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F 
Nuclei prepared from Vero 

5 
ells infected with SV40 in the presence 

o cytosine arabinoside synthesize [ H]RNA in vitro, a small proportion of 
which is virus specific. This synthesis is sensitive to low doses of 
a-amanitin. The accumulation of viral RNA is blocked in nuclei prepared 
from cells pretreated with interferon prior to infection and incubated in 
a reaction mixture containing 100 mM KCl. This resembles the situation 
found in intact cells. However, when the reaction mixture contains 300 mM 
KCl, the interferon-induced block in viral RNA accumulation is reversed. 

Introduction. Interferon is an inhibitor of virus replication which is 

produced by virus infected cells. When applied to cells prior to 

infection it blocks the subsequent growth of virus. The locus of action 

of this interferon-induced inhibition is at an early stage in the virus 

replication cycle. The primary site of action appears to be either viral 

RNA or protein synthesis, depending upon the virus in question (1). In 

the case of the small, DNA containing, simian virus 40 (SV40), interferon 

pretreatment of monkey cells results in a reduction in the amount of 

early virus specific RNA detectable during lytic infection (2,3). We 

have recently presented evidence suggesting that this is due either to 

reduced transcription of the viral genome, or to enhanced degradation of 

newly synthesized viral RNA within the nucleus (4). To explore further 

the mechanism by which interferon inhibits SV40 replication we have 
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prepared an in vitro system, consisting of nuclei from infected cells 

which synthesize early SV40 RNA. We find that under specified conditions 

the accumulation of viral RNA is blocked in nuclei obtained from 

interferon treated cells. 

Methods. 
meon 

Vero cell monolayers were pretreated with human leukocyte 
and infected with SV40 in the presence of cytosine arabinoside 

as described (4). At 27 hr post-infection cells were removed from the 
roller bottles by trypsin treatment and scraping. Samples of cells were 
allowed to attach to glass coverslips for subsequent assay of SV40 T 
antigen (4). Nuclei were prepared from saline washed cells essentially 
according to the procedure of Marzluff et al. (5). The nuclear pellet 
was resuspended in 25% glycerol, 5 mM Mg(Ac)2, 50 mM Tris (pH 8), 5 mM 
dithiothreitol, 0.1 mM EDTA at 3-4 mg DNA per ml. This preparation was 
used imnediately fur RNA synthesis, the reaction mixture for which 
contained: 12.5% glycerol, 5 mM Mg(Ac)2, 1 mM MnC12, 25 mM Tris (pH 8), 
0.05 mM EDTA, 5 mM dithiothreitol, 100 mM KC1 

5 
unless otherwise specified), 

0.4 mM each of ATP, CTP and GTP, 100 PCi [5,6- H] UTP (50 Ci/mnole) and 
nuclei equivalent to 0.75-1.0 mg DNA in a total volume of 0.5 ml. The 
highest available specific activity [3H] UTP was employed and no non- 
radioactive UTP was added. The mixture was incubated at 25" for 2-3 hr. 

RNA was extracted from the reaction mixture as follows. 50 pg DNase 
(Worthington, electrophoretically purified) was added and the mixture 
incubated at room temperature for1 to 2 minutes. The mixture was made 
1% in Sarkosyl (Ciba-Geigy, NLg7) and 10 mM in EDTA. Wheat germ RNA 
(1 mg, Calbiochem) as carrier and Protease K (0.5 mg/ml, Merck) were then 
added. After 30 min incubation at room temperature the mixture was diluted 
to 3.0 ml with 1% Sarkosyl in 10 mM Tris (pH 8), and 3.0 g CsCl was added 
and disolved (6). The resulting solution was layered over 1.2 ml CsCl in 
100 mM EDTA (1.707 g/ml) in a SW 50.1 centrifuge tube, overlaid with 
paraffin oil and centrifuged at 35,000 rpm for 16 hr at 25'. The super- 
natant was decanted and the pellet of purified RNA recovered as described 
(6) by dissolving in‘10 mM Tris (pH 8) and precipitating with 0.1 volume 
of 5 M NaCl and 2 volumes ethanol. The RNA was collected by centrifugation 
and dissolved in 2 x SSC plus 0.05% SDS. Samples were assayed for acid 
insoluble radioactivity (i.e. Total [3H] RNA) and for SV40 specific [3H] RNA 
by hybridization to SV40 DNA on filters as described (4). The DNA content 
of the reaction mixtures was determined (4) and the results of in vitro 
RNA synthesis experiments are expressed in the form: cpm ["HI RNA per mg 
DNA in the reaction mixture. 

