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To meet the ever-growing demand for
higher
performance
and
complex
functionality from computing needs such
as wireless communication, cloud
computing, and artificial intelligence, the
logic technology node of VLSI circuits
has shrunk to 5 nm. Meanwhile, the halfpitch dimension of interconnects, as a
network for power and clock distribution
between components in VLSI, scales
accordingly and will reach 8 nm after
2025, as predicted by the International Figure 1. Schematics of heat dissipation path in multilevel
interconnect system of VLSI circuits. The inset shows the
Roadmap for Device and Systems cross-sectional view of metal/liner/barrier/dielectric
(IRDS). Current flow in interconnects interconnect structure.
causes temperature increase due to the
Joule heating effect. Thermal management of interconnects has become one of the most important
factors determining the performance and the reliability of advanced VLSI circuits.[1] Parameters
affecting interconnect temperatures, such as interconnect wire resistivity, current density, thermal
conductivity of interlayer dielectrics, and via density, etc. have been analysed in previous study.[2]
However, thermal boundary resistance (TBR) between interconnect wires and the surrounding
dielectrics, has either been ignored or treated approximately, which may cause significant uncertainty
of the performance and reliability of VLSI interconnects.[3]
In this study, metal/interlayer/dielectric film stacks were prepared to mimic the interconnect
structure in VLSI circuits. The TBRs of the film stacks were measured by the frequency domain
thermoreflectance (FDTR) method. X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy
(EDS), and hard X-ray photoelectron spectroscopy (HAXPES) methods were employed to
characterize the crystallinity, composition, and chemical bonding of the film stacks. 3D electrothermal
finite element method (FEM) was used to simulate the temperature increase in interconnect system.
Results indicate that the measured TBR is significantly higher than the values predicted by the diffuse
mismatch model (DMM) and varies widely depending on the interlayer used. FEM simulations show
that such a high TBR can cause a temperature increase of hundreds of degrees in the advanced VLSI
interconnect. Characterizations show the significant importance of interfacial bonding in TBR, which
could be modified to decrease the TBR for thermal management of advanced VLSI circuits.
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In recent years, TiO2 photocatalysis has received much research interest owing to its potential
applications in the field of environmental remediation. However, the large band gap of TiO2 and fast
recombination of photogenerated charge carriers limit its overall photocatalytic efficiency [1]. The
large band gap of TiO2 can be narrowed by modifying the electronic band structure, such as doping
elements, forming oxygen vacancy [2]. The fast recombination can be corrected by changing the effect
of charge transfer, including the addition of suitable electron acceptors, heterojunction, Z-scheme [3].
This review is to mainly summary the principal results of modification strategies on the TiO2
photocatalyst coatings formed on Al2O3 ball by mechanical coating technique. We have attempted
various modification strategies, encompassing the increased surface accessible area, narrowed band
gap and effect of charge transfer. By grouping the modification steps of porous structure and nanosurface, C-doping and K-doping, charge transfer via the combination with graphene oxide as well as
Ti coatings and TiC coatings are revealed, as shown in Fig. 1. Further, it is expected that the insights
of this up-to-date review could guide the synergistic modification strategies to improve the
performance of TiO2 photocatalyst coatings to achieve their maximum potentials.

Figure 1. Schematic diagram of the modification strategies of TiO2 photocatalyst.
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Creation of bio nano-interface platform for highly sensitive biosensors
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Recently, increasing medical costs due to lifestyle-related diseases such as diabetes and a tight
medical economy are urgent issues in a super-aging society. One of the solutions to the problem, it is
important to be aware of lifestyle-related conditions before consulting a doctor and promote behavioural
changes prevented by diet and exercise. As a method of awareness before being affected with a disease,
it is required to quantify the biomarker of the disease with high sensitivity by a medical diagnostic device
and grasp the numerical fluctuation. In addition, to deal with emerging viral infections such as SARSCoV-2, it is essential to confirm the diagnosis using an accurate and highly sensitive detection method.
For near future, establishing a detection method that can immediately respond to the outbreak and
mutation of emerging viruses will prevent the spread of advanced virus infection.
Highly sensitive biosensors have been studied as biosensing devices that capture small amounts of
biomarkers and transduce their signals efficiently, such as electrochemical devices containing
potentiometry, amperometry, electrical impedance spectrometry, field effect transistors (FET), and
optical devices containing surface plasmon resonance (SPR), and raman spectrometry. As well as the
detection devices, it is crucial to design the bio-interface for efficient transduction of the bio-molecular
information to optical and electrochemical devices. By nano-modifying the interface of the sensing
device according to the physical and chemical properties of various biomarkers, it becomes possible to
capture the biomarker and transmit information in the vicinity of the device (Fig. 1).
In the conference, I would introduce about variations of nano-modification at the device interface
as a platform technology and biosensor design for high-sensitivity detection of target biomarkers. For
examples I would explain about non-enzymatic glucose sensor that can operate at pH in vivo1, and
highly sensitive detection of SARS-CoV-2 virus using optical devices, focusing on interface design
tailored to the device and target2.

Figure 1. Biosensing platform for highly sensitive detection of biomarkers.
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Microorganisms have evolved to cope with various environment containing toxic compounds such as
antibiotics and endogenous metabolic products. Microorganisms possessing multidrug efflux systems
are able to survive in adverse ecological niches. Energy-dependent efflux pumps belonging to the
resistance/nodulation/cell division (RND) family have been shown to serve to maintain solvent tolerance
in gram-negative bacteria. These efflux pumps consist of three components, a transporter protein located
in the cytoplasmic membrane acting as an energy-dependent extrusion pump, a membrane fusion protein
anchored to the cytoplasmic membrane, and an outer membrane protein. The AcrAB-TolC efflux pump,
a member of the RND family, is a major pump exporting various hydrophobic compounds in
Escherichia coli. Lignocellulosic biomass is a promising source for biofuel production. However,
pretreatment of plant biomass for fermentable sugar production generates many kinds of byproducts
including furfural and vanillin. Increase of tolerance to these byproducts often can enhance the
production of biofuel.
In this study, we examined an involvement of AcrAB-TolC efflux pump in vanillin-tolerance.

