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Abstract

Cellulosic materials are the most abundant renewable resource in the world;
plant cell walls are natural composite materials containing crystalline cellulose
embedded in a matrix of hemicelluloses, structural proteins, and lignin.
Xyloglucans are an important group of hemicelluloses, which coat and cross-
link crystalline cellulose in the plant cell wall. In this thesis, structure-function
relationships of a range of xyloglucan-active enzymes were examined.

A paradigm for efficient enzymatic biomass utilization is the cellulosome of
the anaerobic bacterium Clostridium thermocellum. The cellulosome is a high
molecular weight complex of proteins with diverse enzyme activities, including
the inverting xyloglucan endo-hydrolase CtXGH74A. The protein structure of
CtXGH74A was solved in complex with xyloglucan oligosaccharides (XGOs)
which stabilized disordered loops of the apo-structure. Further detailed kinetic
and product analyses were used to conclusively demonstrate that CtXGH74A
is an endo-xyloglucase that produces Glc4-based XGOs as limit digestion
products.

In comparison, the retaining glycoside hydrolase family 16 (GH16) contains
hydrolytic endo-xyloglucanases as well as xyloglucan transglycosylases
(XETs) from plants. To elucidate the determinants of the transglycosylase/
hydrolysis ratio in GH16 xyloglucan-active enzymes, a strict transglycosylase,
PttXET16-34 from hybrid aspen, was compared structurally and kinetically
with the closely related hydrolytic enzyme NXG1 from nasturtium. A key loop
extension was identified in NXG1, truncation of which yielded a mutant enzyme
that exhibited an increased transglycosylase rate and reduced hydrolytic
activity. Kinetic studies were facilitated by the development of new, sensitive
assays using well-defined XGOs and a series of chromogenic XGO aryl-
glycosides.

A detailed understanding of GH16 xyloglucan enzymology has paved
the way for the development of a novel chemo-enzymatic approach for
biomimetic fiber surface modification, in which the transglycosylating
activity of PttXET16-34 was employed. Aminoalditol derivates of XGOs were
used as key intermediates to incorporate novel chemical functionality into
xyloglucan, including chromophores, reactive groups, protein ligands, and
initiators for polymerization reactions. The resulting modified xyloglucans were
subsequently bound to a range of cellulose materials to radically alter surface
properties. As such, the technology provides a novel, versatile toolkit for fiber
surface modification.
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