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Summar_z: The data presented w i t h  the i s o l a t e d  adrenal  c e l l s  in  the 
p resen t  s tudy show t h a t  guanosine c y c l i c  3 ' , 5 ' -monophospha te  (cGMP)- 
s t i m u l a t e d  s t e r o i d o g e n e s i s  is  a c t i n o m y c i n - s e n s i t i v e ,  cGMP does not 
have any e f f e c t  on the s y n t h e s i s  of  c o r t i c o s t e r o n e  from (20S)-20-  
h y d r o x y c h o l e s t e r o l  and pregneno lone.  This  suggests t h a t  the convers ion  
of  c h o l e s t e r o l  to ( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l  i s  the step at which 
t r a n s c r i p t i o n a l  c o n t r o l  by cGMP is  man i fes ted .  P r e v i o u s l y ,  i t  has been 
i n f e r r e d  t h a t  the t r a n s f o r m a t i o n  of  c h o l e s t e r o l  to ( 20S) -20 -hyd roxy -  
c h o l e s t e r o l  i s  the r a t e - l i m i t i n g  c y c l o h e x i m i d e - s e n s i t i v e  step which 
is  s t i m u l a t e d  by ACTH and cAMP. 

I t  i s ,  t h e r e f o r e ,  suggested t h a t  the a c t i o n  of  ACTH ~ s t i m u l a t i n g  
c o r t i c o s t e r o n e  s y n t h e s i s  is  dependent on both cGMP and cAMP. I t  i s  
proposed t h a t  cGMP may be r e s p o n s i b l e  f o r  the fo rma t ion  or p rocess ing  
of  s p e c i f i c  mRNA which in tu rn  is  then t r a n s l a t e d  by means of  a cGMP 
or a cAMP-dependent p h o s p h o r y l a t i o n  f a c t o r  ( s ) .  

I n t r o d u c t i o n  

The a v a i l a b i l i t y  o f  the i s o l a t e d  adrenal  c e l l  system ( I - 3 ) ,  which 

is  h i g h l y  respons ive  to p h y s i o l o g i c a l  c o n c e n t r a t i o n s  of  ACTH I ,  and the 

i s o l a t e d  a d r e n o c o r t i c a l  carcinoma and c u l t u r e d  c e l l  p r e p a r a t i o n s  

(4 ,5 )  in  which ACTH a c t i o n  in  c o n t r o l l i n g  s t e r o i d  s y n t h e s i s  is  h i g h l y  

mod i f i ed  ( 4 -10 ) ,  made i t  p o s s i b l e  (11,12)  to demonstrate t h a t  cAMP 

is  not  the so le  med ia to r  of  ACTH in the c o n t r o l  of  adrenal  s t e r o i d -  

T r i v i a l  Names and A b b r e v i a t i o n s  
I .  The t r i v i a l  names and a b b r e v i a t i o n s  used are:  

ACTH, a d r e n o c o r t i c o t r o p i c  hormone; cAMP, adenosine c y c l i c  3 ' : 5 '  
monophosphate; cGMP, guanosine c y c l i c  3 ' : 5 ' -monophospha te ;  
p regneno lone,  5 - p r e g n e n - 3 ~ - o l - 2 0 - o n e ;  c o r t i c o s t e r o n e ,  l l ~ , 2 1 -  
d i h y d r o x y - 4 - p r e g n e n - 3 , 2 0 - d i o n e ;  d e o x y c o r t i c o s t e r o n e ,  21 -hyd roxy -  
4 - p r e g n e n - 3 , 2 0 - d i o n e .  
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ogenesis  ( 11 ,12 ) .  Recen t l y  the ev idence was prov ided  t h a t  ACTH- 

s t i m u l a t e d  s t e r o i d o g e n e s i s  is  mediated by both cGMP and cAMP, the 

former n u c l e o t i d e  med ia t i ng  the ACTH c o n t r o l  o f  c o r t i c o s t e r o n e  s y n t h e s i s  

at low c o n c e n t r a t i o n  of  the hormone and the l a t t e r  at h ighe r  con- 

c e n t r a t i o n  ( 13 ,14 ) .  

