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SUMMARY 

I. The conversion of acetate to fa t ty  acids by  particle-flee supernatant and 
microsomal fractions of rat  livers and of lactating and non-lactating rat-man, mary 
glands was studied. 

2. Stimulation of fa t ty  acid synthesis by  addition of microsomes to the super- 
natant  fraction was related to the amounts of microsomal protein and ATP added to 
the incubation mixtures. Excessive amounts of either one depressed the level of 
synthesis, which could be reversed by  addition of larger amounts of the other. 

3. Microsomal stimulation cannot be explained solely by the presence of micro- 
somal ATPase since the highest level of synthesis was observed at a critical ratio of 
microsomal protein to ATP concentration. This suggests that  microsomal stimulation 
is related to an ATP-dependent process. 

4. The newly synthesized fa t ty  acids were firmly bound to the incubated protein. 
Upon re-isolation of microsomes at the end of incubation, it was found that  8o % of 
the newly synthesized fat ty  acids was bound to these particles. However, microsomal 
stimulation cannot be explained solely on the basis of a binding phenomenon. 

5- The possibility that  microsomal stimulation of fa t ty  acid synthesis from acetate 
or acetyl-CoA is due to an effect on acetyl-CoA carboxylase present in the supernatant 
fraction is discussed. 

INTRODUCTION 

It  is now well established that  fat ty acid synthesis from acetate via the malonyl-CoA 
pathway ~-7 occurs in the particle-free supernatant fraction obtained from a variety of 
tissues. Several observationsS, 7-12 indicate, however, that addition of microsomes to a 
properly fortified medium containing the particle-free supernatant fraction modifies 
the extent of fa t ty  acid synthesis taking place in this incubation mixture. The effect 
obtained depends upon the amount of microsomes added: small amounts augment the 

* Present  address:  Medizinische Universit~itsldinik und Polildinik, Miinster (Westf.) ,  Westr ing  3 
(Germany). 
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synthesis, but additions beyond a certain level result in decreased formation of fatty 
acid& 1% 1s. 

The present report deals with the relation of ATP to the action of microsomes on 
fatty acid synthesis. The binding of the newly synthesized fatty acids to protein of 
the supernatant fraction and to cytoplasmic particles was also investigated. Two 
tissues were studied: livers of rats and mammary glands of lactating and non-lactating 
rats. 

AnimaJs ad their treahwzt 
EXPERIMENTAL 

Livers were excised from normal, Long-Evans rats weighing 200-300 g, that had 
been fed an adequate stock diet (Diablo Labration). Mammary glands were excised 
from lactating (10-15 days postpartum) and non-lactating rats. The former had 
suckled at least five pups at the time they were killed; the latter had lactated for 
21 days and were killed two days after removal of the pups, by which time lactation 
was arrested. The lactating and non-lactating animals were fed a specially prepared 
diet consisting of 67.5 “4 whole wheat, 15 % casein, 7.5 % whole milk powder, 6.75% 
vegetable oil, 1.5 y0 calcium carbonate, 1.0 oh fish oil concentrate (containing 3000 
USP units of vitamin A and 400 chick units of vitamin D per g) and 0.75 y0 potassium 
chloride with 150 mg of potassium iodide/280 lbs. of diet. 

Preparatiolz of tissue homogenate fractions and incubation procedures 

Liver experiments~ The livers were first minced and then homogenized with 3 
volumes of an isotonic (0.25 M) sucrose solution in a Potter-Elvehjem homoge&er, 
the teflon pestle of which had a tolerance of 0.5 mm. The nuclei and cellular dibris 
were removed by centrifugation at IOOO x g* for 10-15 min. Mitochondria were 
separated by centrifugation at 8700 x g for IO min in the Spinco model L ultracen- 
fuge. The microsomes* l were sedimented by centrifugation at 78000 x g for 45 min, 
the fatty surface layer was discarded, and the clear supernatant fraction was removed 
with a pipet. The mitochondrial and microsomal pellets were separately rehomogenized 
in isotonic sucrose solution, and each was resedimented, the former at 87~0 x g for 
IO min, the latter at 78000 x g for 45 min. The isolated, washed particles were 
separately resuspended by homogenization in the isotonic sucrose solution, and the 
volume of each suspension was adjusted to I ml,/2 g of original tissue homogenized. 
All of these procedures were carried out in a cold room maintained at 2-4”. 

Unless otherwise specified, 1.5 ml of the particle-free, supernatant fraction 
(20-30 mg protein), either alone, or with 0.1 ml of the microsomal suspension (4-6 mg 
protein) obtained from the same liver, were incubated, in stoppered tubes, for 2 h at 
37”, with 2 ml of incubation medium. The medium contained 240 pmoles of glycyl- 
glycine-KOH buffer (pH 7.5), IO pmoles of KHCO,, 70 pmoles of MgCl,, I pmole 
MnCl,, 60 pmoles of GSH (K+ salt), 48 pmoles of ATP (K+ salt), 1.0 pmole of TPN, 
0.1 pm& of CoASH, 75 pmoles of potassium citrate, and 6.0 pmoles of potassium 
[I-14C]acetate. The total volume was 3.6 ml, and air was the gas phase5. 

