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Annual Research Highlights

(1) Single Color Fluorescent Indicators for Protein
Phosphorylation for Imaging Signaling Flow
Dynamics

Available methods for protein phosphorylation are
based on fluorescence resonance energy transfer,
which need the measurement of the change in
fluorescence intensities at two wavelengths. Therefore,
it is difficult to monitor protein phosphorylation
together with other related signaling processes such as
second messengers and protein translocation. We
developed fluorescent indicators each containing a
differently colored (cyan and green) single
fluorophore (cpFP), a kinase substrate domain, and a
phosphorylation recognition domain. Phosphorylation
of the substrate domain induces its interaction with the
phosphorylation recognition domain, which causes a
conformational change in the cpFP and a changein its
fluorescence.  Using this cyan indicator and
GFP-tagged mitogen-activated protein  kinase
(MAPK), we found that insulin-induced protein
phosphorylation occurred immediately upon the
addition of insulin, whereas nuclear translocation of
MAPK occurred 7 min later. The present approach
should be applicable to the analysis of a broad range
of protein phosphorylation processes together with a
variety of signaling processesin single living cells.

1.(1)-10) Anal. Chem.,, 76, 6144-6149 (2004).

(2) A method for bioluminescence detection of protein
nuclear transport in living cells

Nucleocytoplasmic trafficking of functional proteins
plays a key role in regulating gene expressions in
response to extracellular signals. We developed a
genetically-encoded  bioluminescent  indicator  for
monitoring the nuclear trafficking of target proteins in
vitro and in vivo. The principle is based on reconstitution
of split fragments of Renilla reniformis (Rluc) by protein
splicing with a DnaE intein. A target cytosolic protein
fused to the amino-terminal half of Rluc is expressed in

mammalian cells. If the protein trandocates into the
nucleus, the Rluc moiety meets the carboxy-terminal
half of Rluc, and full-length Rluc is reconstituted by
protein splicing. We demonstrated quantitative
cell-based in vitro sensing of ligand-induced
translocation of androgen receptor (AR), which
allowed high-throughput screening of exo- and
endogenous agonists and antagonists. Furthermore, the
indicator enabled noninvasive in vivo imaging of the
AR trandlocation in the brain of living mice with a
charge-coupled device (CCD) imaging system. These
rapid and quantitative analyses in vitro and in vivo
provide a wide variety of applications for screening
pharmacological or toxicological compounds and
testing them in living animals.

1.(1)-9) Proc. Natl. Acad. Sci., USA, 101, 11542-11547
(2004).

(3) Molecular Tips for Chemically Selective STM:
I ntermolecular Tunneling Microscopy

A fullerene molecular tip was used to detect electron
tunneling from a single porphyrin molecule. The
electron tunneling was found to occur locally from an
electron-donating moiety of the porphyrin to the
fullerene through charge-transfer interaction between
them. In addition, the electron tunneling within the
single fullerene—porphyrin pair exhibited rectifying
behavior in which electrons can be driven only at the
direction from the porphyrin to the fullerene. It is
demonstrated that the localized electron tunneling
enables to spatially visualize the frontier orbital of the
porphyrin involved in the electron tunneling. In
addition, the rectification demonstrates that the
fullerene—porphyrin  pair constitutes a molecular
rectifier. We believe that molecular tips bring a new
insight into intermolecular electron transmission
toward realization of molecular electronics.

1.(1)-2) Proc. Natl. Acad. Sci., USA, 102, 5659-5662
(2005).
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