The p resen t  s t u d i e s  were designed to f u r t h e r  e l u c i d a t e  the mode 

of  c o n t r o l  o f  cGMP-induced s t e r o i d o g e n e s i s .  In t h i s  manusc r ip t  we 

r e p o r t  a unique a c t i n o m y c i n - s e n s i t i v e  e f f e c t  o f  cGMP. 

M a t e r i a l s  and Methods 

The i s o l a t e d  adrenal  c e l l s  were prepared by t r y p s i n  d i g e s t i o n  

( I - 3 ) .  The method of  i n c u b a t i o n  f o r  ACTH, cGMP, or o the r  a p p r o p r i a t e  

agent ,  was t h a t  a l ready  desc r ibed  ( 2 , 3 ) .  In general  f o r  each i s o l a t e d  

adrenal  c e l l  p r e p a r a t i o n ,  ad rena ls  from 16 ra ts  were used, and the 

c e l l s  from each adrenal  ( a p p r o x i m a t e l y  2 X 106 c e l l s )  were resuspended 

in 0.8 ml of  K r e b s - R i n g e r - b i c a r b o n a t e  b u f f e r ,  pH 7 .4 ,  c o n t a i n i n g  4% 

albumin and 0.2% g lucose .  C o r t i c o s t e r o n e  was measured f l u o r o m e t r i c a l l y  

( ! 5 ) .  

The method of  i n c u b a t i o n  w i t h  double l abe led  r a d i o a c t i v e  pregnen- 

o lone was as p r e v i o u s l y  desc r ibed  (6 ) :  i n c u b a t i o n  was c a r r i e d  out  in  

Te f l on  F lasks .  Each f l a s k  con ta ined  20 ml i s o l a t e d  adrenal  c e l l  

suspens ion (2 ,3 )  ob ta ined  from the adrena ls  of  16 r a t s .  In a d d i t i o n  

to the a p p r o p r i a t e  amount of  c e l l  suspens ion ,  the f i r s t  f l a s k  con ta ined  

a m i x t u r e  o f  20 ~Ci of  [7~ -3H]p regneno lone  ( s p e c i f i c  a c t i v i t y  5Ci/mmol) 

and 1 ~Ci of  [4 -14C]p regneno lone  ( s p e c i f i c  a c t i v i t y  50 mCi/mmol) 

(3H/14C r a t i o  2 0 . 0 0 ) ;  the second f l a s k  con ta ined  20 ~Ci of  [7~-3H]  

pregnenolone + cGMP ( I0  mM) and the t h i r d  f l a s k  con ta ined  1 gCi of  

[4_14C]pregneno lone .  The i n c u b a t i o n  was con t i nued  f o r  2.5 h and the 

r e a c t i o n  was stopped by the a d d i t i o n  of  15 ml of  d i s t i l l e d  water  and 

75 ml of  methylene c h l o r i d e  i n t o  each f l a s k .  The con ten ts  of  the 
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second f l ask  which contained [7~-3H]pregnenolone + cGMP were mixed with 

the contents of the t h i r d  f l ask  which contained [14-14C]pregnenolone. 

To the reac t ion  mix ture  of the two f l asks  15 mg of deoxycor t i cos te rone  

and 15 mg of c o r t i c o s t e r o n e  were added and the products processed 

i d e n t i c a l l y .  

The experiments i n v o l v i n g  cGMP with (20S)-20-hydroxy [7~-3H]  

cho les te ro l  were conducted as p rev i ous l y  descr ibed ( l l ) .  Each f l ask  

contained 20 ml of suspended i so l a ted  adrenal c e l l s  (2 ,3)  obtained from 

the adrenals of 16 ra t s .  In add i t i on  to the appropr ia te  amount of 

suspended c e l l s ,  each f l ask  contained 1.60 ~Ci of (20S)-20-hydroxy 

[7~ -3H]cho les te ro l  wi th and w i thou t  I0 mM of cGMP. The incubat ion  was 

ca r r i ed  out fo r  2.5 h and the reac t ion  mixtures processed as mentioned 

p rev i ous l y .  

