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(1) Molecular Sensors Based on Biological Signal
Transduction

Fluorescent Indicators for Imaging Lipid Second
Messengersin Single Living Cells
Phosphatidylinositol-3,4,5-triphosphate (PIP;) regulates
diverse cellular functions including cell proliferation and
apoptosis, and is related to diabetes, cancer, etc.;
however, little is known about exactly when, where and
how PIP; is produced. We herein describe fluorescent
indicators for PIP; to reveal spatio-temporal regulations
of PIP; production in single living cells.  Upon ligand
stimulations, PIP; was found to increase to a large extent
at the endomembranes, i.e. the ER and Golgi, rather than
at the plasma membrane. This PIP; increase at the
endomembranes was revealed to be originated from itsin
situ production at the endomembranes, which was
directly promoted by receptor tyrosine kinases
endocytosed from the plasma membrane to the
endomembranes. This PIP; production by receptor
endocytosis appears to have solved a long-lasting
guestion about how its downstream signaling pathways
including Akt are activated at endoplasmic compartments
located remote from the plasma membrane, such as the
Golgi and mitochondria.
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(2) A Genetic Approach to Identifying Mitochondrial
Proteins

The control of intricate networks within eukaryotic
cells relies on differentiad compartmentalization of
proteins. We have developed a method that allows
rapid identification of novel proteins compartmentalized
in mitochondria by screening large-scale cDNA libraries.
The principle is based on reconstitution of split-enhanced
green fluorescent protein (EGFP) by protein splicing of
DnaE derived from Synechocystis sp. PCC6803. The
cDNA libraries are expressed in mammalian cells
following infection with retrovirus. If a test protein
contains a functional mitochondrial targeting signal
(MTS), it trandocates into the mitochondrial matrix,
where EGFP is then formed by protein splicing. The
cells harboring this reconstituted EGFP are screened
rapidly by fluorescence-activated cell sorting, and the

cDNAs are isolated and identified from the cells. The
analysis of 258 cDNAs reveaed various MTSs, among
which we identified new transcripts corresponding to
mitochondrial proteins. This method should provide a
means to map proteins distributed within intracellular
organelles in a broad range of different tissues and
disease states.
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(3) Chemical Sensing Based on Molecular STM Tips
Control of Chemical Selectivity
Four kinds of molecules having functional groups
with differing extent of hydrogen bond acidity or
basicity were used as molecular STM tips. STM
observation of CH3(CH,),0COO(CH,)1s0H with the
molecular tips allowed the selective observation or
discrimination of one from the other of the hydroxy
and carboxylate moieties. With basic
4-mercaptopyridine tips, the hydroxy groups were
selectively observed as  bright contrasts.
4-Mercaptobenzenesulfonic acid tips, which contain
acidic sulfonyl groups, gave bright contrasts for both
the hydroxy and carboxylate moieties. However,
4-mercaptobenzoic acid tips having a weaker acidic
carboxy groups exhibited bright contrasts only for the
hydroxy groups. Unmodified tips did not revea the
position of the two functional groups. It was concluded
that the change in image contrast occurs only at the
position where hydrogen bond pairing is possible
between tip and sample and requires strong hydrogen
bond interaction between them. This suggests that the
selective observation of oxygen-containing functional
groups can be tailored by controlling the extent of the
hydrogen bond acidity or basicity of the tip-modifying
molecules.
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