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Coot- Crystallographic Object-Oriented Toolkit

 A crystallographers workhorse interface

 Integration of manual intervention and computational refinement tools

 Primarily developed by Paul Emsley (LMB)
 Contributions from numerous other authors

 Open source and designed to be easily learned

 Scriptable

 Huge capability and this presentation will only skim the surface
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Refinement
Refmac

Shelx

Buster

Phenix

Validation
Molprobity

Mogul

Restraints
libcheck

Acedrg

cProdrg

Grade

Refinement (restraints & data) and validation should 

go hand-in-hand

Data
Structure factors

intensities
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The Interface
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The Tool Bar

Which map?

Additional restraints?

Grab and drag

Traffic light warnings

Interactive refinement in real space
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The Tool Bar

Rotamers (low resolution “back 

rub” method)

Extensions → Modelling → 

Rotamer Search

“mutate” /change residue

Add terminal residue 

Add conformation
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Low Resolution Rotamer search

 Where Resolution >2.9 Å 

automatically turned on

 Where resolution is higher the back 

rub adds little additional benefit
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Automation for bulk fitting tasks

Secondary structures

De novo modelling… Should you use Buccaneer?

Waters

Ligands
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Alpha Helices

 Automated alpha helix placement

 Move cursor to “tube” of alpha helix

 Automated search of orientation, register and polarity

 Robust even at modest resolutions
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Beta sheets

 More complicated than alpha Helices 

 Non-ideal to accommodate frequent curvature of strands

 Start with cylinder search and move to strand extension followed by rigid body and real-space 

refinement

 Detection of strand polarity
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loops

 Simple manual fitting of single residues

 Database search using existing information
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Validation Tools
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Validation Tools
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Validation Tools

Probe/Reduce and Molprobity

B- factors, weak density or poor fit?

Ligands? Unmodelled protein? Incomplete model
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Molprobity

• Amazing tool to look at 

geometry

• Coot plugin to interpret output 

and to make “problem-fixing” 

easier

• List of specific problems

• Coot visualisation
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Ligand and Density...

• Protein-ligand complex models are often a result of subjective interpretation
• Combination of map quality and ligand restraints
• Judit will be giving a practical session later in the week
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2D Ligand Builder

External tools

COOT
Free sketch

SBase search

17



PAGE

QED Score

Quantitative Evaluation of Drug-likeness

Bickerton et al (2012) Nature Chemistry18
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Why bother?

 11,000 chemical compounds in the PDB!

 Analysis of structures in the public domain

 Iridium: A Highly Trustworthy Protein-Ligand 

Structure Database

 Drug Disc. Today, 12, 1270 (2012)

 19% of the ligands in this data set 

contained errors

 wwPDB: Greater focus on validation tools 

for PDB

1.65 Å
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Sources of help

The Homepage, F.A.Q, documentation

http://www2.mrc-lmb.cam.ac.uk/Personal/pemsley/coot/

Coot Wiki

http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/Coot

The mailing list

http://www.jiscmail.ac.uk/lists/coot.html

Ligand validation (recommendations for best practise)

Outcome of the First wwPDB/CCDC/D3R Ligand Validation Workshop
Structure. 2016 Apr 5;24(4):502-8. doi: 10.1016/j.str.2016.02.017.
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