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A milestone was reached in April 2008 when the 100th installment
of the RCSB PDB Molecule of the Month was published on adren-
ergic receptors. This report cover highlights all of the structures
published in this series since January 2000.

Created by David S. Goodsell (RCSB PDB, The Scripps Research
Institute), the feature regularly provides an easy introduction to
the RCSB PDB for teachers and students. It is used in many class-
rooms to introduce structures to students, and is an integral part
of the protein modeling event at high school Science Olympiad
competitions. Over time, the series has explored the structure
and function of proteins and nucleic acids found in the PDB
archive such as insulin, anthrax toxin, and multidrug resistance
transporters.

The descriptions also provide links to example structures in the RCSB
PDB and offer interactive Jmol1 views for further exploration.

New Molecule of the Month features and the archive of previous edi-
tions are available from the RCSB PDB home page at
www.pdb.org.

References for the structures depicted on the cover are available from each Molecule of the Month feature. Images are not drawn to scale.
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When the Protein Data Bank (PDB) archive was founded with seven structures
in 1971, it was difficult to predict the future of structural biology. With the re-
lease of the 50,000th structure in the archive in April 2008, the PDB holdings tell
many stories about the progress of this science through the years.

Improvements in the technologies and methods used in structure determina-
tion have enabled scientists to make exciting new discoveries. Structures that
were once thought impossible to determine (such as ribosomes, large viruses,
and enzyme complexes) are now commonplace. These large and complex mo-
lecular machines–along with other proteins and nucleic acids of all sizes–tell
us about the different processes that happen in living cells.

But we’re not done yet. Laboratories are producing structural data at a con-
stantly increasing rate. Using the power of high throughput crystallography and
NMR techniques, structural genomics projects worldwide have produced a large
number of new and novel structures. The function of many of these structures is
unknown, offering ongoing challenges to the scientific community.

More than 20 million files are accessed from the PDB archive every month
through wwPDB websites and FTP archive downloads. This tells the story of
how the PDB user community has expanded from 1970s, when a handful of
structural biologists shared their data by postal mail. Today, PDB users are sci-
entists working on basic and applied research in biology, biochemistry, genet-
ics, pharmacology, biophysics, bioinformatics, and beyond. Computer scientists
and software developers build and use tools for PDB data analysis and visual-
ization. Students and educators at all levels of experience and interest utilize
PDB data in their classes and projects.

Estimates indicate that the size of the PDB archive will triple to 150,000 struc-
tures by the year 2014. We look forward to a future in which biology and med-
icine are increasingly described in molecular terms.

Helen M. Berman
Director, RCSB PDB
Board of Governors Professor of Chemistry and Chemical Biology
Rutgers, The State University of New Jersey

Z. Chen, H. Yang, N.P.
Pavletich (2008) Mecha-
nism of homologous re-
combination from the
RecA-ssDNA/dsDNA
structures. Nature 453:
489-484.

3cmt
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Among the more than 50,000 structures currently represented in the PDB are:

• Transfer RNA (tRNA)–The nucleic acid molecule that translates
genomic information into the amino acid sequence of a protein

• Dengue fever virus–The fever-causing virus transmitted by tropical
mosquitoes

• Anabolic steroid receptors–Hormones, including testosterone, that
regulate protein synthesis

• Prion proteins–Misshapen proteins that are the cause of many diseases,
including Mad Cow Disease

• Circadian clock proteins–Molecules that measure out a 24-hour day
• p53 tumor suppressor–“Guardian of the cell” that initiates

programmed cell death in damaged or cancerous cells
• Amyloid peptide–A protein implicated in Alzheimer’s disease
• Photosynthetic reaction centers–Proteins that capture light for the

creation of sugar in plants

Understanding the shape of a molecule helps to
understand how it works. Biomolecules are the
main building blocks of living organisms. They
come in a variety of shapes, ranging from tiny pro-
teins and bits of DNA to complex and large mo-
lecular machines like the ribosome and ATP
synthase. These different shapes enable the struc-
tures to do their jobs.

For example, the four chains of hemoglobin are
arranged in a way that allows efficient pickup and
delivery of oxygen and other gasses.

By studying these structures, scientists can deduce
their functions in human health and disease.

This knowledge is also used to develop drugs, the
small molecules that bind to a specific protein and
modify its action. Some very powerful drugs, such
as antibiotics or anticancer drugs, are used to com-
pletely disable a critical molecular machine. These
drugs can kill a bacterial or cancer cell. Other drug
molecules, such as aspirin, gently block less critical
proteins for a few hours.

