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Abstract: The International Space Station (ISS) has been continuously inhabited for twenty
years and harbors a diverse population of microorganisms, including Biosafety Level 2
opportunistic pathogens such as Klebsiella pneumoniae, under conditions of microgravity,
elevated radiation, and isolation. Beyond these stressors of spaceflight, the impact of the
quaternary ammonium compound (QAC) disinfectants employed for environmental hygiene on
the ISS microbiome is poorly understood. Here, we examine the responses of three strains of
Klebsiella (two ISS-origin and one Earth-origin strain) to different concentrations of QAC
disinfectants used on the ISS with the aim of understanding the ISS strains’ physical responses to
this stressor and to determine the minimum inhibitory concentration (MIC) for future
experiments. For these experiments, two different fluorescent viability dyes have been used in
conjunction with varied techniques such as absorbance spectroscopy, flow cytometry,
quantitative real-time PCR, and fluorescence microscopy. This work has shown that QACs are
effective disinfectants for Klebsiella, with MIC values for each strain ranging from 0.175-0.1%.
However, we observed drastically different phenotypic responses for all three strains after
exposure to full-strength QAC disinfectant, which ranged from complete lysis of the bacterial
culture to the formation of large clumps of cells in the culture. Based on viability assays, these
clumps may serve a putative protective function to QAC exposure. This research aligns with
several NASA priorities from the Space Biology area of interest, including “Developing the
scientific and technological foundations for a safe, productive human presence in space for
extended periods'' and “Effectively use microgravity and other characteristics of the space
environment to enhance our understanding of fundamental biological processes.” By elucidating
how opportunistic pathogens such as Klebsiella respond and adapt to spaceflight, these results
will assist NASA in adapting their environmental hygiene strategies for future longer-term
manned expeditions to protect the health of astronauts.
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