Transcription of the SV 10 Genome 1n Tranzsformed Cells
and during Lytic Intection

S. Toxecawa, G. Warter, A. BERNARDINI, aND R. DvLBECCO
The Salk Institute for Biological Studics, San Diego, California

Cultured cells respond largely in two different

ways to infection by Simian vacuolating virus
(SV40), a small DNA-containing oncogenic virus.
For example, the BSC-1 line of African green
monkey cells are permissive to SV490, i.e., the virus
can multiply and produce infectious progeny,
eventually killing the host (lvtic infection). On the
other hand. the 3T3 line {Todaro and Green. 1963)
of mouse cells is restrictive to SV40, 1e., the virus
cannot muultiply and cannot produce infectious
progenies, although it can enter the cell and
express some of its ygene functions (abortive
infeetion). As much as 30V, (Todaro and Green,
1966) of the abortively infected mouse cells acquire
the heritable changes of growth properties known
as transformation. an equivalent process of carcino-
renesis.
) e transformed cells (SV3T3) do not contain or
}}'C’(iucc infectious virus or infectious viral DNA;
thev do. however, harbor the complete information
of the viral genome, for svnthesis of infectious
virus is induced by fusion with permissive cells
{(Koprowski et al., 1967; Watkins and Dulbecco,
1967). The viral genes are expressed only partially
in the transformed cells; a virus-specific nuclear
antigen (T antigen) (Black et al., 1963) and surface
antigen are observed, whereas no viral capsid an-
tigen is detectable. The molecular basis of the
regulation of viral genomes in transformed cells is
unknown. Its elucidation will contribute to the
understanding of the mechanism of transformation,
and also may throw light on the mechanism of gene
control in mammalian cells.

By the use of the RNA-DNA hybridization
competition technique, both Oda and Dulheceo
(Ocda and Dulbeceo. 196%) and Aloni and collabo-
rators (Alont et al.. 1968) showed that SV40 mRNA
in SV3T3 cells lacks 609 to 7004 of the nucleotide
base sequences of the viral mRNA synthesized at a
late time after lytic infection of BSC-1 cells. Since
the whole viral genome persists in the SV3T3 cells
(Watkins and Dulbeceo, 1967), their results
suggested that the expression of the viral genes is
controlted on  the transcriptional level, Their

‘dts, however, did not exclude the possibility
_ the whole viral genome is transceribed and
viral mRNA with certain base sequences (such as

those in the capsid protein genes) is selectively
degraded later. Recent findings of Lindberg and
Darnell on large viral mRNAs in the nuclei of
SV3T3 cells 1s consistent with this notion (Lindberg
and Darnell, 1970).

In order to obtain basic information on the
regulation of viral gene expression accompanying
transformation and Iytic infeetion, we have been
characterizing viral mRNA in SV3T3 cells (313
cells transformed by SV40) as well as BSC-1 cells
lytically infected by SV40. The results indicate that
in the SV3T3 cells, viral RNA is synthesized as
several molecules with sizes corresponding to
three-fourths to two or three times the length of a
single strand of SV40 DNA. These RNA molecules
lack “late” viral RNA base sequences and are
most probably composed of partially cellular and
partially viral RNA. They are converted during the
nucleo-cytoplasmic transfer to a molecule corre-
sponding in size to one-half the length of a single
strand of SV40 DN A.

In Iytic infected cells characteristic patterns of
virus-specific RNA can be detected, both “early”
and “late” after infection. Early RNA contains
a major component of 8 x 10% daltons mol wt,
corresponding in size to one-half of the SV40
genome. Late RNA contains two main componernts
with mol wt of 7.9 x« 10° and 5.6 ~ 10° daltons;
in addition, late RNA is heterogeneous in the
nucleus and the majority of it is larger than cyto-
plasmic RNA.

SYNTHESIS oF ViraL mRNA 1xv SV3T3 Croes
Figure 1 shows the scdimentation profiles of
SV3T3 RNA which was labeled with 3H-uridine
for («) 15 min og (b)) 6 hr. When labeling is brief,
RNA hivbridizable with SV40 DNA is distributed

in two rather broad bands. These viral RNA
components are hercafter called “large’™  viral
RNA. A shoulder is also observed under 188

rRNA marker. This viral RNA component is
hereafter called *‘small” viral RNA.

