







    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: 03 September 2009



                    From molecular to macroscopic via the rational design of a self-assembled 3D DNA crystal

                    	Jianping Zheng1Â na1, 
	Jens J. Birktoft1Â na1, 
	Yi Chen2Â na1, 
	Tong Wang1, 
	Ruojie Sha1, 
	Pamela E. Constantinou1Â nAff5, 
	Stephan L. Ginell3, 
	Chengde Mao2 & 
	â€¦
	Nadrian C. Seeman1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 461,Â pages 74â€“77 (2009)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        794 Citations

                    
	
                            45 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
We live in a macroscopic three-dimensional (3D) world, but our best description of the structure of matter is at the atomic and molecular scale. Understanding the relationship between the two scales requires a bridge from the molecular world to the macroscopic world. Connecting these two domains with atomic precision is a central goal of the natural sciences, but it requires high spatial control of the 3D structure of matter1. The simplest practical route to producing precisely designed 3D macroscopic objects is to form a crystalline arrangement by self-assembly, because such a periodic array has only conceptually simple requirements: a motif that has a robust 3D structure, dominant affinity interactions between parts of the motif when it self-associates, and predictable structures for these affinity interactions. Fulfilling these three criteria to produce a 3D periodic system is not easy, but should readily be achieved with well-structured branched DNA motifs tailed by sticky ends2. Complementary sticky ends associate with each other preferentially and assume the well-known B-DNA structure when they do so3; the helically repeating nature of DNA facilitates the construction of a periodic array. It is essential that the directions of propagation associated with the sticky ends do not share the same plane, but extend to form a 3D arrangement of matter. Here we report the crystal structure at 4â€‰Ã… resolution of a designed, self-assembled, 3D crystal based on the DNA tensegrity triangle4. The data demonstrate clearly that it is possible to design and self-assemble a well-ordered macromolecular 3D crystalline lattice with precise control.
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                    Figure 1: Schematic design, sequence, and crystal pictures.
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Figure 2: Views of the tensegrity triangle.
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Figure 3: Lattice formed by tensegrity triangles.
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        Editorial Summary
Designer DNA crystals
Creating a macroscopic object, such as a crystal, with the microscopic molecular structure desired is a challenge. One promising approach is the use of macromolecules with robust three-dimensional motifs and sticky ends so that, by attaching to one another, they can form a periodic arrangement that can be investigated by crystallographic techniques. Zheng et al. use DNA for this purpose, arranged in a structural motif called a tensegrity triangle, and can grow crystals of the order of 200 micrometres in size, in which the positions of the atoms can be determined with a precision of 4 Ã…. The highly specific interaction between complementary DNA strands makes it possible to realize the desired and designed structure for the unit cell of the crystal. The latter also exhibits periodic holes, which could potentially be used to host biomolecules in a three-dimensional periodic arrangement, making it possible to determine their structure even if they do not crystallize on their own.
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