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Introduction: The most direct class of biosigna-

tures are organic molecules biosynthesized by extant 
or extinct organisms. Of these, DNA provides the most 
complete characterization but it’s analysis can be prob-
lematic. However, the distribution and compositional 
patterns of small biomolecules also reflects the selec-
tive nature of life and its capacity to construct a spe-
cific array of universal biosynthetic pathways [1,2]. 
Abiotic processes can also generate organic molecules 
and we have observed geochemical processes that pro-
duce patterns; however, seldom are patterns of abiotic 
processes observed to be as pervasive and multifaceted 
as those arising from living processes.  Geochemical 
processes can also greatly alter the compositional 
character of organic matter leading to overprinting 
patterns. In any case, sets of patterns implicate proc-
esses that can be theoretically and experimentally 
evaluated for their biogenic and abiogenic potential on 
Earth and elsewhere and can provide key insight into 
both source and alteration history. 

Of particular interest to life-detection investigations 
in extreme environments of Earth and Mars are deriva-
tives of lipids and proteins (i.e. amino acids). Both are 
essential to all cellular life on Earth and serve a multi-
tude of biological functions and express patterns re-
garded as biosignatures. Similar constituents are a 
likely component of potential extraterrestrial life.  

Lipids. All cellular organisms on Earth make lipids 
for their cell walls. These hydrocarbon-rich bio-
molecules vary in structure, chemical functionality, 
and abundance due to genetic restrictions and envi-
ronmental conditions. The hydrocarbon backbone aids 
preservation over geological time scales (billions of 
years) and are responsible for ancient oil preserves. 
Lipids undergo in situ chemical and thermal alteration 
dictated by the geobiological and/or geological 
diagenetic conditions within rocks; this alteration can 
lead to oxidation and cleavage, and/or reduction, 
stereochemical changes, and aromatization in a pre-
dictable fashion that does not always mask the original 
hydrocarbon skeleton. Thus, lipids and lipid-derived 
hydrocarbons offer records of modern and ancient life, 
environmental conditions, and alteration history that 
are more specific than bulk geochemical and morpho-
logical biosignatures.  

Amino Acids. A select set of amino acids is re-
garded as essential monomers of Earth-life proteins 

and other biomolecules. Whereas prebiotic amino ac-
ids are known from meteorites [3] and experimental 
observations [4], there are compositional differences 
between abiotic and biotic amino acids that may be 
key to Martian-life detection. In any case, both the 
compositional diversity of amino acids and lipid-like 
hydrocarbons the patterns within compound classes 
and their relation to geochemical and geological pa-
rameters will, together, provide a package of unambi-
guous chemical information with which to assess the 
origin(s) of organics on Mars. 

Search for extant and extinct life on Mars. Both 
lipid and amino acids derivatives [3] are amenable to 
gas chromatography-mass spectrometry  (GCMS) 
analysis. Future Mars missions, such as NASA's Mars 
Science Laboratory, will explore the Martian surface 
for lipid-like hydrocarbons, amino acids, and other 
organic molecules as possible signatures of life using 
gas chromatography-mass spectrometry housed in the 
instrument suite called Science Analysis at Mars 
(SAM). In this presentation, examples will be pre-
sented from a variety of investigations including ex-
amples from the Arctic Mars Analog Svalbard Expedi-
tion (AMASE) to show how the distribution of organ-
ics, their geochemical and geological context, and 
compositional patterns will aid life-detection on Mars. 
References: [1] Eigenbrode J. (in press) Space Sci. 
Rev. [2] Summons R.E., et al. (in press) Space Sci. 
Rev.. [3] Glavin, D.P., et al. (2006) Met. Planet. Sci. 
41, 889-902. [4] Elsila, J.E, Dworkin, et al. (accepted) 
APJ.[5] Buch A. et al. (2006) Planet. Space Sci., 54, 
1592-1599. 

Seventh International Conference on Mars 3380.pdf


