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ABSTRACT Simian Virus 40 (SV40) induces in con-
tact-inhibited" tissue culture cells of mouse kidney an
abortive infection that leads to the appearance of intra-
nuclear SV40-specific tumor (T-) antigen, followed by
replication of the mouse-cell chromatin and mitosis, while
no viral progeny DNA or capsid protein is produced. Syn-
thesis of ""early" SV40-specific RNA ("19S RNA") begins a
few hours before the appearance of T-antigen and appears
to be switched off after the onset of chromatin replication.
As the most simple working hypothesis that can account
for the experimental results available, we assume that early
SV40 RNA contains information necessary for produc-
tion of T-antigen and that this antigen (or an unknown
early virus-specific function that would simply parallel
the appearance of T-antigen) activates or de-inhibits a
cellular regulatory element that governs chromosome rep-
lication and mitosis. The experimental results agree with
the idea that SV40 acts primarily as a mitogen.

Several lines of experimental evidence suggest that Simian
Virus 40 (SV40) and polyoma virus act primarily as mitogens
(i.e., inducers of chromosome replication and mitosis) and
that their mitogenic action may be mediated by an activator,
specified by an "early" viral gene(s) (1-3).
SV40 induces in "contact-inhibited" tissue culture cells of

mouse kidney (MK) an abortive infection (4, 5) that leads
to the appearance of intranuclear tumor (T-) antigen, fol-
lowed by replication of the mouse-cell chromatin and mitosis
(2, 3) while no detectable amounts of viral progeny DNA or
capsid protein are produced (2, 5). The mouse kidney-SV40
system is therefore particularly useful study to the early
functions of SV40.

In this paper we present some results from a long-term
study on the mode of synthesis of "early" SV40 RNA and on
its molecular and biological properties.

MATERIALS AND METHODS

SV40 used in these studies was grown and assayed for plaque-
forming titer on CV-1 (monkey kidney) cell cultures (6).
Viral lysates were obtained by infection of CV-1 cultures
with very dilute viral preparations (0.01-0.1 PFU per cell).
Primary MK cell cultures (7), prepared from 10-day-old

CR-1 mice, were grown in large plastic petri dishes (100-mm
diameter), unless indicated otherwise, and were used for
infection 3 days after they had reached confluence. Under
the conditions used (2, 3), confluent cultures contained
about 10O cells per cm2. The cultures were infected with 0.4 ml
of crude SV40 viral lysate or dilutions thereof. In all experi-
ments the virus was adsorbed to the cells at 370 for 1 hr in a
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CO2 incubator. The beginning of the adsorption period is
considered as time zero of the infection. After adsorption, the
cultures were washed once and then covered with serum-free
reinforced Eagle's medium warmed to either 370 or 27° (2).
In all experiments, control cultures were mock-infected and
then treated in the same way as SV40-infected cultures.
For all experimental points reported, at least two or three
SV40-infected or mock-infected cultures were used. In ex-
periments where DNA synthesis was to be inhibited with
FdU (5-fluorodeoxyuridine, Hoffman-La Roche; 15 ug/ml)
or ara-C (cytosine arabinoside, Sigma; 20 gg/ml), the in-
hibitor was present in the medium used to cover the cultures
after the adsorption period. In MK cultures infected under
standard conditions with viral lysates containing 1 to 2 X
108 PFU/ml, FdU decreased the incorporation of [5-3H]-
deoxycytidine (CEA-France; 16 Ci/mmol, 5 juCi/ml) by
85% while ara-C inhibited the incorporation of [3H ]dT
([5-8H]methyl-thymidine; CEA-France; 12-20 Ci/mmol,
5,gCi/ml) by 95%, as determined by 1-hr pulses at various
times between 6 and 33 hr after infection.
Autoradiography for determination of the number of

DNA-synthesizing cells and immunofluorescence tests to
detect intranuclear SV40-specific T-antigen were performed
as described (2).
To obtain RNA labeled with [8H]U ([5-8H]uridine, CEA-