AcrAB-TolC pump in Escherichia coli

CHIRAL AND STRUCTURE SELECTIVE MALDI USING MOLD MATRIX
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Matrix Assisted Laser Desorption Ionization (MALDI) is one kind of soft ionization methods for mass
spectrometry analysis. Analyte can be ionized and detected at its molecular weight without
fragmentation in MALDI. However, for the molecules with the same molecular weight, traditional
mass spectrometry methods are not available, especially for the optical isomers whose enantiomers
have such similar structures.
On the other hand, it has been understood that matrix molecules play an important role in the
desorption and ionization process in MALDI and specially designed matrix can achieve dramatic
ionization effect. Here, we used temperature responsive polymer and developed a new kind of “Mold
Matrix” which is able to recognize molecular structures and selectively ionize the target molecules. In
this presentation, we will introduce the application of this “Mold Matrix” on selective ionization of
enantiomer of amino acid and trisaccharide.
In this study, Poly(vinyl Methyl Ether) (PVME), one kind of temperature responsive polymers, was
dissolved in a mixture solvent (ethanol: H2O = 4:1) and the concentration was adjusted to 10% (w/v).
2,4,6-trihydroxyaceto- phenone (THAP) and L-Alanine (L-Ala) were mixed with the ratio of 1:0.125
(w/w), and then dissolved in the PVME solution described above to make the concentration of THAP
to 4 mg/mL. This solution was transferred to a dialysis tube and the temperature was increased to 50℃
in order to change the PVME to globular state. Then dialysis was performed for three times in order to
get rid of L-Ala and complete the mold matrix. This matrix solution was kept at 50℃ for further
experiments. L-Ala and D-Ala were dissolved in a mixture solvent (acetonitrile: H2O = 7:3)
separately and the concentration was adjusted to 1 mg/mL. The samples were mixed with the mold
matrix solution on the sample plate which was kept at 50℃. After the solvent evaporated, the sample
was introduced into a MALDI mass spectrometer for measurements.
In Fig 1 (a), no peak can be observed, which indicates that
during the dialysis, all Ala molecules were removed from
the mold matrix. Then, when measuring D-Ala with this
mold matrix, at m/z = 112.1, which is the molecular weight
of [Ala+Na]+, the peak can barely be observed (S/N < 3)
(Fig 1 (b)). On the other hand, when measuring L-Ala, the
peak of [Ala+Na]+ with strong intensity was observed,
which suggests that the mold matrix developed showed
strong selectivity to enantiomers of chiral molecules. It is
obvious that the mold matrix developed in this study can
ionize specific enantiomer of chiral molecules and is useful
for further research
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Figure 1. Measurments of (a) mold
matrix only, (b) D-Ala and (c) L-Ala
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The ingredients in AAP tablet and their metabolites excreted into fingerprints were detected by
SALDI mass spectrometry using a-cyano-4-hydroxycinnamic acid (CHCA) adsorbed on a
zeolite surface (HM20). Fingerprints were collected from multiple volunteers who ingested
commercially available AAP tablet due to such symptoms as headache. All volunteers took the
same tablet composed mainly of acetaminophen (AAP), ethenzamide (Eth), and caffeine (Caf). In
the fingerprint taken 4 hours after ingestion, AAP, Caf, and Eth were detected as proton
adducted ions. Glucuronic acid conjugate of AAP (GAAP) and salicylamide (Sala; a metabolite
of Eth) were also detected as the metabolites of AAP and Eth, respectively. Fingerprints were
collected over time to determine how the amounts of drug and its metabolite change with time,
and the time dependence of the peak intensities of protonated AAP and GAAP was measured.
It was found that the increase of [GAAP+H]+ peak started later than that of [AAP+H]+ peak,
reflecting the metabolism of AAP. It was
also found that both AAP and GAAP
reached
maximum
concentrations
approximately 3 hours after ingestion, and
were excreted from the body with a halflife of approximately 3.3 hours; 𝑘!"#$%
was 0.32 ± 0.14 and 0.33 ± 2.6 for
AAP and GAAP, respectively. In addition,
the
application
CHCA/HM20
on
fingerprint
enabled
fingerprint
preservation, as confirmed by optical
microscopy. The fingerprint shape could
be sufficiently retained without being
destroyed by laser irradiation for 1 minute
under our experimental conditions. Our
method may be used in fingerprint
analysis[1].

Fig. SALDI mass spectra of fingerprint taken 4 hours

after ingesting AAP tablet.
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A paramagnetic colloidal suspension is a mixture in which solid paramagnetic nano/micro particles are
dispersed in a liquid. When paramagnetic particles are subjected to an external magnetic field, the
magnetic dipole moment is induced in each paramagnetic particle and anisotropic magnetic dipoledipole interactions are induced between paramagnetic particles. Therefore, various structures are formed
by paramagnetic particles in the paramagnetic colloidal suspension [1, 2]. In this study, we investigate
the structures formed by paramagnetic particles subjected to a dc magnetic field.
In this experiment, a paramagnetic colloidal suspension, which is enclosed in a test cell made of
polydimethylsiloxane elastomer sandwiched by two glass substrates, is subjected to a dc magnetic field
in a perpendicular direction to the layer of the colloidal suspension. The structures formed by
paramagnetic particles are observed by an optical microscope and analysed with the parameters
computed from the micrograph.
We find that when the layer of the suspension is shallow, individual straight chains and walls are formed,
whereas as the depth of the layer increases, walls and thick columns are formed, in which case staggered
chains are connected in the lateral direction.
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Patterns formed in colloidal dispersion; e.g. coffee powders in water, is of great importance from both
scientific and technological points of view. It is well known that a ring-shaped structure consisting of
colloidal particles is formed at the outer circumference of dispersion via the coffee-ring effect during
the solvent’s evaporation process. The coffee ring effect can be actively utilised for the formation of
various patterns composed of colloidal particles. Stripe and periodic dots patterns consisting of colloidal
particles were formed along the contact line of the dispersion on a substrate, dipping the substrate in a
perpendicular direction, the formation mechanism of which was studied both theoretically and
numerically [1]. Furthermore, ring-shaped structures were formed via the coffee-ring effect by not only
colloidal particles but also C60 and sulphur molecules [2].
Our present study focuses on a variety of patterns formed by C60 and sulphur molecules via the coffeering effect; (1) C60 and sulphur dissolved in benzene were dropped into a cylindrical cavity on a
substrate. After the evaporation of the solvent, a concentric circular pattern composed of fibres was
formed. In addition, the shapes of these structures were successfully altered, changing the shapes of the
cavities. (2) A glass substrate was dipped in C60/sulphur solution in a perpendicular direction, then the
solvent was aspirated at a constant speed by a syringe pump. Linear patterns were formed by fibres
composed of C60 and sulphur on the substrate. We found that the width of patterns and the gap between
neighbouring patterns can be changed depending on the solution's temperature, the concentration of C60
and sulphur, the cavity diameter and the aspiration rate of the solvent. The present methodologies may
well be applied to the formation of patterns composed of different materials such as Fe nanoparticles
and carbon nano materials, and can be utilised particularly in the field of biomedicine; e.g., trapping of
target cells or encouragement of some biochemical reactions on micro chips.
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We create chain-like structures composed of ferromagnetic nanoparticles cross-linked with αamylase and investigate their enzymatic activity under external magnetic fields. We immobilize 3,4dihydroxyphenil acetic acid on the surface of iron nanoparticles, the average diameter of which is
approximately 100 nm. We then mix the particles with N-Hydroxysuccinimide (NHS), 1-Ethyl-3-(3dimethylaminopropyl) carbodiimide, hydrochloride (EDC) and α-amylase under a dc magnetic field.
The ferromagnetic particles form chain clusters along the field direction due to the dipole-dipole
interactions and the self-organized cluster structures are fixed by cross-linking via α-amylase. We next
investigate the enzymatic activity of α-amylase in the clusters under external magnetic fields. The
activity of α-amylase in the clusters increases under a high-frequency ac magnetic field caused by the
heat generation of the particles. The enzyme reaction of α-amylase in the clusters is also encouraged
under a rotational magnetic field since the probability of the collision of the enzyme with substrate
molecules is increased by the rotational motion of the clusters. We show that when ac and rotational
magnetic fields are simultaneously applied, the enzymatic activity is further increased compared to the
above two cases.
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Magnetotactic bacteria are a diverse group of aquatic prokaryotes that synthesize intracellular
membrane-bounded magnetic nanoparticles (NPs) named magnetosomes, which are composed of
magnetite (Fe3O4) and/or greigite (Fe3S4). It is known that the magnetotactic bacteria belonging to the
phylum Desulfobacterota (formerly Deltaproteobacteria) are ubiquitous in the sediments of
freshwater, brackish, marine and hypersaline environments. Mostly known magnetotactic
Desulfobacterota are sulfate-reducing bacteria that synthesize bullet-shaped Fe3O4 NPs and/or
pleomorphic Fe3S4 NPs, but only a few axenic cultures have been obtained so far. Here, we report the
isolation and characterization of a novel sulfate-reducing magnetotactic bacterium, designated strain
FSS-1, isolated from Suwa Pond located in Hidaka, Saitama, Japan. Phylogenomic analysis based on
30 single-copy marker genes showed that strain FSS-1 was a member of the genus Fundidesulfovibrio
(formerly Desulfovibrio) within the family Desulfovibrionaceae and most closely related to
Fundidesulfovibrio putealis B7-43T. The average nucleotide identity (ANI) value between strain FSS1 and F. putealis B7-43T was 80.7%. The phylogenomic analysis also showed that strain FSS-1 was
closely related to a sulfate-reducing magnetotactic bacterium, Solidesulfovibrio (formerly
Desulfovibrio) magneticus RS-1T, belonging to the family Desulfovibrionaceae. Strain FSS-1
synthesized approximately 10 bullet-shaped Fe3O4 NPs in the cell when grown in the presence of
fumarate as a carbon source. The magnetosome gene cluster of strain FSS-1 was different from that of
S. magneticus RS-1T. The phenotypic characteristics of strain FSS-1 also differed from those of F.
putealis B7-43T and S. magneticus RS-1T. Thus, strain FSS-1 is considered to represent a novel
sulfate-reducing magnetotactic bacterium belonging to the genus Fundidesulfovibrio, for which the
name Fundidesulfovibrio magnetotacticus sp. nov. is proposed. Our isolate also provides a promising
tool for elucidating the process of magnetosome formation and the origin of magnetotaxis.

