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ABSTRACT 

The desaturation of positional cis 18:1 isomers (2x4 through A11) was studied, using essential 
fatty acid deficient rat liver microsomes. The cis A4, A5, 2x6 and 2x7 isomers were not desaturated. 
The cis 2x10 and AI 1 isomers were desaturated at a very low rate. The maximum desaturation was ob- 
tained for A8 and A9 isomers. The cis 48 and 2xl 1 isomers were desaturated by A5 desaturase; the cis 
zX9 isomer was desaturated by A6 desaturase; and the eis 2x10 isomer was desaturated to A7,10 and 
5,10-18:2 acids. 

INTRODUCTION 

In the study of the effect of double bond 
position in fatty acids upon biochemical 
phenomena, each biochemical reaction or 
biological response has shown a unique pattern 
of response relative to the position of the 
double bonds (1-7). Each biological system was 
unique in discriminating between locations of 
cis double bonds, and in many cases the dis- 
placement of the double bond system one 
carbon atom along the chain caused drastic 
difference in acceptability of the fatty acid as 
substrate. 

The hydrolysis by pancreatic lipase of a 
series of  triglycerides each containing one 
positional isomer of cis 18:1 revealed that when 
the double bond was near theca rboxy l  group, 
pancreatic lipase was inhibited (7). The cis 18:1 
isomers were incorporated at different rates in 
the cholesteryl ester (CE), triglyceride (TG) and 
phospholipid (PL) fractions by rat liver mito- 
chondria, and at different positions of these TG 
and PL fractions according to their double 
bond position (8). The cis 6-18:1 acid was more 
extensively metabolized than the cis 9-18:1 
acid in Novikoff hepatoma cells (9). We investi- 
gated the desaturation of the isomeric cis 18:1 
acids by liver microsomes from rats deficient in 
essential fatty acids (EFA) to see how the 
position of  the double bond affects the rate as 
well as the site of desaturation of these isomers. 

MATERIALS AND METHODS 

The labeled positional isomers of cis 18:1 
acids were prepared in this laboratory. Some 
of the unlabeled isomers were obtained from 
Dr. F.D. Gunstone. The purity of the labeled and 
unlabeled isomers was checked by thin layer 
chromatography (TLC) and gas chromatog- 

raphy (GC). The purity of all the labeled and 
unlabeled acids was more than 90%. The double 
bond position was determined by ozonolysis of 
the methyl esters and reduction of the ozo- 
ozonides as described by Privett and Nickell (10). 
The chain length of the labeled aldehyde ester, 
which indicates the position of the double 
bond, was determined by preparative GC using 
unlabeled carriers of aldehyde esters with chain 
lengths from C3 to C 17. 

The optimal concentrations of the substrate, 
microsomal protein and the time of incubation 
used for the desaturation of oleic acid were 
used as reported in a previous study (11). 

Each substrate acid was incubated in a 
concentration of 120 nmoles per ml as Na salt- 
complex of  bovine serum albumin. The sub- 
strate contained an amount of 1-14C labeled 
acid equivalent to 0.1 ~Ci. Each incubation in 1 
ml of a 0.15 M KC1-0.25 M sucrose solution 
contained in /~moles: ATP, 5; CoA, 0.25; 
NADH, 1.0; magnesium chloride, 5; gluta- 
thione, 1.5; NaF, 45: nicotinamide, 0.5; phos- 
phate buffer (pH 7.0), 100; and 2 mg protein of 
a microsomal suspension. The microsomes were 
separated according to the procedure of Marcel 
et al. (12) by centrifugation at 105,000 x g for 
2 hr. Microsomes from EFA deficient rats were 
used because desaturase activity has been 
shown to increase in EFA deficiency (12). 
After 20 min incubation in 02 at 37 C, the 
reaction was stopped by adding 1 ml of 5% 
HC1 in methanol, and the lipids were extracted 
with chloroform/methanol (2:1). The lipids of 
the extract were dried under nitrogen and 
transesterified with 10% HC 1 in methanol at 80 
C for 2 hr. The extracts were evaporated to 
dryness under nitrogen, petroleum ether and 
unlabeled carriers of 18:0, 18:1 and 18:2 
methyl esters were added, and the esters were 
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separa ted  on  10% AgNO 3 TLC plates  wi th  
p e t r o l e u m  e ther  (40-60  C) /d i e thy l  e ther  
( 85 :15 ,  v/v).  The  quan t i t a t i ve  d i s t r i bu t ion  of  
the  rad ioac t iv i ty  b e t w e e n  the  subs t ra te  and 
p r o d u c t  as well as the  pe rcen t  convers ion  and 
nmoles  of  p r o d u c t / r a g  p ro t e in / r a in  were 
ca lcula ted  as descr ibed be fo re  (13).  T h e  re- 
covery  of  t he  rad ioac t iv i ty  was more  t h a n  90%. 

