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Annual Research Highlights

(1) Development of a novel probe for imaging single
mRNAs in live cells.

Single mRNA imaging in live cells is a powerful
technique to elucidate its precise localization and
dynamics. In this study, we developed a method for
visualizing endogenous mRNAs in living cells with
single molecule sensitivity through producing a novel
genetically encoded probe.

The probe consists of two molecules; N-terminal
fragment of enhanced green fluorescent protein (EGFP)
fused to a mutant of Pumilio homology domain
(PUM-HD), and C-terminal fragment of EGFP fused to
another PUM-HD mutant. PUM-HD is an RNA binding
protein that binds to a specific 8-base RNA sequence.
These two PUM-HD mutants in the probe were designed
to recognize respective 8-base sequences in [-actin
mRNA. Upon the PUM-HD moiety of the probe binds
to P-actin mRNA, the EGFP fragments come close to
each other. The EGFP is then reconstituted, recovering its
fluorescence. We performed live-cell imaging of B-actin
mRNA using the probe. In the obtained images, many
fluorescent spots were observed, and homogenously
distributed in starved cells. The fluorescent spots showed
single-step photobleaching and a single-Gaussian
intensity distribution. These results indicate that each
fluorescent spot represents a single probe molecule.
Stimulation with serum induced expansion of the cells.
The spots were localized in the expanding region, in
which B-actin  mRNA is known to accumulate.
Moreover, several fluorescent spots moving along
microtubules to the cell periphery were observed. This
motion of the probe is consistent with the transportation
dynamics of B-actin mRNA. These results indicate that
the present method is applicable to observe
single-molecule dynamics of B-actin mRNA without
disrupting the natural movement of the mRNA.

In conclusion, we succeeded in developing a novel
genetically-encoded mRNA probe. The probe is
applicable to visualize single-molecule dynamics of
B-actin mRNAs in living cell. This probe would be a
powerful tool for investigation functional mechanisms of
mRNA transportation, local translation, etc.
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(2) Dual-color bioluminescence analysis for quanti-
tatively monitoring G-protein-coupled receptor
and B-arrestin interactions.

G protein-coupled receptors (GPCRs) are -crucial
elements in mammalian signal transduction, and are
considered to represent potent drug targets. We have
previously developed a GPCR assay system in cultured
cells based on complementation of split fragments of
click beetle (Pyrearinus termitilluminans) luciferase.
The interaction of GPCRs with its target, B-arrestin,
resulted in strong emission of bioluminescence upon
stimulation with its specific ligand. In this study, we
improved precision of the GPCR assay system by using
railroad worm (Phrixothrix hirtus) luciferase as an
internal control. We generated stable cell lines harboring
the railroad worm luciferase and quantitatively evaluate
the extent of GPCR-f-arrestin interactions. We showed
concentration-dependent bioluminescence responses for
four GPCRs: f2-adrenoceptor, endothelin receptor type A,
o2-adrenoceptor and human p-opioid receptor. We also
demonstrated that the variation of responses was reduced
significantly by  normalizing the data  with
bioluminescence from railroad worm luciferase. This
assay system represents a simple and reliable approach
for screening drug candidates in a high throughput
manner.

1.(1)-2) Pharmaceuticals, 4, 457-469 (2011)

(3) Detection of protein—protein interactions in
bacteria by GFP-fragment reconstitution.

Association/dissociation of protein in living organisms
plays a pivotal role in intra-/extracellular signaling
transduction, involved in gene expression, cell division,
and cell differentiation. For further understanding of these
biological processes, it is important to monitor
protein—protein  interactions in model organisms.
Although yeast is a widely used model organisms for
screening of large libraries of proteins, many of these
proteins cannot be used in yeast due to cytotoxicity.
Herein we describe a general method based on an
intein-medicated protein reconstitution system (PRS) to
detect protein—protein interactions in bacterial cells.
Protein—protein interaction triggers the reconstitution of
green fluorescent protein (GFP) fragments, resulting in
the recovery of its fluorescence. The PRS-based approach
does not require any other reagents such as coenzymes
and ATP. Another advantage is that matured GFP
accumulates in a targeted cell till degraded. These allow
highly sensitive screening of protein—protein interactions.
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