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We analyzed the mutation frequency to 8-azaguanine (8AZ) resistance in rat
FR3T3 cells acutely infected with simian virus 40 wild type and tsA and early
deletion mutants and in a series of temperature-sensitive (N) and temperature-
insensitive (A) transformants derived from Chinese hamster lung (CHL) cells.
Upon acute infection, the frequency of mutation to 8AZ resistance was raised at
most by two- to eightfold over the spontaneous frequency, and it was independent
of the presence of a functional 90,000-molecular-weight T antigen or 20,000-
molecular-weight t antigen or both. Similarly, in the stable transformants of CHL
cells, no correlation was found between functional T antigens and mutation to
8AZ resistance. It therefore seems unlikely that simian virus 40-induced transfor-
mation results from any mutagenic activity of this virus.

Simian virus 40 (SV40), in addition to its
ability to transform, has been reported to induce
somatic mutations in mammalian cells. SV40
DNA integrates into the host genome, apparent-
ly at random (13), and therefore in this sense
must be considered to act as a mutagen. Howev-
er, the frequency of this integration in trans-
forming infections is rather low. Rarely is more
than 0.6% of a cell population transformed (13),
although perhaps a higher percentage of the cells
contain integrated SV40 DNA which is not ex-
pressed (W. W. Brockman, personal communi-
cation). Nonetheless, if integration were com-
pletely random, then even if after exposure to
the virus, every cell harbored three copies of
SV40 integrated at three different sites (an over-
estimate of probably 100-fold), the frequency of
mutation in any gene less than 2 X 10° base pairs
in length would be <3 x 107 (assuming a cell
contains 2 X 10° base pairs). Frequencies of
mutation of this order of magnitude would be
very difficult to measure since the spontaneous
frequency of mutation at loci that are functional-
ly hemizygous is considerably higher. Thus, if
SV40 were a mutagen in the sense that it in-
creased the frequency of mutation at defined loci
by a measurable amount, then the mechanism of
this SV40-induced mutagenic activity could not
be simply a result of integration.

The extent to which any potential mutagenic
activity of SV40 is related to its transforming
activity is unknown. A number of studies have
shown that SV40 infection of nonpermissive and
semipermissive cell lines results in chromosomal
changes, such as polyploidization (7, 8) and
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chromosomal breaks and rearrangements (8, 12,
29), and in somatic mutations at different loci
(12, 24, 25, 27, 28). The observation that some
cells transformed by SV40 have altered karyo-
types (9, 29) led to the suggestion that polyploi-
dization may be involved in the process of
malignant transformation (9). On the other hand,
polyploidization was also correlated with rever-
sion to the nontransformed phenotype (16).

The induction of gene mutations in cultured
mammalian cells infected with SV40, as well as
the enhancement of the transforming activity of
viruses by mutagenic agents (22), led to the
hypothesis that the mutagenic activity of SV40
may play a role in the transformation process by
this virus (2). This hypothesis has been tested in
several laboratories (6, 23-27), but the evidence
so far remains inconclusive (13). After SV40
infection, the frequency of somatic mutants in-
creased 2- to 4-fold over the spontaneous fre-
quency in uninfected control cells in most stud-
ies (5, 12; S. Lavi, personal communication), but
an increase of almost 10-fold has been reported
by one group (26, 27). Similar increases in the
rates of mutation were also observed in stably
transformed cells, such as a transformant of
Chinese hamster cells obtained by transforma-
tion with polyoma virus, and a double transfor-
mant of the same cells obtained by superinfec-
tion with SV40 had somewhat higher rates of
mutation than the parental cells (5).

We report here that whereas an increase of
two- to fourfold in the spontaneous frequency of
mutation to 8-azaguanine (8AZ) resistance was
detected after acute infection by SV40, no signif-
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icant increase in the mutation rate was found in
cell lines stably transformed by SV40. In an
attempt to clarify this discrepancy, we analyzed
the effect of various SV40 mutants on the induc-
tion of mutation both after acute infection and in
stably transformed lines.

