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Vilnius University and Sorbonne University

▶ Communication at administration level

▶ VU visits Sorbonne on December 10-11

▶ My current visit: Lithuanian-French
collaboration program „Gilibert“
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Outline

1. Introduction: structural bioinformatics

2. The PPI3D resource:
▶ Analysis of interaction interfaces using Voronoi tessellation
▶ Clustered data on diverse protein interactions in PPI3D

3. Applications of PPI3D data

4. Other data resources for protein interactions
▶ SKEMPI and other databases with data on interaction energetics
▶ Some notes on PDBBind

5. Concluding remarks
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Bioinformatics

Wikipedia:
Bioinformatics is an interdisciplinary field that develops methods and software tools for
understanding biological data.

As an interdisciplinary field of science, bioinformatics combines computer science,

statistics, mathematics, and engineering to analyze and interpret biological data.

Structural bioinformatics is the branch of bioinformatics which is related to the analysis

and prediction of the three-dimensional structure of biological macromolecules.
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Proteins
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Molecular biology of the cell
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Protein databases

▶ Protein sequence databases
▶ UniProt (150M)
▶ UniParc
▶ BFD (Big Fantastic Database) (2500M)
▶ MGnify (1600M)
▶ …

▶ SwissProt: annotated proteins (576k)

▶ Protein structure databases
▶ Protein Data Bank (experimental structures, 260k)
▶ AlphaFold Database (structure models)
▶ Other databases with predicted structures

▶ Protein interaction databases (e.g., String, CORUM, Complex Portal)

▶ Databases of protein properties
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Proteins
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Relationship between protein sequence and structure
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Coevolution and protein structures

De Juan et al., Emerging methods protein coevolution, 2013, Nat Rev Genet, 14:249
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AlphaFold: headlines
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AlphaFold: how?

Jumper et al., 2021, Nature, 596:583

Databases used:

▶ Sequences: UniProt, BFD, MGnify

▶ Structures: Protein Data Bank
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Protein-protein, protein-peptide and protein-nucleic acid interactions

PDB: 4U7T, 5YX2
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Current state of structural bioinformatics on biomolecular interactions

▶ Protein-protein interactions: AlphaFold predicts almost everything

▶ Protein-nucleic acid interactions: still a hard problem

▶ Protein-ligand interactions: very interesting

▶ High quality datasets are necessary in all cases
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Data redundancy in the Protein Data Bank

Highly redundant data
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https://rcsb.org

Clustering by protein sequences

https://rcsb.org
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Alternative protein interactions are frequent exceptions

PDB: 1XCG, 3KZ1
Derewenda et al., Structure, 2004, 12:1955
Chen et al., J Biol Chem, 2010, 285:21070

Hamp and Rost, PLoS Comput Biol, 2012, 8:e1002623
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PPI3D: search, analyze and model protein interactions

https://bioinformatics.lt/ppi3d/

Dapkūnas et al., Nucleic Acids Res, 2024, 52:W264

https://bioinformatics.lt/ppi3d/
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Analysis of macromolecular structures using the Voronoi tessellation

Olechnovič & Venclovas, Bioinformatics, 2021, 37:4873
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Definition of interaction interfaces

Olechnovič & Venclovas, Bioinformatics, 2021, 37:4873
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CAD-score – Contact Area Difference score
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Clustering of structural data in PPI3D
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PPI3D clustering keeps alternative interaction interfaces

Clustering of protein-protein interaction interfaces by sequence and interface similarity:
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PPI3D web server

Dapkūnas et al., Nucleic Acids Res, 2024, 52:W264
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Retrieve PPI3D clustered data according to user-defined criteria

https://bioinformatics.lt/ppi3d/clusters/

https://bioinformatics.lt/ppi3d/clusters/
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Retrieved data
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More downloads

▶ Interface residues and contacts

▶ Intermediate clustering data

▶ Any requests?
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Applications
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Application 1: structural perspective of the L3 principle

Kovacs et al., Nat Commun, 2019, 10:1240

Yuen & Jannson, BMC Bioinformatics, 2023,
24:59

Lionel Tabourier, Elodie Laine (Sorbonne University, France)
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Application 2: VoroIF-GNN, protein-protein interface assessment trained
using docking models

Olechnovič and Venclovas, Proteins, 2023, 91:1879
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Application 3: Prediction of binding residues given protein structure

▶ Predict which residues will bind proteins,
DNA or RNA

▶ Use pre-processed structural data from
PPI3D (PDB)

▶ Use only interactions from same organism
(Taxonomy DB)

▶ Do not use antibody-antigen interactions
(SabDab)

Jokūbas Bucevičius, Rita Banciul, Simonas Vytautas Ašmontas
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SKEMPI 2.0

SKEMPI v2.0: Structural database of Kinetics and Energetics of Mutant Protein
Interactions

Jankauskaitė J, Jiménez-Garćıa B, Dapkūnas J, Fernández-Recio J, Moal IH. SKEMPI 2.0:
an updated benchmark of changes in protein–protein binding energy, kinetics and
thermodynamics upon mutation Bioinformatics 2019 35:462

▶ More than 500 citations

▶ 7085 datapoints (mutations)

▶ 345 structures

▶ 295 articles

▶ Manually curated dataset
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Other databases on thermodynamics and kinetics of biomolecular
interactions

▶ ProNAB: Database for binding affinities of protein-nucleic acid complexes and their
mutants

▶ NABE: Protein-Nucleic Acid Binding Energetic Database

▶ PDBBind: large binding database, but paywalled since recently
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Concluding remarks

▶ Currently, structural bioinformatics is data science

▶ Data are available for protein sequences and structures

▶ PPI3D offers clustered structural data on binary interactions

▶ Data on biomolecular interaction affinities and other properties are hard to get
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