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The present  paper gives the resul ts  of a s t ructura l  investigation of the components present  in larges t  
amount in the combined phospholipids of the seeds of the cotton plant of var ie ty  "Tashkent - l "  of the 1971 
harvest .  The combined phospholipids isolated from the defatted kernels  of the cotton seeds by a known 
method [1, 2] were separated by the solubilities of the individual fract ions in ethanol. The phosphotipids of 
the ethanol-soluble and ethanol-insoluble fractions of the total were chromatographed on columns of silica 
gel. The phosphatidylcholines, phosphatidylinositols, and phosphatidylethanolam!nes were finally purified 
by preparat ive chromatography in a thin layer  of silica gel. The individual fract ions obtained in this way 
had the following constants.  

Phosphatidylcholines: % N 1.59, P 3.31; N/P  mola r  ratio 1.06, [Ot]D+7.7°C (2.0 chloroform}; IR. spec-  
t rum, cm-l :  3300-3600 (OH}, 2940, 2870, 1480 (CH, CH2, CH3), 1740 (ester C-~-O), 1260 (P~O}, 980 [~(CH3}3]. 

Phosphatidylethanolamines: % N 1.26, P 3.03; N /P  molar  ratio 0.91; for]D+6.1 ° (c 1.3; chloroform}; 
IR spectrum, (cm-1): 2960, 2940, 2860, 1460 (CH, CH2, CH3), 1730 (C-----O},1085, 1040, 1030 ( P -  O - C ) ,  1240 (P ~ O). 

Phosphatidylinositols: % P 3.43, no N; IR spectrum (cm-1): 3500-3200 (OH), 2870, 2940 {CH, CH2, 
CH3}, 1735 (C=O),  1060, 1120 ( P - O - C } ,  1250 (P---=~O}. 

The s t ruc tures  of the homogeneous fractions shown were confirmed by the study of the products of 
their  acid hydrolysis .  Fatty acids were found in the hydrolyzates  of all the phospholipids [21. Among the 
water-soluble  hydrolysis  products f rom the phosphatidyIcholines we found choline; f rom the phosphatidyIe- 
thanolamines, ethanolamine; and from the phosphatidylinositols, inositol; the hydrolyzates  of all the f r ac -  
tions contained glycerol .  The polyols and amines were identified from their Rf values with marke r s  in a 
thin layer  of silica gel in the i sopropano l -  25 % a m m o n i a - w a t e r  (5 : 4 : I) [3] and (49 : 7 : 14) [4] systems.  
The spots were revealed with Dragendorff ' s  reagent,  ninhydrin solution, a 0.5% solution of KMnO o and po- 
tassium metaperiodate - benzidine. 

It is known from the l i terature that phospholipase A exhibits a specific action on the fl-position of a 
phospholipid molecule. The fatty acids obtained in this p rocess  are mainly unsaturated. In o rder  to inves-  
tigate the position distribution of the fatty acids in the individual fractions we studied the products of the 
enzymatic hydrolysis  of these components.  As the source of phospholipase A we used the venom of the 
Azerbaidzhan kufi [5] in t r is  buffer at pH 9.6. In o rder  to compare the resul ts ,  the phosphatidylethanol- 
amines were hydrolyzed by this enzyme in the presence  of CaC12 [6l, and it was found that the phosphati-  
dylcholines are hydrolyzed completely in 4 h and the phosphatidylethanotamines in 22 h. When the re-  
action was performed in the presence of CaC12 (instead of the t r is  buffer) the react ion took place to the ex-  
tent of 93-94 % in 22 h. It was more difficult to hydroIyze the phosphatidylinositots; af ter  48 h ~ 80 % of the 
phospholipid had been hydrolyzed. The hydrolysis  products  were separated by preparat ive TLC. The lyso 
compounds were subjected to alkaline hydrolysis  and the fatty acids both from the o~-position (split off from 
the lyso compounds) and from the fl-position (obtained on enzymatic cleavage) were analyzed in the form of 
methyl e s t e r s  by GLC (Table 1). 
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TABLE 1. Pos i t i on  D i s t r i bu t i on  of the Fa t t y  Acids  in the Main F r a c  ~ 
t ions  of the Phos  ,holipids of Seeds  of the " T a s h k e n t - l "  Cot ton  P l an  L 

