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SUM.MAtiY 

The incorporat ion into ncutrM glycerides of ~I-~*C]palmitic acid b y  mitochondriM 
and b y  microsomal  enzyme sys tems of rat  liver exceeded marked ly  tha t  of stearic 
and  linoleic acids. 

W h e n  the enzyme  sys tems  were supplied with mixtures  of palmit ic  and  oleic or 
wi th  palmit ic  and linoleic acid, the  incorporat ion of palmit ie  acid was depressed much 
b e y o n d  the di lut ion fac tor  and  the unsa tu ra t ed  f a t t y  acids were preferred for tri- 
glyceride synthes is ,  

The lower incorporat ion of linoleic acid into neutral  glycerides, when suppl ied 
as the  only  acid, was  clue to  the  accumula t ion  of its incorporation, p roducts  in the  
"phospho l ip id  f rac t ion" ,  e luted b y  methanol  from silicic acid columns. 

i n  the  presence of  linoleic acid carrier more  ?_z-ltC~pahnitic acid was  found in 
the  "phosphol ip id  f rac t ion"  than  with pa lmi ta te  as sole acid. 

The iden t i t y  of the  subs tances  in the  "phosphof ip id  f ract ion"  is discussed. 

INTRODUCTION 

The enzymic  syntheses  of t r iglycerides anti phosphol ipids  from fa t ty  acids have  
several  s teps in common,  proceeding via  the  coenzyme-A-ac t iva ted  acid to pttos- 
phat id ic  acid and  diglycerides I. 2. They  differ on ly  in the last step, leading from di- 
glycerides to  t r igtycerides or  to phospholipids.  I t  is of considerable  interest  to  de- 
te rmine  the  fac tors  which push the  react ion chain in one or  the o ther  direction. The 
t y p e  of the  f a t t y  acids  involved in the  synthes is  might  be one of these factors,  since 
it has  been shown tha t  liver phc3pholipids have a character is t ic  composi t ion  as 
regards their  c o m p o n e n t  f a t t y  acids 3. Thus  0nly unsa tu ra ted  f a t t y  acids were found  
in the  a-posi t ion and  on ly  s a tu r a t ed  ones on the  fl es ter  posit ion of liver lecithin. 
Feed ing  [z-14C~stearic acid caused a higher relat ive incorporat ion into phosphol ipids  

... than  d id  labet led palmit ic  and myris t ic  acids, which were incorpora ted  p redominan t ly  
:: in to  the  t r iglyceride fract ionL "With the unsa tu ra t ed  f a t t y  acids only  small amoun t s  
.ii: appea red  in the  phosphol ip id  f ract ion ~. 
:~ In the  present  paper ,  the  effects of various f a t t y  acids on the format ion  of esters 
:. i,~ vit~'o were tes ted  in the  two  enzyme sys tems  from rat  liver, which ca ta lyze  the  
i~ incorpora t ion  of f a t t y  acids into triglyceridesL The interact ion of several  f a t t y  acids 
:i on the  enzyme sys tem,  when suppl ied concurrent ly ,  was  also examined.  

::::Re]ere~tGes p. 8 3. 
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3 I A T E R I A J . S  A N D  M E T H O D S  

Rat-liver homogen.alas, ~n/lach.ondrla and sl@arnatant were  p r e p a r e d  as d e s c r i b e d  
pr,zviously"-. M i c r o s o m e s  were  o b t a i n e d  b y  c e n t r i f u g i n g  t h e  s u p e r n a t a u t  w h i c h  
r e m a i n e d  a f t e r  s e d i m e n t a t i o n  of t h e  m i t o c h o n d r i a ,  a t  o ° for  30 m i n  a t  i o o , o o o  g in 
a Sp inco  cen t r i f uge .  

