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INTRODUCTION

F a t t y  a c i d s  a r e  im p o r ta n t  s u b s t r a t e s  f o r  m i t o c h o n d r i a l  

r e s p i r a t i o n  in  many t i s s u e s ,  e s p e c i a l l y  in  t h e  mammalian 

h e a r t .  The m ajor  s o u r c e  o f  f a t t y  a c id s  i s  t h e  a d i p o s e  

t i s s u e ,  where th e y  a r e  s t o r e d  in  the  form o f  t r i g l y c e r i d e s .  

T r i g l y c e r i d e s  a r e  f i r s t  h y d ro ly z e d  to  n o n - e s t e r i f i e d  f a t t y  

a c i d s  which can be t r a n s p o r t e d  from the  a d i p o s e  t i s s u e  t o  th e  

p e r i p h e r a l  t i s s u e s .  S in ce  l o n g - c h a in  f a t t y  a c i d s  a r e  r e l a ­

t i v e l y  i n s o l u b l e  in  an  aqueous  medium, t h e y  a r e  t r a n s p o r t e d  

a s  a complex w i th  serum a lb u m in .  T r i g l y c e r i d e  h y d r o l y s i s  in 

a d i p o s e  t i s s u e  o c c u r s  in  a s e q u e n t i a l  manner in  which f a t t y  

a c i d s  a r e  removed one a t  a t im e .  The p r o c e s s  i s  c a t a l y z e d  

by a s e r i e s  o f  l i p a s e s .  The removal of  t h e  f i r s t  f a t t y  a c i d  

by t r i g l y c e r i d e  l i p a s e ,  which i s  b e l i e v e d  t o  be r a t e - l i m i t ­

in g  ( 1 ) ,  i s  under  c o n t r o l  by i n s u l i n ,  g lu c a g o n ,  and o t h e r  

hormones .

The m o b i l i z a t i o n  o f  f a t t y  a c i d s  from a d i p o s e  t i s s u e  de­

pends n o t  o n ly  on t h e  r a t e  o f  l i p o l y s i s  b u t  a l s o  on the  r a t e  

o f  r e - e s t e r i f i c a t i o n  o f  f a t t y  a c i d s  to  form t r i g l y c e r i d e s .

The r a t e  o f  e s t e r i f i c a t i o n  exceeds  t h a t  o f  l i p o l y s i s  when ex­

c e s s  f a t t y  a c i d s  a r e  a v a i l a b l e .  When th e  s u p p ly  o f  c a rb o h y -
?

d r a t e  i s  l i m i t e d ,  however,  d u r in g  s t r e s s ,  s t a r v a t i o n  o r  p r o ­

lo n g e d  e x e r c i s e ,  r a p i d  m o b i l i z a t i o n  o f  f a t t y  a c i d  i s  r e q u i r e d  

t o  meet t h e  need f o r  f u e l .  The s e c r e t i o n  o f  g lu c ag o n  in  r e ­

sp o n se  t o  low l e v e l s  o f  g lu c o s e  promotes th e  r e l e a s e  o f  f a t t y  

a c i d s  and  l i p o l y s i s  p r e d o m in a te s .  E p in e p h r in e  h as  th e  same 

l i p o l y t i c  e f f e c t  on a d ip o s e  t i s s u e  a s  g lu c ag o n  ( 2 ) .  The

1



l i p o l y t i c  e f f e c t  i s  a consequence  of  an i n c r e a s e  in  the  cAMP 

c o n t e n t  o f  a d i p o s e  t i s s u e  v i a  s t i m u l a t i o n  o f  a d e n y l a t e  cy­

c l a s e  ( 3 ) .  The e f f e c t s  o f  i n s u l i n  and p r o s t a g l a n d i n  E^ 

(PGE^) a r e  a n t i l i p o l y t i c .  I n s u l i n  i n h i b i t s  b a s a l  and ep in e ­

p h r i n e  s t i m u l a t e d  l i p o l y s i s  (4) and  PGE^ i n h i b i t s  l i p o l y s i s  

in  a d i p o s e  t i s s u e  ( 5 ) .  A r e c e n t  i n v e s t i g a t i o n  d em ons t ra ted  

t h e  i n h i b i t i o n  o f  l i p o l y s i s  by PGE^ in  the  h e a r t  ( 6 ) .

In  a d d i t i o n  t o  f a t t y  a c i d s  d e r i v e d  from t r i g l y c e r i d e s  

o f  a d i p o s e  t i s s u e ,  th e  h e a r t  can a l s o  use l i p o p r o t e i n  t r i ­

g l y c e r i d e s  a s  a s o u rc e  o f  f r e e  f a t t y  a c i d s .  F re e  f a t t y  

a c i d s  a r e  h y d r o ly s e d  from plasma t r i g l y c e r i d e s  by the  a c t i o n  

o f  l i p o p r o t e i n  l i p a s e  l o c a t e d  on the  c a p i l l a r y  en d o th e l iu m .  

The a c t i v i t y  o f  l i p o p r o t e i n  l i p a s e  i s  dependen t  on th e  

hormonal and n u t r i t i o n a l  s t a t e  o f  th e  an im a l  ( 7 ) .  I n s u l i n  

in d u c e s  a r i s e  in  a c t i v i t y ,  and e p i n e p h r i n e ,  ACTH, growth 

hormone, and t h y r o i d - s t i m u l a t i n g  hormone d e c r e a s e  th e  

a c t i v i t y .  The hormonal r e s p o n s e  o f  l i p o p r o t e i n  l i p a s e  is  

in  g e n e r a l  o p p o s i t e  to  the  r e s p o n s e  o f  h o r m o n e - s e n s i t i v e  

t r i g l y c e r i d e  l i p a s e .  A lthough  i t  i s  e s t a b l i s h e d  t h a t  t r i ­

g l y c e r i d e  l i p a s e  a c t i v i t y  i s  m e d ia ted  th ro u g h  changes  in  

cAMP l e v e l s ,  th e  e f f e c t  o f  cAMP on l i p o p r o t e i n  l i p a s e  has 

n o t  y e t  been  e l u c i d a t e d  ( 8 ) .

T r i g l y c e r i d e  l i p a s e  has  been shown to  e x i s t  in two 

e n z y m a t ic  i n t e r c o n v e r t i b l e  form s;  an a c t i v e  p h o s p h o r y la t e d  

form and an i n a c t i v e  d e p h o s p h o ry la t e d  form ( 9 ) .  cAMP 

s t i m u l a t e s  p r o t e i n  k i n a s e s  in  a d i p o s e  t i s s u e  and th e re b y  

c a u s e s  p h o s p h o r y l a t i o n  of  th e  l i p a s e  (1 0 ) .



The c i r c u l a t i n g  a lbum in-bound n o n - e s t e r i f i e d  f a t t y  

a c i d s  a r e  ab s o rb e d  i n t o  the  c e l l  o f  p e r i p h e r a l  t i s s u e s  where 

t h e y  a r e  a c t i v a t e d  and used a s  r e s p i r a t o r y  f u e l s .  The 

enzymes t h a t  a c t i v a t e  th e  f a t t y  a c i d s  a r e  a group  o f  t r a n s ­

f e r a s e s  c o l l e c t i v e l y  r e f e r r e d  to  a s  acyl-CoA s y n t h e t a s e s  

(EC 6 . 2 . 1 . 3 )  (1 1 ,  12, 13, 14, 15 ) .  Butyry l-CoA  s y n t h e t a s e  

and  oc tanoy l-CoA  s y n t h e t a s e  a c t i v a t e  s h o r t -  and medium-chain 

f a t t y  a c i d s  r e s p e c t i v e l y :  Longer c h a in  f a t t y  a c i d s ,  from

l a u r i c  a c i d  t o  do co san o ic  (b eh en ic )  a c i d ,  a r e  a c t i v a t e d  by 

an  enzyme named pa lm itoy l-C oA  s y n t h e t a s e  o r  l o n g - c h a in  

acy l-CoA s y n t h e t a s e .  The i n t r a c e l l u l a r  d i s t r i b u t i o n  i s  no t  

th e  same f o r  a l l  a c t i v a t i n g  enzymes. B u tyry l-CoA  s y n t h e t a s e  

a s  w e l l  a s  oc tanoyl-CoA s y n t h e t a s e  a p p e a r  t o  be l o c a t e d  in  

t h e  m i t o c h o n d r i a l  m a t r ix  ..(11, 12) .  A p p a r e n t ly  s h o r t - c h a i n  

and  medium-chain  f a t t y  a c i d s  move i n t o  m i to c h o n d r ia  a s  f r e e  

f a t t y  a c i d  where they  a r e  a c t i v a t e d .  T h i s  s i t u a t i o n  

p r o b a b ly  a c c o u n t s  f o r  the  f a c t  t h a t  m i t o c h o n d r i a l  o x i d a t i o n  

o f  s h o r t -  and medium-chain f a t t y  a c i d s  does  no t  depend on 

t h e  p r e s e n c e  o f  c a r n i t i n e  ( 1 4 ) .  Palm itoyl-CoA. s y n th e t a s e  

a c t i v i t y  i n  h e a r t  i s  m a in ly  l o c a t e d  on th e  s a r c o p la s m ic  

r e t i c u l u m  and o u t e r  m i t o c h o n d r i a l  membrane (14,  16, 17) .  

S in c e  f a t t y  a c i d s  a r e  a c t i v a t e d  in  th e  e x t r a m i t o c h o n d r i a l  

s p a c e ,  and s i n c e  CoA a s  w el l  as  i t s  d e r i v a t i v e s  canno t  

c r o s s  t h e  i n n e r  m i t o c h o n d r i a l  membrane, a s p e c i f i c  up take  

mechanism f o r  long c h a in  a c y l  g roups  i s  r e q u i r e d .  The 

u p ta k e  and th u s  th e  o x i d a t i o n  o f  long c h a i n  f a t t y  a c i d s  i s  

c o m p le t e ly  dependen t  on the  p re s e n c e  o f  c a r n i t i n e .  The



t r a n s p o r t  o f  long c h a in  a c y l  g roups  in to  m i to c h o n d r ia  

i n v o l v e s  t h e  t r a n s f e r  o f  a c y l  g roups  from CoA t o  c a r n i t i n e  

by  c a r n i t i n e  p a l m i t o y l  t r a n s f e r a s e  I .  A c y l c a r n i t i n e s  e n t e r  

t h e  m a t r i x  s p a c e  v ia  a c y l c a r n i t i n e  t r a n s l o c a s e  which 

c a t a l y z e s  t h e  1 :1  exchange  o f  a c y l c a r n i t i n e  f o r  c a r n i t i n e ,  

a c e t y l c a r n i t i n e  o r  a c y l c a r n i t i n e  (18 ,  19 ) .  A f t e r  c r o s s i n g  

t h e  i n n e r  m i t o c h o n d r i a l  membrane th e  a c y l  u n i t  i s  t r a n s f e r ­

r e d  back  t o  CoA by c a r n i t i n e  p a lm i to y l  t r a n s f e r a s e  I I  ( 2 0 ) .  

The c a r n i t i n e  p a l m i t o y l  t r a n s f e r a s e  I  i s  l o c a t e d  on the  

o u t e r  s u r f a c e  o f  th e  i n n e r  m i to c h o n d r ia l  membrane and 

c a r n i t i n e  p a l m i t o y 1 - t r a n s f e r a s e  I I  i s  on the  i n n e r  s u r f a c e  

o f  i n n e r  m i t o c h o n d r i a l  membrane.

Once p r e s e n t  in  t h e  m i t o c h o n d r i a l  m a t r ix  f a t t y  a c y l -  

CoA's can e n t e r  th e  B o x i d a t i o n  system (21) a s  o u t l i n e d  

below:

1) Acyl-CoA + FAD*<~" " ■> 2-enoyl-CoA + FADH2

2) 2-enoyl-CoA + H20 3-hydroxyacyl-CoA

3) 3-hydroxyacyl-CoA + NAD+r = i 3 -ke toacy l-C oA  + NADH + H+

4) 3 -k e to a cy l -C o A  + CoASH ^==^acy l-CoA (-2C)  + ace ty l -C o A

The f a t t y  acyl-CoA m o lecu le  l o s e s  f i r s t  two hydrogens  

which a r e  t r a n s f e r r e d  t o  f l a v i n  a d e n in e  d i n u c l e o t i d e  (FAD) 

by  th e  enzyme f a t t y  acyl-CoA dehydrogenase  (EC 1 . 3 . 9 9 . 3 ) .  

Then a m o le cu le  o f  w a te r  i s  added a c r o s s  the  c a rb o n - c a rb o n  

d o u b le  bond by th e  enzyme enoyl-CoA h y d r a t a s e  (EC 4 . 2 . 1 . 1 7 ) .  

The p r o d u c t ,  L -3 -hydroxyacy l-C oA  i s  d eh y d ro g en a ted  by th e  

NAD-linked L-3-hydroxyacy l-C oA  dehydrogenase  (EC 1 . 1 . 1 . 3 5 ) .  

The r e s u l t i n g  3 -k e to a c y l -C o A  i s  c le a v e d  t h i o l y t i c a l l y  by
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3-ke toacy l-C oA  t h i o l a s e  (EC 2 . 3 . 1 . 1 6 )  t o  p roduce  one mole­

c u l e  o f  ac e ty l -C o A  and  one m o lecu le  o f  a f a t t y  acyl-CoA 

whose hyd roca rbon  c h a in  i s  two carbon  atoms s h o r t e r  than th e  

o r i g i n a l  f a t t y  a c i d .  The i n t e r m e d i a t e s  o f  t h i s  pa thway,  

f a t t y  enoyl-CoA, L -3 -hydroxyacy l -C oA  and 3 -k e to a cy l -C o A  do 

n o t  n o rm al ly  a c c u m u l a te  i n  m i t o c h o n d r i a ,  a f i n d i n g  which h as  

l e d  to  th e  s u g g e s t i o n  t h a t  a l l  f a t t y  a c i d  i n t e r m e d i a t e s  a r e  

enzyme-bound and  c h a n n e le d  from one a c t i v e  s i t e  t o  th e  n e x t  

w i th o u t  be in g  f i r s t  r e l e a s e d  i n t o  th e  medium.

Although th e  pathway o f  f a t t y  a c i d  o x i d a t i o n  i s  v e ry  

w e l l  e s t a b l i s h e d ,  t h e  mechanism o f  r e g u l a t i o n  o f  t h i s  p a t h ­

way has  no t  y e t  been  d e f i n i t e l y  e s t a b l i s h e d .  To d e s i g n a t e  a 

r e a c t i o n  a s  r e g u l a t o r y ,  i t  must be r a t e - l i m i t i n g .  Sugges­

t i o n s  a b o u t  th e  r a t e - c o n t r o l l i n g  s t e p  o f  B o x i d a t i o n  have 

been  m ainly  d e r i v e d  from s t u d i e s  o f  enzyme a c t i v i t i e s  in  

i s o l a t e d  m i t o c h o n d r i a  o r  m i t o c h o n d r i a l  e x t r a c t s .  Enzymes 

whose a c t i v i t i e s  a r e  found to  be h igh  a r e  l i k e l y  t o  c a t a l y z e  

e q u i l i b r i u m  r e a c t i o n s  and th u s  a r e  n o t  c o n s id e r e d  t o  be 

r e g u l a t o r y  enzymes. Enzymes w i th  low er  a c t i v i t i e s  may 

c a t a l y z e  a n o n - e q u i l i b r i u m  r e a c t i o n  and a r e  t h e r e f o r e  

p o s s i b l y  s u b j e c t  t o  r e g u l a t i o n .  Each o f  t h e  r e a c t i o n s  in
t

f a t t y  a c i d  o x i d a t i o n  t h a t  h a s  been p ro p o s e d  t o  be r a t e -  

l i m i t i n g  can th u s  be a s i t e  o f  r e g u l a t i o n  o f  t h e  o v e r a l l  

pathway.

Acyl-CoA s y n t h e t a s e  has been c o n s id e r e d  t o  be r a t e -  

l i m i t i n g ,  and may be r e g u l a t e d  under  p h y s i o l o g i c a l  

c o n d i t i o n s  by p a lm i to y l -C o A .  P a lm i toy l-C oA  has been
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r e p o r t e d  t o  i n h i b i t  th e  s y n t h e t a s e  (22) by  i n c r e a s i n g  the  

Km f o r  CoASH. The s y n t h e t a s e  may a l s o  be r e g u l a t e d  by 

th e  c y t o s o l i c  CoASH c o n c e n t r a t i o n  which may f l u c t u a t e  i n  

p a r a l l e l  w i th  th e  r a t e  o f  r e s p i r a t i o n  ( 2 3 ) .  The r e a c t i o n  

c a t a l y z e d  by e a r n i t i n e - p a l m i t o y 1 t r a n s f e r a s e  has  been  

c o n s i d e r e d  to  be r a t e - l i m i t i n g  in  l i v e r  m i t o c h o n d r i a .  T h is  

h y p o t h e s i s  i s  based, ,on the  o b s e r v a t i o n  t h a t  the  r a t e  o f  

r e s p i r a t i o n  su p p o r te d  by p a l m i t o y l c a r n i t i n e  in  l i v e r  mito­

c h o n d r ia  i s  tw ic e  t h a t  d e te rm in ed  w i th  p a lm i to y l -C o A  p l u s  

c a r n i t i n e .  I f  c a r n i t i n e  p a l m i t o y l t r a n s f e r a s e  i s  r a t e -  

l i m i t i n g  in  f a t t y  a c i d  o x i d a t i o n  i t  may be s u b j e c t  t o  

r e g u l a t i o n  by th e  c y t o s o l i c  c a r n i t i n e  c o n c e n t r a t i o n  (2 4 ) .  

More r e c e n t l y  th e  i n h i b i t i o n  o f  c a r n i t i n e  p a l m i t o y l t r a n s ­

f e r a s e  I  by  malonyl-CoA and th e  p o s s i b l e  e f f e c t  o f  m a lony l-  

CoA on t h e  o x i d a t i o n  o f  f a t t y  a c i d  in  l i v e r  m i to c h o n d r ia  

have been  i n v e s t i g a t e d  (2 5 ) .  The enzyme may be r e g u l a t e d  in 

l i v e r  by malonyl-CoA b u t  no t  in  h e a r t ,  where malonyl-CoA i s  

n o t  s y n t h e s i z e d .  Pande (26) h as  c o n c lu d ed  t h a t  in  h e a r t  

m i t o c h o n d r i a  e i t h e r  th e  c a p a c i t y  t o  t r a n s l o c a t e  a c y l  u n i t s  

i n t o  t h e  m a t r i x  space  or  B o x i d a t i o n  l i m i t s  the  r a t e  o f  

f a t t y  a c i d  o x i d a t i o n .  I t  has  a l s o  been p ro p o se d  t h a t
4

acyl-CoA deh y d ro g en ase  may be r a t e - l i m i t i n g .  Based on 

in  v i t r o  a s s a y s  acyl-CoA dehydrogenase  a p p e a r s  t o  be  10- 

t im e s  l e s s  a c t i v e  th a n  su b seq u en t  enzymes in  th e  pathway 

( 2 7 ) .  However, i t  i s  p o s s i b l e  t h a t  the  i n  v i t r o  a s s a y s  o f  

t h i s  g ro u p  o f  enzymes y i e l d  u n r e a l i s t i c a l l y  low a c t i v i t y  

v a l u e s ,  b e c a u s e  a r t i f i c i a l  e l e c t r o n  a c c e p t o r s  a r e  u t i l i z e d
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in  a s s a y i n g  them. The r e g u l a t i o n  o f  3 -hydroxyacyl-CoA  de­

h y d ro g en ase  may a l s o  r e s u l t  in  the  c o n t r o l  o f  B o x i d a t i o n .