France; 12-20 Ci/mmol) we added to SV40-infected and
mock-infected MK cultures, at the times and for the periods
indicated in Results, 2 ml per culture of warmed (370 or 27°)
medium containing 400 ,Ci [3H]U. If the infection took place
in the presence of FdU or ara-C, the inhibitor was also present
during the pulses with [3H ]U. Total (i.e., cellular and viral)
RNA was extracted at the end of the [8H ]U pulses with hot
phenol (8, 9).
SV40 to be used for RNA-DNA hybridization studies was

purified in KBr gradients (10). SV40 viral DNA in the form
of double-stranded cyclic coils (11) was obtained by sedi-
menting the purified viral preparations through alkaline
CsCl solutions (pH 12.5) under the conditions used to pre-
pare "53S" polyoma DNA (12). The double-stranded cyclic
coils were converted into single strands by boiling for 30 min in
15 mM NaCl-1.5mM Na citrate (pH 7.4), followed by quench-
ing in ice water. The now fully denatured, single-stranded
SV40 DNA was diluted in 0.9M NaCl-0.09M Na citrate and
fixed by filtration to membrane filters (25-mm diameter;
Schleicher and Schuell, BA 85). Filters, 3.5-mm diameter,
were cut from the dried and baked (80°, 2 hr) membrane
filters. Blank filters containing no DNA were treated and
cut in the same way. RNA-DNA hybridization experiments

Abbreviations: SV40, Simian Viruis 40; T-antigen, tumor antigen;
PFU, plaque-forming units; MK, mouse kidney.
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were generally performed either in urea (13) or in formamide
(ref. 14 and B. Cavalieri, unpublished). The RNA prepara-
tions to be assayed for radioactive, hybridizable RNA (per
assay, 90-120 Mg of RNA containing 0.7 to 1.1 X 107 cpm) were
precipitated with two volumes of ethanol. The pellets were
suspended in 100 Ml of hybridization solution [7 M urea
(Mann)-0.6 M NaCl-0.06 M Na citrate-0.1% sodium dode-
cyl sulfate (Sigma) pH 7.7, or 50% (v/v) formamide (Merck,
chromatography grade)-0.3 M NaCl-0.03 M Na citrate-0.1%
sodium dodecyl sulfate-0.01 M TES (TES = N-tris(hydroxy-
methyl) methyl-2-aminoethane sulfonic acid; Calbio, A
Grade) pH 7.4] and were then transferred to 300-Mul capacity
capped polyethylene tubes (Beckman, Ref. 10123). To each
tube two filters, each containing 0.2 MAg of SV40 DNA and
two blank filters, were added.

Hybridization in urea was performed at 410 for 5 days
(first cycle). The four filters were then removed and replaced
with two fresh DNA-containing filters and two fresh blank
filters, which were incubated in the same hybridization mix-
ture at 410 for 5 days (second cycle). Hybridization in forma-
mide (one cycle only) was done at 370 for 70 hr. Under the
conditions used, little if any viral DNA detached from the
filters during the hybridization (unpublished). In some
comparative experiments hybridization was performed in
0.6 M NaCl-0.06 M Na citrate at 65° (9). After hybridization
the filters were washed once with 0.3 M NaCl-0.03 M Na
citrate and then incubated at room temperature for 1 hr in
0.3 M NaCl-0.03 M Na citrate containing 20 Mg/ml of pan-
creatic ribonuclease (Choay; incubated at 800 for 15 min).
Then they were washed 6 times with 0.3 M NaCl-0.03 M
Na citrate. The washed filters were dried. Scintillation fluid
was added and the radioactivity was determined. Counting
efficiency for tritium was 56.5%. The counting background,
corresponding to 15 cpm, was subtracted from all results
reported in this paper.
To obtain "early" SV40 RNA (Fig.5), we infected MK cul-

