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E l e c t r o n - h i s t o c h e m i c a l  inves t iga t ion  of c h o l i n e s t e r a s e  in the ne u r om us c u l a r  synapses  of the r a t  d ia-  
phragm revea l ed  ac t iv i ty  of the enzyme in c i r c u l a r  or  oval s t r u c t u r e s  m e a s u r i n g  f rom 250 to 600 A, in con- 
tact  with the synapt ic  folds on the side of the s a r c o p l a s m .  

Repor t s  of e l e c t r o n - h i s t o c h e m i c a l  inves t iga t ions  of cho l ine s t e r a se  ac t iv i ty  in n e u r o m u s c u l a r  synapses  
have recen t ly  been publ ished [1-7, 10]. I n t e r e s t  in this p rob lem is unders tandable  because  knowledge of the 
p r e c i s e  loca l iza t ion  of c h o l i n e s t e r a s e  would provide  a deeper  unders tanding  of the p r o c e s s e s  taking place  
in the synapse during function. With i nc r ea s i ng  pe r fec t ion  of e l e c t r o n - h i s t o c h e m i c a l  methods of chol ines-  
t e r a s e  detect ion,  new and more  p r e c i s e  in format ion  about i ts loca l iza t ion  has been obtained. However,  the 
r e su l t s  a re  by no means  exhaust ive  (pa r t i cu la r ly  because  at  t imes  they a re  conflicting).  

The objec t  of the p r e s e n t  inves t igat ion was to study cho l ine s t e r a se  ac t iv i ty  in the n e u r o m u s c u l a r  
synapse  of the r a t  d iaphragm.  

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

Albino r a t s  weighing 100-120 g were  used.  Af te r  the an imals  had been anes the t i zed  with e the r  the 
abdomen was opened and na r row  s t r i p s  along the b ranches  of the phren ic  nerve were  quickly exc i sed  f rom 
both domes of the d iaphragm.  Cho l ine s t e r a se  ac t iv i ty  was detected by the method of Cs i l l ik  and c o - w o r k e r s  
[4]: a f t e r  p re f ixa t ion  in a buffered f o r m o l - s u c r o s e  solut ion the t i s sue  was incubated in a medium contain-  
ing ace ty lchol ine  as subs t r a t e ,  and then p laced  in a solut ion of yellow ammonium sulfide and postf ixed in 
buffered osmium te t roxide  solution.  P re f ixa t i o  n, incubation, and post f ixat ion were  c a r r i e d  out in the cold. 
We did not incubate f rozen t i ssue  sec t ions  (as de sc r ibed  in the o r ig ina l  method) but incubated p ieces  of t i s -  
sues ,  and thus had to add two in t e rmed ia t e  washings  (before and a f te r  incubation) with a co r respond ing  in-  
c r e a s e  in incubation t ime.  Af t e r  dehydrat ion  in acetone the p i eces  of t i s sue  were  embedded in a r a ld i t e .  
Blocks were  cut on the L K B - P r o d u c t e r  u l t r a tome ,  and sec t ions  were  examined  in the JEM-7 e l ec t ron  mi -  
c roscope  with an a c c e l e r a t i n g  voltage of 80 kV. Some sec t ions  were  s ta ined with lead c i t r a t e  by Reynolds '  
method [8]. 

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

Cho l ines t e ra se  ac t iv i ty  was judged f rom the p r e s e n c e  of depos i t s  of the end product  of the reac t ion  
(lead sulfide) in the form of a fine p rec ip i t a t e .  Enzyme ac t iv i ty  was found in the p r e -  and pos t synap t ic  m e m -  
b rane ,  including that  p a r t  of it forming synapt ic  folds (Fig. 1, a, b). In some cases  ac t iv i ty  was a lso  found 
in p a r t  of the axo lemma facing the Schwann cel l .  Deposi t ion of p r ec ip i t a t e  was a lso  found in p a r t  of the 
synapt ic  space , the  synapt ic  folds ,  between the axo lemma  and the Schwann cel l ,  and a lso  in the m e m b r a n e s  
of the Schwann cel l .  Occas iona l ly  deposi t ion of p r e c i p i t a t e  was found in e l emen t s  of the endop lasmic  r e t i -  
culum in the immedia t e  v ic in i ty  of the synapse .  

