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Spaceflight to regions beyond low Earth orbit involves exposure to unique environmental hazards, most notably
radiation. Humans traveling to these regions will be exposed to radiation from cosmic rays, which will cause DNA
damage and oxidative stress. The extent of this damage, however, is unknown, and more basic research into the genetic
effects of combined cosmic ray and microgravity exposure is needed. We propose to study these effects using a type of
organism that is almost certain to inadvertently accompany astronauts on all of their flights — fungi. Fungi are remarkably
stress-resistant and have been isolated several times from spacecraft. The objective of this proposal is to use the
well-studied mold Aspergillus nidulans to test two mechanisms for space adaptation — DNA repair and the production of
melanin. Mutants of this organism that cannot make melanin or are defective in a type of DNA repair associated with
recovering from radiation will be used. When the samples return, the spores that these strains produce will be tested for
their survival, and their protein and DNA will be analyzed to find molecular signatures of adaptation to deep space. The
data we collect will tell us several things: whether melanin protects from the stresses faced during spaceflight, the types
of DNA damage that occur in space, and what changes occur in fungi when they are adapted to prolonged spaceflight.
The results will determine characteristics of the fungi that astronauts may have to control on future missions, including
pathogenic species. Because fungi share many proteins with humans, the data collected on the proteins involved in
adaptation can be applicable to astronaut health. Finally, determining whether melanin assists with survival in space will
provide more evidence for it to be used as a protective material for several future NASA applications.

This project focuses on the tools that fungi use to be resilient against stress. In this case, the stress of deep space, which
consists of a unique composition of radiation and microgravity that has rarely, if ever, been experienced by humans.
However, taking astronauts to locations in space far beyond the protection of Earth’s atmosphere are aspirations of all
space programs, and the stress that is associated with deep space radiation exposure (for instance, free-radical damage)
overlaps in many of its biological effects with more routine stresses faced on Earth. Fungi, which thrive in extreme
environments such as space, and possess a genetic makeup that is similar to humans but also much simpler, are also an
ideal group of organisms for understanding and combating radiation and other stresses. This project addresses two
components of stress resistance in the fungus Aspergillus niger — the production of melanin and DNA repair proteins, to
determine the extent and nature of their importance in survival, adaptation, and damage protection during an extended
flight in deep space. The data collected from the Artemis flight will inform our understanding of how cells and
organisms resist, or can be made to resist, the stress of space and other damaging environments.

Reporting as of May 16, 2020 (Ed. note: received April 2021)
This project initiated in FY2020 so much of the work accomplished was focused on obtaining and verifying experimental
components in preparation to run validation tests of the entire flight. The components that were prepared included:

- We developed strains of the fungus Aspergillus niger in which the genes uvsC, nkuA, and fwnA were deleted, through
standard mutagenesis protocols

- The resistance of these mutants, as well as the parental strain, to UV-C light, and gamma radiation, were measured

- Initial growth experiments were performed using the specific medium and the apparatus (50 mL centrifuge tubes) to be
used on the actual flight, to determine the kinetics of medium depletion, the rate of production of spores in this medium,
and the ease at which to collect cells for biomolecule extraction after a growth period similar to that expected on the
flight (~60 d)

- Processing of tissue samples from the Science Validation Test, including the measurement of spore survival after a 60
d test experiment, and extraction and quantification of proteins, DNA, RNA, and metabolites from biomass collected
from the spores and tissue grown during the experiment, after removing the tissue from the medium through
centrifugation and freeze-drying

- One publication is in preparation and three presentations were completed in this first fiscal year.
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