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DNA Damage Induced by Monochromatic Photons from VUV to SX
Kotaro HIEDA

Biophysics Laboratory, Collage of Science, Rikkyo (St. Paul’s) University

Monochromatic VUV and SX photons using SR as a source are useful to study how
energy absorbing processes could affect type and amount of radiation damage in DNA and
its model molecules. DNA damage induced by photons above 50 nm and SX photons near
0.5759 nm (2153 eV) is reviewed in this article. Cyclobutadithymine and (6-4)
photoproduct are induced by VUV photons down to 150 nm in DNA, thymidylyl-(3* —
5’)-thymidine (dTpdT) and sublimed thymine films. Major photoproducts change from
these dithymine photodimers to photodestructive products (thymine, 5’-dTMP and
3’-dTMP) below 200 nm for dTpdT; around 120 nm for sublimed thymine films, the
transition from the photodrimers to 5-hydroxymethyluracil, 5-formyluracil and undefined
products. These results indicate that dithymine photoproducts (typical far-UV type
damage) are main products in the relatively narrow wavelength region above 150 nm. In
SX region DNA has an absorption peak at 2153 eV due to the transition from phosphorus
s to phosphate t*. The cross sections for the induction of strand beaks of DNA and
pentadeoxythymidylic acid have a similar peak to the absorption spectrum. The absorbed
energy per single-strand break, however, has no photon energy dependence, and the
absorbed energy per double-strand break above the peak is about 13% smaller than that
below the peak. This means that the phosphorus K-shell absorption of X-rays and
following Auger processes has no or very small effect on excess formation of strand break
on the basis of absorbed dose.
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Fig.1 Typical DNA damage induced by far-UV and
X-rays®. (A) Cis-syn cyclobutane-type thy-
mine dimer (abbreviation: cis-syn T<>T). (B)
Thymine (6-4) photoproduct (abbreviation:
T(6-4)T). (C) Spore photoproduct. (D) Cyto-
sine hydrate. (E) DNA-protein cross-link. (F)
Strand break. (G) Thymine glycole.
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Fig.2 Action spectra (normalized to unity at 260
nm) for the induction of cis-syn T<>T and
(6-4) photoproducts™. Dashed line: relative
DNA absorptiom spectrum calculated from
optical constants.
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Fig.3 Action spectra for the formation of cis-syn

T<>T (@) and T(6-4)T (o), and absorption
spectrum of a sublimed thymine film (line)™.
Sublimed thymine films were irradiated by
monochromatic photons in a vacuum, dis-
solved in distilled water, and analyzed with
HPLC.
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Fig.4 Typical HPLC chromatograms of sublimed
thymine films irradiated by VUV'™. The
retention time of thymine (about 11 min) is
normalized to unity for each chromatogram.
(6-4): T(6-4)T, dimer: cis-syn T<>T, 5-HMU:
5-hydroxymethyluracil, 5-FMU: 5-formyluracil.
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Fug.5 Wavelength dependence of the yields of the
three dithymine photodimers and the three
photodestruction products of thymidylyl-(3' —
5')-thymidine®™. (&) Cis-syn T<>T, (x) trans-
syn T<>T, (o) T(6-4)T, (A) thymine, ()
5'-dTMP and (o) 3'-dTMP.
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Fig.6 Photon energy dependence of the relative
values (normalized at 2147 eV) of the
absorption cross section (line), the action
cross section for the induction of strand
breaks in pBR322 DNA molecule and the
absorbed dose per strand break: single-
strand break (ssb, solid circle) and double-
strand break (dsb, open circle)® . Cross
sections (107" m? at 2147 eV were 2.05
(absorption), 11.2 (ssb), 0.43 (dsb): ab-
sorbed energies (keV/break/DNA molecule)
were 0.37 (ssb) and 9.7 (dsb).
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Fig.7 Number of single-strand breaks (a and b) and double-strand breaks
(c and d) versus expousure®, The straight lines were fitted by the

least squares method.
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Fig.8 HPLC chromatograms of d(pT)s analyzed
with an anion-exchange column®. (a) Con-
trol sample exposed to a vacuum without
irradiation. (b) Irradiated sample with 2147
eV X-rays for 1.0 X 10* C/kg. (c) Irradiated
sample with 2153 eV X-rays for 1.0 X 10*
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Table 1 G-values for the induction of the products of d(pT)s after X-ray irradiation at 2147 and
2153 eV,
‘Energy s ~ G-value* ‘
&) Ty dpTp)  S=aTMP  d(T),  dpT),  dpT),
2147 0.300 0.038 . 00s5 . 0068 0.063 10069
2153 0276 0.042 0.054 0.064 0.061 0063
Raic** . 092 . 1y 0% 097 0.91

* Number of products per 100 eV absorbed dose. The conversion factors from exposure (C/kg) to
absorbed dose (Gy) were 7.24 X 1072 at 2147 eV and 2.86 X 10” % at 2153 eV.

** (G-value at 2153 eV)/(G-value at 2147 eV)
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Fig.9 Model of the scission of d(pT)s by monochromatic soft X-rays®. The
underlined products were detected in the experiment. The crosses
represent the destruction of deoxyribose.
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