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SUMMARY 

A p o - ,  h o l o - a -  and h o l o - b - p i g e o n  l i v e r  fa t ty  ac id  s y n t h e t a s e s  4 w e r e  s e p -  
a r a t e d  by a f f in i ty  ge l  c h r o m a t o g r a p h y  u n d e r  cond i t ions  i d e n t i c a l  to  t h o s e  u sed  
fo r  the s e p a r a t i o n  of apo and holo f o r m s  [ Q u r e s h i  e_tt al__. (1975) B i o c h e m .  
Biophys .  R e s .  C o m m u n .  6_44, 836 -844 ] ,  excep t  tha t  an a d d i t i o n a l  e lu t ion  s t ep  
at  a h igh s a l t  c o n c e n t r a t i o n ,  pH 7 .0 ,  and r o o m  t e m p e r a t u r e  was  inc luded .  
The i n t e r c o n v e r s i o n  of the two f o r m s  of h o l o - f a t t y  ac id  s y n t h e t a s e  was  then 
c a r r i e d  out in v i t r o .  In the p r e s e n c e  of Mg ++ and a p h o s p h a t a s e  p r e p a r a t i o n ,  
holo-_h was  c o n v e r t e d  to holo-a_. The r e v e r s e  c o n v e r s i o n ,  h o l o - a  to holo-_5, 
was  c a r r i e d  out in the  p r e s e n c e  of A T P  and a k i n a s e  f r a c t i o n  p r e p a r e d  f r o m  
the 100,000 g s u p e r n a t a n t  of l i v e r  h o m o g e n a t e .  T h e s e  r e s u l t s  i n d i c a t e  tha t  
the i n t e r c o n v e r s i o n  of h o l o - a -  and h o l o - b - f a t t y  ac id  s y n t h e t a s e s  o c c u r s  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 .  These  r e s u l t s  a l s o  s u g g e s t  the p o s s i b i l -  
i ty  tha t  th i s  p r o c e s s  m a y  be  a m e c h a n i s m  of s h o r t  t e r m  r e g u l a t i o n  of l i v e r  
fa t ty  ac id  s y n t h e t a s e  a c t i v i t y .  

A number of previous reports from this laboratory indicated that the var- 

iation in specific activity of avian and mammalian liver fatty acid synthetases 

observed with varying nutritional or hormonal states might be due to the pre- 

1This i n v e s t i g a t i o n  was  s u p p o r t e d  in p a r t  by a g r a n t ,  AM-01383 ,  f r o m  the 
N a t i o n a l  In s t i t u t e  of A r t h r i t i s  and Me tabo l i c  D i s e a s e s  of the N a t i o n a l  I n s t i t u t e s  
of Hea l t h ,  Uni ted  S ta t e s  P u b l i c  H e a l t h  S e r v i c e .  

2 This  is  p a p e r  No. 5 in a s e r i e s .  P a p e r  No. 4 is  r e f e r e n c e  No. 6. 

SOn l e a v e  f r o m  the P a k i s t a n  Counc i l  of Sc i en t i f i c  and I n d u s t r i a l  R e s e a r c h ,  
K a r a c h i -  39, P a k i s t a n .  

4Since the  c o m p l e t i o n  of th is  r e p o r t ,  a p o - ,  holo-_a- and h o l o - b - f a t t y  ac id  syn-  
t h e t a s e s  have  been  i s o l a t e d  f r o m  r a t  l i v e r  fa t ty  ac id  s y n t h e t a s e  u n d e r  cond i -  
t ions  i d e n t i c a l  to t h o s e  u s e d  fo r  the  p igeon  l i v e r  e n z y m e  excep t  tha t  the poo led  
e lua te  f r a c t i o n s  w e r e  d i a l y z e d  i m m e d i a t e l y  a f t e r  e lu t ion  f r o m  the co lumn 
a g a i n s t  0 .5  M p h o s p h a t e ,  1 rnM EDTA,  10 ham d i t h i o t h r e i t o l ,  I~H 7 .0 .  

