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Biosynthesis of fatty acids by soluble enzyme fractions* 

The synthesis  of long-chain fa t ty  acids from acetate in a soluble extract  of pigeon liver was first 
reported by BRADY AND GURIN in 19524. The activi ty of this extract  or of a charcoal-treated 
extract  was s t imulated by addition of citrate, ATP**, CoA, Mg ++ and DPN4, 5. In 1955 POPJ~,K 
AND TIETZ e showed tha t  an extract  of m a m m a r y  gland clarified by high-speed centrifugation 
catalyzed the synthesis  of fa t ty  acids from acetate when supplemented with ATP, CoA, a-keto- 
glutarate and DPN. Later  HELE AND POPJAK ~ developed a spectrophotometric assay for fat ty  
acid synthesis  based on the oxidation of DPNH in the presence of acetate, ATP, and CoA. 
Recently LANGDON 8 has implicated TPN as a requirement for fa t ty  acid synthesis  carried out  
in an extract  of rat  liver. 

The present communicat ion deals with the reconstruction of fa t ty  acid synthesis  with a 
sys tem of three separate enzyme fractions from pigeon liver (any one of which is inactive when 
tested alone) and seven essential cofactors. Under  optimal conditions one /,mole of acetate is 
incorporated into long-chain fa t ty  acids per mg of protein in two hours at 38°. 

In the routine assay sys tem (carboxy-14C) acetate is incubated under  nitrogen with the 
enzyme sys tem and cofactors at 38°. The mixture  is then saponified, acidified and extracted 
with pentane. Aliquots are taken from the pentane  fraction for plating and counting. 

The centrifugate (ioo, ooo g) of a pigeon liver homogenate  4 (Waring blendor) is the s tar t ing 
point for the preparation of three active ammonium sulfate fractions: A, 0-25 % saturat ion;  
B, 25-4 ° % and C, 50-65 %. The 40-5 ° % saturat ion fraction is discarded. After dialysis, A is 
purified further by t rea tment  with calcium phosphate  gel while ]3 and C are subfractionated 
with ethanol at  low temperatures.  The specific enzyme activity of the purified sys tem is 5o-fold 
greater than  the original unfract ionated extract.  The rate of fa t ty  acid synthesis  is a linear 
function of the concentration of each of the three fractions within a restricted range. Details 
of the assay procedure and methods of purification will be published in full 9. 

The reconstructed sys tem synthesizes a mixture  of long-chain fa t ty  acids which in a typical 
experiment  consist of 65 % palmitic, 22 % myristic, 12 % lauric and traces of stearic and decanoic 
acids 1°. The long-chain fa t ty  acids were identified by RF values in a paper chromatographic 
sys tem n (acetic acid-kerosene) and their relative concentrations were determined by measuring 
the radioactivity of the appropriate spots. Another  paper chromatographic sys tem TM (ammonia-  
butanol) was employed for the separation of short-chain acids from long-chain acids. When 
palmitic acid (synthesized by the above enzyme system from (carboxy-14C) acetate) is decar- 
boxylated 13, the barium carbonate obtained has 1. 7 t imes the specific radioactivity (per carbon 
atom) as the whole fa t ty  acid mo lecu l e - - a  finding consistent with the assumption of successive 
condensations of acetate units  14,15. 

A component  s tudy  TM for the reconstructed sys tem is shown in Table I. ATP, CoA, DPNH,  
isocitrate, manganese and GSH are absolute requirements  whereas act ivi ty persists in the absence 
of TPN. Lipoic acid s t imulates synthesis  in less purified enzyme sys tems but  is apparently without  
effect in the more purified system. Similarly, glucose-l-phosphate and DPN are absolute require- 
ments  when relatively crude enzyme fractions are employed but  become fully replaceable with 
D P N H  in the purified enzyme system. 

isoCitrate may be replaced only by components  which can generate isocitrate, e.g. citrate 
plus aconitase or a mixture  of a-ketoglutarate,  T P N H  and COz (synthesis of isocitrate by reversal 
of the oxidative decarboxylation of isocitrate). T P N H  alone does not replace isocitrate. The 
optimal concentration for CoA is relatively low (o.o2 to 0.05/zmoles/ml). Higher levels inhibit 
synthesis  almost  completely. While the presence of GSH is manda to ry  for synthesis  other SH 
compounds such as cysteine or 2,3-dimercapto-I-propanol (BAL) can replace GSH almost  com- 
pletely. Preincubation of the  enzyme fractions for 15 minutes  at  380 with cysteine (in the absence 
of cofactors and acetate) abolishes the lag phase which is usually observed during the first 15 
to 3 ° minutes.  

