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DNA Nanostructures and Their Uses

* Made of double stranded DNA

— Utilize complimentary base pairing
e 2D and 3D geometric shape
* Applications

— Pharmaceuticals
— Biosensors

— Biomolecular computing

DNA backbone

Base pairs

https://sites.google.com/site/nanoselfassembly/linear-strand



Flexible Tiles: Building Blocks

e K-armed branched junction DNA molecules

— Each branch has a sticky end
— Join together with complimentary base pairing

AATTCCGGAATT GGCCTTAAGGAA & ¥
TTAAGGCCTTAACCGGAATTC CTTAAGGCCAAATT
AATTCCGGAATT GGCCTTAAGGAATTCCGGTTTAA
TTAAGGCCTTAACCGGAATTCCTTAAGGCCAAATT

Figure 1. Joining two cohesive ends

https://sites.google.com/site/nanoselfassembly/branched-junction-molecule

Branchpoint Expansion in a Fully Complementary Three-Way DNA

Junction
Tara Sabir, Anita Toulmin, Long Ma, Anita C. Jones, Peter McGlynn,

Gunnar F. Schroder, and Steven W. Magennis
Journal of the American Chemical Society2012134 (14), 6280-6285












Graph Theoretical Definitions

Tile: k-branched junction molecule with
cohesive ends fit to a vertex with half edges

Cohesive end types: z is complimentary to z

Bond-edge: a cohesive end together with its
complementary cohesive end

Pot: a collection of tiles

Ltk
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Graph Theoretical Definitions cont.

 Complete complexes:

complete complex

incomplete complex

https://sites.google.com/site/nanoselfassembly/branched-junction-molecule



The Problem

Given a target graph, what is the smallest pot
which can realize the target in a complete
complex



Conditions

* Scenario 1: complexes with fewer vertices
than the target graph may be formed

e Scenario 2: only complexes with the same
number of vertices as the target graph may be
formed

e Scenario 3: no complexes with less than or
equal to the number of vertices in the target
graph may be formed



Scenario 1

a a a a

Fig. 5 Smaller graphs formed when there are three edges with the same bond-edge type.

Scenario 3

Fig. 6 Cycle constructions.



Right Prisms in Scenario 2

Goal: Find a pot with the minimum number of
tiles for right prisms

http://www.narragansett.k12.ri.us/resources/necap%20support/gle_support/Math/resources
_geometry/3d_shapes.htm


http://www.google.com/url?sa=i&rct=j&q=triangular+prism&source=images&cd=&cad=rja&docid=FlJXeovX5ygs1M&tbnid=-uZYA14aF67qUM:&ved=0CAUQjRw&url=http://www.narragansett.k12.ri.us/resources/necap support/gle_support/Math/resources_geometry/3d_shapes.htm&ei=bytRUfaGHIXq0wGnmoGYAg&bvm=bv.44158598,d.dmg&psig=AFQjCNHVp4Ice8Qs6ql_9Cvo-_HXBO7pnA&ust=1364360418068034
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Right Prisms in Scenario 2

P ={ a‘c, ac?, cc?}
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Right Prisms in Scenario 2
Prove: P makes nothing smaller
P ={ a%¢, ac?, cc?}

2r;-1r,=0
-1r+2r,-1r;=0
rtro+ry=1



Right Prisms in Scenario 2

Prove: P makes nothing smaller
P ={ a%¢, ac?, cc?}

2r;-1r,=0 _ _
-1r,+2r,-1r,= 0 2 -1 040

rHry+rs= 1\ -1 2 -110




Right Prisms in Scenario 2

Prove: P makes nothing smaller

P ={ a%¢, ac?, cc?}

2r,- 1r2-0 _ _ 100
-1r,+2r,-1r,= 0 2 -1 040
ry+Hry+ry= 1\ -1 2 -10|mmp 010
1 1 11
001

S(P)={1/6,1/3,1/2}

|=-.:n|-—= IL..--'-|-—= -::l~.|-—=




Right Prisms in Scenario 2

Prove: P makes nothing smaller

Proposition: smallest complete complex created
from a pot is the LCM in the denominators of

the spectrum
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Right Prisms in Scenario 2

Prove: P makes nothing smaller

Proposition: smallest complete complex created
from a pot is the LCM in the denominators of

the spectrum

P ={ a%¢, ac?, cc?}
S(P)={1/6,1/3,1/2}

L> Need 6 vertices



Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 1 bond edge type, 2 tile types

d
t1<a
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Prove: < 3 tiles won’t work

Case: 1 bond edge type, 2 tile types
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Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 2 bond edge types, 2 tile types

d
t1<é
C
a
t2<a

¢



Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 2 bond edge types, 2 tile types
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Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 2 bond edge types, 2 tile types




Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 3 bond edge types, 2 tile types
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Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 3 bond edge types, 2 tile types
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Right Prisms in Scenario 2

Prove: < 3 tiles won’t work

Case: 3 bond edge types, 2 tile types
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Right Prisms in Scenario 2

For triangular prisms: P = 3 tile types

Goal: extend to n-gon based prisms
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New work in nanotechnology holds promise for a diverse range of applications including biomolecular computing, drug delivery
and biosensors (see [AdI94, C591, LLO7, See07]). DNA is an ideal material for building nanostructures because Watson-Crick
complementarity allows for self-assembly of molecules, with single of strands of DNA bonding to complementary strands to form
larger molecules.

Several different graphs have heen constructed from self-assembling DNA molecules, including cubes [C591], truncated
octahedra [Z594], rigid octahedra [5QJ04], and tetrahedra, dodecahedra, and buckyballs [H+08]. A 3D crystalline lattice has also
heen constructed [Z+09]. Recent origami methods have resulted in DNA folding into 2D images and designs (see [Rot06,HLS09]),
and these methods are adaptable to 3D structures [DD509].

We are particularly interested in questions related to optimal design strategies for a number of different self-assembly
techniques. For example: What is the minimum number of branched junction molecule types needed to create a particular
polytope? What is the best way to thread a target polytope or lattice to create the target molecule using a DNA origami
technique?

https://sites.google.com/site/nanoselfassembly




Questions?



