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What is structural bioinformatics?

● Structural biology: study of biological 
macromolecues using advanced experimental 
methods, X-Ray cristallography, NMR, EM

● Structural bioinformatics: study of biological 
macromolecules using advanced prediction 
methods, Molecular Modelling, Protein-Protein 
Interactions, Energy Estimation, Molecular 
Motions
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Some milestones in Structural Biology

● 1938 : Chymotrypsine et hémoglobine (M. Perutz)

● 1951 : structure de l’ADN (Watson & Crick)

● 1981 : haemagluttinin Influenzae

● 1984 : nucléosome

● 1997 : ATP synthase (à droite)
https://pdb101.rcsb.org/motm/72 

● 2000 : Sous-unité 30S

● 2007 : Structure Beta-2 adrénergique (B. Kobilka)
https://med.stanford.edu/kobilkalab/research.html

● 2010 : Complexe respiratoire 1

● 2011 : Canal sodique

● 2020 : « Méthode d’édition du génome », E. Charpentier, J.Doudna

https://www.nature.com/milestones/milecrystal/library/structural-biology/index.html
https://pdb101.rcsb.org/learn/flyers-posters-and-other-resources/other-resource/structural-biology-and-nobel-prizes

https://pdb101.rcsb.org/motm/72
https://med.stanford.edu/kobilkalab/research.html
https://www.nature.com/milestones/milecrystal/library/structural-biology/index.html
https://pdb101.rcsb.org/learn/flyers-posters-and-other-resources/other-resource/structural-biology-and-nobel-prizes
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X-Ray cristallography

https://www.jove.com/science-education/10216/growing-crystals-for-x-ray-diffraction-analysis

Notions importantes : 
résolution (Angstroems), le plus bas possible
R-free (adéquation au maillage),  <20 %

http://www.nature.com/news/crystallography-atomic-secrets-1.14608
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Nuclear Magnetic Resonance (NMR)

Notions importantes : 
flexibilité des éléments de structure
précision moindre que la cristallographie
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Electron Miscroscopy (EM)

Volume global

Pas de détail atomique

Architecture macromoléculaire

En développement ++

http://www.nature.com/news/the-revolution-will-not-be-crystallized-a-new-method-sweeps-through-structural-biology-1.18335
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Molecular Modelling

https://dasher.wustl.edu/tinker/ http:/www.yasara.org/

http://pymol.org/

Expertise +++

Précision inconnue
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3D Protein Availability

PDB : https://www.rcsb.org (Oct 20th, 2023)

https://www.rcsb.org/stats/growth/growth-released-structures

https://www.rcsb.org/
https://www.rcsb.org/stats/growth/growth-released-structures
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Experimental methods
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Data availability

● PDB : RX, RMN, Small-Angle X-Ray Scattering (SAXS), 
modèles http://www.wwpdb.org/ 

● EMDB https://www.ebi.ac.uk/pdbe/emdb/ 

● Serveurs de prédiction

– Proteinmodelportal http://www.proteinmodelportal.org/ 
– Swiss-Model https://swissmodel.expasy.org/)

● Protéines membranaires https://blanco.biomol.uci.edu/mpstruc/

                   Littérature 
PubMed : https://pubmed.ncbi.nlm.nih.gov/
Google Scholar : https://scholar.google.fr/
Semantics Scholar : https://www.semanticscholar.org
CNRS : https://www.cnrs.fr/
INSERM : https://www.inserm.fr/
Maladies rares et médicaments orphelins : https://www.orpha.net

http://www.wwpdb.org/
https://www.ebi.ac.uk/pdbe/emdb/
http://www.proteinmodelportal.org/
https://swissmodel.expasy.org/
https://blanco.biomol.uci.edu/mpstruc/
https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.fr/
https://www.semanticscholar.org/
https://www.cnrs.fr/
https://www.inserm.fr/
https://www.orpha.net/
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210,000 protein structures…

260,000,000 protein sequences …
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Predicting a protein structure
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« All of the information necessary for folding the peptide chain into its "native" structure is 
contained in the amino acid sequence of the peptide. » (Anfinsen, 1960s, 

https://www.nobelprize.org/prizes/chemistry/1972/press-release/)

https://www.nobelprize.org/prizes/chemistry/1972/press-release/
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Approche de « force brute »

● Principe : énumérer toutes les possibilités de 
structure

● Impossible : Paradoxe de Levinthal, protéine de 
100 AA

– 20100 séquences possibles
– 3100 conformations à explorer (hélice, feuillet, coil) : 

5.1047

– Si 1ns / conformation : 1038 s soit 1,6.1031 années …
● Il faut donc faire autrement...
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Folding funnel
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But the Dark Proteome ...
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Impossible?
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To sum up
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Quelle méthode, pour quel besoin ?

