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Abstract
Microorganisms are highly versatile living beings that have survived nearly 
4 billion years of evolutionary change. Microbes have adapted to environmental 
conditions that range from cold to hot and from anoxic to oxic. Their life forms 
range from free living to symbiotic. During the harsh environment, bacteria 
adopt various strategies to acquire multiple systems so as to thrive against adverse 
conditions. Among them, secreted proteins play a major role and facilitate most 
of the interactions of the cells with their surrounding environment as well as with 
neighbouring cells. Bacterial cells secrete the proteins, metabolites and various 
molecules to the extracellular environments to sustain nutrient depletion condi-
tions, adhesion on substrate (biofilm formation), invasion of host or antagonism, 
etc. These microbial functions are managed through their secretion system, 
which are very sophisticated molecular machines that include export/secretion of 
required proteins or metabolic factors required for the conjugation and survival 
processes. Hence, the present chapter is aimed to describe the microbes, spe-
cially bacteria adapted to survival in extreme temperature. Further, the chapter 
highlights the secretion system to understand how these bacteria deal with the 
extreme environments.

Keywords
Secretion system · Genetic assets · Pathway · Plasma membrane · ATP

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3028-9_6&domain=pdf
https://doi.org/10.1007/978-981-15-3028-9_6
mailto:msmishra@rpr.amity.edu


86

6.1	 �Introduction

Since the origin of life on earth, prokaryotic life is abundant on our planet and is 
evolving in all available niches wherever life is possible. On earth, various condi-
tions, from favourable to extreme, are present, and living beings thrive in every 
possible way to overcome the swaths of unfavourability such as pH, pressure, tem-
perature, salinity, energy, radiation and nutrients (Michels and Clark 1992; 
Subhashini et al. 2017). In any location of the earth, where liquid water is or was 
available for life, microorganisms have confirmed their presence. These statements 
demonstrate the adaptation capabilities of microbiota in the wide range of condition 
parameter. Hence, it is necessary to overview the machinery or system required in 
order to combat the conditions of maxima or extreme.

Among the prokaryotes, extremophilic bacteria are the best part of life to be used 
as an example for the understanding of mechanism and survival tactics. 
Extremophiles technically cover those bacteria which thrive under a variety of 
extreme conditions. Moreover, they represent vital objects of research in various 
fields and disciplines that reveal the ecological, agricultural, industrial and clinical 
treasures. Furthermore, extremophiles research has exposed the dark shadow of ori-
gin of life on the earth as well as on other terrestrial and celestial bodies. 
Extremophiles are completely opposite to extremotolerants because they are actu-
ally adapted creature of that condition with balanced metabolic, biochemical and 
cellular functionality which is harsh or extreme for normal or tolerant microflora. 
Merino et al. (2019) have reviewed the extremophiles and hypothesized them as the 
richest lifeforms on the earth. Moreover, Knoll (2015) speculated that mechanistic 
life cycle of extremophiles was the only way for survival on the earth during evolu-
tion. The environmental conditions and their physical as well as chemical parame-
ters are generally used to categorize the microbiota in different groups. As an 
example, different temperature values categorize the thermophiles, i.e. bacteria 
capable of surviving at temperatures more than 60 °C are hyperthermophiles, while 
those below 15 C are known as psychrophiles. Similarly, the microbes surviving 
below pH 7 are acidophiles (pH <3) and above 7 are alkaliphiles (pH >9). Those 
capable of survival at high salt condition belong to halophiles. Similarly, bacteria in 
absence of oxygen or in low oxygen conditions are anaerobes or microanaerobes, 
those in low water are xerophiles, at high pressure are barophiles and in high radia-
tions are radioresistant. Interestingly, some of extremophiles are poly-extremophiles 
which is due to their multi-resistance properties. Auernik et al. (2008) reviewed the 
thermoacidophiles, a very important poly-extremophilic microbiota and speculated 
that they majorly belong to the order Sulfolobales and Thermoplasmatales. By 
nature, they survive well in high temperature as well as in low pH. Similarly, high 
NaCl and pH tolerance was reported in some halophilic species (Green and Mecsas 
2016).

