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S T U D I E S  ON T H E  M E C H A N I S M  OF F A T T Y  ACID S Y N T H E S I S  

VI. SPECTROPHOTOMETRIC ASSAY AND STOICHIOMETRY OF 

F A T T Y  ACID SYNTHESIS 
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S U M M A R Y  

A spectrophotometric assay for the synthesis of long-chain fa t ty  acids from acetyl 
CoA which depends upon the oxidation of TPNH has been described. The oxidation 
of TPNH requires all the components of the system and correlates very well with 
the incorporation of radioactivity from [i-14C]acetyl CoA to palmitate. 

The stoichiometry oZ the fa t ty  acid synthesis has been studied and the results 
for the synthesis of palmitic acid may  be expressed by the following equation: 

R i g  a n d  I¢.2¢ 
8 AcCt~A + I f  A T P +  I 6 T t ' N i l  ) p a l m i t i c  a c i d  + 16 A D P +  16 Pt + I 6 T P N  . 8  CoA 

H C O a - ,  M n  ++ 

T h e  f o l l o w i n g  a b b r o v i a t i o n s  w e r e  u s e d :  AcCoA,  a c e t y l  c o e n z y m e  A;  CoA, c o e n z y m e  A;  TP~N" 
a n d  T P N H ,  o x i d i z e d  a n d  r e d u c e d  t r i p h o s p h o p y r i d i n ¢  n u c l e o t i d e :  D P ~  a n d  D P N H ,  o x i d i z e d  a n d  
r e d u c e d  d i p h o s p h o p y r i d i n e ;  A T P ,  a d e n o s i n e  t r i p h o s p h a t e :  A D P ,  a d e n o s i n e  d i p h o s p h a t e ;  P t ,  
o r t b o p h o s p h a t c ;  a n d  R x g a n d  R2, ,  t h e  t w o  e n z y m e  p r e p a r a t i o n s  r e f e r r e d  t o  i n  ref .  4, 

Relr~emes p. ~33, 
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]NTI~ODUCTION 

In previous communica t ions  of this series t-'~ we have  reported a synthes is  of long- 
chain f a t t y  acids from acetyl  CoA which is ca ta lyzed  b y  two highly purified e n z y m e  
fractions from avian livers (R1¢ and R_~), and  which requires the presence of ATP,  
Mn ++, HCO a- and T P N H .  There is ve ry  little or  no synthes is  in the  absence of  a n y  
one of these cofactors.  Radio- label led b ica rbona te  is trot incorpora ted  into the f a t t y  
acids and a ca ta ly t ic  role for this c o m p o u n d  was therefore pos tu la ted  "~,4. Evidence  
was also nresented which indicates tha t  the  synthes is  of f a t t y  acids in this s y s t e m  
does not  require the enzymes  of the  f a t t y  acid oxidat ion sequence in con t ras t  to 
the sys tem repor ted  recent ly  by  ~EI ' I~ERT el al. °. 

In order to unders t and  the mechanism of the synthesis  in this sys tem,  it is 
essential to know the s toiehiometr ic  relat ionships between the various r eac tan t s  and  
products  of the reactions. The ava i lab i l i ty  of highly purified enzyme  fract ions made  
it possible to ob ta in  such information.  Fur the rmore ,  since T P N H  is the sole e lectron 
donor for the reduct ion of the  carbonyl  group  during the synthesis  of the f a t t y  acids, 
the disappearance of T P N H  as measured  at 34 ° m/.  provides  an exact  and convenient  
measure  of the  synthesis  of long-chain acids-'. Thus  the present  communica t ion  deals 
wi th  the description of a spee t rophotomet r ic  assay  me thod  for f a t t y  acid synthes is  
and with the chenaical s to ich iomet ry  for the  over-all  synthesis  of long-chain acids 
from ace ty l  CoA. 

MET!tOI)S  AND MATERIALS 

The enzyme fractions (Rl~ and R g~) were prepared  as descr ibed prev ious ly ' ,  4. Ex-  
t ract ion of the  f a t ty  acids, identif ication of pa lmi ta te ,  degradat ion  and rad ioac t iv i ty  
measurements  were carried ou t  b y  methods  descr ibed in our  ear ly communica t ions  
of this series~,e,4,L 

The adenine nucleot ides were analyzed b y  ion-exchange c h r o m a t o g r a p h y  on 
Dowex- i  CI b y  a modified procedure  of COH.~ .~N1) C.XRTER s. Or thophospha te  was  
assayed b y  the Lowrct '-LoPx z procedure  9. Free CoA was de te rmined  b y  an unpubl i shed  
procedure  of ~3,'.~rcrr..~y~J HI '"RSCHER.  

