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ABSTRACT understanding biological function, demand new ways to
. ) i collect, organize and distribute the data.

_The Pro_teln Data Baqk (PDB; _http.//vvww.rcsb.org/pdb/) In October 1998, the management of the PDB became the

is the single worldwide archive of structural data of

biological lecules. Thi d ibes th responsibility of the Research Collaboratory for Structural
lological macromolecules. This paper describes the Bioinformatics (RCSB). In general terms, the vision of the

goals of the PDB, the systems in place for data depo- RCSB is to create a resource based on the most modern
sition and access, how to obtain further information, technology that facilitates the use and analysis of structural
and near-term plans for the future development of the data and thus creates an enabling resource for biological
resource. research. Specifically in this paper, we describe the current

procedures for data deposition, data processing and data
distribution of PDB data by the RCSB. In addition, we address
INTRODUCTION the issues of data uniformity. We conclude with some current
The Protein Data Bank (PDB) was established at Brookhavefievelopments of the PDB.
National Laboratories (BNL) (1) in 1971 as an archive for
biological macromolecular crystal structures. In the beginnin
the archive held seven structures, and with each year a hand%)ﬂa‘TA ACQUISITION AND PROCESSING
more were deposited. In the 1980s the number of depositedl key component of creating the public archive of information
structures began to increase dramatically. This was due to th&the efficient capture and curation of the data—data processing.
improved technology for all aspects of the crystallographiddata processing consists of data deposition, annotation and
process, the addition of structures determined by nuclearalidation. These steps are part of the fully documented and
magnetic resonance (NMR) methods, and changes in thstegrated data processing system shown in Figure 1.
community views about data sharing. By the early 1990s the In the present system (Fig. 2), data (atomic coordinates,
majority of journals required a PDB accession code and at leastructure factors and NMR restraints) may be submitted via
one funding agency (National Institute of General Medicalemail or via the AutoDep Input Tool (ADIT; http://pdb.rutgers.
Sciences) adopted the guidelines published by the Internationaetiu/adit/ ) developed by the RCSB. ADIT, which is also used
Union of Crystallography (IUCr) requiring data deposition for to process the entries, is built on top of the mmCIF dictionary
all structures. which is an ontology of 1700 terms that define the macro-
The mode of access to PDB data has changed over the yeam®lecular structure and the crystallographic experiment (2,3),
as a result of improved technology, notably the availability ofand a data processing program called MAXIT (MAcromolecular
the WWW replacing distribution solely via magnetic media.EXchange Input Tool). This integrated system helps to ensure
Further, the need to analyze diverse data sets required thieat the data submitted are consistent with the mmCIF
development of modern data management systems. dictionary which defines data types, enumerates ranges of
Initial use of the PDB had been limited to a small group ofallowable values where possible and describes allowable
experts involved in structural research. Today depositors to thelationships between data values.
PDB have varying expertise in the techniques of X-ray crystal After a structure has been deposited using ADIT, a PDB
structure determination, NMR, cryoelectron microscopy anddentifier is sent to the author automatically and immediately
theoretical modeling. Users are a very diverse group ofFig. 1, Step 1). This is the first stage in which information
researchers in biology, chemistry and computer scientistepout the structure is loaded into the internal core database (see
educators, and students at all levels. The tremendous influx section on the PDB Database Resource). The entry is then
data soon to be fueled by the structural genomics initiative, andnnotated as described in the validation section below. This
the increased recognition of the value of the data towargrocess involves using ADIT to help diagnose errors or
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Figure 1. The steps in PDB data processing. Ellipses represent actions and rectangles define content.

Table 1 contains the general information that the PDB collects
for all structures as well as the additional information collected for
those structures determined by X-ray methods. The additional
items listed for the NMR structures are derived from the
International Union of Pure and Applied Chemistry recommen-
dations (IUPAC) (4) and will be implemented in the near future.

Table 1.Content of data in the PDB

Figure 2. The integrated tools of the PDB data processing system.

inconsistencies in the files. The completely annotated entry as
it will appear in the PDB resource, together with the validation
information, is sent back to the depositor (Step 2). After
reviewing the processed file, the author sends any revisions
(Step 3). Depending on the nature of these revisions, Steps :
and 3 may be repeated. Once approval is received from the
author (Step 4), the entry and the tables in the internal core
database are ready for distribution. The schema of this core
database is a subset of the conceptual schema specified by th
mmCIF dictionary.

