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Abstract: Archaea are strange but unique beings that have evolutionary relationships with bacteria and eukaryotes and have many 

unique properties of genotypes and phenotypes that indicate their own evolutionary status. In addition to its presence in the human 

body, it plays a key role in the ecological cycle of the planet. The metabolic strategies and physiological adaptation of archaea to 
extreme environments are great. Accurate and Responsive Mechanisms to ensure that Taxis patterns provide the needs of the cell, 

or the need for Bioremediation strategies that control environmental activities, develops important features in the global ecosystem 

to develop tools that have great economic and health benefits for Includes human beings. This research emphasizes recent progress 

in recognizing archaea mechanisms and highlights new insights on structural, environmental and habitat studies. 
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1. Introduction  

Archaea, most of which had initially been isolated from 

difficult, harsh and abnormal environments, were called 

extremophiles playing a key role in vital processes such as 

carbon and nitrogen cycles (Falkowski et al., 2008, 

Martínez-Espinosa et al., 2011) in line with human health 

and modern biotechnology development. Molecular, 

genomic and phylogenetic data strengthen Woese's 

definition of archaea as the third domain of life in addition 

to Bacteria and Eukaryotes (Woese et al., 1990). Archaea 

not only exist in diverse environments, but also they can be 

abundant. Their predominance in marine plankton, 

including oceans, points to a crucial and still very poor role 

in the biogeochemical cycles of our planet (Keenan et al., 

2001, Rothschild and Mancinelli, 2001). Evidence suggests 

that archaea are typically older than eukaryotes and 

bacteria; but, their growth rate is slower than that of 

eukaryotes and bacteria during evolutionary periods. 

However, no clear reasons have been found for the slow 

evolutionary rate of archaea compared to eukaryotes and 

bacteria, which may be related to their lives in anomalous 

environments (Martens-Habbena and Stahl, 2011). 

Although nowadays, our knowledge with regard to this 

group of organisms has been increased, compared to 

bacteria and eukaryotes, most basic processes in archaea 

have not been adequately characterized. For example, while 

cell surfaces play a key role in cell biology of archaea, 

inadequate information has been remained concerning their 

composition, biosynthesis and function (Zaremba-

Niedzwiedzka et al., 2017). The similarities of archaea to 

bacteria and eukaryotes have been characterized such that it 

is clearly evident according to the cell wall and membrane 

that both bacteria and archaea have a cell wall. While 

bacteria cell walls contain peptidoglycan compounds, 

archaea cell walls have either pseudopeptidoglycan or 

protein-based cell walls (Sleytr et al., 2014). Archaea is 

composed of N-Acetyltalosaminuronic acid, instead of N-

Acetylmuramic acid (MurNAc). Moreover, N-

Acetylglucosamine (GlcNAc) and N-

Acetyltalosaminuronic acid exist instead of β-(4-1) and β-

(3-1) (Klingl, 2014). The cytoplasm of both bacteria and 

archaea consists of a cytoplasmic membrane composed 

primarily of glycerol phosphate phospholipids that the lipid 

composition of these membranes is distinct and specific for 

each of these organisms (Jain et al., 2014). The bacteria 

membrane is composed of glycerol and fatty acid attached 

together through an ester bond; while, archaea lack fatty 

acids, instead they have isoprene creating much tolerance in 

archaea membrane. Chirality (inversion) is specific to 

glycerol in archaea which is in the form of sn-Glycerol-1-

phosphate; while, it is sn-Glycerol-3-phosphate in bacteria 

and eukaryotes (Pohlschröder et al., 2005, Summons et al., 
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1988). However, archaea are also significantly similar to 

bacteria in many respects, such as size and organization of 

chromosomes, the presence of polycistronic transcription 

units and utilization of Shine–Dalgarno sequences for the 

initiation of translation (Bell and Jackson, 2001, Lecompte 

et al., 2002, Londei, 2005). 

