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Abstract
Mycobacterium species poses threat globally and are the leading 
infectious agent world-wide. It’s success in establishing the infection 
owes to its highly developed strategies in invading the cell and evasion 
of host immune system, thus increasing the incidence and prevalence of 
disease. A classical and well conserved phenomenon is the generation 
of extra cellular vesicles in different bacterial species. In the context of 
Mycobacterium sp. pathogenesis these generated membrane vesicles have 
been extensively studied and are associated with various mechanisms 
that can modulate host immune responses. Their characterization has 
revealed that these membrane vesicles are released by them itself as 
well as triggered to be released by the bacilli-infected cells. Largely they 
are involved in intercellular communication and cargo transportation 
of different kinds. The pathways and signalling molecules typically 
modulated inside the host cells are the prime targets behind the 
success of different Mycobacterium sp  in establishing the infection. 
This review is an attempt to elucidate the signalling pathway triggered 
leading to the generation of different kinds of membrane vesicles, their 
biochemical characterization, it’s implications to probable phenomena 
and conditions integral to pathogenesis. Several research studies have 
established these membrane vesicles as important candidate for vaccines 
and biomarkers. Collectively herein is focused the potential roles of the 
bacilli in effectively modulating the host immune machineries and being 
successful in surviving intracellularly with primarily emphasizing on 
membrane vesicles.
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Introduction
Mycobacteria are categorised under the order 
Actinomycetales, and are the only genus belonging 
to family Mycobacteriaceae [1].  The genus 
Mycobacterium includes acid-fast rod shaped bacteria 
and are predominantly pathogenic. These bacilli are 
characterized for possessing complex lipids in their cell 
wall like mycolic acids, hence rendering hydrophobicity. 
This hydrophobic nature let them grow as fungus-like 
pellicles on their culture media (broth): hence the 
nomenclature Mycobacterium – ‘fungus bacterium’. 
These bacteria are referred to as acid-alcohol-fast. 
This typically means that after staining with Acid-Fast 
Stain (Ziehl-Neelsen stain) they resist decolorization 
with acidified alcohol as well as strong mineral acids 
and retain the primary red colour imparted by Carbol-
fuchsin. There is no impact of the counter stain, 
Methylene Blue on the acid fast bacteria used at the 
later steps of staining procedure [2].

The characteristics species of Mycobacterium 
include M. tuberculosis, M. avium, M. paratuberculosis, 
M. kansasii, M. marinum, M. fortuitum, M. scrofulaceum, 
M. xenopi, M. chelonei, M. lepraemirium, M. leprae, M. 
africanum, M. bovis and many [3]. Overall there exists 
around 187 species of Mycobacterium, though the exact 
number is debatable. The Mycobacterial cell wall has an 
unique combination and are critically involved in the 
several important phenomena. The main components 
of the cell wall are the peptidoglycan (PG), different 
lipopolysaccharides (arabinogalactan, lipomannan 
and lipoarabinomannan) and the outer membrane 
rich in mycolic acids, phthiocerol dimycocerosates and 
several other glycolipids. Precisely, the mycolic acids 
comprises approximately 60 % of the bacterial cell wall. 
Their thin layer of inner peptidoglycan is in turn linked 
to arabinogalactan (D-arabinose and D-galactose). The 
arabinogalactan is further linked to an outer membrane 
that possess high-molecular weight mycolic acids. 
This arabinogalactan/mycolic acid layer is further 
overlaid by polypeptides and mycolic acids consisting 
of free lipids, glycolipids and peptidoglycolipids. Other 
important glycolipids include lipoarabinomannan and 
phosphatidyinositol mannosides (PIM). Similar to the 
outer membrane of the Gram-negative cell wall, porins 
are essential for Acid-Fast bacteria that facilitates 
transport of small hydrophilic molecules through 
their outer membrane [4]. This typically characterized 
membrane of Mycobacterial species are implicated in 
diverse biological processes like immunomodulation, 
iron acquisition, host defence factors, prevention 
against antibiotics, cell detoxification and bacterial 
communication, transfer of DNA and transportation 

