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SUMMARY

The transcription pattern of SV40 DNA in the transformed mouse 3T3
cell line SV101 has been determined by DNA~-RNA hybridization studies using
the separated strands of restriction endonuclease derived viral DNA fragments
as molecular probes, RNA isolated from the cytoplasm of these cells contained
asymmetrically transcribed base sequences complementary to only the early
region of the viral genome, while RNA isolated from purified nuclei contained
symmetrically transcribed sequences complementary to all regions. The pre~
sence of late, anti-early, and anti-late RNA copies in the nuclei of these
transformed cells, and their absence from the cytoplasm, suggests that RNA
processing and/or transport are significant control mechanisms in the expres-
sion of this eukaryotic DNA.

INTRODUCTION

The cytoplasm of monkey cells productively infected with SV40 con-~
tains asymmetric viral specific RNA that is predominantly complementary to
the early and late strand regions of the viral genome (see Fig. 1), while the
nuclei of such cells contain viral specific RNA that appears to be symmetri-
cally transcribed and has been shown to be complementary to at least the
early, late, and anti-early viral DNA regions (2); as expected, this nuclear
viral RNA can form RNA-RNA duplexes (3, 4), an occurrence that can confuse
the quantitation of specific RNA sequences obtained from DNA-RNA hybridi-

zation studies. The cytoplasm of mouse cells transformed by SV40 also con~

tains asymmetric viral specific RNA, but in contrast to productive infection,
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transformed cell cytoplasmic viral RNA is generally complementary to only the
early strand region (5). Although the transcription pattern of SV40 DNA in the
nuclei of such transformed cells has not been reported, the fact that viral RNA
extracted from whole cells contains substantial but variable amounts (depend-
ing on the strain) of late or anti-early (S) and anti-late (6, 7) sequences sug-
gests that some degree of symmetric transcription also occurs in this system.
In this communication we report the results of a direct analysis of viral tran-
scripts present in both the cytoplasm and nuclei of an SV40 transformed mouse
cell line (SV101) as determined by DNA-RNA hybridizations using the separated
strands of rastriction endonuclease derived viral DNA fragments. These re-
sults indicate that extensive symmetric viral DNA transcription does indeed
occur in the nuclei of such cells, and that selective processing and/or trans-~

port determines the nature of transcripts ultimately detected in the cytoplasm.

MATERIALS AND METHODS

Cells. SV101 cells, a transformed mouse line (8), containing about
8 copies of SV40 DNA per diploid quantity of cell DNA (6, 9), were grown in
Corning plastic roller bottles in Dulbecco's modified Eagle's medium (Gibco)
containing 10% calf serum under an atmosphere of 5% CO;.

Separation of nuclei and cytoplasm. WNuclear and cytoplasmic frac-
tions of SV101 cells were prepared by a modification of the procedure of Wu
and Zubay (10). Specifically, confluent cells were harvested by scraping,
washed with cold isotonic buffer (30 mM Tris-HCI, 120 mM KCl, 5 mM MgAc,
0.1 mM dithiothreitol, pH 7.5), suspended in cold hypotonic buffer (10 mM
Tris-HCl, 1 mM KCl, 3 mM MgAc, 0.1 mM dithiothreitol, pH 7.5), and then
disrupted with a Dounce homogenizer. The disrupted cell suspension was
centrifuged at 2000 rpm for 5 min and the supernatant used for extraction of
cytoplasmic RNA. The nuclear pellet was washed four times with isotonic
buffer containing 0.1% Triton X-100 (Sigma) and eventually washed and re-
suspended in isotonic buffer before extraction of nuclear RNA.

Preparation of RNA. Cytoplasmic RNA was prepared by the method of
Perry et al. (11), and nuclear RNA was prepared as described by Soeirc and
Darnell (12). Approximately 2.6 mg of cytoplasmic RNA and 0,34 mg of nuclear
RNA were obtained from 109 cells, and it is assumed that only 0.001-0.002%
of the total RNA was SV40 specific (13).
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FIG. 1. Schematic diagram of double stranded SV40 DNA showing the
combined Hpa 1 and Eco Rl restriction endonuclease fragments. The dark outer
DNA strand (often referred to as the minus (~) or early (E) strand) is the tem~
plate for early lytic cytoplasmic RNA, while the light inner DNA strand (referred
to as the plus (+) or late (L) strand) is the template for late lytic cytoplasmic
RNA. The numbers on the inner strand indicate the standard map positions (1)
for the restriction endonuclease sites recognized by Eco Rl (0) and Hpa 1 (0.17,
0.36, 0.76); the areas A, B, C, and D represent the double stranded fragments
produced by cleavage with these enzymes. The individual strands of a given
restriction endonuclease fragment can be identified by the same plus or minus
designations as the original intact strands, and the terms "anti-early" and
"anti-late'" are conveniently used to specify those nucleotide sequences that
are not complementary to cytoplasmic transcripts. The map regions correspond-
ing to early and late lytic cytoplasmic transcripts are also indicated in this fig-
ure (from about 0.67 to 0.17 units), and it should be noted that the combined
action of Eco Rl and Hpa 1 results in fragments A, C and B, D that closely re-
semble the early and late regions, respectively.

