ANALYTICAL CHEMISTRY

Annual Research Highlights

(1) “Development of a fluorescent probe for single
mRNA imaging in living cells”

Localization and dynamics of mRNAs in living cells
are implicated in various cellular functions. Development
of technique to visualize endogenous mRNAs in living
cells is crucial in order to investigate intracellular
dynamics of mRNAs. A pumilio homology domain of
human pumiliol (PUM-HD) is an RNA binding protein,
which can be applied for mRNA probe construction
because the domain can be designed to recognize a
specific eight-based sequence of a target mRNA.

In this study, we designed two PUM-HD mutants to
match the partial sequences of P-actin mRNA, and
generated an mMRNA probe comprised of the two
PUM-HD mutants flanking an enhanced green
fluorescent protein (EGFP). The binding ability and
specificity of the probe to f-actin mRNA in cultured cells
were confirmed by the results of RT-PCR and in situ
fluorescence hybridization experiments. We next
observed living COS7 cells expressing the probe using
total internal reflection fluorescence (TIRF) microscopy.
The result showed that many diffusing fluorescent spots
were observed in the cell. These fluorescent spots
bleached in a single-step manner, indicating that the spots
represent single-molecule probes. Some of the fluorescent
spots moved directionally in living cells. The result was
consistent with a previous report in which f-actin mRNA
is transported along microtubules. Also we showed that
the present probe has ability to visualize endogenous
p-actin mRNA dynamics on the single molecule level in
living cells.
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Fig. 1.
Pumilio-based probe. The probe consists of two mutated
PUM-HDs and an EGFP. Subcellular localization and single
molecule motion of the mRNA was visualized by the present

Principle of f-actin mRNA imaging using a

probe using a TIRF microscope.
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(2) “Visualization and quantitative analysis of G
protein-coupled receptor— B3 -arrestin interaction
in living mice wusing split luciferase
complementation”

Methods used to assess the efficacy of potentially
therapeutic reagents for G protein-coupled receptors
(GPCRs) have been developed. Previously, we
demonstrated sensitive detection of the interaction of
GPCRs and f3 -arrestin2 (ARRB2) using 96-well
microtiter plates and a bioluminescence microscope based
on split click beetle luciferase complementation. Herein,
using firefly luciferase emitting longer wavelength light,
we demonstrate quantitative analysis of the interaction of
B 2-adrenergic receptor (ADRB2), a kind of GPCR, and
ARRB2 in a 96-well plate assay with single-cell imaging.
In addition, we showed bioluminescence in vivo imaging
of the ADRB2-ARRB?2 interaction in two systems; cell
implantation and hydrodynamic tail vein (HTV) methods.
Specifically, in the HTV method, the luminescence signal
from the liver upon stimulation of an agonist for ADRB2
was obtained in the intact systems of mice. The results
demonstrate that this method enables noninvasive

screening of the efficacy of chemicals at the specific
organ in in vivo testing. This in vivo system can
contribute to effective evaluation in pharmacokinetics and
pharmacodynamics and expedite the development of new
drugs for GPCRs.
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Fig. 2 Schematic diagram of the complementation strategy
showing fusion of the N-terminal and C-terminal luciferase
fragments to the GPCR and the cytoplasmic -arrestin protein,
respectively. An agonist binding to GPCR recruits f-arrestin to
intracellular domains in the receptor, bringing each luciferase
fragment into proximity and reconstituting luciferase activity to
emit bioluminescence in the presence of luciferin.
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