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Drug  (year of discovery)  Target  Effect  

First-line drugs
Isoniazid (1952)  Enoyl-[acyl-carrier-protein] reductase  Inhibits mycolic acid synthesis  
Rifampicin (1963)  RNA polymerase, beta subunit  Inhibits transcription  

Pyrazinamide (1954)  S1 component of 30S ribosomal 
subunit  

Inhibits translation and trans-
translation, acidifies cytoplasm  

Ethambutol (1961)  Arabinosyl transferases  Inhibits arabinogalactan 
biosynthesis  

Second-line drugs

Para-amino salicylic acid (1948)  Dihydropteroate synthase  Inhibits folate biosynthesis  

Streptomycin (1944)  S12 and 16S rRNA components of 
30S ribosomal subunit  Inhibits protein synthesis  

Ethionamide (1961)  Enoyl-[acyl-carrier-protein] reductase  Inhibits mycolic acid biosynthesis  
Ofloxacin (1980)  DNA gyrase and DNA topoisomerase  Inhibits DNA supercoiling  

Capreomycin (1963)  Interbridge B2a between 30S and 50S 
ribosomal subunits  Inhibits protein synthesis  

Kanamycin (1957)  30S ribosomal subunit  Inhibits protein synthesis  
Amikacin (1972)  30S ribosomal subunit  Inhibits protein synthesis  
Cycloserine (1955)  D-alanine racemase and ligase  Inhibits peptidoglycan synthesis  





















. The image shows the secretion systems of Gram-negative bacteria, which span the 

double membrane. The putative locations and the solved structures of individual proteins are 

demonstrated. 





System Function 

ESX-1 Virulence (pathogenic mycobacteria), conjugation (M. smegmatis) 

ESX-2 Unknown 

ESX-3 Acquisition and homeostasis of zinc and iron 

ESX-4 Unknown 

ESX-5 Immune modulation, virulence, nutrient uptake, PE-PGRS export 
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Structural elements of EccCa1 and EccCb1. 
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Contributions: making M. tb mutant strains, bacterial culture, macrophage infection, 

supernatant collection, RNA extraction.  
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