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ABSTRACT 

The desaturation of 14C-l-linoleic 
acid to 3'-linolenic acid and their incorpo- 
ration into the microsomal lipids of rats 
fed on a balanced diet and a protein diet 
were measured in vitro. It was shown that 
a protein diet does not change signifi- 
cantly the distribution of the radioac- 
tivity among the different lipidic frac- 
tions compared to the animals fed on a 
balanced diet. However the microsomal 
desaturation.of linoleic acid to 7-1inolenic 
acid increased in the rats maintained on a 
protein diet. Besides, the amount and 

composition of the free fatty acids 
present in the microsomes of the animals 
fed on both diets were similar enough to 
discard the hypothesis that they may 
modify the desaturation of linoleic acid 
produced by the diet. The enzymic ac- 
tivity of the linoleyl desaturase of liver 
microsomes of animals fed on a protein 
diet, measured in substrate saturating 
conditions, is greater than in animals with 
balanced diet. Consequently the results 
support the hypothesis that a protein diet 
increases specifically the desaturating 
activity of the microsomes. 

I N T R O D U C T I O N  

Studies on the biosynthesis of polyenoic 
fatty acids in liver microsomes from normal rats 
have demonstrated that a protein diet produces 
an inc.rease in the desaturation of linoleic acid 
to "y-linolenic acid (1). Considering that this 
increase produced by the diet is maintained 
during 24 hr but is not evoked when Actino- 
mycin D, Puromycin or Cycloheximide are 
simultaneously injected, it was thought that the 
protein diet probably increased the linoleic acid 
desaturation by induction of the 6-desaturase 
(1). Nevertheless, such an effect could be 
produced by another mechanism. 

One of the characteristics of liver micro- 
somes is that they contain a large amount  of 
phospholipids, especially phosphatidylcholine, 
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and a smaller amount of triglycerides, choles- 
terol, cholesterol esters and free fatty acids (2). 
Besides, the enzymes that intervene in the 
synthesis and degradation of the different 
lipidic fractions are present in the microsomes. 
Brenner et al. (3) have demonstrated that liver 
microsomes not only convert linoleic acid into 
tinoleyt-CoA and desaturate it into 74inolenyl- 
CoA, but also incorporate both acids into 
phospholipids. The same authors have found 
evidence of the competition of the synthesis of 
phospholipids with the desaturation reaction 
for the fatty acids in the microsomes (4). 
Therefore the effect of the proteins could be 
produced through a modification of phospho- 
lipid synthesis and also by a change in the 
distribution of the microsomal lipidic fractions. 
This change would produce a variation in the 
total proportion of linoleic acid and 3,-linolenic 
acid. For this reason the incorporation of 
linoleic acid in the microsomal lipids and the 
desaturation to 3,-linolenic acid were studied in 
animals fed on a balanced diet and a protein 
diet. 

On the other hand, the desaturation of 
linoleic acid to 7-1inolenic acid measured in 
vitro 'depends on the presence and concentra- 
tion of other free fatty acids in the medium, as 
it has been demonstrated before (5). Therefore 
we also considered it of importance to investi- 
gate the amount and composition of the free 
fatty acids of the microsomes before and after 
the incubation, of animals fed on a balanced or 
protein diet. 

M A T E R I A L  A N D  METHODS 

Animals 

Adult female Wistar rats weighing 250-300 g 
and maintained on standard Purina chow were 
used. 
Treatment of Animals 

The animals were divided into two groups of 
five animals each. One group was fed a Purina 
chow diet and water ad libitum, and was used 
as a control. The other group was force-fed a 
20% suspension of casein (Casenolin, Glaxo- 
Argentina) for 48 hr. These animals received 
isocaloric diet (25 kcal/100 g body wt), and the 
total daily food intake was administered ac- 
cordingly at 4 hr intervals. Water was given ad 
libitum. 

