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Annual Research Highlights

(1) Development of a photo-controllable module for

regulation of intracellular signal transduction
Dynamic activity of the serine/threonine kinase Akt is
essential for the regulation of diverse cellular functions, but
the precise spatiotemporal control of the activity remains a
critical issue. Here we developed a photo-activatable Akt
(PA-Akt) system based on a light-inducible protein
interaction module CRY2PHR and CIB1 (Fig. 1). PA-Akt
was reversibly activated by blue light illumination in a few
minutes, resulting in specific regulation of downstream
signaling and induction of biological functions. We
generated a mathematical model which describes
CRY2-Akt activity quantitatively. Simulation using the
model provides evidence that the temporal patterns of Akt
activity are crucial for downstream signaling and cellular
functions. Consequently, combination of the optogenetic
module with computational modeling provides a general
framework for interrogating the temporal dynamics of the
biomolecules.
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Fig. 1 Schematic of the principle of PA-Akt.
1.(1)-1) Sci. Rep., 5, 14589 (2015).

(2) Development of a red-light emitting luciferase
Luciferases have been used in various analytical tools to
detect and visualize intracellular phenomena. Luciferase
with red light emission is desirable for bioluminescence
imaging due to high transmittance in tissues. To achieve a
general strategy to design red luciferases, we produced
mutants of Emerald luciferase (Eluc), which emits the
strongest bioluminescence among beetle luciferases. We
performed structure prediction of Eluc through homology
modeling with a knowledged of the structures of a green
luciferase CBG and a red luciferase CBR. We found four
amino acids crucial for generating a red luciferases. In the
Iuminescence measurements, a mutant
R214K/H241K/S246H/H347A emitted the
longest-wavelength luminescence among the prepared
mutants with emission maximum at 626 nm, 88-nm
red-shift from the wild-type luciferase. This result is useful
in development of bright red luciferases.

Fig. 2 The locations of the mutated amino acid in the predicted

Eluc stereo structure.

1.(1)-5) J. Biomed. Opt.,20, 101205 (2015).

(3) Development of a split fluorescent timer protein

Studies of temporal behaviors of protein association in
living cells are important for elucidating the fundamental
roles and the mechanism of intracellular molecular
organization in cell activities. We developed a method for
investigating the temporal progression of a particular
protein assembly using monomeric fluorescent proteins,
fluorescent timers (FTs), of which the fluorescent color
changes from blue to red over time. We identified a
dissection site of the FTs for complementation of the split
FT fragments upon bringing closely to come together. The
split fragments of each FT wvariant recovered their
fluorescence and showed inherent rates of the color
changes upon the reconstitution of the FTs in vitro. We
used this split FT to visualize the aggregation process of
o-synuclein in living cells. The size of the agglomerates
and ratio of the blue and red fluorescence from
reconstituted FT attached on a-synuclein was analyzed to
estimate the aggregation rates of a-synuclein. This method
enables tracing and visualizing temporal alternations of
various protein associations by fluorescence measurements

at a particular time point.
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Fig. 3 Schematic of reconstitution of a split fluorescent timer.

1.(1)-9) Anal. Chem., 87, 3366-3372 (2015).

(4) High-throughput method for the analysis of
ligand-induced GPCR—-arrestin interaction
For the design of therapeutic drugs, G protein-coupled
receptors (GPCRs) are notable targets. Although many
screening methods have been developed to identify
effective agents for GPCR signaling, monitoring methods
of temporal variations of GPCR activity with specific
ligands remain insufficient. We combined bioluminescence
imaging technique to our previous high-throughput system
for detecting interactions of GPCR with B-arrestin based on
split luciferase fragment complementation. Using this
method, we demonstrated temporal monitoring of
GPCR-B-arrestin interactions in living cells during

stimulation by different ligands.
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Fig. 4 Detection system of GPCR activity using split luciferase
reconstitution.

1.(1)-7) Anal. Sci., 31, 327-330 (2015).
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