Enzyme system A re fe rs  t o  t i le " m i t o c h o n d r i a l  s y s t e m  ''~. I t  w a s  c o m p o s e d  of 
0.5 m l  m i t o c h o n d r i a l  s u s p e n s i o n ,  z.5 m l  bo i led  s u p e r n a t a n t ,  o . I  m l  n a t i v e  s u p e r n a t a n t ,  
] o  # m o l e s  of K - A T P ,  20 btmoles  K - p h o s p h a t e  bu f f e r  p H  7-5, I o / ~ m o l e s  MgC|  s w i t h  
t h e  i n d i c a t e d  f a t t y  ac ids  a n d  m a d e  u p  t o  3 m l  w i t h  KC1-Tr i s -buf fe rL  

Enzyme system 13 r e fe r s  t o  t h e  " m i c r o s o m a l  s y s t e m " L  I t  c o n t a i n e d  0.25 m l  of  
t h e  s u p e r n a t a n t ,  I O / z m o l e s  s o d i u m - a - g l y c e r o p h o s p h a t e ,  o . I  m g  c o e n z y m e  A (Nu-  
t r i t i o n a l  B i o c h e m i c a l s  Corp.)  a n d  A']TP, MgCI.,  a n d  f a t t y  ac ids  a s  in s y s t e m  A. 

EJzz3,~nc system C was  s imi l a r  t o  s y s t e m  B,  b u t  i n s t e a d  o f  t h e  s u p e r n a t a n t ,  l yo -  
p h y l i z e d  m i c r o s o m e s  in t h e  i n d i c a t e d  a m o u n t s  were  used.  

Incubation w a s  c a r r i e d  o u t  a*. 37 ° for  x5 m i n .  
Extraction and separation of t r i g lyce r ide s ,  p h o s p h o l i p i d s  a n d  f a t t y  ac ids  we re  

c a r r i e d  o u t  as  be fo re  -° , un less  o t h e r w i s e  d e s c r i b e d .  
Radioactive [ally acids were  o b t a i n e d  f r o m  t h e  R a d i o c h e m i c a l  Cen t r e ,  A m e r s h a m ,  

E n g l a n d .  
Carriar/arty acids were  of c o m m e r c i a l  source ,  e x c e p t  for  t h e  l inole ic  ac id ,  w h i c h  

w a s  p r e p a r e d  a c c o r d i ~ g  to  P A R K E R  el aLL 

RESULTS 

I n  the  first  se t  of  e x p e r i m e n t s ,  i t  w a s  e x a m i n e d  h o w  v a r i o u s  c a r r i e r  f a t t y  ac ids  will  
a f fec t  t h e  i n c o r p o r a t i o n  of  [ r - ~ C ] p a l m i t i c  ac id  in to  n e u t r a l  g lyce r ides .  I t  is e v i d e n t  
f r o m  T a b l e  I t h a t  t h e  a d d i t i o n  of p a l m i t i c  a c i d  c a r r i e r  d e c r e a s e d  t h e  p e r c e n t a g e  
i n c o r p o r a t i o n  of [ i -x~C]palmi t ie  ac id  p r o p o r t i o n a l l y  to  t h e  i n c r e a s e  in t o t a l  c o n c e n -  
t r a t i o n .  T h u s  t he  t o t a l  a m o u n t  of  p a h n i t i c  a c i d  i n c o r p o r a t e d  w a s  no t  c h a n g e d  s ignif i -  
c a n t l y  b y  c h a n g i n g  i t s  c o n c e n t r a t i o n  in t i le r e a c t i o n  m e d i u m .  Th i s ,  h o w e v e r ,  w a s  
no t  t h e  case  w h e n  t h e  p a h n i t i c  ac id  c a r r i e r  w a s  r e p l a c e d  b y  oleic o r  l inole ic  ac id .  

TA I:H.E I 
] N F I I B I T | O S  O F  I ' A L M I T I C  A C I D  I S C O R P O R A T 1 O N  I N T O  N E U T R A l -  G[ .YCI '~RIDF .S  

1~" O L E I C  A ~ I )  L I N O L F . T C  ACl l )~ ,  

F<,r c ~ m l p o s i t i o n  o f  r e a c t i o n  m i x t ' z r e s  a n d  c o n d i t i o n s  oI  i n c u b , - t t i o n ,  s e c  5Ii¢'1"1tOl)8. 

