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Executive Summary

The purpose of this workshop was to define a
roadmap for one of the proposed
Genomics: GTL facilities, specifically the Facility
tor Characterization and Imaging of Protein
Complexes (referred to in this report as the "Pro-
tein Complex Facility"). Over 70 scientists from
academic, industrial, and national laboratories at-
tended this Workshop, with the majority being
life scientists from academic laboratories, who
will be the principle stakeholders in the GTL fa-
cilities. The workshop was organized in four
parts. The first part provided an overview of the
Genomics:GTL program of the Department of
Energy (DOE) Office of Biological and Environ-
mental Research (BER) and four proposed facili-
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*The organizers and facilitator shown above planned and implemented t
for the broad biological research community to discuss scientific and tec|

ties that will support this research program.
These four include protein production and char-
acterization, whole proteome analysis, analysis
and modeling of cellular systems, and, the subject
of this workshop, characterization and imaging
of protein complexes.

The second part of the workshop included talks
from experts in approaches for isolating, identity-
ing, and characterizing protein complexes and
the analytical and computational tools associated
with these processes. The third part involved
breakout groups that discussed specific tasks and
capabilities that should be incorporated within
this facility. These breakout groups allowed input
from all participants to define the needs of the
biological community and capabilities that
should be included as part of the proposed
facility.

Attendees strongly supported DOE's vision of es-
tablishing this facility as one of the proposed
tour, specifically focused on providing high-va-
lidity data on the identification and characteriza-
tion of the complete suite of protein complexes
in microbial cells. The consensus was that this
type of high quality data can be generated only
by a focused, high-throughput effort similar to
today's large gene sequencing entities. Workshop
participants expect this facility to provide infor-
mation that will profoundly impact both funda-
mental and applied biological research. Having
key data for use by the broad biological commu-
nity was viewed as a catalyst in harnessing bio-
chemical processes used by microbes to meet

meeting and prepared this report. The purpose was to provide a forum

ical issues associated with planned user facilities for the Genomes to Life
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DOE's mission needs in energy production,
environment restoration, and carbon
management.

Overview

The workshop was focused on defining a
roadmap for the Facility for Characterization and
Imaging of Molecular Machines. This facility will
identify molecular machines; characterize the na-
ture of their intermolecular interactions; and
model, predict, and simulate their structure, ac-
tivity, and dynamic behavior. It will bring to-
gether a unique set of state-of-the-art analytical
and computational tools to enable for the first
time the high-throughput identification and
characterization of thousands of molecular ma-
chines. Its primary products, high-fidelity data,
and associated computational tools will be made
available to the broad biological community.
These products will provide the basis for devel-
oping a fundamental understanding of cellular
tunction. Overall, the 10-year vision is for the fa-
cility to be a high-throughput enterprise that
produces high-quality data, reagents, and analyti-
cal and computational tools for the annual
characterization of up to thousands of protein
complexes. Specifically, the facility's purpose is to

1. Discover and define the complete inventory
of protein complexes in a microbe.

2. Analyze the structure and predict the func-
tion of these molecular machines.

3. Develop principles, theory, and predictive
models for the structure, function, assembly,
and disassembly of multiprotein complexes.

4. Provide high-fidelity data and tools to the

greater biological community.

The first step considered by workshop attendees
was to define the types of data needed by the bi-
ological community to identify and characterize
protein complexes. The second step was to define
how to provide the highest-validity data that can
be used by biologists in their laboratories. Fi-
nally, the workshop sought to define how this
generated data will be made available to the

greater biological community and what kinds of
tools will be needed to access and mine the data
produced. Data quality and ease of access need to
be as robust and valid as the data we now use for
gene sequencing. The following topics were
identified as necessary for defining the roadmap
for the Protein Complex Facility.

¢ Facility products

¢ Critical requirements

* Performance criteria

e Resources needed

* Definition of major "pipelines"
¢ Alternative approaches

* Timelines

* R&D needed

* Operation model

Participants were charged with formulating a
roadmap that includes a comprehensive view of
what is needed in this facility, including cell
growth, expression of the complex, isolation of
complexes from cells, high-throughput identifica-
tion of complexes, biophysical characterization of
complexes, and in vivo and in vitro imaging of
complexes. Both short-term—what we can do
right now—and long-term needs—what we will
need in 5 to 10 years—were to be considered as
part of this roadmap. Most important, computa-
tional capabilities required to support the facility
were carefully considered and integrated
throughout all aspects from laboratory informa-
tion management systems (LIMS) to track sam-
ples, systems for data collection and
interpretation, databases for data archiving, tools
for data mining and manipulation, and
algorithms for data modeling, simulation, and
prediction.

Genomics:GTL Facilities in Context

A basic research program, already under way, un-
derlies the GTL program. The proposed facilities
will support the larger GTL research program, and
this and other workshops will help define their
roles in bringing information to the scientific com-
munity that will enable basic fundamental science.
The facilities are envisioned as enablers of science to



provide knowledge that will eventually turn into
applications to meet DOE mission needs. These fa-
cilities are expected to come online beginning, un-
der the most optimistic scenario, 5 to 7 years from
now. Defining roadmaps for the facilities now will
ensure that they will meet the goals of the GTL
program and the scientific community.

There are four major goals in the GTL program.
The first goal is to identify the molecular machines
of life-the protein complexes that conduct the en-
semble of processes within a cell. The second goal
is to characterize gene regulatory networks. The
third goal is to characterize the functional reper-
toire of natural microbial communities. The fourth
goal is to develop computational methods and ca-
pabilities to advance understanding of complex bio-
logical systems and predict their behavior. Goal 1,
which is essentially the basis for the Protein Com-
plex Facility, has three steps that lay the foundation
tor the GTL program: (1) Identify the comple-
ment of protein complexes and their components;
(2) Elucidate function and dynamics of complexes-
intermediates, nature of interactions, cellular loca-
tion, and kinetics; (3) Establish how changes aris-
ing from such factors as environmental stress and
development affect complex formation and func-
tion. Goal four, which includes computational
tools, also will be a major component of the Pro-
tein Complex Facility.

GTL facilities will be tasked with large-scale gener-
ation of information that will revolutionize biologi-
cal research, in a manner similar to the revolution
realized during the Human Genome Project by
large-scale gene sequencing. In the case of protein
complexes, rather than small-scale, single-pathway
analysis, an entirely new comprehensive approach
must be formulated to the identification and char-
acterization of protein complexes.