of virulence factors [5].
Origin of vesicles from membrane has been 

initially reported for Gram negative bacteria. Though 
researchers in next few years conclusively demonstrated 
the formation of membrane vesicles in Gram positive 
bacteria and particularly in Mycobacterial sp. as well 
[6]. These vesicles are membrane bound structures 
that may range several nm in size. Their journey of 
nomenclature is also long and researchers gradually 
reached to the terminology of “extracellular vesicles”, 
as a generic term for different secreted vesicles. The 
mechanism of formation of vesicles has always been a 
fascinating field of research. Several ways of formation 
has been proposed like membrane blebbing, explosive 
cell lysis involving the enzyme “endolysin” that works on 
peptidoglycan, bubbling cell death involving endolysin 
though through a different distinctive process. 
Howsoever, the exact mechanism of vesicles’ formation 
in Mycobacterial species is poorly understood owing to 
the complicated structure of their cell wall as explained 
earlier. The Figure 1 incorporated in the latter part of 
the review is a pictorial presentation of biogenesis of 
these vesicles in different types of bacterial population 
[7]. The membrane vesicles particularly in case of 
Mycobacterial species have been reported to be of 
different shapes – sometimes tube like or spherical and 
at times it could have a shrunken appearance. These 
different shapes have been well evidenced by electron 
microscopic studies [8].

Figure 1: Mechanisms of EV biogenesis (Source: Nagakubo 
T, Nomura N, Toyofuku M. Cracking Open Bacterial 
Membrane Vesicles. Front Microbiol. 2020 Jan 17;10:3026. 
doi: 10.3389/fmicb.2019.03026. PMID: 32038523; PMCID: 
PMC6988826.)

The membrane vesicles are implicated in different 
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biological processes. It is reported that the membrane 
vesicles initiate pathways involving both innate and 
acquired immune system  [9]. The vesicles have been 
proved to be involved in transfer of virulence effectors, 
bacterial communication and maintenance of the 
bacilli’s communities. Another important phenomena 
in bacterial pathogenesis is iron acquisition. Several 
reports have conclusively demonstrated that the 
membrane vesicles originating from Mycobacterium 
sp. are typically involved in this. These are the probable 
reasons that explains the strategies they employ in 
their intracellular survival successfully to establish the 
infection [10].
Membrane Vesicles  - The elaborative illustration
The formation and release of membrane vesicles are 
one of the most conserved cellular processes. These 
vesicles are involved in the cargo delivery of various 
kinds across and within cells. According to  Gould and 
Raposo, 2013 these vesicles have been variously named 
and categorised [11]. Few readily used nomenclature 
being - extracellular membrane vesicles, membrane 
vesicles, microvesicles, exo/ecto somes (specially in 
case of Eukaryotes), microparticles and others. “Outer 
Membrane Vesicles (OMV)” are commonly referred in 
relation to Gram negative bacteria whereas “Membrane 
Vesicles (MV) or Extracellular Vesicles (EV)” are 
referred in the context of Gram positive bacteria. In 
few Gram negative bacteria like Shewanella vesiculosa, 
Pseudomonas aeruginosa, Neisseria gonorrhoeae it 
has been revealed that vesicles often pull cytoplasmic 
content involving protrusion of both outer and plasma 
membranes and these are referred as outer-inner 
membrane vesicles (O-IMV). In different bacterial 
species the formation of intracellular vesicles have 
been reported pertaining to certain conditions like 
overproduction of some membrane proteins [12]. 
The membrane vesicles are diversely implicated into 
different biological functions. In general the vesicles 
generated from Gram-positive bacteria are reported 
to contain nucleic acids, proteins, lipids and other 
metabolites whereas in Gram positive bacteria, they 
are suggested to be involved in biofilm formation, 
stress responses, immune regulation and others [13].

In respect of Mycobacterial species, it is worth 
mentioning that membrane vesicles of approximately 
40 – 250 nm has been reported collectively from 
virulent, avirulent, fast and slow growing strains 
[14]. Extracellular vesicles in Mycobacteria were 
reported later than its initial report in Gram negative 
bacteria. However this Mycobacterial vesicles are 
important and involved in various aspects. The 
molecular characterization of Mycobacterium-

