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Main story…

1. Intro: The main Idea. “How everything started….”

2. Problems and Network Ideas

3. The Paper

4. Conclusions & Take home message



Intro: What is a Biological Circuit/Network?

Def. 1: Molecular circuits operating in cells consist of molecular species (genes, proteins, etc.) that interact 

with one another in specific ways. For example, a given gene can be transcribed to produce a corresponding 

mRNA, which can in turn be translated to produce a specific protein.

Def. 2 (wiki):  Synthetic biological circuits are an application of synthetic biology where biological parts 

inside a cell are designed to perform logical functions mimicking those observed in electronic circuits.

https://en.wikipedia.org/wiki/Synthetic_biology
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Electronic_circuit


The Idea: Understanding by Building 



Associative Memory Network

Question:How much 
information can we 
pack in a very small 

space and how much 
energy is needed?



Design & Problems

● Protein circuits,Genetic 
circuits,RNA/DNA circuits.

● Problems: 
1. function(s) are often totally 

unclear.

2. Crosstalk among the 

components.

3. Noise (Stochasticfluctuations)

4. etc.



Paper Time!

● Artificial Biological 
circuits.

● Oligonucleotides as a 
substance for our 
circuit.

● Entropy driven 
● Different circuits with 

different kinetics.



The Entropy Driven reaction
● All (F,S,W…) are DNA 

molecules.
● Strands subdivided in 

domains.

Toehold      Specificity



Catalytic activity and Toehold exchange 



Branch migration ?

http://www.youtube.com/watch?v=-hXjBGquVrw


Measuring the Time course/ Demonstration of Catalysis 
(Kinetics)



Our Model and a little “thermodynamic” engineering  



2-layer Cascaded network



Can we achieve exponential growth kinetics?

t



A little experiment for the end…

● Tested the 
autocatalytic 
system

● Mouse liver RNA
● Rabbit reticulocyte 

lysate.



Conclusions

● Better than self- replication reactions that have been proposed in the past.
● Experiment: RNA but not cell lysate did not show the observed drift. We need 

the catalyst!
● Their Autocatalytic system better, reduces the spontaneous activity of the 

circuit!
● Nucleic Acids are great for constructing circuits.
● Development                 Great Biomedical applications in the near Future!



THE END (AND)…..



EXTRA: Catalytic AND gate



THANK YOU!


