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Preparation of oligodeoxynucleotides bearing dimethoxyphenyl acetylene as Raman tag and
their pH responses (College of Science and Engineering, Aoyama Gakuin University) ORio
Watanabe, Runa Ishida, Ryota Itaya, Tatsuya Nishihara, Kazuhito Tanabe

In this study, we propose a method to detect cytosine protonation using Raman spectroscopy
and apply it to DNA structural analysis. Raman spectroscopy detects molecular vibrations to
provide structural information. We synthesized a cytosine derivative ("MPAC) by introducing
dimethoxyacetylene, which act as a Raman tag, at position 5 of cytosine. The synthesis of
mMPAC was achieved by coupling of 5-Iodo-2'deoxycytidine and corresponding phenylacetylene
derivative, as shown in Figure 1. the acetylene-derived signal at 2200 cm™ shifted with
protonation of cytosine base, and pKa value of monomeric ™C was 3.04.

Keywords : Raman spectra; cytosine protonation; acetylene tag; Triplex
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Figure 1. Synthesis of ™PAC and a detection system for protonation of nucleobase by Raman Spectra.
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In situ Raman investigation of noble metal subnanoparticles toward CO; hydrogenation
(!University of Yamanashi, *Institute of Science Tokyo) O Elena Fujiwara!, Atqa Augie?,
Tatsuya Moriai?, Takane Imaoka?, Kimihisa Yamamoto?, Akiyoshi Kuzume'

Subnanoparticles (SNPs) exhibit unique catalytic activity due to their high specific surface
area and indefinite electronic states. It is crucial to investigate the surface structures and surface
adsorbates on the surface of SNPs during the reaction, which may define their high activity.
Shell-isolated nanoparticle-enhanced Raman spectroscopy (SHINERS), using Au
nanoparticles covered with an inorganic thin shell as an optical amplifier, allows real-time
observations of adsorbates and intermediates at the catalyst surface with high subnano-
sensitivity. In this study, we investigated the surface species of SNPs under CO» hydrogenation
reaction, using SHINERS technique.

Keywords : Raman spectroscopy; subnanoparticles, optical amplifiers; CO, hydrogenation
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1) Atqa, A. et al., Chem. Commun. 2023, 59 (80), 11947—-11950.
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Development of laboratory-built system for achieving atomic-resolution AFM measurement in
organic solvents and its applications ('College of Science and Engineering, Kanazawa Univ.
*Graduate School of Natural Science and Technology, Kanazawa Univ. *Nanomaterials
Research Institute, Kanazawa Univ. *WPI Nano Life Science Institute, Kanazawa Univ.)

O Natsuko Echigo!, Minamo Masaki’>, Moe Ogasawara?, Masayuki Morimoto®, Hitoshi
Asakawa'*

Atomic-resolution atomic force microscopy (AFM) in liquid is expected to contribute to the
understanding of phenomena at solid/liquid interfaces at the atomic or molecular level. To
overcome the technical issues in the imaging of AFM in organic solvent, we have developed a
laboratory-built AFM system, which has chemical resistance. In this study, we obtained atomic
resolution AFM images in DMF using an improved AFM system. The results were achieved
by establishing joining methods of silicon cantilever and mica substrate with dissimilar
materials of glass parts using low-melting point metals and an ultrasonic soldering iron, without
glues or plastic materials that cause problems of swelling and elutions. The improved AFM
system should be applied to atomic-resolution AFM imaging in various organic solvents.
Keywords: atomic force microscopy; atomic resolution; in organic solvents; solid-liquid
Interface

R IR fiRhe & 49 5 - D BEMEE (ARW) FHANE. & 5@ 2 ik R im Bl o
JFA - 3 LoV OBRA~OBE PRSI TV D, & Z THIFGREO 7 5 A A
BT ORE LT IR 143 fRHE ARM GHl 2 EEBL9 5 72 9D12, 3295 B AE ARM
EE OB LD TV D, AWFETITEB L RIZ LY (DIF 12T D)1 /7fiFE AFM
BERSGT 2 Z LB Lz, ZORIE, ORI ERE & 72 D5 A0 7 7 A
F v 7EHmEFERAETIC, U a ol F L=~ A DREHER & T A E
RSB R & B E T AT Z TS K 2 M B OSSR 2L 5 2 & THEHL
T&ETo, A%, MRx RGBT T OJR- 53 ffRE APM FHEI~DIS A IR 415,

