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The composi t ion of ch lore l la  l ipids has been d i scussed  in many  publications.  The fa t ty-ac id  composi t ion 
of the total  lipids [1, 2] and of the pigment  complex of the ch lore l la  lipids [3, 4] has been de te rmined ,  and the 
influence of  the change in the conditions of  growing the alga on the composi t ion of the fat ty acids in the to ta l  
lipids has been studied [5-8]. In the to ta l  lipids of Chlore l la  pyrenoidosa ,  the c l a s s e s  of neu t ra l  l ipids that  
have been detected compr i se  t r i g lyce r ide s ,  f ree  fatty acids,  s t e ro l s ,  and pigments  [9l. However ,  t he re  a re  con-  
s iderab le  d i f fe rences  in the methods of isolat ing the to ta l  lipids, in the choice of ex t rac tan t s ,  and in the s e l e c -  
tion of the initial sample  (aqueous suspension of algae,  f r e e z e - d r i e d  or f r e sh ly  isolated cells) .  Ivanova and 
Popov [10] have studied the influence of the conditions of  isolat ion (solvents,  f o rm of the sample ,  ex t rac tan ts )  on 
the quanti tat ive yield of the total  lipid. By combining var ious  fac to rs ,  they developed the op t imum conditions 
for  the quantitat ive isolat ion of the lipids f rom the mic roa lgae .  

In the p resen t  paper  we p re sen t  the r e su l t s  of a compara t ive  study of methods of isolat ing the total  l ipids 
as a function of the nature  of the sample ,  and also the composi t ion of the total  neut ra l  lipids (NL's) and the 
fa t ty-ac id  composi t ion of the individual c l a s s e s  of the N L ' s  of  Chl. vu lgar i s .  Samples  of f resh ,  f r e e z e - d r i e d ,  
and a i r - d r i e d  algal cel ls  were  invest igated.  

The lipids were  ex t rac ted  with c h l o r o f o r m - m e t h a n o l  (2 : 1) f r o m  f resh  cel ls  (FC's)  of ch lore l la  a f ter  
the i r  centr ifuging and f r o m  lyophilized cel ls  (LC's) .  Extract ion of the a i r - d r i e d  cel ls  (ADC's) was c a r r i e d  out 
f i r s t  with diethyl e ther  (ADC-1) and then with c h l o r o f o r m - m e t h a n o l  (ADC-2). The amount of lipids isolated 
f rom the ex t r ac t s ,  calculated on the weight of  the d ry  ma t t e r  was 14% for  the FC ' s ,  12.6% for  the L C ' s ,  7.6% 
for the ADC-1, and 6.6% for the ADC-2. Diethyl e ther  ex t rac ted  f rom the a i r - d r y  cel ls  approx imate ly  half  the 
lipids p resen t  in them,  which is due to the capaci ty  of this solvent  for  ex t rac t ing  only weakly bound lipids; a 
mix ture  of  ch lo ro fo rm and methanol  ex t rac ted  the s t rongly  bound lipids. 

The lipid ex t rac t s  were  analyzed in re la t ion  to c l a s s e s  by th in - l aye r  ch romatography  (TLC) on Silufol 
p la tes  in s y s t e m  t .  The c l a s se s  were  identified on the bas is  of l i t e ra tu re  information [11], and also by c o m -  
pa r i son  with model  samples :  cottonseed oil, fat ty acids,  ~ - s i t o s t e r o l ,  and the methyl  e s t e r s  of  the fat ty acids 
of cottonseed oil.  Hydrocarbons  (HC's,  Rf 0.98), s t e ro l  e s t e r s  together  with carotenoids  (SE's + C ' s ,  Rf 0.90), 
fa t ty  acid methyl  e s t e r s  (FAME's ,  Rf 0,76), t r i g lyce r ide s  (TG's ,  R f 0.60), f ree  fat ty  acids (FFA's ,  Rf 0.39), 
f ree  s t e ro l s  (FS's ,  Rf 0.19), and four unidentified f rac t ions  with Rf 0.30, 0.14, 0.12, and 0:05 were  found in all  
the e x t r a c t s .  

