Exploiting bacteriophage-derived signals as
external wires for biological computing
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Typical Organization of a Synthetic Genetic Network
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Biological computation in Synthetic Biology
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Digital computation
(Moon et al., 2012. Nature.)
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Analog computation
(Daniel et al., 2013. Nature.)

Synthetic genetic circuits can process digital and analog information

Their construction requires the careful wiring of different genetic components




Connecting wires: Expenses add up
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(Moon et al., 2012. Nature.)

« Adding multiple “wires” is expensive for the cell

« Multiple internal circuit layers often dissipate the signal
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Single versus multiple cells for Biological computing
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« “Distributed computing” could allow decomposition of a complex problem into multiple
smaller parts that can be solved by different computers

(Kushwaha, unpublished)



Distributed Computing
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3-input NOR only logic
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As circuit complexity increases, the number of genetic parts and their
connecting “wires” increases rapidly

Distributed computing significantly reduces wiring requirements and enables
re-use of sub-circuits



More Multicellular Computing
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(Guiziou et al., bioRxiv 2018)
DOI: 10.1101/390823

Bacterial culture under UV light

« Combining recombinase “state machine” logic with multicellular computing



More Internal Wires
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 Recent work has built strains with 12 different “sensor” modules
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« Alimited set of orthogonal external wires exist for cell-to-cell communication



Part-1:
Bacteriophage-derived signals as
External Wires

Small Signaling Peptides



Phage Quorum sensing system
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(Erez et al., Nature 2017)

 Quorum sensing system of Bacillus phage phiT3 uses a hexapeptide as
signaling molecule



Re-engineering peptide secretion
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Re-engineering promoters
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So, activatable promoters were re-engineered as repressible promoters in E. coli

(iIGEM Evry Paris-Saclay 2018.
https://2018.igem.org/Team:Evry Paris-Saclay)
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Next Steps

1) Test the effect of peptide on the repressible promoters
2) Test the other 16 peptide-receptor pairs similarly
3) Perform directed evolution of the peptide-receptor pair to expand repertoire

(iGEM Evry Paris-Saclay 2018.
https://2018.igem.org/Team:Evry Paris-Saclay)




Part-2:
Bacteriophage-derived signals as
External Wires

Packaged DNA



Engineering Filamentous bacteriophages for messaging
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(Ortiz & Endy. J. Biol. Engg. 2012)

« They can be engineered to send “phagemid” messages between cells
« The Sender cells have the secretion machinery, while the Receiver cells have
the surface receptors



Orthogonal RNA signals encoded in phagemid particles

» dCas9 protein is an RNA-programmable repressor

« Computational design was used to generate a panel of orthogonal gRNAs

* Orthogonality was experimentally tested
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(Kushwaha, unpublished)



Logic gates based on phage-delivered signals
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« de Morgan’s rule allows re-coding of AND-AND-NOT logic
« Two internal gRNAs (X and Y) were used as inverters (NOT gates)
« The AND-AND-NOT gate was implemented using a gRNA-only strategy

(Kushwaha, unpublished)



Conditional amplification of phagemid signals
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* A conditional amplification system is designed to prevent packaging of some
phagemids, while allowing packaging for others

(Kushwaha, unpublished)



Conditional amplification of phagemid signals
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« Conditional Senders can select which phagemids to package for secretion

(Kushwaha, unpublished)



Next Steps

1) Phagemids B, C and D will be tested for Conditional amplification
2) Cell-to-cell signaling cascades will be tested for multiple layers

3) The cascades will be coupled with metabolic pathways to optimize production
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