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Lumazine synthase catalyzes one of the final steps
in the synthesis of riboflavin in plants, fungi, and
microorganisms. This type of enzyme displays two
quaternary structures, the polybedral protein coat
in plants and bacteria, and the beautiful pen-
tameric forms in yeast and fungi as shown here.
This molecule was derived from Brucella abortus,
the infectious organism of the disease brucellosis in
animals. The active sites of the two structure types
are virtually identical, indicating that inbibitors
to these enzymes could be effective pharmaceuticals
across a broad species range.
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Polikarpov, EA. Goldbawm (2000): Divergence in
macromolecular assembly: X-ray crystallographic
structure analysis of lumazine synthase from
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Message from the Director

elcome to the first annual report for the Protein Data Bank (PDB) following its
g x / transition to the management of the Research Collaboratory for Structural
Bioinformatics (RCSB). The period of time between July 1, 1999 and June 30, 2000
represents the first full year of management of the PDB by the RCSB. In this year, the PDB has
achieved significant progress in enhancing and maintaining the PDB. This report, prepared for
a general audience, briefly describes the purpose and functions of the PDB, details our accom-

plishments during this first year of RCSB management, and touches upon our plans for the
coming year.

As the sole international repository for three-dimensional structure data of biological macromol-
ecules, the PDB is an important resource for the extensive life-science research community. The
RCSB’s mission for the PDB is to enable new science. Each of the RCSB partner sites con-
tributes to the operation and development of the PDB: Rutgers, data deposition and processing;
National Institute of Standards and Technology (NIST), data uniformity, exploring issues spe-
cific to nuclear magnetic resonance (NMR), and data archiving; and the San Diego Supercomputer Center (SDSC) at the
University of California, San Diego (UCSD), data query reporting and distribution. We have been able to make great strides
in enhancing the PDB due to the unique environment the RCSB offers in personnel, hardware, software, and network infra-
structure. Some of the successes that highlight this year of the PDB’s management by the RCSB are detailed in this docu-
ment. Here are just a few of the PDB’s outstanding achievements from this timeframe:

* The seamless transition of the PDB from Brookhaven National Laboratory was completed a full three months ahead of

schedule
* A large number of files have been processed with a rapid turnaround time
* Legacy data has been reprocessed and cross-referenced to ensure reliability
* An average of 90,000 hits per day have been accommodated by the main PDB Web site alone

The input from a number of collaborators made these achievements possible. We extend our sin-

cerest gratitude to all who have shown their support during the past year and who have A A '!
helped to make the PDB a better resource. Our plans for the future are to enhance the S b :
PDB’s many features with new capabilities. We are particularly excited about a | 1', T '
higher, faster throughput of deposited data; a greater number of query capabili- [ [

ties, including more complex and accurate queries; and a more uniform archive.

We look forward to working with you in the years to come, and welcome
your input to help maintain the integrity of the resource and to perpetuate
its importance as a vital enabling technology for the sciences.

Helen M. Berman
on behalf of the entire project team

Tag DNA polymerase has revolutionized biotechnology. This mole-
cule is used in a process which allows small samples of DNA to be
duplicated and analyzed. DNA polymerase duplicates genetic infor-
mation by taking a single strand of DNA and building a compli-
mentary strand. In this image, a small piece of DNA is bound with
the template strand in purple and the new strand in green. This
image was created from the PDB file rtau by David S. Goodsell of
The Scripps Research Institute.

PDBid: 1TAU

S.H. Eom, J. Wang, TA. Steitz (1996): Structure of laq polymerase
with DNA at the polymerase active site. Nature 382, p. 278.

Protein Data Bank Annual Report 1



What is the PDB?

he Protein Data Bank is the sole international repository

for 3-dimensional structure data of biological macromol-

ecules. Specifically, it is a resource that processes, stores,
and disseminates structure coordinates and related information
about proteins, nucleic acids, nucleic acid complexes, viruses,
polypeptides, and some carbohydrates.

WHY IS IT IMPORTANT?

