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Using the PDBe 



The Protein Data Bank (PDB) is an archive of 

 experimentally determined 3-dimensional 

structures of biological macromolecules 

 

 

 

pdbe.org 

        Proteins                        DNA/RNA                  Complexes of Protein and NA 



Deposit 

in the 

PDB 

A “PDB code” refers to a structure 

PDB code Referenced in the paper 

• A unique 4 character code  

• Identifies the data within the PDB archive 

• Always starts with a number 

 

• eg 2nuu, 4xyz, 2f48 



Methods of solving the structures 

 

pdbe.org 

9% NMR 

Spectroscopy 

2% Electron 

microscopy 

89% X-ray 

crystallography 

4% NMR 

Spectroscopy 

5% Electron 

microscopy 

91% X-ray 

crystallography 

Releases in 2017… 



Not all 150 000 structures are 

unique molecules 
 

 
eg  There are 39,775 structures of Human proteins 

  But only 9,640 different Human proteins 

 

Why? 

• Solved by different methods 

• With different compounds bound 

• By different people 

• In different conditions 

 

Carboxypeptidase A: 

32 structures - 15 different small molecules  
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What can we learn from structures? 



Why study protein structures? 

• Sequence similarity and function not necessarily 

intrinsically linked 

• Active site amino acids not always in close proximity in the 

protein sequence 

• Modelling binding sites can help determine future drug 

targets 

• Interfaces between macromolecules in structure can help 

identify likely biological assemblies. 

• Is a proposed mutation likely to disrupt the structure 

significantly? 



How multimeric state effects function, e.g. Insulin 

• Disulphide bonds identified 

• Difficult to establish from 

sequence alone. 

• Inactive complex - 6 insulin units bind zinc 

• pH shift from 6 to 7.4 - releases active monomer 

• de-protonation of Glutamate - breaks hydrogen bonds 



How good is a structure? 

• Resolution 

• Geometry 

• Density maps are the real data 

• Validation reports 



Resolution 

• Resolution indicates level of detail in the data 

• for structures determined by X-ray 
crystallography and electron microscopy 

• Higher resolution (lower number) means more 
detail! 

• Low  = > 3.0 A 

• Medium = 1.8 - 3.0 A 

• High  = 1.0 - 1.8 A 

• Atomic = < 1.0 A 

• But, not all parts of the structure are at the 
same resolution… 



Areas where the 

model has too many 

atoms for the data 

Data suggest too  

few atoms here  

Areas where the 

model has too few 

atoms for the data 

The PDB file is only an interpretation of the data 

• Difference density helps identify where the model does 

not match the data: 
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Ramachandran Plot 





Interesting geometry 
7GPB 2.9Å 



Poor density for ligand 

Acta Cryst. D69, 150-167 (2013) 

PDB: 3IB0 (1.4Å) 

 

DIF A701 

 

Ligand diclofenac not supported by 

electron density 

 

https://www.ebi.ac.uk/pdbe/entry/p

db/3ib0/bound/DIF 



Not all structures are created equal! 

How well does the model 

back-predict the data? 

Atoms bumping into 

each other 

Surprising bond 

angles 

Atoms not in electron density 



 

 

What information do curators add to 

PDB entries?  

 



Sequence cross references 

• Protein sequences are cross referenced to UniProt 



Assembly annotation 

• How the molecule exists in ‘solution’ 

pdbe.org 



Crystal packing 

• What we observe in a crystal unit cell 

pdbe.org 



Crystal packing 

• The rest of the crystal can be generated by symmetry 

pdbe.org 



Crystal packing 

• Can analyse which of the complexes are likely to be significant 

pdbe.org 



DNA-protein complex 

pdbe.org 

A.S.U. Assembly 

• Asymmetric unit contains protein and single DNA strand 

• In assembly, two proteins bind double-stranded DNA. 



The importance of assemblies 

• Deposited coordinates 

• Ferritin 

• PDB entry 3r2s 

• Symmetry-related assembly 



Small molecules 

• All molecules mapped to PDB’s Chemical Component 

Dictionary 



 

 

Visualisation 



Using images to convey information 

• Where is “my protein” in 

this assembly? 

• How many unique 

macromolecules are there 

in this complex? 

• What is the overall shape 

of the complex? 

• Where is this sequence or 

structure domain in the 

3D structure? 
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Using images to convey information 

• Where is “my protein” in 

this assembly? 

