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ABSTRACT
The Southeast Collaboratory for Structural Genomics consists of
four working groups. The protein production group supplies/
develops high-output production of Pyrococcus furiosus, Caenor-
habditis elegans, and selected human proteins. The X-ray crystal-
lography group conducts high-throughput structure production in
parallel with production-related research/development in nano-
crystallization robotics, capillary crystallization cassette, synchrotron/
home X-ray instrumentation, sample mounting robotics, data
processing and pipelined structure analysis, combined refinement/
validation protocols, and direct use of unlabeled native crystals
(Direct Crystallography). The NMR group emphasizes/develops
sample screening and backbone structure determination from
residual dipolar coupling data. The bioinformatics group imple-
ments/develops local database interfaces, pipelined sequence/
structure information search/updates, and database/bioinformatics
toolkits.

The Southeast Collaboratory for Structural Genomics
(SECSG) is a networked Center consisting of five partner
institutions in the southeast: the University of Georgia
(UGA), the University of Alabama at Birmingham (UAB),
the University of Alabama at Huntsville, Georgia State
University, and Duke University Medical Center. As one
of the original seven NIH-funded Pilot Centers for high-

throughput (HTP) structure determination, the Collabo-
ratory aims to develop, integrate, and test all of the
constituents for carrying out cost-effective and HTP
structural genomics research for both prokaryotic and
eukaryotic systems. Genomes under study include Pyro-
coccus furiosus and Caenorhabditis elegans, in addition to
selected human genes.

To accomplish these objectives, the Collaboratory has
been structured into one administration unit and four
working groups: protein production, X-ray crystallogra-
phy, NMR spectroscopy, and bioinformatics, described
below.

SECSG Protein Production
Pyrococcus furiosus Proteins. The goal of this project is
to develop high-throughput (HTP) gene cloning, expres-
sion, and protein purification protocols that will ultimately
produce active, recombinant versions of virtually any gene
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or set of genes regardless of the source organism. A major
problem with single open-reading frame (ORF), robotic-
based expression systems is that they intrinsically select
for cytoplasmic, homomeric, unmodified, and/or co-
factorless recombinant proteins. Moreover, the overall
success rate in producing proteins in their native func-
tional states is probably less than 20%. Clearly, not all
ORFs in any genome are created equal from an expression
perspective, and there is not a universal expression system
that is able to produce recombinant versions of any
protein. Our objectives are to develop a multifaceted HTP
expression and protein purification system that will also
accommodate genes encoding proteins that are multi-
subunit, membrane-bound, and/or contain complex co-
factors, in addition to homomeric, cofactorless proteins.

To develop this technology, the genome of the pro-
karyote, Pyrococcus furiosus (Pf), is being used as a model
system. Pf was chosen because of its evolutionary position
as a slowly evolving archaeon (archaebacterium) and
because it has a relatively small and well-defined genome.
This is 1.9 Mb in size and contains approximately 2200
ORFs.1 The objective is to clone and express all of these
ORFs, with no a priori target selection. It is thought that
the genome contains representatives of most, if not all,
protein families. As is typical for every genome so far
sequenced, about half of the ORFs in the Pf genome
encode ORFs of completely unknown function.2 About 700
of the ORFs are predicted to be organized in operons,
suggesting that they encode either multisubunit com-
plexes or include accessory proteins for assembly of the
active enzyme. Using the HTP-system with multiple
expression systems in various hosts, all 2200 single ORFs
(sORFs) will be expressed individually and, where genome
analyses indicate, as multiple ORFs (mORFs) to yield all
proteins, from the simplest, cytoplasmic protein to the
most complex membrane protein assembly.

In the first stage of the project, the approximately 3000
sORFs and mORFs are being expressed in a conventional
Escherichia coli system (Figure 1) using simple variations
in conditions (temperature, strain, inducer concentration,
etc.) to optimize expression of each ORF. All proteins are
produced with a hexaHis tag at the N-terminus. This is
used to ultimately facilitate purification, but the tag is also
being used, via an immunological assay, to determine the
extent and cellular location of the expressed protein, e.g.,
in the soluble fraction, as an inclusion body, or membrane-
associated. Such analyses are carried out in a multiple 96-
well format. Once expression conditions have been opti-
mized on the small scale, cultures are grown on the 1 L
scale so that sufficient protein (currently 0.5 mL of >0.3
mM) can be produced for crystallographic and NMR
screening. The protein in such samples is at least 95% pure
by SDS-gel analysis, is of the correct mass (( 0.01%) as
determined by mass spectrometry, and its UV-visible
absorption spectrum and metal content (using plasma
emission spectroscopy) are also determined. To date
(January 2003) a total of 258 different sORFs have been
expressed on a large scale, and 175 proteins have been
purified. So far, 106 of these have passed through the
various analytical procedures and have been supplied to
the crystallography group for screening, with 81 of them
(76%) yielding crystals.

