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Introduction 

The Protein Data Bank (PDB) is the single global 
repository for experimentally determined, three-
dimensional (3D) structures of biomolecules and 
their complexes.1–3 Established in 1971,4 the PDB 
currently houses over 227,000 atomic-level struc-
tures of biomolecules, promoting the FAIR (Find-
ability, Accessibility, Interoperability, Reusability) 
data principles5 for structural biology. The PDB pri-
marily archives biostructures determined using 
macromolecular X-ray crystallography (MX), 
nuclear magnetic resonance (NMR) spectroscopy, 
and three-dimensional electron microscopy 
(3DEM). 
Integrative modeling is a powerful method for 

obtaining structures of macromolecular 
assemblies that elude traditional structure 
determination approaches.6 It involves combining 
information from multiple sources, including data 
from experimental methods and information from 
computational algorithms. Experimental data from 
MX, NMR spectroscopy, 3DEM, small angle solu-
tion scattering (SAS), chemical crosslinking mass 
spectrometry (Crosslinking-MS), hydrogen–deu-
terium exchange mass spectrometry (HDX-MS), 
Förster resonance energy transfer (FRET), electron 
paramagnetic spectroscopy (EPR), etc. are gath-
ered and converted into spatial restraints. These 
restraints are combined with starting structures of 
components obtained from experimental or compu-
tational methods to determine structures of macro-
molecular assemblies. Integrative modeling has 
been particularly empowered by the recent suc-
cesses of machine learning (ML) techniques, in 
two ways. First, prediction methods, such as 
AlphaFold27 and RoseTTAFold,8 can often provide 
computed structure models (CSMs) for assembly 
components, both individual subunits or subcom-
plexes. Second, ML techniques can also be used 
to implement the entire integrative modeling work-
flow by incorporating experimental information into 
the predictions.9 

In practice, all experimental methods involve a 
trade-off between resolution and scale (spatial and 
2

temporal). Methods that can determine structures 
at atomic resolution are limited principally by the 
scale of the system, and methods that can be 
applied at arbitrary scales are limited by 
resolution. Integrative modeling attempts to bridge 
the gap between scale and resolution by 
maximizing the input information that can be used 
for modeling.6 To identify opportunities and chal-
lenges in archiving and disseminating integrative 
structures, the Worldwide Protein Data Bank 
(wwPDB)2 assembled an Integrative and Hybrid 
Methods (IHM) Task Force (wwpdb.org/task/hy-
brid). This expert Task Force published guideli-
nes,10,11 based on which a prototype standalone 
system for archiving integrative structures (PDB-
Dev12–14 was developed. PDB-Dev supports archiv-
ing and disseminating integrative structures deter-
mined using experimental data from single or 
multiple methods that are not fully supported by 
the PDB. PDB-Dev infrastructure consists of (i) 
the IHMCIF data standard15 ; (ii) software applica-
tions that support IHMCIF; (iii) workflows and tools 
for data harvesting, deposition, curation, and 
archiving; (iv) methods for integrative structure val-
idation and visualization; and (v) a website for data 
dissemination (Figure 1).
Integrative modeling is quickly becoming a 

mainstream method in structural biology. Over 
time, PDB-Dev has gone through feature 
extensions and improvements. It now robustly and 
comprehensively supports deposition, curation, 
validation, archiving, and dissemination of 
integrative structures. In August 2024, PDB-Dev 
was unified with the PDB to deliver integrative 
structures alongside archived experimental 
structures.16 Unification was made possible 
because of the shared data standards between 
PDBx/mmCIF and IHMCIF. With unification, inte-
grative structures are assigned PDB accession 
codes, annotated as IHM structures, and can be 
downloaded from the PDB archive. Now part of 
the PDB infrastructure, PDB-Dev has been 
rebranded as PDB-IHM (pdb-ihm.org), denoting 
structures from integrative and hybrid methods 
(IHM) archived in PDB. Herein, we present recent