Adhesive

v
Improved Low melting
Sweling P point metal

(Wax
i P

= Polymeric materials = Glass parts

Fig. 1. (a) Atomic-scale AFM imaging of mica in DMF. (b) Development of AFM system
for measurement in organic solvents.
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Line and space widths dependence of infrared absorption enhancement on non-metallic
nanostructures (Faculty of Education, Hirosaki University) OShiori Sato, Toru Shimada

A recent study has suggested that surface-enhanced infrared absorption (SEIRA), which has
been thought to occur on metal nanostructured surfaces, also occurs non-metallic
nanostructured surfaces", and subsequent study indeed observed enhancement®. However, the
relationship between the enhancement factor (EF) and the non-metallic nanostructures has not
been elucidated yet. The purpose of this study is clarification of the relationship. The two series
of line-and-space structures were fabricated for enhancement substrates: (1) constant line width
with various space width, and (2) constant space width with various line width. Polyacrylic
acid (PAA) thin films were fabricated on these substrates at various film thicknesses, and their
spectra were measured using p-polarized multi-angle incidence resolved spectroscopy
(PMAIRS). For the substrates that have constant line width, the smaller space width gives the
greater EF. On the other hand, for substrates that have constant space width, the wider line
width gives the greater EF up to a certain line width. Furthermore, the depth may also affects
the EF.

Keywords : Surface Enhancement Infrared Absorption, Polyacrylic acid; Nanostructure
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1) What is the Key Structural Parameter for Infrared Absorption Enhancement? T. Shimada, H.
Nagashima, Y. Kumagai, Y. Ishigo, M. Tsushima, A. Ikari, Y. Suzuki, J. Phys. Chem. 2016, 120, 534.

2) EH %, AHERE, SRR, WA E, THRES, BRI &, BEARMEFEEE
102 HEHIHES (2022), F302-3am-09.
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Microbubble generation and nanomaterial accumulation by laser-induced local heating of
plasmon chips (Department of Computer Science, Hiroshima Institute of Technology) O
Hiroyuki Yoshikawa, Kosei Itoh, Yusaku Nishi

We have developed a method for the accumulation and analysis of nanomaterials dispersed
in water by generating microbubble arrays on plasmon chips. A line pattern consisting of silver
nanostructures was fabricated and a solution containing polystyrene nanoparticles was dropped
onto it. Focusing a near-infrared laser, microbubbles were generated by local heating of the
silver nanostructures and disappeared within a few to several tens of seconds. The substrate
was rinsed with deionized water and dried, showing particulate-like structures on the trajectory
of the laser focus. Confocal fluorescence images taken around the structure showed polystyrene
nanoparticles accumulated by microbubbles in a few microns on the substrate surface.
Keywords : Microbubble; Nanoplastics; Laser-induced local heating; Localized surface
plasmon resonance, Silver nanostructure
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1) H. Yoshikawa et al., ACS Applied Materials pm)
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Preparation of Ag/Au(111) surfaces and surface analysis using a scanning tunneling
microscope(' The Univ. of Tokyo, *RIKEN) oHirotoshi Kodama,"? Shunsuke Nagai,'?> Minhui
Lee,"? Emiko Kazuma'?, Yousoo Kim'?

Gold and silver alloys (Au-Ag alloys) have unique properties not found in the individual metals,
and are expected to have various applications, including plasmonic catalysts [1][2]. While Au-Ag
alloys are well known as all-proportional solid solution, there is little knowledge about the atomic-
level morphological structure and electronic structure of the alloy surfaces. In this study, we used a
scanning tunneling microscope to analyze the atomic-level surface structure and local electronic
structures of Au-Ag alloy model surface, which was prepared by the evaporation of Ag onto an Au
(111) surface and post-annealing. When the amount of Ag deposited was small (~0.5 ML), isolated
single atoms existed. By contrast, when the amount of Ag deposited was large (0.5 ML~6.6 ML),
one-dimensional chain structures were formed (Fig. 1). In addition, both single atoms and one-
dimensional chain structures were identified as Ag based on scanning tunneling spectroscopy.
Keywords : Alloy, Surface,; Scanning Tunneling Microscope, Structure; Electronic state
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Fig.1 STM images of Ag/Au(111) surfaces. (a) As-deposited (Ag = ~0.1 ML) (b) As-deposited (Ag =
~1.0 ML) (c) Post-annealing at 100°C for 2h (Ag = ~6.6 ML)

[1] S. patskovsky et al., Analyst, 139, 20, 9 (2014) [2] P.V. Geenen et al., J. Catal., 77, 2, 10 (1982).
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Single-Molecule Detection of Uridine Modifications with Nanogap Electrodes: Toward mRNA
Vaccine Design (! Nishinomiya Municipal High School, ? Osaka University, ISIR, * The
University of Tokyo, * Science Tokyo) OKaho Sugimura, Notsu', Takahito Ohshiro?, Yuki
Komoto?, Koji Hashimoto®, Wataru Takahagi*, Masateru Taniguchi?

