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In recen t  y e a r s ,  paper s  have appeared  with inc reas ing  f requency on the fa t ty-ac id  composi t ion and dis-  
t r ibution of fa t ty-ac id  rad ica l s  in phospholipids of plant  or igin [1-12], the major i ty  of them having been devoted 
to the study of the lecithins [5-9], and a s m a l l e r  number  to the cephalins [1] and to the phosphatidylinosi tols  
[10-12]. 

P a p e r s  on the fa t ty-ac id  composi t ion of the lecithins of the cotton plant  [7-9] have appeared,  and one of 
them [9] r epo r t s  the nature  of the fat ty acids in posit ion 2. There  is no such informat ion for  the phospholipids 
of the f ine- f ibered  cotton plant of va r i e t y  5904-I in the l i t e r a tu r e .  

We give the r e su l t s  of a de terminat ion  of the fa t ty -ac id  composi t ion of the oil, of the total phospholipids,  
of the phosphatidylcholines (PChs), of the phosphat idylethanolamines  (PEs),  and of the phosphatidylinositols  
(PIs) of the cotton plant  G. ba rbadense  (var ie ty  5904-I, 1970 crop),  and also their  pos i t ion-dis t r ibut ion in the 
molecules  of the PChs,  P E s  and PIs .  The oil and the total phosphatolipids were  ex t rac ted  as descr ibed  p r e -  
viously .  The individual groups of phospholipids were  isola ted by column chromatography  on s i l ica  gel and 
were  subfract ionated in a thin l ayer  of s i l i ca  gel in sy s t em 1° 

The r e su l t s  of a gas chromatographic  (GLC) analys is  of the fatty acids (Table 1) showed that the fat ty-  
acid composi t ions  of the oil of the total  phospholipids a re  identical  quali tat ively and s im i l a r  quanti tat ively.  
The individual phospholipids contain the same  fatty acids,  but thei r  ra t ios  a re  different,  and in o rde r  of in- 
c r ea s ing  sa tura t ion they fo rm the sequence PChs,  PEs ,  P I s .  The amount of unsatura ted  fatty acids in the PIs  
is l e ss  than that in the PChs and PEs  by 26.9-24.1%, respec t ive ly ,  through a dec rease  in the amount of oleic 
and l inoleic acids,  and the amounts of unsa tura ted  acids a re  g r e a t e r  through an inc rease  in the amounts of 
pa lmi t ic  and s t e a r i c  ac ids .  

The posit ion distr ibution of the fa t ty -ac id  rad ica l s  in the phospholipid molecules  was de te rmined  by 
enzymat ic  hydrolys is .  For  this purpose  we used phosphol ipase A 2 f rom the venom of Vipera  lebet ina obtusa  
(Azerbaidzhan kufi) [6]. The enzymat ic  hydrolys is  of these phospholipids with 0.1 M t r i s  buffer  at  pH 1028 
took place completely ,  but the t imes  of hydro lys i s  were  different  and inc reased  in the sequence PChs,  PEs ,  
PIs .  The comple teness  of hydrolys is  was checked in a thin l ayer  of s i l ica  gel in s y s t e m  1. GLC analysis  of 
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TABLE 1. Composition and Position Distribution of the FattyAcids 
in the Phospholipids of Gossipium barbadense, % 

Acid 

12tO 
1 4 , 0  
16:0 
16:1 
18:0 
18:1 
18:2 

Oil 

0,2 1,1 1,2 
0,3 0,8 0,9 

23.7 24,0 22,7 
2.7 2,2 1,2 
2,1 1,8 1,3 

19.0 18,0 28,4 
52,0 52,1 44.3 

26.3 27,7 26,1 
73,7 72.3 73,9 

PEs ~ Pls 
position 

Total I PChs ini- phos - pho- ini- position 
lipids tial tial I 2 

1,1 1,4 !,2 1,2 
0,8 0,8 0,8 0,6 

30,7 6,5 25,0 50,1 
1,2 0,8 0.8 1,3 
2,6 0,7 1,9 2,8 

28,2 32,2 14,8 7,8 
35,4 57,6 54,7 36,2 

35,2 9,4 28,9 54,7 
64,8 90,6 71,1 45,3 

I 2 ] . . . .  I 

1,2 1,0 3,0 
0,6 1.0 2,3 
1,7 46,8 79,1 
,6 1,5 2,5 

4,2 7,5 
18,2 9,2 2,8 
77,7 36,3 2,8 

3,5 53,0 91,9 
95,5 47,0 8,1 

ini- _.position 
tial 

1,7 
1,3 

10,5 
2,0 
1,2 

16,6 
66,7 

Total S* 14,7 
Total U I" 85,3 

S:U I,2,8 1t2,6 1:2,8 1:1,84 1:9,63 1:2,4 1:0,8 1:27,511:0,9 i:0,08 :5,8 
I 

*S) s a t u r a t e d ;  

tU) u n s a t u r a t e d ,  

• TABLE 2.  Mo lecu l a r  Compos i t ions  of the Phosphol ip ids  Tak ing  
P o s i t i o n  I s o m e r i s m  into Account  (%) 

