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uMMARY The intracellular distribution of actinomycin S randoml labeled \ ,ith
tritium ('H-ACT) \\, as investigated by autoradiography. Monolayer cultures of

TG cells were exposed to 10 or 20 11gjml of 'H-ACT for 15 to 120 minutes at 37'C.
By counting the number of silver grains observed on autoradiograms it \\, as found
that the 'H-ACT accumulated preferentialIy in the nuclear re ion. Treatment with
DNase resulted in the disappearance of silver grains, \\, hile RNase had no effect.
The finding of the accumulation of 'H-ACT in the nuclear region evidentl su ort
the idea that the biochemical mechanism of the action of actinom ciiT is to inhib't
DNA dependent cellular RNA by forming a complex with DNA

INTRODUCTION

Since the discovery of the preferential forma-
tion of a complex between actinomycin and
DNA (KAWAMATA and TMANisHi, 1959; 1<AWA-
MATA and IMANisHi, 1960; RAUEN at a/. 1960;
KiRK, 1960) there have been reports on the
biochemical mechanism of action of actino-

mycin and, particularly on its inhibition of
DNA dependent cellular RNA synthesis (HUR-
WITz at a/., 1962; REICH at a/., 1963 ; LEVIN-
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THAL at a/., 1963). At concentrations of ac-
tinomycin that do not completely suppress
RNA formation, however, differential inhibi-
tion of the various classes of RNA is observed

(FERRY, 1962; GEORciEv, 1963 ; YAMADA at a/.,
1964; KLENOw and FREDERiKSEN, 1964).
From these observations it was assumed that

cellular RNAs are synthesized in different parts
of the cell. A{eanwhile in animal cells, inor-
phological changes of the nucleon are claimed
to be the most characteristic of the effects of
actinomycin (GOLDSTEiN at a/., 1960 ; JOURNEY
and GOLDSTEiN, 1961 ; SCHOEFL, 1964).

The demonstration of the actual localisation
of actinomycin in the cell, therefore, seems to
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be a good approach to the elucidation of its
action and also to the function of the organel-
Iae of the cells in reference to cellular RNA

synthesis. Autoradiography with tritium Ia-
beled actinomycin is considered to be a useful
method for this purpose. Only a few reports
have appeared on the intracellular distribution
of actinomycin (HARBERs at a1. , 1963 a; HAR-
BERs at at. , 1963 b). The results reported in
this paper are mainly on the intracellular locali-
sation of tritium labeled actinomycin S as
demonstrated by autoradiography. Part of
this work has already been published in a pre-
coding payer (KAWAMATA at at. , 1964).

MATERIALS AND METHODS

I. Cell If, !e

The cells used in these experiments were the
established strain TG C1-33 derived from normal

human fallopian tube (BARSKi at o1. , 1959) which
were supplied by Dr. G. BARSKi, Paris

2. Methods of cell culti, ,e

The cells were grown on cover slips in Leighton
type square tubes containing Eagle HeLa medium
(Difco) supplemented with 3.75 per cent calf serum
and 3.75 per cent horse serum, and as antibiotics
50 rugjl of dihydrostreptomycin sulfate and 100,
000 1.11 of sodium penicillin G. Unless otherwise
stated I XIO' cells were in DCulated onto each cover

slip and incubated at 37'C for 4 days. Each experi-
mental group consisted of three tubes

3. 'H-@cti, ,o7nyci, , 83

aH. actinomycin S, ('H-ACT) was prepared by the
gas eXchange method with tritium in the laboratory
of Dr. T. KOMAi at the National Institute of Health,

Tokyo. This preparation of randomly labeled aH-
ACT was purified by aluminum column chromato-
graphy and ethyl acetate treatment and finally by
precipitation with thymus DNA. The procedure is
indicated as follows

add 1110 volume of I M NaCl and 2 volumes
of 95 per cent ethanol

shake gently for 10 minutes

precipitate ('H-ACT-DNA complex)

dissolve in H, O

stand in boiling water bath for 10 minutes

cool rapidly to room temperature

extract with ethyl acetate

evaporate the ethyl acetate

recrystallize from ethyl acetate

The purity of the purified 'H-ACT preparation
was examined by paper chromatography employing
a solvent system composed of aqueous solution of
2 per cent ,-naphthalene suiphonic acid, 71-dibutyl-
ether and ethyl acetate (2 : I : I). The purified pre-
paration of 'H-ACT showed a single spot of the
characteristic orange red color of actinomycins and
had a specific activity of 30 PCIm in o1. The anti-
bacterial actvity and radioactivity on the paper \\. ere
only demonstrated in this spot.