tures with SV40 (6 X 108 PFU/ml) at 370, labeled with [8H]U
(500 uCi/ml; 20 Ci/mmol) from 10-16 hr after infection
and then extracted with hot phenol; specific radioactivity
of the MK RNA was 3.2 X 105 cpm/,ug. To obtain "late"
SV40 RNA (Fig. 5), we infected CV-1 cultures with SV40 (6 X
108 PFU/ml), labeled with [14C ]U (20,MCi/ml; 325 mCi/mmol)
from 40-46 hr after infection and then extracted with hot
phenol. Specific radioactivity of the CV-1 RNA was 3.2 X
104 cpm/,ug. For sedimentation, 115,ug of MK [8H]RNA and
50 Mg of CV-1 [14C]RNA were mixed in 100 Ml of buffer
(10mM triethanolamine, pH 7.4-50 mM NaCl-1 mM EDTA)
and then layered on top of a (4 ml) preformed, linear (15-30%,
w/v) sucrose density gradient, prepared with the same buffer.
The sample was sedimented in a Spinco SW-56 rotor at 54000
rpm for 165 min at 200. Fractions of four drops each were col-
lected from the bottom of the tube. From each fraction, ali-
quots of 5 Ml were removed to determine radioactivity of total
RNA. The remainder of each fraction was adjusted to 50%
(v/v) formamide-0.1% sodium dodecyl sulfate-0.3 M NaCl-
0.03 M Na citrate-0.01 M TES and then hybridized with
SV40 DNA.

RESULTS

SV40-infected and mock-infected MK cultures were labeled
at 370 or 270 with [3H]U at different times between 1 and

and 7 hr. RNA was extracted with hot phenol and then
assayed for radioactive, hybridizable RNA by hybridization
in urea, in formamide, or in 0.6 M NaCl-0.06 M Na citrate
at 650, with SV40 DNA fixed on membrane filters and present
in large excess (15). We define as radioactive, hybridizable
RNA the difference [ribonuclease-resistant radioactivity
(cpm) on 4 (or 2) DNA-containing filters minus ribonuclease-
resistant radioactivity (cpm) on 4 (or 2) blank filters] ob-
tained from 2 (or 1) cycles of hybridization either in urea or

in NaCl-Na citrate at 650 (or in formamide). This difference,
expressed as the percentage of total, acid-precipitable radio-
activity present in the hybridization mixture is defined as

the (relative) amount of radioactive, hybridizable RNA.
RNA from mock-infected MK cultures "hybridized" in

urea or in NaCl-Na citrate at 650 with SV40 DNA to
an extent of about 0.001% (50-150 cpm/107 cpm present
in the hybridization mixture). Since a comparable "hybridi-
zation" was observed with highly purified polyoma viral
DNA ("53S DNA") and also with DNA from bacterio-
phage SP50, we regard it as the nonspecific background of
the hybridization method. Hybridization (2 cycles) in urea

or in NaCl-Na citrate at 65° resulted in nearly exhaustive
removal of the radioactive, hybridizable virus-specific RNA
from the RNA extracts (15, and unpublished observations).
While hybridization in formamide gave a very low nonspecific
background (0.0001%, corresponding. to 10-15 cpm/107
cpm), no SV40 RNA could be recovered during a second cycle
of hybridization, and the relative amounts of radioactive,
hybridizable SV40 RNA were always 25-50% lower than
those determined by hybridization in urea or in NaCl-Na
citrate at 650.
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FIG. 1. (A) The temporal relation between synthesis of early
SV40 RNA, T-antigen, and SV40-induced replication of cellular
DNA during abortive infection at 37°. The values corresponding to
SV40 RNA are the midpoints of 3-hr pulses with [3H]U. The
specific radioactivity of the phenol-extracted RNA varied between
6.0 and 9.0 X 104 cpm/Mg. The experimental points from mock-
infected controls (0.0001%) are omitted. The values corresponding
to autoradiography and T-antigen indicate the start of the 1-hr
pulses with [3H]dT and the time of fixation, respectively. In mock-
infected cultures, the relative number of DNA-synthesizing cells
varied between 3 and 4% (not shown). (B) Synthesis of early
SV40 RNA under conditions where SV40-induced replication of
cellular DNA is inhibited with FdU. The cultures were infected
with SV40 and labeled with [3H]U under the same conditions as in
A. However, FdU was present in the medium from 1 hr after infec-
tion until the phenol extraction. The specific radioactivity of the

