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Inhibition of Rat Liver Adenyl Cyclase by Adenosine and Adenine Nucleotides ~ 

In  the  course of expe r imen t s  designed to measure  the  
cyclase ac t iv i ty  of ra t  l iver fractions,  we no ted  t h a t  the  
increase in adenosine-3 ' ,  5 ' -monophospha t e  (cyclic AMP) 
p roduc t ion  induced  by  f luoride was accompanied  by  a 
decrease in t he  p roduc t ion  of o ther  der ivat ives  of A T P  
(inosine, h y p o x a n t h i n e  and  adenosine).  Since ADP,  AMP 
and o ther  nucleotides,  in t he  presence of fluoride, inh ib i t  
bacter ia l  2 and  adrena l  cyclase 3, we inves t iga ted  the  possi- 
b i l i ty  t h a t  these  subs tances  m a y  inhib i t  also hepa t ic  
cyclase ac t iv i ty .  

Material and methods. The cyclase assay was based on a 
modif ica t ion  of the  m e t h o d  of WEiss  and COSTA 4 in which  
cyclic A M P  was purif ied by  paper  c h r o m a t o g r a p h y  in- 
s tead  of co lumn c h r o m a t o g r a p h y  and  BaSO 4 precipi ta-  
t ion.  Livers  of male  Sprague-Dawley  ra ts  were homo-  
genized 5, the  pel le t  ob ta ined  af ter  cent r i fugat ion  in 
0 .25M sucrose a t  20OO g for 30 min  was suspended  in 
0 .02M glycylglycine buffer,  p H  7.7, conta in ing  1 mWf 
MgSO~, recent r i fuged at  2000 g for 10 min,  r e suspended  
in glycylglycine buffer  (100 rag/2 ml) and kep t  a t  4 ~ 10 ~xl 
of th is  suspension were added  to  each sample  jus t  pr ior  to 
incubat ion.  I t s  p ro te in  con t en t  was de t e rmined  using the 
m e t h o d  of LOWRY et al. s. Each  0.06 ml sample  con ta ined  
ATP-e-a~P (30-50 mc/mmole ,  Schwarz BioResearch) ,  
1.5 m M ;  caffeine, 50 r aM;  MgCI~, 5 raM;  tris-HC1, 
25 mM, p H  7.7 a t  30 ~ crysta l l ine  bovine serum a lbumin  
(Sigma), 1%;  and  NaF,  10 m M .  Adenosine  and  o ther  
subs tances  (Sigma) were added  in a m o u n t s  calcula ted to 
produce  a 1 m M  final  concent ra t ion .  All tubes  were  in- 
cuba ted  a t  30 ~ for 30 min.  The reac t ion  was t e r m i n a t e d  
by  hea t ing  the  tubes  in boil ing wa te r  for 3 rain. J u s t  prior  
to  heat ing,  20 txl of a solut ion conta in ing  20 ~xg of cyclic 
AMP, 20 txg of A T P  and  a t race  of ~4C-cyclic AMP 
(5000 cpm) were added  to  each tube  to  check the  recovery  
of cyclic AMP in the  pur i f ica t ion system.  After  centr i fuga-  
tion, the  s u p e r n a t a n t  was purif ied by  descending chroma-  
t og raphy  using W h a t m a n  No. 40 fi l ter  paper .  P re l iminary  
expe r imen t s  ind ica ted  t h a t  4 separa te  so lvent  sys tems  
were needed to ob ta in  t he  desired pu r i t y  of cyclic AMP 
(butanol-glacial  acet ic  acid-water ,  5 : 2: 3; isopropanol-  
glacial acetic acid-water ,  6:3 : 1 ; ethanol-0.1 M boric acid, 
3.5:1 and isopropanol-conc,  a m m o n i u m  hydrox ide-wate r ,  

Effect of nucleotides and their metabolites on the cyclase activity of 
rat liver particulate fractions obtained by centrifugation at 2000 g 

Additions 
(Cyclic AMP formed, nmoles/g protein/30 nfin) 
Experiment 
1 2 3 4 5 6 7 ~ 

None 62 48 
Fluoride 400 630 427 262 186 269 (495) 
F-, ADP 243 374 261 P<0.05 
F-, AMP 208 248 204 147 113 (346) P<0.025 
F , Adenosine 247 168 110 95 112 (306) P<0.025 
F-, Adenine 611 367 
F-, Hypoxanthine 260 
F-, Inosine 246 
F-, IMP 279 
F-, Ribose-5-P 222 
Protein (mg/tube)0.24 0.25 0.30 0.18 0.23 0.35 0.27 

