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New modeling approaches to study DNA damage by the direct and indirect effects of ionizing radiation

lanik Plante™?" and Francis A. Cucinotta®

!Division of Space Life Sciences
Universities Space Research Association
3600 Bay Area Blvd

Houston, TX 77058

2NASA Johnson Space Center
2101 NASA Parkway, Bldg 37, Mail Code SK
Houston, TX 77058

DNA is damaged both by the direct and indirect effects of radiation. In the direct effect, the DNA itself is
ionized, whereas the indirect effect involves the radiolysis of the water molecules surrounding the DNA
and the subsequent reaction of the DNA with radical products. While this problem has been studied for
many years, many unknowns still exist. To study this problem, we have developed the computer code
RITRACKS [1], which simulates the radiation track structure for heavy ions and electrons, calculating all
energy deposition events and the coordinates of all species produced by the water radiolysis. In this
work, we plan to simulate DNA damage by using the crystal structure of a nucleosome and calculations
performed by RITRACKS. The energy deposition events are used to calculate the dose deposited in
nanovolumes [2] and therefore can be used to simulate the direct effect of the radiation. Using the
positions of the radiolytic species with a radiation chemistry code [3] it will be possible to simulate DNA
damage by indirect effect. The simulation results can be compared with results from previous
calculations such as the frequencies of simple and complex strand breaks [4] and with newer
experimental data using surrogate markers of DNA double-strand breaks such as y-H2AX foci [5].
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