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SUMMARY 

It  has been found that  free fa t ty  acids and acylcarnitine inhibit ~-oxobutyrate 
utilization in rat liver mitochondria. I t  has been recognized that  the intramitochon- 
drial accumulation of acetyl-CoA, produced by the E-oxidation of activated fa t ty  
acids, is responsible for such inhibition. In fact acetyl-CoA is shown to inhibit ~-oxo- 
butyrate  dehydrogenase (e-oxoglutarate:lipoate oxidoreductase (acceptor acylating) 
EC 1.2.4.2 ) 

INTRODUCTION 

I t  has been shown that  e-oxobutyrate inhibits the oxidation of fa t ty  acids, 
thus preventing the formation and accumulation of ketone bodies 1. This action has 
been attr ibuted to a competition between e-oxobutyrate and fa t ty  acid for the utiliza- 
tion of intramitochondrially available ATP and CoAh Fa t ty  acids and ~-oxobutyrate 
require CoA for the formation of acetyl-CoA and propionyl-CoA, respectively. Further- 
more, the activation of fa t ty  acids requires ATP as does the carboxylation step 
in the utilization of ~-oxobutyrate leading from propionyl-CoA to methylmalonyl- 
CoA. 

I t  was reasonable to suppose that  fa t ty  acids in turn could influence the 
mitochondrial utilization of e-oxobutyrate in some way. Evidence that  fa t ty  acids 
inhibit e-oxobutyrate utilization through the formation of acetyl-CoA, which is an 
inhibitor of e-oxobutyrate dehydrogenase (~-oxoglutyrate:lipoate oxidoreductase 
(acceptor acylating), EC 1.2.4.2) is presented in this paper. 

METHODS AND MATERIALS 

Mitochondria were isolated from liver of Wistar albino rats by the conven- 
tional 0.25 M sucrose procedure. 

~(-Oxobutyrate and pyruvate were determined enzymatically according to 
BI~ICHER et al. 2. 

The activity of partially purified pyruvate dehydrogenase (pyruvate:l ipoate 
oxidoreductase (acceptor acylating), EC 1.2.4.i), prepared according to SCRIBA 
AND HOLZER 3, was measured by tile method of GARLAND AND RANDLE 4. The assay 
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is based on the two-stage oxidation of ~-hydroxybutyrate to e-oxobutyrate and to 
propionyl-CoA, which yields 2 moles of NADH per mole of propionyl-CoA formed. 
NADH formation was followed spectrophotometrically at 34 ° n m .  

H14COa- incorporation was determined in the following way: o.3 ml of 5 
M HC1 was added to I.O ml of the incubation mixture; after centrifugation the 
mitochondrial proteins were discarded and I.O ml of the supernatant was pipetted 
into the counting vial and stirred for 2o min at 4 °0 in order to eliminate residual 
H14Oa-; after cooling, IO ml of the scintillation liquid were added to the sample and 
radioactivity was measured in a Packard Tricarb spectrometer. 

Acyl-CoA was determined according to S()LING et alP. Mitochondrial proteins 
were determined by the usual biuret method 6. 

All reagents were of analytical grade. 
Sodium ~-oxobutyrate was purchased from Sigma Chemical Co. (St. Louis, 

Mo., U.S.A.). NaH14C03 was obtained from the Radiochemical Centre, Amersham 
(England). 

RESULTS 

Table I shows that octanoate and palmitoylcarnitine significantly prevented 
the disappearance of ~-oxobutyrate and the incorporation of HC140a -. The fact 
that ~-oxobutyrate disappearance and H C 1 4 0 3  - incorporation were parallel in- 
dicates that ~-oxobutyrate was transformed up to, or beyond, the carboxylation 
step leading to the formation of methylmalonyl-CoA. 