specific extracellular vesicles have been done by 
analysing the (glyco)lipid content and involving 
techniques like 2D-TKC and MALDI-TOF. The 
results have indicated prevalence of phospholipids like 
Phosphatidylinositol Mannoside – PIM2Ac1, PIM2Ac2; 
Phosphatidylglycerol, Phosphatidylethanolamine, 
Phosphatidylinositol, cardiolipin whereas phenolic 
glycolipids, polyacylated trehalose were detected 
in lower quantity. The proteomic analysis of the 
membrane vesicles have indicated the presence of 
different Mycobacterial proteins involved in virulence 
and immunogenic antigens like culture filtrate protein 
10, Superoxide Dismutase, Catalase, the antigen 85 
complex amongst others. The various lipoproteins and 
Toll like Receptor 2 agonists like LprG, LpqH, LprA, 
PstS1, and LppX are reported from these vesicles as 
well. The composition to a large extent indicates 
that the origin of these vesicles are from the inner 
Mycobacterial membrane [15].

These vesicles serves as important mechanisms 
for modulating immune responses, it’s pathogenicity 
and subsequent interaction with the host, disease 
development, preventing measures and different 
diagnostic and therapeutic applications [9]. The next 
section of the review would focus on different aspects 
and mechanisms through which the Mycobacterial 
vesicles influence the diverse processes and shapes the 
outcome.
Membrane vesicles in host pathogen interaction
Host and microbes interaction is integral to 
understanding of infection, disease prevention and 
treatment. The typical candidates influencing host-
pathogen interactions like pathogen associated 
molecular patterns, chromosomal and extra-
chromosomal virulence factors, other toxins keep  
getting shuttled by Mycobacterial Extracellular 
Vesicles [16]. These and other such secreted candidates 
facilitates pathogen survival and evasion of immune 
responses, induces cytotoxicity and often mediates 
tissue damage of the host. Amongst several steps of 
pathogenesis few like  proper contact or exposure with 
the potential disease-causing agent, attachment to 
the entry portal, invasive spread to the nearby tissues 
are critical to the process. This is usually followed by 
replication of the pathogen to establish the infection. 
In case of Mycobacteria induced pathogenesis, the 
initial contact and subsequent attachment to the site 
attracts phagocytic cells like neutrophils, macrophages, 
dendritic cells and often instigates inflammatory 
responses. The prime reason of Mycobacterial success 
relies on their classic ability to evade innate immunity 
and delay the initiation of adaptive immunity. 
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Basically the sentinel cells are manipulated by the 
bacillus to get transformed into permissive and safe 
cellular niche for multiplication and survival. This 
multipronged effect is remarkably achieved by the 
extensive players they harbour and mainly aims by 
targeting lysosomal pathways, blocking phagosomal 
maturation, manipulating inflammasome, evading 
and impairing autophagy and apoptotic mode of cell 
death, compromising the production and recruitment 
of antimicrobial peptides at the site and detaining the 
adaptive immune responses of the host [17].

These membrane vesicles harbour specific 
Mycobacterial proteins like lipoarabinomannan, Ag85 
complex, important TLR2 ligands (lipoproteins – LpqH 
& LprG) etc. These vesicles in turn trigger inflammatory 
responses following antigen presentation inducing 
further migration of professional phagocytes like 
macrophages, neutrophils and other important cellular 
machineries of adaptive system like lymphocytes to 
the site. Experimental evidences at both in vivo and 
in vitro conditions have proved that EVs can induce 
the secretion of inflammatory cytokines (like tumor 
necrosis factor-α (TNF-α), Interleukins – 1β, 6, 12p70) 
and chemokines (like CXCL1, CCL3) amongst others. 
These differential gradient of chemokines and cytokines 
thus generated recruits various cellular machineries 
of immune system viz., Natural Killer cells, different 
subsets of T cells thus amplifying the signalling 
cascade. The 19kda lipoprotein (important cell wall 
component of Mycobacterium sp.) in association 
with mycolyl-arabinogalactan-peptidoglycan complex 
(mAGP complex) subvert the macrophages’ activation 
by Interferon-γ. This in turn compromises with the 
host’s ability of pathogen clearance.  Lipoprotein19 kDa 
is reported to trigger generation of IL-1, IL-12p40 and 
TNF-α through TLR-2 ligation in various in vitro models 
of Mycobacterial infection. Research have conclusively 
shown that the mutant strain of Mycobacterium sp. 
lacking this mature 19 kDa lipoprotein failed to induce 
the secretion of TNF-α and interfered with the inducible 
Nitric Oxide Synthase (iNOS) expression and thereby 
Nitric Oxide production. Additionally these studies 
confirmed that the EVs generated from different 
Mycobacterial species follows typical TLR and myeloid 
differentiation factor 88-dependent (Myd88) signalling 
cascade. The production of cytokines like IL-6, IL-8, 
IL-10, TNF-α, IFN-γ by the phagocytes in response to 
Mycobacterial EVs is an evidence of involvement of 
pro-inflammatory pathway in the pathogenesis [15].

