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Summary: Discovery of human radiation-protection genes and pathways

Rationale: Individuals in high-radiation environments, including space, suffer DNA damage, which increases their
susceptibility to cancer, among other diseases. The levels of DNA damage accumulated in cells can be used to measure
the extent to which cells succumb to, or alternatively resist, the deleterious consequences of radiation. This project
leverages the only known collection of genes that confer lower-than-normal levels of spontaneous DNA damage to cells
to identify proteins that confer resistance to exogenous proton-beam (space-relevant) radiation.

Unique resource: We discovered 231 Escherichia coli (bacterial) genes that alter levels of DNA damage in cells when
overproduced—208 that increase and 23 that decrease DNA damage, the latter of interest to radiation resistance. The
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human-gene relatives of the bacterial “damage-up” genes also increased DNA damage when overproduced in human
cells, and are highly significantly overrepresented among known cancer-driving genes. These data demonstrate the
relevance and power of conserved bacterial genes for discovery of important human biology of DNA damage.

Plan: We will explore the 23 E. coli DNA “damage-down” genes and their human homologs and analogs for their ability,
when overproduced, to protect cells from exogenously applied proton-induced DNA damage. We will identify—(1)
which E. coli genes confer resistance to proton-induced DNA damage; (2) what kinds of DNA damage they reduce; (3)
which of their human-gene relatives confer resistance to proton-mediated DNA damage when overproduced, and guided
by the bacterial results, test hypotheses for how they do so.

Deliverables: Identities of bacterial and human proteins that protect cells from DNA damage induced by proton beams,
a proxy for protection from radiation generally, and some of the mechanisms by which they do so. The human proteins
and pathways of radiation resistance, when understood, can be considered as potential targets for, or models for design
of, drugs for protection from radiation.

New project for FY2018.
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