It has been reported that a functional A gene is
required for SV40-induced mutagenesis (25, 27).
We are unable to corroborate this finding after
acute infection of nontransformed cells. Fur-
thermore, in stably transformed cell lines, the
mutation rate varied from one cell line to anoth-
er, but no correlation between the presence or
absence of an active A gene and mutagenic rate
was apparent. We therefore question whether
the increased frequency of 8AZ-resistant colo-
nies found upon acute infection of nontrans-
formed cells represents true mutagenesis or
merely a complex artifact having to do with the
abortive transforming ability of SV40.

MATERIALS AND METHODS

Cell lines, viruses, and media. The cells used were
the normal rat FR3T3 cells previously described by
Rassoulzadegan (17) and Seif and Cuzin (19) and the
N- and A-type Chinese hamster lung (CHL) cells
transformed by tsA209 and rsA209 viable deletion
double mutants and previously described by Martin et
al. (14, 15) and Chepelinsky et al. (1). The cells were
grown in Dulbecco modified Eagle medium containing
10% fetal calf serum (DV10) and antibiotics. SV40
mutants tsA209, A288, and A292 have been described
by Setlow et al. (21); A884 was kindly provided by T.
Shenk. The virus was prepared by infection of CV-1
monkey cells at a multiplicity of infection of 0.001
PFU per cell. Virus titers of the stock solutions were
determined by plaque assay.

Infection of cells and selection of mutants. Rat FR3T3
cells growing (~30% confluence) at 33 and 40°C or
resting as confluent monolayers at 33 or 40°C were
infected with approximately 10 PFU per cell as de-
scribed by Seif and Martin (20) or mock infected with
an equal volume of uninfected CV-1 cell lysate. After 2
h of adsorption, the infected cells either received their
old medium and were incubated further for 4 to 5 days
(resting cells) or received fresh medium, were reseed-
ed after 24 h at a density of 10° cells per cm? (growing
cells), and were incubated until they reached near-
confluence (~3 days).

Both sets of cell cultures were subsequently reseed-
ed at a density of 10° cells per 75-cm? flask and
incubated overnight at 33°C for attachment, and the
following day, all cultures received selective media
containing 10 pg of 8AZ per ml for selection of
resistant mutants. The cultures were incubated at 33
and 40°C. One set of resting-cell cultures infected with
wild-type SV40 was reseeded postinfection at three
different cell densities, 3 x 10°, 1 x 10°, and 3 x 10°
cells per 150-cm? flask, and incubated at 33°C. After 1,
2, or 3 days (or until confluency was reached), quadru-
plicate samples from each set received the selective
media and were reincubated at 33°C. The selective
medium in all cultures was changed every 3 days for a
period of approximately 30 days, after which the cells
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were fixed, stained, and scored for resistant colonies.
A number of 8 AZ-resistant colonies were not fixed but
were isolated and maintained for further study. The
efficiency of plating (EOP) was determined for each
virus treatment and each temperature by plating 500
cells per 75-cm? flask and growing them in nonselec-
tive media for 2 weeks with changes every 3 days. The
cultures were then fixed, stained, and scored for viable
cell colonies. The mutation frequency was calculated
as being equal to: mean number of resistant colonies
per plate/(number of cells plated x EOP). For trans-
formation assays, cells were seeded postinfection at
densities of 10* or 10° cells per 25-cm? flask. After 6 to
8 weeks at 33°C, the cultures were fixed, stained, and
scored for dense foci.

HGPRTase assay. Whole-cell extracts were pre-
pared from several 8AZ-resistant clones and used to
assay for hypoxanthine-guanine phosphoribosyltrans-
ferase (HGPRTase) activity in vitro, as described by
Gillin et al. (4).

Fluctuation analyses. For fluctuation analyses, cul-
tures of N- and A-transformants were seeded with
1,000 cells per 25-cm? flask to be used for selection
and 1,000 cells per 75-cm? flask to be used for deter-
mining the EOP. After incubation overnight at 37°C,
half of the cultures were shifted to 33°C and half to
40°C. All media were changed every 3 days. After the
cells reached confluence, they were trypsinized,
counted, and diluted so that approximately 5 X 10°to 1
x 10° cells were seeded into 75-cm? flasks. They were
incubated overnight at 33 and 40°C, respectively, and
the following day, 8AZ (10 pg/ml) was added to each
flask. All media were changed every 3 days for 3 to 4
weeks, and then the cultures were fixed, stained, and
scored for resistant colonies. Dilutions of 100- and
1,000-fold of the same stock of cells were also seeded
at the same time to determine the EOP. These were
incubated 7 to 10 days at the appropriate temperature,
fixed, and then stained and scored for viable cells. The
rate of appearance of 8 AZ-resistant colonies for each
cell line was determined by fluctuation analysis as
described by Luria and Delbriick (11).

