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ABSTRACT Mycobacterium tuberculosis is an infectious agent of human tuberculosis. The genome of Mycobacterium tuber-
culosis revealed that 13 membrane proteins of MmpL family play important role in drug efflux system. With the 

evolution of tuberculosis to Multi drug resistant tuberculosis and Extensive drug resistant, there is an urgent need of the new drugs for the 
less known MmpL family of transporters. With an initial assumption that MmpL is critically responsible for the host-pathogen contact, we 
analyzed MmpL protein family to uncover the important aspects like their structure, function, sub-cellular location, and domains. In this 
work we predicted function of each protein of MmpL family and two sets of important residues that are actively taking part in the transport 
mechanism and are presented as a promiscuous target. The present approach is an effective method in understanding the common mecha-
nism of their function at molecular level; moreover, this study will help in developing more potent inhibitors that would worth in treating wide 
range of infections. Thus, this protein will serve a better target for devising new therapies. We hope that the information on MmpL protein 
family will be innovatory for further in-vitro analysis of this disease.

INTRODUCTION
Tuberculosis is an infectious disease, caused by the bacillus My-
cobacterium tuberculosis (Ahmad, 2011). It typically affects the 
lungs (pulmonary TB) but can affect other sites as well (extra 
pulmonary TB). In 2013, it is estimated that 9.0 million people 
developed TB and about 16.7% (i.e. 1.5 million) died from the 
disease, while 4% (0.36 million) of whom were HIV-positive. Ac-
cording to the Global tuberculosis report 2014 by WHO about 
37 million lives were saved in 13 years’ time ( from 2000 to 2013). 
India is second most prone area for tuberculosis harbouring 2.2 
million patients, with 17.6% (i.e. 3.87 lakh) cases arriving per 
year including 0.66 lakh new cases annually.

Many Mtb strains are resistant to the commonly used antibiot-
ics, due to the slow uptake of drugs as reported by Brennan and 
Nikaido, in 1995. Other factors contributing to the resistance 
may be target modification (Lambert et al., 2005), enzyme in-
activation etc. (Schweizer, 2003). However, the most prevailing 
mechanism for the drug resistance is through drug system efflux 
(Adams et al., 2011). Efflux pumps include proteins that trans-
port varied range of substrates (including anti-TB drugs). These 
efflux systems summarized and linked to MDR-TB are from 
various super-families like RND (resistance-nodulation-cell divi-
sion), ABC (ATP binding cassette), MATE (multidrug and toxic 
efflux) and SMR (small multidrug resistance). ABC family of ef-
flux pumps uses ATP as a source of energy, while RND, MATE 
and SMR require proton motive force (Paulsen et al., 1996). RND 
family of proteins mediates the transport of wide variety of sub-
strates like cations, drugs, fatty acids etc. (Putman et. al., 2000). 
These are large membrane proteins with 12 transmembrane do-
mains and two cytoplasmic loops between 1st/2nd and 7th/8th 

domains respectively. Long back Tseng and co-workers in 1999 
reported the presence of RND family in all the organism of ma-
jor sub kingdoms. RND family of transporters include our

gene of interest i.e. MmpL (Mycobacterial membrane proteins, 
Large).The genome of M. tuberculosis (Mtb) consists of 13 genes 
designated as MmpL (Cole et al 1998), the co-localization of 

MmpL gene with the pks genes and genes responsible for lipid 
metabolism suggests there similar function.

More than 50% of the drug targets are membrane proteins, the 
number is expected rise in the near future (Kwasi et. al., 2005). 
We still do not know the proper functions of MmpL’s excluding 
3, 4, and 7 for which expressed data are available. MmpL family 
serve as potential diagnostics targets, and also this family have 
role in virulence and studies need to be carried out on design-
ing drug target against this (MmpL) family. So, we have tried to 
explore the maximum information of MmpL family by using of 
knowledge of updated bioinformatics tools and techniques in-
cluding 3D-structure prediction.

In order to figure out the role, binding site, functions etc, we de-
vised a simple workflow to explore this (MmpL) gene family as a 
drug target in MDR-TB, which is the main focus of the present 
work. This work will be a milestone in the emerging field of drug 
discovery development against TB.

MATERIALS & METHODS
Sequence Analysis and Phylogenetic Tree
The FASTA sequence along with their UniProt ID and primary 
accession number of 13 proteins of MmpL were retrieved. The 
BLASTp (Altchul et al., 1979) program screened homologous se-
quences form its database and select those sequences that are 
more similar or identical to our query sequence. We have de-
rived the function of MmpL protein, which are uncharacterized 
till now through sequence similarity to a well characterized ho-
mologous protein in the gene bank. BLASTp (Altchul et al., 1979) 
is used for both, identifying a query of amino acid sequences 
and for finding similar sequence in a protein database. The data-
base provides a picture of the functional properties of the relat-
ed sequence. The Multiple Sequence Alignment (MSA) of MmpL 
gene pool shows the relationships among the family members, 
and it is the alignment of two or more sequences of protein or 
nucleic acid of similar length. Phylogeny analysis of MmpL pro-
tein was carried out using the UPGMA (Unweighted Pair Group 
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Method  with Arithmetic Mean). This analysis gives us the clue 
about protein’s ancestry image.