75 hr after infection and for periods varying between 0.5
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FIG. 2. Temporal relation between synthesis of early SV40
RNA, T-antigen, and SV40-induced replication of cellular DNA
during the abortive infection at 270. The values corresponding
to SV40 RNA are the midpoints of 6-hr pulses with [3H]U. The
experimental points from mock-infected cultures (0.001% or less)
are omitted. The specific radioactivity of the phenol-extracted
RNA varied between 7.0 and 8.8 X 104 cpm/,ug. Autoradiography
and T-antigen as in Fig. 1A. In mock-infected cultures, the rela-
tive number of DNA-synthesizing cells varied between 1 and 2%
(not shown).

Operationally, we defined the radioactive, hybridizable
SV40 RNA produced (i.e., synthesized and processed) during
the abortive infection as "early" SV40 RNA.

Temporal relation between early SV40 RNA and the
subsequent events of abortive infection

Under Standard Conditions of Infection at 370. MK cultures
were infected at 370 with an SV40 viral lysate containing 2 X
108 PFU/ml. At the times indicated in Fig. 1A, aliquots of
infected and mock-infected cultures were labeled for 3 hr
with [3H]U; RNA was extracted with hot phenol and then
hybridized in formamide with SV40 DNA. The results in
Fig. 1A are representative of six other, independent experi-
ments performed under similar conditions.

Small amounts of radioactive, hybridizable SV40 RNA
(0.0016%) could already be detected in the RNA extracted
from cultures labeled between 3 and 6 hr after infection.
Thereafter the amounts rapidly increased, reached a peak
around 9-12 hr (0.0130%), and then rather abruptly de-
creased to a low plateau (0.0044%) which was maintained
during the period of observation, i.e., at least until 30 hr after
infection. Hybridization in urea gave analogous results.
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FIG. 3. Evidence suggesting that early SV40 RNA accumu-

lates during the pulses with [3H]U. [3H]U was added 21 hr after
infection. (A) Infection in normal medium. (B) Infection in
medium containing FdU, added 1 hr after infection and present
until phenol extraction.

On parallel cultures we studied the appearance of SV40-
specific T-antigen, detectable by the immunofluorescence
reaction, and, by the use of autoradiography (1-hr pulses with
5 sCi/ml of [3H]dT) (2) the time course of SV40-induced
cellular (chromosomal) DNA synthesis. In all experiments the
increase of SV40 RNA preceded by 2-3 hr the appearance
of T-antigen, while its subsequent decrease coincided in time
with the asynchronous onset of SV40-induced cellular DNA
synthesis (Fig. 1A).

During Infection.at 27°. The abortive infection with SV40
proceeds at 270 similarly as it does at 37°. However, due to a
cold-sensitive metabolic process ("psychrosensitive event")
that is intercalated between the appearance of T-antigen
and the onset of SV404induced chromosome replication the
time course is markedly slower at 270 (2, 3).
MK cultures were infected at 270 with an SV40 viral lysate

containing 1.5 X 108 PFU/ml (Fig. 2). At the times in-
dicated in the figure, aliquots of infected and mock-infected
MK cultures were labeled with [3H ]U for 6-hr periods;
RNA was then extracted with hot phenol and hybridized in
urea with SV40 DNA.

