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SUMMARY Cytochalasin B inhibits increase in steroid synthesis

by mouse adrenal tumor cells (Y-1), produced either by ACTH or
cyclic AMP. Basal levels of steroid synthesis are not decreased
and the inhibitor acts by decreasing the response of the side-chain
cleavage step (cholesterol + pregnenolone) to ACTH. Inhibition

is reversible and is seen in medium without glucose. These obser-
vations suggest that microfilaments may play a role in the response
of adrenal cells to ACTH.

The conversion of cholesterol to secreted steroids begins in
mitochondria with conversion of this substrate to pregnenolone®
(side-chain cleavage)., Cholesterol must reach the mitochondrial
side-chain cleavage enzyme from the cytoplasm. Nothing is known
of the mechanism by which the intracellular transport of this
water-insoluble steroid is brought about (1), although a role
for microfilaments and microtubules in this process would be con-
sistent with what is known about the functions of these organelles
(2,3). It has been suggested that ACTH may accelerate steroid-
ogenesis by promoting transport of cholesterol to the enzyme
system (4-6). The following studies were designed to examine the
possible role of microfilaments in the response to ACTH and cyclic
AMP in adrenal tumor cells using cytochalasin B which is known

to inhibit activity of microfilaments (3).

*pregnenolone: pregn-5-en-38-0l1-20-one
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METHODS AND MATERIALS

Monolayers of mouse adrenocortical tumor cells (Y-1) obtained
from American Type Culture were grown in plastic dishes at 37° to
confluence. During these experiments Eagle's minimal essential
medium with Earle's salts and no serum was used. At half-hourly
intervals medium was removed, cells washed once with normal saline
and fresh medium added; incubation was continued at 37°. Inhibi-
tors, hormones and cyclic AMP were added to large batches of
medium from which the incubation medium for the various plates
was taken; media were kept at 37° prior to use. Cytochalasin B
was dissolved in dimethylsulfoxide:saline (1:1); an equal volume
of this solvent was added to flasks not containing cytochalasin.
The batches of medium removed from cells at each change were
extracted twice with ether and total steroid content measured
fluorimetrically (7).

Cytochalasin B was obtained from Serva Feinbiochemica
Heidelberg, Germany and ACTH and Cyclic AMP from Sigma Chemical
Company.

RESULTS

No effect of cytochalasin B (10-4M) was observed upon
the unstimulated production of steroids by the tumor cells (Figures 1
and 2); in 6 similar experiments cytochalasin B was without significant
effect on the basal synthesis of steroids. ACTH added to the medium
stimulated steroid production in confirmation of findings by other
investigators (8). The response to ACTH was inhibited by cytochalasin
B; this effect was rapidly and completely reversed when cells were
washed and fresh medium containing ACTH but no cytochalasin, was
added after previous incubation with both substances (Table). After
washout it will be seen that production of steroids returns to levels
comparable to those observed with ACTH alone, in contrast to the
plates in which cytochalasin was present with ACTH after medium was
changed. The same qualitative effect of cytochalasin was observed
when synthesis of steroids was stimulated by cyclic AMP (Figure 2).

Inhibition of stimulation by ACTH was observed at low con-
centrations of cytochalasin B (10'8M). Moreover inhibition by
cytochalasin of the response to cyclic AMP was observed in the

absence of glucose in the incubation medium, as follows: inhibition

of maximal response to cyclic AMP was 60% (glucose present) and
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Figures 1 and 2. Production of steroids by mouse adrenal tumor
cells. Cells were preincubated in medium for 30 (Figure 1)
or 60 minutes (Figure 2); the buffer was then changed and fresh
buffer containing the additions shown was added. Incubation
was continued for 30 minutes, the reaction was stopped and the
steroid content of the medium was measured. The bars represent
means of duplicate determinations.
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TABLE

Total Steroids (pg/hour)

t an

lS

Incubation Incubation
Control 0.35 £ 0,15 0.30 = 0.05
Cytochalasin B 0.35 + 0.05 0.25 £ 0.05
ACTH 2.70 + 0.40 1.20 £ 0.10
ACTH + Cytochalasin B 1.60 = 0.30 0.70 + 0.30
ACTH * Cytochalasin B 1.55 + 0.15 *¥1.25 * 0.15

Incubations of Y-1 cells were performed as shown (lSt incubation)
and after 1 hour medium was removed and steroid content was
determined. Incubation was continued in fresh medium (2n incuba-
tion) of the same composition as before except that in one case
(indicated by *) fresh medium included ACTH and no cytochalasin B.

