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Integration of metal-organic frameworks with nanoendoscopy for intracellular delivery of
unstable biomolecules

OKai Huang'2, Tomoko Inose’234, shuhei Furukawa'2 (1. Grad School of Eng., Kyoto Univ., 2.
iCeMS, Kyoto Univ., 3. The Hakubi center, Kyoto Univ., 4. J]ST PRESTO)
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Development of Endoplasmic Reticulum-Targeting Protein Folding Promoters (' Department
of Chemistry, School of Science, Tokai University, *Institute of Advanced Biosciences, Tokai
University) oYuhei Sato', Rumi Mikami,' Kenta Arai'-?

Polypeptide chains synthesized in the ribosome are delivered to the endoplasmic reticulum
(ER), where proteins with cysteine residues gain a specific three-dimensional structure by
accompanying the formation of disulfide bonds. This oxidative protein folding is promoted by
protein disulfide isomerase (PDI), but under conditions of oxidative stress, the enzymatic
activity of PDI is significantly degreased, contributing to protein misfolding and eventually
causing various misfolding diseases such as neurodegenerative disorders. We previously
reported that water-soluble cyclic diselenides catalyze oxidative folding through a PDI-like
catalytic mechanism.[!l In this study, to develop a new redox molecule that expresses
appropriate catalytic activity in the ER, we attempted to design and synthesize new cyclic
diselenide compounds with an ER-targeting motif. According to the literature methods, the ER-
localizing structural motif was synthesized in 5 steps and was subsequently conjugated with a
cyclic diselenide utilizing a click reaction to obtain the target compound. When the synthesized
compound was applied as a catalyst for the reduction of hydrogen peroxide, enhancement of
the reduction velocity was observed. We are currently investigating the catalytic ability of the
compound for in vitro oxidative folding.

Keywords: ER stress; Redox regulation; Disulfide bond,; Reactive oxygen species

VRY =L THRSNTZAR Y ARTF FEIT/MARIZEE S, T2 CTUAT A U5
BErFioZ R EIZ VANVT 4 RiEG O A > TR 72 LIRS & 1815
Bo ZOBCHIH X TETH—NT 4 TR, N TEOANVT 4 KA AT —
£ (PDD IZ& > TIRESIND N, BIEA N LU ASEM T Tk PDI OFERIEMENZE L <
KFL, oI EDIAT 5 —NT 4 T DO—HERY | RN TARZENER B
REDERAIRI AT 4 —NT 4 VTRBORKRE 725, BAILIIVETIZ, KEHY
Y L= R PDI EEfRBEREAE 2 N U CERLIO 7 +— VT 1 v 7 a3 2 = & 2 i
L C& 720, ARBFZE I, /NaRN Gt e ey vk 2 B9 2 #riz el kg ooy 1
OAIHE B L, ER REHEEET—7 25 Loz 2k ot L= Meawo
wELE AR ARSI, O HFEEZSEIZ, ER R UEEETF—7% 5 A7 v 7T
AL BRCELV=RMeEWmE 7 U v 7 RISERIA L THEAGT 52 L TEHRLEY
157, At EWE . MERLKFE OB LR LTz 24, Bt
JSIRFE DEHEN B O ATz, BIE, U LB OB 7 +— VT ¢ v 7 Ofitliitae /11
DOWVWTIHEL TV 5,

[1] Chem Asian J. 2020, 15, 2646-2652.
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Development of PhosphonoRhodamine derivatives for activatable fluorescent probe with
improved cellular retention (' Department of Life Science and Technology, Institute of Science
Tokyo, *Graduate School of Pharmaceutical Sciences, The University of Tokyo, 3Research
Center for Autonomous Systems Materialogy (ASMat), Institute of Science Tokyo) O Aoi
Ishikawa,' Hiroyoshi Fujioka,! Minoru Kawatani,! Ryo Tachibana,” Yasuteru Urano,> Mako
Kamiya '

We previously reported fluorescence probe for [B-galactosidase with improved cellular
retention whose fluorescence was controlled by intramolecular spirocyclization and
intramolecular retention was controlled by quinone methide chemistry?. However, covalent
labelling sometimes causes cytotoxicity. Therefore, based on the report that xanthene dye with
phosphoryl group in the benzene moiety shows high cellular retention?, we set to develop a
novel activatable fluorescent probe with improved cellular retention and reduced cytotoxicity
if phosphono group function as intramolecular nucleophile to control the fluorogenecity of dye.

First, we synthesized a series of phosphonorhodamine derivatives and evaluated the optical
properties. As a result, some derivatives form spirocyclic structure to show the decrease of
visible wavelength absorption under neutral to basic condition, and some of them reached to
the equilibrium with open form remained under basic condition, which are different from those
of reported hydroxymethyl rhodamines. Moreover, we established a quantum chemical
calculation model which could predict equilibrium constant of spirocyclization and open form
residual ratio of these phosphonorhodamine derivatives. We are working on further
derivatization, and will present the progress and future prospects.

Keywords : phosphono rhodamine, spirocyclization; quantum computational calculation

FxizonE iz, ¥ o7 AEOSTNAE B BRILEEIZEE- S 73t E R
BLX ) AT NMERIZE DW= Z X T BT A 2 A G b5 Z LT
RPN RE PE B-galactosidase {ETEM N E L 7 1 — 7 2 B3 L7z V3, ARG ERIZ X
DN T A AR I EE A A TR T VW ENETH o T2, £ T,
RUPUVBRIICAR AR ) 2T 5% Y 0T U OENSOMNEG 2RI 2
ENTHER L, RAKR EESFHREILL L CaFoIEEHEcE i, Mk
FEME AT U 7 A N T RO 7 o — T B TE A O TRV EE R T,

FPTHDOIT, R AR NS FHREEIE L LTI TR B B N4 U D 0k
AET 5720, RAKR B2 THa—F I UiHEREEREK - FHMiL-E 2 A, 2
S FHERO ARSI S - B IMESRM F A e B bERIC L > TR T35 2 &
BRER LTZ, — T, WL ONOFEEMRITH RS T Tt eI 23 B F L7z ke
T ET DR E . D FNREREAZE R o A F it LEEBEROr—2 I U5
WKL TR DA TR T E RO N o7, EBHIT, B EFEEICEY ., =
IHDERAR ) vB—F I DoAY 1 B E SRR R R TR 2 Tl Al he
T INEMNL LTz, BUE, RAR ) EaHTHXY 7 AR O R DR
xRt -oTEY, ZOEBLEEZIZOVWTHLADLETERTETH D,

1) Angew. Chem. Int. Ed., 2016, 55, 9620-9624. 2) Chem. Sci., 2023, 14, 11365-11373.
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Synthesis and photophysical properties of C2-substituted fluorescent acyclic adenosine
derivatives ('Graduate School of Engineering, Nihon University) OShun Ogura,' Yuho Abe,!
Yurino Oku,' Yoshio Saito!

Environmentally sensitive fluorescent (ESF) nucleosides change their fluorescence
wavelength and intensity in response to microenvironmental changes such as polarity and
viscosity, and can detect environmental changes such as DNA duplex formation and single-
base mutations. In order to develop probes with high sensitivity and high base discrimination
ability, we designed and synthesized novel ESF nucleosides with flexible sugar moiety.
Keywords : fluorescent nucleoside, DNA probe

BRSO EZE (BSF X 7 LAY R) (X, WPEOREME & Vo 7 iRl 70 R BR 281k
WS U CTHEEESCHRIE L ZL SR8 E BT 5, ESF X7 LA R&EETe DNA
T —T7 %NS Z LT RO HEEERRSS RS RITE D BREA (L O 23 ]
BETHYH, SEIERCANRYFIN TS,

BT &1L, 7V RO C3LZ2-F 7 b= UV EEALZESF X7 LAY R
WA R E DOPFEAL O FHRME A F DT FHEERTH D 2324 i LT D, 297A %
EirDNA 7 —7 % W5 Z & T, ) DNA (FHAHEH) o 29724 OXfmEoF 3 v
B (T v~y TS 2o e R L MEOZ L THRIT 5 Z ERFARECThH - 72,
L L7235, £209 DNA CFHAHEH) H D 23724 O3tz I A~ v FHEOLE
DEFEANRT MV OEIT/IN S < AEIECS O —HE I b % S E TREBIT 5 121
+oaThote, DT, WA OPFIALOKEMEE SO T-FELTH D A 25
e DNA ' —7 %% & FEH) DNA (FHfig) hooF IV (7 v~ v FES))
EI ATy TFHEL OB TOENART "ABNR LD K& 0D 2 ENHERS L,
WHRGHAIREDS M L LTz, O ORERNG, —H8D ESF X7 LAY RIZEBW T, B
NETZ LRV TICT S Z & TR DNA (FHAHSH) o> —H FZ8 B ook HRE 23 7]
LT 52 ENRB ST, £ 2T, RIFE T, /KD ESF X 7 LA RITHEAAL D
FHRMEZ LD AT CF2eA T2 T A v Uiz, AFEETIE A OFRL L LR
PEDFERNZ SOV THIET D,

Fig. 1. Structure of ESF nucleosides.
1) Y. Oku, et al., Synlett, 2024, 34, 711.
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Development of vitamin D receptor PROTAC with a non-secosteroidal ligands

(‘Graduate School of Engineering, Tokyo University of Agriculture and Technology, *Toyama

Prefectural University) ORino Tsutsumi,! Ryota Sakamoto,' Yuki Okamoto,> Kaori Yasuda, 2
Toshiyuki Sakaki,” Masayuki Tera,' Kazuo Nagasawa'

The vitamin D receptor (VDR) forms a complex with the retinoid X receptor (RXR) and
vitamin D response element (VDRE) upon binding of active vitamin D3 (1,25D3) to regulate
the transcription of downstream genes. In this study, we synthesized PROTACs targeting the
VDR using a non-secosteroidal ligand known to have similar activity to 1,25Ds. In addition,
the synthesized PROTACSs were evaluated for protein resolution using Western Blot.
Keywords : Chemical biology; PROTAC; Nuclear receptor, Vitamin D
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REDFEIZ D72 03D L& 2 1=, ABFFETIEE T, VDR DIL20 0% B & L, VDR
VB REBIUN—B(Z LRI EDOTaT T ) — L fREihRd 220 30'8) V
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THZLE Lz, BRI, R X 22 Dy LROTER 2 RTIHEra 2T m
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(8 - 5] BTk V% o g
AT AR L2 27 L) o)
S JH R 2 LT YN
B A RELVDR U A7 R 1 Lol L [TgL_Dﬁ PRI VPR R
DFHEELT-T X6 EHiRAe OR'  Me  Me  OR' L
8 . . 1:R'=H, R*=0OH ‘R¥=H,n= ‘R3=Me,n=
f% L 72 pomalidomide O 71 /v 6R' = TBS, R? = NH, TR H M tomis ::Z: o
Vi 3 Gz AN RO
AN /E&n}b%ﬁ'—( 7. 8 %= l_TI L 1. EtN, EDCLHCI - o:(N—{}
%, YU —F L AR HostHo . fhlk o . o, )~
#9 % Z LT VDR-PROTAC 24 Mooy 0" .Q_r,lf E»fﬁL-am,-ﬁ-H—*wfowﬁ‘-,lf-'ﬁf-o
A — OH Mea Me OH S
2, 3 Zf37= (Scheme 1), [AIfk 2R3=H,n=1 4&R*=Me n=1
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Scheme 1. Synthesis of VDR-PROTAC 2 and 3.

L OKFIRAF 2 A FVEEIZ
EHLT-E3 U —BIE/EA VT N4, 528 LT-, AakL7z 25225\ T, HL-
60 A T OIS LT ERE & O HeLa Ml T0> VDR /O fif6E & 3 F4fh L 72,

[Z3% 3R] 1) Y. Demizu and M. Kurihara et al., Lett. Org. Chem. 2011, 8, 43-47.
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Studies on elucidating action mechanisms and the structure-activity relationship of IBA
derivatives inhibiting or promoting lateral root growth and elongation selectively (Graduate
School of Engineering, Kanagawa University) oAmi Watanabe, Kota Ibe, Rie Nakagawa,
Sentaro Okamoto

Regarding the plant hormones IAA and IBA, although extensive research has been
conducted on TAA, including its biosynthesis and receptor-mediated mechanism of
action, the role of IBA has not been clearly defined. IBA, which is interconverted into
IAA in the plant, exists in only trace amounts. We have recently developed various
IBA derivatives that selectively inhibit (e.g., JAX-1 and JAX-22) or promote
(JAX-44) lateral root formation and elongation in Arabidopsis. Regarding JAX-44,
mass spectrometry using the deuterated JAX-44 revealed that it is metabolized in the
plant and converted to IBA. Meanwhile, the action mechanism of inhibitors such as
JAX-1 remains unclear. In this study, we studied further structure-activity
relationships, such as differences in activity between the enantiomers, and developed
chemical probe molecules for imaging their distribution within the plant body.
Keywords: auxin, IBA derivative, inhibition of lateral root growth

PRIV E L THDIAA (1 2 R—/L3-FEfE) ° IBA (f > R—/L-3-F&fE) O,
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R L7 b7 a—7 57O 21T 72,
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Design and photophysical properties of novel acyclic ESF nucleosides. (! Graduate School of
Engineering, Nihon University, 2College of Engineering, Nihon University) O Syogo
Katayama,! Yuho Abe,' Keiichiro Ito,! Shunsuke Ito,?> Yoshio Saito'-?

In our continuous effort to develop novel environmentally sensitive fluorescent (ESF)
nucleosides that signal microenviromental changes, we have developed novel acyclic ESF
nucleosides, A“A and 2A. Among them, AA and €A exhibited strong fluorescences with high
quantum yields and remarkable solvatofluorochromicity. Therefore, ACA and 2“A can be a
powerful tool for structural studies of nucleic acids and also in molecular diagnostics.

Keywords : DNA probe, Fluorescent nucleoside
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Fig. 1. Newly designed acyclic ESF nucleosides A“A and 2€A.
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Development of a Novel Fluorescent Probe Based on Nicotinamide Capable of Imaging
Reversible Redox Cycles. (‘Doshisha University) O Yumiko Takeyama,' Naoto Hamaguchi,'
Akira Nakamura,' Tetsuo Ohta,' Yohei Oe'

Fluorescent probes detecting redox changes are essential tools for understanding cellular
redox dynamics. In this research, a novel water-soluble fluorescent probe mimicking NAD"
was developed to monitor redox changes. By introducing a hydrophilic group at the 1-position
and a heteroaromatic ring at the 5-position of nicotinamide, the probe exhibits a reversible
fluorescence response to multiple redox reactions, enabling the independent detection of
oxidized and reduced forms through the use of different excitation wavelengths. This
presentation outlines the probe's design, synthesis, and application, including the quantification
of enzymatic reactions.

Keywords : Fluorescence probe; Nicotinamide; Redox; LDH; Enzyme reaction
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Suppression of Nonspecific Adsorption by Temperature Responsive Hydrogel on a
Plasmonic Chip (!Kwansei Gakuin University, *Czech Academy of Sciences) O Shogo

Fujita,! Dario Cattozzo Mor,? Yasunori Nawa,! Jakub Dostalek,? Keiko Tawa!

One of the challenges in improving the performance of fluorescence biosensors is
suppressing nonspecific adsorption. The temperature-responsive polymer pNIPAAm has a
lower critical solution temperature (LCST) at 32 °C. In this study, the temperature
response and the suppression of nonspecific adsorption was investigated on the plasmonic
chips modified with pNIPAAm hydrogel (HG) using cy5-streptavidin. A shift in the
resonance wavelength of pNIPAAm by the response to temperature was observed, showing
suppression of nonspecific adsorption.

Keywords; Plasmon, Biosensor, pNIPAAm, Temperature, Nonspecific Adsorption
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Cytosolic Protein Delivery via Protein-Coated Amorphous Microparticles Based on Boron
Clusters and Cationic Polymers (Osaka Dental University)OYoshimasa Makita, Yuya Hirai,
Shin-ichi Fujiwara

Direct protein delivery to the cytosol facilitates immediate functional expression of proteins
without the risks associated with gene introduction. However, the technology for delivering
various proteins to the cytosol is still in its infancy. The combination of boron clusters (B12X,*
7) with a cationic polymer containing quaternary ammonium resulted in the formation of
microsized particles (BPMs) in both BixHi»*> and Bi:Brix® systems. When proteins were
incorporated into these BPMs, the formation of protein-bound BPMs (protein-BPMs) was
confirmed. Notably, protein-BPMs prepared with B1»Bri,>~ were found to be efficiently
internalized into cells via endocytosis and subsequently released the encapsulated proteins into
the cytosol.

Keywords : Microparticles; Boron Clusters; Cytosolic Protein Delivery
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1) Y. Hirai, Y. Makita, J. Asaoka, Y. Aoyagi, A. Nomoto, H. Okamura, S. Fujiwara. ACS Omega 2023, 8,
35321.
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Measurement of galvanic potential using the electrical environment of surfactant

molecular films

(\Department of Material and Environmental Chemistry, Utsunomiya University, *Center for

Instrumental Analysis, Utsunomiya University) OMinami Nakada,! Makoto Roppongi,? Toru

Oba'

Voltage-sensitive dyes (VSDs) have been used to visualize potentials across cellular and organelle
membranes. A simple method screening voltage sensitivity of the candidate dyes is required for
efficient development of VSD. In this presentation, we will report on the evaluation of the electro-
static potential of oil-in-water emulsion droplets using VSDs we developed. The oil phase (dye 1
(Fig. 1) and tetrapropylammonium (TPrA") salt of tetrakis(4-chlorophenyl)borate in 1,2-
dichloroetahne) was dispersed by sodium dodecyl sulfate (SDS) in water. Addition of TPrACI (0.5
~ 5 mM) to the dispersion increased the fluorescence intensity of 1. A rate of increase was

proportional to the equilibrium Galvanic potential difference of the O/W-emulsion droplets (Fig. 2).
Keywords : Galvanic potential, membrane potential, micelle, voltage-sensitive dyes.
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(B FHE T - PROKPERHE T %) OFJR 175z ' - Bhagya Lakshmi Sankaramangalam
Balachandran® - Rift #ifsf > « 3 3L 7 - R K- F8F 72

Measuring the lateral diffusion behavior of single guest molecules in lipid layers using single-
molecule tracking based on monochromatic excitation fluorescence switching (MEFS)
('School of Engineering Science, Osaka University, *Graduate School of Engineering Science,

Osaka University) OKosuke Yoshihara,' Bhagya Lakshmi Sankaramangalam Balachandran,’
Yuki Amatsu,” Nozomi Watanabe,? Hiroshi Umakoshi,? Syoji Ito

Phospholipids forming the major constituents of cell membrane mediates the entry and exit
of biomolecules in the cell. This role has been advantageous in the field of membrane lipid
therapy (MLT) for treating diseases. Understanding the structure, viscoelastic properties, and
fluidity of lipid membrane can be helpful in optimizing the key processes in the MLT. We, in
this study, applied monochromatic excitation fluorescence switching (MEFS) for diarylethene
derivatives (DAEs)"™ to investigating spatiotemporal properties of lipid membranes. Lipid
membranes containing DAEs were prepared on glass substrates. The DAEs exhibited
fluorescence switching under CW 532-nm photoexcitation and lateral diffusion in the
membranes, confirming the validity of the application of MEFS-SMT to the membrane systems.
Their photo-switching properties and lateral diffusion behaviors of the DAEs were tracked at
the single molecule level and analyzed.

Keywords : Fluorescence switching, Diarylethene, Lipid layer, Single-molecule imaging
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DR EFhE Y A A v F (MEFS) 29|z fluorescence switching behavior of
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1) R. Kashihara, et al., J. Am. Chem. Soc. 2017, 139, 16498. 2) Y. Arai, et al., Chem. Commun. 2017, 53,
4066. 3) S. Ito, et al., Polym. Chem. 2022, 13, 736.
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Enhancement of anticancer activity employing block copolymers of polymeric transition
metal complexes and cationic glycopolymers through improving the intracellular membrane
passage mechanism ('Dept. of Appl. Chem., Facul. of Sci., Tokyo Univ. of Sci,?Dept. of
Chem., Grad. Sch. of Sci.,Tokyo Univ. of Sci) OKazuki Anami,' Yosuke Hirata,” Genta
Aoki,?> Hidenori Otsuka'-

Polymerizing a metal complex DPA[Cu] has been reported to intercalate with DNA, form
an oxygen-copper complex dinuclear intermediate, produce ROS, and cleave DNA, exhibiting
anticancer activity [1]. This DPA[Cu] polymer, which has anticancer properties, was designed
to formulate triblock copolymer, Lac-co-DMAE-b-pDPA[Cu]-b-pPy, to enhance its drug
efficacy and tumor targeting(Fig. 1). This polymer was loaded on gold nanoparticles to
investigate the synthesis of nanoparticles targeting cell nuclei. We have succeeded in
synthesizing a diblock copolymer of AcLacs-co-DMAE;i-b-pDPA»s(Fig. 2). We also
synthesize Lac-co-DMAE-b-pDPA[Cu]-b-pPy by sequential pyridine polymerization and
copper complexation, and evaluate its anticancer activity against hepatocellular carcinoma
cells(HepG2) by loading it onto gold nanoparticles. Furthermore, we will investigate the
nuclear membrane-passing function of Lac-co-DMAE by evaluating the selective anticancer
activity against lung cancer cells and breast cancer cells by loading a random copolymer formed
by cationic DMAE and Mannose mixed with above gold nanoparticles as a cell recognition
site.

Keywords : multivalent effect by polymer, cell nucleus, glycans, copper complex, anti-
cancer drug
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[Reference ]1. S. Osawa, H. Otsuka et al. Macromol. sepuence controlled multiblock
copolymerzation of AcLac-co-DMAE(a)

Rapid Commun. 2021, 42,2100274. and  AcLac-co-DMAE-b-pDPA(b),(a,b)

GPC chromatogram
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Surface modification of silver nanowires for the extraction of target organelles from single live

cell (‘Eng., Kyoto Univ., *Grad School of Eng., Kyoto Univ., *iCeMS, Kyoto Univ.,*The Hakubi

center, Kyoto Univ., >JST PRESTO) O Ryoma Terada,'* Tomoki Tateishi,>* Shuhei

Furukawa,>* Tomoko Inose,>>*>

Organelles play an essential role in maintaining cellular functions, such as metabolism and
energy production. For instance, mitochondria are vital organelles responsible for energy
production. However, even within a single cell, mitochondria exhibit heterogeneity in protein
levels and other factors. This heterogeneity influences processes such as tissue regeneration
and tumor progression, yet its impact on cellular functions remains insufficiently understood.

In this study, we aimed to develop a novel technology to extract targeted organelles
exclusively from living single cells, enabling the quantitative evaluation of DNA and protein
components within these organelles. We employed a technique called Plasmonic Nanowire
Single Live-Cell Endoscopy, which utilizes noble metal nanowires that can be inserted into
cells without damage. Specifically, we developed a method to modify silver nanowires with
diazirine compounds that bind to proteins on target organelles upon light stimulation.

First, we synthesized a novel diazirine compound through amidation. We then investigated
the conditions for immobilizing the diazirine onto the surface of azide-modified silver
nanowires using click chemistry. The modification process was evaluated using 'H NMR,
Raman spectroscopy, and IR spectroscopy.

Keywords : Plasmonic Nanowire Single Live-Cell Endoscopy, Diazirine, Surface Modification
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Study on Reducing the Alkaline Odor of Hair Bleaching Agent (!Toyo University Himeji Senior
High School, *Graduate School of Maritime Sciences, Kobe University, 3Graduate School of
Science, Technology and Innovation, Kobe University, *Okamoto Corporation) oMaya Yoshii!,
Sotaro Sato?, Takuya Katayama?, Ryota Ikeuchi?, Hiroki Hotta?, Yoshio Tsujino®, Shingo Washika*

When bleaching hair, melanin is generally decomposed and bleached by oxidants such as
hydrogen peroxide in an alkaline solution. However, since amine-based alkaline agents such as
ammonia water are used, a strong odor is an important issue. Therefore, in this study, persulfate,
which is known as an active ingredient in bleaching agents, was added to ammonia to increase
the efficiency of the bleaching process and to reduce the alkaline odor. Figure 1 shows the
results of a comparison of L* values, an index of brightness, between samples decolorized with
ammonia alone and those with ammonia plus persulfate. In both cases, the L* value increased
with the number of treatments. However, after four or more treatments, the sample decolorized
by adding persulfate to ammonia was found to be brighter and more effective. The results of
further treatments and changes in the amount of cysteic acid on the hair surface with treatment
will be reported.

Keywords : Hair Bleaching;, Ammonia, Persulfate; Brightness L*; Cysteic acid
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Development of Transient Hydrogel that Exhibits Programmable Sol Transition Driven by
Enzymatic Dephosphorylation (!Graduate School of Engineering, Osaka University) ORyo
Sekiya,! Masahiko Nakamoto,' Michiya Matsusaki'

Biological reactions-responsive hydrogels are of great interests as drug release systems.
However, in contrast to the kinetic control of various biological phenomena under out-of-
equilibrium conditions, the response of many hydrogels is based on equilibrium control. We
present here a transient hydrogel with phosphate ester-mediated cross-linking that exhibits
autonomous sol transition driven by enzymatic dephosphorylation. Controlling the kinetic
balance between gelation and sol transition pathways, the lifetime can be programmed on a
wide range from an hour to three months. The encapsulation of the sol transition pathway
within the hydrogel provides autonomy, robustness and regulatory capacity. This work would
provide a strategy for engineering carriers of proteins and/or cells in tissue engineering and/or
drug release system.

