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Strategies of fungal pathogens: detoxification of a cruciferous phytoalexin by
mimicry

M. Soledade C. Pedras* and Francis I. Okanga

Department of Chemistry, University of Saskatchewan, 110 Science Place, Saskatoon SK, Canada S7N 5C9 

Two different isolates of the phytopathogen Phoma lingam
metabolized and phytoalexin cyclobrassinin 3 to the phytoa-
lexins dioxibrassinin 5 and brassilexin 9; both 5 and 9 were
further metabolized and detoxified by each fungal isolate.

Phytoalexins1 are part of the induced chemical defenses
produced by plants in response to several forms of stress,
including fungal attack. In spite of the enormous interest in
phytoalexins, cruciferous2 phytoalexins may have further
significance due to their unique chemical structures and
additional biological activity.3 Brassinin 1, methoxybrassinin 2

and cyclobrassinin 3 were the first reported4 sulfur-containing
phytoalexins produced by crucifers, a plant family with high
sulfur requirements.5 In general, the timing, rate of accumula-
tion and relative amounts of phytoalexins synthesized in leaf
tissues play crucial roles in plant resistance to pathogen
invasion.6 However, when pathogenic fungi can effectively
disarm the plant by detoxifying phytoalexins, the outcome of
the interaction can favour the pathogen and be detrimental to the
plant. Although to date only a few examples demonstrate that
brassica pathogens can detoxify phytoalexins efficiently,2
multiple examples exist in other plant species.7 We have
demonstrated previously that the blackleg fungus [Phoma
lingam (Tode ex Fr.) Desm., perfect stage Leptosphaeria
maculans (Desm.) Ces. et de Not.], one of the most destructive
pathogens of rapeseed (Brassica napus, B. rapa) can overcome
the plant’s chemical defenses by promptly transforming
brassinin 1 into non-toxic indole-3-carboxylic acid.8 Here we
describe the unprecedented biotransformation of the brassica
phytoalexin cyclobrassinin 3 to the phytoalexins dioxibrassinin
5 and brassilexin 9, by the ‘virulent’ and ‘avirulent’ isolates of
P. lingam,9 respectively.

In initial experiments, cyclobrassinin 310 was incubated with
the so-called ‘avirulent’ isolate Unity† to establish a time-
course transformation profile.11 Analysis of organic extracts of
culture samples by HPLC‡ indicated a rapid decrease in the
concentration of 3 (HPLC retention time, tr = 24.5 min) and the
concurrent appearance of two additional constituents (tr = 7.2
and 12.1 min) over a 12 h period. Subsequently, to obtain
sufficient quantities of each constituent, larger-scale fungal
cultures incubated with cyclobrassinin 3 were extracted with
Et2O, the extract fractionated by chromatography§ and each
fraction analysed by HPLC. The fractions containing the
aforementioned new constituents were analysed by standard
spectroscopic methods (NMR, HRMS, FTIR, UV) for structural
elucidation. Based on these results the constituent of tr = 12.1
min was established to be the known phytoalexin brassilexin 9,¶
whose structure we confirmed by synthesis.2 The structure of
the constituent of tr = 7.2 min, a relatively less-stable
metabolite, was assigned as a mixture of the related tautomers

3-methylenaminoindole-2-thione 6, 3-methylenaminoindole-
2-thiol 7 and 3-(methylimino)indole-2-thiol 8, based on spec-
troscopic data∑ and derivatization. Two days after incubation of
the isolate Unity with cyclobrassinin, no brassilexin or other
phytoalexins or putative metabolites were detected in any of the
cultures or their extracts. The mycelial mass of cultures
incubated with cyclobrassinin 3 was similar to that of control
cultures. Similar experiments carried out with the ‘virulent’
isolate BJ-125† incubated with cyclobrassinin 3 for 12 h
afforded yet another known phytoalexin, dioxibrassinin 512

tr = 7.5 min), whose chemical structure we confirmed by
synthesis. Two days after incubation of the virulent isolate BJ-
125 with cyclobrassinin 3, no phytoalexins or derivatives were
detected in any of the cultures or their extracts. In addition, the
mycelial mass of cultures incubated with cyclobrassinin 3 was
similar to that of control cultures. These remarkable results
indicate that cyclobrassinin 3 is detoxified via the phytoalexins
brassilexin 9 or dioxibrassinin 5, depending on the particular
fungal species, as shown in Scheme 1. The reactive intermediate
4, similar to that proposed for the biosynthesis of a brassica
phytoalexin,12 could explain the formation of 5 through
enzymatic dioxygenation of 3. Additional experiments with
other fungal isolates incubated with cyclobrassinin indicated
similar results within the same species. It is worthy to note that
cyclobrassinin 3 has been proposed as an in planta biosynthetic
precursor of both brassilexin 913 and brassicanal A 10.14

However, in planta, biosynthetic relationships have only been
established between brassinin 1 and cyclobrassinin 3 and
brassinin 1 and spirobrassinin 11.12,15

Scheme 1
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Our results suggest that two different fungal species, the so-
called ‘virulent’ and ‘avirulent’ groups,† can metabolize the
phytoalexin cyclobrassinin 3 ‘mimicking’ pathways that may
operate in the plant (i.e. 3 to 5 and 3 to 9, respectively).**
Considering that fungal pathogens have been coevolving with
plants for multiple generations, the detoxification of phytoalex-
ins by ‘mimicry’ appears quite plausible. Nonetheless, because
in planta only a part of the biosynthetic pathway of cruciferous
phytoalexins has been established, such a hypothesis remains to
be demonstrated. A clearer picture will eventually unfold upon
tracing a complete map of phytoalexin transformation in both
cruciferous plants and their pathogenic fungi.
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