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Single-Molecule Tunneling Sequencing of Biomacromolecules for Epiomics ('Osaka
University,) OTakahito Ohshiro', Yuki Komoto!, Masateru Taniguchi'

Peptides, RNA modifications, and amino acid modifications (including phosphorylation) play
vital roles in biological processes. This study proposes a single-molecule quantum sequencer
using tunneling currents to identify molecular modifications and sequences. By analyzing the
signals generated as biomolecules pass through a nanogap electrode, we successfully
distinguished peptides, RNA modifications such as pseudouridine, methylpseudouridine, and
uridine, and amino acid modifications with high accuracy. The method demonstrated over 80%
accuracy for complex mixtures, highlighting its potential in epitranscriptomics and
biomolecular research.

Keywords : Peptide ; Single-Molecule Detection, Tunnel-Current; Amino acid
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[1] Ohshiro T. et al., Sci.Rep., (2019), 9, 3886 [2] Ohshiro T. et al., Sci.Rep. (2018), 8,8517. [3] Ohshiro
T. et al., Sci. Rep. (2021),11,19304. [4] Ohshiro T. et al., Micromachines (2020), 11, 982.
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Single-molecule analysis based on nanogap between metallic electrodes (1School of Science,
Institute of Science Tokyo) Tomoaki Nishino,' Taisei Takahashi'

Single-molecule junctions are created by accommodating individual molecules in the
nanogap between metal electrodes. These junctions enable reliable measurements of electron
transport properties of a single molecule, making them valuable tools for exploring novel
electronic properties and for developing molecular electronics. The electrical conductance of
single molecules is strongly dependent on their electronic structure, which in turn is determined
by their chemical composition. This relationship suggests the potential for developing single-
molecule analytical methods based on conductance measurements. We have developed single-
molecule analysis for various biomolecules, including DNA, glucose, and phosphorylated
peptides. However, when large molecules such as proteins are trapped in the nanogap, their
conductance decreases significantly due to the increased gap size, making measurements
challenging. In this study, we found that single-molecule detection can be achieved by
measuring the conductance of proteins captured in the vicinity of the nanogap.

Keywords : Single molecule; molecular junction; DNA; electron transport; electronics
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1) One-by-one single-molecule detection of mutated nucleobases by monitoring tunneling current using
a DNA tip. P.T. Bui et al., Chem. Commun. 2015, 51, 1666. 2) Specific single-molecule detection of
glucose in a supramolecularly designed tunnel junction. T. Nishino et al. Chem. Commun. 2017, 53, 5212.
3) Unique Electrical Signature of Phosphate for Specific Single-Molecule Detection of Peptide
Phosphorylation. T. Harashima et al. J. Am. Chem. Soc. 2022, 144, 17449.
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Molecular-templated ALD on Mixed SAM to Achieve Unimolecular
Dispersion and In-process Fluorescent Monitoring of Template
Molecules

(‘The University of Tokyo, *Kyushu University) OTakeshi Ono,' Takuro Hosomi,' Hikaru
Saito,” Hiroshi Masai,’ Midori Ikeuchi,’ Jiangyang Liu,' Wataru Tanaka,! Tsunaki
Takahashi,' Masaki Kanai,' Jun Terao,' Takeshi Yanagida'*

Keywords: Self-Assembled Monolayer; Atomic Layer Deposition; Organic-Inorganic
Hybrid Material; Pyrene; Fluorescence

Atomic layer deposition (ALD) in the presence of organic template molecules on
substrates (molecular-templated ALD) is a promising technique for designing a molecular
selectivity with thermally robust metal oxides. However, self-aggregations of template
molecules impair the selectivity of the resulting molecules, which is difficult to prevent or
observe. Here, we propose a rational method for unimolecularly dispersing template
molecules and revealing their states in the molecular-templated ALD process. Pyrene
templates were dispersed into OH-terminated self-assembled monolayers (SAMs), enabling
their fluorescence to monitor the microenvironments around the templates.

Mixed SAMs where pyrene templates were dispersed in the OH-terminus allowed the
pyrene molecules to be 1) covalently immobilized, 2) isolated from other pyrene molecules,
and 3) surrounded by ALD-reactive OH groups.' Systematic spectroscopic studies of pyrene
probes revealed the successful ALD of metal oxides surrounding pyrene templates without
their undesired aggregations. Furthermore, when Al,O; was deposited, pyrene fluorescence
showed enhanced intensity, lifetime, and quantum yield. These improvements in
fluorescence are attributed to the suppression of non-radiative decay, indicating the growth

of AL,Os in the vicinity of a single organic molecule.”
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1) T. Ono, S. Mitamura, T. Hosomi, H. Saito, M. Ikeuchi, J. Liu, K. Nagashima, T. Takahashi, W.
Tanaka, M. Kanai, and T. Yanagida, ACS Appl. Mater. Interfaces 2023, 15 (22), 27099. 2) T. Ono, T.
Hosomi, H. Saito, H. Masai, M. Ikeuchi, J. Liu, W. Tanaka, T. Takahashi, M. Kanai, J. Terao, T.
Yanagida, Adv. Mater. Technol. 2024, 2401639.
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Selective VOC Capture by ALD-Formed Molecular Imprinting

