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SUMMARY

This th e s i s  d e s c r ib e s  s tu d ie s  in  which r a t  a d ip o c y te s ,  p re p a re d  

by c o lla g e n a se  d ig e s t io n  o f  p a ra m e tr ia l  ad ip o se  t i s s u e ,  were used  to  

examine th e  r e l a t io n s h ip  betw een th e  s y n th e s is  o f  f a t t y  a c id s  and 

t h e i r  su b sequen t e s t é r i f i c a t i o n  in to  t r i a c y lg l y c e r o l s .

The in t ro d u c to ry  c h a p te r  rev iew s th e  l i t e r a t u r e  a v a i la b le  to  

d a te  co n ce rn in g  f a t t y  a c id  and t r i a c y lg l y c e r o l  b io s y n th e s is  in  

ad ip o se  t i s s u e ,  and d is c u s s e s  th e  c o n tro l  o f  each s e p a r a te ly .  I t  

i s  n o te d  t h a t  a lth o u g h  lip o g e n e s is  in  ad ip o se  t i s s u e  has been s tu d ie d  

e x te n s iv e ly ,  i t s  r e l a t io n s h ip  to  th e  s y n th e s is  o f  th e  f i n a l  p ro d u c t, 

t r i a c y l g l y c e r o l s ,  i s  p o o r ly  u n d e rs to o d  p a r t i c u l a r l y  w ith  r e s p e c t  to  

any e f f e c t  on th e  e s t é r i f i c a t i o n  o f  f a t t y  a c id s  in to  p a r t i c u l a r  

p o s i t io n s  o f  th e  t r i a c y lg l y c e r o l  m o lecu le . S tu d ie s  have th e re f o r e  

been made o f  th e  manner in  which f a t t y  a c id s  o f  exogenous o r ig in  were 

u t i l i s e d  f o r  t r i a c y lg l y c e r o l  b io s y n th e s is  by th e  a d ip o c y te  in  v i t r o  

in  com parison to  f a t t y  a c id s  s y n th e s iz e d  de novo by th e  c e l l  from 

low m o le c u la r  w eigh t p re c u r s o r s  o r  by m o d if ic a t io n  o f  p refo rm ed  f a t t y  

a c id s .

A com parison was made betw een th e  r a t e s  o f  e s t é r i f i c a t i o n  o f  

f a t t y  a c id s  s u p p lie d  to  th e  a d ip o c y te s  in d iv id u a l ly  o r  as components 

o f  a f a t t y  a c id  m ix tu re  o f  a com position  s im i la r  to  t h a t  l i k e l y  to  be 

a v a i la b le  to  th e  c e l l .  W h ils t m ost o f  th e  f a t t y  a c id s  in  each 

in s ta n c e  were ta k e n  up and e s t e r i f i e d  in to  t r i a c y l g l y c e r o l s ,  a s i g 

n i f i c a n t  p ro p o r t io n  were re c o v e re d  in  d ia c y lg ly c e ro ls  h av in g  a  slow 

r a t e  o f  co n v ers io n  to  t r i a c y l g l y c e r o l s .  No d if f e r e n c e s  in  th e  r a t e s  

o f  e s t é r i f i c a t i o n  in to  a c y lg ly c e ro ls  were obvious betw een p a lm i t ic ,
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s t e a r i c ,  o l e i c  and l i n o l e i c  a c id s  when su p p lie d  in d iv id u a l ly  b u t o l e i c  

a c id  had th e  h ig h e s t  r a t e  o f  e s t é r i f i c a t i o n  in to  t r i a c y lg l y c e r o l s  when 

th e  same f a t t y  a c id s  were in c u b a te d  as a m ix tu re . U sing a s t e r e o 

s p e c i f i c  a n a ly s is  p ro c e d u re , th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  e s t e r i f i e d  

e x t r a c e l l u l a r  f a t t y  a c id s  in  t r i a c y lg ly c e r o l s  was shown to  d i f f e r  

from th e  n a tu r a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  r a t  a d ip o c y te  t r i a c y l 

g ly c e ro ls  and o l e i c  a c id  formed by th e  des a tu r a t io n  o f  exogenous 

s t e a r i c  a c id  was lo c a te d  p red o m in an tly  in  p o s i t io n  s n -5 . T r ip a lra i to y l-  

g ly c e ro l  was found to  be s y n th e s iz e d  by a d ip o c y te s  in c u b a te d  w ith  

p a lm it ic  a c id  on i t s  own a t  a h ig h  c o n c e n tra t io n .  The r a t e  o f  

d e s a tu r a t io n  o f  s t e a r i c  a c id  was g r e a te r  when th e  s t e a r i c  a c id  sub 

s t r a t e  was s u p p lie d  to  th e  f a t - c e l l s  a lone  th a n  in  th e  p re se n c e  o f  

o th e r  f a t t y  a c id s ,  and in  b o th  in s ta n c e s  th e  o le i c  a c id  p ro d u c t was 

r a p id ly  e s t e r i f i e d  in to  a c y lg ly c e ro l s ,  p red o m in an tly  t r i a c y l g l y c e r o l s .

E xperim ents on f a t t y  a c id  s y n th e s is  de novo from  a c e ta te  o r  

g lu c o se  showed t h a t  th e  r a t e  o f  f a t t y  a c id  s y n th e s is  d e c re a se d  w ith  

th e  age o f  th e  r a t  from which th e  ad ip o c y te s  were p re p a re d . P re p a ra t iv e

G.L.C. w ith  su b seq u en t measurem ent o f  r a d io a c t i v i t y  was used  to  s tu d y  

th e  f a t t y  a c id s  s y n th e s iz e d  from ^ ^ C -la b e lle d  a c e ta te  o r  g lu c o se  and 

e s t e r i f i e d  in to  t r i a c y l -  and d ia c y lg ly c e r o ls .  The p a t t e r n  o f  f a t t y  

a c id s  form ed from  a c e ta te  was found to  be dependent on age , w ith  a 

h ig h e r  p ro p o r tio n  o f  o l e i c  a c id  b e in g  formed by a d ip o c y te s  i s o la te d  

from young r a t s .

The e f f e c t  o f  exogenous f a t t y  a c id s  on th e  s y n th e s is  and 

e s t é r i f i c a t i o n  o f  endogenous f a t t y  a c id s  was s tu d ie d  by in c u b a tin g  

ad ip o c y te s  s im u lta n e o u s ly  w ith  a m ix tu re  o f  f a t t y  a c id s  and e i t h e r  

l a b e l le d  a c e ta te  o r g lu c o se , o r  t r i t i a t e d  w a te r . Whereas th e
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3n c o rp o ra t io n  o f  a c e ta te  and H^O in to  f a t t y  a c id s  was d e c re a se d  in  

th e  p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  f a t t y  a c id  s y n th e s is  from 

g lu co se  was n o t  i n h i b i t e d .  The p a t te r n  o f  t r i a c y lg l y c e r o l  f a t t y  

a c id s  form ed from a c e ta te  was in f lu e n c e d  by th e  p re se n c e  o f  f a t t y  

a c id s  in  th e  in c u b a tio n  medium, u nder which c irc u m stan c es  th e  p ro 

p o r t io n  o f  n e w ly -sy n th e s iz e d  f a t t y  a c id s  in c o rp o ra te d  in to  p o s i t io n  

sn -3  o f  t r i a c y l - s n - g ly c e r o l s  d e c re a se d .

In  a l l  e x p e rim e n ts , d ia c y lg ly c e ro l  was th e  o n ly  in te rm e d ia te  in  

th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay t h a t  ten d ed  to  accu m u la te , and in  

p a r t i c u l a r  w ith  a d ip o c y te s  from m ature r a t s  an accu m u la tio n  in  d ia c y l 

g ly c e ro ls  o f  f a t t y  a c id s  n e w ly -sy n th e s iz e d  from a c e ta te  was o b served  

a t  h ig h  a c e ta te  c o n c e n tr a t io n s .  However, under th e  same ex p e rim en ta l 

c o n d itio n s  exogenous o le i c  a c id  was e s t e r i f i e d  p re d o m in an tly  in to  

t r i a c y l g l y c e r o l s .  The r a t e  o f  d ia c y lg ly c e ro l  co n v e rs io n  to  t r i a c y l 

g ly c e ro ls  was s t im u la te d  when lo n g -c h a in  f a t t y  a c id s  were p r e s e n t  in  

th e  in c u b a tio n  medium. I t  ap p ea red , th e r e f o r e ,  t h a t  in  th e  i n t a c t  

a d ip o c y te , d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  may have been th e  r a t e -  

l im i t in g  enzyme in  t r i a c y lg l y c e r o l  s y n th e s is .

S t r u c tu r a l  a n a ly se s  p roved  t h a t  th e  d ia c y l - s n - g ly c e r o l s  s y n th e s iz e d  

from a c e ta te  o r  g lu c o se  by th e  a d ip o c y te s  were o f  th e  s n - 1 ,2 

c o n f ig u ra t io n .

A c e ta te  c o n c e n tra t io n  d id  n o t  a f f e c t  th e  p a t t e r n  o f  f a t t y  a c id s  

s y n th e s iz e d  de novo b u t  d id  in f lu e n c e  t h e i r  d i s t r i b u t i o n  betw een 

p o s i t io n s  sn-2  and sn -3  o f  t r i a c y lg l y c e r o l s  form ed by a d ip o c y te s  from 

younger r a t s .  No such e f f e c t ,  how ever, was found in  th e  p o s i t i o n a l  

d i s t r i b u t i o n  o f  o le i c  a c id  e s t e r i f i e d  in to  t r i a c y lg l y c e r o l s  from th e  

in c u b a tio n  medium.
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An in v e s t ig a t io n  o f  th e  s u b c e l lu la r  lo c a t io n  o f  a c y lg ly c e ro ls  

n e w ly -sy n th e s iz e d  from v a r io u s  l ip o g e n ic  p re c u r s o r s  by th e  f a t - c e l l s  

was c a r r i e d  o u t u s in g  a r a p id  method f o r  th e  s e p a ra t io n  o f  a d ip o c y te s , 

t h a t  had been in c u b a te d  w ith  la b e l le d  s u b s t r a t e s ,  in to  p a r t i c u l a t e  

and c y to p la sm ic  com ponents.

The f i n a l  c h a p te r  d is c u s s e s  th e  r e s u l t s  p re s e n te d  in  t h i s  

t h e s i s  in  term s o f  t r i a c y lg ly c e r o l  b io s y n th e s is  from exogenous f a t t y  

a c id s  in  com parison to  t h a t  u s in g  en d o g e n o u s ly -sy n th e s iz e d  f a t t y  

a c id s .  A model i s  p roposed  f o r  th e  s y n th e s is  o f  t r i a c y lg l y c e r o l s  in  

th e  a d ip o c y te  in  r e l a t i o n  to  th e  o r ig in  o f  th e  f a t t y  a c id s  used  and 

th e  s i t e  o f  s y n th e s is  o r  e s t é r i f i c a t i o n .



CHAPTER 1. INTRODUCTION

A. F a t ty  Acid B io sy n th e s is  in  A dipose T issu e

1. Adipose T issu e  as a S i te  o f  F a tty  Acid S y n th e s is

P r io r  to  th e  m id -1 9 3 0 's , ad ip o se  t i s s u e  was g e n e ra l ly  reg a rd ed  

as b e in g  a co n n e c tiv e  t i s s u e  f i l l e d  w ith  f a t  d r o p le t s .  The t i s s u e  

was c o n s id e re d  to  have p r im a r i ly  p h y s ic a l  fu n c tio n s  in  body in s u la t io n  

and in  su p p o r tin g  c e r t a in  o th e r  t i s s u e s ,  w h ils t  i t s  im portance as a 

m e ta b o lic a l ly  a c t iv e  t i s s u e  was la r g e ly  u n d e re s tim a te d . (For rev iew s 

o f  e a r ly  l i t e r a t u r e  see  W ertheim er and S h ap iro  (1) and W ertheim er (2 ) ) .  

However, t h i s  concep t was c h a lle n g e d  when Schoenheim er and R it te n b e rg  

(3 ,4 )  c l e a r ly  d em o n stra ted  th e  r a p id  tu rn o v e r  and co n tin u o u s  s y n th e s is  

o f  body f a t  in  m ice, a lth o u g h  f o r  s e v e ra l  y e a rs  a f te rw a rd s  th e  l i v e r  

was s t i l l  b e l ie v e d  to  be th e  p r in c ip a l  s i t e  o f  l ip o g e n e s is  in  

an im als (5 ) .  In 1942 M irsk i (6) p ro v id ed  in d i r e c t  ev id en ce  f o r  th e  

im portance o f  ad ip o se  t i s s u e  as  a s i t e  o f  f a t  s y n th e s is  when he 

found th a t  a d ip o se  t i s s u e  o f  r e f e d  r a t s  had a h ig h  R.Q. v a lu e  and 

p roposed  th a t  th e  t i s s u e  co n v e rted  g lu co se  in to  p ro d u c ts  o f  low 

oxygen c o n te n t ,  p ro b a b ly  f a t t y  a c id s .  Masoro e t  a l  (7) showed t h a t  

th e  l i v e r  was n o t  th e  s o le  t i s s u e  cap ab le  o f  f a t t y  a c id  s y n th e s is  when 

th e y  d em o n stra ted  th e  re c o v e ry  o f  r a d io a c t i v i t y  from in je c te d  ^Re

la b e l le d  g lu c o se  in  f a t t y  a c id s  e x t r a c te d  from th e  c a rc a s s e s  o f  

hep a tec to m ized  r a t s .

More d i r e c t  ev id en ce  came in  1948 from th e  work o f  S hap iro  and 

W ertheim er (8) who found t h a t  r a t  ad ip o se  t i s s u e  in c u b a te d  in  serum 

e n ric h e d  w ith  deu te riu m  ox ide  cou ld  in c o rp o ra te  d eu te riu m  in to  i t s
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f a t t y  a c id s .  L a te r  s tu d ie s  in  1955 showed (9) th e  s y n th e s is  o f  f a t t y  

a c id s  from la b e l le d  g lu c o se , a c e ta te  and p y ru v a te  in  r a t  m e se n te r ic  

a d ip o se  t i s s u e .  S ince  th e  was d i s t r i b u t e d  th ro u g h o u t th e  f a t t y  

a c id  m o lecu le  and was n o t  co n fin e d  to  th e  ca rb o x y l ca rb o n , i t  was 

concluded  th a t  a com plete  new s y n th e s is  had ta k e n  p la c e .  In  th e  same 

y e a r ,  F avager and G erlach  (10) e l im in a te d  th e  s u g g e s tio n  (11) t h a t  

th e  new ly-form ed f a t t y  a c id s  found in  ad ip o se  t i s s u e  a c tu a l ly  came 

from th e  l i v e r ,  by com paring th e  s p e c i f i c  a c t i v i t i e s  o f  new ly- 

s y n th e s iz e d  f a t t y  a c id s  in  mouse m e se n te r ic  ad ip o se  t i s s u e ,  l i v e r  and 

b lo o d .

The s y n th e s is  o f  f a t t y  a c id s  in  ad ip o se  t i s s u e  o f  s p e c ie s  o th e r  

th a n  th e  mouse and r a t  has  been  d em onstra ted  ( f o r  rev iew  see  Rudman 

and G irolam o (1 2 ) ) .

H ausberger e t  a l  (13) su g g e s te d  in  1954 t h a t  when th e  la rg e  

d i f f e r e n c e  betw een th e  l i p i d  and p r o te in  c o n te n t o f  l i v e r  and ad ip o se  

t i s s u e  was ta k e n  in to  acc o u n t, r a t  ad ip o se  t i s s u e  was more a c t iv e  th a n  

r a t  l i v e r  in  f a t t y  a c id  s y n th e s is .  T his su g g e s tio n  was l a t e r  su p p o rted  

by F e l l e r  (14) who r e p o r te d  t h a t  th e  re c o v e ry  o f  r a d i o a c t i v i t y  from 

^ R c - la b e lle d  a c e ta te  in  f a t t y  a c id s  o f  mouse ad ip o se  t i s s u e  was as 

g r e a t  o r  g r e a te r  th a n  th e  re c o v e ry  in  l i v e r  s l i c e s  when compared on a 

f a t - f r e e  wet t i s s u e  b a s i s .  I t  h as  been d em o n stra ted  more r e c e n t ly  (15) 

t h a t  sheep ad ip o se  t i s s u e  hom ogenates have a te n  f o ld  g r e a t e r  l ip o g e n ic  

r a t e  p e r  mg p r o te in  th a n  hom ogenates o f  sheep l i v e r .

The e x te n t  to  which ad ip o se  t i s s u e  s y n th e s iz e s  f a t t y  a c id s  in  

r e l a t i o n  to  o th e r  t i s s u e s ,  v a r ie s  w ith  s p e c ie s .  O'Hea and L e v e il le  

(16) found t h a t  ad ip o se  t i s s u e  p la y e d  a m ajor i f  n o t  an e x c lu s iv e  r o le  

in  th e  s y n th e s is  o f  f a t t y  a c id s  in  th e  p ig .  Both a d ip o se  and h e p a t ic
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t i s s u e s  o f  th e  mouse (17) and r a t  (17 ,18) were a c t iv e  in  f a t t y  a c id  

s y n th e s is ,  w ith  ad ip o se  t i s s u e  a cc o u n tin g  f o r  a t  l e a s t  50% o f  th e  

n e w ly -sy n th e s iz e d  f a t t y  a c id s  and as much as 95% in  m e a l-fed  r a t s .

L iv e r d id ,  how ever, ap p ea r to  be th e  m ajor s i t e  o f  f a t t y  a c id  fo rm atio n  

in  p igeon  (1 9 ) , sparrow  (20) and ch icken  (2 1 ). Low lip o g e n ic  a c t i v i t y  

in  ad ip o se  t i s s u e  may n o t be r e s t r i c t e d  to  av ian  s p e c ie s  s in c e  Shrago 

e t  a l  (22) su g g e s te d  th a t  s y n th e s is  o f  f a t t y  a c id s  de novo was n o t an 

im p o rtan t p h y s io lo g ic a l  fu n c tio n  o f  human ad ip o se  t i s s u e .

In rum inan t a n im a ls , b o th  l i v e r  and ad ip o se  t i s s u e  app ear to  be 

im p o rta n t s i t e s  o f  f a t t y  a c id  s y n th e s is .  Hanson and B a lla rd  (23) 

o b served  in  s tu d ie s  w ith  t i s s u e  s l i c e s  in  v i t r o  t h a t  aged sheep l i v e r  

t i s s u e  and m e se n te r ic  ad ip o se  t i s s u e  had s im i la r  r a t e s  o f  f a t t y  a c id  

s y n th e s is ,  w hereas th e  ad ip o se  t i s s u e  o f  m ature cows had  a th r e e f o ld  

g r e a te r  l ip o g e n ic  r a t e  th a n  l i v e r .  More r e c e n t  s tu d ie s  on non- 

l a c t a t i n g  sheep in  v iv o  by In g le  e t  a l  (24) showed t h a t  ad ip o se  t i s s u e  

was th e  p redom inan t s i t e  o f  f a t t y  a c id  s y n th e s is  w ith  th e  l i v e r ,  

rumen, abomasum and sm all i n t e s t i n e  to g e th e r  c o n t r ib u t in g  o n ly  8% o f  

th e  t o t a l  f a t t y  a c id s  s y n th e s iz e d . The g r e a t e s t  amount o f  f a t t y  a c id  

s y n th e s is  from a c e ta te  p re c u r s o r  o ccu rred  in  th e  p e r i r e n a l  and 

om ental a d ip o se  t i s s u e s ,  a f in d in g  in  agreem ent w ith  t h a t  o f  

H oldsw orth e t  a l  (2 5 ).

A dipose t i s s u e  from d i f f e r e n t  body d ep o ts  a p p a re n tly  p o sse ss  

d i f f e r e n t  r a t e s  o f  l ip o g e n e s is  (2 6 ,2 7 ) , th e  i n t e r n a l  d ep o ts  b e in g  more 

a c t iv e  th a n  th e  subcu taneous ones.

2 . Carbon Source f o r  F a t ty  Acid S y n th e s is

The o r ig in  o f  carbon used  f o r  f a t t y  a c id  s y n th e s is  in  ad ip o se



t i s s u e  ô£ non-ru m in an t mammals u nder norm al c o n d it io n s  i s  g lu co se  

d e r iv e d  from d ie ta r y  c a rb o h y d ra te s . O'Hea and L e v e i l le  (16) demon

s t r a t e d  t h a t  when ^^C -g lucose was u t i l i s e d  as s u b s t r a t e  in  th e  p ig  

v i r t u a l l y  a l l  th e  n e w ly -sy n th e s iz e d  f a t t y  a c id s  were found in  th e  

ad ip o se  t i s s u e  in  v iv o . When mice were fe d  a d i e t  c o n ta in in g  

(U -^R c)glucose (1 7 ) , about 90% o f  th e  r a d io a c t i v i t y  in c o rp o ra te d  in to  

f a t  in  th e  ep id idym al f a t  pads was p r e s e n t  in  th e  a c y lg ly c e ro l  f a t t y  

a c id s  and 10% in  th e  g ly c e ro l  m o ie ty . F la t  and B a ll (28) a ttem p ted  

to  q u a n t i t a t e  th e  m etabolism  o f  g lu co se  by a d u l t  r a t  a d ip o se  t i s s u e  

in  th e  absence o f  horm onal s t im u la t io n  and concluded  th a t  30% o f  th e  

m e ta b o lise d  g lu c o se  carbon was co n v erted  to  g ly c e r id e  f a t t y  a c id s .

In  rum inan t a n im a ls , how ever, l i t t l e  g lu co se  i s  ab so rbed  from 

th e  d ig e s t iv e  t r a c t  due to  m ic ro b ia l d e g ra d a tio n  o f  d ie t a r y  c a rb o 

h y d ra te  in  th e  rumen. The sm all amount o f  g lu co se  a v a i la b le  i s  

produced  by g lu c o n e o g e n e s is , m ain ly  in  th e  l i v e r .  V arious e a r ly  

s tu d ie s  (25 ,29) su g g e s te d  t h a t  p ro d u c ts  o f  rumen m etabo lism  such as 

a c e ta te  and b u ty r a te  a re  th e  m ajor p re c u rs o rs  f o r  f a t t y  a c id s  in  

ru m in an ts . Hanson and B a lla rd  (23) n o te d  th a t  w ith  ad ip o se  t i s s u e  

s l i c e s  from sheep  and cows more ^ R c -a c e ta te  th a n  ^R c-g lucose  was 

in c o rp o ra te d  in to  l i p i d s ,  w hereas th e  converse  was t r u e  w ith  r a t  

ad ip o se  t i s s u e .  T h e ir  r e s u l t s  su g g es ted  th a t  in  b o th  l i v e r  and 

ad ip o se  t i s s u e  o f  ru m in a n ts , a c e ta te  was a more im p o rta n t p re c u r s o r  

o f  f a t t y  a c id s  th a n  was g lu c o se . A s im i la r  s i t u a t i o n  e x i s t s  in  

rum inan t mammary t i s s u e  (30 ,31) where i t  has a ls o  been shown th a t  

3 -h y d ro x y b u ty ra te  i s  used  f o r  f a t t y  a c id  s y n th e s is  (3 2 ).

3. T ra n s fe r  o f  AcetylCoA from M itochondrion  to  Cytoplasm  f o r  F a t ty



5 .

Acid S y n th e s is

S ince  f a t t y  a c id  s y n th e s is  i s  known to  o ccu r in  th e  cy top lasm  

(3 3 ), acetylC oA  produced  in  th e  m itochondrion  by p y ru v a te  dehydro

genase m ust be t r a n s p o r te d  in to  th e  cy top lasm  f o r  u se  in  l ip o g e n e s is .  

I t  i s  g e n e ra l ly  a c c ep ted  t h a t  th e  m ito c h o n d ria l membrane i s  n o t 

d i r e c t l y  perm eable to  acetylCoA  and so some in d i r e c t  method f o r  th e  

t r a n s f e r  o f  a c e ty l  u n i t s  in to  th e  cy top lasm  must o p e ra te .

S ev e ra l mechanisms f o r  t h i s  t r a n s f e r  have been  su g g e s te d  (3 4 ,3 5 ) . 

The h y d ro ly s is  o f  m ito c h o n d ria l acetylCoA  to  a c e ta te  w ith  subsequen t 

d i f f u s io n  o f  th e  a c e ta te  th rough  th e  m ito c h o n d ria l membrane and 

r e s y n th e s is  o f  acetylCoA  in  th e  cy top lasm  has f r e q u e n t ly  been  ru le d  

o u t as i t  appeared  th a t  th e  r a t e  o f  acetylCoA  h y d ro ly s is  was low 

(3 5 ,3 6 ) . However, Rous (37 ,38) h as  r e c e n t ly  p ro v id ed  ev id en ce  f o r  

acetylC oA  le a v in g  th e  m itochondrion  as a c e ta te  o r  a c e to a c e ta te  in  

mouse ad ip o se  t i s s u e .  A c e ty l - c a r in t in e  has a ls o  been  im p lic a te d  (35) 

as a t r a n s p o r te r  o f  a c e ty l  u n i t s  as have a - k e to g lu ta r a te  and 

g lu tam ate  (3 9 ).

The p r e s e n t ly  acc ep ted  concep t f o r  th e  su p p ly  o f  m ito c h o n d ria l 

acetylCoA  f o r  f a t t y  a c id  s y n th e s is  in v o lv e s  th e  t r i c a r b o x y l i c  a c id ,  

c i t r a t e .  S pencer and Low enstein (34) found t h a t  c i t r a t e  se rv ed  as a 

good p re c u r s o r  f o r  f a t t y  a c id  s y n th e s is  in  r a t  mammary t i s s u e  and 

su g g es ted  th a t  c i t r a t e  formed w ith in  th e  m itochondrion  from th e  con

d e n sa tio n  o f  acetylC oA  w ith  o x a lo a c e t ic  a c id  by th e  enzyme c i t r a t e  

s y n th e ta s e  (EC 4 . 1 .3 .7 ) ,  d if fu s e d  th rough  th e  membrane in to  th e  

cy top lasm  where i t  was c leav ed  to  y ie ld  o x a lo a c e t ic  a c id  and acetylCoA  

fo r  u se  in  f a t t y  a c id  s y n th e s is .  S im ila r  s tu d ie s  w ith  av ian  l i v e r
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F ig . 1 .1 . F a tty  a c id  s y n th e s is  in  n on -rum inan t ad ip o se  t i s s u e ,  

showing th e  'm a la te  c y c l e ' .

G -6-P, g lu co se  6 -p h o sp h a te ; F -6 -P , f r u c to s e  6 -p h o sp h a te ; 

OAA, o x a lo a c e ta te ;  T .C .A ., t r i c a r b o x y l i c  a c id .



(40) su p p o rted  t h i s  s u g g e s tio n  and showed t h a t  th e  c i t r a t e  c leav ag e  

enzyme, o r  c i t r a t e  ly a se  (EC 4 .1 .3 .6 )  was ATP and CoA dependen t.

The e x is te n c e  o f  t h i s  method o f  acetylCoA  t r a n s f e r  in  ad ip o se  

t i s s u e  was a p p a re n t a f t e r  th e  d em o n stra tio n  (41) o f  a v e ry  a c t iv e  

c i t r a t e  c leav ag e  enzyme which was s tim u la te d  s ix f o ld  by d i e t s  which 

induced  l ip o g e n e s is  in  r a t  ep id idym al ad ip o se  t i s s u e .  In th e  same 

s tu d y , th e  n u t r i t i o n a l  s t a t e  o f  th e  anim al was found to  a l t e r  th e  

a c t i v i t y  o f  NADP-dependent m ala te  dehydrogenase o r 'm a l ic  enzyme'

(EC 1 .1 .1 .4 0 )  in  a manner v e ry  s im i la r  to  t h a t  o f  c i t r a t e  ly a s e ,  

s u g g e s tin g  th a t  th e  two enzymes o p e ra te d  to g e th e r  in  l ip o g e n e s is  in  

ad ip o se  t i s s u e .

To r e l a t e  th e  a c t i v i t i e s  o f  th e  c i t r a t e  c leav ag e  and m a lic  

enzymes, K ornacker and B a ll (41) p roposed  th a t  o x a lo a c e ta te  produced 

by c i t r a t e  c leav ag e  cou ld  be reduced  to  m a la te  by th e  enzyme m a la te  

dehydrogenase (EC 1 .1 .1 .3 7 )  u s in g  NADH g e n e ra te d  by g ly c o ly s is .  

M alate so produced  cou ld  th e n  a c t  as a s u b s t r a te  f o r  m a lic  enzyme in  

th e  co n v ers io n  o f  m a la te  to  p y ru v a te , p ro d u c in g  CO  ̂ and NADPH in  th e  

p ro c e s s . The NADPH cou ld  th e n  be used  in  f a t t y  a c id  s y n th e s is ,  and 

th e  p y ru v a te  cou ld  e i t h e r  be o x id ise d  to  acetylC oA  by p y ru v a te  

dehydrogenase (EC 1 .2 .4 .1 )  o r  c a rb o x y la te d  by p y ru v a te  c a rb o x y la se  

[EC 6 .4 .1 .1 )  to  o x a lo a c e ta te .  The s o - c a l le d  'm a la te  c y c le ' as 

p re s e n te d  in  F ig . L I, i s  th e re b y  com pleted . O v e ra ll ,  one p y ru v a te  

m olecu le  has  g iv en  r i s e  to  one acetylCoA  in  th e  cy top lasm  and one 

NADH m olecu le  has been c o n v e rted  to  one NADPH. E vidence f o r  th e  

o p e ra t io n  o f  t h i s  c y c le  in  ad ip o se  t i s s u e  comes from th e  f in d in g  o f  

a v e ry  a c t iv e  p y ru v a te  ca rb o x y la se  (42) and c y to p la sm ic  m a la te  

dehydrogenase (43) in  th e  t i s s u e .  The t r a n s f e r  o f  hydrogen from



NADH to  NADPH v ia  m a la te  dehydrogenase and m a lic  enzyme h as  a ls o  been  

dem onstra ted  w ith  m i to c h o n d r ia l- f r e e  f r a c t io n s  o f  r a t  ad ip o se  t i s s u e  

(4 4 ).

The absence o f  c i t r a t e  ly a se  from th e  c e l l s  o f  a t i s s u e  r e s u l t s  

in  th e  i n a b i l i t y  o f  t h a t  t i s s u e  to  use  g lu c o se -d e r iv e d  acetylCoA  f o r  

f a t t y  a c id  s y n th e s is .  Low c i t r a t e  ly a se  a c t i v i t y  in  human ad ip o se  

t i s s u e  le d  Shrago e t  a l  (22) to  conclude th a t  n e t  s y n th e s is  de novo 

o f  f a t t y  a c id s  was n o t  an im p o rtan t p h y s io lo g ic a l  p ro c e s s  o f  human 

ad ip o se  t i s s u e .  In  g e n e ra l ,  rum inan ts  p o sse ss  v e ry  low c i t r a t e  

ly a se  a c t i v i t y  in  com parison w ith  n o n -rum inan ts  (4 5 ) . T h is f e a tu r e  

i s  in  k eep in g  w ith  th e  f a c t  t h a t  rum inan ts  do n o t u t i l i s e  g lu co se  to  

any g r e a t  e x te n t  as f a t t y  a c id  p re c u rs o rs  (4 6 ,4 7 ) . S ince g lu c o se  i s  

p re s e n t  in  v e ry  low c o n c e n tra tio n  in  th e  ru m in an t, i t  i s  u n d er

s ta n d a b le  t h a t  th e  enzyme re s p o n s ib le  fo r  th e  t r a n s f e r  o f  g lu c o se - 

d e r iv e d  acetylC oA  o u t o f  th e  m itochondrion  i s  a l s o  in  s h o r t  su p p ly . 

The n e t  r e s u l t  i s  t h a t  a l l  o r  most o f  th e  acetylC oA  o r ig in a t in g  from 

g lu co se  can be t o t a l l y  o x id is e d  v ia  th e  t r i c a r b o x y l i c  a c id  c y c le  fo r  

energy  p ro d u c tio n .

4. Source o f  Hydrogen f o r  F a tty  Acid S y n th e s is

The o r ig in  o f  th e  hydrogen used  in  f a t t y  a c id  s y n th e s is  has 

been s tu d ie d  e x te n s iv e ly  ( f o r  rev iew  see  Rous (48 )) and w i l l  n o t be 

d e a l t  w ith  in  g r e a t  d e t a i l  h e r e .  The NADPH re q u ire d  f o r  f a t t y  a c id  

s y n th e s is  in  r a t  ad ip o se  t i s s u e  i s  known to  be g e n e ra te d  e x c lu s iv e ly  

in  th e  cy top lasm  s in c e  th e  amount o f  reduced  n ic o tin a m id e  n u c le o t id e s  

produced  in  th e  cy top lasm  was found to  be s u f f i c i e n t  f o r  a l l  th e  

c y to p lasm ic  r e a c t io n s  dependent on them (4 9 ,5 0 ,5 1 ,5 2 ) .



One so u rce  o f  NADPH i s  t h a t  p roduced by th e  dehydrogenases o f  

th e  p e n to se  p h o sp h a te  pathw ay, nam ely g lu co se  6 -p h o sp h a te  dehydro

genase (EC 1 .1 .1 .4 9 )  and 6 -p h osphog luconate  dehydrogenase (EC 1 .1 .1 .4 4 )  

b u t u n d er norm al c o n d i t io n s  i t  has been shown t h a t  th e s e  enzymes 

p ro v id e  o n ly  50-80% o f  th e  t o t a l  NADPH re q u ir e d  f o r  f a t t y  a c id  

s y n th e s is  in  r a t  a d ip o se  t i s s u e  (49 ,50) and i s o l a t e d  a d ip o c y te s  (51, 

5 2 ). In  c o n d it io n s  o f  in s u l in - s t im u la te d  l ip o g e n e s is ,  th e  p e n to se  

pathw ay co u ld  o n ly  p ro v id e  50-60% o f  th e  r e q u ire d  NADPH (4 9 ,5 1 ) .

Only when l ip o g e n e s is  was v e ry  low ( a f t e r  48 h o u rs  s ta r v a t io n )  cou ld  

th e  p e n to se  pathw ay dehydrogenases su p p ly  a l l  th e  re d u c in g  e q u iv a le n t  

r e q u ire d  f o r  f a t t y  a c id  s y n th e s is  in  r a t  a d ip o c y te s  (5 1 ). Under 

norm al c o n d itio n s  and c o n d it io n s  o f  h ig h  l ip o g e n ic  a c t i v i t y  some 

o th e r  c y to p la sm ic  r e a c t io n s  must th e r e f o r e  c o n t r ib u te  to  th e  sup p ly  

o f  NADPH f o r  f a t t y  a c id  s y n th e s is  from acetylCoA .

As d e s c r ib e d  in  th e  p re v io u s  s e c t io n ,  one m o lecu le  o f  NADPH 

i s  p roduced  by m a lic  enzyme f o r  each com plete m a la te  c y c le .  Of th e  

two NADPH m o lecu le s  r e q u ire d  f o r  th e  re d u c tio n  o f  one a c e ty l  u n i t  in  

f a t t y  a c id  s y n th e s is ,  one i s  d e r iv e d  from th e  p e n to se  p hosphate  

pathway and th e  o th e r  from th e  m a la te  c y c le .  S ince  th e  f a t  c e l l  i s  

cap a b le  o f  p ro d u c in g  more NADPH in  th e  cy top lasm  th a n  i s  a c tu a l ly  

n e c e s s a ry  f o r  f a t t y  a c id  s y n th e s is ,  a mechanism must e x i s t  whereby 

ex cess  NADPH p ro d u c tio n  i s  p re v e n te d . I t  has been su g g e s te d  (53 ,54) 

t h a t  a n e t  t r a n s p o r t  o f  m a la te  in to  th e  m ito ch o n d rio n  from th e  c y to 

p lasm  can o c c u r , th u s  av o id in g  th e  g e n e ra tio n  o f  NADPH in  th e  m a lic  

enzyme o f  th e  m a la te  c y c le .

Ruminant an im als d i f f e r  from non-ru m in an ts  in  t h e i r  so u rce  o f  

re d u c in g  e q u iv a le n ts  f o r  u se  in  f a t t y  a c id  s y n th e s is .  G lucose 6-



ACETATE ^  acetylCoA >  m a l o n y l C o A FATTY ACIDS

p y ru v a te

p y ru v a te

ACETATE

acetylCoA

c i t r a t e c i t r a t e

o x a lo a c e ta te

i s o c i t r a t e i s o c i t r a t e
NADP

NADPH
a - k e to g lu ta r a te  <■ a - k e to g lu ta r a te

m itochondrion cy top lasm

F ig . 1 .2 . F a t ty  a c id  s y n th e s is  in  rum inan t ad ip o se  t i s s u e :  

o p e ra t io n  o f  th e  ' i s o c i t r a t e  c y c l e ' .
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p hosphate  dehydrogenase and 6 -phosphog luconate  dehydrogenase have 

been shown to  be a c t iv e  in  th e  p ro d u c tio n  o f  NADPH in  sheep  ad ip o se  

t i s s u e  (55) and in  i s o l a t e d  a d ip o c y te s  from bov in e  a d ip o se  t i s s u e  

(46) a lth o u g h  Baldwin e t  a l  (56) found th e s e  dehydrogenases to  be 

a lm o st tw ic e  as a c t iv e  in  r a t  ad ip o se  t i s s u e  th a n  in  bov ine ad ip o se  

t i s s u e .  As w ith  non -ru m in an t a n im a ls , th e  p e n to se  p h o sp h a te  pathw ay 

dehydrogenases canno t su p p ly  a l l  th e  NADPH re q u ire d  in  rum inan t 

ad ip o se  t i s s u e  fo r  f a t t y  a c id  . s y n th e s i s  from a c e ta t e .  C a lc u la t io n s  

by Baldwin e t  a l  (56) showed t h a t  a t  l e a s t  23% o f  th e  r e q u ir e d  NADPH 

must o r ig in a te  from o th e r  so u rc e s .

Whereas in  no n -ru m in an t ad ip o se  t i s s u e  th e  rem a in d er o f  th e  NADPH 

i s  g e n e ra te d  in  th e  m a la te  c y c le ,  th e  a c t i v i t y  o f  m a lic  enzyme in  

rum inan t t i s s u e s  i s  known to  be v e ry  low (2 3 ,4 5 ,5 7 ) . However a n o th e r  

enzyme cap ab le  o f  p ro d u c in g  NADPH, i s o c i t r a t e  dehydrogenase (EC 1 .1 .1 .4 2 )  

i s  v e ry  a c t iv e  in  rum inan t ad ip o se  and mammary t i s s u e s  (5 5 ,5 6 ) , 

b e in g  20 fo ld  more a c t iv e  th a n  in  r a t  mammary t i s s u e  (5 7 ). This 

enzyme i s  known to  g e n e ra te  le s s  NADPH th an  th e  p e n to se  p h o sp h a te  

pathw ay dehydrogenases in  r a t  ad ip o se  t i s s u e  (3 6 ) , and i s  n o t re g a rd e d  

as p la y in g  a  m ajor r o le  in  th e  p ro d u c tio n  o f  re d u c in g  e q u iv a le n ts  in  

n on -ru m in an t ad ip o se  t i s s u e .

A pathw ay in v o lv in g  i s o c i t r a t e  dehydrogenase in  th e  p ro d u c tio n  

o f  NADPH f o r  f a t t y  a c id  s y n th e s is  in  rum inan t mammary t i s s u e  was 

su g g e s te d  by Bauman e t  a l  (5 7 ) , and a v e ry  s im i la r  model was p roposed  

by o th e r  w orkers (46) f o r  b ov ine  a d ip o c y te s . The pathw ay, o f te n  

term ed th e  ' i s o c i t r a t e  c y c le ' i s  p re s e n te d  in  F ig . 1 .2 .

The o p e ra t io n  o f  t h i s  pathw ay a llow s a c e ta t e ,  th e  main so u rce  

o f  carbon  f o r  f a t t y  a c id  s y n th e s is  in  ru m in a n ts , to  be used  in  th e



10,

g e n e ra tio n  o f  NADPH.

5 . S y n th e s is  o f  F a t ty  A cids from AcetylCoA

D e ta i le d  rev iew s a re  a v a i la b le  conce rn in g  th e  enzymes o f  f a t t y

a c id  b io s y n th e s is  and t h e i r  r e g u la t io n  in  g e n e ra l b io lo g ic a l  system s

(3 3 ,5 8 ,5 9 ) and more s p e c i f i c a l l y  in  ad ip o se  t i s s u e  (6 0 ).

F a tty  a c id  s y n th e s is  de novo in  mammalian a d ip o se  t i s s u e  can

be d is c u s s e d  in  g e n e ra l te rm s in  r e l a t i o n  to  two main enzyme

sy stem s, acetylC oA  c a rb o x y la se  (EC 6 .4 .1 .2 )  and f a t t y  a c id  s y n th e ta s e

which c a ta ly s e  r e a c t io n s  1 and 2 r e s p e c t iv e ly .

acetylC oA  + CO2 + ATP malonyiCoA + ADP + Pp (1)

acetylC oA  + 7malonylCoA + 14NADPH + 14H+ p a lm i t ic
a c id  + 8C0A + NADP+ + 7CO2 + 6H2O (2)

Both th e s e  enzymes o p e ra te  in  th e  cy top lasm  and w i l l  be 

d is c u s s e d  s e p a r a te ly .

( i )  AcetylCoA C arb o x y la se : A lthough m ost s tu d ie s  on acetylCoA

c a rb o x y la se  have used  l i v e r  as an enzyme so u rc e , th e  enzyme has a lso  

been p u r i f i e d  from r a t  (6 1 ,6 2 ,6 3 ) and bov ine  (64 ,65 ) ad ip o se  t i s s u e .

In  n o n -ru m in a n ts , th e  acetylC oA  s u b s t r a te  i s  d e r iv e d  from 

g lu co se  in v o lv in g  c i t r a t e  as  a means o f  t r a n s p o r t in g  i t  o u t o f  th e  

m ito ch o n d rio n  as  d e s c r ib e d  e a r l i e r .  In  rum inan t t i s s u e  th e  a c e ty l 

CoA a r i s e s  d i r e c t l y  from a c e ta te  s in c e  th e  cy top lasm  i s  known to  

c o n ta in  a h ig h ly  a c t iv e  acetylC oA  s y n th e ta s e  (66 ) .

The o v e r a l l  r e a c t io n  b ro u g h t abou t by th e  enzyme i s  th e  

c a rb o x y la tio n  o f  acetylC oA  to  malonylCoA a t  th e  expense o f  one ATP 

m o lecu le . S ince  malonylCoA h as  no o th e r  a p p a re n t m e ta b o lic  fu n c tio n  

th a n  i t s  r o le  as an in te rm e d ia te  in  f a t t y  a c id  b io s y n th e s i s ,  i t s  

p ro d u c tio n  by acetylC oA  c a rb o x y la se  i s  th e  f i r s t  s te p  s p e c i f i c a l l y



11,

d ir e c te d  tow ards f a t t y  a c id  s y n th e s is .

AcetylCoA c a rb o x y la se  p u r i f i e d  from mammalian t i s s u e s ,  in c lu d in g  

a d ip o se  t i s s u e ,  ap p ea rs  to  c o n ta in  th r e e  n o n - id e n t ic a l  su b u n its*  a 

b io t in - b in d in g  p r o te in ,  b i o t i n  ca rb o x y la se  and a t r a n s c a rb o x y la s e .

The m o lecu la r  w eig h t o f  each  s u b u n it  o r  p ro tom er i s  ap p ro x im ate ly  

400,000 b u t th e  enzyme i s  o n ly  in  an a c t iv e  form  when th e  p ro tom ers 

a g g re g a te  in to  long  f ila m e n to u s  polym ers o f  m o le c u la r  w eigh t 

4 m i l l io n  to  8 m i l l io n .  A gents fav o u rin g  th e  a g g re g a tio n  o f  th e  

p ro tom ers le a d  to  an a c t iv a t io n  o f  th e  enzyme and th e r e f o r e  a 

s t im u la t io n  o f  f a t t y  a c id  b io s y n th e s i s .  AcetylCoA c a rb o x y la se  i s  

th e r e f o r e  an im p o rta n t enzyme in  th e  r e g u la t io n  o f  f a t t y  a c id  b io 

s y n th e s is  and w i l l  be d is c u s s e d  f u r th e r  in  s e c t io n  B o f  t h i s  c h a p te r .

( i i )  F a t ty  A cid S y n th e ta s e : MalonylCoA p roduced  by acetylC oA

c a rb o x y la se  a c t s  as s u b s t r a te  f o r  f a t t y  a c id  s y n th e ta s e  in  th e  

p ro d u c tio n  o f  p a lm it ic  a c id ,  as p re s e n te d  above in  th e  o v e r a l l  

r e a c t io n .  F a t ty  a c id  s y n th e ta s e  from mammalian t i s s u e s  fu n c tio n s  as 

a  m ultienzym e complex o f  which th e  in d iv id u a l  enzymes a re  n o t e a s i l y  

s e p a ra b le .  C onsequen tly , th e  p r o p e r t i e s  o f  th e  component enzymes a re  

as y e t g e n e ra l ly  unknown, a lth o u g h  in  r e c e n t  s tu d ie s  (67 ,6 8 ) f a t t y  

a c id  s y n th e ta s e  com plexes from r a t ,  human and ch ick en  l i v e r  were 

s e p a ra te d  in to  two s u b u n its  each c o n ta in in g  d i f f e r e n t  enzyme 

a c t i v i t i e s .  F a t ty  a c id  s y n th e ta s e  from p igeon  l i v e r  has  been  s tu d ie d  

e x te n s iv e ly  and i s  p ro b a b ly  a r e p r e s e n ta t iv e  model f o r  th e  enzyme in  

most mammalian system s in  te rm s o f  component enzymes (most l i k e l y  

seven  in  number) and t h e i r  manner o f  a c t io n  (6 9 ,7 0 ,7 1 ) .

B rin d le y  e t  a l  (72) c l a s s i f i e d  f a t t y  a c id  s y n th e ta s e s  behav ing  

as  s in g le  enzymes and h av in g  m o lecu la r w e ig h ts  in  th e  ran g e  0 .5  to  

2 .3  m i l l io n  as Type I s y n th e ta s e s .  A lthough th e  m o le c u la r  w eigh t
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o f  f a t t y  a c id  s y n th e ta s e  from s e v e ra l  anim al t i s s u e s  h a s  been d e t e r 

mined (7 3 ,7 4 ,7 5 ) ,  t h a t  o f  a d ip o se  t i s s u e  f a t t y  a c id  s y n th e ta s e  

rem ains unknown. I t  i s ,  how ever, m ost p ro b ab ly  a Type I .

NADH canno t r e p la c e  NADPH f o r  th e  a c t io n  o f  f a t t y  a c id  s y n th e ta s e  

p u r i f i e d  from  r a t  ad ip o se  t i s s u e  (76) and f r e e  p a lm i t ic  a c id  i s  

p red o m in an tly  th e  p ro d u c t o f  th e  system . With re g a rd  to  req u ire m en ts  

and p ro d u c ts ,  th e  f a t t y  a c id  s y n th e ta s e  o f  r a t  ad ip o se  t i s s u e  i s  v e ry  

s im i la r  to  t h a t  o f  o th e r  mammalian t i s s u e s  such  as l i v e r  (74) and 

mammary g lan d  (77) a lth o u g h  th e  p u r i f i e d  system  from l a c t a t i n g  r a b b i t  

mammary g lan d  h as  been shown (75) to  p roduce s i g n i f i c a n t  amounts o f  

b u ty r i c  a c id ,  a  s h o r t - c h a in  f a t t y  a c id ,  b u t no m edium -chain f a t t y  

a c id s  w hich a re  c h a r a c t e r i s t i c  o f  r a b b i t  m ilk  (7 8 ) . I t  ap p ea rs  t h a t  

th e  m edium -chain f a t t y  a c id s  a re  p roduced  when a c y to p la sm ic  enzyme, 

acy lC oA -hydro lase , a c t s  s p e c i f i c a l l y  on m edium -chain f a t t y  acylCoAs 

a s s o c ia te d  w ith  th e  f a t t y  a c id  s y n th e ta s e ,  c a u s in g  t h e i r  r e le a s e  as 

u n e s t e r i f i e d  f a t t y  a c id s  (7 9 ).

The f a t t y  a c id  s y n th e ta s e  system  o f  ad ip o se  t i s s u e  th e r e f o r e  

most l i k e l y  in v o lv e s  v e ry  s im i la r  in d iv id u a l  enzymes w ith  p r o te in -  

bound 3 -k e to , 3-hydroxy and a,3-m onoene acy l in te rm e d ia te s  as 

e s ta b l i s h e d  f o r  E. c o l i  (33) (a  Type I I  s y n th e ta s e  as c l a s s i f i e d  by 

B rin d le y  e t  a l  (7 2 ) ) .  E vidence h as  been  p re s e n te d  (80) f o r  th e  

e x is te n c e  in  f a t t y  a c id  sy n th e ta s e  from r a t  ad ip o se  t i s s u e  o f  a 

4 ' -p h o sp h o p a n te th e in e  p r o s th e t i c  group s im i la r  to  t h a t  o f  acy l 

c a r r i e r  p r o te in  and known to  be im p o rtan t in  th e  fu n c tio n in g  o f  o th e r  

mammalian f a t t y  a c id  s y n th e ta s e s .

6 . F a t ty  A cid E lo n g a tio n

R ecent s tu d ie s  (81) have shown t h a t  s t e a r i c  and o l e i c  a c id s  can
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be form ed by f a t t y  a c id  e lo n g a tio n  in  r a t  a d ip o se  t i s s u e  in  v iv o . 

A lthough th e  m ajor p ro p o r tio n  o f  f a t t y  a c id  s y n th e s is  de novo ta k e s  

p la c e  in  th e  cy top lasm  o f  th e  a d ip o c y te , Kanoh and L indsay  (82) 

r e p o r te d  t h a t  m ito c h o n d r ia l and m icrosom al f r a c t io n s  o f  r a t  e p id id y 

mal a d ip o se  t i s s u e  in c o rp o ra te d  ^ ^ C -la b e lle d  acetylC oA  in to  v a r io u s  

f a t t y  a c id s  by a ch a in  e lo n g a tio n  mechanism. With b o th  th e se  sub- 

c e l l u l a r  f r a c t i o n s ,  f a t t y  a c id s  c o n ta in in g  18 and 20 carbon  atoms 

accoun ted  f o r  ap p ro x im ate ly  80% o f  th e  t o t a l  s y n th e s iz e d  f a t t y  a c id s .  

Both f r a c t io n s  u t i l i z e d  NADH, acetylC oA  and endogenous f a t t y  a c id s  

b u t th e  m ito c h o n d r ia l system  was n o t in h ib i te d  by a v id in  su g g e s tin g  

th a t  acetylC oA  was n o t c a rb o x y la te d  to  malonylCoA and t h a t  acetylCoA  

was in c o rp o ra te d  d i r e c t l y .  The m icrosom al system  d id ,  how ever, 

a p p a re n tly  p ro ceed  v ia  malonylCoA. Very s im i la r  r e s u l t s  were 

o b ta in e d  in  s tu d ie s  w ith  s u b c e l lu la r  p r e p a ra t io n s  o f  r a t  ad ip o c y te s  

(8 1 ) , a lth o u g h  th e  malonylCoA e lo n g a tio n  system  was found to  be 

a s s o c ia te d  w ith  th e  f a t - c e l l  membrane.

AcetylCoA and malonylCoA e lo n g a tio n  system s have been d e sc r ib e d  

in  th e  m ito c h o n d ria  (83 ,84) and microsom es (85 ,86) o f  l i v e r .

7, F a t ty  Acid D e s a tu ra t io n

The fo rm a tio n  o f  u n s a tu ra te d  f a t t y  a c id s  in  a d ip o se  t i s s u e  can 

o ccu r by th e  enzym ic d e s a tu r a t io n  o f  p reform ed  f a t t y  a c id s  as 

re p o r te d  w ith  o th e r  t i s s u e s  (8 7 ,8 8 ,8 9 ) .  G elhom  and Benjamin (90) 

d em o n stra ted  th e  c o n v e rs io n  o f  s t e a r i c  a c id  to  o l e i c  a c id  in  th e  

m icrosom al f r a c t io n  o f  r a t  ad ip o se  t i s s u e  by an oxygenase enzyme 

r e q u ir in g  m o le c u la r  oxygen and e i t h e r  NADH o r  NADPH as c o fa c to r s .

The CoA t h i o e s t e r  r a th e r  th a n  th e  f r e e  f a t t y  a c id  i s  known to  be 

th e  a c tu a l  s u b s t r a te  f o r  th e  enzyme (8 9 ).
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Ruminant a d ip o se  t i s s u e  a ls o  c o n ta in s  an a c t iv e  d e s a tu ra s e  

system  (91 ,92) cap ab le  o f  d e s a tu r a t in g  b o th  p a lm i t ic  and s t e a r i c  

a c id s .  The f a c t  t h a t  rum inan t ad ip o se  t i s s u e  c o n ta in s  a more a c t iv e  

d e s a tu ra s e  th a n  t h a t  o f  n o n -ru m in an ts  has been  a t t r i b u t e d  (92) to  

a d a p ta tio n  by th e  rum inan t anim al to  th e  h ig h e r  p e rc e n ta g e  o f  

s a tu r a te d  f a t t y  a c id s  abso rbed  from th e  d ig e s t iv e  t r a c t  as a  r e s u l t  

o f  b io h y d ro g e n a tio n  in  th e  rumen.

The d e s a tu ra s e  system  h as  n o t  y e t  been p u r i f i e d  from ad ip o se  

t i s s u e  b u t s tu d ie s  w ith  l i v e r  have r e v e a le d  th e  enzyme system  to  have 

a re q u ire m e n t f o r  m icrosom al l i p i d  (9 3 ). O ther en zym atic  components 

o f  th e  s tearoy lC oA  d e s a tu ra s e  (acylCoA d e s a tu ra s e  EC 1 .1 4 .9 9 .5 )  have 

been  shown to  in c lu d e  cytochrom e bg (9 4 ) , NADH-cytochrome bg r e d u c t 

ase  (9 5 ) , a c y a n id e -b in d in g  p r o te in  (96) and a n o th e r  u n id e n t i f i e d  

p r o te in  (9 7 ). R ecent s tu d ie s  w ith  r a t  l i v e r  (98) su g g e s t t h a t  th e  

a c tu a l  S tearoylC oA  d e s a tu ra s e  (cytochrom e bg o x id a se )  component may 

be b u r ie d  in  th e  endoplasm ic re tic u lu m  w ith  th e  cytochrom e bg and 

NADH-cytochrome bg re d u c ta s e  components p o s i t io n e d  n ea rb y  on th e  

s u r fa c e  o f  th e  membrane.

B. R eg u la tio n  o f  F a t ty  A cid B io sy n th e s is  in  A dipose T issu e

I t  has f r e q u e n t ly  been p rop o sed  t h a t  acetylC oA  c a rb o x y la se  i s  

th e  r a t e - l i m i t i n g  enzyme in  f a t t y  a c id  s y n th e s is  on th e  b a s is  th a t  

i t s  a c t i v i t y  was low er th a n  t h a t  o f  f a t t y  a c id  s y n th e ta s e  (6 1 ,9 9 ) . 

However, th e  r a t e s  o f  th e  two enzyme system s have been  d em o n stra ted  

to  be s im i la r  u nder norm al c irc u m stan c es  in  r a t  a d ip o se  t i s s u e  (100) 

and c o n se q u e n tly  acetylC oA  ca rb o x y la se  may n o t be th e  r a t e - l i m i t i n g
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enzyme u n d er a l l  p h y s io lo g ic a l  c o n d it io n s .

As s t a t e d  p r e v io u s ly ,  acetylC oA  ca rb o x y la se  i s  a c t iv a te d  by 

ag e n ts  fa v o u rin g  th e  a g g re g a tio n  o f  i t s  in a c t iv e  p ro to m ers  in to  th e  

a c t iv e  p o ly m eric  form . One such e f f e c t o r  i s  th e  t r i c a r b o x y l i c  a c id ,  

c i t r a t e .  The c o m p e tit iv e  in h i b i t i o n  w ith  r e s p e c t  to  c i t r a t e  o f  

acetylC oA  c a rb o x y la se  by lo n g -c h a in  f a t t y  acylCoAk i s  a ls o  w e ll 

e s ta b l i s h e d  and rev iew ed  by Volpe and V agelos (3 3 ). D ie ta ry  and 

horm onal f a c to r s  a f f e c t in g  th e  c e l l u l a r  le v e ls  o f  c i t r a t e  and f a t t y  

a c id  CoA's can th e r e f o r e  in f lu e n c e  th e  a c t i v i t y  o f  acetylC oA  c a r 

b o x y la se  .

1. Hormonal C on tro l

I t  i s  w e ll e s ta b l i s h e d  t h a t  in s u l in  in c re a s e s  th e  r a t e  o f  f a t t y  

a c id  s y n th e s is  from g lu c o se  in  ad ip o se  t i s s u e  (1 0 1 ,1 0 2 ). A lthough 

g lu c o se  t r a n s p o r t  in to  th e  a d ip o c y te  i s  s t im u la te d  in  th e  p re se n c e  o f  

in s u l in  (1 0 3 ,1 0 4 ), H a lp e rin  (105) showed th a t  th e  hormone a ls o  

e x e r te d  an e f f e c t  w ith in  th e  c e l l  s in c e  f a t t y  a c id  s y n th e s is  from 

p y ru v a te  by r a t  ep id idym al f a t  pads was in c re a s e d  in  th e  p re se n c e  o f  

i n s u l i n .  C o n s id e rab le  ev id en ce  e x i s t s  f o r  in s u l i n  a f f e c t in g  two 

c r i t i c a l  enzymes o f  f a t t y  a c id  s y n th e s is ,  nam ely p y ru v a te  dehydro

genase (EC 1 .2 .4 .1 )  n e c e s s a ry  f o r  th e  p ro d u c tio n  o f  g lu c o se -d e r iv e d  

acetylC oA  in  th e  m ito ch o n d rio n , and acetylC oA  c a rb o x y la se  in  th e  

cy top lasm . Both th e se  enzymes e x i s t  as in t e r c o n v e r t ib l e  a c t iv e  and 

in a c t iv e  fo rm s. P y ru v a te  dehydrogenase in  mammalian t i s s u e s  i s  

in a c t iv a te d  by p h o s p h o ry la t io n  b ro u g h t abou t by a MgATP-linked 

k in a s e ,  and r e - a c t iv a t io n  r e s u l t s  when a s p e c i f i c  p h o sp h a ta se  

removes th e  ph o sp h a te  g ro u p (s) (106).

In  ad ip o se  t i s s u e  exposed to  in s u l in  f o r  10 m in u tes  o r  more.
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th e  p ro p o r t io n  o f  p y ru v a te  dehydrogenase p r e s e n t  in  i t s  a c t iv e  form 

in c re a s e s  (1 0 7 ,1 0 8 ,1 0 9 ). T h is e f f e c t  o f  in s u l in  may r e s u l t  from 

a c t iv a t io n  o f  th e  p h o sp h a tase  enzyme as  su g g es ted  by M ukherjee and 

Jungas (1 1 0 ), o r  by in h i b i t i o n  o f  th e  k in a s e ,  o r  p e rh ap s  b o th . The 

a c t io n  o f  th e  hormone cou ld  th e r e f o r e  e i t h e r  be to  a l t e r  th e  c e l l u l a r  

le v e ls  o f  c o fa c to r s  known to  s t im u la te  th e  p h o sp h a ta se  o r  to  i n h i b i t  

th e  k in a s e .  S ince  Ca^* i n h i b i t s  th e  k in a se  b u t  a c t i v a t e s  th e  

p h o sp h a ta se , th e  e f f e c t  o f  i n s u l in  on m ito c h o n d ria l ca lc ium  le v e ls  

has been s tu d ie d  e x te n s iv e ly  (111 ). As no changes in  th e  in c o rp o ra tio n  

o f  ^^Ca in to  th e  m ito c h o n d ria l f r a c t io n  o f  r a t  ep id idym al ad ip o se  

t i s s u e  were found w ith  in s u l in  u nder c o n d itio n s  where p y ru v a te  

dehydrogenase a c t i v i t y  was in c re a s e d ,  S everson  e t  a l  (112) concluded  

th a t  a c t iv a t io n  o f  p y ru v a te  dehydrogenase cou ld  n o t be e x p la in e d  by 

in c re a s e d  le v e ls  o f  Ca^* in  th e  m ito ch o n d rio n .

S c h i l l e r  e t  a l  (113) have su g g es ted  t h a t  p y ru v a te  dehydrogenase 

a c t i v i t y  i s  d e c re a se d  by h ig h  c o n c e n tra tio n s  o f  c i t r a t e  when long - 

ch a in  f a t t y  acylCoA’ s p re v e n t c i t r a t e  t r a n s p o r t  o u t o f  th e  m ito ch o n rio n

(1 1 4 ), and th a t  in  th e  p re se n c e  o f  in s u l in  th e  t r a n s p o r t  o f  c i t r a t e  

in to  th e  c y to so l i s  in c re a s e d  r e s u l t i n g  in  in c re a s e d  a c t i v i t i e s  o f  

b o th  p y ru v a te  dehydrogenase and acetylCoA  c a rb o x y la se .

The in c re a s e d  a c t i v i t y  o f  acetylCoA  ca rb o x y la se  in  r a t  ad ip o se  

t i s s u e  in c u b a te d  w ith  in s u l in  was found by H a le s tra p  and Denton (115) 

to  c o in c id e  w ith  an in c re a s e  in  th e  p ro p o r tio n  o f  th e  enzyme p re s e n t  

in  i t s  a c t iv e  p o ly m eric  s t a t e .  No ev idence  was found f o r  in s u l in  

c a u s in g  any p h o sp h o ry la tio n  o r  d ep h o sp h o ry la tio n  o f  th e  enzyme, b u t 

Lee and Kim (116) have r e c e n t ly  p ro v id ed  ev id en ce  t h a t  th e  i n t e r 

c o n v e rs io n  o f  a c t iv e  and in a c t iv e  acetylC oA  c a rb o x y la se  was r e l a t e d
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to  p h o s p h o ry la tio n  and d e p h o sp h o ry la tio n .

A dipose t i s s u e  from d ia b e t ic  r a t s  had a d e c re a se d  c a p a c ity  to  

s y n th e s iz e  f a t t y  a c id s  from  g lu c o se  (1 1 7 ), a c e ta te  (9 0 ) , acetylC oA  

(118) and malonylCoA (118) when compared to  norm al an im a ls . The 

a d m in is tr a t io n  o f  in s u l in  c o r re c te d  th e s e  d e fe c ts  b o th  in  v ivo  (118) 

and in  v i t r o  (9 0 ). The d e s a tu r a t io n  o f  s t e a r i c  a c id  was a ls o  

im p a ired  by d ia b e te s  in  ad ip o se  t i s s u e  b u t was r e s to r e d  by in s u l in  

tre a tm e n t (9 0 ).

A d ren a lin e  i s  known to  a n ta g o n ise  th e  in s u l in - in d u c e d  in c re a s e  

in  th e  r a t e  o f  f a t t y  a c id  s y n th e s is  from g lu c o se  in  r a t  ad ip o se  

t i s s u e  (1 0 1 ,1 0 2 ), b u t th e  o b served  e f f e c t s  o f  a d re n a l in e  on th e  

enzymes o f  f a t t y  a c id  b io s y n th e s is  may be le s s  im p o rta n t th a n  th e  

in c re a s e d  l i p o l y s i s  b ro u g h t abou t by th e  hormone. The e f f e c t  o f  

in s u l in  on p y ru v a te  dehydrogenase i s  c a n c e lle d  o u t by a d re n a lin e  

(1 0 7 ,1 1 9 ), a lth o u g h  th e  e x a c t manner by which t h i s  o c c u rs  i s  n o t 

known. S im i la r ly  th e  e f f e c t  o f  a d re n a lin e  on acetylC oA  ca rb o x y la se  

from r a t  a d ip o se  t i s s u e  was found to  be o p p o s ite  to  t h a t  o f  in s u l in

(115) and co rresp o n d ed  w ith  an in c re a s e  in  th e  p ro p o r t io n  o f  th e  

enzyme p re s e n t  in  i t s  in a c t iv e  p ro to m e ric  form.

A lthough th e  changes b ro u g h t about by in s u l in  and a d re n a lin e  

co u ld  be m ed ia ted  by a l t e r a t i o n s  in  th e  c e l l u l a r  c o n c e n tra t io n  o f  

c-AMP, no d i r e c t  e f f e c t  o f  c-AMP on p y ru v a te  dehydrogenase a c t i v i t y  

in  r a t  ad ip o se  m ito c h o n d ria  has been d em o n stra ted  (1 2 0 ,1 2 1 ).

Volpe and M arasa (122) have d em onstra ted  e q u a l d e c re a se s  (65%) 

in  b o th  acetylC oA  c a rb o x y la se  and f a t t y  a c id  s y n th e ta s e  a c t i v i t i e s  

when th e  g lu c o c o r t ic o id  hormone, h y d ro c o r t is o n e , was a d m in is te re d  

in  ad ip o se  t i s s u e  o f  fe d  r a t s ,  and a t t r i b u t e d  th e  e f f e c t  on f a t t y
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a c id  s y n th e ta s e  to  a  d e c re a se  in  enzyme c o n te n t. The same w orkers 

a ls o  found t h a t  g lucagon reduced  f a t t y  a c id  s y n th e ta s e  a c t i v i t y  f u r th e r  

th a n  t h a t  o f  acetylC oA  c a rb o x y la se , and su g g e s te d  t h a t  w hereas 

in h i b i t i o n  o f  acetylC oA  c a rb o x y la se  cou ld  be a s h o r t - te rm  c o n t ro l ,  th e  

r e g u la t io n  o f  f a t t y  a c id  s y n th e ta s e  a c t i v i t y  m ight be more im p o rta n t 

in  th e  lo n g -te rm  c o n tro l  o f  f a t t y  a c id  s y n th e s is .