Keywords : Hydrogel; Sol-Gel Transition, Dephosphorylation; Enzyme; Out-of-Equilibrium
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1) H. Wang et al., Adv. Mater. 2015, 27, 3717. (C) Autonomous sol transition of the hydrogel
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Detection of buried landmines using a microbial biosensor that changes fluorescent color with
2,4-dinitrotoluene, an explosive component (1. Sch. of Biosci. and Biotechnol., Tokyo Univ. of
Technol.) OKai Nishimura!, Taiga Yosizawa', Takuo Akimoto'

Landmines have become an international problem, because they remain semi-permanently
in an area. A microbial biosensor which can detect landmines by changes of fluorescence color
owing to FRET has been developed in our laboratory. For this purpose, we constructed a gene
of TVMYV protease placed downstream of yqjF promoter which responds to 2,4-dinitrotoluene
(2,4-DNT), a decomposition product of trinitrotoluene, and a gene of fluorescence protein pair
comprising tdTomato and GFP connected with TVMV recognition peptide (tdTomato-GFP).
However, the fluorescence protein pair required more than 48 hours to mature in this system,
and, moreover, the changes in fluorescence color by 2,4-DNT was not significant. Thus, in this
study, fluorescence protein pair of TagRFP-Ametrine was constructed to reduce the time for
the maturation and to obtain the distinct change of fluorescence color.

Keywords : Microbial biosensor, Landmine, 2,4-dinitrotoluene, FRET
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Development of a BOD sensor using circularly permuted fluorescent protein as an indicator of
intracellular ATP ('Bio Science, Tokyo University of Technology) ORyosuke Kishida,' Yuto
Kanno,'! Takuo Akimoto'

BOD can be evaluated using intracellular ATP of microorganism. To evaluate BOD,
Saccharomyces cerevisiae expressing a fusion protein comprising a bacterial ATP synthase ¢
subunit sandwiched with CFP and YFP was constructed” and has been reported to exhibit the
changes of fluorescence color depending on BOD?. However, the changes of fluorescence
color was not significant. Therefore, BOD sensor based on intracellular ATP measurement
using € subunit and circularly permuted GFP (cpGFP) was developed in this study.

Because a fusion protein comprising € subunit and cpGFP (€ subunit-cpGFP) can show the
change of fluorescence intensity by ATP?), S. cerevisiae expressing & subunit-cpGFP can be
expected to exhibit the changes of fluorescence intensity depending on BOD. If this BOD
measurement based on intracellular ATP could be developed, continuous monitoring of BOD
could be achieved without electrode and reagents.

Keywords : Biochemical Oxygen Demand,; microbial biosensor; circularly permuted GFP
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1) H. Imamura et al., PNAS (2009), 106(37),15651 2) Y. Kanno et al., Anal. Sci. in press
3) H. Yaginuma et al., Sci Rep. (2014), 4,6522
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Analysis of polyamines by the James-Bull method using a diol having pyrene moiety
(Doshisha University) OKisara Murakami,' Naoto Hamaguchi,' Akira Nakamura,! Tetsuo
Ohta,! Yohei Oe!

Pyrene-tethered diol was prepared by the condensation reaction of 1-pyrenebutanol with 3,4-
dihydroxybenzoic acid. 1,4-Diaminobutane was treated with the prepared diol and 2-
formylphenylboronic acid in acetone to form the complex, which showed the expected excimer
fluorescence at 475 nm. The linkage of the three components was investigated by 'H NMR
experiments. After exploring qualitative analysis, consideration is given to the opportunities
for possibility of quantitative analysis.

Keywords : Fluorescence; Polyamine; Excimer, Pyrene,; James-Bull method
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1) F BiasE, SOk, KEES, KICET, BAREERE 104 BFEZR, Pl-lvo.

© The Chemical Society of Japan - [PB]-3pm-107 -



[PB]-3pm-108 AA(LSa H1055FE4 (2025)

SREBEBOTINI—RA T T IVGERKRER: F—/ 3 Vg
v e A Rl DY - )

GROERERAEMB T ) OfFA £ RH &ik'

Investigation of conditions for a dopamine biosensor using the glucose signaling pathway in
fission yeast(' Graduate School of Life Science Technology, Institute of Science Tokyo,) O
Kazuki Morimoto,' Toshiya Osada'

Since G protein-coupled receptors (GPCRs) are involved in diverse signal transductions in vivo
and cause various diseases, it is expected to construct a novel ligand discovery system for
orphan GPCRs. In this study, we used fission yeast (Schizosaccharomyces pombe), which has
a GPCR signaling pathway similar to that of mammals, as a foothold for the construction of a
novel ligand discovery system. By incorporating green fluorescent protein (GFP) downstream
of the signal pathway in fission yeast, we constructed an assay system that can detect ligand
responses as fluorescence changes. Based on this system, the G protein and adenylate cyclase
in the pathway were replaced with those from mouse. In this study, we explored the potential
application of this system for dopamine receptor agonist and antagonist discovery. As a result,
ligand-specific responses were confirmed by optimizing the conditions. The application of this
system to the antagonist search for the same receptor was also evaluated.

Keywords : G protein-coupled receptor, dopamine receptor, Schizosaccharomyces pombe

G X LR I Z IR (GPCR) 1XAEMRNTE 2y 7 UBZEICE S L, &% &
FRERBOFRREE D L, A—7 72 GPCRICXT HHHY T FEEE RO
ENHFBFENTWD, ABFZETIE, Bl Vo FEERBEEDO RN & LT,
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Photodynamic therapy using polymeric micelles (! National Institute of Technology, Yonago
College Department of Materials Engineering,’National Institute of Technology, Yonago
College Department of Materials Engineering advanced course,’Bioengineering, National
Institute of Technology, Yonago College Department of Materials Engineering,’Chung Hsing
University, Taiwan, Faculty of Science, Department of Chemistry) O Daichi Matsumoto,'
Hayato Yao,? Yoshiyuki Uruma,® Ping-Shan Lai *

PDT is a selective treatment that utilizes the photochemical reaction between light and a
photosensitizer. It has the advantage of being noninvasive and less invasive for patients.
However, the photosensitizer remaining in the body after PDT treatment reacts with sunlight
and causes photosensitivity. To solve this problem, the development of photodynamic therapy
using a drug delivery system (DDS) is expected. We have investigated polymeric micelles,
which have advantages such as high accumulation in cancer tissue and low toxicity, as
nanocarriers for DDS.

In this study, we synthesized zinc butoxyphthalocyanine-containing block copolymers and
succeeded in developing new polymeric micelles. We also clarified that the critical micelle
concentration (CMC) was 0.16 mg/mL and performed photocytotoxicity tests at CMC using
cervical cancer cells (HeLa) and breast cancer cells (MCF-7). The results of photocytotoxicity
will be presented on the day.

Keywords : Cancer; PDT; Photosensitizer; DDS; Polymeric micelles

PDT (3% & SEHRAN D YA G 2 R LI @INAOERIETH Y . FHREATHR
FA~OEHEND IR WREN D D, LU, PDT 1G%. IRNICFRE U 7= A S K
Bt & RE L, eRBEUEZ 5 R4, ZoMEEfRRT L7201, KT v 7T
YNY — 27 A(DDS) %MWz PDT OEBAPHIFF SN TS, Froxld, mkik~
DEFEMENE S, BEMEWHREZFF RS FIELEZDDS O/ Fx U T L LT
MELTX7-, AT, Hifh T "X 7aus T ahf 7 uy 7 LEAKRES
BRL. FEESFI B AOBRICHRSI L. P, £72. BRI BLBEE (CMC) 2% 0.16
mg/mL THHZ EEWLNTL, FESEME (HeLa) & ZLEMAN (MCF-7) 2 H
T CMC CTOXMaEIERBR AT - 72, Y Bt EEoEE2RET LI FETH
Do

S SE—
(o dozd =
: B
meanone__ENy

4

1) Zheng, Y., Li, Z., Chen, H., Gao, Y. : Eur.J. Pharma.Science 144,105213(2020)
2) Uruma, Y., Yao, H., Altannavch, B., Hara, N., Chen, L., Lai, P. : Result in Chemistry, 7,101499(2024)
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Detection of CyS-streptavidin on the plasmonic chip photochemically modified with Biotin
(‘Kwansei Gakuin University, *Sitama Institute of Technology) OMoe Taniguchi,! Kyohei
Asano,! Yasunori Nawa,! Mutuo Tanaka,? Keiko Tawa!

The plasmonic chip is a substrate with a wavelength-sized structure covered with thin metal
layers, and an electric field enhancement based on the plasmon resonance can be provided. In
this study, a photoresponsive molecule (4-((2-formyl-3-methylphenyl)thio)benzoic acid) (B-O-
MBA) conjugated to the chip surface reacted with biotin-maleimide in the irradiation spots and
the fluorescence intensity of Cy5-labeled streptavidin (Cy5-SA) was detected using the biotin-
avidin interaction. The fluorescence images of Cy5-SA prepared at 1 nM and 10 nM were
observed by upright-inverted fluorescence microscopy with transmission light. As a result of
the analysis, the promotion rate of reaction was around 3.

Keywords : Plasmon, photochemical reaction, biosensor, Biotin

TITRE= I Ty S IIER TEDNEEEY A X0 EE FF O T, 7T XE
BT XAEGHE RN AEL D, KIS EMS T (4-((2-formyl-3-methyl
phenyl)thio)benzoic acid) (B-O-MBA) Zf&ffi L7=F » FIZal#t 2 T2 &, Stk
FIROSIZ X0 MR EPTNC O RHFREDER S, v LA I REFETEL LI 5,
AT TIE, KRE ARy MZOAER S NTZ B-O-MBA AL B4 F -~ LA
I REMAESETHEAEZK L, CyS 55k A b L7 h 7 BV (Cy5-SA) D iR
RN A TF - T UMAEREZFME LT, S HICZDOFEICLDI~YAVTFT
VA BIOBRENA A —DOEL B LT,

Vet UT= 71 /83— Z A28 v F 480 nm, IR S 30 nm D[RR (7L X7 A 4l)
T LA DL TR EVER R (PAK-02-A)TX T/ A 7Y v MEIC K R L
2o ZOFEMIT RF A8y ZIETTi, Ag, Ti, ZnO, SiO: % ZDJETHEMEL TFF X
FTow I F o T EER LS, FEET S /bl &b/ = —/L— AT B-O-
MBA %7 I FiSE CIERf L7z, EENIIEMEIZ H O CTERDOE R LK T
Y(A =414+23 nm)% 100 fEximpL o X
TS LR R EER LT, Dk
InM & 10nM ISl S N7z Cys-sa s @)
WaEMZ., T O IR % I b8
HWRSL T LT, ST ORE, K
IMEERIIB L Z 3G ThH o7, T2, -
1 DT T K= 7 F v TN THRYE

(b)

ARy N EITRENR/: D Cy5-SA Figure 1. AL SUG TR L7 B4 T
DA EEZITMTH - L NTE, v /L BT AE G LTz CyS-SA OEUGE:
FT7 LA ETTE, (1 nM | (b)I0nM, />—[% 100 um,
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Development of nanomedicines using polyglycerol-modified graphene oxide and its anticancer
application (' The Univ. of Okayama) ORuna Yoshioka!, Yuta Nishina!

Nanomedicines can act on cancer cells through the accumulation of nanoparticles in tumor
tissue with EPR effect, reducing side effects.

Therefore, polyglycerol with a highly branched structure containing many hydrophilic OH
groups was modified on the surface of graphene oxide to enhance biocompatibility. The
graphene oxide-polyglycerol composite was complexed with cisplatin.

The behavior of drug release at different pH was confirmed in vitro and the tumor tissue
accumulation of nanoparticles in vivo using mice.

Keywords : Graphene oxide, Nanomedicine, Polyglycerol

F 0 AT 4 AIEERE~DF R OERE (EPR ) 12X 0 . BAMIIZE
AL, BIEHZ®EBCEHLEE26N TS, !

HAWALTF /v U TR+ LTEEYZ 77 x> (GO) IZEH LT-, GO IXE W
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PEFIAAER & A BRI B 2 2T 5720 IEFICE W B KM 2 O ERER 2o
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1) Sun T, Zhang Y, et al., Angew. Chem. Int. Ed., 53, 12320-12364 (2014). 2) Zhao L, Xu Y,
Chen X, et al., Adv. Funct. Mater., 24, 5348-5357 (2014).
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Production of Apocarotenoids via Chemical Oxidation of B-Carotene and Chromatographic
Analysis (Kwansei Gakuin University, School of Biological and Environmental Sciences) Sou

Morita, Chiasa Uragami, Hideki Hashimoto

Astaxanthin, a type of carotenoid, is known to decompose into apocarotenoids through
oxidation by KMnOa. In contrast, the oxidative degradation pathway of B-carotene, another
carotenoid, has not been extensively analyzed. This study aimed to determine the optimal
conditions for efficiently producing apocarotenoids by oxidizing B-carotene using KMnOa".
Open-column chromatography was employed to separate and purify the resulting products,
confirming the degradation into multiple compounds. High-performance liquid
chromatography (HPLC) analysis was performed on the obtained products, and the results
(Figure 1) were used to further optimize the reaction conditions. This research seeks to enhance
the understanding of the oxidative degradation mechanism of B-carotene and contribute to the
development of synthetic methods for apocarotenoids.

Keywords * apo-carotenoid ; f-carotene

IaT ) A RO—FETHLHT AX XY F 0%, KMn04 2 K HBLNGS CT R a T
A RIZHENsZ R Tnsd, — 5T, MUK asr /A4 RTHDHB-H
DTV@MMAM%%_OwTH\ﬁﬂﬁ%ﬁﬁﬁbhfwﬁwo
AWFFETIE, KMnOsZAWT -7 o &2@k "L, 7RI aT /A4 NEEZHEN
AT 272D OEGHEGFIEZRET LTz, S 52, Ao nEE - Iz —7 %
Fhrvuav 7T 7 4 —%wA L, BEOILEM~D iR E MR Lz, 1504
N HOWTIEL HPLC &3 L, = o
fi R (Figure 1D IZHEAS W TSSO
Wb ZHED T, AFRIL, - T D
BRI SR A 71 = 2 L OHfREZTED D &
Ebic, TRIuT A REOGKTE 7]
DEFICERT 5 L BIRL TS, SN
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1 ) ACS Omega 2022 , 7’ 29341-22350 Figure 1. HPLC chromatogram of the apo-carotenoid solution
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Construction of functional hydrophobic lumen by amphiphilic molecule (Graduate School of
Science and Technology, Kwansei Gakuin University.) (ONaoko Matsumoto, Kohei Sato

Tubular assembly of proteins is
known to be essential for various
biological events. Inspired by these
supramolecular assemblies found
in  nature, various artificial
nanotubes have been synthesized
and their functions have been
studied in detail.'”* However, most
of the nanotubes are formed in

organic  solvents and  the
construction of artificial nanotubes  Figure. Schematic illustration of the formation of

in aqueous conditions remains artificial nanotube through the self-assembly of
challenging. Here, we designed fluorinated oligoamide macrocycle.

novel amphiphilic = molecules

composed of hydrophilic oligo(ethylene glycol) (OEG) chains and hydrophobic aromatic units.
The introduction of OEG chains is expected to improve the solubility in water, and the
hydrophobic aromatic units were designed to form a hydrophobic functional lumen in aqueous
environments. Details of the synthesis of amphiphiles and their functions will be presented at
the conference.

Keywords: Amphiphilic molecule; Biomimetics; Nanotube

Fex DENICITF 2—7RICHOES L TEEERBEEL BIT 5 2 0 VBN
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IR E L CINEER T X F L o TW D, £ 2 CTARMFZETIE, BUKMEASY =51
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1) M. N. Tahir, A. Nyayachavadi, J.-F. Morin, S. Rondeau-Gagné, Polym. Chem. 2018, 9, 3019.

2) D. Talukdar, J. M. Kumar, B. Gole, Cryst. Growth Des. 2023, 23, 7582.

3) Y. Itoh, S. Chen, R. Hirahara, T. Konda, T. Aoki, T. Ueda, I. Shimada, J. J. Cannon, C. Shao, J.
Shiomi, K. V. Tabata, H. Noji, K. Sato, T. Aida, Science. 2022, 376, 738.
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Development of PeT-type Voltage-sensitive dyes (! Department of Material and
Environmental Chemistry, Utsunomiya University, > Center for Instrumental Analysis,

Utsunomiya University) OSatoshi Saito,! Makoto Roppongi,? Toru Oba!

We have been studied voltage-sensitive dyes with higher sensitivity. We synthesized bodipy
analogues with a molecular wire that connects electron-donating aniline and electron-deficient
quinoline moieties. Dye 1 gave a fluorescence peak at 545 nm in CHCls. Dye 2 gave a sharp
fluorescence peak at 521 nm and a broad emission band at 599 nm in diethyl ether. We
examined their voltage-sensitivity by changing surface potential of SDS micelles that
solubilized the dyes. The fluorescence intensity of Dye 1 increased monotonically with the
change of the micellar environment, while the two fluorescence bands of Dye 2 increased at
different rates. It is suggested that two excited states of Dye 2 were in response to the

environmental changes differently.

Keywords :  membrane potential, molecular wire, photo-induced electron transfer, quinoline,

voltage-sensitive dye.

Fea T LY FRERE BRI AR OB 2 5 L, B rBEAL A = X L% £
2 bodipy FHZFAEZ R L CTE 7z, AW TIE, S/ VUV VEKEELD VA VY —%
e L7- bodipy Hia AR LT=, %/ VU 2 ® 22 bodipy ZEA L1, 7 ook
JVLHITC 545 nm IZHObE— 2 2527, ¥/ U & bodipy DFICE m—/L Z A TS
2%, P F L= —TF LT 521 nm IZEVVEEE— 7 & 599 nm (ZHE AV VE 3
HWah 27, 1% SDS IBMINET 5 &, I EAREOBMOZECIT, LD 458
FERHEFEIN L=, —F. 2 TlE., 2 O O®EFEHE OBINRIZZFENFR R 72 - T
BY, 2OOREPERDIERICEZ L TWD LB BN,
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Photoinduced cytotoxicity of Diarylethene derivatives with polar functional groups
(‘Ryukoku University, > National Institute of Advanced Industrial Science and Technology

AIST)) ONorikazu Maruyama,' Kimio Sumaru,” Kana Morishita,” Kingo Uchida.?
Y

Diarylethene (DAE) is a photochromic compound that is reversibly isomerized by light. We
have reported that the double-strand breaks of DNA are induced by repetitive cyclization and
cycloreversion reactions when planar and hydrophobic DAE closed-ring isomers are
intercalated between base pairs of DNA upon irradiation with blue light where both isomers
have the absorbance. However, drugs that are too hydrophobic may have problems with
solubility, bioavailability, etc. Therefore, it is one of challenges to improve the hydrophilicity
of DAE. Adding polar functional groups to molecules is the easiest way to improve
hydrophilicity, but the introduction of polar functional groups may alter membrane
permeability and intercalation ability, which may affect photoinduced cytotoxicity. In this study,
we evaluate the effect of DAE derivatives with added polar functional groups on photoinduced
cytotoxicity and report the results.

Keywords : Photochromism, Diarylethene; Photoinduced cytotoxicity, polar functional group
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1) Y. Nakagawa, T. Hishida, E. Hatano, K. Sumaru, K. Morishita, K. Kirito, S. Yokojima, Y.
Sakamoto, S. Nakamura, K. Uchida, J. Med. Chem, 2023, 66, 5937-5949.
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Synthesis and evaluation of membrane-localizable gefitinib derivatives targeting an EGFR
mutant (Graduate School of Engineering, Nagoya Institute of Technology) OKeishi Mitamura,
Keita Tsutsui, Yoko Fukaya, Shinya Tsukiji

Once inside the cell, inhibitors “diffuse” and bind to specific proteins, thereby blocking
their activity. However, the target proteins of these inhibitors are often localized to specific
membranes or organelles within the cell. Therefore, we hypothesized that the inhibitory effect
could be dramatically improved by “self-localizing” the inhibitor to the target protein's
localized region, rather than allowing the inhibitor to diffuse freely within the cell. By
concentrating the inhibitor in the localized region of the target, its local concentration can be
increased, potentially improving both the inhibitory effect and specificity. In this study, we
present a proof-of-concept demonstration of this strategy using gefitinib, a compound that
targets epidermal growth factor receptor (EGFR) mutants. The presentation will cover the
design and synthesis of self-localizable gefitinib derivatives and an evaluation of their
inhibitory activity against EGFR mutants.

Keywords: Inhibitor, Gefitinib, Epidermal Growth Factor Receptor, Plasma Membrane

FHEANIT—MIC, Mg 980 L, FFEDX 7 BICHETHZ L TED
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PHE SRR RS A M ETE 5 b0 e ifF S D, Fio, RFTIICHERRE % &
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FTHmWILESREZ RS TSN ATREMES IR S D,

AWFFEClE, ERRERTZHEE (EGFR) BREZEN LT 577 4 F =7 & f=
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Synthesis of covalent drug polyionic liquid particle conjugates for DDS (' Graduate School of
Engineering, Oita University, *Research Management Organization, Oita University,

3Faculty of Engineering, Kindai University, *Faculty of Science and Technology, Oita
University) ORikuto Kumada,' Hiroyasu Nisiguti,? Satoshi Kitaoka,* Koaru Nobuoka®

Our group has been studying biopolyionic liquid-derived nanoparticles as biocompatible
DDS carriers. In this study, drug loading via covalent bonding onto biopolyionic liquid
nanoparticles was investigated. The nanoparticles were obtained by suspension
polymerization of PDMAEMA with acetylcholine motifs and drug cisplatin derivatives were
bound via ester bonds.

Keywords : Drug Delivery System; lonic Liquid

HUE, K% 72DDS ¥+ U 7 BHE STV D, 2 o
NooHEREO —OICEKEE O ERSH D, £ o o N o
T Bx DT N—=T T, ERA A T O 5 M /\,HN'\PL/‘NH
BB LTS, AR CIEIME ok L, & e

DEERIERIORE A HE L, 7&F /=Y L FF Figl Cisplatin derivative-loaded polyionic
— T DR A F UHARBR T2 A 75 F o gkE Kk liquid particles

& T AT VAEG ST LTl & S 72 DDS BRI % B L7=(Fig.1), =0 DDS Sbfli34:
KPICIFIET D= 257 5 —PIC L DB NG T %,

DDS - U7 &72% PDMAEMA Ok FI3EREE G L VT L7z (Table.])
Entry 2 O FAFIZE VTR 78 0.26 um &9 EPR 2hE & #IRF lRE72 Y1 R kL
FofEbitic,  (Fig2).

Tablel Investigation of polymerization of DMAEMA by radical polymerization

Q rll V-50 / PVP |
J——— n
%OA/ ™ 7 H,0/MeOH LN
Entry DMAEMA[mL] BiE[mL] PVP[g] FRAsaHI[g]l GRE[C] EME[h] HFE[pum]
1 0.50 5.0 (k:MeOH=1:1) 0.05 0.02 (V-50) 60 24 1.00
2 0.50 5.0 (k:MeOH=1:1) 0.10 0.02 (V-50) 60 24 0.26
3 0.50 5.0 (k:MeOH=1:1) 0.10 0.04 (V-50) 60 24 0.77
4 0.50 5.0 (:MeOH=1:1) 0.10 0.02 (V-50) 60 3 0.43

AR E 72 DDS ¥+ U 7 % HeLa fifcliZiRIN L7 & 2 A, 1000 mg/L T & flifaidiE
FAGFLTEY, GWAKEEEEZRLIEZ END DDS v U7 & LTOFMMERN
R E NI, FEETIL.DDS F v U 7 ~D Y A7 T F o OHEH(Fig ) b st L7zD T,
P TlET 2,
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Development of photoswitchable inhibitors based on the proximity-driven reaction on the
surface of proteins ('Kyoto Institute of Technology) OSota Fujiwara,' Yuka Segawa,' Kazuya
Matsuo,' Tomonori Waku,! Akio Kobori!

Photopharmacological ligands' are small-molecule ligands integrated with reversible
photoswitches including azobenzene derivatives. Using reversibly photo-controllable ligands,
their pharmacological effects can be precisely controlled with high spatiotemporal resolution
through light illumination, thereby promising significant enhancements in selectivity and
toxicity. However, we usually suffer from the potent difficulties of the discovery of the effective
photopharmacological ligands due to the lack of rational and logical strategies to design the
photoswitchable ligands. To overcome this drawback, the DNA encoded library (DEL)? for
photoswitchable inhibitors will be designed based on the proximity-driven bioorthogonal
reactions on the surface of proteins. In this poster presentation, we report the results of our
photofunctional DEL system for carbonic anhydrase (CA) as the target protein based on
hydrazone formation.

Keywords : photopharmacology;, DNA encoded library, photoswitch, bioorthogonal reaction

BRI DINY ) T R, W S 2 v T S R e EO A
A v FHTEME UTEREE Y T RV ik, BERICER AN TH D [
EHWASZ ECOALEDORFEM T Ty RIREREIEL 2 LN TX 5, L3S
UV REBST 010103 AL v TFntu2 )Ty REBR~NEATLHIVLEND S
23, BAEA L THZDORITHISEER o720 U RERAERNIELS 7
STV T EHE, TDOD, HERMEEESEY H 2 RO, B@REMEICK
ILEFELTVDONRBURTH Y | IR OIS 2 W H T& 2 % L 37 B idh T
[REFITH 5,

ARFFETIE, & X7 BRE TOEEDRIC X DARERKISEFRA L, 3R
U A REBEHET 5720 DNA encoded library (DEL) 270N %2 B L7z, =AY
R TEELTKRBHRAKESR (CA) Z2&RL, OV T FTHD
benzenesulfonamide |27 /LT & REZEA LT U h—{bEWE ., b RT P AE
ALET VY RCBVFBERERE L, 262N T, BnEte R7 Y U aFEk
AR L, 0O CA BEEM LUV EMEZRHE L7z, =512, DEL {E~D R %
HigL. 7o — kA e DNASHAN G Lzt KTV BT Y RV ahiE ik %
fESH, EEPCRIEICED ., CA ~OFREETEMZFHE L=, AFETIE, ZhbDif
AL CA ONFEHFY H o RERRMIEST 57200 DEL JEIZBE L THE L, &
RS

1) P. Kobauri, F. J. Dekker, W. Szymanski, B. L. Feringa, Angew. Chem. Int. Ed. 2023, 62,

€202300681.
2) A.L. Satz, A. Brunschweiger, M. E. Flanagan, et al. Nat. Rev. Methods Primers, 2022, 2, 3.
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Development of fluorescence probes based on steric repulsion-induced twisted intramolecular
charge transfer (sr-TICT) (Graduate School of Pharmaceutical Science, Keio University)
OMizuki Sugimoto, Eita Sasaki, Hisashi Ohno, Kenjiro Hanaoka

Fluorescence probes show high sensitivity and ease of use for detecting biomolecules. Recently,
we demonstrated that the fluorescence of rhodamine dyes, which are widely used in bioimaging,
can be quenched through the steric repulsion-induced twisted intramolecular charge transfer
(sr-TICT) V. In this study, we applied this quenching mechanism to develop novel fluorescence
probes in which a fluorescence is restored upon cancellation of the intramolecular steric
repulsion by the specific reactions with the target molecules. Specifically, we designed and
synthesized fluorescence probes by introducing a bulky benzyl substituent to the nitrogen atom
at 3-position of the xanthene ring in Rhodamine 6G, generating the steric repulsion with the
methyl group at 2-position of the xanthene ring to quench a fluorescence via sr-TICT. These
probes exhibited a negligible fluorescence in PBS but showed a large increase in fluorescence
intensity upon addition of the target molecules, while the benzyl group was eliminated as an
(imino)quinone methide?. This molecular design can be widely applied to enzymatic reactions
involving (imino)quinone methide elimination, thus would provide a promising approach for
the development of new fluorescence probes that have not previously developed by the
conventional methods.

