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Development of a monomeric thermosensor protein in cells

('School of Engineering, Nagoya University, *Graduate School of Engineering,
Nagoya University, >Research Institute for Quantum and Chemical Innovation,
Institutes of Innovation for Future Society, Nagoya University) OKoki Omi,' Sae
Yanaba,? Kenji Yatsuzuka,'> Shigeki Kiyonaka'-?*3

Thermosensor proteins consisting of a temperature-sensitive domain and a fluorescent
protein can measure intracellular temperature and visualize heat production by cellular
activities. We previously developed tsGFP, a green fluorescent dimeric protein dissociating by
elevated temperature, and observed temperature-dependent fluorescence intensity changes in
cells. However, tsGFP had some disadvantages as a temperature sensor, such as its large
molecular weight due to dimerization.

In this study, we attempted to develop a monomeric thermosensor protein. To induce a
temperature-dependent conformational change in the molecule, we fused a green fluorescent
protein with the anti-parallel coiled-coil domain, which responds to thermal changes. When the
thermosensor protein was transfected into living cells, a change in fluorescence intensity
response to temperature change was observed, promising the potential as a practical
thermosensor to indicate heat generation at any location within living cells.

Keywords : Thermosensor; Fluorescent protein; coiled-coil; Genetically encoded sensor
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Engineering of Tag Pol-3 intein and evaluation of their protein splicing activities
("Department of Science and Technology, Gunma University, 2Graduate School
of Science and Technology, Gunma University) oMaho Otomo!, Tsuyoshi
Takahashi?

Inteins are self-excising protein segments that ligate their flanking sequences in
protein splicing. Inteins are classified into 3 classes based on sequence and the
mechanism of splicing. Most inteins are members of class 1, and contain three
conserved nucleophiles, serine, threonine, or cysteine. Inteins are widely used in a
protein engineering field. However, widely used inteins contain Cys residues at
position 1 and/or +1, and the reactions must be performed under reducing conditions.
In the present study, we have attempted to develop active intein variants based on Tag
Pol-3 intein that does not contain the Cys residue, and to evaluate the protein-splicing
activity of the engineered inteins. Split B-lactamase is used as the extein, and the
protein splicing can be characterized by (3-lactamase activity.

Keywords : intein
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Design of molecular system for multiplex biomolecular analysis using bead accumulation of
target-reactive DNA probes (College of Science and Engineering, Aoyama Gakuin University)
(OMasato Sugawara, Tatsuya Nishihara, Kazuhito Tanabe

Multiplex biomolecular analysis is useful methodology for disease diagnosis. However,
fluorescent molecular probes have significant limitations for the multiplex biomolecular
analysis due to overlapping of fluorescence wavelength. To overcome these limitations, we
have designed a molecular system using the target-reactive DNA probes and complementally
DNA-labeled beads. Upon the reaction with target molecules, the product of DNA probes
(product DNA) forms the duplex on the beads in the sequence dependent manner. After the
accumulation, we can quantify the product DNA by monitoring the fluorescence signals from
each bead to achieve the multiplex biomolecular analysis. To demonstrate the feasibility of this
strategy, we designed the target responsive DNA probes for H,O» and nitroreductase (NR). We
succeeded in their detection by monitoring fluorescence of the product DNA.

Keywords : DNA encoding; Multiplex analysis
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Drug design for BNCT against tumor hypoxic cells: functionalization of BPA by Click-
Chemistry (‘Aoyama Gakuin University, “Kyoto Univ.) OTatsuya Ozasa,' Minoru Suzuki,’
Tatsuya Nishihara,' Kazuhito Tanabe'

Hypoxic cells are known to cause cancer malignancy and radioresistance, and therefore,
there are increasing demands for hypoxia-targeting drugs. In this study, we designed drugs that
can treat hypoxic cells by BNCT. We focused on the nitroimidazole (NI) group, a hypoxic cell-
accumulating molecule, and introduced it into BPA, which is well-documented BNCT agent.
We prepared '°B-enriched BPA with NI unit (BPA-NI) by using click-chemistry. In cellular
experiments of human tongue cancer cells SAS, BPA-NI significantly enhanced a cell-killing
effect against hypoxic SAS cells upon thermal neutron irradiation, while their effect on aerobic
SAS cells was limited.