(‘Graduate School of Engineering, University of Tokyo, *Institute for Materials Chemistry and
Engineering, Kyushu University, *SANKEN, Osaka University) OHideaki Matsuo,' Takuro
Hosomi,' Jiangyang Liu,' Wataru Tanaka,' Tsunaki Takahashi,' Takeshi Yanagida'*"
Keywords: VOC Sensing, Atomic Layer Deposition, Molecular Imprinting, Quartz Crystal
Microbalance

The detection of volatile organic compounds (VOCs) is expected to be applied in a wide
range of fields. Although various VOC sensor materials have been developed, a sensor
comparable to the sense of smell has not yet been put to practical use. In recent years, molecular
imprinting technology, which can impart molecular selectivity to robust inorganic materials,
has been attracting attention.'> We have previously developed an apparatus that uses atomic
layer deposition (ALD) to carry out the adsorption process of organic molecules and the
subsequent deposition process of metal oxides in situ. By monitoring these processes using a
quartz crystal microbalance (QCM), the deposition behavior of metal oxides in the presence of
organic molecules was clarified.

In this study, we investigated conditions such as molecular species and the concentration
of template molecule and evaluated the adsorption amount of template before and after ALD
using FT-IR. As a result, by using a molecular species that can withstand the ALD process and
be desorbed after metal oxide deposition as a template, a space reflecting the shape of the target
molecule was formed, enabling selective VOC capture. The results of the molecular adsorption
evaluation suggested that not only the adhesion layer but also van der Waals interaction with
the deposited layer may contribute to the increase in the adsorption amount.
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Metal oxide adhesion layers with lower wettability for robust and
sensitive cellulose nanofiber-based QCM sensors

(*Graduate School of Engineering, The University of Tokyo, *Institue for materials Chemistry
and Engineering, Kyushu University) O Jing ZENG,' Wataru Tanaka,! Haruka Honda,'
Jiangyang Liu,' Takuro Hosomi,' Tsunaki Takahashi,' Takeshi Yanagida'~

Keywords: Humidity sensor; Cellulose Nanofiber; Metal oxide; Quartz crystal microbalance;
Wettability

The Quartz crystal microbalance (QCM) device is an effective methodology for sensing
analytes in gas or liquid phases, relying on linear resonance frequency decrease due to mass
adsorption. Since the electrode materials lack molecular selectivity, surface modification with
sensing materials like polymers, metal oxides, and carbon materials is commonly used.
Recently, cellulose nanofibers (CNF) have gained attention as sensing materials due to their
biocompatibility, eco-friendliness, and functional hydroxyl groups. For coating CNF on QCM
sensors, an anchoring agent is necessary. A conventional method utilizes coating cationic
polymers like polyethyleneimine (PEI) to improve CNF attachment on QCM. ! However, we
found that the sensor showed instability under high humidity conditions, which may be
attributed to viscoelasticity changes of the PEI thin film after absorption of water.?

To address this issue, we deposited various metal oxide films (NiO, TiOz, ZnO, WO:3) as
robust adhesion layers to stabilize CNF films on QCM sensors. These layers significantly
enhanced CNF adhesion strength and ensured sensing stability under high humidity conditions
(>90%). We found a negative correlation between the QCM sensitivity and the water
wettability of the metal oxide surfaces, which was attributed to the highly center-concentrated
CNF microstructures observed on the hydrophobic metal oxide surfaces. This trend was further
confirmed by modifying the hydrophobicity of NiO adhesion surfaces. Thus, this strategy using
robust metal oxide adhesion layers will be a foundation for further developments of various
CNF-based QCM gas sensors.

With Metal Oxide
Higher Stability

Higher Sensitivity

- Frequency shift
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1) Hu, W.; Chen, S.; Liu, L.; Ding, B. Sens. Actuators B Chem. 2011, 157 (2), 554-559.
2) Yao, Y.; Huang, X.; Chen, Q. Nanomaterials (Basel). 2020, 10 (11).
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Physical Properties and Real-time Measurements of Electrochemical Aptamer-Based Sensors
Using Thin-Film Gold Electrodes (!School of Science and Technology, Institute of Science
Tokyo, 2Institute for Collaborative Biotechnologies, University of California, Santa Barbara)
OKento Terai'?, Kon Son!? | Kevin Plaxco? , Toshinori Fujie!

