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A STUDY OF THE PHOSPHOLIPIDS OF KENAF 

I. Tolibaev, Kh. S. Mukhamedova, 

and S. T. Akramov 
UDC 547.958:665.37 

In the present  paper we give the results of an invest igat ionofthe s t ruc ture  of the main components of the 
total phospholipids of kenaf of var ie ty  Kuban'-333, grown in the Uzbek experimental  station for  bast  c rops  [1]. 
The previously ground seed kernels  were defatted with acetone. The total phospholipids were  extracted by 
Folch ' s  method [2] and were freed f rom carbohydrates  by fil tration through Molselekt G-25 [3]. The combined 
phospholipids were  separa ted  into ethanol-soluble and ethanol-insoluble fract ions and each separa te ly  was 
passed through a column of si l ica gel. The neutral  lipids were eluted with chloroform,  and the phospholipids 
with mixtures of ch loroform and methanol of increas ing  polarity.  The final purification of the main fract ions 
(phosphatidylcholines, phosphatidylethanolamines,  and phosphatidylinosit01s) and the two minor  fract ions (X t and 
X 2) of phospholipids was per formed by preparat ive  chromatography in a thin layer  of s i l ica gel in solvents sys-  
tems 1 and 2. This gave homogeneous fract ions with the following constants:  

Phosphatidylcholines (PCs): mola r  rat io N /P  = 0.9; [~]~ + 6.30 (c 2.0; CHC13); 

Phosphatidylinositols (PIs): no N; P 3.3%; 

Phosphatidylethanolamines (PEs): molar  rat io N / P  = 1.1. 

The IR spec t ra  of the fract ions obtained coincided with those of glycerophospholipids [4, 5]. To confi rm 
the s t ructure  of the main components,  we ca r r i ed  out acid hydrolysis .  The following products were found in the 
hydrolyzate:  f rom the PCs, choline; f rom the PIs, inositol; f rom the PEs,  ethanolamine; and, in the hydro l -  
yza tes  of all the fract ions,  glycerol .  The amines and polyols were identified f rom their  Rf values with m a r k e r s  
in a thin layer  of s i l ica gel in sys tems  3 and 4. The reveal ing agents were a solution of ninhydrin, Dragendorff 's  
reagent,  a 1% solution of potass ium metaperiodate,  and benzidine solution. To determine their  fa t ty-acid  com- 
positions, the phospholipids were subjected to alkaline hydrolysis .  The fatty acids were analyzed in the form of 
methyl e s t e r s  by GLC. The resul ts  of the analysis  of the fatty acid composit ions of the total phospholipids and 
of the individual f ract ions a re  given in Table 1. The fatty acids of the total phospholipid and its components 
are  s imi lar  qualitatively, but the ratios of the individual acids differ. In the individual fract ions of the phos- 
pholipids of kenaf seeds, f rom 21.4 to 37% of saturated fatty acids containing mainly palmitic acid and f rom 63 
to 78.6% of unsaturated acids with a predominance of linoleic acid are  found. The degree of unsaturat ion of the 
phospholipid molecules r i ses  in the following sequence: PIs ~ X t- PL --  PEs ~ PCs ~ X  z- PL.  
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T A B L E  1. C o m p o s i t i o n  of P o s i t i o n  D i s t r i b u t i o n  of  the  F a t t y  A c i d s  
in  the  P h o s p h o l i p i d s  

• & 

C : : :  0, 40'6 

C16:0 29,7 
C16:1 1 , 5  

Czs:0 2, t 
C18:~ 21,3 
C1s:2 43,3 
C1s:3 1,t 

E S 32,7 
~U 67,3 

Phosphatidylcholine 
position 

initial z [ 2 

0,7 1,2 I ,I  
0,6 1,3 -- 

19,5 | &3,5 3,4 
2,6 I 2,1 1,8 
2,0 [ 2,3 - -  

b 

32,0 I 29,4 35,6 
41,9 30,2 55,2 
0,7 , - -  1,9 

I 
/ 

22,2 | 38,3 4,5 
77,8 [ 61,7 95,5 

Phosphatid~l- 
ethanolamme 

initiall position 
i [ 2 

• I 

phosphatldylinosito~ Minor com. 
.--.. [ position [ ponenu 
mmal] 1 I ~ IXfPLIXf PL 

