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The principal research topics of the present project are directed to develop new analytica
methods for molecular imaging. This is to implement “seeing what was unseen” in single live
cells and interfacial molecular recognition chemistry.

Methods of analysis for cellular molecular processes non-destructively in live cells have been
explored extensively in our laboratory for the past severa years. Our common approach for this
was to develop genetically encoded fluorescent indicators to pinpoint each cellular process in
single living cdlls.

Chemistry-facilitated intermolecular electron tunneling is another approach to molecular
imaging. The chemical imaging was obtained from a distinctive chemical affinity between the
imaging tip of scanning tunneling microscopy (STM) and the substrate that alters the tunneling
current.  This was achieved by tailored chemical modification of the STM tips.

For nondestructive analysis of chemical processes in living cells, we will develop novel
intracellular fluorescent indicators for second messengers, protein phosphorylation, protein/protein
interactions and protein localizations that work in single living cells.

Key molecules and steps of cellular signaling pathways will be visualized under a confocal
laser microscope in target live cells using developed fluorescent indicators.

Another new approach to molecular imaging is also planned. When chemically modified tips
are used for STM measurements, contrast enhancements at specific regions in STM images occur
on the basis of hydrogen bond, charge-transfer and metal-coordination interactions, and as a
result, allow to detect not only the distribution of specific chemical species and functional groups
but also the orientation of functional groups. The contrast enhancements reflect the increase in a
tunneling current due to the overlap of electronic wave functions induced by the chemical
interactions between tip and sample.
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