Copyright © 1975 by Academtc Press, lnc 
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sence  of a co - pu r i fy ing  inact ive  p ro t e in  (1,2,  3). One such p ro t e in  was s e p a r -  

ated f r o m  ra t  l i ve r  fat ty acid syn the tase  by s u c r o s e  dens i ty  grad ien t  c e n t r i -  

fugat ion (4). This p ro t e in  was identif ied as a 7S component  that  was u n r e l a -  

ted to the fat ty acid syn the ta se  complex .  

More  r ecen t ly  evidence has been p r e s e n t e d  (5) f o r  the ex i s tence  of an 

apo f o r m  of fat ty acid syn the tase .  Conf i rma t ion  of this sugges t ion  has been 

achieved th rough  the s epa ra t ion  of p igeon l ive r  apo-  and ho lo - fa t ty  acid syn-  

the tases  by affinity gel  c h r o m a t o g r a p h y  (6). However ,  a f t e r  r emoving  the 

apo- fa t ty  acid syn the t a se  f r o m  the holo f o r m ,  the speci f ic  ac t iv i t ies  for  the 

o v e r - a l l  and the pa r t i a l  r eac t ions  in the r emain ing  ho lo- fa t ty  acid syn the tase  

s t i l l  showed a dependence  on the nu t r i t iona l  s ta te  of the pigeon.  M o r e o v e r ,  

t he re  a l so  appea red  to be a d i f f e rence  in speci f ic  ac t iv i t ies  of ho lo- fa t ty  acid 

syn the ta se  f r ac t ions  when c o m p a r i s o n s  w e r e  made  of the peak  tube of p ro t e in  

f r o m  the affinity c h r o m a t o g r a p h i c  co lumn with the l a s t  tube f r o m  the peak,  

the reby  sugges t ing  the p r e s e n c e  of m o r e  than one f o r m  of the ho lo - fa t ty  acid 

synthetas  e. 

In the p r e s e n t  pape r  we d e s c r i b e  the s epa ra t ion  by affinity c h r o m a t o g r a -  

phy on Sepha rose  e - amino  c a p r o y l  pante the ine  of the ho lo - fa t ty  acid syn the-  

t a se  f r ac t i on  into a high specif ic  ac t iv i ty  f o r m  (holo-a)  and a low speci f ic  a c -  

t ivi ty f o r m  (holo-b).  The p r o c e d u r e  and p recau t ions  fo r  p r e p a r i n g  and load-  

ing the co lumn a re  the s a m e  as r e p o r t e d  e a r l i e r  (6, 7, 8) fo r  the s epa ra t ion  of 

the non- iden t i ca l  h a l f - m o l e c u l a r  weight  subunits  of the fat ty acid syn the ta se  

complex  and fo r  the s epa ra t i on  of apo-  and ho lo - fa t ty  acid syn the t a se s .  How- 

ever ,  addi t ional  modi f ica t ions  fo r  the elution of the two holo f o r m s  of fa t ty  

acid syn the tase  f r o m  the co lumn a re  included in the p r o c e d u r e .  Also ,  we re -  

p o r t  in this pape r  the in v i t ro  i n t e r c o n v e r s i o n  of the two f o r m s  of ho lo - fa t ty  

acid syn the t a se s  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 .  

EXPERLMENTAL PROC EDUI<E 

Pigeons were fasted for 48 hours and then refed for 6 hours. Four hours 

prior to sacrifice the birds were injected with S2P-labeled phosphate. Liver 

fatty acid synthetase was then purified according to the method of Hsu, "¢/asson 

and Porter (9). Sepharose e-amino caproyl pantetheine, used for subsequent 

affinity chromatography, was prepared as described previously (7). The suh- 

strates for the over-all and partial reactions of fatty acid synthesis were 
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ob ta ined  or p r e p a r e d  and the a s s a y s  w e r e  c a r r i e d  out as r e p o r t e d  e a r l i e r  (8, 

I0). Protein was estimated by the methods of Lowry (II) and Murphy and 

Kies (12). 