Under the variety of extreme environments, the extremophiles have adopted vari-
ous secretion mechanisms and a variety of secretomes to thrive normally. Studies 
have revealed that thermophiles have special features for degradation of complex 
extracellular carbohydrates (Vafiadi et al. 2009; Asada et al. 2009) and ability to 
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secrete antimicrobial compounds (Esikova et  al. 2002; Muhammad et  al. 2009). 
Thermostable Taq polymerase enzyme of Thermus aquaticus is the most vibrant 
example of novel secretome of extremophiles. The secretome of microbiota and its 
released proteins in their surroundings or niche where it lives are completely medi-
ated by bacterial cell wall and associated secretion system (Tjalsma et al. 2000). 
Moreover, cell-to-cell interaction, interaction with substrates, virulence factor and 
environmentally mediated stress are also governed by secretion system (Zhou et al. 
2008). Hence, the following chapter is aimed to highlights the secretion strategies 
of various extremophile as well as the mechanisms of various types of bacterial 
secretion systems to understand the ecology of bacteria in extreme and bioprocess-
ing environments.

6.2	 �Secretion and Secretome of Some Extremophiles

Bacterial secretome are derived from cell surface by the specialized tools called 
secretion system. The secretions contain the numerous types of proteins that facili-
tated the microbes to interact with own community and with host, environment and 
substrate. Colonization of microbiota or adhesion on surfaces via biofilm is also 
facilitated by secretome. Moreover, breakdown of complex polymers into simpler 
monomers or their defence mechanism is also mediated by secretome. Overall, the 
physiology and survival as well as their application of microbiota are completely 
based on their secretome. Here, we have illustrated some extremophiles and their 
secretion to understand it clearly.

Acidophiles and Alkaliphiles  Acidophiles are microorganisms which grow gen-
erally at pH range from 0 to 5.5 and occur in all three life domains. Few well-known 
acidophiles include Cephalosporium sp., Ferroplasma acidarmanus, 
Acidithiobacillus ferrooxidans, Trichosporon cerebriae, etc. In natural condition, 
the acidophiles can be obtained from acidic mines, acidic soils and industrial areas 
(Rothschild and Mancinelli 2001). The acidophiles have unique ability to maintain 
an intracellular pH near neutral pHs result from high levels of positive cell surface 
charge, high internal buffer capacity and overexpression of H+ export proteins (Pick 
1999). In recent years, the genome sequence of few acidophiles (e.g. Ferroplasma 
acidarmanus) unrevealed the physiological adaptation to acidic environments.

Alkaliphiles are microorganisms capable of growing optimally at a pH range of 
8.5–11.5. These microorganisms represent archaea, prokaryotes and eukaryotes and 
are isolated from natural habitats such as alkaline soils, mines, hot springs, soda 
lakes, industrial areas, etc. The key point for alkaliphilic microbiota is to maintain 
the intracellular pH in their niche where they live. Krulwich (1998) have stated that 
alkaliphiles performed active import of H+ into the cells, cell wall polymers and use 
of complex membrane composition for survival. B. pseudofirmus strain OF4 is the 
best example to understand the molecular machinery of alkaliphiles. The bioener-
getic study of cell surface of strain OF4 revealed that NADH dehydrogenase donates 
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electrons in the cellular membrane via menaquinone (MQ) pool. Further, the elec-
tron of reduced MQ moves through the menaquinol:cytochrome c oxidoreductase 
and cytochrome c oxidase, that pumps the protons to deliver it outside the cell and 
resultantly the molecular O2 is reduced. Then, proton-motive force (PMF) catalysed 
the import of proton by electropotential charges and resultantly Na + goes lesser 
than proton. This inward movement maintained the low pH intracellularly in alkali-
philes (Preiss et al. 2015).