4. aH-@cti, ,onlyci, ,,'c 83 acid

Actinomycinic acid, which is a biologically less
active derivative of actinomycin from which the Iac-
tone rings are split off, was obtained by treatment of
actinomycin with alkaline alcohol solution. aH-acti.
nomycinic S, acid was prepared by similar treatment
of aH-ACT. 'H-ACT was dissol\, ed in methanol

containing 1110 N NaOH and treated in a \\, ater bath
at 4'C for 4.5 hours. Then the solution was neu-

tralized witl\ I N HCl. The purity of this prepara-
tion was also examined by paper chromatography.

calf thymus DNA
(2 ingjml)

+

"H-ACT (200 Ag!inI)

stand for 10 minutes
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5. Morpho!ogi'cal observation

Cells grown on a cover slip were washed three
times with chilled (+'C) phosphate buffered saline
(PBS) and fixed in methanol for 2 to 3 minutes.
Then they were stained by immersion in Giemsa
(pH 5.7) for 30 minutes

6. Antor@atogr@phy

After treatment with 'H-compounds, the cover
slip was washed 5 to 7 times with cold PBS and then
the ceUs fixed with methanol for 2 to 3 minutes.

The slide was immersed in PBS again for 4 to 6 hours
at 37'C and then washed twice with PBS. After



drying, the cover slip \\. as dipped in Kodak emulsion
NTB2 and then exposed for 2 weeks in a refrigerator.
Then the slip \\, as developed, fixed and stained \\, ith
Giemsa. One hundred cells \\, ere selected at random
for silver grain counts

7. T, eat"tellt tuft/, 7111c!eases

After treatment with 'H-ACT, the cells \\, ere fixed
with methanol and treated with DNase at 37'C
for 241tours or RNase at 40'C for 41Tours To pre-
pare the DNase solution 0.05 ing of DNase (crystal-
Iized, \\JOTthington) \\, as dissolved in I nlI of Coinori's
tris buffer (pH5.7) containing 0.2 M MgSOj. 7HgO
RNA solution \\, as prepared by dissolving I ing of
RNase (crystalIized, salt free, \\10rthington) in I inI
of distilled water

RESULTS

I. Pelleti'all'on of 'H-ACT 2'71to the cells
The cells were treated with 10 or 20 11glml

of aH-ACT for 2 hours at 37'C. At intervals
specimens were taken for autoradiography and
the number of silver grains was counted. As
shown in Table I few silver grains were de-
tected either in the nuclear and cytoplasmic
regions in 15 or 30 minutes. After 60 minutes

incubation, the number of silver grains was
greater, particularly in the nuclear region and
after 120 minutes the number reached a max~

In the cytoplasmic regions, however,Imum.

the number of silver grains did not change
througll out the observation period. Figs. I
a and b show the effect of time on the grain
counts in the nudear or cytoplasmic regions,
respectively, of the cell. Figs. 2a and b re-

TABLE I Dr'styz'button of salver graa'"s tit TG
cells ofter treatment by 'H-, 4CT*

present similar results on the distribution of

silver grains in the nudear or cytoplasmic
regions per 100, t4', respectively. Figs. 3a-e
show autoradiograms. \\'hen cells were in-
cubated at 4'C with 10 and 20/4glml of 3H-
ACT for 15,30,60 and 120 minutes, Do silver
grains were detected either in the nudear or
the cytoplasmic regions.

2. Effects of ""c/eases

After treatment of the cells with 20 11gjml of
aH-ACT for 2 hours, the cells were treated
with DNase or RNase and then observed b
autoradiography. In the control, which was
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a preparation not treated with DNase, a Inean
number of 30.6 silver grains were found in
the nudear region of 100 cells. However, in
the DNase treated specimen, no silver grains
were detected in the nuclear or cytoplasmic
regions. \\nth RNase, the mean number of
silver grains in the nuclear region was 31.4,
which was similar to the mean number in the

untreated control, which was 32.4. Figs. 4a
and b show these results.