2 . D ie ta ry  C on tro l

The in f lu e n c e  o f  d i e t  on l ip o g e n ic  enzymes in  anim al t i s s u e s  

has been rev iew ed  e lsew h ere  (1 2 3 ). The r a t e s  o f  s e v e ra l  s te p s  in  

th e  p ro d u c tio n  o f  acetylC oA  from g lu c o se  f o r  u se  in  f a t t y  a c id  

s y n th e s is  a re  known to  v a ry  w ith  th e  n u t r i t i o n a l  s t a t e  o f  th e  an im al. 

F a s tin g  d e c re a se s  th e  a c t i v i t i e s  o f  h ex o k in ase  (1 2 4 ), p h o sp h o fru c to -  

k in a se  (125) and a ld o la s e  (125) in  ad ip o se  t i s s u e ,  and th e  r a t i o  o f  

a c t iv e  p y ru v a te  dehydrogenase to  th e  in a c t iv e  form i s  h ig h e r  in  

ad ip o se  t i s s u e  o f  th e  fe d  r a t  th a n  in  th e  f a s te d  anim al (126 ). The 

p ro d u c tio n  o f  acetylC oA  from a c e ta te  by th e  enzyme acetylC oA  

s y n th e ta s e  i s  a l s o  known to  in c re a s e  th r e e f o ld  in  a d ip o se  t i s s u e  o f  

r a t s  r e f e d  a f t e r  f a s t i n g  (6 6 ).

D ie ta ry  f a t  in f lu e n c e s  f a t t y  a c id  s y n th e s is  in  ad ip o se  t i s s u e  

o f  many s p e c ie s  (127) b u t th e  p h y s io lo g ic a l  s ig n i f ic a n c e  o f  CoA 

t h i o e s t e r s  o f  f a t t y  a c id s  o r ig in a t in g  from th e  d i e t  h as  been 

q u e s tio n e d  s in c e  Dorsey and P o r te r  (128) showed palm itoylC oA  to  be 

a  s tro n g  d e te rg e n t  w ith  n o n s p e c if ic  e f f e c t s  on many enzymes in  

p ig eo n  l i v e r .  However, more r e c e n t  s tu d ie s  have d em o n stra ted  t h a t  

th e  in h i b i to r y  e f f e c t  o f  lo n g -c h a in  acylCoA’ s on acetylC oA  ca rb o x y la se  

(129) and c i t r a t e  s y n th e ta s e  (130) a re  in d ep en d en t o f  t h e i r
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d e te rg e n t p r o p e r t i e s .

The in h i b i t i o n  o f  c i t r a t e  t r a n s p o r t  o u t o f  th e  m itochondrion  by 

lo n g -c h a in  acylCoA’ s re p o r te d  by H a lp e rin  e t  a l  (114) e f f e c t iv e l y  

red u ces  f a t t y  a c id  s y n th e s is  s in c e  as w ell as b e in g  th e  s u b s t r a te  

f o r  acetylC oA  c a rb o x y la se , c i t r a t e  i s  a ls o  an a c t i v a t o r  o f  th e  enzyme. 

The d e c re a se d  a c t i v i t y  o f  c i t r a t e  c leav ag e  enzyme o b serv ed  in  th e  

ad ip o se  t i s s u e  o f  r a t s  fe d  a h ig h  f a t  d i e t  (127) may r e s u l t  from 

h ig h  c o n c e n tra t io n s  o f  f a t t y  acylCoA red u c in g  th e  a v a i l a b i l i t y  o f  

f r e e  CoA f o r  u se  in  th e  c i t r a t e  c leav ag e  (1 3 1 ). High le v e ls  o f  

d ie ta r y  f a t  a ls o  d e c re a se d  th e  a c t i v i t i e s  o f  th e  h y d ro g e n -g e n e ra tin g  

enzymes g lu c o se  • 6 -p h o sp h a te  dehydrogenase (127) and m a lic  enzyme (132).

The co m p o sitio n  o f  d ie ta r y  f a t  i s  a ls o  im p o rta n t in  th e  r e g u la t io n  

o f  f a t t y  a c id  s y n th e s is  s in c e  u n s a tu ra te d  f a t t y  a c id s  d ep re ssed  th e  

a c t i v i t y  o f  g lu c o se  6-p h o sp h a te  dehydrogenase in  ad ip o se  t i s s u e  more 

th a n  d id  s a tu r a te d  f a t t y  a c id s  when in c lu d e d  in  th e  d i e t  o f  r a t s  a t  

h ig h  c o n c e n tra t io n s  (127 ). S im i la r ly ,  p o ly u n s a tu ra te d  f a t t y  a c id s  

reduced  th e  a c t i v i t y  o f  l ip o g e n ic  enzymes to  a g r e a t e r  e x t e n t . th a n  

s a tu r a te d  f a t t y  a c id s  in  r a t  a d ip o c y te s  (133 ). I t  i s  w e ll known 

t h a t  d ie t s  h av in g  a h ig h  c a rb o h y d ra te  and low f a t  c o n te n t s t im u la te  

th e  a c t i v i t y  o f  s e v e ra l  l ip o g e n ic  enzymes (134 ). The e f f e c t  o f  

d ie ta r y  p r o te in  on f a t t y  a c id  s y n th e s is  in  ad ip o se  t i s s u e  has 

r e c e iv e d  l i t t l e  s tu d y  and i s  d i f f i c u l t  to  a s s e s s  s in c e  th e  in c lu s io n  

o f  h ig h  le v e ls  o f  p r o te i n ,  f a t  o r  c a rb o h y d ra te  in  th e  d i e t  c o r r e s 

ponds w ith  a d e c re a se  in  th e  p ro p o r tio n  o f  some o th e r  component. 

However, a d i e t  o f  36% p r o te in  has  been  re p o r te d  (135) to  d ep ress  

o v e r a l l  f a t t y  a c id  s y n th e s is  from g lu co se  in  r a t  ad ip o se  t i s s u e .

Not o n ly  i s  f a t t y  a c id  s y n th e s is  in  ad ip o se  t i s s u e  a f f e c te d  by
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th e  c o n s t i tu t i o n  o f  th e  d i e t ,  b u t i t  i s  a ls o  in f lu e n c e d  by th e  

p a t t e r n  o f  food  in ta k e .  The r a t e  o f  f a t t y  a c id  s y n th e s is  was found 

to  be g r e a te r  in  ad ip o se  t i s s u e  from r a t s  (135) and p ig s  (136) fed  

on ly  p e r io d i c a l ly  th a n  from an im als allow ed  to  fe e d  ad l ib i tu m  on th e  

same d i e t .

3. D evelopm ental and G en etic  E f f e c ts

F a t ty  a c id  s y n th e s is  in  ad ip o se  t i s s u e  i s  dependent on th e  s ta g e  

o f  developm ent o f  th e  an im al.

A lthough th e  r a t e  o f  f a t t y  a c id  s y n th e s is  in  ad ip o se  t i s s u e  

d e c re a se s  w ith  age in  r a t s  (1 3 7 ), th e  in c o rp o ra tio n  o f  a c e ta te  in to  

f a t t y  a c id s  by ad ip o se  t i s s u e  o f  lambs was found to  in c re a s e  about 

te n fo ld  d u rin g  th e  te n  days fo llo w in g  b i r t h  (138 ). S in ce  th e  e f f e c t  

o f  in s u l i n  on f a t t y  a c id  s y n th e s is  from g lu c o se  was g r e a te r  in  

i s o l a t e d  a d ip o c y te s  from fo u r-w e ek -o ld  r a t s  th a n  in  th o s e  from 

f if te e n -w e e k -o ld  an im als (1 3 7 ), a g e - r e la te d  d e c re a se s  in  th e  r a t e  o f  

f a t t y  a c id  s y n th e s is  may a c tu a l ly  be a r e f l e c t i o n  o f  reduced  

s e n s i t i v i t y  to  in s u l i n .

When mice and r a t s  were weaned from a h ig h - f a t  m ilk  d i e t  on to  a 

f a t - f r e e  d i e t ,  h e p a t ic  f a t t y  a c id  s y n th e s is  in c re a s e d  (139,140) due 

p e rh ap s  to  an in c re a s e  in  th e  c o n te n t o f  f a t t y  a c id  s y n th e ta s e  (140). 

S tearoylC oA  d e s a tu ra s e  a c t i v i t y  d ec re a se d  w ith  age in  r a t  l i v e r  (141) 

and has been shown to  in c re a s e  g ra d u a l ly  in  ch ick en  l i v e r  a f t e r  

h a tc h in g  (142 ). However th e  e f f e c t  o f  age on th e  d e s a tu ra s e  system  

o f  ad ip o se  t i s s u e  h as  n o t  been s tu d ie d .

G en e tic  f a c to r s  a ls o  in f lu e n c e  f a t t y  a c id  s y n th e s is  in  mammalian 

ad ip o se  t i s s u e .  The r a t e  o f  l ip o g e n e s is  i s  known to  be g r e a te r  in  

ad ip o se  t i s s u e  from g e n e t ic a l ly  obese mice (1 4 3 ), r a t s  (144) and



A

s n -g ly c e ro l  3 -phosphate
dihydrD xyace to n e  

phosphate

acylCoA

CoA

2-m o n o ac y l-sn -g ly ce ro l

acylCoA

C o A ^

Y
d la c y lg ly c e ro l  

acylCoA 

CoA

acylCoA

CoA

acy l d ihyd roxyacetone  
phosphate

NADPH

NADP*

1 -a c y l - s n -g ly c e ro l  3 -phosphate

acylCoAt:CoA

1 ,2 - d ia c y l - s n - g ly c e r o l  3 -phosphate  
(p h o sp h a tid ic  ac id )

1 ,2 -d ia c y l - s n - g ly c e r o l  

acylCoA 

CoA

t r i a c y lg ly c e r o l

F ig . 1 .3 . Pathways o f  t r i a c y lg ly c e r o l  s y n th e s is  in  ad ip o se  t i s s u e .
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p ig s  (145) th a n  in  t i s s u e  from norm al an im a ls . A lthough th e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  in  th e  a c t i v i t i e s  o f  f a t t y  a c id  s y n th e ta s e  

from norm al and obese p ig  ad ip o se  t i s s u e s ,  M artin  and H erbein  (145) 

found th a t  m a lic  enzyme, c i t r a t e  c leav ag e  enzyme and th e  p e n to se  

ph o sp h a te  pathw ay dehydrogenases were more a c t iv e  in  t i s s u e  from th e  

obese an im al.

The in c re a s e d  f a t t y  a c id  s y n th e s is  a s s o c ia te d  w ith  g e n e t ic  

o b e s i ty  may a ls o  co rresp o n d  w ith  an in c re a s e d  amount o f  acetylCoA  

c a rb o x y la se  p r e s e n t  in  th e  t i s s u e  as has been  found w ith  l i v e r s  from 

g e n e t ic a l ly  obese mice (1 4 6 ). The s y n th e s is  o f  o l e i c  a c id  by th e  

d e s a tu r a t io n  o f  s t e a r i c  a c id  h as  a ls o  been shown to  p ro cee d  a t  a 

th r e e f o ld  g r e a t e r  r a t e  in  a d ip o se  t i s s u e  o f  obese m ice in  com parison 

to  t h a t  in  norm al le a n  mice (147 ).

C. B io sy n th e s is  o f  T r ia c y lg ly e e r o ls  in  A dipose T issu e

The b io s y n th e s is  o f  t r i a c y lg l y e e r o l s  in  an im al t i s s u e s  has been 

rev iew ed  co m prehensive ly  e lsew h ere  (1 4 8 ,1 4 9 ,1 5 0 ,1 5 1 ) and f o r  t h i s  

re a so n  o n ly  th e  more r e c e n t  f in d in g s  a re  d e s c r ib e d  in  d e t a i l  h e re .  

F ig . 1 .3  i l l u s t r a t e s  th e  th r e e  m e tab o lic  pathw ays t h a t  can le a d  to  

t r i a c y lg l y c e r o l  s y n th e s is  in  ad ip o se  t i s s u e .  A r e p r e s e n ts  th e  sn - 

g ly c e ro l  3 -p h o sp h a te  pathw ay, ^  th e  d ih y d ro x y ace to n e  p h o sp h a te  

pathw ay and iC th e  m onoacy lg lycero l pathw ay. The pathw ays a re  d e s 

c r ib e d  below  in d iv id u a l ly .

The f a t t y  a c id s  e s t e r i f i e d  in to  t r i a c y lg l y e e r o l s  by each o f  th e  

th r e e  pathw ays in  ad ip o se  t i s s u e  can o r ig in a te  from two so u rc e s ; 

f a t t y  a c id s  form ed de novo w ith in  th e  t i s s u e  as d e s c r ib e d  p re v io u s ly
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(endogenous f a t t y  a c i d s ) , and p reform ed  f a t t y  a c id s  ta k e n  up from th e  

b lo o d  (exogenous f a t t y  a c i d s ) . The exogenous f a t t y  a c id s  a re  

p red o m in an tly  o f  d ie ta r y  o r ig in  a lth o u g h  a  p ro p o r tio n  may be s y n th e s 

iz e d  in  th e  l i v e r .  The a b s o rp tio n  o f  l i p id s  from th e  g u t and t h e i r  

t r a n s p o r t  in  b lood  a s  chy lo m icra  a re  w ell c h a r a c te r i s e d  and a re  

rev iew ed  e lsew h ere  (1 5 2 ), as i s  th e  u p tak e  o f  f a t t y  a c id s  from th e  

t r i a c y lg l y e e r o l s  o f  chy lo m icra  m ed ia ted  by th e  enzyme l ip o p r o te in  

l ip a s e  ( f o r  rev iew s see  Robinson and Wing (153) and Scow e t  a l  (1 5 4 )) .

1. sn -G ly c e ro l 3 -P hosphate  Pathway

The s n -g ly c e ro l  3 -ph o sp h ate  pathw ay, which i s  known to  o p e ra te  

in  a d ip o se  t i s s u e  (1 5 5 ,1 5 6 ), mammary t i s s u e  (157) and o th e r  o rgans 

o f  th e  body, i s  th e  m ajor s y n th e t ic  ro u te  to  t r i a c y lg l y e e r o l s  in  most 

t i s s u e s  a lth o u g h  th e  i n t e s t i n a l  mucosa in  some n o n -ru m in an ts  u ses  

p red o m in an tly  th e  m o n oacy lg lycero l pathw ay (158).

The s n -g ly c e ro l  3 -p h o sp h a te  i s  d e r iv e d  from  g lu c o se  e i t h e r  v ia  

g ly c o ly s is  o r  th e  p e n to se  p hosphate  pathw ay. Katz e t  a l  (49) 

r e p o r te d  t h a t  th e  p e n to se  p hosphate  pathw ay c o n t r ib u te d  14% o f  th e  

s n -g ly c e ro l  3 -p h o sp h a te  f o r  t r i a c y lg l y c e r o l  s y n th e s is  in  ep id idym al 

ad ip o se  t i s s u e  from  fe d  r a t s ,  b u t th e  e x te n t  to  which th e  p e n to se  

p h o sp h a te  pathw ay c o n t r ib u te s  s n -g ly c e ro l  3 -p h o sp h a te  may be s u b je c t  

to  d ie ta r y  and horm onal c o n t ro l .  A sm all p ro p o r t io n  o f  th e  sn -  

g ly c e ro l  3 -p h o sp h a te  may a ls o  a r i s e  from th e  p h o sp h o ry la t io n  o f  f r e e  

g ly c e ro l  d e r iv e d  from  th e  h y d ro ly t ic  breakdown o f  exogenous t r i a c y l -  

g ly c e ro ls  by l ip o p r o te in  l ip a s e  o r  from endogenous l i p o l y s i s .  The 

p h o s p h o ry ia tin g  enzyme g ly c e ro l  k in a se  (EC 2 .7 .1 .3 0 )  h as  been  found to  

be a c t iv e  in  ad ip o se  t i s s u e  o f  norm al (159) and g e n e t i c a l ly  obese
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r a t s  (160) a lth o u g h  i t s  a c t i v i t y  in  rum inan t ad ip o se  t i s s u e  i s  some

w hat l e s s  (1 6 1 ).

The a c t iv a t io n  o f  f a t t y  a c id s  to  f a t t y  acylCoA*s i s  b ro u g h t abou t 

by ATP-dependent acylCoA s y n th e ta s e  enzymes (EC 6 .2 .1 .3 )  which a re  

known to  be h ig h ly  a c t iv e  in  ad ip o se  t i s s u e  (162 ).

L im ited  in fo rm a tio n  i s  a v a i la b le  about th e  e s t é r i f i c a t i o n  

enzymes o f  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay, and o f  th e  m onoacyl- 

g ly c e ro l  and d ih y d ro x y ace to n e  p h o sp h a te  pathw ays, s in c e  t h e i r  

a s s o c ia t io n  w ith  membranes has p re v e n te d  t h e i r  s o l u b i l i s a t i o n  and 

p u r i f i c a t i o n  to  hom ogeneity  (151). However, th e  p r e s e n t  knowledge o f  

th e  in d iv id u a l  enzymes o f  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay i s  

o u t l in e d  below .

( i )  AcylCoA: s n -C ly c e ro l 3 -P hosphate  A c y lt r a n s f e r a s e . The

fo rm atio n  o f  p h o s p h a tid ic  a c id  from s n -g ly c e ro l  3 -p h o sp h a te  by th e  

a c y la t io n  o f  p o s i t io n s  sn-1  and s n -2 , has been s tu d ie d  in  many t i s s u e s  

o th e r  th a n  ad ip o se  t i s s u e .

S in ce  two a c y la t io n s  a re  in v o lv e d , th e  s y n th e s is  o f  p h o s p h a tid ic  

a c id  co u ld  be c a ta ly s e d  by two s e p a ra te  enzymes o r  by one enzyme hav ing  

e i t h e r  one o r  two a c t iv e  s i t e s  (1 4 9 ). AcylCoA: s n -g ly c e ro l  3- 

p h o sp h a te  a c y l t r a n s f e r a s e  (EC 2 .3 .1 .1 5 ) ,  th e  enzyme cap a b le  o f  

a c y la t in g  s n -g ly c e ro l  3 -p h o sp h a te , has been  r e p o r te d  to  be p re s e n t  in  

b o th  th e  m ito c h o n d r ia l and m icrosom al f r a c t io n s  o f  r a t  ep id idym al 

ad ip o se  t i s s u e  (1 6 3 ,1 5 6 ). However, some d isag reem en t e x i s t s  as to  

th e  p r in c ip a l  i n t r a c e l l u l a r  lo c a t io n  o f  th e  enzyme, s in c e  R oncari and 

H o ilen b erg  (164) r e p o r te d  t h a t  th e  m ito c h o n d ria l f r a c t io n  was more 

a c t iv e  in  th e  e s t é r i f i c a t i o n  o f  ( l- ^ ^ C )p a lm itic  a c id ,  w hereas more 

r e c e n t  s tu d ie s  (165) have shown th e  a c y l t r a n s f e r a s e  to  be most a c t iv e



24.

in  th e  m icrosom al f r a c t io n  o f  ad ip o se  t i s s u e .  The h ig h  c a p a c ity  o f  

ad ip o se  t i s s u e  f o r  t r i a c y lg l y c e r o l  s y n th e s is  was r e f l e c t e d  in  th e  

f in d in g  t h a t  a d ip o se  t i s s u e  hom ogenates c o n ta in e d  much g r e a t e r  acylCoA: 

s n -g ly c e ro l  3 -p h o sp h a te  a c y l t r a n s f e r a s e  a c t i v i t y  th a n  hom ogenates o f  

o th e r  r a t  t i s s u e s  (163).

P h o sp h a tid ic  a c id  h as  been id e n t i f i e d  as  th e  p ro d u c t o f  a c y la t io n  

o f  s n -g ly c e ro l  3 -p h o sp h a te  w ith  palm itoylC oA  by m ito c h o n d r ia l and 

m icrosom al p r e p a ra t io n s  o f  r a t  a d ip o se  (164,156) and mammary t i s s u e s

(1 6 6 ). However in  s tu d ie s  w ith  r a t  l i v e r  m ictosom es, F a llo n  and Lamb

(167) found m o n o a c y l-sn -g ly c e ro l 3 -ph o sp h ate  to  be th e  i n i t i a l  p ro d u c t 

w ith  th e  n a tu re  o f  th e  s u b s t r a te  f a t t y  acylCoA d e te rm in in g  w hether 

th e  m o n o a c y l-sn -g ly c e ro l 3 -p h o sp h a te  formed was th e  sn -1  o r  sn -2  

isom er (1 6 8 ). The r e s u l t s  o f  s e v e ra l  o th e r  s tu d ie s  (169 ,170 ,171 ) 

have su g g e s te d  th a t  two d i s t i n c t  enzymes a c t in g  s e q u e n t i a l ly  a re  

r e q u ire d  f o r  th e  s y n th e s is  o f  p h o s p h a tid ic  a c id  from  s n -g ly c e ro l  3- 

p h o sp h a te  in  r a t  l i v e r  m icrosom es; an acylCoA: s n -g ly c e ro l  3 -ph o sp h ate  

a c y l t r a n s f e r a s e  form ing  1 -a c y l- s n -g ly c e ro l  3 -p h o sp h a te  and an acylCoA: 

1 - a c y l - s n -g ly c e ro l  3 -p h o sp h a te  a c y l t r a n s f e r a s e  to  y ie ld  p h o s p h a tid ic  

a c id .

( i i )  P h o sp h a tid a te  P h o sp h o h y d ro lase . The h y d ro ly s is  o f  

p h o s p h a tid ic  a c id  to  1 ,2  d ia c y l- s n - g ly c e r o l  i s  c a r r i e d  o u t by p hos

p h a t id a te  p h osphohydro lase  (EC 3 .1 .3 .4 ) ,  an enzyme w hich e x i s t s  in  

b o th  th e  cy to p la sm ic  and p a r t i c u l a t e  f r a c t io n s  o f  mammalian c e l l s  

(1 4 9 ). D an ie l and R u b in s te in  (172) found th e  enzyme to  be e q u a l ly  

d i s t r i b u t e d  betw een th e  p a r t i c u l a t e  and s o lu b le  f r a c t i o n s  o f  r a t  

ad ip o se  t i s s u e  hom ogenates, and to  have a pH optimum o f  6 .0 .  Jam dar 

and F a llo n  (156) r e p o r te d  t h a t  Mg^* c o n c e n tra tio n  was im p o rta n t f o r
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th e  a c t i v i t y  o f  th e  cy to p lasm ic  enzyme on membrane-bound p h o s p h a tid ic  

a c id  and su g g e s te d  th a t  in  ad ip o se  t i s s u e  Mg^”**-dependent and Mg^*- 

in d ep en d en t p h o s p h a tid a te  p h o sphohydro lases  m ight e x i s t .  The same 

w orkers p o s tu la te d  t h a t  th e  microsomes c o n ta in e d  b o th  ty p e s  o f  enzyme 

w h ile  th e  cy top lasm  c o n ta in e d  m ain ly  th e  Mg^'*'-dependent enzyme. In  

l i v e r ,  th e  cy to p la sm ic  enzyme u t i l i s e d  membrane-bound p h o s p h a tid ic  

a c id  p r e f e r e n t i a l l y  as s u b s t r a t e ,  w hereas m icrosom al p h o s p h a tid a te  

p h o sphohydro lase  had  a  h ig h e r  a c t i v i t y  on aqueous p h o s p h a tid ic  a c id  

(173).

The c y to p la sm ic  p h o s p h a tid a te  phosphohydro lase  o f  h e p a t ic  

t i s s u e s  i s  g e n e r a l ly  re g a rd e d  (174) as b e in g  more im p o rta n t in  

t r i a c y lg l y c e r o l  s y n th e s is  th an  m ito c h o n d ria l and m icrosom al sp e c ie s  

o f  th e  enzymes. In  c o n t r a s t ,  Jam dar and F a llo n  (156) p roposed  th a t  

th e  m icrosom al enzyme was more a c t iv e  th a n  th a t  o f  th e  cy top lasm  fo r  

t r i a c y lg l y c e r o l  s y n th e s is  in  ad ip o se  t i s s u e .  E a r l i e r  s tu d ie s  w ith  

ad ip o se  t i s s u e  hom ogenates had a ls o  im p lic a te d  th e  m ito ch o n d rio n  as 

a m ajor s i t e  o f  t r i a c y lg l y c e r o l  s y n th e s is  and d em o n stra ted  t h a t  th e  

a d d i t io n  o f  th e  cy top lasm  f r a c t io n  prom oted t h i s  a c t i v i t y  p o s s ib ly  by 

a c t iv a t in g  a  m icrosom al p h o s p h a tid a te .

The r o le  o f  cy to p lasm ic  p h o sp h a tid a te  phosph o h y d ro lase  in  r a t  

a d ip o c y te s  h as  r e c e n t ly  been s tu d ie d  by Mol1 e r e t  a l  (173) who 

su g g e s te d  t h a t  th e  enzyme may have a r e g u la to ry  fu n c tio n  in  t r i a c y l 

g ly c e ro l s y n th e s is .

( i i i )  AcylCoA: 1 ,2 -d ia c y l - s n - g ly c e r o l  A c y l t r a n s f e r a s e . The 

f i n a l  s te p  in  th e  s n -g ly c e ro l  3 -ph o sp h ate  pathw ay i s  th e  a c y la t io n  o f

1 ,2 - d ia c y l - s n - g ly c e r o l  to  y ie ld  th e  end p ro d u c t,  t r i a c y l g l y c e r o l .

T his a c y la t io n  i s  ach iev ed  by th e  enzyme acylCoA: 1 ,2 - d ia c y l - s n -
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g ly c e ro l  a c y l t r a n s f e r a s e  (EC 2 .3 .1 .2 0 ) ,  more commonly known as 

d la c y lg ly c e ro l  a c y l t r a n s f e r a s e .

A lthough th e  enzyme h as  been  s tu d ie d  in  v a r io u s  o th e r  t i s s u e s  

(1 7 6 ,1 7 7 ), i t s  o cc u rre n c e  and p r o p e r t i e s  in  a d ip o se  t i s s u e  have n o t 

been in v e s t ig a te d  to  any g r e a t  e x te n t .  However, th e  few s tu d ie s  t h a t  

have been  c a r r i e d  o u t re v e a le d  t h a t  th e  d la c y lg ly c e ro l  a c y l t r a n s f e r a s e  

was a s s o c ia te d  p red o m in an tly  w ith  th e  m icrosom es (1 7 2 ,1 7 8 ,1 7 9 ,1 8 0 ).

In r a t  l i v e r ,  th e  enzyme was cap ab le  o f  a c y la t in g  2 , 5 -d ia c y l- s n -  

g ly c e ro l  (181) b u t ev id en ce  to  d a te  su g g e s ts  t h a t  1 ,2 - d ia c y l - s n -  

g ly c e ro l  i s  th e  p r e f e r r e d  s u b s t r a te  (1 7 8 ,1 8 2 ). The s p e c i f i c i t y  o f  

d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  in  r e l a t i o n  to  th e  f a t t y  a c id  com

p o s i t io n  o f  th e  1 ,2 - d ia c y l - s n -g ly c e ro l  s u b s t r a te  in  r a t  a d ip o c y te s  

has been s tu d ie d  by  Coleman and B ell (180) who found 1 ,2 - d io le o y l - s n -  

g ly c e ro l  to  be th e  b e s t  s u b s t r a t e .  U n fo r tu n a te ly  th e  i n t e r p r e t a t i o n  

o f  such  s tu d ie s  w ith  m icrosom al p r e p a ra t io n s  i s  h in d e re d  by a la ck  o f  

knowledge o f  th e  p r e f e r r e d  p h y s ic a l  form o f  th e  v a t io u s  d ia c y lg ly c e ro ls  

p re s e n te d  as  s u b s t r a t e s  f o r  th e  enzyme.

2 . D ihydroxyacetone P hosphate  Pathway

The p a r t i c i p a t i o n  o f  th e  d ih y d ro x y ace to n e  p h o sp h a te  pathw ay in  

g ly c e r o l ip id  b io s y n th e s is  in  mammalian t i s s u e s  has  r e c e n t ly  been 

d is c u s s e d  by H a jra  (1 8 3 ). In  r a t  ad ip o se  t i s s u e  t r i a c y lg l y c e r o l  

s y n th e s is  v ia  t h i s  pathw ay was found to  be seco n d ary  to  th e  o p e ra t io n  

o f  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay (184). The a c y la t io n  o f  

d ih y d ro x y ace to n e  p h o sp h a te  to  form  a c y ld ih y d ro x y ace to n e  p h o sp h a te  has 

been shown (185) to  o ccu r in  bo th  th e  m ito c h o n d ria l and m icrosom al 

f r a c t io n s  o f  r a t  ad ip o se  t i s s u e .  A lthough th e  enzyme r e s p o n s ib le  f o r  

t h i s  a c y la t io n  i s  g e n e r a l ly  re g a rd e d  (184) as b e in g  a  d i s t i n c t  enzyme.
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r e c e n t  ev id en ce  (165) h as  su g g e s te d  th a t  th e  a c y la t io n  o f  b o th  sn -  

g ly c e ro l  3 -p h o sp h a te  and d ih y d ro x y ace to n e  p h o sp h a te  in  r a t  f a t - c e l l s  

may be c a r r i e d  o u t by th e  same enzyme.

R eduction  o f  a c y ld ih y d ro x y ace to n e  p h o sp h a te  to  1 -a c y l - s n -g ly c e ro 1 

3 -p h o sp h a te  was c a r r i e d  o u t by a membrane-bound, NADPH-reductase 

(EC 1 .1 .1 .1 0 1 )  a s s o c ia te d  w ith  b o th  th e  m ito ch o n d ria  and microsom es in  

ad ip o se  t i s s u e  (1 8 6 ). A cy la tio n  o f  th e  1 -a c y l - s n -g ly c e ro 1 3 -pho sp h a te  

th u s  produced  th e n  p ro cee d s  as in  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay.

3. M onoacy lg lycero l Pathway

The m onoacy lg ly cero l pathw ay p la y s  o n ly  a  m inor r o le  in  th e  

s y n th e s is  o f  t r i a c y lg l y e e r o l s  in  r a t  ad ip o se  t i s s u e ,  as d em o n stra ted  

by th e  r e c e n t  f in d in g  o f  Dodds e t  a l  (184) t h a t  2 -m o n o a c y l-sn -g ly c e ro l 

was a c y ia te d  a t  a  l e s s e r  r a t e  th a n  s n -g ly c e ro l  3 -p h o sp h a te  and 

d ih y d ro x y ace to n e  p h o sp h a te  in  r a t  a d ip o se  t i s s u e  hom ogenates. On th e  

o th e r  hand , in  e a r l i e r  s tu d ie s ,  S c h u ttz  and Jo h n sto n  (1 8 7 ), u s in g  th e  

e th e r  analogue o f  2 -m o n o o le o y l-sn -g ly c e ro l as s u b s t r a t e  in  v i t r o  

showed th a t  h am ste r a d ip o c y te s  had a m onoacy lg lycero l pathw ay a c t i v i t y  

equal to  t h a t  o f  th e  s n -g ly c e ro l  3 -ph o sp h ate  pathw ay, b u t t h a t  in  

m icrosom al p r e p a r a t io n s  th e  g ly c e ro l  p h osphate  pathw ay was a t  l e a s t  

tw ice  as a c t iv e .  The m o n oacy lg lycero l pathw ay may a ls o  o p e ra te  in  

human ad ip o se  t i s s u e  (188).

A lthough th e  a c tu a l  enzymes f o r  t r i a c y lg l y c e r o l  s y n th e s is  v ia  th e  

m o n o acy lg lycero l pathw ay have n e v e r been i s o la te d  from  ad ip o se  t i s s u e ,  

Rao and Jo h n sto n  (189) found t h a t  th o se  in  h am ste r i n t e s t i n a l  mucosa 

were p r e s e n t  as a  complex c o n ta in in g  acylCoA: m onoacy lg ly cero l 

a c y l t r a n s f e r a s e ,  acylCoA: d la c y lg ly c e ro l  a c y l t r a n s f e r a s e  and acylCoA 

s y n th e ta s e ,  w ith  b o th  p ro d u c ts  and s u b s t r a te s  b e in g  enzyme bound.
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In  k eep ing  w ith  th e  f a c t  t h a t  2 -m o n o a c y l-sn -g ly c e ro l i s  th e  main 

p ro d u c t o f  l i p o l y s i s  c a ta ly s e d  by p a n c re a t ic  l i p a s e ,  th e  2-m onoacyl- 

s n -g ly c e ro l  was th e  b e s t  acy l a c c e p to r  in  i n t e s t i n a l  e p i th e liu m , and

1 ,2 - d ia c y l - s n - g ly c e r o l  was th e  p r in c ip a l  p ro d u c t [190 ].

D. R eg u la tio n  o f  T r ia c y lg ly c e ro l  B io sy n th e s is  in  A dipose T issu e

1. C o n tro l o f  P o s i t io n a l  D is t r ib u t io n  o f  F a t ty  A cids in

T r ia c y lg ly c e ro ls

A n a ly s is  o f  th e  f a t t y  a c id  com position  o f  t r i a c y lg l y c e r o l s  in  

n a tu r a l  f a t s  does n o t  p e rm it any c o n c lu s io n s  to  be  made re g a rd in g  th e  

d i f f e r e n t  m o le c u la r  ty p e s  o f  t r i a c y lg l y c e r o l s  p r e s e n t .  In  a n a tu r a l  

t r i a c y lg l y c e r o l  m ix tu re  c o n ta in in g  n d i f f e r e n t  f a t t y  a c id  c o n s t i tu e n t s ,  

th e  number o f  p o s s ib le  m o le c u la r  s p e c ie s  o f  t r i a c y lg l y c e r o l s  [ in c lu d in g  

e n a n tio m e rs ] , N, can be c a lc u la te d  from th e  fo rm u la :

N  == n ^

Thus, 216 m o le c u la r  s p e c ie s  o f  t r i a c y lg l y c e r o l s  can t h e o r e t i c a l l y  

e x i s t  when s ix  d i f f e r e n t  f a t t y  a c id s  a re  p r e s e n t  a lth o u g h  b io lo g ic a l  

m a te r ia l  u s u a l ly  c o n ta in s  a t  l e a s t  seven  d i f f e r e n t  f a t t y  a c id s .

B efore th e  s p e c i f i c  n a tu re  o f  f a t t y  a c id  d i s t r i b u t i o n  in  t r i a c y l 

g ly c e ro ls  was known, th e  id e a  p r e v a i le d  t h a t  th e  f a t t y  a c id s  were 

s im ply  d i s t r i b u t e d  in  a random m anner. However, i t  i s  now e v id e n t 

t h a t  n a tu r a l  t r i a c y lg l y c e r o l s  have an asym m etric f a t t y  a c id  d i s t r i b u t io n .  

The s t e r e o s p e c i f i c  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  

from  a v a r i e ty  o f  p la n t  and anim al so u rces  h as  been  rev iew ed  by 

B ro ck erh o ff [1 9 1 ). Some g e n e ra l r u le s  were deduced f o r  th e  

p o s i t i o n a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  ad ip o se  t i s s u e  t r i a c y l -
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g ly c e r o ls .  In  mammalian depo t f a t  th e  t r i a c y lg l y c e r o l  m o lecu le  was 

u s u a l ly  o f  th e  s t r u c tu r e

p o s i t io n  sn -1  

p o s i t io n  sn-2  

p o s i t io n  sn -3

s a tu r a te d  f a t t y  a c id , 

u n s a tu ra te d  o r  s h o r t- c h a in  f a t t y  a c id .

_  lo n g -c h a in  f a t t y  a c id ,  random d i s t r i b u t i o n

where th e  p o s i t io n s  r e f e r  to  th e  sn -ca rb o n s  o f  s n - g ly c e r o l .

However, s e v e ra l  e x c e p tio n s  to  th e se  r u le s  e x i s t .  The g r e a t e s t  

p ro p o r tio n  o f  p a lm it ic  a c id  p r e s e n t  in  t r i a c y lg l y c e r o l s  o f  p ig  ad ip o se  

t i s s u e  was lo c a te d  in  p o s i t io n  sn -2  (1 9 2 ,1 9 3 ), a lth o u g h  th e  

d i s t r i b u t i o n  o f  f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  from  th e  l i v e r  o f  th e  

same anim al conform s to  th e  above p a t te r n  (193 ). In  ad ip o se  t i s s u e  

t r i a c y lg l y c e r o l s  o f  th e  e le p h a n t (1 9 4 ), h ippopotam us (1 9 4 ), t r e e  

h y rax  (195) and anim al s p e c ie s  c lo s e ly  r e l a t e d  to  th e  dom estic  p ig  

(1 9 6 ), th e  overw helm ing p ro p o r t io n  o f  p a lm it ic  a c id  was found 

e s t e r i f i e d  a t  p o s i t io n  s n - 2 . A lthough B ro ck erh o ff e t  a l  (187) found 

th e  f a t t y  a c id  co m position  o f  p o s i t io n s  sn-1  and sn -3  to  be a lm ost 

id e n t i c a l  in  t r i a c y l - s n -g ly c e ro ls  from ad ip o se  t i s s u e  o f  s e v e ra l  a v ia n  

s p e c ie s ,  more r e c e n t  s tu d ie s  have shown (198) th e  p o s i t io n in g  o f  f a t t y  

a c id s  in  t r i a c y lg l y c e r o l s  from d ep o t f a t  o f  ch ick en s  to  fo llo w  th e  

r u le s  o u t l in e d  above.

The f a t t y  a c id  com p o sitio n  o f  t r i a c y lg l y c e r o l s  in  r a t  ad ip o se  

t i s s u e  h as  been  shown (199) to  r e f l e c t  t h a t  o f  th e  d i e t .  In  c o n t r a s t ,  

th e  p a t t e r n  o f  f a t t y  a c id s  p r e s e n t  in  t r i a c y lg l y c e r o l s  o f  rum inan t 

ad ip o se  t i s s u e  i s  co m p a ra tiv e ly  u n r e f le c te d  by d i e t a r y  f a t  s in c e  

u n s a tu ra te d  f a t t y  a c id s  a re  e x te n s iv e ly  hy d ro g en a ted  in  th e  rumen, 

a lth o u g h  th e  t i s s u e  f a t t y  a c id  com position  can be a l t e r e d  by fe e d in g  

f a t s  w hich a re  p r o te c te d  from rum inai b io h y d ro g e n a tio n  (200 ). The 

in f lu e n c e  o f  d i e t  on th e  f a t t y  a c id  com position  o f  v a r io u s  t i s s u e s  has
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been d is c u s se d  by C arton  (201 ).

E a r ly  s tu d ie s  on th e  in c o rp o ra tio n  o f  f a t t y  a c id s  in to  a c y l-  

g ly c e ro ls  have been rev iew ed  by Lands (2 0 2 ), The non-random , 

asym m etric manner o f  f a t t y  a c id  e s t é r i f i c a t i o n  in to  a c y lg ly c e ro ls  was 

d em o n stra ted  by E lovson e t  a l  (203) who found t h a t  more th a n  90% o f  

l a b e l le d  p a lm i t ic  a c id  in c o rp o ra te d  in to  d ia c y lg ly c e r o ls  by r a t  

l i v e r s  in  v iv o  was re c o v e re d  in  p o s i t io n  sn -1 . W ith s tu d ie s  on r a t  

l i v e r  hom ogenates, o th e r  w orkers (204) l a t e r  confirm ed  th e  p r e f e r e n t i a l  

e s t é r i f i c a t i o n  o n to  p o s i t io n  sn -1  and a ls o  showed o l e i c  a c id  to  e n te r  

p re d o m in an tly  p o s i t io n  sn-2  o f  th e  t r i a c y lg l y c e r o l s  s y n th e s iz e d  by th e  

system . I t  h a s  been  su g g e s te d  (170) from th e  r e s u l t s  o f  s tu d ie s  w ith  

p a r t i a l l y - p u r i f i e d  enzymes from r a t  l i v e r  t h a t  in  th e  a c y la t io n  o f  

s n -g ly c e ro l  3 -p h o sp h a te  to  1- a c y l - s n - g ly c e r o l  3-p h o sp h a te  th e  p r e f e r r e d  

s u b s t r a te  i s  a lo n g -c h a in  s a tu r a te d  f a t t y  acylCoA and t h a t  an uns a t u r 

a te d  f a t t y  acylCoA i s  p r e f e r e n t i a l l y  e s t e r i f i e d  o n to  p o s i t io n  s n - 2 .

K in s e l la  (205) r e c e n t ly  re p o r te d  t h a t  palm itoylC oA  was e s t e r i f i e d  

on to  m o n o a c y l-sn -g ly c e ro l 3 -p h o sp h a te  a t  a h ig h e r  r a t e  th a n  o th e r  f a t t y  

acylCoA’s by bo v in e  mammary m icrosom es and su g g e s te d  th a t  such a 

s u b s t r a te  p re fe re n c e  o f  th e  a c y l t r a n s f e r a s e  e x p la in e d  th e  p red o m in an tly  

s a tu r a te d  f a t t y  a c id  com position  o f  p o s i t io n  sn -2  in  m ilk  f a t  

t r i a c y lg l y c e r o l s  (2 0 6 ). In  e a r l i e r  s tu d ie s  w ith  m icrosom es from r a t  

(166) and bo v in e  (207) mammary t i s s u e  in  which 1 - a c y l - s n -g ly c e ro l  

3 -p h o sp h a te  was n o t d e te c te d  as an in te rm e d ia te  p ro d u c t ,  p a lm ito y l

CoA was a ls o  th e  p r e f e r r e d  s u b s t r a te  f o r  acylCoA: s n -g ly c e ro l  3- 

pho sp h ate  a c y l t r a n s f e r a s e  in  th e  p ro d u c tio n  o f  p h o s p h a tid ic  a c id .

M arshall and Knudsen (208) have r e c e n t ly  d em o n stra ted  th e  

a c y la t io n  o f  membrane-bound 1 ,2 -d ia c y l - s n - g ly c e r o l  w ith  butyrylC oA
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by th e  m icrosom al f r a c t io n  o f  l a c t a t i n g  bov ine  mammary t i s s u e ,  

su g g e s tin g  th a t  th e  p o s i t io n in g  o f  b u ty r i c  and h ex an o ic  a c id s  

e x c lu s iv e ly  in  p o s i t i o n  sn -3  o f  rum inan t m ilk  f a t  (209) may be due to  

th e  a b i l i t y  o f  d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  to  u se  s h o r t - c h a in  f a t t y  

a c id s  as s u b s t r a t e s .

A lthough th e  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  o f  

mammary t i s s u e  (210) and ad ip o se  t i s s u e  (211,212) h as  been  a t t r i b u t e d  

to  th e  s p e c i f i c i t y  o f  th e  a c y l t r a n s f e r a s e s  in  th e  s n -g ly c e ro l  3- 

ph o sp h a te  pathw ay, o th e r  f a c to r s  may in f lu e n c e  th e  p o s i t io n in g  o f  

f a t t y  a c id s .  S tokes and Tove (213) h av e , f o r  exam ple, e x t r a c te d  an 

u n c h a ra c te r i s e d  f a c t o r  from p ig  ad ip o se  t i s s u e  w hich a p p a re n tly  

i n t e r a c t s  w ith  th e  a c y l t r a n s f e r a s e ( s )  to  d i r e c t  p a lm i t ic  a c id  on to  

p o s i t io n  s n - 2 .

2. C o n tro l o f  T r ia c y lg ly c e ro l  B io sy n th e s is

The r e g u la t io n  o f  t r i a c y lg l y c e r o l  s y n th e s is  in  ad ip o se  t i s s u e  

i s  n o t  f u l l y  u n d e rs to o d .

S ince  f a t t y  a c id s  a re  s to re d  in  ad ip o se  t i s s u e  as  t r i a c y l g l y c e r o l s ,  

i t  can be e x p ec ted  t h a t  d i e t s  le a d in g  to  in c re a s e d  f a t t y  a c id  s y n th e s is  

w i l l  a l s o  s t im u la te  th e  enzymes in v o lv ed  in  t r i a c y lg l y c e r o l  fo rm a tio n . 

A lthough th e  s n -g ly c e ro l  3 -p h o sp h a te  pathway i s  th e  p redom inan t ro u te  

f o r  th e  s y n th e s is  o f  t r i a c y lg l y c e r o l s  in  a d ip o se  t i s s u e ,  th e  r e s u l t s  o f  

Dodds e t  a l  (199) su g g e s te d  th a t  th e  com position  o f  th e  d i e t  may 

in f lu e n c e  th e  e x te n t  to  w hich th e  d ihyd ro x y ace to n e  p h o sp h a te  pathw ay 

c o n t r ib u te s  to  t r i a c y lg l y c e r o l  s y n th e s is  in  a d ip o se  t i s s u e .  S im i la r ly ,  

th e  a c t i v i t y  o f  th e  d ihyd ro x y ace to n e  pathway in  r a t  l i v e r  microsomes 

was in c re a s e d  when th e  an im als  were fed  a h ig h -c a rb o h y d ra te  d i e t  (214 ). 

sn -G ly c e ro l 3 -p h o sp h a te  a c y l t r a n s f e r a s e  and m o n o a c y l-sn -g ly c e ro l
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3 -p h o sp h a te  a c y l t r a n s f e r a s e  a c t i v i t i e s  in  r a t  ad ip o se  t i s s u e  (199) 

and d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  a c t i v i t y  in  r a t  l i v e r  (177) have 

a l l  been shown to  in c re a s e  in  an im als  fed  a h ig h  c a rb o h y d ra te  d i e t .

L loyd-D avies and B rin d le y  (215) d em onstra ted  t h a t  th e  a c t iv a t io n  

o f  f a t t y  a c id s  was n o t r a t e - l i m i t i n g  in  th e  s y n th e s is  o f  p h o s p h a tid ic  

a c id  by r a t  l i v e r  m icrosom es b u t t h a t  s n -g ly c e ro l  3 -ph o sp h ate  a c y l-  

t r a n s f e r a s e  co u ld  b e .

The h y d ro ly s is  o f  p h o s p h a tid ic  a c id  to  1 ,2 - d ia c y l - s n - g ly c e r o l  has 

been  p o s tu la te d  (216) as b e in g  an im p o rtan t r a t e - c o n t r o l l i n g  s te p  in  

t r i a c y lg l y c e r o l  s y n th e s is  in  r a t  l i v e r  m ain ly  b ecau se  p h o s p h a tid a te  

p h o sphohydro lase  was found to  have th e  low est r a t e  in  v i t r o  o f  th e  

enzymes in v o lv e d  in  t r i a c y lg l y c e r o l  s y n th e s is  in  r a t  l i v e r  m icrosom es 

(173 ). More r e c e n t ly ,  s tu d ie s  (212) w ith  hom ogenates o f  r a t  ad ip o se  

t i s s u e  have a ls o  im p lic a te d  p h o s p h a tid a te  phospho h y d ro lase  as a  r a t e -  

l im i t in g  s te p  in  th e  s n -g ly c e ro l  3 -phosphate  pathw ay.

I n s u l in  s t im u la t io n  o f  f a t t y  a c id  s y n th e s is  in  ad ip o se  t i s s u e  

p ro b a b ly  co rresp o n d s  w ith  in c re a s e d  a c t i v i t y  o f  th e  enzymes in v o lv ed  

in  t r i a c y lg l y c e r o l  fo rm a tio n  from th e  f a t t y  a c id s .  Ja so n  e t  a l  (217) 

have r e c e n t ly  shown th e  a c t i v i t y  o f  acylCoA s y n th e ta s e  in  th e  m icro 

somes o f  r a t  a d ip o c y te s  to  be doubled  in  th e  p re se n c e  o f  i n s u l i n ,  and 

th e  hormone may a ls o  e x e r t  a s t im u la to ry  e f f e c t  on s n -g ly c e ro l  3- 

ph o sp h a te  a c y l t r a n s f e r a s e  (218 ).

I t  has been n o te d  (170) t h a t  d iv a le n t  c a t io n s ,  e s p e c i a l l y  Ca^’*' 

a re  n e c e s s a ry  f o r  s n -g ly c e ro l  3 -phosphate  a c y l t r a n s f e r a s e  a c t i v i t y  in  

l i v e r ,  and th e  r e s u l t s  o f  Jam dar and F a llo n  (156) su g g e s t t h a t  in  r a t  

ad ip o se  t i s s u e  th e  b a la n c e  betw een Mg^+ and o th e r  d iv a le n t  io n s  may 

p la y  a r o le  in  th e  r e g u la t io n  o f  t r i a c y lg l y c e r o l  s y n th e s is .  F a c to rs  

a f f e c t in g  th e  le v e ls  and d i s t r i b u t i o n  o f  such io n s  w ith in  th e  c e l l
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may th e r e f o r e  in f lu e n c e  th e  s y n th e s is  o f  t r i a c y lg l y c e r o l s .

E. P re se n t Aims

In mammalian sy stem s, th e  b io s y n th e s is  o f  f a t t y  a c id s  and 

t r i a c y lg l y c e r o l s  canno t be re g a rd e d  as two co m p le te ly  s e p a ra te  

p ro c e s s e s .  E vidence f o r  th e  e x is te n c e  o f  r e l a t io n s h ip s  betw een th e  

s y n th e s is  de novo o f  f a t t y  a c id s  and t h e i r  su b seq u en t e s t é r i f i c a t i o n  

in to  t r i a c y lg l y c e r o l s  h as  been o b ta in e d  i n d i r e c t l y  by s e v e ra l  

w o rkers. A n a ly t ic a l  s tu d ie s  have shown th e  im portance  o f  th e  p o s i t i o n a l  

d i s t r i b u t i o n  o f  f a t t y  a c id s  in  t r i a c y l - s n - g ly c e r o l s  and th e  unique 

n a tu re  o f  p o s i t io n  s n - 3 : s t e r e o s p e c i f i c  a n a ly s is  o f  t r i a c y l - s n -

g ly c e ro ls  from p ig  a d ip o se  t i s s u e  showed (219) t h a t  p o s i t io n  sn-1  

p o s s ib ly  c o n ta in e d  o n ly  f a t t y  a c id s  formed de novo w ith in  th e  t i s s u e ;  

s h o r t -  and m edium -chain f a t t y  a c id s  o f  m ilk  f a t  t r i a c y lg l y c e r o l s  a re  

known (191 ,209) to  be p r e s e n t  p red o m in an tly  in  p o s i t i o n  sn -3  and 

u nusual f a t t y  a c id s  o f  p la n t  t r i a c y l - s n - g ly c e r o l s  a re  a ls o  g e n e ra l ly  

lo c a te d  in  p o s i t i o n  sn -3  (2 2 0 ). The in c o rp o ra t io n  in to  p o s i t io n  sn -3  

o f  o l e i c  a c id  form ed de novo by th e  d e s a tu r a t io n  o f  s t e a r i c  a c id  has 

been su g g e s te d  (221) as a r e g u la to r y  s te p  in  t r i a c y lg l y c e r o l  b io sy n 

t h e s i s  in  rum inan t mammary t i s s u e .

P re s e n t knowledge co n ce rn in g  th e  e s t é r i f i c a t i o n  o f  f a t t y  a c id s  

in to  t r i a c y lg l y c e r o l s  and i t s  c o n t ro l ,  i s  o n ly  frag m e n ta ry  a t  th e  

b io ch em ica l l e v e l .  In  p a r t i c u l a r ,  th e  manner in  w hich f a t t y  a c id s  

s y n th e s iz e d  de novo w ith in  ad ip o se  t i s s u e  a re  e s t e r i f i e d  in to  t r i a c y l 

g ly c e ro ls  in  com parison w ith  exogenous f a t t y  a c id s  a r i s i n g  from th e  

d i e t  o r  h e p a t ic  s y n th e s is ,  i s  co m p le te ly  unknown. The s tu d y  p re s e n te d
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h e re  was u n d e rta k e n  w ith  th e  aim o f  exam ining in  v i t r o  th e  r e l a t i o n 

sh ip  betw een th e  s y n th e s is  o f  f a t t y  a c id s  and t h e i r  subseq u en t 

e s t é r i f i c a t i o n  in to  t r i a c y lg l y c e r o l s  f o r  com parison w ith  th e  n a tu r a l  

d i s t r i b u t i o n  o f  f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  o f  r a t  a d ip o se  t i s s u e ,  

and to  d e te rm in e  w hether such r e la t io n s h ip s  a re  im p o rta n t in  

c o n t r o l l in g  th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  t r i a c y l 

g ly c e ro ls  and th e  r a t e  o f  t r i a c y lg l y c e r o l  b io s y n th e s i s .
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CHAPTER 2. MATERIALS AND METHODS

A. M a te r ia ls

1. S o lv e n ts

A ll s o lv e n ts  u sed  th ro u g h o u t th e se  s tu d ie s  w ere o f  A nala r g rade 

o r  were d i s t i l l e d  b e fo re  u s e . When s o lv e n ts  were e v a p o ra te d  under 

reduced  p re s s u re  o r  in  a s tream  o f  n i t r o g e n ,  th e  te m p e ra tu re  was 

m a in ta in ed  below  35°C.

2. Chem icals and R eagents

The fo llo w in g  were p u rch ased  from Sigma (London) Chemical Co. 

(K ingston-upon-T ham es, S u rre y , U .K .) :-  i n s u l in  (2 5 .3  I .U ./m g ) , 

d ig i to n in ,  bov in e  serum  album in (F ra c tio n  V ), p o ta ss iu m  m orpholino- 

propane su lp h o n a te  (MOPS), h ig h ly -p o ly m e rise d  c a l f  thymus DNA, snake 

venom (Ophiophagus h a n n a h ) , p a n c re a t in  and c o lla g e n a se  (Type 1 from 

C l. h i s to ly t i c u m ) .

The b o v in e  serum album in was d e f a t te d  and d ia ly s e d  by th e  

method o f  Hanson and B a lla rd  (222) b e fo re  u se .

( l - l ^ c )  and (9 ,1 0 -^ H ) fa t ty  a c id s ,  (l-^^C )N a a c e ta t e ,  (U-^^C)-
3

g lu co se  and H^O were a l l  s u p p lie d  by th e  R adiochem ical C entre  

(Amersham, Bucks, U .K .).

A ll o th e r  chem ica ls  were o f  A n ala r g rade and were p u rch ased  

from B.D.H. Chem icals (P o o le , D o rse t, U.K.) u n le s s  o th e rw ise  s t a t e d  

in  th e  t e x t .

3. Animals

Female W is ta r  r a t s  were p u rch ased  from A. Tuck and Son L td . 

(R ay le ig h , E ssex , U .K .). The an im als  were m a in ta in e d  on cube d ie t
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41B [Oxoid L td . ,  B a s in g s to k e , H am pshire, U .K .).

B. T echniques f o r  th e  P re p a ra t io n  and C h a ra c te r is a t io n  o f  

A dipocy tes

1. P re p a ra t io n

A d ip o cy tes , o r  f a t - c e l l s ,  were p re p a re d  from r a t  ad ip o se  t i s s u e  

e s s e n t i a l l y  by th e  method o f  R odbell (223) a s  d e s c r ib e d  by F ain  (224 ).

R ats were k i l l e d  by c e r v ic a l  d is lo c a t io n  and th e  p a ra m e tr ia l  

ad ip o se  t i s s u e  was e x c ise d  in to  i s o to n ic  s a l in e  m a in ta in e d  a t  37°C.

The w eigh t o f  t i s s u e  removed v a r ie d  w ith  th e  w eig h t o f  r a t  u sed ; 

ap p ro x im ate ly  300 mg from an anim al w eighing  129 g , to  3 .4  g from a 

r a t  o f  w eig h t 295 g. The t i s s u e  was f in e ly  m inced w ith  s c i s s o r s  

and t r a n s f e r r e d  to  a 30 ml p o ly th e n e  b o t t l e  c o n ta in in g  5 ml K rebs- 

R inger b ic a rb o n a te  b u f f e r  (225) o f  pH 7 .4 , b u t w ith  h a l f  th e  u su a l 

ca lc ium  c o n c e n tra t io n ,  200 mg d e f a t te d  bov ine  serum album in and 

16.6 mg c o l la g e n a s e . The b o t t l e  was s e a le d  w ith  a ru b b e r  s to p p e r  

a f t e r  a e r a t io n  w ith  O^zCOg (95 :5  v /v )  f o r  20 seco n d s , and in c u b a te d  

in  a w a te r  b a th  a t  37°C w ith  sh ak in g  by a  f l a s k  sh a k e r  f o r  45 m in u tes .

The c o n te n ts  o f  th e  b o t t l e  were th e n  g e n t ly  pushed  by means o f  a 

p lu n g e r ,  th ro u g h  a th i n  la y e r  o f  c h e e se c lo th  f a s te n e d  a c ro s s  th e  

bottom  o f  a 10 ml p l a s t i c  s y r in g e  from w hich th e  n o z z le  had been 

removed, in to  a p o ly th e n e  c o n ic a l c e n t r i f u g e  tu b e  o f  12 ml c a p a c ity .  

Most o f  th e  s t ro m a l-v a s c u la r  c e l l s  and any u n d ig e s te d  t i s s u e  were 

r e ta in e d  on th e  c h e e s e c lo th . The tu b e  w ith  i t s  c o n te n ts  was 

c e n tr i fu g e d  a t  ap p ro x im ate ly  400 g f o r  1 m in u te . T h is  r e s u l t e d  in
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a f lo a t in g  la y e r  o f  a d ip o c y te s ,  a brown in t e r n a ta n t  la y e r  and a 

s l i g h t  p r e c i p i t a t e  a t  th e  bottom  o f  th e  tu b e . The sed im en t, m ostly  

s t ro m a l-v a s c u la r  c e l l s ,  and th e  i n t e r n a ta n t  la y e r  were removed by 

means o f  a sy r in g e  to  which a le n g th  o f  sm a ll-b o re  p l a s t i c  tu b in g  

was a t ta c h e d ,  and d is c a rd e d . The la y e r  o f  f a t  c e l l s  was resu sp en d ed  

in  10 ml prewarmed K rebs-R inger b ic a rb o n a te  b u f f e r  w ith  4% album in , 

c e n tr i fu g e d  and th e  i n f r a n a ta n t  removed as b e fo re .  T h is w ashing 

p ro ced u re  was re p e a te d  once more when th e  a d ip o c y te s  were f i n a l l y  

resu sp en d ed  in  16 ml K rebs-R inger b ic a rb o n a te  b u f f e r  c o n ta in in g  4% 

album in in  a  25 ml p l a s t i c  b e a k e r m a in ta in ed  a t  37°C.

A liq u o ts  were ta k e n  from t h i s  su sp en sio n  by means o f  a p o ly 

th e n e  p ip e t t e  a f t e r  g e n t le  s w ir l in g  to  en su re  a homogenous 

d i s t r i b u t i o n  o f  th e  a d ip o c y te s  th ro u g h o u t th e  b u f f e r .  P o r tio n s  

removed in  t h i s  way were u sed  in  th e  in c u b a tio n  s tu d ie s  in  v i t r o , o r  

f o r  DNA e s tim a t io n  and m ic ro sco p ic  ex am in a tio n ,

2. M icroscop ic  E xam ination

A sm all drop o f  th e  f a t - c e l l  su sp e n sio n  was p la c e d  on a 

s i l i c o n iz e d  g la s s  s l i d e  and an eq u a l volume o f  0.01% (w/v) a c r id e n e  

o range in  w a te r  added as  s t a i n  (226 ), The su sp e n sio n  was covered  

w ith  a s i l i c o n iz e d  g la s s  c o v e r s l ip  and exam ined u n d er a L e itz  

O rth o lu x  I I  m icroscope equ ipped  w ith  a Wild Photoautom at cam era 

a tta c h m e n t.

A pproxim ate m easurem ents o f  f a t - c e l l  d ia m e te rs  were made by 

superim posing  th e  p h o to g ra p h ic  t r a n s p a re n c ie s  o f  th e  a d ip o c y te s  on 

one ta k e n  o f  a 1 mm g r id  a t  th e  same m a g n if ic a tio n .
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3. I s o la t io n  o f  th é  P a r t i c u la t e  Components, Cytoplasm  and L ip id

S to rag e  D ro p le t o f  A dipocytes

D ig ito n in  r e a c t s  s p e c i f i c a l l y  w ith  th e  33-hydroxy l group o f  

c h o le s te r o l  and can th e re b y  cause th e  l y s i s  o f  c h o le s te r o l - c o n ta in in g  

membranes. The p lasm a membrane o f  th e  r a t  l i v e r  c e l l  i s  known (227) 

to  c o n ta in  more c h o le s te r o l  th a n  m ito c h o n d ria l membranes o f  th e  same 

c e l l .  A s im i la r  s i t u a t i o n  p ro b ab ly  e x i s t s  in  th e  r a t  a d ip o c y te . By 

in c u b a tin g  a d ip o c y te s  w ith  d ig i to n in  o f  a c o n c e n tra t io n  such  t h a t  

th e  p lasm a membrane i s  ru p tu re d  w h ile  th e  m ito c h o n d r ia l membrane 

rem ains i n t a c t ,  i t  sh o u ld  be p o s s ib le  to  s e p a ra te  th e  cy top lasm  from 

th e  m ito c h o n d ria  by c e n t r i f u g a t io n .  The method d e s c r ib e d  by 

Zuurendonk and T ager (228) f o r  th e  r a p id  s e p a ra t io n  o f  p a r t i c u l a t e  

components and s o lu b le  cy top lasm  o f  i s o la t e d  r a t - l i v e r  c e l l s  was 

a p p lie d  w ith  o n ly  s l i g h t  m o d if ic a tio n s  in  th e  volum es u se d , to  r a t  

a d ip o c y te s  a f t e r  th e s e  had been in c u b a te d  w ith  ^ ^ C - la b e lle d  l i p i d  

p r e c u r s o r s .

At th e  end o f  such in c u b a t io n s ,  th e  c o n te n ts  o f  th e  in c u b a tio n  

b o t t l e  were d ecan ted  in to  a p o ly th e n e  c e n t r i f u g e  tu b e  and c e n tr ifu g e d  

a t  400 g f o r  30 seco n d s . The medium was removed by means o f  a 

sy r in g e  equipped w ith  a le n g th  o f  sm a ll-b o re  p l a s t i c  tu b in g ,  th e  

a d ip o c y te s  re su sp en d ed  in  8 ml K rebs-R inger b u f f e r  c o n ta in in g  

album in and th e  su sp e n sio n  c e n tr i fu g e d  a g a in . The b u f f e r  was 

removed as b e fo re  le a v in g  a th ic k  su sp en sio n  o f  a d ip o c y te s ,  A 

p o r t io n  o f  t h i s  a d ip o c y te  su sp e n sio n  (2 ml) was t r a n s f e r r e d  to  a 

g la s s  c o n ic a l  c e n t r i f u g e  tu b e  su rrounded  w ith  i c e ,  and to  i t  was 

added 5 ml o f  a s o lu t io n  (pH 7 ,0 ) c o n ta in in g  0.25M s u c ro s e , 20mM 

p o ta ss iu m  morpho1inop ropane  su lp h o n a te  (MOPS), 3mM EDTA and d ig i to n in
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a t  a c o n c e n tra t io n  o f  1 m g /m l,a t 4°C. A f te r  40 seconds th e  

su sp e n sio n  was c e n tr i fu g e d  f o r  ap p ro x im ate ly  25 seconds a t  a maximum 

o f  3 ,000 g on an MSE bench c e n t r i f u g e .

T his gave a la y e r  o f  l i p i d  ( f a t  p lu g ) on to p  o f  a c l e a r  i n t e r 

n a ta n t  la y e r  w ith  a sm all w h ite  p e l l e t  a t  th e  bottom  o f  th e  c e n t r i f u g e  

tu b e . The p e l l e t  was q u ic k ly  removed to  a n o th e r  t e s t - t u b e  u s in g  a 

sy r in g e  equ ipped  w ith  a long  b lu n te d  n e e d le . S im i la r ly ,  th e  

in t e r n a t a n t  la y e r  was t r a n s f e r r e d  to  a  50 ml c e n t r i f u g e  tu b e  le a v in g  

th e  f a t  p lu g  in  th e  o r ig in a l  tu b e .

L ip id  was e x t r a c te d  im m ed ia te ly  from th e  p e l l e t ,  i n t e r n a ta n t  

la y e r  and f a t  p lu g  as d e s c r ib e d  in  s e c t io n  D.

4. M easurement o f  A dipocyte DNA

E x tra c tio n  o f  DNA. DNA was e x t r a c te d  from a d ip o c y te s  by th e  

p ro ced u re  d e s c r ib e d  by Denton e t  a l  (229).

A p o r t io n  o f  th e  a d ip o c y te  su sp en sio n  (2 ml) was e x t r a c te d  f o r  

3 m inu tes  in  a  hand hom ogeniser w ith  2 ml 5% (v /v )  p e r c h lo r ic  a c id  

and 2 ml d ie th y l  e th e r  a t  0°C. The m ix tu re  was th e n  t r a n s f e r r e d  to  

a 12 ml g la s s  c e n t r i f u g e  tu b e  a long  w ith  a 2 ml 5% (v /v )  p e r c h lo r ic  

a c id  r in s e  o f  th e  hom ogen iser, and c e n tr i fu g e d  a t  3 ,000 g f o r  5 

m in u te s . The e th e r  was removed by P a s te u r  p ip e t t e  and th e  aqueous 

la y e r  c a r e f u l ly  d ecan ted  o f f  to  le av e  a f a t  p lu g  and p r e c i p i t a t e  in  

th e  c e n t r i f u g e  tu b e . The combined f a t  p lu g  and p r e c i p i t a t e  were 

washed once w ith  5 ml ace to n e  and th r e e  tim es w ith  5 ml d ie th y l  

e th e r  a t  4°C to  remove l i p i d .

To th e  f i n a l  p r e c i p i t a t e  was added 1 .5  ml 5% (v /v )  p e r c h lo r ic  

a c id .  The tu b e  and i t s  c o n te n ts  were m a in ta in ed  in  a w a te r  b a th  a t
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70°C f o r  15 m in u te s , a t  th e  end o f  which tim e th e  tu b e  was c e n tr ifu g e d  

a t  3 ,000 g f o r  5 m inu tes to  sed im ent u n d is so lv e d  r e s id u e .  The 

su p e rn a ta n t la y e r  c o n ta in e d  th e  e x t r a c te d  DNA.

