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Understanding the Molecular Mechanism of
Light-Absorbing Proteins and Engineering
Novel Functions
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Proteins play fundamental roles for cellular and therefore life activities in all living organisms on earth. Our research interests are to

understand how the proteins make their own structures, how the structures change over time, and how the structural dynamics leads

individual protein functions. We are also conducting the collaborative researches on the industrial applications of the proteins.
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Elucidation of the light-energy conversion mechanism of
light-absorbing proteins
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Organisms express light-absorbing proteins to utilize sunlight for cellular metabolic processes.
Rhodopsins are the most ubiquitous light-absorbing proteins and have diverse functions, such as
photosensors, ion pumps, and ion channels. We are analyzing their essential mechanisms for light-
energy utilization and functional differentiation. Our goal is to develop the novel photoactive
proteins applicable to environmental and medical problems.
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Novel application of light-absorbing proteins
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Light-absorbing proteins can be used to control the cellular behavior with light. They are mostly
used for stimulation and inhibition of the nerve spikes. Besides the “switching” of excitable cells,
light-absorbing proteins could also drive the energy-consuming processes inside the cell. We are
developing novel photoactive systems by featuring functionally modified light-absorbing proteins.
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Light-driven environmental cleaning by the microorganism
expressing the light-absorbing protein
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Challenge to Creation of New Proteins
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After correctly folding into specific three-dimensional structures, proteins exert high abilities. We are investigating their mechanisms
on the structure formation and functional expression by using the molecular biology and NMR spectroscopic techniques. We are also

conducting the collaborative researches on the industrial applications of proteins.
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Development of novel production technologies for protein and
their application
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Structural and functional analysis of innate-immunity related
peptides and proteins by NMR
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Heterologous protein production is important for both basic studies like structural biology and Innate immunity is one of important mechanisms to protect living organisms from bacteria and
practical applications. We are developing new technologies for protein production using bacterial viruses. Antibacterial peptides attack bacteria directly by mainly membrane destruction mechanism,
cells and developing the application of proteins in various industries from the view point of protein and cytokines play a role in directing immune cells to attack foreign bodies. By elucidating the
science fields. three-dimensional structure of the these molecules by NMR method will lead to the future

application to drug discovery.
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Creating Active Hydrogels Having Soft VI hTH—DRS
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Reversible Scrificial Bonds
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Hydrogels bear some similarities to biological tissues, for example their soft and hydrated form, and hence have been investigated as synthetic

equivalents for use in biological fields. Our strategy is to design tough and self-healing hydrogels with multiple functionalities to broaden their

applications. The principle for designing tough and self-healing hydrogels is to incorporate reversible sacrificial bonds (hydrogen bonds, ionic

bonds, -1 interactions, and/or hydrophobic interactions) into the polymer networks. These bonds can reversibly break and re-form to dissipate
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Tough and colorful hydrogels based on lamellar bilayers as
reversible sacrificial bonds
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The brilliant, iridescent colors seen on insects and bird feathers are often the result of hierarchical
structures. Inspired by nature, anisotropic hydrogels with a perfect 1D photonic crystal structure
based on the uniaxial alignment of lamellar bilayers was created. The single-domain lamellar
bilayer not only diffracts light but also serves as a reversible sacrificial bond that dissociates upon
deformation, resulting in properties such as high strength and fatigue resistance.

Contact Us gong@sci.hokudai.ac.jp

energy, resulting in materials which possess tough and self-healing properties.
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Tough and self-healing hydrogels from polyampholytes based on
ionic bonds as reversible sacrificial bonds
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We developed a tough and self-healing hydrogel from polyampholytes, where each polymer chain
is topologically entangled and possesses both oppositely charged ionic groups randomly
distributed along the chain backbone. The charged groups form multiple ionic bonds of intra- and
inter-chains with strength distribution. The strong bonds serve as permanent crosslinks, imparting
elasticity, while the weak bonds serve as reversible sacrificial bonds to dissipate energy for
toughening, and enable the self-healing behavior.
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Through fundamental studies of soft matter, we aim to develop materials with advanced properties
and functions. Through studying individual chain dynamics, we hope to create materials which can
dissipated energy broadly. Furthermore, recent research has lead us to focus on “active materials”
which can undergo functional changes or mechanical recovery. These materials will play an

important role in future research.
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Advanced Materials and Functions from Soft Matter
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Soft matter research is becoming an increasingly important field of modern Materials Science. Having existed for less than 100
years, polymeric materials are the youngest field of materials research, but play an extremely important role in our daily lives.
The goal of the Global Station for Soft Matter is to bring together leading researchers from all over the world to focus on
solving major obstacles in the field of soft matter. We aim to understand the mechanisms which govern the mechanical
responses and fracture mechanics of soft materials to open up opportunities in the future with a new generation of soft and

tough materials.

HEAEEETEY T PYS—ICLD
FEFNERMBORIR

Medical Applications and Devices from Soft Matter
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Damage to load-bearing biological tissues is a major concern in society, especially amongst the
elderly. Current ligament and tendon replacement surgeries are painful and suffer from long
recovery processes. A primary area of focus is on understanding how to bond hydrogels directly to
bone. Through the creation of hydroxyapatite and hydrogel composite materials, we have proven
that it is possible to bind gels to solid surfaces. This should enable the use of cutting edge soft
materials in biological applications.
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Cells, the Final Frontier in Science
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3D morphogenesis of animal

not written in DNA. We try to
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3D morphogenesis of epithelial sheets using viscoelastic
substrates
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3D morphogenesis is an essential process for various phenomena such as embryonic
development and tissue formation. Mechanical properties of the extracellular matrix are understood
as factors that affect the cell behavior. We show that a collagen gel overlay induced epithelial sheet
folding from the periphery that migrated inwardly, resulting in the formation of a 3D luminal

structure in a collagen gel. We also cultured epithelial cells on a viscous substrate. The cells
presented a tulip hat-like 3D morphology induced by the deformation of the peripheral substrate.
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| and plant organs is the final mystery in biology because the blueprints to form 3D structure are

understand the mechanisms that determine the 3D shape of a biological body from the viewpoint

the physical properties of the extracellular environment. Moreover, we try to reveal the mechanisms of malignant alteration

tionship between normal cells and the extracellular environment.
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Acceleration of metastatic growth of cancer cells induced by

substrate stiffness
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Recent studies have shown that stiff substrates trigger cancer progression such as metastasis and
cell proliferation. For example, it is well known that malignant breast tissues are stiff compared with
normal mammary tissues. We found that stiff substrates enhanced cancer progression by
upregulating matrix metalloproteinase-7 expression, which is an indicator of poor prognosis,
through the positive feedback loop of yes-associated protein, epidermal growth factor receptor,
integrin and myosin regulatory light chain in colorectal cancer.
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