BRERF SoxR DARA—/I—FFH A F72F U ORIGEZEXE
¥ HRFEEDEENER

W K PERF &7 © — A E Rl

01122 NNV S LR E = <G TN

Distinct Differential Sensitivity to Superoxide-Mediated Signal Transduction of SoxR and Their Physiological
Significance

The Institute of Scientific and Industrial Research, Osaka University

Fujikawa Mayu, Kazuo Kobayashi, Takahiro Kozawa

The [2Fe-2S] transcription factor, SoxR, functions as a sensor of oxidative stress in Escherichia coli. To elucidate the

activation mechanism, we investigated SoxR interaction with O, using pulse radiolysis. Radiolytically generated hydrated

electrons reduced the oxidized form of the [2Fe-2S] cluster of SoxR within 2 ps. A subsequent increase in absorption in the

visible region corresponding to reoxidation of the [2Fe-2S] cluster was observed on a time scale of milliseconds. Addition of

human Cu/Zn superoxide dismutase (SOD) inhibited this oxidation in a concentration-dependent fashion (/5 = 1.0 uM),

indicating that O, oxidized the reduced form of SoxR directly. The second-order rate constant of this process was estimated

to be 5 x 108 M s™!. A similar result was observed after pulse radiolysis of P. aeruginosa SoxR. However, SOD inhibited the

oxidation of reduced SoxR much more effectively in P. aeruginosa, even at a lower concentration (/5o = 80 nM), indicating

that the soxRS response is much more sensitive to O, in E. coli than in P. aeruginosa. These results suggest that SoxR

proteins play a distinct regulatory role I the activation of O,
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Fig. 1. (A) Absorbance changes after pulse radiolysis
of E. coli SoxR under O, saturated conditions in the
absence and presence of SOD. (B) Comparison of
kinetic difference spectra after pulse radiolysis
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Fig. 2 Effect of SOD on Comparison of SOD effect on
the oxidation of E. coli (O) and P. aeruginosa
SoxR.(@). The ratios of the increase in absorbance
change (AA,) to the total absorbance change (AAp) in
(B) were plotted against the concentration of SOD.
Inset: Effect of SOD on the oxidation of P. aeruginosa
SoxR on an expanded scale.

Fig. 3 Crystallographic structure of SoxR. Close-up of
the region of iron-sulfur cluster. The structure was
produced with PyMol using a structure from the Protein
Data Bank (code 2ZHG(3)).
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Conformational equilibrium of cytochrome P450 reductase as revealed by pulse radiolysis

The Institute of Scientific and Ingustrial Research, Osaka University
Kazuo Kobayashi™, Takahiro Kozawa

NADPH-cytochrome P450 reductase (CPR), diflavin reductase, plays a key role in the P450 mono-oxygenase system. The
enzyme contains one FAD and FMN. The reduction of flavins in CPR by the hydrated electron (e,) was investigated by
pulse radiolysis. The e, was found to react predominantly with FMN to form the red semiquine of FMN. Subsequently
conversion of the red to blue semiquinone was observed with a first-order rate constant of 1.5 x 10° M™ s™. A similar process

was observed after pulse radiolysis of the isolated domain FMN. However, the reduction efficiency is much lower than that
of FMN of the isolated FMN domain. A CPR variant, with 4-amino acid deletion in the hinge connecting the FMN domain,

was reduced by e,q efficiently. From these results, the FMN domain of the enzyme undergoes a structural rearrangement that

separate it from FAD and exposes the FMN.
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Fig. 4 Absorbance changes at 460 nm after pulse
radiolysis of wild type of CRP. ATG, and ATGEE
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Study of FEL generation via 27 MHz operation of L-band linac

Dept. of Accelerator Science?, Res. Lab. For Quantum Beam Science®

Keigo Kawase®, Ryukou Kato?, Akinori Irizawa?, Shoji Suemine®, Goro Isoyama®™

By using the 27 MHz burst pulse electron beam driving with the new grid pulser system, we make the
enhancement of the THz-FEL intensity. The energy of the FEL is achieved to be equal to 26 mJ in the
macropulse, and thus, the micropulse energy is reached to over 200 uJ. In this report, we show the summary of

the present status of the FEL in the 27 MHz operation.
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Study and experimental use of THz-FEL beam generated from L-band linac

