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A symposium celebrating the 40th anniversary of the Protein Data Bank archive (PDB), organized by the
Worldwide Protein Data Bank, was held at Cold Spring Harbor Laboratory (CSHL) October 28–30, 2011.
PDB40’s distinguished speakers highlighted four decades of innovation in structural biology, from the
early era of structural determination to future directions for the field.

Structural biology was born in Cambridge, England in the 1950s,
when the race to the DNA double helix reached the finish line
(Franklin and Gosling, 1953; Watson and Crick, 1953; Wilkins
et al., 1953) and the first three-dimensional (3D) crystal struc-
tures of hemoglobin andmyoglobin (Kendrew et al., 1958; Perutz
et al., 1960) were determined. In the years that followed, a slow
but steady trickle of new protein structures brought unexpected
insights into the principles and consequences of protein struc-
ture and evolution, and contributed to our growing under-
standing of the intricate relationships between protein sequence,
structure, and function.
In 1971, a landmark meeting was held at Cold Spring Harbor

Laboratory (CSHL) entitled ‘‘Structure and Function of Proteins
at the Three Dimensional Level.’’ At that symposium, the earliest
3D structures were described by the pioneers of structural
biology in a way that led David Phillips to announce structural
biology’s ‘‘coming of age’’ (Cold Spring Laboratory Press, 1972).
The meeting also provided a venue for ongoing conversations
about what it would mean for all scientists to have access to the
structural data (Berman, 2008). These discussions culminated
in the offer by Walter Hamilton to host the Protein Data Bank
(PDB) at Brookhaven National Laboratory (BNL) (Protein Data
Bank, 1971). The rest, as the saying goes, is history (Figure 1).
A symposium celebrating the 40th anniversary of the PDB,

organized by the leadership of the current guardians of the
PDB archive, the Worldwide Protein Data Bank (wwPDB;
http://wwpdb.org) (Berman et al., 2003), was held at CSHL
October 28–30, 2011. Many people involved in the PDB’s past
and present were in attendance––staff members of the current
wwPDB partners, past PDB BNL heads Tom Koetzle and Joel
Sussman, and former staff, including the PDB’s longest-serving
data processor, Frances Bernstein, who annotated entries from
1974 until 1998 (Figure 2). ‘‘PDB40’’ was attended by almost 300
scientists from all over the world, several of whom had been at
the seminal 1971 meeting. Thanks to generous funding from
the National Science Foundation, National Institutes of Health,
Wellcome Trust, Japan Society for the Promotion of Science,
as well as more than 20 industrial sponsors, 34 students from
as far away as India and South Africa were able to participate
in the meeting. Almost 100 posters were presented, and in spite

of rain, snow (yes, snow in New York in October), and wind
pelting on the tent in which they were displayed, they engen-
dered lively discussions until the very last minute of the meeting.
The program boasted 19 distinguished speakers. Several

speakers who had been a part of that early era of structural
biology described their experiences determining structures
before the advent of cryocooling, high-speed computers, in-
tense X-rays, powerful detectors and automated phasing and
model-building software. Michael Rossmann, who had worked
in Max Perutz’s laboratory, described how he built brass
models and measured coordinates with a lead plumb. Richard
Henderson, who determined one of the first structures using
electron microscopy (EM), recounted how when he was part of
the chymotrypsin group, it took so long to measure the coordi-
nates with the plumb (a cord with a lead bob) that the values
changed because the string stretched! A research assistant at
the time of the 1971 meeting, Jane Richardson showed how
colored models were built using Tygon tubing filled with fluo-
rescein. Kurt Wüthrich, who was awarded the Nobel Prize for
developing the methods used to determine biomacromolecular
structures by NMR spectroscopy, and others paid homage to
Dick Dickerson and Irving Geis for their marvelous hand-drawn
depictions of DNA and protein structures (Figure 3) (Dickerson,
1997).
Many speakers commented on the importance of data sharing

and the pioneering and exemplary role that the PDB has played
in ensuring that biological data are kept in the public domain.
Tribute was given to structural biologists such as Fred Richards,
Dick Dickerson, and Max Perutz, who rallied their colleagues to
deposit their data in spite of the considerable initial resistance of
some, as pointed out by Hans Deisenhofer. Following the guide-
lines published in 1989 (International Union of Crystallography,
1989), virtually every journal requires deposition of coordinates
and experimental data as a prerequisite to publication.
It was pointed out that the PDB was conceived as a global

resource from the outset. In 1971, it was jointly operated at Broo-
khaven and the Cambridge Crystallographic Data Centre
(CCDC) (Protein Data Bank, 1971). Nowadays, structures and
experimental data are deposited at and processed by the
wwPDB partner sites in America (RCSB PDB; http://rcsb.org),
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Abstract