T A B L E  I 

ACTION OF F A T T Y  A C I D S  ON ~ - O X O B U T Y R A T E  D I S A P P E A R A N C E ,  H 1 4 C O 3  - I N C O R P O R A T I O N  A N D  A C E T Y L -  

C O A  C O N C E N T R A T I O N  IN RAT L I V E R  M I T O C H O N D R I A  

T h e  i n c u b a t i o n  m i x t u r e  c o n t a i n e d  in a f ina l  v o l u m e  of 2 m l :  i o  n lM p h o s p h a t e  buf fer  (pH 7.4), 
I8 m M  NaC1, 4 ° m M  KC1, 4 u lM MgC1 v 25 mM sucrose ,  0.o 5 m M  N A D  +, 5 m M  c~-oxobu ty ra te ,  
5 m M  NaH14COa (specif ic  a c t i v i t y  o .8 .  lO 2 c o u n t s / r a i n  pe r  nmole ) ,  o.o 5 m g  o l i g o m y c i n ,  15 m g  
m i t o c h o n d r i a l  p r o t e i n s .  T e m p e r a t u r e ,  37 % T ime ,  5 ra in .  

Additions o,-Oxobutyrate H I 4 C O a -  Acetyl-CoA conch. 
disappearance incorporation (nmoles/Io mg 
(nmoles/mg (nmoles/rng protein) 
protein per rain) protein per rain) 

(I) 3 m M  A T P  2o 
(2) 3 m M  A T P ,  I m M  o c t a n o a t e  8 
(3) 3 nIM A T P ,  o.2 m M  p a l m i t o y l c a r n i t i n e  12 
(4) N o n e  15 
(5) I m M  o c t a n o a t e  15 
(6) 0.2 m M  p a l m i t o y l c a r n i t i n e  8 

6.45 o . I o  
2.77 1.5o 
3.1o 1.2o 
O 0 . 0  5 

O O.O 5 

o 0.98 

It  can also be observed that in the absence of added ATP no incorporation 
of H14CO3 - occurs, while a significant amount of e-oxobutyrate still disappeared. 
I t  can be deduced that in the absence of ATP, e-oxobutyrate utilization is limited 
to the formation of propionyl-CoA, i.e. to a step preceeding the carboxylation reac- 
tion which is ATP dependent. It  is expected that under these conditions propionyl- 
CoA accumulates. 
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Furthermore,  in the absence of ATP, palmitoylcarnitine still inhibited x- 
oxobutyra te  disappearance, while octanoate was ineffective. This indicates tha t  
in order to inhibit e -oxobutyra te  utilization fa t ty  acids must  be act ivated and 
presumably oxidized. 

In fact, as is shown in Fig. I, the ability of fa t ty  acids to inhibit oxobutvra te  
utilization which is proportional to their carbon chain length strictly paralleled their 
known rate of activation and oxidation 7. 
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Fig. 1. Compar ison of percent  inh ib i t ion  of ~ -oxobu ty ra t e  ox ida t ion  by different f a t t y  acids and 
the i r  re la t ive  ac t iva t ion  veloci ty.  The inhib i t ion  was de te rmined  by  measur ing  the  incorpora t ion  
of H14CO3 in to  ~ -oxobu ty ra t e  under  condi t ions  described in Table  I, Expt .  2. F a t t y  acids were 
added  a t  the fol lowing concen t ra t ions :  4 mM aceta te ,  2 mM bu ty ra t e ,  2 mM hexanoa te  and 
i mM octanoate .  The re la t ive  ac t iva t ion  ve loc i ty  of the  f a t t y  acids employed  is t aken  from 
.X,[.~.HLER et al. 7. 

As it is known, fa t ty  acid activation involves a utilization of ATP and CoA 
and both these factors are also necessary for the transformation of e -oxobutyra te  
to methylmalonyl-CoA. The possibility that  fa t ty  acid could have inhibited ~.- 
oxobutyra te  disappearance and HHCOa - incorporation by inducing an intramito- 
chondrial shortage of ATP can be ruled out in the light of the results reported in 
Table II.  

These results show that  in the presence of NAD +, oligomycin and ATP, ¢~c- 
t a n o a t e  inhibited the incorporation of H~aco3 - in the presence of ~.-oxobutyrate, 
but  st imulated the H14CO3 - incorporation in the presence of pyruvate.  

