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We have inves t iga ted  the phospholipid (PL) complex of the seeds  of C r a m b e  amab i l i s  (family Cruci ferae)  
growing in the Bostanlykski i  region of Tashkent  oblas t  in the env i rons  of Burchmul la .  The yie ld  of  combined 
phosphol ip ids  obtained by Folch, s method and f r eed  f r o m  ca rbohydra t e s  by gel f i l t ra t ion  on Sephadex G-25 was  
0.85% of the weight of  the a i r - d r i e d  seeds .  On a two-d imens iona l  c h r o m a t o g r a m  (direct ion I - s y s t e m  1; d i r e c -  
t ion II - s y s t e m  2) seven phosphorus-conta in ing  spots  were  revea led ,  and t he i r  quanti tat ive d is t r ibut ion  was  as  
follows: 

Phosphat idylchol ine s (PCs) 56.1 
Pho sphat idyle thanolamine s (PEs) 20.6 
Pho sphatidylino s itol s (PIs) 13.2 
Phosphha t idy l se r ines  (PSs) 3.0 
N-A cylpho sphat idylethanolamine s (N-acy l -PEs )  2.8 
N -A cyl ly sopho sphat idyle thanolamine s (N-acy l lyso -PEs)  2.3 
Lysopho~phat idylchol ines  ( l y s o - P C s )  2.0 

I t  can be seen  f r o m  this  that  the to ta l  P L s  of this  spec ie s  of  C r a m b e  dif fer  f r o m  those of C. schugnana 
[1] both qual i tat ively and quanti tat ively.  I t  is in teres t ing  to note that  in the seeds  of  the p lants  t ~ t  we studi~ed 
p rev ious ly  [1, 2] the amount  of P I s  was  g r e a t e r  than of P E s .  In th is  case ,  converse ly ,  the re  a r e  m o r e  P E s  
(20.6%) than PIs  (13.2%). The total  P L s  were  s e p a r a t e d  into t he i r  components  by column ch roma tog raphy  on 
s i l ica  gel  and, in con t r a s t  to the to ta l  P L s  of o ther  seeds  [1, 2], the individual PL f r ac t ions  of the combined 
m a t e r i a l  were  eluted f r o m  the column in homogeneous  fo rm.  

In the individual P L  f rac t ions ,  the n i t rogen and phosphorus  contents  we re  de te rmined ,  the IR spec t r a  we re  
recorded ,  and the w a t e r - s o l u b l e  p roduc t s  of acid hydro lys i s  were  analyzed.  On the ba s i s  of the r e su l t s  obtained, 
the PLs  under study w e r e  ass igned to the g lycerophosphol ip id  group. The  fat ty ac ids  of the t r i g lyce r l de s ,  of the 
to ta l  P L s ,  and of the individual homogeneous f rac t ions  of it w e r e  isola ted under  mild  condit ions and, in the f o r m  
of methyl  e s t e r s ,  we re  analyzed by GLC (Table 1). 

The  compos i t ions  of the fat ty acids  of the oil and of the to ta l  phospholipids were  the same  so f a r  as  c o n -  
co rns  the ac ids  p resen t ,  but t he i r  r a t i o s  we re  different:  in both c a s e s  the FAs cons is ted  of a se t  of 11 ac ids  
among the sa tu ra ted  r e p r e s e n t a t i v e s  of which pa lmi t ic  acid predominated ,  but its amount  in the t r i g l y c e r i d e s  
was  one thi rd  of its amount  in the total  PLs .  Among the unsa tura ted  acids in the oil, e ruc ic  p redomina ted  
(30.1%), while in the to ta l  P L s  it was  l inoleic (24.9%). 

