FHAABBREFLV—T—0DIRK, FIARARERE

FHBHET L —F— DR - BENEAOGHRE

N5 B

RREMKFREMERFIEREFL - -—MHRE> 5 —

T278-8510 TEEFHMILIF2641

BIRILF—ILRISFAREE LRI RS T305-0801 KMED < (KA 1-1

EURYPEEZIRMRETIARDBICEVTHRIAHEF L —F—F ML TREEBO T 71— 3 > PKHEIC

gl |

BI2ELRFOAL T+ A= a LBRICAVWLNTE o CNICHLEBREFMEOAEEBEZ RS NITE
ELTORBREMENAAYRENBRT DI 2T 7 /02— L LTORARZRH L7c, KRG TE I NS O

REBCOVWTHENL, £EGRZRUOBERFESFICETIHRIBHEFL —H —OFFRERELCOVWTIRET %,

1. BUHIC

HRABEBEET LV —Y— (IR-FEL) OREFRIECHIA
B DWW TIAREEE S O MO AT OFRFITFEL Wz
AR CREFIHTHEL LT, T I TiEIR-FEL O¥r
7o MR ERE & U CEMBE RO BRER S BIC B 5k
HDEZELDRERLOABR R LICHERSL & EF
512 EFd Table 1% CEW/-/2 & /0w, AR EAE
IS RIS W THRES NIBEDMR LA E L7
LDOTH5bH, MADOE G EFNTIIMEEL TNVl &%
CHEMIA X, 1999 ~20204F & TIZ 5 o % FEL fa 7%
(FELIX, Vanderbilt University, J-Lab, iFEL, CLIO) T

MENTHRENEE S > ML TAB &, 720nizn2
B ONTTY—IChBEIND T Ehbrb, —DI34K
MBOXBVERIC L 57 TV — 3 VEEICHE L C
B B30 B 2 1 F A AT LT R6.5um @ IR~
FEL #8435 &, WEMBE LS T 5B X A=
T/ RICH 2 TS 7k CTE 5, /BB /-8
BADZVIRTBOFRBR A A=V VT RITIC L DFARD
NTwb, &95—>20 05T —IF, Infrared multi-pho-
ton dissociation (IRMPD) AX7 b )LEIC Xk B4k T
DAV T 5 A= a VN ThH B2, Flz e x IV
HO—D2THAVLTFURT I /BO—FT IV 2 I VEED
SHNCBT BV 7 x A= a VIFAEHFBILAR 7

Table 1 Various application studies of IR-FEL in biological science.

Ref. Title Journal FEL Facility

Dynamic behavior of photoablation products of corneal tissue in the mid-IR:

3 . Appl Phys B. 1999, 68, 111-119 FELIX
a study with FELIX

4 Picosecond Thermometer in the Amide I Band of Myoglobin Phys. Rev. Lett. 2005, 94, 128101 FELIX
Mass-Spectrometry-Based Identification of Synthetic Drug Isomers Using

5 Anal. Chem. 2020, 92, 7282-7288 FELIX
Infrared Ion Spectroscopy

6 | Tissue ablation by a free-electron laser tuned to the amide II band Nature 1994, 371, 416-419 Vanderbilt Univ.
The effect of free-electron laser pulse structure on mid-infrared softtissue | Phys. Med. Biol. 2005, 50, 1885— . .

7 . . . Vanderbilt Univ.
ablation: biological effects 1899
In-vivo optical imaging of hsp70 expression to assess collateral tissue damage . . .

8 R Lo X X J Biomed Opt. 2008, 13, 054066 | Vanderbilt Univ.
associated with infrared laser ablation of skin

9 Selective Photothermolysis to Target Sebaceous Glands: Theoretical Estima- | Lasers Surg Med. 2012, 44, 175~ J-Lab
tion of Parameters and Preliminary Results Using a Free Electron Laser 183

10 Selective Removal of Cholesterol Esters in an Arteriosclerotic Region of | Lasers Surg Med. 1998, 23, 233— FEL

i

Blood Vessels With a Free-Electron Laser 237

1 Structure and Conformation of Protonated D-(+ )-Biotin in the Unsolvated | J Phys Chem B. 2015, 119, 6198— CLIO
State 6203

