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ABSTRACT 

A method was developed for the rapid 
determination of the initial velocity of 
the desaturation of saturated fatty acids. 
In the reaction, DPNH was a more 
efficient electron donor than TPNH. Fat- 
deficient rats have a 2.5-fold greater level 
of acyl desaturase per milligram of liver 
microsomal protein than did animals fed 
lab chow. Increasing the chain length of 
the acyl substrate from 10:0 to 18:0 
increases the rate of monoene formation, 
but 19:0 is desaturated at a rate lower 
than that for 15:0. The energy of acti- 
vation (Ea) for the overall desaturation 
reaction has been determined for 12:0 
through 19:0. The Ea values for desatu- 
ration of 13:0 and 16:0 are markedly 
lower than for the other acids. An inter- 
action between the alkyl chain of the sub- 
strate and polyunsaturated acids of the 
microsomal membrane-bound phospho- 
lipids is postulated to explain the recur- 
ring 3-carbon pattern of the relative 
reaction rates of the various acyl sub- 
strates. 

INTRODUCTION 

Studies of acyl desaturase in normal rat liver 
microsomes have focused on the desaturation 
of stearate and stearyl CoA. Oshino et al. (1) 
and Jones et al. (2) have reported methods for 
the study of the initial velocity of desaturase in 
liver microsomal systems using stearyl CoA. 
Other workers have investigated the desatu- 
ration of free stearate (3,4) and the saturated 
series 12:0-20:0 (5), apparently at equilibrium. 
Conclusions concerning the specificity and 
specific activity of acyl desaturase from non- 
first order reaction conditions (3-5) are open to 
question. Incorporation of substrate into lipids 
lowers the concentration of available substrate 
when low concentrations such as 10 to 20 
//molar are employed. Inhibition of the sub- 
strate desaturation by endogenous microsomal 
fatty acids has been demonstrated (4). Dilution 
of substrate by endogenous fatty acids of the 
same type would lead to false values. These 
problems can be best corrected by selecting a 
system in which the quantity of microsomes is 

low so as to provide a minimal contribution of 
endogenous fatty acid. The substrate concen- 
tration should be high enough to saturate the 
enzyme system, and the reaction rate should be 
proportional to protein concentration. 

For this reason we developed an assay 
system for the measurement of the initial 
velocities of acyl desaturase from rat liver 
microsomes. The assay is linear with respect to 
time, directly proportional to protein concen- 
tration, and independent of substrate concen- 
tration over a threefold range above the point 
of saturation of the enzyme by substrate. Using 
this method, specific activities, substrate spe- 
cificities, Arrhenius plots, and the energies of 
activation of the acyl desaturase reaction were 
determined. A novel hypothesis to explain the 
relative rates of desaturation of 10:0 through 
18:0 is proposed. 

Chemicals 

The carboxyl-labeled acids, 12:0, 14:0, 16:0 
and 18:0 were purchased from New England 
Nuclear Corp., Boston. The acids 15:0, 17:0 
and 19:0, were synthesized in this laboratory 
by the method of Baumann and Mangold (6). 
Final purification of these odd-chain fatty acids 
was carried out according to the preparative 
GLC procedure of Schlenk and Sand (7). The 
acids 11:0 and 13:0, were purchased from 
Mallinckrodt Nuclear, St. Louis. The radio and 
chemical purity of all acids was found to be 
>98% by thin layer (TLC) and gas liquid chro- 
matography (GLC). Nonlabeled fatty acids used 
as diluents and starting materials for syntheses 
were purchased from the Lipids Preparation 
Laboratory of The Hormel Institute, Austin, 
Minn. DPNH, TPNH, ATP and CoA were pur- 
chased from both Sigma Chemical Co., St. 
Louis, and P & L Biochemicals, Milwaukee, Wis. 
All other chemicals were of reagent grade 
quality and all solvents were redistilled. 

Preparation of Microsomes 

Male albino rats were maintained on either 
commercial lab chow or a synthetic diet con- 
taining no fat (8). The rats were killed under 
ether anesthesia by exsanguination; the livers 
were removed and placed in an ice cold solution 
of 250 mM sucrose and 5 mM MgCI 2. After 
weighing, the livers were minced and gently 
homogenized in 2 vol of sucrose-MgC12 (w/v). 
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FIG. 1. The relationship of initial velocity to sub- 

strate concentration. The assay was performed at 40 C 
using two different microsomal preparations obtained 
from two EFA-deficient rat livers. 
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FIG. 2. The desaturation of stearate as a function 
of time by microsomes from rats fed fat-free diet and 
lab chow diet. 
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FIG. 3. The desaturation of stearate as a function 
of microsomal protein concentration. Microsomes 
were obtained from EFA-deficient rat livers. The bars 
represent the range of four determinations. 

