







    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: 01 March 1958



                    A Three-Dimensional Model of the Myoglobin Molecule Obtained by X-Ray Analysis

                    	 J. C. Kendrew1, 
	 G. Bodo1, 
	 H. M. Dintzis1, 
	 R. G. Parrish1, 
	 H. Wyckoff1 & 
	â€¦
	D. C. Phillips2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 181,Â pages 662â€“666 (1958)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        1041 Citations

                    
	
                            63 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            

            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                MYOGLOBIN is a typical globular protein, and is found in many animal cells. Like haemoglobin, it combines reversibly with molecular oxygen; but whereas the role of haemoglobin is to transport oxygen in the blood stream, that of myoglobin is to store it temporarily within the cells (a function particularly important in diving animals such as whales, seals and penguins, the dark red tissues of which contain large amounts of myoglobin, and which have been our principal sources of the protein). Both molecules include a non-protein moiety, consisting of an iron-porphyrin complex known as the haem group, and it is this group which actually combines with oxygen; haemoglobin, with a molecular weight of 67,000, contains four haem groups, whereas myoglobin has only one. This, together with about 152 amino-acid residues, makes up a molecular weight of 17,000, so that myoglobin is one of the smaller proteins. Its small size was one of the main reasons for our choice of myoglobin as a subject for X-ray analysis.
In describing a protein it is now common to distinguish the primary, secondary and tertiary structures. The primary structure is simply the order, or sequence, of the amino-acid residues along the polypeptide chains. This was first determined by Sanger using chemical techniques for the protein insulin1, and has since been elucidated for a number of peptides and, in part, for one or two other small proteins. The secondary structure is the type of folding, coiling or puckering adopted by the polypeptide chain: the Î±-helix and the pleated sheet are examples. Secondary structure has been assigned in broad outline to a number of fibrous proteins such as silk, keratin and collagen; but we are ignorant of the nature of the secondary structure of any globular protein. True, there is suggestive evidence, though as yet no proof, that Î±-helices occur in globular proteins, to an extent which is difficult to gauge quantitatively in any particular case. The tertiary structure is the way in which the folded or coiled polypeptide chains are disposed to form the protein molecule as a three-dimensional object, in space. The chemical and physical properties of a protein cannot be fully interpreted until all three levels of structure are understood, for these properties depend on the spatial relationships between the amino-acids, and these in turn depend on the tertiary and secondary structures as much as on the primary.
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        Editorial Summary
X-ray crystallography - the first image of myoglobin
To understand how a protein performs its individual biological function, it is essential to know its three-dimensional structure. As early as 1934, J.D. Bernal and Dorothy Hodgkin (then Dorothy Crowfoot) showed [Bernal, J. D. & Crowfoot, D. Nature 133, 794â€“795 (1934)] that proteins, when crystallized, would diffract X-rays to produce a complex pattern of spots. They knew that these patterns contained all the information needed to determine a proteinâ€“s structure but, frustratingly, that information could not be deciphered. By comparing patterns from crystals containing different heavy-metal atoms, Max Perutz and colleagues devised the approach that was to solve this riddle. In 1958, J. C. Kendrew et al. applied Perutzâ€“s technique to produce the first three-dimensional images of any protein - myoglobin, the protein used by muscles to store oxygen.
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