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Overview of challenges in discovery of 
DǊŀƳπƴŜƎŀǘƛǾŜ antibacterials 

Lynn Silver, PhD 

LL Silver Consulting, LLC 
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Manchester, J. I., et al. (2012) J. Med. Chem. 55:2532-2537. 



/ƘŀƭƭŜƴƎŜǎΧ 

ÅLǘΩǎ ƘŀǊŘ ŜƴƻǳƎƘ ǘƻ ŘƛǎŎƻǾŜǊ !b¸ ŘŜǾŜƭƻǇŀōƭŜ 
novel antibacterials 

ÅLet alone anti-GN agents 

 

Å!ƭǘƘƻǳƎƘ ƴƻǘŜ ǘƘŀǘ ƛǘΩǎ ǇǊŜǘǘȅ Ŝŀǎȅ ǘƻ ƪƛƭƭ 
bacteria with toxic stuff 

ÅFirst point: Selectivity is paramount 



Empiricism vs Rationalism 

Å²ŜΩǊŜ ǎŎƛŜƴǘƛǎǘǎ 

Å²ŜΩǊŜ Ǌŀǘƛƻƴŀƭ 

ÅBut most antibiotics (antibacterials) have been 
discovered empirically 

 

Å!ƴŘ Ǌŀǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘŜǎ ƘŀǾŜƴΩǘ ǿƻǊƪŜŘ ǎƻ 
ǿŜƭƭΧȅŜǘ 



¢ƘŜ άLƴƴƻǾŀǘƛƻƴ ƎŀǇέ ƛƴ ƴƻǾŜƭ ŎƭŀǎǎŜǎ 

hōǎŎǳǊŜǎ ǘƘŜ ά5ƛǎŎƻǾŜǊȅ ǾƻƛŘέ 

Fischbach and Walsh, 2009 
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Innovation gap 

No registered classes of antibiotics were discovered after 1984 

Between 1962 and 2000, no major classes of antibiotics were introduced 

Discovery void 

Lipopeptides  
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Discovery Timeline 
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in 1984 
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Interestingly, almost all classes 
were  discovered empirically 
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But more are in the pipeline  
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Interestingly, almost all classes 
were  discovered empirically 



One problem is targets 

ÅSingle-enzyme targets are generally subject to 
rapid resistance development 

Å/ƘƻƻǎƛƴƎ άƳǳƭǘƛ-ǘŀǊƎŜǘǎέ ŀƴŘκƻǊ ŀǾƻƛŘƛƴƎ 
resistance-prone targets is paramount 

 

ÅWhere are the targets located? 

ïOften in the cytoplasm 
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Cytoplasm 

P. aeruginosa 

b-lactams 

Glycopeptides 
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Rifampin 

 

Aminoglycosides 

Tetracyclines 

Chloramphenicol 
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Oxazolidinones 

Fusidic Acid 
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Novobiocin 

Fluoroquinolones 

Sulfas 

Trimethoprim 
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Daptomycin 

Polymyxin 

Antibacterial 

Spectrum 

Spectrum is largely  due to permeability & efflux  



Gram-positive Gram-negative Compromised 

Gram-negative 

Depleted LPS 

Efflux ȹ 

But itôs not just OM and Efflux 

Å Since the major permeability difference between GN and GP the OMé 

Å And OM-permeable and effluxȹ GNs are sensitive to many GP drugs 

Å Some assume finding ways of crossing the OM and avoiding efflux will allow 

GN entry 

Å But novel compounds (such as cytoplasmic enzyme inhibitors) need 
qualities that also permeate the CM. 



 GN barriers (simplistic view) 

OM 

CM 

periplasm 

LPS &O-Ag 

u OM excludes hydrophobic and hydrophilic compounds.   

u Penetration of hydrophilic compounds through OM is via:  

u general porins [<600 MW,  prefer hydrophilic, charged] 

u facilitated diffusion of specific hydrophilic solutes [OprD, Tsx] 

u But hydrophilic and highly charged molecules entering the periplasm  

u penetrate the CM slowly or not at all  

u unless actively transported  [or via PMF] 

u Molecules that do enter can be effluxed 

u What molecules can accumulate in the GN cytoplasm? 

 



How to get compounds into the 
cytoplasm of GNs 

ÅProposals for studying and overcoming the barriers to Gram-
negative entry focus on 
ïProcesses of periplasmic entry and residence 

ïSubstrate characteristics of porins, pumps and permeases 

ïThis will benefit periplasmic targeted compounds 

ÅBut compounds designed to get to the periplasm will be 
unlikely to get to the cytoplasm since  

ïsieving properties of OM and CM are more or less orthogonal  

ï (effluxability may correlate with CM diffusibility) 

ÅDependence on transporters is resistance-prone 

Å Is there a Gestalt approach to solve the simultaneous 
equations of entry through both membranes and efflux 
avoidance?  



In addition to characterizing barriers, 
characterize compounds 

Å Can we develop rules for entry by studying existing compounds? 

Å Lƴ нллуΣ hΩ{ƘŜŀ ŀƴŘ aƻǎŜǊ ŀƴŀƭȅȊŜŘ ǇƘȅǎƛŎƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ 
registered antibacterials making the distinction between GN and GP 
actives and noted general physicochemical differences between them. 
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Adapted from O'Shea, R. O. and Moser, H. E. (2008) J. Med. Chem. 51:2871-2878. 

GP only 
GN 
CMC 

Å Now focus on compounds 
getting into the cytoplasm 

Å And how they get there 




