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For stabilization and functionalization of DNA-nanostructures, two
macromonomers comprising guanidinium ion (Gu+) at their main chain or side chain, and azide units
were synthesized. Upon mixing with a DNA origami 6-helix bundle, the macromonomers successfully
adhered to the phosphate groups of exposed helices of DNA, however, the solubility of resulting
macromonomer/origami conjugate was poor. The solubility issue was partly solved upon using the
macromonomer with a more flexible backbone and benzophenone (BP) motif. We systematically
investigated how the monomer interacts with DNA using a 40-base pair DNA. Our preliminary data also
suggested that the glue coated 40-base pair DNA can be further functionalized with proteins.
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1. HBFZEBHAA 4 #) DT 5 (background at the beginning of the study)

‘DNA origami’ involves the programmed folding of single stranded deoxyribonucleic acid (DNA)

into ordered nanostructures using smaller staple strands. In principle hydrophilic or hydrophobic

drugs can be encapsulated during the origami process and released site specifically. However, the

DNA-nanostructures disassemble in a lower salt concentration and in the presence of enzymes.

Hence, the structural integrity of nanostructures in physiological conditions must be addressed

for the practical applications of DNA origami nanostructures as drug delivery system.

2. WL HBY (purpose of research)
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Design, synthesis and fabrication of ‘polymer coat’ for DNA origami nanostructures to
enhance its stability in physiological conditions.

Design and development of a post-modification method for easy functionalization of
biologically active targeting ligands to DNA nanostructures.

Proof-of-concept study of ligand functionalized DN A nanostructures using in vitro cancer
cell lines (e.g. Hep3B)

3. WD J51E (research method)

>

Synthesize Guanidinium ion (Gu+)-based monomers consisting multiple Gu+ ions on its
main chain or side chain and a polymerizable group at their termini.

Investigate adhesion, charge neutralization and polymerization behavior of synthesized
monomer with 20-200 base pair double stranded DNA.

Preparation and characterization of DNA-origami nanostructures by transmission
electron microscopy (TEM)

Optimization of ‘template polymerization’ using Gu+ monomers and DNA bundle
Proof-of-concept study using simple DNA origami nanostructures such as a 6-helix
bundle.

Stability check of polymer coated DNA 6-helix bundle using serum proteins and blood.
Cellular uptake study of polymer coated DNA bundle using cancer cell lines.

4. WFFERAE (research results)

DNA is an attractive biomolecular motif for constructing precise nanostructures, for instance,

DNA-origami methods to prepare nanostructures. The next step in this field is to stabilize the

nanostructure and to

develop a methodology
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comprising guanidinium

ion (Gu+) and anchoring

azide units for stabilization and functionalization of DNA-nanostructures (Fig. 1). We have used either



double stranded DNA (40-200 base pairs) or DNA nanostructures such as 6-helix bundle, cuboid, box
and tetrahedron.

In a proof-of-concept study, upon mixing with a DNA origami 6-helix bundle, macromonomer 1
with multiple Gu+ ions in the main chain and azide in the termini of ethylene glycol side-chains
adhered to the phosphate groups of solution exposed phosphate groups of DNA via ‘salt-bridge’
interactions. However, oxidative polymerizations of the DNA-adhered macromonomers tend to
precipitate in the reaction buffer, possibly due to increased hydrophobicity of macromonomer/origami
conjugate.

Interestingly the macromonomer 2 with Gu+ ions in a dendritic arm, a photoreactive benzophenone
(BP) moiety and a terminal azide group adhered to a 6-helix bundle after photoirradiation as evidenced
by the inhibited migration of the bundle under a gel electrophoresis, likely due to the charge
neutralization of DNA via ‘salt-bridge’ interaction between Gu+—phosphate group. Our current
understanding suggest that BP may act as an anchoring unit via DNA intercalation.

We also found that the structural

integrity of nanostructure maintained g 5. TEMi |mages before and aﬂer coatmg wrth macro monomer 2

after complexation with

macromonomer 2. We observed

under transmission electron

microscopy (TEM) the intact

structure of a tetrahedron DNA
origami, after mixing  with

macromonomer 2 followed by

photoirradiation (Fig. 2).

Due to the presence of azide in
macromonomer 2, we were able to functionalize DNA nanostructure via an azide-alkyne click reaction.
We mixed the DNA 6-helix bundle after coating with macromonomer 2 with a fluorescent dye
appended dibenzyl cyclohexane (DBCO). Electrophoresis data suggested the presence of dye
functionalization onto the bundle due to the click reaction between DBCO and azide on the coated
bundle.

We then prepared alkyne appended peptide and Fig. 3: Microscopy images of Hep3B cells

functionalized to a DNA bundle. Upon incubation with DNA bundle DNA bundle + Peptide
Hep3B cells, we found slightly increased uptake
compared with non-coated bundle (Fig 3).

We  investigated  systematically = how  the
macromonomer 2 interact with DNA using a 40-base pair
DNA. When mixed with DNA, the photoreactive
macromonomer 2 preferentially bound to the double strands by the action of the benzophenone unit
as an intercalator. Macromonomer 2 on DNA could also adhere to proteins and immobilize them
upon photoirradiation. Although, further studies are required, we hope this preferential interaction of
macromonomer 2 on DNA could be translate into nanostructures in order to functionalize certain

specific region or to make a janus-type functional DNA material.
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