Relationships Among the Protein
Complex Facility and Other GTL
Facilities

Each of the four proposed facilities is designed to
focus on a specific aspect of the GTL program,
with the facilities closely interacting as a com-
bined resource to the GTL community. The Pro-
tein Production and Characterization Facility
focuses on the production of proteins, affinity re-

agents, and other reagents that will be needed by
the community and other facilities. In the case of
the Protein Complex Facility, the Protein Pro-
duction and Characterization Facility will pro-
vide aftinity reagents (antibodies and tagged
proteins) to isolate protein complexes, protein
standards, and stable isotope-labeled proteins for
mass spectrometry (MS), neutron scattering, and
other techniques. The Whole Proteome Facility
will provide valuable data on the complement of
proteins and metabolites in a microbial cell. Data
from the Protein Complex Facility will be re-
quired for the facility on Analysis and Modeling
of Cellular Systems. In addition, the Protein
Complex Facility will provide information to the
Protein Production and Characterization and
Whole Proteome facilities as well as direction for
future studies. Synergies among these four
facilities will provide valuable data, reagents, and
resources to the greater biological community.

Significance of Protein Complexes

Proteins rarely act alone; rather, they are orga-
nized and carry out all the internal biological
processes by molecular contact. These biologi-
cally important protein-protein interactions (as
well as protein-RNA, protein-DNA, and other
biomolecular complexes) modify and dictate spe-
cific protein states and, in turn, define cellular
states. Thus protein complexes literally are the
workhorses of the cell. Protein complexes are key
components in various biochemical pathways oc-
curring in a cell and are thus a central component
of systems biology. Knowledge of the complete
set of protein complexes in a microbial cell and
their dynamics will enable us to elucidate these
biochemical pathways that define biological func-
tion. The collection of protein complexes does
not have just a simple linear relationship-reac-
tants A and B react to give product C-but are in-
volved in a large, dynamic network. Once these
complex relationships are understood, we can es-
tablish how pathways are altered under various
environmental conditions, how they differ from
one organism to another, and how microbes in-
teract with each other in a microbial community.
For example, specific pathways that will enhance
hydrogen generation can be turned on or oft in
an organism.



Defining protein complexes was viewed as a crit-
ical step in defining a roadmap for this facility.
Many types of protein complexes exist in cells.
Many are assembly intermediates, while others
are fully functional molecular machinery. For ex-
ample, key cellular information comes from
multienzyme complexes that can result in in-
creased reaction rates, reduced side reactions, and
direct transfer of metabolites. Many protein com-
plexes are literally machines-those that actually
do work (e.g., folding and motors). Others are
so-called array machines, such as light-harvesting
systems, ribosomes, and others, that carry out
complex conversions and do the vital work of
many organisms. Complexes also can be defined

from an operational perspective from subcellular
fractionation: stable/soluble, transient/soluble
[low aftinity, short lifetime], and membrane.

The workshop was broken into four major
breakout sessions: Growth and Expression,
High-Throughput Isolation and Mass Spectrom-
etry Identification, Imaging and Analytical Tools
for Validation and Biophysical Characterization
of Protein Complexes, and Bioinformatics and
Computation. The findings of these four break-
out sessions are outlined below.



Breakout Group

Growth and Expression

Participants: Mike Adams (U. Georgin), Carl Anderson (BNL), Fred Brockman (PNNL), Brian
Davison (ORNL), Terry Hazen (LBNL), Bob Kelly (Northh Carolina State), Biswarup Mukhopadlyay
(Va. Tech), Dale Pelletier (ORNL), Bob Tabita (Ohio State), and Frank Lavimer (ORNL)

Challenge for Growth and
Expression of Microbial Protein
Complexes

The main challenge is to generate various quanti-
ties of protein complexes (possibly millions of
different proteins) from a variety of species (po-
tentially tens of thousands of gene sequences).
To meet the goals of the GTL program, multiple
different species of microorganisms must be
grown in high throughput under a variety of
carefully controlled-state conditions. In addition,
recombinant clones will require culture under
controlled conditions with high expression, high
throughput, and production turnaround. This re-
quires technology to express intact protein com-
plexes in wild-type and recombinant cultures
under well-characterized conditions so that the
molecular machines may be separated and
analyzed.

For the purposes of this facility, a "con-
trolled-growth" state is a sample of microorgan-
isms under a determined growth condition.
Conditions to be controlled must include envi-
ronment (temperature, pH, media, substrate,
light/dark, oxygen); growth state (exponential,
steady-state, balanced, stationary); operation
(batch, continuous); and harvest (age, lag, con-
centration, handling conditions). The microbial
state is known to influence the expression and ac-
tivity of protein complexes. It is an open ques-
tion of the "natural” variability of states within a
controlled-growth microbial population. Vari-
ability of expression under nonstandard condi-
tions also is poorly understood and remains an
important research need.

Microbial growth and expression specific to the
identification and characterization of protein
complexes have two central questions: (1) What
is the sample size needed for analysis? and (2)
What is the method of protein complex isola-
tion? The required sample size is expected to de-
crease with improvements in analysis and
visualization. Current estimates are that about a
gram of wet microbial cell biomass will be re-
quired for the majority of MS-based analyses
prior to isolation of the complexes. However, 1
to 10 mg of a partially purified complex cur-
rently is needed for biophysical characterization.
The number of cultures and clones to be grown
is quite dependent on the strategy of protein
complex isolation. If affinity reagents are readily
available for each protein within the complex,
then a smaller number of wild-type cultures can
be grown under controlled conditions. This bio-
mass sample then will be used for multiple
pulldowns with each target aftinity reagent.
However, if the aftinity reagents are not readily
available and tagged proteins expressed in recom-
binant clones of the microbe of interest must be
used, the number of individual cultivations re-
quired increases of 1000-fold (one cultivation for
each clone for each tagged protein). The work-
shop group expressed confidence that the first
approach will be realized by the Facility for Pro-
tein Production and Characterization. However,
they felt that the Protein Complex Facility
should develop a supplemental strategy capability
for growth and isolation of "difficult" protein
complexes (membrane and low abundance)
based on tagged proteins expressed in the origi-
nal native microbial hosts. Note that expressing
these tagged proteins under controlled-growth
states in their native host is important to under-
standing the complexation with other proteins in



a "normal" state-not in a conventional production
microbe like E. coli where the rest of the potential
protein partners will not exist.

Most discussion was based on this aftinity re-
agent assumption, which restricts growth to 1-
to 2-L vessels. If all affinity reagents could be
used on "one microbial sample," even larger
cultivations may be advisable. Under these condi-
tions, true high-throughput cultivation is un-
likely. However, most of the technology for this
exists.

The typical simplified "pipeline" for a new mi-
crobe would be to grow native or wild-type mi-
croorganisms under a reference state, harvest, use
affinity reagents to pull down complexes from
that native biomass sample, and then analyze
complexes by MS, imaging, and other analytical
tools. This process would be repeated under dif-
terent growth states to extend coverage. The
Whole Proteome Analysis Facility would estab-
lish reference growth states for specific
organisms.

One identified research need in growth and ex-
pression is to pilot integrated setups for growth,
expression, and harvest of microorganisms. The
large pilots should include several model organ-
isms across the range of metabolic and phylogen-
etic possibilities (target would be ten microbes).
These pilots would test integrated equipment,
growth-data analysis and capture, harvest proto-
cols, and sample storage. Variability within and
between samples would need to be assessed to
determine the number of replicates required to
minimize variations due to experimental condi-
tions and to the multistate of single microbes
within reproducible community. Techniques
should be assessed to provide cultivations with
well-measured growth states, including all con-
ventional measurements (pH, temperature, dis-
solved oxygen, and more) as well as off-gases and
analysis of metabolites (e.g., HPLC for sugar).
Newer analytical procedures such as protein
chips and mRNA expression arrays should be
brought online.

