ANALYTICAL CHEMISTRY

Annual Research Highlights

(1) “Development of Multicolor Bioluminescent
Probes for Protein—Protein Interactions in Living
Subjects”

Bimolecular complementation using luminescent
proteins has a potential to perform reversible and
multiplex detection of protein—protein interactions in
opaque or auto-fluorescent living subjects. We
constructed multicolor luciferase fragments, of which
sensitivity and  signal-to-background ratio  were
considerably improved by using an engineered carboxy-
terminal fragment of a click beetle luciferase and
amino-terminal fragments of luciferases with different
spectral characteristics. We investigated
complementation of split luciferases from firefly (FLuc),
click beetle in green (ELuc) and click beetle in red
(CBRLuc). The N- and C-terminal fragments were
fused to FK506-binding protein (FKBP) and
FKBP-binding domain (FRB). A pair of the fusion
proteins was coexpressed in mammalian cells and the
luminescence intensities were examined by a
luminometer. N- and C-fragments of individual
luciferase were found complement enough to recover the
bioluminescence upon interaction between FKBP and
FRB in the presence of rapamycin. But, no cross
complementation was detected when combination of
different luciferase fragments was used. To make cross
complementation possible, a new C-terminal fragment
that has an ability to complement multiple N-terminal
fragments was developed by the random mutagenesis.
A mutant of the C-terminal fragment including three
point mutations (McLucl) showed most remarkable
properties, which enabled complement to all the
N-terminal fragments of FLuc, CBRLuc and ELuc (Fig.
1). The signal-to-background ratio upon using McLucl
was improved higher than that of the native one. Thus,
McLucl allowed new complementation partners of all
the N-terminal luciferases, which can be widely used for
monitoring protein-protein interactions in living subjects.
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Fig. 1 Function of McLucl. McLucl has the ability to
complement multiple N-terminal luciferases.

(2) “Cyclic Luciferase for Real-Time Sensing of
Caspase-3  Activities in Living Mammals”

Apoptosis is of important chemical processes in living
systems, such as cell turnover, the immune system,
development, or metamorphosis.  Improper apoptosis is
involved in many diseases including Alzheimer’s disease,
Huntington’s disease, ischemia, autoimmune disorders
and immortality of cancer cells. The programmed cell
death is evolutionarily conserved biological systems, in
which their executioners are called caspases. Caspase
is a cysteine aspartic acid-specific protease that digests a
specific peptide sequence containing asparagines in an
early stage of apoptosis. Especially, caspase-3 is a
crucial component of the apoptotic machinery. Herein,
we report the development of a novel genetically
encoded circular bioluminescent indicator for detecting
activities of the caspases in living cells and mammals.
The indicator consists of two DnaE inteins, two
fragments of firefly luciferase (Fluc), and an amino acid
substrate Asp-Glu-Val-Glu (DEVD) to be digested by
caspase-3. After translation into a single polypeptide in
living cells, the amino (N) and carboxy (C) terminals of
the luciferase are ligated by the DnaE inteins, which
results in a closed circular polypeptide chain.  Since the
structure of the cyclic luciferase is distorted, the
luciferase loses its bioluminescence activity. If the
substrate sequence is digested by activated caspase-3, the
luciferase changes into an active form and restores its
activity (Fig. 2). In vitro assay with cell lines showed
~9-fold increase in bioluminescence upon stimulation
with an apoptosis-inducing compound, staurosporine.
Additionally, in vivo imaging of caspase-3 activity with
living mice also displayed increases in bioluminescence
after the intraperitoneal injection of STS.  This
approach opens an avenue not only for salvaging
anticancer drugs but also for developing inhibitors of
caspases in the live mouse level.
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Fig. 2 Principle for monitoring the activity of caspase-3
by using cyclic firefly luciferase (Fluc).
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