RESULTS

Frequency of mutation in acutely infected
FR3T3 cells. The putative mutagenic action of
SV40 and the role of the T antigens in SV40-
induced mutagenesis were first examined in rat
FR3T3 cells infected with SV40 wild type;
tsA209, a mutant temperature sensitive for the
large-T antigen; A884, a deletion mutant lacking
the small-t antigen; and several tsA209 deletion
double mutants. To determine whether there is
any involvement of the 20,000-molecular-weight
(20K) t antigen in this process, we used both
actively growing and resting cells, since it has
been found that the 20K t antigen is required for
transformation of resting, but not of growing,
cells (15, 20).

Transformation assays were performed in par-
allel as a control (Table 1) using resting cells at
the permissive temperature. In agreement with
results reported previously, increases of at least
170-fold (there were no spontaneous transfor-



VoL. 3, 1983 SV40-INDUCED MUTAGENESIS AND TUMOR ANTIGENS 423
TABLE 1. Frequency of 8AZ-resistant mutants in resting and growing FR3T3 cells infected with SV40 wild

type, tsA209, and tsA209 viable deletion double mutants

EOP Frequency of 8AZ-r_e’sistant Frequency of
Infecting Antigen mutants (X 107 transformation
virus Resting Growing Resting cells Growing cells re(s:inlgoce)ll;na t
T t 33°C 40°C 33°C 40°C 33°C 40°C 33°C 40°C 33°C
Wild type + + 0.21 0.07 0.28 0.16 71 6.9 0.8 11 170
1sA209 ts® + 0.20 0.09 0.37 0.23 7.2 4.4 0.2 0.5 140
tsA209A287 ts - ND? ND 0.48 0.14 ND ND 0.4 2.6 ND
tsA209A288 ts - 0.19 0.18 0.45 0.13 2.4 4.7 0.8 21 20
A884 + - 0.13 0.11 0.51 0.22 6.4 6.4 0.1 29 16
Mock 0.24 0.11 0.40 0.10 33 3.6 0.1 0.7 0

4 ts, Temperature sensitive.
5 ND, Not determined.
€ No foci were obtained in mock-infected cultures.

mants in the mock-infected controls) were ob-
served in the frequency of transformation when
wild-type virus was used, and much smaller
increases were found when the deletion mutants
were used. These transformation frequencies
are comparable to those reported previously in
which both resting and growing cells were ana-
lyzed (13, 19).

In both resting and growing cells, approxi-
mately a two- to eightfold increase in the fre-
quency of 8AZ-resistant colonies was observed
in wild-type-infected and deletion mutant-infect-
ed cells at both temperatures (Table 1). We do
not consider the exceptions, A884 in growing
cells at 33°C and #sA209A288 in resting cells at
33°C, to be significant since the same result was
not found for the other deletion mutants or for
the same mutants at 40°C. To test the possibility
that a longer expression time postinfection might
reveal more induced mutations, we replated
resting FR3T3 cells in normal medium at differ-
ent cell densities immediately after infection
with wild-type SV40 and then, at different times,
exposed them to the selective media. Consistent
with the results shown in Table 1, the infected
cells showed a sevenfold maximum increase
over the mutation frequencies of identically
treated mock-infected cells, regardless of the
extent of cell growth allowed (Table 2). The

those obtained in other laboratories (23, 24;
Lavi, personal communication) and suggest that
SV40 may increase the mutation rate of FR3T3
cells to 8AZ resistance. However, other inter-
pretations of these results are also possible (see
below).

