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Abstract

Summary: The PDBe aggregated API is an open-access and open-source RESTful API that provides programmatic
access to a wealth of macromolecular structural data and their functional and biophysical annotations through 80þ
API endpoints. The API is powered by the PDBe graph database (https://pdbe.org/graph-schema), an open-access
integrative knowledge graph that can be used as a discovery tool to answer complex biological questions.

Availability and implementation: The PDBe aggregated API provides up-to-date access to the PDBe graph database,
which has weekly releases with the latest data from the Protein Data Bank, integrated with updated annotations
from UniProt, Pfam, CATH, SCOP and the PDBe-KB partner resources. The complete list of all the available API
endpoints and their descriptions are available at https://pdbe.org/graph-api. The source code of the Python 3.6þ API
application is publicly available at https://gitlab.ebi.ac.uk/pdbe-kb/services/pdbe-graph-api.

Contact: mvaradi@ebi.ac.uk

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Macromolecular structural data are invaluable to derive a mechanis-
tic understanding of molecular systems, and for potentially modulat-
ing them (Batool et al., 2019; Metz et al., 2012; Waman et al.,
2020). However, to take advantage of these data, it is important to
place them in their biological context, where the atomic coordinates
of molecular structures form only one part of the puzzle (Gerstein,
2000). The worldwide Protein Data Bank consortium (wwPDB), of
which the Protein Data Bank in Europe (PDBe) is a founding mem-
ber, manages the single worldwide archive of macromolecular struc-
ture data, the Protein Data Bank (Armstrong et al., 2020; Berman
et al., 2003; wwPDB, 2019). In 2018, the PDBe team established a
new resource, the PDBe-Knowledge Base (PDBe-KB, https://pdbe-
kb.org) which integrates macromolecular structure data with their
functional and biophysical annotations provided by members of the
PDBe-KB consortium (Supplementary Table S1) (PDBe-KB, 2020).

The PDBe graph database, developed and maintained by the
PDBe team, integrates core PDB data with value-added information
from the weekly release cycle of PDBe (Armstrong et al., 2020),
UniProt mappings provided by SIFTS (Dana et al., 2019) and func-
tional annotations provided by the PDBe-KB consortium (PDBe-KB,

2020). This highly interconnected and rich knowledge graph
allows the scientific community to make sophisticated queries to get
datasets which would otherwise be labour-intensive to acquire.

We describe the implementation of the PDBe aggregated applica-
tion programmatic interface (API) whose purpose is to facilitate
programmatic data access through a comprehensive set of 80þ API
endpoints that retrieve data from the PDBe graph database. We also
demonstrate how the PDBe aggregated API can expedite the colla-
tion of a dataset which would otherwise require retrieving data from
multiple data resources and performing extensive processing and
aggregation.

2 Materials and methods

A high-level overview of the PDBe graph infrastructure is displayed
in Figure 1A. The graph database consolidates the core PDB data,
residue-level mappings between PDB and UniProt using SIFTS
data and functional and biophysical annotations provided by the
PDBe-KB partner resources (Supplementary Table S1). The data
are represented as a graph, i.e. nodes and edges, with several nodes
describing macromolecular structures (e.g. PDB entry nodes are
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connected to PDB chain nodes, which are in turn connected to PDB
residue nodes), while other nodes represent data related to protein
sequences (i.e. UniProt accessions), small molecules and functional
annotations. It is important to note that nodes such as PDB residues
are directly connected to their respective UniProt residues, as well
as any small molecules they interact with, and any functional
annotations they might have. This data model and graph encoding
facilitates data mining, for example retrieving a complete list of
small molecules interacting with a particular UniProt residue in any
mapped PDB structure, while also filtering for only those UniProt
residues which form catalytic sites. The complete data schema is
documented at https://pdbe.org/graph-schema.