Glucose Oxidase/Aminoferrocene immobilized on a Gold Electrode using Self
Assembled Monolayers for Glucose sensing
Vimal Kumar1, Taira Kajisa1,2*
1 Bio-Nano Electronics Research Centre, Toyo University
2 Graduate School of Interdisciplinary New Science, Toyo University

A glucose sensor for increasing the efficiency of electron transfer has been developed by
immobilizing Glucose Oxidase and Aminoferrocene to 11-Mercaptoundecanoic acid (11MuA) on a modified Gold (Au) surface using 1-Ethyl-3-(3′-dimethylaminopropyl)
carbodiimide·HCl (WSC) and N-Hydroxysuccinimide (NHS). In order to measure the glucose
concentration these electrodes are attached to biological Field Effect Transistors. The Au
electrode is modified with WSC/NHS conjugation to form amine coupling bonds on the surface
of the Au, the 11-MuA bind with the modified Au using thiol groups using Van der Wall forces
for formation of SAM. These SAMs facilitates better electron transfer from the Glucose
oxidase to the electrode. These electrodes were characterized using AFM, SEM, FTIR, XPS
and Electrochemical characterization. The potentiometric signals are analysed for 100µM 10mM concentration of glucose solution in pH 7.4 PBS buffer.
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Cycloparaphenylene (CPP) is one type of carbon nanomaterials in which benzene rings are covalently
bonded at the para position to form a ring-like structure [1]. Although it has been more than 13 years
since CPP was first synthesized, most of the research to date has focused on (a) the development of
synthetic methods of CPPs with different numbers of benzene rings, (b) gram-scale synthesis of CPPs,
(c) chemical modification of CPPs, and (d) bottom-up synthesis of carbon nanotubes [1-2]. Therefore,
secondary structures formed by CPPs have not yet been well studied.
In this study, we formed secondary structures composed of CPPs via self-assembly utilizing the coffee
ring effect. Note that the coffee ring effect is expected to be applied to the bottom-up synthesis of
nano- and micro-structures [3]. Particles and molecules in colloidal solution are deposited along the
edge of the droplet while the droplet evaporates on a solid surface [4].
Solution of [6]CPP dispersed in organic solvents was dropped onto a heated silicon (Si) substrate (see
Figure 1). The structures deposited on the substrate were observed by a scanning electron microscope
(SEM). In the poster session, nano- and micro-level structures composed of [6]CPPs will be shown
and discussed.

