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Introduction: Observations that certain microorgan-

isms can survive in the stratosphere (i.e., Near Space)  

and recently-completed external  ISS exposure experi-

ments show that terrestrial microbes can endure ex-

treme conditions [1, 2, 3]. However, it remains uncer-

tain whether microbes can survive in deep space be-

yond low Earth orbit. One Apollo-era study suggested 

that Streptococus mitis bacteria survived almost one 

year on the lunar surface [4]. A variety of dryable mi-

crobes (bacteria, fungi, algae, and tardigrades) could be 

exposed to the deep space environment outside of the 

Gateway habitat, allowing researchers to understand 

how resilient terrestrial life forms respond to the com-

bined conditions of vacuum, temperature variations, 

microgravity and space radiation. Such experiments 

would not only inform fundamental space biology re-

search, but also be relevant to astrobiology and the 

topic of habitability, specifically how microbes might 

move (naturally or artificially) between planets.  It is 

reasonable to consider that life in solar system, once 

initiated, was transferred by meteorites and asteroids 

based on unique ability of bacterial spores and primi-

tive organisms to reduce metabolic functions and sur-

vive in harsh space environment [5, 6]. Equally com-

pelling is that knowledge that hitchhiking microbes can 

ride on spacecraft sent to pristine worlds; so-called 

forward contamination monitored by NASA’s Plane-

tary Protection Office.  Survivability experiments of 

microorganisms on exterior portions of the ISS cannot 

provide answers to these important space biology and 

astrobiology questions because conditions in LEO and 

deep space are substantially different. This includes the 

protective geomagnetic factors of Earth and radiation 

protective belts which may be important factors for 

bio-survivability of life forms in open space within 

LEO. The Deep Space Gateway can provide a unique 

opportunity for long–term microbial exposures for a 

variety of proposed experiments. We propose a tray-

like structure that would accommodate biological sam-

ples in separated compartments with multiple wells, 

similar to that used onboard the ISS the EXPOSE-E 

and LIFE experiments that were installed and initiated 

through ISS extravehicular activities.  A similar con-

cept of operations mounted outside of the Deep Space 

Gateway would be a simple and powerful way of test-

ing the survival of terrestrial microorganisms in outer 

space. Externally mounted exopure hardware could 

accommodate more than 470 samples of microorgan-

isms and be minimally resource-demanding (i.e., low 

mass, no power, low cost, and with little involvement 

of crew members after installation & removal) 

Nominally, exposure experiments would run compara-

tive assays of exposed and unexposed strains of micro-

organisms, spores or simple animals previously tested 

in the ISS experiments in order to establish how deep 

space conditions are uniquely influential. The compara-

tive survivability and genomic response assays will 

provide insight about the role of the Earth’s geomag-

netic factors on terrestrial life. Sequencing and func-

tional analyses (e.g., proteomics, transcriptomics, 

metabolomics) could be performed to identify space 

induced changes in deep space exposed organisms.  
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Sample trays used in the EXPOSE-E experiments 
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