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WWW in Essence

World Wide Web is, in essence, all about 2 things:

• information and means to work with it (including communication) 

• services and control

Both are relevant to Macromolecular Crystallography.

“Information” aspect includes (examples)
• various databases and corresponding web-services (PDB, EBI, NCBI) 

• educational resources (e.g. university courses, CCP4/PDB tutorials) 

• relevant forums (e.g. CCP4 BB, PHENIX BB, COOT BB)

“Services and control” aspect includes (examples)
• remote data collection at synchrotrons (just the reality nowadays) 

• cloud computing (check with your IT support :)) 

• specialised web-based resources for MX computations (CCP4)
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Databases

Given to us in plenty, with confusing variety and redundancy

We will concentrate on few resources relevant to MX

• experiment management databases 

• sequence databases 

• macromolecular structure databases 

• small molecule databases 

• databases with derived data, useful for structure solution and analysis

No hyperlinks in this presentation, just acronyms
Google is your friend! so google up.

• these days, it is often cheaper to conduct certain experiments than to 
find the information needed. This is a genuine problem
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Experiment Management Databases

Would be useful for keeping all experimental details such as

• kept local/proprietary to projects/labs 

• contents and used solutions vary enormously 

• usually not highly appreciated by researchers (“it’s a burden”) 

• CCP4 invested in PIMS, now installed in 18 locations 

• keeping experimental information and making it accessible 
remains a not fully resolved and a challenging problem

• construct design 

• protein expression 

• crystallisation protocols

No universal or commonly accepted repository exists, despite 
many attempts to establish one
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Protein Sequence Databases

Well established, many but with few main resources available

• GenBank (NCBI): nucleotide sequences and their protein translations 

• European Nucleotide Archive (EMBL): DNA and RNA sequences 

• DNA Bank of Japan (National Institute of Genetics)

• UNIPROT (EBI+SIB+PIR). This is 
probably the major resource
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UniProt

• Text Search 

• BLAST Search 

• Sequence Alignment 
Service 

• Sequence Retrieve 

• Data Download 

• Data Deposition 

• Statistics 

• only 1% curated
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Protein Structure Databases

Actually a single resource, the wwPDB, with 3 gateways:

• PDB   @ RCSB (Piscataway, NJ)     Head branch 

• PDBe @ EBI     (Cambridge, UK)     European branch 

• PDBj  @ IPR     (Osaka, Japan)       East-Asian branch

All PDB entries are curated, this is a major effort

Precious
$4B estimated recovery cost if all data is lost

Now has a common deposition system across all branches

A few derived resources are there (not a complete list)
• MMDB from NCBI  - computed domains and literature links 

• SCOP from MRC/LMB - curated hierarchical structural domains 

• Proteopedia from Weizmann Institute, Israel - the PDB Wiki
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Protein Data Bank
Currently over 107,000 structures (90,000 X-ray structures)

For an X-ray crystallographer, a treasury of MR models

0"

200"

400"

600"

800"

1000"

1200"

1400"

19
72
"

19
74
"

19
76
"

19
78
"

19
80
"

19
82
"

19
84
"

19
86
"

19
88
"

19
90
"

19
92
"

19
94
"

19
96
"

19
98
"

20
00
"

20
02
"

20
04
"

20
06
"

20
08
"

20
10
"

20
12
"

20
14
"

Chothia C: One thousand 
families for the molecular 
biologist. Nature 1992, 
357: 543-544.

MR is the dominating 
phasing method in 
today’s protein 
crystallography
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Protein Data Bank Tools



World!
Macromolecular

Research Complex at Harwell

World Wide Web for Macromolecular Crystallography!
Macromolecular Crystallography School “From data processing to structure refinement and beyond”, April 6-16, 2015, Montevideo, Uruguay

Protein Data Bank Deposition
Step 1: Data preparation

• harvest data from CCP4 Projects (will be available in CCP4i2) 
• prepare structure factors in mmCIF format 
• check Chemical Compound Dictionary for IDs of released ligands



World!
Macromolecular

Research Complex at Harwell

World Wide Web for Macromolecular Crystallography!
Macromolecular Crystallography School “From data processing to structure refinement and beyond”, April 6-16, 2015, Montevideo, Uruguay

Protein Data Bank Deposition
Step 2: Data validation

• automatic service created as a result of VTF initiative 
• assesses quality of structure and correspondence with the experimental data 
• checks for many obvious flaws; extremely useful
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VTF Validation Report 
(excerpts)