The i s o l a t i o n  of deoxycor t i cos te rone  and c o r t i c o s t e r o n e  was ca r r i ed  

out  on the above residues by var ious t h i n - l a y e r  chromatographic opera- 

t ions as p rev ious l y  descr ibed (7 ,11 ) .  The i s o l a t e d  deoxycor t i cos te rone  

was ace ty la ted  (7 ,16 ) ,  f u r t h e r  p u r i f i e d  by t h i n - l a y e r  chromatography 

(7,11) and c r y s t a l l i z e d  from acetone-n-hexane to constant  s p e c i f i c  

a c t i v i t y .  The p u r i f i e d  co r t i cos te rone  was c r y s t a l l i z e d  to constant  

s p e c i f i c  a c t i v i t y  from a c e t o n e - l i g r o i n .  

Measurement of [14C] leuc ine i nco rpo ra t i on  in to  p ro te in  syn thes is  

was as f o l l ows :  [14C] leuc ine  (0.25 ~Ci) was incubated wi th 1 ml of 

i so l a ted  adrenal ce l l  suspension (2 ,3)  con ta in ing  cGMP ( I0 mM) or 

cGMP + act inomycin (2 ~M) fo r  2 h. Cel ls  were cooled on ice ,  c e n t r i -  

fuged (200 g; I0 min) and the superna tan t  d iscarded.  A l l  procedures 

were performed at 0 ° The c e l l s  were washed wi th 0.9% NaCI. Total  

p ro te in  was p r e c i p i t a t e d  by the add i t i on  of 3 ml, 5% (w/v) t r i c h l o r o -  

ace t i c  ac id.  The samples were recen t r i f uged  (200 g; I0 min) and the 

p r e c i p i t a t e  was t rea ted wi th 5% t r i c h l o r o a c e t i c  acid (two times 3 ml) 

& f i n a l l y  washed wi th 3 ml of 95% ethano l .  The f i n a l  residue was 
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dr ied and d isso lved  in 1 ml of NCS Tissue S o l u b i l i z e r ;  I0 ml of Aquasol 

was added and the samples were counted fo r  r a d i o a c t i v i t y  in t h i s  ac id-  

p r e c i p i t a t e d  f r a c t i o n .  

ACTH, a United States Pharmacopeia Standard, was purchased from 

United States Pharmacopeia. A l l  o ther  chemicals were reagent grade 

and were obtained commerc ia l ly .  

Resul ts 

E f fec t  of Cycloheximide and Act inomycin D on cGMP-Stimulated S te ro ido-  

genesis Cycloheximide,  but not act inomycin D, is known to i n h i b i t  

s te ro idogen ic  response of ACTH in v ivo (17) ,  in v i t r o  quar tered adrenal 

gland (18) and in an i s o l a t e d  adrenal ce l l  ( 2 ,7 ) .  In an at tempt to 

evaluate the e f f e c t  of these i n h i b i t o r s  on cGMP-stimulated s te ro idogenes is  

in an i s o l a t e d  adrenal c e l l ,  2 ~M and I0 ~M concent ra t ion  of act inomycin 

or I0 ~M concen t ra t ion  of cyc loheximide was used wi th 8 mM and I0 mM cGMP. 

