
Extremophiles and Their Environments: Chapter 1

Introduction: Extremophiles

Most of life’s organisms are unable to live in harsh environments, but this is not true for an extremophile. All domains of life include the extremophiles: Eukarya, Archaea, and Bacteria but most are housed in the Archaea domain. Extremophiles are microorganisms classified by their remarkable adaptations and ability to survive in extreme environments, such as high temperatures, high/low pH environments, high/low pressure environments, chemical-ridden environments, and numerous others [1].



Thermophiles & Psychrophiles

Thermophiles flourish in high heat environments ranging between 41°C and 122 °C, that’s 105.8 °F to 251.6 °F. That’s hot! Environments that are considered high temperature regions include hot springs, hydrothermal vents deep in the ocean, compost, or peat bogs [2]. Thermophiles are able to survive in these circumstances since they contain enzyme properties necessary to tolerate the high heat. Small biochemical tweaks allow the thermophile to adapt quickly by changing the amino acids, creating more hydrogen bonds, becoming more hydrophobic, reducing loop content, and creating more disulfide bonds [3]. All of these methods help create one tough organism. Thermophiles can further be broken down into three classifications: obligate thermophiles, facultative thermophiles, and hyperthermophiles [3]. Obligate thermopiles require the high temperatures in order to grow in colonization, otherwise they would perish. Facultative thermophiles are flexible in nature and can survive in high heat, but also at heats as low as 50 °C. Hyperthermophiles prefer temperatures above 80 °C to optimize growth and are considered a extremophile because of this [3].

Psychrophiles are the opposite of a Thermophile, they thrive in mainly cold temperatures as low at -20°C or -4°F this would include environments like deep in the ocean, mountains, and polar regions [4]. These tiny organisms have leaped boundaries to overcome the usual drawbacks of successful colonizing in cold environments, such as decreased membrane fluidity, translation and cell division, proteins denatured by cold environments, intracellular ice formation, and many more [4]. They have successfully evolved and adapted over numerous years to brave colder temperatures and thrive in colder environments. 

Acidophiles & Alkaliphiles

A pH scale measures how acidic or basic an environment, liquid, or substance is, and ranges from 0 - 14. The lower the number is on the pH scale the more acidic something is, and the higher the number is on the pH scale, the more basic or “alkaline” something is (see Figure 1 below). The usual human pH is for the most part is neutral at approximately 7.4 pH respectively. This provides the best type of environment for our enzymes to perform at their optimal function; this is not the case for these two special organisms. For these organisms, their enzymes perform well in extreme pH environments. 
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Figure 1: pH Scale





Acidophiles abound in acidic environments lower than 6 pH, such as boiling sulfurous springs which can be as low as ~1 pH [5,6]. The reason to why these microorganisms can survive in this type of environment is due to their cell membrane system. The system is able to pump protons across the intracellular space causing the cytoplasm to remain neutral in nature, shielding the organism from the acidic pH environment. Various other types of acidophils already contain acidic natured cytoplasms and need the extreme pH to maintain themselves [5].

Alkaliphiles live in alkaline environments such as lakes or carbon-rich soils. Optional pH for these microorganisms range from 8.5 pH - 11pH [7]. Like the acidophiles, alkaliphiles are able to tough alkaline environments by their cell membrane systems, which maintain the cytoplasm to a pH of approximately 8. Others have developed ways to maintain stable pH enzymes in order to survive [7].







Barophiles

Barophiles are microorganisms that can bare extreme pressure environments, up to 5584.46 psi. Due to the nature of their extreme environment, these organisms thrive in the darkness. They do not contain the necessary means to repair their DNA if it is stricken by UV rays from the sun [8]. There are two different types of barophile classifications: obligate barophiles and barotolerants. Obligate barophiles requires a high pressure environment, otherwise they will not be able to survive and recolonize well. Barotolerants tend to be more flexible in nature and can tolerate less extreme pressures [8]. The most common barophiles reside in deep regions that are known for their high pressure environments, the farther down you go, the higher the accumulation of pressure. The deepest a human has ever plunged in the deep sea is approximately 332.35 m, that’s about 485 psi (pounds per square inch)! This is a lethal pressure, and most individuals lungs would be crushed in seconds due to this high pressure, but not the barophiles.


Halophiles

Halophiles require saline-rich (NaCL) environments in order to survive and usually reside in salt flats, salt mines, costal regions, or the Dead Sea. These organisms survive by accumulating organic compatible solutes internally, which in turn relives the osmotic environment stress and strain [9]. Most of the halophiles are classified under the Eukaryata domain.


Conclusion:

As you can see, all extremophiles are incredible organisms with amazing adaptive abilities. Each extremophile has their own, individual abilities that allow them to evolve and allow them to survive in the extreme circumstances discussed. But I bet you are wondering, what is so important about extremophiles and what do they contribute to? Extremophiles are involved with biotechnology and aid in maintaining enzyme activity of certain processes, of which, most are only able to be made in extreme conditions for optimal outcome [10]. One particular area of interest in which extremophiles are involved in producing is biofuel. Biofuel is being made in efforts to replenish depleting fossil fuel resources, and most of the products are made from biomass such as corn, beets, wheat, etc [10]. Most biofuels processes require high temperatures and pH, therefore extremophiles are ideal candidates to air in production [10]. Extremophiles are very useful to the future production of products for humans. With their adaptive natures, they will be around for many more years in the future, and who knows, there may be even more discovered uses in the future for these microorganisms!
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