Preparation of 32P-labeled separated strands of restriction endonu-
clease digested SV40 DNA. 3Z2p-labeled circular covalently closed SV40 DNA,
prepared as previously described (14), was digested with Eco Rl and/or Hpa 1
restriction endonucleases (Bethesda Research Laboratories, Inc.), and the re-
sulting fragments separated by gel electrophoresis through 1.4% agarose (15,
16). The DNA bands in sliced gels were then dissolved in 5 M NaClOy4, 50 mM
Tris, pH 7.4, and double stranded DNA recovered by hydroxylapatite chroma~-
tography (17). Unit length SV40 linear molecules (Eco Rl digestion product),
or specific restriction endonuclease fragments, were denatured in alkali, hy-
bridized to an excess of SV40 specific complementary RNA (transcribed only
from the minus (E) strand), synthesized in vitro using E. coli RNA polymerase
(17), and separated into early (E) and late (L) DNA strands by hydroxylapatite
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chromatography using the purification procedure described by Sambrook et al.
(16, 17).

RNA-DNA hybridization. The hybridization of unlabeled nuclear or
cytoplasmic RNAs to the 32p-labeled separated strands of intact or fragmented
SV40 DNAs was performed in solution (0.15 ml) at 68°C, and assayed by hy~-
droxylapatite chromatography, according to the procedure of Khoury et al. (18).
Background values for the percent label behaving as double stranded material
in the absence of added RNA were subtracted from the results of each RNA-
DNA hybridization assay, and ranged from 0.5% in the case of fragment B (+)
to 14% in the case of fragment D (~). Boiling of RNA preparations in 0.3 M
NaOH for 10 min prior to the hybridization reaction reduced the percent label
behaving as double stranded material to background levels, demonstrating
that the hybridization was specific for RNA and not due to possible contami-
nation of the RNA preparations with SV40 DNA present in the transformed cells.

RESULTS

The results of a direct analysis of the SV40 RNA transcripts present
in the nuclei or cytoplasm of SV101 transformed cells are shown in Figs. 2
and 3. Although the nuclei of these cells contain extensive amounts of RNA
molecules complementary to all of the separated strands of the resolved re-
striction endonuclease fragments derived from combined Eco Rl/Hpa 1 diges-
tion of SV40 DNA, the cytoplasm contains molecules that are predominantly
complementary to the early region of the minus (E) strand (see Fig. 1). Due
to our experimental result (data not shown) that in vitro synthesized SV40
complementary RNA could only drive 72% (background subtracted) of the entire
minus (E) strand into a hybrid, instead of a theoretical 100%, we do not feel
confident in analysing the data presented in Figs. 2 and 3 quantitatively; such
an analysis would also be impaired, in the case of nuclear RNA, by competing
RNA~-RNA self reassociations. In any event, significant amounts of RNA com-
plementary to all of the eight separated strands of SV40 DNA exist in the nuclei
of SV101 cells (Fig. 2), and it appears that RNA species complementary to the
early region of the minus (E) strand (the region specifying cytoplasmic viral

RNA) represent the most abundant class.
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FIG. 2. Hybridization of 32p_1abeled separated strands of SV40 DNA
restriction endonuclease fragments with unlabeled nuclear RNA, Hybridization
analyses were performed as described in Materials and Methods, and back-
ground values for the self reassociation of the DNA probes have been subtracted.
The nature of the 32p-labeled fragments used (A (=), C (=), B (+), D (+), A (+),

C (+), B (=), and D (~)), are indicated in the figure, and correspond to the strands
Note that all fragments hybridize to some ex-
tent with nuclear RNA. About 0.7 ng of DNA were used per assay.

shown schematically in Fig. 1.
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FIG. 3. Hybridization of 32p-labeled separated strands of SV40 DNA
restriction endonuclease fragments with unlabeled cytoplasmic RNA, Hybrid-
ization analyses were performed as described in Materials and Methods, and
background values for the self reassociation of the DNA probes have been sub-
tracted. The nature of the 32P-labeled fragments used (a mixture of A (-} and
C (-), the entire (+) strand, and D (-)) are indicated in the figure, and corres-

pond to the sirands shown schematically in Fig. 1.