RESULTS 

Spectrophoto~t,,t',ic assay o~/arty acid synthesis 

The conversion of acetyl  CoA to the long-chain f a t t y  acids requires in addi t ion  
to the  two enzyme fractions (Rig and R2~) the  presence of ATP,  Mn ++, HCO3-  and  
T P N H .  The disappearance  of T P N H  during f a t t y  acid synthes is  provides  an exac t  
measure  of f a t t y  acid synthesis  and can be convenien t ly  followed b y  spec t rophoto-  
metric  measurement  at  34o m#.  The a s say  sys tem contains:  25/*moles of potass ium 
phospha te  buffer of pH 6.5 : • / ,mole of ATP ; o.3/*moles of Mn ++ ; o.o3 to o . i  / ,moles 
of AcCoA; o.o3 to o .o6 / .moles  of T P N H ;  and H 2 0  to a final volume of 0. 5 ml. The 
react ion .;s usual ly  s t a r t ed  by  the addi t ion of the  two enzyme fractions (o.5 to a.o mg 
total  protein).  Fluoride ion (z .o / ,moles  of K F  per  a~ssay mixture)  m a y  be added  to 
the react ion mixture  to minimize the des t ruc t ion  of AT P  by  phosphatases .  

Fig. I shows a typical  result tha t  can be ob ta ined  b y  plot t ing the reduct ion 

lec/cre~2~es p. 231. 
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in a b s o r p t i o n  a t  34 ° ml s  vers,-., t !me.  Th i s  resul t  was  o b t a i n e d  o n l y  when  all  t h e  
c o m p o n e n t s  were  added~,  a, whi le  v e r y  l i t t le  or  no c h a n g e  in a b s o r p t i o n  a t  34o m/~ 
t a k e s  p l ace  in t h e  a b s e n c e  of  a n y  one  of t h e  r e q u i r e d  c o f a c t o r s  (c/ Fig.  t ) .  T h e  r a t e  
of  o x i d a t i o n  of T P N I - t  runs  para l le l  wi th  the  r a t e  of i n c o r p o r a t i o n  of  : r -14C]AeCoA 
in to  t h e  l o n g - c h a i n  f a t t y  ac ids  as d e t e r m i n e d  b y  the  p e n t a n e  e x t r a c t i o n  of the  f a t t y  
ac id s  f r o m  t h e  r e a c t i o n  m i x t u r e  as  r e p o r t e d  , :ar l ierL: .  

T h e  r a t e  of  o x i d a t i o n  of  T P N H  as a f u n e t m n  of  the  c o n c e n t r a t i o n  of Rt~ a n d  
I ~ g  is s h o w n  in Figs.  2 a n d  3- No o x i d a t i o n  of T P N | [  t a k e s  p lace  in the  a b s e n c e  
of  e i t h e r  one  of t h e  t w o  e n z y m e  f rac t ions .  "|'h~' r e su l t s  al,~o s h o w  t h a t  t h e  in i t i a l  r a t e  
of o x i d a t i o n  of T P N H  is p r o p o r t i o n a l  to  th~ c o n c u n t r a t i o n  of w h i c h e v e r  enz3~me 
f r a c t i o n  is r a t e  l imi t ing .  "riffs r a t e  of  o x i d a t i o n  of T P N H  is u s e d  as a m e a s u r e  for  
t h e  e n z y m i c  a c t i v i t y  of each  f r ac t ion .  
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F i g .  t .  O x i d a t i o n  o f  T t ' N I t .  E a c h  cuve t t t~  c :m-  
r a i n e d  t h e  f o l l o w i n g  r e a g e n t s  ( e x c e p t  w h e n  
o m i t t e d  a s  i n d i c a t e d )  : 25 / , m o l e s  *,f p t ~ t a s . i u I n  
p h o s p h a t e  b u f f e r  {pH b, 51 ; t .o t m t o l e  o f  . \T  P:  
0. 3 #mole of MnCI,; 4.o p:nole~ oI I{IIC().~; 
0.05 t~m01e nf [I-£~(" acetyl ( 'cA; and o.oN 