P rev ious l y ,  i t  was shown tha t  the above concent ra t ions  of the c y c l i c  

nu leo t ide  s t imu la ted  approx imate ly  ha l f  and near maximum synthes is  

of c o r t i c o s t e r o n e ,  r e s p e c t i v e l y  (2 ) .  The r e s u l t s  in Table I 

show tha t  act inomycin at both concent ra t ions  i n h i b i t e d  s te ro idogenes is  

(ap=o.o01 & bp< 0.001) .  Furthermore, the incubat ion  of act inomycin 

wi th cGMP and pregnenolone i n h i b i t e d  the c o r t i c o s t e r o i d o g e n e s i s  s t imu la ted  

by cGMP (Cp< 0.005) but had no e f f e c t  on the t rans fo rmat ion  of pregneno- 

lone to c o r t i c o s t e r o n e .  This would be in keeping wi th the concept tha t  

cGMP, s i m i l a r  to ACTH and cAMP, s t imu la tes  c o r t i c o s t e r o n e  synthes is  from 

endogenous cho les te ro l  present in the adrenal ce l l  ( 1 ,2 ) .  These r e s u l t s ,  

t h e r e f o r e ,  suggest tha t  the s te ro idogen ic  step s t imu la ted  by cGMP l i e s  

before the format ion of pregnenolone. 

In an analogous manner to the r e s u l t s  obtained wi th ACTH and cAMP 

(2 ,7 ,11 ) ,  cyc loheximide i n h i b i t e d ,  almost comple te ly ,  the cGMP-stimulated 

endogenous synthes is  of c o r t i c o s t e r o n e  (Table I ) .  

E f f ec t  of cGMP on the Transformat ion o__f_f Pregnenolone t o  Deoxycor t i -  

995 



Vol. 59, No. 3, 1 9 7 4  BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table I 

E f fec t  of cyc loheximide and act inomycin D on cGMP-stimulated 

s te ro idogenes is  in i s o l a t e d  adrenal ce l l  p repara t ion .  

Incubat ion system: adrenal ce l l  suspension, 0.8 ml; 

reagents d isso lved  in 0.2 ml veh i c l e .  Total volume of incubat ion  

1 ml. The values shown are der ived from at l eas t  twelve observat ions  

and are given as means + standard d e v i a t i o n .  Control value has been 

subt rac ted from the exper imental  r e s u l t s .  Values of p were ca l -  

cu lated by the s tudent  t t e s t .  

Add i t i ons  Cor t i cos te rone  

Control 

ACTH (I00 m i c r o u n i t s / m l )  

cGMP (8 mM) 

cGMP (I0 mM) 

Pregnenolone (32 ~M) 

Cycloheximide ( I0  ~M) 

Act inomycin D (2 ~M) 

Act inomycin D ( I0  ~M) 

Pregnenolone + Act inomycin D ( I0 ~M) 

Pregnenolone + Cycloheximide 

cGMP (8 mM) + Cycloheximide 

cGMP (I0 mM) + Cycloheximide 

cGMP ( I0 mM) + Pregnenolone 

cGMP ( I0 mM) + Pregnenolone + Cycloheximide 

cGMP (I0 mM) + Act inomycin D (2 ~M) 

cGMP (8 mM) + Act inomycin D ( I0  ~M) 

cGMP (IOmM) + Act inomycin D ( I0 ~M) 
cGMP (I0 mM) + Pregnenolone + Act inomycin D 

( I0  ~M) 

~g/2 hrs 

0.051 + 0.010 

2.230 + 0.025 

0.755 + 0.037 a 

1 293 + 0.051 b 

2 328 + 0.104 

0 020 

0 O02 

0 012 

2 164 + 0. I00 

2 057 + 0 092 
l 

0 131 + 0 038 

0 046 + 0 021 

4 169 + 0 251 c 

2 402 + 0 271 

0 688 + 0 030 b 

0 437 + 0 058a 

0 748 + 0 080 b* 
2 881 + 0 211c 

ap:o.o01 (n= I2 ) ;  bp<O.OOl;b*p<O.O01 (n=14);Cp<O.O05 
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Table I I  

E f f e c t  o f  cGMP on the t r a n s f o r m a t i o n  of  [3H] pregnenolone i n t o  

deoxycorticosterone and corticosterone in,.isol.ated, adrenal 

c e l l s .  

