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Abstract Acyl coenzyme A synthetase (EC 6.2.1.3) of rat 
liver microsomes activates zso- and anteiso-branched long-chain 
fatty acids containing 12 to 20 carbon atoms. Fatty acid chain 
length appears to be the major determinant of the maximum 
rate of acyl CoA biosynthesis of branched, or saturated, or 
cis monounsaturated long-chain fatty acids. Based on activa- 
tion studies conducted at 22-45OC, it is concluded that the 
rate of activation is a function of long-chain fatty acid solu- 
bility. The shape of the in vitro activation curve with respect 
to fatty acid concentration appears to be determined by fatty 
acid melting point as well as by the presence and position of 
double bonds. Differently shaped activation curves were ob- 
served for cis or trans A6 to AlZ central positional isomers of 
octadecenoic acid and for Aa, A4, Ala to A16 terminal isomers of 
octadecenoic acid. The relationships between fatty acid struc- 
ture, melting point, solubility, and shape of the activation 
curve observed during in vitro measurement of acyl CoA 
formation are discussed. 
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IN PREVIOUS STUDIES we investigated the in vitro activa- 
tion of trans unsaturated long-chain fatty acids and the 
effect of positional isomerism on the activation of cis and 
trans octadecenoates by rat liver microsomes and mito- 
chondria (l)2*3*4. The activation of branched long-chain 
fatty acids by rat liver subcellular fractions has been 
briefly reported (2). 

Iso-branched acids containing 13-18 carbon atoms and 
anteiso-branched acids containing 13-17 carbon atoms are 
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found in small amounts in many animal fats as well as in 
human blood and depot fat (3-6). Also, cell-free extracts 
of rat adipose tissue synthesize branched-chain fatty 
acids having methyl branches in the penultimate or 
antepenultimate position (is0 or anteiso, respectively) 
from malonyl CoA (7). 

The purposes of the present investigation were to study 
the parameters that affect activation of branched long- 
chain fatty acids and to compare the rates of activation 
of branched long-chain fatty acids with the rates of acti- 
vation of saturated and cis monounsaturated fatty acids. 
In  addition, it was desired to determine the effect of sub- 
stituents at the 9,lO- or 12-positions on the rate of activa- 
tion of octadecanoic acids. Further, it was desired to de- 
termine if there was a correlation between fatty acid 
melting point and the shape of the enzyme-saturation 
curve with respect to fatty acid concentration observed 
during measurement of acyl CoA formation in vitro with 
rat liver microsomes. Also, we wanted to determine the 
effect of incubation temperature on the rates of activation 
of fatty acids with different structures and chain lengths. 

MATERIALS AND METHODS 

Saturated and cis monounsaturated acids as well as 
elaidic, ricinoleic, and ricinelaidic acids were purchased 
from the Hormel Institute, Austin, Minn. Iso and anteiso 
long-chain fatty acids and the DL cis and trans 9,10-epoxy, 
9,l 0-methylene, and 9,lO-dihydroxy octadecanoates were 
purchased from Analabs, North Haven, Conn. The so- 
dium cis and potassium trans 9,10-epimino octadecanoates 
synthesized as previously described (8) were generous 
gifts from Dr. Alexander Bilyk, Eastern Marketing and 
Nutrition Research Division, US. Department of Agri- 
culture, Philadelphia, Pa. ATP and CoA were purchased 
from Sigma Chemical Co. Cis and trans octadecenoate 
positional isomers were generous gifts from Professor F. D. 
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Gunstone, Department of Chemistry, University of St. 
Andrews, Scotland. 

Pooled livers from male Wistar rats (Microbiological 
Associates, Bethesda, Md.) were homogenized in 0.25 M 

sucrose, and microsomes were separated by differential 
centrifugation as previously described (9). Acyl CoA 
formation was assayed with hydroxylamine as described 
previously (1 0). The standard incubation mixture con- 
tained the following pmoles in a total volume of 0.25 ml: 
hydroxylamine-HC1, 125 ; NaF, 6.25 ; and tris(hydroxy- 
methy1)aminomethane (Tris), 25, pH 7.4; cysteine-HC1, 
7.5 neutralized with Tris, 10; MgC12, 6; ATP, 2.5; CoA, 
0.125; fatty acid potassium salt, 1-4; and 200-300 p g  of 
microsomal protein. Incubations were for 30 min at 37°C. 
Acylhydroxamic acids were extracted with Hill A reagent 
diluted 1 : 10 with ethanol (10) and assayed in a volume 
of 1.2 ml. Controls lacking ATP and CoA were incubated 
for each level of protein used, and any acylhydroxamate 
formation measurable in these controls was subtracted 
from the amount of acylhydroxamate formation mea- 
sured in the corresponding complete incubation mixture 
to give the net activation. Linear rates of acylhydroxa- 
mate formation were observed for each acid during the 
30-min incubation period. 