’ All centrifugal values refer to the average force in the center of the tube. 
l * Electron microscopic study of the microsomal pellet showed that no intact mitochondria were 

present in this fraction, and revealed a typical microsomal picture .4s jugded by the absence of 
mitochondrial-bound enzymes in the supernatant fractions,‘*, apparently little or no destruction of 
mitochondria occurred. 
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Mammary-gkznd expcrime~s: Mammary-tissue slices 0.4 nun thick were pre- 
pared with a MCILWAIN-BUDDLE 15 tissue chopper, and washed at least 4 times with 
isotonic sucrose solution to remove as much of the preformed milk as possible. The 
slices were next finely minced with scissors, and then homogenized. The homogenate 
was separated into mitochondria, microsomes, and a particle-free supernatant fraction, 
as described above. 

x.5 ml of the particle-free supernatant fraction ( I2- - I8  Ing protein) were incubated 
in stoppered tubes for 2 h, at 37 °, with 2 ml of medium containing (unless otherwise 
specified) 255 ?*moles of glycylglycine-KOH buffer (pH 7.2), Io ?*moles of KHCO a, 
7 °/*moles of MgC12, I/*mole of MnC1 s, 60 ?*moles of GSH (K + salt), IO ?*moles of ATP 
(K+ salt), I.O/,mole of TPN, o.I/*mole of CoASH, 5o/*moles of potassium citrate, and 
6.0/*moles of potassium [I-l*C]acetate. The total volume was 3.5 ml, and air was the 
gas phase s . 

Analytical procedures 
The contents of the incubation tube were first saponified with KOH and then 

acidified with HC1. The fatty acids were isolated from the mixture by two extractions 
with n-bexane. This procedure completely extracts the fatty acids of chain lengths 
higher than heptanoic, and no acetic acid can be found in these hexane extracts*. 
The hexane extracts were assayed for x*C activity, in a Packard automatic tri-carb 
liquid scintillation spectrometer to within 4- 3 % as described6. 

Protein was determined by the biuret method described by GORNALL et al.~, and 
inorganic phosphate by the method of FISKE AND SUEEAROW aT. 

RESULTS 

A TP requirement for microsomal stimulation 
Liver: Fig. I shows the effect of adding varying amounts of ATP on fatty acid 

synthesis by the particle-free supernatant fraction and by the system composed of 
the supernatant fraction plus microsomes. In the former, highest fatty acid synthesis 
was observed in the presence of zz ?*moles of ATP]3.7 ml of incubation volume. In the 
latter, synthesis of fatty acids continued to rise with increasing ATP concentrations. 

Lactating mammary gland: In the experiments in which only the particle-free 
supernatant fraction was used, highest fatty acid synthesis was observed in the 
presence of xo ?,moles of added ATP/3.6 ml of medium (Fig. 2). When greater amounts 
of ATP were added the incorporation of acetate carbon into fatty acids fell off. This 
effect of the larger amounts of ATP was overcome by the addition of microsomes ob- 
tained from the same gland; in those experiments the ratio of supernatant to microso- 
real protein was about 8 to I (Fig. 2). 

The amount of synthesis induced by addition of microsomes to the particle-free 
supernatant fractions in the presence of 48 ?*moles of ATP (Fig. 2) exceeded by far the 
highest level of fatty acid synthesis observed in the experiments with the particle-free 
supernatant fraction alone. 

It should be noted that the synthesis of fatty acids per milligram supernatant 
protein was several fold higher in the experiments with lactating rat-nmnmmry-gland 
fractions than in those with liver fractions (compare Figs. x and 2). 

The addition of lactating mammary-gland microsomes to the particle-free liver- 
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supernatant fractions resulted in a pronounced increase in the conversion of acetate 
carbon to fat ty acids (compare Figs. I and 3). Indeed, in this respect, the lactating 
mammary-gland particles were superior to liver microsomes. For example, when 
7.4 mg of lactating mammary-gland microsomal protein were added to 29. 5 mg of 
particle-free liver stlpernatant fraction (Curve A, Fig. 3), synthesis of fa t ty  acids 
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Fig. i .  Effec t  of A T P  on f a t t y  ac id  s y n t h e s i s  in 
n o r m a l  ra t - l iver  f rac t ions .  O - - O ,  t h e  r e su l t s  
ob ta ined  in  e x p e r i m e n t s  w i t h  s u p e r n a t a n t  
f rac t ions  alone;  O - - O ,  those  w i t h  t h e  s y s t e m  
composed  of mic rosomes  p lus  s u p e r n a t a n t  
f ract ion.  The  par t ic le-free  s u p e r n a t a n t  f rac t ion  
con ta ined  29.5 m g  of prote in ,  and  t h e  micro-  
somes  6.0 m g  of p ro te in  per i n c u b a t i o n  v o l u m e  
of 3.6 ml .  E a c h  va lue  is t he  m e a n  of t h e  r e su l t s  
ob ta ined  in  th ree  exper imen t s ,  a n d  t h e  ver t ica l  
l ines  are  t h e  s t a n d a r d  errors of t h e  means .  
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Fig. 2. Effect  of ATE' on f a t t y  acid s y n t h e s i s  in 
l a c t a t i ng  m a m m a r y - g l a n d  f rac t ions .  O - - O ,  
r e su l t s  ob ta ined  in  e x p e r i m e n t s  w i th  t he  super -  
n a t a n t  f rac t ion  alone;  O - - O ,  t hose  in wh ich  
mic rosomes  p lus  t he  s u p e r n a t a n t  f l ac t ion  (both  
ob ta ined  f rom t h e  s a m e  gland) were used.  The  
par t ic le-free  s u p e r n a t a n t  f rac t ion  con ta ined  
14.8 m g  of pro te in ,  and  t h e  mic rosomes  1.8 m g  
of p ro t e in  per  i ncuba t ion .  E a c h  va lue  is t h e  
mean ,  and  t h e  ver t ica l  l ine  i t s  s t a n d a r d  error, 

