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Abstract

Oomycetes have long been considered as a separate class within the kingdom
Fungi, but they are in fact closer to brown algae. They are currently classified
in the Stramenopile eukaryotic kingdom, which includes heterokont algae
and water molds. The major cell wall polysaccharides in Oomycetes are b-
(1à3) and b-(1à6)-glucans, as well as cellulose, which has never been reported
in any fungal species. Chitin - the major cell wall polysaccharide in fungi -
occurs in minor amounts in the walls of some Oomycetes. Some Oomycete
species are pathogens of great economical importance. For example, species
of the genus Phytophthora are well studied plant pathogens that cause
considerable economical losses in agriculture. Saprolegniosis, a fish disease
caused by species from the genus Saprolegnia, is a major problem in the
aquaculture industry and represents a threat to populations of salmonids
in natural habitats. Currently, there are no chemicals available that are at
the same time efficient Oomycete inhibitors, environmentally friendly and
safe for human consumption of treated fishes. The biosynthesis of cellulose
in Oomycetes is poorly understood, even though this biochemical pathway
represents a potential target for new Oomycete inhibitors. In this work,
cellulose biosynthesis was investigated in two selected Oomycetes, the plant
pathogen Phytophthora infestans and the fish pathogen Saprolegnia monoica.

A new Oomycete CesA gene family was identified. It contains four
homologues designated as CesA1, CesA2, CesA3 and CesA4. The gene products
of CesA1, 2 and 4 contain Pleckstrin Homology domains located at the N-
terminus. This represents a novel feature, unique to the Oomycete CesA genes.
CesA3 is the dominantly expressed CesA homologue in the mycelium of both S.
monoica and P. infestans, while CesA1 and CesA2 are up-regulated in virulent
life stages of P. infestans. CesA4 was expressed only in minute amounts in all
investigated types of cells. Gene silencing by RNA interference of the whole
CesA gene family in P. infestans lead to decreased amounts of cellulose in
the cell wall. The inhibitors of cellulose synthesis DCB and Congo Red had an
up-regulating effect on SmCesA gene expression, which was accompanied by
an increased b-glucan synthase activity in vitro. In addition, these inhibitors
slowed down the growth of the mycelium from S. monoica. Zoospores from
P. infestans treated with DCB were unable to infect potato leaves and showed
aberrant cell wall morphologies similar to those obtained by silencing the CesA
gene family.

Altogether these results show that at least some of the CesA1-4 genes are
involved in cellulose biosynthesis and that the synthesis of cellulose is crucial
for infection of potato by P. infestans. 
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