
!!"#$%&'(

PDBjの最近の活動と
wwPDBの今後の活動方針について
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日米欧でデータを相互交換して毎水曜（日本時間9時）に同じデータを公開



aas a member ofwwPDBは3つのArchiveを運営している
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aas a member of国際組織wwPDBが運営（2022に中国参入）
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Announcing the launch of Protein Data Bank China
as an Associate Member of the Worldwide Protein
Data Bank Partnership
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The Protein Data Bank (PDB) is the single global archive of atomic-level,
three-dimensional structures of biological macromolecules experimentally
determined by macromolecular crystallography, nuclear magnetic resonance
spectroscopy or three-dimensional cryo-electron microscopy. The PDB is
growing continuously, with a recent rapid increase in new structure depositions
from Asia. In 2022, the Worldwide Protein Data Bank (wwPDB; https://
www.wwpdb.org/) partners welcomed Protein Data Bank China (PDBc; https://
www.pdbc.org.cn) to the organization as an Associate Member. PDBc is based in
the National Facility for Protein Science in Shanghai which is associated with the
Shanghai Advanced Research Institute of Chinese Academy of Sciences, the
Shanghai Institute for Advanced Immunochemical Studies and the iHuman
Institute of ShanghaiTech University. This letter describes the history of the
wwPDB, recently established mechanisms for adding new wwPDB data centers
and the processes developed to bring PDBc into the partnership.

In 1971, the Protein Data Bank (PDB) was established as a
global public good jointly by Brookhaven National Labora-
tory (BNL) in the United States and Cambridge Crystallo-
graphic Data Center in the United Kingdom (Protein Data
Bank, 1971). It was managed by BNL until 1998, with
continuous support from US federal funders. Between 1999
and 2003, the PDB was managed by the Research Colla-
boratory for Structural Bioinformatics Protein Data Bank
(RCSB PDB; https://www.rcsb.org), headquartered at Rutgers
University (Berman et al., 2000), again with continuous
support from US federal funders. Between 1999 and 2003,
Protein Data Bank in Europe (PDBe; https://www.pdbe.org)
and Protein Data Bank Japan (PDBj; https://www.pdbj.org)
coordinated deposition and biocuration efforts with RCSB
PDB.

Since 2003, the PDB archive has been managed by the
wwPDB (Berman et al., 2003), an international nongovern-
mental organization founded by three regionally funded
wwPDB data centers: RCSB PDB (United States), PDBe
(United Kingdom and Europe) and PDBj (Japan). Two
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aas a member ofアジア発のデータ数増加は欧米を凌駕
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aas a member ofPDB Archiveの推移（2）

! !"!#年$年間に限ると，アジア地区のデータ
量増加率が他地域よりも多いので，%&'(の
登録・編集の割合は約!"#に増加
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中国発のエントリー数の急増

! 機械学習による予測構造を併用した構造解析
の増加。結晶解析の位相問題解決にも貢献。

構造予測手法（456789:5;!等）を併用
した$%&'()*&'+,-./)0+構造解析に対応
した検証レポートの構築
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aas a member of実験データのアーカイブを加速しよう
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Findable Accessible Interoperable Re-usable
(FAIR) diffraction data are coming to protein
crystallography
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The unprecedented progress of modern science is driven, to a large extent, by the fast
propagation of information. Descriptions of experiments and results, and their inter-
pretation, are no longer disseminated solely in peer-reviewed scientific publications, but
are frequently distributed through non-reviewed publication platforms as preprints,
entries to data repositories, databases etc. As a result of ever faster computers and
internet connections, many experimental results are now available instantaneously at the
click of a mouse, irrespective of the location of the source or consumer.

In many instances, experiments performed and interpreted by one scientific group
stimulate the interest of other scientists enough to spur research in further laboratories.
Not infrequently, the results of these follow-up experiments are in disagreement with the
previously obtained results and/or interpretations (Baker, 2016), notably in psychology
and the clinical sciences. In some cases, the original results cannot even be reproduced
well enough to allow follow-up experiments to commence (Prinz et al., 2011).