To isolate the c l a s se s  of NL ' s ,  the lipid ex t r ac t s  f rom the F C ' s  and the ADC-1 Were ch romatographed  on 
a column of s i l ica  gel using a known sequence of solvents [11]. The ra t io  of the f rac t ions  was de te rmined  
g r av ime t r i c a l l y .  The separa t ion  was moni tored by TLC under  the conditions descr ibed .  Separat ion of the FC 
ex t rac t  gave the following f rac t ions  (%): HC ' s  + pigments  + SE 's  - 17.5; SE 's  + Cs - 2.0; FAME's  - 1.2; TG ' s  - 
16.4; F F A ' s  - 7.1; FS 's  - 12.0; unidentified polar  f rac t ions  - 43.8. The polar  f rac t ions  were  eluted together  
with the p igments ,  which, p re sumab ly ,  on the basis  of the i r  g reen  color ,  can be ass igned to the chlorophyll  
group [4]. 

When the ex t rac t  f rom the ADC-1 was chromatographed  on a column, it was poss ib le  to isolate  only f r a c -  
t ions enr iched with var ious  c l a s s e s  of  NL ' s ,  the f rac t ions  f r o m  the AC ' s  to the F F A ' s  being eluted f r o m  the 
column with pure hexane.  Analysis  of this eluate by TLC showed that  in the sum of the ADS-1 N L ' s  the F F A ' s  
predominated .  It  is obvious that  when the sample  of ch lore l la  f r o m  which the ADC-1 ex t rac t  was obtained was 
dried,  the t r i g lyce r ides  underwent  c leavage to F F A ' s  as the r e su l t  of  enzymat ic  reac t ions .  
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T A B L E  1. Compos i t ions  of  the Fa t ty  Acids  of  the 
Neu t r a l  Lip ids  of  Ch lo re l l a  v u l g a r i s  (%, GLC) 

Acid 
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The FAME f r ac t i on  of  the l ipid e x t r a c t  of  the F C ' s  was  r e s e p a r a t e d  on a co lumn of  s i l i ca  gel  to f r ee  it 
f r o m  a c c o m p a n y i n g  componen t s .  The d e g r e e  of  pu r i ty  was  checked  by TLC.  The F A M E ' s  i so la ted  w e r e  in-  
ves t iga t ed  fu r t he r  by c h r o m a t o g r a p h y  (GLC). To c o n f i r m  that  th is  c l a s s  of  compounds  ac tua l ly  cons i s t ed  o f  
F A M E ' s ,  t hey  w e r e  conve r t ed  into the F A ' s  by saponif ica t ion ,  the f o r m a t i o n  of  the fa t ty  ac ids  being checked  
by  T L C .  Af ter  me thy la t ion  with d i azome thane ,  the r e - f o r m e d  F A M E ' s  w e r e  r e - i n v e s t i g a t e d  by GLC.  The 
ident i ty  of  t he i r  compos i t ion  be fore  and af ter  saponi f ica t ion  shows that  the F A M E ' s  a re  p r e s e n t  in the to ta l  
na tu r a l  l ip ids .  

The TG f r a c t i o n  of  the FC e x t r a c t  was  saponif ied,  the fa t ty  ac ids  were  i sola ted ,  and, a f t e r  methy la t ion ,  
t hey  w e r e  ana lyzed  by GLC.  The FFA f rac t ion  i so la ted  f r o m  the same  e x t r a c t  was  ana lyzed  by GLC af te r  
me thy la t ion .  

The combined  fat ty ac ids  f r o m  the e x t r a c t s  of  the to ta l  l ip ids  of  the F C ' s ,  L C ' s ,  ADC-1,  and ADC-2  were  
i so la t ed  s i m i l a r l y ,  with the s e p a r a t i o n  of  the unsaponi f iab les .  The f a t t y - ac id  compos i t ions  of  all the f r ac t ions  
a r e  g iven in Table  1; the ac ids  a r e  given in the o r d e r  of  the i r  e lut ion.  

