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Introduction: Human space exploration has fo-

cused on low Earth orbit (LEO), inside the protec-
tion of the Van Allen Belts for over forty-five years, 
since the return of Apollo 17.  Investigations using a 
wide range of biological specimens have provided a 
tremendous amount of data for identifying physio-
logical changes and developing an understanding of 
how biology responds to the space environment 
within LEO.  This scientific information provides 
the foundation for advancing fundamental space 
biosciences to investigating how life responds, ac-
climates, and adapts to the true deep space environ-
ment in which the next generation of space explor-
ers will travel for long duration missions to the 
moon and Mars.  The Deep Space Gateway will 
enable scientists to conduct long duration space bi-
ology research to characterize the basic biology of 
life in this new environment, which cannot be truly 
replicated on LEO platforms or in Earth laborato-
ries. The objectives of this research using biological 
organisms are to advance fundamental scientific 
knowledge of space biology that can be translated to 
addressing knowledge gaps and identifying coun-
termeasures required for reducing the risk to human 
health and habitation during deep space exploration 
missions.  

Model Organisms and Space Biology: A model 
organism is a non-human species that has been ex-
tensively studied to understand its physiology and 
biological mechanisms and phenomena.  Due to a 
highly characterized biology, the discoveries and 
data derived from its study are expected to provide 
insight into the biology of other organisms and dis-
eases.  Also, the common genetics and biochemical 
and molecular mechanisms shared between species 
allows these organisms to be used as surrogate sys-
tems for experiments that are not possible to con-
duct in the original target subject.  Space biology 
research uses model organisms to study physiologi-
cal systems, such as organs and tissues, down to 
cellular and molecular levels to conduct deeper 
analyses for identifying the root biochemical and 

molecular mechanisms that respond to the space 
environment. This integrated systems biology ap-
proach provides comprehensive physiological data 
that may be translated to understanding the biologi-
cal changes observed in astronauts.  Also, these or-
ganisms enable the development of technologies 
that advance scientific research capabilities on 
spaceflight platforms and habits, such systems for 
environmental bioregeneration and growing food 
crops.  

Space Biology classifies model organisms and 
specimens into five categories: 1) vertebrate ani-
mals, such as mice and rats, 2) invertebrate animals, 
such as fruit fly (Drosophila melanogaster) and 
nematodes (Caenorhabditis elegans), 3) microbiol-
ogy, such as bacteria, yeast, and fungus, 4) plants, 
such as Arabidopsis thaliana and plant food sources, 
and 5) cell and tissue cultures.  Vertebrate, non-
vertebrate, and in vitro cell and tissue culture sys-
tems are widely used to investigate a variety of 
questions and hypotheses concerning biological re-
sponses to the space environment, including con-
ducting comparative analyses of the data derived 
from these organisms to identify commonalities and 
differences in their responses.  In addition, they are 
use as surrogates to study human physiology in 
space, including, but not limited to, intracranial 
pressure, oxidative stress, visual impairment, cardi-
ovascular changes, immune dysfunction, vestibular 
impairment, neurovascular system, response to radi-
ation exposure, stem cell and tissue regeneration, 
and the microbiome interrelationship to whole body 
physiology. Microbes are extensively used for 
spaceflight research to characterize the microbiome 
of the built environment, changes in microbial be-
havior, host-microbe interactions, endogenous viral 
reactivation, and radiation-induced DNA damage.  
Yeast are particularly important organisms for stud-
ying radiation-induced DNA damage and repair due 
to space radiation. The yeast genome has been com-
pletely sequenced, and many of the genes associated 
with DNA damage responses have been identified 
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and well characterized. An example of its use to 
study space radiation is the beyond LEO Biosentinal 
mission using wild-type and mutant yeast strains to 
characterize deep space radiation impacts on DNA 
damage and repair.  Plants have been instrumental in 
developing an understanding of how gravity regu-
lates development and mature plant structure and 
function.  LEO plant investigations that studied re-
sponses to gravity changes and lighting on seedling 
germination to plant development and propagation 
provided foundational knowledge for developing 
next generation systems for growing food crops, 
such as the NASAVEGGIE and PONDS developed 
at KSC, as well as plant-based bioregenerative sys-
tems.   

