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This paper reports a three-point-star DNA motif that can self- /%
assemble into porous, hexagonal, two-dimensional (2D) arrays. The (a) ?Lé (b) }“ }“ i
pores are hexagons, whose edges-at8 nm long. The 2D DNA /ﬂg _( "(}m{ “(}u
arrays are as large as 1 mm. / o _--

DNA is excellent for nanoconstruction because of its predictable r\)(\— }m{ }"&
structures and extraordinary molecular recognitiddNA can f*‘*{\’,-r’-_\:)'\:\ "& }“g, =
organize nanoparticlé®®and biomacromoleculeé’ template nano- T{‘?\J ‘\,(\’ \¥ 0 : {
fabrication? and work as nanomachinés\ range of geometric, - :\» ) - ’{ .
periodic, and dynamical nanostructures has been crafted out of N/ R:“l“ w)
DNA.5 The success of such constructions relies on well-defined (C) ?(/f 'HZ___,Z t e
DNA construction motifs. However, the available DNA motifs are (“-2 [2 \,\',\L%?C\’,\’\,’g‘y
very limited and far behind the requirement to achieve technological /\/K\ - '\_,\-':\\\'\,\,
complexity. Furthermore, current motifs have some intrinsic Q%ﬂ'{_):\\. \fgfl l' .Z 3
problems. For example, the domain sizes of the lattices assemblec™ -5~ st ﬁ",‘rf\ g
from those motifs are quite small, in many cases, narrower than 1 ' ' \ 45 turns /
um, as reported by our own group and other pe&{lais situation Figure 1. Three-point-star DNA motifs. (a) A blunt-ended DNA three-

motivates us to search for more motifs with novel properties. Here, point star consists of three red strands, three blue strands, and one-green

we report the design, construction, and self-assembly of a three-_dar,k blue strand. The Qark blu_e segments are T3 loops. A black triangle
point-star DNA motif. indicates a 3-fold rotational axis. (b) An extended, hexagonal 2D DNA

. . . . array assembled from sticky-ended three-point stars. (c) Corrugated

Figure 1 illustrates the structure of a three-point-star DNA motif. association of DNA three-point stars. Two interacting units (shadowed
It consists of seven DNA single strands organized in three four- yellow or cyan) are related by a 2-fold rotational axis, indicated by arrowed
arm junctions (Figure 1a). Three T3 loops (dark blue lines) are black lines.
located at the center to prevent helixes from stacking on one another.
Junctions are related to each other by a 3-fold rotational symmetry

and point from the center to peripheral. The overall shape is a three- E

14243 (1:3:0)
1243 (1:3:3)
50 bp ladder

1+2 (1:0)

142 (1:3)

point star. Individual four-arm junctions adopt flexible, nonplanar
structure in the presence of divalent catiérighe three intercon- ﬂ

.
@

nected four-arm junctions in the three-point-star motif, however,

constrain each other and force all component DNA duplexes to
stay in one plane. Because of the 3-fold rotational symmetry, the
seven component DNA strands are grouped into three identical red

strands, three identical blue strands, and one grdark blue strand. l| \_ : ol o -

== 250 bp

- 200 bp

When proper sticky ends are added, the three-point-star motif will St = 100 bp

self-assemble into extended, hexagonal 2D arrays (Figure 1b). Ever

though the three-point-star motif is designed as a planar structure,
it is still possible that the motif is not completely flat as designed.