Phosphate buffer was used in place of Tris buffer for 
incubations carried out a t  pH values of 6.0 and 6.8. Pro- 
tein was determined by the phenol method (1 1). 

RESULTS 

Effect of fatty acid-protein ratio 
The rates of acyl CoA formation for cis unsaturated 

long-chain fatty acids have previously been shown to be 
dependent upon the fatty acid-to-protein ratio (10). In 
the present study, with 244 pg of microsomal protein and 
increasing fatty acid concentrations the order of activa- 
tion for the iso-branched acids in the 2-4 mM concentra- 
tion range was: 16-methylheptadecanoic > 14-methyl- 
pentadecanoic > 12-methyltridecanoic > 1 O-methyl- 
undecanoic > 18-methylnonadecanoic ; for the anteiso 
acids the order was: 14-methylhexadecanoic > 16-methyl- 
octadecanoic > 12-methyltetradecanoic > 1 O-methyl- 
dodecanoic. As the fatty acid concentration was increased 
from 3 to 4 mM, the rates of activation of 10-methylun- 
decanoic and 10-methyldodecanoic acids and of the 
longer-chain C20 1 8-methylnonadecanoic acid decreased 
while the rates of activation of the CIS to CIS is0 and anteiso 
acids increased. These results are summarized in Fig. 1. 

With a fixed fatty acid concentration of 4 mM and 
different amounts of protein, the activation curves for 
both iso- and anteiso-branched fatty acids containing 15 
or less carbon atoms were S-shaped, while a hyperbolic 
activation curve was observed when branched fatty acids 

I C-14 

I c-12 
I c-20 

a C-17 
D C-19 

mM FATTY ACID 

FIG. 1. Effect of fatty acid concentration on microsomal activa- 
tion of iso- and anteiso-branched chain fatty acids. Rates of activa- 
tion expressed as pmoles of hydroxamate formed/mg protein/hr 
are shown for iso-branched acids containing 12 (i CIP) to 20 (i GO) 
carbon atoms (A); and for anteiso-branched acids containing 13 
(i C13) to 19 (i C19) carbon atoms (B). Each tube contained the 
components of the standard incubation mixture and the concen- 
tration offatty acid shown. 

with 16 or more carbon atoms were substrates. These 
results are shown in Fig. 2. 

Cis monounsaturated and saturated fatty acids 

The activation of the C14 to CZO monounsaturated acids 
increased in a nonlinear manner to a maximum level 
with increasing fatty acid concentration and then de- 
creased at  still higher fatty acid concentrations. The 
resultant activation curves were bell-shaped. Activation of 
the Cz2 monounsaturated acid, erucate (Ala cis-docosenoic 
acid), did not decrease at high fatty acid concentrations. 
These results are shown in Fig. 3. The rates of activation 
of the Cl2 to CZZ saturated fatty acids were approximately 
linear a t  low fatty acid-to-protein ratios and rapidly 
approached a maximum as the fatty acid-to-protein 
ratio was increased. Above the optimum fatty acid-to-pro- 
tein ratio required for maximum activation, a markedly 
decreased rate of activation was observed with lauric 
acid as substrate, a slightly decreased rate of activation 
was observed with myristate, and no change in the rate of 
activation was observed with palmitate or longer-chain 
fatty acids as substrate. Activation of lignoceric acid, 
which contains 24 carbon atoms and is found as a normal 
constituent of brain cerebrosides (12), could not be de- 
tected. These results are shown in Fig. 4. 

