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In a preceding  communicat ion  [1] we gave p r e l im ina ry  resu l t s  of an invest igat ion of the phospholipids 
of the seeds  of the cotton plant of var ie ty  108-F (Gossypium hirsutum).  In the p re sen t  pape r  we descr ibe  
the resu l t s  of a study of the f ract ional  composi t ion  of the combined phospholipids,  the c h a r a c t e r i s t i c s  of 
individual homogeneous f rac t ions ,  and the fa t ty-ac id  composi t ions  both of the total phospholipids of seeds  
of the cotton plant of va r ie ty  108-F and the individual f rac t ions  of them. 

The combined phospholipids were  obtained f r o m  the acetone-defat ted  seed ke rne l s  by Folch ' s  method 
[2]. The purif ied total  ma t e r i a l  appeared  on two-dimensional  TLC as five phosphorus-conta in ing  compo-  
nents the amounts of which were  de termined f r o m  the amounts of phosphorus  in the cor responding  spots 
on the c h r o m a t o g r a m  [3]: 

Phospholipid fraction Amount, % 
Phosphatidylcholines 52,63 
Pho~phatidylinositols 22,80 
Phosphatid~lethanolamines 17,52 
Polyglycerophosphatides 3,50 
Lysophosphatidylcholines 3,55 

The quantitat ive yield of phospholipids on the i r  separa t ion  by two-dimens ional  TLC was 89%. The m i n e r -  
al izat ion of the phosphorus  was p e r f o r m e d  at 170-180°C for  3-4 h. The phosphorus  content was de termined 
by the method of Taussky  and Shorr  [4]. 

The polyglycerophosphat ides  were  identified f rom the posi t ion of the spots and the i r  posi t ive reac t ion  
for  phosphorus .  

The p re sence  of lysophosphat idylchol ines is poss ibly  due to a degradat ion of the phosphatidylcholines 
in the prc~cess of the ex t rac t ion  and pur i f icat ion of the combined phospholipids.  The main  components  of 
the total  ma te r i a l  were  isolated by separa t ing  the e thanol-soluble  and ethanol- insoluble  f rac t ions  on a col-  
umn of s i l ica  gel .  The subsequent p r e p a r a t i v e  f ract ionat ion was p e r f o r m e d  in a thin l aye r  of s i l ica  gel. 
For  the separa t ion  of the phosphat idylethanolamines  f r o m  the phosphatidylcholines we used the c h l o r o f o r m -  
m e t h a n o l - w a t e r  (65 : 35 : 5) s y s t e m  and for  the separa t ion  of a mixture  of phosphatidylcholines and phos-  
phat idyl inosi tols  we used the c h l o r o f o r m - m e t h a n o l - 2 5 %  ammonia  (65 : 35 : 5) sys t em.  The homogeneous 
f rac t ions  of phospholipids obtained in this way had the following indices:  

Phosphat idylchol ines.  N 2.30, P. 3.86%; m o l a r  ra t io  N: P = 1 : 0.8, [(~ ]~ +8 ° (c 1.0; CHCla-CHzOH , 2 : 1). 

Phosphat idyl inosi tols .  P. 3.0%; N none. 

Phosphat ldyle thanolamines .  N 1.87, P. 3.5%; m o l a r  ra t io  N : P-- 1 : 0.9. 

The IR spec t r a  of these f rac t ions  agreed  with those given in the l i t e ra tu re  for  glycerophosphol ipids  
[5, 6]. 