The structures in the PDB archive provide a vital
resource for science and medicine.

Snapshot: July 1, 2008

51491 released atomic coordinate entries

Molecule Type
47526 proteins, peptides, and viruses

1870 nucleic acids
2062 protein/nucleic acid complexes

33 other

Experimental Technique
43855 X-ray

7355 NMR
182 electron microscopy

99 other

33017 structure factor files
4054 NMR restraint files

The RCSB Protein Data Bank, administered by the nonprofit Research Col-
laboratory for Structural Bioinformatics (RCSB), provides an essential li-
brary of biomolecular structures to support scientific research and education
worldwide.

The Protein Data Bank (PDB) archive is the single repository of information
about the 3D structures of large biological molecules, primarily proteins and
nucleic acids. These are the molecules of life that are found in all organisms,
from bacteria and plants to animals and humans.

P.J. Loll, D. Picot, R.M. Garavito
(1995) The structural basis of aspirin
activity inferred from the crystal struc-
ture of inactivated prostaglandin H2
synthase. Nat.Struct.Biol. 2: 637-643.
Image by David S. Goodsell.

N.R. Silvaggi, H.R. Josephine, A.P.
Kuzin, R. Nagarajan, R.F. Pratt, J.A.
Kelly (2005) Crystal structures of com-
plexes between the R61 DD-peptidase
and peptidoglycan-mimetic beta-lactams:
a non-covalent complex with a "perfect
penicillin." J.Mol.Biol. 345: 521-533.
Image by David S. Goodsell.

Why Study Biomolecular Structure?

G. Fermi, M.F. Perutz, B. Shaanan, R.
Fourme (1984) The crystal structure of
human deoxyhaemoglobin at 1.74 Å reso-
lution. J.Mol.Biol. 175: 159-174.

4hhb

1pwc

1pth

In addition to developing tools and systems for the dep-
osition, annotation, and release of data in the PDB
archive, the RCSB PDB supports a website where visitors
can perform simple and complex queries on the data, vi-
sualize the structures, and analyze the results.

The RCSB PDB is a valuable resource used by researchers
from a wide variety of scientific disciplines, students, teach-
ers, and the general public.
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Structures are then downloaded and viewed from
online resources, such as the RCSB PDB website

that lets users search databases, tabulate data, and an-
alyze the results.

Different visualization programs allow users to “see” a
3D picture of a protein structure.

Data are picked up by countless external resources to
populate other databases for use in further studies.

3

Solving the puzzle of a protein’s shape requires
advanced techniques and careful analysis. Scien-

tists use methods such as X-ray crystallography, nuclear
magnetic resonance (NMR), and 3D electron microscopy
(3D EM) to acquire structural data.

When a scientist
determines a new

structure, this informa-
tion is deposited in the
PDB archive. Annota-
tors review and anno-
tate the data before it
is made freely available
to the world.

2As these valuable data
are shared around the

globe, they contribute to
further understanding of
biomolecular structure and
to human health and wel-
fare.

For example, a structure
could be used in a study of
how proteins interact with
one another, explored by a
student researching bioin-
formatics, or used in the de-
sign of candidates in
drug-development trials.

3b8n

History of the PDB Archive
Almost as soon as it became possible to deduce the form of a pro-
tein, scientists realized that this important information must be
shared. The PDB archive is the sole international repository for 3D
structures of biological macromolecules. The resource includes
proteins, nucleic acids (including DNA and RNA), and protein-
nucleic acid complexes.

The PDB was established in 1971 at Brookhaven National Labo-
ratory and originally contained 7 structures.2 In 1998, the Research
Collaboratory for Structural Bioinformatics (RCSB) became

responsible for the management of the PDB.3 In 2003, the World-
wide Protein Data Bank (wwPDB) was formed to ensure that the
archive would be freely and publicly available to the global com-
munity.4 The wwPDB consists of organizations that act as deposi-
tion, data processing and distribution centers for PDB data. As
'archive keeper' for the wwPDB, the RCSB PDB controls the cen-
tral repository of the PDB archive.

Today, the PDB archive receives approximately 20 new structures
daily. Curators then check each deposition for errors or omissions,
ensuring a consistent format and accurate data for each entry.

