







    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: 05 November 2009



                    Rationally tuning the reduction potential of a single cupredoxin beyond the natural range 

                    	Nicholas M. Marshall1, 
	Dewain K. Garner1, 
	Tiffany D. Wilson1, 
	Yi-Gui Gao1, 
	Howard Robinson2, 
	Mark J. Nilges1 & 
	â€¦
	Yi Lu1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 462,Â pages 113â€“116 (2009)Cite this article
                    

                    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Redox processes are at the heart of numerous functions in chemistry and biology, from long-range electron transfer in photosynthesis and respiration to catalysis in industrial and fuel cell research. These functions are accomplished in nature by only a limited number of redox-active agents. A long-standing issue in these fields is how redox potentials are fine-tuned over a broad range with little change to the redox-active site or electron-transfer properties. Resolving this issue will not only advance our fundamental understanding of the roles of long-range, non-covalent interactions in redox processes, but also allow for design of redox-active proteins having tailor-made redox potentials for applications such as artificial photosynthetic centres1,2 or fuel cell catalysts3 for energy conversion. Here we show that two important secondary coordination sphere interactions, hydrophobicity and hydrogen-bonding, are capable of tuning the reduction potential of the cupredoxin azurin over a 700â€‰mV range, surpassing the highest and lowest reduction potentials reported for any mononuclear cupredoxin, without perturbing the metal binding site beyond what is typical for the cupredoxin family of proteins. We also demonstrate that the effects of individual structural features are additive and that redox potential tuning of azurin is now predictable across the full range of cupredoxin potentials.
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                    Figure 1: 
                        X-ray structures of Az and selected variants.
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Figure 2: 
                        Rational tuning of the reduction potential of Az.
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        Editorial Summary
'Super' metalloproteins
Many metalloproteins â€” proteins that contain metal atoms in their active sites â€” are crucial for biological reactions involving electron transfer. Marshall et al. now demonstrate that it is possible to tune the reduction potential of a single cupredoxin molecule â€” the arsenate reductase known as azurin â€” to well beyond the natural range. This is achieved by changing key amino acids near, or distal to, the metal binding site. The hope is that the lessons learned from this work, and future studies, could be used to design non-natural photosynthetic centres or artificial fuel cell catalysts for energy conversion.
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