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Either A or N Transformants Depends on the Multiplicity of
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Infection of rat fibroblasts with early mutants of polyoma virus (tsa) or simian
virus 40 (tsA30) leads to the establishment of either temperature-independent A
transformants or N transformants temperature-sensitive for the expression of the
transformed phenotype. The choice between the A- and N-transformed states is
not only dependent, as we reported previously (Rassoulzadegan et al., J. Virol.,
28:421426, 1978), on the growth conditions after infection, but is also a function
of the multiplicity of infection (MOI); high MOI led to the predominant occur-
rence of A derivatives, and lower MOI led to that of N transformants.

The involvement of an early viral gene prod-
uct in the maintenance of the transformed phe-
notype in cells transformed with polyoma virus
and simian virus 40 (SV40) was established from
the observation that cell lines transforned with
temperature-sensitive (ts) mutants of the early
complementation groups a (polyoma [4-6]) and
A (SV40 [3, 14]) may be temperature dependent
for the expression of various transformation-
characteristic properties (1, 2, 8-10, 12, 13, 15).
For both viruses, however, two types of trans-
formants were shown to occur after infection
with these mutants. Only transformants desig-
nated as N type revert at high temperature to
the normal phenotype. Transformants of type
A, although they carry integrated mutant viral
genomes, exhibit a fully transformed phenotype
at both low and high temperatures (1, 8, 10, 12,
13).
We reported previously (11) that A and N

transformants may be derived from the same
batches of infected rat fibroblasts (FR 3T3
[12]) with approximately equal frequencies, and
that growth conditions during the first days after
infection with polyoma tsa were critical for the
A versus N determination. Maintaining the cells
under growth-inhibiting conditions, such as ab-
sence of anchorage or confluency on a solid
substrate, led to the predominant occurrence
(>90%) oftemperature-independent A clones. In
contrast, N transformants were almost exclu-
sively produced in the progeny of cells which
had been maintained as actively growing sparse
cultures on plastic substrate.
These results were reproducibly obtained in

all instances where FR 3T3 cells were infected

at multiplicities of infection (MOI) between 100
and 500 PFU/cell. However, an effect of the
multiplicity became evident when similar exper-
iments were performed on cells infected with
polyoma tsa at MOI either in the range of 1 to
10 PFU/cell or higher than 500.
In the experiment reported in Table 1, ratios

of A to total (A + N) transformants were deter-
mined as previously described (11) by comparing
the number of transformants (foci or colonies in
agarose medium) on plates maintained at 330C
to that measured on parallel cultures shifted
from 33 to 400C 5 to 9 days after infection. Only
A transformants register at 400C, whereas both
A and N derivatives produce foci or colonies
without anchorage at 330C. Results were similar
to those previously reported in the case of cells
infected at an MOI of 100 PFU/cell. Only very
few temperature-independent A transformants
were obtained when the cells were maintained
in active growth during the first 9 days after
infection, whereas cells seeded in agarose me-
dium gave rise to a majority of such lines. How-
ever, when the MOI was increased up to 1,000
to 2,000 PFU/cell, the proportion of A trans-
formants observed after an initial period of ac-
tive growth increased, reaching 50% and more.
The opposite situation was observed when infec-
tion was performed at MOI lower than 10 PFU/
cell: a significant proportion of temperature-de-
pendent N transformants were obtained from
cells seeded in agarose medium immediately
after infection.
These conclusions were independently con-

firmed by establishing transformed lines at 330C
and determining the growth characteristic of
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clonal populations at 33 and 40 to 41°C. The
proportion of established transformants exhibit-
ing temperature-dependent growth ability in
agarose medium (Table 2) was in good agree-
ment with values reported in Table 1.
Table 2 also shows the result of a similar

analysis performed with FR 3T3 cells infected
with SV40 tsA30 at various MOI. As with poly-
oma tsa, N transformants were predominantly
obtained by using two specific sets of conditions:
(i) infection at 100 to 500 PFU/cell and active
growth after infection and (ii) infection at low
multiplicities, independent of the growth condi-

