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Fast autooxidation of a bis-histidyl-ligated globin from Radiotorelance Ramaazzottius varieoratus by molecular
oxygen

The institute of Scientific and Industrial Research, Osaka University,* Gratduate School of Pharmaceutical
Science, Osaka University®,

Kazuo Kobayashia*, Kim JeeEun®, Yota Fukuda®, Takahiro Kozawa?, Tsuyoshi Inoue®

Tardigrades exhibit extraordinary tolerance to various environmental conditions including ionizing radiation of

5,700 Sv. Proteins from anhydrobiotic tardigrades with homology to known proteins from other organisms are

new potential targets for structural genomics. We reported crystal structure of a globin protein (Kumaglobin: Kgb)

found in an anhydrobiotic targigrade. Here, we analyzed binding of molecular oxygen ligand following reduction

of heme in Kgb using pulse radiolysis technique. Radiolytically generated hydrated electrons (esq) reduced the

heme iron of Kgb within 2 ps. Subsequently, ferrous heme reacted with O, to form a ferrous-dioxygen intermediate

with a second-order rate constant of 2.3 x10® M! s, The intermediate was rapidly autooxidized to the ferric form

within 0.1 s. Redox potential measurements revealed an £y’ of -400 mV (vs. standard hydrogen electrode) in the

ferric/ferrous couple. Our results suggest that Kgb may serve as physiological generator of O2- via redox signaling

and/or electron transfer.
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Pulse Radiolysis Studies of Flavohemoglobin Complex with Antibiotic Azole Compounds

The institute of Scientific and Industrial Research, Osaka University,* Graduate School of Engineering, Osaka
University,? Fukushima Medical University®,

Kazuo Kobayashia*, Takahiro Kozawa?, Jotarou Igarashi®

Flavohemoglobins (flavoHbs) are enzyme that operate primarily as nitric oxide dioxygenase s and shuttle
electrons among NADH, FAD, and a ligated redox-active substrate such as O,. They function in the bacterial
defence against nitrsative stress and are considered as targets for antibiotic drugs. Azole derivatives have shown
to inhibit nitric oxide dioxygenase activity of flavoHb. We measured the oxygen binding kinetics and
intramolecular electron transfer from FAD and heme in Candida norvegensis flavoHb by using pulse radiolysis.
The O, association and dissociation rate constants were 2 x 107 M s and 0.4 s . These values are similar to
those of sperm whale Mb. The intramolecular electron transfer from FAD to heme in ligand-free flavoHb was
calculated to be 1.2 x 10° s, The rate constant in the open structure of the miconazole complex was 2.4 x 103 s/,
whereas the rate was accelerated 10-fold (2.0 x 104 s-1) by the binding of econazole. Implication of the observed

open-to closed process are discussed

X C®IT
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V(B 7)) EFAD ZREA LTS R AL L (GH),
BLONAD GG KA A (k) 22BED D, NO
() WRTE I~ a e DAL
fe L7cligsR & NO 23 SUG LRHIRA A 2 D3RS
Do

2NO + 20, + NADH —>
O2NO; + NADH + H' (1)
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Fig. 1 structure

Crystal
Hb-miconazole complex
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Fig. 2 Absorption changes at 422 nm after pulse
radiolysis of FlvoHb in the presence of 30 uM O,
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Fig. 3 Absorption changes at 600 nm after pulse
radiolysis of FlvoHb in the absence of azole
compound (A) and presence of econazole (B) and
miconazole (C)
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Reaction Intermediates of Nitric Oxide Synthase from Mammalian and Deinococcus radiodurans

The Institute of Scientific and Industrial Research, Osaka University

Kazuo Kobayashi, Yuko Ito (Tsutusi), Takahiro Kozawa

Bacterial NO synthase from Deinococcus radiodurans (DrNOS) shares a degree of structural homology with the

oxygenase domain in mammalian NOSs(mNOSs), but biochemical studies have yet failed to established the

actual function. Recently we reported that the rate of electron transfer from biopterin to ferrous-dioxygen in

DrNOS determined by pulse radiolysis method was much faster than the rates measured in mNO. Similar

experiments were performed in mNOS. In the pterin-bound enzyme, the ferrous-dioxygen intermediate was

found to decay an another intermediate with a first order rate constant of 20 s™!. Our data highlight potential
difference for the catalytic mechanism of DrNOS and mNOS.
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Fig. 1 Absorption changes at 440 nm after pulse
radiolysis of DrNOS (A) and mNOS (B) (C) in the
presence of 50 uM pterin.
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Fig. 2 Absorption changes after pulse radiolysis
of DrNOS (A) and mNOS (B) in the presence of

50 uM pterin.
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Simulation study of spatial distribution of energy deposition due to ionizing radiation and its time-evolution

considering time-dependent permittivity of solvents

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.