The 3-D structures of proteins and other biological macromole-
cules contained in the PDB hold significant promise for the
pharmaceutical and biotechnology industries in the search for
new drugs with few or no side effects, and the efforts to under-
stand the mystery of human disease. Medical researchers envision
gaining new insights into the causes, effects, and treatment of
various diseases by unlocking the therapeutic potential of biolog-
ical macromolecules. This requires very precise and accurate
information about the atomic structure of complex molecules.
The understanding of what a structure looks like aids in under-
standing how it works.

The PDB provides researchers with a rich source of information
about biological structures. Because of the improvements that
the RCSB has introduced, PDB users can now access new servic-
es and formulate complex queries that will provide reliable
answers to further the research efforts of the international biolog-
ical and biomedical communities. The PDB now provides pow-
erful tools to help researchers understand biological function
through investigation of sequence and molecular structure. The
tremendous influx of data that is being fueled by the structural
genomics initiative, and the increased recognition of the value of
structural data in understanding biological function, demand
new ways to collect, organize, and distribute data. The PDB will
continue to meet this demand using the most modern technolo-
gy that facilitates the use and analysis of structural data and that
creates an enabling resource for biological research.

WHO 1S INVOLVED IN RUNNING IT?

The PDB is managed by the Research Collaboratory for
Structural Bioinformatics. The RCSB is a non-profit consortium
composed of Rutgers, the State University of New Jersey; the
National Institute of Standards and Technology (NIST); and the
San Diego Supercomputer Center (SDSC), an organized

research unit of the University of California at San Diego
(UCSD). The RCSB is supported by funds from the National
Science Foundation, the Department of Energy, and two units
of the National Institutes of Health: the National Institute of
General Medical Sciences and the National Library of Medicine.

The RCSB Project Team manages the overall operation of the
PDB. Director Helen M. Berman, Professor of Chemistry at
Rutgers, was part of the original team that developed the PDB in
1971 and is the founder of the Nucleic Acid Database. Data dep-
osition and processing are the responsibilities of the RCSB Team
at Rutgers, which is led by John Westbrook, Research Associate
Professor of Chemistry. Data uniformity, NMR, and the master
archive are the responsibilities of the RCSB Team at NIST,
which is led by Gary Gilliland, Chief of the Biotechnology
Division of the Chemical Science and Technology Laboratory.
Data query and distribution functions are the responsibility of
the RCSB Team at SDSC, which is led by Phil Bourne,
Professor of Pharmacology at UCSD and Senior Principal
Scientist at SDSC, and Peter Arzberger, Executive Director of

SDSC.

MissioN

The mission of the RCSB is to enable science worldwide by pro-
viding resources to improve our understanding of structure-func-
tion relationships in biological systems. The RCSB integrates a
variety of production-level data and software resources, and
shares research results and software. The RCSB is dedicated to
fostering new scientific advances by providing accurate, consis-
tent, well-annotated 3-D structure data that is delivered in a
timely and efficient way to a wide audience. The RCSB will con-
tinue to significantly extend the capabilities of the PDB.

HiSTORICAL BACKGROUND

The PDB was established at the Brookhaven National
Laboratory (BNL) in 1971, initially holding 7 structures
(Bernstein et al. 1977). After 27 years, responsibility for the oper-
ation and enhancement of the Protein Data Bank transitioned
from BNL to the RCSB during the period from October 1998 to
June 1999. Since July 1, 1999, the RCSB has had sole responsibil-
ity for the management of the PDB (Berman et al. 2000).

PDB HovLbiNGs (27-JuN-2000)

MOLECULE TYPE
EXPERIMENTAL
TECHNIQUE

X Y DIFFRACTION
AND OTHER

9320
THEORETICAL
MODELING 246

PROTEINS, PEPTIDES, | PROTEIN/NUCLEIC TOTAL
AND VIRUSES ACID COMPLEXES | NUCLEIC ACIDS | CARBOHYDRATES | TO

467 SIS 14 10316
65 321 4 1995
18 17 o 281
550 853 18 12592
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How does it work?

s in any active database, new structures are constantly
being added, existing entries are being refined and
« » . .
cleaned up”, users are continually accessing data, and
the entire database is periodically archived.