Halophiles  These are a versatile group of nature that optimally grown at or above 
0.2 M salt concentration and are capable to adapt the rapid alteration of osmotic 
stress. The secretome of halophiles respond to stress and altered the secretion for 
homeostasis. For sustainability in saline environments, halophiles have evolved two 
types of mechanism. One is the cytoplasmic accumulation of inorganic ions that 
have balanced the osmotic pressure on environments and another is accumulation of 
specified organic osmolytes in high concentration, that acts as osmoprotectant for 
the cell, without any metabolic changes in the bacterial cells (Oren 2002). Halophilic 
bacterial proteomes are basically acidic in nature and possess the amino acids of 
hydrophilic nature (Weinisch et al. 2018). Expression of the ect gene, transcription 
of ectABC operon and biosynthesis of ectoine and hydroxyectoine also induce the 
salt stress (Ma et al. 2010).

Psychrophiles  These are a group of microorganism that thrive well at >15 °C tem-
perature (Steven et al. 2006). However, the actual temperature limits for psychro-
philes are not determined clearly. Although for reproduction and metabolism, 
temperatures of ~12 °C and ~20 °C have been reported, respectively (Rivkina et al. 
2000). Moreover, cold niche negatively affects the physiology as well metabolism 
of psychrophiles, such as cellular integrity, viscosity, diffusion of solutes, fluidity of 
membrane, metabolome kinetics, etc. (Rodrigues and Tiedje 2008; Piette et  al. 
2011). Hence, psychrophiles have adapted specialized machinery to maintain the 
cellular function normally in cold environments and also evolved the polyextremo-
philic behaviour in adapted cell such as against the radiations, pH alterations, lower 
in nutrient (Tehei and Zaccai 2005). With the advent of ‘omics’ technologies, a 
boost in the molecular insight of psychrophile adaption to cold environment has 
been speculated. Till date, about 135 whole genomes are available on database and 
about 125 are ongoing. The analysis of published genomes has highlighted the pres-
ence of plasmids, fatty acid biosynthesis gene clusters and transposable elements 
that contribute to genome plasticity (Allen et al. 2009). These available transpos-
ables or mobile genes and genetic clusters directly mediate the cold adaptation 
mechanisms in psychrophilic microbiota. For example, the higher abundance and 
diversity in tRNA of the Alteromonas sp. SN2 and Psychromonas ingrahamii (Riley 
et al. 2008), though the G + C content is approximately similar across the genus 
(Rabus et al. 2004).

M. S. Mishra et al.



89

Genomic data and bioinformatic interpretations of psychrophiles revealed the 
significance of genes encoded for cold-shock proteins (CSPs). CSPs are very promi-
nent, small, upregulated nucleic acid binders of proteins. CSPs have been respon-
sible for the regulation of various microbial molecular phenomena such as membrane 
fluidity, genetic transcription and regulation of expression, protein folding and 
strong upregulated response to cold shock or exposure (Rodrigues and Tiedje 2008; 
Margesin and Miteva 2011). This cold shock response of CSP genes induces the 
RNA helicase enzymes to destabilize the DNA/RNA secondary structures, chaper-
ons, HSPs and mediator genes of sugar metabolism and cellular biogenesis (Chen 
et al. 2012). Cold environments induce the cellular freezing via formation of cyto-
plasmic ice crystal in the native microbiota. Resultantly, osmotic balance and cell 
fluidity gets damaged. Psychrophiles fight against these stresses by producing the 
antifreeze protein (AFP) that binds the ice crystal of cytoplasm and prevents the 
crystallization by thermal hysteresis. Exopolysaccharide (EPS) production is 
another tactic of psychrophiles for cryoprotection. Bordat et al. (2005) have found 
the excess production of EPSs in Antarctic marine microbes and winter ocean ice. 
Cornelis and Wolf-Watz (1997) have reviewed that EPSs regulate the cellular sur-
face maintenance of bacteria in cold water and appropriate management of nutri-
ents. Moreover, EPSs facilitate the adherence of cells to surfaces via biofilm 
formation and synergism with other bacterial communities.