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

Time-expansion of excess electrons in fluid solution and its spatial distribution were studied by a newly developed
Monte Carlo simulation code. Time-expansion of solvent permittivity can be taking into account in this new code
to examine early stage processes induced by the ionizing radiation in polar fluid media. The code needs to be
verified and expected to give detailed information to be compared to experimental data by fs-pulse radiolysis.
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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™*, Yoshihide Honda®, Mamoru Fujitsuka®

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

radiolysis. The oxidation of Thiourea (TU) with hydroxyl radical (OH¢) in aqueous solution lead to the

formation of intermolecular c-dimer radical cation (TU2™") with two-center three-electron bond between two

sulfur atoms (2¢-3e S.".S). The ns-TR3 spectrum of TU2™

shows a peak at 210 cm-1 (2¢c-3e S.".S stretching).

This is the first report on the ns-TR3 direct measurement of 2c-3e S.’.S of dimer radical cation in thiourea

systems.
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Figure. 1. Molecular structures of Thiourea used in this
study.
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Figure 2. Transient absorption spectra obtained after
'500 ns during the pulse radiolysis of DMTU (black) and
TMTU (red) (20 mM) in pH7 MilliQ (N20 atmosphere).
Inset shows time traces of the transient absorption at 415
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Figure 4. (A) ns-TR? spectrum observed at 500 ns after an
8-ns electron pulse during pulse radiolysis of DMTU 20
mM in N2O-saturated aqueous solution. Probe: 532 nm
(black). Red line shows the Raman spectrum of DMTU2**
calculated by TDDFT at UBP86/TZVP level. (B) Neutral
Raman spectrum for DMTU powder. Probe: 514 nm
(black). Vertical red lines show the Raman peaks of DMTU
calculated by B3LYP/6-31G(d).
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Figure 5. Optimized Structures of (A) DMTU and (B)
DMTU2* obtained by wusing DFT calculations at
B3LYP/6-31G(d) level. Numbers in black are the calculated
bond lengths (A). The yellow and blue colors show S and N
atoms, respectively. Spin densities of the two sulfide atoms of
dimer radical cation are given in red parentheses.

Table 1 Amax, S..S and C-S Raman shifts, S.-.S distance, changes
in C-S bond length and Mulliken Spin Densities for DMTU>** and
TMTU2*".

Dimer S..S ACS spin
) Amax Vss Vs o bond p
radical 4 4 distance density on
. (nm) (cm™)  (cm™) o length
cation (A) o S atom
(A)
0.444
DMTU,™ 415 210 467 2.879 +0.048
0.444
200, 0.451
TMTU,™ 450 470 2.918 +0.044
215 0.451
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Studies on Molecular Structures of Aromatic Imides in the Radical anion and Excited Triplet States by Pulse
Radiolysis-Time Resolved Resonance Raman Measurements

Dept. of Materials Excitation Chemistry?, Research Laboratory for Quantum Beam Scienceb

Bo ZHUANG 2, Sachiko TOJO b, Mamoru FUJITSUKA 2

Structural characterizations of radical ions and triplet excited states are usually challenging due to their high

reactivity and corresponding short lifetime, but can be achieved by combining pulse radiolysis and time-resolved

spectroscopic techniques. Here, we report the transient absorption and time-resolved resonance Raman spectra of

the radical anionic and the lowest triplet states of a fundamental aromatic imide compound, 2,3-naphthalimide.

We found that, although in the neutral ground state and the lowest triplet state 2,3-naphthalimide exists as a

symmetric molecule, in its radical anionic state the addition of an electron leads to a deformed structure with

unusual in-plane asymmetry.
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Fig. 1. Molecular structure of 2,3-naphthalimide.
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Study on radiation-induced chemical reactions in aqueous solutions

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

Yusa Muroya, Takahiro Kozawa, Kazuo Kobayashi, Kazumasa Okamoto, Kengo Ikeuchi, Tomoe Otsuka

A metal oxide resist, having high absorption coefficient in EUV region, is expected as a novel material in the

next generation lithography. In order to improve a performance for implementation of this resist, resist design

based on understanding mechanism of solubility change caused by exposed to EUV is important. In this study,

indirect effect of electron beam-induced reaction in ligand of a metal oxide nanoparticle resist as the metal resist

was investigated by using a pulse radiolysis method.
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Figure 1. Transient absorption spectra of BA at (a) 80
pus (pH 10.1), (b) 40 ns (pH 3.10) in the pulse
radiolysis.
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Aromatic carboxylic acid
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Scheme 1. A reaction mechanism of carboxylic acid

under basic condition (pH > 9) irradiated with
electron beam.
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Relativistic-energy femtosecond-pulsed electron microscopy

