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Supramolecular DNA NanotechnologySupramolecular DNA Nanotechnology: : 
Synthetic Molecules mediate DNA selfSynthetic Molecules mediate DNA self--assembly assembly 
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•• Structural diversity:Structural diversity: new motifsnew motifs
•• ModularModular construction construction 
•• Functionality:Functionality: luminescence, conduction, luminescence, conduction, Aldaye, Palmer, Sleiman, Aldaye, Palmer, Sleiman, 

magnetic, catalyticmagnetic, catalytic
•• DynamicDynamic structuresstructures
•• Error CorrectionError Correction
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Branched DNA Complexes with Organic/Inorganic VerticesBranched DNA Complexes with Organic/Inorganic Vertices
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Synthetic Molecules can introduce architectural control Synthetic Molecules can introduce architectural control 
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Patterning Components One by One with DNAPatterning Components One by One with DNA

Discrete 2DDiscrete 2D--Particle AssembliesParticle Assemblies
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-- Optical antennae, focus field in specific Optical antennae, focus field in specific 
locations (locations (nanonano--optical circuitryoptical circuitry))

-- Engineered SERS substratesEngineered SERS substratesg ee ed S S su s a esg ee ed S S su s a es

-- Single Electron transport ModelsSingle Electron transport Models
((single electronicssingle electronics) ) 

-- Modular Modular Biodetection Biodetection ToolsTools



Synthesis of Dynamic DNA TemplatesSynthesis of Dynamic DNA Templates

Synthesis Self-Assembly Enzymatic Ligation Denaturationy y y g



Dynamic Templates as Blueprints to Position ComponentsDynamic Templates as Blueprints to Position Components

Control of GeometryControl of GeometryControl of GeometryControl of Geometry
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ModularityModularity

Any combination of gold nanoparticles is accessible from a single templateAny combination of gold nanoparticles is accessible from a single template
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External Control of DNA Organization:  WRITE/ERASEExternal Control of DNA Organization:  WRITE/ERASE
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Dynamic DNA Templates:  STRUCTURAL SWITCHINGDynamic DNA Templates:  STRUCTURAL SWITCHING
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ThreeThree--Dimensional DNA NanocapsulesDimensional DNA Nanocapsules
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Structural Switching in RealStructural Switching in Real--Time with Added AgentsTime with Added Agents
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Modular Access to Structurally Switchable 3D Discrete DNA Assemblies 

Nature 2007 450 323Nature 2007, 450, 323 Nature Materials 2008, 7, 102

ACS NANO 2008, 2, 4.
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TRIANGULAR DNA NANOTUBESTRIANGULAR DNA NANOTUBESTRIANGULAR DNA NANOTUBESTRIANGULAR DNA NANOTUBES

111 1 μμmm
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TRIANGULAR DNA NANOTUBES WITH HAIRPINSTRIANGULAR DNA NANOTUBES WITH HAIRPINSTRIANGULAR DNA NANOTUBES WITH HAIRPINSTRIANGULAR DNA NANOTUBES WITH HAIRPINS



Control of Geometry:  CUBIC DNA NANOTUBESControl of Geometry:  CUBIC DNA NANOTUBESControl of Geometry:  CUBIC DNA NANOTUBESControl of Geometry:  CUBIC DNA NANOTUBES

Aldaye, Lo, Karam, Cosa, Sleiman, Aldaye, Lo, Karam, Cosa, Sleiman, Nature Nanotech.Nature Nanotech., 2009, doi:10.1038/nnano.2009.72, 2009, doi:10.1038/nnano.2009.72



SingleSingle--Stranded ‘Open’  and DoubleStranded ‘Open’  and Double--Stranded, ‘Closed’ DNA Stranded, ‘Closed’ DNA 
NanotubesNanotubes

SingleSingle--Stranded ‘Open’  and DoubleStranded ‘Open’  and Double--Stranded, ‘Closed’ DNA Stranded, ‘Closed’ DNA 
NanotubesNanotubes

Aldaye, Lo, Karam, Cosa, Sleiman, Aldaye, Lo, Karam, Cosa, Sleiman, Nature Nanotech.Nature Nanotech., 2009, doi:10.1038/nnano.2009.72, 2009, doi:10.1038/nnano.2009.72



DNA Nanotubes of Programmable Geometry and PermeabilityDNA Nanotubes of Programmable Geometry and PermeabilityDNA Nanotubes of Programmable Geometry and PermeabilityDNA Nanotubes of Programmable Geometry and Permeability

