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Until recent ly ,  the phospholipid complex of crops with a high yield of oil, especial ly Helianthus annuus 
(sunflower), family Compositae, has been studied inadequately. Only the sum of the bound and f ree  phosphatides and 
their fatty acid composit ions have been investigated; the group composit ion of the phospholipids of oils extracted from 
the h igh-oi l -content  seeds of sunflowers has been character ized [1-5].  In this paper we give the resu l t s  of a study of 
the qualitative and quantitative composit ion of the native phospholipid complex of the kernel  of the h igh-oi l -content  
sunflower of the var ie ty  "peredovik" [leader]. 

The phospholipids were extracted from the pe t ro leum-ether -defa t ted  kernel  with a mixture  of chloroform and 
methanol (2 : 1), and they were separated f rom carbohydrates  and other water -so luble  impur i t i es ,  and then purif ied 
with acetone. The phospholipid f ract ion obtained in this way consisted of an almost  color less ,  fa i r ly  hard mass .  The 
mean yield based on the absolutely dry weight of the kernel  was 1.1%, and the phosphorus content 3.06%. 

The quali tative composit ion of the mixture  of phospholipids was determined by two-dimensional  chromatography.  
Eight spots were obtained on the chromatogram and they were identified by chemical  tests  and by compar ison with 
m a r k e r s  which had the following Rf values in solvent sys tem 1: Xl -ce rebros ides  0.82, phosphatidic acids 0.76, X 2 
cerebros ides  0.72, phosphatidylethanolamines 0.65, phosphatidylcholines 0.41, phosphatidylinositol 0.41, X1- 
glycolipids 0.11, and X2-glycolipids 0.04. The use of two-dimensional  chromatography permit ted  the 
phosphatidylcholines and phosphatidylinositols to be separated.  

Individual groups of phospholipids and the components corresponding to them were isolated by prepara t ive  
chromatography in a thin layer  of s i l ica  gel in solvent system 1. Thei r  amount re la t ive  to the total substance (wt. %) 
and their phosphorus content were also determined (table). 

Charac te r i s t i cs  of the Individual Frac t ions  of the Phospholipids Isolated 
by Prepa ra t ive  Chromatography 

Substance 

X, -Cerebrosides 
Phosphatidic acids 
X~-Cerebrosides 
Phosphatidylethanolamines 

Pbosphatidylcholines * 

Phosphatidylinositols* 

I wt~ 

X 1 -Glycolipids 
X~-Glycolipids 

7.8 

19.6 

39,8 

17.8 

10.0 
5,0 

'.ontent 
P in the 

frac- 
t i ~ s ,  

1,0 

3.52 

3,80 

3.82 

0,24 
0,07 

phospho- External form of the fractions 
lipids from 

the P, % 

Not deter- [ Light-brown rubberlike substance with 
mine d [ solid white inclusions 

25.5 Light-yellow waxy substance 

• 51.5 Light-yellow rubberlike substance 

23.0 ] Almost colorless pulverulent substance 
I 

- -  -} Colorless brittle substance 

*Separated and determined quantitatively by rechromatography in solvent system 2. 

We see from the table, that the X1- and X2-cerebrosides  were charac ter ized  together with the phosphatidic 
acids,  s ince their  s i m i l a r  Rf values and smal l  quantity made it difficult to separa te  them under the exper imental  
conditions. The substances  provis ional ly  identified as glycolipids contained only smal l  amounts of phosphorus and 
therefore,  cannot, be descr ibed as phospholipids. The f igures in column 4 of the table show that half of the total 
content of the phospholipids is r epresen ted  by phosphatidylcholines and the other half by phosphatidylethanolamines and 
phosphatidylinositols ,  in near ly  equal quantit ies,  together with a smal l  amount of phosphatidic acids.  The content of 
true phospholipids amounts to 0.9% of the weight of the absolutely dry kernel .  