Enz),lm" [tiCib¢tl 3" acid Currier aci~ lnco¢p¢~mtion oj [:*C]achi 

~yMcm a&&',l 0. 4 Hmolc added O,6 Itnl(N~¢ ' I~ b O) t COt/IlLS 1¢~ -a Itl[tOl['a 

A pMmitic - -  3t~ t ~o 
A palmitic palmitic 14 140 
A palmitic olcic 5 20 
A palmitic linoleic 5 20 

I3 palmitic --- 30 120 
13 pahnitic palmitic z 2 12o 
t3 palmitic olcic 5 ~o 
I3 pal m i tic linoleic 3.5 t 4 

Re#'J'ences p. ,~'?. 
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In spite of the fact t h a t  the to ta l  f a t t y  acid concentrat ion remained the same, a much  
lower percentage of [x*C]palmitic acid was inSorporated into neut ra l  glycerides and  
the  to ta l  amoun t  incorporated dropped accordingly. This was t rue for both  enzyme 
sys tems tested, the mi tochondr ia l  (A) as well as the microsomaI one (B). 

An a t t e m p t  was then  made  to  ascertain whether  this inhibit ion of pahnit ic  acid 
esterification by  the unsa tu ra t ed  f a t t y  acids was the  result of an overall inhibition of 
esterification, or whether  it was confined to a decrease in the amoun t  of palmitic acid 
esterified, the  u n s a t u r a t e d  acid displacing palmitie acid from the esterified compounds.  
In order  to be able to measure  the incorporat ion of palmitic acid and  Iinoleic acid 
when present at  the same time, exper iments  were set up in which [I-r-~C]palmitic acid 
was incubated  with  linoleic acid carrier, while [I-14CJiinoteic acid wan incubated wi th  
palmlt ie  acid carrier, as demons t ra ted  in "Fable [ I (Mixtures c and d). 

"I 'ABI.[5 I [  

I N C O R P O R A T I O N  I N T O  N I ' : U T R A I ,  G L Y C E R I D E S  U H t N G  M I X T U R E S  O F  P A L M I T I C  A N D  L I . N ' O I . I : ; I C  A C I D  

• F o r  c r m d i t i o n s  ar l t i  c o m p o s i t i o n  o f  r e a c t i o n  m i x t u r e s ,  s eo  5!ETI-IODS. 

J£xpt. E.,ze,vm¢ [tJC]/atO' ae&l C a r r w e  a c M  IncorlTomlio~t  o! ?~C]acht  To ted  
. . . .  incea,porat&m 

z%'o, $'¢.~te'~J,t add~.'d. J~,4 /O~lott a d d e d  " . 4  touo l¢  t!o ,x] ¢0 t$ tS i t :  "a l zmo lcs  z ~  - s  Mmolcx  

1 A {at p a l m i t i c  p a l m i t i c  1 ~-5 i I 6  t t 6  
A (b)  l i n o l e i c  * : -~?cic  ,~,o 64 64 
A [c) p a h n i t i c  l i n o l e i c  5 .z  2o .8  I 97.6 
A (d) l i n o l e i c  p a l m i t i c  19.2 76.8  J 

-~ 6 nag C (a) p a l m i t i c  p a t m i t i c  23 .o  184 i 8 4  
6 m g  C (b) l i no l e i c  l i no l e i c  [_,.o 9b  96  
0 nag C (c) p a l m i t i c  l i no l e i c  ,~.o 3-" 1 
b m g  C (d) l ino le i¢  p a l m i t i ¢  25.0  t o o  t 13" 

3 i zmg C (a) palmitic palmitic 35.0 -,80 -,80 
t 2 m g  C (b) l i n o l e i c  l i n o l e i c  2o .o  i 6 o  160 

z rug  C i t )  p a l r n i t i c  liu~fleic zg.c-, z 1 6  | 
x 2 m g  C {d) l i n o l e i c  p a l m i t i c  _,6.o Io4  ~ _-20 

Since bo th  mixtures  were chemical ly identical,  the  sum of the Ex*CTpalmitic acid 
incorporatiop,  found in mixture  c, and  t h a t  of [vtC]iinoleic acid incorporation,  ob- 
ta ined from mix ture  d, presents the overall formation of neutral  glycerides in tile 
nf ixture of these two acids. As is evident  from Table II ,  in aM cases this to ta l  incorpo- 
rat ion was in te rmedia ry  betwcen tha t  wi th  pa[mitic ~cid alone (mixtures a) and  
linoleie acid alone (mixtures b), when present at  the same tota l  concentrat ion.  There 
was therefore I'o overall  inhihi t ion of the esterifieation process. However,  it is also 
evident  t ha t  out  of the  mix ture  of the two acids, linoleic acid is preferred and  makes 
up  the  bulk of ttle acids esterified, while the incorporat ion of palmitic acid into tri- 
glycerides was largely depressed, as has a l ready  been shown in Table I. This displace- 
ment  of palmitic acid by  linoleic acid was found with  both the ml tochondr ia l  and  
the  microsomal  sys tem (Expts.  i and  z) bu t  became less and  less evident  as the  
enzyme concent ra t ion  was increased (Expt .  3)- 