The A T P - d e p e n d e n t  k i n a s e  was  p r e p a r e d  f r o m  a p igeon  f a s t e d ,  r e f e d  fo r  

48 hours  and then  f a s t e d  f o r  1Z h o u r s .  The 100,000 g s u p e r n a t a n t  so lu t ion  

ob ta ined  f r o m  the l i v e r  h o m o g e n a t e  was  p r e p a r e d  a c c o r d i n g  to the me thod  of 

Hsu et  a l .  (9). An a m m o n i u m  su lpha te  p r e c i p i t a t e  of the p r o t e i n  of th is  s o l u -  

t ion (55 to  7570 of s a t u r a t i o n )  was  d i s s o l v e d  in  1 m l  of 0 .2  M p o t a s s i u m  p h o s -  

pha te ,  1 mM EDTA,  1 m M  d i t h i o t h r e i t o l ,  and then d i a l y z e d  3 h o u r s ,  wi th  Z 

c h a n g e s ,  in the s a m e  bu f fe r .  This  e n z y m e  p r e p a r a t i o n  was  u s e d  i m m e d i a t e l y  

fo r  the c o n v e r s i o n  of h o l o - a -  to h o l o - b - f a t t y  ac id  s y n t h e t a s e .  

M a g n e s i u m - d e p e n d e n t  p h o s p h a t a s e  was  p r e p a r e d  f r o m  the l i v e r  of a p i g -  

eon f a s t e d  fo r  48 h o u r s  and then r e f e d  fo r  12 h o u r s .  The 100, 000 g s u p e r n a -  

t an t  so lu t ion  was  p r e p a r e d  as  above .  A 0 to 40% a m m o n i u m  su lpha te  p r e c i p i -  

t a t ed  f r a c t i o n  was  p r e p a r e d  and the p r e c i p i t a t e  was  d i s s o l v e d  in  the  above  buf-  

f e r  (1 ml ) ,  d i a l y z e d  a g a i n s t  the s a m e  bu f fe r ,  and then p a s s e d  ove r  a co lumn  

of S e p h a r o s e  e - a m i n o  c a p r o y l  p a n t e t h e i n e  (2 g) to r e m o v e  the fa t ty  ac id  s y n -  

t h e t a s e  as  r e p o r t e d  p r e v i o u s l y  (6). This  p r e p a r a t i o n  was u s e d  f o r  the  c o n -  

v e r s i o n  of h o l o - b -  to h o l o - a - f a t t y  ac id  s y n t h e t a s e .  

RESULTS 

D E A E - c e l l u l o s e  p u r i f i e d  p igeon  l i v e r  f a t ty  ac id  s y n t h e t a s e  (40 rag) ob- 

t a i ned  f r o m  4 8 - h o u r  f a s t e d ,  6 - h o u r  r e f e d  b i r d s  was  d i s s o l v e d  in 3 .5  rnl of a 

0. Z M p o t a s s i u m  p h o s p h a t e ,  pH 7 .0 ,  1 mM EDTA,  10 ~ d i t h i o t h r e i t o l  buf-  

f e r .  The s a m p l e  was f r o z e n  f o r  2 to 5 days  at  - 2 0  ° , thawed at  25 °,  and then  

lef t  to s t and  1 hour  at  r o o m  t e m p e r a t u r e  to  c o m p l e t e l y  r e a s s o c i a t e  any d i s -  

s o c i a t e d  e n z y m e .  The c o m p l e t e l y  r e a s s o c i a t e d  fa t ty  ac id  s y n t h e t a s e  was  ad-  