In GLC, the ac ids  w e r e  ident if ied f r o m l i t e r a t u r e  c h a r a c t e r i s t i c s  [1, 2], with the aid of  an in t e rna l  s t and -  
a rd  (C18: 0), on the  bas i s  of  a c o m p a r i s o n  with m a r k e r s ,  f r o m  a g raph  of  the dependence  of  the l o g a r i t h m  of 
the r e t en t ion  vo lume on the n u m b e r  of  c a r b o n  a toms  in the chain of  the acid, and f r o m  the r e l a t i ve  re ten t ion  

vo lumes  [12, 13].  

The quant i ta t ive  compos i t i ons  of  the fa t ty  ac ids  of  the l ipid e x t r a c t s  of  the s a m p l e s  tha t  we inves t iga ted  
p r a c t i c a l l y  co inc ided .  In the quant i ta t ive  r e s p e c t ,  the u n s a t u r a t e d  ac ids  of  the C16 and C18 s e r i e s  p r e d o m i n a t e d .  
In the i r  quant i ta t ive  compos i t ion ,  the fa t ty  ac ids  of  the FC,  LC,  and ADC-1  e x t r a c t s  w e r e  s i m i l a r ,  while the 
ADC-2 e x t r a c t  was  c h a r a c t e r i z e d  by an i n c r e a s e d  amount  o f  pa lmi t i e  acid ,  C16 : 0, and a lower  amount  of  l ino-  
len ic  acid,  C18 : 3. In c o n t r a s t  to the TG and F F A  f r ac t i ons  of  the FC ex t r ac t ,  cons i s t ing  ma in ly  of u n s a t u r a t e d  
ac ids ,  the FAME f r a c t i o n  conta ined 59.6% of pa lmi t i c  acid.  

The c h r o m a t o g r a m s  of  the M E ' s  of  the ac ids  of  aU the e x t r a c t s  showed combined  peaks  conta in ing  m o r e  
than one acid.  To r e f ine  the ident i f ica t ion and to d e t e r m i n e  the pos i t ion  of  the f i r s t  double bond in the main  u n -  
s a t u r a t e d  ac ids  we p e r f o r m e d  the de s t ruc t i ve  oxidat ion of  the to ta l  E F A ' s  of  the ADC-1  ex t r ac t .  The fol lowing 
acids  w e r e  ident i f ied in the de g ra da t i on  f r a g m e n t s :  ini t ia l  unsa tu r a t ed  C18 : 0 - 2.0; C17 : 0-iso - 1.0; C1~ : o - 
34.9; C15 : 0 - 0.2; C14 : 0 - 0.2; C12 : 0 - 1.0; newly f o r m e d  C a : a - 3.5; C13 : 0 - 1.0; adipic (C 6) - 3.4; p ime l i c  (C 7) - 
2.0; s u b e r i c  (C 8) - 2.6; aze l a i c  (C 9) - 43.9; and unident i f ied X 3 and X 4 - 2.3 and 2.0, r e s p e c t i v e l y .  T h e s e  r e -  
su l t s  con f i rmed  tha t  the  peak  c o r r e s p o n d i n g  to the C18 : 0 acid of  the c h r o m a t o g r a m  was a combined  peak  con-  
s i s t ing  of  the C18 : 0 and C16 : 3 acids  with the l a t t e r  p r edomina t ing .  The main  u n s a t u r a t e d  ac ids  had t he i r  f i r s t  
double bond in the A ~ pos i t ion ,  but it m a y  also be a s s u m e d  tha t  in a n u m b e r  of  ac ids  the  cen te r  of  u n s a t u r a t i o n  
was  loca ted  at A 3, A 6, A T, o r  A s [14, 15], and tha t  the unident i f ied acid X 2 was  unsa tu r a t ed .  It  is known that  the 

to ta l  ac ids  of  ch lo r e l l a  include the A 3 - 1 6  : 1 acid [14]. 
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The invest igat ions  p e r f o r m e d  have shown that,  although the quanti tat ive yields  of the lipid ex t r ac t s  f r o m  
the FC, LC, and ADC samples  di f fer  sl ightly,  the lipids a re  isolated be t te r  f r o m  the f resh  cel ls  in which the 
m a t e r i a l  is p r e sen t  in the nat ive s ta te .  