DNA a s s a y . DNA was assay ed  by th e  method o f  B urton (230 ). 1 ml

o f  th e  above s u p e rn a ta n t  was mixed w ith  2 ml o f  a d ipheny lam ine

re a g e n t (1 .5  g s t e a m - d i s t i l l e d  d iphenylam ine d is s o lv e d  in  100 ml 

a c e t i c  a c id  c o n ta in in g  1 .5  ml c o n c e n tra te d  s u lp h u r ic  a c id  and 0 .01  ml 

a c e ta ld e h y d e ) . S tan d a rd  s o lu t io n s  o f  h ig h ly -p o ly m e rise d  c a l f  thymus 

DNA and a  b la n k  c o n ta in in g  no DNA were s im i la r ly  t r e a t e d .  A ll tu b e s  

were m a in ta in e d  a t  30°C f o r  16 h o u rs  to  p e rm it developm ent o f  c o lo u r .

The abso rbance  a t  600 nm was m easured a g a in s t  th e  b la n k  in  a 

G ilfo rd  240 sp e c tro p h o to m e te r  (G ilfo rd  In s tru m e n ts , O hio, U .S .A .) 

and compared w ith  v a lu e s  o b ta in e d  w ith  s ta n d a rd s .

Each e s t im a t io n  was perfo rm ed  in  t r i p l i c a t e .

C. In c u b a tio n s  o f  A dipocy tes in  v i t r o

1. G eneral In c u b a tio n  C o n d itio n s

E xperim ents were c a r r i e d  o u t a t  l e a s t  th r e e  tim e s  and each  

measurem ent in  a s in g le  experim en t was d u p lic a te d  w herever p o s s ib le .

Whereas a s in g le  r a t  w eighing  in  th e  re g io n  o f  280 g , p ro v id ed  

a s u f f i c i e n t  mass o f  a d ip o se  t i s s u e  f o r  th e  p r e p a r a t io n  o f  a d ip o c y te s  

f o r  u se  in  a s in g le  ex p erim en t, combined ad ip o se  t i s s u e s  e x c ise d  

from  two o r  more r a t s  w ere u sed  in  s tu d ie s  w ith  younger an im a ls .

A ll in c u b a tio n s  were c a r r i e d  o u t under an atm osphere o f  OgiCOg 

(9 5 :5 , v /v )  in  30 ml p l a s t i c  b o t t l e s  s e a le d  w ith  S uba-S eal ru b b e r  

s to p p e rs  (G allenkam p, London, U .K .), a t  37°C in  a sh ak in g  w a te r  b a th
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(2 c y c l e s / s ) .

The b a s ic  in c u b a tio n  medium co n ta in e d  a d ip o c y te s  (1 ml o f  

su sp e n s io n ) , K rebs-R inger b ic a rb o n a te  b u f f e r  [pH 7 .4 )  w ith  h a l f  th e  

o r ig in a l  ca lc iu m  c o n c e n tra t io n ,  g lu co se  [5mM), i n s u l i n  (20 m u n its /m l) 

and d e f a t te d  album in (40 mg/ml) in  a t o t a l  volume o f  3 m l. A d d itio n s  

to  t h i s  b a s ic  medium a re  d e s c r ib e d  below  o r  in  th e  r e le v a n t  p o s i t io n  

in  c h a p te r  3. In  l a t e r  s tu d ie s ,  th e  b a s ic  in c u b a tio n  medium system  

was s c a le d  up to  accommodate 4 ml o f  f a t - c e l l  su sp e n sio n  in  o rd e r  to  

p ro v id e  s u f f i c i e n t  a d ip o c y te  m a te r ia l  f o r  s e p a ra t io n  in to  cy to p lasm ic  

and p a r t i c u l a t e  com ponents.

2 . In c u b a tio n s  w ith  (1 -^ ^ C )F a tty  A cids

In  s tu d ie s  o f  th e  r a t e s  o f  e s t é r i f i c a t i o n  o f  e x t r a c e l l u l a r  f a t t y  

a c id s ,  th e  in c u b a tio n  medium c o n ta in e d  in  a d d i t io n  to  th e  b a s ic  

in g r e d ie n ts ,  e i t h e r  a s in g le  (1 -^ ‘̂ C )fa tty  a c id  o f  c o n c e n tra t io n  ImM, 

o r  e l s e  a ( l - ^ ^ C ) f a t ty  a c id  p r e s e n t  as  th e  la b e l le d  component o f  a 

f a t t y  a c id  m ix tu re  o f  t o t a l  c o n c e n tra t io n  ImM. The m ix tu re  c o n s is te d  

o f  p a lm i t ic  a c id  (30 mol %), s t e a r i c  a c id  (10 mol %), o le ic  a c id  

(40 mol %) and l i n o l e i c  a c id  (20 mol %). The component c a r ry in g  th e  

la b e l  was v a r ie d  a cc o rd in g  to  th e  f a t t y  a c id  u n d er s tu d y . The 

amount o f  la b e l  p e r  in c u b a tio n  b o t t l e  was alw ays 0 .3  p C i.b o th  when 

th e  (1 -^ ^ C ) fa t ty  a c id  was s u p p lie d  a lone  o r  as a component o f  th e  

f a t t y  a c id  m ix tu re .

To p e rm it com parison o f  r e s u l t s  o b ta in e d  w ith  a d ip o c y te s  p r e 

p a red  from d i f f e r e n t  r a t s ,  each experim en t on f a t t y  a c id  e s t é r i f i c a t i o n  

r a t e s  had  c o n tro l  in c u b a tio n s  c o n ta in in g  ( l - ^ ^ C )p a lm it ic  a c id  a lo n e . 

R e su lts  co u ld  th e r e f o r e  be c o r r e c te d  r e l a t i v e  to  th e s e  c o n tro l  

in c u b a tio n s .  O ther c o n tro l  in c u b a tio n s  in c lu d e d  f a t - c e l l s  in c u b a te d
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in  m edia c o n ta in in g  no ( l - ^ ^ C ) f a t ty  a c id s ,  and a com plete in c u b a tio n  

system  ex ce p t f o r  th e  a d ip o c y te s . A ll in c u b a tio n s  were c a r r i e d  o u t 

in  d u p l ic a te .

In  a l l  e x p e rim e n ts , f a t t y  a c id s  were added to  th e  in c u b a tio n  

medium as t h e i r  p o ta ss iu m  s a l t s  bound to  album in and th e s e  were 

p re p a re d  by d is s o lv in g  th e  p u re  f a t t y  a c id s  in  0 .1  ml o f  O.IM 

p o ta ss iu m  h y d ro x id e  c o n ta in in g  4 mg album in.

In  s tu d ie s  o f  th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  e s t e r i f i e d  e x t r a 

c e l l u l a r  f a t t y  a c id s  in  t r i a c y l g l y c e r o l s ,  each  ( l - ^ ^ C ) f a t ty  a c id  

c o n ta in e d  0 .6  pCi o f  r a d i o a c t i v i t y  and was in c u b a te d  as p a r t  o f  th e  

f a t t y  a c id  m ix tu re . In  ex p erim en ts  d esig n ed  to  s tu d y  th e  e f f e c t  o f  

a c e ta te  c o n c e n tra t io n  on th e  e s t é r i f i c a t i o n  o f  e x t r a c e l l u l a r  f a t t y  

a c id s  in to  t r i a c y l g l y c e r o l s ,  (1 -^ '^ C )o le ic  a c id  (0 .3  pC i) was p r e s e n t  

as p a r t  o f  a f a t t y  a c id  m ix tu re  in  th e  b a s ic  in c u b a tio n  medium to  

which sodium a c e ta te  a t  s e v e ra l  c o n c e n tra t io n s  had a l s o  been added.

In  o rd e r  t h a t  a llow ance co u ld  be made f o r  f a t t y  a c id s  p r e s e n t  

in  th e  album in , th e  a b s o lu te  u n e s t e r i f i e d  f a t t y  a c id  c o n te n t o f  th e  

in c u b a tio n  medium was d e te rm in ed  in  t r i p l i c a t e  by e x t r a c t in g  l i p i d s  

from a com plete  in c u b a tio n  o r  from a c o n tro l  in c u b a tio n  c o n ta in in g  

th e  (1 -^ ^ C ) fa t ty  a c id  b u t no a d ip o c y te s . 1 ml o f  a s ta n d a rd  

s o lu t io n  o f  p e n ta d e c a n o ic  a c id  in  m ethanol was added d u rin g  t h i s  

l i p i d  e x t r a c t io n .  The u n e s t e r i f i e d  f a t t y  a c id  f r a c t i o n  o f  th e  l i p i d  

e x t r a c t  was s e p a ra te d  by T .L .C ., m e th y la ted  and a n a ly se d  by G.L.C.

By com parison w ith  th e  p e n tad ecan o in  s ta n d a rd  th e  amounts o f  th e  

o th e r  f a t t y  a c id s  p r e s e n t  were c a lc u la te d  (231 ). In  t h i s  way, th e  

o v e r a l l  amount o f  in d iv id u a l  f a t t y  a c id s  a v a i la b le  to  th e  f a t - c e l l s  

from th e  in c u b a tio n  medium was de term ined  and ta k e n  in to  c o n s id e r 

a t io n  in  su b seq u en t c a lc u la t io n  o f  r e s u l t s .  F u ll  d e t a i l s  o f  th e
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ch rom atog raph ic  p ro c e d u re s  a re  g iven  in  s e c t io n  E below .

3. In c u b a tio n s  w ith  ( l-^ '^ C )A ce ta te , (U-^'^C)Glucose and

In s tu d ie s  o f  th e  in c o rp o ra t io n  o f  a c e ta te  in to  a c y ig ly c e ro ls ,  

sodium ( l- ^ ^ C )a c e ta te  was in c lu d e d  a t  s e v e ra l  c o n c e n tra t io n s  in  th e  

in c u b a tio n  medium. The s p e c i f i c  a c t i v i t i e s  used  v a r ie d  and a re  

g iven  in  th e  legends to  th e  r e le v a n t  T ab les o r  F ig u re s .  S im i la r ly ,  

in  ex p erim en ts  on l ip o g e n e s is  from g lu c o se  as th e  p rim ary

p re c u r s o r ,  th e  c o n c e n tra t io n  o f  ^ ^ C -la b e lle d  g lu c o se  in  th e  in c u 

b a t io n  medium was v a r ie d ,  and th e  i n i t i a l  s p e c i f i c  a c t i v i t i e s  used  

in  each experim en t a re  p re s e n te d  l a t e r  a long  w ith  th e  r e le v a n t  

e x p e rim e n ta l r e s u l t s .

3 3In  some e x p e rim e n ts , (9 ,1 0 -  H )o le ic  a c id  and (9 ,1 0 -  H ) s te a r ic

a c id  were in c u b a te d  w ith  f a t - c e l l s  in  th e  b a s ic  in c u b a tio n  medium

c o n ta in in g  e i t h e r  (U -^^C )glucose o r  ( l - ^ ^ C )a c e ta te  a t  v a r io u s
3

c o n c e n tra t io n s .  Again th e  i n i t i a l  s p e c i f i c  a c t i v i t y  o f  each  H- 

la b e l le d  f a t t y  a c id  i s  g iv en  in  th e  legends to  th e  r e le v a n t  r e s u l t s
3

In  s tu d ie s  o f  th e  in c o rp o ra t io n  o f  H^O in to  l i p i d s ,  ad ip o c y te s  

were in c u b a te d  in  th e  b a s ic  medium c o n ta in in g  g lu c o se  o r  a c e ta te  a t
3

v a r io u s  c o n c e n tra t io n s  to  which H2O was added. The s p e c i f i c  

3a c t i v i t y  o f  H^O in  a l l  in c u b a tio n s  was 1 mCi/ml,

C oncu rren t in c u b a tio n s  were c a r r i e d  o u t as  p a r t  o f  th e se  

ex p erim en ts  w ith  (1 -^ ^ C )a c e ta te ,  (U -^^C )glucose and s u b s t r a te s

in  w hich th e  medium a lso  c o n ta in e d  th e  f a t t y  a c id  m ix tu re  w ith  th e  

com p o sitio n  a lre a d y  d e s c r ib e d  ( s e c t io n  C.2) and o f  t o t a l  concen

t r a t i o n  ImM.
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D. I s o la t io n  o f  L ip id s

1. E x tra c t io n  o f  T o ta l L ip id s  from A dipocytes

L ip id  was e x t r a c te d  from a d ip o c y te s  by th e  method o f  Folch 

e t  a l  (2 3 2 ).

A f te r  in c u b a tin g  th e  a d ip o c y te s  w ith  v a r io u s  s u b s t r a t e s ,  th e  

r e a c t io n  was s to p p ed  by th e  a d d i t io n  o f  8 ml m e th an o l, and th e  

c o n te n ts  o f  th e  r e a c t io n  v e s s e l  d ecan ted  in to  a 30 ml g la s s  cen 

t r i f u g e  tu b e  f i t t e d  w ith  a g ro u n d -g la ss  s to p p e r .  About 1 mg o f  a 

m ix tu re  c o n s is t in g  o f  t r i p a lm i to y lg ly c e r o l ,  d ip a lm i to y lg ly c e r o l , 

d im y r is to y l l e c i t h i n  and p a lm i t ic  a c id  was added in  a sm all volume 

(100 p i)  o f  ch lo ro fo rm  to  a c t  as a  c a r r i e r .  16 ml o f  ch lo ro fo rm  

was th e n  added and th e  tu b e  shaken v ig o ro u s ly . P o tass iu m  c h lo r id e  

(3 ml) 1.76% (w/v) was added to  th e  m ix tu re  r e s u l t i n g  in  a f i n a l  

ch lo ro fo rm rm e th a n o l:w a te r  r a t i o  o f  8 :4 :3  by volum e, w ith  th e  o v e r a l l  

c o n c e n tra t io n  o f  p o ta ss iu m  c h lo r id e  in  th e  aqueous f r a c t io n  b e in g

0.88%. The in c u b a tio n  b o t t l e  was r in s e d  b r i e f l y  w ith  a sm all volume 

o f  ch lo ro fo rm :m eth an o l (2 :1  v /v )  which was added to  th e  e x t r a c t io n  

m ix tu re . The m ix tu re  was shaken v ig o ro u s ly  f o r  two m inu tes and 

a llow ed  to  s ta n d  a t  room te m p e ra tu re  f o r  one hou r w ith  o c c a s io n a l 

sh ak in g . At th e  end o f  t h i s  tim e , th e  tu b e  and i t s  c o n te n ts  were 

c e n tr i fu g e d  f o r  10 m inu tes a t  1,000 g. The u p p er aqueous la y e r  which 

c o n ta in e d  n o n - l ip id  m a te r ia ls  was a s p i r a te d  and d is c a rd e d . The low er, 

o rg a n ic  la y e r ,  c o n ta in in g  e x t r a c te d  l i p i d  was f i l t e r e d  in to  a round- 

bottom ed f l a s k ,  and th e  s o lv e n t  was removed u n d er red u ced  p re s s u re  on 

a r o ta r y  f i lm  e v a p o ra to r ,  y ie ld in g  a pu re  l i p i d  e x t r a c t  which was 

t r a n s f e r r e d  in  a sm all volume o f  ch lo ro fo rm  to  a p re v io u s ly  w eighed 

t e s t - t u b e .  The round-bo ttom ed  f la s k  was r in s e d  w ith  ch lo ro fo rm :
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m ethanol (2 :1  v /v )  and th e s e  w ashings added to  th e  t e s t - t u b e .  The 

s o lv e n t was e v a p o ra te d  under a s tream  o f  n i t r o g e n  and th e  w eigh t o f  

th e  l i p i d  e x t r a c t  d e te rm in ed .

L ip id  sam ples e x t r a c te d  in  t h i s  manner were s to r e d  in  s o lu t io n s  

o f  1 ml o f  ch lo ro fo rm  in  a r e f r i g e r a t o r  a t  4°C u n d er an atm osphere 

o f  n i t r o g e n ,  p r i o r  to  f u r th e r  a n a ly s i s .

When ( l - ^ ^ C )a c e ta te  and (U -^^C )glucose were th e  la b e l le d  

s u b s t r a te s  in  s tu d ie s  w ith  young r a t s ,  th e  3 ml o f  1.76% p o ta ss iu m  

c h lo r id e  a ls o  c o n ta in e d  1% (w/v) sodium a c e ta te  and 1% (w/v) g lu co se  

r e s p e c t iv e ly ,  to  a id  th e  rem oval o f  r e s id u a l  l a b e l l e d  p r e c u r s o r s .

E x tra c t io n  o f  t o t a l  l i p id s  from  th e  f a t  p lu g , i n t e r n a t a n t  la y e r  

and p e l l e t  form ed on c e n t r i f u g a t io n  o f  a d ip o c y te s  ly se d  by d ig i to n in  

was c a r r i e d  o u t e s s e n t i a l l y  as  above.

2 . S e p a ra t io n  o f  L ip id  C la sse s

The s e p a ra t io n  o f  e x t r a c te d  l i p i d  in to  t r i a c y l g l y c e r o l s ,  d ia c y l 

g ly c e r o ls ,  p h o s p h o lip id s  and u n e s te r i f i e d  f a t t y  a c id s  was ach iev ed  

by th in  la y e r  chrom atography (T .L .C .) in  u n lin e d  ta n k s  on 20 x 20 cm 

o r  10 X 20 cm g la s s  p l a t e s  co a ted  w ith  K ie se lg e l G (E. Merck,

D arm stad t, Germany) in  la y e r s  0 .5  mm th ic k .

Up to  40 mg o f  l i p i d  in  s o lv e n t  (u s u a l ly  ch lo ro fo rm ) was 

a p p lie d  as a band to  one 20 x 20 cm p la te  and s e p a ra te d  in to  i t s  

component l i p i d  c l a s s e s  u s in g  hexane : d ie th y l  e th e r : fo rm ic  a c id  

(8 0 :2 0 :2  by volume) as d ev e lo p in g  s o lv e n t .  The developed  chromatogram 

was sp ray ed  w ith  0.1% (w/v) 2 ' , 7 ' - d ic h lo r o f lu o r e s c e in  in  96% m ethanol 

c o n ta in in g  0.1% (w/v) 2 , 6 - d i - t e r t - b u t y l - p - c r e s o l  (B .H .T .) as a n t i 

o x id a n t,  and was view ed u n d er u l t r a v i o l e t  l i g h t  to  d e te c t  th e  bands 

o f  d i f f e r e n t  l i p i d  c l a s s e s .  The id e n t i t y  o f  each  band was
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a s c e r ta in e d  by com parison w ith  a  s im i la r  p l a t e  on which l i p i d  

s ta n d a rd s  had  been  s e p a ra te d .

When ^ ^ C - la b e lle d  s u b s t r a te s  were u sed , th e  l i p i d  f r a c t io n s  

to g e th e r  w ith  th e  a d so rb e n t were sc rap ed  o f f  th e  p l a t e  and coun ted  

d i r e c t l y  by l i q u id  s c i n t i l l a t i o n  sp e c tro m e try  (se e  s e c t io n  G ).
3

L ip id  f r a c t io n s  c o n ta in in g  H w ere e lu te d  from th e  ad so rb e n t as 

d e sc r ib e d  below  b e fo re  m easurem ents were made o f  t h e i r  r a d io a c t i v i t y .

A lthough m ethyl e s t e r s  o f  t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e r o ls ,  

p h o sp h o lip id s  and f a t t y  a c id s  cou ld  be formed w ith o u t p r i o r  e x t r a c t io n  

o f  th e  l i p i d s  from  th e  s i l i c a  g e l a d so rb e n t (2 3 3 ), th e  t r a n s 

e s t é r i f i c a t i o n  p ro c e s s  was found to  be more e f f i c i e n t  i f  th e  l i p i d s  

were f i r s t  e lu te d  from  th e  a d so rb e n t. In  t h i s  in s ta n c e ,  th e  bands 

were sc ra p e d  from  th e  developed  p l a t e  in to  s e p a ra te  sm all chrom ato

g ra p h ic  colum ns, and th e  l i p i d s  e lu te d  w ith  60 ml o f  a  s u i t a b le  

s o lv e n t .  T r ia c y lg ly c e r o ls  and d ia c y lg ly c e ro ls  were e lu te d  w ith  

ch lo ro fo rm  o r  d ie th y l  e th e r ,  p h o sp h o lip id s  w ith  c h lo ro fo rm :m ethanol : 

w a te r  (5 :5 :1  by volum e) and f a t t y  a c id s  were e x t r a c te d  w ith  d ie th y l  

e th e r  .-form ic a c id  (199:1 by volum e). The s o lv e n ts  were removed u nder 

reduced  p re s s u re  to  y ie ld  th e  r e le v a n t  pu re  l i p i d  c l a s s .

E. F a t ty  A cid A n a ly s is

1. M é th y la tio n  o f  L ip id s

M ethyl e s t e r s  o f  th e  v a r io u s  l i p i d  c la s s e s  were form ed by 

add ing  2 ml o f  1% (v /v )  c o n c e n tra te d  s u lp h u r ic  a c id  in  d ry  m ethanol 

to  th e  l i p i d  in  a 15 ml g ro u n d -g la ss  t e s t - t u b e .  S in ce  t r i a c y l 

g ly c e ro ls  have o n ly  l im i te d  s o l u b i l i t y  in  m ethano l, 1 ml o f  benzene
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was added when t h i s  component was b e in g  m e th y la te d . D ia c y lg ly c e ro ls ,  

u n e s t e r i f i e d  f a t t y  a c id s  and p h o sp h o lip id s  d id  n o t  r e q u ir e  th e  

a d d i t io n  o f  any s o lv e n t .  The t e s t - t u b e  was f i l l e d  w ith  n i t r o g e n ,  

s to p p e re d  and m a in ta in e d  a t  50°C f o r  16-18 h o u rs  in  a th e rm o s ta t ic a l ly -  

c o n t ro l le d  h e a t in g  b lo c k .

The m é th y la tio n  was s topped  by th e  a d d i t io n  o f  5 ml w a te r , and 

th e  s o lu t io n  e x t r a c te d  once w ith  5 ml d ie th y l  e th e r  and once w ith  

5 ml h e x a n e :e th e r  (1 :1  v /v ) .  The o rg a n ic  la y e r s  were removed by 

P a s te u r  p i p e t t e  and washed w ith  5 ml 2% (w/v) p o ta ss iu m  b ic a rb o n a te  

to  remove any dye b e fo re  d ry in g  ov er anhydrous sodium s u lp h a te  (2 3 4 ).

2 . S e p a ra t io n  o f  S a tu ra te d  and U n sa tu ra te d  F a t ty  A cid M ethyl

E s te rs

S i lv e r  n i t r a t e  T .L .C . was u sed  f o r  th e  s e p a ra t io n  o f  m ethyl 

e s t e r s  o f  s a tu r a te d  f a t t y  a c id s  from th o se  c o n ta in in g  one o r  more 

double bonds (2 3 5 ).

K ie se lg e l G c o n ta in in g  10% (w/w) s i l v e r  n i t r a t e  was used  to  c o a t 

10 X 20 cm g la s s  p l a t e s  in  la y e r s  0 .5  mm th ic k .  The m ix tu re  o f  

m ethyl e s t e r s  to  be s e p a ra te d  was a p p l ie d  as a  band in  hexane 

s o lu t io n  to  a T .L .C . p l a t e  co a ted  w ith  s i l v e r  n i t r a te - im p re g n a te d  

s i l i c a  g e l and t h i s  was developed  in  th e  dark  w ith  hexane :d ie th y l  

e th e r  (95 :5  v /v )  as s o lv e n t m ix tu re . Bands o f  s a tu r a t e d ,  monoenoic 

and d ie n o ic  f a t t y  a c id  m ethyl e s t e r s  were i d e n t i f i e d  by com parison 

w ith  known s ta n d a rd s  a f t e r  sp ra y in g  th e  developed  p l a t e  w ith  2 ’ , 7 ’ - 

d ic h lo r o f lu o r e s c e in  s o lu t io n  and v iew ing  under u l t r a v i o l e t  l i g h t .

The r a d i o a c t i v i t y  o f  f a t t y  a c id  m ethyl e s t e r s  co u ld  n o t  be 

m easured d i r e c t l y  in  th e  p re se n c e  o f  s i l v e r  n i t r a te - im p re g n a te d
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a d so rb e n t and s e p a ra te d  components were th e r e f o r e  alw ays e x t r a c te d  

from th e  s i l i c a  g e l p r i o r  to  c o u n tin g . Two methods were ad op ted  f o r  

t h i s  p u rpose

( i )  The bands c o n ta in in g  th e  m ethyl e s t e r s  were sc ra p e d  in to  

sm all g la s s  columns o f  d ia m e te r  p lugged  a t  one end w ith  c o tto n  

wool and c o n ta in in g  a  sm all la y e r  (ap p ro x im ate ly  1 g) o f  F l o r i s i l .

The m ethyl e s t e r s  were th e n  e lu te d  w ith  15 ml d ie th y l  e th e r  d i r e c t l y  

in to  g la s s  s c i n t i l l a t i o n  v i a l s .  The e th e r  was e v a p o ra te d  to  d ry n ess  

u nder a s tream  o f  n i t r o g e n  and th e  s i l i c a  e lu te d  once more w ith  

d ie th y l  e th e r :m e th a n o l (14:1  v /v )  d i r e c t l y  in to  th e  same v i a l .  The 

s o lv e n t  was ag a in  e v a p o ra te d , to lu e n e - f l u o r  added and th e  sample 

coun ted  by a  l i q u id  s c i n t i l l a t i o n  sp e c tro m e te r . T r i a l s  w ith  s ta n d a rd  

m ix tu re s  o f  m ethyl ( l-^ ^ C )p a lm ita te  and m ethyl ( l - ^ ^ C )o le a te  had 

shown t h a t  t h i s  p ro ced u re  gave abou t 85% re c o v e ry  o f  la b e l  and 

had h ig h  re p ro d u c e a b i1i t y .

( i i )  A l te r n a t iv e ly ,  each  s i l i c a  g e l band was sc ra p e d  in to  a 

t e s t - t u b e  and 1 ml m ethanol was added fo llo w ed  by 1 ml 20% (w/v) 

sodium c h lo r id e  and 3 .5  ml hexane : d ie th y l  e th e r  (1 :1  v /v ) .  The 

c o n te n ts  o f  th e  tu b e  were mixed th o ro u g h ly  and th e  s i l i c a  g e l 

sed im en ted  by c e n t r i f u g a t io n  a t  1,000 g f o r  5 m in u te s . The la y e r  o f  

o rg a n ic  s o lv e n t  was t r a n s f e r r e d  to  a n o th e r  t e s t - t u b e  by  P a s te u r  

p i p e t t e ,  and th e  s i l i c a  g e l e x t r a c te d  tw ice  more w ith  3 .5  ml hexane: 

e th e r  (1 :1  v /v ) .  The combined o rg a n ic  la y e rs  (10 .5  ml) were washed 

w ith  2 .5  ml 5% (w/v) p o ta ss iu m  b ic a rb o n a te  to  remove 2* ,7 '- d i c h lo r o -  

f lu o r e s c e in  dye, and f i n a l l y  t r a n s f e r r e d  to  a s c i n t i l l a t i o n  v i a l  f o r  

m easurem ent o f  r a d i o a c t i v i t y  (234).

R eco v eries  o f  b e t t e r  th a n  90% were o b ta in e d  w ith  ( l - ^ ^ C ) f a t ty

a c id  m ethyl e s t e r s  u s in g  t h i s  method.
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3. Gas L iq u id  Chrom atography (G .L .C .)

Gas l i q u id  ch rom atog raph ic  a n a ly se s  were c a r r i e d  o u t on a 7 ’ by 

h ” g la s s  column o f  15% w/w EGSS-X on Chromoso rb  W (100-120 mesh, a c id -  

washed and s i l a n i s e d )  (A pplied  S c i.  I n c . ,  U .S .A .) a t  185°C, in  a 

Pye 104 Chrom atograph (Pye-Unicam L td . ,  Cam bridge, U .K .) equ ipped  

w ith  a flam e io n i s a t io n  d e te c to r .

The f a t t y  a c id s  o f  a l l  l i p i d  c la s s e s  were a n a ly se d  as t h e i r  

m ethyl e s t e r s .  Peak a re a s  were c a lc u la te d  by m u l t ip ly in g  th e  h e ig h t 

o f  each  peak by i t s  r e t e n t io n  tim e (236 ). In d iv id u a l  e s t e r  peaks 

were i d e n t i f i e d  w ith  re g a rd  to  ch a in  le n g th  and number o f  double 

bonds by com parison w ith  a u th e n t ic  s ta n d a rd s .  To d e te rm in e  m olar 

p e rc e n ta g e s  each  peak a re a  was m u l t ip l ie d  by an a p p ro p r ia te  f a c t o r  

c a lc u la te d  to  com pensate f o r  th e  d i f f e r e n c e s  in  m o le c u la r  w e ig h ts  o f  

th e  d i f f e r e n t  f a t t y  a c id s .

P re p a ra t iv e  G.L.C. o f  l i p i d  m ethyl e s t e r s  c o n ta in in g  r a d io a c t i v i t y  

was c a r r i e d  o u t on a 7 ' by g la s s  column c o n ta in in g  15% w/w EGSS-Y 

on Chromosorb W (100-200 mesh, ac id -w ashed  and s i l a n i s e d )  in  a Pye 

104 chrom atograph . A s t r e a m - s p l i t t e r  s i tu a te d  im m ed ia te ly  b e fo re  

th e  flam e io n i s a t io n  d e te c to r  a llow ed  a h ig h  p ro p o r t io n  (no m in a lly  

99%) o f  th e  m a te r ia l  e lu t in g  from th e  column to  be d i r e c te d  th ro u g h  

an o u t l e t  m a in ta in e d  a t  oven te m p e ra tu re  (185^C) in to  t r a p s  c o n ta in in g  

g la s s  beads (60 mesh) m o istened  w ith  to lu e n e - f l u o r .  In  t h i s  way, th e  

e s t e r s  c o rre sp o n d in g  to  in d iv id u a l  peaks cou ld  be tra p p e d  s e p a r a te ly  

by u s in g  a new t r a p  f o r  each component as th e  peak em erged on th e  

r e c o rd e r  c h a r t .  The tra p p e d  e s t e r s  were e lu te d  d i r e c t l y  in to  g la s s  

s c i n t i l l a t i o n  v i a l s  w ith  15 ml to lu e n e - f lu o r  f o r  r a d i o a c t i v i t y  

measurem ent (237 ).

R eco v eries  o f  85-90% w ith  ^ ^ C -la b e lle d  f a t t y  a c id  m ethyl e s t e r s
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were c o n s i s te n t ly  o b ta in e d  u s in g  th e  above system .

4. High P re s su re  L iq u id  Chrom atography (H .P .L .C .)

A s t a i n l e s s  s t e e l  column o f  le n g th  30 cm and i n t e r n a l  d ia m e te r

0 .4  cm packed w ith  y Bondapak C l8 ( p a r t i c l e  s iz e  10 ym) (W aters 

A ss o c ia te s ,  M ilfo rd , M ass., U .S .A .) was used  in  a l l  a n a ly se s  o f  f a t t y  

a c id  m ethyl e s t e r s .  Samples were loaded  on to  th e  column by means o f  

a U6K in j e c t i o n  b lo c k  and an M-600 pump (W aters A ss o c ia te s )  was used  

to  d r iv e  th e  s o lv e n t  th ro u g h  th e  column. The column e f f lu e n t  was 

m on ito red  by a  r e f r a c t i v e  in d ex  d e te c to r  (V arian  A erograph , W alnut 

C reek, C a l i f o r n ia ,  U .S .A .) l in k e d  to  a  c h a r t  r e c o rd e r .

A ll s o lv e n ts  w ere degassed  b e fo re  u se  by r e f lu x in g  in  a f la s k  

equ ipped  w ith  a w a te r  co n d en ser f o r  30 m in u tes .

The optimum o p e ra t in g  c o n d it io n s  f o r  th e  a n a ly se s  o f  f a t t y  a c id  

m ethyl s ta n d a rd s  were d e te rm in ed  by v a ry in g  th e  r a t i o  o f  m ethanol to  

w a te r  in  th e  s o lv e n t ,  and th e  s o lv e n t flow  r a t e .

In  an a tte m p t to  red u ce  a c t iv e  s i t e s  o f  th e  a d so rb e n t by 

s i l a n i s a t i o n  o f  th e  column, th e  p o l a r i t y  o f  th e  s o lv e n t  p a s s in g  

th ro u g h  i t  was g ra d u a l ly  d e c re a se d  by pumping m ethanol :w a te r  (90:10 

v /v ) ,  m ethanol and benzene th rough  in  t h a t  o rd e r  each  f o r  30 m in u tes .

A 15% (v /v )  s o lu t io n  (2 ml) o f  d im e th y lc h lo ro s ila n e  in  benzene was 

in je c te d  on to  th e  column and 2 m inu tes l a t e r  th e  flow  o f  th e  benzene 

s o lv e n t was s to p p e d . The colum n, wrapped in  m e ta l f o i l ,  was m a in ta in ed  

a t  50°C o v e rn ig h t by r e s t i n g  i t  on to p  o f  a th e r m o s ta t i c a l ly  con

t r o l l e d  h e a t in g  b lo c k . At th e  end o f  t h i s  tim e , benzene was pumped 

th ro u g h  th e  column f o r  30 m in u te s , fo llow ed  t h e r e a f t e r  by m ethanol 

f o r  an equ a l le n g th  o f  tim e . F in a l ly ,  m ethanol :w a te r  (90:10  v /v )  was 

allow ed  to  flow  th ro u g h  f o r  a f u r th e r  30 m inu tes b e fo re  s e p a ra t io n  o f
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s ta n d a rd  m ix tu re s  was a tte m p te d .

F. S t r u c tu r a l  A nalyses

1. S te r e o s p e c i f ic  A n a ly s is  o f  T r ia c y lg ly c e ro ls

S te r e o s p e c i f ic  a n a ly s is  o f  t r i a c y lg l y c e r o l s  a llo w ed  th e  

com position  o f  th e  f a t t y  a c id s  e s t e r i f i e d  to  each o f  th e  th r e e  

p o s i t io n s  o f  th e  s n -g ly c e ro l  m olecu le  to  be d e te rm in ed .

The p ro ced u re  used  was t h a t  developed  o r i g i n a l l y  by B ro ck erh o ff 

(238) as m o d ified  by C h r i s t i e  and Moore (239).

P r in c ip le s  : The method in v o lv e s  th e  chem ical h y d ro ly s is  o f

t r i a c y lg l y c e r o l s  to  a m ix tu re  o f  1 ,2 -  and 2 , 5 - d ia c y l - s n - g ly c e r o ls  

u s in g  a G rig n ard  r e a g e n t ,  fo llo w ed  by th e  co n v e rs io n  o f  th e s e  

d ia c y lg ly c e r o ls  to  phenyl p h o sp h a tid e s . These s y n th e t ic  p h o sp h o lip id s  

a re  th e n  t r e a t e d  w ith  th e  enzyme p h o sp h o lip a se  A (EC 3 .1 .1 .4 )  which 

s p e c i f i c a l l y  h y d ro ly se s  th e  f a t t y  a c id  p r e s e n t  in  p o s i t io n  sn-2  o f  

p h o sp h o lip id s  c o n ta in in g  th e  p h o sp h a te  group in  p o s i t io n  sn -3  i . e .  

th e  L -p h o sp h o g ly c e rid e . Thus, th e  en d -p ro d u c ts  o f  th e  p h o sp h o lip a se  

h y d ro ly s is  a re  f r e e  f a t t y  a c id s  r e le a s e d  from p o s i t io n  sn -2  (P roduct 

IV in  F ig . 2 .1 ) ,  and a ly so p h o sp h a tid e  (P roduct I I I )  c o n ta in in g  o n ly  

th o se  f a t t y  a c id s  o r i g i n a l l y  p r e s e n t  in  p o s i t io n  sn -1 . The s y n th e t ic  

p h o sp h o lip id  w ith  th e  ph o sp h a te  group on p o s i t io n  sn -1  (P roduct V) i s  

n o t  h y d ro ly se d  by th e  enzyme and can be s e p a ra te d  from th e  p ro d u c ts  

o f  h y d ro ly s is  by T .L .C .

The f a t t y  a c id  com position  o f  p o s i t io n  sn -2  i s  a ls o  d e term ined  

s e p a r a te ly  by h y d ro ly s is  o f  th e  t r i a c y lg l y c e r o l s  w ith  p a n c re a t ic  

l ip a s e .  T h is  enzyme removes f a t t y  a c id s  from p o s i t io n s  sn -1  and sn-3
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y ie ld in g  a 2-m o n o a c y l-sn -g ly c e ro l (P roduct I I ) ,  th e  f a t t y  a c id  

com p o sitio n  o f  which can be de te rm in ed  by G.L.C. a n a ly s is  o f  i t s  

m ethyl e s t e r s .

The f a t t y  a c id s  p r e s e n t  in  p o s i t io n  sn -3  can th e n  be c a lc u la te d  

u s in g  th e  fo llo w in g  r e la t io n s h ip s

(p o s i t io n  sn -3 ) = 3 x ( t r i a c y lg ly c e r o l )  - ( p o s i t io n  sn -1  + 

p o s i t io n  sn -2 )

and

( p o s i t io n  sn -3 ) = 2 x ( s n -2 ,3 -p h o sp h a tid e )  -  ( p o s i t io n  sn -2 )

Thus th e  co m p o sitio n  o f  b o th  p o s i t io n s  sn -2  and sn -3  can be de te rm in ed  

by a l t e r n a t i v e  m ethods, and th e  accu racy  o f  th e  a n a ly s i s  can be 

a s s e s s e d  by th e  e x te n t  to  which v a lu e s  o b ta in e d  by th e  a l t e r n a t iv e  

methods a g re e .

E xperim en ta l d e t a i l : Up to  40 mg o f  t r i a c y lg l y c e r o l s  in  2 ml

o f  d ry  d ie th y l  e th e r  was r e a c te d  f o r  1 m inute w ith  1 ml o f  G rignard  

re a g e n t ( e th y l  magnesium b rom ide, 0.5M ), and th e  r e a c t io n  s to p p ed  by 

th e  a d d i t io n  o f  0 .05  ml g l a c i a l  a c e t i c  a c id .  To n e u t r a l i s e  ex cess  

a c id ,  5 ml o f  2% (w/v) p o ta ss iu m  b ic a rb o n a te  was th e n  added. The 

m ix tu re  was e x t r a c te d  tw ic e  w ith  5 ml d ie th y l  e th e r  w hich was th e n  

washed w ith  5 ml w a te r  and d r ie d  o v er anhydrous sodium  s u lp h a te .

A f te r  d e c a n tin g  in to  a n o th e r  t e s t - t u b e  th e  s o lv e n t  was e v ap o ra ted  

u nder a s tream  o f  n i t r o g e n .  The l i p i d  was r e d is s o lv e d  im m ediate ly  

in  a sm all volume o f  ch lo ro fo rm , and a p p lie d  to  a  20 x 20 cm T .L .C . 

p l a t e  c o a te d  w ith  K ie se lg e l G c o n ta in in g  5% (w/w) b o r ic  a c id  (240).

The p l a t e  was developed  u s in g  hexane :d ie th y l  e th e r  (1 :1  v /v )  as 

s o lv e n t ,  and sp ray ed  w ith  0.1% (w/v) rhodam ine 6G in  w a te r .

(Rhodamine 6G was used  as th e  d e te c t in g  sp ra y  s in c e  2 ' , 7 ' -d ic h lo ro -
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f lu o r e s c e in  in t e r f e r e d  w ith  su b seq u en t T .L .C . s e p a r a t io n s . )  When 

th e  p l a t e  was view ed u nder u l t r a v i o l e t  l i g h t ,  a band c o n ta in in g  

b o th  1 ,2 -  and 2 ,3 - d ia c y l - s n - g ly c e r o ls  was v i s i b l e  as w e ll as  a n o th e r 

c o n ta in in g  1 , 3 - d ia c y l - s n - g ly c e r o l s .  Any u n re a c te d  t r i a c y lg l y c e r o l s  

were p r e s e n t  in  a t h i r d  band n e a r e r  th e  s o lv e n t  f r o n t .  The band 

c o n ta in in g  th e  1 ,2 -  and 2 ,3 - d ia c y l - s n - g ly c e r o ls  was sc ra p e d  o f f  th e  

p l a t e  in to  a sm all g la s s  chrom atography column and e lu te d  w ith  60 ml 

d ie th y l  e th e r .  A f te r  rem oval o f  th e  s o lv e n t ,  th e  d ia c y lg ly c e ro ls  

were r e d is s o lv e d  in  1 ml o f  d ry  d ie th y l  e th e r .  P y r id in e  (1 ml) and 

0 .2  ml o f  pheny l d ic h lo ro p h o sp h a te  were th e n  added to  c o n v e rt th e  

d ia c y lg ly c e r o ls  to  p h o s p h o lip id s .

A f te r  90 m inu tes a t  room te m p e ra tu re , th e  r e a c t io n  m ix tu re  was 

co o led  in  an ic e  b a th ,  2 ml o f  p y r id in e  was added and th e  r e a c t io n  

was f i n a l l y  s to p p ed  by th e  a d d i t io n  o f  0 .5  ml w a te r . The m ix tu re  

was t r a n s f e r r e d  to  a s e p a ra t in g  fu n n e l w ith  ch lo ro fo rm  (30 m l) , 

m ethanol (30 m l) , w a te r  (25 ml) and a sm all volume (2 ml) o f  

t r i e t h y lam ine . The low er la y e r  was c o l le c te d  and th e  s o lv e n t  removed 

u nder reduced  p r e s s u r e .  Dry d ie th y l  e th e r  (3 m l) , 0 .5  ml o f  0.5M 

t r i s  b u f f e r  (pH 7 .5  and 2mM w ith  r e s p e c t  to  ca lc ium  c h lo r id e ) ,  2 mg 

o f  B.H.T. and 1 mg o f  snake venom (Ophiophagus hannah) were added to  

th e  p h o sp h o lip id s  and th e  m ix tu re  was shaken o v e rn ig h t u nder an 

atm osphere o f  n i t r o g e n .  The e th e r  was th e n  e v a p o ra te d  u n d er a 

s tream  o f  n i t r o g e n ,  and to  th e  tu b e  were added 8 ml ch lo ro fo rm , 4 ml 

m ethanol and 2 .5  ml w a te r . A f te r  v ig o ro u s  sh a k in g , th e  tu b e  was 

c e n tr i fu g e d  a t  1 ,000 g f o r  5 m inu tes and th e  aqueous la y e r  a s p i r a te d  

and d is c a rd e d ; th e  o rg a n ic  la y e r  was f i l t e r e d  and e v a p o ra te d  to  

d ry n e ss . The l i p i d  was r e d is s o lv e d  in  300 p i  ch lo ro fo rm :m eth an o l
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(2 :1  v /v )  and a p p lie d  to  a  20 x 20 cm T.L.C . p l a t e  c o a te d  w ith  

K ie se lg e l G, which was developed  w ith  hexane : d ie th y l  e th e r : fo rm ic  

a c id  (5 0 :5 0 :1  by volum e). The to p  h a l f  o n ly  o f  th e  p l a t e  was sp ray ed  

w ith  2 ’ ,7 '- d i c h lo r o f lu o r e s c e in  s o lu t io n  in  o rd e r  t h a t  th e  band o f  

f r e e  f a t t y  a c id s  l i b e r a t e d  by p h o sp h o lip a se  A m ight be d e te c te d .

A f te r  t h i s  band had been sc ra p e d  o f f ,  th e  p l a t e  was re -d e v e lo p e d  w ith

c h lo ro fo rm :m ethanol : ammonia (9 0 :8 :2  by volume) as s o lv e n t .  The 

developed  p l a t e  was sp ray ed  w ith  rhodam ine 6G s o lu t io n  to  lo c a te  th e  

two bands c o n ta in in g  ly so p h o sp h a tid e  and p h o s p h o lip id , which were 

m e th y la ted  and th e  f a t t y  a c id  com position  o f  each  d e te rm in ed  by 

G.L.C. a f t e r  e lu t io n  from th e  a d so rb e n t.

For p a n c r e a t ic  l ip a s e  h y d ro ly s is  o f  t r i a c y l g l y c e r o l s ,  3 ml o f  

0.5M t r i s  b u f f e r  (pH 8 .0 ) ,  0 .3  ml o f  2.2% (w/v) ca lc iu m  c h lo r id e  and

0.75  ml o f  0.05% (w/v) b i l e  s a l t  s o lu t io n  were added to  10 mg o f

t r i a c y lg l y c e r o l s  in  a  t e s t - t u b e .  The m ix tu re  was e q u i l ib r a t e d  f o r  

5 m inu tes in  a w a te r  b a th  a t  37°C f o r  5 m inu tes b e fo re  10 mg o f  

p a n c re a t in  was added and th e  tu b e  shaken v ig o ro u s ly  f o r  4 m inu tes in  

th e  w a te r  b a th .  The r e a c t io n  was s to p p ed  by th e  a d d i t io n  o f  a few 

drops o f  e th a n o l ,  and a sm all volume o f  d i l u t e  h y d ro c h lo r ic  a c id  was 

added to  a c i d i f y  th e  s o lu t io n .  The s o lu t io n  was th e n  e x t r a c te d  tw ic e  

w ith  5 ml d ie th y l  e th e r ,  th e  combined e th e r  e x t r a c t s  washed w ith  

w a te r and d r ie d  o v e r anhydrous sodium s u lp h a te .  The e th e r  was th en  

d ecan ted  in to  a n o th e r  t e s t - t u b e ,  th e  s o lv e n t  removed u n d er a s tream  

o f  n i t r o g e n  and th e  l i p i d s  a p p l ie d  in  a sm all volume o f  ch lo ro fo rm  to  

a T .L .C . p l a t e  c o a te d  w ith  K ie s e lg e l G in  la y e r s  0 .5  mm th i c k .  A f te r  

developm ent w ith  hexane :d ie th y l  e th e r :fo rm ic  a c id  (6 0 :4 0 :1  by volum e), 

th e  p l a t e  was sp ray ed  w ith  2* , 7 ’ -d ic h lo r o f lu o r e s c e in  s o lu t io n  and th e
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2-m onoacyl- sn - g ly c e ro 1 band sc rap ed  o f f .  The m onoacy lg lycero l was 

re c o v e re d  from th e  a d so rb e n t b e fo re  b e in g  m e th y la te d  in  p re p a ra t io n  

fo r  G.L.C. a n a ly s i s .

S te r e o s p e c i f ic  a n a ly se s  o f  t r i a c y lg l y c e r o l s  c o n ta in in g  ^Re

la b e l le d  f a t t y  a c id s  was c a r r i e d  o u t as d e t a i l e d  e lsew h ere  (241,237)
3

u s in g  an in t e r n a l  s ta n d a rd  o f  t r i - ( 1 0 , l l -  H) h ep ta d e c a n o in  to  en ab le  

th e  lo s s e s  o f  r a d i o a c t i v i t y  a t  each  s ta g e  o f  th e  s t e r e o s p e c i f i c  

p ro ced u re  to  be d e te rm in ed . The amount o f  ^ ^ C - la b e lle d  f a t t y  a c id  

o r ig i n a l l y  p r e s e n t  in  each p o s i t io n  o f  th e  t r i a c y l - s n - g ly c e r o l  cou ld  

th e re b y  be d e te rm in ed  by r e l a t i n g  th e  a c t i v i t y  o f  th e  la b e l le d  f a t t y  

a c id  to  t h a t  o f  th e  i n t e r n a l  s ta n d a rd  in  each o f  th e  p ro d u c ts  o f  th e  

a n a ly s i s .

2 . S t r u c tu r a l  A n a ly s is  o f  R a d io a c tiv e ly -L a b e lle d  D ia c y lg ly c e ro ls

For th e  s t r u c t u r a l  a n a ly s is  o f  d ia c y lg ly c e r o ls  form ed by 

a d ip o c y te s ,  th e  d ia c y lg ly c e r o ls  had to  be e x t r a c te d  in  a manner t h a t  

m inim ised is o m é r is a t io n .  A cco rd in g ly , in  t h i s  in s ta n c e ,  th e  e x t r a c t io n  

s o lv e n t c o n ta in e d  no m ethanol and low te m p e ra tu re s  w ere m a in ta in ed  

th ro u g h o u t th e  p ro c e d u re . A f te r  in c u b a tio n  o f  a d ip o c y te s  w ith  th e  

a p p ro p r ia te  s u b s t r a t e ,  th e  c o n te n ts  o f  th e  in c u b a tio n  b o t t l e  were 

decan ted  in to  a sm all hand-hom ogeniser su rro u n d ed  by i c e .  I c e -c o ld  

d ie th y l  e th e r  (2 ml) was added p lu s  a sm all amount o f  co ld  c a r r i e r .

The c o n te n ts  o f  th e  v e s s e l  were hom ogenised f o r  3 m inu tes and th e n  

t r a n s f e r r e d  to  a t e s t - t u b e  m a in ta in e d  on i c e .  The hom ogeniser was 

r in s e d  tw ic e  w ith  5 ml c o ld  d ie th y l  e th e r ,  each tim e  w ith  s e v e ra l  

s t ro k e s  o f  th e  hom ogeniser ro d , and th e  w ashings added to  th e  

e x t r a c t io n  m ix tu re . The o rg a n ic  and aqueous s o lv e n ts  were s e p a ra te d  

by c e n t r i f u g a t io n .  The u p p e r, e th e r  la y e r  was t r a n s f e r r e d  to  a n o th e r
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t e s t - t u b e  o f  known w eigh t and th e  so lv e n t removed a t  low te m p e ra tu re  

under a s tream  o f  n i t r o g e n .  The l i p i d  e x t r a c t  was w eighed b e fo re  

b e in g  r e d is s o lv e d  in  d ie th y l  e th e r ,  and was used  im m ed ia te ly  f o r  

su b seq u en t a n a ly se s .

In  d e te rm in in g  w hether th e  d ia c y lg ly c e ro ls  form ed by f a t - c e l l s  

in c u b a te d  w ith  (1 -^ R c )a c e ta te  o r  g lu co se  were th e  sn 1 ,2 -

s te re o is o m e rs ,  u se  was made o f  th e  f a c t  t h a t  th e  enzyme p h o sp h o lip a se  

A u se s  s p e c i f i c a l l y  1 , 2 -d ia c y l-s n -g ly c e ro p h o s p h a te  as a s u b s t r a t e ,  

as d is c u s s e d  p re v io u s ly .  T h e re fo re , 1 ,2 -d ia c y l-sn -g ly c e ro p h o sp h o p h e n o l 

s y n th e s iz e d  from 1 ,2 - d ia c y l - sn - g ly c e ro ls  can be h y d ro ly se d  by th e  

enzyme to  a ly so p h o sp h o lip id  and f r e e  f a t t y  a c id ,  w hereas p h o sp h o lip id s  

o r ig in a t in g  from 2 , 3 - d ia c y l- s n - g ly c e r o l s  do n o t a c t  as  s u b s t r a te  f o r  

th e  enzyme, a , 3- ( p o t e n t i a l l y  a m ix tu re  o f  s n - 1 ,2 and 2 ,3 ) d ia c y l 

g ly c e ro ls  e x t r a c te d  from  a d ip o c y te s  were co n v e rte d  by chem ical 

s y n th e s is  to  p h o sp h o lip id s  and were su b je c te d  to  p h o sp h o lip a se  A 

h y d ro ly s is .  The amount o f  r a d i o a c t i v i t y  re c o v e re d  as ly so p h o sp h o lip id  

and f r e e  f a t t y  a c id  r e l a t i v e  to  2 , 3 -d ia c y l-sn -g ly c e ro p h o sp h o p h e n o l 

gave an in d ic a t io n  o f  th e  p ro p o r t io n s  o f  1 ,2 -  and 2 ,3 - d ia c y l - s n -  

g ly c e ro ls  o r i g i n a l l y  p r e s e n t .

Up to  40 mg o f  l i p i d  o b ta in e d  by e th e r  e x t r a c t io n  as  d e sc r ib e d  

above was a p p lie d  to  a 20 x 20 cm T .L .C . p la t e  c o a te d  w ith  b o r ic  

a c id - im p re g n a te d  s i l i c a  g e l ,  which was developed  w ith  h e x a n e :d ie th y l  

e th e r  (1 :1  v /v ) .  A f te r  sp ra y in g  w ith  rhodam ine 6G s o lu t io n ,  two bands 

c o n ta in in g  d ia c y lg ly c e r o ls  were v i s i b l e .  The band c o n ta in in g  1 ,3 -  

d ia c y l - s n - g ly c e r o l s  was sc ra p e d  o f f  and th e  r a d i o a c t i v i t y  o f  t h i s  

f r a c t io n  was m easured a f t e r  e x t r a c t io n  from th e  a d so rb e n t.

The o th e r  band c o n ta in in g  1 ,2 -  and 2 ,3 -d ia c y l - s n - g ly c e r o l s  was
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i s o l a t e d ,  th e  d ia c y lg ly c e r o ls  e lu te d  and co n v e rted  to  p h o sp h o lip id s  

w ith  pheny l d ic h lo ro p h o sp h a te  as d e s c r ib e d  p r e v io u s ly  f o r  th e  s t e r e o 

s p e c i f i c  a n a ly s i s  p ro c e d u re . The s y n th e t ic  p h o sp h o lip id s  were th e n  

t r e a t e d  w ith  p h o sp h o lip a se  A, and th e  p ro d u c ts  i s o l a t e d  as  in  th e  

s t e r e o s p e c i f i c  a n a ly s i s  p ro ced u re  f o r  m easurem ent o f  th e  r a d i o a c t i v i t y  

p r e s e n t  in  each .

3. M easurement o f  and In c o rp o ra tio n  in to  F a t ty  Acid and

G ly cero l M o ie tie s  o f  A c y lg ly c e ro ls

When a c y lg ly c e ro ls  a re  m e th y la te d , th e  f a t t y  a c id s  a re  h y d ro ly sed  

from th e  g ly c e ro l  m o iety  d u rin g  t r a n s e s t é r i f i c a t i o n  to  y ie ld  f a t t y  

a c id  m ethyl e s t e r s  and f r e e  g ly c e r o l .  On e x t r a c t io n  o f  th e  m é th y l

a t io n  m ix tu re  to  which w a te r  h as  been  added^w ith  hexane and e th e r ,  

th e  f a t t y  a c id  m ethyl e s t e r s  a re  e x t r a c te d  in to  th e  o rg a n ic  s o lv e n t 

w hereas th e  g ly c e ro l  rem ains in  th e  aqueous la y e r .

To d e te rm in e  th e  amounts o f  r a d io a c t i v i t y  in c o rp o ra te d  in to  th e  

f a t t y  a c id  and g ly c e ro l  m o ie tie s  o f  a c y lg ly c e ro ls  when (U -^R c)g lucose , 

(1 -^ R c )a c e ta te  and ^HgO were used  as l a b e l le d  s u b s t r a t e s ,  th e  

fo llo w in g  p ro ced u re  was em ployed.

T r ia c y lg ly c e r o ls ,  d ia c y lg ly c e r o ls ,  p h o sp h o lip id s  and u n e s t e r i f i e d  

f a t t y  a c id s  s e p a ra te d  by T .L .C . were m e th y la ted  as  d e s c r ib e d  

p re v io u s ly .  The o rg a n ic  s o lv e n t  e x t r a c t  o f  th e  m é th y la t io n  m ix tu re  

c o n ta in e d  th e  la b e l le d  f a t t y  a c id  m ethyl e s t e r s ,  th e  r a d i o a c t i v i t y  

o f  w hich co u ld  be m easured d i r e c t l y  a f t e r  e v a p o ra tio n  o f  th e  s o lv e n t 

in  a g la s s  s c i n t i l l a t i o n  v i a l .

A known volume (4 ml) o f  th e  aqueous la y e r  o f  th e  m ethyl 

e s t e r  e x t r a c t io n  m ix tu re  was shaken w ith  U n iso lve  I in  a g la s s  

s c i n t i l l a t i o n  v i a l  f o r  r a d i o a c t i v i t y  d e te rm in a tio n . The volume o f
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th e  aqueous f r a c t io n  rem ain in g  was de term ined  by means o f  a sm all 

m easuring  c y l in d e r  to  p e rm it th e  amount o f  r a d i o a c t i v i t y  p re s e n t  in  

th e  o r ig in a l  t o t a l  aqueous la y e r  to  be c a lc u la te d .  The r a d io 

a c t i v i t y  found in  th e  aqueous la y e r  on e x t r a c t io n  o f  th e  m ethyl 

e s t e r s  o f  th e  f r e e  f a t t y  a c id  band was s u b tr a c te d  from th e  v a lu e s  

o b ta in e d  f o r  t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e ro ls  and p h o sp h o lip id s  to  

c o r r e c t  f o r  background r a d i o a c t i v i t y  n o t due to  th e  g ly c e ro l  m o ie ty .

For th e  p u rp o se  o f  th e s e  s tu d ie s ,  a l l  th e  r a d i o a c t i v i t y  re c o v e re d  

in  th e  aqueous f r a c t i o n  was assumed to  be p r e s e n t  in  g ly c e r o l .

G. M easurement o f  R a d io a c t iv i ty

In  p r e p a r a t io n  f o r  th e  d i r e c t  m easurem ent o f  r a d i o a c t i v i t y  in  

l i p i d  c la s s e s  s e p a ra te d  by th in  la y e r  chrom atography, th e  a p p ro p r ia te  

bands o f  s i l i c a  g e l ad so rb e n t were sc rap ed  d i r e c t l y  in to  g la s s  

s c i n t i l l a t i o n  v i a l s  and a su sp e n sio n  was form ed by th e  a d d i t io n  o f  

4 ml w a te r  and 10 ml U n iso lve  I (K och-L ight L a b o ra to r ie s ,  C olnbrook, 

B u ck s., U .K .). S im i la r ly ,  f o r  th e  m easurem ent o f  r a d i o a c t i v i t y  

p r e s e n t  in  m a te r ia l  d is s o lv e d  in  w a te r , a 4 ml p o r t io n  o f  th e  s o lu t io n  

was p la c e d  in  a g la s s  s c i n t i l l a t i o n  v i a l  and 10 ml o f  U n iso lve  I  added 

to  form an em u lsion .

M a te r ia l  d is s o lv e d  in  o rg a n ic  s o lv e n ts  was t r a n s f e r r e d  to  a 

g la s s  v i a l ,  th e  s o lv e n t  ev a p o ra te d  under a s tream  o f  n i t r o g e n  and 

15 ml o f  to lu e n e - f lu o r  added. The to lu e n e - f lu o r  u sed  th ro u g h o u t 

th e se  s tu d ie s  was 0,4% (w/v) S c in tim ix  2 (K och-L ight L a b o ra to r ie s )  

in  s c i n t i l l a t i o n - g r a d e  to lu e n e .

The r a d i o a c t i v i t y  o f  sam ples p re p a re d  by th e  above methods was
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m easured e i t h e r  in  a T ri-C a rb  24025 l iq u id  s c i n t i l l a t i o n  sp e c tro m e te r  

(P ackard  In s tru m e n ts , R eading, B e rk s . , U.K.) o r  an I.C .N . Corumat 

2700 (I .C .N . In s tru m e n ts , S u rre y , U.K.) on l i n e  to  a Wang 600 

program m able c a l c u la to r  (Wang E le c t r o n ic s ,  M idd lesex , U .K .).

Q uenching w ith in  th e  sam ple was c o r re c te d  f o r  by th e  u se  o f  an 

e x te r n a l  s ta n d a rd . was counted  w ith  an av erag e  e f f ic ie n c y  o f

75% in  U n iso lv e  I ,  and 90% in  to lu e n e - f lu o r .  W ith % , th e  co u n tin g  

e f f i c i e n c i e s  were a p p ro x im a te ly  55% in  to lu e n e - f lu o r  and 35% in  

U niso lve I .

C .p .m . 's  o b ta in e d  by th e  m easurem ent o f  sam ples in  th e  Tri-^Carb 

24025 were co n v e rte d  to  d .p .m . 's  by com parison w ith  a s ta n d a rd  

c a l ib r a t io n  c u rv e . T his c a lc u la t io n  was c a r r i e d  o u t a u to m a tic a l ly  by 

th e  Wang 600 c a l c u la to r  when sam ples were m easured by th e  I.C .N . 

Corum at.

Recovery o f  r a d i o a c t i v i t y  from T .L .C . p l a t e s  was r o u t in e ly  

d e te rm in ed  and was n e v e r  le s s  th a n  95%.

H. E x p ress io n  o f  R e su lts

The e x p re s s io n  o f  e x p e rim en ta l r e s u l t s  on th e  b a s i s  o f  a d ip o cy te  

p r o te in  was n o t  adop ted  s in c e  th e  f a t - c e l l s  were p re p a re d  in  medium 

c o n ta in in g  a  h ig h  c o n c e n tra t io n  o f  album in. R es id u a l album in d id  n o t ,  

how ever, i n t e r f e r e  w ith  th e  measurem ent o f  a d ip o c y te  DNA and f o r  t h i s  

re a so n  r e s u l t s  a re  e x p re s se d  r e l a t i v e  to  th e  amount o f  DNA.

A lo s s  o f  s e v e ra l  sam ples s e t  a s id e  f o r  DNA a n a ly s is  in  th e  

s e r i e s  o f  p re lim in a ry  ex p erim en ts  n e c e s s i t a te d  th e  e x p re s s io n  o f  

th e s e  r e s u l t s  r e l a t i v e  to  th e  w eigh t o f  l i p i d  p r e s e n t  in  th e  in c u b a tio n ,
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W herever p o s s ib le ,  r e s u l t s  a re  ex p re ssed  as mean +_ s ta n d a rd  

e r r o r  o f  th e  mean ( s .e .m .)  w ith  th e  number o f  o b s e rv a tio n s  re p o r te d  

in  th e  leg en d  to  th e  r e le v a n t  F ig u re  o r  T ab le . D if fe re n c e s  betw een 

means were t e s t e d  f o r  s ig n if ic a n c e  by th e  S tu d e n t’ s t - t e s t  (242-).



F ig . 3 .1 .  A d ip o cy tes, o b ta in e d  from c o l la g e n a s e - t r e a te d  p a ra m e tr ia l  

ad ip o se  t i s s u e  from a 289 g r a t  and s ta in e d  w ith  a c r id e n e  

o ran g e , a t  a m a g n if ic a tio n  o f  125x.



F ig . 3 .2 .  A dipocytes p re p a re d  as d e sc r ib e d  fo r  F ig . 3 .1  a t  a 

m a g n if ic a tio n  o f  320x.
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CHAPTER 3. RESULTS

A. E xam ination o f  A dipocy tes

V iab le  p r e p a r a t io n s  o f  ad ip o c y te s  were c o n s i s t e n t ly  o b ta in e d  by 

in c u b a tio n  o f  r a t  p a ra m e tr ia l  ad ip o se  t i s s u e  w ith  c o lla g e n a se . On 

th e  few o cca s io n s  when th e  p r e p a ra t io n  was n o t  s u c c e s s fu l  a v i s i b l e  

la y e r  o f  l i p i d  on to p  o f  th e  f a t - c e l l  su sp e n sio n  was an in d ic a t io n  

o f  c e l l  l y s i s  d u rin g  i s o l a t i o n .  A dipocytes were s ta in e d  w ith  a c r id e n e  

o range and exam ined under a f lu o re s c e n c e  m icroscope to  a s s e s s  t h e i r  

i n t e g r i t y  and v i a b i l i t y .  With ly se d  c e l l s ,  la rg e  l i p i d  d ro p le ts  were 

found which b o re  no resem blance to  i n t a c t  a d ip o c y te s  when view ed under 

th e  m icroscope .

An a d ip o c y te  appeared  as a s p h e r ic a l  c e l l  w ith  a b r ig h t ly  s ta in e d  

n u c le u s , u s u a l ly  lo c a te d  a t  th e  p e r ip h e ry  (F ig . 3 .1 ) .  A part from th e  

n u c le u s , no o th e r  i d e n t i f i a b l e  o rg a n e l le s  were v i s i b l e  a t  th e  

m a g n if ic a tio n s  u se d , a lth o u g h  a t  a m a g n if ic a tio n  o f  320x sm all p a tc h e s  

o f  in t e n s e ly - s ta in e d  m a te r ia l  cou ld  be seen  (F ig . 3 .2 ) .  These were 

n o t  re c o g n is a b le  as s p e c i f i c  o rg a n e l le s .

A lthough i n s u f f i c i e n t  a d ip o c y te s  were m easured f o r  a r e l i a b l e  

v a lu e  f o r  f a t - c e l l  d ia m e te r  to  be o b ta in e d , 90 y was found to  be th e  

mean d ia m e te r  o f  25 a d ip o c y te s  o r ig in a t in g  from a  r a t  o f  w eigh t 289 g. 

When th e  d ia m e te rs  o f  30 a d ip o c y te s  i s o la t e d  from a younger r a t  

w eighing  129 g were m easured, th e  mean v a lu e  was found to  be 40 y . The 

s iz e s  o f  a d ip o c y te s  were th e r e f o r e  a p p a re n tly  r e l a t e d  to  th e  age and 

w eigh t o f  th e  an im als  from which th e y  were i s o l a t e d .

A dipocy tes exam ined m ic ro s c o p ic a lly  a f t e r  a tw o-hour in c u b a tio n  a t  

37°C in  th e  b a s ic  in c u b a tio n  medium, were found to  be s t i l l  i n t a c t ,  

s u g g e s tin g  th a t  i s o l a t e d  f a t - c e l l s  rem ained v ia b le  th ro u g h o u t



F ig , 3 .3 . D is t r ib u t io n  o f  E s t e r i f i e d  P a lm itic  A cid in

A c y lg ly c e ro ls  o f  A d ipocy tes.