The  s t ruc tu re  of  t he  d ienoic  acid esters 
isola ted by  TLC was iden t i f i ed  by  using pre- 
para t ive  radio  gas c h r o m a t o g r a p h y .  All the  
labeled d iene  esters were f o u n d  in the  f r ac t ion  
co r r e spond ing  to t he  18:2 m e t h y l  ester  peak.  
The  doub le  b o n d  pos i t ion  was d e t e r m i n e d  as 
descr ibed b y  Pr ivet t  and  Nickell  (10) ,  b y  par t ia l  
r e d u c t i o n  of  the  d ienoic  acids wi th  h y d r a z i n e  
hyd r a t e  in m e t h a n o l  to  give a m i x t u r e  of  
m o n o e n o i c  and  sa tu ra t ed  f a t t y  acids. The  
e x t e n t  o f  the  r eac t ion  was m o n i t o r e d  us ing gas 
c h r o m a t o g r a p h y .  When  the  dienoic  esters had  
jus t  d isappeared ,  the  m i x t u r e  was separa ted  
in to  sa tu ra ted  and  m o n o e n o i c  esters by  AgNO 3 
TLC, us ing the  solvent  sys tem of  l ight pe t ro-  
l eum e t h e r / d i e t h y l  e the r  (95 :5 ,  v/v).  The  
isola ted m o n o e n e s  were ozonized ,  and the  
ozonides  were reduced  to a ldehyde  and alde- 
hyde  esters by  Lindla r ' s  catalyst  (10) .  The  
chain  l eng th  of  the  labeled a ldehyde  esters was 
iden t i f i ed  by  prepara t ive  GC using un labe led  
carriers of  a ldehyde  esters wi th  chain  lengths  
f rom C3 to  C17. 

RESULTS A N D  DISCUSSION 

Table  I shows t ha t  the  cis 18:1 i somers  wi th  
the  doub le  b o n d  at ca rbons  4 t h r o u g h  7 were 
no t  desa tu ra t ed  at measurab le  rates  by  E F A  
def ic ien t  rat  liver microsomes .  The i r  pe rcen t  
convers ion  to 18:2 ranged f rom 0.48% for  A4 
to 0 .76% for  A6 18:1 acids. The  m a x i m u m  
convers ion  to 18:2 was ob t a ined  for  cis A8 and  
A9 isomers  which  gave 3.4 and  3.9%, respec- 

t ively.  The  ra te  of de sa tu r a t i on  of  oleic acid to 
6 ,9 -oc tadecad ienoa te  was 0 .118 n m o l e s / m i n /  
mg p ro te in ,  wh ich  is comparab l e  to t h a t  ob- 
t a ined  by  Cas tuma  et al. (14)  (0 .128  + 0 .002  
n m o l e s / m g  p r o t e i n / m i n ) .  The  cis AIO and  A11 
isomers  gave ca. 1.5% convers ion  to  the  18:2 
acid. 

These  resul ts  show t h a t  the  cis 18:1 acids 
wi th  doub le  b o n d  pos i t ion  b e t w e e n  ca rbons  4 
and  11 f rom the  ca rboxy l  group are poo r  
subs t ra tes  for  the  desa tu ra t ion ,  excep t  t he  cis 
A8 and  A9 isomers  were desa tu ra ted  at  rela- 
t ively h igher  rates  to  the  18:2  acid. The  cis A12 
18:1 i somer  was no t  desa tu ra ted  by  ra t  liver 
mic rosomes  as r epo r t ed  by  Gurr  et al. (15) .  

