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Defining the Rule Sets for Biological Design,
Assembly and Function
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genomes encode a limited series
of structural building blocks
(protein motifs and programmed
assembly)

combinatorial assembly of protein
building blocks generates
extravagant structural and
functional diversity




Exploring Biospace
The Design Power of Combinatorial Interactions and Assemblies

30,000 genes

two genes cooperate to create a function
=(30,000 x 29,999)/2 = 449,985,000 potential combinations

100 genes generate a complex function
=102%8° potential combinations

If any combination of genes can generate a function
= 2 x 1072403 potential combinations

number of theoretical possibilities for synthetic assembly
(biospace) far exceed narrow molecular space sampled in
evolutionary time



Synthetic Biology

matching the versatility, elegance and
Inventiveness of natural systems

expanding the dimension of explored biospace

predictive biology: design, simulation and
construction of novel functions/organisms



Synthetic Biology:

Inter-disciplinary Convergence and Complex Policy Issues
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Synthetic Biology:
An Emerging Technology with Diverse Industrial Applications
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Synthetic Biology
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Ecogenomics:
Mapping the Extraordinary Genomic Diversity and
Biosynthetic Capabilities of Microbial Life
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Metagenomics:
Sampling the Extravagant Functional
Diversity of Microorganisms

estimated 100 billion microbial species
only 6000 species cultivated and characterized

massive repertoire of uncharacterized
genes/proteins/metabolomes

metagenomic sampling

- mass screening of complete genomes of
unknown/unculturable organisms

- high throughput profiling to identify transfer of
gene(s) with desired func
acceptorodo organi sms



The Quest for Sustainable Energy Sources
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Production of Biodiesel from Biomass:
A Widely Differing Yield Spectrum*

Source Yield
US gal/acre L/Km?
. Soybean 40-50 35-45,000
. Rapeseed 110-145 100-130,000
. Mustard 140 130,000
., Jatropha 175 160,000
, Palm oil 650 580,000

* http://len.wikipedia.org/wiki/Biodiesel
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Biomass to Energy:
The I\/Ierlts of Cyanobacterla as a Feedstock
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. well characterlzed tractable genome | siting flexibility

for trait enhancement .
., ho or limited transport costs

no celluose o
CO, fixation

. compositional homogeneity
. rapid assay of genetic modifications



THE biodesign INSTITUTE

Water Supply and Safety
A Source of Future Geopolitical and Economic Instabilities




Microbial Genomics and Synthetic Biology:
New Technology Platforms for Bioremediation and
Improved Efficiency of Wastestream Management
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Bio-Inspired Engineering:
Removal of Perchlorate Contamination by Chemical
Reduction by Biofilms of Hydrogen Producing Bacteria

V pilot scale project at La
Puente, CA (400 L/min)

V influent: 25 mg/L of NO; and
60 ug/L ClIO,

Va 95% r emoy,dromof
60 ug/L to below the CA action
level of 4 ug/L

V. a 9 8 % réhval of 25
mgN/ L to a,g/l0. 5mg

V essentially 100% H, usage




e.Waste

US produces 2 million tons per year

escalating toxicity in developing countries with out-
sourced salvage activities

lead, cadmium, mercury and flame retardants

EC Restriction of Hazardous Substances Directive
(ROHS)