Analysis of Physiochemical Characteristics
The physicochemical properties of MmpL protein sequences 
were analyzed using property values of residues as averaged over 
the whole sequence. The number of amino acids and their fre-
quencies were checked by CLC-free Workbench (version 6.8.2). 
The average molecular weight (AMW),  number  of negatively 
and positively charged residue, extinction coefficient (EC), iso-
electric point (pI), instability index (II), Aliphatic index (AI),and 
grand average of hydropathy (GRAVY) value were predicted us-
ing the ExPASy bioinformatics resource tool (www.web.expasy.
org/protparam/).

Structure and Function Prediction
The main goal of protein modelling is to predict a structure from 
its sequence within accuracy that is comparable to the best re-
sults achieved experimentally. The three-dimensional structure 
of a protein from its

amino acid sequences were predicted, that is the prediction of 
its folding and its secondary, tertiary, and quaternary structure 
from its primary structure. There are a number of tools avail-
able that can predict the 3D structure of MmpL family protein 
from its homology. The query protein sequences were used to 
for BLASTp search against the PDB database with default pa-
rameters to choose a homologous structure as templates. We fo-
cus completely on the template-based approaches, in which the 
function of a protein is allotted based mainly on its similarity to 
other proteins whose function is known (Khan et al., 2015). In 
our study, we have used five modeller tools and servers such as 
Modeller (Sali and Blundell, 1993)(Fiser et al., 2000), I-TASSER 
(Yang and Zhang, 2015), RaptorX (Källberg et al., 2014), SWISS-
MODEL (Biasini et al., 2014), and Phyre 2 (Kelley et al., 2015) for 
the generation of the 3D model of our proteins. The process of 
3D modelling of MmpL proteins (Fig.

1) (Laskowski et al., 1993).
The query sequence of MmpL proteins were submitted to the 
various 3D structure prediction tools (Fig. 2). The various struc-
ture related parameters have been considered such as z-score, c-
score, RMSD to generate the 3D structure model. The values of 
these parameters were analysed and selected the best built mod-
el. A protein structure predicted by tools and server will be sub-
jected to many sources of errors. The validation of the obtained 
model was done using PROCHECK suit of programs, which pro-
vides a check on the stereo chemical quality of protein structure. 
It gives the overall quality of the structure as compared with well 
refined structure of the same resolution (Laskowski et al., 1993).

Automated function prediction is a dynamic research field, with 
a growing community of bioinformaticians as observed (Ste-
phens et al., 2014). The accurate annotation of protein function 
is important in understanding life at the molecular level. MmpL 
gene family exists in the Mycobacterium tuberculosis and their 
biological functions are unknown. Three dimensional structures 
of these proteins may suggest biochemical and biological func-
tion. Here we have used various tools (Fig. 3) to predict biologi-
cal function and their role in biological process on the basis of 
their structure.

Functional Residues and Ligands Prediction
Membrane proteins carry out a miscellaneous variety of func-
tions and are used as mainly as drug targets for pharmaceutical 
agents. The set of information on potential amino acid residues 
for the function of membrane proteins is considerable for un-
derstanding the sequence–structure–function relationship of 
membrane proteins as well as predicting the functional residues 
from sequence/structure (Gromiha et al., 2009)(Ali et al., 2014). 

We used COACH server to predict the probable binding site and 
possible ligands for our MmpL gene family. COACH server gen-
erated possible ligand binding site predictions using two com-
parative methods, TM-SITE and S-SITE, which recognize ligand-
binding templates from the BioLiP protein function database by 
binding- specific substructure and sequence profile compari-
sons. These predictions also combined with results from other 
methods (including COFACTOR, FINDSITE and ConCavity) to 
generate final ligand binding site predictions.

