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Discovery of inhibitors of energy generation in 

Mycobacterium tuberculosis 

 

A game changer in the fight against MDR and 

XDR tuberculosis disease 



• Extensive use of antibiotics in hospitals and agriculture to combat bacterial 
pathogens (36% increase globally, 62% India – 13 Bn units/year)  

 

• Underestimated the ability of bacteria to mutate or transfer resistance 
genes - MDR, XDR and TDR 

 

• Outbreaks expensive to control ($30 billion/yr – USA, 23,000 deaths, > 2M 
illnesses) 

 

• Lack of new drugs developed to cope with resistance - “Zyvox” totally 
synthetic drug released 2000 - April 2001 



Tuberculosis disease and drug resistance 

 

 9.4 million new TB cases per year 

 

 5.3% TB cases are MDR-TB; XDR-TB and TDR-TB emerging 

(10 frontline drugs) 

 

 MDR-, XDR-TB difficult to diagnose and expensive to treat (24 

months) 

 

 TB is the leading killer of people with HIV: XDR-TB/HIV – 4 

week mortality rate 

 

 No new drugs in 40 years! 

 



Should NZ be complacent? 

M. tuberculosis strain: INH/RIF/PZA/ETH – first-line, 

Second-line agents: capreomycin, ethionamide, ofloxacin, 

amikacin 9 different drugs for treatment ($10,000/month, 18 

months) – CURED 

 

32 cases of MDR-TB (last 10 years) – an average annual rate of 

1.2% among culture-positive TB cases (acquired overseas)  



Chris Walsh 

Antimicrobial Drug Discovery and Development 

No new structural classes of antibiotics were 

introduced between 1962 and 2000 

Long time to market and expensive $800M – 1.3 Bn 

Dalbavacin (1996)……..18 years! 



Drug discovery 1917-2005 

(too few targets/too much resistance) 

6 

The demand for new drugs has never been greater! 



We need a game changer for drug discovery 

Many metabolic genes (30% of genome) 

are essential for growth 



Cellular energetics as a new target space 

for drug development 

• Development of antibiotics to target metabolism = 

“metabiotics” 

 

• Novel targets = unique mode of action/new molecules. 

Narrow spectrum agents 

 

• Overcome current resistance determinants. Efflux pumps – 

powered by energy 

 

• Host electron acceptor availability (tetrathionate) – 

Salmonella, Electron donors (H2) Helicobacter 

 

• Sodium bioenergetics - Vibrio cholerae, Fusobacterium, 

Staphylococcus 

Cook et al. 2014 Advances in Pathogen Biology IN PRESS 



What is the physiological state 

of growing and slow growing-

non-replicating/metabolizing 

cells? 

 

What are the key metabolic, 

energetic and regulatory 

processes?  

 

Identify the appropriate 

pathway/target to kill these cells 

Need to understand how pathogens metabolize 

and persist in host tissues 

Persist low numbers 

Long periods of time 

“Metabolic Adaptation” 

Diverse pathology 



M. tuberculosis OXPHOS machinery 

Ndh/NdhA 

Sdh1/Sdh2/FRD 

Cook et al. 2014 Energetics of Respiration and Oxidative Phosphorylation in Mycobacteria. 

In Molecular Genetics of Mycobacteria, Hatfull, G. and Jacobs, Jr., W.R. (Eds) ASM Press, Washington DC. 

Targets implicated in TB drug resistance/persistence – NDH-2 (INH), SDH-1 (RIF/INH) 

and cytochrome bd (BDQ) 



R207910 

or TMC207 

Shortens anti-tuberculosis treatment (8 

weeks) and effective (bactericidal-

sterilizing) in patients with drug-

susceptible or drug-resistant TB (2009) 

 

Depletes cell of ATP: Kills growing and 

non-growing cells (hypoxia) 

 

Binds oligomeric c ring of F1Fo ATP 

synthase (Kd 500 nM) 

 

MIC = 0.06 µg/ml (nM) 

No effect on mitochondrial ATP 

synthase (20,000-fold)   

Most significant discovery in TB research – last 50 years 





Membrane potential = 78 ± 12 mV 

Transmembrane pH gradient = 43 ± 8 mV 

Total PMF = 121 mV (inhibitors of PMF kill cells); aerobic = 180 mV  

What other OXPHOS components are essential? 

Mycobacterial OXPHOS machinery 

Ndh/NdhA 

Sdh1/Sdh2 



Druggable targets: Inhibitors of the electron transport chain 

and ATP synthase in M. tuberculosis 

I II III IV V 

NADH dehydrogenase type II - INHR 

Cytochrome bd (persistence) 



Need bacterial-specific compounds/drugs 

• Develop enzyme assays for high throughput screening against 

targets (SDH2, NDH-2 and cytochrome bd) 

• Identify low µM/nM inhibitors – target pathogen in appropriate 

models (in vitro and animal) (lab strains versus clinical) 

• Need to explain essentiality and understand how inhibitors kill 

cells 
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SDH cytochrome bd ATP Synthase 

New MDR-TB regimen 



Goal - 21 new or 

repurposed anti-

TB drugs in Phase 

1 clinical trials by 

2015 
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TB in New Zealand 

• 9.2% between 2007 (282 cases) and 2011 (308 cases)  

 

• Incidence New Zealand born 2.5/100,000 (low), 8/100,000 (overall) 

 

• Asia (62/100,000), Pacific Islands (27), Sub-Saharan Africa (39) - 

75% TB cases people born overseas (Australia 87%) 

 

 

  

 

Bissielo, A., E. Lim, and H. Heffernan. 2011. Tuberculosis in New Zealand: annual report Institute 

of Environmental Science and Research Limited. 



2 weeks 2-4 months 6-30 months 

PZA 

INH 

Ethambutol 

Rifampicin 

Streptomycin 

 

 

 

New fast-acting drugs – deeper scientific 

understanding of how drugs work 

? 

Bedaquiline 







 

 

– New TB drug TBA-354: 2nd-generation analogue of PA-824. 

10-fold more potent, with a three-fold longer half-life than 

PA-824 (clinical trial in March 2014) 

– Improved 2nd-generation analogue of Bedaquiline: 50-fold 

more potent and 1000-fold less lipophilic than bedaquiline. 

Clinical candidate selected for development by the end of 

2014 

– Development of new OXPHOS inhibitors (new targets) 

– WGS: Professor Kyi Kyi Thinn and Dr Thanda Tun 

(University of Medicine 1, and National Health Laboratory, 

Myanmar) focusing on the characterization of MDR and 

XDR M. tuberculosis strains from smear positive sputum 

samples in Myanmar 

  

 

The Maurice Wilkins Centre for Molecular 

Biodiscovery (CORE) 

 

Tuberculosis Flagship 