Note that only the mixture

of A (-} and C (-) fragments hybridize significantly to cytoplasmic RNA, About
0.7 ng of DNA were used per assay.
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DISCUSSION

The existence of symmetric transcripts in the nuclei of cells produc-
tively infected (2-4) or transformed (this paper) by SV40, and their absence
from the cytoplasm of these cells, indicates the involvement of selective pro-
cessing and/or transport in the expression of viral information. Transcription
complexes (viral nucleoprotein complexes) isolated from the nuclei of produc-
tively infected cells also catalyze extensive symmetric RNA synthesis in vitro
(19). It therefore appears that non-selective transcription is an inherent pro-
perty of viral RNA synthesis in the nucleus, and need not be due to the sug-
gested ability (6, 7, 20) of host cell promoters to fortuitously "read-through"
integrated viral DNA copies known to be present in transformed cells, and sus-
pected to be present in productively infected ones (21)., Instead, the symme-
tric copying of complementary DNA strands could be the normal mechanism of
viral transcription in this eukaryotic system, whether in transformed or pro-

ductively infected cells,

ACKNOWLEDGEMENTS

We wish to thank Horace Lozina, Winston Burrell, and Margaret
DiPiazza for expert technical assistance, and Dr. W. Szer for many helpful
discussions. This research was supported by grants from the American Cancer
Society (NP-120C) and the National Cancer Institute (No. CA16239).

REFERENCES

1. Botchan, M., Ozanne, B., Sugden, B., Sharp, P., and Sambrook, J. (1974)
Proc. Natl. Acad. Sci, USA 71, 4183-4187.

2. Khoury, G., Howley, P., Nathans, D., and Martin, M. (1975) J. Virol.
15, 433-437.

3. Aloni, Y. (1972) Proc. Natl. Acad. Sci. USA 69, 2404-2409.

4. Aloni, Y. (1973) Nature New Biol. 243, 2-6,

5. Leong, J.C., Smith, H.S., and Goodman, H.M. (1976) Virology 71, 355-
360,

6. Ozanne, B.,, Sharp, P.A., and Sambrook, J. (1973) TJ. virol. 12, 90-98,

7. Khoury, G., Martin, M.A,, Lee, T.N.H., and Nathans, D. (1975)

Virology 63, 263-272.

215



Vol. 78, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

10,
11.

12,
13.
14,
15,
16,
17.
18,
19,

20.
21,

Pollack, R.E., Green, H., and Todaro, G.J. (1968) Proc. Natl. Acad. Sci.
USA 60, 126-133.

Delap, R.J., Zouzias, D., and Rush, M.G. (1976) Biochim. Biophys.
Acta 418, 257-265.

Wu, G.J., and Zubay, G. (1974) Proc. Natl. Acad. Sci. USA 71, 1803-1807,
Perry, R.P., LaTorre, J., Kelly, P.E., and Greenberg, J.R. (1972)
Biochim. Biophys. Acta 262, 220-226.

Soeiro, R., and Darnell, J.E, (1969) J. Mol, Biol, 44, 551-562,

Aloni, Y., Winocour, E., and Sachs, L. (1968) J. Mol, Biol., 31, 415-429,
Prasad, I., Zouzias, D., and Basilico, C. (1975) J. Virol. 16, 897-904.
Sharp, P.A., Sugden, B., and Sambroock, J. (1973) Biochemistry 12, 3055-
3063.

Sambrook, J., Sugden, B., Keller, W., and Sharp, P.A. (1973) Proc. Natl,
Acad. Sci. USA 70, 3711-3715,

Sambrook, J., Sharp. P.A., and Keller, W. (1972) J. Mol. Biol. 70, 57-
73.

Khoury, G., Carter, B.J., Ferdinand, F.J., Howley, P.M., Brown, M.,
and Martin, M.A. (1976) J. Virol. 17, 832-840.

Ferdinand, F.J., Brown, M., and Khoury, G, (1977) Virology 78, 150-161,
Wall, R., and Darnell, J.E. (1971} Nature New Biol. 232, 73-76,

Hirai, K., and Defendi, V. (1972) J. Virol. 9, 705-707.

216



