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The effect  of exogenous adenosine diphosphate (ADD on energy  p r o c e s s e s  in the mitochon-  
d r ia  of the developing b ra in  depends on the subs t ra t e  used  (succinate ,  g lutamate) .  In the 
case  of succinate ,  exogenous ADP ac t iva tes  predominant ly  the phosphorylat ing m e c h a n i s m  
of oxidation, w h e r e a s  in the case  of g lutamate  it ac t iva tes  r e sp i r a t i on  mainly.  The degree  
of regulat ion of phosph0ryla t ion by ADP on these  subs t r a t e s  is connected with the morpho-  
logical  f ea tu res  of the mi tochondr ia  and depends on the s tages  of development  of the b ra in .  

The abili ty of exogenous adenosine diphosphate (ADP) to act ivate  r e sp i r a t i on  of the b r a in  mitochon-  
d r i a  of v e r t e b r a t e s  has  been  desc r ibed  in the l i t e r a tu re  [9, 11]. Lit t le informat ion is avai lable  on the man-  
ne r  in which ADP regu la t e s  the intensi ty of r e sp i r a t i on  in the mi tochondr ia  of the developing b ra in  [4, 6, 8]. 

The w r i t e r  has  shown [4] that  exogenous ADP i n c r e a s e s  oxidation of glutamic acid in the mitochon-  
d r ia  of the r abb i t ' s  b ra in  by 3-4 t imes  but has  a lmos t  no effect  on the oxidation of succinate .  The intensi ty 
of r e sp i r a t i on  on each of these  subs t r a t e s  in the o rgane l les  studied v a r i e s  to a different  degree  with the 
animal' s age. 

Since during maturation of the brain mitochondria the intensity of oxidative phosphorylation coupled 
with respiration is known to increase [8, 16], it was decided to study the character of this effect of ADP on 
this process during the period of postnatal development. 

EXPERIMENTAL METHOD 

Resp i ra t ion  of a suspension of b ra in  mi tochondr ia  was  r eco rded  manomet r i ca l l y  fo r  20 rain, a f t e r  
which it was  supp re s sed  by the addition of 50% TCA solution. The intensi ty of oxidative phosphoryla t ion  
in the TCA ex t rac t  was  de te rmined  f r o m  the d e c r e a s e  in inorganic phosphate (the method of Ennor and 
Rosenberg  in Kote l 'n ikova ' s  modif icat ion [5]). The methods  of isola t ion of mi tochondr ia  and of pro te in  
es t imat ion  and the composi t ion  of the incubation med ium were  the s ame  as  desc r ibed  prev ious ly  [4]. 

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

At all s tages  of postnata l  ontogenesis  invest igated,  phosphoryla t ion  coupled with g lu tamate  oxidation 
was  r e c o r d e d  in the mi tochondr ia  of the r abb i t s '  b r a in  in the absence  of ADP in the incubation medium.  
Under  these  conditions the value of P / O  was  usual ly  h igher  in the mi tochondr ia  of the b ra in  s t em (2.46- 
3.95) than in the mi tochondr ia  of the co r t ex  (2.42-3.01). 

Injection of ADP into the incubation med ium ac t iva ted  the phosphoryla t ion  of this  subs t ra te  (Fig. 1). 
In the ea r ly  s tages  of postnata l  ontogenesis  ( l s t - 5 th  days),  s t imulat ion of phosphoryla t ion was  l e s s  m a r k e d  
(about twice) c o m p a r e d  with at  the subsequent s tages  of development  and in the s tate  of sexual  ma tu r i ty  
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Fig.  1. Stimulation of phosphorylation 
and re sp i r a t ion  of mi toehondr ia  of the 
c e r e b r a l  co r t ex  (I, I1) and bra in  s tem 
(III, IV). Substrate glutamate.  I a n d l I I -  
r e sp i r a t ion  control ;  II and I V - s t i m u -  
lation of phosphorylation.  
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Fig. 2. Stimulation of phosphorylat ion 
and r e sp i r a t ion  of mi tochondr ia  of the 
c e r e b r a l  co r t ex  (I, II~ and bra in  stem 
(III, IV). Substrate suecinate.  Legend 
as in Fig. 1. 

(activation by 3-3.5 t imes) .  In rabbits  aged 1-5 days, the in- 
c rease  in intensity of phosphorylat ion in the mitochondria of the 
bra in  s tem under  the influence of ADP was more  marked  than in 
the cor t ica l  mitochondria .  However,  in the animals aged 15 and 
30 days and in sexually mature  animals ,  on the other  hand, the 
intensity of this p rocess  was inc reased  more  in the cor t ica l  
organelle s. 

Comparison shows that under the influence of ADP the in- 
tensi ty  of phosphorylat ion during oxidation of glutamate by the 
mitochondria  of the bra in  s tem increased  by a l e s s e r  degree in 
the course  of ontogenesis than the level  of resp i ra t ion  (Fig. D. 
Stimulation of these  p r o c e s s e s  was by 2.5-4 and 2-5.4 t imes ,  
respec t ive ly .  Meanwhile, phosphorylat ion in the cor t ica l  mito-  
chondria  was act ivated by 1.3- 3.6 t imes ,  and resp i ra t ion  by 
1.5-3.8 t imes .  As a resul t ,  at all stages of development the P/O 
ra t io  in the mitoehondria  of the bra in  s tem was considerably r e -  
duced in the p resence  of exogenous ADP. In the cor t ica l  mito-  
chondria,  however ,  this was  only a tendency. 

