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• target identification 

• target validation 

• assay development 

• screening 

• drug design 

• medicinal chemistry 

  (“hit to lead”) 

• mechanism of action 
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Antibacterial Discovery:  Target-Based & Reverse Genomics 



Antibacterial Discovery:  Target-Based & Reverse Genomics 



Basis for “Omics Approaches”:  Sequenced Genomes 



(Freiberg et al., Drug Discov. Today 2005, 10, 927) 

Target Discovery:  Essential Genes in Bacteria 



Target Discovery:  Essential Genes & Potential Antibiotic Targets 



Antibacterial Targets:  Overview 



Target Discovery:  Essential Genes & Potential Antibiotic Targets 

(Freiberg et al., Drug Discov. Today 2005, 10, 927) 



Target Discovery:  Determination of Target Gene Essentiality 



Target Discovery:  Transcriptome & Proteome Profiling 

(Freiberg et al., Drug Discov. Today 2005, 10, 927) 

Transcriptome expression profiling?  → 

DNA → mRNA   → Protein 

Genome Transcriptome   Proteome 

(= all genes) (= all mRNAs)   (= all proteins)  

1) Essentiality of a target (study knockout mutant vs. wildtype) 

2) Impact/mechanism of action (MOA) of a compound/antibiotic 



Target Discovery:  Microarray Expression Profiling 
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Target Discovery:  Microarray Expression Profiling 



Target Discovery:  Transcriptome & Proteome Profiling - MOA 



(Freiberg et al., Curr. Opin. Microbiol. 2004, 7, 451) 

Target Discovery:  Transcriptome & Proteome Profiling - MOA 



(Dandliker et al., Antimicrob. Ag. Chemother. 2003, 47, 3831) 

Composite B. subtilis gene expression array images for A-72310 (128 

µg/ml), clarithromycin (10 µg/ml), tetracycline (0.1 µg/ml), and ciprofloxacin 

(0.1 µg/ml). Drug-induced changes in mRNA concentration are indicated by 

either light (upregulated), dark (downregulated), or neutral gray (unchanged) 

spots (in duplicate).  

Target Discovery:  Transcriptome Profiling – MOA Example 



Scatter plots of the fold change in B. subtilis mRNA levels induced 

by A-72310 and tetracycline (A) and A-72310 and ciprofloxacin (B).  

(Dandliker et al., Antimicrob. Ag. Chemother. 2003, 47, 3831) 

Target Discovery:  Transcriptome Profiling – MOA Example 



Target Discovery:  Proteome Profiling - MOA 



Target Discovery:  Proteome Profiling - MOA 



Target Discovery:  Proteome Profiling – MOA Example 

(Freiberg et al., Curr. Opin. Microbiol. 2004, 7, 451) 



(Becker et al., Nature 2006, 440, 303) 

Target Discovery:  In vivo Proteome Profiling 

Mice were infected with Salmonella expressing GFP. After several days, fluorescent GFP-expressing Salmonella 

were purified from spleen or caecum homogenates by flow cytometry. Purified Salmonella were digested with 

trypsin and the resulting peptide mixtures were separated by high-performance liquid chromatography (HPLC). 

Electrospray ionization (ESI) tandem mass spectrometry of the eluted peptides yielded peptide mass spectra and 

fragment ion mass spectra. Comparison with databases identified the respective Salmonella proteins.  



Promoter induction assays based on expression profiling. Transcriptional expression profiles of all genes of a 

bacterial genome are represented by gray lines. In the presence of several different antibiotics (A–L with color-coded 

MOA), genes selectively responding to a specific type of growth inhibition can be identified. For example, one transcript 

is only induced by treatment with compounds D and E (black line), whereas another transcript is selectively induced by 

compounds K and L (red line). Upstream regions of the corresponding genes are cloned in front of reporter genes, 

enabling the detection of compounds with MOAs similar to D and E or K and L, respectively.Arrays of promoter 

induction systems represent helpful tools for the discovery of novel drug candidates. 

Target Discovery:  Validation by Promoter Induction 

(Freiberg et al., Drug Discov. Today 2005, 10, 927) 



(Pelaez, Biochem. Pharmacol. 2006, 71, 981) 

Antibacterial Discovery:  Results of Target Screening 

Pathway              Target protein      Function             Outcome 



Antibacterial Discovery:  Results of Target Screening 

Pathway              Target protein      Function             Outcome 

(Pelaez, Biochem. Pharmacol. 2006, 71, 981) 



Antibacterial Discovery:  Results of Target Screening 

Pathway              Target protein      Function             Outcome 

(Pelaez, Biochem. Pharmacol. 2006, 71, 981) 



Target Discovery:  Antibiotic Resistance Mechanisms  

• Membrane permeability 

• Antibiotic degradation 

• Antibiotic modification 

• Target modification 

• Efflux 



(D'Costa et al., Science 2006, 311, 374) 

Target Discovery:  Resistance Profiling ("Resistome")  

Density and diversity of resistance profiles in 480 soil-derived bacterial isolates. 



(D'Costa et al., Science 2006, 311, 374) 

Target Discovery:  Resistance Profiling  

Resistance spectrum in 480 soil-derived bacterial isolates. 



Target Discovery:  Resistance Profiling  

(D'Costa et al., Science 2006, 311, 374) 

Resistance levels and MOA in 480 soil-derived bacterial isolates. 



(Schmid, Biochem. Pharmacol. 2006, 71, 1048) 

Antibacterial Discovery:  Structural Genomics 

E. coli S. aureus 



Antibacterial Discovery:  Structural Genomics – Structures & Homologs 

(Schmid, Biochem. Pharmacol. 2006, 71, 1048) 



Antibacterial Discovery:  Structural Genomics 

(Schmid, Biochem. Pharmacol. 2006, 71, 1048) 



(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016) 

Antibacterial Discovery:  Structural Genomics of the Bacterial Ribosome 

30S 50S 



(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016) 

Antibacterial Discovery:  Structural Genomics of the Bacterial Ribosome 



(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016) 

Structure-Based Drug Discovery at the Bacterial Ribosome  



(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016) 

Structure-Based Drug Discovery at the Bacterial Ribosome  



(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016) 

Structure-Based Drug Discovery at the Bacterial Ribosome  



(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016) 

Structure-Based Drug Discovery at the Bacterial Ribosome  