(1 - C )P a lm itic  a c id  (0 .3  yCi) was in c lu d e d  in  th e  b a s ic  
in c u b a tio n  medium e i t h e r  on i t s  own a t  a c o n c e n tra t io n  o f  ImM, o r 
as p a r t  o f  a f a t t y  a c id  m ix tu re  o f  t o t a l  c o n c e n tra tio n  ImM, V alues 
a re  means o f  th r e e  e x p e rim en ts ; s . e . m . 's  were alw ays le s s  th an  2%. 
Open symbols ( o , o  ) r e f e r  to  ( l - i ^ c j p a lm i t i c  a c id  su p p lie d  
a lo n e , shaded symbols ( ) to  ( l - ^ ^ C jp a lm it ic  a c id  s u p p lie d
as p a r t  o f  a f a t t y  a c id  m ix tu re . A  was used  where A  and A 
p o in ts  were to o  c lo se  to g e th e r  to  d is t in g u is h ,

O — —O , e  # , t r i a c y l g l y c e r o l s ;  O □ , ■------ • ,
d ia c y lg ly c e r o ls ;  A — . .  —A,  p h o s p h o lip id s .
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in c u b a tio n  p e r io d s  o f  a t  l e a s t  2 h o u rs . A ttem pts to  p re p a re  v ia b le  

f a t - c e l l s  from  sheep om ental ad ip o se  t i s s u e  p roved  u n s u c c e s s fu l due 

to  'c lu m p in g ' o f  th e  a d ip o c y te s  d u rin g  th e  i s o l a t i o n  p ro c e d u re .

B, E s t é r i f i c a t i o n  o f  ( l -^ ^ C )F a t ty  A cids in to  A c y lg ly c e ro ls

To d e te rm in e  w h eth er i s o la te d  a d ip o c y te s  were c a p a b le  o f  c a r ry in g  

ou t th e  m e ta b o lic  a c t i v i t i e s  o f  i n t a c t  ad ip o se  t i s s u e ,  th e  a b i l i t y  o f  

th e  f a t - c e l l s  to  ta k e  up and e s t e r i f y  preform ed lo n g -c h a in  f a t t y  a c id s  

in to  a c y lg ly c e ro ls  was s tu d ie d .  Such s tu d ie s  w ere a ls o  in te n d e d  to  

p ro v id e  in fo rm a tio n  on th e  manner in  which f a t t y  a c id s  o r ig in a t in g  ou t- 

w ith  th e  ad ip o c y te  were d i s t r i b u t e d  among th e  th r e e  p o s i t io n s  o f  

t r i a c y l - s n - g ly c e r o l s  when e s t e r i f i e d .

The system  used  f o r  th e  in c u b a tio n  o f  a d ip o c y te s  w ith  album in- 

bound (1 -^ ^ C ) fa t ty  a c id s  was d e s c r ib e d  f u l l y  in  C h ap te r 2 , s e c t io n  C2.

1. D is t r ib u t io n  o f  E s t e r i f i e d  (1 -^ ^ C )F a tty  A cids among A c y lg ly c e ro ls  

The la b e l le d  f a t t y  a c id s  were r e a d i ly  e s t e r i f i e d  in to  a c y l

g ly c e ro ls  by a d ip o c y te s  p re p a re d  from r a t s  o f  av erag e  w eigh t 280 g 

when s u p p lie d  e i t h e r  as th e  s o le  f a t t y  a c id  in  th e  in c u b a tio n  medium 

o r  as p a r t  o f  a f a t t y  a c id  m ix tu re  d esig n ed  to  s im u la te  u n e s t e r i f i e d  

f a t t y  a c id s  s u p p lie d  u n d er norm al p h y s io lo g ic a l  c o n d i t io n s .  A f te r  

90 m in u te s , l e s s  th a n  2.5% o f  th e  r a d io a c t i v i t y  from  any [1 -^ ^ C ]fa tty  

a c id  s u b s t r a te  was re c o v e re d  in  th e  f r e e  f a t t y  a c id  f r a c t i o n .

The p r o p o r t io n a l  d i s t r i b u t i o n  o f  e s t e r i f i e d  p a lm it ic  a c id

among t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e ro ls  and p h o sp h o lip id s  w ith  r e s p e c t  

to  tim e i s  p re s e n te d  in  F ig . 3 .3 . A lthough o n ly  th e  r e s u l t s  o b ta in e d  

w ith  ( l - ^ ^ C )p a lm it ic  a c id  a re  shown, s im i la r  r e s u l t s  were o b ta in e d



F ig . 3 .4 .  D is t r ib u t io n  o f  E s t e r i f i e d  P a lm itic  Acid in

A c y lg ly c e ro ls  o f  A d ipocy tes a f t e r  S h o rt In c u b a tio n  

P e r io d s ,

(1 - C )P a lm itic  a c id  (1 yCi) was in c lu d e d  in  th e  b a s ic  
in c u b a tio n  medium as a component o f  a f a t t y  a c id  m ix tu re  (ImM) 
V alues a re  means o f  two experim en ts  t h a t  ag reed  c lo s e ly ,

# ----- # ,  t r i a c y lg l y c e r o l s ;  ■  d ia c y lg ly c e r o ls ;
•* —A , p h o s p h o lip id s .
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w ith  ( l - ^ ^ C ) s te a r i c ,  o l e i c  and l i n o l e i c  a c id s .  The in c o rp o ra tio n  in to  

m o n o acy lg ly cero ls  was a ls o  m easured b u t was n e g l ig ib l e  in  r e l a t i o n  to  

t h a t  in to  o th e r  a c y lg ly c e ro ls  and i s  n o t re p o r te d  h e r e .

The a d d i t io n  o f  th e  la b e l le d  f a t t y  a c id  to  th e  b a s ic  in c u b a tio n

medium e i t h e r  a lo n e  o r  as a component o f  a f a t t y  a c id  m ix tu re  had no 

a p p a re n t e f f e c t  on i t s  d i s t r i b u t i o n  among t r i a c y l g l y c e r o l s ,  d ia c y l 

g ly c e ro ls  and p h o s p h o lip id s .  For ( l- ^ ^ C )p a lm itic  a c id ,  t h i s  was a ls o  

t r u e  in  te rm s o f  a b s o lu te  amounts e s t e r i f i e d  as w i l l  be d is c u s se d  l a t e r .  

In F ig . 3 .3 ,  a t  90 m in u te s , 100% i s  e q u iv a le n t to  1.972 ymoles f o r  

( l- ^ ^ C )p a lm itic  a c id  s u p p lie d  a lo n e  and to  1 .977 ymoles f o r  (1-^^C) 

p a lm it ic  a c id  in c u b a te d  as p a r t  o f  a f a t t y  a c id  m ix tu re .

W ith in c u b a tio n  tim es lo n g e r  th a n  1 m inute th e  l a r g e s t  p ro p o r tio n  

o f  e s t e r i f i e d  (1 -^ ^ C )fa t ty  a c id  was re c o v e re d  in  th e  t r i a c y lg l y c e r o l  

f r a c t i o n .  From i t s  i n i t i a l  h ig h  v a lu e , th e  p e rc e n ta g e  o f  la b e l le d  

f a t t y  a c id  re c o v e re d  in  d ia c y lg ly c e ro ls  d ec re a se d  r a p id ly  d u rin g  th e  

f i r s t  50 m inu tes o f  in c u b a tio n  b u t t h e r e a f t e r  o n ly  g ra d u a l ly .  Even 

a f t e r  4 h o u rs , 8.5% o f  th e  t o t a l  e s t e r i f i e d  ( l - ^ ^ C )p a lm it ic  a c id  was 

found in  d ia c y lg ly c e r o ls .  P h o sp h o lip id s  accoun ted  f o r  n e a r ly  4% o f  

th e  t o t a l  e s t e r i f i e d  ( l - ^ ^ C ) f a t ty  a c id  s u b s t r a te  a f t e r  10 m in u te s ' 

in c u b a tio n , b u t a t  th e  end o f  60 m inu tes o n ly  1% was re c o v e re d  as t h i s  

com ponent.

When th e  e s t é r i f i c a t i o n  o f  ( l - ^ ^ C )p a lm itic  a c id  s u p p lie d  as p a r t  

o f  a  f a t t y  a c id  m ix tu re  (see  C hap ter 2 , s e c t io n  C2) was s tu d ie d  fo r  

s h o r t  in c u b a tio n  tim e s , d i f f e r e n c e s  in  i t s  d i s t r i b u t i o n  among th e  

v a r io u s  a c y lg ly c e ro ls  were n o t ic e a b le  (F ig . 3 .4 ) .  A f te r  15 seconds* 

in c u b a tio n , th e  h ig h e s t  p ro p o r t io n  o f  e s t e r i f i e d  (1 -^ ^ C ) fa t ty  a c id  was 

reco v e re d  in  d ia c y lg ly c e r o ls ,  w ith  t r i a c y lg l y c e r o l s  c o n ta in in g  le s s  

th a n  p h o s p h o lip id s . D uring th e  n e x t 45 seco n d s , th e  p e rc e n ta g e  o f  th e



F ig . 3 .5 .  E s t é r i f i c a t i o n  o f  F a t ty  A cids S u p p lied  Alone in to

A c y lg ly c e ro ls  by A d ip o cy tes,

A. T r ia c y lg ly c e ro ls  B. D ia c y lg ly c e ro ls  C. 

P h o sp h o lip id s .

Tlie (1 - C) f a t t y  a c id  (0 .3  yCi) was in c lu d e d  in  th e  b a s ic  
in c u b a tio n  medium on i t s  own a t  a c o n c e n tra t io n  o f  ImM. R e su lts  
a re  means o f  th r e e  e x p e rim e n ts , and th e  s .e .m . f o r  each  v a lu e  
was always le s s  th a n  15% o f  th e  mean,

, p a lm i t ic  a c id ;  □ — • — • — s t e a r i c  a c id ;
# ,  o le i c  a c id ;  A  A,  l i n o l e i c  a c id .
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6 4 .

( l-^ '^ C )p a lm itic  a c id  re c o v e re d  in  d ia c y lg ly c e ro ls  d e c re a se d  w h i ls t  t h a t  

found in  t r i a c y lg l y c e r o l s  in c re a s e d  to  make i t  th e  m ost h ig h ly  la b e l le d  

a c y lg ly c e ro l .

2. R ates o f  E s t é r i f i c a t i o n  o f  ( l-^ '^ C )F a tty  A cids in to  A c y lg ly c e ro ls  

Because o f  th e  lo s s  o f  some sam ples in te n d e d  f o r  DNA a n a ly s i s ,  th e  

r e s u l t s  o f  th e s e  ex p erim en ts  a re  e x p re sse d  as ym oles/100 mg c e l l  l i p i d .  

A lthough th e  w eigh t o f  l i p i d  p r e s e n t  in  a d ip o c y te s  v a r ie s  w ith  th e  s iz e  

o f  th e  c e l l  and does n o t r e f l e c t  c e l l  number, good agreem ent betw een 

r e s u l t s  o b ta in e d  w ith  d i f f e r e n t  r a t s  was found even when th e  r e s u l t s  

were ex p re sse d  in  th e  above m anner. O ther w orkers have f r e q u e n t ly  

e x p re sse d  t h e i r  r e s u l t s  in  term s o f  c e l l  l i p i d  (2 4 3 ), t r i a c y lg l y c e r o l  

c o n te n t (223,244) and t i s s u e  w eigh t (113,245) in  s tu d ie s  w ith  a d ip o c y te s  

o r  ad ip o se  t i s s u e .  To a llow  com parison w ith  l a t e r  e x p e rim e n ts , 100 mg 

o f  c e l l  l i p i d  from a d ip o c y te s  i s o l a t e d  from an im als  o f  approx im ate 

w eigh t 280 g , was found to  co rresp o n d  to  abou t 7 .4  yg DNA.

F ig . 3 .5  A, B and C i l l u s t r a t e s  th e  amounts o f  d i f f e r e n t  (1 -^^C )- 

f a t t y  a c id s  in c o rp o ra te d  in to  t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e r o ls  and 

p h o sp h o lip id s  r e s p e c t iv e ly  by a d ip o c y te s  i s o l a t e d  from  280 g r a t s  when 

th e  (1 -^ ^ C ) fa t ty  a c id  was th e  s o le  f a t t y  a c id  added to  th e  in c u b a tio n .

T here were no s ig n i f i c a n t  d i f f e r e n c e s  betw een f a t t y  a c id s  in  t h e i r  

r a t e s  o f  e s t é r i f i c a t i o n  in to  t r i a c y l -  and d ia c y lg ly c e r o ls .  (1 -^^C )- 

L in o le ic  a c id  was a p p a re n tly  e s t e r i f i e d  in to  p h o sp h o lip id s  to  a  g r e a te r  

e x te n t  th a n  th e  o th e r  (1 -^ ^ C )fa t ty  a c id  s u b s t r a te s  w h ile  ( l -^ ^ C )p a lm itic  

a c id  was in c o rp o ra te d  in to  p h o sp h o lip id s  in  th e  lo w est p ro p o r t io n .

There was no s i g n i f i c a n t  d i f f e r e n c e  betw een f a t t y  a c id s  in  th e  amount 

in c o rp o ra te d  in to  t o t a l  a c y lg ly c e ro ls  in  130 m in u tes .

When th e  ( l - ^ ^ C ) f a t ty  a c id  s u b s t r a te  was s u p p lie d  as p a r t  o f  th e



F ig . 3 .6 .  E s t é r i f i c a t i o n  o f  ( l-^ ^ C )F a t ty  A cids, S u p p lied  as P a r t  

o f  a F a t ty  Acid M ix tu re , in to  A c y lg ly c e ro ls  by 

A d ipocy tes.

A. T r ia c y lg ly c e ro ls  B. D ia c y lg ly c e ro ls  C, 

P h o sp h o lip id s .

The (1- C ) f a t ty  a c id  (0 .3  pC i) was in c lu d e d  in  th e  b a s ic  
in c u b a tio n  medium as a component o f  a f a t t y  a c id  m ix tu re  o f  
t o t a l  c o n c e n tra tio n  ImM. R e su lts  a re  means o f  th r e e  experim en ts  
and th e  s .e .m . was always le s s  th a n  15% o f  th e  mean v a lu e .

■ ----- ■ , p a lm it ic  a c id ; O — • s t e a r i c  a c id ;
# — •• —e  , o le ic  a c id ;  A ---- A , l i n o l e i c  a c id .
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f a t t y  a c id  m ix tu re , th e re  were n o ta b le  d i f f e r e n c e s  in  th e  r a t e s  o f  

in c o rp o ra tio n  o f  th e  d i f f e r e n t  ( l - ^ ^ C ) f a t ty  a c id s  in to  a c y lg ly c e ro ls .

The r e s u l t s  o b ta in e d  in  t h i s  s e r i e s  o f  exp erim en ts  were c o r re c te d  so 

t h a t  th e  v a lu e s  p re s e n te d  in  F ig . 3 .6  r e p re s e n t  th e  s i t u a t i o n  i f  th e  

( l - ^ ^ C ) f a t ty  a c id  component com prised  100% o f  th e  m ix tu re . T h is 

c o r r e c t io n  a llow ed  th e  e s t é r i f i c a t i o n  o f  l a b e l le d  f a t t y  a c id s  

s u p p lie d  as a m ix tu re  to  be compared w ith  e s t é r i f i c a t i o n  o f  th e  same 

(1 -^ ’̂ C ) fa t ty  a c id s  s u p p lie d  to  th e  a d ip o c y te s  on t h e i r  own.

When o l e i c  a c id  was in c lu d e d  as a component o f  a f a t t y  a c id

m ix tu re  r a th e r  th a n  a lone  in  th e  in c u b a tio n  medium, s i g n i f i c a n t l y  

in c re a s e d  in c o rp o ra t io n  in  130 m inu tes in to  t r i a c y lg l y c e r o l s  (P < 0 .002) 

and d ia c y lg ly c e r o ls  (P < 0 .0 1 ) was o b ta in e d

The amounts o f  (1 -^ ^ C )s te a r ic ,  o l e i c  and l i n o l e i c  a c id s  e s t e r i f i e d  

in to  t o t a l  a c y lg ly c e ro ls  in  130 m inu tes were n o t a f f e c te d  s i g n i f i c a n t l y  

when th e y  w ere in c u b a te d  in  m ix tu re  form. However, th e  e s t é r i f i c a t i o n  

o f  ( l - ^ ^ C ) s te a r ic  a c id  o v e r 50 m inu tes in to  t r i a c y lg l y c e r o l s  was 

s i g n i f i c a n t l y  l e s s  (P < 0 .05 ) when su p p lie d  in  a m ix tu re  th a n  when 

in c u b a te d  on i t s  own. I t s  e s t é r i f i c a t i o n  in to  d ia c y lg ly c e r o ls  o v e r th e  

same tim e was n o t s i g n i f i c a n t l y  d i f f e r e n t .

Whereas th e  fo u r  ( l - ^ ^ C ) f a t ty  a c id s  in v e s t ig a te d  w ere e s t e r i f i e d  

in to  t r i a c y lg l y c e r o l s  a t  s im i la r  r a t e s  when in c u b a te d  in d iv id u a l ly ,  

th e r e  w ere obvious d i f f e r e n c e s  in  th e  r a t e s  o f  e s t é r i f i c a t i o n  o f  th e  

same f a t t y  a c id s  s u p p lie d  as components o f  a m ix tu re . The amount o f  

(1 -^ ^ C )o le ic  a c id  in c o rp o ra te d  in  90 m inu tes in to  t r i a c y lg l y c e r o l s  was 

s ig n i f i c a n t l y  g r e a t e r  th an  t h a t  o f  ( i-^ ^ C )p a lm itic  a c id  (P < 0 .0 2 ) ,  

( l - ^ ^ C ) l in o le ic  a c id  (P < 0 .001) and ( l - ^ ^ C ) s te a r ic  a c id  (P < 0 .0 0 1 ) . 

( l - ^ ^ C )S te a r ic  and l i n o l e i c  a c id s  were in c o rp o ra te d  in to  t r i a c y lg l y c e r o l s
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a t  low er r a t e s  th a n  ( l- ^ ^ C )p a lm itic  and o le ic  a c id s .  S im i la r ly ,  

( l - ^ ^ C )o le ic  a c id  was e s t e r i f i e d  in to  d ia c y lg ly c e r o ls  a t  a s i g n i f i c a n t l y  

h ig h e r  r a t e  th a n  ( l- ^ ^ C )p a lm itic  a c id  (P < 0 .0 0 2 ) ,  ( 1 -^ ^ C )s te a r ic  a c id  

(P < 0 .0 1 ) and ( l - ^ '^ C ) l in o le ic  a c id  (P < 0 .0 0 1 ). A gain , (1 -^^C )- 

s t e a r i c  and l i n o l e i c  a c id s  had low er e s t é r i f i c a t i o n  r a t e s  th a n  (1 -^^C )- 

o le i c  and p a lm i t ic  a c id s .

A lthough th e  amounts o f  (1 -^ ^ C )o le ic  a c id  re c o v e re d  in  t r i a c y l - 

and d ia c y lg ly c e r o ls  w ere g r e a t e r  th a n  th o se  o f  o th e r  (1 -^ ^ C ) fa t ty  a c id s  

when in c u b a te d  as  p a r t  o f  a m ix tu re , i t  was in c o rp o ra te d  in to  phospho

l i p i d s  a t  a  low er r a t e  th a n  ( l - ^ ^ C ) s te a r ic  a c id  o r  ( l - ^ ^ C ) l in o le ic  a c id .  

The h ig h  r a t e  o f  ( l - ^ ^ C )o le ic  a c id  e s t é r i f i c a t i o n  in to  t r i a c y l -  and 

d ia c y lg ly c e ro ls  th e r e f o r e  c o in c id e d  w ith  a low r a t e  o f  e s t é r i f i c a t i o n  

in to  p h o s p h o lip id s . C on v erse ly , a lth o u g h  (1 -^ ^ C )s te a ra te  and (1 -^^C )- 

l i n o l e a t e  had  low r a t e s  o f  in c o rp o ra tio n  in to  t r i a c y l -  and d ia c y lg ly c e ro ls  

th e y  were q u ic k ly  e s t e r i f i e d  in to  p h o sp h o lip id s  in  com parison w ith  

( l - ^ ^ C ) o le ic  and p a lm i t ic  a c id s .  The n e t  r e s u l t  was t h a t  th e re  was no 

s i g n i f i c a n t  d i f f e r e n c e  betw een th e  r a t e s  o f  e s t é r i f i c a t i o n  o f  th e  fo u r  

(1 -^ ^ C )fa tty  a c id s  in to  t o t a l  a c y lg ly c e ro ls .

These r e s u l t s  showed t h a t  a d ip o c y te s  were c a p a b le  o f  ta k in g  up a 

number o f  d i f f e r e n t  lo n g -c h a in  f a t t y  a c id s  from th e  in c u b a tio n  medium 

and e s t e r i f y in g  them in to  a c y lg ly c e ro ls  a t  com parable r a t e s .  The e n t ry  

o f  such  f a t t y  a c id s  in to  th e  f a t - c e l l  was a ls o  th e re b y  d em o n stra ted  n o t 

to  be a r a t e - l i m i t i n g  s te p  in  t h e i r  e s t é r i f i c a t i o n  in to  a c y lg ly c e ro ls .

C. E s t é r i f i c a t i o n  o f  Çl-^^G )O le ic  Acid formed by D e s â tü rà t io n  o f  

(l-^ '^C) S te a r i c  Acid

D e sa tu ra tio n  o f  ( l - ^ ^ C ) s te a r ic  a c id  to  ( l - ^ ^ C )o le ic  a c id  by



F ig . 3 .7 . E s t é r i f i c a t i o n  o f  ( l-^ ^ C )O le ic  A cid Formed by

D e sa tu ra tio n  o f  S te a r i c  Acid in to  A cy lg ly c e ro ls ,

A. S te a r i c  a c id  s u p p lie d  a lo n e  B. (1 -^^C )-

S te a r i c  a c id  s u p p lie d  as a component o f  a f a t t y  a c id  

m ix tu re

The in c u b a tio n  c o n d itio n s  f o r  A and B were s im i la r  to  th o se  
d e sc r ib e d  f o r  F ig s , 3 ,5  and 3 ,6  r e s p e c t iv e ly .  R e su lts  a re  means 

s .e .m . o f  th r e e  e x p e rim e n ts . Only s . e . m . 's  d is t in g u is h a b le  
from th e  symbols a re  p re s e n te d  in  t h i s ,  and su b seq u en t F ig u re s .

• ----- #  , t r i a c y lg l y c e r o l s  ; □  a ,  d ia c y lg ly c e r o ls ;
6  — •• —A ,  p h o s p h o lip id s ; o  O,  u n e s te r i f i e d  f a t t y  a c id s .
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Table 3 .1 . (1 -^^C )O le ic  A cid D erived  from ( l- ^ ^ C )S te a r ic  Acid as a

P ro p o r tio n  (%) o f  T o ta l (1 -^ ^ C )F a tty  Acid in  L ip id s

( l - ^ ^ C ) s te a r ic  a c id  s u p p lie d

, __ in  f a t t y  a c id
a lo n e  m ix tu r e ,

T r ia c y lg ly c e ro ls  

D ia c y lg ly c e ro ls  

P h o sp h o lip id s  

U n e s te r if ie d  f a t t y  a c id s

7 .0 + 0 .3 23 .6 + 0 .9

5 ,6 + 0 .5 18.8 0 .6

6 .1 + 0 .3 5 .6 + 0 .3

1 .6 + 0 .4 3 .4 + 0 .7

In c u b a tio n  c o n d itio n s  were as d e s c r ib e d  in  th e  legend  to  F ig . 3 .7 , 
R esu lts  a re  means ^  s .e .m , o f  10, 30, 70, 90, 110 and 130 m inute 
in c u b a tio n s  from th r e e  ex perim en ts  i . e .  th e  mean o f  18 v a lu e s .
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a d ip o c y te s  p re p a re d  from 280 g r a t s  o c c u rre d  w ith  ( 1 - l^ C ) s te a r i c  a c id  

in c u b a te d  on i t s  own and as p a r t  o f  th e  f a t t y  a c id  m ix tu re . (1 - l^ C )-  

S te a r i c  a c id  and th e  (1 - l^ C )o le ic  a c id  d e r iv e d  from  i t  were s e p a ra te d  by 

a rg e n ta t io n  T .L .C . o f  th e  m ethyl e s t e r  d e r iv a t iv e s  o f  f a t t y  a c id s  

p re p a re d  from th e  s e p a ra te d  l i p i d  c l a s s e s .  The t o t a l  amount o f  

( 1 - l^ C )o le ic  a c id  produced  in  bo th  case s  in c re a s e d  s t e a d i ly  w ith  tim e , 

b u t th e  d e s a tu r a t io n  r a t e  was low er when th e  ( l - ^ ^ C ) s te a r i c  a c id  

s u b s t r a te  was a component o f  th e  f a t t y  a c id  m ix tu re .

( l- l^ C )O le ic  a c id  form ed from ( l - ^ ^ C ) s te a r ic  a c id  su p p lie d  as p a r t  

o f  th e  f a t t y  a c id  m ix tu re  was in c o rp o ra te d  in to  t r i a c y lg l y c e r o l s  l i n e a r l y  

w ith  r e s p e c t  to  tim e  (F ig . 3 .7 ) .  The amounts o f  ( l - l ^ C ) o le i c  a c id  

re c o v e re d  in  d ia c y lg ly c e ro ls  and p h o sp h o lip id s  in c re a s e d  o n ly  s l i g h t l y  

a f t e r  30 m in u te s , w hereas t h a t  re c o v e re d  as u n e s t e r i f i e d  f a t t y  a c id  

a c tu a l ly  d e c re a se d  w ith  in c re a s in g  tim e .

At a l l  tim es  s tu d ie d ,  t r i a c y lg l y c e r o l s  c o n ta in e d  most o f  th e  

( l - ^ ^ C )o le ic  a c id  form ed by th e  d e s a tu r a t io n  o f  (1 -^ ^ C )s te a r ic  a c id  

in c u b a te d  on i t s  own. A gain, th e  amounts re c o v e re d  in  d ia c y lg ly c e ro ls  

and p h o sp h o lip id s  in c re a s e d  s l i g h t l y  w ith  tim e , and t h a t  found in  th e  

u n e s t e r i f i e d  f a t t y  a c id  f r a c t io n  rem ained r e l a t i v e l y  c o n s ta n t a f t e r  

30 m in u tes .

( l-^ ^ C )O le ic  a c id  form ed as a r e s u l t  o f  d e s a tu r a t io n  rem ained  a 

f a i r l y  c o n s ta n t  p ro p o r tio n  o f  th e  t o t a l  ^ ^ C -la b e lle d  f a t t y  a c id  

e s t e r i f i e d  in  each o f  th e  a c y lg ly c e ro ls  w ith  r e s p e c t  to  tim e (T able 3 .1 ) .  

T r ia c y lg ly c e ro ls  c o n ta in e d  th e  h ig h e s t  r a t i o  o f  ( l - ^ ^ C ) o le ic  a c id  to  

(1 -^ ^ C )s te a r ic  a c id ,  and u n e s t e r i f i e d  f a t t y  a c id  th e  lo w e s t.

These r e s u l t s  d em o n stra te  t h a t  o le ic  a c id  form ed in  th e  a d ip o c y te  

by des a tu r a t io n  o f  e x t r a c e l l u l a r  s t e a r i c  a c id ,  i s  r a p id ly  e s t e r i f i e d  

in to  a c y lg ly c e ro ls .
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D. S té r é o s p e é i f ié  A n a ly s is  o f  T r ia c y lg ly c e ro ls

1. N a tu ra l D is t r ib u t io n  o f  F a tty  A cids

B efore any m eaningfu l i n t e r p r e t a t i o n  cou ld  be made o f  th e  

p o s i t i o n a l  d i s t r i b u t i o n  o f  (1 -^ ^ C )fa tty  a c id s  e s t e r i f i e d  in to  t r i a c y l 

g ly c e ro ls  from th e  in c u b a tio n  medium, i t  was f i r s t  n e c e s s a ry  to  

de term ine  th e  n a tu r a l  lo n g -c h a in  f a t t y  a c id  com position  o f  r a t  a d ip o cy te  

t r i a c y lg l y c e r o l s  and th e  manner in  which th e  f a t t y  a c id s  a re  d i s t r i b u t e d  

w ith in  th e  th r e e  p o s i t io n s  o f  th e  t r i a c y l - s n - g ly c e r o l  m o lecu le ,

T r ia c y lg ly c e ro ls  e x t r a c te d  from non- incub  a te  d a d ip o c y te s  i s o la te d  

from r a t s  o f  approx im ate  w eigh t 295 g , were s u b je c te d  to  s t e r e o s p e c i f i c  

a n a ly s i s .  The r e s u l t s  a re  p re s e n te d  in  T able 3 ,2 .

The sh o rth a n d  nom en cla tu re  used  fo r  f a t t y  a c id s  in  T ab les 

th ro u g h o u t t h i s  s tu d y  i s  t h a t  g e n e ra l ly  a c c e p te d , in  which th e  number o f  

carbon  atoms and double bonds in  th e  f a t t y  a c id  a re  re p re s e n te d  by th e  

r e le v a n t  numbers s e p a ra te d  by a co lon  e .g .  16:0  r e p r e s e n ts  th e  s a tu r a te d ,  

s ix te e n -c a rb o n  p a lm i t ic  a c id  and 18:2 l i n o l e i c  a c id  w ith  i t s  two double 

bonds (24 6 ),

The f a t t y  a c id  co m position  o f  p o s i t io n  sn-2  was o b ta in e d  by G.L.C. 

a n a ly s is  o f  th e  m ethyl e s t e r s  o f  th e  m onoacy lg lycero l p roduced  by 

p a n c r e a t ic  l ip a s e  h y d ro ly s is  (p ro d u c t I I  in  F ig , 2 .1 )  and confirm ed by 

a n a ly s is  o f  th e  m ethyl e s t e r s  o f  th e  f r e e  f a t t y  a c id s  (IV) produced  

d u rin g  p h o sp h o lip a se  A h y d ro ly s is  o f  th e  p h o sp h o lip id s  sy n th e s iz e d  from 

th e  1 ,2 - d ia c y l - s n - g I y c e r o ls . G .L.C. a n a ly s is  o f  th e  f a t t y  a c id  m ethyl 

e s t e r s  o f  th e  ly so p h o sp h a tid e  ( I I I )  p roduced  in  th e  p h o sp h o lip a se  A 

h y d ro ly s is  gave th e  f a t t y  a c id  com position  o f  p o s i t io n  s n -1 . The 

s u b tr a c t io n  f o r  each f a t t y  a c id  o f  th e  sums o f  p o s i t io n s  sn -1  and sn-2  

from th r e e  tim es  th e  t o t a l  t r i a c y lg l y c e r o l  a llow ed  th e  f a t t y  a c id
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com position  o f  p o s i t io n  sn -3  to  be c a lc u la te d .  G .L.C. a n a ly s is  o f  th e  

m ethyl e s t e r s  o f  th e  p h o sp h o lip id  (V) s y n th e s iz e d  from 2 , 5 -d ia c y l- s n -  

g ly c e ro ls  gave th e  t o t a l  f a t t y  a c id  com position  o f  p o s i t io n s  sn -2  and 

sn -3  from w hich th e  com position  o f  p o s i t io n  sn -3  co u ld  be o b ta in e d  by 

s u b t r a c t in g  t h a t  o f  p o s i t io n  sn -2 . The f a t t y  a c id  com p o sitio n  o f  

p o s i t io n  sn -3  co u ld  th e r e f o r e  be o b ta in e d  by two m ethods. The 

accu racy  o f  each a n a ly s is  was co n s id e re d  a c c e p ta b le  o n ly  when th e  

r e s u l t s  o b ta in e d  f o r  p o s i t io n  sn-2  and p o s i t io n  sn -3  c a lc u la te d  by 

a l t e r n a t i v e  p ro c e d u re s , ag reed  w ith in  4%.

O le ic  a c id  was th e  m ajor f a t t y  a c id  p r e s e n t  in  r a t  a d ip o c y te  

t r i a c y l g l y c e r o l s ,  acc o u n tin g  f o r  35.8% o f  th e  t o t a l  f a t t y  a c id s  

exam ined. 30.8% o f  th e  f a t t y  a c id s  was p a lm it ic  a c id .  L in o le ic  a c id  

a ls o  r e p re s e n te d  a  c o n s id e ra b le  p ro p o r t io n  (22.3%) o f  th e  t o t a l  f a t t y  

a c id s  w hereas p a lm i to le ic ,  s t e a r i c  and l i n o le n i c  a c id s  to g e th e r  accoun ted  

f o r  l e s s  th a n  12% o f  th e  f a t t y  a c id s .

In  p o s i t i o n  sn -1 , th e  s a tu r a te d  f a t t y  a c id ,  p a lm i t ic  a c id ,  was 

p redom inan t (49 .8% ), w ith  o l e i c  a c id  and l i n o l e i c  a c id  acc o u n tin g  f o r  

26.9% and 10.9% r e s p e c t iv e ly  o f  th e  rem ain ing  f a t t y  a c id s .  However, 

p o s i t io n  sn -2  c o n ta in e d  a h ig h  p ro p o r t io n  o f  u n s a tu r a te d  f a t t y  a c id s  

as monoenoic o le ic  a c id  and d ie n o ic  l i n o l e i c  a c id  to g e th e r  made up 

ap p ro x im ate ly  80% o f  th e  f a t t y  a c id s  p r e s e n t .  The two s a tu r a te d  f a t t y  

a c id s ,  p a lm ita te  and s t e a r a t e ,  to g e th e r  o n ly  c o n s t i tu te d  abou t 15% o f  

th e  f a t t y  a c id s  in  t h i s  in s ta n c e .  In  p o s i t io n  s n -3 , o le i c  a c id  was 

ag a in  th e  main f a t t y  a c id  (ap p ro x im a te ly  40%), w ith  p a lm i t ic  a c id  

acc o u n tin g  f o r  30%. 17.5% and 3.5% o f  th e  f a t t y  a c id s  in  t h a t  p o s i t io n

were l i n o l e i c  and s t e a r i c  a c id s  r e s p e c t iv e ly .  Comparable r e s u l t s  have 

been o b ta in e d  by o th e rs  (197).

The p r o p o r t io n a l  d i s t r i b u t i o n  o f  each f a t t y  a c id  in  th e  th r e e



Table 3 .3 . P roportional (%) D is tr ib u tio n  o f  F atty  Acids in  P o s it io n s

sn -1 , 2 and 3 o f  T r ia c y l-s n -g ly c e r o ls  from A dipocytes.

F a tty  Acid P o s i t io n  sn -1  P o s i t io n  sn -2  P o s i t io n  sn -3

16:0 54 .1 + 1.9 11.7 + 0 .8 34.2 + 2 .7

16:1 30.3 + 0 .8 29 .6 + 0 .8 40 .1 + 1.5

18:0 47 .9 + 2 .6 13.8 + 3 .6 38 .3 + 3 .1

18:1 25.1 + 0 .7 38.9 + 1 .0 36.0 + 1 .8

18:2 16.2 + 0 .8 58 .8 + 0 .7 25 .0 + 1 .4

18:3 37.6 + 3.5 27.8 + 1 .3 34.6 + 2 .3

V alues a re  means +_ s .e .m . o f  r e s u l t s  o b ta in e d  w ith  ad ip o c y te s  
from th r e e  d i f f e r e n t  r a t s .



Table 5 .4 . R e la tiv e  Incorporation  o f  (1-^^C)F atty  Acids in to  the

Three P o s it io n s  o f  T r ia c y l-s n -g ly c e r o ls  by A dipocytes.

P ro p o r tio n a l  (%) d i s t r i b u t i o n  in  each  p o s i t io n

F a tty  Acid P o s i t io n  sn-1 P o s i t io n  sn -2 P o s i t io n  sn -3

16:0 53.0 + 1.4 13.7 + 0 .3 33.3 + 1.2

C 48 .3 + 0 .9 6 .7 + 0.2 45.0 + 0.8&
18:0 C

C 51.7 + 0 .7 3.6 + 0 .1 44 .7 + 0 . 6 k

C 22.4 + 0.5 45.2 + 0 .5 32.4 + O.5Ç
18:1 C

C 21.5 + 0 .9 33.8 + 0 .8 44 .7 + 1 . 4 ^

18:2 21.9 + 1.5 56 .7 + 1.2 21 .4 + 2 .7

In c u b a tio n  c o n d itio n s  were s im i la r  to  th o s e  d e s c r ib e d  in  th e  
legend  to  F ig , 3 .6  ex ce p t t h a t  th e  ( l - ^ ^ C ) f a t ty  a c id  c o n ta in e d  0 ,6  yCi 
o f  r a d i o a c t i v i t y .  D u p lic a te  sam ples were a n a ly se d  and r e s u l t s  a re  
means +_ s .e .m . o f  50, 90 and 130 m inute in c u b a tio n s  i . e .  th e  mean o f  
3 v a lu e s ,

a . t o t a l  s t e a r i c  a c id  e s t e r i f i e d
b . s t e a r i c  a c id  c o r re c te d  fo r  t h a t  d e s a tu ra te d
c . o le i c  a c id  i t s e l f  added
d. o le ic  a c id  formed from s t e a r i c  a c id .
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p o s i t io n s  o f  th e  t r i a c y l - s n - g ly c e r o l s  was c a lc u la te d  from th e s e  r e s u l t s .  

The v a lu e s  o b ta in e d  a re  p re s e n te d  in  T able 3 .3 .

More th a n  h a l f  th e  t o t a l  p a lm it ic  a c id  o f  th e  t r i a c y lg l y c e r o l s  was 

found e s t e r i f i e d  n a t u r a l l y  in  p o s i t io n  sn-1  w ith  o n ly  11.7% in  p o s i t io n  

sn -2  and 34.2% in  p o s i t io n  sn -3 . 40.1% o f  p a lm i to le ic  a c id  was found

in  p o s i t io n  sn -3  w ith  th e  rem ain d er alm ost e q u a l ly  d iv id e d  betw een 

p o s i t io n s  sn -1  and s n - 2 . S te a r i c  a c id  was found p red o m in an tly  in  

p o s i t io n  sn -1  w ith  38.3% in  p o s i t io n  sn -3  and o n ly  13.8% in  p o s i t io n  

s n - 2 , The n a tu r a l  d i s t r i b u t i o n  o f  l i n o l e i c  a c id  was a lm ost th e  converse  

o f  t h a t  o f  p a lm i t ic  and s t e a r i c  a c id s ,  in  t h a t  most o f  i t  was lo c a te d  

in  p o s i t io n  sn -2  w ith  p o s i t io n s  sn-1  and sn-2  c o n ta in in g  o n ly  16.2% 

and 25.0% r e s p e c t iv e ly .  The m o n o -u n sa tu ra ted  f a t t y  a c id ,  o l e i c  a c id ,  

was a ls o  p r e s e n t  in  g r e a t e s t  p ro p o r t io n  in  p o s i t io n  sn-2  a lth o u g h  

p o s i t io n  sn -3  c o n ta in e d  o n ly  2.9% l e s s ,  w ith  th e  rem ain in g  25.1% b e in g  

lo c a te d  in  p o s i t io n  s n - 1 . L in o le n ic  a c id  was d i s t r i b u t e d  a lm ost e q u a l ly  

betw een th e  p rim ary  p o s i t io n s  w ith  27.8% p re s e n t  in  p o s i t i o n  s n - 2 .

2. D is t r ib u t io n  o f  (1 -^ '^C )F atty  A cids E s t e r i f i e d  from th e  In c u b a tio n  

Medium

The s t e r e o s p e c i f i c  d i s t r i b u t i o n  o f  ( l - ^ ^ C ) f a t ty  a c id s  in c o rp o ra te d  

from th e  in c u b a tio n  medium in to  t r i a c y lg l y c e r o l s  by f a t - c e l l s  i s o la te d
3

from r a t s  o f  av erag e  w eigh t 280 g was exam ined u s in g  t r i  (1 0 ,1 1 - H)-

h ep tad ecan o in  as i n t e r n a l  s ta n d a rd  d u rin g  th e  a n a ly s i s  p ro ced u re  (2 4 1 ).

Very s im i la r  r e s u l t s  were o b ta in e d  fo r  th e  r e l a t i v e  p ro p o r tio n  

14o f  each (1 - C ) f a t ty  a c id  e s t e r i f i e d  in  th e  th r e e  p o s i t io n s  a f t e r  

in c u b a tio n  p e r io d s  o f  50 , 90 and 130 m in u te s , and f o r  t h i s  rea so n  th e  

v a lu e s  p re s e n te d  in  T able 3 .4  r e p re s e n t  th e  mean o f  d u p l ic a te  sam ples 

from each  o f  th e s e  tim es  ta k e n  to g e th e r .



T able 3 .5 . R e la tiv e  In c o rp o ra tio n  o f  (1 -^^C )F a t ty  A cids in to  th e

Three P o s i t io n s  o f  T r ia c y l- s n - g ly c e r o ls  by A dipocy tes in  

10 M inu tes.

P ro p o r tio n a l (%) d i s t r i b u t i o n  in  each p o s i t io n

F a tty  Acid P o s it io n  sn-1 P o s i t io n  sn-2 P o s i t io n  sn -3

16:0

18:0

18:1

18:2

73.0

53 .0

23.2
19.0

24 .9

7 .4

10.7

43.2
41.1

65 .7

19.6 

36 .3

33.6  
3 9 .9&

9 .4

In c u b a tio n  c o n d itio n s  were as d e s c r ib e d  in  th e  legend  to  T able 
3 .4 . V alues a re  means o f  d u p l ic a te  in c u b a tio n s .

o le ic  a c id  formed from s t e a r i c  a c id .



71.

With th e  e x c e p tio n  o f  ( l-^ '^ C )p a lm itic  a c id ,  th e  d i s t r i b u t i o n  o f  

e s t e r i f i e d  la b e l le d  e x t r a c e l l u l a r  f a t t y  a c id s  d id  n o t  resem ble

c lo s e ly  t h e i r  n a tu r a l  d i s t r i b u t i o n  in  r a t  a d ip o c y te  t r i a c y l g l y c e r o l s .

14(1- C )S te a r ic  a c id  ( in c lu d in g  th a t  d e s a tu ra te d )  was in c o rp o ra te d  in to  

p o s i t io n  sn -1  in  s im i la r  p ro p o r tio n  to  i t s  n a tu r a l  d i s t r i b u t i o n  b u t 

c o n s id e ra b ly  more was found in  p o s i t io n  sn -3  and le s s  in  p o s i t io n  s n - 2 . 

A s im i la r  d i s t r i b u t i o n  p a t t e r n  was found f o r  ( l - ^ ^ C ) s te a r ic  a c id  

c o r re c te d  f o r  th e  amount d e s a tu ra te d  to  ( l - ^ ^ C )o le ic  a c id .

A h ig h e r  p ro p o r t io n  o f  ( l - ^ ^ C )o le ic  a c id  e s t e r i f i e d  from th e  

in c u b a tio n  medium was re c o v e re d  in  p o s i t io n  sn -2  th a n  was found 

n a t u r a l l y ;  p o s i t io n s  sn -1  and sn -3  each c o n ta in e d  l e s s  th a n  th e  norm al 

r e l a t i v e  p r o p o r t io n s .  P o s i t io n  sn -3  c o n ta in e d  a h ig h  p ro p o r tio n  o f  

(1 -^ ^ C )o le ic  a c id  form ed by th e  d e s a tu r a t io n  o f  ( l - ^ ^ C ) s te a r i c  a c id . 

C o rre sp o n d in g ly , l e s s  o f  t h i s  ( l - ^ ^ C )o le ic  a c id  e n te re d  p o s i t io n s  sn-1  

and sn-2  th a n  was found f o r  th e  n a tu r a l  d i s t r i b u t i o n  o f  o le i c  a c id .

The p ro p o r tio n  o f  (1 -^ ^ C )o le ic  a c id  formed by d e s a tu r a t io n  o f  (1 -^^C )- 

s t e a r i c  a c id  re c o v e re d  in  p o s i t io n  sn -3  was s i g n i f i c a n t l y  h ig h e r  

(P < 0 .002) th a n  t h a t  o f  (1 -^ ^ C )o le ic  a c id  in c u b a te d  as  such . A 

s im i la r  p ro p o r tio n  o f  ( 1 -^ ^ C ) l in o le ic  a c id  was re c o v e re d  in  p o s i t io n  

sn -2  to  t h a t  found n a t u r a l l y  b u t more o f  th e  l a b e l le d  f a t t y  a c id  

e n te re d  p o s i t io n  sn -1  and le s s  p o s i t io n  sn -3 .

The r e s u l t s  o b ta in e d  f o r  th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  (1 -^^C )- 

f a t t y  a c id s  in  a d ip o c y te  t r i a c y lg l y c e r o l s  a f t e r  10 m in u te s ' in c u b a tio n  

d i f f e r e d  from th o s e  found f o r  lo n g e r in c u b a tio n  tim es  and a re  p re s e n te d  

s e p a r a te ly  in  T able 3 .5 .

73% o f  th e  ( l - ^ ^ C )p a lm it ic  a c id  e s t e r i f i e d  i n to  t r i a c y lg l y c e r o l s  

in  10 m inu tes was re c o v e re d  in  p o s i t io n  sn-1  w ith  7.4% and 19.6%



T able 3 .6 . R e la tiv e  In c o rp o ra t io n  o f  ( l-^ ^ C )P a lm it ic  A cid , S u p p lied  

A lone, in to  th e  Three P o s i t io n s  o f  T r ia c y l - s n - g ly c e r o ls  

by A d ip o cy tes.

P ro p o r tio n a l  (%) d i s t r i b u t i o n  in  each  p o s i t io n

In cu b a tio n  

tim e (mins)
P o s i t io n  sn-1 P o s i t io n  sn-2 P o s i t io n  sn -3

50 38.9  + 1 .9 2 9 .6  + 0 .9 31.5  + 1 .8

90 37.6  + 1 .9 30 .3  + 0 .7 32.1 + 1 .4

(1 - C )P a lm itic  a c id  a t  a  c o n c e n tra t io n  o f  ImM was in c lu d e d  in  
th e  b a s ic  in c u b a tio n  medium. D u p lic a te  sam ples w ere an a ly se d  and 
r e s u l t s  a re  means + s .e .m . o f  fo u r  in d ep en d en t e x p e rim en ts .
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in  p o s i t io n s  sn -2  and sn -3  r e s p e c t iv e ly .  The h ig h e s t  p ro p o r t io n  o f  

e s t e r i f i e d  (1 -^ ^ C )s te a r ic  a c id  was found in  p o s i t io n  sn -1  w ith  p o s i t io n  

sn-2 c o n ta in in g  o n ly  10.7% o f  th e  in c o rp o ra te d  f a t t y  a c id .  43.2% o f  

e s t e r i f i e d  ( l - ^ ^ C ) o le ic  a c id  in c u b a te d  as such , was re c o v e re d  in  

p o s i t io n  sn -2  w hereas ( l - ^ ^ C )o le ic  a c id  formed w ith in  th e  a d ip o cy te  by 

d e s a tu r a t io n  o f  e x t r a c e l l u l a r  (1 -^ ^ C )s te a r ic  a c id  was d i s t r i b u t e d  

a lm ost ev en ly  betw een p o s i t io n s  sn -2  and sn -3  w ith  o n ly  19% in  p o s i t io n  

s n -1 . ( l - ^ ^ C )L in o le ic  a c id  e n te re d  p o s i t io n  sn-2  p r e f e r e n t i a l l y  (65.7%)

3. D is t r ib u t io n  o f  ( l-^ ^ C )P a lm it ic  Acid S u p p lie d  Alone

In th e  fo re g o in g  s tu d ie s  on th e  r a t e s  o f  in c o rp o ra t io n  o f  e x t r a 

c e l l u l a r  f a t t y  a c id s  in to  a d ip o c y te  t r i a c y l g l y c e r o l s ,  c o n tro l  in c u 

b a t io n s  c o n s is te d  o f  f a t - c e l l s  in c u b a te d  w ith  ( l - ^ ^ C )p a lm it ic  a c id  

a lo n e . T r ia c y lg ly c e r o ls  from th e s e  were s u b je c te d  to  s t e r e o s p e c i f i c  

a n a ly s is  to  d e te rm in e  th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  th e  e s t e r i f i e d  

( l - ^ ^ C )p a lm it ic  a c id  f o r  com parison w ith  th e  r e s u l t s  o b ta in e d  when 

( l - ^ ^ C )p a lm it ic  a c id  was s u p p lie d  as p a r t  o f  a m ix tu re .

The d i s t r i b u t i o n  in  t r i a c y lg l y c e r o l s  o f  (1 -^ ^ C )p a lm itic  a c id  

su p p lie d  a lo n e  d i f f e r e d  from b o th  t h a t  o f  ( l - ^ ^ C )p a lm it ic  a c id  

in c u b a te d  as p a r t  o f  a m ix tu re  and o f  th e  n a tu r a l  d i s t r i b u t i o n  o f  

p a lm it ic  a c id  in  r a t  a d ip o c y te  t r i a c y lg l y c e r o l s .  As T able 3 .6  shows, 

th e re  was l i t t l e  d i f f e r e n c e  in  th e  com positions  o f  p o s i t io n s  s n -1 , 2 

and 3, w hich p ro b a b ly  in d ic a te s  t h a t  t r i p a lm i to y l - s n - g ly c e r o l  o n ly  was 

sy n th e s iz e d  when ( l - ^ ^ C )p a lm it ic  a c id  was th e  s o le  f a t t y  a c id  in  th e  

in c u b a tio n  medium. There was l i t t l e  d if f e r e n c e  betw een sam ples ta k en  

a t  50 and 90 m in u te s .



F ig , 3 .8 . In c o rp o ra tio n  o f  A c e ta te  in to  T o ta l L ip id s  by

A dipocytes from 280 g R a ts ,

In a d d i t io n  to  th e  b a s ic  in g r e d ie n ts ,  th e  in c u b a tio n  medium 
c o n ta in e d  (1-^'^C)sodium a c e ta te  (10 yCi) p e r  in c u b a tio n  b o t t l e )  
a t  v a r io u s  c o n c e n tr a t io n s ,  and in  c o n c u rre n t in c u b a tio n s  a ImM 
album in-bound f a t t y  a c id  m ix tu re  was a ls o  in c lu d e d . A ll 
in c u b a tio n s  were o f  1 h o u r 's  d u ra t io n .  R e su lts  a re  means ^  
s .e .m , o f  th re e  e x p e rim en ts .

O  o ,  (1 -^ ^ C )a c e ta te  a lo n e ; O  □ , (1 -^ ^ C )a c e ta te  +
f a t t y  a c id  m ix tu re .
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E. In c u b a tio n s  w ith  ( l-^ ^ C )A c e ta te

S ince  th e  d i s t r i b u t i o n  o f  exogenous f a t t y  a c id s  e s t e r i f i e d  in to  

r a t  a d ip o c y te  t r i a c y l g l y c e r o l s ,  w ith  th e  e x c e p tio n  o f  p a lm i t ic  a c id ,  

was n o t i d e n t i c a l  to  t h e i r  n a tu r a l  d i s t r i b u t i o n ,  i t  was d e s i r a b le  to  

e s t a b l i s h  how f a t t y  a c id s  sy n th e s iz e d  w ith in  th e  f a t - c e l l  were e s t e r i 

f i e d  in to  t r i a c y l g l y c e r o l s ,  w ith  a  view  to  com paring th e  d i s t r i b u t i o n  

o f  f a t t y  a c id s  form ed de novo and th o se  exogenous to  th e  t i s s u e ,  w ith in  

th e  t r i a c y lg l y c e r o l  m o lecu le .

A dipocy tes were in c u b a te d  in  media c o n ta in in g  [1 -^ ^ C )a c e ta te  as a 

la b e l le d  f a t t y  a c id  p r e c u r s o r .  The c o n c e n tra t io n  o f  th e  (1 -^ ^ C )a c e ta te  

in  th e  in c u b a tio n  medium was v a r ie d  in  o rd e r  to  d e te rm in e  th e  optimum 

a c e ta te  c o n c e n tra t io n  f o r  f a t t y  a c id  s y n th e s is  by th e  f a t - c e l l s  in  th e  

system  u sed . C oncu rren t in c u b a tio n s  were c a r r i e d  o u t in  which th e  

in c u b a tio n  m ix tu re  a ls o  c o n ta in e d  a m ix tu re  o f  lo n g -c h a in  f a t t y  a c id s ,  

th e re b y  p e rm i t t in g  th e  e f f e c t  o f  e x t r a c e l l u l a r  f a t t y  a c id s  on f a t t y  

a c id  s y n th e s is  and e s t é r i f i c a t i o n  to  be d e te rm in ed . A ll in c u b a tio n s  

co n ta in e d  g lu c o se  and in s u l i n  a t  th e  le v e ls  d e s c r ib e d  in  C hap ter 2 , 

s e c t io n  C l.

1. S tu d ie s  w ith  A d ipocy tes from Rats o f  Average W eight 280 g

The f a t - c e l l s  u sed  in  t h i s  s e r i e s  o f  ex p erim en ts  were i s o l a t e d

from th e  a d ip o se  t i s s u e  o f  r a t s  w eighing  in  th e  re g io n  o f  280 g.

( i )  In c o rp o ra t io n  o f  Ç l-^^C)A ce ta te  in to  L ip id s . The dependence

o f  ( l - ^ ^ C )a c e ta te  in c o rp o ra t io n  in to  ad ip o cy te  t o t a l  l i p i d  upon th e  

i n i t i a l  a c e ta te  c o n c e n tra t io n  in  th e  in c u b a tio n  medium i s  shown in  

F ig . 3 .8 .  The amount o f  ( l - ^ ^ C )a c e ta te  used  by th e  f a t - c e l l s  in  

l ip o g e n e s is  was r e l a t e d  to  i t s  c o n c e n tra tio n  in  th e  in c u b a tio n  medium.



F ig , 3 .9 .  Incorporation  o f  (1-^^C)A cetate Supplied  Alone in to

L ipids by A dipocytes from 280 g R ats.

In c u b a tio n  c o n d itio n s  were th e  same as d e s c r ib e d  in  th e  legend  
to  F ig . 3 .8  w ith  no f a t t y  a c id s  in  th e  medium. R e su lts  a re  means 
2  s .e .m . o f  th r e e  e x p e rim en ts ,

•  ------# ,  t r i a c y lg l y c e r o l s ;  o  Q, d ia c y lg ly c e r o ls ;
A — * ' —A , p h o s p h o lip id s ;  O O , u n e s t e r i f i e d  f a t t y  a c id s .
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F ig . 3*10. In c o rp o ra tio n  o f  A c e ta te  in to  L ip id s  by

A dipocytes from 280 g R ats in  th e  P resence  o f  

E x t r a c e l lu la r  F a t ty  A cids,

The c o n d itio n s  o f  in c u b a tio n  were th e  same as th o se  d e s c r ib e d  
in  th e  legend to  F ig . 3 .8 ,  w ith  th e  medium c o n ta in in g  a ImM f a t t y  
a c id  m ix tu re . R e su lts  a re  means +_ s .e .m . o f  th r e e  e x p e rim en ts ,

• ----- #  , t r i a c y lg l y c e r o l s ;  □ ---------□, d ia c y lg ly c e r o ls ;
A — "  “ A , p h o sp h o lip id s ;  O O , u n e s t e r i f i e d  f a t t y  a c id s .
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The p re se n c e  o f  lo n g -c h a in  f a t t y  a c id s  in  th e  in c u b a tio n  medium 

d ec re a se d  l ip o g e n e s is  from ( l- ^ ^ C )a c e ta te  a p p re c ia b ly ;  th e  in c o r 

p o ra t io n  o f  (1 -^ ^ C )a c e ta te  in to  l i p i d s  a t  a c o n c e n tra t io n  o f  5mM was 

h a lv e d , w hereas a t  th e  lo w er, more p h y s io lo g ic a l ,  c o n c e n tra t io n  o f  O.SmM, 

i t s  in c o rp o ra tio n  was d e c re a se d  by 83%.

F ig , 3 ,9  i l l u s t r a t e s  th e  manner in  which th e  ( l - ^ ^ C )a c e ta te  

in c o rp o ra te d  was d i s t r i b u t e d  among t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e r o ls ,  

p h o sp h o lip id s  and u n e s t e r i f i e d  f a t t y  a c id s  when th e  a d ip o c y te s  were 

in c u b a te d  w ith  th e  ( l - ^ ^ C ) s u b s tr a te  on i t s  own. At a c e ta t e  concen

t r a t i o n s  o f  l e s s  th a n  2.5mM, t r i a c y lg l y c e r o l s  c o n ta in e d  th e  h ig h e s t  

p ro p o r tio n  o f  in c o rp o ra te d  (1 -^ ^ C )a c e ta te .  The amount o f  (1 -^^C )- 

a c e ta t e  in c o rp o ra te d  in to  t r i a c y l g l y c e r o l s ,  p h o sp h o lip id s  and u n e s t e r i f i e d  

f a t t y  a c id s  was a p p a re n tly  in d ep en d en t o f  th e  c o n c e n tra t io n  o f  a c e ta te  

in  th e  in c u b a tio n  medium, w hereas th e  amount re c o v e re d  in  d ia c y lg ly c e ro ls  

ro s e  s u b s t a n t i a l l y  as  th e  a c e ta te  c o n c e n tra t io n  exceeded ImM, D iacy l

g ly c e ro ls  were th e  most h ig h ly - la b e l le d  a c y lg ly c e ro ls  when th e  f a t - c e l l s  

were p re s e n te d  w ith  v e ry  h ig h  a c e ta t e  c o n c e n tra t io n s  o f  5 and lOmM,

The p re se n c e  o f  f a t t y  a c id s  in  th e  in c u b a tio n  medium in f lu e n c e d  

th e  d i s t r i b u t i o n  o f  in c o rp o ra te d  (1 -^ ^ C )a c e ta te  among th e  in d iv id u a l  

l i p i d  c la s s e s  (F ig , 3 ,1 0 ) ,  At low a c e ta te  c o n c e n tra t io n s  o f  0 ,25  and 

0,5mM, t r i a c y lg l y c e r o l s  c o n ta in e d  most o f  th e  (1 -^ ^ C )a c e ta te  in c o r 

p o ra te d  in to  l i p i d .  Whereas ap p ro x im ate ly  eq u a l amounts o f  in c o rp o ra te d  

^ ^ C - la b e lle d  s u b s t r a t e  were re c o v e re d  in  t r i a c y lg l y c e r o l s  a t  a l l  

a c e ta te  c o n c e n tra t io n s  g r e a t e r  th a n  z e ro , th e  amounts re c o v e re d  in  

p h o sp h o lip id s  and u n e s t e r i f i e d  f a t t y  a c id s  ro s e  s t e a d i l y  w ith  in c re a s in g  

a c e ta te  c o n c e n tra t io n  in  th e  in c u b a tio n  medium. In c o rp o ra t io n  o f  

( l - ^ ^ C )a c e ta te  in to  d ia c y lg ly c e r o ls  in c re a s e d  a lm o st l i n e a r l y  w ith  

in c re a s in g  a c e ta te  c o n c e n tra t io n .  When th e  in c u b a tio n  medium
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c o n ta in e d  lOmM (1 -^ ^ C )a c e ta te ,  d ia c y lg ly c e ro ls  acco u n ted  f o r  most o f  

th e  in c o rp o ra te d  l a b e l le d  s u b s t r a te  w ith  p h o sp h o lip id s  c o n ta in in g

o n ly  10.5%, u n e s t e r i f i e d  f a t t y  a c id s  5.5% and t r i a c y lg l y c e r o l s  o n ly  5%.

The r e s u l t s  p re s e n te d  in  F ig s . 3 .9  and 3 .10  co u ld  a ls o  have a r i s e n  

i f  u n in c o rp o ra te d  ( l - ^ ^ C ) a c e ta te ,  n o t removed d u rin g  th e  l i p i d  

e x t r a c t io n  p ro c e d u re , c o -chrom âtogrammed w ith  d ia c y lg ly c e r o ls  in  T .L .C . 

s e p a r a t io n s ,  in  w hich case  th e  amount o f  r a d i o a c t i v i t y  re c o v e re d  in  

d ia c y lg ly c e r o ls  would a ls o  in c re a s e  as (1 -^ ^ C )a c e ta te  c o n c e n tra t io n  

in c re a s e d . To exam ine t h i s  p o s s i b i l i t y ,  0 .1  yCi ( l - ^ ^ C )a c e ta te  mixed 

w ith  a l i t t l e  l i p i d  co ld  c a r r i e r  was a p p lie d  to  a T .L .C . p l a t e  and 

developed  w ith  th e  same s o lv e n t u sed  f o r  th e  s e p a ra t io n  o f  t o t a l  l i p i d  

in to  i t s  c o n s t i tu e n t s .  A f te r  i d e n t i f i c a t i o n ,  th e  r a d i o a c t i v i t y  o f  th e  

s e p a ra te d  l i p i d  c la s s e s  was m easured. T r ia c y lg ly c e r o ls ,  d ia c y lg ly c e ro ls  

and u n e s t e r i f i e d  f a t t y  a c id s  were a l l  found to  c o n ta in  th e  same sm all 

p ro p o r tio n  (< 1%) o f  th e  t o t a l  r a d io a c t i v i t y  a p p l ie d  to  th e  chrom ato

gram, as d id  a sam ple o f  th e  ad so rb e n t ta k en  from betw een th e  d ia c y l-  

g ly c e ro l  and u n e s t e r i f i e d  f a t t y  a c id  bands. By f a r  th e  m ajor p a r t  o f  

th e  ( l^ ^ ^ C )a c e ta te  a p p lie d  to  th e  p l a t e  was re c o v e re d  a lo n g  w ith  

p h o sp h o lip id s  on th e  o r ig in .

The accu m u la tio n  o f  in c o rp o ra te d  ( l - ^ ^ C )a c e ta te  in  d ia c y lg ly c e r o ls  

a t  h ig h  a c e ta te  c o n c e n tra t io n s  was n o t due th e r e f o r e  to  a s im ple  

e x p e rim e n ta l a r t e f a c t .

Of th e  ( l - ^ ^ C )a c e ta te  in c o rp o ra te d  in to  each  l i p i d ,  a l l  was 

re c o v e re d  in  th e  f a t t y  a c id  m o iety  o f  t r i a c y l -  and d ia c y lg ly c e ro ls  

b o th  in  th e  absence and p re se n c e  o f  u n e s t e r i f i e d  f a t t y  a c id s  in  th e  

in c u b a tio n  b u f f e r  and a t  a l l  s u b s t r a te  c o n c e n tr a t io n s .  The w a te r-  

s o lu b le  m o ie ty  o f  th e  p h o s p h o lip id s ,  how ever, c o n ta in e d  up to  15% o f



Table 3 .7 . R e la tiv e  In c o rp o ra tio n  o f  (1 -^^C )A ce ta te  in to  th e  Three 

P o s i t io n s  o f  T r ia c y l- s n - g ly c e r o ls  by A dipocytes from 

280 g R a ts , E f fe c t  o f  E x t r a c e l lu la r  F a t ty  A cids,

P ro p o r t io n a l  (%) 
d i s t r i b u t io n  in  each  p o s i t io n

P o s it io n
sn-1

P o s it io n
sn-2

P o s it io n
sn -3

(1 -^ ^ C )a c e ta te  a lone

(1 -^ ^ C )a c e ta te  + 
f a t t y  a c id  m ix tu re

51 ,0  + 1 ,7  

54 .9  + 4 .9

12.6  + 2 .4  

15.8  + 5 .3

36,5 +_ 1*5 

2 9 .3  + 0 .7

In c u b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  F ig , 3 .8  
R e su lts  a re  means +. s .e .m . o f  th r e e  e x p e rim en ts .
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th e  t o t a l  r a d i o a c t i v i t y  p r e s e n t  in  t h a t  l i p i d  c l a s s  (d a ta  n o t show n).

These r e s u l t s  confirm ed  t h a t  th e  a d ip o c y te s  co u ld  ta k e  up a c e ta te  

from th e  in c u b a tio n  medium f o r  u se  in  f a t t y  a c id  s y n th e s is ,  and t h a t  

th e re  was a d i r e c t  r e l a t io n s h ip  betw een th e  amount o f  a c e ta te  

a v a i la b le  and t o t a l  f a t t y  a c id  s y n th e s is .

( i i )  S te r e o s p e c i f ic  D is t r ib u t io n  o f  T o ta l In c o rp o ra te d  (1 -^^C )-

A ce ta te  in  T r ia c y lg ly c e r o l s . T r ia c y lg ly c e ro ls  form ed by a d ip o 

c y te s  in c u b a te d  in  b u f f e r  c o n ta in in g  O.SinM' (1 -^ ^ C )a c e ta te  were
3

s u b je c te d  to  s t e r e o s p e c i f i c  a n a ly s is  w ith  t r i  (9 ,1 0 -  H )hep tadecano in  

as i n t e r n a l  s ta n d a rd  in  th e  a n a ly t i c a l  p ro c e d u re , to  d e te rm in e  th e  

d i s t r i b u t i o n  o f  t o t a l  in c o rp o ra te d  ( l - ^ ^ C )a c e ta te  (and th e r e f o r e  o f  

t o t a l  n e w ly -sy n th e s iz e d  f a t t y  a c id s )  o v er p o s i t io n s  s n - 1 , 2 and 3. 

T r ia c y lg ly c e ro ls  i s o la te d  from f a t - c e l l s  in c u b a te d  in  a s im i la r  medium 

b u t to  which a  lo n g -c h a in  f a t t y  a c id  m ix tu re  had been  added, were 

a n a ly se d  s im i la r ly .

F a t ty  a c id s  form ed de novo by th e  ad ip o c y te s  were p r e f e r e n t i a l l y  

e s t e r i f i e d  in to  p o s i t io n  sn -1  s in c e  ap p ro x im ate ly  h a l f  th e  t o t a l  

in c o rp o ra te d  (1 -^ ^ C )a c e ta te  was re c o v e re d  in  t h a t  p o s i t io n  b o th  in  th e  

absence and p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  a c id s  (T ab le  3 .7 ) .  The 

in c lu s io n  o f  f a t t y  a c id s  in  th e  in c u b a tio n  medium r e s u l t e d  in  a 

s i g n i f i c a n t  (P < 0 .0 2 ) d e c re a se  in  th e  p ro p o r tio n  o f  (1 -^ ^ C )a c e ta te  

re c o v e re d  in  p o s i t io n  s n -3 , su g g e s tin g  t h a t  th e  exogenous f a t t y  a c id s  

m ight have red u ced  th e  in c o rp o ra tio n  o f  n e w ly -sy n th e s iz e d  f a t t y  a c id s  

in to  t h a t  p o s i t i o n .