To charac te r ize  the individual phospholipids more  completely,  the total s ta r t ing  mate r ia l  was subjected to two- 
d imensional  chromatography and the content of phosphorus in each spot was determined and rela ted to the total amount 
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of phosphorus in all the spots. The mean resu l t s  of three determinat ions  were  as follows: 

Substance Content, % of P 
of phospho|ipids in n~ture 

XI Cerebrosides 0 
Phosphatidic acids 4,0 ~,3 
X 2-Cerebrosides 0 
Phos phatidylet hanolamines 21,3 2~,6 
Phosphatidylcholines 48,0 51,3 
Pbosphatidy|inosito|s 20,3 2 l ,  8 
Xi.Glycolipids 4 ,6  - -  
X~-Glycolipids 1,8 

Consequently, the content of the main components of the phospholipid complex de te rmined  in this way 
approximates  to the content de te rmined  by the g r a v i m e t r i e  method (see table). Two-dimensional  chromatography 
enabled the amount of phosphatidic acids to be de termined.  

Thus, the phospholipids of the sunflower kernel  consis t  of phosphatidoeholines (51.3%), 
phosphatidylethanolamines (22.6%), phosphatidylinositols (21.8%), and phosphatidic acids (4.3%). Associa ted  
components in the phospholipid complex are  ee reb ros ides  and glycolipids.  

EXPERIMENTAL 

The solvents  used were  purif ied and made absolute by genera l ly  known methods [7]. 

Isolat ion of the phospholipids. The phospholipids were  extracted by three t rea tments  with ch lo ro fo rm-me thano l  
(2 : 1) f rom comminuted sunflower kernels  that had been defatted with pet ro leum ether  (40-50 ° C). F o r 5 0  g of kernels  
we used 300 ml of solvent.  Defatting and extract ion were  ca r r i ed  out at room tempera ture .  The mi sce l l a  obtained was 
freed f rom the bulk of the carbohydrates  by f i l t ra t ion after 14-16 hr standing at +4 ° C. The f i l t r a te  was concentrated,  
and the res idue  was t reated with pe t ro leum ether ,  and then ch loroform for  fur ther  pur i f icat ion f rom sugars .  The 
pe t ro leum e t h e r - c h l o r o f o r m  solution was washed with water  (20% by volume) to e l iminate  wate r - so lub le  impur i t i es  and 
was evaporated to dryness .  The res idue  was dissolved in ch loroform to fo rm a 25% solution, and the phospholipids 
were  prec ip i ta ted  with a twenty- fo ldvolume of acetone. The prec ip i ta te  was kept at -12 ° C for 14-16 hr,  then f i l t e red  
off on a No. 4 porous glass  f i l ter ,  washed with chil led acetone, and dissolved in chloroform.  The phospholipid f ract ion 
purif ied in this way contained no neutral  Hpids. The yield of lipid phosphorus with a single acetone purif icat ion was 
97%. 

Chromatography.  The work was ca r r i ed  out by chromatography in a thin layer  of type KSK s i l ica  gel ( sma l l e r  
than 150 mesh) which had been washed with HC1, water ,  acetone, methanol,  and chloroform.  After  t rea tment ,  the 
s i l i ca  gel had pH 4.5, as de termined  by Jantzen and Andreas ' s  method [8]. Sil ica gel, 30 mg, with 5% of gypsum mixed 
with double the amount of water was deposited per  cm 2 of the plates .  Two solvent  sys tems  were  used as the mobile  
phase:  1) c h l o r o f o r m - m e t h a n o l - w a t e r  (65 : 25 : 4) [6,9],  and 2) ch lo ro fo rm -m e thano l -25%  ammonia  (14 : 6 : 1) [6]. 

One-dimensional  chromatography was c a r r i e d  out in sys tem 1 and two-dimensional  chromatography in sys tem 1 
(f i rs t  direct ion) and sys tem 2 (second direct'ion). 

One-dimensional  p repara t ive  chromatography was ca r r i ed  out on 18 × 24 cm plates  (80-100 mg of the initial 
phospholipid complex in the fo rm of a 20% solution in ch loroform was separa ted  on one plate) and two-dimensional  
chromatography on 13 x 13 cm plates .  

Identif ication of the substances.  The ce reb ros ides  were  identified by three chemica l  tests .  1) The initial mixture  
of phospholipids was separa ted  by the two-dimensional  method, and the plates were  dr ied  for  1 rain and sprayed with a 
0.04% solution of Bromothymol  Blue in 0.01 N NaOH. The ce reb ros ides  appeared in the fo rm of green  spots on a blue 
background [ 10]. 

