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Background : digital & analog computation

Whole Cell metabolic concentration adder 

Basic biological information processing device

Perceptron implementation in cell free

Cell Free weighted transducer and adders
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Strategies for a Multi-layer Perceptron

• Cells naturally perform analog computation but most of the synthetic 
systems created are digital1

• Metabolism can be used to perform computation on analog signals 
carried on metabolite concentrations1

• Metabolic circuitry allows fast & energy efficient computation in 
biological systems

• Bioinformatic tools (Retropath2, sensipath3) enable rational design of 
such metabolic circuitry

• Continuous metabolic concentrations can be used as analogic signals 
that can be actuated through whole cell and cell free biosensors4

• A benzoate sensing device in Escherichia coli

• Same device implemented in a cell-free expression system 

• Enzymatic transducers

• Adders convert two metabolites into a common one

• In cell free ability to tune 
enzyme DNA concentration 
allows finer tuning

• Continuous [enzyme DNA] 
enables precise input 
weighting captured by our 
cell-free model

• Model based construction and validation of 2 binary classifiers

• Enzymes can be actuators 
weighted by inducer 
concentrations

• Intermediate perceptron 
layers use enzyme production 
as actuators

• More complex network​s 
become possible​

• Mathematical model captures behavior, including resource competition

• Our 4 input Perceptron design


