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The Institute of Scientific and Industrial Research, Osaka University

Fujikawa Mayu, Kazuo Kobayashi, Takahiro Kozawa

The [2Fe-28S] transcription factor, SoxR, a member of the MerR family, is activated by reversible one-electron oxidation of
the [2Fe-2S] cluster and enhances the production of various antioxidant proteins through the SoxRS regulon in Escherichia
coli. Recently there has been extensively discussion whether superoxide (O,) activates SoxR directly. To elucidate the
mechanism of the activation, its interaction with O, was investigated by the use of pulse radiolysis. On pulse radiolysis of a
solution of SoxR in the absence and presence of promoter oligonucleotide under aerobic conditions, hydrated electrons (€,q)
reduced with the oxidized form of [2Fe-2S] cluster of SoxR within 2 ps initially. Subsequently, an increase of absorption in
visible region, corresponding to a reoxidation of the [2Fe-2S] cluster, was observed in the time range of milliseconds. The
oxidation was found to be inhibited upon the addition of superoxide dismutase (SOD) in a concentration-dependent fashion
(Iso = 1.0 uM). This indicates that O, oxidized the reduced form of SoxR directly. The second-order rate constant of this
process was calculated to be 5.0 x 10° M s These results strongly suggest that the SoxR protein directly senses superoxide

for the activation.

LIXL®»I —¥ (SOD) DL A N LA & R 7 E
PRy AR & > TURERA R TH DN, % DIEBLAHIH LT\ D, SoxR 1FZ Dt P —
DO B fE CRIZAEY & U CiEtEieEFEN AR L. NZIZ [2Fe-2S] 7 7 A X —%Ffb | £ OfE(LiET
ERENGEF SR T LT L<mbiTn IZE > TEERE I TWD, 7725 SoxR 1%
Do LU G ARICITIEERFEZHE L AN T T ([FeSled) THAEL, ML b L AR
D IEHRFIZL ARSI L W AT EEAER DD LEEER ([FeSly) 12755 Vo[2Fe-2S] 7 T A ¥
T 5 EEERE 2 Ff > T\ 5, RIBEICBW T, —DL Ry 7 22X Y SoxR RKE < MLk
B A ML ADE Y —L L THIRERT ZFHZLT? [ SoxR ICHEA LTCWD DNA 23O
SoxR NIFEL, A—R—FFH% A KT 4 ALH MR LD (Fig 1)), EEIEMEAE-, £/, BlIR

Os SO W Ll—{EEFR (NO) IZX > TEEE D
o N N Sz bEEIR TS Y, LaL, SoxR A

[resmlenser M & B ORI DWW TIARATH D, ABFFET
I3, Oy BEHE SoxR D 7 F T2 Y H B D
IIWVATGIF Y AEIC L VRFI L R L
SoxR [X[FeS]o, TIFET DM, NV AT VAT &
2EEHWD E, KFIEFIZLYETS R
[FeSlea & 785, F7z. BEFRAFAE F CIIKFIE
e PO LT O WA L, [FeSlea & OF

GCCTCAAGTTAACTTGAGGC KIGEFRHRD ZENTE D,
CGGAGTTCAATTGAACTCCG
2. EBR
Fig. 1. Stereoview of the overall structure of SoxR DIEH L EEHI-F coli SoxR DFHL T T =

- 3
the SoxR-DNA complex. I RE BAAT I T AE AR A T L A a T
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7T A REHIT E coli C41(DE3) HCTREF
HEiTo7-, P-BAB—ATT LTI
T AZRDERLTZ 9,

IV A T DAY T AE-KCL(0.5M), TEARET
FU DA (10mM), OH 7 HNAHR Y
¥Y—LLTCHFBET NI UL 0IM EZ5TY v
FRFRET 7 (10 mM., pH 7.0)% 7=, BRFEELFN
DRI SoxR (50-70 pM)&E Nz, ¥ 7L
s LT,

S HERLER

SoxR @ UVivis A7 KL% Fig. 2 1T
3, [FeSlox (2L 5 400 ~ 500 nm DOWLULAY,
[FeSliea (27025 LR LTz, 7L ARG,
F ) BaEE ClFeSlox @ 420 nm fFIT DY
A L, 2V i CIRI OGN gL &
- (Fig. 3 (A), = OWINZEAbIZ, [FeSlx &
[FeSliea DFEANRY ML E—FKTDHZ LD,
SoxR [F/AKFIEFIZL VETIN, ZTDHKk
U REE TR b S D 2 E RNy oo T (Fig.
3(C)., & hSOD IR+ 5 L., HAIDET
WEICEIT RSN o T2h, BB,
HE L (Fig. 3(B), ZHHOfERLI D, /X
VARG, LTORISBEI > TWnHZ &
MEEND BT,

1

0.8
0.6 [,
8

0.4

0.2
0 . . . . . )
350 400 450 500 550 600 650

Wavelength/nm

Fig. 2. UV-visible absorption spectra of oxidized
(solid line) and reduced (dot line) forms of SoxR (70
uM).

H:0 —V\V\— ¢, OH-

[FeSlox+ eag ~ —tFeS]red

O2+ e —» O2

HCOO'+OH - — » H20 + CO¢

CO2 + 02 —— CO2+ 02

[FeSliea + Os + 2H+* . [FeS]ox + H202
[FeSlea & O DR D YO EHUIT 5X

108 Mig1 LR bz, YLEDOFER LY, Oy

1T SoxR @ [2Fe-28] 7 7 A ¥ —ZE R L.
EERT & LM RBRERIC T 5 7Lk
I TG 2 L REN D BT,

A) (B)
420 nm 420 nm
= + ERSOD (11 uM
WW Abs.= 0.02 Abs.= 0.02 (11 pm)
5ms 5ms
(©
0 0
-0.005 |
g
g 3
2 -001 ¢ 142
o
3,
-0.015 | | &
-0.02 . ‘ ‘ 8
400 450 500 550 600
Wavelength/nm

Fig. 3. (A), (B) Absorbance changes after pulse
radiolysis of SoxR under O: saturated conditions in
the absence (A) and presence (B) of human SOD (11
uM), respectively. ;(C) Comparison of kinetic difference
spectra at 2 ps (@) and 10 ms (O) after pulse radiolysis
with the difference spectrum of [FeSlea minus [FeS]ox
(dashed line).
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E& €7A=t U IYAY W & D% I DY & 5
[Z2BITHREHRIEFZDOME 1T
FEIHEETFEY 101F6 22 /0B EFRONEVERUVE/TERO7RONEVESY
HILED RIEHE
B K PERFR: 18— 2R & bR eEn b
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Electron Transfer of Reactions of Candidate Tumor Suppresor 101F6 Protein, A Cytochrome bss; Homologue,
with Ascorbate and Monoascorbate Radical

The Institute of Scientific and Industrial Research, Osaka University”, Department of Chemistry Graduate
School of Science, Kobe University

Kazuo Kobayashi®, Takahiro Kozawa®, Okano Hiroaki®, Mariam C. Recuenco®, Mina Kamei®, Suguru Watanabe”,
and Motonari Tsubaki®

The candidate human tumor suppressor 101F6 protein is a homologue of adrenal chromaffin granule cytochrome
bse1, which is involved in the electron transfer from cytosolic ascorbate to intravesicular monodehydroascorbate
radical. Since the proposed tumor suppressor activity of 101F6 protein was enhanced in the presence of
ascorbate, it was suggested that 101F6 protein might utilize a similar transmembrane electron transfer reaction of
the cytochrome bs¢; protein family. The reaction rates of the electron donation from the ascorbate-reduced 101F6
protein to the pulse generated monodehydroascorbate radical was found to have a second order rate constant of
5.0 x 10’ M's™. The rate constants were decreased with decreasing pH from 7 to 6, whereas bovine adrenal

cytochrome bs4; exhibited its optimum pH 5.5.