Users can programmatically access data by sending GET requests to
a rich set of API endpoints. These endpoints are used by both PDBe and
PDBe-KB pages, necessitating that the API is maintained, up-to-date
and reliably accessible. For example, the endpoint https://www.ebi.ac.
uk/pdbe/graph-api/mappings/best_structures/P00734 (where ‘P00734’ is
a UniProt accession) returns a list of PDB entries mapped to the given
UniProt accession. The returned list of PDBs is sorted by the combin-
ation of coverage of the protein (i.e. the segment of the sequence cov-
ered by a PDB structure), the resolution of the structure and the overall
data quality, with the ‘best’ representative PDB structure first in the list.
Other endpoints serve information about small molecules and their
interactions with a given macromolecule, such as https://www.ebi.ac.uk/
pdbe/graph-api/pdbe_pages/binding_sites/4ud9/1 (where ‘4ud9’ is the
PDB identifier and ‘1’ is the entity identifier for the macromolecule)
which returns detailed information on the ligands observed to be inter-
acting with the particular macromolecule in a PDB structure. The com-
plete set of 80þ endpoints, their data schema and examples are
documented at https://pdbe.org/graph-api.

3 Discussion and conclusion

The strength of the PDBe aggregated API stems from the underlying
highly interconnected graph representation of the data as nodes and

the logical connections between pieces of information which are
encoded as edges. This allows the users to perform complex queries
that would otherwise be computationally expensive to perform
using more traditional relational data models.

We demonstrate one such example in Figure 1B. Starting from
the UniProt accession of Thrombin, users can programmatically
combine the output of two API endpoints to identify all the amino
acid residues of a protein that are putative ligand binding sites,
according to PDBe-KB partner resources such as P2rank (Krivák
and Hoksza, 2018) and are also potentially druggable pockets
according to canSAR (Coker et al., 2019), while additionally being
observed on macromolecular interaction interfaces, according to the
PISA software (Krissinel and Henrick, 2007). Thrombin (UniProt
accession P00734) has several residues that satisfy these criteria
when programmatically parsing and combining data from the anno-
tations API endpoint (https://www.ebi.ac.uk/pdbe/graph-api/uni
prot/annotations/P00734) and the interaction interfaces endpoint
(https://www.ebi.ac.uk/pdbe/graph-api/uniprot/interface_residues/
P00734). For example, the anti-coagulant peptide, Hirudin (variant-
1) interacts with the Thrombin region between residues GLU388
and GLY591, and this region also contains 9 putative ligand binding
sites and druggable pockets according to annotations from P2rank
and canSAR. Information such as this can help researchers design
small molecules that may disrupt the function of Thrombin. The
API endpoint https://www.ebi.ac.uk/pdbe/graph-api/uniprot/ligand_
sites/P00734 lists all the binding sites for ligands observed in PDB
structures of Thrombin, and there are 281 small molecules that
interact with the same 9 residues, which are also involved in the
interactions of Thrombin with Hirudin. We display the Thrombin-
Hirudin complex and three of these ligands, Hexaethylene glycol
(P6G), Sulfotyrosine (TYS) and (4R)-2-Methylpentane-2,4-diol
(MRD) on the right-hand side of Figure1B.

A step-by-step guide for reproducing this data retrieval proced-
ure using Python3 is available as a Jupyter Notebook via
CodeOcean at https://doi.org/10.24433/CO.4804830.v1.

The interconnected nature of the graph representation of struc-
tural data and functional annotations allows further complex queries,
such as: Can we find small molecules which have the same scaffold
and interact with the same binding sites? Are these molecules interact-
ing with residues annotated as catalytic sites? Are any of these ligands
annotated as drug-like molecules? In addition to ligand-related
queries, the API can also help with macromolecular complex-related
queries, such as: Can we find macromolecular interaction interfaces
which have highly conserved residues and which are also annotated to
be structurally flexible? Performing such queries would often require
reliance on the collation of data from multiple resources, whereas the
PDBe aggregated API and the underlying graph database makes such
queries accessible to the broader scientific community.

Powered by an up-to-date repository of all the structural data of
the Protein Data Bank, and with an ever-growing set of functional
and biophysical annotations, the PDBe aggregated API is a powerful
research tool that can provide quick, easy and reliable access to data
for answering complex scientific questions.

Funding

This work was supported by Biotechnology and Biological Sciences Research

Council via the 3D-Gateway [BB/T01959X/1] and FunPDBe [BB/P024351/1]

grants, the Wellcome Trust [104948] and the European Molecular Biology

Laboratory-European Bioinformatics Institute.