45% (glucose absent). Finally, we have found that cytochalasin
B (1077-10"°M) does not inhibit side-chain cleavage catalysed
by purified cytochrome P-450 (data not shown).
DISCUSSION

Cytochalasin B inhibits the steroidogenic responses to both
ACTH and cyclic AMP so that it presumably acts beyond the synthesis
of the nucleotide second messenger. It will be shown elsewhere
that cytochalasin is without effect on the conversion of pregneno-
lone to secreted steroids and the present studies show that it does
not inhibit purified side-chain cleavage P-450. Moreover the
inhibitor does not reduce basal or unstimulated production of
steroids so that its effect is confined to the stimulating in-
fluences of ACTH and cyclic AMP. Since stimulation by these

agents is believed to result from increased side-chain cleavage
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(cholesterol - pregnenolone) (9,10), it is likely that this step
is specifically involved in inhibition by cytochalasin.

It has been proposed that the rate-limiting step in side-
chain cleavage may involve movement of cholesterol to the mito-
chondrial enzyme system (4-6). Since cytochalasin does not affect
the purified side-chain cleavage enzyme, it is reasonable to suggest
that the inhibitor acts on this movement of cholesterol and hence
that ACTH and cyclic AMP accelerate movement of extramitochondrial
cholesterol to the side-chain cleavage enzyme system.

The actions of cytochalasin on various cells include de-
creased microfilament activity and inhibition of glucose trans-
port (11). Cytochalasin inhibits the response of tumor cells
to cyclic AMP in medium without glucose (Results). Moreover,
the concentration of glucose in the medium used in these studies
(5mM) is sufficient to overcome competitive inhibition of glu-
cose transport by cytochalasin (12). This observation is consis-
tent with results, by other workers, showing that the effect of
cytochalasin on cell motility is not the result of decreased
glucose transport (12-15). Incidentally, in keeping with experi-
ence in other cells, the effect of cytochalasin was readily
reversed by washing the tumor cells (12). These observations
are most readily explained by proposing that cytochalasin acts
on the adrenal cells by inhibiting microfilaments and that ACTH
and cyclic AMP act by stimulating the activity of these organelles.

The failure of cytochalasin to inhibit unstimulated produc-
tion of steroids may be attributable to the presence of sufficient
cholesterol in mitochondria for basal but not for stimulated
levels of steroid production. This appears to be the case for
beef adrenocortical mitochondria (16). The possible role of
microfilaments in the mechanism of action of ACTH is under

investigation in this laboratory.

895



Vol. 64, No. 3, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ACKNOWLEDGEMENTS
This work was supported by National Institutes of Health
Grant #CA 14638-02 and National Institutes of Health Postdoctoral
Fellowship #CA03159-01X1. The authors are grateful to Dr. Jeffrey
L. Clark of the Department of Biological Chemistry, University of
California, Irvine for valuable assistance in establishing and

maintaining the Y-1 cell line.

REFERENCES

1. Samuels, L.T. (1960) in Metabolic Pathways. Greenberg Ed.
Vol. 1, pp. 431-481, Academic Press, New York.

2. Bryan, J. (1974) Federation Proceedings, 33, 152-155.

3. Wessels, N.K.; Spooner, B.S.; Ash, J.F.; Bradley, M.O.;
Luduena, M.A,; Taylor, E.L.; Wrenn, J.T. and Yamada, K.M.
(1971) Science 171, 135-143.

4., Kahnt, F.W.; Milani, A.; Steffen, H. and Neher, R. (1974)
Europ. J. Biochem. 44, 243-250.

5. Brownie, A.C.; Simpson, E.R.; Jefcoate, C.R. and Boyd, G.S.
(1972) Biochem. Biophys. Res. Commun. 46, 483-490.

6. Burstein, S.; Dinh, J.; Co, N.; Gut, M.; Schleyer, H.;
Cooper, D.Y. and Rosenthal, 0. (1972) Biochemistry 11,
2883-98.

7. Callard, G.V.; Callard, I.P. and Leathem, J.H. (1965) Proc.
Soc. Exptl. Biol. Med. 118, 745-747.

8. Xowal, J. (1970) Recent Progr. Horm. Res. 26, 623-687.

9. Karaboyas, G.C. and Koritz, S.B. (1965) Biochemistry 4,
462-463.

10. Hall, P.F. and Young, D.G. (1968) Endocrinology 82, 559-568.

11. Lin, S. and Spudich, J.A. (1974) J. Biol. Chem. 249, 5778-
5783.

12. Zigmond, S.H. and Hirsch, J.G. (1972) Science 176, 1432-1434.

13. Estensen, R.D. and Plagemann, P.G.W. (1972) Proc. Natl.
Acad. Sci. 69, 1430-1434.

14. Yamada, K.M. and Wessells, N.K. (1973) Devel. Biol. 31,
413-420.

15. Taylor, E.L. and Wessells, N.K. (1973) Devel. Biol. 31,
421-425.

16. Young, D.G. and Hall, P.F. (1971) Biochemistry 10, 1496-1502,

896