http://pdb-ihm.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://wwpdb.org/task/hybrid
http://wwpdb.org/task/hybrid
move_f0005
http://pdb-ihm.org
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Figure 1. Components of the PDB-IHM data pipeline include methods for file preparation, data deposition, 
processing, release, and dissemination. Pre-deposition includes support from standalone software tools (e.g., python-
ihm (github.com/ihmwg/python-ihm), MAXIT (sw-tools.rcsb.org/apps/MAXIT/)) and guidelines for preparing mmCIF 
files for submission. Data deposition handles submission of model coordinates, spatial restraints, and starting models 
along with related metadata. Data curation consists of checks for data consistency, completeness, and compliance 
with PDBx/mmCIF and IHMCIF dictionaries as well as verification of macromolecule and small molecule 
nomenclature. Additional processing steps include creation of complete mmCIF files from depositor provided data, 
generation of initial validation reports to help depositors identify and fix any errors, 3D visualization of structures, and 
issue of PDB accession codes. The file preparation, deposition, and curation processes are interrelated (shown by bi-
directional arrows) and sometimes require active communication between curators and depositors to ensure that all 
required information is collected. Alternatively, depositors who use the deposition API or begin with a complete and 
compliant mmCIF file can skip many of the intermediate steps in the pipeline to expedite the issuing of an accession 
code. Finally, when the entry is set for release, it is added to the subsequent wwPDB weekly structure release 
process and delivered to the wwPDB archive portal and the PDB-IHM website. 
developments in PDB-Dev (hereafter PDB-IHM) 
that enabled unification with PDB and provide con-
tinued support for evolving experimental and com-
putational methods in integrative structural biology. 

Results and Discussion 

The PDB-IHM infrastructure consists of several 
software components that provide end-to-end 
support for collecting, curating, validating, 
visualizing, archiving, and disseminating 
integrative structures (Figure 1). 

IHMCIF data dictionary 

The data standard for PDB-IHM is captured in a 
dictionary of data definitions called IHMCIF.15 IHM-
CIF is an extension of PDBx/mmCIF,17,18 which 
serves as the data standard for the PDB archive. 
As an extension of PDBx/mmCIF, IHMCIF follows 
the same dictionary definition language19 and 
reuses many core definitions from PDBx/mmCIF. 
Additional data and metadata descriptions specific 
to integrative modeling are captured in IHMCIF: (i) 
multi-scale models that simultaneously include 
atomic and/or coarse-grained models, (ii) multi-
state models that only collectively satisfy the input 
data, (iii) ordered models that relate states across 
time, (iv) collections of models that individually sat-
isfy the input data, (v) spatial restraints and starting 
structure models from various experimental and 
computational sources, (vi) conformational dynam-
ics and kinetic information obtained from biophysi-
3

cal methods (e.g., FRET), (vii) modeling 
methodology, and (viii) provenance information 
and links to related experimental and reference data 
in trusted external repositories. IHMCIF is both 
human- and machine-readable and is extensible 
to support evolving methodologies. It is supported 
by a set of software tools that enable automated 
processing, reading, writing, and format validation. 
Unification with PDB was made possible by the 
seamless interoperability of IHMCIF and PDBx/ 
mmCIF, in turn enabled by both dictionaries follow-
ing the same fundamental data specifications. 

System for data harvesting, deposition, and 
curation 

Integrative structures are deposited to and 
processed by PDB-IHM through a system parallel 
to the wwPDB OneDep system20 and are archived 
alongside experimental structures in the PDB 
archive. The PDB-IHM data harvesting, deposition, 
and curation system is hosted at data.pdb-ihm.org, 
which provides a web interface and workflows for 
depositors to assemble all the information required 
for archiving integrative structures in a format com-
pliant with the PDBx/mmCIF and IHMCIF dictionar-
ies. In addition, the system contains tools that 
support data consistency checks, data curation, 
generation of structure validation reports, 3D visual-
ization, and public release of integrative structures 
to the PDB archive (Figure 1). In the following sub-
sections, we describe the important features of the 
system, highlighting recent updates.

http://data.pdb-ihm.org
http://github.com/ihmwg/python-ihm
http://sw-tools.rcsb.org/apps/MAXIT/
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Implementation of the DERIVA platform. The 
PDB-IHM system has been built using the open 
source DERIVA scientific asset management 
platform.21,22 The DERIVA ecosystem provides (i) 
a relational data catalog that can be used to 
describe the metadata associated with an entry, 
(ii) an object storage for managing user-uploaded 
and system generated files or assets, and (iii) a 
web interface to help depositors and curators navi-
gate the system. Furthermore, the DERIVA plat-
form assigns persistent unique identifiers and 
supports data versioning throughout the lifecycle 
of the digital object, thus allowing for efficiently cap-
turing its history. DERIVA provides documented 
Representational State Transfer (REST) Applica-
tion Programming Interfaces (APIs), high-level 
Python and R libraries, and command-line clients 
to programmatically access the stored data and 
metadata. The specific implementation of the 
DERIVA platform for PDB-IHM utilizes definitions 
in PDBx/mmCIF and IHMCIF to build a customized 
data catalog that supports the PDB-IHM data pipe-
line and uses the object storage to effectively track 
all files associated with an entry. The DERIVA-
based PDB-IHM system can be deployed to a local 
on-premise private computing resource or on a pub-
lic cloud infrastructure. 

