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Non-equilibrium-state molecular movies and their applications
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Next Generation Biosensors Enabled by High-
speed Visualization of Dynamic Mechanisms

Genetically-encoded biosensors, engineered by
inserting binding proteins into the green
fluorescent protein (GFP), have revolutionized
biomedical research by enabling in vivo imaging
of many cellular activities. The fluorescent
responses of these biosensors are optimized
through the empirical process of protein directed

evolution. A growing number of biosensors have
now been characterized by X-ray crystallography,
but these static structures reveal little about the
dynamic mechanisms by which these biosensors
function. We now aim to uncover the dynamic
mechanisms by performing high-speed structural
analysis during photo-uncaging of the biosensor
target molecules in protein crystals. We are eager
to further discuss and collaborate with other
members of the Molecular Movies team.
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Direct visualization of the excited state structural
dynamics of a synthetic Cu(l)-phenanthroline
complex by TR-SFX method

We are investigating various chemical
reactions promoted within crystalline protein
scaffold. Such studies are useful not only for
elucidating reaction mechanisms, but also for
developing functional biomaterials. We use
protein scaffolds like ferritin, hen egg white
lysozyme, in-cell polyhedral crystals etc. for the
studies which provide either confined reaction
space or porosity in the crystal. Then, we fix
various synthetic chemical reaction centers
within the scaffold which exhibit new bond
formation or bond breaking. We used such
protein crystals for X-ray crystallographic
structure determination including time-resolved
serial femtosecond crystallography which enable
capturing intermediates in ultrashort intervals.
Such studies are useful for visualizing chemical
reaction with real-space structural changes.
Currently, we are investing the mechanism of a
CO releasing reaction with TR-SFX method.
Photoinduced CO release is a common small
molecule reaction and mostly studied by ultrafast
spectroscopic methods. However, real-space
structural changes with progress of reaction
remained unclear due to lack of any suitable
method. We immobilized the light-sensitive
Mn(CO); reaction center into a porous HEWL
crystal, studied the reaction progress with TR-
SFX and determined the real-time formation of a
bicarbonyl intermediate and the effect of
surrounding protein environment.

In addition to such studies, we use the metal
functionalized protein as well as protein crystals
for promoting various catalytic reactions towards
developing artificial metalloenzymes. We
immobilized single as well as dual synthetic
organometallic catalysts into a single ferritin
scaffold for promoting catalytic cascade
reactions. The confined protein environment
facilitate the reaction with enhanced activity and
selectivity.

Overall, our studies are important for both
understanding the fundamentals of chemical
reaction promoted by small synthetic molecules
as well as atomic level understanding of protein-
based bionanomaterials.
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