
The main unsaturated acids of the chlorella lipids contain the first  double bond in the/x9 position. 
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S T U D Y  OF  T H E  P H O S P H O L I P I D S  OF V A R I O U S  ORGANS 

OF  C r a m b e  a m a b i l i s  A C C O R D I N G  TO T H E  V E G E T A T I O N  
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The known studies of phospholipids according to the vegetation periods of plants are devoted mainly to 
the changes in the phospholipid complex in the process of the ripening of the seeds of certain plants [1-6]. 
Our aim was to study the change in the fatty-acid and fractional compositions of the phospholipids of various 
organs of Crambe amabtlis according to the vegetation phases of the plant. 

The plants were collected in 1977 in the Bostanlyskii region of the Tashkent oblast (environs of Burch- 
mulla). The combined phospholipids (PL's) from the various organs of the plant [7, 8] were freed from ac- 
companying carbohydrates [9] and were analyzed in a thin layer  of silica gel in solvent systems 1 and 2. From 
their  chromatographic mobilities, the phospholipids with Rf 0.4 and 0.98 (in system 1) and 0.3 and 0.9 (in sys-  
tem 2) were assigned, respectively, to the phosphatidylglycerols (PG's) and the phosphatidic acids (PA's), 
which are widely distributed in the leaves of plants [1, 2]. The amounts of the individual PL's  (Table 1) were 
determined from the phosphorus contents [10] of the corresponding spots on the chromatogram [11]. 
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T A B L E  1. Amounts  and F r a c t i o n a l  Compos i t ions  of  the P h o s -  
pholtpid Complexes  in V a r i o u s  O r g a n s  of  C r a m b e  amab i l i s  A c c o r d -  
ing to the Vege ta t ion  P h a s e s  
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It can be seen  f r o m  Table 1 tha t  dur ing  the  vegeta t ion  p r o c e s s  the amount  of  to ta l  phospol ipid  complex  
v a r i e s  g rea t ly .  In p a r t i c u l a r ,  the amount  o f  P L ' s  in the l eaves  and s t e m s  d e c r e a s e s  f r o m  the beginning of  
budding (0.28%) and r e a c h e s  a m i n i m u m  at the end of  the vegeta t ion  per iod ,  while dur ing  this  pe r iod  an in ten-  
sive accumula t ion  of  P L ' s  in the buds begins ,  r e a c h i n g  a m a x i m u m  at the m o m e n t  of  full r i p e n e s s  of  the seeds  
(1.1%). It m a y  be concluded f r o m  this  that  the P L ' s  a re  p r e s e n t  in all  the plant  o rgans  inves t iga ted  th roughout  
the vegeta t ion  pe r iod  and in the per iod  of  the full r i p e n e s s  of  the Seeds they  a re  loca l ized  a l m o s t  c o m p l e t e l y  
in them.  

We m a y  note that  in all  the s t ages  of  the deve lopment  of  the plant  the re  is a p p r o x i m a t e l y  twice as much  
phosphol ip ids  in the l eaves  as in the s t e m s .  

The individual  phosphol ipid f r ac t i ons  in the p lants  s tudied a lso  change dur ing  its g rowth .  As is wel l  
known, the phospha t idy lchol ines  (PC ' s ) ,  phosphatidylinos~to ' ls  (PI ' s ) ,  and phospha t idy le thano lamines  (PE ' s )  a r e  
the main  components  of  the to ta l  phosphol ip ids  of  all seeds  s tudied [4, 9, 12], including those  of  Cr .  amabi l i s  
[13]. Table  1 shows that  dur ing  the deve lopment  of  the plant  the amount  of  P C ' s  i n c r e a s e s  f r o m  2.3 to 55.6-%-o 
and of  P E ' s  f r o m  13.6 to 20.2% and the amount  of  P I ' s  d e c r e a s e s  nonun i fo rmly  - f r o m  29.5 to 15.3%. The 
amount  of  phospha t i dy l s e r i ne s  (PS's) ,  of  N - a c y l - P E ' s ,  and of  the i r  lyso  analogs  fal ls  up to the pe r iod  of  c o m -  
plete  r i p e n e s s  of  the seeds ,  the m o s t  cons ide rab l e  va r i a t ions  being o b s e r v e d  in the PS ' s :  in the e a r l y  s t ages  
of  deve lopment  they make  up 22.7%, and in the per iod  of  full r i p e n e s s  o f  the seeds  2.9%. It  is i n t e r e s t i ng  that  
the PS ' s  d i s a p p e a r  f r o m  the leaves  comple t e ly  f r o m  the m o m e n t  of  f lower ing  of  the plant.  The g r e a t  fa l l  in 
the amount  of  PS ' s ,  the r i s e  in the amount  of  P C ' s ,  and the l e s s  cons ide rab l e  change in the amount  of  P E ' s  in 
the p r o c e s s  of  deve lopment  of  the plant  sugges t  to us the idea that  these  P L ' s  a re  t r a n s f o r m e d  into one an -  
o the r ,  and the r e s u l t s  obtained c o n f i r m  one of  the poss ib l e  rou t e s  for  the syn thes i s  of  P C ' s  as the following: 
pho spha t idy l se r ine  s - pho spha t idy le thano lamines  - pho sphat idylcho line s [14]. 