A h ig h  NADH/NAD r a t i o n  i n h i b i t s  3 -hydroxyacyl-CoA  dehydro ­

gen ase  a s  w e l l  a s  f a t t y  a c i d  o x i d a t i o n  and r e s u l t s  in  an  

a c c u m u la t i o n  o f  3 -hydroxyacyl-CoA compounds ( 1 3 ) .  Most 

r e c e n t l y  i t  was s u g g e s t e d  t h a t  th e  t h i o l a s e - c a t a l y z e d  

r e a c t i o n  may be r a t e - l i m i t i n g  in  B o x i d a t i o n  o r  may be a s  

s low a s ' o t h e r  s t e p s  a r e  (2 8 ) .

A l though  no c o n s en su s  e x i s t s  a s  to  th e  r e g u l a t i o n  of  

f a t t y  a c i d  o x i d a t i o n ,  i t  i s  g e n e r a l l y  a c c e p te d  t h a t  the  r a t e  ’ 

o f  u t i l i z a t i o n  o f  f a t t y  a c i d s  i s  dep e n d en t  on b o th  the  

plasma c o n c e n t r a t i o n  o f  f r e e  f a t t y  a c i d s  and on th e  en e rg y  

demands o f  th e  t i s s u e .  The. plasma c o n c e n t r a t i o n  o f  f a t t y  

a c i d  depends m a in ly  on th e  m o b i l i z a t i o n  o f  f a t t y  a c i d s  from 

a d i p o s e  t i s s u e  by t r i g l y c e r i d e  l i p a s e  which i s  r e g u l a t e d  

h o rm o n a l ly  v ia  p h o s p h o r y l a t i o n  and d e p h o s p h o r y l a t i o n .  In  

i s o l a t e d  p e r f u s e d  h e a r t s  th e  r a t e  o f  a c e ty l -C o A  o x i d a t i o n  by 

t h e  c i t r i c  a c i d  c y c l e  l i m i t s  the  r a t e  o f  f a t t y  a c i d  u t i l i z a ­

t i o n  a t  low l e v e l s  o f  ADP (29 ,  3 0 ) ,  a f i n d i n g  which s u g g e s t s  

t h a t  o x i d a t i v e  p h o s p h o r y l a t i o n  may be r a t e  l i m i t i n g .

The h e a r t  o x i d i z e s  ke tone  b o d ie s  in  a d d i t i o n  to  g lu c o s e  

and f a t t y  a c i d s .  A c e t o a c e t a t e ,  3 - h y d r o x y b u t y r a t e  and a c e ­

to n e  a r e  c o l l e c t i v e l y  r e f e r r e d  to  a s  k e to n e  b o d i e s .  Acetone 

i s  formed by a s p o n ta n e o u s  d e c a r b o x y l a t i o n  o f  a c e t o a c e t a t e ,  

and has  no p h y s i o l o g i c a l  f u n c t i o n .  Ketone b o d ie s  a r e  

p roduced  by t h e  l i v e r .  In  th e  c a rb o h y d r a t e  fed  s t a t e  (low 

r a t i o  g lucagon  t o  i n s u l i n ) ,  the  d i r e c t i o n  o f  f a t t y  a c i d
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m etab o l i sm  in  l i v e r  i s  p r i m a r i l y  toward s y n t h e s i s  and the  

k e to n e  body c o n c e n t r a t i o n  i s  low. However, d u r in g  s t a r v a ­

t i o n  o r  when th e  c a rb o h y d r a t e  c o n c e n t r a t i o n  i s  low th e re  i s  

a n  e l e v a t i o n  o f  t h e  g lu c a g o n  t o  i n s u l i n  r a t i o  which le ad s  

t o  i n c r e a s e d  f a t t y  a c i d  o x i d a t i o n  and k e t o g e n e s i s .  The two 

main k e to n e  b o d i e s ,  a c e t o a c e t a t e  and  D -3 -h y d ro x y b u ty ra t e ,  

can  be i n t e r c o n v e r t e d  in  th e  l i v e r  and then  d i f f u s e  in to  

t h e  b lo o d  t o  s u p p ly  t h e  e x t r a h e p a t i c  t i s s u e s  w i th  energy 

s u b s t r a t e .  E i t h e r  o f  t h e s e  f u e l s  can e n t e r  the  m itochondr ia  

where th e y  a r e  deg rad ed  t o  a c e ty l -C o A .  Ketone b o d ie s  e n t e r  

t h e  m i to c h o n d r i a  a s  a n i o n s  v ia  a c a r r i e r  s i m i l a r  o r  i d e n t i ­

c a l  t o  t h a t  used  by p y r u v a t e  (3 1 ) .  Ketone b o d ie s  can a l s o  

c r o s s  t h e  m i t o c h o n d r i a l  membranes by d i f f u s i o n  a s  u n d is ­

s o c i a t e d  a c i d s  (3 1 ,  3 2 ,  3 3 ) .  The enzymes concerned  w ith  th e  

o x i d a t i o n  o f  k e to n e  b o d ie s  a r e  p r e s e n t  in  m i t o c h o n d r ia .

3 - H y d ro x y b u ty r a te  i s  c o n v e r t e d  to  a c e t o a c e t a t e  by  3 -hyd roxy-  

b u t y r a t e  deh y d ro g en ase  (EC 1 . 1 . 1 . 3 0 ) .  No d e g r a d a t io n  of  

k e to n e  b o d ie s  t a k e s  p l a c e  p r i o r  t o  t h e i r  a c t i v a t i o n .  For 

th e  a c t i v a t i o n  o f  a c e t o a c e t a t e ,  th e  h e a r t  muscle  i s  w el l  

equ ipped  b e c a u se  i t  c o n t a i n s  h igh  l e v e l s  o f  3 -ke toac id -C oA  

t r a n s f e r a s e  (EC 2 . 8 . 3 . 5 )  ( 3 4 ,3 5 ) .  The ab s en ce  o f  t h i s  

enzyme i n  l i v e r  a s s u r e s  th e  u t i l i z a t i o n  o f  k e to n e  b o d ie s  in  

e x t r a h e p a t i c  t i s s u e s  o n l y .  A ce toace ty l-C oA  formed i s  then  

s u b j e c t e d  t o  t h i o l y t i c  c l e a v a g e .  The e q u i l i b r i u m  o f  the 

t r a n s f e r a s e  r e a c t i o n  f a v o r s  a c e t o a c e t a t e  fo rm a t io n  (3 4 ) .  

However, t h e  e q u i l i b r i u m  o f  th e  a c e to a c e ty l - C o A  t h i o l a s e  

(EC 2 . 3 . 1 . 9 )  c a t a l y z e d  r e a c t i o n  i s  toward th e  fo rm a t io n  of
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a c e ty l -C o A .  I t  i s  th e  c o u p l in g  o f  th e  t h i o l a s e  t o  the  

t r a n s f e r a s e  t h a t  a l l o w s  th e  c o n v e r s io n  o f  a c e t o a c e t a t e  t o  

ac e ty l -C o A  to  p ro ceed  more r e a d i l y  th a n  th e  r e v e r s e  

r e a c t i o n .

The pathways o f  k e to n e  body p r o d u c t i o n  and u t i l i z a t i o n  

have been e x t e n s i v e l y  s t u d i e d ,  b u t  v e ry  l i t t l e  i s  known 

a b o u t  th e  c o n t r o l  o f  th e  e x t r a h e p a t i c  u t i l i z a t i o n  o f  k e to n e  

b o d i e s .  S in ce  th e  m a jo r  r o l e  o f  k e to n e  b o d ie s  i s  t o  su p p ly  

an  a l t e r n a t e  f u e l  t o  g lu c o s e  f o r  p e r i p h e r a l  t i s s u e s ,  i t  i s  

l o g i c a l  t h a t  t h e  c o n c e n t r a t i o n  o f  k e to n e  b o d ie s  in  th e  

c i r c u l a t i o n  i n c r e a s e s  in p a r a l l e l  w i th  th e  d e c r e a s e  in  

su p p ly  o f  c a r b o h y d r a t e .  For exam ple ,  d u r in g  p e r i o d s  of 

ex trem e s t a r v a t i o n  o r  d i a b e t e s  m e l l i t u s ,  th e  c o n c e n t r a t i o n  

o f  k e to n e  b o d ie s  r e a c h e s  v e ry  h igh  v a l u e s .  There  cou ld  be 

two o bv ious  r e a s o n s  f o r  t h i s ,  e i j th e r  t h e r e  i s  a d e c r e a s e  in  

t h e  r a t e  o f  u t i l i z a t i o n  by p e r i p h e r a l  t i s s u e s  o r  an i n c r e a s e  

in  k e to n e  body p r o d u c t i o n . b y  th e  l i v e r .

V a r io u s  i n v e s t i g a t o r s  u s in g  t i s s u e  s l i c e  p r e p a r a t i o n s  

(36 ,  3 7 ) ,  p e r f u s e d  o rg a n s  (3 8 ,  39) and o t h e r  m ethods ,  have 

conc luded  t h a t  t h e  a c t i v i t i e s  o f  enzymes in v o lv e d  in  k e to n e  

body d e g r a d a t i o n  under  c i r c u m s ta n c e s  o f  enhanced h e p a t i c  

p r o d u c t i o n  and p e r i p h e r a l  u p ta k e  o f  a c e t o a c e t a t e  and

3 -h y d ro x y b u ty r a t e  a r e  e s s e n t i a l l y  u n a l t e r e d .  A p p a r e n t l y  

th e  u t i l i z a t i o n  o f  k e to n e  b o d ie s  i s  n o t  c o n t r o l l e d  by a 

v a r i a t i o n  in  enzyme a c t i v i t i e s .  The r a t e  o f  k e to n e  body 

u t i l i z a t i o n  a p p e a r s  t o  be s im p ly  a f u n c t i o n  o f  i t s  concen­

t r a t i o n  in  b lood  (38 ,  4 0 ) .  F a c t o r s  o t h e r  than  k e to n e  body

9



c o n c e n t r a t i o n  in  b lood  may be invo lved  in  d e t e r m in in g  the  

r a t e  o f  u p ta k e  by t i s s u e s .  Ketone b o d ie s  have been found t o  

i n h i b i t  t h e  r e l e a s e  o f  n o n - e s t e r i f i e d  f a t t y  a c i d s  from 

a d i p o s e  t i s s u e  and  hence th e y  r e g u l a t e  t h e i r  own p r o d u c t i o n  

a s  w e l l  a s  t h e  a v a i l a b i l i t y  o f  n o n - e s t e r i f i e d  f a t t y  a c i d s  

f o r  o x i d a t i o n  in  p e r i p h e r a l  t i s s u e s .  In  o r d e r  t o  s p a r e  

c a r b o h y d r a t e ,  k e to n e  b o d ie s  i n h i b i t  p y ru v a te  o x i d a t i o n .  

I n c u b a t i o n  o f  m i to c h o n d r i a  w i th  ke tone  b o d ie s  d e c r e a s e s  th e  

amount o f  e x t r a c t a b l e  p y ru v a te  dehydrogenase  in  t h e  a c t i v e  

form (4 1 ) .  A l i k e l y  e x p l a n a t i o n  i s  t h a t  t h e  i n c r e a s e d  

[acetyl-CoA/CoASH] r a t i o  in  m i to ch o n d r ia  due t o  a c e t o a c e t a t e  

m e tab o l ism  may a c t i v a t e  p y ru v a te  dehydrogenase  k i n a s e  t o  

cau se  i n c r e a s e d  p h o s p h o r y l a t i o n  and a d e c re a s e  in  th e  

a c t i v i t y  o f  p y r u v a t e  dehydrogenase  ( 4 2 ,4 3 ) .  Whereas i n s u l i n  

and g lucagon  p l a y  a r o l e  in  f a t t y  a c i d  o x i d a t i o n  and ke tone  

body f o r m a t io n  ( 2 5 ) ,  t h e  o n ly  r e p o r t s  o f  i n s u l i n  a f f e c t i n g  

k e to n e  body u t i l i z a t i o n  a r e  c o n f l i c t i n g  ( 3 8 , 4 4 ) .

The m o b i l i z a t i o n ,  d i s t r i b u t i o n  and o x i d a t i o n  o f  f a t t y  

a c i d s  a r e  i n t e g r a t e d  w i th  the  u t i l i z a t i o n  o f  c a r b o h y d r a t e s .  

A l l  t h e s e  pa thw ays  y i e l d  ac e ty l -C o A ,  which i s  f u r t h e r  

o x id i z e d  by t h e  t r i c a r b o x y l i c  a c i d  c y c le  t o  H20 and  CC^- 

While t h e  r a t e - c o n t r o l l i n g  s t e p s  f o r  c a rb o h y d r a t e  m e ta b o l i sm  

have been w e l l  e s t a b l i s h e d ,  th o se  f o r  f a t t y  a c i d  o x i d a t i o n  

and k e to n e  body u t i l i z a t i o n  s t i l l  need to  be d e t e r m i n e d .

The s u b j e c t  o f  my t h e s i s  i s  to  i n v e s t i g a t e  t h e  r e g u l a ­

t i o n  o f  b o th  f a t t y  a c i d  o x i d a t i o n  and k e to n e  body d e g r a d a ­

t i o n .  In  o r d e r  t o  i d e n t i f y  p o s s i b l e  s i t e s  o f  r e g u l a t i o n ,
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i t  i s  n e c e s s a r y  t o  d e te rm in e  th e  r a t e - l i m i t i n g  s t e p s  of  

t h e s e  p a th w a y s .

I n  g e n e r a l ,  two ap p ro a c h e s  have been used f o r  th e  

i d e n t i f i c a t i o n  o f  r a t e  c o n t r o l l i n g  r e a c t i o n s  in  i n t a c t  

c e l l s .  T hese  methods in c lu d e  f i r s t l y ,  t h e  c o r r e l a t i o n  of  

r a t e s  o f  i n d i v i d u a l  r e a c t i o n s  in  a pathway w i th  r a t e s  o f  

f l u x  th ro u g h  th e  pa thway.  The second i n v o lv e s  th e  d e t e c t i o n  

o f  r e a c t i o n s  whose l e v e l s  o f  s u b s t r a t e s ,  p r o d u c t s  and c o f a c ­

t o r s  w i t h i n  t h e  t i s s u e  a r e  f a r  removed from l e v e l s  e x p ec ted  

from th e  thermodynamic e q u i l i b r i u m  o f  th e  r e a c t i o n .  For 

a c c u r a t e  i n t e r p r e t a t i o n  o f  r e s u l t s ,  s u b s t r a t e s  and p r o d u c t s  

must be c o n t a i n e d  w i t h i n  a s i n g l e  com partment .  I n  t h i s  

r e g a r d  th e  c o m p a r tm e n t s t io n  o f  s u b s t r a t e s  and p r o d u c t s  

be tween m i to c h o n d r ia  and c y t o p la s m ic  sp a c e s  make m e an in g fu l  

measurement d i f f i c u l t .  T h e r e f o r e  I  have used a d i f f e r e n t  

method o f  a p p ro a c h  f o r  i d e n t i f y i n g  th e  r a t e - l i m i t i n g  s t e p  

i n  B o x i d a t i o n .  The method a d o p te d  in v o lv e s  th e  use o f  a 

s p e c i f i c  i n h i b i t o r  o f  an  enzyme s u s p e c t e d  o f  c a t a l y z i n g  a 

r a t e - l i m i t i n g  s t e p  o f  the  pa thway.  The r a t e  o f  i n h i b i t i o n  

o f  th e  o v e r a l l  pathway i s  compared w i th  th e  r a t e  o f  i n a c t i ­

v a t i o n  o f  t h e  s u s p e c t e d  enzyme. T h is  ap p ro ach  was used  to  

e v a l u a t e  t h e  p o s s i b l e  r a t e - l i m i t i n g  n a t u r e  o f  t h e  t h i o l a s e -  

c a t a l y z e d  r e a c t i o n s  in  f a t t y  a c i d  o x i d a t i o n  and k e to n e  body 

d e g r a d a t i o n  in  h e a r t .  S u b s e q u e n t ly  I  have s t u d i e d  th e  

r e g u l a t i o n  o f  3 -k e to a cy l -C o A  t h i o l a s e  and a c e to a c e ty l - C o A  

t h i o l a s e  from p ig  h e a r t  by m i t o c h o n d r i a l  m e t a b o l i t e s  and co­

enzymes a s  w e l l  a s  by p h o s p h o r y l a t i o n  and d e p h o s p h o r y l a t i o n .
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EXPERIMENTAL PROCEDURES 

M a t e r i a l s  -  CoASH, NAD, NADH, b u ty ry l -C o A ,  decanoyl-CoA, and 

p a lm i to y l -C o A ,  a c e ty l -C o A ,  ADP, ATP, were p u rch ased  from 

P-L B io c h e m ic a l s ,  I n c .  [3H]CoASH was bought  from New 

England N u c le a r .  O c ta n o ic  a c i d ,  D L -3 -h y d ro x y b u ty r ic  a c i d ,  

l i t h i u m  a c e t o a c e t a t e ,  L -m a la te  and 3 -hydroxyacyl-CoA  dehy­

d ro g en ase  were o b ta i n e d  from Sigma Chemical  Co. Sodium 

p y r u v a t e ,  2 -d e c e n o ic  a c i d  and d ik e n e  were bought from 

A l d r i c h  Chemical Co. D L ( - ) c a r n i t i n e  was p ro v id e d  by Dr.

K. B re n d e l ,  U n i v e r s i t y  o f  A rizona  C o l l e g e  of  M ed ic ine .

4 -B ro m o cro to n ic  a c i d  was o b t a i n e d  by ch em ica l  s y n t h e s i s  

( 4 5 ) .  M i t o c h o n d r i a l  3 -k e to a cy l -C o A  t h i o l a s e  and a c e t o -  

a c e ty l -C o A  t h i o l a s e  were i s o l a t e d  from p ig  h e a r t  and 

p u r i f i e d  a s  d e s c r i b e d  by S ta a c k  e t  a l . ( 4 6 ) .  Crotonyl-CoA 

(47) and  a c e to a c e ty l - C o A  (48) were p r e p a r e d  a c c o r d in g  

t o  s t a n d a r d  p r o c e d u r e s .  D L-3-Hydroxybutyryl-CoA,

2-decenoy l-C oA , 4 -b rom ocro tony l-C oA  and  4 - b ro m o c ro to n y l -  

[3H]CoA were s y n t h e s i z e d  from th e  c o r r e s p o n d in g  £ ree  

a c i d s  and CoASH by th e  method o f  Goldman and V ag e lo s  ( 4 9 ) .

3 -Ketodecanoyl-CoA , 3 - k e to -4 -b ro m o b u ty ry l -C o A ,  and

3 - k e t o - 4 - b r o m o b u t y r l - [ 3H] CoA were p r e p a r e d  e n z y m a t i c a l l y  

from 2-decenoy l-C oA , 4 -b rom ocro tony l-C oA  and

4 - b r o m o c r o t o n y l - [ 3H]CoA r e s p e c t i v e l y  by the  p ro c e d u re  

o f  S e u b e r t  e t  a l .  ( 5 0 ) .  Succinyl-CoA was p r e p a r e d  from 

s u c c i n i c  a n h y d r id e  and CoASH a s  d e s c r i b e d  by Simon and 

Shemin ( 5 1 ) .  The c o n c e n t r a t i o n s  o f  a l l  CoA d e r i v a t i v e s  

e x c e p t  f o r  3 -ke todecanoy l-C oA  and 3 -k e to -4 -b ro m o b u ty ry l -C o A



were d e te rm in e d  by th e  method o f  Ellman (52) a f t e r  c le a v in g  

th e  t h i o e s t e r  bond w i th  hydroxylam ine  a t  pH 7 .  The concen­

t r a t i o n s  o f  3 -k e todecanoy l -C oA  and 3 -k e to -4 -b ro m o b u ty ry l -C o A  

were m easured  by f o l lo w in g  th e  o x i d a t i o n  o f  NADH a t  340 nm 

in  th e  p r e s e n c e  o f  3 -hydroxyacyl-CoA  d eh y d ro g e n a se  a t  pH 7. 

