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The Protein Data Bank (PDB) (wwPDB consortium, 2019) is the single global archive of
experimentally determined three-dimensional (3D) structure data of biological macro-
molecules. The continuing growth in the numbers, size and complexity of macromolecular
structures in the PDB archive, coupled with the rapid growth of evolving experimental
methods such as 3D cryo-electron microscopy (3DEM) has made the traditional PDB
format (‘legacy PDB format’) inadequate for fully representing these data. As described
below, this format was based on a punched-card format that became obsolete long ago. In
the following letter, we describe the changes necessary to address the challenges coming
from the extraordinary success of structural biologists.

Since 2003, the PDB has been managed by the Worldwide Protein Data Bank
(wwPDB; https://www.wwpdb.org/) (Berman et al., 2003), an international partnership
that collaboratively oversees deposition, validation, biocuration and open-access dis-
semination of 3D macromolecular structure data, adhering to the FAIR principles of
Findability, Accessibility, Interoperability and Reusability (Wilkinson et al., 2016). In
2007, the master file format for the archive was officially changed to PDB Exchange/
Macromolecular Crystallographic Information File (PDBx/mmCIF), supported by the
PDBx/mmCIF data dictionary, to address new challenges in structure archiving. Later, in
2012, the wwPDB terminated its support of the legacy PDB file format and froze its
further development (https://wwpdb.org/documentation/file-formats-and-the-pdb).

We now announce that as of 1 July 2019, PDBx/mmCIF will be the only format allowed
for deposition of the atomic coordinates for PDB structures resulting from macro-
molecular crystallography (MX), including X-ray, neutron, fiber and electron diffraction
methods, via OneDep (Young et al., 2017). This requirement will be extended to PDB
structures resulting from nuclear magnetic resonance (NMR) spectroscopy and 3DEM
methods at a later date to be determined. Elimination of the legacy PDB format will
improve the efficiency of the deposition process and enhance validation through capture
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of the more extensive experimental metadata supported by
PDBx/mmCIF. By 2021, we anticipate that the PDB Chemical
Component Identifier will need to be extended beyond three
characters, which will result in full retirement of files in the
PDB Core Archive that utilize the legacy PDB format.

The PDBx/mmCIF dictionary and format are machine-
readable and fully extensible; they assure that the wwPDB
partners can effectively represent, biocurate, validate and
distribute structural biology data. The data dictionary is
regularly updated to reflect evolution of the underlying
science and technology. The current version of the dictionary
(5.303), which includes >4300 data items, is organized as 553
interlinked categories, clustered into 41 groups that describe
atomic coordinates, polymer and small-molecule chemistry,
details of sample production, experimental setup, data
collection and processing, and cross-references to other
biological databases. To ensure consistency, more than 25% of
the data items are subject to controlled vocabularies, which
are periodically updated (Young et al, 2018). Unlike the
legacy PDB format, PDBx/mmCIF has no limitation on the
size of structures that can be represented. The richer infor-
mation content of PDBx/mmCIF also enables better valid-
ation of incoming data, which saves time for data depositors
and wwPDB biocurators, and improves the consistency and
quality of the PDB archive.

The wwPDB currently distributes atomic coordinate models
from the PDB archive in both PDBx/mmCIF (http:/
mmcif.wwpdb.org) and XML/PDBML formats (http://
pdbml.wwpdb.org). The biological assemblies are fully
described in PDBx/mmCIF, but only partially described in the
legacy PDB format (Lawson et al, 2008). PDBx/mmCIF
formatted files are available from REFMAC (Murshudov et
al., 2011), PHENIX (Adams et al., 2010) and Global Phasing
BUSTER (Blanc et al., 2004; Bricogne et al., 2009) — the three
major MX software systems accounting for >90% of MX
depositions. For users of other structure determination/
refinement software packages, the wwPDB provides stand-
alone and web-based tools to convert legacy PDB format
files into PDBx/mmCIF format: pdb_extract (https:/
pdb-extract.wwpdb.org) (Yang et al, 2004) and MAXIT
(https://sw-tools.rcsb.org/apps/MAXIT/index.html). We
encourage authors of all the software packages serving
MX and other structural biology communities to produce
PDBx/mmCIF files as default output for direct deposition to
the PDB.