T I M E  (MIN) 
2+ ~ 4 6 B IO 

[:ie. z. l-'.a,ch c l tv ( ' lh -  C<vlt/ail'l~ t h o s a m e r e a c t i , , n  
m i x t u r e  a:+ in t: ig.  I e x c e p t  t h a t  <,.,+)mg uJ I,L2, ., 
w a s  u sed  an t i  v a r i a b l e  a m o t m t s  of  Rig ~rere 

a d d e d  as  i n d i c a t e d .  
t~mole  o[  T P N H  in ~. f inal  v o l u m e  of  o . 5 o  rut.  
T h e  r e a c t i o n  w a s  s t a r t e d  b y  t h e  a d d i t i o n  of  0.7 n ;g  ot  Rig a n d  o. 4 m g  t~l" [¢2~. "rht, tI-T~|;er~ltttre 
was maintained at 3,'~ . At ~he end of 5 rain 0.032 pm~,le (,f acets"] CoA was inc,rpolatCd ~nt,~ 

f,~tty ac i~ Ls. 

E v i d e n c e  h a s  been  p r e s e n t e d  ea r l i e r  * to  show t h a t  t h e  t w o  e n z y m e  f r a c t i o n s  R~g 
a n d  Ro g a re  free f r o m  ace t i c  t h i o k i n a s e  '° , '1.  T b i s  can  be a g a i n  d e m o n s t r a t e d  in the  
s p e c t r o p h o t o m e t r i c  a s s a y .  W h e n  AcCoA was  h y d r o l y z e d  k,y a lkal i ,  t he r e  was  no  
o x i d a t i o n  o f  T P N H  (c/. F ig .  4). H , , w e v e r .  on t he a d d ; t i o n  of  ace t i c  t h i o k i n a s e  I° T PN H 
is o x i d i z e d  as  s h o w n  in P~.g. 4 -+t!- a ~,,rr-~sp,,.':ziing ;~_m:;,m~ of f a t t y  ac id  s y n t h e s i z e d  
as  m e a s u r e d  b y  the  a m o u n t  of  ~z-i4C]AcCoA c o n v e r t e d  to f a t t y  acid .  Th i s  e x p e r i m e n t  
d e m o n s t r a t e s  c o n c l u s i v e l y  t h a t  A c C o A  is t h e  s u b s t r a t e  of  o r  s t a r t i n g  p o i n t  for  f a t t y  

ac id  s y n t h e s i s .  
A~ w a s  s t a t e d  p r e v i o u s l y " ,  *, D P N H  can  s u b s t i t u t e  for  T P N H  in f a t t y  ac id  

s y n t h e s i s .  T h i s  c a n  be d e m o n s t r a t e d  in t he  s p c c t r o p h o t o m e t r i c  a s s a y  (@ Fig.  5), 
a l t t ,  o u g h  t h e  r a t e  of  o x i d a t i o n  of  D P N H  is s l o w e r  t n a n  t h a t  of  T P N H .  T h i s  cnuld  
n o t  be  i n t e r p r e t e d  to  be  d u e  to  the  p re sence  of D P N I I - T P N  t r a n s h y d r o g c n a s c  ~2, 
b e c a u s e  u n d e r  s u c h  c o n d i t i o n s  we cou ld  no t  a s s a y  for t r a n s h y d r o g e n a s e  in t h e  t w o  
e n z y m e  p r e p a r a t i o n s .  Th i s  l ack  0f spec i f i c i ty  d i s t i n g u i s h e s  t he  a v i a n  l ive r  s y s t e m  
f r o m  t h e  m a m m a r y  g l a n d  s y s t e m  of  HFLE XNI) P+)I'JAK I'~, in w h i c h  o n l y  D P ~ ' H  is 
r e q u i r e d  [or  f a t t y  ac id  s y n t h e s i s ,  a n d  T P N H  c a n n o t  s u b s t i t u t e  fo r  D P N I t ,  a n d  also 

R e f e r e n c e s  p .  23A. 
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Fig .  3- T h e  s a m e  c o n d i t i o n s  w e r e  used  as  in 
Fig .  1 e x c e p t  t h a t  o.57 m g  of R~g w a s  u s e d  a n d  

va r i ab l e  a m o u n t s  of  R ~  a s  i n d i c a t e d .  
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o A  

