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SUMMARY: Rat adipose tissue slices incorporated f" "l|l_14CJ_palmitic acid, 
~t-earic acid, ~-14C]-oleic acid and ~-14C~-li"nolei% acid from mixtures 
similar to those found in plasma into triglycerides at comparable rates 
in vitro. Although similar relative proportions of oleic acid and linoleic 
acid entered each of the three positions of the triglycerides as occur 
naturally, somewhat less palmitic acid entered position s__n_n-1 , less stearic 
acid entered position s__nn-2 and considerably more oleic acid, formed d_ee 
no vo from stearic acid, entered position s_n_n-2 than are found in these 
positions naturally. Positional distributions are therefore not controlled 
solely by the availability of fatty acids and the specificities of the acyl 
transferases. 

The fatty acid components of adipose tissue triglycerides may be 

synthesised de novo in adipose tissue itself or may originate from the diet or 

elsewhere in the body of the animal and be transported to the adipose tissue 

via the plasma. Some modification of preformed fatty acids can also occur in 

adipose tissue e.g. desaturation of stearic to oleic acid. The relative con- 

tributions of fatty acids from each source will vary considerably with species 

but in the rat, a high proportion of the fatty acids are synthesised de novo in 

adipose tissue (i); an active desaturase system is also present (2). Fatty 

acids are utilised for triglyceride biosynthesis via the glycerol-3-phosphate 

pathway in rat adipose tissue (3) although the 2-monoglyceride pathway is 

important in some species. The control mechanism by which fatty acid 

biosynthesis is coupled to triglyceride biosynthesis is poorly understood, 
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however. Some information on this process has been obtained from structural 

analyses of triglycerides. In mammary gland, for example, it has been 

suggested that stearic acid de saturation is coupled to the acylation of position 

sn-3 and may exert a controlling influence (4)° In pig adipose tissue, there 

were apparently differences in the manner in which fatty acids synthesised 

de novo were esterified to the three positions of the triglyceride molecules 

compared to fatty acids from other sources (5). In this study, the proportions 

in which exogenous [14C]-labelled free fatty acids were esterified to each of 

the three positions of the triglycerides by rat adipose tissue slices in vitro 

have been determined for comparison with the natural distribution of the acids 

in the triglycerides. 

M A T E R I A L S  AND M E T H O D S  

P a r a m e t r i a l  a d i p o s e  t i s s u e  s l i c e s  ( a p p r o x .  100 m g  in t o t a l )  f r o m  r a t s  

w e r e  i n c u b a t e d  in  K r e b s - l < i n g e r  b i c a r b o n a t e  b u f f e r  ( 2 . 5  m l )  c o n t a i n i n g  b o v i n e  

serum albumin (i00 rag), insulin (i0 ~tg) and glucose (Z. 5 rag) at 37°C together 

w i t h  a - l a b e l l e d  u n e s t e r i f i e d  f a t t y  a c i d  ( 2 . 5  ~ m o l e s ,  0. Z ~Ci ) .  The  

u n e s t e r i f i e d  f a t t y  a c i d  w a s  s o l u b i l i s e d  by  d i s s o l v i n g  in  0.1N p o t a s s i u m  h y d r o x i d e  

s o l u t i o n  (0.1 m l )  c o n t a i n i n g  b o v i n e  s e r u m  a l b u m i n  (4 rag)  and  c o n s i s t e d  of a 

m i x t u r e  of p a l m i t i c  a c i d  (30 p e r  cen t ) ,  s t e a r i c  a c i d  (10 p e r  c en t ) ,  o l e i c  a c i d  

(40 p e r  c e n t )  and  l i n o l e i c  a c i d  (20 p e r  cen t ) ;  the  c o m p o n e n t  c a r r y i n g  the  ~ 4 C ] -  

l a b e l  (0 .2  ~Ci  in  e a c h  i n s t a n c e )  w a s  v a r i e d .  T h e s e  p r o p o r t i o n s  w e r e  s i m i l a r  

to  t h o s e  found in the  f r e e  f a t t y  a c i d  f r a c t i o n  of  p l a s m a  and  in the  t r i g l y c e r i d e  

f r a c t i o n  of r a t  a d i p o s e  t i s s u e .  The  a m o u n t s  a d d e d  w e r e  s u f f i c i e n t  to  s w a m p  

