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The N a , K - A T P a s e  and ace ty l cho l ines t e r a se  (ACHE) act ivi ty of homogena tes  of f rog  ne rves  and 
of a m e m b r a n e  p r e p a r a t i o n  of bovine b ra in  N a , K - A T P a s e  was invest igated.  P r e l i m i n a r y  t r e a t -  
ment  of the ne rves  and p r e p a r a t i o n  with a solution of acetylchol ine in a concentra t ion  of 10 -7- 
10 -6 M inc rea sed  the i r  Na, K - A T P a s e  activi ty and reduced  the i r  AChE act ivi ty.  The poss ib le  
m e c h a n i s m s  of this effect  a r e  d iscussed .  KEY WORDS: Na ,K-ATPase ,  cho l ines te rase ,  effect  
of acetylchol ine.  

According to data in the literature a functional connection exists between the principal membrane pro- 
teins - acetylcholinesterase (ACHE) and Na,K-ATPase - but its mechanism is not yet clear. According to some 
workers, this connection is effected through substrates, namely acetylcholine (ACh) and ATP, which can in- 
hibit Na,K-ATPase and AChE respectively [1, 3]. According to other workers, catalytic functions are per- 
formed by the same protein molecule [6, 13]. 

Mustafin [6] has suggested that the change from the aeetylcholinesterase function of a protein to its Na,K- 
ATPase function is induced by ACh. If this suggestion is correct, under the influence of ACh and under appro- 
priate conditions reciprocal relations must be observed between the enzymes, namely: an increase in Na,K- 
ATPase and a decrease in AChE activity. The investigation described below was devoted to the testing of this 
hypothesis. 

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

Expe r imen t s  were  c a r r i e d  out in F e b r u a r y  and March  on the sc ia t ic  ne rves  of Rana ridibunda and on an 
N a , K - A T P a s e  p repa ra t ion  isola ted f r o m  bovine b ra in  by the method of Klodos et al.  [12]. The N a , K - A T P a s e  
p repa ra t ion ,  with an activi ty of 200 #moles  P i / m g  p r o t e i n / h ,  was kept for  a long t ime  beforehand at - 2 0 ~  
then thawed and kept for  15 h at +20~ The expe r imen ta l  ne rves  we re  kept for  30 rain in R inge r ' s  solution 
with ACh (10-G M), and control  ne rves  were  kept fo r  the s ame  t ime  in R inge r ' s  solution without ACh. The 
cont ro l  and expe r imen ta l  ne rves  were  fixed with liquid ni t rogen and homogenized in the f rozen  s ta te .  The 
homogenate  was diluted with R inge r ' s  solution and kept fo r  5-10 rain at the incubation t e m p e r a t u r e  before  
m e a s u r e m e n t  of act ivi ty of the enzymes .  In the expe r imen t s  on the N a , K - A T P a s e  p r e p a r a t i o n  acetylchol ine 
(10 -7 M) was added 2 min before  act ivi ty was measu red .  

ATPase  act ivi ty  was studied in a medium containing 3 mM ATP, sa l t s  of sodium, po tass ium,  and mag-  
nes ium in the opt imal  p ropor t ions  of 1 0 0 : 2 0 : 3 ,  a T r i s - H C l  buffer  mix tu re  (pH 7.6), p ro te in  of the homogenate  
(0.2 rag) and the N a ~ - A T P a s e  p r e p a r a t i o n  (6 #g). The reac t ion  p roceeded  fo r  10 rain. A T P a s e  act ivi ty was 
de t e rmined  f r o m  the concen tra t ion  of inorganic phosphate (Pi) in the incubation medium [14]. The t e m p e r a t u r e  
coeff icient  Ql0 was ca lcula ted  as the ra t io  between the ac t iv i t ies  of the enzymes  at 30 and 20~ AChE activi ty 
was e s t ima ted  by H e s t r i n ' s  method [11] in the s a m e  incubation medium as was used to de t e rmine  ATPase  ac -  
t ivi ty.  The concentra t ion  of ACh was 1 mM pro te in  of the nerve  homogenate  0.2 m g / m l ,  and p ro te in  of the 
N a , K - A T P a s e  p r e p a r a t i o n  6 ~g. In this  case  the cho l ines t e r a se  r eac t ion  was studied during inhibition by its 
own product ,  and the concent ra t ion  of undecomp9sed  ACh at the pla teau of the reac t ion  was studied as the in- 
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Fig. 1. Action of ACh on AChE activi ty of nerve  homogenates .  Abscissa,  incubation 
t ime (in rain); ordinate ,  ACh concentra t ion in incubation medium (in raM), !) Control  
n e r v e  homogenate;  2) nerve  homogenate  t r ea t ed  with ACh (10 -6 M). 

Fig.  2. Action of ACh on AChE activi ty in membrane  prepara t ion  of Na,K-ATPase .  2) 
Nerve  homogenate t r ea t ed  with ACh (10 -7 M), Remainder  of legend as in Fig.  1. 

TABLE 1. Effect  of Acetylcholine on 
Na ,K-ATPase  Activity of Nerve Homoge- 
mates and of Na ,K-ATPase  

INa,K-ATPase ac- 
Itivity, t moles 

~xperimental conditiom IPi/mg )rotein/h 

| 20 ~ C 3o ~ Q,o 

Control: 
nerve homogenate 0,17 0,33 1.92 
membrane preparation 12,17 19,79 1.62 

Ex oerimen~ 
n~we homogeamte 0,36 ] 0,63 1.70 
membrane preparation 28,17 45,68 1,62 

dicator .  It follows f rom the kinetics of the reac t ion  with inhibition by its own product  [10] that the ACh concen- 
t r a t ion  on the plateau must  fal l  with an inc rease  in the content of original  enzyme o r  in the number  of catalyt ic  
cen te r s .  