The adaptive immune responses play important role 
in the EVs mediated pathogenesis of the host. Literature 
studies have shown the expression of various  cell 

surface molecules related to acquired immunity such 
as HLA-DR, G protein CD195, co-stimulatory protein 
CD40 and other important markers like CD80/86, 
CD81 in response to EVs triggered infections. The 
chief source of IFN-γ is TH1 and as discussed earlier, 
IFN-γ has been established to be an important player 
of EVs induced pathogenesis. This clearly concludes 
the involvement of TH1 mediated immune responses 
in disease pathogenesis. These EVs are reported to 
transport specific antigens to T cells which often 
trigger the expression of GRAIL. GRAIL/ RNF128, a 
E3 ubiquitin-protein ligase and type I transmembrane 
protein is characterized in the negative regulation of T 
cell responsiveness and related cytokine production. 
A downregulation of TH1 cell responses leads to 
immune evasion, facilitates pathogen multiplication, 
interferes with antigen presentation and compromises 
with other mechanisms of T cell mediated effector 
functions [18].
Membrane Vesicles in Iron Acquisition
Iron exists either as Fe2+ and Fe3+ (often referred as 
Fe(II) and Fe(III) or ferrous and ferric, respectively) 
in all biological systems. Ferric is the oxidized form 
and are prevalent in the earth’s crust. However the 
ferrous form is favoured at lower pH and oxygen 
concentrations [19] and are particularly important 
from the pathogen perspective. The interconversions 
between these two states of iron are particularly 
important as they are the basis of many redox reactions 
occurring inside the cells. Inspite of their abundance 
within the living organisms, it is mainly sequestered 
in different intracellular compartments by different 
proteins like transferrin, hemoglobin, ferritin, 
lactoferrin and are not freely available. Iron also are 
complexed and identified as integral component of 
Haem cofactor (cytochromes, haem type catalases), 
in iron-sulphur forms (rubredoxins, ferredoxins, 
nitrogenase, different iron-sulphur proteins, mono- 
or dinuclear non-haem iron) or in enzymes like class 
Ia ribonucleotide reductases superoxide dismutase 
amongst others  [20].

Iron is an essential requisite for various biological 
processes and pathogens’ need for iron is not an 
exception. Limited iron availability in the host niche is 
a prime host strategy as iron-restricted environment 
interferes with intracellular survival and multiplication 
of invading pathogens.  Bacteria uses several strategies 
for acquisition of iron; chelation and reduction being 
the prime strategies for the same. This is primarily 
attained through ways like – increasing solubility of 
ferric iron by lowering the external pH, reduction 
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of ferric iron to the ferrous form (more soluble) and 
involving chelators and solubilizers for ferric iron form 
[21]. The high affinity extracellular chelators or carriers 
known as Siderophores plays important role in this. 
Siderophores are the low molecular weight carriers 
that have high affinity and specificity for ferric iron 
form. Iron is basically solubilized in aqueous solution 
by the formation of complexes with siderophores. As 
mentioned earlier, ferric-siderophore complexes shows 
higher affinity than the desferri-siderophore form and 
hence gets transported across the cell envelope. Once 
intracellular, the iron is released from the carrier and 
becomes readily available to become metabolically 
functional. There are other ways of acquiring iron 
apart from involving siderophores like binding of iron 
to other cellular components like lipopolysaccharides 
for Gram negative bacteria.