the  e f f e c t s  of any  u n e s t e r i f i e d  f a t t y  a c i d s  e n d o g e n o u s  to  the  t i s s u e .  C o n t r o l  

samples containing ~-14q-palmitic acid (Z. 5 ~ moles) alone were incubated 

simultaneously. The amounts and fatty acid compositions of the unesterified 

244 



Vol. 66, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

fatty acids in the incubation media were checked independently by gas 

chromatography in the presence of heptadecanoic acid internal standard after 

separation by preparative thin layer chromatography (TLC) (6) so that any 

residual unesterified fatty acid in the albumin could be allowed for. After 

incubation, the adipose tissue slices were removed from the medium with 

forceps before the lipids were extracted by homogenisation with chloroform- 

methanol (2:1, v/v). An unlabelled carrier consisting of a mixture of 

unesterified fatty acids, diglycerides and phospholipids was added before lipid 

classes were separated by TLC on layers of silica gel G (0.5 mm thick); 

hexane-diethyl ether-formic acid (80:20:2 by vol. ) was the developing solvent. 

Fractions were counted in suspension on the silica gel G in Unisolve 1 

(Koch-Light Laboratories, Colnbrook, Bucks.) in a Tricarb 2425 liquid 

scintillation spectrometer (Packard Instruments, Reading, Berks.). The 

procedure for stereospecific analysis of triglycerides containing isotopically- 

labelled fatty acids has been described in detail elsewhere (7,8). ~-14C]-Stearic 

acid and ~-14CJ-oleic acid formed from it were separated by silver nitrate 

chromatography of their methyl ester derivatives (8, 9). 

RESULTS AND DISCUSSION 

The  r e s u l t s  for  the d i s t r i b u t i o n  of [ 1 - 1 4 C ] - p a l m i t i c  a c i d  e s t e r i f i e d  to the 

v a r i o u s  l i p id  p r o d u c t s  wi th  r e s p e c t  to t i m e  in  the c o n t r o l  s a m p l e s  a r e  i l l u s t r a t e d  

in  F i g .  1. T r i g l y c e r i d e s  w e r e  the m a i n  p r o d u c t  and  w e r e  f o r m e d  r a p i d l y  in  

i n c r e a s i n g  p r o p o r t i o n s .  D i g l y c e r i d e s  and p h o s p h o l i p i d s  a c c u m u l a t e d  m u c h  m o r e  

slowly and reached maximum levels after about 4 hours. [l-14C]-Palmitic acid 

added to the medium in the unesterified fatty acid mixture was esterified at 

essentially the same rate. Similarly, the rates of esterification of LI-14~- 
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linoleic acid and the pattern of products did not differ significantly from that 

of the control sample when the results were corrected for the differing initial 

concentration of each substrate. Stearic acid was desaturated uniformly to 

oleic acid; the mean value for the proportion of desaturation occurring with 

subsequent esterification to triglycerides at i, 2, 4 and 6 hour intervals was 

26.4 ± 6.2 per cent of the labelled fatty acid esterified. 

Duplicate samples from incubations for Z, 4 and 6 hours for each labelled 

fatty acid in the mixture were subjected to stereospecific analysis with tri- 

0, I I -  - h e p t a d e c a n o i n  as  i n t e r n a l  s t a n d a r d .  As  v e r y  s i m i l a r  r e s u l t s  w e r e  

o b t a i n e d  for  the r e l a t i v e  p r o p o r t i o n  of e a c h  e s t e r i f i e d  fa t ty  a c i d  f o r m e d  in  each  

p o s i t i o n  at  t h e s e  t i m e  i n t e r v a l s ,  the r e s u l t s  w e r e  m e a n e d  and  a r e  c o m p a r e d  wi th  

the n o r m a l  d i s t r i b u t i o n s  of the s a m e  fa t ty  a c i d s  in  r a t  a d i p o s e  t i s s u e  t r i g l y c e r i d e s  

in table 1. [1-14C]-Oleic acid (added to the m e d i u m  in this  fo rm)  and ~-14C~- 
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Table i. Relative incorporation of labellod fatty acids into the three 

position of sn-triacylglycerols by rat adipose tissue slices. 