363 



364 R.O. PELUFFO, I.N.T. DE GOMEZ DUMM AND R.R. BRENNER 

TABLE I 

Effect of Dietary Protein on the Per Cent Distribution of 
Labeled Fatty Acids in the Microsomal Lipids After Incubation a 

Incubation time 

5 min 20 rain 

Thin layer Balanced Protein Balanced Protein 
chromatography zones diet diet diet diet 

Origin b 0.8c• 0.13 0.7 -I- 0.1 1.5 • 0.3 1.5 _ 0.3 
Lisophosphatides 0.7 + 0.07 0.7 - 0.1 1.5 -t- 0.2 1.6 -I- 0.2 
Choline phospbatides 12.0 + 2.7 11.1 + 2.3 29.8 • 6.3 32.3 • 3.7 
Ethanolamine phosphatides 13.3 -I- 2.0 9.1 + 1.9 8.4 • 0.5 6.4 • 0.8 
Free fatty acids 25.4 +4.8 31.1 -I-4.9 13.1 •  11.8 •  
Neutral lipids 47.8 • 3.7 47.3 • 4.6 45.7 • 6.4 46.4 • 4.2 

alO nmoles of 14C-l-linoleic acid were incubated with 2 mg microsomal protein at 25 C 
with the cofactors detailed in the Materials and Methods. 

bLipids were separated in choloroform-methanol-water 65:25:3 v/v/v. 
CMean values of five observations + one standard error of the mean (SEM). 

Isolation of Mierosomes and Assay Procedure 

The  rats were killed by d e c a p i t a t i o n  w i t h o u t  
anesthesia .  The  liver was rapid ly  excised,  and  
placed immed ia t e ly  in ice cold  h o m o g e n i z i n g  
med ium.  The fiver was then  h o m o g e n i z e d  in a 
cold so lu t ion  (3:1 v /w)  cons i s t ing  o f  0.15 M 
KC1, 0 .005 M MgC12, 0 .004  M EDTA,  0 .004  M 
N-acetyl -cyste ine ,  0.05 M p h o s p h a t e  bu f f e r  (pH 
7), and 0.25 M sucrose.  Cell debris  and  mi to -  
chondr i a  were r emoved  by  s e d i m e n t a t i o n  at  
12 ,000 x g for  10 min  at 0 C. The  m i c r o s o m e s  
were isola ted in the  cold by  d i f fe ren t ia l  cent r i -  
fuga t ion  at 140 ,000  xg for  60  ra in  in a Sp inco  
Model  L2 cent r i fuge  as descr ibed previous ly  
(3,6) .  

The desa tu ra t ion  of  l inoleic acid to ")'- 
l inolenic  acid by  liver m i c r o s o m a l  p r e p a r a t i o n  
was measu red  by e s t ima t ion  of  the  conve r s ion  
p e r  c e n t  o f  14C_l . l inole ic  acid (53 .0  
m c i / m m o l e ;  98% Rad iochemica l ly  pure ,  Radio-  
chemical  Centre ,  Amersham,~ Eng land)  to  7- 
l inolenic  acid. Ten nmoles  of  labe led  l inoleic 
acid were i n c u b a t e d  wi th  2 mg  of  m i c r o s o m a l  
p ro te in  in a D u b n o f f  Shaker  at  25 C for  5 or  20  
min  in a t o t a l  vo lume  of  3 ml  of  a 0 .15 M KC1, 

TABLE II 

Specific Radioactivity of Thin Layer 
Chromatography Fractions, cpm/#mole a 

Fraction Balanced diet Protein diet 

Choline 
phosphatides 7130b~ - 1700 13150 +5200 
Ethanolamine 
phosphatides 13720 + 3400 17790-  4400 
Neutral lipids 9555 +_. 2300 13140 --. 3200 

aExperimental conditions as in Table I. Micro- 
somes incubated for 20 min. 

bMean values + I SEM. 

0.25 M sucrose so lu t ion  c o n t a i n i n g  4 /1moles 
ATP,  0.2 jumoles CoA, 2.5 btmoles NADH, 15 
/~moles MgCI2~, 4.5 /amoles g lu ta th ione ,  125 
/ lmoles  NaF,  1 /~moles n i c o t i n a m i d e  and  125 
/1moles p h o s p h a t e  buf fe r  (pH 7). The dis t r ibu-  
t ion  of  rad ioac t iv i ty  b e t w e e n  subs t ra t e  and 
p r o d u c t  was measu red  by  gas l iquid  radio-  
c h r o m a t o g r a p h y  of  the  m e t h y l  esters in a Pye 
appara tus  wi th  a p r o p o r t i o n a l  c o u n t e r  u n d e r  
the  cond i t ions  descr ibed in a previous  work  (1). 

