
 Corresponding author: Rocío Pérez y Terrón 

Faculty of Biological Sciences, Meritorious Autonomous University of Puebla, Puebla de Zaragoza, Puebla, Mexico. 

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Importance of extremophilic microorganisms in biogeochemical cycles 

Arlette Galván González 1 and Rocío Pérez y Terrón 2, * 

1 Academic Unit of Agriculture, Autonomous University of Nayarit, Jalisco, Nayarit, Mexico. 
2 Faculty of Biological Sciences, Meritorious Autonomous University of Puebla, Puebla de Zaragoza, Puebla, Mexico. 

GSC Advanced Research and Reviews, 2021, 09(01), 082–093 

Publication history: Received on 30 August 2021; revised on 06 October 2021; accepted on 08 October 2021 

Article DOI: https://doi.org/10.30574/gscarr.2021.9.1.0229 

Abstract 

Extremophilic microorganisms are organisms capable of proliferating under extreme conditions that are generally 
detrimental to most life on Earth. They are organisms considered of importance in different areas of research, due to 
their ability to produce proteins and enzymes under inhospitable conditions. Therefore, in the present work, the 
information on their participation in the processes of biogeochemical cycles was collected and analyzed in order to 
demonstrate their ecological importance. Recent studies on the metabolic pathways of the Extremophilic 
microorganisms and their environment have shown that most of the archaea, some bacteria and cyanobacteria carry 
out metabolic activities essential for the biogeochemical cycles of sulfur, carbon and nitrogen. Archaea and bacteria 
being one of the main microorganisms that participate in a variety of processes such as sulfidogenesis, methanogenesis, 
ANAMMOX (anaerobic ammonium oxidation), among others. This has suggested that Extremophilic microorganisms 
and extreme ecosystems have a significant impact on global biogeochemical cycles.  
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1. Introduction

"Extremophilic microorganisms are organisms that thrive physically or geochemically in extreme conditions that are 
generally harmful to most life on Earth" [1]; such as very high or very low temperatures, high or low pH levels, high 
pressures, low availability of nutrients or high concentrations of salt. Extreme environments are defined as those 
environments or ecosystems that exceed the limits of the ranges of the physical-chemical environmental parameters 
suitable for most living beings [2, 3]. These ecosystems are cold polar lands and seas, alpine glaciers, underwater vents, 
saline lakes, hot springs, volcanic areas, ecosystems on the seabed or under the earth's crust (where pressure values 
are very high), among others [3,4] 

Extremophiles are found in the three domains of life: Archaea, Bacteria, and Eukarya; but most of the Extremophiles 
belong to the domain of Archaea [1]. In general, these organisms are classified according to the environmental 
conditions in which they grow optimally; thus we have: acidophiles (pH ≤3), alkaliphiles (pH ≥9), halophiles (high salt 
concentration), hyperthermophiles (temperatures> 80 ° C), thermophiles (temperature between 42-122 ° C), 
piezophiles (high pressures), psychrophiles (temperatures ≤-15 ° C), radiophiles (UV radiation, cosmic rays, X-rays) and 
xerophiles (drying conditions; ≤50% relative humidity) [1, 5]. Those who can thrive in more than one extreme condition 
are called polyextremophiles [6]. 

The main elements that make up living beings, such as carbon (C), nitrogen (N), hydrogen (H), oxygen (O), sulfur (S), 
phosphorus (P), among others, are also found in oceans and in different deposits or reservoirs of these chemical 
elements [7]. The circulation of these nutrients between the ecosystem and living beings is known as the biogeochemical 
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cycle or nutrient cycle [8]. Offre et al. in 2013 mention that this cycle arises from geophysical processes and the 
combined metabolisms of life forms. Biogeochemical cycles are influenced by anthropogenic activities and climate 
change and global warming, for this reason, it is important to understand the magnitude of the effects that these factors 
have on the response of ecosystems on these cycles [1]. 

Microorganisms are the main drivers of biogeochemical cycles in the biosphere [9], therefore, it is deducible that 
extremophilic microorganisms also play an important role in these cycles. In the case of archaea, they play an important 
role in these cycles because they participate in at least three of them, in the carbon, nitrogen and sulfur cycle. "At least 
two essential metabolisms for these cycles are carried out exclusively by archaea and the third metabolism by archaea 
and bacteria" [7]. Considering that these cycles are driven mainly by microorganisms, more studies should be carried 
out to try to understand their physiology, metabolism and their role in mediating cycles in extreme environments [1]. 