Keywords: Fluorescence probe; rhodamine, quenching mechanism.

FENNZ K > TERD T ERET 2967 v —713, ZOEWEE & BEOB{E X
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b5, T, xR ITH TSRS D 22 TV TN BT B (sr-TICT) Z 3555
DT T A NCE ST, =X I VEHOENEEZHEILSED T LTI LT D, A
ZECIE, st-TICT B2 IS H L, KA1 & OSUSIRE 5 SEARFE DFEEIZ L - Tt
HemMEE S D8 len — & X VIFEBIRORIE AT oo, BARIZITIr—4 I 6G D
FH T VR INOBERIFEFIIHI EmWEIRE (RN UAFFER) 2E8AL, 240
AF NI L DRI L5 se-TICT I L » T S/ 7 e — 7 2R3 ARk L=,
A7 a—71%, PBS FCIRIFHEAOEMEZ R L, A FIC L D _RUDIVEERE ) R
FRELUTHBEL, SEMENRRKE EF L2, AR THUE se-TICT I
S FREEHEL. (12 ) /AT REBBET D8k~ el MOG5 5 H AT RE
THY RO FIETIIREE 2R 0 — 7 ORBICEHIRT 5 Z L8 Hif S5,

1) K. Hanaoka, et al, Sci. Adv, 2024, 10, eadi8847. 2) M. Sugimoto, et al., Chem. Pharm. Bull., 2024,
72, 810.
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Development of the photocontrollable thiol scavengers ('Kyoto Inst. of Tech.) OHiroki Sano,’
Ippei Koba,' Kazuya Matsuo,' Tomonori Waku,' Akio Kobori!

Reactive oxygen species (ROS) generated during cellular activities damage the cells
themselves, but cells can survive by effectively quenching ROS with thiol species such as
glutathione, which are present in high concentrations in the cells. Thus, it is expected that the
cancer cell-specific depletion of thiols can contribute to the cancer treatment, but the strategy
of thiol depletion is still difficult due to the lack of spatiotemporal controllability of the
conventional thiol scavengers. We have recently found that some azobenzene derivatives
showed no reactivities with the reductive thiol species in the thermally stable trans form, but
the effective reductive reaction in the metastable cis form. In this study, we develop
photocontrollable thiol scavengers with high spatiotemporal resolution using these azobenzene
derivatives. In the poster presentation, we will discuss the details and cellular application of
our photocontrollable thiol scavengers.

Keywords : Glutathione, thiol depletion; cis-trans photoisomerization
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Morphological Changes of Vesicles by Photoisomerization of Azobenzene Derivatives
(Department of Science, Fukuoka University) OKosei Shioji, Kasumi Kasai, Moeha Dei,
Hironori Ishihara, Hidefumi Iwashita

Photoisomerization of azobenzene is used in various fields. There are some reports that
azobenzene derivatives, which have been functionally modified to increase their affinity with
lipid membranes, are introduced into various vesicles composed of phospholipids, and the
membranes undergo morphological changes by photo-irradiation. To clarify the mechanism of
morphological changes of vesicles due to the photo-isomerization of the azobenzene
derivatives, vesicles formed by phospholipid bilayer membranes including several azobenzene
derivatives were prepared. When vesicles of different particle sizes including the azobenzene
derivatives were mixed and irradiated, a reduction in the particle size distribution was observed.
We found the narrowing of the particle size distribution width is more remarkable as the photo-
isomerization rate of the introduced azobenzene derivative increases.

Keywords : azobenzene derivatives, photo-isomerization, phospholipid bilayer membranes,
morphological changes
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1) T. Lohmiiller, et. al. Langmuir, 2017, 33, 4083-4089. T. Hmamada, et. al. Langmuir, 2017,
33,2671-2676. K. Kasai, et. al., J. Oleo Sci., 2022, 71, 747-757. K. Shioji, et. al., Chem. Pap.,
2023, 77,3025-3034
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Syntheses and Properties of Chlorophyll Derivatives with an lonic Substituent (Faculty
of Advanced Science and Technology, Ryukoku Univ.) O Yuka Sumida, Akari
Nakamura, Tomohiro Miyatake

Chlorophyll molecules are natural photosynthetic pigments and generally exhibit poor
water solubility. To enhance their solubility and form stable aqueous assemblies,
hydrophilic ionic substituents were introduced. Using natural chlorophyll-a as the
starting material, chlorophyll derivatives with cationic or anionic substituents were
synthesized by replacing Mg?** with two H" and modifying vinyl and ester moieties at
the 3-and 17%-positions. The properties including optical spectra of these ionic
chlorophylls in aqueous solutions were investigated.

Keywords : Chlorophyll; Photosynthesis, Amphiphilic Molecules
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Imparting water solubility to cytotoxic photochromic diarylethenes ('Graduate School of
Engineering, Ryukoku University, > National Institute of Advanced Industrial Science and
Technology) Kamba Midori,'! Maruyama Norikazu,' Sumaru Kimio?, Morishita Kana?, Uchida
Kingo'

Diarylethene (DAE) is a photochromic compound that is isomerized by light. We have
reported that the addition of DAE 1¢, which has two thiazole ring moieties, to cell culture
medium of HeLa cells derived from human cervical carcinoma and irradiation with 436 nm
blue light caused cell death only in the irradiation zone. The mechanism of cytotoxicity is
thought to be that the DAE derivative intercalated between base pairs of DNA is irradiated with
light of a wavelength at which both cycloreversion and cyclization reactions occur, and the
repeated these reactions result in DNA double strand break (DSB) 2. This new cell-killing
scheme has the potential to overcome the challenges of conventional photodynamic therapy,
which is less effective in hypoxic environments within tumors. However, the challenge for
actual in vivo use is to improve hydrophilicity. In this study, we designed and synthesized DAE
derivative 2 with methoxy groups and DAE derivatives 3 and 4 with ethylene glycol chains
and evaluated the improvement of hydrophilicity and photocytotoxicity against HeLa cells.

Keywords : cytotoxicity; diarylethene; water solubility, HeLa cells
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1) K. Sumaru, K.Uchida, et al., Chem. Commun., 2015, 51, 10957.
2) Y. Nakagawa, T. Hishida, E. Hatano, K. Sumaru, K. Morishita, K. Kirito, S. Yokojima, Y.
Sakamoto, S. Nakamura, K. Uchida , J. Med. Chem, 2023, 66, 5937.
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Synthesis and Properties of Chlorophyll Dimers Linked with an o-Phenylenediamine (Faculty
of Advanced Science and Technology, Ryukoku Univ.) OHodaka Imose, Tomohiro
Miyatake

Chlorophyll and their derivatives often exhibit pigment—pigment interactions when the
n-conjugate macrocycles are closely oriented. In this study, we synthesized novel
chlorophyll dimers in which the two chlorophyll moieties are linked with o-
phenylenediamine at the 3-position, and evaluated their optical properties.

Keywords: Chlorophyll, Schiff Base, Dimer
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Development of photoswitchable Aurora kinase inhibitors (' Graduate School of Engineering,
Kyoto institute of technology) OKimi Miyagi,! Kazuya Matsuo,! Tomonori Waku,' Akio
Kobori'

Aurora kinases are serine-threonine kinases that are essential for maintaining the mitotic
checkpoint and chromosome segregation during mitotic cell division. Dysfunction of Aurora
kinases results in the induction of polyploidy, through the failure of cell division.

Herein, we develop photoswitchable Aurora kinase inhibitors to control mitotic cell division
with the high spatiotemporal resolution. Compound 1 was designed and chemically synthesized
by converting the diphenylamide moiety in ZM447439 to the azobenzene moiety. The
inhibitory properties were explored through in vitro kinase assay and cell-based phenotypic
assays. In this presentation, we report the details of photoswitchable Aurora kinase inhibitors.
Keywords : Photophamacology,; Photoswitchable inhbitors; Aurora kinase
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Fig. 1. (a) Chemical structure of ZM447439, (b) Photoswitchable Aurora kinase inhibitor 1.
1. P.T. Stukenberg, et al. Front. Cell Dev. Biol. 2023, 11, 1139367.
2. S.S. Taylor, et al. J. Cell Biol. 2003, 161, 267-280.
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Development of a near-infrared (NIR) fluorescent chemigenetic
sensor for Ca?* based on photoactive yellow protein (PYP)-tag and
JFe35

(‘Graduate School of Science, The University of Tokyo) oYuuki Saito,' Takumi Yanagimachi,'
Takuya Terai,' Robert E. Campbell'

Keywords: Chemigenetic sensor, Near-infrared (NIR), Calcium ion, Fluorescence, Directed
evolution

Calcium ion (Ca®") is an important second messenger involved in many biological activities.
To study Ca*" dynamics in vivo, near-infrared (NIR) fluorescence imaging tools with a bright
fluorogenic Ca®" response are ideal because of the better penetration of longer wavelength light
through tissues. Currently, several Ca*" sensors have been developed for NIR imaging, yet these
conventional sensors have some problems, such as the lower brightness of the fluorescent
protein-based biosensors and the lower cell penetration of the synthetic sensors. Recently, a
new type of chemigenetic indicator, HaloCaMP,' was developed that combined advantages of
both protein biosensors and synthetic sensors, by using HaloTag as a self-labeling tag,
calmodulin (CaM) as a Ca®" receptor, and the synthetic NIR fluorescent dye Janelia Fluor 635
(JFg3s). Inspired by this work, we have been focusing on expanding the palette of chemigenetic
indicators by using other orthogonal self-labeling tag proteins to enable multiplex imaging. Our
lab has already developed a family of new chemigenetic Ca*" indicators, the PYCaMP series,
which consist of CaM, photoactive yellow protein (PYP)-tag,® and a synthetic fluorescent
ligand such as DMAC-CMK (green)’ or PCAF-SP-Small (red).* However, NIR fluorescence
Ca*" indicators based on PYP-tag have not been developed yet.

In this study, we designed and synthesized a new NIR fluorescent ligand PCAF-JFs35-Small
(Fig. 1a). The synthesized ligand was then assayed with existing PYCaMP variants, leading to
the discovery of a prototype sensor with a fluorescence response to Ca** (4F/F, = 1.2) (Fig.
1b). Further optimization by directed evolution is ongoing to achieve higher AF/F, and higher
fluorescence intensity.

PYP-tag
Figure 1. a) Structure of PCAF-JFs35-Small. b) Mechanism of the indicator based on PYP-tag.

1) Deo, C. et al. Nat Chem Biol 2021, /7, 718-723. 2) Hori, Y. et al. ] Am Chem Soc 2009, 131, 16610-
16611. 3) Terai, T. et al. The 16th Symposium of Biorelevant Chemistry 2022, P141. 4) Yanagimachi et
al. The 104th CSJ Annual Meeting 2024, H936-3pm-11.

© The Chemical Society of Japan - [PB]-3pm-24 -



[PB]-3pm-25 BALES B10585FES (2025)

HISEMEZFI A LICBERBRIA VAT LAOBE
(BOKWBEBR '« BROK ICS-OTRI?) ORESE FERE '« /NbE H3—BR 12« (L1 5 12

Supramolecular Formation of Azobenzene-Modified Polymers with Cyclodextrin-Modified
Proteins ('Grad. Sch. of Sci., Osaka Univ.,*ICS-OTRI, Osaka Univ.) OKaho Noumi,! Yuichiro
Kobayashi,'> Hiroyasu Yamaguchi'-?

Enzymes are widely used in the chemical industry because of their diverse catalytic functions.
However, enzymes themselves are often expensive, and it is extremely important to easily
separate trace amounts of enzyme and the products for reuse. We aimed to create an enzyme
recovery system that can homogenize or phase-separate enzymes in response to light via host-
guest interactions.

In this study, BSA was chosen as a model protein instead of enzyme. Mono-substituted o-
cyclodextrin (aCD) was synthesized and condensed with BSA to obtain BSA-aCD. When
branched polyethyleneimine polymer with azobenzene as a side chain (PEI-Azo) was mixed
with BSA-aCD, phase separation occurred. The formation of supramolecular complexes
between aCD and Azo modified on each polymer cross-links multiple polymers and makes it
possible to phase-separate proteins in aqueous solution.

Keywords : Enzyme; Cyclodextrin, Azobenzene; Photo-stimuli; Phase-separation
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Figure 1. (a) Schematic representation of reversible binding between
proteins and polymers via interaction of photo-responsive Azo with
aCD. (b) Preparation of BSA-aCD. (¢) Photographs of BSA (left) and
BSA-aCD (right) mixed with PEI-Azo.

© The Chemical Society of Japan - [PB]-3pm-25 -



[PB]-3pm-26 BALES B105EFES (2025)

AV CEBEN—RELEE2 VRV EBMAT— MEEYDRSE

(BraRkBe L) OR FHid - KMEE - Rilf f#

Development of Kojic Acid-based Caged Compounds for Protein Modification (Graduate
School of Engineering, Osaka Metropolitan University) OHideki Azuma, Shinji Nagaoka,
Takeshi Nagasaki

In previous study, we identified a novel one-pot dimerization from the kojic acid (KA)
analogues 1 occurring under the Mitsunobu reaction conditions. It was thought that the
dimerization might proceed via generation of a quinone methide-like intermediate 2. In this
study, we tried to synthesize new KA-based photocleavable quinone methide precursors for the
purpose of protein cross-linking. Caged compound 4s and EtSH were dissolved in MeOH and
then photoirradiated (365 nm, 100 W, 2 h). Formation of the EtSH adducts 6 (or 6-OH) were
observed in the cases of 4-Cl (34%), 4-MoMe (50%) and 4-MoMe(OH) (67%). In the cases of
acetyl-type compounds, the reactivity of 5-MoMe (52%) against thiol was also lower than that
of 5-MoMe(OH) (82%) under the typical deacetyl condition. It is thought that the azido group
might act suppressively on Michael addition of thiol to quinone methide intermediate.
Keywords : Kojic Acid; Caged Compound; Cross-linking; Quinone Methide; Michael Addition
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1) H. Azuma et al. Tetrahedron, 2021, 94, 132314.
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Development of novel artificial nucleic acids based on peptoid and their application (' NIHS)
Hidetomo Yokoo,' Sawa Takeda,' Yousuke Demizu'

PNA (Peptide Nucleic Acid) is a DNA mimic in which the sugar and phosphate group of
DNA are replaced with N-(2-aminoethyl)-glycine. PNA can bind to DNA and show strong
interactions, even short sequence matches, which is expected to lead to non-specific binding to
nucleic acid sequences. Therefore, we focused on peptoid-based nucleic acid, which shows
weaker interaction with complementary sequences than PNA. The length of nucleic acid
required to recognize a nucleic acid is potentially extended. Thus, we aimed to develop a
peptoid-based nucleic acid that can recognize long-chain nucleic acids with a moderate
interaction. In this study, we designed and synthesized peptoid-based nucleic acids and
analyzed their structural characteristics and interaction with complementary sequences.
Keywords : PNA; Peptoid; Peptoid-based nucleic acids

PNA (Peptide Nucleic Acid) (X, DNA <° RNA O #f & U v R AL = N-(2-
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1) The relationship of recognition sequence and off-target of the antisense oligonucleotide has been
reported. T. Yoshida, Y. Naito, K. Sasaki, E. Uchida, Y. Sato, M. Naito, T. Kawanishi, S. Obika, T. Inoue
Genes Cells 2018, 23, 448.

2) Peptoid-based nucleic acid has been reported. O. Almarsson, T. C. Bruice, J. Kerr, R. N. Zuckermann,
Proc. Natl. Acad. Sci. USA 1993, 90, 7518.
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Detection of G-quadruplexes in cells by using fluorescence triphenyl methane derivative
(Department of Chemical Engineering, National Inst. of Tech., Nara College)

ODaichi Okumura, Ryoko Uda

Cationic triphenyl methane derivatives upon binding with nucleic acids afford fluorescence in
the visible region. We have reported that triphenyl methane derivatives showed affinity to G-
quadruplexes formed by oligonucleotide and fluorescence of the ligand was increased. The
purpose of this work is to detect G-quadruplexes within cells by using triphenylmethane
derivatives.

Confocal fluorescence microscopic observation shows that fluorescence of brilliant green (BG)
was obtained from nucleuses and cytoplasm of fixed HeLa cells (cervical carcinoma). Confocal
images of nuclease treated cells indicate that the fluorescence is attributed to BG binding with
DNA (Fig.). Furthermore, the results of urea treated cells suggest that the fluorescence can be
explained by BG binding with G-quadruplex.

Keywords : G-quadruplex; Triphenyl methane; Fluorescence probe; Cancer cell

HFAMEAFETHD MY 7 2=V A X BRI, R L ORI L 0 TR E
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LTEBY, N 7= A F U FERIIS 7T = NEEO LW o —7 L LTHIET
X5, ZTZTCARUSETIE, MY 7=V A X UFERE W2 laNGO 77 = IUE
SR H 2 3T

BEELZt FOFESHT A TH D HeLa Mz V-8 Ly, ) 7=
NABLTHDHT VYT 7 U —r (BG) OaRd 8GN & i E NI EES
52 ERHLMNNC e o T, IR fREESE TR A LI O#IE B L 0 . BG OH0t
IZ DNA ~DFEAICHKT 5 2 L BN A2 o7, (Fig) JRETOEZ U= {0
BEe v, BGOENITZ T = WEEHA~O/BEHKTH D Z LRSI,

DNase

Fig. Confocal imaging of simply fixed HeLa cells and HeLa cells treated
by RNase and DNase.
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Analysis of repair capacity in droplets containing cleaved DNA (' Faculty of Science, Shizuoka
University, >NIT, Numazu College, *Graduate School of Science, Shizuoka University, *Faculty
of Pharmacy, Suzuka University of Medical Science, *Graduate School of Science and
Technology, Shizuoka University, ®Research Institute of Green Science and Technology,
Shizuoka University) O Nonoka Tadachi,’ Ryota Shima,” Ryusei Senda,® Ryu Tashiro,*

11,3,5,6

Takanori Oyoshi

DNA in cells is continuously damaged by various factors. When DNA is damaged, repair
proteins accumulate around DNA damage sites and form droplets. It is generally known that
biochemical reactions are promoted in the droplets, but the relationship between DNA repair
and droplet formation is unknown. In this study, we used the plasmid DNA as a model to
investigate the ability of single-strand break DNA to be repaired within droplets. We observed
the mixture containing single-strand break DNA, polyamines, and ATP in a test tube with a
microscope. As a result, it was found that single-strand break DNA tends to form droplets.
Furthermore, we will examine the repair reaction within these droplets.

Keywords : Liquid-Liquid Phase Separation (LLPS); DNA Repair, DNA Topology
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1) Dall’ Agnese, G., Dall’ Agnese, A., Banani, S. F., Codrich, M., Malfatti, M. C., Antoniali, G. and Tell,
G. J. Biol. Chem. 2023, 299, 104800.
2) Caldecott, K. W. Trends in Cell Biology. 2022, 32, 733-745.
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Development of technology using alkylating molecules for the analysis of higher-order
structure of intracellular RNA ({MRAM, Tohoku University, *Graduate School of Science,
Tohoku University, xFOREST Therapeutics, *CiRA, Kyoto University) OHina Hatayama'?,
Kazumitsu Onizuka'?, Ping-Yun Lan!?, Yutong Chen!?, Emi Miyashita®>*, Kaoru Richard
Komatsu?®, Hirohide Saito*, Fumi Nagatsugi'+

The higher-order structures of RNA are involved in various biological processes, and their
analysis is becoming increasingly important. Alkylating molecules that form covalent bonds
with RNA have been used to control and label target RNA. Our laboratory previously reported
that berberine-conjugated vinyl-quinazolinone (VQ) derivatives selectively react with G4
RNAs (Fig. 1A). In this study, we aimed to detect G4 RNA sequences by next-generation
sequencing (NGS) analysis of mutations induced by probe addition followed by reverse
transcription and amplification (Fig. 1B).

Keywords : RNA alkylation, next generation sequencing, G4 RNA, vinyl-quinazolinone (VQ)
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Figure 1. (A) Structure and alkylation mechanism of VQ. (B) Overall illustration of NGS analysis of

RNA alkylation positions.
1) K. Onizuka, M. E. Hazemi, F. Nagatsugi, ef al., Nucleic Acids Res. 2019, 47, 6578—6589.
2) Y. Chen, K. Onizuka, M. E. Hazemi, F. Nagatsugi, Bioconjugate Chem. 2022, 33, 2097-2102.
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Ultrafast photo-crosslinking of purine bases in DNA strands using reversible DNA photo-

crosslinking('Japan Advanced Institute of Science and Technology) O Akira Fujioka,' Rei
Hirahara,' Kenzo Fujimoto'

The crosslinking of DNA strands has potential applications in SNP typing and genetic
disease treatment. However, purine base crosslinking is known to require long reaction times.
We previously reported the use of 3-cyanovinylcarbazole nucleoside (“NVK), which enables
site-selective [2+2] photocycloaddition with pyrimidine bases such as thymine and cytosine.
Recently, our lab developed 4-methylpyranocarbazole nucleoside (MEPK), which selectively
crosslinks with thymine. While pyrimidine crosslinking is well-documented, purine
crosslinking remains limited. Previous methods achieved a low efficiency of 0.015% per day.
Here, we applied a reversible photo-crosslinking reaction using ““VK, improving guanine
crosslinking efficiency to 37% per day, a 2500-fold enhancement. This breakthrough addresses
the long-standing challenges of purine crosslinking and opens new avenues for applications in
genetic analysis and diagnostics.

Keywords : Nucleic acid drug; Photo Crosslink
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1) 1. Y. Yoshimura, K. Fujimoto, Org. Lett., 2008, 10, 3227.
2). J. Mihara, K. Fujimoto, Organic & Biomolecular Chem., 2021, 10, 1039

© The Chemical Society of Japan - [PB]-3pm-31 -



[PB]-3pm-32 BALES B10585FES (2025)

ﬂi;éé’ai‘é%%%fﬂ}ﬁ L7ZDNASRHF 7V VB EA~DOFEHE N7 r R
v

(Aefdemftf i REFER ) O HEBE, /INHEHFEM, BRARE
Ultrafast photo-crosslinking of purine bases in DNA strands using reversible DNA photo-
crosslinking (Japan Advanced Institute of Science and Technology)oRyu Takesada, Shuuya
Odai, Kenzo Fujimoto

Recently, advances in genome editing have highlighted the critical need for precise and
efficient DNA manipulation. Among these techniques, DNA manipulation utilizing light has
drawn considerable attention due to its exceptional specificity and ability to achieve
spatiotemporal control. Our research has focused on developing innovative photoreaction
systems, including photoligation and photocrosslinking methods, using photo-responsive
artificial nucleic acids. In particular, we succeeded in synthesizing 4-methylpyranocarbazole
nucleoside (MEPK), which demonstrates selective thymine photocrosslinking under mild
conditions with visible light (400 nm). This discovery provides a safer and more efficient
alternative for DNA manipulation compared to conventional methods involving UV light,
which often causes significant phototoxicity. Furthermore, we conducted a comprehensive
analysis of photoligation reactions using cytosine-containing templates and revealed that
sequence-dependent switching reactions are achievable. This ability to control photoreactions
based on DNA sequences represents a groundbreaking step toward optically decoding nucleic
acid information. We anticipate that this technology will contribute significantly to the
development of advanced tools for studying and regulating gene expression within living cells.
Keywords: Photo-manipulation; Gene expression regulation

;Photo-crosslinking reaction, Genome editing;4-Methylpyranocarbazole nucleoside (MEPK)
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1)Y. Yoshimura, K. Fujimoto, Org. Lett., 2008, 10, 3227
2)J. Mihara, K. Fujimoto, Organic & Biomolecular Chem., 2021, 10, 1039
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Development of pH-dependent RNA-binding molecules with light-
up property

(Mnstitute of Multidisciplinary Research for Advanced Materials, Tohoku University,
2Graduate School of Science, Tohoku University) oDylan Christian Thomas,'? Kazumitsu
Onizuka,'? Ryosuke Nagasawa,'? Kosuke Tsuzuki,'? Fumi Nagatsugi'-

Keywords: Small RNA-binding Molecules; MicroRNA; Light-up Property; Fluorescence
Titration; pH Dependency

RNA molecules play essential roles for gene information transfer and regulation. RNAs have
been implicated in many diseases and are the attractive medicinal targets for gene-related and
infectious diseases in modern drug discovery. Thus, RNA-binding small molecules are
expected to inhibit or alter the RNA functions and therapeutically modulate various types of
cellular processes.