Enzyme Assays  -  A l l  enzyme a s s a y s  were p e r fo rm ed  a t  25#C. 

Enzyme a c t i v i t i e s  were d e te rm ined  s p e c t r o p h o t o m e t r i c a l l y  on 

a G i l f o r d  r e c o r d i n g  s p e c t r o p h o t o m e t e r .  Acyl-CoA dehydro­

g e n a se  [EC 1 . 3 . 9 9 . 2 ]  and  [EC 1 . 3 . 9 9 . 3 ]  were a s s a y e d  s p e c t r o ­

p h o t o m e t r i c a l l y  a t  600nm a s  d e s c r i b e d  in  p r i n c i p l e  by 

H o sk in s  ( 5 3 ) .  The a s s a y  m ix tu re  c o n t a in e d  0.1M KP^ (pH 

7 . 6 ) ,  28 uM 2 ,6 - d i c h l o r o p h e n o l i n d o p h e n o l ,  0.65mM p h e n a z in e -

m e t h o s u l f a t e ,  20uM acy l-C oA , 0.2mM N -e th y lm a le im id e ,  0.45mM 

KCN and  0 .0 9 % T r i to n  X-100. The r e a c t i o n  was i n i t i a t e d  by 

t h e  a d d i t i o n  o f  p h e n a z in e m e t h o s u l f a t e .  Enoyl-CoA h y d r a ta s e  

[EC 4 . 2 . 1 . 1 7 ]  was m easured  s p e c t r o p h o t o m e t r i c a l l y  a t  263nm 

a s  d e s c r i b e d  ( 5 4 ) ,  e x c e p t  t h a t  th e  a s s a y  m ix t u r e  c o n ta in e d  

0.2M KP^ (pH 8 ) ,  b o v in e  serum albumin (0.1 m g /m l) ,  0.06% 

T r i t o n  X-100 and e i t h e r  30uM c ro tony l-C oA  o r  30 uM 2 -  

decenoy l-C oA . 3-Hydroxyacyl-CoA d e h y d ro g en a se  [EC 1 . 1 . 1 . 3 5 ]  

was a s s a y e d  s p e c t r o p h o t o m e t r i c a l l y  a t  340nm. The s t a n d a rd  

a s s a y  m ix t u r e  c o n t a i n e d  0.05M KP^ (pH 7 ) ,  0.06% T r i t o n  

X-100, 0.12mM NADH, and bov ine  serum a lb u m in  (0 .1 1  mg/ml). 

The r e a c t i o n  was s t a r t e d  by th e  a d d i t i o n  o f  a c e to a c e ty l -C o A  

t o  a f i n a l  c o n c e n t r a t i o n  o f  30uM. The a c t i v i t i e s  o f  both  

t h i o l a s e s  [EC 2 . 3 . 1 . 9  and EC 2 . 3 . 1 . 1 6 ]  were d e te rm in ed  by 

f o l l o w in g  s p e c t r o p h o t o m e t r i c a l l y  th e  d i s a p p e a r a n c e  o f  th e
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Mg2+- e n o l a t e  complex a t  303nm a s  d e s c r i b e d  by Lynen and

Ochoa ( 5 5 ) .  The r e a c t i o n  m ix tu re  c o n t a i n e d  0.1M T r i s -H C l

(pH 8 . 2 ) ,  25mM MgCl2 , 30mM KC1, 0.06% T r i t o n  X-100, bov ine

serum a lb u m in  ( 0 .1 3  m g /m l) ,  70 uM CoASH and e i t h e r  33 uM

a c e to a c e ty l - C o A  o r  10 uM 3 -k e to d e can o y l -C o A .  T r i t o n  X-100

was ex c lu d ed  when t h e  a c t i v i t y  o f  pu re  t h i o l a s e  was a s s a y e d .

Molar e x t i n c t i o n  c o e f f i c i e n t s  o f  21 ,400 and 13,900 cm~^M” ^

were used t o  c a l c u l a t e  t h e  r a t e s  d e te rm in ed  w i th  a c e t o -

a c e ty l -C o A  and 3 -k e to d ecan o y l -C o A  r e s p e c t i v e l y .  3 -

H y d ro x y b u ty ra te  d e h y d ro g e n a se  [EC 1 . 1 . 1 . 3 0 ]  was a s s a y e d

s p e c t r o p h o t o m e t r i c a l l y  a s  d e s c r i b e d  by L eh n in g e r  ( 5 6 ) .  The

a s s a y  m ix t u r e  c o n t a i n e d  50mM T r i s -H C l  (pH 8 . 2 ) ,  12.5mM

MgCl2 , 15mM KC1, 50mM n i c o t i n a m i d e ,  10mM c y s t e i n e ,  2mM

NAD, 29mM 3 - h y d r o x y b u t y r a t e , 50uM KCN and 20uM a n t i m y c in .

Optimal  a c t i v i t y  o f  3 - h y d r o x y b u ty r a t e  dehydrogenase  in

m i t o c h o n d r i a l  homogenate was o b t a i n e d  o n ly  in  th e  p r e s e n c e

o f  n i c o t in a m id e  and c y s t e i n e .  The r e a c t i o n  was i n i t i a t e d

by th e  a d d i t i o n  o f  3 - h y d r o x y b u t y r a t e .  3 -Ketoac id-CoA

t r a n s f e r a s e  [EC 2 . 8 . 3 . 5 ]  was a s say e d  a s  d e s c r i b e d  by S te rn

( 5 7 ) .  The a s s a y  m ix tu r e  c o n t a in e d  67mM Tris -SO ^ (pH 8 . 1 ) ,

5mM MgSO^f lOmM s u c c i n a t e  and 30 uM a c e to a c e ty l - C o A .  The
9+d i s a p p e a r a n c e  o f  a c e to a c e ty l - C o A  MgA - e n o l a t e  was meas­

u red  s p e c t r o p h o t o m e t r i c a l l y  a t  303nm. A m o la r  e x t i n c t i o n  

c o e f f i c i e n t  o f  9 ,000  cm”*'1' was used to  c a l c u l a t e  

t r a n s f e r a s e  a c t i v i t i e s .  A u n i t  o f  enzyme a c t i v i t y  i s  de ­

f i n e d  a s  th e  amount o f  enzyme t h a t  c a t a l y z e s  t h e  c o n v e rs io n  

o f  lumol o f  s u b s t r a t e  t o  p r o d u c t  p e r  min.
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I s o l a t i o n  o f  M ito ch o n d r ia  and P r e p a r a t i o n  o f  M i to c h o n d r i a l

E x t r a c t s  -  H e a r t  m i to c h o n d r ia  were i s o l a t e d  by th e  p r o c e d u r e  

o f  C h ap p e l l  and H a n s fo rd  (5 8 ) .  The i s o l a t i o n  b u f f e r  con­

t a i n e d  0.21M m a n n i t o l ,  0.07M s u c r o s e ,  5mM T r is -H C l  (pH 7 . 4 )  

and  ImM EGTA.^ P r o t e i n  c o n c e n t r a t i o n s  were d e te rm in e d  by 

th e  b i u r e t  method ( 5 9 ) .  For t h e  p r e p a r a t i o n  o f  a s o l u b l e  

m i t o c h o n c r i a l  e x t r a c t ,  m i to c h o n d r ia  ( lm g/m l)  were suspended 

i n  0.1M T r i s -H C l  (pH 8 .2 )  c o n t a i n i n g  25mM MgCl2 , 30mM KC1, 

20% g l y c e r o l  and lOmM m e r c a p t o e t h a n o l .  The m i t o c h o n d r i a l  

s u s p e n s io n  was s o n i c a t e d  a t  5° f o r  45 s e c .  w i th  a Branson 

s o n i f i e r  (Model VI-185E) eq u ip p ed  w i th  a m i c r o t i p .  The 

r e s u l t i n g  m ix tu re  was c e n t r i f u g e d  a t  100,000 X g f o r  15 m in .  

The p r o t e i n  c o n c e n t r a t i o n  o f  t h e  s u p e r n a t a n t  was d e te rm in ed  

by th e  method Lowry ( 6 0 ) .

Measurement o f  Oxygen Uptake by M i to c h o n d r ia  -  M i to c h o n d r ia  

(0 .5  t o  1 mg/ml) were i n c u b a te d  i n  1 .9  ml o f  a b a s a l  i s o ­

t o n i c  medium c o n t a i n i n g  0 . 1 1M KC1, 33mM T r i s -H C l  (pH 7 . 4 ) ,  

2mM KP^, 2mM MgCl2 and O.lmM EGTA. To t h i s  s u s p e n s io n  

were added  bo v in e  serum a lb u m in  ( 0 .5  m g/m l) ,  and e i t h e r  

0.5mM L -m a la te  o r  2 .5  uM 2 - k e t o g l u t a r a t e .  R e s p i r a t i o n  r a t e s  

were m easured  p o l a r o g r a p h i c a l l y  by use o f  a C la rk  oxygen
i

e l e c t r o d e  w i th  e i t h e r  p y r u v a t e  (2.5mM), p a l m i t o y l c a r n i t i n e  

( 30uM) ,  o c t a n o a t e  (IOOuM), a c e t o a c e t a t e  (ImM) o r  3 -h y d ro x y -  

b u t y r a t e  (ImM) a s  s u b s t r a t e s .  R a te s  o f  r e s p i r a t i o n  o b se rv e d  

w i th  t h e s e  s u b s t r a t e s  a r e  l i s t e d  i n  T ab le  1. Bovine serum

1EGTA -  e t h y l e n e  g l y c o - b i s  ( B - a m i n o e t h y l e t h e r ) - N , N ' - t e t r a  
a c e t i c  a c i d .
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T ab le  I

Oxygen u p ta k e  by r a t  h e a r t  m i t o c h o n d r i a .  Oxygen u p ta k e  

m easurem ents  a r e  d e s c r i b e d  under  "E x p e r im en ta l  P r o c e d u r e s . "

S u b s t r a t e s  C o n c e n t r a t i o n  Oxygen u p ta k e

(ng atoms 0 2/min/mg p r o t e i n )

P a l m i t o y l e a r n i t i n e  

P y ru v a te  

O c ta n o a te  

A c e t o a c e t a t e

3 - H y d ro x y b u ty r a te

30 uM

2 .5  mM

100" uM

1 mM

1 mM

2 1 8 — 16 

2 2 5 t  35 

8 6 -  2 

7 4 t  21 

6 5 t  11
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a lbum in  was n o t  i n c lu d e d  when p y ru v a te  s e r v e d  as  s u b s t r a t e .  

D e t e r m i n a t i o n  o f  Enzyme A c t i v i t i e s  in  M i to ch o n d r ia  P r e in c u ­

b a t e d  w i th  4 - B ro m o c ro to n ic  Acid  -  M i to c h o n d r ia  were p r e i n c u ­

b a t e d  w i th  v a r y i n g  c o n c e n t r a t i o n s  o f  4 - b r c m o c r o to n i c  a c i d  

(0-20 uM) f o r  l r 2 o r  3 m in .  A l i q u o t s  o f  t h e  m i t o c h o n d r i a l  

s u s p e n s io n  (50 u l - 2 0 0  u l )  were r a p i d l y  f r o z e n  in d r y - i c e  and  

s t o r e d  a t - 7 6 ° C  u n t i l  enzyme a c t i v i t i e s  were a s s a y e d  a s  de­

d e s c r i b e d  a b o v e .  To i n s u r e  th e  com ple te  d i s r u p t i o n  o f  

m i t o c h o n d r i a ,  T r i t o n  X-100 (0.06%) was ad d ed  to  a l l  a s say  

m ix t u r e s  e x c e p t  when 3 - h y d r o x y b u t y r a t e  d eh y d ro g en a se  was 

a s s a y e d .

B ind ing  S tu d y  -  P u r i f i e d  p ig  h e a r t  3 -k e to acy l-C o A  t h i o l a s e  

(3 ug) i n  0 . 1  ml o f  0.7M T r i s -H C l  (pH 8 . 2 )  c o n t a i n i n g  10% 

g l y c e r o l  and  10mM m e r c a p to e th a n o l  was i n c u b a te d  w i th  e i t h e r  

8 uM 4 -b ro m o cro to n y l- [^ H ]C o A  (45 ,000  cpm) o r  8 uM 3-ke to -4~  

b rom obu ty ry l- [^H ]C oA  (55 ,000  cpm) f o r  20 min a t  25*C. The 

r e a c t i o n  m i x t u r e  was th e n  r a p i d l y  f i l t e r e d  th ro u g h  Sephadex 

G-50 f i n e  (1 ml) e q u i l i b r a t e d  w i th  the  i n c u b a t i o n  b u f f e r  a s  

d e s c r i b e d  i n  p r i n c i p l e  by P en e f sk y  ( 6 1 ) .  T h i o l a s e  a c t i v i t i e s  

were d e t e r m ie d  b e f o r e  and a f t e r  f i l t r a t i o n .  The r a d i o a c t i v ­

i t y  a s s o c i a t e d  w i th  t h i o l a s e  was d e t e rm in e d  by . l i q u i d  

s c i n t i l l a t i o n  c o u n t i n g .

Measurement o f  T h i o l a s e  A c t i v i t i e s  a t  V a r i o u s  R e s p i r a t o r y  

S t a t e s  -  C o u p led  r a t  h e a r t  m i t o c h o n d r i a  ( 0 . 5  mg/ml) were i n ­

c u b a te d  w i t h  a s u b s t r a t e  (100 uM p a l m i t o y l c a r n i t i n e ,  or  2.5roM 

p y r u v a te  o r  ImM a c e t o a c e t a t e )  in  a b a s a l  i s o t o n i c  medium 

c o n t a i n i n g  O . l lM  KC1, 33mM T r is -H C l  (pH 7 . 4 ) ,  2mM KPi,  2mM



MgCl^ and O.lmM EGTA f o r  5 m in .  a t  25°C. 10mM g l u c o s e ,  ImM 

ATP and 2U/ml h e x o k in a s e  were added t o  p r o v id e  a co n t in u o u s  

r e g e n e r a t i o n  o f  ADP i n  o r d e r  to  m a in t a in  a s t a t e  3 c o n d i t i o n .  

Bovine serum a lbum in  ( 0 . 5  mg/ml) was in c lu d e d  when p a l m i t o y l -  

c a r n i t i n e  se rv e d  a s  a s u b s t r a t e  t o  p r e v e n t  i t s  i n h i b i t i o n  o f  

r e s p i r a t i o n .  M a la te  (0.5mM) s e rv e d  a s  a p r im e r  t o  enhance 

r e s p i r a t i o n  r a t e s  when u s in g  p a l m i t o y l c a r n i t i n e  o r  p y ru v a te  

a s  s u b s t r a t e s .  2 - K e t o g l u t a r a t e  (0.5mM) was used  when a c e t o -  

a c e t a t e  s e rv e d  a s  a r e s p i r a t o r y  s u b s t r a t e .  The in c u b a t i o n  o f  

m i to c h o n d r ia  w i th  p a l m i t o y l c a r n i t i n e  was p e r fo rm ed  in  the  

p r e s e n c e  and a b s e n c e  o f  20mM m a lo n a te .  To m a in t a in  s t a t e  4 

r e s p i r a t i o n ,  ATP was o m i t t e d .  A f t e r  5 min. o f  i n c u b a t i o n ,  

sam ples  (20 u l - 5 0  u l )  were f ro z e n  in  d ry  i c e -m e th a n o l  m ix tu re .  

A l i q u o t s  o f  lO u l  were thawed and a s s a y e d  f o r  a c e to a c e ty l -C o A  

t h i o l a s e  and 3 -k e to a cy l -C o A  t h i o l a s e  w i th  a c e to a c e ty l -C o A  and

3-ke todecanoy l-C oA  a s  s u b s t r a t e s .  T r i t o n  X-100 (0.05%) was 

p r e s e n t  in  th e  a s s a y  m ix t u r e  t o  en s u re  th e  com ple te  d i s r u p ­

t i o n  o f  m i t o c h o n d r i a .

P r e c i p i t a t i o n  o f  3 -K etoacy l-CoA  T h i o l a s e  w i th  A n t ib o d ie s  t o  

P u r i f i e d  P ig  H e a r t  3-Ketoacyl-CoA  T h i o l a s e  -  Coupled r a t  

h e a r t  m i to c h o n d r ia  (9 mg c o n t a i n i n g  40 ug 3 -k e to acy l-C o A  

t h i o l a s e )  were i n c u b a t e d  w i th  100 uM p a l m i t o y l c a r n i t i n e  o r  

lOmM p y ru v a te  and 10 uCi ^ P ^  (50nmol) i n  0 . 5  ml o f  a 

medium c o n t a i n i n g  ImM ATP, lOmM g l u c o s e ,  h e x o k in a s e  (2 U /m l) 

and  0.5mM m a l a t e .  To m a in t a in  m i to c h o n d r ia  a t  s t a t e  4 

r e s p i r a t i o n  e i t h e r  ATP o r  h ex o k in a se  was d e l e t e d .  The 

ex p e r im e n t  was s to p p e d  a f t e r  5 min by the  a d d i t i o n  o f  ImM



KCN. The m ix tu re  was c e n t r i f u g e d  a t  maximum speed o f  the

t a b l e t o p  c e n t r i f u g e  ( I n t e r n a t i o n a l  Equipment C o . ,  Model CL)

and th e  s u p e r n a t a n t  was d i s c a r d e d .  The p e l l e t  was washed

tw ic e  more w i th  th e  b a s a l  i s o t o n i c  medium to  remove unbound

r a d i o a c t i v e  p h o s p h a te .  The m i t o c h o n d r i a l  p e l l e t  was f i n a l l y

suspended  i n  0 . 5  ml o f  b a s a l  medium c o n t a i n i n g  20mM NaF and

0.05% T r i t o n  X-100. The m i to c h o n d r ia  were d i s r u p t e d  by

r e p e a t e d  f r e e z i n g  and thawing in  a dry  i c e - m e th a n o l  m i x t u r e .

The m ix tu re  was then  c e n t r i f u g e d  a t  120,000 x g f o r  45 m in .

The s u p e r n a t a n t  was c o l l e c t e d  and r e - c e n t r i f u g e d .  400 ug o f

a n t i b o d y  was added to  th e  f i n a l  s u p e r n a t a n t  and in c u b a te d  f o r

30 m in .  The m ix tu re  was c e n t r i f u g e d  a t  120,000 x g f o r  45

min and th e  p e l l e t  was washed tw ic e .  The r e c o v e re d  a n t i g e n -
2a n t i b o d y  complex was ana’ly z e d  by SDS g e l  e l e c t r o p h o r e s i s .

I n  c o n t r o l  e x p e r im e n t  no a n t ib o d y  was a d d e d .  SDS g e l s  were 

run  in  d u p l i c a t e s ,  and b o th  were s t a i n e d  f o r  p r o t e i n  w i th  

Coomasie B lu e .  They were f i r s t  scanned  a t  500nm and th e n  

s l i c e d  i n t o  segments  o f  1mm. Each s l i c e  was in c u b a te d  in 

0 .5m l o f  a 9 :1  m ix tu r e  o f  NCS r e a g e n t  (Am ersham /Sear le)  and 

1^0 f o r  2 h r s .  a t  50°C a c c o r d in g  to  th e  method o f  D i e d r i c h  

e t  a l .  ( 6 2 ) .  The r a d i o a c t i v i t y  o f  th e  r e s u l t i n g  samples  was 

d e t e rm in e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t in g .

