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Welcome to GTL-MEWG Workshop

‘ N ’ elcome to the 2006 joint meeting of the
fourth Genomics:GTL Contractor-Grantee
Workshop and the sixth Metabolic Engineering
Working Group Inter-Agency Conference. The vision
and scope of the Genomics:GTL program continue to
expand and encompass research and technology issues
trom diverse scientific disciplines, attracting broad
interest and support from researchers at universities,
DOE national laboratories, and industry. Metabolic
engineering’s vision is the targeted and purposeful
alteration of metabolic pathways to improve the un-
derstanding and use of cellular pathways for chemical
transformation, energy transduction, and supramo-
lecular assembly. These two programs have much
complementarity in both vision and technological
approaches, as reflected in this joint workshop.

GTLs challenge to the scientific community remains
the further development and use of a broad array of
innovative technologies and computational tools to
systematically leverage the knowledge and capabili-
ties brought to us by DNA sequencing projects. The
goal is to seek a broad and predictive understanding
of the functioning and control of complex systems
—individual microbes, microbial communities, and
plants. GTL's prominent position at the interface

of the physical, computational, and biological sci-
ences is both a strength and a challenge. Microbes
remain GTL’s principal biological focus. In the
complex “simplicity” of microbes, we find capabilities
needed by DOE and the nation for clean and secure
energy, cleanup of environmental contamination,

and sequestration of atmospheric carbon dioxide that
contributes to global warming. An ongoing challenge
for the entire GTL community is to demonstrate that
the fundamental science conducted in each of your
research projects brings us a step closer to biology-
based solutions for these important national energy
and environmental needs.

Ari Patrinos

Michael Strayer
Associate Director of Science for
Biological and Environmental Research
Office of Science

U.S. Department of Energy

Research
Office of Science

ari.patrinos@science.doe.gov

Associate Director of Science for
Advanced Scientific Computing

This year marks an important milestone for GTL
with release of the roadmap that will help guide and
justify the GTL program to a broad audience of sci-
entists, policymakers, and the public. This important
document was developed through a process of broad
community participation that included many of you.
It traces the path from DOE mission science through
systems microbiology to the promise of emerging
technologies, integrated computing, and a new
research infrastructure. It describes opportunities,
research strategies, and solutions related to this new
science as applied to microbes and the complexities of
mission problems.

To make GTL science and biological research broadly
tractable, timely, and affordable, GTL will institute
four user facilities to deliver economies of scale and
enhance performance. These facilities will provide
advanced technologies and state-of-the art computing
needed to better understand genomic capability, cellu-
lar responses, regulation, and community behaviors in
any environment. Another important step forward for
GTL is the solicitation of applications for development
of the Facility for Production and Characterization of
Proteins and Molecular Tags, first of the four planned.

This year’s GTL-MEWG workshop provides an op-
portunity for all of us to discuss, listen, and learn about
exciting new advances in science; identify research
needs and opportunities; form research partnerships;
and share the excitement of this program with the
broader scientific community. We look forward to a
stimulating and productive meeting and offer our sin-
cere thanks to the organizers and to you, the scientists,
whose vision and efforts will help us all to realize the
promise of this exciting research program.

N Fred Heineken

Chair of the Interagency Metabolic
Engineering Working Group
National Science Foundation

theineke@nsf.gov

U.S. Department of Energy

michael strayer@science.doe.gov
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Workshop Abstracts

This is the first Genomics:GTL workshop for principal investigators since the release of
Genomics:GTL Roadmap: Systems Biology for Energy and Environment in October 2005
(www.doegenomestolife.org). Abstracts and posters for this workshop are organized around the
GTL goal and milestones shown below and in the roadmap on pp. 42-55. Many of the research
projects are essentially pilots or proof-of-principle studies for systems biology, technology and
methods development, computing, and facilities.

Most computing abstracts, instead of comprising a separate category, are associated with appropri-
ate experimental topics. Overarching computing infrastructure and education abstracts are under
Milestone 3, GTL Computational Biology Environment.

