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A significant step during infection is the attachment of pathogen with the 
host cell surface. Mycobacterium tuberculosis is a major human pathogenic 
strain that invades host cell by using several successful mechanisms. 
FnBPs are important protein present on microorganism which specifically 
binds with the Fn protein of host.  Antigen85 complex and PE_PGRS family 
shows fibronectin binding properties that has evidenced important role in 
many bacterial adherence including species of mycobacterium. FnBPs plays 
a vital role in adhesion with the host surface as well as in various signalling 
pathway. 
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INTRODUCTION 
 
Mycobacterium tuberculosis (M. tuberculosis) is one of 
the major diseases causing pathogen prevailing in 
today’s world resulting in victim’s high mortality rate.  
According to global report by WHO in 2015 it has been 
stated that about 9.6 million population all over the world 
has been affected with TB and there was an estimated 
1.2 million death in year 2014 (http://apps.who.int/iris 
/bitstream/10665/191102/1/9789241565059_eng.pdf?ua=
1).  

M. tuberculosis is a facultative pathogenic bacterial 
strain that causes tuberculosis.  It consists of mycolic 
acid in its cell wall that makes the organism impervious to 
gram’s staining.  It is one of the oldest and deadliest 
reported diseases prevailing in today’s world. Any 
pathogen requires a specific adapter on the host surface 
at which it can result in firm attachment with the host, so 
that it may cause potent infection.  In order to colonize on 
the host surface, bacteria require some adhesive 
molecules; generally, these adhesive molecules are 
protein in nature and are termed as “adhesion” 
(Henderson et al., 2011).  Fibronectin (Fn) is an adhesive 
molecule which have high molecular weight, dimeric 
glycoprotein of 450kDa (Xu and Mosher, 2011) existing in 
two different forms: - soluble form in plasma and 
insoluble form in extracellular matrix (ECM) (Monu et al., 
2015).  Fn is a  eterodimer with two protein variant chain 

and each monomer consisting of three distinct types of 
domains (Xu and Mosher, 2011).  It consists of multiple 
binding sites for collagen, heparin, and fibrin, and it has 
been shown to enhance the attachment of several 
pathogens both gram positive and gram negative, 
including mycobacteria to the host cells (Hall-Stoodley et 
al., 2006). 

More than 100 Fibronectin binding proteins (FnBPs) 
have been studied till date in bacteria/prokaryotes.  Role 
of FnBPs have been well established in different gram 
positive and gram negative bacteria such as 
Staphylococcus aureus, Streptococcus pneumonia, 
Streptococcus pyogenes, Borrelia burgdorferi, 
Campylobacter jejuni, Haemophilus influenza, etc. In 
case of all these pathogens FnBPs plays a vital role in 
adhesion with the host surface as well as in various 
signalling pathway (Henderson et al., 2011; Monu et al., 
2015). 

In case of M. tuberculosis it has been reported that it 
secretes various Fibronectin binding protein (FnBPs) in 
which Antigen85 complex is a potent molecule (Pasula et 
al., 2000) that aids in adherence with host Fn protein.  
Antigen85 (Ag85) complex is combination of three 
proteins namely 85A, 85B, 85C which is encoded by 
three different genes (Henderson et al., 2011; Monu et 
al., 2015) Rv3804, Rv1886 and Rv0129 respectively, that  
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plays a major role in virulence of mycobacterium.  The 
proteins enclose a single peptide at N terminus followed 
by carboxyltransferase domain (Ramulu et al., 2006).  
These three proteins differ slightly in their molecular 
weight ranging from 30kDa-33kDa and are valuable 
immunomodulators (Henderson et al., 2011; Wiker and 
Harboe, 1992). Ag85 acts as mycolyl transferases 
(Pasula et al., 2000) that aids in cell wall biosynthesis of 
mycobacteria (Pasula et al., 2000; Sundar et al., 2015). 
Inspite of structural similarities in substrate binding site 
and active site in case of three mycolyl transferases as 
reported earlier, the surface residue varies at the active 
site which indicates that all three Ag85 enzymes in M. 
tuberculosis can evoke the host immune system (Ramulu 
et al., 2006). The three isoforms of Antigen85 complex 
synthesize mycolated arabinogalactan, trehalose 
monomycolate (TMM), and trehalose dimycolate (TDM) 
(Backus et al., 2014) which are important component of 
cellular envelop of mycobacterium.  It has been reported 
that Ag85 enzyme catalyses the transfer of mycolyl 
residue from one molecule of α, α’  TMM (trehalose 
monomycolate) to another leading to the formation of α, 
α’  TDM (trehalose dimycolate).  The virulent structure 
consists of α/β hydrolase fold and a catalytic triad is 
formed which is responsible for the mycolyl-transferase 
activity that comprises the amino acid residues S126, 
E230 and H262 (Ramulu et al., 2006). 