The apparent absence of any influence of the
T antigens on the frequency of mutation is
particularly striking. Only a small decrease in
the frequency of 8AZ-resistant colonies was
observed in 7sA209-infected cells at the nonper-
missive temperature. For the cells infected with
the viable deletion double mutant rsA209A288,
no significant change in the frequency of 8AZ-
resistant colonies was found at either tempera-
ture in resting cells. On the other hand, in both
tsA deletion double mutants in growing cells, a
two- to eightfold increase was seen at both
temperatures. The deletion mutants in both rest-
ing and growing cells gave comparable mutation
rates. Although there was a clear but unex-
plained difference between the mutation fre-
quencies of the resting and growing cells, the
latter being generally lower, these rates were not

TABLE 2. Effect of postinfection cell growth time
on the frequency of 8 AZ-resistant mutants of resting
FR3T3 cells infected with wild-type SV40

overall mutation frequencies were likewise simi- .
lar. 9 Time (h postinfoc- ~ ~cpiated plin rreivhord
The HGPRTase activity of representative m:;ﬁ;‘;g;; density (x 107%)

8AZ-resistant clones, isolated at random, was (per flask) Infected Mock
determined by direct in vitro measurement. A

total of 15 of 17 resistant clones isolated from 3; 3x10° ;:8 %g
SV40-infected cultures and 10 of 14 resistant 7 1.3 1.7
clones isolated from mock-infected cultures had

significantly reduced (less than 50% of normal), 24 1 x 108 0.6 1.3
or in some cases undetectable, enzyme activity, 48 33 1.0
suggesting the presence of direct mutations at

the HGPRT locus (Table 3). u 3 x 10° 39 16

Taken together these results are similar to




424 ZANNIS-HADJOPOULOS AND MARTIN

TABLE 3. HGPRTase activity of 8 AZ-resistant
clones of SV40-infected and mock-infected FR3T3

cells
Amt of IMP formed
Clones”® (pmol/min per pg of
protein)

FR3T3® ... ... ............. 21
SV2 . 0.2
SV4 . .. 1.1
SVS 0.5
SV7 . 0.5
SV8 . ... 0.7
SVi1 .. ... 0.2
SVIS ... 0.0
SVi6 ........ ... ... L. 0.1
SV17 ... . 0.0
SVI8 . ... ... 0.0
SV20 .. ... 0.0
SV21 ... 0.1
SV30 ... 1.0
SV31 ... 0.4
SV32 .. 0.3
SV33 . 0.6
SV34 0.2
M4 ... 1.6
MS ... 2.8
M7 1.6
MIS ... ... ... ... ... ..... 0.6
M20.............. ... 1.2
M2l ... .. .. ... 0.

M22 . ... .. 0.8
M23 ... ... 0.7
M26..................... 0.3
M27 ... 0.8
M28 ........ .. ... 0.4
M29........ .. .. .. ... 0.6
M30.......... ... . 0.3
M3l....... ... ... ... . ... 0.2

“ SV, SV40 infected; M, mock infected.
b FR3T3, parental cell line of all 8AZ-resistant
clones.

affected by the absence of the small-t antigen.
Thus, neither early function appeared to be
involved in the putative mutagenic activity of
SV40.

There are a number of variables in experi-
ments of this kind that influence the calculation
of mutation frequencies. The calculation is
based on the average number of mutant colonies
per plate, and that number is generally small. To
obtain precise data, one would have to work
with an overwhelmingly large number of cul-
tures. Even assuming the numbers to be statisti-
cally significant, one cannot rule out the possi-
bility that SV40 selectively stimulates those cells
with a higher mutation rate to undergo abortive
transformation. Under the conditions used in
these experiments, approximately 25% of the
cells are abortively transformed (3). Moreover,
as has been discussed by Goldberg and Defendi
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(5), in acute viral infections of cells, there are
many factors that may influence the rate of
appearance of mutants, such as heterogeneous
cell populations containing abortively and stably
transformed as well as untransformed cells, con-
tinuous integration and excision of the viral
DNA, and the induction of host DNA synthesis.