Small amounts of SV40 RNA, corresponding to 0.0025%,
could already be detected in RNA labeled from 1-7 hr after
infection. Thereafter the amounts increased, reached a max-
imum of 0.040% around 40 hr after infection, and then slowly
decreased. The increase in SV40 RNA preceded by 10 hr or
more the appearance of T-antigen, while the subsequent de-
crease of SV40 RNA coincided in time with the rather slow
asynchronous onset of SV40-induced cellular DNA synthesis.

Decrease in early SV40 RNA may be linked
to SV40-induced cellular DNA synthesis
In eight independent experiments we studied the time course
of the synthesis of SV40 RNA under conditions where SV40-
induced cellular DNA synthesis was inhibited with FdU
(15 /ig/ml) or ara-C (20 ,ug/ml), added 1 hr after infection.
With both inhibitors, essentially the same results were ob-
tained. Confirming earlier reports (16), we found that the
time course of the appearance of T-antigen is indistinguish-
able in cultures infected in the presence or the absence of
the inhibitors. Fig. 1B shows that in the presence of FdU
the initial increase in SV40 RNA takes place just as it does
in parallel cultures infected without the inhibitor (Fig. 1A),

TABLE 1. Decrease in amounts of early SV40 RNA after the
(synchronized) onset of SV40-induced cellular DNA

synthesis (370)

Relative amounts of
radioactive, hybridizable

FdU present dT present with [1H]U early SV40 RNA (%)bwo
(hr after (hr after (hr after Exp. 1 Exp. 2
infection) infection) infection)

None None 24-27 0.005 0.007
1-21 None 18-21 0.026 0.017
1-27 None 24-27 0.022d 0. 024f
1-21 21-27 24-27 0.009e 0.008&

a 400 ,Ci/2 ml. b Hybridization in urea. e Mock-infected controls
(±FdU) 0.001% or less. d-g Specific radioactivity (cpm//Ag) of
MKRNA (d = 6.0 X 104;e = 6.4 X 104; f = 1.2 X 106; g = 1.2
X 106.
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but that thereafter the amounts of SV40 RNA remain high.
It should be pointed out that synthesis and processing of
cellular RNA are closely similar in cultures infected with
SV40 in the presence or the absence of FdU or ara-C (manu-
script in preparation).

In two other, independent experiments we studied the
synthesis of SV40 RNA before and after release of the in-
hibition imposed by FdU (Table 1). MK cultures were in-
fected at 370 with SV40 viral lysates containing 2 X 108
PFU/ml. The infection proceeded in the presence of FdU
until the amounts of SV40 RNA had reached the high plateau.
At 21 hr after infection, the FdU-containing medium was
replaced with fresh medium containing 5 ,gg/ml of dT, a
procedure that leads to the immediate and specific reversal
of the inhibition imposed by FdU on DNA synthesis (17).
The results in Table 1 show that by 6 hr after the (synchro-
nized) onset of SV40-induced cellular DNA synthesis, the
SV40 RNA had decreased to the small amount observed in
parallel cultures infected for the same length of time in the
absence of FdU. The results also show that the incorporation
of [3H]U into RNA remained virtually unchanged before and
after addition of dT.

'"Turnover" of early SV40 RNA

To determine whether the rapid decrease in the amounts of
SV40 RNA observed after the onset of SV40-induced cellular
DNA synthesis was due to an increased catabolism or a de-
creased rate of synthesis of early SV40 RNA, we performed
the following experiments.

"Cumulative" Labeling with [3H]U. The results shown in
Fig. 3 are representative of two other, independent experi-
ments. MK cultures were infected at 37° with an SV40 viral
lysate containing 2 X 108 PFU/ml. One set of cultures was
covered 1 hr after infection with normal medium and the
other set with medium containing FdU. The infection then
proceeded until the SV40 RNA had reached the low plateau
in the cultures infected under standard conditions and the
high plateau in those infected in the presence of FdU. At
21 hr after infection, fresh medium containing [3H]U (+FdU)
was added to all cultures. From both sets of cultures aliquots
were extracted with hot phenol 1, 3, 5, and 7 hr later. We
then determined for each RNA preparation specific radio-
activity (cpm//Ag RNA) and total amounts of radioactive,
hybridizable SV40 RNA (cpm/100 ug RNA). The results
show that both specific radioactivity of total RNA and the
amounts of radioactive, hybridizable SV40 RNA increased
linearly with the length of the [3H]U pulse and that the rela-
tive amounts of SV40 RNA thus remained fairly constant.