Abstracts of the Metabolic Engineering Working Group (MEWG), an interagency approach to
understanding and using metabolic processes, are identified as such and intermixed with GTL
abstracts in relevant program categories.

Genomics:GTL Overarching Scientific Goal

Achieve a predictive, systems-level understanding of biological systems to help enable biobased
solutions to DOE mission challenges.
Science and Technology Milestones

Milestone 1: The Code—Understand Gene Structure and Functional Potential of Plants and
Microbes and Their Communities

*  Organism Sequencing, Annotation, and Comparative Genomics
*  Microbial-Community Sequencing
*  Protein Production and Characterization

*  Molecular Interactions

Milestone 2: The Response—Understand Function, Regulation, and Dynamics in Plants and
Microbes and Their Communities

*  Omics: Systems Measurements of Plants, Microbes and Communities
*  Metabolic Network Experimentation and Modeling

*  Regulatory Processes

Milestone 3: GTL Computational Biology Environment

*  Computing Infrastructure and Education

Communication

Ethical, Legal, and Societal Issues



The following table is a simple summation of how GTL science and DOE missions align (GTL
Roadmap p. 40).

Summary Table. GTL Science Roadmap for DOE Missions
DOE Mission Goals

GTL Science Roadmaps

Processes to convert cellulose to fuels
» Understanding and improving

¥ Characterize genes, proteins, machines,
pathways, and systems

cellulase activity o « Conducting genomic surveys and comparisons
" : f—: = Mining natural systems for new functions
o +Im proving stgar fra nspartation and @ - Producing and characterizing proteins
: tofi fermentation to alcohols g « Analyzing interactions, complexes, and machines
9 Biofuels « Integrated processing @ »Understand functions and regulation
e Microbial processes to convert sunlight S - Measuring molecular responses: Inventories
o to hydrogen fuels 5 « Performing functional assays
v : .
E « Understanding photolytic fuel production L D;'-’ﬂ:jﬂptl_'-‘fﬂdlm'? m“‘fthli:is_tlc models
R it = Conducting experimental design
o Designing protasynthetic biafuel systems » Designing and manipulating molecules
@ . « Using cellular and cell-free system
= Microbial processes to reduce . ." g celiu =*.r No-celi=inee. Zystems
Wi toxic metals Systems engineering
« Understanding microbe-mineral « System-design strategies for deplayment
interactions + Living and extracellular systems
Environmental - Devising restoration processes - Validation and verification analyses
Remediation subsurface microbial communities” * lnalyz_e communities and their genomic
role in transport and fate of patential :
s COntRTIRaTE - = Sequencing and comparing genomes
o o « 5creening natural systems for processes
s » Understanding fate and effects £ - Producing and characterizing proteins
g » Supporting remediation decisions g, ¥ Understand community responses, regulation
= CO,, nutrients, bi hemi
2 Ocean microbial communities’ role % t::E'iar'”‘? 2 nutrients, biogeochemistry
T in the biological CO, pump £ Producing cellular and community molecular
£ « Understanding C, N, P, O, and S cycles T inventories
@ « Predicting climate responses et « Performing community functional assays
4 Carbon = Assessing impacts of sequestration ¥ Predict responses and impacts
,i" Cyrcling and Terrestrial microbial communities’ + Building interactive and predictive models
e ; = Appl tural and Ipulated i
=4 Sequestration  role in global carbon cycle PRyng ""_’ ik _‘“" m“""“_‘_" " iz cldbil
— » Understanding C, N, P, O, and 5 cycles Mmrm base for policy and ir;ﬁwlpu
- « Predicting carbon inventories and * Model ecosystem response to natural events
; climate responses : E‘:"'“"?‘?F‘ mpacts of intervention strategies
= Assessing sequestration concepts s_“cﬂ“-.“m' " :n' :;’ I.".lrl'l.!_ibs
« Enwironmental and functional assays

A capsule summary of systems being studied, mission goals that drive the analysis, generalized science road-

maps, and outputs to DOE missions. To elucidate design principles, each of these goals entails the examination of
thousands of natural primary and ancillary pathways, variants, and functions, as well as large numbers of experi-
mental mutations.