Recently, a reconstructed sys tem of enzymes has been prepared from chicken liver which 
shows virtually the same properties as the pigeon liver systemZL From the s tandpoint  of a ready 
supply of material  and of ease in processing, the chicken liver preparation is the one of choice. 

* This work has been supported by a grant-in-aid from the American Cancer Society upon 
recommendat ion of the Committee on Growth of the National Research Council; by  a research 
grant,  H-2236 (C), from the National Hear t  Insti tute,  of the National Ins t i tu tes  of Health, Public 
Heal th Service; and aided by a contract  between the Office of Naval Research, Depar tmen t  
of the Navy, and the Universi ty of Wisconsin, NR 12o-264. Preliminary accounts of par t  of th is  
investigation have been reported 1, a,8. 

** The following abbreviations are used: ATP, adenosine t r iphosphate;  CoA, coenzyme A; 
DPN and DPNH,  oxidized and reduced diphosphopyridine nucleotide; TPN  and TPNH,  oxidized 
and reduced tr iphosphopyridine nucleotide; GSH, glutathione. 
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In  fraction C the presence of the four enzymes which can convert  acetate to crotonyl  CoA 
(according to the reactions which have been shown to apply in fa t ty  acid oxidation is) is readily 
demonst rable  by various lines of evidence such as the aeetyl CoA- dependent  oxidation of D P N H  TM 
(with format ion principally of crotonyl CoA and f l -hydroxybutyryl  CoA). Whethe r  this group 
of enzymes is involved in fa t ty  acid synthesis  has yet to be decided. There are two reactions 
catalyzed by  the pigeon liver sys tem which have not  been demonst ra ted  with the purified enzymes 
of the fa t ty  acid oxidation sequence 2°. (i) In  fraction C a DPNH-dependen t  condensation of 
acetyl CoA with a higher aeyl CoA resulting in the format ion of the corresponding /5-hydroxy 
and fl-enoyl acyl CoA and (2) in fraction B, a TPNH-dependen t  reduction of crotonyl CoA to 
bu ty ry l  CoA s. 

As yet  there is no unambiguous  direct or circumstantial  evidence tha t  fa t ty  acid synthesis  
proceeds by  the reversal of the oxidative pa thway.  Indeed it has been difficult to effect appreciable 
incorporat ion of labelled acetyl CoA 4 or bu tyry l  CoA into the long-chain acids. Al though there 
are several features which suggest  tha t  the synthet ic  pa thway  may  be the reverse of oxidation 
of fa t ty  acids 7, acyl CoA derivatives of longer chain length than  bu ty ra te  have not  been formed 
by incubat ing acetyl CoA with the purified enzymes of the fa t ty  acid oxidation sequence 21, 

TABLE I 

COMPONENTS OF FATTY ACID SYNTHESIS 

Reagent omitted /*moles acetate incorporated Reagent omitted t~moles acetate incorporated 

None 0.20 Mn ++ 0.02 
ATP 0.00 GSH 0.00 
CoA 0.0i TPN 0.i0 
D P N H  0.03 Lipoic o . Io  
isoCitrate o.oo Mg ++ 0.26 

The complete sys tem which contained all components  listed plus acetate (2.o #moles), phosphate  
buffer (pH 6.5) and enzyme (pigeon liver fractions) in a volume of 0.5 ml was incubated for 
two hours  at 380 . 

The authors  wish to acknowledge the interest and suppor t  of Dr. DAVID E. GREEN in this investi- 
gation. 
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