Overall we expect about a 20% success rate in obtaining
stable (nonprecipitating), soluble protein when all of the
ORFs in the Pf genome have been passed through the
standard E. coli expression system. The remaining 80%
or so will then be obtained using various prokaryotic and
eukaryotic expression systems, yet to be fully developed,
that facilitate the production of membrane proteins and
proteins with complex cofactors. Eventually, using the
results from the Pf system, protocols will then be devel-
oped whereby the successful expression of any given gene

FIGURE 1. A flowchart of the Pf protein production.
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can be predicted on the basis of sequence and, where
available, genomic analyses. Predictions will be tested
using known and unknown ORFs represented in other
prokaryotic genomes and in eukaryotic cDNA libraries. In
the longer term, methodologies will be incorporated into
the HTP system to accommodate various protein modi-
fications commonly employed in eukaryotic systems.

Caenorhabditis elegans Proteins. The sequencing of
the Caenorhabditis elegans genome was completed in
1998,3 and it was predicted that the C. elegans genome
encodes at least 19 000 genes. Our ultimate goal is to
determine as many as possible three-dimensional struc-
tures of C. elegans proteins using HTP crystallography.

It is evident that expression of soluble proteins in
bacteria such as E. coli is more difficult for eukaryotic
genes. In our pilot study, we designed a process that could
produce 100 crystal structures per year when fully opera-
tional. As shown in Table 1, we need to process about 350
genes every month if a certain success rate is assumed
for each step. The lowest success rate is at the step of
purification of soluble proteins. It appears that we could
only expect to produce soluble proteins for about 10% of
the genes we start with if no prior selection is performed
to optimize the outcome.

The cDNA of prospective C. elegans genes was cloned
into the ENTRY vector of the GATEWAY system4 (Invit-
rogen) and stored in 96-well plates. The insert in the
ENTRY vector was then transferred into an expression
vector, pET15b-DEST, which is a GATEWAY-compatible
vector made from pET15b (Novagen), via the LR reaction
in 96-well plates on a robot. Using a QIAGEN BioRobot
9600 and 96-well Turbo miniprep kits, the expression
plasmids were amplified and purified. The resulting
plasmids were transformed into E.coli BL21(DE3) strain
by heat-shock on a robot. The transformed bacteria were
cultured in 1 mL volume to a density of 0.5 OD600nm at
both 18 °C (to determine total protein) and at 35 °C (to
screen for soluble proteins). After soluble expression of a
protein was identified, 6 L of culture was prepared, and
the protein was purified by a Ni-affinity column, a gel
filtration column (S-75, Pharmacia) and an ion exchange
column (Resource, Pharmacia) before being subject to
crystal screening.

By this procedure, we were able to achieve the expected
success rate at each step and obtained (January 2003) over
248 soluble proteins from about 1529 genes with 27
proteins crystallized so far. However, further modification
was required in order to obtain purified proteins that
could be crystallized. For example, protein F53F4.3 was

predicted to have a molecular weight of 25.2 kD. This
protein was expressed as soluble in E. coli, and about 50
mg of purified protein could be obtained from 6L of
culture. However, this protein could not be crystallized
in this form after screening over 600 crystallization condi-
tions. After storage of purified F53F4.3 protein, it was
discovered that the protein was digested to smaller
fragments (Figure 2a). Similar fragments could also be
produced by limited trypsin digestion (Figure 2b). The
fragments were identified by mass spectrometry and
N-terminal sequencing to correspond to a C-terminal
domain (101-229), a conserved domain (CAP-Gly) that
binds tubulin.5 This fragment was then subcloned as a
separate protein in the pET15b vector. The purified
C-fragment was easily crystallized (screened with 100
conditions), and its structure was determined.6 This
experience demonstrated that subcloning of digested
fragments from soluble protein preparations is inevitable
in order to identify the portion of a gene product that
would ultimately be crystallized.

