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Resul ts  obtained in recent  years  leave no doubt of the fact that the lipid components of mic roorgan i sms  
largely  prede te rmine  the outcome of the interaction of a paras i te  and its plant host  [1, 2]. In addition to the 
high biological activity of the oxidation products  of lipids, an important  role in the pathological p rocess  is 
played by the capacity of a mixture of lipids for t ransport ing substances of nonlipid nature which, under cer ta in  
conditions, may lead to the development of a chain process  of the oxidation of the lipids in cell s t ruc tures  [2]. 

The presen t  paper  descr ibes  an aromat ic  diester  and melanins forming components of the fraction of 
neutral  lipids of the causative agent of ver t ic i l l iaceous  wilt of the cotton plant, Vert ici l l ium dahliae Kleb°, 
which may be involved in the mechanism of the synergis t ic  action of the metaboli tes responsible for the pa- 
thenogenicity of the fungus. 

It has been shown by chromatography and nuclear  magnetic resonance that the main components of the 
neutral  lipid fract ions of the culture liquid of the fungus V. dahliae are  t r ig lycer ides  of var ious degrees of 
unsaturat ion [3]. After  separat ion on a column, f rom the combined substances agreeing in their  Rf values 
with the free fatty acids, we isolated a color less  liquid with a charac te r i s t ic  odor.  The p r ima ry  evaluation of 
the biological activity of the substance isolated showed its capacity for causing necrot ic  spots when applied 
to the surface of the leaf of a cotton plant. 

In the proton magnetic resonance of a solution in carbon te t rachlor ide  of the compound isolated (Fig. 
la), a multiplet  at 7.5 ppm, cor responds  to the protons of an or tho-subst i tu ted benzene ring [4]. Doublet 
splitting in a signal at 4.1 ppm shows the presence  of a grouping of the type o f - O - C H 2 - C H - .  Intense signals 
at 1.3 and 0.9 ppm are due to the protons of methylene and methyl groups,  respect ively .  The carbon magnetic 
resonance  spec t rum with the suppression of the signals f rom the protons of the same solution contains 12 
resonance  peaks (Fig. lb).  The assignment  of the signals on the basis  of a spec t rum x~ith incomplete proton 
decoupling and the typical values of the 13C chemical  shifts [5-7] is as foEows: 166.1 p p m -  carbons o f c a r -  
boxy groups;  132.7 ppm - carbons of a benzene r ing bear ing equivalent substi tuents;  130 and 128.5 p p m -  c a r -  
bons of a benzene ring in the fl and a positions to a substituent; 67.2 p p m -  carbons o f - O C H  2 groups;  38.8 
p p m -  tertial-y carbons;  30.4 and 29 p p m -  carbons of a methylene chain in the ~, and ~ positions to the terminal  
methyl group; and 23.8 and 22.9 p p m -  carbons in the ~ position to methyl groups resonating at 14 and 11 ppm, 
respect ively .  

In o rder  to harmonize  this ass ignment  of the 13C signals with the resul ts  of the integration of the proton 
spect rum,  it must  be assumed that this compound is phthalic acid completely es ter i f ied  with 2-ethylhexanol.  
Thus, on the basis  of an analysis  of the spec t ra  given, the compound has been identified as di-2-ethylhexyl 
phthalate (I), which is known in the l i te ra ture  as a synthetic repellent  and is used as a p las t ic izer  for polymers  
[8]. The resul ts  of a compar ison  of its IR and mass  spect rum with the spec t ra  of synthetic (I) descr ibed in the 
l i tera ture  [8] show their complete identity both in the a romat ic  and in the alkyl par ts ,  which confirms the hy- 
pothesis that we made on the basis  of the IH and 13C NMR spect ra .  
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Fig. 1. IH (a) and 13C (b) NMR spec t ra  of compound (I) in CC14. The 
intense peak at 96 ppm is due to the nuclei of the solvent.  