6.3	 �Process of Bacterial Secretome

Bacterial secretome is defined as the set of proteins that contains extracellular 
matrix, vesicle (outer and inner) and membrane secretory proteins of cell (Makridakis 
and Vlahou 2010). This term was coined by Tjalsma et al. (2000) and described the 
secretion system of bacteria as well as their secretome. Secretion system and secre-
tome belong to the cellular complexity, virulence, transports, receptors, toxin, etc. 
and mediated the cellular communication, signalling with in situ environments, bio-
film formation, biodegradation, nutrient mineralization, host defence, etc. (Walsh 
2000; Wooldridge 2009; Dalbey and Kuhn 2012). Interestingly, a bacterial genome 
has been occupied 10–30% by the gene that encoded the bacterial secretion system 
(Kudva et al. 2013). Now, the development of advanced spectrometry such as 2-D 
electrophoresis, MS/MS and NanoLC/MS has increased our knowledge in secre-
tome of microbiota (Berman et al. 2013; Anwar et al. 2019). Secretome can also 
facilitate the pathogens to directly or indirectly infect the host cellular surfaces and 
to survive within it (Aizawa 2001). In non-pathogenic and saprophytic organisms, 
secretome facilitates the adaptation to its habitat by means of the shape of the bacte-
rial cell envelope (Wattiau et al. 1996).

Recent development within the molecular analysis of the protein secretion path-
ways of bacteria has revealed the 12 types of secretion apparatus as Sec, Tat, T1SS, 
T2SS, T3SS, T5SS, T6SS, T7SS, SecA2, sortase and injectosome. Sec, Tat and 
T4SS are common in bacteria, while T1SS, T2SS, T3SS, T4SS, T5SS, T6SS has 
described in gram-negative bacteria and T7SS, SecA2, sortase and injectosome are 
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described in gram-positive bacteria (Green and Mecsas 2016). T1SS-T4SS has been 
illustrated in the Fig. 6.1. Examples and classes of bacterial protein secretion system 
are displayed in Table 6.1.

Gram-positive bacterial cell wall is arranged in the following manner: a single 
plasma membrane, the cytoplasmic membrane, observed by way of a thick cellular 
wall layer, while in gram-negative microorganism, it is a double-membrane system, 
a cytoplasmic membrane and an outer membrane which sandwich the peptidogly-
can and periplasmic area among them. The protein secretion system is found across 
the inner membrane in both gram-positive and gram-negative organisms and nor-
mally follows the Sec-based pathway (regularly referred to as the overall secretory 
pathway (GSP), despite the fact that other pathways have recently been recognized, 
the Tat and signal recognition particle (SRP) pathways) (Herskovits et  al. 2000, 
Mori and Ito 2001; Driessen 2001). Different types of secretion systems have been 
described in detail in the following points.

6.3.1	 �Type I Secretion System

This secretion system (T1ss) is described widely in gram-negative cells. It governs 
the secretion of proteins (varied in size) and allowed a single-step transport 

Fig. 6.1  Type I, II, III and IV protein secretion systems

M. S. Mishra et al.



91

functions from the cytoplasm to the extracellular medium. The secretion of scav-
enging molecules, outer membrane vesicles proteins, proteases, lipases and differ-
ent kinds of virulence factors is mediated by T1ss system. T1ss is similar to the 
ATP-binding cassette (ABC) transporters family and is involved in the transfer of 
small molecules such as antibiotics and toxins out of the cell cytoplasm (Symmons 
et al. 2009). The acquisition of iron by HasAp, a heme-binding protein of P. aerugi-
nosa, is the best example for T1ss protein secretion (Letoffe et al. 1998).

