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INTRODUCTION:

• An extremophile is an organism that lives in an extreme environment hence the 

suffix phile, meaning “one who loves.”. 

• An extreme environment is one in which most organisms would find it difficult 

to survive. 

• Examples of extreme environments include the Polar Regions, deserts, the 

deep ocean bed, hot geothermal springs and the tops of our highest 

mountains. 



• Extremophilic organisms are primarily prokaryotic with few eukaryotic

examples.

• Extremophiles are defined by the environmental conditions in which they grow

optimally.

The organisms may be described as :

• acidophilic (optimal growth between pH 1 and pH 5)

• alkaliphilic (optimal growth above pH 9)

• halophilic (optimal growth in environments with high concentrations of salt)

• thermophilic (optimal growth between 60 and 80 °C)

• hyperthermophilic (optimal growth above 80 °C)



• psychrophilic (optimal growth at 15 °C or lower, with a maximum tolerant 

temperature of 20 °C and minimal growth at or below 0 °C);

• barophilic (optimal growth at high hydrostatic pressure)

• oligotrophic (growth in nutritionally limited environments)

• endolithic (growth within rock or within pores of mineral grains)

• xerophilic (growth in dry conditions, with low water availability) 

• Some extremophiles are adapted simultaneously to multiple stresses 

(polyextremophile); common examples include thermoacidophiles and 

haloalkaliphiles.



• Extremophiles produce extremozymes, defined as enzymes that are functional

under extreme conditions.

• Extremozymes are useful in industrial production procedures and research

applications because of their ability to remain active under the severe

conditions (e.g. high temperature, pressure, and pH)

• study of extremophiles provides an understanding of the physicochemical

parameters defining life on Earth and may provide insight into how life on

Earth originated



Types with examples:

PSYCHROPHILES

• Temperature range is -15 to 15°C

• Also called cryophiles

• Found in ice bergs, glaciers

• Cell membrane has high levels of fatty Acids which remain fluid at cold 

temperature.

• It has Proteinaceous antifreeze Mechanism to protect the cell and DNA

• Eg. Arthrobacter, Psychrobacter, Halomonas, Pseudomonas etc.



THERMOPHILES

• Temperature loving microorganisms are called thermophiles

• Most members are Archae

• Found in hot springs, hydrothermal vents etc.

• Grows in Temperature range of 55 - 113°C

• Examples are Deinococcus thermus, Thermus aquaticus.

• Thermus aquaticus is a source of heat resistance enzyme - taq polymerase which 

is well used in PCR.



• Thermophiles are classified as Obligatory thermophiles, thermoacidophiles

and facultative thermophiles.

Obligatory thermophiles:

• Called extreme thermophiles

• Temperature suitable is 80-122°C

• These inhabit regions like hot springs, natural geysers, fumaroles etc.

• Example are Sulfolobus, Pyrococcus, Methanopyrus

• Most of the members require elemental sulphur to grow

• Anaerobic members use sulphur as electron acceptor instead of oxygen



Thermoacidophiles :

• Require high temperature and acidic environment

• Suitable temperature range is 70 – 80°C and optimum pH is 2 – 3

• They can grow in acidous and sulfur rich environment.

• They possess a unique membrane composed of tetraether lipoglycan instead 

of cell wall which provides stability to the bacteria.

• Eg. Thermoplasma acidophilum



Facultative Thermophiles 

• They can leave on higher temperature as well as normal temperature 

• They can live at 20°C

• maximum favourable temperature is 60°C

• eg. Bacillus flavothermus



ACIDOPHILES

• Acidophiles or acidophilic organisms are those that thrive under highly acidic 

conditions (usually at pH 2.0 or below).

• Most acidophile organisms have evolved extremely efficient mechanisms to pump 

protons out of the intracellular space in order to keep the cytoplasm at or near 

neutral pH.

• Therefore, intracellular proteins do not need to develop acid stability through 

evolution. 

• However, other acidophiles, such as Acetobacter aceti, have an acidified cytoplasm 

which forces nearly all proteins in the genome to evolve acid stability



• Studies of proteins adapted to low pH have revealed a few general

mechanisms by which proteins can achieve acid stability.

