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Abstract:  The term ñextremophileò was introduced to describe any organism capable of 

liv ing and growing under extreme conditions. With the further development of studies on 

microbial ecology and taxonomy, a variety of ñextremeò environments have been found 

and an increasing number of extremophiles are being described. Extremophiles have  

also been investigated as far as regarding the search for life on other planets and even 

evaluating the hypothesis that life on Earth originally came from space. The first extreme 

environments to be largely investigated were those characterized by elevated temperatures. 

The naturally ñhot environmentsò on Earth range from solar heated surface soils and water 

with temperatures up to 65 °C, subterranean sites such as oil reserves and terrestrial 

geothermal with temperatures ranging from slightly above ambient to above 100 °C, t o 

submarine hydrothermal systems with temperatures exceeding 300 °C. There are also 

human-made environments with elevated temperatures such as compost piles, slag heaps, 

industrial processes and water heaters. Thermophilic anaerobic microorganisms have been 

known for a long time, but scientists have often resisted the 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 50 °C and, based on their optimal 

temperature, anaerobic thermophiles can be subdivided into three main groups: 

thermophiles with an optimal temperature between 50 °C and 64 °C and a maximum at  

70 °C, extreme thermophiles with an optimal temperature between 65 °C and 80 °C,  

and finally hyperthermophiles with an optimal temperature above 80 °C and 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 them belong to the 

Archaea has definitely made this area of investigation more exciting. Particularly 

fascinating are their structural and physiological features allowing them to withstand 

extremely selective environmental conditions. These properties are often due to specific 

biomolecules (DNA, lipids, enzymes, osmolites, etc.) that have been studied for years as 

novel sources for biotechnological applications. In some cases (DNA-polymerase, 

thermostable enzymes), the search and applications successful exceeded preliminary 

expectations, but certainly further exploitations are still needed. 
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1. Introduction 

Among anaerobic and thermophilic microorganisms, anaerobic thermophilic Archaea are certainly 

the most ñextremeò in terms of inhabited ecosystems. They represent the deepest, least evolved 

branches of the universal phylogenetic tree (Figure 1). They often use substrates, which are thought to 

have been dominant in the primordial terrestrial makeup, indicating that they could have been the first 

living forms on this planet [1ï6]. Studies into how they manage thermostability at the protein and 

membrane structural level have elucidated many traits of protein, membrane and nucleic acid structure; 

however, there is not yet a full understanding of the principles of thermostability [7ï11]. The 

development of better genetic tools for the use of these organisms is the key for more practical 

applications in the future [12ï14]. 

Figure 1. Phylogenetic tree highlighting possible evolutionary relatedness of anaerobic 

thermophilic Archaea (modified from Eric Gaba, NASA Astrobiology Institute 2006). 

 



Life 2014, 4 79 

 

 

Although the first forms of life no longer exist, natural thermal environments are still abundant on 

Earth and some have properties similar to those environments in which life possibly first 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 elevated temperatures, hypersalinity, inputs of reducing gasses such as 

H2S, 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 ambient temperature, to submarine hydrothermal 

systems (sediments, submarine volcanoes, fumaroles and vents) with temperatures exceeding 300 °C, 

subterranean sites such as oil reservoirs, and solar heated surface soils with temperatures up to 65 °C  

(Figures 2 and 3). There are also human-made hot environments such as compost piles (usually around 

60ï70 °C but as high as 100 °C) slag heaps, industrial processes and water heaters [15]. 

Figure 2. Some environments where anaerobic thermophiles can be isolated: (a) A power 

plant in Iceland; (b) Terrestrial hot springs at Viterbo (Italy); (c) The hot pool of Bagno 

Vignoni (Italy). 
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Figure 3. Deep-sea hot ecosystems: (a) Hot sediment at the Guaymas Basin;  

(b,c) Drawings of black smokers located at a deep-sea hydrothermal vent area (courtesy of 

Focus Magazine and Jack Jones, respectively). 
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Oil reservoirs, mines, and geothermal aquifers are examples of subsurface environments that 

thermophiles populate. Extreme thermophilic bacterial species of the genera Geotoga and Petrotoga 

(family Thermotogaceae) have so far only been found in deep subsurface oil reservoirs; on this basis, it 

has been proposed that these taxa represent typical indigenous Bacteria of this particular ecosystem. 

However, lately Thermotogales sequences have been found in mesobiotic environments [16] and novel 

species have been described [17]. 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 affect the microbial populations therein. 

Besides natural thermal environments, thermophilic anaerobes are also found within anthropogenically 


