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Mtb drug targets today 

Cole, S. T. et al , Nature, 393, 1998., Hasan, S., et al , PLOS Comput. Biol., 2(6), 2006 

sequence [14], were expected to accelerate the discovery
rate of targets and the development of new drugs against
TB. Such was the expectation in the late 1990s; however,
new drugs did not immediately follow these scientific
advancements. Many contend that the low hanging fruits,
or the obvious targets, have already been identified and
exploited, thereby making the continued development of
new drugs progressively more difficult. Regardless of the
underlying reasons, the need for new drugs to treat TB is
urgent. An ideal novel drug would inhibit a new essential
target and, therefore, be effective against Mtb strains that
are resistant to existing drugs. This review does not pro-
vide a comprehensive list of new targets but rather a

summary chosen based on a systematic search of those
that have been characterized and validated using multiple
approaches (Figure 1, Table 1).

Targeting of actively growing Mtb
During the course of infection in humans, Mtb can expe-
rience periods of both active growth and periods of meta-
bolic inactivity. For the effective eradication of the bacilli,
a TB drug regimen should target bacterial populations
within each of these categories. Recently, several path-
ways have been characterized as possible drug targets,
including cell wall metabolism, cellular respiration and
protein processing.
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Figure 1. Schematic of Mtb illustrating targets inhibited by existing drugs (left) and new targets (right). Fatty acid synthase (FasI), enoyl-acyl-carrier protein-reductase
(InhA), b-ketoacyl ACP synthase (KasA), arabinosyltransferase (EmbAB), D-alanyl-D-alanine ligase (Ddl), DNA dependent RNA polymerase (RNA pol), DNA gyrase and
ribosome are shown as targets inhibited by existing drugs used to treat TB. Recently identified targets include maltosyltransferase (GlgE), ATP synthase, L,D-transpeptidase
(Ldt), decaprenylphosphoryl-b-D-ribose 20-epimerase (DprE1/E2), ATP phosphoribosyl transferase (HisG), mycothiol ligase (MshC), mycolic acid cyclopropanation, DosR
(DevR), CarD, methionine aminopeptidase (Fmt), deformylase (Def), the proteasome complex and isocitrate lyase (Icl). A fragment of the circular chromosome is shown to
illustrate proteins that bind to DNA. Figure not drawn to scale.

Box 1. TB and HIV

Natural history of infection with M. tuberculosis: Humans become
infected by inhaling aerosol droplets carrying M. tuberculosis when a
host with active tuberculous cavity in the lungs coughs or sneezes. The
bacilli are ingested initially by alveolar macrophages. Two distinct
events follow at this stage depending on the immune status of the
macrophages. Activated macrophages kill the bacilli by the lethal
antimicrobial action of phagolysosomes [15]. In naı̈ve macrophages,
phagosomes containing bacilli do not mature and leave the bacilli
unharmed to establish a primary infection [16]. Again, two distinct
events can follow at this stage in the naı̈ve macrophages: M. tuberculosis
either multiplies intracellularly or maintains a dormant infection. These
two fundamental events translate into two clinically different presenta-
tions of the disease. The active multiplication of M. tuberculosis results
in TB disease. This represents only 3–10% of healthy individuals that
become infected and are unable to contain primary infection [17]. Those
individuals that are able to limit M. tuberculosis proliferation develop a
clinically asymptomatic latent infection. However, the latent infection
can reactivate into active TB if dormant bacilli divide.

It is estimated that one-third of the human population is latently
infected with M. tuberculosis [18]. The risk of reactivation is

approximately 10% over the lifetime of a latently infected individual
who otherwise is free of other immune-compromising conditions
[19]. Although the percentage that can reactivate seems small, it
translates to a potential epidemic of 100–200 million people with
active TB over the lifetime given the large reservoir of latent infection.