To measure  the  specific act ivi ty of  l inoleic 
acid desaturase ,  the  e f fec t  of  t ime,  subs t ra te  
c o n c e n t r a t i o n  and  a m o u n t  of  e n z y m e  were 
specially tes ted  and fixed. The i n c u b a t i o n  
m e d i u m  con ta ined :  4 /~moles  ATP,  0.2 ~umoles 
CoA, 2.5 /amoles NADH,  7.5 /amoles MgC12, 
2.25 /amoles g lu t a th ione ,  6 2 . 5 / a m o l e s  NaF,  0.5 
/~moles n i c o t i n a m i d e  and  62.5 / lmoles  phos-  
pha t e  bu f f e r  (pH 7) in a to t a l  vo lume of  1.5 ml 
0.15 M KC1 and  0.25 M sucrose so lu t ion .  The 
i n c u b a t i o n  p rocedu re  was the  same as before.  

The ef fec t  o f  t ime of  i n c u b a t i o n  on  the  
l inoleic acid conve r t ed  to 7-1inolenic acid is 
s h o w n  in Figure 1. Up to  30  min  the  convers ion  
increased l inear ly  wi th  t ime.  There fo re  30  rain  
of  i n c u b a t i o n  were chosen  to get the  h ighes t  
possible yield and  increase the  accuracy  of  the  
m e a s u r e m e n t .  Besides, the  l inoleic  acid desatu-  
r a t ion  was p r o p o r t i o n a l  to  the  a m o u n t  of  
e n z y m e  up to 5 m g  of  mic rosoma l  p ro te in .  Fo r  
this reason  the  desa tu ra t ing  specific act ivi ty  of  
the  m i c r o s o m e s  was measu red  in the presence  
o f  5 mg  m i c r o s o m a l  p ro t e in  dur ing  3 0 min  and  
wi th  increas ing c o n c e n t r a t i o n s  of  14C-l - l inole ic  
acid f rom 3.3 x 10 -2 mM to  13.2 x 10-2 mM 
(d i lu ted  wi th  un labe led  fa t ty  acid to  m a i n t a i n  
2 0 0 , 0 0 0  cpm in each  tube) .  
Lipid Fractionation 

The lipids of  the  i n c u b a t i o n  sys tem were 
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TABLE III 

Desaturation Per Cent of Linoleic to -y-Linolenic Acid in Lipidic Fractions a 
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Incubation time 

5 rain 20 rain 

Thin layer Balanced Protein Balanced Protein 
chromatography zones diet diet diet diet 

Origin 9.4 14.1 30.1 42.0 
Lisophosphatides 9.1 11.3 28.6 33.5 
Choline phosphatides 3.9 7.4 12.1 17.6 
Ethanolamine phosphatides 4.1 11.0 9.4 24.0 
Free fatty acids 3.0 3.5 18.8 32.9 
Neutral lipids 5.0 10.3 10.1 16.7 
Total lipids 6.4 9.2 18.7 26.1 

aExperimental conditions as in Table II. 

