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Abstract
Botrytis cinerea is a devastating plant pathogen whose broad host specificity allows
it to infect many economically important crops, including grapes. Many enzymes
produced by B. cinerea have been implicated in pathogenesis however a specific role
for secreted aspartic proteases has not yet been ascertained. B. cinerea contains at
least 14 genes encoding aspartic proteases (Bcap1-14), some of which are highly
expressed during the early stages of pathogenesis. One of these proteases, BcAP8,
represents 23% of the total secreted protein and 71% of secreted proteolytic activity.
Strains in which these Bcap genes have been knocked out do not demonstrate an
altered virulence phenotype. Nor are they more sensitive to grape pathogenesisrelated (PR) proteins, a major defence response raise by the host plant. This is
despite evidence that B. cinerea aspartic proteases can hydrolyse PR proteins.
In an effort to understand its physiological role, BcAP8 was expressed in Pichia
pastoris and purified to homogeneity. It was produced as an inactive zymogen
containing a glycosylated inhibitory prodomain. At pH 5 and below, this prodomain
was removed through autocatalytic cleavage and the enzyme activated. Its maximal
activity was at pH 3.5, correlating with the conditions of ripe fruit. Kinetic
characterisation with a synthetic peptide substrate revealed that BcAP8 has a similar
KM and kcat to several other fungal aspartic proteases, all of which differ to pepsin, a
model gastric aspartic protease.
BcAP8 was demonstrated to be capable of hydrolysing grape chitinase and
thaumatin-like (TL) protein, PR proteins which are inherently resistant to proteases
including pepsin. This novel activity was investigated by digesting a purified grape
TL-protein and determining the sites of cleavage. A substrate specificity was
revealed for this enzyme which partially differs from that of pepsin. Whilst both
enzymes cleave between hydrophobic residues, BcAP8 appears to have broader
substrate specificity and be less prone to inhibition by unfavourable amino acid
residues. This may in part explain its ability to digest the normally resistant PR
protein of the host.
In order to ascertain the specific features of this specificity which allow BcAP8 to
degrade proteolysis-resistant PR proteins, TL protein cleavage sites were mapped to
a model three-dimensional structure of the protein and assessed for their likely
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exposure to proteases. Accessible bonds which are cleaved by BcAP8 but not by
pepsin are proposed as critical points for destabilising the tertiary structure of the TL
protein, exposing further cleavage sites which allow its full degradation. This
analysis suggests that it is the ability of BcAP8 to cleave bonds containing
glutamine, proline, glycine and lysine which confers its ability to hydrolyse PR
proteins.
Grape PR proteins persist through the winemaking process and are present in white
wine. Despite their stability throughout fermentation, they are unstable in the wine
and can aggregate to form an unappealing visible haze. In commercial wine
production, these proteins are removed through the cation exchange activity of
bentonite added to the wine. Bentonite removes PR proteins efficiently but can
remove wine aroma compounds and retain some of the volume of treated wine,
drawbacks which represent significant economic burdens. The novel ability of
BcAP8 to hydrolyse these PR proteins presents an alternative method to remove
these proteins before they form haze.
Previous studies have pasteurised grape juice to remove PR proteins, a process which
can be improved by the addition of proteolytic enzymes. The potential of BcAP8 to
enhance this method was investigated, revealing that BcAP8 is not sufficiently
thermostable to survive pasteurisation, precipitating before it is able to have any
further effect on PR proteins. Despite this, inhibition of aspartic protease activity
during pasteurisation suggests the presence of a grape aspartic protease which
remains active in this process and may represent another research target.
During fermentation of grape juice, BcAP8 is active against TL proteins and
chitinases in a dose-dependent manner. Addition of BcAP8 to a concentration of 12.5
mg.L-1 was sufficient to remove all PR proteins visible by SDS-PAGE with
Coomassie staining, with dosages as low as 0.5 mg.L-1 also significantly lowering the
concentration of these proteins. Despite the removal of the intact forms of these
proteins, wine stability tests demonstrated that their proteolysis products form more
haze per mass of protein. However, on a positive note, bentonite appears to remove
these proteolysis products more efficiently than it does intact PR proteins, suggesting
that BcAP8 treatment during fermentation may reduce the quantity of bentonite
required to stabilise wine, thus conferring potential economic and sensory gains to
the final product.
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