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            Abstract
DNA is renowned for its double helix structure and the base pairing that enables the recognition and highly selective binding of complementary DNA strands. These features, and the ability to create DNA strands with any desired sequence of bases, have led to the use of DNA rationally to design various nanostructures and even execute molecular computations1,2,3,4. Of the wide range of self-assembled DNA nanostructures reported, most are one- or two-dimensional5,6,7,8,9. Examples of three-dimensional DNA structures include cubes10, truncated octahedra11, octohedra12 and tetrahedra13,14, which are all comprised of many different DNA strands with unique sequences. When aiming for large structures, the need to synthesize large numbers (hundreds) of unique DNA strands poses a challenging design problem9,15. Here, we demonstrate a simple solution to this problem: the design of basic DNA building units in such a way that many copies of identical units assemble into larger three-dimensional structures. We test this hierarchical self-assembly concept with DNA molecules that form three-point-star motifs, or tiles. By controlling the flexibility and concentration of the tiles, the one-pot assembly yields tetrahedra, dodecahedra or buckyballs that are tens of nanometres in size and comprised of four, twenty or sixty individual tiles, respectively. We expect that our assembly strategy can be adapted to allow the fabrication of a range of relatively complex three-dimensional structures.
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                    Figure 1: 
                        Self-assembly of DNA polyhedra.
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Figure 2: 
                        Characterization of the DNA tetrahedron by DLS, AFM and Cryo-EM.
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Figure 3: 
                        A DNA dodecahedron.
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Figure 4: 
                        A DNA buckyball.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Revealing the structures of megadalton-scale DNA complexes with nucleotide resolution
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 December 2020
                                    

                                

                                Massimo Kube, Fabian Kohler, â€¦ Hendrik Dietz

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Meta-DNA structures
                                        
                                    

                                    
                                        Article
                                        
                                         07 September 2020
                                    

                                

                                Guangbao Yao, Fei Zhang, â€¦ Hao Yan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        DNA T-shaped crossover tiles for 2D tessellation and nanoring reconfiguration
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 November 2023
                                    

                                

                                Qi Yang, Xu Chang, â€¦ Fei Zhang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Seeman, N. C. DNA in a material world. Nature 421, 427â€“431 (2003)
ArticleÂ 
    ADSÂ 
    MathSciNetÂ 
    
                    Google ScholarÂ 
                

	Seeman, N. C. DNA enables nanoscale control of the structure of matter. Q. Rev. Biophys. 38, 363â€“371 (2005)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Feldkamp, U. & Niemeyer, C. M. Rational design of DNA nanoarchitectures. Angew. Chem. Int. Edn Engl. 45, 1856â€“1876 (2006)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Adleman, L. M. Molecular computation of solutions to combinatorial problems. Science 266, 1021â€“1024 (1994)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Winfree, E., Liu, F. R., Wenzler, L. A. & Seeman, N. C. Design and self-assembly of two-dimensional DNA crystals. Nature 394, 539â€“544 (1998)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Rothemund, P. W. K., Papadakis, N. & Winfree, E. Algorithmic self-assembly of DNA Sierpinski triangles. PLoS Biol. 2, 2041â€“2053 (2004)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yan, H., Park, S. H., Finkelstein, G., Reif, J. H. & LaBean, T. H. DNA-templated self-assembly of protein arrays and highly conductive nanowires. Science 301, 1882â€“1884 (2003)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Scheffler, M., Dorenbeck, A., Jordan, S., Wustefeld, M. & von Kiedrowski, G. Self-assembly of trisoligo-nucleotidyls: the case for nano-acetylene and nano-cyclobutadiene. Angew. Chem. Int. Edn Engl. 38, 3312â€“3315 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rothemund, P. W. K. Folding DNA to create nanoscale shapes and patterns. Nature 440, 297â€“302 (2006)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Chen, J. H. & Seeman, N. C. Synthesis from DNA of a molecule with the connectivity of a cube. Nature 350, 631â€“633 (1991)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Zhang, Y. W. & Seeman, N. C. Construction of a DNA-truncated octahedron. J. Am. Chem. Soc. 116, 1661â€“1669 (1994)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shih, W. M., Quispe, J. D. & Joyce, G. F. A 1.7-kilobase single-stranded DNA that folds into a nanoscale octahedron. Nature 427, 618â€“621 (2004)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Goodman, R. P. et al. Rapid chiral assembly of rigid DNA building blocks for molecular nanofabrication. Science 310, 1661â€“1665 (2005)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Goodman, R. P., Berry, R. M. & Turberfield, A. J. The single-step synthesis of a DNA tetrahedron. Chem. Commun. 1372â€“1373 (2004)