Phosphatidyl- Phosphatid~l- Phc~phatidyl = 
Sym- cholines ethanolamm~ ,, inositols , 

Fatty acids . bol ini- position tni- position " ._ ]..position 
~ial = l ~ tial = I ~ initial I ; ~ 

CIO " 0 

Ct~ i n 
C1~ :'. 
C t 6 .  c,°;'; 
E l 8  : n 

Cts : 1 
C 1 8  - , 

• Total saturated 
acids 

Total unsaturated 
acids 

1,22 
18,18 
1,7, 
3,2' 
!3,0, 
i2,6 

.)2,6 

U,3' 

T,91 
35,08 
2,4( 
5,9.: 

~1,9( 
32,7{ 

42,9~ 

57,0~ 

m 

1.71 
3,20 
1,61 

23,8 
69,6 

4,9 

95,~ 

2,46 I 
2,18[ 
1,781 

22,111 
3.83] 
4,11 / 
t2,47] 
i1.06 

I 

32,64 

57,36 

3,00 
2,4~ 
2,42 

49.15 
2,3' 
2,4: 
4,4{ 

33,7, 

59,4~ 

40,5: 

1,44 
4,54 
1,94 

14,43 
77,~ 

5,9~ 

94,0: 

2,3 
3t,91 / 

3,6( 
5,r~ 

I0,~ 
16,0] 

39,9( 

60,1i 

52,60 
9.42 
9,52 
1,0~ 
L7.4C 

52,1~ 

37,8~ 

2,45 
6,00 
3,33 
3,06 
9,16 

75,97 , 

11,51 

88,49 

TABLE 2. D ig lyce r ide  Compos i t i on  of the Phosphat idy_lchol tnes* 

~-Positions I 
of the fat- [Symbol 

{ PM 
M SM 
1,7 ?~bt 

3,2 
OIP 
LP 

I PPo 
Po SPo 
1 , 7 0 I P o  

LPo 

T aking position isom-~'P~?a°~ Taking position isom- 
erizationintoaccounl~;acid s "ISymbol erizationintoaccount 

0.351 >it,7 0,6 
0,059x 1,7 0,1 
0,219X 1,7::0,4 
0,328xl ,7 0,6 

0,0197:,3,2 0,! 
0,351,:3,2=1,1 
0,@24/, 3,~ 0, I 
0,059> 3,2 0,2 
0,219:<3,2 0,7 
0,328X3,2 1,0 
0,351 xl ,7 0,6 
0,059".. 1,7 0,! 
0,219Xl,7 0,4 
0,328X 1,7 =.0,5 

OI 
23,8 

L 
69,6 

MOI 0,019X21,8=:0,5 
POI 0,351 X23,8----8,3 

0,024X23,8=0,6 ~ )1 
0,059×23,8= | .4 

OIOI 0,219X23,8=5,2 
LOI 0,328X23,8=:7.8 

ML 0,919X69,6---- 1,3 
PL o,351X69,6---24,4 

0,024X69,6== 1,7 
0,059X69,6= 4,2 
0,219><69,6---- 15,3 

OILLL 0,328X69,6=:22,8 

Total 100,0 

* H e n c e  SS = 2.1%, and of t hese  the monoac id  c o m p o u n d s  m a k e  up 
1.1%; SU - 4 3 . 6  7c; and UU - 5 4 . 3  %, and of which the monoac id  c o m -  
pounds  m a k e  up 28%. 