Strauss et al. (1968) showed that the secondary
structure of bacteriophage MS2 RNA is completely
destroved in 999 dimethvisulfoxide (DMSO) at
room temperature, thus under the sedimentation
conditions used in the present work, all species
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Fi1GURE 1. Scdimentation of SV3T3 RNA in 999, DMSO.
SV3T3 cells were grown at 37°C on 10 em Nune plastic
petri dishes in reinforced Eagle's medium containing 10 %,
calf serum. When the culture became nearly confluent,
RNA was labeled by changing the medium with 2.5 ml
of reinforced Eagle’s containing 2 % calf serum and 500 pe
of 3H-uridine (~20 ¢/mmole). At 15 min or 6 hr later,
the cells were washed three times with cold saline and
lvsed by adding direetly to the petri dishes as follows:
6°, p-aminosalicvlate, 19 tri-iso-propylnaphthalene sul-
fonate, 6% n-butanol and 1% NaCl. Extraction of RNA
was carried out at 0—4°C by a modification of Kirby's
method (Kirby, 1966). 50 ug of the purified RNA were
lavered over 99% DMSO. stabilized by linear gradients of
0-10°% sucrose and 0-99°, *H-DMSO (Strauss et al.,
1968). The =edimentation was for 18-3/4 hr at 29°C at
40,000 rpm in a Spinco SW.1l rotor. Fractions were
collected from the bottom of 1he tube. RNA was precipi-
tated by adding two velumes of ethanol and was annealed
with 3 pug of denatured SV40 DNA fixed on Millipore
filters for 20 hr at 65°C. The amount of DNA used wasx
well in excess, Under the conditions used (Westphal and
Dulbeceo, 1968}, the blank filter retained less than 0.002 °4
of the input 3H eounts. In this figure and Fig, 2,5, 9, 10
amd 11, the thin continuous lines represent '1C.labeled
SVIT3 rRN A« used as <edimentation markers.

of KNA are expected to sediment o~ o funetion of
the ehain Jength, Ring-shaped SVAO DNA with
n single niek in one of the two strands secdimented
closely together with the 28 S rRNA marker under
the condition used (data not shown), Thusin Fig, .
T approximately 50%, of the RNA hyvbridizable
with SV40 DNA are not smaller than a single strand
of SV40 DNA. In contrast, when RNA s labeled
for 6 hr (Fig. 1b), counts hybridizable with SV40
DNA arc¢ predominant in the small viral RNA
component.

The specificity of the hybridization was checked
by use of RNA from 313 cells, an untransformed
mouse cell Jine. This RNA, when sedimented in
DMSO, cross-hvbridized with SV40 DNA at a level
no more than 0.001% of the input all the way
through the gradient (data not shown). The ecounts
in the hybrids at the two peak positions in Fig. 1o
were (.0099% and 0.0332 of the respective inputs

Precursor-Propuer RenartoNsuir or ViRal
mRNAs 1x 8SV3T3

In order to study the precursor-produet relation-
ship between the large viral RNAs and the
small viral RNA. pulsc-chase experiments were
carried out. Figure 2 shows the sedimentation
profiles of SV3T3 RNAs pulsed or pulse-chased
with uridine. The results are replotted n Fig. 3.
The 3H-uridine-pulsed RNA (Fig. 24) again showx
the characteristie distribution of viral RNA
components. The counts in the large viral RNAx
decrease upon 2 hr chase (Fig. 20) or 8 hr chase
(Fig. 2¢). The counts in the =mall viral RNA
increase during the first 2 hr chase and then start
decreasing on further chase until they become
almost undetectable by 16 hr chase (Fig. 2d). The
residual incorporation of 3H-uridine during the
chase periods and possible reutilization of nucleo-
tides make the quantitative analysis of this
experiment rather difficult. Nevertheless. the fact
that the count increase in the small viral RNA
during the first 2 hr chase period is more than the
increase of the total viral RNA is consistent with
the notion that the large viral RNA is the precursor
of the small vira] RNA.