Unlike a typical industrial fermentation facility,
this growth and expression facility will be re-
quired to have conventional and unusual
termenters. A conventional fermenter operates

under batch cultivation, well mixed, with air
bubbled through to provide oxygen and growth
on some carbon source. This facility will require
such additional equipment as chemostats,
photobioreactors, and biofilms to address a wide
range of organisms and growth conditions (an-
aerobic, microaerobic, and extremes of pH, tem-
perature, and salt). Improved and alternative
harvesting techniques are needed for chemostatic
cultivation and for sample stabilization of grams
of biomass. One particularly critical opportunity
provided by this range of cultivation equipment
is the potential to discover unknown complexes
by stressing microbes into novel environments.

Research Needs in Growth and
Expression

One research need is to reduce well-controlled
cultivations to the milliliter scale to allow greater
numbers of variants to be grown. Current
96-well plate technology does not allow optimal
control, expression, or analysis for two reasons:
anticipated improvements in isolation and analy-
sis methods to decrease sample size and a backup
approach when affinity reagents are not available.
Another need to increase the range of
cultivations is by scale-up to larger well-con-
trolled cultivations to reduce effort and examine
more novel conditions. We need to push growth
conditions and methods to assess protein com-
plex function. Ultimately, this facility should be
able to perform the equivalent of "culturing the
unculturable." This will require analysis of direct
environmental samples for complexes, growth of
mixed cultures, and simulated experiments to
mimic environmental samples.

There are specific research needs for imaging
complexes, initially for better controlled growth
states within current and developing imaging de-
vices (i.e., maintaining oxygen, substrate, and
pH). Ultimately this path might lead to sin-
gle-cell controlled state reactors with imaging
and complex analysis and identification. On an-
other long-term path, adapting the imaging
equipment to operate directly in the instru-
mented fermenters would be desirable.



In molecular biology, the ability to manipulate
the target microbes should be developed as part
of the GTL program for use at this and other fa-
cilities. These manipulations include tag protein
expression, knockouts, and other applications.
Recombinant tools for manipulation of entire
protein complexes (protein-protein, pro-
tein-DNA, protein-RNA) in new microbes need
to be developed. Specifically, this includes
multigene expression for entire packages of com-
plex components. Finally, advanced analytical ca-
pabilities will be needed to provide a more
complete understanding of growth conditions.
Online analysis of metabolites would identify
small molecules associated with protein com-
plexes and help fill in cellular network

information. This may be accomplished by use of
stable isotope analysis of metabolites.

Computational tools will be used across the
growth and expression eftorts. Bioinformatics
will assist in selecting target proteins and tags to
be used in isolating complexes. LIMS needs to
be incorporated from the very beginning of these
processes to track samples and annotate growth
conditions. LIMS also will be used to archive
samples in cold storage and freezers. Heuristic
computational tools will be needed to interpret
and evaluate growth data. Instrumented growth
chambers can be controlled more precisely by
computer feedback.



Breakout Group

High-Throughput Isolation and Mass
Spectrometry Identification

Participants: Mark Biggin (LBNL), Bob Foote (ORNL), Michael Giddings (North Carolina, Chapel
Hill), Andres Gorin (ORNL), Greg Hurst (ORNL), Steve Kennel (ORNL), Andrew Link
(Vanderbilt), Tim Palzkill (Baylor College of Medicine), Karvin Rodland (PNNL), Fred Schachat
(Duke), Anup Singh (Sandia), Robert Strausbery (TIGR), Nathan Verberkmoes (ORNL/University of
Tennessee, Knoxville), Yisong Wang (ORNL), Dong Xu (ORNL), Joe Zhouw (ORNL)

Isolation of Protein Complexes  technique, currently implemented in a handful of
laboratories around the world, is in vivo genera-

Table 1 lists a series of techniques that were iden- tion of a fusion between each protein encoded by

tified as current or emerging candidate technolo-  the genome and an affinity "tag." Such fusions

gies for isolating protein complexes. can be produced endogenously by introduction
Conventional biochemical isolation techniques, of a plasmid into cells of the bacterial species of
such as sucrose density gradient centrifugation interest, or exogenously by expression in a
and preparative column chromatography, are well-behaved host such as E. coli. In the former
widely used at present to isolate particular pro- case, aftinity chromatography using a resin selec-
teins and complexes. These techniques are tive for the affinity tag (a "pulldown") should iso-
trusted and often robust, but the question is late the tagged protein along with its interaction
whether they can be automated and applied at an  partners, while in the latter case, the tagged re-
organism- or genome-wide scale due to the agent protein would be mixed with a lysate of
tailor-made nature of the approach. the organism of interest to insert into appropri-
ate complexes before the pulldown. Other affin-
A number of techniques based on affinity chro-  ity-based techniques involve the use of reagents

matography were discussed. One affinity-based  that are highly selective toward the complex of

Table 1. Protein Complex Isolation Techniques

Applicable to “stable” complexes and interactions e “tagless” approach: automated, high-resolu-

B i Biochemical isolation tion multidimensional chromatography on
. i ] ) whole lysates
* create fusion proteins with affinity tags

* endogenous Applicable to “transient” complexes and inter-

¢ ¢xogenous actions

* create reagents with affinity toward complexes * chemical cross linking to stabilize complexes
e antibodies from phage display techniques

* imaging
e array formats
i e yeast two-hybrid
e Dbaits
* proteins * substrate-trapping mutant enzymes

e lipids

¢ nucleic acids




interest. Antibodies are one such reagent and
could be generated by a variety of techniques.
Other affinity reagents include nucleic acids
(SELEX) and lipids or lipid vesicles. These types
of reagents are all amenable to use in large-scale
arrayed formats. The present rate-limiting step is
difficulty in generating such affinity reagents for
"all" protein complexes in an organism, although
this is an active area of currently funded GTL re-
search. The GTL Facility for Protein Production
and Characterization ultimately will be responsi-
ble for preparing most aftinity reagents for this
facility; as noted above, however, the facility will
need to include some capabilities for producing
the reagents, particularly for membrane and rare
complexes.

A "tagless" strategy for isolating protein com-
plexes is also possible. This strategy would use
automated, high-resolution multidimensional
chromatography to separate cell lysates into
many (say 10,000) fractions. The strategy might
enable looking in a few days at a large fraction of
an organism's protein complexes. A further ad-
vantage of this approach is that no aftinity re-
agents would have to be produced. A substantial
bioinformatics component would be required to
produce information on identities of components
of complexes based on their chromatographic
behavior.