The toxicology of phthalic es te r s  [including (I)] has been widely studied [8]. The capacity of exogenous 
and endogenous phthalic e s te r s  for accumulating in the cell lipids and inhibiting the growth of some species 
of r ice  is known [9]. The possibi l i ty of the biosynthesis  of phthalic acid es te r s  has been shown for one species 
of higher plants using labelled shikimic acid as p r e c u r s o r  [10]. There  is a repor t  of the detection of (I) in the 
lipids of Hydrogenomonas eutropha [11], but the use by the authors of this paper  [11] of labelled carbon dioxide 
to conf i rm the biosynthesis  of (I) by this bac te r ium did not give an unambiguous conclusion.  In our case, the 
considerable  yield of (I) f rom the neutral  lipid fract ion enables us to r ega rd  it as a metabolite of the fungus 
V. dahliae. 

In the separat ion of the mass  of neutral  lipids by column chromatography,  seven chromogenic  fract ions 
were obtained, three of which possessed  a well-defined capacity for causing the rapid appearance of the symp-  
toms ofver t i c i l l i aceous  wilt when their  aqueous solutions were injected into the atoms of sprouts  of the cotton 
plant, both of var ie t ies  res i s tan t  to and of those unres i s tan t  to wilt. It has been established by e lectron spin 
resonance  (ESR) that these pathogenic f ract ions differ f rom the nonpathogenic fract ions by a high content of 
free radica ls .  The ERS spec t ra  of these pathogenic f ract ions form slightly a symmet r i c  singlet signals with a 
value of the g factor  close to that cha rac te r i s t i c  for a f ree  e lectron and a width at half height of about 6 Oe. 
Calculations show that the concentrat ions of paramagnet ic  par t ic les  in these fract ions were,  respect ively,  
1 "1019, 0.4 "1017, and 1 "1017 spins per g ram of dry mat te r .  These resul ts  agree to within an o rde r  of mag-  
nitude with those given in repor t s  by other authors of the numbers  of paramagnet ic  par t ic les  in some species 
of soil hyphomycetes  [12]. 

The absence of a hyperfine s t ruc ture  f rom the ESR spec t ra  is probably explained by the superposit ion 
of individual lines of different radica ls  of monomers  presen t  in the fract ions investigated.  The only slight 
difference of the value of the g factor  of spec t roscopic  splitting obtained in our experiments  f rom the g factor 
of a free e lec t ron is evidence of the c loseness  of the proper t ies  of the unpaired electrons responsible  for the 
ESR absorption in these fract ions and the proper t ies  of e lectrons in po lymer  s t ruc tu res .  In the IR spec t ra  of 
the pathenogenie fract ions,  b road  bands were observed at 3 and 6 nm, which is also cha rac te r i s t i c  for poly- 
mer ic  s t ruc tu res .  As is well known [13], compounds with a high content of unshared electrons per  unit weight 
are,  as a rule,  insoluble in organic solvents,  as is also found for these f ract ions .  The facts given, and also 
the absence of cha rac te r i s t i c  peaks in the UV spect ra  and the uniform fall in absorption in the visible region 
with a slope of the s t ra ight  line b e t w e e n -  0.002 a n d -  0.04, in combination with the presence  of absorption 
bands at 3 and 6 nm in the IR spec t ra  of the fract ions studied were additional grounds [14] for assigning them 
to the c lass  of melanina° Among the products  of their  alkaline hydrolys is  on chromatographic  analysis we 
found indole and pyr ro le  groupings.  