Electrochemical Aptamer-Based (EAB) sensors are biosensors that utilize the DNA
conformational change caused by the specific binding of methylene blue (MB)-modified DNA
aptamer to target molecules!!!. Since EAB sensors can monitor target molecules in vivo in real-
time, they are being applied to implantable sensors using gold wires as electrode substrates!?! .
In this study, we envisioned to fabricate thin-film gold electrodes that can be applied to
biological tissues such as skin, and evaluate their electrochemical properties for the
development of wearable EAB sensors. Specifically, we evaluated the usefulness of various
thin-film gold electrodes for EAB sensors by comparing the electrochemical properties of gold
electrodes fabricated by sputter, thermal evaporation (therm. evap.) or ink-jet printing (two
types of Au ink, Au-J ink: gold nano-ink and Au-JB ink gold nano-ink with binder particles)
with those of conventional gold wire electrodes. Stability evaluation by Square Wave
Voltammetry (SWV) showed that current baseline was 1-2 pA lower for wire, therm. evap.,
and Au-JB ink than for sputter and Au-J ink. SWV showed that therm. evap. and Au-JB ink are
thin-film gold electrodes that prevent charge accumulation due to overcurrent, compared to
sputter and Au-J ink (Fig. 1), suggesting the suitability for long-term use in the EAB sensor’).
Keywords : Electrochemical Aptamer-Based (EAB) sensors, DNA aptamer, Inkjet printing,
Real-time monitoring, Phenylalanine axtos
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[1] S-Barnes et al., Annu. Rev. Anal. Chem., 9, 163 (2016). [2] Alex M. et al., ACS Sens. 7,
2823 (2022). [3] A. J. Bandodkar et al., ACS Sens., 1, 464 (2016).
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Design and Fabrication of Inkjet-Printed Microelectrodes for
Electrochemical Sensors of Extracellular Components

('School of Life Science and Technology, Institute of Science Tokyo) OEduardus Ariasena,’
Toshinori Fujie!

Keywords: Inkjet Printing; Micro-Physiological System; Electrochemical Sensors; Calcium
Ion; Dopamine

Micro-physiological systems (MPS) utilizing cell cultures offer a more ethical, simplified
alternative to animal testing for disease modeling and drug development.' One key component
is the electronic sensing device, whose flexibility and softness have been recently studied due
to improved biocompatibility.? Electrochemistry is an effective sensing technique in this system,
but only a few studies have incorporated it into flexible electronics. Regarding the fabrication
process, photolithography has been dominant due to its reliability, but it requires specialized
equipment with limited substrate options.® In contrast, inkjet printing offers an alternative,
maskless microfabrication process, especially for flexible or stretchable substrates.® * This
study developed an inkjet-printed electrochemical microelectrode on a flexible polymeric thin
film that can be integrated with bioengineered cells for non-invasive monitoring of extracellular
physiological activities. The electrodes are made of gold (Au) nano-ink printed on a 5 pm-thick
Kapton film. Polyimide (PI) ink was printed on top of the Au wiring to establish the insulation
layer. The fully printed electrodes device was then annealed in 175°C oven for one hour and
laser-cut according to the pattern. It was then placed to a 12-well cell dish by first stacking it
to a glass substrate (Fig. 1a). Cyclic voltammogram (CV) in H2SO4 exhibited characteristic Au
electrode behavior (Fig. 1b). Proof of concept of sensing application is shown by the increase
in differential pulse voltammogram (DPV) current peak as dopamine concentration increased
(Fig. 1c¢). The Au electrode can also be functionalized by coating it with ion-selective
membrane to detect Ca?*, which holds potential for sensing extracellular essential components.
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Figure 1. (a) Schematic of the electrodes design and setup. (b) CV of the electrode in H>SOs.
(c) DPVs of the electrode in different dopamine concentrations.

1) D. E. Ingber, Nat. Rev. Gen. 2022, 23 (8), 467-491. 2) M. C. Lefevre, G. Dijk, A. Kaszas, M. Baca,
D. Moreau, R. P. O’Connor, Npj Flex. Elec. 2021, 5 (1). 3) L. D. Garma, L. M. Ferrari, P. Scognamiglio,
F. Greco, F. Santoro, Lab on a Chip 2019, 19 (22),3776-3786. 4) A. Imai, S. Takahashi, S. Furubayashi,
Y. Mizuno, M. Sonoda, T. Miyazaki, E. Miyashita, T. Fujie, Adv. Mater. Tech. 2023, § (21).
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