
Microorganism and Organic Biomarker Survival as a Function of Depth in a Mars Analog Regolith after Ex-
posure to Mars Surface Conditions.  A. P. Johnson1, T. C. Onstott2, L.M. Pratt3 S.Pfiffner4, T.A. Vishnivetskaya5, 
R.A.Bryan6, L.White7, K.Radtke7, E.Chan2, S.Tronnick2, G.Borgonie8, R. Mancinelli9, L. Rothschild10, D. Rogoff10, 
1Department of Molecular and Cellular Biochemistry, Indiana University, 1001 E. 10th St., Bloomington IN 47405 
adpjohns@indiana.edu  2Department of Geosciences, Princeton, NJ 08544 tullis@princeton.edu 3Department of Geo-
logical Sciences, Indiana University, Bloomington 47405 4Department of Microbiology, University of Tennessee, Knox-
ville, TN 37932 5Oak Ridge National Laboratory, Oak Ridge, TN 37831 6Albert Einstein College of Medicine, 
Bronx, NY 10461 7McGill University, St. Anne de Belleview, Quebec, Canada H9X3V9 8University of Ghent, Bel-
gium 9SETI Institute, Mountain View CA 94043 10NASA AMES Research Center, Moffat Field, CA 94043 

 
 
Introduction:  Recent in-situ and observational da-

ta has provided significant evidence for past aqueous 
activity during the first billion years of Martian history 
in the form of geomorphological (1), mineralogical (2, 
3) and geochemical (4, 5) analysis of the Martian sur-
face.  As a result, an active liquid water cycle would 
imply a period of Martian history characterized by an 
environment more tentatively more favorable to mi-
crobial life.  Recent studies have focused on exposure 
of terrestrial microorganisms (6-8)and relevant biomo-
lecules (9-11) to simulated Martian surface conditions 
in order to determine the feasibility of Earth-based 
organisms and their degradation products surviving 
long-term exposure to ambient Mars conditions.  In 
order to ascertain the effective survival of terrestrial 
microorganisms and biologically relevant molecules at 
Mars surface conditions, we exposed several strains of 
microorganisms, DNA and amino acids to 41 days of 
simulated diurnal Martian UV, pressure and atmos-
pheric conditions while embedded within a Mars rego-
lith analog.  

Experimental:   
Regolith Preparation: Analog regolith was pre-

pared from andesitic basalt composed of ordered and 

intermediately ordered sodian and calcian anorthite 
and albite.  Sterile individual mineral constituents in-
cluded magnesium sulfate, clinoptilolite, ferric oxide, 
Na-montmorillonite and anhydrous ferric sulfate  add-
ed at approximately one weight percent bulk composi-
tion, homogenized, and equilibrated with CO2; elemen-

tal composition mimics the high-silica andesitic basalts 
thought to represent the low-latitude regolith composi-
tions of the Martian surface as shown in Fig. 1.   

Sample Selection: Microorganism samples were se-
lected based on selected desiccation resistance and 
organism-specific adaptations and included: Hafnia, 
Marinobacter and Halomonas strains, Wangiella der-
matiditis, Exiguobacterium sibircum, Methanobacte-
rium veterum, Arthrobacter psychrolactophilus, sever-
al nematode species and a species of tartagrade, as well 
as a DNA plasmid and a levorotary pool of amino ac-
ids. Samples were inoculated into Mars analog regolith 
at individual investigators’ facilities prior to introduc-
tion into the TechShot Mars Ecopoiesis chamber.  

Experimental Chamber and Conditions: The Tech-
Shot Mars Ecopoiesis chamber mimics the diurnal 
cycle of a low-latitude, low-elevation region of 
present-day Mars during vernal equinox, including 
atmospheric composition and pressures, temperature, 
daily solar intensity cycle (up to 590 W m-2), ultravio-
let radiation flux (50 μmoles m-2 s-1), and surface solar 
spectrum ( >200 nm).  Real-time water vapor concen-
tration as a function of temperature and light/dark 
cycles was monitored using a chilled mirror hygrome-
ter with low-pressure liquid nitrogen feed system. Di-
urnal temperature extremes ranged from -40 °C to 21 
°C with 12 hours of daily UV exposure. Martian at-
mospheric water concentration was simulated using 
dual gas mixture yielding an atmospheric composition 
of approximately 1.35% N2, 0.065% O2, 0.035% CO, 
0.005% H2 and 200 ppm water vapor. The remaining 
balance was 50% Ar and 48.5% CO2; atmospheric 
pressure was maintained at 15 mbar to provide the 
correct number of moles of each atmospheric compo-
nent.   Triplicate sampling of UV-exposed, shadowed 
and control samples occurred at 10 day intervals over 
the course of the 41 day experiment. 