RESULT AND DISCUSSION
Sequence Analysis and Phylogenetic Tree
A sequence can be recognised as a homolog of a known protein 
if the pairwise sequence identity exceeds a statistically driven 
threshold (e.g. more than 30% sequence identify of an E-value 
less than 0.001 (Lubec et al.,

2005). Phylogenetic analysis show the evolutionary relation-
ships among groups of MmpL family and give the indication 
about protein’s ancestry background (Fig. 4-a). The MmpL fam-
ily is split into three clusters has closely related to sequences, 
while MmpL1 just behave like an out group and ancient protein 
which divided into to give rise to cluster 1(MmpL4, 5 and 9), 
cluster 2 (MmpL6 and 2) and clusters 3 (MmpL3, 7, 8, 10, 11, 12, 
and 13). We analysed the sequence of MmpL gene family con-
sisting of 13 genes. Coding equivalent but varied 13 proteins as 
obtained from the insight into the multiple sequence alignment 
for all these using ClustalW. They consist of various informative 
blocks possessing intentionally conserved and substantially con-
served residues (shown in Green & Red) deriving same property 
along the time of gene evaluation. In MSA Glycine (G) at posi-
tion 132 and 267, Leucine (L) at position 196, Prolene (P) at po-
sition 347 and 412, Alanine (A) at position 348 Threonine (T) at 
position are found conserved 344 (Fig. 4b). Since these residues 
are preferred to found in hydrophobic core at the protein. So, 
these conservations here convey us that these residues are part 
of transmembrane helical region. With conserved anatomi-
cal structure in all the MmpL’s while other which are partially 
conserve. We further subjected the sequence for Inter ProScan 
and found similar results with domain conservation patterns 
which were then verified with Pfam for family that describes all 
MmpL’s falls in transporter protein like familes.Various structure 
and sequence specific architecture of transporter like RND, ABC, 
MATE  & SMR protein  families. MmpL’s was found more  rel-
evant to RND and ABC family of transporters thus giving us a 
view for being as a good target for MDR and XDR tuberculosis 
may function for drug-efflux pump thus, providing multi or ex-
tensive drug resistance for antibiotics.

Analysis of Physiochemical Properties of Selected Mmpl’s 
Gene Family
By using Tuberculist database we could retrieved physiochemi-
cal properties like isoelectric point(PI), gene length (bp), protein  
length (kb), locations (kb) of  MmpL family proteins in Mycobac-
terium tuberculosis genome, mass of each protein (Da), function-
al category and functions (Table. 1).

Structure and Function Prediction
Homology modelling and ab initio modelling (I-Tasser) tech-
niques were used for 3D Structure prediction of all MmpL pro-
tein family. Our template-selection criterion includes (a) Large 
alignment (b) maximum identity (c) less gaps. ab initio model-
ling method uses at least 10 templates to build 3D structure of 
protein. The data obtained was comparatively analysed with 
the data of tools (Modellar, RaptoX, Phyre2 and Swiss Modellar) 
using homology modelling approach. On the basis of basic pa-
rameters such as z-score (1≤ z ≤ 5), C-score (-5 ≤ c ≤ 2), RMSD 
(≤ 4) and the percentage of allowed residues except Glycine (85 
to 98% residues can be considered). The PROCHECK server vali-
dates each generated 3D structure by checking the stereo chemi-
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cal properties of a protein (Fig. 5).

Once the 3D structure of protein is obtained, the protein func-
tion can be predicted using 3D structure, as 3D structure is con-
sidered evolutionarily conserved than to sequence (Kaczanow-
ski and Zielenkiewicz, 2010). The dcGo server(Fang and Gough, 
2013) used to predict the function on the basis of gene ontol-
ogy, dcGO server gives reliable function predictions which are 
verified by other property explorer like ProFunc(Laskowski et 
al., 2005), CATH (Revigo), Prosite(Sigrist et al., 2010) and Ppopen 
(Rost et al., 2004). We selected some appropriate functions for 
each MmpL gene. Being of same family of proteins the predicted 
functions almost look similar (see Table. 2).

Possible Ligands and Binding Sites Predicted
Membrane proteins carry out a miscellaneous variety of func-
tions and are used mainly as drug targets of pharmaceutical 
agents. The set of information on potential amino acid residues 
for the function of membrane proteins is considerable for under-
standing the sequence–structure–function relationship of mem-
brane proteins as well as predicting the functional residues from 
sequence/structure (Gromiha et al., 2009). The COACH server 
used here to predict positions of all possible functional resi-
dues as well as  their  possible  ligands.  The LigPlot+ software 
(Laskowski and Swindells, 2011) was used to generate 2D ligand-
protein interaction diagrams (Fig. 6).

MmpL1 (958 residue long protein) Set-A (Table 4) residues 
show the bonding relationship with human neutrophil peptides 
(HNPs) that belong to a family of antimicrobial and cytotoxic 
peptides known as ‘defensins’ (Fig. 6A). Set-B (Table 4) binding 
ZCT (Actinorhodin) that exhibits antibiotic activity (Fig. 6B).

MmpL2 (968 residue long protein) .Set-A (Table 4) residues are 
bind with the CLR (Cholesterol) which is vital for bacterial per-
sistence (Fig. 6C) (Pasca et al., 2005). Set-B (Table 4) residues 
bind with the LMT (Dodecyl β-D-maltoside) that exert cleans-
ing (oil-dissolving) and antimicrobial effects through a surface 
action possessing both hydrophilic and hydrophobic properties 
(Fig.6D).

