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A Half Century of Mars 
Exploration…
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Seeking Signs of Life, Searching for Biosignatures



Exploring In Tandem with 
More Spacefaring Nations
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Improving Technologies, A Widening Range of 
Targets
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A Call for More 
Integration of 
Astrobiology Into 
Missions



Robust Approaches for Life Detection

• The identification of well-
established and widely accepted 
features associated with 
terrestrial life and signatures of 
biologic processes
• Particular classes of 

molecules and isotopic signatures

• Patterns within the molecular 
weights of fatty acids or other 
lipids

• Biogenic structures and textures

• Biogenic minerals

Pósfai et al, 2013



Benefits of Searching  for “Life as We Know It”

Image: http://www.science.org.au/

• Starting from what we 
know, easier to interpret 
the data

• Signals may be rich in 
information

• Stronger understanding of 
the effects of taphonomy



Mars is as Similar as it Gets to Earth

• Similar size, similar attributes 

• Once protected by a magnetic 
field

• Mars was least episodically 
warm and wet early in its 
history

• Mars is nearby… the 
possibility of “catching” life 
from the next planet over

Images: Wikimedia



Agnostic tools and 
techniques could 
enable us to search 
within a broader 
framework



How do we contend with the truly alien? 

How can we search for indicators of life without 
presupposing an underlying biochemistry or 

particular molecular framework?



Sarah Stewart Johnson (Georgetown, PI), Heather Graham (NASA GSFC, DPI), Eric Anslyn
(UT), Pan Conrad (Carnegie), Lee Cronin (U. Glasgow), Andy Ellington (UT), Jamie Elsila
(NASA GSFC), Pete Girguis (Harvard), Chris House (Penn State), Chris Kempes (Santa Fe 

Inst.), Eric Libby (Santa Fe Inst.), Paul Mahaffy (NASA GSFC), Jay Nadeau (Portland State), 
Barbara Sherwood Lollar (U. Toronto), and Andrew Steele (Carnegie)

Building on the work of Conrad and Nealson, 2001, Baross et al., 2007, Hoehler et al., 2007, 
Schulze-Makuch and Irwin, 2008, Scharf et al., 2015, and many others…
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Pathway Complexity

Video removed - contact presenter if interested



Pathway Complexity

• What is the simplest way to construct a molecule from its parts, 
accounting for the simplifying feature of duplication? 

• Without making assumptions about the chemical structures, there 
appears to be a threshold around 15 above which molecules are 
unlikely to form without supporting biological machinery

Marshall et al., 2017, Phil. Trans. of the Royal Society B



Example Application: Developing Protocols for 
MOMA
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• A GCMS coupled to an LDMS
• Capable of detecting heavy organic 

compounds in the presence of perchlorates
• Capable of analyzing molecular structures 

using MS/MS mode
• Building a set of training data with 

prototypes and breadboards @GSFC
• Analysis by machine learning models 

trained to classify fragmentation data @SFI



Molecular Complementarity

• Rapid advances in miniaturization have led to extremely small 
nanopore sequencers, like the Oxford Nanopore MinION

• Sequencing is being developed as a tool for spaceflight
Oxford Nanopore Technologies;  Johnson et al., 2017, JBT



Molecular Complementarity

• Harnessing the power of sequencing to explore sample complexity, 
as measured by molecular complementarity of ligands to short, 
randomly generated oligonucleotides

Johnson et al., Astrobiology, 2018



Barman et al., RSC Advances

SELEX



Fingerprinting Surface Complexity 

Johnson et al., Astrobiology, 2018



A Wide Variety of Binding Possibilities

• Binding to a wide variety of 
molecules
• Peptides and proteins (e.g. Sun and Zu, 

2015, Molecules)

• Small organic molecules (e.g. 
Stoltenburg et al., 2007, Biomolecular Engineering)

• Inorganics like mineral surfaces 
(e.g. Cleaves et al., 2011, Chemosphere)

• Metals (e.g. Ye et al., 2012, Nanoscale )

