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            Abstract
Protein sequences evolve through random mutagenesis with selection for optimal fitness1. Cooperative folding into a stable tertiary structure is one aspect of fitness, but evolutionary selection ultimately operates on function, not on structure. In the accompanying paper2, we proposed a model for the evolutionary constraint on a small protein interaction module (the WW domain) through application of the SCA, a statistical analysis of multiple sequence alignments3,4. Construction of artificial protein sequences directed only by the SCA showed that the information extracted by this analysis is sufficient to engineer the WW fold at atomic resolution. Here, we demonstrate that these artificial WW sequences function like their natural counterparts, showing class-specific recognition of proline-containing target peptides5,6,7,8. Consistent with SCA predictions, a distributed network of residues mediates functional specificity in WW domains. The ability to recapitulate natural-like function in designed sequences shows that a relatively small quantity of sequence information is sufficient to specify the global energetics of amino acid interactions.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        Statistical coupling analysis for the WW domain, a proline-binding protein interaction module.
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Figure 2: 
                        Assays for binding affinity and specificity in WW domains.
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Figure 3: 
                        A summary of functional measurements for all tested natural and artificial WW domains.
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Figure 4: 
                        A spatially distributed network underlying WW function.
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It is widely believed that a protein's amino acid sequence contains all the information needed to dictate its structure, but exactly what information is both necessary and sufficient for generating a folded, functional protein is not clear. Two papers by Rama Ranganathan and co-workers tackle this question using computational protein design to construct artificial WW domains, small proteins of approximately 40 amino acid residues that bind to proline-rich sequences. The synthetic proteins adopt the characteristic WW structure and recognize typical WW target sequences. Since the information used in designing these proteins was obtained from multiple sequence alignments only, with no prior knowledge of three-dimensional structure, it is clear that for some proteins, a relatively small quantity of sequence information is sufficient to specify the complex amino acid interactions that make up a functional protein.
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