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Active oxygen species (AOS) of host origin accumulate transiently in plant apoplasts in response to
pathogen attack. Thisrapid reaction is called oxidative burst and probably functions in defense
reactions directly or in signaling [1]. The aim of the presented work isto gain insight in role and
source of AOS by visualizing the spatio-temporal occurrence of AOS during pathogenesis. Asthe
role of AOS seemsto vary with the life strategy of a pathogen, we investigate the interactions of a
necrotrophic and of a biotrophic pathogen with their respective hosts.

Botrytis cinerea causes serious diseases, called grey mould, in at least 235 plant species, including

important crops. The pathogen isatypical necrotroph, inducing host cell death before invasion. As
the oxidative burst usually resultsin host cell death, the pathogen might utilize this induced suicide
during the preparation of its primary infection court. In addition, the pathogen might produce AOS
itself to intensify the effect.

The histopathology was investigated using light and electron microscopy. Spore adhesion,
germination and swellings of germ tube tips attached to the surface by a matrix material was
documented on tomato and bean. Germ tube tip swellings were demonstrated to develop functional
appressoria that mediated cuticle penetration and infection hypha formation in the outer epidermal
wall underneath (Fig. 1). Using LM, chloronaphthol and NBT staining were applied to visualize
hydrogen peroxide and superoxide, respectively. The primary lesion area stained positive for AOS
and most intense at its border zone. With time this concentric zone spread in the leaf mesophyll. The
source of this wavelike AOS production was the host oxidative burst. This was visualized even by
LM at higher magnification and further substantiated in TEM. The cerium chloride technique
specific for hydrogen peroxide resulted in el ectron dense precipitate of cerium perhydroxide at the
interface of B. cinerea and host cells[2]. This precipitate was present in the periplasmic space, in the
host cell wall and at the outer surface of the host cell aswell as at the outside of the fungal wall.
Consequently, H,O, was produced in host cells at the plasma membrane and diffuses through the
host cell wall into the intercellular space.

Rectangular crystals were found to be an interaction-specific reaction product on lesion surfaces.
Cytochemistry and ESEM with EDX revealed that they were formed of calcium oxalate. This could
serve as substrate of fungal oxalate oxidases generating hydrogen peroxide. Notably, other
cytological and biochemical evidence established the presence of an AOS secretion pathway in the
pathogen. AOS specific staining was observed inside and outside of vital fungal cellsin axenic
culture and during pathogenesis. Activity staining and use of specific inhibitors substantiated that
fungal superoxide dismutases were involved in this process. Using TEM, secreted hydrogen
peroxide was visualized during penetration, indicating an oxidative attack upon the host cuticle and
outer epidermal cell wall (Fig. 2). This seemsto be a new and important discovery, since target
mutagenesis ruled out an essential role of a cutinase gene in the pathogenesis of grey mould [3].

Claviceps purpurea causes ergot disease by infecting ovaries of grasses. This pathogenisa

hol obi otroph which obtains nutrients only from living host tissue while managing to maintain host
cell viability for extended periods. Since C. purpurea produces compatible interactions with
hundreds of host species, we hypothesized that the fungus might interfere with H,O,-mediated
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defense by means of secreted catalases and other AOS scavenging enzymes [4, 5, 6]. While
investigating the spatio-temporal distribution of different AOS and related enzymesin this system,
cytochemical evidence indicated that this pathogen also produces AOS itself [7].
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Fig. 1. Infection structures of Botrytis on bean leaves. a, A tip swelling (1) of agerm tube.

b, Appressorium-mediated penetration of B. cinerea (F) into the outer epidermal wall (OEW) of a
bean leaf (H) at 12 hpi. Scale bar, 1 pm.
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Fig. 2: Localization of H,O, by cerium chloride at the interface of a B. cinerea appressorium and the
outer epidermal wall of atomato leaf at 12 hpi. Overview (&) and detail (b) from a section series.
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