2) The mix ture  was separa ted  by one-dimensional  chromatography,  the solvent was dr iven off, and the plates 
were  sprayed with a reagent  consis t ing of 20 ml of 10% ethanolic diphenylamine,  100 ml of conc HCI, and 80 ml of 
glacial  acetic acid. Then they were  heated at 105 ° C; g ray-b lue  spots appeared on a l igh t -g ray  background [9]. 

3) Voskovsky and Kostetsky's modified reagent [ii] for phospholipids did not reveal phosphorus in this class of 
subs Lance s. 
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We observed that after the separat ion of the ini t ial  phospholipids by one-dimensional  chromatography with 
subsequent showing up of the spots of the substances  with iodine vapor and then with 50% H2SO 4 and heating at 150 ° C, 
the spot corresponding to the cerebros ides  changed color f rom gray to dir ty  violet to black. The color of the spots 
corresponding to the phospholipids changed from light brown to black, and that of the glycolipids f rom gray to black. 
This change in the color  of the ee rebros ides  may serve  as an additional quali tative charac te r i s t i c  for them. 

Phosphatidic acids. These acids were identified prepara t ive ly  from the p resence  of phosphorus and the l i lac 
f luorescence on observat ion in UV light after the chromatograms had been sprayed with a 0.0004% solution of 
Rhodamine 6 G [3]. 

Phosphatidylcholines and phosphatidylethanolamines.  The substances were identified by specific chemical  tests 
[3] and also by the coincidence of their  Rf values with marke r s ,  lecithin and cephalin (isolated from egg yolk). 

Phosphatidylinositols .  The substances  were identified from the products of their acid hydrolysis  with 6 N HCI at 
120 ~ C for 24 :hr. Fatty acids,  glycerol,  and inositol  were detected. The polyols were compared with re fe rence  
samples ,  pure glycerol  and inositol,  after chromatography of the water -so luble  hydrolysis  products in a thin layer  of 
s i l ica  gel as descr ibed by Kaufman et al. [12]. 

Glycolipids. These compounds gave a posit ive react ion with an ethanolic solution of diphenylamine [3, 9], and are 
colored by an alkaline solution of s i lver  ni t ra te  [3]. The products of hydrolysis  with 6 N HCI were found to contain fatty 
acids, inositol  and carbohydrates ,  while the glycolipids gave a weak posit ive reac t ion  for phosphorus with the reagent  
used by Voskovsky and Kostetsky [11]. 

Methods of quantitative determinat ion.  The init ial  phospholipids were separated into individual f rac t ions  by 
prepara t ive  chromatography. The zones corresponding to these fract ions were removed and were treated f i r s t  with 
ch lo ro fo rm-methano l  (1 : 1) and then with methanol. The s i l ica  gel was separated by f i l t rat ion,  the f i l t ra te  was 
evaporated, and the res idue  was dried to constant  weight. The yields were de termined in wt. %. Aliquots of the 
solutions of the individual groups of phospholipids and the components corresponding to them were analyzed for their 
phosphorus content by the modified micro  method descr ibed by Tevekelov [13]. 

The group composit ion of the phospholipids was determined from the phosphorus content in the spots of the 
substances  obtained by two-dimensional  chromatographic separat ion.  After the chromatogram had been run and the 
solvents had been evaporated off, the plates were sprayed with 50% H2SO 4 and heated at 150 ° C for 40-50 rain. The 
charred  spots were t r ans fe r red  to test  tubes and treated as descr ibed by Dyatlovitskaya et al. [6]. The phosphorus was 
de termined by Tevekelov 's  method [13]. 

CONCLUSIONS 

The quali tat ive and quantitative composit ion of the phospholipid complex of the kernels  of seeds of the o i l - r i ch  
Helianthus annuus and of the substances  associated with them have been investigated by chromatography in a thin layer  
of s i l ica  gel. 

The phospholipids consis t  of four groups of substances:  phosphatidylcholines (51.3%), phosphatidylethanolamines 
(22.6%), phosphatidylinositols (21.8%), and phosphatidic acids (4.3~o). 

The substances  associated with the phospholipid complex a re  ce rebros ides  and glycolipids, forming two groups 
in each case. 
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