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The Bioeconomy & Synthetic Biology

“Imagine a world in which there are “ready to burn”
liquid fuels produced directly from CO2,
biodegradable plastics made not from oil but from
renewable biomass, tailored food products to meet
specialized dietary needs...Tomorrow’s bioeconomy
relies on the expansion of emerging technologies such
as synthetic biology... as well as new technologies as

- yet unimagined.”
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— White House National Bioeconomy Blueprint
April 2012




. Synthetic Biology:

“Extreme” Genetic Engineering”

“Old” Genetic Engineering - moving one or two
genes from one organism into another organism.

Synthetic Biology - writing new genetic code and
biological “circuits”
Increased complexity:

Genetic engineering — a few genes

Synthetic biology - over a million base pairs for the first
genome copied
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Presentation Notes
-Synthetic biology is both an extension of genetic engineering and something new in its own right
The field differs from “old” genetic engineering in a few ways though:
 First, genetic engineering has typically involved the cutting one or a few genes from one organisms and pasting them into another
Synthetic biology, on the other hand, involves the writing of genetic code and new biological “circuits” on a computer and “printing” them out to create novel genes and novel organisms with novel traits
Additionally, synthetic biology is different from GE in it’s complexity. Instead of a few genes and base pairs moving between organisms synthetic biology involves the writing and insertion of hundreds of thousands if not millions of base pairs


Distinct Approaches/Sub-Fields

-1 DNA synthesis

1 “Biobricks”

-1 Minimal genomes

1 Whole genome engineering
1 Xenobiology

1 “Protocells”
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DNA synthesis:  At the most basic level, synthetic biology involves the use synthetic DNA that was uploaded or written on a computer and “printed out” from bottles of nucleic acids (adenine, thymine, cytosine, and guanine. These DNA strands are then inserted into organisms through a variety of genetic engineering techniques.
 
Biobricks: “Biobricks” are standard DNA sequences that code for certain functions. DNA sequences can be created to make an organism glow, for example, and engineering that biobrick into an organism should make it glow. These open-source “bricks” can be used by researchers across the world to construct new genes and DNA sequences. This approach trying to bring biology closer to engineering with standard parts and functions.
 
Minimal genome: Researchers, most notably Craig Venter, are working to produce an organism with the minimum number of genes needed to survive. One could then add any DNA sequence to this “minimal genome” and produce fuel, medicine or any other synthetic product. 

Whole genome engineering: We will discuss on the next slide, but this involves the construction of entire genomes (not just single genes) through synthetic biology
 
Xenobiology: Xenobiologists are attempting to create alternative genetic systems such as novel nucleic acids, “suicide genes” or mirror biology that would prohibit these new organisms from reproducing and spreading their genes into the wild. For example, one research team has replaced thymine with 5-chlorouracil in  the genome of E. coli  making it supposedly physically impossible to swap genes with wild E. coli. Others are attempting to create “mirror” cells based on DNA and proteins that are mirror images of each other, a property called chirality. Xenobiology as a form of biocontainment is theoretical at this point.
 
Protocells: Researchers are also testing combinations of inanimate chemicals to create protocells,  or even synthetic life without DNA. These protocells would be like truly creating life from scratch. 



The promise?¢ (The hype?)
l-:

1 Biofuels

71 Industrial chemicals
11 Bioplastics
71 Natural product replacements

11 Biomedical applications
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-The main applications for synthetic biology are: biofuels, the production of industrial chemicals, replacements for natural products, and biomedical applications.

Biofuels: Biofuels is one of the main applications receiving the most government and private funding. Biofuels production through synthetic biology is being conducted in two main ways. First, organisms are synthetically engineered to break down biomass into sugars for fuel. With synthetic biology, organisms can be tailored to break down certain types of biomass (i.e. wood, corn, sugar, etc). These microbes would become “living chemical factories” that could be engineered to pump out almost any type of fuel or industrial chemical. Second, organisms are being designed to produce fuel directly. Algae naturally produces oils, but through synthetic biology tools algae can be reengineered to produce oils that are chemically similar or identical to the oils that are currently used in today’s transportation and energy infrastructure. 
 
