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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 magnetic resonance (NMR) spectroscopy or electron microscopy (3DEM) alone, 

culminating 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 experimental method approaches. Researchers are increasingly forced 

to combine various experimental data and information from measurements and 

computational analyses to generate “hybrid” or “integrative” structural models of 

macromolecular assemblies (Ward et al., 2013). In addition to X-ray crystallography, NMR, 

and single- particle 3DEM data, structural information in the form of spatial restraints can be 

obtained from a multitude of measurements, including small-angle scattering, atomic force 
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microscopy, chemical cross-linking, co-purification, Förster resonance energy transfer, 

electron paramagnetic resonance, mass spectrometry, hydrogen/deuterium exchange, 

cryoelectron tomography with sub-tomogram averaging, correlative fluorescent light 

microscopy, and various proteomics and bioinformatics analyses (Ward et al., 2013). I/H 

approaches have yielded informative structural models of very large macromolecular 

assemblies, such as the nuclear pore complex and its sub-complexes, the type III secretion 

system needle, the proteosomal lid sub-complex, the ESCRT-I complex, and an RNA 

ribosome- binding element from the turnip crinkle virus genome. Despite great need, there 

are, at present, no standard mechanisms available to represent, deposit, validate, biocurate, 

archive, disseminate, and visualize I/H models, their supporting 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 examples 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 Institute (EMBL-EBI). 

Participants included 38 researchers from Europe, Asia, and North America with expertise in 

experimental protein structure characterization, computational modeling, visualization, and 

data archiving (https://www.wwpdb.org/task/hybrid). These experimental and computational 

scientists, together with wwPDB representatives, contributed to the workshop. Three 

breakout groups discussed challenges involved in managing I/H structural models and their 

supporting experimental data. Five consensus recommendations 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 establishment of 

a federated system of data resources to standardize representation, validation, archiving, and 

dissemination of I/H structural models and supporting data.

Two subgroups have been created within the wwPDB I/H Methods Task Force to begin 

implementing these recommendations (https://pdb-dev.wwpdb.org/contributors/). First is the 

Model Validation 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 Federation Subgroup, led by Jill Trewhella (Sydney/Utah) 

and Helen Berman (Rutgers/RCSB PDB), which focuses on building a network of resource 

partners that can exchange I/H related experimental and structural information in a 

concerted, systematic manner.

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

dictionary that defines the data specifications for archiving I/H structural models, associated 

spatial restraints, and structural model computation protocols (Berman et al., 2016; Vallat et 

al., 2016a, 2016b). This dictionary is a modular extension of the PDBx/mmCIF dictionary 

(Fitzgerald et al., 2005), currently used by the wwPDB for archiving atomic structures of 

macromolecules. The new dictionary extension addresses two fundamental requirements of 

I/H methods: (1) descriptions of spatial restraints derived from a variety of experimental and 

analytical techniques, and (2) definitions of multi-scale, multi-state, and time-ordered 

ensembles of macromolecular assemblies. Generic representation of multi-scale models 
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together with descriptions of experimentally determined spatial restraints is an important 

feature of the new I/H methods dictionary. The first version of the dictionary has been 

developed using specific models computed with the open-source Integrative Modeling 

Platform (IMP) software (Russel et al., 2012). The I/H methods dictionary and associated 

documentation can be found at https://github.com/ihmwg/IHM-dictionary/.

We have also developed a prototype web-based deposition system (https://pdb-

dev.wwpdb.org) for I/H models that complies with the current specifications defined in the 

I/H methods dictionary. Three test cases covering a variety of features of the IMP software 

have been deposited using this system, including the 7-piece Nup84 sub-complex of the 

nuclear pore complex from yeast (Shi et al., 2014), the yeast exosome complex, and the 

yeast mediator complex. These structures can be downloaded and visualized using the 

ChimeraX visualization suite (Ferrin et al., 2017), which provides built-in support for the 

new I/H methods data representation.

To maximize the applicability of the I/H methods data dictionary and the prototype 

deposition system, we now ask the structural biology community for feedback and to 

provide additional test cases as input to PDB-Dev. To assist in this endeavor or for other 

general inquiries, please contact the PDB-Dev development team at pdb-

dev@mail.wwpdb.org.
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