The isolation techniques described above gener-
ally would be applicable to more stable com-
plexes. Much relevant knowledge, however, is
likely to involve transient interactions among
proteins. Techniques discussed that could be ap-
plied to these interactions are listed in Table 1.
There also is a need to consider various ways to

incorporate microfluidics in the isolation and
sample introduction to MS or other downstream
analyses. Microfluidics was noted to have partic-
ular potential for minimizing sample amount,
perhaps even to the level of single-cell analysis.
Further, using microfluidic devices to combine
affinity sample isolation steps, perhaps with mul-
tistage columns to perform pulldowns with se-
quential affinity reagents, offers the potential to
decrease the number of required sample-handling
steps that would minimize sample loss and
contamination.

A key issue in isolating protein complexes will be
to establish sample amounts needed for subse-
quent characterization and identification tech-
niques. Table 2 gives estimates for current
technologies, and advances undoubtedly will re-
sult in lower requirements. Widely varying abun-
dances of various complexes produced by the cell
also are an important factor in determining
starting amounts of biomass.

One recognized problem with the combination
of aftinity pulldowns and MS is the detection of
nonspecifically interacting proteins. Use of multi-
ple isolation strategies, including the "tagless" ap-
proach described above that does not rely on
affinity purification, might take advantage of
complementary selectivities for identifying spe-
cific vs nonspecific binding. Computational tools
would be critical in sorting through data in these
multiple isolation strategies to identify true
complexes from artifacts.

Table 2. Estimated Sample Requirements
for Identification and Characterization
Techniques

Technique Sample Requirement
Mass spectrometry ng to ug
Cryoelectron microscopy ug
Reconstitution of complexes

for functional assays ug to mg
Optical Imaging variable
AFM Hg
Structure (neutron scattering,

X-ray scattering, NMR) mg
Biophysical characterization variable




Mass Spectrometry
Identification of Protein
Complexes

Because of its demonstrated and growing
strengths for protein identification, MS undoubt-
edly is the current top candidate technology for
identifying subunits of protein complexes. The
continuing rapid growth in MS capabilities make
it difficult to foresee what types and numbers of
instruments would be most appropriate for the
Facility for Whole Proteome Analysis. However,
Table 3 gives several different types of instru-
ments that either are widely in use today for
these types of applications or show promise for
the near future.

Other tools used for identifying protein complex
components are interaction arrays (protein
chips), yeast two-hybrid techniques, and others;
but it was generally felt that MS would be the
workhorse tool for identifying protein complexes
in the foreseeable future.

Table 3. Classes of Mass Spectrometry
Instrumentation to Consider for the
Facility for Whole Proteome Analysis

LC-MS-MS on QIT platform
LC-MS or LC-MS-MS on FTICR platform

MALDI on platform capable of MS/MS, such as
TOE-TOF or other

Abbreviations

e MALDI: Matrix-assisted laser
desorption/ionization

* LC: Liquid chromatography
* MS: Mass spectrometry
* MS-MS: Tandem mass spectrometry

e FTICR: Fourier transform ion cyclotron reso-
nance mass spectrometry

* QIT: Quadrupole ion trap
e TOF: Time-of-flight mass spectrometry

Integrating Isolation and
Identification

Although discussed separately above, isolation
and identification activities will need to be inte-
grated into various facility workflows. This will
minimize sample handling (and possible contam-
ination), reduce the amount of starting material
required, and increase sample throughput. There-
tore, a careful matching of the throughput of iso-
lation and identification capabilities will be
required. One starting point for performing this
matching is to define the facility's desired
throughput in complexes per year. Ideally, it
would be possible to identify "all" complexes in a
bacterial system by isolating each protein ex-
pressed by the bacterium along with its interac-
tion partners, which could then be identified.
Estimating that the genome of a typical bacte-
rium encodes some 5000 genes, one could esti-
mate the scales of various facility operating
components. The first set of complications to
this simplistic model would be that maybe 1000
of these 5000 isolations and identifications
would be "easy" stable, soluble complexes; an-
other 1500 might be more difficult membrane
proteins, and another 2500 might represent pro-
teins involved in transient interactions. Variants,
posttranslational modification, and expression
levels represent further complications. Thus,
graded levels of effort would be required.

Methods for scaling isolation of current tech-
niques to higher throughput will require use of
96-well or higher-density format. Current pilot
projects are addressing this issue as isolation
methods are established. Another route to paral-
lel implementation of isolation techniques might
be multiple parallel microfluidic channels or col-
umns that could be manipulated independently
based on feedback from a sensor array. Both ap-
proaches also will expedite sample throughput,
decrease potential sample loss and contamina-
tion, and reduce needed sample amounts. In ad-
dition, microfluidics holds the promise of
single-cell analysis.

10



Research Needs for Isolation
and Mass Spectrometry
Identification

A number of candidate technologies for isolating
and identifying protein complexes are being eval-
uated in current GTL pilot projects. Results gen-
erated by these projects and by the facility itself
will improve the efficiency of subsequent mea-
surements on, for instance, complexes produced
under different growth conditions for a given or-
ganism. One possible strategy is to perform an
initial characterization of an isolated complex by
a technique that provides relatively complete pro-
tein identification information, such as
LC-MS-MS. Subsequent measurements on this
complex, say under different growth conditions,
could employ a higher-throughput technique
such as 2-color, 2D gel electrophoresis or protein
chips. This approach could identify changes in
expression levels, variations, and
posttranslational modifications that could be
targeted for further study, without the expense of
exhaustive LC-MS-MS on the entire complex.

While fusion proteins containing affinity tags are
currently in use, there is considerable room for
improvement in this technology. For example,
can new tags be designed that allow more effi-
cient isolation, and are less obstructive to protein
tunction and complex formation? Improvements
are needed in methods of introducing affinity
tags into microbial species. This challenge will
require close consultation with experts on genetic
systems for particular microbes.

There also is a critical need to accommodate the
entire dynamic range of complexes in cells (i.e.,
to analyze abundant complexes, complexes pres-
ent at a single copy per cell, and every level of
abundance in between). Novel technologies need
to be developed to circumvent current limita-
tions in dynamic range. One possible method for
"leveling" the isolated amounts of various com-
plexes is to load an aftinity column to saturation
with a targeted complex. Abundant complexes
will occupy all available binding sites on the col-
umn after passage of a small amount of lysate,
while a comparable amount of a rare complex
can be isolated by passing a larger amount of
lysate over the column. Sensitivity also is an issue

for analysis of protein complexes. Ideally, sin-
gle-cell analysis would be desired, with the ability
to detect components present at one copy per
cell.

As mentioned above, protein complexes with dif-
ferent properties will require different isolation
strategies. The major dividing lines identified
were transient vs stable complexes and soluble vs
membrane complexes. Membrane complexes
could be divided further into integral membrane
proteins vs membrane-associated complexes. In
addition, different cell compartments have their
own membranes and membrane proteins
(periplasm, outer membrane) that could be iso-
lated separately. To complicate matters more,
identification of characterization techniques to be
applied to isolated proteins will dictate limits on
the use of certain reagents in the isolation. For
example, MS generally is incompatible with
many detergents used to solubilize purified mem-
brane proteins. New approaches are needed to
identify and characterize membrane and transient
protein complexes. Imaging holds considerable
promise for observing transient complexes, but,
as discussed later, new imaging capabilities will
be needed to realize this promise fully.

