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Continuing a study of the phospholipids of the seeds  of plants  of  the family  Cruci ferae  [1, 2], we have in- 
ves t iga ted  the minor  f rac t ions  of the total  phospholipids of the seeds  of Dipthychocarpus s t r i c tus  (Fisch.) 
Trau tv .  and Crambe  schugnana. Korsh.  When the total  phospholipids of the seeds  of D. s t r ic tus  were  sepa ra t ed  
on a column of s i l ica  gel, the c h l o r o f o r m - m e t h a n o l  (9:1) f ract ion yielded a phospholipid with R f  0.9 in s y s t e m  
1 (X1-PL, making up 45% of the total), which was f reed  f rom pigments  by p repa ra t ive  TLC, This  phospholipid 
is not r evea led  with ninhydrin and does not r eac t  with phospholipase A2; its IR spec t rum contains,  in addition 
to bands c h a r a c t e r i s t i c  for the glycerophosphol ipids  [3, 4], absorp t ion  bands in the 1650 and 1540 cm -1 regions  
which do not d i sappear  on hydrogenation.  On the bas i s  Of the facts  given above and a lso  of the r e su l t s  of a c o m -  
par i son  of the ch romatograph ic  mobil i ty of X1-PL with the product  of the reac t ion  of acetyl  chloride with phos -  
phat idyle thanolamine,  X I : P L  was shown to be identical  with the monosubst i tuted amide  of phosphat idyle thanol-  
amine  (N-acy l -PE)  [5-7]. The total  fat ty acids  and a lso  those cor responding  to the O-  and N-acyl  groups of the 
phospholipid invest igated were  isolated and analyzed by known methods [6, 7] (Table 1). 

The total  phospholipids of the seeds  of C. schugnana accord ing  to two-dimensional  chromatography ,  con-  
tained th ree  minor  components :  X1, X2, and X 3. On column ch romatography  of the total  phospholipids on s i l ica  
gel, X1-PL was eluted in the homogeneous state by a mix tu re  of ch lo ro form and methanol (95:5), c h l o r o f o r m -  
methanol  (4:1) eluted X2-PL in admix ture  with phosphat idylethanolamine (it was pur i f ied p repara t ive ly ) ,  and 
X3-PL w a s  eluted by methanol  in the pure  form.  

X t - P L  was identified as  N-acylphosphat idyle thanolamine by the method indicated above.  Informat ion on 
its f a t ty -ac id  composi t ion  is given in Table  1. 

On the bas i s  of the r e su l t s  of IR spec t roscopy ,  ana lys i s  for  N and P (2.5 and 5.3%, respec t ive ly) ,  and a lso  
f rom the wa te r - s~ lub le  products  of acid hydrolys is  (glycerol  and choline), X3-PL was identified as  lysophos -  
phatidylcholine.  The fa t ty -ac id  composi t ion of the lysophosphatidylcholine is given in Table 1. 

In sy s t em 1 and 2, X2-PL {4.6% of the total  phospholipids) has R f  0.7 and 0.33, r e spec t ive ly ,  and is shown 
up by the Vas ' kovsk i i  and ninhydrin reagen ts ,  and its IR spec t rum a g r e e s  with that given in the l i t e ra tu re  for  
g lyeerophosphol ipids  [3, 4, 8]. Glycerol  and ser ine  were  identified ( sys tem 3) among the products  of acid hydro-  
lys is .  The r e su l t s  obtained show that X2-PL is phosphat idylser ine .  According to the l i t e ra tu re ,  phosphat idyl-  
se r ine  is e i ther  absent  o r  is p resen t  only in v e r y  smal l  amounts  (1.2-5% of the total  phospholipids) in plant 
seeds  [9]. 

The total  f a t ty -ac id  composi t ion  of the phosphat idylser ine  was de te rmined  by alkal ine saponification.  To 
de te rmine  the posi t ion dis tr ibut ion of the fa t ty  acids ,  the phosphat idylser ine  was c leaved  with phosphol ipase A 2 
(snake venom),  and the fat ty  acids  f rom posi t ions  1 and 2 of the g lycerol  moie ty  of the molecule  were  analyzed 
as  desc r ibed  p rev ious ly  [1, 2l. The r e su l t s  of the GLC ana lys i s  of the fat ty acids  a r e  given in Table  1. 