	Douglas, S. M., Chou, J. J. & Shih, W. M. DNA-nanotube-induced alignment of membrane proteins for NMR structure determination. Proc. Natl Acad. Sci. USA 104, 6644â€“6648 (2007)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	He, Y., Chen, Y., Liu, H. P., Ribbe, A. E. & Mao, C. D. Self-assembly of hexagonal DNA two-dimensional (2D) arrays. J. Am. Chem. Soc. 127, 12202â€“12203 (2005)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	He, Y. & Mao, C. D. Balancing flexibility and stress in DNA nanostructures. Chem. Commun. 968â€“969 (2006)

	Ludtke, S. J., Baldwin, P. R. & Chiu, W. EMAN: Semiautomated software for high-resolution single-particle reconstructions. J. Struct. Biol. 128, 82â€“97 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Seeman, N. C. Denovo design of sequences for nucleic-acid structural engineering. J. Biomol. Struct. Dyn. 8, 573â€“581 (1990)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goddard, T. D., Huang, C. C. & Ferrin, T. E. Visualizing density maps with UCSF chimera. J. Struct. Biol. 157, 281â€“287 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank H. Liu for help with the initial DLS experiment. This work was supported by the National Science Foundation. AFM and DLS studies were carried out in the Purdue Laboratory for Chemical Nanotechnology (PLCN). The cryo-EM images were taken in the Purdue Biological Electron Microscopy Facility and the Purdue Rosen Center for Advanced Computing (RCAC) provided the computational resource for the 3D reconstructions.


Author information
Authors and Affiliations
	Department of Chemistry,, 
Yu He,Â Tao Ye,Â Chuan Zhang,Â Alexander E. RibbeÂ &Â Chengde Mao

	Markey Center for Structural Biology and Department of Biological Sciences, Purdue University, West Lafayette, Indiana 47907, USA, 
Min SuÂ &Â Wen Jiang


Authors	Yu HeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tao YeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Min SuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Chuan ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alexander E. RibbeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Wen JiangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Chengde MaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Chengde Mao.


Supplementary information

Supplementary Information
The file contains Supplementary Figures S1-S10 with Legends. The Supplementary Figures S1-S2 illustrate electrophoretic analysis of the DNA polyhedra; the Supplementary Figures S3-S10 show supplementary information for cryo-EM imaging and 3D single particle reconstructions of the DNA polyhedra. (PDF 3046 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
He, Y., Ye, T., Su, M. et al. Hierarchical self-assembly of DNA into symmetric supramolecular polyhedra.
                    Nature 452, 198â€“201 (2008). https://doi.org/10.1038/nature06597
Download citation
	Received: 10 July 2007

	Accepted: 18 December 2007

	Issue Date: 13 March 2008

	DOI: https://doi.org/10.1038/nature06597


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Supramolecular structures
A variety of patterned materials and nanostructures have been made from DNA, by exploiting its programmability to control molecular interactions. But making larger, more complex three-dimensional structures with current fabrication methods would require hundreds of unique DNA strands, an impractical proposition. Help is at hand. A team from Purdue University has developed a modular approach that can be likened to a DNA equivalent of Lego bricks. A few DNA molecules are programmed to fold into a basic structural unit, with four, twenty or sixty copies of that unit then assembling according to reaction conditions into tetrahedra, dodecahedra or buckyballs, respectively. Other complex structures should also be accessible using this strategy.
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