of r e su l t s  ob ta ined  in t h r ee  expe r imen t s .  

from acetate amounted to 7 ° m/~moles/mg supernatant protein in the presence of 
48/,moles of added ATP, whereas when 6.0 mg of liver microsomal protein were added 
to the same amount of liver supernatant protein, the synthesis of fat ty acids amounted 
to only 19 m~moles/mg supernatant protein at this same ATP level* (Fig. I). 

The results of experiments recorded in Fig. 3 demonstrate the delicate balance 
that  exists between the supernatant-to-microsomal protein ratio on the one hand and 
ATP concentration on the other. The lower the ratio of supernatant protein to 
microsomal protein (Curve A, 4/1; Curve B, 8/1; curve C, I6/I), the higher were the 
amounts of ATP required to obtain optimal fa t ty  acid synthesis. Thus, when the ratio 
was 4/1 (Curve A), 48/~moles of ATP were required to produce optimal synthesis, 
whereas when the ratio was 16/1 (Curve C), 36/,moles of ATP produced optimal 
synthesis. Optimal fat ty acid synthesis from acetate did not result when the super- 

* I t  should  be no ted  in th i s  connec t ion  t h a t ,  when  larger a m o u n t s  of l iver mic rosomes  are  added  
u n d e r  these  condi t ions ,  f a t t y  acid s y n t h e s i s  f rom ace t a t e  decreases  9,1z,~3. 
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natant-to-microsomal protein ratio was high at any ATP concentration (compare 
Curves A and C). 

Non-lactating mammary glands: The addition of microsomes from non-lactating 
mammary-gland homogenates to particle-free supernatant fractions prepared from 
livers or lactating mammary glands failed to stimulate conversion of acetate to fatty 
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Fig. 3. Effect  of A T P  on f a t t y  acid syn t he s i s  in i n c u b a t i o n  m i x t u r e s  con t a in ing  l iver super-  
n a t a n t  f r ac t ions  and  l a c t a t i ng  m a m m a r y - g l a n d  microsomes .  E a c h  i n c u b a t i o n  m i x t u r e  con ta ined  
29.5 m g  of l iver s u p e r n a t a n t  p ro te in  a n d  v a r y i n g  a m o u n t s  of m a m m a r y - g l a n d  mic rosoma l  p ro te in :  
7.4 mg,  Curve  A; 3-7 mg,  Curve  B;  1.8 mg,  Curve  C. E a c h  po in t  r ep re sen t s  t h e  mean ,  and  t h e  

ver t ica l  l ine i t s  s t a n d a r d  error, of t h ree  e x p e r i m e n t  s w i t h  different  rats•  
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Fig. 4. Effect on fa t t y  acid synthesis of adding 
ra t - l iver  mic rosomes  to  t h e  par t ic le-f ree  l iver-  
s u p e r n a t a n t  f r ac t ions  a t  dif ferent  in te rva l s  
d u r i n g  t h e  incuba t ion .  To o.5 ml  of l iver m e d i u m  
(p. 358) were added  : o. 4 m l  of s u p e r n a t a n t  frac-  
t i on  (8.8 m g  prote in)  and,  as indicated,  o.o 5 ml  
of a mic rosoma l  suspens ion  (t. 3 m g  protein) .  
E a c h  p o i n t  is  t h e  m e a n  of two  closely agree ing  
va lues  ob ta ined  in  two  s e p a r a t e  e x p e r i m e n t s  
wi th  different  rats•  Curve  A, no  mic rosomes  
added.  Microsomes  added  a t  o t i m e  (curve B), 
3 ° m i n  (Curve C), 6o m i n  (Curve D), 90 m i n  

