







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 15 September 2021



                    Rational design of a new antibiotic class for drug-resistant infections

                    	Thomas F. Durand-Reville1, 
	Alita A. Miller 
            ORCID: orcid.org/0000-0002-7110-04931, 
	John P. O’Donnell1, 
	Xiaoyun Wu2, 
	Mark A. Sylvester1, 
	Satenig Guler1,3, 
	Ramkumar Iyer1, 
	Adam B. Shapiro 
            ORCID: orcid.org/0000-0002-2662-61461, 
	Nicole M. Carter1, 
	Camilo Velez-Vega1,2, 
	Samir H. Moussa1, 
	Sarah M. McLeod1, 
	April Chen1, 
	Angela M. Tanudra1, 
	Jing Zhang1,4, 
	Janelle Comita-Prevoir1, 
	Jan A. Romero1,5, 
	Hoan Huynh6, 
	Andrew D. Ferguson7, 
	Peter S. Horanyi 
            ORCID: orcid.org/0000-0003-2218-99868, 
	Stephen J. Mayclin8, 
	Henry S. Heine9, 
	George L. Drusano9, 
	Jason E. Cummings10, 
	Richard A. Slayden10 & 
	…
	Ruben A. Tommasi 
            ORCID: orcid.org/0000-0002-1573-74221 

Show authors

                    

                    
                        
    Nature

                        volume 597, pages 698–702 (2021)Cite this article
                    

                    
        
            	
                        24k Accesses

                    
	
                        67 Citations

                    
	
                            241 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Bacterial infection
	Drug discovery and development


    


                
    
    

    
    

                
            


        
            Abstract
The development of new antibiotics to treat infections caused by drug-resistant Gram-negative pathogens is of paramount importance as antibiotic resistance continues to increase worldwide1. Here we describe a strategy for the rational design of diazabicyclooctane inhibitors of penicillin-binding proteins from Gram-negative bacteria to overcome multiple mechanisms of resistance, including β-lactamase enzymes, stringent response and outer membrane permeation. Diazabicyclooctane inhibitors retain activity in the presence of β-lactamases, the primary resistance mechanism associated with β-lactam therapy in Gram-negative bacteria2,3. Although the target spectrum of an initial lead was successfully re-engineered to gain in vivo efficacy, its ability to permeate across bacterial outer membranes was insufficient for further development. Notably, the features that enhanced target potency were found to preclude compound uptake. An improved optimization strategy leveraged porin permeation properties concomitant with biochemical potency in the lead-optimization stage. This resulted in ETX0462, which has potent in vitro and in vivo activity against Pseudomonas aeruginosa plus all other Gram-negative ESKAPE pathogens, Stenotrophomonas maltophilia and biothreat pathogens. These attributes, along with a favourable preclinical safety profile, hold promise for the successful clinical development of the first novel Gram-negative chemotype to treat life-threatening antibiotic-resistant infections in more than 25 years.
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                    Fig. 1: Rational design of DBOs for multi-PBP inhibition.[image: ]


Fig. 2: Distinct phenotypes for DBO analogues.[image: ]


Fig. 3: Crystal structure of PaPBP3–ETX0462.[image: ]


Fig. 4: In vivo efficacy of ETX0462.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Compound-dependent bacterial morphologies and evidence of porin overexpression in TOMAS.
a, Morphology of P. aeruginosa PAO1 without drug treatment (left panel, 5 µm scale bar) or treated with 0.5X MIC of either NXL-105 (middle panel, 5 µm scale bar) or Compound 2 (right panel, 10 µm scale bar). Micrographs are representative of results obtained for three biologically independent studies. b, SDS-PAGE analysis of overexpressed porins in TOMAS19 after overnight induction with 120 µM L-arabinose. 2 µg outer membrane extracts were loaded onto a 13% polyacrylamide-SDS gel in 6 M urea. Expression levels are comparable to those observed for OprD in TOMAS19. Gel is representative of two biologically independent studies. Bands corresponding to the overexpressed porins are highlighted in boxes. Upper panel = P. aeruginosa porins; lower panel = K. pneumoniae porins.


Extended Data Fig. 2 In vitro and in vivo activity of ETX0462.
a, Percent cumulative growth inhibition of 40 MDR P. aeruginosa clinical isolates from the CDC MDR P. aeruginosa panel at increasing concentrations of ETX0462 (blue), meropenem-vaborbactam (MEM-VAB, red), imipenem-relebactam (IMI-REL, orange, ceftolozane-tazobactam (TOL-TAZ, purple) and ceftazidime-avibactam (CAZ-AVI, green). MICs were measured in singleton. b, A composite Emax fitting of the %fT>MIC vs change in CFU burden for 7 strains (MIC range of 0.25 − 4 mg/L, R2 = 0.87) evaluated in a murine neutropenic thigh model in vivo suggests > 1-log kill when unbound systemic concentrations of ETX0462 exceed the MIC for 60% of the dosing interval. c, Kaplan-Meier survival plot of Y. pestis CO92 infected mice using an aerosolized dose (20 X LD50 of 6.8 x 104 CFU) followed by treatment with ETX0462 vs. vehicle control, ciprofloxacin (CIP) or ceftazidime (CTZ) shows equivalent in vivo efficacy (Log-rank test p < 0.0001 vs. control).
Source data


Extended Data Table 1 The structure, spectrum of β-lactamase inhibitory activity and in vitro antibacterial spectrum of activity of selected DBO analogsFull size table


Extended Data Table 2 Antibacterial activity, frequency of resistance and PBP acylation rates for direct-acting DBO analogsFull size table


Extended Data Table 3 Antibacterial activity of Compound 2 against recent clinical isolates of Gram-negative pathogensFull size table


Extended Data Table 4 Antibacterial activity of Compound 2 and ETX0462 against an isogenic P. aeruginosa panel of strains overexpressing individual β-lactamasesFull size table


Extended Data Table 5 Genotypes of P. aeruginosa clinical isolates with varying susceptibilities to Compound 2 and ETX0462, using PAO1 as the reference strain (highlighted in gray)Full size table
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