To identify the p igments  in the MLTs of the FC ex t rac t ,  the UV s p e c t r a  of the colored lipid f rac t ions  
eluted f r o m  the column were  r e c o r d e d .  The p igments  issuing f r o m  the column together  with the hydroca rbons  
had adsorpt ion in the UV s p e c t r u m  at xnexane 464, 655 nm, which p e r m i t s  them to be ass igned to chlorophyl l  
b. With the FAME's  were  eluted p i g m e ~ t s w i t h  absorpt ion in the UV spec t rum at ) t ~  xane  270, 340, 446, 424, 
and 474 nm (B-carotene) ;  with the FFATs - at ~hexane 226, 406, 428, 452, 478 nm (4 -oxo-~ -ca ro t ene ) ;  and with "-max 

~+ ~hexane the f ree  s t e ro l s  - .~. " 'max 412, 452, 508, 536, 616, 650, and 676 n m -  the p igment  chlorophyll  a [4, 16, 17]. 

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

The UV spec t r a  were  taken on a Hitachi ins t rument  in the 200-700 nm region in hexane.  The alga Ch lo r -  
e l la  vulgar is  (local s train)  was grown in pan- type  appa ra tuses  under  the open sky in 0,4 medium [sic] and was 
ae ra ted  with a i r  containing 1-5% of CO 2 [18], the cell  densi ty  amounting to 19 milliort/ml. The t e m p e r a t u r e  du r -  
ing the cult ivation per iod (12 days) var ied  f r o m  18 to 30°C. After the yield of the cul ture had entered onto a 
plateau,  the suspension was separa ted .  

The lipids were  isolated f rom the f resh  cel ls  d i rec t ly  af ter  centr ifuging an aqueous suspens ion of the 
b iomass  (6000 rpm);  f rom the f r e e z e - d r i e d  (lyoohilized) b iomass  af ter  8 days; and f rom the a i r - d r y  m a s s  18 
days af ter  the isolat ion of the f resh  ce l l s .  In all  cases ,  the lipids were  ex t rac ted  by steeping with the e x t r a c -  
tant  at a low t e m p e r a t u r e  five t imes .  The crude ex t r ac t s  were  washed with a c h l o r o f o r m - m e t h a n o l - w a t e r  
(8 : 4 : 3) solvent  m i x t u r e  [12] and wer~e evapora ted  in vacuum. 

The lipid ex t r ac t s  (5 g each) of the FC ' s  and the ADC-1 were  f rae t ionated on a column (65 × 2 cm) conta in-  
ing type KSK s i l ica  gel that  had been t rea ted  by the method of Akhrem and Kuznetsova [19] (48 g, par t ic le  s ize  
0.16 mm) .  F r o m  the lipid ex t rac t  of the FCTs, hexane (150 ml) eluted hydrocarbons ,  s t e ro l  e s t e r s ,  and pig~ 
ments ;  h e x a n e - d i e t h y l  e ther  (99:1;  100 ml) eluted the fa t ty-ac id  methyl  e s t e r s ;  h e x a n e - d i e t h y l  e ther  (90: 5;" 
200 ml) eluted the t r ig lyce r ides ;  h e x a n e - d i e t h y l  e ther  (90 : 10; 150 ml) eluted the f ree  fat ty acids; diethyl e the r  
(70 ml) eluted the f ree  s te ro ls ;  ch lo ro fo rm (50 ml) eluted two unidentified f rac t ions;  and methanol  (200 ml) 
also eluted two unidentified f rac t ions .  

Quali tat ive TLC was p e r f o r m e d  on Silufol p la tes  in the h e p t a n e - m e t h y l  ethyl k e t o n e - a c e t i c  acid (41: 
9 : 0.5) s y s t e m  (1) [20], and the r e c h r o m a t o g r a p h y  of the FAMETs on a column (50 × 1 em) of s i l ica  gel (15 g) 
with elution by a mix tu re  of hexane and diethyl e ther  (98 : 2). 

