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Abstract:
Cell Genetic control of the assembly and disassembly of complex biological structures in response to internal chemical or biological
stimuli under ambient conditions have been one of the hallmarks of biology. While proteins play a central role in natural biomaterials,
synthetic nanomaterials assembled by nucleic acids are emerging in recent years. DNA has been shown to be highly programmable
molecules resulting in a number of 2D and 3D nanostructures. Despite the promise, functionalizing these structures has been challenging.
We have developed a novel method of using phosphorothioate DNA as anchors, and a bifunctional linker as a rigid molecular fastener that
can connect gold nanoparticles to specific locations on the DNA backbone. Precise distance controls between two nanoparticles or
proteins with nanometer resolution have been demonstrated. We are also elucidating DNA “genetic codes” for nanomaterials.
In addition to precise spatial control, dynamic control of the assembly of nanomaterials in response to internal stimuli under ambient
conditions is quite important for 3D assembly. To meet this challenge, we took advantage of recent advance in biology, i.e., discovery of
functional DNA, a new class of DNAs that can either bind to a target molecule (known as aptamers) or perform catalytic reactions (known
as DNAzymes), that are very specific for a wide range of targets, and demonstrated the use of these functional DNA for dynamic control
of assembly of gold nanoparticles, iron oxide nanoparticles, quantum dots, and nanotubes, in response to a wide range of chemical and
biological stimuli from small metal ions to large biomolecules, including cancer cell markers.1 Because these nanomaterials possess
unique optical, electrical, magnetic and catalytic properties, these systems have been converted into colorimetric, fluorescent,
electrochemical sensors, and magnetic resonance imaging agents for detection of a broad range of analytes with high sensitivity and
selectivity.2 The application of functional DNA nanotechnology has also been expanded to include targeted drug delivery. 4
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