ANALYTICAL CHEMISTRY

Annual Research Highlights
(1) Development of a bioluminescent tool for
detection of p53 translocation to mitochondria
To explore the inhibitors of p53, we developed a
bioluminescent probe to monitor p53 translocation from
cytosol to mitochondria using luciferase fragment
complementation assays. The probe is composed of a pair
of luciferase fragments, CBGN andMcLucl. The
combination of luciferase fragments showed significant
luminescence intensity and high signal-to-background
ratio. When the p53 connected with McLucl translocates
from cytosol into mitochondrial matrix, CBGN in
mitochondrial matrix enables to complement with
McLucl, resulting in the restoration of the luminescence.
Pifithrin-p, a selective inhibitor of p53 mitochondrial
translocation, prevented the mitochondrial translocation
of the p53 probe in a concentration-dependent manner.
This p53 mitochondrial translocation assay is a new tool
for high-throughput screening to identify novel p53
inhibitors, which could be developed as drugs to treat
diseases in which necrotic cell death is a major
contributor.
1.(1)-5) Biotechnol. Bioeng., 114, 2818-2827 (2017).

(2) Discrimination of postmortem and antemortem
blood through ATR FT-IR spectroscopy

We developed an approach to obtain body fluid signals
that are embedded in strong substrate interferences using
attenuated total reflection Fourier transform infrared
(ATR FT-IR) spectroscopy and an innovative multivariate
spectral processing. We discriminated between ATR
FT-IR spectra of postmortem and antemortem blood and
those of antemortem blood by creating a multivariate
statistics model. From ATR FT-IR spectra of the blood
stains on interfering substrates such as polyester, cotton,
and denim, blood-originated signals were extracted by a
weighted linear regression approach which we developed
originally using principal components of both blood and
substrate spectra. The blood-originated signals were
finally classified by the discriminant model,
demonstrating high discriminant accuracy. The present
method can identify body fluid evidence independently of
the substrate type, which will promote applications of
vibrational spectroscopy in forensic analysis.

1.(1)-3) Anal. Chem., 89, 9797-9804 (2017).

(3) Development of a fluorescent probe to detect
SUMOylaion in living cells
The reversibility of SUMOylation and the differences
in the SUMOylation level in living cells makes it
difficult to explore infrequently-SUMOQylated proteins
in mammalian cells. Here, we developed a method to
screen for mammalian SUMOylated proteins using the
reconstitution of split fluorescent protein fragments in
living mammalian cells. Briefly, the cells harboring
cDNAs of SUMOylated proteins were identified by the
reconstituted fluorescence emission and separated by
cell sorting. The method successfully identified 36
unreported SUMO2- substrate candidates with distinct
intracellular localizations and functions. Of the
candidates, we found Atac2, a histone acetyltransferase,

was SUMOylated at a lysine 408, and further modified
by multiple SUMOs without isoform specificity.
Because the present method is applicable to other
SUMO isoforms and mammalian cell-types, it could
contribute to a deeper understanding of the role of
SUMOylation in various biological contexts.
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Fig. 1. Split fluorescent-based SUMOylation probe.
1.(1)-2) Sci. Rep., 7, 17443 (2017).
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(4) Raman-fluorescence  hybrid microscopy to
monitor protein expression and chemical profils in
living cells

In this study, we developed an imaging method using

fluorescence-Raman hybrid microscopy that monitors the

chemical micro-environment associated with protein
expression patterns in living cells. Simultaneous detection
of fluorescence and Raman signals, realized by spectrally
separation of the two modes through the anti-Stokes
fluorescence emission of fluorescent proteins, enables the
accurate correlation of the chemical fingerprint of a
specimen to its physiological state. Subsequent
experiments revealed chemical differences that enabled
the chemical profiling of mouse embryonic stem cells
depending oct4 expression. Using the fluorescent probe
as a localization indicator, we analyzed the detailed
chemical content of the cell nucleus and Golgi bodies.

The present technique has a potential to be applied to a

wide range of biomedical studies for the better

understanding of chemical events during biological
processes.
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Fig. 2. The fluorescence-Raman hybrid spectrum and images on
specific wavenumbers.
1.(1)-9) Sci. Rep., 7, 43569 (2017).
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1.(1)-5) Biotechnol. Bioeng., 114, 2818-2827 (2017).
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Fig. 1. Split fluorescent-based SUMOylation probe.
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Fig. 2. The fluorescence-Raman hybrid spectrum and images on
specific wavenumbers.
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