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Tuberculosis in the 21st century

• The world’s greatest infectious killer.

• 2017: 10 million people fell ill with tuberculosis (TB), and 1.6 

million died.

• Leading killer of HIV-positive people.

• Multidrug-resistant TB (MDR-TB): 558 000 new cases with 

resistance to rifampicin (RIF) of which 82% had MDR-TB 

(resistance to RIF and isoniazid).
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How can we get new drugs faster? 

More efficiently and cost effective?

Drug repositioning or repurposing: New 

use for a previously approved drug

DRUG ORIGINAL 
INDICATION

NEW INDICATION

Amphotericin B Fungal infections Leishmaniasis

Aspirin Inflammation, pain Antiplatelet

Bromocriptine Parkinson’s disease Diabetes mellitus

Finasteride Prostate hyperplasia Hair loss

Gemcitabine Viral infections Cancer

Methotrexate Cancer Psoriasis, rheumatois arthritis

Minoxidil Hypertension Hair loss

Raloxifene Cancer Osteoporosis

Thalidomide Morning sickness Leprosy, multiple myeloma

Sildenafil Angina Erectile dysfunction, pulmonar 
hypertension
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Drug repositioning strategies

Drug-centered Target-centered
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Genomics & Bioinformatics are used to repurpose drugs: the principle of “target homology”
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 To use drug repurposing and comparative chemogenomics to find new

drugs against TB.

 To establish a new paradigm for the design of new drugs and new

therapeutic strategies to be used in the fight against TB.

OBJECTIVES
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Bedaquiline (BDQ) 

new anti-TB drug

(MDR-TB treament)

Bald D, et al. (2017) MBio. 8(2). pii: e00272-17. 

TARGET: Energy Metabolism (Oxidative phosphorylation ) in M. tuberculosis

Thioridazine

antipsychotic drug,

TB treatment under

consideration
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Inhibitors of oxidative phosphorylation can affect membrane transporters (efflux pumps)

Bald D, et al. (2017) MBio. 8(2). pii: e00272-17. 
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Target Genes 

Energy metabolism and 

membrane transporters

Predicted 
Target Genes

Predicted 
antibacterials

Conservation of functional regions

Curated 
Target Genes

Curated 
antibacterials

TDR targets, Mycobrowser

STITCH 5.0

The ConSurf Server

Identification of Homologous Targets

Potential anti-TB drugs for in vitro 
validation

In silico Repurposing-Chemogenomics Strategy

Neves B.J., et al. 2015 PLoS Negl. Trop. Dis. 9(1):e3435; Kapopoulou A, Lew JM, Cole ST. 2011 Tuberculosis (Edinb). 
91(1):8-13; Wishart D.S., et al. 2006. Nucleic Acids Res. 34: D668-72; Kuhn M., et al. 2012 Nucleic Acids Res. 40: D876-80 
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 Sequence similarity screenings predicted 60 targets associated with

266 approved drugs

STITCH (score ≥ 0.8)

60 Predicted target genes

266 Predicted drugs

Comparison of 

functional regions 

(≥ 60% similarity)

20 Curated target genes

24 Curated drugs

DrugBank (E-value ≤ 10-20)

702 Mtb target genes 

Results: In silico analysis

 Functional regions comparison resulted in 20 potential Mtb targets that

could interact with 24 approved drugs.

Drug Indication Predicted Target in Mtb

Thiabendazole Fungicide, Parasiticide Succinic dehydrogenase

Deslanoside
Cardiac insufficiency, 

arrhythmias
Metal cation transporter 

P-type ATPase A CtpF

Doxorubicin Cancer NADH dehydrogenase I

Valproic Acid Epilepsy
Acyl-CoA dehydrogenase 

FadE19

Fostamatinib
Chronic immune 

thrombocytopenia

Transmembrane 
serine/threonine-protein 

kinase E
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Doxorubicin is a anthracycline antibiotic isolated
from the bacterium Streptomyces peucetius

Class of drugs used in cancer chemotherapy

Predicted target in M. tuberculosis: NADH 

dehydrogenase I (Rv3146, Rv1348)

Do these compounds have antibacterial activity?

Compound

Minimum inhibitory concentration
(µg/ml)

Escherichia coli
AG100

Mycobacterium
smegmatis

CPZ/TZ 60 (CPZ) 12.5 (TZ)

Doxorubicin 30 0.78

Deslanoside >480 >200

Valproic Acid >480
>200

Thiabendazole >480
>200

Fostamatinib >480 >100

Preliminary results

CPZ: chlorpromazine; TZ: thioridazine
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Macrophage studies:

 Compound cytotoxicity

 Infection studies using Salmonella as a model

Secondment:

Application to M. tuberculosis

What’s Next?

 Test synergism with known anti-TB drugs

 Study effect on macrophage killing activity
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CONCLUSIONS

We identified new repurposed drugs that may target energy metabolism and

membrane transporters in Mtb, using in silico drug repurposing and

chemogenomics .

 These drugs may serve as lead compounds for the development of new drugs

against TB and MDRTB - Future projects and collaborations

New 

repurposed 

drugs

Novel 

therapeutic 

regimens

Tuberculosis 

infections

Social 

impact
Healthcare



Chemogenomics and in silico repurposing as an innovative approach for rapid drug discovery in tuberculosis

The team

• Instituto de Higiene e Medicina Tropical, Universidade NOVA Lisboa (IHMT/NOVA)

Global Health and Tropical Medicine (GHTM)

Liliana Rodrigues 

Miguel Viveiros 

Pedro Cravo 

Gustavo Capatti

• Trinity College Dublin, Ireland

Moyne Institute of Preventive Medicine, Department of Microbiology

Marta Martins 

Daniela Alves Ferreira

Funding   

iCHEMGENODRUGS_TB: EU H2020 MSCA-IF-2017 (grant No 795924)

European Comission, Marie Skłodowska-Curie Actions

Thank You

Global Health and Tropical Medicine (GHTM), IHMT/NOVA