MmpL3 (944 residue long protein) Set-A (Table 4) residues bind 
with the CLR (Cholesterol). (Fig. 6E) (Pasca et al., 2005). Set-B 
(Table 4) residues bind with the LMT (Dodecyl β-D-maltoside). 
(Fig. 6F).

MmpL4 (967 residue long protein) Set-A (Table 4) residues 
binds with the FES [2FE-2S]-CLUSTER. Usually,[2Fe-2S]-clusters 
are not directly involved in the catalytic transformation of sub-
strate, but rather supply electrons to the active site (Fig. 6G) 
(Converse et al., 2003). Set-B (Table 4) residues bind with the 
MIY (MINOCYCLINE). A substance that is biostatic or biocidal 
at low concentrations towards bacteria, yeasts, moulds, or other 
form of life, especially pathogenic or noxious organisms (CHEBI: 
50694) (Fig. 6H).

MmpL5 (964 residue long protein) Set-A (Table 4) residues bind 
with the RJA (Ratjadone A). It shows growth inhibitory effect 
against bacteria, yeast and human cancer cells (Fig. 6-I) (Heo et 
al., 2014). Set-B (Table

4) residues bind with the BCT (bicarbonate). The bicarbonate 
ion (hydrogen carbonate ion) is an anion with

empirical formula HCO3

It has antimicrobial properties (Figure: 6-J).

MmpL6 (397 residue long protein) Set-A (Table 4) residues bind 
with the URE (UREA). The urea and thiourea derivatives (7a-7k, 

8a-8f) were screened for their antibacterial activity against some 
of the pathogenic bacteria (Fig. 6-K) (Miner et al., 2009). Set-B 
(Table 4) residues show the bonding relationship with human 
neutrophil peptides (HNPs) has antimicrobial activity (Fig. 6-L).

MmpL7 (920 residues long protein) Set-A (Table 4) residues 
bind with the FES [2FE-2S]-CLUSTER (Fig. 6-M) (Cosper et al., 
2009). Set-B (Table 4) residues bind with the MIY (MINOCY-
CLINE) which is biostatic towards bacteria, yeasts, moulds, or 
other form of life, especially pathogenic or noxious organisms 
(CHEBI: 50694) (Fig. 6-N).

MmpL8 (1089 residues long protein) Set-A (Table 4) residues 
bind with the LMT (Dodecyl β-D-maltoside) shows an antimi-
crobial effects through a surface action (Fig. 6-O). Set-B (Table 4) 
residues bind with the C8E

(tetraethylene glycol monooctyl ether). Involved in translocation 
of long-chain fatty acids across the outer membrane. It is a re-
ceptor for the bacteriophage T2. FadL may form a specific chan-
nel. Involved in the active translocation of vitamin B12 (cyano-
cobalamin) across the outer membrane to the periplasmic space 
(Figure: 6- P).

MmpL9 (962 residues long protein) Set-A (Table 4) residues 
bind with the ZLD (Linezolid). Linezolid is a synthetic anti-
biotic, against Gram-positive organisms tested in the pharma-
codynamics model and reduce colonization density (Fig. 6-Q) 
(Burzlaff et al., 2003)(Reddy et al., 2011). Set-B (Table 4) residues 
bind with the LMT (Dodecyl β-D-maltoside) (Fig. 6-R).

MmpL10 (1002 residues long protein) Set-A (Table 4) residues 
bind with the ZLD (Linezolid) (Fig. 6-S). Set-B (Table 4) resi-
dues bind with the DM2 (DOXORUBICIN). Doxorubicin or Adria-
mycin also has antibiotic activity, providing a simple resistance 
assay for screening of environmental bacterial (Wiederhold, 
2005). There are various research that have proved the anti-
microbial activity of Doxorubicin (Fig. 6-T) (Sader et al., 2001)
(Westman et al., 2012).

MmpL11 (966 residues long protein) Set-A (Table 4) residues 
show the bonding relationship with human neutrophil peptides 
(HNPs) (Fig. 6-U). Set-B (Table 4) residues bind with the LBF 
(Leptomycin B an unsaturated, branched-chain fatty acid, and is 
an important tool in the study of nuclear export. It show an anti- 
fungal, antibiotic and anti-tumour activity (Fig. 6-V) (Di Marco 
et al., 1975).