The Life of a Structure

1

4

3b8n: A. Tocilj, C. Munger, A. Proteau, R. Morona, L. Purins, E. Ajamian, J. Wagner, M. Papadopoulos, L. Van Den Bosch, J.L. Rubinstein, J.
Fethiere, A. Matte, M. Cygler (2008) Bacterial polysaccharide co-polymerases share a common framework for control of polymer length.
Nat.Struct.Mol.Biol. 15: 130-138.
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The RCSB PDB Organization
The RCSB PDB member institutions jointly manage the project:
Rutgers, The State University of New Jersey and the San Diego Su-
percomputer Center and the Skaggs School of Pharmacy and Phar-
maceutical Sciences at the University of California, San Diego.

Helen M. Berman, Director of the RCSB PDB, is a Board of Gov-
ernors professor of chemical biology at Rutgers. Professor Berman
was part of the team that first envisioned the PDB archive. She is
joined in RCSB PDB management by Dr. Martha Quesada, Deputy
Director (Rutgers), and Professor Philip E. Bourne, Associate Di-
rector (UCSD).

The RCSB PDB Team is comprised of experts in diverse fields of
computer science, biology, chemistry, and education. In addition
to working with PDB data, RCSB PDB members co-author scien-
tific papers, exhibit at meetings, present posters and papers, and
attend and organize workshops. Staff members also serve as tu-
tors, teachers, and mentors to students of all ages.

The RCSB PDB receives input from an international advisory
board (The RCSB PDB Advisory Committee), made up of experts
in X-ray crystallography, NMR, 3D EM, bioinformatics, and edu-
cation. wwPDB Task Forces focusing on NMR and X-ray Valida-
tion also guide the direction of the resource.

The wwPDB Organization
In addition to the RCSB PDB, the member institutions of the
wwPDB include Protein Data Bank Europe (PDBe), Protein Data
Bank Japan (PDBj), and the BioMagResBank (BMRB). In addition
to maintaining the archive, the groups collaborate on a variety of
projects and outreach efforts.

www.wwpdb.org provides links to member sites for deposition,
access, and searching. This portal hosts extensive documentation
describing data deposition and annotation. Statistics for the num-
ber of structures deposited and processed, and download statis-
tics for each structure are updated regularly.

The RCSB PDB and collaborators

The RCSB PDB is supported by funds from the National Science Foundation (NSF), the National Institute of General Medical Sci-
ences (NIGMS), the Office of Science, Department of Energy (DOE), the National Library of Medicine (NLM), the National Cancer
Institute (NCI), the National Center for Research Resources (NCRR), the National Institute of Biomedical Imaging and Bioengi-
neering (NIBIB), the National Institute of Neurological Disorders and Stroke (NINDS), and the National Institute of Diabetes & Di-
gestive & Kidney Diseases (NIDDK).

Funding

About the RCSB PDB

www.wwpdb.org
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Services: Data Input

Data Input: Deposition, Validation,
and Annotation
A key function of the wwPDB is the efficient capture (deposition)
and curation (validation and annotation) of experimental structural
data.5 Scientists contribute data produced from structure determi-
nation experiments using deposition tools available from the
wwPDB partners. These data are then validated and annotated before
being made publicly available. Data processed at the other wwPDB
sites are forwarded to the RCSB PDB for inclusion in the archive.

When a structure is deposited online using ADIT or ADIT-NMR, it
is immediately assigned its own unique PDB ID.

Data annotators then work to represent PDB data in the best pos-
sible way. Using tools developed by the RCSB PDB, data entries
are carefully reviewed and processed using an integrated system
that is based on the use of a standard mmCIF (macromolecular
Crystallographic Information File) dictionary.6

Annotators compare the sequence and citation reported in the
deposition to external databases.7-8 The entry is assigned a title,
names and synonyms for the protein or other polymer, the scien-
tific name of the source of the protein(s) and biological assembly
information. Any format errors are corrected. After checking the
structure visually, annotators send validation reports9 and the
completed coordinate file in mmCIF and PDB formats to the de-
positor for review. After corresponding with the depositor to fi-
nalize the entry for release, the complete entry, including its status
information and PDB ID, is loaded into a relational database.

Depending upon the hold status selected by the de-
positor, data release occurs when a depositor
gives approval to the annotated entry (sta-
tus: REL), the hold date has expired
(HOLD), or the journal article has been
published (HPUB). Structures can be on
HOLD or HPUB for no more than one year.

Software for Deposition and
Validation
The RCSB PDB develops tools that facilitate data vali-
dation and deposition for depositors, even as structures
are in the process of being determined. Software down-
loads, webservers, and documentation are available at de-
posit.pdb.org.