Dept. of Accelerator Science
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Improving the fundamental beam profiles of ISIR THz-FEL beam has been in progress for experimental use of
material science. High power, high density, short pulse, and monochromatic THz-FEL has potentials not only as
a probe but also for a pump source for miscellaneous compounds such as magneto- or electro-optic solids,
molecules having relatively large mass, and hydrous anatomies. Analyses these samples are based on energy
resolved (spectroscopy), time resolved (time domain experiment), and space resolved (microscopy) procedures.
As usual, THz light, i.e. far infrared light acts as a low energy probe source for electronic states near the Fermi
level in solids. Intense THz pulse generated from FEL can be a new pump source for a nonlinear response
physics. Monochromatic brilliant THz beam will develop novel excitation phenomena where the energy of initial

state is in far infrared region.
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Characterization of THz-FEL with fast THz detector
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Characteristic of the THz-FEL is studied using fast THz detector at the Institute of Scientific and Industrial
Research (ISIR), Osaka University. This is Schottky diode detector of which time resolution is high enough to
separately measure THz-FEL micropulses at interval of 9.2ns. The response of Schottky diode detector is
measured by correlation between the outputs of one and fast pyroelectric detector. The Schottky diode detector
shows typical V-I characteristics of a diode. It can be used even in the higher power region using a calibration
curve to convert the output voltage to the intensity of the input radiation. The power evolution and time variation
of gain of THz-FEL are measured with the Schottky diode detector.
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Masao Gohdo, Koichi Kan, Takafumi Kondoh, Jinfeng Yang, Hiromi Shibata,
Hitoshi Kobayashi, Atsushi Ogata, Seiichi Tagawa, Yoichi Yoshida

Protective effect of polystyrene under the irradiation of ionizing radiation was studied by pulse radiolysis
technique in solution. Formation time constant of phenyl dimer radical cation of polystyrene and the polystyrene
excimer were found to be >7x10% st and >4x10% s, respectively by fs-pulse radiolysis. Fraction ratio of
phenyl cation radical of polystyrene was estimated from the relative yield of solvated electron in THF, and was
8:2 for the dimerization reaction of the cation and the recombination reaction with electron.
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Table 1 G-values of polymers
Polymer G(x) G(s) T/°C
HD-polyethylene 0.96 0.192 35
LD-polyethylene 1.42 0.48

0.051 -196~65
S 0.038 0.024 50
S p-methyl- 0.061
3 p-bromo- 31
a p-chloro- 0.03
a-methyl- 0.25

. . 0.23 r.t.

Polyvinylchloride 0.93 70

G(x), G(s) and T denote G-value for cross-linking,
chain scission and temperature, respectively. HD
and LD stand for heavy and low density. @
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Intermolecular and Intramolecular Electron Transfer Processes from Excited Naphthalene Diimide Radical
Anions

Dept. of Molecular Excitation Chemistry, Chonbuk National Universityb,
Research Laboratory for Quantum Beam ScienceC,

Mamoru Fujitsuka@, Sung Sik Kim&DP, Chao Lu?, Sachiko TojoC, Tetsuro Majima@

Excited radical ions are interesting reactive intermediates owing to powerful redox reactivities, which are
applicable to various reactions. Although their reactivities have been examined for many years, their dynamics
are not well defined. In this study, we comprehensively examined intermolecular and intramolecular electron
transfer (ET) processes from excited radical anions of naphthalene-1,4,5,8-tetracarboxydiimide (NDI**).
Intermolecular ET processes between NDI** and various electron acceptors were confirmed by transient
absorption measurements during laser flash photolysis of NDI*- generated by pulse radiolysis. Although three
different imide compounds were employed as acceptors for NDI**, the bimolecular ET rate constants were
similar in each acceptor, indicating that ET is not the rate-determining step. Intramolecular ET processes were
examined by applying femtosecond laser flash photolysis to two series of dyad compounds, where NDI was
selectively reduced chemically. The distance and driving force dependence of the ET rate constants were

analyzed by the Marcus theory.
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Fig. 1. (a) Transient absorption spectra of NDI
(1.3 mM) in DMF in the presence of Pl (100 mM)
at 2.5 and 3.1 ps after electron pulse irradiation
during the pulse radiolysis — laser flash photolysis.
The 532 nm laser was irradiated to the sample at
3.0 ps after the pulse irradiation. (b) Kinetic traces
of AO.D. at 470 and 710 nm.
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Fig. 2. () Kinetic traces of AO.D. at 470 nm
during the pulse radiolysis — laser flash photolysis
of NDI (1.3 mM) in DMF in the presence of PI (0
— 100 mM). The 532 nm laser was irradiated to the
sample at 3.0 us after the pulse irradiation. (b) Plot
of Y470 against [P1].
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Fig. 3. Free energy change (AG, i.e. AGgr and
AGger) dependence of ET rate constants (ker, i.e.,
Kinraer  (filled circles) and Kinrager (Opened
circles)). Red curve was calculated using eq. (11)
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Measurement of electron beam using photoconductive antenna

