ANALYTICAL CHEMISTRY

Annual Research Highlights
(1) Development of a transcription regulation system
controlled by red light irradiation

Transcriptional regulation is a useful strategy for gene
therapy and for biomedical research. In this study, we
developed an optogenetic tool based on Arabidopsis
thaliana phytochrome B (PhyB) and its binding partner,
phytochrome-interacting factor 6 (PIF6). The red light
illumination only for 5 min induced PhyB translocation
from cytoplasm into the nucleus by the association with
PIF6, resulting in transcriptional activation based on Gal4
DNA-binding domain and the upstream activating
sequence of Gal system. The nucleocytoplasmic shuttling
vector using PhyB and PIF6 might be applicable for
transcriptional regulation in tissue experiments.
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Fig. 1 Schematic of the principle of photoactivatable
transcription regulation system.
1.(1)-5) Photochem Photobiol.,94, 1071-1076 (2018).

(2) Development of a bioluminescence-based assay
system for cell fusion in myogenesis

Myogenesis-promoting chemicals are important sources
of new pharmaceuticals for the treatment of skeletal
muscle atrophy. This study presents a quantitative
bioluminescence assay system for screening compounds
promoting myogenesis in a chemical library. The system
consists of two stable C2C12 myoblast cell lines, each of
which expresses either an N-terminal or a C-terminal split
luciferase fragment fused to a naturally split DnaE intein.
Cell fusion during myogenesis induces bioluminescence
in the cytosol because of luciferase reconstitution of
luciferase. The luminescence intensity quantitatively
represents the progress in cell fusion, indicating extent of
myogenesis. We applied this system to high-throughput
screening of myogenesis-promoting compounds in 1,191
pharmacologically proven bioactive small molecules, and
found out two chemicals as myogenesis-promoting
compounds: Imatinib and Doxazosin mesylate. The assay
system enabled a robust and quantitative evaluation of the
extent of myogenesis through simple luminescence
measurements. Thus, the system is expected to be widely
applicable for high-throughput screening of cell
fusion-promoting and inhibiting molecules.

1.(1)-4) Analyst, 143, 3472-3480 (2018).

(3) Identification of body flued samples through ATR

FTIR and chemometric analysis

Body fluid (BF) identification is a critical part of a
criminal investigation because of its ability to suggest
how the crime was committed and to provide reliable
origins of DNA. Vibrational spectroscopy provides
approaches with advantages for forensic BF identification,
such as non-destructivity and versatility for various BF
types and analytical interests. However, unexplored issues
remain for its practical application to forensics; for
example, a specific BF needs to be discriminated from all
other suspicious materials as well as other BFs. In this
study, we describe a modeling method for discriminating
ATR FTIR spectra of various BFs, including peripheral
blood, saliva, semen, urine and sweat, to meet the
demands described above. Spectra from unexpected
non-BF samples were efficiently excluded as outliers by
adopting the Q-statistics technique. The robustness of the
models against aged BFs was significantly improved
through the discrimination scheme of a dichotomous
classification tree with hierarchical clustering. This study
proposes the use of vibrational spectroscopy and a
chemometric strategy for forensic BF identification.
1.(1)-6) Sci. Rep., 8, 8459 (2018).

(4) Photoregulation of GPCR-Arrestin interaction to
control its intracellular trafficking
Intracellular trafficking of G protein-coupled receptors
(GPCRs) controls their localization and degradation,
affecting a cells’ ability to adapt to extracellular stimuli.
Although the perturbation of trafficking induces diseases,
the trafficking mechanisms are poorly understood. In this
study, we demonstrated an optogenetic method using an
optical dimerizer, cryptochrome (CRY) and its partner
protein (CIB), to analyze the trafficking mechanisms of
GPCRs and their regulatory proteins. Temporal control of
the interaction between f-arrestin and P2-adrenergic
receptor (ADRB2) reveals that the duration of the
interaction determines the trafficking pathway of ADRB2
to recycling or degradation. Remarkably, the
phosphorylation of ADRB2 by G protein-coupled
receptor  kinases is  unnecessary to  trigger
clathrin-mediated endocytosis, and B-arrestin interacting
with unphosphorylated ADRB2 fails to activate a
downstream  signaling.  Temporal control of
B-arrestin-GPCR interactions will provide an approach to
investigate the roles of B-arrestin and the mechanism in
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B-arrestin-specific trafficking of various GPCRs.
Fig. 4 Detection system of GPCR activity using split luciferase
reconstitution.
1.(1)-10) Sci. Rep., 8, 677 (2018).
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Fig. 1. Schematic of the principle of photoactivatable
transcription regulation system.

1.(1)-5) Photochem Photobiol.,94, 1071-1076 (2018).
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Fig. 4. Detection system of GPCR activity using split luciferase
reconstitution.
1.(1)-10) Sci. Rep., 8, 677 (2018).
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