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Thesis Summary

In biological systems, multiple molecules assemble to form hierarchical biological structures, and
within them complex chemical reaction networks between molecules are formed to induce dynamic
behavior and metabolism which are characterized in life. Thus, biological systems can be interpreted as
“molecular systems” from the viewpoint of chemistry. To imitate and understand such molecular systems
observed in life, soft matter has been used because soft matter is a material with softness, such as
vesicles, coacervates, and emulsion droplets, which can be adaptive to external stimuli and
environment. Recent research reported bioinspired artificial chemical systems using soft matter where
life-like adaptive behavior emerged. However, it remained to be difficult to construct and understand
macroscopic life-like dynamic phenomena in soft matter based on the design of microscopic molecules
due to the high complexity. In this study, bioinspired artificial molecular systems with the emergence of
dynamics in soft matter were developed by focusing on intermolecular interactions and molecular
conversions.

In Chapter 1, details about understanding biological systems as “molecular systems” were
described. In addition, recent research on developing bioinspired artificial chemical systems was
overviewed, and the objective of this research was described.

In Chapter 2, the aim was to create and engineer tissue-like structures where multiple vesicles
assembled. Vesicle-to-vesicle adhesion and successive creation of macroscopic vesicle-based tissues
were achieved by designing specific microscopic intermolecular interactions between vesicles.

In Chapter 3, the aim was to fabricate the abovementioned vesicle-based tissues into fiber shapes
to conquer the difficulty in controlling shapes. Fibrous tissues were obtained by extruding concentrated
vesicles with pipettes, which showed manipulation functionalities and signal transduction.

In Chapter 4, the aim was creation of redox-responsive vesicles composed of polymers where
membrane permeability could be controlled, inducing controlled cargo release. Macroscopic changes in
membrane structures were achieved by microscopic crosslinking reactions of the polymer molecules.

In Chapter 5, the aim was to develop a phase transition between vesicles and coacervates in
response to light. The macroscopic transition of different soft matter was achieved by drastic changes in
the microscopic molecular structures of photoresponsive amphiphiles.

In Chapter 6, the aim was induction of collective motion using multiple emulsion droplets. The
macroscopic phenomenon was achieved by changes in microscopic molecular structures of
photoresponsive surfactants and interaction of generated specific convection around droplets.

In Chapter 7, the conclusion and outlook of this research were described.
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