Dept. of Advanced Nanofabrication

K. Kan*, J. Yang, A. Ogata, T. Kondoh, M. Gohdo, 1. Nozawa, T. Toigawa, Y. Yoshida™

Generation of femtosecond electron bunches has been investigated for a light source based on electron bunches

and improvement of time resolution in time-resolved measurements. In this study, electric field emitted from

electron bunches were measured using a photoconductive antenna (PCA) with radial microstructures. Radially

polarized terahertz (THz) pulses from femtosecond electron bunches were generated by coherent transition

radiation (CTR). Photo-induced current depending on THz electric field was measured.
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Study of the fast reaction in model compound for further sensitive EUV/EB resist

Dept. of advanced nanofabrication?, Dept. of sustainable energy and environmental engineeringb

Takafumi Kondoh?™, Satoshi Nishii2, Masao Gohdo?, Koichi Kan@, Jinfeng Yang®, Akihiro OhshimaP,
Seiichi TagawaP, Yoichi Yoshida®™™

Geminate ion recombination and radiation induced decomposition in n-dodecane was studied by a femtosecond
pulse radiolysis. Excited radical cation which had 3 ps life time was suggested to the precursor of the radical
cation. Formation time constant of Alkyl radicals produced by radiolysis was estimated to be 3 ps. Alkyl radicals

were produced directly from the excited radical cation.
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Fig.1 UV femtosecond pulse radiolysis system
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Fig.2: Time dependent behaviors of alkyl radical
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The Time-resolved Resonance Raman Spectroscopy of Thioanisole Radical Cations by during Pulse Radiolysis

Research Laboratory for Quantum Beam Science?, Dept. of Molecular Excitation Chemistry®

Sachiko Tojo**, Mamoru Fujitsuka®, Tetsuro Majima®*

Relationship between the molecular structure and dimerization reactivity of 4-substituted thioanisole (ArSCHs)

radical cations (ArSCH3**) in aqueous solution was studied by the nanosecond time-resolved resonance Raman

(ns-TR?®) spectroscopy during the pulse radiolysis. The positive charge of ArSCH3** delocalizes on S atom and

benzene ring with increasing the double bond character of Car-S bond. No C=C stretching vibration was

observed for the semi-quinoidal structure of ArSCHs** but not for ArSCHs. The semi-quinoidal structure with the

conjugation between S atom non-bonding electron and m-electrons of benzene ring is important for the formation

of o- and n-(ArSCHa),**.

W L BT FHICEE R TR THY . &
AT A U EEL T NVEF A TAEERNTIER L E
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CHNHF A (MTPM T E - FRIBE50 nstg iz
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T~ HELERIE L=, 658 (CHs bending of SCHa),
720 (S-CHs stretching and out-plane CH bending),
1001 (CHs bending of SCHs and in-plane C-H
bending), and 1463 cm™ (CH3 bending of SCHz)™ita
T~ v 7T ARBIR ST (Fig. 2A), —T7~
B U BRC=CIRfEREN N H & L7z,

Raman Intensity

o

SCH; SCH;
CH,OH OH
MTPM MTP

Fig. 1. Molecular structures of 4-substituted thioanisole
used in this study.
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Fig. 2. (A) ns-TR3 spectrum observed at 500 ns after a 8-ns
electron pulse during the pulse radiolysis of MTPM (0.5
mM) in N20-saturated aqueous solution containing NaBr
(100 mM) and (B) steady-state (CW) Raman spectrum
observed for MTPM in aqueous solution.
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Scheme 1. Dimerization of MTPM**
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Fig. 3. (A) ns-TR® spectrum observed at 500 ns after a 8-ns
electron pulse during the pulse radiolysis of MTP (5 mM) in
N20-saturated aqueous solution containing NaBr (100 mM)
and (B) steady-state (CW) Raman spectrum observed for
MTP in aqueous solution.
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Fig. 4. Optimized structures of (A) MTPM and (B) MTPM**
by the DFT calculation at UB3LYP/6-311+G(d,p) level.
Numbers are bond lengths (A). Yellow and red colors show
S and O atoms, respectively.
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Reactivity of 4-substituted thioanisole radical cation
Research Laboratory for Quantum Beam Science?, Dept. of Molecular Excitation Chemistry®

Sachiko Tojo**, Mamoru Fujitsuka®, Tetsuro Majima®*

Reactivity of 4-substituted thioanisole (ArSCHs3) radical cations (ArSCH3**) in organic solvents was studied by
the nanosecond time-resolved absorption spectroscopy during the pulse radiolysis. At high concentration of
ArSCHgs, ArSCHs** reacts with ArSCH3 to give ArSCHadimer radical cation (- and nt-(ArSCH3),**) in
benzonitrile. The formation of 6- and - (ArSCHa)2** is unfavorable due to the formation of CI- ArSCH,**

complex in 1,2- dichloroethane solution.