The [3H/14C] r a t i o s  of  the produc ts  (and t h e i r  d e r i v a t i v e s )  

ob ta ined  a f t e r  the i n c u b a t i o n  of  [4-14C,  7a-3H]pregneno lone w i t h  

i s o l a t e d  adrenal  c e l l s .  I n c u b a t i o n  was c a r r i e d  out  in 3 f l a s k s  

c o n t a i n i n g  20 ml i s o l a t e d  adrenal  c e l l  p r e p a r a t i o n  as ment ioned 

in  t e x t .  F lask 1 con ta ined  a m i x t u r e  of  [7~ -3H]p regneno lone  (20 ~Ci)  

+ [4 -14C]p regneno lone  (I  ~Ci)  (3H/14C r a t i o  20 .00 ) ;  f l a s k  2 con ta ined  

[7a -3H]p regneno lone  (20 ~Ci)  + cGMP (lOmM) and the f l a s k  3 con ta ined  

[4 -14C]p regneno lone  ( I  ~C i ) .  The i n c u b a t i o n  was f o r  2.5 h and the 

r e a c t i o n  was stopped by the a d d i t i o n  of  75 ml methylene c h l o r i d e  to 

each f l a s k .  The con ten ts  of  the second and t h i r d  f l a s k s  were mixed 

and d e o x y c o r t i c o s t e r o n e  and c o r t i c o s t e r o n e  i s o l a t e d  as descr ibed  

in  "Tex t "  

Compound C r y s t a l l i z a t i o n  

[3H/14C] r a t i o  
of  compound from 

Flask 1 F lask 2+Flask 3 

D e o x y c o r t i c o s t e r o n e  Crude Product  15.77 16.60 

ace ta te  I s t  15.65 16.48 

C o r t i c o s t e r o n e  I s t  19.53 17.22 

2nd 17.20 17.38 

Costerone and C o r t i c o s t e r o n e  Stud ies  c a r r i e d  out  in  the adrenal  c e l l s  

where one group of  c e l l s  was incuba ted  w i t h  [7a -3H]p regneno lone  + cGMP 

and the o the r  group w i t h  [4 -14C]p regneno lone  and the i n c u b a t i o n  s o l u t i o n s  

mixed a f t e r  t e r m i n a t i n g  the i n c u b a t i o n ,  showed no s i g n i f i c a n t  change 
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Table I I I  

E f f e c t  o f  cGMP on the t r a n s f o r m a t i o n  of  (20S) -20 -hyd roxy [7m-3H1  

c h o l e s t e r o l  i n t o  c o r t i c o s t e r o n e  in i s o l a t e d  adrenal  c e l l  Prepa - 

r a t i o n .  

The t o t a l  3H d i s i n t e g r a t i o n s  per min o f  c o r t i c o s t e r o n e  

ob ta ined  a f t e r  the i n c u b a t i o n  of  ( 20S) -20 -hyd roxy [7m-3H ]  c h o l e s t e r o l  

w i th  i s o l a t e d  adrenal  c e l l s .  I n c u b a t i o n  was c a r r i e d  out  in Te f l on  

f l a s k s  c o n t a i n i n g  20 ml o f  i s o l a t e d  adrenal  c e l l  p r e p a r a t i o n  as 

ment ioned under " T e x t " .  Each f l a s k  con ta ined  ( 2 0 S ) - 2 0 - h y d r o x y  

[ 7 ~ - 3 H ] c h o l e s t e r o l  (1 .60 ~Ci) and cGMP ( I0  mM). The i n c u b a t i o n  

was f o r  2.5 h and the r e a c t i o n  was stopped by the a d d i t i o n  of  75 ml 

o f  methylene c h l o r i d e  to each f l a s k .  C o r t i c o s t e r o n e  was i s o l a t e d  

as desc r ibed  under " T e x t " .  

3H r a d i o a c t i v i t y  o f  c o r t i c o s t e r o n e  from 

Cont ro l  + cGMP 

525,000 + 72,000 439,00 + 17,000 

in the 3H/14C r a t i o s  of  the s t i m u l a t e d  c e l l s  from t h a t  noted 

in the n o n - s t i m u l a t e d  c e l l s .  This  con f i rms  the r e s u l t s  ment ioned 

in the p rev ious  s e c t i o n  t ha t  cGMP has no e f f e c t  on the conve rs ion  of  

pregnenolone to c o r t i c o s t e r o n e .  

