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P H E N O L I C  L I P I D  F R O M  A z o t o b a c t e r  c h r o o c o c c u m  

S. G .  B a t r a k o v ,  N.  N.  P r i d a c h i n a ,  
E .  D. K r u g l y a k ,  a n d  Eo D.  N o v o g r u d s k a y a  

UDC 576.851.15:547.565 

In an invest igat ion of the combined cel l  l ipids of the n i t rogen-f ix ing bac t e r ium Azotobac te r  ch roococcum 92 
[1] by t h i n - l a y e r  ch romatography  (TLC) we found that  one of i ts  main  components  is an unusual compara t ive ly  
feebly po la r  lipid giving the pos i t ive  reac t ion  with f e r r i c  chlor ide that  is c h a r a c t e r i s t i c  fo r  phenols  and enols.  
The p r e s e n t  pape r  d e s c r i b e s  the isolat ion and s t ruc tu ra l  identification of this substance (I). 

The combined lipidG of A__ ch roococcum 92 obtained by ex t rac t ing  the f r e e z e - d r i e d  ce l l s  with mix tu r e s  of 
ch lo ro fo rm and methanol  we re  subjected to ion-exchange ch romatography  on DEAE-ce l lu lose  [2]. The lipid (I) 
was  eluted in the same  f rac t ion  as  the neu t ra l  g lyce r ides  with c h l o r o f o r m - m e t h a n o l  (9 ' 1), which indicates the 
absence  of s t rongly anionic groupings  in i ts  molecule .  

The subsequent  ch roma tog raphy  of this  f rac t ion  on a column of s i l ica  gel  led to the isolat ion of the lipid 
in the f o r m  of a c rys ta l l ine  substance which, on TLC in va r ious  solvent s y s t e m s  behaved as an individual lipid 
f ract ion.  The lipid isolated was  stable under  the conditions of acid and alkal ine methanolys i s  and did not change 
on t r e a t m e n t  with sodium t e t r ahyd robo ra t e  and l i thium te t rahydroa lumina te .  Under the act ion of acet ic  anhy-  
dr ide in py r id ine  it gave an ace ty l  (II) o r  benzoyl  (HI) der iva t ive ,  and under  the act ion of diazomethane it was 
slowly conver ted  into a methyl  e the r  (IV). Ana lys i s  of the UV, IR, PMR, and m a s s  spec t r a  of the native lipid (I) 
and i ts  de r iva t ives  (II-IV) pe rmi t t ed  an unambiguous conclusion concerning i ts  s t ruc ture .  
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OX 

I X = H ,  IIX--Ac,  III  X=Bz, IV.X=Me; n=17--22 

The IR s p e c t r a  of the nat ive lipid (I) contained a b road  band of the s t re tch ing  v ib ra t ions  of H - O  bonds of 
hydroxy groups  with a m a x i m u m a t a b o u t 3 3 0 0  cm -1, and no absorp t ion  due to carbonyl  g roups  was  observed .  A 
n u m b e r  of bands (at 1629, 1602, 1512, 828, and 697 cm -1) show the p r e s e n c e  of an a r o m a t i c  s y s t e m  in the m o l e -  
cule. Th is  was conf i rmed  by the UV spec t rum of the lipid (I), which contained in the 220-300 nm region a b s o r p -  
t ion m a x i m a  at 274 and 280 nm (1280 and 1240, r e spec t ive ly )*which  a r e  c h a r a c t e r i s t i c  for  a subst i tuted benzene  
c h r o m o p h o r e  [3]. The IR s p e c t r u m  of the acetyl  de r iva t ive  (II) showed no absorp t ion  of hydroxy g roups  but had 
a s t rong band at  1776 c m  -1 which mus t  obviously be  ass igned  to the s t re tching v ib ra t ions  of the carbonyl  group 
of the phenol e s t e r .  In the IR s p e c t r u m  of the benzoa te  (IH) the band at 1742 c m  -1 co r re sponded  to the s t r e t c h -  
ing v ib ra t ions  of the s ame  bonds.  The fac ts  given show that  the molecu le  of the lipid (I) includes a benzene nu-  
c leus  to which the hydroxy groups  p r e sen t  a r e  at tached.  

More  detai led informat ion on the s t ruc tu re  of the lipid (I) was  given by the PMR s p e c t r a  of i ts  ace ty l  (II) 
and O-me thy l  (IV) de r iva t ives  (Table 1). 