It may be noted that this method of RNA purification, employing 
Protease K and CsCl, yields a product comparable to that obtained with 
extensive phenol extraction (4) and requires significantly less effort 
(unpublished results). 

Results. Nuclei prepared from Vero cells infected with SV40 by the 

procedure of Marzluff et al. (5) incorporated C3H] UTP into RNA for up 

to 3 hours at a rate which was initially linear with time and which 

remained so for at least30 minutes before decreasing. The conditions 

described in Methods are approximately optimal for the incorporation of 
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Table I. Synthesis of SV40 specificrF!]RNA in nuclei isolated frcm SV40 

infected cells. 

- 

SV40 
Expt. sv40 k3aitions specific 

inhibition Total inhibition 
[3R3RNA* (%I pH\RNA** (%I 

1 + c 

+ a-amanitin (1 ug/ml) 

- a-amanitin (1 ug/ml) 

2200 4.0 

137 94 1.8 56 

4 5.0 

0 2.1 58 

2 + 177 v  3.9 -? 

+ a-amanitin (5 ug/ml) 8 95 2.0 49 

+ DNase (20 ug/nl) 32 82 0.44 89 

+ RNase (10 lJg/ml) 0 100 0 100 

* cpm per mg DNA 
** cpm per mg DNA x 10 

-6 

Nuclei from SV40 infected or uninfected cells were incubated as described in 
Methods with the addition, as indicated, of a-amanitin, electrophoretically- 
purified DNase or pancreatic RNase. 

[SH] UTP into acid insoluble materia. Nuclei were prepared from cells 

infected in the presence of cytosine arabinoside, which blocks viral 

DNA replication and inhibits the synthesis of late, but not of early, 

SV40 RNA (4,7). Under these conditions a small proportion of the 

incorporation was into SV40 specific [3H] RNA as judged by hybridization 

to SV40 DNA bound to filters (Table I). This proportion (of the order 

of 0.01%) is comparable, though on average somewhat higher, than the 

proportion of early viral RNA made in intact infected cells (2.4). 

Nuclei were routinely prepared from cells 27 hr after infection; in 
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Table II. Effect of interferon on the synthesis of SV40 specific 

in nuclei isolated from SV40 infected cells. 

Interferon SV40 T * Antigen 

1OOmx KC1 

SV40 RNA*** 
Total RNA 

300 mM KC1 

SV40 RNA*** 
Total RNA 

7 + 86 3.4 77 3.2 192 

+ + 6 4.2 9 4.4 187 

0 4.4 0 4.2 0 

--7 

*  % of cells staining positively for T antigen 

** cPm per mg DNA x 10 
-6 

Cells were pretreated with or without interferon (150 units/ml) prior to 
infection. Nuclei were prepared at 27 hr post-infection and were incubated 
with13H]UTP and the other components of the reaction mixture in the presence 
of either 100 mM or 300 mM KCl. 

vitro viral RNA synthesis was difficult to detect prior to about 20 hr 

post-infection. 

The in vitro synthesis of SV40 specific RHA is almost completely 

blocked by low doses of a-amanitin while total RNA synthesis is only 

partially inhibited (Table I). The inclusion of either deoxyribonuclease 

or pancreatic ribonuclease in the reaction mixture markedly inhibited 

RNA synthesis. 

Interferon pretreatment of Vero cells prior to SV40 infection 

inhibits the synthesis of SV40 T antigen and the accumulation of viral 

RNA without affecting either cellular protein or RNA synthesis (4). In 

the presence of 100 mM KC1 the net in vitro synthesis of RNA by nuclei 

prepared from such cells appears to reflect the in vivo situation 

(Table II). While total C3H] RNA synthesis is not affected by interferon 
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pretreatment, the synthesis of SV4D specific [3H] RNA is markedly 

inhibited. Ionic strength is, in general, an important variable in the 

behavior of in vitro transcriptional systems and this is the case here. 