     En fonction des données expérimentales disponibles, 
trois grandes catégories :

- comparaison (comparative)
- enfilage (threading)
- ab initio / de novo

     Pour chaque catégorie, des dizaines de méthodes 
disponibles : comment choisir la « meilleure » ?

    Il faut une évaluation indépendante :

Critical Assessment of protein Structure Prediction (CASP)

http://www.predictioncenter.org/

http://www.predictioncenter.org/
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Comment ?

40

25

Comparative / 
Homology Modelling

" Threading”

ab initio

100%
id
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Comment ?

40

25

Comparative / 
Homology Modelling

" Threading”

ab initio

100%
id

Fiabilité
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Modélisation par comparaison : MODELLER (%id 40 -100)

Sequence
SFITPVPGGVGPMTVFLEMDLTN
KNVIFVADKRKGGPGGIIANICV
HTFNSWLDVEPRVAIEANKNGAI
WKLDLAIWKLDLGTLEAIEWWDS
HIGAFLDKPKMENAQGQGNGLRY
GLSSDAHTAVIGLPSGLESAVIG
LPSGLESWSFFFAVYDGHAGSQV
AKY...

Search in Structure 
database

N sequences
Multiple 
Sequences 
Alignment

alignment

profile

PDB
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THREADING: I-Tasser
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de Novo / Ab initio (< 25%)

Concept :

la protéine peut être décomposée en un 
ensemble de fragments

☞Il faut une bibliothèque de fragments

☞Il faut une méthode pour les combiner

☞Il faut un score (« fonction objective »)



Introduction to Structural Bioinformatics

32

ROSETTA
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And AlphaFold?
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And AlphaFold ?
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And for all the protein Universe…

https://www.deepmind.com/blog/alphafold-reveals-the-structure-of-the-protein-universe

https://www.deepmind.com/blog/alphafold-reveals-the-structure-of-the-protein-universe
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Once you have model…
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Determine if a model is “good”

● Principle:
from a known protein structure, compare the 
model to it (CASP)

Red: model predicted by AF (T1064)

Blue: experimental structure (7JTL)

https://www.blopig.com/blog/2020/12/casp14-what-google-deepminds-alphafold-2-really-achieved-
and-what-it-means-for-protein-folding-biology-and-bioinformatics/ 
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Metrics for comparison

● RMSD: Root Mean Square Deviation 
(Distance)

● GDT: Global Distance Test, RMSD per interval 
(<2, <4A, <6, …)

● Ramachandran Outliers
● Clashscores
● And more… 
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RMSD and GDT

● Compare the position of all atoms to see if the model 
and the reference structure deviate

● Advanteage: one measure (In Angstroems)
● Inconvenient: sensitive to small changes

https://bioinfo-fr.net/comparaison-de-structures-le-rmsd

https://foldit.fandom.com/wiki/RMSD

https://foldit.fandom.com/wiki/GDT 

https://bioinfo-fr.net/comparaison-de-structures-le-rmsd
https://foldit.fandom.com/wiki/RMSD
https://foldit.fandom.com/wiki/GDT
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Ramachandran outliers (proteins)

https://en.wikipedia.org/wiki/Ramachandran_plot

Alpha

Beta
Glycine

https://en.wikipedia.org/wiki/Ramachandran_plot
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Clashscores, and more… 

Example for structure 5NWL, human RAD51-ATP filament

https://www.rcsb.org/structure/5NWL 

https://www.rcsb.org/structure/5NWL
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How to assess them?

● MolProbity, ProCheck, Prosa-web, Verify3D, 
PDBsum, WHAT_IF, WHAT_CHECK

● And more… 

https://www.rcsb.org/docs/additional-resources/structure-validation-and-quality

https://www.rcsb.org/docs/additional-resources/structure-validation-and-quality
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Why AlphaFold is good?

pLDDT: predicted local distance difference test 
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