Fatty 
Acid 

Proportional (%) distribution in each position 

a b 
Normal distribution Incorporation in vitro 

1 Z 3 1 2 3 

16:0 54.2± 1.5 II. 8± 0.3 34.0± 1.5 45.7±0.3 14.3:h0.4 40.0±0.6 

18:0 56.9±4.3 21.3± 1.6 Zl. 8± Z.9 51.6± 1.6 5.8± I.I 42.6 ± 2.2 

22.9± 1.0 38.6±0.5 38.5± 0.7 c 
18:1 24.3± 0.8 40.0±0.8 35.7± 1.4 

d 
18.2±6.2 63.3±4.0 18.5±4.1 

18:2 16.0±0.8 56.4±0.9 27.6±0.4 16.2±0.6 52.8± 1.0 31.0± 1.4 

a Means and standard deviations of three analyses of rat adipose tissue triglycerides 
b Means and standard deviations of duplicate samples from 2, 4 and 6 hour incubations. 
c Oleic acid itself added. 
d Oleic acid formed from 18:0 in the medium. 

linoleic acid entered the three positions of the triglyceride molecule in very 

similar relative proportions to the natural distribution of each in adipose tissue 

triglycerides. A somewhat higher proportion of ~-14C]-palmitic acid entered 

positions s___nn-Z and s n-3 and correspondingly less entered position s__nn-I than is 

found normally; fat-free homogenates of rat adipose tissue esterified ~-14C]- 

palmitic acid to each position of the triglycerides in relative proportions virtually 

the same as those occurring naturally on the other hand (7). Much less ~-14C]- 

stearic acid entered position s__nn-Z with a corresponding increase in position 

sn-3 than was found naturally. A considerably higher proportion of oleic acid 

formed in the medium from [l-14C]-stearic acid was esterified to position s__nn-2 
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and correspondingly less was found in positions s nn-i and s_n_n-3 than was expected 

from the natural distribution of oleic acid in adipose tissue or from incubation 

with [l-14C]-oleic acid itself. 

Samples incubatedwith~-14C~-linoleicacidand ~-14C]-stearic acid for 

one hour gave very similar results to those in table i. Samples incubated with 

relative proportions of each substrate in position s__n_n-i (Z9.4 per cent and 8. Z 

per cent respectively) than was obtained with longer incubations presumably 

because the adipose tissue slices contained some endogenous unlabelled s__n_n-l- 

acyl precursors of triglycerides, that were soon used up by the reaction. 

Apparently then, the supply of exogenous fatty acids controlled the relative 

proportions of the fatty acids entering the triglycerides but other factors con- 

trolled the positional distribution. These other factors which probably include 

the fatty acid desaturase enzyme system and the enzymes of fatty acid synthesis 

may also contribute to the control of the rate of triglyceride biosynthesis in 

adipose tissue. This aspect of the problem is currently being investigated. 

In contrast to this finding, subcellular homogenates of adipose tissue were 

recently used in vitro (3) to demonstrate that the relative proportions of 

pal mitic and oleic acid entering position s__n_n-Z of triglycerides were apparently 

controlled entirely by the transacylases of the glycerol-3-phosphate pathway. 

However, it would appear from the study reported here that a wider range of 

fatty acids should be utilised and full stereospecific analyses of the triglycerides 

should be carried out before definitive conclusions are drawn about the nature 

of the control mechanism. 

ACKNOWLEDGEMENT 

Miss M.L. Hunter gave skilled technical assistance. 

248 



Vol. 66, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

io 

2. 

3. 

4. 
5. 
6. 
7. 

8. 

9. 

Jensen, G.R., Zanetti, M.E., and Hutchison, C.F. (1966) Biochem. J. 
99, 333-340. 
Gellhorn, A., and Benjamin, W. (1964) Biochim. biophys. Acta, 84, 
167-175. 
Stokes, G.B., Poteat, L.W., and Tore, S.B. (1975)Biochim. biophys. 
Acta, 380, 245-256. 
Kinsella, J.E. (1972) Lipids, 7, 349-355. 
Christie, W.W., and Moore, J.H. (1970) Lipids, 5, 921-928. 
Christie, W.W. (1972) Analyst, 97, 221-223. 
Christie, W.W., and Hunter, M.L. (1973) Biochim. biophys. Acta, 
316, 282-287. 
Christie, W.W. (1975) J. Chrom. Sci., in the press. 
Christie, W.W. (1974) Lipids, _9, 876-882. 

249 