Conflict of Interest: none declared.

References

Armstrong,D.R. et al. (2020) PDBe: improved findability of macromolecular

structure data in the PDB. Nucleic Acids Res., 48, D335–D343.

Batool,M. et al. (2019) A structure-based drug discovery paradigm. Int. J.

Mol. Sci., 20, 2783.

Fig. 1. (A) An overview of how the PDBe aggregated API provides programmatic ac-

cess to the PDBe knowledge graph, which combines data from PDBe and PDBe-KB.

The graph data model of the underlying database provides a more intuitive repre-

sentation of molecular entities and their relations. (B) A high-level schematic for a

data retrieval procedure, starting from the UniProt accession of Thrombin

(P00734). Users can combine data from multiple API endpoints, such as the annota-

tions, interaction interfaces and ligand binding site endpoints to compile data on

which ligand molecules bind to Thrombin at the same region as its natural inhibitor,

Hirudin. A link to a step-by-step procedure is provided in the main text

PDBe aggregated API 3951

D
ow

nloaded from
 https://academ

ic.oup.com
/bioinform

atics/article/37/21/3950/6291664 by guest on 24 April 2024

https://pdbe.org/graph-schema
https://www.ebi.ac.uk/pdbe/graph-api/mappings/best_structures/P00734
https://www.ebi.ac.uk/pdbe/graph-api/mappings/best_structures/P00734
https://www.ebi.ac.uk/pdbe/graph-api/pdbe_pages/binding_sites/4ud9/1
https://www.ebi.ac.uk/pdbe/graph-api/pdbe_pages/binding_sites/4ud9/1
https://pdbe.org/graph-api
https://www.ebi.ac.uk/pdbe/graph-api/uniprot/annotations/P00734
https://www.ebi.ac.uk/pdbe/graph-api/uniprot/annotations/P00734
https://www.ebi.ac.uk/pdbe/graph-api/uniprot/interface_residues/P00734
https://www.ebi.ac.uk/pdbe/graph-api/uniprot/interface_residues/P00734
https://www.ebi.ac.uk/pdbe/graph-api/uniprot/ligand_sites/P00734
https://www.ebi.ac.uk/pdbe/graph-api/uniprot/ligand_sites/P00734
https://doi.org/10.24433/CO.4804830.v1


Berman,H. et al. (2003) Announcing the worldwide Protein Data Bank. Nat.

Struct. Biol., 10, 980.

Coker,E.A. et al. (2019) canSAR: update to the cancer translational re-

search and drug discovery knowledgebase. Nucleic Acids Res., 47,

D917–D922.

Dana,J.M. et al. (2019) SIFTS: updated structure integration with function,

taxonomy and sequences resource allows 40-fold increase in coverage of

structure-based annotations for proteins. Nucleic Acids Res., 47,

D482–D489.

Gerstein,M. (2000) Integrative database analysis in structural genomics. Nat.

Struct. Biol., 7, 960–963.

Krissinel,E. and Henrick,K. (2007) Inference of macromolecular assemblies

from crystalline state. J. Mol. Biol., 372, 774–797.

Krivák,R. and Hoksza,D. (2018) P2Rank: machine learning based tool for

rapid and accurate prediction of ligand binding sites from protein structure.

J. Cheminform., 10, 39.

Metz,A. et al. (2012) Modulating protein-protein interactions: from structural

determinants of binding to druggability prediction to application. Curr.

Pharm. Des., 18, 4630–4647.

Varadi,M. et al.; PDBe-KB Consortium. (2020) PDBe-KB: a

community-driven resource for structural and functional annotations.

Nucleic Acids Res., 48, D344–D353.

Waman,V.P. et al. (2020) The impact of structural bioinformatics tools and

resources on SARS-CoV-2 research and therapeutic strategies. Brief.

Bioinform., 22, 742–768, doi:10.1093/bib/bbaa362.

wwPDB,c. (2019) Protein Data Bank: the single global archive for 3D macro-

molecular structure data. Nucleic Acids Res., 47, D520–D528.

3952 S.Nair et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioinform

atics/article/37/21/3950/6291664 by guest on 24 April 2024