To overcome such drawbacks, we decided to
analyze the mutation rates to 8AZ resistance,
tubercidin resistance, and ouabain resistance in
CHL cellis stably transformed by SV40. We used
N- (temperature-sensitive) and A- (temperature-
insensitive) transformants of CHL cells induced
by tsA209 (CHLA209LS, CHLA209L49,
CHLA209L38, CHLA209L62, CHLA239L1),
transformants induced by deletion mutant A884
(CHLAS884M10, CHLA884M14), and transfor-
mants induced by double mutants containing
both a deletion of the 20K t antigen and a
temperature-sensitive lesion in the 90K T anti-
gen (CHLA289A209LS and CHLA290A209L.12).

Fluctuation analysis of mutation to 8AZ resist-
ance. A fluctuation analysis, as described by
Luria and Delbriick (11), was performed to
determine the rate of 8 AZ-resistant cells arising
from N- or A-type transformed cells. Twelve
different transformed and three untransformed
cell lines were used. For each cell line, 25
separate cultures, originating from an initial in-
oculum of 1,000 cells, were grown independent-
ly in tissue culture flasks. This method of calcu-
lating mutation rates is based on the average
number of resistant cells per culture at the time
of selection, which is a function of the spontane-
ous mutation rate of the culture and the rate of
multiplication of the mutant cells. The number
of mutant cells preexisting in the inoculating
cultures, which if high, might erroneously raise
the mutation rate figure, is expected to be insig-
nificant, since those cultures contained a very
small number of cells.

Table 4 shows a sample fluctuation analysis of
mutation to 8AZ resistance for one of the cell
lines, CHLWT24, transformed by wild-type
SV40. The level of significance of the data is
indicated by the very close agreement of the
mutation rates obtained from experiment to ex-
periment. Despite the variability observed in the
values of some of the individual components
that enter into the calculation of these data, the
calculated rates agreed to within a factor of 2. In
all experiments with the same cell line, the rates
agreed to within a factor of 3 to 4 (cf. the values
for CHL, CHLA209L5, and CHLA239L1 in
Tables 5 and 6).

Our results (Table 5) fail to show any pattern
of the mutation rate in relation to the difference
in the temperature sensitivity of the transformed
cell lines. The rate of mutation seems to be
independent of the presence of a functional 90K
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TABLE 4. Sample fluctuation analysis of mutation to 8AZ resistance in a CHL cell line transformed by wild-
type SV40 (CHLWT24)

Components used in analysis®
No. of cultures with
Temp the following no. of .
O | c No N, (x 10%)| G® (x 10%| 8AZ-resistant colo- R EOP Mutation rate?
nies

0 1-10 | 11-50

33 25730 (229)° | 2.7 (0.9) | 3.9 (1.1) {21 (23) {2 (1) [2 (1) [2.6 (0.76)]0.10 (0.19)| 1.4 x 107¢ (1.1 x 1079)
40 25555 (321) | 0.8 (0.8)| 1.2 (1.1) {18 (24)|7 (0) {0 (1) {0.36 (0.84)|0.22 (0.34)| 5.0 x 10~7 (7.3 x 1077)

2 ¢, Number of replicate cultures; N,, initial number of cells per culture; N,, final number of cells at time of
selection per culture; G, number of cell generations.

5 G is given by (N, — No)/In 2.

¢ R, Average number of mutants per culture.

4 Mutation rate (a) was calculated by using the transcendental equation developed by Luria and Delbriick (11),
R = aGln (cGa). The equation modified to take the EOP into account becomes R’ = aGln (cGa) where R’ = R/
EOP.

¢ Numbers in parentheses represent results obtained in a separate experiment.

T antigen, since the mutation rates of the T- line and its two sublines, CHLSL1 and
antigen-dependent (N) transformants at 33 and CHLSL2, differ by up to a factor of 8 at 33°C and
40°C are similar to those of the T-antigen-inde- up to a factor of 16 at 40°C. We are, therefore,
pendent (A) transformants at the two tempera- forced to conclude that our data, which are
tures. Similarly, no difference was observed comparable but considerably more extensive
between the mutation rates of the CHL transfor-  than those previously obtained, fail to establish
mants induced by either the 1sA209 viable dele- any correlation between functional T antigens
tion double mutants (CHLA289A209L5 and and mutation to 8AZ resistance in CHL trans-
CHLA290A209L.12) or the early deletion mutant formed and nontransformed cell lines.