12 Conformation of protonated glutamic acid at room and cryogenic tempera- | Phys. Chem. Chem. Phys. 2017, CLIO
tures 19, 10767
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FIVERIET S ETETSN TS, 8T, TZTIR-
FEL ¥t % 3 o%F 5 40, 1) HEWE, 2) &
HEEZ « BT rVF—, 3) VoA~ af/ OV ATH
Do FEIT, HARAMEIICIE, Bk R LS A ORI —F
BEEN TV A7, IREIFE T V¥ — % RFRIIC
REPBEICHL-TE, THICLD, L3R E OMBERiEAL
Vo LB RIEAFIR S 5, Table 1 TR L 7247
HRATESICINEDEREEDN L2 EE 2575,
FIH IS OV TIRBES DI 58 L A2 O M 5 F R
ICROENTW B, HE5FHEGEOLHENEAYE 2 niE, IR-
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ML 7=l Th S KRB LB 2 5, £ TEHD,
IR-FEL OIGHEKR A IS 522 L2 AR E L TINE T
LI e Bz 538 ICIR-FEL ##H L 72, —
13, EEREEYEONMEEZELIZODGHEE L TD
FIHTH DY, &5—2iF, RENA T AEHRT 57
DOT VY=V F 7 ) A=~ DIEHTH 52,

LIF, &FFNCo>WTRRMAL, 4« BRERIESEICE
1+ % IR-FEL OFr7- 72 iEHEIC OV TRE L /20,

2. £FEMHDOAERBERIRNDICH

A= vEFRE, NZTFUTHOEY, EWICEDET
EYFICRIES EIET H, ZTOEEGHEK T, Frv
F—viICknFoyvaBlEns LI LD 5,6-di-
hydroxyindole (DHI) J Uf 5,6-dihydroxyindole—2—-car-
boxylic acid (DHICA) 2 LR S h AK58E D eumela-
nin BAERL, YVATA VHABEET I REED
pheomelanin M ER 9 5, A5 OREEEEMTE & LT,
nuclear magnetic resonance (NMR), Fourier transform in-

frared (FT-IR) spectroscopy, electron paramagnetic
resonance (EPR), mass spectroscopy (MS) 2k < WS
N5, F7, Alkaline hydrogen peroxide oxidation
(AHPO) #:i%, eumelanin & pheomelanin % [X J]4 % 7
DOOILFNHEE L THERTH AW, $7bb, pyrrole-
2,3—dicarboxylic acid (PDCA), pyrrole-2,3,5—tricarboxylic
acid (PTCA), pyrrole-2,3,4,5-tetracarboxylic acid (PTe-
CA) 7 eumelanin © DHI, DHICA, cross-linked DHI 7> &
FNFENERSNS, ASoVEaFEIA DRI VY 5
D A5 EDKBEEY D BRELEEDOB & L TEENT
B0, BEKROMAELTRASIA TS, 22T2
HHOA W EBbA» B /o GSM122841i3” 4 )L I
Ve —I (£F 1Y A) O Peterborough Member of the
Oxford Clay Formation 7» 5 S, YPM22121013
N—=F =7 2 )T/ 7 M (FA ) ® Koblenzer
Bed of the Posidonia Shale Formation 7> H#REX & 7-14),

FHE50AD 1R TH~2 (BERIOMBEHEKTH D,

BTHEBE TCENLDOIREBZET H &, EHLHLERE

50-100 nm OIRKZ TR/ Hid 2 < KFIHA 257 (Fig.
), BEGORS L, AHPO, EPR, [E{& 13C-NMR,
FT-IR f##r 7 & eumelanin TH 5 Z ENHBL, Z DAl
OGFELT, B FBRFVTRZA b, REEHIVY T L,
ZUINTBREENTWAET ERTESHEC LWL,
SN/ TNHDOW, X VN7 BERBETH Y ERSIE
ASZvbkb FaFy 782, FThbH, LLEDD,
ASZvEL FaFYTNEAL PR EDLSITEEGLE-
T—20tABELZIZERL TOWL5O0 R TH 5,
GSM1228411% YPM221210 & P& 8 B 5 D 7p, [A)
L7Dh ? ChbOBBICET 2MBE B 501, B F
OF V7NN A b EAS VIR R & C© IR-FEL
2BEOMAICIRHE L, ThoOMEEL kT 5
ZrELY,