Molecular Molecular 
composition* Pls compositiorr, PCHs PEs Pls 

12,0112:0 
14:0]12:0 
16:0112:0 
16:1/12,0 
18:0/12:0 
18:1/12:0 
18:2/12:0 

12t0/14:0 
14:0/14:0 
16:0]14,0 
16:1/14,0 
18:0/14:0 
18:1/14:0 
18:2/14:0 

12 : 0/16 : 0 
14:0/16:0 
16:0/16:0 
16:1116:0 
18:0/16:0 
18:1/16,0 
18:2116:0 

12:0/16:1 
14 : 0/16 : 1 
16 : 0/16 : 1 
16:1/16:1 

PCHs PEs 

+1" -4- 
4- ' 4- 

0,5 0,7 
+ + 

0,4 + 
0.5 0,5 

-4- + 
~- + 

0,3 0,3 
+ + 
+ 

0,2 + 
0,3 0,3 

+ 
2.0 0,9 

+ + 
0,1 + 
2,2 0,2 
2,2 0,6 

+ 
0~ 0.4 

+ 

Disaturated, 
Disaturtaed, 
Diunsaturated, different acids (U/U) 
Diumaturated, same acid (U/U) 
Saturated-unsaturated (S/U) 
Unsaturated-saturated (U/S) 

different acids (S/S) 
same acid (S/S) 

+ 
+ 

1,5 
+ 

0,2 
+ 
+ 

+ 
1,2 
+ 

0.1 
+ 
+ 

0,3 
0,2 
8,3 
0,3 
0,8 
0,3 
0,3 

+ 
+ 

1,7 
+ 

18:0116:1 
18:1/16,1 
18:2/16:1 

12:0/18:0 
14:0/18:0 
16:0/18:0 
16:1/18:0 
18:0/18:0 
18:1i18:0 
1~,2/18:0 

12:0/18:1 
14:0;18.. 1 
16:0/18,1 
16 : 1/18 : 1 
18:0/18.. I 
18: 1/18:1 
18:2/18: I 

12:0118:2 
14:0/18:2 
16:0/18:2 
16:1/18:2 
18:0/18:2 
18:1/18:2 
18 : 2/18 ." 2 

+ 
0.2 
0,3 

+ 
+ 

0,2 
+ 
+ 

0,2 
0,3 

0,3 
0,3 
9,8 
0,4 
0,8 
9.2 

11,4 

0,6 
0,5 

18,0 
0,7 
1,5 

16,2 
20,1 

1.1 
2,0 

29,2 
29,3 
32.1 
6,3 

+ 
+ 

0,2 

0 
0 
0 
O, 
0 

0 

0,3 
0,2 
9,2 
0,3 
0,5 
1,5 
6,2 

0.9 
0,7 

39.0 
1.0 
2.1 
6,0 

28,0 

1,0 
0,9 

13,7 
29,5 
b3,3 

1.6 

0,3 
+ 
+ 

+ 
+ 

1,I 
+ 

0,1 
+ 
+ 

0,5 
0.4 

13,1 
0,4 
1,2 
0,5 
0,5 

2 , 0  
1,5 

53,0 
1,4 
5,0 
2,0 
1,8 

5,4 
8,4 
4,3 
2,3 

78,7 
0,9 

*Before  the s t roke ,  the ac id  occupying pos i t i on  1, and af ter  i t  the 
acid occupying  pos i t i on  2 

t The symbol  + m e a n s  the p r e s e n c e  of the componen t  in  an amoun t  
of l e s s  than 0.1~c. 

the me thy l  e s t e r s  of the ac id  sp l i t  off showed that  the amount s  of u n s a t u r a t e d  fat ty acids  in pos i t ions  2 of the 
m o l e c u l e s  of the phosphol ip ids  s tudied  w e r e :  for the P E s  96.5%, for  the PChs  9 0 . 6 ~ ,  and for  the P I s  85.4%. 
The i n c r e a s e d  amoun t  of u n s a t u r a t e d  ac ids  in  pos i t ion  2 is  due to o le ic  and l i no le i c  ac ids .  