All values represent the average of 3 determinations. In each 
experiment, values obtained in the presence of fluoride and additives 
were treated as a pair in calculating the P values. �9 The concentra- 
tion of adenosine and AMP was 0.083 raM. These results were not 
included in the calculation of P values. 
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7 :1 :2) .  Af ter  the  final  separat ion,  3~p and 14C in the  
cyclic A M P  spot  were measured  s imul taneous ly  by  l iquid 
scint i l lat ion.  The recovery  of cyclic AMP was 15-30%.  

Results. The Table summar izes  t he  results  of 6 experi-  
m e n t s  showing t h a t  cyclase ac t iv i ty  was decreased con- 
s i s ten t ly  by  60%, 50% and  40% in the  presence of adeno-  
sine, of A M P  and of ADP,  respect ively.  Adenine,  hypox-  
anthine ,  inosine and I M P  had  no s ignif icant  effect.  In  one 
p re l iminary  exper iment ,  r ibose-5-P (used in place of 
r i b o s e - l - P  for reasons of economy) had  a sl ight inh ib i to ry  
effect.  

DiscuSsion. The mechan i sm of cyclase inh ib i t ion  by  
nucleot ides  has  no t  been de te rmined .  In  mouse  adrena l  
t u m o r  ~, A D P  was found to  be a more  effective inhib i tor  
t h a n  AMP and  the  effect  of bo th  nucleot ides  var ied  wi th  
t he  concen t ra t ion  of Mg++. Thus,  the  fact  tha t ,  in our 
exper iments ,  AMP was more  effect ive t h a n  ADP,  m a y  be 
exp la ined  by  differences in the  t issue used and  in the  con- 
cen t ra t ion  of Mg ++, which was 5 m M  in our expe r imen t s  
and  var ied be tween  3.1 and  5.6 m M  in those of TAUNTON 
et al. 3. The inh ib i to ry  effect  of adenosine on cyclase 
ac t iv i ty  m a y  expla in  the  obse rva t ion  t h a t  adenosine  has 
an insulin-like effect  on lipolysis in vi tro 7 and t h a t  a 
0.08 m M  concen t ra t ion  of adenosine  is suff ic ient  to 
inh ib i t  t he  l ipolytic ac t ion  of noradrena l ine  in adipose 
t issue s. I ndeed  th is  effect  was ascribed to  a pos tu la t ed  in- 
h ib i t ion  of cyclase and of cyclic AMP-s t imu la t ed  lipo- 
lysis s. Our expe r imen t s  provided  di rect  evidence t h a t  a 
0.08 m M  concen t ra t ion  of adenosine  can cause a 40%- 
inhib i t ion  of ra t  l iver adeny l  eyclase in the  presence  of 
f luoride (Table, E x p e r i m e n t  7). One of the  exp lana t ions  
for the  s t imu la to ry  effect  of f luoride on cyclase ac t iv i ty  
is t h a t  it  decreases the  b reakdown  of ATP,  thus  preserv ing  
subs t r a t e  for t he  enzymat i c  react ion.  One m a y  add  t h a t  
th is  would result  also in a decreased format ion  of der iva-  
t ives  capable  of ac t ing as cyclase inhibi tors .  A l though  
fur ther  expe r imen t s  are necessary  to  de te rmine  t h e  signi- 
f icance of these  findings,  we suggest  tha t ,  by  inh ib i t ing  
cyclase ac t iv i ty ,  adenos ine  and o the r  nucleot ides  m a y  
p lay  a role in regula t ing  the  ac t ion  of the  cyclase- 
d e p e n d e n t  hormones  0. 

Riassunto. L'a t t iv i tX adenilciclasica delle frazioni  sub- 
cellulari di  fegato di r a t t o  fu in ib i ta  dal l 'adenosina ,  
da l l 'AMP e d a l l 'A D P  (1 m M )  del 60, 50 e 40%. Alla con- 
cent raz ione  di 0.08 raM, l ' adenos ina  e VAMP inibirono 

l ' a t t i v i t ~  ciclasica del 40 e del 30%. L ' IMP,  l ' inosina,  
l ' aden ina  e l ' i poxan t ina  furono senza effetto.  
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