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Biology uses self-assembly processes to form structures of astonishing 
complexity and functionality. For synthetic structures, however, it remains 
challenging to replicate the properties of biological constructs.  Self-assembly 
mediated by DNA is a powerful method with which to build multi-functional, 
molecularly-addressable nanostructures of arbitrary shape.  Applications range 
from single-molecule measurements to the fabrication of theranostic agents. 
While there have been many recent developments in DNA nanostructure 
fabrication that have expanded the design space, fabrication based on DNA alone 
can suffer from low yields and is hampered by the need to strike a balance 
between size and mechanical rigidity.  Despite recent efforts, typical assembly 
protocols, employing large numbers of discrete components and using diffusion 
as the driver, offer little control over the assembly pathway, limiting structure 
size, complexity, and yield.  

We are working both to understand the 
details of the assembly pathway in DNA 
origami, and to develop strategies to mitigate 
the tendency of such self-assembling systems 
to form defects.  

The formation of DNA origami begins 
with a pair of hybridization events that enable 
a short staple oligonucleotide to bring together 
distant regions of a long scaffold strand.  The 
entropic costs associated with making this fold 
play a key role, both at thermal equilibrium 
and when kinetics dominate. We use 
fluorescence melting curves to measure the effect of scaffold topology on the 
thermodynamics of this first step along the assembly pathway.

The number of defects in a self-assembling system can be reduced by 
minimizing the number of discrete components, and thus the number of pathways 
leading to improperly assembled structures.  We minimize the amount of 
information encoded in a DNA template to direct a two-stage, hierarchical self-
assembly process, to create otherwise inaccessible structures. Expanding the self-
assembly toolbox by blending sequence-specific and structure-specific elements, 
enables us to make micrometer-scale, rigid, molecularly-addressable structures.  

By gaining a deeper understanding of self-assembling systems, we hope to 
enable synthetic methods to approach the exquisite complexity and functionality 
of natural ones.