Current Gaps in Mass
Spectrometry Identification
Technologies

At the interface between isolation and identifica-
tion, the issue of more efficient use of the sample
presented to the mass spectrometer needs to be
assessed. The number of protein or peptide ions
surviving the voyage to detector in a mass spec-
trometer is substantially lower than the number
of molecules presented at the inlet. Research is
needed to enhance the number of ions produced
from the protein/peptide and efficiently intro-
duce the ions into the mass analyzer. Further,
new ionization techniques are needed to enhance
uniformity in analyte ionization that will allow
improved quantitation and analysis of nonpolar
moieties.

Improved relative and absolute quantitative MS
methods are needed to allow stoichiometries,
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changes in expression levels among growth
states, and other important information to be ob-
tained. Current methods all rely on stable isotope
labeling to allow the ratios of chemically identical
species with different masses to be determined.
All current techniques suffer from some limita-
tion such as limited throughput, prohibitive
reagent expense, or lack of accuracy.

Much current MS-based protein analysis is per-
formed using the "bottom-up" strategy, in which
proteins are first digested enzymatically before
MS analysis and identification of the resulting
peptides. However, there is growing interest in
"top-down" proteomics, in which the molecular
masses of intact proteins are measured by MS. A
major advantage of the top-down technique is
the ability to identify post-translational modifica-
tions in proteins, which will be critically impor-
tant in the analysis of protein complexes. Small
changes in protein interactions within a complex
can profoundly affect the resulting cellular pro-
cess. Therefore, both "bottom-up" and
"top-down" capabilities should be present in the
Facility for Whole Proteome Analysis. However,

a number of technical hurdles remain before the
routine and high-throughput application of the
top-down strategy can be realized. Many of these
bottlenecks can be best addressed by novel
bioinformatics approaches. Unlike the analysis of
peptides resulting from a "bottom-up" approach,
there currently are no databases and
bioinformatics tools for the analysis of intact
proteins and various modifications.

The past decade has seen astonishing improve-
ments in capabilities for protein analysis by MS.
Additional novel approaches are expected in the
next few years and should be monitored for pos-
sible incorporation into this facility to improve
sensitivity, dynamic range, quantitation, and in-
formation content of MS. For example, new ap-
proaches that use MALDI or variants of this
technique may offer potential speed advantages
over techniques based around an LC separation.
Protein chips (interaction arrays) that can be
"read" by MS techniques such as SELDI,
MALDI, or electrospray methods also mayprove
to be valuable technologies for the rapid analysis
of protein complexes.
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Breakout Group

Imaging and Analytical Tools for
Validation and Biophysical
Characterization of Protein Complexes

Participants: Mitch Doktycz (ORNL), Cynthia Peterson (UTK), Leonard Spicer (Duke), Yisong
Wang (ORNL), Nathan VerBerkmoss (UTK-ORNL), Bob Strausbery (TIGR), Betty Mansfield
(ORNL), Mike Knotek (Consultant), Karin Rodland (PNNL), Frank Harris (ORNL), Jizhony Zhow
(ORNL), Bob Tabita (ORNL), Danny Rintoul (SNL), Robert Scott (University of Georyin), Fred
Schachat (Duke), Dong Xu (ORNL), Ed Uberbacher (ORNL)

Challenge for Growth and
Expression of Microbial Protein
Complexes

High-throughput analysis of protein complexes
by MS will not provide sufticient confirmation of
their identities. Additional approaches will be re-
quired to validate the presence of the complexes
in cells and to understand under what cellular
conditions these complexes are present. In addi-
tion, data on the dynamics of these complexes
are needed to help understand their biological
function. Biophysical data, such as binding affini-
ties and interaction interfaces, need to be defined
to help elucidate function and the effects of mod-
ifications on function of complexes. Thus, the
collection of analytical technologies required by
this facility is quite broad. Required tools break
down into those for imaging and for biophysical
characterization. In particular, various fluores-
cence, scanning probe, and electron microscopy
techniques are expected to be cornerstone tools
for the facility. Clearly, computationally based
modeling and characterization are closely cou-
pled. Rather than partition needs along a
technology basis, the group divided tools among
the types of required functional information.

Imaging and Analytical Tools for
Biophysical Characterization

These types of required information are broken
down into areas including identification, struc-
ture and morphology, dynamics, and energetics.
Each is discussed below.

Identification. Tools for identifying protein
complexes-protein-protein, protein-DNA, pro-
tein-small biomolecule, or other complexes-will
be essential to complement data obtained by
mass spectrometry (discussed above). For exam-
ple, in vivo imaging techniques will be critical for
verifying data based on MS. Fluorescent labels
introduced into protein components of com-
plexes can be monitored in living cells using opti-
cal microscopy to confirm the co-localization of
proteins identified by mass spectrometry. Multi-
ple tags can be monitored simultaneously to fol-
low protein positions as a function of time. In
addition, this approach will be particularly valu-
able for identitying weak, transient, and mem-
brane-bound interactions. Scanning probe-based
techniques may be particularly useful for identi-
tying complexes associated with mem-
brane-bound proteins. Improvements in imaging
techniques based on fluorescence and scanning
probes can yield approaches that can meet
higher-throughput demands.

Protein and other types of arrays, coupled with
effective detection methodologies, will be needed
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to confirm specific associations. Various detec-
tion methodologies for these arrays could include
fluorescence, surface plasmon resonance, force
microscopies, calorimetry, MS, and electron mi-
croscopy. Many of these techniques can be used
to determine if biomolecules are specifically in-
teracting, and some can be applied in either
microarray or chromatographic formats. Addi-
tionally, hydrodynamic techniques, yeast
two-hybrid, and computer-based prediction were
identified.

Structure and Morphology. In addition to
identifying complexes, information on the struc-
ture, morphology, and stoichiometry of
biomolecular complexes was identified as essen-
tial. Imaging techniques can provide such infor-
mation. Various forms of electron microscopy,
tomographic imaging, and scanning probe mi-
croscopy could be improved to meet
higher-throughput needs of this facility. Scatter-
ing techniques, such as neutron scattering, would
help to provide insight into the interactions of
components in protein complexes. Additionally,
several biophysical techniques were highlighted,
ncluding light scattering, NMR, and
hydrodynamic techniques such as analytical
ultracentrifugation.

Dynamics. Characterizing the time-ependent
teatures of biomolecular complexes will be neces-
sary for relating functional information to
biomolecular complexes. Dynamic measurements
down to nano- and picosecond increments will
be required,and several technologies are relevant
to these measurements. These include fluores-
cence-based techniques such as fluorescence reso-
nance energy transfer, fluorescence polarization
anisotropy, magnetic resonance-based tech-
niques, and advanced optical microscopies. Tech-
niques for performing these measurements on
the single molecule and whole cells will be
required.