Previously in our group, AS 602801, a commercially available c-Jun N-terminal Kinase
(JNK) inhibitor, was found to have an RNA-binding affinity by the screening based on
fluorescence indicator displacement (FID) assay (Fig. 1).! AS 602801 showed the binding to
hsa-mir-191 (Kq = 14 + 2 uM) and fluorescent light-up property that indicates a fluorescence
OFF-ON switch depending on RNA binding. It also showed a pH dependency for its binding
affinity towards hsa-mir-191.

In this study, two derivatives from AS 602801 were designed and synthesized in which three
main structural changes were done (Fig. 2): 1. Changing the morpholino group in AS 602801
into piperidine group to increase the pKa value of the side chain; 2. the introduction of a
naphthyridine group which would increase the stacking area; 3. the N-connection of the side
chain to increase the pKa value of the pyrimidine or naphthyridine moiety. The K4 values of
the two derivatives, pyrimidine-type (PY) and naphthyridine-type (NA) were determined by
fluorescence titration to investigate their binding property. Results showed that acidic
conditions significantly increased the binding affinity of these compounds.

Test N N

FID assay compourld Hit compound F% Pyrimidine-type
P N N s 602801 *"" derivative
& —> ( Q 3 )
N CN N\
Flucr_escence ,< ; —5 @:3‘ 3N
Indicator / / \ - «—o = _’! NH Naphthyridine
S5 >4 - .:....E. D N derivative
F A \'-/ oFf WEES ) e
Figure 1. Schematic of the fluorescent indicator displacement Figure 2. Structure  of

(FID) assay. The fluorescence signal of the RNA-bound and synthesized compounds, PY and
light-up indicator quenches when a compound binds to a target NA.
RNA at the same site.

1) R. Nagasawa, K. Onizuka, K.R. Komatsu, E. Miyashita, H. Murase, K. Ojima, S. Ishikawa, M. Ozawa,
H. Saito, F. Nagatsugi, Commun. Chem. 2024, 7, 98.
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Interstrand crosslinking of oligonucleotides functionalized with
2'-deoxythioguanosines

(Mnstitute of Multidisciplinary Research for Advanced Materials, Tohoku University,
2Graduate School of Science, Tohoku University) OJamila Abbas Osman,"? Kazumitsu
Onizuka,""** Yuuhei Yamano,' Fumi Nagatsugi'->*

Keywords: Oligo DNA; Interstrand crosslinking; 2’-deoxythioguanosine; Disulfide
linkage; Photo-oxidation

Oligonucleotides (ODNs) bind specifically to their complementary targets in a
sequence-selective manner, forming hybridized duplex structure. Rational chemical
functionalization of ODNs with reactive moieties enables hybridization-specific reactions
by positioning the reactive groups in close proximity, facilitating interstrand crosslinking,
creating covalently bonded, thermally stable duplexes.! Cross-linked ODNs offer diverse
applications, including stabilizing DNA nanostructures in nanotechnology,” enhancing
miRNA inhibition in therapeutics® and studying enzyme activity in biochemistry.*

In this study, we introduce a new crosslink design strategy that incorporates two
2'-deoxythioguanosine residues at noncomplementary but strategically proximal positions
within oligo-DNA
duplex (Figure 1A),
promoting  efficient
disulfide crosslinking
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light, efficiently thioguanine bases. (B) Disulfide crosslinking reaction under various oxidizing

synthesizing disulfide  conditions.

crosslinked duplex (Figure 1B). Overall, our results support the well-designed proximity
between the reactive thiocarbonyl groups of 2'-deoxythioguanosine incorporated within our
designed duplex, favoring the formation of disulfide crosslinks under oxidative conditions.
In this presentation, our design strategy, crosslinking reaction results and characterization of
crosslinked product will be reported. Additionally, our new photo-induced disulfide
crosslinking reaction and elucidation of its mechanism will be introduced.

1) K. Onizuka, Y. Yamano, A. M. Abdelhady, F. Nagatsugi, Org. Biomol. Chem. 2022, 20, 4699. 2) A.
Rajendran, M. Endo, Y. Katsuda, K. Hidaka, H. Sugiyama, J Am Chem Soc, 2011, 133, 14488. 3) A.
M. Abdelhady, Y. Hirano, K. Onizuka, H. Okamura, Y. Komatsu, F. Nagatsugi, Bioorg. Med. Chem.
Lett. 2021, 48, 128257. 4) A. Beddows, N. Patel, L. D. Finger, J. M. Atack, D. M. Williams. J. A.
Grasby, Chem. Commun., 2012, 48, 8895.
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Development of a DNA double-duplex invasion into long oligonucleotides of 200bp or more
using photo-responsive artificial nucleic acid (Biofunctional Medical Engineering Research
Area, Japan Advanced Institute of Science and Technology ) oYANG,RUIL;HAILILI,
ZUMILA'; KENZO, Fujimoto'

Genome manipulation is crucial for treating genetic disorders and advancing gene editing,
with efficient handling of double-stranded DNA (dsDNA) being indispensable. Traditional
methods face challenges with long-chain DNA penetration, necessitating improved techniques.
Our lab developed an ultrafast cross-linkable nucleoside, 3-cyanovinyl-carbazole(“NVK), and
established a light-induced method, photo-induced Double-Stranded DNA Insertion (pDDI).
This innovative approach targets long-chain oligonucleotides (>200 bp) with high efficiency.
Our findings confirm that pDDI enables precise manipulation of long DNA sequences,
overcoming traditional limitations. This method opens new opportunities in gene therapy and
genome editing, especially for treating genetic diseases, offering a transformative tool for
advancing genetic medicine.

Keywords : Genome manipulation; 3-cyanovinylcarbazole;Photo-induced Double-Stranded
DNA Insertion
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1.'Y. Yoshimura, K. Fujimoto, Org. Lett., 2008, 10, 3227-3230.

2. S. Nakamura, H. Kawabata, and K. Fujimoto. Chem. Commun., 2017, 53, 7616-7619.
3.S. Sethi,H. Zumila,Y. Watanabe,J. Mo,K. Fujimoto.Bioorg. Med. Chem. Lett., 2024,98, 129597
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Studies on base pairing properties of various deazaadenine nucleosides (Graduate School of
Engineering, Nihon University) OHayata Ono, Yuta Kanezawa, Yoshio Saito

We have reported various environment-sensitive fluorescent (ESF) deazapurine nucleosides
that significantly change the fluorescence spectra in response to microenvironmental changes.
Introducing these ESF nucleosides into DNA probes, we have identified single nucleotide
mutations in target DNA by the change in fluorescence wavelength and intensity. In order to
obtain useful information for designing more efficient fluorescent probes, we examined the
base pairing ability of the various deazaadenine derivatives we have ever developed, in this
study.

Keywords : deazaadenine; pK,

Hox OWFFE=E TIE, BREZ(IZS U TEER OB ESCHREZ RIS BT o5
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=K EFFOESF X7 LAY K& DNA 7 — 7128 AT 5 Z & T, 1) DNA
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Fig. 1. Structure of deazaadenine derivatives

1) F. Seela, et al. Nucleic Acids Res., 2006, 34, 5987.
2) S. Siraiwa, et al. Org. Biomol. Chem., 2016, 14, 3934.
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Development of DNA Aptamers that Discriminate the
Phosphorylation Intermediate of Protein Tyr Phosphatase (PTP)

(*Faculty of Science, Niigata University, *Cedars Sinai Medical Center, USA)

OYuma Suzuki,' Irene Choi, ? Yuki Hara,' Kazuhiro Furukawa,' Nuzio Bottini,> Yoshiro Chuman'
Keywords: Protein Tyr phosphatase (PTP); phosphorylation intermediate; DNA aptamer;
IRDAptamer

PTP4A1, a member of the protein tyrosine phosphatase (PTP) family, regulates
biological signaling by dephosphorylation of substrates. However, PTP4A1 has been known to
be involved in various diseases, such as cancer and autoimmune diseases.! In addition, it has
been reported that PTP4A1 forms two states, de-phosphorylated and phosphorylated, during
the dephosphorylation reaction, and that each has a different function in vivo.? Therefore,
analysis of these two states is important for understanding the processes of various diseases,
but the molecules that can distinguish them have not yet been developed, and it is urging to
develop novel molecules that can be used in the cell. Recently, we have developed Ion-
Responsible DNA Aptamer (IRDAptamer) as new emerging modalities.> IRDAptamers form a
G-quadruplex structure in the presence of metal ions, such as Na" and K*, and exhibit high
thermal stability and nuclease resistance. In addition, we have shown that IRDAptamers
forming the G-quadruplex structure also exhibit plasma membrane permeability. Therefore,
they can serve as promising drugs for molecularly targeted therapy in the cells.

In this study, we carried out the screening of binding IRDAptamers targeting de-
phosphorylated (de-phos) and phosphorylated (phos) PTP4A1l, respectively. After screening,
several IRDAptamers were identified as candidates which bind to PTP4A1. ELISA binding
analyses revealed that the identified IRDAptamers could significantly recognize PTP4Al in
the de-phosphorylated state, but not in the phosphorylated state. CD spectrum analysis
indicated that these aptamers formed the parallel type G-quadruplex structure and had high-
responsiveness to K'. Furthermore, binding kinetic analysis by Biolayer interferometry (BLItz)
system revealed that one of the identified IRDAptamers showed high affinity binding to de-
phos PTP4A1. These results suggest that the identified IRDAptamers can discriminate between
de-phos and phos PTP4Al1 in the cells and they may be used as diagnostic and therapeutic
agents for various diseases.

IRDAptamer
Asp™ Asp™
Y° Y’
de-phos OH — phos o .
PTP4A1 PTP4A1 I
_s P —FI'—o
Cys'04 Cys™ o
De-phosphorylated (de-phos) Phosphorylated (phos)
PTP4A1 PTP4A1

1) N. Bottini, et al., Nat. Commun. 2017, 8(1), 1060. 2) H. Miki, K. Gehring, et al., EMBO Rep. 2016,
17(12), 1890-1900. 3) A. Kaneko, M. Mizunuma, Y. Chuman, et al., Catalysts 2020, 10, 1153.
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Development of a Visible-Light Cross-Linker Containing '°F and Its Application to Nucleic
Acid Detection (Japan Advanced Institute of Science and Technology) O Tatsushi Noda *
Kenzo Fujimoto

Radioisotope labeling, a typical nucleic acid detection method, has the risk of safety, and in
the case of fluorescent labeling, the risk of damage to the observed object by the laser”. In our
laboratory, by using oligonucleotides containing cyanovinylcarbazole (“NVK), a unique photo-
crosslinking element, we have the knowledge that photo-crosslinking to pyrimidine bases in
complementary nucleic acids can be achieved in a few seconds of light irradiation, significantly
changing trifluorothymidine-derived '°F signals. Since trifluorothymidine is not naturally
occurring, it has been impossible to directly detect natural nucleic acids?. Therefore, in this
study, we developed 4-trifluoromethylpyranocarbazole (Tf*D), which has both photoresponsive
ability and '°F signal. Artificial nucleic acids containing "D were synthesized, and their optical
crosslinking ability and ""F-NMR nucleic acid detection ability were evaluated. The results
showed that "™ D-containing nucleic acids were successfully detected in a highly sensitive and
sequence-selective manner by YF-NMR after photoirradiation at 400 nm, 9000 mW/cm?, and
600 s. A chemical shift of 3.8 ppm was observed in the '’F-NMR measurement of TFPD-
containing nucleic acids. In the future, we intend to evaluate the function of ™PD as an
intracellular nucleic acid imaging tool using actual cells.

Keywords : PF_NMR; Photo-crosslinking, Nucleic Acid
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1) AT FEEH, B85 TS 1, IS HWELSEE, 2005, 74,(1), 60-64
2) Shigetaka Nakamura and Kenzo Fujimoto, Chem. Commun., 2015, 51, 11765-11768
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Synthesis and function of artificial nucleobases with hypoxia- responsive substituents (' College
of Science and Engineering, Aoyama Gakuin University) OYuho Ochiai,' Tatsuya Nishihara,'
Kazuhito Tanabe'

The fast and accurate treatment of hypoxic regions in living tissue is critical for medical
treatment of solid tumor, because they have been associated closely with the malignant
phenotype of cancer cells, resistant to cancer therapies and the high mortality rate of cancer
patients. For treatment of tumor hypoxia, a considerable number of studies have been
conducted over the past few decades on the development of radiosensitizers and prodrugs for
treatment of tumor hypoxia. However, estimation of treatment method for this pathological
tissue remains inadequate, and thus, a convenient protocol for their treatment has been required.

In this study, we attempted to develop prodrugs utilizing nitro and azide groups, which are
selectively activated in hypoxic cells. We introduce these substituents into the 5'OH group of
BrdU, a well-documented radiosensitizer, so that it exhibits selective cytotoxicity against
hypoxic tumor cells. We are currently preparing nitrobenzyl-subsituted BrdU and are planning
to conduct cellular experiments to investigate its function.

Keywords : Nitrobenzyl group, 5-Bromo-2'-deoxyuridine ; Hypoxic tumor cells

KEERERR 2R T 2 D AMIE (IRERFEMIR) 1L, DAEHROIRKIZZRS Z &
[N Z T, RIS E R T2, ZOIRFEIEOMNITREOMETH D, ZnE
(2 AR R AL OIRR 2 B AIC, BORBHEEGA 2 13 U &3 2 2R IaH 3K A
BENTER, LirL, %@§<iﬁ~ﬁm%~@*ﬁﬁﬂﬁ<\mwm Ay
ERRENZ ENFEL 2o T e, ABFETIR, 29 LIEEREZEEE X T, K
%ﬁkuﬁ7m%vﬁ%yijy/<&w)%é%_%%L NS oIt NS

LT 5 L O KB ARz, BrdU O SHIKEE I ZRER SR ML CRERAVICIEE L
éhé%kmﬁ%T/F%%%ﬂbf {REESE A Z SR ICERE T D L 9 F%EH L
2o ZHIUDERERIT, (KEEFEMNE CRIRMICE T SN DR, BRE ST BrdU 28
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Figure 1.Prodrug of BrdU and its activation in hypoxic cells
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Development of a novel detection method for 5-methylcytosine using peptide nucleic acid and
a fluorescent probe ('Graduate School of Engineering, Tokyo University of Technology,
2Graduate School of Bionics, Computer and Media Science, Tokyo University of Technology)
Jun Sumaoka,! OMikoto Oike,! Wataru Yoshida,? Takahiro Arakawa'

Abnormal DNA methylation is seen in many diseases, including cancer and Alzheimer's
disease. If we could detect S-methylcytosine (5-"C) at specific sites in the genome, it would be
possible to detect diseases early and elucidate biological phenomena. pcPNA, in which adenine
(A) and thymine (T) of peptide nucleic acid (PNA) are respectively replaced with 2,6-
diaminopurine (D) and 2-thiouracil (Us) is known to recognize double-stranded DNA by
double-duplex invasion using only Watson-Crick base pairs. Therefore, it is expected that when
pcPNA is invaded at two sites near the target sequence of double-stranded DNA (dsDNA), the
target portion will become single-stranded without heat treatment (Figure 1). By applying a
probe (PO) modified with a fluorescent dye at the 5'-end and a quencher at the 3'-end and a
methylation-sensitive restriction enzyme to this single-stranded region, it is possible to detect
the presence or absence of methylation of the target cytosine. When dsDNA, pcPNA, PO and
restriction enzyme were mixed and fluorescence measurements were performed, changes in
fluorescence intensity were observed. In this presentation, we will report the details.
Keywords : Peptide Nucleic Acid, 5-Methylcytosine, Deoxyribonucleic acid, Fluorescent probe
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Synthesis and Evaluation of Nucleophilic Secondary Amine Incorporated Oligo DNA Aiming

at Cleavage of Oxidative Damaged DNA ('School of Life Science and Technology, Institute of
Science Tokyo) OSo Nemoto,' Takashi Kanamori', Hideya Yuasa'

A small photosensitizer (NBP) developed by us was introduced into oligo nucleic acids to
regioselectively photo-oxidize guanine residues in target nucleic acids. It is known that
piperidine, a nucleophilic secondary amine, causes strand breaks at the oxidized guanine (G°%)
sites in DNA.! Based on this knowledge, we hypothesized that the introduction of NBP and an
appropriate secondary amine on oligo nucleic acids may enable strand breakage of the target
DNA.

In this study, we aimed to determine whether amines introduced into oligo nucleic acids via
linkers can cleave single-stranded DNA at a G% site. First, we identified an amine, pyrrolidine,
that is more efficient than piperidine in cleaving DNA strands at a G°% site. Then, we
synthesized oligo-DNAs with the amine introduced via a linker and evaluated its effect on the
cleavage of a single-stranded oligo-DNA at a G site.

Keywords : Photosensitizers, Nucleic Acid Chemistry, Cleavage, Amines, Organic Synthesis
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1) Aaron M. Fleming, et al., Chem. Res. Toxicol. 2015, 28, 1292.
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Conjugation of Small Molecule Ligands to ASO for targeted drug delivery (‘Sch. Life Sci. Tech.,
Science Tokyo, *Institute for Extracellular Matrix Research, Showa Univ.) ORemi Arie,' Daiki
Shimanllura,1 Aya Miyauchi,” Eitaro Murakami,' Shuri Kaneyama,”> Kohji Seio," Yoshiaki
Masaki

Antisense oligonucleotides (ASOs) carry the risk of off-target delivery to non-specific
tissues and cells, potentially causing unintended side effects. Therefore, the development of
efficient drug delivery systems (DDS) capable of selectively targeting specific tissues or cells
is crucial for the safe and effective application of nucleic acid therapeutics.

This study aims to enhance the selective delivery of ASOs to hepatic stellate cells (HSCs).
On the surface of HSCs, the insulin-like growth factor 2 receptor (IGF2R) is uniquely and
highly expressed and is known to interact with N-acetylglucosamine (GIcNAc). To exploit this
interaction, various ligands, including GIcNAc, were conjugated to ASOs, and the type and
quantity of ligands introduced were systematically evaluated to assess their impact on the
delivery efficiency and properties of the ASOs. This presentation provides a comprehensive
analysis of the findings, discussing the potential of ligand-conjugated ASOs for targeted drug
delivery.

Keywords : Antisense Oligonucleotide, GlcNAc, DDS
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1) Bochel, A. J.; Williams, C.; McCoy, A. J.; Hoppe, H.-J.; Winter, A. J.; Nicholls, R. D.; Harlos, K.;
Jones, E. Y.; Berger, L.; Hassan, A. B.; Crump, M. P. Structure 2020, 28 (12), 1300-1312.e5.
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ARCaDia: single-round screening of a DNA-type targeted covalent binder possessing a
latent warhead (1. Univ. Electro-Communications, 2. Univ. Wisconsin, 3. Nihon Univ.)
oCHAOHUI LI, Jay Yang'?, Masayasu Kuwahara®, Masumi Taki'

A covalent binder for a target protein was obtained by a direct single-round screening of a
latent-warhead-modified DNA library via affinity/reactivity-based co-selection of aptameric
deoxyribonucleic acid (ARCaDia), followed by a top k-mer analysis". The optimal position of
the conjugated warhead on the selected aptamer was simultaneously identified.

Comparison of the N25 libraries (Fig. 1A) endowed with different warheads demonstrated a
robust expected 64bp PCR product band for the AFS library (2) and a weak band for the BSF
library (1) suggesting the potential presence of a selected aptamer surviving the strong wash
(Fig. 1B, lanes 1 and 2). Other control libraries which presumably do not form a covalent
conjugation with the thrombin target only gave a negligible PCR product band under the same
condition (lanes 3—5). We focused on the robust PCR product resulting from the AFS library
screening and further analyzed for potential covalent binders by HTS and the bioinformatics
analysis.

Keywords: aptameric covalent binders, latent warhead, non-SELEX-type single round
screening, affinity/reactivity-based co-selection (ARC), Thrombin binder aptamer (TBA)
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markers on both edges. The blue arrow points to
the expected 64bp PCR-amplified aptamers.

1) M. Taki*, M. Kuwahara, C. Li, N. Tomoda, N. Miyashita, T. Kan, J. Yang*, ARCaDia: single-round screening of a DNA-type

targeted covalent binder possessing a latent warhead, Chem. Commun., 2024, 60, 14964 ; back cover article.

© The Chemical Society of Japan - [PB]-3pm-43 -



[PB]-3pm-44 The 105th CSJ Annual Meeting

Development of Anti-cancer Drugs for EGFR Using
G-Quadruplex-Based DNA Aptamer: IRDAptamer

(Faculty of Science, Niigata University) OYuki Hara, Hidetaka Hagiwara, Toya Kobayashi,
Masataka Mizunuma, Kazuhiro Furukawa, and Yoshiro Chuman
Keywords: Drug delivery, DNA aptamer, G-quadruplex, IRDAptamer, EGFR

Overexpression and mutation of epidermal growth factor receptor (EGFR), which
strongly activates MAPK signaling pathway associated with cell proliferation, leads to
tumorigenesis. These dysregulations have been frequently observed in various cancers
including non-small cell lung cancer (NSCLC) and glioblastoma (GBM)'. In the field of
targeted cancer therapy, immunotherapy targeting cell surface receptors is a promising
strategy to overcome the lack of specific biological distribution, while one of the EGFR-
targeting therapeutic antibody; Cetuximab has been reported to cause anaphylaxis?.
Recently, RNA/DNA aptamer-based strategy has been attracted because of its specific
binding to targets such as antibodies, but with non-immunogenic, small size and ease of
modification®. Previously, we designed an ion-responsive DNA aptamer (IRDAptamer) with
G-quadruplex (G4)-based scaffold and randomized sequences in the franking loop region®>.
G-quadruplex structures are formed based on Hoogsteen paring in guanine-rich nucleic acid
chain with high structural stability and nuclease resistance. Therefore, IRDAptamers
targeting EGFR can be considered as promising therapeutic agents.

In this study, we carried out the identification and functional analysis of binding
oligonucleotide sequences for EGFR extracellular domain (ECD) screened by using
IRDAptamer library. ELISA binding assay and kinetic analysis by biolayer interferometry
(BLItz) system revealed that several identified aptamers can specifically bind to
EGFR-ECD with high affinity. CD spectrum analysis indicated these sequences formed
characteristic hybrid-type G-quadruplex structure in response to biological ionic conditions.
In addition, fluorescence analysis showed that these aptamers were effectively taken up into
EGFR-overexpression cells via cell surface EGFR. These results suggested that identified
EGFR targeting IRDAptamers may be therapeutic agents for targeted drug delivery and
functional regulation.
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1) Thomas R, et al., Front. Oncol. 2019, 800, 9. 2) Chung CH, et al., N. Engl. J. Med 2008, 358, 11.
3) Fan R, et al.,, Biomed. Pharmacother, 2023, 16/, 114444. 4) A. Kaneko, Y. Chuman, et al.,
Catalysts 2020, 10, 1153. 5) Mizunuma M, Y. Chuman, et al., Int. J. Mol. Sci. 2023, 24, 14.
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Synthesis of y-pcPNA for highly efficient double-duplex invasion
('Graduate school of Engineering, Tokyo University of Technology)
ORen Iwai', Jun Sumaoka'

Pseudo-complementary PNA (pcPNA), in which the adenine (A) base of PNA is replaced
with 2,6-diaminopurine (D) and the thymine (T) base is replaced with 2-thiouracil (Us), has
been reported to bind to a target region of double-stranded DNA in a manner called "double-
duplex invasion"!!l. However, in addition to the difficulty in recognizing target sequences
containing many GC base pairs, there is a problem that the binding efficiency to the target
region is reduced under physiological conditions. To improve these problems, we focused on
v-PNA. It is characterized by randomly folded PNA forming a right-handed helix structure.
This is because it has been reported that it forms a more stable double strand with the target
DNA Pl Therefore, in this study, we aim to develop a new artificial nucleic acid that can
efficiently invade target sequences that are difficult to recognize with normal pcPNA by
modifying the y position of the pcPNA backbone to achieve high binding affinity to DNA. We
have already synthesized monomars of y-pcPNA, and will report on the results of the invasion
of double-stranded DNA by the synthesized y-pcPNA.

N7 F NELEE (Peptide Nucleic Acid, PNA) @ adenine (A) #i%: % 2,6-diaminopurine (D) .
thymine (T) ¥iJ&% 2-thiouracil (Us) (ZE#2 L 72 pcPNA (pseudo-complementary PNA) I3,
TREH DNA OFERIFEIKIZ Tdouble-duplex invasion] & FEEINLDIBXTREAST D Z & AH
HINTWDN, UL, GCHEEX %% < GRS ZR#T 2 Z L PREETH 25
Z LA ABR SR WD TR~ ORE AR ME T T 5 REN H D, b &K
BT D7D, y-PNAFEH L7, y-PNAIXT & DIZHT 0 727 7 PNA BB E D~
U w7 AMEEETRT 28803 S 5, B DNA & L0 ZER _EHEAEKRT 5 2 L 13#H
EINTWDENETH DR, Ko TARIFZETIL pcPNA ‘BH# O y (L &2 EAid 5 Z & T DNA
EDOEWREAMEAFH L, @ O pcPNA TRk R #E 22 AL A6k L CRhERIYIC
invasion I 5 HHLO N TR OB % T 5, ZiLE TIZ, y-pcPNA D monomar D& K& 1T
STEY  BETITZENGZHWTER L7 y-pcPNA O —AH{ DNA ~@ invasion i $(Z
ONWTHMETLTFETH D,

[1] Synthesis of Us monomer: J. Lohse, O. Dahl, P. E. Nielsen, Proc. Natl. Acad. Sci. USA. 1999,
96, 11804-11808

[2] A. D. Andrasil, S. Rapireddy, B. M. Frezza, C. Gayathri, R. R. Gil, D. H. Ly, A4m. Chem. Soc.
2006, 128, 10258-10267
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Enzyme-Catalyzed Methods for Site-Specific Incorporation of Photoisomerizable Molecules
into DNA (Graduate School of Engineering, University of Hyogo) OSato Imai, Mitsunobu
Nakamura, Tadao Takada

Photo-controllable antisense oligonucleotides are a technology that allows spatiotemporal
control of activity by incorporating photoresponsive molecules. By altering or cleaving
molecular structures through light irradiation, the binding of antisense oligonucleotides to
target mRNA can be switched on and off. This enables precise regulation of gene expression
and offers potential for treatments with reduced side effects and off-target effects. In this study,
we aimed to establish a simple method for synthesizing photo-controllable artificial nucleic
acids capable of reversible association and dissociation of duplexes. Using the base excision
enzyme Uracil DNA glycosylase (UDG), we developed a site-specific introduction method for
azobenzene derivatives. An 18-mer DNA containing dU was treated with UDG to convert dU
into an abasic site, followed by reductive amination with an amino-functionalized azobenzene
in the presence of NaBH3CN. The reaction proceeded with high efficiency, allowing
quantitative replacement of dU with azobenzene. This demonstrated the utility of this approach
for the preparation of photoresponsive artificial nucleic acids.