Dept. of Advanced Nanofabrication, ISIR, Osaka University

Jinfeng Yang*, Koichi Kan, Masao Gohdo, Yoichi Yoshida

Ultrafast electron microscopy (UEM) with femtosecond temporal resolution is a very promising technique to

observe directly ultrafast dynamic processes in materials science, chemistry and biology. In this report, we

presented the development status of a relativistic UEM instrument using a compact radio-frequency (rf)

photocathode electron gun. The results of high-quality electron pulse generation and the electron microscopy

imaging with the relativistic femtosecond electron pulses were reported.
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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 should be reduced to around 10 eV to be stored in the beamline before making pulsed beam. The

positron beam was successfully transported to the re-moderator in the experimental room having a role of energy

readjustment of positron.
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Formation of intramolecular dimer radical ions of diphenyl sulfones

Dept. of beam materials science?, Faculty of Engineering, Hokkaido Univ.b

Kazumasa Okamotoa*, Shunpei Kawaib, Takahiro Kozawa?@

Dimer radical ions of aromatic molecules in which excess charge is localized in a pair of rings have been

extensively investigated. While dimer radical cations of aromatics have been previously produced in the condensed

phase, the number of molecules that form dimer anions is very limited. In this study, we report the formation of

intramolecular dimer radical ions (cations and anions) of diphenyl sulfone derivatives (DPs) by electron beam

pulse radiolysis in the liquid phase at room temperature.
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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. Irizawa*, 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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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, designs and test results of the

undulator 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 Oshima@b, Yoichi Yoshida?"*, Kazuyuki Sato?, Kenji AdachiP

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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Isothermal annealing ESR observation of organic radical species in gamma-irradiated chibaite

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

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

Chibaite, one of the silica clathrate minerals, has a framework structure of silica with cage-like voids occupied

by guest species, and the structures of silica clathrates are very similar to those of gas hydrates. Although the

hydrogen picking process was observed in gas hydrates, its mechanism is not unclarified. In this study, we

performed isothermal annealing experiments to investigate whether hydrogen picking process was observed in

chibaite. We measured electron spin resonance (ESR) signals of the gamma-irradiated chibaite at 200, 230, and

260 K. The amount of hydrogen atom and four organic radicals increased, whereas tert-butyl radical decreased.

The results imply that hydrogen picking process also occurs in chibaite.
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Development of functional materials using y-rays irradiation

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

Koichi Kan3", Akihiro Oshima@b, Yoichi Yoshida@™™,

Kazuyuki Satob, Kenji Adachib

For development of functionalized materials and modification of various polymeric materials, y-rays

irradiation for various monomers such as fluorine / non-fluorine were demonstrated at ISIR, Osaka University.

After y-irradiation, various analyzes were performed. In the case of 2-(Perfluorohexyl) ethyl acrylate (C6SFA),

the degree of polymerization differed depending on the oxygen concentration.
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Conversion of radiation energy to chemical, electrical and mechanical energy
- Development of a capacitor type gamma-ray battery -

Dept. of Electric and Electronic Engineering, KINDAI University?

Teppei Otsuka?*, Hiromasa Matsuoka?, Sachiko TojoP

Electric charge was successfully produced in a gamma-ray battery made of three sandwich structures of an

aluminium (Al) plate, an acrylic film and a lead (Pb) plate during gamma-ray irradiation, and collected and stored

in a film capacitor connected electrically parallel to the gamma-ray battery. The Al plate was charged negatively

indicating much electron incidence or less electron emission from the Al plate.

charge was 9.9 um after gamma irradiation for 24 h.
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Dynamics of single-stranded DNA and RNA looping studied by formation of dimer radical cation of sulfonated
pyrene

Dept. of Materials Excitation Chemistry, Institute of Scientific and Industrial Research 2,
Research Laboratory for Quantum Beam Science, Institute of Scientific and Industrial Research

Kiyohiko Kawai?®, Jie Xu?, Sachiko TojoP, and Mamoru Fujitsuka?