B (2 W A PR PR B LSRR I 35 C T oo T ot
B BT Do MBLAY ORALEIEH D ©
Wi & SUSTEZ B 202 2 2 L I3AEB A8 CHOH CH,COOH CH;  H
B W TEHETH D, MTPM  MTPA MTT  MTB
KA Fig. LR T T AT =Y =D T Vv Fig. 1. Molecular structures of 4-substituted thioanisole
used in this study.
71 F A 2 (ArSCHs™) Z JUR R L ERIBRAIC L 0 A2
Jif, S, ArSCHs™* D ArSCHs® & 0 — RAL USSR oy 'LMM
Cre ORIEHEZ A LTz, -2 FNF AT = =1 2 oos
A5 —MTPMYK DSV 25 D% ) & 21 ol e

BWTHAERKTAMIPMS B v h F 4 > Wavelength /nm

Fig. 2. Transient absorption spectra observed at 50 ns

(MTPM*)i3550 nmO BN Z 47 L, 20 mMi&; i B K after an electron pulse during the pulse radiolysis of
VR CIES-S =& T ATl g (= —F DN LT MTPM (2 x 102 M) in Ar-saturated in DCE (black)

and aqueous (red) solutions

7 ((MTPM)2"*) & n-(MTPM)o™* 23 E i 4 5. — 7
1,2-7anx#(DCE) 20 mMIAEI 5\ TI3520
nm&800 NI WM MBI S 4v7= (Fig. 2), DCEIR
HCBLS 115520 nmOWINIECI-23 B8 535 S-Cl

A) &-MTPM," ,
o 2 ~W“”“fﬂ'

AO.D.

AO.D.

A
(O o-MmTT w,,wnw

BB DB NI B B-CIH I R0 T g\_,/“ T
%
NRBINTz, F7-MTPAMTT,MTBIZ 3V CDCE o e - J———
g P e =MTB,"
e Tldo-, m-(ArSCHa)z** 0 A B A3 41 il & 4 S |
. 400 500 600 700 800
ArSCHs** LCI-L DRSS RIB I~ ) =RJL Wavelength / nm
" Fig. 3. Transient absorption spectra observed at 50
T C o, - (ArSCHa)2 DL HERBS NI, ns after an electron pulse during the pulse radiolysis
(Fig. 3), of (A) MTPM, (B) MTPA, (C) MTT and (D) MTB

with 1 mM (black) and 50 mM (red) in benzonitrile.
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Se-Se Bond Cleavage of Diaryl Diselenide Radical Anions

Research Laboratory for Quantum Beam Science?, Dept. of Molecular Excitation Chemistry®

Sachiko Tojo**, Mamoru Fujitsuka®, Tetsuro Majima®*

Diaryl diselenide radical anion (ArSeSeAr*) generated during the y-radiolysis in MTHF at 77 K showed an

absorption band at 440 nm, where an unpaired electron is localized on two Se atoms. Upon increasing

temperature, the absorption band at 440 nm shifted to longer wavelength, suggesting that an unpaired electron is

delocalized over two aryl rings and Se-Se bond. ArSeSeAr*- undergoes the Se-Se bond cleavage, mesolysis, to

form ArSe* and ArSe". The relationship between the Se-Se bond cleavage and delocalization of unpaired electron

in ArSeSeAr* is discussed.

U TEMERNCEHER LR THY, L)
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FREBGTIZ & 0 ArSeSeAr~# £k S w7, WTh o
AT E T H440 nmfF3T I Se-Sel 2 & B 3
JATEAL U 722900386 112 i 3k~ 5 ArSeSeAr D i
WA sz, ELRED EFITEDY
*NpSeSe*Np* C1x440 nmD WL (3540 nmiZ 7 b
L 7= (X2) , “NpSeSe*NpD175 K/ SV AT VA U &
ANZB W TCETHRIBFTS0 nst4 12540 nmO YL A
BUHIS . 2 ORI ITfEN420, 620, and 690 nmiZ
1-F7F kL= K7 VHA(ENpSe ) IfE S
WA S 7= (K3), “NpSeSe“Np* > Se-Se
TG 23540 nmIZ W EF S H A (Int™) 2 8% T — 4
FHIZfiE R (mesolysis) 5 Z E B Bk 7e o T2,

