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A study of r e s p i r a t i o n  of the l i ve r  mi tochondr ia  of r a t s  a f t e r  48 h of s t a rva t ion  r evea led  a 
fall of 20% in the ra te  of ADP-s t imu la t ed  subs t ra t e  oxidation compared  with the r a t e  of un-  
coupled r e sp i r a t i on .  Th i s  effect  was  abolished by pre incubat ion of the mi tochondr ia  with 
carni t ine .  In the case of  l ive r  mi tochondr ia  f r o m  sa t ia ted  ra t s  the re  was a marked  d e c r e a s e  
In the r a t e  of r e sp i r a t i on  both in s ta te  3 and in s ta te  4, which was not abolished by earni t ine .  
Pre incuba t ion  of these  mi tochondr ia  with ~ -ke tog lu t a r a t e  led to an i n c r e a s e  in the r a t e  of 
r e sp i r a t ion  in s t a t e s  3 and 4 during succinate  oxidation. The  r e su l t s  suggest  the ex is tence  
of at  l ea s t  two methods of regulat ion of adenine-nucleot ide  t r a n s p o r t  in the mitochondrion 
depending on the metabol ic  s ta te  of the o rgan i sm:  1) inhibition of adenine-nucleot ide  t r a n s -  
locase  by cy top lasmic  acyl-CoA;  2) control  of the s ta te  of the endogenous adenine-nucleot ide  
r e s e r v e s  in the mi tochondr ion.  
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It has  r ecen t ly  b e c o m e  c l ea r  that the t r a n s p o r t  of ADP and ATP through the inner  mi toehondr ia l  
m e m b r a n e  with the aid of adenine-nueleot ide  t r a n s l o e a s e  (ATase) as the c a r r i e r  i s  an impor tan t  s tage in 
the gene ra l  p r o c e s s  of oxidative phosphoryla t ion  [2-4]. It is a fact  of g rea t  in te res t  that acyl de r iva t ives  
of coenzyme A, such as  pa lmi toy i -CoA,  a re  compet i t ive  inhibi tors  of ATase  [8, 12]. The  effect  of acyl -CoA 
on adenine nueleotide t r anspo r t  may pe rhaps  play an impor tan t  ro le  in the regulat ion of mi tochondr ia l  
funct ions,  for  the i r  concentra t ion  v a r i e s  with the metabol ic  s ta te  of the o r g a n i s m  [5, 7, 11]. However ,  the 
inhibition of adenine-nueleot ide t r a n s p o r t  through the inner  mi tochondr ia l  m e m b r a n e  by acyl  de r iva t ives  
of CoA has been proven  only for  a s y s t em  in v i t ro ,  and some worke r s  deny the physiological  ro le  of this 
effect  [8]. 

The  object of this invest igat ion was to study the poss ib le  physiological  ro le  of acyl  de r iva t ives  of 
coenzyme A in the regulat ion of ADP-dependent  mi tochondr ia l  r e sp i r a t i on  depending on the metabol ic  s ta te  
of the o r g a n i s m  as re f lec ted  in s ta rva t ion  for  48 h and sat ie ty.  

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

Male Wis t a r  r a t s  kept on a ba lanced diet  were  depr ived of food for  48 h be fo re  sac r i f i ce .  In ex p e r i -  
men t s  on sa t ia ted  an imals  the r a t s  were  decapt ia ted 1 h a f te r  feeding. L ive r  mi tochondr ia  were  isolated by 
Weinbach 's  method [14]. Mitochondrial  r e sp i ra t ion  was de te rmined  po la rograph iea l ly  with a p la t inum e lec -  
t rode  of the s emi -open  type. The incubation conditions a r e  given in the captions to the f igures .  P ro te in  
was de te rmIned  by the b iu re t  method [1]. 
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Fig. 1o Respirat ion of l iver  mitochondria  of fasting ra t s .  Medium: KC1 125 mM, t r i s -  
HC1 20 mM, pH 7.4, KH2PO 4 5 mM, MgCI 2 0.5 mM. Mitochondrial prote in  (Mito) 2.5 mg. 
Substances added: suecinate (Succ) 5 raM, glutamate (Glu) with malate  (Mal) 5 and 1 mM 
respect ively ,  (~-ketoglutarate (~-Ketoglu) 5 raM, ADP 100 mM, chlorocarbonyleyanide-  
phenylhydrazone (CCP) 5" 10 -7 M, earnit ine (Car) 1.25 mM, rotenone (Rot) 3 mM. 
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Fig. 2. Respira t ion of l iver  mitochondria  of satiated ra ts  (conditions of incubation as in 
Fig. 1). 