Extremophiles have been considered important organisms in different areas of research due to their ability to produce 
functional proteins and enzymes under extreme conditions. They are used in biotechnological studies, in 
bioremediation, in studies on adaptations to hostile conditions, in the search for the possible existence of life in other 
planetary bodies and in biogeochemical cycles. In this work, information on the participation of some extremophiles 
was collected and analyzed, relating them to the processes of biogeochemical cycles, to try to understand their ecological 
importance, and that this analysis serves as support when making measurements and predictions resulting from their 
metabolic activity in a natural environment.  

2. Material and methods 

In order to demonstrate the importance of extremophilic microorganisms in biogeochemical cycles in this retrospective 
and documentary research, information on the participation of extremophiles in these cycles was collected. First, a 
literature search was carried out on the main biogeochemical cycles in which they participate. The research was carried 
out through a retrospective documentary analysis. Extremophiles that are part of these cycles were analyzed. Any 
extremophilic microorganisms, whether fungi, algae, archaea or bacteria, were taken into account. Later, the cycles and 
the points of these were described together, where the extremophiles carry out some important metabolic activity for 
the processes of the cycles.  

3. Results and discussion 

The biogeochemical cycle or nutrient cycle is that circulation and redistribution of nutrients (elements) between living 
beings and the ecosystem [7, 10]. These elements are found in oceans, atmosphere, rocks and in some extreme 
ecosystems (salty lakes, sea ice and polar regions, shallow and deep-water hydrothermal vents, hyperacidic lakes and 
volcanoes, among others) [3, 5, 4]. 

In recent years, studies have been carried out on the metabolic pathways of the extremophilic microorganisms and their 
environment, and they have shown that the majority of archaea, some bacteria and cyanobacteria participate in the 
processes of the biogeochemical cycles of sulfur, carbon and nitrogen [7]. The role that extremophilic fungi play in 
biogeochemical cycles is still not well understood, however, it is believed that if they could play an important role, due 
to their ability to survive in extremely oligotrophic conditions, they could be suppliers of H2 to autotrophic organisms. 
in deep water [11]. 

3.1. Sulfur cycle (S) 

The sulfur cycle is primarily driven by the metabolic activities of microorganisms, most of which reside in the ocean. 
There are several sulfur reservoirs, but the ocean represents the largest reservoir; there it is found in the form of 
dissolved sulfate and sedimentary minerals [12]. 

Archaea and bacteria are one of the main microorganisms that influence the sulfur cycle; they use this inorganic element 
to form organic compounds (assimilation, energy-dependent process) and to produce energy (dissimilar sulfur 
metabolism). They are essential processes for the global sulfur cycle [12]. These microorganisms participate in a variety 
of processes in the cycle, which result in the production or oxidation of sulfidic compounds [7]. 

3.2. Sulfidogenesis 

Sulfidogenesis is the production of sulfur through dissimilatory reduction of oxidized sulfur compounds, such as sulfate 
(SO42-), sulfite (SO32-), thiosulfate (S2O32-) and sulfur [13]. 
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Some members of the bacteria Deltaproteobacteria and Epsilonproteobacteria are capable of reducing elemental sulfur 
to hydrogen sulfide (H2S); and archaea belonging to the phylum Euryarchaeota and Crenarchaeota produce H2S, through 
the dissimilatory reduction of elemental sulfur, sulfite, thiosulfate or sulfate [7]. Sulfidogenesis is an important 
biogeochemical process in saline lakes, some species of bacteria belonging to the genera Desulfonatronum, 
Desulfonatronovibrio, and Desulfonatronospira (deltaproteobacteria), represent sulfate reducing lithotrophic bacteria 
(SRB) in saline lakes [13]. 

3.3. Sulfur oxidation 

Sulfur oxidation can produce elemental sulfur or sulfate [13]. Archaea and bacteria are the main involved in this reaction 
and it is believed that they have an important role in the formation of sulfur deposits [14, 7]. 