Human and Other Eukaryotic Proteins. The eukary-
otic protein production group at UGA has approached the
problem of protein expression by utilizing this group’s
past experiences. Briefly stated, we have found that a
number of diverse prokaryotic and eukaryotic proteins are
not produced at acceptable levels as soluble, nonaggre-
gated proteins with correct cofactor insertion when the
T7 promoter system is employed. While the T7 system
works well for a number of proteins, it frequently produces
inclusion bodies which may be due to the rapid rate at
which proteins are synthesized once the inducer is added
to the culture medium. A number of other laboratories
have also experienced this problem and have addressed
it by either lowering growth temperatures to as low as 18
°C in order to slow protein production, or denaturing the
isolated inclusion bodies and then attempting refolding
of the protein. Neither of these solutions is ideal for high
throughput. Lowered growth temperature results in longer
expression times and refolding entails an additional step
with limited success.

Our group has found that the Trc (Tac) promoter, while
much weaker than the T7 promoter, is more than satisfac-
tory to produce the level of protein production needed

Table 1. Estimate of Number of Crystals Produced
Screening 350 Genes /Month

success ) N × R
N ) number of experiments
R ) success rate

starting with 350 genes/month
Nexpressed ) 350 x R (50%)
Nsoluble ) 175 x R (35%)
Npurified ) 61 x R (50%)
Ncrystallized ) 30 x R (40%) ) 12

one year total ) 12 × 12 ) 144

FIGURE 2. SDS-PAGE of the C. elegans F53F4.3 protein. (a) Protein
digestion observed after storage and (b) similar fragments produced
by limited trypsin digestion.

Southeast Collaboratory for Structural Genomics Adams et al.

VOL. 36, NO. 3, 2003 / ACCOUNTS OF CHEMICAL RESEARCH 193



for structural studies. The system developed by our group
uses the pTrcHis plasmid (Invitrogen) and clones the
cDNA whenever possible into the NheI site on the 5′ end
so as to give a product protein with an amino terminal
his6 tag and only six other residues. We have observed
that omitting the enterokinase cleavage site and additional
residues from the parent plasmid facilitates crystallization,
while inclusion of these extra amino acids can prevent
crystallization. The expression plasmid is transformed into
E. coli JM109. The specific protocol employed does not
use IPTG as an inducer but involves growing cells into
stationary phase, at which time the Tac promoter is
induced by tryptophan depletion in the medium. Two
distinct advantages to this growth protocol are that it is
not necessary to monitor culture OD, which saves time,
and that it is not necessary to add inducers such as IPTG,
which saves money. This protocol yields 1-20 mg protein
per L for cDNAs that are expressed in E. coli. Our protocol
also deviates from most high-throughput methods in that
we do not utilize a 96 well screening format but directly
try 1 L expression of all vectors. The rationale for this
approach is that scale-up from a 1-5 mL screening culture
to a 1 L format is not always successful due to the variation
between culture conditions in 1 mL versus 1 L volume
vessels. In our system failed expressers are cataloged and
will be screened using different expression protocols at a
later date.

To date we have employed this system with a variety
of cDNAs and have successfully produced both soluble
and membrane-associated proteins with a variety of
cofactors, including FAD, pyridoxal phosphate, iron-
sulfur clusters, various metals, heme, and the unique
cofactor dipyrrole methane. Proteins ranging in size from
under 10 to over 50 kD have been produced, and a
number of these are homodimeric or tetrameric.

During our initial trials we utilized one enzyme, ferro-
chelatase, from a variety of sources to examine factors
which may affect protein production. This enzyme carries
out the same reaction in all organisms, but its physical
characteristics vary considerably. In some organisms it is
a monomer; in others it is a dimer. In some it contains a
[2Fe-2S] cluster, while in others it has no cofactor.
Depending on the source organism, the enzyme may be
either soluble or membrane-associated. When these vari-
ous ferrochelatases from prokaryotes and eukaryotes are
expressed in the system described above, one finds that
protein expression varies from about 20 mg/L culture to
less than 1 mg/L. The level of protein productivity does
not appear to correlate with the presence or absence of
cofactor, predicted cellular location or subunit composi-
tion; nor is there a correlation of expression levels with
cDNA GC content. Expression in systems that provided
increased levels of rare codon tRNAs did not increase
protein production.

SECSG X-Ray Crystallography
HTP Crystal Screening. The NanoScreen system is a novel
technology for automated and efficient screening of

crystallization conditions, which greatly reduces the amount
of protein necessary. Thus, the number of proteins that
can be investigated will be increased. The NanoScreen
(Figure 3) can accurately dispense as little as 10 nL of
solution in each experiment. Several thousand experi-
ments can be performed daily.

