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• Clean hazardous waste

ApplicaAons	  of	  Cellular	  ComputaAon
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• Clean fuel
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• Clean hazardous waste
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• Recognize and destroy tumors

• Clean fuel

• Use plants to sense chemicals

• Clean hazardous waste

ApplicaAons	  of	  Cellular	  ComputaAon
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Gene	  TranscripAon	  Mechanisms
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Gene	  TranscripAon	  manipulaAons

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

jueves 21 de julio de 2011



Gene	  TranscripAon	  manipulaAons

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

jueves 21 de julio de 2011



Gene	  TranscripAon	  manipulaAons

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

jueves 21 de julio de 2011



Gene	  TranscripAon	  manipulaAons

 Post-transcriptional regulations: siRNA
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Gene	  TranscripAon	  manipulaAons

 Post-transcriptional regulations: siRNA
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Part	  I:	  Review	  of	  SyntheAc	  Biology	  
achievements
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Prokaryotes 

2000

2000

2000
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Mono-‐stability	  (negaAve	  feedback)

	  Becskei	  i	  Serrano	  (2000).	  Engineering	  stability	  in	  gene	  networks	  by	  autoregulaAon.	  Nature 
405, 590-593 
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Bi-‐stability	  (two	  negaAve	  feedbacks)

	  Gardner	  et	  al.	  (2000).	  ConstrucAon	  of	  a	  geneAc	  toggle	  switch	  in	  Escherichia	  coli.	  Nature 403, 
339-342 
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Oscillators	  (delay)

	  Elowitz	  et	  al.	  (2000)	  A	  syntheAc	  oscillatory	  network	  of	  transcripAonal	  regulators.	  Nature 403, 
335-338 
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Prokaryotes	  
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2005

2004

Prokaryotes	  
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Control	  of	  populaAon	  (communicaAon)

	  You	  L.	  et	  al.	  (2004)	  Programmed	  populaAon	  control	  by	  cell-‐cell	  communicaAon.	  Nature 428, 
868-871 

Verhulst equation:
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PaZern	  formaAon	  (communicaAon)

Basu	  S.	  et	  al.	  (2005)	  A	  syntheAc	  mulAcellular	  system	  for	  programmed	  paZern	  formaAon.	  Nature 
434, 1130-1134 
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Eukaryotes 

2008
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Oscillators	  in	  mammalian	  cells

Swinburne	  et	  al.	  (2008)	  Intron	  length	  increases	  oscillatory	  periods	  of	  gene	  expression	  in	  
animal	  cells.	  Genes & Dev. 22: 2342-2346 
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Part	  II:	  Cellular	  ComputaAon
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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
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• Circuits can be built connecting small number of different logic gates

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

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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2007

Boolean	  circuits	  in	  single	  cells
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Logic	  gates	  (siRNA)

	  Rinaudo	  K.	  et	  al.	  (2007)	  A	  universal	  RNAi-‐based	  logic	  evaluator	  that	  operates	  in	  	  mammalian	  
cells.	  Nature Biotechnology 25, 795 - 801 
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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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General	  implementaAon
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General	  implementaAon
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Cellular	  implementaAon
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Cellular	  implementaAon
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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	  LEGO®	  metaphor
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The	  LEGO®	  metaphor
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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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