The s p e c t r a  of both de r iva t i ve s  have in the s t rong- f ie ld  region a t h r e e - p r o t o n  t r ip le t  at  6 0.89 ppm 
(J = 6.5 Hz) and a fa i r ly  n a r r o w  mul t ip le t  (~ 40 H) at ~} 1.26 ppIn, which shows the p r e s e n c e  in the molecu le s  of 
these  compounds of an  alkyl  res idue  of n o r m a l  s t ruc tu re  with a long carbon  chain. A s ix -p ro ton  singlet  at 5 
2.26 ppm in the s p e c t r u m  of the a ,  e ta te  (II) mus t  obviously be  connected with the p r e sence  in the molecule  of 
this  de r iva t ive  of equivalent  acetoxy groups  at tached to an a roma t i c  nucleus.  Correspondingly ,  in the spec t rum 
of the O ' m e t h y l  de r iva t ive  (IV) the re  is a s ix -p ro ton  singlet  at 6 3.77 p p m  f rom two methoxy subst i tuents  of a 
benzene  ring. 

The na ture  of the bond between the alkyl  res idue  and the a roma t i c  nucleus is shown by a two-pro ton  m u l -  
t iplet  with i ts  c en t e r  at 6 2.61 ppm in the spec t rum of the ace ta te  (H) or  at 6 2.54 p p m  in the spec t rum of the 
methy l  e the r  (IV). Th i s  signal has  the s t ruc tu re  of a t r ip le t  with J = 6.5 Hz, each  e l emen t  of which, in i ts  turn,  
is spl i t  into th ree  l ines  with J = 1 Hz. 

The mul t ip le t  cons ide red  apparen t ly  c o r r e s p o n d s  to the pro tons  of a methylene  group of the ,benzy l"  type 
in teract ing both with the protons  of a neighboring methylene  group and with two equivalent  a r o m a t i c  p ro tons  
p r e s e n t  in the or tho posi t ion with r e spec t  to the " b e n z y l "  methylene  group. In o the r  words ,  the al iphatic  chain 
in the molecu les  of the de r iva t ives  (II) and (IV) and, consequently,  a lso  in the molecule  of the lipid {I) mus t  be 
at tached d i rec t ly  to the benzene  nucleus,  and the two ortho C - a t o m s  of the l a t t e r  mus t  be unsubst i tuted.  Thus,  
the lipid (I} is a 1 -a lky l -3 ,5 -d ihydroxybenzene .  This  conclusion is conf i rmed  by an analys is  of the s ignals  f r o m  
the a roma t i c  pro tons .  In the PMR s p e c t r u m  of the ace ta te  (II) these  a re  r e p r e s e n t e d  by a one-pro ton  t r ip le t  
with J = 1 Hz at  5 6.74 ppm and a two-pro ton  doublet with J = 1 Hz a t  6 6.80 ppm;  in the s p e c t r u m  of the O - m e t h -  
yl de r iva t ive  (IV) the analogous s ignals  a r e  located at 5 6.30 and 6.36 ppm. The fac t s  g iven unambiguously indi-  
cate  1 ,3 ,5-subst i tu t ion  of the benzene nucleus.  

The defini t ive conclusion concerning the s t ruc tu re  of the lipid (D was  made  on the b a s i s  of the m a s s  s p e c -  
t r a  of the de r iva t ives  (H), (III), and (IV) (Table 2). The spec t r a  of all  these  de r iva t ives  contained s t rong peaks  
of  homologous m o l e c u l a r  ions the m / e  va lues  of which enable  the s ize of the  hydrocarbon  chains  of the alkyI 
r e s idues  to be  de te rmined .  Thus,  in the m a s s  spec t rum of the methyl  e the r  (IV) the dominat ing m o l e c u l a r  ions 
have m / e  432 and 404 and c o r r e s p o n d  to compounds with hydrocarbon  chains  of 21 and 19 carbon  a toms .  

The in tens i t ies  of the peaks  of these  ions a r e  in a ra t io  of 3 : 1, which obviously r e f l ec t s  the quanti tat ive 
ra t io  of the co r respond ing  homologs  in the lipid f ract ion.  The intensi t ies  of the peaks  of the m o l e c u l a r  ions of 
the o ther  homologs  ( m / e  460, 446, 418, and 390) a r e  ve ry  low, f r o m  which it may  be  concluded that  the l a t t e r  

a r e  p re sen t  as  m i n o r  components  in the f ract ion.  