• In most acid stable proteins (such as pepsin and the soxF protein from

Sulfolobus acidocaldarius), there is an overabundance of acidic residues which

minimizes low pH destabilization induced by a buildup of positive charge.

• Other mechanisms include minimization of solvent accessibility of acidic

residues or binding of metal cofactors.



ALKALIPHILES

• Alkaliphiles are a class of extremophilic microbes capable of survival in alkaline

(pH roughly 8.5–11) environments.

• Examples of alkaliphiles include Halorhodospira halochloris, Natronomonas pharaonis,

and Thiohalospira alkaliphila

• Alkaliphiles maintain cytosolic acidification through both passive and active means.

• In passive acidification, it has been proposed that cell walls contain acidic polymers

composed of residues such as galacturonic acid, gluconic acid, glutamic acid, aspartic

acid, and phosphoric acid. Together, these residues form an acidic matrix that helps

protect the plasma membrane from alkaline conditions by preventing the entry of

hydroxide ions, and allowing for the uptake of sodium and hydronium ions
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• The most characterized method of active acidification is in the form of Na+/H+

antiporters.

• In this model, H+ ions are first extruded through the electron transport chain in

respiring cells and to some extent through an ATPase in fermentative cells. This proton

extrusion establishes a proton gradient that drives electrogenic antiporters which

drive intracellular Na+ out of the cell in exchange for a greater number of H+ ions,

leading to the net accumulation of internal protons. This proton accumulation leads to

a lowering of cytosolic pH.

• The extruded Na+ can be used for solute symport, which are necessary for cellular

processes. It has been noted that Na+/H+ antiport is required for alkaliphilic

growth, whereas either K+/H+ antiporters or Na+/H+ antiporters can be utilized

by neutrophilic bacteria.

• If Na+/H+ antiporters are disabled through mutation or another means, the bacteria

are rendered neutrophilic. The sodium required for this antiport system is the reason

some alkaliphiles can only grow in saline environments.



HALOPHILES

• Halophiles are extremophiles that thrive in environments with very high

concentrations of salt (at least 2 M, that is ten times the salt level of ocean).

• The name comes from Greek for "salt-loving". Some halophiles are classified

into the Archaea kingdom, but there are bacterial halophiles as well.

• Some well-known species give off a red color due to the carotenoid

compounds.

• These species contain the photosynthetic pigment bacteriorhodopsin.



• In order to survive the high salinities, halophiles employ two differing

strategies to prevent desiccation through osmotic movement of water out of

their cytoplasm. Both strategies work by increasing the internal osmolarity of

the cell.

• In the first, organic compounds are accumulated in the cytoplasm – these are

known as compatible solutes.

• These can be synthesised again or accumulated from the environment. The

most common compatible solutes are neutral or zwitterionic

• The second, more radical, adaptation involves the selective influx of K+ ions

into the cytoplasm. This adaptation is restricted to the moderately halophilic

bacterial Order Halanerobiales, the extremely halophilic archaeal Family

Halobacteriaceae and the extremely halophilic bacterium Salinibacter ruber.



BAROPHILE

• A piezophile (also called a barophile) is an organism which thrives at high

pressures, such as deep sea bacteria or archaea. They are generally found on

ocean floors, where pressure often exceeds 380 atm (38 MPa).

• Some have been found at the bottom of the Pacific Ocean where the maximum

pressure is roughly 117 MPa.

• The high pressures experienced by these organisms can cause the normally fluid

cell membrane to become waxy and relatively impermeable to nutrients.

Evolution has forced these organisms to adapt in novel ways to become tolerant

of these pressures in order to colonize deep sea habitats.



• barotolerant bacteria are able to survive at high pressures, but can exist in 

less extreme environments as well. 

• Obligate barophiles cannot survive outside of such environments. 

• For example, the Halomonas species Halomonas salaria requires a pressure of 

1000 atm (100 MPa) and a temperature of 3 degrees Celsius. 

• Most piezophiles grow in darkness and are usually very UV-sensitive; they 

lack many mechanisms of DNA repair.
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