The legacy PDB format (based on the Hollerith IBM 80-
column punched-card format) was first introduced by the PDB
in 1970s (Protein Data Bank, 1971), wherein ‘ATOM’ records
included atom and residue names and sequence numbers, and
the ‘HEADER’ record contained a limited amount of
metadata (https://wwpdb.org/documentation/file-format). The
punched-card origin of the PDB format imposed hard limits
on the maximum number of atoms (99 999) and polymer
chains (62) that could be represented in a single PDB file.
Advances in structural biology meant that by the mid-1990s
some of the new structures deposited to the PDB archive (e.g.
ribosomal subunits) could not be represented within a single

legacy PDB file. As an interim measure, these structures were
‘split” into multiple PDB entries, each with its own accession
code, thereby rendering the data very difficult to use. wwPDB
partners will continue to provide legacy PDB format files from
the PDB Core Archive on a ‘best-efforts’ basis, with the caveat
that many of the larger PDB structures cannot be distributed
using the legacy format.

The mmCIF format was proposed as a replacement to the
legacy PDB format in 2005 (Fitzgerald et al., 2005b). The
mmCIF format is based on a data dictionary, originally
developed under the auspices of the International Union of
Crystallography (IUCr; Hall et al., 1991). Following its initial
introduction, the mmCIF dictionary was extended to repre-
sent structure determination data from NMR spectroscopy
and 3DEM, and renamed PDBx/mmCIF (Westbrook et al.,
2005). In 2007, this extended dictionary became the founda-
tion for the master format for data used by the wwPDB
to archive PDB data (Fitzgerald et al, 2005a; Westbrook
& Fitzgerald, 2009). For deposition of NMR data, the
BioMagResBank (BMRB) utilizes the NMR-STAR format,
which is fully compatible with PDBx/mmCIF (Ulrich et al.,
1996, 2018).

Every data item defined in the PDBx/mmCIF dictionary has
attributes describing its features, including relationships to
other data items. As outlined above, the mmCIF format has no
limitations with respect to the size of archived structure, is
fully machine-readable, and is extensible for new data content.
In 2015, the formerly ‘split’ entry structures archived in the
PDB were combined into single entries with PDBx/mmCIF
formatted files, which enables users to visualize and analyze
every one of the larger PDB structures in their entirety.

Atomic coordinate models of macromolecular structures
determined by crystallographic methods are described
using the PDBx/mmCIF dictionary (http://mmcif.wwpdb.org/),
which specifies categories of information represented as tables
and key-value pairs. Every data item found in the legacy PDB
format has a corresponding data item(s) in the PDBx/mmCIF
format, but the reverse is not true. Legacy PDB files should,
therefore, no longer be used in bioinformatics or structural
biology workflows. Chemical descriptions of all of the subunits
and ligands in PDB entries are provided in the PDB Chemical
Component Dictionary, which is also defined within the
PDBx/mmCIF data dictionary.

The PDBx/mmCIF Working Group (https://wwpdb.org/
task/mmcif), whose members include major crystallographic
structure determination software developers, has committed
to the PDBx/mmCIF data model. PDBx/mmCIF format files
can be output from the following software packages: CCP4/
REFMAC (Murshudov et al, 2011), PHENIX (Adams et al.,
2010), Global Phasing BUSTER (Bricogne et al., 2009), and
dedicated PDB deposition tasks in CCP4i2 (Potterton et al.,
2018) and CCP4 Cloud (Krissinel et al., 2018). PDBx/mmCIF
is also supported by visualization software applications,
including CCP4mg (Potterton et al., 2004), Coot (Brown et al.,
2015), Chimera (Goddard et al., 2018), Jmol/JSMol (Hanson,
2010; Hanson et al., 2013), LiteMole (Sehnal et al., 2017),
Molmil (Bekker et al., 2016), NGL (Rose et al., 2018),
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OpenRasMol (Bernstein, 2000), PyMoL (DeLano, 2002) and
VMD (Humphrey et al, 1996). In addition, other data
resources, such as the Protein Model Portal (Haas et al., 2013)
and SASBDB (Malfois & Svergun, 2000; Kachala et al., 2016),
have adopted and extended the PDBx/mmCIF framework for
data representation.
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