A884 and the rest of the transformants exam- Furthermore, these results show that the rate
ined. On the other hand, a clear difference was of mutation to 8AZ resistance in CHL cells
seen between the mutation rates of the different seems to be independent of transformation, as
cell lines and even between those of the different evidenced by comparing the rates of the untrans-
sublines of the same cell line. Thus, the mutation formed to those of the transformed cell lines.
rates of the parental untransformed CHL cell We also examined whether resistance ac-

TABLE 5. Rate of mutation of N- and A-transformants at the HGPRT locus®

. of Antigen Mutation rate at
Cell line ireatlocat T t 33°C «°C
CHL Untransformed - - 4.7 x 1077 3.3 x 1077
CHLSL1 Untransformed - - 3.6 x 10~¢ 5.5 x 10°¢
CHLSL2 Untransformed - - 1.6 x 107 1.2 x 10~¢
CHLWT23 Wild type + + 1.6 x 10°¢ 3.8 x 10°¢
CHLWT24(1) Wild type 1.4 x 107 5.0 x 1077
CHLWT24(2) Wild type + + 1.1 x 107 7.3 x 1077
CHLA884M10 Wild type + - 1.0 x 1077 9.5 x 1077
CHLA884M14 Wwild type + - 1.0 x 107 >3.5 x 10~°
CHLA209L49 A ts® + 8.4 x 1077 2.4 x 1073
CHLA209L38 A ts + 9.6 x 10~¢ 3.8 x10°¢
CHLA209L5 N ts + 2.2 x10°¢ 2.6 x 10°¢
CHLA209L62 N ts + 2.3 x 1073 2.0 x 1073
CHLA239L1 (1) N ts + ND¢ 6.4 x 10°¢
CHLA239L1 (2) 8.1 x 107¢ 4.3 x 10°¢
CHLA239L1SL2 N ts + 7.3 x 107 1.2 x 1073
CHLA289A209LS N ts - 8.7 x 1077 5.3 x10°¢
CHLA290A209L12 N ts - 1.6 x 1073 1.1 x 1073

2 The rates of mutation were calculated by using the equation presented in footnote d of Table 4.
ts, Temperature sensitive.
€ ND, Not determined.
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quired at one locus affected the rates of a second
mutation at a different locus. Selection for oua-
bain or tubercidin resistance did not appear to
select cells which had higher mutation frequen-
cies for 8AZ resistance as might be expected if
mutations arose in the transformed cell lines
either by transposition or by the presence of a
mutator gene. Rare clones of N-transformants
resistant to either tubercidin (adenosine kinase
locus) or ouabain (Na*/K* ATPase locus),
which were isolated in a separate selection ex-
periment, were tested for a second mutation to
8AZ resistance (HGPRT locus). The results in
Table 6 show that the mutation rates to 8AZ
resistance were the same in the parental cell line
and in its daughter lines mutated to ouabain or
tubercidin resistance and that both were inde-
pendent of temperature.

DISCUSSION

The hypothesis that cellular transformation
after viral infection may result from the accumu-
lation of somatic mutations has attracted the
attention and efforts of many laboratories in the
past several years (5, 10, 12, 23-27) and has been
recently reviewed (13).

We have analyzed the mutation frequency to
8AZ resistance in FR3T3 cells acutely infected
with SV40 wild type and 7sA mutants and in a
series of temperature-sensitive (N) and tempera-
ture-insensitive (A) SV40 transformants of CHL
cells. Upon acute infection, SV40 increased the
frequency of 8AZ-resistant colonies at most by
two- to eightfold over the spontaneous rate of
approximately 10> as shown previously by oth-
ers (5, 12, 23-28; S. Lavi, personal communica-
tion). It is not immediately apparent, however,
that this increase in frequency demonstrates that
SV40 behaves as a mutagen. SV40 is known to
induce abortive transformation. Under the con-
ditions used in these experiments, approximate-
ly 25% of the cells are induced to undergo
multiple rounds of replication (3). Thus, al-
though a fixed number of cells were plated after
treatment with virus, if cell death does not occur
immediately after replating, there may easily be
two to eightfold more potential targets for muta-
genesis, i.e., two- to eightfold more cells as a
result of abortive transformation in the virus
treated as in the untreated controls. We could
think of no control to accurately measure this
effect and therefore examined the behavior of
tsA mutants which do not produce active T
antigen at the nonpermissive temperature, but
which nonetheless do stimulate abortive trans-
formation.