[6]CPP
Solution
Si substrate

Organic solvent
Hot plate

a

b

Figure 1. Outline of the experimental setup and method. a: [6]CPP is dissolved in different types of solvents. b.
The solutions dropped on a hot plate are evaporated.
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The gas-liquid coexistence curves terminate at the critical points [1]. Fluids located above the critical
points are called supercritical fluids (see Fig. 1). Supercritical fluids have been utilised for cleaning
substrates, extracting molecules, encouraging chemical reactions and synthesising materials in recent
years. Magnetic particles are of great importance particularly in biomedical science and technology
[2,3]; e.g., magnetic particles can be utilised for MRI imaging, hyperthermia treatment and drug
delivery. In this study, we synthesise magnetic particles in supercritical fluids, dissolving ferrocene in
acetone and ethanol under supercritical conditions. The molar volume of acetone and ethanol and the
temperature are changed (see Figure 1). The structures of the particles are observed by scanning
electron microscopy (SEM) and the elemental analysis is carried out by energy dispersive X-ray
spectroscopy (EDS). The magnetisation is measured by a superconducting quantum interference
device (SQUID). We find that spherical particles are produced at 250 and 300 °C, whereas
nonspherical particles are synthesised at 350 and 400 °C in both acetone and ethanol. The
magnetisation increases with an increase of the synthetic temperature. We explain the detail of the
shapes, structures and magnetic features of those particles at the poster session.
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Figure 1. Phase (P-V) diagram of acetone
・represents the pressure, volume and temperature
under which the present experiments were carried out.
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When a droplet of solution, in which molecules or particles are dispersed, is evaporated on a smooth
surface, ring-shape structures composed of those molecules and particles, which are called coffee-rings,
are formed [1].
In this study, we form secondary structures composed of C60 molecules [2] via the coffee ring effect and
discuss some facile ways for creating novel patterns formed by C60 molecules. The outline of the
experimental setup is shown in Figure 1.
First, we investigate the effect of the temperature gradient on a substrate on the patterns formed by C60
molecules via the coffee ring effect. 0.6 µmol/ml of C60 and 3.1 µmol/ml of sulphur are dissolved in
benzene and the solution is introduced into circular cavities of 8, 10 and 12 mm diameter placed on a
substrate. Half of the surface of the bottom of the cavities is heated so that a temperature gradient is
established. The structures formed by C60 molecules after the evaporation of the solvent are observed
and analysed by a scanning electron microscope (SEM). We then carry out another experiment to
investigate the effect of local heating on the patterns formed by C60 molecules. We mix Fe3O4 particles
of 20 nm diameter with the solution of C60 molecules and sulphur dissolved in benzene and an ac
magnetic field is applied to the mixture. The structures formed by C60 molecules are observed by SEM.
We find that rings composed of C60 are formed on the substrate and that both the gap between the rings
and the width of each ring become shorter at regions of higher temperature. We also find that rings
composed of C60 and magnetic nanoparticles are formed and that both the gap and width decreases in
the presence of the ac magnetic field. We explain the details of the secondary structures formed by C60
molecules at the poster session.
Solution in a cylindrical cavity

Induction heating device

Figure 1. Outline of the experimental setup. Solution of C60 molecules/sulphur or C60/sulphur/magnetic
nanoparticles dispersed in benzene is introduced in a cylindrical cavity, which is placed on a grass substrate. The
bottom of the test cell is heated or the test cell is subjected to an ac magnetic field.
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It is very important to understand the formation process of complex nano/micro structures in colloidal
systems from both scientific and technological points of view [1,2]. In this study, we investigate the
growth process of clusters formed by paramagnetic microparticles in a combined fluctuating magnetic
field composed of dc and ac fields, which are generated, respectively, in vertical and horizontal
directions (see Figure 1). The motion of the clusters was monitored with a microscope and recorded
on the hard disc of the computer.
We find that walls are formed in the dc/ac combined magnetic fields. The thickness of the walls is the
same as the diameter of a particle. We also find that clusters grow via tip-to-tip coagulation. The
dynamics and structures of the clusters formed by the particles; i.e., the time variation of the growth of
clusters, the total number of clusters and the dynamic scaling function are analysed [3], which will be
shown at the poster session.

Figure 1. Outline of the experimental setup. The test cell, which confines paramagnetic particles dispersed in
distilled water, is placed at the centre of the coils. Dc and ac combined magnetic fields are applied to the
colloidal system.
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Cycloparaphenylene (CPP) is a cyclic molecule in which benzene rings are bonded at the para position
(see Figure 1) [1]. CPP is categorised into [6]CPP, [10]CPP, [12]CPP and so on depending on the
number of benzene rings. CPP also shows different reactivities depending on the number of benzene
rings. In particular, the HOMO-LUMO bandgap becomes narrower as the number of benzene rings
decreases, which contributes to the reactivity [2].
In this study, we synthesise secondary structures formed by [6]CPPs.0.5 µmol of CPPs are dissolved
in 1 ml of dichlorobenzene. The above solution was dropped onto an Si substrate at room temperature.
The structures of the nano materials produced on the substrate are observed by scanning electron
microscopy (SEM) ((SU8030, Hitachi).
We find that hexagonal sheets composed of [6]CPPs are formed along the circumference of the droplet
of the solution on the substrate at room temperature, whereas no structures are formed over 50 °C.

Figure 1. [6]cycloparaphenylene.
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Cycloparaphenylene (CPP) is composed of several benzene ring (see Figure 1) [1]. CPP is a unit ring
of carbon nanotubes (CNTs). C60 is a cage composed of 60 carbon atoms (Figure 2) [2]. There are
different types of CPPs depending on the number of benzene rings. In this study, we investigate
secondary structures formed by CPPs and C60 molecules. First, [10]CPPs and C60 are individually
dissolved in xylene and then two solutions are mixed at room temperature. Note that the ratio of the
molar concentration of CPPs to that of C60 is 1:1. The above mixed solution is dropped onto an Si
substrate, the temperature of which is changed; 25, 30, 50 and 70 °C. The structures of nano materials
produced in the solution are observed by a scanning electron microscope (SEM) (SU8030, Hitachi).
It is found that approximately 20 min after CPPs and C60 molecules have been mixed, the fibres are
formed in the solution. Notice that no structures are formed when CPPs and C60 are individually
dissolved in xylene. It is also found that fibres are deposited on the Si substrate when the temperature
of the substrate is 25 °C, whereas the fibres are broken with an increase of the substrate temperature.

Figure 1. [10] Cycloparaphenylene.

Figure 2. C60 fullerene.
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We have proposed Electrophoretic Coulter method (ECM), which combines electrophoresis method and
Coulter method in micro-channel systems [1]. Accordingly, it can simultaneously analyze the zeta
potential 𝜁 as well as the size, and the number of individual specimens, while resistive pulse sensing
(RPS) method [2] can estimate the size, and the number.
The observed velocity 𝑣!"!#$ of a particle in a microchannel consists of four elements:
(1)
𝒗𝒕𝒐𝒕𝒂𝒍 = 𝒗𝑬𝑷 + 𝒗𝑬𝑶 + 𝒗𝑷 + 𝒗𝑫
where 𝑣-. is the electrophoretic velocity, 𝑣-/ is the electroosmotic velocity, 𝑣. is the velocity caused
by a pressure gradient, and 𝑣0 is the diffusion velocity [3]. In electrophoresis method, zeta potential 𝜁
is estimated from 𝑣-. , Consequently, to obtain accurate 𝜁, the influence of 𝑣-/ , 𝑣. , and 𝑣0 should be
suppressed. Firstly, 𝑣0 is usually negligible, and secondly, 𝑣-/ is found to be reduced effectively by
coating of surfaces of micro channels. We have optimized the condition of coating material, 2
methacryloyloxyethyl phosphorylcholine (MPC) polymer [4]. However, how the influence of 𝑣. , and
its suppression have not been discussed yet in detail.
Therefore, in this study, we attempt to suppress the influence of 𝑣. to improve the accuracy of
electrophoresis systems. We propose a novel structure of a microchannel system, which has an
additional wide U-shaped microchannel as well as a narrow channel for electrophoresis measurement,
as shown Fig. 1. The additional U-shaped microchannel equalizes the flow rates of the solution at both
ends of the narrow channel, As a result, based on Bernoulli's principle, the pressures of the solution at
both ends of the narrow channel become equal, and then, 𝑣. vanishes. Experimental confirmation will
be reported on the poster session.