Keywords : DNA; Photoisomerization, Azobenzene; Uracil DNA Glycosylase
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Lo BIHERIOA 7 5= MRt o o

RIS ST OB, ARET vy %{xﬂ%:%m<3
e

L TARBORE - RO o
e N TR D (R 75 & PR DL & Fig. 1 Site specific incorporation of azobenzene
H#E L T, HEEBREEESE Uracil DNA  into DNA.
glycosylase (UDG) % H 727 >/ X
B URHER DN E R A AL DB 21T o 72,

dU Z%&Te 18-mer DNA % UDG THLHEF % Z LT, dU % abasic site [ZZAH# L,
NaBH:CN fF7E T, 73V REH{TEHT /RXUoB o LRI T 2 /i X 2 L5808
21T o1 (Fig.1), BUSIIED TR K <HEAT L, EEMIC AU 27 VY _RUBUicEE
x5 EAEETH 0 | HINBEMEN TEROERELE LTEHTHDL Z E B3 ahotz,
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Development and Photophysical Characterization of Multi-Pyrene Aggregates Constructed

Using the DNA Scaffold (Graduate School of Engineering, University of Hyogo) OYui Miyaji,
Mitsunobu Nakamura, Tadao Takada

We developed luminescent materials by assembling pyrene molecules using the DNA
backbone as a scaffold. DNA containing dU residues was enzymatically treated with uracil
DNA glycosylase (UDG) to generate highly reactive abasic sites, followed by reductive
amination with aminopyrene to covalently introduce pyrene at the dU positions. Furthermore,
replacing consecutive dU sequences with pyrene allowed the construction of pyrene clusters
within the DNA structure. The luminescent properties of the constructed pyrene clusters were
evaluated.

Keywords : DNA; Pyrene; Uracil DNA Glycosylase; Excimer, Fluorescence

DNA Z g & U723 EHE, O ZRMSB LB ZTEHT 562 & T, &
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L dUEBAZIC B L o 2 LA A T L7Z, HPLC 3 L U MALDI-MS % H W\ TARK
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M7 2Tz, Fig. 1 Pyrene clusters constructed based on DNA

structure and fluorescence response of pyrenes.
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Synthesis and properties of prodrug-type oligonucleotides activated by f-galactosidase

(‘Institute of Science Tokyo, Department of Life Science and Technology) Kento Miyaji,! O
Keita Takeuchi,' Kohji Seio'

Prodrug technology enables efficient drug delivery to target tissues and target site-selective
drug efficacy. We have previously reported p-galactosidase-responsive prodrug-type
oligodeoxynucleotides (ODNs) designed to apply this technology to oligonucleotide
therapeutics.” In this study, aiming for further modification on the benzene ring of the self-
immolative linker, we evaluated the effect of substituent variations on the activation efficiency
by fS-galactosidase (f-gal).

Prodrug-type ODNs were synthesized by previously established methods." In $-gal assays,
replacing the 2,6-difluorobenzene with 2-fluorobenzene resulted in an approximately 2-fold
decrease in activation efficiency. Furthermore, 2-fluoro-6-ethylbenzene, synthesized as a
model for further modification, exhibited a significant reduction in activation efficiency. In this
poster, we will provide a detailed report and discussion on these results.

Keywords : Oligonucleotides, Prodrug, f-galactosidase,; Self-immolative linker
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1) K. Miyaji, Y. Masaki, K. Seio, Bioconjugate Chem. 2024, 35, 1587-1607.
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(Gunma University) OUkyo Wakasa, Tomohisa Moriguchi

Pyrene has been used as a labeling agent for biomolecules such as nucleic acids.
Modification of pyrene with a phosphorus atom is expected to result in a long wavelength
shift of absorption and emission wavelengths and improved fluorescence quantum yield.
Such a fluorescent substance is one of the properties required for fluorescent probes used
to observe biological materials such as DNA. Therefore, we synthesized pyrene derivatives
modified with phosphorus atoms and measured their absorption and fluorescence spectra
to clarify their spectral properties. Among the compounds modified with phosphorus atoms,
1-pyrenylphosphonic acid showed a specific peak in highly polar solvents. The compounds
were also analyzed for excimer emission. We also report the synthesis for the application of

DNA fluorescent labeling.

Keywords ; fluorescence ; pyrene ; nucleic acid

vl VIR SERS T OEEAIE LTHeORTE R, LYy ~D Y VETD
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Synthesis of m-extended tripodal quinone-cyanine dye and its application to nucleic acid
detection ('Graduate School of Systems Engineering, Wakayama University) O Takashi
Sakamoto

QCy(MeBT);" a triplex quinone-cyanine fluorophore with three N-methylbenzothiazolium
cations (MeBT), binds to duplex (ds) and quadruplex (G4) DNA with comparable affinities,
but responds at different fluorescence wavelengths (Aex/em = 470/600 (dsDNA) and A ex/em
=570/700 (G4 DNA)), allowing color-coded imaging of intracellular duplex/quadruplex DNA.
However, its excitation and fluorescence wavelengths are close to the visible light range,
making it difficult to image nucleic acids deep in vivo due to its low tissue permeability. On the
other hand, the tripodal quinone-cyanine fluorophore with N-benzylbenzothiazolium cation -
QCy(BnBT);? exhibits a G4 nucleic acid-selective near-infrared fluorescence response (Aex/em
= 570/800), but requires optical excitation in the visible region. However, it requires optical
excitation in the visible light region, so further wavelength extension was necessary. In this
study, we attempted to develop a tripodal quinone-cyanine fluorophore with an extended n-
conjugation system. A tripodal quinone-cyanine fluorophore with three N-
methylnaphthothiazolium cations (QCy(MeNT)s) was designed and synthesized. A red shift of
the absorption maximum at 80 nm was observed compared to QCy(MeBT)s, suggesting a
significant extension of the excitation wavelength. The results of the study of the ability of
QCy(MeNT)s to detect nucleic acids are discussed.. Keywords : Tripodal quinone-cyanine dyes;
m-extension, Nucleic acids detection, Guanine-quadruplex

3OD N-AFNRUFTI VT LAFAY (MeBT) 2H7T 5 AN -
T = BETH D QCy(MeBT):' (X, 2 B (ds) XL OV4 EHEH (G4) DNA &%
AWENRRREOBFECRG T 208, INET 28RN EL D (hex/em = 470/600
(dsDNA) & Aex/em = 570/700 (G4 DNA)) 7=, HifEN 2 EHH/ 4 EE{ DNA OG5 1T A
A=V T RHRETH D, L LZEDE « 8 R DIZIEAEOLEE Th 27204
(AR E R IEIME L . ERIEBSOBIRA A~ T RREECTH 7=, —FH T, N
NRUYFT VLA TFA L 2HT 253X ) -0 T =t -
QCy(BnBT)s* 1%, G4 BEFEIEIRII 72T 7RV S (hex/em = 570/800) Z 759 A3, W]
PP CONIRLZ ML TH D, SLRDIEREANBLETH -T2, K
7T, n R AVLE L2 3RS ) -2 T = o mAaFEDOREEZR A, 35D
N-AFNVF T RNFTISVT DT A HFEOIHESX ) -7 = dtaF
(QCy(MeNT)3) Zakit - Ak L7z, fiEd. QCy(MeBT)s (ZEE~"T 80 nm DWRIARIK D
Ly R 3@ S, bR O RIEZ2 RIE R RE S 172, QCy(MeNT); (T
K DR N RE ) & AT RS R IOV Ciam 3 5

1) T. Sakamoto, Z. Yu, Y. Otani, Anal. Chem., 2022, 94, 4269-4276; 2) Y. Muraoka, J. Muramoto, Y. Yasuhara, M.
Kawatake, T. Sakamoto, Anal. Chem., 2023, 95, 17162—17165.
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Synthesis of GalNAc-modified decoy oligonucleotides bearing non-nucleotide backbone
(!Gunma University) O Yuta Motegi,' Nozomi Ishii,! Ichiro Matsuo' Tomohisa Moriguchi,'

In recent years, there have been many studies on oligonucleotide therapeutics that artificially
control gene expression that causes diseases and function as medicines, and one of these
methods is the decoy method. The decoy method uses decoy nucleic acids, which are double-
stranded DNAs with artificially synthesized base sequences that bind to transcription factors,
to bind to proteins related to transcription and suppress transcription. Our laboratory has
previously developed decoy oligonucleotides targeting HNF4a, a transcription factor that is
specifically expressed in hepatocytes. To enable efficient delivery to hepatocytes, we designed
modified decoy oligonucleotides with GalNAc modification. In this study, to clarify how the
chemical structure of the GalNAc modification site affects the efficiency of introduction into
cells, we designed analogs in which the normal nucleoside backbone was changed to a non-
nucleoside backbone, diethanolamine, and synthesized the phosphoramidite and GalNAc
derivatives, as well as the decoy oligonucleotides.

ITAHE T, BIRORIK & 72 585 R B2 NARICHIE L, EHES & Lo
FAET DEBIEIROMIENE L <IThbiv, TOFEO—DIT aAER’d 5, 7 a4
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fea W CUIRBIZBEE T 5 2 VXV BICREET 5 2 & CIREAZIHI T2 2 LN T
5o ML= T, ZHVE TITIFMlafRs AL L TV D55 K CToh 5 HNF4a
PR L LI2T aA BROBEEIT-> C& 1=, I ~OR R 2L EEAREL T 5
72, GalNAc &fifi & i L7-1&/iT a4 ka7 A > Lz, AWFJETIX, GalNAc &
R DAL FAREIE DSHI A~ DB AZRIZE D L 5 R E KIETONEH LT
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Synthesis and properties of oligonucleotides incorporating 5-methyluridine derivatives with
sulfonate-type modifications on the 2’-hydroxyl group. ('Dept. Life Sci. Tech., Science Tokyo,
2Sch. Life Sci. Tech., Science Tokyo) OTaketo Oishi', Shuntaro Takigawa?, Takahito Tomori?,
Eitaro Murakami?, Yoshiaki Masaki?, Kohji Seio?)

Antisense nucleic acids (ASOs), a type of nucleic acid medicine, are used as
therapeutic agents that target RNA. By incorporating modified nucleic acids into ASOs to
improve nuclease resistance and duplex stability, they gain medicinal properties, such as the
suppression of mRNA-to-protein translation and the control of the splicing process from pre-
mRNA to mRNA. In the approach to modifying the 2’-hydroxyl group of nucleic acids,
attempts to incorporate methoxyethyl group (2°-MOE) have been worked on, contributing to
nuclease resistance and duplex stability. To further improve the function, we focused on novel
modified nucleic acids with sulfonyls at the 2"-hydroxyl group. In a previous study, 5-
methyluridine derivatives having a sulfonyl fluoride structure were synthesized. Furthermore,
modified nucleic acid (a) with a sulfonate structure was synthesized using the reactivity of
sulfonyl fluoride. In this study, we synthesized two 5-methyluridine derivatives (b, ¢) having
a sulfonate structure at the 2"-hydroxyl group. We report on the evaluation of duplex
formation ability by incorporating synthesized modified nucleic acids into oligonucleotides
and measuring the duplex melting temperature.

Keywords : Antisense oligonucleotides, Duplex melting temperature, Modified nucleic acid,
Sulfonate modification
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Photocatalyst-Introduced Oligo DNA Probe for Photochemical Labeling of Nucleic Acid (!
IMRAM, Tohoku University, 2Graduate School of Science, Tohoku University, 3FRIS, Tohoku
University) oYuuhei Yamano', Kazumitsu Onizuka® 2, Shinichi Sato® , Fumi Nagatsugi': 2

We developed the photochemical labeling method for nucleic acids based on photocatalytic
reaction. We designed photocatalyst-introduced oligo DNA probes (Cat-ODNs). The target
sequence that forms duplex with Cat-ODN was photo-irradiated in the presence of the modifier.
We expected that the modifier and the nucleobase in the target sequence would be activated
based on photo-induced electron transfer, and the following reaction between them would result
in labeling. In this presentation, we will report on the efficiency and sequence selectivity of this
photochemical labeling reaction using various combinations of photocatalysts and modifiers.
Keywords : photoreaction, photochemical labeling, DNA, photocatalyst, chemical labeling
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1) Y. Yamano, K. Onizuka, M. Sasaki, S. Sato, F. Nagatsugi, Chem. Lett. 2022, 51, 1121.
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Synthesis of artificial oligodeoxynucleotides modified with alkylated nitrobenzyl groups and
their accumulation in hypoxic cells(College of Science and Engineering, Aoyama Gakuin
University) ORyo Sato, Daigo Machara, Tatsuya Nishihara, Kazuhito Tanabe

Although artificial oligodeoxynucleotides (ODNs) have been actively designed and
developed, their low cell membrane permeability and low accumulation characteristics in
diseased cells and tissues have been identified as challenges for their practical use.

We have shown that DNA aggregates consisting of hydrophilic DNA and hydrophobic alkyl
chains exhibit high cell membrane permeability and resistance to enzymatic degradation. In
addition, incorporation of o-nitrobenzyl groups into ODNs resulted in accumulation within the
hypoxic cells in a selective manner. However, the function of the ODNs was insufficient, and
therefore, there is increasing demands for the preparation of ODNs with high performance. In
this study, we designed a DNA oligomer (Ngiaiyi-ODN) in which a nitrobenzyl group equipped
with a dialkyl group to further improve its function. We successfully prepared Naiaiyi-ODN by
standard phosphoramidite methods, and characterized their function in hypoxic cells.
Keywords : Hypoxic cells, Nitrobenzyl groups, Oligodeoxynucleotides
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Figure 1. Molecular design of Ngiai,-ODN
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Evaluation of the cellular uptake and photoknockdown effects of photosensitizer-conjugated
antisesne oligonucleotides(School of Life Science and Technology, Institute of Science Tokyo)
(ONanai Yoshida,' Takashi Kanamori,' Shota Kaneko,' Shun-ichiro Ogura,! Hideya Yuasa'

In recent years, targeted gene knockdown therapies using RNAi technology are being put to
practical use. However, long-term systemic exposure to siRNA drugs causes challenges of low
tissue selectivity and off-target effects. In order to control the knockdown activity
spatiotemporally by photoirradiation, we attached a photosensitizer (PS) to ASO and
established a method for photooxidizing guanine (G) in a target RNA. We have employed a
tiny PS, nitrobiphenyl (NBP), which exclusively produces 02, (®a 0.93),” modified ASOs
with it and succeed in the photooxidation of G in target RNAs. In this study, timing in the
transfection of NBP-ASO was optimized because there were concerns of ASO degradation by
nucleases. An increase of fluorescence intensity was observed after photoirradiation of the
transfected fluorescently labeled ASO, suggesting a possibility of photochemical
internalization (PCI)?.

Keywords: photosensitizer, antisense, photocontrol
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1) Y. Tsuga, et al. Chem. Asian J. 2019, 14, 2067-2071.
2) Youyong Yuan, et al. Angew. Chem. Int. Ed. 2015, 54, 11419-1423
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Solid-phase synthesis of long-chain nucleopeptides(Graduate School of Science and

Technology, Gunma University) O Eri Matsumoto,! Yukino Fukushima,! Tomohisa

Moriguchi !

Nucleopeptides are synthetic oligonucleotide analogs in which amino acids having
nucleobases as a side chain and natural amino acids are alternately linked. While they
canform stableduplexes with complementary DNA and RNA and incorporation of diverse
amino acids can improve properties such as water solubility and cell membrane
permeability. In this study, we designed nucleopeptides with oxime linkages to address this
limitation and investigated their monomer synthesis and oligomerization.

Oxime linkage formation was successfully achieved by condensing a methyl ketone-
functionalized nucleobase derivative with an aminooxy-functionalized serine derivative.
The monomer was then synthesized by deprotecting the serine carboxyl group and Fmoc-
protecting the amino group.

Keywords : Nucleopeptide
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Development of nucleic acid therapeutics with disulfide side chains that are cleaved in cells
(‘Graduate School of Engineering, Kanagawa University, *Faculty of Chemistry and
Biochemistry, Kanagawa University) OKenta lizuka,' Tatsuya Kemmoku,' Shoji Fujiwara,’
Akira Ono?

It is known that nucleoside antileukemia drug araC and gemcitabine, which is used as a
treatment for lung and pancreatic cancer, are metabolized by the enzyme cytidine deaminase
in the blood plasma into inactive uracil. Therefore, by protecting the amino group at the 4th
position of the base, it is possible to prevent inactivation by resisting cytidine deaminase. In
this study, we have introduced the disulfide side chain into nucleoside therapeutics, and we are
expecting to improve their pharmacological activity. The compounds 6, 7, and 8 and
Gemcitabine were prepared at the same concentration (0.15 mM-0.15 mM) and then added to
the culture medium of HeLa cells. As a result, although no significant improvement in
pharmacological activity was observed, it was confirmed that the disulfide side chains used in
this study could be removed by reduced glutathione.

Keywords : nucleic acid; nucleic acid therapeutics,, araC; Gemcitabine
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Detection of tumor cells by the amplified signal through anti-CSV aptamer (‘Faculty of
Advanced Science and Technology, Kumamoto University, *Faculty of Life Sciences,
Kumamoto University, * OGIC Technologies Co., Ltd.) O Mizuki Tsukui,'! Mone Mori,'
Yusuke Kitamura,! Yuta Nakashima,! Masaaki Iwatsuki,> Seitaro Kumamoto,?> Keiichiro
Yasuda,® Yousuke Katsuda,' Yoshitaka Nakanishi,' Toshihiro Thara'

Tumor cells shed from primary and metastatic cancers into blood (circulating tumor cells,
CTCs) are considered to be the roots of metastases and are emerging as a novel target for
prognostic marker. CTCs undergoing epithelial mesenchymal transition (EMT) highly express
CSV (Cell Surface Vimentin) on their cell membranes. In this study, we tried to detect
mesenchymal CTCs using anti-CSV aptamer combining with entropy-driven catalysis, EDC.
Keywords : Nucleic Acid; DNA aptamers; DNA Circuit; Tumor cells; Liquid Biopsy
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Synthesis and properties of thymidine dimers cross-linked between nucleobases using a
branched self-immolative linkers ('Sch. Life Sci. Tech., Science Tokyo.) ONarumi Habu,'
Kento Miyaji,' Kohji Seio,'

Prodrugs are utilized for selective delivery to target tissues and reducing adverse effects. In
this study, we aimed to temporarily inhibit the formation of duplex with target RNA by
introducing a branched self-immolative linker between nucleobases separated by several bases
in oligonucleotides and sterically controlling its structure. Furthermore, we designed it to be
activated in response to S-galactosidase by incorporating galactose at its terminus.

Toward the synthesis of cyclic oligonucleotides, we initially investigated the synthesis of
thymidine dimer phosphoramidite with a branched self-immolative linker crosslinking adjacent
thymine bases. Subsequently, the thymidine dimer was incorporated into oligonucleotides, and
its properties were evaluated. Moreover, we explored a method for introducing the branched
self-immolative linker after oligonucleotide synthesis. In this poster, we will present the details
of these studies.

Keywords : modified nucleoside, self-immolative linker, thymidine dimer, p-galactosidase,
prodrug-type oligonucleotides
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Synthesis of optically active epoxidized dihydrozerumbols via lipase-catalyzed highly
enantioselective acetylation and elucidation of selectivity through docking simulations
(!Graduate School of Agriculture, Kindai University, *Faculty of Agriculture, Kindai University,
SFaculty of Bioscience, Nagahama Institute of Bio-Science and Technology, *Independent
Researcher, *Faculty of Pharmaceutical Sciences, Himeji Dokkyo University) O Ryoto
Takahashi,' Yurika Terada,! Ayaka Kawamura,' Kazusa Hiraiwa,! Chicko Yamamoto,' Saki
Tsujimoto,? Rikako Hiramoto,! Tomoko Watanabe,' Chikako Fujiwara,? Akane Kawai,? Gengo
Kashiwazaki,! Yasushi Kawai,> Kaoru Nakamura,* Rio Yamanaka,® Mitsuaki Yamasita,'?
Takashi Kitayama'~

To develop drug discovery libraries, we utilized diversity-oriented synthesis (NMRDOS) to
explore uncharted chemical space. Zerumbone, a highly reactive natural product from Zingiber
zerumbet, served as the starting material. Reaction under Brensted acid conditions elucidated
detailed pathways leading to aromatic ring formation and enabled the efficient construction of
novel scaffolds and natural product derivatives. Using dihydrozerumbol and its epoxide as
substrates for lipase-catalyzed optical resolution, we achieved the total synthesis of
Buddledone A and Alashanoid B2, determining the absolute configuration of Buddledone A.
To elucidate the principles regulating stereoselectivity, we investigated a series of epoxides and
identified a strong correlation between substrate configuration and stereoselectivity. This
correlation was subsequently analyzed in detail using docking simulations, yielding valuable
insights into the underlying molecular factors.
AT A 7TV —WELBRL, TREDOSF8&E b ORGSR KRR ZFIH LTz
ZREMEFR AT AR (DOS) "I K DREED 7 2 N AR—=AA~DT 7 B AT I,
ZHVETIT, T a UHTHROE SRR E N VR % HBEYE & L, Bronsted
fe N CORBUT L 2 HFHERA~OIURSRE AR L, 2 S LBV R UFEERE
EEL L, FERSSKAERIEZEAT v 7 THE LTz, P AFZETIEY e ke
ﬁw/T%w&%@IT%/E%ﬁthﬂ*?%ﬁ AVARETRVALNE /N DR e 5y
\Zf%Eh L, Buddledone A X° Alashanoid B2 0)/3? Jk & et B O R E IR LTz,
4%@%@%%1@?‘5@@%%%?‘5 7eols, —HOZARFY FEFHAE L, ERK
& NLARBEIRPE DN FRWEBARIGR N 8 5 = k RNE LTe, £ D%, ZOMBEBRRIC
ONTRyF 7y Ialb—a 2 OTREITHNT L, 5L R DRSBTS
Tt R DMGF B AT,
1. Schreiber, S. L. Science 2000, 287, 1964—1969.
2. G. Kashiwazaki, et al. Org. Biomol. Chem. 2021, 19, 10444—10454.

3. Y. Utaka, G. Kashiwazaki, and T. Kitayama, ef al. J. Org. Chem., 2020, 85, 8371-8386.
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Lipase-catalyzed Mannich Reaction in Deep Eutectic Solvent-
Water Systems

(!Graduate School of Science, Osaka Metropolitan University, *School of Science, Osaka
Prefecture University) OTaito Nagamoto,' Hiroki Onishi,> Hideo Kojima'*
Keywords: Lipase; Deep Eutectic Solvent-Water Systems, Mannich Reaction

Recently, as alternatives to organic solvents, deep eutectic solvents (DESs) have been
acknowledged as green solvents. DESs are eutectics prepared by mixing a hydrogen bond
acceptor (HBA) and a hydrogen bond donor (HBD) and heating until a liquid is formed. Several
recent examples of lipase-catalyzed organic reactions in DESs have been reported.! Previous
research has shown that incorporating water into DESs has created aqueous deep eutectic
solvents, offering a potential solution to reduce the viscosity of DESs? and improve the reaction
rate in lipase-catalyzed Henry reaction.® This research investigated the lipase-catalyzed
Mannich reaction in the choline chloride-based deep eutectic solvents/water system. In this
presentation, we will provide details of the experiments.

A mixture containing aniline (0.11 mmol), p-nitrobenzaldehyde (0.1 mmol),
cyclohexanone (1.9 mmol), and Candida rugosa lipase (CRL) (10 mg) was stirred at 30°C for
24 h (Scheme 1). The yields in the DES (HBA: choline chloride (ChCl); HBD: glycerol or
ethylene glycol)/water were higher than in ethanol/water (Table 1).

O H
NH2 & 9 Candida rugosa lipase o
+ + T /@
© é 30°C, 24 h
NO,

N
O,N
Scheme 1
Table 1
Lipase Solvent Yield (%)
None Ethanol/H,O (9:1) 30
CRL Ethanol/H,O (9:1) 54
CRL ChCl/urea/H>0O (1:2:1) 42
CRL ChCl/glycerol/H,0O (1:2:1) 76
CRL ChCl/ethylene glycol/H,O (1:2:1) 57

1) J.-N. Tan, Y. Dou, Appl. Microbiol. Biotechnol., 2020, 104, 1481-1496.
2) A. S. D. Ferreira et al., J. Mol. Lig., 2021, 342, 117463.
3) X. Tian et al., J. Microbiol. Biotechnol., 2016, 26, 80—88.
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Development of cyclodextrin-conjugated diselenide compounds as oxidative protein folding
promoters ('Department of Chemistry, School of Science, Tokai University, ’Institute of
Advanced Biosciences, Tokai University) O Yuki Iwata!, Kenta Arai'?