Cho l ines t e r a se  ac t iv i ty  was a lso  constant ly  found in c i r c u l a r  or  oval s t r u c t u r e s  in d i r ec t  contact  
with the m e m b r a n e  of the synapt ic  folds on the s a r c o p l a s m  side (Fig. 1, c). These s t r u c t u r e s  ranged f rom 
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250 to 600 A in s ize ,  and the densi ty  of p rec ip i t a t e  in them was var ied .  Somet imes  the i r  outer  l a y e r  was 
dense while the pa r t  in contact  with the synapt ic  fold was na r rowed  to form a neck. In some c a s e s  an ac -  
tive m e m b e r  could be seen  s epa ra t i ng  these s t r u c t u r e s  f rom the synapt ic  folds.  The synapt ic  folds su r -  
rounded by these s t r u c t u r e s  jus t  de sc r ibed  some t imes  r e s e m b l e s  a bunch of g rapes .  

Deposi t ion of p r e c i p i t a t e  was va r i ab le  both in di f ferent  synapses  and in d i f ferent  p a r t s  of the same 
synapse .  In some of them deposi t ion of p r e c i p i t a t e  was continuous in the m e m b r a n e s  and the spaces  were  
evenly f i l led with p r ec ip i t a t e ,  while in o thers  ac t iv i ty  was in t e r rup ted  in the m e m b r a n e s  and deposi t ion of 
p r e c i p i t a t e  in the synapt ic  spaces  and folds va r i ed  in in tens i ty  and in some p laces  was absent.  

In the axon endings (presynapt ic  par t)  v e r y  tiny g ranu les  of p r ec ip i t a t e  ~vere found as a rule on m e m -  
b ranes  of the synapt ic  v e s i c l e s  and tubules,  and s o m e t i m e s  inside them. The mi tochondr ia  of the ending 

were  f ree  f rom p rec ip i t a t e .  

Severa l  e l e c t r o n - h i s t o e h e m i c a l  methods have been sugges ted  for  detect ing cho l ine s t e r a se  ac t iv i ty  in 
synapt ic  s t r u c t u r e s .  Those mos t  commonly used can be divided into two groups depending on the subs t ra te :  
ace ty lchol ine  [4, 5] and th ioace t ic  acid  [1, 5]. Use of ace ty lchol ine  makes  the r eac t ion  more  spec i f ic  with 
r e spec t  to detect ion of a c e t y l e h o l i n e s t e r a s e  (true cho l ines t e ra se ) ;  the r eac t ion  using th i0acet ic  acid is l e s s  
spec i f i c ,  but i t  enables  the loca l i za t ion  of the end produc t  o f  the reac t ion  to be de te rmined  more  p r e c i s e l y .  
Having chosen the method of Cs i l l i k  and c o - w o r k e r s  (using acetyl th iochol ine  as subs t ra te)  we incubated 
p i ece s  of t i ssue  r a t h e r  than sec t ions  on the assumpt ion  that this would enable the t i s sue  s t ruc tu re  to be p r e -  
s e r v e d  and that the d e c r e a s e d  ra te  of subs t r a t e  hyd r o l y s i s  r e su l t ing  f rom slow pene t ra t ion  of the subs t r a t e  
into the t i s sue  would improve  the p ic tu re  of d i s t r ibu t ion  of the p rec ip i t a t e .  At the same t ime,  however,  the 
slow speed of pene t ra t ion  of the subs t r a t e  could be one r eason  for  the uneven ac t iv i ty  of the enzyme,  be -  
cause synapses  located at  d i f ferent  depths f rom the sur face  of the f r agment  would be under  di f ferent  condi-  
tions [6]. We the re fo re  pro longed  the incubation t ime so that synapses  with an even and c l e a r l y  loca l ized  
c h o l i n e s t e r a s e  ac t iv i ty  could a lways  be found in the f ragment .  However,  the mos t  impor tan t  r ea son  for  un- 
even enzyme ac t iv i ty  in the synapse  was p a r t i a l  elut ion of the p r ec ip i t a t e  during post f ixat ion in osmium 

solut ion [4]. 