The program pdb_extract10 automatically takes key details
from the output files produced by many NMR and X-ray crys-
tallographic applications and puts them in a format that can be
used with ADIT and ADIT-NMR.

SF-Tool is a data validation and conversion tool that can vali-
date model coordinates against structure factor data, translate
structure factors into different formats, and check for twinned or
detwinned data.

The Validation Server checks the format of the coordinate file and
validates the overall structure before deposition.9 It produces a val-
idation report containing geometrical and experimental checks
from several programs11-13 and identifies any sequence and data

inconsistencies. Researchers can use this program
to review the quality of any released structure be-
fore using it in their own study.

ADIT (AutoDep Input Tool),3 available from
the RCSB PDB and PDBj, provides access to a

collection of programs for data input, val-
idation, annotation, and format ex-
change. ADIT-NMR, a similar program
hosted at BMRB and PDBj, offers the
same functionality, but also lets de-
positors submit NMR structural and
experimental data using a single
tool. Coordinates and constraint
data are processed and released by
the RCSB PDB and PDBj, while

other NMR spectral data (such as
chemical shifts, coupling constants, and re-

laxation parameters, etc.) are processed and
archived by BMRB.

An enhanced version of ADIT that is currently in
beta testing indicates possible remedies for file
format problems; automatically validates the
structure; enforces consistency between sequence
and coordinates at deposition time; allows easier
organization of sequence information and sim-
plifies the way for entering author, title and cita-
tion information.

Ligand Expo and the
Chemical Component Dictionary
The Chemical Component Dictionary is as an external refer-
ence file describing all residue and small molecule components
found in PDB entries. This dictionary contains detailed chemi-
cal descriptions for standard and modified amino acids/nu-
cleotides, small molecule ligands, and solvent molecules. Each
chemical definition includes descriptions of chemical proper-
ties such as stereochemical assignments, aromatic bond assign-
ments, idealized coordinates, chemical descriptors (SMILES &
InChI),14,15 and systematic chemical names.

Users can search and browse the Chemical Component
Dictionary using resources such as MSDchem16 and Ligand
Expo (ligand-expo.rcsb.org).

Developed by the RCSB PDB, Ligand Expo (formerly called Lig-
and Depot17), can be used to navigate the Chemical Compo-
nent Dictionary. It integrates databases, services, tools and
methods related to small molecules, and allows users to:

• Search for a chemical component
• Browse tables of components that contain

– modified amino acids and nucleotides
– trade and generic drugs names
– common ring systems

• Review related information in chemical dictionaries and
resource files (chemistry, geometry, atom nomenclature,
and more)

• Download model and ideal chemical component coordinates
• View all instances of a component in released PDB entries

When depositing structures, users can search Ligand Expo to see
if their ligand already exists in the PDB archive or use tools to
build new components to be entered in the archive.

C. Biertumpfel,
W. Yang, D. Suck
(2007) Crystal
structure of T4 en-
donuclease VII re-
solving a Holliday
junction. Nature
449: 616-662.

2qnc
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Statistics
During the period covered by this report,
6978 files were deposited to the wwPDB
from around the world. More than half
were processed by the RCSB PDB; other
structures were processed by wwPDB mem-
bers PDBe and PDBj. Of these structures,
approximately 96% were deposited with
experimental data. Sequence data for about
55% of the depositions were released prior
to the structure's release.

On average, structures are processed, re-
viewed by the author, and finalized for re-
lease in two weeks. RCSB PDB-developed
software automatically tracks the status of
data processing.

Number of structures available per year
as of July 1, 2008

Growth of the Number of Structures Available in
the PDB Archive

Image created using Google Earth.18

Author-defined Release Status

Distribution of proteins and nucleic acids in the
archive in 2008

Structure Distribution

PDB Depositors by Location

Protein-DNA complexes 3%
Nucleic acid only 4%
Protein-RNA complexes 1%
Other 1%

Protein only 91%

After structures are fully processed and anno-
tated, they are then released according to the sta-
tus provided by the author at deposition. Of the
6978 entries deposited to the wwPDB during this
report period, 75% were held until the corre-
sponding journal publication was published.

The wwPDB receives publication dates and cita-
tion information directly from a few journals.
Software is used to automatically scan for corre-
sponding publications for most journals. Addi-
tionally, PDB depositors and users frequently
send citation information to deposit@de-
posit.rcsb.org.