One strategy the NanoScreen system will be using is
incomplete factorial experimental design. Experimental
conditions are chosen to reflect a statistically relevant
sample of all possible chemical conditions. This strategy
utilizes a subset of all possible experimental/solution
combinations to discover efficient crystallization condi-
tions. The initial experimental screen is based on an
incomplete factorial matrix that encodes the values of
experimental variables at several different levels. These
levels are distributed evenly with respect to each other
using a statistically driven computer program to give a
balanced design which allows the extraction of more
information than can be obtained from the sparse matrix
or random designs used in other systems.

A novel capillary crystallization cassette system has also
been developed.7 This system combines the crystallization
and crystal mounting steps eliminating the need for crystal
transfer and is advantageous for handling sensitive and/
or fragile crystals. The device provides the capability of
data collection at both cryogenic and ambient tempera-
tures. This feature is useful for crystals that cannot be
flash-cooled in the conventional loop-mounting practice.

HTP Structure Determination. The X-ray Crystal-
lography group is carrying out HTP structure production
in parallel with production-related research/development,
such as sample-mounting robotics, synchrotron/home
X-ray instrumentation including Cr X-rays, data processing
and pipelined structure analysis, combined refinement/
validation protocols, and direct use of native crystals in a
process we term “Direct Crystallography”. The goal of
Direct Crystallography is to reduce the number of inter-

FIGURE 3. Photographs of the NanoScreen HTP crystallization
system under development at SECSG showing (from left to right)
the protein storage plate, wash station, nanocrystallization plate,
recipe plate, and quality control station. NanoScreen uses the
microbatch under oil technique and is capable of dispensing 10 nL
drops of solutions with varying viscosity.
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mediate steps in the structure determination process:

Unlike traditional structure determination methods such
as multiwavelength anomalous dispersion (MAD), Direct
Crystallography aims to use native crystals and a single
set of single-wavelength anomalous scattering (SAS) data.
This saves the time and expense of preparing seleno-
methionyl derivatives. Direct Crystallography exploits the
anomalous scattering signal of metals and/or sulfur
naturally present in the crystal. This is advantageous since
about 30% of proteins are known/estimated to be met-
alloproteins and almost all proteins contain sulfur. For
crystals containing metals, we consider them as Direct
Crystallography’s “low-hanging fruits”, since their struc-
tures should be easily obtained. However, the anomalous
scattering signal of sulfur alone is relatively weak (∆f′′ )
0.124-1.142 for λ ) 0.71-2.29 Å). For those crystals that
do not contain metal (Direct Crystallography’s “high
hanging fruits (HHF)”) phasing, using the anomalous
scattering signal of sulfur atoms becomes significantly
more difficult. We are actively developing techniques to
accurately record, process, and use these weak signals for
HTP structure determination. Our successful examples of
this approach include O. longissima obelin8 (Figure 4) by
S(Sulfur)-SAS, human ferrochelatase9 by Fe-SAS, yeast sc-

MTFB10 by Xe-SAS, C. elegans F53F4.36 by S-SAS, P.
furiosus ORF 65527 by X-SAS (where X is unknown
element(s), see below), and P. aeruginosa Lectin-1 by
S-SAS.

The Pf 65527 and Pa lectin-1 studies illustrate the
potential of the Direct Crystallography approach. The Pf
65527 sequence shows no metal binding motifs; thus, the
initial experiments were designed for S-SAS analysis.
However, the Bijvoet difference Patterson map showed
numerous peaks much stronger than those expected for
sulfur, and Harker analysis gave nine heavy-atom sites.
These sites were arbitrarily assigned as iron for phasing
purposes. The resulting electron density map yielded the
complete structure, which has been refined,11 using data
to 1.97 Å, giving an R-value of 22.9% (Rfree ) 27.2%). Thus,
the exact knowledge of the anomalous scattering content
of the crystal may not be required to produce interpretable
electron density maps.

Initial attempts to solve the structure of Pa lectin-1
using “in-house” sulfur-SAS data (Rigaku FRD/MaxFlux
optics) failed. However, using the combination of 2.5 Å
resolution data collected with 1.74 Å X-rays (17ID IMCA-
CAT, APS) and 1.5 Å resolution data collected using 1.0 Å
X-rays (5.03 Advanced Light Source), the Pa lectin-1
structure could be solved and automatically traced with-
out user intervention. Next, a pipelined version of the
SOLVE (2.02)12/wARP (5.1)13 approach used on the syn-
chrotron data was applied to the home source data in a
procedure that we term “SCA2STRUCTURE”. The pipe-
lined procedure uses the computing cluster’s 128 proces-
sors to spawn hundreds of SOLVE/wARP jobs using vari-
ous combinations of input parameters. SCA2STRUCTURE
was successful at automatically determining the P1-Lectin
structure. The structure built in this manner had an R
value of 19.8% with an Rfree of 25.6%. Thus, it appears that
fine-tuning program input parameters via a pipelined
approach can yield structures in cases where traditional
treatments fail.