Some examples of sulfur oxidizing bacteria (SOB) are: the chemolithotrophic bacteria Bacillus and Acidithiobacillus, as 
well as the phototrophic bacteria Chlorobium, Allochromatium, Rhodobacter, Rhodovulum [14, 7, 13]. " In saline lakes, 
the bacteria that carry out this process are purplish sulfur anoxic bacteria, including some haloalkaliphilic species of the 
genera Ectothiorhodospira and Halorhodospira in high salinity, and of the genera Thiorhodospira, Thioalkalicoccus and 
Ectothiorhodosinus in low salinity” [13]. In these lakes, chemotrophic SOBs belong to four genera of haloalkaliphilic 
Gammaproteobacteria: Thioalkalimicrobium and Thioalkalispira, moderately salt tolerant aerobic alkalines; 
Thioalkalivibrio and Thioalkalibacter can grow in high salt concentrations [13]. 

Oxidizing archaea capable of oxidizing sulfur belong to some genera and orders of the phylum Crenarchaeota 
(Sulfolobus, Desulfurococcus, Acidianus, Ferroglobus, Metallosphaera) and Thermoplasmatales (Euryarchaeota) [14, 7]. 
Some Acidianus strains can also grow on carbon disulfide (CS2), a component of volcanic exhalations, converting CS2 to 
hydrogen sulfide (Offre et al, 2013). Crenarchaeota have the ability to oxidize elemental sulfur, but can only grow at 
temperatures above 65 ° C, and Thermoplasmatals include mesophiles that can withstand extreme acidity with a pH = 0 
[7].  

 

Figure 1 Scheme of the participation of archaea and bacteria in the sulfur cycle (modified from Offre et al [7]). 

Figure 1. Schematically represents the metabolic processes of archaea and bacteria in the sulfur cycle (green arrows), 
metabolic processes present only of archaea (red arrows) and metabolic processes present only of bacteria (blue 
arrows). 

3.3.1. Metabolic processes of archaea and bacteria  

Oxidation of sulfur metal to sulfur or sulfate (SO42-); the oxidation of hydrogen sulfide (H2S) to sulfur; the reduction of 
sulfur to H2S; sulfur oxidation to SO42-; reduction of thiosulfate (S2O32--) to H2S; reduction of SO42- to sulfite (S2O32-); and 
the reduction of SO32- to H2S. 
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3.3.2. Metabolic processes only in archaea  

Reduction of SO42- to hydrogen disulfide (HS2-). 

3.3.3. Bacteria-only metabolic processes  

Reduction / oxidation of SO42- to S2O32- or vice versa; dismutation from HS2- to SO42-. 

3.4. Carbon cycle (C) 

Carbon is a fundamental element for life and is key in the biotic and abiotic processes of the Earth [15]. The carbon cycle 
is a series of carbon reservoirs on Earth and they are connected by carbon exchange fluxes. These reservoirs consist of 
carbon in the atmosphere, the ocean, in surface ocean sediments, vegetation, rocks, and other sediments [16]. 

The oceans are of great importance in the carbon cycle, because the coupling between the upper part of the ocean and 
the atmosphere results in high concentrations of dissolved CO2 at the surface of seawater. In the ocean, the carbon cycle 
is largely driven by bacteria and archaea. Bacteria mediate a significant flow of organic matter, from dissolved organic 
matter (DOM) to particulate organic matter (POM) and represent a substantial fraction of heterotrophic respiration in 
the oceans [17].  

3.4.1. Carbon fixation 

Carbon fixation is carried out mainly by archaea, bacteria, algae and cyanobacteria [7, 13, 18]. With respect to archaea, 
various members of Crenarchaeota, Thaumarchaeota and Euryarchaeota are autotrophic, due to the fact that they 
assimilate carbon through oxidized inorganic compounds (carbon dioxide or bicarbonate). However, there are some 
archaea that are mixotrophic, that is, they are capable of changing their nutritional form and can be autotrophic or 
heterotrophic, or co-assimilate small organic compounds under suitable conditions [7].  

It is believed that the archaea belonging to Thaumarchaeota could be contributing approximately 1% of the annual 
production of carbon in the ocean, and could also provide in some cases, most of the reduced carbon for heterotrophic 
microorganisms in zones of minimal oxygen (OMZ) [7]. In the case of sea ice algae, although annual carbon production 
is relatively low, they play an important role in the polar biogeochemical carbon cycle; because they are a fixed carbon 
source for higher trophic levels in ice-covered waters [18].  

