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• Recognize and destroy tumors

• Clean fuel

• Use plants to sense chemicals

• Clean hazardous waste
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Gene	
  TranscripAon	
  manipulaAons

• Transcriptional regulations: Activation and inhibition using 
Transcription Factors (TF).
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Gene	
  TranscripAon	
  manipulaAons

 Post-transcriptional regulations: siRNA
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  control	
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COMPUTATION

Computation is a general term for any type of information processing 

Decision making process

Cellular	
  ComputaAon
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digital vs. analog 

Which	
  type	
  of	
  computaAon?
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How it works in electronics?

0 logic      1 logic

CMOS TTL

Digital	
  computaAon

jueves 21 de julio de 2011



  
• Circuits can be built connecting small number of different logic gates

Can	
  we	
  mimic	
  electronics?
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• Circuits can be built connecting small number of different logic gates

What is a logic gate?

f
1 or 2 inputs 1 output

f = Truth Table

0  0   0
0  1   0
1  0   0
1  1   1

a  b   c

Can	
  we	
  mimic	
  electronics?
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Boolean logic is a complete system for logical operations. 

George Boole 

f: {0,1}N  → {0,1}M

Possible functionally complete sets:   Ω={AND, OR, NOT}
        Ω={NAND}
        Ω={NOR}

Can	
  we	
  mimic	
  electronics?
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Limiting problems: 

• Wiring
• Increase of the biochemical diversity

Can	
  we	
  mimic	
  electronics?
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Multiplexer 2-to-1 

a   b   c     GFP
0   0   0        0
0   0   1        0
0   1   0        1
0   1   1        1
1   0   0        0
1   0   1        1
1   1   0        0
1   1   1        1

b

c

a

GFP

Truth table Logic circuit Cellular implementation

Example:

COMPLEXITY

Can	
  we	
  mimic	
  electronics?
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Mimic	
  electronics	
  is	
  not	
  the	
  opAmal	
  soluAon.	
  
New	
  approaches	
  are	
  required!.
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1. Distribute the computation into different types of engineered 
cells.

2. The final output of the circuit can be produced in different cell 
types.

3. Restricted communication among cells: each cell can only 
transmit the signal to another specific cell and that there 
should be no reversibility on the signal.

4. The same engineered cells can be used in different circuits

MulAcellular	
  computaAon
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MulAcellular	
  computaAon	
  based	
  on	
  
standard	
  (NOR)	
  approach
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MulAcellular	
  computaAon	
  based	
  on	
  non-­‐standard	
  
approach:	
  Distributed	
  Output	
  ProducAon
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Evolutionary algorithms can find the optimal solution.

Can	
  evoluAon	
  help	
  us?
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Evolutionary algorithms can look for the optimal solution.

Population of multicellular “organisms”

Cell can be “connected” by secreting/sensing signals 
e.g. diffusible molecules (“wires”)

The final output of the circuit can be produced in different 
cells

“Organisms” can mutate at different levels

Each cell implements a simple logic gate

Can	
  evoluAon	
  help	
  us?
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Fitness

“Organisms” must implement a predefined Boolean 
function

Minimal cost, i. e minimal number of “wires” 
and minimal number of cells.

Minimal diversity of cellular types

Can	
  evoluAon	
  help	
  us?
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Multiplexer 2 to 1Basic logic parts

Results	
  of	
  evoluAonary	
  algorithms
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Cellular	
  implementaAon
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Figure S2. Number of possible boolean functions versus the number of different cells required for their implementation. 
Each graph represent the number of (non-null) functions that can be implemented with a defined number of engineered cells that 
receive 2-inputs (a) and 3-inputs (b).

Cellular	
  implementaAon
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a

b

c

Figure S3. Number of possible boolean functions versus the number of different wires required for their implementation 
upon different approaches. (a) Multicellular approach, (b) standard approach based on NAND logic, (c) standard approach 
based on NOR logic

Cellular	
  implementaAon
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The	
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1. Our approach reduces the wiring requirements and the 
complexity of the constructs in each cell due to the 
multi-cellular distribution => We can build more 
complex circuits.

2. Circuits can be easily reprogrammed or reconfigured 
just adding or removing few cells.

3. We should solve definitely the wiring problem 
introducing space as a new computational element

Conclusions
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Thank	
  you!!!
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