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Task Description:

The purpose of this solicitation is to uncover new understanding of how a species withstands space-relevant radiation
exposure, using validation and safety efficacy studies in model organisms. Drosophila is specifically mentioned, and we
have expertise in study of Drosophila radiation resistance mechanisms (Bretscher and Fox 2016, Dev Cell). As outlined
in the solicitation, we will perform genetic manipulation in vivo in flies, targeting potential Tardigrade resilience
mechanisms. Finally, the solicitation discusses follow-up work in rodents, which we are well-equipped to do, as Duke
co-investigator Dr. Kirsch has prior NASA-funded experience in studying space radiation effects in mice at Brookhaven
NASA Space Radiation Laboratory (NSRL). 
Reference: Bretscher, H. S. & Fox, D. T. Proliferation of double-strand break-resistant polyploid cells requires
Drosophila FANCD2. Dev Cell 37, 444–457 (2016). 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

These transgenic flies described in aim1 of our research report represent a new resource for the study of Tardigrade gene
products and their potential impact on the biology of extreme environmental stress resistance, including resistance to
radiation. We have identified multiple tardigrade-unique genes as important tools for countermeasure development. Our
aim2 findings suggest that expression of the CRL4/CDT2 complex can also play an important role in radioprotection. 
  

Task Progress:

1. Original project aims/objectives 
AIM1- A targeted Drosophila screen of candidate factors from Tardigrades (Ramazzottius varieornatus) that enhance
radiation resistance. 

AIM2- An unbiased screen for genes that enhance radiation resistance in the Drosophila hindgut. 

2. Key findings 

Aim 1- After year 3, we completed our generation of 98 transgenic fly lines to test candidate radioprotector Tardigrade
genes. We have now conducted replicated tests of survival after X-ray irradiation (low-linear energy transfer (LET)), as
well as after 56Fe irradiation (high LET) for over 70 lines. From these studies, a recurrent theme is that specific
Tardigrade superoxide dismutase (SOD) genes are promising radioprotectors. Most excitingly, we found one tardigrade
SOD that acts as a radioprotector for both high and low LET radiation, and is superior to its fly counterpart in terms of
radioprotection in a fly. Further, we have preliminary evidence that the same top SOD radioprotector found in our fly
studies also acts as a novel and potent radioprotector in human cells. 

Aim2- After year 3, we screened ~1300 lethal mutant stocks for our proposed unbiased screen. This resulted in the
identification of the CRL4/CDT2 complex as an important regulator of radioprotection in fly papillar cells. 

3. Impact of key findings on original objectives 

Both aims were successful in identifying radioprotectors in flies. A second goal of both aims was to carry these studies
forward into mammalian cells. To this end, we have generated cell lines for top-performing radioprotectors from Aim1,
and irradiated these lines using high LET radiation (56Fe) at Brookhaven NASA Space Radiation Laboratory (NSRL).
Results are not available yet at the time of this progress report, but we are close to achieving the stated goal of the
original proposal. 

4. Plan for the coming year 

Our funding for this project has ended. Our goal is to finalize our studies and publish them in 2021. Our current studies
in mammalian cells will be valuable in terms of seeking additional NASA support and for further development of our
findings into countermeasures that could be made available to astronauts in the future. 
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