The individual P L s  contained the same  main  acids,  but the minor  acids were  d is t r ibuted  nonuniformly:  
the PCs  contained no l ow-molecu l a r  acids - C10:0, C12:0, and C14:0 - ,  while the PCs  contained the Ci0:0 acid. 
Arachid ic  acid (C20:0) was absent  f rom the PCs,  the N-acy l  PCs,  and the i r  lyso analogs.  According to i n c r e a s -  
ing deg ree  of saturat ion,  the P L s  fo rmed the following sequence: PCs  - -  PEs  --* PIs  - -  N - a c y l l y s o P E s  - -  PSs - -  
N - a c y l - P E s .  The mos t  sa tura ted  f rac t ion  of this combined m a t e r i a l  consis ted  of the N - a c y l - P E s ,  in which 
m o r e  than half  (50,7~) of the acids were  sa tura ted .  

The posi t ion dis t r ibut ion of the FAs in the g lycer ide  pa r t  of the PC, PE,  PI ,  and PS molecu les  was d e t e r -  
mined by enzymat ic  hydro lys i s  using as the source  of phospholipase A 2 the venom of the Azerba idzhan  kufi in 
0.1 M T r i s  buf fer  with pH 8.5. F r o m  the r e su l t s  of GLC analys is  of the FAs (see Table  1) it can be seen that,  
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TABLE 1. Fat ty Acids of the T r ig lyce r ides ,  of the Total  Phospho-  
lipids, and of the Individual F rac t ions  of the Phosphol ipids  of the 
Seeds of C r a m b e  amabi l i s  

Fraction 

Triglyc~rides 
Ph=phoU~dt 
Pho~pnatiay/cnoIines 

totat 
position i 
position z 

Phosphatidyletha nola mine 
total 
position 1 
vosition 2 

Phosphatidylinosimls 
total 
position 1 
p~hation 2 

tidylserines 
total 
position 1 
position 2 

N-A c.ylphosphatidylcth- 
anolamiae~ 
total 
O-acvl 
N -aeyl 

Ly~pi~phatidylchoUnes 
N-Acyllysophosphatidyl - 

etb.anolamines 

Fatty acid [ 1 

81 4,5 I 51'3,° I 
• 7,2 L.21 
, 12, 
,512t ,51 

"41 t ,5 
, 54,0 
.oils. 5, 
- t  1,01 

:+i:! 
,9 20,0 
,6125,3 
,6115,5 
,2 16,6 

,01!6,1 

I . ,0118,51.,0h,,I 
"I 

2,01 1,9142,4 26,2116,31 
1.71 1,0!50,0 17,01 8,0/ 13 
l.OI --/35,8p5,8125,8 t 

2.11 1,412o,o35,61t8,o I 4.8 
4.ot 2,1]17.1119,5]13,6] 8,6 
1.0] O 9t23,8 50,0 22,8! 

0'450 o3~ o16 31 3.3 
1213! 2:ol 1.3, _ 1 ~°'~P8"°3°'I 5.0 0,51 

1.5] 4,2]16,0125,01i3,2 ] 

4. l|21,1 36,1123,1 

4,5 5:3[17:4119:)1 
4.0 2 51 8,G116.0! 7 1 
3,7 1,730,023,010,0 ~,7 

211 2,020,025,6i11,5 

~ 0 1.81 
1 . 4 1  

- -  i 

1,2. 1,01 
3 2,5i 

0,4 0.8l 
1,6 2.1l 

- -  6.11 
- 8 . 7  

- -  3,3 

~0,0 2,8 
02 2,6 
I0,0 3,1 
6,0 8,0 

3,6 [3,7 

3,1114,3185,7 
5,3128 , 1171,9 

2,3110,818905 
t,518.8181,2 
- - t  1'6198'4 
2.9121,4178,6 
5,6]40,2[59,8 
--12,4197, 6 
3,0,29,3170,7 
4 3t5~.6/40 4 
- t  ,,0pg,o 
3, I!41,2'58,8 -170.,15~,9 

