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Different Rates of Intramolecular Electron Transfer from Biopterin to Fe-O, Complex in Nitric Oxide Synthases
between Bacterial and Mammalian Enzymes

The institute of Scientific and Industrial Research, Osaka University,* Department of Applied Biochemistry and
Food Science, Saga University®

Kazuo Kobayashia*, Masaki Horitani®, Yuko Ito Tsutsui,? Takahiro Kozawa?

Nitric oxide synthase (NOS) is a cytochrome P450-type mono-oxygenase that catalyzes the oxidation of L-arginine
to nitric oxide through the reaction intermediate N-hydroxy-L-arginine. The key process in the NOS enzymatic
reaction is the reduction of a heme-oxygen intermediate (Fe*"-O,) with cofactor pterin bound. We applied pulse
radiolysis to Bacillus subtilis NOS (bsNOS). Radiolytically generated hydrated electrons (") reduced the heme
iron of NOS enzymes. Subsequently, ferrous heme reacted with O, to form a Fe?*-O; intermediate. In the presence
of pterin, the Fe*"-O; intermediates of bsNOS was found to convert to other intermediates in the time range of
milli-seconds. The intermediates of all of the NOS enzymes further converted to the original ferric form in the
time range of seconds. Concurrently, RFQ EPR was used to trap a pterin radical during single-turnover enzyme
reactions of DrNOS, bsNOS, and mNOS. The pterin radicals were formed very rapidly in both DrNOS and bsNOS
in the time range of milli-seconds (~10° s™)).  In contrast, the pterin radical in mNOS was observed to form slowly,
at a rate of ~ 20 s'. These RFQ results were consistent with our pulse radiolysis experiments.
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Fig. 1. Absorbance changes after pulse radiolysis of
bsNOS in the presence (blue line) or absence (red line)
of 50 pM H4B monitored at 390 and 440 nm.

W42 2 Lol ZOEKITT TITHE
L7z DINOS 77 U v b~ LADEFEA~DE
TREERICHET 5, 20X 2L TAER L
HAIE Fig. 2 ISR & 5 ICHHEIC, oo =7
BINLBINERT B Z DN gahoT,
ZOFERA T T U T NOS (k@ d 5 R
ZEMH BN o T,

RFQ {EICE VAT A 7TV T P H /D EPR
DOEEMZ(L 2 BB L 72, Fig3 IZZ DR EZR7,
T TS SN TV 5 mNOD Tl 200 ms TE D

HETbd

(8)

0.04
340 360 380 400 420 440 460 480
Wavelength (nm)

Fig. 2 (A) Absorbance changes after pulse radiolysis of
bsNOS (B) Kinetic difference spectrum at 3 s after pulse
radiolysis.

Fig. 3. EPR spectra of RFQ sample from the reactions
of reduced mNOS heme domain (A), DrNOS (B) and
bsNOS (C) with Oz-saturated buffer in the presence of
Arg and H4B (A, C) and H4F (B).
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Direct ionization-driven solute cation radical formation and its observation by means of pulse radiolysis

Dept. of Advanced Nanofabrication 2

Masao Gohdo a*’ Koichi Kan &, Jinfeng Yang &, Tagawa Seiichi , Yoichi Yoshida 2

Direct ionization-driven solute cation radical formation method was developed using considerably concentrated

solution. The obtained solute radical cations were observed in the THF solution by means of pulse radiolysis. This

technique enables diffusion-less cation formation which is needed for the observation of early stage processes to

reveal cation reactions including self-decomposing reaction and reactions with the solvent molecules.
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Formation and Structures of Thiourea Dimer Radical Cation by during Pulse Radiolysis

Research Laboratory for Quantum Beam Science®, Dept. of Material Excitation Chemistry”

Sachiko Tojo™*, Osakada Yasuko, Yoshihide Honda®, Mamoru Fujitsuka”