A nascent polypeptide chain needs to fold into the unique three-dimensional structure by
accompanying cross-linking intramolecular disulfide (SS) bonds in the endoplasmic reticulum
(ER), and thereby exhibits its physiological functions. This oxidative folding process is
efficiently promoted by protein disulfide isomerase (PDI), an ER-resident oxidoreductase,
which captures structurally immature proteins and introduce SS bonds into the client proteins.
Dysfunction of PDI due to oxidative stress leads to protein misfolding and aggregation,
eventually causing critical diseases, such as neurodegenerative disorders. Cyclodextrins (CDs)
can capture hydrophobic molecules and thus are expected to function as a sensor that
recognizes hydrophobic regions of immature proteins. We previously reported that water-
soluble cyclic diselenides catalyze oxidative folding through a PDI-like catalytic mechanism.!!!
In this study, we designed and synthesized a new CD-conjugated catalyst with a cyclic
diselenide skeleton as the redox center. The synthesized compounds were applied to oxidative
folding of endothelin 1 having two intramolecular SS bonds, and were found to promote not
only SS formation but also isomerization of the mispaired SS bonds. Furthermore, the
compounds were also found to have the ability to inhibit protein aggregation and to mimic the
chaperone-like capability of PDI.

Keywords : Catalyst, Oxidative folding, Selenium, Disulfide, Cyclodextrin
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[1] Chem Asian J. 2020, 15, 2646-2652.

© The Chemical Society of Japan - [PB]-3pm-62 -



[PB]-3pm-63 BAIL2A B1055SF2 (2025)

X R ERBERBITICE D ERF O URMRBEROMEI/L—TD
&3l

(FNRFE « BROKLTFRFE?) O/NFR X HH 12

Role of the catalytic loop of histidine decarboxylase based on X-ray crystal structure (' Faculty

of Education, Kagawa University, *Faculty of Core Research Natural Science Division,
Ochanomizu University) OHirofumi Komori,'! Yoko Nitta?

We have determined the crystal structures of wild-type histidine decarboxylase, mutants, and
inhibitor complexes using X-ray crystallography. Based on its crystal structure, we will discuss
the molecular mechanism of histamine synthesis reaction. In particular, we will focus on the
role of the catalytic loop region in the decarboxylation reaction, which has been shown to have
different structures depending on the conditions, based on previous results.

Keywords : Decarboxylase; Histamine; Crystal structure; X-ray structure analysis
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(1) H. Komori et al., Acta Cryst. F287 675—67}77 (2012).
(2) H. Komori et al., J. Biol. Chem. 287 29175-29183 (2012).
(3) Y.Nitta et al., Seikagaku. 87 321-325 (2015).

(4) H.Komori & Y.Nitta, J. Biol. Macromol. 21(2) 69-74 (2021).
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Modification of gold nanorods with peptides containing cell recognition sites and evaluation of their
cytotoxicity and anti-cancer drug carrying capacity (‘Department of Materials Chemistry, *Ecology
and Enviromental Engineering Course, Faculty of Advanced Science and Technology, Ryukoku

University)OConoha Yamaoka', Takahito Imai', Masahiro Asano?, Kin-ya Tomizaki'

Tumor-targeted combination therapies have received increasing attention in recent years. The
combination of chemotherapy and photothermal therapy (PTT) is considered to be effective for cancer
treatments. The RGDS peptide, which recognizes integrins a5p1 overexpressed in cancer cells and
induces cellular adhesion, is used to direct the gold nanorods to cancer cells. 11-
Mercaptoundecyltetracthylene glycol (MUTEG) is also used to provide hydrophobic space to load
anti-cancer drug doxorubicin (Dox) on the surface of gold nanorods. In this study, the cytotoxicity and
Dox loading performance of AuNR complexes were examined.

First, gold nanorods were synthesized using the CTAB (hexadecyltrimethylammonium) method. The
gold nanorods were surface-modified by adding polyethylene glycol methyl ether thiol and MUTEG, to
the resulting gold nanorods and reacted in aqueous solution for 30 minutes. AuNR-PEG-11MUD-peptide
(AuNR-P-U-p) was then synthesized by reaction with RGDS peptide in aqueous solution for 24 hours,
and its Dox-loading ability was evaluated by fluorescence measurement.

Keywords: Peptide; Gold nanorod; Doxorubicin

E, BEEFENETIHBEENEEIATVS, TORTH, LPEEXEXLBEEPTD
DHAINRUTHDEEZOND ARETE. €7/ 0y FEEYEEDT YU T -8 &
UPIT #MEELTHRIAT S, LML, £F+/8Y m:f:u;—zaq;aram EMIREFEENTL, A
VHIRRICEBEFRBELTWAI VT oD ash 1 ZRHLMREEZSERT S5 RGDSRTF
RRUN-ANNATEOUTIULTESITFLUTY :I—)b(MUTEG) I2&YEF/ By FE
L. XTF K& 1IMUD OBKIRBIZIRAVEI FXVILED U (Dox)ZBEFSE 5,

(& AuNR BHEAROHMIEMN & Dox DIEFHEEEZRIELT=. FT. CTABNFYTUILRY A
FILTUEZDL)ZEZEZRAVCE ST/ 0y FOERET>f=. BFoNnf=&F /0y FIZRY T
FLUT)A—=WAFII—FTILFF—IL, MUTEG #/Z 30 HREKBERPTRIGSERME
B L71=. RLVT. RGDS RTF K& 24 BEKABRPTRIESESHZ &ITLY AuNR-PEG-
11MUD-peptide(AuNR-P-U-p)# &R L. Z® Dox {EEHEEIFHABIFIZ & YEHEL 7=,
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Metal-catalyzed selective hydroxylation of collagen model peptides. (Faculty of Chemistry,
Materials and Bioengineering, Kansai University) O Shun Oto,' Akihiro Marutani,! Yasushi
Obora,! Yoshiaki Hirano!

Collagen is well known to be formed from a Pro-Hyp-Gly (POG) repeating structure.
However, when chemically synthesize of collagen sequences, side chain protection of Hyp and
synthesis cost are problems. Therefore, if the Pro residue can be selectively hydroxylated using
an iron catalyst after the synthesis of (Pro-Pro-Gly),, this will lead to improved synthetic
efficiency. Rogness and co-worker reported that the 5-position of proline is selectively
hydroxylated using Fe(S,S-PDP) shown in Fig. 1, 5-hydroxyproline (5-Hyp) in high selectivity
and in high yield". However, it is difficult to hydroxylate 5-hydroxyproline unless the N-
terminal protecting group is Ns (nosyl group), and there are no reports of reactions with
peptides containing multiple proline moieties.

In this study, we investigated the N- and C-terminal protecting groups and hydroxylation of
Boc-Pro-Pro-OPac containing multiple proline residues to obtain basic knowledge for the
hydroxylation of Pro-Pro-Gly(PPG).

Keywords © Collagen, proline, hydroxylation, metal catalysis.

217 —7%" 2% Pro-Hyp-Gly(POG) D U i ULAEE N DI STV D Z ENEI BT
W5, LL, a7 =7 VR LFE T 2581213, Hyp ORIBHIRGES = 2 R A3
L 72 %, & ZT(Pro-Pro-Gly), DA A& SRR 2 FHV T Pro 7% 24 BRI KR L
TENRX, AR m E2XFFTX %, Rogness H 13 Fig.1 (2757 Fe(S,S-PDP)%
WU T 1 Y O SALERIC KB E S 5-8 R v 7 1 U 2(5-Hyp) & iRy
MOFEIETHEONDL Z L ZWME L TWDH Y, L, N RKinDORH#ERD Ns(/ 2 vE)
TRWEKBIESIZL LK, MATT e U 285G AT T TF RO S
SHTVRYY, ARFFETIE N - C RinfriEOMGR L 07 v U U2 e AT
Boc-Pro-Pro-OPac D/KEE(V 21TV, Pro-Pro-Gly(PPG)/KER(L.0D 7= 8 D FEfEI I R &2 155
ZEEEME LT,

0 0]
Fe(PDP) (15 mol %)
OMe H:0:,AcOH OMe
AcCN , 0°C NNs
NNs Interative addition
HO
782 (Pro) S-EROFL IO (SHYP)

Fig. 1 Scheme of hydroxylation of Pro and structure of Fe(S,S-PDP).
1) D.C. Rogness et. al., Nature, 537, 214-219 (2016).
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In vitro selection of VHH antibodies targeting DNA aptamers

(1 Graduate School of engineering, Saitama University, 2 Epsilon Molecular Engineering Inc.)
O Shota Todoroki 1, Yuki Mochizuki 2, Naoto Nemoto 1,2
Keywords: VHH , DNA aptamer , cDNA display , In vitro selection , affinity measurement

DNA-protein interaction is one of the most important intermolecular systems in organisms, such as
transcriptional regulation. However, DNA used in living organisms is basically a double helix structure,
and there has been no search for proteins that interact with DNA aptamers, which have a unique tertiary
structure consisting of single-stranded DNA. In this study, we will use an artificial library of VHH
antibody, which is attracting attention as a next-generation antibody as a protein, to investigate the
possibility of molecular recognition by the various surface geometries of its CDR3 portion in particular.

The aim of this study was to obtain VHH antibodies that bind specifically to DNA aptamers that
capture the antibiotic oxytetracycline (OTC). Small molecules such as OTC are known to be difficult to
produce conventional antibodies because of their small molecular size. On the other hand, many DNA
aptamers have been obtained against small molecules.

The DNA aptamer used in this study was the one shown on the right, _::": -
ok, @
considering its dissociation constant with OTC (KD =9.61 nM) and its :«f “ %
selectivity (binding to OTC approximately 18.3-fold stronger than & M
tetracycline and 36.6-fold stronger than doxytetracycline, which are P '
also tetracycline groups). 1) SDeT-\lcoAn:;r;/m(i:ﬂ) and tertiary (right) structures of

Specifically, four rounds of in vitro selection with an artificial VHH antibody library targeting OTC-
binding DNA aptamers were performed using the cDNA display method. The recovery of DNA encoding
the VHH antibody eluted in the final round was measured as 1.31% by quantitative PCR. The same
selection was also performed under the conditions of targeting only streptavidin beads and streptavidin
beads - DNA aptamer as a negative selection. The respective DNA recovery rates were 0.002% and
0.05%. Based on these results, we believe that we have successfully selected VHH antibodies that bind
specifically only to the OTC - DNA aptamer.

DNA sequencing by NGS was then used to identify the DNA sequence encoding VHH, which binds
only to the OTC - DNA aptamer.

Amino acid sequence of the CDR region of VHH that binds to the target.

| CDR1 CDR2 CDR3
VHH 1 GSVSSINAMG AISRSGGSTYYADSVKG  WRFHKWHWLRQHVDY
VHH 2 GFTFDDYAMS TITSGGRTNYADSVKG- KGEKHWWRWHDY
VHH 3 GRTFNDYAMG AINWSGDTTYYADSVKG WHYYNVWSWQRY

In the future, we plan to use the DNA to express VHH that binds only to the OTC - DNA aptamer and
measure affinity to the OTC - DNA aptamer.

(References)

(1) Man Bock Gu et al. ssDNA aptamers that selectively bind oxytetracycline. Bioorganic & Medicinal
Chemistry 16 (2008) 12541261
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Synthesis of peptide-modified gold nanorods with intracellular delivery function and their
application to photothermal therapy (' Department of Materials Chemistry, Ryukoku University,
Innovative Materials and Processing Research Center, Ryukoku University, *Department of
Food Sciences and Human Nutrition, Ryukoku University) O Soo-Ang Ahn', Shoya
Nakamura', Shoya Fujimoto', Takahito Imai', Masayuki Yamasaki® *, Kin-ya Tomizaki' 2

Gold nanorods, known for their ability to absorb near-infrared light and generate heat, hold
promise for application in cancer photothermal therapy.” However, their use requires
functionalization with intracellular delivery signals. Peptides containing hydrophobic and
cationic residues are recognized for their intracellular delivery capabilities”, yet their
combination with gold nanorods for photothermal therapy remains largely unexplored. In this
study, we synthesized gold nanorods modified with peptides (1) designed for intracellular
delivery. We then evaluated the potential of these peptide-modified gold nanorods in
photothermal therapy.

Validation experiments revealed that the peptide (1)-modified gold nanorods were
successfully internalized by HeLa cells and induced cell death upon irradiation with near-
infrared light.

Keywords : Peptide, Gold nanorod, Photo thermal therapy, Cancer treatment

Gt a sy Rid, WaRINDEE I U CEAAVE I AET DEETINILILTED . BNAD
WEFIEA~OISAPEF SN TWD, D L LR 5, Zofi i idaigtzEs
TF N K DERRIE R VNETH D, BUKMEERE S W T Ao Wik 2 &7 F Fix
FRINEZEREI DB O DN TWVDEN Y, HEBEEOT-OO4&TF /7 vy REOMAE
OEIX, FEAEKRBATSH D, AHFZETIEL, MEAT U AN —HICHE Sz
7R (1) TEfMiL7-4&F / ny REGkLTz, £ LT, X7F RTCEMish=4&
Fa sy RONREEIEICEB T A AThett 2 554 L 7.

BEEEBROFER, X7F K (1) TEffisn/=4F /1> Fid HeLa fific NE S
M. THRAMSEIREHIC X 0 a2 35895 2 E R LMo T,

o} " ] H o} H o] H (o} H o}
HBCJ’kN N N N N N N/\/O\/\O/WN\/\O/\/O\)J\N/\/\/\/\WN\)L
H H H H H
o] o] o] 0] o]
NH NH NH
HZN/gNH HZN/gNH HZN/&NH

~"NH,
gH

(0

Fig. 1 Amino acid sequence of peptide (1)

1) Choi, W.I., Sahu, A., Kim, Y.H., Tae, G. (2012) Ann. Biomed. Eng., 40, 534-546.
2) Horton, K.L., Stewart, K.M., Fonseca, S.B., Guo, Q., Kelley, S.O. (2008) Chem. Biol., 15,
375-382.
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Polystyrene-based solid-phase redox catalysts promoting oxidative protein folding ('School of
Science, Tokai University, *Graduate School of Science and Technology, Tokai University,
3Micro/Nano Technology Center, Tokai University, *Institute of Advanced Biosciences, Tokai

University ) OYuri Aoyama,' Yuya Nishizawa,! Hayato Yokose,>* Yosuke Okamura,>* Kenta
Arail#

Protein disulfide isomerase (PDI), an ER-resident oxidoreductase, catalyzes the formation of
disulfide (SS) bonds between cysteine residues in substrate proteins, thereby promoting protein
folding. While the industrial application of PDI is expected to dramatically increase the
production rate of protein-based formulations and artificial proteins, it is costly and separation of
PDI from the substrate proteins is often difficult. We previously reported that water-soluble cyclic
diselenides catalyze oxidative folding through a PDI-like catalytic mechanism.!! To facilitate the
isolation and reuse of the catalyst, we supported the PDI-like cyclic diselenide on a polystyrene-
based resin. The prepared solid-phase catalyst was applied to oxidative folding of endothelin 1
having two intramolecular SS bonds, and was found to promote not only SS formation but also
isomerization of the mispaired SS bonds. Interestingly, the capability of the heterogeneous
catalyst was higher than that of the homogeneous catalyst, i.e., the water-soluble cyclic diselenide.
This may imply that hydrophobic interactions between polystyrene and denatured proteins
enhance the oxidative folding kinetics at the solid surface.

Keywords : Selenium, Folding, Chaperone, Hydrophobic interaction, Disulfide

/IR NTEME DR LR TTIE SR C o % protein disulfide isomerase (PDI)i%: HEAEDY
AT A VIERERD P AT 4 K (SS) i DR M 25 2 & T, EEE®7¢—W
T4 v 7 EEHET S, PDI O LEMSHIL, ERERACALEAE @EFELr%ﬂEEE
E’J W B0 EMEEND T, 2 A MR D D 21T, PDI OIEEAE
DIEELI LT VIEREETH 5, Fox 1TLIAT, AKEMHERIR D E L= MEG%As, PDI &
ﬁﬁ'@@}iﬁﬁ%ﬁé%ﬁiiof HEOmREH) folding A fiiid 25 Z & 2wty L7z, A4F5E
TiE, O HEEE HRIHZ BT 2720, PDIERRCEL=RE2RY 2AF LR
BHIE BICHE S E 7, S L EFREESRE 2 TR 2 2O SSHGE /T o
U1 ORIEH folding IZJSH LIz & 2 A, SS ST T2 <, HiTiEX 7 SS
e ORI BIFICRET 5 2 ERHAL NIRRTz, BREN &2, ZORE—
i DRE T P — Rl T b BKEEMHERR L= MO 2N L0 b Eho T,
R ZAF L e EEREMIZB T 2EKEMAEER?, BREERICET 2D
folding B Eim ik L TWDH b D EEZ LD,
[1] Chem Asian J. 2020, 15, 2646-2652.
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Molecular Dynamics Study on Conformational Change of Human Collagen Prolyl 4-
Hydroxylase. (Faculty of Medicine, Hyogo Medical University) O Kazuaki Fukushima,
Hiroyoshi Esaki

Collagen is one of the major proteins in the human body and is a chain protein with a
repeating structure containing glycine and proline. In collagen, proline residues are
hydroxylated to form a stable triple helical structure. Human collagen prolyl 4-hydroxylase (C-
P4H) is an enzyme that catalyzes hydroxylation of proline residues in collagen synthesis in the
human body. The catalytic domain of human C-P4H is difficult to adopt a constant
conformation due to the large proportion of flexible loops. Therefore, X-ray analysis of the
catalytic domain of C-P4H has only been reported for a low-activity isoform II.

In this study, we investigated the structural differences in the catalytic domain of the highly
active isoform I of human C-P4H with and without collagen peptide substrate by molecular
dynamics calculations. The input structure used in the calculations was generated based on the
X-ray structure of algal C-P4H, which has a high sequence similarity, and three 500-ns
simulations were performed using Gromacs. The calculation results show that in the presence
of substrate, the hairpin loop and BII-BIII loop encapsulate the substrate and anchor it near the
catalytic center, whereas in the absence of substrate, the hairpin loop fluctuates significantly,
and adopts different conformations. We also report the results compared to simulations based
on the structure of human C-P4H predicted by AlphaFold2.

Keywords : Prolyl 4-Hydroxylase; Collagen Synthesis; Molecular Dynamics,; Catalytic
Domain; Conformational Change

a7 = NINEERERT D T E R X R EO—OThY Tk Tal)
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Synthesis of gold nanoribbons using N-methylamino acid-containing peptides and peptides
with a nuclear localization signal as templates and evaluation of their photothermal conversion
properties

(Ryukoku University, Department of Materials Chemistry')
ORyuki Watanabe!, Soo-Ang Ahn!, Takahito Imai', Kin-ya Tomizaki'

The use of gold nanoparticles is promised to be a new treatment method in medical field because of
their unique photothermal effect that involves absorption of near-infrared light and conversion of it into
heat. Ribbon-shaped gold nanoparticles have been successfully synthesized inside peptide assemblies
and delivered them to cells. In this study, peptides containing N-methylamino acid and peptides with a
nuclear localization signal were used as templates to synthesize gold nanoribbons, control their size, and
examine the photothermal properties.

The UV-vis spectra showed that the absorption in visible region (400-800 nm) decreased as the
concentration of [MeAla®]-Cap-p increased. Morphological observation using transmission electron
microscopy (TEM) to measure the length of gold nanoribbons showed that increasing the concentration
of [MeAla®]-Cap-p resulted in shorter lengths of gold nanoribbons. Furthermore, irradiation of gold
nanoribbons with an 808 nm laser at 5 W/cm? showed a higher temperature elevation for gold
nanoribbons without [MeAla®]-Cap-p than for those with it.

Keywords : Peptide; Gold nanoparticles

&) REEITE R RN LB D856 D7 + R —~< Vi RoMEE o2 b
ME | [EESWICBT 2T inRiEE LTS TWD, RIFEE TR, 7T RESK
W T U R AR DT 7 FEER DA & M ~DEEITKL) LT\ 5, AWFFETIE, Cap-p, N-A
FNT I BEEGLTTF R ([MeAla’]-Cap-p) K OEBITY 7TV EET HX7F K (NLS-
p) DIRAMZEHFHL LTHWTE T VR 24 L(Fig. 1), X7F FORALEET /Y
Ry DY A ZELDRER, KO7 + Mr—< 35 & ORREZHR~T-,

UV-vis A7 RLDOFERND | [MeAla’]-Cap-p DIEE % FH 825 &, wl1E5EE (400-800
nm) (ZBITFDWHEN NS L Ipolz, HRAEFBHKEE (TEM) IZ XD EBIEEZITWET
JUVROESEFHHAILIZE Z A, [MeAla’]-Cap-p DIEELY LR S EESOENET /U
RUDERMR L, &5, &F /7 VAR A2 5 Wem?T 808 nm L — W —% M4 25 L [MeAla
1-Capp ZEALTWLET /U ARL IS, AL TWRWET ) VR OH R EWIRE
EHERLZ,

(a) Cap-p; Ac-AIAKA2NafKIA-NH2
(b) NLS-p; Ac-PKKKRKVGGGAIAKA2NafKIA-NH2
(c) [MeAla®]-Cap-p; Ac-AIAK-MeAla-2NafKIA-NH2
Fig. 1 Peptide sequence (2Naf = L-2-naphthylalanine)
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(OSoshin Saita, Masayuki Yamasaki, Kin-ya Tomizaki

(*Ryukoku University Department of Materials Chemistry, *Ryukoku University
Department of Food Sciences and Human Nutrition)

Mitochondria are cell organelles involved in ATP production and apoptosis. It is possible to
intentionally induce apoptosis in cancer cells by attacking mitochondria of cancer cells to
release cytochrome c. In a previous study, cytotoxicity evaluation using MTS-pA, in which a
mitochondrial transfer signal (MTS) sequence was attached to the N-terminus of a self-
assembling peptide, showed that MTS-pA was predominantly toxic to cancer cells.

Since MTS has two helix sites, in order to determine which helix contributes to cytotoxicity,
we designed a peptide lacking the C-terminal helix of the MTS part, 6 amino acid residue, as
MTS A C-pA, and a peptide lacking the N-terminal helix, 11 amino acid residue, as MTS A N-
pA.

The CD spectra of MTS A C-pA and MTS AN-pA both showed that MTS A C-pA formed a
random coil structure in PBS, while MTS A N-pA showed the same tendency as MTS A C-pA
in TFE and SDS-containing PBS. Cytotoxicity assay using CCK-8 showed that both peptides
were as toxic as MTS-pA to HeLa cells (cancer cells), MTS A C-pA was less toxic than MTS-
pA to COS-7 cells (normal cells), while MTS AN-pA showed less viability to than MTS-pA
and MTS A C-pA showed higher toxicity compared to MTS A N-pA in HeLa call.

Keyword : mitochondria, peptide

SRV RYTIZATP OERP TR = CEBE5ET 23/ NG ETH D,
UHARETIZI b RUTBITY 7 FALMIS)RT F REEHEOFRE. A, BT,
MigsIcEB LTW 3,

AR TlE, BOEAMLTF F(Cap-pA)D N FKiglZ MTS BeZo C Rim~ Y v o X8
BN KigAY v 7 ARBEIAFES B 28O oy RUTBITV /P ARTF R
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Light-Driven Hydrogen Production by a Combination of a Photosensitizer and a Recombinant
Escherichia coli Whole Cell (Faculty of Science, Nara Women's University) OYuki Honda,
Kiho Maruyama, Asumi Suzuki, Hiroshi Fujii

A biohybrid system combining an electron donor, triethanolamine; a photosensitizer, eosin
Y; and a whole cell biocatalyst of Escherichia coli expressing [FeFe]-hydrogenase gene was
constructed for development of a clean hydrogen production system!. The apparent quantum
yield of hydrogen production in the biohybrid system under visible light irradiation exceeded
20%, which is useful for the future development of biocatalytic hydrogen production systems.
In this presentation, we analyzed the electron transfer pathway from the photoredox of EY to
the enzyme in the biohybrid system and the control of the redox potential of the electron
mediators to achieve both high hydrogen production rate and durability, aiming to expanding
knowledge for design of the biohybrid system for solar energy conversion.

Keywords : Hydrogen Production; Hydrogenase; Photosensitizer; Eosin Y; Whole-Cell
Reaction

K EIERT 57 U — U I RBAEEROBESGAZ BHiE L T mahR2t— by =3
IV —ZEWADNFTRE TR FE AR R & IR Ze S T CHEER R L TRz k) DmEEiR
() 72 W) B 25 #4705 P RE 70 AR (R AMUEE 0D 87 3 D e 1R & $AL A o T B Al R D it & o
DTS, ZNET, BEFHEGHE NV =X ) —LT I (TEOA)., KL Ky 7 Afilit
=AY (BY). KFEAEMEESRE L KEEKT HMHZ KIGE (Hydh) ZHAE5HOHE
oA MR A RESE LT D, 2 OB AR TO KB AEREO AL T o /T o
EERIT 20% 2 8 2 ARAEEE VD KEAERORBIZMT CAEHATHS, K
FZETIE, ARDEY DXL Ny 7 ADDER~OEFARIEREE DT & AT 4 =—
Z — AL OHIEIN X 2 SR LICE D fBAx | A 1% OB S AR O EHEH O S Z B
feL7=,

(Previous) Direct electron transfer
from EY-photoredox to biocatalyst
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1/2 H,

Photosensitizer
(Eosin Y)

Electron Mediator

TEOA* TEOA (This study) Electron transfer via Whole-Cell Biocatalyst

electron mediator to improve
Electron Donor performance of the biohybrid system

1) Y. Honda, Y. Shinohara, H. Fujii, Catal. Sci. Technol. 2020, 10, 6006—-6012.
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Development of a fluorescent biosensor for glycerol-3-phosphate (' Graduate School of Science,

The University of Tokyo) OYuse Matsumura', Fu Chai', Takuya Terai', Robert E. Campbell !

Glycerol-3-phosphate (G3P) is a key metabolite in cells that is involved in various metabolic
pathways such as glycolysis, lipid biosynthesis, and the G3P shuttle.! G3P plays a central role
in energy production in both the cytoplasm and mitochondria. Recent studies indicate that the
G3P shuttle serves to alleviate electron transport chain dysfunction,” although many aspects of
its role remain unclear.

