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A characteristic of intracellular environments is the high total concentration of various macromolecules; such
environments are referred to as macromolecular crowding and have been shown to have great influence on physical and
chemical phenomena in vivo. Recently, macromolecular crowding has attracted materials scientists due to its various effects
altering interaction and motion of molecules and colloidal particles. In this thesis, I took inspiration from macromolecular
crowding for the control of self-assembly of crystalline cellulose oligomers, which is known to be difficult even though the
resultant assemblies show high stability and stiffness, to construct functional materials.

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

In chapter 2, the enzymatic synthesis of cellulose oligomers was conducted in concentrated solutions of water—soluble
polymers as crowding agents. The synthesized cellulose oligomers self-assembled in situ into nanoribbon network
structures for hydrogel formation due to increased colloidal stability under macromolecular crowding conditions, while the
synthesis without crowding agents produced precipitates.

In chapter 3, the availability of colloidal dispersions as crowded environments was investigated. The synthesized
cellulose oligomers successfully self-assembled into nanoribbon networks in dispersions of nanomaterials, such as naturally
derived cellulose nanocrystals (CNCs) and graphene oxides (GOs), resulting in hybrid hydrogels within which the
nanomaterials were confined.

In chapter 4, the construction of nanoribbon gels without crowding agents was attempted. Decrease in the reaction
temperature led to self-crowding states of cellulose oligomer assemblies probably due to decreased hydrophobic effect,
resulting in nanoribbon gels.

In chapter 5, the confinement of nanomaterials within the nanoribbon gels was exploited for constructing functional
materials. First, the hybrid gels containing CNCs were used as precursors to construct polymer nanocomposites. Second,
the hybrid gels containing GOs were subjected to chemical reduction, resulting in electrical conductive porous gels for
supercapacitors. Third, the gels containing partially reduced GOs were used as platforms for sensing of target DNAs in the
presence of proteins.

In chapter 6, conclusions and future perspectives of this thesis are described.
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