Conve r se ly ,  the amounts  of  P G ' s  and P A ' s  in the l eaves  a re  l e s s  than those  in the s t e m s .  We did not 
de tec t  t h e m  in the seeds ,  pos s ib ly  because  of  the i r  sma l l  amount ,  which a g r e e s  with the r e s u l t s  of  o the r  
w o r k e r s  [1, 14]. The va r i a t i on  in the amoun t s  o f  P G ' s  and P A ' s  in the per iod  of  the g rowth  of  the plant,  and 
a lso  t he i r  absence  in the unr ipe  seeds  (period o f  in tensive  oil  fo rmat ion)  and in the r ipe  seeds  can p r o b a b l y  
be explained by the use  of  these  subs t ances  in me tabo l i c  r e a c t i o n s  involved in the b io syn thes i s  of  t r i g l y e e r i d e s  
[15]. 
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TABLE 2. Fa t ty-Acid  Compositions of the Total Phospholipids 
Obtained f rom Various Organs in Various Vegetation Per iods  of 
C r a ~ e  amabil is  
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Our resu l t s  conf i rm that phosphatidic acids are  widely dis tr ibuted in nature  and possibly play the role  
of in termedia tes  in glycerol ipid metabol i sm [16]. 

Lysophosphatidylcholines ( lyso-PC's)  appear  in the budding period and the i r  amount d ec r ea se s  up to the 
moment  when the seeds are  r ipe;  during the growth of the plant the i r  amount in the leaves is sma l l e r  than in 
the s tems .  The main amount of l y s o - P C ' s  is localized in the seeds.  

Each set  of total  PL ' s  was deacylated by alkaline saponification, and the l iberated fatty acids were  
analyzed in the fo rm of the i r  methyl  e s t e r s  by the GLC method (Table 2). The resu l t s  show that among the 
saturated acids of the total  PL ' s  of all the organs of Cr. amabtl is  investigated palmit tc  acid (C16 : 0) p redom-  
inates,  its amount decreas ing  nonuniformly f rom 38% in the leaf  rose t t e  phase to 16.4% at the end of the vege-  
tation per iod.  Up to the per iod of f ru i t -bear ing ,  among the unsatura ted acids linolenic (C18 : 3) predominated in 
all the samples  of the total  P L ' s  its amount decreas ing  nonuniformly up to this stage.  F r o m  the moment  of 
f ru i t -bear ing ,  the amount of l inolenic acid dec reased  considerably  with a simultaneous increase  in the amounts 
of l inoleic (C18 : 2) and oleic (Cl8 : l) acids.  

In the per iod of the complete r ipeness  of the seeds,  in the to ta l  P L ' s  among the unsatura ted  acids oleic 
and l inelenic-predominated almost  equally. Arachidic  acid (C20: 0) was detected in the f lowering phase only in 
the f lowers ,  and f rom the moment  of incipient f rui t  bear ing to the stage of complete r ipeness  of the seeds it 
wcas also found in the seeds-, its amount was re la t ive ly  stable in the p rocess  of development of the plant .-  
Eruc ic  acid (C2z : 1) was absent f rom the s tems and its main amount was localized in the leaves.  

At the beginning of the development  of the plant, the total  amount of sa turated (E S) and the total  amount of 
unsa tura ted  (Z~j) acids were ,  respec t ive ly ,  47.6% and 52.4%. The amount of unsatura ted acids in the r ipe seeds 
fell  to 22.6%, and the unsatura ted  acids rose  to 77.4%. One of the reasons  for this phenomenon is possibly that 
at the beginning of the vegetation per iod a considerable  par t  of the total  P L ' s  consis ts  of PC 's  (see Table 1), 
the molecules  of which contain, in es te r i f ied  form,  predominant ly  the saturated acids [17-19]. 

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

The solvents used were  purif ied and r ende red  absolute by known methods [20]. The P L ' s  f rom the leaves 
were  isolated by the method of Kates and Eberhard t  [7] andthose  f rom the s tems and leaves by Folch'  s method [8]. 

42 



The to ta l  P L ' s  were  purif ied as desc r ibed  p rev ious ly  [9]. The quali tat ive and quant i ta t ive  composi t ion of the 
to ta l  P L ' s  were  de te rmined  by two-d imens iona l  T L C  in a fixed l ayer  of s i l ica  gel in the following sys 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  (63~,'.35: 5), and 2) c h l o r o f o r m - m e t h a n o l - a m m o n i a  (65: 35: 5). The P L ' s  were  
identified with the aid of color  r eac t ions  and by the c h a r a c t e r i s t i c  functional groups for  the va r i e t i e s  d e t e r -  
mined.  