s o r b e d  on f r e s h l y  p r e p a r e d  S e p h a r o s e  e - a m i n o  c a p r o y l  p a n t e t h e i n e  ge l  5 (6.5 

a S e p h a r o s e  e - a m i n o  c a p r o i c  ac id  can  be  s t o r e d  at  -Z0°C fo r  an inde f in i t e  p e r -  
iod of t i m e .  H o w e v e r ,  the a f f in i ty  ge l ,  S e p h a r o s e  e - a m i n o  c a p r o y l  p a n t e -  
t he ine ,  is  u n s t a b l e  u n d e r  m a n y  c o n d i t i o n s .  Hence  i t  is  p r e p a r e d  f r e s h  by cou-  
p l ing  p a n t e t h e i n e  wi th  S e p h a r o s e  e - a m i n o  c a p r o i c  ac id  ove r  a p e r i o d  of 18-Z0 
hour s  in the  p r e s e n c e  of 1- e thy l -  3 ( 3 - d i m e t h y l  a m i n o p r o p y l ) - c a r b o d i i m i d e  
HC1. The e x c e s s  of the l a t t e r  compound  and pantetheLue is r e m o v e d  by w a s h -  
Lug wi th  i ce  co ld  w a t e r  in  a Buchne r  funnel  u n d e r  va c uum .  The w a s h e d  ge l  is  
qu i ck ly  e q u i l i b r a t e d  wi th  i ce  co ld  60 m M  p o t a s s i u m  phospha t e  buf fe r ,  pH 7 .0 ,  
in the  s a m e  Buchne r  funnel .  One g r a m  of the  af f in i ty  ge l  is then u sed  to  bind 
5-10 mg of f a t ty  ac id  s y n t h e t a s e  p r o t e i n .  B e c a u s e  of the l a b i l i t y  of the gel  at  
the higher pH's (8.5) used to elute fatty acid synthetase the gel cannot be 
regenerated for reuse. 
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g wet weight in a 21 cm x 8.4 m column) at a rate of I rnl/15 to 20 minutes 

at 0 °. Thirty ml of 60 mM potassium phosphate buffer, pH 7.0, containing 2 

rnIvl dithiothreitol was used to elute the apo-enzyme at a rate of 1 rnl/15 min- 

utes at 0 ° , Fig. I. The buffer was then changed to 0.2 M potassium phos- 

phate containing 2ram dithiothreitol, pH 7.0, and the elution of holo-_a-fatty 

acid synthetase was carried out at a rate of 1 rnl/4 minutes at 25 °. After 

collecting 35 rnl, the buffer was changed again to I00 rn_h/i Tris, I00 n~ po- 

tassium phosphate, 2 rn_k/i dithiothreitol, pH 8.5, to elute holo-b-fatty acid 

synthetase. One ml eluate fractions were collected from this column. To de- 

terroine the amount and specific activity of each modification of the enzyme, 

fractions 12 to 25 (apo), 35 to 60 (holo-a) and 70 to 90 (holo-_b) were separ- 

ately combined and dialyzed for 3 hours, with 2 changes of buffer, in 0.2 M 

potassium phosphate, 1 rnlVi EDTA, i0 rnM dithiothreitol, pH 7.0, at room 

temperature. Specific activities for fatty acid synthesis of each tube in frac- 

tions 35 to 60 and 70 to 90 were nearly constant. These activities were 68 to 

71 and 7.4 to 8.5 nmoles palmitate formed/rnin/rng fatty acid synthetase 

protein, respectively. 