Maximum activation rates for saturated, branched, 
and cis monounsaturated acids were observed for acids 
containing 16 or 18 carbon atoms (Figs. 1-4), but these 
maximum activation rates were not correlated with the 
melting points of these acids (Table 1). 
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FIG. 2. Effect of microsomal protein on activation of branched 
acids. Each tube contained the components of the standard incuba- 
tion mixture plus the amount of microsomal protein indicated. 
Activation (expressed as pmoles of hydroxamate formed/30 min) 
measured using iso- or anteiso-branched acids as substrates is shown 
for: (x ), 10-methyldodecanoic (a C13); (O), 12-methyltetra- 
decanoic (a C16); (a), 14-methylhexadecanoic (a C I ~ ) ;  (n), 16- 
methyloctadecanoic (a Cts); (V), oleic; and (V), palmitic acids in 
the top half of the figure; and for (m), 10-methylundecanoic (i 
(21%); (A), 12-methyltridecanoic (i (214); (A), 14-methylpenta- 
decanoic (i Cle); (o), 16-methylheptadecanoic (i CIS); and (+), 
18-methylnonadecanoic (i Czo) acids in the bottom half of the figure. 

Effect of temperature on microsomal activation 

The rates of activation of 1 0-methylundecanoic and 
12-methyltridecanoic acids increased as the incubation 
temperature was increased from 22 to 30"C, remained 
constant from 30 to 37"C, and decreased at  an incubation 
temperature of 44°C. In  contrast, the rates of activation 
of 14-methylpentadecanoic, 16-methylheptadecanoic, 
and 18-methylnonadecanoic acids increased continuously 
as the incubation temperature was raised from 22 to 44°C. 
The maximum observed rate of activation for 10-methyl- 
dodecanoic acid occurred at  30°C; for 12-methyltetra- 
decanoic acid, at  37°C; and for 14-methylhexadecanoic 
and 16-methyloctadecanoic acids, at  44°C. Similarly, 
the effect of temperature on activation varied with chain 
length when the saturated acids were used as substrates. 
The rates of activation of lauric and myristic acids in- 
creased as the incubation temperature was raised from 
22 to 37°C and decreased at  44°C. In  contrast, the rates 
of activation of the longer-chain palmitic, stearic, and 

FATTY ACID CONCENTRATION (mM1 

FIG. 3. Effect of fatty acid concentration on microsomal activa- 
tion of cis monounsaturated acids. Each tube contained the com- 
ponents of the standard incubation mixture and the concentration 
of fatty acid shown. Activation (expressed as pmoles of hydroxa- 
mate formed/mg protein/hr) is given for myristoleate (x ), palmit- 
oleate (o), oleate (a), 11-eicosaenoate (o), and erucate (m). 
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FIG. 4. Activation of saturated fatty acids by rat liver micro- 
somes. Rates of activation expressed as pmoles of hydroxamate 
formed/mg protein/hr are shown for long-chain fatty acids con- 
taining 12 (12:O) to 22 ( 2 2 : O )  carbon atoms. Each tube contained 
the components of the standard incubation mixture and the con- 
centration of fatty acid shown. 

arachidic acids increased continuously as the incubation 
temperature was raised from 22 to 44°C. At 22°C and at 
31 "C the rates of activation of palmitoleate were greater 
than the activation rates observed for the monoenes of 
shorter or longer chain lengths, Le., myristoleate, oleate, 
11-eicosaenoate, or erucate. At 38°C the rates of activa- 
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TABLE 1. Correlation of order of maximum in vitro activation rates with fatty acid chain length for saturated, 
cis monounsaturated, and branched long-chain fatty acids 

Type of Acid Order of Maximum Activationa 

Zso-branc hed GI8 
(68.5)b 

Anteiso-branched c 17 
(36.8) 

(63.1) 
Saturated ClE 

cis Monounsaturated A O c  lec 
(0.5) 

> ClS 
(62.4) 

> c19 
(50.6) 

(53.9) 

(13.4) 

> Cl4 

> AgCis 

> Cl4 
(53.6) 

(23.0) 
> c 18 

(69.6) 
'V A"C20 

(22.0) 

> ClS 

> c12 > (320 

> Cia 
(41 . O )  (75 .O)  

(6 .O )  
> c 1 2  > c 2 0  > c z 2  > c 2 4  

(44.2) (75.3) (79.9) (84.2) 
> Agc14 > A W Z Z  

(-4.0) (34.7) 

Relative rates of activation are taken from Figs. 1-4. 
Melting points in "C are shown in parentheses. 
Double bond position is shown in the superscript of the double bond symbol (A). 

tion observed for palmitoleate, oleate, or 11 -eicosaenoate 
were approximately equal but were greater than the 
activation rates observed for the 14- and 22-carbon mono- 
enes, myristoleate and erucate, respectively. At 44°C the 
rate of oleate activation exceeded the activation rates 
observed for the monoenes of shorter or longer chain 
length. At this higher temperature the activation rate for 
all the monoenes was only 25-30% of the activation rates 
observed at  38°C. These results are summarized in Table 
2. 