All aspects of data processing, including communications
with the author, are recorded and stored in the correspondenc:
archive. This makes it possible for the PDB staff to retrieve
information about any aspect of the deposition process and tc
closely monitor the efficiency of PDB operations.

Current status information, comprised of a list of authors,
title and release category, is stored for each entry in the core
database and is made accessible for query via the WWW interfact
(http://www.rcsb.org/pdb/status.html ). Entries before release
are categorized as ‘in processing’ (PROC), ‘in depositor
review' (WAIT), ‘to be held until publication’ (HPUB) or ‘on
hold until a depositor-specified date’ (HOLD).

DA ions such genus, sp:

ce 5 N
expression vector and host, or description of method of chemical synthesis

Sequence — Full sequence of all macromolecular components

Chemical structure of cofactors and prosthetic groups

Names of all components in structure

Qualitative description of characteristics of structure

Literature citations for the structure submitted

Three-dime
7

Temperature factors and occupancies assigned to each atom

Cryslallization conditions, including pH, temperature, solvents, salts, methods

Crystal data, including the unit cell dimensions and space group

Presence of non-crystallographic symmetry

Data collection information describing the methods used to collect the diffraction data including

instrument, wavelength, temperature, and processing programs

Data collection statistics including data coverage, Rsym, data above 1, 2, 3 sigma levels and resolution

limits

Refinement information including R factor, resolution limits, namber of reflections, method of
refinement, sigma cutoff, geometry rmsd, sigma

Model number for each coordinate set that is deposited and an indication if one should be designated as

a representative, or an energy minimized average model provided

Data collection information describing the types of methods used, instrumentation, magnetic field
strength, console, probe head, sample tube

Sample conditions, inclading solvent, macromolecule concentration ranges, concentration ranges of
buffers, salts, antibacterial agents, other components, isotopic composition

Experimental conditions, including temperature, pH, pressure, and oxidation state of structure

determination and estimates of uncertainties in these values

Non-covalent heterogeneity of sample,
conformational heterogeneity resulting in slow chemical exchange

including self-aggregation, partial isotope exchange,

Chemical heterogeneity of the sample (e.g., evidence for deamidation or minor covalent species)

A list of NMR experiments used to determine the structure including those used to determine resonance

assignments, NOE/ROE data, dynamical data, scalar coupling constants, and those used to infer

hydrogen bonds and bound ligands. The relationship of these experiments to the constraint files are
iven explicitly

Constraint files used to derive the structure as described in Task Force recommendations

Content of the data collected by the PDB

The information content of data submitted by the depositor is
likely to change as new methods for data collection, structure

All the data collected from depositors by the PDB are consideredetermination and refinement evolve and advance. In addition,
primary data. Primary data contain, in addition to the coordinateghe ways in which these data are captured are likely to change
general information required for all deposited structures ands the software for structure determination and refinement
information specific to the method of structure determinationproduce the necessary data items as part of their output. ADIT,
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the data input system for the PDB, has been designed so as(tdtp://pdb.rutgers.edu/validate/ ) has been made available for

easily incorporate these likely changes. this purpose. In addition to the summary report letter, the
o server also provides output from PROCHECK (10), NUCheck
Validation (Rutgers University, 1998) and SFCHECK (11). A summary

