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Annual Research Highlights

(1) Sustained accurate recording of intracellular
acidification in living tissues with a photo-
controllable bioluminescent protein.

Regulation of an intracellular acidic environment plays a
pivotal role in biological processes and functions.
However, spatiotemporal analysis of the acidification in
complex tissues of living subjects persists as an important
challenge. We developed a photo-inactivatable
bioluminescent indicator, based on a combination of
luciferase-fragment complementation and a photoreaction
of a light, oxygen, and voltage domain from Avena sativa
Phototropinl (LOV2), to visualize temporally dynamic
acidification in living tissue samples. Bioluminescence of
the indicator diminished upon light irradiation and it
recovered gradually in the dark state thereafter. The
recovery rate was remarkably sensitive to pH changes but
unsusceptible to fluctuation of luciferin or ATP
concentrations. Bioluminescence imaging, taken as an
index of the recovery rates, enabled long-time recording
of acidification in apoptotic and autophagous processes in
a cell population and an ischemic condition in living mice.
This technology using the indicator is widely applicable to
sense organelle-specific acidic changes in target biological
tissues.
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Fig. 1 Photoreaction of the pH indicator (Pl-Luc) in
mammalian cells. The LOV2-Ja domain was connected with
an N-terminal fragment of firefly luciferase and a mutant of
C-terminal fragment of click beetle luciferase named
McLucl. The LOV core domain interacts with Jo helix in the
dark, causing complementation of the luciferase fragments to
emit luminescence. Photon absorption of flavin
mononucleotide (FMN) bound to the LOV core domain
would engender release of Ja-helix from the LOV core
domain and dissociation between the luciferase fragments.
When the light is turned off, the LOV core domain would
again interact with Ja-helix to recover the bioluminescence.

1.(1)-1) Proc. Natl. Acad. Sci. U.S.A. 110, 9332-9337
(2013).

(2) A bioluminescent probe to analyze phosphatydyl-
inositol 3,4,5-triphosphate production using split
luciferase complementation technique.

Phosphatidylinositol (3,4,5)-trisphosphate (PIP3) is a
signaling molecule that mediates central cellular events
such as growth, motility, and development by activating
downstream proteins. Although functions of various PIP3
binding partners have been unveiled, the various roles of
PIP; have not been resolved comprehensively due to
limitations of quantitative and dynamic analysis of PIPs.
We developed a novel method for the analysis of relative
PIP; amount based on split luciferase complementation.
An N-terminal fragment of a luciferase was tethered on the
plasma membrane (LucN-pm). A C-terminal fragment of
a luciferase fused with PIPs binding units, Pleckstrin
homology domains (PHD) of the general receptor for
phosphoinositides 1 (GRP1), was expressed in cytosol
(PP-LucC). In response to PIPs production, PP-LucC was
recruited to the plasma membrane, triggering
reconstitution of the split luciferase fragments of LucN-
pm and PP-LucC to form an active luciferase. We
quantified bioluminescence signals corresponding to PIP3
amounts successfully upon PDGF stimulation to the cells.
We also demonstrated high-throughput screening format
and for monitoring of PIP; production on the plasma
membrane by bioluminescence. This method enables
further study of PIP3; and supports versatile applications
related to the PIPz amount.
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Fig. 2 Principle for membrane PIP3 detection. PIP3
production in the plasma membrane induces PP-LucC
migration to the plasma membrane, resulting in reconstitution
of the luciferase fragments and recovery of bioluminescence.
EGFP and mCherry are fused respectively in LucN-pm and
PP-LucC for confirmation of the probe localizations.

1.(1)-3) Anal. Chem., 85, 11352-11359 (2013).
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