Effect of pH and storage of enzyme 
on the rates of branched fatty acid activation 

A broad optimum was observed in the activation rates 
of the is0 and anteiso acids a t  pH values from 6.8 to 8.0. 
Much lower activation rates were observed at  lower (6.0) 

TABLE 2. Effect of incubation temperature on 
microsomal activation of branched, saturated, 

and cis monounsaturated acids 

Experi- Incubation Temperature ("C) 
ment Acid 22-23 30-31 37-38 45-46 

1 1 0-Methylundecanoic 1 .44 2.34 2.36 0.60 
12-Methyltridecanoic 2.01 3 .46 3.46 2.15 
14-Methylpentadecanoic 2.1 1 3.77 4.49 5 .27 
16-Methylheptadecanoic 1 .33 3.08 4.47 5.62 
18-Methylnonadecanoic 0.02 1.05 2.17 2.48 
10-Methyldodecanoic 1.67 2.71 2.51 0.93 
12-Methyltetradecanoic 1.94 3.06 3.85 1.92 
14-Methylhexadecanoic 1.58 3.68 4.33 4.70 
16-Methyloctadecanoic 1 .48 3.20 4.21 4.60 

2 Lauric 1.43 2.68 3.14 1.23 
Myristic 0.76 2.72 4.00 3.08 
Palmitic 0.64 2.95 4.69 5.14 
Stearic 0.42 1.48 3.34 4.23 
Arachidic 0.00 0.36 1.00 1.44 

3 Myristoleic 0.62 1.67 1.79 0.54 
Palmi toleic 1.02 2.08 2.25 0.62 
Oleic 0.70 1.87 2.18 0.78 
11 -Eicosaenoic 0.79 1.84 2.36 0.61 
Erucic 0.15 0.48 0.65 0.17 

Each tube contained the components of the standard incuba- 
tion mixture plus 3.2 mM (experiments 1 and 3) or 4.0 m~ (ex- 
periment 2) fatty acid. Results are expressed as pmoles of hydroxa- 
mate/mg protein/hr. 

and at higher (8.6) pH values. These results are sum- 
marized in Table 3. The activation of both iso- and 
anteiso-branched acids declined 15-30% on storage of 
microsomes at -20°C for 21 days. 

Substituted acids 

Two types of enzyme-saturation curves with respect to 
fatty acid concentration were observed during assay of 
rat liver microsomal acyl CoA synthetase activity using 
9,lO-substituted octadecanoates or 12-substituted octa- 
decenoates as substrates. The first type of curve obtained 
with ricinoleate and DL cis or trans 9,lO-methylene octa- 
decanoates as substrate was bell-shaped and resembled 
the oleate activation curve. The second type of enzyme- 
saturation curve with respect to fatty acid concentration 
observed with ricinelaidic, DL cis or trans 9,lO-epimino 
or 9,lO-epoxy octadecanoates, or 9,lO-dihydroxystearic 
(and also elaidic) acid as substrate was hyperbolic and 
resembled the palmitate activation curve (Fig. 4). These 
results are shown in Fig. 5. 