l ;6 1,6 t ,0 
1,8 1,3 1,3 

23,2 49,6] 4,1 
2,7 2,3 [ 2,0 
3,6 2,7 --  

17,1 12,9 I 27,9 
49,1 38,6 ! 62,8 
3,9 -- ] 0,9 

27,2 45,2[ 6,4 
72,8 53,8 ] 93,6 

1,5 
1,4 

26,7 
2,7 
4,3 

t9,1 
42,6 
1,7 

,.111.3 t o.6 
1,0 0,9 0,5 

32,7 70,4 2,3 
2.0 3,8 0,9 
2,2 5,3 --  

15,5 8,7 19,2 
44.7 9,6 75,1 
0,8 -- 1,4 

37,0 22,1 3,4 
63,0 77,9 96,6 

1,9 
1,4 

15,2 
2,1 
2,9 

11,4 
64,3 
0,8 

33,9 21,4 
66,1 78,6 

T A B L E  2. P o s s i b l e  M o l e c u l a r  C o m p o s i t i o n s  of the 
P h o s p h a t i d y l c h o l i n e s  (PCs) ,  P h o s p h a t i d y l i n o s i t o l s  (PIs ) ,  
and P h o s p h a t i d y l e t h a n o l a m i n e s  (PEs)  

Molecular [ [ 
corn-posit-ion pcs PIS PIs PEs 

v 
-7- 

+ 
0,3 
0,4 

1,2 
0.I 
0,1 
1,0 1+o 
+ 

0,7 

12:012:0 
14:0 12:0 
16,0/12:0 
16:1.12:0 
18;0 12:0 
18;1 t2:0 
18:2'12:0 
12:0114:0 
14~0114:0 
16:0/14:0 
16:1 14,0 
18.'0 t4:0 
18:1 14:0 
18:2 14:0 
12~0 16:0 
t4 :0 '16 :0  
16:0 16:0 
t6:1 16:0 
18:0.;16:0 
18~ i.16:0 
lS:2'16zO 
12:0'16,1 
14:0 16: I 
16:0 16:1 

i 

),1 

+ 
1,7 
0.1 
0,1 
0,2 og 
+ 

0,7 

16;116:1 
18:W16;t 
18:] 16:1 
18~2 16:1 
[2:0.'t8 : 1 
14;0118:1 
16:0;18:1 
16:1'18:t 
18:0 18: t 
18:1:18;t 
18:2 18:1 
12~0 18:2 
14:0 18:2 
16:0 18:2 
16:1[t8:2 
18;018:2 
18:1/18,2 
t8:2.18:2 
12:0/18:3 
14:0 18; 
16z0,'18;3 
16:1 18:3 
18.'0 18:3 
t8:1 18:3 
18:2 18:3 

I 

Molecular 1 s PEs composition PC 

-v- 

m 

0,4 ,o 
,6 

+ ,4 
0,2 ,4 
0,4 1 ,5 
+ ,7 
+ ,8 

0,6 I ,3 
+ ,5 
+ ,6 
0,2 ,7 
0,6 19,2 
fl,l 1,2 
O,1 1,2 
1.6 16,4 
0,1 16,9 
o,1 7- 
0.5 
I,,6 ~,7 

4 -  - -  

0,8 0,6 
0,6 

+1 ÷ 4- 0,1 

,°'It 0,8°'3 
0,3 

13,g [ 11,4 
0,7 1 0,6 
t ,2 0,8 
1,7 3,6 
1,8 10,8 
t,0 1,o 
0,7 o,8 
52,~ 25,5 
2,9 1,5 
4,(3 1,7 
6,5 8,1 
7,2 24,1 
-+- T 
+ 
10 4 
o:11 
0,1 -- 
Ol  1 o,1 0:1 0.4 

Note .  The  s y m b o l  + m e a n s  tha t  the  c o m p o n e n t  was  
p r e s e n t  in an  a m o u n t  of l e s s  than  0.1%. 

In o r d e r  to s tudy  the p o s i t i o n  d i s t r i b u t i o n  of the  fa t ty  a c i d s ,  the  m a i n  f r a c t i o n s  of the  p h o s p h o l i p i d s  w e r e  
s u b j e c t e d  to e n z y m a t i c  h y d r o l y s i s  wi th  p h o s p h o l i p a s e  A, which  s p l i t s  off the  a c y l  r a d i c a l  in p o s i t i o n  2 of p h o s -  
p h o l i p i d s .  The s o u r c e  of the e n z y m e  was  the v e n o m  of the A z e r b a i d z h a n  kufi  in  0.1 M t r i s  bu f fe r  wi th  pH 10.0. 
The  h y d r o l y s i s  r e a c t i o n  was  m o n i t o r e d  by  TLC in s o l v e n t  s y s t e m s  1 and 2. The  p r o d u c t s  of e n z y m a t i c  h y d r o l -  
y s i s  w e r e  s e p a r a t e d  b y  p r e p a r a t i v e  TLC in s y s t e m  2. The f r e e  fa t ty  a c i d s  f r o m  p o s i t i o n  2 w e r e  d e s o r b e d  f r o m  
the c h r o m a t o g r a m s  and w e r e  m e t h y l a t e d  and a n a l y z e d  by GLC ( s e e  T a b l e  1), whi le  the  l y s o  p r o d u c t s  w e r e  
s u b j e c t e d  to  a l k a l i n e  h y d r o l y s i s  and the  f a t ty  a c i d s  s p l i t  off f r o m  p o s i t i o n  1 w e r e  e x t r a c t e d  f r o m  e t h e r  and  
a n a l y z e d  a s  d e s c r i b e d  P I s ,  and P E s ,  r e s p e c t i v e l y } .  