A HEALFHD FT-IR A X7 FJUTIiE 3 2D/ FHE
Mxns (Fig. 1B) : 1030-1040 cm 1 i3k Ry 7 /8%
A +FOP=0EREHTH Y, 1425-1460 cm~1 D 2 KD
Y— 73KV 7 A, 1600-1700 cm 1 i A 5 = /0C
EENHAVEF—=L T —)LD C=0 HfEIRENIC Y §
B L FBEFVTINX A FEIMOBRICH LT P=0 fifi
[CHEY 3 A% F9.6 um O FEL # B4 % &, 1042 cm-1!
DBWE =73 KEL WAL (Fig.10), ZOZ &
BHHC L > TY VEBBEN SR L2 EB%T 5, RIS, A
N BACEITIRST L 7o, OB EMRIC 8 A0 U R MR
% O CRBIEE O R ABRILAN 7 BV & e L7z (Fig.
2,3), FOEE, GSM12284101042 cm~! O V' — 27 534
R I IRAHIC & 5 TR A L (Fig. 2h), ZOffio
1425, 1460, 1626 cm~! OV — 7 BE & p7x D ORREE A 75

PBM221210

(B) (€)
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Fig. 1 (Color online) (Reproduced from ref. 1)

(A) Scanning-electron-microscopy images of fossilized coleoid
inks. GSM122841 (left) and YPM221210 (right). White bars:
100 nm.

(B) FT-IR spectra of GSM122841 (blue curve) and YPM221210
(green curve). Irradiation wavelengths of the MIR-FEL are
indicated by arrows.

(C) FT-IR spectra of hydroxyapatite before (dotted line) and after
the MIR — FEL irradiation at 9.6 um (solid line).
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Fig. 2 (Color online) (Reproduced from ref. 1)

(B)

GSM

YPM

(D)

GSM

YPM

— irradiation + irradiation
I |
' Abs
K\
g
-2755|
26166 -12699 Y (um]

X[uml  geoq-5855

. Abs
'p K » (', 0
-8884
45197 Y[um) 13812 Y [um)
X[pm) 47097 -6889 XMl 10912 -11784
- irradiation + irradiation
4
Abs
laa.
M Drss
-12609 Y [pm]

X[ml oo 5855

Y1
XMm) - gq5 11784

Peak distributions at 1042 cm~! (A), 1425cm~! (B), 1460 cm~! (C), and 1626 cm~! (D) with (+) and without (—)
the MIR-FEL irradiation tuned to 9.6 um on the surfaces of GSM122841 (upper) and YPM221210 (lower). Absorption
intensities are categorized by four colours: blue (very weak), green (weak), yellow (strong), and red (very strong).
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Fig. 3 (Color online) (Reproduced from ref. 1)
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Peak distributions at 1042 cm~! (A), 1425cm~! (B), 1460 cm~! (C), and 1626 cm~! (D) with (+) and without (—)
the MIR-FEL irradiation tuned to 5.8 um on the surfaces of GSM 122841 (upper) and YPM221210 (lower). The colour

category was the same as Fig. 2.
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Abn7: (Fig.2B~D), THOZ &, L FaFy7/8% 4

F &Ry & L 72 FEL BBSHIC X - T GSM122841 DR & H
RESHEBLIZEERL TS, ZRIEXL,
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WaREEL 7z (Fig. 4), 5 OLEDRHFTO A7 b
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GSM122841DEEITIIT L A L AT FIVEAL R T/ -
Too RIS, EARIMAB AT FIVIZS T OEEHOIRE)
E—FaRBL, BEESEHL TOWARETIAXRY P
HENPKESRLALY, A5V, AV F—IVIRD -
ARy F /T TEELIBAMEDO Y — FEELR T
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Fig. 4 (Color online) (Reproduced from ref. 1)

