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Introduction:  Any investigation for evidence of 

either extinct or extant life on Mars and elsewhere 
must focus on the major molecular classes at the core 
of terrestrial biology, and presumably extraterrestrial 
biochemistry. Amino acids in the form of protein com-
prise approximately 55% of prokaryotic cellular mass 
(Fig. 1). Based on the ubiquitous occurrence of amino 
acids and other nitrogenous organic compounds in 
terrestrial biology, such as the nucleobases in RNA and 
DNA, “Follow the Nitrogen” provides the central 
framework in strategies required for the search for life 
beyond Earth. 

 
Fig. 1. Dry weight composition of a typical E. coli 
bacterial cell [1]. 

 
 
Amino acids are robust biomolecules that can sur-

vive for billions of years in the Martian regolith below 
the radiolysis zone [2]. It is unknown whether life be-
yond Earth would be based on exactly the same terres-
trial amino acids. However, the diverse mixture of 
amino acids that have been identified in meteorites, 
and those that have been synthesized in prebiotic 
chemistry experiments, indicate that amino acids 
would have been readily available for utilization in 
biochemistry on other planetary bodies. 

Background:  The specifics of the “Follow the Ni-
trogen” strategy with respect to life detection are 
summarized in Fig. 2. One of the most distinctive fea-
tures of amino acids is their molecular architecture, 
which gives rise to the property of handedness or 
chirality. Most amino acids contain asymmetrically 
substituted carbon atoms that result in left-handed and 
right-handed versions (enantiomers). Abiotic chemical 
reactions (in the absence of artificial asymmetry-

inducing compounds) always produce a 1:1 (racemic) 
mixture of the two enantiomers. Thus, equal (or nearly 
equal) amounts of left and right amino acids are found 
in carbonaceous chondrites that are free of terrestrial 
contaminants. Likewise, abiotic amino acid syntheses 
yield racemic mixtures. In contrast, terrestrial biology 
uses only left-handed (L-enantiomer) amino acids as 
building blocks for structural proteins and enzymes. 
Although some D-amino acids are found in the cellular 
membranes of some bacteria, L-amino acids are far 
more abundant in the total cell. 

This marked difference in chirality between  bio-
logical and abiotic amino acid thus provides a means to 
determine of the source of the amino acids based on 
their enantiomeric composition [3]. Although small L-
enantiomeric excesses in some non-protein amino ac-
ids have been found in certain meteorites, there are no 
instances where meteorites have been found to contain 
homochiral amino acids, except when the meteorite 
has been contaminated by terrestrial amino acids. 

On Earth, racemization slowly converts homochiral 
biological amino acids present in natural samples into 
racemic mixtures over geologic time. For most amino 
acids this process converts the original L-amino acids 
into racemic mixtures in 104 to 105 years. Moreover, 
the D/L amino acid ratio in geologic samples has never 
been found to exceed 1.0. The application of the kinet-
ics of the racemization reaction has proved useful in 
determining the geological age of fossil samples. Once 
a racemic mixture in a geologic sample is attained, 
there are no know processes that can cause a deviation 
from the equal mixture of D- and L-enantiomers, with 
the exception of the introduction of modern biological 
contamination into the sample. 
 
Fig. 2. A diagram of the “Follow the Nitrogen” strat-
egy. One distinctive feature is the use of amino acid 
chirality to discriminate between prebiotic chemistry, 
extant life and extinct life. 
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Over the entire Earth, it is estimated that the aver-
age D/L ratio of amino acids is less than 1.0 because of 
the mixing of ancient racemic amino acids and modern 
L-amino acids. On Mars, it is expected that racemiza-
tion would be extremely slow because of the cold, dry 
conditions [4]. Thus any chiral signature of previous 
life should be preserved for billions of years. 

 
Extraterrestrial Life Detection:  Spacecraft based 

instrumentation capable of detecting the abundance of 
the D- and L-enantiomers of amino acids has been 
developed over the last decade. One example is the 
Urey instrument, which uses a microcapillary electro-
phoresis based system to examine natural samples for 
their amino acid entaniomeric composition [5]. Finding 
homochiral amino acids, whether it was all L- or all D-
amino acids, would provide convincing evidence for 
the existence of life on Mars. If partly racemized 
amino acids were detected on Mars, the degree of ra-
cemization would allow for the determination of the 
time in the past when the detected amino acids became 
isolated from active biological processes. 

The life detection strategies defined in this paper 
closely align with input to the decadal survey submit-
ted by the authors [6]. The recommendations of this 
input include that in situ astrobiology instrumentation 
must include specific capabilities for identification of 
unequivocal biosignatures for investigation in the pres-
ence of organics with respect to life detection.  The 
highest chance of success will be accomplished with 
instrumentation targeted towards the following goals: 

 
a. Must include specific capabilities for identifica-

tion of nitrogenous organic compounds; 
b. Extraction methods for organic compound iso-

lation must be non-destructive; 
c. Must be capable of probing trace amounts of 

organic compounds. 
 

A payload that includes the capabilities above for 
organic detection will provide the best chances at de-
tection biosignatures during investigation of minera-
logical environments that reveal high organic seques-
tration potential as deduced from terrestrial studies. 
These astrobiologically relevant environments specifi-
cally include those rich in evaporitic minerals, phyl-
losilicates, and high latitude ice-rich regions such as 
Mars polar layered deposits (PLDs).  PLDs are unique 
in the fact that they would allow for comparison of 
different depositional horizons, potentially tracing 
Martian history back over million year timescales. 

 
 
 

Conclusion:  The contents of this paper closely 
align with the objectives set forth in the 2008 Astrobi-
ology Roadmap [7], specifically: 

 
Objective 2.1 – The Detection of Life on Mars. 
 
Objective 7.2 – The Search for Biosignatures in 
Nearby Planetary Systems. 
 
Westall has argued that the search for life must “be 

based on a coordinated strategy to search for visible, 
biochemical and geochemical signs of life in a suitable 
environment” [8]. We endorse the biogeochemical 
perspective and scientific rational of a “Follow the 
Nitrogen” strategy as viable for unequivocal detection 
of biomarkers in the search for life – specifically with 
respect to the search for amino acids. The ability to 
chemically resolve biosignatures using primary amine 
distributions and chirality at high sensitivity could en-
hance our knowledge of the range of conditions suit-
able for prebiotic synthesis and perhaps allow for the 
first detection of organic compounds on Mars and pro-
vide possibly evidence of a second genesis of life. 
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