The lyso  p roduc t s  f o r m e d  a f t e r  e n z y m a t i c  h y d r o l y s i s  were  sub j e c t e d  to a lka l ine  hyd ro ly s i s  to d e t e r m i n e  
the fat ty ac ids  p r e s e n t  in pos i t i on  1. The amoun t s  of s a t u r a t e d  ac ids  in this  pos i t ion  w e r e :  in the P I s  92.0%, 
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in the PEs  54.7%, and in the PChs 35.2%, this is due to different  amounts of the predominat ing palmi t ic  acid: 
in the PChs there  is only 30.7% of it, in the PEs  50.1%, and in the P I s  79.1%. 

In a de terminat ion  of the poss ib le  molecu la r  composi t ions  of the groups of phospholipids invest igated,  
we based  ourse lves  on the exper imenta l  r e s u l t s  of the posi t ional  distr ibution of the fa t ty-ac id  rad ica l s  in the i r  
molecules ,  as was done prev ious ly  [6]. 

I t  can be seen  f rom the r e su l t s  obtained (Table 2) that the PChs,  PEs ,  and PIs  differ  cons iderably  in 
molecu la r  composi t ion.  In the PIs ,  the amount of diunsaturated spec ies  falls  cons iderably  and the sa tu ra ted-  
unsa tura ted  spec ies  i nc rea se .  Such a sharp  change in the molecu la r  composi t ion is connected with the se l ec -  
tivity of the pa i r ing  of the fatty acids in the PIs ,  where  the sa tu ra ted  pa lmi t ic  acid is found predomina te ly  in 
posit ion 1 and the unsa tura ted  l inoleic acid in posi t ion 2; the 18 :2  acid p o s s e s s e s  a lower se lec t iv i ty  of pa i r ing  
with the 16 :0  acid in the PChs and P E s .  

The PEs  lack the 18 :0  acid in posi t ion 2, and they the re fo re  have fewer  molecu la r  species  (42) than the 
PChs and PIs  (49 each).  The d isa tura ted  f rac t ions  in the PChs,  PEs ,  and PIs  a re  fo rmed  mainly  with the 16 :0  
acid; d iunsaturated s a m e - a c i d  molecu les  a re  fo rmed  by the 1 8 : 2 / 1 8 : 2  and 1 8 : 1 / 1 8 : 1  acids and are  ch a r ac -  
t e r i s t i c  for the PChs and the P E s .  It mus t  be noted that in the PChs there  is a l a rge r  amount of unsa tu ra ted-  
sa tu ra ted  spec ies  than in the other  phospholipids,  and they consi s t  mainly  of the 18 : 1/16 : 0 and 18 : 2/16 : 0 
acids .  

Thus,  the poss ib le  molecu la r  composi t ions  of the individual groups of the phospholipids of the cotton 
plant  depend on the initial composi t ion of the fat ty acids and the se lec t i ty  of the i r  pa i r ing .  

E X P E R I M E N T A L  

The solvents were  pur i f ied by accepted methods [14]. For  chromatographic  analysis  we used type KSK 
s i l ica  gel of different  grain  s izes  - 100-150 m e s h  for  column chromatography  and 150-200 mesh  for  th in- layer  
chromatography ,  the gel being washed with hydrochlor ic  acid and wa te r .  As sy s t em 1 for  TLC we used chloro-  
f o r m - m e t h a n o l - 2 5 %  ammonia  ( 6 5 : 3 5 : 5 ) .  

The fat ty acids of the oil and of the phospholipids were  ex t rac ted  a f te r  thei r  cold saponificat ion [15]. The 
fa t ty -ac id  composi t ions  were  de te rmined  by GLC on a UKh-2 chromatograph  at 196-197°C (column 2.5 m long) 
with 17% of poly(ethylene succinate) on Cel i te-545 (60-80 mesh) as the s ta t ionary  phase .  

Enzymat ic  Hydrolys is .  A solution of 100 mg of the PChs in 20 ml  of moi s t  diethyl e ther  was placed in a 
two-necked p e a r - s h a p e d  30 -ml  flask, and 3 mg of snake venom dissolved in 0.3 ml of t r i s  buffer  (pH 1028) was 
added. The f lask was connected to a ref lux condenser  through which a s t i r r e r  connected to a motor  was passed ,  
and the mix ture  was carefu l ly  s t i r r e d  at r oom t e m p e r a t u r e  [6]. After  20 min, hydrolys is  had gone to c o m -  
plet ion.  