AR 3p2 1l 3FEIRII R AR A2 Z LT cytochrome bsg & 7SV AT U4 Y U AIEIZE Y E
<, M Ez I Lo tT5% < DFEEFI X REEEZET /T E K7 23/l ER(MDA) T

ZTEMLATFELTREENTWS Z ORI AN EDRIGNEIBIHL., cytochrome bsg D2 D
(ZIX101F6 =2 — R4 2 RT3, %ﬁﬂ%ﬂiﬁfﬁ%& NLD D B/AABRRNZAAET D~ L ERD 2 H3MDA
EZ BN, TORGTFEFRBLIED LMo
PHRE STV DY, 101F6IET DT X/ BEFdSI )
5 B & @ Y Cytochrome bsq; & 5730 T & 5,
Cytochrome bsq |ZEEYORIERIE 7 0~ 7 «

Intravesicular side

o MR BN A I M AE(ET 5 6 B il %g

BN Z R E L TR &N (Fig. 1),
cytochrome bse [T ERNCAFET HT AL E %%% ggg
VHR(ASA) D EET ARG, Mo

£ L T\ % dopamine-B hydroxylase & % U % NAc-Met eion
AsA MDA \ Extravesicular side
low-potential \
peptidylglycine o-amidating enzymelZ 78 1% fit 5-9° [(“f'e“gmtv)t | e
HZEITEY . MRMEEMEOAEERKICELS B S 6rm3.69 ok srarg e
LTWA, FBx TRy VRIS L pERL - Fig. 1 The adrenal cytochrome bs¢; model.
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TNV ERIETD WM LTEY,

T2 I X101IF6 R 2 KEFH S, Z ORE L%
FWNT, MDAT U1V K UsA™ & OO E TR L &
DAR~To,

101F6IEIE T2 B AF T tagkt LT, AHX J—
VEACVERERE Pichia pastoris & AW T- B RIZE
WTRERBEESE, il 7 Ak BRI,

10 mM Asc% & TR K 2N,0 THo3c /7 v
L. £ O®%ICEMEARENOIF6 IR L7z, Z D3k
BRZAMETIE, 101F6 D 2 DD~ LITASAITE T S
. WIS IBEITRIEIC R > TS, ZOFKLT
T FORITHEVMDA T ¥ h AR ERKT 5,

o —\/\/‘— OH H

VAT UF Y U AFERRIT L

HO, o o
OH + . + H,0
0 0
O O
HCOH H(i‘OH
CH,OH CH,0H
AsH MDA

2V A WRGEHE OFER % Fig. 2 1R d, 7L AR
T?P435 nm TDOWLIY (Dﬁémiﬁﬁ S, Z ORI
TN L DALS)ETH U ETTHA~ L & MDA
FIUANEDRIGERLTND, S HIZ/7VVAR

(A) (B)

435 nm
5 _
ms InA—0.0Z

<>
2s 445 nm

[OA=0.02

Fig. 2 Absorbance changes after pulse radiolysis
of reduced form of 101F6 protein in the presence
of 10 mM AsA- at pH 7.0

FH1% L0 JROEER AT (~10 sec) TOEMTIX, W o
AL LT~ LR ONE T I ND 2 L DVR

EN7-(Fig2(B)), ZAUIFRREHHICIEET D AsA”
XD~ LN RSN fEEZ R LT
W5, BRMIEE IFFICRS P Zare s
R ASA—|Z B K3 2 I6T B 38 o 4 2 SO B A oD A7
fE&ffbtE 5,

I HIZZDOI01F6DERLIE LR DpH 12X D

16

pH 6.5 1
pH7.0 4

0.8 L
) 08 pH 7.0
1

o8- )08 , PHB5
3 pH 6.0 pH6.0 ©
204’ 0.4

0.2[ 0.2

" [Rﬂ P o s 10 [stM] P
Fig. 3 pH dependence of the rate constants of the reaction of
MDA radical with the reduced form of 101F6 protein (A)

and the reaction of AsA™ with the oxidized form of 101F6

At A Fig 31T, BkH 5 Z L2, W o
FIZBWTHZDpH 6~ pH 7272513 E N
R&ELRY, m =Y ORI BEE ki JOWEY
kDLOEITERD | 101F6D T AZLE L FR O AT
Wb STPRAY ST el i 12 VRS g o
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NAARSOFVL RER AW 758 VB OB FRBEZHIHT5
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BB - — L RLFH

IR L

The Institute of Scientific and Indystrial Research, Osaka University?
Kazuo Kobayashi?”, Takahiro Kozawa

Interflavin electron transfer processes from FAD to FMN in the reductase domain of inducible nitric oxide synthase (iNOS)
and cytochrome P450 reductase have been investigated by pulse radiolysis. These enzymes contain one FAD and FMN.
Radiolytically generate hydrated electron (e,q) was found to react predominantly with FMN to form the red semiquine of
FMN. However, the reduction efficiency is much lower than that of FMN of the isolated FMN domain. This raises the

possibility that two conformations exist as a mixture of crystal structure and more extended structure.

L 3IL®IC ABFFETIL, ZOMITHE B LAV AFUA YL RIEICE
Cytochrome P450 reductase (CRP)IE. NADPHIZLY v 2 g4~ 2 K i 7 (e,g) &3 AL L THIVY, Z0HE
FAD7METEE41, FMNZ /1L CCytochrome P45S0D A sty i (74 I1C SUNCREF LT,

BB DPBET DT OREELL TV, X o 528

RN OFADEFMNO BEHEIF3.9 ALHESITVD  kpfgeclv -2k . 7 4 i ECRPE L U'FADE
A0, ZOHHENS TRSNDE FBEIHEE(~10" s FMN | 21 > % & & 9 2 hinge f3k 0 75 B (K (ATG,
VAR v TR LY RDIZRENM(30-55 s7) V& ATGEE)(Fig.2 288D KM H I AR, KR
REF 2D, ZOZEFE, CRPOVEWE T CXBRAE AT 312470, 2 Z 8L 7. INOS Dreductase R A1
(CEV SIS AT D " closed” 1 3 LAAM T LT Ca® /CaMiE &K A+ LFADEFMNZ £-5iNOS
Cytochrome P4501Z7E 1 #1723 FTHEZL “open” #EE&EAMF  CaM FAD FMN., 35 L OV 112 CaM/FMN5 L OFFAD
FEL, TNOO BN E T BB OBE B IT/2D a0 <08 F -,

LRRIBE N
CBh FMN [] FAD/NADPH |
hinge
AR — iz 23 243
AVCEHEGVEATGEESSIRQYELVVH

ft = % Q
(iNOS) (_F helix ( ) Hinge region }—( beta6 ()
reductase

) Fig. 2 Hinge region of cytochrome P450
domain (Z 3 reductase
W T R AR

ISVAT YAV AEL, BEFE40-150puM, 10 mM VU
7 s Fig.1 Ribbon diagram showing the o — s
sERf e A of cytochrome Paso > FEbuUffer(pH 7.0), OHT PH /AN AL Py —ELT

DAFET D Leductase (CRP)1) tert-butyl alcohol 0.1 M T e /K ERik % 7 /L= B U<
LEZBND,
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TTHIELE,

3. MERBLOVELE

CRP|ZIZFMNR AA > EFADR A1 2 #fE45
flexibleZp/L— 7" NFEAEL . ZAUAS B E Lo 3
IR I LIRS T DY, 2 TTGR L OTGEES
KABLT-CRP(ATG, ATGEE)ZAERIL | e,y &D Ut ZH
A~ wildDCRPE #5222 L7=, Fig .312460nmiZ
BIHZENZNOWINEAZRT, Wild type®CRPT
1L Fig. 4127

92912, FMN

DIEITIZED

W N ZE A 3 8

‘ ATG
HEn, # ATGEE
i x L <

ATGTIE 7 5 — Wild

100 us 460 nm
B DIEITIT
ey Fig. 3 Absorbance changes at
XD 2 AL 460 nm after pulse radiolysis of