/ 4  - ' - /  pH 70  ~ pH 7 0  '1~ / m  / I00 mM Pt, 

r< / 
0 i ¢) ~ o41- APO-FAS 

~ ! ~o.2 I <,2\  \ 

~ ! -'4, o.i ", 
' ~ /  ""-e- ~_..®./-~'~ 

o 2b ~o 6'0 8'o 
FRACTION NUMBER 

P 

bJ I 

t~J 

~× 

tul- _o~ 
ID 

~_z 

Fig .  I .  Sepa ra t ion  of apo- ,  high ac t iv i ty  holo-  (holo-a) and low act iv i ty  
holo-  (holo-b) p igeon l ive r  fat ty acid syn the t a se s .  The condit ions of this sep-  
a r a t i on  a r e  d e s c r i b e d  in the Expe r im en ta l  sec t ion,  o o, l ight  abso rp t ion  
at 280 nm; • --- ¢, fatty acid synthetase activity in nmoles of NADPH oxi- 
dized/min/rnl; ® -- - ®, ~-ketoacyl thioester reductase activity in nmoles of 
NADPH oxidiz ed/rain/ml. 
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The DEAE-cellulose, apo-, holo-a- and holo-b__-fatty acid synthetases 

were shown to be homogenous by molecular filtration on Biogel A- I. 5 m. 

Each protein had the same elution volume, thereby showing that each had the 

same molecular weight. Disc gel electrophoresis was carried out with sam- 

pies of each fatty acid synthetase preparation. The bands for each of the com 

plexes migrated identically, thereby indicating a similar charge behavior for 

each. Similar results were obtained with the dissociated enzymes. The 

3 protein complexes also behaved identically on immunodiffusion. 

The conversion of S~p-labeled holo-b-fatty acid synthetase to the a form 

is reported in Table I. The amounts of holo-a- and holo-b-fatty acid synthe- 

rases were determined by affinity chromatography after incubation of the pure 

holo-b form with Mg ++ ions and the phosphatase fraction. The control sample 

was incubated in the absence of the phosphatase fraction. The incubation of 

the holo-b form in the complete system resulted in a Z0-fold increase in en- 

zyme activity, and an accompanying loss of 32p from the enzyme protein. 

TABLE I 

CONVERSION OF HOLO-b- TO HOLO-a- 
PIGEON LIVER FATTY ACID SYNTHETASE 

Enzyme 
substrate 
or product 

Comple te  s y s t e m  
- p h o s p h a t a s  e f r ac t ion  Complete system 

P r o t e i n  Units of Total  P r o t e i n  Units of Total  
in mg act ivi ty  c p m  32p  in mg act ivi ty  c p m  SSP 

Holo-b-FAS Z 88.8 3300 0.6Z 51.Z IIIZ 

Holo-a-FAS 0 0 0 I. 12 1052 370 

The comple te  s y s t e m  cons i s t ed  of ho lo -b - f a t t y  acid syn the tase  (3300 c p m  
of 32p and Z mg of protein); MgCI2, 15 rnM; a phosphatase fraction contain- 
ing the protein of a 0-40% (NH~)2SO4 precipitate of supernatant solution pre- 
pared from liver of a 48-hour fasted, 1Z-hour refed bird and freed of fatty 
acid synthetase by affinity chromatography, 4 mg of protein; and potassium 
phosphate buffer, pH 7.0, 0. Z M. The final volume was I rnl and the sample 
was incubated at 3Z ° for 20 minutes. The sample was frozen overnight and 
the proteins were then separated by affinity chromatography on I g of gel as 

described under Experimental Procedure. 
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The c o n v e r s i o n  of the holo-a_-fatty acid syn the tase  to the holo-b_ f o r m  in 

the p r e s e n c e  of [ y - S 2 P ] A T P  and a kinase  f r ac t i on  is r epor t ed  in Table II. 

The amounts  of holo-_a- and ho lo -b - f a t t y  acid syn the tases  w e r e  d e t e r m i n e d  by 

affinity c h r o m a t o g r a p h y  a f te r  incubat ion of the holo-_a f o r m  with the comple te  

s y s t e m  or  with the k inase  omit ted .  A 15-fold d e c r e a s e  in fat ty acid syn the-  

t a se  act ivi ty  was obtained with the comple te  s y s t e m .  This d e c r e a s e  in ac t iv i -  

ty was accompan ied  by the i nco rpo ra t ion  of rad ioac t iv i ty  f r o m  [ T - S S P ] A T P  

into p ro te in .  