Data iNvUT

A key component of creating the public archive of information is
the efficient capture and curation of data — data processing. This
consists of data deposition, validation, and annotation. The
RCSB Team at Rutgers is responsible for all aspects of primary
data processing. Data are primarily deposited to the PDB and
processed using the AutoDep Input Tool (ADIT). Data are also
accepted via ftp, e-mail, CD-ROM, and the legacy BNL
AutoDep system. ADIT is built on top of the mmCIF dictionary
(Bourne 1997), which is an ontology of 1700 terms defining
macromolecular structure and the experiment used to determine
the structure. After checks are per-
formed by the PDB staff, validation
reports and a completed PDB file
are returned to the depositor for

DEerosITIONS

review. The complete entry, includ-

ing its status information and PDB M"l:ihio(reti(;a)l
ID, is loaded into the core relation- odel 13.070 [
al database. This process is com- NMR (15.2%) ““

pleted by the PDB staff with an
average turnaround of about two
weeks. Data can also be deposited
using ADIT at Osaka University
(Japan), and by using AutoDep at
the European Bioinformatics
Institute (United Kingdom). Data
are processed at these sites and for-

warded to the RCSB for release.

From July 1999 to June 2000,
2693 files were deposited with the
PDB. The 2693 deposited struc-
tures come from different experimental sources and from
researchers on five continents, as the figures demonstrate (see

page 4).

DATA RETRIEVAL AND STORAGE

The PDB is a free service available to the general public via the
Internet. The main PDB Web site is maintained by the RCSB
Team at SDSC, and receives an average of 90,000 hits per day
from all over the world — more than one hit per second, 24 hours
per day, seven days per week! Additionally, there are six RCSB
PDB mirror sites around the world, located at the RCSB partner
sites at NIST and Rutgers, and at Osaka University in Japan, the
National University of Singapore, the Cambridge
Crystallographic Data Centre (CCDC) in the United Kingdom,
and the Universidade Federal de Minas Gerias in Brazil. A beta
test site also provides PDB users with the opportunity to try new
features before they are incorporated into the main site. These
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ExPERIMENTAL SOURCE FOR RCSB

Electron (0.3%)
Neutron (0.1%)

sites are maintained 24 hours a day, 7 days a week. New struc-
tures are added to the PDB holdings each Wednesday by 1:00am
Pacific Time.

For users of macromolecular structure data, PDB is a portal to
general information about single structures, substructures, and
their interrelationships. The query capabilities include access to
information across a broad range of structures, a feature vital for
comparative analysis. The site offers several different interfaces
that can be used to query the database. The simplest search is
performed by entering the PDB ID of the desired molecule,
which returns a single structure via the Structure Explorer page.
The Structure Explorer presents options to further study the
molecule, such as the secondary structure or sequence informa-
tion. Each Structure Explorer entry provides links to the atomic
coordinates, crystallization conditions, derived geometric data,
structure factors (where available),
3-D structure neighbors computed
using various methods, and hyper-
links to other resources which
include analysis programs and the
primary MEDLINE entry. Dynamic
links to the structure’s entry in other
databases as created by the Molecular
Information Agent (MIA; see
http://mia.sdsc.edu) are available under
Other Sources. Many options are
available for displaying structures,
including VRML, RasMol (Sayle,
Milner-White 1995), Chime®, and
QuickPDB (Java). Multiple structures
can be retrieved by using either the
SearchLite interface, which performs
a simple keyword search, or the
SearchFields interface, which is a
more advanced, customizable search
based on parameters that the user selects. The resulting Query
Result Browser lists all molecules that meet the user’s query spec-
ifications, and allows for exploration of one or more of the
resulting structures. Options to refine the query or create tabular
reports from such results are also available. A PDB or mmCIF
format file for any structure can be downloaded as plain text or
in one of several compression formats from the PDB Web site.
Files may also be downloaded directly from the PDB fip server.