BEBH. T3 wild type of CRP, ATG, and

ATGEE
ST D ey
ERIEL TS i
ZEN G o, JEt '
£ 72 open < .
1

conformation aory ..
BLHERLN '
LATGEE D & WAVELENGTH (nm)
TIEBRS Fig. 4 Kinetic difference
7 spectra at 100 ps after
- pulse radiolysis of CRP

iNOS @

FMN domain X
HEN R B
JEE T (Fig. 4).
FMNHBALANZ DX
YRR ENC TR

HLTWAD L% Fig. 5 Absorbance changes at
460 nm after pulse radiolysis of

I AA=0.02

FMN domain

460 nm +«—
100 ps

JCBRL TS, —  iNOS reductase domain and
J7iNOS reductase  TMN domain
domain T |3 FMN

OIRTLDBRSNAEH DD | Z DR TLENFRIZFMNKE
A DHDIED1/SLL T T oTz, & DX
5, FMNEFAD O i 134 2 /3 7 2K 128 HH L T
BoT, 2nb0RE R Bopen conformation D Z7)3
€aq IZEVIEITCEIV TV D ATREME DS TR RIBE LT,
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K& E74=tEUL ) VAV & o7 W 8- ~
[SHBTHBHARILFDOHE IV

NIVASOFNOREIZKBS—TTI/VIVAFAZU(SAM) D 1 BFETICEIBEK
@8 3P hIL SAM BFEORICHEERHAICAIT T
B R FERF B 72— DT RL A A A fdfibfiR) 2 b

O/IHR— I, GHIEFLN °+ PGS b

i) By e P A EAT P, AL

One-Electron Reductive Cleavage of S-Adenosylmethionine (SAM) Studied by Pulse Radiolysis: Reaction
Mechanism of The Radical SAM Enzyme
The Institute of Scientific and Industrial Research, Department of Beam Materials Science®, Department of
Structural Molecular BlologyChemlstry , Osaka University

oKazuo, Kobayashi®, Hirohito Ito°, Tadashi Nakai®, Toshihide Okajima , Katsuyuki Tanizawa®, Takahiro
Kozawa®

The common step in the actions of member of the radical S-adenosylmethionine (SAM) superfamily of

enzymes is one-electron reductive cleavage of SAM into methionine and 5-deoxyadenosyl radical. In the present

work, the cleavage process of one-electron reduced form of SAM was followed by pulse radiolysis method. The

species formed by attachment of hydrated electrons was found to dissociate into 5-deoxyadenocyl radical and

methionine. The initial transient spectrum observed showed broad absorption from 500 to 300 nm, and

subsequently new absorption band at 360 nm appeared with a rate constant of 4.5 x 10°

s, The intermediate was

found to decay with a first order rate constant of 3.2 x 10° ™

ST T )NV AT A= (SAML I, i
JTAZ—=nHD 1 k0T T v
—AFA =MD C-SHEBEREY T 4 v I
RH LT, AFA=2LTT IV NT VI
(Ado )8 WAERT 5V, EHIZ Ado” ZFIHT 5
DNAEH 2, ©AF L DED, XTTF FHR
TEIERL VEAEIRN TR % 72 Re A2 T 71 VI
ISCBA D, — . [AERO—E R ILRICE 25
C-S A DRSS, mesolysis & LT, &

'ﬂf’

FHMEF OB TIER ST\ 5 5.0, KIFFET
NH,
N X
T
HsC )
3\+ N N
S\ &
HCT TCHy g — >
b N
g ) Hon  Of
7 N
coor NHsz* g

TV ATOF Y BT Y SAM OKFIE
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Fig. 2 Transient absorption spectra after
pulse radiolysis of SAM
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Fig. 3 Absorption changes after pulse
radiolysis of SAM
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Development of Terahertz radiation source based on the far-infrared FEL
— Measurement of time resolved wavelength spectra on a far-infrared FEL —

Dept. of Accelerator Science

Jie Shen, Ryukou Kato, Keigo Kawase, Akinori Irizawa, Sho Hirata, Masaki Fujimoto,
Fumiyoshi Kamitsukasa, Hiroki Osumi, Goro Isoyama

As one of basic studies of the far-infrared free-electron laser (FEL) at the Institute of Scientific and Industrial

Research (ISIR), Osaka University, wavelength spectra are measured around 100 pm using a grating

monochromator and a fast semiconductor detector (Ge:Ga) for the FEL operated at different detuning lengths,

which are defined as the optical cavity length subtracted by that for the perfect synchronism between the electron

bunch and the FEL pulse. Time-resolved spectra are composed of signals processed with a digital oscilloscope

triggered by a common start signal and are shown in two-dimensional maps of time and wavelength ordinates.

Their features are significantly different from each other at the different detuning lengths, but a common feature

can be seen in the variation of the peak width with time or with the power evolution of the FEL.
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Fig.1 FEL cavity length detuning curve.
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length A and (b) detuning length B.
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Evaluation of Wake Field and Bunch Structure using OTR

Dept. of Accelerator Science
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Fumiyoshi Kamitsukasa, Hiroki OhsumiShoji Suemine, Goro Isoyama

In order to measure the longitudinal phase-space profile and transverse slice emittances of the electron

beam, we are developing a compact measurement system that consists of a Cherenkov radiator and a streak

camera. The Cherenkov radiator with an aerogel is installed in the beam transport line, and the electron

distribution in the longitudinal phase-space is obtained. The temporal resolution of this system depends on

the performance of the streak camera and is 1.57 ps. The energy resolution is decided by the horizontal

emittance and the beta function at the location of the Cherenkov radiator. The measurement system has

higher energy resolution rather than the existing momentum analyser system.
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Figure 2: Longitudinal phase-space profile of the single
bunch electron beam. The profile image has energy
information as the vertical and temporal one as the
horizontal axis (150 ps / full scale). The left side
indicates the head in the electron bunch and the upper
side the higher energy side.
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Size-Dependence of Properties of Reactive Intermediates of Hoop-Shaped n-Conjugated Molecules

ISIR Osaka Univ.2, ICR, Kyoto Univ.P

Mamoru Fujitsuka®, Dae Won Cho® Takahiro lwamoto®, Shigeru Yamago®, Tetsuro Majimaa*

Hoop-shaped m-conjugated molecules such as cycloparaphenylene (CPP) have attracted attentions of wide
chemists because of their interesting properties due to the distorted m-electron system. Here, we have
investigated the size dependence of the fluorescence properties of CPPs. The fluorescence of smaller CPP
showed a red-shifted fluorescence peak, a smaller fluorescence quantum vyield, and longer lifetime. One of the
important factors which brought about these fluorescence properties of smaller CPP was larger structural
relaxation from the Franck-Condon state, which was supported by the theoretical calculation. The structural
relaxation in the picosecond domain was experimentally detected by the fluorescence upconversion method.
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Fig. 1. Molecular structure of [n]JCPP (n = 8 -
13).
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Fig. 2. Absorption (solid line) and fluorescence
(dashed line) spectra of [n]CPPs in THF. For
fluorescence measurements, the sample was
excited at 350 nm.
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Table 1 Absorption and fluorescence peaks (Aans
and Ay), fluorescence quantum yield (@), lifetime
(z), radiative rate (k;), and relaxation time (zejax)
of [n]CPPs in THF.

n Aabs A/ nm @y ° m/ns ks Trelax
/nm ab /105 /ps?®
gt
8 338 533 0.084 17.6 0.048 0.26
9 340 494 0.30 10.6 0.28 0.67

10 340 470 0.46 6.6 0.70 1.49

11 339 437, 0.52 3.8 1.4 2.26
458

12 338 428, 0.66 2.7 2.4 4.14
450

13 337 424, 0.72 2.0 3.6 431
446

% In Ar-saturated THF. Estimated using
9,10-dicyanoanthracene (@ = 0.87) as the standard. °
Estimation error: < 5%.
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Fig. 3. Schematic energy diagram for the
relaxation process in the excited state.
Planarization of the neighboring phenyl rings in
CPP due to enhancement of quinoid-like structure
is included in the relaxation process from the
Franck-Condon state.
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Fig. 4. Fluorescence decays in the picosecond
domain in THF measured by the fluorescence
upconversion method. Emission (excitation)
wavelengths are 450 (400), 450 (400), 420 (380),
420 (380), 410 (380), and 410 (380) nm for [8]-,
[9]-, [10]-, [11]-, [12]-, and [13]CPP, respectively.
Red lines are fitted one to the single exponential
function.
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Table 2 Averaged bond lengths and dihedral
angle (¢) of [n]CPPs in the S; state estimated
by time dependent density functional theory at
B3LYP/6-31G(d) level. ?

