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A new spectroscopic research of radiation induced dam-
age on DNA and its constituent molecules is proposed,
which is made possible using a liquid microjet technique
for bio-solution under vacuum in combination with
synchrotron-radiation aided site-selective excitation. The
latter part of the proposal article describes the present
state of research on the selective primary radiation
interaction by looking at base moieties of nucleotides.
X-ray absorption near edge structure (XANES) spectra
at energies around the nitrogen K-edge for nucleotides,
(AMP),
cytidine-5’-monophosophate

adenosine-5’-monophosphate guanosine-5’-
monophosophate (GMP),
(CMP), and adenosine-5’-triphosphate (ATP) in aqueous
solutions are presented. Selective excitation of a base moi-
ety using a synchrotron radiation allows us to investigate
the interaction of the base moiety with water solvent. We
discuss the change of spectral character of XANES which
reveals to the structural change of the base moiety under
different pH environmental condition of water solution.
Through the present research a scope for cooperative

direct and indirect primary radiation effets is given.
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(1) adenosine-5'-monophosphate (AMP)
NH,

OH OH

(3) cytidine-5'-monophosphate (CMP)

Figure 1.

o

oO—v

OH OH
(2) adenosine-5'-triphosphate (ATP)

OH OH

(4) guanosine-5'-monophosphate (GMP)

Structural diagrams of the nucleotides examined in the present study: (1) adenosine-

5’-monophosophate (AMP), (2) adenosine-5’-triphosophate (ATP), (3) cytidine-5’-monophosophate
(CMP), and (4) guanosine-5’-monophosophate (GMP).
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Figure 2. Pictorial image of contributions of cross sections of constituent atoms of AMP in a strand

to radiation damage. The sizes of atoms represent the amplitudes of atomic X-ray abosroption cross

sections.
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Figure 3. Ejected electron yields of AMP as a function of X-ray photon energy. The contribution of

cross sections of constituent atoms in AMP is accounted (see text).
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Figure 4. XANES spectra of nucleotides (AMP, GMP, and CMP) in aqueous solutions (Solution) and

thin solid films (Film) as a function of photon energy.
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Table 1. Observed energies for N 1s— 7* for
AMP, GMP, and CMP in the form of thin solid

films and aqueous solutions.

Film (eV) Solution (eV)
AMP 399.6 399.7
400.9 400.9
401.7 401.8
GMP 399.8 399.8
401.3 401.3
401.8 401.9
CMP 399.2 399.3
400.3 400.4
401.3 401.4
402.7 402.7
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ATP film
(pH 2.9)
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Figure 5. XANES spectra of AMP, ATP, and
adenine. Open squares (i) and open circles (ii)
represent the yields for AMP and ATP in aque-
ous solution; solid curves, the yields for AMP
and ATP in thin solid films; and dot-dashed
curve in the bottom (iii), the yield for adenine
film.
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Figure 6. XANES spectra of AMP and ATP at different pH.
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Figure 7. Comparison of the XANES spectra
of AMP and ATP in aqueous solutions with the
spectrum for GMP.
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tive direct and indirect radiation effects to nu-
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