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Photo-assisted flavin mediated electro—oxidation of NADH model| compound using photogalvanic
cell

Jun Yano*1, Akira Kitani*2
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Journal of Electroanalytical Chemistry, 799, 431-435 (2017) .

The electrochemical conversion of NADH to NAD® is a key process for enzymatic biofuel cells
in order to obtain a high performance. However, the direct electrochemical oxidation of NADH
requires an extremely high overpotential (about 1.2 V). To promote this electrochemical
conversion, an indirect electrochemical oxidation was performed by utilizing a photogalvanic
cell. 1-Benzyl-1, 4~ dihydronicotinamide (BNAH) was used as a model compound of NADH, and
riboflavin (RF) was selected as the current mediator. The anodic cell reaction is the oxidation
of reduced riboflavin (RFH) produced by the photocatalyzed redox reaction with BNAH, and the
cathodic cell reaction is the reduction of the hydronium ion. The highly—-efficient
electrochemical conversion of BNAH to BNA" provides both electricity and dihydrogen as by—
products.
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Effect of various additives on fluorescent intensity of GeO, Si0, phosphor
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In this study, the effect of the molar ratio between the GeO; and SiO; components of the
violet-blue GeOy Si0; phosphor glass on its photoluminescence (PL) activity has been examined.
The strongest PL intensity was observed for the (GeOs)9(Si0s) gy compound, and its room—temperature
internal quantum efficiency estimated at an excitation wavelength of 250 nm was 53%. This value
was further increased by the addition of Al and Zr elements to the (Ge0s)4(Si0y) s phosphor, and
the internal quantum efficiencies of the resulting (Ge0s) 4 (Si0y) g + 2000 ppm Zr and (Ge0s) 2 (Si0y) g0
+ 1000 ppm Al systems measured at room temperature were equal to 66 and 70% respectively.
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Photoluminescence of sodium germanosilicate glass synthesized by melting mixture of SiO,,
Ge0,, and Na,COs;
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Glasses with the composition (Si0s)s0(Ge0y)s0-«(Na0), (x = 0, 20—40) were synthesized at 1600°C
by melting in air, and their photoluminescence properties were investigated. Furthermore, the
formation of non-bridging oxygens (NBOs) and oxygen vacancies in the (Si0y)s0(GeOs)s0-x (Nas0)
glasses was examined using X-ray photoelectron spectroscopy. In contrast to the violet—blue
emission of the (Si0y)s50(GeOs)s0 glass, the (Si0y)s0(Ge0s) 20 (Nas0)s glass exhibits a quasi—white
emission under ultraviolet light. The internal quantum efficiency of the (Si0s) s (GeOs) 20 (Nas0) 5
glass at an excitation wavelength of 250 nm was 37%. It was confirmed that the number of NBOs
increases with the addition of Nas0 in (Si0y)s0(Ge0s)s0 glass.
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Directional detection of dark matter has sensitivity for both recoil energy and direction of
nuclear recoil. It opens the way to measure local velocity distribution of dark matter. In this
paper, we study possibility to discriminate isotropic distribution and anisotropic one suggested
by a N-body simulation with directional detector. Numerical simulation is performed for two
cases according to the detectors, one corresponds to angular histogram and the other is energy—
angular distribution of the signals. We reveal that the anisotropy of velocity distribution can
be discriminated at 90% C.L. with chi-squared test if 0(10%) signals are obtained.
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A new mechanism for generating particle number asymmetry (PNA) has been developed. This
mechanism is realized with a Lagrangian including a complex scalar field and a neutral scalar
field. The complex scalar carries U(1) charge which is associated with the PNA. It is written
in terms of the condensation and Green's function, which is obtained with two—particle
irreducible (2PI) closed time path (CTP) effective action (EA). In the spatially flat universe
with a time—dependent scale factor, the time evolution of the PNA is computed. We start with an
initial condition where only the condensation of the neutral scalar is non—zero. The initial

condition for the fields is specified by a density operator parameterized by the temperature of
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the universe. With the above initial conditions, the PNA vanishes at the initial time and later
it is generated through the interaction between the complex scalar and the condensation of the
neutral scalar. We investigate the case that both the interaction and the expansion rate of the
universe are small and include their effects up to the first order of the perturbation. The
expanding universe causes the effects of the dilution of the PNA, freezing interaction and the
redshift of the particle energy. As for the time dependence of the PNA, we found that PNA
oscillates at the early time and it begins to dump at the later time. The period and the
amplitude of the oscillation depend on the mass spectrum of the model, the temperature and the
expansion rate of the universe. We discuss the implications of the numerical study of the PNA

