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A rapid method of isolating differentiated synaptosomes f rom rat  brain tissue is 
described. The e lec t ron-mic roscop ic  charac te r i s t i cs  of the fract ions,  their  d is t r i -  
bution of activity of the enzymes monoamine oxidase, Na,K-adenosine-tr iphosphatase,  
inosinediphosphatase, and acid phosphatase, and their incorporation of p r ecu r so r s  of 
protein synthesis and RNA in vivo are  described. 

The study of enr iched fract ions of nerve endings (synaptosomes) [8, 10] has shed new light on the bio- 
chemis t ry  of synapses  [1]. Before the functions of biologically active substances and the biosynthetic p ro -  
cesses  can be investigated in synaptosomes,  a rapid method of their isolation is essential .  This paper de- 
scr ibes  an attempt to develop such a rapid method of isolating differenttated synaptosomes.  

Subcellular fract ionation of the ce rebra l  cor t ical  t issue of ra ts  weighing 110-120 g was ca r r i ed  out 
at 4~ using the Beckman Spinco L-2 prepara t ive  ul tracentrifuge.  A 10% homogenate in 0.32 M sucrose  
with 0.05 M tris-HC1 (pH 7.4) was centrifuged at 1000 g for 10 rain. Since a lower yield of the fract ion of 
"coarse  r mitochondria  (CM) was p r e f e r r ed  to contamination by mic rosomes ,  the CM were  isolated f rom 
the supernatant at 10,000 g (20 rain) and then washed under the same conditions. The postmitochondrial  
f rac t ion of the supernatant  was centrifuged (55-60 min) at 18,000 g and "coarse"  mic rosomes  obtained in 
the residue.  The CM were  separated by centrifugation at 130,000 g in a stepwise sucrose  density gradient 
by De Rober t i s ' s  method [7] in the w r i t e r s '  modification. To obtain differentiated synaptosomes in a pure r  
form,  a gradient  (No. 1) consisting of equal volumes of 0 . 8 - 1 . 0 - 1 . 1 - 1 . 2  M sucrose  was used. The "pur-  
est" mitochrondria  were  obtained by the use of a gradient of 0 . 8 - 1 . 0 - 1 . 1 5 - 1 . 3  M sucrose ,  this t ime by 
centrifugation for  60 min. The gradients  were carefully layered f rom cold sucrose  solutions 30-60 min 
before fractionation. To obtain myelin in a purer  form, the CM were suspended in 0.8 M sucrose  (final 
concentrat ion ~0.6 M). The following fract ions were obtained: myelin (at the 0.6-0.8 M gradient  boundary), 
synaptic membranes ,  light synaptosomes,  heavy synaptosomes,  and "pure" mitochondria (residue). The 
mater ia l  of the fract ions was diluted with 0.15 M sucrose  and centrifuged at 20,000 g (40 rain), and the r e s -  
idue was suspended in the corresponding incubation medium and kept at -20~ (if necessary) .  By the method 
suggested, differentiated synaptosomes can be isolated in 2.5-3 h. F rom 300 mg ra t  cerebra l  cort ical  t i s -  
sue about 8 mg CM protein was isolated. 

E lec t ron-mic roscop ic  investigation of the fract ion (Fig. 1; Table 1) showed a high level of enr ich-  
ment and a sa t i s fac tory  state of p reserva t ion  of the s t ruc tures .  As was to be expected [8], monoamine oxi- 
dase (MAO) activity was maximal  in the "pure" mitochondria,  and t ranspor t  adenosinetriphosphatase (ATPase) 
was maximal  in the synaptic membranes  (Table 2). The lysosomal  enzyme, acid phosphatase, was diffusely 
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TABLE i. Electron-microscopic Characteristics of Subcellular Fractions 

Fractions Characteristics 

Myelin 

Synaptic membranes 

Ligh t  s y n a p t o s o m e s  

Heavy s y n a p t o s o m e s  

"Pure" mitochondria 

"Coarse" microscomes 

B e s i d e s  m y e l i n  f r a g m e n t s ,  m y e l i n a t e d  axons  (up to 15%) w e r e  
p r e s e n t  w i th  t h e i r  a x o p l a s m  i n t a c t  ( m i t o c h o n d r i a  and n e u r o -  
t u b u l e s  v i s i b l e ) ;  the  m i t o c h o n d r i a  w e r e  v i r t u a l l y  u n c o n t a m -  
i n a t e d  by s y n a p t o s o m e s  

Main ly  " g h o s t s "  of s y n a p t o s o m e s  wi th  w a s h e d - o u t  c y t o p l a s m  
o r  l a r g e  m e m b r a n e  f r a g m e n t s ;  up to 20% of m y e l i n ,  15% of 
s m a l l  s y n a p t o s o m e s ,  and 15% s m a l l  m e m b r a n e  f r a g m e n t s  

Main ly  s y n a p t o s o m e s  wi th  " i igh t"  c y t o p l a s m ,  s o m e  wi th  p o s t -  
s y n a p t i c  m e m b r a n e s ;  up to 20% of m e m b r a n e  m a t e r i a l  

Ma in ly  s y n a p t o s o m e s  wi th  " de nse "  c y t o p I a s m ,  con ta in ing  m o r e  
m i t o c h o n d r i a  than  the l i g h t  f r a c t i o n ;  up to 20-35% of m i t o -  
c h o n d r i a  