Fig.  4. A b s e n c e  of ace t i c  t h l o k i n a s e  iu  t h e  Rig a n d  lt=g f r ac t ion .  T h e  c u r v e  r e p r e s e n t e d  by- so l id  
p o i n t s  ( - I ~ O - )  was  o b t a i n e d  b y  m i x i n g  a c e t y l  CoA (o.t  I rmole)  w i t h  a lka l i  t o  p H  13 a n d  
i n c u b a t i n g  for  to  rain a t  38°. T h e  m i x t u r e  w a s  n e u t r a l i z e d  to  p H  6.5. T h e  s a m e  t r e a t m e n t  w a s  m a d e  
on  the  e x p e r i m e n t  r e p r e s e n t e d  b3: t h e  o p e n  p o i n t s  ( - C ) - - O - } .  T h e  a c e t y l  CoA in t h e  e x p e r i m e n t  
r e p r e s e n t e d  bv  (-Q) - -@-)  c u r v e  w a s  n o t  b y d r o l y z e d .  To  t h e  a b o v e  c u v e t t e s  t h e  f o l l o w i n g  were  
a d d e d  : -'5 / , m o l e s  p o t a s s i u m  p h o s p h a t e  ( p H  6.5), I .o  t , m o l e  ATP,  o. 3 / , m o l e  Mn ++. 4 . o / , m o l e s  
K H C O  z and  o . ]  / ,mu le  of  T I ) N H .  TI;e r e a c t i o n  was  s t a r t e d  b y  t h e  a d d i t i o n  of  0. 7 mg  of  R t i  a n d  
0.45 m g  of Rz~. o .z  m g  of a c e t a t e - a c t i v a t i n g  e n z y m e  (ATK) w a s  a d d e d  w h e r e  i n d i c a t e d .  T h e  

final v o l u m e  was  0. 5 ml  a n d  t h e  t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  38 °. 

\ 

Jr- ~ I 

I 2. 3 4 S 
T IME dMIN ) 

Fig+ 5- E a c h  c u v e t t e  coilt~tins t i le  sa lne  r e a c t i o n  
m i x t u r e  as in Fig .  [ e x c e p t  t h a t  0 , 0 8 / t m o l e  of  

DP_NI-L was  s t l b s t i t u t e d  for  r l , y  H. 

T I M E  ( M I N  } 
5 I 0 2 0  3 0  ' -% ' 

o 
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Fig.  6. T h e  c u v e t t e  c o n t a i n e d  t h e  f l f l lowlng 
r e a g e n t s  : 50 / i ronies  p o t a s s i u m  p h o s p h a t e  ( p H  
6.5), 2.o /amoles  ATE,  0.6 /~mole ~lnCl a, 8.0 
# m o l e s o f  Iq.HCO3, 0.08 i t m o l e  of  TtJNPI,  ~ .o m g  

of I~azand 0.6 m g  of  ]Re=. A t  A r r o w  I, 7.0 m t , m o l e s  of  [1 - t4CjAeCoA ( I -~,ooo e o u n t s / m i n }  w e r e  a d d e d ,  
a n d  t h e  reactioIx was  fo l lowed  b y  m e a s u r i n g  t h e  o p t i c a l  d e n s i t y  a t  34 ° rap .  A t  A r r o w  e, 0.2 ml  
of  t h e  react i~m m i x t u r e  was  w i ' t h d r a w u  for z~nalysis of  t h e  l o n g - c h a i n  f a t t y  ac ids ,  a n d  a g a i n  
7.0 m p m o l e s  of  D- t4C]AcCoA were  a d d e d .  0.2 ml  of  t h e  r e a c t i o n  m i x t u r e  was  w i t h d r a w n  a t  
A r r o w  3 as  a b o v e  a n d  a g a i n  7.0 m t * m o t e s  of a c e t v l  CoA w e r e  a d d e d .  (See t e x t  fo r  t h e  r e su l t s . )  

from the mitochondrial system described recently by SF.UBERT $~ al. 6 in which both 
TPNH alid DPNH are required for the synthesis of fat ty acids from AcCoA and 
hexanoyl CoA. The relationship between our system and the above two systems will 
be discussed in a later section. 