Validation refers to the procedure for assessing the quality citlas page and molecular graphics are also produced.
deposited atomic models (structure validation) and for The PDB will continually review the checking methods used
assessing how well these models fit the experimental datand will integrate new procedures as they are developed by the
(experimental validation). The PDB validates structures using’DB and members of the scientific community.
accepted community standards as part of ADIT’s integrate
data processing system. The following checks are run and a
summarized in a letter that is communicated directly to theThe PDB is working with other groups to set up deposition
depositor: centers. This enables people at other sites to more easily
deposit their data via the Internet. Because it is critical that the
Covalent bond distances and angléxoteins are compared final archive is kept uniform, the content and format of the
against standard values from Engh and Huber (5); nucleic acithal files as well as the methods used to check them must be
bases are compared against standard values from Clown#ye same. At present, the European Bioinformatics Institute
et al. (6); sugar and phosphates are compared against standgdEBI) processes data that are submitted to them via AutoDep
values from Gelbiret al. (7). (http://autodep.ebi.ac.uk/ ). Once these data are processed they
are sent to the RCSB in PDB format for inclusion in the central
Stereochemical validatiorAll chiral centers of proteins and archive. Before this system was put in place it was tested to
nucleic acids are checked for correct stereochemistry. ensure consistency among entries in the PDB archive. In the
future, the data will be exchanged in mmCIF format using a
Atom nomenclatureThe nomenclature of all atoms is checkedcommon exchange dictionary, which along with standardized
for compliance with IUPAC standards (8) and is adjusted ifannotation procedures will ensure a high degree of uniformity
necessary. in the archival data. Structures deposited and processed at the
EBI represent ~20% of all data deposited.
Close contactsThe distances between all atoms within the Data deposition will also soon be available from an ADIT
asymmetric unit of crystal structures and the unique molecul§Veb site at The Institute for Protein Research at Osaka
of NMR structures are calculated. For crystal structuresUniversity in Japan. At first, structures deposited at this site
contacts between symmetry-related molecules are checked a8l be processed by the PDB staff. In time, the staff at Osaka
well. will complete the data processing for these entries and send the
files to the PDB for release.
Ligand and atom nomenclatur&kesidue and atom nomen-
clature is compared against the PDB dictionary (1‘tp://ftp.rcsb!\”\/IR data
org/pub/pdb/data/monomers/het_dictionary.txt ) for all ligandsThe PDB staff recognizes that NMR data needs a special
as well as standard residues and bases. Unrecognized ligadelvelopment effort. Historically these data have been retro-
groups are flagged and any discrepancies in known ligands afitted into a PDB format defined around crystallographic infor-
listed as extra or missing atoms. mation. As a first step towards improving this situation, the
PDB did an extensive assessment of the current NMR holdings
Sequence comparisohihe sequence given in the PDB SEQRESand presented their findings to a Task Force consisting of a
records is compared against the sequence derived from tloeoss section of NMR researchers. The PDB is working with
coordinate records. This information is displayed in a tablehis group, the BioMagResBank (BMRB) (12), as well as other
where any differences or missing residues are marked. Duringembers of the NMR community, to develop an NMR data
structure processing, the sequence database references gidationary along with deposition and validation tools specific
by DBREF and SEQADV are checked for accuracy. If nofor NMR structures. This dictionary contains among other
reference is given, a BLAST (9) search is used to find the bestems descriptions of the solution components, the experimental
match. Any conflict between the PDB SEQRES records andonditions, enumerated lists of the instruments used, as well as
the sequence derived from the coordinate records is resolvéaformation about structure refinement.
by comparison with various sequence databases.

ther data deposition centers

Data processing statistics

Distant waters The distances between all water oxygen atom$roduction processing of PDB entries by the RCSB began on
and all polar atoms (oxygen and nitrogen) of the macromoleculedanuary 27, 1999. The median time from deposition to the
ligands and solvent in the asymmetric unit are calculatedcompletion of data processing including author interactions is
Distant solvent atoms are repositioned using crystallographiess than 10 days. The number of structures with a HOLD
symmetry such that they fall within the solvation sphere of thaelease status remains at ~22% of all submissions; 28% are
macromolecule. held until publication; and 50% are released immediately after
processing.
In almost all cases, serious errors detected by these checks arg&/hen the RCSB became fully responsible there were about
corrected through annotation and correspondence with the autho@00 structures that had not been completely processed. These
It is also possible to run these validation checks againghcluded so called Layer 1 structures that had been processed
structures before they are deposited. A validation servelny computer software but had not been fully annotated. All of
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User Interfaces

Query Result Structure
Browser Explorer

SearchlLite SearchFields

KEYWORD = | DERIVED R ||| TP tree
SEARCH DATA : | (download)
LDAP POM SYBASE |

DBI INTEGRATION LAYER

Figure 3. The integrated query interface to the PDB.

these structures have now been processed and are beadvanced querying capabilities of the PDB makes it critical to
released after author review. accelerate the data uniformity process for these data. We are
The breakdown of the types of structures in the PDB isnow at a stage where the query capabilities surpass the quality
shown in Table 2. As of September 14, 1999, the PDBof the underlying data. The data uniformity project is being
contained 10 714 publicly accessible structures with anotheapproached in two ways. Families of individual structures are
1169 entries on hold. Of these, 8789 (82%) were determineleing reprocessed using ADIT. The strategy of processing data
by X-ray methods, 1692 (16%) were determined by NMR andiles as groups of similar structures facilitates the application
233 (2%) were theoretical models. Overall, 35% of the entriesf biological knowledge by the annotators. In addition, we are

have deposited experimental data. examining particular records across all entries in the archive.
As an example, we have recently completed examining and
Table 2. Demographics of data in the PDB correcting the chemical descriptions of all of the ligands in the