MmpL12 (1146 residues  long protein) Set-A (Table 4) residues  
bind with ERY (Erythromycin A). Erythromycin A is a potent an-
tibiotic long-recognized as a therapeutic option for bacterial in-
fections (Gumpert et al., 1982). Erythromycin acts by inhibiting 
elongation at the transpeptidation step, specifically aminoacyl 
translocation from the A-site to P-site (Fig. 6-W). Set-B (Table 4) 
residues bind with LMT (Dodecyl β- maltoside (Fig. 6-X).

MmpL13a (303 residues long protein) Set-A (Table 4) residues 
bind with BCL (BACTERIOCHLOROPHYLLA).   Bacteriochloro-
phylls are photosynthetic   pigments that    occur    in various 
phototrophic bacteria (Fig. 6-Y). Set-B (Table 4) residues bind 
with VDY (CALCIDIOL) the major circulating metabolite of vita-
min D3 (cholecalciferol). It is formed in the liver and is the best 
marker of the body’s vitamin D stores. It is efficient in the cure 
of rickets and osteomalacia, both in azotemic and non- azotem-
ic patients. Calcifediol also has mineralizing properties (Fig. 
6-Z).

MmpL13b (470 residues long protein) Set-A (Table 4) residues 
bind with CVM (CYMAL-4) C22 H40 O11
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(Fig. 6-A”). Set-B (Table 4) residues bind with the LMT (Dodecyl 
β-D-maltoside (Fig. 6-B”).

Based on these result, we successfully annotated the functions 
of 13 protein of MmpL family, which can be further used as lead 
for designing experimental approach geared towards evolution 
of exact function of the gene. Mostly proteins are predicted as 
drug-transmembrane transporter, ligand-gated ion channel ac-
tivity, lipid homeostasis, ER-nucleus signalling pathway, molting 
cycle and many more. MmpL protein family carry out a miscel-
laneous variety of functions and we used as main drug target of 
pharmaceutical agent, we predict the functional sites on the pro-
tein of MmpL family as well as their possible ligands too. These 
MmpL families may serve as potential diagnostic  target; and 
may be a milestone in  the emerging in  field of drug discovery 
development.

CONCLUSION
In silico analysis of MmpL protein family of Mycobacterium tu-
berculosis described here provides a simple & precise method 
to predicting 3D structure and assigning multi-functions to pro-
teins of MmpL family. Our study facilitates a rapid identification 
of binding sites in these proteins and also predicted possible li-
gands for MmpL protein family which is a potential therapeutic 
target. We expect that this protein family may play a significant 
role in host-pathogen interaction and in new anti-TB drugs de-
velopment.
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Fig: 4b
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Table 1	 Physiochemical properties of MmpL family pro-
teins in Mycobacterium tuberculosis

Table 2 Multiple functions of MmpL family proteins in My-
cobacterium tuberculosis 

MmpL1

· Inorganic cation, hydro-
gen ion ·

Endoplasmic    
Reticulum    nu-
cleus

transmembrane trans-
porter activity.

signalling path-
way.

· Oxidoreductase activity, 
acting on the CH-OH · Lipid homeo-

stasis.
groups of donors, NAD or 
NADP as accepter. · Sulfolipid biosyn-

thetic process.

· Drug transmembrane 
transporter. ·

Negative regula-
tion of multicel-
lular

· Hydroxyl methyl glutar-
yl-CoA-reductase

organismol   
process   and   
positive
regulation   of   
transcription   
from
RNA-Polymerase 
II promoter.

· Detoxification of 
copper ion.
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MmpL2

· Lipoprotein particle 
receptor activity. ·

Positive   regula-
tion   of   ERK1   
&

· Copper ion, carbohydrate 
and ADP binding. ERK2 cascade.

· Sterol response element 
binding. · Growth of symbi-

ont in host cell.

·
Silver ion transmem-
brane transporter 
activity.

· Kertino cycle 
proliferation.

· Ligand-gated ion channel 
activity. · RasGTPas activa-

tor activity.

· Ubiquitin-Protein tras-
ferase activity. · Regulation	of	

Protein

·

Sequence-specific DNA 
binding transporter Phosphorylation.

factor activity.

·
Mitochondrian	
degradation	
by
induced vacuole 
formation.

· Pharnyl pumping.

· Cell Proliferation 
growth.

MmpL3

· Protein binding. · Lipid transporter.

· Ca-ion binding. · Growth of symbi-
ont in host cell.

· Sequence-specific DNA 
binding transcription · Sulfolipid biosyn-

thetic process.

factor activity. ·
Target of the 
antituber-culer 
pyrrole

· Inorganic   cation   trans-
membrane   transporter

derivatives 
BM212.

activity. · Molting cycle.

· Drug transporter trans-
membrane. · Lipid homeo-

stasis.

· Copper ion exporter.

·

Important for 
mycobacterial 
growth

·

It  is involved in mycolic 
acid

and  hold  the  
participation  of  
this

transport in mycobacte-
ria[09].

transporter  in  
the  transloca-
tion  of
trehalosemono-
mycolate   across  
the

plasma mem-
brane[10].