Cis and trans octadecenoate positional isomers 

Double bond position apparently influences the shape 
of the fatty acid saturation curve. At high fatty acid-to- 

TABLE 3. Effect of pH on microsomal activation of 
iso- and anteiso-branched acids 

~~ 

6 . 0  6 . 8  7 . 4  8 . 0  

1 0-Methylundecanoic 
12-Methyltridecanoic 
1 4-Methylpentadecanoic 
16-Methyl heptadecanoic 
1 8-Methylnonadecanoic 
1 0-Methyldodecanoic 
12-Methyltetradecanoic 
14-Methyl hexadecanoic 
16-Methyloctadecanoic 

0.35 2.73 2.11 1.49 
0.49 3.41 3.35 3.28 
1.64 3.50 3.36 4.15 
1.09 4.12 4.00 4.38 
0.00 1.29 1.61 2.16 
0.27 2.56 2.74 2.11 
0.31 2.97 3.29 3.08 
0.99 3.50 3.68 4.09 
0.73 3.52 3.81 3.98 

8 . 6  

0.39 
1.76 
0.77 

0.23 
0.38 
2.23 
3.62 
3.30 

- 

Each tube contained the components of the standard incuba- 
tion mixture plus 3.2 mM fatty acid, 244 pg of microsomal protein, 
and either 0.1 M phosphate (pH 6.0 or 6.8) or 0.1 M Tris-HC1 (pH 
7.4, 8.0, or 8.6). Results are expressed as pmoles of hydroxamate 
formed/mg protein/hr. 
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FIG. 5. Activation of 9,lO-substituted octadecanoates, stearate, 
oleate, elaidate, ricinoleate, and ricinelaidate by rat liver micro- 
somes. Rates of activation expressed as pmoles of hydroxamate 
formed/mg protein/hr are shown for: cis (0) and trans (A) 9,10- 
epimino octadecanoates (A);  cis (0 )  and trans (A) 9,lO-methylene 
octadecanoate (B); cis (0) and trans (A) 9,lO-epoxy octadecanoates 
(C); stearate (0 )  and 9,lO-dihydroxystearate (A) (D); ricinoleate 
(0 )  and ricinelaidate (A) (E); and for oleate (0)  and elaidate (A) 
(F) at  the concentrations of fatty acid indicated. Each tube con- 
tained the components of the standard incubation mixture and the 
concentration of fatty acid shown. 

protein ratios, the cis or trans octadecenoates with a cen- 
tral (i.e., AB to A12) double bond had lower rates of activa- 
tion than the rates of activation observed at  the optimal 
ratio of fatty acid to protein required for maximum acti- 
vation. In  addition, the lower rates of activation for the 
central trans isomers were observed at  higher fatty acid 
concentrations (3-8 mM) than those required for lowered 
rates of activation for the cis central isomers (2-4 mM). 
In  contrast, terminal (A4, A*, A13 to A15) positional isomers 
did not have lowered rates of activation at  high fatty 
acid-to-protein ratios. These results are illustrated for the 
A4, Ag, and A15 isomers in Fig. 6. As indicated in Table 4, 
the shapes of the activation curves were not correlated 
with the melting points of the positional octadecenoate 
isomers. 

DISCUSSION 

The branched acids are minor constituents of animal 
fats and major components of some bacterial lipids. The 
data presented here show that iso- and anteiso-branched 
acids are readily activated by rat liver microsomes. Pre- 
sumably these branched acids are also activated by other 
mammalian tissues, which may explain in part their 
occurrence in animal fats (3-6). 

The data presented herein also show that maximum in 
vitro rates of activation of saturated, branched, and cis 
monounsaturated acids are determined solely by chain 

mM FATTY ACID 

FIG. 6. Effect of fatty acid concentration on rat liver microsomal 
activation of cis and trans octadecenoic positional isomers. Activa- 
tion expressed as pmoles of hydroxamate formed/hr/mg protein 
is shown for the A', AQ, and AI6 cis octadecenoates (left side) and the 
A4, AB, and Ala trans octadecenoates (right side) a t  the fatty acid 
concentrations indicated. Each tube contained the components of 
the standard incubation mixture and the concentration of fatty 
acid shown. 

length and not by branching, degree of unsaturation, or 
geometrical configuration. Furthermore, no correlation 
exists between the maximum rates of activation for satu- 
rated, branched, or cis monounsaturated acids and the 
fatty acid melting point (Table 1). Acyl CoA synthetase 
specificity therefore appears to be the major determinant 
of maximum fatty acid activation rates in vitro. These 
results also support the suggestion that a single enzyme 
activates all long-chain fatty acids regardless of unsatura- 
tion (13) and do not lend support to the tentative sug- 
gestion based on different K ,  values for CoA that one 
enzyme may activate saturated long-chain fatty acids 
and a second enzyme may activate unsaturated long- 
chain fatty acids (10). 