It has been postulated that the A gene of
SV40, which controls important steps leading to
the initiation of cellular transformation (13, 18),
such as viral DNA integration into the host

40°C

5 x 10°°

9.1 x 10°°
1.1 x 10~°
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33°C
2.5 x 1073
1.7 x 107

3x107°
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0.7 x 107°
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1.8 x 10°°
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33°C
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<1.1 x 10°°
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<1.3 x 107°
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40°C
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0.74 033 <0.7 x10°¢
0.16 0.15
0.46 0.40 ~1.1 x107%
0.15 0.16
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+
+
+
+

T
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TABLE 6. Comparison of rates of mutation to 8AZ resistance in cell lines mutated at a second locus
Type of
transformant
Untransformed
N
N
N
N

Cell line
4 Tub" and Oua® colonies were isolated as clones and grown in nonselective media for several passages. Fluctuation analyses were then performed as described in

the text to determine the rate of mutation to 8AZ resistance. The rates of mutation were calculated as indicated in footnote d of Table 4.

% Oua", Ouabain resistant; Tub’, tubercidin resistant; 8AZ", 8AZ resistant.

b ts, Temperature sensitive.
¢ These rates are based on one colony each.

CHLA209L5SL3Tub™
CHLA239L1SL30ua"™

CHL
CHLA209LS
CHLA239L1
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genome but not the initiation of one round of
unscheduled cellular DNA replication under
most assay conditions, may also be involved in
the induction of somatic mutations (25, 27). In
our data, the mutagenic activity of the virus
seems to be independent of the presence of a
functional A-gene product. Cells infected with
virus temperature sensitive for the 90K T anti-
gen had the same frequency of 8AZ-resistant
mutants at both the permissive and nonpermis-
sive temperatures. The same was true for dele-
tion mutants lacking small-t antigen whether
growing or resting cells were used.

Because we failed to detect any role for the T
antigen in mutagenesis and were unable to de-
sign an adequate control to eliminate the possi-
bility that the apparent mutagenic activity of
SV40 was an artifact of abortive transformation,
we turned to cell lines stably transformed by
various mutants of SV40. Here there could be no
such artifactual stimulation of the base line by
the virus. Indeed we could find no significant
increase in the mutation frequency to 8AZ
resistance between nontransformed cells and
cells transformed by wild-type SV40. To elimi-
nate the possibility that one of the two early
functions inhibited any mutagenic effect, we
again analyzed a series of cell lines transformed
by different mutants of SV40. Again we failed to
find any evidence for the involvement of the 90K
T antigen in somatic cell mutagenesis, since cell
lines stably transformed by tsA mutants of SV40
had similar mutation frequencies at 33 and 40°C.
These results clearly show a random fluctuation
of the mutation rates to 8AZ resistance with
regard to the temperature-sensitive phenotype.
On the other hand, the results show a significant
variability in the mutation rates from cell line to
cell line indicating that mutagenicity is cell line
dependent. We are therefore forced to conclude
that if SV40 behaves as a mutagen, it is a very
weak mutagen or is site specific for loci other
than the 8AZ region. Furthermore our inability
to detect a significant increase in the mutation
frequency of stably transformed lines leads us to
suspect that the increase observed upon acute
infection is merely a complex artifact having to
do with the ability of SV40 to transform abor-
tively.

The results presented in this paper suggest
that neither the 90K T antigen, whose important
role in transformation is well established, nor
the 20K t antigen plays a primary role in the
SV40-induced increase in the frequency of 8AZ-
resistant colonies. Indeed, in our results, as in
those reported by other groups, the mutation
frequency induced by SV40 has not been in-
creased by more than a factor of 8 to 10 over the
spontaneous frequency. Under the same condi-
tions, we see an increase in the frequency of
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transformation of at least 170-fold over the spon-
taneous frequency (13). It seems, therefore,
unlikely that any mutagenic activity of SV40
plays an important role in the induction of
malignant transformation.
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