Improved workflows, curation processes, and 
access control policies. In addition to the DERIVA 
software stack, the PDB-IHM system is equipped 
with specialized workflows that have been 
implemented to carry out specific processes at 
different stages of the data pipeline. For example, 
after a depositor submits an entry, an automated 
workflow process collects all the information 
provided by the depositor, creates a complete 
mmCIF file, and checks the contents of the file to 
ensure that it is compliant with the PDBx/mmCIF 
and IHMCIF dictionaries. Similarly, when a curator 
triggers the release process for an entry, a 
complete mmCIF file with appropriate metadata 
about the release (e.g., release status and release 
date) is generated along with the validation 
reports. Each entry has a “Workflow_Status” 
property that is used to store the status of the 
entry at all times and communicate this 
information to all stakeholders (i.e., depositors, 
curators, and software agents). After specific 
milestones in the workflow, automated 
notifications are sent to curators with information 
about success or failure of a process along with 
any errors. The workflow processes rely on the 
PDBx/mmCIF and IHMCIF dictionaries and 
related software tools, such as python-ihm 
(github.com/ihmwg/python-ihm), py-mmcif 
(github.com/rcsb/py-mmcif), and the mmCIF 
dictionary suite (github.com/rcsb/cpp-dict-pack). 
Beyond updates that increase the efficiency of 

workflows, PDB-IHM has been updated to allow 
curators to disable automated processing in favor 
4

of manual processing if required, thus giving them 
better control of the workflow. This feature is 
especially useful for handling entries from the 
legacy PDB-Dev deposition system that lack the 
full set of metadata required for processing as well 
as new types of integrative structures from 
evolving methods that are not immediately 
supported by the system. To improve performance 
of the system, we deployed the backend 
processing workflows as a separate service 
running from a different computing resource. In 
addition, we have incorporated fine-grained 
access control policies for depositors, curators, 
and system administrators that dictate who can 
create, modify, and view the metadata and assets 
related to an entry at different stages of the 
workflow until public release. 

Support for PDB accession codes. As a 
prototype system, PDB-Dev provided accession 
codes with the “PDBDEV_” prefix for all deposited 
entries. To facilitate unification with the PDB 
archive, the wwPDB Archive Management team 
set aside a subset of 4-character PDB accession 
codes for integrative structures processed by 
PDB-IHM. We updated the PDB-IHM data catalog 
and workflows to handle PDB accession codes for 
new and existing entries. Integrative structures 
that are already released have been issued PDB 
accession codes, which are used as the primary 
identifier. Both PDB and PDB-Dev accession 
codes are supported for backward compatibility 
and the mmCIF files have been remediated to 
include both PDB and PDB-Dev accession codes. 
Updated mmCIF files and validation reports with 
PDB accession codes have been generated for all 
released entries. New depositions received after 
August 2024 are only issued PDB accession 
codes. In anticipation of the new format for the 
PDB accession codes (wwpdb.org/documentation/ 
new-format-for-pdb-ids), PDB-IHM is also 
equipped to support both the current 4-character 
accession codes and the 12-character extended 
PDB accession codes to be adopted in the near 
future. 

Deposition API and entry collections. Some 
integrative investigations may include a large 
collection of entries that share a common set of 
metadata (e.g., authors, publication, software) and 
modeling methodology. To enable depositing and 
processing such collections of entries, we 
modified PDB-IHM tools and workflows as follows: 
(i) IHMCIF and python-ihm were extended to 
support collection identifiers that can be assigned 
to entries in a collection; (ii) DERIVA data catalog 
was extended to allow for creation and update of 
collections and associated entries; (iii) a suite of 
DERIVA client tools were used to create a 
deposition API that facilitates bulk upload of 
dictionary-compliant data files; (iv) documentation

http://github.com/ihmwg/python-ihm
http://github.com/rcsb/py-mmcif
http://github.com/rcsb/cpp-dict-pack
http://wwpdb.org/documentation/new-format-for-pdb-ids
http://wwpdb.org/documentation/new-format-for-pdb-ids
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was created to help depositors with the bulk upload 
process using the deposition API; (v) mechanisms 
were created for curation, validation, and release 
of entries in a collection; and (vi) the PDB-IHM 
website was updated to support the new collection 
identifiers and facilitate search and retrieval of 
entries in a collection. 

