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~. Introduc~or~ 

Epinephrine  and norephaephrine cause aggregation 
o f  h u m a n  piatelets.  This e f fec t  is b locked  b y  o~-adren- 
ergic blocking agents such as phentolarnine and 
d ihydroergotamJne and,  therefore ,  is assumed to 
involve a - ad rene r~c  receptors  [1 - -3 ] .  Epinephrine  is 
capable o f  lowering p ros t a~and in  E ~ -st imulated 
cyclic AMP levels, an  effect  that  involves ~-adrenergic 
r e c e p t o r s  [ 4 - - 8 ] .  

We have recent ly  demons t ra ted  an inhibi tory  effect  
o f  epinephr ine  and norepinephr iae  on  adenylate  
cyclase (EC 4.6.1.1)  in cell-free prepara t ions  o f  
human  platelets  [9 ] .  This effect  was enhanced by  
~-adrenergic bloc ;king agents such as propranolo l  and 
pindolol  and was reversed b y  ~-adrener~c  blocking 
agents such as phento lamine  and d ihydroergotamine .  
Inhibi t ion by  e~-adrenergic agonists was seen wi th  the 
unst imulated,  'basal '  f o rm o f  the  enzym e  and with  
the enzyme  act ivated by  sodium fluoride,  prosta-  
g!andins [9] and adenosine (K. H. J_, W. S. and R. A. 
Johnson ,  unpubl ished observat ions)  but  no t  af ter  
s t imulat ion b y  guanyly l imidodiphosphate .  The above 
studies were pe r fo rmed  in whole lysates o f  platelets.  
We repor t  here tha t  GTP as a cons t i tuent  o f  the  
cy tosol  is required for  epinephrine- induced inhibi t ion 
o f  membrane -bou nd  adenyla te  cyclase.  

2. rdatefials and  m e ~ o d s  

Materials and me thods  used were essentially as 
described [9] .  Isolated h u m a n  platelets were !ysed b y  
rapid freezing ha liquid ni t rogen and subsequent  
thawhag in abou t  50 vol. 10 mM t r i e t h a n o l a m i n e - - ~ l  
buffer ,  p H  7.4, containing t 50 mM NaCI. Platelet 

particles were obta ined  by  20 rain centr i fugat ion o f  
the  lysates at 30 000 × g and  0°C and were resus- 
pended in the above buffer .  Adenylate  cyclase activity 
was de te rmined  as described [9] wi th  0 . i  mM 
[CL-32P] ATP (purif ied,  essentially free o f  G T P  [ 10 ] ,  
0 .3--0 .8  taCi/tube), 5 mM MgC!2, 0.1 mM et~tylene- 
~ycol-bis( /3-aminoethy!ether)  N,N ' te t raace t ic  acid, 
1 mM 3- i sobu ty! - ! -methy lxan th ine ,  5 mM creat ine 
phospha te  and 0.4 mg/ml  creatine kinase in 50 mM 
t r i e t h a r t o l a m i n e - - H C i  b u f f e r ,  p H  7 . 4 ,  a t  3 7 ° C  i n  t o t a l  
vol. 0.1 ml. React ions  were init iated b y  the addi t ion 
o f  platelet  particles (20--100/~g prote in)  and con- 
ducted  for  10 rain or  as indicated.  Cyclic AMP formed 
was purified as described [9 ] .  Under  these c o n d i t i ,  ns 
cyclic AMP fo rmat ion  was linear as a funct ion  o f  t ime 
for  at least 20 rain and as funct ion  o f  platetet  prote in .  
The ~-adrenergic blocking agent,  pindolol  (10/zM),  
was present  under  each condi t ion.  When L-epinephrine 
was added,  its concent ra t ion  was 30 pM. Comparable  
results to  those shown in the figures were ob ta ined  in 
at least two separate exper iments  in each case. Stan- 
dard deviations o f  triplicate de terminat ions  were less 
than  5% o f  the  means.  Protein was de termined 
according to [11] using bovine serum albumin as 

s tandard.  