(Curve E) a f te r  t h e  s t a r t  of i ncuba t ion .  
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Fig. 5. Effect  of r emova l  of mic rosomes  a t  differ- 
en t  i n c u b a t i o n  t i m e s  on f a t t y  acid syn the s i s  b y  
t he  reac t ion  m i x t u r e  con ta in ing  s u p e r n a t a n t  
p lus  microsomes ,  b o t h  ob ta ined  f rom the  s a m e  
liver. See Fig. 4 for e x p e r i m e n t a l  details .  Super-  
n a t a n t  f rac t ion  p lus  a d d e d  mic rosomes  was  
i n c u b a t e d  for 30, 6o, or  90 m i n  before t he  micro-  
somes  were r e m o v e d  u l t r acen t r i fuga l ly  a t  o ° as 
descr ibed in t ex t .  The  reac t ion  mix tu r e ,  devoid  
of microsomes ,  was  t h e n  r e incuba t ed  for 90, 60, 
or  30 min .  E a c h  po in t  on  t h e  curves  is t he  m e a n  
of two closely agree ing  va lues  f rom two sepa ra te  
e x p e r i m e n t s  w i th  different  ra t s .  Curve  A shows  
resu l t s  of  t h e  e x p e r i m e n t  in  wh ich  s u p e r n a t a n t  

a lone was  incuba ted ,  and  Curve  B t h a t  in  wh ich  s u p e r n a t a n t  p lus  m ic ro somes  were p re sen t  in t h e  
reac t ion  m i x t u r e  t h r o u g h o u t  t h e  ent i re  2-h i ncuba t i on  period• The  resu l t s  of t h e  e x p e r i m e n t s  in 
which  mic ro somes  were r e m o v e d  af te r  3o m i n  are  shown  in Curve  C; t hose  in  wh ich  t h e y  were 

r em oved  af te r  6o m i n  in Curve  D;  and  af te r  9o m i n  in Curve  E.  
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acids at any ATP concentration. Indeed, even in the presence of 48/~moles of ATP, 
in experiments with liver-supernatant fractions, as well as in the presence of IO tzmoles 
of ATP, in experiments with lactating gland-supernatant fractions, the addition of 
non-lactating gland microsomes strongly inhibited fa t ty  acid synthesis. 

The effect of addition and removal of liver microsomes at various time intervals during 
incubation on synthesis of fatty acids by liver supernatant fractions 

The results of exper iments  in which liver microsomes were added to reaction 
mixtures containing liver-supernatant fractions at various intervals during the in- 
cubation are shown in Fig. 4. The reactions were allowed to proceed for a total  of 2 h. 
The rate of fa t ty  acid synthesis was increased in all experiments by  the addition of 
microsomes. In  the experiment in which microsomes were added at the s tar t  of the 
incubation period, a lag of about 3o min occurred before a rise in the rate of fa t ty  
acid synthesis was observed. 
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Fig. 6. Relation of ATPase activity to protein 
content of supernatant  and microsomal frac- 
tion. Particle-free supernatant  or microsomal 
fractions were incubated with 35/*moles of 
glycylglycine-KOH buffer (pH 7.5), 2o/~moles 
MgCI t and 5 ~moles ATP (Na + salt) for 5 rain 
at  37 ° in a final volume of i.o ml, with air as the 
gas phase. The reactions were stopped with 

60 9O t20 
Minutes 

Fig. 7. Time dependence of normal rat-liver 
supernatant  fraction and normal rat-liver 
microsomal ATPase activity. Particle-free 
supernatant  fraction (3.I4 mg protein) or 
microsomes (2.63 mg protein) were incubated, 
and inorganic phosphate was determined as 

described in Fig. 6. 

I.o ml of 5 ~o perchloric acid, and inorganic phosphate was determined 1~ on duplicate aliquots 
of the protein-free filtrates. Each point is the average of the two closely agreeing values. 

The effect of removal of microsomes from" the reaction mixtures at  various times 
of incubation is shown in Fig. 5- When microsomes were removed, they were analysed 
for [14C]fatty acids, and the values were added to those obtained from the super- 
na tan t  fractions. Regardless of when the particles were removed the result was a 
reduction in the rate of f a t ty  acid synthesis. 
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ATPase activity of liver supernatant and of liver and lactating mammary-gland 
microsomal fractions 

Fig. 6 shows a typical linear response between the amounts of inorganic phosphate 
released from ATP and amounts of liver supernatant or liver-microsomal protein 
added to the incubation medium. The specific activity* of the microsomal ATPase 
was more than 5 times that of the particle-free supernatant ATPase. 

In Fig. 7 the release of inorganic phosphate from ATP per milligram protein 'of 
liver supernatant or liver microsomal fractions was plotted against time. The reactions 
proceeded linearly from 5 min to 2 h. In these experiments, ATPase activity of the 
microsomes was about 7 times higher than that of the supernatant fraction. For 
example, after 2 h of incubation, the microsomes released about 4.4 gmoles of in- 
organic phosphate from ATP whereas the supernatant fraction released about 
0.6 gmoles per mg protein. 

