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Developing the foundational understanding and technologies that will
allow engineers to use standardized biological components to design
and build integrated biological systems for a wide range of purposes

Just as technicians can now assemble standard-
ized, off-the-shelf electronic components to build
computers, synthetic biologists foresee a day
when engineers will assemble well-characterized
biological components into robust host organisms
to achieve specific functions, such as convert bio-
mass into biofuels, or cheaply produce drugs to
fight disease, or detect and destroy biochemical
agents. The richness and versatility of biological
systems make them ideally suited to solve such
challenges. But despite great progress in engi-
neering microorganisms, significant challenges
persist that prevent engineers from easily and pre-
dictably reprogramming existing systems, let alone
building new enzymes, signal transduction path-
ways, genetic circuits, and eventually whole cells.
SynBERC aims to develop the understanding and
technological tools needed to design biological
systems for pharmaceuticals, renewable energy,
and other areas where the high costs and long
development times of conventional biological ap-
proaches are prohibitive.

Research

SynBERC is developing a conceptual framework
for designing small biological components (parts)
that can be combined into devices that will perform
a well-characterized function under specified con-
ditions. SynBERC is also developing a small num-
ber of chassis (stable, robust bacterial hosts with
known responses) to host the engineered devices
and to assemble several devices to accomplish a
larger vision or goal. A challenging aspect of this
work is developing standards for the interactions of
the parts and devices so that the devices can be
built more readily, reproducibly, and rapidly. As
SynBERC'’s standardized components become
available, they will be made available as open
source to other researchers and companies on our
Registry of Standard Biological Parts
(parts.mit.edu).

SynBERC's scientific research is divided into three
thrusts based on the conceptual approach above
(Parts, Devices, and Chassis). A fourth thrust, Hu-
man Practices, represents a unique effort to exam-
ine the emerging field of synthetic biology within a
social context, with reciprocal emphasis on ways
that economic, political, and cultural forces might
condition the development

of synthetic biology and on ways that synthetic
biology might significantly enhance human secu-
rity, health, and welfare through the new objects
that it brings into the world.

All four thrusts will be driven in large part by Syn-
BERC's three testbeds, which will serve to dem-
onstrate the utility of synthetic biology and the
tools constructed in our thrusts:

Testbed 1: Construction of a bacterium that will
swim to a target tissue or group of cells in the
body (such as a tumor) and destroy it

Testbed 2: Development of a bacterium for cus-
tomized chemical synthesis.

Testbed 3: Development of a bacterium to pro-
duce cheap biofuels from biomass

The underlying goal of our research is not just to
deliver systems that fulfill these specific testbed
applications, but rather to develop the founda-
tional infrastructure that is needed to make routine
the design and construction of any engineered
biological system. For example, the research and
technology developments arising out of Testbed 1
will have application in designing future devices
that can swim to and destroy other biological and
chemical agents.

Education

In developing the emerging field of synthetic biol-
ogy, SynBERC will educate a new cadre of syn-
thetic biologists and biological engineers capable
of designing biological parts and useful biological
systems. SynBERC’s education program will pro-
vide general information on synthetic biology for
the general public, in-depth offerings for public
policy professionals, and motivational information
on opportunities in higher education for K-12 stu-
dents.

SynBERC'’s flagship education program is iGEM
(the International Genetically Engineered Ma-
chines competition), which helps teams of under-
graduate students from around the world to de-
velop synthetic biology projects over the course of
a summer. Student teams are given a kit of bio-
logical parts at the beginning of the summer.



Working at their own schools over the
summer, they use these parts and new
parts of their own design to build biological
systems and operate them in living cells.
They add their new parts to the Registry of
Standard Biological Parts for next year's
students as well as the broader scientific
community. At the end of the summer,
SynBERC brings these teams together to
present their work and compete for prizes
at the iGEM Jamboree.
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Student teams at the 2006 iGEM
Jamboree at MIT

Industrial Collaboration and
Technology Transfer

As catalyzed by SynBERC, synthetic biol-
ogy promises to transform the biotechnol-
ogy, high-technology, pharmaceutical, and
chemical industries, as well as suppliers of
genetic tools and custom DNA synthesis
companies. This can only be accom-
plished through active partnerships with
companies to help guide SynBERC re-
search on questions of science and tech-
nology that are critical to industry. Syn-
BERC'’s Industrial Affiliates Program offers
both large and small companies the op-
portunity to participate at various levels.
Partner companies benefit from increased
access to research results, publications,
tools, graduate students, faculty, and fa-
cilities. Industry feedback also helps
speed the transfer of technologies and
innovation to industry. From an educa-
tional perspective, SynBERC partners
provide valuable input into the develop-
ment of education and outreach programs.
SynBERC and its partners both benefit
from research internships for undergradu-
ate and graduate students. SynBERC
strongly encourages industrial support and

grants to support educational and research
activities within the Center. Finally, Syn-
BERC has a unique Venture Capital Advi-
sory Board to help provide venture capital-
ists with critical information that will allow
them to fund new companies in the area of
synthetic biology, potentially around technol-
ogy developed in SynBERC.

Facilities

As a multi-institution center, SynBERC
benefits from having access to equipment
and facilities at several leading universities.
Common laboratory and administrative
space of approximately 36,000 square feet
houses the majority of the faculty, graduate
students, and post-doctoral fellows em-
ployed by SynBERC at UCB. There, these
students and post-doctoral fellows work on
the Center’s tools and challenge problems
under supervision of SynBERC faculty. In
addition, this space houses the SynBERC
headquarters including offices for the Center
Director and staff. The space includes facili-
ties for videoconferencing as well as two
conference rooms. The laboratory space is
equipped with refrigerators, freezers, centri-
fuges, analytical equipment, and the latest
molecular biology equipment for all experi-
ments. SynBERC continues to improve the
publicly-available Registry of Standard Bio-
logical Parts, and is developing plans for a
dedicated facility for high-throughput screen-
ing, cultivation, and characterization of newly
constructed and naturally-occurring mi-
crobes, in order to identify and improve their
biological function for applied use.

Center Configuration, Leadership, Team
Structure

SynBERC investigators have been at the
forefront in the development of synthetic
biology, from the discovery and adaptation

of bacterial genetic circuits to the com-
plete redesigning of the entire genome of
a bacteriophage. SynBERC investigators
developed the first standard for assem-
bling biological components (Biobricks),
founded a non-profit research organization
to promote open biotechnology, and es-
tablished the Registry of Standard Biologi-
cal Parts to publicly serve data on parts,
devices, and systems. SynBERC re-
searchers continue to push the bounda-
ries of experimental tools in biotechnol-
ogy, and have developed a number of
computational and modeling tools related
to biological networks analysis, re-
construction and rational design of biologi-
cal parts, and comparative genomics.
Educational accomplishments of the Cen-
ter’s faculty include the development of
modular synthetic biology curricula (online
at www.openwetware.org), the organiza-
tion of seminar series and international
conferences on synthetic biology, and
active participation on synthetic biology
study groups for both federal and private
agencies.

Center Headquarters
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Engineering Research Center
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