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The mi tochondr ia l  f rac t ion  and i ts  five subfrac t ions  isola ted by u l t racent r i fugat ion  in a su -  
c rose  densi ty  gradient  d i f fer  in the i r  prote in  content and levels  of specif ic  act iv i ty  of ey to -  
ch rome  oxidase ,  succ ina t e - cy toch rome  e -ox idoreduc tase ,  and ace ty lcho l ines t e rase .  

The re  is expe r imen ta l  evidence of d i f fe rences  in the b iochemica l  p rope r t i e s  of mi tochondr ia l  f r a c -  
tions i so la ted  f rom different  p a r t s  of the bra in  [4, 5, 14, 15]. Studies with e lee t ron  m i c r o s c o p e s  have shown 
that  mi tochondr ia l  f rac t ions  i so la ted  f rom the b ra in  by different ia l  centr i fugat ion m a y  contain, in addition 
to f ree  mi tochondr ia  and mi toehondr ia  bound with nerve  endings,  other  s t ruc tu ra l  components ,  such as 
synaptic ves i c l e s ,  myel in ,  m i c r o s o m e s ,  and so on [7, 8, 12]. 

In the invest igat ion descr ibed  below, the b iochemica l  p r o p e r t i e s  of mi tochondr ia l  f rac t ions  obtained 
by dif ferent ia l  centr i fugat ion were  studied. 

EXPERIMENTAL METHOD 

Mitoehondrial fractions were isolated from the cerebral cortex and brain stem of 5-6 rats in each 
experiment by differential eentrifugation by Biesold's method [I]. A fraction of the mitoehondria from 
whole rat brain also was used for comparison. These fractions were divided into five subfractions in a 
continuous sucrose gradient, with concentrations of 0.8, 1.0, 1.2, and 1.4 M, by the method of De Robertis 
and co-workers [6]*. A suspension of mitochondria in 0.25 M sucrose solution was layered on to the gra- 

dient and centrifuged at 120 000 g for 45 min. Five subfractions were isolated (A, B, C, D, and E), and 

their components were sedimented in 0.25 M sucrose solution at I00 000 g for 30 rain. 

The subfractions were examined under the electron microscope [2]. The mitochondrial fraction and 
subfractions were then investigated to determine the distribution of protein and oxidative enzymes: cyto- 
chrome oxidase (CO), suceinate-eytochrome c-oxidoreductase (SCOR), and acetylcholinesterase (ACE}. 
Activity of these enzymes was measured speetrophotometrically: of CO by the method of Hess and Pope 
[9], of SCOR by the method of Potter and Schneider [13], and of ACE by Hestrin's method [I0]. Protein was 
determined by Lowry's method [ii]. The results were expressed in milligrams of cytochrome c and micro- 
moles acetylcholine,respeetively, per milligram protein per hour. The results of 18 experiments were 
analyzed by statistical methods. 

*The subfraot ions  were  isola ted by the use of a Superspeed-50  u l t racent r i fuge  at the L a b o r a t o r y  of I m m u -  
nology, V. P. Serbski i  Cent ra l  R e s e a r c h  Insti tute of Forens i c  Psych ia t ry .  
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E X P E R I M E N T A L  R E S U L T S  

With the same protein content in the original mitochon-  
drial fraction, the protein distribution in the homonymous 
subfraetions differed in the two parts of the brain. The pro-  
tein content in the mitochondrial  subfractions of the brain 
s tem,for  instance,  was much higher in A (myelin), but lower 
in C and D (mitochondria and nerve endings), than in the cor -  
responding subfractions of cortical  mitochondria and mi to -  
chondria from the whole rat brain. However,  the protein 
content in F+ (free mitochondria) was a lmost  identical in the 
structures tested. The enzyme activity of these subfractions 
can therefore be compared.  

Activity of oxidative enzymes  was found chiefly in sub- 
fractions C, D, and E (Table 1). However,  the specific ac-  
tivity of these enzymes ,  calculated per mil l igram protein 
of the fractions,  was highest in E, in which it was 2-5  t imes  
greater than in the other subfractions. Activity of the en-  
z y m e s  in subfraction E of the cortex was considerably higher 
than in the brain stem or the whole rat brain. A s imilar  
relationship between the cortex and other parts of the brain 
was observed for enzyme activity in subfraction D (mito- 
chondria of nerve endings). No such differences were found, 
however,  in subfraction C (Table 1). 

The distribution of activity of oxidative enzymes  among 
the various subfraetions a lso  differed in each part of the brain 
tested. The ratio between the specific activity of cytochrome 
oxidase in A, B, C, and D and its activity in E, for instance, 
was much lower in the cortical  mitochondria than in those of 
the brain stem. With respect  to SCOR, however,  this rule did 
not apply (Table 2). 

Investigation of the distribution of ACE among sub- 
fractions of the cortex and brain stem showed that activity 
of this enzyme was present in all subfractions, but was maxi -  
mal in subfraction C. In subfractions C + D (nerve endings) 
from the cortex and brain stem, 47% and 40~  of the total ACE 
activity, respect ively ,  was found. The specific ACE activity 
in the subfraction of nerve endings was much lower in the 
cortex than in the brain stem (10.4 and 14.5, respectively) .  

The e l ec tron-microscop ic  findings [2] showed that the 
mitochondrial  subfractions isolated by gradient centrifugation 
corresponded morphological ly  to those described previously  
by De Robertis  and co -workers  [7]. 