Structure visualization 

3D visualization of integrative structures that 
follow the IHMCIF data standard is supported by 
the ChimeraX desktop viewer23 and the Mol* web 
application.24 Both software packages allow visual-
ization of multi-scale and multi-state models in 
PDB-IHM. Furthermore, Mol* is available on the 
PDB-IHM website and has also been deployed 
within the PDB-IHM deposition system to aid depo-
sition and biocuration. 
Structure validation 

Following the recommendations of the wwPDB 
IHM Task Force,11 we organized information about 
entry, experimental and structural data used for 
structure generation, system representation, details 
of modeling protocol, and validation metrics into two 
key documents: a summary table and validation 
report. The summary table is a concise report with 
key information and quality metrics that can be used 
in supplementary information in publications. The 
validation report includes extended statistics and 
plots informative about the quality of the integrative 
structure and data on which it is based. Both data 
and models are assessed. The validation metrics 
are organized into 4 main categories: (i) data quality 
assessments, (ii) model quality assessments based 
on stereochemistry and physical principles, (iii) 
model fit to input data used for modeling, and (iv) 
model fit to data not used for modeling. The last cat-
egory is currently under development. Data quality 
assessments andmodel fit todataused formodeling 
are dependent on the experimental method and 
input data used. Currently, these metrics are evalu-
ated for models that are based on SAS data. They 
are described in the PDB-IHM validation documen-
tation (pdb-ihm.org/about_validation.html). A similar 
implementation for models based on Crosslinking-
MS is currently under testing and for models based 
on 3DEM is under development. Validation reports 
areavailable in human-readableHTMLandPDF for-
mats. The validation pipeline is fully integrated into 
the PDB-IHM deposition system, allowing deposi-
tors to review the validation report and, if necessary, 
update the entry before release. The validation soft-
ware is also available for standalone use at github.-
com/salilab/IHMValidation. 
Unification with PDB archive 

In August 2024, PDB-Dev was unified with the 
PDB archive to serve integrative structures 
5

alongside experimental structures (and rebranded 
as PDB-IHM). Integrative structures and 
associated data can be accessed at and 
downloaded from files.wwpdb.org/pub/pdb_ihm/ 
(Figure 1). Currently, holdings files in JSON 
format, validation reports (summary and full 
reports) in PDF format, and model files in mmCIF 
format are provided. Holdings files include (i) 
current_file_holdings that lists all files associated 
with an entry including model files and validation 
reports, (ii) released_structures_last_modified_dat 
es that provides the latest date of release/update 
for an entry, and (iii) unreleased_entries that lists 
all processed entries that are embargoed along 
with their deposition dates. The mmCIF files, 
validation reports, and holdings files use PDB 
accession codes and follow wwPDB conventions. 
One of the prerequisites for unifying PDB-Dev 

with PDB was to establish a coordinated release 
process synchronized with the long-standing PDB 
weekly release pipeline. New releases in the PDB 
occur on Wednesdays at 00:00 Universal Time 
Coordinated (UTC). Entries to be released (or 
updated) each Wednesday are pre-packaged and 
staged for release on the previous Friday. 
Adopting the same release schedule, we created 
timed release workflows to identify new entries set 
for release/update by curators, create mmCIF files 
with proper release metadata, generate validation 
reports, create holdings files, package them 
together for archiving, and transfer them to the 
data exchange area set up by wwPDB on Fridays. 
Packaged PDB-IHM data are then taken up by the 
PDB archive weekly update process and released 
publicly on Wednesdays at 00:00 UTC by the 
wwPDB. In addition, digital object identifiers (DOI) 
are assigned to all released and processed entries 
in PDB-IHM based on their PDB accession codes. 
In the future, the wwPDB partners, including 
Research Collaboratory for Structural 
Bioinformatics Protein Data Bank (RCSB PDB, 
RCSB.org) in the United States, Protein Data 
Bank in Europe (PDBe, PDBe.org), and Protein 
Data Bank Japan (PDBj, PDBj.org), will 
disseminate integrative structures on their 
respective web portals. Electron Microscopy Data 
Bank (EMDB, ebi.ac.uk/emdb/) and Biological 
Magnetic Resonance Data Bank (BMRB, bmrb.io) 
will provide links to integrative structures based on 
3DEM maps and NMR spectroscopy data 
respectively. 
To support robust record-keeping for the weekly 