As  fo l lows  f r o m  T a b l e  2, the r a t i o s  of the t ypes  of f a t ty  a c i d s  ( s a t u r a t e d  and u n s a t u r a t e d )  w e r e  a s  fo l lows :  
S / S - 1 . 7 ,  2.6, 2.84%; S / U - 3 7 . 1 5 ,  75.3, 43.2%; U / S - 2 . 8 ,  0.8, 3.56%; and U / U - 5 8 . 3 5 ,  21.3, 50.4% (in the  PCs ,  
P I s ,  and  P E s ,  r e s p e c t i v e l y ) .  

The r e s u l t s  ob t a ined  p e r m i t  the s t a t e m e n t  tha t  the  u n s a t u r a t e d  a c i d s  occupy  p o s i t i o n  2 in the m o l e c u l e s  
of the  m a i n  f r a c t i o n s  of  the p h o s p h o l i p i d s .  
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On the basis of the resul ts  of the position distribution of the fat ty-acid radicals  in the PC, PE, and PI 
molecules ,  using a modified Coleman calculation [6-8], we determined their  possible molecular  composit ions 
(Table 2). The resul ts  of the calculations show that in the PCs and PEs the U/U molecular  types predominate 
and in the PIs the S/U types. In all the phospholipids investigated, the S/U types were formed mainly f rom the 
16 : 0 and the 18 : 1 and 18 : 2 acids, and the U/U types f rom the 18 : 1 and 18 : 2 acids.  

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

Chromatography was per formed with KSK sil ica gel; for th in- layer  chromatography the fract ion up to 
125 pm and for column chromatography the 160-250 #refract ion.  The solvent sys tems were:  1) c h l o r o f o r m -  
me thano l -  25% ammonia  (65 : 35 : 5), 2) c h l o r o f o r m -  me thano l -  water  (65 : 25 : 4) ; 3) i sopropano l -  25% a m m o n i a -  
water  ( 5 : 4 : 1 )  [9], 4) i sopropanol -25% a m m o n t a - w a t e r  (49 .7 :14)  [10], and 5) b u t a n - l - o l - p y r i d i n e - w a t e r  
(6:4:3) [11]. 

The UV spectra were taken on a UR-20 instrument with the substances in the form of films. Gas-liquid 
chromatography was performed on a UKh-2 chromatograph with a column 2.5 m long filled with poly(ethylene 
succinate) at 198°C. The carr ier  gas was helium [12]. 

E x t r a c t i o n  of  the  T o t a l  P h o s p h o l i p i d s .  The ground kenaf seeds (100 g) were extracted with 
acetone at room temperature. From the dried meal the total phospholipids were extracted with chloroform- 
methanol (2:1). The solvents were distilled off under a current of nitrogen, the residue was dissolved in chloro- 
form, and the solutionwas filtered; the filtrate was concentrated to small volume, and the phospholipids were 
precipitated with acetone. The precipitate was separated off by centrifuging (1.6 g) and was dissolved in chloro- 
form- ethanol-water (90 : 10 : 1) and passed through a column containing Molselekt G-25 swollen in the same 
mixture. The completeness of freeing from carbohydrates was checked by the TLC of the eluate in systems 1 
and 2. The yield of purified total phospholipids was 1.0 g. The carbohydrates were desorbed with aqueous 
methanol (0.55 g). 

A c i d  H y d r o l y s i s  of the  C a r b o h y d r a t e s .  The carbohydrates were heated with 1N H2SO 4 for 
12 h. Then the solution was treated with barium carbonate and filtered, and the filtrate was analyzed by PC 
(FN- 17 paper, Czechoslovakia) in systems 5. The revealing agent was aniline phthalate. Glucose and galaetose 
were found. 

F r a c t i o n a t i o n  of the  E t h a n o l - S o l u b l e  F r a c t i o n  of the  C o m b i n e d  M a t e r i a l  in a 
C o l u m n .  The combined phospholipids (690 mg) in chloroform were deposited on a column containing 35 g of 
s i l ica gel. Elution was per formed with acetone and chloroform and then with mixtures  of ch loroform and 
methanol of increas ing polar i ty:  

I. Ace tone -  substances of s teroid nature (30 mg). 

II. C h l o r o f o r m - n e u t r a l  lipids (20 mg). 

III. C h l o r o f o r m - m e t h a n o l  (9 :1 ) -mix tu re  of X 1 and X 2 phosphotipids, t r aces  of PEs and PIs (100 mg). 