(7/99—6/00)

Other (0.1%)

X-Ray (81.3%)

MASTER ARCHIVE

The Master Archive, containing both paper and electronic
records, is maintained at the RCSB-NIST site. The paper
records are being converted to electronic form for long-term,
automatic, reliable access. The electronic storage of all records
will ensure the long-term viability of the resource. A snapshot of
the complete query and distribution production system is made
by SDSC and sent to NIST for long term archiving each month.
Currently, depositor tapes that were stored at BNL are being



converted to CD-ROM format for reference uses and long-term

storage. The PDB also maintains and distributes a quarterly CD-
ROM snapshot of its holdings for users who may not have facile
internet access or who prefer to have a local copy of the PDB

files.

Data UNIFORMITY

A significant objective of the PDB is to make the archive as
consistent and error-free as possible. Query across the com-
plete PDB has been limited by missing, erroneous, and incon-
sistently reported experimental data, nomenclature, and func-
tional annotation. The evolution of experimental methods,
functional knowledge of proteins, and methods used to
process these data over the years has introduced various
inconsistencies into the PDB archive and has inspired differ-
ent versions of the PDB format. In addition to concentrating
on making current depositions to the PDB consistent, efforts
are being made as part of the Data Uniformity Project to
enhance the consistency of existing entries.

The RCSB Team at NIST is responsible for the data quality
enhancement of the legacy data. The goal of these efforts is
to provide a higher level of query capability through the
higher curation of the database. The legacy data are being
checked for accuracy, uniformity, and completeness in both
individual and global respects. Much progress has been
achieved in this “clean-up” process by means of two com- Australia/New Zealand (2.0%)
plementary methods used to update and unify the archive. Asia (11.0%)
File-by-file uniformity processing brings each entry up to
the current PDB format by adding records that were not
present in some early entries, correcting unresolved prob-
lems, providing standard nomenclature, and evaluating data
using current validation software. Approximately 3000
entries have been processed in this manner. Additionally,
key records within each PDB entry have been targeted for
archive-wide uniformity processing wherein data are exam-
ined and updated on certain global parameters such as syn-
onyms, common names, and names used by other data cen-
ters to enrich the reliability of query results.

Asia (10.7%)

Europe (25.0%)

.

Europe (25.0%)

*From 7/99 to 6/00

Dairy AVERAGE WWW Access BY MONTH FOR THE PriMarRY RCSB SiTe (www.resh.org)
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How well is the RCSB doing?

achieved many noteworthy successes. The PDB Advisory

Committee (PDBAC), which consists of members of the
international scientific community, commended the RCSB on its
high level of service and highlighted a number of RCSB achieve-

ments during its site visit in March, 2000:

In its first full year of operating the PDB, the RCSB has

¢ Smooth, seamless transition three months ahead of schedule

* Timely and efficient processing of newly deposited and
backlogged information

* Development of a new and robust data input tool (ADIT)

* Introduction of the mmCIF data format, which allows
greater flexibility for incorporating new forms of data

* “Cleaning up” older PDB entries to ensure data uniformity

* Proactive investigation of XML and CORBA software tech-
nologies

* Enhancement of database query tools that meet the needs of
most users

* Improved handling of Nuclear Magnetic Resonance struc-
tures

* Continued collaboration with the European Bioinformatics
Institute (EBI) data deposition site

* New collaboration with the Osaka University (Japan) ADIT
data deposition site

¢ Education and outreach efforts to the scientific user commu-
nity

* Ongoing efforts to collaborate with other bioinformatics
databases and organizations

The following text elaborates on many of these and describes
other accomplishments.