G Pamgy

PhSeSePh
*NpSeSe*Np

PNpSeSePNp

Fig. 1. Molecular structures of diaryldiselenaide
used in this study.
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Fig. 2. Absorption spectral change upon
annealing from 77 to 100 K after the
yradiolysis of *NpSeSe*Np in an MTHF rigid
glass at 77 K.
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Fig. 3. Transient absorption spectra observed at 50 ns,
500 ns, and 5 us after an electron pulse during the
pulse radiolysis of *“NpSeSe“Np in MTHF at 175 K.
Inset shows time traces of the transient absorption at
540 and 690 nm.
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Fig. 4. Transient absorption spectra observed at 50
ns, 500 ns, and 5 us after an electron pulse during the
pulse radiolysis of (a) PNpSeSe’Np and (B)
PhSeSePh in MTHF at 175 K.

Table 1. The Se-Se Bond Length (r), Dihedral Angle Formed by Aryl Plane and Se-Se Bond (@ass.), and Spin Density on Se-Se Bond of ArSeSeAr",

Rate Constant (k), Activation Energy (E

) and Frequency Factor (A) for the Se-Se bond cleavage of ArSeSeAr".

ArSeSeAr ArSeSeAr”
r[A] Dryse [°] @[A]  Duse[]  Spin density on Se-Se bond Kel s E. [keal mol ] Als]
“NpSeSe’Np 2.354 84.2 3.046 65.4 0.84 1.4 x10° 23 1.1x10°
’NpSeSe’Np 2.296 10.4 3.001 18.9 0.95 2.2x10° 28 4.0x10°
PhSeSePh 2.337 87.7 3.019 12.9 0.96 3.3x10° 23 1.3x10°

[a] At 175 K. [b] Indefinable. [c] Not measured at 175 K, while k= 2.8 x 10" s at 295 K. [d] Not measured.
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Study of Femto-second and Atto-second Pulse Radiolysis

Dept. of Advanced Nanofabrication

Masao Gohdo, Koichi Kan, Takafumi Kondoh, Jinfeng Yang, Hiromi Shibata,
Hitoshi Kobayashi, Atsushi Ogata, Seiichi Tagawa, Yoichi Yoshida

Study of femto-second and atto-second pulse radiolysis and the progress of its development was reported. One

of the essential component of this super high time resolution is an ultra-short electron beam, and the generation

of less than 10 fs electron beam was achieved. The pulse radiolysis measurement system upgraded in terms of

affordable wavelength region (240~1900 nm, 0.5~2 THz), measurement programs. Reduction of experimental

noise was also achieved. Update of the time resolution of pulse radiolysis is accomplished, and this study will be

move on to the next stage.
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Generation and measurement of ultrashort electron bunches using S-band photocathode RF gun linnac

Dept. of advanced Nanofabrication

Itta Nozawa, Koichi Kan®, Jinfeng Yang, Atsushi Ogata, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida™

Ultrashort electron beams with pulse durations of femtoseconds and attoseconds have been investigated to
improve a time resolution of time-resolved measurements such as pulse radiolysis and ultrafast electron

diffraction (UED).

In this study, the ultrashort electron beams were generated using an S-band laser

photocathode RF (Radio Frequency) gun linear accelerator (linac) and a magnetic bunch compressor. The bunch
length measurement was also carried out by analyzing interferograms of coherent transition radiation (CTR)

emitted from the electron bunches.
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Characterization of cray minerals relating to the adsorption ability of Cs using positron

RLQBS of SANKEN®, Graduate School of Engineeringb

Yoshihide Honda®™, Yuki YoshidaP, Yoko Akiyamal, Shigehiro Nishijimab

After the nuclear power plant disaster, the evaluation of radioactive Cs kept in soil, especially in clay minerals
and the elucidation of its movement are urgent subjects to promote decontamination. It is known that the
extractable level of Cs depends on the sort of clay minerals. We tried to find the characteristics of clay minerals
belonging to phillosilicate group using positron annihilation spectroscopy (PAS) and the relationship between
the results of PAS and the amounts of substantially extracted Cs from the clay minerals. The results showed that
each clay mineral was found to be distinguishable from other clay minerals by PAS and the extraction rate of Cs
was different among those clay minerals, however the direct correlation between the results of PAS and the

extraction rates of Cs was not found.
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