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(1) Ratiometric Bioluminescence Indicators for
Monitoring Cyclic AMP in Live Cells Based on
Luciferase-Fragment Complementation

AMP (cAMP) plays
important roles in signal transduction as a second messenger.

Cyclic  3’,5’-monophosphate
For quantifying and imaging of intracellular cAMP in living
organisms, several bioluminescent indicators have been
developed based on the structural information of luciferases.
The indicators are now used as powerful tools for
noninvasive detection of cAMP with high sensitivity.
However, the absolute photon counts of the luciferase are
affected substantially by adenosine 5'-triphosphate (ATP) and
D- luciferin concentrations, limiting temporal and quantitative
analysis in live cells.

In the present study, we developed a genetically encoded
bioluminescent indicator for detecting intracellular cAMP
based on complementation of split fragments of two-color
luciferase mutants originated from click beetles. A cAMP-
binding domain of protein kinase A was connected with an
engineered carboxy-terminal fragment of luciferase, of which
ends were connected with amino-terminal fragments of green
luciferase and red luciferase (Fig. 1). We demonstrated that
the ratio of green to red bioluminescence intensities was less
influenced by the changes of ATP and D-luciferin
concentrations. We also showed an applicability of the
bioluminescent indicator for time-course and quantitative
assessments of intracellular cAMP in living cells and mice.
The bioluminescent indicator will enable quantitative analysis
and imaging of spatiotemporal dynamics of cAMP in opaque
and auto-fluorescent living subjects.
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Fig. 1. Principle of ratiometric bioluminescence indicators
for monitoring cAMP in living cells.

(2) Rapid and High-Sensitivity Cell-Based Assays of
Protein—Protein Interactions Using Split Click Beetle
Luciferase Complementation: An Approach to the Study
of G-Protein-Coupled Receptors

Formation of protein—protein complexes is a central
mechanism for signal transduction in living organisms.
Many genetic methods have been developed to investigate
the complicated network of protein—protein interactions and
to screen chemicals that regulate the interactions specifically
on the basis of reporter- protein-fragment complementation
system. However, most of these methods have limitations in
terms of sensitivity and the signal-to-background ratio.

We reported the development of a novel optical technique
for monitoring protein—protein interactions in living cells
based on complementation of split luciferase fragments from
a Brazilian click beetle (Pyrearinus termitilluminans). A
new pair of amino- and carboxy-terminal fragments of the
luciferase was identified using semirational library screening.
The fragments were applied to the study of five pairs of
G-protein coupled receptors (GPCR)—f-arrestin interactions
on the plasma membrane, which are major targets of drug
development. By generating cell lines stably expressing the
GPCRs and p-arrestin connected with the luciferase
fragments, we demonstrated rapid and sensitive screening of
potential chemicals that act on GPCRs using a 96-well
microtiter plate format. This luciferase complementation
method also enabled high spatial and temporal analyses of
interactions in single living cells using bioluminescence
microscopy (Fig. 2). The novel luciferase fragments are
applicable to the different assay formats to screen various
chemical compounds for drug discovery.

Fig. 2. Real time bioluminescence images of GPCR—S-arrestin

interactions. Stable cell lines expressing luciferase-fragment-
fused GPCR and B-arrestin were treated with a nucleus
staining fluorescent dye, DRAQS5, and stimulated with 1.0 x
10”" M somatostatin at 0 min. The obtained bioluminescence
(green) and fluorescence (red) images were superimposed
(lower) on the bright field images (upper). Bar: 50 pm.
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