The  h o m o g e n a t e  was cent r i fuged  for  30 min  at 
15 ,000 x g at  0 C. The s u p e r n a t a n t  fluid was 
decan ted  in to  a n o t h e r  set of  50 ml tubes  and  
cent r i fuged  at 50 ,000  x g for 2 hr. The  resul t ing 
mic rosomal  pel let  was suspended  in sucrose- 
MgC12 so lu t ion  in a vo lume  equiva lent  to the  
ini t ial  liver weight .  Al iquo ts  of  the  mic rosomal  
suspens ion  were placed in screw cap tubes ,  
f lushed wi th  N2,  capped and  qu ick- f rozen  in 
dry ice-acetone.  The  p repa ra t ions  were s tored 
at  -20 C and  were f o u n d  to  be s table  for at least  
one  m o n t h .  Ne i ther  the  s u p e r n a t a n t  nor  the  
pel le t  of  mater ia l  s ed imen t ing  b e t w e e n  50 ,000  
and  100 ,000  x g c o n t a i n e d  any  desaturase  
act ivi ty accord ing  to the  assay descr ibed below. 
Repet i t ive  f reezing and  thawing ,  up  to four  
t imes,  had  no  s ignif icant  ef fec t  on  the  
e n z y m a t i c  act ivi ty .  

E n z y m e  A s s a y  

The s tored mic rosomes  were t hawed  in an 
ice cold wa te r  b a t h  as needed .  Pro te in  levels 
were measured  by  the  b iu re t  p rocedure  (9).  
A p p r o p r i a t e  d i lu t ions  of the  mic rosomes  were 
made  wi th  sucrose-MgC12 to yield 2.5 mg /ml  of  
which  0.4 ml was used for  each  assay. In a to t a l  
vo lume  of  1 ml,  the  f inal  i n c u b a t i o n  m i x t u r e  
con t a ined  1.0 mg mic rosoma l  p ro te in ,  2.5 mM 
MgC12, 5 mM ATP,  0.25 mM CoA,  1 mM 
DPNH, 0.1 M sod ium p h o s p h a t e ,  0 .125 M 
sucrose,  and  0.15 mM 1 J a C - l a b e l e d  fa t ty  acid 
( 1 . 0  m c / m m o l e )  p repa red  as previously  
descr ibed (10)  at  a pH of  7.0. The  i ncuba t i ons  
were p e r f o r m e d  in 5 ml tes t  t ubes  in a t h e r m o -  

LIPIDS, VOL. 5, NO. 7 



SATURATED FATTY ACID DESATURATION 613 

TABLEI TABLE II 

Specificity Toward Reduced 
Pyridine Nucleotide 

DPNH a TPNHa, b 

1.12 0.78 
1.15 0.79 
1.04 0.77 
0.98 0.73 

1.07 c -+ 0.077 d 0.77 - 0 . 0 2 6  

aNanomoles of oleate/min/mg microsomal protein. 
bTPNH was added in the same molar quantity as 

DPNH. 
CThe means are significantly different (p ~ 0.05). 
dMean + S.D. of four determinations from pooled 

liver microsomes from four EFA-deficient rats. 

Desaturase Activity 

Fat free diet a Lab chow diet a 

1.69 0.37 
1.04 0.28 
0.89 0.44 
0.90 0.72 
1.51 0.20 
0.84 0.40 
0.78 

1.09 b +0.33 c 0.40 +0.16 

aNanomoles of oleate/min/mg microsomal protein. 
Each value is the average of triplicate determinations 
from a single rat liver microsomal preparation. 

bMeans are significantly different (p ~ 0.01). 
CMean + S.D. 