IV. C h l o r o f o r m - m e t h a n o l  (4 :1 ) -mix ture  of PEs and PCs (240 mg). 

V, C h l o r o f o r m - m e t h a n o l  ( 2 : 1 ) - P C s  and t races  of PIs and lyso -PCs  (200 mg). 

VI. Methanot- lysophosphat idylchol ines ,  t races  of phosphatidylcholines (80 mg). 

T h e  distribution of the ethanol-insoluble fract ion of the combined mater ia l  was per formed s imilar ly .  In 
this case,  eluates enriched with phosphatidylinositols were obtained. 

A c i d  H y d r o l y s i s  o f  t h e  M a i n  C o m p o n e n t s  o f  t h e  T o t a l  P h o s p h o l i p i d s .  The PCs, 
PE, and PIs (30-40 mg each) in 3 ml of 3 N HC1 (or 6 N HC1 in the case of the PIs) were boiled in sealed tubes 
in the water  bath for  24 h. Then the tubes were opened and the fatty acids were extracted f romthe  acid solu- 
tions with petroleum ether  (40-60°C). The residue was evaporated to dryness  and dissolved in water ,  and the 
hydrolysis  products were  analyzed by TLC. Glycerol,  choline, ethanolamine, and inositol were used as marke r s .  

A l k a l i n e  H y d r o l y s i s  o f  t h e  P h o s p h o l i p i d s .  T h e P C s ,  PEs,  a n d P I s ,  andXw andX2-PLs  
(30-40 mg each) were  hydrolyzed with 5% KOH in CH3OH (1.5-2 mt) on the water  bath under reflux for 30 min. 
The solvents were evaporated off, the residue was dissolved in water,  the solution was made alkaline with 10% 
HC1, and the fatty acids were extracted with petroleum ether  (3 × 10 ml). The combined petroleum ether  solu- 
tions were washed with distilled water  and dried over Na2SO4, and the solvent was distilled off. The fatty acids 
obtained were methylated with diazomethane and analyzed by GLC. 
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E n z y m a t i c  H y d r o l y s i s .  Phosphatidyicholines.  A solution of 200 mg of the sample in 25 ml of 
e ther  was t reated with 4 mg of snake venom dissolved in 0.8 ml of 0.1 M tr is  buffer (pH 10.10). The mixture 
was s t i r red  mechanical ly at room tempera ture .  Hydrolysis  was per formed for 30 min. Then the solvent was 
evaporated to dryness  and the residue was dissolved in a mixture of chloroform and methanol (2:1}. The hy- 
drolysis  products were separated prepara t ive ly  in sys tem 2. The yield of fatty acids f rom position 2 was 87 
mg, and the yield of lysophosphatidylcholine 110 mg. 

Phosphatidylethanolamines.  The phosphatidylethanolamines (200 mg) were dissolved in 25 ml of ether,  
and 4.1 mg of snake venom dissolved in 0.8 ml of 0.1 M tr is  buffer with pH 10.0 was added. The mixture was 
s t i r red  mechanically,  the tempera ture  of the water  bath being kept at 37°C. The time of enzymatic  hydrolysis  
was 5 h. The hydrolysis  products were worked up as in the case of the PCs.  The yield of fatty acids was 90 
mg and the yield of lysophosphatidylethanolamine 100 mg. 

Phosphatidylinositols.  The phosphatidylinositols (120 mg) were hydrolyzed under conditions s imi lar  to 
those for the PEs.  The time of hydrolysis  was 12 h. The yield of fatty acids was 50 mg and the yield of lyso- 
phosphatidylinositol 67 mg. The alkaline hydrolysis  of the lyso compounds was performed in a s imi lar  way to 
the hydrolysis  of the initial phospholipids. 

S U M M A R Y  

The fat ty-acid composit ion of  the combined phospholipids and also of the main and two minor components 
of the phospholipids have been studied. On the basis of the resul ts  of acid hydrolysis  and also IR spectroscopy,  
the glycerophospholipid s t ruc ture  of the main components of the total mater ia l  has been confirmed.  These 
main components have been subjected to enzymatic hydrolysis :  the position distribution of the fatty acids have 
been determined and, f rom these, the possible diglyceride composit ions of the phosphatidylcholines, phospha- 
tidylethanolamines, and phosphatidylinositols have been calculated. It has been shown that the phospholipids a re  
accompanied by 35-40% of carbohydrates  which have been charac te r ized  qualitatively as d isacchar ides .  
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