RNA modifications regulate gene expression and cellular functions, aiding in disease
understanding and therapy development. This study focuses on uridine (U), pseudouridine (‘V),
and 1-methylpseudouridine (m1¥), which are essential for RNA stability, immune responses,
cancer, and mRNA vaccine advancements. Using nanogap electrodes, we captured single-
molecule signals of U, ¥, and m1Y¥. Extracting 15 features, we developed a machine learning
model, achieving an F-measure of 0.55 in identifying these modifications. This work advances
RNA-based drug design, mRNA vaccines, and biomarker analysis for disease prevention and
treatment.

Keywords : Single-Molecule Detection,; Nucleotide; Epigenetic modification, Nano-device
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B3I H: 1) Sci. Rep. 2021, 11, 19304, 2) Sci.Rep., 2019, 9, 3886, 3) Nat. Nanotech. 2014, 9,835-840, 4)
J. Phys. Chem. C, 2019, 123, 1586715873
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High-Precision Single-Molecule Detection of Base Dimers Towards RNA Sequencing (°
Otemae Senior High School, > Osaka University, * Science Tokyo) ONaoki Kagawa', Takahito
Ohshiro?, Yuki Komoto?, Wataru Takahagi®, Masateru Taniguchi?

RNA sequencing is vital for understanding biological processes and disease mechanisms, but
precise analysis of RNA dimers remains challenging. This study developed a method to
distinguish 5'-AC-3' and 5'-CA-3' dimers using nanogap electrodes. High-speed electrical
measurements of 1 pM solutions of these dimers provided single-molecule current signals,
analyzed with machine learning. The model achieved an F1 score of 0.85, successfully
differentiating the dimers based on electronic state differences from phosphate group positions.
This method improves RNA sequencing accuracy, facilitating the discovery of novel genes and
RNA modifications, and contributes to advancements in RNA-related disease diagnosis and
therapeutic research.

Keywords : Single-Molecule Detection;, RNA; Machine Learning; Nano-device
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51 H: 1) Sci. Rep. 2021, 11,19304, 2) Sci.Rep., 2019,9, 3886, 3) Nat. Nanotech. 2014, 9,835-
840 5) J. Phys. Chem. C, 2019, 123, 15867—15873
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Visualization of Acid-base Equilibrium Inside Perfluorosulfonic
Acid Membranes Using Anthocyanin Derivatives

(YKobe Univ. Secondary School, *Graduate School of Engineering, Kobe Univ.)
ORino Mochida! and Minoru Mizuhata?

Keywords: Anthocyanin Derivatives; Nafion Membrane; Acid-base Equilibrium

The acid-base equilibrium inside the perfluorosulfonic acid (Nafion®) membrane
containing an anthocyanin derivative, i.e. chromanine chloride is studied. Previous studies
have investigated Nafion membranes doped with functional dyes, including the response of
methylene blue-containing membranes to changes in humidity! and the proton dissociation
in bis(carboxylic acid) derivative-Nafion composite membranes exhibiting color changes
around pH 12.2

The membranes were prepared by mixing a Nafion dispersion with a dye and casting
on glass plates. A sufficient amount of aqueous sodium hydroxide and sulfuric acid
solutions were dropped at 1 pH unit increments from pH 1 to 13 and at 0.1 pH unit
increments from pH 12 to 13. The membrane discolored from red to blue at around pH 12.3,
indicating that ion exchange occurs inside the membrane in the high pH range. After drying,
the membranes turned pale brown, and visible spectra were measured in this state. The
absorption spectrum of the dye-Nafion membrane showed a peak around 509 nm. No
significant change in the absorption spectrum was observed before and after dropping
solutions up to pH 12.2. However, for all membranes treated with solutions above pH 12.3,
the absorption band disappeared. These results demonstrate that the acid-base equilibrium in
the Nafion membrane changes significantly at high pH conditions.

This study is supported by the Research Oriented On-site Training (ROOT) Program.
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