S imi la r  conclusion can  be  a r r i v e d  at  by analyzing the m a s s  s p e c t r a  of the acetyl  (II) and benzoyl  (III) d e r i -  
va t ive .  It  is t rue  that  in the case  of the acyl  de r iva t ives  (H) and (III) the m o l e c u l a r  region of the m a s s  spec t rum 
cons i s t s  of a m o r e  complex  pa t t e rn  because  of the appearance  of peaks  of f r a g m e n t a r y  ions a r i s ing  as  the r e su l t  

*Here and below, in the calcula t ion of e the "mean"  molecu la r  weight of the lipid f rac t ion  found by m a s s  spec -  

t r o m e t r y  was used.  
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T A B L E  1. PMR S p e c t r a  of  the  A c e t y l  (II) 
and Methy l  (IV) D e r i v a t i v e s  of  P h e n o l i c  
Lipid (1) 

d 
_i'coc,, 
U - ' ~  f 

. i c e ~ LOCH a 

-LOClI= 

Pro- 
ton 

Num- 
ber of 

H's 

3 0,89 
1.26 

2 1,62 
6 2,26 
2 2,61 
6 
1 6:'74 
2 6,80 

5, ppm ] Structure of the 
for the tfor the [ signal (J, Hz) 
snecn'um ~s .Rectum 
o'F(H) 1of (IV) 

0,89 Triplet (6.5) 
1,26 Multiplet 
!.62 l Multiplet 

] Singlet 
2~4 IMulriplet (6.5 and t) 
3.77 [ Singlet 
6.30 [ Triplet (I) 
6.36 [Doublet (I) 

T A B L E  2. Ma in  P e a k s  in the  M a s s  S p e c t r a  of  
t he  A c e t y l  (II), Benzoy l  (HI), and Methy l  (IV) 
D e r i v a t i v e s  of  the  P h e n o l i c  L i p i d  (I) (the m / e  
v a l u e s  of  the  ions  a r e  shown, wi th  t he  r e l a t i v e  
i n t e n s i t i e s ,  %, in p a r e n t h e s e s )  

Type of ion 

M~ 
m~ 

I 
MI--X+H] + 
M=--X+H]* . 
Mt--2.X+2.H1 ~" 

IM2--2-X+2. H] + 
C 
A 
B 
A--X+H| 
B--X+HI ÷ 

[C-2 .X+z.HI  + 
[A--2.X+2.H] 7 
[B--2.X--2.HJ ~ 
X + 

Derivative 

Ill IV 

488 (2,3) 
460 0 . 1) 
446 (37,5) 
418 02,9) 
4O4 (100) 
376 (45,6) 

m 

208 (1,7) 
207 (1.1} 
166 O. I) 
155 i3.8) 
137 (t4.8) 
124 i92,2) 
123 (38.01 
43 (35° 8) 

6m (41,2) 
58404.2) 
508 (2,8) 
480(1.0) 

332~5,21 
331 (1,0) 
228 (1.0) 

i24 0,o) 
123 (1,9j 
105 (1o0) 

432 (39,5) 
404 (13.2) 

165(14.0) 
152 {100) 
15t (21.7) 

of  the  e l i m i n a t i o n  of the  a c y l  s u b s t i t u e n t s  (in p a r t i c u l a r ,  in the  m a s s  s p e c t r u m  of  the  a c e t a t e  (II) t he  m a x i m u m  
p e a k s  c o r r e s p o n d  to the  f r a g m e n t  [M - C H 2 = C = O ] + ) .  In  a g r e e m e n t  wi th  the  s t r u c t u r e s  p r o p o s e d  fo r  the  n a -  
t i v e  l i p id  and i t s  d e r i v a t i v e s  ( I - IV),  in the  f r a g m e n t a t i o n  u n d e r  e l e c t r o n  i m p a c t  of  the  m o l e c u l a r  ions  the  f o r m a -  
t i on  of  two c h a r a c t e r i s t i c  f r a g m e n t s  w a s  to be  e x p e c t e d  [4] - the  ion A wi th  an  even  va lue  of m / e  a r i s i n g  in the  
c l e a v a g e  of  the  3 - b o n d  in r e l a t i o n  to  the  a r o m a t i c  nuc l eus  wi th  m i g r a t i o n  of  a H a t o m  to the  c h a r g e d  f r a g m e n t ,  
and  the  s u b s t i t u t e d  t r o p y l i u m  ion B, to which  c l e a v a g e  of  the  s a m e  bond but  wi thout  m i g r a t i o n  of  t he  h y d r o g e n  
a t o m  l e a d s :  