In order to circumvent the ditheulties described
above, a similar pulse-chase experiment was carred
out with 10 pg'ml of actinomycin D during the
chiase periods (Fig. 4). Since shutoft of RNA
svnthesis is nearly complete under this condition,
the increase of the counts in the small wviral
RXNA during the chase periods must be attributed to
conversion from the large viral RN As.

From these experiments. we conclude that the
large viral RNAs are precursars of the small viral
RXNA.
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F:ivre 2. Pulse-chascexperiment with
SV3T3 RNA. Growth and labeling
wons of SVITY cells are as de-
bed in the legend to Fig, 1 except
nat the cells wers labeled for 1 hr.

N\ was extracted immediately after
tm labeling period from one 10cm
p=ir1 dish. The remaining cultures
wers washed four times with Eagle's
redinm containing 109% calf serum
and 100 pga/ml of uridine and were
gl wed to grow at 37°C in the same
po--vum for 2, 6, or 16 hr before RNA
wa- oxtracted. The procedures of
fnentation in DMSO and RNA-
v\ hybridization are as described in
= ezend to Figl 1L s
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Half-life of the large viral RNAs is approxi-
mately 1.8 hr and that of the total viral RNA is
3.9 hr.

SITE OF THE CONVERSION OF LARGE VIRAL
RNAs Tto SMarLL Virarn RNA

The intracellular distribution of the viral RNA
components was examined by analyzing the RNAs
prepared from isolated nuclei and cytoplasm of
SV3T3 cells. The results (Fig. 5) show that the
large viral RNAs and the small viral RNA are
richer in the nuclei (Fig. 56) and cytoplasm
{Fig. 5c) respectively. The small viral RNA in the
nuclei preparation may be at least partially
explained by contamination from the eytoplasm
because the relative amounts of the 45 S ribosomal
precursor RNA and 18 S rRNA indicate that the
nuclei preparation is only 75% to 80Y%; pure.
On the other hand, the near complete absence of
the 45 S and 328 rRNA precursors indicates that
the eytoplasmic fraction has a high degree of purity.
[n spite of this, there scems to be also a small
amount of large viral RNA in the cytoplasm.
These results suggest that at least o part of the
conversion process takes place mn the cytoplasm.
It is noteworthy that no  large viral RNA
sedimenting faster than 28 S rRNA is found in the
cytoplasni,
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Fisrre 4. Short-termn pulse-chase experiment with actino-
D. The procedures of the experunent are ax deseribed
wend o Figo 2 and 3except that the pulse was for
306 min andthecha<e wascarried out forshorter periodsin the
presenes of 10 ug/ml of actinomyein D, @ ~- - @ == total
BNA T ~ = totalviral RNA, m W = large vira)
RNA; o e = small viral RNA. Results are expressed
as court;min/100 ng of total RNA,
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F1¢URE 3. Distribution of viral RNA in the nuclens and
eytoplasm of SV3T3 cells. SV3T3 cells were labeled for
90 min with 500 ge of 3H-uridine per petri dish. Cells from
four 10 cm petri dishes were swollen in 4 ml of RSB
(0.01 » Tris-HCL pH 7.4, 0.003 t MgCl,, 0.01 » NaCl)
for 10 min at 0°C and disrupted by a glass homogenizer in
the presence of 0.4 94 Triton- X 100. The cell breakage wa~
monitored by phase microscopy. The nuclet and cvtoplasm
were xeparated by eentrifuging the broken cells at 1,000
rpm for 2.5 min in a refrigerated Internationnl centrifuge.
The nuclear pellet was suspended by vigorous agitation
2ml of TES (0.02y Tris-HCl pH 7.5, 0.001 M sodium
salt of EDTA, 0.1 a1 NaCl). Nucleic acids were extracted

Further studies arce necessars o ovder to ¢ lanly
whether the subcomponents of the larpe vl
RNAs behave differently during the post-trin-
seriptional processing.