It  can be seen  f r o m  Tab le  1 that  in the t h r ee  f r a c t i o n s  s tudied the re  is  a spec i f i c  d i s t r ibu t ion  of the 
s a t u r a t e d  and u n s a t u r a t e d  ac ids :  in the f l -pos i t ions  the phospha t idy lcho l ine  m o l e c u l e s  a r e  e s t e r i f i e d  with 
u n s a t u r a t e d  ac ids  to the ex ten t  of  95.09 %, the 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  to 94.02 %, and the phospha t i dy l i -  
nos i to l s  to 88.49 %; in the s - p o s i t i o n s  of  the phospha t i dy l e thano l amines  and phospha t i dy l i nos i t o l s  s a t u r a t e d  
ac ids  p r e d o m i n a t e  (59.42 and 62 %, r e s p e c t i v e l y ) .  The p r e d o m i n a n c e  of u n s a t u r a t e d  fat ty  a c i d s  in the c~- 
pos i t ions  of  the phospha t idy lcho l ines  is  p o s s i b l y  exp la ined  by the m o r e  u n s a t u r a t e d  na tu re  of the fat ty  ac ids  
in the ini t ia l  mo lecu l e .  

The r e s u l t s  of a d e t e r m i n a t i o n  of the pos i t ion  d i s t r i bu t ion  of the fa t ty  ac id s  u s ing  C o l e m a n ' s  method  of 
ca lcu la t ion  [7] in the modi f i ca t ion  of A. L. M a r k m a n  et  al. [8] enab led  us  to ca l cu la t e  the d ig lyce r ide  c o m -  
pos i t ion  of the phospha t idy lcho l ines ,  phospha t i dy l e thano l amines ,  and phospha t idy l inos i to l s  as  d e s c r i b e d  p r e -  
v ious ly  [5] (Table  2-4) .  

E X P E R I M E N T A L  M E T H O D  

F o r  c h r o m a t o g r a p h y  we used  s i l i ca  gel  of  type KSK (up to 100 # for  t h i n - l a y e r  c h r o m a t o g r a p h y  and 
160-250 ~ for  co lumn  c h r o m a t o g r a p h y )  and the following so lven t  s y s t e m s :  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 :35  : 5) and 2) c h l o r o f o r m - m e t h a n o l - 2 5  % a m m o n i a  (65 :35  : 5). The IR s p e c t r a  w e r e  taken on a UR-20 

345 



T A B L E  3.  D i g l y c e r i d e  C o m p o s i t i o n  o f  t he  P h o s p h a t i d y l o h o l i n e s *  

~-Posi- I Taking position isom- B-Poattons[ raking position isom- :ion~ of Symbol erizatlon into account of the fat- [ Symbol me tat= 
ty acids .~rization into account ty acids I 

1,4 

i CP 
LaP 
iVlP 

P PP 
4,5 PoP 

I S' OIP 
LP 

Po [ PPo 
1,9 OIPo 

LPo 

I 
10,491 .<,1,4 0,7 
0,045, 1,4 0,1 
0,337XI,4 0,5 

0,03 : ,1,5 o,I 
0,024 -.4,5 0,1 
0,0~24 2:, 4,5 =0, 1 
0.491X4,5 2,2 
0,024X4,4 =o, l 
0,024 4,5 o,I 
0,045"< '1,5 0,2 
0,337:4,5 -1,5 

: ) , 4 9 1 >  1 , 9 - 1 , 0  
:},045"< I ,{,} 0, I 
:),:}37;11,9- 0,7 

OI 
14,4 

L 
77,6 

i 
COl 
LaOl 
MOI . 

( POI 
i PoOl SOl 

0101 
1.01 

eL 
LaL 

I - 
| PoL • 

Oil. 
i l k  

0,03 X 14,4-.0,4 
0,ff24X 14,4 #,;', 
o,o24x 14,4: o, 3 
0,491 x 14,4:.7,2 
0,(}24X 14,4-0,3 
0,024 X 14.4.0,:l 
0,045X 14,4 0,7 
(),337X 14,4 4.9 

0, 03X77,6 -2,:/ 
0,024X77,6 1,0 
0,02_4X 77,6= 1.9 
0,491X77,6 3S,3 
0,024X77,6 1,9 
0.024X77,6 1,9 
o,045X71,6= 3,5 
0,337X77,6 26,4 

Total 100,0 

* H e n c e  SS = 3.3%, o f  w h i c h  the  m o n o a c i d  c o m p o u n d s  m a k e  up  

2.2 Yc; SU - 5 8 . 2  %; and UU - 3 8 . 5  ~ ,  of  wh ich  the  m o n o a c i d  c o m -  

p o u n d s  m a k e  up 27 .1%.  