We have recently installed a chromium confocal optics
system (Rigaku/MSC) on an in-house chromium X-ray
source and are designing experiments to test the feasibility
of using this source to determine protein structures. The
use of chromium radiation (λ ) 2.29 Å) is attractive for
sulfur SAS experiments since the sulfur anomalous scat-
tering signal is doubled (∆f′′ ) 1.142) when compared with
Cu KR X-rays (∆f′′ ) 0.557). Initial results show that this
approach is promising and more tests are underway.

In addition, SECSG is also collaborating with SER-CAT
(Southeast Regional Collaborative Access Team), sector 22
Advanced Photon Source on automated sample mounting
and recovery, remote data collection, telepresence, and
intelligent data collection and processing. The goals of this
collaboration are to (1) recover beam time lost due to
safety considerations and user fatigue, (2) reduce the
personnel and operating costs, and (3) collect only the
data needed to produce the structure. The SER-CAT
collaboration has already let to a commercially available
crystal-mounting robot ACTOR (market by Rigaku/MSC,
loosely based on UGA/SER-CAT/OSS initial designs) and

FIGURE 4. The crystal structure of the photoprotein obelin
determined from its sulfur substructure. SAS data were collected
at 17ID IMCA-CAT, APS using 1.74 Å X-rays. Eight sulfur atoms were
located using SOLVE. The structure was solved using ISAS (Methods
Enzymol. 1985, 115, 90).

Gene-Protein98
Direct Crystallography

Structure
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small format motorized X-Y crystal centering device
required for automated crystal mounting that has been
adopted by the APS Structural Biology Center (sector 19)
for its beamlines.

SECSG HTP NMR
NMR is not normally considered a high-throughput
structural technique, as traditional methods for NMR
determination of complete proteins structures can require
4-6 weeks for data acquisition and subsequent months
for assignment and structure calculations.14 In some cases,
where structures promise to be particularly unique and
are not likely to be attainable by any other methods, this
investment in time may be justified. However, in general
exploration of ways that NMR can complement other
structural approaches seems more productive. Our NMR
core attempts to do this through several applications:
preliminary screening of samples as an aid to selection
of the best structure determination methodology, rapid
backbone structure determination of small proteins which
are unlikely to crystallize, and validation of predicted or
modeled structures of larger proteins that are unlikely to
crystallize.

Simple one-dimensional NMR spectra can be used as
a preliminary screening device to predict whether a
protein is likely to crystallize. There is substantial anec-
dotal evidence that proteins with segments having low
structural order are difficult to crystallize;15 our approach
is based on an ability to detect low structural order from
one-dimensional NMR spectra. A simple magnetization
transfer experiment that begins with water magnetization
can highlight amides in disordered regions of proteins.16

To date, only 19 proteins have been both screened by
NMR and subjected to crystallization trials, but of the 10
classified as well-structured, all but 2 have crystallized,
and of the 9 classified as partially unstructured, only 5
have crystallized. The correlation is encouraging, and we
expect this to lead to a robust method of targeting NMR
structural determination to those proteins least likely to
crystallize.

For structural NMR applications, one must still work
to reduce the time required. Our efforts have gone into
developing methodology for the determination of back-
bone structures rather than complete structures. This is
not because complete high-resolution structures are
undesirable, but because a number of goals of the
structural genomics initiative, including providing a better
database representing fold families, can be met with
structures of backbones alone. The methods are heavily
dependent on residual dipolar coupling data, which can
be acquired with far greater efficiency than traditional
NOE data.17 We recently reported the successful determi-
nation of the structure of rubredoxin as a test case. This
is a small 54-amino-acid protein that is highly soluble. It
allowed the development of a rapid method of simulta-
neous resonance assignment and backbone structure
determination relying only on dipolar couplings and
chemical shift values.18 Figure 5 shows a recently refined

version of the structure that agrees within a 1.64 Å rmsd
to the backbone atoms of a homologous high-resolution
X-ray structure (1BRF). Efforts are currently underway to
apply this approach to larger (10-20 kDa) proteins that
are on our structural genomics target list.

