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SYNTHETIC ECOLOGY �

Extending synthetic biology from the design of genetic circuits to 
the engineering of ecological interactions, [...] linking processes at 
the cellular level to the collective behavior at the system level.

Shou et al. 2007



Using Natural Selection to Design & Engineer Synthetic 
Ecology Systems�

Design Efficiency�Stability �

Ecological issues: Cooperation and Conflict among members �

Product synthesis�

BioDegradation�

Goals:�



Interaction Schematic�
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Facilitation: Cross-feeding �& Environmental Engineering�

Specialist 1 consumes glucose releases acetate�
Specialist 2 consumes acetate�

Spatially Structured Env.�
Stable Coexistence�

Helling et al. 1987 �

Not Stable�
Saxer, Doebeli & Travisano 2009 �

Mass Action Environment �

Evolve a single E.	  coli	  genotype �
in a glucose minimal medium�

Loss of acetate specialist �



Facilitation: Cross-feeding �& Environmental Engineering�Cross-feeding & �

Evolve a single Pseudomonas	  genotype �
in a static rich broth medium�

3 Specialists: Top, middle & bottom�

Rainey & Travisano 1998 �

Start Shaking the tube�

Back to one genotype�
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Mutualism: Cross-feeding�

E. coli consumes lactose excretes acetate�

Evolved Salmonella consumes acetate 
excretes Met �

Spatial Structure stabilizes the interaction�
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Mass Action leads to rapid loss of cooperation�

Harcombe 2010 �



Stability Summary�

Facilitation�

Cross-feeding�

Environmental �
Engineering�

Mutualism�

Spatial �
Structure �

Spatial �
Structure �

Mass Action�

Spatial �
Structure �

=   Evolutionary Breakdown�
Ecological 

Breakdown� Cheaters �Instability�
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Application: Evolve a complex cooperative system�

Multicellularity�Unicellularity�



Stability: Mutualism criteria�

Spatial structure likely to be important �
(counter examples myxo and dicty) �

Multicellular organisms are mutualists�



Ecological conditions: Mass Action�

Selective conditions that promote the 
evolution of spatial structure within 
a mass action environment �
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