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Recent evidence (1,2) shows that C14-ace:tyl CoA can be incorporated
into a variety of saturated and unsaturated fatty acids by enzymes asso-
cilated with subcellular particles of animal tissues. Several mechanisms
appeared to be involved in this conversion. Saturated fatty acids (Caie,
Ci1g) wWere synthesized via a pathway similar to the non-particulate de novo
system with malonyl CoA as an intermediaste. Acetyl CoA could elongate
fatty acyl CoA derivatives by one or more carbon units and finally acetyl
CoA could be incorporated into unsaturated fatty acids. Examining the
latter process we found in conformity with the results of others (3-6) that
the desaturating system of animal tissues is located in the microsomal
fraction of the cells. Thus, in the presence of microsomes, reduced pyri-
dine nucleotides and oxygen, palmityl CoA or stearyl CoA were desaturated
to palmitoleyl CoA or oleyl CoA respectively, as shown in Table I. The
cofactors required for this system appeared to be gimilar to the yeast sys-
tem of Bloomfield and Bloch (7). The desaturation system appears to be non-

specific with respect to the reduced pyridine nucleotides as reflected by

the equal rates of desaturation of the acyl CoAs in the presence of either
TPNH or DPNE (of. Table I). The desaturating enzyme(s) appears to be &
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TAELE I

Cofactor Requirements for the Desaturation of Fatty Aclds

9,10
Corresponding JAN
Substrate Systenm monoungsturated
fatty acids
mumoles
Palmityl CoA Complete 1.8
no TENH 0.1
no TPNH + DPNH 1.8
no Oxygen 0.2
Stearyl CoA Complete 2.0
no TPNH 0.1
no TPNH + DPNH 2.0
no Oxygen 0.3
no Stearyl CoA +
20 mumoles Stearic Acid 0.2
Complete 2.0
+ 0.1 pmoles p-hydroxy-
mercury benzoate 0.5
+ .10 pmole PHMB + 0.1
pmoles mercaptoethanol 1.8

The complete system contained 10 mumoles 1-c** acyl Cod (100,000 cpm),
50 mumoles TPNH or DPNH, 30 pmoles potassium phosph&be and water to a final
volume of 0,5 ml. The reaction was started with the addition of 0.5 mg of
rat liver microgomeg and the flask was incubated for 10 minutes at 37° with
constant shaking.

thiol-enzyme ag evidenced by the ability of p-hydroxymercurybenzosate (PHMB)
-4

at concentrations of 10 M to completely inhibit the reaction amd that

the addition of a thiol compound such as mercaptoethanol to the inhibited

system restored full activity. It is too early to state whether the thiol

group of the enzyme is involved in the formation of an acyl-S-enzyme prior
to the desaturation of the fatty acid or it is generally required for the
maintenance of the proper conformation of the molecule,

Further desasturation of oleyl CoA to form Cig:2 by the microsomal frac-
tion of rat liver cells is shown in Table IT. The desaturation of oleyl CoA
to the corresponding dienoic acid required the same cofactors as that for

the desaturation of acyl CoA, namely oxygen and reduced pyridine nucleo-
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tide. This observation indicated that the same general type of reactions

are involved in the formstion of mono- and polyunsaturated fatty acids.

TABLE IT

Cofactor Requirements for the Desaturation of Oleyl CoA

System Cip:2 Fatty Acids
mamoles

Complete 0.5

no TENH 0.0

no TENH + DPNH 0.5

no Oxygen 0.2

The complete system contalned the same components as
in Table I except 10 mumoles oleyl CoA (100,000 cpm) was
added.

Whether the same enzyme system is involved in both reactlong remaing to be

determined. The desatumtion of oleyl CoA by rat liver microsomes sppears
to occur equally well with either TPNH or DPNH at camparsble concentrations

(cf. Table II). Whether this response reflects the non-specific nature of
the system as far as the reduced pyridine nuclectides are concerned, or,
on the presence of transhydrogenase activity in the microsome preparations

remgins to be determined.

The products of desaturation of C'%-palmityl Coa, C*%-stearyl CoA or
c**-oleyl CoA were isolated from the reaction mixture by the usual extrac-
tion techniques and were separated &s thelr methyl esters f£rom the other
fatty acid esters by thin layer chromatography using silica gel H impreg-
nated with AgNOg (8). The monoenoic and dienoic esters of the fatty acids
were extracted separately from the silica and were further resolved by
gas-1liquid chromatography. The effluent gzas wes passed through glass
cartridges £illed with glass wool to collect the c“’-labeled egters and
the radioactivity content of the cartridges was measured in a scintillstion

counter, The results show that palmityl CoA and stearyl CoA were desa~
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turated to Cig:1 and Cye.1 Tespectively. When C'*-oleyl CoA was the sub-
strate and the product was isolated as described above and resolved by
gas-1iquid chromatography, & C'*-labeled pesk was obtained in the general
position of Cyg.2 (linoleate in this case) although it had a distinet
shoulder with which the radioasctivity was assoclated (cf. Fig. 1).
Catalytic hydrogenation (9) of the isolated products of desaturation
(Cig:15 Cas:1 and Cig.2) yielded the corresponding saturated acids which
contained all of the radioactivity. Decarboxylation of the products via
the Schmidt reaction released over 80 per cent of the redioactivity as COg,
indicating the directness of the desaturation process with each substrate.
Finelly, oxidabion of the unsaturated products by periodate permanga-
nate yielded Cu-labeled. azelaic acid when l-cu-palmityl CoA or 1-014'
stearyl CoA were used indicated the formation of the Ag unsaturgted homo-

logs, whereas the product of dessturation of the 1-¢** oleyl CoA yielded

Desaturation of oleyl -1-C*4 CoA

1 6,9 octadecodiencyl CoA (Cig:2 55+9)
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Fig. 1- Gas chromatographic anslysis of the methyl ester

of the dienoic acids after separation on thin.
layer chromatogrephy. The bars represent the radicactivity
(in opm) of the effluent gas collected and counted during
the time interval covered by the individual bars.

c“-ad.ipic acid, indicating that the product of desaturstion of oleyl CoA

was the A6’9 octadecadienoic acid. The overall dessturation reactions

303



Vol. 12, No. 4, 1963 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

of Cig:o 50 Cig:2 in animal tissues can thus be written as follows:

o CHe) 7CHoCHa( CHz) 7008CoA 22 TE08 OF PP oy 08 ,CB-CH( CH) 7COSCoA

CHs( 0Hp) wCH=CH{ GHp) 7COSCoA M CHg( CHp) 7CH=CE-~CHo-CH~CH-

{ cHp) 4-COSCoA
The fact that no radiosctivity was found in the Cg dicarboxylic acid af'ter
the periodate-permanganate oxidation of the Cig.2 acid indicated that no
linoleic acid (Cia:2 A9’12) was formed from oleic acid. This in vitro
obgervation is compatible with the overwhelming evidence obtained from
in vivo studies that mammals do not synthesize linoleic acid possibly
because of lack of the enzyme or enzymes necessary for the introduction of

the double bond in the 12-13 position of the molecule.
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