"Pulse-chase" Experiments with [8H]U. In three inde-
pendent experiments, SV40-infected (1 to 2 X 108 PFU/ml)
MK cultures were labeled for 1 hr with 500 ,uCi/ml of [3H]U
at different times during the ascending part, the peak, and
the descending part of the curve corresponding to SV40
RNA, shown in Fig. 1A. From one set of cultures RNA was
extracted with hot phenol immediately after the 1-hr pulse.
The remainder of the labeled cultures was washed with and
then incubated in nonradioactive medium (containing 10
,ug/ml of uridine) for 2, 4, or 6 hr before phenol extraction
("chase"). The results show that under the conditions used
and at the times tested (8-22 hr after infection), newly

a similar rate with an estimated half-life of more than 2.5 hr
(manuscript in preparation).
These observations suggest (a) that the turnover of newly

synthesized early SV40 RNA is slow throughout the abortive
infection, (b) that radioactive, hybridizable early SV40
RNA accumulated during the pulses with [8H]U and, (c)
that, as judged by the methods used, the turnover of early
SV40 RNA is indistinguishable in cultures infected in the
absence or the presence of FdU (or ara-C). We are therefore
led to the tentative conclusion that, in a given experiment,
the relative amounts of radioactive, hybridizable early SV40
RNA reflect the rates at which the cultures produced early
SV40 RNA during the pulses with [3H]U and, furthermore,
that the decrease in the amounts of radioactive, hybridizable
early SV40 RNA soon after the onset of SV40-induced cellular
DNA synthesis (Fig. 1 and 2; Table 1) is due to a decrease or,

more likely, a switch-off of transcription.

A linear relation between early SV40 RNA, the number
of T-antigen-positive nuclei, and the logarithm of the
plaque-forming titer of the viral preparations
used for infection

The results shown in Fig. 4 are representative of two other,
similar experiments. Aliquots of 6 MK cultures were infected
at 37° with an SV40 viral lysate containing 2 X 108 PFU/ml
or with 4-, 10-, and 40-fold dilutions thereof. 1 hr after in-
infection, all cultures were covered with medium containing
FdU. From each dilution group, two cultures were labeled
with [3H]U from 5-10 hr (pulse 1) and two other cultures
from 10-15 hr (pulse 2). From the two remaining cultures of
each dilution group coverslips were fixed 15 hr after infection
for determination of the relative number of T-antigen-
positive nuclei. At the end of each labeling period (i.e., at
10 and 15 hr after infection), the cultures were extracted with
hot phenol. The two RNA preparations from pulse 1 and 2
of each dilution group were pooled, assayed for specific
radioactivity, and then hybridized in urea with SV40 DNA.
T-antigen and SV40 RNA could only be detected if the viral
preparations used for the infection contained at least 106
PFU/ml. Thereafter both the relative number of T-antigen-
positive nuclei and the amounts of radioactive, hybridizable
SV40 RNA (produced between 5 and 15 hr after infection)
increased linearly with the logarithm of the plaque-forming
titer. These results suggest that abortively infected MK cells
(which subsequently produce T-antigen) synthesize early
SV40 RNA at a similar rate.