The secretion signal of secreted protein is basically located at the C-terminal, 
and it is not cleavable at the time of functioning. The overall machinery is designed 
by three kinds of proteins. Among it, ABC transporter and membrane fusion protein 
were found in the inner membrane of bacteria cell and an outer membrane channel 
forming porins. All of these proteins are localized in the bacterial cell envelope and 
in the presence of a substrate; these proteins form a ‘tunnel channel’ which is trans-
verse to the periplasmic space. Morgan et al. (2017) has described the T1ss-mediated 
translocation of unfolded polypeptides and proved the significance of T1ss system 
for protein secretion.

Table 6.1  Bacterial protein secretion system

Secretion 
apparatus

Signal 
secretion

Secretion 
steps Membranes

Gram positive 
(+) or gram 
negative (−) Examples

Sec N-terminus 1 1 Both Listeria 
monocytogenes
Vibrio cholerae

Tat N –terminus 1 1 Both B. subtilis, E. coli
T1SS C- terminus 1 2 Gram (−) B. subtilis,

Streptomyces 
lividans

T2SS N -terminus 2 1 Gram (−) V. cholerae,
Klebsiella 
pneumoniae

T3SS N -terminus 1 to 2 2 to 3 Gram (−) S. enterica

T4SS C- terminus 1 2 to 3 Gram (−) A. tumefaciens,
Neisseria 
gonorrhoeae

T6SS N -terminus 2 1 Gram (−) V. cholerae, S. 
marcescens

SecA2 Unknown 
secretion 
signal

1 2 to 3 Gram (+) Mycobacteria

Sortase N -terminus 2 1 Gram (+) S. aureus
Injectosome N -terminus 2 1 Gram (+) Streptococcus 

pyogenes
T7SS C- terminus 1 1 to 3 Gram (+) Corynebacteria
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6.3.2	 �Type II Secretion System

Secreted proteins have a major function in the pathogenesis of bacterial infections, 
along with vital sicknesses of humans, animals and plants. Mostly, type II SS (T2ss) 
is mostly described in the gram-negative bacterium. It facilitates the translocation of 
proteins from the periplasm to extracellular environments via outer membrane. It is 
common in pathogenic bacteria as well as in non-pathogenic bacteria. For example, 
human pathogens V. cholerae, E. coli, P. aeruginosa, Klebsiella sp., L. pneumoph-
ila, Yersinia enterocolitica, etc. mediated the pathogenesis via T2ss (Korotkov et al. 
2012). Similar, T2ss machinery was also studied in A. hydrophila, an amphibian 
animal pathogens, by Jiang and Howard (1992).

The T2ss is a classical multi-protein system that contains 12 ‘centre’ proteins, 
and it was denoted by Anacker et al. (1987) as T2S C, D, E, F, G, H, I, J, K, L, M 
and O. In recent years, with the development of molecular biology, T2ss structure 
has been defined well. Presently, it has been divided into four sub-complexes: (i) an 
OM ‘secretin’, which is a pentadecamer of the T2S D protein that offers a pore via 
the membrane; (ii) an IM platform composed of T2S C, F, L and M, with T2S C 
imparting a connection to the OM secretin; (iii) a cytoplasmic ATPase, which is a 
hexamer of T2S E that is recruited to the IM platform; and (iv) a periplasm-spanning 
pseudopilus that is a helical filament of the most important pseudopilin T2S G 
capped with the minor pseudopilins T2S H, I, J and K. Finally, T2S O, an IM pepti-
dase, cleaves and methylates the pseudopilins for the incorporation it into the pseu-
dopilus (Bachovchin et al. 1990).

