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INTRODUCTION 

The disciplines of astrobiology (AB) and space biology (SB) clearly have common interests in our 
broader understanding of life in space.  While AB arguably has the broadest spectrum of 
research goals, SB is generally focused on the distribution and future of life in the universe. This 
is inferred since SB is concerned with the migration of life from Earth into space and therefore 
with the “distribution” of life. As humans continue to explore our solar system (and take other 
life with us), this migration will define the “future” of life, at least as we know it.  Since AB has 
often been equated with the search for and detection of life, it is noteworthy that this domain 
overlaps with the landscape of SB.  One area of special emphasis within SB is the contamination 
of spacecraft, and hence this program’s investment into research on the detection of minute 
signatures of life.  This objective is shared with AB, which seeks to detect small or subtle 
signatures of life on other bodies or in the record of early Earth. Through the broader arena of 
planetary protection, this might be a fruitful area in which to explore joint collaborations.  
Generally speaking, both AB and SB field experiments largely focus on the investigation of 
biological responses to extreme environments, natural or built.  

To further explore the possibility for cross-cutting collaboration, a series of virtual workshops 
was held during June 2020  seeking ways to integrate the efforts of the AB and SB research 
communities under a broad umbrella of space life sciences[1]. The primary goal was to inspire 
creativity that will guide us towards new synergistic ideas at the intersection of these existing 
disciplines that are of great importance to NASA’s goals. A further motivation was to increase 
productivity and impact of NASA’s life sciences portfolio by stimulating the cross-fertilization of 
intellectual concepts, data, and experimental facilities and opportunities. The aim is to produce 
new science-enabling capabilities, create new scientific questions, novel areas of investigation, 
and new mission concepts. Seven half-day events over a one-month period were each focused 
on a particular topic related to life sciences research, space missions, and the associated 
required technology. Each four-hour session consisted of a combination of speaker 
presentations, lightning talks, focused panel discussions, question and answer periods, and 
engagement from the on-line participants. Interest was very high and participation ranged from 
around 120-150 individuals per day, for a total of over 800 viewerships throughout all seven 
days of workshops. Speakers and participants alike were very favorable towards an integrated 
life sciences effort, and offered numerous ideas, examples, and approaches to begin this 
endeavor. In total, 119 speakers and panelists that were largely from Ames’ Science Directorate 
delivered content to and engaged with our audience. The entire series was recorded and is 
available via NASA credentials on NASAtube.nasa.gov [2].  

The intent of both workshops and this white paper is to foster new connections among NASA’s 
disparate bioscience communities to strengthen existing teams, as well as create new teams 
and administrative interfaces. It is meant to be inclusive and solution oriented.  Here, we use 
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terms in the following specific ways; Life Sciences: The collective sum of all disciplines that 
study biology, including astrobiology and space biology. Overlaps: philosophical, conceptual, 
scientific, and technological areas of mutual interest across multiple life science disciplines. 
Cooperative research areas and missions of opportunity that include investigators from 
multiple life sciences disciplines. Astrobiology (AB): The interdisciplinary scientific field 
concerned with the origins, early evolution, distribution, and future of life in the universe; 
considers the question of whether extraterrestrial life exists, and if so, how can it be detected 
by using combinations of methods from the fields of biology, chemistry, geology, and 
astrophysics. Space Biology (SB): The scientific field that studies terrestrial life in the spaceflight 
environment. Investigations focus on how the conditions of space flight and extraterrestrial 
environments (such as on the Moon and Mars) affect living organisms, including altered gravity, 
radiation, and planetary dusts. 

