Table 1.1 Classes and examples of extremophilic prokaryotes

Physicochemical
factor Descriptive term  Genus/species Lineage Habitat Minimum Optimum ~ Maximum Reference
Temperature
High Hyper- Pyrolobus fumarii Archaea Hydrothermal 90 °C 106 °C 113 °C Bléchl et al.
thermophile (1997)
High " Strain 121 Archaea Black smoker 85 °C ? 121 °C Kashefi and
Lovley
(2003)
High " Methanopyrus Archaea Black smoker fluid 90 °C 105 °C 122 °C Takai et al.
kandleri strain 116 (2008)
Low Psychrophile Permafrost bacteria  Bacteria Siberian —-20°C ? 5°C Rivkina et al.
Permafrost (2000)
pH low Acidophile Picrophilus oshimae  Archaea Acidic hot spring  pH —0.06 pH 0.7 pH 4 Schleper
etal. (1995)
Ferroplasma Archaea Acid mine pHO pH 1.2 pH 2.5 Edwards
acidarmanus drainage et al. (2000)
pH high Alkaliphile Alkaliphilus Bacteria Deep gold mine pH 8.5 pH 10 pH 125 Takai et al.
transvaalensis (2001)
Hydrostatic Piezophile Moritella yayanosii  Bacteria Ocean sediment 50 MPa 70 MPa 110 MPa Nogi and
pressure Kato (1999)
Piezophile Pyrococcus CH1 Archaea Black Smoker 20 MPa 52 MPa 120 MPa Zeng et al.
(2009)
Salt (NaCl) Halophile Halobacterium Archaea Saltern 15 % NaCl 25 % NaCl 32 % NaCl  Grant et al.
salinarum (2001)
Water activity Xerophile Xeromyces bisporus  Fungus Moldy fruit a, 0.61 a, 0.82 a, 0.92 Hocking and
Pitt (1999)
" Halophiles Archaea, Brines a, 0.611 ay, 0.755 ay <09 Stevenson
Bacteria et al. (2015)

Blochl E, Rachel R, Burggraf S, Hafenbradl D, Jannasch HW, Stetter KO (1997) Pyrolobus fuma-
rii, gen. and sp. nov., represents a novel group of archaea, extending the upper temperature

limit for life to 113 °C. Extremophiles 1:14-21
Edwards KJ, Bond PL, Gihring TM, Banfield JF (2000) An archaeal iron-oxidizing extreme acido-

phile important in acid mine drainage. Science 287:1796—1799

Grant WD, Kamekura M, McGenity TJ, Ventosa A (2001) Order I. Halobacteriales Grant and
Larsen 1989b, 495VP (effective publication: Grant and Larsen 1989a, 2216). In: Boone DR,
Castenholz RW, Garrity GM (eds) Bergey’s manual of systematic bacteriology, vol I, 2nd edn.
Springer, Berlin/Heidelberg/New York, pp. 294-299

Hocking AD, Pitt JI (1999) Xeromyces bisporus Frazer. In: Robinson RK, Batt CA, Patel PD (eds)
Encyclopaedia of food microbiology, vol 3. Academic, London, pp. 2329-2333

Kashefi K, Lovley DR (2003) Extending the upper temperature limit for life. Science 301:934

Nogi Y, Kato C (1999) Taxonomic studies of extremely barophilic bacteria isolated from the
Mariana Trench and description of Moritella yayanosii sp. nov., a new barophilic bacterial
isolate. Extremophiles 3:71-77

Rivkina EM, Friedmann EI, McKay CP, Gilichinsky DA (2000) Metabolic activity of permafrost
bacteria below the freezing point. Appl Environ Microbiol 66:3230-3233

Schleper C, Puehler G, Holz I, Gambacorta A, Janekovic D, Santarius U, Klenk HP, Zillig W (1995)
Picrophilus gen. nov., fam. nov.: a novel aerobic, heterotrophic, thermoacidophilic genus and
family comprising archaea capable of growth around pH 0. J Bacteriol 177:7050-7059

Stevenson A, Burkhardt J, Cockell CS, Cray JA, Dijksterhuis J, Fox-Powell M, Kee TP, Kminek
G, McGenity TJ, Timmis KN, Timson DJ, Voytek MA, Westall F, Yakimov MM, Hallsworth
JE (2015) Multiplication of microbes below 0.690 water activity: implications for terrestrial
and extraterrestrial life. Environ Microbiol 17:257-277



Takai K, Moser DP, Onstott TC, Spoelstra N, Pfiffner SM, Dohnalkova A, Fredrickson JK (2001)
Alkaliphilus transvaalensis gen. nov., sp. nov., an extremely alkaliphilic bacterium isolated
from a deep South African gold mine. Int J Syst Evol Microbiol 51:1245-1256

Takai K, Nakamura K, Toki T, Tsunogai U, Miyazaki M, Miyazaki J, Hirayama H, Nakagawa S,
Nunoura T, Horikoshi K (2008) Cell proliferation at 122 °C and isotopically heavy CH, pro-
duction by a hyperthermophilic methanogen under high-pressure cultivation. Proc Natl Acad
Sci U S A 105:10949-10954

Zeng X, Birrien JL, Fouquet Y, Cherkashov G, Jebbar M, Querellou J, Oger P, Cambon-Bonavita
MA, Xiao X, Prieur D (2009) Pyrococcus CHI, an obligate piezophilic hyperthermophile:
extending the upper pressure-temperature limits for life. ISME J 3:873-876



