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What are fundamental limits of well-mixed molecular systems? How can spatial organization 
break these limits? What roles can DNA nanostructures play in molecular information 
processing and molecular robotics?    
In 2010, Ned Seeman’s group showed that DNA origami can be used to provide spatial 
organization for a programmable nanoscale assembly line where distinct combinations of 
gold nanoparticles were picked up by a DNA molecule based on the states of three localized 
switches [1]. This work was one of the earliest examples of molecular robots whose 
behaviors are controlled by information embedded within a two-dimensional landscape, 
provoking questions about the power of spatially organized molecular systems.  
To begin answering such questions, I will discuss the theoretical framework of surface 
chemical reaction networks (CRNs) for modeling computation and spatial dynamics [2], a 
web-based simulator for facilitating the design of surface CRNs that include molecular swarm 
robots [3], and an experimental demonstration of DNA robots that collectively perform 
autonomous cargo sorting [4].  
Experimentally realizing the power of spatial organization depends on the complexity of DNA 
nanostructures. In 2011, Ned Seeman’s group developed a cross-shaped DNA origami tile 
and used it as a building block to create two-dimensional tile arrays of up to 10 microns wide. 
Inspired by this strategy, I will discuss further developments in DNA origami tilings for 
creating 2D [6] and 3D [7] structures with reconfiguration capabilities enabled by a tile 
displacement mechanism [8].  
Finally, I will discuss ongoing work toward increasing the robustness and scalability of 
spatially organized molecular systems. 
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