Sedimentation pattern of radioactive,
hybridizable early SV40 RNA

MK cultures were infected with SV40 viral lysates (6 X 108
PFU/ml) and then labeled with 500 ,Ci/ml of [3H]U for
0.5, 1, or 6 hr at different times between 6 and 16 hr after
infection. RNA was extracted with hot phenol at the end of
the [3H]U pulses and then sedimented through linear (15-
30%, w/v) sucrose density gradients. Fractions were col-
lected and hybridized with SV40 DNA. Hybridization in
formamide or 0.6 M NaCl-0.06 M Na citrate at 650 gave

closely similar results. In all RNA preparations tested, the
bulk of the radioactive, hybridizable early SV40 RNA sedi-
mented as a rather uniform band (Fig. 5) with a sedimentation
coefficient of about 19 S, while a small fraction consisted of
slower sedimenting (about 16S) RNA molecules. In RNA

synthesized early SV40 RNA turned over rather slowly and at
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from cultures that had been labeled for 0.5 hr, small amounts



Proc. Nat. Acad. Sci. USA 70 (1973)

0.02

T

ot21" 0.01
e

IF
'A

A,,<

s,'

106 ~ 107 l08
infective titer (PFU/ml)

60 A

40 O

cu
20 C

0

FiG. 4. Linear relation between early SV40 RNA, T-antigen,
and the logarithm of the plaque-forming titer of the viral prepara-
tion used for the infection.

of SV40 RNA sedimented between 20 and 26 S. However,
no evidence was obtained for the presence of virus-specific
"giant" RNA molecules (9). Fig. 5 shows, furthermore, that
the 19S early SV40 RNA overlaps with a species of SV40
RNA produced late during the lytic infection (18). It remains
unknown whether 19S early SV40 RNA is synthesized as such
or whether it is derived by very rapid cleavage and/or hydrol-
ysis from larger precursor RNA molecules.

DISCUSSION

The results reported here suggest that the initial increase
in the amount of radioactive, hybridizable early SV40 RNA,
which precedes by a few hours the appearance of T-antigen
(Figs. 1A and 2), is the expression of the asynchronous onset
of the synthesis of early SV40 RNA and that the subsequent
rapid decrease may reflect the switch-off of transcription,
linked to SV40-induced replication of mouse cell chromatin.
The experimental results reveal a striking temporal and

quantitative relation between early SV40 RNA ("19S RNA")
and the subsequent events of the abortive infection. Though
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FIG. 5. Sedimentation pattern in a linear sucrose density gra-

dient (15-30%, w/v) of a mixture of ['H]U-labeled early SV40
RNAextracted from abortivelyinfected mouse-kidney cell cultures
and of [14C]U-labeled late SV40 RNA extracted from lytically in-
fected CV-1 (monkey kidney) cell cultures. MK cultures were

labeled with ['H]U from 10-16 hr and CV-1 cultures with ["4C]U
from 40-46 hr after infection. The results shown in the figure are

corrected foroverlap of I4C (23%)into the 'H channel and forover-
lap of 3H (0.1%) into the 14C channel. The positions of cellular 28S
ribosomal RNA and 4-7S RNA are indicated by arrows, while the
position of the 18S ribosomal RNAis omitted. It should be pointed
out that early and late SV40 RNA exhibit essentially the same

pattern when sedimented separately (unpublished observations).

direct experimental evidence for a causative relationship
is lacking, this possibility is indirectly supported by the
observation that treatment of confluent MK cultures with
mouse-specific interferon before (but not after) infection de-
presses by as much as 70% the synthesis of early SV40 RNA
and results in a comparable reduction in the number of T-
antigen-positive nuclei and in the number of cells participat-
ing in SV40-induced cellular DNA synthesis and mitosis
(in preparation and refs. 15 and 19).
As the most simple working hypothesis that can account

for the experimental results available, we assume that early
SV40 RNA contains information necessary for production
of SV40-specific T-antigen (see, however, Discussion in
ref. 1) and that this antigen (or an as yet unknown early
virus-specific function that would simply parallel the appear-
ance of T-antigen) activates or de-inhibits a cellular regula-
tory element that governs chromosome replication and mitosis.
The experimental results are thus in accordance with the idea
that SV40 acts primarily as a mitogen.
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