M i t o c h o n d r i a  wi th  i n t a c t  c r i s t a e ;  up to 20-30% c o n t a m i n a t i o n  
by s y n a p t o s o m e s  and m e m b r a n e  m a t e r i a l  

S m a l l  f r a g m e n t s  of d i s i n t e g r a t e d  m e m b r a n e  s t r u c t u r e s  of e n d o -  
p l a s m i c  r e t i c u l u m  and  p l a s m a  m e m b r a n e s ;  s o m e  m e m b r a n e s  
(20%) a s  " m i c r o s o m a l "  v e s c i c l e s ,  up to 10-20% c o n t a m i n a t i o n  
wi th  s y n a p t o s o m e s  

Note .  In a l l  f r a c t i o n s  d e n s e  o s m i o p h i l i c  s t r u c t u r e s ,  e v i d e n t l y  l y s o s o m e s ,  a r e  found.  When g r a d i e n t  No. 1 
w a s  u s e d ,  the  f r a c t i o n s  o b t a i n e d  in the  m o s t  e n r i c h e d  f o r m  w e r e  m y e l i n ,  s y n a p t i c  m e m b r a n e s ,  and l i g h t  
and  heavy  s y n a p t o s o m e s ,  wh i l e  when g r a d i e n t  No. 2 w a s  u s e d ,  the c o r r e s p o n d i n g  f r a c t i o n s  w e r e  m t t o c h o n -  
d r i a ,  l i gh t  s y n a p t o s o m e s ,  and m y e l i n .  

T A B L E  2. M e t a b o l i c  C h a r a c t e r i s t i c s  of S u b c e l l u l a r  F r a c t i o n s  

Fractions 
Characteristics cqarse" synaptic light heavy "pure" 

|micro- myelin mem- synapto- synapto- mito- 
[somes branes somes sornes  chondria 

Protein content (% I 
of CM) -- 37 [ 23 

Specific activity of 32 992 18 735 19 879 
protein synthesis 4.2 855 • 4.1 438 

Specific activity of RNA 6 639 972 2 446 
synthesis :~866 _--4-21 __.245 

MAO activity 10,4 21,0 I 59,7 
+1,5 ~2,2 t 4.8,7 

Activity of Na, K-ATPase 8,3 9,6 I 5,6 
+1,1 4-1,0 I +__0,7 

IDPase activity 5,9 5,15 I 0 
4-0,6 4-0,45 I 

Acid phosphatase 
activity 

Note. 

3,94 
~0,4 

8 11 16 

14657 13901 15942 
4-2 697 4-159 ~794 

2 134 3 040 1 122 
:t:97 ___525 __+72 

0 0 15,0 
• 

9,7 27,4 19,8 
4-0,1 +1,7 4-1,4 

- -  6 , 2  3 , 0  
~c0,5 4-0,4 

5,2 3,47 2,93 
• 4.0,1 ___0,07 

3 ,52  2,73 
___0,4 :t:0,15 

Spec i f i c  a c t i v i t y  in both  c a s e s  g iven  a s  p u l s e s / m i n / m g  
protein [i, 5] after intracerebral injection of lysine-H 3 and orotic 
acid-C 14 3 h before decapitation. MAO activity in ~moles sub- 
strafe (P-nitrophenylethylamine)/rng protein/min [4]. Activity 
of Na, K-ATPase calculated from difference between Na,K,Mg- 
and Mg-ATPase, expressed in ~moles Pin/rag protein/h; activity 
of IDPase and acid phosphatase expressed in ~moles substrate/ 
mg protein/rain [4]. Results given for gradient No. i. 
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Fig. 1. E l e c t r o n - m i c r o s c o p i c  cha rac t e r i s t i c s  of subcel lu lar  
f rac t ions :  1) synapt ic  m e m b r a n e s ;  2) synaptic  contacts ,  f r agmen t  
of fraction CM; 3) ~pure" mitochondria; 4) microsomes; 5) myelin; 
6) heavy synaptosomes. Fixation in 0.5% OsO4 solution in 0.05 M 
tris-HCl (pH 7.4) containing 0.4 mole sucrose (40 rain; 0-2~ 
Embedded in Araldite, sections shadow-cast with uranyl acetate 
and lead citrate [2, 3]. 

dis t r ibuted in the synaptic  s t r uc tu r e s  [10], and inosinediphosphatase ( IDPase) , regarded  as m a r k e r  of the 
m i c r o s o m a l  m e m b r a n e s  of the l iver ,  was  also found in these  exper imen t s  in the synaptic m e m b r a n e s ,  a l -  
though m i c r o s o m a l  contaminat ion in the synaptic s t ruc tu res ,  as shown by e l e c t r o n - m i c r o s c o p y  and by the 
r e su l t s  of prote in  and RNA synthes is  in vivo (Table 2), was  min imal .  

The rap id  method descr ibed  above has advantages  over  other  methods [6, 9],for it enabled di f feren-  
t ia ted synap tosomes  to be obtained and at the same  t ime  gives highly enr iched f rac t ions  of myelin,  l ight 
synap tosomes ,  and mi tochondr ia .  
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