3. Resu l~  

Epineprhine by  its ~-adrenergic c o m p o n e n t  reduced 
adenylate  cyclase activity by  maximai ly  50--60% 
when  added to  iysates o f  hurnan platelets [9 ] .  The 
e p i n e p h r i n e  e f f e c t  w a s  l a r g e l y  r e d u c e d  ( 0 - - 1 9 %  ;_nhibi-  

t ion)  in part iculate preparat ions.  Re-addi t ion o f  super- 
na tan t  fluid res tored the inh ib i tory  effect  o f  epineph-  
rine. Trea tmen t  o f  the superna tant  E a ~  wi th  heat ,  
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c h a r c o a l  o r  zdkaline p h o s p h a t a s e  r e d u c e d  o r  abo l i shed  
i ts  c a p a b i l i t y  o f  r e s to r ing  e p i n e p h r k ,  :-reduced inh ib i -  
t i o n  ( d a t a  n o t  s h o w n ) .  

Therefore, we considered the possibility that a 
nucleotide other khan ATP was a constituent of  the 
supernatant fluid that was required for the epinephrine 
e f f ec t .  O f  va r ious  nuc !eos ide  t d p h o s p h a t e s  t e s t e d ,  
G T P  was m o s t  e f f e c t i v e  in r e s to r ing  the  e f f e c t  o f  

epinephrine on adeny!ate cycla~e in particulate prep- 
arations (fig.l). Maximal inhibition (about 45%) was 
seen with 10-s -10  -4 M GTP; 10 -~ M GTP was half- 
maximally effective. Deoxy-GTP was slightly less 
e f f e c t i v e ,  a n d  I T P  was  a b o u t  o n e - t e n t h  as p o t e n t  as 
GTP.  U T P ,  C T P  and  X T P  w e r e  far  less e f f e c t i v e .  
With  G D P  a d d e d  at  10 -s  and  10 -4 M in t he  absence  
o f  a nuc l eos ide  t r i p h o s p h a t e - r e ~ e n e r a t i n  8 system~ 

e p i n e p h r i n e - i n d u c e d  i n h i b i t i o n  was o n l y  10% and  

20%, respectively. Adenylate cyclase activity mea- 
sured in the absence of  epinephrine was not signific- 
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Fig. 1. Influences o f  various nucleoside triphosphates on the 
inhibitory effect o f  epkaephrine on adenylate eydase. 
Nucleoside triphosphates were added at the concentrations 
indicated to a particulate preparation of  human pL%telets in 
the absence and presence of  30 t~M epinephrine. Adenytate 
cyciase activity measured with epinephrine relative to the 
corresponding control activity is indicated on the ordinate. 
Activity determined in the absence of epinephrine was not 
changed by the nucleotides except for a flight increase cause~ 
by GTP. 
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Fig.2, Effect of GTP on the inhibition of  basaI and prosta- 
~andin E t (PGE~)-stimulated adenylate cyclase by 
epinephrine. GTP was added at concentrations indicated on 
the abscissa to v paniculate preparation from human p~atelets. 
Basal (e) and PGE~ (! t2M)-stimuiated (o) adenylate eyelase 
activities deter~lined without ( ) or with (-- -- --) 30/~M 
epir.ephrine added are indicated on the ordinate. 

a n t l y  changed  b y  these  n u c l e o t / d e s  e x c e p t  fo r  a smal l  
increase  obs~Jved  w i t h  1 0 - ~ - - 1 0  -4 M G T P  (f ig .2) .  

Similarly, pro sta~andin E l -stimulated acti~dty, 
which was about lO-fotd above basal activity with 
1 pA~ p r o s t a ~ a n d h a  E t ,  was  sli~dhtly inc reased  b y  GTP.  