Gel E l e c t r o p h o r e s i s  -  P o ly a c ry la m id e  d i s c  g e l  e l e c t r o p h o r e s i s  

in  t h e  p r e s e n c e  o f  SDS was perform ed a t  pH 8 .3  a c c o r d i n g  to  

t h e  method o f  Laemmli ( 7 7 ) .  P r o t e i n  sam ples  (10 ug) were

^SDS -  Sodium d odecy l  s u l f a t e .
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d i s s o l v e d  in  0 . 2  ml b u f f e r  c o n t a i n i n g  0.625M T r i s  (pH 6 . 8 ) ,

2% SDS, 10% g l y c e r o l ,  5% m e rc a p to e th a n o l  an d  0.001% bromo- 

ph en o l  b l u e .  P r o t e i n  was d i s s o c i a t e d  by immersing samples in 

b o i l i n g  w a te r  f o r  5 m in .  The s t a n d a r d s  used  were c a t a l a s e  

( 5 7 , 5 0 0 ) ,  ch ym otryps inogen  A ( 2 5 ,7 0 0 ) ,  b o v in e  serum albumin 

(6 8 ,0 0 0 )  and l a c t i c  deh y d ro g en ase  ( 3 5 ,0 0 0 ) .  E l e c t r o p h o r e s i s  

was pe r fo rm ed  a t  3mA p e r  g e l  f o r  3 . 5 - 4 . 5  h r .  P r o t e i n  was 

f i x e d  by i n c u b a t i n g  g e l s  i n  50% t r i c h l o r a c e t i c  a c i d  (TCA) 

s o l u t i o n  f o r  30 m in .  G e ls  were th en  s t a i n e d  in  0.1% 

Coomassie Blue i n  50% TCA s o l u t i o n  f o r  1 h r .  a t  37°C. De- 

s t a i n i n g  f o r  s e v e r a l  h o u rs  in  a c e t i c  a c i d  (7%) in  the  

p r e s e n c e  o f  p u re  v i r g i n  wool r e s u l t e d  in  th e  removal o f  

background  s t a i n .
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RESULTS

The E f f e c t  o f  4 -B ro m o c ro to n ic  Acid on F a t t y  Acid O x id a t io n  in  

Rat  H e a r t  M i to c h o n d r ia  -  The r e g u l a t i o n  o f  f a t t y  a c i d  o x id a ­

t i o n  i s  s t i l l  p o o r l y  u n d e r s to o d  p a r t l y  b ec au se  th e  r a t e - l i m i ­

t i n g  s t e p  o f  t h i s  pa thway has  no t  y e t  been d e f i n i t e l y  d e t e r ­

mined. I t  h a s  p r e v i o u s l y  been  shown t h a t  4 - p e n t e n o i c  a c i d  

i n h i b i t s  f a t t y  a c i d  o x i d a t i o n  in r a t  h e a r t  m i to c h o n d r ia  by 

s p e c i f i c a l l y  i n a c t i v a t i n g  t h i o l a s e  (2 8 ) .  S in ce  th e  r a t e s  o f  

i n a c t i v a t i o n  o f  t h i o l a s e  and o f  f a t t y  a c i d  o x i d a t i o n  were 

found t o  be n e a r l y  i d e n t i c a l ,  i t  was s u g g e s te d  t h a t  th e  t h i o -  

l a s e - c a t a l y z e d  r e a c t i o n  may be r a t e - l i m i t i n g  in  B o x i d a t i o n  

o r  may be a s  slow a s  o t h e r  s t e p s  a r e  ( 2 8 ) .  U n f o r t u n a t e l y ,  

a t t e m p t s  to  e v a l u a t e  th e  r a t e  o f  th e  t h i o l y t i c  c l e a v a g e  

r e l a t i v e  t o  t h e  r a t e  o f  k e to n e  body m e tab o l ism  in  r a t  h e a r t  

m i to c h o n d r ia  by th e  same ap p ro a c h  f a i l e d . b e c a u s e  4 - p e n t e n o i c  

a c i d  i s  a good r e s p i r a t o r y  s u b s t r a t e  in  th e  p r e s e n c e  o f

2- k e t o g l u t a r a t e  which was used in  p l a c e  o f  m a la t e  t o  s t im u ­

l a t e  r e s p i r a t i o n  s u p p o r t e d  by k e to n e  b o d i e s .  2 -B rom ooctano ic  

a c i d ,  an  e f f e c t i v e  and  s p e c i f i c  i n h i b i t o r  o f  t h i o l a s e  and 

t h u s  o f  p a l m i t o y l c a r n i t i n e - s u p p o r t e d  r e s p i r a t i o n  in  r a t  l i v e r

m i to c h o n d r ia  (6 4 ,  6 5 ) ,  was i n e f f e c t i v e  in  r a t  h e a r t  m i to -  
«

c h o n d r i a .  Thus v a r i o u s  compounds were t e s t e d  f o r  t h e i r  

a b i l i t y  t o  s p e c i f i c a l l y  i n a c t i v a t e  t h i o l a s e  and c o n s e q u e n t ly  

i n h i b i t  r e s p i r a t i o n  s u p p o r t e d  by e i t h e r  p a l m i t o y l c a r n i t i n e  o r  

k e to n e  b o d ie s  in  r a t  h e a r t  m i t o c h o n d r i a .  4 -B ro m o cro to n ic  

a c i d  was found t o  be such an  i n h i b i t o r .

Both p a l m i t o y l c a r n i t i n e  and p y r u v a te  s u p p o r t  h ig h  r a t e s
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o f  r e s p i r a t i o n  in i s o l a t e d  r a t  h e a r t  m i to c h o n d r ia  a s  i l l u s ­

t r a t e d  i n  F i g s .  1A and 1C. When m i to c h o n d r ia  were p r e i n ­

c u b a te d  f o r  3 min in  th e  p re s e n c e  o f  20 uM 4 -b ro m o c ro to n ic  

a c i d ,  r e s p i r a t i o n  s u p p o r t e d  by p a l m i t o y l c a r n i t i n e  was com­

p l e t e l y  i n h i b i t e d  ( s e e  F ig .  IB ) ,  whereas  p y ru v a te -d e p e n d e n t  

r e s p i r a t i o n  was u n a f f e c t e d  (see  F i g .  ID ) .  T h is  o b s e r v a t i o n  

i s  i n d i c a t i v e  o f  th e  s p e c i f i c  i n h i b i t i o n  o f  f a t t y  a c i d  

o x i d a t i o n  by 4 -b ro m o c ro to n ic  a c i d .  S in ce  t h i s  compound 

i n h i b i t e d  a l s o  r e s p i r a t i o n  s u p p o r te d  by o c t a n o i c  a c i d  ( F i g . 2 ) ,  

which e n t e r s  m i to c h o n d r ia  in a c a r n i t i n e - i n d e p e n d e n t  manner, 

t h e  s i t e  a t  which th e  i n h i b i t o r  b lo c k s  f a t t y  a c i d  o x i d a t i o n  

must be w i t h i n  the  B o x i d a t i o n  c y c l e .  In  o r d e r  t o  i d e n t i f y  

t h e  s i t e ,  o f  i n h i b i t i o n ,  I  have a s s a y e d  th e  enzymes o f  B 

o x i d a t i o n  p r e s e n t  in  a s u p e r n a t a n t  o f  d i s r u p t e d  m i to c h o n d r ia  

p r e i n c u b a t e d  w ith  20 uM 4 -b ro m o c ro to n ic  a c i d  f o r  3 min. As 

shown i n  T a b le  I I ,  b o th  t h i o l a s e s  p r e s e n t  in r a t  h e a r t  

m i t o c h o n d r ia  were c o m p le te ly  i n a c t i v a t e d ,  whereas  none of th e  ' 

o t h e r  o x i d a t i o n  enzymes was s i g n i f i c a n t l y  a f f e c t e d .  Thus, i t  

i s  c o n c lu d ed  t h a t  th e  o b se rved  i n h i b i t i o n  o f  f a t t y  a c i d  

o x i d a t i o n  by 4 -b ro m o c ro to n ic  a c i d  i s  a consequence  o f  th e  

i n a c t i v a t i o n  o f  3 -ke toacy l-C oA  t h i o l a s e .  T h i s  i n h i b i t i o n  was 

n o t  o b s e rv e d  w ith  m i to c h o n d r ia  uncoup led  w i th  30uM 2 , 4 -  

d i n i t r o p h e n o l .  I t  i s  t h e r e f o r e  l i k e l y  t h a t  th e  i n h i b i t o r  

must f i r s t  be a c t i v a t e d  by c o n v e r s io n  t o  i t s  CoA d e r i v a t i v e  

and p o s s i b l y  must be f u r t h e r  m e ta b o l i z e d  b e f o r e  i t  becomes 

i n h i b i t o r y  to  t h i o l a s e .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  4-  

b r o m o b u ty r i c  a c i d  d id  n o t  i n h i b i t  r e s p i r a t i o n  su p p o r te d  by
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F i g .  1 .  E f f e c t  o f  4 -b ro m o c ro to n ic  a c i d  on r e s p i r a t i o n  

s u p p o r t e d  by e i t h e r  p a l m i t o y l c a r n i t i n e  o r  p y ru v a te  in  coupled  

r a t  h e a r t  m i t o c h o n d r i a .  For  e x p e r im e n ta l  d e t a i l s  see  under  

" E x p e r im e n ta l  P r o c e d u r e s . "  C. |g-cn,  p a l m i t o y l c a r n i t i n e  

(30 uM); 4BrCt ,  4 -b ro m o c ro to n ic  a c id  (20 uM); p y r ,  p y ru v a te  

( 2 .5  mM). The numbers r e p r e s e n t  th e  r a t e s  o f  r e s p i r a t i o n  in 

ng -a tom s  C^/min and mg o f  p r o t e i n .



ADP

19 Cis~cn

to.e*

ADP, 4 BrCt

C ^ - c n  ,•

252

2 min

ADP ADP,4BrCt

290 290

H-iQ

H*



P ig .  2 .  E f f e c t  o f  4 - b r o m o c ro to n ic  a c i d  on r e s p i r a t i o n  sup­

p o r t e d  by o c t a n o a t e  i n  coup led  r a t  h e a r t  m i t o c h o n d r i a .  For 

e x p e r i m e n ta l  d e t a i l s  s e e  under  "E x p e r im e n ta l  P r o c e d u r e s . "  

O c ta n o a te  (100 uM); 4B rC t ,  4 -b ro m o c ro to n ic  a c i d  (20 uM).

The numbers r e p r e s e n t  t h e  r a t e s  o f  r e s p i r a t i o n  in  ng-atom 

0 2/m in  and 2 mg o f  p r o t e i n .
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T ab le  I I

E f f e c t  o f  4 - b ro m o c ro to n ic  a c i d  on enzymes o f  f a t t y  a c i d  o x i d a t i o n .  M ito ch o n d r ia  were 
p r e i n c u b a t e d  f o r  3 min w i th  20uM 4 - b ro m o c ro to n ic  a c i d  and were a s s a y e d  f o r  th e  enzymes 
o f  B o x i d a t i o n  a s  d e s c r i b e d  under  "E x p e r im e n ta l  P r o c e d u r e s . "

Enzyme S u b s t r a t e  C o n t r o l 3 + 4 -B rom ocro ton ic  Acid
umol/min/mg p r o t e i n

Remaining
A c t i v i t y

%

Acyl-CoA Butyryl-CoA .0 .072 0 .072 100
dehydrogenase Decanoyl-CoA 0.064 0 .064 100

PaImitoyl-CoA 0 .086 0.086
»

100

Enoyl-CoA h y d r a t a s e Crotonyl-CoA 2 .12 2 .12 100
2-DecenoylrCoA 1.33 1.22 92

3-Hydroxyacyl-CoA
dehydrogenase

Acetoacety1-CoA 0.915 0 .915 100

T h i o l a s e Acetoa ce ty l-CoA 0 .4 0 0 0
3-Ketodecanoy1-CoA 0 .3 8 0 0

a A c t i v i t i e s  measured in  t h e  ab sen ce  o f  4--b ro m o c ro to n ic  a c i d .



p a l m i t o y l c a r n i t i n e  most l i k e l y  due to  th e  o b se rv ed  i n a c t i v i t y  

o f  b u ty ry l -C o A  deh y d ro g en ase  toward 4-bromobutyry1-CoA.

The i n h i b i t i o n  o f  p a l m i t o y l c a r n i t i n e - s u p p o r t e d  r e s p i r a ­

t i o n  and th e  i n a c t i v a t i o n  o f  th e  two t h i o l a s e s  were s t u d i e d  

a s  a f u n c t i o n  o f  th e  c o n c e n t r a t i o n  o f  4 - b ro m o c ro to n ic  a c i d .

As i l l u s t r a t e d  in  F i g .  3A a c e to a c e ty l -C o A  t h i o l a s e ,  which i s  

b e l i e v e d  to  f u n c t i o n  o n ly  in  ke to n e  body d e g r a d a t i o n ,  was 

i n h i b i t e d  more r a p i d l y  { I 5Q = 2uM) th a n  was 3-ketoacy1-CoA 

t h i o l a s e  ( I 5Q = 4 uM) which f u n c t i o n s  in f a t t y  a c i d  

o x i d a t i o n .  The l a t t e r  enzyme i s  co m p le te ly  i n h i b i t e d  by  15uM 

4 - b ro m o c ro to n ic  a c i d .  The i n h i b i t i o n  cu rve  o b ta in e d  f o r

3 -k e to a c y l -C o A  t h i o l a s e  p a r a l l e l s  t h e  i n h i b i t i o n  p a t t e r n  

o b s e rv e d  f o r  p a l m i t o y l c a r n i t i n e - d e p e n d e n t  r e s p i r a t i o n  ( s e e  

F i g .  3A). T h is  f i n d i n g  s u p p o r t s  th e  p r e v i o u s  c o n c l u s i o n  (28) 

t h a t  th e  t h i o l a s e - c a t a l y z e d  r e a c t i o n  may be r a t e - l i m i t i n g  in  

f a t t y  a c i d  o x i d a t i o n  o r  a t  l e a s t  may be a s  slow a s  o t h e r  

s t e p s  a r e .  The i n h i b i t i o n  o f  r e s p i r a t i o n  by 4 - b ro m o c ro to n ic  ' 

a c i d  i s  a l s o  a f u n c t i o n  o f  t im e ( see  F i g .  3B). I n  the  

p r e s e n c e  o f  20 uM i n h i b i t o r  r e s p i r a t i o n  i s  c o m p le t e ly  in ­

h i b i t e d  w i t h i n  2 m in .

The E f f e c t  o f  4 -B ro m o cro to n ic  Acid on Ketone Body D e g ra d a t io n  

in  Rat  H e a r t  M i to c h o n d r ia  -  The e f f e c t  o f  4 - b ro m o c ro to n ic  

a c i d  on r e s p i r a t i o n  s u p p o r t e d  by e i t h e r  3 - h y d r o x y b u t y r a t e  o r  

a c e t o a c e t a t e  was s t u d i e d  w i th  coup led  r a t  h e a r t  m i t o c h o n d r i a .  

As can be seen  in  F i g .  4 t h e  i n h i b i t o r  a t  a c o n c e n t r a t i o n  of  

20 uM and a f t e r  3 min o f  p r e i n c u b a t i o n  caused  th e  com plete  

i n h i b i t i o n  o f  a c e t o a c e t a t e - s u p p o r t e d  r e s p i r a t i o n ,  whereas



F i g .  3A. I n h i b i t i o n s  o f  p a l m i t o y l c a r n i t i n e - s u p p o r t e d  r e s ­

p i r a t i o n ,  3 -k e to a cy l -C o A  t h i o l a s e  and a c e to a c e ty l -C o A  t h i o ­

l a s e  a s  a  f u n c t i o n  o f  th e  c o n c e n t r a t i o n  o f  4 -b ro m o c ro to n ic  

a c i d .  Coupled r a t  h e a r t  m i to c h o n d r ia  were p r e i n c u b a t e d  f o r  3 

min w i th  th e  i n h i b i t o r  and a s s a y e d  f o r  p a l m i t o y l e a r n i t i n e -  

d e p e n d en t  r e s p i r a t i o n  ( a  ) ,  p y r u v a te -d e p e n d e n t  r e s p i r a t i o n  

(▲ ) ,  3 -k e to a cy l -C o A  t h i o l a s e  ( • )  and  a c e to a c e ty l -C o A  (0)  a s  

d e s c r i b e d  under  " E x p e r im e n ta l  P r o c e d u r e s . "

B. I n h i b i t i o n  o f  p a l m i t o y l c a r n i t i n e - s u p p o r t e d  r e s p i r a t i o n  by 

4 - b ro m o c ro to n ic  a c i d  a s  a f u n c t i o n  o f  t h e  p r e i n c u b a t i o n  t im e .  

Coupled r a t  h e a r t  m i to c h o n d r ia  were p r e i n c u b a t e d  w i th  20 uM 

4 - b ro m o c ro to n ic  a c i d  and  a s s a y e d  f o r  p a l m i t o y l c a r n i t i n e - s u p ­

p o r t e d  r e s p i r a t i o n  (Bt)  and p y r u v a t e - s u p p o r t e d  r e s p i r a t i o n  

( A  ) a s  d e s c r i b e d  under  " E x p e r im e n ta l  P r o c e d u r e s . "
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P i g .  4 .  E f f e c t  o f  4 -b ro m o c ro to n ic  a c i d  on r e s p i r a t i o n  sup­

p o r t e d  by k e to n e  b o d ie s  in  coup led  r a t  h e a r t  m i t o c h o n d r i a .

For  e x p e r i m e n t a l  d e t a i l s  see  under  "E x p e r im e n ta l  P r o c e d u r e s . "  

BOHC^ t 3 - h y d r o x y b u ty r a t e  (1 mM); AcAcOH, a c e t o a c e t a t e  (ImM); 

4 B rC t ,  4 - b ro m o c ro to n ic  a c i d  (20 uM). The numbers r e p r e s e n t  

t h e  r a t e s  o f  r e s p i r a t i o n  in  ng-atom 02 /m in  and 2 mg o f  

p r o t e i n .
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r e s p i r a t i o n  s u s t a i n e d  by 3 - h y d r o x y b u t y r a t e  was reduced  by 

80%. A ssays  o f  i n d i v i d u a l  enzymes o f  k e to n e  body d e g r a d a t i o n  

p roved  t h a t  o n ly  a c e to a c e ty l - C o A  t h i o l a s e  was i n h i b i t e d  (see  

T a b le  I I I ) .  The i n h i b i t i o n  o f  a c e to a c e ty l - C o A  t h i o l a s e  and  

o f  r e s p i r a t i o n  s u p p o r te d  by 3 - h y d r o x y b u t y r a t e  a s  a f u n c t io n  

o f  t h e  4 - b ro m o c ro to n a te  c o n c e n t r a t i o n  i s  shown in F i g .  5A. 

C l e a r l y  a c e to a c e ty l - C o A  t h i o l a s e  a t  low c o n c e n t r a t i o n s  o f  the  

i n h i b i t o r  i s  more s e v e r e l y  i n h i b i t e d  th a n  i s  r e s p i r a t i o n .