In salt lakes, the autotrophic primary producers capable of fixing CO2 in organic polymers are some oxygenic and 
anoxygenic haloalkaliphilic phototrophs, and some chemolytoautotrophs. In most of these lakes, primary production is 
high due to the dense population of haloalkaliphilic cyanobacteria [13]. 

3.5. Methane cycle 

Methane CH4 is an important greenhouse gas in the global carbon cycle. Anaerobic methane oxidation (AOM) is a unique 
metabolism of extremophiles and is mediated primarily by anaerobic methanotrophic archaea (ANME) and sulfate-
reducing bacteria [7, 19, 20, 21]. AOM represents 2% of the methane released into the atmosphere and consumes 
approximately 80% of the methane that arises from hydrocarbon seeps on the seabed; and the reduction of CO2 
represents the rest of the contribution of archaea to atmospheric methane, with small amounts of methane produced 
by the dismutation of methyl compounds [7, 19].  

The methanogenic archaea that have been characterized are found among five classes belonging to Euryarchaeota: 
Methanopyri, Methanococci, Methanobacteria, Methanomicrobia, and Thermoplasmata. Methanogens are found in 
various types of ecosystems, such as: rice fields, pipelines, hydrothermal vents, subsurface habitats, freshwater, marine 
and hypersaline sediments, and even in the gastrointestinal tract of some animals [7]. 

Methanotrophs are gram-negative aerobic bacteria and generally only grow in methane or methanol as a carbon and 
energy source [20]. In salt lakes, the main aerobic methanotrophs are: Methylomicrobium (alkalophils with low salt 
tolerance) of the Methylococcaceae family of Gammaprotebacteria; and the main haloalkaliphic ones are: Methanolobus 
taylorii (in moderate salinity) and Methanosalsum zhilinae (in high salinity), and the lithotroph Methanocalculus 
natronophilus (highly tolerant to salt) [13, 20].  

Offre et al. (2013) [7] show some methanogenic pathways (carried out by methanogens) that depend on various 
substrates, which: 
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 Hydrogenotrophic methanogens: reduction of CO2 with hydrogen 
 Formatotrophic methanogen: CO2 reduction with formate 
 Acetoclastic methanogens: acetate fermentation 
 Methylotrophic methanogens: dismutation of methylated compounds (methanol, methylamine, 

dimethylsulfide or methanethiol). 

Acetate fermentation is performed by only a few methanogens, but could account for up to 2/3 of the methane released 
into the atmosphere through archaea methanogenesis [7]. 

 

Figure 2 Scheme of the participation of archaea and bacteria in the carbon cycle (modified from Offre et al [7]). 

In Figure 2, metabolic processes of archaea and bacteria are schematically represented (green arrows) and metabolic 
processes present only of archaea (red arrows). 

3.5.1. Metabolic processes of archaea and bacteria: 

o Oxic environment Oxidation of methane to CO2 and aerobic respiration. 
o Anoxic environment: Fermentation and anaerobic respiration take place from organic C, which results in small 

organics or CO2; the fixation of CO2 to organic C; and Acetogenesis from CO2 resulting in small organics. 

3.5.2. Exclusive metabolic processes of archaea: 

o Anoxic environment Methanogenesis by hydrogenotrophic methanogens reduces CO2 with hydrogen to methane 
(CH4); Methanogenesis by formatotrophic, acetoclastic, and methylotrophic methanogens degrades formate, 
acetate, and methylated compounds, respectively, to CO2; oxidation of methane to CO2. 

3.6. Nitrogen cycle (N) 

The nitrogen (N) cycle is one of the most important biogeochemical cycles in nature, because it is found in various forms 
such as ammonium (NH4 +), organic nitrogen, nitrate (NO3-), among others, circulating in large flows in the atmosphere, 
land and water through various biological processes [1, 22]. Nitrogen is part of the main building blocks of life (found 
in DNA, RNA, and proteins); it is the dominant gas on Earth; it is stored in all geological deposits on Earth (the crust, 
mantle and core); and plays an important role in the biogeochemistry of the ocean [1]. In the ocean, its main sources of 
N are the biological fixation of N2 and atmospheric deposition, and in the sinks, the main sources are denitrification and 
anaerobic oxidation of ammonia [22]. 