We have developed the nanosecond time-resolved resonance Raman spectroscopy (ns-TR3) during pulse

radiolysis. The oxidation of 2-Thiouracil (2-TU) with hydroxyl radical (OHe) in aqueous solution lead to the

formation of intermolecular o-dimer radical cation (2-TU2"") with two-center three-electron bond between two
sulfur atoms (2¢-3e S.".S). The ns-TR3 spectrum of 2-TUz"* shows peaks at 222, 295 (2¢-3e S..S stretching),
and 441 cm? (C-S and ring stretching), while the C=S and C-N stretching vibrations at 463 and 715 cm’,
respectively were not observed. This is the first report on the ns-TR3 direct measurement of 2¢-3e S.”.S of

dimer radical cation in thiouracil systems.
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Figure 2. Transient absorption spectra obtained during
pulse radiolysis of 2-TU (5 mM) in pH 7 MilliQ (N20
atmosphere). Inset shows a time trace of the transient
absorption at 415 nm.
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Figure 4. (A) ns-TR? spectrum observed at 500 ns after
an 8-ns electron pulse during the pulse radiolysis of 2-TU
(5 mM) in N20-saturated aqueous solution. Probe: 532
nm (black). Red line shows the Raman spectrum of
2-TU>** calculated by TDDFT at UBP86/TZVP level. (B)
Raman spectrum of neutral 2-TU in aqueous solution.
Probe: 355 nm (black). Vertical red lines show the Raman
peaks of 2TU calculated by B3LYP/6-31G(d)
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Figure 5. Optimized structures of (A) 2-TU and (B)
2-TU2«+ obtained by using DFT calculations at
B3LYP/6-31G(d) level. Numbers in black are calculated
bond lengths (A). The yellow, red, and blue colors show
S, O and N atoms, respectively. Spin densities of the two
sulfide atoms of 2-TU2e+ are given in red parentheses.
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Table 1 Amay, S..S and C-S Raman shifts, S.-. S distance, changes
in C-S bond length and Mulliken Spin Densities for 2-TU>** and
DMTU:*".
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Pulse radiolysis of resist polymer for nano/microlithography

Dept. of beam materials science, SANKEN

Kazumasa Okamoto*, Takahiro Kozawa

The demand for improved performance of resist materials is continually increasing with the development of EUV

lithography. However, the detailed mechanism of acid generation mechanism in molecular level has not been

clarified yet. Formation of the radical cations of polymer and deprotonation from the radical cations is an important

reaction in order to evaluate acid generation. In this study, we investigated the dynamics of the radical cations of

polymers as resist models by using the pulse radiolysis method.
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Material control by electron beam irradiation

Dept. of Accelerator Science

A. lrizawa

The purpose of this study is to research the irreversible changes of physical properties in solids due to electron
beam irradiation. In general, the solid-state electronic state changes due to the introduction of defects by electron
beam irradiation, but in this study, we will verify whether the effect differs depending on the electron beam of
various pulse widths of this facility. The high-speed short-pulse electron beam is considered to affect materials
as a short-term electric field change when passing through them. It is interesting to compare the effect of FEL
irradiation which is also a high-speed electric field change. Semiconductor samples are irradiated with an
electron beam having a pulse width of nanoseconds to picoseconds with the same dose, and the change in the

electronic state is observed.
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Study of Excited States of Solids Using THz-FEL with L-Band Electron Linac

Dept. of Accelerator Science

A. Irizawa*, S. Shigemasa, A. Higashiya, H. Fujiwara, A. Marcelli, S. Lupi

Far-infrared-terahertz spectroscopy can directly observe bulk-electronic states of materials rather than
photoelectron spectroscopy, and is an important spectroscopy technique to reflect near the Fermi level of solids.
In particular, high-intensity THz-FEL is attracting attention worldwide because they can be used not only as
probe-light source but also as pump-light source for electronic excitation of a solid. In this research,
high-precision, high-resolution observation in the terahertz region is performed on solid excitation phenomena
including nonlinear region using a circular polarization system installed downstream of the FEL beam line and a
measurement optical system including an imaging scan system. We aim to pioneer in the world a new field with
a view to physical property control and practical application that has not been possible in the past, making the

best use of the high strength THz-FEL characteristics.
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Research on 2D spectral evaluation technique of chemical bonding state using free electron laser

