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THERMOPHILES  

An organism /type 
of extremophile, 

known as a 
thermophile, 

thrives at extremely 
high temperatures, 

between 106 and 
252°F (41 to 122°C). 



• Hyperthermophiles can grow even at 113°C-122°C 

• Many thermophiles are archaea, though some of 
them are bacteria & fungi.  

• Thermophilic eubacteria are suggested as an 
earliest bacteria of the earth. 

• Thermophiles are found in various geothermally 
heated regions of the earth,  

 such as hot springs like those in  
 Yellowstone National Park  

 and deep sea hydrothermal vents,  

 as well as decaying plant matter,  

 such as peat bogs (dense wetlands filled with partially decayed 

vegetation) & compost.  



Classification  
 Thermophiles can be classified in various 

ways. One classification sorts these 
organisms according to their optimal 
growth temperatures: 

 

Simple 
thermophiles:  

50–64 °C  
(122–147 °F) 

Extreme 
thermophiles  
65–79 °C (149–

174 °F) 

Hyperthermophiles 80 °C 
(176 °F) & beyond, but not 

below 50 °C (122 °F) 



 In a related classification, thermophiles are 
sorted as follows:  

1. Facultative thermophiles (also called moderate 
thermophiles) can thrive at high temperatures, 
but also at lower temperatures [below 50°C 
(122 °F)], whereas 

2. Obligate thermophiles (also called extreme 
thermophiles) require such high temperatures 
for growth. 

3. Hyperthermophiles are particularly extreme 
thermophiles for which the optimal 
temperatures are above 80°C (176 °F). 



Geothermal areas are extremely varied in terms of 
geology and chemistry, but belong mainly to two 
categories:  
 
first, the solfatara type (natural volcanic steam vent), 

characterized by fields with much S, acidic soils, 
acidic hot springs, and boiling mud pots;  
 
second, the neutral-alkaline type, characterized by 
freshwater hot springs and geysers, which are neutral 
to alkaline in pH. 



Habitats of Thermophiles 

Habitats of 
Thermophiles Parthenium 

argentatum, 

commonly 

known as the 

guayule  

Farm 

haystacks  

A type of smokeless 

tobacco – made 

finely ground/ 

shredded leaves 



Common environmental niches that harbor 
thermophilic microbial consortia 



Extremely Thermophilic Archaebacteria 

• Thermoplasma is an archeon without cell wall and 
live in hot acid coal refuse piles. 

• First and the most hyperthermophilic organism 
isolated by Brock in 1977 is Pyrolobus fumarii 
(Crenarchaeota) from archaea, which has the 
optimum growth temperature at 106°C & at 113°C. 

• The archaea (Pyrococcus, Thermococcus, 
Sulpholobus etc.) can have temperature optimum 
up to 142°C (Rothschild & Mancinelli, 2001). 



• Two species of anaerobic heterotrophic 
archaea, (Picrophilus oshimae & P. torridus) 
were isolated from Japanese soils 
penetrated with solfataric gases, and show 
an optimal growth at pH 0.7 & 60°C. 

• Sulphur metabolizers; Archaeoglobus 
profundus a sulphur reducer bears optimum 
growth temperature of 82°C. 

Extremely Thermophilic Archaebacteria 



Thermophily  
• A phenomenon, established by Thomas 

Brock through his extensive and 
pioneering studies in Yellowstone 
National Park (Wyoming, USA) from 1968 
to 1978. 

• the ability/ phenomenon of an organism 
to grow at a high temperature. 

• The condition of being a thermophile….. 

 



Maximum growth temperature for main groups of organisms 



Various applications of thermophilic microorganisms 

 



Bioconversion of lignocellulose to H: Clostridium 
thermocellum;  Cl. thermocellum; several species of genus 
Thermoanaerobacterium 

Conversion of glycerol to lactate: Enzymes derived from 
thermophiles and hyperthermophiles. 

Conversion of D-xylose into ethanol: Thermoanaerobacter 
ethanolicus, Clostridium thermocellum; Cl. 
thermohydrosulfuricum (reclassified as Thermoanaerobacter 
thermohydrosulfuricus), Thermoanaerobium brockii 
(reclassified as Thermoanaerobacter brockii), Clostridium 
thermosaccharolyticum (reclassified as 
hermoanaerobacteriumthermosaccharolyticum) and 
Thermoanaerobacterium saccharolyticum B6A. 