update process, we have created mechanisms to 
systematically keep track of weekly new releases, 
updated re-releases, entries on hold, mmCIF files 
and validation reports associated with new and 
updated entries, holdings files generated each 
week, and entry-level history of updates over time. 
Furthermore, built-in DERIVA versioning tools help 
with recreating the files and metadata from 
previous weekly releases if required.

http://pdb-ihm.org/about_validation.html
http://github.com/salilab/IHMValidation
http://github.com/salilab/IHMValidation
http://files.wwpdb.org/pub/pdb_ihm/
http://RCSB.org
http://PDBe.org
http://PDBj.org
http://ebi.ac.uk/emdb/
http://bmrb.io
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PDB-IHM data dissemination 

In addition to disseminating integrative structures, 
validation reports, and holdings files through the 
“pdb_ihm” branch of the PDB archive, the PDB-
IHM weekly release process also makes these 
data publicly available on the PDB-IHM website 
(pdb-ihm.org). The website was previously created 
to support the PDB-Dev infrastructure. It has been 
rebranded as PDB-IHM following unification with 
PDB. It provides mechanisms to search and 
retrieve archived data, view individual entry pages 
with structure highlights and validation metrics, 
access links to download mmCIF files and 
validation reports, and use the Mol* graphics 
viewer to visualize integrative structures. 
Integrative structures can also be downloaded in 
BinaryCIF format,25 which is a serialization of the 
mmCIF format and provides improved parsing per-
formance and compression. Moreover, all software 
components in the web application (e.g., backend 
database, frontend web pages, file download links, 
and search service) have been updated to support 
the new PDB accession codes (and existing PDB-
Dev accession codes, if available). Entry pages also 
include the PDB DOIs that link to the wwPDB web-
site (e.g., wwpdb.org/pdb?id=pdb_00009a8n). 

Structures in PDB-IHM 

PDB-IHM was created to archive macromolecular 
structures computed based on data from diverse 
sets of experimental and computational methods 
and/or structures that use new representations, 
such as multiple scales, multiple states, and 
ordered models. Figure 2 highlights examples of 
such structures now archived in PDB-IHM, 
including (i) structure of a fragment of plant 
secondary cell wall composed of complex 
branched polymers obtained from solid-state NMR 
data illustrating inter-molecular interactions and 
higher order architecture of the cell wall (9A3U),26 

(ii) multi-state structure of a GTPase, human 
Figure 2. Selected PDB-IHM structures that illustrate the
different experimental methods used as sources of input info
wall fragment; 9A1G: human Guanylate binding protein 1; 9A
protein. (B) Assembly pathway of human Nuclear Pore Com

6

Guanylate binding protein 1, determined using 
experimentally-obtained spatial restraints from 
FRET, SAS, and EPR that illustrates different con-
formers involved in oligomerization and reveals 
important mechanistic and kinetic information 
regarding conformational transition between the 
states (9A1G),27 (iii) structure of Cullin4-RING ubiq-
uitin ligase (CRL4) complex generated by combin-
ing AI protein structure prediction methods and 
in vivo Crosslinking-MS data using AlphaLink 
(9A40),9 (iv) structure of human LINE-1 ORF2p pro-
tein based on 2D electron microscopy images 
(2DEM), 3DEM, Crosslinking-MS, AI structure pre-
dictions, and molecular dynamics simulations that 
revealed heterogeneous collection of states attribu-
ted to different stages of the LINE-1 integration 
cycle (9A3Q),28 and (v) a model of the postmitotic 
assembly pathway of the human Nuclear Pore 
Complex obtained using restraints from time-
dependent 3DEM and fluorescence correlation 
spectroscopy (FCS), revealing structures of assem-
bly intermediates (9A25).29 These structures utilize 
the full arsenal of new features of PDB-IHM. 
PDB-IHM structures include those generated 