In this study, we aim to develop a genetically encoded fluorescent biosensor for G3P to
facilitate further investigation of its roles through cellular imaging. A prototype biosensor was
created by fusing green fluorescent protein (GFP) with the G3P-binding protein UgpB.?
Through the process of directed evolution, we have enhanced the sensor’s fluorescence
intensity and selectivity for G3P. The latest progress will be presented at the conference.
Keywords: Fluorescent Biosensor, Glycerol-3-phosphate, Metabolites
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Figure. Schematic illustration of the sensor

1) Larson, C. et al. Yeast 1998, 14, 347-357.
2) Liu, S. et al. Cell Metab. 2021, 33, 1974-1987.
3) Wauttge, S. et al. Mol. Microbiol. 2012, 86, 908-920.
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Photo-Electro-Biochemical Hydrogen Production from Water with Semiconductor
Photocatalyst and Whole-Cell Biocatalyst of Recombinant Escherichia coli (Faculty of Science,
Nara Women's University) Yuki Honda, OReina Hamakawa, Risa Yuki, Hiroshi Fujii

A new photoelectrochemical system was constructed for clean hydrogen production by solar
water splitting, combining an inorganic photocatalyst-based photoanode with a biocathode
system". The biocathode system consists of a carbon paper electrode (CP), an electron mediator
(MV?"), and the whole cell of recombinant Escherichia coli expressing [FeFe]-hydrogenase
genes (Hyd+). Carbon materials are not suitable for hydrogen-forming cathode due to their
high overpotential for proton reduction; however, the combination of the reduction of an
organic electron mediator on the CP electrode and the hydrogen formation with the reduced
mediator by the hydrogenase provides a hydrogen-forming cathodic reaction comparable to
that of the noble metal electrode. This study demonstrates that Hyd+ can be employed as a part
of the hydrogen-forming biocathode system and that the biocathode system wired with TiO»
photoanode can be a photoelectrochemical water splitting system without external voltage
assistance under natural pH.

Keywords : Hydrogen Production;, Hydrogenase, Photocatalyst; Water Splitting;, Whole-Cell
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Fig. 1 Hydrogen production by a photo-electro-biochemical system combining TiO;

photoanode with biocathode.

1) Y. Honda, R. Yuki, R. Hamakawa, H. Fujii, ChemSusChem 2024, 17, €202300958.
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Investigation of Hemoprotein-catalyzed Carbene Transfer Reactions for the Diversification of
Carotenoid Biosynthesis (!Graduate School of Engineering, Osaka University, *National
Institute of Advanced Industrial Science and Technology) OTsukasa Murakami,! Shunsuke
Kato,'! Maiko Furubayashi,? Takashi Hayashi?

With recent advance in biotechnology, biomanufacturing using microbial biosynthetic
pathways has attracted increasing attention in the production of chemical feedstocks. However,
the products of biomanufacturing are still limited to a series of metabolites obtained from
natural biosynthetic pathways. To address this issue, we here set out to integrate non-natural
chemical transformations into existing biosynthetic pathways to expand natural biosynthetic
pathways. In particular, non-natural carbene transfer reactions utilizing heme-dependent
enzymes were investigated in this study to diversify biosynthetic pathways for the production
of carotenoids. Consequently, bacterial globins from S. novella were found to catalyze the
derivatization of retinal, an apocarotenoid derived from [-carotene, via the targeted carbene
transfer reaction.

Keywords : Biocatalysis; Carotenoid; Biosynthesis;, Hemoprotein, Carbene transfer reaction

WES D LWAEY TAEAR OB D A O RS E G R 2 15 L7 A H
IEEMDEPEICIERNEE > THDE D, L LAaRb, ARRICHEET HRIBIC L -
THEOLNDIRIHEAWIIREN TH D120 AR O X 52 5 4EENH EEh
TW5, Bt Z R4 5720, BRFUTIT AW EESE SO & BEAE O B AR L #
AL, X REOALEWEEORMENATRETH D L PHEEIND, £ 2 TAISE
T, EMC L > TEGREND e T /A K&, IERREELE NI L Y ZH 09
L2l HRDE L, NLRIEVERESEIC L D W NANUEEBRIEORE 21T o 72, fix DT
a7 A RBLONMMEFHERICH L TRV —=0 7 % i LIRS, novella H
kZaerd, TR T ) A RThD LT FT— Ik 2 0 SR % il
TAHZENHLNE ST (FTRIEM),

<
0 e
NN |, i&/& NN
N — g > — 0
M ZQJLOEt g%) OEt

Ethyl Heme-dependent 0]
diazoacetate enzyme

Retinal

1) A. Cravens, C. D. Smolke, Nat. Comuun. 2019, 10, 2142.
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Investigation on Mechanism of Antifungal Activity of Short Chain Length Poly(e-L-lysine)
against Saccharomyces cerevisiae ('School of Engineering, The University of Shiga Prefecture,
’Graduate School of Agriculture, Kyoto University) O Munenori Takehara,' Amane
Tanimura,' Koki Tanaka,' Akira Aramoto,' Yoshiharu Inoue’

Poly(e-L-lysine) (e-PL), produced by some strains of Streptomyces spp., is a cationic
polypeptide with a broad antimicrobial spectrum. e-PL with short chain length (S-g-PL) shows
higher antifungal activity against Saccharomyces cerevisiae compared to medium chain length
e-PL (M-g-PL). In this study, we investigated the mechanism of the antifungal activity of S-¢-
PL. Circular dichroism analysis suggested that S-¢-PL, like M-g-PL, could form a p-sheet type
secondary structure. S-e-PL showed higher antifungal activity in SD medium and M-¢-PL in
phosphate buffer. Both &-PLs exhibited antifungal activity without plasma membrane
disruption of the yeast cells. S-e-PL was shown to have relatively higher cell membrane
permeability. Mutant strains deleted in different elements of the cell wall integrity pathway
were more resistant to S-g-PL.

Keywords :Poly(e-L-lysine),; Cationic Polypeptide,; Antimicrobial Activity, Circular Dichroism,
Cell Wall Integrity Pathway
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DHEDOHERFICE D D (CWI) R 2RI 5 5 pm
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. e N Fig. 1. Sc. cerevisiae cells exposed to
swibA) DIEH ¥, S-e-PL IZ%F L T XV itE% dansyl-labeled S-&-PL in (A) SD medium
FL7 and (B) phosphate buffer.

1) High-yield production of short chain length poly(e-L-lysine) consisting of 5-20 residues by
Streptomyces aureofaciens, and its antimicrobial activity. M. Takehara, A. Hibino, M. Saimura, H.
Hirohara, Biotechnol. Lett. 2010, 32, 1299.
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Bundling of self-assembling peptide nanofibers with photoresponsive polymers ('Graduate
School of Engineering, Tokyo University of Agriculture and Technology, > Kanagawa Institute
of Industrial Science and Technology) O Shota Akimoto', Noriyuki Uchida', Takahiro
Muraoka'?

Fibrous proteins such as collagen achieve tissue-specific mechanical properties by
appropriately controlling bundle formation in low-fluidic biological tissues, but it is still
difficult to artificially mimic such materials. Recently, we have found that amphiphilic peptides
with a jigsaw-shaped hydrophobic part (JigSAP) self-assemble into rigid nanofibers in aqueous
solution to form hydrogels” . Upon addition of a highly concentrated azobenzene-containing
water-soluble polymer, we found that the JigSAP nanofibers formed bundle. Interestingly, the
JigSAP bundles can be reversibly dispersed into nanofibers even in the low fluidic solution.
The bundling of JigSAP nanofibers is expected to change various physical properties, such as
surface area, and we report on the application of novel stimulus-responsive materials based on
meso-scale structural changes.

Keywords : Self-assembling Peptide, Photoresponsiveness, Supramolecular fiber, Polyethylene
glycol, Azobenzene
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1) A. Yaguchi et al. Nat. Commun. 2021, 12, 6623.
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Elucidation of a correlation between peptide sequences and the association numbers of peptide
nanopore using statistical analysis and molecular descriptors (' Fuculty of Frontiers of Innovative
Research and Technology (FIRST), Konan University, 2Department of Biotechnology, Tokyo University
of Agriculture and Technology, 3Graduate School of Engineering Science, Yokohama National
University) OMoe Kobayashi?, Fumihiro Kayamori?, Taisei Terao?, Peng Zugui?, Izuru Kawamura®,
Ryuji Kawano?, Kenji Usuit

In order to apply nanopores to various fields such as medicine and environment, nanopores
with various structures and sizes need to be developed. Therefore, we have focused on peptide
nanopores and developed B-barrel type nanopores using P-sheet peptides. In this study, we
aimed to fabricate nanopores with higher selectivity of a target molecule by synthesizing
various peptides. Then we attempted to elucidate a correlation between peptide sequences and
the association state of peptide nanopore with statistical analysis and molecular descriptors.
Keywords : Peptide nanopore; Immobilized peptide; Principal component analysis (PCA);
Photocleavable linker;, Molecular descriptors
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1) D. Qiao, et al., Sci. China., 2022, 65,2122-2143.; 2) K. Shimizu, et al., Nat. Nanotech., 2022, 17, 67-
75.; 3) K. Usui, et al., Int. J. Mol. Sci., 2020, 21, 8332.; 4) K. Usui, et al., Mol. Biosyst., 2006, 2, 417-
420.
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Enhancement of anticancer activity obtained by polymeric transition metal complexes and
investigation of their delivery to tumor that can suppress immune responses (!Dept. of Appl.
Chem., Facul. of Sci., Tokyo Univ. of Sci., *Dept. of Chem., Grad. Sch. of Sci.,Tokyo Univ. of
Sci.) OMasatomo Kohro!, Yosuke Hirata?, Genta Aoki?, Hidenori Otsuka'-?

The metal complex DPA[Cu], which has anticancer properties, was polymerizing to formulate
triblock copolymer, PEG(4k)-b-pDPA[Cu]-b-pPy, to enhance its drug efficacy and tumor
targetting. This polymer is reported to intercalate with DNA, form an oxygen-copper complex
dinuclear intermediate, produce ROS, and cleave DNA, exhibiting anticancer activity [1]. The
dramatically improved redox activity of the polymerized copper complex was confirmed by
EtBr exclusion test and DNA cleavage activity. Poly(ethylene glycol) (PEG) is widely used
for particle coating to impart biocompatibility and stealth-like properties in vivo for diverse
biomedical applications. Previous studies have examined the effect of PEG molecular weight
and PEG coating density on the biological fate of various particles; however, there are few
studies that detail the fundamental role of PEG molecular architecture in particle engineering
and bio—nano interactions. Herein, we engineered PEG-coated particles using a colloidal gold
templating method and investigated how the PEG building block architecture impacted the
physicochemical properties (e.g., non-specific protein adsorption and dispersion stability) of
the PEG-coated particles and subsequently modulated particle-immune cell interactions in
human blood.
Keywords: Polymer, Copper Complexs; Fenton-Like Reaction

polyethylene

J'_;Eﬁu (1: fcﬁ 5 (ﬁﬁﬁg'ﬁk DPA[CU]@%%%{K glycul(ﬂik!

2 L DB L GG B9 L LT, 4 PEGyation pvestzatng immune
Mgﬁ{j\ Iﬁ@ T J - ‘9: L 7 ) = "—/I/(PEG) k aﬁ:i‘i(l)’gg(l;z::gzndy - due to differences in modification
SIREMCIHORHAE T3 Y 2 (Py) ey
&@hJ7uy7#Eéum@p_ Mwwkw%yfg
PDPA[CU]'b'PPY %{:'\Ejz LT (F ) D |EJ§7\ " CNo 04 o

1L DNA &:;d_ LTCA Y 7\7 L—hk *%%*%T ROS production

LR L, BesR L HBH IR R O A 2 T Ak Intercalate into D

L T ROS “EffIZ & U DNA z Gl L THas A e e adsorption
/E‘IHE%T‘T;‘ k %%&ﬂ: L/f:_ [1] EtBr Tjklgﬂ:\‘nit ’;0 % /N iy 7\ N pPyMA
Br<> DNA GIWHETERBR A 1T 5 2 & T, sk =$} opaMAqy s for
{Z'K % 5 /\%'ﬂﬁ l/ 71:_ @5&]% k % D) ij‘o) %2%))7( @ Anticancer activity Eanupﬂrﬁe]es
OEIWHEME A 1 = X OW TR 5, 15 oo l\;lrac:omolecular

ST B LT X ARLREIE A | L g e

1213{5%%;% FBHZLickb 1Ry ~—d7-  Figure 1. Polymer designed to enhance its

D OREESTEE AP TX /-, PEG |XZ%4E  drug efficacy and tumor targetting.
ﬁii%%m%® SOOI, EREATE &K
W?@X?WX@%H5¢5K®®M%Z—T4/7 WA HO BTV S, BETEDF
FETIE, BRx KL OB HIZEN R 5 PEG 73 %akmm:—r4/7ﬁf®
%%ﬂ@ﬁéﬂf%tobﬂb M%I%&A4ﬁ T/ MAEERICEBIT S PEG 4
FAEE D AR EN OV TEFRR LIHFZEIRIE E A Ve, 2 2Tl :D%%éf
/7v~b&%mwTHMM%%aﬁb MGamM%JmmGM%®%ﬁmim
Fete (B2, FERPRA S /3 BRSO L EN) ICED XD RgBa b 2 |
%@&tme¢ﬂh?%Wﬁ@ﬁﬁ@%%ﬁm?é#%ﬂké LxBRfEL,
[References] 1. S. Osawa, H. Otsuka et al. Macromol. Rapid Commun. 2021, 42, 2100274.
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Synthesis and characterization of amphiphilic peptides with flexural structures mimicking
mitochondrial transfer signaling peptides.(Ryukoku University Department of Materials
Chemistry ') OShota Miyazaki ' Kin-ya Tomizaki '

Mitochondria is cell organelles involved in ATP synthesis and apoptosis. In our laboratory, we
are studying the synthesis, characterization, and cytotoxicity of mitochondrial transfer
signaling (MTS) peptides derived from rat aldehyde dehydrogenase. In this study, we
hypothesized that a bend structure of MTS is involved in its toxicity, and we investigated the
structure and properties of the bend peptides by tandem dimerization of noncytotoxic self-
assembling peptides (Cap-p) with a bend linker and spectroscopic measurements. We have
previously designed and synthesized a peptide (MTS-p) consisting of a self-assembling peptide
(Cap-p) at the C-terminus of substituting some amino acids in the MTS sequence, and
investigated their structures and properties by spectroscopic measurements. In the present study,
we hypothesized that such a bend structure of MTS is involved in the toxicity and synthesized
Cap-p-GP-Cap-p, a tandem dimerization of two non-cytotoxic self-assembling peptides (Cap-
p) with a Gly-Pro linker by Fmoc solid phase synthesis, and investigated its structure and
properties by spectroscopic measurements. The results showed that the bent peptide formed an
a-helical structure in TFE and in SDS-containing PBS, but not in PBS.

Keyword: peptide, chemotherapy

T FaRUTIE ATP OEKRST A F— ARG T M/ NE Th D, S
RETIXT7 v FT AT RTe FaFrth—Y¥hHko har R TBITY 7
MTS) 7' F ROAEEL., FrEREn, fMEEEC >V T E 3370 Tn5, ZHET
ICHCEAETF K (Cap-p)® N KHislZ, MTS A O DT I/ gz EH# LT
FEESHEEANTTF R MTS-p)ZikitB LA L, EFHIHEIC L > TENL O
I FetEZ T & 72, MTS-p Id HeLa i, Cos-7 Mifld TEALZE 4L 15 uM,19 uM D
ICso Zn LTz, AMFFETIX, MTS ORI EDNFMHEICEGS LTV EE 2, M
EEZ2RERVWHCE/RNXTF R (Capp)E L&D Y o h—TH
> 7 A #Ak L7= Cap-p-GP-Cap-p % Fmoc [EFHARIETERM L, 0t FHHIE
2 &0 HEE & RIS DWW T2, CD HIEDORESR, JR#I~7"F NiX PBS HIZkT
B IRAEE I XFRTIREEC o o 723, TFE H38 L UVSDS &4/ PBS 1 Tl a-~V v 7 A
M 2 Rk LTz,

© The Chemical Society of Japan - [PB]-3pm-80 -



[PB]-3pm-81 BALEA B10585FES (2025)

SARS-CoV-2 M RBD £ &K U2ZE Ak ACE2 #RIFICHET 5 2 #
BEMAEBROILZHMEE & BR2NHEI/ER
(KRAKEE T+ KRBT 2+ SAREERIE S « SUNIEBRRT * « KO KBFZE~ %2 A o b

R R Y OB ¢ BRI A

Chemical properties and inhibitive effect of bifunctional catalytic antibody capable of
simultaneously degrading CoV-2 RBD and receptor ACE2. (' Oita Univ. Med, *Grad. Sch. Eng.,
Oita Univ, *Suzuka Univ. Med. Sci, 4Open Lab., ISIT, °Inst. Res. Mgmt., Oita Univ, %Res. Ctr.
GLB./LCL. Inf. Dis., Oita Univ.) OTakaaki Yahiro,"® Mirai Seki,” Moe Tsujita,* Hiroaki
Taguchi,’® Taizo Uda,"* Emi Hifumi,*¢

By deleting Pro 95 at the CDR-3 of the antibody light chain, we confer antigen-degrading
activity to the antibody'2?. In this study, we employed h11B11 and H4 mAbs for degradation
of ACE2 and RBD, respectively. From each antibody light chain, Pro 95 was deleted to confer
the degradation activity. The two modified antibody light chains were linked via a linker to
synthesize a bifunctional catalytic antibody, which showed the degradation of both RBD and
ACE?2 peptides (Fig. 1). In the inhibition assay using CoV-2, no increase in viral genome levels
was observed in the culture supernatant when treated with the bifunctional catalytic antibody,

indicating that viral infection was almost completely suppressed.
Keywords : Catalytic antibody, VL; SARS-CoV-2; ACE2;

B2 I IHUARSH CDR-3 @ 95 FHHD Pro # KK S5 & PURBHUR S FRTENE A Fr
OEEZRH L), 22T, ZOFEIZL D SARS-CoV-2(CoV-2)DJkGs 4 1+ %
H )T, Cov-2 Receptor Binding Domain (RBD) & % D% %X 1K T ¥ % Angiotensin
Converting Enzyme-2 (ACE2)D W % 73 fif+ % 2 BEREUIARE R OER & 3772, RBD
DAIZIZ h1IBIL €/ 7 m—F AR, £72, ACE2 D/ fRICITHA £/ 7 m—F L
PURZ IV, ENENOREHN S Pro9s & KK SH T, HURIKT 2 oGk 2 £+ 5-
L72, IRWNT, Z Dl % linker THEWZ 2 BEREDUAREFE 2 Ak L72 (UL F.h11B11/VL
A -linker-H4/Vy A & #%), h11B11/Vy A -linker-
H4/VL A%, FRET {&ffi L 7= RBD peptide & T}
ACE2 peptide % 77f# L 7=(Fig. 1), SARS-CoV-
2(o BRT & 2 G RRER T, 2 BRI
FRPIPUR & FULE T2 T A )V X% Vero
E6/TRPMSS2 Hifd (i S & TH#E L, RT-
PCR 1=L DA A7 L ROEAEE I~ R
& AT AOBINERD LT 1ZIEE Reaction Time (h)

é@: ]7 /I) L @Ezg% ;’c“fﬁﬂﬁﬁu L/7LCO Fig.1 Degradation of ACE2-Peptide
1) Hifumi et al., Science Advances, 6(13), eaay6441(2020) 2) Hifumi et al., Proc. Jpn Academy, Ser B.
99, 155-172(2023). 3) Hifumi et al., Scientific Reports, 14:12184(2024).
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Prediction and Validation of Tripeptides with Angiotensin I Converting Enzyme Inhibitory
Activity by Machine Learning (‘Kyushu Institute of Technology, *Vital Resources Applied
Laboratory) OMizuho Tanaka,' Toshiya Hatakenaka,” Tamaki Kato'

Angiotensin I-converting enzyme (ACEI) is an enzyme associated with increased blood
pressure, and various inhibition studies have been conducted to alleviate hypertension. In this
study, we focused on tripeptides with ACEI inhibitory activity and used machine learning to
identify sequences with high inhibitory potential. As in a previous study”, ICsovalues of known
inhibitory peptides were collected from an online database, and docking simulations of these
inhibitory peptides with ACEI were performed using MOE to gather interaction data.
Following previous studies, PyCaret was employed for machine learning, but efforts were made
to improve the prediction accuracy of candidate inhibitory peptides by re-evaluating the
relationship between the collected data and ICspvalues and by modifying the prediction method.
Several tripeptides predicted to have high ACEI inhibitory activity were selected and
synthesized using conventional peptide solid-phase synthesis with the Fmoc strategy. The
ACEI enzyme inhibitory activity of these peptides was then measured in vitro.

The results of the inhibitory activity measurements revealed several peptides with high
inhibitory activity, comparable to those reported in previous studies. These findings suggest
that further refinement of prediction methods utilizing machine learning could enable more
accurate screening of peptides with inhibitory activity.

Keywords : Hypertension, Angiotensin I-Converting Enzyme, Machine learning, PyCaret
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1) Prediction and Validation of Proline-containing Tripeptides with Angiotensin I-converting Enzyme

Inhibitory Activity Using Machine Learning Models. T. Hatakenaka, Y. Fujimoto, T. Kato, Letters in
Drug Design & Discovery, 21(15), 3069-3075,2024.
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Preparation of Chitosanase-Immobilized Resin Using 1H-1,2,3-Triazolecarbaldehyde
Derivatives as N-terminal Modification Reagents and Evaluation of Enzymatic Activity

(! Grad. School Env. Sci., Hokkaido Univ., ’Grad. School Env. Earth Sci., Hokkaido Univ.,

Department of Food Engineering, Universidad de La Serena) OYuri Ainai', Mariko Kojima?,
Ronny Martinez’, Akira Onoda'*

Chitosanase hydrolyzes chitosan to produce chitosan oligosaccharides (COS). COS have
attracted attention due to their high biological activity. Enzyme-immobilized materials enhance
enzyme stability and other properties. Therefore, the development of chitosanase-immobilized
materials is of significant interest. Our group reported that 1H-1,2,3-triazole-4-carbaldehyde
(TA4C) derivatives specifically modify the N-terminus of proteins?. In this study, we prepared
immobilized resins of chitosanase at the N-terminus using TA4C derivatives and evaluated
enzymatic activity.

Keywords : Chitosan; Chitosanase,; N-Terminus, Immobilization
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Figure 1. N-terminal specific immobilization of chitosanase on resin

~NH2

1) A. Onoda, N. Inoue, E. Sumiyoshi, T. Hayashi, ChemBioChem, 2020, 21, 1274.
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Role of Ions in the Conformational Cycle of Lipid Flippase MurJ using Molecular Dynamics
Simulations(' Graduate School of Science, Tokyo University of Science) OKeina Murata' and
Takaharu Mori'

In the synthesis of the cell wall in Gram-negative bacteria, the lipid flippase MurJ plays a
crucial role. MurJ is a membrane protein that flips Lipid II, the precursor of peptidoglycan, a
major component of the cell wall, from the inner side to the outer side of the inner membrane.
Mur] adopts a V-shaped structure composed of 14 transmembrane helices and undergoes
transitions between five distinct states during its functional cycle. These transitions are thought
to involve not only the binding and release of Lipid II but also the coordination of Na* and CI~
ions within the transmembrane region of MurJ. However, the correlation between the structural
changes of MurJ, ion coordination, and the movement of Lipid II remains poorly understood.
To address this, the present study focuses on the structural transition of MurJ from the Inward
closed to the Inward open state. Molecular dynamics (MD) simulations were performed in the
absence of Lipid II under various conditions, altering the coordination and concentration of
ions, to investigate the relationship between the structural changes of MurJ and ion dynamics.
The results revealed that the strength of ion coordination to the hydrophobic groove within
Mur]J varied depending on the type of ion, and Na® was stabilized in the presence of
Cl". Additionally, it was suggested that triggers for structural transitions may involve factors
other than ions.

Keywords : Molecular dynamics simulations, lipid flippase, integral membrane protein
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1) A. C.Y. Kuk et al., Annu. Rev. Biochem., 91, 705-729 (2022)
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Lipase-catalyzed Galloylation of Alcohols ('School of Science, Osaka Prefecture University,
*Graduate School of Science, Osaka Metropolitan University) O Chihaya Hase,' Hiroki
Onishi,' Renshiro Otaka,” Hideo Kojima?

Lipases are widely used as biocatalysts for the industrial production of useful substances
because of their high activity, selectivity, stability, and easy handling. Although there are many
studies on the lipase-catalyzed synthesis of carboxylic acid esters, no studies have been
reported on the lipase-catalyzed synthesis of gallic acid esters. Gallic acid esters are useful
compounds; having various bioactivities such as antioxidant and body fat-lowering activities.
In this study, we investigated the enzymatic synthesis of propyl gallate from 1-propanol and
vinyl gallate. For example, we found that propyl gallate was obtained from 1-propanol in 97%
yield using Candida rugosa lipase in hexane/tert-butyl alcohol (7:1). Moreover, when Candida
antarctica lipase B (CAL-B) was used, the acetyl-protected vinyl gallate was deprotected to
give vinyl gallate in 91% yield.

Keywords : Lipase; Galloylation, Alcohols
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Approach to Improving the Prediction Accuracy of Tripeptides with Angiotensin I-Converting
Enzyme Inhibitory Activity Using Machine Learning (' Graduate School of Life Science and

System Engineering, Kyushu Institute of Technology, *Vital Resources Applied Laboratory,
Inc.) OYuichi Nishi,' Mizuho Tanaka,' Toshiya Hatakenaka,? Tamaki Kato'

Angiotensin I-converting enzyme (ACE) inhibition is utilized in the treatment of
hypertension. Based on this, previous research has focused on the discovery of tripeptides with
strong ACE inhibitory activity as a foundation for pharmaceutical design. In this study, highly
active tripeptides were predicted using machine learning, based on IC50 values and docking
simulation data, and their activity was experimentally confirmed. Therefore, in this research,
we attempted to achieve more accurate predictions by expanding these data with information
from other databases. Using the expanded data, an optimal model was constructed by
automatically selecting algorithms with PyCaret, an all-in-one machine learning library, similar
to the previous study. In this presentation, we will compare the model from the previous
research with the model from this study and report on the findings.