N C)-C(L) CU)-CR2) C@)-CE) o/
/A /AP JA°C degree

8 1.454 1.423 1.379 14.0
(-0.033) (0.015) (-0.012) (-15.1)

9 1.458 1421 1.381 16.9
(-0.028) (0.014) (-0.010) (-14.3)

10 1.461 1.419 1.381 15.7
(-0.025) (0.012) (-0.010) (-11.3)

11 1.463 1.417 1.383 18.4
(-0.022) (0.010) (-0.008) (-11.6)

12 1.466 1.416 1.384 22.6
(-0.019) (0.009) (-0.007) (-10.0)

13 1.468 1.415 1.385 24.6
(-0.016) (0.009) (-0.006) (9.1)

# Number attached to the carbon was indicated in Fig.
1. Numbers in the parenthesis indicate the difference
from the ground state structure (i. e., S; - Sp), which
was estimated by density functional theory at
B3LYP/6-31G(d) level. ® Averaged bond lengths of
C(3)-C(4), C(4)-C(5), and C(6)-C(1) were the same
as C(1)-C(2). © Averaged bond length of C(5)-C(6)
was the same as C(2)-C(3).
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Mechanistic studies on mesolytic processes of radical anions generated by radiolysis in solution

Dept. of Chemistry and Chemical Biology, Gunma University,”
Dept. of Molecular Excitation Chemistry,” Research Laboratory for Quantum Beam Science®

Minoru Yamaji,* Takumi Kimura,” Mamoru Fujituka,” Sachiko Tojo,® Tetsuro Majima®

Some radical anions having a C-S bond generated by radiolysis dissociate into the corresponding radical and
anion. Most of the compounds studied were found to undergo mesolysis according to the concerted mechanism.
Only one compound showed the mesolysis on the stepwise mechanism, where apparent activation energy for the
mesolysis was determined from the Arrhenius plots of the decay rate of te radical anion. DFT Calculations of the
dissociation energies of the radical anions into the corresponding radical and anion were performed. Based on

the obtained data, mesolytic features of the C-S bond dissociation were discussed.
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Figure 1 (a) y-Radiolysis of PhCH,SNp® in
MTHF at 77 K. (b) Pulse radiolysis of

Chart 1 AAFZECTHWALE I OREERLIEFR PhCH,SNp“at 190 K. Inset; a time profile at 560

nm. (c) 1-Naphthylthiyl radical (1-NTR) in
acetonitrile.
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Figure 2 Arrhenius plots of the decay rate, ky for
the radical anion of PhCH,SNp®.
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Figure 3 States energies (AE®) of the radical
anions calculated with B3LYP at a 6-31G(d) level
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Scheme 1 Schematic formation of potential
surfaces for concerted (down, left) and stepwise
(down, right) mechanisms by avoided crossings
between the potential curves of radical anions and
the corresponding dissociative state.
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Folding Dynamics of Cytochrome ¢ Using Pulse Radiolysis

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

Jungkweon Choi,* Sachiko Tojo,” Mamoru Fujitsuka,” Tetsuro Maj ima®*

The folding dynamics of cytochrome ¢ (Cyt C) induced by the electron transfer has been investigated using the

pulse radiolysis technique. In this study, we clearly show that at the presence of the high concentration of

guanidine HCI (GdHC]), the reduction of the oxidized Cyt C takes place in a few microsecond time scales by the

electron transfer from the guanidine radical that is formed by the fast reaction of the hydrated electron (e,) with

GdHCI. Folding kinetics of Cyt c initiated by the electron injection span a wide time range and highly

heterogeneous. The folding process of Cyt C is discussed based on these observations.

The study of protein folding mechanisms is
of

importance in understanding a protein structure and

incessantly noticeable subject because its
more complex biological phenomena. Generally,
protein folding is known to occur in two phases: the
fast process due to the collapse of the unfolded
polypeptide into more compact denatured structures,
and the slow phase corresponding to the multistep
rearrangement to the native conformation.

For studying the protein folding dynamics, the
laser-induced electron transfer has been used to
rapidly trigger the protein folding reaction in
destabilizing conditions."™ According to previous
report, at the presence of guanidine (GdHCI) ranges
between 3.2 and 4.0 M, oxidized Cyt ¢ is unfolded,
whereas reduced Cyt c is folded. Therefore, a rapid
electron transfer reaction can initiate the folding
process. (Fig. 1) Nicotinamide-adenine dinucleotide
(NADH), Ru(bipyridine);>" and Co(ox);> (ox,
C,0,%) can be used as photosensitizers to inject
electron into Cyt c. However, photosensitizers, which
are used with a high concentration in the reaction
system, can influence the protein conformation
through the intermolecular interaction between a
protein and photosensitizers. In this respect, the pulse
the
instead to the laser-induced

radiolysis technique can be proposed as
alternative method

electron transfer method because the reducing agent,

* T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp
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Figure 1. Folding curves of the oxidized and reduced Cyt

¢ as a function of the concentration of GAHCI.
hydrated electron (e,q), can be directly generated by
irradiating the solution with high energy electrons.

Here, we demonstrate that the pulse radiolysis
technique with nanosecond time resolution can be
used to probe the folding dynamics of Cyt C.

As shown in Fig. 2, the transient absorption
spectrum obtained by the pulse radiolysis of water in
0.8 M GdHCI solutions showed two absorption bands
around about 350 nm and 700 nm. The broad
absorption band centered at 700 nm is easily assigned
to €,q . On the other hand, the absorption band with a
maximum at 350 nm, depending on the concentration
of GdHCI, is due to Cl,” formed by the reaction OH
radical with chlorine ion. Here, it is noteworthy that
the decay rate of e, generated in 0.8 M GdHCI
solutions increased significantly compared with that
observed in water. This means that e,; formed in

GdHCI solutions quickly reacts with a chemical
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Figure 2. Transient absorption spectra (a) and decay

profiles (b) obtained by the pulse radiolysis of water in 0.8

M GdHCI solutions.
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species involved in this system. From control
experiments, we found that the guanidine radial is
formed by the fast reaction of e,q with the protonated
guanidine group, and then can act as an electron donor
(or the reducing agent) in this system.

Fig. 3 shows the transient absorption spectra of
Cyt ¢ in 3.5 M GdHCI solutions. We clearly observed
the rapid changes in the visible absorption spectrum
that are consistent with the reduced Cyt c folding
process. However, the spectrum in the Soret region
overlaps that of Cl,” formed by the reaction OH
radical with chlorine ion, resulting in a great
difficulty for elucidating the structural change of a
the
Therefore, the absorption spectra in the Q-band

protein occurring during folding process.
region of Cyt ¢ were used to determine the folding
kinetics of Cyt C initiated by the electron injection.
The global analysis of all decay profiles monitored at
several wavelengths show that folding kinetics of Cyt
¢ initiated by the electron injection span a wide time
range and highly heterogeneous; 4.3 x 10° s, 1.3 x
10° s, 4.8 x 10° s, 1.1 x 10’ s" and 110 s
Considering the previous report that the binding of
Met80 to the heme iron takes place with the rate of
~2 us,” we tentatively suggest that two fast dynamics
(4.3 and 1.3 x 10° s™") are due to the formation of
His18-Fe(II)-Met80 and the reduction of the oxidized
Cyt c, that the
reduction in our system is slower than the binding of

respectively, indicating heme
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Figure 3. a) Equilibrium difference spectra of reduced Cyt ¢
minus oxidized Cyt C. b-c) Transient absorption spectra in
the Soret region (b) and Q-band region (c) obtained by the
pulse radiolysis of Cyt ¢ in 3.5 M solutions. d) Decay
profiles monitored at 445, 495, 524, 555, 630 and 680 nm
(from top to bottom).