T A B L E  I 

CATION-DEPENDENT ADENOSINI~ TRIPHOSPHATASE ACTIVITY IN RAT LIVER AND 
LACTATING MAMMARY-GLAND HOMOGENATE I~RACTIOIqS 

I--2 m g  of p ro t e in  were i n c u b a t e d  w i t h  3 2 0 / , m o l e s  of t r i e t h a n o l a m i n e  buffer  (pH 7-4), 6 /*moles  of  
ATP,  x 2 / , e q u i v ,  of Na  +, a n d  e i the r  8 / , e q u i v .  of  Mg :+ or 20/*equiv .  of K + in  a final v o l u m e  of 
~.o m l  for  20 ra in  s t  3 °0 w i t h  a i r  as  t h e  gas  phase .  Average  va lues  of  t h e  r e su l t s  ob t a ined  in  4 -6  
e x p e r i m e n t s ,  a n d  s t a n d a r d  errors,  a re  g i ven  below. E a c h  e x p e r i m e n t  was  carr ied  o u t  w i t h  l iver  
f r ac t ions  ob t a ined  f rom a s ingle  ra t ,  a n d  t h e  r e su l t s  a re  expressed  a s /*mo le s  inorgan ic  p h o s p h a t e  

re leased Iv f rom A T P / m g  pro te in /h .  

No. of Ca*iota addal 
EJcpt$. 

lnorgea~ phospkate per milligram protein released 

Liver Lactating mammary 
gland 

SuOerna*ant fraction Microsomes Microsomes 

4 Na+ 0.004 + o.oo2 o.21 + 0.06 0.33 4- o . I2  
6 bla + and  Mg z+ 0.200 4- o.o12 3.04 4- o . i8  4.73 4- 0.42 
6 N a  + a n d  Ca I+ 0.094 4- o.o17 2.1o 4- o.14 3.6o 4- 0.08 
4 N a  + a n d  K + O.OLO 4- o.oo 4 0.34 4- o.12 o.51 4- o.16 

The results shown in Table I demonstrate that both liver fractions have highest 
ATPase activities in the presence of sodium and magnesium ions. These results also 
illustrate the central role played by Mg t+ in the cation-dependent ATPase of rat-liver 
supernatant and of liver and lactating mammary-gland microsomal fractions. Magne- 
sium ion can be partially replaced by calcium ion. In the absence of these bivalent 
ions, ATPase activity is very low. Under the incubation conditions recorded in Table I, 
the amount of inorganic phosphate released from ATP per milligram liver-microsomal 
protein was about 15 times greater than that released per milligram liver-super- 
natant protein. 

Nature of the fatty acid binding 
In experiments with the supernatant-plus-microsome system of rat liver, it was 

observed, immediately after the incubation mixture had been acidified, that the 
amount of [~C]fatty acids extracted with hexane was only 5-xo % of that extracted 

* Specific a c t i v i t y  of A T P a s e  refers t o  t h e  a m o u n t  of inorganic  p h o s p h a t e  re leased f rom A T P  
pe r  mi l l i g r am of s u p e r n a t m a t  or  m i c r o s o m a l  p ro t e i n  pe r  u n i t  t i m e .  
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with hexane after the mixture was subjected to prolonged alkaline saponification and 
subsequent acidification. Of the [14Clfatty acids extracted from the acidified mixture 
before saponification, only 5 % was neutral lipid which was not adsorbed on Amberlite- 
IRA 40o (OH-) resin. Practically no [14C]cholesterol (digitonin-precipitable sterols is) 
and very little other non-saponifiable 14C activity (less than o.I % of the total [14C] 
fa t ty  acid flaction) were found in any of tile fractions. 

In the experiments with lactating mammary gland, particle-free ~q~ernatant 
fractions, about 4o-50 % of the total [14C]fatty acids appeared in the hexane extract of 
the acidified mixture before saponification, all of which was adsorbed on Alnberlite- 
IRA 40o (OH-) resin. No E14Clcholesterol or other Ex4Cl-labeled non-saponifiable lipids 
were synthesized from [i-14C]acetate by this system. 

When the enzymic reactions were stopped, either by treatment with trichloro- 
acetic acid or by boiling, a large portion of the [14Clfatty acids synthesized by both 
the composite liver system (supernatant-plus-microsomes) and the supernatant alone, 

TABLE II 

B I N D I N G  OF FATTY ACIDS FORMED FROM [ I - 1 4 C ] A C E T A T E  TO PROTEIN 

The liver sys tem contained 25. 5 mg of superna tan t  protein and 5-i mg of microsomal protein. The 
lactat ing mammary-g land  sys tcm contained 17.9 mg of superna tan t  protein. The [I-14C]acetate 
incubated had  an act iv i ty  of i~86- io* counts/min.  One/~mole of each pyridine nucleotide indicated 
below was added to the  incubat ion medium. For other incubat ion conditions and experimental  

details see text .  