( i i i )  In c o rp o ra t io n  o f  (1 -^^C )A ceta te  in to  F a t ty  A c id s . To 

s tu d y  th e  p a t t e r n  o f  f a t t y  a c id s  s y n th e s iz e d  by a d ip o c y te s  from 

(1 -^ ^ C )a c e ta te ,  sam ples o f  t r i a c y lg l y c e r o l s  and d ia c y lg ly c e r o ls  formed



T able 3 .8 , P e rcen tag e  D is t r ib u t io n  o f  R a d io a c t iv i ty  in  T r ia c y lg ly c e ro l  

F a tty  A cids o f  A dipocy tes from 280 g R ats a f t e r  In c u b a tio n  

w ith  V arious C o n c e n tra tio n s  o f  ( l-^ '^ C )A ce ta te ,

( l-^ ^ C )A c e ta te  c o n c e n tra t io n  (mM)
a c id 0 .5  2 .5  10.0

Cl” C )A ceta te  a lone a

14:0 7 .9 ±  0 .3 6 ,6 10,0 + 1.2

16:0 81.4 ± 0 . 7 82.8 76,2 + 3 ,2

16:1 3 .8 1  0 .5 3 .8 2 .7 + 0.5

18:0 2 .9 + 0 ,1 2 .0 4 .1 + 0 .9

18:1 4 .0 0 .3 4 .8 7.0 + 0 ,9

t o t a l  s a tu r a te d 92.2 1  0 ,5 91 .4 90 .3 + 1.2

t o t a l  u n s a tu ra te d 7 ,8 + 0 ,5 8 .6 9 ,7 + 1 .2

(1 -^ ^ e )A c e ta te  + F a t ty  Acid M ixture a

14:0 20 .3 + 1 .3 15.9 17,1 + 2 .4

16:0 65 ,4 1  1 .0 72.8 5 3 ,4 + 4 .6

16:1 0 ,5 1  0 .2 0 .1 0 .0

18:0 6 .7 ^  0 .2 4 ,5 13.6 + 1 .9

18:1 6 .7 1  2 .1 6 ,7 15.9 + 2 .4

t o t a l  s a tu r a te d 92 .4 + 2 .2 93 ,2 84.1 + 2 .4

t o t a l  u n s a tu ra te d 7 .6 + 2 ,2 6 .8 15.9 + 2 .4

In c u b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  F ig , 3 ,8 ,  
R e su lts  a re  means s ,e .m , o f  th r e e  e x p e rim en ts , a , mean o f  two 
ex p erim en ts .
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a t  th r e e  c o n c e n tra t io n s  o f  a c e ta t e  were s u b je c te d ,  a f t e r  m é th y la tio n , 

to  p r e p a r a t iv e  G.L.C. w ith  su b seq u en t m easurement o f  th e  r a d io a c t i v i t y  

p re s e n t  in  each  f a t t y  a c id  com ponent. The com position  o f  la b e l le d  

f a t t y  a c id s  in  p h o sp h o lip id s  was n o t de term ined  due to  th e  low le v e ls  

o f  r a d i o a c t i v i t y  p r e s e n t  in  t h a t  component.

The r e s u l t s  o b ta in e d  f o r  t r i a c y lg l y c e r o l s  a re  p re s e n te d  in  

T able 3 ,8 .  The com position  o f  la b e l le d  f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  

formed by a d ip o c y te s  in  th e  p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  a c id s  

d i f f e r e d  from th a t  formed when th e  in c u b a tio n  medium c o n ta in e d  no such 

f a t t y  a c id s ,  L au rie  a c id  [1 2 :0 ) ,  l i n o l e i c  a c id  (1 8 :2 ) and lo n g e r-  

ch a in  f a t t y  a c id s  were found to  c o n ta in  n e g l ig ib l e  amounts o f  and 

are  th e r e f o r e  n o t r e p o r te d .  P a lm itic  a c id  acco u n ted  f o r  most o f  th e  

r a d i o a c t i v i t y  from ( l - ^ ^ C )a c e ta te  in  t r i a c y lg l y c e r o l s  form ed a t  a l l  

a c e ta te  c o n c e n tra t io n s  b o th  in  th e  absence and p re se n c e  o f  e x t r a c e l l u l a r  

f a t t y  a c id s .  The s h o r te r - c h a in  f a t t y  a c id ,  m y r i s t ic  a c id ,  a ls o  

c o n ta in e d  marked p ro p o r t io n s  o f  th e  t o t a l  r a d i o a c t i v i t y .

When th e  ^ ^ C -la b e lle d  s u b s t r a te  was su p p lie d  a lo n e , th e  p ro p o r

t io n s  o f  t o t a l  la b e l  reco v e re d  in  o le ic  a c id  was g r e a t e r  th a n  th a t  

in  s t e a r i c  a c id  a t  a l l  a c e ta te  c o n c e n tr a t io n s .  In  th e  p re se n c e  o f  

e x t r a c e l l u l a r  f a t t y  a c id s ,  th e  p ro p o r tio n  o f  r a d i o a c t i v i t y  from 

(1 -^ ^ C )a c e ta te  re c o v e re d  in  s t e a r i c  and m y r is t ic  a c id s  was in c re a s e d  

w h i ls t  t h a t  re c o v e re d  in  p a lm it ic  and p a lm ito le ic  a c id s  was d e c re a se d , 

T r ia c y lg ly c e ro ls  formed a t  th e  h ig h  a c e ta te  c o n c e n tra t io n  o f  lOmM 

c o n ta in e d  more o le ic  a c id  formed de novo th a n  d id  t r i a c y l g l y c e r o l s .  

sy n th e s iz e d  by a d ip o c y te s  in c u b a te d  w ith  0 ,5  and 2,5mM a c e ta t e .

P a lm itic  a c id  a ls o  c o n ta in e d  th e  h ig h e s t  p ro p o r t io n  o f  r a d io 

a c t i v i t y  re c o v e re d  in  th e  f a t t y  a c id s  o f  d ia c y lg ly c e r o ls  formed under



T able 3 .9 . P e rcen tag e  D is t r ib u t io n  o f  R a d io a c t iv i ty  in  D ia c y lg ly c e ro l 

F a tty  A cids o f  A dipocy tes from  280 g R ats a f t e r  In c u b a tio n  

w ith  V arious C o n c e n tra tio n s  o f  ( l-^ ^ C )A c e ta te .

F a t ty
a c id

Çl-^^C)A ce ta te  a lone

(l-^ '^C )A ce ta te  c o n c e n tra tio n  (jsM)

0 .5  2 .5  10.0

14:0 2 ,1 + 2 ,0 1 ,1 + 0 ,6 1 .6 + 0 ,7

16:0 91,9 + 2 ,6 89.0 + 2 ,3 80.0 + 3 ,6

16:1 2 .1 + 0 .2 3 ,1 + 0 .8 1 ,9 + 0 ,7

18:0 2 .1 + 0 .1 3 .7 + 0 ,6 12.2 + 2 .7

18:1 1 ,8 + 0 .1 3 .1 + 0 ,7 4 .3 + 0 .8

t o t a l  s a tu r a te d 96 ,4 + 0 .5 9 3 .8 + 1 ,5 93 ,8 + 1 .4

t o t a l  u n s a tu ra te d 3 .6 + 0 .5 6 ,2 + 1.5 6 ,2 + 1 ,4

(1“^*^C)Acetate + F a tty  Acid M ixture

14:0 1 .7 + 0 .9 11.2 + 4 ,5 11.7 + 2 .2

16:0 87.5 + 3 ,1 59,5 + 9 .9 52,5 + 4 .4

16:1 4 .1 1 .9 6 ,5 + 2 ,7 7 ,6 + 4 .1

18:0 3 .7 + 0 .4 11 .4 + 1 .9 18.2 + 0 .7

18:1 3 .0 + 0 ,4 11.3 + 3 .4 10.0 + 1 .6

t o t a l  s a tu r a te d 92,9 + 2 .3 82,1 + 6 ,1 82,4 + 2 ,6

t o t a l  u n s a tu ra te d 7,1 + 2 .3 17,9 + 6 .1 17.6 + 2 .6

In c u b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  F ig . 3 ,8 .  
R e su lts  a re  means + s .e .m . o f  th r e e  e x p e rim e n ts .
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a l l  in c u b a tio n  c o n d it io n s  exam ined (T able 3 .9 ) .  The p e rc e n ta g e  o f  th e  

t o t a l  la b e l  p r e s e n t  in  p a lm it ic  a c id  d e c re a se d  when th e  (1 -^^C )- 

a c e ta te  s u b s t r a te  was in c u b a te d  a lo n g  w ith  f a t t y  a c id s  in  th e  medium. 

C o rresp o n d in g ly , th e  p ro p o r t io n s  reco v e re d  in  th e  o th e r  f a t t y  a c id s  

g e n e ra l ly  in c re a s e d .  A c e ta te  c o n c e n tra t io n  a p p a re n tly  a f f e c te d  th e  

p a t t e r n  o f  d ia c y lg ly c e ro l  f a t t y  a c id s  s y n th e s iz e d  from ( l- ^ ^ C )a c e ta te  

s in c e  th e  p ro p o r tio n  o f  t o t a l  r a d io a c t i v i t y  re c o v e re d  in  p a lm it ic  a c id  

d e c re a se d , w h i ls t  t h a t  in  s t e a r i c  and o le ic  a c id s  in c re a s e d ,  as a c e ta te  

c o n c e n tra t io n  in c re a s e d  w hether e x t r a c e l l u l a r  f a t t y  a c id s  were p r e s e n t  

o r  n o t .  When ^ ^ G -la b e lle d  a c e ta te  was s u p p lie d  on i t s  own, a h ig h e r  

p ro p o r tio n  o f  th e  d ia c y lg ly c e ro l  f a t t y  a c id s  s y n th e s iz e d  a t  a l l  a c e ta te  

c o n c e n tra t io n s  was s a tu r a te d  in  com parison w ith  f a t t y  a c id s  formed in  

th e  p re se n c e  o f  exogenous f a t t y  a c id s .  This f in d in g  was n o t so obvious 

w ith  th e  r e s u l t s  o b ta in e d  f o r  th e  com position  o f  f a t t y  a c id s  sy n th e s iz e d  

de novo in  t r i a c y l g l y c e r o l s .

T r ia c y lg ly c e ro ls  sy n th e s iz e d  by th e  a d ip o c y te s  a t  a l l  a c e ta te  

c o n c e n tra t io n s  c o n ta in e d  a s m a lle r  p ro p o r tio n  o f  p a lm i t ic  a c id  

sy n th e s iz e d  de novo and r e l a t i v e l y  more o le ic  a c id  th a n  d ia c y lg ly c e r o ls ,  

when f a t t y  a c id s  were o m itte d  from th e  in c u b a tio n  medium.

2 . S tu d ie s  w ith  A d ipocy tes from R ats o f  Average W eight 150 g

The above s tu d ie s  w ith  a d ip o c y te s  from 280 g r a t s  p ro v id ed  u s e fu l  

in fo rm a tio n  on th e  t o t a l  amounts o f  f a t t y  a c id s  form ed de novo from 

(1 -^ ^ C )a c e ta te  and e s t e r i f i e d  in to  t r i a c y lg l y c e r o l s  and d ia c y lg ly c e r o ls .  

I t  was d e s i r a b le  to  in v e s t ig a t e  th e  manner in  which each  new ly- 

sy n th e s iz e d  f a t t y  a c id  in  t r i a c y l - s n - g ly c e r o l s  was d i s t r i b u t e d  ov er 

th e  th r e e  p o s i t io n s  w ith  a view  to  e s ta b l i s h in g  w hether th e r e  was a 

p r e f e r e n t i a l  e s t é r i f i c a t i o n  o f  f a t t y  a c id s  form ed de novo in to  any



F ig . 3 .1 1 . Incorporation  o f  (1-^^C )A cetate in to  T otal L ipid  by

A dipocytes from 150 g Rats.

V arious c o n c e n tra t io n s  o f  (1 - C )a c e ta te  (5 yCi in  0 ,5  and 
2.5mM, 10 yCi in  5 and lOmM in c u b a tio n s )  were in c lu d e d  in  th e  b a s ic  
in c u b a tio n  medium. C oncurren t in c u b a tio n s  c o n ta in e d  in  a d d i t io n  a 
ImM f a t t y  a c id  m ix tu re  o f  which ( 9 , 1 0 -^ H )s te a r ic  a c id  (1 pCi) was 
a component. A ll in c u b a tio n s  were c a r r i e d  o u t f o r  1 h o u r . R e su lts  
a re  means +_ s .e .m . o f  th r e e  e x p e rim en ts .

O , (1 -^ ^ C )a c e ta te  a lo n e ; □ --------- □ ,  (1 -^ ^ C )a c e ta te  +
f a t t y  a c id  m ix tu re .
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one p a r t i c u l a r  s n - p o s i t io n ,  and to  compare th e  d i s t r i b u t i o n  o f  new ly- 

s y n th e s iz e d  f a t t y  a c id s  w ith  t h e i r  n a tu r a l  d i s t r i b u t i o n .  However, th e  

s p e c i f i c  a c t i v i t i e s  o f  in d iv id u a l  f a t t y  a c id s  form ed de novo from 

(1 -^ ^ C )a c e ta te  by f a t - c e l l s  p re p a re d  from 280 g r a t s  were to o  low to  

p e rm it th e  s t e r e o s p e c i f i c  d i s t r i b u t i o n  o f  each  in  th e  t r i a c y lg l y c e r o l s  

to  be d e te rm in ed .

S ince  th e  r a t e  o f  f a t t y  a c id  s y n th e s is  in  r a t  a d ip o se  t i s s u e  i s  

known to  d e c re a se  w ith  age (2 4 7 ), i t  was d ec id ed  to  c a r ry  o u t s tu d ie s  

w ith  a d ip o c y te s  from younger r a t s  in  o rd e r  t h a t  th e  in c re a s e d  re c o v e ry  

o f  r a d i o a c t i v i t y  in  f a t t y  a c id s  m ight en ab le  a c lo s e r  s tu d y  to  be made 

o f  th e  e s t é r i f i c a t i o n  o f  in d iv id u a l  n e w ly -sy n th e s iz e d  f a t t y  a c id s  in  

t r i a c y lg l y c e r o 1s .

The in c u b a tio n s  w ith  a d ip o c y te s  i s o la t e d  from r a t s  o f  approx im ate 

w eigh t 150 g, w ith  (1 -^ ^ C )a c e ta te ,  were v e ry  s im i la r  to  th o se  c a r r ie d  

ou t w ith  f a t - c e l l s  from o ld e r  r a t s .  However, in  th o s e  in c u b a tio n s  con-
3

ta in in g  a  f a t t y  a c id  m ix tu re , (9 ,1 0 -  H ) s te a r ic  a c id  was p r e s e n t  as a 

component o f  th e  m ix tu re  to  p e rm it th e  e s t é r i f i c a t i o n  o f  an exogenous 

f a t t y  a c id  m ix tu re  to  be m easured in  r e l a t i o n  to  f a t t y  a c id  s y n th e s is  

de novo and e s t é r i f i c a t i o n .

( i )  In c o rp o ra t io n  o f  (1 -^^ C )A ceta te  in to  L ip id s . ( l-^ ^ C )A c e ta te  

in c o rp o ra t io n  in to  l i p i d s  was te n  fo ld  g r e a t e r  when a d ip o c y te s  from 

th e  younger r a t s  were u se d , in  com parison w ith  th e  r e s u l t s  o b ta in e d  

p re v io u s ly  w ith  f a t - c e l l s  p re p a re d  from 280 g an im a ls .

The r e la t io n s h ip  betw een (1 -^ ^ C )a c e ta te  in c o rp o ra t io n  in to  t o t a l  

l i p i d  and i t s  i n i t i a l  c o n c e n tra t io n  in  th e  in c u b a tio n  medium i s  

i l l u s t r a t e d  in  F ig . 3 .1 1 . The amount o f  ( l - ^ ^ C ) a c e ta te ,  s u p p lie d  on 

i t s  own, in c o rp o ra te d  in to  l i p id s  by th e  a d ip o c y te s  ro s e  g ra d u a l ly



F ig , 3 .1 2 , Incorporation  o f  (l-^^C )A cetate in to  L ipids by

A dipocytes from 150 g R ats,

A. (1 -^^C )A ceta te  su p p lie d  a lo n e  B. (1 -^^C )- 

A ce ta te  su p p lie d  in  p re se n c e  o f  f a t t y  a c id  m ix tu re

In c u b a tio n  c o n d it io n s  were th e  same as d e sc r ib e d  in  th e  legend  
to  F ig . 3 .1 1 . R e su lts  a re  means _+ s .e .m . o f  th r e e  e x p e rim en ts .

# ------• ,  t r i a c y lg l y c e r o l s ;  □------□, d ia c y lg ly c e r o ls ;
•A, p h o s p h o lip id s ; O O, u n e s te r i f i e d  f a t t y  a c id .
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as i t s  c o n c e n tra t io n  in c re a s e d . In  th e  p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  

a c id s ,  th e  maximum r a t e  o f  (1 -^ ^ C )a c e ta te  u t i l i s a t i o n  was reach ed  a t  a 

c o n c e n tra t io n  o f  2.5mM,î. E x t r a c e l lu la r  f a t t y  a c id s  a p p a re n tly  in h ib i te d  

l ip o g e n e s is  from a c e ta t e  s in c e  in  t h e i r  p re se n c e  th e  amount o f  

(1 -^ ^ C )a c e ta te  in c o rp o ra te d  in to  l i p i d  was more th a n  h a lv e d  a t  ev ery  

s u b s t r a te  c o n c e n tr a t io n .

Very l i t t l e  in c o rp o ra te d  ( l - ^ ^ C )a c e ta te  was re c o v e re d  as u n e s t e r i 

f i e d  f a t t y  a c id  in  any in c u b a tio n ,  su g g e s tin g  r a p id  e s t é r i f i c a t i o n  o f  

n e w ly -sy n th e s iz e d  f a t t y  a c id s  in to  a c y lg ly c e ro ls  (F ig . 3 .1 2 ) .  Only a t  

an a c e ta t e  c o n c e n tra t io n  o f  10 mM in  th e  p re sen ce  o f  e x t r a c e l l u l a r  

f a t t y  a c id s  d id  p h o s p h o lip id s  c o n ta in  a s i g n i f i c a n t  p ro p o r t io n  (12%) 

o f  in c o rp o ra te d  la b e l le d  a c e ta t e .  When in c u b a te d  e i t h e r  on i t s  

own o r  in  th e  p re se n c e  o f  a f a t t y  a c id  m ix tu re , ( l - ^ ^ C )a c e ta te  o f  a l l  

c o n c e n tra t io n s  was p re d o m in an tly  in c o rp o ra te d  in to  t r i a c y lg l y c e r o l s  by 

th e  f a t - c e l l s .  The p ro p o r tio n  o f  t o t a l  in c o rp o ra te d  ^ ^ C -la b e lle d  

s u b s t r a te  re c o v e re d  in  d ia c y lg ly c e ro ls  was in f lu e n c e d  by e x t r a c e l l u l a r  

f a t t y  a c id s ;  in  t h e i r  ab sen ce , d ia c y lg ly c e ro ls  c o n ta in e d  ap p ro x im ate ly  

33% o f  th e  t o t a l  in c o rp o ra te d  a c e ta te  w hereas t h e i r  in c lu s io n  in  th e  

in c u b a tio n  medium h a lv e d  th e  p ro p o r tio n  re c o v e re d  in  d ia c y lg ly c e r o ls .

U nlike  th e  r e s u l t s  o b ta in e d  w ith  f a t - c e l l s  from  o ld e r  r a t s ,  th e  

amount o f  l a b e l le d  a c e ta te  in c o rp o ra te d  in to  d ia c y lg ly c e r o ls  n e v e r  

exceeded t h a t  re c o v e re d  in  t r i a c y lg l y c e r o l s .

A ll th e  r a d i o a c t i v i t y  from ( l- ^ ^ C )a c e ta te  re c o v e re d  in  t r i a c y l 

g ly c e ro ls  and d ia c y lg ly c e r o ls  formed u nder a l l  in c u b a tio n  c o n d i t io n s ,  

was found to  be p r e s e n t  in  th e  f a t t y  a c id  m o ie ty . On a v e ra g e , 2% o f  

th e  t o t a l  r a d i o a c t i v i t y  p r e s e n t  in  p h o sp h o lip id s  was a s s o c ia te d  w ith  

th e  w a te r - s o lu b le  p o r t io n  (d a ta  n o t shown). The r e s u l t s  p re s e n te d  in



Table 3 ,1 0 , Percentage D is tr ib u tio n  o f  R a d io a c tiv ity  in  T r ia cy lg ly cero l

F a tty  Acids o f  A dipocy tes from 150 g R ats a f t e r In c u b a tio n

w ith  V arious C o n c e n tra tio n s  o f (1 -^^ C )A ce ta te .

F a tty (1 -^^ C )A ce ta te  c o n c e n tra tio n (mM)
a c id 0 .5 2 .5 10.0

(1”'^^C) A ce ta te  a lone

12:0 2 .2  + 0 .3 1 .2  + 0 .4 O . l l

14:0 4 .9  ^  0 .5 5 .2  2  0 .6 5 .0

16:0 52.0  4̂  3 .1 55 .2  + 0 .5 63.5

16:1 13.8  0 .8 11.6  + 0 .4 10.2

18:0 5 .9  +_ 1 .1 5 .5  1 .2 1 .6

18:1 20 .4  ^  1 .5 19.1 2  0 .7 19.5

18:2 0 ,8  + 0 .3 2 .4  + 0 .5 0 .2

(1~^^C )A cetate + F a tty  Acid M ixture

12:0 0 ,4  +_ 0 .1 0.8&

14:0 11.0 + 0 . 7 10.6 -

16:0 6 5 .4  +̂  2 .3 67 .0 —

16:1 2 .7  + 0 .1 2 ,0 -

18:0 5 .1  + 0 .7 4 .6 “

18:1 14.4  + 1.6 14.6 -

18:2 1 .0  + 0 .4 0 .4 —

In cu b a tio n  c o n d itio n s were as d e sc r ib e d in  th e  legend  to F ig . 3.11,
R e su lts  a re  means _+ s .e .m . o f  th r e e  ex p e rim en ts , a , means o f  two 
ex p e rim en ts ; b , n o t m easured.
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F ig . 3 .12 th e r e f o r e  r e p r e s e n t  th e  in c o rp o ra tio n  o f  ( l - ^ ^ C )a c e ta te  in to  

a c y lg ly c e ro l  f a t t y  a c id s .

O v e ra ll ,  th e  e f f e c t  o f  exogenous f a t t y  a c id s  on f a t t y  a c id  s y n th e s is  

de novo was g r e a t e r  th a n  th a t  o f  a c e ta te  c o n c e n tr a t io n .

' 14( i i )  In c o rp o ra t io n  o f  (1 - C )A ceta te  in to  F a t ty  A cids o f

T r ia c y lg ly c e r o ls  and D ia c y lg ly c e ro ls . To d e te rm in e  w hether th e  

c o n c e n tra t io n  o f  a f a t t y  a c id  p r e c u r s o r  and th e  p re se n c e  o f  e x t r a c e l l u l a r  

f a t t y  a c id s  had  any in f lu e n c e  on th e  p a t te r n  o f  f a t t y  a c id s  s y n th e s iz e d  

de novo by th e  a d ip o c y te , th e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  from 

( l- ^ ^ C )a c e ta te  in  th e  f a t t y  a c id s  o f  t r i a c y lg l y c e r o l s  and d ia c y lg ly c e ro ls  

formed a t  th r e e  a c e ta t e  c o n c e n tra t io n s  was exam ined.

M ethyl e s t e r s  p re p a re d  from p u r i f i e d  t r i a c y lg l y c e r o l s  and d ia c y l 

g ly c e ro ls  were i s o l a t e d  by p r e p a r a t iv e  G.L.C. f o r  su b seq u en t measurem ent 

o f  th e  r a d i o a c t i v i t y  p r e s e n t  in  each  f a t t y  a c id  component.

(a) T r ia c y lg ly c e r o ls .  T ab le  3 .10  shows th e  e f f e c t s  o f  a c e ta te  

c o n c e n tra t io n  and o f  exogenous f a t t y  a c id s  on th e  d i s t r i b u t i o n  o f  

r a d i o a c t i v i t y  from  ( l- ^ ^ C )a c e ta te  in  th e  f a t t y  a c id s  o f  th e  t r i a c y l 

g ly c e r o ls .  The c o n c e n tra t io n  o f  a c e ta te  in  th e  in c u b a tio n  medium had 

no obv ious e f f e c t  on th e  p a t te r n  o f  f a t t y  a c id s  s y n th e s iz e d  de novo 

by th e  a d ip o c y te s  from ^ ^ C -a c e ta te . A lthough th e  v a lu e s  re p o r te d  f o r  

p a lm i t ic  and s t e a r i c  a c id s  a t  lOnM! a c e ta te  were s l i g h t l y  d i f f e r e n t  

from th o s e  o b ta in e d  a t  0 .5  and 2.5mMV, le s s  em phasis can be a t ta c h e d  to  

them s in c e  th e y  r e p re s e n te d  th e  mean o f  o n ly  two e x p e rim en ts .

P a lm itic  a c id  c o n ta in e d  more th a n  h a l f  th e  t o t a l  r a d io a c t i v i t y

in  f a t t y  a c id s  a t  a l l  th r e e  a c e ta te  c o n c e n tra t io n s ,  w ith  o le ic  a c id

a c c o u n tin g  f o r  a p p ro x im a te ly  20%. P a lm ito le ic  a c id  a ls o  c o n ta in e d

14a  s ig n i f i c a n t  p ro p o r tio n  o f  th e  in c o rp o ra te d  C - la b e l le d  a c e ta te .

The e f f e c t  o f  in c lu d in g  lo n g -c h a in  f a t t y  a c id s  in  th e  in c u b a tio n



T able 3 .1 1 . P e rcen tag e  D is t r ib u t io n  o f  R a d io a c t iv i ty  in  D ia c y lg ly c e ro l 

F a t ty  A cids o f  A dipocytes from 150 g R ats a f t e r  In c u b a tio n  

w ith  Two C o n c e n tra tio n s  o f  (1 -^^C )A ceta te  «

(1 -^^ C )A ceta te  c o n c e n tra tio n  (mM) 

0 .5  2 .5

(1 -^^C )A ceta te  a lone

12:0 0.0-

14:0 2 .8  +

16:0 77.2  )
) 80

16:1 3 .6  )

18:0 4 .3  + '

18:1 12.1 4̂  1

18:2 0 .1  + 1

( l-^ ^ C )A c e ta te  + F a tty  Acid M ixture

12:0 0 .0

14:0 3 .2

16:0 75.5

16:1 1 .3

18:0 )
) 20 .0

18:1 )

18:2 0 .0

0. 0

3 .0

74.2

4 .9

4 ,4

13.5

0 . 0

0 .4

4 .2

70.2 

1.9

12 .3  

11 .0

0 . 0

In c u b a tio n  c o n d itio n s  were as d e s c r ib e d  in  th e  legend  to  F ig . 3 ,1 1 . 
R e su lts  a re  means o f  two e x p e rim en ts , a , mean o f  th re e  e x p e rim en ts .
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medium a lo n g  w ith  (l-^ '^C) a c e ta te  was to  in c re a s e  th e  p ro p o r tio n  o f  

la b e l  re c o v e re d  in  th e  s a tu r a te d  f a t t y  a c id s ,  p a lm i t ic  and m y r i s t ic ,  

w h i ls t  re d u c in g  th a t  in c o rp o ra te d  in to  th e  monoenoic f a t t y  a c id s ,  o le i c  

and p a lm i to le ic .  The r e s u l t i n g  t r i a c y lg l y c e r o l s  th e r e f o r e  c o n ta in e d  

a h ig h e r  p ro p o r t io n  o f  n e w ly -sy n th e s iz e d  s a tu r a te d  f a t t y  a c id s .

(b) D ia c y lg ly c e ro ls .  The d i s t r i b u t io n  o f  r a d i o a c t i v i t y  from 

(1 -^ ^ C )a c e ta te  in  th e  f a t t y  a c id s  o f  d ia c y lg ly c e r o ls ,  i s  p re s e n te d  in  

Table 3 .1 1 .

The a c e ta te  c o n c e n tra t io n  o f  th e  in c u b a tio n  medium had  no obvious 

e f f e c t  on th e  p a t t e r n  o f  ^ ^ C -la b e lle d  f a t t y  a c id s  re c o v e re d  in  d ia c y l 

g ly c e r o ls .  P a lm it ic  a c id  was th e  most h ig h ly  l a b e l l e d  f a t t y  a c id  found 

in  d ia c y lg ly c e r o ls ,  w ith  o l e i c  a c id  c o n ta in in g  ap p ro x im a te ly  th r e e  

tim es th e  p ro p o r tio n  o f  r a d i o a c t i v i t y  reco v e re d  in  s t e a r i c  a c id  a t  

b o th  0 .5  and 2 .5  mM a c e ta te .

The p ro p o r t io n  o f  in c o rp o ra te d  (1 -^ ^ C )a c e ta te  found as p a lm it ic  

a c id  was n o t  g r e a t ly  a f f e c te d  when th e  in c u b a tio n  medium c o n ta in e d  a 

m ix tu re  o f  lo n g -c h a in  f a t t y  a c id s .  However, u n d er such  c o n d i t io n s ,  

th e  p ro p o r t io n  re c o v e re d  as o l e i c  and p a lm ito le ic  a c id s  d ec re ase d  

w ith  a co rre sp o n d in g  in c re a s e  in  th e  s y n th e s is  o f  s t e a r i c  a c id  from 

^"^C -labelled  a c e ta t e .

T r ia c y lg ly c e r o ls  formed in  th e  absence o f  exogenous f a t t y  a c id s  

was r i c h e r  p r o p o r t io n a l ly  in  o l e i c  a c id  formed de novo from (1-^^C) 

a c e ta te  th a n  d ia c y lg ly c e ro ls  sy n th e s iz e d  under th e  same c o n d i t io n s ,

( i i i )  S te r e o s p e c i f ic  D is t r ib u t io n  in  T r ia c y lg ly c e r o ls  o f  F a tty  

A cids Formed from (1 -^ ‘̂ C )A ce ta te . The p r o p o r t io n a l  d i s t r i b u t io n  

o f  t o t a l  f a t t y  a c id s  formed de novo from (l-^ '^C) a c e ta t e  ov er th e  th r e e  

p o s i t io n s  o f  t r i a c y l - s n - g ly c e r o l s  a t  d i f f e r e n t  a c e ta te  c o n c e n tra t io n s



Table 3 .1 2 . R e la tiv e  Incorporation  o f  (l-^'^C)A cetate in to  the Three

P o s it io n s  o f  T r ia c y l-sn -  g ly c e r o ls  by A dipocytes from

150 g R a ts . E f f e c t  o f  A ce ta te  C o n c e n tra tio n

( l-^ ^ C )A c e ta te  P o s i t io n  P o s i t io n  P o s i t io n
concn. (mM) sn-1  sn -2  sn -3

0 .5  50 .3  +_ 1 .0  31 .3  +_ 2 .5  18 .4  + 1 .8

2 .5  51 .1  + 5 .1  27 .8  ^  2 .9  21 .1  ^  2 .3

5 .0  51 .0  + 1 .3  23 .7  + 2 .8  25 .3  + 1.5

In c u b a tio n  c o n d it io n s  were as d e sc r ib e d  in  th e  legend  to  F ig . 
3 .1 1 , w ith  no f a t t y  a c id  m ix tu re  in  th e  in c u b a tio n  medium. R e su lts  
a re  means + s .e .m . o f  th r e e  e x p e rim en ts .
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was d e te rm in ed  by s t e r e o s p e c i f i c  a n a ly s i s .

As T ab le 3 .12 shows, ap p ro x im ate ly  h a l f  th e  f a t t y  a c id s  new ly- 

sy n th e s iz e d  from ^ ^ C - la b e lle d  a c e ta te  were e s t e r i f i e d  in to  p o s i t io n  

sn-1  a t  a l l  a c e ta te  c o n c e n tra t io n s .  The p e rc e n ta g e  o f  t o t a l  ^Re

la b e l le d  f a t t y  a c id s  reco v e re d  in  p o s i t io n  sn-2  d e c re a se d  as th e  

c o n c e n tra t io n  o f  a c e ta te  in  th e  in c u b a tio n  medium in c re a s e d ,  w hereas 

th e  con v erse  was t r u e  o f  p o s i t io n  sn -3 . The p ro p o r t io n  re c o v e re d  in  

p o s i t io n  sn -3  was s i g n i f i c a n t l y  (P < 0 .001) g r e a t e r  a t  5 mM th a n  a t  

0 .5  mM a c e ta t e .

The i n i t i a l  c o n c e n tra t io n  o f  a c e ta te  in  th e  in c u b a tio n  medium d id  

n o t th e r e f o r e  a p p a re n tly  a f f e c t  th e  e s t é r i f i c a t i o n  o f  n e w ly -sy n th e s iz e d  

f a t t y  a c id s  in to  p o s i t io n  sn -1  b u t i t  d id  in f lu e n c e  t h e i r  d i s t r i b u t i o n  

betw een p o s i t i o n s  sn-2  and sn -3 .

The s t e r e o s p e c i f i c  d i s t r i b u t i o n  in  t r i a c y lg l y c e r o l s  o f  ( l-^ ^ C )-  

a c e ta te  in c o rp o ra te d  in to  A t ty  a c id s  cou ld  n o t be d e te rm in ed  s in c e  th e
3

f a t t y  a c id  m ix tu re  in  such in c u b a tio n s  co n ta in e d  a  H - la b e l le d  com-
3

p o n en t. The u se  o f  t r i  (9 ,1 0 -  H )hep tadecano in  as th e  in t e r n a l  s ta n d a rd  

n e c e ss a ry  f o r  th e  e s t im a t io n  o f  lo s s e s  in  th e  s t e r e o s p e c i f i c  a n a ly s is  

p ro ced u re  was th e r e f o r e  p re v e n te d  and co n se q u e n tly  no a c c u ra te  

s t e r e o s p e c i f i c  a n a ly se s  cou ld  be c a r r i e d  o u t on t r i a c y lg l y c e r o l s  formed 

in  th e  p re se n c e  o f  exogenous f a t t y  a c id s  by a d ip o c y te s  from younger r a t s

The m ethyl e s t e r s  o f  s t e r e o s p e c i f i c  a n a ly s is  p ro d u c ts  were 

s u b je c te d  to  p r e p a r a t iv e  G.L.C. w ith  su b seq u en t m easurem ent o f  th e  

r a d i o a c t i v i t y  p r e s e n t  in  each  f a t t y  a c id  com ponent. T his a llow ed  th e  

n e w ly -sy n th e s iz e d  f a t t y  a c id  com position  o f  each  p o s i t i o n  in  t r i a c y l -  

s n -g ly c e ro ls  to  be d e te rm in ed . The r e s u l t s  o b ta in e d  f o r  th e  d i s 

t r i b u t i o n  o f  r a d i o a c t i v i t y  in  th e  f a t t y  a c id s  p r e s e n t  in  p o s i t io n s  

s n -1 , 2 and 3 o f  t r i a c y lg l y c e r o l s  formed when th e  in c u b a tio n  medium



Table  5 .1 3 . P e rcen tag e  D is t r ib u t io n  o f  R a d io a c t iv i ty  in  F a t ty  A cids 

o f  P o s it io n s  s n -1 , 2 and3 o f  A dipocyte T r ia c y l- s n -  

g ly c e ro ls  a f t e r  In c u b a tio n  w ith  V arious C o n c e n tra tio n s  

o f  ( l-^ ^ C )A c e ta te .

A dipocytes were p re p a re d  from 150 g r a t s  and in c u b a te d  as 
d e sc r ib e d  in  th e  legend  to  F ig . 3 .1 1 , in  medium which c o n ta in e d  no 
f a t t y  a c id s .  R e su lts  a re  means s- .e .m. o f  th r e e  ex p e rim en ts .
a , den o tes  v a lu e s  which a re  means o f  two exp erim en ts
b , de term ined  by p a n c r e a t ic  l ip a s e  (p ro d u c t I I  in  F ig . 2 .1 )
c , c a lc u la te d  from 2 x p o s i t io n  s n -(2  + 3) - p o s i t io n  sn -2 .



(1 -^R c)A ce ta te  c o n c e n tra t io n  (mM)
F a tty
a c id 0 .5 2 .5 5 .0

P o s it io n  sn -1

12:0 0 .7  + 0 .2 0 .0 2 .3 -

14:0 4 .4  + 0 . 1 3. 7 + 0 . 8 3. 4

16:0 80.0  + 1.2 83.6  + 2 . 6 79.4

16:1 8 .4  + 0 . 4 5. 2  + 0. 5 7.2

18:0 2 .8  + 0 .6 2 .9  + 0 . 8 4. 8

18:1 3.5  + 0 . 4 4. 4  +̂ 0 . 8 4. 0

18:2 0 .2  + 0 . 1 0 . 3  + 0. 2 0. 0

P o s i t io n  sn -2 —

12:0 0 .8 1 0 .0 0 .4  + 0 .3

14:0 4 .8 5 .0  + 1 .0 3 .0  + 1 .5

16:0 36.4 32.4  ^  1 .4 29 .3  + 1.5

16:1 13.2 17.7  + 0 .8 22. 5 + 1. 7

18:0 2 .1 2 .1  + 0 . 4 4 . 0  2  0 . 4

18:1 41.2 42. 7 4̂  1 . 7 40 .0  +. 0 .4

18:2 1.5 0 .1  ^  0 .1 0 .7  ^  0 .2

P o s it io n  sn -3 —

12:0 o . o l 1 .2  + 0 .6 1 .1  + 0 .6

14:0 8 .4 1.1 +_ 0 .6 8 .3  +_ 1.5

16:0 35.4 4 4 .4  + 0 .4 53 .9  + 2 . 4

16:1 22. 8 16.4  + 4 . 1 9. 2 4̂  1. 9

18:0 8 .9 6 .9  + 1 .2 7 .0  + 1 .2

18:1 21 .6 29. 0 _+ 2 . 6 20. 5 + 1. 3

18:2 3 .1 1 .2  + 0 .8 0 .0



T able 5 .1 4 . R e la tiv e  In c o rp o ra t io n  o f  F a t ty  A cids Formed de novo by 

A dipocy tes In cu b a ted  w ith  V arious C o n c e n tra tio n s  o f  

( l-^ ^ C )A c e ta te  i n to  th e  Three P o s i t io n s  o f  T r ia c y l- s n -  

g ly c e r o ls ,

P ro p o r tio n a l  (%) d i s t r i b u t i o n  
in  each p o s i t io n

( l “^R c)A cetate  F a t ty  P o s i t io n  P o s i t io n  P o s i t io n
concn. (mM) a c id  sn -1  sn -2  sn -3

0 .5

16:0

16:1

18:0

18:1

65 .5

33.8

34.2

12.4

19.2

44.0

14.4

57 .6

15.3  

2 2 . 2

5 1 .4  

30 .0

2 .5

16

16

18

18

69 .6

23.9

41.2

11 .0

15,0

44 .7

16.6

57 .9

15 .4

31.4  

42.2 

31 .1

5 .0

16

16

18

18

65.6

30 .7  

48 .6

9 .0

12.6

50.2

20.6

63 ,5

21 .8

19.1

30.8

27.5

In c u b a tio n  c o n d itio n s  were as d e s c r ib e d  in  th e  legend  to  F ig . 3 .1 1 , 
w ith  no f a t t y  a c id s  in  th e  in c u b a tio n  medium.
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c o n ta in e d  d i f f e r e n t  c o n c e n tra t io n s  o f  a c e ta t e ,  a re  p re s e n te d  in

T able 3 .1 3 .

Of th e  n e w ly -sy n th e s iz e d  f a t t y  a c id s  p r e s e n t  in  p o s i t io n  sn -1 , 

p a lm it ic  a c id  was by f a r  th e  most p red o m in an t, a c c o u n tin g  f o r  approx

im a te ly  80% o f  th e  in c o rp o ra te d  (1 -^ R c )a c e ta te  in  t h a t  p o s i t i o n .  The 

r e l a t i v e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  among th e  f a t t y  a c id s  o f  t h i s  

p o s i t io n  was in d ep en d en t o f  a c e ta te  c o n c e n tra t io n .

In p o s i t io n  s n - 2 , th e  amount o f  n e w ly -sy n th e s iz e d  o l e i c  a c id  

p r e s e n t  exceeded  t h a t  o f  p a lm it ic  a c id  a t  a l l  a c e ta te  c o n c e n tra t io n s  

s tu d ie d ,  P a lm ito le ic  a c id  a ls o  accoun ted  f o r  an a p p re c ia b le  p ro p o r t io n  

o f  th e  t o t a l  n e w ly -sy n th e s iz e d  f a t t y  a c id s .  As a c e ta te  c o n c e n tra tio n  

in c re a s e d ,  th e  amount o f  n e w ly -sy n th e s iz e d  p a lm it ic  a c id  p r e s e n t  in  

p o s i t io n  sn-2  a p p a re n tly  d e c re a se d  in  r e l a t i o n  to  th e  o th e r  f a t t y  a c id s .

T his f in d in g  was in  c o n t r a s t  to  th e  s i t u a t io n  in  p o s i t io n  sn-3  

where th e  p ro p o r t io n  o f  r a d i o a c t i v i t y  re c o v e re d  in  p a lm i t ic  a c id  

a c tu a l ly  in c re a s e d  w ith  in c re a s in g  a c e ta te  c o n c e n tr a t io n .

The change in  th e  d i s t r i b u t i o n  o f  t o t a l  in c o rp o ra te d  (I-^R q) a c e ta te  

in  t r i a c y lg l y c e r o l s  n o te d  in  T able 3 ,12 may th e r e f o r e  have been r e l a t e d  

to  an a l t e r a t i o n  in  th e  d i s t r i b u t i o n  o f  n e w ly -sy n th e s iz e d  p a lm i t ic  a c id  

betw een p o s i t io n s  sn -2  and sn -3 .

The p ro p o r t io n a l  d i s t r i b u t i o n  o f  each n e w ly -sy n th e s iz e d  f a t t y  a c id  

o v e r t r i a c y lg l y c e r o l s  form ed by f a t - c e l l s  a t  d i f f e r e n t  c o n c e n tra t io n s  

was c a lc u la te d  u s in g  th e  r e s u l t s  shown in  T able 3 ,1 3 , and i s  p re s e n te d  

in  T ab le 3 ,1 4 , P a lm itic  a c id  formed from ( l - ^ R c ) a c e ta te  was p r e f e r 

e n t i a l l y  e s t e r i f i e d  in to  p o s i t io n  sn-1 a t  a l l  a c e ta te  c o n c e n tra t io n s ,  

b u t as a c e ta te  c o n c e n tra t io n  in c re a s e d  th e r e  was a  d e c re a se  in  th e  

p ro p o r tio n  re c o v e re d  in  p o s i t io n  sn-2  w ith  a c o rre sp o n d in g  in c re a s e  

in  t h a t  e n te r in g  p o s i t io n  s n -3 . N ew ly -sy n th esized  p a lm i to le ic  a c id
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was e s t e r i f i e d  p r e f e r e n t i a l l y  in to  p o s i t io n  sn -2  a t  a l l  c o n c e n tra tio n s  

o f  a c e ta t e .  The p ro p o r tio n  o f  s t e a r i c  a c id ,  form ed de novo from 

( l- ^ ^ C )a c e ta te  re c o v e re d  in  p o s i t io n  sn-1  ro s e  c o n s id e ra b ly  as th e  

a c e ta te  c o n c e n tra t io n  o f  th e  in c u b a tio n  medium in c re a s e d ,  w ith  a 

c o rre sp o n d in g  d e c re a se  in  t h a t  found in  p o s i t io n  s n -3 . P o s i t io n  sn-2  

c o n ta in e d  th e  h ig h e s t  p ro p o r t io n  o f  o le ic  a c id  s y n th e s iz e d  from 

C l-^ ^ C )a c e ta te  and p o s i t io n  sn-1  th e  s m a l le s t^ a t  a l l  c o n c e n tra t io n s  o f  

th e  ^ R c - la b e lle d  s u b s t r a t e .

A lthough a c e ta te  c o n c e n tra t io n  had no e f f e c t  on th e  p a t t e r n  o f  

f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  sy n th e s iz e d  from ^ ^ C - la b e lle d  a c e ta t e ,  

i t  d id  a p p a re n tly  in f lu e n c e  t h e i r  d i s t r i b u t i o n ,  p a lm i t ic  and s t e a r i c  

a c id s  in  p a r t i c u l a r ,  ov er th e  th r e e  p o s i t i o n s .

The p o s i t i o n a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  s y n th e s iz e d  de novo 

from a c e ta te  d id  n o t  resem ble  t h e i r  n a tu r a l  d i s t r i b u t i o n  (T able 3 ,3 ) in  

r a t  a d ip o c y te  t r i a c y l g l y c e r o l s .  At a l l  a c e ta te  c o n c e n tr a t io n s ,  th e  

p ro p o r tio n  o f  n e w ly -sy n th e s iz e d  p a lm i t ic  a c id  re c o v e re d  in  p o s i t io n  

sn -1  was h ig h e r ,  and th a t  in  p o s i t io n  sn -3  low er, th a n  found n a t u r a l l y .  

A lthough th e  p ro p o r t io n  o f  p a lm ito le ic  a c id  form ed de novo from ( l-^ ^ C )-  

a c e ta t e  in  p o s i t io n  sn-1  was q u i te  s im i la r  to  i t s  n a tu r a l  d i s t r i b u t i o n ,  

p o s i t io n  sn -2  c o n ta in e d  a h ig h e r  p ro p o r tio n  and p o s i t i o n  sn -3  a low er 

p ro p o r tio n  th a n  i t s  n a tu r a l  d i s t r i b u t i o n  in  t r i a c y l g l y c e r o l s .  In  

agreem ent w ith  i t s  n a tu r a l  d i s t r i b u t i o n ,  th e  s m a l le s t  p ro p o r tio n  o f  

n e w ly -sy n th e s iz e d  s t e a r i c  a c id  was p re s e n t  in  p o s i t io n  s n -2 , b u t a t  an 

a c e ta te  c o n c e n tra t io n  o f  0.5mM th e  p ro p o r tio n  re c o v e re d  in  p o s i t io n  sn -3  

was f a r  in  e x c e ss  o f  i t s  norm al d i s t r i b u t i o n .  In  com parison w ith  i t s  

n a tu r a l  d i s t r i b u t i o n ,  th e  p ro p o r t io n  o f  o le i c  a c id  form ed de novo from 

la b e l le d  a c e ta te  in  p o s i t io n  sn-2  was v e ry  h ig h , w h i ls t  t h a t  in  

p o s i t io n  sn-1  was o n ly  ap p ro x im ate ly  h a l f  th e  no rm al.



F ig . 3 .1 3 . Incorporation  o f  Glucose in to  T r ia c y lg ly c e r o ls ,

D ia c y lg ly c e ro ls  and U n e s te r i f ie d  F a t ty  A cids by 

A dipocy tes from 280 g R a ts .

A. (U -^Rc)G lucose s u p p lie d  a lo n e  B. [U-^Rc)- 

G lucose s u p p lie d  in  p re se n c e  o f  a f a t t y  a c id  m ix tu re .

(U- C)G lucose (0 ,1 7  yC i/pm ole) o f  v a r io u s  c o n c e n tra t io n s  was 
added to  th e  b a s ic  in c u b a tio n  medium, and in  a  s e t  o f  c o n c u rre n t 
in c u b a tio n s  a ImM f a t t y  a c id  m ix tu re , o f  which ( 9 ,1 0 - % ] o le ic  a c id  
(1 yCi) was a component, was a ls o  in c lu d e d . A ll in c u b a tio n s  were 
o f  1 h o u r’ s d u ra t io n .  R e su lts  a re  means s .e .m . o f  fo u r  
ex p e rim en ts ,

# ----- • ,  t r i a c y lg l y c e r o l s ;  □ o, d ia c y lg ly c e r o ls ;
O O , u n e s t e r i f i e d  f a t t y  a c id s .
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F ig . 3 .1 4 . Incorporation  o f  Glucose in to  T r ia c y lg ly c e r o ls ,

D ia c y lg ly c e ro ls  and U n e s te r i f ie d  F a t ty  A cids by 

A dipocy tes from 280 g R a ts . E f fe c t  o f  A ce ta te  

C o n c e n tra tio n . A. G lucose s u p p lie d  a lo n e . B.

G lucose s u p p lie d  in  p re se n c e  o f  a f a t t y  a c id

m ix tu re

5mM (U- C )g lucose  (0 .1 7  yC i/ym ole) and sodium a c e ta te  o f  
v a r io u s  c o n c e n tra t io n s  were added to  th e  b a s ic  in c u b a tio n  medium, 
A s e r i e s  o f  c o n c u rre n t in c u b a tio n s  c o n ta in e d  in  a d d i t io n  a ImM 
album in-bound m ix tu re  o f  f a t t y  a c id s  o f  which (9 ,1 0 -3 H ]o le ic  a c id  
(1 yCi) was a component. A ll in c u b a tio n s  were c a r r i e d  o u t f o r

# ------e  , t r i a c y lg l y c e r o l s ;  □  o, d ia c y lg ly c e r o ls ;
O, u n e s t e r i f i e d  f a t t y  a c id s .
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F. In c u b a tio n s  w ith  G lucose

The s y n th e s is  and e s t é r i f i c a t i o n  o f  f a t t y  a c id s  formed de novo 

from g lu co se  by a d ip o c y te s  in c u b a te d  w ith  g lu c o se  a t  s e v e ra l

c o n c e n tra t io n s  was exam ined to  d e te rm in e  w hether th e  accum ula tion  o f  

n e w ly -sy n th e s iz e d  f a t t y  a c id s  in  d ia c y lg ly c e ro ls  a l s o  o c c u rre d  when 

g lu c o se  was th e  f a t t y  a c id  p r e c u r s o r .

A d ipocy tes were in c u b a te d  in  th e  b a s ic  in c u b a tio n  medium con

ta in in g  g lu c o se  o f  c o n c e n tra t io n s  in  th e  ran g e  0 to  20mM,

C oncu rren t In c u b a tio n s  were c a r r i e d  ou t in  w hich th e  in c u b a tio n  medium 

a ls o  c o n ta in e d  an album in-bound f a t t y  a c id  m ix tu re .

1. S tu d ie s  w ith  A dipocy tes from R ats o f  Average W eight 280 g

F a t - c e l l s  were p re p a re d  from ad ip o se  t i s s u e  o f  r a t s  h av ing  a mean 

w eigh t o f  a p p ro x im a te ly  280 g and u sed  in  a s e r i e s  o f  e x p e rim e n ts , th e  

r e s u l t s  o f  w hich a re  re p o r te d  below .

Ci) In c o rp o ra t io n  o f  (U -^^C)Glucose in to  L ip id s . The manner in  

w hich th e  a d ip o c y te s  in c o rp o ra te d  th e  ^ ^ C -la b e lle d  g lu c o se  in to  th e  

in d iv id u a l  a c y lg ly c e ro ls  was examined by s e p a ra t in g  a p o r t io n  o f  each 

l i p i d  e x t r a c t  in to  i t s  c o n s t i tu e n t  l i p i d  c la s s e s  by T .L .C , and m easuring  

th e  r a d i o a c t i v i t y  p r e s e n t  in  each  f r a c t io n .

The f a t - c e l l s  r e a d i ly  u sed  th e  g lu co se  f o r  l ip o g e n e s is ,  w ith

t r i a c y lg l y c e r o l s  and d ia c y lg ly c e r o ls  becom ing h e a v i ly  l a b e l l e d .  The 

m easurem ents o f  r a d i o a c t i v i t y  re c o v e re d  in  p h o s p h o lip id s  p roved  

in a c c u ra te  s in c e  th e  l i p i d  f r a c t io n  was l a t e r  found to  be con tam ina ted  

by r e s id u a l  [U -^^C )glucose n o t removed in  th e  aqueous la y e r  d u rin g  th e  

l i p i d  e x t r a c t io n  p ro c e d u re . For t h i s  re a so n , F ig s .  3 ,13  and 3 .14  show 

o n ly  th e  in c o rp o ra t io n  o f  (U -^^C )glucose in to  t r i a c y l g l y c e r o l s .



87.

d ia c y lg ly c e ro ls  and u n e s t e r i f i e d  f a t t y  a c id s .  In  su b seq u en t experim en ts  

in  w hich g lu c o se  was u se d , th e  aqueous wash in  th e  l i p i d

e x t r a c t io n  p ro c e d u re  c o n ta in e d  1% (w/v) u n la b e l le d  g lu c o se .

F ig . 3 .13  i l l u s t r a t e s  how th e  c o n c e n tra tio n  o f  g lu c o se  and th e  

p re se n c e  o f  f a t t y  a c id s  in  th e  in c u b a tio n  medium a f f e c te d  th e  in c o r 

p o ra t io n  o f  (U -^^C )glucose in to  th r e e  l i p i d  c l a s s e s .  G lucose concen

t r a t i o n  had no s i g n i f i c a n t  e f f e c t  on th e  amount o f  ^ ^ C - la b e lle d  g lu c o se  

in c o rp o ra te d  in to  t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e ro ls  o r  u n e s t e r i f i e d  

f a t t y  a c id s .  At a l l  c o n c e n tra t io n s  o f  g lu c o se , t r i a c y lg l y c e r o l s  

c o n ta in e d  m ost o f  th e  l a b e l le d  s u b s t r a te  in c o rp o ra te d  when i t  was 

s u p p lie d  in  th e  absence o f  e x t r a c e l l u l a r  f a t t y  a c id s .  Under th e  same 

in c u b a tio n  c o n d i t io n s ,  th e  amount o f  ^ ^ C -la b e lle d  g lu c o se  in c o rp o ra te d  

in to  d ia c y lg ly c e ro ls  was f a i r l y  c o n s ta n t w ith  r e s p e c t  to  g lu c o se  concen

t r a t i o n ,  b e in g  abo u t 53-60% o f  t h a t  in c o rp o ra te d  in to  t r i a c y lg l y c e r o l s ,  

U n e s te r i f ie d  f a t t y  a c id s  c o n ta in e d  o n ly  a  sm all f r a c t i o n  o f  th e  t o t a l  

(U -^^C )glucose in c o rp o ra te d  in to  l i p i d .

When a  f a t t y  a c id  m ix tu re  was p r e s e n t  in  th e  in c u b a tio n  medium,

th e  o v e r a l l  in c o rp o ra t io n  o f  g lu co se  in to  t o t a l  l i p i d  was in c re a s e d

14th r e e  f o ld .  T his in c re a s e d  u se  o f  C - la b e lle d  g lu c o se  in  l ip o g e n e s is  

was due m ain ly  to  a fo u r  f o ld  in c re a s e  in  th e  amount o f  [U-^^C)gTucose 

used  in  t r i a c y lg l y c e r o l  s y n th e s is .  In c o rp o ra tio n  o f  th e  ^ ^ C -s u b s tra te  

in to  u n e s t e r i f i e d  f a t t y  a c id s  was in c re a s e d  a lm ost th r e e  fo ld  w hereas 

i t s  in c o rp o ra t io n  in to  d ia c y lg ly c e r o ls  was o n ly  doub led  by  th e  p re se n c e  

o f  f a t t y  a c id s  in  th e  in c u b a tio n  medium. E x t r a c e l lu la r  f a t t y  a c id s  

th e r e f o r e  in c re a s e d  th e  r a t e  o f  d ia c y lg ly c e ro l  a c y la t io n  to  

t r i a c y l g l y c e r o l s .

The e f f e c t  o f  a c e ta te  c o n c e n tra t io n  on th e  a d ip o c y te * s  use  o f
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(U-^'^C)g lu c o se  f o r  l ip o g e n e s is  was examined w ith  th e  aim o f  e s t a b l i s h in g  

w hether h ig h  c o n c e n tra t io n s  o f  e x tra m ito c h o n d r ia l  a c e ta te  m ight in f lu e n c e  

th e  u se  o f  g lu c o s e -d e r iv e d  a c e ty l  u n i t s  f o r  f a t t y  a c id  s y n th e s is  and 

su b sequen t e s t é r i f i c a t i o n .

F ig . 3 .14  shows how g lu c o se  was in c o rp o ra te d  in to  t r i a c y l 

g ly c e r o ls ,  d ia c y lg ly c e r o ls  and u n e s t e r i f i e d  f a t t y  a c id s  by f a t - c e l l s  

in c u b a te d  in  m edia c o n ta in in g  5mM (U -^^C )glucose and v a r io u s  concen

t r a t i o n s  o f  a c e ta t e .  The v a lu e s  o b ta in e d  f o r  th e  in c o rp o ra t io n  o f  ^Re

la b e l le d  g lu c o se  in to  t r i a c y lg l y c e r o l s  and d ia c y lg ly c e r o ls  a t  zero  

a c e ta te  c o n c e n tra t io n  b o th  in  th e  absence and p re se n c e  o f  e x t r a c e l l u l a r  

f a t t y  a c id s ,  were s im i la r  to  th o se  o b ta in e d  p re v io u s ly  f o r  th e  

in c o rp o ra t io n  o f  5mM (U -^R c)glucose (F ig , 3 .1 3 ) ,

A c e ta te  c o n c e n tra t io n  had no s ig n i f i c a n t  e f f e c t  on th e  in c o rp o ra tio n  

o f  l a b e l l e d  g lu c o se  in to  any o f  th e  l i p i d  c la s s e s  s tu d ie d ,  w ith  t r i a c y l 

g ly c e ro ls  c o n ta in in g  th e  h ig h e s t  p ro p o r tio n  o f  in c o rp o ra te d  r a d io 

a c t i v i t y  a t  a l l  a c e ta te  c o n c e n tra t io n s .  As found p re v io u s ly  (F ig .

3 .1 3 ) ,  th e  in c lu s io n  o f  a f a t t y  a c id  m ix tu re  in  th e  in c u b a tio n  medium 

alm ost t r e b l e d  th e  in c o rp o ra t io n  o f  (U -^R c)glucose in to  l i p i d ,  due 

m ain ly  to  in c re a s e d  in c o rp o ra tio n  in to  t r i a c y l g l y c e r o l s .

These r e s u l t s  su g g e s t t h a t  f a t t y  a c i d . s y n th e s is  u s in g  acetylCoA  

d e r iv e d  from g lu c o se  i s  in d ep en d en t o f  th e  c o n c e n tra t io n  o f  a c e ta te  

a v a i la b le  in  th e  cy to p lasm .

( i i )  In c o rp o ra t io n  o f  (U-^Rç)G lucose in to  F a t ty  A cids and 

G ly c e ro l. S ince  g lu co se  i s  a p re c u r s o r  o f  b o th  th e  f a t t y  a c id  

and g ly c e ro l  m o ie tie s  o f  a c y lg ly c e ro l s ,  th e  in c o rp o ra t io n  o f  (U-^Rq) -  

g lu co se  in to  b o th  was in v e s t ig a te d .

When ^Rq- l a b e l le d  g lu c o se  was s u p p lie d  on i t s  own, more



Table 3 .1 5 . Incorporation  o f  (U-^Rc)Glucose (pmoles/h/lOO yg DNA)

in to  F atty  Acid and G lycerol M oieties o f  A cy lg ly cero ls

by Adipocytes from 280 g R ats,

(U- C)Glucose F a tty  a c id  A c y lg ly ce ro l m oiety  
concn, (mM) m ix tu re—

F a tty  a c id  G lycero l

t r i a c y lg ly c e r o l s  ^

D ia c y lg ly c e ro ls

P h o sp h o lip id s

10

20

10

20

10

20

- 0 .34 + 0.11 0 .60 + 0 .03

+ 0.40 + 0.11 3 .54 + 0.72

- 0.46 + 0.15 0 .54 + 0 .10

+ 1.00 + 0 .60 3.48 + 0.62

- 0.11 + 0 .04 0 .42 + 0.05

+ 0.05 + 0.02 1.06 + 0 .21

- 0.09 + 0.04 0.46 + 0.12

+ 0.09 + 0 .03 1.12 0.19

- 0.09 + 0.02 -

+ 0.25 + 0 .1 8 —

- 0.13 + 0.02 -

+ 0.45 + 0.25

In c u b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  F ig . 3 .13, 
R e su lts  a re  means _+ s .e .m , o f  fo u r  ex p e rim en ts ,
a ,  th e  in c lu s io n  o f  a f a t t y  a c id  m ix tu re  in  th e  in c u b a tio n  i s  deno ted  
by +



Table 3 .1 6 . In c o rp o ra tio n  o f  (U -^Rc)G lucose [ym oIes/h /100  yg DNA)

in to  F a t ty  Acid and G ly cero l M o ie tie s  o f  A c y lg ly c e ro ls  by 

A dipocytes from 280 g R ats in  th e  P resence  o f  A c e ta te ,

A cy lg ly ce ro l m oiety
A ce ta te  F a t ty  a c id  

concn. (mM) m ix tu re  F a t ty  a c id  G lycero l

T ri a c y lg ly c e ro ls

D ia c y lg ly c e ro ls

P h o sp h o lip id s

2 .5

10.0

2 .5

10.0

2 .5

10 .0

- 0 .51 + 0 .21 0 .86 + 0 .04

+ 0 .59 + 0 .20 3.12 + 0 .63

— 0,60 + 0.25 0.81 + 0.04

4- 0.55 + 0 .16 3.31 + 0 .69

0 .15 + 0 .08 0.55 + 0 .08

+ 0 .06 + 0 .02 1.04 + 0 .20

- 0 .16 + 0 .08 0 .59 + 0.11

0.05 + 0.02 0 .9 7 + 0.12

- 0 .08 + 0 ,03 -

+ 0 .22 + 0 .16 -

- o a o + 0.03 -

+ 0 .23 + 0.15

In c u b a tio n  c o n d itio n s  were th e  same as th o se  d e sc r ib e d  in  th e  
legend  to  F ig . 3 .1 4 . R e su lts  a re  means + s .e .m , o f  fo u r  e x p e rim en ts .
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r a d i o a c t i v i t y  was re c o v e re d  in  th e  g ly c e ro l  m oiety  th a n  in  th e  f a t t y  

a c id  m o ie ty  o f  t r i a c y l -  and d ia c y lg ly c e ro ls  form ed a t  g lu c o se  concen

t r a t i o n s  o f  10 and 20mM (T able 3 ,1 5 ) .  The g ly c e ro l  p o r t io n  o f  th e  

d ia c y lg ly c e ro ls  c o n ta in e d  4 to  5 tim es as much in c o rp o ra te d  ^^C- 

g lu co se  as th e  f a t t y  a c id  m o ie ty , w hereas in  t r i a c y lg l y c e r o l s  th e  

g ly c e ro l  c o n ta in e d  l e s s  th a n  tw ic e  t h a t  reco v e re d  in  th e  f a t t y  a c id s .

The p re se n c e  o f  f a t t y  a c id s  in  th e  in c u b a tio n  medium a p p a re n tly  

in c re a s e d  (U -^^C )glucose in c o rp o ra t io n  in to  th e  f a t t y  a c id  m o ie tie s  o f  

t r i a c y lg l y c e r o l s  and p h o s p h o lip id s ,  b u t had no e f f e c t  on d ia c y lg ly c e ro l  

f a t t y  a c id s .  G lucose in c o rp o ra t io n  in to  th e  g ly c e ro l  m oiety  was g r e a t ly  

in c re a s e d ,  m ost n o ta b ly  in to  t h a t  o f  t r i a c y l g l y c e r o l s .  These r e s u l t s  

a re  c o n s is te n t  w ith  e x t r a c e l l u l a r  f a t t y  a c id s  in c re a s in g  th e  r a t e  o f  

t r i a c y lg l y c e r o l  s y n th e s is  from d ia c y lg ly c e ro ls  as su g g e s te d  p r e v io u s ly .

High e x tra m ito c h o n d r ia l  a c e ta te  c o n c e n tra t io n s  d id  n o t  ap p ea r to  

i n h i b i t  f a t t y  a c id  s y n th e s is  from g lu c o se -d e r iv e d  a c e ty l  u n i t s ,  s in c e  

th e  p re se n c e  o f  a c e ta te  in  th e  in c u b a tio n  medium a t  th e  c o n c e n tra t io n s  

exam ined d id  n o t  s i g n i f i c a n t l y  a f f e c t  th e  amount o f  ^ ^ C - la b e lle d  

g lu c o se  in c o rp o ra te d  by th e  a d ip o c y te s  in to  e i t h e r  th e  f a t t y  a c id  o r 

g ly c e ro l m o ie tie s  o f  t r i a c y lg l y c e r o l s  and d ia c y lg ly c e r o ls  (T able 3 .1 6 ) .  

The in c o rp o ra t io n  o f  g lu co se  in to  th e  g ly c e ro l  m o ie ty  o f  t o t a l  a c y l

g ly c e ro ls  was in c re a s e d  when th e  in c u b a tio n  medium c o n ta in e d  lo n g -c h a in  

f a t t y  a c id s ,  and th e s e  e x t r a c e l l u l a r  f a t t y  a c id s  o n ly  d e c re a se d  th e  

re c o v e ry  o f  f a t t y  a c id s  form ed de novo from g lu c o se  in  d ia c y lg ly c e r o ls .

