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Small t Protein of Simian Virus 40 Is Required for Dense
Focus Formation in a Rat Cell Line
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Incomplete foci were formed in a Fischer rat cell line infected with simian virus
40 deletion mutants encoding defective small t antigen. The foci were small and
rarely piled up. The fraction of DNA-synthesizing cells in the foci was about half
of that induced by wild-type virus.

Viable mutants of simian virus 40 (SV40)
having deletions between 0.54 and 0.59 map unit
(d154/59) code for large T antigen but fail to
synthesize normal small t antigen (2, 7). The
requirement of small t antigen for the mainte-
nance of transformation has been equivocal in
rat cells because the transformants induced by
d154/59 mutants show various degrees of trans-
formed phenotypes (1, 5, 7-9). However, all of
the reports agree that the mutants induce dense-
ly staining, transformed colonies indistinguish-
able from those induced by wild-type virus at the
same efficiency when cells are allowed to divide
several times after infection. We report here that
a cell line derived from a Fischer rat embryo,
3Y1-K, a subclone of 3Y1-t-6 cells (3), failed to
form dense, transformed foci after infection with
d154/59 mutants. The cell line formed small and
flat foci which exhibited reduced DNA synthe-
SIS.
Monolayer cultures of 3Y1-K cells (about 106

cells per 50-mm dish) were infected with either
wild-type SV40 or d1940, which has a deletion of
about 70 base pairs long around the TaqI site at
0.57 map unit (4). After 3 h of adsorption, cells
were suspended and replated at 104 cells per 50-
mm dish. Eagle minimum essential medium sup-
plemented with 10% precolostrum newborn calf
serum (Mitsubishi Chemical Industries, Ltd.)
was changed every 3 or 4 days. After a 6-week
incubation at 37°C, cells were fixed and stained
with Giemsa (Fig. 1A). The mutant, d1940, in-
duced only small foci of moderate density. Foci
of similar morphology were often seen in mock-
infected cells. However, most of the mutant-
induced foci were composed of T-antigen-posi-
tive cells (Fig. 2). Cells in these foci were
smaller than normal 3Y1-K cells but exhibited
only partial piling up. When we examined all T-
positive foci (see below), some foci were found

to be composed of cells indistinguishable from
T-negative-background 3Y1-K cells. A d154/59
mutant, dl884 (6), also induced foci in 3Y1-K
cells that rarely piled up (data not shown).

Infection of actively growing cells instead of
confluent monolayers or replating of infected
cells at 103 cells per dish gave essentially the
same result. The growth state at the time of
infection seems to have no effect on the charac-
ter of the foci. The incomplete foci remained
small and flat during an additional 2-week incu-
bation at 37°C (data not shown). The efficiency
of transformation was roughly estimated by the
T-antigen-positive foci, because the incomplete
foci were difficult to recognize by Giemsa stain-
ing. The efficiency was 1.7 x 10-5 foci per PFU
for wild-type SV40 and 2.0 x 10-5 foci per PFU
for d1940 when the cells were infected at 100
PFU per cell.
The incomplete focus induction by d1940 or

d1884 was examined in brain cells from baby
Fischer rats at passage 4 or 3Y1-1-6 cells (3), a
parental cell line of 3Y1-K cells. Both cells
formed dense foci indistinguishable from those
induced by wild-type SV40 (Fig. 1B and C).
There was no difference in the efficiency offocus
formation between the wild type and d1940 or
d1884. These results suggest that 3Y1-K cells
require small t antigen for dense focus forma-
tion. On the other hand, 3Y1-1-6 and rat brain
cells formed dense foci after infection with d1541
59 mutants, as has been reported for other cells
(1, 5, 7). All three lines of Fischer rat cells
exhibited a diploid modal value of 42 chromo-
somes, and the chromosome numbers of most of
the cells (78%) fell between 38 and 43. Both 3Y1-
1-6 and 3Y1-K cell lines showed similar doubling
times of about 18 h in the exponential growth
phase and similar cloning efficiencies on plastic
which were between 50 and 60%. These obser-
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FIG. 1. Transformation of 3Y1-K (A), 3Y1-1-6 (B), and baby rat brain (C) cells by wild-type SV40 and d1940.
Dishes were fixed with a 10% Formalin solution and stained with Giemsa after a 6-week incubation. wt, Wild-
type SV40.

vations suggest that the requirement of 3Y1-K
cells for small t antigen is not correlated with
such properties as chromosome numbers and
plating efficiencies. All of the cell lines were free
of mycoplasmas. The 3Y1-K cells may have lost
some small t complementing activity or more
likely aquired some division-restrictive proper-
ties, which would be overcome only by the
presence of both large T and small t antigens.
We examined the DNA synthesis in each

focus to characterize further the incomplete
foci. 3Y1-K cells were infected with wild-type

SV40, d1940, or d1884 and replated onto cover

slips (18 by 18 mm) at 1 x 103 to 2 x 103 cells per
cover slip. After incubation for 6 weeks, the
cells were labeled with [3H]thymidine (3 ,uCi/ml,
21.5 Ci/mmol) in Eagle minimum essential medi-
um without serum for 8 or 24 h. DNA synthesis
in cells of T-positive foci was examined by
autoradiography. The fraction of labeled nuclei
in the foci induced by d154159 mutants was about
half of that induced by wild-type SV40 after
either an 8- or a 24-h labeling (Table 1). Labeled
nuclei were uniformly distributed throughout the
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FIG. 2. Microscopic pictures of a transformed focus of 3Y1-K cells induced by either wild-type SV40 (A) or

d1940 (B) in Fig. 1A and the presence of T antigen in a d1940-transformed incomplete focus (C). For
immunofluorescent staining, infected 3Y1-K cells were plated at 103 cells per cover slip (18 by 18 mm), cultured
for 6 weeks, and fixed with acetone for 10 min at room temperature.

foci. Although the percentage of labeled nuclei
in the foci induced by the mutants was about half
of that transformed by wild-type SV40, the value
was much higher than that of T-negative 3Y1-K
monolayers. This DNA synthesis might have led
the cells to pile up during prolonged incubation
periods. However, the incomplete foci remained
small and rarely piled up. This suggests that in
incomplete foci, a loss of cells occurs at a
comparable rate to DNA synthesis. One hypoth-
esis for this is that DNA synthesis is induced by
the function of large T antigen in d154/59-trans-
formed 3Y1-K cells, but the cells eventually die
because cell division is restricted in confluence
in the absence of the function of small t antigen.
Another hypothesis is that newly divided d1541
59-transformed 3Y1-K cells fail to spread onto
the cell monolayer and detach easily. The
unique phenotype of d154/59-transformed 3Y1-K

TABLE 1. DNA synthesis in transformed focia
% of labeled nucleib

Virus
8-h labeling 24-h labeling

Wild type 30 ± 16.8 68 ± 10.7
d1940 16 ± 3.6 37 ± 6.0
d1884 17 t 7.0 37 t 3.4
Mock 0.6C 1.5

a Cells were labeled with [3H]thymidine for 8 or 24
h. Foci of T-antigen-positive cells were selected and
examined for DNA synthesis by autoradiography.
After the cells were stained with Giemsa, the center of
each focus was photographed, and the labeled and
nonlabeled nuclei were counted.

b Data represent an average ± one standard devi-
ation of five to eight foci.

c A total of 700 nuclei were counted.

cells may provide a useful system for elucidating
the function of small t antigen.
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