MmpL4

· Growth in symbiont in 
host cell. · ER-nucleus signal-

ling pathway.

· Drug transmembrane 
transport. · Lipid homeo-

stasis.

· Active erasin of host im-
mune response. · Drug transmem-

brane transport.

· 0[6]. ·
Antibacterium	
type	 cell	
wall

· Oxidoreductase activity, 
acting on the CH-OH biogenesis.

group of donors, NAD or 
NADP as accepter. · Mammary    gland    

epithelial    cell

· Detoxification of silver 
ion. differentiation.

· Hydroxymethylglutaryl-
coA	 reductase · Kertinocycle pro-

liferation.

activity · Lipoprotein Me-
tabolism.

· Lipoprotein particle 
receptor activity. ·

Positive   regula-
tion   of   ERK1   
&

· Copper ion and Drug 
binding. ERK2 cascade.

· Ag+  transmembrane 
transporter activity. · Cellular copper 

ion homeostasis.

MmpL5

· Ion transmembrane 
transporter activity. · Lipid homeo-

stasis.

· Hydrogen    ion    trans-
membrane    transporter · ER-nucleus sig-

nalling pathway.

activity. · Mammary    gland    
epithelial    cell

· Respond to organic 
substance. differentiation.

· Drug-transmembrane  
transporter. · Kertinocycle 

proliferation.

· Lipoprotein particle 
receptor activity.

·

Actinobcterium	
type	 cell	
wall

· Receptor & Transporter 
activity. biogenesis.

· Copper ion binding.

MmpL6

·
Hydrogen    ion    
transmembrane    
transporter

· ER-nucleus sig-
nalling pathway.

activity. ·
Growth of sym-
biont in host 
cell.

·
Oxidoreductase activ-
ity, acting on the 
CH-OH

· Kertinocycle 
proliferation.

group of donors, NAD 
or NADP as accepter. · Lipoprotein 

Metabolism.

· Respond to organic 
substance. ·

Actinobcterium	
type	 cell	
wall

· Lipid	 and	
Drug-transmembrane biogenesis.

transportation. ·
Mammary    
gland    epithe-
lial    cell

· Hydroxymethylglutar-
yl-coA	 reductase differentiation.

activity · Lipid homeo-
stasis.

·
Unfolded	protein	
binding	 and	
Alcohol

·
Sulfolipid 
biosynthetic 
process.

binding.

·
Silver ion transmem-
brane transporter 
activity.

MmpL7

·

·
·
·
·

·

·

Inorganic cation trans-
membrane transport 
activity.
Signal transducer activ-
ity. Molting cycle.
Negative regulation of 
growth.
Negative regulation of 
growth of multicellular 
organismol process.
Positive regulation of 
Transcription from RNA 
polymerase II promoter.
MmpL7 is essential for 
virulence, presumably 
because it transports 
polypeptide virulence 
factors such as phthi-
oceroldimycoceros-
ate (PDIM) to  the cell  
wall[11].and reduced  
the growth kinetics and  
lethality[6].

·
·
·
·

·
·
·
·

·

·

Steroid metabolic 
process.
ER-nucleus sig-
nalling pathway. 
Growth of symbi-
ont in host cell. 
Substrate  adhe-
sion  dependent  
cell spreading.
Kertinocycle pro-
liferation. Lipo-
protein Metabo-
lism. Lipoprotein 
Metabolism. 
Transporter	
of	 the	 RND 
family[10].
MmpL7 is a 
potential sub-
strate for kinase 
PknD[23].
Responsible for 
isoniazid efflux in 
Mycobacterium  
smegmatis[11].

·
ATPase  activity,  coupled  
to  transmembrane
movement of substance.
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MmpL8

· Alcohol binding.

·
Type IV pilus de-
pendent moyility.·

Hydrogen    ion    trans-
membrane    transporter
activity. · Pilus-assembly.

·
Oxidoreductase activity, 
acting on the CH-OH

·
Substrate  adhe-
sion  dependent  
cell

group of donors, NAD or 
NADP as accepter.

spreading.

·
Lipid homeostasis and 
transport.

·
Kertinocycle 
proliferation.

· Heme-binding. ·
Lipoprotein Me-
tabolism.

·
ATPase  activity,  coupled  
to  transmembrane

·
Muscle, organ 
development.

movement of substance.

·

Its play a vital 
role in sulfoli-
pid-1

· Glycosphigolipid binding.
biosynthesis    and    
Mycobacterium

· Receptor Activity.
tuberculosis viru-
lence[12].

·
·

Extra cellular matrix 
structure constituents. 
Signal transducer 
activity.

