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EBRC is the leading U.S.-based non-profit, public-private partnership
dedicated to bringing together an inclusive community committed to advancing
engineering biology to address national and global needs. We showcase

in engineering biology, identify pressing challenges and
opportunities in research and application, articulate compelling research
roadmaps and programs to address these challenges and opportunities, and
provide timely access to other key developments in engineering biology.
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Stakeholders

Who is the roadmap for?

Research Community Funders and Government

. By the community, for the . Statement on opportunities in
community. the field.

. Coalesce around societal . Milestones and targets to
challenges for which synbio consider in program
can be impactful. development.

. |deas for collaborations, . Examples for senior leaders in
proposals, projects. government.

. Useful for postdocs interested - Regular updates to track the
in academia. field.

€ EBRC



r’ E B R Engineering Biology
g Research Consortium

Engineering Biology

A Research Roadmap for the Next-Generation
Bloeconomy

Emily Aurand

www.ebrc.or
This presentation is based upon work supported by the org

National Science Foundation under Grant No. 1818248.



A Matrixed Approach Technical Themes

| Engineering | Biomolecular | Host

DNA Engineering l Engineering Data Science
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Scope & Content

Four Technical Themes:

1. Engineering DNA - Gene editing, synthesis, and
assembly

2. Biomolecular Engineering - Biomolecule, pathway, and
circuit engineering

3. Host Engineering - Host and consortia engineering

4. Data Science - Data integration, modeling, and
automation

€EBRC ———



Technical Theme Organization

Definition and Introduction
Transformative Tools & Technologies

Roadmap Elements:
Goals
Breakthrough Capabilities

Milestones (2, 5, 10, and 20 years) -°ttomUp
Bottlenecks and Potential Solutions

€EBRC ———



Milestones

2 Years: Active and ongoing research. Currently supported.

5 Years: May build on current work, but also will require
specific coordination and targeted investment (not just
financial).

10 Years: Ambitious goals that will require considerable
attention to achieve.

20 Years: Represents a substantial change in capacity or
understanding.

€EBRC v ebre.or



Case: Transforming Cellular Factories with Synthetic Biology
EBRC Roadmap Example: Host Engineering Theme

Case: Transforming Medicine with Synthetic Biology
EBRC Roadmap Example: Biomolecular Engineering Theme

€ EBRC
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HOST AND CONSORTIA ENGINEERING Case: Transforming Cellular

. Factories with Synthetic Biology
Goal Breakthough Capability Milestone

Cell-free systems capable of natural and/or non-natural reactions.

Ability to build reproducible and comparable cell-free systems for practical applications in bioengineering and biomanufacturing from

multiple organisms, including non-model hosts.

Complete characterization of the

e Complete library of user-defined Consistent ability to generate
general effects of cell-growth harvest Complete standardization : .
R : . reaction components that could be cell-free systems from any organism
conditions and extract preparation of common-use bacterial : : :
: used in a customizable or a subset of organisms that make
parameters on bacterial cell-free cell-free system. :
cell-free system. all types of desired products.

extract behavior.

Long-lasting, robust, and low-cost cell-free system for protein synthesis and biomanufacturing.

Alleviate reagent instabilities and
prolong the half-life of cell-free

Identify reagent instabilities reagents from a few hours to several Stabilize catalysts to facilitate
in cell-free systems across days using inexpensive substrates. ol Teos raachaRE anthe Bk Robust and scalable production of
multiple organisms and all cell-free systems that last for weeks.
biological kingdoms. Avoid inhibition (poisoning) of of weeks.
cell-free reactions by byproducts
or the desired products.
2 Years 5 Years 10 Years 20 Years

é E B R C Select Breakthrough Capabilities
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BIOMOLECULE, PATHWAY, AND CIRCUIT ENGINEERING Case: Transforming Medicine

with Synthetic Biology

Holistic, integrated design of multi-part genetic systems (i.e., circuits and pathways).

Abllity to rationally engineer sensor suites, genetic circuits, metabolic pathways, signaling cascades, and cell differentiation pathways.

Reliable engineering of novel,
many-enzyme pathways utilizing

combinations of bioprospected Reliable expression of redesigned
enzymes with well-characterized synthases to produce secondary
kinetics. metabolites.
: ; : : Five-time improvement and Simultaneous, tunable,
Reliable engineering of genetic : : : .
RS expansion of inducers/promoters timed expression of many
circuits with more than 10 regulators : T .
L / for model organisms that respond transcription factors controlling
for sophisticated computations. g : :
to environmental inputs and any mammalian cell state.
intracellular metabolite. Computational design of

protein-ligand and RNA-ligand
interfaces suitable for engineering
protein-based or RNA-based sensors.

Utilize machine-learning
approaches to use the vast amount
of uncurated literature results
within pathway design.

i E B R C Select Breakthrough Capabilities
L
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Scope & Content

Five ‘Application & Impact’ Sectors:
1. Industrial Biotechnology

2. Health & Medicine

Food & Agriculture
Environmental Biotechnology
Energy

a ks~ W
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Sector Organization

Definition/Sector Description
Societal Challenges Top Down
Science/Engineering Aims
Engineering Biology Objectives

Technical Achievements
for each technical theme

&EBRC —



Case: Transforming Bioenergy & Agriculture with Synthetic Biology
EBRC Roadmap Example: Food & Agriculture Sector

Case: Transforming Biomanufacturing with Synthetic Biology
EBRC Roadmap Example: Industrial Biotechnology Sector

€ EBRC



i Case: Transforming Bioenergy &
FOOd & Agrlculture Agriculture with Synthetic Biology

Societal Challenge: Produce more food for a growing global population.

o Science/Engineering Aim: Improve agricultural yields by increasing crop
efficiency and production.

m Engineering Biology Objective: Improve photosynthesis in crops and
other food plants.
e Engineering DNA: Edit genes in the photosynthetic pathway for
improved properties, including stability, catalytic activity, and
Select Engineering substrate specificity.
Biology Achievements e Biomolecular Engineering: Improved efficiencies of key enzymes in
the photosynthetic pathway.

e Host Engineering: Introduce synthetic (heterologous or modified)
enzymes/ complexes/pathways to improve photosynthetic

efficiency.
e Data Analytics: Enable and improve models for engineered
~ photosynthetic pathways.
< E B R C www.ebrc.org



Industrial Biotechnology gviieis;r]?ﬁz{ggi;ggﬁayiomanufacturing

Societal Challenge: Enable next-generation production through sustainable,
cost-competitive, flexible, and efficient manufacturing processes.

o Science/Engineering Aim: Modular manufacturing to enable flexible,
on-demand production of a range of target chemicals.

m Engineering Biology Objective: Development of commercial systems for
on-demand manufacturing of commodity and high-value chemicals.

e Engineering DNA: Ability to edit genomes of diverse hosts, including
microbes, fungi, and protists.

Select Engineering e Biomolecular Engineering: Assembled sets of proteins that can
Biology Achievements .
completely degrade sustainable feedstocks.

e Host Engineering: Engineered microbial consortia with predictable
composition, dynamics and function, to feed off of sequential
byproducts in an (almost) closed-loop system.

e Data Analytics: Novel analytics tools to enable prediction and
P manipulation of holistic microbial ecosystem function by
< E B RC incorporating both biological and environmental data.
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Expanding Scope & Content
Additional Considerations:

e Ethical Challenges

e Education and Workforce Development
e Policy and Regulation

e Security and Safety Implications

Future Roadmapping: updates, new topics,
deep-dives
e 2019-2020: Materials | Microbiomes
éEBRC
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