Microorganisms are the main ones in mediating the redox transformations of N and change the concentrations of N 
compounds in the environment. For this reason, it is possible to suppose that Extremophilic microorganisms play an 
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important role in catalyzing reactions of the N cycle in extreme environments such as salty lakes, mining sites, hot 
springs, volcanoes, among others [1, 22]. 

3.6.1. Fixation of nitrogen 

Atmospheric nitrogen mainly enters the food chain through nitrogen fixation, which consists of the reduction of N2 to 
NH3. This process is carried out naturally by bacteria and archaea [1, 7]. 

The assimilation of nitrate and ammonium is characterized in symbiotic microorganisms, mesophilic bacteria, algae, 
plants and fungi [1, 7]. The ability to fix N2 gas or diazotrophy “metabolic capacity to fix atmospheric nitrogen in a 
biologically useful form” [23], is a generalized characteristic of methanogenic archaea, although it is also present in the 
oxidizing anaerobic euriarchaeotes (or euriotes) of methane, in some species of bacteria, and cyanobacteria [7, 22]. 

In saline lakes, ammonia produced during nitrogen fixation can be oxidized to nitrate via nitrite by haloalkaliphilic 
nitrifiers. In these lakes and on saline soils, the oxidation of ammonium to nitrite is carried out by a subpopulation of 
Nitrosomonas halophila extremely tolerant to alkalis, while the oxidation of nitrite can be carried out by Nitrobacter 
alkalicus which are moderately tolerant to alkalis [13]. 

Information on nitrogen fixation in extreme environments is scarce and is limited to a few members of the 
Haloferacaceae family (halophilic archaea) or some thermophilic bacteria [1]. In the case of saline lakes, there is very 
little information about the nitrogen fixation that occurs in these, however, it is believed that there is a group of 
heterocyst alkalophilic cyanobacteria with low tolerance to salt from the Anabaena group (Anabaenopsis and Nodularia) 
that possibly carry out this activity [13]. 

3.6.2. Nitrification 

The nitrification process has a global impact on the form of inorganic nitrogen (ammonia or nitrate) in ecosystems. This 
process consists of two steps, and each step is catalyzed by different groups of microorganisms: (1) oxidation of 
ammonia (NH3) to nitrite (NO2-) and (2) its subsequent conversion to nitrate (NO3-) [7]. 

Anaerobic ammonium oxidation (ANAMMOX) is the process of oxidation of ammonium (NH4+) through the reduction of 
NO2-. Extremophilic microorganisms capable of carrying out the ANAMMOX process have recently been described in 
natural ecosystems, such as some extreme freshwater environments, hot springs, and deep-sea hydrothermal vents [1]. 
Lithoautotrophic archaea (thrive in oxidic and moderate habitats) have the ability to oxidize ammonia (NH3) to nitrite 
(NO2-) and their high numbers in marine and fresh waters, soils and surface sediments, and warm environments suggest 
an important role in the global nitrogen cycle [7]. 

Aerobic oxidation of ammonium (NH4+) is the process of converting ammonium to nitrate. It is essential for the nitrogen 
cycle and is currently believed to be driven by two main groups of microorganisms, the chemolithotrophic ammonia 
oxidizing bacteria (AOB) and the ammonia oxidizing archaea (AOA) [1]. 

3.6.3. Denitrification 

Denitrification is an anaerobic airway where nitrate (NO3-) is reduced to nitrogen compounds such as N2, nitric oxide 
(NO) and / or nitrous oxide (N2O) [1, 7]. Extremophilic microorganisms that have been reported to carry out this process 
are some species of thermophilic bacteria of the genus Thermus, some species of halophilic archaea, the thermophilic 
archaea Pyrobaculum aerophilum and some moderately halophilic bacteria [1]. 

Denitrification occurs in various environments, both in fresh and marine waters, as well as in soils, and is generally 
carried out by facultative anaerobes that grow in microaerophilic or anoxic conditions (some bacteria, archaea and 
eukaryotes) [7]. In salty lakes, this process is carried out by some species of the genus Halomonas (extremely salt-
tolerant alkaliphiles), by several facultative anaerobic lithotrophs of the genus Thioalkalivibrio and the Alkalilimnicola 
– Alkalispirillum group of Gammaproteobacteria [13]. 
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Figure 3 Scheme of the participation of archaea and bacteria in the nitrogen cycle (modified from Offre et al [7]). 

