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Many species of Alternaria Nees ex Fr.
(Dematiaceae) are of economic impor-
tance as plant pathogens of major crop
species. Members of the genus Alternaria
are known to produce a range of
phytotoxic compounds (1,2) which are
chemically diverse and which possess a
broad range of biological activities and
metabolic effects (3-6). Alternaria macro-
spora Zimm. causes a leaf spot and twig
blight disease of cotton (Gossypium hir-
sutum). The fungus was first reported by
Zimmerman (7) in 1904, and it has sub-
sequently been recorded on cotton in
China, Africa, India, South America,
and Israel, as well as in the USA (8-11).

In some cases, A. macrospora has been
reported to be a weak pathogen affecting
mainly plants under stress (9,12) and yet
as being severe (11,13) and destructive
(10) in other instances and locations.
The noxious weed, spurred anoda (Anoda
cristata [L.} Schlect) is also attacked by
A. macrospora, which has consequently
been proposed as a potential biocontrol
agent (13). Symptom expression on cot-
ton takes the form of brown necrotic
spots on leaves, stems, and bolls. The le-
sions, which are more numerous on the
leaves than on the other plant parts, are
characterized by a purple halo. In severe
cases of infection, lesions coalesce, re-
sulting in defoliation with concomitant
dramatic reduction in yield (9,11).

There have been at least three inde-
pendent reports discussing the produc-
tion of putative phytotoxic metabolite(s)
by A. macrospora (10,14,15) although,
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to date, no toxic compounds have been
described from the chemical viewpoint
in terms of structural identification. In
the earliest of these communications,
Balasubramanian and Bhama (10) ap-
plied culture filtrates of the pathogen
grown on Richard’s medium and ob-
served the appearance of brown necrotic
lesions on leaves after 16 h. A toxic frac-
tion was partially purified by these au-
thors, but no analytical data on the com-
pound(s) responsible for the observed
phytotoxicity were presented (10). Some
preliminary data on the biological char-
acterization of a putative toxin was pre-
sented in a later publication (14). How-
ever, in this case, crude culture filtrate
was used for the bioassays, and no at-
tempt was made to fractionate the liquid
culture into its various components. In-
hibition of seed germination of nine cot-
ton varieties after treatment with neat
culture filtrate was observed to range
from 70-100%, and culture filtrate
sprayed on seedlings resulted in the de-
velopment of necrotic spots one week
after treatment (14). Desai and Hegde
(15) also examined the phytotoxic effect
of A. macrospora culture filtrate and re-
ported inhibition of root elongation as
well as other effects. Again, no attempt
was made by these authors to purify and
characterize chemically the compounds
responsible for the toxic effect.

RESULTS AND DISCUSSION

When A. macrospora was grown in
pure culture in modified Czapek-Dox
broth for 16 days, a CHCl,; extract of the
culture fltrate yielded two phytotoxic
fractions. These components of the fun-
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gal culture were readily purified by tlc
(CHCL,-EtOH, 25:1) (16) and iden-
tified using standard spectral techniques
as curvularin (1) and the more abundant
a,B-dehydrocurvularin  (2) {4,5,6,7-
tetrahydro-11, 13-dihydroxy-4-methyl-
2H-3-benzoxacyclododecin-2, 10(1H)-
dione}. The maximum yield of a,[3-de-
hydrocurvularin was produced by liquid
cultures of A. macrospora after incubation
for 16 days, at which time the concentra-
tion was of the order of 0.5 g/liter. A
rapid decrease in the concentration of 2
to ca. 0.1 g/liter occurred after incuba-
tion for a further 24 h. In comparison,
the maximum levels of 1 observed were
only ca. 20 mg/liter.

o,B-Dehydrocurvularin  was previ-
ously known as a product of certain fun-
gal species (16), including Alternaria
cucumerina (17) (the etiological agent of
leaf spot of cucurbits). The phytotoxic-
ity, as well as the antimicrobial activity,
of 1 and 2 has already been noted (16).
From the stereochemical viewpoint,
measurements of optical rotation dem-
onstrated that the same enantiomer of 2
was produced by A. macrospora as was
isolated from A. cucumerina by Starratt
and White (17) and from Alternaria
cinerariae (16). Activity of the toxic com-
ponents from A. macrospora was first ob-
served following their application to the
adaxial surfaces of cotton leaves (cv. San
Joaquin C-1) over hypodermic needle
punctures. Upon application of 10 pg
and 0.5 pg of 2, lesions became appar-
ent after 16 h and 4 days, respectively. A
more quantitative and sensitive bioassay
was later performed, which utilized pro-
toplasts prepared from cucumber
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(Cucumis sativus) cotyledons. After incu-
bation in the presence of 1 or 2 for 3 h at
25°, treated protoplasts were scored for
viability, using fluorescein diacetate as
a ‘staining’ reagent as previously de-
scribed (18). Using this technique,
LDs, values were determined to be 21
and 15 wg/ml for 1 and 2, respectively.
The lethality of 2 in the 15 ppm range
(ca. 5X107°M) towards cucumber pro-
toplasts was of interest since this same
toxic compound is also produced by the
cucumber leaf spot pathogen A.
cucumerina (17). However, as yet we have
no evidence for or against the possible
involvement of 1 or 2 in disease caused
by either pathogen.
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CULTURE OF A. MACROSPORA AND ISOLA-
TION OF 1 AND 2.—Isolates of A. macrospora and
A. cucumerina were kindly provided by Dr. David
Netzer, Institute of Plant Protection, Bet Dagan,
Istael. Cultures were maintained on V-8 juice
agar and grown in modified Czapek-Dox broth as
previously described (16). Liquid culture of the
fungi and isolation of 1 and 2 were performed as
by Robeson and Strobel (16). Identification of 1
and 2 was made by comparing the physical data
with that of authentic samples obtained, as de-
scribed previously (16). Spectral data for 1
(17,19) and 2 (17,20) have been given in the lit-
erature: [a}*°D —85° (¢ 1.5, EcOH).

Broassays.—Cotton leaves.—Cotton (cv. San
Joaquin C-1) was grown in a growth chamber
with a 14-h photoperiod at 25°/20°. The first true
leaves, ca. 5 ¢cm long, were excised and placed
abaxial side down in a petri plate. Four droplets
(10 plor 5 pb) of solutions of 1 or 2 in concentra-
tions ranging from 1000 to 10 ppm in 2% aque-
ous EtOH were applied to each half of the leaf.
Treated leaves were incubated at 23° witha 12 h
photoperiod and examined frequently for macros-
copically visible symptoms.

Cucumber protoplasts.—Protoplasts were pre-
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pared from cotyledons of cucumber as described
in (18). Protoplasts treated with 1 or 2 were incu-
bated for 3 h at 25°. Counting of incubated pro-
toplasts, determination of percentage viability as
compared with control values, and calculation of
LD, values were performed, in duplicate, as pre-
viously described (18).
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