Stoiehiomelry o / the /ar t y  acid synthesis 

In the presence of the aforementinnecl component )f the fat ty  acid synthesizing 
system, the quanti tat ive conversion of limited amounts  of acetyl CoA to fat ty acids 
ICeterences p. 233. 
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STOICrttOMIZ~tRY OF ~'ATTY ACre  S Y N ' r H E s m  vRo.~t A c C o A  

T h e  f o l l o w i n g  r e a c t i o n  m i x t u r e  wl f s  u s e d  in e a c h  of  t h e  a b o v e  e x p e r i m e n t s :  ~oo  H m o I e s  o f  h i s t i d i n e  
b u f f e r  ( p H  6 .5} ;  4 f¢nao les  o f  A T P ,  o . l ,  ! z m o l e  o f  X lnClz ;  o_62 ltti~olt? elf [ i - t ~ C ~ a c e t y l  Ct )A (12o,  o o o  
e o u n t s / m i t x )  ; 8 t t m o l e s  o f  K F  ; 4 . o  m g  of  R i g  a n d  3 .0  m g  (,f Rzg.  I n  t h e  f i r s t  e x p e r h n e n t  I .o H in t ) i t  
o f  T l a N H  w a s  a d d e d ,  a n d  in t h e  s e c o n d  e x p e r i m e n t  i o  t ~ m o t e s  of i s o c i t r ~ t e  an d  o j  H m o l e  o f  
T P N  w e r e  a d d e d .  T h e  f inal  v o l u m e  -va s  2 .0  m | .  T h e  f o l l o w i n g  c o n t r o l s  w e r e  r u n  s i m u l t a n e o u w l v :  
w i t h o u t  A'I'~J, w i t h o u t  " I ' P N H  (~w w i t h o u t  i s~ ) e i t r a t c  a n d  "FI>N~), w i t h o u t  . \ c C o A  a ~ d  w i t h o ~ , t  
i n c u b a t i o n ,  T h e  r e a c t i o n  w a s  s t a r t e d  I)y t h e  a d d i t i o n  o f  t h e  ( n z v m e s ,  a n d  a l l  t h e  t u b e s  w e r e  
i r t eubated  for  3 ° m i L  a,~ 38 °. A t  t h e  e n d  of  th i s  t tHt~, o. 3 m l  o f  t h e  r c a c t i , m  t~i.xtttr(z w a s  w i t h d r a w n  
for t h e  d e t e r m i n a t i o n  o [  l o n g - c h a i n  [ a r t y  a c i d s  t ,  a n d  t o  t h e  r e m a i n d e r  w a s  a d d e d  o .o  4 m l  ~f  
6 0 %  H C I O ~ .  T h e  m i x t u r e  w a s  c e n t r i f u g e d  in t h e  cold~ a n d  t h e  c l ear  s u p e r n a t a n t  wa_~ s a v e d  ;~ttld 
r e n e n t r a l i z e d  t o ' p i t  7 .0  w i t h  I ,~OH. S a m p l e s  o f  t h e  r e s u l t i n g  s o l u t i o n  w e r e  t a k e n  for t h e  v a r i o ~ t s  

analytic.n-I p r o c e d u r e s .  Al l  v a l u e s  w e r e  c o r r e c t e d  for  t h e  lfl~txlk ~v i th~mt  A c C o A .  

E , ¢ p e e b n  an t T I ' . V t l  A I ' I "  
n u m b t . r  .4¢COA * T I J N i t  * • A T P  .,t l ) P  l ' i  C o A  A t C o A  A ¢C,sA 

t - - o . 4 I o  - - 0 . 8 ¢ >  7 - - o . 8 0 o  + o.t),~ + o . 0 o  + o . 3 8  z . l o  2 . t  7 
2 - - 0 . 4 6 - '  - - - o . 8 4 8  + o.,~9 t -~- o . g i  + o . 5 o  ! .84  

* AcCt~A w a s  d e t e r m i n e d  l}y t h e  a m o u n t  of  r a d i o a c t i v i t y  i n c o l - p o r i t t e d  i n t o  t h e  h ig t~c r  f a t t y  
a c i d # .  