Interestingly, McElhaney and Tourtellotte (14) sug- 
gested that fatty acid positional affinity in phospholipids 
of Mycoplasma laidlawii was dependent on chain length 
within each chemical class of fatty acids, Le., saturated, 
branched, or cis or trans unsaturated. Also, the in vitro 
rates of cholesteryl ester hydrolysis have been shown to 
be dependent on fatty acid chain length and to alternate 
with even- vs. odd-chain fatty acid cholesteryl esters in the 
same manner as the melting points of these fatty acids 

At 37°C the in vitro rates of activation observed in this 
study were maximal for saturated, branched, or cis mono- 
unsaturated fatty acids containing 16 to 18 carbon atoms. 
Acids of this chain length also occur most frequently in 
animal fats. The maximum in vitro activation rates 
therefore reflect the physiological abundance of these 
acids. This observation does not exclude the possibility 
that other factors including substrate availability and the 
specificities of acyltransferases rather than those of acyl 

(15). 
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TABLE 4. Correlation of fatty acid melting point with fatty acid structure and with shape of the enzyme-saturation 
curve with respect to fatty acid concentration 

T m  of Acid 
Number of Carbon Atoms 

12 13 14 15 16 17 18 19 20 21 22 

Saturated 44. 2a 
Cis monounsaturated 
Branched is0 41 .Om 
Branched antciso 6.0a 
Substituted 

Ricinoleate 
Cis or trans methylene 

octadecanoates 
Cis or trans epoxy 

octadecanoates 
Cis or trans epimino 

octadecanoates 
Rincelaidate 

A' AS A6 

Cis 46 13 29 
TrUIlS 59 47 54 

melting point, O C  

53.9" 63.1b 69.6b 75.3b 79.9b 
-4.OC 0.5c 13.4c 22 .O" 34.7" 
53.6' 62.4b 68.5b 7 5 . P  

23.0b 36.86 50.6b 

16.OC 

32.0-39.6' 

54.0-57.5b 

45.0-64. Ob 
53. Ob 

Melting Points of Octadeccnoate Positional Isomers, OC 
AI A8 A0 A'O A11 Ala AI3 A I 4  AlS 

13 24 11 23 13 28 27 42 41 
45 52 45 53 44 53 44 53 59 

For this fatty acid, the shape of the activation (Le., enzyme-saturation) curve with respect to fatty acid concentration appears to be. a 
combination of the linear activation curve obtained with palmitate as substrate (Fig. 4) and the bell-shaped activation curve obtained with 
oleate as substrate (Fig. 2). 

For this fatty acid, the shape of the activation (i.e., enzyme-saturation) curve with respect to fatty acid concentration is linear, similar 
to the palmitate activationcurve (Fig. 4). 

e For this fatty acid, the activation (i.e., enzyme-saturation) curve with respect to fatty acid concentration is bell-shaped, similar to the 
oleate activation curve (Fig. 2). 

CoA synthetases may determine the composition of body 
fat. 

The data presented herein also show that incubation 
temperature affects the activation of the is0 and anteiso 
acids differently, depending on the fatty acid chain 
length. Above 37 OC two opposing effects probably deter- 
mine the net rate of activation, Le., the increased activa- 
tion due to increased fatty acid solubility vs. the decrease 
in activation as a result of enzyme denaturation as a con- 
sequence of exposure to high temperature. The former 
effect may be dominant with substrate fatty acids con- 
taining more than 16 carbon atoms in the temperature 
range 2245°C while the latter effect may be more im- 
portant above 38°C in the activation of branched or 
saturated acids with less than 16 carbon atoms. The ob- 
servation that fatty acids of shorter chain length are 
maximally activated at temperatures lower than 37OC 
and longer-chain acids (> (216) are maximally activated 
at  higher temperatures may explain in part the relative 
paucity of both types of these acids in the fats of animals 
with a constant body temperature of 37°C. 

