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Exper imen t s  with f resh ly  isolated r a t  l iver  mi tochondr ia  and mitochondria  aged by two different  
methods showed that the act ivi ty of the mitochondrial  fatty acid act ivat ion sy s t em can lead to in- 
hibition of adenine nucleotide (AN) t r a n s p o r t  through the inner mitochondrial  membrane .  Inhibi- 
tion of AN t r ans locase  was abolished by preincubating the mitochondria  with carni t ine .  A spec ia l  
fea ture  dist inguishing inhibition of AN t r ans locase  by aged mitochondria  is that these  mitochon- 
dr ial  m e m b r a n e s  contain fatty acids in sufficient concentra t ion to cause  inhibition on the addition 
of CoA and ATP.  The r e s u l t s  suggest  a ro le  for acyl-CoA fo rmed  by mitochondrial  acyl-CoA 
synthetase  in the regulat ion of AN t r anspo r t  in the mitochondrion.  
KEY WORDS: l iver  mitochondria;  fatty acid act ivat ion sys tem;  adenine nucleotide t r ans locase ;  
carni t ine .  

The view that  fat ty acids with a long carbon chain can affect  the t r a n s p o r t  of adenine nucleotides (AN) in 
mitochondria  was f i r s t  fo rmula ted  in papers  [14, 15] which showed inhibition of a t r ace ty los ide - sens i t i ve  binding 
and metabo l i sm of ADP and ATP in mitochondria  and submitochondria l  pa r t i c les  on the addition of oleate.  
Compared  with the fatty acid, its act ivated fo rm (acyl-CoA) has a more  marked  effect  on AN t r anspo r t  [8], and 
this effect  can be found in ce r ta in  physiological  s ta tes  of the o rgan i sm cha rac t e r i z ed  by an inc reased  in t ra-  
ce l lu lar  acyl-CoA concentra t ion  [9, 10]. The enzyme acyl-CoA synthetase ,  which conver t s  long-chain fatty 
acid into acyl -CoA,  is known to be p re sen t  in the m e m b r a n e s  of the endoplasmic re t i cu lum and in the outer 
mi tochondr ia l  m e m b r a n e  [12]. 

The object  of this investigation was to study inhibition of AN t r ans locase  by palmitoyl-CoA,  fo rmed by 
the mitochondria l  fatty acid act ivat ion sys tem.  

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

Male Wis ta r  r a t s ,  s t a rved  for 12 h before  sac r i f i ce ,  were  used to obtain mitochondria .  The mitochondria  
were  isolated f rom the l iver  by Weinbach 's  method [13]. Resp i ra t ion  of the mitochondria  was de termined 
po la rographica l ly  with a plat inum e lec t rode  of s emicove red  type. The incubation conditions a re  given in the 
captions to Figs .  1-3. The content of mitochondria l  prote in  was de te rmined  by the b iure t  method [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  

Activat ion of long-chain fatty acids by the enzyme acyl-CoA synthetase ,  located in the outer mitochondrial  
m e m b r a n e ,  is an important  s tage in the mechan i sms  of penetrat ion of fatty acids to the si te of  thei r  oxidation 
in mitochondria .  Inhibition of AN t r anspo r t  in mitochondria ,  known to take place on the addition of exogenous 
palmi toyl -CoA [8], does not explain the re la t ions  of the mitochondrial  fatty acid  act ivat ion s y s t e m  and AN t r a n s -  
locase .  It was the re fo re  decided to study the effect  of act ivat ion of palmita te  on AN t r anspo r t  in r a t  l iver  mi to-  
chondria .  
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Fig. 1. Effect of activation of palmitate on resp i ra t ion  of f reshly isolated 
mitochondria.  Incubation medium (in mM): KC1 125, Tris-HC1 buffer,  pH 
7.4, 20, KH2PO 4 5, MgC12 5. Mitochondrial protein 3 rag. Reagents added: 
succinate 5 mM, ADP 150 p M, chlorocarbonylcyanide phenylhydrazone 
(CCCP) 5 �9 10-?M, rotenone 1 /~g to 1 mg protein, palmitate 3 b+M, CoA 30 
/~M, carnit ine 1 mM. Volume of cuvette 1.35 ml. A) Control; ]3) palmitate;  
C) palmitate + CoA § ATP;  D) palmitate + CoA + ATP + carnit ine;  E) pal-  
mitate + CoA. 
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Fig.  2 Fig. 3 

Fig. 2. Inhibition of ADP-s t imula ted  succinate oxidation by aged mitochondria in the 
presence of CoA and ATP. Aging of mitochondria for 5 h at 5~ Conditions of incubation 
as in Fig. 1. A) Control; B) aging; C) CoA + ATP;  D) CoA; E) CoA + ATP + carnit ine.  

Fig. 3. Respirat ion of mitochondria aged in oxygen-free medium in presence  of CoA and 
ATP.  Aging t ime 15 min. Return to aerobiosis  achieved by addition of  catalase (2 /~g/ 
ml) and hydrogen peroxide (5 .10 -3 ml of 1~ solution). Conditions of incubation as in Fig.  
1. A) Control; B) aging; C)CoA + ATP;  D) CoA + ATP + carnit ine.  