To conf i rm the s t ruc ture  of the phosphat idyl inosi tols ,  they were  subjected to acid hydrolys is .  Among 
the wa te r - so lub le  hydrolys is  products  on TLC we found g lycerol  and inositol  [ i sopropanol -25% a m m o n i a -  
wa te r  (50 :7 :15)  s y s t e m  [7], where " isopropanol"  should be read for  Wisobutanoln; chromogenic  agents:  
po tass ium pe r ioda t e -benz id ine ;  12 vapor;  0.5% aqueous solution of KMnO4]. The l i t e r a tu re  does not con- 
tain sufficiently complete  informat ion  on the fa t ty-ac id  composi t ion of the total and individual f rac t ions  of 
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TABLE 1 

Fatty acids 

El0:0 
C12:o 
Ch:o 
C16:o 
C16:1 
C18:0 
Cls: 1 
C18:2 
Sum of the sat- 

urated acids 
Sum of the unsat- 

urated acids 

Triglyc- Total Individual fractions ' 

. . . .  ItidyI- Itidyletha4 tidylino- 
] eride$ phospho- ~ h ' ~ - -  [P--hmp ha- 

. ~  ]llpla$ [cholines ~olamin¢~sitol$ 

I,I 
2,04 
1,36 
~4.85 
1,26 
1,75 
5,33 
i2,30 

H,IO 

~8,89 

1,17 
1,14 

17,50 
1,30 
1,00 

26,88 
51,00 

20,81 

79,18 

4,10 
2,40 
2,05 
.~5,03 
1,93 
i ,78 

[2,66 
~0,04 

}5,36 

~4,63 

1,81 
22,00 

1,75 
2,90 

16,33 
55,20 

26,71 

73,28 

h 

2,98 
2,11 

31,91 
1,19 
4,82 
9,99 

47,00 

41,82 

58,18 

the phospholipids of the seeds  of the va r ie ty  of 
cotton plant that we have studied [8]. The fatty 
acids were  isolated f r o m  the total  and the indi- 
vidual f rac t ions  of the phospholipids by alkaline 
saponification.  The mixture  of fatty acids obtained 
was methyla ted  with a f resh ly  p r e p a r e d  solution 
of diazomethane,  and the methyl  e s t e r s  were  
analyzed on a g a s - l i q u i d  chromatograph .  In 
o rder  to compa re  the resul t s ,  a c h r o m a t o g r a m  
of the t r i g lyce r ide s  of the oil was obtained [9]. 
The resu l t s  of the analys is  of the fa t ty -ac id  com-  
posit ion of the phospholipids of seeds of the cotton 
plant of va r i e ty  108-F a re  given in Table 1. 

It can be seen  f r o m  Table 1 that the fa t ty-  
acid composi t ions  of the t r i g lyce r ides  and of the 

combined phospholipids a re  very  s i m i l a r  with r e spec t  to the acids involved, with the exception of the low- 
molecu la r -we igh t  C10 and C12 acids,  which a re  absent f rom the t r ig lyce r ides .  The fatty acids of the com-  
bined phospholipids have a m o r e  sa tura ted  nature  than those of the t r ig lyce r ides .  The amounts of the main 
acids in the t r i g lyce r ides  and in the combined phospholipids agree  approximate ly  with those given in the 
l i t e r a tu re  [8, 7], 

Among the sa tura ted  acids pa lmi t i c  p redomina tes ,  and among the unsatura ted  acids linoleic. The 
main  phospholipids of the seed ke rne l s  of the cotton plant of va r ie ty  108-F f o r m  the following sequence 
with respec t  to increas ing  degree  of sa tura t ion:  phosphatidylcholines,  phosphat idyle thanolamines ,  p h o s -  
phat idyl inosi tols .  

EXPERIMENTAL METHOD 

For  two-dimensional  ch romatography  we used the following sy s t ems :  d i rec t ion  I, c h l o r o f o r m - m e t h -  
a n o l - a m m o n i a  (65 : 35 : 5); d i rec t ion  II, c h l o r o f o r m - m e t h a n o l - a c e t o n e - a c e t i c  a c i d - w a t e r ( 6 3  : 21 : 10 : 21 : 
11). The methyl  e s t e r s  of the fatty acids were  analyzed on a UKh-2 g a s - l i q u i d  chromatograph  at 196 ° with 
poly(ethylene succinate)  as the s ta t ionary  phase .  