Industrial chemicals: A wide range of industrial chemicals are being produced through synthetic biology. Amyris Biotechnologies, for example, is producing farnesene — an essential building block for a wide range of chemical products (detergents, cosmetics, perfumes and industrial lubricants and transportation fuels) — through its synthetically engineered yeast. Chemical giant DuPont is using their synthetically engineered yeast to ferment corn sugars into a bio-plastic marketed as Sorona.
 
Natural product substitutes: Synthetic biologists are working to replace natural products with synthetically produced equivalents. Much attention is being given to the synthetic production of rubber through isoprene — a crucial building block for making artificial rubber. The gene encoding isoprene (previously found in rubber trees) has been synthetically engineered by DuPont subsidiary, Genencor, into E. coli to produce isoprene. Other products currently being produced through synthetic biology include vanilla, stevia and palm oil, among others.
 
Biomedical applications: Already in production is arteminisic acid — a precursor to the important anti-malarial medicine arteminisin — which is being produced by yeast with synthetic DNA (also by Amyris). Other researchers and companies are working on ways to produce vaccines through synthetic microbes, and are also looking into ways to reengineer the human micro-biome or to create cells that can attack cancers
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Market Size for Synthetic Biology?
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- And just how big is the market for synthetic biology?
- In 2008, the market size was around $233.8 million. It is predicted that will grow to $2.4 Billion (with a B) by 2013 and up to $4.5 Billion in 2015.


Outdated regulations & risk assessment
frameworks

Biotech regulations quickly becoming outdated
ZERO risk assessments on ANY synthetic
organism

Risk assessment models for “old” genetic
engineering difficult to apply to novel risks

Between 2005 — 2010, US government spent $430
million on synthetic biology related research —
ZERO spent on environmental risk assessment’



Unpredictability of Risks
N

1 Novel genes, novel traits, novel organisms

1 Creation of hundreds of thousands of novel
synthetic organisms at once

11 Ability to synthesize new genes far outpacing
understanding of how they work
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Environmental Risks

Unintentional or intentional environmental release

Genetic contamination

Gene transfer common: yeast, E. coli, viruses, algae,
Impossible to clean up,

. . .2
Dead organisms can pass on DNA to wild relatives

[ ] [ ] [ ) 3
New invasive species

New pollutant
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- Unlike other types of pollution, it will be impossible to clean up or recall these organisms once they get out
This is especially true for organisms designed to survive in the environment (i.e. bioremediation, algae in open ponds)
Even if these synthetic organisms die outside the lab, their synthetic DNA will still be in the environment, where it could be picked up by other organisms. This type of horizontal gene transfer (transformation)  happens all the time in nature
A synthetic organism could also become a new class of invasive species if it finds an ecological niche and starts taking over an ecosystem
 It could also become a new class of pollutant- if an algae engineered to produce oil escapes into a local waterway and keeps pumping out oil


The New “Bio-Economy’?¢




Welcome to the new global

where Sui-Cinie) pillages forests,
farmlands and all of bio-diversity
{o make (7sics, foels, drugs
and huge corporate G
profits!

biving Chemical
¥ Factories ¥

Wow! This
really is a green
technology!
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- So what would the bio-economy look like?
This cartoon from our friends at the ETC Group is intentionally over-the-top but shows how synthetic biologists view their bio-economy (or as its called here, the sugar economy, since breaking down biomass is really just an attempt to get at the sugars inside).
As we see, biomass is taken and pumped into a “living chemical factory” as some in the industry describe their process. Then a number of products (drop-in fuels, medicines, bioplastics) are pumped out.






A whole lot of biomass...
T

-1 DuPont: 40,000 acres of corn annually

From corn to polymers and fibers
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into 100 million pounds of plastic
(Nearly the size of DC)

7 Mascoma: 71,000 acres of timber *MASCOMA
annually to produce 40 million gallons .
of ethanol (1.6x size of DC)




Where is All the Biomass?
I

Global Above- and Below-ground Living
Biomass Carbon Density

Carbon Density, t- C/ ha
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“If you look at a picture of the globe .. Its pretty easy to see where the
green parts are and those are the places where one would perhaps
optimally grow feedstocks”

- Steve Koonin US Dept of Energy (formerly BP)
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As we can see, a majority of the world’s biomass – or plant matter – is found in the global South, the developing world.
 In fact, 86% of all biomass is found in the global South.
Its no accident that in the cartoon that the biomass is being taken from peasant farmers since it is from these communities that the biomass for the new bio-economy will come from.
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