Exper iments  to r eco rd  resp i ra t ion  of f reshly isolated mitoehondria (Fig. 1A, B) showed that palmitate in 
a concentrat ion of 3 mM did not affect ADP-st imula ted  oxidation of succinate by mitochondria.  In all experi-  
ments rotenone was added to the incubation medium to prevent oxidation of palmitate by the mitochondria.  On 
the addition of palmitate, coenzyme A, and ATP to this medium the respi ra t ion  rate  of the succinate-oxidizing 
mitochondria was reduced in state 3 on average by 34~c compared with the control,  whereas the ra te  of un- 
coupled respi ra t ion  was unchanged. This decrease  in the resp i ra t ion  ra te  of the mitochondria was caused by 
inhibition of AN t ranspor t  through the inner mitochondriaI membrane by palmitoyl-CoA formed as a resu l t  of 
the activity of mitochondrial  acyl-CoA synthetase,  for  carnit ine,  if added in a concentrat ion of 1 mM, r e s to red  
the maximal velocity of succinate bxidation in state 3 (Fig. 1F), by l iberating the AN c a r r i e r  f rom the inhibitor. 
On the addition of palmitate and CoA only to the mitochondria (F ig .  1E), inhibition of mitochondrial  respi ra t ion  
in state 3 was manifested as a decrease  in the response  only to the second addition of ADP. Judging from the 
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manifes ta t ion of the inhibitory effect  of pa!mitoyl-CoA it mus t  be cons idered  that  in this case  fatty acid ac t iva-  
tion took place with the util ization of ATP leaving the mitochondria  in exchange for the f i r s t  addition of ADP. 

It was shown previous ly  that aging of mitochondria  in v i t ro  is accompanied  by a dec rea se  in the content 
of mitochondria l  phospholipids and a s to ich iomet r ic  inc rease  in the concentra t ion of f ree  fatty acids (palmitic,  
s t ea r i c ,  oleic,  l inoleic,  and arachidic)  as  a r e su l t  of act ivat ion of endogenous phosphol ipases  [2, 3]. Accordingly 
the ADP-s t imu la t ed  oxidation of succinate  by aging mitochondria  in the p resence  of CoA and ATP or of CoA 
alone was studied. As Fig. 2 shows, the addition of CoA and ATP to such mitochondria reduced  the r a t e  of 
r e sp i r a t i on  of the mitochondria  in s tate  3, during oxidation of succinate,  which was presen ted  by the addition 
of carni t ine.  Considering the absence  of this effect  on f r e sh ly  isolated mitochondria ,  it can be concluded that 
the subs t ra t e  for the act ivat ing s y s t e m  under these  conditions must  be fatty acids fo rmed during hydro lys i s  of 
mitochondrial  phospholipids.  

Exper imenta l  data on inhibition of AN t r ans locase  by acyl-CoA in mitochondria  isolated f rom ischemic  
hea r t  t i s sue  have been obtained [11]. A convenient model for studying the effect  of i schemic  s ta tes  on the mi to-  
chondrion is anaerobic  aging of mitochondria  in vi tro.  It was shown previous ly  that, bes ides  other changes,  
anaerobios is  also causes  a dec r ea s e  in r e s p i r a t o r y  control  and the r e sp i r a t i on  ra t e  in s tate  3 in mitochondria ,  
and that  these  can la rge ly  be r e v e r s e d  by the addition of bovine s e r u m  albumin [6]. The effect  of smal l  per iods  
of anaerob ios i s  (15-20 rain) on r e sp i r a t i on  of the mitochondria  was invest igated.  It will be c l ea r  f rom Fig. 3 
that  anaerobic  aging for 15 min at 25~ caused prac t ica l ly  no change in the coupling of oxidation and phosphory-  
lation in the mitochondria .  Meanwhile, on the addition of CoA and ATP to the incubation medium there  was a 
marked  d e c r e a s e  in r e sp i r a t i on  in s ta te  3, which can be at t r ibuted to the action of the newly formed acyl-CoA 
on AN t r ans locase .  

The study of f ac to r s  influencing AN t r ans locase  act ivi ty is of cons iderable  in teres t ,  for  highly specif ic  
t r a n s p o r t  of ATP and ADT in mitochondria  is the l imit ing s tate  that  de te rmines  the overa l l  r a t e  of phosphoryla-  
t ion of exogenous ADP or hydro lys i s  of ATP [5, 7]. The r e su l t s  of the p resen t  exper imen t s  indicate that the 
working of the mi tochondr ia l  fatty acid act ivat ion sy s t em in v i t ro  may lead to inhibition of AN t r a n s p o r t  through 
the inner mi tochondr ia l  m e m b r a n e .  In recen t ly  isolated and aged mitochondria ,  and also in mitochondria  aged 
in an oxygen-f ree  medium,  no difference was found as  r e g a r d s  fatty acid act ivation,  manifes ted  as the inhibitory 
effect  of acyl-CoA on AN t r anspo r t  in all  the ca se s  examined.  A feature  which dist inguishes the inhibition of 
AN t r ans locase  in mitochondria  aged by the two different  methods is the p re sence  of fatty acids in these  mi to-  
chondria  in a sufficient concentra t ion to cause  inhibition on the addition of CoA and ATP.  In i schemic  t i ssue  
cel ls  the content of f ree  fatty acids  and inorganic phosphate is cons iderably  increased ,  and in high concen t ra -  
tions the l a t t e r  can cause  a h igh-ampl i tude  swelling of the mitochondria  with the l iberat ion of mitochondria l  
CoA [i ,  6]. 

The model si tuation examined in vi t ro  in these  exper iments ,  with inhibition of the adenine nucleotide 
t r a n s l o c a s e  of mitochondria  aged in an anaerobic  medium,  may thus r e f l ec t  r e a l  changes in mitochondria l  
me tabo l i sm in a t i s sue  or organ in an i schemic  s ta te .  
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