The r e s i d u a l  r a t e  o f  r e s p i r a t i o n  n o t  s e n s i t i v e  to  4-bromo­

c r o t o n a t e  i s  p r o b a b ly  s u s t a i n e d  by NADH formed d u r in g  th e  

d e h y d r o g e n a t io n  o f  3 - h y d r o x y b u t y r a t e  to  a c e t o a c e t a t e .  The 

i n a c t i v a t i o n  o f  a c e to a c e ty l - C o A  t h i o l a s e  by  4 -b ro m o c ro to n ic  

a c i d  i s  a l s o  more r a p i d  th a n  i s  th e  i n h i b i t i o n  o f  r e s p i r a t i o n  

s u p p o r t e d  by a c e t o a c e t a t e  ( s ee  F ig .  5B).  A lthough the  d i f ­

f e r e n c e  between  th e  i n h i b i t i o n  o f  th e  enzyme and t h a t  o f  

th e  o v e r a l l  p r o c e s s  was s l i g h t ,  i t  was r e p r o d u c i b l e  and 

s i g n i f i c a n t .

M e tabo l ism  o f  4 -B ro m o c ro to n ic  Acid i n  R a t  H e a r t  M i to ch o n d r ia  • 

The o b s e r v a t i o n  t h a t  4 - b r o m o c ro to n ic  a c i d  i n h i b i t s  the  two 

t h i o l a s e s  and c o n s e q u e n t l y  f a t t y  a c i d  o x i d a t i o n  in  c o u p le d ,  

b u t  n o t  i n  u n coup led  r a t  h e a r t  m i t o c h o n d r i a ,  s u g g e s t s  t h a t  

t h e  a c i d  must be a c t i v a t e d  in  an e n e rg y - d e p e n d e n t  r e a c t i o n  

b e f o r e  i t  becomes i n h i b i t o r y .  4 -Brom ocro tonm ic  a c i d  i s  m ost  

l i k e l y  c o n v e r t e d  to  4 -bromocrotony1-CoA by medium cha in  

acy l-CoA  s y n t h e t a s e  which i s  l o c a t e d  in  t h e  m i t o c h o n d r i a l  

m a t r i x  (6 6 ) .  4 -Brom ocrotonyl-CoA has  been shown to  be an 

i n h i b i t o r  o f  i s o l a t e d  t h i o l a s e  ( 6 7 ) .  When a s u p e r n a t a n t  o f



T a b le  I I I

E f f e c t  o f  4 -b ro m o c ro to n ic  a c i d  on th e  enzymes o f  k e to n e  body d e g r a d a t i o n .  M ito ch o n d r ia  

were p r e in c u b a t e d  f o r  3 min w i th  20 uM 4 -b ro m o c ro to n ic  a c i d  and a s sa y e d  f o r  th e  enzymes 

o f  k e to n e  body d e g r a d a t i o n  a s  d e s c r i b e d  under  "E x p e r im e n ta l  P r o c e d u r e s . "

Enzyme S u b s t r a t e  C o n t r o l3 + 4 -B rom ocro ton ic  Acid

umol/min/mg p r o t e i n
- f

Remaining

A c t i v i t y

%

Acetoa ce ty l-CoA A ce toace ty l-C oA 0 .5 2 0 0

t h i o l a s e

3-Ketoacid-CoA S u c c i n a t e 1.67 1.67 100

t r a n s f e r a s e A ce toace ty l-C oA

3-H ydroxybutyra  t e 3 -H y d ro x y b u ty ra te 0.021 0.021 100

dehydrogena se

a A c t i v i t i e s  measured in  th e  ab sen ce  o f  4 -b ro m o c ro to n ic  a c i d



P i g .  5 .  I n h i b i t i o n s  o f  a c e to a c e ty l - C o A  t h i o l a s e  and r e s p i r a ­

t i o n  s u p p o r te d  by e i t h e r  3 - h y d r o x y b u ty r a t e  o r  a c e t o a c e t a t e  a s  

a f u n c t i o n  o f  th e  c o n c e n t r a t i o n  o f  4 - b ro m o c ro to n ic  a c i d .  

Coupled r a t  h e a r t  m i to c h o n d r ia  were p r e i n c u b a t e d  f o r  3 min 

w i th  th e  i n h i b i t o r  and a s s a y e d  a s  d e s c r i b e d  under  " E x p e r i ­

m e n ta l  P r o c e d u r e s . "  A, 3 - h y d r o x y b u t y r a t e - d e p e n d e n t  r e s p i r a ­

t i o n  ( 0 ) ;  a c e to a c e ty l - C o A  t h i o l a s e  ( • ) .  B, a c e t o a c e t a t e -  

d ep en d en t  r e s p i r a t i o n  ( A ) ;  a c e to a c e ty l - C o A  t h i o l a s e  ( • ) .
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d i s r u p t e d  r a t  h e a r t  m i to c h o n d r ia  was in c u b a te d  w i th  20 uM

4-b rom ocro tony l-C oA ,  a p a r t i a l  i n h i b i t i o n  o f  t h i o l a s e  

a c t i v i t i e s  was d e t e c t e d  w i th  e i t h e r  a c e to a c e ty l - C o A  ( see  P ig .  

6A) o r  3 -k e to d e can o y l -C o A  (see  P i g .  6B) a s  s u b s t r a t e s .  How­

e v e r ,  when a d d i t i o n a l l y  NAD was p r e s e n t  in  th e  in c u b a t i o n  

m i x t u r e ,  t h e  i n h i b i t i o n  o f  t h e  two t h i o l a s e  a c t i v i t i e s  was 

much more r a p i d  and com ple te  w i t h i n  15 m in .  T h i s  o b s e r v a t i o n  

s u g g e s t s  t h a t  4 -b rom ocro tony l-C oA  i s  m e t a b o l i z e d ,  most l i k e l y  

v ia  B o x i d a t i o n ,  and t h a t  one o f  i t s  m e t a b o l i t e s  i s  an 

e f f i c i e n t  i n h i b i t o r  o f  b o th  t h i o l a s e s  p r e s e n t  in  h e a r t  m i t o ­

c h o n d r i a .  E xper im en ts  w ith  p u r i f i e d  enzymes dem o n s t ra ted  

t h a t  4 -b rom ocro tony l-C oA  i s  a c t e d  upon by c r o t o n a s e  (See F i g .  

7) a s  has  been r e p o r t e d  by S teinm an and H i l l  ( 6 8 ) .  The r a p i d  

h y d r a t i o n  o f  4 -b rom ocro tony l-C oA  t o  3 -h y d ro x y - 4 -b r o m o c ro to n y l -  

CoA by c r o t o n a s e  may be th e  r ea s o n  why th e  i n h i b i t i o n  o f  

t h i o l a s e  p r e s e n t  in  a m i t o c h o n d r i a l  e x t r a c t  s t o p s  a f t e r  a few 

m in u te s  ( s e e  F i g .  6 ) .  The p r o d u c t  o f  th e  c r o t o n a s e - c a t a l y z e d  

r e a c t i o n ,  p re su m ab ly  L -3 -h y d ro x y -4 -b ro m o b u ty ry l -C o A ,  i s  a 

s u b s t r a t e  f o r  L -3 -h y d ro x y a c y 1-CoA d eh y d ro g en a se  a s  ev idenced  

by t h e  fo rm a t io n  o f  NADH (see  P i g .  7 ) .  The e x p e c te d  forma­

t i o n  o f  b o th  NADH and  3 -k e to -4 -b ro m o b u ty ry l -C o A  i s  i l l u s -
f

t r a t e d  i n  F i g .  8A, c u rv e  1, which shows th e  o v e r l a p p in g
2+a b s o rb a n c e  peaks  o f  NADH and th e  Mg - e n o l a t e  complex o f

3 -k e to -4 -b ro m o b u ry ry l -C o A .  A d d i t io n  o f  EDTA t o  t h i s  s o l u t i o n  

r e s u l t e d  in  a l a r g e  d e c r e a s e  in  a b s o rb a n c e  due t o  the  

d i s a p p e a r a n c e  o f  th e  Mg^+- e n o l a t e  complex (see  F ig .  8A, 

c u rv e  2 ) .  When 3 -k e to -4 -b ro m o b u ty ry l -C o A  was g e n e r a t e d
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F i g .  6 . I n a c t i v a t i o n  o f  t h i o l a s e s  p r e s e n t  in  an e x t r a c t  of  

r a t  h e a r t  m i t o c h o n d r i a .  S o lu b le  m i t o c h o n d r i a l  p r o t e i n s  (0 .2  

mg/ml) i n  2 ml o f  0 . 2  M T r i s -H C l  (pH 8 .2 )  c o n t a i n i n g  25 mM 

MgCl2 r 30 mM KC1, 20% g l y c e r o l  and 10 mM m e rc a p to e th a n o l  

were i n c u b a te d  in  t h e  p r e s e n c e  o f  e i t h e r  20 uM 4 -b rom ocro -  

tonyl-CoA ( A )  o r  20 uM 4-bromocrotony1-CoA p l u s  0 .2 3  mM NAD 

( 6 ) .  A l i q u o t s  were a s s a y e d  f o r  t h i o l a s e  a c t i v i t i e s  w i th  

a c e to a c e ty l - C o A  (A) o r  3-ketodecanoy1-CoA (B) a s  s u b s t r a t e s  

a s  d e s c r i b e d  u nder  " E x p e r im e n ta l  P r o c e d u r e s . "
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F i g .  7 .  S p e c t r o p h o t o m e t r i c  ev id e n c e  f o r  th e  c o n v e r s io n  o f

4 -b rom ocro tony l-C oA  t o  3-keto-4-brom obutyry l* -CoA . The 

r e a c t i o n  was s t a r t e d  by th e  a d d i t i o n  o f  c r o to n a s e  (4mU) t o

4 -b rom ocro tony l-C oA  (11 nmoles)  i n  0 . 6  ml o f  0 .1  M Tris-HC1 

(pH 8 . 2 )  c o n t a i n i n g  25 mM MgC^ and 30 mM KC1. T^fter 

c o m p le t io n  o f  th e  h y d r a t i o n  r e a c t i o n  NAD (0 .1 4  umol) and

3-hydroxyacy l-C oA  d eh y d ro g en a se  (1 .5  U) were added to  the  

a s s a y  m i x t u r e .
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F i g .  8 The sp ec t ru m  o f  Mg^+- e n o l a t e  complex o f  3 - k e t o - 4 -  

bromobutyryl-CoA.,  A: (1)  The spec trum  o b t a i n e d  when 4-

brom ocro tonyl-CoA (18 nmol) in  1 ml o f  0 . 1  M T r is -H C l  (pH

8 . 2 )  c o n t a i n i n g  25 mM MgC^/ and 30 mM KC1 was in c u b a te d

w i th  c r o t o n a s e  (7 mU), NAD (0 .2 3  umol) and  3 -hydroxyacyl-CoA

d eh y d ro g e n a se  (2 .4  U).  (2) The sp ec t ru m  a f t e r  a d d i t i o n  o f

EDTA (45 umol) t o  t h e  above d e s c r i b e d  r e a c t i o n  m i x t u r e .  B: 

The sp e c t ru m  o b t a i n e d  when th e  r e a c t i o n ' m i x t u r e  d e s c r ib e d  

under  A (1) c o n t a in e d  a d d i t i o n a l l y  sodium p y r u v a te  (1 umol) 

and l a c t a t e  dehyd rogenase  (4 0) t o  r e o x i d i z e  NADH. (1) 10 

min ,  (2) 20 min and (3) 60 min a f t e r  th e  s t a r t  o f  th e  

r e a c t i o n .
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e n z y m a t i c a l l y  from 4-b rom ocro tony l-C oA  in  th e  p r e s e n c e  of

p y r u v a t e  and  l a c t a t e  d ehydrogenase  t o  r e - o x i d i z e  NADH,
2 +t h e  sp e c t ru m  o f  o n ly  th e  Mg - e n o l a t e  complex o f

3 -k e to -4 -b ro m o b u ty ry l -C o A  was o b s e r v e d .  As shown in  P ig .  8B

t h e  f o rm a t io n  o f  3 -k e to -4 -b ro m o b u ty ry l -C o A  i s  t im e-d ep en d e n t
2 +and  th e  maximum a b s o rb a n c e  o f  i t s  Mg - e n o l a t e  complex i s  

o b s e rv e d  a t  310 nm. S in ce  th e  a b s o rb a n c e  maximum o f  th e  

c o r r e s p o n d i n g  complex o f  a c e to a c e ty l - C o A  i s  a t  303 nm (5 7 ) ,  

t h e  brom ine  s u b s t i t u e n t  c a u se s  a red  s h i f t  o f  7 nm. In  F ig .

9 i s  t h e  summarized o u t l i n e  r e g a r d i n g  t h e  m e tabo l ism  of

4 - b r o m o c ro to n ic  a c i d  in  r a t  h e a r t  m i t o c h o n d r i a .  4-bromo- 

c r o t o n i c  a c i d  i s  c o n v e r t e d  to  i t s  CoA e s t e r ,  h y d ra te d  by 

c r o t o n a s e  and  d e h y d ro g en a ted  by  3 -hydroxyacy l-C oA  

d eh y d ro g e n a se  t o  3 -k e to -4 -b ro m o b u ty ry l -C o A  which i s  an 

e f f e c t i v e  i n h i b i t o r  o f  b o th  a c e to a c e ty l - C o A  t h i o l a s e  and

3 -k e to a cy l -C o A  t h i o l a s e .  When 20 uM brom oacety l-CoA , a 

p o s s i b l e  t h i o l y t i c  c l e a v a g e  p r o d u c t  o f  3 -k e to - 4 -b r o m o -  

b u ty ry l -C o A  was in c u b a te d  w i th  a m i t o c h o n d r i a l  e x t r a c t ,  

n e i t h e r  o f  t h e  two t h i o l a s e s  was i n h i b i t e d .

Mechanism o f  I n h i b i t i o n  o f  T h i o l a s e s  by 3 - K e to -4 -b ro m o b u ty ry l -  

CoA -  When p u r i f i e d  3 -k e to a cy l -C o A  t h i o l a s e  was p r e in c u b a te d  

and  a s s a y e d  in  t h e  p r e s e n c e  o f  2 uM 3 -k e to -4 -b ro m o b u ty ry l -C o A ,  

i t s  a c t i v i t y  d e c r e a s e d  by two t h i r d s  in  l e s s  th a n  10 s e c o n d s .  

The enzyme was c o m p le t e ly  i n a c t i v a t e d  w i t h i n  20 min (see  P ig .  

10A). I n  c o n t r a s t ,  2 uM 4 -b rom ocro tony l-C oA  caused  only  a 

s l i g h t  i n h i b i t i o n  which d id  n o t  i n c r e a s e  w i th  t im e (see  P ig .

10A). A s i m i l a r  r e s u l t  was o b t a i n e d  when 3 -ke toacy l-C oA
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F i g .  9 .  P roposed m e tab o l ism  o f  4 -b ro m o c ro to n ic  a c i d  in r a t  

h e a r t  m i t o c h o n d r i a .
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F ig .  9

Metabolism of 4 - Bromocrotonic Acid

Br-CH -CH=CH-C-OH
0

atp^ coash
j r  (Acyl-CoA synthetase)

PP,

Br-CH,-CH = CH-C-SCoA 
2 II

0
/

+ HzO (Crotonase)

Br-CH-CH-CH -C-SCoA
2 I 2 ii

OH 0
yl|/^NAD+

( 3-Hydroxyacyl-CoA 
|PS*NADH+H+ dehydrogenase)

Br-CH -C-CH.-C-SCoA  
2 ii 2 ii 

0  0
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F i g .  10 I n h i b i t i o n  o f  p u r i f i e d  r a t  h e a r t  3 -ke toacy l-C oA  

t h i o l a s e  by m e t a b o l i t e s  o f  4 -b ro m o c ro to n ic  a c i d .  A: 3 - k e t o -

acy l-CoA t h i o l a s e  (0*19 ug) in  0 . 6  ml o f  0 .1  M Tris-HC1 (pH 

8 .2 )  c o n t a i n i n g  25 mM MgCl2 and 30 mM KC1 was in c u b a te d  in  

t h e  p r e s e n c e  o f  2 uM 4-bromocrotonyl-CoA (0) o r  2 uM 3 - k e t o -

4 -b rom obutyry l-CoA  ( O ) and a s s a y e d  as  d e s c r i b e d  under  

" E x p e r im e n ta l  P ro c e d u r e s "  in  th e  p r e s e n c e  o f  2 uM brom ocro -  

tonyl-CoA o r  2 uM 3 -k e to -4 -b ro m o b u ty ry l -C o A  r e s p e c t i v e l y .  B:

3 -K e to -acy l -C o A  t h i o l a s e  (3 ug) i n  0 .1  ml o f  0 . 7  M Tris-HC1 

(pH 8 . 2 ) ,  c o n t a i n i n g  10% g l y c e r o l  and 10 mM m e rc a p to e th a n o l  

was i n c u b a t e d  in  th e  p r e s e n c e  o f  e i t h e r  6 uM 3 -k e to - 4 -b r o m o -  

bu ty ry l -C o A  ( O ) ,  o r  6 uM 3 -k e to -4 -b ro m o b u ty ry l -C o A  p lu s  1 mM 

a c e to a c e ty l - C o A  (A ) o r  no a d d i t i o n  ( 0 ) .  The enzyme was 

a s s a y e d  a s  d e s c r i b e d  under  "E x p e r im e n ta l  P r o c e d u r e s . "
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t h i o l a s e  was p r e i n c u b a t e d  w i th  6 uM 3 -k e to -4 -b ro m o b u ty ry l -C o A  

b u t  a s s a y e d  in  t h e  p r e s e n c e  o f  o n ly  50 nM o f  th e  i n h i b i t o r  

( s e e  P i g .  10B). Most im p o r ta n t  was th e  o b s e r v a t i o n  t h a t  

1 mM a c e to a c e ty l - C o A  e f f e c t i v e l y  p r o t e c t e d  3 -k e to acy l-C o A  

t h i o l a s e  a g a i n s t  i n a c t i v a t i o n  by 6 uM 3 - k e t o - 4 - b r o m o b u t y r y l -  

CoA ( see  F i g .  10B). Thus t h e  i n h i b i t o r  seems t o  i n a c t i v a t e  

t h i o l a s e  a f t e r  f i r s t  b i n d i n g  t o  th e  a c t i v e  s i t e  o f  the  

enzyme. T h is  c o n c l u s i o n  i s  no t  s u r p r i s i n g  b ec au se  t h e  

i n h i b i t o r  has a l l  t h e  s t r u c t u r a l  e l e m e n ts  o f  a s u b s t r a t e  f o r  

t h i o l a s e  and i s  h i g h l y  e f f e c t i v e  a t  low c o n c e n t r a t i o n s .  The 

t im e-d ep en d e n ce  o f  th e  i n h i b i t i o n  o f  t h i o l a s e  by 3 - k e t o - 4 -  

bromobutyryl-CoA s u g g e s t s  t h a t  t h e  i n h i b i t i o n  i s  a conse ­

quence o f  a c o v a l e n t  m o d i f i c a t i o n  o f  th e  enzyme. To p ro v id e  

d i r e c t  e v id en ce  f o r  t h i s . h y p o t h e s i s  3 -k e to a cy l -C o A  t h i o l a s e  

was i n a c t i v a t e d  in  t h e  p r e s e n c e  o f  3 - k e to - 4 - b r o m o b u ty r y l -  

