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DIFFERENTIAL INHIBITION OF RNA SYNTHESIS BY ACTINOMYCIN
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Actinomycin has been shown to be a potent Inhibitor of
the DNA-dependent RNA nucleotidyltransferase (Hurwitz and
August, 1963). A large number of experiments with both bac-
teria and mammalian cells have, furthermore, revealed that
actinomycin 1s & very potent inhibitor of RNA synthesis in
whole cells. According to Reich et al. (1962) and to Frank-
1in (1963) all de novo synthesis of RNA may be completely
inhibited in L-cells by actinomycin. This has been taken as
evidence that all RNA synthesis in these cells is DNA-de-
pendent.,

Paul and Struthers (1963) observed, however, that LS-
cells (a subline of the strain L-fibroblast) contained a
nuclear RNA fraction, the formation of which is resistant
to inhibition with actinomycin. Muramatser et al. (196)
have likewise obtained evidence for the presence of an ac~
tinomycin D resistant nuclear RNA fraction of mammalian
cells.

Coleman and Elliot (196}) have studied the effects of
actinomycin on the formation of ribonuclease in B.subtilis.
Their results suggested a particular low preference of the

drug for combining with the ribonuclease gene. According to
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Georglev et al. (1963) the biosynthesis in the normal rat
liver of nuclear RNA of the ribosomal type 1s more sensitive
to inhibition by actinomycin D than that of RNA with a com-
position similar to DNA.

In the preceding publication (Frederiksen and Klenow,
196l;) it was described that 3'-deATP causes a differentisl
inhibition of RNA synthesls in Ehrlich ascites tumor cells
in vitro. RNA was separated into three fractionss cytoplas-
mic RNA (c-RNA) which was strongly inhibited, a major nucle-
ar fraction (n-RNA I) which was about 4O % inhibited, and a
minor nuclear fraction (n-RNA II) which was not inhibited.
The latter fraction amounted to only about I % of the total
cellular RNA, and had the highest rate of labelling with
32?. It remalned in the interphase after treatment of the
cells first with phenol at 0° followed by treatment of the
interphase with lauryl sulphate and phenol at 70°.

The effect of actinomycin (5 pg/ml) on the rate of in-
corporation of 32Pi Into these three RNA fractions has been
investigated. As may be seen from Fig. 1 the labelling of
n-RNA II was not inhiblted by preincubation of the cells in
the presence of 5 ug actinomycin per ml. In contrast the n-
RNA I and the c-RNA fractions were strongly inhibited (about
90 %) under the same conditions. This situation was not
changed when both actinomycin and 3'-deATP were present in
the cells. These findings show that the incorporation of
32p, into a particular RNA fraction (n-RNA II) is not inhi-
bited by the presence of  actinomyclin D under conditions
which cause a strong inhibition of the other RNA fractions.
In order further to characterize the n-RNA II fraction its
base ratio has been determined. According to preliminary re-

sults this ratio corresponds to sm umsually high content of
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guanine and cytosine.
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Fig. 1. The effect of actinomycin and acsénomycin plus
3'-deoxyadenosine on the incorporatlon of <Py into dif-
ferent RNA fractions of Ehrlich ascites cells"in vitro.

Each vessel contained per ml: Ehrlich ascites tumor cells,
85 mg (wet welght); ascites fluid, 415 pl; Robinson's medi-
um (Robinson, 1949) containing g}gcose (5.6 x 10-3 M), 500
wl; folic acid, 20 mpmoles, and 2€P, 16 uC. Additions: o - o
none; e - e actinomycin D (5 pg); A -A actinomycin D (5 pg
plus 3'-deoxyadenosine (0.3 pmole). Reaction mixtures were
Incubated Wig? shaking for 30 min at 37° in the presence of
inhibitors. P; was then added (O min) and aliquots with-
drawn at different time intervals. The cells were washed
with 0.15 M NaCl, and suspensions of washed cells were
treated with 1 vol. phenol at 0° for about 10 min. After
centrifugation the aqueous phase containing cytoplasmic RNA
was made 10 mM with respect to MgClo,, and treated with 2
vol. 96 4 ethanol. The RNA precipitate was dissolved and
reprecipitated essentially as described by Holland (1963).
The interphase was washed several times with phenol-phos-
phate buffer mixtures, and finally treated with sodium lau-
ryl sulphate and phenol at 70°. After centrifugation of the
cooled mixture, n-RNA I was obtained from the aqueous phase
by precipitation with MgCly; and 2 vol. ethanol. The n-RNA II
fraction was obtalned together with protein as a precipitate
from the remaining interphase after additlion of about 10 vol.
66 4 ethanol. Specific activities of RNA were determined as
previously described (Klenow, 1963).

Actinomycin D has been found to be attached specifi-
cally to the guanine base of DNA (Goldberg et al., 1963;
Kahan et al., 1963), and the inhibiting effect of the drug
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on both the DNA-dependent RNA nucleotidyltransferase and

the cellular RNA synthesis is assumed to be due to thils
fact. The finding that the n~RNA II fractlon has a very high
content of guanine and cytosine would suggest that it is
formed on a template with a similar high content of these
two bases. It 1s remarkable, therefore, that in whole cells
the formation of especially this RNA fractlon is Insensi-
tive to actinomycin D in contrast to the formation of the
rest of the RNA. It 1s equally remarkable that another po-
tent inhibitor of the DNA-dependent RNA nucleotidyltransfe-
rase i.e. 3'-deATP neither alone nor together with actino-
mycin D has any inhibiting effect on incorporation of 32?
into the n-RNA ITI fraction. It is difficult to explaln these
results by assuming an intracellular compartmentation which
would prevent the access of the two inhibltors to the cen-
ter for the incorporation of 32p into n-RNA II. Such a me-
chanism should exclude both 3'-deATP formed in the cells
from 3'-deoxyadenosline and actinomycin D from the place of
the Incorporation, and at the same time permit the access

of the four ribonucleotide triphosphates.

If the incorporation of 32P into RNA as studied here
reflects a synthesis of RNA the avalilable data seem to fa-
vour the following hypothesisi The formation of n-RNA II in
Ehrlich cells in vitro in the presence of actinomycin D and/
or 3t-deATP 1s catalyzed by an enzyme different from the
DNA-dependent RNA nucleotidyltransferase. The actlvity of the

responsible enzyme might be dependent on the presence of RNA
which may possibly be of viral origin.
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