E f f e c t  o f  cGMP on the T rans fo rma t i on  o__ff ( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l  

to C o r t i c o s t e r o n e  - In o rder  to des igna te  the step at  which t r a n s c r i p -  

t i o n a l  c o n t r o l  o f  cGMP is  man i f es ted ,  s t u d i e s  were conducted to examine 

the e f f e c t  o f  cGMP on the convers ion  of  ( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l  

to c o r t i c o s t e r o n e ,  cGMP was incubated  w i t h  (20S) -20 -hyd roxy [7m-3H]  
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cho les te ro l  in the i s o l a t e d  adrenal c e l l s .  The r e s u l t s  in 

Table I I I  show tha t  cGMP does not have any s i g n i f i c a n t  e f f e c t  

on the synthes is  of c o r t i c o s t e r o n e  from (20S) -20 -hyd roxycho les te ro l .  

Time Course o f_f the I n h i b i t o r y  E f fec t  of Act inomycin D on cGMP-Stimulated 

Stero idogenes is  To study the time r e l a t i o n s h i p  of the i n h i b i t i o n  of 

cGMP-stimulated c o r t i c o s t e r o n e  syn thes is  by act inomycin D, c o r t i -  

cos tero idogenes is  was measured from 0 to 120 minutes. Fig. I shows 

tha t  only a f t e r  60 minutes does the i n h i b i t i o n  by act inomycin D 

become, s i g n i f i c a n t .  This would imply tha t  the ac t ion  of cGMP in the 

~4 
O.80 

Q 

0.70 

0.60 

~4 
0.50 

0.31[] 

0.10 

i I 
I 

3'o do ~o !~0 

T I M E  ( M I N U T E S )  

Figure I .  Time Course of the I n h i b i t i o n  of cGMP-Induced 

Cor t i cos te rone  Synthesis wi th Act inomycin D. 

cGMP, H ; cGMP + Act inomycin D ~ ; 

the cond i t i ons  of the experiments are s i m i l a r  to 

Table I .  Means of t r i p l i c a t e  observa t ions  are 

given. 
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Table IV 

E_ffect of  Ac t i nomyc in  D on P r o t e i n  Syn thes i s  

[ 1 4 C ] l e u c i n e  (0.25 ~Ci)  was incuba ted  w i t h  1 ml of  i s o l a t e d  

adrenal  c e l l  suspens ion (2 .0  X 106 c e l l s ,  r e p r e s e n t i n g  one adrenal  

g land)  c o n t a i n i n g  cGMP ( I0  mM) or cGMP + ac t i nomyc in  D (2 ~M) f o r  

2 h. Ce l l s  were cooled on i c e ,  c e n t r i f u g e d  and the t r i c h l o r o a c e t i c  

ac id  f r a c t i o n  ob ta ined  as desc r ibed  in "Tex t "  The s tandard  e r r o r  

of  the mean f o r  the i n c o r p o r a t e d  r a d i o a c t i v i t y  is  g i ven .  Resu l t s  

are expressed as [14C]cpm of  l e u c i n e  i n c o r p o r a t e d  i n t o  t r i c h l o r o -  

a c e t i c  ac id  p r e c i p i t a b l e  f r a c t i o n .  

A d d i t i o n s  

[ 1 4 C ] l e u c i n e  + cGMP 

[ 1 4 C ] l e u c i n e  + ac t i nomyc in  D 

[ 1 4 C ] l e u c i n e  + cGMP + ac t i nomyc in  D 

14C cpm i n c o r p o r a t e d  
i n t o  t r i c h l o r o a c e t i c  
ac id  p r e c i p i t a b l e  

f r a c t i o n  

8 , 0 8 2  + 456 

8 , 1 6 2  + 87 

7 , 8 6 3  + 704 

t r a n s c r i p t i o n a l  c o n t r o l  process is  q u i t e  r a p i d .  