NATURE oF THE LArRGE Vikal, RNA

As discussed in the introduction, previous studies
by use of RNA-DNA hybridization suggested that
the regulation of viral gene expression in SV3T3
cells is on the transeriptional level. The finding of
the large precursor viral RNAs with a shorter
half-life, however, opened the possibility that the
whole viral genome s transeribed but specific
scetions of the RNA molecules are degraded later.
In this case regulation is on a post-transcriptional
level. )

In order to differentiate between these models,
the large precursor viral RNAs were examined
to sce whether they contain late sequences. In
onc¢ experiment, cither pulsed or pulse-chased
total SV3T3 RNA was competed with unlabeled
RNA isolated from SV3T3 for sites on the SV40
DNA. The pulsed RNA sample consisted of 809, of
large viral RNAs and 209, of small vira]l RNAs,
whereas the chased RNA sample consisted of 159
of Jarge viral RNAs and 859%, of small viral RNAs.
Figure 6 shows the results of the competition
experiment. Both pulsed and pulse-chased RNA
were completely competed by unlabeled SV3T3
RNA. Furthermore, there were essentially no
differences between the two cases in the compet-
ing efficiency of unlabeled SV3T3 RNA. Unlabeled
RNA isolated from the seeondary culture of mouse
embrvo cells competes only 159, indicating that
the observed total competition with SV3T3 RNA
is due to viral RNA.

In another experiment, the gradient fractions
containing the large viral RNA were pooled aund
used in the competition with unlabeled SV3T3
RNA (Fig. 7). The results again show that at least
909, of the base sequences in the large viral
RNAs are competed by unlabeled SV3T3 RNA.
The outcome of the competition experiment be-
tween late lvtic RNA and SV3T3 RNA (Fig. 7)
indicates that the unlabeled SV3T3 RNA used in
these experiments lacks late base sequences,
conforming with previous results by others
(Oda and Dulbecco, 1968; Aloni et al. 106%).
From these experiments, we conclude that the

from the suspended nucleiand evtoplasm by the provedures
dezeribed in thelegend to Fig. 1. Under the condinions used,
the purified RN A, as calculated from the OD at 260 mye,
was distributed between the nuclear and ey ioplasne
fractions at a ratio of 1:4: 18, The amounts of the RNA
layered on cach DMSO gradient were: 89 uy of whaole cell
RNA, 24 yg of nuclear RNA and 66 pg of evieplasuue
RNAL
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(‘argc viral RN As contain no appreciable amount

\3TT (3 ——c, pulse)

@_\

of late RNA base sequences. The results within
the Iimit of the experimental technique exclude the
post-transeriptional regulation model. The large
viral RN As then may be best explained as composed
of hybrid molecules containing both viral and
cellular sequences. The generation of this type of
RN A molecules in SV3T3 cells seems to be well
justified since Sambrook et al. (1963) showed that
in these cells SV40 DNA is integrated into the
chromosomo by bouds resistant to alkali as well as
detergent. 1t 1s quite possible that the viral DNA
duplex is inserted into the cellular DNA duplex
by a phosphodiester bond resulting from a recom-
binational event in the manner similar to bacterial
Ivsogeny (Campbell. 1961). RNA polymerase may
then start transcription at the ncarest cellular
initiation site and proceed into the viral DNA until

100
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Fiovre 6. Competition of pulsed or pulse-chased RNA
with total SVIT3 RNAL SVIT3 cultures were pulsed or
pulze-chased as descrtbed in the legend to Fig, 20 The
pulse was for }hr and the chase was for 6.5 hr. The
indicated amount of anlabeled SVIT3 RNA was tirst
bybridized with 001 g of MCdabeled SV40 DNA for
165-18 hr; then the Inheled RNA wasadded and the mixture
wus incubated for an additional 16 hr at 65°C. The partial
detachment of the DNA during anncaling was checked by
the M1C counts and the results are adjusted for the loss of
DNAL The nmount of the H-RNA used was 87 ug of
pulsed RNA or 115 g of chased RNAL The filled cireles
and the open ciccles represent two differont experiments,
Tho exporunent reprosented by the fillod cireles was
carried out inatinal total volurme of 0.7 1od. ‘Che nxperiment
represented by the opon circles was i 0.3 ml. Count/min
hybridized without compoting RNA were: 183 (@-—- @,
chase), 420 () -- =), chase), 130 (@ — @, pulse) and
s represents the expoeriment
o whieh unlaboled RNA isolited from socondury monse
snheyo UEL) colls was used us the campetitor.,
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Ficure 7. Competition of the large viral RNA with total
SV3T3 RNA. An SV3T3 culture was labeled for | hr with
3H.uridine. Purified RNA was sedimented through 999,
DMSO. Those fractions which correspond to fractions
9 to 17 of Fig. 2a were pooled and RNA was precipitated
with 2 vol of ethanol. The precipitated RN A was dissolved
in 2 x SSC and was used for the hybridization competition
as described in the legend to Fig. 6. Late RNA was pre-
pared from BSC-1 cells (an established line of African
green monkey cells) infected by SV 40. at a multiplicity of
infection of 100. The infected cells were labeled with
750 pc per petri dish of H-uridine from 49 to 50 hr after
infection,