"* T P N H  w a s  m e a s u r e d  s p e c t r o p h o t o m e t r i e a l t y  a t  34 ° r a p .  

is ax:hievcd (c 4.  Fig.  6). As demonstrated  in Fig. 6, the addit ion of  7.0 m/zmoles of 
[x-a4C]acetyl CoA at Arrow x results in an immediate  ox idat ion  of  T P N H .  Al iquots  
were wi thdrawn at Arrow z and were analyzed for the fat ty  acids. Almost  a quanti-  
tat ive  convers ion of the  acetyl  CoA to the long-chain fz t ty  acids appears to take 
place, x4. 5 mtzmoles of T P N H  and 7.0 mt~moles of  acetyl CoA disappeared during 
this synthesis .  The experiment  was repeated by the add.;2ion of the same amount  of 
aeetyl  CoA at Arrow 2. Again,  in the presence of exces:; cofactors tim complete  c0n~ 
version of  the added acetyl  CoA to the fat ty  acids took place. This quant i tat ive  
conversion is consistent  with the fact that it is difficult to identify any  intcrmed'-'"-tee 
of shorter chain acids during the synthesis .  

"0,'ith the aid of  this reconstructed sys tem it was possible to ascertain the overall  
s to ichiometry  of  the synthes is  of  long-chain acids from acetyl  CoA. The results in 
Table I show that  with the incorporation of one mole of acetyl  CoA into palmitate  
(palmitate is e s t imated  in these experiments  to represent about  8o?i, of the total  
fat ty  acids) there is a phosphorolys is  of two  moles  of ATP to A D P  and inorganic 
phosphate  with a concomitant  ox idat ion  of two moles  of T P N H  and the formation 
of  * mole of  free CoA. Thus,  the synthes is  of fa t ty  acids (palmit~te) from acetyl  CoA 
m a y  be represented by the fol lowing equat ion :" 

M n ~ %  H C O  a 
8 A c C o A  + 1 6 T I ) N H  + 16 A T I "  ~- l m l m i t a t e  -'- I 6 " t ' l ) N  ~ - -  i 6  A 1 ) I '  + t 6  l ' l  - -  S ( ' o A  

Rt~ a n d  R_o~ 

The exact  rote of  A T P  and the nature of the intermediates  in the overall synthesis 
are not  known.  A T P  is not  used in this sys tem for the regeneration of AcCoA as 
shown by the absence of  acetic thiokinase in the RLn and R_~g fractions a (e/. Fig. 4)- 

* T h e o r e t i c a l l y  t h e r e  s h o u l d  1;e 14 m o l e s  ~)f T P N H  c f m s u m e d  p e r  8 r e : l i e s  I~f A c C o A  s i n c e  
t h e  l a s t  c a r l ) o n y [  g r o u p  o f  A c C o A ,  w h i c h  c o n s t i t u t e  t h e  e a r b o x y l  g r o u p  of  p a t m i t i c  a c i d  is  n t ) t  
r e d u c e d .  I n  t h e  c a s e  of  A T P  t h e  e x a c t  p r o p o r t i o n  is  n o t  as  y e t  c l ear ,  b a t  for t h e  o v e r a l l  e x w e s ~ i o n  
t h e  a b o v e  e q u a t i o n  is  p r e f e r r e d .  

References  p. 233.  
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It is reasonable, therefore, to postulate  a ~ale for ATP in Some process other  than  
formation of AcCoA, possibly the act ivat ion of HCOa- (or one of its equil ibrium 
species, v.g., CO., or H~.C()~) or the ac t ivat ion of a component  on the enzyme.  I t  is 
of interest to ment ion  here tha t  one of the  protein fractions (Rt~) contains  a significant 
amoun t  of biotin ~. The possible relationship between ATP, HCO a- and protein bound 
biotin has to awai t  fur ther  information.  

The phosphorolysis of A'I'P appears to be dependent  upon the presence of all 
the components  of the system.  In the absence of any  one of the key  components  of 
the .~vstem (AcCoA, HCOa- or T P N H )  no significant amoun t s  of A D P  ate  formed 
as c(mq)ared to the complete system.  The stone results are obta ined  when T P N H  
was replaced by isocitratc,  ca ta ly t ic  anaounts of TPN+ and  isocitric dehydrogenase,  
Tlms it is impor tan t  to ba re  the complete sys tem turn ing  over in order  to accumula te  
significmlt and  measurable mnomats of A D P  in the reaction mixture .  The limits of 
the present analyt ical  methods  used prevent  us from measuring minute  amoun t s  of 
ADP which may be formed in the incomplete sys tem and which m a y  be stoichiomeLric 
with ml enzyme-bound  moie ty .  

