Self-Assembled Three-Dimensional Deoxyribonucleic Acid (DNA) Crystals
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One of the major achievements of structural DNA nanotechnology is the self-assembly of 3D crystals
from robust DNA motifs. One crucial goal is to use this system as a host lattice to bind guest molecules
in orderly arrays for crystallography. Another goal is to control self-assembly of metallic or
semiconductor nanoparticles with defined structures for creating novel electronic devices. In order to
reach these two goals, we have conducted two approaches: (1) the formation and displacement
of ordered DNA triplexes in self-assembled 3D DNA crystals; and (2) using gold nanoparticles modify
3D self-assembled DNA crystals.

The best diffracting crystals built to date are based on the tensegrity triangle, containing two or three
double helical turns per triangular edge. An edge containing three turns of DNA is long enough to
bind triplex-forming oligonucleotides (TFOs) of lengths 11 or 13 nucleotides. We have used this
system as a host lattice to bind DNA triplex molecules, which are well-ordered. So as to incorporate
C-containing polypyrimidine strands as triple helices, we have performed the triplex studies described
here at pH 5.0. We have collected X-ray diffraction data to 7 A resolution on self-assembled
crystals containing triplex molecules, and we have also examined the system by non-
denaturing gels and by coloring the crystals with optical dyes. Our key findings are the following:
[11 The TFO molecules bind in an ordered fashion to the major groove of the DNA duplexes that
define the host lattice. [2] Longer TFO molecules can displace shorter TFO molecules within the
crystal. [3] The Watson-Crick complement of a TFO containing a toehold will displace the TFO from its
position on the duplex. [4] The TFO ceases to bind when the pH is raised to 7.0.

Controlled self-assembly of metallic and semiconductor nanoparticles with defined structures is an
important approach for creating novel magnetic, plasmonic and photonic metamaterials. The
organization of nanoparticles with DNA scaffolds in one and two dimensions have been extensively
demonstrated. However, crystalline arrangement of nanoparticles into precisely designed 3D
macroscopic materials for practical applications remains poorly developed. It is possible to produce a
highly ordered 3D nanoparticle superlattice by using this precisely controlled well-ordered
macromolecular 3D crystalline system. To demonstrate this concept, we have attached two different
kinds of gold nanoclusters (0.8 nm of Au25 and 1.4 nm of Au102) to two different DNA tensegrity
triangles, which is expected to self-assemble into 3D macroscopic crystal with a very dense
ordered arrangement of nanoparticles.

In summary, we used X-ray crystallography to visualize the TFO strands as ordered guests
incorporated into the DNA lattice, and also well ordered nanoparticles.
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