The fa t ty  acids were  isolated f r o m  the lipid ex t r ac t s  f rom the individual c l a s s e s  Of NLTs (TGTs, FAMETs) 
by saponifying the s amples  with 10% methanol ie  KOH solution at r o o m  t e m p e r a t u r e .  In the isolat ion of the FATs 
f r o m  the lipid ex t r ac t s ,  the unsaponif iable subs tances  were  sepa ra ted  by ex t rac t ion  with diethyl e the r  [21]. The 
combined fatty acids were  f reed f rom pigments  by ch romatography  on s i l ica  gel,  the FATs being eluted with 
h e x a n e - d i e t h y l  e the r  (90 : 10; 200 ml) .  The acids were  methylated with d iazomethane.  The FA methyl  e s t e r s  
were  analyzed on a UKh-2 chromatography  under  the conditions desc r ibed  p rev ious ly  [ 22]. 

Oxidation with P e r i o d a t e - P e r m a n g a n a t e  [23]. A mixture  of 0.1 g of FFATs, 40 ml  of t e r t -bu tano l ,  60 ml  
of water ,  1.7000 g of KIO4, 0.0160 g of KMnO4, and 0.0550 g of K2CO 3 was boiled on the water  bath under  ref lux 
for  1 h. After cooling, 10% Hiso  4 was added to an acid reac t ion ,  the excess  of oxidizing agent was decomposed  
with d ry  Na2S205, the acidic f r agmen t s  were  conver ted into soaps by the addition of KOH, the t e r t -bu tano l  was 
dist i l led off, the soaps  were  decomposed  with 15% HC1, and af ter  sa turat ion with NaC1 the acid were  isolated by 
ex t rac t ion  with diethyl  e ther .  After  e l iminat ion of the solvent,  the acids were  methyla ted  with d iazomethane  and 
were  analyzed by GLC. 

S U M M A R Y  

The quali tat ive and quanti tat ive composi t ions  of the neut ra l  lipids and the fa t ty-ac id  composi t ion of the 
individual c l a s s e s  of neut ra l  l ip ids  isolated f rom f resh ,  f r e e z e - d r i e d ,  and a i r - d r y  cel ls  of the alga Chlore l la  
vulgar is  have been invest igated.  - .... 

The p re sence  of na tura l  fat ty acid methyl  e s t e r s  in the lipid ex t rac t  of the f resh  and a i r - d r y  eh lore l la  
cel ls  has  been es tabl ished.  

It  has been shown that  the fat ty  acid methyl  e s t e r  f rac t ion  is enr iched with pa lmi t ic  acid as compared  
with the t r ig lyee r ide  and f ree  fat ty  acid f rac t ions .  
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The main unsatura ted acids of the ehlore l la  lipids contain the f i r s t  double bond in the A 9 position. 
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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 p roces s  of the r ipening of the seeds of cer ta in  plants [1-6]. 
Our aim was to study the change in the fat ty-acid and f ract ional  composit ions of the phospholipids of various 
organs of Crambe amabt l i s  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)  f rom the var ious organs  of the plant [7, 8] were  f reed f rom ac-  
companying carbohydra tes  [9] and were  analyzed in a thin layer  of s i l ica  gel in solvent sys tems  1 and 2. F r o m  
the i r  chromatographic  mobil i t ies ,  the phospholipids with Rf 0.4 and 0.98 (in sys tem 1) and 0.3 and 0.9 (in sys -  
t em  2) were  assigned, respec t ive ly ,  to the phosphat idylglyeerols  (PG's) and the phosphatidic acids (PA's), 
which are  widely dis tr ibuted in the leaves of plants [1, 2]. The amounts of the individual PL ' s  (Table 1) were  
de te rmined  f rom the phosphorus contents [10] of the corresponding spots on the ch romatogram [11]. 

Institute of the Chemis t ry  of Plant Substances,  Academy of Sciences of the Uzbek SSR, Tashkent.  T r a n s -  
l a tedf rom Khimiya Pr i rodnykh Soedinenii, No. 1, pp. 53-57, J a n u a r y - F e b r u a r y ,  1978. Original  ar t ic le  sub-  

mitred September  9, 1977. 
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