Far-infrared spectra of GSM122841 (left panel) and YPM221210
(right panel) . Black line: non-irradiated sample; red line: sample af-
ter irradiation at 5.8 um.
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F, BER, Wy ILe) v OnHEER YPM2212100 7
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AP E 5 270 b B 2 Do A S BB BT
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BENTND, b ED ERKBFRPICHERL T5HY 7 FHL
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THTHAHD, A NBMEALINEFERO—>E LT,
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NBACEOEBBMIIEEND A5V OMEIRET 5 &S
N, ThREBELEIFECL->TEASINS, #- T,
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ML 720,
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FEL I Xk 5 BHFEBRA R A,

) — 2D FT-IR A7 FIUIZEWT, 4 DO\
NV ERBHsNS (Fig.5) : 9.1um (C-O fdfE), 7.2
um (H-C-OZf), 3.5um (C-HZf), 3.0um (O-H
fifffE) CTH%, IR-FEL D RE N OO RICTIEL,
T —2ZBRIH L CRRE TERTRA L%, TV
7 FAATV—A X ACERGS N ER L 2, Wikrm~<
F 757 4 —BESME (LCMS) AXZ FIVIZEBWT
(Fig. 6), B4 L OB & L IK3.0 um DRH O E Tl
Ziva—2bnvt—2 () 3RSz ho 7o
XL, HRIL1um TORHOEE, V/IVa—ADKE —
JRER I NIz, —F, HET2um—>§EE. 1 um O 2 B
MR E, WE3Sum—PERE9.1 um O 2 BMIBH O &1
BWT, ZIa—ZARt vt — AR S N,
Fig. 7:c~ 2707 7 A )V&ERY, HR7.2um—>P59.1
um O 2 BERE (B), IE3Sum—WHRE.1um O 2 B
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Fig. 5 (Color online) (Reproduced from ref. 2)
FT-IR spectrum of cellulose powder. Arrows indicate the target
wavelengths for IR-FEL.
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Fig. 6 (Color online) (Reproduced from ref. 2)

Mass chromatograms of cellobiose (left) and glucose (right) before
irradiation (black) and after irradiation at 9.1 um (red), 9.1 um fol-
lowing 7.2 um (green), 9.1 um following 3.5 um (violet), and 3.0
um (blue). Each mass peak was detected as sodium ion adduct, 365
Da for cellobiose and 203 Da for glucose.
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Fig. 7 (Reproduced from ref. 2)

MS profiles of non-irradiation (A), after serial irradiation at 9.1 um
following 7.2 um (b), and after serial irradiation at 9.1 um follow-
ing 3.5 um (c).
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Fig. 8 (Reproduced from ref. 2)

SR-IRM spectra of cellulose fibril before irradiation and after ir-
radiation at 9.1 um, 9.1 um following 7.2 um, 9.1 um following 3.5
um, and 3.0 um. Left: near-infrared region, right: mid-infrared
region. Double-headed arrow: the half width of the infrared absorp-
tion peak.
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um OB OB EITIEANTH L TR L 2 BR DR S
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Fig. 9 (Reproduced from ref. 2)

SEM images of cellulose fibril before irradiation (A) and after serial
irradiation at 9.1 following 3.5 um (B). Right panels are the expan-
sion of the left ones.
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Fig. 10 (Color online) (Reproduced from ref. 2)
Production of glucose and cellobiose from cellulose fibril by using
infrared free electron laser.
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Application study of infrared free electron lasers
for biological and environmental sciences

Takayasu KAWASAKI Infrared Free Electron Laser Research Center, Tokyo University of Science,
2641 Yamazaki, Noda, Chiba 278-8510, Japan.
Accelerator Laboratory, High Energy Accelerator Research Organization, 1-1
Oho, Tsukuba, Ibaraki 305-0801, Japan.

Abstract The applicability of the infrared free electron laser (IR-FEL) for the bio-related research fields is
less recognized except for the limited studies for ablation of pathological tissues in surgical medi-
cine and for conformational analysis of gas phase biomolecules in physical chemistry. In this rev-
iew, the IR-FELs can be for the first time proposed as an analytical tool for exploring internal struc-
ture of solid phase biological materials and as a novel green technology for degradation of bio-
mass.
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