Abstract

B-Glucosidases play many roles in living organisms and are important industrial
enzymes for biomass utilization, and they and related transglycosidases can be used for
production of glycosides for various purposes. Our group has nearly 20 years of experience
studying B-glucosidase structure and function and in the current work we also demonstrated
some new applications for these enzymes. In this project, we studied the structure, function
and applications of glycoside hydrolase (GH) family GH1, GH3, GH116 B-glucosidases and
transglucosidases. We demonstrated that rice Os4BGIlul8 and its close relatives can act as
monolignol B-glucosidases to modulate monolignol glucoside levels in planta, and solved the
X-ray crystal structure of Os4BGlul8, the first for a monolignol B-glucosidase. We also
demonstrated that the GH1 enzyme Os12BGlu38 is critical for pollen development. In a
mutagenesis study, we identified variants of Os9BGIu31 transglucosidase that had the
highest activity for several acceptor substrates, including water for hydrolysis in some cases.
Machine learning could identify determinants of the activity on certain substrates, and the
variants could be used to produce useful products, such as phytohormone glucoconjugates for
further studies. In the GH3 work, two exoglucanases and a B-xylosidase from rice were
characterized and found to be similar to previously described enzymes. Mutagenesis of
barley HvExol was combined with structural and computational studies to identify the
mechanism by which glucose is released from the active site, which explained the basis for
processive oligosaccharide/polysaccharide hydrolysis in a pocket-shaped active site.
Continuing on from our previous solution of the first GH116 structure, that of TXGH116, we
solved several more structures of acid/base mutants to support the conclusion of a vertical
protonation mechanism, which is different from previously reported retaining GH. We also
made several mutations of the active site substrate-binding residues and characterized the
activities of the enzymes, and additional nucleophile residue mutations. The acid/base and
nucleophile mutation variants were found to efficiently transglycosylate azide to make azido-
B-D-glucose and azido-a-D-glucose, respectively, which could be used to make various
glucosyl triazoles by copper-catalyzed Click chemistry. The B-glucosyl triazoles were found
to be efficient inhibitors of bacterial GH116 B-glucosidase, but not human B-glucosidases,
while the a-glucosyl triazoles hold promise as a-glucosidase inhibitors. Some of the active
site TXGH116 mutations also improved the tolerance to glucose and substrates, which will be
important if the enzyme is used for biomass conversion in the future. In addition, we also
expressed and characterized the cyanobacterium [-glucosidase Thermosynechococcus
elongatus TeGH116. This enzyme strongly preferred B-D-glucoside, but had low levels of
activity on [-D-galactoside, N-acetyl-p-D-glucosaminide and B-D-mannoside as well, and
could hydrolyze oligosaccharides. It may act to help recycle cell wall cellulo-
oligosaccharides from the cell wall of the bacterium. We were able to crystalize and solve
the structure of this enzyme, which could be the second structure from the GH116 family.
This work contributed to the theses of three PhD students, as well as postdoctoral fellows and
assistants, and has so far led to the publication of one national and four international journal
papers and two patent application submissions. In the future, more papers and applications
are coming out, once futher development is carried out.
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