• How many unique 

macromolecules are there 

in this complex? 

• What is the overall shape 

of the complex? 

• Where is this sequence or 

structure domain in the 

3D structure? 



Image gallery 







Searching the PDB 



Data out 
 

The problem with the PDB is… 

• I can’t find what I want 

• Too many false hits when I search 

• CaM, CaM-Kinase, CaM binding protein, Cam-like… 

• Results are too complicated 

• Which lysozyme to use?  47 species! 

• Which is best?/what is best? >250 ligands 

• Redundancy 

• How many unique human protein structures? 

 

 

 



Searching the PDB made simple 

At PDBe we’ve implemented: 

 

• Auto-complete suggestions 

• Facets to narrow down search 

results 

• Quality presented on search 

results 

• Four views of results 

• Moving away from entry-centricity 

 

 

pdbe.org 



pdbe.org 



pdbe.org 



pdbe.org 



pdbe.org 



Query – “Enzyme: Hydrolases” 



Drill down with facets 



Drill down with facets 



Query – “Enzyme: Hydrolases” 



Introducing PDBe-KB 

pdbe-kb.org 



At the heart of EMBL-EBI resources 



Integrating structure and other biological data 

• Annotating and linking structure through biological information 

ChEBI ENA/UniProt ChEMBL/IntAct Reactome 

Information     /     Resources 

Chemistry Sequences Interactions Pathways Variation 

Ensembl 



Change the context of structural data 

Proteins Binding sites Complexes 

PDBeKB.org 



Protein pages 

• Structural context for a given protein 

• Initially based on Uniprot ID 

• Serving data through a new API 

• Data clustered by different sections 

• Structure coverage 

• Ligands and binding sites 

• Protein interactions 

• Additional annotations 

• Publications 

PDBeKB.org 



Protein pages - summary 

PDBe-KB.org/Q14676 



Protein pages - summary 

● Icons highlight structural information related to specific protein 

PDBe-KB.org/Q14676 



Protein pages - summary 

● Component indicates PDB coverage and images for those regions 

PDBe-KB.org/Q14676 



Protein pages - structures 

Overview of structures and domains in the PDB using ProtVista viewer 

 

PDBe-KB.org/Q14676 



Protein pages - structures 

Overview of structures and domains in the PDB using ProtVista viewer 

 

● Protein coverage displayed for all PDB structures 

PDBe-KB.org/Q14676 



Protein pages - structures 

Overview of structures and domains in the PDB using ProtVista viewer 

 

● Expanded display shows coverage for individual PDB entries. 

PDBe-KB.org/Q14676 



Protein pages - structures 

Overview of structures and domains in the PDB using ProtVista viewer 

 

● Clicking on the range allows you to go to that specific PDB entry 

PDBe-KB.org/Q14676 



Protein pages - structures 

Overview of structures and domains in the PDB using ProtVista viewer 

 

● Regions of domains, secondary structure and flexibility highlighted 

PDBe-KB.org/Q14676 



Protein pages - ligands 

Overview of ligands and binding residues in the PDB 

PDBe-KB.org/P35354 



Protein pages - ligands 

Overview of ligands and binding residues in the PDB 

PDBe-KB.org/P35354 

● Cofactors highlighted preferentially where present 



Protein pages - ligands 

Overview of ligands and binding residues in the PDB 

PDBe-KB.org/P35354 

● Other bound ligands listed by number of entries present 



Protein pages - ligands 

PDBe-KB.org/P35354 

● ProtVista shows location of all ligand binding sites 

○ Begin to see trend of important binding residues 



Protein pages - interactions 

Overview of interaction partners and interacting residues in the PDB 

PDBe-KB.org/P68530 



Protein pages - interactions 

Overview of interaction partners and interacting residues in the PDB 

PDBe-KB.org/P68530 

● Shows interaction partner and link to its own protein page 



Protein pages - interactions 

Overview of interaction partners and interacting residues in the PDB 

PDBe-KB.org/P68530 

● Shows location of all interaction sites 



Protein pages - additional annotations 

Adding data from related databases through PDBe-KB collaborations 

PDBe-KB.org/Q92793 



Protein pages - try them yourself! 

Directly accessible from PDBe-KB.org/proteins 

• Try the examples or input your own Uniprot ID or PDB entry 

Link to PDBe-KB pages from the search at PDBe.org 

PDBeKB.org 


