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Life exists almost everywhere on Earth. Presence of liquid water is a prerequisite for life
(Oren, 2008). Living organisms are not only found in ‘normal’ habitats (from the
anthropocentric view). Many types, especially of microorganisms, not only tolerate harsh
environmental conditions, but even thrive in them. Such organisms that resist very severe
physical and chemical conditions in their habitats are termed ‘extremophiles’. Some
extremophilic microorganisms are able to overcome more than one type of extreme
conditions in their environment. For example, some ‘polyextremophiles’ grow under
hundreds of atmospheres of hydrostatic pressure (barophiles) and at very low, or
alternatively at very high temperatures. In many hot springs there are acido-thermophiles
that tolerate elevated temperatures and very low pH levels (e.g. the Cyanidium caldarium
group, see Seckbach 1994). Members of Cyanidium are able to thrive in pure CO,, a
condition not tolerated by most algae (Seckbach et al. 1970). Some thermophilic Archaea
grow at temperatures up to 113°C and possibly even higher. In the Arctic and Antarctic
regions and in the permafrost region in Siberia there are cold-loving microorganisms
(psychrophiles) which are able to grow at -20°C. Many types of Bacteria and Archaea
tolerate extreme dryness, and spores of Bacillus and relatives that have been encapsulated
within salt crystals may have survived in a dormant state for thousands and even millions
of years, and still can be revived today. Other extremophiles tolerate salt concentrations
up to saturation. Halophilic microorganisms such as found in the Dead Sea or in the Great
Salt Lake have developed different strategies to cope with the high osmotic pressure of
their environment. Some (e.g. the unicellular green alga Dunaliella salina) balance the
salts in their medium by accumulating organic compounds such as glycerol. Others
(halophilic Archaea of the order Halobacteriales, as well as a few representatives of the
Bacteria such as the aerobic Salinibacter ruber and the anaerobic members of the
Halanaerobiales) use KCl to provide the necessary osmotic balance. Some of these
extreme halophiles possess light-driven proton pumps (bacteriorhodopsin,
xanthorhodopsin) and chloride pumps (halorhodopsin) that enable them to use photons to
drive energetically expensive reactions (Oren, 2002; Oren, 2008).



Extremophiles can serve as models for extraterrestrial microbes that may live in
celestial bodies. The most promising among these to contain habitable areas are Mars
(where the Phoenix Lander recently discovered water) and the Jovian satellite Europa;
also Titan (the moon of Saturn) has some features that resemble those that may have
existed on Earth during its earliest stages.

From the characteristics of extremophilic microorganisms found on the present-
day Earth, we can derive some insights on the question of habitability of other planets,
and learn about possible bioindicators that may be suitable when searching for
extraterrestrial life (Seckbach and Chela-Flores, 2007). Compounds such as methane on
Mars or traces of sulfur on Jupiter's moon Europa may have been of biogenic origin and
may possibly have been endogenic (Chela-Flores, 2006; Chela-Flores and Kumar, 2008).
Biogeochemical tests have been proposed for missions that are in the planning stages,
such as LAPLACE (Blanc et al., 2008), a mission to Europa and the Jupiter system by
ESA’s Cosmic Vision Programme.

The finding of elemental sulfur on Europa may be of special interest. One
possibility is that such traces of sulfur might have originated from the metabolism of
extremophilic sulfur-reducing microorganisms. Radiation may damage traces of biogenic
sulfur deposited on the surface. The stopping depth for ionic radiation in the Jovian
magnetosphere is expected not to exceed 1 cm (Greenberg, 2005; Dudeja et al., 2008).
Thus, organic molecules would not be destroyed below such a thin layer. Penetrators are
instruments in the process of development that would impact planetary bodies such as the
Moon and bury themselves into the surface. Based on to the preliminary results of the
British Penetrator Consortium (Smith et al., 2008), a modest penetration depth of
penetrators into the (icy) surface of Europa would be sufficient to obtain samples that can
be used to correctly interpret isotopic abundances of sulfur that in the presence of
putative S-reducing microbes would show measurable anomalous deviations (a
biomarker) without radiation interference.
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