The sites of interaction for different mycobacterial 
species has been reported differently.  As in case of M. 
bovis protein it’s GTPase protein binding domain (GBD) 
(Henderson et al., 2011; Peake et al., 1993), and in 
Mycobacterium kansasii protein it is Hemoglobin subunit 
delta (HBD) and cell-wall-binding regions (Henderson et 
al., 2011; Naito et al., 2000).  

Another FnBP reported is Polymorphic GC-rich 
repetitive sequence (PGRS) in M. tuberculosis H37Rv, 
Rv1759c gene that encodes fibronectin adhesion protein 
(FAP) as FnBP (Meena et al., 2015).  The initial mode of 
infection is that FnBP secreted by the PGRS family 
protein binds to hosts Fn molecule. The binding site of 
FAP with Fn is GXRQRWFVVWLG.  According to a study 
it has been reported that PE_PGRS60 is a potential 
macromolecule that is expressed on surface of 
Mycobacterial strain H37Rv that aids in pathogenesis of 
M. tuberculosis (Meena and Meena, 2015).  In one 
experimental assay, it has been reported that disruption 
of gene encoded by Antigen85A has retrenched the 
growth of mycobacterium (Pasula et al., 2000). 

In conclusion, we would like to state that cell 
adherence proteins are critically important for access of 
pathogen into host cell depending on the interaction of 
host cell surface markers and ligands present in 
pathogen’s surface.  Ag85 is major secretary product by 
M. tuberculosis and Mycobacterium bovis.  Another 
potential family of FnBPs is PE_PGRS family gene that 
plays an important role in bacterial colonization, bacte-       
rial virulence and host-bacterial interaction by  enhancing  
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adhesion with host. These proteins also have ability to 
alter immune system of the host. So in deadly pathogen 
like M. tuberculosis targeting FnBPs protein by 
inactivating their gene would hinder the formation of 
effective adhesion molecules to the host which in turn will 
directly affect the virulence of the bacteria.  This would 
lead us to an effective way to deal with pathogenesis of 
M. tuberculosis which gives an important approach in 
therapeutics. 
 
 
ACKNOWLEDGEMENT 
 
We thank Dr. Rajesh S. Gokhale for making this work 
possible. The authors acknowledge financial support from 
GAP0092 and OLP1121 of the Department of Science 
and Technology and Council of Scientific and Industrial 
Research. 
 
 
REFERENCES 
 
Backus MK,  Dolan AM,   Barry SC,  Joe M, McPhie P,   Boshoff MIH,  

Lowary LT,  Davis GB, Barry EC (2014). The Three Mycobacterium 
tuberculosis Antigen 85 Isoforms Have Unique Substrates and 
Activities Determined by Non-active Site Regions. Journal of 
Biological Chemistry. 289(36):25041-53. doi: 
10.1074/jbc.M114.581579 

Hall-Stoodley L, Watts G, Crowther EJ, Balagopal A, Torrelles BJ, 
Robison-Cox J,  Bargatze FR, Harmsen GA, Crouch CE, 
Schlesinger SL4 (2006). Mycobacterium tuberculosis Binding to 
Human Surfactant Proteins A and D, Fibronectin, and Small Airway 
Epithelial Cells under Shear Conditions; Infection and Immunity, 
3587–3596; Vol. 74, No. 6 