Flow rate !"

Flow rate !!

Fig. 1 Electrophoresis system with an additional U shaped microchannel .
DC electric field is applied for electrophoresis measurements.
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We synthesize vertically aligned carbon nanotubes (CNTs) by the plasma-enhanced chemical vapor
deposition (PECVD) method using catalytic particles arranged in a concentric pattern. Iron oxide
nanoparticles, the average diameter of which is approximately 5 nm, are synthesized by the polyol
method [1] and they are used as catalysts for the synthesis of CNTs. The nanoparticles are dispersed in
benzene and the particle-dispersed solution is dropped into a circular cavity (diameter 8 mm, depth 5
mm), which is placed on a hot plate set at 50ºC. During the evaporation of benzene, the particles form
concentric circular patterns on the bottom plate of the cavity via the so-called coffee-ring effect [2].
Carbon nanotubes are synthesized with the self-organized catalytic particles by CH4/H2 PECVD. It is
confirmed by SEM observations that vertically aligned CNTs are selectively produced on the
concentric patterns formed by the catalytic particles. We analyze the effect of the line width and the
line-to-line spacing of concentric patterns, which can be controlled by changing the conditions of the
evaporation process such as the temperature, the cavity diameter and the initial particle concentration,
on the growth rate of aligned CNTs.
References:
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We experimentally investigate nonequilibrium cluster structures formed in a thin layer of a colloidal
solution composed of 1.05 μm paramagnetic particles dispersed in water. A dc magnetic field
generated with a solenoid coil and a dc power supply is applied in the direction perpendicular to the
solution layer and the cluster structures formed by the particles are observed from both the top and
bottom sides of the solution layer using an optical microscope. The paramagnetic particles form chain
clusters along the field direction. Furthermore, the chain clusters aggregate in the lateral direction to
form bent wall structures when the magnetic field is applied rapidly. As the volume fraction of
particles increases, the cluster size in the direction parallel to the solution layer increases and when the
volume fraction exceeds a certain value, percolation clusters, that is, clusters whose size reaches the
system size, are formed. We perform digital image analysis on both top and bottom view images of the
cluster structures and estimate the percolation threshold volume fraction. We show that if the thickness
of the solution layer increases, the percolation threshold volume fraction decreases since the particles
form longer chains, which aggregate in the lateral direction more actively.
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We develop a PCR method utilizing the photothermal effect of nanoparticles irradiated with nearinfrared (NIR) light. We use carbon-coated iron (Fe@C) nanoparticles, the average diameter of which
is 25 nm, as heat sources for PCR thermal cycling. To prevent the attachment of DNA polymerase to
Fe@C nanoparticles, we immobilize bovine serum albumin (BSA) on the surface of the particles. We
add Fe@C nanoparticles to a PCR reaction solution containing DNA polymerase, template DNA
(pUC19), dNTPs, and primers in a test tube. The reaction solution is cooled by an ice-water cooled
copper coil surrounding the test tube. The solution can be heated up by irradiating Fe@C nanoparticles
dispersed in the solution with NIR light. We carry out PCR performing thermal cycling via the on/off
operation of NIR irradiation using a computer-controlled mechanical shutter. The temperature of the
reaction solution is monitored by an infrared thermography camera. We show that the total time of
PCR is shortened compared to the conventional method thanks to rapid, efficient heating by Fe@C
nanoparticles. We also show that the total amount of by-products is smaller than the conventional case,
which may be attributed to the rapid thermal cycling.

Bacteria cellulose hydrogels carrying GM3- and Gg3-trisaccharides to probe
carbohydrate-carbohydrate interactions between GM3 and Gg3
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Glycosphingolipids (GSLs) aggregate laterally in cell membranes to form GSL-enriched
microdomains. As a result, they construct densely packed carbohydrate clusters (glycoclusters)
on their cell surfaces. Face-to-face adhesions between such glycoclusters are now extensively
considered as the very first step for the induction of cell–cell adhesions, and these interactions
are now referred to as carbohydrate–carbohydrate interactions (CCIs). For example, specific
CCIs between GM3 and Gg3 was reported to induce the migration of cancer cells, implying that
CCIs can potentially introduce new strategies to prevent various diseases that are triggered by
unfavourable cell–cell adhesions.
Despite their importance, only limited information has been obtained at the molecular level on
CCIs thus far owing to the fluidic nature of the cell membranes and owing to fluctuations in
their GSL levels. To obtain detailed information on CCIs, some research groups developed
various artificial glycoclusters. Among such artificial glycoclusters, the most frequently used
ones was glycoclusters immobilized on gold nanoparticles (GNP-sugar). For example, Penadés
et al. developed GNPs carrying multiple LeX-trisaccharides (LeX3, Galb1,4(Fuca1,3)GlcNAcb)
and utilized them for probing the selective LeX–LeX interactions. In this previous study,
transmission electron microscopic (TEM) observations visualized the Ca2+–mediated
association of the GNPs carrying LeX3 (GNP–LeX3).
As shown above, the artificial glycoclusters developed thus far for probing CCIs (e.g., GNPsugar) had sizes at the nanoscale or subnanoscale. Thus, special monitoring devices (e.g., TEM)
were essential for probing the CCIs using these artificial glycoclusters. Such monitoring devices
are quite expensive and require highly specialized techniques for their operation. To overcome
these problems and to facilitate the investigation on CCIs, new artificial glycoclusters that are
suitable for easy and quick monitoring of CCIs are highly required. To this end, we focused on
bacterial cellulose (BC) hydrogels with sizes at the millimeter scale, and constructed new
artificial glycoclusters for probing the CCIs with the naked eye. One of the most common BC
hydrogels are the nata de coco, or jelly-like foods, that originate in the Philippines. During this
past decade, chemical modifications of BC have attracted increased research interest because
of their unique physical, chemical, and biological properties. Recently, we successfully
prepared BC hydrogels carrying GM3- or Gg3-trisaccharides and monitored the aggregation of
these hydrogels induced by GM3-Gg3 interactions. The latest data will be presented in the
poster session.
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Objective
Vascular endothelial cells in the innermost layer of blood vessels control vascular permeability.
Lifestyle-related diseases and tumors cause a decline in this function, and in atherosclerotic lesions,
the breakdown of inter-endothelial cell adhesion leads to increased permeability and inflammatory cell
infiltration. In the development of disease models and therapeutic agents, it is important to have a
simple system to evaluate the permeability of endothelial cells. We have proposed a combination of a
Raman indicator with Raman activity and the surface enhanced Raman scattering (SERS) method
based on the signal enhancement effect of a special substrate. Since the signal from the indicator is
enhanced by more than several orders of magnitude only when it comes into contact with the surface
of the SERS culture substrate, the generation of the SERS signal clearly reflects increased
permeability of the cell layer. In this experiment, vascular endothelial cells (EA. Hy926) were seeded
and cultured on a SERS culture substrate (henceforth referred to as SEA substrate).
Method
Collagen coating (Cellmatrix type IV, incubated at 37℃, CO₂ 5 %, 2h) was applied to the SERS
substrate which was prepared by our laboratory. After that, vascular endothelial cells (E.A. Hy 926)
were seeded and cultured. The cells on the substrate were observed under an inverted microscope
(100~400x) to determine if cell to cell adhesion was uniform and dense. Selected SEA substrates were
then replaced with 10% PBS solution to remove the culture medium. Then various Raman indicators
(Rhodamine 6G, 1,2-di(4-pyridyl)-ethylene: BPE, dimethyl sulfoxide, dichloro ruthenium, crystal
violet) were added to the substrate. Finally, a portable Raman spectrometer (Hamamatsu Photonics
C13560) was used to detect the SERS signal in order to determine if any of these indicators was
exuding.
Results