Percent of total [l*C]fatty acids 
isolated #ore: 

Total [x4C]- Deproteinixed 
System incubated Pyridine nucleotides Treatment after fatty acids supernatant fraction 

added incubation r e c o v e r e d  Protein 
(c°untslmin) fraction Acid Alter 

extract saponi- 
fication 

Liver 

Liver 

Liver 

Liver 

Lac ta t ing  m a m m a r y  gland 

Lac ta t ing  m a m m a r y  gland 

Lacta t ing  m a m m a r y  gland 

Lacta t ing  mammary,  gland 

DPN + TPN TCA* 281 75 ° 91.1 4.2 4.7 

DPN TCA 116 55 ° 71.o lO.i 18.9 

DPN + TPN Boiled 258 650 90.6 6.0 3.4 

DPN Boiled 78 750 62.7 26.5 lO.8 

DPN + TPN TCA* 789 45 ° 78.1 18.9 3.0 

DPN TCA 196 ooo 62.0 29.9 8. I 

DPN + TPN Boiled 980 200 58.2 33-4 8.5 

DPN Boiled 174 800 38.4 5o.1 11. 5 

* Trichloroacetic acid added to a final concentrat ion of 5 % 

prepared from the lactating rat-mammary gland, was associated with the protein 
precipitate. Table II  shows the results obtained with rat liver and lactating mammary- 
gland-homogenate fractions. Striking differences were observed in the amounts of 
[14Clfatty acids bound to the protein fraction.When fa t ty  acid synthesis was measured 
under optimum conditions (i.e., in the presence of DPN and TPNS), the 14C activities 
in the fa t ty  acids bound to protein amounted to about 9 ° % of the total x4C incorpo- 

ated in the case of liver. When TPN was omitted from the incubation mixtures, the 
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proportion of fatty acid 14C activity bound to the protein fraction was decreased. 
Experiments with the particle-free supernatant fractions prepared from lactating 
rat-mammary-gland homogenates revealed that a similar binding of [a4Clfatty acid 
to protein had occurred (Table II). 

The possibility that microsomes act as a specific acceptor for the synthesized 
fatty acids was next considered. For this purpose the enzymic reactions were arrested 
after 2 h of incubation by cooling the mixtures to o °, and the microsomes were 
separated from the supernatant fractions by high-speed centrifugation (78 ooo × g for 
45 min in the refrigerated ultracentrifuge). The supernatant protein was then precipi- 
tated by immersion in boiling water, and separated from the soluble fraction by centri- 
fugation. Each fraction, the microsomes, the supernatant protein precipitate, and the 
deproteinized supernatant, was then separately saponified with KOH at 9 o° under 
reflux overnight. The 14C activity in the hexane extracts of each fraction, after 
acidification with HC1, showed that almost all of the fatty acids synthesized from 
[IAaClacetate were bound to the microsomes (Table III) in the experiments with liver 
and lactating rat-mammary-gland microsomes. In experiments performed with non- 
lactating rat-mammary-gland microsomes and with particle-free supernatant fractions 
from liver, more 14C activity was bound to the supernatant protein than was associated 
with the non-lactating rat-mammary-gland microsomes (Table III). 

T A B L E  I I I  

BINDING OF FATTY ACIDS FORMED FROM [I-14C]ACETATE TO MICROSOMES 

For  i n c u b a t i o n  cond i t ions  and  expe r i men t a l  de ta i l s  see t ex t .  The  [ iA4C]aceta te  i ncuba t ed  con-  
t a i ned  9.0" Io s c o u n t s / m i n .  

Composite system incubated 

Supernatant prepared 
from: Microsomes pTcpared from: 

Percent o/total [a'C] 
fatty acids isolated from: 

Total [~'C]- 
fatty acids Supernatant 

recovered fraction 
(counts/rain) 

Soluble Protein 
fraction fraction 

Microsomes 

Liver  (35.7 m g  protein)  

L iver  (35.7 m g  protein)  

L a c t a t i n g  m a m m a r y  g land  
(I6.5 m g  protein)  

L iver  (7.8 m g  protein)  550 720 1.7 i3 . I  85.2 

Non- l ac t a t i ng  m a m m a r y  
g land  (7.4 m g  protein)  2 io  03 ° I2. 4 50.0 37.6 

L a c t a t i n g  m a m m a r y  g land  556 840 1.7 7.1 91.2 
(2.1 m g  protein) 

These findings raised the question of whether microsomes function as an acceptor 
for fatty acid synthesized by the supernatant fractions. When the supernatant 
fraction plus microsomes both prepared from the same liver, was incubated, about 80 % 
of the newly synthesized fatty acids was associated with the microsomal fraction 
(Expt. i, Table IV). When isolated mitochondria were added to this composite system, 
the amount of fatty acid synthesis was about the same, but in this case most of the 
[s*C]fatty acids were recovered in the mitochondrial fraction; the amount of [l~C]fatty 
acid recovered in the supernatant fraction was unchanged. In the experiments with 
mitochondria, the [14C]fatty acids bound to these particles represented by far the 
major portion of the [14C]fatty acids synthesized. 
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In Expt.  2 (Table IV), the ability of cytoplasmic particles (microsomes and 
mitochondria) to bind newly preformed, synthesized fat ty acids was studied. Here 
also, most of the [14C]fatty acids synthesized by the supernatant fraction were 
associated with mitochondria and microsomes. Mitochondria bound more [14Clfatty 
acids in the presence of microsomes than in their absence. In addition, these experi- 
ments show that,  in the presence of mitochondria, microsomes bind a smaller portion 
of the total [14C]fatty acids than they do in the absence of the larger particles. Thus, 
even though microsomes will bind synthesized [14Clfatty acids, the stimulation of 
fa t ty  acid synthesis from [i-14C]acetate by addition of microsomes to the supernatant 
fraction seems not to depend solely upon binding capacity since mitochondria, 
particles which do not stimulate fat ty acid synthesis, also bind [14Clfatty acids to a 
similar extent. 