Dept. of Accelerator Science

A. lrizawa*, K. Nishihara

The purpose of this research is to establish an evaluation technology for nondestructive analysis of the change in
the state and the distribution of chemical bonding in the vicinity of the interface between an organic material and
a metal as the corrosion progresses, targeting metals coated with organic materials such as resins or metals
embedded in ceramic materials such as concrete. In this study, we will investigate the qualitative / quantitative
analysis ability (by transmission method) for metal compounds with different chemical bonding states using a
FIR / THz free electron laser with high transmission ability to organic materials and ceramic materials.
Additionally, the two-dimensional analysis capability (by reflection method) is also investigated for a model
material in which a metal compound is supported on metal and the surface is coated with a resin tape.
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Transient infrared spectroscopy for observing carrier dynamics of titanium dioxide

Dept. of materials excitation chemistry@, IACSb,
Research Laboratory for Quantum Beam Science, SANKENC

Yasuko Osakada®P, Sachiko Tojo®, Mamoru Fujitsuka?®"

We employed the transient infrared spectroscopy to characterize the carrier dynamics in titanium dioxide.
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Generation of ultrashort electron beam using photocathode RF gun linac and THz measurement

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.

K. Kan*, M. Gohdo, J. Yang, and Y. Yoshida

Ultra-short electron bunches with pulse durations of femtoseconds are applied to many scientific applications such

as free-electron lasers, terahertz light sources, and pulse radiolysis. In this paper, measurements of two undulators

for short bunch generation using laser modulation are reported.
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Material modification using low energy electron beam

Dept. of Advanced Nanofabrication?, Daikin Industries Joint Research Laboratoryb,

Koichi Kan®*, Akihiro Oshima2b, Yoichi Yoshida?™™, Kazuyuki SatoP, Kenji Adachib

For modification of various polymer materials, high dose radiation by using a low energy electron beam

accelerator was used for the grafting of the fluorine-based groups at ISIR, Osaka University. Samples was

prepared and then irradiated by electron beam, and then some properties evaluated in the laboratory.
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Development of functional materials using y-rays irradiation

Dept. of Advanced Nanofabrication?, Daikin Industries Joint Research Laboratoryb,

Koichi Kana*, Akihiro Oshimaab, Yoichi Yoshidaa**, Kazuyuki Satob, Kenji Adachib

A radiation-induced graft-polymerization was studied for the purpose of improving the formability of the

fluorine-based film. The G value of radicals of the fluoro-resin used for this experiment was about 0.9 - 1.0 from

the ESR measurement. As a result of performing a graft reaction using various fluorine-based monomers
(C6SFA, C6SFMA, Cé6olefin, H2penten, 6FD), it was found that although the graft reaction proceeds in each
case, the ease of grafting differs depending on the type of monomer.
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Observation of scintillation process on iridium complexes during pulse radiolysis

Dept. of materials excitation chemistry@, IACSb,
Research Laboratory for Quantum Beam Science, SANKENC

Yasuko Osakada®P*, Zuoyue Liu?, Sachiko TojoC, Kiyohiko Kawai?, Mamoru Fujitsuka®™

Pulse radiolysis were carried out to investigate the photochemical properties on iridium complexes.