MmpL9

·
·

·

·
·
·

·
·
·

Alcohol binding.
Hydrogen    ion    
transmembrane    
transporter activity.
Oxireductase  activity,  
acting  on  the  CH_OH 
group of donor, NAD 
or NADP as accepter.
Lipid homeostasis and 
transport. Drug trans-
membrane transport.
Molting   cycle,   col-
lagen   &cuticulin   
based cuticle.
Lysosomal transport.
Protein homodi-
merization activity. 
Hydroxymethylglutaryl-
coA	 reductase 
activity.

·

·
·
·
·
·
·
·

Positive   regula-
tion   of   ERK1   & 
ERK2 cascade.
Growth of 
symbiont in host 
cell. Kertinocycle 
proliferation.
RasGTPas activa-
tor activity. Ker-
tinocycle prolifera-
tion. Lipoprotein 
Metabolism.
ER-nucleus signal-
ling pathway. 
Cholesterol ho-
meostasis.

MmpL10

· Oxireductase activity. ·
Perinuclear region 
of cytoplasm.

· Lytic envelop. ·
ER nucleus signal-
ling pathway.

· Nuclear envelop. ·
Response to host 
immune response.

·
Cellular copper ion 
homeostasis.

·
Kertinocycle pro-
liferation.

· Response to silver ion. ·
Lipoprotein Me-
tabolism.

·
NADPH and Heparin 
binding.

·
Sulfolipid biosyn-
thetic process.

·
Zinc ion, B-amyloid 
and actin binding.

·
Protein-kinase inhibi-
tor activity.

· Chromatin binding.

· Anti-oxidant activity.

MmpL11

·

·
·
·
·
·
·

·

Inorganic    cation    
transmembrane    
transport activity.
Alcohol binding. Oxi-
doreductase activity
Response to host 
immune response. 
Keratinocyte prolifera-
tion.
Lipoprotein metabo-
lism. Hydroxymethyl-
glutaryl-coA	
reductase activity.
Sterol sensor activity.

·
·
·
·
·

·

·
·

ER nucleus signal-
ling pathway. 
Kertinocycle 
proliferation.
Lipoprotein 
Metabolism. Sulfo-
lipid biosynthetic 
process
Positive   regula-
tion   of   ERK1   & 
ERK2 cascade.
Actinobacterium    
type    cell    wall 
biogenesis.
Lipid homeostasis. 
Lipid transfer

MmpL12

· Alcohol binding. · Molting cycle.

·
Hydrogen    ion    
transmembrane    
transporter

· Positive regulation 
of Transcription

activity.
from RNA 
polymerase II 
promoter.

·
Copper   ion   and   
silver   ion  transmem-
brane

· Steroid metabolic 
process.

transporter activity. · Lipid homeostasis.

· Drug-hydrogen anti-
porter activity. · Sulfolipid biosyn-

thetic process.

· Anti-oxidant activity. · Oxidoreductase  
activity,  acting  on

· Structural molecule 
activity.

the CH-OH group 
of donors, NAD

· Beta-amyloid binding. or NADP as ac-
cepter.

· Actin, Ca+  binding. · Sulfolipid biosyn-
thetic process.

MmpL13a

· Alcohol binding. ·
Positive   
regulation   of   
ERK1   &

· H+ transmembrane 
transporter activating. ERK2 cascade.

· Oxidoreductase activity. · Actinobacterium    
type    cell    wall

· Active erasin of host 
immune response. biogenesis.

· Ag+ transmembrane 
transporter activity. · Kertinocycle 

proliferation.

· Hydroxymethylglutaryl-
coA	 reductase · Autophasy.

activity ·
Growth of 
symbiont in host 
cell.

· Drug-binding. ·
ER-nucleus 
signalling 
pathway.

· Lipoprotein particle 
receptor activity. · Lipid 

homeostasis.

MmpL13b

· Alcohol binding. · Lipoprotein 
metabolism.

· Oxidoreductase & 
transporter activity. ·

Positive   
regulation   of   
ERK1   &

· Organic substance 
transporter. ERK2 cascade.

· Response to host immune 
response. · Actinobacterium    

type    cell    wall
· Unfolded protein binding. biogenesis.

· Drug and receptor binding. · Kertinocycle 
proliferation.

· Hydroxymethylglutaryl-coA 
reductase ·

Growth of 
symbiont in host 
cell.

activity.

· Lipid transport.
· Ag+ transmembrane 

transporter activity.
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Table 3	 This table shows the best templates, RMSD-value 
and percentage of residue in allowed region used by various 
tools to generate 3D structure.