Repeating an entire experiment performed by others is usually not feasible because of
the significant time, effort and funds it would require (Baker, 2015). So the question is,
what should be done in this new era? How can new technical developments be best
exploited for furthering science and the scientific output?

The structural biology community has always been at the forefront of sharing
processed, i.e. analysed, results. Since its creation in 1971, the Protein Data Bank (PDB;
Berman et al., 2000) has become an indispensable daily resource for hundreds of
thousands of scientists. Initially, the PDB curated only the molecular structure coordinate
files, but since 2008 the deposition of the processed diffraction data, i.e. intensities or
structure-factor amplitudes, has been mandatory for each derived coordinate set. At
present, all serious scientific journals require the deposition of the coordinates of the
structures and the associated diffaction data as well as the submission of a PDB validation
report with the manuscript for review. Notable also is a recent initiative by Science of the
introduction of a Statistical Board of Reviewing Editors (McNutt, 2014a,b). This is an
initiative similar to the practice of some referees insisting on access to the underpinning
crystallographic data (Helliwell, 2018). Certainly, the PDB is an indispensable resource
not only for structural biology but for all modern biological, biomedical and biochemical
science (Burley et al., 2019).

However, even with diffraction data being a part of every macromolecular crystal-
lographic deposition in the PDB, and even assuming ‘perfect’ data reduction and
processing of the original diffraction images, some experimental information, e.g. diffuse
scattering, is irrevocably lost. Moreover, our experience shows that quite often, the
processing of diffraction data images is far from being perfect: the diffraction data could
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A public database of macromolecular diffraction
experiments
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The low reproducibility of published experimental results in many scientific
disciplines has recently garnered negative attention in scientific journals and
the general media. Public transparency, including the availability of ‘raw’
experimental data, will help to address growing concerns regarding scientific
integrity. Macromolecular X-ray crystallography has led the way in requiring the
public dissemination of atomic coordinates and a wealth of experimental data,
making the field one of the most reproducible in the biological sciences.
However, there remains no mandate for public disclosure of the original
diffraction data. The Integrated Resource for Reproducibility in Macromole-
cular Crystallography (IRRMC) has been developed to archive raw data from
diffraction experiments and, equally importantly, to provide related metadata.
Currently, the database of our resource contains data from 2920 macromolecular
diffraction experiments (5767 data sets), accounting for around 3% of all
depositions in the Protein Data Bank (PDB), with their corresponding partially
curated metadata. IRRMC utilizes distributed storage implemented using a
federated architecture of many independent storage servers, which provides
both scalability and sustainability. The resource, which is accessible via the web
portal at http://www.proteindiffraction.org, can be searched using various
criteria. All data are available for unrestricted access and download. The
resource serves as a proof of concept and demonstrates the feasibility of
archiving raw diffraction data and associated metadata from X-ray crystallo-
graphic studies of biological macromolecules. The goal is to expand this resource
and include data sets that failed to yield X-ray structures in order to facilitate
collaborative efforts that will improve protein structure-determination methods
and to ensure the availability of ‘orphan’ data left behind for various reasons by
individual investigators and/or extinct structural genomics projects.

1. Introduction

Issues with the reproducibility of published experimental
results have recently attracted attention in many different
scientific fields (Collins & Tabak, 2014). The lack of avail-
ability of original, primary scientific data represents a major
factor contributing to reproducibility problems (Iqbal et al.,
2016). The structural biology community (led by protein
crystallographers) has already taken significant steps towards
making experimental data available. Currently, the main
archive(s) of macromolecular structures, the PDB (Protein
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With this Letter to the Editor, the World-
wide PDB (wwPDB) Partnership (wwpdb.
org) and the wwPDB Integrative/Hybrid
(I/H) Methods Task Force would like to
announce public release of a prototype
system for depositing I/H structural
models, PDB-Development (or ‘‘PDB-
Dev’’) (Vallat et al., 2016c). The URL for
PDB-Dev is https://pdb-dev.wwpdb.org.
Essential mechanisms in biology