regulated shaking wate r  ba th .  The  t e m p e r a t u r e  
of the  b a t h  was 40 C unless  o the rwise  ind ica ted  
since th is  was f o u n d  to be  very near  the  opt i -  
m u m  for  all the  acids of  the  series. The  r eac t ion  
was t e r m i n a t e d  by  the  add i t i on  of  1.0 ml of  5% 
m e t h a n o l i c  HC1. One hal f  mi l l igram of  an equal  
m ix tu r e  of  16 :0  and  16:1 was added  to  serve as 
carrier. The  to ta l  l ipids were ex t r ac t ed  by  the  
m e t h o d  of  Bligh and  Dyer  (11) .  The  lipid 
ex t rac t  was dried unde r  a s t r eam of  N 2 w i th  
slight wa rming  and  t h e n  dissolved in 0.1 ml of  
CHC13-methanol  (2:1 v/v)  and  es ter i f ied 
according  to  the  m e t h o d  of  Glass and  
C h r i s t o p h e r s o n  (12) .  An  a l iquot  of  the  m e t h y l  
esters in CHC13 was separa ted  on  glass f iber  
sheets  i m p r e g n a t e d  wi th  silicic acid ( ITLC Type  
SA, G e l m a n  I n s t r u m e n t  Co., A n n  A r b o r )  
previously  d ipped  in a 1% so lu t ion  of  AgNO 3 in 
m e t h a n o l  accord ing  to the  m e t h o d  of  Gra f f  et  
al. (13) .  With  the  aid of 2 ,7 -d ich lorof luoresce in ,  
the  b a n d s  of  the  sa tu ra ted  and  m o n o u n s a t u -  
rated esters  were made  visible, marked ,  cut  
f rom the  paper  and  placed in sc in t i l la t ion  vials. 
The  vials were filled wi th  15 ml of  a t o luene -  
based sc in t i l la t ion  so lu t ion  con ta in ing  5.5 g of  
P e r m a b l e n d  III (Packard  I n s t r u m e n t s  Co.,  
Downers  Grove,  Ill.) per  l i ter.  The  rad ioac t iv i ty  
was d e t e r m i n e d  in a Packard  l iquid sc in t i l l a t ion  
spec t rome te r .  The  values for  de s a t u r a t i on  were 
first ca lcu la ted  as percentages  and  t h e n  con-  
ver ted  to  n m o l e s / m i n / m g  of  p ro t e in  by  use of  
app rop r i a t e  factors .  

RESULTS AND DISCUSSION 

The  assay descr ibed above  is coupled  to  acyl  
ac t iva t ion  of  the  free acid to the  CoA deriva- 
tive. It  was necessary,  the re fo re ,  to  d e m o n s t r a t e  
t ha t  de sa tu r a t i on  r a the r  t h a n  acyl ac t iva t ion  
was the  ra te  l imi t ing  step. In our  sys tem,  we 

f o u n d  the  value for  acyl d e s a t u r a t i o n  by  n o r m a l  
rat  liver mic rosomes  to be 0 .40  n m o l e s / m i n / m g  
which  compares  favorab ly  w i th  the  value of  
0 .35-0 .40  n m o l e s / m i n / m g  for  the  de sa tu r a t i on  
of  s tearyl  CoA (1).  This  ind ica tes  t ha t  the  CoA 
derivat ive was gene ra t ed  in si tu at  a ra te  suffi-  
c ient ly  rapid no t  to  be the  l imi t ing fac tor .  
Indeed ,  the  data  of Pande  and  Mead (14)  and of  
Gra f t  and H o l m a n  ( u n p u b l i s h e d  resul ts)  for  the  
ac t iva t ion  of 10:0,  12:0,  14:0 ,  16 :0  and  18:0  
to the  CoA der ivat ive  suggest t ha t  the  ra te  of  
acyl ac t iva t ion  is 10 to 80 t imes  t ha t  of  desatu-  
ra t ion .  Nakagawa and  U c h i y a m a  (15)  f o u n d  the  
rates  of acyl CoA f o r m a t i o n  f rom 16:0  and  
18:0  to be near ly  ident ica l  and  t he r e fo re  no t  
respons ib le  for  the  d i f fe rence  in the  ra tes  of  
de s a tu r a t i on  of  the  two  acids. F r o m  these  data  
we conc lude  t ha t  acyl desa tu ra t ion ,  n o t  acti-  
va t ion ,  is the  ra te  l imi t ing  step in our  assay, and  
we assume t h a t  the  same ho lds  t rue  for  the  
odd-cha in  l eng th  f a t t y  acids tes ted.  