Energetics. The thermodynamics associated
with biomolecular interactions and complexes
also will be needed. This information will be es-
sential for relating biomolecular interactions and
function on a physical chemical basis. Several
technologies were identified as critical including
calorimetry, force microscopy, and laser trapping

techniques. Additionally, a range of biophysical

techniques that enable monitoring of thermal- or

solvent-induced structural transitions would be
desired.

Quality assurance for characterizing protein com-
plexes will require the use of standardized proto-
cols and controlled measurement environments.
Further, examination will be required using mul-
tiple techniques that provide a common answer
consistent with genetic-based information and
statistically determined. A related concern is to
define what a "real" biomolecular interaction is.
This involves distinguishing signal from noise
and establishing biological relevance of a
complex.

Research Needs in Imaging and
Biophysical Characterization

Numerous technological advancements will be
required to realize facility goals. In general, tech-
nologies for measuring weak, transient, and
membrane-bound interactions are lacking. Sam-
ple-throughput issues also were a concern. Al-
though many techniques discussed above are
amenable to higher throughput, commercially
available instruments that fit these needs are lack-
ing. Another general concern was the availability
of samples that meet the needs of biophysical
measurements. Higher quality, well-defined sam-
ples, and, typically, higher quantities of samples
are required for biophysical measurements.
High-throughput techniques for producing
high-purity samples will be required. In addition
to these general concerns, specific identified
needs included:

 Advancements in single molecule measurement
techniques - Single-molecule techniques are
expected to play a large role in characterizing
biomolecular complexes. Improved instrumenta-
tion, calibration standards, and robust labels are
needed.

* Improvements in labeling - Sample tagging tech-
niques and materials play a vital role in many
imaging and biophysical characterization tech-
niques. For fluorescence-based techniques, dye
with longer lifetimes, resistance to
photobleaching, and different emission
wavelengths are desired.
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¢ Whole-cell measurement techniques - Methods
tor characterizing entire cells at the molecular
level will be needed. Further development of
these tools will be required to define the func-
tion of complexes in a live cell.

Long-term technology needs are those that fulfill
the goal of connecting genome information to
tunction. Ultimately, the sum of information be-
ing produced from this facility should enable the
prediction of complexes, physiology, and func-
tion based solely on gene sequence. This infor-
mation should enable the transition to codebases
that simplify instructions encoded in databases.
High-throughput automation that enables com-
prehensive assessment of the spatial and temporal
characteristics of molecules within cells is dreamt
about. Extending these measurements for simul-
taneously characterizing entire communities of
cells also was discussed.

Computational and bioinformatics needs are in-
tricately woven within all aspects of imaging and
biophysical characterization of protein com-
plexes. Beyond obvious needs for data handling
and interpretation, new tools for molecular bio-
physics are needed that relate biophysical charac-
teristics to molecular structures, bioinformatics
tools that effectively archive and mine biophysi-
cal and imaging data, and new systems biology
models that integrate the various data types.
Computationally guided experiments also will be
critical for focusing time-intensive experiments
and narrowing parameter space.

Computation and Bioinformatics

This facility will require computational and
bioinformatics capabilities at a variety of levels
ranging from sample tracking, automation, in-
strument control, and the acquisition, analysis,
and storage of data to highly sophisticated tools
tor enabling biological insight. In this group, we

focused mainly on computation and
bioinformatics needs associated with isolation
and identification of protein complexes, which
are in their own right considerable, given the
large volumes of data generated by current
MS-based proteomics experiments.

Three issues critical to computation must be con-
sidered. First is the type of computer hardware
to be included in the facility. Second is the infra-
structure needs of a facility-wide LIMS. Finally,
this facility will require a vibrant computation-re-
search component to address matters such as ex-
perimental design to isolate and identify protein
complexes by computationally predicting a cus-
tomized protocol for each complex. Computa-
tional methods are possible for choosing the
most fruitful complexes to target, and research
will be performed in MS data analysis. This
would include new algorithms for interpreting
mass spectra (e.g., de novo sequencing from
MS-MS data) and determining measures of con-
fidence for protein assignments based on MS
data. Visualization techniques for gleaning
biologically relevant information from heaps of

data also could be developed.

The hardware required probably will be in the
form of clusters. A commercially available LIMS
for a facility of this size would cost millions of
dollars. The other possibility is in-house LIMS
development, which also would be expensive. A
commercial LIMS system will still require
in-house information-technology eftfort. Automa-
tion of data handling is an important component
of the computing infrastructure.

More generally, a user-friendly Web site or other
means of making data output available to the
community will be required. This tool must be
flexible enough for users to access the output da-
tabase in the Facility for Whole Proteome Analy-
sis at the level of detail or perspective they want
to pursue.

15



Workshop attendees were asked to assess 2. How should data and tools be made available
high-level questions that would need to be to the community?
addressed by this facility. Questions and answers
are summarized below. ¢ Data should be made available via a
Web-based user-friendly interface that can
1. What data are needed by the biological com- be drilled down for detailed information.
munity?

Every type of complex should be studied,
including protein:protein, protein: DNA,
protein:RNA, and protein-small molecule.
A complex is defined as any nonrandom
association of components in which each
contributes to function.

Types of data needed include every-
thing-composition and stoichiometry,
localization, function, structure, mecha-
nism of action, regulation, assembly, traf-
ficking, information on interaction surfaces
and physical chemistry, energetics, and
dynamics.

Recognizing that "everything" may not be
possible, one idea was to have a
high-throughput lab generate data identify-
ing potential complexes and have the scien-
tific community do the reductionist science
to prove function.

Need parallel efforts to characterize tran-
sient, low-abundance, low-affinity, and
membrane-associated complexes in addi-
tion to more stable complexes.

Facility products include data on com-
plexes, protocols for isolation and charac-
terization, and training and education

Biologists want complex information
derived from multiple techniques.

An iterative process should allow an ongo-
ing dialog with the community about next
steps and what is needed.

Experimental determination and computa-
tional prediction of complexes will be
necessary.

The ultimate facility product should be
function, not a mere catalog of complexes.

e Need informatics tools along with data.
These tools must be able to integrate
molecular information, including DNA,
RNA, protein, PTM, and physiological
regulation.

e Community-based data should be made
available ASAP.

3. What supporting information is required by

the biologist?

«Computational biologists must develop
tools for assigning confidence levels to
identified complexes. This information
should be linked to the primary data via a
Web interface.

 "Quality-assurance data and process should
be available to end users. Documentation
of the process must be included as part of
the data.

e "Experimental determination and computa-
tional prediction of complexes will be
necessary.

 "Biologists want genetic information for
establishing function.