The qual i ta t ive set  and quanti tat ive composi t ion  of the fatty acids in the N-acylphosphat idyle thanolamines  
obtained f rom D. s t r i c tus  and C..... schugnam~, a r e  not identical:  in the f i r s t  case  l aur ie  acid (C12: 0 ) and E r u c i c a c i d  
(C22:t) a r e  absent ,  and l inolenic acid p redomina tes  among the unsa tura ted  acids .  In the second case ,  the Ct2:0 
and C22:t acids  a r e  p re sen t ,  and  l inoleic acid p redomina tes  among the unsa tura teds .  The e ruc ic  acid is found 
main ly  in the amide-bound  form.  In both ca se s  palmi t ic  acid p redomina tes  among  the sa tura teds ,  and the N- 
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TABLE 1. Fat ty-Acid  Composi t ions of the Minor Phospho-  
lipids Of the Seeds of D. s t r i c tus  and C. schugnana 

dylethanolamine 

o -  N- 
t o t a l  acyl acyl 

C. 

IN-acylphosphati- - schugnana lvso- 

tdylcthanolamin e phosphatidylserine ~hos- 
{ --~.~ - - - ~ . p ~ t i -  

. position I d, 1 
]total acyl i acyl total . . . . . . . .  I ~ "  " • 1 2 ] choline 

Fatty 
acid 

C 12:0 

C 14;0 

C 16:0 

C t0:~ 
C 18;0 
C 18:1 
C 18:2 
C 18:3 

C 20:0 

C 22;1 

ZS 
v U 

m 

5,6 
16.8 
6,8 
6,6 

18.2 
20.4 
25,6 

29,0 
71,0 

1,6 
1,8 

22.0 
18,6 
31,3 

26,5 
73,5 

12.2 ! 
10,0 
13,1 i 
5 ,0  

16,5 i 
23.2 
20,0 

m 

27.2 
72,8 

8,0 
4,4 

10,8 
6,0 
7,3 

16,2 
23,0 
16,1 

8,2 

30,5 
69,5 

3,1 { 14,0 
3,1 { 11,7 

16,0 5,5 
5,0 8,01 
3,7 { 5,0 

20,0 111.21 
30,0 I 11,1 
16,1_ { 15,5 

3,0 1 18,0 

25.9 36,2 
74,1 I 63,8 

1 , '6 

2,5 
54,1 
2,9 
3,0 

16.0 
16,0 
3,9 i 

w 

61,2{ 
38.8 

85,7 

11,3 
3,0 

85.7 
14,3 

I 
4,9 { 1,2 
5,1 ! 1,2 

20,3 13,0 
6,7 2,5 
4,t 1,5 

20,9 25,0 
33.0 27,2 
5,0 ] 13,0 
- -  7,8 
~, 7,6 

3 4 24,7 
65,6 { 75,3 

I 

acy l s  have a more  sa tura ted  nature than the O-acyls ,  which is pa r t i cu la r ly  pronounced in the N-aey lphos -  
phat idylethanolamine obtained f rom C. schugnana. 

The phosphat idylser ine  is the most  highly sa tura ted  f ract ion of the total  phospholipids of C. sehugnana 
[2], where  more  than half the fatty acids consis t  of palmit ic  acid (54.1%). Eruc ic  acid is absent  f r o m  the phos -  
phat idylser ine ,  and the main unsatura ted  acids a re  oleic and linoleic. Only one sa tura ted  acid (palmitic) and 
two unsaturated acids  a r e  e s te r i f i ed  in position 1 of the g lycerol  moiety  of the phosphat idylser ine  molecule.  
The compara t ive ly  sa tu ra ted  nature of the fatty acids in position 2 (34.4%) is explained by the sa tura ted  nature 
of the whole phosphat idylser ine  molecule.  

o a  the bas i s  of the r e su l t s  of the position distr ibution of the fatty acids,  24 possible  molecule  f o r m s  of 
phosphat idylser ine  have been calculated,  and in relat ion to sa tura t ion these can be a r r anged  in the following 
way (%): d i sa tura teds  29.5; d iunsatura ted  9.4; s a t u r a t e d - u n s a t u r a t e d s  56.2; u n s a t u r a t e d - s a t u r a t e d s  4.9. 

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

For  ch romatography  we used type KSK si l ica  gel (up to 100 ~m for  a thin l ayer ,  and  160-250 ~ m  for  a 
column) and the following solvent sy s t ems ;  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); 2) c h l o r o f o r m - m e t h -  
ano l -25% ammonia  (65 ;35 ;5); and 3) 2% a m m o n i a - m e t h a n o l  (2 ;3). The acid hydrolysis  of the phospholipids 
was p e r f o r m e d  in sea led  tubes with 10% hydrochlor ic  acid at  100°C. The total  fat ty  acids of the phospholipids 
were  isola ted by alkaline saponificat ion (5% KOH in methanol,  room t e m p e r a t u r e ,  15-18 h). The fat ty acid c o m -  
posit ion was de te rmined  by the GLC method on a UKh-2 chromatograph  at 197°C (column 2.5 m long); the s t a -  
t ionary  phase  was 17% of polyethyleneglycol  succinate on Celite-545 (60-80 mesh).  