Figure  1 reveals t he  re la t ionsh ip  of  ini t ia l  
veloci ty  to  subs t ra t e  c o n c e n t r a t i o n .  The  ra te  is 
i n d e p e n d e n t  of  subs t ra t e  c o n c e n t r a t i o n  f r o m  
100 to  3 0 0 / a M  18:0.  With m i n o r  va r ia t ion  th is  
was f o u n d  to be  t rue  for  t he  o t h e r  acids. The  
assays of  ini t ial  rates  at  low subs t r a t e  concen-  
t r a t ions  were no t  s tud ied  because  of  an un-  
k n o w n  and  u n c o n t r o l l a b l e  level of e n d o g e n o u s  
free f a t t y  acids. If  t he  c o n c e n t r a t i o n  of  endo-  
genous  f a t t y  acids were large in c o m p a r i s o n  to 
the  added  subs t ra te ,  Michael is  c o n s t a n t s  derived 
f rom 1 / [V]  vs. 1 / [S]  wou ld  give a n o m a l o u s  
results .  

F igure  2 d e m o n s t r a t e s  the  l inear i ty  of  the  
assay of  de sa tu r a t i on  of  18 :0  to 18:1 by  micro-  
somes f rom rats  fed fat-free and  lab chow diets.  
A l t h o u g h  the  ra tes  were l inear  for  all acids for  
30 min ,  the  da ta  p re sen ted  in the  ba lance  of  
this  work  were o b t a i n e d  f rom i n c u b a t i o n  t imes  

LIPIDS, VOL. 5, NO. 7 



614 J.R. PAULSRUD, S.E. STEWART, G. GRAFF AND R.T. HOLMAN 

-1.5 

! 

I 

I0 12 14 1(5 18 
Carbon Atoms 

FIG. 4. The substrate specificity of desaturation as 
measured at 40 C in four separate microsomal prepara- 
tions. 

of  15 min  for acids of  14 to 19 c a r b o n  a toms .  
Fo r  the  acids 10:0  to 13:0 ,  the  r eac t ion  was 
l inear  to  at least 1 hr. Longer  i n c u b a t i o n  t imes  
were used when  s tudy ing  these  acids in o rde r  to  
have suff ic ient  m o n o e n e  to be accura te ly  deter -  
mined .  For  the  same reason,  i.e., h igher  
m o n o e n e  p r o d u c t i o n ,  E F A  def ic ien t  ra ts  were 
used for  the  ba lance  of  the  work  r epo r t ed  in 
this  paper .  

The  rate  of  de sa tu r a t i on  of  18:0  is d i rec t ly  
p r o p o r t i o n a l  to  the  a m o u n t  of  added  micro-  
somal  p ro te in  over the  range of  0.5 to  2.0 mg 
shown  in Figure 3. These  data ,  t oge the r  wi th  
those  in Figures  1 and  2, clearly show t h a t  the  
assay descr ibed here  gives a t rue  measure  of  
ini t ial  veloci ty  u n d e r  pseudo first order  r eac t ion  
cond i t ions .  

Osh ino  et al. (1) f o u n d  DPNH to be more  
eff ic ient  t h a n  TPNH as a h y d r o g e n  (e l ec t ron)  
d o n o r  for  acyl desa tu ra t ion .  Table I shows t ha t  
the  same is t rue  in our  assay system. 

The  in f luence  of  diet  on the  level of  acyl 
desa turase  in liver mic rosomes  is s h o w n  in 
Figure  2 and  Table  II. The  m a i n t e n a n c e  of  ra ts  
on  a fat-free diet  results  in a s ignif icant  increase  
in this  e n z y m a t i c  ac t iv i ty  c o m p a r e d  wi th  
normals  m a i n t a i n e d  on  lab chow. The  act ivi ty  
does no t  vary s igni f icant ly  wi th  the  l eng th  of  
t ime  on  the  fat-free diet  f rom seven days to  18 
m o n t h s .  S ta rva t ion  of the  fat  def ic ien t  ra ts  for  
24 hr  r educed  the  level of  acyl desa turase  be low 
tha t  of  the  controls .  This  is in ag reemen t  wi th  
the  da ta  of  Uch iyama  et al. (4). 