Biodegradation of petroleum hydrocarbons: Bacillus 



Recovery of heavy metals: Bacillus family 

Remediation of textile dyes: Geobacillus thermocatenulatus 
MS5 

Saccharification of agricultural residues: Sporotricum 
thermophile LAR5 

Dairy processing: Anoxybacillus flavithermus and 
Geobacillus spp., many strains of genera Lactobacillus 
and Bifidobacterium, as well as some enterococci & 
yeasts. 

• Keratin degradation & converted as amino acids: 
serine, cysteine and proline: Fervidobacterium 
pennavorans. 

• Cancer treatment: Asperjinone, a nor-neolignan & 
Terrein, a suppressor of ABCG2-expressing breast 
cancer cells were isolated from thermophile Aspergillus 
terreus. 



 



Commercial aspects of thermophiles 



 



Methanogens 
• Methanogens (methane producing 

microorganisms)  

• Methanogens belong to the domain 
archaea 

• There are over 50 described species of 
methanogens, 

• Methanogens are usually either coccoid 
(spherical) or bacilli (rod shaped). 

 

 

 

Methanopyrus kandleri: a methanogen, only strain in the genus 
Methanopyrus can survive and reproduce at 122°C. 



Classification of Methanogenic Bacteria 

Based on the convertion of substrate like, acetic acid, H2/CO2 and formate 
and methanol, methylamine or dimethyl sulfide into methane and CO2, 
Methanogens can be divided into three groups:  
 
1. Hydrogenotrophic    -  H2/CO2 
2. Aceticlastic, and    -  acetic acid 
3. Methylotrophic methanogens - methanol and methylamine/ 
      dimethyl sulfide 



Habitat of methanogens 

• Methanogens inhabit in some of the most 
extreme environments on earth, 

• Rumen of ruminants living on H & CO2  
produced by syntrophic microbes that help 
digest cellulose, as well as necessary for 
protein synthesis. 

• Muck of swamps and marshes, hydrothermal 
vents, porous rock, sewage sludge, termite-
gut and oil contaminated groundwater at 
underground oil storage facilities. 

 



• Based on their natural habitat, some are 
thermophiles, the methanogens found in 
volcanic hot springs, mud volcanoes and 
solfataras, where temperatures span from 40–
100°C and,  

• in marine environments in undersea 
hydrothermal vents where the temperatures can 
reach up to 350°C due to high pressure. 

• Psychrophily is rare among methanogens with 
only a few species being identified till now…. 

• Also, there are halophiles, acidophiles, 
alkaliphiles, radophiles, and so on.  



Applications of methanogens 

Hydrogen production. It has been observed that several 
methanogenic strains can also produce H - Methanothermobacter 
marburgensis, Methanosaeta thermophila. 
 
Biogas production from organic matter: Butyrate, propionate, 
acetate, formate, ethanol, H2 and CO2.. 

 

Treatment of sewage water: breweries, paper mills, oil mills, 
dairy production and others… 
 
Treatment of solids: Biodegradable wastes like animal manure 
and slurry from the production of pig, poultry, fish and cattle . 
 
Micro biogas systems: Domestic organic waste or feces, while 
the produced gas can be used directly for heating and cooking.  



• Bioelectrochemical systems:  

• Removal of organic pollutants in aquatic bodies. 

• Deazaflavin coenzymes: Serve an vital role in the 
conversion of CO2 and of low molecular weight 
organic acids into methane. In streptomycetes, they 
function as antenna chromophore of DNA 
photolyase. 

• Methanogenic archaea play an essential role in the 
reintroducing unavailable C to the C-cycle by 
anaerobically. 

• The methanogens are used to break down this 
cellulose. 

 

 



Global warming. Methanogenic Archaea producing 
methane gas, a potential fuel source as well as a 
greenhouse gas. 
 
Promoting digestion: Methanogens of human 
digestive tract play major roles, in particular the use of 
H from the fermentation products of bacteria. 
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