EMERGING KEY CONCEPTS AND IDEAS 
We captured inputs and recommendations from the participants over the 28 hours of 
workshop activities and summarized the following emerging key concepts: (1) Of fundamental 
significance to both AB and SB, is terrestrial life, in all its known diversity, and how it can 
tolerate and adapt to environmental conditions beyond Earth. This includes environments on 
other cosmic bodies, interplanetary/interstellar space, and in spacecraft. (2) Among the 
scientific questions that SB and AB have in common, several that are of particular significance 
are the effects of radiation (ionizing and UV), the response of biofilms to the space 
environment, effects of a non-1g gravitational field, and microbe-regolith interactions. (3) 
Development of a ‘Roadmap/Charter’ that further defines mutual scientific areas and activities 
that would advance the overlapping goals of both AB and SB is needed. Inputs from researchers 
at other NASA centers with AB and SB expertise will enhance this effort and help to establish 
centers of expertise that address roadmap issues. (4) SB and AB should explore the potential for 
joint spaceflight missions. In the near-term, the greatest scientific return could be obtained by 
adopting primarily, but not entirely, existing SB platforms, facilities and operational capabilities. 
(5) Similarly, AB and SB should consider joint technology development initiatives. For example, 
spectroelectrochemistry and microfluidics are technologies that have particular relevance and 
potential, as well as the capability to maintain diverse microbial communities in space. (6) 
synthetic biology and bioengineering also have significant potential in both SB and AB and 
require development in this context. Standards are needed for synthetic biological components. 
(7) Opportunities are needed to train researchers in the special requirements for conducting 
biological investigations in space, and tutoring on what is involved in developing a mission 
proposal. This should be aimed at early-career, mid-career and senior researchers, and span all 
life sciences. A need to bridge the gulf between the perspective and culture of engineers and 
scientists also exists. (8) Both AB and SB have a vital shared interest in planetary protection[3]. 
Both communities are interested in minimizing contamination of spacecraft, experimental 
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facilities, and on the surfaces of the Moon, Mars and elsewhere. (9) It is clear that existing and 
planned database efforts pertaining to aspects of life in space could have greater utility and 
impact if database interoperability was created and made available to the life science 
communities. Establishing interoperable data repositories across genetics, space biology, 
medical, and astrobiology can create new knowledge via enhanced productivity. Significant 
interest was expressed in creating a database collaboratorium. (10) Greater coordination 
between AB and SB regarding environmental simulation chambers, facilities, and analog field 
sites would be highly beneficial and cost effective. (11) NASA, with its biological expertise and 
history, advanced computational/artificial intelligence (AI)/machine learning (ML) capability, 
and supporting science competence in planetary science/astrophysics, is uniquely positioned to 
lead the world with joint activities between SB and AB. Increased partnerships with technology 
giants in Silicon Valley in the areas of biotechnology (DNA sequencing/analysis/manipulation), 
imaging, AI and ML, autonomous operations and others could be highly advantageous. There is 
significant interest in creating an AI/ML “sandbox” bioscience collaboratorium as well. (12) 
Other NASA programs can play roles in the integration of life science in space. Astrophysics 
goals in exoplanet detection and characterization, and in the study of H, C, O, and N chemistry 
in space are already contributing significantly. Similarly, Heliophysics plays a critical role in our 
understanding of life in space through insights into space weather and habitability of space 
environments. Finally, our understanding of “life as a planetary phenomenon” can certainly be 
advanced through greater collaborations with NASA’s Earth Science efforts, as our planet 
continues to be our single current model of life in the universe. (13) AB and SB investigations 
conducted by humans in the field or in spaceflight environments are unique opportunities 
where scientific data useful to all life scientists could be used to refine protocols and 
technologies maximizing scientific return for each discipline. (14) With the addition of AB to the 
NASA Authorization [4], and our bold push towards human exploration and study of the Moon 
and beyond, life sciences in space become even more valuable to the agency’s goals as we go 
forward.  In response to this, judiciously selected investments to advance our capabilities are 
necessary.  The mutual interests between AB and SB that are not currently addressed enable us 
to make cost effective joint efforts in research, and potentially missions. 

DISCUSSION 
Of fundamental significance to both AB and SB is how terrestrial life (in all its known diversity) 
can tolerate and adapt to environmental conditions beyond Earth. Such environments are novel 
to life that evolved on Earth, and are almost universally stressful. The search for life, and 
specifically the detection of life, are central to AB, requiring understanding of all factors that 
determine the habitability of an environment. These include temperature, atmospheric gas 
composition, pressure, redox state, radiation levels and gravity [5][6]– the last two being of 
particular importance to SB [7].  
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The radiation environment is perhaps the most common factor of concern for AB and SB as 
both a serious threat to human health in space[8] and as a significant factor in determining 
habitability on Mars, Europa, other bodies, and exoplanets. There are known and likely 
unknown radiation effects on biologically-based life support systems that include plants and 
microorganisms.  Such organisms will be required for recycling air and water, food production, 
and for their role as living things in the psychological and social health of humans.  