• Oligos bind with similar 
specificities and affinities as 
antibodies

• Low biomass samples using 
PCR

Exploringorigins.org, Ferris Lab



Compartmentalization and Fractionation

• Exploring compartments isolated from the environment, as well as 
elemental and isotopic accumulation in compartments, as a potential 
biosignature

Images: Williams and Da Silva, 2000, Coordination Chemistry Reviews;  Slaveykova,, 2009, Analytical and Bioanalytical Chemistry
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Ongoing Tests

• Distinguishing the elemental and 
isotopic composition of cells vs. 
authigenic minerals and other 
precipitates w/ TOF-SIMS, and LA-
ICP-MS, SIMS, and NanoSIMS



Energy Transfer

• Life is nothing but an electron looking for a place to rest
-Nobel Prize-winning physiologist Albert Szent-Györgyi

• Seeking disequilibrium redox chemistries 
(inconsistent with abiotic redox reactions) 
as an indicator of active metabolism…

• i.e. using an inert, conductive electrode, 
the current density and other electrical 
attributes produced by microbes can
be notably distinct from abiotic oxidation 



Abiotic and Biological Processes Distinguishable 
in Simple Set-ups 

• A marked and sustained increase in voltage in reactors with 
microbial communities

Image: Nie et al., 2015 RSC Advances



Mesocosms of Iron-
Oxidizing Bacteria

Nie et al., 2015 RSC AdvancesImage: B. Glazer

• Experiments in varying conditions
• Mariprofundus ferrooxydans PV-1

• Zetaproteobacterium TAG-1

• Kill controls w/ gamma irradiation

• In abiotic setups, only  
autocatalytic oxidation, in 
biological setups, combo of 
microbial and abiotic oxidation

• Goal of developing in situ 
planetary probes



• Controlling redox conditions by setting very specific potentials

• Possibility of discovering energetic niches for extraterrestrial 
microbes

Image: Dr. El Naggar, USC

Another Approach: Lithographically-Patterned 
Electrodes



Moving Toward a “Spectrum of Certainty”

• Agnostic methods may trade 
definitiveness for inclusivity

• Combining multiple approaches

• Utilizing Bayesian Networks to 
help convert measurements into 
likelihoods and thresholds

• From a binary “life” or “no life” 
to “3 from what we would 
expect from abiotic processes”



Thank you!



Network for Life Detection

• “NfoLD is a multi-institution research coordination network focused on 

developing technologies and techniques for life detection on other worlds”

• NfoLD Objectives and NfoLD Action Groups
• To ADVANCE life detection strategy and capability 

• A Steering committee with PIs of ROSES proposals selected by NASA HQ  

• To CATALYZE interdisciplinary collaboration 
• Technology and sample sharing

• To IMPACT Missions and NASA Programs
• Workshops, white papers, coordinating a reference sample set, developing the “Life Detection 

Forum”

• To ENGAGE the life detection community 
• Increasing diversity,  international participation, organizing NfoLD mailing lists 

• An Early Career Council



Network for Life Detection

• Affiliate Members Welcome!
• Website: www.nfold.org

• Steering Committee and project profiles, upcoming events, “Contact Us,” 
@LifeDetection

• Map of field work locations to facilitate coordination and sample sharing, open to all
• A job-posting forum for open positions (research assistants, postdocs, internships, 

etc.)

• Funding for workshops, white papers, etc. available through NASA 
Headquarters

• A “Grayness of Life” Workshop this fall (other virtual and in-person 
workshops to follow)

• A Planetary Decadal Working Group



● What is it? A project to develop a web-based tool organized around the 

concept of a standardized, evidence-based evaluative framework for 

biosignatures: ldf.arc.nasa.gov

● Why is it useful? The LDF will serve to amplify the 

life detection community’s voice, providing a clearer 

path for infusing mission planning with astrobiology

● Who can contribute? You can! Active community 

engagement is key in the development, population, 

and updating of the webtool system