For  the hydrolys is  of the PEs  and the PIs ,  the same  amounts were  taken under the same  conditions, but 
the t ime  of hydrolys is  for  the PEs  was 5 h and for  the PIs  47 h. 

Separat ion of the Hydrolys is  P roduc t s .  The fat ty acids spli t  off f rom the PChs were  sepa ra ted  f rom the 
ly so -PChs  by column chromatography .  A 50-ml  bure t te  was charged with 4 g of s i l ica  gel suspended in 20 ml  
of ch loroform.  The column was washed with another  40 ml  of the solvent ,  and then the fat ty acids were  eluted 
with 120 ml  of  c h l o r o f o r m - m e t h a n o l  (9:1) and the l y so -PChs  with 80 ml  of methanol .  

The l ibera ted  fat ty acids of the PEs  and the PIs  were  sepa ra ted  f rom the lyso products  by p repa ra t ive  
TLC in sys t em 1. The f ree  fat ty acids were  methyla ted  with diazomethane and subjected to GLC analys is .  

The fatty acids were  l ibe ra ted  f r o m  the lyso products  by alkaline hydrolys is  (10~ solution of KOH in 
methanol ,  12 h at  r o o m  t empera tu re ) .  The fatty acids isola ted a f te r  the decomposi t ion of the soaps were  
worked up by the usual methods,  methyla ted  with diazomethane,  and analyzed by GLC. 

S U M M A R Y  

1. The fa t ty -ac id  composi t ions  of the oil, the total phospholipids,  and the main groups of phospholipids 
of the seed  kernels  of the f ine- f ibered  cotton plant  of va r i e ty  5904-I have been de te rmined .  The complete  
quali tat ive identity of the acids p r e s e n t  in them and quantitat ive s imi l a r i t y  of the acids in the oil and in the 
total  phospholipids have been shown: in the degree  of increas ing  sa tura t ion  the phospholipids f o r m  the following 
sequence:  phosphatidylcholines,  phosphat idylethanolamines ,  phosphat idyl inosi tols .  
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2. It has been es tab l i shed  by enzymat ic  hydro lys i s  with phosphol ipase A 2 of kufi venom that the un- 
sa tu ra ted  fat ty acids a re  p r e s e n t  in posi t ion of the PCh, PE,  and PI molecules  - to the extent of 90.6%, 96.5%, 
and 85.4~, r e spec t ive ly .  

3. F r o m  the posit ion dis tr ibut ion of the fatty acids in the phospholipids,  the i r  poss ib le  molecu la r  com-  
posi t ions  have been calcula ted.  
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T H E  D E P E N D E N C E  O F  T H E  F A T T Y - A C I D  

C O M P O S I T I O N  O F  C O T T O N S E E D  O I L  ON T H E  D E G R E E  

O F  U N S A T U R A T I O N  

L .  S.  G o l o d o v a  a n d  B .  A .  B r y u s h i n i n  UDC 665.1.002.611 

The dependence invest igated is of cons iderable  in te res t  f rom the p rac t i ca l  point of view. Any s t r i c t  
de terminat ion of it would provide fat chemis t s  and merchan t s  with the poss ib i l i ty  of quanti tat ively evaluating 
the composi t ion of an oil f rom such a read i ly  avai lable index as the iodine number .  

F u r t h e r m o r e ,  the p rob lem is also of i n t e re s t  for the c h e m i s t r y  of natural  compounds and products ,  
pa r t i cu l a r ly  f r o m  the point of view of Academician  S. L. Ivanov' s c l imat ic  theory  of the format ion  of organic 
substances  [1]. 

The quality of cot tonseed oil is de te rmined  p r imar i l y ,  if there  a re  no technological  pecul ia r i t ies  in its 
production,  by the ra t io  of l inoleic and oleic acids;  this to a cer ta in  extent de te rmines  the composit ion and 
p rope r t i e s  of the products  of its reduction,  and also the conditions of the actual catalyt ic  hydrogenation p roces s  . 
Consequently, in this case  it is p r e c i s e l y  the dependence of the amount  of each of these two unsaturated acids 
on the degree  of unsaturat ion that is important ,  while the quanti tat ive differentiat ion of the acyl rad ica ls  has no 
such impor tance .  

At the p r e se n t  t ime,  var ious  authors have obtained two pa i r s  of equations by which a t tempts  have been 
made to exp res s  the requ i red  re la t ionship .  
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