[^H]CoA. A f t e r  s e p a r a t i n g  t h i o l a s e  from th e  i n c u b a t i o n  

medium by r a p i d  f i l t r a t i o n  th ro u g h  Sephadex G-50, no r a d i o ­

a c t i v i t y  was found t o  be a s s o c i a t e d  w ith  th e  enzyme which 

rem ained  i n a c t i v e  (T a b le  I V ) . Hence, t h e  c o m p le te  i n h i b i t o r  

m o le c u le  i s  n o t  a t t a c h e d  to  the  i n a c t i v a t e d  enzyme. However 

i t  i s  p o s s i b l e  t h a t  t h e  p a r t  o f  3 - k e t o - 4 - b r o m o b u t y r y l - [ H]CoA
r

which i s  n o t  r a d i o a c t i v e l y  l a b e l e d  rem ains  bound t o  the  i n ­

a c t i v e  enzyme.. When 3 -k e to -4 -b ro m o b u ty ry l -C o A  was in c u b a te d  

w i th  CoASH and a l a r g e  amount o f  p u r i f i e d  p ig  h e a r t

3 -k e to - a c y l -C o A  t h i o l a s e  (3 .8  ug) no e v id e n c e  f o r  a measur­

a b l e  t h i o l y t i c  c l e a v a g e  o f  t h e  i n h i b i t o r  was o b t a i n e d .
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T a b le  IV

I n a c t i v a t i o n  o f  3-Ketoacyl-CoA  T h i o l a s e  
 by 3 -K e to -4 -b rom obu ty ry l-C oA _______

Enzyme was in c u b a te d  w i th  t h e  i n d i c a t e d  compound f o r  20 

m in .  b e f o r e  f i l t r a t i o n .  The r e a c t i o n  m ix tu re  was f i l t e r e d  

th ro u g h  Sephadex a s  d e s c r i b e d  under  " E x p e r im e n ta l  P ro c e d u re s "

E E-4-BrCt-CoAa E - I a 4-BrCt-CoAb

A c t i v i t y  (u/mg)
b e f o r e  f i l t r a t i o n  8 .67  8 .6 7  0

a f t e r  f i l t r a t i o n  5 .7 2  5 .7 2  0

Coun ts  b e f o r e  
f i l t r a t i o n
( cpm) 44 ,771  55,570

Counts  a f t e r  . 
f i l t r a t i o n
(cpm) • 43 - 484 267 220

a )  E, 3 -k e to a cy l -C o A  t h i o l a s e ;  4-BrCt-CoA, 4 -b rom ocro tony l-C oA ; 
I ,  3 - k e t o - 4 “brom obutyry l-CoA .

b) C o n t ro l  in  a b s en ce  o f  enzyme.
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DISCUSSION

4 -B ro m o c ro to n ic  a c i d  was found to  be an e f f e c t i v e  i n ­

h i b i t o r  o f  r e s p i r a t i o n  s u p p o r te d  by e i t h e r  f a t t y  a c i d s  o r  

k e to n e  b o d i e s .  S in c e  p y r u v a t e  o x i d a t i o n  was u n a f f e c t e d  by  

t h i s  i n h i b i t o r ,  n e i t h e r  t h e  t r i c a r b o x y l i c  a c i d  c y c l e  nor 

o x i d a t i v e  p h o s p h o r y l a t i o n  a r e  i n h i b i t e d  b y  4 - b r o m o c r o t o n ic  

a c i d .  A lso  th e  l e v e l s  o f  CoASH and NAD a r e  no t  lowered  

d r a m a t i c a l l y  o r  o t h e r w i s e  p y r u v a t e  o x i d a t i o n  would be i n h i ­

b i t e d .  The im p a i red  o x i d a t i o n  o f  o c t a n o a t e ,  which e n t e r s  

m i to c h o n d r ia  i n d e p e n d e n t  o f  c a r n i t i n e ,  does  no t  a g r e e  w i th  

t h e  m i t o c h o n d r i a l  u p ta k e  o t  f a t t y  a c i d s  a s  th e  p r im a ry  s i t e  

o f  i n h i b i t i o n .  C o n s e q u e n t ly  one o f  th e  s t e p s  o f  B o x i d a t i o n  

must be th e  s i t e  o f  i n h i b i t i o n .  When th e  enzymes o f  B o x id a ­

t i o n  were a s s a y e d ,  o n l y  3 -k e to acy l-C o A  t h i o l a s e  and  a c e t o -  

a c e ty l -C o A  t h i o l a s e ,  which f u n c t i o n  in  f a t t y  a c i d  o x i d a t i o n  

and k e to n e  body d e g r a d a t i o n  r e s p e c t i v e l y ,  were found to  be 

i n a c t i v a t e d  by 4 - b ro m o c ro to n ic  a c i d .  T h u s ,  i t  i s  conc luded  

t h a t  s p e c i f i c  i n a c t i v a t i o n  o f  th e  t h i o l a s e s  i s  t h e  cause  f o r  

t h e  i n h i b i t i o n s  o f  f a t t y  a c i d  o x i d a t i o n  and k e to n e  body de­

g r a d a t i o n  in  r a t  h e a r t  m i t o c h o n d r i a .

The r e p e a t e d  o b s e r v a t i o n  o f  a l a g  phase  in  th e  4 -b rom o-
4

c r o t o n a t e - d e p e n d e n t  i n h i b i t i o n  o f  r e s p i r a t i o n  ( s e e  F i g .  3B) 

l e d  t o  th e  s u s p i c i o n  t h a t  4 - b ro m o c ro to n ic  a c i d  must f i r s t  be 

m e t a b o l i z e d  b e f o r e  i t  becomes i n h i b i t o r y  t o  t h i o l a s e .  S in c e  

t h e  i n h i b i t o r  a f f e c t e d  r e s p i r a t i o n  in  c o u p l e d ,  b u t  no t  in 

uncoup led  m i t o c h o n d r i a ,  i t  i s  most l i k e l y  f i r s t  c o n v e r t e d  

i n t r a m i t o c h o n d r i a l l y  to  i t s  CoA d e r i v a t i v e  in  an ATP-dependent
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r e a c t i o n .  The r e s u l t i n g  4-brom ocro tony l-C oA  i s  r a p i d l y  

h y d r a t e d  by c r o t o n a s e ,  p resum ab ly  t o  L -3 -hy d ro x y -4 -b ro m o -
l

b u ty ry l -C o A ,  which in  t u r n  i s  d eh y d ro g en a ted  by NAD i n  the  

p r e s e n c e  o f  L-S-hydroxyacyl^-CoA dehydrogenase  t o  y i e l d

3 - k e to -4 -b ro m o b u ty ry l -C o A .  Of the  m e t a b o l i t e s  o f  4-bromo­

c r o t o n i c  a c i d ,  4 -b rom ocro tony l-C oA  has  been  r e p o r t e d  t o  be an  

i n h i b i t o r  o f  p u r i f i e d  t h i o l a s e  (6 7 ) .  3 - K e to - 4 -b r o m o b u ty r y l -  

CoA i s  e x p e c te d  t o  be an even more e f f e c t i v e  i n h i b i t o r  

b ec au se  i t  sh o u ld  b in d  t o  t h i o l a s e  a s  a s u b s t r a t e  and shou ld  

be v e ry  s u s c e p t i b l e  t o  a n u c l e o p h i l i c  s u b s t i t u t i o n  a t  t h e  ^
s

c a rb o n .  The r e s u l t s  d e m o n s t r a te  t h a t  3 - k e t o - 4 - b r o m o b u ty r y l -  

CoA o f  a l l  m e t a b o l i t e s  o f  4 -b ro m o c ro to n ic  a c i d  i s  by f a r  th e  

most e f f e c t i v e  i n h i b i t o r  o f  t h i o l a s e .

The most l i k e l y  mechanisms by which 3 - k e to - 4 -b r o m o -  

b u ty ry l -C o A  i n h i b i t s  t h i o l a s e  a r e  shown in  F i g .  11. 3 -K e to -

4 -b rom obu ty ry l-C oA  b i n d s  f i r s t  n o n c o v a le n t ly  t o  t h i o l a s e  a t  

i t s  a c t i v e  s i t e  a s  s u g g e s t e d  by the  o b se rv e d  p r o t e c t i o n  

a g a i n s t  i n h i b i t i o n  in  t h e  p r e s e n c e  o f  a c e t o a c e t y l - C o A .  How­

e v e r ,  th e  i n h i b i t i o n  o f  t h i o l a s e  i s  no t  j u s t  a consequence  

o f  a n o n c o v a le n t  i n t e r a c t i o n  w i th  th e  i n h i b i t o r ,  b ec au se  

f i l t r a t i o n  o f  t h i o l a s e  p r e i n c u b a t e d  w i th  3 - k e to - 4 -b r o m o -  

b u ty ry l - [^ H ]C o A  th ro u g h  Sephadex G-50 y i e l d e d  th e  s t i l l  

i n a c t i v e  enzyme d e v o id  o f  r a d i o a c t i v i t y .  The same e x p e r im e n t  

a l s o  e l i m i n a t e d  t h e  p o s s i b i l i t y  t h a t  a c o v a l e n t  enzyme- 

i n h i b i t o r  complex may have been formed v ia  a s im p le  n u c l e o ­

p h i l i c  d i s p l a c e m e n t  o f  bromine by e i t h e r  th e  s u l f y d r y l  g roup
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P i g .  11. P roposed  mechanism o f  3 -k e to a cy l -C o A  t h i o l a s e  

i n h i b i t i o n  by 3 - k e t o - 4 - b r o m o b u t y r y l “ CoA.
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o r  a n o t h e r  n u c l e o p h i l i c  g roup  p r e s e n t  a t  t h e  a c t i v e  s i t e .  

T hus ,  most l i k e  t h i o l a s e  c l e a v e s  th e  i n h i b i t o r  t o  y i e l d  t h e  

b ro m o a c e ty la t e d  form o f  th e  enzyme. The r e s u l t i n g  form o f  

t h i o l a s e  i s  i n a c t i v e  b e c a u s e  (a)  i t  i s  v e r y  s lo w ly  o r  no t  a t  

a l l  d e a c y l a t e d ,  (b)  i t  i s  n o t  d e a c y l a t e d  and a d d i t i o n a l l y  i t  

undergoes  a s u b s t i t u t i o n  r e a c t i o n  in  which  bromine i s  

d i s p l a c e d  by a n u c l e o p h i l i c  g roup  p r e s e n t  a t  th e  a c t i v e  s i t e  

o f  t h e  enzyme (c)  i t  i s  d e a c y l a t e d  b u t  i t  a l s o  undergoes  th e  

s u b s t i t u t i o n  r e a c t i o n  m en t ioned  in  ( b ) .  S in c e  no ev id en ce  

f o r  a m e a su rab le  t h i o l y t i c  c l e a v a g e  o f  3 - k e t o - 4 - b r o m o b u t y r y l -  

CoA was o b t a i n e d ,  even when a l a r g e r  amount o f  t h i o l a s e  was 

u s e d ,  i t  a p p e a r s  t h a t  t h e  d e a c y l a t i o n  r e a c t i o n  does no t  

t a k e  p la c e  a t  a m e a s u ra b le  r a t e .  T h e r e f o r e ,  th e  p r o b a b le  

mechanism o f  i n h i b i t i o n  o f  t h i o l a s e  by  3 - k e to - 4 ~ b r o m o b u t y r y l -  

CoA i s  one o f  t h o s e  l i s t e d  in  (a)  and  ( b ) .

The a v a i l a b i l i t y  o f  a compound which s p e c i f i c a l l y  

i n h i b i t s  b o th  t h i o l a s e s  p r e s e n t  in  c o u p le d  r a t  h e a r t  m i to ­

c h o n d r i a ,  h as  p r o v id e d  th e  o p p o r t u n i t y  t o  d e t e r m in e  w h e th e r  

r a t e s  o f  f a t t y  a c i d  o x i d a t i o n  and k e to n e  body d e g r a d a t i o n  in  

i s o l a t e d  m i to c h o n d r ia  a r e  d e te rm in e d  by t h e  a c t i v i t i e s  o f  

3 -k e to acy l-C o A  t h i o l a s e  and a c e to a c e ty l - C o A  t h i o l a s e  

r e s p e c t i v e l y .  In  a m ult ienzym e sy s tem ,  in  which i n t e r ­

m e d ia t e s  a r e  n o t  ch a n n e le d  from one a c t i v e  s i t e  t o  th e  n e x t ,  

p a r t i a l  i n a c t i v a t i o n  o f  t h e  enzyme t h a t  c a t a l y z e s  th e  r a t e -  

l i m i t i n g  s t e p  would r e s u l t  in a p r o p o r t i o n a l  i n h i b i t i o n  o f  

t h e  o v e r a l l  pa thw ay .  I n  c o n t r a s t ,  p a r t i a l  i n a c t i v a t i o n  o f  an  

enzyme t h a t  c a t a l y z e s  an  e q u i l i b r i u m  r e a c t i o n  would r e s u l t
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in  a l e s s e r  o r  no i n h i b i t i o n  o f  the  pathway.  The o b s e r v a t i o n  

o f  p a r a l l e l  i n a c t i v a t i o n s  o f  3 -ke toacy l-C oA  t h i o l a s e  and 

p a l m i t o y l c a r n i t i n e - s u p p o r t e d  r e s p i r a t i o n  a g r e e s  w i th  the  

p r e v i o u s  s u g g e s t i o n  t h a t  th e  t h i o l a s e - c a t a l y z e d  r e a c t i o n  i s  

e i t h e r  r a t e - l i m i t i n g  in  B o x i d a t i o n  o r  a t  l e a s t  -is a s  s low a s  

o t h e r  r e a c t i o n s  a r e  ( 2 8 ) .  A lthough  t h i s  h y p o t h e s i s  a g r e e s  

w i th  th e  o b s e r v a t i o n ,  i t  i s  no t  s u f f i c i e n t l y  s u p p o r t e d  by i t ,  

i f  c h a n n e l i n g  o f  B o x i d a t i o n  i n t e r m e d i a t e s  o c c u r s  a s  has  been 

s u g g e s t e d  (6 9 ) .

A com par ison  o f  th e  r a t e ,  a t  which a c e t o a c e t a t e - s u p -  

p o r t e d  r e s p i r a t i o n  i s  i n h i b i t e d  by  4 - b ro m o c ro to n ic  a c i d ,  w i th  

t h e  r a t e  o f  i n a c t i v a t i o n  o f  a c e to a c e ty l - C o A  t h i o l a s e  l e a d s  to  

t h e  c o n c l u s i o n  t h a t  t h i s  s t e p  i s  no t  r a t e - l i m i t i n g  in  k e to n e  

body d e g r a d a t i o n .  The in co m p le te  i n h i b i t i o n  o f  3 -h y d ro x y -  

b u t y r a t e - s u p p o r t e d  r e s p i r a t i o n  by 4 - b ro m o c ro to n ic  a c i d  i s  

most l i k e l y  due to  th e  u n a f f e c t e d  o x i d a t i o n  o f  3 -h y d ro x y -  

b u t y r a t e  t o  a c e t o a c e t a t e .  C o n t in u a t io n  o f  t h i s  p r o c e s s  

r e q u i r e s  th e  m i t o c h o n d r i a l  up tak e  o f  3 - h y d r o x y b u t y r a t e  and 

e f f l u x  o f  a c e t o a c e t a t e  t o  be a t  l e a s t  a s  r a p i d  a s  t h e  

d e h y d r o g e n a t io n  o f  3 - h y d r o x y b u ty r a t e  i s ,  which was o b se rv e d  

t o  be 12 .5  nmol/min and mg o f  p r o t e i n .  I f  in  u n i n h i b i t e d  

m i to c h o n d r ia  3 - h y d r o x y b u ty r a t e  i s  c o m p le t e ly  o x id i z e d  to  

C02 , t h e  o b se rv ed  r a t e  o f  r e s p i r a t i o n  c o r r e s p o n d s  t o  a r a t e  

o f  3 - h y d r o x y b u t y r a t e  breakdown o f  7 nmol/min and  mg o f  p r o ­

t e i n .  S in ce  t h i s  v a lu e  i s  lower th a n  th e  v a l u e s  o f  12 .5  

nmol/min and  mg o f  p r o t e i n  o b se rv ed  w i th  m i to c h o n d r ia  

c o n t a i n i n g  i n a c t i v e  t h i o l a s e ,  bo th  th e  u p ta k e  and dehydro ­

g e n a t i o n  o f  3 - h y d r o x y b u ty r a t e  a r e  n o t  r a t e - l i m i t i n g  in  k e to n e



body d e g r a d a t i o n  in  normal h e a r t  m i t o c h o n d r i a .  S in ce  the  

t h i o l a s e - c a t a l y z e d  s t e p  does  n o t  seem to  be r a t e - l i m i t i n g  

e i t h e r  and s i n c e  th e  c a p a c i t y  o f  r a t  h e a r t  m i to c h o n d r ia  to  

o x i d i z e  a c e t a t e  u n i t s  g r e a t l y  ex ceed s  t h e i r  a b i l i t y  t o  

d e g ra d e  k e to n e  b o d i e s ,  t h e  a c t i v a t i o n  o f  a c e t o a c e t a t e  

c a t a l y z e d  by  3 -k e to a c id -C o A  t r a n s f e r a s e  a p p e a r s  to  be th e  

r a t e - l i m i t i n g  s t e p  in k e to n e  body d e g r a d a t i o n  in  h e a r t .  The 

r a t e  o f  a c e t o a c e t a t e  a c t i v a t i o n  and c o n s e q u e n t l y ‘ t h a t  o f  t h e  

o v e r a l l  pathway i s  most l i k e l y  r e g u l a t e d  by th e  a v a i l a b i l i t y  

o f  su c c in y l -C o A  a s  has  been  s u g g e s te d  by H a t e f i  and Fakouhi 

( 7 0 ) .
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THE REGULATION OF THIOLASES 

S in c e  3 -k e to a c y l -C o A  t h i o l a s e  c a t a l y z e s  th e  r a t e - l i m i t ­

ing  s t e p  in  B o x i d a t i o n  o r  a t  l e a s t  one o f  s e v e r a l  slow 

s t e p s ,  i t  i s  p o s s i b l e  t h a t  B o x i d a t i o n  i s  c o n t r o l l e d  v ia  th e  

r e g u l a t i o n  o f  t h i s  enzyme.

RESULTS

R e g u l a t o r s  o f  P ig  H e a r t  T h i o l a s e s  -  In  o r d e r  to  e v a l u a t e  th e  

p o s s i b l e " r e g u l a t i o n  o f  t h i o l a s e s ,  I  have  s t u d i e d  the  e f f e c t  

o f  v a r i o u s  coenzymes and m e t a b o l i t e s  on th e  a c t i v i t i e s  o f  

p u r i f i e d  3 -k e to a c y l -C o A  t jh io la s e  and a c e to a c e ty l - C o A  t h i o l a s e  

from p ig  h e a r t .  The CoASH c o n c e n t r a t i o n s  used were based on 

th e  d a ta  o f  H an s fo rd  and Johnson  ( 7 1 ) ,  who d e te rm in ed  t h a t  

t h e  CoASH c o n t e n t  d u r in g  o x i d a t i o n  o f  p a l m i t o y l c a r n i t i n e  by 

r a b b i t  m i t o c h o n d r ia  v a r i e s  from a b o u t  20 uM a t  s t a t e  4 

r e s p i r a t i o n  t o  200 uM a t  s t a t e  3 r e s p i r a t i o n .  The concen­

t r a t i o n  o f  a c e to a c e ty l - C o A  was k e p t  a t  a nea r  s a t u r a t i n g  

v a lu e  o f  33 uM. The c o n c e n t r a t i o n s  o f  m e t a b o l i t e s  and 

coenzymes were chosen  to  be a s  h ig h  o r  h i g h e r  than  t h e i r  

i n t r a m i t o c h o n d r i a l  c o n c e n t r a t i o n s .  R e s u l t s  o b t a i n e d  f o r  some 

m e t a b o l i t e s  and coenzymes a r e  shown in  T a b le  V. Of a l l  

compounds t e s t e d ,  a c e ty l -C o A  was th e  most e f f e c t i v e  i n h i b i t o r  

o f  3 -k e to a cy l -C o A  t h i o l a s e  and was a s  e f f e c t i v e  a s  3 -hyd roxy-  

b u ty ry l -C o A  in  i n h i b i t i n g  a c e to a c e ty l - C o A  t h i o l a s e .  The 

o b se rv e d  i n h i b i t i o n  o f  th e  two t h i o l a s e s  was ex p e c te d  because  

ac e ty l -C o A  i s  t h e  p r o d u c t  o f  th e  t h i o l a s e - c a t a l y z e d  r e a c t i o n .  