T, AV BEERIE, AHEELC AT EL Ry 7 A
I VB NDRE DAKMEIE L COfbiEE =&

HDLDFNEF A LIS AN RS TnD, 77,

LIRMZ, Fex 1, oAV MR E S/ L2/
BL-C XERFE A 2 OXHRE HI A E S50 keV TR
AU AR XN I LA TR a2 s LT
WD, 25 % DOEXBRN R A W e A A= T
RANRBEREBRAE~OFH O ATREMEA RIR S 72
OO AR FHVWBITWALINAC TOE 1-#R
FERE T TOAVT T LEHED Y o TF L —aibft
IZOWTIE, WEEBRHSh CRdodz, Al )
IR SVAGOFYS AR A, AV MR DTE
TR LD B L Oh L = FE R i A B 22
L, ZOWHEFTOY U FL—aidmio itz
AT,
FERNE
PV AT U F Y AETORIE TIL, Ir(dfppy)s D b
VT YRHR (Abssss = 1.5)Z &L (M 1a), ArZk[H
AT EFE— LR R R OLINACKY | &
HBULA (28 MeV., 8 ns)Z MRS | I8 W U 21
L7zo BIIbIZ T /RO EIE T D IRF ] 5o fifE e R W UL A~
I MVE R LT, 500 nmfSIE D% 52450 nmft i o
WL DI DS LD AL, AT DR O R E S
0.7 us&—E L, SHITHRITIDE D ATz, 2
DI, BRI IS LD b = BT kA #R 7=
VI —variBBEN RO EERLTWS, A

(a) Ir(dfppy)s
o 1.04 1.0
£ z
S os] 08 ‘g
] =
2 8
Q 0.6 {06 £
3]
T 2
_g 0.4 04 N
= ©
(3]
£
§ 0.2 {02 5
> =z
0.0 : - = 0.0
300 400 500 600
Wavelength (nm)
(b) 50 ns
(. ——100 ns
! 300 ns
0.02 1200 ns
o
(e}
<
0.00 44
-0.02 NW}

400 450 550 600
Wavelength (nm)

1. (a) WAV T LG5 In(dfppy)s DI -
FEHAXT RV (JhEE E 355 nm) (FFAK)
Ir(dfppy)s DIL#HEE, (b) LINAC TOE T-#r
2 DBPERIN AT ML,

ST LA RO R,
References

1) N.Armaroli et al. Acc. Chem. Res. 2021, 54, 1492.
2) Y. Osakada et al. Chem. Commun. 2013, 49 4319.



SNUFSLMFVIERWEBEFE—LOER-FIA

PR T £ — SRR

EEERT PRET

Generation and application of slow positron beam based on the S-band linac

Research Laboratory on Quantum Beam Science, ISIR

Yoshihide Honda*, Sachiko Tojo

Generated slow positron beam using the S-band linac is transported about 30 m with the aid of magnetic field.

To apply the positron beam for the measurement of positron annihilation spectroscopy, the energy of the

positron beam should be reduced to around 10 eV to be stored in the straight beamline before pulsing. In this

year, the re-emitted positrons from the re-moderator were transported to the downstream beamline.
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Investigation on thermal stability of two organic radicals in chibaite for ESR dating

Graduate School of Human Development and Environment, Kobe Unlversu%r
Faculty of Biosphere-Geosphere Science, Okayama University of Science

Shusuke Isogai®”, Yuka Yokoyama?, Hirotsugu NishidoP, Atsushi Tani?

Chibaite, one of silica clathrates, has a framework structure with cage-like voids occupied by guest species. From

the result of annealing experiments of untreated chibaite, methyl and tert-butyl radicals in chibaite were thermally

stable up to 240 °C, meaning that ESR dating could be applicable. A preliminary ESR age of chibaite was estimated

to be 65 + 17 ka, which was not consistent with the expected geological condition of the formation and closure

temperature of chibaite. Since the thermal stability of these radicals seems to be affected each other, we need

conduct further annealing experiments to obtain accurate total dose of natural radiation for ESR dating of chibaite.
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Irradiation Effect of Insulating Materials for Fusion Superconducting Magnet
— Effect of Cryogenic Irradiation —

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering®

Yoko Akiyama @ *, Yuta Kunitoku 2, Asato Ohta 2

In ITER, the insulating materials of superconducting magnets are used under severe conditions such as

electromagnetic force, cryogenic temperature, and radiation environment. Since the polymeric insulating

materials show high sensitivity to radiation and becomes embrittled at low temperature, both the mechanical

strength and the insulation performance could be decreased. In this study, glass fiber reinforced plastic

(GFRP) made of glass cloth and epoxy resin was fabricated, and irradiated with y-ray at room temperature

(RT) and liquid nitrogen temperature (LNT). Then we conducted dielectric breakdown test at RT and LNT

to evaluate the irradiation effect at low temperature of GFRP.
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