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Recently, nanomaterials composed of crystalline cellulose derived from natural resources have attracted
much attention due to their unique physicochemical properties. The morphologies of natural derived
nanocellulose are exclusively one-dimensional. In order to expand the potential applicability of crystalline
cellulose, it is desirable to develop new molecular design-based control strategies of the morphologies and
the functions. Artificial synthesis of cellulose through enzymatic reactions is a powerful method to prepare
artificially designed nanocelluloses. In this thesis, I utilized cellodextrin phosphorylase (CDP)-catalyzed
synthesis using a-glucose 1-phosphate as a monomer and glucose derivatives with substituents or reactive
groups at the reducing end as primers for the construction of structurally regular and/or functional
nanocelluloses composed of cellulose derivatives. In chapter 1, the backgrounds and the purposes of this
thesis were described. In chapter 2, alkyl B-D-glucopyranosides were adapted to the enzymatic synthesis
catalyzed by CDP to modulate the intermolecular interactions between cellulose derivatives. As a result,
multidimensional self-assembled structures composed of alkyl B-cellulosides were demonstrated depending
on the alkyl chain length. In chapter 3, enzymatic synthesis and post-functionalization of reactive cellulose
nanosheets composed of azide B-cellulosides were described. It was demonstrated that functional
two-dimensional nanomaterials composed of cellulose derivatives could be obtained by enzymatic
synthesis and subsequent chemical reactions. In chapter 4, enzymatic synthesis and post-functionalization
of reactive hydrogel composed of azidoethyl B-cellulosides were described. It was also demonstrated that
functional hydrogels composed of cellulose derivatives were obtained by the enzymatic synthesis and
subsequent chemical reactions. In chapter 5, assembling behaviors and functions of octyl B-cellulosides at
the air-water interface were described. It was demonstrated that crystalline monolayer assemblies of octyl
B-cellulosides spontaneously formed at the air-water surface and showed potential applicability for droplet
engineering. In chapter 6, conclusions and future perspectives of this thesis were described.
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