ex t r ac t ed  w i th  c h l o r o f o r m - m e t h a n o l  2:1 v/v. 
The  l ipid ex t r ac t  ob t a ined  was freed o f  non l ip id  
impur i t i es  by  the  p rocedu re  of  Fo l ch  et  al. (7),  
c o n c e n t r a t e d  in a ro tary  evapora to r  at r oom 
t e m p e r a t u r e ,  made  up  in c h l o r o f o r m - m e t h a n o l  
2:1 v/v,  and  s tored  at  4 C. Al iquots  of  this  
s tock  so lu t ion  were evapora ted  u n d e r  n i t r ogen  
and  ana lyzed  by  th in  layer  c h r o m a t o g r a p h y  
(TLC) on  pla tes  of  Silica Gel G (Merck) .  The  
l i p i d s  w e r e  separa ted  wi th  c h l o r o f o r m -  
m e t h a n o l - w a t e r  6 5 : 2 5 : 3  v/v/v.  The  spots  were 
c o m p a r e d  to  s tandards  run  at the  same t ime.  
They  were deve loped  w i th  iodine  vapor .  The  
c o r r e s p o n d i n g  f rac t ions  of  the  samples  were 
scraped off  and  e i the r  p h o s p h o r o u s  d e t e r m i n e d  
accord ing  to  Doizaki  and  Zieve (8)  o r  f a t ty  acid 
es ter  groups  fo l lowing  R a p p o r t  and  Alonzo  (9). 
Al iquo ts  were c o u n t e d  in a Mark 1, Nuc lear  
Chicago sc in t i l la t ion  c o u n t e r  wi th  sc in t i l l a t ion  
so lu t ion  p repa red  accord ing  to Bray (10).  O t h e r  
a l iquots  were h e a t e d  wi th  m e t h a n o l i c  3 M He1 
for  3 h r  at 68 C and  label  d i s t r i bu t i on  in fa t ty  
acid m e t h y l  esters analyzed by  gas l iquid 
r a d i o c h r o m a t o g r a p h y  as fo rmer ly  descr ibed  (1). 

Free Fatty Acids 

The free fa t ty  acid c o n t e n t  of  t he  micro-  
somes  was d e t e r m i n e d  by  TLC on pla tes  of 
Silica Gel  G (Merck) .  They  were separa ted  w i th  
redis t l l led p e t r o l e u m  e the r -e thy l  e ther-glacial  
acetic acid 7 0 : 3 0 : 1 . 2  v/v/v.  S tandards  o f  pure  

TABLE IV 

Free Fatty Acids in Microsomes, nmoles]mg protein 

l inoleic acid (10,  20  and  40  n m o l e s )  were run  at 
the  same t ime.  Lipid c o m p o n e n t s  were l oca t ed  
by  aqueous  sulfuric acid ( 1 : 1 v /v)  spray  and  the  
plates  were h e a t e d  for 30  min  at 180 C. The  
a m o u n t  of  fa t ty  acids was measu red  wi th  a 
Zeiss PMQ II s p e c t r o p h o t o m e t e r  for  ch roma-  
tograms.  The  l ight  abso rbed  by  the  spots  o f  the  
fa t ty  acids was measu red  and  c o m p a r e d  wi th  
the  s t andards .  

The  c o m p o s i t i o n  of  the free f a t t y  acids 
separa ted  by  TLC was d e t e r m i n e d  by  ana lyz ing  
the i r  m e t h y l  esters by  gas l iquid  c h r o m a t o g -  
r aphy  in a Pye appara tus  wi th  an ar'gon ioniza-  
t ion  de tec to r .  Six foo t  co lumns  h e a t e d  to 
1 8 0 C  and  packed  w i th  10% p o l y e t h y l e n e -  
glycol succ ina te  c h r o m o s o r b  W ( 8 0 - 1 0 0  mesh)  
were used.  The  ma in  peaks  were iden t i f i ed  by  
c o m p a r i s o n  of  the  adjus ted  r e t e n t i o n  t imes  
relative to  s teara te  w i th  the  c o r r e s p o n d i n g  
s tandards .  F a t t y  acid c o m p o s i t i o n  was calcu- 
la ted  measur ing  the  surface of  the  peaks  by  
t r i angula t ion .  

RESULTS AND DISCUSSION 

In our  e x p e r i m e n t a l  cond i t i ons ,  t he  desatu-  
r a t ion  of  l inoleic  acid to  7-1inolenic acid is 
p e r f o r m e d  in the  mic rosomes  t h r o u g h  a series 
of  reac t ions .  The l inoleic acid is f irst  c o n v e r t e d  

TABLE V 

Composition of Microsomal Free Fatty Acids 
of Animals Fed on Balanced Diet and Protein Diet 