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

Mitoehondria f rom the liver of the s tarved ra ts  had a ra te  of respi ra t ion in state 3 on the average  20% 
lower than the rate  of uncoupled resp i ra t ion  (Fig. 1A, C, E). This  fall was observed both during oxidation 
of sueeinate by the mitochondria  and during oxidation of NAD-dependent subs t ra tes :  glutamate with malate,  
and ~-ketoglutara te .  Considering the increased  concept of acyl-CoA in the l iver  cells dur ing starvat ion 
[7, 11], the observed fall in the rate of ADP-st imula ted  respi ra t ion  in the l iver mitochondria  of the fasting 
ra t s  was considered to be due to b ind ingof  aeyl-CoA with ATase.  As Fig. 1B, D, F shows, preincubation 
of the mitoehondria  with 1 mM carnit ine led to an increase  in the rate  of respi ra t ion after the addition of 
ADP which, in this case ,  was almost  indistinguishable f rom the rate  of respi ra t ion after uncoupling. Aboli- 
tion of the inhibition was probably  due to removal  of acyl-CoA f rom the c a r r i e r  as a result  of the formation 
of aeyl-earni t ine  and its t ranspor t  through the inner mitochondrial  membrane .  It is known that up to 50% of 
the in t racel lu lar  activity of pa lmi toyl -carn i t ine  t r ans fe rase  is localized in this membrane  [13]. Inhibition 
of adenine nucleotide t ranspor t  revealed by these experiments  on fasting animals can evidently explain the 
inc rease  in the intramitochondrial  phosphate potential under these same conditions [7]. 

Experiments  with mitochondria  isolated f rom the l iver  of the satiated animals showed a decrease  in 
the ra tes  of resp i ra t ion  in both state 3 and state 4 compared with resp i ra t ion  of mitochondria  f rom the l iver  
of the fasting ra ts  (Fig. 2A, C, D). In this case  preincubation of the mitochondria  with carnit ine had no 
effect on the rate  of ADP-dependent respi ra t ion (Fig. 2B). It was also found that c~-ketoglutarate is oxidized 
dized in s tates  3 and 4 at higher  ra tes  than glutamate with malate.  The rate of phosphorylat ion of exogen- 
ous ADP is known to be d i rec t ly  proport ional  to the ATP concentration inside the mitoehondria  [2]. It was 
accordingly postulated that the decrease  in the rate  of respi ra t ion  of these mitochondria  in state 3 is linked 
with a dec rease  in the metabolic r e s e r v e s  of adenine nucleotides (ATP + ADP) and an inc rease  in the concen- 
t rat ion of AMP in the matr ix .  This  state of the intramitochondrial  adenine nueleotides could be a metabolic 
distinguishing feature of the l iver  mitochondria  of the satiated ra t s  due to activation of the free fatty acids 
inside the mitochondria.  The rate  of oxidation of exogenous free fatty acids by the l iver  mitochondria  can 
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Fig. 3. Effect of preincubation with c~-ketoglutarate on ADP-dependent  
oxidation of succinate by l iver mitochondria  of satiated ra t s  (conditions 
of incubation as in Fig.  1). 

be ve ry  high [6]. Some interest ing resu l t s  in this connection have been obtained by Ross i  et al. [10], who 
showed that a change in the int ramitochondria l  adenine nucleotides in the direct ion of an increase  in the 
AMP concentrat ion during oxidation of oleate is  prevented by simultaneous oxidation of a -ke tog lu ta ra te .  

The resul ts  of  exper iments  to study the effect of p re l iminary  incubation with o~-ketoglutarate on ADP- 
dependent oxidation of succinate by the l iver  mitochondria  of satiated ra t s  are  given in Fig.  3. As a resul t  
of preincubation with ~-ke toglu tara te  the rate  of respi ra t ion  of the mitoehondria  in s tates  3 and 4 c lear ly  
was considerably increased  compared with the control.  These  resu l t s  can be explained by an increase  in 
the metabolic r e se rves  of adenine nucleotides within the mitochondria  as a resul t  of the convers ion of AMP 
into ATP in the p resence  of substrate  phosphorylat ion [10]. 

Highly specif ic  t ranspor t  of ATP and ADP through the inner  mitochondrial  membrane  is the limiting 
stage that de termines  the overal l  rate of phosphorylat ion of exogenous ADP or hydrolys is  of ATP [2, 4]. 
The resul ts  descr ibed in this paper  indicate that adenine-nucleotide t ranspor t  through the inner  mitochon- 
drial  membrane  depends on the metabolic state of the o rgan ism and can be controlled in at least two ways.  
In fasting animals  ATase is controlled by the inhibitory effect of acyl -der iva t ives  of coenzyme A. In satiated 
animals the rate  of t ranspor t  of adenine nucleotides is controlled by the size of their  metabolic r e s e r v e s .  
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