Tools/
Server Protein Best Templates RMSD

Residues 
in Core 
region 
(%)

I-TESSAR MmpL1 4k0eA, 3ne5A 1.75,  4.8 84.7

RaptorX MmpL2 3k07A 3.33 92.7

RaptorX MmpL3 3aqpA 2.91 92.3

Easy Mod-
eller MmpL4 3w9i, 2hrt, 4dx5 2.94 92.8

Swiss 
Model MmpL5 2v50B, 3w9jB, 

3w9jC 3.33 88.4

I-TESSAR MmpL6 4c0oA, 2x1gG 1.30, 3.04 80.

I-TESSAR MmpL7 3ne5A, 4k0eA 3.32, 1.55 81.3

RaptorX MmpL8 3k07A 3.30 89.4

I-TESSAR MmpL9 3ne5A ,4c0oA, 3.44, 1.66 80.9

Easy Mod-
eller MmpL10 2j8s, 2zy9,3w9i 2.96 93.5

I-TESSAR MmpL11 1u6gC, 3a6pF 3.53, 2.59 81.3

Easy Mod-
eller MmpL12 3aqp, 3ne5,3w9i 3.23 92.9

Swiss 
model MmpL13 a 4dntC, 

2v50A,2v50B 2.51 95.8

Easy Mod-
eller MmpL13 b 3aqp, 3ne5, 3w9j 2.77 93.2

Table 4	 This table shows the binding residue position and 
possible Ligands in two groups Set A (red) and Set B (green).

Figure	 Caption
Fig: 1	 Basic steps involved in homology Modelling.

Fig: 2 Diagram show the steps involved to choose the best built 
model generated by various tools

Fig: 3Diagram show the protocol of the selection of the common 
appropriate function and biological process are predicted from 
above tools. All the possible functions and biological process are 
shown in next page in the tabular form.

Fig: 4(a)	 Cladogram of MmpL family, Tree is split into three 
clusters has closely related to sequences, while MmpL1 just be-
have like an out group and ancient protein which divided into to 
give rise to cluster 1(MmpL4, 5 and 9), cluster 2 (MmpL6 and 2) 
and clusters 3 (MmpL3, 7, 8, 10, 11, 12, and 13).

Fig: 4(b)	 This is the MSA of proteins of MmpL family. Fully 
conserved regions are shown in magenta colour indicated with 
‘*’. Colon (:) indicates conservation between groups of strongly 
similar properties are shown in red colour and in green colour a 
dot (.) indicates conservation between groups of weakly similar 
properties.

Fig: 5 a	 The Structure A, B, C and D respectively Represent 
the models of MmpL 1, 7, 9 & 11 as obtain from I-Tasser. N and 
C terminals shown in blue and yellow sphere respectively. It ex-
plicitly depicts the domains N and ranging from (35-279) and 
(645-1008) respectively with different color i.e. Orange & magen-
ta.

Fig: 5 bThe Structure E, F, G and H respectively Represent the 
models of MmpL 6, 10, 13b & 12 respectively. Structure 10, 
12 and 13b obtain from easy modeler while 6 is obtain from I- 
Tasser. The structure E and G have single domain i.e. domain-N 
and domain-C respectively.

Fig: 5c	 The Structure I, J, K and L respectively Represent the 
models of MmpL 2, 3, 8 & 13a respectively. Model 2, 3 and 8 as 
obtain from RaptorX and model 13b is built by Swiss model. 
These all models are superimposed with their template.

Fig: 5d	 The Structure M and N respectively Represent the 
models of MmpL 5 & 4 respectively. Model 4 obtain from easy 
modeler and model 5 is built by Swiss model. These all models 
are superimposed with their template.

Fig: 6	 It outlines the interacting residues of MmpL’s two 
sets (Highest score) with different ligands in giving a formal un-
derstanding of the molecular mechanism. MmpL1 interacting 
with human neutrophil peptide and ZCT ligands in fig. 6A & B 
respectively; MmpL2 and MmpL3 ( fig. 6C & E and 6D & F) inter-
acting with CLR and LMT respectively; Mmpl4 interacting with 
FES and MIY in fig: 6G & H respectively. MmpL5 interacting with 
RJA and BCT in fig: 6I& J respectively. MmpL6 interacting with 
URE and HNPs in fig: 6K & L respectively. MmpL7 interacting 
with FES and MIY in fig: 6M & N respectively. MmpL8 interact-
ing with LMT and C8E in fig: 6O & P respectively. MmpL9 inter-
acting with ZLD and LMT in fig: 6Q & R respectively. MmpL10 
interacting with ZLD and DM2 in fig: 6S & T respectively. 
MmpL11 interacting with HNPs and LBF in fig: 6U & V respec-
tively. MmpL12 interacting with ERY and LMT in fig: 6W & X re-
spectively. MmpL13a interacting with BCL and VDY in fig: 6Y & 
Z respectively. MmpL13b interacting with CVM and LMT in fig: 
6A’’ & B’’ respectively.
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