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DNA tiles



Self-Assembly Strategies

 Unmediated (single step).
 Nucleated (scaffold strand).
 Serial or Sequential (multi stage).
 Hierarchical  (multi stage).
 Algorithmic.
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Barcode
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Barcode
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Barcode
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Barcode LatticeBarcode Lattice

Yan, H., LaBean, T.H., Feng, L., & Reif, J.H. (2003)
Directed nucleation assembly of DNA tile complexes
for barcode-patterned lattices,  PNAS 100, 8103-8108.

•• Directed nucleation Directed nucleation

•• Propagation of 1D Propagation of 1D
information intoinformation into
second dimension forsecond dimension for
AFM read-outAFM read-out

•• Programmable Programmable
displaydisplay

•• Note: Helix stacking Note: Helix stacking
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TAO nanotubes
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TAO  AB* Lattice Visualized by AFM & TEM



TX-tile DNA Nanotubes

TEM (negative stained)

AFM
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TAO nanotubes



3/20/06DNA8
LaBean  COMPSCI 296.5Liu,

Reif, LaBean

Evidence for Tube Structure

Vast length (10 mm) with uniform width
(~30 nm) indicates cyclic cross section.

Thiols unavailable for chemistry.
Gold attraction for tube termini.
Added amines chemically reactive on

tube surfaces.

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TAO nanotubes

 Lattice morphology
switched by chemical
modification of tile
interactions.

 Nanowire templates.
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4x4
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4x4 Lattice morphology
switching via alternation
of tile orientation
relative to lattice plane.
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4x4
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Programmable 2D
 Assemblies.

• Organization of biological,
chemical, electronic, or
photonic components.

• Ultimate high-density sensor
arrays (single molecule
detection).

• Integration with lithographic
features.

• Supertiles for hierarchical
assembly.

Attachment strategies:
Thiol/gold, protein/small molecule,
Protein/protein, cDNA, aptamer, 
antibody, coupling chemistry.
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Other DNA Tilings



3HB Non-planar TX Tiles

S-H. Park, R. Barish, H. Li, J.H. Reif , G. Finkelstein , H. Yan, and T.H.
LaBean (2005) Three-Helix Bundle DNA Tiles Self-assemble into 2D
Lattice or 1D Templates for Silver Nanowires. Nano Letters 5, 693-696.



Bridged Nanotrack

Section profile :

(1) nanotrack center to center distance: designed, 19.3nm, measured, 19.5nm

(2) distance between nanotracks after adding multipath dsDNA Bridge:   designed,

24.4nm, measured, 24.9nm.



Self-Assembly Strategies

 Unmediated (single step).
 Nucleated (scaffold strand).
 Serial or Sequential (multi stage).
 Hierarchical  (multi stage).
 Algorithmic.
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Supertiles for Hierarchical Assembly

•Fully addressable arrays from
smaller sets of tile types.
•Versatile and
reprogrammable
superstructures.

200x200 nm



Hierarchical & Segmental
Assembly



Fixed-size Addressable Arrays

Park, Pistol, Ahn, Reif, Lebeck, Dwyer, LaBean (2006) Angew. Chem, Int. Ed. 45, 735-739   



Fixed-size Addressable Arrays

Park, Pistol, Ahn, Reif, Lebeck, Dwyer, LaBean (2006) Angew. Chem, Int. Ed. 45, 735-739   
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38nm38nm

800x800nm800x800nm

TX x 4 Tiles and LatticesTX x 4 Tiles and Lattices
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Random DNA lattice

25 mg/mL

250 mg/mL
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1.7 kilobase octahedra
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1.7 kilobase octahedra

Data from 961 particles used for the reconstruction.
4-fold rotational or octahedral symmetry imposed.
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1.7 kilobase octahedron

Supplementary Figure 2. Three
orientations of a map obtained from a
reconstruction performed on images
collected at 1.0 µm defocus. For the
first dataset (described in the main
text), in which paired images were
collected at 0.6 and 2.0 µm defocus,
the 0.6 µm defocus data could not be
used for reconstruction because of
poor contrast. A second set of paired
images was collected from an
independent grid at 1.0 and 2.0 µm
defocus. For this second data set, the
1.0 µm defocus images had sufficient
contrast for reconstruction. 773
particle images taken at 1.0 µm
defocus were used for this
reconstruction, for which octahedral
symmetry was imposed using a 3
degree angular interval, producing a
map with a resolution of 30 Å. The
resulting map closely matches the one
obtained from the first data set,
indicating that radiation damage was
not an issue.
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Rothemund, dna origami (2006)

 Long scaffold strand (M13)
 Exposed 3 fallacies

 Careful sequence design at crossovers
 Purification of synthetic oligos
 Equimolar stoichiometries

 Addressable artificial structure with
size/complexity of ribosome.
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Rothemund, dna origami (2006)
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Rothemund, dna origami (2006)
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Rothemund, dna origami (2006)