(1) When these Raman indicators were added onto the substrate without cell seeding as a control
experiment, they all showed corresponding SERS spectra, indicating that the medium did not
suppress the signal from the substrate.
(2) It is essential to culture the cell membrane with low permeability. As a result of examining
conditions such as cell concentration and culture time, it became possible to culture a dense layer
of cells. In addition, when the indicator was added onto the SEA substrate, the SERS signal was
not detected, which suggests that we succeeded in culturing model cells with low permeability.
One minute after adding histamine, the Raman indicator was added. Subsequently the SERS signal
was detected for all the indicators except BPE. When histamine was added, cell adhesion
diminished regardless of the type of reporter indicator.
References:
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【Introduction】
In recent years, the application of metal nanostructures has been investigated in various fields of
clinical testing, and their use in surface-enhanced fluorescence (SEF) is also promising. Although
there are many reports on measurements of enzymatic reaction products by fluorescence, there are
only a few reports on enhanced fluorescence detection by SEF and real-time measurement. We have
prepared SEF substrates by adsorbing silica particles on glass slides and coating them with noble
metal. After addition of the substrate, the fluorescence intensity of the enzyme reaction product was
measured by spatially scanning the excitation light. In this study, PDMS was used to enable real-time
measurement of the enzyme reaction. To further stabilize the measurement, we used a thiol linker to
immobilize the enzyme onto the surface. Using this technique, a pre-determined amount of the enzyme
was adsorbed on the substrate, and the enzyme reaction was monitored in real time.
【 Method 】
Manufacturing method of SEF substrates: Glass slides are immersed in 1 vol% 3-aminopropyl
trimethoxy silane (APTMS) solution for 5 min. After drying, the glass slides are immersed in a
suspension containing silica particles (100 nm in diameter), and a monolayer of silica particles is
formed on the surface of the glass slides. Finally, 100 nm of silver is deposited on the glass slide as the
standard procedure. For real-time measurement, PDMS was soaked in alkaline phosphatase (ALP)
3.0×10-3 U/mL for 30 min, 1 day, and 3 days. After that, PDMS was washed with PB Buffer (pH 7.4),
and NBT/BCIP was added onto the PDMS and then pressed onto the SEF substrate under the weight
of 1000 g. The SEF substrate on which the measurement substance was added was fixed on a rotating
stage (Shibasaki Seisakusho Co., Ltd.) and rotated at 10 rpm. This prevented bleaching of
fluorescence. The SEF substrate was measured with a fiber type fluorescence detector (Nippon Sheet
Glass Co., Ltd. Excitation wavelength: 630 nm) for 20 seconds. Next, the substrate surface was
immersed in thiol linker (3.0 mM) solution for 60 min. ALP (3.0×10⁻³, 3.0×10⁻⁴, 3.0×10⁻⁵, 3.0×10⁻⁶,
3.0× 10⁻⁷U/mL) was added the SEF substrate, washed with water and air-dried. 7.5 µL of NBT/BCIP
was added to the SEF substrate and allowed to adsorb for 15 min. The SEF substrate was fixed onto
the stage and the signal was measured for 20 seconds.
【Result 】
The enzymatic reaction measurement using PDMS showed that the peak of the enzymatic reaction was
observed after 25, 20, and 10 min, corresponding to soaking time of 30 min, 1 day, and 3 days.
Furthermore, the longer the soaking time, the more stable the fluorescence intensity was. ALP
(3.0×10⁻³, 3.0×10⁻⁴, 3.0×10⁻⁵, 3.0×10⁻⁶, 3.0×10⁻⁷ U/mL) and NBT/BCIP were reacted. All the
fluorescence intensities were about 15 a.u. when measured at an excitation wavelength of 630 nm.
Comparison of the thiol linker-adsorbed substrate with the normal SEF substrate showed a nearly 100fold difference in the limit of detection. While the optical fiber of the fluorescence detector used in this
experiment did not allow independent control of the excitation light and fluorescence intensity, we
plan to solve the problem of fading due to excitation light by selecting an optimized cutoff filter.
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Objective
Recently, surface-enhanced Raman spectroscopy (SERS) is increasingly used by researchers
because substances can be investigated nondestructively or in situ. In Raman spectroscopy, a target
substance is irradiated with an excitation light and SERS is used to enhance the signal intensity, and
the intrinsic wavelength of the substance can be measured. We are aiming to fabricate substrates by
bonding dense noble metal nanostructures on a flexible adhesive tape surface in a robust manner. We
have succeeded in fabricating a substrate called FlexiSERS that satisfies the following two
requirements: 1) the surface must be flexible enough to follow the contour of an uneven object to be
measured, and 2) the nanostructures must not peel off easily [1]. We report an example of its
application to the measurement of pesticide residues on the surface of agricultural crops.
Methods
First, silica nanoparticles were adsorbed onto a glass slide and then transferred onto a double-sided
adhesive tape affixed to the top of a pin. Ag was then vacuum deposited onto the tape to create
FlexiSERS substrates. After that, two operations were carried out; a method of measuring a Raman
spectrum by placing the reagent in a Petri dish and immersing the substrate directly into it, or by
immersing crop peels in the reagent and pressing them against the peels. The important requirements
for the fabrication condition of FlexiSERS is selection of appropriate adhesive tape, particle size, and
silver film thickness. Therefore, we optimized the fabrication condition by comparing combinations of
eight different adhesive tapes, three different particle types, and deposition thicknesses (20, 100 nm).
Result
As a result, ferbam's spectra were extremely enhanced with nanospheres with 400 nm diameter but
decreased for nanospheres with 100 or 700 nm diameter. We transferred the silica nanoparticles by
pressing a piece of tape during substrate fabrication. Upon comparison of various adhesive tapes, we
found out that a significant difference in peak intensity was observed among these tapes. The material
and surface condition of the adhesive tape itself affect the particles transferred. It was found that
selecting an adhesive tape with relatively strong adhesion and little unevenness on the tape surface
leads to good FlexiSERS. We optimized the pressing conditions for this process. In order to improve
the condition of the substrate surface, a weight of about 30 g is optimal for pressing on the sliding
glass.
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Objective
In order to employ surface-enhanced Raman spectroscopy (SERS) for industrial applications, further
improvements in the fabrication method of noble metal nanostructures are required. The method of
using structures existing in the biological world is known as biomimetics. In SERS, the use of
submicron structures of butterfly scales has been reported recently. In this paper, we not only report
the latest findings on scale structures but also introduce for the first time an effective submicron
structure other than the wing. The shape of scales is typically an oval, approximately 100 microns long
and 50 microns wide. In the direction of the long axis, ridges are formed at intervals of several
microns. This would not be useful as SERS structures, but the surface and lower parts of the ridges
have submicron structures. A submicron structure other than those originating from the wings is the
antennae of moths. Advanced species of moths can detect female sex pheromones (smell molecules)
even from a distance of more than several kilometers, and their receptors exist in the antennae. So, we
thought it would be possible to detect VOCs with high sensitivity by using this antenna. Based on the
knowledge of ideal nanostructures obtained from lepidopteran structures, it would be possible to
artificially fabricate SERS substrates. It could be useful for SERS. However, the size and shape of the
noble metal nanostructures need to be optimized in order to effectively utilize the enhancement effect
of the scale substrate. In addition, it was necessary to consider not only the species of butterfly but also
the region and the back, front of the scales. We selected S. charonda and A. yamamai for evaluation of
their suitability as SERS substrates.
Methods
The scales of butterflies have a periodic and hierarchical submicron structure, and the SERS effect can
be obtained by covering the scales with noble metals using a vapor deposition method. In particular
we will examine (1) the optimal structure by comparing the signals of substrates using various
butterfly scales, (2) substrates that selectively use specific parts of the scales (scaffold-like structures
that support three-dimensional structures), and (3) detection of VOCs by a substrate using the antenna
of A. yamamai. In these studies, volatile methyl mercaptan was used in addition to the standard
reagents R6G and β-carotene.
Results
(1) The scales of Ornithoptera priams have a wavy cloud-like structure in the white and purple scales
of S. charonda, effective as a SERS substrate. (2) The scaffold structure is more effective than the
structure seen from the front side. (3) It may have a higher enhancement than scales. The threedimensional structures of these samples were observed by SEM.
Reference:
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Abstract
Ag nanodendrites fabricated by displacement reactions of base metal nanoparticles have been utilized
as SERS substrates. By comparing our substrate with some commercial products, we found that it was
superior for detection of volatile molecules such as methyl mercaptan (MM) and naphthalene thiol,
and further investigated its suitability for detection of other alkanethiols and different volatile
molecules. In addition, the structure of the Ag nanodendrites can be precisely controlled by adjusting
fabrication parameters (particle size, deposition thickness, reaction temperature, etc.) in the fabrication
process consisting of (1) formation of a high-density monolayer of silica nanoparticles on a glass slide,
(2) vacuum deposition of base metals such as copper, and (3) further immersion in silver nitrate
solution. By optimizing these conditions, it is possible to further improve the performance of SERS
substrates. On the other hand, one of the unsolved problems is that the growth of Ag nanodentrites is
not uniform.
Experimental method
Silica nanoparticles are adsorbed within a circular spot (3 mm diameter) region on a glass slide, and
copper is vacuum deposited to form a cap-like Cu nanoparticle structure (60 nm thick). Immediately
afterwards, they are immersed in 0.1 M AgNO3 solution, subjected to a displacement reaction for 15
min at room temperature, and air-dried to form nano-silver tree-type SERS substrates. The substrates
are then exposed to naphthalenethiol, propanethiol, and butanethiol for 15 min, and SERS spectra are
acquired using micro-Raman (Nicolet Almega XR, Thermo Fisher Scientific). (Excitation wavelength:
633 nm, irradiation intensity: 67 μW, exposure time: 1 s, number of integration: 16 times) As an
additional experiment to gain insight into homogenization, we attempted to acquire SERS spectra
during the growth of the Ag nanodendrite. A Raman probe was added to the 0.1 M AgNO3 solution
used for the displacement reaction, and the SERS spectrum of the probe was acquired as soon as the
displacement reaction started.
Results and Discussion
The SERS spectra of naphthalenethiol, propanethiol, and butanethiol were easily obtained. The
sensitivity was found to be significantly above average while they were not necessarily detectable in
comparative experiments using commercially available substrates.
For the acquisition of SERS spectra of Raman probes during the growth of Ag nanodendrites, the
probe need to be carefully selected, and molecules that are soluble in silver nitrate solution and have
SERS activity are investigated. We consider dimethyl sulfoxide (DMSO) to be a good candidate
because it is soluble in silver nitrate solution and SERS spectra can be obtained from nano-silver
substrates. In addition to the Raman probe to be used, we are still investigating the recovery of copper
nanoparticles and the displacement reaction in an inert atmosphere, and we hope that the results will
be of great help in finding the optimal conditions for fabrication of Ag nanodendrites.
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In recent years, attention has been focused on the guide effect 1) of some slow multiply charged ion
beams caused by charge up due to interaction between ions and insulator surfaces. The phenomenon is
being applied to research for various ion beam technologies, such as the secondary ion mass
spectrometry (SIMS), the ion implantation, the particle induced X-ray emission (PIXE), the heavy
particle cancer therapy, and so on. However, since most studies have conducted for focusing and
deflecting ion beams by thin capillaries, influence of inner wall geometry and surface conditions to the
guide effect have not been well understood. Furthermore, since kinetic energy of guided ion beam has
never been measured, the process is not elucidated in detail.
One purpose of this study is to verify whether the ion beam guides an energetic ion beam even by not a
capillary but by a channel, and another purpose is to verify whether kinetic energy of the transmitted
ion beam retains the initial energy. Therefore, we developed the cylindrical glass channel (CGC) 2)
consists of two cylindrical glass lenses facing each other with a narrow gap between them. Kinetic
energy distribution (KED) of transmitted Ar6+ ions was measured for a 15 keV-Ar6+ ion beam injected
into the CGC by measuring the time of flight and the displacement due to an uniform electric field in
the parallel plates, simultaneously.
Figure 1 shows the KED for each angle θ when the CGC is tilted with respect to the incident ion beam
axis. The shaded area shows apparent spectra due to not guided but scattered Ar5+ to Ar3+ ions on the
inner wall. However, the Ar6+ ions maintained the incident kinetic energy of 15 keV at all tilt angles.
Furthermore, deflection of the ion beams up to 0.18° was observed by tilting the CGC.

