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Abstract

To investigate the mechanisms of DNA damage induced by direct photon impact, we observed the near edge X-ray ab-
sorption fine structures (NEXAFS) of DNA nucleobases using monochromatic synchrotron soft X-rays around nitrogen
and oxygen K-shell excitation regions. Each spectrum obtained has unique structure corresponding to ©* excitation of
oxygen or nitrogen 1s electron. These aspects open a way of nucleobase-selective photo-excitation in a DNA molecule us-
ing high resolution monochromatized soft X-rays. From the analysis of polarization-dependent intensities of the 7*
resonance peak, it is clarified that adenine, guanine and uracil form orientated surface structure. Furthermore from the
direct measurement of positive ions desorbed from photon irradiated DNA components, it is revealed that the sugar moie-

ty is a fragile site in a DNA molecule.
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Figure 1. NEXAFS spectra of nucleobases thin films around oxyg-
en K-edge region with the calculated 7* resonant excitations DV-Xo
method (solid bar) of each nucleobases. The region of the o*
resonant excitation is shown by a horizontal bar.
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Figure 2. NEXAFS spectra of nucleobases thin films around nitro-
gen K-edge region with the calculated 7* resonant excitations with
DV-Xa method (solid bar) of each nucleobases. The region of the
o* resonant excitation is shown by a horizontal bar.
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Figure 3. (a) NEXAFS spectrum of DNA thin films around nitro-

gen K-edge region and (b) oxygen K-edge region.
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Figure 4. NEXAFS spectra of nucleobases thin films around nitro-
gen K-edge region of (a) adenine, (b) guanine, (c) cytosine,
(d) thymine, and (e) uracil, respectively.
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Figure 5. Polarization dependence of the intensities of the n*
resonances in the N 1s NEXAFS spectra of nucleobases. (@ m A X
¥) show the normalized peak area ratios of lowest 7* resonance of
adenine, guanine, cytosine, thymine and uracil obtained from curve
fitting procedure. Solid lines show the curve fitting results for ade-
nine, guanine, cytosine, thymine and uracil respectively.
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Figure 6. Polarization dependence of the intensities of the n*
resonances in the N 1s NEXAFS spectra of 5-halouracils. (@ m AV)
show the normalized peak area ratios of lowest n* resonance of
FUracil, ClUracil, BrUracil and IUracil obtained from curve fitting
procedure. Solid lines show the curve fitting results for FUracil,
ClUracil, BrUracil and IUracil respectively.
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Figure 7. Illustration of photon-stimulated desorption chamber.
The vacuum chamber is connected to the beamline vacuum pipe.
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Figure 8. Molecular structure of each DNA components of (a) 2-deoxy-D-ribose, (b) thymine, (c¢) thymidine (dT) and

(d) thymidine 5'-monophosphate (TMP).
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Figure 10. Obtained NEXAFS spectra for (a) 2-deoxy-D-ribose,
(b) thymine, (c) dT, and (d) TMP thin films around the oxygen K-
shell excitation region.
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Figure 11. Obtained mass spectra of positive ions from (a) 2-
deoxy-D-ribose, (b) thymine, (¢) dT and (d) TMP thin films fol-
lowing oxygen core excitation (538 eV). Ion counts were normalized
with photon-flux, irradiation time and X-ray absorption intensity.
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Figure 12. NEXAFS spectrum of 2-deoxy-D-ribose (a) and pho-
ton energy dependence of the yield of the desorbed (b) H*, (c)
CH;, (d) C,H;, (e) CHO*, (f) C;H5 and (g) C,HO* per con-
stant photon flux (8.9 x 10!° photon/s) respectively around oxygen
K-edge region. The error bars were determined by the fluctuation of
the yield at the same photon energy.
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CHNO*, C3H;0* A A+ vhEllcsns (Fig. 11(b)), &
15D L CAHITHBE WINER RO A - VRIS h
TWb, COAFV/DIRE L L TEINHT & CHf A% 2
ENAED, WV E—AF/TH%, CHNO 2 COT D
EP IR NSNS e G, SOAF VI CHY THAH
LIFIE L 72, Thymine 705 CHy OBt DNA 7+
C thymine 7» Huracil ORA V F I 2 —F—¥ 3 V&5
FRITERDbNS, —BICEREEE & L T uracil i%
cytosine ORLT I/ RINZ ko TERT 5T Lid k<
NTWAHRY, SEE NIRRT, EEDHRICL-T
thymine 7» 6O uracil DAERZRE T 5 LD & Ebh 5,