using input information derived from more than 
fifteen different types of experiments (Figure 3a) 
and a variety of modeling software (Figure 3b). 
Among the experimental methods, Crosslinking-
MS, 3DEM, NMR, SAS, FRET, and HDX-MS are 
the most common and AlphaLink,9 Integrative 
Modeling Platform (IMP),30 HADDOCK,31 and 
ROSETTA32 are the most frequently used modeling 
software. Structures obtained with Crosslinking-
MS, 3DEM, and/or SAS constitute 94% of all 
entries, with Crosslinking-MS being the highest 
contributor. The sizable contribution of 
Crosslinking-MS can be explained by its high-
throughput nature as well as its applicability to puri-
fied in vitro and heterogeneous in situ samples. Fur-
thermore, many integrative structures that use 
3DEM maps in combination with complementary 
methods, such as Crosslinking-MS, are currently
 breadth of PDB-IHM capabilities. (A) Examples show 
rmation and methods used for modeling. 9A3U: Plant cell 
40: Cullin4-RING ubiquitin ligase; 9A3Q: LINE-1 ORF2p 
plex (9A25). 

http://pdb-ihm.org
http://wwpdb.org/pdb?id=pdb_00009a8n
move_f0010
move_f0015
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Figure 3. (a) Common experimental methods used for obtaining data for integrative structure determination in the 
PDB-IHM entries. The counts shown are the occurrences of various kinds of input information derived from 
experimental methods as reported in the PDB-IHM entries. Rows represent different experimental methods, and the 
counts correspond to the total number of entries that use a given source of input information (not a sum across the 
column counts shown). Columns represent particular combinations of input information, and the counts are the total 
number of times those combinations occur in PDB-IHM entries. Combinations that only occur once are not shown. 
Black circles indicate the methods included in each combination. (b) Common modeling software used for computing 
integrative structures in PDB-IHM. The counts indicate the number of entries that report using the given software in 
their modeling process. 
deposited in the PDB as 3DEM structures without 
any information about other data used in structure 
determination, resulting in incomplete structure 
annotations and validations and loss of information. 
Following the unification of PDB-Dev with PDB, we 
aim for all new integrative structures to be deposited 
with the full set of information required for archiving. 
In addition, we will identify extant structures with 
likely missing annotations by processing the original 
publications and incorporating these annotations 
retroactively. 

Conclusions 

The PDB-IHM (formerly PDB-Dev) ecosystem 
provides a robust infrastructure for collecting, 
curating, validating, visualizing, archiving, and 
disseminating integrative structures of 
biomolecules and their complexes, thus 
addressing the recommendations made by the 
wwPDB IHM Task Force in 2015.10 The recent uni-
fication of PDB-IHM with the PDB enables delivery 
of integrative structures alongside experimental 
atomic structures in the PDB archive and marks a 
significant milestone in the evolution of the PDB. 
To prevent data loss, depositors of integrative struc-
tures are encouraged to use PDB-IHM to allow 
7

deposition of all data involved in integrative model-
ing investigations (e.g., model coordinates, spatial 
restraints, starting models, modeling protocols, ref-
erences to experimental data in other repositories). 
A complete deposition has at least four advantages. 
First, it makes the data more FAIR. Second, a com-
plete deposition enables rigorous validation of the 
resulting structure based on the input data used. 
Third, it facilitates informed user interpretation of 
the structure. Finally, a large set of complete entries 
will facilitate the development of better integrative 
methods in the future. 
Looking forward, we anticipate continued 

development of integrative modeling methods, 
including those relying on machine learning 
algorithms. We also expect that new types of 
experimental data and theoretical information will 
be used for computing integrative structures. For 
example, we project an increase in cryo-electron 
tomography-derived depositions due to the 
development of new automated data collection 
and modeling techniques.33 Similarly, we foresee 
a surge in application of Crosslinking-MS and other 
proteomics methods for structural characterization 
of protein–protein interactions at the cellular level.34 

Furthermore, emerging capabilities in NMR 
relaxation methods enable detection of transient
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conformational states in proteins, which can be rep-
resented as multi-state integrative models.35 

Finally, to facilitate modeling based on new types 
of data and addressing new biological questions 
based on the resulting models, we also anticipate 
a concomitant increase in the diversity of the types 
of integrative structures. For instance, the scope of 
integrative modeling will continue to expand beyond 
static structures of biomolecular assemblies to pro-
vide insights into biomolecular interactions, dynam-
ics, and function at increasingly higher levels of the 
hierarchy of biological organization, including gen-
omes, organelles, and cells.36,37,6 The PDB-IHM 
infrastructure is designed to be extensible and is 
positioned to support these advances in integrative 
structural biology. 
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