Results: Microbial and biomolecule samples were 
extracted from regolith analog at various depth inter-
vals to determine the extent of organism survival and 
organic carbon oxidation rates. Negative results were 
obtained for Halomona, Marinobacter, and all nema-
tode species even prior to exposure to Mars surface 

Fig 1: Mars Analog Regolith Characterization 
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conditions and are inferred to be the result of loss due 
to desiccation. DNA-inoculated regolith also yielded 
negative results, indicating either complete oxidation 
of DNA as a result of interaction with the regolith or a 
complex cross-linking incorporation onto the regolith 
mineral grains. 

Positive recoveries of microorganisms from ex-
posed Mars analog regolith show a decrease in CFU 
with increasing simulation time and decreased survival 
rates in samples exposed to UV radiation. Fig. 2 shows 
Exiguobacterium recovery with respect to time; esti-
mated LD50 for UV exposed (L), control (C), and dark 
(D) samples were 105, 120 and 155 days, respectively; 

below 3 mm depth, the effects of UV are reduced and 
LD50 values increase from 105  to 120 days.  Recove-
ries of Hafnia strains show similar UV dependence, 
with 7%, 17.9% and 54.9% survival rates in UV, dark 
and control samples, respectively.  M. veterum samples 
showed no methane production after exposure to Mars 
conditions, although both live and dead cells were 
identified in samples. A. psychrolactophilus showed a 
five order of magnitude decrease in CFU/g regolith in 
UV, dark and control samples, indicating minimal ef-
fects from the presence of UV on organisms’ survival 
rates.  

Total hydrolysable amino acid (THAA) recoveries 
indicate secondary mechanisms of oxidation. In the 
upper centimeter of UV-exposed samples, approx-
imately 40% of THAA’s are lost in the first 10 days of 
the experiment; at greater depths, significant losses in 
are not seen until after 20+ days of simulated Mars 
conditions. Dark samples show minimal changes in 
THAA concentration until after 10+ days at Mars con-
ditions, and controls show a similar decrease in, with 
maximum loss occurring after day 20 (Fig.3).  

Discussion and Conclusions: Inferences of UV-C 
radiation as the primary limitation for both microor-
ganism survival and biomarker oxidation are investi-
gated as a function of burial within the Mars analog 

regolith. Differences in survival rates from the upper-
most regolith profiles and deeper layers would imply 
active photochemical processing of both microbial and 
biomarker moieties; however, calculations of UV-C 
exposed regolith surface area (<0.01% total area) (9), 
UV-C penetration depth (<1 mm) (12) and decreased 
survival in both dark and control samples imply alter-
nate oxidation mechanisms. Studies have shown that 
the presence of water vapor yields no change in oxida-
tion rates (11) due to the negligible water vapor ab-
sorption at UV wavelengths greater than 200 nm (13).  
Microorganism and biomarker survival is therefore 
inferred to be controlled by the diffusion rate of water 
vapor through the regolith, allowing microlayers of 
water to condense on mineral grains and yielding radi-
cals via Fenton-like reaction mechanisms; decreased 
survival in UV-exposed samples may represent a pho-
tochemical and/or kinetic effect on reactive species 
formation.  

Terrestrial organisms and relevant biomarkers are 
shown to be able to survive extended periods of time 
on the Martian surface when embedded within sub-
centimeter scale Mars regolith analogs, and in some 
cases for periods of time extending beyond basic mis-
sion lifetimes. Missions designed for life detection 
must ensure proper planetary protection protocols are 
followed in order to minimize contamination risks of 
returned samples and in-situ life detection analyses.   
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Fig 2: Exiguobacterium Survival after Exposure                   
to Mars Simulated Conditions 

Fig 3: Concentration differences with respect to 
depth of THAA’s at simulated Mars conditions 
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