3. Z. ffect of 'H-actt'?loinycz'nt'c 83 act'd
When the cells were treated with 10 14gjml of

aH-actinomycinic S3 acid at 37'C for 2, 4, 6,
18 and 24 hours, no silver grains were detected

"

a.
.=
^
^,

20

at all in the cells. The treated culture grew
as well as the untreated control culture. This

means that 'H-actinomycinic S3 acid at this
concentration does not affect the cells, for it
does not penetrate them.
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DISCUSSION

5

The accumulation of silver grains particularly
in the nudear region was demonstrated after
treatment of TG cells in culture with 'H-ACT.
This is in accord with the results of HARBERs

et a/. (1963 a) who found that 'H-actinomycin
C, accumulated in the nudei of Ehrlich's
ascites tumor cells. To identify the grains
found in the nuclear regions the cells were
treated with DNase or RNase after the 'H-ACT

had been fixed in the cells. Complete GIImina-
tion of silver grains from the cells was observed
only after DNase treatment. This suggests
that the 'H-labeled compound is bound to
DNA and not to RNA, In another series of

experiments the quantitative recovery of ac-
tinomycin from actinomycin treated cells was
confirmed. These results strongly support the
assumption that the grains found in the cells
originated from 'H-ACT itself, because only
actinomycin forms a complex with highly
polymerized DNA and other degradation prod-
ucts of actinomycin do not. Our results with
3H-actinomycinic S, acid supports this assump-
tion. Although not mentioned in the results,
no accumulation of silver grains in the nucleolar
region has so far been observed but a rather
dense localisation of grains in the permucleolar
region was noticed. These findings are now
under investigations.

The finding of a particular localisation of
a drug in the cell, of course, does not necessarily
indicate the site of action of the drug, In the
case of actinomycin, however, its accumula-
tion in the cell nuclei is a necessary step in the
exhibition of its cytological effects. Further
studies on the localisation of actinomycin at the
organellae and also the relationship of actino-
my cm to RNA synthesis in the cells are now
under progress.

111 ,,
11/11
1111/1 .,
11
..

o

I'
1111
11

11!
11;

I. ""'

.

.

S:$.

15

.

111

!,.

^
.=
^,

L.
at
g.

20

"

ill

(b)

.,

,,,.

...

,

.

;g^

co =-10
co>
=O

,,,,,

.

30 60
Time (ini".)

15

.

11,
11

.

.

^^

co

L-,

Q

L.
co
^
E
=

Z

5

30 60
Time (min. )

FIGURE 2 Distribution of silver grains per 100 A' of
TG cells after treatment by 'H-ACT
(") Nu. Ieus (b) Cyt. plusm
x Average number of silver grains per 100 14' of

cells

120

.

I.

link"

o 15

line
111

Min
.

122

mm

BIKEN JOURNAL V01.8 No. 3 September 1965

.I.

1111 ;,.
111 .,..,,...,,,.., I. .111 ,,

120



ACKNO\VLEDGEMENTS

The authors \\, ant to express their gratitude to Dr
T. KONiAi of the National Institute of Health, Tokyo
for preparing 'H-actinomycin S, . Thanks are also
due to Dr. G. BARSKi, Paris for kindly suppling

REFERENCES

BARSKi, G. , CORNErERT, F. and BiEDLER, I. L
(1961). Caract6res 6volutifs at permanents de
cellules d'hornme at de lapin au cours de Ieur
adaptation a in vie ill vitro. '41/11. Ii, $1. Pastel, r
100, 324-336

GEORciEv, G. P. , SAMARiNA, 0. P. , LrRMAN, M. I. ,
SMiRNov, M. N. and SEVERTzov, A. N. (1963).
Biosynthesis of messenger and ribosomal ribo-
nucleic acids in the nucleo-chromosomal apparat-
us of animal cells. Namre 200,1291-1924

GOLDSTEiN, M. N. , SLOTONiCi<, I. I. and JOURNEY,
L. I. (1960). 111 oilyo studies with HeLa celllines
sensitive and resistant to actinomycin D. '11/1
N. Y. Acrid. Sei. 89.47+483

HARDERS, E. , MtiLLrR, W. and BACKMANN, R

(1963 a). Untersuchungen \\litkungsme-

chanismus der Actinomycine 11. Versuche init L"C-
Actinomycin an Ehrlich Ascites tumorzellen 111

