







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 16 October 2013



                    Precision is essential for efficient catalysis in an evolved Kemp eliminase

                    	Rebecca Blomberg1 nAff5, 
	Hajo Kries1, 
	Daniel M. Pinkas1, 
	Peer R. E. Mittl2, 
	Markus G. Grütter2, 
	Heidi K. Privett3 nAff5, 
	Stephen L. Mayo4 & 
	…
	Donald Hilvert1 

Show authors

                    

                    
                        
    Nature

                        volume 503, pages 418–421 (2013)Cite this article
                    

                    
        
            	
                        20k Accesses

                    
	
                        244 Citations

                    
	
                            21 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Enzyme mechanisms
	Protein design
	X-ray crystallography


    


                
    
    

    
    

                
            


        
            Abstract
Linus Pauling established the conceptual framework for understanding and mimicking enzymes more than six decades ago1. The notion that enzymes selectively stabilize the rate-limiting transition state of the catalysed reaction relative to the bound ground state reduces the problem of design to one of molecular recognition. Nevertheless, past attempts to capitalize on this idea, for example by using transition state analogues to elicit antibodies with catalytic activities2, have generally failed to deliver true enzymatic rates. The advent of computational design approaches, combined with directed evolution, has provided an opportunity to revisit this problem. Starting from a computationally designed catalyst for the Kemp elimination3—a well-studied model system for proton transfer from carbon—we show that an artificial enzyme can be evolved that accelerates an elementary chemical reaction 6 × 108-fold, approaching the exceptional efficiency of highly optimized natural enzymes such as triosephosphate isomerase. A 1.09 Å resolution crystal structure of the evolved enzyme indicates that familiar catalytic strategies such as shape complementarity and precisely placed catalytic groups can be successfully harnessed to afford such high rate accelerations, making us optimistic about the prospects of designing more sophisticated catalysts.
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                    Figure 1: Kemp elimination.[image: ]


Figure 2: Directed evolution of Kemp eliminase HG3.[image: ]


Figure 3: Crystal structure of HG3.17 complexed with 6-nitrobenzotriazole.[image: ]


Figure 4: Catalytic improvement of HG3.[image: ]
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