I) ISC US,~IION 

Bm~)v .~xl~ ( ; r l i t x  ~,1~ studied tile breakdown and  synthesis  of f a t t y  acids first in 
normal  and  diabetic liver slices and  later  in cell-free enzymes and concluded tha t  
one or more separate and  dist inct  chemical  reactions dis t inguish f a t t y  acid synthesis  
I tem f a t t y  acid oxidat ion.  This hypothesis  was set aside dur ing  the period when the  
mechanism of f a t t y  "xM oxidat ion was being elucidated ~",tr. Since all the react ions 
of the f a t t y  acid oxidatioil  sequence are reversible, the assumpt ion was immedia te ly  
made tha t  syntlwsis is accomplished by the reversal of the reactions o f / t -ox ida t ion .  
This hypothesis  received a wide and  early acceptance.  I t  was not  unt i l  recent ly  t h a t  
experimental  evidence bearing on the requirements  for the synthesis  of the various 
long-chain acids from acetyl  CoA and  shorter  acyl  CoA hecame available. LAN(;DON 18 
discovered an enzyme which catalyzes  the reduction of c ro tonyl  CoA to h u t y r y l  CoA 
by T P N H .  SI.:rI,r:RT et el," s tudied this reaction extensively,  purified the enzyme from 
pig liver mi tochondr ia  and showed tha t  it has a wide range of specificity for the  
a .f l - lmsaturated acyl der ivat ives  (C 4 to Cls) of CoA. A combinat ion  of this enzyme,  
thiolase, ~ -hydroxyacy l  dehydrogenase  and  enoyl  hydra.se in presence of T P N H  and  
I ) P N H  was used by SEUm~.IeT e t a ! .  to demons t ra t e  the format ion of longer-chair- 
f a t t y  acids from a mixture  ~f acetyl  CoA and hexanoyl  CoA. The various enzymes  
of the S].:m:ERT system are derived from mi tochondr ia  *~-~9, in contr~,~t to the enzymes 
of the present avian liver system,  which is non-mitochondria l  in origin e°. 

O,.tr own studies t-n on the mecilanism of f a t t y  acid synthesis  in the avian liver 
sys tem have not  given any  encouragement  to the view t imt synthesis  is a reversal 
of the /~-oxidation enzyme sequence. The sys tem described above shows cofaetor  
requirements  co.mplctely different from the expected requirements  for the reversal 
of/3-oxidation and  clearly must  entail  some new mechanism for the mul{iple eonden- 
sati tms of acetyl  units.  The min imum requirement  seems to l)e two enzyme fractions 
(R1, and  R2,) and  AcCoA, ATP, Mn+% HCOa-- and  T P N H .  Recent ly  we have pre- 
sented evidence for the presence and part icipat ion of biotin in tim synthesis  of f a t t y  
acids by this system.  Altogetl,~.r the da ta  presented above and  elsewhere, namely,  

l?<iere~wes p...'.I.L 
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(z) the phosphorolysis  of NI 'P,  (2) the requirement  for hicarbonate,  (3) the presence 
and par t ic ipat ion of biotin mid (4) the absence o[ the key  enzymes of the fl-oxidation 
s e q u e n c e  (thiolase and TPN H-a f t -unsa tu ra t ed  acyl  CoA reducing enzymes n) indicate 
tha t  our  sys tem is a different and new sys tem for f a t ty  aci4 synthesis.  Fur thermore .  
dur ine  the  synthesis  there  is no evidence for the  accumula t ion  of short-chain f a t t y  
acids such as C a, C~, etc., and  compounds  as b u t y r y l  CoA, hexaaoyl  CoA or oc tanoy!  
CoA are not  incorpora ted  into the  long-chain f a t ty  acids during act ive synthesis  from 
AcCoA nor do these compounds  t r ap  any  rad ioac t iv i ty  from [ I :~C]aeety l  CoA. Thu:  
the  act ive  acyi  in termedia tes  which we prt~sume are formed dttring the synthesis  uf 
long-chain f a t ty  acids cannot  be f a t t y  acyl COA derivatives.  Recen t ly  VCAKtX"t ha~ 
presented  evidence to show tha t  the tirst s tep  in f a t t y  acid synthesis  is the carboxy-  

• lation of acetyl  CoA to malonyI CoA ca ta lyzed  b y  tim biot in-containing |a,i, fraction 
in pregence of ATP  and Mn ++. The subsequent  successive condensat ion and reduct ive  
s teps  of malonyl  CoA are ca t a lyzed  b y  R~gin presence of T P N H .  
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