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            Abstract
â€˜Bottom-up fabricationâ€™, which exploits the intrinsic properties of atoms and molecules to direct their self-organization, is widely used to make relatively simple nanostructures. A key goal for this approach is to create nanostructures of high complexity, matching that routinely achieved by â€˜top-downâ€™ methods. The self-assembly of DNA molecules provides an attractive route towards this goal. Here I describe a simple method for folding long, single-stranded DNA molecules into arbitrary two-dimensional shapes. The design for a desired shape is made by raster-filling the shape with a 7-kilobase single-stranded scaffold and by choosing over 200 short oligonucleotide â€˜staple strandsâ€™ to hold the scaffold in place. Once synthesized and mixed, the staple and scaffold strands self-assemble in a single step. The resulting DNA structures are roughly 100â€‰nm in diameter and approximate desired shapes such as squares, disks and five-pointed stars with a spatial resolution of 6â€‰nm. Because each oligonucleotide can serve as a 6-nm pixel, the structures can be programmed to bear complex patterns such as words and images on their surfaces. Finally, individual DNA structures can be programmed to form larger assemblies, including extended periodic lattices and a hexamer of triangles (which constitutes a 30-megadalton molecular complex).




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
Design of DNA origami.
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Figure 2: 
DNA origami shapes.
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Figure 3: 
Patterning and combining DNA origami.
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        Editorial Summary
DNA origami
DNA is a popular building block for nanostructures as it combines self-assembly with programmability and a plethora of chemical techniques for its manipulation. There is an extensive literature on DNA nanomaterials, but a procedure described this week breaks many of the fabrication rules established in the field. Paradoxically, although it ignores sequence design, strand purity and strand concentration ratios, the new method yields DNA nanostructures that are larger and more complex than previously possible. The one-pot method uses a few hundred short DNA strands to â€˜stapleâ€™ a very long strand into two-dimensional structures that adopt any desired shape, like the â€˜nanofaceâ€™ on the cover. Individual staples can be made into nanometre-scale pixels that create surface patterns on a given 100-nm shape (like the Americas map and snowflakes), or to combine shapes into larger structures (the hexagon of triangles).
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