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Abstract

In this thesis, enzymes acting on the primary cell wall hemicellulose xyloglucan
are studied.  Xyloglucans are ubiquitous in land plants which make them an
important polysaccharide to utilise for microbes and a potentially interesting
raw material for various industries.  The function of xyloglucans in plants is
mainly to improve primary cell wall characteristics by coating and tethering
cellulose microfibrils together.  Some plants also utilise xyloglucans as storage
polysaccharides in their seeds.

In microbes, a variety of different enzymes for degrading xyloglucans have
been found.  In this thesis, the structure-function relationship of three different
microbial endo-xyloglucanases from glycoside hydrolase families 5, 12 and 44
are probed and reveal details of the natural diversity found in xyloglucanases.
  Hopefully, a better understanding of how xyloglucanases recognise and
degrade their substrate can lead to improved saccharification processes of plant
matter, finding uses in for example biofuel production.

In plants, xyloglucans are modified in muro by the xyloglucan
transglycosylase/hydrolase (XTH) gene products.  Interestingly, closely
related XTH gene products catalyse either transglycosylation (XET activity)
or hydrolysis (XEH activity) with dramatically different effects on xyloglucan
and on cell wall characteristics.  The strict transglycosylases transfer xyloglucan
segments between individual xyloglucan molecules while the hydrolases
degrade xyloglucan into oligosaccharides.  Here, we describe and determine,
a major determinant of transglycosylation versus hydrolysis in XTH gene
products by solving and comparing the first 3D structure of an XEH, Tm-
NXG1 and a XET, PttXET16-34.  The XEH activity was hypothesised, and
later confirmed to be restricted to subset of the XTH gene products.  The in
situ localisation of XEH activity in roots and hypocotyls of Arabidopsis was
also visualised for the first time.  Furthermore, an evolutionary scheme for
how XTH gene products developed from bacterial beta-1,3;1,4 glucanases was
also presented based on the characterisation of a novel plant endo-glucanase,
PtEG16-1. The EG16s are proposed to predate XTH gene products and are with
activity on both xyloglucan and beta-1,3;1,4 glucans an “intermediate” in the
evolution from beta-1,3;1,4 glucanases to XTH gene products.
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