ANALYTICAL CHEMISTRY

Annual Research Highlights

(1) “Development of Bioluminescent Probes for
Multiple 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
developed complementation system of multicolor
luciferase  fragments, of which sensitivity and
signal-to-background ratio were considerably improved
by using an engineered carboxy (C) terminal fragment of
a click beetle luciferase and amino (N) terminal
fragments of luciferases with different spectral
characteristics. 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 firefly luciferase (Fluc), click beetle
luciferase in red (CBR) and click beetle luciferase in
green (Eluc). To apply this method to biological
studies using living animals, we focused on heteromeric
complexes among Smadl, Smad2 and Smad4 in
cytoplasmic signaling of a Xenopus laevis embryo. We
constructed a set of probes consisting of Smadl
connected with N-terminal CBR, Smad2 connected with
N-terminal ELuc and Smad4 connected with McLucl.
We synthesized mRNA from each cDNA construct of
the probes and microinjected into a Xenopus embryo.
The embryonic development was monitored under a
bioluminescence microscope equipped with a CCD
camera. In several early developmental stages, the
interaction between Smadl and Smad4 was detected in
the ventral region of the embryo whereas the interaction
between Smad2 and Smad4 in the dorsal region (Fig. 1).
These results demonstrate that bioluminescence
complementation imaging using multicolor luciferase
fragments enabled spatial and temporal imaging of
multiple protein-protein interactions in living animals.
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Fig. 1 Bioluminescence imaging of Smadl-Smad4 and
Smad2-Smad4 interactions in a Xenopus embryo.

(2) “Genetically Encoded Bioluminescent Indicators
for Real-Time Dual Imaging of Protease
Activities in Living Cells”

Programmed cell death *“apoptosis” is an essential
chemical process in living eukaryotic cells. Improper
apoptosis is significantly involved in pathogenic
mechanisms of many diseases including Alzheimer’s
disease, hepatitis, autoimmune disorders, and the
immortality of cancer cells. Caspases play a central
role in mediating the initiation and propagation of
apoptosis. Therefore, chemical compounds to inhibit or
accelerate caspase activity are a major concern. In
addition, further understanding of the physiological
apoptotic conditions inside living organisms is of crucial
importance for assessing the roles of caspases in normal
states and diseases.

Here we report genetically encoded bioluminescent
indicators for noninvasive real-time imaging of
caspase-3 and -8 activities in living cells and animals.
Beetle luciferase connected with a caspase substrate
peptide “X-X-X-Asp” (XXXD) is cyclized by inteins.
In live cells expressing the cyclic luciferase, the
luciferase activity greatly decreases due to a steric effect.
If the target caspase is activated in the cells, it cleaves
XXXD embedded in the cyclic luciferase and the
luciferase activity is restored (Fig. 2). Thus, the
caspase activity can be evaluated by measuring
bioluminescence intensities from the reconstituted
luciferase.

We demonstrated quantitative sensing of caspase-3
activities in living cells upon extracellular stimuli with a
cooled CCD camera. Furthermore, we succeeded in
dual imaging of caspase-3 and -8 activities in living cells
by bioluminescence microscopy. The present system is
also applicable to highly sensitive real-time sensing of
multiple proteases in living organisms.
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Fig. 2 Principle for monitoring the activity of caspase by
using cyclic beetle luciferase.
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