Henderson B, Nair S, Pallas J, Williams MA (2011). Fibronectin: a 
multidomain host adhesin targeted by bacterial Fibronectin-binding 
proteins. FEMS Microbiology Reviews. 35, 147-200. 

http://apps.who.int/iris/bitstream/10665/191102/1/9789241565059_eng.
pdf?ua=1 

Meena LS, Meena J (2015). Cloning and characterization of a 
novel PE_PGRS60 protein (Rv3652) of Mycobacterium tuberculosis 
H37Rv exhibit fibronectin-binding property. International Union of 
Biochemistry and Molecular Biology.  doi: 10.1002/bab.1411. 

Meena PR, Monu, Meena, LS (2015).  Fibronectin binding protein and 
Ca2+ play an access key role to mediate pathogenesis in 
Mycobacterium tuberculosis; An Overview. Biotechnology and 
Applied Biochemistry, doi: 10.1002/bab.1434. 

Monu, Meena P, Meena A, Meena LS (2015). Imperative role of 
fibronectin binding proteins in cell adhesion and invasion: An 
overview; Advanced Research Journal of Biochemistry and 
Biotechnology, 2, 031-040. 

Naito M, Fukuda T, Sekiguchi K, Yamada T, Naito M. (2000). The 
domains of human fibronectin mediating the binding of a antigen, 
the most immunopotent antigen of mycobacteria that induces 
protective immunity against mycobacterial infection. Biochemical 
Journal. 347: 725–731. 

Pasula R, Wisniowski P, Martin JW (2000). Fibronectin Facilitates 
Mycobacterium tuberculosis Attachment to Murine Alveolar 
Macrophages; Infection and Immunity. 1287-1292 vol. 70 no. 3  

Peake P, Gooley A, Britton WJ (1993). Mechanism of interaction of the 
85B secreted protein of Mycobacterium bovis with fibronectin. 
Infection and Immunity. 61: 4828–4832. 

Ramulu GH,  Adindla S,  Guruprasad L (2006). Analysis and modeling of 
mycolyl-transferases in the CMN group; Bioinformation; 
PMCID: PMC1891678; 161–169 

Sundar S, Annaraj D, Selvan A, Biswas GP, Vijayakumaran R, 
Anishetty S   (2015).   Functional  insights  from  a  comparative  

http://www.jbc.org/search?author1=Keriann+M.+Backus&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Michael+A.+Dolan&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Conor+S.+Barry&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Maju+Joe&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Peter+McPhie&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Helena+I.+M.+Boshoff&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Todd+L.+Lowary&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Todd+L.+Lowary&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Benjamin+G.+Davis&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Clifton+E.+Barry+III&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Three+Mycobacterium+tuberculosis+Antigen+85+Isoforms+Have+Unique+Substrates+and+Activities+Determined+by+Non-active+Site+Regions
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Three+Mycobacterium+tuberculosis+Antigen+85+Isoforms+Have+Unique+Substrates+and+Activities+Determined+by+Non-active+Site+Regions
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meena%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=26158346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meena%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26158346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramulu%20HG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adindla%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guruprasad%20L%5Bauth%5D


450  Merit Res. J. Med. Med. Sci. 
 
 
 

study on the dynamics of Antigen85 proteins and MPT51 
from Mycobacterium tuberculosis; Original Paper Journal of 
Molecular Modeling, 21:310 

Wiker HG, Harboe M (1992). The antigen 85 complex: a major secretion 
product of Mycobacterium tuberculosis. Microbiol Reviews 56: 648–
661 

 
 

 
 
 
 
Xu J, Mosher D (2011).  Chapter 2 Fibronectin and Other Adhesive 

Glycoproteins. In The Extracellular Matrix: an overview Mecam, 
(Ed). XIV. 426 

 
 
 
 
 

 

http://link.springer.com/journal/894
http://link.springer.com/journal/894

