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Cellulose have garnered renewed interest for fascinating building blocks for functional nanomaterials owing to their
excellent chemical and physical stabilities. However, their fundamental self-assembly properties have not been sufficiently
revealed possibly due to difficulties in precise organic synthesis and low solubility of cellulose molecules. /n vitro enzymatic
synthesis of cellulose offers unique opportunities for production of cellulose—based assembly in a single step through bottom
up process. In this study, enzymatic synthesis of cellulose with hydrophilic moieties was demonstrated to gain fundamental
self-assembly properties of cellulose for controlled production of cellulose—based functional nanomaterials.

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

In chapter 2, enzymatic synthesis of cellulose with oligo(ethylene glycol) (OEG) was demonstrated based on
cellodextrin phosphorylase (CDP)-catalyzed reactions using OEG-bearing J —D-glucose primers. The synthesized
cellulose oligomers with OEG chain self-assembled into nanoribbon network structures, possibly because OEG stabilized
cellulose assembly during the enzymatic reaction.

In chapter 3, enzymatic synthesis of cellulose oligomers with poly(ethylene glycol) (PEG) was demonstrated. The
synthesized cellulose oligomers with PEG self-assembled into nanoribbon structures. The width of the nanoribbons was
finely controlled by introduction of PEG at the terminal of cellulose chain.

In chapter 4, enzymatic synthesis of cellulose oligomers with primary amino groups was demonstrated. The
synthesized cellulose oligomers with primary amino groups self-assembled into nanoribbon structures with exposing
terminal amino groups on the assembly surfaces.

In chapter 5, the protein adsorption properties of surface—aminated cellulose nanoribbons were systematically
revealed. The nanoribbons significantly attracted negatively charged proteins, while rarely attracted positively charged
ones.

In chapter 6, templated synthesis of gold nanoparticles (AuNPs) was demonstrated on the surface—aminated cellulose
nanoribbons. Gold precursor effectively adsorbed to the amino groups on the assembly surface and was subsequently
reduced for controlled production of AuNPs. The immobilized AuNPs showed high catalytic properties for model
hydrogenation reaction.

In chapter 7, conclusions and future perspectives of this thesis were described.
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