it hits a termination signal within the viral DNA or
vice versa. This would result in a nucleotide chain
consisting of partially cellular and partially viral
RNA.

The possibility that the large viral RNAs are
tandems of the small viral RNA devoid of late
base sequences has not been excluded, but it may
be unlikely in the light of the observation (see
next section) that the molecular weights of the
large viral RNA molecules seem not to be simple
multiples of that of the small viral RNA.

ResoLutioN ofF THE Larce ViraL RNA
INTO SUBCOMPONENTS

In order to resolve the multicomponents of the
large precursor RNA, SV3T3 RNA was subjected
to polyacrylamide gel electrophoresis. In comparing
the molecular weights of in vitro transcribed SV40
RNA determined by DMSO gradient and poly-
acrylamide gel electrophoresis, 1t was found that
the apparent molecular weight in polvacrviamide
gelwas 1.4 times larger than that in DMSO gradient,
using rRNAs as markers (Fig. 8). Based on the
assummption that in DMSO all species of RNA
molecules assume a random configuration. we can
conclude that under the conditions of the gel
electrophoresis, rRNA and SV40 RNA differ in
their secondary structures. Therefore, molecular
weights of viral RNA determined by acrylumide
gel clectrophoresis  using rRNA  markers
correeted accordingly.

Figure 9 shows gel electrophoregrams of RNA
prepured from SV3T3 cells pulse-labeled for 1 hr
with 3H-uridine (Fig. 9«) and chased for 4 hr
wfter | hr pulse (Fig. 96). The moleculnr weight

were
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Ficure 8. Comparison of the molecular weight of in vitro
SV40 RNA determined by polyacryviamide gel electro-
phoresis and sedimentation in DMSO gradients. In vitro
RXNA is syvnthesized with E. coli RNA polymerase on
superhelical SV40 DNA (Form 1) as template. The condi-
tions of synthesis are described by H. Westphal and D.
Kiehn (this volume) 112 pug enzyvme. 104 yg DNA, 0.5 me
of both 3H-UTP (specific activity 20 ¢/mmole) and H-CTP
(zpecific activity 10 ¢fmmole) in 0.5 ml final volume were
used. The time of incubation is 5 min at 37°C.

The RNA. extracted ax described by Summers (1970),
contained 2.3 x 108 count/min. specific activity 2to s x 103
count/min per pg. 2.3 50 107 count/min were xedimented
on a DMSO gradient for 25 hr. 39,000 rpm in an
SW.4l Spinco rotor at 29°C. Sixty-two fractions were
colleeted. The RNA from fractions 27, 31 and 35 (Fig.
not shown) wax precipitated with ¢thanol and analvzed
both on DMSO gradients (conditions ax above) and on
polyvacrylamide gels. together with rRNA from BS(C-]
cells, using the method described by Summers (1969} and
Loening (1967). The gel 0.6 » 12 em was composed
of 2.2°0 acrylamide and 0.5°%, agarose. Electrophoresis
was carricd our  at room temperature for 6 hr ar
T ma per gel. The gel was fractionated by use of
a Savant gel divider. The samples were frozen, warmed to
G0-C for 5 mun and counted. The molecular weights on
DMSO egradients caleulated according to Strauss (Strauss
et al.. 196%) were 143 - 10® (fraction 27), 84 2 1N*®
(fraction 31). 5.4 10* (fraction 35): on gels according to
3ishop (Bishop et al., 1967), 1.88 ~ 10% (fraction 27).

