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Catalytic DNA systems — Why are they
interesting?

Catalytic DNA systems are useful for devising
DNA-based autonomous motors
analogous to biological molecular motors
DNA-based chemical amplifiers
analogous to biological signaling cascades
DNA-based self-replicating systems
analogous to living organisms



Reaction mechanism for engineering
DNA reaction networks
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Motorized DNA tweezers




Entropy driven strand displacement

TITITI
TTTTTTTTTT T

Number of base pairs —

unchanged TTITIITTTT L

Number of base pairs —
decreased TITITITTITIT ITTTITT]

LU LU



Catalytic DNA Systems

catalyst
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Making a metastable fuel complex
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Catalytic speedup of fuel-complex decay
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[fuel complex] = 200 nM, varying [catalyst]
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Absorbance at 260 nm
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Free energy change
due to the kiss

AGE . = —23 kcal/mol

Free energy change do to
decay of the fuel complex
into waste products

AG® = —55 kcal/mol
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Entropy drive catalyst
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Entropy drive catalyst

Zhang, et al., Science
318, 1121 (2007).
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Entropy driven catalyst
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Using entropy to go uphill energetically
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A catalytic cascade
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An autocatalytic system
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Exponential growth with saturation
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Conclusions

Entropy driven reactions provide a powerfull way to engineer
DNA reaction networks.

Catalytic DNA systems have been devised which:
1.exhibit motor activity
SJ Green, J Bath, AJ Turberfield, PRL 101, 238101 (2008).
2.function similar to biological signaling cascades.
3.exhibit autocatalytic behavior.

Future challenges

=

Make better autonomous DNA-based motor systems.

2. Make chemical amplifiers that would be commercially
useful.

3. Make autocatalytic systems that can transmit some sort

of genetic information.



