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Introduction: The study of the survivability of micro-
organisms in extreme environments is of paramount 
importance for Astrobiology. Research conducted in 
Mars terrestrial analogues for the past 30 years, has 
revolutionized our understanding of life’s capability to 
adapt to challenging environmental conditions. Analog 
research has also widened the known range of physico-
chemical conditions in which life can survive and 
evolve, to include many environments found in planets 
and moons of the Solar System.  
However, Mars terrestrial analogues do not suffice to 
study life’s adaptability to strong environmental con-
strains such as low-gravity, ionizing radiation, energy-
rich UV radiation, extreme aridity or extremely low 
temperatures. Orbit Exposure Experiments (OEE) al-
low us to study the survivability of organisms to these 
environmental challenges. OEE offer the opportunity 
for in situ biology investigations in the environment of 
space, and can especially contribute to the solution of 
the following issues: (1) formation and stability of 
organic molecules in the prebiotic environment of the 
early Earth, (2) role of the ozone layer and the magne-
tosphere in protecting life on Earth, (3) role of solar 
UV radiation in genetic stability (4), the role of gravity 
in basic biological functions, (5) the chances and limits 
for interplanetary transfer of life, (6) strategies of adap-
tation to environmental extremes, and (7) the needs for 
planetary protection [1, 2]. As well, OEEs contribute 
directly to NASA’s Astrobiology Roadmap goals 5) 
“Understand the evolutionary mechanisms and envi-
ronmental limits of life”, and 6) “Understand the prin-
ciples that will shape the future of life, both on Earth 
and beyond”. 
Traditionally OEE have been conducted to study the 
responses to the harsh conditions of space, of resistant 
microbes, including active bacteria (Synechococcus), 
bacteria spores (Bacillus subtilis), lichens and yeast, 
and of biomolecules such as DNA, amino acids and 
liposomes. These organisms were chosen principally 
for their capability to withstand high doses of radiation 
and extreme dryness conditions. These experiments 
have shown that under certain experimental constrains, 
life can indeed survive exposure to space conditions. 
Desiccation resistant microorganisms (Synechococcus) 
were able to survive a two-week-long space exposure, 
although full exposure to UV-radiation caused major 
DNA damage and cell death [3]. If shielded against the 
influx of solar UV, spores of Bacillus subtilis survived 

from more than 5 years in space [4]. In a different ex-
periment, [5] reported that mixing Bacillus subtilis 
spores with powder of clay, rock or meteorites in-
creased the survival rate by 5 orders of magnitude, 
suggesting that in a scenario of interplanetary transfer 
of life, small rock ejecta of a few cm in diameter could 
be sufficiently large to protect bacterial spores against 
the intense solar radiation.  
Previous OEE have therefore been carried out under 
the assumption that life survivability in space depends 
mainly on the physiological adaptations and resistance 
of microorganisms to extreme conditions, particularly 
to solar radiation.  
 
Potential survivability in space of deep sub-surface 
microorganisms: Here we propose a different ap-
proach to the problem of life survivability in space. 
Although physiological adaptations and resistance to 
solar radiation, temperature extremes, desiccation and 
microgravity will undoubtedly improve the probability 
of microorganisms to survive space exposure, one 
needs to take into account also the probability of the 
same organisms to survive the meteorite impact re-
sponsible for their ejection into space, the capacity of 
organisms to survive at extremely low metabolic activ-
ity levels for prolonged periods of time, re-entry into 
the same or a different planet or moon’s atmosphere, 
impact-shock into the new planet or moon, and adapt-
ability to the new environmental conditions.  
We propose that intraterrestrial (shallow and deep sub-
surface) microorganisms may be better candidates to 
test interplanetary survivability. These type of organ-
isms have already been considered in theories of the 
origin of life, possibly in the vicinity of hydrothermal 
systems [6], and there is increasing support to the no-
tion that deep sub-surface ecosystems may have ex-
isted, or continue to exist, on Mars [7]. 
Deep sub-surface habitats offer a series of protective 
advantages that are lacking in shallower or surface 
environments. Communities of intraterretrial microor-
ganisms are more likely to survive meteorite impact 
[8], planetary ejection and planet re-entry than surface 
organisms. If the size of the ejected particle is suffi-
ciently large (several tens of cm), it will act as a shield 
against harmful radiation [9], the main factor determin-
ing organism survivability during space exposure. 
Many sub-surface organisms are also strict anaerobes, 
and appear to be independent of the resources and the 
conditions from the surface. Therefore these organ-
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isms, if conveniently isolated, would be theoretically 
unaffected by some of the harsh space conditions dur-
ing interplanetary travel. Deep sub-surface microor-
ganisms are chemoautotrophs and have a metabolism 
based on Fe, S and C compounds. This was the most 
common metabolic process in the pre-photosynthetic 
biosphere on Earth [10] and likely on Mars, and there-
fore, this type of organisms were more likely to be 
involved in interplanetary space travel. Sub-surface 
chemoautotrophs are also adapted to extremely low 
levels of metabolic activity, and are able to survive for 
extremely long periods of time (maximum longevity 
estimated: 250 million years) [11]. 
Intraterrestrial organisms also represent an important 
percentage of the biological budget on Earth. Calcula-
tions indicate that the total amount of carbon in intra-
terrestrial organisms may equal that of all terrestrial 
and marine plants [11].  
 