6 i1%5]a,s. 
7,4 50,7}49,3 
2,6 47,0~53,0 
8,6155 7~44,3 
2,1'131,2168,8 

4,4'36,4t63,6 

as  was  to be  expected,  the unsa tura ted  acids occupied posit ion 2 in the molecu les  of the P L s  studied: 99% in 
the PIs ,  98,4% in the PCs,  97.6% in the PEs ,  and 87.5% in the PSs.  The PIs  we re  c h a r a c t e r i z e d  by a high s p e c i -  
f ici ty of the d is t r ibut ion  of the acids:  59.6% of the sa tura ted  acids were  es te r i f i ed  in posi t ion 1. Pos i t ions  2 of 
the PC and PI molecu les  contained no s t ea r i c  acid, while in the phosphatidyl  s e r i ne s  this  acid was p resen t  c o m -  
ple te ly  in posit ion 2. In the PCs,  PEs ,  and PIs ,  the e ruc ic  acid was  mainly  e s t e r i f i ed  in posi t ion 1, and in the 
PCs  exclus ively  in posi t ion 2. Arachid ic  acid is e s t e r i f i ed  only in posi t ion I in the molecu les  of  the main  PL  
f rac t ions .  

In the N - a c y l - P E  molecules ,  the fat ty acids local ized on the N a tom a re  m o r e  sa tura ted  (55.7% of s a t u r a t -  
ed acids) than the acids in the g lycero l  moie ty  of the molecule  (O-acyl  g roups ) .  The degree  of sa tura t ion  of the 
N-acy l  groups  is due to an unusually high content of Cw. 0 (30%). The overwhelming amount of e ruc ic  acid is  
p r e s e n t  in the ni t rogen-bound form.  

Informat ion  on the posit ion dis t r ibut ion of the FAs in the PC, PE,  PI, and PS molecu les  enabled the i r  p o s -  
sible m o l e c u l a r  composi t ions  to be calculated.  

Type 
Di sa tura ted  
Diunsaturated 
S a t u r a t e d -  unsa tura ted  
U n s a t u r a t e d -  sa tu ra ted  

PCs PEs PIs PSs 

002 0.5 0.5 8.1 
77.8 58.5 39.6 26.9 
20.6 39.9 59.6 62.0 

1.4 I . I  0.3 3.0 

The rmmber  of mo lecu l a r  f o r m s  calculated fo r  the PCs  was 32, fo r  the P E s  45, for  the PIs  38, and fo r  the 
PSs 34. In the PCs,  the amounts  of d i sa tura ted  and s a t u r a t e d - u n s a t u r a t e d  types  d e c r e a s e s  cons iderably .  This  
change in the mo lecu l a r  composi t ion  of the PCs  is connected with the se lec t iv i ty  of the pai r ing  of the fat ty ac ids  
of the PCs,  where  the sa tura ted  C10:0 , Cn:0, and C14:0 ac ids  a r e  comple te ly  absent ,  and the s t ea r i e  acid is p r e -  
sent in posit ion 2. This  s i tuat ion is a lso  explained by the fact  that  the amount  of the 16 : 0 acid in posi t ion 1 
(14.2%) is s m a l l e r  than in the o ther  PL f rac t ions  and, consequently,  so is the total  degree  of unsa tura t ion  of the 
molecule .  In all  cases ,  d i sa tura ted  types  a r e  fo rmed  with pa lmi t ic  acid. The diunsatura ted  types a r e  p r e d o m i -  
nant fo r  the PCs  and PEs ,  and the sa tu ra t ed -unsa tu ra t ed  types  for  the PIs  and PSs.  

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

As absorbent  fo r  ch romatograph ic  ana lyses  we used type KSK si l ica  gel with pa r t i c l e  s izes  of up to 125/~m 
which had been washed with hydrochlor ic  acid, water ,  and acetone,  and ground in a bal l  mil l  together  with 5% of 
gypsum for  t h i n - l a y e r  ch romatography  and the same m a t e r i a l  with a par t ic le  size of 160-250 pm for  column 
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chromatography .  The following solvent  s y s t e m s  were  used for  chromatography:  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 %  ammon ia  (65 : 35 : 5). The fatty acids of the oil and of the 
phospholipids  were  isolated by alkal ine saponif icat ion (5% KOH in methanol ,  r oom t e m p e r a t u r e .  15-18 h). The 
mix tu r e s  of fat ty acid methyl  e s t e r s  we re  separa ted  on a UKh-2 ch roma tog raph  using a 2500 × 4 m m  column 
containing 18% of polyethyleneglycol  succinate  on Celi te-545 (60-80 mesh) at 197°C with hel ium as the c a r r i e r  
gas .  The  p r e s s u r e  of hel ium at the outlet  was 2.5 a tm.  The IR s p e c t r u m  was r eco rded  on a UR-20 ins t rument  
with the subs tances  in the fo rm of f i lms .  The phosphorus  was de te rmined  quanti tat ively by a known method.  
The  acid, alkaline,  and enzymat ic  hydro lyses  of the P L s  were  p e r f o r m e d  by p r o c e d u r e s  desc r ibed  p rev ious ly  
[2]. The N - a c y l - P E s  and N - a c y l l y s o - P E s  were  a lso  analyzed as desc r ibed  prev ious ly  [3]. 