The fat ty acids of the phospholipids were  isolated by alkaline saponif icat ion (5% KOH in methanol ,  r o o m  
t e m p e r a t u r e ) .  The mix ture  of fat ty acid methyl  e s t e r s  was sepa ra t ed  by GLC. Conditions for  GLC: UKh-2 
chromatograph  with a k a t h a r o m e t e r  in a copper  column 2500 × 4 m m  containing 1870 of polyethylene glycol 
suceinate  on Celi te-545 (80-100 mesh)  at 197°C with hel ium as the ca r rbe r  gas.  The p r e s s u r e  of  he l ium at the 
outlet  was 2°5 arm. We also used a K h r o m - 4  ins t rument  with a f l a m e - i o n i z a t i o n d e t e c t o r a n d a  copper  column 
(2500 × 3 ram) fil led with 157o of Reoplex-400 on Chromaton N-AW-DMCS (60-80 mesh) .  The t e m p e r a t u r e  of  the 
column was 205°C and of the evapo ra to r  255°C. The r a t e  of  flow of the c a r r i e r  gas (helium) was 40 ml /min .  

Isolation of the Total  Phospholipids f r o m  the Leaves  [7]. F r e sh ly  eomminuted leaves  (23 g) were  t r ea t ed  
with hot i sopropanol  (115 ml) for  3-5 rain. The hot mix ture  was f i l tered,  and the res idue  on the f i l te r  was 
washed f i r s t  with hot isopropanol  and then with c h l o r o f o r m - i s o p r o p a n o l  (1 : 1) and with ch lo roform.  The c o m -  
bined f i l t ra tes  were  evapora ted  in a r o t a r y  evapora to r  to d ryness ,  The res idue  was dissolved in ch lo ro fo rm 
(50 ml), and the resu l t ing  solution was washed s e v e r a l  t imes  with water .  The ch lo ro fo rm solution was evap-  
ora ted  to d rynes s .  Yield 0.034 g. 

SUMMARY 

The changes in the fatty-acid and fractional compositions of the phospholipid complexes of various or- 
gans of Crambe amabilis have been studied according to the vegetation periods. 

It has been established that throughout the vegetation period phospholipids are present in all organs, and 
at the stage of complete ripeness of the seeds they are almost wholly localized in the seeds. In the process of 
the development of the plant considerable qualitative and quantitative changes take place in the fractional and 
fatty-acid compositions of the phospholipids obtained from various organs of the plant. 

L I T E R A T U R E  C I T E D  

1. A . N .  Benson and B. Maruo, Bioehim. Biophys. Acta, 2_~.7, 189 (1958). 
2. F. Haverka te  and L. L. Van Deenen, Biochim. Biophys.  Acta, 206, 78 (1965). 
3. H. SLngh and O. Pr ivet t ,  Lipids,  5, 692 (1973). 
4. M. Singer,  Se i f en -Ole -Fe t t e -Wachse ,  96__, 516 (1970). 
5. L . N .  Kharchenko and V. F. Shavlo, Mas lob . -Zh i r .  P rom. ,  No. 6, 14 (1972). 
6. N . G .  Novikova, A. I. Korolev,  N. P. Nechaev,  and G. V. Eremenko,  Fiziol .  Biokhim. Kul ' tur .  Rast . ,  7, 

59 (1975). 
7. M. Kates  and F. M. Eberhard t ,  Can. J .  Botany, 35, 895 (1957). 
8. J .  Folch, M. Lees ,  and G. H. Sloane.-Stanley, J . ' ~ o l .  Chem.,  226, 49" (1957). 
9. Yu. A. Tadzhibaev,  Kh. S. Mukhamedova,  and S. T. Akramov,  Khim. Pr i rodn.  Soedin., 435 (19"6). 

10. D. Tevekelov,  Izv. Inst .  Khranene,  7, 21 (1968). 
11. E . V .  Dyat lovi tskaya,  T. I. Torkhovskaya ,  and L. D. Berge l ' son ,  Biokhimiya,  3_.~4, 17,  (1969). 
12. J .  P e r s m a r k ,  J .  Am. Oil Chemis t s '  Soc., 45, 742 (1968). 
13. Yu. n.  Tadzhibaev,  Kh. S. Mukhamedova,  and S. T. Akramov,  Khim. Pr i rodn.  Soedin., 502 (1977). 
14. D. Davis,  G. Giovanelli ,  and To Rees ,  Plant B iochemis t ry  [Russian t rans la t ion]  Moscow (19"2). 
15. A . G .  Vereshchagin ,  The B iochemis t ry  of the T r ig lyce r ide s  [in Russian],  Moscow (1972). 
16. M. Kates,  Adv. Lipid Res . ,  8, 225 (1970)° 

17. Yu. A. Tadzhibaev,  Kh. S. Mukhamedova,  and S. T. Akramov,  Khim. Pr i rodn.  Soedin., 195 (1977), 
18. M . I .  P rokhorova  and Z. N. Tupikova, La rge  P r a c t i c a l  Handbook on Carbohydra te  and Lipid M e t a b o l i s m  

[in Russian] ,  Leningrad (1965). 
19. L. Rathbone and P. M. Maroney,  Nature  (London), 200, 887 (1963). 
20° P repa ra t i ve  Organic  C h e m i s t r y  [in Russian],  M o s c o w - L e n i n g r a d  (1964), p° 155. 

43 