6.3.3	 �Type III Bacterial Secretion System

Many bacterial pathogens along with salmonella use tiny molecular syringes so that 
it can inject proteins into host cellular cytoplasm. This type of transportation is done 
by type III secretion device. Type III secretion system (T3ss) presents as micro-
scopic needle complexes and comes from inner to the outer membrane of the bacte-
rium. The needle projected is far away from the cell (Aepfelbacher 2004). T3ss 
device basically contains two rings that can help throughout the secretion across the 
cellular membrane including the peptidoglycan of bacterial cell. Moreover, the ring 
present in inner membrane is larger in size, and the ring protein is also identified in 
several bacteria. The outer membrane ring is composed of the secretin protein fam-
ily. It is a needle-like structure that associates with the outer membrane ring and 
projects from the bacterial surface. T3ss is also reported for the involvement in T2ss 
secretion and also present in the type IV bacterial pili complex. End of the needle 
system bought the secretion machinery to touch on substrate for initiate the secre-
tion. Salmonella sp. uses type III secretion supply a cocktail of at least 13 kinds of 
protein toxin known as effector protein without delay into host cells. Inside the 
bacterium, sheperon protein binds to effector protein for the handing of over loosely 
folded from the needle. ATpase triggers the release of effector protein and helps 
them to start out their journey through narrow channel inside the needle (Frankel 
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et  al. 2001). Direct transport to cytoplasm of the host cellular is right concept 
because it gets rid of the dilution that arises in the cellular within the gut. These 
effector proteins interfere with the signal transduction cascade to host reaction. The 
effector protein intrudes with sign transduction cascades to host response. Once the 
salmonella enters in the host cell, it invades by the vacuoles via the ‘phagosome’, a 
normal course of activities (Hapfelmeier et  al. 2005). The lysosomes then loose 
with phagosomes and introduce its digestive content to kill the invader.

6.3.4	 �Type IV Bacterial Secretion System

Bacterial cells mediate the translocation of DNA (in addition to proteins) into target 
cells by this unique secretion system type IVss which is found in both gram-negative 
and gram-positive bacteria and also in some archaea (Alvarez-Martinez and Christie 
2009). Conjugation of plasmid DNA has been mediated only by type IVss, and due 
to these systems, it contributes into the spread of plasmid-borne antibiotic resistance 
genes, and hence it is the most omnipresent secretion systems in nature. Moreover, 
TIVss is also involved in bacterial pathogenesis characteristics of few organisms. In 
Helicobacter pylori and Bordetella pertussis, it is mediated through the secretion of 
transforming proteins toxins.

In others, effector proteins are required to support an intracellular lifestyle in 
bacteria such as Legionella pneumophila. Christie et  al. (2014) has reported the 
detailed mechanism and structure of the bacterial type IVss and revealed that it is 
encoded by the Ti plasmid of Agrobacterium tumefaciens, together with the TIVss 
encoded by the pKM101 and R388 conjugative plasmids of E. coli. A total of 12 
proteins were notified for the arrangement of IVss which is VirB1, VirB2, VirB3, 
VirB4, VirB5, VirB6, VirB7, VirB8, VirB9, VirB10, VirB11 and VirD4. The protein 
categorization in different domains of TIVss has been described in Fig. 6.2.

6.3.5	 �Type V Bacterial Secretion System

Type V secretion systems (TVss) is a single-membrane-spanning secretion system, 
which is also known as the autotransporter system. The TVss is mainly for virulence 
factors but also biofilm formation as well as cell-cell adhesion (Leo et al. 2012). 
TVss transfers an unfolded autotransporter polypeptide through the IM to the peri-
plasm via SecYEG translocon. The autotransporters are known as ‘passenger’ 
domain, which is composed of a secreted domain and that is either semi-unfolded 
or fully unfolded in the periplasm. For the OM (transmembrane domain), it is also 
called ‘translocator’ or ‘β-domain’. On the basis proteins’ number involved in the 
secretion process, Green and Mecsas (2016) have separated the TVss into three 
classes which is autotransporter secretion, two-partner secretion and chaperone-
usher secretion.