S U M M A R Y  

The phospholipid complex of seeds  of the plant  C r a m b e  amab i l i s  has been  studied fo r  the f i r s t  t ime .  F r o m  
the combined phosphol ipids  f reed  f r o m  ca rbohydra t e s  th ree  main components  (phosphatidylcholine,  phosphat idyl -  
e thanolamine,  and phosphatidylinositol)  and four  mino r  components  ( lysophosphatidylcholine,  N-acy lphospha t i -  
dyle thanolamine,  phosphat idylser ine ,  and N-acyl lysophosphat idyle thanolamine)  have been isolated and c h a r a c -  
t e r i zed .  

The posi t ion d is t r ibut ions  of the fat ty ac ids  in the phosphatidylcholine,  phosphat idyle thanolamine,  phos -  
phat idyl inosi tol ,  and phospha t idy lse r ine  molecu les  have been de te rmined  by enzymat ic  hydro lys i s  with phospho-  
l ipase  A2o On the b a s i s  of these  resu l t s ,  t he i r  poss ib le  m o l e c u l a r  composi t ions  have been  calcula ted.  The c o m -  
pos i t ions  of the fat ty acids  e s te r i f i ed  in the g lycer ide  moie ty  and acylat ing the n i t rogen a tom in the N - a c y l p h o s -  
phat idyle thanolamine molecule  have been es tabl i shed.  
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Over  a n u m b e r  of y e a r s ,  we have sys t ema t i ca l ly  studied the phospholipid complexes  of the seeds  of a 
n u m b e r  of plants  of the family  Malvaceae:  va r ious  types  of cotton plant [1-5] and kenaf  [6]. 

In o r d e r  to d e t e r m i n e  the m a t e r i a l s  of the g r ea t e s t  in te res t  in the theore t i ca l  or  p rac t i ca l  r e spec t ,  we 
have  begun to study the seeds  of plants  belonging to di f ferent  f ami l i e s  fo r  t he i r  phospholipid and phytin contents.  

The phospholipids  we re  ex t rac ted  by c h l o r o f o r m - m e t h a n o l  (2 : 1) f r o m  the comminuted  and a c e t o n e - d e -  
fat ted seeds.  F o r  the p r e l i m i n a r y  pur i f ica t ion of the combined phospholipids f r o m  accompanying  subs tances  
(oil, p igments ,  c a rbohydra t e s ,  s te r iods ,  etc.) ,  the dry ex t r ac t  was  t r ea t ed  with acetone.  The ace tone- insoluble  
res idue  was dissolved in c h l o r o f o r m - m e t h a n o l - w a t e r  (90: 10: I) ,  and fo r  final pur i f ica t ion f r o m  ca rbohyd ra t e s  
th is  mix tu re  was  pa s sed  through a column with p reswol len  Molselekt  G-25. A s compa red  with the combined 
phospholipids  f rom o ther  sou rces ,  the combined phospholipids f rom the seeds  of Onopordo n acanthium L. and 
Rhapont icum in tegr i fo l ium (family Compositae)  p o s s e s s  some  unusual  p r o p e r t i e s :  they do not p rec ip i t a t e  f r o m  
a concent ra ted  c h l o r o f o r m  solution on the addition of acetone,  and when a dry res idue  is t r ea t ed  with acetone a 
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