Wilcoxon' s nonparamet r ic  c r i t e r i on  was used for  the s ta t i s t ica l  analysis  of the resul t s .  

E X P E R I M E N T A L  RESULTS 

The resu l t s  of measu remen t  of ATPase  activity of the nerve  homogenates  and Na,K-ATPase  p repara t ion  
a re  given in Table 1. 

In the control  the nerve  homogenates  had compara t ive ly  low Na,K-ATPase  activity.  The values  obtained 
d i f fered  only a l i t t le  f r om those obtained on the same object  by o the r  w o r k e r s  [5]. The Na ,K-ATPase  act ivi ty 
of the m e m b r a n e  p repa ra t ion  was significantly lower  than the init ial  act ivi ty (200 /~moles P i / m g  p ro te in /h  at 
37~ and was about 10%. The dec r ea se  in act ivi ty was evident ly the r e su l t  of keeping the p repara t ion  at 20~ 
f o r  according to the authors  who f i r s t  desc r ibed  this  method of isolat ion,  the act ivi ty of the p repara t ion  if  kept 
at  37~ r e m a i n s  unchanged only fo r  1 h [12]. 

ACh caused a significant (P < 0.01) inc rease  in Na ,K-ATPase  act ivi ty in both objects studied. The act i -  
vat ion of bra in  Na ,K-ATPase  by ACh found in these  exper iments  contradicts  the observa t ions  of many o ther  
worke r s  [2, 3, 7, 9] who found that ACh inhibits Na ,K-ATPase  activity.  However,  mos t  of these  data were  ob- 
ta ined by the use of high concentra t ions  of ACh and f resh ly  isolated prepara t ions .  Meanwhile there  is evidence 
that  under  ce r t a in  conditions ACh can increase  Na ,K-ATPase  act ivi ty [4, 8, 9] The act ivat ion by ACh of an 
Na ,K-ATPase  p repara t ion  kept fo r  a ce r t a in  t ime a f t e r  isolat ion [9] was of specia l  in te res t .  Changes in Na, K-  
ATPase  prepara t ions  during "aging" take place spontaneously at t e m p e r a t u r e s  of 20-37~ 
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The inc rease  in Na ,K-ATPase  act ivi ty under  the influence of ACh took place on account of a change in the 
number  of catalyt ic  cen te r s  or  in the number  of enzyme molecules ,  This is shown by the fact  that ACh does 
not change the t e m p e r a t u r e  coeff icient  of the membrane  Na ,K-ATPase  p repara t ion  (P < 0.05). Poss ibly  in the 
exper iments  wi thhomogenates ,  ACh caused an increase  in Na ,K-ATPase  activity,  and the reduct ion in the t em-  
pe r a tu r e  coeff icient  indicated an increase  in the re la t ive  content of this enzyme compared  with other  types of 
A TP a se s .  This hypothesis  was tes ted  in a s e r i e s  of exper iments  in which the ATP-ase  activity of nerve  
homogenates  was de te rmined  in medium without Na + and K +. In this case,  ACh caused no increase  in ATPase  
activity.  

The increase  in Na ,K-ATPase  activity of the tes t  objects  under the influence of ACh was accompanied by 
a r ec ip roca l  dec rease  inAChE activity (Figs. 1 and 2). 

The ACh concentra t ions  1, 3, and 10 min af te r  the beginning of the reac t ion  were  always h igher  in the ex- 
pe r imen t s  than in the control .  F o r  instance,  in the exper iments  on the homogenate these values were  0.70, 
0.73, and 0.76 mM respec t ive ly  for  ne rves  t rea ted  with ACh, and 0.60, 0.63, and 0.67 mM fo r  the controls .  It 
will  be c l ea r  f rom Fig. i and Table 1 that the most  intensive hydro lys i s  of ACh was observed  in the homogenate 
during the f i r s t  minute of the react ion,  and that la te r  there  was a small  but significant (P < 0.05) increase  in 
the ACh concentra t ion in the medium. Evidently the activity of the ACh-synthesizing sys tem of the nerve  homo- 
genate was manifes ted against  the background of inhibition of AChE by hydrolys is  products  of ACh. 

The conditions fo r  ACh synthesis  a re  absent in the Na ,K-ATPase  prepara t ion ,  and for  that r eason  the 
ACh concentra t ion fe l ldur ing  the incubation, although the ra te  of this d e c r e a s e  was considerably  reduced as 
ea r ly  as in the f i r s t  minute (Fig. 2). Whereas  a f te r  the f i r s t  minute of the react ion 51 and 34% respec t ive ly  of 
the original  quantity of ACh remained in the exper iment  and control ,  a f ter  10 min of the reac t ion  these values 
showed lit t le change, namely 43 and 27% respect ive ly .  

The resu l t s  of these exper iments  do not contradict  the e a r l i e r  hypothesis  that ACh causes  the format ion 
of new Na,K-ATPase  molecules  at the expense of ace ty lcho l ines te rase  molecules .  Possibly during aging of the 
Na ,K-ATPase  p repara t ion  the reac t ion  proceeds  in the r e v e r s e  di rect ion.  It is ce r ta in  that this in te rpre ta t ion  
of the resu l t s  offered above is not the only one. 
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