PDB. These corrections are being entered in the database. The
practical consequence of this is that soon it will be possible to
accurately find all the structures in the PDB bound to a particular
ligand or ligand type. In addition to the efforts of the PDB to
remediate the older entries, the EBI has also corrected many of
the records in the PDB as part of their ‘clean-up’ project. The
task of integrating all of these corrections done at both sites is
very large and it is essential that there is a well-defined
9513 459 724 13 10714 exchange format to do this; mmCIF will be used for this
purpose.

1692
202 16 15 0 233

Data uniformity

A key goal of the PDB is to make the archive as consistent an§HE PDB DATABASE RESOURCE

error-free as possible. All current depositions are reviewee'-he database architecture

carefully by the staff before release. Tables of features are

generated from the internal data processing database ahtirecognition of the fact that no single architecture can fully

checked. Errors found subsequent to release by authors agypress and efficiently make available the information content

PDB users are addressed as rapidly as possible. Correctiopthe PDB, an integrated system of heterogeneous databases

and updates to entries should be sent to deposit@rcsbas been created that store and organize the structural data. At

rutgers.edu for the changes to be implemented and re-releasesent there are five major components (Fig. 3):

into the PDB archive. » The core relational database managed by Sybase (Sybase
One of the most difficult problems that the PDB now facesis SQL server release 11.0, Emeryville, CA) provides the

that the legacy files are not uniform. Historically, existing data central physical storage for the primary experimental and

(‘legacy data’) comply with several different PDB formats and coordinate data described in Table 1. The core PDB relational

variation exists in how the same features are described for database contains all deposited information in a tabular form

different structures within each format. The introduction of the that can be accessed across any number of structures.
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Database query

New Query :
Summary informaton Three distinct query interfaces are available for the query of data
Download Coordinates within PDB: Status Query (http://iwww.rcsb.org/pdb/status.html),
" Structure Neighbors . .
@}—. Geometry SearchLite (http://www.rcsb.org/pdb/searchlite.html ) and Search-
3 S o Fields (http://www.rsch.org/pdb/queryForm.cgi ). Table 3
| Crystalization Information summarizes the current query and analysis capabilities of the
PDB. Figure 4 illustrates how the various query options are

W organized.

Multiple Structures Select Single Structure e
Query Result Browser Generate a Report Table 3. Current query capabilities of the PDB
Download Report

Download Structures
Download Sequences

SearchLite Any word or combination of words in the PDB
New or Refined Query ’ SearchFields General information: PDB identificr, citation author, chain type (protein, DNA efc.),
PDB HEADER, experimental technique, deposition/release date, citation, compound
information, EC number, text search
Sequence and secondary structure: chain length, FASTA search, short sequence
. . . . pattern, secondary structure content
Figure 4. The various query options that are available for the PDB. Crystallographic experimental information: sesoluton, space group,urit cell
dimension:
Status PDB identifier, deposition author, title, holding status, deposition date, release date
S
.
. The f| nal cu rated data flles (l n P D B and mmC I F formats) Summary Compound name, authors, experimental mcl}?od, classification, source, prirx}ary
. . . . citation, deposition date, release date, resolution, R-value, space group, unit cell
and data dictionaries are the archival data and are present a parameters, polymes chain identifers, nucnber of residues, HET groups, nurber of
ASCII files in the ftp archive. ot

View Structure VRMI., RasMol, QuickPDB (Java Applet), Chime, still images

¢« The POM (P roperty () bject Mode |)-based databases, which| pownieadpisplay fite | HTML and text formats for display: PDB and mmCIF formats with different
compression opticns for download

con SISt Of Ind exed ObJeCtS Contal n I n g n a'tlve (e " g " ato m |C Structural Neighbors List of sites for finding structural homologues

coordinates) and derived properties (e.g., calculated secondar — Ul el s, gk ond g
. - . ther Sources inks to other sources of information (Table 4)

structure assignments and property profiles). SOMe ProPertie s puats | chun s mumber ofresiucs per chan, motecaar weig e e, sesondry

require no derivation, for example, B factors; others must be structure assignment; download sequence only in FASTA format

Crystallization Conditions under which the crystals were obtained

derived, for example, exposure of each amino acid residue | uomaion
1 iri 1 1fi Previous versions Versions of the structure replaced by the current version if app

(13) or Gx ContaCt maps Propertles requwlng Slgnlflcant Nucleic Acid Database Detained information from the Nucleic Acid Database (NDB) if applicable

computation time, such as structure neighbors (14), are pre-|azas sy _

calculated when the database is incremented to save considerak -2 Suciclo aed geometry I spplicable

user access time.