Af te r  con t ras t ing  of the sec t ions ,  which we c a r r i e d  out a t  the beginning of the inves t iga t ion ,  the p r e -  
c ip i ta te  became dense r  and more  homogeneous.  Since the pos s ib i l i t y  is  not ru led  out that in te rac t ion  is 
poss ib l e  between the con t r a s t  m a t e r i a l  and the p r ec ip i t a t e  of end produc t  of the reac t ion ,  leading to pa r t i a l  
elut ion or  even to r ed i s t r i bu t i on  of the p r ec ip i t a t e  in the second, loca l i za t ion  of cho l ine s t e r a se  ac t iv i ty  was 
subsequent ly  s tudied only in uns ta ined sec t ions .  F u r t h e r m o r e ,  double fixation, even a f te r  embedding in 
a r a ld i t e ,  enabled a suff ic ient  degree  of c o n t r a s t  to be obtained [9]. Staining was used only to ve r i fy  in tegr i ty  

of the s t r uc tu r e ,  and the r e s u l t  was always good (Fig. 1, a). 

In our expe r imen t s  ac t iv i ty  of the enzyme was loca l i zed  in synapt ic  s t r u c t u r e s ,  chiefly in the i r  pos t -  
synapt ic  par t .  This a g r e e s  with data in the l i t e r a t u r e .  Accord ing  to the r e s u l t s  of recen t  inves t iga t ions ,  
ace ty lchol ine  e s t e r a s e  ac t iv i ty  is  loca l i zed  exc lus ive ly  in the p r e -  and pos t synap t i c  membrane ,  in the syn-  
aptic space and folds.  Act iv i ty  of the p a r t  of the axo lemma facing the Schwann cel l  and in the space between 
them is due to nonspeci f ic  c h o l i n e s t e r a s e  [6]. Using the method with th ioace t ic  acid,  Ba r rne t t  [1, 2] found 
c h o l i n e s t e r a s e  ac t iv i ty  in the synapt ic  v e s i c l e s ,  but the ava i lab le  data a re  insuff icient  to allow conclusions 
to be drawn r ega rd ing  the p r e s e n c e  of a c e t y l c h o l i n e s t e r a s e  ac t iv i ty  in the v e s i c l e s .  

Act iv i ty  of the enzyme in e l ements  of the endoplasmic  r e t i cu lum nea r  the synapse  was d i scovered  by 
Ba r rne t t  [2], a l so  by the use of th ioace t ic  acid as  subs t r a t e .  In this case ,  in addit ion to the fact  that the 
demons t r a t ed  ac t iv i ty  might  have been due to nonspecif ic  e s t e r a s e ,  the poss ib i l i t y  of diffusion of the enzyme 

o r  p rec ip i t a t e  cannot be ruled out. 

The c i r c u l a r  s t r u c t u r e s  in contact  with synapt ic  folds in which we located cho l ine s t e r a se  were  found 
f requent ly  although not in al l  the synapses  inves t iga ted .  It is  difficult  to a s sume  that they were  an a r t e f ac t  
of diffusion,  because  the s t r u c t u r e s  had a c h a r a c t e r i s t i c  s t r uc tu r e  which was always the same.  It is p o s -  
s ib le  that the age of the an ima l s  was an impor t an t  fac tor  in the i r  d i scove ry  (we used young ra t s ) ,  or  ce r t a in  
technica l  condit ions for  which no al lowance was made.  The final solution to this  p rob lem must  await  fu r the r  

investigation. 
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