Met80 to the heme iron. This result is consistent with
that reported by Lee et al.’ However, origins of
intermediate-folding kinetics (4.8 and 1.1 x 10° s
are not clear at present and require further study.

On the other hand, Pascher et al. reported that the
slow folding dynamics occurs with a rate constant of
~90 s in 2.3 M GdHCI solutions.! Nishida et al.
reported that the change of the diffusion coefficient
due to the folding reaction of Cyt c triggered by
electron transfer takes place with a rate constant of
22 s in 3.5 M GdHCI solutions.* These rate
constants are consistent with that determined in this
study (110 s™) within an experimental error. Thus, we
suggest that the slow dynamics of 110 s™' corresponds
to the rearrangement to the native conformation.

In this study, we clearly observed the folding
dynamics of Cyt c using the pulse radiolysis
technique. To our best knowledge, this is the first
report for the protein folding dynamics using the
pulse radiolysis, implying that the pulse radiolysis
technique can be used to probe the conformational

dynamics of various biomolecules in the future.
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Intramolecular Charge Resonance in Radical Anions of Di-, Tri-, Tetra-, and Pentaphenylalkanes

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

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

Intramolecular dimer radical anion of di-, tri-, tetra-, and pentaphenylalkanes, which was formed during the

y-radiolysis in 2-methyltetrahydrofuran glassy matrix at 77 K, was investigated by spectroscopic and theoretical

methods. Two kinds of CR band for the intramolecular 1,1- and 1,2-dimer radical anions of di-, tri-, tetra-, and

pentaphenylalkanes were observed. One CR band was commonly observed at shorter wavelength than 2000 nm

for 1,1-diphenylalkane radical anions. The other CR band was observed at longer wavelength than 2200 nm

for the intramolecular dimer radical anions with 1,2-diphenylethane chromophore.
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Fig. 1. Molecular structures of di-, tri-, tetra-, and
pentaphenylalkanes used in this study. M, methane; E,
ethane; P, propane; B, butane.
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the y-radiolysis of 1,1-Ph,M in MTHF glassy matrix

(1 x 102 M) at 77 K. Inset: intramolecular

1,1-dimer radical anion of 1,1-Ph,M chromophore.
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Figure 3. NIR absorption spectrum observed after
the y-radiolysis of 1,1,2,2-Ph4E in MTHF glassy
matrix (1 x 10 M) at 77 K. Insets: intramolecular
1,1- and 1,2-dimer radical anions (A and B) of 1,1-
and 1,2-Ph,E chromophores, respectively.
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THz-wave generation using coherent Cherenkov radiation

Dept. of Advanced Nanofabrication

Koichi Kan*, Jinfeng Yang, Atsushi Ogata, Takafumi Kondoh,
Kimihiro Norizawa, Hitoshi Kobayashi, Yoichi Yoshida

A new method for bunch diagnostic based on multimode Coherent Cherenkov Radiation (CCR) was proposed.
Generation of quasi-monochromatic terahertz (THz) using multimode CCR on the order of 0.1 THz was carried
out. The frequency spectra of CCR were measured directly by a Michelson interferometer and a bolometer. The
highest frequency of transverse-magnetic (TM) mode, which corresponded to TMgg, was observed as 0.36 THz.
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Femtosecond pulse radiolysis study of the time dependent-behavior of electron in n-dodecane

Dept. of Advanced Nanofabrication2

T. Kondoh, J. Yang, K. Norizawa, K. Kan, A. Ogata, H. Kobayashi, Y. Yoshida

Geminate ion recombination in n-dodecane was studied by using femtosecond pulse

radiolysis with photocathode RF gun LINAC. Time-dependent behavior of electron in n-dodecane was

measured at 1200 nm, and the results were analyzed by the Monte Carlo simulation based on the

diffusion theory. Time dependent behavior of electron within 50 ps was quite different from that of

radical cation. An evidence of excited radical cation was obtained.
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Femtosecond Pulse Radiolysis Study of Solvated and Pre-solvated Electrons in Neat Alcohols

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.

Tomohiro Toigawa, Kimihiro Norizawa , Koichi Kan, Takafumi Kondoh,
Jinfeng Yang, Yoichi Yoshida

The time-dependent behavior of solvation process of electron in neat alcohols was studied by the

femtosecond pulse radiolysis. The solvated electron is formed via a precursor (which is called as

“pre-solvated” electron). The pre-solvated electron decays with a very short life time on a picosecond

time scale and is accompanied by the formation of the solvated electron. The experimental data suggested

that the dry electrons produced after irradiation are localized at the concentrated sites of OH-groups to

form the pre-solvated electron, and then are accompanied by the formation of the solvated electron after

dielectric relaxation of OH-groups.
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Fig.1 Femtosecond pulse radiolysis system
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Table.1 Formation times of

solvated and pre-solvated electrons

Trap site Dielectric
T1 T2
Solvent concentration relaxation
[ps] | [ps] )
[M] time[ps]
CH;0H 1 7 0.91 7
C,HsOH 3 17 0.35 9
C4HyOH 4 33 0.090 27
CsH,,OH 6 42 0.0014 39
4. 5lHICHER

1) Y. Muroya et al., Rad. Phys. Chem., 77, 1176
(2008)

2) J. Yang et al., Nucl. Instr. and Meth. A, 637,
524 (2011)

3) J. Barthel et al.,
(1990)

4) S. K. Garg and C. P. Smyth, J. Phys. Chem., 69,
1294 (1964)

Chem. Phys. Lett., 165, 369
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Pulse Radiolysis of Nafion Membranes Pulse Radiolysis

Research Laboratory for Quantum Beam Science?, Graduate School of Engineering, Div. of Sustainable Energy
and Environmental Engineeringb

Sachiko Tojo?", Yoshihide Honda?, Yoko AkiyamaP, Shigehiro Nishijimab

Pulse radiolysis technique has been employed to investigate the radical-induced degradation of Nafion
membranes. Nafion samples were prepared with methylthioethanol (MTPM) loaded in membrane. The
one-electron oxidation and OH® addition of MTPM were clearly observed in Nafion during pulse radiolysis. The
apparent quenching of the OH® addition was observed in dry Nafion. This suggests that OH® is formed inside of
the water-SOs- ionic clusters, mostly. The effects of hydrophobic organic cations exchanged into the Nafion

were also examined.
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PEESHERAIC BT & — AR 7 L& Figure 1. UV absorption spectra observed for the
RS, FORIEHEDKED D B4y - B D MTPM and TEAB-loaded Nafion-1110 membrane.
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Figure 2. Transient absorption spectra observed at
50 ns after electron pulse in the presence of
MTPM-loaded Nafion-1110 membrane.
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Figure 3. FT-IR spectra of v(OH) and c(HOH)
band observed for the MTPM-loaded
Nafion-1110 during wet (1) and dry (2).
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Figure 4. Transient absorption spectra observed at
50 ns after electron pulse in the presence of
MTPM-loaded Nafion-1110 membrane.
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Investigation of degradation process of perfluorinated polymer electrolyte membrane due to radicals with
positroton annihilation spectroscopy

Research Laboratory for Quantum Beam Science?, Graduate School of Engineering, Div. of Sustainable Energy
and Environmental Engineering

Yoshihide Honda?™", Sachiko Tojo?, Yoshikazu. Aoyagi?,
Gaku Watanabeb, Yoko Akiyamab, Shigehiro Nishijimab

The degradation process caused by radicals in polymer electrolyte membrane were investigated by positron
annihilation spectroscopy. The membranes were exposed to the specialized radicals generated by y-irradiation.
The results show that the degradation indexed by proton conductivity proceeds severely in the samples exposed

to the radicals such as HO and O,
consistent with that obtained by solution analysis.
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rather than HO", because of the destruction of cluster. This result is
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Evaluation of radiation shields from 150 MeV electron linac

Research Laboratory for Quantum Beam Science?, Technical DivisionP

Yoshihide Hondaa*, Sachiko Tojo?, Akira Tokuchi?, Kazuya Furukawab

The 150 MeV electron linac is intended to restart operation. To start its operation, radiation shielding of the linac
and the target chamber is inevitable subject to protect lasers used in the RF-gun linac based experiments against

radiation from the 150 MeV linac.