Sub-surface biota in Rio Tinto: a Martian analog: 
Of all know subsurface ecosystems the sub-surface 
biota recently discovered in Rio Tinto (Spain) may be 
of special relevance for OEE and to test the possibility 
that life may have been transferred from Mars to Earth 
in the past. The geochemistry of Rio Tinto, which is 
likely very similar to that in regions on Mars where 
liquid water was once present, such as Meridiani 
Planum [12], makes it one of the best Martian ana-
logues on Earth. The sub-surface ecosystem in Rio 
Tinto includes aerobic Fe and S oxidizers, anaerobic 
denitrifying S2O3

2-oxidizers, and SO4
2- reducing and 

methanogenic H2 oxidizers [13]. These organisms have 
been recovered from boreholes (c.a. 160 m) drilled in 
thick pyrite-rich deposits, and are capable of 
chemoautotrophic metabolism using sulfide and ferric 
iron mineral substrates [13].  
Past OEE have been carried out with different types of 
substrates, including rocks, clay, meteorites, halite and 
soil permafrost [3, 2]. In most studies, the substrate 
was a mere vehicle for the organisms exposed to space 
conditions, although the possible shielding of some of 
these materials against radiation was also considered. 
Gonzalez-Toril et. al (2005) have shown that two spe-
cies of acidophilic iron-oxidizing bacteria from the Rio 
Tinto ecosystem could grow on a piece of the Toluca 
meteorite as the only source of energy [14]. These or-
ganisms depend on the presence of iron for their 
metabolism. In Rio Tinto, the main source of iron 
comes from massive deposits of pyrite (FeS2) a 
common mineral on early Earth and Mars. 
Interestingly, iron is known to absorb harmful solar 
radiation, including gamma rays. Chemoautotrophic 
microorganisms dependent on iron-rich minerals for 
their metabolism may therefore be naturally protected 
by their habitat against high-energy solar radiation 
[15], and at the same time may be able to feed on the 
same rock that is hosting them during their space travel 

hosting them during their space travel [14]. 
 
OEE with deep sub-surface microorganisms: We 
propose a high orbit exposure-experiment to test the 
survivability of sub-surface chemoautotrophic micro-
organisms to space conditions for extended periods of 
time. The instrument consists of a small (30-35 cm 
diameter) capsule hosting two natural pyrite-rich rocks 
of similar dimensions. One rock will be colonized by 
sub-surface iron-oxidizing microorganisms, while the 
other will be sterilized prior to space exposure and will 
be used as control. Both rocks will be fully exposed to 
outer space conditions for a minimum period of time of 
6 months. The experiment is designed as a return mis-
sion. Upon sample return, the survivability of the mi-
croorganisms will be tested with live/dead staining 
methods and light and electron microscopy. We will 
also measure the concentration of soluble ferric iron, as 
a measure of the metabolic activity of the iron-
oxidizing bacteria during space exposure. Additionally, 
microorganism-rock interactions will be studied with 
the scanning electron microscope. Micro-Raman spec-
troscopy will be used to analyze the different types of 
iron compounds that may have been produced as a 
result of the metabolic activity of the microorganisms. 
The same analyses will be conducted with control, 
sterile samples. The ideal orbit would be a HEO or cis-
lunar, since these orbits fulfill the conditions that or-
ganisms have to face during space travels. The use of  
relatively large samples pose some technological chal-
lenges, but it also offers important experimental advan-
tages: (1) Larger sample volumes will provide a better 
shielding for the sub-surface microorganisms against 
the experimental conditions, (2) the sample will have 
similar characteristics to natural meteorites both in 
terms of size and shape.  
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