The  da ta  in the  p resen t  s tudy  show t h a t  t he  
pos i t ion  of  t he  doub le  b o n d  in a cis 18:1 acid is 
a d e t e r m i n a n t  fac tor  for  the  desaturase  which  
acts o n  it. The  eis A9 18 : 1 acid was desa tu ra ted  
by  A6 desaturase ,  in ag reemen t  wi th  the  
prev ious  r epor t s  (16-18) .  The  site of  desatura-  
t i on  was similar for  e icosa-9 ,12,15- t r ienoic ,  
e icosa-9,12-dienoic  (19) ,  hep tadeca-9 ,12-  
dienoic  (20) ,  and hexadeca-9-enoic  (18)  acids 
which  have d i f fe rent  chain  lengths  and n u m b e r  
of doub le  bonds .  All of t h e m  have the  first 
doub le  b o n d  at the  9-posi t ion f rom the  car- 
b o x y l  group.  The  cis A8 and  A11-18:1  i somers  
were desa tu ra t ed  by  A5 desaturase as are 
e icosa-8 ,11-dienoic  (14) ,  e icosa-8 ,11,14- t r ienoic  
(18) ,  e icosa-11-enoic  and  e icosa-11,14-dienoic  
(21)  acids, which  also have the  first double  
b o n d  at the  8- or l l - p o s i t i o n s  f rom the  car- 
b o x y l  group.  The  desa tu ra t i on  of  the  cis A11 
18:1 i somers  to 5 ,11-18 :2  acid (no t  to  8,11) 
con f i rms  t he  absence  of  A8 desaturase  f rom the  
rat  liver mic rosomes  as r epo r t ed  by  Ul lman  and  
Sprecher  (21) .  

The  cis A I 0  18:1 isomers  gave 1.57% 
convers ion  to  the  18:2  acid wi th  ca. 70% (1.1% 
convers ion)  of  the  doub le  b o n d s  at A7,10  and  

TABLE I 

Desaturation of cis- 18 : 1 Isomers to 18:2 by EFA Deficient Rat Liver 
Microsomes Expressed as Percent Conversion and nmoles of 18:2 

Produced/mg Protein/rain. Values are Means • SD, n=24 

cis-Isomers 

Position of 
nmoles of 18:2/ double bond 

% Conversion min/mg protein of 18:2 Desaturase 

cis-A4-18:l 0,48 • 0,47 0.014 • 0.014 
A5 0.47 -+ 0,9 0.014 • 0.027 
A6 0.76 • 0,72 0.023 -+ 0.022 
A7 0.58 • 0,32 0.017 + 0.009 
A8 3.44 + 0.69 0.103 • 0.021 A5,A8 
A9 3.92 • 0,32 0.118 • 0.009 A6,A9 
A10 1.57 • 0,34 0.047 • 0.010 A5,A10 + AT,A10 
All  1.50 • 0.25 0,045 • 0,007 A5,Al l  

A5 
A6 
A5 + A7 
AS 

LIPIDS, VOL. 15, NO. 1 



COMMUNICATIONS 65 

30% (0.47% conversion)  as the  A5,10 18:2 
acid. Berne t t  and Sprecher  (18) found  tha t  the  
eicosa- 10,13-dienoic acid p roduced  th rough  the  
pa lmi to lea te  sequence was conver ted  in vitro by 
rat liver mic rosomes  to 7 ,10,13-20:3 at a very 
slow rate of  only  0.8 nmoles  in the  3 min 
incuba t ion  period.  The rate of  desa tura t ion  of  
cis A10 18:1 isomer  to  7,10-18:2 was only ca. 
0.05 n m o l e / m i n / m g  pro te in  which is lower  than  
tha t  r epo r t ed  for 10,13-20:2 acid (18). 

The  mos t  abundan t  cis 18:1 isomers in the  
h y d r o g e n a t e d  soybean  oil were r epo r t ed  to  be 
the  cis A9 18:1 (76%), and cis A l  l 18:1 (10%) 
(22). The cis 18:1 isomers which were found  in 
the  present  s tudy no t  to be desa tura ted  by  rat 
liver mic rosomes  (A4 ~ A7) were present  in less 
than  1% o f  the  to ta l  cis 18:1 acids (22). The 
major  cis-18:l acids present  in hyd rogena t ed  
oils are t hus  po ten t ia l ly  metabol izable  to  
cis, cis-18:2 acids which,  in turn,  may be con- 
verted to  higher po lyunsa tu ra ted  acids and 
prostaglandin-l ike compounds .  
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