T A B L E  4.  D i g l y c e r i d e  C o m p o s i t i o n  of  t he  P h o s p h a t i d y l c h o l i n e s *  

B -Posi- 
tions of the 
fatty acid 

M 
2,5 

P 
(i,O 

Po 
3,3 

Symbol 

PM 
PoM 

OIM 
LM 

PP 
PoP 
SP 
OlP 
LP 

PPo 
PoPo 
SPo 
OI Po 
LPo 

Taking position isom- 
erization into account 

0,526:- 2,5 1,3 
0,094::2.5=(),2 
0,(}.q5 x2,5 0,2 
0.1| l  ~2,5 0,3 
(},174 . 2,5 0,4 

0,526:{5 3,3 
0,091. 6 0,6 
0,095X6 0,6 
(},111 .. (i 0,7 
0,171>'.6-- 1,0 

B-Position~ 
of the fat-] Symbol 
ty acids I 

S 
3,0 

( OI 
.) ,2 

0,526X3,3 :l,S 
0,094/3,3: 0,3 
0,095.'. 3,3 0,3 
0, I l I ;:..3,3 0,4 
0,174/3,3=0,6 

L 
76,0 

I PS PoS 

O I S 
LS 

POI 
PoOl 
SOl 
0101 
LO1 

PL 

OIL 
EL 

Taking position isom- 
etization into account 

0,52673:1,6 
0,(194 X3-: o, 3 
0.095 > 3::0,3 

: O , l l l  < 3-.:0,3 
0,171 '3 0,5 

(} ,526 X 9,2 - . I , 8  
o,(}91..: 9,2:: O, 9 
11,0951 ..9,2- (I.9 
(1,111 x9,2 l,{) 
0,171:k9,2-1,6 

o,526 x76= 3!1,!) 
0,(}94:4 76= 7,2 
0,(XJSN76. : 7,2 
(),l l I ..:76- 8,4 
0,171 ,'76- 13,2 

Total I00,o 

* H e n c e  SS = 7.2%, of  w h i c h  m o n o a c i d  c o m p o u n d s  m a k e  up  3 . 5 % ;  

SU - 59.2%; and UU - 33 .6  %, o f  w h i c h  the  m o n o a c i d  c o m p o u n d s  

m a k e  up  14.5 %. 

i n s t r u m e n t  in the  f o r m  of  f i l m s .  G a s - l i q u i d  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  on a U K h - 2  i n s t r u m e n t  at  
197 ° C wi th  p o l y ( e t h y l e n e  s u c c i n a t e )  a s  the  s t a t i o n a r y  p h a s e .  

E x t r a c t i o n  o f  the  C o m b i n e d  P h o s p h o l i p i d s .  T h e  k e r n e l s  (100 g) o f  c o t t o n  s e e d s  of  the  v a r i e t y  " T a s h -  
k e n t - l "  w e r e  d e f a t t e d  w i t h  a c e t o n e  a t  r o o m  t e m p e r a t u r e .  The  p h o s p h o l i p i d s  w e r e  e x t r a c t e d  f r o m  the d r i e d  
m e a l  w i t h  a m i x t u r e  of  c h l o r o f o r m  and  m e t h a n o l  (2 : 1). T h e  s o l v e n t s  w e r e  d i s t i l l e d  of f  in v a c u u m  u n d e r  a 
c u r r e n t  o f  n i t r o g e n .  The  r e s i d u e  w a s  d i s s o l v e d  in c h l o r o f o r m  and  the  s o h t i o n  w a s  f i l t e r e d .  T h e  f i l t r a t e  
w a s  c o n c e n t r a t e d  to s m a l l  v o l u m e ,  and  the p h o s p h o l i p i d s  w e r e  p r e c i p i t a t e d  wi th  a c e t o n e .  The  r e s u l t a n t  
f l o c c u l e n t  p r e c i p i t a t e  w a s  s e p a r a t e d  by c e n t r i f u g i n g .  F r o m  the e t h e r e a l  s o l u t i o n  of  p h o s p h o l i p i d s  the w a t e r -  
s o l u b l e  s u b s t a n c e s  w e r e  e x t r a c t e d  wi th  a 0.9'7c a q u e o u s  s o l u t i o n  of  NaC1. T h e  y i e l d  o f  c o m b i n e d  p h o s p h o -  
l i p i d s  w a s  ~ 1.5 g, w h i c h  c o r r e s p o n d s  to ~ 1 .5% of  the  w e i g h t  o f  the d r y  k e r n e l s .  