However, u n ex p e c ted  were th e  d i f f e r e n t  s e n s i t i v i t i e s  of  the  

two t h i o l a s e s  to w ard s  a c e ty l -C o A  ( s e e  P i g .  1 2 ) .  3 -K e to a c y l -



T a b le  V

E f f e c t s  o f  some m i t o c h o n d r i a l  coenzymes and m e t a b o l i t e s  on th e  a c t i v i t i e s  o f  3 - k e t o a c y l -  
CoA t h i o l a s e  and a c e to a c e ty l -C o A  t h i o l a s e .  A ssays  were perform ed a s  d e s c r ib e d  under 
"E x p e r im e n ta l  P ro c e d u re s "  w i th  33 uM a c e to a c e ty l - C o A  a s  s u b s t r a t e .

Remaining A c t i v i t y  (%)a
Coenzymes Concen- _______________________________________________________________
and m e t a b o l i t e s  t r a t i o n  3-Ketoacyl-CoA A cetoace ty l-C oA

T h i o l a s e  T h i o l a s e  .
mM 20 uM CoA 200 uM CoA 20 uM CoA 200 uM CoA

%

Acetyl-CoA 0 .02 49 92 89 96
Acetyl-CoA 0 .5 0 17 30 62
3-Hydroxybutyry l-CoA 0 .5 46 28
Decanoyl-CoA 0.05 64 68 92 91
Decanoyl-CoA 0 .2 24 % 52 72 73
Succinyl-CoA 0 .5 100° 102 113 73
ADP 10 89 104 63 88
ATP 10 88 103 51 73
C i t r a t e 10 126 134 47 72
M ala te 10 121 127 68 87

(a)  A c t i v i t y  in  t h e  ab sen ce  o f  any coenzymes o r  m e t a b o l i t e s  r e p r e s e n t s  100% a c t i v i t y .
(b) V a lues  a t  100 uM o f  CoA.



F i g .  12. I n h i b i t i o n  o f  3 -k e to acy l-C o A  t h i o l a s e  (A) and  o f  

a c e to a c e ty l - C o A  t h i o l a s e  (B) by a c e ty l -C o A  (AcCoA) a t  two 

c o n c e n t r a t i o n s  o f  CoASH. ( 0  ) 20 uM CoASH; ( ^  ) 200 uM 

CoASH. The s u b s t r a t e  was a c e to a c e ty l - C o A  (33 uM).
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CoA t h i o l a s e  was c o m p le t e ly  i n h i b i t e d  a t  c o n c e n t r a t i o n s  o f  

a c e ty l -C o A  (0.4mM) and CoASH (20 uM) which may p r e v a i l  i n -  

t r a m i t o c h o n d r i a l l y  a t  s t a t e  4 r e s p i r a t i o n  s u p p o r te d  by 

p a l m i t o y l c a r n i t i n e  ( 7 1 ) .  In  c o n t r a s t ,  a c e to a c e ty l - C o A  

t h i o l a s e  a t  t h e  same c o n c e n t r a t i o n s  o f  CoASH and  ace ty l -C o A  

was o n ly  p a r t i a l l y  i n h i b i t e d  ( F i g .  12B). At a h i g h e r  

c o n c e n t r a t i o n  o f  CoASH (200 uM), which may a p p ro x im a te  th e  

i n t r a m i t o c h o n d r i a 1 c o n c e n t r a t i o n  o f  CoASH a t  s t a t e - 3  

r e s p i r a t i o n  s u p p o r t e d  by p a l m i t o y l c a r n i t i n e  ( 7 1 ) ,  b o th  

t h i o l a s e s  were o n ly  p a r t i a l l y  i n h i b i t e d  even  when t h e  

c o n c e n t r a t i o n  o f  a c e ty l -C o A  was 0.5mM. However, a t  a l l  

c o n d i t i o n s  t e s t e d ,  3 -k e to a cy l -C o A  t h i o l a s e  was more s e v e r e l y  

i n h i b i t e d  by ac e ty l -C o A  th an  was a c e to a c e ty l - C o A  t h i o l a s e .

An i n c r e a s e  in  t h e  c o n c e n t r a t i o n  o f  CoASH from  20 uM t o  200uM 

r e s u l t e d  in  a l a r g e  i n c r e a s e  in  a c t i v i t y  w i th  a c e t o a c e t y l -  

CoA t h i o l a s e  b u t  n o t  w i th  3 -k e to a c y l -C o A  t h i o l a s e  ( s e e  F ig .  

1 2 ) ,  b e c a u s e  th e  Km f o r  CoASH w ith  th e  fo rm er  enzyme i s  

5 1 .3  uM in  c o n t r a s t  t o  8 .7  uM d e te rm in e d  w i t h  3 - k e t o a c y l -  

CoA t h i o l a s e  ( 7 2 ) .  Acety l-CoA i n h i b i t e d  3 -k e to a c y l -C o A  

t h i o l a s e  a l s o  when 3 -k e to d e can o y l -C o A  s e r v e d  a s  a s u b s t r a t e  

( s e e  F i g .  1 3 ) .  However, t h e  i n h i b i t i o n  was l e s s  p ronounced  

th a n  t h a t  s een  w i th  a c e t o a c e t y l - C o A  a s  a s u b s t r a t e .  3 -K e to -  

acy l-CoA  t h i o l a s e  was i n h i b i t e d  by l o n g e r - c h a i n  acyl-CoA 

compounds a s  f o r  example decanoyl-CoA ( s e e  T a b le  I V ) .  How­

e v e r ,  t h e  i n h i b i t i o n  was l e s s  p ronounced  th an  t h a t  caused  by 

a c e ty l -C o A  ( s e e  T a b le  V and  F i g .  12 ) .  A c e to a c e ty l -C o A
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F i g .  13. The i n h i b i t i o n  o f  3 -k e to a cy l -C o A  t h i o l a s e  by 

a c e ty l -C o A  a t  two c o n c e n t r a t i o n s  o f  CoASH. ( • )  20 uM CoASH; 

(A  ) 200 uM CoASH. 10 uM o f  3 -k e to d ecan o y l -C o A  was used a s  

s u b s t r a t e .
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t h i o l a s e  in  c o n t r a s t ,  was o n ly  s l i g h t l y  i n h i b i t e d  by 

decanoyl-CoA and a p p a r e n t l y  in  a n o n - s p e c i f i c  f a s h i o n  

b e c a u s e  t h e  m agnitude  o f  th e  e f f e c t  was in d e p e n d e n t  o f  th e  

CoASH c o n c e n t r a t i o n .  The l a c k  o f  a s t r o n g  and s p e c i f i c  

e f f e c t  o f  decanoyl-CoA on a c e to a c e ty l - C o A  t h i o l a s e  i s  con­

s i s t e n t  w i th  th e  i n a b i l i t y  o f  t h i s  enzyme t o  a c t  on long 

c h a in  s u b s t r a t e s  ( 7 3 ) .  The d e c r e a s e  in  a c e to a c e ty l - C o A  

t h i o l a s e  a c t i v i t y  caused  by  0.2mM decanoyl-CoA  may be due t o  

a n o n - s p e c i f i c  i n h i b i t i o n  caused  by th e  d e t e r g e n t  p r o p e r t i e s  

o f  decanoy l-CoA . DL-3-Hydroxybutyry l-CoA ( P i g .  1 4 ) ,  which 

i s  s t r u c t u r a l l y  r e l a t e d  t o  th e  s u b s t r a t e  a c e to a c e ty l - C o A ,  

i n h i b i t e d  a c e to a c e ty l -C o A  t h i o l a s e  s i g n i f i c a n t l y  (K^ = 

0.18mM), b u t  had o n ly  a s l i g h t  e f f e c t  on 3 -k e to acy l -C o A  

t h i o l a s e  (K^ = 0.48mM). ,  S in ce  under  normal c o n d i t i o n s  th e  

c o n c e n t r a t i o n s  o f  i n t e r m e d i a t e s  o f  f a t t y  a c i d  o x i d a t i o n ,  

i n c l u d i n g  3 -hydroxyacyl-CoA  compounds, in  m i to c h o n d r ia  i s  low 

(6 9 ,  7 4 ) ,  t h e  r e g u l a t i o n  o f  t h i o l a s e s  b y  3 -h y d ro x y b u ty ry l -C o A  

d o es  n o t  seem to  be a l i k e l y  one.  S u c c in y l -C o A ,  which in  

c o n t r a s t  t o  i n t e r m e d i a t e s  o f  f a t t y  a c i d  o x i d a t i o n ,  i s  p r e s e n t  

i n t r a m i t o c h o n d r i a l l y  in  s u b s t a n t i a l  am ounts  ( 7 1 ) ,  d id  no t  

a f f e c t  t h e  a c t i v i t y  o f  3 -k e to a cy l -C o A  t h i o l a s e ,  and s t im u ­

l a t e d  a c e to a c e ty l - C o A  t h i o l a s e  a t  low (20 uM) b u t  i n h i b i t e d  

m o d e r a t e ly  a t  a h i g h e r  (100 uM) c o n c e n t r a t i o n  o f  CoASH. T h i s  

s t r a n g e  p a t t e r n  may be a t t r i b u t a b l e  to  t h e  l a b i l e  c h a r a c t e r  

o f  su cc in y l -C o A  a t  a l k a l i n e  pH a t  which t h e  a s s a y  was p e r ­

form ed.  Succinyl-CoA which i s  s t a b l e  a t  a c i d i c  pH (pH 1 ) ,  

i s  h y d r o ly z e d  under  a l k a l i n e  c o n d i t i o n s .  The r e s u l t i n g
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F i g .  14. The i n h i b i t i o n  o f  3 -k e to acy l -C o A  t h i o l a s e  (A) and 

a c e to a c e ty l - C o A  t h i o l a s e  (B) by 3 -h y d ro x y b u ty ry l -C o A .  Data 

a r e  p l o t t e d  a c c o r d in g  to  L in ew eav er -B u rk .  (0) no i n h i b i t o r ;  

( O ) 0.5mM D L -3-hydroxybutyry l-CoA .
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i n c r e a s e  in  t h e  c o n c e n t r a t i o n  o f  f r e e  CoASH may have caused 

a t  low l e v e l s  o f  CoASH t h e  o b se rv e d  s t i m u l a t i o n  o f  a c e t o -  

a c e ty l -C o A  t h i o l a s e  which has a Km f o r  CoASH o f  5 1 .3  uM 

w i t h o u t  s t i m u l a t i n g  3 -k e to a cy l -C o A  t h i o l a s e  which has  a Km 

o f  o n l y  8 .7  uM f o r  CoASH. S in ce  ATP and  ADP, c i t r a t e  and 

m a la t e  a f f e c t e d  th e  t h i o l a s e s  o n ly  m o d e ra t e ly  a t  lOmM 

c o n c e n t r a t i o n s ,  t h e s e  e f f e c t s  a r e  n o t  c o n s i d e r e d  p h y s i o ­

l o g i c a l l y  s i g n i f i c a n t .  ATP and  ADP i n h i b i t e d  a c e t o a c e t y l -
/

CoA t h i o l a s e  s l i g h t l y ,  b u t  were v i r t u a l l y  w i th o u t  e f f e c t  w i t h  

3 -k e to a cy l -C o A  t h i o l a s e .  An i n h i b i t i o n  o f  a c e to a c e ty l -C o A  

t h i o l a s e  by ATP a t  20 uM CoASH was o n ly  o b se rv e d  a t  an ATP 

c o n c e n t r a t i o n  above 4mM ( F i g .  15) .  I t  i s  i n t e r e s t i n g  to  n o te  

t h a t  th e  i n h i b i t i o n s  caused  by c i t r a t e  ( F i g .  16) and m a la te  

( F i g .  17.) a p p e a r  to  be c o m p e t i t i v e  w ith  r e s p e c t  to  CoASH.

v a l u e s  o f  5mM and 14mM were d e te rm in e d  f o r  c i t r a t e  and 

m a la t e  r e s p e c t i v e l y .  O th e r  m e t a b o l i t e s  and coenzymes which  

d i d  n o t  a f f e c t  th e  a c t i v i t y  o f  e i t h e r  t h i o l a s e s  s i g n i f i c a n t l y  x 

a t  lOmM c o n c e n t r a t i o n s ,  were s u c c i n a t e ,  f u m a r a t e ,  p y r u v a t e ,  

a c e t o a c e t a t e ,  3 - h y d r o x y b u t y r a t e ,  and AMP. D L -C a rn i t in e  a t  

5mM, NADH a t  0.5mM and NAD+ , NADPH, NADP* a t  ImM con­

c e n t r a t i o n s  each  were a l s o  w i th o u t  i n f l u e n c e  on th e  two 

t h i o l a s e s .  A lthough  th e  i n h i b i t i o n  o f  a c e to a c e ty l - C o A  

t h i o l a s e  by  2 - k e t o g l u t a r a t e  h as  been  r e p o r t e d  by Gehring  e t  

a l .  ( 7 3 ) ,  no such e f f e c t  was o b se rv ed  in  th e  p r e s e n t  s tu d y  

a s  long  a s  t h e  Mg c o n c e n t r a t i o n  in  th e  a s s a y  m ix tu re  

was s u f f i c i e n t  t o  complex b o th  2 - k e t o g l u t a r a t e  and a c e t o -  

a c e ty l -C o A .
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P i g .  15. I n h i b i t i o n  o f  a c e to a c e ty l - C o A  t h i o l a s e  by ATP a t  

two c o n c e n t r a t i o n s  o f  CoASH, ( O ) 20 uM CoASH; (A ) 200 uM 

CoASH. Data a r e  p l o t t e d  a c c o r d i n g  t o  D ixon .
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F i g .  16. I n h i b i t i o n  o f  a c e to a c e ty l - C o A  t h i o l a s e  by 10mM 

c i t r a t e .  Data p l o t t e d  a c c o r d i n g  t o  L in ew e av e r -B u rk .  ( 9  ) 

No c i t r a t e ?  (A ) lOmM c i t r a t e .
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F i g .  17. I n h i b i t i o n  o f  a c e to a c e ty l -C o A  t h i o l a s e  by m a l a t e .  

Data a r e  p l o t t e d  a c c o r d i n g  t o  L in ew e av e r -B u rk .  ( O ) No 

m a l a t e ;  ( A  ) lOmM m a l a t e .
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F ig .  17
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I n h i b i t i o n  o f  T h i o l a s e s  by Acetyl-CoA -  When th e  a c t i v i t y  o f  

a c e to a c e ty l - C o A  t h i o l a s e  was m easu red  a t  s e v e r a l  c o n c e n t r a t i o n s  

o f  CoASH o v e r  a r an g e  o f  a ce ty l -C o A  from 0 -  0.5mM, th e  Dixon 

p l o t ,  shown in  F i g .  18, was o b t a i n e d .  The i n h i b i t i o n  was 

found to  be l i n e a r  o v e r  t h e  c o n c e n t r a t i o n  ran g e  o f  a c e t y l -  

CoA used  in  t h i s  e x p e r i m e n t ,  and th e  g r a p h i c a l l y  e s t i m a t e d  

was d e te rm in e d  to  be 125 uM. An i d e n t i c a l  v a l u e  

was o b t a i n e d  from a L inew eaver-B urk  p l o t  ( F i g .  1 9 ) ,  which 

a l s o  i n d i c a t e d  t h a t  th e  i n h i b i t i o n  by a c e ty l -C o A  i s  non­

c o m p e t i t i v e  w i th  r e s p e c t  t o  CoASH. S in c e  th e  t h i o l a s e -  

c a t a l y z e d  c l e a v a g e  o f  a c e to a c e ty l - C o A  y i e l d s  two m o le c u le s  o f  

a c e ty l -C o A ,  which a r e  presumed to  be r e l e a s e d  from t h e  enzyme 

s e q u e n t i a l l y ,  t h e  s im p le  l i n e a r  i n h i b i t i o n  p a t t e r n  r e p r e s e n t s  

a s u r p r i s i n g  f i n d i n g .  T h i s  o b s e r v a t i o n  s u g g e s t s  t h a t  e i t h e r  

one o f  th e  two enzyme fo rm s ,  to  which a c e ty l -C o A  can b ind  

( t h e  f r e e  enzyme o r  t h e  a c y l a t e d  enzyme),  has  a v e r y  low 

a f f i n i t y  f o r  a c e ty l -C o A  o r  more l i k e l y  t h a t  t h e  a f f i n i t i e s  o f  

b o th  enzyme forms f o r  a c e ty l -C o A  a r e  i d e n t i c a l  o r  n e a r l y  

i d e n t i c a l .  3 -K etoacy l-CoA  t h i o l a s e ,  in  c o n t r a s t  to  

a c e to a c e ty l - C o A  t h i o l a s e ,  was i n h i b i t e d  by a c e ty l -C o A  in  a 

n o n - l i n e a r  f a s h i o n .  The l i n e s  o f  the  Dixon p l o t  shown in
t4

F i g .  20 a r e  p a r a b o l i c  a t  low b u t  l i n e a r  a t  h ig h  c o n c e n t r a ­

t i o n s  o f  CoASH. The p a r a b o l i c  i n h i b i t i o n  l i n e s  r e f l e c t  

p o s s i b l y  t h e  b i n d i n g  o f  a c e ty l -C o A  t o  two enzyme forms w i th  

d i f f e r e n t  a f f i n i t i e s .  I f  s o ,  ace ty l -C o A  a t  low c o n c e n t r a ­

t i o n s  sh o u ld  b in d  t o  o n ly  one enzyme fo rm .  The a p p a r e n t  

l i n e a r  i n h i b i t i o n  o b s e rv e d  a t  c o n c e n t r a t i o n s  o f  CoASH up
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F i g .  18. I n h i b i t i o n  o f  a c e to a c e ty l - C o A  t h i o l a s e  by a c e t y l -  

CoA (AcCoA) a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  CoASH. ( © )  20uM; 

( •  )50 uM? ( A ) 1 0 0  uM; ( b ) 2 0 0  uM. Data a r e  p l o t t e d  

a c c o r d i n n g  t o  Dixon. A ce to ac e ty l -C o A  (33 uM) s e rv e d  a s  a 

s u b s t r a t e .
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F ig .  19. I n h i b i t i o n  o f  a c e to a c e ty l -C o A  t h i o l a s e  by a c e t y l -  

CoA a t  v a r i e d  c o n c e n t r a t i o n s  o f  CoASH and f ix e d  c o n c e n t r a ­

t i o n s  o f  a c e ty l -C o A .  ( A ) No ac e ty l -C o A ;  (0)  0.05mM 

a c e ty l -C o A ;  ( A, )  O.lmM ace ty l -C oA ? ( D )  0.2mM a c e ty l -C o A ;

( A )  0.4mM a c e ty l -C o A ;  ( B )  0.5mM a c e ty l -C o A .  I n s e t :  R e p lo t

o f  s l o p e s  v e r s u s  t h e  c o n c e n t r a t i o n  o f  a c e ty l -C o A .
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F i g .  2 0 .  I n h i b i t i o n  o f  3 -k e to a cy l -C o A  t h i o l a s e  by ace ty l -C o A  

a t  d i f f e r e n t  f i x e d  c o n c e n t r a t i o n s  o f  CoASH A: ( A ) 20 uM 

CoASH; ( • )  50 uM CoASH; (O  ) 100 uM CoASH; ( A )  200 uM CoASH 

B: ( 0 ) 10 uM CoASH; ( A )  20 uM CoASH; (0) 50 uM CoASH; (p )

100 uM CoASH. A ce to ac e ty l -C o A  (33 uM) s e r v e d  a s  s u b s t r a t e .
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t o  lOuM ( s e e  F i g .  20B) l e n d s  s u p p o r t  to  t h i s  p o s s i b l e  

e x p l a n a t i o n .  The L in ew eav er -B u rk  p l o t  shown in  F i g .  21 

s u g g e s t s  t h a t  t h e  i n h i b i t i o n  o f  3 -k e to a c y l -C o A  t h i o l a s e  by 

a c e ty l -C o A  i s  c o m p e t i t i v e  w i th  r e s p e c t  t o  CoASH. A o f  

3 .9  uM f o r  a c e ty l -C o A  was o b t a i n e d  from a  r e p l o t  'o f  s l o p e s  

v e r s u s  a c e ty l -C o A  c o n c e n t r a t i o n s  ( s e e  i n s e t  o f  F ig .  2 1 ) .  A 

d e f i n i t e  i n t e r p r e t a t i o n  o f  th e  i n h i b i t i o n  by a c e ty l -C o A  

r e q u i r e s  an u n d e r s t a n d i n g  o f  th e  k i n e t i c  mechanism w hich  has  

n o t  been  d e t e r m in e d  f o r  t h e  two p ig  h e a r t  t h i o l a s e s .  How­

e v e r ,  f o r  a d i s c u s s i o n  o f  t h e  p o s s i b l e  r e g u l a t i o n  o f  th e  two 

m i t o c h o n d r i a l  t h i o l a s e s  and th u s  o f  f a t t y  a c i d  o x i d a t i o n ,  

i t  i s  a d e q u a te  t o  r e c o g n i z e  t h e  d r a m a t i c a l l y  d i f f e r e n t  

s e n s i t i v i t i e s  o f  t h e  two enzymes toward  a c e ty l - C o A .  T hese  

d i f f e r e n t  s e n s i t i v i t i e s  a r e  r e f l e c t e d  by th e  h igh  a f f i n i t y  

i n h i b i t i o n  c o n s t a n t  o f  3 .9  uM f o r  3 -k e to a c y l -C o A  t h i o l a s e  

and  by th e  3 0 - t im e s  l a r g e r  o f  125 uM o b t a i n e d  w i th  

a c e t o a c e t y l - C o A  t h i o l a s e .