Tae RCSB COLLABORATION

One of our primary achievements is the RCSB itself. Rutgers,
UCSD, and NIST have successfully worked together to maintain
and improve the PDB to meet the growing demands of the sci-
entific community. The participants at all three locations work
together in order to achieve the shared vision of providing the
best possible bioinformatics database to the international scientif-
ic community. While each RCSB site has primary responsibili-
ties, members of each of the sites contribute to aspects of the
project at the other sites. This is necessary to achieve the inte-
grated systems that we have developed and utilized. The Project
Leadership Team consists of Dr. Helen Berman and Dr. John
Westbrook of Rutgers, Dr. Phil Bourne and Dr. Peter Arzberger
of UCSD, and Dr. Gary Gilliland and Dr. T.N. Bhat of NIST.
They, and all RCSB members, communicate frequently by
phone and e-mail to coordinate activities and track progress.

Apvisory COMMITTEES
The PDB has several Advisory Committees who provide advice
and guidance. The members of the PDB Advisory Committee
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were selected for their combined expertise in X-ray crystallogra-
phy, NMR, modeling, and bioinformatics. The RCSB has also
established a Database Advisory Committee whose members
consist of directors of other international data resources. This
committee helps with matters specific to databases and has
already helped the RCSB to arrive at a plan for releasing remedi-
ated data. The Professional Societies Committee will provide
advice on matters relevant to our interactions with professional
societies. The NMR Task Force provides guidance with respect
to meeting the specific needs of the NMR community.

LARGE NUMBER OF ENTRIES PROCESSED PER YEAR
During the summer and early fall of 1999 the RCSB completed
the processing of the 468 unreleased structures inherited at the
time of the PDB transition. The RCSB also reprocessed 456
structures that BNL had released as “Layer 1” entries, meaning
unannotated and unprocessed, and brought them to the com-
pletely processed “Layer 2” status. In addition, the RCSB
processed and released approximately 2300 newly deposited
structures. In all, the RCSB processed and released approximate-
ly 25% of the entries in the entire PDB in its first full year of
operation. As a result of the talented and highly motivated anno-
tation staff at Rutgers and the use of ADIT software, the RCSB
has been able to fully process files at the time of deposition, with
an average turnaround time of less than two weeks.

LARGE NUMBER OF HITS/USERS

Over the past year, the primary PDB Web site, located at SDSC,
has averaged over 90,000 hits a day, with a peak average of over
100,000. The adjacent figure shows the daily average of hits and
files downloaded by month. The staff at the SDSC is dedicated
to maintaining the site on a 24/7 basis and has succeeded with
only a few hours of down time this past year.

OuTrEACH AND EDUCATION

The RCSB is dedicated to providing a better understanding of
biological macromolecules. To accomplish this, the PDB has
implemented a number of educational and outreach efforts to
address the needs of a very diverse user community ranging from
students to distinguished professionals.

Molecule of the Month

One such innovation is the popular Molecule of the Month
piece, which was highlighted in the journal Science (2000). Each
month a key biological molecule is selected for further explo-
ration. Beautiful images of the molecule are provided by David
Goodsell of the Scripps Research Institute and featured on the
PDB home page. Subsequent links provide additional informa-
tion about the structure and function of the molecule at a gener-
al level.

Get Educated

The site’s “Get Educated” page includes an introduction to pro-
teins for general audiences and materials for undergraduates on



topics such as nucleic acids and nucleic acid-containing struc-
tures, principles of protein structure, and electron microscopy.
Several beginners’ tutorials on how to query the PDB and how
to use RasMol and the Swiss-PDB Viewer (Guex, Peitsch 1997),
two popular molecular graphics viewing programs, are available.
Links are frequently added to this resource, which also includes
papers on the PDB, animated presentations about the PDB, and
VRML “protein documentaries” developed by students.

Ask the PDB Community

Another important service is the electronic help desk at
info@resh.org, which is available to answer all types of questions
about the PDB, usually within a 24-hour period. The RCSB-
Rutgers site also maintains two other addresses: deposit@resh.rut-
gers.edu, for general deposition and processing questions; and
help@rcsh.rutgers.edu, for ADIT information. Furthermore, the
pdbl@resh.org discussion list provides a forum for users to interact
and collaborate.

