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Cellulose is the most abundant biomass on Earth. In nature, cellulose is produced by the
cellulose synthase complexes in the plasma membrane, self-assembling in situ with matrix
polysaccharides into plant cell wall with high structural stability. Enzyme catalyzed synthesis of
cello—oligosaccharides is a promising approach for the artificially construction of cellulose—based
assemblies with fine nanostructures in a single step. In this study, | demonstrated a plant cell wall-
inspired strategy for creating cello—oligosaccharide assemblies with unique structures and
properties, such as polysaccharide—based hybrid hydrogels, by self-assembling cello—
oligosaccharides in the presence of molecules, which potentially interact with cellulose.

In chapter 1, the backgrounds and the purposes of this thesis were described.

In chapter 2, inspired by the biosynthesis process of plant cell walls, cello—oligosaccharides were
enzymatically synthesized via cellodextrin phosphorylase (CDP)-catalyzed reaction in the
presence of various polysaccharides for constructing robust hybrid hydrogels. Enzymatic synthesis
of cello—oligosaccharides in the presence of polysaccharides (hemicellulose, pectin, and cellulose
derivatives), which potentially interact with cellulose, resulted in formation of hydrogels.
Especially, the hybrid hydrogels formed in the presence of carboxymethyl cellulose (CMC) had a
higher uniformity and stiffness than the other hydrogels. Young’'s modulus of hybrid hydrogels
increased with increasing CMC concentration, and it was found that hydrogels with high elasticity
were obtained despite low solid contents.

In chapter 3, neutralization—induced self-assembly of cello—oligosaccharides in the presence of
CMC were demonstrated for constructing polysaccharide—based hybrid hydrogels. It was found
that the co—assembly of CMC with cello—oligosaccharides, which are insoluble in water, is useful
for controlling the mechanical properties of polysaccharides—based hydrogels.

In chapter 4, CDP-catalyzed synthesis of cello—oligosaccharides in the presence of protein
denaturants were demonstrated. The degree of polymerization values of cello—oligosaccharides
obtained in the presence of protein denaturants significantly increased with an increasing
concentration of protein denaturants, thereby indicating that the protein denaturants interacted
with the produced cello—oligosaccharides in the reaction solutions.

In chapter 5, conclusions and future perspectives of this thesis were described.
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