4. What types of samples and requests should be
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submitted to the facility?

e Community-driven requests for complete
characterization of complexes in a given
organism, families of organisms, or genetic
variants of certain organisms.

e Community access to the facility via appli-
cation to focus on individual pathways or
complexes.

o Different levels of interaction should be
considered on an individual basis, driven
by the science question being asked and by
available methodology.



Specific Capabilities to be Included in the Protein Complex Facility

The facility needs to do easy and difficult
complexes in parallel.

5. How should the Protein Complex Facility be
managed?

Facility management and advisory board.

Training is an important role for the facili-
ties (workshops and protocol manuals).

Cater to individuals through proposals.

Applications prioritized according to inte-
gration with the big picture.

Interactions with other GTL facilities are
strongly encouraged; this will enable "big"
science.

"Calls" that seek to integrate facilities
should be prioritized.

A research presence as well as a
high-throughput factory should be part of
the facility.

6. How should the Protein Complex Facility in-
teract with other facilities?

The Protein Production Facility would
produce reagents that could be used in the
Protein Complex Facility. For example,
affinity-tagged proteins grown in E. coli
could be used as "bait" to isolate complexes
from other organisms. Antibodies to com-
plexes and clones expressing fusion pro-
teins could come from the Protein
Production Facility.

The Proteomics Facility would produce
proteomics data to be used by the Protein
Complex Facility. Knowing which proteins
are expressed by a particular organism
under a specified set of growth conditions
would enable the Protein Production Facil-
ity to target complexes.

The Systems Facility would receive data
from and provide input to the Protein
Complex Facility for choosing organisms,
pathways, and complexes to pursue.

7. How do we interface with other GTL Facili-
ties?

Strong interaction with other GTL facili-
ties will be necessary.

Standards for exchanging information will
need to be established.

Specific information needed from other
facilities will be data relating where and
when proteins are expressed and methodol-
ogies used to obtain these results.

"Custom" samples, labels, and reagents will
be needed for in situ generation of
biomolecular complexes of appropriate
quantity and quality.

Additional information is summarized below
with respect to capabilities to be included in the
facility, impacts on science and DOE missions,
and probability for success.

Specific Capabilities to be
Included in the Protein Complex
Facility

1. To discover and define protein complexes in
microbes:
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Controlled growth of microbes under care-
tully documented conditions.

Affinity reagents (either antibodies or
tagged proteins), cross-linking reagents to
stabilize complexes, and others that will be
employed to isolate protein complexes
from microbes.

Automated processes, including parallel
sample processing, combinatorial aftinity
"challenges" and others to isolate complexes
from cells in a high-throughput manner.

Automated, high-throughput identification
of isolated complexes using combined
chromatographic separations and MS with
conventional mass spectrometers and those
with high mass-resolving power.

Computer algorithms to analyze, assess,
archive, and integrate data from multiple
measurement techniques.



Impacts on Science and DOE Missions

2. To analyze the structure and function of mo-
lecular machines:

e Automated imaging tools (cryo-EM, opti-
cal and force microscopies, and magnetic
resonance imaging) to characterize
machines in vitro and establish the relation-
ships of proteins within the complex.

¢ High-throughput imaging tools such as
optical and magnetic resonance imaging to
characterize molecular machines in vivo for
establishing the relationships and dynamics
of protein complexes within cells.

¢ Characterization tools and sensors to gen-
erate real-time, multidimensional informa-
tion for spatial and temporal measurements
of protein complexes in vivo.

¢ Additional characterization tools such as
dynamic and small-angle neutron and X-ray
scattering and neutron reflectrometry to
provide additional biophysical data on iso-
lated complexes.

¢ Advanced computational tools and
state-of-the art computer hardware and
data storage for analysis and integration of
data from various measurements.

Impacts on Science and DOE
Missions

The increased ability to study molecular ma-
chines will illuminate the fundamental biochemi-
cal and biophysical mechanisms within and on
the surfaces of microbial cells. Understanding
and harnessing microbial capabilities can revolu-
tionize DOE's methods for accomplishing its en-
ergy and environmental-cleanup missions.

* Gaining access to all a cell's machines and to
classes of machines across numerous systems will
allow in-depth analyses of form, function, and
the regulation of key processes.

¢ Combining computational power with GTL
data on tens of thousands of proteins and molec-

ular machines will contribute to solving the
important problem of protein refolding.

¢ Achieving understanding would permit the
design in engineered systems of biomimetic
chemical processes that match the selectivity,
purity, and energy efficiencies of natural
reactions.

Probabilities for Success

With its focus on protein complexes, this facility
is a major scientific and technical challenge. To-
day's technologies admittedly will be applicable
to the analysis of many types of protein com-
plexes. However, to meet GTL program needs,
great improvements will be necessary to allow
the analysis of protein complexes on the same
scale as current genome sequencing. Success will
depend on R&D and pilots-a mix of existing and
new technologies-to realize truly high-through-
put assays for the confident identification and
characterization of protein complexes.

* New imaging tools and reagents to measure pro-
tein machine dynamics and structure. Requires
higher spatial resolution, faster data acquisition,
improved spectral information (possible without
fluorescent tags), and rapid data analysis.

* Assembly or capture of large protein complexes.

¢ New approaches to stabilize and analyze tran-
sient complexes.

* Enhanced capabilities for high-throughput MS
analysis with high dynamic range, high sensitiv-
ity, and fast data analysis.

* Sophisticated modeling and simulation capabili-
ties for understanding the interactions and pro-
cesses underlying machine structure and
behavior.

¢ Innovative molecular biology tools for microbial
systems.

* Novel approaches for culturing of microbes.

* Automated sample handling to minimize con-
tamination and sample size.

* Highly specific and inexpensive antibody
libraries.
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Tuesday, June 17, 2003

1:30 p.m. Welcome — Michelle Buchanan, ORNL

1:35 p.m. Overview of GTL program — David
Thomassen, DOE-OBER

1:55 p.m. Protein Complexes — Biological Impor-
tance — Frank Larimer, ORNL

2:15 p.m. Facility IIT Overview — Michelle
Buchanan, ORNL

2:35 p.m. Organism Growth — Bob Kelly, North
Carolina State University

2:55 p.m. Break

3:15 p.m. Complex Isolation, Purification — Rob-
ert Tabita, Ohio State University

3:35 p.m. Complex Identification

* LCMS — Andrew Link Vanderbilt University
School of Medicine Imaging — Bill Margolin,
University of Texas Medical School

» Affinity Methodologies —Joanna Albala, Law-
rence Livermore National Laboratory

4:35 p.m. Computational/Modeling — Russ Finley,
Wayne State University

4:55 p.m. Summary and Charge to Breakout Ses-
sion One — Michelle Buchanan, ORNL

5:00 p.m. Breakout Session One — “Defining the
Needs of the Biological Community”

6:00 p.m. Adjourn
6:30 p.m. Social (no host bar)

7:30 p.m. Dinner (catered)

Wednesday, June 18, 2003

7:30 a.m. Continental Breakfast

8:00 a.m. Continue Breakout Session One

9:15 a.m. Reassemble to hear reports from each
Breakout Group on “Defining the Needs of the
Biological Community" (3 groups, 15 min.
each)