Both SB and AB have an interest in understanding the response of life, particularly microbial 
life, to the conditions that exist beyond Earth.  For AB, one major element of this is with regards 
to contamination by terrestrial microbes as part of missions to detect life elsewhere in our solar 
system.  Spacecraft destined for Mars and other targets of astrobiological interest are required 
to be as free of microbial life as possible, so as not to interfere with life detection protocols in 
these environments.  This involves techniques and technology for analyzing extremely low 
population levels of microbial life, as well as minute manifestations of their resulting 
biosignatures. Similarly, SB, synthetic biology, and bioengineering are also concerned with 
microbial life as a critical component of human exploration aboard the International Space 
Station (ISS), as part of Lunar exploration [9], and in future planetary exploration.  Joint 
collaborations allow for mutual contributions to NASA’s Planetary Protection Program in terms 
of how terrestrial life is distributed throughout space-based facilities, on the surface of other 
bodies, and also with regards to sample return missions. All programs, therefore, have a joint 
interest in sharing facilities, technology, analytical methods, databases and, most importantly, 
intellectual perspectives on the effects of space on microbial life and the response of microbes 
to these environmental stressors. 

INSTRUMENTATION Many cross-cutting technologies can be envisioned, but microfluidics and 
chip-based analytical technologies are highlighted here because they are presently at a stage to 
advance both SB and AB, but also offer great potential as technologies improve. Both offer the 
advantage of providing progress towards miniaturization of the typical ground-based biological 
laboratory environment.  Smaller instrument and experimental size not only allows for greater 
capability within the same constrained volume, but can also provide for larger sample size for 
greater precision. Equally, miniaturized instruments can analyze very tiny samples from 
planetary environments where samples are difficult to acquire.  Where large samples are 
available, it is easy to concentrate a sample to increase sensitivity, and short diffusion distances 
often mean that no sample mixing is required. Such systems are also amenable to the 
application of AI technology allowing for autonomous operation.  

A second category of promising joint instrumentation is the use of electrochemistry and 
spectroscopy for life detection. Spectroelectrochemistry can provide kinetic, molecular, and 
thermodynamic information about both samples and reagents, their reaction intermediates 
and compounds involved in electron transfer processes. Advantages include miniaturization of 
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electrochemical technology, and autonomous preprocessing of spectroscopic data resulting in 
only the most valuable data to be transmitted. 

FACILITIES It was clear from workshop participants that greater coordination between AB and 
SB regarding environmental simulation facilities would be highly beneficial.  Examples include 
chambers/facilities that simulate conditions on Mars, the lunar surface, icy moons, Titan, 
interplanetary space, aboard the ISS, and analog habitats on Earth.  A central point of 
information on such facilities and their capabilities would allow existing facilities to be more 
widely used and ensure that future facilities are most effectively developed. Other critical 
technologies and capabilities that could advance SB and AB include biopolymer sequencing, 
microimaging across spatial and temporal scales, cultivation of diverse microbial communities, 
technological miniaturization, advanced bioreactors with operational improvements, and 
especially reductions in pre-launch logistical constraints which can ruin or limit biological 
experiments. 

DATABASES Clearly, existing and planned databases could have greater ease of use, wider 
application, and greater impact if they were made available across the AB and SB communities. 
Such data would include space environmental data, genomic and other sequencing data, x-
omics, microbial population data, medical data, culture collections, biospecimen data, 
simulation facilities, relevant planetary conditions, mission data and of course experimental and 
other research results. Even greater synergy could be expected by integrating all NASA life 
sciences databases. Interoperability across all these databases may create a new science 
enabling capability by reaching beyond the communities that they originally targeted.  

ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING AI, ML, and data science in general are 
revolutionizing nearly every field of science – this is also true for space science and 
aspirationally for life sciences in space.  While the biological sciences often do not involve the 
extremely large data sets of astronomy and the physical sciences, they do have large 
information needs in cases such as sequencing and bioinformatics. It is important to note that 
AI and ML can be utilized with both small and large datasets. Perhaps more relevant to the life 
sciences is the need for intelligent, autonomous operations. Biological research in general 
requires more complex operational procedures (sample/specimen maintenance, handling, and 
processing) than many other experimental endeavors. AI/ML can provide critical tools to make 
untended and low-tended research possible. Additionally, advanced information technology 
within Ames’ Exploration Technology Directorate capabilities of the Intelligent Systems, NASA 
Advanced Supercomputing (NAS), and Human Systems Integration divisions are pertinent to life 
science research. In particular, the NAS provides high-performance computational capability, 
ML, and quantum computing, while the Intelligent Systems group provides expertise in 
Autonomous Systems and Robotics, Collaborative & Assistant Systems, as well as tools and 
methods for systems health management, large-scale science, and data mining. We also note 
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the successes of the NASA Frontier Development Lab (FDL) in applying the tools of AI and ML to 
the objectives of space science. FDL projects related to the detection and study of exoplanets 
were highlighted as applications relevant to our understanding of life in space, but it was 
proposed that challenges focused on biology in space could advance both SB and AB.  In 
particular, the areas of closed ecological systems for life support, radiation/cancer research, AI-
assisted crew health monitoring, and autonomous biological sampling operations are proposed 
as future efforts. 