Macromolecular structures are being determined at an
increasing rate, and are of interest to a wide diversity of
researchers. Depositing a macromolecular structure with
the Protein Data Bank makes it readily available to the
community. Accuracy, consistency and machine-read-
ability of the data are essential, as are clear indications
of quality, and sufÆcient information to allow non-
experimentalists to interpret the data. Good-quality
depositions are necessary to allow this to be achieved.
The PDB's AutoDep system allows deposition and some
preliminary automatic checking to take place at multiple
sites, prior to full processing and release of the structure
by the PDB. However, depositing a structure currently
requires the manual entry of a large amount of
information at the time of deposition. The data-
harvesting approach will allow much more information
to be deposited, without placing an additional burden on
the depositor. Deposition-ready Æles will be generated
automatically during the course of a structure-determi-
nation experiment. The additional information will
allow improved validation procedures to be applied to
the structures, and the data to be made more useful to
the wider scientiÆc community.

1. Introduction

When a macromolecular structure is released by the
Protein Data Bank (Abola et al., 1987; Bernstein et al.,
1977), it becomes immediately available to a wide
community. A structure that is of particular scientiÆc
interest may be closely and critically examined by many
people once it enters the public domain. A released
structure has high visibility, since many of the structure-
related resources that are available over the World Wide
Web point to individual entries in the PDB. Deposition
of a macromolecular structure can thus be considered to
be a form of publication which compares in importance
with publication in the traditional printed media. Even
where a released structure has no conventional publi-
cation associated with it, the data are still readily
accessible.

In recent years, there has been rapid growth in the
numbers of biological macromolecular structures being
determined and deposited. At the time of writing,

approximately one quarter of the entries in the current
PDB have been released during the previous 14 months.
Structural information is also becoming more important
to scientists who are not specialists in the experimental
techniques of crystallography or nuclear magnetic
resonance spectroscopy. These trends will require more,
and higher quality, information on each structure to be
made available. The ultimate source of most of this
information is the data which is deposited by experi-
mentalists. Accordingly, it is essential to develop new
techniques to make deposition straightforward and less
prone to error. Structural genomics research
programmes that aim to determine large numbers of
structures on a production-line basis, pose new chal-
lenges in terms of capturing, processing and releasing
structural data.

2. Use of macromolecular structures

Before discussing the deposition of macromolecular
structures, it is helpful to consider brieØy how the
information is used. This falls into two broad categories.

Firstly, the use of small numbers of structures by
scientists who are interested in particular features of
those structures. For this kind of study, accurate and
detailed information about the structures studied is
important. For such studies it is reasonable to examine
each entry in detail and to consult the associated
literature as appropriate.

Secondly, the use of the whole collection of structures,
or large subsets of it. In these studies, it is rarely prac-
tical to examine individual entries in great detail. This
kind of study often involves large numbers of compar-
isons to be made between structures. Normally, it is
desirable for such comparisons to be automatic, in order
to maintain consistency and minimize subjective judge-
ments. This places two requirements on the information
contained in the collection of structures: (i) it should be
possible to interpret the information consistently across
the entire collection, and (ii) the information should be
machine readable, so that it can be reliably extracted by
software.

For any kind of use it is desirable to have meaningful
indications of the quality of the data. It is also important
that the user is able to have an understanding of what

PDB before 1987 to a rapid exponential growth reaching the current
rate of about ten submissions per day (see Fig. 24.1.2.1).

In the same period, the proliferation and increasing power of
computers, the introduction of relatively inexpensive interactive
graphics, and the growth of computer networks greatly increased
the demand for access to PDB data in many diverse ways. The
requirements of molecular biologists, rational drug designers and
others in academia and industry are often fundamentally different
from those of the crystallographers and computational chemists
who have been the major PDB users since the 1970s. This presents a
challenge for the PDB and has been addressed in a number of ways
(see below).