frequently involve large macromolecular
assemblies (or machines). In favorable
cases, their structures can be determined
by X-ray crystallography or nuclear mag-
netic resonance (NMR) spectroscopy or
electron microscopy (3DEM) alone, culmi-
nating in deposition of atomic structural
models (with x, y, z atomic coordinates)
into the global PDB archive (PDB; pdb.
org). Many such biological machines are,
however, poorly suited to single experi-
mental method approaches. Researchers
are increasingly forced to combine various
experimental data and information from
measurements and computational ana-
lyses to generate ‘‘hybrid’’ or ‘‘integrative’’
structural models of macromolecular as-
semblies (Ward et al., 2013). In addition
to X-ray crystallography, NMR, and sin-
gle-particle 3DEM data, structural infor-
mation in the form of spatial restraints
can be obtained from a multitude of mea-
surements, including small-angle scat-
tering, atomic force microscopy, chemi-
cal cross-linking, co-purification, Förster
resonance energy transfer, electron para-
magnetic resonance, mass spectrometry,

hydrogen/deuterium exchange, cryo-
electron tomography with sub-tomogram
averaging, correlative fluorescent light mi-
croscopy, and various proteomics and
bioinformatics analyses (Ward et al.,
2013). I/H approaches have yielded infor-
mative structural models of very large
macromolecular assemblies, such as the
nuclear pore complex and its sub-com-
plexes, the type III secretion system nee-
dle, the proteosomal lid sub-complex,
the ESCRT-I complex, and an RNA ribo-
some-binding element from the turnip
crinkle virus genome. Despite great
need, there are, at present, no standard
mechanisms available to represent, depo-
sit, validate, biocurate, archive, dissemi-
nate, and visualize I/H models, their sup-
porting experimental data and metadata,
and the protocols used to compute the
structural models so that they are freely
available to researchers and educators
around the world. Moreover, some exam-
ples of I/H structures have already been
submitted to the PDB resource, but
currently remain unprocessed owing to
the lack of appropriate infrastructure.
To address this challenge, the wwPDB

organization sponsored an I/H Methods
Task Force workshop in October 2014 at
the EMBL-European Bioinformatics Insti-
tute (EMBL-EBI). Participants included 38
researchers from Europe, Asia, and North
America with expertise in experimental
protein structure characterization, compu-
tational modeling, visualization, and data
archiving (https://www.wwpdb.org/task/

hybrid). These experimental and computa-
tional scientists, together with wwPDB
representatives, contributed to the work-
shop. Three breakout groups discussed
challenges involved inmanaging I/H struc-
tural models and their supporting experi-
mental data. Five consensus recommen-
dations emerging from the meeting were
summarized in a White Paper published
in Structure (Sali et al., 2015), the most
important of these being the urgent need
for creation of data standards and estab-
lishment of a federated system of data re-
sources to standardize representation,
validation, archiving, and dissemination
of I/H structural models and support-
ing data.

Two subgroups have been created
within the wwPDB I/H Methods Task
Force to begin implementing these rec-
ommendations (https://pdb-dev.wwpdb.
org/contributors/). First is the Model Vali-
dation Subgroup, led by Andrej Sali
(UCSF) and Torsten Schwede (SIB), which
addresses development of methods for
I/H model representation, validation, and
visualization; and second is the Federa-
tion Subgroup, led by Jill Trewhella (Syd-
ney/Utah) and Helen Berman (Rutgers/
RCSB PDB), which focuses on building a
network of resource partners that can ex-
change I/H related experimental and
structural information in a concerted, sys-
tematic manner.

To create data standards for archiving
I/H models, we have developed an I/H
methods data dictionary that defines the

Structure 25, September 5, 2017 ª 2017 Published by Elsevier Ltd. 1317
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