2.Central Metabolism 

Living organisms utilize nutrients both to produce the 

required energy for biosynthesis and other endergonic 

processes. The degradative metabolic pathways by which 

the precursors are produced for cell components are known 

as catabolic pathways; whereas, the biosynthetic processes 

are referred to as anabolic reactions (Danson, 1988, Danson, 

1993). The exact nature of the catabolic and anabolic 

pathways is dependent on the starting nutrients and the 

intended cell components; the metabolic linkage between 

them is provided by the pathways of central metabolism, the 

reactions which are used as the main routes to energy 

generation. Therefore, this is an evident and important 

statement that central metabolism is vital to all activities 

within a cell. Moreover, due to the high importance, these 

pathways are found in all living organisms so that the 

precise details vary between organisms but the basic pattern 

include the majority of species (Morris et al., 1985). 

Glucose metabolism is performed in two groups of archaea, 

including extreme halophiles and thermophiles, with little 

variation in the pathway of Enter-doudoroff cycles. In 

glucose catabolism, an intermediate (2-keto-3-deoxy-6-

phosphogluconate) or its phosphate-free form is produced 

and the rest of the steps are similar to those in E-D pathway 

in bacteria. As a result, glucose is oxidized to gluconate and 

then dehydrated to 2-keto-3- deoxygluconate, which in turn 

is phosphorylated to 2-keto-3-deoxy-6-phosphogluconate. 

A modified version of Entner–Doudoroff pathway is found 

in other species of Halobacterium, Haloferax and 

Halococcus, that may be common for halophiles (Rawal et 

al., 1988, Severina et al., 1991). No route for glucose 

catabolism other than the modified Entner-Doudoroff 

pathway has been reported in halophiles. However, 

Tomlinson et al. have reported that pyruvate production 

from glucose does not need any ATP (Tomlinson and 

Hochstein, 1972b). Acid catabolic reactions in archaea are 

performed through citric acid cycle. Macromolecules’ 

monomers in archaea are composed of intermediates like 

those of the pathways of bacteria metabolism (Tomlinson 

and Hochstein, 1972a, Tomlinson and Hochstein, 1972b). 

In ATP synthesis, extreme thermophiles have a-type 

cytochrome. Considering the location of this carrier in the 

metabolic membrane, organotrophy is initiated with 

electron reduction from the reduced substance to the 

electron-transport chain and is eventually transmitted to 

oxygen and sulfur and reduces them.  The electron 

movement in electron transport chain (ETC) results in 

proton motive force formation around the membrane, which 

drives the synthesis of ATP via ATPase enzyme 

(Deppenmeier and CMLS, 2002, Gottschalk and Thauer, 

2001, MÜLLER et al., 1988, Schlegel and Müller, 2013, 

Thauer et al., 2008). In methanogenic bacteria, and 

lithotrophic thermoacidophiles, Co2 absorption occurs 

through the Acetyl-CoA pathway with little modification. 

Obligate thermophile like thermoproteus and sulfolobus, 

CO2 absorbance is done via the reverse Krebs cycle (also 

known as the reverse tricarboxylic acid cycle), which are 

also similar to green sulfur-like bacteria in this regard. 

Halobacterium carbon dioxide is obtained through the 

Calvin cycle(Berg et al., 2010). 

Taxis in archaea 

In comparison with the well-explored bacterial chemical 

systems, studies on archaea chemotaxis are limited. Studies 

have shown that several euryarchaeota display tactic 

behavior and respond to acetate, some amino acids or light. 