Figure 3 schematically represents the metabolic processes of archaea and bacteria in the nitrogen cycle (green arrows) 
and metabolic processes present only of bacteria (blue arrows). 

3.6.4. Metabolic processes of archaea and bacteria 

o Oxic environment: Mineralization of organic nitrogen to ammonia (NH3) and vice versa; oxidation of NH3 to nitrite 
(NO2-); "Nitrous oxide, N2O, can be a direct product of the oxidative pathway of ammonia"; denitrification of NO2- to 
nitric oxide (NO). 

o Anoxic environment: Denitrification of nitrate (NO3-) to nitrite (NO2-); denitrification of NO2- to NO; denitrification 
of NO to N2O; denitrification of N2O to N2; and fixation of N2 to organic nitrogen. 

3.6.5. Bacteria-only metabolic processes 

o Oxic environment: Fixation of N2 to organic nitrogen; mineralization; denitrification of N2O to N2; and oxidation of 
NO2- to NO3--. 

o Anoxic environment: ANAMMOX process. 

Examples of Extremophilic Microorganisms Participating in the Biogeochemical Processes of Sulfur (S), Carbon (C), and 
Nitrogen (N) 

Extremophilic microorganisms inhabit a wide variety of ecosystems, both on the surface of the Earth and below it, and 
by regulating these ecosystems they present one or more extreme physical or chemical conditions [3, 4, 5]. A great 
variety of microorganisms can be found in these ecosystems, such as archaea, bacteria, algae, fungi and eukaryotes; 
However, most of the Extremophiles belong to the Archaea domain, and through research it has been shown that they 
are essential in the biogeochemical cycles, because some metabolic processes in the sulfur and carbon cycles are carried 
out exclusively by archaea [7]. Archaea have a significant biogeochemical impact, for example, their syntrophic 
interactions (obligatorily mutualistic metabolism) [47], allow the degradation of complex organic molecules to CO2 and 
CH4 in methanogenic habitats; and through methanogenesis, they produce around 1 Gt (gigaton) of methane each year, 
representing approximately 74% of the annual net emissions of methane to the atmosphere [7]. 

Recent research has suggested the importance of extreme ecosystems in biogeochemical cycles, such as salty or saline 
lakes, polar ecosystems, and glaciers [13, 48]. In salty lakes, groundwater is rich in CO2, poor in magnesium and calcium; 
They are highly productive and functional ecosystems for a great diversity of communities of haloalkaliphilic 
microorganisms, responsible for the sulfur, carbon and nitrogen cycles [13]. In glacial and polar ecosystems, a great 
diversity of communities of microorganisms capable of sequestering nitrogen from the atmosphere has been found, 
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particularly in cryoconite holes, where a great variety of microorganisms such as bacteria, algae, tardigrades, among 
others have been found [49]. 

Table 1 Some examples of Extremophilic microorganisms that participate in the biogeochemical cycles of sulfur 
(yellow), carbon (green) and nitrogen (blue) are shown; sulfur and carbon (light brown), nitrogen and carbon (purple), 
sulfur and nitrogen (pink); and the type of Extremophile [1, 5, 7, 12, 13, 14, 20, 22, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46]. 

 Microorganism Extremophilic type 

 

 

 

 

 

 

 

 

 

 

Bacterium 

Proteobacteria:  

Acidithiobacillus Acidophilic 

Allochromatium Halophilic 

Ectothiorhodospira Haloalkaliphilic 

Halorhodospira Haloalkaliphilic 

Ectothiorhodosinus Haloalkaliphilic 

Thiorhodovibrio Halophilic 

Nitrosomonas halophila Haloalkaliphilic 

Nitrobacter alkalicus Alkalophilic 

Deltaproteobacteria:  

Desulfobulbus alkaliphilus Haloalkaliphilic 

Desulfonatronobacter acidivorans Haloalkaliphilic 

Desulfonatronovibrio hydrogenovorans Alkalophilic 

Desulfonatronovibrio magnus Haloalkaliphilic 

Desulfonatronovibrio thiodismutans Haloalkaliphilic 

Desulfonatronospira thiodismutans Haloalkaliphilic 

Desulfonatronum cooperativum Haloalkaliphilic 

Desulfonatronum thiosulfatophilum Haloalkaliphilic 

Desulfonatronum thioautotrophicum Haloalkaliphilic 

Desulfonatronum thiodismutans Haloalkaliphilic 

Desulfonatronum buryatense Haloalkaliphilic 

Desulfonatronum lacustre Haloalkaliphilic 

Gammaproteobacteria:  