JOINT MISSION OPPORTUNITIES  Central to the study of life in space is a coordinated portfolio 
of space missions focused on the exploration and scientific goals of SB and AB. All size class of  
missions have potential to produce high-impact results. The focus here is on mission 
opportunities that could advance the AB/SB common interests. One point of consideration is 
whether it is better to invest in “single-use” custom facilities or more general use facilities that 
are able to support a broad range of experiments. Similarly, should facilities be specific to a 
single space platform or adaptable across platforms? SB, with its long-term use facilities on the 
ISS (and those associated with smallsats), has perhaps invested in multi-use capabilities more 
than astrobiology. AB, with its targets of study more distant than Low Earth Orbit (LEO), has 
relied more on facilities designed for a specific mission. In the near-term, it seems that the 
greatest scientific return could be obtained by adopting primarily, albeit not entirely, the SB 
model when considering joint AB/SB missions. To address common science objectives of AB and 
SB, a large number of missions (existing or being planned) were identified that could support 
the mutual objectives of these two areas of study. These include: Autonomous Biology 
Exploration Lab (ABEL); BioExplorer Free Flyer Mission Concept; BioSentinel: Mapping the 
Radiation/Gravity Continuum; Icebreaker: A Search for Signatures of Life on Mars, Enceladus 
Life Signatures and Habitability (ELSAH); Autonomous Biological Experiment Systems and 
Technology (ABEST); Commercial Lunar Payload Services (CLPS) opportunities for research on 
the Moon; LIfE: Luminescence Imager for Exploration; Gene Expression Measurement Module 
(GEMM); Abzu featuring ExCALiBR instrument; Europa Life Microscope; Single Cell Genomics; 
Single Cassette Bioculture System; Lunar Gateway, and the Lunar Plant Experiment (LPX). 

As a workshop follow-up to help prioritize these potential missions, we propose bringing 
together AB/SB investigators to further define a joint set of science requirements. This must be 
done in collaboration with engineers and mission designers to formulate implementable 
designs. In the longer term, more ambitious joint missions may be expected, better defined 
perhaps via the Planetary Science and Astrobiology Decadal Survey and the Decadal Survey on 
Biological and Physical Sciences in Space.   

Importantly, the recent reorganization of SB into the Science Mission Directorate (SMD) 
provides a timely opportunity for new collaboration between AB and SB, for intellectual 
exchange, facilities and data sharing, mutual application of AI/ML, and potentially also for joint 
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calls for technology development and spaceflight missions. Collaborations at this time can also 
be accelerated and made more impactful by the infusion of new technology and capabilities 
(biotechnology/imaging/AI/ML/autonomous operations) from the information technology 
community, much of it in Silicon Valley. Given the Agency’s current scientific and technological 
status, we highly recommend that a broadly integrated bioscience research and technology 
development effort be mobilized, to utilize and leverage capabilities most cost-effectively 
towards the Agency’s ambitions to understand life in space. 

CONCLUSION 
The phenomenon of life on Earth extends from kilometers deep within the shallow planetary 
crust into the stratosphere.  Humans have now extended the range of biology to encompass 
spacecraft as habitats with space biology studies.  At the same time, astrobiology uses Earth life 
as its template to search for life in our Solar System and on exoplanets.  Added to this overlap, 
the arena of planetary protection further brings together fundamental understanding of how 
organisms adapt to extreme conditions. The practical result of this combined knowledge is 
essential to protect our home planet from any contamination, to avoid mistaken identification 
of possible extraterrestrial life, and to protect any extraterrestrial organisms from deleterious 
consequences of human actions. Although separate disciplines, SB, AB, human research, and 
planetary protection are inextricably linked intellectually and technologically.  They must also 
be linked operationally to optimize understanding the fundamental science inherent in each, 
and to develop research topics that span the breadth of life as we see it exhibited on our home 
planet and as we can anticipate finding life elsewhere. To this end, a robust mission line 
devoted to the specific joint goals of AB and SB would advance NASA’s space life sciences 
interests in a novel and productive direction. 
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