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The sodium pump, the molecular  basis of which is the enzyme Na,K-ATPase [11], plays an important  
role in muscle function [1]. This accounts for the great  attention which is being paid to the study of regulation 
of muscle  t issue Na,K-ATPase  [1, 3]. 

It was shown previously that acetylcholine (ACh) specifically inhibits the Na,K-ATPase  activity of s a r c o -  
lemmal preparat ions  f rom different muscles  [2, 5], but the mechanism of the effect of the t r ansmi t t e r  remains  
unexplained. 

The aim of this investigation was to determine the role of cholinoceptors (ChC) in the inhibitory effect of 
acetylcholine (ACh) on Na,K-ATPase  activity of the myocardium and small  intestinal smooth muscles .  

E X P E R I M E N T A L  M E T H O D  

Prepara t ions  of the s a rco l emma of the frog hear t  and of the a t r ia  and ventricles and small  intestinal 
smooth muscles  of a dog were obtained by a modified method in [9]. Total ATPase  activity was determined 
by accumulation of inorganic phosphorus (Pi) [12] in incubation medium containing (in raM): NaC1 100, KC1 
20, MgC12 3, ATP-Na  2 3, EGTA 0.5, EDTA 0.1, NaN 3 5, Tris-HC1 50 (pH 7.4, at 37~ Na,K-ATPase activity 
was calculated as the difference between total activity and Mg-ATPase  activity, recorded  in the absence of 
NaC1 and KC1. The membranes  were t rea ted  with sodium dedecylsulfate (SDS, 0.3 m g / m g  protein) as in [6]. 
The number of specific binding si tes of the muscar in ic  ChC [3H]quinuclidinylbenzylates ([3tt]-QNB) in the p r e -  
parat ions was determined in incubation medium without ATP,  containing a saturat ing (1.5 nM) concentration of 
[3H]-QNB, as descr ibed in [10]. Radioactivity was measured  in Bray ' s  solution on an LS-100 C scintil lation 
counter (Beckman, USA). The counting efficiency was 60%. M-ChC of the dog atr ia  were solubilized with a 
mixture of 0.4% digitonin and 0.8% sodium cholate by the method in [7]. Prote in  was determined by the m i c r o -  
biuret method [4] in the presence  of 1% sodium deoxycholate.  

Reagents:  NAN3, SDS, digitonin, and cholic acid were f rom Serva, West Germany; ouabain, Tr is ,  and EGTA 
were f rom Sigma, USA; [~I]-QNB, activity 5 C i / m m o l e ,  was f rom Amersham Corporation,  England; ATP and 
EDT~ were f rom Reanal, Hungary; the remaining reagents  were of Soviet origin and of the highly pure and an-  
alytically pure grades .  

R X P E R I M E N T A L  R E S U L T S  

The Na~K-ATPase activity of preparat ions  of myocardia l  s a r co l emma was completely inhibited by ouabain 
(2 �9 10 -4) and was unchanged after  t rea tment  with SDS, whereas Mg-ATPase  was inactivated by the detergent 
(Table 1). These resul ts  are  evidence that the preparat ions  consisted of open membrane fragments  in which 
Na ,K-ATPase  si tes were access ib le  for subst ra te ,  act ivator  ions, and inhibitor, for we know that the active 
si te of Na ,K-ATPase  is located on the cytoplasmic surface of the cell membrane,  and the ouabain-binding site 
is located on its outer side [11], and that neither ATP nor  ouabain can pass  through the sa rco lemma.  Na,K- 
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T A B L E  1. A T P a s e  A c t i v i t y  of S a r c o l e m m a l  
P r e p a r a t i o n s  f r o m  C a r d i a c  and Smooth  
M u s c l e s  (M �9 m) 

Na, Na, 
Object K-ATPase K-ATPase Mg-ATPase 

-SDS +SD8- -SDS [ +SDS 

Dog'sFr~ heartheart 31,5_4-4,6 130, 5~+3,2 31 ,2+- -2 ,6  0 

6o, 19,1 ] 
a t r i a  14,5  + o + 1 , 1 ]  1 +-0, v e n t r i c l e s  25,0_T-3:~ 1 4 , 0 - + 4 ,  1 9 ,8  ,2 5 25,1-*-2 6 ~-1 ,8  2 , 3 4 - 1 , 0  .Dog's intestinal - ' - 
smooth muscles 11,6--+2,0  0--+5,8 2 5 , 6 4 - 3 , 0 1  0 

L e g e n d .  Spec i f i c  a c t i v i t y  in m i c r o m o l e s  
P i / m g  p r o t e i n / h .  D a t a  g iven  f o r  7-9 p r e p a r a -  
t i ons  f r o m  each  ob jec t .  

T A B L E  2. Binding  of [3HI-QNB by S a r c o -  
lemmal P r e p a r a t i o n s  and Inh ib i t ion  Cons tan t  
(K0. ~ of N a , K - A T P a s e  by ACh (M �9 m) 

Object 

Dog's intestinal smooth 
muscles 

Frog's heart 
Dog:s atria 

Dog's atria treated with mixture 
of digitonin and chelate 

Dog's ventricles 

f3H]-QNB, molesfllfg 
protein 

1020• 
802--+26 
590--+51 

39-+10 
I66-+22 

K0, 5, g m  

0,5 
l,O 
5,0 

56 

L e g e n d .  Ko.5) ACh c o n c e n t r a t i o n  g iv ing  ha l f  
of m a x i m a l  e f f ec t .  