F igure  4 presen ts  the  f indings  for  the  

TABLE III 

Energies of Activation for the 
Desaturation of 12:0 Through 19:0 

Fatty Acid Kcal/mole 

12:0  18.8 
13:0  15.5 
14:0  -19.2 
15:0 20 .8  
16 :0  16.3 
17 :0  19.8 
18:0  21.8 
19:0  24.1 

specif ici ty  of  acyl desa turase  toward  the  satu-  
ra ted f a t t y  acid series, 10 :0  to 19:0.  Each  of  
the  curves  represen ts  a d i f fe ren t  m i c r o s o m a l  
p repa ra t i on  ob t a ined  f rom the  livers of  E F A -  
def ic ien t  rats. I t  is clear t h a t  desaturase  act iv i ty  
increases wi th  increas ing ca rbon  n u m b e r  f rom 
10:0 t h r o u g h  18:0. Desa tu ra t ion  of  19:0  occurs  
to  a lesser e x t e n t  t han  15 :0  in all cases. Possibly 
19:0 is too  long for  the  enzyma t i c  site. Of  the  
acids t es ted ,  18:0  is clearly the  best  subs t r a t e  
for  desa tu ra t ion .  This is cons i s ten t  wi th  the  fact  
t ha t  18:16o9 is the  p r e d o m i n a n t  m o n o e n e  in 
the  rat .  In fact ,  the  mass  per  cent  of  18:1 
exceeds  t ha t  of  18 :0  in t r iglycerides  and  
phosphol ip ids .  This is no t  the  case for  
1 6 : 1 / 1 6 : 0  (16) .  The  resul t s  for  de sa tu ra t i on  of  
18:0 and  16:0 are in d i sagreement  wi th  the  
data of  Nakagawa and Uch iyama  (15) .  The  dif-  
ference  in results  may  be due to the  non-f i r s t  
order  assay cond i t ions  which  they  used. The i r  
subs t ra t e  c o n c e n t r a t i o n  (12  ~M) is well be low 
the  o p t i m u m  for  our  sys tem ( > 1 0 0  ~M). The  
sys tem descr ibed by J o h n s o n  et al. (5)  used h e n  
liver as the  source of  microsomes .  In the i r  
sys tem,  the  de sa tu r a t i on  of  14:0 was grea te r  
t h a n  or near ly  equal  to  t h a t  of  18:0 and  grea ter  
t han  all o the r  acids tes ted .  The i r  sys t em 
e m p l o y e d  very l i t t le  subs t r a t e  and an u n d e f i n e d  
level of  p ro te in ,  and no  evidence  was given t h a t  
the i r  sys tem was pseudo  first order.  I t  is no t  
clear w h e t h e r  the i r  da ta  represents  the  ra te  of  
de s a tu r a t i on  or the  equ i l ib r ium a t t a ined  for  
each acid.  This u n c e r t a i n t y  precludes  mak ing  a 
decis ion as to  w h e t h e r  the i r  is a t rue phy lo -  
genet ic  d i f fe rence  in acyl desaturase  spec i f i c i ty .  

Ra te  s tudies  p e r f o r m e d  as a f u n c t i o n  of  
t e m p e r a t u r e  (28 to 40  C) were g raphed  in the  
fo rm of  Ar rhen ius  plots  (log 10 veloci ty  versus 
1/T abso lu te ) .  The slopes of  the  lines were 
d e t e r m i n e d  by  the  fo rmu la  of  the  least squares  
using 30 to 60 data  po in t s  for  each acid. F igure  
5 p resen t s  the  resul ts  of  these  de t e rmina t i ons .  
Accord ing  to the  Ar rhen ius  equa t i on  in w h i c h  
log lO has been  s u b s t i t u t e d  for  ln, the  p r o d u c t  
of  the  slope and  2 .303 R w h e n  the  value of  R is 
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FIG. 5. An Arrhenius plot of the desaturation of 

saturated fatty acids of differing chain length. For the 
sake of clarity, the data points have been omitted. See 
text for details. 
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FIG. 6. The logarithm of velocity of desaturafion 
versus substrate chain length as determined at two 
temperatures. 

1.986 kcal/mole gives the energy of activation 
(Ea) for the overall reaction. Table III contains 
the results of these calculations. Despite the 
large differences in the rates of desaturation of 
the various acids, the energies of activation for 
the desaturase reaction are similar for 12:0, 
14:0, 15:0, 17:0 and 18:0. The Ea values may 
be similar because the reaction produces A9 
double bonds regardless of the acyl chain length 
(5). This implies that the rate of the overall 
reaction is dependent on some event other than 
the catalytic event leading to the formation of 
the double bond, assuming that the catalytic 
event has the highest energy of activation. The 
rate of desaturation may be controlled by the 
rate of substrate binding or of product release. 

