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Abstract:

A Concern for long-term deep space travel is the possibility that galactic cosmic rays with high charge and energy (HZE particles) could cause deleterious effects from mechanisms that are fundamentally different from high LET particles of lower energy, which we have a much better knowledge of.  Despite this concern, it remains likely that the mechanisms of damage are similar and differ only slightly due to the spatial distribution of induced damage, which on the cellular level is reflected in the complexity and distribution of double-strand breaks in DNA (DSBs).  The experiments described in this proposal are designed to support the hypothesis that predictable DSBs cause the major cytogenetic and killing effects of HZE particle exposure.  To test this hypothesis, we will first determine the initial yield of DSBs from HZE particle exposure.  To test this hypothesis, we will first determine the initial yield of DSBs from HZE Fe ions at low doses (0.1 – 10 Gy) to test for linearity with dose, determine the presence of heat-labile sites that can convert into DSBs, and measure the distribution of DSBs are induced not only in irradiated cells but also in non-irradiated bystander cells.  Thirdly, we will measure the proportion of heat-labile sites that can convert into DSBs, and measure the distribution of DSBs along megabase-pair stretches of DNA.  Secondly, we will test the possibility that DSBs are induced not only in irradiated cells but also in non-irradiated bystander cells.  Thirdly, we will measure the proportion of DSBs that do not rejoin 24 hrs after Fe HZE ion irradiation in the low-dose region and compare such non-rejoined DSBs with the number of breaks in premature condensed chromosomes (PCC breaks) remaining after 24 hrs.  Fourth, we will use mutual cell lines defective in non-homologous end-joining and homologous recombination to test the involvement of DSB repair in cell killing, comparing HZE particles with low-energy high LET radiation.  These experiments will be performed with varying energies of Fe ions to determine RBE/LET relationships, and also with secondary particles generated in shielding materials.

