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Long chain fatty acid biosynthesis has been shorn to proceed through a 

condensatien between malonyl-CoA and acetylGoA (Makil, 19591. The acetyl- 

CoA ultimately forms the two carbons at the methyl terminal end of the fatty 

acid; whereas the rest of the carbon chain is formed by multiple two carbon 

units from malonyl-CoA alone. 

The discovery by Lynen in a yeast system that a product of the reaction 

between malonyl4:d and acetylGoA is enzyme-bound acetoacetate (Lynen, 1960; 

Lynen, 1961) strongly supports a condensation-decarboxylation mechanism in 

the elongation of the fatty acid chain by malonyl-CoA. However, proof that 

this product represented an intermediate in fatty acid synthesis was lacking 

because of the inability to demonstrate the conversion to fatty acids of the 

enzyme-bound acetoacetate. 

The present paper reports on a soluble enzyme system from E. coli which -- 

catalyzes the synthesis of both saturated and unsaturated long chain fatty 

acids. The system has been resolved into two fractions: a heat-labile frac- 

tion (A) precipitating at an assaonium sulfate saturation between S@ and 705 

and a heat-stable fraction (Enzyme II) which has been purified 200 fold by 

acid precipitation from an mnium sulfate solution at 703 of saturation. 

In the presence of these two enzyme fractions, both of which are required for 

the malonylCoA-C02 exchange reaction <Vagelos, and Alberts, 1960), malonyl- 

CoA and acetylCoA condense to give enzyme-bound acetoacetate. Fractionation 

of this enzyme-bound acetoacetate indicates binding to Enzyme II. The enzyme- 

oound intermediate can be isolated and incubated in the presence of $‘raction 

A, Pzalonyl-CoA and TPNH to form long chain fatty acids. 
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This fatty acid synthesizing system in E. call is analogous to that pre- -- 

viously reported in C. Kluyveri Goldman, Alberts, and Vagelm, 1961). Each 

system contains a heat-stable pretein, Enzyme II, required both for the 

maloayl-CoA-QB2 exchange reaction and for the synthesis of long chain fatty 

acids. Fraction A in B. coli has the activity of the heat-labile fractions -- 

I and III in & Kluyveri. It is interesting that in spite of these similarities 

the system in C. Kluvveri synthesizes saturated fatty acids while the system 

in E. coli synthesizes primarily unsaturated fatty acids. -- 

The requirements for synthesis of the enzyme-bound intermediate are shown 

in Table I. The fifteen-minute incubation was terminated by the addition of 

0.1 ml of 1 p! Bcl. The precipitate formed was collected by centrifugation 

and washed three times in 0.2 B acetic acid. The precipitate was dissolved 

in 0.1 ll triethanolamine-EC1 buffer at pH 7.5 and an aliquot was couuted in an ’ 

end window gas-flow counter. Similarly a radioactive precipitate can be ob- 

tained using radioactive malonyl4M and nonradioactive acetylGaA shming 

that malonylCoA is incorporated into the precipitated product. 

Table I 

Requirement for the Synthesis of Knzyme-Bound Intermediate 

Xnoubation conditions cp in precipitate 

Complete system 22,500 

Complete system minus m.lonyl-CoA 540 

Complete system minus Fraction A 360 

Complete system minus Knzyme II 130 

Complete system contains 70 lyaoles of triethanolamine-BCl buffer at 

pA 7.5, 10 pmoles of 2-mercaptoethanol, 0.05 pmoles of acetyl-l-C14-CoA 

(200,000 cppP, 0.03 pies of malonylCoA, 0.4 mg of Enzyme Fraction A and 

0.2 mg of Knzyme II in a total volume of 1.0 ml. 
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To the azzyme-bound radioactive product was added 2 pmoles of carrier 

acetoacetyl-thioglycollate and the mixture was heated at 8CP for two hours 

in 1 # Na0kI. This procedure had previously beea shown to release the radie- 

active product from the protein and to hydrolyze the carrier thiolester. The 

mixture was acidified and allowed to stand for one hour to decarboxylate the 

6 -keto acid and then the dinitrophenyl hydrazone derivative was made. The 

radioactive compound farmed in this manner chromatographed identically in 

two solvent systems with the hydrazone derivative ef acetone formed from the 

carrier thiolester. Irr addition the radioactive compound readily crystallized 

to constant specific activity with authentic dinitrophenyl hydrazone of ace- 

tone. On this basis the enzyme-bound radioactive compound was considered to 

be acetoacetate. 