Before coming to the evaluation of radiation from the target chamber, the

comparison of dose from the linac including energy analyzer was made between simulation and experiment to

get some fundamental data.
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Ultrafast Structural Dynamics by Femtosecond Time-Resolved Transmission Electron Diffraction

Dept. of Excited Solid-State Dynamics?, Dept. of Advanced Nanofabricationb, Dept. of Nanocharacterization
for Nanostructures and Functions®

Nobuyasu Naruse?™, Yoshie Murooka?, Jinfeng Yang?, Manabu IshimaruC, Youichi Yoshidab, Katsumi
Tanimura®

Single-shot time-resolved electron diffraction from Au single crystal has been detected with high quality and

excellent signal-to-noise ratio, using a compact transmission electron diffractometer, consisting of a laser-driven rf

photocathode that generates 3.0 MeV probe electron pulses. The electron pulse width is estimated to be 100 fs in

duration. Under strong optical excitation conditions, temporal evolution of the diffraction signals show a rapid decay

of Bragg spots in high indices. This feature indicate that it exists two processes in the transition from a crystalline state

to a fully disorder state.
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Solvated Electron Reaction with Some Polymer Bound Acid Generators
or New Acid Generators

Dept. of Beam Application Frontierd, Dept. of Beam Materials ScienceP

Ravi Joshi&, Hiroki YamamotoP, Seiichi Tagawa@™

The trade-off relationships between sensitivity, resolution and line edge roughness is the most serious problems
in extreme ultraviolet (EUV) lithography. In order to overcome them, a fundamental understanding of the
reactions in resist materials has become essential for the EUV resist design. In chemically amplified resists,
secondary electrons are generated upon exposure to ionizing radiation such as EUV and electron beam (EB). The
acid generators are decomposed mainly through the reaction with these secondary electrons after they
sufficiently lose their energy. It is very important for resist design to know whether the reactivity of solvated
electrons and polymers is changed by the incorporation of acid generators into polymers via covalent bonds. In
this study, reactions of polymers bounded photo-acid generator (PAG) and blended PAG with solvated electron

in methanol were investigated.

In this study, polymers bound PAG were
composed of 5 mol% and 10 mol% triphenyl
fluoroalkyl sulfonate-containing
methacrylate monomer and were used as resist
matrices. Also, triphenylsulfonium-type acid generator
(TPS-1Ad) and triphenylsulfonium triflate (TPS-tf)
was used as an acid generator. Nanosecond pulse
radiolysis set up consisting of 8ns electron pulse of 28
MeV coupled with fast spectroscopic detection system
has been used. Pulse radiolysis experiments were
carried out at the Institute of Scientific and Industrial
Research (ISIR), Osaka University". The nanosecond
pulse radiolysis system consists of a L-band linear
accelerator, a Xe flash lamp as an analyzing light, Si
and InGaAs photodiodes, and a transient digitizer
(Tektronix, SCD1000). The energy and width of the
electron pulse were 28 MeV and 8 ns, respectively.

The reaction of solvated electron with new
acid generators and its polymer bonded form was
studied and compared with TPS-tf. Methanol was
used as a solvent for sufficient solubility of the
samples and its radiolysis produced transient
absorption band with maximum at ~620 nm. A
comparison of absorption spectrum of transients

sulfonium

produced in these reactions suggests that 5mol% and
10mol% polymer bounded acid generator scavenge
solvated electron (e-MeOH) without producing
transient absorption in 400-900 nm region (Fig. 1).
However, acid generator alone reacted with e-MeOH
to produce transient/s having absorption in the
400-900 nm region with maximum ~780 nm (Fig. 2).
Solvated electron has been found to react with TPS-tf
and TPS-IAd with rate constants 1.6 and 2.3 x 1010
M-1 s-1, respectively (Table 1). The rate constant of
new acid generator was obtained by the pulse
radiolysis technique. The reactivity of solvated
electron with TPS-1Ad is higher than that of TPS-tf.
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Figure 1 Reaction of solvated electron with (a) 5mol% and (b) 10mol% polymer bonded acid generator.
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Figure 2 (a) Reaction and (b) decay rates of solvated electron with acid generator.

Table 1 Kinetics of the reaction of solvated electron with acid generator and polymer bonded acid

generator in methanol.

Solute K(e areom + solute), 1\ R Absorption maximum (nm)
TPS-tF 1.6x 10" 780
TPS-1Ad 2.3x 101 ~780
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Trial Measurement of Penetrated Spectra of Frozen Tumor Tissue in the Terahertz Region by Two Different
Methods

Dept. of Tumor Pathol., Faculty of Med., Univ. of Fukui & , Dept. of Acc. Sci, ISIR, Osaka Univ.b
division of Laser Terahertz, Institute of Laser Engineering, Osaka Univ.©

Norio Miyoshi &, Andriana B. Bibin @, Yutaka Morio b, Ryukou Kato b, Goro Isoyama,
Takeshi Nagashima €, Masanori Hangyo ©

Light source in terahertz region using a free electron laser has a great potential for tumor pathology. Several

terahertz spectra for tumor tissues have been demonstrated. However, the clear spectra for tumor tissues have not

characterized yet. Our FEL study indicated that the absorb spectral peaks for experimental PC-3 tumor tissue of

mouse was observed, especially, at 183.3 um (2.2THz), which value was confirmed by the different pulsed

terahertz spectroscopy method.
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Development of strong focusing type wiggler
— Evaluation of the FEL gain by measurement of the power development in the wide range —

Dept. of Accelerator Science?, Research Center for Electron Photon Science, Tohoku Universityb,
Institute of Materials Structure Science, KEKC

Masaki F ujimotoa*, Ryukou Kato?, Akinori Irizawa?, Keigo Kawase?d, Jie Shen?, Sho Hirata?,

Hiroki Ohsumi?, Fumiyoshi Kamitsukasa?, Goro Isoyama?, Shigeru Kashiwagi

, Shigeru Yamamoto®

We are conducting experiments to upgrade THz FEL using a strong focusing wiggler and to study basic physics
on FEL. As one of steps in such studies, we have developed a new method to measure the power development of
FEL in a wide range by changing the macropulse length of the electron beam or the number of amplifications.
Integrated FEL intensities were obtained as a function of the number of amplifications over the range of six
decades. The temporal evolution of the FEL power was evaluated from difference between measured energies
with adjacent numbers of amplification. The maximum FEL gain thus evaluated is was 58 percent, which agrees

with calculation by the super-mode theory.
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The observation of the characteristics of the neutron detector under the hard X-ray

National Institute of Fusion Science, Institute of Laser Engineering, Osaka University,

Tetsuo Ozaki?, Yasunobu Arlkawa leokazu Hosoda”, Takahlro Nagai®,
Sadaoki Kojima®, Yuki Abe®, Mitsuo Nakal

The system responses of the several kinds of neutron detectors were tested under the hard X-ray generated by
LINAC. Newly developed neutron detector for fast ignition laser fusion experiment was shown its excellent

performance of X-ray shielding.
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Improvement of Sub-picosecond Pulse Radiolysis System toward Multi-wave Length Regions

Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, Osaka University

Takahiro Kozawa, Hiroki Yamamoto

Quantum beam nanolithography such as extreme ultraviolet (EUV) and electron beam (EB) lithography is

expected as next generation lithography (NGL) technology. In order to develop resist materials, which is

cable of fabricating nanostructure, it is very important to understand the interaction between beam and

materials. We report a sub-picosecond pulse radiolysis system was improved by introducing a TOPAS Prime

automated optical parametric amplifier (OPA). We succeeded in wavelength extension of analizing light and

it became easier to change wavelength in a wide range.
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Deprotonation reaction of radical cation of poly(4-hydroxystyrene) by using pulse radiolysis
Faculty/ Graduate School/ School of Engineering, Hokkaido University2, Dept. of Beam Materials Science”

Kazumasa Okamoto®, Ryo Matsuda, Mohamad Syafie bin Mahmood?, Ryoko Fujiyoshi®,
Takahiro Kozawa®™", Takashi Sumiyoshi®