BRI RIC X 5 thymine 20 & uracil O AEBIZ DWW TiE§
TIZH 4 O HPLC % [\ 72 ISR A A R O 73 T i Fs o
THHER SN TV A, KB R OFE Tl thymine 2
5 HMU % DHT, for Ura 7z & O R BHER I N TV 5
70, Fx OFRTIE, CNHEORMVEROA 4 VITHE
Hxn TV, EElxhsz COt, CNHY, CNOH* A 4
VIREY IV VEROSRICHET A LD EEZONS, O
NHEOA L VIEZ CHY TS EDnwized, BV
VVIRO GG uracil DEBICIENS LBV EE 2 B b,

dT & Cld, A4 &L THY, CHf, CO*, C,
HO*, CH3;0" A4 A vl (Fig. 11(e)), flio &
N7 FIVICHANTS/N ARV /zDIT, 27041805 72
AXVDE->ED EGHcsn TR Ehbnrs, —
Ji, TMP #fEClid, CHY 4142 dT LD b4 <@l
Niz, dT TR.ON/A A iz T, CHy, CHO*, C,
NH*, CHNO* A 4 vhgEilshs (Fig. 11(d)), thy-
mine & dT, TMP ® 4 4 /5 E (% d-Ribose D E D1/3
BETH->7, dT & TMP O~ Z/3% — /1% d-Ribose &
thymine O A7 RV O G TRIATETH S & h
O, 3F 757 AV I EEEOWITOTA FTHERL
TWhLDEEZLNS,

SEIOR AANYT L bHE bh/z, d-Ribose &R
7z thymine, dT, TMP #E D 4 4 A4 VR E I3 ERR T
X o EARL TWw5bA, Millar 537 @ thymine, dT,
TMP 235517570 —5 VD HIVOERD G EIZEnZhn
0.1,04,2.0 KX ko Twh, KERFR TIHKEN
ML et S A VBEICHRESIhTW5, 2%0,
DNA 7 fRICBE 3 5 T X TOWILEN B ES R0 O
PICT AT, A F VOB 720 Tre < e EEOBIHI2
WE L5,

HWHO & & & DICHHTIM R EIRE LA TV AHEEIC
LIFEIFTLBERENLEZON, TOBEBICK > THEL
TR b 7, IEI ST L0, XIS
FoThlERISNABEEDRICK > TELT A—Y
(&, EEELEIC K-> T, 75 AZ—LLREEC
HTEDPMOENTEYD, Fio, TOXDBXA—VPES
ICEEINRN LSk, BalkF A—VrEKIchE 25
LT HHESN WS, F/o, TNThOBENED X
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> 7 BIRIC & - THRIICAER S % D &\ 22 AT
SALERBTHC L AEETHY, SEOTETS 5,

5. £&&
KPFECIEEEE X » S OB Ak X2 HAWT, *
9, DNABBIERXDOER S L UMEFE D NEXAFS A7
FPVORIEEIT > 72 ZHUTL A &, HIHEMOENZ LA
TEFIREEDE T L - T DNA HRC, Ha kA @RI Fhikd
T 5, MEEBRWEE | OeEEY R+ 2 N TE
720 F7z, NEXAFS 27 bV AGHEAR S A R A
J U, adenine, guanine, uracil I35 T D EC S % &
DT EDBHOLENIT -7, SHIT, X AFIC L% DNA
BBEO AN ZALCOWTEL=DIZ, KBHIC k- TH
UlcA TV EmE 57200, EEZLH B, W o»
O DNA # B T2 2T, BE R K ik I8 C O Jhi e
A FVEBEET, BERIC L > TAHEL 5 DNABED
ANZANCOWTORE NI G5 2 L pnTEI,

& &

DV-Xa % FHUBHHIC OV T E & Wi & g L7
BALE BRI O 4Gt S L, BT BT ORI
AL, BOEEEE, 2L T, BERSIEBROTD LT
ICBIL TR A et E L, BMhIAM-LIC R E L
FFET, k70, U—ATA vOREECHEBINL, BA
A TR O — LT A VAR v 7 OEFRICEHH L L
g, mLICEREE CTH 5, BRFEFIHEHOMR
REEL, BAPEELICEHR L LT ET,
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