Keywords : Hypertension, Angiotensin I-converting Enzyme,; Tripeptides; Machine
Learning; PyCaret
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1) Prediction and Validation of Proline-Containing Tripeptides with Angiotensin I-Converting
Enzyme Inhibitory Activity Using Machine Learning Models. T. Hatakenaka, Y. Fujimoto, K.
Okamoto, T. Kato, Lett. Drug Des. Discov. 2024, 21(15), 3069-3075.
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Development of oxidative-folding-catalyzing dendrimers with hydrophobic branches
(\Department of Chemistry, School of Science, Tokai University, ’Institute of Advanced
Biosiences, Tokai University) O Shunpei Iwamoto,'! Haruka Toba,' Kenta Arai'*?

Synthesized polypeptide chains need to fold into a unique three-dimensional structure to
exhibit their physiological functions. Protein Disulfide Isomerase (PDI), an endoplasmic
reticulum-resident oxidoreductase, introduces disulfide (SS) bonds in substrate proteins,
effectively promoting protein folding. Furthermore, PDI enhances the kinetics of oxidative
folding by incorporating the structurally immature proteins into its own hydrophobic cavity.
We previously reported that water-soluble diselenides catalyze oxidative folding through a
PDI-like catalytic mechanism.!! In this study, we attempted to develop hydrophobic peptide
dendrimers with a diselenide moiety as a redox active center to mimic the catalytic mechanism
of PDI. Dendrimer-like compounds were synthesized by conjugating 2—8 residues of
phenylalanine or tyrosine, which are representative hydrophobic amino acids, to a diselenide
core. The prepared compounds were applied to oxidative folding of oxytocin having two
cysteine residues, and were found to effectively catalyze aerial SS formation. Interestingly,
compounds with a higher number of hydrophobic amino acids introduced tended to exert better
catalytic activity. This may imply that hydrophobic interactions between the hydrophobic
amino acids and denatured proteins enhance the oxidative folding kinetics. Keywords: Redox;
Protein folding, Selenium,; Disulfide
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[1] Chem Asian J. 2020, 15, 2646-2652.
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Importance of N-terminal helix of Orange Carotenoid Protein on the photoreaction

(‘Graduate School of Science, Kyoto University, *Graduate School of Science, Gakushuinn
University) OTadayuki Tokashiki', Takatoshi Ohata', Shunrou Tokonami?, Yusuke Nakasone',
Masahide Terazima'

Orange Carotenoid Protein (OCP) is a blue-green light sensor protein found in cyanobacteria.
It plays a key role in regulating the non-photochemical quenching of photosystems through its
photo-cyclic reaction. We had investigated the reaction dynamics of OCP and its interaction
with a regulatory protein, primarily using the transient grating method. This study aimed to
elucidate the role of the characteristic N-terminal helix in OCP. To achieve this, we conducted
reaction measurements on OCP mutants, including those lacking the N-terminal helix and those
with point mutations in this region. The results revealed that the protein structure without the
N-terminal helix in the dark state resembles that in the light-activated state, indicating its role
in stabilizing the dark-adapted conformation. Furthermore, point mutations in this region were
found to increase the photo-reaction yield, suggesting that the enhanced mobility of the N-
terminal helix promotes the protein’s photo-reactivity.
Keywords : Orange Carotenoid Protein; Light Sensor Protein; Transient Grating method
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1. Mezzetti, A. et al. J. Phys. Chem. B 123, 3259-3266 (2019).

© The Chemical Society of Japan - [PB]-3pm-88 -



[PB]-3pm-89 BAILES B1055FES (2025)

NTF FOBERRKICET HIRAT—INSHELONEERDER
& D FRLBRF DR 7 AU =F%E S TR

(R R FIRST 2 #hFREPeE 2) OSFRRZ - /b 2 1 &R 2 - iRl
e FERRSE T FOREAE T

Prediction of cytotoxic peptide sequences using principal component scores and
molecular descriptors (' Graduate School of Frontiers of Innovative Research in Science and
Technology Konan University, 2Graduate School of Medicine, Kobe University, 3Department
of Intelligence and Informatics, Konan University) OTaisei Terao', Moe Kobayashi', Akira
Takekawa?. Tomohiro Umetani?, Fumihiro Kayamori', Kenji Usui!

Effective peptide designing studies using phage display or artificial intelligence (Al) have
been actively studied. However, it is difficult to design sequences with amino acids or
functional groups that do not include those in the training data. In this study, we attempted to
design sequences by analyzing measured data on the fibril formation of selected short peptides
using statistical analysis and molecular descriptors. As a result, we succeeded in designing
sequences with an artificial functional group applicable to cell culture substrates.

Keywords : Immobilized peptide, [7-Sheet structure, Statistical analysis, Molecular descriptors,
Cell adhesion.
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1) Tran, D. P. et al., Sci. Rep., 11, 10630 (2021).

2) Batra, R. et al., Nat. Chem., 14, 1427-1435 (2022).
3) K. Usui et al., Mol. BioSyst., 2, 417-420(2006).
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Enhancement of uptake of mitochondria-targeting peptides into mitochondria by microwave
irradiation ('Graduate School of Frontiers of Innovative Research and Technology (FIRST),
Konan University, °DSP Research, Inc., > Beyond5G Social experiment Academia Project
*Research Institute for Nanobio-environment and Non-Ionizing Radiation (RINNIR), OTakuto

Kariyal, Momo Hirata', Nobuhiro Nakanishi>**, Fumihiro Kayamori1’4, Kenji Usui'>*

Signal peptides are known as peptide sequences to deliver proteins into a specific organelle
such as mitochondria. Target substances can be delivered into a specific organelle by
conjugating signal peptides with the substances. On the other hand, it has been reported that
microwaves enhanced cellular uptake of substances. In this study, we designed mitochondria-
targeting peptides and attempted to enhance uptake of the peptides into mitochondria by
microwave irradiation. The peptides internalized into mitochondria were observed by confocal
laser scanning microscopy. The microscopic images revealed that microwave irradiation
enhanced the uptake of the peptides into mitochondria. We could achieve more effective
enhancement of the uptake with higher cellular viability by optimization of microwave
irradiation conditions and peptide sequences.

Keywords : Mitochondria-targeting peptide; Cellular uptake; Microwave,; Drug delivery
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1) M. Pirisinu et al., FASEB J., 2019, 33, 7970-7984.

2) T. H. P. Nguyen et al., Sci. Rep., 2017, 7, 10798.
3) Y. Shamis et al., Appl. Environ. Microbiol., 2011, 77, 3017-3023.
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A Novel Peptide for Inhibiting Amyloidogenesis of the Amyloid-Forming Region in SAA

(‘Sanyo-Onoda City University) ODaiki Nagao,' Takumi Hiramatsu,' Mizuki Ide,'
Masatoshi Saiki'

The disease secondary amyloidosis is caused by conformational changes in Serum
Amyloid A (SAA) protein, leading to amyloid fibrils with abnormal B-sheet structure. In this
study, to reveal the inhibitor mechanism underlying amyloidogenesis of SAA protein in detail,
a series of SAA synthetic peptides of SAA mutants were analyzed by thioflavin T (ThT)-
binding assay and circular dichroism (CD) spectroscopy. We synthesized a peptide designed to
inhibit amyloid formation. In the ThT assay, SAA1-25 in the presence of Phe mutant peptides
showed weak fluorescence enhancement due to a lack of amyloid-bound ThT. These results
suggest that Phe residues 4 and 6 play essential roles in the inhibition of amyloid fibrils.
Furthermore, in the CD measurements, SAA1-25 in the presence of Helical peptides
corresponding to SAAS50-69 spectral patterns with negative bands at 222 nm, which are specific
to a-helical structure. Therefore, it was demonstrated that the addition of a-helical peptides is
effective in maintaining the structure of SAA1-25.

Keywords : Peptide Chemistry, Protein Science
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Theoretical Study on the Luminescent Reaction Process of Bioluminescent Protein Aequorin
(‘Graduate School of Science, Kyoto University, *Wakayama Medical University, *Graduate
School of Pharmaceutical Science, Kyoto University) OTomohiro Ando', Shigehiko Hayashi',
Toru Nakatsu?, Toshiya Funahashi?

Aequorin is a blue light emitting protein extracted from jellyfish. It has three EF-hands which
are a substructure of calmodulin where calcium ions bind. It is experimentally known that the
binding of calcium ions to aequorin initiates its structural changes of protein that triggers the
chemical reaction of the luminescent substrate molecule, coelenterazine-peroxide.

In this study, we analyzed the correlation between the luminescent reaction of coelenterazine
and structural changes of the protein through QM/MM RWFE-SCF method V. This method can
simultaneously achieve both highly accurate description of chemical reactions and ample
statistical sampling of long-time dynamics of protein structural changes. And we analyzed
reactivity of our model by calculating QM/MM free energies using BAR method 2. The
calculations accurately determine molecular interaction between the substrate molecule and the
surrounding amino acid side chains that are important for the reaction and revealed dynamics
of protein structural changes associated with calcium ion binding. And we demonstrated the
reorganization of the hydrogen bond network near the active site due to water influx.

We will also discuss our effects to explore the proton transfer pathway leading to the
luminescent state and to analyze oxygen addition reaction to form peroxide.

Keywords : Molecular Dynamics;, QM/MM RWFE-SCF method; Aequorin; Coelenterazine

ATFV U NFZAT T TN SN TR F NIV ETHDL. A A
NDANY T DA T DFEBRINT LD X R RSN, B ES - Thd L
YT IV OACFERIGEFRT D 2 ENERIIICH LTS, LhL, TORIEK
i & REEZAV ORI D A T = X TR TR STV,

AWFFETIE, QM/MM RWFE-SCF 75 V& H\WaA 7 4V C OSIREEDET U v 7
2L, BRI DT 21T - 2. AT FELIG O Bk itk & 7 2 X7
BEREEZALO R X A F 7 AOMFHFEROMNL N ARETH D, F72, BAR IE?
AW QUMM HHZ R LF—HRIC L > TET VORI Z T LIZ. Zhb
DFEICEY, FEEH T L, ONMCEERELT X 7 BRI L 055 THEEAVER D &
FEVZRHR &I, I T DA A OFEEIZ L D 2 v R EEEEIL DX A FI 7 R L
TEEEALAT I ~D KRG T OWAIT L DAKRFREE TR Y N T —7 OFEEI RIS,

Y HIL, FOLHTEMA dioxetanone ARKSUFRIE DERFES, peroxide REEZ LT 5
BRSNS RN OB MR DWW T b D TETH 5.

1) Kosugi, T. and Hayashi, S., J. Chem. Theory Comput. 2012, 8(1), 322.
2) Bennett, C. H., Journal of Computational Physics. 1976, 22(2), 245.

© The Chemical Society of Japan - [PB]-3pm-92 -



[PB]'3 pm-93 The 105th CSJ Annual Meeting

B ANHNEHTHELEEYyRREHESF U ILOAZEHYHED

EL

(A KREEEL D) offl TEZ '« F Jefsf !

Different Mechanical Properties of The Gamma-irradiated Gelatin Gels Using The Different
Cooling Processes ('Graduate School of Science, Osaka Metropolitan University) oMasayuki
Hara, Hideki Mori.

Gelatin is a material consisting of denatured collagens and can form a thermoplastic hydrogel.
Here we have prepared gelatin (Type A) gels with different mechanical properties using a
combination of different cooling protocols and y-irradiation. The Young’s modulus (E) values
of the y-irradiated gelatin gels were mostly decreased while the temperature was raised to 40
°C and 60 °C from 20 °C. The values for the slow-cooled gels with concentrated (15-20% (w/v))
gelatin were still significantly higher than the values for the fast-cooled gels. We concluded
that the slow-cooled gelatin gels had a higher amount of triple-helical structure, and higher
efficiency of covalent crosslinking between gelatin molecules under y-irradiation, which
resulted in a larger number of network points than the fast-cooled gels.

Keywords : Gelatin; Gamma ray; Cooling process, Crosslink; Young’s modulus

BIFUNIENE LT 2T =T U OO MENT, BV D A R e F L& ARk
T5, TR HHANKESME (F, BY) TR Lz Type A T F 2 F L
DONT, HU~BBEZITV, FDH%I2200CH H40°C K 60 CICHIE ST T, v
73 (E) WER EDNFHN MR 21T 72, REBNOZLOY o 7R, HAH
WESLMIZ L VENZE R D7 ThH -T2, o~ %oy 7KL, B
DR E LRI L 0 AR E W E R L, ZHUTELS Zoub S8 Gaci, =
T OEMEY THDHET T OBRVIZK AIEBEEEN L EENDHDT,
DTEILBEVEELTEY, Ho~BRBFHC L 20 BRI EZ Y 5<
RGNS D20 ThHhDH EEZT-,

Reference: Different mechanical properties of the gamma-irradiated gelatin gels prepared through the
different cooling processes. H. Mori, K. Tominaga, K. Shimogama, M. Hara, Rad. Phys. Chem. 2023,
203, 110604. https://doi.org/10.1016/j.radphyschem.2022.110604
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Synthesis of fluorescent glucose with dansyl group ('Graduate School of Aichi University of
Education, *Aichi University of Education) OBaDa RongGui', Sakuya Torii?, MioYanagida',
Hironori Ueno?, Hirofumi Nakano?

Although glucose is an important energy source for living organisms, its transport and
localization within living cells, glucose metabolism, and their mechanisms have not been
completely elucidated.In this study, we synthesized glucose analogs labeled with a
dansylamino group at the 1- or 2- position. Using glucosamine hydrochloride as a starting
material, the 2-position of 2 was protected with a Troc group and acetylated with acetic
anhydride to give 2. A ball mill was used to investigate the novel deprotection of the
2-position of compound 2. Thereafter, the 2-position was reacted with dansyl chloride, then
deprotected the acetyl group to yield compound 1.

Keywords : Fluorescent Glucose; Ball Mill

T a— R TEMT L > TEERTRLX—JHTH D 2N 5 b AN TOfR%
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U%%Aﬁbto&//wY J TG F A ANIH NS A =T AT b
ﬂﬁ<fﬁﬁm IXTHREENE L . HLREMENRIFTH Y | s DO BNEREIIKSF

FHik, fk, A, T L PREBELICET LI ENRMONTND, Zbah

ﬁ&“fﬁ ZIEEIE L. 2% Troc A CIRF#E L. HKEFRR CT T L L 2 2157,

MA%2®2u®ﬁﬁﬁM% EDORFHIAR— VI NV EH W, D% vl
K& 2L OGS, TR F L BirE e 1 2157,

1,Ball-milling

OHO OAC 2P H,CI
NHDansyI AcO NHTFS?C 3h,25Hz ACO NHAC
1

1) Yanagida M, Nakano H, Ueno H. Bioimaging of glucose analogs labeled at the C-1 or C-2 position
with a fluorescent dansylamino group. Microscopy (Oxf). 2024, 73, 47-54.
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Fusogenic liposomes containing pH-responsive malachite green as a DDS carrier (Department
of Chemical Engineering, National Inst. of Tech., Nara College) ONanoha Uegaki, Ryoko
Uda

Malachite green carrying a long alkyl chain (MG) is ionized to become an amphiphilic
molecule under acidic conditions (Scheme). After liposomes containing MG are endocytosed,
MG expected to be MG" in an endosomal acidic environment. MG" disrupts the liposome
membrane and induces membrane fusion which leads drug to escaping from endosome.

The purpose of this study is to evaluate MG liposome as a DDS carrier. We prepared MG
liposomes encapsulating anticancer drug and investigated the viability of cancer cells treated
with MG liposomes encapsulating anticancer drug. The results of cell viability indicate that the
drug was delivered efficiently to cytoplasm by using MG liposome.

Keywords : fusogenic, liposome,; pH; malachite green, drug delivery system

EHTNXNEEZTTLE~THA 7Y —(MGIE., BeMEERE: FCTA 4L Ll
BNy T- & 725 (Scheme), Z D5 T2 EH SHIZ Y A Y —AMG VK Y —L)iEx
VRV A R R Ko THIIENICERD A ENT, =2 R Y — ANORBEEREE T C
AF ML TMG 725, MGTIZ VR Y —AfEEZE L FY — AR E ORERE %
FHREEDLLEEZOND, TOXIICMGICL > THMAZHERSELZ LT, Ey
EHE RIS LB R A b= AR TORBEES AT LD
WENHFTE D,

AT T, PIBNAFIEZE A LT MG VR Y — L2 8 L, S AMa~TIN L7
BEOMBAEITHE S DDS v U7 & LCOFHliZIT>72, MG 2568 SE7=Y Ry
—LEHWD & TRHRMICIEANEZI N TND Z LIRS,

HsC. .CH; HaG
N N"CH:;
H+
NN O_@_ -OH ) /\/V\/\NO C+ + H20
N, N-CH-
s\ + 3
MG HsC™ CH, MG H3é

Scheme Ionization of malachite green carrying a long alkyl chain (MG) induced by acidic
conditions.
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Development of a Paper-Based Analytical Device for Pediatric Cancer Marker,
Vanillylmandelic acid (Graduate School of Information Sciences, Hiroshima City University)
OYuuki Sadamitsu, Shinji Goto, Akimitsu Kugimiya

Among the current pediatric cancers, neuroblastoma has been less studied for treatment than
other cancers and does not show early symptoms, so quick and easy detection methods are
strongly desired [1]. Currently, HPLC is the main testing method, and although it can accurately
measure individual substances, it is costly and requires complicated procedures. Therefore, the
VMA spot method, which is a simple and accurate method to measure the total amount of
catecholamines including vanillylmandelic acid (VMA), is currently under review as a
diagnostic method for neuroblastoma. We have developed a paper device that can measure
compounds such as amino acids in a simple manner [2], and in this study, we fabricated a paper
device that can measure VMA using paper as the analysis medium and evaluated its response.
The diameter of the filter paper used in the paper device and the reaction time were investigated
in detail, and stable coloration without unevenness was observed when the diameter of the filter
paper was set to 3 mm or 4 mm. In addition, evaluation of the paper device developed in the
concentration range of 1~1000 mg/L of VMA showed that VMA concentrations ranging from
10~1000 mg/L could be measured in a reaction time of about 5 minute.

Keywords : Paper Microfluidic Device; Pediatric Cancer;, Marker, Vanillylmandelic Acid;
Colorimetric Reaction

BUR OB Ao DT AR R O D23 AN R THRRIEOWFZE N A TR
ST HIHPER NS 2N Z LB R RO FENES BEN TV D[], BIfEIX HPLC
ERWDREEDERTH Y | ilx OWE 2 EFECFHRIFTRE TH L2032 A EAE L #
MR TFIENME L XA, FZTA=ZY AT (VMA) 28507 a—LT
VHD h—Z VgL U TCTHEEN DO IEMEICEHRIFTREZ: VMA AR v MENBIE, MfkiE
JEDOZWEL LTRESNTWS, BEIZZINETICT 2 BR EObEMmZ s
ST HE /R R— R —F R Z DB EIT > TEB Y [2]. AR TITHR A ST A
WD VMA Z Rl AIRE /e = X —=F S R ERLL | JSE 25T 25 2 & & BICHr
FeuAT o1z, = 8—=F S ZTHN D AR BRSSO R W CREMIC T
EiTolebe 2 A, AOBERZ 3mm 7203 4mm IIRE LT E AL DRWEE
LEZEBERR Nz, £72. VMA % 1~1000 mg/L O TR L7z X—/3—F
A ADFMEAT S 72 & 2 5, 5 SYRHE O U T 10~1000 mg/L F TOWRED VMA
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[1] AAIEHRY—E X https://ganjoho.jp/public/cancer/neuroblastoma/index.html
[2] A. Kugimiya, et al., Scientific Reports, (2022) 12:3427
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Development of a nanoparticle adjuvant system with a synthetic small molecule TLR7 ligand
(Graduate School of Engineering, Kagoshima University) O Moeka Tsutsumi, Masahiro
Wakao, Hiroyuki Shinchi

Synthetic small molecule TLR7 ligands that activate the innate immune system are expected
to be adjuvants for vaccines and immunotherapy. However, their use as adjuvants has not been
approved due to the risk of inducing severe adverse events. In this study, we investigated the
development of a novel adjuvant system using sugar-functionalized nanoparticles to improve
the pharmacokinetics and pharmacological potency of a small molecule TLR7 ligand.
Carboxylated gold and silica nanoparticles were examined as nanoparticles. Amino groups
were introduced into TLR7 ligand (1V209) and mannose via oligoethylene glycol and these
were conjugated to nanoparticles by amide coupling. The potency of the resulting nanoparticles
was evaluated in mouse bone marrow-derived dendritic cells.

Keywords : TLR ligand; Adjuvant; Nanoparticles
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1) Chan M., et al., Bioconjugate Chem., 2009, 20, 1194-1200. 2) Shinchi, H., Yamaguchi, T., et al.,
Bioconjugate Chem., 2019, 30(11), 2811-2821.
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Unveiling the intracellular dissolution mechanism of carrier-free
organic nanoparticle

(Tohoku University, *Hokkaido University, *Sendai KOSEN, *KU Leuven, *Kyoto University)
O Jinwoo Sung', Farsai Taemaitree’, Ryuju Suzuki’, Yoshitaka Koseki!, Hiroshi Uji-i>*,
Atsushi Wakamiya®, Hitoshi Kasai'

Keywords: Nanomedicine, Lysosome, Intracellular dynamics, Liposome

The recent surge of interest in carrier-free organic nanoparticles can be attributed to two
features: high drug loading capacity (about 80%!') compared to currently applied nanocarrier
system (drug loading capacity lower than 10%) and applicability of failed highly hydrophobic
drug candidates. Given their nanoscale size, there have been many attempts to utilize these
nanoparticles as anticancer nanodrugs due to tumor selectivity supported by enhanced
permeability and retention effect (EPR effect). However, comprehending the intracellular
degradation mechanism of carrier-free organic nanoparticles, which is a crucial aspect of drug
design, remains a significant challenge. We previously reported that the initial step of
intracellular degradation of organic nanoparticles is dissolution occurs in lysosome?, but the
mechanism is still unclear. Hereby we demonstrate the dissolution mechanism of organic
nanoparticles in lysosomes, utilizing highly emissive organic materials both in solid and
solution states® as a fluorescence resonance energy transfer (FRET) probe. We designed in vitro
model mimicking lysosome and conducted quantitative and qualitative analysis utilizing Cryo-
TEM, electron energy loss spectroscopy (EELS) and other various fluorescence monitoring
tools. /n vivo imaging was also conducted. Our findings indicate that acidic condition and
phospholipid bilayer within lysosomes are two key factors of the dissolution of organic
nanoparticles. This new finding removes the barriers of ignorance found in drug discovery and
can be applied across various chemistry fields including surface chemistry.
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1) K. Tanita et al., Nanoscale, 2024, 16, 15256. 2) F. Taemaitree et al., Nanoscale, 2020, 12, 16710.
3) A. Wakamiya et al., Angew. Chem. Int. Ed. 2007, 46, 4273.
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Integration of metal-organic frameworks with nanoendoscopy for
intracellular delivery of unstable biomolecules

(*Graduate School of Engineering, Kyoto University, *Institute for Integrated Cell-Material
Sciences, Kyoto University, *The Hakubi Center, Kyoto University, “*JST PRESTO) OXKai
Huang,'? Tomoko Inose,"*** Shuhei Furukawa'~

Keywords: Nanowire Single Live-Cell Endoscopy; Metal-Organic Frameworks; Intracellular
Protein Delivery; Biomimetic Mineralization

Proteins and other biomacromolecules are known to regulate cellular changes at the
molecular level due to their lower immunogenicity, high target specificity and potency, which
makes them ideal for intracellular delivery in understanding cellular processes and exploring
biomedical applications.! However, the intracellular delivery of biomacromolecules sometimes
remains challenging due to its susceptibility to enzymatic degradation and instability within
cells.? Herein, we designed a novel delivery system by integrating a biomimetic mineralization
strategy using metal-organic frameworks (MOFs)* with nanowire endoscopy technique.* This
novel system has a great potential to achieve the efficient and stable delivery of unstable
biomacromolecules including RNA into a single live cell.

To achieve our objectives, we selected zeolitic imidazolate framework-8 (ZIF-8,
[Zn(Melm);],, where Melm is 2-methylimidazole), as the MOF model due to its pH-sensitive
properties. Previous reports have demonstrated that ZIF-8 can encapsulate biomolecules, such
as proteins, and release them inside cells by responding to the intracellular pH environment.’
We optimized the coating conditions for ZIF-8 to encapsulate fluorescein-labeled bovine serum
albumin (FBSA) on a silver nanowire. FBSA was used as a model biomacromolecule. The
successful coating of ZIF-8 containing FBSA on the nanowire (AgNW@FBSA@ZIF-8) was
confirmed using SEM and fluorescence imaging as shown in Figure. Then we investigated the
pH-dependent degradation of ZIF-8 on the nanowire by monitoring changes in fluorescence
intensity. A gradual decrease in fluorescence intensity was successfully observed, indicating
the degradation of ZIF-8. We will also present experimental results on the intracellular delivery
of FBSA using the AgNW@FBSA@ZIF-8 system.

AgNW AGNW@ZIF-8@FBSA

Transmissionimage Fluorescence image Transmissionimage
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1) R. Langer et al, Chem. Rev. 2018, 118, 7409. 2) D. Tollervey et al, Cell 2009, 136(4), 763.
3) P. Falcaro et al, Nat. Commun. 2015, 6, 7240. 4) T. Inose et al, Anal.Chem. 2021, 93, 5037.
5) P. Falcaro et al, Adv. Mater. 2019, 31(27), 1901592.
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