Hence, depending on the type of bra in  mitoehondria ,  exo- 
genous ADP ei ther  affects  r e sp i ra t ion  and oxidative phosphory-  
lation proport ionately  during oxidation of glutamie acid (cor t i -  
cal  fraction) or  it ac t ivates  r e sp i ra t ion  predominantly and low- 
e r s  the level  of coupling with phosphorylat ion (bra in-s tem 
fraction).  

The cor t ica l  and brain-s tem:  mitochondria  in all age groups 
can c a r r y  out the oxidative phosphorylat ion of succinate in the 
absence of ADP. The intensity of this  p ro ce s s  in the mitoehon- 
dr ia  (in mic roa toms  inorganic phosphorus per  mi l l ig ram mito-  
chondrial  protein per  hour) was vir tual ly  identical in newborn 
(cor tex  2.25, bra in  s t em  2.14) and sexually mature  rabbi ts  
(cor tex  2.01, bra in  s tem 2.9). 

Exogenous ADP st imulates  oxidative phosphorylat ion of suecinate in both types of mitochondria  
(Fig. 2). In animals  aged 15, 30, 60, and 120 days the effect  of ADP was much more  marked  than in new- 
born  animals  and rabbi ts  aged 5 days.  Comparison shows that f rom the 15th day af te r  b i r th  the intensi ty 
of phosphorylat ion in the investigated f rac t ions  r i s e s  more  under  the influence of ADP than the intensity of 
resp i ra t ion .  This is r e f l ec ted  in the vir tual ly  equal increase  in the values  of the P/O ra t io  for  the mi to-  
chondria  of the cor tex  and bra in  s tem.  In the organel les  investigated, exogenous ADP thus act ivates  p re -  
dominantly oxidation linked with phosphorylat ion in succinate metabol ism at all s tages of postnatal  
ontogene sis .  

This investigation shows that the level  and cha rac t e r  of regulation of phosphorylat ion of individual 
subs t ra tes  by ADP in the bra in  mitoehondria  a re  de termined  by the  morphological  and chemical  p roper t i e s  
of these organel les  and depend on the stages of bra in  development.  

In the ear ly  s tages of ontogenesis  ( l s t -5 th  days), when mitochondria  of the bodies of the neurons p re -  
dominated in the specimens,  the degree  of s t imulat ion of r e sp i ra t ion  and of coupled phosphorylat ion by 
ADP was much lower than at subsequent stages of development (10th-15th day), coinciding with the appear -  
ance of mitochondria  in the axon and dendri tes  [17]. At this t ime (the t ime of acquisi t ion of vision),  the 
veloci ty  of oxidative phosphorylat ion of glutamate in the mitochondria  of the bra in  begins to exceed that of 
succinate .  The fact that ADP st imulates  e lec t ron  t r anspor t  to a g rea t e r  degree  than energy format ion in 
the case of glutamate uti l ization can evidently be explained by the removal  of energy to mee t  endorgan ic re -  
qui rements  (the t rans loca t ion  of ions through the membrane ,  conformational  changes in s t ruc tu res ,  the 
t ransdehydrogenase  react ion,  and so on). The ability of r e s p i r a t o r y  c a r r i e r s  to be oxidized without the 
format ion  of a h igh-energy component was demonst ra ted  by the work of Green and Tzagaloff [13]. The facts  
descr ibed  above evidently demonst ra te  the special  ro le  of glutamate in the metabol ism of the recent ly  ma-  
tured neuron [2, 14]. 
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At the same  t ime ,  oxidative phosphoryla t ion of succinate in the p re sence  of ADP is accompanied  by 
the t r an s fo rma t i on  of energy  predominant ly  in the oxidative chain of this subs t ra te ,  a cha r ac t e r i s t i c  fea-  
tu re  of the mi tochondr ia  of both f rac t ions  f r o m  the t ime  of b i r th .  This  may  be connected with the specia l  
role  of succinate as a suppl ier  of energy  to mainta in  b ra in  act ivi ty.  Di f ferences  in the m e t a b o l i s m  of in- 
dividual subs t r a t e s  in the b ra in  mi tochondr ia  have been conf i rmed  polarographica l ly .  

These  r e s u l t s  a re  in a g r e e m e n t  with data in the l i t e r a tu re  re la t ing  to d i f fe rences  in the b iochemica l  
p r o p e r t i e s  of the bra in  mi tochondr ia  of growing and sexually ma tu re  an imals  [1, 10, 12], and they a lso  in- 
dicate d i f fe rences  between the regula t ion of energy  p r o c e s s e s  by ADP in the co r t ex  and b ra in  s tem.  The 
d i f fe rences  in the metabol ic  pathways of succinate and glutamate  in the mi tochondr ia  of the developing 
b ra In  a r e  evidently a s soc ia t ed  with the c h a r a c t e r  of compar tmen ta l i za t ion  of oxidase s y s t e m s  [15] and the 
access ib i l i ty  of the cor responding  subs t r a t e s  to them.  The succinate  s y s t e m  is known to be located both 
inside and outside the mi tochondr ia l  m e m b r a n e s ,  whe rea s  the oxidation of g lutamate  takes  place on the in- 
t e rna l  m e m b r a n e  s. 

Changes in the u l t r a s t r u c t u r a I  organizat ion of the b ra in  mi tochondr ia  in ontogene s is  a r e  a lso  de-  
sc r ibed  in the l i t e r a tu re  [3, 7]. These  fac ts ,  in conjunction with those desc r ibed  above, suggest  that  r egu-  
l a r  changes in the regula t ion of energy  product ion in the mi tochondr ia  of the developing b ra in  a re  i n t e r r e -  
la ted with the morphologica l  and chemica l  fo rmat ion  of these  o rgane l les  to co r r e spond  to the energy  needs  
of the o rgan i sm at dif ferent  s tages  of development .  
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