TABLE 1. Ratio of temperature-stable A to total tsa
polyoma transformants among colonies obtained in

agarose medium from FR 3T3 cells infected at
various multiplicitiesa

Growth con- MOI (PFU/cell)
ditions after
infection 1 10 100 1,000 2,000

Cells main- NT NT 0.04 0.2 0.5
tained under
active growth
conditions for
9 days at
33°C, then
seeded in aga-
rose medium

Cells seeded in 0.3 0.55 0.7 0.8 1.0
agarose me-
dium 2 h after
infection

Vvirus infection and culture conditions after infection and
measurement of the ratio of A to total transformants were as
previously described (11). NT, Not tested.

tions. Although selection in agarose medium
after infection at low MOI was not included in
the present work, we know from the results of
others (1, 7a) that it leads to the predominant
occurrence of N transformants. This is in good
agreement with our own previous results which
indicate that agarose selection results in the
same distribution of A and N phenotypes as
focus selection among cells which were seeded
at confluency (11).
The present data are consistent with all re-

ports on the occurrence of temperature-depend-
ent and -independent transformants after infec-
tion with polyoma a and SV40 A ts mutants in
various cell types. For instance, MOI up to 1,000
PFU/cell were used in the original work of Fried
(7) and, together with selection in agar medium,
led to the exclusive appearance of A transform-
ants. Previously studied SV40 tsA-N lines were
derived from cells infected at MOI in the range
of 0.1 to 10 PFU/cell and selected as foci (1, 2,
8, 9, 15) as well as agar-grown colonies (see
above).
These results should help to define the proper

conditions for establishment of transformed cell
lines of a given type. They are, on the other
hand, still difficult to explain in molecular terms.
One possible and trivial hypothesis would be
that the ts virus stocks contain a small, but
sufficient proportion of wild-type revertants,
such that transformants generated at high mul-
tiplicity might contain both mutated and revert-
ant genomes. To test this hypothesis, we meas-
ured the apparent leakiness of polyoma tsa

TABLE 2. Ratio of temperature-independent A to total number of transformants established after infection
ofFR 3T3 cells at various multiplicities with polyoma tsa and SV40 tsA30a I

Virus No. of cell lines Growth conditions (first 5 MOI (PFU/cell)Virus ~~tested days after infection) 1 to 10 100 to 500 1,000 and above

Polyoma tsa 27 Agarose medium 4/9 11/12 _C
Active growth - 0/6 -

Polyoma WT 14 Agarose medium 5/5 6/6 -

Active growth - 3/3 -

SV40 tsA30 29 Agarose medium - 4/4 -

Confluent layer 0/4 7/9 1/1
Active growth 0/3 0/6 2/2

SV40 WTd 8 Agarose medium - 1/1 -

Confluent layer 3/3 -

Active growth 3/3 1/1
a Ratios indicated are the number of transformants of a given class exhibiting temperature-independent agar

growth ability to the total number of cell lines established.
b Procedures of establishment and cloning of transformants were previously described (10, 12). WT, Wild

type.
c-, Not tested.
d Strain VA 45-54 from which the tsA30 mutant was originally derived (14).
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FIG. 1. Colony formation in agar medium at high
and low temperature after tsa and wild-type (WT)
polyoma virus infection. Actively growing FR 3T3
cells were infected at 33°C with either wild-type or

tsa polyoma virus (125, 250, 500, 1,000, and 2,000
PFU/cell) and seeded at a density of2 x I04 cells per
6-cm petri plate. Half of the plates were kept at 33°C
(Oi), and the remainder were transferred to 41°C
(-). Twenty days after infection, the agar cultures
were scored for microscopically visible colonies.

stocks used for transformation as a function of
MOI by infecting FR 3T3 cells with serial two-
fold dilutions and immediately shifting the cul-
tures to 410C. Under these conditions, only a

limited transforming efficiency was observed at
low and intermediate MOI values, corresponding
to the known effect of the mutation on the
establishment of the transformed state (4, 5, 7,
11). After infection at high MOI values, domi-
nant revertants should be revealed by a signifi-
cant increase in the number of transformants
obtained at high temperature; Fig. 1 shows that
this is not the case. Alternatively, the A versus

N choice might depend on the rate of accumu-
lation ofone or several ofthe early gene products
during the first days after infection. This rate
could be affected by both MOI and the physio-
logical state of the cells. Experiments are in
progress to test this hypothesis.
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