for the generation of the baryon asymmetry of the universe (BAU).
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Although the velocity distribution of dark matter is assumed to be generally isotropic, some
studies have found that ~25¥% of the distribution can have anisotropic components. As the
directional detection of dark matter is sensitive to both the recoil energy and direction of
nuclear recoil, directional information can prove useful in measuring the distribution of dark
matter. Using a Monte Carlo simulation based on the modeled directional detection of dark matter,
we analyze the differences between isotropic and anisotropic distributions and show that the

isotropic case can be rejected at a 90¥% confidence level if 0(10%) events can be obtained.
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Photogalvanic cell consisted of photo—activated flavin mediated oxidation of NADH and
reduction of hydronium Ion

Jun Yano*1, Kenta Suzuki*2, Chikara Tsutsumi*2, Michiaki Mabuchi*2, and Nobuki Hayase*2
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Enzymatic biofuel cells are expected to be alternative energy sources. Although much effort
has been devoted to developing better ones, the cells are required to have a greater output for
practical use. As a promising strategy, we tried to accelerate the oxidation of the soluble
coenzyme nicotinamide adenine dinucleotide (NADH), which is a key process for the discharge,
and the enzymatically active NAD' is the product. Because the direct electro—oxidation of
NADH requires an extremely high overpotential, we used both flavinmononucleotide (FMN) as a
redox mediator and light irradiation.

When the cell was irradiated by a 210 W tungsten lamp, the cell current was clearly observed,
implying that this system acts as a photogalvanic cell. On the other hand, hydrogen evolution
was seen on the cathode. The current significantly increases by the irradiation, then gradually
decreases to a steady value. The anodic cell reaction is the oxidation of the reduced FMN
produced by the photo—catalyzed redox reaction with NADH, and the cathodic cell reaction is the
reduction of the hydronium ion. The concentrations of both FMN and NADH + NAD® are roughly
constant during the discharge, implying that FMN acts as the redox mediator and NADH is
quantitatively converted. Moreover, the fact that the total charge was the same regardless
of the con—centration of FMN supported the quantitative conversion.

The wavelength dependence on the cell reaction was examined. The results showed that a low
current was observed when the light whose wavelength was less than 545 nm was irradiated. On
the other hand, the current was evident when the light at a wavelength was less than 400 nm was
irradiated. Taking the maximum absorption wavelength (455 nm for FMN and 356 nm for NADH)
into consideration, the excitation of FMN is necessary for the cell reaction to proceed. We

are now investigating the reaction mechanism.

-89-



=H 1IF

ICT EZRAVW-HETHES R TLAIZK S REMEAZERES - SmbEELDERK

FRAET1, M1, BPHEA2, —=JFiE*l, EBRACKP3

*1 R TR EFPPEHER, 2 T EHEEMP B ER *3 KIREER T2 AR

HAHE Tramsts (2018.3)

B BIZBWTC, PAEOE IS ERD D Z LITHEF L, fEEICE D E TOMBEMESCENEZ A
FIZONORLT B D Z L H#HNNI LB TH D, ZOMBEICK L, AT CIXFAR TOM AR %
L C, FEORIMES DB LOSmR om EaX -7, FBE L TEIZICT #H A7 A WebClass &
I [FFEROFAEDENOERIIHT 550 « 2 A2 8 &TH 2 & TeEREH oM LT,

EE BF
Anisotropy of dark matter velocity distribution measured with directional detection
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Directional dark matter detection is next—generation experiment of dark matter search. By
means of directional information, it can give a constraint on the velocity distribution of dark
matter. Especially we investigate the possibility to measure anisotropy of the distribution
with gaseous and solid detector in this work.
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Directional dark matter detection is next—generation experiment of dark matter search. By
means of directional information, it can give a constraint on the velocity distribution of
dark matter. Especially we investigate the possibility to measure anisotropy of the
distribution with gaseous and solid detector in this work.
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Dark matter velocity distribution measured in directional detection
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Existence of anisotropic component in dark matter velocity

Distribution has been pointed out by N-body simulation and observations.

We study the possibility to discriminate isotropic and anisotropic distributions
with directional direct detection of dark matter.
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Anisotropy of dark matter velocity distribution

Keiko Nagao
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Anisotropy of dark matter velocity distribution has been pointed out by N-body simulation and
observations. Directional detection of dark matter has potential to give constraints for the
velocity distribution. We study the possibility to discriminate isotropic and anisotropic
distributions with directional detector using simulation.
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