Hold until a partic-
ular date (HOLD)
Release
immediately (REL)
Hold for
publication (HPUB)

75% HPUB

21% REL

4% HOLD
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Data Distribution and Access
RCSB PDB services and data are freely
available online.

As the wwPDB archive keeper, the
RCSB PDB updates the PDB
archive at ftp://ftp.wwpdb.org
weekly. A total of 7319 coordi-
nate files, 6087 structure factor
files, and 554 constraint data
files were released during
this report period.

Data are also loaded into
a relational database,19

integrated with more
than 30 external sources
of related data (e.g., jour-
nal abstracts, functional
descriptors, sequence an-
notations, structure anno-
tations, taxonomy), and
then made available for ac-
cess by a large and diverse au-
dience of scientists, educators,
and students worldwide.

Access is available via the website, ftp
server (supporting ftp and rsync
access), and Web Services. The website is
accessed by about 130,000 unique visitors per month
from over 140 different countries. On a typical weekday, three
to four pages from the website are viewed every second. Around
500 GigaBytes of data are transferred each month. At the same
time, about 7,000 unique visitors download more than 10 million
files from the FTP site at ftp://ftp.wwpdb.org, for a total of about
2 TB (TeraBytes) of data.

Data Query and Reporting
The website is designed to make every structure accessible and
comprehensible to all of our data users–students and teachers,
biologists, structural biologists, computational biologists, and the
general public.

Users can search for structures using simple searches (PDB ID, key-
word, sequence, or author) or by building more complex queries.

The Advanced Search interface can search across a large number of
specific fields, such as external database IDs, keywords, structural
features, biological and chemical information, sequences, experi-
mental method, literature citations, and structural genomics cen-
ter information. Subqueries can be combined via Boolean
operations, and sequence-based redundancy can optionally be re-
moved from search results.

Structures in the PDB may also be browsed using tree-like hierar-
chies based on Gene Ontology (GO) terms, Enzyme Classifica-
tion, Medical Subject Headings, Source Organism, Genome
Location, and SCOP and CATH classifications.8, 20-23

Structures in processing, on hold, or waiting for publication can be
searched by author name and release status, and in some cases, struc-
ture name and sequence.

FTP Downloads from the wwPDB in 2007. Image created using Google Earth.18

RCSB PDB

PDBe

PDBj

3bwt

Miller, M.T., Higgin,
J.J., Hall, T.M.T.
(2008) Basis of al-
tered RNA-binding
specificity by PUF
proteins revealed by

crystal structures
of yeast Puf4p
Nat.Struct.
Mol.Biol. 15:

397-402.

Advanced Search can combine search criteria from a variety of categories.
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A variety of Reports can be created for any query results set. Tabs
at the top of a search results set are available for: citations, for a
PubMed-like list of the primary citations for the structures that
match a query; ligand hits, for a list of ligands known to interact
with the structures matching a query; web page hits, for a list of any
RCSB PDB webpages that contain a particular keyword, including
Molecule of the Month features; and tabs containing structures with
corresponding GO, SCOP, or CATH hits. In the last three tabs, en-
tries are returned in a tree browser that indicates where these struc-
tures reside in the respective hierarchies. The SCOP tab, for
example, indicates which hits belong to which class of proteins.

Options to refine the query or create tabular reports from the
search results are also available.

Whether they are looking at individual or multiple structures,
users have a variety of options for learning about and visualizing
the entries. Each individual entry has a Structure Summary page
that provides summary information, static and interactive images
of the molecule, and related links to other resources. Several mo-
lecular viewers, including the RCSB PDB’s Protein Workshop,24 are
provided. A PDB, mmCIF or PDBML/XML format file for any
structure can be downloaded as plain text or in compressed for-
mat. A sequence page, available for every structure, has been en-
hanced with new annotations such as new domain definitions,
functional site mapping to sequence (if present in the entry), and
calculated disulphide linkages.

Statistical views of the archive are also presented as content distri-
butions (experimental methods, resolution, organism, structural
genomics center, etc.) and content growth (experimental methods,
molecule type, and unique protein classifications).

All of these features are supported by help pages, Flash tutorials,
and an active help desk.

Additional enhancements and new resources are continually in
development.

FTP: Downloading Tools and
Time-stamped Copies
As part of a wwPDB initiative, time-stamped snapshots of the PDB
archive are added each year to ftp://snapshots.rcsb.org to provide
readily identifiable data sets for research on the PDB archive.