Figure 1. Kinetic energy distributions of transmitted Ar6+ ions after injection into the CGC.
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Lett. 88, 133201 (2002).
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In recent years, many researches have been conducted actively toward the practical application of cancer
treatment using atmospheric pressure plasma. According to previous studies, chemically active species
or radicals produced by plasma irradiation on some liquids such as normal saline, culture solutions,
intravenous fluids, and so on, have been thought to induce apoptosis to cancer cells [1]. However, in
order to realize the plasma treatment for practical cancer treatment, it is indispensable to develop a
method that inactivates only cancer cells, or selective killing of cancer cells. The aim of this study is to
develop a method realizes selective killing of cancer cells by use of atmospheric pressure plasma
irradiated liquids.
It is generally known that cancer cells metabolize more actively than normal cells by absorbing large
amount of oxygen, and it is also known that reactive oxygen species (ROS) induce DNA damage. These
facts have been understood as an important factor to realize selective killing by other practical cancer
treatments using ionizing radiation, which is called oxygen enhancement ratio (OER). Therefore, we
tried to add O2 gas to atmospheric pressure He plasma to generate ROS effectively. The mixing ratio of
the He-O2 mixed gas that maximizes the inactivation effect for cancer cells to normal cells was
investigated. Furthermore, we also investigated the amounts of hydrogen peroxide (H2O2) and nitrite
(NO2-) in the culture solution irradiated with the plasma.
In this reserch, a plasma irradiated culture solution, that is the plasma activated medium (PAM), was
prepared with He-O2 mixed plasma. Then, it was added to normal skin cells (HaCaT) and skin cancer
cells (A375) to examine the difference of survival probabilities.
Figure 1 shows relative number of living cells of A 375 and HaCaT in cases of (a) He plasma irradiation
(flow rates of He: 10 L / min) and (b) He-O2 mixed plasma irradiation (He: 10 L / min + O2: 150 mL /
min). Higher killing efficiency of cancer cell than of normal cell was observed in He-O2 mixed plasma.

