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Computing using molecules in solution, via logic
gates, circuits, and automata:

® Signal is concentration of particular molecules
® Combinatorial encoding of signals

® Signals can be amplified, e.g., using catalytic DNA
(DNAzymes, deoxyribozymes)

® Signals can be queried, e.g., using hybridization
(strand displacement)



Why we develop silicomimetic molecular automata

Hypothesis: specificity of DNA binding can be used to
intervene at the cellular level and achleve intelligent drug
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Approach: develop networks of biomolecular logic gates
that sense the state of a cell, perform stateful computation,
and produce a diagnostic or therapeutic action



DNAzymes and molecular beacons make gates
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Gate output has the same nature as the input, but...
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Making a complete set of logic gates, and more
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Demonstrations of logic gates: binary arithmetic
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Demonstration of wide circuits: games of strategy
(if) 2 (iv) @
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Example order of play
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(i) The automaton moves first in middle well,

activated by adding M92+.

(if) The human player adds input i4 to all wells, which only
activates the YESig gate in well 1 to signal the automaton's
response.

(iii) The human player adds input ig to all wells to block the
diagonal. All wells now contain inputs i4 and ig, and thus the
I4 AND ig gate in well 3 is activated to signal the automaton's
reponse.

(iv) The human player has no winning move, and adds
input i7 to all wells. Since all wells now contain inputs ig, i7,
and ig, the i7ANDiIgANDNOTiq gate in well 2 is activated,
which completes the top row and the automaton wins.



New logic gate design: structured substrate
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Demonstration of deep circuits: 5-layer cascade
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Demonstration of staged logic: dengue detector
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Unified architecture for biodetection
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Current and future work

® Compartmentalized circuits
® Delivery to cells

® Walker circuits

AC kn OWIGdgementS DNAzyme Computing for Biodetection
Steven Graves, Matthew Lakin, Carl Brown llI,

Leigh Fanning, Hannah West, Eli Horwitz,Adan a1y

Myers y Gutiérrez, Aurora Fabry-Wood, Nick o R

Baker, Megan Williams, Katie Jordan, Madalyn Q

Darko Stefanovic

Fetrow (UNM)

Milan Stojanovic, Renjun Pei, Kasi Yang, Steven 5 |
epartment of Computer Science

&

Taylor (Columbia) L

. ] Center'for Blomedlcal Englr'1eer|ng
Joanne Macdonald (Columbia/Sunshine Coast) University of New Mexico
fundlng NSF ClSE CCF http://digamma.cs.unm.edu/

20 February 2015
30th TBIWinterseminar, Bled

13