Scripts are available to help users create local copies of all or part
of the PDB archive or snapshots.

An example Structure Summary page. Linked data items can be used to
retrieve other structures with similar properties, such as author name,
space group, or chemical component.

Search results, like the one shown for virus structures, can be viewed as a
collage of structure images. Each image links to the Structure Summary
page for the entry.

2jom

Web Services

Software tools can interact remotely with the RCSB PDB, in-
stead of locally storing coordinate files and related data,
through the use of Web Services. These services also allow
developers to build platform-independent applications that
use the advanced query functionality of the RCSB PDB.

Services offered include:

blastPDB: Runs a BLAST sequence search of the archive and
returns a list of matching PDB IDs

runXMLQuery: Runs any query possible from the website.
This includes advanced queries and combinations of queries
with Boolean operations

The full RCSB PDB Web Services description language
(WSDL) is at www.pdb.org/pdb/services/pdbws?wsdl.

J. Li, F.H.
Mei, G.F. Xiao,
C.Y. Guo, D.H. Lin
(2007) 1H, 13C and 15N
resonance assignments of rabbit prion protein (91-228) J.Biomol.NMR
38: 181-181.

This image was created using Protein Workshop, one of the many
molecular viewer options available from the RCSB PDB website.
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Education and Outreach

Thousands of scientists visit www.pdb.org every day. However, ad-
vanced researchers are not the RCSB PDB’s only users. The struc-
tures of proteins and nucleic acids are studied by teachers and
students, and accessed by media writers, illustrators, and the gen-
eral public. A number of resources, activities, and materials are
available to engage our users at all levels to promote scientific lit-
eracy and a broader understanding of structural biology.

At Rutgers and UCSD, the RCSB PDB leaders are involved in grad-
uate and undergraduate courses that depend heavily on the data
in the PDB archive.

Other programs focus on getting students and teachers interested
and involved in the fields of structural biology and bioinformat-
ics. This includes supervising the protein modeling trial event (ed-
ucation.pdb.org/olympiad) at the New Jersey Science Olympiad
competitions. At three events across the state, teams from all over
the Garden State present hand-built 3D protein models using kits

supplied by the RCSB PDB, along with an abstract, to be judged by
our annotators. At the event, teams complete a written exam about
the protein’s structure and function and build another model.

Area high school classes frequently visit and tour the RCSB PDB.
These experiences often lead to new initiatives and collaborations.
For example, students studying protein structure-function rela-
tionships with the RCSB PDB, as part of a Howard Hughes Med-
ical Institute program, created online presentations that can be
seen at www.scivee.tv. This initiative will become part of a sepa-
rate program to work with schools in-between San Diego and the
Mexican border.

The RCSB PDB also exhibits at education-related meetings to talk
to teachers and students about protein structure and function. At
these meetings, the variety of resources available from the General
Education section of www.pdb.org, in addition to the RCSB PDB
Molecule of the Month, are discussed.

A lecture on data deposition was part of the 2008 Cold Spring Harbor Laboratory’s X-
ray Crystallography Course X-ray Methods in Structural Biology held at the Chinese
Academy of Sciences in Beijing, China.

Number one in the state, Princeton
High School students stand with
their calmodulin model at the
2007 NJ Science Olympiad.

Serah Kimani (University of Cape Town) received the RCSB
PDB Poster Prize at the 2007 Conference of the Asian Crystallo-
graphic Association. The prize is awarded to the best student
poster at the affiliate meetings of the International Union of
Crystallography and at the Intelligent Systems for Molecular Bi-
ology International Conference.

Visits by high school classes and sum-
mer programs provide opportunities to
learn about structural biology.

RCSB PDB members participate in a variety
of outreach activities, including building virus
models out of toothpicks and marshmallows
with middle school students.

Student interns at
both sites work on
projects that be-
come part of the
online resource.

Education at All Levels RCSB PDB’s educational outreach to students of all ages and
different interests requires a variety of activities.
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Community Interactions
Our outreach efforts are focused on informing users about the
RCSB PDB and gaining input from the PDB community on how to
improve and further develop resources.

Through a variety of channels, we collect feedback for further RCSB
PDB development while providing materials that promote scien-
tific literacy and a broader understanding of structural biology.

The electronic help desk at info@rcsb.org provides around-the-
clock support for using RCSB PDB resources and beyond. Many
requests made to this address become enhancements to the web-
site. Other help desks assist in depositor-specific queries.