The di rec t  part icipat ion of the melanins of a m ic roo rgan i sm in ensur ing its p a r a s i t i s m -  namely the 
pigments of the cytogenie fungus Venturia inaequalis - has been reported in the l i tera ture  [15]. Attention is 
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m e r i t e d  by the fact  that ex t r ac t s  f r o m  the cul ture liquid of the fungus V. dahliae obtained before  the s tate  of 
its p igmentat ion p o s s e s s e d  no pathogenic action and showed no ESR absorpt ion.  The drying of the cul ture  
liquid in the s tage of pigmentat ion,  ins tead of the usual methods of p repa r ing  biological  ma te r i a l  for  inves t iga-  
tion by the ESR method,  enabled the ESR signals that could have or ig inated f rom other  metabol ic  products  to 
be e l iminated .  The ESR signal  of the dr ied m a s s  did not differ  in shape and cha rac t e r i s t i c s  f rom the s p e c t r u m  
of the melanins  isolated.  The change in the concentrat ion of f ree  rad ica l s  with the development  of the cul ture 
was in complete  ag reemen t  with the level  of accumulat ion of melanins ,  which may  show the par t ic ipat ion of 
these compounds in the development  of the pathological  p roces s  in the plant.  

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

A Yangiyul '  population of the fungus V. dahliae was grown in C z a p e k - D o x  medium by the sur face  method 
in f lasks  in 28~C. To isolate  the neutra l  lipid f rac t ions ,  the culture liquid (500 l i ters)  was sepa ra t ed  f rom the 
20-day myce l ium by centr ifuging followed by f i l t ra t ion through a double paper  f i l t e r .  The culture liquid (3 × 
10 l i ters)  was ex t rac ted  with diethyl e t h e r - p e t r o l e u m  ether  (bp 40-60 °) (1 :1  by volume) .  The ex t rac t  was 
dr ied with sodium sulfate,  f i l tered,  and evapora ted  in a r o t a ry  evapora tor ,  to give 6 g of an oil .  Chromatography 
on columns (1: 20) containing a lumina (" chromatographic"  grade) in the pe t ro leum e t h e r -  h e x a n e -  methanol  
( 1 0 : 1 : 1 )  solvent  s y s t e m  led to the separa t ion  of the melanins  f ract ion (0.3 g), which r ema ined  at the s t a r t ,  
f r om the neutral  lipids f ract ion (3.3 g). The subsequent  separa t ion  of the neutral  lipids was p e r f o r m e d  by 
th in - l aye r  ch romatography  on fixed (gypsum) s i l ica  gel plates  (type G, 20 × 20) using the h e x a n e - e t h e r  (19:1) 
and pe t ro l eum e t h e r - d i e t h y l  e t h e r - a c e t i c  acid (70 :30 :1 )  s y s t e m s .  On a th in - layer  c h r o m a t o g r a m ,  two spots  
were  detected on the plate,  which had been heated to 160~C, f i r s t  with a 10%ethanolic solution of phosphomo-  
lybdic acid, and then with a 50% solution of sulfuric acid.  Analysis  of the substance cor responding  in its Rf  
value to the f ree  acids showed that it was an a romat i c  d ies te r  with a molecu la r  weight, according to m a s s  
s p e c t r o m e t r y ,  of 390. Determinat ion of its e l emen ta ry  composi t ion gave the empi r i ca l  fo rmula  C24H380 4. 

The melanin f rac t ion  (05 g) sepa ra ted  f rom a paper  f i l ter ,  was dissolved in water  and deposited on a 
column (50 × 2) containing Molselekt  G-15 at a ra te  of elution of 1 m l / s e c .  Seven chromogenic  zones were  
eluted success ive ly .  

The proton and carbon magnet ic  resonance  spec t r a  were  r eco rded  on a Varian XL-100-15 mul t inuclear  
s p e c t r o m e t e r  at f requencies  of 100 and 25.2 MHz respec t ive ly .  The Four i e r  t r ans fo rma t ion  of the 13C signals  
was p e r f o r m e d  with the aid of a Data 620-i compute r .  As the s tandard for  reckoning the chemical  shifts  in 
the 1H spec t rum we used hexamethyldis i loxane;  in the 13C spec t rum the difference in the chemical  shifts  of 
the carbon te t rach lor ide  used as solvent  and a s tandard ( te t ramethyls i lane)  was taken as 96 ppm.  The accuracy  
of the determinat ion of the chemica l  shifts  was • 0.1 ppm.  

