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Task Description:

The built environment of spaceships is host to a microbial community that affects crew and craft alike. While the static
composition of this community has been characterized, and its temporal dynamics examined, the mechanisms
controlling its make-up and evolutionary trajectory are not understood. Systematic analyses of microbial diversity such
as the "Earth Microbiome Project" and the "Human Microbiome Project" have shown consistent patterns in community
composition and function. Understanding the ecological origins of these patterns remains a major challenge, as it
requires connecting processes that occur at varying temporal and spatial scales. However, it is clear that the state and
trajectories of microbial communities are in-part determined by their physical environments. In this regard, the
spaceflight environment includes numerous interacting factors that differentiates it from Earth environments, including
an altered atmospheric composition, reduced gravity (and thus altered fluid dynamics), and increased ionizing radiation.
These factors impart selective pressures on microbial communities that effect their evolutionary trajectories and thus,
the risks and benefits these communities represent to crew and craft. The radiation environment of space leads to chronic
exposure to low doses (<0.1 Gy/hr) and is difficult to mimic on Earth. Thus, little is known about how microbial
communities in spacecraft will respond and evolve. Therefore, given the limitations of existing studies, we propose to
empirically determine how exposure to low doses of ionizing radiation for thousands of cell divisions affects rates of
mutation accumulation in microbes and the trajectory of microbial evolution. In this way, we will provide a critical set
of data for the design of safe and robust space missions. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Our research on the impacts of chronic low dose rate irradiation on microbial mutation rates and evolution will impact
our understanding of how terrestrial microbes respond to analogous environments. This includes naturally occurring
environments and those impacted by human activities. Moreover, our research will help understand how human
associated microbes and microbiomes respond to radiotherapies. 
  

Task Progress:

Our objectives are to empirically determine how chronic exposure to low doses of ionizing radiation for thousands of
cell divisions affects rates of mutation accumulation in microbes and the trajectory of microbial evolution. In this way,
we will provide a critical set of data for the design of safe and robust space missions. Key accomplishments to date
include the design and construction of the leaded acrylic box for containment of 57Co plates for long-term exposure
experiments; the procurement of incubators for long-term exposure experiments; and the development of culturing
protocols. Overall, progress has been limited by delays in procurement of leaded acrylic and construction of the leaded
acrylic containment box. Now that the leaded acrylic boxes are in place, long-term exposure experiments can begin to
measure both mutation accumulation rates and long-term adaptation. 
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