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            Abstract
Amyloid or amyloid-like fibrils are elongated, insoluble protein aggregates, formed in vivo1 in association with neurodegenerative diseases or in vitro2 from soluble native proteins, respectively. The underlying structure of the fibrillar or â€˜cross-Î²â€™ state has presented long-standing, fundamental puzzles of protein structure. These include whether fibril-forming proteins have two structurally distinct stable states, native and fibrillar, and whether all or only part of the native protein refolds as it converts to the fibrillar state. Here we show that a designed amyloid-like fibril of the well-characterized enzyme RNase A contains native-like molecules capable of enzymatic activity. In addition, these functional molecular units are formed from a core RNase A domain and a swapped complementary domain. These findings are consistent with the zipper-spine model3 in which a cross-Î² spine is decorated with three-dimensional domain-swapped functional units, retaining native-like structure.




            
                
                    

    
        
            
                
                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: 
                        RNase A monomer and C-terminal domain-swapped dimer and the 3D domain-swapped zipper-spine model.
                      [image: ]


Figure 2: 
                        Properties of the RNase A amyloid-like fibrils.
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Figure 3: 
                        Fluorescence-based activity assay to examine whether the RNase A amyloid-like fibrils are domain-swapped.
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Figure 4: 
                        Domain-swapped zipper-spine model for the RNase A protofibril.
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The prospects of limiting the spread of transmissible spongiform encephalopathies such as Creutzfeldtâ€“Jakob disease depend in part on identifying the most infectious forms of the prions that carry the diseases. A study of modified scrapie prions shows that clusters of 14 to 28 prion proteins are the most infectious and that clusters of less than six molecules have virtually no infectivity. That could have implications for the treatment of diseases such as Alzheimer's and Parkinson's, characterized by deposition of prion-related amyloid fibrils. It's possible that efforts to alleviate symptoms by destabilizing these large protein aggregates might make things worse by producing smaller, more infective particles. Two other papers in this issue tackle fundamental aspects of the biology of prions and amyloid fibrils. The conversion of the yeast protein Sup35 to its prion form does not need to happen during the synthesis of Sup35 â€” mature and fully functional molecules can readily join a prion seed. This remodelling of the mature protein is accompanied by the immediate loss of its activity. And a study of a â€˜designedâ€™ amyloid fibril made from ribonuclease A reveals that amyloid containing native-like molecules can retain enzyme activity. This involves a domain swap with the neighbouring protein, and supports the â€˜zipper-spine modelâ€™ for Î²-amyloid structures.
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