Biological Studies on the Deep Space Gate-
way: Although the primary known differences be-
tween the LEO and deep space environments are 
radiation and the electromagnetic field, scientist 
know little about deep space and its impacts on bi-
ology. Therefore, other unknown environmental 
factors that impact life may exist.  The Deep Space 
Gateway provides a platform on which a diversity of 
scientific investigations using model organisms may 
be conducted within the living space and on the ex-
ternal surface of the platform to address these dif-
ferences. The investigations can be run during crew 
presence on the Gateway to run experiment proto-
cols and return of the experiments and during the 
absence of crew using automation, such as tele-
robotics and data/commanding telemetry, or passive 
housings. Examples of studies that can be conducted 
within the Gateway include, but are not limited to, 
monitoring of the environmental microbiome, radia-
tion and microgravity interaction, multigenerational 
adaptation, long duration space environmental expo-
sure within a controlled environment, on-orbit cen-
trifuge study to isolate the non-gravity effects of the 
deep space environment, and variable gravitational 
biology investigations combined with radiation stud-
ies.  External vehicle studies using active and stasis 
cultures directly exposed to deep space for variable 
durations would be scientifically beneficial. Also, 
studies to test or develop technologies can be con-
ducted.  One of the important types of technology 
development study using space biology science in-
volves growing plants for long duration environ-
mental bioregeneration or food.  These studies will 
be used to develop and prove out the concept for a 
Gateway garden. A very important aspect of deep 
space biology investigations is omics-based re-
search, whose derived data may be uploaded to the 
NASA GeneLab Data System (GLDS) for open sci-

ence use.  The GLDS is building a collection of om-
ics data from different species that allows for deep 
molecular and biochemical analyses, which enables 
cross comparisons within and between species to 
identifying pathways, mechanism, and biological 
networks that are affected by the space environment. 
By conducting post-flight omics analyses from ex-
periments conducted on the Deep Space Gateway, 
the derived data from these investigations can be 
used to compare against other data in the GLDS 
from ISS and ground studies to identify biological 
affects that are unique to the deep space environ-
ment.   

In order to conduct science investigation using 
these organisms and specimens, some level of envi-
ronmental control is required.  The environment 
may come from a fully self-contained incubator sys-
tem that allows for investigator-defined conditions. 
For these incubators, continuous power will be re-
quired. Alternatively, some organisms may be able 
to use the ambient environment of the Deep Space 
Gateway.  However, for these experiments, specific 
environmental set points may be required, especially 
when the crew are not on the Gateway.  For exam-
ple, rodent investigations will require control of 
Gateway cabin temperature, CO2 levels, oxygen 
levels, and humidity.  

It is envisioned that investigators will request 
opportunities to use the ISS along with the Deep 
Space Gateway to conduct biological comparative 
analyses between the different space environments. 
These investigations will include ground controls. 
Such studies may help to identify unique factors of 
deep space that can impact biology. The differentia-
tion of the biological effects between these different 
environments is important to identifying physiologi-
cal systems that may respond in common or unique-
ly to each environment. These findings will ulti-
mately provide greater insight into which biological 
changes, biomarkers, and mechanisms are specific 
to deep space in order to develop effective health 
monitoring and diagnosis technologies and coun-
termeasure to maintain nominal explorer health.   

Additional Information: The members of 
NASA’s Life Sciences Research Capability Team 
(LSRCT) are submitting a number of other abstracts 
in addition to this one to reflect the full range of 
desirable life science research at the Gateway and 
are deliberately not eliminating any ideas based on a 
feasibility assessment. 
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