In a comparative study of the subfractions of pure mi to -  
chondria from different parts of the brain, no significant dif-  
ference was found in their protein content. The sl ightly lower 
protein content in the myel in  subfraction (A) and the higher 
content in subfractions of nerve endings (C and D) in the 
cortex than in the corresponding subfractions of the brain 
stem and whole brain correlate  with the morphological  data 
as regards the presence of conducting structures in these 
parts of the brain. This fact is also in agreement with re -  
sults obtained by investigation of mitoehondrial fractions 
from the bovine cerebral  cortex  and from the whole rat brain 
[6, 7]. 
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TABLE 2. Ratio between Enzyme Activities of Subfractions 
in Mitochondria f rom Cortex and Brain Stem of Rats (in %) 

C ytochrome oxidase SCOR 
Subfraction cortex brain stem 

C 
D 
E 

cortex brain stem 

9,8 18,6 
11,4 31,5 
23,2 43,8 
39,0 57,0 

100,0 100,0 

97,0 100,0 
128,0 100,0 
184,0 100,0 

18,7 
22,7 
21,7 
50,6 

100,0 

ll3,0 
120,0 
149,0 

11,4 
13,5 
19,0. 
45,6 

100,0 

100,0 
100,0 
100,0 

The mate r ia l  descr ibed,  indicating higher activity of oxidative enzymes in the subfractions of purified 
mitochondria  (E), and also in the mitochondria  of nerve endings (D) of the cor tex compared with the c o r -  
responding subfract ions of the bra in  s tem, are  in agreement  with ea r l i e r  findings obtained with he te roge-  
neous fract ions of mitoehondria  f rom these regions [4, 5]. The grea te r  affinity of CO for free mitoehondria  
(E) of the cor tex than of the brain  stem (184 and 100%,respectively), and the less  marked differences be-  
tween these subfract ions in their  SCOR activity (149 and 100%), cor respond to the view that the succinate 
oxidase system is re la t ive ly  more  important  in the per ipheral  port ions of sensory  sys tems in the mammal ian  
brain [3]. The smal le r  differences of enzyme activity between subfraetions C and D of the cortex and brain 
s tem compared  with the subfract ions E evidently ref lec t  some degree of s imi la r i ty  between the mi tochon-  
dr ia  of the nerve endings of these brain s t ruc tures .  At the same t ime, these resul ts  indicate biochemical  
differences between mitochondria  of different types (free, and bound with nerve endings). 

No significant differences were found between the distr ibution of acetylchol ines terase  among the sub-  
fract ions of the cor tex and brain stem. Activity of this enzyme was mainly associa ted with the subfractions 
of nerve ending (C). This is in ag reement  with the findings of De Robert is ,  obtained on the whole ra t  brain  
[6]. The differences d iscovered  in the present  exper iments  between the level of specific ACE activity in 

the subf rac t ions  of nerve endings in the par ts  of the brain  studied are  evidence of the importance of cho-  
l inergic mechan isms  in the brain  stem. No other comparat ive  data of this kind re la t ing to metabolism of 
the subfract ions are  presen t  in the l i tera ture .  

The resul t s  descr ibed above evidently ref lec t  differences in the organization of mitochondrial  metabo-  
l ism in par ts  of the centra l  nervous sys tem which differ in their  s t ruc ture  and functions. They demonstra te  
the morphochemica l  heterogenei ty  of the mitochondria ,  which is independent of the presence  of other c o m -  
ponents in the fract ion of these 0rganelles .  

1. 

2, 

3. 
4. 

5. 

6. 

7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

L I T E R A T U R E  C I T E D  

D. Biesold, in: Biochemis t ry  and Function of the Nervous System [Russian translat ion],  Leningrad 
(1967), p. 115. 
N. N. Bogolepov and E. L. Dovedova, Tsitologiya, i i ,  189 (1969). 
L. M. Gershtein and E. L. Dovedova, Zh. Nevropat. i Psikhiatr., No. 6,865 (1968). 
E. L. Dovedova, Abstracts of Proceedings of the 4th All-Union Conference on Biochemistry of the 
Nervous System [in Russian], Tartu (1966), p. 41. 
Z. D. Pigareva, N. N. Bogolepov, G. P. Gulidova, et al., in: Mitoehondria. Structure and Functions 
[in Russian], Moscow (1966), p. 25. 
E. de Robertis, A. de Iraldi, R. de Lopes Arnais, et al., J. Neuroehem., 9, 23 (1962). 
E. de Robertis, R. de Lopes Arnais, L. Salganicoff, et al., J. Neurochem., I0, 225 (1963). 
E. Gray and V. Whittaker, J. Physiol. (London), 153, 35P (1960). 
H. Hess and A. Pope, J. Biol. Chem., 204, 295 (1953). 
S. Hestrin, J. Biol. Chem., 180, 249 (1949). 
O. Lowry, N. Rosebrough, A. Farr, et al., J. Biol. Chem., 193, 265 (1951). 
E. Petrushka and A. Giuditta, J. Bioehem. Cytol., 6_, 129 (1959). 
V. Potter and W. Schneider, J. Biol. Chem., 142, 543 (1942). 
A. Tolani and G. Talwar, Biochem. J., 88, 357 (1963). 
N. Weiner, J. Neurochem., 6, 79 (1960). 

44 