In autotransporter secretion, it is allowed to secrete themselves by self-contained 
components (Leyton et al. 2012). These components are described as a translocator 
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domain, a linker domain and a protease domain which were responsible for the 
C-terminus that forms the outer membrane channel, a passenger domain that con-
tains the functional part of the autotransporter protein and cleaves off the passenger 
domain once it passes through the channel, respectively. Besides the common auto-
transporter secretion, few rely on the two-partner secretion, a different polypeptide 
for transport outside of the cells. In this process, a pair of proteins, on for carrying 
the carries the β-barrel domain and other, serves as the secreted protein, had partici-
pates in the secretion process (Henderson et al. 2004).

The chaperone-usher secretion categories are secreted with the usher protein and 
chaperone. Usher protein forms the β-barrel, a periplasmic protein channel in the 
outer membrane that is for the facilitation of folding the secreted protein before 
delivering to the channel (Waksman and Hultgren 2009). This category is com-
monly used to assemble pilins on the surface of gram-negative bacteria like P pilus 
of uropathogenic E. coli.

Fig. 6.2  Represent protein categorization in different domains
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6.3.6	 �Type VI Secretion Systems

The term TVIss is a pivotal secretion system activated during pathogenesis and 
bacterial competition (Ho et al. 2014), coined firstly by Pukatzki et al. (2006) in the 
human pathogen V. cholerae. However, the actual coded gene (the imp genes) for 
the TVIss was reported by Bladergroen et al. (2003) in the symbiotic phytobacte-
rium R. leguminosarum and reported broadly among Proteobacteria (Boyer et al. 
2009). TVIss is a cell envelope-spanning machine that is applied to inject toxic 
effectors into eukaryotic and prokaryotic cells (Ho et al. 2013). Evidences revealed 
that the TVIss complex is somewhat equivalent to a contractile phage tail that is 
divided into a tail sheath, an inner tube and a base plate which is anchored to the cell 
envelope by the membrane complex. The tail sheath extends deep from bacterial 
outer membrane to cell cytoplasm (Basler et al. 2012). TVIss is composed by sev-
eral accessory components and 13 essential conserve core components (Zheng and 
Leung 2007). Generally, all were encoded within the same gene cluster (Taylor 
et al. 2016). This macromachinery has a membrane and a tail complex. Both are the 
main complex of TVIss and comprises IM proteins (T4SS homolog) and a tail com-
plex that contains components that are evolutionarily related to contractile bacterio-
phage tails, respectively (Ma et al. 2009; Leiman et al. 2009).

6.3.7	 �Type VII Secretion System

Type VII secretion system (TVIIss) is a specialized protein secretion machinery of 
gram-positive bacterium, described first in M. tuberculosis and M. bovis. This secre-
tion system is commonly found in phyla of Actinobacteria and Firmicutes. TVIIss 
is a ~1.5 MDa protein complex that shares a conserved IM and cytosolic apparatus. 
Central channel of IM is predicted to be composed by membrane proteins EccB, 
EccC, EccD and EccE.  Among them, EccC possesses an ATPase cytoplasmic 
domain (Solomonson et al. 2013) and EccD have hydrophobic domains.

Generally, TVIIss is divided into two types of component: (a) FtsK/SpoIIIE pro-
tein and (b) EsxA-/EsxB-related protein (Pallen 2002; Sysoeva et  al. 2014). The 
atomic structures of EsxA–EsxB, EsxG–EsxH and PE25–PPE41 have been 
resolved, but their functional attributes remain uncleared (Houben et  al. 2014). 
Hence, the bioinformatic predictions and homology modelling studies revealed that 
each type of VIIss machinery secretes numerous substrates and establish the several 
components based complex and multi-protein machinery.

6.4	 �Conclusion

Microbes utilize the various methods to survive in the extreme conditions and estab-
lish immune system to thwart against it. For that, bacterial secretome and secretion 
system, across the phospholipid membranes, is foremost and essential component in 
promoting bacterial virulence, attaching to the substrate, formation of biofilm, to 
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scavenging resources in extreme niche. Moreover, this chapter is illustrating the 
bacterial secretion system and secretome. It is offering the detailed molecular and 
functional details of secretion system which is important for the survival of micro-
biota in the extreme conditions.
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