The observed differential effects of temperature on 
activation rates lead one to consider the relationships 
between fatty acid chain length, fatty acid solubility, and 
the rate of activation. Massaro and Lennarz (16) studied 
the relationship between solubility of myristate (as mea- 
sured by turbidity) and acylhydroxamate formation as a 
function of fatty acid concentration using Bacillus mega- 

terium acyl CoA synthetase. Based on two lines of evidence 
they concluded that the enzyme-saturation curve with 
respect to fatty acid was not directly related to the solubil- 
ity of the fatty acid. First, they found that the concentra- 
tion of straight-chain acids between Clo and CU required 
to saturate the enzyme was approximately the same de- 
spite a 50-fold decrease in solubility between the CIO and 
the C18 acids. Second, a solution of pentadecanoic acid 
was saturated, in the sense of reaching the point a t  which 
the amount of fatty acid in true solution (nonturbid) was 
maximal, a t  a level far below the point a t  which the 
enzyme became saturated with fatty acid (16). However, 
these results are not conclusive. Solubilities of fatty acids 
are a function of their chain lengths, and solubility in a 
heterogeneous enzyme solution may not be precisely cor- 
related with the appearance of turbidity. 

Several observations presented here lead to the con- 
clusion that the shape of the in vitro activation curve is 
related in part to the melting point of the fatty acid sub- 
strate. In the first place, differently shaped activation 
curves were obtained with low-melting branched fatty 
acids than were obtained with higher-melting branched 
fatty acids (Fig. 2 and Table 4). Secondly, a marked de- 
crease in activation was noted at  high fatty acid-to-pro- 
tein ratios when laurate (mp 44OC) was substrate, but no 
corresponding decrease was observed when higher-melt- 
ing saturated fatty acids were substrates (Fig. 4 and Table 
4). These observed differences in activation rates cannot 
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be ascribed entirely to differences in fatty acid chain 
length since differently shaped activation curves were 
also noted when low-melting substituted octadecanoic 
acids containing 18 carbon atoms were substrates than 
when higher-melting fatty acids containing 18 carbon 
atoms were substrates (Fig. 5 and Table 4). 

Double bond position also appears to influence in part 
the shape of the activation curve observed in vitro at fatty 
acid-to-protein ratios greater than the ratio required for 
maximum activation. However, the shape of the activa- 
tion curve observed with cis or trans octadecenoates was 
not correlated with melting point (Table 4). Possibly, 
there is a highly electropositive inhibitory binding site in 
addition to the catalytic site on the surface of the acyl 
CoA synthetase enzyme that can bind A6 to AI2 cis or 
trans octadecenoates but not A4, A5, or A13 to A15 cis or 
trans octadecenoates. Brockerhoff and Ackman (17) have 
noted that the A7 and A13 cis octadecenoates accumulate in 
position 1 of fish and mammalian phospholipids and in 
positions 1 and 3 in triglycerides of mammals fed on fish. 
In contrast, the 9-isomers were found to accumulate in 
position 2 (17). These results correlate with our observa- 
tion that cis or trans octadecenoates with centrally located 
double bonds differ in solution properties and/or enzy- 
matic recognition from octadecenoates with terminal 
double bonds. 

The physical properties of long-chain fatty acids ob- 
viously influence the properties that phospholipids and 
other complex lipids containing these fatty acids exhibit 
in solution and in biological membranes. In addition to 
saturated fatty acids, membrane phospholipids usually 
contain either cis unsaturated, cyclopropane, or branched- 
chain fatty acids. The latter types of fatty acids are 
similar in the high degree of mobility of the hydrocarbon 
chains, in their location in the fl  position in the phospho- 
lipid molecule, and in their ability to activate membrane 
enzymes (1 8). 

The common solution properties of low-melting 
branched, saturated, or cis monounsaturated fatty acids 
may explain the presence of one or the other of these acids 
in membranes of diverse species. However, the exact 
manner in which the solution properties of these fatty 
acids affect the rates of activation observed in vitro re- 
mains to be determined. 

Since the completion of this study, two reports con- 
cerning the properties of rat liver long-chain acyl CoA 
synthetase have been published (19,20). In both of these 
studies a sensitive new assay method (21) based on the 
insolubility of long-chain acyl CoA esters in diethyl ether 
was used. Low K ,  values for activation of linoleate (19) 
and oleate (20) were found, but the shapes of the activa- 
tion curves for palmitate and oleate (20) were the same as 
those described in the present study. Other important 
differences between branched, straight-chain saturated, 

and unsaturated fatty acids may be revealed when the 
activation of these acids is studied in detail by this 
method of assay. 

Manuscript received 1 May 1972; accepted 77 October 1972. 
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