Increasing the concentration of KC1 from 100 mM to 300 mM does not 

alter total [3H] RNA synthesis, but enhances SV40-specific RNA synthesis 

by more than two-fold (Table II). However, the most striking result of 

increasing the ionic strength of the reaction mixture is the abolition 

of the interferon induced inhibition of viral RNA synthesis (Table II). 

Discussion. The synthesis of viral RNA within isolated nuclei prepared 

from infected cells has been demonstrated for adenovirus (8,9,10), herpes 

virus (11,lZ) and for SV40 late in infection in the absence of inhibitors 

of DNA synthesis (13,14). We have now shown that early SV40 RNA can be 

synthesized in vitro in nuclei prepared from cells infected in the 

presence of sufficient cytosine arabinoside to inhibit viral DNA synthesis 

by more than 99% (7). In this circumstance the synthesis of late viral 

RNA is also blocked (7). This early SV40 RNA synthesis is sensitive to low 

doses of a-amanitin which indicates that, like the synthesis of late 

SV40 RNA (13), it probably results from transcription of viral DNA by 

cellular RNA polymerase II, the enzyme believed to be responsible for the 

synthesis of cellular messenger RNA. 

The effect of interferon pretreatment of cells on the accumulation of 

viral RNA by isolated nuclei assayed in the presence of 100 mM KC1 

parallels the effect seen in intact cells (4). In both situations the 

synthesis of SV40 specific RNA is inhibited, while that of total cellular 

RNA is unaffected. However, when the KC1 concentration is increased to 

300 mM, this in vitro inhibitory effect is abolished and viral RNA is 

synthesized to an extent comparable to that seen in the controls untreated 

with interferon. The equivalent rate of accumulation of SV40-specific 

RNA in nuclei from interferon treated and control cells in the presence 

of 300 mM KC1 supports our previous conclusion (4) that interferon treat- 
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ment does not reduce the quantity of SV40 DNA template potentially 

available for transcription in the nucleus of the cell. 

There are at least two possible explanations for the effect of 

interferon treatment on the accumulation of early viral transcripts in 

SV40 infected cells which would be consistent with the present results 

(4). First, interferon treatment may induce the formation of an 

intracellular inhibitor which blocks viral transcription, perhaps by 

recognizing and binding to specific sites on the viral DNA. Elevated 

salt concentrations in vitro might then displace the inhibitor and 

permit transcription of the viral genome. It is well known that, in 

general, proteins associated with DNA can be displaced by increasing the 

ionic strength of the millieu. An alternative explanation is that the 

reduced accumulation of early viral RNA may be due to enhanced degradation, 

within the nucleus of the interferon treated cell, effected by a 

ribonuclease specific for viral (but not for most cellular) RNA. 

Conceivably this putative nuclease might be inactivated at elevated ionic 

strength, thus resulting in the increased level of SV40 specific RNA 

found in nuclei incubated with 300 mM KC1 in vitro. These two possibilities 

cannot be distinguished at present. Further investigation of RNA 

metabolism in such isolated nuclei and further characterization of the 

viral RNA with respect to the portion of the SV40 genome that is 

transcribed will be necessary to achieve a better understanding of the 

nature of the interferon mediated inhibition of virus function. Never- 

theless, in the presence of 100 mM KCl, the in vitro system described 

appears to accurately reflect the behavior of the intact cells. It 

represents the first in vitro system in which the action of interferon 

on nuclear functions has been demonstrated. 

In addition to their potential use in connection with the elucidation 

of the mechanism of interferon action, the present findings may also be 

helpful in providing a criterion for the proper behavior of an in vitro 
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transcriptional system prepared from eukaryotic cells. Since, in general, 

the precise nature of the primary RNA transcript made in vivo remains 

uncertain, the preparation of an in vitro system known to behave correctly 

is a difficult task. The present demonstration of the apparent maintenance 

of a regulatory process (the interferon induced inhibition of viral RNA 

accumulation) in an in vitro transcriptional system under one set of 

conditions (100 mM KCl) but not under another (300 mM KCl) suggests that 

the former conditions are the more physiological. In contrast, in the 

absence of interferon treatment, the mere optimization of the in vitro 

system for maximum viral RNA synthesis would have led us to choose the 

latter (presumably less physiological)conditions. The maintenance of the 

interferon effect during studies designed to fractionate this trans- 

criptional system should provide a useful criterion for its proper 

behavior. 
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