Team members actively par-
ticipate in professional
meetings through presenting
lectures, giving demonstra-
tions and tutorials, and col-
lecting feedback through
personal interactions.

Workshops are held to focus
on particular topics. For ex-
ample, the wwPDB spon-
sored a small meeting of
software developers called
Future Challenges to the PDB
in the summer of 2007 to
discuss data representation
issues related to TLS refine-
ment, alternate conforma-
tions and multiple models,
structures larger then a typi-
cal PDB-formatted file, twin-
ning, and new and hybrid

experimental methods. Ideas generated in this meeting included
forming an advisory council for input on such issues and meeting
regularly with developers.

Later, the X-ray Validation Task Force was formed at the Workshop
on Next Generation Validation Tools for the wwPDB held April 14-18,
2008 in Cambridge, UK to provide recommendations on addi-
tional validation that should be performed on PDB entries, and
identify software applications to perform validation tasks.

Education Resources

At UCSD, students and scientists can engage with the Immer-
sivePDB virtual reality software for protein and nucleic acid struc-
tures at the Calit2 visualization lab. This program lets users see
these structures in a very unique way.

The traveling Art of Science exhibit showcases the beauty and vari-
ety of protein shapes found in the PDB archive, bringing structural
biology to art enthusiasts from New York to Austria. In the past
year, this show included a display of photographs and sculptures
of protein structures by artist Julian Voss-Andreae.

Interactive displays have been created to showcase structures at
museums and at kiosks at RCSB PDB member sites.

Publications

www.pdb.org is updated weekly with news, recent develop-
ments, new resources, and improvements to existing docu-
ments. Educational features, such as new Molecule of the
Month installments, are posted regularly.

Published quarterly, the RCSB PDB Newsletter describes and
highlights recent RCSB PDB activities. Features include an
Education Corner that describes how the PDB archive and
RCSB PDB resources are used in the classroom, and a Com-
munity Focus interview with many of the scientific lumi-
naries in the PDB user community.

A variety of flyers, brochures, and tutorials are distributed to
users and published online.

The RCSB PDB regularly contributes articles to many peer-re-
viewed journals that cover a diverse array of subjects. Recent
publications, among others,25-26 have described:
• Depositing structures via the wwPDB5, and particularly NMR

depositions27

• The wwPDB Remediation Project28

• The history of the PDB archive29

• Outreach and education activities30

The RCSB PDB exhibit booths provide
opportunities to meet with targeted au-
diences, like teachers and school district
policy makers.

Information about the Workshop on Next Generation Validation
Tools is available from www.wwpdb.org.

ImmersivePDB
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Structural Genomics
Structural genomics efforts are quickly determining a large num-
ber of novel structures in a high throughput mode. Since the PDB
is the repository for these protein structures, the RCSB PDB works
and collaborates with structural genomics resources and centers
worldwide.

Current target progress and information is tracked by specific data-
bases. The Target Registration Database (TargetDB; tar-
getdb.pdb.org)31 provides status information for targets selected
for structure determination by various structural genomics centers.
The Protein Expression Purification and Crystallization Database
(PepcDB; pepcdb.pdb.org)32 extends the content of TargetDB with
status history, stop conditions, reusable text protocols and contact
information collected from the Protein Structure Initiative (PSI)
efforts and other structural genomics centers. These resources
facilitate coordination among the different centers and
provide valuable information about experimental de-
sign for use by biologists worldwide.

Structural genomics-related information from
the PDB archive, along with the data from-
TargetDB and PepcDB, are integrated
with key annotation, modeling, litera-
ture, and technology resources in the
PSI SG Knowledgebase (PSI SGKB;
kb.psi-structuralgenomics.org)
funded by the NIGMS.33 The PSI
SGKB publicizes research ad-
vances in structural genomics
and structural biology catalyzed
by the PSI so that these struc-
tural, functional, and method-
ological advances are readily available
for all biomedical scientists.

CryoEM
Cryo-electron microscopy (cryoEM) is a maturing methodology in
structural biology that enables the determination of 3D structures
of macromolecular complexes and cells from 2 to 100 Ångstrom
resolution with information that bridges the gap between cell bi-
ology and crystallographic and NMR methods. A one-stop deposi-
tion and retrieval site for cryoEM density maps, atomic models and
associated metadata is now available emdatabank.org.