The radiation chemical reaction of the polymer used as a resist material of EUV lithography is important. The
deprotonation from the radical cation of poly(4-hydroxystyrene) is investigated by using pulse radiolysis method.
It is suggested that the rate of deprotonation depend on the polymer effect.
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ko 7a FReE A ENMBLNTWA, L (empirical parameter®), (relative permittivity),
} ) and the rate constatant of deprotonation (Kpp)
22 LPHSD R BV EEYED T2 D12, A F —
solvents Proton affinity Polari £ Ko
DR = MY ADRTDT IH DT F D (kJ/moD ’ (x 10%"
. cyclohexanone 841.0 0.281 16.1 2.4
>4 z A p - : S) e s
FICOWTHIIEEAT > TE o, T 2 TRBITET acetone 812.0 0.355 206  >20
W, SV ARZUF Y RIZE DAY (-8 Fa ¥ butanone 827.3 0327 185 69
AF L V)(PHS) DI IHNHFF \/@4%/2 73 2-pentanone 832.7 0.321 15.4 5.2
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VAR CoOR 7 1 b2 KGO ER & R~ IE butyl acetate _ 0241 51 93
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{'J")T—F*& i PHS (ZOOmM/ Unlt)(s|gma Aldl’lch acetonitrile 779.2 0.460 35.9 3.2
. benzonitrile 811.5 0.333 26.0 3.3
Mw = 25,000)% ., #IEICITTable 1OBEES LT dioxane 797.4 0164 22 27

butylacetate(BA). formamide (FA). ethylenediamine
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Fig.1 Transient absorption spectra of PHS
(200 mM/unit) in cyclohexanone after the
pulse radiolysis (50, 150, and 300ns after the
electron beam pulse, respectively).
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Electronic states of solids probed by IR-THz spectroscopy using FEL light source from L-band linac at ISIR

Industrial Technology of Wakayama Prefecture
Dept. of Accelerator Science”

A. Higashiya®*, A. Irizawa®, R. Kato®, K. Kawase", S. Suga®, and G. Isoyama”

The spectroscopy of strongly correlated compounds using infrared light is one of the most powerful techniques

for direct observation of electronic states of solids. A terahertz free-electron-laser (THz-FEL) at the Institute of

Scientific and Industrial Research (ISIR) in Osaka University is a powerful light source in a far infrared region.

Furthermore, the high power with pulse structure has possibilities for utilizing pump-source. Meanwhile the

THz-FEL has a linear polarized character originating from undulating electrons through the wiggler. These

characters of THz-FEL will be the key for developing a new method of solid state physics in THz region.
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Nanosecond Pulse Radiolysis Study of Solid and Liquid at Low Temperature

Department of Advanced Nanofabrication, ISIR, Osaka Univ.?,
Department of Earth and Space Science, Graduate School of Science, Osaka Univ. ”
Division of Chemical Engineering, Graduate School of Engineering Science, Osaka Univ.

. . . . *
Kimihiro Norizawa® ,

Tomohiro Toigawa®, Takafumi Kondoh®, Satoshi Kouyamab, Atsushi Tani®,

Takeshi Sugahara®, Kazunari Ohgaki®, Koichi Kan®, Jinfeng Yang®, Yoichi Yoshida®

Nanosecond pulse radiolysis system at low temperature (153K ~RT) was developed for clathrate hydrate, ice,

and glass-forming liquids like lower alcohols and ionic liquids. Trapped electrons in THF- and TBA-hydrate

crystal were observed at 253K. The very slow decay of pre-solvated electron and the very slow formation of

solvated electron in lower alcohols were observed at nanosecond region because of very high viscosity of

alcohols near melting and glass transition temperature.
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Fig.1. Nanosecond transient optical absorption

spectra of THF- and TBA-hydrate.
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Fig.2. Time dependent spectrum of solvated and

pre-solvated electron in n-propanol at 153K.

WS R E AR E T NI 52 L TRBEAIATE
FDEAFTIVRE T /R TRIE T DI LR TED,

FLHERYE KR TH /B VATV FY T AZITH
ZEIZEY | R TIHES TRIBIS AU WA A2
A%, FEMIZBBR T 52 e AR Ao T, Fex 3B
FLI2T7 2 DNV AT A A (SN R 7 5T
Y —RRFETHT A7) CREINDEROE N
BG 2 5 ¢ ARIRRANE S EE e WA 5 2
TNDEM RS NLD,

F72. 201242 A 3B AZ U AR L — hOBAEFER
MBI B OWEIR THAEY . B AT HER S
TNDAZ U NARL — NI =R F—FRELTH
FESIVTWND, NARL— O EERE PRI IR R B 72
LIANEL BB F- DR NS DF 72T 7 1
—F BRI ND,

Reference

1) Z. P. Zagorski, J. Phys. Chem., 90 (1986) 957.

2) R. Brand et al., Phys. Rev. B, 62 (2000) 8878.

3) A. Rivera et al., Phys. Rev. B, 73 (2006) 212201.

4) J. H. Baxendale et al., J. Chem. Soc., Faraday
Trans. 1,69 (1973) 584.

T T T T T T T
Formaiton of solvated electron at 500 nm
0.3r
0.2
a
o Decay of pre-solvated electron at 1000 nm
o
0.1
H Propanol
I z at 153K
onl

L | L | L | L
0 100 200 300 400
Time (ns)

Fig.3. Time profile of solvated and pre-solvated

electron in n-propanol at 153K.



HIGFIEED S FHE 1—
FTooBAR—HNFAUSIVAINDOERBEHDOZAF I v T R

B R PERF B 72— D R
o/ — Tk, RS

Dynamics of Electron Transfer in Adenine Dimer Cation Radical

The Institute of Scientific and Industrial Research, Osaka University

Kazuo Kobayashi, Takahiro Kozawa

Hole transfer for A-hopping process via a multistep mechanism between AA dimers, suggesting that the oxidation potential

and surface stacking area of the AA dimer hole carrier are important factors. In this work, we analyzed the spectral and

kinetic behavior of A radical cation (A*+) in ApA, a model compound of AA dimer. From the transient spectrum of the
p

cation radical in ApA, produced by oxidation with SO4~, A+ exists primarily in the stacked form as a dimer. Electron

transfer equilibrium between A"+ in ApA with trimethoxybenzene was determined, and the difference in redox potential was
q p y p

not different..
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Fiure 1. (A) Absorbance change at 600 nm after
pulse radiolysis of ApA. (B) Kinetic difference
spectra monitored at 50 ns and 500 ns
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Figure. 2 (A) absorption changes in the
reaction of A" with trimethoxy
benzene. (B) Transient spectra at
various stages of the reaction of A™
with 1,2,4-trimethoxybenzene
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Figure. 3 Comparison of kinetic analysis of the electron
transfer equilibrium. dA + Tbz (Monomer) and ApA +
Tbz (Dimer)
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Femtosecond pulse radiolysis study of the reaction between solvated electron or presolvated
electron in ionic liquids with scavengers

Dept. of Advanced Nanofabrication?, Japan Atomic Enegy Agency Tokai®, Japan Atomic Energy Agency
Takasaki® , Kanazawa University®, Nihon University®,

Takafumi Kondoh?™, Jinfeng Yang?, Yoichi Yoshida®, Ryuji Nagaishi®, Mitsumasa Taguchi’, Kenji Takahashi®,
Ryuzi Katoh®

The solvation dynamics of excess electron and the reaction dynamics with electron scavenger were
observed in irradiated lonic Liquids solution by using near infrared femtosecond pulse radiolysis system.
The decay of presolvated electron and the formation of solvated electron were observed at 1400 nm and
1200 nm respectively. Experimental results are explained by the broad absorption-bands and their
overlapping in this region. And it was found that the presolvated electron was formed very rapidly and its

reactivity with nitro methane was very high.
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Radicals and the reaction compounds induced in gamma-irradiated CO, hydrate
Graduate School of Science?, Graduate School of Engineeringb, Graduate School of Engineering ScienceC