T A B L E  IV 

LOCALIZATION OF [14C~FATTY ACIDS SYNTHESIZED FROM [I-14C]ACETATE BY RAT-LIVER 

SUPERNATANT FRACTIONS, MICROSOMES AND MITOCHONDRIA 

The  s u p e l n a t a n t  f rac t ions ,  mic rosomes ,  a n d  m i t o c h o n d r i a  con t a ined  26.4, 5.1, and  5.0 m g  of 
pro te in ,  respect ive ly .  T he  [I-14C]acetate i n c u b a t e d  con ta ined  9-9" lO 5 c o u n t s / m i n .  For  add i t iona l  
i n c u b a t i o n  cond i t ions  and  e x p e r i m e n t a l  de ta i l s  see t ex t .  I n  E x p t .  I, s u p e r n a t a n t  f r ac t ion  p lus  
added  pa r t i c l es  was  i n c u b a t e d  for 2 h. In  E x p t .  2, t he  ind ica ted  pa r t i c l es  were added  to  t h e  
r eac t ion  m i x t u r e s  con t a i n i ng  on ly  t he  s u p e r n a t a n t  f rac t ion  5 m i n  before t h e  end  of t h e  2-h in-  

c u b a t i o n  per iod.  

Expt. Liver fractions incubated 

Total [l*C]- Percent of total [1*C J fatty acids 
fatty acids isolated from: 
recovered 

(counts~rain) Supernatant fraction Microsomes Mitcvhondria 

S u p e r n a t a n t  + mi c ro somes  252 435 19 

S u p e r n a t a n t  + m i t o c h o n d r i a  ioo o8o 55 

S u p e r n a t a n t  + m i c r o s o m e s  + m i t o c h o n d r i a  262 OlO 18 

S u p e r n a t a n t  + mi c ro somes  65 225 42 

S u p e r n a t a n t  + m i t o c h o n d r i a  64 990 78 

S u p e r n a t a n t  + m i c r o s o m e s  + m i t o c h o n d r i a  68 225 27 

8 i  

45 
20 62 

58 

22 

32 41 

DISCUSSION 

I t  is apparent from the results presented here that  the stimulation of fa t ty  acid 
synthesis observed in the presence of microsomes depends upon a delicate balance 
between ATP concentrations and amounts of microsomes added. Some of the discrep- 
ancies noted in the literature might be explained on this basis. With addition of 
excessive amounts of ATP or with amounts of microsomal protein exceeding one fifth 
of the supernatant protein, a pronounced inhibitory effect on conversion of acetate to 
fa t ty  acids was observed. 

The ATPase in microsomes might explain the high ATP requirement for fat ty 
acid synthesis in the presence of these particles. The finding that  the specific activity 
of the ATPase of the microsomal fraction was higher than that  of the supernatant 
fraction offers a reasonable explanation for the composite liver system's requiring a 
higher ATP concentration than did the supernatant fraction alone, for optimum fat ty  
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acid synthesis. For example, in the presence of magnesium ion, when 25 mg of super- 
natant protein alone were incubated for 2 h, about IO/~moles of ATP would be con- 
sumed by its ATPase activity and, when 5 mg of microsomal protein were used, about 
30/~moles of ATP would be hydrolyzed by the microsomal ATPase (see Table I). 
The composite system would then consume about 40/~moles of ATP. This explains 
why, with a supernatant protein-to-microsomal protein ratio of 25 to 5 mg, the optimal 
ATP level is high (48 ~moles) and with the supernatant alone it is low (I2 ~moles), 
But ATPase activity alone cannot account for the stimulatory effect of microsomes on 
fatty acid synthesis because: (a) the addition of small amounts of lactating rat- 
mammary-gland microsomes to liver supernatants resulted in greater stimulation of 
fatty acid synthesis than that observed by addition of optimal amounts of liver 
microsomes at all ATP concentrations studied, even though liver and lactating 
mammary-gland microsomes showed similar ATPase activities. (b) The addition of 
microsomes to liver or lactating mammary-gland-supernatant .fractions, in the 
presence of high ATP levels, yielded a significantly higher 14C incorporation into fatty 
acids than did supernatant fractions alone at their optimal ATP concentrations. 
Although the inhibition of fatty acid synthesis brought about by excessive amounts 
of microsomes results from their ATPase activity, in addition to other factors*, their 
stimulating ability apparently cannot be ascribed to release of an ATP inhibition of 
fatty acid synthesis by the supernatant fraction. 