Proteins larger than those amenable to the above
methods are not necessarily beyond the reach of NMR
investigation. Through a simple analysis of the distribution
of residual dipolar couplings, NMR can be used as a rapid
method for validating and refining structures of larger
proteins (20-80 kDa). These structures may either be
predicted on the basis of sequence homology or ab initio
structure prediction.19,20 NH vectors are extremely sensitive
to their orientation relative to the ordering frame and thus
provide a great deal of structural information. In this
approach there is no need to assign resonances, as the
entire distribution of NH dipolar couplings can be com-
pared with those calculated from the predicted structure.
Preliminary applications have demonstrated the ability of
this method to recognize homology of proteins chosen
from different fold families.21

The approaches outlined above allow us to remain
optimistic about the role of NMR in structural genomics.
It can provide structures for proteins that may not easily
crystallize, and it can do so rapidly, especially if a high-
resolution backbone structure is the primary objective. We
are currently expanding and refining our methods to make
them applicable to a large number of protein targets.

SECSG Bioinformatics
The goals of the bioinformatics team are to build/maintain
appropriate local databases and to help transforming
massively heterogeneous data into a human-comprehen-
sible form to facilitate the study of biological problems.
To achieve these objectives, the SECSG team is actively

FIGURE 5. Superimposed NMR structure (gray) and Xray structure
(cyan) (Koradi, R.; Billeter, M.; Wuthrich, K. J. Mol. Graphics 1996,
14, 51). The NMR structure is based on the collection of residual
dipolar coupling data that yield backbone orientation constraints that
does not require prior assignment of resonances. The acquisition
of data required about 10% of time needed for traditional NOE-based
approaches to protein structure determination.
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(1) developing bioinformatics software/databases for track-
ing experimental results, (2) streamlining the integration/
correlation of information from disparate sources, (3)
regularly updating important databases related to our
selected targets, (4) disseminating information to the
research community, and (5) assisting in developing high-
throughput pipelined approaches for analyzing biological
information, predicting/modeling protein structures, and
validating the determined structures.

To maximally use the specific expertise within each
group, the individual groups are developing/maintaining
their own Laboratory Information Management System
(LIMS) and provide database interfaces in the form of
Common Gateway Interface (CGI) query strings, Excel
spreadsheets, tab-delimited tables and Extensible Markup
Language (XML) format files. The bioinformatics team in
turn develops generic parsers for these database inter-
faces and for converting different format files into an XML
based exchange layer, which is independent of operating
system/databases. Our electronic progress report (http://
www.secsg.org/cgi-bin/report.pl) was designed based on
the above strategy. This report is generated weekly by
integrating information from the working groups (protein
production, X-ray crystallography, and NMR). Thus, re-
searchers can cross check progress in the individual
groups.

Protein sequence and structure information are gener-
ated at a rapid rate. It is important to know what newly
characterized proteins or deposited structures are related
to the protein or protein homologue we are studying. We
have automated the search process and are using PSI-
Blast22 to search nonredundant sequence databases
monthly and using Blast2 and a refined PSI-Blast pro-
cedure to search PDB sequences weekly. The search hits
are integrated into the progress report.

We are also building infrastructure for correlating
biological information from disparate sources providing
toolkits based on mathematical set and combinatorial
graph techniques. One Perl (http://www.perl.org) based
toolkit that uses bioperl (http://bio.perl.org) has already
been applied in analyzing neighbor gene relatedness for
complete bacterial genomes released at NCBI. It will be
extended to support future correlation of genes with other
genomic, structural and functional information. We are
also seeking collaborations with different computational
biology groups to employ their protein structure predic-
tion and modeling pipeline locally in order to closely
connect to our high-throughput experiments.

To facilitate the export of information, a structure
deposition and quality control protocol is under develop-
ment. The protein and experimental information from the
structure determination is extracted from the SECSG
databases and integrated/transformed into the format
acceptable by the Protein Data Bank23 (PDB). Our col-
laboration with the Richardson group24 will ensure the
deposition of the highest-quality structural information.

With the IBM SUR award, a 64-node dual processor
Linux Cluster and associated hardware, we have imple-
mented sequence comparison, pattern discovery, and

crystallographic structure solving pipeline in a high-
throughput environment. Within the first 2 weeks of the
implementation of the SCA2STRUCTURE pipeline, we
produced the first automatically determined structure in
SECSG. In addition, we are developing visualization tools
to help mine large datasets generated by high-throughput
computation.
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