O v e ra l l ,  th e  d i s t r i b u t i o n  o f  in c o rp o ra te d  ^ ^ C - la b e lle d  g lu c o se  

betw een th e  g ly c e ro l  and acy l m o ie tie s  o f  t r i a c y l -  and d ia c y lg ly c e ro ls  

was in d ep en d en t o f  g lu c o se  and a c e ta te  c o n c e n tr a t io n s ,  and th e  p re se n c e  

o f  exogenous f a t t y  a c id s  co rresp o n d ed  to  a n e t  in c re a s e  in  g lu co se



T able 5 .1 7 . In c o rp o ra tio n  o f  (U -^Rc)Glucose (pm oles/h /100  pg DNA) in to  

T o ta l L ip id  by A dipocy tes from 150 g R a ts . E f fe c t  o f  

G lucose and A ce ta te  C o n c e n tra tio n s .

CU-^Rq)Glu co se  concn. 
(mM)

(U-^Rq)Glu c o se  
Alone

(U-^Rq)Glu c o se  + 
F a tty  A cid M ixture

5 4 .12 + 0.25 10 .44 + 1.38

10 4 ,74 + 0 .4 3 9.31 + 0 .89

20 4 ,20 + 0,06 12.95 + 1.80

concn. (mM)

0 .5 4 .81 + 0 .2 8 10,46 + 0.65

2.5 5 .02 0 .4 7 8.51 + 1.16

10.0 6 .9 3 + 1.28 10.75 + 1,74

The b a s ic  in c u b a tio n  medium c o n ta in e d  e i t h e r  (U- G )glucose (0 .17  
pC i/ym ole) a t  v a r io u s  c o n c e n tr a t io n s ,  o r  5mM (U -^^c^g iucose  o f  th e  same 
s p e c i f i c  a c t i v i t y  and v a r io u s  c o n c e n tra t io n s  o f  sodium a c e ta t e .  O ther 
co n c u rre n t in c u b a tio n s  c o n ta in e d  in  a d d i t io n  a ImM f a t t y  a c id  m ix tu re  
o f  which ( 9 , lO -^ H )s te a r ic  a c id  (1 pGi) was a component. A ll in c u b a tio n s  
were o f  1 h o u r 's  d u ra t io n .  R e su lts  a re  means s .e .m . o f  th r e e  
ex p e rim en ts .
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in c o rp o ra t io n  in to  th e  g ly c e ro l  m oiety  o f  t o t a l  a c y lg ly c e ro l s .  G lucose 

in c o rp o ra t io n  in to  th e  f a t t y  a c id  m o iety  was n o t s i g n i f i c a n t l y  a f f e c te d  

by e x t r a c e l l u l a r  f a t t y  a c id s .  F a t ty  a c id s  form ed from (U -^R c)glucose 

a t  h ig h  a c e ta te  c o n c e n tra t io n s  were lo c a te d  m ain ly  in  t r i a c y l g l y c e r o l s ,  

u n l ik e  th o se  s y n th e s iz e d  de novo from (1 -^ R c )a c e ta te  (F ig s .  3 .9  and 3 .1 0 ) .

2 . S tu d ie s  w ith  A d ipocy tes from R ats o f  Average W eight 150 g

As in  th e  above s tu d ie s  w ith  a d ip o c y te s  from 280 g r a t s ,  f a t - c e l l s  

i s o la te d  from younger an im als were in c u b a te d  in  m edia c o n ta in in g  

(U -^R c)glucose o f  v a r io u s  c o n c e n tr a t io n s ,  o r  w ith  5mM (U -^R c)glucose 

and a c e ta te  o f  v a r io u s  c o n c e n tr a t io n s .  In in c u b a tio n s  where e x t r a -
3

c e l l u l a r  f a t t y  a c id s  were p r e s e n t ,  (9 ,1 0 -  H ) s te a r ic  a c id  was added as 

p a r t  o f  th e  f a t t y  a c id  m ix tu re .

( i )  In c o rp o ra t io n  o f  (U-^Rç)G lucose in to  L ip id s . ^R c-L abelled  

g lu c o se  was u sed  f o r  l ip o g e n e s is  by ad ip o c y te s  from 150 g r a t s  a t  a 

r a t e  more th a n  double t h a t  found p re v io u s ly  w ith  f a t - c e l l s  from o ld e r  

r a t s .

The in c o rp o ra t io n  o f  carbon from (U -^R c)glucose in to  t o t a l  l i p i d

was in d ep en d en t o f  c o n c e n tra t io n ,  b o th  when s u p p lie d  on i t s  own in  th e

in c u b a tio n  medium and in  th e  p re se n c e  o f  a m ix tu re  o f  lo n g -c h a in  f a t t y

a c id s  (T able 3 .1 7 ) ,  S im i la r ly ,  when th e  in c u b a tio n  medium co n ta in e d
14a c e ta te  o f  v a r io u s  c o n c e n tra t io n s  th e  in c o rp o ra tio n  o f  5mM C -g lucose 

in to  t o t a l  l i p i d  was n o t  s i g n i f i c a n t l y  a f f e c te d .

As was found in  th e  s tu d ie s  w ith  a d ip o c y te s  from o ld e r  a n im a ls , 

th e re  was an in c re a s e d  in c o rp o ra tio n  o f  g lu co se  in to  t o t a l  l i p i d  a t  a l l  

g lu c o se  and a c e ta te  c o n c e n tra t io n s  when e x t r a c e l l u l a r  f a t t y  a c id s  were 

p r e s e n t  in  th e  medium.
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When th e  t o t a l  l i p i d s  from  in c u b a tio n s  a t  two d i f f e r e n t  g lu co se  

c o n c e n tra t io n s  were s e p a ra te d  in to  t h e i r  c o n s t i tu e n t  c la s s e s  and 

t h e i r  r a d i o a c t i v i t y  m easured , i t  was found t h a t  t r i a c y lg l y c e r o l s  con

ta in e d  m ost o f  th e  (U -^R c)glucose in c o rp o ra te d  u n d er th e  in c u b a tio n  

c o n d itio n s  employed (T ab le 3 ,1 8 ) .  When s u p p lie d  a lo n e , th e  amount o f  

^ R c - la b e lle d  g lu c o se  in c o rp o ra te d  in to  t r i a c y lg l y c e r o l s  and d ia c y l 

g ly c e ro ls  was in d ep en d en t o f  th o se  g lu c o se  c o n c e n tra t io n s  exam ined, w ith  

d ia c y lg ly c e ro ls  c o n ta in in g  a lm ost as  much in c o rp o ra te d  g lu c o se  as 

t r i a c y l g l y c e r o l s .

The in c lu s io n  o f  f a t t y  a c id s  in  th e  in c u b a tio n  medium le d  to  a 

la rg e  in c re a s e  in  th e  amount o f  ^ R c - la b e lle d  g lu c o se  in c o rp o ra te d  in to  

t r i a c y l g l y c e r o l s .  However, th e  in c re a s e  in  g lu c o se  in c o rp o ra t io n  in to  

d ia c y lg ly c e ro ls  u n d er th e  same c o n d it io n s  was much l e s s  n o t ic e a b le  and 

in c o rp o ra tio n  in to  p h o sp h o lip id s  was a c tu a l ly  d im in ish e d . The amount 

o f  u n e s t e r i f i e d  f a t t y  a c id s  form ed from (U -^R c)glucose doubled  in  th e  

p re sen ce  o f  e x t r a c e l l u l a r  f a t t y  a c id s  a t  a l l  g lu c o se  c o n c e n tra t io n s .

Very s im i la r  r e s u l t s  were observ ed  in  in c u b a tio n s  w ith  5mM (U -^Rc)- 

g lu c o se  a t  v a r io u s  c o n c e n tra t io n s  o f  a c e ta te .

The p re se n c e  o f  a c e ta te  a t  a l l  c o n c e n tra t io n s  s tu d ie d  in  th e  

in c u b a tio n  medium r a i s e d  th e  amount o f  ^R c-g lucose  in c o rp o ra te d  in to  

t r i a c y lg l y c e r o l s  s l i g h t l y  in  th e  absence o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  

th e  la b e l le d  g lu c o se  c o n c e n tra t io n  b e in g  5mM.

( i i )  In c o rp o ra t io n  o f  (U-^Rç)G lucose in to  F a t ty  A cids and

G ly c e ro l. The d i s t r i b u t i o n  o f  r a d io a c t i v i t y  from (U -^R f)g lucose  

in  f a t t y  a c id  and g ly c e ro l  m o ie tie s  o f  t r i a c y l g l y c e r o l s ,  d ia c y lg ly c e ro ls  

and p h o sp h o lip id s  form ed a t  v a r io u s  c o n c e n tra t io n s  o f  g lu c o se  and 

a c e ta te  was d e te rm in e d . In  c o n t r a s t  to  th e  r e s u l t s  o b ta in e d  u s in g



T able 3 .1 9 . In c o rp o ra tio n  o f  CU-^Rc)Glucose (pm oles/h /100  yg DNA) in to  

F a tty  Acid and G ly cero l M o ie tie s  o f  A c y lg ly c e ro ls  by 

A dipocytes from 150 g R a ts . E f fe c ts  o f  G lucose Concen

t r a t i o n  and E x t r a c e l lu la r  F a t ty  A cids.

14. A c y lg ly ce ro l m oiety  
(U-^^C)GTucose F a t ty  a c id
concn. (mM) m ix tu re  F a t ty  a c id  G lycero l

T r ia c y lg ly c e ro ls

20

1.48

3.00

1.26

4.31

0 .41

4 .84

0 .40

4 .86

D ia c y lg ly c e ro ls

20

1.03

0 . 68

0 .81

1.10

0 .50

1 ,12

0 .48

1.76

P h o sp h o lip id s

20

0 .23

0 .09

0.24

0.15

0.32

1.01

0.20

0 .41

In cu b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  Table
3 .1 7 . R e su lts  a re  means o f  two ex p erim en ts .

TG, t r i a c y lg l y c e r o l s ;  DG, d ia c y lg ly c e r o ls ;  PL, p h o s p h o lip id s .



Table 3 .2 0 . Incorporation  o f  Glucose in to  F atty  Acid and G lycerol

M o ie tie s  o f  A c y lg ly c e ro ls  by A dipocytes from 150 g R ats. 

E f fe c ts  o f  A ce ta te  C o n c e n tra tio n  and E x t r a c e l lu la r  F a t ty  

A cids.

A cy lg ly ce ro l m o iety
A ce ta te  concn. F a t ty  a c id

(mM) m ix tu re  F a t ty  a c id  G lycero l

T r ia c y lg ly c e ro ls

0 .5

10.0

1.87

2 .90

3.01

3.13

0 .48

4 .70

0 .63

5 .08

D ia c y lg ly c e ro ls

0 .5

10.0

1.12

0 . 6 8

1.69

0 .67

0.49

1.35

0 .63

1.23

P h o sp h o lip id s

0 .5

10.0

0.25

0 .07

0 .33

0 .09

0 .44

0 .44

0 .43

0. 22

In c u b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  Table
3 .17 . R e su lts  a re  means o f  two ex p e rim en ts .

TG, t r i a c y lg l y c e r o l s ;  DG, d ia c y lg ly c e r o ls ;  PL, p h o sp h o lip id s .
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o ld er  r a t s ,  th e  f a t t y  a c id  m oiety o f  t r ia c y l -  and d ia c y lg ly c e r o ls

form ed in  th e  absence o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  c o n ta in e d  more

14r a d i o a c t i v i t y  in c o rp o ra te d  from  (U- C )g lucose th a n  d id  th e  g ly c e ro l  

m o ie ty  (T ab les  3 .19  and 3 ,2 0 ) .  A h ig h e r  r a t e  o f  f a t t y  a c id  s y n th e s is  

in  a d ip o c y te s  from  younger r a t s  was th e r e f o r e  e v id e n t .

The in c lu s io n  o f  lo n g -c h a in  f a t t y  a c id s  in  th e  medium r e s u l t e d  

in  a g r e a t ly  in c re a s e d  in c o rp o ra t io n  o f  ^ R c - la b e lle d  g lu c o se  in to  th e  

g ly c e ro l  m o iety  o f  a l l  a c y lg ly c e ro ls  e s p e c ia l ly  t r i a c y l g l y c e r o l s .  In 

each in s ta n c e  th e  g ly c e ro l  m o iety  c o n ta in e d  more in c o rp o ra te d  la b e l le d  

s u b s t r a te  th a n  th e  f a t t y  a c id  m o ie ty . However, a lth o u g h  th e  amount o f  

(U -^R c)glucose in c o rp o ra te d  in t o . t h e  f a t t y  a c id s  o f  d ia c y lg ly c e r o ls  and 

p h o sp h o lip id s  was d e c re a se d  in  th e  p re sen ce  o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  

th e  amount o f  in c o rp o ra te d  g lu c o se  re c o v e re d  in  t r i a c y lg l y c e r o l  f a t t y  

a c id s  in c re a s e d .  The o v e r a l l  s y n th e s is  o f  f a t t y  a c id s  de novo from 

g lu co se  was in c re a s e d  when lo n g -c h a in  f a t t y  a c id s  w ere added to  th e  

in c u b a tio n  medium.

I f  th e  p h o s p h o lip id  i s  assumed to  be p h o s p h a tid ic  a c id ,  th e n  th e  

r a t i o  o f  g lu c o se  in c o rp o ra te d  in to  f a t t y  a c id  to  t h a t  in c o rp o ra te d  in to  

g ly c e ro l o f  p h o sp h o lip id s  would be ex p ec ted  to  be v e ry  s im i la r  to  t h a t  

o b ta in e d  f o r  d ia c y lg ly c e r o ls  s in c e  th e  o n ly  d i f f e r e n c e  betw een th e  two 

a c y lg ly c e ro ls  i s  a p h o sp h a te  group . However, in  th e  absence o f  e x t r a 

c e l l u l a r  f a t t y  a c id s ,  th e  r a t i o  f o r  d ia c y lg ly c e ro ls  was h ig h e r  th a n  

t h a t  f o r  p h o s p h o lip id s .  The l i p i d  e x t r a c t io n  p ro ced u re  u sed  f o r  th e se  

in c u b a tio n s  in v o lv ed  w ashing w ith  1% (w/v) u n la b e l le d  g lu c o se  to  a id  

th e  rem oval o f  any u n in c o rp o ra te d  (U -^R c)glucose w hich would co n tam in a te  

th e  p h o sp h o lip id  f r a c t io n  on T .L .C . o f  th e  l i p i d  e x t r a c t .  However, 

g lu c o se  in c o rp o ra t io n  in to  o th e r  w a te r - s o lu b le  p ro d u c ts  was s t i l l



Table 5 .2 1 . Percentage D is tr ib u tio n  o f  R a d io a c tiv ity  from 5mM

G lucose in  F a t ty  A cids o f  T r ia c y lg ly c e ro ls  and D iacy l

g ly c e ro ls  formed by A dipocytes from  150 g R a ts .

F a t ty  (U -^Rc)G lucose (U -^Rc)G lucose + f a t t y
a c id  a lo n e  a c id  m ix tu re

T r ia c y lg ly c e ro ls  12:0 0 .3  ^  0 .1  1 .0 —

14:0 5 .5  2  0 .7  10 .7

16:0 6 7 .2 ^ )  )
) 67.1  + 1 .3  ) 64 .7

16:1 1 . 6 ^ )  )

18:0 0 .9  ^  0 .3  3 .2

18:1 2 3 .7  + 3 .8  17.9

18:2 2 .5  + 2 .9  2 .5

D ia c y lg ly c e ro ls  12:0 0 .0  0 .0

14:0 4 .2  + 0 .4  6 .7  + 0 .6

16:0 69 .6  + 1 .5  64 .5  + 5 . 7

16:1 7 .1  + 1 .1  2 .7  + 0 .6

18:0 3 .4  + 0 ,3  14.5 +̂  1 .7

18:1 15.1 + 0 .6  10.2  + 1 . 2

18:2 0 .6  + 0 .4  1 .4  + 1 .9

In cu b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  Table
3 .1 7 . R e su lts  a re  means +. s .e .m . o f  th r e e  e x p e rim en ts , 

a , means o f  two ex p erim en ts .
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p o s s ib le  and th e r e f o r e  th e  v a lu e s  o b ta in e d  f o r  p h o sp h o lip id  g ly c e ro l 

a re  l i a b l e  to  be l e s s  th a n  th o se  r e p o r te d  in  T ab les  3 .19  and 3 .2 0 .

F a t ty  a c id  s y n th e s is  from g lu co se  in  th e  absence o f  e x t r a 

c e l l u l a r  f a t t y  a c id s  was a p p a re n tly  g r e a t e s t  when th e  in c u b a tio n  medium 

c o n ta in e d  lOmM a c e ta t e .

( i i i )  D is t r ib u t io n  o f  R a d io a c t iv i ty  from (U-^Rç)G lucose in  th e

F a t ty  A cids o f  T r ia c y lg ly c e ro ls  and D ia c y lg ly c e ro ls . The s p e c tr a  

o f  f a t t y  a c id s  form ed from (U -^R c)glucose and found in  th e  t r i a c y l - 

and d ia c y lg ly c e r o ls  w ere d e te rm in ed  by p r e p a r a t iv e  G .L.C , a n a ly s is  o f  

t h e i r  m ethyl e s t e r s  w ith  su b seq u en t m easurem ent o f  th e  r a d i o a c t i v i t y  

p r e s e n t  in  each f a t t y  a c id  com ponent. This p e rm itte d  com parison o f  th e  

n a tu re  and com position  o f  th e  f a t t y  a c id s  formed by a d ip o c y te s  from 

g lu c o se  o r  a c e ta te  as p r e c u r s o r s .  ,

The p a t t e r n  o f  f a t t y  a c id s  in  t r i a c y l -  and d ia c y lg ly c e r o ls  formed 

from (U -^R c)glucose p r e s e n t  a t  a c o n c e n tra t io n  o f  5mM in  th e  in c u b a tio n  

medium, i s  p re s e n te d  in  T able 3 .2 1 . In  t r i a c y l g l y c e r o l s ,  th e  f a t t y  

a c id s  s y n th e s iz e d  from g lu c o se  were b ro a d ly  s im i la r  to  th o se  formed 

when O.SmM ( l- ^ R c ) a c e ta te  was th e  p re c u rs o r  (T ab le 3 .1 0 ) ,  a lth o u g h  in  

th e  absence o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  more s t e a r i c  a c id  was 

a p p a re n tly  s y n th e s iz e d  from (1-^ R c )a c e ta te .  When a  f a t t y  a c id  m ix tu re  

was p r e s e n t  in  th e  in c u b a tio n  medium an in c re a s e d  p r o p o r t io n a l  in c o r 

p o ra t io n  o f  g lu c o se  in to  m y r i s t ic  and s t e a r i c  a c id s  w ith  d e c re a se d  

in c o rp o ra t io n  in to  o l e i c  a c id  r e s u l t e d .  Any e f f e c t  on th e  r e l a t i v e  

p ro p o r tio n s  o f  p a lm i t ic  and p a lm i to le ic  a c id s  co u ld  n o t  be d is t in g u is h e d  

c l e a r ly  b ecau se  o f  p r a c t i c a l  d i f f i c u l t i e s .  These f in d in g s  d i f f e r e d  from 

th e  r e s u l t s  o b ta in e d  w ith  r a t s  o f  th e  same w eigh t when ( I -^ R q )a c e ta te  

was u sed  as ^ R c - la b e lle d  s u b s t r a t e ,  in  w hich in s ta n c e ,  th e  p re sen ce  o f
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e x t r a c e l l u l a r  f a t t y  a c id s  in c re a s e d  a c e ta te  in c o rp o ra t io n  in to  p a lm it ic  

b u t n o t  s t e a r i c  a c id ,  in  th e  t r i a c y lg l y c e r o l s .

In  d ia c y lg ly c e r o l s ,  f a t t y  a c id s  o r ig in a t in g  from (U -^R c)glucose 

were ag a in  r a t h e r  s im i la r  to  th o se  s y n th e s iz e d  from  ( l - ^ R f ) a c e t a te .  

However, l e s s  p a lm i t ic  a c id  and more o le ic  a c id  was form ed th a n  when 

a c e ta t e  was th e  p r e c u r s o r .

F ree  f a t t y  a c id s  added i n i t i a l l y  to  th e  in c u b a tio n  medium had a 

s im i la r  e f f e c t  on th e  p a t t e r n  o f  f a t t y  a c id s  s y n th e s iz e d  de novo from 

(U -^R c)glucose and found in  d ia c y lg ly c e ro ls  as th e y  had in  th e  r e l a t e d  

s tu d ie s  w ith  ^ R c - la b e lle d  a c e ta t e ,  nam ely to  in c re a s e  th e  p ro p o r tio n  o f  

n e w ly -sy n th e s iz e d  m y r is ta te  and s t e a r a t e  w h i ls t  d e c re a s in g  t h a t  o f  

o l e a te .

3
G. In c u b a tio n s  w ith  H^O

Whereas f a t t y  a c id  s y n th e s is  from (1 -^ R c )a c e ta te  was found to  be 

in h ib i te d  when lo n g -c h a in  f a t t y  a c id s  were p r e s e n t  in  th e  in c u b a tio n  

medium, th e  in c o rp o ra t io n  o f  (U -^R c)glucose in to  f a t t y  a c id s  by 

a d ip o c y te s  from 280 g r a t s  was n o t  s i g n i f i c a n t l y  a f f e c te d  u n d er s im i la r  

c irc u m s ta n c e s . To e s t a b l i s h  th e  o v e r a l l  e f f e c t s  o f  exogenous f a t t y  a c id s  

and f a t t y  a c id  p re c u r s o r  c o n c e n tra t io n s  on f a t t y  a c id  s y n th e s is  de novo , 

exp erim en ts  were c a r r i e d  o u t in  which a d ip o c y te s ,  p re p a re d  from r a t s
3

w eighing  in  th e  re g io n  o f  280 g , were in c u b a te d  w ith  H2O which i s  

b e l ie v e d  to  be a  more r e l i a b l e  i n d i c a to r  o f  l ip o g e n e s is  (2 4 ^ ).

3
1. In c o rp o ra t io n  o f  H^O in to  L ip id s

3
When f a t - c e l l s  were in c u b a te d  in  th e  b a s ic  medium c o n ta in in g  H^O
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Table 5 . 2 5 . Incorporation  o f  (pm oles/b /100 yg DNA) in to  F atty

Acid and G lycero l M o ie tie s  o f  T o ta l L ip id  ^

G lucose concn. (mM) F a tty  a c id  
m ix tu re F a t ty  a c id G lycero l

10

20

0 .08

0.05

0 .23

0.11

0.32

0 . 11

0.72

1.86

1.20

3.86

1.15

4 .38

A ce ta te  concn. (mM)

2 .5

10.0

0 . 2 2

0 .13

0 .40

0 .13

0.29

0 .17

1 .34

4.00

1.42

4 . 22

1.21

3.65

In c u b a tio n  c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  Table 
3 .22 . R e su lts  a re  means o f  two e x p e rim en ts .
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on i t s  own, th e  d ia c y lg ly c e ro ls  produced  c o n ta in e d  a lm ost as much
3

in c o rp o ra te d  H as  t r i a c y lg l y c e r o l s  a t  a l l  g lu c o se  and a c e ta te  concen

t r a t i o n s  (T able 3 .2 2 ) .  The p re se n c e  o f  f a t t y  a c id s  in  th e  in c u b a tio n
3

medium le d  to  an in c re a s e  in  th e  amount o f  H^O in c o rp o ra te d  in to  t o t a l  

a c y lg ly c e ro ls .  T his o v e r a l l  in c re a s e  co u ld  be a t t r i b u t e d  m ain ly  to  a
3

fo u r  f o ld  in c re a s e  in  H2O in c o rp o ra t io n  in to  t r i a c y l g l y c e r o l s ,  coup led

w ith  a d o u b lin g  o f  t h a t  in c o rp o ra te d  in to  d ia c y lg ly c e r o ls .

When g lu c o se  was o m itte d  from th e  in c u b a tio n  medium, th e  in c o r -  
3

p o ra t io n  o f  H2O in to  l i p i d s  was po o r in  com parison w ith  i t s  in c o rp o ra tio n

a t  10 and 20mM g lu c o se . A c e ta te  c o n c e n tra tio n  had no a p p re c ia b le  e f f e c t  

3on H2O in c o rp o ra t io n  in to  l i p i d ,  a lth o u g h  i t s  in c o rp o ra t io n  a t  2.5mM 

was g r e a te r  th a n  a t  th e  o th e r  two c o n c e n tra t io n s  o f  a c e ta te  exam ined, 

in  th e  absence o f  e x t r a c e l l u l a r  f a t t y  a c id s .

32 , In c o rp o ra t io n  o f  H2O in to  F a t ty  A cids and G ly cero l

10 mg o f  th e  l i p i d  e x t r a c t  from each  in c u b a tio n  was m e th y la te d .

On e x t r a c t io n  o f  th e  m ethyl e s t e r s ,  th e  r a d i o a c t i v i t y  o f  th e  o rg a n ic
3

and aqueous la y e r s  were m easured to  d e term in e  how much H2O had

e n te re d  th e  f a t t y  a c id  and g ly c e ro l  m o ie tie s  o f  a c y lg ly c e ro ls ,
3A d im in ish ed  H2O in c o rp o ra t io n  in to  a c y l g ly c e r o l - f a t t y  a c id s  was

n o t ic e a b le  in  a l l  in c u b a tio n s  c o n ta in in g  e x t r a c e l l u l a r  f a t t y  a c id s ,

s u g g e s tin g  th e  i n h i b i t i o n  o f  f a t t y  a c id  s y n th e s is  de novo w ith in  th e

f a t - c e l l  by exogenous f a t t y  a c id s .  C o nverse ly , u n d er th e  same

3in c u b a tio n  c o n d i t io n s ,  th e  in c o rp o ra tio n  o f  H2O in to  g ly c e r id e -g ly c e ro l

was a t  l e a s t  doub led  (T ab le 3 ,2 3 ) ,  F a tty  a c id  s y n th e s is ,  as r e f l e c t e d  
3

by H2O in c o rp o r a t io n ,  was a p p a re n tly  in d ep en d en t o f  a c e ta te  concen

t r a t i o n .  However, in  th e  absence o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  th e  
3

in c o rp o ra t io n  o f  H2O in to  f a t t y  a c id s  a t  20mM g lu c o se  was h ig h e r  th an



F ig . 5 .1 5 . E s t é r i f i c a t i o n  o f  [9 ,1 0 -^ H )0 1 e ic  A cid in to  A c y lg ly c e ro ls  

by A dipocytes from 280 g R a ts , E f fe c t  o f  G lucose 

C o n c e n tra tio n ,

E xperim en tal c o n d itio n s  were as d e sc r ib e d  in  th e  legend  to  
F ig . 3.13B, w ith  ( 9 , 1 0 -% )o le ic  a c id  (1 pC i) p re s e n t  in  th e  
in c u b a tio n  medium. R e su lts  a re  means s .e .m , o f  fo u r  experim en ts

# ----- # ,  t r i a c y lg l y c e r o l s ;  o  o, d ia c y lg ly c e r o ls ;
—A , p h o sp h o lip id s .
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t h a t  a t  lOmM, and when th e  in c u b a tio n  medium c o n ta in e d  no g lu c o se , v e ry
3

l i t t l e  H^O was u sed  in  f a t t y  a c id  s y n th e s is .
3

The amount o f  H^O re c o v e re d  in  g ly c e ro l in c re a s e d  as g lu co se  

c o n c e n tra t io n  in c re a s e d  when th e  in c u b a tio n  medium c o n ta in e d  lo n g -c h a in  

f a t t y  a c id s .  No such e f f e c t  was n o t ic e a b le  w ith  a c e ta te  c o n c e n tra t io n .  

T his m ight in d ic a te  t h a t  th e  p ro d u c tio n  o f  g ly c e ro l  3 -p h o sp h a te  f o r  u se  

in  th e  e s t é r i f i c a t i o n  o f  exogenous f a t t y  a c id s  may be r e l a t e d  to  th e  

amount o f  g lu c o se  a v a i la b le  to  th e  f a t - c e l l .

H. E f f e c t  o f  G lucose and A ce ta te  C o n c e n tra tio n s  on th e  E s t é r i f i c a t i o n

o f  E x t r a c e l lu la r  F a tty  A cids

1. E s t é r i f i c a t i o n  o f  O le ic  Acid in to  A c y lg ly c e ro ls

In  exp erim en ts  w ith  a d ip o c y te s  p re p a re d  from r a t s  o f  average 

w eigh t 280 g on l ip o g e n e s is  from (U -^^C )g lucose, th e  f a t t y  a c id  m ix tu re
3

p re s e n t  in  th e  c o n c u rre n t in c u b a tio n s  c o n ta in e d  (9 ,1 0 -  H )o le ic  a c id  as 

a  com ponent. T his a llow ed  th e  e s t é r i f i c a t i o n  o f  o l e i c  a c id  from th e  

in c u b a tio n  medium to  be a s s e s se d  in  th e  p re sen ce  o f  g lu c o se  a t  s e v e ra l  

c o n c e n tr a t io n s ,  th e re b y  g iv in g  an in d ic a t io n  o f  th e  f a t - c e l l * s  a b i l i t y  

to  e s t e r i f y  exogenous f a t t y  a c id s  in to  a c y lg ly c e ro ls  in  th e  p re sen ce  o f  

h ig h  c o n c e n tra t io n s  o f  a p re c u r s o r  o f  endogenous f a t t y  a c id s  and 

a c y lg ly c e r o l - g ly c e r o l .
3

The amount o f  H - la b e l le d  o le ic  a c id  e s t e r i f i e d  i n to  t o t a l  

a c y lg ly c e ro ls  in  th e  absence o f  g lu co se  from th e  medium was o n ly  25% 

o f  t h a t  re c o v e re d  in  a c y lg ly c e ro ls  a t  a l l  o th e r  g lu c o se  c o n c e n tra t io n s  

(F ig , 3 ,1 5 ) ,  showing th e  a d ip o c y te 's  re q u ire m en t f o r  g lu co se  in  th e  

u p tak e  and e s t é r i f i c a t i o n  o f  e x t r a c e l l u l a r  f a t t y  a c id s .



E s t é r i f i c a t i o n  o f  ( l-^ ^ C )O le ic  Acid in to  A c y lg ly c e ro ls  

by A dipocytes from 280 g R a ts . E f f e c t  o f  A c e ta te  

C o n c e n tra tio n .

The in c u b a tio n  medium c o n ta in e d  in  a d d i t io n  to  th e  b a s i j ^  
in g re d ie n ts  sodium a c e ta te  a t  v a r io u s  c o n c e n tra t io n s  and (1 - C )-
o le i c  a c id  (0 .6  pCi) as p a r t  o f  an album in-bound f a t t y  a c id  m ix tu re  
o f  c o n c e n tra tio n  ImM. A ll in c u b a tio n s  were o f  1 h o u r 's  d u ra t io n .  
R e su lts  a re  means ^  s .e .m . o f  th r e e  e x p e rim en ts ,

• ----- # ,  t r i a c y lg l y c e r o l s ;  □  o, d ia c y lg ly c e r o ls ;
— A ,  p h o s p h o lip id s .
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The r e s u l t s  p re s e n te d  e a r l i e r  in  F ig , 3 .10  su g g e s te d  th a t  

c o n d it io n s  o f  h ig h  a c e ta te  c o n c e n tra t io n  in  th e  p re se n c e  o f  exogenous 

f a t t y  a c id s  cou ld  p e rh ap s  red u ce  th e  a c t i v i t y  o f  d ia c y lg ly c e ro l  a c y l-  

t r a n s f e r a s e  s in c e  in c o rp o ra te d  la b e l le d  a c e ta te  accum ula ted  in  th e  

f a t t y  a c id s  o f  d ia c y lg ly c e r o ls  u nder such c o n d i t io n s .  In an a tte m p t 

to  e s t a b l i s h  w hether such an e x p la n a tio n  was v a l id ,  a d ip o c y te s  were 

in c u b a te d  w ith  ( l - ^ ^ C )o le ic  a c id  su p p lie d  as p a r t  o f  a f a t t y  a c id  

m ix tu re  in  m edia c o n ta in in g  a c e ta te  a t  v a r io u s  c o n c e n tr a t io n s .  The 

in c o rp o ra t io n  o f  th e  la b e l le d  f a t t y  a c id  i n to  a c y lg ly c e ro ls  was m easured, 

As F ig . 3 .16  d e m o n s tra te s , th e  up tak e  and e s t é r i f i c a t i o n  o f  

(1 -^ ^ C )o le ic  a c id  was u n a f fe c te d  by th e  c o n c e n tra t io n  o f  a c e ta te  in  th e  

in c u b a tio n  medium. T r ia c y lg ly c e ro ls  c o n ta in e d  a p p ro x im a te ly  80% o f  th e  

o le ic  a c id  e s t e r i f i e d  a t  a l l  c o n c e n tra t io n s  o f  a c e ta te  w ith  d ia c y l 

g ly c e ro ls  and p h o sp h o lip id s  acc o u n tin g  f o r  s m a lle r  p ro p o r tio n s  (19% and 

15% r e s p e c t iv e ly  on a v e ra g e ) . The a b so lu te  v a lu e s  a t  ze ro  a c e ta te  

c o n c e n tra t io n  compare w e ll w ith  th o se  p re s e n te d  in  F ig . 3 .15 f o r  th e  

r a t e  o f  e s t é r i f i c a t i o n  o f  o le ic  a c id  in  th e  p re se n c e  o f  5mM g lu co se  

on i t s  own.

T h e re fo re , u n lik e  f a t t y  a c id s  formed de novo w ith in  th e  a d ip o cy te  

from a c e ta t e ,  o le ic  a c id  ta k en  up by th e  f a t - c e l l  from  th e  in c u b a tio n  

medium d id  n o t accum ulate  in  d ia c y lg ly c e ro ls  a t  h ig h  a c e ta te  concen

t r a t i o n  b u t was e s t e r i f i e d  p red o m in an tly  in to  t r i a c y l g l y c e r o l s ,

2 , S te r e o s p e c i f ic  D is t r ib u t io n  o f  E s t e r i f i e d  ( l-^ ^ C )O le ic  Acid 

in  T r ia c y lg ly c e r o ls
3

The d i s t r i b u t i o n  o f  e s t e r i f i e d  (9 ,1 0 -  H )o le ic  a c id  among th e  th r e e  

p o s i t io n s  o f  t r i a c y l - s n - g ly c e r o l s  form ed a t  v a r io u s  c o n c e n tra t io n s  o f  

g lu c o se , was n o t  d e te rm in ed  s in c e  th e  in c u b a tio n  medium had  c o n ta in e d



T able 5 .2 4 . R e la tiv e  In c o rp o ra tio n  o£ ( l-^ ^ C )O le ic  A cid in to  th e  Three 

P o s it io n s  o f  T r ia c y l- s n - g ly c e r o ls  by A d ip o cy tes. E f fe c t  

o f  A ce ta te  C o n c e n tra tio n .

P ro p o r t io n a l  d i s t r i b u t io n  in  each  p o s i t io n  

A ce ta te  P o s it io n  P o s i t io n  P o s it io n
concn. (mM) sn-1 sn-2 sn -3

0 - 22 .3 45.2 32.5

0 .5 27.5 40 .5 32.0

2.5 29.5 4 0 .7 29 .8

10.0 27 .6 38.9 33.5

In cu b a tio n  c o n d itio n s  were th e  same as d e sc r ib e d  in  th e  legend  to  
F ig . 3 .1 6 . R e su lts  a re  means o f  two ex p e rim en ts , 

a , v a lu es  tak en  from T able 3 .4 .
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CU- '̂^C) g lu c o se  w hich was a ls o  in c o rp o ra te d  in to  t r i a c y l  g ly c e r o ls .  The 

u se  o f  a ^ ^ C - la b e lle d  s y n th e t ic  t r i a c y lg l y c e r o l  as an i n t e r n a l  s ta n d a rd  

in  th e  s t e r e o s p e c i f i c  a n a ly s is  p ro ced u re  was th e r e f o r e  im p o ss ib le .

The s t e r e o s p e c i f i c  d i s t r i b u t i o n  o f  e s t e r i f i e d  exogenous o l e i c  a c id  in  

th e  t r i a c y lg l y c e r o l s  form ed by f a t - c e l l s  in  th e  p re se n c e  o f  5mM g lu co se  

had a lre a d y  been  d e te rm in ed  (T able 3 .4 ) ,

T ab le 3 ,24  shows th e  manner in  which (1 -^ ^ C )o le ic  a c id  ta k en  up

from in c u b a tio n  m edia c o n ta in in g  v a r io u s  c o n c e n tra t io n s  o f  a c e ta t e ,  was

d i s t r i b u t e d  o v e r th e  t r i a c y lg l y c e r o l  m o lecu le . A c e ta te  c o n c e n tra tio n  

had no a p p re c ia b le  e f f e c t  on th e  p o s i t io n in g  o f  e x t r a c e l l u l a r  o le ic  

a c id  w ith in  t r i a c y l g l y c e r o l s ,

3. E s t é r i f i c a t i o n  o f  (9 ,1 0 -^ H )S te a r ic  Acid in to  A c y lg ly c e ro ls

In  th e  s tu d ie s  on l ip o g e n e s is  from g lu co se  and a c e ta te  u s in g

a d ip o c y te s  p re p a re d  from r a t s  o f  approx im ate w eigh t 150 g , th e  in c o r -  

3p o ra t io n  o f  H - la b e l le d  f a t t y  a c id  in to  a c y ig ly c e ro ls  was a ls o  

in v e s t ig a te d .  In th o s e  in c u b a tio n s  c o n ta in in g  a f a t t y  a c id  m ix tu re ,
3

(9 ,1 0 -  H ) s te a r ic  a c id  was added as a  component f o r  th e  p u rpose  o f  

m easuring  th e  e s t é r i f i c a t i o n  o f  e x t r a c e l l u l a r  f a t t y  a c id s  by f a t - c e l l s ,  

a t  v a r io u s  c o n c e n tra t io n s  o f  g lu co se  and a c e ta t e .  In  a d d i t io n ,  i t  was 

in te n d e d  to  s tu d y  th e  d e s a tu r a t io n  o f  th e  l a b e l le d  s t e a r i c  a c id ,  and
3

th e  e s t é r i f i c a t i o n  o f  th e  r e s u l t i n g  H - la b e l le d  o l e i c  a c id  in to  t r i a c y l -

3 3g ly c e r o ls .  However, s in c e  h a l f  th e  H la b e l  from  (9 ,1 0 -  H ) s te a r ic

a c id  would be removed from th e  f a t t y  a c id  by th e  d e s a tu ra s e  enzyme

r e s u l t i n g  in  low er le v e ls  o f  r a d i o a c t i v i t y  th a n  d e s i r e d ,  th e  fo rm atio n
3 3

o f  H - la b e l le d  o l e i c  a c id  from H - s te a r ic  a c id  was n o t  in v e s t ig a te d  to
3

any g r e a t  e x te n t .  In  th e  few in s ta n c e s  where H - la b e l le d  o l e i c  a c id  

was s e p a ra te d  and m easured (20mM g lu c o se  and lOmM a c e t a t e ) , th e



T able 3 .2 5 . E s t é r i f i c a t i o n  o f  (9 ,1 0 -  H)S te a r i c  Acid (ym oles/h/lO O  yg DNA) 

in to  A c y ig ly c e ro ls . E f fe c t  o f  G lucose and A ce ta te  

C o n c e n tra tio n s

A cy lg ly ce ro l

T r ia c y lg ly c e ro ls  D ia c y lg ly c e ro ls  P h o sp h o lip id s

G lucose concn. (mM)

5 1.19 + 0.26 0 .23 + 0 .0 3 0 .0 6 + 0.02

10 0 .9 7 + 0.19 0 .20 0.02 0 .02 + 0.01

20 1.25 + 0 .2 7 0.21 + 0 .04 0.04 + 0.01

:e concn. (mM)

0 .5 1 .04 + 0 .1 8 0 .21 + 0.02 0 .05 + 0.01

2 .5 1.12 + 0 .24 0.21 + 0 .03 0 .08 + 0.01

5 .0 1.14 + 0 .26 0.21 + 0 .0 3 0 .07 + 0 .03

10.0 1.13 + 0 .2 7 0.21 + 0 .04 0 .05 + 0.01

E xperim en tal c o n d itio n s  were as d e s c r ib e d  in  th e  legend  to  Table. 
3 ,17  w ith  th e  in c u b a tio n  medium c o n ta in in g  ( 9 ,1 0 - % ) s t e a r i c  a c id  (1 yCi) 
R e su lts  a re  means + â .e .m . o f  3 ex p erim en ts .
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3p ro p o r tio n s  o f  t o t a l  H -o le ic  a c id  re c o v e re d  in  a c y ig ly c e ro ls  were v e ry  

s im i la r  to  th o se  o b ta in e d  p re v io u s ly  (F ig . 3 .7 ) a f t e r  1 h o u r 's  in c u b a tio n .
3

The amount o f  (9 ,1 0 -  H ) s te a r ic  a c id  ta k en  up by th e  f a t - c e l l s  

from th e  in c u b a tio n  medium and e s t e r i f i e d  in to  a c y ig ly c e ro ls  was 

in d ep en d en t o f  g lu c o se  and a c e ta te  c o n c e n tra tio n s  o v e r th e  range 

exam ined (T able 3 .2 5 ) .

At a l l  c o n c e n tra t io n s  o f  g lu co se  o r  a c e ta t e ,  th e  amount o f  s t e a r i c  

a c id  e s t e r i f i e d  i n t o  a l l  a c y ig ly c e ro ls  was le s s  th a n  h a l f  t h a t  re c o rd e d  

f o r  o l e i c  a c id  in  s im i la r  in c u b a tio n  c o n d itio n s  b u t w ith  a d ip o c y te s  

p re p a re d  from  o ld e r  r a t s .  T his cou ld  in d ic a te  t h a t  e i t h e r  th e  

e s t é r i f i c a t i o n  r a t e  o f  e x t r a c e l l u l a r  f a t t y  a c id s  in  g e n e ra l was low er 

in  f a t - c e l l s  from younger r a t s ,  o r  t h a t  s t e a r i c  a c id  was e s t e r i f i e d  

in to  t o t a l  a c y ig ly c e ro ls  by a d ip o c y te s  a t  a low er r a t e  th a n  o le ic  a c id ,  

r e g a r d le s s  o f  th e  a n im a l 's  ag e . From th e  k i n e t i c  s tu d ie s  d e s c r ib e d  in  

s e c t io n  B o f  t h i s  c h a p te r ,  i t  ap peared  th a t  th e  fo rm er c o n c lu s io n  was 

more l i k e l y .

I .  A n a ly s is  o f  D ia c y lg ly c e ro ls  formed by A dipocy tes

The p o s s i b i l i t y  e x i s t e d  t h a t  some b io s y n th e t ic  o r  d e g ra d a tiv e  

ro u te  o th e r  th a n  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay was re s p o n s ib le  

f o r  th e  p ro d u c tio n  o f  th e  h ig h ly - la b e l le d  d ia c y lg ly c e r o ls  in  a d ip o c y te s  

from o ld e r  r a t s  in c u b a te d  w ith  h ig h  c o n c e n tra tio n s  o f  (1 -^ ^ C )a c e ta te  as 

seen  in  F ig . 3 .1 0 , Use was th e r e f o r e  made o f  th e  f a c t  t h a t  th e  sn -  

g ly c e ro l  3 -p h o sp h a te  pathw ay o f  t r i a c y lg l y c e r o l  b io s y n th e s is  in v o lv e s  

1 ,2 -d ia c y l - s n - g ly c e r o 1s e x c lu s iv e ly  as in te rm e d ia te s ,  D ia c y lg ly c e ro ls  

formed in  a d ip o c y te s  in c u b a te d  w ith  (U -^^C )glucose o r  (1 -^ ^ C )a c e ta te



Table 3 .2 6 . P e rcen tag e  D is t r ib u t io n  o f  R a d io a c t iv i ty  from

G lucose and (l-^ '^C) A ce ta te  in  D ia c y l-sn -g l y cero  I s  formed 

by A dipocytes from 190 g R a ts .

F a t ty  a c id  
m ix tu re

D ia c y l- s n -g ly c e ro ls

1 ,3  2 ,3 1,2

p o s i t io n
sn -1

p o s i t io n
sn-2

(U-^‘̂ C) G lucose 
concn. (mM)

5

20

- 5 .8 2 .5 68 .3 23 .4

+ 3 .3 3 .1 84 .7 8 .9

- 2 .7 5 .2 71.2 20.9

+ 3 .7 2 .9 86.9 6 .5

(1 -^^C )A ceta te  
concn (mM)

0.5

10.0

— 3 .6 6 .8 56 .8 32.8

+ 4 .8 6 .0 70.7 18.5

- 2 .6 6 .5 59 .1 31.8

+ 6 .2 9 .2 64 .9 19.7

A dipocytes were p re p a re d  from th r e e  r a t s  o f  mean w eigh t 190 g. 
( l-1 4 c )A c e ta te  (10 yCi) was in c lu d e d  in  th e  b a s ic  in c u b a tio n  medium 
a t  c o n c e n tra tio n s  o f  0 .5  and lOmM, o r  (U -^^c)g lu co se  (0 .5  yC i/ym ole) 
a t  5 and 20mM. S im ila r  c o n c u rre n t in c u b a tio n s  c o n ta in e d  in  a d d i t io n  
an u n la b e l le d  f a t t y  a c id  m ix tu re  o f  c o n c e n tra t io n  ImM. A ll in c u b a tio n s  
were o f  1 h o u r 's  d u ra t io n ,  and th e  r e s u l t s  a re  means o f  d u p lic a te  
in c u b a tio n s .



Table 3 .2 7 . Percentage D is tr ib u tio n  o f  R a d io a c tiv ity  from

Glucose and (1-^^C )Acetate in  D ia c y l-s n -g ly c e r o ls  formed

by A dipocytes from 290 g Rats.

D iacy l- sn - g ly c e ro 1s

F a tty  ac id 1 ,3 2 ,3 1,2

(U-^^C)Glucose 
concn. (mM)

m ix tu re

2 ,3 3 .7

p o s i t io n
sn-1

66 .8

p o s i t io n
sn -2

27.2
5

+ 2 .1 3.1 92 .4 2 .4

3 .8 1 .9 71.5 22.8
20

+ 3.2 4 .1 84.1 8 .6

(l-^'^C) A ce ta te  
concn. (mM)

2 .6 2 .8 72 .7 21 .9
0 .5

+ 4 .8 2 .8 71.4 21 .0

_ 1.6 5 .1 72.2 21.1
10.0

+ 5 .9 9 .4 61 .8 22 .9

A dipocytes were p re p a re d from th re e r a t s o f  mean w eigh t 290 g.
and used  in  in c u b a tio n s  as d e s c r ib e d  in  th e  legend  to  Table 3 .26 . 
R e su lts  a re  means o f  d u p lic a te  in c u b a tio n s .
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were e x t r a c te d  and a n a ly se d  as d e s c r ib e d  in  C hap ter 2 , s e c t io n  F2, 

to  de te rm in e  w hich two p o s i t io n s  o f  th e  s n -g ly c e ro l  m o iety  c o n ta in e d  

th e  in c o rp o ra te d  la b e l le d  s u b s t r a t e .

The r a d i o a c t i v i t y  in c o rp o ra te d  in to  d ia c y lg ly c e ro ls  from (U-^^C)- 

g lu c o se  and (1 -^ ^ C )a c e ta te  was re c o v e re d  p red o m in an tly  in  1 ,2 - d ia c y l - 

s n -g ly c e ro ls  u n d er a l l  in c u b a tio n  c o n d itio n s  exam ined, w ith  ad ip o c y te s  

i s o l a t e d  from b o th  190 and 290 g r a t s  (T ab les 3 ,26  and 3 ,2 7 ) .  The 

p ro p o r t io n  o f  r a d i o a c t i v i t y  re c o v e re d  in  1 ,3 -  and 2 , 5 - d ia c y l- s n -  

g ly c e ro ls  was sm all in  com parison w ith  t h a t  in  th e  1 ,2 -  s p e c ie s  and 

p o s s ib ly  a ro se  from  is o m é r is a t io n  o f  th e  1 ,2 -d ia c y l - s n - g ly c e r o ls  

d u rin g  th e  l i p i d  e x t r a c t io n  p ro c e d u re , a lth o u g h  th e  e x t r a c t io n  s o lv e n t 

co n ta in e d  no m ethanol and th e  te m p era tu re  was m a in ta in e d  below 4°C in  

an a tte m p t to  m inim ize such re a r ra n g in g  o f  f a t t y  a c id s .  Incom plete  

h y d ro ly s is  o f  th e  p h o sp h o lip id  in te rm e d ia te  by p h o sp h o lip a se  A d u rin g  

th e  s t e r e o s p e c i f i c  a n a ly s is  p ro ced u re  cou ld  a ls o  c o n t r ib u te  to  th e  

r a d i o a c t i v i t y  assumed to  be a s s o c ia te d  w ith  th e  2 , 3 - d ia c y l - s n - g ly c e r o l s .

In  ev e ry  in s ta n c e ,  th e  p re se n c e  o f  a f a t t y  a c id  m ix tu re  in  th e  

in c u b a tio n  medium le d  to  an in c re a s e  in  th e  p ro p o r t io n  o f  in c o rp o ra te d  

^ ^ C - la b e lle d  p re c u r s o r  re c o v e re d  in  p o s i t io n  sn-1  o f  th e  1 ,2 - d ia c y l - s n -  

g ly c e r o ls .  T h is  was in  keeping w ith  th e  e a r l i e r  r e s u l t s  showing 

in c re a s e d  in c o rp o ra t io n  o f  ^ ^ C -la b e lle d  f a t t y  a c id  p re c u r s o r s  in to  th e  

s a tu r a te d  f a t t y  a c id s  o f  d ia c y lg ly c e ro ls  coup led  w ith  d e c re a se d  in c o r 

p o ra t io n  in to  o l e i c  a c id ,  in  th e  p re sen ce  o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  

s in c e  p o s i t io n  sn -1  o f  r a t  ad ip o cy te  t r i a c y lg l y c e r o l s  n o rm a lly  c o n ta in s  

a  h ig h  p ro p o r t io n  o f  s a tu r a te d  f a t t y  a c id s .

The p ro p o r tio n  o f  f a t t y  a c id s  s y n th e s iz e d  from  (1 -^ ^ C )a c e ta te  

s u p p lie d  on i t s  own and re c o v e re d  in  p o s i t io n  sn -1  o f  1 ,2 - d ia c y l - s n -
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g ly c e ro ls  form ed by a d ip o c y te s  from  290 g r a t s ,  was h ig h e r  th a n  t h a t  

re c o v e re d  in  th e  same p o s i t io n  o f  d ia c y l - s n - g ly c e r o l s  form ed under 

s im i la r  c o n d it io n s  by a d ip o c y te s  from younger r a t s .  Again t h i s  ag reed  

w ith  th e  e a r l i e r  r e s u l t  t h a t  d ia c y lg ly c e ro ls  formed by a d ip o c y te s  from 

280 g r a t s  c o n ta in e d  a h ig h e r  p ro p o r tio n  o f  s a tu r a te d  f a t t y  a c id s  new ly- 

s y n th e s iz e d  from  (1 -^ ‘̂ C )a c e ta te  th a n  d id  d ia c y lg ly c e r o ls  form ed by 

f a t - c e l l s  from younger an im a ls .

J .  D is t r ib u t io n  o f  N ew ly-S yn thesized  L ip id s  betw een C ytoplasm ic

and P a r t i c u l a t e  Components o f  A dipocytes

R e s u lts  o b ta in e d  w ith  a d ip o c y te s  from o ld e r  r a t s  showed th a t  

d ia c y lg ly c e ro ls  accum ula ted  f a t t y  a c id s  formed de novo from a c e ta t e ,  

b u t n o t exogenous f a t t y  a c id s ,  when th e  in c u b a tio n  medium c o n ta in e d  a 

h ig h  c o n c e n tra t io n  o f  a c e ta t e .  One p o s s ib le  e x p la n a tio n  was t h a t  

d ia c y lg ly c e r o ls  co u ld  e x i s t  w ith in  th e  f a t - c e l l  in  a s s o c ia t io n  w ith  

p a r t i c u l a r  o r g a n e l le s .  D ia c y lg ly c e ro ls  in  one p a r t i c u l a r  s i t e  w ith in  

th e  c e l l  cou ld  c o n ta in  e n t i r e l y  f a t t y  a c id s  formed de novo and d ia c y l 

g ly c e ro ls  in  a n o th e r  s e p a ra te  lo c a t io n  cou ld  be in v o lv e d  in  th e  

e s t é r i f i c a t i o n  o f  exogenous f a t t y  a c id s .

To exam ine th e  p o s s ib le  i n t r a c e l l u l a r  lo c a t io n  o f  d ia c y lg ly c e r o ls ,  

a d ip o c y te s  were in c u b a te d  e i t h e r  w ith  ^ ^ C - la b e lle d  g lu c o se  o r  a c e ta t e ,  

o r  w ith  (1 -^ ^ C )p a lm itic  a c id .  A f te r  one h o u r 's  in c u b a tio n  th e  

a d ip o c y te s  were t r e a t e d  w ith  d ig i to n in  in  MOPS b u f f e r  and c e n tr i fu g e d  

as d e t a i l e d  in  C hap ter 2 , s e c t io n  B3. The d i s t r i b u t i o n  o f  r a d io a c t i v i t y  

in c o rp o ra te d  in to  th e  l i p id s  a s s o c ia te d  w ith  th e  cy top lasm  and 

p a r t i c u l a t e  com ponents was exam ined. The su ccess  o f  t h i s  method depended



Table 5 .2 8 . D is t r ib u t io n  o f  R a d io a c t iv i ty  from In c o rp o ra te d  (1-^^C) 

A ce ta te  in  L ip id s  o f  A dipocy tes a f t e r  T rea tm ent w ith  

D ig ito n in  and C e n tr i fu g a t io n .

A dipocytes were p re p a re d  from th r e e  r a t s  o f  mean w eigh t 293 g. 
Hie b a s ic  in c u b a tio n  medium, s c a le d  up to  accommodate 4 ml o f  
ad ip o cy te  su sp e n s io n , c o n ta in e d  e i t h e r  0 .5  o r  5.0mM [1- C )a c e ta te  
(40 y C i) . In c o n c u rre n t in c u b a tio n s  a ImM u n la b e l le d  f a t t y  a c id  
m ix tu re  was a ls o  p r e s e n t ,  and a l l  in c u b a tio n s  were f o r  1 h o u r. 
R e su lts  a re  th o se  o b ta in e d  w ith  in d iv id u a l  in c u b a tio n s .

TG, t r i a c y l g l y c e r o l s ; DG, d ia c y lg ly c e r o ls ;  PL, p h o sp h o lip id s ; 
FFA u n e s te r i f i e d  f a t t y  a c id s .
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Table 3 .2 9 . D is tr ib u tio n  o f  R a d io a c tiv ity  from Incorporated

G lucose in  L ip id s  o f  A dipocytes a f t e r  T reatm ent w ith  

D ig ito n in  and C e n tr ifu g a tio n .

E xperim en tal c o n d i tio n s  were th e  same as d e sc r ib e d  in  th e  legend  
to  Table 3 .28 w ith  th e  ex c e p tio n  th a t  th e  medium c o n ta in e d  e i t h e r  5 
o r  20mM g lu co se  (40 pCi) . R e su lts  a re  v a lu e s  o b ta in e d  w ith
s in g le  in c u b a tio n s .

TG, t r i a c y lg l y c e r o l s ;  DG, d ia c y lg ly c e r o ls ;  PL, p h o sp h o lip id s ;  
FFA, u n e s te r i f i e d  f a t t y  a c id s .



<
Hh
OH

rH
cd
P
O

E-H
. s

LH ) P
o D h

•H
oNO >

•H
P

P O
O cd

•H O LO
P •rH Q
P d j
O Cd
A  M
O
P0-,

s

'd* d t- LO LO r - . MO CM 00 MO LO MO

O O O o i-H rH CM t—1 e n d - e n d -
rH iH

en iH LO LO MO h - LO dj- en LO MO LO

dj- CM LO CM en LO LO
iH

MO LO
CM

COI MO MO

O o o MO LO LO CM rH rH CM

o en rH CM LO OO LO O dh MO
LO to LO LO LO CM CM CM LO (M rH CM

O LO CM LO rH d- 00 LO CM O h- en
LO LO MO MO en LO C30 MO CM rH
LO MO LO MO LO MO lO MO LO MO LO LO

X
p
•H
> S

•rH
P P ,
O
cd dÔ
o

•iH
T 3 dO
cd •iH
p P

•H
rH iH
Cd
P Po •H
H

dh rH CM en en 0 0 iH d f CM LO O MO
LO rH rH dC 0 0 CM MO O rH O ' Oen LO rH o LO d i- CM O O 0 0 CXD O

0 0 0 0 MO OO 0 0 CM d - MO rH rH LO CM
LO 0 0 CM CM LO

LO

dO
•H
O CD
cd P

S3
X  P
P X
P •H
cd G

P

CD
V)
O O
CD
g

rH \__1
CD

CJ P
t ü
H a1 o
5 CD

O
CM

LO O
CM

LO O
CM

CD
5 H  oi
hJ <  p
P S  y X

s  c pp  p p
H H p
< p
P hH p



102.

on n e w ly -sy n th e s iz e d  a c y ig ly c e ro ls  rem ain ing  in  a s s o c ia t io n  w ith  t h e i r  

i n t r a c e l l u l a r  s i t e  o f  s y n th e s is  d u rin g  f r a c t io n a t io n  o f  th e  f a t - c e l l .  

The p ro ced u re  used  was chosen b ecause  i t  d id  n o t in v o lv e  any v ig o ro u s  

h o m ogen isa tion  t h a t  m ight enhance th e  rem oval o f  n e w ly -sy n th e s iz e d  

l i p i d s  from t h e i r  p la c e  o f  fo rm a tio n , and was com pleted  in  a v e ry  

s h o r t  tim e  (ap p ro x im a te ly  1 ^ /2  m in u te s ) .

T able 3 ,28  shows th a t  d ia c y lg ly c e ro ls  c o n ta in in g  f a t t y  a c id s  

s y n th e s iz e d  from (1 -^ ^ C )a c e ta te  were n o t a s s o c ia te d  s p e c i f i c a l l y  w ith  

e i t h e r  th e  f a t  p lu g , in t e r n a t a n t  la y e r  o r  p e l l e t .  A s im i la r  r e s u l t  

was found when (U -^^C )glucose was th e  p r e c u r s o r  f o r  endogenous f a t t y  

a c id  s y n th e s is  (T ab le  3 ,2 9 ) .  Most o f  th e  r a d i o a c t i v i t y  in c o rp o ra te d  

in to  l i p i d  from b o th  ^ ^ C -la b e lle d  g lu c o se  and a c e ta te  was re c o v e re d  in  

th e  f a t  p lu g  w ith  th e  in t e r n a t a n t  la y e r  c o n ta in in g  much l e s s .  The 

p e l l e t  c o n ta in e d  in  g e n e ra l o n ly  abou t 1% o f  th e  r a d i o a c t i v i t y  p re s e n t  

in  th e  f a t  p lu g .

In  a l l  th r e e  f r a c t i o n s ,  t r i a c y lg l y c e r o l s  acco u n ted  f o r  th e  h ig h e s t  

p ro p o r tio n  o f  r a d i o a c t i v i t y  in c o rp o ra te d  in to  l i p i d ,  and s im i la r  

r e l a t i v e  d i s t r i b u t i o n s  among l i p i d  c la s s e s  were found in  each f r a c t i o n ,  

a lth o u g h  w ith  (1 -^ ^ C )a c e ta te  as p r e c u r s o r  th e  p e l l e t  d id  a p p a re n tly  

c o n ta in  a s l i g h t l y  low er p ro p o r t io n  o f  la b e l le d  t r i a c y l g l y c e r o l s .  The 

p ro p o r tio n  o f  r a d i o a c t i v i t y  re c o v e re d  in  p h o sp h o lip id s  and u n e s t e r i f i e d  

f a t t y  a c id s  was c o n s i s te n t ly  h ig h e r  in  th e  p e l l e t  f r a c t i o n  th a n  in  th e  

in t e r n a t a n t  la y e r  and f a t  p lu g , when th e  a d ip o c y te s  w ere in c u b a te d  

w ith  ( l - ^ ^ C ) a c e ta te .  A v e ry  s im i la r  p a t t e r n  was found when (U-^^C)- 

g lu co se  was th e  f a t t y  a c id  p r e c u r s o r .

C o n tra ry  to  th e  r e s u l t s  o b ta in e d  p re v io u s ly  in  s tu d ie s  w ith  

a d ip o c y te s  from r a t s  o f  s im i la r  w e ig h t, d ia c y lg ly c e r o ls  d id  n o t  c o n ta in  

as h ig h  a  p ro p o r tio n  o f  in c o rp o ra te d  5mM (1 -^ ^ C )a c e ta te  as t r i a c y l -



Table 5 .3 0 . D is t r ib u t io n  o f  In c o rp o ra te d  (1 -^ ^ C )P a lm itic  Acid in  L ip id s  

o f  A dipocytes a f t e r  T reatm ent w ith  D ig ito n in  and 

C e n tr ifu g a t  io n .

P ro p o r tio n  (%) o f  t o t a l  
T o ta l r a d io a c t i v i t y  r a d i o a c t i v i t y  in

TG DG E k FFA

FAT PLUG 213,548 74.6 22 .9 2 .1 0 .5

INTERNATANT
LAYER 4,923 68 .7 19.2 5 .8 6 .3

PELLET 861 60.9 25 .3 9 .4 4 .4

(1 - C )P a lm itic  a c id  (0 .8 3  p C i/y m o le ), in c lu d e d  in  th e  b a s ic  
in c u b a tio n  medium as a component o f  a ImM f a t t y  a c id  m ix tu re , was 
in c u b a te d  w ith  4 ml o f  an a d ip o c y te  su sp en sio n  p re p a re d  from th r e e  r a t s  
o f  mean w eigh t 293 g, f o r  1 h o u r. R e su lts  a re  v a lu e s  o b ta in e d  w ith  a 
s in g le  in c u b a tio n .

TG, t r i a c y lg l y c e r o l s ;  DG, d ia c y lg ly c e r o ls ;  PL, p h o sp h o lip id s ; 
FFA, u n e s te r i f i e d  f a t t y  a c id s .



Table 3 .5 1 . D istr ib u tio n  o f  R a d io a c tiv ity  from A cetate and

G lucose in  L ip id s  o f  A dipocytes a f t e r  T reatm ent with. 

D ig ito n in  and C e n tr i fu g a t io n .  E f f e c t  o f  S h o rt In c u b a tio n  

Times.

Time T o ta l r a d io a c t i v i t y  
(s) in  l i p i d  Çd.p.m .)

P ro p o rtio n  o f  t o t a l  
r a d i o a c t i v i t y  in

TG DG PL FFA

(1-^^C )A ceta te

Fat p lu g  + 
in t e r n a ta n t  la y e r

30

60

25,454

43,508

54 .0  32.2 8 .7  5 .1

71.1 18 .8  5 .8  4 .3

P e l l e t

(U-^^C)Glucose

F at p lu g  + 
in t e r n a ta n t  la y e r

30

60

30

60

1,467

2,232

27,307

26,104

31.3  34 .0  8 .2  26.5

19.1 43 .1  19.9 17.8

63 .8  19.2 11.6  5 .4

62 .8  23 .2  8 .4  5 .6

P e l l e t
30

60

2,354

1,590

21 .6  4 4 .8  18.8  14.8  

26.2  2 9 .6  23 .9  2 0 .3

4 ml o f  an a d ip o cy te  su sp e n sio n , p re p a re d  from  two r a t s  o f  mean 
w eight 129 g, were in c u b a te d  in  a  s c a le d -u p  b a s ic  medium w ith  e i t h e r  
5mM (1 - C )a c e ta te  (0 .6 7  yC i/ym ole) o r  5mM f U - C ) g lu c o s e  (1 ,3  y C i/ 
ymole) f o r  30 o r  60 seconds. R e su lts  a re  v a lu e s  o b ta in e d  w ith  s in g le  
in c u b a tio n s .

TG, t r i a c y lg l y c e r o l s ;  DG, d ia c y lg ly c e r o ls ;  PL, p h o sp h o lip id s ; 
FFA, u n e s te r i f i e d  f a t t y  a c id s .



Table 5 .3 2 . D is tr ib u tio n  o f  R a d io a c tiv ity  from P a lm itic  Acid in

A c y ig ly c e ro ls  o f  A dipocytes a f t e r  T reatm ent w ith  D ig ito n in  

and C e n tr ifu g a tio n .  E f fe c t  o f  S h o rt In c u b a tio n  Times.

Time T o ta l r a d io a c t i v i t y  
(s )  in  l i p i d  (d .p .m .)

P ro p o r tio n  (%) o f  t o t a l  
r a d i o a c t i v i t y  in

TG DG PL

F at p lu g  + 
in t e r n a ta n t  la y e r

30

60

15,332

68,093

72.3  22 .2  5 .5

80 .5  16.5 3 .0

P e l l e t 30

60

936

1,547

42 .8  43 ,1  14 .1

62 .4  29 .1  8 .5

(1- C )P a lm itic  a c id  [1 .2  y C i/y m o le ), in c lu d e d  in  a sc a le d -u p  
b a s ic  medium as a component o f  a f a t t y  a c id  m ix tu re , was in c u b a te d  f o r  
30 o r  60 seconds w ith  4 ml o f  ad ip o c y te s  p re p a re d  from 129 g r a t s .  
R e su lts  a re  th o se  o b ta in e d  w ith  s in g le  in c u b a tio n s .

TG, t r i a c y lg l y c e r o l s ;  DG, d ia c y lg ly c e r o ls ;  PL, p h o sp h o lip id s .
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g ly c e r o ls ,  even in  th e  p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  a lth o u g h  

th e  p ro p o r tio n  o f  r a d i o a c t i v i t y  re c o v e re d  in  th e  d ia c y lg ly c e r o ls  was 

s t i l l  c o n s id e ra b le .  However, s in c e  th e s e  r e s u l t s  were o b ta in e d  w ith  

f a t - c e l l s  from  a s in g le  r a t ,  th e  s ig n if ic a n c e  o f  t h i s  f in d in g  i s  

u n c e r ta in .

