







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 17 November 2005



                    A light-sensing knot revealed by the structure of the chromophore-binding domain of phytochrome

                    	Jeremiah R. Wagner1, 
	Joseph S. Brunzelle3, 
	Katrina T. Forest2 & 
	â€¦
	Richard D. Vierstra1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 438,Â pages 325â€“331 (2005)Cite this article
                    

                    
        
            	
                        5267 Accesses

                    
	
                        441 Citations

                    
	
                            14 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Phytochromes are red/far-red light photoreceptors that direct photosensory responses across the bacterial, fungal and plant kingdoms. These include photosynthetic potential and pigmentation in bacteria as well as chloroplast development and photomorphogenesis in plants. Phytochromes consist of an amino-terminal region that covalently binds a single bilin chromophore, followed by a carboxy-terminal dimerization domain that often transmits the light signal through a histidine kinase relay. Here we describe the three-dimensional structure of the chromophore-binding domain of Deinococcus radiodurans phytochrome assembled with its chromophore biliverdin in the Pr ground state. Our model, refined to 2.5â€‰Ã… resolution, reaffirms Cysâ€‰24 as the chromophore attachment site, locates key amino acids that form a solvent-shielded bilin-binding pocket, and reveals an unusually formed deep trefoil knot that stabilizes this region. The structure provides the first three-dimensional glimpse into the photochromic behaviour of these photoreceptors and helps to explain the evolution of higher plant phytochromes from prokaryotic precursors.
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                        Three-dimensional structure of 
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Figure 2: 
                        Structure of the deep trefoil knot.
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Figure 3: 
                        Structure and linkage of biliverdin within 
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Figure 4: 
                        Structural conservation and evolution of phytochrome photoreceptors.
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Conserved from bacteria to fungi and higher plants, phytochromes are agriculturally important light-sensing proteins that have been studied from genetic and biochemical perspectives for decades. Three-dimensional structural information on them has proven elusive, but now the structure of a phytochrome from the bacterium Deinococcus radiodurans has been determined. It reveals possible chromophore attachment and light-signalling mechanisms. The protein fold of the molecule is surprising: the light-sensing region is shaped like a knot, perhaps in order to add rigidity and stability to the structure.
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