F r a c t i o n a t i o n  of  the  C o m b i n e d  P h o s p h o l i p i d s  w i t h  E t h a n o l .  T h e  c o m b i n e d  p h o s p h o l i p i d s  (1.35 g) in 
7 m l  o f  c h l o r o f o r m  w e r e  p r e c i p i t a t e d  wi th  50 m l  of  e t h a n o l .  The  p r e c i p i t a t e  tha t  d e p o s i t e d  w a s  s e p a r a t e d  
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by centrifuging, dried,  and weighed. The centrifugate was evaporated in vacuum under a cur ren t  of nitrogen 
to dryness .  The weight fo the ethanol-soluble fraction was 0.945 g and of the ethanol-insoluble fraction 0.4 g. 

Column Chromatography of the Total Ethanol-Soluble Fract ion.  In a column containing 45 g of silica 
gel, 945 mg of the ethanol-soluble fraction of combined phospholipids was eluted with chloroform,  mixtures  
of ch loroform and ethanol in var ious  rat ios,  and then with methanol. The following fract ions were obtained: 

I - chloroform:  neutral  lipids (20 mg); 

II - c h l o r o f o r m - m e t h a n o l  (9:1) :100 mg (neutral lipids and polyglycerophosphatides);  

I I I "  c h l o r o f o r m - m e t h a n o l  (4 : 1} : 450 mg (mixture of phosphatidylethanolamines and phosphatidyl- 
cholines) ; 

IV - c h l o r o f o r m -  methanol (7 : 3} : 90 mg (pho sphatid~rlcholines and t r aces  of phosphatidylinositols); 

V - c h l o r o f o r m - m e t h a n o l  (2 : 1} : 180 mg (phosphatidylcholines and lysophosphatidylcholines);  and 

V I -  methanol: 80 mg (phosphatidylcholines and lysophosphatidylcholines).  

Then the fract ions were separated by preparat ive  TLC. The separation of the total ethanol-insoluble 
fraction of phospholipids was per formed s imilar ly ,  and phosphatidylinositols and phosphatidylethanolamines 
predominated in the eluates. 

Acid Hydrolysis  of the Individual Phospholipids. An individual phospholipid fraction (35-50 mg} in 3-  
4 ml of 3 N HC1 in a sealed tube was boiled in the water  bath for 24 h. Then the tube was opened, the fatty 
acids were ext rac ted  from the acid solution with petroleum ether  (40-70 ° C), the residue was evaporated in 
vacuum and dissolved in water ,  and the hydrolys is  products  were analyzed by TLC. Glycerol ,  choline, 
ethanolamine, and inositol were used as marke r s .  

Enzymatic  Hydrolysis  of the Phospholipids. A. Phosphatidylcholines. To 94 mg of the sample in 
15 ml of ether was added 2.6 mg of kufi venom dissolved in 0.4 ml of 0.1 M t r i s  buffer. The mixture was 
left at room temperature .  After  4 h, the solvent was evaporated off, the residue was dissolved in ch loro-  
f o r m - m e t h a n o l  (2 : 1), and the hydrolys is  products were separated prepatat ively in system 1; Rf  0.9 (iodine 
vapor} - fatty acids f rom the fl-position, yield 37 mg; R/0 .15  (iodine vat, or  and Drageadorf f ' s  and Vas 'kov-  
ski i ' s  reagents}, yield 55 rag. 

Lysosphosphatidytcholine.  % N 3.10, P 5.93; N/P  mola r  ratio 1.1. 