Motoi Oshima®™, Atsushi Tani®, Katsuhisa KitanoP, Takeshi SugaharaC, Kazunari OhgakiC

CO; hydrate, a crystalline inclusion-compound composed of hydrogen-bonded water molecules encaging a CO,
molecule, is stable at high pressures and/or low temperatures. It is suggested that CO, hydrate would exist on
Martian surface, based on the discussion of temperature and pressure conditions on Martian surface and polar
caps. If CO, hydrate would exist on Mars, Martian CO, hydrate should be irradiated by natural radiation from
radioisotopes in sediments as well as cosmic rays, which may cause radical formation in CO, hydrate. We have
observed gamma-ray-irradiated CO, hydrate by electron spin resonance (ESR) to investigate radical species in
the irradiated CO, hydrate and their thermal stabilities. In addition, we have analyzed the aqueous solution after
dissociation of the CO, hydrate by ion chromatography to investigate the reaction products from the radicals.
Carboxyl radical, hydrogen atom, and hydroxyl radical are observed at 120 K in the CO, hydrate. Formic acid
and oxalic acid are observed in the aqueous solution after dissociation of the irradiated CO, hydrate. The
carboxyl radical gradually decreases at 150 K, whereas both of hydrogen atom and the hydroxyl radical quickly
disappear. The carboxyl radical seems to decay by a second-order process at temperatures between 150 K and
180 K. In the thermal conditions on Mars, the radicals induced by natural radiation are unstable in CO, hydrate,
and the formic and oxalic acids formed through the radical reactions may accumulate in CO, hydrate.
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Development of near field imaging system with terahertz FEL light

Institute of Laser Engineering@ and Dept. of Accelerator Science, SAN KEND

Takeshi Nagashima @, Goro Isoyamab, Ryukou KatoP, and Akinori IrizawaP

To improve spatial resolution in an imaging system using intense terahertz FEL light and a highly-sensitive
detector, transmission spectra of small apertures were investigated. In the region that the diameter of the aperture
is larger than the wavelength of the light, the transmission increases with the wavelength as expected. We
conclude that the use of the small aperture with the focused light is the most plausible to improve the spatial

resolution of the present system.
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Construction of supramolecular architectures based on pi conjugated butadiyne macrocycle and transformation
into novel carbon frameworks by gamma-ray irradiation

Department of Material and Life Science

Ichiro Hisaki,* " Eriko Kometani, Norimitsu Tohnai, Mikiji Miyata

Dehydrobenzo[ 14]annulene derivative 1 (DBA 1) yielded five polymorphic crystals. This polymorphism was
provided by conformational and interactional variety of the methyl ester groups introduced in
noncentrosymmetric positions of DBA 1. These crystals showed different fluorescent colors depending on the
molecular arrangements even though the crystals were composed of the identical molecule. As results of
fluorescence quantum yield, lifetime, and TRMC measurements, the long-wavelength emission band is

attributed to physical or chemical defects, which depend on the magnitude of T-overlap of the DBA planes.

FeRr_U Y7 XL (DBA)IL., C(sp)-C(sp?) 1BE
IRARDOEIR n e85 FThD, B LIZ n B2
IRSFEJREALL TS T28b | e TR E DBLR
IHRZEEFRZE N, DBA D X573 L AW D
PRI, — ISR Sy 7 DEIRDCIAE R I Scheme 1. Molecular structure of octadehydro-
STRECEAT %, o T, SRS FESIZED trobenzo[ 14]annulene 1 (DBA1).
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Figure 1. Selected packing diagrams of I (a), II (b), II’ (c), III (d) and IV (e), as viewed from directly above the DBA

planes.
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Figure 2. CH/O Interactions of the methyl ester groups
observed in the polymorphic crystals of [14]DBA.
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Figure 3. Fluorescence spectra of Forms I-1IV
(Aex =365 nm).
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The development and the sensitivity calibration of the y-ray spectrometer

Institute of Laser Engineering, Osaka Universityd, National Institute of Fusion Science b

Yasunobu Arikawa®”, Hirokazu Hosoda, Takahiro Nagai, Sadaoki Kojima, Yuki Abe, Takuya Namimoto,
Mayuko Koga, Hiroaki Nishimura, Mitsuo Nakai, Tetsuo Ozaki,

Two types of the y-ray spectrometer developed for laser fusion experiment were tested by using gamma rays
from a Co-60 and Bremsstrahlung X-ray pulses generated by L-band LINAC. From both detectors the clear
energy resolved X-ray spectra were observed for the first time.
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Electrical insulation materials used in the superconducting magnets of nuclear fusion reactor are the most
radiation-sensitive materials among the components used in the reactor, and their mechanical properties or
insulation properties are reported to be degraded by irradiation. In this study, we investigated the relationship
between the mechanical strength of composite materials and the molecular structure of polymer matrix before
and after irradiation in order to investigate the degradation of electrical insulation materials.
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Fig.1 Double-notched specimen.
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Fig.2 Tg’ of CE/Epoxy resin compounds.
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Workshop on Research Laboratory for Quantum Beam Science on “Radiation Effects on DNA” was held in
SANKEN Lecture Hall, on July 26, 2011. Three invited speakers, Prof. Jean Cadet, CEA/Grenoble, France, Prof.
Shigenori Iwai, Graduate School of Engineering Science, Osaka University, and Prof. Yang Tian, Tongji
University, China, and six speakers in SANKEN presented their talks related to “Radiation Effects on DNA”.
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RO 5 DFREMEDR B D, DE D | AR~ DOHUIFHZETIL, ETDNAREGZ IS5 2 L BANET
H5,

AWFFE4ClE, Jean Cadet#f%(~ 7 > ACEA/Grenoble), & ik & #d% (L T #0F52 RN, Yang TianZd%
(FETongji University)iZ X 2 HfF6 & . &1 — ARFEIF e T8 9 2 B 288 1 X D, 3
LR EFHEMZ1T > 72,

57 1Bl CERE 23 FREERS 1 BD) &+ B — ARVEI ek it 7' e 77 A
Workshop of Research Laboratory for Quantum Beam Science on
“Radiation Effects on DNA”
Lecture Hall, The Institute of Scientific and Industrial Research (SANKEN), Osaka University
July 26 (Tuesday), 2011

10:45-11:00 Tetsuro Majima, SANKEN, Osaka University, Japan
“Radiation Effects on DNA”
11:00-11:30 Kiyohiko Kawai and Tetsuro Majima, SANKEN, Osaka University, Japan
“Hole Transfer in DNA”
11:30-12:00 Mamoru Fujitsuka and Tetsuro Majima, SANKEN, Osaka University, Japan
“Excess Electron Transfer in DNA”
13:15-13:30 Goro Isoyama, SANKEN, Osaka University, Japan
“Introduction of the Research Laboratory for Quantum Beam Science at SANKEN”
13:30-14:30 Jean Cadet, Institut Nanosciences & Cryogénie, CEA/Grenaoble, France

“Radiation-induced damage to cellular DNA: formation and mechanistic insights”
14:30-15:00 Shigenori Iwai, Division of Chemistry, Graduate School of Engineering Science, Osaka
University, Japan
“Fluorescence detection of the repair of radiation-induced DNA damage using synthetic
oligonucleotides”
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15:30-16:00 Kazuo Kobayashi, SANKEN, Osaka University, Japan
“Dynamics of Radical Cations of Guanine and Adenine in Duplex DNA Studied by Pulse
Radiolysis”
16:00-16:30 Yo-ichi Yoshida, Takafumi Kondoh, Koichi Kan, Jinfeng Yang, Kimihiro Norizawa,
Atsushi Ogata, SANKEN, Osaka University, Japan
“New gquantum-beam development for radiation therapy”Chair, Tetsuro Majima
17:00-18:00 Yang Tian, Department of Chemistry, Tongji University, Shanghai, China
“Real-time and In vivo Monitoring of Reactive Oxygen Species (ROS) Based on
Designed Functional Materials”
18:00-18:30 Discussion and Closing Remarks
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14:10~14:40 Study of Nafion thin films by positron annihilation spectroscopy
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