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Abstract: The term Aextremophil eo was intofoduced
living and groving under extreme conditions. With the further development of studies on
mi crobi al ecol ogy and taxonomy, a variety ¢

and an increasing number of extremophiles are being described. Extremophiles have
also been investigad as far as regamd) the search for lifeon other planets and even
evaluaing the hypothesis that life on Earth originalgmefrom spaceThe first extreme
environments to be largely investigated were those characterized by elevated temperatures.
Thenaturally Ahot environmentsod on Earth ran
with temperatures up to 68, subterranean sites such as oil reserves and terrestrial
geothermal with temperatures ranging from slightly above ambient to abov€,100
submarine hydrothermal systems with temperatures exceedindC30here are also
humanmade environments with elevated temperatures such as compost piles, slag heaps,
industrial processes and water heat&rermophilic anaerobic microorganisms havenbee
known for a long timgbut scientisthaveoften resistedhe belief that some organisms do

not only survive at high temperatures, but actually thrive under those hot conditions. They
are perhaps one of the most interesting varieties of extremophilic organisms. These
microorganisms can thrive at temperatures over@@nd, based on their optimal
temperature, anaerobic thermophiles can be subdivided into three main groups:
thermophiles with an optimal temperature betweerC5and 64 € and a maximum at

70 €, extreme thermophiles with an optimal temperature betweerC65nd 80C,

and finally hyperthermophiles with an optimal temperature abov€ 8dd a maximum
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above 90€C. The finding of novel extremely thermophilic and hyperthermophilic
anaerobic bacteria in recent years, and the fact that a large fraction of toaq toethe
Archaea has definitely made this area of investigation more exciting. Particularly
fascinating are their structural and physiological features allowing themitbhstand
extremely selective environmental conditions. These properties are oieto dpecific
biomolecules (DNA, lipids, enzymes, osmolitet;) that have been studied for years as
novel sources for biotechnological applications. In some cases -{wNAnerase,
thermostable enzymesjhe search and applications successful eadquieliminary
expectations, but certainly further exploitations stk needed
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1. Introduction

Among anaerobic and thermophilic microorganisargerobic thermophilic Archaeare certainly
the most Afextremeo in terms of i nhabited weco
branches of the universal phylogenetic tree {f@d). They often use substrategich are thought to
have been domant in the primordial terrestrial makeup, indicating that they could have been the first
living forms on this planefli 6]. Studies into how they manage thermostability at the protein and
membrane structural levelyaelucidated many traits of proteinembrane and nucleic acid structure;
however, there is not yet a full understanding of the principles of thermostdRilil]. The
development of better genetic tools for the use of these organisms is the key for more practical
applications in the futurg2i 14].

Figure 1. Phylogenetic tree highlighting possible evolutionary selaess of anaerobic
thermophilic Archaeémodifiedfrom Eric Gaba, NASA Astrobiology Institute 2006).
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Although the first forms of life no longer exist, natural thermal envirorimare still abundant on
Earth and some have properties similar to those environments in whipbdgilyfirst began. Many
of these environments are characteristically anaerobic or have low levels of oxygen. The anaerobic
feature can stem from a number of factors: remoteness of the environment from the atmosphere, low
solubility of oxygen in water at elevatéemperatures, hypersaliniipputs of reducing gasses such as
H,S, or the consumption of oxygen by aerobic microorganisms on or near the water surface.

Natural environments for anaerobic thermophiles range from terrestrial volcanic sites (including
solfatara fields) with temperatures slightly above ambtemperatureto submarine hydrothermal
systems (sediments, submarine volcanoes, fumaroles and vents) with temperatures exce&ling 300
subterranean sites such as oil reservoirs, and solar heatacesswils with temperatures up to 85
(Figures2 and3). There are also humamade hot environments such as compost piles (usually around
60i 70 € but as high as 10€) slag heaps, industrial processes and water hefibfs

Figure 2. Some environment&@here anaerobic thermophiles can be isolaf@dA power
plant in Icelandib) Terrestrial hot springs at Viterbo (Italy()g) The hot poolof Bagno
Vignoni (ltaly).
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Figure 3. Deepsea hot ecosystemga) Hot sediment at the Guaymas Basin;
(b,c) Drawings of black smokers located at a dsep hydrothermal vent area (courtesy of
Focus Magazine and Jack Jones, respectively)

(©

Oil reservoirs, mines, and geothermal aquifers are examples of subsurface environments that
thermophiles populate. Extreme thermophBbacterialspecies of the genefaeotogaand Petrotoga
(family Thermotogacegehave so far only been found in deep sutaser oil reservoirs; on this basis, it
has been proposed that these taxa represent typical indig@acigsia of this particular ecosystem.
However lately Thermotogales sequences have been found in mesobiotic envirofitbgatsd novel
species have beatescribed17]. Geothermal aquifers, such as the Great Artesian Basin of Australia,
are considered to be markedly different from volcanically related hot springs in that they have low
flow rates and long recharge times (around 1000 years) that affecti¢hebial populations therein.
Besides natural thermal environments, thermophilic anaerobes are also found within anthropogenically