The IR spec t r a  were  taken on a UR-20 ins t rument  in the fo rm of f i lms.  

Enzymat ic  Hydro lys i s  of the Phosphat idylser ine .  To 60 mg of a sample  of phosphat idylser ine  in 20 ml  of 
e the r  was added 4 mg of the venom of the Azerbaidzhan kufi dissolved in 0.7 ml of 0.1 M t r i s  buffer  (pH 8°5)° 
The mlxture  was s t i r r e d  at 37°C (water bath t empera tu re ) .  The react ion was complete  a f t e r  3 h. The hydrolys is  
products  were sepa ra ted  p r e p a r a t i v e l y  in s y s t e m  1: the zone with R f  0.9 cons is ted  of the fat ty  acids f rom pos i -  
tion 2, and that with R f  0.33 consis ted  of lysophosphat idylser ine .  

S U M M A R Y  

From the combined phospholipids of the seeds  of Dipthychocarpus s t r ic tus  (Fisch.) Trautv.  the l ess  po la r  
phospholipid with R f  0.9 has been isolated,  and on the basis  of spec t r a  and chemical  information it has been 
identified as N-aeylphosphat idylethanolamine.  The total fa t ty-ac id  composi t ion and also the O-  and N-acy l s  
have been determined.  F r o m  the combined phospholipids of the seeds  of Crambe schugaana Korsh.  three  minor  
phospholipids have been isolated: N-aeylphosphat idytethanotamine,  lysophosphatidyleholine,  and phosphat idyl-  
ser ine .  

1 6 9  . 
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We have inves t igated the phospholipids (PLs) of the seed  kerne ls  of the industr ial  m e d i u m - f i b e r  cotton 
plant v a r i e t y  159-F of introduction 2, 1972 harves t  (sample 1), and mElitem of the same  var ie ty ,  1974 harves t  
(sample  2), co l lec ted  in the Pakhtaabad region of Fe rgaaa  oblast .  

The seed  ke rne l s  of the v a r i e t y  under  considera t ion  were  cha r ac t e r i z ed  by the following indices [1] (%): 

Index Sample 1 Sample 2 

P ropor t ion  of kerne ls  59.55 60.43 
Moisture content 5.3 5.2 
Oil content 38.42 39.03 

Phosphorus  content 0.98 0.98 
Gossypol content 0.76 0.75 

As can be seen  f rom the f igures  given above, the main indices of the seed kerne ls  of the s amples  studied a r e  
p rac t i ca l ly  identical.  

The ground seed  kerne l s  were  defatted with pe t ro leum e ther  and were  f reed  f rom gossypol  with acetone 
as  desc r ibed  p rev ious ly  [2]; phospholipids were  exhaust ively  ex t rac ted  with a mixture  of e the r  and methanol 
(2 : I) [3]. The crude P L  f rac t ion  was prec ip i ta ted  with acetone (0°). 

To de te rmine  the distr ibution of the P L s  in the i r  isolation, all  the lipid f rac t ions  (for sample  1) were  
checked with r e spec t  to yield and lipid phosphorus content (Table 1) and subjected to quali tat ive ch romatography  
in a thin l aye r  of s i l ica  gel ( sys t ems  1 and 2). The ace tone- insoluble  par t  was enr iched with PLs ,  2.57% P, and 
with ca rbohydra t e s  (25%), while 12.3% of the lipid phosphorus  passed  into the ace tone-so luble  part .  The c a r b o -  
hydra tes  were  sepa ra t ed  f r o m  the ace tone- insoluble  pa r t  and were  de te rmined  by quanti tat ive gel f i l t ra t ion on 
tMol-Selekt"  G-25 [4], the P L s  being elnted with the solvent s y s t e m  c h l o r o f o r m - m e t h a n o l - w a t e r  (90 : i0: 1), 
and the ca rbohydra tes  with water .  The P L s  of the ace tone-so luble  par t  were  r egene ra t ed  in a column contain-  
ing s i l ica  gel, the neutral  l ipids being eluted with ch lo ro form and the P L s  with methanol.  This  pa r t  of the P L s  
was added to the bulk of the P L s  f rom the ace tone- insoluble  pa r t  (see Table  1). 
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