Fatty 
acids Balanced Protein 

Diet Before incubation After incubation 
C16 

Balanced 34.8a+ 3.3 20.5 + 1.3 C 16:1 
P)0.05 C 18 

Protein 48.1 +7.0 19.5 + 3.4 C 18:1 
P(0.001 C 18:2 

C 20:4 
aMean values + 1 SEM. Others 

36.0 37.8 
4.2 6.7 

24.3 25.3 
13.4 13.4 

2.5 2.2 
10.7 10.4 

8.9 4.3 
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FIG. ] .  Effect of  time on the speed of  Lino]eic UnoJsJ�9 me4 
acid desaturation to ~-lJnolerdc acid. Five milligrams 
zrdcrosomal protein Lncubated with 100 nmotes of FIG. 2. Effect o f  a protein diet on the substrate 
labeled linoleic acid. saturation curve of  linoleic acid desaturation. 

into linoleyl-CoA and then at least two types of 
reactions are performed: the desaturation into 
7-1inolenyl-CoA on one hand, and the esterifica- 
tion to synthesize principally phospholipids and 
triglycerides on the other. The esterification of 
linole,cl-CoA must be considered as a reaction 
parallel to the desaturation, and if it decreases 
under certain conditions, it may consequently 
favor the desaturation. Because of these 
reasons, liver microsomes were incubated with 
14C-l-linoleic acid in desaturating conditions, 
studying the distribution of radioactivity 
among the different microsomal lipidic frac- 
tions (Table I). 

The results in Table I show the per cent of  
labeling of the different lipidic fractions of  the 
microsomes after 5 and 20 min of incubation. 
They show a rapid labeling in all the lipids, 
including a remarkable incorporation in the 
neutral lipids. The radioactivity in the free acids 
decreases with the increase of the time of 
incubation. From 5 to 20 min this decrease is 
correlated with an increase of the per cent of  
radioactivity in the phosphatidylcholine frac- 
tion. After 20 min of incubation it is twice as 
high as that corresponding to the 5 min. During 
this  interval the incorporation into neutral 
lipids remains constant. Consequently the 
labeled acids would be incorporated principally 
by the lecithin during this period. It may be 
pointed out that the fact that incorporation of 
the labeled acid among the fractions of neutral 
lipids remains constant for 15 min, after a rapid 
incorporation during the first 5 min, by no 
means implies a static process, but the existence 
of a turnover, as is demonstrated by the 
increase in the levels of  7-linolenic acid between 
the 5th and 20th min of incubation (Table III). 

The data in Table I also show that a protein 
diet does not  change significantly the distribu- 
tion of  the radioactivity among the free acids 
and the different lipidic fractions when com- 
pared to the animals fed on a balanced diet. 

The measuring of  the specific activity of  the 
p h o s p h  at idylcholine,  phosphatidyleth anola- 
mine and triglyceride fractions (Table II) also 
shows similar values for the normal rats and the 
rats maintained on a protein diet. 

Table III shows the per cent of distribution 
of  radioactivity among linoleic acid and its 
conversion product,7-1inotenic acid, in each of  
the lipidic fractions. The microsomes were 
incubated 5 and 20 min. The data indicate that 
there is an increase in the conversion per cent 
of linoleic acid to 7-1inolenic acid along with 
the time of incubation, and that this increase is 
shown in all the lipidic fractions when the rats 
are maintained either on a normal or a protein 
diet. Besides, the protein diet increases the 
microsomal desaturation of linoleic acid to 
7-1inolenic acid, and this increase is distributed 
in a similar way among all the lipidic fractions. 

Therefore, and considering that in our ex- 
perimental conditions the incorporation of 
labeled acids into the different lipidic fractions 
of the microsomes is not substantially modified 
when a protein diet is administered, and that on 
the other hand the desaturation is increased in 
all the same fractions, we may suppose that the 
increase of desaturation cannot be attributed to 
a modification of lipid synthesis or to a change 
in the incorporation of substrate or product, or 
both, in the lipidS. Therefore the protein diet 
apparently produces the increase of  linoleic 
acid desaturation by means of a different 
mechanism. 