L300 - 108 (fraction 31) and 7.9 ~ 103 (fraction 33).
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FigURE 9. Polyacrvlamude gelelectiophoregrames of pulsed
or pulse-chased SV3T3 RNA. Pulse.chuze conditions are
as described in the legend to Fig. 20 Polyvacrylamide gel
electrophoresis was carried out a~ described in the legend
to Fig. 8. RNA was eluted from the fine gel beads by
freezing and thawing. and then hybridized with SV40 DN A
under the conditions deseribed in the legend 1o g, 1.
(¢) 1 hr pulze; (b) 4 hr chasc after 1 hr pulse.

of the fastest migrating peak (fraction 29 of Fig,
Ye or fraction 31 of Fig. 9b) was estimated ax

N5 x 10° daltons which is approximately 509, of

the molecular weight of a single strand of SV40
DNA. The large viral RNAs are now distributed
among five or six peaks (Fig. 94} whose mol wt
were 1.25-1.4 x 105 1.6-1.65 - 1085 1.8-1.495

106, 2.2-2.3 « 108, 2.5-2.6 ~ 10% and 2.9-3.0

108 daltons. There also is an ¢ven larger compo-
nent (x) whichdid not migrate intathe gel. Consistent
with the pulse-chase experiments in the DMSO
gradient (Fig. 2), the counts were reduced in these
large viral RNAs upon chase and acceumulated

The molecular weightx are. as Jdetermined on pels,
143 2 0.02 times higher than ¢ DMSO gradients,

(a) gel of fraction 27: (h) DMSO cradient of fraction 27
» Z =1in vitro RNA, *H. e-
marker, 11C.

---@ = miboxomnl
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the 9 0 10° dalton  species. Westphal and
Ml\ccno 1963) found that the SV3T3 cells con-
tatn 20 genome equivalents of SV40 DN A per cell.
The multlplv precursot RN\ species may arise from
ditterent integration sites. cach with a different
contribution ot cellular RN\

VIRAL RNA SYNTHESIS 1N SVO-INFECTED
BsC-1 Cries

During lytie mtection of monkey cells {(BSC-1)
with SV40. two classes of viral mRNA are tran-
seribed. Early RNA is transeribed prior to the on-
set of viral DN A replicatiou. while late RN A is that
made atter DNA replication begins. Results trom
hybridization competition experiments have in-
dicated that the sequences transcribed before
DNA replication are about 41 of those found in
late RNA. This umplies that during lvtie infection
the expression of the SV40 genome is regulated on

the level of transcription (Aloni et al., 1968;
Oda and Dulbeceo. 1963
The RNA in SV40 nfacred BSC-1 cells was

labeled swith 3H-uridine at different times after
infection and was fractionated by sedimentation
in 999, DMSO. The result is shown in Fig. 100, c,
and d. For comparison. a sedimentation profile
of SV3T3 RNA labeled under similar conditions

resented in Fig. 10a. The main eomponent of the
-l RNA =svnthesized between 9 hr and 10 hr
after infection sediments with a mol wt of about
S 105 daltons (fraction 19 of Fig. 106) whereas
that svnthesized between 15 and 16 hr or 49 and
50 hr after infection has an approximate mol wt of

829

6.5 « 10° daltons (Fig. 10c and d). In Fig. 106,
approximately one-third of the viral RNA sedi-
ments much faster than the main component.
The mol wt of this fraction of RN A range between
2 x 108 and 6 . 10% daltons. corresponding in
size to more than one genome length,

The sedimentation profile of the viral RNA from
BSC-1 cells infected by SV40 in the presence of
5-fluorodeoxyuridine (F'UdRY and labeled between
15 and 16 hr after infection was similar to that in
Fig. 106 (data not shown). Furthermore, the
proportion of viral RNA was similar in the two
RNAsamples: 0.029, of the total RN A as compared
to 0.539, and 4.8°, in the samples shown in Fig.
10c and 4. respectively. These observations indicate
that the viral RN A shownin Fig. 106 is synthesized
before the onset of viral DNA replication (early
RNA), whereas that shown in Fig. 10c¢ and d
is late RNA. The nature of the larger early RNAs
is not known. Kxperiments are in progress to
determine the stability of these RNAs and to see
if they contain late RNA sequences.

