US 20090258355A1

a2y Patent Application Publication o) Pub. No.: US 2009/0258355 A1

a9 United States

Maye et al.

43) Pub. Date: Oct. 15, 2009

(54) NANOSCALE CLUSTERS AND METHODS OF
MAKING SAME

Mathew M. Maye, Binghamton,
NY (US); Oleg Gang, South
Setauket, NY (US); Dmytro
Nykypanchuk, Westbury, NY (US);
Daniel van der Lelie, Shoreham,
NY (US)

(75) Inventors:

Correspondence Address:
BROOKHAVEN SCIENCE ASSOCIATES/
BROOKHAVEN NATIONAL LABORATORY
BLDG. 185 - P.O. BOX 5000
UPTON, NY 11973 (US)
(73) Assignee: Brookhaven Science Associates,
LLC, Upton, NY (US)

(21) Appl. No.: 12/263,989

(22) Filed: Now. 3, 2008

Related U.S. Application Data

(60) Provisional application No. 61/044,224, filed on Apr.

11, 2008.

Publication Classification

(51) Int.CL

CI12Q 1/68 (2006.01)

B82B 3/00 (2006.01)
(52) US.Cl oooooioooioroeeree, 435/6; 977/920; 977/340
(57) ABSTRACT

The present invention is a method of making a nanocluster.
The method comprises providing a surface comprising at
least one anchoring biomolecule, wherein the surface is in a
solution; adding an initial recognition-nano-component to
the solution wherein the initial recognition-nano-component
comprises i) a nanoparticle and one specifically-bindable-
biomolecule, or ii) a nanoparticle and two different types of
specifically-bindable-biomolecules, wherein a biomolecule
of the initial recognition-nano-component specifically binds
to the anchoring biomolecule; and adding a releasing biomol-
ecule to the solution, wherein the releasing biomolecule binds
to the anchoring biomolecule with a greater binding strength
than the anchoring biomolecule binds to the initial recogni-
tion-nano-component, or wherein the releasing biomolecule
binds to the initial recognition-nano-component with a
greater binding strength than anchoring biomolecule binds to
the initial recognition-nano-component, thereby making a
nanocluster.
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NANOSCALE CLUSTERS AND METHODS OF
MAKING SAME

[0001] This invention was made with Government support
under contract number DE-AC02-98CH10886, awarded by
the U.S. Department of Energy. The Government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

[0002] Self-assembled nanosystems consisting of inor-
ganic “building blocks™ are typically driven by a symmetric
functionalization which limits control over assembly mor-
phology and binding properties. Thus, the ability to easily
fabricate discrete blocks with anisotropic interactions may
aid in the creation of diverse classes of nanoparticulate mono-
mers, clusters, or groupings, which is a current goal of soft
nanotechnology.

[0003] The use of DNA to bind nanomaterials into orga-
nized 1D groupings, 2D scaffolds, or in 3D assembled crys-
tals, has revealed the strength of using biomolecular tunabil-
ity, flexibility, and mechanical rigidity in the organization of
monomeric building-blocks. However, the design and fabri-
cation of well-defined clusters, containing 2-10 nanoparticles
apiece, for example, with controlled anisotropy, high yields,
and under high concentrations, has remained elusive. The
investigation of controlled nanoparticle clustering with DNA
was pioneered by Alivisatos and co-workers, who have
elegantly utilized nanoparticles with a precise number (~1) of
DNA attached. This approach has led to well-defined clusters,
whose morphologies mimic the DNA scaffold motif used. In
addition, such quantized groupings allow for advanced struc-
ture-function studies related to surface enhanced Raman
spectroscopy (SERS), surface plasmon phenomenology, and
metal enhanced fluorescence (MEF). Despite the strength of
this scaffolding approach, the necessity for preparation and
purification of mono-functionalized DNA-particles, as well
as assembled product purification, has many shortcomings
with respect to fabrication yields, simplicity, and modularity.
[0004] Scheme 1 in FIG. 1 illustrates the current state of the
art in the assembly of nanoparticle clusters or groupings, such
as “dimers.” First, gold nanoparticles are functionalized with
a low coverage of DNA, which consists of ~1-5 DNA/Au.
Second, the particles are separated from one another based on
either charge or size, which is related to the number of DNA/
Au. This step is labor intensive, especially in extraction, and
results in low yields. Finally, particles with an estimated ~1
DNA/Au are combined with their complementary particles
(i.e., particles A & B), which have also been extensively
purified. In the next step, the particles are allowed to assemble
in dilute conditions, and the assembly products are again
purified, which results in again lower product yields.

