
Thallophytic AUelopathy: Isolation and 
Identification of Laetisaric Acid 

-ria ad is ,  a soil-dwelliug basidiomycctc fungus, secreas an allelopathic agent 
that induces rapid hyphal lysis in several phytopathogenic fungi. m e  a& compound 
was isolated from chlor0form:methanol extracts of L. d k  my& and charactcr- 
ized as a previously unknown hydroxy fatty add, (29)-9,12-8-hydroxyoctadecadicn- 
oic add. 

P YTZIZUM ULTIMUM, AN OOMYCB'IX 
fungus, is a major root pathogen of 
many crops in temperate regions of 

the world. Lu&aria ma& Burds., a basid- 
iomycete fungus ( I ) ,  is effective as a biologi- 
cal control agent in reducing soil-borne dis- 
eases of several crops incited by Pythum 
ultimum and other phytopathogenic fungi 
including Rhizoctoniu solani and Phoma bctac 
(2). 

During investigations of the underlying 
control mechanism, we found that combina- 
tion of growing cultures of P. &mum and 
L. &ir on an agar-coated microscope slide 
(3) resulted in rapid lysis of the P. u l h m  
hyphae (Fig. 1). This suggested that the 
obkwed suppression of p.-dtimum growth 
might be due to a diffusable toxin rather 
than mycoparasitism. Although both aque- 
ous and organic extracts of L. malk were 
initially found to induce cytoplasmic lysis of 
P. ultimum, the organic extracts were far 
more mtent. From L. d i r  we have isolat- 
ed an2 identified a previously undescribed 
compound that effectively inhibits the 
growth of P. ultimum and certain other 
~hyt~~athogenic  fungi. 

Mycelia of L. &is cultures were extract- 
ed with chloroform:methanol (9 : 1 by vol- 
ume), and the solvent was evaporated to 
yield an active crude extract (4). Column 
chromatography of the extract on Florisil 
and sequential preparative silica thin-layer 
chromatography (TLC) (5) yielded a pure 
compound (6), which we have characterized 
and named laetisaric acid. 

The mass spectrum of the methyl ester of 
laetisaric acid (prepared by treatment with 
diazomethane) showed a base peak at the 
mass-to-charge (mJz) ratio 93 G d  a strong 
peak at mJz 292 due to a loss of water from 
the molecular ion, suggesting a molrmlar 
formula of C19H3403. Proton nuclear mag- 
netic resonance ('H NMR) spectra of laeti- 
saric acid methyl ester exhibited 34 protons, 
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suggesting a methyl ester of a fatty acid with 
a nonconjugated dienol system (7). In fiu- 
ther support of the structural assignments, 
the methyl ester yielded methyl stearate after 
catalytic hydrogenation (8). The physical 
constants [gas chromatographic (GC) reten- 
tion time and mass spectra] were identical to 
those of authentic methyl stearate. The ge- 
ometry of the two double bonds was h (2) 
(coupling constant, J values of 10.7 and 
11.2 Hz in the 'H NMR spectnun of the 
methyl ester). The evidence for the position 
of the double bonds was obtained from 
ozonolysis products, whose mass spectrum 
and GC retention times were identical to 

those of authentic n-hexanal. These results, 
combined with the 'H NMR analyses, indi- 
cated double bonds located at C-9 and C-12 
and a hydroxyl group at C-8. These assump- 
tions were further supported by mass spec- 
tra of the trimethylsilyl (TMS) ethers and 
the o x i d i d  derivatives which showed char- 
acteristic ion peaks at m/z 239 (CSHIICH= 
CHCH&H=CHCH=OTMS) and m/z 
165 (CsHIICH=CHCH2CH=CHGO), re- 
spectively, due to alpha-cleavage. 

Confirmation of the structure of laetisaric 
acid was obtained by a total synthesis 
of 8-hydroxylinoleic acid (9). Physical and 
biological activity data fiom the natural 
and synthetic laetisaric acid were coinciden- 
tal. 

Crude L. arvdir mycelial extracts, h- 
matographic fractions, and pure isolated and 
synthetic laetisaric acid were evaluated for 
activity against growth of P. ulEimum by a 
radial growth assay. Material to be tested 
was incorporated into agar-coated petri 
plates, and disks of P. ultimum mycelia were 
placed onto the solidified agar. The dose- 
response curve of pure laetisaric acid was 
nearly linear and highly reproducible (Fig. 
2). 