T h e  e f f e c t  o f  G T P  to  s u p p o r t  e p i n e p h r i n e - i n d u c e d  
i n h i b i t i o n  o f  p ro s t ag l and in  E l - s t i m u l a t e d  a d e n y l a t e  
cyc lase  was  ve~3r s imi lar  t o  t h a t  seen  w i t h  the  

unstimulated enzyme (fig.2). Both prostal#andin El - 
stimulated and basal activities were inhibited by 
e p i n e p h r i n e  in  t h e  p r e sence  o f  G T P ;  ma.vAmal inhib i -  
t i o n  was seen  w i t h  a b o u t  10 -s  M G T P  a n d  was  50% 
fo r  t he  basal  ~nd 3 0 %  f o r  t he  p ros t z .ghnd in  Ea - 

stimulated activity, very snnilar to the in~dbition 
observed in platelet lysates [9]. Half-maximal inhibb 
tion was obse-~ed at the same GTP concentration 
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Fig.3. T~-ne course of the effect of GTP on epL~.ephrine-induced inhibition of cyclic AMP accumulation in p!atelet paztietes. Left 
panel: After 2 mLr~ incubation with GTP (1=0 t~M[), epinephrine (epi, 30 ~M) was added, and the reaction was continued for 6 mbl. 
Right panel: After 2 rnLn incubation with epinephrine, GTP was added. ( ) Indicates the absence of ephaephrine~ (-- -- --) 
indicates the presence of epinephrine; (o) indicates the absence, (o) the presence of GTP. 

(10 -6 M) with the basal and the stimulated enzyme.  
We have recently shown that  the inbAbitory effect  

o f  epinephrine in platelet lysates is immediate,  with 
no  apparent  lag phase [9 ] .  Similar observations were 

made with the effect of GTP in the presence of 
epinephrine. When epinephrine was added to  a partic- 
ulate preparation that  had been preincubated for 2 m/n 
with 10 -s M GTP, epinephrine caused an apparent ly 
hnmediate  reduction o f  the enzyme activity (fig.3). 
Similarly, GTP induced immediate inhibition of 
adenylate cyclase when added to particles that had 
been preincubated with epinephrine for 2 rain. The 
rate o f  cyclic AMP accumulat ion was constant  for 
at  least 8 rein under each condit ion.  

4. Discussion 

The data presented indicate that  GTP is one,  
and possibly the mos t  impor tant ,  factor  o f  the c y t o m l  
involved in the i n ~ b i t o r y  f f e c t  o f  c~-adrenergic 
agonists on plate!et adenylate cyclase, i t  cannot  be 

ruled out ,  however,  that  factors other  than GTP are 
involved. Guanyl  nudeo t ides  have been shown to 
play a central role in the regulation o f  adenylate 
cyclase activity [12- -14] .  In several systems, GTP 

is required for stimutatory hormone effects on 
adenylate cyclase, whereas ha o ther  cell types includ- 
ing renal medulla [ ! 5 ]  and human piatelets (K. H. J. 
and W. S., unpublished observations) GTP does 
apparent ly no t  facilitate responses o f  adenylate 
cydase  to hormone  s~imulation. Inhibi tory  effects o f  

GYP on basil activity have been demonstrated in 
ghosts o f  rat fat cells [ 16 ] .  [n human platelet lysates, 
gaanylylim~dodiphosphate caused a concentrat ion-  
dependent  initial inhibition by  50% or more o f  
adenylate cyclase before st imulation became apparent 

with prolonged incubation [I 7]. These data indicate 
that  guanyl nueleotides can cause inhibition o f  
adenylate cyclase under  some condit ions.  Therefore,  
it is conceivable that  ce-adrenergie agonists make art 
inhibitory effect o f  GTP more pronounced,  possibly 
by  favo6mg the format ion of  a form o f  the enzyme 
that  is more susceptible to an inhibi tory effect o f  
GTP. 
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