
Visualizing the Molecular World 
When small molecules, particularly ions, transport through complexly intertwined structures, what paths do they take

and how fast can they move (conduct or diffuse)? Ion transport phenomena occurring in the nanoscale world play a

crucial role in a wide range of fields, from biomolecules in life sciences to polymer materials in materials science.
We use theoretical approaches (e.g., molecular simulations) to elucidate these phenomena, which are difficult to

observe in experiments, on challenging spatiotemporal scales. Our goal is to perform theoretical high-efficiency and

high-functionality molecular design, and, in collaboration with experimental groups, we aim for broad applications

ranging from engineering applications, such as constructing artificial cells and molecular systems, to medical

applications, including drug discovery.
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Liquid-liquid phase separation (LLPS) is a phenomenon wherein biomolecules self-assemble under specific 

condition to form droplets, which holds potential applications in drug delivery. We aim to theoretically design 

artificial peptide molecules that can selectively uptake target molecules, using elastin-like polypeptides (ELP) as a 

base material to evaluate the uptake of small molecules into droplets.

Liquid‒liquid phase separation (LLPS)

K+ selective transport by artificial DNA channel

Ion Transport Control by Artificial DNA Channel

Using artificial DNA channel, the effects of functional groups inside the channel 

on ion transport were investigated for the development of K+ sensors.
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Innovative molecular technology that uses sequence-specific molecular assembly 

and periodic structure of DNA to design and create nanoscale structures.

Nature 2006, 440, 297–302 
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Ion channels exist in the cell membrane and have the function of regulating ion transport. Artificial ion channels that 

mimic the function of ion channels and have applications in medicine and engineering are attracting attention. 

Therefore, we aim to design a mechanism to control ion transport by artificial DNA channels by modifying functional 

groups inside the artificial DNA channels and elucidating the transport mechanism.
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