The Mycobacterial species also respond to 
iron restricted condition and essentially shows the 
involvement of siderophores; referred as mycobactins. 
Iron deficiency as it arises due to Mycobacterial 
pathogenesis has shown to stimulate EVs release as 
evident from radioactive and electron microscopic 
studies. Analysis of lipid content were done by ultra 
performance liquid chromatography in the EVs grown 
in low and high iron medium. The results confirmed 
higher iron loaded mycobactin content in the lipid 
profiles of EVs grown in low iron medium. This 
conclusively indicated maturation of mycobactins 
in limited iron condition. The EVs acts as important 
iron delivering vehicles and this was made evident 
from studies with ST142 (mbtB mutant). This mutant 
doesn’t have siderophores and hence fails to multiply in 
iron deficit conditions unless supplemented properly 
from exogenous source. Addition of EVs from H37Rv 
(grown in low iron minimal medium) restored growth 
of ST142 mutant in iron-restricted medium. Contrary 
to that, EVs recovered from minimal medium, H37Rv 
cultures failed to re-store the growth of ST142 strain 
[22]. These different studies unveiled the importance 
of iron availability on the production and lipid content 
of EVs and critically indicated their involvement in the 
transport of iron and hence influencing pathogenesis.
Involvement of Host Extracellular Vesicles (hEV) in 
Mycobacterial pathogenesis
Along with bacteria-mediated vesicles, host generated 
vesicles pertaining to pathogens’ sensing and 
interaction is crucial to understanding the underlying 
mechanisms of pathogenesis and host immunity. In 
the context of host originating vesicles, exosomes and 
microvesicles have derived the major focus. Both of 
these have overlapping sizes and display often common 

markers; hence are co-purified together. Nevertheless, 
they are differently originated and are different in their 
content and functioning. The microvesicles generally 
develop as outward budding of the plasma membrane 
and are then gradually released. Their formation hence 
relies on cytoskeletal reorganization and contractility. 
The Rho, Rac and Cdc42 GTPases chiefly regulate 
cytoskeletal remodeling and are considered to be 
the primary factor in the process. Rho proteins are 
phosphorylated to activate downstream target proteins 
that controls actin polymerization. Microtubule 
organizing centres helps in assembling the asymmetric 
network of microtubules and plays important role in 
the cell architecture and remodeling. Actin and it’s 
related specialized structures like tunneling nanotubes 
are primarily regulated by Rho GTPases and these 
structures have been severely implicated in the disease 
pathogenesis [23]. Exosomes emerge as intraluminal 
vesicles inside the multivesicular bodies (MVBs). They 
are gradually released via the fusion of these MVBs 
with the plasma membrane. Exosome biogenesis is 
accomplished either by endosomal sorting complexes 
required for transport (ESCRT) dependent and 
ESCRT-independent pathways [24].

In the former pathway, the multiprotein complex 
of  ESCRT works sequentially that leads to membrane 
remodeling. This results in bending or budding of 
membrane away from the cytosol leading to ILV and 
MVB generation. In the later pathway designated as 
ESCRT independent- ceramides, sphingomyelinase 
and tetraspanins (molecular scaffolds) are largely 
implicated. They assists in membrane curvature and 
thereby in the biogenesis of ILV and MVB. However 
the events of trafficking and fusion is executed by 
different GTPases like Rab11, Rab27, Rab35 to mention 
primarily. These hEV are involved in intercellular 
transfer of functional proteins, lipids and RNAs and 
often generates systemic responses as they are reported 
to carry MHC molecules, cytokines, chemokines and 
diverse pathogenic antigens. Hence their involvement 
as transport vesicles lead them to play effective role 
in cellular communication and immune modulation. 
During Mycobacterial pathogenesis, immune cells 
have been reported to release MHCI- peptide 
complexes that trigger other antigen presenting 
cells, hence priming CD8+ T lymphocytes. Often 
the macrophages releases vesicles containing distinct 
pathogen associated molecular patterns and present 
them to APCs to induce signalling pathway involving 
TLRs, MAPKs, NF-κB, inducible NOS, cGMP etc. 
Reports suggest that these vesicles are involved in 
the induction of anti-MTB immunity by killing the 
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intracellular bacilli and priming the uninfected cells 
for upcoming infection. Vesicles generated exclusively 
from bacilli-infected macrophages have been 
characterized to contain important mycobacterial 
proteins - Antigen 85-C, ESAT-6 and others [25]. Thus 
the regulatory role of hEV as transport medium and 
immuno-modulators are well evidenced in shaping 
the pathogenicity in general and precisely in different 
Mycobacterium species.
Membrane vesicles as vaccine
Membrane vesicles of varied origin are conserved 
phenomena across species and are noteworthy for 
playing the central role in modulating diverse biological 
processes [26]. The carried cargo usually are biological 
molecules like proteins of metabolic/cytoskeletal/
biochemical pathways, lipids, nucleic acids, pathogen 
determinants/antigens, membrane fragments, host 
immune machineries etc. As detailed earlier, these 
vesicles plays essential role in cargo transportation, 
pathogen spread, immuno-modulation and disease 
pathogenesis.

