







    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: 28 August 2003



                    Mechanism of silk processing in insects and spiders

                    	Hyoung-Joon Jin1 & 
	David L. Kaplan1Â 



                    

                    
                        
    Nature

                        volumeÂ 424,Â pages 1057â€“1061 (2003)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        1128 Citations

                    
	
                            10 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Silk spinning by insects and spiders leads to the formation of fibres that exhibit high strength and toughness1. The lack of understanding of the protein processing in silk glands has prevented the recapitulation of these properties in vitro from reconstituted or genetically engineered silks. Here we report the identification of emulsion formation and micellar structures from aqueous solutions of reconstituted silkworm silk fibroin as a first step in the process to control water and proteinâ€“protein interactions. The sizes (100â€“200â€‰nm diameter) of these structures could be predicted from hydrophobicity plots of silk protein primary sequence2. These micelles subsequently aggregated into larger â€˜globulesâ€™ and gelâ€�like states as the concentration of silk fibroin increased, while maintaining solubility owing to the hydrophilic regions of the protein interspersed among the larger hydrophobic regions. Upon physical shearing or stretching structural transitions, increased birefringence and morphological alignment were demonstrated, indicating that this process mimics the behaviour of similar native silk proteins in vivo. Final morphological features of these silk materials are similar to those observed in native silkworm fibres.
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                    Figure 1: Optical polarizing microscope image of silk/PEO blend film cast from aqueous solution at ambient conditions.[image: ]


Figure 2: Model of chain folding, micelle formation, globule formation and curing, and shear processing of silk proteins.[image: ]


Figure 3: Scanning electron micrographs of silk/PEO (80/20â€‰wt%) blend films after PEO extraction in water at room temperature for 24â€‰h.[image: ]


Figure 4: Fractured fibres.[image: ]
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