However, the majority of these studies seem not yet to have 

been accompanied with genetic or biochemical research 

(Migas et al., 1989, Sment and Konisky, 1989). Most of our 

understanding of archaea taxis has been gleaned from 

studies of Halobacterium salinarum model organism. This 

microbe can perform aerobic respiration, and arginine 

fermentation and use light as an energy source (Gonzalez et 

al., 2009). The organism requires pumps bacteriorhodopsin 

(BR) and halorhodopsin (HR) that which have a role in ion 

exchange (Oesterhelt and Tittor, 1989). As a result, the 

mentioned different growth strategies, H. salinarum can 

react to different stimuli such as light, oxygen, amino acids 

and sensitive membrane potential (Kokoeva and Oesterhelt, 

2000, Kokoeva et al., 2002, Seidel et al., 1995, Spudich et 

al., 1988, Yao and Spudich, 1992). H. salinarum contains 

18 different MCP homologs named Halobacterial 

transducer proteins (Htrs), which possess their own sensing 

domain and interact with other receptor proteins (Koch et 

al., 2008). HtrI and HtrII have phototaxic reaction ((Spudich 

et al., 1988, Yao and Spudich, 1992). Htr8 and Htr10 

(HemAT) require oxygen for absorption and phobic 

reactions ((Brooun et al., 1998, Hou et al., 2000). Htr14 

(MpcT) can detect changes in membrane potential (Koch 

and Oesterhelt, 2005); while, Htr11 (Car) has cytosolic 

activity (Storch et al., 1999).  Htr3 (BasT) is responsible for 

detection of branched chain and sulfur-containing amino 

acids and Htr5 (CosT) mediates osmolytes compatibility 

(Kokoeva and Oesterhelt, 2000, Kokoeva et al., 2002). 

Phototaxis offers boundless experimental possibilities. In 

compariosn with chemical stimuli, a light stimulus can be 

instantly switched on and off, allowing for formation of a 

dynamic range, duration of the stimulus as well as its 

intensity. This phototaxtic response has been studied and is 

considered as one of the applications in biology programs 

(Nutsch et al., 2003, Streif et al., 2010).  

Bioremediation via archaea 

Bioremediation is the use of microorganisms for 

degradation or removal of contaminants. Most 

bioremediation research have focused on the processes 

performed by the domain bacteria; however, the specified 

archaea play an important role in many situations. In 

extreme conditions, such as halophilic or acidophilic 

environments, archaea are well suited for bioremediation. 

Archaea play a role in halophilic hydrocarbon degradation, 

acidophilic hydrocarbon degradation, hydrocarbon 

degradation in impenetrable environments such as soils and 
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oceans, metal refining, and acid mine drainage (Hazen et al., 

2016, Lefebvre and Moletta, 2006, SINGH et al.). 

Pathogenic potential of archaea 

Currently, research reveals that archaea are able to survive 

in the human body. However, the efforts made to prove the 

pathogenic potential of archaea in humans have not been 

successful by 2011 (Relman et al., 2000). Pathogenesis 

depends on host cell entry, growth, proliferation, use of host 

system tools and host immune system. Archaea will follow 

this pattern if they behave as pathogens (Eckburg et al., 

2003). Microbiologists often do not prioritize archaea in 

clinical practices, because these organisms have been 

known as exotic extremophiles that have strange molecular 

machinery. Since archaea have been known to be 

methanogens associated with the human gut for several 

decades, human clinical studies may reveal new aspects of 

archaea–human interactions. Therefore, today SrRNA16 

genes can be used to fully identify pathogenic factors in 

humans (Walters et al., 2011). By investigating the human 

colon content, researchers assigned about 0.8% of the genes 

to archaea which are in methanogen form (Fricke et al., 

2006, Qin et al., 2010).  Thus, these gene transmissions have 

made them resistant and present in the human colon. M. 

smithii, M. Stadtmanae, Methanomassiliicoccus 

luminyensis and Candidatus Methanomethylophilus alvus 

are examples of these organisms that are mostly found in 

the patients with intestinal inflammation ((Bang et al., 2014, 

Lecours et al., 2014). Intestinal methanogens play a role in 

human obesity and chronic constipation (Samuel and 

Gordon, 2006, Turnbaugh et al., 2006). Archaea have also 

been detected to play a role in the formation of dental 

plaques (Brusa et al., 1987) and are found on the surface of 

human skin (al., 2012, Oh et al., 2014). 

Conclusion 

The study of archaea has confirmed the initial predictions 

by Woese suggesting that archaea will exhibit a phenotypic 

diversity at least comparable to that of bacteria and that 

archaea will be characterized by unique features at the 

molecular level. In addition, it was revealed that archaea 

play a special role in bioremediation and are present in 

human host. Given the extreme climate nature of many 

archaea, the gradual survival strategies of these 

microorganisms seem considerable. 
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