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Background: DNA

e Has a double helix structure.
e The two strands are antiparallel.
 Follows a base pairing rule.
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Background: Structural DNA Nanotechnology

Method: Self Assembly
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Background:

Dynamic DNA Nanotechnology

Method: DNA Strand Displacement (DSD)
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DSD Modelling

Challenges: Possible Solution:
1. Design a DSD system by hand may 1. An automated tool that generates
be exhaustive. and simulates DSD systems.

2. Existing DSD modelling tools face: 2. A tool that can represent DNA
secondary structures and provide a

solution for intractable reaction
networks.

1) Difficulty with representing
secondary structures.

2) Possible computational
Infeasibility.
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The RuleDSD Pipeline

Kinetics of DSD reactions
Concentrations/population of initial species

Text
Species Graph \ Reaction Network — \ pySB Model\ PySB Model . . \Simulation Results ] o Plots
i Simulation Visualisation
Processor / Generation / /

DSDPy
1. generates graph representation of
species (DNA complexes).
2. applies interaction rules (DSD
reactions) to species.
3. produces reaction network of
interactions.
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Representations of Species
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DSD Reactions

Four types of reactions:

Binding b2 b1 b2
° ° A® * AE *
1. Binding e ™o
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DSD Reactions

Four types of reactions:

1. Binding
2. Unbinding
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DSD Reactions

Four types of reactions: e I X
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DSD Reactions

Four types of reactions:

1. Binding
Unbinding
Three-way Branch Migration
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Four-way Branch Migration
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Reaction Network (1)

Example: A Single-Layer Catalytic DSD (SCD) System*
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* Kotani, S., and Hughes, W. L. Multi-arm junctions for dynamic DNA nanotechnology. Journal of the American Chemical Society 139, 18 (2017), 6363—6368.

AQTIVATE




Reaction Network (2)

Combinatorially enumerates all species reachable from the initial species.
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The Rule

DSD Pipeline
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from pysb import *

# A template for pysb model of DSD systems
Model()

# Declare the monomers

Monomers <- DNA species

# Declare the parameters

Parameters <- initial conc. of DNA species
Parameters <- kinetic rates of DSD reactions
# Declare rules

Rules <- DSD reactions (reaction network,
params.)

# Observe the dynamics

Observables <- DNA species

from pysb.simulator import ScipyOdeSimulator
from pysb.bng import *

# Run an stochastic simulation using BNG engine
res <- run_ssa(model=model, t_end=time, n_steps=steps)

e

Kinetics of DSD reactions
ncentrations/population of initial species

v
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Frocessor

Reaction Networl
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Thank you
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