The property of self-adjuvation, immunogenicity 
and their prompt uptake by immune cells makes 
them attractive candidate for vaccine. Literature 
studies suggest that they can be readily modified and 
lipopolysaccharide reactogenicity being a classical 
example. The carried antigens can be overexpressed 
or modified for expressing multiple antigenic variants. 
These features have facilitated their usage in a range of 
applications [27].

A classical vaccine has few important properties 
like instigating the immune system to prevent from 
the deadly diseases that could happen in future, 
evoke effective and long lasting immune responses 
encompassing both the important arms of immune 
system. Additionally, the vaccine product should be 
within proper size range and must be inclusive of 
PAMPs and specific pathogen-associated antigens 
[28]. These vesicles have relatively permissible size (30-
300 nm) that allows them to enter the lymph vessels 
and facilitates uptake by APCs. The inside package 
containing surface  antigens stimulates humoral and 
cell-mediated immune responses of the host [29].

OMVs have a proper size (20 - 200 nm) to enable 
their entry into lymph vessels and uptake by antigen 
presenting cells. They naturally contain components 
resembling the antigenic surface of the pathogen; hence 
stimulating the humoral and cell mediated immune 
responses. Howsoever the naturally derived vesicles 
come with some limitations like high reactogenicity 
of associated molecules, lower expressing antigens, 

interference of relatively more dominant and non-
related antigens that could result into misdirected 
immune responses and might also carry molecules 
which are immunosuppressive or could interfere with 
protective immune responses. To deal with these 
shortcomings and hurdles, the technology of genetic 
engineering is often employed to produce safe and 
high yielding products with desired alterations. The 
field of vaccine development is advancing from the 
whole attenuated/inactivated strains to subunit vaccine 
form. These genetically engineered nano sized vesicles 
are high yielding, sterile, stable, efficiently delivered 
and can be coated, loaded and formulated as desired. 
It renders EVs as a promising and potent vaccine 
platform [30]. Extracellular vesicles are tremendously 
used against severe disease causing pathogens like 
N. gonorrhoeae, extraintestinal pathogenic E. coli 
(EXPEC), V. cholerae, Shigella sp, Salmonella sp., 
Influenza virus, Corona virus and many others. 

In the context of Mycobacterium sp. as well, these 
novel strategies of nanosized vaccine platform is in 
practice and successfully administered. Nanoparticles 
(NPs) are well established delivery vehicles. The 
vaccine  candidate (antigen of interest) is either 
encapsulated or are dodged onto the surface of the NP. 
Various types of NPs are used like Virus Like Particles 
(VLPs), liposomes, non-degradable NPs, polymeric 
NPs, saponins with varied mode of administration are 
used [31]. In the case of M. tuberculosis EVs, proteins 
like Ag85B, LprA and LprG are well characterized 
for being immunodominant. Hence, mesoporous 
silica nanoparticles (MSNs) was used as a platform 
using these immuno-modulators containing EVs 
and exposed to macrophages. The results confirmed 
a significant secretion of TNF-α (pro-inflammatory 
cytokine) and IL-10 (anti-inflammatory cytokine) 
than MSNs without these additional proteins. Thus, it 
is evident that incorporation of different components 
to the originally prevailing EVs can further increase 
the feasibility of nanosystems and convert them into 
effective vaccine delivering tools [32].
Membrane vesicle based diagnostic biomarkers
The effective treatment of Mycobacterium sp. induced 
diseases relies on quick and firm diagnostic analysis 
of the bacilli. Though techniques of imaging like chest 
radiography, immunological aanalysis of blood for 
interferon gamma release assay (IGRA) that measures 
cellular immune response to the TB infection similar 
to the Mantoux traditional tuberculin skin test (TST), 
microbiological detection like sputum culture, many 
modern diagnostic techniques like non-invasive whole 
body imaging with Positron emission tomography 
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(PET) integrated with computer tomography (CT) are 
in practice. Many of these comes with several drawbacks 
and hence consistent research is going on for determining 
the ideal diagnostic marker. As evidenced from myriad 
of studies that majority of the nucleic acids are packaged 
as cargo in the small extracellular vesicles and hence 
could serve as ideal diagnostic biomarkers. Gradually 
several studies were undertaken to establish this novel 
approach of diagnosis using EV encoded sRNA (sRNA) 
by real-time qRT-PCR [33].