1.  Overall quality
• data for each slider is detailed in 

individual report sections

2.  Chain quality
• coloured representation of outliers

3.  Compound fit quality
• wrong geometry or poor fit in density

4.  Extended outlier statistics
• bond length, angles, chirality, planarity 
• close contacts 
• protein backbone (Ramachandran) 
• backbone torsions 
• sugar packing
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VTF Validation Report
1.  Overall quality

• summary of key quality indicators to spot possible problems quickly

2.  Entry composition
• summary of the number of unique molecules and how they have been modelled

3.  Residue-property plots
• per-residue summary plots of quality information for protein, RNA and DNA molecules

4.  Data and refinement statistics

5.  Model quality

6.  Fit of model and data

• Space Group, Cell, Completeness, Rmerge, Rfree, Resolution, Twinning tests etc etc

• summary on geometrical quality, chirality, close contacts etc

• analysis of the fit of the molecule in the entry to experimental data (based on Real Space R-value)

R. J. Read, P. D. Adams, W. B. Arendall III, A. T. Brunger, P. Emsley, R. P. Joosten, G. J. Kleywegt, 
E. B. Krissinel, T. Lütteke, Z. Otwinowski, A. Perrakis, J. S. Richardson, W. H. Sheffler, J. L. Smith, 
I. J. Tickle, G. Vriend and P.r H. Zwart.  (2011) Structure 19: 1395-1412.

http://www.cell.com/structure/abstract/S0969-2126%2811%2900285-1
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Protein Data Bank Deposition
Step 3: Data deposition

• a multi-stage procedure of giving all the necessary details about your structure 
• most details are taken from harvest files 
• well-documented and equipped with video tutorials
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Protein Data Bank Searches
Includes keyword, annotation, sequence and ligand structure searches

• has both “search” and “explore” options 
• self-explicable 
• accompanied with pre-computed statistics
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Protein Data Bank Structure Analysis Services
Alignment tools (sequence and structure) 
Protein symmetry visualisation 
Structure quality (VTF report)

Genomic mapping 
Reference to other resources 
Statistics
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PDBe Gateway
Offers the same deposition services 
Different tools for exploring PDB archive in 
multiple ways

Unique services: PISA and PDBeMotif 
Useful services: SSM (PDBeFold) and 
PDBeChem
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Proteopedia
Protein WiKi 
Editable articles 
Community-curated

Setup in Weizmann Institute of 
Science, Israel 
A prototype of future resources?
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Small Molecule Databases
Indispensable resource for finding information about ligands

Chemical structure databases are given in confusing variety

• ZincDatabase (UCSF) 

• ChEMBL (EBI) 

• PDB Compound Library ( RCSB) 

• Chemspider (RSC) 

• and many, many others, Google is your friend

• most of MX research is about protein-ligand interactions 

• fitting ligands is often the most valuable and most difficult task 

• ligand variety is almost unlimited 

• ligand structure is often difficult to compute accurately enough

They are not equivalent to each other in what they offer 

Many are commercialised
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Cambridge Structural Database (CSD)

Maintained by the Cambridge Crystallographic Data Centre (CCDC)

• effectively a 
“PDB” for small 
molecule 
crystallographers 

• currently 0.75M 
structures 

• extensive 
services 
(deposition, 
search, browse, 
view etc) 

• commercialised 
(basic features 
available for 
academics)
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CSD for crystallographers
Structure visualisation, look-up, validation, restraints generation

• small print: restraint generation through Mogul plugins in Coot, GPhL Grade 
and PHENIX’s eLBOW
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Crystallography Open Database (COD)

Maintained by Vilnius University of Biotechnology, Lituania

• developed in close 
collaboration with 
Cambridge 
University  

• currently 0.2M 
structures 

• basic services 

• effectively a public 
resource 

• was used for 
AceDRG 
development in 
CCP4
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ChEMBL
Maintained by the European Bionformatics Institute (EBI), Cambridge
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Web Services

GRADE from Global Phasing Ltd
• generation of crystallographic restraints

TLS Motion Determination from Ethan Merritt, University of Washington
• automatic identification of TLS groups 

• can be used for further refinement in Refmac

CCP4 on-line
• BALBES, MrBUMP: automatic MR 

• ZANUDA: Space Group and Origin validation 

• jsPISA: Crystal Packing analysis & Complexes 

• Coming soon: CRANK-2 for Experimental Phasing 

• Coming soon: AMPLE for ab-initio MR

CCP4 Cloud
• new CCP4 initiative for a comprehensive on-line crystallographic solution