24.1.3. The PDB in 1999

24.1.3.1. Contents and access to the PDB archives

The archives contain atomic coordinates, bibliographic citations,
primary and secondary structure information, crystallographic
structure factors, and NMR experimental data. Annotations in the
structure entries include amino acid or nucleotide sequences (with
notes of any con� icts between the structure in the PDB and
sequence databases), source organisms from which the biological
materials were derived, descriptions of the experiments, secondary
structures, complexes with small molecules included within the
structures, references to papers etc. Third party annotations include
images and movies of structures; pointers to specialized databases
(maintained by others), such as the Protein Kinase Resource (http://
www.sdsc.edu/Kinases/pk_home.html) and ESTHER (ESTerases
and !/" Hydrolase Enzymes and Relatives) (http://www.ensam.
inra.fr/cholinesterase/), and pointers to databases that provide
additional experimental information, such as the BioMagResBank
(BMRB) NMR structural database (http://www.bmrb.wisc.edu/).
Table 24.1.3.1 gives a summary of the contents of the PDB
archives.

PDB entries are available on CD ROM, which PC users can
search using the PDB SHELL browser included (Abola, 1994).
UNIX users can also search the CD ROM if they download a copy
of the browser software. The entries are also available over the
WWW from Brookhaven and 17 mirror sites worldwide (Table
24.1.3.2). They can be searched and retrieved via the PDBí s 3DB
Browser (Sussman, 1997), which is interfaced through web
browsers such as Netscape Communicator and Internet Explorer.
Probably the best way to get a feeling for 3DB Browser is just to try
it. A simple example of its use is illustrated in Fig. 24.1.3.1 in a

search for a structure related to recent papers in Nature (Kwong et
al., 1998) and Science (Rizzuto et al., 1998).

3DB Browser has a number of features that make it easy to
access information found in PDB entries. Users can search
according to any combination of � elds, such as compound name,
experiment title, authors (depositors), biological source, journal
references, date of deposition and nature of small molecules
(ligands and heterogens) complexed with the structure. Boolean
operators allow highly complex search strings. Entries selected can
be retrieved automatically, and the molecular structures can be
displayed using the public domain molecular viewer RasMol (Sayle
& Milner White, 1995), MDLí s Chemscape Chime plug in, or a
similar viewer. The entries also include HyperText links to the
SwissProt protein sequence database (Bairoch & Boeckmann,
1994), the BioMagResBank (BMRB) NMR structural database
(Seavey et al., 1991), the Enzyme Commission Database (Bairoch,
1994), PubMed access to the Medline database, and several other

Fig. 24.1.2.1. PDB coordinate entries available per year.

Table 24.1.3.1. PDB archive contents as of May 1999

9862 Atomic coordinate entries
2768 Structure factor files

560 NMR restraint files

Molecule type:
8754 Proteins, peptides and viruses

415 Protein/nucleic acid complexes
681 Nucleic acids
12 Carbohydrates

Experimental technique:
8103 Diffraction
1544 NMR

215 Theoretical modelling

Table 24.1.3.2. PDB mirror sites as of May 1999

Official PDB mirror sites

Argentina: University of San Luis
Australia: Australian National Genomic Information Service, Sydney;

The Walter and Eliza Hall Institute of Medical Research, Melbourne
Brazil: ICB UFMG, Inst. de Ciencias Biologicas, Univ. Federal de

Minas Gerais
China: Institute of Physical Chemistry, Peking University, Beijing
France: Institut de Ge¥ ne¥ tique Humaine, Montpellier
Germany: GMD, German National Research Center for Information

Technology, Sankt Augustin
India: Bioinformatics Centre, University of Pune
Israel: Weizmann Institute of Science, Rehovot
Japan: Institute of Protein Research, Osaka University
Poland: ICM  Interdisciplinary Centre for Modelling, Warsaw

University
Taiwan: National Tsing Hua University, HsinChu
United Kingdom: Cambridge Crystallographic Data Centre, Cambridge;

EMBL Outstation, EBI, Hinxton
United States: Bio Molecular Engineering Research Center, Boston

University; North Carolina Supercomputing Center, Research
Triangle Park; University of Georgia, Athens, Georgia; PDB at
Brookhaven National Laboratory
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PDBj 処理件数40,000件達成（予定）
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PDBjにはwwPDBの中で最
もたくさんのエントリーを処
理したアノテータが在籍して
います。9,800件以上を処
理して，もうすぐ10,000件。

すごい！

第1位

表彰

データ元：https://www.wwpdb.org/stats/deposition
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