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The objective of a research group is to promote the Molecular-informational Life Science Network based on the concept for
material creation beyond the hierarchy peculiar to the biomolecules, funded by “Research and Development in a New
Converting Field based on Nanotechnology and Materials Science”, Ministry of Education, Culture, Sports, Science and
Technology. We have established a research promotion group by creating a network comprised of Kyushu University,
Hokkaido University and Osaka University, and based on systematic cooperation we are comprehensively and efficiently
conducting molecular-informational life science research aimed at quantitatively elucidating and applying the mechanisms
underlying the molecular recognition, information communication and energy transfer functions of living organisms, which
are the origin of all life functions, by fusing life sciences and materials sciences and using information science as a shared
concept.

1. Research pertaining to the information extraction and mathematical analysis of life function

(1) Elucidation and quantification of fuzzy action mechanisms of living organisms (Kawai, Yamada, Kim, RzeZnicka
Yokota)

In order to draw a map of biological cell membrane in a supreme resolution, challenges are continued to construct



model cell membrane, aiming to elucidate the foundation of biochemical reactions in a spatial resolution of single
molecule. For observation of phospholipid molecules, mixed phospholipid monolayers were constructed to be closer to
the reality. We revealed a massive-scale change of a mixed ethanolamine phospholipid layer triggered by addition of a
small protein, duramicin. As for observation of protein molecules, GFP, PYP and azurin were firmly fixed on Au
substrates suitably for STM observation. In order to observe fluorescence from single protein molecule excited by
tunneling current through the STP tip, special experimental setups are being constructed. Moreover, a fundamental
attempt has been made to measure atomic(molecular) forces on charged biomolecules fixed on substrates within
electrochemical potentiostatic enviroment by an AFM setup, which is now in a steady progress.
(2) Design and construction of novel information sharing systems and appearance of collective motion

We have already succeeded in development of the molecular system in which one light-driven molecular rotor could
co-operatatively control the helical structure of 1000 of liquid crystalline (L.C) molecules. As an efficient molecular
rotor, 3,3'—cyclic azo-compounds was designed and synthesized with transformation of trans-cis photoisomerization to
axial chirality of the binaphthyl moiety. Reversible switching behavior in molecular twisting was obtained by the
alternative irradiation of UV and visible light. The circular dichroism studies indicated dichroic ratios Ac at 238 nm
increased with photoirradiation. On the other hand, the value of Acdecreased with increasing temperature. The
novel 3,3'—cyclic azo-compounds have been successfully developed with the independent control of molecular twisting
by light and heat. For the construction of functional collective motion system, we are developing the fluidic media
with opto-electronic functions such as photoconductive LC phthalocyanines. We are also introducing the light-driven
molecular rotor into the phospholipid membrane system in order to control the biological functions such as
ion-channeling.

2. Construction of research and human resources training facilities.
(1) Formation of research network bases (Muto, Tsuchiya, Chen, Takagi)

The participating institutions have established a strong network by using a Web Meeting system to exchange
information and questions and answers, and by holding Steering Committee Meetings regularly. In addition, four
postdoctoral fellows were hired to provide a link among the research components being developed. Novel coordinated
research themes encompassing multiple sites are being proposed and new research taking maximum advantage of the
strengths of each location has started to bear fruit.

(2) Construction of human resources training facilities based on personnel exchanges among the collaborating research
Institutions

Training programs sponsored by the Molecular Information Human Resources Training Center of Osaka University
was held at Kyushu University and Hokkaido University. The programs, mainly attended by young researchers,
included lectures and technical training on collaborative research promotion. As a result, seeds for extensive
coordinated research have been sown, greater interaction among the institutions is being promoted, and creative
coordinated research projects are being pursued.
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