To identify the protein to which the acetoacetate is bound, 15 mg. of 

Fraction A were added to the mashed precipitate formed as in Table I. An 

aronium sulfate fractionation of this mixture shawed that most of the pro- 

tein precipitated between 405 and 60$ saturation and nearly all of it had 

precipitated by 8g saturation. Yet 7U$ of the enzyme-bound radioactivity 

remained in the supernatant solution and was recovered by acid precipitation. 

This fractionation of the radioactivity thus almost exactly parallels the 

separation of Enzyme II from fraction A by aBlonium sulfate. The radio- 

active compound obtained by acid precipitation and resolved of Fraction A 

was chromatographed on IWE-cellulose with carrier Enzyme II. In the 

effluent fractions the radioactivity recovered exactly paralleled Enzyme II 

activity as assayed in the Yalonyl-<;oA#2 exchange reaction in the presence 

of an excess of fraction A fiagelos, and Alberts, 19601. 

The requirements for the conversion of enzyme-bound acetoacetate to 

long chain fatty acids are shown in Table II. Long chain fatty acids were 

extracted and assayed as previously described (Goldman et al., 1961) and 

their identity confirmed by gas-liquid chromatography. 

The radiaactive fatty acids formed in the second incubation could be 

the result of the direct incorperation of the radioactive acetoacetate into 
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Table If 

Requirement for Conversion of Intermediate to Long Chain Fatty Acids 

Incubution conditions cpm in long chain 
fatty acids 

Complete system 

Complete system minus malQnylGoA 

Complete system minus TPMi generating system 

Complete system minus Enzyme Fraction A 

102 

0 

0 

0 

Complete system contains 50 ~10s of triethanolamine-HCl buffer 

at plf 7.5, 10 pmQles of 2 stercaptoethanol, 0.03 pies of malonyl-CoA, 

1.0 mg of Enzyme Practiaa A, 200 cpm of enzyme-bound intermediate 

and a TPWl generating system (0.02 l,uaoles of TPN, 3 llploles af glrose 

6-phosphate and 0.13 K units of glucose &phosphate dehydrogenase) 

in a total volume of 1 ml. Incubation is for 30 minutes uith air as 

the gas phase. 

the first four carbons at the methyl end of the fatty acids or it could re- 

sult from the reversal of acetoacetate formation with the production of 

acetyl-CQA or malonyl-CQA which in the presence of maloayl CoA and TPNH would 

be incorporated into fatty acids. To examiae the possibility that the enzyre- 

bound intermediate acted as a source of malonyl-CoA, the enzyme-bannd product 

formed from nalonyl-1,3-C 14 -CoA and acetyl-CoA was isolated and incubated with 

TPNA and unlabeled malonyl-CQA in a manner similar tQ that of Table II except 

on a larger scale. 2520 cpm were obtained iu long chain fatty acids. These 

fatty acids were isolated as their methyl esters by gas liquid chromatography 

and 1300 cpm were recovered in methyl esters of octadecenoic acids (oleic or 

vaccenicl. A permanganate periodate oxidation (YOU Budloff, 19561 of these 

mono-olefinic acids produced monocarboxylic acids from the carbon chain on 

the methyl terminal side of the double bond and dicarboxylic acids from the 
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carbon chain QII the carboxyl terminal side of the double bond. Kssentially 

all of the radioactivity was accounted for in the monobarboxylic acids.. If 

a significant qnantity of radioactive maloayl-CoA had formed drring the second 

incubation and had been responsible for the radioactivity in these unsaturated 1 

fatty acids one uould have expected a considerable fraotion of the radioactivity 

from the intsrmediate to appear in the dicarboxylic acids. The fact that the 

monocarboxylic acids retain all ef the label of the starting 18 carbon acids 

is consistent with the radioactive, euzyme-bound acetoacetate being incorporated 

directly iato the long chain fatty acids rather than acting as a source of 

q alonyl&oA. 

The possibility remained that the enzyme-bound aoetoacetate acted a8 a 
I 

sonrce of radioactive acetyl-CoA which in the second incubation was incorperated 

into the methyl end of the fatty acids synthesized. This possibility was 

eliminated, however, by showing that the addition of a pool of nonradioactive 

acetyl-GoA (0.03 poles) to the second incubatien failed to dilute the radio- 

activity inoorporated into fatty acids under aonditions of Table II. 
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