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Potential targets of M. tuberculosis

• Mycobacterium tuberculosis:

– Causative agent of tuberculosis

– Leading cause of death by any single infectious organism in the world 

– According to WHO estimates, there are approximately 9 million new 
infections and 2 million casualties of tuberculosis every year (WHO 
report, 2004)  

– Need for new and powerful drug and vaccine targets  

– The availability of the complete genome sequence of M. tuberculosis
has been an important step that has helped in the renewed efforts to 
search for new and novel drug targets 

EM of M. tuberculosis, Source:Institut Pasteur library 



Deaths due to Tuberculosis in 2005

Source: GlobalHealthFacts.org



Standard TB treatment Regimens:
DOTS (Directly Observed Treatment Scheme)

Regimen Combination 
Drugs

Duration Dose

2(HRZE) 

4(HR)3

Isoniazid (H)
Rifampicin ( R)  
Pyrazinamide(Z)
Ethambutol (E)

2 months

4 months

Daily

Thrice a week

2(HR)ZE

6(HR)

Isoniazid (H)
Rifampicin ( R)  
Pyrazinamide(Z)
Ethambutol (E)

2 months

6 months

Daily

Daily



Drug
• Isoniazid
• Rifampicin
• Pyrizinamide
• Ethambutol
• Streptomycin
• Kanamycin
• Quinolones

Target
• Acyl carrier protein reductase
• RNA polymerase β subunit
• energy metabolism
• Arabinosyl transferase
• Ribosomal S12 protein and 

16S rRNA
• DNA gyrase

Targets of current TB drugs 



Drug
• Moxifloxacin
• Gatifloxacin

• PA-824

• TMC- 207

• LL3858

• OPC 67683

Target
• DNA topoisomerase & DNA Gyrase

• Cell wall synthesis

• ATP synthase

• Unknown

• Mycolic acid inhibitors

Targets of TB drugs in pipeline



41 Countries with XDR TB

“Using the current TB tools to cope with DR-TB is 
like trying to put out a forest fire with a garden 
hose.” Françoise Louis, MSF TB Advisor. Source: World Health Organisation



• Need for new drug targets and/ or 
Novel approaches to drug discovery



Open Source Drug Discovery

URL: http://osdd.org & http://osdd.net



Work Packages
Phase- I

WP-1          Identification of Targets (in Silico)

WP-2          Expression of Targets

WP-3          Validation of targets and Screen Development

WP-4          Identification of Chemical library

WP-5          Microarray gene expression

WP-6          Lead optimization on the non-toxic Hits

WP-7          Synthesis of analogues

WP-8          Identify non specific binding using  Proteomics
Phase-2

WP-9          Preclinical toxicity

WP-10        Clinical Trial



Search for potential non-toxic drug 
targets of M. tuberculosis



• Specific aims: Drug Target 
Development Using In-Silico Biology

– In silico target discovery for infectious disease 
research 

– Comparative genomics for identification of 
antibacterial drug targets

– In silico modeling and active site prediction to 
assess targets

– Creation of virtual chemical library, 
pharmacophore generation and optimization

– Peptide and protein structure elucidation.

Search for potential non-toxic drug 
targets of M. tuberculosis



COPS-version 3.0: D. Dash et al., (2008), in preparation

http://cops.igib.res.in



How big are these peptides?



Where do they occur?

Invariant peptides are mostly buried

Prakash et al., 2005, JMB



COPS peptides: act as folding nuclei 

Prakash et al., (2004) Bioinformatics
Prakash et al., (2005), JMB

RpoC

tRNA synthetase G-3-P Dehydrogenase



Mycobacterium tuberculosis SysBorg : A systems Biology platform 
for infectious diseases using Systems Biology of whole organism

How does 
Latency arise

How is the 
pathogen cleared

Y Y

How does M.tb infect

FAD Fumarate

Coenzyme A
NADHATP

Metabolic and 
Signalling Network

( CSIR Task force Network for in silico drug target discovery )

VPCIACBR NII

IMTECH CDRI IICB RRLJ
Other partners



Mtb Sysborg

Data



Criteria for selection of potential 
non-toxic drug targets

•~64000 COPS-Path peptides serves as initial data
•Map peptides onto available PDBs (of M. tuberculosis) 
•Surface analysis of peptides to check proximity to active site
•Peptides present in M. tuberculosis

Protein Essential for survival 
(DEG  &  Sassetti et al., Mol Microbiol, 2003) 

•Peptide absent in humans
•Peptide absent in gut flora (Gill et al, Science (2006), v. 312 pp. 1355)
•Initiate docking of ligand library with candidate target determined as 
above

Prakash et al., 
J Mol Biol (2005)



Summary: in silico steps for selection of potential target



Target proteins shortlisted

• Enzymes involved in pantothenate biosynthesis
(biosynthesis of CoA)

• Enzymes involved in the shikimate pathway
(biosynthesis of aromatic amino acids)

• Cell division protein, FtsZ

• NAD-dependent DNA ligase

• SecA translocase



Ligand database Target Protein

Molecular 
docking

Ligand docked into protein’s 
active site









Decoy molecules from DrugBank



Evaluation of various docking and 
virtual screening softwares on HPC

• FRED (OpenEye):

• Dock 6: MPI version:

• Autodock 3.05:

• Sybyl7.3(Surflex-Dock) 

• eHits



Biosynthesis of aromatic amino acids
Chorismate mutase, 
Chorismate Synthase (AroF)
Synthase (AroG) 

Enzymes with 
invariant peptides :



Decoy molecule Rank
Sulfanilamide 474
Sulfacetamide 2856
Ethylene Glycol 250
Formic Acid 231

EPS 20584
Total library size 
used for docking > 2 million

Decoy molecule Rank
Propanol 367
Ethylene Glycol 371

2-sulfhydryl-Ethanol 377

Phospho-enol- Pyruvate 647

Total library size used for 
docking > 2 million

AroF AroG

Docking of ligands with shikimate
pathway proteins



Docking Results for Chorismate synthase (AroF) using FRED



Protein-Ligand interactions of Chorismate synthase

Ligand:EnolPyruvylShikimate-3-phosphate 
(CS: 78 )

Ligand: ZINC08454842 (CS: 87)

Chorismate synthase (AroF) Chorismate synthase (AroF)



PDB : 1ZTB
Ligand : ZINC00033507