[0005] Diagram 1 in FIG. 2 is a basic flow sheet describing
the current state of the art process for making a solution
consisting mostly of dimers. Particles A, generally but not
always gold, are functionalized with DNA in dilute solution
resulting in about 1 to 5 DNA per nanoparticle (Step K). The
resulting solution is purified using electrophoresis (Step L),
which generally takes hours and leaves behind impurities
acquired during the process itself. Functionalized particles
are then sorted (Step M), by size or by charge, to separate
monomers, those nanoparticles functionalized by a single
DNA molecule, from other particles (multimers, such as
dimers, trimers, etc.). Multimers are discarded (Step N) and
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the resulting solution is again purified with electrophoresis
(Step O), adding hours to the process, reducing yield, and
adding impurities. The same process is applied to particles B
(Steps P through T). The two types of particles having exactly
one DNA per particle are combined (Step U), and electro-
phoretically purified (Step V). The resulting aggregates are
assembled in dilute solution (Step W) and again purified (Step
X), completing the synthesis (Step Y). In all, at least six
electrophoretic purification steps are required in this process,
each significantly reducing yield, introducing impurities, and
consuming time.

[0006] Despite the initial advances in this type of assembly
with mono-functionalized particles, present forms have a
number of limitations that deleteriously affect their full scale
adoption and commercial viability. A few of these limitations
involve present approaches to controlling nanoparticle
assembly into quantized groupings, requiring extensive puri-
fication steps of both monomeric building blocks and inter-
mediate and final products. This results in low final yields
(number of groupings), as well as introducing impurities in
the system as a result of separation via gel electrophoresis and
liquid chromatography which, while separating singletons
from groupings of multiple particles, introduce impurities
from the techniques themselves into the batch of singletons.

SUMMARY

[0007] The present invention overcomes many of the limi-
tations of the prior art. The invention is a first of its kind
solid-state assembly/disassembly route. Using encoded solid
supports, particles are assembled/disassembled and function-
alized in an easily controllable and high yield approach which
utilizes biomolecules (e.g., DNA, RNA, peptides) to encode
interactions and anisotropy.

[0008] The present invention has several advantages over
the prior art including: designing a general approach towards
controlled anisotropy in nano-scale systems, where, for
example, particular binding interactions (such as with DNA)
are confined to particular areas of the particles; designing a
general approach which illustrates the ability to self-assemble
“Janus”-like morphologies, where each hemisphere of a
nanoparticle contains different interactions or functionaliza-
tion; designing and implementing a high throughput
approach, which can be easily scaled, and which contains a
“plug and play” modularity which may lead to the introduc-
tion of multiple classes of materials and interactions.

[0009] In particular, the nanoclusters and the methods of
making the nanocluster (i.e., “Nano-Assembly platform
using Encoded Solid Supports (NAESS)”) assembles nano-
materials at a colloidal substrate in a layer-by-layer fashion in
which interactions between layers have been encoded using
biomolecules, allowing for controlled interactions, purifica-
tion of side products, modularity, and construction of com-
plex architectures. In addition, the approach allows fabrica-
tion of nanoparticles with anisotropic interactions, Janus
particles.

[0010] The invention improves the ability to impart anisot-
ropy in nanoscale assembly systems using a solid-state
assembly approach. It results in: 1) DNA-addressed specific-
ity between particles or DNA layers with solid support; 2) a
solid support easily derivatized for particle assembly and
disassembly; and 3) interactions driven by biomolecular
interactions, and assembly and dis-assembly requiring no
change to environmental conditions, including, pH change,
temperature change, buffer change, and radiation exposure.