A T P a s e  a c t i v i t y  of t h e  s a r e o t e m m a  of i n t e s t i n a l  s m o o t h  m u s c l e s  was  i nh ib i t ed  by o u a b a i n  by  only  60%, and a f t e r  
i ncuba t ion  with  SDS it i n c r e a s e d  f ive fo ld ,  i n d i c a t i n g  t ha t  t he  p r e p a r a t i o n s  con ta ined  both open and v e s i c u l a r  
f o r m a t i o n s .  

ACh in c o n c e n t r a t i o n s  of 1 �9 10 -4 to  5 �9 10 -4 M c o m p l e t e l y  inh ib i t ed  the  N a , K - A T P a s e  a c t i v i t y  of the  s a r -  
c o l e m m a  of the  f r o g ' s  h e a r t  a n d t h e  d o g ' s  a t r i a ;  enzyme  f r o m  the d o g ' s  v e n t r i c l e s  w a s  i n h i b i t e d  by 90% only by 
v e r y  l a r g e  d o s e s  (5 �9 10 -3 t o  1 �9 10 -2 M d o s e s  of ACh).  I n p r e p a r a t i o n s  of s a r c o l e m m a  f r o m  s m o o t h  m u s c l e s  ACh 
inh ib i t ed  only o u a b a i a - s e n s i t i v e  N a , K - A T P a s e  a c t i v i t y  (F ig .  1), i . e . ,  a c t i v i t y  of open m e m b r a n e  f r a g m e n t s .  T r e a t -  
ment  wi th  d e t e r g e n t  d id  not  change  the  a c t i o n  of ACh on m y o c a r d i a l  N a , K - A T P a s e  but a b o l i s h e d  i t s  e f fec t  on the  
e n z y m e  on s m o o t h  m u s c l e s .  Th i s  i s  p r o b a b l y  the  r e s u l t  of s t r u c t u r a l - f u n c t i o n a l  d i f f e r e n c e s  be tween  m e m b r a n e s  
of c a r d i a c  and s m o o t h  m u s c l e s ,  M g - A T P a s e  a c t i v i t y  of a l l  the  p r e p a r a t i o n s  s t u d i e d  d id  not  r e s p o n d  to  add i t i on  
of ACh (1 �9 10 -7 to  1 �9 10 -2 M). 

Unlike the nicotinic eholinolytic D-tubocurarine (I0-~-i0 -4 M), the M-ChC antagonist atropine (i0-7-i0 -~ M) 
blocks the inhibitory effect of the mediator. This suggested that inhibition of Na,K-ATPase by ACh is due to ac- 
tivation of M-ChC. A high density of binding sites of the M-ChC antagonist ~H]-QNB, was found in preparations 
of the sarcolemma. It was noted that the more numerous these sites in the preparation, the higher the affinity 
of Na,K-ATPase for ACh (Table 2). Treatment of the atrial sarcolemma with a mixture of digitonin and sodium 
chelate (1"0,2 mg to 1 mg protein) which, according to data in the literature [7], leads to solubilization of up to 
90% of M-ChC, in the present experiments also caused considerable loss of membrane-bound M-ChC (Table 2) 
and some degree (up to 20~ of inactivation of Na~K-ATPase. Extraction of M-ChC was accompanied by dis- 
appearance of the reaction of the enzyme to a ACh. 

Guanyl nucleotides are known to reduce the affinity of N-ChC for antagonists [8], evidently by uncoupling 
the reeeptor molecules and protein molecules binding guanosine triphosphate (GTP) [13]. In the presence of i0 
pM GTP the sensitivity of Na,K-ATPase to ACh fell sharply; dependence of the effeet of the mediator on con- 
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Fig. 1. Effect of ACh on Na ,K-ATPase  activi ty (in %) 
of s a r c o l e m m a l  prepara t ions"  a) without G T P ;  b) with 
10 gM GTP.  1) Smooth musc les  of dog 's  smal l  in t e s -  
tine (ouabain-sensi t ive  Na ,K-ATPase  activity);  2) f rog ' s  
hear t ;  3) dog's  a t r ia ;  4) dog 's  ven t r i c les .  

centration disappeared .(Fig. i). GTP itself (i0-I00 pM) did not aKect ATPase activity. Other nucleotide tri- 
phosphates (ITP, CTP) did not modify the action of ACh on Na,K-ATPase. 

The results thug indicate that inhibition of Na,K-ATPase by ACh is not the result of its direct action on the 
enzyme, but is mediated through ChC. It remains to be explained how activation of M-ChC leads to inhibition of 
Na,K-ATPase. Inhibition of activity of the enzyme was not due to a change in membrane permeability caused by 
agonist-receptor interaction, for the effect of ACh was observed on open fragments of sarcolemma. The ab- 
sence of Ca ++ in the incubation medium and of conditions for cyclic nucleotide synthesis rules out any participa- 
tion of secondary messengers as the connecting link between receptors and enzyme. 

The coupling mechanism between Na,K-ATPase and M-ChC can be represented in terms of the general 
principle of function of membrane receptor systems [14]. As a result of the agonist-receptor reaction, the 
functional complex of M-ChC-GTP-binding protein-Na,K-ATPase is aisle to appear. Under conditions pre- 
venting the formation of this triple complex (blockade of M-ChC by atropine or its solubilization by detergents, 
and also uncoupling of the receptor and GTP-binding protein by guanyl nueleotides), inhibition of Na,K-ATPase 
by acetylcholine takes place only insignificantly or not at all. 
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