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            Key Points

                	
                  The pace of antibiotic discovery has slowed down while resistance to bacteria is increasing.

                
	
                  Biofilms harbouring drug-tolerant persisters often lead to untreatable chronic infections.

                
	
                  Looking for untapped sources, such as uncultured bacteria, and developing rapid dereplication are likely to resuscitate the natural product discovery platform.

                
	
                  A focus on species-specific compounds will provide a discovery platform, as the probability of finding such molecules is higher than the probability of discovering broader-spectrum antimicrobial compounds.

                
	
                  Establishing rules that guide the penetration of molecules into bacteria will revive the rational design and high-throughput screening of synthetic compounds.

                
	
                  Prodrugs that form reactive molecules within bacterial cells are capable of broad-spectrum and sterilizing activity.

                


              

Abstract
The spread of resistant bacteria, leading to untreatable infections, is a major public health threat but the pace of antibiotic discovery to combat these pathogens has slowed down. Most antibiotics were originally isolated by screening soil-derived actinomycetes during the golden era of antibiotic discovery in the 1940s to 1960s. However, diminishing returns from this discovery platform led to its collapse, and efforts to create a new platform based on target-focused screening of large libraries of synthetic compounds failed, in part owing to the lack of penetration of such compounds through the bacterial envelope. This article considers strategies to re-establish viable platforms for antibiotic discovery. These include investigating untapped natural product sources such as uncultured bacteria, establishing rules of compound penetration to enable the development of synthetic antibiotics, developing species-specific antibiotics and identifying prodrugs that have the potential to eradicate dormant persisters, which are often responsible for hard-to-treat infections.
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                    Figure 1: Targets of antibiotics.[image: ]


Figure 2: The most successful antibiotic classes.[image: ]


Figure 3: An ideal antibiotic from first principles.[image: ]


Figure 4: Platforms for discovering novel antibiotics.[image: ]
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Glossary
	Persisters
	
                  Metabolically quiescent cells that neither grow nor die when exposed to bactericidal concentrations of antibiotics.

                
	High-throughput screening
	
                  (HTS). An automated instrumental process for detecting the binding or activity of hundreds of thousands of compounds to an isolated receptor target or whole cells, thereby identifying worthwhile leads for development.

                
	Rational drug design
	
                  A strategy by which drug molecules are developed based on the analysis of the three-dimensional structure of a protein interacting with a ligand.

                
	Lipinski's 'rule of five' guidelines
	
                  Guidelines (from Lipinski's analysis of the World Drug Index) identifying several key properties that should be considered for small molecules that are intended for oral delivery. These properties are: molecular mass <500 Da, number of hydrogen-bond donors <5; number of hydrogen-bond acceptors <10; and calculated octanolâ€“water partition coefficient (an indication of the ability of a molecules to cross biological membranes) <5.

                
	MDR efflux
	
                  Multidrug-resistant (MDR) efflux; an active transport system for the removal of several structurally non-related antibiotics from cells. The major facilitator (MF) family of MDRs are drug or proton antiporters present in all bacteria that are primarily responsible for efflux of hydrophobic cations and have some role in protecting bacteria from disinfectants, but not from systemically used antibiotics. The resistance nodulation cell division (RND) MDRs of Gram-negative bacteria are very broad- spectrum and will extrude most amphipathic compounds. These MDRs span the entire cell envelope and extrude compounds across the outer membrane â€” the main penetration barrier for antibiotics.

                
	Microbiota
	
                  The entire collection of microorganisms (bacteria, archaea and fungi, as well as protozoa and viruses) that are resident on or in the host.

                
	Operons
	
                  Loci consisting of two or more genes that are transcribed as a unit and expressed in a coordinated manner.

                
	Dereplication
	
                  The rapid identification of known compounds to avoid the duplication of efforts (also called counterscreening).

                
	Transcription profiling
	
                  Large-scale studies of the expression of genes at the mRNA level, typically with microarray technology.

                
	Polymyxin B nonapeptide
	
                  A small cationic peptide that disrupts the outer membrane of Gram-negative bacteria by binding to lipopolysaccharide.

                
	Quorum sensing
	
                  A system by which bacteria communicate. Signalling molecules â€” chemicals that are similar to pheromones that are produced by an individual bacterium â€” can affect the behaviour of surrounding bacteria.

                
	Biofilms
	
                  A cellâ€“cell or surface-adherent assemblage of microorganisms that are encased in an extracellular matrix of self-produced polymers and exhibit distinctive phenotypes.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Lewis, K. Platforms for antibiotic discovery.
                    Nat Rev Drug Discov 12, 371â€“387 (2013). https://doi.org/10.1038/nrd3975
Download citation
	Published: 30 April 2013

	Issue Date: May 2013

	DOI: https://doi.org/10.1038/nrd3975


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Drug Discovery (Nat Rev Drug Discov)
                
                
    
    
        ISSN 1474-1784 (online)
    
    


                
    
    
        ISSN 1474-1776 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Translational Research]
                    Sign up for the Nature Briefing: Translational Research newsletter â€” top stories in biotechnology, drug discovery and pharma.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in translational research, free to your inbox weekly.
            Sign up for Nature Briefing: Translational Research
            
        


    









    [image: ]







[image: ]