Structure Factors Experimental data if available

e The Bio]ogica| Macromolecule Crysta”ization Database |swwmary Lis Deposition date, resolution, experimental method, classification, compound name
. . . . . Download Structures or | mmCIF and PDB compressed files (gzip, tar, compressed); sequences in FASTA
(BMCD; 15) is organized as a relational database within | seuences format
Sybase and contains three general categories of literature Qo aduen e
. n . abular Report ‘ell dimensions, primary citation, stracture identifiers, sequence, experimentai details,
derived information: macromolecular, crystal and summary refinemen: deuils
data Query Review Summary of queries submitted thus far with the option to return

* The Netscape LDAP server is used to index the textual

content of the PDB in a structured format and provides gearchLite, which provides a single form field for keyword
support for keyword searches. _ ~searches, was introduced in February 1999. All textual information
It is critical that the intricacies of the underlying physical within the PDB files as well as dates and some experimental
databases be transparent to the user. In the current implementatigita are accessible via simple or structured queries. Search-
communication among databases has been accomplished usiig|ds, accessible since May 1999, is a customizable query
the Common Gateway Interface (CGI). An integrated Welform that allows searching over many different data items
interface dispatches a query to the appropriate database(feluding compound, citation authors, sequence (via a FASTA
which then execute the query. Each database returns the P[3Barch; 16) and release or deposition dates.
identifiers that satisfy the query, and the CGI program integrates Two user interfaces provide extensive information for result
the results. Complex queries are performed by repeating thests from SearchLite or SearchFields queries. The ‘Query
process and having the interface program perform the approprigtéasult Browser’ interface allows for access to some general
Boolean operation(s) on the collection of query results. Anformation, more detailed information in tabular format, and
variety of output options are then available for use with thethe possibility to download whole sets of data files for result
final list of selected structures. sets consisting of multiple PDB entries. The ‘Structure
The CGI approach [and in the future a CORBA (CommonExplorer’ interface provides information about individual
Object Request Broker Architecture)-based approach] wilktructures as well as cross-links to many external resources for
permit other databases to be integrated into this system, fanacromolecular structure data (Table 4). Both interfaces are
example extended data on different protein families. The sanmeccessible to other data resources through the simple CGI
approach could also be applied to include NMR data found impplication programmer interface (API) described at http:/Mww.
the BMRB or data found in other community databases. rcsb.org/pdb/linking.html
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Table 4. Static cross-links to other data resources currently provided

by the PDB

3dee (21)

Structural domain definitions

BMCD (15) Crystallization information about
biomacromolecules

CATH (22) Protein fold classification

CE (14) Complete PDB and representative structure
comparison and alignments

DSSP (23) Secondary structure classification

Enzyme Structures Database
(http://www.biochem.ucl.ac.uk/bsm/

Enzyme classifications and nomenclature

enzymes/)

FSSP (24) Structurally similar families

GRASS (25) Graphical representation and analysis
HSSP (26) Homology derived secondary structures
Image (27) Image library of biological macromolecules
MMDB (28) Database of three dimensional structures

Medline
(http://www.nlm.nih.gov/databases/
medline.html)

Direct access to Medline at NCBI

NDB (29)

Database of three dimensional nucleic acid

structures

PDBObs (30)

Obsolete structures database

PDBSum (31) Summary information about protein structures

SCOP (32) Structure classifications

STING (33) Simultaneous display of structural and sequence
information

Tops (34) Protein structure motif comparisons topological
diagrams

VAST (35) Vector Alignment Search Tool (NCBI)

‘Whatcheck (36) Protein structure checks

» From complete Web-based mirror sites that contain all data-
bases, data files, documentation and query interfaces updated
weekly.

» From ftp-only mirror sites that contain a complete or subset
copy of data files, updated at intervals defined by the mirror
site. The steps necessary to create an ftp-only mirror site are
described in http://www.rcsb.org/pdb/ftpproc.final.html

* Quarterly CD-ROM.