Bacterial small regulatory RNA (sRNA) work through 
a wide variety of regulatory mechanisms like binding to 
the protein targets and thus modifying the function of 
the bound protein or interacting with messengerRNA 
targets and hence regulating gene expression. The 
latter is usually accomplished by regulating the gene 
expression following binding to complementary mRNA 
and thereby blocking translation or ribosome docking 
site [34]. Thus EV carrying sRNA based diagnosis are 
minimally invasive yet potent diagnostic screening tool 
for Mycobacterium sp. 
Membrane vesicle and antibiotic resistance
In the history of medicines, antibiotics are the most 
successful discovery. They aid in controlling pathogens’ 
mediated infections and regulate the health status of 
wide range of medical procedures. However in the lieu of 
injudicious use of clinically approved antibiotics and their 
unnecessary usage, there is increased evolution of multi-
drug and extremely drug resistant strains of the pathogens 
hence compromising the health care in several aspects 
[35]. Antibiotics often triggers membrane blebbing as 
an initiation for vesicle formation. Aminoglycoside like 
gentamicin do so by interfering with membrane lipid 
packaging thus creating bilayer instability. Polymyxins 
creates stress of bacterial envelope, DNA damaging 
quinolones induces SOS response by triggering the 
inactivation of LexA blocker protein, hence activating 
SOS gene. β-lactam antibiotics interferes with bacterial 
cell wall synthesis by creating pores in the peptidoglycan 
layer. As briefed, antibiotics has various ways of affecting 
the bacterial population; but they often lead to common 
outcome of creating stress and hence generation of 
membrane vesicles [36]. 

An important concerning EVs-related phenomenon 
is antibiotic resistance. The vesicles’ basic structure 
comprises of bacterial envelope and it’s different associated 
components has affinity to bind the antibiotics. Many 
reports have confirmed that the EVs generating from the 
bacteria are rich in antibiotics-binding protein and decoy 
receptors, thus facilitating bacterial survival [37]. At times 
the EVs throw the antimicrobial compounds outside 

using efflux pumps they harbour thus leaving hardly any 
traces of these available for affecting the bacteria. Often 
the EVs are reported to carry enzymes that can degrade 
the antibiotics or employ the strategy of gene transfer to 
confer antibiotics’ resistance [38]. In the pathogenesis of 
Mycobacterium sp., the involvement of enzymes, genes 
specific for resistance being carried by chromosome 
and plasmid and inter-bacterial gene transfer of similar 
mechanisms have been implicated [9]. The phenomenon 
primarily relies on the horizontal gene transfer by 
mediating phage infection. The genes for virulence 
and antibiotic resistance are particularly transferred by 
the Mycobacteriophages and this makes them efficient 
genomic engineers. The classical studies by Cheng and 
Schorey 2019 have shown that when macrophages were 
infected with drug resistant M. tuberculosis strain in 
the presence of antibiotics; EVs synergized with the 
antibiotics to expedite bacterial clearance and improved 
lungs’conditions as evident from investigated parameters 
[39]. These observations further shows that EVs can can 
be utilised as an immunotherapeutic platform and be an 
effective measure to treat drug-resistant Mycobacterial 
strains.
Membrane vesicles as molecule transfer vector
Extracellular vesicles have been established as a 
potential vehicle of communication as they could reach 
everywhere through circulation, could efficiently get 
lodged into biological fluids without degradation, get 
readily endocytosed by APCs and adhere to the tissues. 
They exhibit heterogeneity in carrying the cargo inside. 

