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Annual Research Highlights

(1) Imaging Diacylglycerol Dynamics at Organelle
Membranes

Fluorescence imaging is a powerful technique to
visualize spatiotemporal dynamics of biomolecules in
living cells. We describe fluorescent indicators for a lipid
second messenger, diacylglycerol (DAG), which allow
the localized analysis of DAG dynamics at subcellular
membranes. We have thus pinpointed that DAG
concentrations increase and/or decrease at not only the
plasma membrane but also organelle membranes such as

endomembranes and mitochondrial outer membranes.
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Fig. 1 Principle of the fluorescent indicator that detects
DAG at cellular membranes. Upon binding of DAG to the
CRD within the indicator, a flip-flop—type conformational

change occurs, which changes the efficiency of FRET.

1.(1)-6) Nature Methods, 3, 797-799 (2006).

(2) Imaging the nanomolar range of nitric oxide with
an amplifier-coupled fluorescent indicator in living
cells

Nitric oxide (NO) is a small uncharged free radical
that is involved in diverse physiological and
pathophysiological mechanisms. NO is generated by
three isoforms of NO synthase, endothelial, neuronal,
and inducible ones. When generated in vascular
endothelial cells, NO plays a key role in vascular tone

regulation, in particular. Here, we describe an

amplifier-coupled fluorescent indicator for NO to
visualize physiological nanomolar dynamics of NO in
living cells (detection limit of 0.1 nM). This genetically
encoded highsensitive indicator revealed that =~ 1 nM of
NO, which is enough to relax blood vessels, is
generated in vascular endothelial cells even in the
absence of shear stress. The nanomolar range of basal
endothelial NO thus revealed appears to be

fundamental to vascular homeostasis.

1.(1)-15) Proc. Natl. Acad. Sci., USA, 102, 14515-14520
(2005).

(3) Complementary base-pair-facilitated electron
tunneling for electrically pinpointing
complementary nucleobases

Molecular tips in scanning tunneling microscopy can
directly detect intermolecular electron tunneling
between sample and tip molecules and reveal the
tunneling facilitation through chemical interactions that
provide overlap of respective electronic wave functions,
that is, hydrogen-bond, metal-coordination-bond, and
charge-transfer interactions. Nucleobase molecular tips
were prepared by chemical modification of underlying
metal tips with thiol derivatives of adenine, guanine,
cytosine, and uracil and the outmost single nucleobase
adsorbate probes intermolecular electron tunneling to
or from a sample nucleobase molecule. We found that
the electron tunneling between a sample nucleobase
and its complementary nucleobase molecular tip was
much facilitated compared with its noncomplementary
counterpart. The complementary nucleobase tip was
thereby capable of electrically pinpointing each
nucleobase. Chemically selective imaging using
molecular tips may be coined “intermolecular
tunneling microscopy” as its principle goes and is of
general significance for novel molecular imaging of

chemical identities at the membrane and solid surfaces.

1.(1)-9) Proc. Natl. Acad. Sci., USA, 103, 10-14
(20006).
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