Fatty acids of chain length 13, 16 and 19 
carbon atoms have greatly different Ea values. 
The Ea value for 19:0 -+ 19: 1, which is much 
higher than that for other acids tested, is 
accompanied by a sharply lower rate of desatu- 
ration. On the other hand, the Ea values for the 
reactions 16:0 -+ 16:1 and 13:0 ~ 13:1 are 
lower than the other acids in the series but are 
not accompanied by sharply higher rates of 
desaturation. That is, the increments of one 
carbon atom beyond 12 do not yield simple 
proportional increments in Ea values. Chain 
lengths of 13:0, 16:0 and 19:0 seem to possess 
some unique characteristic in the reaction. 

Figure 6 is a plot of the logarithm of 
velocity of desaturation versus the substrate 
carbon number for two different temperatures. 
For each temperature, the acids 12:0, 15:0 and 

18:0 fall on a straight line; whereas, the values 
for 11:0, 14:0 and 17:0 form a line slightly 
below that of the former. As would be 
expected from their Ea values (Fig. 5 and Table 
III), the points for 13:0 and 16:0 shift their 
positions with respect to the other acids as a 
function of temperature. The same pheno- 
menon was observed consistently for three 
preparations of microsomes from animals of 
different ages. These data suggest that the satu- 
rated fatty acids fall into three groups, and that 
the members of each group differ by three 
carbon atoms. The Arrhenius plots for desatu- 
ration of 13:0 and 16:0 likewise indicate that 
these acids are quite different from the other 
acids. 

When the data of Abou-Issa and Cleland (17) 
for the acylation of a-glycerolphosphate by 
saturated acyl CoA thioesters are pIotted as the 
logarithm of velocity versus carbon number of 
the substrate, a simple straight line relationship 
is found. This is in contrast to the 3-carbon 
rhythm of specificity in the desaturation of 
saturated acids. We speculate that this rhythm 
in reactivity shown by 11, 14, 17 vs. 12, 15, 18 
vs. 13, 16 is the result of interaction of the 
alkyl chain with a binding site in a highly 
directed fashion, and that the binding site 
should itself possess a repeating 3 atom 
sequence. Binding an alkyl chain to the rela- 
tively polar peptide sequence which has a 
repeating C-C-N sequence, seems thermo- 
dynamically unlikely. Interaction of alkyl 
chains with nonpolar side chains of amino acids 
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is possible ,  bu t  no 3 a t o m  sequence  is readily 
appa ren t .  The  d e s a t u r a t i o n  of  s tearyl  CoA is 
k n o w n  to  cease w h e n  the  lipid c o m p o n e n t s  of  
the  m i c r o s o m e s  are par t ia l ly  r e m o v e d ,  sug- 
ges t ing  the  role of  lipid as a co fac to r  (2). Most  
of  the  m i c r o s o m a l  lipid is p h o s p h o l i p i d  wh ich  
con t a in s  a high p r o p o r t i o n  of p o l y u n s a t u r a t e d  
acids wi th  a r epea t ing  3 ca rbon  uni t :  

2 3 1 2 3 1 2 3 

-CH 2-CH=CH-CH 2-CH=CH-CH 2-CH=CH-CH 2 -  

The  ac t iva ted  m e t h y l e n e  g roups  ( labeled 1) 
could  expla in  a r epea t ing  3 ca rbon  r h y t h m  of  
react ivi t ies ,  if subs t r a t e s  were b o u n d  to a site 
con t a in in g  one  or m ore  such  sys t ems .  In con-  
t ras t ,  t he  l inear p a t t e rn  in the  reac t ion  of  sa tu-  
ra ted  acyl  CoA th ioes te r s  wi th  a -g lyce ro lphos -  
pha te  suggests  tha t  in this  case i n t e r ac t i on  of  
subs t r a t e  is wi th  s a tu r a t ed  acyl  g roups  in lipids 
of  m ic ro so m es .  Because  m i c r o s o m e s  carry  such  
a large p r o p o r t i o n  of  phospho l ip id s ,  the  asso- 
c ia t ion  of  the  acyl  CoA wi th  the  m i c r o s o m a l  
surface  m a y  be in the  one  case wi th  the  
pos i t ion  2 f a t ty  acids,  and  in the  o the r  wi th  the  
pos i t ion  1 f a t ty  acids of  the  phospho l ip ids .  
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