They are proved to carry diverse proteins and 
enzymes such as proteases and ureases, toxins namely 
cholera toxin of Vibrio cholerae, cytolysin A of enterotoxic 
Escherichia coli, cytolethal distending toxin (CDT) from 
Campylobacter jejuni, vacuolating cytotoxin (VacA) of 
Helicobacter pylori, siderophores: carboxymycobactin 
and mycobactin of Mycobacterium tuberculosis and 
many others. Hence, the EVs are efficient transfer 
vector carrying virulence factors, nucleic acids – DNA 
& RNA, adhesins, toxins, communication compounds, 
immunomodulatory factors, nutrient-scavenging 
factors and others [40]. These characteristics also make 
EVs excellent candidates as vaccination agents and 
potential biomarkers in the diagnosis of different disease 
conditions like progression of cancer, neurodegenerative 
and autoimmune disorders and during infections 
prevailing in the body. 
Conclusion and future perspectives
The membrane bound nano vesicles, here referred 
throughout in the review as Extracellular Vesicles (EV) 
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are naturally released by archae bacteria, prokaryotes 
and eukaryotes; thus showing conserved evolutionary 
significances. However, in the context of biological 
science and it’s applied technology, it is of immense 
importance and have been implicated in several 
processes, mechanisms and phenomena. Extracellular 
vesicles influence communication between the cells and 
hence are involved in transferring a myriad of biological 
molecules. The exact mechanisms of extracellular 
vesicles’ biogenesis was not studied and the notion was 
strongly believed that release of EVs was impossible 
amongst them. The mycolic acid containing bacteria 
are known for their complex lipid-enriched envelope 
and hence in posing several additional challenges. But 
research in past few years using biochemical analysis 
and imaging techniques have conclusively detected 
EVs and implicated their fundamental involvement in 
several processes. Different studies have extrapolated 
various inducers of EV generation like DNA damage, 
inhibition of cell wall synthesis, fatty acid biosynthesis 
inhibition, endolysin mediated generation being some 
of the foremost. Accumulating research evidences 
have also highlighted various routes of EV formation, 
namely membrane blebbing, alterations in cell 
envelope and explosive cell lysis to be the prime ways. 
In Mycobacteria-induced pathogenesis, the EVs have 
been well-studied and detailed studies regarding 
their architecture, functioning and indulgence have 
been done. These EVs are enriched with lipoproteins, 
TLR-2 agonists and immunogenic determinants. The 
molecular composition of EVs clearly implicates their 
strong potential to influence host immune responses 
and generate protective immune response. Additionally, 
their capacity to deliver cargo (molecules of varied 
origin) tremendously supports their involvement in cell 
to cell communication and hence further influencing 
the host cell responses to the pathogen.

The experimental evidences have greatly indicated 
the involvement of EVs in different functioning like 
iron acquisition, shaping the virulence of the bacilli, 
immunomodulation, influencing important signalling 
pathways like antigen presentation, humoral and 
cellular immune responses and several others. Precisely 
to conclude, it is important to mention that the diverse 
potential of EVs have harnessed them as a candidate for 
vaccine development. Already the prevailing reports 
have confirmed the usage of these nano sized vesicles as 
effective vaccine platform for their uniqueness of size, 
high yield, sterile nature, stability and ease of delivery 
with formulations as desired. There are however some 
major limitations relating to vesicle production and 
their regulations including some questions that remains 

unanswered like: exact mechanisms through which 
the microbial components gets circumsphered inside 
the vesicles, exact mechanisms that the bacilli adopt/
modify to incorporate few selected molecules into the 
vesicles, does the variation in composition of vesicles 
accordingly bring out any changes in the virulence 
pattern of the bacilli, how other uninfected neighbouring 
cells are influencing the process. Nevertheless, there 
are convincing and quite interesting reports justifying 
the pivotal role of EVs in infection models including 
Mycobacterium species induced pathogenesis. Rigorous 
and continued research in this direction will definitely 
pave the way for better understanding of underlying 
mechanisms and it’s implicated immune responses. The 
EVs are already considered important diagnostic markers 
and candidates for vaccine. A little more intricate work 
could definitely revolutionize this field of biology and 
would benefit mankind with novel findings to fight the 
disease and neutralize the damages of body initiated by 
the bacillus.
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