E f f e c t  of  Ac t i nomyc in  D on P r o t e i n  Syn thes i s  - In o rder  to r u l e  out  

the p o s s i b i l i t y  t h a t  the l e v e l s  o f ,  ac t i nomyc in  D, used in  t h i s  i n -  

v e s t i g a t i o n  might  a l t e r  t r a n s l a t i o n  as we l l  as t r a n s c r i p t i o n  and the reby  

i n h i b i t  p r o t e i n  s y n t h e s i s ,  the e f f e c t  of  the i n h i b i t o r  on the i n -  

c o r p o r a t i o n  of  [ 1 4 C ] l e u c i n e  i n t o  p r o t e i n  s y n t h e s i s  was measured 

in  the presence and absence of  cGMP. Table IV shows t h a t  

ac t i nomyc in  D does not  i n h i b i t  p r o t e i n  s y n t h e s i s  at  the c o n c e n t r a t i o n s  

s t u d i e d .  
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D i scuss i on  

Accord ing  to the c u r r e n t  concept  r ega rd i ng  the ACTH c o n t r o l  o f  

s t e r o i d o g e n e s i s ,  ACTH b inds to the adrenal  r e c e p t o r  (19) s t i m u l a t i n g  

the adeny la te  cyc lase  enzyme which in  t u r n  t r i g g e r s  the s y n t h e s i s  of  

cAMP (20) .  cAMP then b inds to the holoenzyme, p r o t e i n  k i nase ,  r e s u l t i n g  

in  the d i s s o c i a t i o n  of  the c a t a l y t i c  s u b u n i t  (21 ) ,  which th rough a s e r i e s  

of  events c o n t r o l s  the t r a n s f o r m a t i o n  of  c h o l e s t e r o l  to pregnenolone 

(22) .  The p rec i se  s t e r o i d o g e n i c  step at  which the t r a n s l a t i o n a l  c o n t r o l  

i s  e x h i b i t e d  by ACTH or cAMP is  the t r a n s f o r m a t i o n  of  c h o l e s t e r o l  to 

( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l  ( 1 1 , 2 3 , 2 4 ) .  

In c o n f i r m a t i o n  o f  the p rev ious  o b s e r v a t i o n s  ( 2 ) ,  the p resen t  

s t u d i e s  show t h a t  cGMP, in  a d d i t i o n  to ACTH and cAMP, s t i m u l a t e s  the 

s y n t h e s i s  of  c o r t i c o s t e r o n e  in the i s o l a t e d  adrenal  c e l l .  Since the 

l a t t e r  n u c l e o t i d e  does not  have any e f f e c t  on the t r a n s f o r m a t i o n  of  

( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l  and pregnenolone to c o r t i c o s t e r o n e ,  i t  would 

suggest  t h a t  the step s t i m u l a t e d  by cGMP is  the t r a n s f o r m a t i o n  of  

c h o l e s t e r o l  to ( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l .  Ac t i nomyc in  D i n h i b i t s  

cGMP-act ivated s t e r o i d o g e n e s i s  from endogenous p r e c u r s o r ,  presumably 

c h o l e s t e r o l ,  but  has no e f f e c t  on the i n c o r p o r a t i o n  of  pregnenolone 

i n t o  c o r t i c o s t e r o n e .  This  would imp ly  t h a t  the step at  ch ich  t r a n -  

s c r i p t i o n a l  c o n t r o l  o f  cGMP is  man i fes ted  c o n s i s t s  of  the t r a n s f o r m a t i o n  

of  c h o l e s t e r o l  to ( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l .  Since the complete 

i n h i b i t i o n  of  cGMP-st imulated s t e r o i d o g e n e s i s  i s  not observed w i t h  

a c t i n o m y c i n ,  the p o s s i b i l i t y  o f  both t r a n s c r i p t i o n a l  and t r a n s l a t i o n a l  

c o n t r o l  by t h i s  n u c l e o t i d e  e x i s t s .  