Data are distributed once per week. New data officially
become available at 1 a.m. PST each Wednesday. This follows
the tradition developed by BNL and has minimized the impact
of the transition on existing mirror sites. Since May 1999, two
ftp archives have been provided: ftp:/ftp.rcsb.org , a reorganized
and more logical organization of all PDB data, software, and
documentation; and ftp://bnlarchive.rcsb.org , a near-identical
copy of the original BNL archive which is maintained for
purposes of backward compatibility. RCSB-style PDB mirrors
have been established in Japan (Osaka University), Singapore
(National University Hospital) and in UK (the Cambridge
Crystallographic Data Centre). Plans call for operating mirrors in
Brazil, Australia, Canada, Germany, and possibly India.

The first PDB CD-ROM distribution by the RCSB contained
the coordinate files, experimental data, software and documentation
as found in the PDB on June 30, 1999. Data are currently
distributed as compressed files using the compression utility
program gzip. Refer to http://www.rcsb.org/pdb/cdrom.html
for details of how to order CD-ROM sets. There is presently no
charge for this service.

The website usage has climbed dramatically since the SySteB]ATA ARCHIVING

was first introduced in February 1999 (Table 5). As of

November 1, 1999, the main PDB site receives, on averagdhe PDB is establishing a central Master Archiving facility.
greater than one hit per second and greater than one query pene Master Archive plan is based on five goals: reconstruction

minute.

Table 5.Web query statistics for the primary RCSB site
(http://www.rcsb.org )

Hits Sites _ [Kbytes [Files Hits

August 99 63768 47675 [34928 [31781561 [1477927 |1976818
Huly 99 75693 54427 138698 |35652864 11687265 [2346495
June 99 33256 [27054 |11586 (11164410 (622264 (764894
May 99 26890 22085 {12405 [12463441 1684650  [833597
\April 99 21140 [17099 {12261 [9925351 512990 634224
March 99 8406 (6911 16292 3560629 214255  [260610
[February 99 2944 2433 {2246  [844536 68133 82453
January 99 1563 [1353 {1153 92014 35202 40641

DATA DISTRIBUTION

of the current archive in case of a major disaster; duplication of
the contents of the PDB as it existed on a specific date; preservation
of software, derived data, ancillary data and all other computerized
and printed information; automatic archiving of all depositions
and the PDB production resource; and maintenance of the PDB
correspondence archive that documents all aspects of deposition.
During the transition period, all physical materials including
electronic media and hard copy materials were inventoried and
stored, and are being catalogued.

MAINTENANCE OF THE LEGACY BNL SYSTEM

One of the goals of the PDB has been to provide a smooth
transition from the system at BNL to the new system. Accordingly,
AutoDep, which was developed by BNL (18) for data deposition,
has been ported to the RCSB site and enables depositors to
complete in-progress depositions as well as to make new

The PDB distributes coordinate data, structure factor files andepositions. In addition, the EBI accepts data using AutoDep.
NMR constraint files. In addition it provides documentation Similarly, the programs developed at BNL for data query and
and derived data. The coordinate data are distributed in PDBistribution (PDBLite, SDBbrowser, etc.) are being maintained
and mmCIF formats. Currently, the PDB file is created as thévy the remaining BNL-style mirrors. The RCSB provides data
final product of data annotation; the program pdb2cif (17) isin a form usable by these mirrors. Finally the style and format
used to generate the mmCIF data. This program is used to acconf-the BNL ftp archive is being maintained at ftp://bnlarchive.
modate the legacy data. In the future, both the mmCIF and PDR:sb.org

format files created during data annotation will be distributed.

A multitude of resources and programs depend upon their

Data are distributed to the community in the following ways:links to the PDB. To eliminate the risk of interruption to these
« From primary PDB Web and ftp sites at UCSD, Rutgers andervices, links to the PDB at BNL were automatically redirected to
NIST that are updated weekly.