The stimulation of fatty acid synthesis by microsomes might be due to a reaction 
involving ATP and carried out either by the microsomes themselves or by an inter- 
action between the microsomes and the supernatant fraction. This reaction cannot be 
the one catalyzed by acetokinase, as the microsomes do not contain detectable 
amounts of this enzymO 2. Additional evidence supporting this latter point comes from 
experiments showing that the stimulating of [14C]fatty acid synthesis from [I-14C]- 
acetate and from [I-14C] acetyl-CoA by microsomes was identical ~, ~. The enhancement 
of fatty acid synthesis from acetate or acetyl-CoA induced by addition of mierosomes 
to the particle-free supernatant fractions might, however, be ascribed to a specific 
effect on the enzyme concerned with malonyl-CoA synthesis from acetyl-CoA. This 
latter reaction can be performed by a biotin-dependent enzyme which transfers 
HCO s- or C02 to acetyl-CoA at pH 6.0-7.0 as described by WAITE AND WAKIL 21. 
This acetyl-CoA carboxylase activity, according to these workers, is present in the 
particle-free supernatant fraction. Under the conditions of the experiments reported 
here, i.e., at pH 7-5, evidence for the transfer of free HCO s- to acetyl-CoA by the 
microsomes alone could not be demonstrated, In experiments reported elsewherO *, 1. 
it was shown that [I-14C]acetyl-CoA was not converted to fatty acids in the presence 
of ATP, citrate, and TPNH by the microsomes alone, whereas a large amount of the 
14C added as [2-14C]malonyl-CoA was introduced into fatty acids in this system 
containing only microsomal protein**. 

Evidence presented elsewhere suggests that a rate-limiting step in the synthesis 
of fatty acids from acetate or acetyl-CoA by particle-free supernatant fractions of 

* L ive r -mic rosomal  p ro t e i n  solubil ized b y  e i ther  u l t r a son ic  v ib r a t i on  or desoxycho la te  t r e a t -  
m e n t  of t h e  par t ic les  can  be  p rec ip i t a t ed  w i t h  a m m o n i u m  sulfate .  The  f r ac t ion  of solubil ized 
p ro t e in  p rec ip i t a t ed  be tween  o a n d  5o % s a t u r a t e d  a m m o n i u m  su l fa te  will i nh ib i t  f a t t y  acid 
synthesis from ace t a t e  in t h e  r a t - l i v e r - s u p e r n a t a n t  system s0. 

** W i t h  ma lony l -CoA as s u b s t r a t e  t h e  specific ac t i v i t i e s  of the f a t t y  ac id - syn thes i z ing  enzymes 
present in the s u p e r n a t a n t  f rac t ion  are  4-5  t i m e s  grea te r  t h a n  those  of t h e  mic rosomes  x°. 
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liver, mammary  gland, and yeast at a pH above 7 is a carboxylation reaction yielding 
malonyl-CoA12,19, 22-24. Thus, a specific interaction between microsomes and super- 
natant  enzymes might be required for optimal carboxylation of acetyl-CoA under our 
experimental conditions. 

The addition o fpa lmi ta te ,  in the form of the sodium salt or as the albumin 
complex, will inhibit fa t ty  acid synthesis from acetate by  liver systems13, 25. I t  is 
therefore possible that  another function of the microsomes in our composite system 
is to bind fa t ty  acids as they are formed and remove them from the soluble phase of 
the system. However, mitochondria also have this binding ability even though they 
do not stimulate fa t ty  acid synthesis. 

I t  is difficult to decide from the results presented here whether [14C]fatty acids 
synthesized by the composite liver system were actually formed in the microsomes 
or whether they arose solely via enzymic reactions in the supernatant  fraction and 
were then bound to the protein of the microsomal particles. 

We suggested earlier that  the presence of the ~,~-unsaturated acyl-CoA reductase, 
an enzyme first described by  LANGDON 26,27 and later by SEUBERT et al. us, in the 
microsomes 29 indicates that  microsomal protein is involved in certain reactions 
concerned with fa t ty  acid synthesis. Since our earlier experiments were carried out 
with a microsomal fraction solubilized with cholate, it is possible tha t  the enzymic 
activi ty measured in those experiments represented a part  of a protein complex 
similar to an electrophoretically pure protein isolated by LYNEN 4, which contains the 
multiplicity of enzyme activities required for fa t ty  acid synthesis. LYNEN has suggested 
that  the condensation occurs with enzyme-bound reactants rather than with the CoA 
derivatives 4. I t  seems reasonable to assume that  this reductase, released from the 
enzyme complex, could function with crotonyl-S-CoA instead of crotonyl-S-enzyme 
as substrate, or that  a transacylase is involved. The observation that  this T P N H -  
dependent reductase does not occur in the particle-free supernatant fractions of liver 
homogenates in any detectable amounts has been confirmed by  GIBSON et al. a°. 
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