/f i l l  i 
CH-R . 

t l -  I A O", 
;(O"'.,~" ~ XO" V "OX • c n~ 

M* A / ~  

XO OX XO OX 
B C 
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The peaks  of the ions of both these  types  (or the products  of the fu r the r  f ragmenta t ion  of these  ions) have 
high in tens i t ies  in the m a s s  s p e c t r a  of the de r iva t ives  (II-IV). F o r  example ,  the peak of ion A is the m a x i m u m  
peak  in the s p e c t r u m  of the methyl  e the r  (IV); in the m a s s  spec t r a  of the acyl  de r iva t ives  (II) and (III) some of 
the s t ronges t  peaks  a r e  those of ions fo rmed  f r o m  the f r a g m e n t s  of types  A and B by the e l iminat ion  of acyl 
r e s idues  with the migra t ion  of a H atom.  I t  mus t  be added that  the peaks  of f r a g m e n t s  C a r i s ing  as  the resu l t  
of the c leavage  of the 7-bond of the al iphatic chain a lso  have apprec iab le  intensi t ies  in the m a s s  spec t r a  of the 
de r iva t ives  (II) and (IV). All these  fac t s  conf i rm the s t ruc tu r e s  of compounds (I-IV) flowing f r o m  the c h a r a c t e r -  
i s t ics  of the PMR spec t r a .  

Lipid d e r i v a t i v e s  of diphenols of chromanol ,  chromenol ,  and hydroquinone s t r u c t u r e s  the hydrocarbon  
chains  of which a r e  made  up of i soprene  units (vi tamins C and K, ubiquinones) a r e  widespread  in nature .  In the 
cel l  they fulfil the functions of e lec t ron  c a r r i e r s  in redox p r o c e s s e s .  Phenol ic  l ipids of a no rma l  hydrocarbon  
chain a r e  a fa i r ly  r a r e  phenomenon. 

Apar t  f r o m  the s t ra in  A___. ch rooeoccum that  we have invest igated only one m i c r o o r g a n i s m  producing a lipid 
of a s i m i l a r  type has  been  desc r ibed  - t h e  fungus N e u r o s p o r a  c r a s s a  [5]. The phenolic lipid f rac t ion  isolated 
f r o m  the ce l l s  of th is  o rgan i sm cons is ted  of a mix tu re  of 6 -n -hene icosy l -2 ,4 -d imethoxypheno l  and a de r iva t ive  
of it in the molecu le  of which the benzene nucleus was additionally substi tuted by a methyl  group (the posi t ion of 
the la t te r  was  not es tabl ished) .  I t  is known that  the n i t rogenases  of n i t rogen-f ix ing bac t e r i a  a r e  e x t r e m e l y  s en -  
si t ive to a t m o s p h e r i c  oxygen, and t h e r e f o r e  they requ i re  suitable pro tec t ion  [6]. It  may be a s sumed  that  the 
lipid (I) desc r ibed  in the p resen t  p a p e r  p lays  the role  of one of such antioxidants .  

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

~Materials and Genera l  Methods. The UV s p e c t r a  we re  r eco rded  on a Specord UV-Vis spec t rograph  (GDR) 
and the IR s p e c t r a  on a UR-10 spec t rog raph  (Zeiss ,  GDR) with the subs tances  in the fo rm of t ab le t s  with KBr.  
The PMR s p e c t r a  w e r e  obtained on a XL-100 ins t rument  (Varian, USA) at a working f requency of 100 MHz with 
t e t r ame thy l s i l ane  as  internal  s tandard and CC14 as solvent.  The m a s s  s p e c t r a  w e r e  m e a s u r e d  on an LKB 9000 
m a s s  s p e c t r o m e t e r  (Sweden) at an energy  of the ionizing e l ec t rons  of  70 eV and an acce le ra t ing  vol tage of 3.5 kV; 
the s amples  studied were  introduced d i rec t ly  into the ion source ,  the t e m p e r a t u r e  of the e v a p o r a t o r  being 
80-90°C. 