The late viral RNA shown in Fig. 10d is sepa-
rated on polyvacrvlamide gels into two peaks with
mol wtof 7.9 x 10°and 5.6 x 10°daltons (Fig. 11).
In addition, there is a fraction of hybridizable RNA
which is heterogeneous in size. ranging from 2 x 103
up to 4 x 109 daltons.

Virus-specIiFic RN A 18y NUCLEI AND
CytoprLasM oF SV40-Ix¥rrcTtep BSC-1 CELLS

In the following experiment, SV40.infected
BSC-1 cells were labeled with *H-uridine for 3 hr

Froere 10. Sedimentation
RNA and SVio-infected
RNA in 99°, DMSO. sSV3T3 and
B3C.1  cells were  grown  as e
seribed i the legend to Figo 10 The
multiplicity  of nfeetion for BSC-1
cells was 100 PEFU per celll 500 e of
Stfoaridine per petrn dish was used.
RNA was purnificd as described 1 the
legend to Foo T 50 py of puritied
RN U was luyered oo the  DMSO 6
grandhient as deseribed i the legend to
Fig. 1. The sedimentation time was
19 hr at 29°C at 40,000 rpm in a Spinco
SW.41 rotor.

(1) SVIL'3 cells, time of labeling 1 he;
(6) BSC-1 cells, labehng tune from 9 to
10 hr after infoction; (¢) BSC-1 cells,
lubeling time from 15 to 16 hr after
tection; {d) BRC-1 cells, lubeling timae
from 49 to B0 hr after infe r‘tmn
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Froure 11. Fractionation of SV40-infected whole cell
RNA in polyacrylamide gel. BSC-1 cells were grown and
infected as described in the legend to Fig. 10. The time of
labeling was from 49 hr to 50 hr after infection. 20 pg of
whole cell RNA was analyzed by polyacrylamide gel
electrophoresis, as deseribed in the legend to Fig. 8.

® = 3*H counts; O & = total *H counts
hybridizable to SV40 DNA.

starting 50 hr after infection. Nuclei were 1solated,
using the procedure of Penman {Penman, 1966).
The RNA was extracted and analvzed by sedi-
mentation through a DMSO gradient and by gel
electrophoresis. The results are shown in Fig. 12,
The virus-specific RNA is heterogeneous in size

45 32 28 18 -8 VALUE-

with w brond penk of wronnd s 1O dabions,
Nuclenr RNA from infected eolls Inbeled for Vo min
has a similar pattern on polyacrslanude gels o in
DMSO pradients (date not shown). The hetero-
geneity in the Jarge molecular weight region of the
gel (Fig. 12a) is probably not due to aggregation of
smaller molecules sinee a similar size distribution
i found in the DMSO gradient (Fig. 120).

SV40 RNA in the eytoplasm of infected BSC-1
cells Jabeled with *H.uridine from 48 hr to 51 hr
after infection has a mol wt of 5.7 > 105 daltons
{Fig. 13). This suggests that in whole cells the viral
RNA with a mol wt of 5.6 > 10® daltons isidentical
to cytoplasmic RNA and the larger component is
nuclear RNA. The difference in size between nuclear
and cytoplasmic RNA at late time of infection
may he due to processing of the larger naclear
RNA or to sclective transport of the smaller com-
ponent from the nucleus to the evtoplasm.

SUMMARY

In SV3T3 cells, viral RNA is synthesized as
several molecules with sizes corresponding to
three-fourths to two or three times the length of a
single strand of SV40 DNA. These RNA molecules
lack late viral RNA base sequences and are
most probably composed of partially cellular and
partiallv viral RNA. They are converted during the
nucleo-cvtoplasmic transfer to a molecule eorre-
sponding in size to one-half the length of a single
strand of SV40 DNA.

FIGURE 12. Fractionation of SV40 in-
fected BSC-1 nuclear RNA by poly-
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acrylamide gel electrophoresiz and
sedimentation in 99 % DMSO. BSC-1
cells were grown ax described in the
legend to Fig. 1. The cells, near to
confluence, were infected at a multipli-
city of infection of 35 PFU per cell. -
3H-uridine was added, 500 e per plate,
from 50 hr to 33 hr after mfection.
Isolation of nuclei was carried out
according to Penman (1966). RNA wa-~
extracted from isolated nuclei by the
procedure deseribed in the legend to
Fig. 5.