The preference of the enzyme systems for linoleic acid seemed at  first diflictflt 
to  reconcile wi th  the  addi t ional  finding t h a t  the incorporat ion of linoleic acid in to  

• Re#reuces  p. 83. 
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t r igb ,ce r ides  was  gene ra l l y  lower  t h a n  t h a t  of pa lmi t i c  ac id  w h e n  b o t h  were the  sole 
ac ids  p resen t  (mix tu re s  a a n d  b). i n  spi te  of the  fac t  t h a t  t he  a f f in i ty  of  l inoleic 
ac id  for  s o m e  c o m p o n e n t  of  the  e n z y m e  s y s t e m  exceeded  t h a t  of  pa Imi t i e  acid it  
f o r m e d  less of  the  f inal  p r o d u c t .  This  d i s c r e p a n c y  cou ld  be exp l a ined  b y  a s s u m i n g  
t h a t  iinoleic acid,  a f t e r  go ing  t h r o u g h  the  ini t ial  s teps  of  the  r eac t i on  c h a i n  l e ad ing  
to  t r iglycexides ,  e i ther  a c c u m u l a t e s  as  one  of  the  i n t e r m e d i a t e s  of  th is  c h a i n  or  is 
d i v e r t e d  i n t o  a l t e r n a t i v e  rou tes ,  for  i n s t ance  in to  phosphol ip ids .  

W h e n  the  r eac t ion  p r o d u c t s  p resen t  in the  e t h a n o l - e t h e r  e x t r a c t s  of  t he  v a r i o u s  
r eac t ion  m i x t u r e s  were s u b j e c t e d  to I r a c t i o n a t i o n  on  a silicic ac id  c o l u m n ,  a c c o r d i n g  
to BORGSrROF-M a, it was  f o u n d  (Table  I I I ) ,  t h a t  t he  p e t r o l e u m  e t h e r  e lua te ,  w h i c h  
c o n t a i n e d  the  cho les te ro l  esters,  was  a l m o s t  i n a c t i v e  in all t he  m i x t u r e s  tes ted .  A f t e r  
e lu t ion  of the  t r ig i¥cer ides  a n d  u n r e a c t e d  f a t t y  ac ids  by  ch lorofof in ,  the  res t  of  t he  
a c t i v i t y  cou ld  be e lu t ed  w i t h  m e t h a n o l .  This  m e t h a n o l  e x t r a c t ,  w h i c h  c o n t a i n e d  .the 
phospho l ip ids ,  was  m a r k e d l y  h ighe r  in a c t i v i t y  in the  m i x t u r e s  c o n t a i n i n g  l inoleic  
ac id  t h a n  in those  c o n t a i n i n g  pa lmi t i c  acid.  T h e  c o n v e r s i o n  of ,~i-laC]pa|mitic ac id  
in to  s u b s t a n c e s  be long ing  to the  " p h o s p h o l i p i d  f r a c t i o n "  was  also e n h a n c e d  b y  the  
p resence  of linoleic acid. 

TABLE Il l  

C H R O M A T O G I I A P H I C  F R A C ' E I O N A T I O N  O F  THI{ R E A C T I O N  I~RODU(~' fS  

The alcohol-other extracts front ~xpts. similar to those presented in Table I I  were evaporated 
and the lipid~ wvre dissolved in petroleum oilier and ¢hromatographed on a silicic acid column, 
according to ]~OIZGSTROEM s, The petroleuux other eluate co,trained the cholesterol esters, the 
chloroiorm eluate the neutral fat and fatty acids, and the methanol eluate is referred to as the 
"phospholipid fraction". The neutral glyeorides were separated from unesterified fatty ackl by 
passing their acetone solution through a magnesium oxide-celite column, as described in previous 

publications ~. 