TLC was p e r f o r m e d  by the mic romethod  of Svetashev and Vaskovsky [7] on type KSK s i l ica  gel. The sub-  
s tances  were  r evea led  on the c h r o m a t o g r a m s  by spraying  them with 50% sul fur ic  acid followed by heating the 
p la te  at ~ 200°C, and a lso  with a 0.1% solution of mor in  in MeOH followed by the observa t ion  of the spots of the 
subs tances  in UV light. 

The  mel t ing  points  of the subs tances  (uncorrected)  were  de te rmined  on a "Boet ius"  heated s tage (GDR). 

F o r  the invest igat ion we used a cul ture  of Azo tobac te r  ch roococcum 92 [1] b red  in VNIIbakprepara t  JAil- 
Union Sc i en t i f i c -Resea rch  Inst i tute  of Bac t e r i a l  P r epa ra t i ons ]  fo r  antibiotic act ivi ty f r o m  an initial s t r a i n  ob-  
ta ined f r o m  the col lect ion of the Inst i tute  of Microbiology of the Academy of Sciences  of the USSR. The  cul ture  
was  grown on Fedorov  T s n i t r o g e n - f r e e  liquid synthetic med ium in f lasks  with shaking on a c i r c u l a r  shaking 
machine  (200 rpm) at  30°C for  72 h. The ce l l s  were  separa ted  by centrifuging,  washed with dis t i l led water ,  and 
f r e e z e - d r i e d .  

Ext rac t ion  of the Total  Cell  Lipids .  The f r e e z e - d r i e d  ce l l s  (28 g) were  s t i r r ed  with 600 ml  of a mix tu re  
of CHC13 and MeOH (1 : 1) at 20°C for  1.5 h. The undissolved m a t t e r  was f i l te red  off and was ex t rac ted  with 
~00 ml  of CHC13-MeOH (2 : 1) under  the s ame  conditions.  The combined ex t rac t  was evapora ted  to d r y n e s s  in 
vacuum at a t e m p e r a t u r e  < 30°C, the res idue  was dissolved in 150 ml  CHC13-MeOH (2 : 1), the solution was 
shaken with 30 ml  of w a t e r  for  5 min, the lower  phase  was separa ted  off and evapora ted  to d r y n e s s  in vacuum, 
and the res idue  was  dr ied at 25°C/0.02 m m  for  3 h. This  gave 2.6 g (9.3% of the total  weight of the cells)  of 
combined cel l  l ipids.  

Isola t ion of the Phenolic  Lipid (I).. A so lu t i on  of 1.16 g of to ta l  cel l  l ipids in 15 ml  of CHC13-MeOH (9 • 1) 
was  deposi ted on a column (2.5 × 30 cm) of DEAE-ce l lu lose  (Reanal, Hungary) in the AcO-  f o r m  [2]. The column 
was  washed success ive ly  with the following solvent s y s t e m s  (300 ml  each): CHC13-MeOH (9 : 1), CHC13-MeOH 
(7:3) ,  CHC13-AcOH (4: 1), MeOH, and CHC13-MeOH (2:1) + 10% of concent ra ted  NH4OH. 

The f rac t ions  eluted by the f i r s t  sys t em cons is ted  mainly  of t r i g lyce r i de s  and the phenolic lipid (I). A 
solution of this f rac t ion  in 10 ml  of CHC13 was deposited on a column (2 × 30 cm) of KSK si l ica  gel (100-150 mesh: 
that  had been  t r ea t ed  by a method we have descr ibed  prev ious ly  [8]. The column was washed with 100 ml  of 
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CHC13 and then success ive ly  with mix tu r e s  of CHC13 and MeOH in re la t ive  amounts  of 50 : 1, 40 : 1, 30 : 1, 20 : 1, 
and 10 : 1 (300 ml  each).  F rac t i ons  with a volume of 15 ml  were  col lec ted  and were  analyzed by TLC in the 
CHC13-MeOH (20 : 1} and CHC13-acetone (5 : 1) sy s t ems .  The f rac t ions  eluted by CHC13-MeOH (40 : 1) containe~ 
the ch romatograph ica l ly  pure  lipid (D with Rf in the above-ment ioned  solvent s y s t e m s  0.5 and 0.85, respect ive l3  
mp  90-94°C. 