In previous experiments we have demon- 
strated that the microsomal conversion of 
linoleic acid to 3'-linolenic acid, measured in 
vitro, depends on the presence and concentra- 
tion of other fatty acids in the incubation 
medium (3,5,11,12). Considering that the in- 
crease of desaturation observed in the liver 
microsomes caused by a protein diet could 
depend on a modification in the concentration 
of free fatty acids in the microsomes, we 
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measured  the  a m o u n t  of  free f a t ty  acids p resen t  
in t hem,  be fo re  a n d  a f te r  the  i n c u b a t i o n  per iod ,  
and  for  animals  fed on  b o t h  diets.  The  resul ts  
are s u m m a r i z e d  in Table  IV. As can be  
observed a l though  there  are s igni f icant  differ- 
ences  in the  f a t ty  acid c o n t e n t  of  the  micro-  
somes  before  and  af te r  i n c u b a t i o n  ( P < 0 . 0 0 1 ) ,  
there  are n o t  s ignif icant  d i f ferences  b e t w e e n  
the  con t ro l  g roup  and  the  group w i t h  p r o t e i n  
d ie t  e i t he r  be fo re  or  a f te r  the i n c u b a t i o n .  So we 
can apparen t ly  re jec t  the  poss ibi l i ty  of  a modi -  
f ica t ion  in the  mic rosomal  free f a t ty  acid 
c o n t e n t  be ing  respons ib le  for  the  increase  in the  
desa tu ra t i on  p r o d u c e d  by  the  p r o t e i n  diet  in 
our  e x p e r i m e n t a l  cond i t ions .  

Never theless ,  cons ider ing  t h a t  the  micro-  
soma1 desa tu ra t i on  of l inoleic  acid to 3,qino- 
lenic acid is mod i f i ed  in d i f fe ren t  ways by  
d i f fe ren t  f a t ty  acids (3 ,5) ,  it was necessary  to 
check  the  c o m p o s i t i o n  of the  free acids of  the  
l iver mic rosomes .  The  results  appear  in Table V 
and  they  show,  as expec ted ,  t h a t  the  composi -  
t i on  does  n o t  have compara t ive ly  i m p o r t a n t  
var ia t ions  b e t w e e n  the  con t r o l  animals  and  the  
ones  m a i n t a i n e d  on  a p r o t e i n  diet .  

There fo re  the  increase  of  the  desa tu ra t i on  o f  
l inoleic acid p r o d u c e d  by  the  p ro t e in  diet  
c a n n o t  be a t t r i b u t e d  to  a change  of  the  
c o m p o s i t i o n  of  the  mic rosoma l  free f a t ty  acids 
i nduced  by  the  p ro t e in  diet .  

F ina l ly ,  F igure  2 c o m p a r e s  the  e f fec t  of  a 
p ro te in  diet  and  a ba l anced  one in the  micro-  
somal  d e s a t u r a t i o n  veloci ty  of  l inoleic  acid to  
~,-linolenic acid for  d i f fe ren t  c o n c e n t r a t i o n s  of  
subs t ra te .  In these  expe r i m en t a l  cond i t ions ,  
subs t ra te  s a t u r a t i o n  curves  are found ,  and  the  
effect  of  col la teral  r eac t ions  on l inoleic  acid 
desa tu ra t i on  are u n d o u b t e d l y  m i n i m i z e d  w h e n  
rising the  h igh  c o n c e n t r a t i o n s  of  subst ra te .  
Therefore ,  in these  c o n d i t i o n s  and  at  the  
p la teau ,  they  may  measure  w i th  r a t h e r  good 
rel iabil i ty the  specif ic  de sa tu ra t i ng  act ivi ty  of  

the  m i c r o s o m e s  for  l inoleic acid.  I t  can be  
observed  t h a t  in  these e x p e r i m e n t a l  c o n d i t i o n s  
the  enzymic  act ivi ty  of liver m i c r o s o m e s  is 
greater  in the  rats  fed a p ro t e in  d ie t  t han  in the  
animals  wi th  n o r m a l  ba lanced  diet.  Conse-  
quen t ly  the  da t a  co l lec ted  in this  series o f  
expe r imen t s  wou ld  add  cons iderab le  evidence 
to  the  h y p o t h e s i s  t ha t  a p ro t e in  d ie t  increases  
specifically the  desa tu ra t ing  act iv i ty  of  the  
microsomes .  Its i m p o r t a n c e  and its m e c h a n i s m  
of  ac t iva t ion  are still to  be f u r t h e r  inves t iga ted .  
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