T A B L E  11 

A C T I O N  O F  O C T A N O A T E  O N  0 ~ - O X O B U T Y R A T E  A N D  P Y R U V A T E  D I S A P P E A R A N C E ,  A N I )  O N  H i ' I ( ' (  ) a -  

I N C O R P O R A T I O N  I N  T H E  P R E S E N C E  O F  ~ - O X O B U T Y R A T E  A N D  P Y R U V A T E  

Incuba t ion  med ium as in ] 'able  1, w i thou t  ~ -oxobu ty ra te ,  plus 3 m.M ATP. Tempera t u r e  and  
t ime  as in ] 'able  I. 

,4 dditions Subs/rate 
disappearance 
(nmoles/mg 
protein per rain) 

(1) 5 mM a - o x o b u t y r a t e  2o 
(2) 5 mM ~-oxobutyra te ,  r mM oc tanoa te  S 
(3) 5 mM p y r u v a t e  18 
(4) 5 mM pyruva t e ,  i mM oc tanoa te  7.5 

H14C03 
incorporation 
(nmoles/mg 
protein per mi~) 

6.45 
2.77 

]5.I  
25.0 
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Since the carboxylation of pyruvate to oxaloacetate and of propionyl-CoA 
to methylmalonyl-CoA are both ATP dependent, a shortage of ATP does not appear 
to be the cause of the observed effects of octanoate. 

Another possibility was that  e-oxobutyrate inhibition was due to the accumu- 
lation of acetyl-CoA produced during fa t ty  acid oxidation. 

I t  is known that  acetyl-CoA inhibits pyruvate dehydrogenase 4, which is con- 
sidered responsible also for the oxidative decarboxylation of ~-oxobutyrate 8, the 
upper homologue of pyruvate.  

Indeed as is shown in Fig. 2 acetyl-CoA added to a partially purified prepara- 
tion of pyruvate dehydrogenase inhibits the oxidative decarboxylation of ~-oxo- 
butyrate.  This inhibition is of the same order of that  observed using pyruvate as 
substrateL 

0.14C r a t e  

0.10C 

O.O6C 

~ / ~ -  - acetyI-CoA 
O.O2O 

I I I I 
o ' ' ' 2 o  Time (min) 

Fig. 2. Act ion of acetyl-CoA on ~ -oxobu ty ra t e  ox ida t ion  l)y a pa r t iMly  purif ied p repa ra t i on  of 
p y r u v a t e  dehydrogenase .  In a final vo lume of 1.8 illl the  m i x t u r e  con ta ined :  13 ° mM Tr i s -HCl  
buffer (pH 7-4), 15 nlM MgCl 2, 2. 5 mM EDTA,  i nlM th i amine  py rophospha t e ,  i mM NAD% 
5 nlM 2-mercap toe thanol ,  IO uni t s  of l ac t a t e  dehydrogenase  (Boehringer),  O.Ol un i t  of p y r u v a t e  
dehydrogenase ,  lO mM ~ - h y d r o x y b u t y r a t e .  Where  ind ica ted  5oo nmoles  of acetyl -CoA were added.  
The reac t ion  was s t a r t ed  by  add i t ion  of 5o0 nmoles  of CoA. As p rev ious ly  men t ioned  (see METHODS 
AND MATF, RIALS), a - h y d r o x y b u t y r a t e  is used in the place of a - o x o b u t y r a t e  for obvious  technica l  
r oasons. 

That  acetyl-CoA really accumulates when mitochondria are incubated in 
tile presence of fa t ty  acid and ATP, or palmitoylcarnitine in tile absence of ATP, 
is demonstrated by the results reported in the last column of Table I. 

I t  is likely that  the acetyl-CoA concentration reached within the mitochondria 
when fa t ty  acids are oxidized under the conditions described, is sufficient to inhibit 
oxo-acid dehydrogenase. 