the RCSB after BNL closed operations on June 30, 1999 using
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Table 6. PDB information sources

http://www.rcsb.org/pdb/ Main PDB Web site

http://rutgers.resb.edu/pdb/ (Rutgers) RCSB member institution PDB Web sites
http://nist.resb.org/pdb/ (NIST)

http://rutgers.rcsb.org/pdb/mirrors.html List of all RCSB PDB Miryors
http://pdb.rutgers.edu/adit/ ADIT Web site
http://pdb.rutgers.edu/validate/ ADIT Validation Server
http://www.rcsb.org/pdb/newsletter/index.html RCSB PDB Newsletter
http://www.rcsb.org/pdb/linking. html Enzyme classifications and nomenclature
http://www.rcsb.org/pdb/ftpproc. final. html FTP mirroring information
hetp://www.rcsb.org/pdb/cdrom.html CD-ROM ordering information
info@rcsb.org General help desk

deposit @rcsb.rutgers.edu Data processing comrespondence

a network redirect implemented jointly by RCSB and BNL the recognition of an open reading frame to a fully understood
staff. While this redirect will be maintained, external resourcesole of the single or multiple biological functions of that molecule.
linking to the PDB are advised to change any URLs from http:/The available information that exists on this spectrum changes
www.pdb.bnl.gov/ to http://www.rcsb.org/ over time. Recognizing this, the PDB has developed a scheme
for the dynamic update of a variety of links on each structure to
whatever else can be automatically located on the Internet.
CURRENT DEVELOPMENTS This information is itself stored in a database and can be
In the coming months, the PDB plans to continue to improvequeried. This feature will appear in the coming months to
and develop all aspects of data processing. Deposition will bsupplement the existing list of static links to a small number of
made easier, and annotation will be more automated. In additioff}e more well known related Internet resources.
software for data deposition and validation will be made available
for in-laboratory use.
The PDB will also continue to develop ways of exchangingPDB ADVISORY BOARDS
information between databases. The PDB is leading the Objedihe PDB has several advisory boards. Each member institution
Management Group Life Sciences Initiative’s efforts to defineof the RCSB has its own local PDB Advisory Committee. Each
a CORBA interface definition for the representation of macro-nstitution is responsible for implementing the recommendations
molecular structure data. This is a standard developed undeich those committees, as well as the recommendations of an
strict procedure to ensure maximum input by members ofnternational Advisory Board. Initially, the RCSB presented a
various academic and industrial research communities. At thigeport to the Advisory Board previously convened by BNL. At
stage, proposals for the interface definition, including atheir recommendation, a new Board has been approached
working prototype that uses the standard, are being acceptaahich contains previous members and new members. The goal
For further details refer to http:/Aww.omg.org/cgi-bin/doc?lifesci/was to have the Board accurately reflect the depositor and user
99-08-15 . The finalized standard interface will facilitate the querfcommunities and thus include experts from many disciplines.
and exchange of structural information not just at the level of Serious issues of policy are referred to the major scientific
complete structures, but at finer levels of detail. The standargocieties, notably the IUCr. The goal is to make decisions
being proposed by the PDB will conform closely to the mmCIFbased on input from a broad international community of
standard. It is recognized that other forms of data representati@xperts. The IUCr maintains the mmCIF dictionary as the data
are desirable, for example using eXtensible Markup Languagstandard upon which the PDB is built.
(XML). The PDB will continue to work with mmCIF as the
underlying standard from which CORBA and XML represen-
tations can be generated as dictated by the needs of tllizéDR FURTHER INFORMATION
community. The PDB seeks to keep the community informed of new develop-
The PDB will also develop the means and methods ofnents via weekly news updates to the Web site, quarterly
communications with the broad PDB user community via thenewsletters, and a soon to be initiated annual report. Users can
Web. To date we have developed prototype protein documentarigsquest information at any time by sending mail to info@rcsb.
(19) that explore this new medium in describing structure-org . Finally, the pdb-l@rcsb.org listserver provides a community
function relationships in proteins. It is also possible to develogorum for the discussion of PDB-related issues. Changes to PDB
educational materials that will run using a recent Web browseoperations that may affect the community, for example, data
(20). format changes, are posted here and users have 60 days to
Finally it is recognized that structures exist both in the publicdiscuss the issue before changes are made according to major
and private domains. To this end we are planning on providingonsensus. Table 6 indicates how to access these resources.
a subset of database tools for local use. Users will be able to
load both public and proprietary data and use the same sear
and exploratory tools used at PDB resources. %NCLUSION
The PDB does not exist in isolation, rather each structur@hese are exciting and challenging times to be responsible for
represents a point in a spectrum of information that runs fronthe collection, curation and distribution of macromolecular
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structure data. Since the RCSB assumed responsibility for daREFERENCES
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