--Delivery of Therapeutics Delivery of Therapeutics 
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Metalation of DNA JunctionsMetalation of DNA Junctions

•• Wire DNA:Wire DNA: provide mechanisms for transport (electron, hole, energy)provide mechanisms for transport (electron, hole, energy)
•• Structural Effects:Structural Effects: Metals can modify DNA selfMetals can modify DNA self--assemblyassembly
•• Functional Materials:Functional Materials: for artificial photosynthesis, multicomponent catalysis,for artificial photosynthesis, multicomponent catalysis,

spintronics, high density data storagespintronics, high density data storage
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•• First example of a cyclic metalFirst example of a cyclic metal--DNA nanostructureDNA nanostructure
•• Transition metal directly affects the assemblyTransition metal directly affects the assembly

Mitra, Di Cesare, Sleiman, Mitra, Di Cesare, Sleiman, Angew. Chem..Angew. Chem.. 2004, 2004, 4343, 5804; , 5804; Angew. Angew. 
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Metalation of DNA JunctionsMetalation of DNA Junctions
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Limitations:Limitations: metal must be inert, unreactive with DNA bases/phosphate, mustmetal must be inert, unreactive with DNA bases/phosphate, must
resist DNA synthesis; metals separated by doubleresist DNA synthesis; metals separated by double--standed DNAstanded DNA

Need for a strategy:Need for a strategy:

•• To incorporate more labile metals To incorporate more labile metals pp
•• To incorporate electroactive metals To incorporate electroactive metals (+0.8 to (+0.8 to --0.7 V vs. SCE)0.7 V vs. SCE)
•• To control metalTo control metal--metal distancemetal distance



Metalation of DNAMetalation of DNA
NanostructuresNanostructures

Yang, Sleiman, Angew. Chem.,Yang, Sleiman, Angew. Chem.,
2008 47 24432008 47 24432008, 47, 24432008, 47, 2443
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DNA templated metal coordinationDNA templated metal coordination
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Structural Features   
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Assembly of MetalloAssembly of Metallo--DNA TrianglesDNA Triangles
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DNA CagesDNA Cages-- Quantitative formationQuantitative formation
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Metal Binding to DNA PrismMetal Binding to DNA Prism

Cu Cu
Cu

Cu
Cu

Cu
Ag Ag

Ag

Ag
Ag Ag

6 CuI (or AgI) bind with dpp DNA 
Prism quantitatively



Metallo DNA 3DMetallo DNA 3D--CagesCages

Yang, McLaughlin, Hamblin, Aldaye, Yang, McLaughlin, Hamblin, Aldaye, 
Roullier, Sleiman, Roullier, Sleiman, 
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Error Correction in DNA SelfError Correction in DNA Self--AssemblyAssembly
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Dynamic Combinatorial LibraryDynamic Combinatorial Library
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Guest Templated Formation of a Single Nanostructure Guest Templated Formation of a Single Nanostructure 
Can we template Can we template 2+selective access to a selective access to a 
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Guest Induced ReGuest Induced Re--equilibration of Library Membersequilibration of Library Members
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Extended AssembliesExtended Assemblies
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Error Correction in DNA SelfError Correction in DNA Self--AssemblyAssembly: A small molecule can: A small molecule can
change the entire outcome change the entire outcome 

F. Aldaye, H. Sleiman, J. Am. Chem. Soc. 2007, 129, 10070



DNA Supramolecular ChemistryDNA Supramolecular Chemistry
Aldaye, Sleiman, Aldaye, Sleiman, ScienceScience, , 
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Dynamic Templates for Particle AssembliesDynamic Templates for Particle Assemblies
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MetalMetal--DNA NanostructuresDNA Nanostructures
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DNA Supramolecular Chemistry DNA Supramolecular Chemistry ––
Expanding DNA SelfExpanding DNA Self--Assembly CodeAssembly Code

DNA Hexameric RosettesDNA Hexameric Rosettes

Chem. Commun. 2005, 5441Chem. Commun. 2005, 5441

GG Q d lQ d lGG--QuadruplexQuadruplex
Binders in anticancer Binders in anticancer 
therapytherapy

Chem. Eur. J. 2008, 14, 1145; Chem. Eur. J. 2008, 14, 1145; 
J. Am. Chem. Soc. 2008, 10040J. Am. Chem. Soc. 2008, 10040
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