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pyrimidine dimer

UvrABC endonuclease

elimination of the 12 base pairs
including the dimer

Figure 1. Schematic illustration of the excision repair
system. UvrABC binding to the pyrimidine-dimer nicks
on the single strand in the DNA and removes a 12-base-
pair fragment including the dimer. DNA polymerase I in-
serts nucleotides to make the correct sequence at the
place. DNA ligase seals the strand again.
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Figure 2. Survival curves of SHE cells irradiated with
soft X-rays around the energy of phosphorus K-edge.
Results are presented as the meanszstandard deviation
of four independent experiments. Symbols; @, 2.159 keV
(middle line); A, 2.153 keV (lower line); &, 2.147 keV
(upper line) (Ref. 11).
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Figure 3. The frequencies of chromatid breaks (top),
mutation (middle) and morphological transformations
(bottom) in SHE cells irradiated with soft X-ray around
phosphorus K-edge. Results are presented as the
means+standard deviation of four independent experi-
ments. Symbols; @, 2.159 keV (middle line); A, 2.153
keV (lower line); ®m, 2.147 keV (upper line) (Ref. 11).
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Figure 4. Survival curves of V79 cells irradiated with
soft X-rays around the energy of phosphorus K-edge.
Symbols; @, 2.146 keV (upper solid line); &, 2.153 keV
(lower solid line); A, 2.160 keV (dotted line) (Ref. 17).
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Figure 5. Exposure dependency of the production of

chromatin breaks in V79 cells with (open symbols) or
without (closed symbols) repair after irradiation with
2.146, 2.153 and 2.160 keV soft X-rays (Ref. 17).
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Table 1.
K-absorptlon edge.
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Compiled data on the molecular dissociation with the soft X-ray irradiation around the phosphorus
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Table 2. Compiled data on the molecular dissociation with the soft X-ray irradiation in wet condition around the phos-

phorus K-absorption edge.
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Figure 6. The dependence of the G-value of (a) ssb and
(b) dsb on Col El plasmid DNA irradiated with the soft
X-rays around the phosphorus K-edge (Ref. 26).
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Figure 7. Molecular formula of sulfur-containing amino acids; (a) cystathionine; (b) methio-
nine; (c) lanthionine; (d) cysteine. The relation of each cleavage site to the expected products is
shown by arrows. Ala; alanine, Gly; glycine, Met methionine, Cys; cysteine, Mcys; methylcysteine,
Ecys; ethylcysteine, Hcys; homocysteine, Abu; e-aminobutyric acid.
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HPLC chromatograms of (a) cystathionine, (b) methionine, (c) lanthionine and (d)

cysteine irradiated with soft X-rays around sulfur K-edge. The photon energies used were 2472 eV
(upper panels) and 2466 €V (middle panels). The lower panels were control samples.

eV DIV F—HIND/= 0 O5FEE) &Rl
FELIO, BN/ AXY Fvg, F9ITR
T, T2 TGvalueld, BMXBEBHICLIDEL
TSV ANVDRRIZHIGT S EEZ NS,
CDIRVF—FFRT, KOSBZLIVELSES
D IIVIER & RREIC NI D TORBRT — X
THbH, TVIVEERTET R)VF—ENCmEIT T
W 4 L, Magee and Chaterjee?” & % \» 12
Yamaguchi3® O‘%‘—Fﬁ“@% LNFER EERERIC
—F L7 COFBRIL, BFORRHB-> TV
A1)V D recombination L > TWAZ &R L
TWAEEZONS,

DSV DID recombination LV, LDOKE

BHRTHOLNIZATP RUT/5AX FDNA DS
TeDDT— AR ELHABAB DL DTHEAL D »?
BEBEICKT YV IIVHEL ZEBICT D 72ED
ATP G FHRFEEITNE, SVINVEBEWEE
7 recombination 3 5 B I APT & RJIEF A 7
W, FEF & LCadenine DRI LIz & 2
5N 520, — 75 A3 F DNA OKBEDEE
i3, ATPKBRDEN LD &7 DV 1 mg/
mlThHsb, Bohicr—x%R5 &, Gvalue
WWLTHWEWEX103EBETHD, 2.1keV 7
x PV E DR RBHCBRIR S N 7RO 5 F 2
ILDOBEIL /-1 N01ETH S, Col EL I
6x 103 &% (4 FEM3.6x108) THAH»5H



406

1.5 F

Yield (umol/J)

0.5 - ]

O— L L FIRS SO SN T | L L L PR
1 10 100

X-ray energy (keV)

Figure 9. Yield of the ferric ion as a function of the inci-
dent X-ray energy. The values reported based on other
studies are also plotted for a comparison. Present study,
®; Hoshi et al. (1992), <; Freyer et al. (1989), A;
Yamaguchi (1989), ---, Magee and Chatterjee, (1987), -—;
and recommended values of ICRU (1970), — (Ref. 36).
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Figure 10. Schematic illustration showing the relation
between the DNA size and the range of the LMM Auger
electrons from a K-shell excited phosphorus in the DNA’s
backbone. The gray circle with the 5 nm radius is an ima-
ginary sphere indicating a range of the Auger electrons.
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Figure 11. The schematic layout of the measurement
system for the absorption at BL—12A at the Photon Facto-
ry. UV abosrption measured at the same sample area.
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Figure 12. Photoabsorption spectrum of the DNA. The
full widths at half maximum of the resonance peak were
20 eV at the N K-edge and 10 eV at the O K-edge.
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Figure 13. Photoabsorption spectrum of the DNA
around (a) nitrogen K-edge and (b) oxygen K-edge.
Both of the entrance and the exist slit width of the
monochromator were adjusted to 20 ym.
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Figure 14. Absorbance at the energies of 350, 450, 500,
600 and 650 eV plotted against the surface density. The
lines were fitted using a least-square method. The error
bars indicate the standard deviations of the surface den-
sity of each sample obtained from the data of the pho-
toabsorption at the energy of 900 eV.

Table 3. Photoabsorption cross sections of the DNA
film compared with those calculated usmg Henke’s data

photon Expenmental caIculated

ener y o ~ value

- (eV) (Xlwcmﬁg) (lecmﬁg) -
3010 e dsy fo 9300, 97)f‘
450 113 120 (1.13)  0.94(1.00)
500 0908  0.981(0.89) 0. 93(1. 02)
600 116 0.890(0.98) 1.30(1.19)

650 100 0.898(0.94)  1.11(1.06)
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DNA Z3 U & 5 A FERHNT N & % R 2 R
T ABRICER &7 A D,

7.2 BERUVEEZOKBRBIE T TD
DNA D48,
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Table 4. Comparison between dsb and ssb at the soft
X-ray region under 1 keV

photon tatio

n(dsb) /sec ’

e n(,sgsb?/se?; (dsb/ssb)’

388 5.57x104 43x10°5  0.077
435 7.53x107* 5.5x10- -3 ; 0:,074 ,
573 1.03x107°  8.0x10~° j_j_:o,yo78; :
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