Prev ious  ( I I )  and p resen t  s t u d i e s  show t h a t  the b i o s y n t h e t i c  

s t ep ,  c h o l e s t e r o l  to ( 2 0 S ) - 2 0 - h y d r o x y c h o l e s t e r o l  i s  a lso  under the 

t r a n s l a t i o n a l  c o n t r o l  o f  cAMP, the n u c l e o t i d e  which presumably 

mediates hormonal c o n t r o l  o f  ACTH. Th is  would con f i rm the p rev ious  

o b s e r v a t i o n s  (13 ,14)  t h a t  the mode of  ACTH a c t i o n  i s  r e g u l a t e d  by 
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both nuc leo t i des ,  cGMP and cAMP. Since i t  takes about s i x t y  minutes 

before the i n h i b i t o r y  ac t ion  of act inomycin D is manifested on cGMP- 

s t imu la ted  s te ro idogenes i s ,  i t  may be i n f e r r e d  tha t  the ac t ion  of 

cGMP, presumably in the synthes is  or processing of mRNA, is qu i te  rap id  

In view of these f i n d i n g s ,  any at tempt to exp la in  the ro le  of 

cGMP in the mechanism of ACTH act ion  can only be specu la t i ve .  One 

p o s s i b i l i t y  which would account fo r  ACTH act ion  in s t i m u l a t i n g  

s te ro idogenes is  would be tha t  at low concent ra t ions  the hormone 

s t imu la tes  guanylate cyclase a c t i v i t y  which in turn s t imu la tes  the 

synthes is  of cGMP (13,14) .  The l a t t e r  nuc leo t i de ,  t h e r e f o r e ,  would 

be respons ib le  fo r  the format ion or processing of s p e c i f i c  mRNA. 

ACTH, however, at high concent ra t ions  s t imu la tes  only the adenylate 

cyclase system (13) ;  the l a t t e r  s t imu la ted  system would be respons ib le  

fo r  the syn thes is  of cAMP which in t u rn ,  through cAMP-dependent 

phosphory la t i on ,  may cause t r a n s l a t i o n  of the cGMP-induced mRNA. 

This could be one of the reasons tha t  ACTH at phys io log i c  con- 

cen t ra t i ons  does not ra ise  the leve ls  of cAMP (12 ,25 ,26) .  That 

ACTH s t imu la tes  the synthes is  of a long l i ved  mRNA which in turn 

codes fo r  a p ro te in  essen t ia l  f o r  the cho les te ro l  to pregnenolone 

convers ion,  has been proposed from one l abo ra to r y  (27).  

Unresolved, however, is the manner in which exogenous cGMP 

s t imu la tes  the syn thes is  of c o r t i c o s t e r o n e  w i thou t  the add i t i on  of 

e i t h e r  ACTH or cAMP. This might be due to e i t h e r  the cross r e a c t i v i t y  

of cGMP wi th the cAMP-dependent p ro te in  kinase fo r  cGMP or to the 

presence of a cGMP-dependent p ro te in  kinase which has a very low K m 

fo r  t h i s  nuc leo t i de .  In the l a t t e r  case the involvement of another 

preformed mRNA which is t r a n s l a t e d  by cGMP-mediated f ac to r  (s) would 

be necessary. 

This i n v e s t i g a t i o n  f u r t h e r  demonstrates the advantage of the 

i so l a ted  adrenal ce l l  system to study the mechanism of ACTH ac t ion  
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in the c o n t r o l  of  s t e r o i d  hormones. The i s o l a t e d  adrenal  c e l l s  do 

not have any d e t e c t a b l e  phosphod ies te rase  a c t i v i t y  (28) and, t h e r e f o r e ,  

the e f f e c t  o f  the hormone can be i n v e s t i g a t e d  w i t h o u t  i n t e r f e r e n c e  

from t h i s  enzyme. 
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