The PDB staff is also actively involved at conferences, hosting
exhibit booths, demonstrations, and user group

meetings to gather feedback from the user

community and to provide informa-
tion about PDB’s capabilities and
growth. Materials such as
informative flyers and a quar-
terly newsletter are circulat-
ed to a broad audience to
inform the community
about PDB’s resources and
new items of interest.

COLLABORATION WITH
OTHER NON-RCSB
ORGANIZATIONS

In order to better serve the
needs of the scientific community,
the RCSB is collaborating with the
following bioinformatics organiza-
tions:

BioMagResBank (BMRB): The
RCSB is coordinating the deposi-
tion of NMR data with this site.
The BMRB is responsible for exper-
imental data and the PDB is
responsible for structural data.

stone for the PDB.
PDBid: 1CD3

Cambridge Crystallographic Data
Centre (CCDC): The CCDC and
the RCSB have begun to develop
methods for ligand validation. The
RCSB is also working to mirror
ReLiBase, which is now under the
management of the CCDC.

European Bioinformatics Institute (EBI): The EBI provides
weekly updates of the structures deposited at their site.

Institute for Protein Research, Osaka University: Structures
deposited at the ADIT site at Osaka University are processed
and then forwarded to the RCSB PDB for release.

6

A bacteriophage is a virus that attacks bacteria. The
phiX174 bacteriophage, pictured here, attacks the
common human bacteria Escherichia coli, infecting
the cell and forcing it to make new viruses. This mol-
ecule was the 10,000th deposited structure, a mile-

T Dokland, R.A. Bernal, A. Burch, S. Pletnev, B.A.
Fane, M.G. Rossmann (1999): The role of scaffolding
proteins in the assembly of the small, single-stranded
DNA virus phiX174. J. Mol. Biol. 288, p. 59s.

National Center for Biotechnology Information (NCBI): We
are working with NCBI to ensure that our files can be used by
the databases developed and distributed by NCBL.

NCI-Frederick Cancer Research and Development Foundation:
We are working to move the HIV Protease Database from this
foundation to NIST and incorporate PDB data files that have
undergone the PDB uniformity process.

Swiss Institute for Bioinformatics/Glaxo: Both parties are work-
ing to create an mmCIF based dictionary that can be used to
store model data.

NMR COLLABORATIONS
The PDB’s continuing NMR efforts have involved working
closely with the NMR community to develop a data dictionary
and deposition/validation tools and procedures specific for
NMR. This is being accomplished by working directly with the
BMRB, by forming a PDB NMR Task Force, and by ensuring a
presence at all major NMR meetings and workshops.
Achievements to date include improved handling of ensembles of
NMR structures and the development of an expanding diction-
ary of terms describing NMR structure determinations. The
flexible mmCIF dictionary has permitted implementation of
these changes, without compromising searches on files
using the older nomenclature.

The RCSB has undertaken a collaborative effort
with the BMRB to develop a joint deposition sys-
tem for NMR-specific data based on ADIT. An
ADIT server for the data items collected by the

BMRB has been built and is being alpha-

tested. This version uses an mmCIF-like
dictionary that was derived from the
NMR STAR deposition form used
by BMRB. The goal is to provide a
single integrated deposition system for
NMR data that will accept both exper-
imental and structure data.

The PDB is also participating in the
Collaborative Computing Project for
NMR (CCPN) with the goal of devel-
oping data-harvesting capabilities. Data
harvesting refers to the exchange of
data between the software packages
used during the determination of a
structure and the deposition software at
the public databanks. Much of the
information required for deposition is
required by the software packages used
in processing experimental data and
determining structures. Automatic
exchange of these data will ease the
burden on the depositor and provide richer and more accurate
data to the databanks with improved data uniformity. This proj-
ect requires development of a generally accepted data format,
accompanied by a standard library of tools for manipulating data
conforming to this standard.

Research Collaboratory for Structural Bioinformatics



Where is the PDB going?