UV ~,~pectrum [in MeOH; .~,.ax' nm (e)]: 274 (1280), 280 (1240). 
IR  s p e c t r u m  (Vma x, c m -  ): 3320 (vHO), 2918 (vCH an t i sym) ,  2855 (vCH sym), 1629, 1602, and 1512 

(VC---- C a rom.) ,  1470 (6CH ant isym),  1385 (6CH sym in CH3), 1200 (VCO), 828 and 697 (YCH a tom) ,  718 (PCH2) , 

Acetyl  Der iva t ive  (ID. A solution of 20 mg of the lipid (I) in 0.3 ml  of pyr idine was t r ea t ed  at  20°C with 
0.3 ml  of Ac20 and the mix tu re  was left f o r  12 h at the s ame  t e m p e r a t u r e ,  a f t e r  which it was evapora ted  in 
vacuum.  The res idue  was  deposi ted in 1 ml  of CH2C12 on a column containing 5 g of s i l ica  gel; 20 ml  of CH2CI 2 
eluted 20 mg of the ace ta te  (II), Rf 0.65 (CH2CI2) , 0.45 (hexane-CH2Cl  2 (1: 1)); mp 62-67°C. 

IR s p e c t r a  (Vma x, cm- i ) ;  1785 (Vc=o), 1620 and 1591 ( V c = c ) ,  1222 ( V c 0 .  

F o r  the PMR spec t rum and the m a s s  spec t rum,  see Tables  1 and 2. 

Benzoyl Der iva t ive  (III). A solution of 5 mg of the lipid (I) in 0.3 ml  of pyr idine was t r ea t ed  with 30 mg  
of benzoic  anhydride.  The mix tu re  was  left  at  20°C fo r  24 h and was then t r ea t ed  with 0.2 ml  of wa t e r  and left 
at 20°C fo r  2 h, a f t e r  which it was  d isso lved  in 5 ml  of CHC13. This solution was washed with water ,  with sa tu -  
r a t ed  NaHCO 3 solution, and again with water ,  and was evapora ted  to d ryness .  The res idue  was deposi ted in 1 
ml  of hexane--CH2C12 (3 .~ 1) on a column containing 5 g of s i l ica  gel;  20 ml  of the same solvent  s y s t e m  eluted 
t h e d r y b e n z o a t e ( H l ) ,  Rf 0.9 [in CH2C12, 0.75 (hexane-CH2C12 (1:1)] ;  mp 60-68°C. 

IR spec t rum (Vma x, c m - l :  1742 (VC=O}, 1618, 1598, 1480 ( V C = C a r o m . ) .  

F o r  the m a s s  spec t rum,  see  Table  2. 

Methyl E ther  (IV). To a solution of 20 mg of the lipid (I) in 2 ml  of MeOH was  added an exces s  of a so lu-  
t ion of CH2:N 2 in e ther .  The mix tu re  was  left at 20°C for  5 h and evapora ted  to d ryness ,  and the res idue  in 1 ml  
of  CH2C12 was deposited on a co lumn containing 5 g of s i l ica  gel; 20 ml  of CH2C12 eluted 20 m g  of the dimethyl  
e the r  (IV), Rf 0.85 [hexane-CH2C12 (1 ". D];  mp 56-61°Co 

UV spec t rum [heptane; ~,maxnm (£)]: 273 (1160), 279 (1185). 
IR s t ~ c t r a  (Vma x, cm-1): 2918 (vCH, ant isym),  2852 (vCH sym),  1614 and 1600 (Vc=  C a r o m ) ,  1208 (Vco), 

822 and 697 (TcHatom. ) ,  718 (PCH2). 

F o r  the PMR and m a s s  spec t rum,  see  Tab le s  1 and 2. 

S U M M A R Y  

F r o m  the total  cel l  l ipids of the n i t rogen-f ix ing b a c t e r i u m  A zo tobac te r  ch roococcum 92 a p rev ious ly  un-  
known lipid has  been isolated which has  been  identified as  a 1-a lky l -3 ,5-d ihydroxybenzene .  The alkyl  chains of  
the main  components  of the lipid f rac t ion  have a normal  s t ruc tu re  and contain 19 and 21 carbon a toms .  
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