Separa t ion of the Total  Mater ia l  aceordin~ to Solubilities in Ethanol. The combined phospholipids 
(0.65 g) obtained f r o m  the ace tone-defa t ted  seed ke rne l s  were  ext rac ted with a mix tu re  of ch lo ro form and 
methanol  (2 : 1) and dissolved in 2 ml  of ch lo roform,  and this solution was t r e a t ed  with 20 ml of ethanol.  
The flocculant  p rec ip i ta te  that had fo rmed  was left in the r e f r i g e r a t o r  for  s e v e r a l  hours.  Then the ethanol 
was sepa ra ted  off by centrifuging (3000 rpm),  and the prec ip i ta te  was washed twice with ethanol. The weight 
of the e thanol-soluble  f rac t ion  was 0.45 g and the ethanol- insoluble f rac t ion  0.188 g. 

Frac t iona t ion  of the Ethanol-Soluble Frac t ion  of the Combined Mater ia l  on a Column. The e thanol-  
soluble f rac t ion  (158 rag) of the combined phospholipids was t r a n s f e r r e d  to a column (d 1.6 cm, h 25 cm) 
containing 8.5 g of s i l ica  gel and eluted in the following sequence: 

I) ch lo ro fo rm (neutral lipids); 

II) c h l o r o f o r m - m e t h a n o l  (9 : 1) 26 rag (mixture of phosphatidylinosi tols  and phosphat idylethanolamines) ;  

III) c h l o r o f o r m - m e t h a n o l  (8 : 1) 30 mg {phosphatidylethanolamines and t r a c e s  of phosphattdylcholines);  
and 

IV) c h l o r o f o r m - m e t h a n o l  (7 : 3) 90 rag {phosphatidylcholines). 

Column Chromatography  of the Ethanol-Insoluble  Frac t ion  of the Combined Phosphol ip ids .  Par t  of 
the combined ma te r i a l  (178 rag) was sepa ra ted  on a column (d 1.6 cm, h 25 cm) containing 9.0 g of s i l ica  
gel and was eluted with c h l o r o f o r m - m e t h a n o l .  The c h l o r o f o r m - m e t h a n o l  (9 : 1) f rac t ion  yielded 90 mg 
of a mix ture  of phosphat idyle thanolamines  and phosphatidylinosi tols ,  while the (8 : 1) f ract ion gave 65 mg of 
a mix tu re  of phosphat idyle thanolamines  (very smal l  amount) and phosphatidylinosi tols  with t r a ce s  of phos -  
phat idylchol ines.  

The mix ture  obtained was subfract ionated by p r e p a r a t i v e  TLC. 
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Acid Hydrolysis  of the Phosphatidylinositols .  A mixture  of 47 mg of the phosphatidylinositols and 
3 ml of 6 N HC1 in a sealed tube was heated in the boiling water  bath for  24 h. Then the tube was opened, 
the acid solution was ext rac ted  with pe t ro leum e the r  (40-70°C) and evaporated in vacuum, the residue was 
dissolved in water,  and the water-soluble  hydrolysis  products  were  analyzed by TLC. Inositol and glycerol  
were identified. 

Alkaline Hydrolysis  of the Phospholipids.  A sample weighing 25-35 mg of the phosphatidylcholines 
or  the phosphatidylethanolamines in 1 ml of 0.1 N KOH (in methanol) was heated on the water  bath under 
reflux for  20 rain. Then the solvent was evaporated off, the residue was dissolved in water ,  the solution 
was acidified with 10~o HC1, and the f ree  fatty acids were  ex t rac ted  with dlethyl e ther .  After  the e ther  had 
been disti l led off, the fatty acids were methylated with diazomethane.  

A mixture  of 30 mg of the phosphatidylinositols in 1 ml of 10~ methanolic KOH was left at room tem-  
pe ra tu re  for  20 h. The subsequent working up was pe r fo rmed  as descr ibed above. 

S U M M A R Y  

1. It has been found that the main components of the combined phospholipids of the seed kernels  of 
the cotton plant of var ie ty  108-F are  phosphatidylcholines,  phosphatidylinositols,  and phosphatidylethanol-  
amine s. 

2. The fa t ty-acid  composit ion of the combined phospholipids and of individual homogeneous f ract ions  
of them have been studied. 
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