{a) Fractionation of pulse-labeled
nuclear RNA in polyacrylamide gels, 3
ng nuclear RNA from BSC-1 cell:
labeled from 30 hr to 53 hr post in-
fection with 500 e per 107 cells of 3H-
uridine was analyzed by polvacrylamide

CPMxi0~3 IN HYBRID o—o

It .

20 40 0
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20 30 gel electrophoresis. The procedures are

described in thelegend to Fiz. 8, exeept
that the gel length was 20 cm, and the

electrophoresis wags carried out for 10 hr at a constant current of 6.5 ma per gel. 0.1 ml aliquots of cach 1 m! fraction
were counted and the remaming hybridized to SV40 DN A filters as described in the legend to Fig. 1.

®——@ = *H count=:
HC rRNA markers,

of 0.1 ml aliquots; O——C = total 3H counts hybridizable ta SV40 DNA: —— =~

(b) Sedimentation of pulse-labeled nuclear RNA in 99% DMSO. 7 ug of the purified nuclear RNA. desenibed
ahove, were lavered on a DMSO gradient, fractionated and hybridized as described in the legend to Figo )} The
sedimentation time was 6 hr at 64,000 rpm at 29°C in & Spinco SW 65 rotor.

® = total °H counts; O—— = total *H counts hybridizable to SV 40 DNA.
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~hmentation of cytoplasmie RNA in 99%
2 -1 cells were grown, infected and labeled ax
—===- :n the legend to Fig. 1. The time of labeling
4 hr to 51 hr after infection. Cells were
n RSB at pH 8.5 (Penrman et al., 1969) for
ronat 0°C and disrupted by means of a glass homog-
Nucler and  eytoplasm  were zeparated by
ririfugation. RNA was extracted at 0°C from the
-: 0 ]imm by Kirby's method.

13 nug of purlﬁed RYNA was layered on the DMSO
sradient as described in the legend to Fig. 1. The sedi-
-nentation time was 20 hr at 29°C ar 40,000 rpm in a
Spinco SW.41 rotor,

- @ = total *H RNA; C
nybridizable with SV40 DN A,

—— O = total *H counts

[n Ivtic infected cells, characteristic patterns of
virus-specific RNA can be detected, both early
e lute after infection. Early RNA contains
% major component of 8 x 10° dalton mol wt,
corresponding in size to one-half of the SV40
genonie. Late RN A contains two main components
with mol wt of 7.9 x 10% and 5.6 x 10® daltons;
in addition, late RNA is heterogeneous in the
nucleus and the majority of it is larger than cyto-
plasmic RNA.
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Fretre 13, Sedimentation of cytoplasmic RNA in 99%
DMSO. BSC-1 cells were grown, infected and labeled ax
deseribed in the legend to Fig. L. The time of labeling
was from 48 he to 3l hr after infection. Cells were
swollen in RSB at pH 8.5 (Penman et al., 1969) for
10 nun at 0°C and disrupted by means of a glass homog-
enszer. Nucler and  cytoplasm were  separated by
centrifugation. RNA was extracted at 0°C from the
cvto plasm by Kirby's method,

19 wy of purified RNA was layered on the DMSO
wradient as described in the legend to Fig. 1. The secli-
mentation time was 20 hr at 29°C at 40,000 rpm in a
Spinco SW.41 rotor.

o @ = total *H RNA; 7 ——0 = total *H counts
hyvbridizable with SV40 DNAL

In Iyvtic infected cells. characteristic patterns of
virus-specific RNA can be detected, both early
~w= late after infection. Early RNA contains
\f\"i‘fmjur component of 8 x 10% dalton mol wt,
corresponding in size to one-half of the SV40
genome. Late RNA contains two main components
with mol wt of 7.9 < 10° and 5.6 x 10% daltons;
in addition, late RNA is heterogeneous in the
nucleus and the majority of it is larger than cyto-
plasmic RNA.
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