The concentrat ion of f ree  rad ica l s  in the paramagne t ic  f ract ions  were  de te rmined  on a R~-1301 spec -  
t r o m e t e r  using diphenylpicrylhydrazyl  as s tandard .  

SUMMARY 

Di-2-ethylhexyl phthalate has been isolated from the neutral lipids fraction of the culture liquid of the 
fungus Ver t ic i l l ium dahliae Kleb. Its IH and 13C magnet ic  resonance  s p e c t r a  have been obtained, and an a s -  
s ignment  of the s ignals  has been made .  

On the bas i s  of thei r  UV, IR, and ESR spect ra ,  the chromogenic  components  of the neutral  lipid f ract ions  
have been a s s igned  to the melanins .  
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In recen t  y e a r s ,  paper s  have appeared  with inc reas ing  f requency on the fa t ty-ac id  composi t ion and dis-  
t r ibution of fa t ty-ac id  rad ica l s  in phospholipids of plant  or igin [1-12], the major i ty  of them having been devoted 
to the study of the lecithins [5-9], and a s m a l l e r  number  to the cephalins [1] and to the phosphatidylinosi tols  
[10-12]. 

P a p e r s  on the fa t ty-ac id  composi t ion of the lecithins of the cotton plant  [7-9] have appeared,  and one of 
them [9] r epo r t s  the nature  of the fat ty acids in posit ion 2. There  is no such informat ion for  the phospholipids 
of the f ine- f ibered  cotton plant of va r i e t y  5904-I in the l i t e r a tu r e .  

We give the r e su l t s  of a de terminat ion  of the fa t ty -ac id  composi t ion of the oil, of the total phospholipids,  
of the phosphatidylcholines (PChs), of the phosphat idylethanolamines  (PEs),  and of the phosphatidylinositols  
(PIs) of the cotton plant  G. ba rbadense  (var ie ty  5904-I, 1970 crop),  and also their  pos i t ion-dis t r ibut ion in the 
molecules  of the PChs,  P E s  and PIs .  The oil and the total phosphatolipids were  ex t rac ted  as descr ibed  p r e -  
viously .  The individual groups of phospholipids were  isola ted by column chromatography  on s i l ica  gel and 
were  subfract ionated in a thin l ayer  of s i l i ca  gel in sy s t em 1° 

The r e su l t s  of a gas chromatographic  (GLC) analys is  of the fatty acids (Table 1) showed that the fat ty-  
acid composi t ions  of the oil of the total  phospholipids a re  identical  quali tat ively and s im i l a r  quanti tat ively.  
The individual phospholipids contain the same  fatty acids,  but thei r  ra t ios  a re  different,  and in o rde r  of in- 
c r ea s ing  sa tura t ion they fo rm the sequence PChs,  PEs ,  P I s .  The amount of unsatura ted  fatty acids in the PIs  
is l e ss  than that in the PChs and PEs  by 26.9-24.1%, respec t ive ly ,  through a dec rease  in the amount of oleic 
and l inoleic acids,  and the amounts of unsa tura ted  acids a re  g r e a t e r  through an inc rease  in the amounts of 
pa lmi t ic  and s t e a r i c  ac ids .  

The posit ion distr ibution of the fa t ty -ac id  rad ica l s  in the phospholipid molecules  was de te rmined  by 
enzymat ic  hydrolys is .  For  this purpose  we used phosphol ipase A 2 f rom the venom of Vipera  lebet ina obtusa  
(Azerbaidzhan kufi) [6]. The enzymat ic  hydrolys is  of these phospholipids with 0.1 M t r i s  buffer  at  pH 1028 
took place completely ,  but the t imes  of hydro lys i s  were  different  and inc reased  in the sequence PChs,  PEs ,  
PIs .  The comple teness  of hydrolys is  was checked in a thin l ayer  of s i l ica  gel in s y s t e m  1. GLC analysis  of 
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