DISCUSSION 

A n u m b e r  of e n z y m e s  that occupy key pos i t ions  in metabol ic  pathways 

a r e  r egu la ted  by e n z y m e - c a t a l y z e d  phosphory la t ion  and dephosphory la t ion  

r eac t ions .  A c o m p r e h e n s i v e  rev iew of such  enzymes  was p r e s e n t e d  in a r e -  

cent  s y m p o s i a  (13). This mode  of regula t ion  is media ted  by a c c e s s o r y  en- 

z y m e s  act ing on the regu la ted  enzyme.  Examples  of these  modifying enzymes  

a re  an A T P - d e p e n d e n t  p ro t e in  kinase  and a h/ig++-dependent phospha ta se .  Re-  

TABLE I I 

CONVERSION OF H O L O - a -  TO H O L O - b -  
PIGEON LIVE1% FATTY ACID SYNTHETASE 

Enzyme 
substrate 
or  product 

Comple te  s y s t e m  
--kinas e f r ac t ion  Comple te  s y s t e m  

P r o t e i n  Units of Tota l  P r o t e i n  Units of Tota l  
in mg act iv i ty  cpm s s p in mg act iv i ty  cpm s ~ p 

H o l o - a - F A S  1.8 2272 772 0 .37 434 Z7Z 

H o l o - b - F A S  0 0 0 1.33 141 2370 

The comple t e  s y s t e m  cons i s t ed  of h o l o - a - f a t t y  acid syn the tase ,  1.8 mg 
pro te in ;  MgC12, 1 mlV[; [ y - ~ 2 P ] A T P ,  5 I r ~  and 1 x 10 s cpm;  a 55-75% 
(NH4)2SO4 p r e c i p i t a t e  of l i ve r  supe rna tan t  p ro t e in  (kinase f rac t ion)  obtained 
f r o m  4 8 - h o u r  re fed ,  12-hour  fas ted  p igeons ,  4 mg of pro te in ;  and p o t a s s i u m  
phosphate  buffer ,  pH 7.0,  0 .2  M. The final vo lume of the incubat ion mix tu re  
was 1 ml .  Samples  w e r e  incubated at 32 ° fo r  20 minu tes ,  f r o z e n  overn ight  
and then the p ro te ins  w e r e  s e p a r a t e d  by affinity c h r o m a t o g r a p h y  (1 g of Seph-  
a r o s e  e - amino  c a p r o y l  pante theine)  as d e s c r i b e d  under  E x p e r i m e n t a l  
Procedure. 
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cently Carlson and Kim (14, 15) reported data that suggested rat liver acetyl- 

C oA c arboxTlase is regulated by a phosphorylation-dephosphorylation system. 

It was speculated by P~ous (16) that fatty acid synthetase might also be regula- 

ted in the same way and she therefore attempted to demonstrate such a regu- 

latory system for fatty acid synthetase in mouse liver by showing S2p incor- 

poration or turnover in the protein. She was unable to secure experimental 

support for this proposal in these studies. However, the animals had been 

fed ad libitum and were not subjected to the stresses of fasting and refeeding. 

