







    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: 07 March 2012



                    The BAH domain of ORC1 links H4K20me2 to DNA replication licensing and Meier–Gorlin syndrome

                    	Alex J. Kuo1 na1, 
	Jikui Song2 na1 nAff5, 
	Peggie Cheung1 na1, 
	Satoko Ishibe-Murakami2, 
	Sayumi Yamazoe3, 
	James K. Chen3, 
	Dinshaw J. Patel2 & 
	…
	Or Gozani1 

Show authors

                    

                    
                        
    Nature

                        volume 484, pages 115–119 (2012)Cite this article
                    

                    
        
            	
                        7324 Accesses

                    
	
                        245 Citations

                    
	
                            13 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biophysics
	DNA replication
	Growth disorders
	Structural biology


    


                
    
    

    
    

                
            


        
            Abstract
The recognition of distinctly modified histones by specialized ‘effector’ proteins constitutes a key mechanism for transducing molecular events at chromatin to biological outcomes1. Effector proteins influence DNA-templated processes, including transcription, DNA recombination and DNA repair; however, no effector functions have yet been identified within the mammalian machinery that regulate DNA replication. Here we show that ORC1—a component of ORC (origin of replication complex), which mediates pre-DNA replication licensing2—contains a bromo adjacent homology (BAH) domain that specifically recognizes histone H4 dimethylated at lysine 20 (H4K20me2). Recognition of H4K20me2 is a property common to BAH domains present within diverse metazoan ORC1 proteins. Structural studies reveal that the specificity of the BAH domain for H4K20me2 is mediated by a dynamic aromatic dimethyl-lysine-binding cage and multiple intermolecular contacts involving the bound peptide. H4K20me2 is enriched at replication origins, and abrogating ORC1 recognition of H4K20me2 in cells impairs ORC1 occupancy at replication origins, ORC chromatin loading and cell-cycle progression. Mutation of the ORC1 BAH domain has been implicated in the aetiology of Meier–Gorlin syndrome (MGS)3,4, a form of primordial dwarfism5, and ORC1 depletion in zebrafish results in an MGS-like phenotype4. We find that wild-type human ORC1, but not ORC1–H4K20me2-binding mutants, rescues the growth retardation of orc1 morphants. Moreover, zebrafish depleted of H4K20me2 have diminished body size, mirroring the phenotype of orc1 morphants. Together, our results identify the BAH domain as a novel methyl-lysine-binding module, thereby establishing the first direct link between histone methylation and the metazoan DNA replication machinery, and defining a pivotal aetiological role for the canonical H4K20me2 mark, via ORC1, in primordial dwarfism.
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                    Figure 1: 
                        The ORC1 BAH domain is a novel H4K20me2-binding module.
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Figure 2: The molecular basis of H4K20me2 recognition by ORC1BAH.[image: ]


Figure 3: 
                        ORC1–H4K20me2 interaction regulates ORC chromatin association and cell-cycle progression.
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Figure 4: 
                        Disruption of the ORC1
                        
                        BAH
                        –H4K20me2 interaction leads to dwarfism in zebrafish.
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        Editorial Summary
Histone methylation linked to DNA replication
ORC1 is a subunit of the replication-licensing machinery that associates with replication origins, and mutations in the ORC1 BAH domain have been associated with a dwarfism syndrome. Here, the ORC1 BAH domain is shown to comprise a module that recognizes a histone modification associated with replication origins. Insight into the molecular basis of the interaction is provided by a crystal structure. The interaction between ORC1 BAH domain and the histone modification is required for loading of ORC onto chromatin, and is also required to prevent dwarfism in a zebrafish model of the disease.
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