DISCUSSION 

Tile results reported in the present paper clearly show that  fat ty  acid oxida- 
tion, through the formation of acetyl-CoA, inhibits ~-oxobutyrate utilization by 
rat liver mitochondria. 

This conclusion has been drawn from the evidence that  acetyl-CoA inhibits 

Biochim. Biophys. Acta, 653 11971 ) 24-28 



28 M. ClMAN et al. 

~-oxobyutrate dehydrogenase (see Fig. 2) and that  an accumulation of acetyl-CoA 
occurs within liver mitochondria incubated in the presence of fa t ty  acid or acyl- 
carnitine (see Table I). 

Even though the inhibition of the purified enzyme is lower than that  ob- 
served with isolated mitochondria, it is tempting to speculate that  within the mito- 
chondria the conditions are such that  the acetyl-CoA inhibition on e-oxobutyrate 
dehydrogenase might be more pronounced. 

The observation that  Ht4CO a- incorporation in mitochondria incubated in 
the presence of ~-oxobutyrate is inhibited by fat ty  acid or acylcarnitine, lends fur- 
ther support to our conclusion. Such an inhibition is the consequence of a reduced 
oxidation to propionyl-CoA, the step preceeding the carboxylation reaction lead- 
ing to methylmalonyl-CoA. On the contrary, fat ty  acid and acylcarnitine have 
been found to stimulate H~4COa incorporation in the presence of pyruvate (see 
Table II). The latter observation is in line with the knowledge that  acetyl-CoA 
stimulates pyruvate carboxylase 9. 

From the present results it appears that  in mitochondria ~-oxobutyrate 
oxidative decarboxylation is controlled by the level of intramitochondrial acetyl- 
CoA, while the following carboxylation step, leading to methylmalonyl-CoA is 
controlled by ATP. 

BOHMER AND BREMER TM have shown that  under different physiological con- 
ditions the acetylcarnitine content increases when propionylcarnitine decreases and 
"l~icg 7)elesa. 

Assuming that  propionyl-CoA and propionylcarnitine ~0, as well as acetyl- 
CoA and acetylcarnitine are in a close equilibrium n, the present results, together 
with those related to the mechanism by which ~-oxobutyrate and propionate in- 
hibit fa t ty  acid oxidation ~, give a reasonable explanation for ]=~OHMER AND t~REMER'S TM 

observations. 

R E  F E  R E N C E S  

1 M. CIMAN, in  t h e  press .  
2 r .  BUCHER et al., in  H. U. BERGMEYER, Methods of Enzymatic Analysis, A c a d e m i c  Press ,  N e w  

Y o r k ,  1963, p. 253. 
3 p .  SCRIBA AND H. HOLZER, Biochem. Z., 334 ( i 9 6 I )  473. 
4 p .  B. GARLAND AND P. J. RANDLE, Biochem. J.,  9I  (I964) 6C. 
5 H.  D. S/OLING, ]3. WILLMS, D. FRIEDRICHS AND J.  KLEINEKE, Eur. dr. Biochem., 4 (I968) 3~)4. 
0 A. G. GORNALL, C. J.  BARDAWILL AND M. M. DAVID, J .  Biol. Chem., l I  7 (1949) 75 I. 
7 H. R.  ]~IAHLER, S. J.  WAKIL AND IF{. ~'I. BOCK, J .  Biol .  Chem., 2o 4 (J953) 453- 
,S T. ('. LINN, [". B. PETTIT, F. HUCHO AND L. J.  REED, Proc. Natl. Acad. Sci., U.S., 64 (I969) 227. 
9 ~I. 1 ?, UTTER AND D. B. KEECH, J. Biol. Chem., 238 (I963) 2603. 

1o T. BOHMER AND J.  BREMER, Biochim. t3iophys. Acta, 152 ( i968)  559- 
1i T. BOHMER, I"2. R.  NORUM AND J.  BREMER, Bioehim. Biophys. Acta, 125 (I966) 244. 

Biochim. Biophys. Acta, 253 ( i97  I) 24-28 