Sulfonated pyrene, SPy, was synthesized and used as a radiation- and photo-regulator for controlling the single-stranded
DNAs (ssDNAs) and RNAs (ssRNAs) looping in physiological aqueous solution. The ssDNAs and ssRNAs modified with

Spy at both 5°- and 3’-end were synthesized. The looping of doubly Spy-modified ssDNAs and ssRNAs composed of poly-A

or poly-T (poly-U) was stimulated by laser pulse irradiation. The association of the SPy*" at one end of ssDNA/ssRNA with

its neutral counterpart of SPy at the other end of ssDNA/ssRNA gives rise to the formation of dimer radical cation of SPy

(SPy2""). The looping kinetics was determined by measuring the formation rate of SPy>"™

corresponds to the charge-resonance band.
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Gamma ray induced damage of window materials for nuclear fusion

Institute of Laser Engineering?

Kohei Yamanoi?”, Youwei Lai?, Yu Haoze @

In space instruments, remote controlled robot for nuclear decommissioning, and other science activities involving

high energy, demands of radiation resistant optical components, especially imaging systems are increasing. To

reduce the influence of mechanical shocks and distortion as well as obtaining high quality images, achromatic lens

can be considered being used in such imaging systems. However, there are few alternatives of radiation resistant

optical materials available. Long-term exposure to high energy radiation can cause various damages in most of

glass materials, therefore developing and evaluating radiation resistant optical materials become very important.

In this study, we investigate various kinds of glass materials on their gamma-ray irradiation-induced optical

property changes to help select and develop new radiation resistant optical materials. Gamma ray irradiation effects

on lithium boron oxide (LBO), lithium borosilicate (LBS) glasses with varying concentrations of boron oxide and

lithium oxide, and several commercial optical glasses were first investigated.
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Development on ultra-fast electron detector by means of pockels fiber

Institute of Laser Engineering?, Institute of Scientific and Industrial Research, Dept. of Nanoscience and
Nanotechnology Centerb

Yasunobu Arikawa®",

Masato Ota?, Makoto Nakajima?, Koich Kan®

Ultra-fast electron temporal detector by means of electro optical reaction has been developed. The detector consists

of an electro optical polymer attached to a tip of the optical fiber and an optical spectrometer. Electron beam from

LINAC is injected to the EO polymer and create. A chirped laser pulse is transmitted through the fiber and the

electron signal is measured by using a wavelength spectrometer. By the nature of the chirped laser pulse the

spectrum signal can be converted to the temporal signal, in this way we obtain ps time resolution. The detector

had been planned to be tested by using ps-LINAC and synchronized probe laser system in FY 2020, however the

detector and probe laser system have not been completed yet.
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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 @, Nobuto Akazawa &

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 brittle at low temperature, both the mechanical

strength and the insulation performance could be decreased. We focused on the insulation performance,

because laminated materials are the weakest in the direction of dielectric strength. In this study, Glass Fiber

Reinforced Plastics (GFRP) consisting of glass cloths and epoxy resin were made, and irradiation effect

under liquid nitrogen temperature on dielectric strength was examined.
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Processing of biological materials by terahertz free electron laser

IR-FEL Research Center, Tokyo University of Science?, The Institute of Scientific and Industrial Research,
Osaka Universityb

Takayasu Kawasakia*, Akinori IrizawaP

Amyloid-base rigid scaffolds are used as fiber-type biomaterials for cell cultivation, drug delivery systems, and
functional interface modification in biomedical and material fields. Therefore, structural control of the fibril
formation will lead to alteration of various biomaterial processes associated with amyloid fibrils. When lysozyme
fibril and B2-microglobulin fibril as model samples were irradiated by THz-FEL tuned to 54 um, both solid
aggregates were destroyed accompanied by decrease of -sheet and increase of a-helix, as shown by infrared
microscopy and scanning-electron microscopy (SEM). On the contrary, effect of irradiation at 70 um was not so
much in either samples. This study demonstrated that the fiber structure of amyloid fibrils can be regulated by
irradiation of THz-FEL at specific wavelength.
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Fig. 1 Effect of THz-FEL on amyloid fibrils (A) THz
absorption spectra. Solid line: lysozyme fibril; dotted
line: B2-microglobulin fibril. (B) Infrared absorption
spectral analysis. Left panels: infrared spectra at amide
I and II region. Upper: Lysozyme, below: [2-

microglobulin. Right panel: protein secondary structure

49

analysis. Black: Lysozyme without irradiation; red:
Lysozyme with irradiation at 56 um; green: Lysozyme
with irradiation at 70 pm; gray: P2-microglobulin
without irradiation; blue: [(2-microglobulin with
irradiation at 56 pum; brown: p2-microglobulin with
irradiation at 70 um. (C) SEM observation before and
after irradiation at 56 pm. Upper: lysozyme, below: 32-

microglobulin. bar: 200 nm.
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