E tp¢. I'-'~lzv,~te sVsh!J~t  [tiC!]ally at'id Carl, h'r tecid 
IX'[]" I added o, 4 i~mofe added o.4 tlmol¢ 

~o i~lt~,~pol, alio~ o] [t~C]acid ittto 

chalt'sterol Jleutrat "phoupgtolipi~l 
ester* glycerMes 1faction" 

6 mg C pa l  m itic pal mitic negligible 30 2"2 
0 mg C palmitic linoleic negligible 20 30 

J z m g  (" pal mitic palmitie negligible 33 33 
2 nag C palmitic linoleic negligible 2,~ 4" 
, mg C linoleic ]inoleic negligible i 2 62 

TABLE 1V 

COSIPARISO_N O~" I .N 'CORPORAEION I N T O  G L Y C E R I D E S  O F  PAI.. '~IITIC A N D  S T ~ A R I C  A C I D S  

For conditions and composition of reaction mixtures, see .Xtl,;THoDs. 

E~lzwm" ~l|C]]otly a£!'tl l}lcoepotatiot! o] [IIG]~IC/~I 

8y~terll a~ldcd o. 4 lgPltole ~ el  COllOidS lO -a I t ~ I C  

A palmitic 26 ~ 04 
A stea tic 12 4 S 

B palmitic 5o zoo 
B steari¢ 30 12  o 

Re?emnces p. 83. 
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In  an addi t iona l  set of exper iments  it was also found t ha t  s tearic acid is much  
less effect ively incorpora ted  in to  tr iglycerides than  palmit ie  acid (TaMe IX'). This  
again was t rue  for the  mi tochondr ia l  and  for the rnicrosomM system. 

DISCUSSION 

The  results  ob ta ined  suggest tha t  linoleic and  oleic acid have  a higher affinity than  
palmi t ic  acid for some enzyme involved in the reac t ion  chain leading to t r ig lyce~des .  
I.n mix tu re s  of the sa tnra ,~d  and  unsa tu ra t ed  acids, the  l a t t e r  are preferent ia l ly  
incorpora ted  into tr iglycerides,  At  the same t ime the a m o u n t  of palmit ic  acid dis- 
placed f rom glyceride fo rmat ion  was found in the  "phosphol ip id  f rac t ion" .  Wi th  

• linoleic acid alone incorpora t ion  was d i rec ted  p r edominan t l y  towards  the  "phospho-  
lipid f rac t ion" .  The  na tu re  of the  main  subs tance  in this f rac t ion is still uncer ta in .  
Prev ious  exper ience  with similar  reac t ion  mix tu res  by KOlZX[.,ERG A.~'D PRmER 9 and 
by  ourselves 6 has shown tha t  the  main componen t  accumula t ing  in the "phosphot ip id  
f r ac t ion"  was phospha t id ic  acid. I t  seems likely tha t  a similar subs tance  is the one 
which is enr iched in the  linoleic acid exper iments .  This could no t  be p roved  conclu- 
s ively by  c h r o m a t o g r a p h y  on s i l ic ic-acid- impregnated paper  TM, since the  substance 
behaved  somewhat  d i f ferent ly  f rom reference phospha t id ic  acid, p repared  from egg 

_lecithin according to  KATES n.  However ,  it is qui te  l ikely t ha t  phospha t id ic  acids 
conta in ing  different  acid com ponen t s  will show differences in ch romatograph ic  
behaviour .  

If  phospha t id ic  acid is the main p roduc t  e l  linole[c acid incorporat ion,"  the 
resul ts  could  be expla ined  b y  assuming t ha t  with the  u n s a t u r a t e d  f a t t y  acids the  
init ial  react ions  leading to phosphat id ic  acid are accelerated.  However ,  the  phos-  
pha tase  which splits phosphat id ic  acid in to  diglyceride and inorganic  phospha t e  
seems to  be inh ib i ted  by  the u n s a t u r a t e d  f a t t y  acids in the  suhs t ra te  and,  therefore ,  
ph0sphat id ic  acid accumula tes .  This assumpt ion  could not  ye t  be tes ted  owing to the 
lack of s a t u r a t e d  and unsa tu ra t ed  phosphat id ic  acids as substrates .  

.YC I(NO ~V IA:. DG l-,XI E.N'£S 
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