The p o s s i b l e  R e g u l a t i o n  o f  R a t  H e a r t  3 -K e toacy l-C oA  T h i o l a s e  

by P h o s p h o r y l a t i o n  -  D e p h o s p h o r y l a t i o n  -  P y ru v a te  d e h y d ro ­

g e n a se  and t h i o l a s e  c a t a l y z e  t h e  f i n a l  s t e p  o f  c a r b o h y d r a t e  

o x i d a t i o n  and t h e  t e r m i n a l  s t e p  o f  f a t t y  a c i d  o x i d a t i o n  

r e s p e c t i v e l y .  Both r e a c t i o n s  p r o v id e  a c e ty l -C o A  which  s e r v e s  

a s  a f u e l  f o r  t h e  t r i c a r b o x y l i c  a c i d  c y c l e .  I  have p r o v i d e d  

e v i d e n c e  f o r  t h e  p o s s i b l e  r e g u l a t i o n  o f  t h i o l a s e  s i m i l a r  to  

p y r u v a t e  d eh y d ro g en a se  by t h e  acetyl-CoA/CoASH r a t i o .  I  have  

a l s o  examined th e  p o s s i b i l i t y  t h a t  t h i o l a s e ,  l i k e  p y r u v a t e  

d eh y d ro g en a se  may be s u b j e c t  t o  r e v e r s i b l e  c o v a l e n t  m o d i f i -
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F i g .  21 .  I n h i b i t i o n  o f  3 -ke toacy l-C oA  t h i o l a s e  by ace ty l -C o A  

a t  v a r i e d  c o n c e n t r a t i o n s  o f  CoASH and f i x e d  c o n c e n t r a t i o n s  o f  

a c e ty l -C o A .  Acety l-CoA: (0) none? ( A )  2 uM? ( a  ) 5 uM?

( © )  10 uM; ( A )  15 uM. A ce toace ty l-C oA  s e r v e d  a s  s u b s t r a t e .  

I n s e t :  R e p lo t  o f  s l o p e s  v e r s u s  th e  c o n c e n t r a t i o n  o f  a c e t y l -

CoA.
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c a t i o n  by p h o s p h o r y l a t i o n .

I n  o r d e r  t o  d e t e c t  p h o s p h o r y l a t i o n  o f  an enzyme, two

p a r a m e te r s  which may r e f l e c t  th e  d e g ree  o f  p h o s p h o r y l a t i o n ,
32f o r  example enzyme a c t i v i t y  and i n c o r p o r a t i o n  o f  p

32p h o s p h a t e ,  were m easu red .  The enzyme a c t i v i t y  and J p 

i n c o r p o r a t i o n  were m easured  a t  s t a t e  3 and  s t a t e  4 r e s p i r a ­

t i o n .  At s t a t e  3 ,  t h e  ADP c o n c e n t r a t i o n  i s  h igh  and 

o x i d a t i v e  p h o s p h o r y l a t i o n  i s  o p t i m a l .  At s t a t e  4 th e  l e v e l  

o f  ADP i s  low and o x i d a t i v e  p h o s p h o r y l a t i o n  i s  m in im al .  When 

an  e x t r a c t  o f  m i t o c h o n d r i a  p r e i n c u b a t e d  w i th  p a l m i t o y l -  

c a r n i t i n e  i n  t h e  p r e s e n c e  and ab sen ce  o f  m a lo n a te  was a s s a y e d  

f o r  t h i o l a s e ,  no s i g n i f i c a n t  d i f f e r e n c e  in  enzyme a c t i v i t y

was o b se rv e d  ( s ee  T a b le  V I ) .  T here  was a l s o  no change in

enzyme a c t i v i t y  when e i t h e r  a c e t o a c e t a t e  o r  p y r u v a te  s e rv e d  

a s  r e s p i r a t o r y  s u b s t r a t e s .

I n  o r d e r  t o  d e t e r m in e  p h o s p h o r y l a t i o n  o f  t h i o l a s e ^
32m i to c h o n d r i a  were i n c u b a te d  w i th  J,6P p h o s p h a te  and

3 -k e to a cy l -C o A  t h i o l a s e  was i s o l a t e d  by i m m u n o - p r e c i p i t a t i o n .

The r e s u l t i n g  a n t i g e n - a n t i b o d y  complex was s u b j e c t e d  to  SDS
32g e l  e l e c t r o p h o r e s i s  and th e  p d i s t r i b u t i o n  was

d e t e r m in e d .  T h i s  e x p e r im e n t  was p e r fo rm e d  w i th  two sam ples
*

o b t a i n e d  from m i t o c h o n d r ia  p r e i n c u b a t e d  a t  s t a t e  3 and s t a t e  

4 r e s p i r a t i o n .  No s i g n i f i c a n t  l e v e l  o f  r a d i o a c t i v i t y  was 

a s s o c i a t e d  w i th  th e  p r o t e i n  band o r  any  o t h e r  p o r t i o n  o f  th e  

g e l .  When compared w i th  s t a n d a r d  g e l s  on which e i t h e r  

3 -k e to a cy l -C o A  t h i o l a s e  o r  a n t i b o d i e s  t o  t h i s  t h i o l a s e  had. 

been  run  s e p a r a t e l y ,  t h e  s lo w e r -a n d  th e  f a s t e r - m o v i n g  bands
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T ab le  VI

Assay o f  M i t o c h o n d r i a l  E x t r a c t  f o r  T h i o l a s e  A c t i v i t y  

M i to c h o n d r ia  (P /0 )  2 . 8 ,  RCR 5 -8 )  were i n c u b a t e d  f o r  5 min 

w i th  p a l m i t o y l c a r n i t i n e  (100 uM), m a la t e  (0.5mM) and  th e  

a d d i t i o n a l  compounds l i s t e d  below. T h i o l a s e  a c t i v i t i e s  were 

m easured  a s  d e t a i l e d  u n d e r  "E x p e r im e n ta l  P r o c e d u r e . "

umol/min/mg p r o t e i n
S p e c i f i c  A c t i v i t y

Compound

Mo a d d i t i o n 0 .5 6 0 . 6 8

+ ATP 0.58 0 . 6 8

+ 20mM m a lo n a te 0 .61 0 .70

+ ATP + 20mM m a lo n a te 0 .53 0 .6 7

a C4 , Cjq r e f e r  t o  t h e  c h a in  l e n g th  o f  3 - k e t o a c y l -  

CoA's used  f o r  a s s a y i n g  t h i o l a s e  a c t i v i t i e s .
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were d e te rm in e d  to  c o r r e s p o n d  to  th e  heavy c h a in  o f  IgG

(5 3 .0 0 0 )  (75)  and  t o  t h e  3 -k e to a cy l -C o A  t h i o l a s e  s u b u n i t

( 4 6 .0 0 0 )  (72) r e s p e c t i v e l y  ( s e e  F ig .  2 2 ) .

DISCUSSION

The r a t e  a t  which f a t t y  a c i d s  a r e  o x i d i z e d  by h e a r t  i s  

d ep e n d en t  on th e  plasma c o n c e n t r a t i o n  o f  f r e e  f a t t y  a c i d s  a s  

w e l l  a s  on t h e  en e rg y  demand o f  th e  muscle  ( 3 0 ) .  A t  s u f f i -  

c i e n t l y  h ig h  l e v e l s  o f  f r e e  f a t t y  a c i d s ,  t h e  r a t e  i s  o n ly  

d ep e n d e n t  on th e  en e rg y  demand o f  th e  t i s s u e  ( 3 0 ) .  However, 

no g e n e r a l l y  a c c e p t e d  v iew has  emerged r e g a r d in g  t h e  f e e d b a c k  

mechanism by which th e  r a t e  o f  f a t t y  a c i d  o x i d a t i o n  i s  

a d j u s t e d  t o  t h e  e n e rg y  demand o f  th e  c e l l .  S t u d i e s  w i t h  

p e r f u s e d  h e a r t s  and i s o l a t e d  m i to c h o n d r ia  have d e m o n s t r a t e d  

t h a t  t h e  r a t i o s  o f  NADH/NAD+ and acetyl-CoA/CoASH i n c r e a s e  

i n  r e s p o n s e  t o  d e c r e a s e s  in  t h e  en e rg y  demand a s  a c o n s e ­

quence  o f  a low er  w ork load  imposed on th e  i s o l a t e d  h e a r t  (30) 

o r  due t o  l i m i t i n g  am ounts  o f  ADP in  t h e  c a se  o f  i s o l a t e d  

m i to c h o n d r i a  ( 7 1 ) .  The i n c r e a s e  in  t h e  acetyl-CoA/CoASH 

r a t i o  r e f l e c t s  an  i n h i b i t i o n  o f  th e  c i t r i c  a c i d  c y c l e  which 

i n  t u r n  sh o u ld  l e a d  to  a d e c r e a s e  in  t h e  r a t e  o f  f a t t y  a c i d  

o x i d a t i o n .  Based on t h e  f i n d i n g  p r e s e n t e d  in  t h i s  t h e s i s  i t  

i s  s u g g e s t e d  t h a t  t h e  f e e d b a c k  c o n n e c t i o n  between c i t r i c  

a c i d  c y c l e  and B o x i d a t i o n  c y c l e  i s  p r o v id e d  by t h e  

acetyl-CoA/CoASH r a t i o  which d e t e r m in e s  th e  a c t i v i t y  o f  

3 -k e to a c y l -C o A  t h i o l a s e  ( s e e  F i g .  2 3 ) .  T h i s  s u g g e s t i o n  t a k e s  

i n t o  a c c o u n t  th e  f a c t  t h a t  3 -k e to a cy l -C o A  t h i o l a s e  may be 

r a t e - l i m i t i n g  in  B o x i d a t i o n  o r  a t  l e a s t  i s  a s  s low  a s  th e



F i g .  22 .  A n a ly s i s  o f  th e  a n t i b o d y :  3 -k e to a c y l -C o A  t h i o l a s e  

com plex .  The t r a c e  shows a s p e c t r o p h o t o m e t r i c  s c an  o f  a g e l  

s t a i n e d  f o r  p r o t e i n .  When compared w i th  c o n t r o l  g e l s  on 

which e i t h e r  3 -k e to a c y l -C o A  t h i o l a s e  o r  a n t i b o d y  t o  3 - k e t o -  

acy l-CoA  t h i o l a s e  had been run  s e p a r a t e l y ,  i t  was conc luded  

t h a t  t h e  s lo w e r  moving band ( I )  c o r r e s p o n d s  t o  t h e  heavy 

c h a i n  o f  a n t i - 3 - k e t o a c y l - C o A  t h i o l a s e  (5 3 ,0 0 0 )  and  th e  

f a s t e r - m o v i n g  band ( I I )  c o r r e s p o n d s  t o  t h e  s u b u n i t  o f  

3 -k e to a c y l -C o A  t h i o l a s e  ( 4 6 ,0 0 0 ) .
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o t h e r  r e a c t i o n s  a r e  ( 2 8 ) .  An i n h i b i t i o n  o f  3 -ke toacy l -C oA  

t h i o l a s e  co u ld  r e s u l t  in  an  a c c u m u la t io n  o f  COASH d e r i v a t i v e s  

o f  3 - k e t o  a c i d s  o r  more l i k e l y  o f  3 -h y d ro x y  a c i d s  and th u s  o f

2- e n o i c  a c i d s  b ec au se  th e  e q u i l i b r i u m  f a v o r s  t h e  c o n v e r s io n  

o f  3 -k e to a cy l -C o A  compounds to  th e  c o r r e s p o n d in g " h y d ro x y  

d e r i v a t i v e s  e s p e c i a l l y  when th e  m i t o c h o n d r i a l  c o n c e n t r a t i o n  

o f  NADH i s  h ig h .  A l though  th e  m e t a b o l i t e s  o f  f a t t y  a c i d s ,  

e x c e p t  f o r  s a t u r a t e d  acy l-CoA  compounds, do n o t  a c c u m u la te  

i n  m i to c h o n d r i a  when B o x i d a t i o n  p r o c e e d s  r a p i d l y  ( 6 9 ) ,  

m e a s u ra b le  amounts  o f  hydroxy a c i d s  and e n o i c  a c i d s  have been  

o b s e rv e d  when m i to c h o n d r ia  were i n c u b a t e d  w i th  p a l m i t o y l c a r -  

n i t i n e  in  t h e  p r e s e n c e  o f  r o te n o n e  and c a r n i t i n e  ( 6 9 ) .  Hence 

i t  i s  p o s s i b l e  t h a t  a d e c r e a s e  in  th e  e n e rg y  demand which 

l e a d s  t o  e l e v a t e d  ac e ty l -C o A  l e v e l s ,  s e c o n d a r i l y  r e s u l t s  i n  

an a c c u m u la t io n  o f  f a t t y  a c i d  m e t a b o l i t e s .  S in ce  a c e t o -  

a c e ty l -C o A  and  c ro tony l-C oA  a r e  e f f e c t i v e  i n h i b i t o r s  o f  

acy l-CoA  deh y d ro g en a se  (7 6 ) ,  f a t t y  a c i d  m e t a b o l i t e s  may 

f u n c t i o n  a s  fee d b a c k  i n h i b i t o r s  o f  t h e  f i r s t  s t e p  o f  B 

o x i d a t i o n .  I f  th e  enzymes o f  B o x i d a t i o n  e x i s t  in  h ig h e r  

o rg an ism s  in  t h e  form o f  a m ult ienzym e complex a s  th e y  do i n  

E s c h e r i c h i a  c o l i  ( 6 3 ) ,  th e  i n t e r m e d i a t e s  o f  f a t t y  a c i d  

o x i d a t i o n  may i n c o m p le t e ly  o r  no t  a t  a l l  e q u i l i b r a t e  w i th  th e  

s u r ro u n d i n g  medium and c o n s e q u e n t ly  t h e i r  e f f e c t i v e  concen­

t r a t i o n s  a t  t h e  p u t a t i v e  complex may even  be h ig h e r  th an  

i n d i c a t e d  by t h e i r  i n t r a m i t o c h o n d r i a 1 c o n c e n t r a t i o n .  The 

d a t a  p r e s e n t e d  h e r e  a d d i t i o n a l l y  s u g g e s t  t h a t  a t  p e r i o d s  o f  

d e c r e a s e d  en e rg y  demand k e to n e  body d e g r a d a t i o n  w i l l  be l e s s
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s e v e r e l y  i n h i b i t e d  th an  f a t t y  a c i d  o x i d a t i o n .  T h is  con­

c l u s i o n  i s  b ased  on t h e  o b s e r v a t i o n  t h a t  a c e to a c e ty l - C o A  

t h i o l a s e ,  which i s  presumed to  f u n c t i o n  in  k e to n e  body 

d e g r a d a t i o n  ( 7 2 ) ,  i s  l e s s  s e v e r e l y  i n h i b i t e d  by a c e ty l -C o A  

t h a n  i s  3 -k e to a cy l -C o A  t h i o l a s e .  T h i s  r e g u l a t i o r y  a s p e c t  

c o u ld  p o s s i b l y  a s s u r e  t h e  p r e f e r e n t i a l  u t i l i z a t i o n  o f  k e to n e  

b o d i e s  by h e a r t  under  such  m e t a b o l i c  c o n d i t i o n s  a s  s t a r v a t i o n  

o r  d i a b e t e s .

I n  summary i t  i s  p ro p o sed  t h a t  in  h e a r t  th e  r a t e  o f  

f a t t y  a c i d  o x i d a t i o n  i s  tu n e d  t o  th e  r a t e  a t  which th e  c i t r i c  

a c i d  c y c l e  o p e r a t e s  v ia  a feed b a ck  r e g u l a t i o n  o f  3 - k e t o a c y l -  

CoA t h i o l a s e  by th e  acetyl-CoA/CoASH r a t i o .  I t  i s  i n t e r e s t ­

ing  t o  n o te  t h a t  t h i s  r e g u l a t o r y  mechanism r e se m b le s  one o f  

t h e  mechanisms by which p y r u v a t e  d eh y d ro g en a se  i s  c o n t r o l l e d .  

However, an e v a l u a t i o n  o f  th e  p o s s i b l e  r e g u l a t i o n  o f

3 -k e to a c y l -C o A  t h i o l a s e  by p h o s p h o r y l a t i o n - d e p h o s p h o r y l a t i o n  

s i m i l a r  to  t h a t  o f  p y r u v a t e  d eh y d ro g en a se  d id  n o t  p ro v id e  any 

e v i d e n c e  f o r  t h i s  r e g u l a t o r y  mechanism.
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F i g .  23.  D ia g r a m a t i c  r e p r e s e n t a t i o n  o f  th e  i n t e g r a t e d  

pathways o f  B o x i d a t i o n ,  k e to n e  body d e g r a d a t i o n ,  TCA c y c l e  

and o x i d a t i v e  p h o s p h o r y l a t i o n .
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REGULATION O F FATTY ACID OXIDATION IN HEART
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