In our experiments we found that SSp is incorporated into DEAE-purified 

fatty acid synthetase in pigeons fasted 48 hours and then refed 6 hours. Fur- 

ther, we found that the amount of SSp is much greater in apo- and holo-b- 

than it is in holo-a-fatty acid synthetase. The loss of S2p on incubation of 

ho lo -_b - f a t t y  a c i d  s y n t h e t a s e  and  Mg ++ w i t h  t he  p r o t e i n  of a 0 to  40% a m m o n -  

i u m  s u l f a t e  f r a c t i o n  of l i v e r  h o m o g e n a t e  s u p e r n a t a n t  s o l u t i o n ,  w i t h  a c o n c o m -  

i t a n t  i n c r e a s e  in  e n z y m e  a c t i v i t y ,  i s  e v i d e n c e  f o r  the  p r e s e n c e  of a p h o s p h o -  

p r o t e i n  p h o s p h a t a s e  in  t h i s  f r a c t i o n .  I t  i s  a l s o  e v i d e n c e  f o r  t h e  l o s s  of p h o s -  

p h a t e  in  t h e  c o n v e r s i o n  of holo-b_-  to  h o l o - _ a - f a t t y  a c i d  s y n t h e t a s e .  The  

i n c o r p o r a t i o n  of 3 S p  f r o m  [ y - s 2 P ] A T P ,  w i t h  a c o n c o m i t a n t  l o s s  of e n z y m e  

a c t i v i t y ,  on the  t r e a t m e n t  of h o l o - _ a - f a t t y  a c i d  s y n t h e t a s e  w i t h  the  p r o t e i n  of 

a 55 to  75% a m m o n i u m  s u l f a t e  f r a c t i o n  of 100 ,000  g s u p e r n a t a n t  s o l u t i o n  f r o m  

l i v e r  h o m o g e n a t e  of f a s t e d  p i g e o n s  d e m o n s t r a t e s  the  r e v e r s e  r e a c t i o n ,  n a m e -  

ly  t he  a c t i v i t y  of  a p r o t e i n  k i n a s e  in t h i s  f r a c t i o n .  I t  i s  i m p o r t a n t  to  n o t e  

t h a t  t h e  p h o s p h a t a s e  f r a c t i o n  w a s  o b t a i n e d  f r o m  4 8 - h o u r  f a s t e d  and  1 Z - h o u r  

r e f e d  b i r d s ,  w h i l e  t he  k i n a s e  f r a c t i o n  w a s  o b t a i n e d  f r o m  4 8 - h o u r  r e f e d  and 

1 2 - h o u r  f a s t e d  b i r d s .  

T h e  p o s s i b i l i t y  of t he  r e g u l a t i o n  of f a t t y  a c i d  s y n t h e t a s e  a c t i v i t y  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  i s  s t r o n g l y  s u g g e s t e d  by  the  f a c t  t h a t  t he  r a t i o  

of ho lo-_a-  to  h o l o - b - f a t t y  a c i d  s y n t h e t a s e  i s  d e p e n d e n t  on the  n u t r i t i o n a l  s t a t e  

of p i g e o n s .  T h e  r e l a t i v e  a m o u n t s  of e a c h  f a t t y  a c i d  s y n t h e t a s e  is  d e p e n d e n t  

on the  t i m e  of r e f e e d i n g  of 4 8 - h o u r  f a s t e d  p i g e o n s .  T h i s  o b s e r v a t i o n ,  a l o n g  

w i t h  t he  d a t a  on the  c o n t r o l  of a c e t y l - C o A  c a r b o x y l a s e  r e p o r t e d  by  C a r l s o n  

and K i m  (15), i s  c o n s i s t e n t  w i t h  the  a c t i o n  of a c o o r d i n a t e  c o n t r o l  s y s t e m  f o r  

t he  s h o r t  t e r m  r e g u l a t i o n  of  l i p o g e n i c  e n z y m e s .  A s i m i l a r  c o o r d i n a t e  c o n t r o l  

s y s t e m  w a s  p r o p o s e d  by  L a k s h m a n a n  e t  a l .  (17) f o r  t he  long  t e r m  r e g u l a t i o n  

of f a t t y  a c i d  s y n t h e s i s .  P r e s u m a b l y ,  t he  s h o r t  t e r m  s y s t e m  w o u l d  a l s o  be  
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under the control of the ratio of insulin to glucagon. 
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