10:00 a.m. Charge for Breakout Session Two,
“Technology Needs” — Michelle Buchanan,
ORNL

10:15 a.m. Breakout Sessions

» Growth and Expression of Protein Complexes

» High Throughput Isolation and Identification

* Imaging/Biophysical Characterization/Validation

12:00 p.m. Lunch (catered)

1:00 p.m. Breakout Session Two, “Technology
Needs,” continues

2:30 p.m. Reassemble to hear reports from Break-
out Session Two, “Technology Needs” (20
minutes each)

* Growth and Expression of Protein Complexes

* High Throughput Isolation and Identification

* Biophysical Characterization/Validation

3:30 p.m. Cross-Cut — Computing — Ed
Uberbacher, ORNL

3:50 p.m. Summary/Wrap up
4:00 p.m. Adjourn
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MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY

P.O. Box 2008

Oak Ridge, TN 37831-6129
Phone: (865) 574-4986

Fax: (865) 574-4902

E-mail: buchananmv@ornl.gov

June 11, 2003

To: Confirmed Participants of the ORNL GTL Facility III Workshop:

Thank you for participating in ORNL's GTL Facility III Workshop next Tuesday and
Wednesday, June 17 and 18. The meeting will start promptly at 1:30 p.m. in the Sinclair
Amphitheater in the Atlanta Airport Hilton. The goals for the workshop are to:

e Assess the needs of the biological community that will drive Facility III
e Define initial capabilities needed

e Define technology needs of the Facility

o Plan operational aspects of the Facility

In addition to plenary talks, two breakout sessions will be held. The first breakout will address
Defining the Needs of the Biological Community and will include consideration of the
following issues.

1. What key biological questions could be answered with new information from Facility I1I on
the comprehensive identification and characterization of protein complexes?

2. What type of data or knowledge does the biological community need that should be provided
by Facility III? [This is a general question that should identify technologies at a high level
that will be discussed in separation breakout sessions. ]

3. What information, supporting data, is needed for the biologist to have confidence in the data?

4. How should the data be made available to the biological community? What types of
computational tools need to be available?

5. In what form(s) should samples/requests be submitted to the Facility? Should the Facility
establish standard experimental and analytical "templates" or protocols to guide users on the
capabilities of the Facility?

6. What skills, background, and capabilities will biologists need to make use of comprehensive
data that Facility III will provide?

The second breakout will focus on technology needs for Facility III and will be subdivided into
three working groups: Growth and Expression of Protein Complexes, High Throughput
Isolation and Identification, and Biophysical Characterization/Validation. Issues to be
addressed include:

1. What are the technologies needed for Facility II1? [This is in the context of each specific
breakout session. ]
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2. What science breakthroughs are required to enable the goals of the facility? What R&D is
needed to fill gaps in current technologies that will be needed prior to Facility III assuming
operation? What are longer term (5-10+ years) technology needs?

3. How can these technologies be scaled up for a high throughput production mode?
4. What are computational/bioinformatics needs associated with these technologies?

5. What quality assurance/validation/standardization procedures are needed in conjunction with
technologies, data sets, sample preparation, and other aspects to ensure that the Facility
provides the biological community highly valid information?

Cross-cutting issues, such as computing and QA needs, will be assessed throughout the
workshop. A draft Agenda is for the workshop is attached. Please note on the agenda that we
have arranged for catered meals for invited participants. If you have any special dietary
requests, please let Brenda Campbell know by COB Thursday, June 12, so that we may
accommodate your request.

To facilitate our discussions, I ask that you familiarize yourself with the DOE mission challenges
and the how the Underlying goals of the Genomes to Life program will support those mission
challenges. You can access this information on the DOE GTL web site at
http://doegenomestolife.org/. Additional information you may find useful includes the attached
materials:

e "Genomes to Life: Realizing the Potential of the Genome Revolution," a six-page overview
of GTL and the facilities.

o "User Facilities for 21st Century Systems Biology: Providing Critical Technologies for the
Research Community." A PDF file of which the back 30 pages describes the facilities in the
most currently available detail.

o "Facility Interactions," A PowerPoint file that depicts how Facility III interacts with other
GTL facilities.

For your convenience, we have posted these materials on our web site at

http://www.ornl.gov/GenomestoLife/news/2003meeting.html.

We look forward to your participation and to a productive workshop. Please feel free to contact
me or Brenda Campbell (campbellbw@ornl.gov, 865/574-4860) if you have any questions.

Sincerely,

Michelle Buchanan, Director
Chemical Sciences Division


http://doegenomestolife.org/
http://www.ornl.gov/GenomestoLife/news/2003meeting.html

Workshop attendees were asked to assess 2. How should data and tools be made available
high-level questions that would need to be to the community?
addressed by this facility. Questions and answers
are summarized below. ¢ Data should be made available via a
Web-based user-friendly interface that can
1. What data are needed by the biological com- be drilled down for detailed information.
munity?

Every type of complex should be studied,
including protein:protein, protein: DNA,
protein:RNA, and protein-small molecule.
A complex is defined as any nonrandom
association of components in which each
contributes to function.

Types of data needed include every-
thing-composition and stoichiometry,
localization, function, structure, mecha-
nism of action, regulation, assembly, traf-
ficking, information on interaction surfaces
and physical chemistry, energetics, and
dynamics.

Recognizing that "everything" may not be
possible, one idea was to have a
high-throughput lab generate data identify-
ing potential complexes and have the scien-
tific community do the reductionist science
to prove function.

Need parallel efforts to characterize tran-
sient, low-abundance, low-affinity, and
membrane-associated complexes in addi-
tion to more stable complexes.

Facility products include data on com-
plexes, protocols for isolation and charac-
terization, and training and education

Biologists want complex information
derived from multiple techniques.

An iterative process should allow an ongo-
ing dialog with the community about next
steps and what is needed.

Experimental determination and computa-
tional prediction of complexes will be
necessary.

The ultimate facility product should be
function, not a mere catalog of complexes.

e Need informatics tools along with data.
These tools must be able to integrate
molecular information, including DNA,
RNA, protein, PTM, and physiological
regulation.

e Community-based data should be made
available ASAP.

3. What supporting information is required by

the biologist?

e Computational biologists must develop
tools for assigning confidence levels to
identified complexes. This information
should be linked to the primary data via a
Web interface.

* Quality-assurance data and process should
be available to end users. Documentation
of the process must be included as part of
the data.

e Experimental determination and computa-
tional prediction of complexes will be
necessary.

e Biologists want genetic information for
establishing function.

4. What types of samples and requests should be
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submitted to the facility?

e Community-driven requests for complete
characterization of complexes in a given
organism, families of organisms, or genetic
variants of certain organisms.

e Community access to the facility via appli-
cation to focus on individual pathways or
complexes.

o Different levels of interaction should be
considered on an individual basis, driven
by the science question being asked and by
available methodology.
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