BJ'DChe",. Z. 337,224-231allt, 'O

HARBERs, E. , BujARD, H. and MtiLLER, W. (1963 b)
UntersuclTungen z\Im Witkungsmechanismus der
Actinomycine IV. 111 anto-Versuche init C"-
markiertcin Actinomycin C, . In 1/1 111ter, ,"tin, I@!
Going, 'ess of Che, ,10th erapy 2, 995-1000. Georg
Thieme Venng, Stuttgart

HURwiTz, I. , FURTH, I. I. , MALAMY, M. and ALEX-
ANDrR, M. (1962). The role of deoxyribonucleic
acid and ribonucleic acid in ribonucleic acid syn-
thesis 111. The inhibition of the enzymatic
synthesis of ribonucleic acid and deoxyribonucleic
acid by actinomycin D and profiavin. Proc. Nat/
AC@d. Sci'. U. S. 48,1222-1230

JOURNEY, L. I. and GOLDSTEiN, M. N. (1961)
Electron microscope studies on HeLa cell lines
sensitive and resistant to actinomycin D. Callcer
Ruseorch 21,929-932.

KAWAMATA, I. and IMANisHi, M. (1959). On the

TG cells and to Dr. S. 1<ATo for his advice and

suggestions. The technical assistance by Dr. H
MiYAMOTo and Miss E. NisHiBORi is also acknow-

ledged

mechanism of action of actinomycin. (in Japanese)
Senmguki, 31,581. (Proceedings of the Japanese
Biochemical Society, The General Meeting on
November 3,1959 at Osaka, Japan)

KWAWAMATA, I. and IMANisHi, M. (1960). Inter-
action of actinomycin witlT deoxyribonucleic acid
Nnt, ,, e 187,1112-1113

KAWA*. IATA, I. , OKUDAiRA, M. and AKAMATsu, Y
(1964). Intracellular distribution of 'H-actino-
my cm S in TG cells demonstrated by autoradio-
g, aphy. Br7, e, I I. 7,165-167

KiRK, I. M. (1960). TITe mode of action of actino-
mycm D. Bi'och!},!. Biophys. Acta 42,167-169

KLENow, I{. and FRrDEniKSEN, S. (1964). Differ-
ential inhibitioiT of RNA synthesis by actinomycin
Bloch. BIOphys. Res. Copyim. 17,206-210

LEVINTnAL, C. , 1<EYNAN, A. and HiGA, A. (1962)
Messenger RNA turno\, er and protein synthesis
in B. subtilis inhibited by actinomycin D. Proc
Notl. ACod. SCJ'. U. S. 48,1631-1638

FERRY, R. P. (1962). The cellular sites of syntlTesis
of ribosomal and 4 S RNA. PIOc. Nat!. Acrid.

Sci. U. S. 48,2179-2186.
RAurN, H. M. , 1<ERSTEN, H. and 1<ERSTEN, W. (1960)

Zur Wi, 'kungsweise von Actinomycinen. Hoppe-
Say/er's Z. Physi'o1. Che, ". 321,139-147

REICH. E. , FRANKLiN, R. M. , SHATKiN, A. I. and
TATUM, E. L. (1962). Action of actinomycin D
on animal cells and \, iruses. F1'DC. Nat/. Acrid

Sc, '. U. S. 48,1238-1245
SHOErL, G. I. (1964). The effect of actinomycin

D on the fine structure of nucleolus. The 01t, a-

st, MCIi, , e Resea, c/I 10,22+243
YAMADA, T. , YONEDA, M. and 1<AWAMATA, I. (1964)

A profile of ribonucleic acid synthesis in Coryne-
bacterium diphtheriae treated \\, ith actinomycin S
B, Tee, , I. 7,131-136

zum

KAWAMATA, I. at al. Intracellular Distribution of 'H-Acti"omyca'" 123



OA
FIGURE 3 Autoradiogram of TG cells treated by 20 Ag inI of 'H-ACT
A : Control, untreated TG cells

B : Treatment for 15 minutes

D : Treatment for 60 minutes
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C : Treatment for 30 minutes

E : Treatment for 120 minutes
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FIGURE 4 Effects of DNasc or RNase on the accumulation of silver grains by
"H-ACT in TG cells

A : Treatment by DNase

B Treatment by RNase
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