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Oligomeric forms of simian virus 40 (SV40) deoxyribonucleic acid (DNA) were

isolated from monkey kidney cells infected with two plaque morphology mutants
of SV40. Recombinant, large clear-plaque-type SV40 was produced in cells produc-
tively infected with oligomeric forms of SV40 DNA.

Repeated centrifugation through alkaline su-

crose gradients has been employed to isolate
monomers, dimers, and complex forms of simian
virus 40 (SV40) deoxyribonucleic acid (DNA)
(5). The dimers and higher oligomers of SV40
DNA might be generated by either an aberrant
DNA replication process (2, 10) or as intermedi-

ates in recombination between circular molecules
(4, 8). To distinguish between these two possibili-
ties, the following experiment was performed.
Secondary cultures of African green monkey
kidney cells were mixedly infected with two
plaque morphology mutants of SV40. The newly
synthesized SV40 DNA was extracted by the

TABLE 1. Plaque morphology of progeny virus after infection of CV-1 cells with DNA fractions isolated
from CV-1 cultures infected with one or two plaque morphology mutants of SV40a

Progeny virus of picked plaques:Titers of N'o. of _________________ _____
D'NA fraction Description SX40 DNA plaques

(PFU/ml) tested Small %, Large/(PF%Fuzzy clear clear

A-I Monomersc 1.1 X 107 70 34 26 0 40

A-1I Dimersc 1 .6 X 104 57 42 32 0 26

A-Ill Higher oligomersc 8.4 X 103 71 45 25 lid 18d

B-I Monomers sc SV40 DNAe 8.8 X 106 25 0 100 0 0

C-I Monomers f SV40 DNAe 3.0 X 106 23 100 0 0 0

B-I + C-I Monomers f SV40 DNA 80 65 14 0 21
+ monomers sc SV40
DNAe

B-I1 + C-Il Dimers f SV40 DNA + 1.4 X 104 69 55 28 0 17
dimers sc SV40 DNAe

a CV-1 = African green monkey kidney; PFU = plaque-forming units; f = fuzzy; sc = small clear.
Mixed plaques are defined as plaques from which both fuzzy- and small clear-plaque-type viruses

were isolated. With one exception" no large clear-plaque-type virus was isolated from mixed plaques.
c Isolated from mixed infection.
d The progeny of one of the 71 picked plaques was a mixed population of fuzzy- and large clear-

plaque types. The other picked plaques which yielded large clear virus did not contain either fuzzy-
or small clear-plaque virus.

Isolated from single infection.
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method of Hirt (3). Monomers (A-I), dimers
(A-II), and a higher oligomer fraction (trimers-
hexamers) (A-Ill) of SV40ODNA were isolated
by repeated centrifugation in alkaline sucrose
gradients (5). The various fractions were then
assayed for infectivity on CV-1 (an established
line of African green monkey kidney) monolayers
(7). Plaques were picked at terminal dilutions and
analyzed to determine the plaque morphology of
the progeny virus. Let us assume that the A-II
and A-Ill of SV40 DNA arise by recombinational
events. Then, in the plaque assays with A-II and
A-Ill fractions of SV40 DNA, the percentage of
plaques yielding both parental types (heterozy-
gotes), stable recombinants, or both, might be
greater than in the plaque assays with mixture of
A-I DNA species. For control purposes, cells were
infected with each plaque morphology mutant
alone, and monomer and dimer SV40 DNA
fractions were isolated. DNA monomer fractions
from each mutant (B-I and C-I) were then mixed
in vitro and analyzed in a similar manner. DNA
dimer fractions (B-Il and C-Il) from each mutant
were also m-ixed in vitro and studied.
The two plaque morphology mutants of SV40

used were SV40(mKS-U4) which produces fuzzy
plaques and SV40(3T3-4-88J3) which produces
small clear plaques on CV-1 cells (reference 1;
Fig. IA, lB). DNA samples were dialyzed against
phosphate-buffered saline lacking magnesium and
calcium and were assayed on CV-1 monolayers
with 500 Asg of diethylaminoethyl cellulose
(DEAE)-dextran/ml as previously described (7).
Overlay medium for the plaque assay was McCoy
modified "R5a" medium with 7.5%y fetal calf
serum and 1% Difco agar (1). The morphology
of the plaques was noted. Then plaques were
picked with capillary pipettes from plates at ter-
minal dilutions, which usually contained one to
five plaques, and were resuspended in 1.5 ml of
the medium. The samples were treated by sonic
oscillation at 10 kc at 4 C for 3 min. Serial dilu-
tions were prepared and replated on CV-1 mono-
layers, and the progeny virus was scored as to
morphology.
The results (Table 1) demonstrate that both

small clear- and fuzzy-plaque mutants were ob-
tained from 17 to 40%/1 of the individual plaques
produced by the A-I and A-II fractions isolated
from mixed infection as well as with monomers or
dimers mixed in vitro (B-I + C-I and B-Il +
C-Il). In these instances, cells probably were in-
fected with more than one DNA molecule.
DEAE-dextran was used to enhance the infectiv-
ity of the SV40 DNA. One plaque-forming unit
of SV40 DNA is equivalent to 104 to 106 SV40
DNA molecules (9). Since there are about 106
cells/plate, one would not expect to observe such

a high incidence of mixed plaques unless the
DEAE-dextran carried many DNA molecules
into individual cells. Because of the high inci-
dence of mixed plaques after infection with the
A-I fraction or from mixed monomers (B-I +
C-I) or mixed dimers (B-Il + C-Il), a definitive

A

FIG. 1. Plaque types. A, Fuczzy-plaque-type SV4O
(mKS-U4); B, small clear-plaquie-type SV4O(.4-88J3);
C, large, clear-plaque-type recomibiniant S V40 isolated
from higher oligomer fractioni, A-Ill.
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answer to the question of how SV40 dimers and
higher oligomers arise could not be achieved.
An unexpected result was obtained when CV-1

cells were infected with the A-III of SV40 DNA
isolated after mixed infection. In this case, 45%
of the plaques yielded only the fuzzy-type virus,
25% yielded only the small clear-plaque type,
18%o yielded both fuzzy- and small clear-plaque
types, but 11% of the plaques produced by the
A-Ill fraction were large and clear (Fig. IC).
When these large clear plaques were picked and
the progeny virus was replated, the progeny virus
continued to produce large clear plaques, indicat-
ing that the change was stable. No large clear-
plaque virus was isolated from plaques produced
by DNA fractions A-I or A-II, although these
fractions were isolated from the same mixedly
infected cultures as A-Ill. Moreover, no large
clear-plaque-type virus was isolated from mon-
omer fractions obtained from single infection
(B-I or C-I) or when B-I and C-I or B-II and C-Il
fractions (dimers from single infections) were
mixed in vitro prior to plating on CV-1 cells.
These results suggest that the large clear-plaque-
type was not simply a revertant of the fuzzy- or
small clear-plaque-type virus, but rather a stable
recombinant.
The mechanism by which the recombinants

were derived from the complex SV40 oligomers is
not known. Either the A-Ill SV40 DNA forms
were heterozygotes (containing both plaque mor-
phology mutants in the same molecule) or recom-
bination occurred in those cells jointly infected
with the A-Ill of each parental type. In the for-

mer case, a recombinant DNA could have been
generated during the conversion of A-Ill to a
monomer (6). In the latter case, oligomeric forms
of SV40 DNA may have replicated in the cells
(6) and recombinants were then generated from
the progeny DNA multimeric or monomeric
circles. Experiments are now in progress to char-
acterize the DNA and capsid proteins of the re-
combinant virus.
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