Most o f  th e  ( l - ^ ^ C )p a lm it ic  a c id  ta k e n  up by th e  a d ip o c y te s  was 

found in  th e  f a t  p lu g  on c e n t r i f u g a t io n  (T ab le 3 .3 0 ) .  The in t e r n a ta n t  

la y e r  c o n ta in e d  o n ly  abou t 2% o f  th e  t o t a l  r a d i o a c t i v i t y  re c o v e re d  as 

c e l l  l i p i d ,  and th e  p e l l e t  an a lm ost n e g l ig ib le  0,4%. A gain , t r i a c y l 

g ly c e ro ls  alw ays c o n ta in e d  th e  h ig h e s t  p ro p o r t io n  o f  in c o rp o ra te d  ^Re

la b e l le d  s u b s t r a t e .

W hether th e  sm all v a lu e s  o b ta in e d  f o r  th e  amounts o f  r a d i o a c t i v i t y  

p r e s e n t  in  th e  l i p i d s  o f  th e  p e l l e t  and in t e r n a t a n t  la y e r  were t r u l y  

r e p r e s e n ta t iv e  o r  s im p ly  a r e f l e c t i o n  o f  co n tam in a tio n  by r a d i o a c t i v i t y  

from th e  f a t  p lu g  i s  u n c e r ta in .  C on v erse ly , th e  f a t  p lu g  may a ls o  

have been  co n tam in a ted  by l i p i d s  from th e  p e l l e t  and in t e r n a t a n t  la y e r .

In  a s im i la r  ex p e rim en t, a d ip o c y te s  p re p a re d  from two r a t s  o f  

mean w eigh t 129 g w ere in c u b a te d  w ith  th e  same l a b e l le d  s u b s t r a te s  

u sed  in  th e  p re v io u s  e x p e rim en t, f o r  o n ly  30 o r  60 seco n d s . When such 

f a t - c e l l s  were t r e a t e d  w ith  d ig i to n in  and c e n t r i f u g e d ,  o n ly  a v e ry  th in  

f a t  p lu g , which was p h y s ic a l ly  in s e p a ra b le  from th e  in t e r n a t a n t  l a y e r ,  

was o b ta in e d  b ecau se  o f  th e  low l i p i d  c o n te n t o f  a d ip o c y te s  from r a t s  

o f  t h i s  w e ig h t. For t h i s  r e a s o n , th e  f a t  p lu g  and in t e r n a t a n t  la y e r  

were ta k e n  to g e th e r  f o r  l i p i d  e x t r a c t io n .  T his combined l i p i d  e x t r a c t  

c o n ta in e d  most o f  th e  r a d i o a c t i v i t y  in c o rp o ra te d  from  a l l  th r e e  ^Re

la b e l le d  s u b s t r a t e s ,  th e  h ig h e s t  p ro p o r tio n  b e in g  re c o v e re d  in  t r i a c y l 

g ly c e ro ls  (T ab les  3 .31 and 3 .3 2 ) ,  In  th e  p e l l e t ,  th e  p ro p o r t io n  o f
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in c o rp o ra te d  ( l - ^ ^ C )a c e ta te  and (U -^R c)glucose re c o v e re d  in  d ia c y l 

g ly c e ro ls  exceeded  t h a t  in  t r i a c y lg l y c e r o l s .  However, s in c e  th e  t o t a l  

amount o f  r a d i o a c t i v i t y  re c o v e re d  in  th e  p e l l e t  was low , th e  s ig n if ic a n c e  

o f  t h i s  f in d in g  i s  u n c e r ta in .

The r e s u l t s  o f  th e se  a d ip o c y te - f r a c t io n a t io n  ex p erim en ts  d id  n o t 

w a rra n t f u r th e r  c h a r a c te r i s a t io n  o f  th e  f a t  p lu g , in t e r n a t a n t  la y e r  

and p e l l e t  f r a c t io n s  by enzyme m arker s tu d ie s .  I t  was assum ed, how ever, 

th a t  th e  p e l l e t  c o n ta in e d  m ito ch o n d ria  and p e rh ap s  m icrosom es, w ith  th e  

a d ip o c y te 's  s o lu b le  cy top lasm  b e in g  p r e s e n t  in  th e  i n t e r n a t a n t  la y e r .

The f a t  p lu g  u n d o u b ted ly  r e p re s e n te d  th e  f a t - c e l l ' s  l i p i d  s to ra g e  

d ro p le t  and p ro b a b ly  c o n ta in e d  n e w ly -sy n th e s iz e d  d ia c y lg ly c e r o ls  and 

p h o sp h o lip id s  d is lo d g e d  from t h e i r  i n t r a c e l l u l a r  s i t e  o f  s y n th e s is .

K, High P re s su re  L iq u id  Chrom atography

As an a l t e r n a t i v e  to  s i l v e r  n i t r a t e  T .L .C . w ith  su b seq u en t e lu t io n  

o f  bands f o r  s c i n t i l l a t i o n  c o u n tin g , re v e rs e d -p h a s e  H .P .L .C . w ith  a u 

Bondapak C-18 column was in v e s t ig a te d  as a r a p id  means o f  s e p a ra t in g  

(I-^R q) s t e a r i c  a c id  and ( l - ^ R c )o le ic  a c id  formed from  i t  p r e p a r a t iv e ly .

P re lim in a ry  t r i a l s  in  which th e  r a t i o  o f  m ethanol to  w a te r  in  th e  

m obile p hase  and th e  s o lv e n t  flow  r a t e  were v a r ie d ,  re v e a le d  t h a t  m ethanol 

w a te r  (9 0 :1 0 , v /v )  w ith  a flow  r a t e  o f  2 m l/m inu te was th e  most s u i t a b le  

s o lv e n t  system  f o r  th e  s e p a ra t io n  o f  s ta n d a rd  m ix tu re s  o f  f a t t y  a c id  

m ethyl e s t e r s .  A h ig h e r  p ro p o r tio n  o f  w a te r in  th e  s o lv e n t  r e s u l t e d  

in  p oo r r e s o lu t io n  o f  th e  com ponents, w hereas a s o lv e n t  c o n ta in in g  o n ly  

5% w a te r  gave good r e s o lu t io n  b u t o n ly  a t  v e ry  slow  flow  r a t e s  

r e s u l t i n g  in  im p ra c t ic a l  long  r e t e n t io n  tim e s .



F ig . 3 .1 7 , H .P .L .C . o f  ( l-^ R c )F a tty  A cid Methyl E s te r s ,

R a d io a c t iv i ty  in  Column E lu en t Superim posed on

Mass T race .

H .P .L .C . o f  a s ta n d a rd  m ix tu re  o f  (1 - C)methyl o le a te  and 
C l-^Rc)m ethyl s t e a r a t e .  The s o lv e n t  was m ethanol ;w a te r  (90;10 
v /v )  a t  a  flow  r a t e  o f  2 m l/m in.

I d eno tes  th e  p o in t  o f  sam ple i n j e c t i o n .  Peaks a re  1, 
m ethyl o le a te  and 2 , m ethyl s t e a r a t e .
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F ig . 3 .1 8 . H .P.L.C. A n alysis o f  Methyl E sters o f  T r ia c y lg ly c e r o ls

I so la te d  from A dipocytes

10 y l  (2 mg) o f  t r i a c y lg l y c e r o l  m ethyl e s t e r s  were a p p lie d  to  
th e  column and m ethanol ;w a te r (90:10 v /v ) was used  as s o lv e n t  w ith  
a flow  r a t e  o f  2 m l/m in.

I d en o tes  p o in t  o f  sam ple in j e c t i o n .  Peaks a re  1, m ethyl 
l i n o l e a t e ;  2 , m ethyl p a lm ita te  + m ethyl o le a te ;  3, m ethyl s t e a r a t e
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C o n s is te n t r e c o v e r ie s  o f  over 90% o f  a p p lie d  r a d i o a c t i v i t y  were 

o b ta in e d  when m ix tu re s  o f  ( l - ^ ^ C ) f a t ty  a c id  m ethyl e s t e r s  were a n a ly se d . 

S tan d a rd s  and sam p les, l e s s  th a n  1 mg, were in j e c te d  in to  th e  column 

in  10 y l  ch lo ro fo rm .

F ig . 3 .17  shows how peaks o f  r a d i o a c t i v i t y  co rresp o n d ed  w ith  th o se  

o f  mass when a s ta n d a rd  m ix tu re  o f  m ethyl (1-^^C) s t e a r a t e  and m ethyl 

(1“^ ^ C )o le a te  was a p p lie d  to  th e  column. There was v e ry  c lo se  a g re e 

ment betw een mass and r a d i o a c t i v i t y  w ith  o n ly  a  s l i g h t  ' t a i l i n g *  o f  

a c t i v i t y  from  th e  m ethyl s t e a r a t e  p eak . I n je c t io n  o f  an u n la b e l le d  

s ta n d a rd  m ethyl s te a r a te /m e th y l  o le a te  m ix tu re  tw en ty  m inu tes a f t e r  a 

^ ^ C -la b e lle d  m ix tu re  o f  s im i la r  com position  r e s u l t e d  in  th e  re c o v e ry  

o f  some r a d i o a c t i v i t y  in  th e  s o lv e n t  and f a t t y  a c id  p e a k s . A lthough 

th e  amount o f  r a d i o a c t i v i t y  re c o v e re d  in  each  u n la b e l le d  peak  was low 

(a p p ro x im a te ly  tw ic e  b ack g ro u n d ), th e  a b so rp tio n  o f  l a b e l le d  m a te r ia l  

o n to  a c t iv e  s i t e s  in  th e  column p ack in g  was u n d e s ir a b le  when a n a ly s in g  

sam ples o f  low s p e c i f i c  a c t i v i t y .  A ttem pts to  remove p o s s ib le  a c t iv e  

s i t e s  by s i l a n i z a t i o n  d id  l i t t l e  to  reduce th e  a b s o rp tio n  o f  some 

r a d io a c t iv e  m a te r ia l  on to  th e  column p ack in g .

When m ethyl e s t e r s  o f  r a t  a d ip o c y te  t r i a c y lg l y c e r o l s  were in je c te d  

on to  th e  colum n, a r e c o rd e r  t r a c e  as shown in  F ig , 3 ,18  was o b ta in e d .

The column e f f lu e n t  c o rre sp o n d in g  to  each peak was tra p p e d  and su b je c te d  

to  G .L.C. a n a ly s i s .  T his en ab led  th e  th r e e  peaks exam ined to  be 

i d e n t i f i e d .  S te a r i c  and l i n o l e i c  a c id  m ethyl e s t e r s  were e lu te d  as 

d i s t i n c t  com ponents, b u t m ethyl o le a te  and m ethyl p a lm ita te  were found 

to  be e lu te d  from th e  column to g e th e r .  S ince  th e  b a s ic  p u rp o se  o f  th e  

s tu d ie s  w ith  H .P .L .C . was to  s e p a ra te  (1 -^ ^ C )s te a r ic  a c id  from (1 -^^C )- 

o le i c  a c id ,  th e  p re se n c e  o f  u n la b e l le d  p a lm it ic  a c id  in  th e  same peak
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as o l e i c  a c id  was n o t  d e tr im e n ta l  to  i t s  u se  in  th e  s tu d y  o f  (1 -^^C )- 

s t e a r i c  a c id  d e s a tu r a t io n .  However, because  o f  th e  d i f f i c u l t i e s  

en co u n te red  w ith  a b s o rp tio n  o f  r a d io a c t iv e  m a te r ia l  on to  th e  column 

p a c k in g , th e  u se  o f  H .P .L .C . f o r  th e  r o u t in e  p r e p a r a t iv e  s e p a ra t io n  o f  

( l - ^ ^ C ) s te a r ic  a c id  and ( l - ^ ^ C )o le ic  a c id  was n o t  p u rsu e d .
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CHAPTER 4. DISCUSSION

A. The Use o f  A dipocy tes in  S tu d ie s  o f  L ip id  B io s y n th e s is  in  v i t r o : 

G eneral C o n s id e ra tio n s

I s o la t e d  a d ip o c y te s  p ro v id e  a co n v en ien t system  f o r  th e  s tu d y  

o f  l ip o g e n e s is  in  ad ip o se  t i s s u e  in  v i t r o , and have th e  advan tage 

over t i s s u e  fragm en ts  in  t h a t ,  s in c e  a d ip o c y te  p r e p a ra t io n s  i d e a l ly  

c o n ta in  no s tro m a l-v a s c u la r  c e l l s ,  th e  m etabolism  o f  th e  f u n c t io n a l  

u n i t  o f  ad ip o se  t i s s u e  can be s tu d ie d  w ith o u t in t e r f e r e n c e  from th e  

o th e r  c e l l - ty p e s  n o rm a lly  p r e s e n t  in  th e  t i s s u e .  F u rth erm o re , th e  

more r e p ro d u c ib le  e n t ry  o f  s u b s t r a te  in to  i s o l a t e d  f a t - c e l l s  

c o n t r ib u te s  to  t h e i r  s u i t a b i l i t y  f o r  use  in  m e ta b o lic  s tu d ie s .  

A lthough most p a s t  s tu d ie s  on l ip o g e n e s is  in v o lv in g  a d ip o c y te s  have 

been concerned  m ain ly  w ith  horm onal c o n t ro l ,  i s o l a t e d  f a t - c e l l s  were 

employed in  t h i s  p r e s e n t  s tu d y  as a means o f  in v e s t ig a t in g  t r i a c y l 

g ly c e ro l  s y n th e s is  and i t s  r e l a t i o n  to  f a t t y  a c id  s y n th e s is .

The s iz e  o f  a d ip o c y te s ,  m easured as d e s c r ib e d  in  C hap ter 2 , 

s e c t io n  B2, was found to  in c re a s e  w ith  th e  w e ig h t, and hence in  t h i s  

in s ta n c e  th e  age , o f  th e  r a t s  from which th e y  were i s o l a t e d .  A 

s im i la r  r e l a t io n s h ip  betw een r a t  a d ip o c y te  s i z e  and age has been 

r e p o r te d  in  o th e r  s tu d ie s  in  which f a t - c e l l  s i z e  was c a lc u la te d  on 

th e  b a s is  o f  l i p i d  w eigh t p e r  c e l l  (2 4 9 ,2 5 0 ). The v a lu e  found f o r  

th e  mean d ia m e te r  o f  a d ip o c y te s  i s o la te d  from a 129 g r a t  in  t h i s  

s tu d y  compared fa v o u ra b ly  w ith  th a t  r e p o r te d  by Di Girolam o e t  a l

(251) f o r  c e l l s  p re p a re d  from  a r a t  o f  s im i la r  w e ig h t. More a c c u ra te  

m easurem ents o f  f a t - c e l l  d ia m e te r , a lth o u g h  n o t r e q u ire d  f o r  th e  

pu rpose  o f t h i s  s tu d y , cou ld  have been made u s in g  a  m icrom eter d is c
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f i t t e d  in  th e  fo c u s s in g  ey ep iece  o f  th e  m icro sco p e . S ince  a d ip o c y te  

numbers were n o t m easured , no co n c lu s io n s  can be made as to  w hether 

th e  number o f  f a t - c e l l s  p e r  u n i t  w eigh t o f  ad ip o se  t i s s u e  a ls o  

in c re a s e d  w ith  th e  age o f  th e  an im al. However, p r e s e n t  knowledge 

su g g e s ts  t h a t  in  a d ip o se  t i s s u e  o f  th e  r a t ,  th e  number o f  a d ip o c y te s  

p r e s e n t  in c re a s e s  u n t i l  th e  f i f t e e n t h  week o f  l i f e  (2 4 9 ,2 5 2 ).

For th e  com parison o f  th e  m e ta b o lic  a c t i v i t i e s  o f  ad ip o c y te s  

from d i f f e r e n t  a n im a ls , v a lu e s  o b ta in e d  w ith  an e q u a l number o f  

f a t - c e l l s  a re  p ro b ab ly  th e  most r e l i a b l e  a lth o u g h  t h i s  p re s e n ts  

te c h n ic a l  d i f f i c u l t i e s  in  p r a c t i c e .  As an a l t e r n a t i v e ,  th e  DNA 

c o n te n t o f  an a d ip o c y te  p r e p a ra t io n  i s  d i r e c t l y  r e l a t e d  to  th e  number 

o f  c e l l s  p r e s e n t  and i s  in d ep en d en t o f  th e  amount o f  l i p i d  in  th e  c e l l

(2 5 2 ). Thus, th e  r e s u l t s  in  th e  p re s e n t  s tu d y  o b ta in e d  w ith  r a t s  o f  

two d i f f e r e n t  w eig h t ran g es  cou ld  be compared d i r e c t l y  when ex p re ssed  

r e l a t i v e  to  th e  amount o f  DNA p re s e n t  and cou ld  be exam ined in  

r e l a t i o n  to  o th e r  s tu d ie s  w ith  ad ip o c y te s  in  which r e s u l t s  were 

e x p re sse d  in  term s o f  c e l l  num bers, by assum ing th e  g e n e ra l ly  

acc e p te d  v a lu e  o f  7 x 10^ pg DNA p e r  c e l l  (253 ). When th e  r e s u l t s  

o f  th e  i n i t i a l  ex p erim en ts  were ex p re ssed  as p e r  100 mg c e l l  l i p i d  

(C hap ter 3, s e c t io n s  B and C) good agreem ent was found betw een 

d i f f e r e n t  r a t s ,  b u t th e  c o r r e l a t i o n  o f such r e s u l t s  w ith  th o se  o b ta in e d  

in  l a t e r  ex p erim en ts  w ith  younger an im als ^where r e s u l t s  were e x p re sse d  

in  te rm s o f  DNA^was d i f f i c u l t .  The d isa d v a n ta g e s  o f  e x p re s s in g  

r e s u l t s  o b ta in e d  in  ex p erim en ts  w ith  ad ip o se  t i s s u e  in  term s o f  t i s s u e  

o r  c e l l  l i p i d  w eig h t a re  ob v io u s; no r e l i a b l e  com parison can be made 

betw een th e  m e ta b o lic  a c t i v i t i e s  o f  ad ip o se  t i s s u e  from an im als o f  

d i f f e r e n t  ages o r  p h y s io lo g ic a l  s t a t u s  as n e i th e r  t i s s u e  w eigh t n o r
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l i p i d  w eigh t r e f l e c t s  th e  number o f  a d ip o c y te s  p r e s e n t .  However, th e  

r e s u l t s  o f  p a s t  s tu d ie s  on l ip o g e n e s is  in  ad ip o se  t i s s u e  have 

f r e q u e n t ly  been  ex p re sse d  in  te rm s o f  t i s s u e  (113 ,254 ,255 ) and l i p i d  

(243,256) w e ig h t.

The com ponents o f  th e  b a s ic  in c u b a tio n  medium and t h e i r  concen

t r a t i o n s  were chosen as th o se  g e n e ra l ly  co n s id e re d  optimum f o r  th e  

s y n th e s is  o f  t r i a c y lg l y c e r o l s  by a d ip o c y te s . The s u p e r io r i t y  o f  

K rebs-R inger b ic a rb o n a te  b u f f e r  o v e r ph o sp h a te  b u f f e r  in  s tu d ie s  on 

l ip o g e n e s is  by a d ip o se  t i s s u e  in  v i t r o  h as  been  d em o n stra ted  e lsew h ere  

(257 ). R e s p ira t io n ,  and hence th e  v i a b i l i t y  o f  th e  f a t - c e l l s ,  was 

m a in ta in ed  by th e  in c lu s io n  o f  g lu co se  in  th e  medium a t  a p h y s io lo g ic a l  

c o n c e n tra t io n  (5mM) a t  which R odbell (223) h as  shown th e  maximum 

s y n th e s is  o f  a c y lg ly c e ro ls  to  o ccu r in  r a t  a d ip o c y te s .  A lthough th e  

c o n c e n tra t io n  o f  i n s u l in  (20 m u n its /m l)  employed in  a l l  experim en ts  

was in  ex cess  o f  th e  norm al p h y s io lo g ic a l  ran g e  (2 5 8 ,2 5 9 ), s im i la r  

and even h ig h e r  c o n c e n tra t io n s  have been used  by o th e r  w orkers in  

s tu d ie s  on l ip o g e n e s is  in  mammalian ad ip o se  t i s s u e  (1 1 3 ,2 6 0 ,2 6 1 ,2 6 2 ). 

I n s u l in  se rv e d  a dual p u rp o se , nam ely to  reduce  th e  r e le a s e  o f  f a t t y  

a c id s  by th e  a d ip o c y te s  (263) and to  en su re  a h ig h  r a t e  o f  l ip o g e n e s is .  

Saggerson (264) showed t h a t  th e  r a t e  o f  l ip o g e n e s is  from g lu co se  in  

i s o l a t e d  f a t - c e l l s  was u n a f fe c te d  by in c re a s in g  th e  c o n c e n tra t io n  o f  

in s u l in  above 1.25 m u n i t s /m l ,  an o b se rv a tio n  which was p ro b ab ly  

e x p la in e d  by th e  f a c t  t h a t  once th e  b in d in g  o f  i n s u l i n  to  r e c e p to r  

s i t e s  had reac h ed  e q u il ib r iu m , th e  r a t e  o f  l ip o g e n e s is  in  r a t  a d ip o 

c y te s  was in d ep en d en t o f  in s u l in  c o n c e n tra t io n  (2 6 5 ).

N a tu ra l c o n d it io n s  were em ulated  f u r th e r  by th e  p re se n c e  o f  

album in in  a l l  in c u b a tio n s  and by su p p ly in g  f a t t y  a c id s  bound to
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album in to  r e p re s e n t  th e  t r a n s p o r t  o f  exogenous f a t t y  a c id s  in  

p lasm a (263 ).

A lthough th e  e x t r a c e l l u l a r  f a t t y  a c id  co m position  used  th ro u g h o u t 

th e s e  s tu d ie s  (ImM) was h ig h e r  th a n  th a t  employed by s e v e ra l  o th e r  

w orkers (2 4 3 ,2 5 5 ,2 6 4 ), i t  was s t i l l  w ith in  th e  p h y s io lo g ic a l  range 

o f  0 .3  to  1.7mM known to  o ccu r in  r a t  plasm a (263 ). The h ig h  con

c e n t r a t io n  o f  f a t t y  a c id s  se rv e d  to  swamp th e  e f f e c t s  o f  a d ip o c y te  

endogenous u n e s t e r i f i e d  f a t t y  a c id s ,  r e s id u a l  f a t t y  a c id s  p r e s e n t  in  

th e  album in and f a t t y  a c id s  r e le a s e d  from th e  f a t - c e l l s  in  th e  

p re se n c e  o f  album in (2 6 6 ), as w e ll as p e rm it t in g  b e t t e r  c o n tro l  o f  

th e  com p o sitio n  o f  th e  exogenously  added f a t t y  a c id s .  The p ro p o r tio n s  

o f  th e  v a r io u s  components in  th e  f a t t y  a c id  m ix tu re  w ere chosen as 

b e in g  s im i la r  to  th e  f a t t y  a c id  com position  o f  r a t  a d ip o se  t i s s u e  

t r i a c y lg l y c e r o l s  on th e  assum ption  t h a t  t r i a c y lg l y c e r o l s  formed by 

f a t - c e l l s  p re s e n te d  w ith  such  a m ix tu re  would be s im i la r  to  th o se  

o c c u rr in g  n a t u r a l l y .

B. T r ia c y lg ly c e ro l  B io sy n th e s is  from Exogenous F a t ty  A cids

The a lm o st com plete u p tak e  and e s t é r i f i c a t i o n  o f  exogenously  

added f a t t y  a c id s  by a d ip o c y te s  in  th e  i n i t i a l  ex p erim en ts  (C hap ter 

3, s e c t io n  B) was in  keep ing  w ith  th e re  b e in g  u n r e s t r i c t e d  e n t ry  o f  

exogenous f a t t y  a c id s  in to  th e  f a t - c e l l  a c ro ss  th e  p lasm a membrane. 

P rev io u s  s tu d ie s  (260 ,267 ,268) w ith  ad ip o se  t i s s u e  fragm en ts  had 

in d ic a te d  t h a t  th e  r a t e s  o f  in c o rp o ra t io n  o f  lo n g -c h a in  f a t t y  a c id s  

in to  t i s s u e  l i p i d  in  v i t r o  were p ro p o r t io n a l  to  t h e i r  c o n c e n tra t io n s  

in  th e  in c u b a tio n  medium. In  view o f  t h i s  e v id e n c e , th e  e n try  o f
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exogenous f a t t y  a c id s  in to  th e  a d ip o c y te  was th e r e f o r e  u n l ik e ly  to  be 

r a t e - l i m i t i n g  in  e s t é r i f i c a t i o n  in to  c e l l u l a r  a c y lg ly c e ro l s .  A lthough 

th e  mechanism w hereby f a t t y  a c id s  c ro s s  th e  p lasm a membrane in to  th e  

f a t - c e l l  i s  unknown, r e c e n t  s tu d ie s  (269) w ith  i s o l a t e d  h e p a to c y te s  

have im p lic a te d  a p r o te in  found in  th e  cy top lasm  and cap a b le  o f  

b in d in g  f a t t y  a c id s ,  w h i ls t  W right and Green (270) have su g g es ted  

th a t  a  r a p id  d é a c y la t io n - r e a c y la t io n  c y c le  o f  p h o sp h o lip id s  in  th e  

plasm a membrane may be im p o rta n t .  Support f o r  th e  l a t t e r  comes from 

th e  re c e n t  d em o n stra tio n  by G iacobino and Chmelar (271) t h a t  th e  

p lasm a membrane o r  a d ip o c y te s  can a c t iv e ly  e s t e r i f y  f a t t y  a c id s  in to  

p h o sp h o lip id s  and t r i a c y l g l y c e r o l s .

The r e s u l t s  o b ta in e d  in  t h i s  p re s e n t  s tu d y  were c o n s is te n t  w ith  

th e  o p e ra t io n  o f  th e  s n -g ly c e ro l  3 -p hosphate  pathw ay as th e  p r in c ip a l  

mode o f  e s t é r i f i c a t i o n  o f  exogenous f a t t y  a c id s  in to  t r i a c y lg l y c e r o l s  

in  r a t  a d ip o c y te s .  In  agreem ent w ith  th e  r e s u l t s  o f  p re v io u s  s tu d ie s  

w ith  r a t  a d ip o c y te s  (2 4 3 ), ad ip o se  t i s s u e  fragm en ts  (256,272) and 

hom ogenates in  v i t r o  (155 ,212 ,273) and ad ip o se  t i s s u e  in  v iv o  (2 7 4 ), 

t r i a c y lg l y c e r o l s  c o n ta in e d  m ost o f  th e  e s t e r i f i e d  f a t t y  a c id s ,  w ith  

th e  amount re c o v e re d  in  d ia c y lg ly c e ro ls  ex ceed in g  t h a t  in  p h o sp h o lip id s , 

The r e s u l t s  p re s e n te d  in  C hap ter 3, s e c t io n  B su g g e s t t h a t  th e  

h y d ro ly s is  o f  p h o s p h a tid ic  a c id  to  d ia c y lg ly c e ro l  by p h o sp h a tid a te  

phospho h y d ro lase  p ro ceed ed  a t  a h ig h  r a t e  in  th e  i n t a c t  ad ip o cy te  

s in c e  p h o s p h o lip id s ,  and th e r e f o r e  p h o s p h a tid ic  a c id ,  n e v e r  co n ta in e d  

a s i g n i f i c a n t  p ro p o r tio n  o f  th e  t o t a l  e s t e r i f i e d  f a t t y  a c id s .  I t  i s  

no tew o rth y  t h a t  in  s tu d ie s  w ith  ad ip o se  t i s s u e  hom ogenates in  which 

th e  i n t e g r i t y  o f  th e  f a t - c e l l  was l o s t ,  th e  p ro p o r tio n  o f  f a t t y  a c id s  

e s t e r i f i e d  in to  p h o sp h o lip id s  was g e n e ra l ly  r e l a t i v e l y  h ig h  in
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com parison w ith  d ia c y lg ly c e ro ls  a lth o u g h  s t i l l  l e s s  th a n  th e  p ro 

p o r t io n  re c o v e re d  in  t r i a c y lg l y c e r o l s  under optimum c o n d it io n s  fo r  

t r i a c y lg l y c e r o l  s y n th e s is  (1 6 4 ,2 1 2 ,2 7 5 ). The c o n tro l  o f  p h o s p h a tid a te  

phospho h y d ro lase  a c t i v i t y  may th e re f o r e  be d ep en d en t, a t  l e a s t  in  

p a r t ,  on com partm en tation  e f f e c t s  w ith in  th e  c e l l .  S ince  b o th  th e  

s u b s t r a te  and p ro d u c t o f  th e  enzyme a re  p o s s ib ly  membrane-bound 

w ith in  th e  a d ip o c y te , and as b o th  m icrosom al and m ito c h o n d r ia l  forms 

o f  th e  enzyme e x i s t ,  i t  cou ld  be ex p ec ted  t h a t  d is r u p t io n  o f  th e  c e l l  

would le a d  to  changes in  th e  a c t i v i t y  o f  th e  enzym es. Throughout 

t h i s  s tu d y , p h o s p h a tid ic  a c id  n e v e r accum ula ted , r e g a r d le s s  o f  th e  

n a tu re  o f  l ip o g e n ic  p re c u r s o r  and o f  th e  g e n e ra l in c u b a tio n  c o n d itio n s , 

A lthough t h i s  cou ld  have been sim ply  due to  i n e f f i c i e n t  e x t r a c t io n  o f  

th e  p h o s p h o lip id s  from th e  a d ip o c y te s  (276 ), such a p o s s i b i l i t y  was 

u n l ik e ly  s in c e  p r a c t i c a l l y  a l l  th e  r a d io a c t i v i t y  from  th e  la b e l le d  

f a t t y  a c id s  added to  th e  in c u b a tio n  m edia cou ld  be acco u n ted  f o r  in  

th e  l i p i d  e x t r a c t .  I t  can th e r e f o r e  be concluded  th a t  in  th e  i n t a c t  

r a t  a d ip o c y te  u n d er c o n d it io n s  o f  in s u l in - s t im u la te d  l ip o g e n e s is ,  th e  

h y d ro ly s is  o f  p h o s p h a tid ic  a c id  by p h o s p h a tid a te  p h o sphohydro lase  may 

n o t be th e  r a t e - l i m i t i n g  s te p  in  t r i a c y lg l y c e r o l  s y n th e s is ,  b u t 

r a t h e r ,  in  view  o f  th e  ev id en ce  p re s e n te d  below , d ia c y lg ly c e ro l  

a c y l t r a n s f e r a s e . T his a s p e c t w i l l  be d is c u s s e d  f u r t h e r  in  th e  

fo llo w in g  s e c t io n .

The r e s u l t s  p re s e n te d  in  F ig . 3 .3  resem ble  th o s e  o f  o th e r  w orkers 

(243,272) who have lik e w ise  dem o n stra ted  th e  p re se n c e  in  ad ip o se  

t i s s u e  o f  d ia c y lg ly c e r o ls  h av in g  a low tu rn o v e r  r a t e .  However, th e  

s y n th e s is  o f  t r i a c y l g l y c e r o l s ,  p resum ably  v ia  th e  s n -g ly c e ro l  3- 

ph o sp h a te  pathw ay, from exogenous f a t t y  a c id s  p ro ceed ed  a t  a f a s t
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r a t e  [F ig . 3 .4 )  su g g e s tin g  t h a t  d ia c y lg ly c e ro ls  w hich a re  q u ic k ly  

a c y ia te d  to  t r i a c y lg l y c e r o l s  must a ls o  e x i s t  w ith in  th e  a d ip o c y te .

The e x is te n c e  o f  more th a n  one p o o l o f  d ia c y lg ly c e r o ls  i s  n o t  

im p o ss ib le  s in c e  th e  s y n th e s is  o f  d ia c y lg ly c e ro ls  in  b o th  th e  m ito 

c h o n d ria  and m icrosom es (164)^ and more r e c e n t ly  (271) in  th e  plasm a 

membrane o f  ad ip o se  t i s s u e ^ h a s  been d em o n stra ted . As w e ll as t h i s  

p o s s ib le  s e g re g a t io n  o f  d ia c y lg ly c e ro ls  by t h e i r  s y n th e s is  w ith in  

d i f f e r e n t  o r g a n e l le s ,  a poo l o f  d ia c y lg ly c e ro ls  co u ld  o r ig in a te  from 

a p o r t io n  o f  n e w ly -sy n th e s iz e d  t r i a c y lg l y c e r o l s  which i s  h ig h ly  l a b i l e  

and s u s c e p t ib le  to  l i p o ly s i s  (2 7 7 ). However, from  s tu d ie s  o f  th e  

s t r u c t u r e  o f  th e  d ia c y lg ly c e ro ls  formed from n e w ly -sy n th e s iz e d  f a t t y  

a c id s  (C h ap te r 3, s e c t io n  I)  t h i s  h y p o th e s is  does n o t  seem te n a b le .  

A l te r n a t iv e ly ,  Winand e t  a l  (243) have su g g es ted  t h a t  th e  h ig h  s p e c i f i c  

a c t i v i t y  o f  d ia c y lg ly c e r o ls  formed by r a t  a d ip o c y te s  in c u b a te d  w ith  

la b e l le d  a c e ta te  o r  p a lm i ta te ,  may be due to  th e  s y n th e s is  o f  

d ia c y lg ly c e r o ls  w hich a re  n o t u sed  fo r  t r i a c y lg l y c e r o l  s y n th e s is  b u t 

which a re  r a p id ly  b roken  down by l i p o l y s i s .  Angel (278 ,279 ,280 ) 

advoca ted  t h a t  ap p ro x im ate ly  20% o f  new ly s y n th e s iz e d  d ia c y lg ly c e ro ls  

was n o t a c y ia te d  im m ed ia te ly  to  t r i a c y lg l y c e r o l s  b u t was t r a n s f e r r e d  

to  th e  l i p i d  s to ra g e  d r o p le t .  F u rth erm o re , d ia c y lg ly c e r o ls  formed 

w ith in  th e  f a t - c e l l  may be se g re g a te d  on th e  b a s is  o f  th e  o r ig in  o f  

th e  f a t t y  a c id s  u sed  in  t h e i r  s y n th e s is ,  w ith  d ia c y lg ly c e r o ls  formed 

from exogenous f a t t y  a c id s  b e in g  s e p a ra te d  from th o se  form ed u s in g  

e n d o g e n o u s ly -sy n th e s iz e d  f a t t y  a c id s .  The f a c t  t h a t  e x t r a c e l l u l a r  

f a t t y  a c id s  may n o t  mix w ith  i n t r a c e l l u l a r  f a t t y  a c id s  in  ad ip o se  

t i s s u e  (243 ,268) le n d s  su p p o rt to  such a co n ce p t.

I t  would th e r e f o r e  app ea r t h a t  a lth o u g h  d ia c y lg ly c e r o ls  accoun t
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f o r  l e s s  th a n  1% o f  th e  t o t a l  l i p i d  in  th e  f a t - c e l l  (2 8 1 ), th e y  may 

be o f  more m e ta b o lic  im portance  th a n  i s  im p lie d  in  th e  r o le  u s u a l ly  

a s c r ib e d  to  them o f  a s h o r t - l i v e d  in te rm e d ia te  in  t r i a c y lg l y c e r o l  

s y n th e s is .

In  many p re v io u s  s tu d ie s  on th e  u p tak e  and e s t é r i f i c a t i o n  o f  

lo n g -c h a in  f a t t y  a c id s  by ad ip o se  t i s s u e  b o th  in  Vivo (274) and 

in  v i t r o  (267 ,268 ,282 ) th e  in c o rp o ra t io n  o f  s in g le  f a t t y  a c id s ,  su p p lie d  

in d iv id u a l ly  o r  a t  b e s t  in  th e  p re se n c e  o f  on ly  one o th e r  f a t t y  a c id ,  

in to  t o t a l  n e u t r a l  l i p i d  was exam ined. The t r u e  r a t e s  o f  f a t t y  a c id  

e s t é r i f i c a t i o n  in to  d i f f e r e n t  a c y lg ly c e ro ls  a re  n o t  obv ious from such  

s tu d ie s ,  and s in c e  more th a n  two d i f f e r e n t  f a t t y  a c id s  a re  n o rm ally  

a v a i la b le  to  th e  f a t - c e l l  from th e  p lasm a, th e  r e s u l t s  o b ta in e d  in  

th e s e  s tu d ie s  may n o t t r u l y  r e f l e c t  th e  n a tu r a l  s i t u a t i o n .  For t h i s  

re a s o n , th e  e s t é r i f i c a t i o n  o f  f a t t y  a c id s  p re s e n te d  to  th e  ad ip o c y te s  

as components o f  a m ix tu re  o f  fo u r  f a t t y  a c id s  o f  a  com position  

d es ig n ed  to  s im u la te  t h a t  found n a t u r a l l y  was compared w ith  t h a t  o f  

th e  same f a t t y  a c id s  s u p p lie d  in d iv id u a l ly .  By c o r r e c t in g  th e  r e s u l t s  

o b ta in e d  w ith  l a b e l le d  f a t t y  a c id s  s u p p lie d  as p a r t  o f  a f a t t y  a c id  

m ix tu re  to  th e  s i t u a t i o n  i f  th e  la b e l le d  f a t t y  a c id  com prised  100% o f  

th e  m ix tu re , d i f f e r e n c e s  due to  th e  i n i t i a l  amount o f  f a t t y  a c id  

su p p lie d  were removed, a llo w in g  th e  e f f e c t  o f  th e  p re se n c e  o f  o th e r  

f a t t y  a c id s  on th e  r a t e  o f  e s t é r i f i c a t i o n  o f  a p a r t i c u l a r  f a t t y  a c id  

to  be s tu d ie d .

The d e te rm in a tio n  o f  th e  t r u e  r a t e  o f  exogenous f a t t y  a c id  

e s t é r i f i c a t i o n  by ad ip o se  t i s s u e  i s  co m p lica ted  by th e  f a c t  t h a t  f a t t y  

a c id s  r e le a s e d  from th e  f a t - c e l l s  d i l u t e  th e  e x t r a c e l l u l a r  f a t t y  a c id s  

and th u s  co n cea l th e  a c tu a l  c o n c e n tra t io n s  o f  f a t t y  a c id s  a v a i la b le
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f o r  e s t é r i f i c a t i o n .  The c o n t r ib u t io n  o f  u n e s t e r i f i e d  f a t t y  a c id s  

r e le a s e d  by th e  a d ip o c y te s  would be sm all in  r e l a t i o n  to  th e  ImM 

f a t t y  a c id  c o n c e n tra t io n  employed th ro u g h o u t t h i s  s tu d y . Saggerson 

(283) showed t h a t ,  as a r e s u l t  o f  d i l u t io n  o f  exogenous s u b s t r a t e ,  

th e  amount o f  e x t r a c e l l u l a r  p a lm i t ic  a c id ,  o f  i n i t i a l  c o n c e n tra t io n  

0 . ImM, in c o rp o ra te d  by a d ip o c y te s  in to  a c y lg ly c e ro ls  p e r  100 yg DNA 

in  any g iven  tim e , v a r ie d  w ith  th e  c o n c e n tra t io n  o f  c e l l s  p r e s e n t .

The r e s u l t s  o f  p a s t  s tu d ie s  in  which low c o n c e n tra t io n s  o f  exogenous 

f a t t y  a c id  s u b s t r a te s  were employed f o r  th e  s tu d y  o f  l ip o g e n e s is  in  

ad ip o se  t i s s u e  may th e r e f o r e  be u n r e l i a b le .

The f in d in g  t h a t  in c u b a tin g  a  f a t t y  a c id  in  th e  p re se n c e  o f  

o th e rs  made no d i f f e r e n c e  to  i t s  r a t e  o f  in c o rp o ra t io n  in to  t o t a l  

l i p i d  su g g e s te d  t h a t  f a t t y  a c id s  d id  n o t  compete f o r  e s t é r i f i c a t i o n  

o r  e n t ry  in to  th e  a d ip o c y te . However, th e  d i f f e r e n c e s  o b serv ed  betw een 

f a t t y  a c id s  in  t h e i r  r a t e s  o f  e s t é r i f i c a t i o n  s e p a r a te ly  in to  t r i a c y l 

g ly c e r o ls ,  d ia c y lg ly c e r o ls  and p h o sp h o lip id s  when s u p p lie d  as a m ix tu re  

(F ig . 3 .6 )  su g g e s te d  t h a t  th e  a c y l t r a n s f e r a s e  enzymes d id  have some 

s u b s t r a te  p re fe re n c e s  w hich would n o t  be e v id e n t when th e  la b e l le d  

f a t t y  a c id  was s u p p lie d  a lone  a t  h ig h  c o n c e n tra t io n . A s in g le  f a t t y  

a c id  a t  a h ig h  c o n c e n tra t io n  in  th e  medium co u ld  be e x p ec ted  to  swamp 

any endogenous c o m p e tit iv e  s u b s t r a te s  f o r  a c y l t r a n s f e r a s e s  and le a d  to  

th e  fo rm atio n  o f  u n n a tu ra l  t r i a c y lg l y c e r o l s .  The f in d in g  th a t  

e s s e n t i a l l y  t r ip a lm i to y lg ly c e r o l  was sy n th e s iz e d  by a d ip o c y te s  when 

p a lm i t ic  a c id  was su p p lie d  on i t s  own (T able 3 .6 ) su p p o r ts  t h i s  

s ta te m e n t and em phasizes t h a t  a m ix tu re  o f  f a t t y  a c id s  sh o u ld  be 

u sed  in  p re fe re n c e  to  a s in g le  f a t t y  a c id  in  s tu d ie s  on t r i a c y lg l y c e r o l  

s y n th e s is .  The h ig h  r a t e  a t  which exogenous o l e i c  a c id  was e s t e r i f i e d
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in to  t r i a c y lg l y c e r o l s  when s u p p lie d  in  th e  p re se n c e  o f  o th e r  f a t t y  

a c id s  was in  keep in g  w ith  i t s  b e in g  th e  p r in c ip a l  f a t t y  a c id  in  r a t  

ad ip o c y te  t r i a c y lg l y c e r o l s  (T ab le  3 .2 ) .  The e x te n t  to  w hich th e  r a p id  

in c o rp o ra t io n  o f  o le i c  a c id  in to  t r i a c y lg l y c e r o l s  r e l a t i v e  to  o th e r  

f a t t y  a c id s  (F ig . 3 .6 ) was a t t r i b u t a b l e  to  th e  s u b s t r a t e  p re fe re n c e s  

o f  d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  i s  u n c e r ta in  s in c e  Coleman and B ell 

(180) showed t h a t  o le o y l CoA was a p p a re n tly  a  p o o r s u b s t r a te  f o r  th e  

enzyme p u r i f i e d  from ad ip o se  t i s s u e .  However, s tu d ie s  in  v i t r o  w ith  

d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  may n o t  be w ho lly  r e p r e s e n ta t iv e  o f  

th e  s i t u a t i o n  in  v iv o  s in c e  th e  com position  and co n fo rm atio n  o f  th e  

n a tu r a l  d ia c y lg ly c e ro l  s u b s t r a t e  f o r  th e  enzyme a re  unknown and th e  

p h y s ic a l  p r o p e r t i e s  o f  b o th  d ia c y lg ly c e ro ls  and acylCoA’ s in  v i t r o  

may n o t resem b le  th o s e  when a s s o c ia te d  w ith  s u b c e l lu la r  membranes in  

th e  n a tu r a l  s t a t e .  The low r a t e  o f  e s t é r i f i c a t i o n  o f  s t e a r i c  a c id  

in to  t r i a c y lg l y c e r o l s  (F ig . 3 .6 ) i s  in  keep ing  w ith  th e  r e s u l t s  o f  

o th e r  s tu d ie s  in  v iv o  (274) and in  v i t r o  (284) w ith  ad ip o se  t i s s u e  in  

which s t e a r i c  a c id  was found to  be e s t e r i f i e d  in to  n e u t r a l  l i p i d  a t  

a low er r a t e  th a n  were o th e r  f a t t y  a c id s .

D iffe re n c e s  in  th e  r a t e s  o f  e s t é r i f i c a t i o n  o f  f a t t y  a c id s  in to  

t r i a c y lg l y c e r o l s  may have been due to  c o m p e titio n  betw een f a t t y  a c id s  

to  a c t  as s u b s t r a te  f o r  acylCoA s y n th e ta s e .  A part from  th e  f a c t  t h a t  

i t  had g r e a t e s t  a c t i v i t y  tow ards p a lm it ic  a c id  in  hom ogenates o f  th e  

t i s s u e  (1 7 2 ), l i t t l e  i s  known o f  th e  s u b s t r a te  s p e c i f i c i t y  o f  th e  

f a t t y  a c id  a c t iv a t io n  enzyme in  ad ip o se  t i s s u e .  C o n f l ic t in g  

in fo rm a tio n  i s  a v a i la b le  co n ce rn in g  th e  s p e c i f i c i t y  o f  acylCoA 

s y n th e ta s e  in  r a t  l i v e r  m icrosom es. Bar-Tana e t  a l  (285) found th a t  

p a lm it ic  and s t e a r i c  a c id s  se rv e d  e q u a l ly  w e ll as s u b s t r a te s  w ith  th e
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enzyme h av in g  a  much low er s p e c i f i c i t y  tow ards o l e i c  and l i n o l e i c  

a c id s  w hereas o th e r  w orkers (286) have r e p o r te d  t h a t  th e  r a t e  o f  

a c t iv a t io n  o f  s t e a r i c  a c id  was o n ly  h a l f  t h a t  o f  p a lm i t ic  a c id .

The low r a t e  o f  e s t é r i f i c a t i o n  o f  exogenous f a t t y  a c id s  in  th e  

absence o f  g lu c o se  (F ig . 3 .15 ) r e f l e c t e d  th e  lo n g -e s ta b l is h e d  

req u ire m en t f o r  g lu c o s e -d e r iv e d  s n -g ly c e ro l  3 -p h o sp h a te  f o r  t r i a c y l 

g ly c e ro l  s y n th e s is  v ia  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay in  th e  

f a t - c e l l .  O ther w orkers have a ls o  n o te d  a red u ced  u p ta k e  and 

e s t é r i f i c a t i o n  o f  f a t t y  a c id s  by a d ip o se  t i s s u e  in  v i t r o  (267,287) 

when th e  medium c o n ta in e d  no g lu c o se , and a d ip o c y te s  i s o l a t e d  from 

f a s te d  r a t s  a re  known (275) to  e s t e r i f y  lo n g -c h a in  f a t t y  a c id s  a t  a 

low er r a t e  th a n  th o s e  from fed  r a t s .  Whereas B a lly  e t  a l  (260) 

found th a t  th e  amount o f  p a lm it ic  a c id  e s t e r i f i e d  in c re a s e d  w ith  

in c re a s in g  g lu c o se  c o n c e n tra t io n  up to  5mM, th e  r a t e  o f  f a t t y  a c id  

e s t é r i f i c a t i o n  in  th e  r e s u l t s  now re p o r te d  was in d e p en d en t o f  g lu co se  

c o n c e n tra t io n s  in  ex ce ss  o f  5mM. A lthough t h i s  m igh t in d ic a te  t h a t  

a t  h ig h  g lu c o se  c o n c e n tra t io n s  th e  p ro d u c tio n  o f  g ly c e ro l  3 -phosphate  

m ight be r a t e - l i m i t i n g  in  th e  s y n th e s is  o f  t r i a c y lg l y c e r o l s  from 

exogenous f a t t y  a c id s ,  Denton and H a lp e rin  (288) concluded  t h a t  th e  

r a t e  o f  t r i a c y lg l y c e r o l  s y n th e s is  was n o t d e te rm in ed  s o le ly  by th e  

a v a i l a b i l i t y  o f  g ly c e ro l  3 -p h o sp h a te  o r  f a t t y  a c id s  in  r a t  ad ip o se  

t i s s u e  in  v i t r o .

The r a t e  o f  e s t é r i f i c a t i o n  o f  exogenous f a t t y  a c id s  in to  t r i a c y l 

g ly c e ro ls  by r a t s  o f  b o th  ages s tu d ie d  was found to  be ind ep en d en t o f  

a c e ta te  c o n c e n tra t io n  (F ig . 3 .16  and Table 3 .25 ) and m ight in d ic a te  

t h a t  no co m p e titio n  f o r  CoA e x i s t s  betw een f a t t y  a c id s  and a c e ta te .  

A lthough th e  a c t i v i t y  o f  cy to p lasm ic  acetylC oA  s y n th e ta s e  i s  known (66)
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to  in c re a s e  in  ad ip o se  t i s s u e  o f  r a t s  fed  a h ig h  ca rb o h y d ra te  d i e t ,  

th e  e f f e c t  o f  d ie t a r y  f a t  on th e  enzyme has n o t  been in v e s t ig a te d .

The r e s u l t s  p re s e n te d  in  C hap ter 3, s e c t io n  C d em o n stra ted  t h a t  

th e  A 9 -d e sa tu ra se  a c t i v i t y  known to  be p r e s e n t  in  i n t a c t  r a t  ad ip o se  

t i s s u e  (90 ,256) was a ls o  a p ro p e r ty  o f  i s o l a t e d  f a t - c e l l s .  The e x te n t  

to  which s t e a r i c  a c id  s u p p lie d  as a  component o f  a f a t t y  a c id  m ix tu re  

was d e s a tu r a te d  was com parable w ith  t h a t  found by C h r i s t i e  and Vernon 

(256) in  s tu d ie s  w ith  r a t  ad ip o se  t i s s u e  s l i c e s .  The h ig h e r  r a t e  o f  

d e s a tu r a t io n  found w ith  s t e a r i c  a c id  s u p p lie d  a lo n e  (F ig . 3 .7 ) was in  

keep ing  w ith  th e  ev id en ce  p ro v id e d  by o th e r  w orkers (289,290) t h a t  th e  

d e s a tu r a t io n  o f  s t e a r i c  a c id  i s  r e l a t e d  to  th e  amount o f  s u b s t r a te  

a v a i la b le  and t h a t  u n s a tu ra te d  f a t t y  a c id s ,  in  p a r t i c u l a r  th o se
V

c o n ta in in g  two o r  more double bonds, a re  e f f e c t iv e  in h i b i to r s  o f  th e  

d e s a tu ra s e  system .

I t  i s  n o tew o rth y  th a t  p r a c t i c a l l y  a l l  th e  o le ic  a c id  r e s u l t in g  

from th e  d e s a tu r a t io n  o f  s t e a r i c  a c id  was found e s t e r i f i e d  in  a c y l

g ly c e ro ls  (F ig . 3 .7 ) w ith  v e ry  l i t t l e  p re s e n t  as u n e s t e r i f i e d  f a t t y  

a c id .  As w e ll as su g g e s tin g  th a t  acylCoA h y d ro la s e  had  low a c t i v i t y  

u nder th e  c o n d i t io n s  em ployed, t h i s  m ight a ls o  be ta k e n  as an in d ic a t io n  

o f  a c lo se  r e l a t i o n s h ip  betw een th e  d e s a tu ra se  system  and th e  a c y l-  

t r a n s f e r a s e s ,  p ro b a b ly  a t t r i b u t a b l e  to  t h e i r  c e l l u l a r  lo c a t io n s .

The f a c t  t h a t  th e  n e w ly -sy n th e s iz e d  o le ic  a c id  was p red o m in an tly  

e s t e r i f i e d  in to  p o s i t io n  sn -3  (T ab le 3 .4 ) ,  th e  p o s i t i o n  which i s  th e  

l a s t  to  be a c y ia te d  in  t r i a c y lg l y c e r o l  s y n th e s is  v ia  th e  s n -g ly c e ro l  

3-p h o sp h a te  pathw ay, m ight in d ic a te  t h a t  th e  r a t e  o f  s tearoy lC oA  

d e s a tu r a t io n  in f lu e n c e d  th e  r a t e  o f  t r i a c y lg l y c e r o l  s y n th e s is  by a c t in g  

a t  th e  d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  s te p .  The r e s u l t s  o f  Wahle (291)
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su p p o rte d  t h i s  su g g e s tio n  in  th a t  sheep l i v e r  had  low r a t e s  o f  b o th  

d e s a tu r a t io n  and t r i a c y lg l y c e r o l  s y n th e s is  w hereas in  hen l i v e r  a 

h ig h  d e s a tu r a t io n  a c t i v i t y  co rresp o n d ed  w ith  a h ig h  r a t e  o f  t r i a c y l 

g ly c e ro l  s y n th e s is .  A d i r e c t  r e l a t io n s h ip  betw een th e  r a t e s  o f  s t e a r i c  

a c id  d e s a tu r a t io n  and t r i a c y lg l y c e r o l  s y n th e s is  h as  a ls o  been  demon

s t r a t e d  in  b o v in e  mammary t i s s u e  by K in s e lla  (221) who found o le ic  a c id  

form ed by th e  d e s a tu r a t io n  o f  s t e a r i c  a c id  to  be e s t e r i f i e d  p r e f e r e n t i a l l y  

in to  th e  p rim ary  p o s i t io n s  which he su g g es ted  m ight be p o s i t io n  sn -3  

in  p a r t i c u l a r .

A f u r th e r  p o s s ib le  co n n e c tio n  betw een d e s a tu r a t io n  and t r i a c y l 

g ly c e ro l  s y n th e s is  may be t h e i r  m utual c o n tro l  by non-enzym ic p r o te in  

f a c t o r s .  R oncari and Mack (292) have d em o n stra ted  in  th e  cy top lasm  

o f  r a t  ad ip o se  t i s s u e  th e  e x is te n c e  o f  two p r o te i n s ,  th e  p re se n c e  o f 

which in c re a s e d  th e  r a t e  o f  fo rm atio n  o f  t r i a c y lg l y c e r o l s  from 

d ia c y lg ly c e r o ls  by m icrosom es. S im ila r ly  a p r o te in  f a c t o r  which i s  

lo o s e ly  a s s o c ia te d  w ith  th e  microsomes in  r a t  l i v e r ,  h a s  been shown 

(97) to  be n e c e s s a ry  f o r  th e  d e s a tu r a t io n  o f  s t e a r i c  a c id .  I t  i s  

n o tew o rth y  t h a t  t h i s  l a t t e r  p r o t e i n ,  l i k e  one o f  th o se  im p lic a te d  in  

t r i a c y lg l y c e r o l  s y n th e s is  by R oncari and Mack (2 9 2 ), was in a c t iv a te d  

by h e a t  and by t r y p s in  d ig e s t io n .  T his e v id e n c e , a lth o u g h  somewhat 

te n u o u s , p e rm its  a s p e c u la t io n  th a t  c lo s e l y - r e la t e d  p r o te in  f a c to r s  

m ight in f lu e n c e  b o th  th e  des a tu r a t io n  o f  s t e a r i c  a c id  and th e  in c o r 

p o ra t io n  o f  th e  r e s u l t i n g  o le ic  a c id  in to  t r i a c y lg l y c e r o l  by d ia c y l 

g ly c e ro l  a c y l t r a n s f e r a s e .  However, th e  manner in  w hich such p r o te in  

f a c to r s  co u ld  e x e r t  c o n t ro l  o v er th e se  p ro c e s s e s  i s  u n c e r ta in ,  b u t 

cou ld  f e a s ib ly  in v o lv e  th e  b in d in g  o f  f a t t y  a c id s  o r  f a t t y  acy lC oA 's.

W u-Rideout e t  a l  (269) have su g g e s te d  th a t  a p r o t e i n ,  cap a b le  o f
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b in d in g  f a t t y  a c id s ,  enhances th e  e s t é r i f i c a t i o n  o f  lo n g -c h a in  f a t t y  

a c id s  in to  t r i a c y lg l y c e r o l s  in  r a t  h e p a to c y te s . S p e c i f ic  b in d in g  o f  

f a t t y  acylC oA 's m ight p e rh ap s remove problem s w hich would o th e rw ise  

be e n co u n te red  by th e  fo rm atio n  o f  m ic e lle s  (2 9 3 ). C a ffre y  and 

K in s e lla  (294) have r e c e n t ly  p o in te d  o u t th e  d i f f i c u l t i e s  caused  by 

m ic e lle  fo rm a tio n  and th e  n o n - s p e c if ic  b in d in g  o f  s u b s t r a t e s ,  in  th e  

i n t e r p r e t a t i o n  o f  r e s u l t s  o b ta in e d  w ith  s tu d ie s  in  v i t r o  o f  membrane- 

bound a c y l t r a n s f e r a s e s .

D e s a tu ra t io n  o f  exogenous s t e a r i c  and th e  su b seq u en t e s t é r i f i c a t i o n  

o f  th e  r e s u l t i n g  o l e i c  a c id  in to  p o s i t io n  sn -3  p red o m in an tly , a l t e r e d  

m arkedly  th e  com p o sitio n  o f  t h a t  p o s i t io n  and m ight c o n ce iv ab ly  p la y  

some p a r t  in  c o n t r o l l i n g  th e  r a t e  o f  t r i a c y lg l y c e r o l  s y n th e s is  in  r a t  

a d ip o c y te s . F u r th e r  s tu d ie s  w ith  ad ip o c y te s  u s in g  la b e l l e d  g lu c o se  as 

a p re c u r s o r  o f  g ly c e r id e - g ly c e r o l , an exogenous f a t t y  a c id  m ix tu re  

and s t e r c u l i c  a c id ,  a cy c lop ropene  a c id  which does n o t  a f f e c t  th e  

s y n th e s is  de novo o f  endogenous o l e i c  a c id  from low m o le c u la r  w eigh t 

p re c u rs o rs  b u t does i n h i b i t  i t s  fo rm atio n  by th e  d e s a tu r a t io n  o f  

p reform ed  s t e a r i c  a c id  (2 9 5 ,2 9 6 ,2 9 7 ), may y ie ld  in fo rm a tio n  on th e  

r e l a t io n s h ip  betw een s t e a r i c  a c id  d e s a tu r a t io n  and t r i a c y lg l y c e r o l  

s y n th e s is .

The f a t t y  a c id  com position  o f  a d ip o c y te  t r i a c y lg l y c e r o l s  found 

in  t h i s  s tu d y  (T ab le 3 .2 ) ag reed  re a so n a b ly  c lo s e ly  w ith  t h a t  o f  

t r i a c y lg l y c e r o l s  e x t r a c te d  from i n t a c t  r a t  a d ip o se  t i s s u e  by o th e rs  

(7 8 ).

The n a tu r a l  p a t t e r n  o f  f a t t y  a c id s  p r e s e n t  in  each p o s i t io n  o f  

t r i a c y l - s n - g ly c e r o l s  from a d ip o c y te s  (T able 3 .2 )  d i f f e r e d  s l i g h t l y  

from t h a t  r e p o r te d  by B ro ck erh o ff e t  a l  (197) f o r  i n t a c t  r a t  ad ip o se
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t i s s u e ,  in  t h a t  p a lm i t ic  a c id  a p p a re n tly  acco u n ted  f o r  a much h ig h e r  

p ro p o r tio n  o f  th e  f a t t y  a c id s  in  p o s i t io n  sn -1  o f  th e  fo rm er. This 

d isc re p a n c y  m ight have been  r e l a t e d  to  th e  f a c t  t h a t  th e  ad ip o se  t i s s u e  

an a ly se d  by B ro ck erh o ff and co -w orkers  (197) was ta k e n  from subcu taneous 

and i n t e s t i n a l  s i t e s  in  th e  an im a l, which c o n ta in e d  low er p ro p o r tio n s  

o f  p a lm i t ic  a c id  th a n  th e  p a ra m e tr ia l  t i s s u e  used  h e r e .  In  ru m in an ts , 

s a tu r a te d  f a t t y  a c id s  o f  exogenous o r ig in  were known to  be p r e f e r e n t i a l l y  

a s s im i la te d  in  th e  i n t e r n a l  ad ip o se  depo ts  such as p a ra m e tr ia l  ad ip o se  

t i s s u e ,  w hereas th e  f a t t y  a c id s  o f  subcu taneous a d ip o se  t i s s u e  were 

d e r iv e d  la r g e ly  by endogenous s y n th e s is  (2 9 8 ). A s im i la r  r e l a t io n s h ip  

may e x i s t  in  th e  r a t .

The non-random  d i s t r i b u t i o n  o f  f a t t y  a c id s  o v e r th e  th r e e  p o s i t io n s  

o f  n a t u r a l  t r i a c y l - s n -g ly c e ro ls  from ad ip o c y te s  w ith  p o s i t io n  sn -1  

b e in g  th e  m ost s a tu r a t e d  and p o s i t io n  sn-2  c o n ta in in g  a p reponderance  

o f  u n s a tu ra te d  f a t t y  a c id s  (T able 3 .3 ) ,  was t y p i c a l  o f  t r i a c y lg l y c e r o l s  

from th e  ad ip o se  t i s s u e  o f  most anim al s p e c ie s  (1 9 1 ). S im ila r  p ro 

p o r t io n a l  d i s t r i b u t i o n s  o f  f a t t y  a c id s  o v e r th e  th r e e  p o s i t io n s  were 

found in  t r i a c y l - s n - g ly c e r o l s  e x t r a c te d  from r a t  a d ip o se  t i s s u e  s l i c e s  

(256 ).

The r e s u l t s  o b ta in e d  f o r  th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  exogenous 

f a t t y  a c id s  in  t r i a c y lg l y c e r o l s  formed in  v i t r o  by a d ip o c y te s  (T able 

3 .4 ) resem b led  th o se  r e p o r te d  f o r  s im i la r  s tu d ie s  w ith  ad ip o se  t i s s u e  

s l i c e s  (256) and hom ogenates (212).

The e x te n t  to  which th e  p o s i t i o n a l  d i s t r i b u t i o n s  o f  exogenous 

f a t t y  a c id s  in  th e  t r i a c y lg l y c e r o l s  were a t t r i b u t a b l e  s o le ly  to  th e  

s p e c i f i c i t i e s  o f  th e  a c y l t r a n s f e r a s e s  i s  u n c e r ta in .  A lthough th e re  

were g e n e ra l s i m i l a r i t i e s  betw een th e  p o s i t io n in g  o f  exogenous f a t t y  

a c id s  found h e re  and t h e i r  n a tu r a l  d i s t r i b u t i o n  in  r a t  a d ip o cy te
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t r i a c y lg l y c e r o l s  (T able 3 .4  c f .  Table 3 .3 ) ,  th e  f a c t  t h a t  th e y  d id  

n o t  ag ree  e x a c t ly  would su g g e s t t h a t  some f a c t o r  in  a d d i t io n  to  th e  

s p e c i f i c i t i e s  o f  th e  a c y la t io n  enzymes p la y e d  a r o le  in  th e  fo rm atio n  

o f  th e  asym m etric s t r u c t u r e  o f  t r i a c y lg l y c e r o l s .  S tokes e t  a l  (211) 

d em o n stra ted  t h a t  in c o rp o ra t io n  o f  p a lm it ic  and s t e a r i c  a c id s  in to  

p o s i t io n  sn -2  o f  t r i a c y l - s n - g ly c e r o l s  by combined m icrosom al- 

c y to p la sm ic  p r e p a ra t io n s  o f  a d ip o se  t i s s u e  from s e v e ra l  s p e c ie s  was 

com parable w ith  t h e i r  n a tu r a l  d i s t r i b u t io n  in  t h a t  p o s i t i o n ,  and 

su g g e s te d  t h a t  th e  non-random  d i s t r i b u t io n  o f  f a t t y  a c id s  in  t r i a c y l 

g ly c e ro ls  was governed by th e  s p e c i f i c i t y  o f  m icrosom al a c y l t r a n s f e r a s e s  

tow ards th e  acylCoA s u b s t r a te .  However, i t  i s  n o t ic e a b le  from t h e i r  

d a ta  t h a t ,  a lth o u g h  th e  in c o rp o ra tio n  o f  o l e i c  a c id  in to  p o s i t io n  sn-2  

by m icrosom es from r a t  ad ip o se  t i s s u e  was id e n t i c a l  to  i t s  n a tu r a l  

o ccu rren c e  in  t h a t  p o s i t i o n ,  th e  p e rc e n ta g e  o f  e s t e r i f i e d  p a lm ita te  

in  p o s i t i o n  sn -2  was a lm o st h a l f  th e  norm al v a lu e . F u rth erm o re , t h e i r  

s tu d ie s  d id  n o t  e s t a b l i s h  w hether th e  f a t t y  a c id s  w ere e s t e r i f i e d  in to  

p o s i t io n s  sn -1  and sn -3  in  p ro p o r t io n s  re sem b lin g  t h e i r  n a tu r a l  

d i s t r i b u t i o n .  In  c o n t r a s t ,  th e  same w orkers (213) have p ro v id e d  

ev id en ce  t h a t  in  p ig  ad ip o se  t i s s u e  a f a c to r  may e x i s t  which can con

t r o l  th e  s p e c i f i c i t y  w ith  w hich p a lm it ic  a c id  i s  e s t e r i f i e d  in to  

t r i a c y lg l y c e r o l s  by th e  a c y l t r a n s f e r a s e s .

However, th e  d i f f e r e n c e s  betw een th e  d i s t r i b u t i o n  o f  exogenous 

f a t t y  a c id s  and th e  n a tu r a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  a d ip o c y te  

t r i a c y lg l y c e r o l s  may a ls o  be a s s o c ia te d  w ith  th e  f a c t  t h a t  th e  concen

t r a t i o n  o f  in d iv id u a l  f a t t y  a c id s ,  even when s u p p lie d  as a m ix tu re , 

may n o t have been optimum f o r  t h e i r  e s t é r i f i c a t i o n  in to  t r i a c y lg l y c e r o l s  

Benson and Emery (299) found th a t  w ith  hom ogenates o f  bov ine  ad ip o se
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t i s s u e  th e  c o n c e n tra t io n  o f  a f a t t y  a c id  r e q u ire d  f o r  i t s  maximum 

r a t e  o f  e s t é r i f i c a t i o n  in to  n e u t r a l  l i p i d  was d i f f e r e n t  f o r  each  f a t t y  

a c id  s tu d ie d ,  and more r e c e n t  s tu d ie s  w ith  hom ogenates o f  r a t  ad ip o se  

t i s s u e  (212) re v e a le d  th a t  th e  optimum c o n c e n tra t io n  o f  p a lm i t ic  a c id  

f o r  i t s  e s t é r i f i c a t i o n  in to  t o t a l  a c y lg ly c e ro ls  was a c tu a l ly  h ig h e r  

th a n  t h a t  r e q u ir e d  f o r  maximum in c o rp o ra t io n  in to  t r i a c y lg l y c e r o l s .