Thioalkalimicrobium Haloalkaliphilic 

Thioalkalispira Haloalkaliphilic 

Thioalkalivibrio Haloalkaliphilic 

Thioalkalibacter Haloalkaliphilic 

Thiorhodospira Haloalkaliphilic 

Methylomicrobium alcaliphilum Haloalkaliphilic 

Methylomicrobium sp. Haloalkaliphilic 

Methanolobus taylorii Haloalkaliphilic 

Methanosalsum zhilinae Haloalkaliphilic 

Methanocalculus natronophilus Haloalkaliphilic 

Halomonas sp. AIR-2 Haloalkaliphilic 

Halomonas sp. Z-7009 Haloalkaliphilic 

Thioalkalivibrio denitrificans Alkalophilic 

Alkalilimnicola halodurans Haloalkaliphilic 

Alkalilimnicola ehrlichii Haloalkaliphilic 
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Alkalispirillum Haloalkaliphilic 

Firmicutes:  

Bacillus Alkalophilic  

Clostridium alkalicellum Alkalophilic 

Anoxynatronum sibiricum Alkalophilic 

Anaerobranca gottschalkii Thermoalkaliphilic 

Anaerobacillus alkalilacustris Alkalophilic 

 Dethiobacter alkaliphilus Alkalophilic 

Chlorobi:  

Chlorobium Thermophilic 

Deinococcus-Thermus:  

Thermus thermophilus Thermophilic 

Thermotogae:  

Thermotoga maritima Hyperthermophilic 

Leptospirillum:  

Leptospirillum ferriphilum ML-04 Acidophilic 

Cyanobacteria:  

Arthrospira Alkalophilic 

Anabaenopsis Alkalophilic 

Cyanospira Alkalophilic 

Nodularia Alkalophilic 

 

 

 

 

 

Archaea 

Euryarchaeota:  

Termoplasmatales Thermophilic 

Methanopyri Thermophilic 

Methanococci Thermophilic 

Methanobacteria Thermophilic 

Methanomicrobia Thermophilic 

Haloferacaceae Halophilic 

Archaeoglobales Hyperthermophilic 

Halobacteriales Halophilic 

Thermococcales Hyperthermophilic 

Nanohaloarchaea Hyperhalophilic 

Crenarchaeota:  

Sulfolobus Thermophilic 

Desulfurococcus Thermophilic 

Acidianus Thermophilic 

Ferroglobus Hyperthermophilic 

Metallosphaera Thermophilic 

Pyrobaculum aerophilum Hyperthermophilic 

Thaumarchaeota Thermophilic 
 

The sequestration of NH4 by microorganisms is an important component of the annual nitrogen fluxes of the glacial 
surface, representing around 50% of the atmospheric NH4 deposited in the snow cover [49]. Regarding the carbon cycle 
in the polar regions, sea ice algae play an important role in carbon fixation, fixing approximately between 2-10% (in the 
Arctic) and 1-3% (in the Antarctic) of total annual production [18]. 
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4. Conclusion 

Because the first extremophilic microorganisms on the planet were the ones that modified the environmental conditions 
of the Earth, transforming it into a planet with oxygen, it is highly probable that extremophilic microorganisms currently 
have an important role in global biogeochemical cycles. 

Recent research has suggested the importance of these microorganisms and their habitat in biogeochemical cycles, and 
has shown that some members of archaea, bacteria and cyanobacteria perform essential metabolic activities for the 
sulfur, carbon and nitrogen cycles. Archaea and bacteria being one of the main microorganisms that influence these 
cycles, participating in a variety of processes such as sulfidogenesis, methanogenesis, ANNAMOX, among others. This 
has suggested that extremophilic microorganisms and extreme ecosystems have a significant impact on global 
biogeochemical cycles. In addition, the study of their function in these cycles could provide information so that in the 
future measurements and predictions of the biogeochemical fluxes resulting from their metabolic activity in a natural 
environment can be made.  
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