Fig. 1. (A to C) Phase-contrast tight micrographs of P. rrlthnnm hyphae. ALL scale bars are 100 v. (A) 
The cytoplasm of normal hyphae appears homogeneous, with various organelles dearly visible. (B) 
Lipid bodies are characteristically prominent in lysed hyphae grown in culture with L. a d i .  (C) 
Hyphae exposed to 1.3 x 10-4M laetisaric acid undergo the same kind of cytoplasmic disorganization 
found during culture with L. arvalir. 
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We believe that this is the first report of 
an unsaturated fatty acid produced by a 
fungus inducing lysis in another fungal spe- 
cies. Fatty acids, particularly linoleic acid, 
occur in fungi in large quantities (lo), and 
the lipid content of P. ultimum is as great as 
48 percent of the dry weight (11). The 
allelopathic agent, laetisaric acid, is the 8- 
hydroxy derivative of the abundant fatty 
acid, linoleic acid. Although slight fungicid- 
al activity of some fatty acids is known (12), 
we find by extrapolation from linear regres- 
sion analysis that laetisaric acid inhibits 
growth of P. ultimum by 50 percent at a 
concentration of 22 ~ g l m l  in our bioassay 
(Fig. 2). Since linoleic acid has no effect on 
growth at this concentration, the 8-hydroxy 
substitution is clearly necessary for activity. 
Although a closely related compound, 8- 
hydroxy palmitic acid, is reported to be an 
endogenous spore germination inhibitor of 
the fern Lygodium japonicum (13) and 8- 
hydroxy methyl linoleate was found as a 
minor product of autoxidation of methyl 
linoleate (14), laetisaric acid has not been 
described previously to our knowledge. Pre- 
liminary investigations indicate fungicidal 
activity of laetisaric acid against Rhizoctonia 
solani, Mucmglobosus, Mucm racernosus, Ver- 
ticillium albo-atrum, Phoma betae, Phytoph- 
thma megaspema, Fusariurn solani, and Fu- 
savium oxyspmium. The phycomycetous fun- 
gi exhibit greater sensitivity to laetisaric acid 
than the ascomycetous and basidiomycetous 
fungi. 

Mounting anxiety over the environmental 
insults of certain synthetic pesticides, cou- 
pled with the rapid appearance of resistance 
to them by pathogens and insects, has 
prompted renewed interest in the develop- 
ment and use of biological methods of pest 
control. Many organisms with a potential 
for biological control applications are recog- 
nized, although few have been successfully 
commercialized. Ignorance of their specific 
mode of action and pathological conse- 
quences for humans, domestic animals, and 
wildlife has inhibited commercial interest. 
Our investigations establish laetisaric acid as 
the lytic agent responsible for the observed 
inhibitory action of L. arvalt on fungal 
growth. Since hydroxy acids undergo facile 
metabolism in animals, toxicity to. them by 
laetisaric acid is unlikely. The observed lytic 
action in b g i  may be due to their failure to 
metabolize hydroxy acids. Alternatively, the 
insertion of a hydroxy acid into a polarized 
bimolecular lipid membrane might be ex- 
pected to disrupt its structural integrity, 
initiating the observed hyphal disintegra- 
tion. 
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Fig. 2. Linear regression plot of radial growth of 
5, P. ultimum versus concentration of laetisaric acid 

(structure shown) in the growth medium. The 
assay was performed by placing a plug of growing 
P. ultimum mycelia onto the center of a petri plate 
containing laetisaric acid in PDA. The radial 
growth of mycelia in all plates was measured 
when the growth on the untreated plates neared 
the edge (24 to 30 hours after inoculation). Each 
data point is the mean of four measurements of a 
growing P. ultzmum colony [slope +. SE, 
-0.071 * 0.010 cm/(pglml)]. The dashed line 
shows the concentration (22 kglml) correspond- 
ing to 50 percent growth inhibition. 6. 

The discovery of laetisaric acid has several 
implications foi biological control applica- 
tions. Analytical chemical techniques ap- 
plied to the selection of high laetisaric acid- 7. 

yielding strains of the natural soil-inhabiting 
organism L, amah may be useful in reduc- 
ing the rate of fungicide applications to crop 
plants. ~ i s t o r i c d i .  natural products have 
&ten provided thi'basis froA which com- 
mercial plant protection products, useful in 
agriculture, have been developed [for exam- 
ple, pyrethrins leading to pyrethroids (15), 
physostigmine to the carbamate insecticides 
(16, 17), and insect juvenile hormone I11 to 
insect growth regulants (1 8, 19)]. Similarly, 
the novel structure of laetisaric acid may be 

9. susceptible to synthetic chemical optimiza- 
tion, leading t; the development i f  biora- 
tional fungicides. 10. 

11. 
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