B je rve e t  a l  (300) d em o n stra ted  t h a t  d i f f e r e n t  a c y l t r a n s f e r a s e s  e x is te d  

f o r  th e  s y n th e s is  o f  p h o s p h a tid ic  a c id  in  m ito c h o n d ria  and microsom es 

o f  r a t  l i v e r ,  and t h a t  th e  c o n c e n tra t io n  o f  a f a t t y  acylCoA may be 

more im p o rta n t in  c o n t r o l l in g  i t s  d i s t r i b u t i o n  in  p h o s p h a tid ic  a c id  

form ed by m ito ch o n d ria  th a n  in  p h o s p h a tid ic  a c id  form ed by m icrosom es.

The c o n c e n tra t io n  o f  th e  acylCoA a c c e p to r  a ls o  in f lu e n c e d  th e  s p e c i f i c i t y  

o f  th e  f a t t y  a c id  d i s t r i b u t i o n  in  p h o s p h a tid ic  a c id  form ed by r a t  l i v e r  

m icrosom es (3 0 1 ). A s im i la r  c o n c e n tra tio n -d e p e n d e n t e f f e c t  m ight 

o ccu r in  ad ip o se  t i s s u e  w hich i s  a ls o  known to  be ca p a b le  o f  p ro d u c in g  

p h o s p h a tid a te  in  b o th  m ito c h o n d ria  and m icrosomes (1 5 6 ).

A c lo s e r  agreem ent betw een th e  p o s i t i o n a l  d i s t r i b u t i o n  o f  

exogenous f a t t y  a c id s  and th e  n a tu r a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  

ad ip o c y te  t r i a c y lg l y c e r o l s  cou ld  p o s s ib ly  have been  a t t a in e d  by 

in c u b a tin g  th e  f a t - c e l l s  w ith  a  f a t t y  a c id  m ix tu re  o f  which th e  com

p o n en ts  and t h e i r  p ro p o r t io n s  were id e n t i c a l  to  th o se  u n e s t e r i f i e d  

f a t t y  a c id s  s u p p lie d  by th e  p lasm a; t h i s  d a ta  was n o t  r e a d i ly  

a c c e s s ib le  and in  any case  would p ro b a b ly  be h ig h ly  v a r i a b le .  E f f e c ts  

m ed iated  by th e  two p o o ls  o f  album in-bound u n e s t e r i f i e d  f a t t y  a c id s  

which have been  shown (302) to  e x i s t  in  r a t  p lasm a m ight a lso  n o t be 

s u s c e p t ib le  to  c o n t ro l .

The r e s u l t s  o f  T able 3 .4  su g g e s t t h a t  th e  a c y l t r a n s f e r a s e s
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in v o lv e d  in  t r i a c y lg l y c e r o l  s y n th e s is  make a d i s t i n c t i o n  betw een 

o le ic  a c id  o f  exogenous o r ig in  and o le ic  a c id  form ed w ith in  th e  

a d ip o c y te  by th e  d e s a tu r a t io n  o f  exogenous s t e a r i c  a c id .  C h r is t i e  

and Vernon (256) have o b served  a s im i la r  f e a tu r e  in  r a t  ad ip o se  

s l i c e s  a lth o u g h  in  t h e i r  s tu d ie s  o le i c  a c id  r e s u l t i n g  from exogenous 

s t e a r i c  a c id  was p r e f e r e n t i a l l y  e s t e r i f i e d  in to  p o s i t i o n  s n - 2 .

However, t h e i r  r e s u l t s  were o b ta in e d  w ith  o n ly  one anim al w hereas th e  

m easurem ents in  th e  p r e s e n t  s tu d y  were c a r r i e d  o u t w ith  th r e e  

d i f f e r e n t  r a t s  and were th e r e f o r e  p ro b a b ly  more a c c u ra te .  D ia c y l

g ly c e ro l  a c y l t r a n s f e r a s e  and i t s  d ia c y lg ly c e ro l  s u b s t r a t e  in  th e  

a d ip o c y te  a re  p ro b a b ly  bound to  m icrosom al m em branes.(151 ). Brockman

(303) has shown t h a t  th e  r a t e  o f  m icrosom al 1 - a c y l - s n -g ly c e ro l  3- 

p h o sp h a te  a c y l t r a n s f e r a s e  (a ls o  membrane-bound) i s  c o n t ro l le d  by th e  

c o n c e n tra t io n  o f  f a t t y  acylCoA s u b s t r a te  on th e  membrane im m ediate ly  

a d ja c e n t to  th e  enzyme, and d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  may be 

u n d er s im i la r  c o n t ro l .  I f  th e  d e s a tu ra se  sy stem , which i s  a p p a re n tly  

a s s o c ia te d  w ith  m icrosom al membranes (9 8 ), i s  s i t u a t e d  in  c lo se  

p ro x im ity  to  th e  d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  th e n  i t  i s  co n ce iv ab le  

t h a t  th e  oleoylCoA p ro d u c t o f  th e  d e s a tu ra se  i s  p re s e n te d  d i r e c t l y  as 

s u b s t r a te  to  th e  a c y l t r a n s f e r a s e .  Thus i t  co u ld  be e x p ec ted  t h a t  a 

h ig h  p ro p o r tio n  o f  o le ic  a c id  form ed by d e s a tu r a t io n  o f  s t e a r i c  a c id  

would be e s t e r i f i e d  in to  p o s i t io n  sn -3  and t h a t  th e  d e s a tu ra s e  system  

cou ld  in f lu e n c e  th e  r a t e  o f  t r i a c y lg ly c e r o l  s y n th e s is  s im p ly  by 

d e te rm in in g  th e  a v a i l a b i l i t y  o f  s u b s t r a te  f o r  d ia c y lg ly c e ro l  a c y l

t r a n s f e r a s e .  S im i la r ly ,  as  d is c u s s e d  in  th e  n e x t s e c t io n ,  th e  manner 

in  which f a t t y  a c id s  new ly s y n th e s iz e d  from low m o le c u la r  w eigh t 

p re c u r s o r s  were e s t e r i f i e d  may p la y  an im p o rta n t p a r t  in  c o n t r o l l in g
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th e  u l t im a te  com p o sitio n  o f  th e  th r e e  p o s i t io n s  o f  th e  t r i a c y l 

g ly c e ro l  .

The r e s u l t s  p re s e n te d  in  Table 3 .6  in d ic a te d  t h a t  th e  norm al 

s u b s t r a te  p re fe re n c e s  o f  a c y l t r a n s f e r a s e s  were o v e rr id d e n  when th e  

f a t - c e l l  was p re s e n te d  w ith  a s in g le  f a t t y  a c id ,  and t h a t  when o n ly  

a s im p le  f a t t y  a c id  i s  s u p p lie d  to  th e  c e l l  i t  can s y n th e s iz e  a 

co m p ara tiv e ly  unusual t r i a c y lg l y c e r o l  such as t r i p a lm i to y lg ly c e r o l .  

S im i la r ly ,  r a t  a d ip o se  t i s s u e  s l i c e s  in c u b a te d  w ith  ^‘̂ C - la b e lle d  

p a lm i t ic  a c id  were shown by s i l v e r  n i t r a t e  T .L .C . to  e s t e r i f y  most 

o f  th e  l a b e l le d  f a t t y  a c id  in to  t r i p a lm i to y lg ly c e r o l  (H un ter, M .L., 

p e rso n a l com m unica tion).

C. T r ia c y lg ly c e ro l  B io sy n th e s is  from Endogenous F a t ty  A cids

The r e s u l t s  p re s e n te d  in  C hap ter 3 , s e c t io n  B d em o n stra ted  

c l e a r ly  t h a t  i s o l a t e d  r a t  a d ip o c y te s  were c a p a b le  o f  u s in g  a c e ta te  

f o r  l ip o g e n e s is .  A lthough a c e ta te  may be re g a rd e d  as a more p h y s io 

lo g ic a l  s u b s t r a te  f o r  f a t t y  a c id  s y n th e s is  in  rum inan t t i s s u e s  than  

in  th o se  o f  no n -ru m in an t a n im a ls , th e  p re sen ce  in  th e  p lasm a o f  th e  

r a t  o f  a c e ta t e  a t  a c o n c e n tra t io n  o f  0.2mM (304) w ith  a h ig h  tu rn o v e r  

r a t e  (3 0 5 ), in d ic a te d  t h a t  th e  in c u b a tio n  o f  r a t  a d ip o c y te s  w ith  

a c e ta te  d id  n o t  r e p r e s e n t  a w ho lly  u n n a tu ra l s i t u a t i o n .  P rev io u s 

w orkers have lik e w is e  e s ta b l i s h e d  th e  a b i l i t y  o f  r a t  ad ip o se  t i s s u e  

(23 ,2  79,306) and i s o l a t e d  a d ip o c y te s  (243) to  u t i l i s e  a c e ta te  f o r  

f a t t y  a c id  s y n th e s is .

In agreem ent w ith  th e  r e s u l t s  o f  Saggerson  (3 0 7 ), th e  in c o rp o ra tio n
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o f  a c e ta te  i n to  t o t a l  l i p i d  by a d ip o c y te s  (F ig s . 3 .8  and 3 .11 ) d id  

n o t  in c re a s e  l i n e a r l y  w ith  a c e ta te  c o n c e n tra t io n .  AcetylCoA syn

th e ta s e  i s  known to  be cap ab le  o f  h ig h  a c t i v i t y  in  r a t  ad ip o se  t i s s u e

(304) and Winand e t  a l  (273) found t h a t  th e  enzyme was n o t  r a t e -  

l im i t in g  in  th e  s y n th e s is  o f  f a t t y  a c id s  by hom ogenates o f  r a t  ad ip o se  

t i s s u e .  The r a t e - c o n t r o l l i n g  s te p  in  f a t t y  a c id  s y n th e s is  from 

a c e ta te  m ust th e r e f o r e  be e i t h e r  acetylC oA  c a rb o x y la se  o r  f a t t y  a c id  

s y n th e ta s e .

The r e s u l t s  now r e p o r te d  su g g es ted  t h a t  th e  r a t e  o f  f a t t y  a c id  

s y n th e s is  de novo in  r a t  ad ip o se  t i s s u e  d e c re a se d  w ith  th e  age o f  th e  

an im al, s in c e  a te n fo ld  d i f f e r e n c e  was obv ious betw een th e  r a t e s  o f  

a c e ta te  in c o rp o ra t io n  in to  l i p i d  by f a t - c e l l s  p re p a re d  from 150 g and 

280 g r a t s .  S im i la r ly ,  a lth o u g h  th e  use o f  g lu c o se  f o r  l ip o g e n e s is  

d id  n o t  d e c re a se  w ith  age to  th e  same e x te n t  as t h a t  o f  a c e ta t e ,  i t  

was n o te a b le  t h a t  th e  amount o f  g lu c o se  in c o rp o ra te d  in to  a c y lg ly c e ro l  

f a t t y  a c id s  d id  d e c re a se  w h i ls t  th e  p ro p o r tio n  in c o rp o ra te d  in to  th e  

g ly c e ro l  m oiety  a c tu a l ly  in c re a s e d  (T ab les 3 .15  and 3 .16 c f .  3 .19 and 

3 .2 0 ) .  The r a t i o  o f  g lu c o se  in c o rp o ra tio n  in to  f a t t y  a c id s  to  t h a t  

in to  g ly c e ro l  was th e r e f o r e  c h a r a c t e r i s t i c  o f  th e  age o f  th e  r a t  from 

w hich th e  a d ip o c y te s  were p re p a re d , b e in g  h ig h e s t  w ith  young an im a ls .

A lthough th e  in c u b a tin g  c o n d itio n s  were s im i la r ,  th e  maximum 

r a t e s  o f  a c e ta t e  and g lu co se  in c o rp o ra tio n  in to  f a t t y  a c id s  found in  

t h i s  p r e s e n t  s tu d y  were c o n s id e ra b ly  low er th a n  th o se  r e p o r te d  by 

Saggerson (264 ,307) u s in g  a d ip o c y te s  p re p a re d  from r a t s  o f  com parable 

w e ig h t.

The s l i g h t  in c re a s e  in  th e  r a te  o f  f a t t y  a c id  s y n th e s is  from 

g lu co se  o b serv ed  in  th e  p re se n c e  o f  a c e ta te  (T ab les  3 .16  and 3 .20 c f .



127.

3.15 and 3 .19 ) was in  agreem ent w ith  t h a t  n o te d  by o th e rs  (3 0 6 ,3 0 8 ), 

b u t  l e s s  th a n  th a t  re p o r te d  by Saggerson (3 0 7 ), T his in c re a s e d  r a t e  

o f  f a t t y  a c id  s y n th e s is  cou ld  be e x p la in e d  by th e  su g g e s tio n  o f  F l a t t  

and B a ll (308) t h a t  th e  co n v e rs io n  o f  acetylCoA  to  f a t t y  a c id s  was 

n o t  th e  r a t e - l i m i t i n g  f a c to r  in  l ip o g e n e s is  from  g lu c o se . T h e re fo re , 

a lth o u g h  th e  p ro d u c tio n  o f  acetylC oA  from g lu c o se  was p ro cee d in g  a t  o r 

n e a r  i t s  maximum r a t e ,  as shown by th e  f a c t  t h a t  in c re a s in g  g lu co se  

c o n c e n tr a t io n  above 5mM d id  n o t  r e s u l t  in  an in c re a s e  in  g lucose  

in c o rp o ra t io n  in to  f a t t y  a c id s  (T ab les 3 ,15 and 3 ,1 9 ) ,  added a c e ta te  

co u ld  s t i l l  have been in c o rp o ra te d  in to  f a t t y  a c id s  p ro d u c in g  an 

in c re a s e  in  th e  r a t e  o f  t o t a l  f a t t y  a c id  s y n th e s is  and a  sm a lle r  

in c re a s e  in  th e  r a t e  o f  g lu co se  in c o rp o ra tio n  in to  f a t t y  a c id s .

A re d u c t io n  in  th e  r a t e  o f  f a t t y  a c id  s y n th e s is  de novo by th e  

a d ip o c y te  in  th e  p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  a c id s  was d em onstra ted  

by th e  o b s e rv a tio n  th a t  th e  in c o rp o ra tio n  o f  a c e ta te  in to  l i p id s  was 

always d e c re a se d  when th e  in c u b a tio n  medium c o n ta in e d  lo n g -c h a in  f a t t y  

a c id s  (F ig s .  3 ,8  and 3 ,1 1 ) .  T h is reduced  l ip o g e n e s is  from  a c e ta te  may 

have been  a r e s u l t  o f  th e  d i r e c t  in h ib i t i o n  o f  acetylC oA  ca rb o x y la se  

and o th e r  l ip o g e n ic  enzymes by exogenous f a t t y  a c id s  (see  C hap ter 1, 

s e c t io n  B2), A l te r n a t iv e ly ,  c o m p e titio n  betw een f a t t y  a c id s  and 

a c e ta te  f o r  th e  a v a i la b le  CoA cou ld  p ro v id e  an e x p la n a tio n  s in c e  lon g - 

ch a in  f a t t y  acylCoA e s t e r s  a ls o  in h ib i te d  acetylC oA  c a rb o x y la s e . This 

l a t t e r  su g g e s tio n  co u ld  e x p la in  why th e  i n h i b i t i o n  o f  f a t t y  a c id  

s y n th e s is  from a c e ta t e  in  th e  p re sen ce  o f  e x t r a c e l l u l a r  f a t t y  a c id s  

was always le s s  a t  lOmM th a n  a t  0.5raM a c e ta te .  I f  t h i s  were th e  c a s e , 

how ever, th e  e s t é r i f i c a t i o n  r a t e  o f  exogenous f a t t y  a c id s  in to  a c y l

g ly c e ro ls  would be e x p ec ted  to  be low er a t  h ig h  c o n c e n tra t io n s  o f
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a c e ta t e  b ecau se  o f  th e  d im in ish ed  a v a i l a b i l i t y  o f  CoA, As F ig , 3 ,16 

and T able 3 .25 i l l u s t r a t e ,  th e  r a t e s  o f  e s t é r i f i c a t i o n  o f  exogenous 

o le ic  and s t e a r i c  a c id s  were in d ep en d en t o f  a c e ta te  c o n c e n tra t io n ,  

th e re b y  su g g e s tin g  t h a t  f a t t y  a c id  and a c e ta te  a c t iv a t io n  were non

c o m p e tit iv e  f o r  CoA, F u rth e rm o re , i n h ib i t i o n  o f  acetylC oA  s y n th e ta s e  

by lo n g -c h a in  f a t t y  a c id s  cou ld  n o t be excluded  as  a p o s s ib le  c o n tro l  

in  th e  r a t e  o f  f a t t y  a c id  s y n th e s is  from a c e ta t e .

Whereas th e  p re se n c e  o f  exogenous f a t t y  a c id s  had  a d e f in i t e

in h ib i to r y  e f f e c t  on l ip o g e n e s is  from a c e ta t e ,  th e y  d id  n o t i n h i b i t ,

and may even have s t im u la te d ,  f a t t y  a c id  s y n th e s is  from  g lu co se  in

a d ip o c y te s  from  b o th  young and m ature r a t s  (T ab les 3 .1 5 , 3 .1 6 , 3 ,19

and 3 ,2 0 ) .  This e f f e c t  o f  exogenous f a t t y  a c id s  on endogenous f a t t y

a c id  s y n th e s is  from g lu c o se  m ight be e x p la in e d  by th e  s u g g e s tio n  o f

F l a t t  (54 , 309) t h a t  th e  energy  s t a t e  o f  th e  c e l l ,  in  o th e r  words th e

c e l l u l a r  le v e ls  o f  ATP and NADH, m ight r e s t r a i n  th e  r a t e  o f  f a t t y

a c id  s y n th e s is  from g lu co se  which i s  a n e t  e n e rg y -y ie ld in g  p ro c e s s .

Saggerson (264) has su g g es ted  t h a t  f a t t y  a c id s  m ight uncouple

o x id a tiv e  p h o sp h o ry la t io n  in  th e  a d ip o cy te  r e s u l t i n g  in  a d e c re a se

in  ATP s y n th e s i s ,  th e re b y  e a s in g  th e  r e s t r a i n t  on f a t t y  a c id  s y n th e s is

by th e  h ig h -e n e rg y  s t a t e  and su b se q u e n tly  a llo w in g  th e  co n v e rs io n  o f

g lu c o se  to  f a t t y  a c id s  to  p ro ceed  f u r th e r .  However, a lth o u g h

Saggerson (264) found th a t  t o t a l  f a t t y  a c id  s y n th e s is ,  as m easured by 

3H^O in c o rp o ra t io n ,  in c re a s e d  in  th e  p re sen ce  o f  exogenous f a t t y  a c id s , 

th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  in d ic a te d  th e  o p p o s ite ,  nam ely th a t

H^O in c o rp o ra t io n  in to  a c y lg ly c e ro l  f a t t y  a c id s  and th e r e f o r e  t o t a l  

f a t t y  a c id  s y n th e s is ,  d e c re a se d  u n d er such c o n d it io n s  (T able 3 ,2 3 ) .

The d e c re a se d  u se  o f  g lu co se  f o r  f a t t y  a c id  s y n th e s is  co rresp o n d ed
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w ith  an in c re a s e  in  th e  amount o f  g lu co se  in c o rp o ra te d  in to  g ly c e ro l 

when exogenous f a t t y  a c id s  were p re s e n te d  to  th e  a d ip o c y te s  (T ab les 

3 ,1 5 , 3 ,1 6 , 3 ,19  and 3 ,2 0 ) .  T his in c re a s e d  in c o rp o ra t io n  o f  g lu co se  

in to  a c y lg ly c e ro l - g ly c e r o l  r e p re s e n te d  a d e f in i t e  in c re a s e  in  th e  r a t e  

o f  s y n th e s is  o f  t r i a c y lg l y c e r o l s  de novo u nder such c o n d i t io n s ;  a 

f e a tu r e  in  keep in g  w ith  th e  e s ta b l i s h e d  a b i l i t y  o f  ad ip o se  t i s s u e  to  

ta k e  up p refo rm ed  f a t t y  a c id s  from th e  p lasm a and s to r e  them as 

t r i a c y l g l y c e r o l s .

From th e  ex p erim en ts  w ith  ^ ^ C -la b e lle d  a c e t a t e ,  i t  was concluded 

t h a t  th e  p a t t e r n  o f  f a t t y  a c id s  sy n th e s iz e d  de novo from a c e ta te  was 

dependent on th e  age o f  th e  r a t  from which th e  a d ip o c y te s  were 

i s o l a t e d .  The r e s u l t s  p re s e n te d  in  T ab les 3 .8  and 3 ,10  ag reed  c lo s e ly  

w ith  th e  p a t t e r n  o f  f a t t y  a c id s  sy n th e s iz e d  from 3,8mM a c e ta t e  by 

ad ip o se  t i s s u e  s l i c e s  from r a t s  o f  com parable w e ig h ts  to  th o se  used  

in  t h i s  s tu d y , as re p o r te d  by G ellh o rn  e t  a l  (3 1 0 ), a lth o u g h  th e y  were 

somewhat d i f f e r e n t  from th e  r e s u l t s  o b ta in e d  by Winand e t  a l  (243) w ith  

a d ip o c y te s  in  v i t r o .

F a t - c e l l s  from young an im als sy n th e s iz e d  more o le ic  a c id  from 

a c e ta te  th a n  d id  c e l l s  from o ld e r  r a t s ,  s u g g e s tin g  th a t  d e s a tu ra se  

a c t i v i t y  m ight d e c re a se  w ith  age . However, G e llh o m  and co-w orkers 

(310,311) showed t h a t  th e  a d m in is tr a t io n  o f  in s u l in  to  an o ld  r a t  

from which ad ip o se  t i s s u e  was su b se q u e n tly  i s o l a t e d  f o r  s tu d ie s  on 

f a t t y  a c id  s y n th e s is ,  r e s u l t e d  in  a p a t t e r n  o f  n e w ly -sy n th e s iz e d  

f a t t y  a c id s  more s im i la r  to  th o s e  found w ith  a younger an im al. I n s u l in ,  

th e r e f o r e ,  by i t s  e f f e c t  on d e s a tu r a t io n ,  was im p o rta n t in  d e te rm in in g  

th e  p a t t e r n  o f  f a t t y  a c id s  sy n th e s iz e d  in  ad ip o se  t i s s u e .  A lthough a
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c o n s ta n t c o n c e n tr a t io n  o f  in s u l in  was used  th ro u g h o u t th e s e  s tu d ie s  

w ith  f a t - c e l l s  from b o th  young and o ld  a n im a ls , th e  age-dependen t 

p a t te r n s  o f  f a t t y  a c id s  s y n th e s iz e d  from a c e ta te  may be a s s o c ia te d  

w ith  a d e c re a se  in  th e  s e n s i t i v i t y  o f  th e  a d ip o c y te  to  in s u l in  w ith  

age (1 3 7 ).

As e x p e c te d , th e  f a t t y  a c id s  sy n th e s iz e d  from g lu c o se  by f a t -  

c e l l s  from younger r a t s  (T ab le 3 .21) were b ro a d ly  s im i la r  to  th o se  

formed when a c e ta te  was th e  l ip o g e n ic  p re c u r s o r  (T ab le 3 ,1 0 ) .  The 

somewhat g r e a t e r  s y n th e s is  o f  s t e a r i c  a c id  from a c e ta te  th a n  from 

g lu co se  (T able 3 .10 c f .  3 ,21 ) may have been r e l a t e d  t o  th e  acetylCoA  

form ed in  th e  cy top lasm  b e in g  used  in  f a t t y  a c id  e lo n g a tio n  system s 

o f  th e  m icrosom es o r  p lasm a membrane (81) w h i ls t  g lu c o se -d e r iv e d  

acetylC oA  m ight be u sed  p r e f e r e n t i a l l y  fo r  m ito c h o n d r ia l f a t t y  a c id  

e lo n g a t io n .

A lthough th e  r e s u l t s  p re s e n te d  in  T ab les 3 .1 0 , 3 .11  and 3 .21 

m ight su g g e s t a t  f i r s t  s ig h t  t h a t  r a t  a d ip o c y te s  were cap ab le  o f  

form ing l i n o l e i c  a c id  de novo, such a f in d in g  would be c o n tra ry  to  

th e  w e l l - e s t a b l i s h e d  f a c t  t h a t  l i n o l e i c  a c id  i s  an e s s e n t i a l  d ie ta r y  

f a t t y  a c id  f o r  th e  r a t .  C o n s id e ra tio n  o f  th e  s t a t i s t i c a l  v a r ia t io n  

showed th a t  th e  amount o f  r a d io a c t i v i t y  re c o v e re d  in  l i n o l e i c  a c id  was 

a lm ost n e g l ig ib l e  in  each in s ta n c e ,  and t h a t  found m ight have a r is e n  

by p a r t i a l  3 -o x id a t io n  o f  u n la b e l le d  endogenous l i n o l e i c  a c id  fo llo w ed  

by r e s y n th e s is  u s in g  l a b e l le d  acetylC oA  (3 1 2 ).

The r e s u l t s  o f  th e  p r e s e n t  s tu d y  were a ls o  c o n s is te n t  w ith  th e  

e s t é r i f i c a t i o n  o f  e n d o g e n o u s ly -sy n th e s iz e d  f a t t y  a c id s  in to  t r i a c y l 

g ly c e ro ls  p ro c e e d in g  v ia  th e  s n -g ly c e ro l  3 -p h o sp h a te  pathw ay in  th e  

a d ip o c y te . The accu m u la tio n  o f  n e w ly -sy n th e s iz e d  f a t t y  a c id s  in
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d ia c y lg ly c e r o ls  a t  h ig h  a c e ta te  c o n c e n tra t io n  (F ig s .  3 ,9  and 3.10) was 

p e c u l ia r  to  o ld e r  r a t s  and s y n th e s is  from a c e ta te  s in c e  th e  e f f e c t  

was n o t  obvious w ith  c e l l s  p re p a re d  from younger a n im a ls , o r  when 

g lu c o se  was th e  f a t t y  a c id  p re c u r s o r  (F ig s . 3 .13  and 3 .1 4 ) .  For th e  

re a so n s  d is c u s s e d  p re v io u s ly ,  th e  r a t e  o f  t o t a l  f a t t y  a c id  s y n th e s is  

was p ro b ab ly  g r e a t e r  in  th e  s tu d ie s  w ith  ^ ^ C - la b e lle d  a c e ta te  s in c e  

g lu co se  was a ls o  p r e s e n t ,  th a n  when ^ ^ C -la b e lle d  g lu c o se  was th e  s o le  

p re c u r s o r  o f  f a t t y  a c id s  and th e re f o r e  th e  two s i t u a t i o n s  a re  n o t 

d i r e c t l y  com parab le . However, f a t t y  a c id s  s y n th e s iz e d  from g lu co se  in  

th e  p re se n c e  o f  a c e ta te  by a d ip o c y te s  from o ld e r  r a t s  were e s t e r i f i e d  

p red o m in an tly  in to  t r i a c y lg l y c e r o l s  r e g a rd le s s  o f  a c e ta t e  c o n c e n tra tio n  

(F ig , 3 .1 4 ) .  T his may have in d ic a te d  t h a t  g lu c o se -d e r iv e d  acetylCoA  

g e n e ra te d  in  th e  m ito ch o n d rio n  and acetylCoA  produced  in  th e  cy top lasm  

were used  d i f f e r e n t l y  f o r  l ip o g e n e s is .  Rao and Abraham (313) have 

p ro v id e d  ev id en ce  from s tu d ie s  w ith  mouse mammary t i s s u e  t h a t  acetylCoA  

d e r iv e d  from  g lu co se  may n o t  mix w ith  t h a t  p roduced  by 3 -o x id a t io n  o f  

f a t t y  a c id s ,  w ith in  th e  m ito ch o n d rio n , and th a t  th e  two may be u sed  a t  

d i f f e r e n t  r a t e s  f o r  f a t t y  a c id  s y n th e s is  in  th e  cy to p lasm . However, 

such a s i t u a t i o n  i s  dependent on th e  a c e ta te  u n i t s  d e r iv e d  from th e  

two so u rc e s  le a v in g  th e  m itochondrion  a t  d i f f e r e n t  r a t e s ,  w hereas in  

t h i s  p r e s e n t  s tu d y  acetylC oA  produced  by th e  a c t iv a t io n  o f  a c e ta te  was 

a lre a d y  in  th e  cy top lasm .

S ince th e  r a t e  o f  in c o rp o ra t io n  o f  f a t t y  a c id s  a r i s i n g  from a c e ta te  

in to  t r i a c y lg l y c e r o l s  was a lm ost indep en d en t o f  a c e ta te  c o n c e n tra t io n ,  

w hereas t h e i r  e s t é r i f i c a t i o n  in to  d ia c y lg ly c e ro ls  was e le v a te d  by h ig h  

a c e ta te  c o n c e n tra t io n s  (F ig . 3 .9 ) ,  th e  p o s s i b i l i t y  e x i s t e d  t h a t  th e  

a c y la t io n  o f  d ia c y lg ly c e ro ls  to  t r i a c y lg l y c e r o l s  p ro ceed ed  a t  a slow
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r a t e  in  r e l a t i o n  to  th e  p re v io u s  s te p s  in  t r i a c y lg l y c e r o l  b io s y n th e s is  

v ia  th e  s n -g ly c e ro l  3 -ph o sp h ate  pathw ay. F u rth erm o re , in  th e  p re se n c e  

o f  e x t r a c e l l u l a r  f a t t y  a c id s ,  th e  a c y la t io n  o f  d ia c y lg ly c e r o ls  con

ta in in g  n e w ly -sy n th e s iz e d  (F ig . 3 .10) f a t t y  a c id s  to  t r i a c y lg l y c e r o l s  

was a p p a re n tly  d ec re a se d  even f u r th e r  in  r e l a t i o n  to  th e  o th e r  

e s t é r i f i c a t i o n  s t e p s ,  o r ,  a l t e r n a t i v e l y ,  th e  r a t e  o f  d ia c y lg ly c e ro l  

fo rm atio n  from p h o s p h a tid ic  a c id  was in c re a s e d . In  view  o f  t h i s  

f in d in g  i t  i s  p o s s ib le  t h a t  d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  may be a 

r a t e - l i m i t i n g  enzyme in  th e  e s t é r i f i c a t i o n  o f  e n d o g e n o u s ly -sy n th e s iz e d  

f a t t y  a c id s  in to  t r i a c y lg l y c e r o l s  by a d ip o c y te s  from o ld e r  r a t s .  The 

im portance  o f  d ia c y lg ly c e r o l  a c y l t r a n s f e r a s e  co u ld  a l s o  be seen  from 

th e  f a c t  t h a t  i t s  a c t i v i t y  was a p p a re n tly  in c re a s e d  in  th e  p re se n c e  o f  

exogenous f a t t y  a c id s ,  as d em o n stra ted  by th e  d e c re a se  in  th e  amount 

o f  l a b e l le d  s u b s t r a t e  reco v e re d  in  d ia c y lg ly c e ro ls  r e l a t i v e  to  t h a t  in  

t r i a c y lg l y c e r o l s  when e i t h e r  g lu co se  (F ig . 3 ,13  and T able 3 ,1 8 ) ,  a c e ta te  

( in  young an im als  on ly ) (F ig , 3 .12) o r  t r i t i a t e d  w a te r  (T able 3 ,22) 

was th e  la b e l le d  l ip o g e n ic  p r e c u r s o r .  This m ight s u g g e s t t h a t  d ia c y l 

g ly c e ro l  a c y l t r a n s f e r a s e  had a p re fe re n c e  f o r  exogenous f a t t y  a c id s .

The d e c re a se d  p ro p o r t io n  o f  en d o g e n o u s ly -sy n th e s iz e d  f a t t y  a c id s  t h a t  

were in c o rp o ra te d  in to  p o s i t io n  sn -3  o f  t r i a c y l - s n - g ly c e r o l s  in  th e  

p re se n c e  o f  exogenous f a t t y  a c id s  (T able 3 .7 ) su p p o rte d  t h i s  s u g g e s tio n . 

I t  was n o te w o rth y , how ever, t h a t  th e  e s t é r i f i c a t i o n  o f  exogenous 

o le ic  a c id  in to  t r i a c y lg l y c e r o l s  was u n a f fe c te d  by th e  h ig h  a c e ta te  

c o n c e n tra t io n s  a t  which f a t t y  a c id s  n e w ly -sy n th e s iz e d  from a c e ta te  

accum ulated  in  d ia c y lg ly c e r o ls ,  th e re b y  s u g g e s tin g  t h a t  a c e ta te  con

c e n t r a t io n  d id  n o t  d i r e c t l y  i n h i b i t  th e  t o t a l  d ia c y lg ly c e ro l  a c y l

t r a n s f e r a s e  a c t i v i t y  o f  th e  c e l l .  The f in d in g  th a t  th e  d ia c y l- s n -
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g ly c e ro ls  form ed by a d ip o c y te s  from g lu co se  o r  a c e ta te  a t  a l l  

c o n c e n tra t io n s  were o f  th é  s n - 1 ,2 - s t r u c tu r e  con firm ed  th a t  th e  

d ia c y lg ly c e ro ls  w hich c o n ta in e d  h ig h  amounts o f  endogenously - 

s y n th e s iz e d  f a t t y  a c id s  a ro se  as in te rm e d ia te s  in  th e  s y n th e s is  o f  

t r i a c y lg l y c e r o l s  v ia  th e  s n -g ly c e ro l  3 -phosphate  p a thw ay^since  most 

t r i a c y lg l y c e r o l  l i p a s e s  would p roduce 2 ,3 - d ia c y l - s n - g ly c e r o ls  as 

r e a d i ly  as 1 ,2 - d ia c y l - s n - g ly c e r o l s  (314) and none has y e t  been i s o l a t e d  

t h a t  i s  s p e c i f i c  f o r  p o s i t i o n  sn -3 .

The p re se n c e  o f  exogenous f a t t y  a c id s  d id  ap p ea r to  in f lu e n c e  th e  

p a t t e r n  o f  e n d o g e n o u s ly -sy n th e s iz e d  f a t t y  a c id s  e s t e r i f i e d  in  t r i a c y l 

g ly c e r o ls ,  For exam ple, th e  p ro p o r tio n  o f  n e w ly -s y n th e s iz e d  o le ic  

a c id  r e l a t i v e  to  t h a t  o f  s t e a r i c  a c id  was d e c re a se d  in  f a t - c e l l s  from 

r a t s  o f  b o th  ages s tu d ie d  (T ab les  3 ,8 ,  3 ,10 and 3 ,2 1 ) ,  In  agreem ent 

w ith  th e  r e s u l t s  o f  Winand e t  a l  (243) th e  d ia c y lg ly c e r o ls  c o n ta in e d  

a  h ig h e r  p ro p o r tio n  o f  s a tu r a te d  f a t t y  a c id s  th a n  d id  th e  t r i a c y l 

g ly c e r o ls ,  T h is d id  n o t  i n d i c a te ,  how ever, t h a t  endogenously - 

s y n th e s iz e d  o le ic  a c id  was p r e f e r e n t i a l l y  e s t e r i f i e d  in to  p o s i t io n  

sn -3  o f  new ly-form ed t r i a c y lg l y c e r o l s  s in c e ,  as T ab le  3 .14  shows, o l e i c  

a c id  form ed de novo was p red o m in an tly  lo c a te d  in  p o s i t io n  sn-2  o f  

t r i a c y l - s n - g l y c e r o l s ' a lth o u g h  th e  p ro p o r tio n  in  p o s i t i o n  sn -3  was 

s t i l l  c o n s id e ra b le .  The n a tu r a l  p o s i t i o n a l  d i s t r i b u t i o n  o f  o le ic  a c id  

in  t r i a c y lg l y c e r o l s  e x t r a c te d  from a d ip o c y te s  i s  a p ro d u c t o f  th e  

o v e r a l l  b a la n c e  betw een d i f f e r e n t  p o s i t i o n a l  s p e c i f i c i t i e s  f o r  

exogenous o l e a t e ,  o le a te  p roduced  from s t e a r a t e  and o le a te  sy n th e s iz e d  

from a c e ta t e .  As s t a t e d  p r e v io u s ly ,  th e  p re se n c e  o f  exogenous f a t t y  

a c id s  ap peared  to  reduce  th e  in c o rp o ra tio n  o f  endogenous f a t t y  a c id s  

in to  p o s i t i o n  s n -3 . S in ce  th e  c o n te n t o f  n e w ly -sy n th e s iz e d  o le a te  in
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t r i a c y lg l y c e r o l s  was reduced  in  th e  p re se n c e  o f  e x t r a c e l l u l a r  f a t t y  

a c id s  i t  was p o s s ib le  t h a t  u nder such c irc u m s ta n c e s , i t  was m ain ly  

o le ic  a c id  which was p re v e n te d  from  e n te r in g  p o s i t i o n  sn -5  by a 

p re fe re n c e  f o r  o le i c  a c id  formed by th e  d e s a tu r a t io n  o f  exogenous 

s t e a r i c  a c id  which i s  found p r e f e r e n t i a l l y  e s t e r i f i e d  in  t h a t  p o s i t io n  

as d is c u s se d  p r e v io u s ly .  However, oleoylCoA has been  shown (180) to  

be a p o o r s u b s t r a te  f o r  m icrosom al d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e  from 

r a t  a d ip o c y te s .  A lthough t h i s  f in d in g  m ight be t r u e  o f  endogenously - 

s y n th e s iz e d  o le ic  a c id  o r  o le ic  a c id  ta k en  up by th e  c e l l ,  oleoylCoA 

produced  by th e  d e s a tu r a t io n  o f  exogenous s t e a r i c  a c id  m ight be a more 

fa v o u ra b le  s u b s t r a t e  as d is c u s s e d  p r e v io u s ly .  R e la te d  argum ents can 

be advanced to  acco u n t f o r  th e  o v e ra l l  d i s t r i b u t io n s  o f  p a lm i t ic  a c id  

and o th e r  f a t t y  a c id s  in  a d ip o c y te  t r i a c y lg l y c e r o l s  as d is c u s se d  below . 

The p ro p o r tio n  o f  a n o th e r  monoenoic f a t t y  a c id ,  p a lm i to le ic  a c id ,  

re c o v e re d  in  t r i a c y l g l y c e r o l s ,  was a ls o  reduced  in  th e  p re se n c e  o f  

exogenous f a t t y  a c id s  w hereas th e  p ro d u c tio n  o f  m y r i s t ic  a c id  was 

in c re a s e d . No e x p la n a tio n  can be o f f e re d  f o r  th e  l a t t e r  o b s e rv a tio n . 

The f in d in g  t h a t  a d ip o c y te s  from th e  o ld e r  r a t s  s y n th e s iz e d  a 

s m a lle r  p ro p o r t io n  o f  18 -carbon  f a t t y  a c id s  th a n  th o se  i s o l a t e d  from 

young an im als (T able 3 .8  c f .  T able 3 ,10) su g g e s te d  th a t  f a t t y  a c id  

e lo n g a tio n  a c t i v i t y  d e c re a se d  w ith  age. In th e  p re se n c e  o f  exogenous 

f a t t y  a c id s  a g r e a t e r  p ro p o r tio n  o f  18-carbon f a t t y  a c id s  s y n th e s iz e d  

from a c e ta te  w ere e s t e r i f i e d  in  t r i a c y l g l y c e r o l s .  However, t h i s  

e f f e c t ,  w hich in c re a s e d  w ith  a c e ta te  c o n c e n tr a t io n ,  was o n ly  obv ious 

in  th e  s tu d ie s  w ith  f a t - c e 11s from o ld e r  r a t s .  C o n f l ic t in g  r e p o r ts  

e x i s t  (81 ,243) on th e  a c t i v i t y  o f  th e  f a t t y  a c id  e lo n g a tio n  system s 

in  r a t  a d ip o c y te s ,  and th e  r e s u l t s  observ ed  in  t h i s  s tu d y  m ight be
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a t t r i b u t e d  to  th e  m ito c h o n d r ia l e lo n g a tio n  system , w hich employs 

acetylC oA , b e in g  more a c t iv e  in  ad ip o se  t i s s u e  o f  young an im als 

a lth o u g h  no in fo rm a tio n  i s  a v a i la b le  from th e  l i t e r a t u r e .

A lthough th e  c o n c e n tra t io n  o f  a c e ta te  d id  n o t a f f e c t  th e  p a t te r n  

o f  f a t t y  a c id s  form ed de novo from a c e ta te  by a d ip o c y te s  from young 

r a t s  (T able 3 .1 0 ) ,  th e  d i s t r i b u t io n  o f  n e w ly -sy n th e s iz e d  f a t t y  a c id s  

betw een p o s i t i o n s  sn -2  and sn -3  was a p p a re n tly  in f lu e n c e d  by a c e ta te  

c o n c e n tra t io n  (T ab le  3 ,1 2 ) .  In c o n t r a s t ,  th e  p o s i t i o n a l  d i s t r i b u t io n  

o f  e s t e r i f i e d  exogenous o le ic  a c id  in  t r i a c y lg l y c e r o l s  was n o t a f f e c te d  

by a c e ta t e  c o n c e n tra t io n  (T ab le  3 .2 4 ) ,  The e f f e c t s  may be due to  

d i f f e r i n g  c o n c e n tra t io n s  o f  o le i c  a c id  a t  v a r io u s  s i t e s  o f  t r i a c y l -  

g ly c e ro l s y n th e s is  in  th e  c e l l  o r ,  a l t e r n a t i v e l y ,  due to  d i f f e r e n t  

a c y l t r a n s f e r a s e s  b e in g  in v o lv ed  in  th e  e s t é r i f i c a t i o n  o f  exogenous 

and e n d o g e n o u s ly -sy n th e s iz e d  f a t t y  a c id s .  B je rve  e t  a l  (3 0 0 ), as 

m entioned  in  s e c t io n  B, showed t h a t  h igh  palm itoylC oA  c o n c e n tra tio n  

had o p p o s ite  e f f e c t s  on th e  in c o rp o ra t io n  o f  p a lm i t ic  a c id  in to  

p o s i t io n  sn -1  o f  p h o s p h a tid ic  a c id  formed by e i t h e r  m ito ch o n d ria  o r 

m icrosom es o f  r a t  l i v e r ,  w ith  th e  e s t é r i f i c a t i o n  in  th e  m ito ch o n d ria  

b e in g  more s p e c i f i c .  The s p e c i f i c i t y  o f  l i n o l e a t e  e s t é r i f i c a t i o n  in to  

p o s i t io n  sn -2  by b o th  s u b c e l lu la r  f r a c t io n s  was in d ep en d en t o f  th e  

lino leoy lC oA  c o n c e n tr a t io n .  However, Okuyama and Lands (301) demon

s t r a t e d ,  a ls o  w ith  r a t  l i v e r  m icrosom es, t h a t  as th e  c o n c e n tra t io n  o f  

1 - a c y l - s n -g ly c e ro l  3 -p h o sp h a te  in c re a s e d  th e  deg ree  o f  s p e c i f i c i t y  

w ith  which f a t t y  a c id s  were e s t e r i f i e d  in to  p o s i t io n  sn -2  d e c re a se d . 

S ince  p a lm i t ic  a c id  s y n th e s iz e d  de novo was found to  be e s t e r i f i e d  

p red o m in an tly  in  p o s i t io n  sn -1  o f  t r i a c y l - s n - g ly c e r o l s  (T able 3 ,1 4 ) ,  

and t h i s  was th e  main f a t t y  a c id  s y n th e s iz e d  by th e  a d ip o c y te ,  i t  can
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be e x p ec ted  th a t  th e  h ig h e r  r a t e  o f  f a t t y  a c id  s y n th e s is  a s s o c ia te d  

w ith  5inM a c e ta te  in  r e l a t i o n  to  O.SmM a c e ta te  would co rre sp o n d  w ith  an 

in c re a s e  in  1 -a c y l - s n -g ly c e ro l  3 -p hosphate  p ro d u c tio n  and p e rh ap s  

th e re b y  in f lu e n c e  th e  d i s t r i b u t i o n  o f  f a t t y  a c id s  betw een p o s i t io n s  

sn-2  and s n -3 . However, t h i s  s u g g e s tio n  depends on th e  a c y la t io n  o f 

p o s i t io n  sn -2  o c c u rr in g  a t  a  s lo w er r a t e  th a n  t h a t  o f  p o s i t io n  sn -1  to  

p e rm it th e  c o n c e n tra t io n  o f  1 - a c y l - s n -g ly c e ro l  3 -p h o sp h a te  to  in c re a s e .  

A lthough th e  a c y la t io n  o f  1 - a c y l- s n -g ly c e ro l  3 -p h o sp h a te  m ight be r a t e -  

l im i t in g  in  th e  p ro d u c tio n  o f  p h o s p h a tid ic  a c id  in  r a t  l i v e r  (3 1 5 ), th e  

s i t u a t i o n  in  ad ip o se  t i s s u e  i s  l e s s  c l e a r .  However, th e  d e m o n stra tio n  

by Jam dar and F a llo n  (156) t h a t  p h o s p h a tid ic  a c id  was th e  o n ly  i s o l a t a b l e  

p ro d u c t o f  a c y la t io n  o f  s n -g ly c e ro l  3 -p hosphate  by b o th  m ito c h o n d ria l 

and m icrosom al f r a c t io n s  o f  r a t  ad ip o se  t i s s u e  su g g e s ts  t h a t  th e  above 

s i t u a t i o n  m ight n o t  e x i s t  in  r a t  a d ip o c y te s .

From th e  s t e r e o s p e c i f i c  a n a ly s e s ,  i t  can be seen  th a t  f a t t y  a c id s  

formed de novo w ith in  th e  a d ip o c y te  were e s t e r i f i e d  i n to  t r i a c y lg l y c e r o l s  

in  a non-random  manner (T able 3 .1 4 ) .  The h ig h  p ro p o r t io n  o f  new ly- 

s y n th e s iz e d  p a lm i t ic  a c id  e s t e r i f i e d  in  p o s i t io n  sn -1  was in  agreem ent 

w ith  th e  r e s u l t s  o f  Anderson and Tove (316) who found f a t t y  a c id s  

sy n th e s iz e d  from a c e ta te  o r  g lu c o se  by mouse ad ip o se  t i s s u e  to  be 

p o s i t io n e d  p r im a r i ly  a t  th e  a - p o s i t io n s  o f  t r i a c y lg l y c e r o l s  e x t r a c te d  

from th e  t i s s u e .  The o v e r a l l  manner in  w hich th e  n e w ly -sy n th e s iz e d  

f a t t y  a c id s  w ere e s t e r i f i e d  in to  t r i a c y lg l y c e r o l s  was g e n e ra l ly  in  

keep in g  w ith  th e  n a t u r a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  r a t  ad ip o se  

t i s s u e  t r i a c y l - s n - g l y c e r o l s , w ith  p o s i t io n  sn-2  c o n ta in in g  h ig h  p ro 

p o r t io n s  o f  th e  monoenes o le ic  and p a lm i to le ic  a c id s ,  and p o s i t io n  sn-1  

c o n ta in in g  th e  h ig h e s t  p ro p o r tio n  o f  s a tu r a te d  f a t t y  a c id s .  The h ig h
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p ro p o r tio n  o f  n e w ly -sy n th e s iz e d  s t e a r i c  a c id  r e l a t i v e  to  o le ic  a c id  

in  p o s i t io n  sn -3  m ight be due in  p a r t  to  th e  s u b s t r a t e  p re fe re n c e s  o f  

d ia c y lg ly c e ro l  a c y l t r a n s f e r a s e .  Coleman and B e ll (180) showed th a t  

th e  enzyme from r a t  a d ip o c y te  microsomes u t i l i s e d  s tearoy lC oA  a t  more 

th a n  tw ice  th e  r a t e  w ith  oleoylCoA , S im i la r ly ,  palm itoylC oA  i s  known 

to  be e s t e r i f i e d  p r e f e r e n t i a l l y  in to  p o s i t io n  sn -1  and oleoylCoA in to  

p o s i t io n  sn-2  by s n -g ly c e ro l  3 -ph o sp h ate  a c y l t r a n s f e r a s e ( s )  from r a t  

l i v e r  m icrosom es (1 6 8 ),

I f  th e  n a tu r a l  d i s t r i b u t i o n  o f f a t t y  a c id s  in  r a t  a d ip o c y te  

t r i a c y lg l y c e r o l s  i s  governed sim ply  by th e  s p e c i f i c i t y  o f  th e  a c y l

t r a n s f e r a s e  enzym es, th e n  i t  can be ex p ec ted  t h a t  f a t t y  a c id s  tak en  

up by th e  a d ip o c y te  and th o s e  sy n th e s iz e d  de novo w ith in  th e  c e l l  

shou ld  be e s t e r i f i e d  in to  th e  th r e e  p o s i t io n s  o f  t r i a c y lg l y c e r o l s  in  

p ro p o r t io n s  s im i la r  to  th e  n a tu r a l  d i s t r i b u t i o n  o f  f a t t y  a c id s  in  

a d ip o c y te  t r i a c y l g l y c e r o l s .  However, s in c e  th e  p o s i t i o n a l  d i s t r i b u t io n  

o f  exogenous (T ab le 3 .4 ) and n e w ly -sy n th e s iz e d  (T ab le  3 ,14 ) f a t t y  a c id s  

were n o t  i d e n t i c a l  to  each o th e r  o r  to  th e  n a t u r a l  d i s t r i b u t i o n  in  

r a t  a d ip o c y te  t r i a c y lg l y c e r o l s  (T able 3 ,3 ) ,  i t  can be concluded  th a t  

f a c to r s  o th e r  th a n  th e  s p e c i f i c i t y  o f  th e  a c y l t r a n s f e r a s e s  c o n tr ib u te  

to  th e  c o n t ro l  o f  th e  manner in  which f a t t y  a c id s  a re  e s t e r i f i e d  in to  

th e  th r e e  p o s i t io n s  o f  th e  t r i a c y l g l y c e r o l s .  One such f a c t o r  cou ld  

be th e  o r ig in  o f  th e  f a t t y  a c id s ,  w ith  th o se  exogenous to  th e  a d ip o 

cy te  b e in g  e s t e r i f i e d  d i f f e r e n t l y  from th o se  s y n th e s iz e d  w ith in  th e  

c e l l  as found in  t h i s  s tu d y , th e re b y  im ply ing  th a t  endogenous and 

exogenous f a t t y  a c id s  do n o t  mix b u t form s e p a ra te  s u b s t r a te  p o o ls  

f o r  e s t é r i f i c a t i o n .  This m ight a r i s e  i f  t r i a c y lg l y c e r o l  s y n th e s is  

from exogenous f a t t y  a c id s  o c c u rre d  in  a d i f f e r e n t  s u b c e l lu la r
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com partm ent from t h a t  w ith  n e w ly -sy n th e s iz e d  f a t t y  a c id s .  The a c y l

t r a n s f e r a s e s  o f  each  com partm ent cou ld  co n ce iv ab ly  have d i f f e r e n t  

s p e c i f i c i t i e s ,  o r  th e  d i f f e r i n g  c o n c e n tra t io n s  o f  th e  v a r io u s  f a t t y  

a c id  s u b s t r a te s  in  d i f f e r e n t  com partm ents m ight a f f e c t  t h e i r  s p e c i f i 

c i t i e s .  The p o s s i b i l i t y  a ls o  e x i s t s ,  a lth o u g h  i t  was n o t  p o s s ib le  to  

e x p lo re  i t  in  t h i s  s tu d y , t h a t  th e  a c y l t r a n s f e r a s e s  o f  th e  a l t e r n a t iv e  

m inor pathw ays o f  t r i a c y lg l y c e r o l  b io s y n th e s is  in  th e  r a t  a d ip o c y te , 

nam ely th e  m onoacy lg lycero l and d ihyd ro x y ace to n e  p h o sp h a te  pathways 

(1 8 4 ), u t i l i s e  f a t t y  a c id s  from s p e c i f i c  so u rc e s  o r  have somewhat 

d i f f e r e n t  s p e c i f i c i t i e s  from th e  r e l a t e d  enzymes o f  th e  s n -g ly c e ro l  

3 -p h o sp h a te  pathw ay.

D. S u b c e l lu la r  L o ca tion  o f  N ew ly-S yn thesized  L ip id s  and a

Proposed  Model f o r  T r ia c y lg ly c e ro l  B io sy n th e s is  in  th e  A dipocyte

As d is c u s s e d  p r e v io u s ly ,  th e  r e s u l t s  p re s e n te d  in  F ig s ,  3 .10 and

3 .16  su g g e s t t h a t  endogenous and exogenous f a t t y  a c id s  may be used  f o r  

th e  s y n th e s is  o f  two d i f f e r e n t  p o o ls  o f  d ia c y lg ly c e r o ls  w hich m ight 

have s e p a ra te  lo c a t io n s  w ith in  th e  f a t - c e l l .  P re v io u s  w o rk e rs , u s in g  

s u b c e l lu la r  p r e p a r a t io n s ,  have shown t h a t  b o th  th e  m ito c h o n d ria  and 

microsomes w ere in v o lv ed  to  v a ry in g  deg rees  in  th e  s y n th e s is  o f  

p h o s p h a tid ic  a c id  (1 5 6 ,1 6 8 ), d ia c y lg ly c e ro ls  (317) and t r i a c y lg l y c e r o l s  

(2 8 0 ). More r e c e n t ly ,  th e  p lasm a membranes and m icrosom es o f  r a t  

a d ip o c y te s  were shown (271) to  be e q u a l ly  a c t iv e  in  t r i a c y lg l y c e r o l  

s y n th e s is  w hereas in  th e  h e p a to c y te ,  th e  e s t é r i f i c a t i o n  c a p a b i l i ty  o f  

th e  p lasm a membrane was l e s s  th a n  t h a t  o f  th e  m icrosom es (3 1 8 ). S ince 

ad ip o se  t i s s u e  i s  more a c t iv e  th a n  th e  l i v e r  in  ta k in g  up f a t t y  a c id s
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from th e  p lasm a f o r  s to r a g e ,  t h i s  may be an a d a p ta tio n  in  th e  

a d ip o c y te  f o r  th e  use  o f  exogenous f a t t y  a c id s  in  t r i a c y lg l y c e r o l  

s y n th e s is .  On th e  b a s is  o f  th e  fo re g o in g  ev id en ce  i t  i s  p o s s ib le  t h a t  

d i f f e r e n t  a c y lg ly c e ro ls  may be sy n th e s iz e d  in  d i f f e r e n t  com partm ents 

w ith in  th e  a d ip o c y te  depending  on th e  o r ig in  o f  th e  f a t t y  a c id s  used  

in  t h e i r  s y n th e s is .  For exam ple, exogenous f a t t y  a c id s  o r ig in a t in g  

o u tw ith  th e  c e l l  may be e s t e r i f i e d  p red o m in an tly  a t  th e  p lasm a membrane 

w hereas f a t t y  a c id s  s y n th e s iz e d  de novo in  th e  cy top lasm  may be th e  

p r e f e r r e d  s u b s t r a te  f o r  m icrosom al t r i a c y lg l y c e r o l  s y n th e s is .  However, 

t h i s  h y p o th e s is  co u ld  n o t  be v e r i f i e d  in  th e  s tu d ie s  w ith  s u b c e l lu la r  

f r a c t io n a t io n s  (C h ap te r 3 , s e c t io n  J ) . The main re a so n  f o r  t h i s  

f a i l u r e  was p ro b a b ly  th e  method o f  s tu d y  ad o p ted . A lthough th e  use  

o f  d ig i to n in  fo llo w ed  by r a p id  c e n t r i f u g a t io n  has p roved  e f f e c t iv e  

f o r  th e  s e p a ra t io n  o f  p a r t i c u l a t e  and cy to p la sm ic  com ponents o f  

h e p a to c y te s ,  no r e p o r ts  on i t s  u se  w ith  a d ip o c y te s  were a v a i la b le .

The c o n d it io n s  employed were p e rh ap s  n o t e n t i r e l y  optimum; th e  con

c e n t r a t io n  o f  d ig i to n in  used  may have been to o  low to  co m p le te ly  ly s e  

th e  p lasm a membrane, r e s u l t i n g  in  th e  f a t - c e l l s  rem a in in g  i n t a c t  o r ,  

a l t e r n a t i v e l y ,  th e  d ig i to n in  may have caused  th e  l y s i s  o f  b o th  p lasm a 

and m ito c h o n d r ia l membranes. The optimum c o n c e n tra t io n  o f  d ig i to n in  

and th e  optimum in c u b a tio n  tim e cou ld  be d e te rm in ed  by f u r th e r  s tu d ie s  

in v o lv in g  th e  a ssa y  o f  m arker enzymes in  th e  s e p a ra te d  f r a c t i o n s .  I t  

was a ls o  p o s s ib le  t h a t  th e  l i p i d  s to ra g e  d ro p le t  a c te d  as a s o lv e n t  

to  s t r i p  th e  c o m p a ra tiv e ly  sm all amounts o f  n e w ly -sy n th e s iz e d  l i p id s  

from t h e i r  s i t e s  o f  s y n th e s is .

N e v e r th e le s s ,  th e  p ro p o r tio n s  o f  in c o rp o ra te d  r a d io a c t i v i t y  

re c o v e re d  in  p h o sp h o lip id s  and u n e s t e r i f i e d  f a t t y  a c id s  w ere always
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h ig h e s t  in  th e  p a r t i c u l a t e  p e l l e t  r e g a rd le s s  o f  th e  n a tu re  o f  la b e l le d  

p re c u r s o r  u sed  and th e  age o f  th e  anim al from which th e  c e l l s  were 

i s o l a t e d .  However, th e  s ig n i f ic a n c e  o f  t h i s  o b s e rv a tio n  i s  u n c e r ta in  

s in c e  th e  p e l l e t  c o n ta in e d  sm all amounts o n ly  o f  r a d i o a c t i v i t y .  For 

th e  same re a s o n , no em phasis can be a t ta c h e d  to  th e  f in d in g  th a t  th e  

p ro p o r tio n s  o f  t o t a l  in c o rp o ra te d  a c e ta t e ,  g lu co se  and p a lm i t ic  a c id  

in  d ia c y lg ly c e ro ls  were a p p a re n tly  h ig h e r  in  th e  p a r t i c u l a t e  f r a c t io n  

th an  in  th e  c y to p la sm ic  and l i p i d  s to ra g e  f r a c t io n s  a f t e r  s h o r t  

in c u b a tio n  p e r io d s  (T ab les 3 .31 and 3 .3 2 ) .  S im ila r  r e s u l t s  to  th o se  

found in  t h i s  p r e s e n t  s tu d y  f o r  th e  s u b c e l lu la r  lo c a t io n  o f  new ly- 

sy n th e s iz e d  l i p i d s  were re p o r te d  by Angel (279) who u sed  more con

v e n t io n a l  tim e-consum ing methods f o r  th e  p r e p a ra t io n  o f  s u b c e l lu la r  

f r a c t io n s  o f  r a t  a d ip o c y te s  which had been in c u b a te d  w ith  la b e l le d  

g lu co se  o r  a c e ta t e .

The p r e s e n t  r e s u l t s  were c o n s is te n t  w ith  th e  su g g e s tio n  (279,280) 

th a t  a m ajor p o r t io n  o f  th e  n e w ly -sy n th e s iz e d  d ia c y lg ly c e r o ls  was 

t r a n s f e r r e d  to  th e  l i p i d  s to ra g e  d ro p le t  w h i ls t  th e  rem ain d er was 

a c y la te d  to  t r i a c y l g l y c e r o l s .  On t h i s  b a s i s ,  i t  i s  p o s s ib le  t h a t  th e  

d ia c y lg ly c e ro ls  which accum ulated  n e w ly -sy n th e s iz e d  f a t t y  a c id s  a t  h ig h  

a c e ta te  c o n c e n tra t io n s  (F ig s . 3 .9  and 3 .10) were co m p artm en ta lised  

w ith in  th e  l i p i d  s to ra g e  d r o p le t .  A l te r n a t iv e ly ,  th e s e  d ia c y lg ly c e ro ls  

may have been a s s o c ia te d  w ith  sm all d ro p le ts  o f  n e w ly -sy n th e s iz e d  l i p i d  

and p e rh ap s  p la y e d  a r o le  in  th e  t r a n s p o r t  o f  th e s e  d r o p le t s  from th e  

o rg a n e l le s  o f  s y n th e s is  to  th e  main s to ra g e  d r o p le t .  S ince th e  

accu m u la tio n  o f  en d o g e n o u s ly -sy n th e s iz e d  f a t t y  a c id s  in  d ia c y lg ly c e ro ls  

was o n ly  observ ed  w ith  a d ip o c y te s  p re p a re d  from o ld e r  r a t s ,  th e  s iz e  

o f  th e  l i p i d  s to ra g e  d r o p le t  may in f lu e n c e  th e  r a t e  a t  which any
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d ia c y lg ly c e r o l s  p r e s e n t  in  th e  d r o p le t  were r e l e a s e d  f o r  f u r t h e r  

a c y l a t i o n .

The d i a c y lg ly c e r o l s  which accum ulated  th e  n e w ly -sy n th e s iz e d  f a t t y  

a c id s  in  t h i s  s tu d y ,  might have been th o s e  formed from th e  d e g ra d a t io n  

o f  an ' a c t i v e '  p oo l o f  t r i a c y l g l y c e r o l s  i n t o  which f a t t y  a c id s  were 

e s t e r i f i e d  b u t  which e q u i l i b r a t e d  s low ly  w ith  s to r a g e  t r i a c y l g l y c e r o l s ,  

b e in g  p red o m in an t ly  tu rn e d  over  to  d i a c y lg ly c e r o l s  and u n e s t e r i f i e d  

f a t t y  a c id .  The e x i s t e n c e  o f  such a t r i a c y l g l y c e r o l  has  been demon

s t r a t e d  by o th e r  w orkers  in  r a t  a d ip o c y te s  (243,277) and p ro to z o a  

(319) .  The h o rm o n e - in s e n s i t iv e  ' t r i a c y l g l y c e r o l  l i p a s e '  r e c e n t l y  

d e s c r ib e d  by Matsumura e t  a l  (320) in  p ig  ad ip o se  t i s s u e  m igh t,  i f  

p r e s e n t  in  r a t  ad ip o se  t i s s u e ,  have been in v o lv e d  in  th e  r a p id  b re a k 

down o f  t h i s  l i p i d .  The s t r u c t u r e s  o f  th e  d i a c y lg ly c e r o l s  found 

(T ab les  3 .26  and 3 .27) r e n d e r  t h i s  h y p o th e s is  u n l i k e l y ,  however.

In view o f  th e  fo re g o in g  d i s c u s s io n  and th e  f a c t  t h a t  d i f f e r e n t  

o r g a n e l l e s  in  th e  mammalian c e l l  may be c l o s e l y  r e l a t e d  to p o g ra p h ic 

a l l y  w ith  p o s s i b l e  m em brane-junctions between them (321 ) ,  th e  s y n th e s i s  

o f  a c y lg ly c e ro l s  in  th e  a d ip o cy te  shou ld  n o t  be c o n s id e re d  as b e in g  

r e s t r i c t e d  t o  any one s u b c e l l u l a r  f r a c t i o n .  A more r e p r e s e n t a t i v e  

p i c t u r e  o f  th e  n a t u r a l  s i t u a t i o n  may be o b ta in e d  by pay in g  due re g a rd  

to  th e  o r i g i n  o f  th e  f a t t y  a c id s  used  in  a c y lg ly c e ro l  s y n th e s i s  and 

th e  to p o g ra p h ic a l  r e l a t i o n s h i p s  between enzymes, s u b s t r a t e s  and 

p ro d u c ts .

The r e s u l t s  o f  t h i s  s tu d y  in  g e n e r a l ,  were c o n s i s t e n t  w ith  a 

model o f  th e  a d ip o c y te  in  which a h igh  p r o p o r t io n  o f  exogenous f a t t y  

a c id s  ta k e n  up by th e  c e l l  were e s t e r i f i e d  p red o m in a n t ly  a t  o r  n e a r  

th e  p lasm a membrane, whereas f a t t y  a c id s  s y n th e s iz e d  endogenously
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from low -m olecu la r  w eigh t p r e c u r s o r s  o r  by th e  m o d i f ic a t io n  

( d e s a tu r a t i o n  o r  cha in  e lo n g a t io n )  o f  p reform ed f a t t y  a c id s  were 

e s t e r i f i e d  m ain ly  in  th e  endoplasm ic  r e t i c u lu m  o r  m ito c h o n d r ia .  The 

r a t e - l i m i t i n g  s t e p  may be a t  th e  l e v e l  o f  th e  d i a c y lg ly c e r o l  a c y l 

t r a n s f e r a s e ;  d i a c y lg ly c e r o l s  produced as i n t e r m e d ia te s  may e q u i l i b r a t e  

w ith  i n t r a c e l l u l a r  l i p i d  s to r a g e  d r o p le t s  and th e  r a t e  o f  e s t é r i f i c a t i o n  

o f  th e s e  may be governed by th e  r e l a t i v e  r a t e  a t  which d i a c y l g l y c e r o l s ,  

s y n th e s iz e d  a t  v a r io u s  l o c a t i o n s  in  t h e ^ c e l l ,  a r e  ta k e n  up and r e l e a s e d  

by th e  l i p i d  d r o p l e t s .  The p o s i t i o n a l  d i s t r i b u t i o n s  o f  f a t t y  a c id s  in  

t r i a c y l g l y c e r o l s  o f  th e  whole c e l l  w i l l  be a mean o f  t h e i r  d i s t r i 

b u t io n s  in  t r i a c y l g l y c e r o l s  s y n th e s iz e d  a t  v a r io u s  s i t e s  in  th e  c e l l  

and may be dependent on th e  o r ig i n  o f  th e  f a t t y  a c i d s ,  which would 

in f lu e n c e  th e  com position  o f  f a t t y  a c id s  a v a i l a b l e  to  th e  a c y l t r a n s 

f e r a s e s  a t  th e  v a r io u s  p o in t s  in  th e  c e l l .
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