Fig.1 Inactivation effects of the cancer (A375) and the normal (HaCaT) skin cells irradiated with
(a) He and (b) He+O2 plasmas
References:
[1] H.Tanaka and M.Hori, Pharmacia, 51,1053-1057 (2015).
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Rare sugars, as the name suggests, are monosaccharides that rarely exist in nature. So far, more
than 50 types have been identified. These are classified as ‘healthy sugars’ due to their positive effects
on the human body. For instance, rare sugars have been found to suppress blood sugar levels, prevent
lifestyle diseases, and in some cases show anti-cancer effects too. Consequently, certain rare-sugar
components have been developed for these purposes, one being Rare-Sugar Lipids (RSLs) which are
promising bio-functional materials owing to their secondary structure. Micelles, a general structure of
amphiphilic substances, are one of the most important entities due to their wide-ranging applications,
spanning from commercial detergents to carriers in drug delivery systems (DDS). To create the most
suitable micelle carrier for bio-medical applications, lot of research has been focused on their size,
aggregation number, and critical micelle concentration (CMC) [1]. Therefore, it is imperative, when
considering for medical applications to also investigate the role of micelle structure on the biological
effects of RSLs.
Here, we have successfully synthesized RSLs using D-glucose and 6 types of rare sugars-Dallose, D-psicose, D-tagatose, L-lyxose, L-gulose, L-sorbose (the synthetic method is shown in
Figure.1) and further investigated their toxicity profile against several types of human cells. RSLs of
D-allose and D-psicose displayed nearly100% cell viability at any concentration, whereas RSLs of Dtagatose and L-sorbose showed higher toxicity against all cell types (Figure.2). Subsequently, we
investigated their micelle size by a Zetasizer, which will be reported in my poster session.

Figure1. The synthetic process of RSLs
An RSL component is synthesized with rare sugars, octanoic acid, and lipase as an enzyme.

Figure2. The cell viability of (a) DLD-1, (b) CCD 841 CoN
Each type of cells was incubated for 3 hours with D-allose lipid, D-psicose lipid, D-tagatose lipid, and
L-sorbose lipid. The cytotoxicity was tested by LDH assay.
Reference:
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Caffeine, is known as a component of coffee, has antibacterial activity against not only pathogenic
bacteria but also against beneficial bacteria those are used for fermentation, food processing and other
industrial use. We discovered Lactobacillus paracasei YSAK1 and YKP4 strains, those are caffeineresistant bacteria. Environmental stresses, such as pH, temperature, pressure and chemical substance
have various effect on the viability, surface form and composition of membrane of lactic acid bacteria.
The objective of this study is to find out the difference of the effect of caffeine on wild type and caffeine
resistant strains of L. paracasei.
We used two caffeine-resistant bacteria and a wild type strain, that is caffeine sensitive, as a control to
investigated the effect of caffeine on lactic acid bacteria. The bacteria were cultured with liquid medium
with/without caffeine. Bacterial viability was estimated by measurement and calculation of colony
forming unit. We observed the morphological changes on the surface of the bacterial membrane with a
scanning electron microscope (SEM). We analyzed the difference of membrane composition of three
strains by Sherlock Microbial Identification System.
Depend on the increase of the caffeine concentration contained in the culture medium, the wild type
strain showed viability decrease, cell elongation, and perforation of the cell surface, but the caffeine
resistant strains showed a high viability and normal bacterial membrane. It has been confirmed that the
ratio of saturated fatty acids in the wild type strain and unsaturated fatty acids in caffeine resistant strains
were increased, respectively, due to caffeine treatment of cell membranes.
YKP4 strain has a high resistance to caffeine and a high content of unsaturated fatty acids compared
to YSAK1 strain. Furthermore, it has been observed that YSAK1 strain elongates in morphology due to
culture in the presence of high-concentration caffeine.
These results indicate that there is a difference in the effect of the wild type strain and the resistant
strains on caffeine, and even in resistant strains, there is a difference between YSAK1 strain and YKP4
strain.
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Fulleranes, hydrogenated small fullerenes (Cn, n=20, 24, 26, ..., 52), are a family of polycyclic
aromatic hydrocarbons (PAHs), which may play an important role in the carbon cycle in space.
Observations revealed that fullerenes are abundant in hydrogen-containing stars[1–4], which suggests
hydrogenation may catalyse the fullerene growth by stabilising fused-pentagons. However, theoretical
investigation of all the possible structures needs huge computational costs due to a large number of
fullerene isomers.
In this study[5], we investigated several parameters and rules that could be used to solve the above
computational problem. We found that "single factor" geometric and electronic structure rules for
sequential hydrogenation are not able to predict the most stable structures. Rapid empirical and semiempirical methods are benchmarked against DFT-LDA calculations. We found that the GFN2-xTB
extended tight binding method [6,7] consistently reproduces the DFT structures and energetics reducing
the calculation speed by a factor of up to one thousand compared to DFT-LDA calculations. Finally,
we performed "brute force" testing for all the possible hydrogenated structures up to +4H of two
isomers of C28 and C40. By this approach we found several prediction rules for the structures of stable
hydrogenated small fullerenes.
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