A corrugation strategy is used to ensure that arrays grow in one & / -
plane (Figure 1cj.With a corrugation strategy, any two neighboring /- L L i
units (three-point-star motifs here) are related by a 2-fold rotational - '
axis and cancel each other's deviation from the plane. Such "~ : gt
association, thus, allows nonperfectly planar units to assemble into [
planar 2D ar_rays. In the current design, ?aCh ps_eudo-(.:ontlnumg Figure 2. Native PAGE (6%) analysis of the individual three-point-star
DNA duplex is 4.5 turns long (47 base pairs), which satisfies the mqtit. DNA strands and their molar ratios (in parentheses) are indicated
corrugation requirement. To simplify the sequence design, two above the gel image, and the identities of all the bands are shown at the
palindromic sequences are used for sticky ends. Because there is &ft side. The most right lane contains DNA duplex size markers.
3-fold rotational symmetry, the same sticky ends are given to all
three component junctions, which bring in an additional advantage. amide gel electrophoresis (PAGE), and DNA self-assembly was
The cohesions between units in all directions are mediated by performed by slowly cooling mixtures containing equimolar
exactly the same sticky ends with exactly the same strength. Hencecomponent DNA strands from 90 to 4C (see Supporting
isotropic arrays would be expected. Information for details). We first characterized the individual three-
We followed experimental methods reported befoixiefly, point-star motif with native PAGE (Figure 2). Each DNA complex
individual DNA strands were purified with denaturing polyacryl- appeared as a single, sharp band with expected mobility in the gel,
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Figure 3. AFM and fluorescence imaging analysis of 2D crystalline DNA
arrays self-assembled from three-point-star motifs with sticky ends. (a) A
large domain of the DNA 2D lattice. (b) An AFM image with a small
scanning area and (c) its zoom-in view. Insets are corresponding Fourier
transform patterns. (d) A fluorescence image of a large DNA 2D lattice.
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Figure 4. AFM analysis of gold replicas fabricated with the DNA 2D arrays
as templates.

suggesting that the three-point-star complex formed and was stable

under the experimental conditions.
With sticky ends, three-point-star motifs self-assembled into
extended, hexagonal 2D crystalline arrays. The arrays are highly

ordered, as judged by both direct observation and Fourier transform

analysis of the atomic force microscopy (AFM) images (Figure 3a
c). The observed repeating distance was 29.9.1 nm, in good
agreement with the value (30.3 nm) calculated from the DNA model

assuming 0.33 nm/base pair for the pitch and 2 nm for the diameter

of a DNA duplex, respectively. The domain size of the 2D arrays
reached 3Qum, and the domain was almost isotropic along all
directions. We also imaged them with a fluorescence microscope.
Compared with AFM, fluorescence microscopy was fast, conve-
nient, and less destructive to DNA samples. DNA arrays as large
as 1 mm were found (Figure 3d and Figure 1S in Supporting
Information).

The resulting DNA arrays could be used as masks to fabricate
metallic nanostructures with a protocol we developed before.
thin film of gold (20 nm thick) was vapor-deposited against the
DNA lattices supported by mica and then mechanically lifted off.
The gold film was a negative replica of the DNA structures (Figure
4). The hexagonal DNA patterns were accurately replicated into
gold. Such fine, metallic nanopatterns are difficult to prepare by
other means.

In summary, we have designed a three-point-star DNA motif
that can self-assemble into large, hexagonal 2D lattices, which, in
turn, can serve as a template to fabricate metallic nanostructures.
Hexagonal DNA 2D arrays have been reported befgréiowever,
they either are not well-ordered or have only grown to around 1
um in size. The design of the three-point-star motif was inspired
by a cross motifd which can self-assemble into tetragonal 2D
arrays. The success of the current design suggests that the design
principle, first used by Yan et ald might be generalized to design
star motifs with any number of points, a family of geometric
structures. Because the resulting lattices from this motif are large
and stiff, at least two applications are possible. (i) The DNA lattices
could potentially serve as ultrafine filters for nanofluidics and
nanoparticle sorting. Particles can pass through these filters only if
they are smaller than 30 nm, the size of the DNA pores. (ii) The
DNA lattices could support biological particles (viruses or large
protein complexes) for TEM imaging. Biological particles usually
contain only light atoms and could not give good TEM contrast
because the supporting films are usually thick (at least 20 nm).
The reported DNA lattices are highly porous and only one molecular
layer thin (~2 nm); thus, it would be expected to result in much
higher contrast for the particles of interest.
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