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ABSTRACT:

The construction of complex, functional materials that rival the complexity of natural systems
is a longstanding goal in nanotechnology. To date, DNA has proved to be one of the most
flexible and programmable materials for building complex assemblies. However, DNA
nanomaterials are restricted to the physical and chemical properties of the oligonucleotides
that comprise them, and are generally limited in their functionality. We propose to develop a
novel category of peptide-DNA hybrids in order to merge the chemical and functional
diversity of peptides/proteins with the structural complexity of DNA. We will synthesize three
new categories of peptide-DNA “tiles”, based on (1) coiled-coil peptide interactions, (2)
collagen triple helices, and (3) trimerizing protein subunits. These tiles will be used to
construct two-dimensional lattices and three-dimensional polyhedral cages with enhanced
stability and chemical diversity. We will also incorporate photoswitchable azobenzene linkers
to enable reversible switching of peptide-DNA nanostructures using light. Finally, we will
create a novel category of DNA-peptide-DNA triblock molecules, which will enable us to
mask the external surfaces of DNA nanostructures with peptide loops. This peptide surface
will increase the surface functionality of DNA and further enhance its stability after covalent
crosslinking. Taken together, the work in this proposal will create a new hybrid field of
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peptide-DNA nanotechnology and enable nanomachines and devices for biosensors, reversible
protein control, and nucleation of optoelectronic components on a peptide-DNA scaffold. As
such, it will greatly expand the capabilities, stabilities, and performance of DNA-based
constructs, and find broad applications in many disciplines of interest to both basic science
and military importance.