Future challenges and plans to meet them

EXPECTED GROWTH OF DATA

These are exciting and challenging times to be responsible for
the collection, curation, and distribution of macromolecular
structure data. It is expected that improved technologies and
experimental methods will accelerate the growth of the number
of structures in the coming years. It is estimated that the PDB
could grow to approximately 35,000 structures by 2005, which
would nearly triple its size in less than five years. One major fac-
tor in this growth is the advent of structural genomics, whose
goal is to determine the structures of as many of the proteins
accessible from a given genome as possible, in the shortest time
possible. This promises to greatly increase the amount of infor-
mation that needs to be
archived within the PDB,
presenting a huge challenge to
the timely distribution of
high quality data. The PDB’s
approach of using modern
data management practices
should permit it to scale to
accommodate a large data
influx. Structural genomics
programs will be capturing a
substantial body of interim
results and biophysical data
that are likely to be of interest
to the scientific community.
The RCSB is uniquely posi-
tioned to address the latter
challenge because of its
expertise with mmCIF and
modern database technolo-
gies.

based searching features will also be made available, along with
new display features such as Ramachandran plots, packing dia-
grams, and the complete biological unit.

The RCSB will also continue its efforts to develop a standard
application interface for macromolecular data based on the
Common Object Request Broker Architecture (CORBA). An
initial proposal was submitted to the Object Management Group
(OMQG) in February 2000. When the final specification is
accepted, the PDB will be able to publish a robust and efficient
interface definition for direct use by programs and other databas-
es accessing the PDB. Standards will be agreed upon and imple-
mented.

Planned hardware upgrades
to the current system include
the addition of two 4-proces-
sor Sun 450’s each with 6 GB
of memory and 200 GB of
disk space to permit expan-
sion and faster access to the
PDB primary production
site. The existing 4000’s will
be used for the beta site and
the proposed myPDB

resource.

Another access development
pertains to the data archive.
The RCSB is proceeding
with the next phase of
archiving the physical data,
which involves scanning and
electronically storing all doc-
uments associated with the
PDB. Protocols will be devel-

EXPECTED GROWTH IN
ACCESS

As technology advances, it is
anticipated that the PDB’s
user base will expand with a
greater need for ease of access.
In order to accommodate this
demand, the RCSB plans to
enhance the robustness of the
PDB’s query capabilities. The
implementation of synonyms
for proteins and ligands used

The science of protein structure began with myoglobin. After years of
arduous work, John Kendrew (Myoglobin and the Structure of
Proteins, Nobel Lecture, December 11, 1962) and his coworkers deter-
mined the atomic structure of myoglobin, laying the foundation for an

era of biological understanding. Myoglobin is a small, bright red pro-
tein. It is very common in muscle cells, and gives mear much of its red
color. Irs job is to store oxygen, for use when muscles are hard at work.

PDBid: 1MBN

H.C. Warson (1969): The Stereochemistry of the protein myoglobin.
Prog.Stereochem. 4, p. 299.

oped and implemented
regarding procedures for han-
dling the old and new docu-
ments. The CD-ROM pro-
duction will continue on a
quarterly schedule, and dur-
ing the coming year the
development of a DVD dis-
tribution product will be
pursued to reduce the num-
ber of CDs in the set and

in the PDB for querying is one way of enhancing these capabili-
ties. One notable feature to be released in the future is myPDB.
This service will allow users to register a query that will be run
automatically at a specified frequency and return the results via
email. New non-redundant data sets will be available soon along
with the traditional non-redundant set known as PDBselect,
originally derived by Hobohm, Sander et al. (1992). Property
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their production costs.

FuTture oF Dara PrROCESSING

The on-going maintenance and development of data processing
and data validation software will continue to be a primary soft-
ware effort. With the anticipated increase in the number of
structures submitted to the PDB for deposition, greater automa-
tion of the tasks associated with annotation and validation will



remain a high priority. The protocols established for dealing
with the legacy data will help to provide mechanisms for updat-
ing the PDB in the future, as notations and usage patterns
change. The PDB must also accommodate new requirements,
such as those that will come with depositions of cryogenic elec-
tron microscopy (cryo-EM) data.

