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(1) Molecular Sensors Based on Biological Signal
Transduction

Fluorescent  Indicators for  Imaging  Protein
Phosphorylation in Sngle Living Cells

To visualize signa transduction based on protein
phosphorylation in living cells, we have developed
genetically encoded novel fluorescent indicators, named
phocuses. As phocuses, two different color mutants of
green fluorescent protein (GFP) were joined by a tandem
fusion domain composed of a substrate domain for
protein kinase of interest, flexible linker sequence and
phosphorylation recognition domain that binds with the
phosphorylated substrate domain. Intramolecul ar
interaction of the substrate domain and the adjacent
phosphorylation recognition domain within phocus was
dependent upon phosphorylation of the substrate domain
by protein kinase, which changed efficiency of
fluorescent resonance energy transfer (FRET) between
the GFPs within phocus. In the present study, phocuses
were exemplified using insulin signaling proteins, with
which protein phosphorylation by insulin receptor was
visualized.
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Noninvasive Imaging of Protein-Protein Interactions in
Living Subjects

We have developed bioluminescence-imaging
strategies to noninvasively and quantitatively image
protein-protein interactions in living mice by using a
cooled charge-coupled device camera and split reporter
technology. We validated intein-mediated reconstitution
of split firefly luciferase proteins driven by the
interaction of two strongly interacting proteins, MyoD
and Id. The mouse implanted with cells transfected with
both probes showed significant signals upon MyoD-1d
interactions.
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(2) lon-Channel Sensors Based on Self-Assembled
Monolayers

Detection of oligonucleotides using PNA modified gold
electrodes

Gold electrodes modified with self-assembled
monolayers composed of the peptide nucleic acid
(PNA) probe and 8-amino-1-octanethiol were used for
the detection of a complementary oligonucleotide with
a detection limit of 51 x 10 M and a reative
standard deviation of 1.5 % in a pH 7.0 phosphate
buffer solution. In contrast, no responses to a
non-complementary oligonucleotide were observed.
This alows the indirect detection of the
complementary oligonuclectide.
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(3) Chemical Sensing Based on Chemically
Modified STM Tips
Carbon Nanotube Tips

Carboxy-terminated single-walled carbon
nanotubes (SWNTs) were successfully immobilized
from solution phases onto the apex of gold tips for
STM from solution phases. Gold STM tips were first
modified with self-assembled monolayers  of
4-mercaptobenzoic acid, and its carboxy groups were
used to anchor carboxylated SWNTSs through Zn®* ion
bridged coordination in-between. These SWNT tips
gave high-resolution STM images of a diether
monolayer formed on graphite surface. In addition and
more importantly, the ether oxygens of the sample
molecules were selectively observed as bright spots
with the SWNT tips with significantly high
reproducibility, which is due to the facilitation of
electron tunneling through hydrogen bond interactions
between the ether oxygens and carboxy groups at the
end of the SWNT tips.
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Figures. (a) Electron micrograph of SWNT tips prepared
from solution phases. (b) STM image of diether molecules
observed with an SWNT tip.
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