B. Phosphatidylethanolamines.  I. A sample (164 mg} was dissolved in 20 ml of ether,  and 3.6 mg of 
snake venom in 0.5 ml of t r i s  buffer (pH 9.6} was added. The react ion was complete after  22 h. Then the 
hydrolys is  products  were treated as in the case of the phosphatidylcholines. The yield of fatty acids was 
50 mg and of lysophosphatid~(lethanolamines 105 mg. 

The phosphatidylethanolamines (60 mg} were dissolved in 8 ml of e ther  and 0.3 ml of a solution of 
snake venom containing 4 mg of venom in 1 ml of water  and 0.15 ml of 0.025 M CaC12 were added. The mix-  
ture was left at room temperature .  After 22 h, the hydrolysis  products were separated by preparat ive TLC. 
This gave fract ions with Rj  0.9 - the fatty acids split off, weight 25 mg; 0.8 - unchanged phosphatidyletha- 
nolamines,  4 rag; and 0.45 - lysophosphat idyle thanolamines ,  27 mg. 

Lysophosphatidylethanolamines.  % N 2.36, P 5.6; N/P molar  rat io 0.94. In a thin layer  of sil ica gel 
in sys tem 1, Rf 0.45 (I 2 vapor, solution of ninhydrin, Vas 'kovsk i i ' s  reagent,  and 10 % H2SOJCH3OI-I). 

C. Phosphatidylinositols.  A solution of 94 mg of the sample in 15 ml of e ther  was mixed with 2.6 mg 
of snake venom in 0.4 ml of 0.I  M tr is  buffer. The mixture was left at room temperature  for 48 h. Then 
the solvents were evaporated off, and the residue was dissolved in a mixture of ch loroform and ethanol (2:1);  
on TLC, the mixture showed three spots, and these were separated preparat ively  in sys tem 1. This gave 
fract ions with Rj 0.9 - t h e  fatty acids split off; 0.4 - u n c h a n g e d  phosphatidylinositols (19 mg); and 0 . 1 5 -  
ly sopho sphatidylino sitols. 

The lysophosphatidylinositols do not dissolve in alcohols and ether  and are sparingly soluble in chlo-  
roform;  they contain 6.5'~ of P. In the i sop ropano l - fo rmic  a c i d - w a t e r  (3 : 1 : 1} sys tem [9l, Rf 0.4. 

Alkaline Hydrolysis  of the Lyso Compounds. The lysophosphatidylcholines,  lysophosphatidylethanol-  
amines,  and lysophosphatidylinositols (20-30 mg) were hydrolyzed in 0.1 M KOH/CI-I3OH (1-1.5 ml) on the 
water  bath under reflux for 20 min. Then the solvent was evaporated off, the residue was dissolved in water,  
the solution was acidified with 10 % HC1, and the fatty acids were extracted with petroleum ether  (3 × 15 ml). 
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The combined pe t ro leum e ther  solutions were  washed with dist i l led wa te r  and dried over  Na2SO 4. The so l -  
vent was evapora ted  off in vacuum. The f ract ions  obtained consis ted  of the fatty acids that had been p resen t  
in the s -pos i t i ons  of the cor responding  phospholipids. The fatty a c i d s w e r e  methylated with a f reshly  p r e -  
pared  solution of diazomethane and analyzed by GLC. 

S U M M A R Y  

1. The r e su l t s  of the study of the products  of acid hydro lys i s  c o n f i r m  the s t ruc tu re s  of the phospha-  
t idylcholines,  phosphat idylethanolamines,  and phosphatidyl inosi tols  of the seeds  of the cotton plant of the 
va r ie ty  "Tashkent-1 .  ~ 

2. By the enzymat ic  hydro lys i s  of these f rac t ions  of phospholipids,  the posit ion distr ibution of the 
fatty acids in them have been de termined  and the lyso compounds have been cha rac te r i zed .  

3. The diglycer ide  composi t ion of the phosphatidylcholines,  phosphat idylethanolamines ,  and phospha-  
t idyl inosi tols  have been calculated.  
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