Coinfection with HIV and M. tuberculosis: The rise of HIV infection
around the world has fueled a surge in TB. The reasons are twofold.
For those with latent TB, the risk of developing active TB from new
infection or from the reactivation of dormant M. tuberculosis
increases dramatically because of the lack of immune strength
required to suppress the proliferation of the bacilli. This is generally
true for high TB endemic regions. It is perhaps for this reason that TB
is the most common opportunistic infection in HIV-infected people in
regions where TB is endemic [20]. For those free of latent TB,
contracting HIV still means an increase in susceptibility in developing
active TB if infected with M. tuberculosis. The risk of developing TB
from latent M. tuberculosis infection is 5–10% in a one-year period for
those immune compromised because of HIV infection [21]. A more
detailed description of TB and HIV comorbidity, epidemiology,
immunology and treatment is summarized elsewhere [22].
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•  > 3900 genes  
•  ~ 400 essential protein 
•  < 10 drug targets 
 

 Lamichane, G., Trends in Molec. Med. 17(1), 2011 



•  776 Mycobacterial phenotypic hits from GSK (M. bovis, BCG) 
•  177 anti-TB compounds (Mtb H37Rv strain) 
   
Challenge: Targets not known! 

Predicting targets for anti-tuberculosis phenotypic hits 



Target prediction resources 
 



Three-way target prediction approach (1) 

•  Martinez-Jimenez, F., et al., ‘Target prediction for an open access set of 
compounds active against Mycobacterium tuberculosis’,  PLoS Comput. Biol., 
2013, 9 (10), p. e1003253. 

 
•  139 target-compound 

links 



•  ChEMBL > 600 000 target-ligand pairs  
•  1543 Human and bacterial targets 
•  Docking using ICM - dock (Molsoft) and  
•  Crystal structure files extracted from PDBe 
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Three-way  target prediction approach (2) 

Experimental 
validations 



Mugumbate G. et al, (2015), Plos One, 10(3): e0121492 

Model Validation 
•  Training set: 80% of the target – ligand 

pairs 

ü  Predicted targets were ranked by their Bayesian scores 
ü  Leave –one –out cross validation (ROC AUC >= 0.85) 

•  Test set: 20% of unique compounds.  •  Test set: compounds from 20% 
documents 

•  Training set: pairs from 80% of  
documents (doc ids). 



119 Mtb targets for 620 compounds obtained after 
annotation of predicted ligands to Mtb orthologs   

2- nitropropane 
deoxygenase 

(118) 

InhA (54) 

EthR (63) 

DHFR (36) 



•  Selection criteria 
 
Ø essential for growth and survival of Mtb (essentiality) 
 
Ø  Involvement in drug resistance 
 
Ø Amenable to chemical inhibition (druggability) 
 
Ø Easily expressed, purified and characterized (biologically friendly) 
 
 

Experimental Validation using SPR, and X-ray 
crystallography 
 



Dihydrofolate reductase 

•  Mugumbate, G., et al., ‘Mycobacterial Dihydrofolate Reductase Inhibitors 
Identified Using Chemogenomic Methods and In Vitro Validation’, PLoS ONE, 
2015, 10 (3): p. e0121492. 
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Experiments performed Del Besra’s lab, University of Birmingham 
Confirmed inhibitors  



An overlay of 7 inhibitors of EthR co-crystallised with 
the protein 

•  25 predicted inhibitors of EthR were confirmed using SPR and X-ray crystallography. 
 
•  7 inhibitors have similar binding mode, occupying the first binding site. 



Summary 

Chemoinformatics and 
SAR approaches 

>100 Mtb targets for ~ 600 phenotypic 
hits. 
- Source for target-ligand pairs for further 
experimental validation and/or molecular 
modification 

2 DHFR inhibitors 

25 EthR inhibitors 

7 EthR - ligand crystal 
structures 

Mtb 
phenotypic 

hits 

Target-
ligand data 

Mtb target-ligand pairs 
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