The RCSB plans to release ADIT and its validation tools, and
will provide support. The RCSB will base its future user inter-
face development plans for ADIT on the feedback that it obtains
from the first distribution of ADIT.

Addressing the data integration tasks associated with the new
structural genomics projects will be a major focus for next year.
The RCSB plans to establish a liaison with each of the structural

biological unit. All the information generated as database tables
during the uniformity process will be accessible from the PDB
query and report functions, and will be stored in mmCIF files
separate from the original archive and made available to all users

of the PDB, along with new tools for accessing these mmCIF
files.

Future or NMR

The PDB will continue to maintain an active dialog with the
NMR community through its NMR Task Force, working closely
with the BMRB, and as an active participant in the CCPN soft-

ware initiative.

OUTREACH AND EDUCATION ACTIVITIES

genomics projects to serve as a point
of contact for data exchange issues.
The PDB could serve as a model for
many data representation and man-
agement systems that will be
required to support the structural
genomics effort. The RCSB will pro-
mote the use of the PDB tools and
methods among the structural
genomics projects.

The RCSB will also continue to
work with software developers to
promote the use of mmCIF in struc-
ture determination software, and will
continue to work within the CCPN
project to promote the use of a data

representation that will integrate
well with mmCIF.

DEVELOPMENTS IN DATA
UNIFORMITY

Data uniformity work will continue
by focusing on structure classifica-
tion, compound records, chain ID
fields, refinement parameters, coor-
dinates, sequence records, and the
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The RCSB is committed to maintaining a proactive attitude in

further developing its outreach to
all sectors of the scientific and non-
scientific community. The RCSB
will continue to expand the
resources in place, such as the Get
Educated resource, while develop-
ing new features. The PDB will
continue to be represented at a
variety of meetings and confer-
ences.

Efforts are also under way to fur-
ther improve awareness and usabili-
ty of PDB data at different levels of
expertise and use. New methodolo-
gies for the integration of tradition-
al database information and func-
tional content are being developed
using eXtensible Markup Language
(XML), a technology receiving a
great deal of attention by Web
developers.

The RCSB will continue to pro-
mote frequent interactions with the
community and will rise to meet
the needs of its growing user base.
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peptide bond formation; it binds initiation, termi-

nation, and elongation factors. The model includes
2711 of the 2923 nucleotides of 23S ribosomal
RNA, all 122 nucleotides of its 58 ribosomal
RNA, as well as structures for the 27 of the 31 pro-
teins in the subunit. This is a unique deposition as
it is the first comprehensive structure of its kind to
be included in the PDB holdings.

PDBid: 1FFK
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Steitz (2000): The complete atomic structure of the
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TOP: X-ray crystallography can reveal the three-
dimensional structure of short fragments of DNA
with amazing precision. It provides information
on the overall helical structure and the configura-
tion of local features such as base-pair stacking

patterns and backbone form, which also gives

such clues to its function as potential binding
bebavior. The groove geometries and accessibilities
of this self-complementary DNA fragment CCG-
GCGCCGG may be important for the potential
binding of both proteins and drug molecules ro
G/C stretches in DNA.

PDBid: 1CGC

U. Heinemann, C. Alings, M. Bansal (1992):
Double helix conformation, groove dimensions
and ligand binding potential of a G/C stretch in
B-DNA. EMBO. ]. 11, p. 1931

BOTTOM: The structure of the nucleosome core
particle of chromatin shows in detail how the his-
tone protein is assembled into eight similar sec-
tions called “octamers”, and how 146 base pairs of
DNA are organized into a superbelix around it.
This molecule reveals the form of DNA that is
predominant in living cells and offers a wealth of
information on DNA binding and bending by
the histone octamer.

PDBid: 1A01

K. Luger, A.W. Mader, R.K. Richmond, D.E
Sargent, T.]. Richmond (1997): Crystal structure
of the nucleosome core particle at 2.8 A resolution.
Nature 389, p. 251.




