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Abstract

Nano-sized materials are of great scientific interest in a variety of fields, as they
possess intriguing size-dependent properties. In biological systems, nano-sized
polymeric materials such as proteins, polysaccharides and nucleic acids play
1mportant roles in formation of hierarchical structures and in regulating a multitude
of biological functions. Inspired by such supramolecular bio-systems, we intended
to design and create functional nanomaterials including nanoparticles, nanocapsules
and nanofilms by the use of polymer chemistry.

Firstly, biomaterial-derived nanocapsules (liponano-capsules) were prepared by
the layer-by-layer deposition of polysaccharides onto the liposome made up of a
phospholipids bilayer membrane. For their applications as a drug delivery carrier,
a variety of substances were incorporated into the liponano-capsule. The release
was suppressed by the presence of polymeric capsule wall. The
temperature-dependent release was achieved by applying denaturation of DNA in
the capsule wall, which induced the membrane perturbation.

Secondly, organic-inorganic hybrid nanocapsules were created by utilizing
polysaccharide-coated liposomes as a reaction site for the deposition of calcium
phosphate (CaP). Control in biomineralization, such as thickness and crystal
properties, over the nanocapsules was achieved by tuning the counter-diffusion of
the calcium and phosphate ions through the capsule wall and the surface chemical
composition of nanocapsules. Furthermore, DNA was releasable from the
nanocapsules by CaP dissolution and this is advantageous for gene delivery.

Finally, in order to create organic-inorganic hybrid nanoparticles with diverse
structures and morphologies, control in both mineralization and polymerization
inside the nanoreactor based on the miniemulsion system was achieved. By
utilizing hybrid nanoparticles as building blocks, transparent nanofilms were

obtained, in which a variety of nano-CaCOs3 were uniformly distributed.