The EM Data Bank, a joint effort among the Macromolecular Struc-
ture Database Group at the European Bioinformatics Institute, the
RCSB PDB at Rutgers, and the National Center for Macromolecu-
lar Imaging at Baylor College of Medicine, aims to integrate the ex-

pertise and infrastructure of these centers to create a
unified data resource for large complexes de-

termined by cryoEM.

BioSync
BioSync (Structural Biology Syn-
chrotron Users Organization)34 is
an online clearinghouse for beam-
line information at synchrotron fa-
cilities. The website contains
descriptions of all synchrotron
beamlines currently being used for
single crystal macromolecular crys-
tallography. The site also includes

PDB deposition statistics with
galleries of structures, cross-
linked to the RCSB PDB, that
are grouped by site and beam-
line. Separate tables of statis-

tics and galleries are updated
weekly for structural genomics

depositions.

Data Uniformity
In August 2007, the wwPDB released
remediated files for all PDB entries
to ensure the uniformity of the data
across the archive.28 As part of the
Remediation Project, many entries

in the archive were updated and
made consistent, with a focus on se-

quences (references to databases and
taxonomies, plus differences between

chemical and macromolecular se-
quences); primary citations; and assembly

and virus information. In the Chemical
Component Dictionary, the chemistry and

nomenclature in monomers and ligands were
standardized. This release of remediated data

greatly improved searching and reporting capabilities
across the PDB archive.

The wwPDB continues to actively collaborate in the improvement
of data processing and annotation practices.

M.Cottevieille, E. Larquet, S.
Jonic, M.V. Petoukhov, G.
Caprini, S. Paravisi, D.I. Sver-
gun, M.A. Vanoni, N. Boisset
(2008) The subnanometer res-
olution structure of the gluta-
mate synthase 1.2-MDa
hexamer by cryoelectron
microscopy and its
oligomerization behavior
in solution: Functional
implications.
J.Biol.Chem. 283:
8237-8249.

2vdc

PSI SGKB was expanded recently when it joined forces with the Nature Pub-
lishing Group to create a PSI SGKB Gateway. The Gateway enhances the PSI
SGKB’s powerful query feature with editorial articles and features.
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Citing PDB Structures and the RCSB PDB
Data files contained in the PDB archive (ftp://ftp.wwpdb.org) are
free of all copyright restrictions and made fully and freely avail-
able for both non-commercial and commercial use. Users of the
data should attribute the original authors of that structural data.

Structures should be cited with the PDB ID and the primary refer-
ence. For example, structure 102l should be referenced as: PDB ID:
102l. D.W. Heinz, W.A. Baase, F.W. Dahlquist, B.W. Matthews
(1993) How amino-acid insertions are allowed in an alpha-helix
of T4 lysozyme. Nature 361: 561-564.

Structures without a published reference can be cited with the PDB
ID, author names, and title: PDB ID: 1ci0. W. Shi, D.A. Ostrov,
S.E. Gerchman, V. Graziano, H. Kycia, B. Studier, S.C. Almo, S.K.
Burley, New York Structural GenomiX Research Consortium (NYS-
GXRC) The structure of PNP oxidase from S. cerevisiae.

Structures may also be referenced using their Digital Object Iden-
tifier (DOI). The DOIs for PDB structures all have the same for-
mat:10.2210/pdbXXXX/pdb, where XXXX is the PDB ID. For
example, the DOI for entry 4hhb is "10.2210/pdb4hhb/pdb". This
links directly to the entry in the PDB file format on the FTP server.

The journal reference for the RCSB PDB is H.M. Berman, J. West-
brook, Z. Feng, G. Gilliland, T.N. Bhat, H. Weissig, I.N. Shindyalov,
P.E. Bourne (2000) The Protein Data Bank. Nucleic Acids Research
28: 235-242. The RCSB PDB should also be referenced with the
URL www.pdb.org.

The RCSB PDB is a member of the worldwide PDB (wwPDB):
H.M. Berman, K. Henrick, H. Nakamura (2003) Announcing the
worldwide Protein Data Bank. Nature Structural Biology 10: 980.

The RCSB PDB Molecule of the Month may be referenced using its
DOI and the author/s of the article. The DOIs have the format:
10.2210/rcsb_pdb/mom_YYYY_MM, where YYYY is the year and
MM the month (one or two digits). For example, the DOI for the
May 2003 feature on hemoglobin by Shuchismita Dutta and
David S. Goodsell is "10.2210/rcsb_pdb/mom_2003_5".
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