Keywords : Hypoxic cells; Click-chemistry,; Boron Neutron Capture Therapy (BNCT)
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Thiol imaging and compositional analysis in frozen tissue slice using TLC labelling reagent.
(College of Science and Engineering, Aoyama Gakuin University) O Yumika Sugawara,
Tatsuya Nishihara, Kazuhito Tanabe

Mass spectrometry imaging (MSI) is powerful tool to image the distribution of small
biomolecules. However, it is difficult to analyze the high reactive molecules such as thiol
metabolites by using the MSI. Therefore, we attempted to develop a new methodology to
enable thiol imaging and compositional analysis in frozen tissue slice. We designed photo
cleavable thiol fluorescent labelling reagents for TLC imaging (ptFLAT). Frozen tissue slices
are attached to the TLC coated with ptFLAT to give the thiol adduct on the TLC plate. It is
possible to image the thiol metabolite distribution by developing with low polar solvent.
Furthermore, by irradiating the region of interest with UV light and developing it with a highly
polar solvent, it is possible to analyze the thiol composition in the photo-irradiated region.
Keywords : Thiol metabolite; Thin-layer chromatography
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Figure 1. Thiol metabolites imaging and compositional analysis using ptFLAT coated TLC.
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Preparation of Hoechst derivatives with hydrophobic substituents and their applications
('College of Science and Engineering, Aoyama Gakuin University) OYuya Nagasawa,'
Tatsuya Nishihara,' Kazuhito Tanabe'

Hoechst is used as a reagent for cell nuclear staining because it binds to DNA and shows
fluorescence emission. However, in recent years, various functional molecules that contain the
Hoechst skeleton as a DNA binding site have been developed, in addition to its use as a nuclear
staining reagent. In this study, we attempted modification of Hoechst derivatives by click
reaction to introduce hydrophobic alkyl chain on Hoechst skeleton. We introduced alkyl chain
(chain length: 3, 7 or 12) into Hoechst skeleton to prepare Hoe-Ci2, Hoe-C7, and Hoe-Cs3,
respectively. Evaluation of DNA binding properties of the synthesized Hoechst derivatives by
fluorescence measurement revealed that all derivatives bound tightly to DNA duplex. We are
currently investigating the possibility of complexing long DNA duplex with the Hoechst
derivatives for efficient intracellular transport.

Keywords : Hoechst derivatives, Click reaction

Hoechst (% DNA IZHE A LEOE R ERT Z LD, Mg s L TR S
NTW5b, L, IHETIIERaRIEL L CoORHICE ¥ F 59, Hoechst B4
DNA FEEEAL & UTHIH L7aBREME D T S E S ERB SN TV D, AR TIE
27V 7 O % T2 Hoechst 538K~ DB REEMEM 237 7o, BARAIIZIE, 7vh
FHEHT D Hoe-N; IZK LT, BAEDIZEEIDTAXNVEEZHETHERT VR %,
( DfRIEAFEAE T C Click BOSMZ VA Lz, ZHUC XV, RBED 2O T LF L
F#:% > Hoechst #8K Hoe-Cioy 7 H D RFEEZFFD Hoe-Cr, 3 HORFEEE H D
Hoe-C; &R L7-, ZH 5 AKX L7- Hoechst F5E/AD DNA fE &7l 2, "6 AT
M EAWTITo728 24, Wb DNA ZEmSHICx L CMEICHEST 5 2 & 23
WTET,

DNA [TASKH KM Z /RT3, BUKIEZEANT 5 & MBS 2R U, KR T
JAIZH D AT b, 4

Bl & p% L 7= Hoechst #%5 & (Ko v "y

DNA fEAREZTEMT 2L DNA 3 0 jﬂﬂlﬁﬁvﬁ
S OBKIERREE DBADE S . H;e-NS hydrophobic

1272 V) . DNA ORLH 2 FEN substituents /
~OHEANHFFTE 5, BIEIT W\, \V 2 \V/ \N

Combined with DNA

81 DNA & Hoechst i 5{K ff@
AAb U TR Zh =iy 1z EHe  Figure 1. Preparation of Hoechst derivatives with

AHEREF L TV A, hydrophobic unit and binding with DNA duplex.

© The Chemical Society of Japan - [A]D501-2vn-06 -



[A]D501-2vn-07 BALES B10585FES (2025)

KU T A — T2 & 5 SN BRELRFETFADEE
(FFILFRERER 1) O AKBFFRML « PHJFER, - FB—(

Establishment of a methodology to evaluate multicomponent enzyme activities using photo-
cleavable fluorescent probes (College of Science and Engineering, Aoyama Gakuin University)
(OShunya Nagano, Tatsuya Nishihara, Kazuhito Tanabe

Recently, an analysis of enzymatic activity has been paid attention for disease diagnosis.
However, fluorescence probes have limitation in multicomponent analysis due to overlapping
wavelengths. In this study, we designed molecular system using photocleavable fluorescent
probes and thin-layer chromatography for the analysis of multiplex enzyme activities. We have
employed coumarin-based photocleavable probe library. By corresponding the substrate
structure and coumarin derivative, we can monitor the multicomponent enzymatic activity. To
demonstrate the feasibility of this enzymatic activity analysis, we prepared esterase responsive
probe based on the design strategy. In fact, we succeeded in the detection of esterase activity
by using the TLC 2D development.

Keywords : Fluorescent molecular probe, esterase activities, TLC
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