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Table 1
Examples of hot-spring biodiversity using targeted metagenome sequencing.|
Hot spring name (Country) pH Temp. References
("6
Domas and Cibuni { West Java, Indonesia) 2 82-90 Baker et al. (2001)
Boiling Springs Lake (northern California, USA) 2 55 Wilson et al. (2008 )
Three hot springs located in Chiang Mai Province (Thailand ) 73,8559 75, 85, 89 Purcell et al. (2007)
Kirishima Natural Park (Japan) 20-2.6 b6-93 Satoh et al. (2013)
Rehai and Ruidian geothermal fields, located in Tengchong County (Yunnan Province, China) 25-9.4 55.1--936 Houet al. (2013)
Ulu Slim hot spring ( Perak, Malaysia) 78 98 (Gohet al., 2011)
Three Heart Lake Geyser Basin (Mount Sheridanin, YNP, USA 8.1-8.6 44,63, 75 Bowen De Ledn et al. (2013)
Obsidian Pool, Sylvan Spring, and Bison Pool (YNP, USA) 6.5, 5.5, 8.1 30 Meyer-Dombard et al. (2005)
Jim’s Black Pool ( Mud Volcano, YNP, USA) 6.7 74 Barnset al. (1994)
Crater Hills-Alice Spring, Norris Geyser Basin- Beowulf Spring; Joseph's Coat Hot Springs-Scorodite Spring; 25-7.8 =65 Inskeep et al. (2013);
Mammoth Hot Springs-Narrow Gauge, Calcite Springs-5cary Spring (YNP, USA) Inskeep et al. (2010)
Hot spring Mutnovsky Volcano (Kamchatka Peninsul, Russia) 354 70 Wembheueret al. (2013)
Bison Pool (Lower Geyser Basin, YNP, USA) 73-7.8 40 Swingleyet al. (2012)
Kapkai and Waramung springs on Ambitle [sland (Papua New Guinea) 05 =90 Millard et al. (2014)
Three springs located within the Long Valley Caldera (Mammoth Lakes, CA, USA) 7 80 Vick et al. (2010)
Three hydrothermal ponds in Copahue ( Argentina ) 02-1.1 87 Urbieta et al. (2014b)
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Part 2

Diversity
analysis

O Culture-dependent studies O Traditional culture-independent studies

O 16S rRNA gene sequencing and culture- O  Shotgun metagenome and culture-
Independent studies Independent study



o* Culture-dependent studies
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o* Culture-dependent studies

Candidatus bacteria have yet to be isolated and
grown in laboratories.

Costas et al.
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J* Traditional culture-independent studies
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J* Traditional culture-independent studies
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Fig. 2. Overall flow diagram of research related to thermophiles and hyperthermophiles.




J* Partial 16S rRNA gene sequencing
and culture-independent studies
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J* Shotgun metagenome and culture-independent study
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Genomes of
prokaryotic
thermophiles
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? 3.1Life under extreme conditions is made possible by special genome features
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? 3.1Life under extreme conditions is made possible by special genome features
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? 3.1Life under extreme conditions is made possible by special genome features
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? 3.1Life under extreme conditions is made possible by special genome features
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.5- 3.2 Horizontal gene transfer and symbiosis between thermophiles

IKFRA T (HGT)

Thermomicrobium genus

Thermomicrobium roseum DSM 5159
contains a circular chromosome (2.0 Mbp)
and a megaplasmid (919,596 bp)

Candidatus Chloracidobacterium thermophilum

T

co-cultured with Anoxybacillus and Meiothermus species
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.5- 3.2 Horizontal gene transfer and symbiosis between thermophiles

Candidatus Chloracidobacterium thermophilum
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Part 4

Applications of
thermophiles and
thermozymes




Table 3
Advantages of the use of thermophiles in biotechnological applications.

High metabolic activity leads to enhanced product formation rates

Inactivation or elimination of contaminant/pathogenic mesophilic microorganisms

Production of heat stable macromolecules and metabolites

Metabolic reactions occur at the same high temperature that substrates solubilise

No cooling steps required after heating steps

Increased diffusion rates, ionization and solubility of chemicals

Lower density, surface tension, and viscosity of solutions enhance reaction rates

Direct recovery of volatile products

Low bacterial mass formation yields higher ratios of desired product over
assimilated substrate and lower production of waste

Express thermostable enzymes
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Table 4

Biotechnological applications of whole-cell thermophiles.

Whole cell
application

Thermophile

Action

Reference

Biofuel production

Bioremediation

Bioleaching

Food, animal feed,
compost for agriculture,
cultivation production

Caldicellulosiruptor bescii, Caldanaerobius polysaccharoly ticus

Thermoanaerobacterium thermosaccharolyticum
Caldicellulosiruptor saccharolyticus

Methanoculleus thermophiles and other
autochthonous thermophiles from coal mine

Geobacillus sp., Anoxybacillus flavithermus,

Thermus thermophiles, Thermococcus zilligii

Thermus scotoductus, Pyrobaculum. islandicum,
Thermoanaerobacter sp., Thermoterrabacterium [errireducens
Aeribacillus sp., Geobacillus sp.

Anoxybacillus sp.
Non characterised thermophiles

Sulfobacillus sp., Ferroplasma sp., Acidianus infernus

Acidianus brierleyi, Acidianus manzaensis,
Metallosphaera sedula, Sulfolobus metallicus
Clostridium sp., Caldicellulosiruptor sp.

Xylan degrading activity

Butanol production

Consolid ated bioprocess for anaerobic
hydrogen production

Methane production from coal mine substrates

Biosorption of toxic metals
Immobilisation of radionuclides
Biodegradation of recalcitrant aromatic
compounds and hydrocarbons

Degradation of azo-dyes
Construction of biofilters for gas deodoration

Enhanced Cu extraction from chalcopyrite

Metal solubilisation from nickel-copper sulphide

Improved compost quality by cellulolytic activity

Hanet al. (2012);

Su et al. (2013)
Bhandiwad et al. (2013)
Talluri et al. (2013)

Lavania et al. {2014)

Chatterjee et al. (2010);
Sar et al. (2013)
Chernyh et al. (2007)

Mnif et al. (2014)

Deive et al. (2010)
Ryu et al. (2009)

Abdollahi et al (2014);
d'Hugues et al. (2002 );
Qinet al. (2013)

Liet al. (2014)

Basen et al. (2014);
Han et al. (2012);
Sizova et al. (2011)
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