaccinia DNA genome is a double-stranded
DNA of 1.2 x 108 daltons. This DNA is unique
in having a cross-link at or near each end (1, 7).
Analyses by DeFilippes (6) of the rapidly rena-
turing fragments of vaccinia virus DNA with
restriction enzymes are also consistent with the
Bern model of vaccinia DNA structure. Dena-
turation studies of vaccinia DNA with an elec-
tron microscope (7) also suggested that ca. 95%
of the viral genome is present in unique se-
quences. As part of other studies, we examined
the reassociation kinetics of vaccinia DNA by
using S, nuclease and found that a surprisingly
high percentage (7%) of the vaccinia genome is
repetitious and consists of a sequences) re-
peated 10 times.

Vaccinia virus, strain WR, was grown in
HeLa S-3 cells as previously described (5) and
purified by the method of Joklik (8). The pri-
mary virus stocks, which were used for subse-
quent infections, were prepared in one of two
ways. In method 1, HeLa S-3 cells were infected
with 3 PFU/cell, and the virus was collected
after one growth cycle at 24 h after infection. In
method 2, HeLa cells were infected with 0.01
PFU/cell, and growth of the virus was carried
out for two presumptive cycles (48 h). The latter
method was used to minimize the number of
defective virus particles that often appear in
virus stocks passed at high multiplicities of
infection (9). For the preparation of 3H-labeled
vaccinia virus, HeLa cells were infected with
virus prepared by method 1 at 2 PFU/cell or
with virus prepared by method 2 at 1 PFU/cell.
The media contained 5 to 10 ,uCi of
[3H]thymidine per ml, and the virus was har-
vested 24 h after infection. Vaccinia DNA of
specific activity 3.5 x 106 to 5 x 106 cpm/,ug can
be obtained by this procedure. DNA concen-
trations were determined by the diphenylamine
method (4).
The DNA used in the reassociation kinetics

was sheared to 500 to 600 nucleotides in length
(measured by sedimentation analysis) by heat-

ing it in 500 ,ul of 0.3 M NaOH at 100°C for 15
min. After cooling to 0°C, the solution was neu-
tralized with 185 ,l of 1 M KH2PO4 to a final pH
of 7.3 to 7.4. The solution was dialyzed over-
night against 5 mM Tris-hydrochloride (pH 7.7)
containing 0.5 M NaCl and 1 mM EDTA. The
resultant DNA solutions were used for reasso-
ciation kinetic analyses (3) as described in the
legend to Fig. 1.
The kinetics of 3H-labeled vaccinia DNA

reassociation is shown in Fig. 1A. There are
two distinctly different species of DNA. The
main species which comprises at least 85% of
the DNA, reassociated with a C0t1I2 of 0.074 (or
a rate of 13.44 M-' s-1). This rate, under our
conditions, indicates a molecular complexity of
1.8 x 105 to 2.0 x 105 nucleotide pairs for vacci-
nia DNA. A minor, faster reassociation compo-
nent was detected at a Cot value below 10-3 and
is clearly visible. The reassociation kinetic data
of this minor component, representing about
7% of the vaccinia DNA, is shown in magnified
form in Fig. 1B. The minor component reasso-
ciated at 135 M-1 s-I or 10 times the rate of the
main vaccinia DNA species. The same results
were found for 3H-labeled vaccinia DNA pre-
pared from virus derived from cells infected
with stock virus prepared at high multiplicities
(method 1) or low multiplicities (method 2). We
also found that 0.6% of the vaccinia DNA was
already reassociated by Cot 1 x 10-s, and this
instantly reassociating DNA presumably in-
cluded the covalently joined ends of the vacci-
nia DNA remaining after the shearing proce-
dure.
The rapidly reassociating component of vac-

cinia DNA in the Cot range 10-5 to 10-3 could be
caused by: (i) naturally occurring repeated
viral sequences, (ii) repeated viral sequences
arising from defective virus in the prepara-
tions, or (iii) contamination of the vaccinia
DNA with repeated sequences of HeLa DNA.
The second alternative can probably be elimi-
nated, since we observed the same percentage
of rapidly reassociating viral DNA components
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FIG. 1. Reassociation kinetics of vaccinia DNA.
Reassociation kinetic analysis was carried out at
65°C in a solution containing 5 mM Tris-hydrochlo-
ride (pH 7.7), 0.5 M NaCI, and 1 mM EDTA. Each
sample ofDNA (25 1; containing 5.5 x 104 to 9.5 x
104 cpm) was sealed in glass capillary tube. At appro-
priate times, the amount of reassociated DNA was

determined by the S1 nuclease method; 100 pl of a
reaction mixture containing 60 mM succinate buffer,
(pH 4.9), 1.5 mM ZnSO4, 4 pg of native salmon
sperm DNA, and 7.4 U ofS, nuclease (10) was added
to the 25-pl sample. After incubation at 37°C for 30
min, I pg of denatured salmon sperm DNA was

added to the reaction mixture, and the incubation
continued for an additional 30 min at 37°C. The
reaction was terminated by chilling to 0°C, and 60
from each sample was placed on GFIC filter disk and
batch-washed as described by Bollum (2) to deter-
mine the acid-soluble radioactivity. Another 30 P1
was placed on a GF/C filter to determine the total
counts per minute in the sample. (A) The reassocia-
tion mixtures contained (0) 3H-labeled vaccinia virus
DNA at 0.75 pg/ml with 7 pg of carrier salmon
sperm DNA per ml; (A) 3H-labeled vaccinia virus
DNA at 17.5 pg/ml. Both preparations of13H]DNA
were obtained from virus produced after infection of
cells with stock virus obtained by method 1. Reasso-
ciation was carried out until 85% of the vaccinia
DNA was in a double-stranded form. (B) Enlarge-
ment of (A) showing the Cot range from 1 x 10-5 to 5
X 10-4. (-----) Extrapolation ofanalogous line in (A);
(-) 3H-labeled vaccinia virus DNA at 0.75 pg/ml
with 7 pg of carrier salmon sperm DNA per ml.

and the same reassociation kinetics when virus
was obtained from infections with vaccinia vi-
rus derived from either low multiplicities of
infection (method 2) or high multiplicities of
infection (method 1). Control experiments with
a 100-fold excess ofHeLa DNA showed that the
rapidly reassociating fragment of vaccinia
DNA contains no detectable HeLa DNA se-
quences.
Further experiments were carried out with a

20-fold excess of either polydeoxyadenylate or
polydeoxy(adenylate-thymidylate) in the hy-
bridization mixtures with vaccinia DNA. These
synthetic polymers caused no change in the
reassociation kinetics observed with vaccinia
DNA and indicated that there are no detectable
stretches of polydeoxythymidylate in the viral
DNA.
We conclude, therefore, that 7% of vaccinia

virus DNA contains repeated sequences. As-
suming that there are 1.82 x 105 base pairs in
the vaccinia genome (7), the repeated se-
quences represent 1.3 x 104 nucleotide pairs or
10 copies of a repeated sequence of 1.3 x 103
nucleotide pairs. This calculation assumes that
the thymidine content of the rapidly reassociat-
ing fragment is the same as that of the whole
vaccinia DNA. It will be of interest to locate
this sequence on the vaccinia genome and de-
termine its function.
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