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Abstract:
The objectives of this work were to elucidate the molecular mechanisms that are responsible for
radiation-induced DNA damage. The overall goal was to understand the relationship between the chemical
and structural changes produced by ionizing radiation in DNA and the resulting impairment of biological
function expressed as carcinogenesis or cell death. The studies were based on theoretical explorations .of
possible mechanisms that link initial radiation damage in the form of base and sugar damage to
conformational changes in DNA. These mechanistic explorations should eventually lead to the formulation
of testable hypotheses regarding the processes of impairment of regulation of gene expression, alteration in
DNA repair, and damage to DNA structure involved in cell death or cancer.
Accomplishments:
In the following we refer to the numbers of the publications listed below.
We have shown (#1) that H-abstraction and (3-cleavage are processes that are closely linked to the
participation of water in the possible damage. We have investigated the effects of radicals adding to the
base on the distortion from planarity of the base (#2). Such effects have an important consequence on the
distortions induced in DNA by the damage. These initial results have been summarized in a review (#3)
which received an award from IBM for supercomputer usage.
We have investigated in great detail the molecular factors contributing to the kinetics and
thermodynamics of H-abstraction from methanol and ethanol in gas phase (#4). These are fundamental
studies which demonstrate that the computational methods used by us are an excellent tool to predict bond
strengths, stabilities and the barriers for chemical reactions. We have subsequently presented an overview
of our work in progress and its implications to radiation damage to DNA (#5).
We have performed for the first time a molecular dynamics simulation of a dodecamer of DNA (#6)
which established the conceptual basis for the dynamic approach to the understanding of radiation damage
to DNA. In preparation for the simulations of damaged DNA we have calculated the properties of thymine
glycol and dihydrothymine (#7) and showed the molecular basis for the possible disruption of polymerase
action by thymine glycol but not by thymine dimer.
Computational methods are an excellent tool for predicting spectra especially of short lived species
such as radicals. Using a sophisticated approach we have computed the spectra of hydroxyl radical adduct
to uracil (#8) and showed that the 5-hydroxy-6-uracilyl radical has only absorption in the visible whereas
the 6-hydroxy-5-uracilyl radical absorbs in the visible. This provided an explanation of the observed
spectroscopy of base radicals. We have investigated with quantum mechanical methods the relative
stabilities and conformational properties of deoxyribose radicals (#9) and showed that they undergo
significant distortion upon H-abstraction. Further studies on spectroscopy of radicals were performed on
peroxyl radicals (#16) and on model systems in which addition of hydroxyl radicals to conjugated systems
was the basis for understanding the various spectroscopic consequences (#17). n n n ^p^ c^p ^ ^=\
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We have performed molecular dynamic simulations and showed the nature of the distortion
introduced in DNA upon addition of a radical to a base (#10, #18). The molecular basis of such distortions
and their implication to biological effect was reviewed in a invited presentation (#12) and published in a
scientific journal (#13). The basis for such distortions was evaluated with quantum mechanical methods
(#11).
The mechanisms of radiation damage and their simulations with computational techniques were
reviewed in an invited lecture (#14). These include Brownian dynamics simulations, quantum mechanical
approaches to the study of radicals and conformational changes in damaged DNA.
The last period of the grant was marked by a new development of the recognition elements of
damaged DNA by repair enzymes. We have shown that these are: the structural changes in the DNA (I.e.,
bending), the changes in ion distribution and the changes in the binding energy of water to the DNA (#15).
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