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Development of Chiral Recognition Methods and Their Applications to
Interdisciplinary Scientific Fields
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Optical, electromagnetic, and physicochemical properties of various chiral substances are
investigated from an interdisciplinary scientific viewpoint. Advanced studies on chiroptical
properties such as optical activity and circular dichroism are focused on, aiming at applications of
the unique optical apparatus, the Generalized High Accuracy Universal Polaimeter (abbreviated as
G-HAUP), to medical optics. Chiral films such as amino acid films are developed and chiral
recognition mechanism using them is investigated. The scientific fact that a human body consists
only of proteins with L-body amino acids and DNA with D-body sugars, we call it the mystery of
homochirality, is well known. We are challenging to reveal out the origin of homochirality.
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Elucidation of Molecular Mechanism of Thrombus Formation and Novel
Approach to Treat Hemorrhagic or Thrombotic Disorders
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Blood circulate smoothly in the vasculature without formation of clots. How blood can
maintain its fluidity is not fully understand.

Our research aims to elucidate the molecular mechanism of thrombus formation in
response to vascular injury, hemostatic plug formation immediately after the damage of
vasculature or the formation of occlusive thrombi leading to myocardial infarction or
stroke after the rupture of atheromatous plaque.

We are exploring the new strategy to control the thrombus formation to overcome
hemorrhagic or thrombotic disorders.
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Understanding Information Process Mechanisms in the Neuron
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My target is to understand how the higher functions of the central nervous system are
organized by the molecular mechanisms and intracellular signaling pathways in neurons
using electrophysiology combined with imaging techniques as well as molecular
biological methods on brain slice preparations and cultured neurons. | focus on the
molecular basis of synaptic plasticity by quantitative measurements of spatio-temporal
dynamics of intracellular signaling pathways limited in compartments of neural dendrites.
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Analysis of Molecular Mechanism of Brain Formation and Development
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How our brain is formed? During embryonic and early postnatal periods, specific brain-
forming genes function in a specific temporal-spatial manner to create basic structures
of our brain based on the blue print in our genome. Our brain is further modified by the
experience after birth. Genetic engineering of mouse genome makes it possible to use
molecular biology to analyze mammalian brain development. We are using these
methods to understand molecular mechanism of brain formation, development and
function. Accumulating knowledge obtained through these basic researches will provide
valuable input to regenerative medicine of the nervous system.
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Molecular Basis for Stress Responses of Cells to their Microenvironments:
Oxygen Homeostasis in Physiology and Disease
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Aerobic organisms have experienced environment of lowered oxygen concentrations
during their evolutions, leading to the establishment of sophisticated bio-systems by
which organisms can sense and respond to alterations of environmental oxygen
concentrations. The bio-systems play important roles not only in the regulation of
divergent physiological functions of cells and tissues in adult, but also in development
of many diseases such as tumor, inflammation and diabetes. However, molecular
mechanisms of how organisms sense and respond to hypoxia have not fully
understood. We have focused on elucidating an importance of hypoxic responses in the
regulation of cellular functions using advanced genetic and molecular techniques.
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Discovery and Clinical Application of Novel Oncogenes
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Many genes are thought to be involved in human cancer. Discovery and functional
analysis of cancer-associated genes is necessary to understand how cancer cells
continuously grow and metastasize. Purpose of our research is to discover novel
oncogenes using genomics and proteomics techniques and to develop efficacious
targeted therapeutics.
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Challenge in Artificial Red Blood Cells and Artificial Platelets
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Research in our group is directed toward the assembling structures and cooperative
phenomena of molecules such as amphiphiles (phospholipids, glycolipids, aminolipids),
water-soluble polymers (polyelectrolytes, polysaccharides), proteins, and supramolecules
in the aim of the construction of in vivo functional nanodevices.

1.Preparation of nanocapsules by controlling molecular assembly for artificial red blood
cells, 2.Construction of nanoparticles with molecular recognition parts for artificial platelets,
3.Design of nanoparticles having dynamic functions, 4.Construction of functional
supramolecular assembly.
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Cellular Engineering on Biointerface between Biomaterials and Cells
- Micro/Nano Systems for Networking Individual Single Cells and Their Biomedical Applications -
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Micro/Nano systems and devices for cellular manipulation are investigated. In these
systems, polymer materials, biomacromolecules (e.g. nucleic acids and proteins) and/or
cells are integrated into intelligent systems with fine structures of a micro- or nano-
order. The studies include gene or protein delivery using polymer carrier (nanoparticle)
for transformation and neurite navigation of single neuron on a micropatterned
functional cell culture surfaces. Biomedical applications are also purposed in the
project.
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Marine Biotechnology: Marine Genome and Utilization
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Most of microorganisms in environments including marine environment are
unculturable. We have exploited these treasures by screening useful genes and
creation of new recombinant organisms in the application of medical, catalytic and
environmental conservation purposes. High-throughput DNA detection system
employing nano-sized biomagnetites has also been developed and applied to
discriminate human disease-associated genes including single nucleotide
polymorphisms (SNP) and identify species of organisisms.
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Functional Analysis and Structure Control of Biofilm
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Many microorganisms in nature tend to adhere to solid-liquid interfaces, such as surface
of a stone in a river, bottom of a ship, and inner surface of a water pipe, and form biofim
as a thick layer of microbial cells. Even in a human body, biofilm exists as an oral plaque.
Although biofilm causes infectious disease and food poisoning, regulation of biofilm is
difficult because of lack of information on its structure and function. We study microbial
ecology of biofilm by molecular analysis and also simulate its formation and dynamics by
mathematical analysis.
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Regulatory Mechanisms of Calcium Homeostasis in the Cardiovascular System
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Ca?* cycling and Ca?* -dependent signaling pathways via sarcoplasmic reticulum play a
pivotal role in cardiovascular function. Our primary goal is to clarify the role of
sarcoplasmic reticulum function in pathophysiology of cardiovascular diseases, using
genetic engineered animal models and miniaturized physiological techniques. The
regulation of Ca* homeostasis via the sarcoplasmic reticulum proteins may have
potential therapeutic value for cardiovascular diseases.
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