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What is a ligand?

• Small molecule (more than 1 atom, ligand, sugar, covalent 
modification, buffer molecules,…)

• Binds to a macromolecule
• Can serve a biological purpose or was designed to bind 
• Can bind “by chance” (buffer molecule)
• Binding: non-covalent and/or covalent bonds

146k out of 215k models in the PDB have at least one ligand 
(”distinct non-polymer entity) 



What is a ligand?

• Small molecule (more than 1 atom, ligand, sugar, covalent 
modification, buffer molecules,…)

• Binds to a macromolecule
• Can serve a biological purpose or was designed to bind 
• Can bind “by chance” (buffer molecule)
• Binding: non-covalent and/or covalent bonds

163k out of 215k models in the PDB have at least one ligand 
(”distinct non-polymer entity”) 

à Chances are that you will have to deal with ligands!



“Dealing” with ligands

1) Find out what ligand(s) are in the crystal structure
2) Refine the ligand along with the macromolecule

We need restraints for the ligand.

a priori knowledge

Stereochemical restraints specify 
ideal values for:
• Bond lengths
• Angles
• Torsions
• Planes
• Chiral volumes



Ligands need restraints

If you try to run phenix.refine and a ligand has no restraints…

(This message also occurs if atom names don’t match!)



Sources of restraints

Libraries
• Monomer Library
• GeoStd

Algorithms
• Polymer
• Links



GeoStd

• All standard amino acids

• Current list of non-standard amino acids

• All standard RNA/DNA

• Current list of non-standard RNA/DNA

• Others – 34k Mogul validated restraints using PBEh-3c/CPCM 
and higher QM

Phenix comes with the GeoStd library and a trimmed version of 
the CCP4 monomer library.

à No need to generate novel restraints if your ligand is in the 
libraries.



Novel ligands

If the ligand is not in the libraries that ship with Phenix:
• Check other libraries
• If relying on 3 letter code: double check that it is the 

correct one

If still not found:
à Get restraints from a dictionary 
generator



Confusion

• All depositions of X-ray model use mmCIF from 1 
July 2019

• “I need a CIF file.”

• But what do you really need?



CIF
• Crystallographic Information File
• mmCIF – macro-molecular CIF
• Used for

• Model
• Data
• Maps
• Ligands

• Information
• Restraints



Restraints?

• Provide a reasonable geometry during 
refinement particularly at low resolution

• Bonds, angles, dihedrals, chirals, planes, …

• Must be weighted against the experimental 
information



Overview

• eLBOW - electronic Ligand Builder & Optimisation 
Workbench

• ReadySet! - One-stop preparation for your 
refinement needs

• REEL - Restraints Editor Essentially Ligands



eLBOW

• Automated generation of restraints for ligands
• Fast, simple and flexible procedure 
• Reduces the tedium of building 3D ligand geometries

eLBOW = electronic Ligand Builder and Optimisation Workbench

Chemical input

Chemical restraints (CIF)
Cartesian coordinates (PDB)



eLBOW

N. W. Moriarty, R. W. Grosse-Kunstleve, P. D. Adams, (2009). Acta Cryst. D 65, 1074-1080.

Video tutorial on the Phenix 
YouTube channel

https://phenix-online.org/documentation/reference/elbow_gui.html

Acta D paper

Online documentation

https://phenix-online.org/documentation/reference/elbow_gui.html


ReadySet!

• Add H to protein with phenix.reduce.
• Add H to ligands with eLBOW. 
• Optional: add H to water, add H/D to neutron model.
• Generate metal coordination files.
• Use the .cif file for the unknown molecule.

Prepare a model file for refinement (ReadySet! Refine!!!)

Model file

ReadySet!

Restraints, model file
https://phenix-online.org/documentation/reference/ready_set.html



Restraints Editor, Essentially Ligands (REEL)

• Generate a geometry for a set of restraints

• Modify restraints and generate new geometry

• Fast editing in menu items

• Highlight atom and restraints are highlighted

• Multiple ligands simultaneously

• Highlight restraint and atoms are highlighted

• Save restraints (CIF)

• Save geometry (PDB)

• Run eLBOW



REEL







Summary

• eLBOW & ReadySet! perform better when 
provided with better input. (GIGO)

• Need to know something about the ligand

Hierarchy of input file value

• Check your .geo file for confirmation of restraints



QMR – quantum mechanical restraints

Restraint generators don’t predict 
• Chemical variability (configuration or pucker) 
• Specific binding interactions

QMR approach:
• Minimize the ligand geometry in 

the binding pocket.
• Use minimized ligand geometry as 

targets for restraints.
(forget about what happened with the residues)

BER in 3vw2
Liebschner D., Moriarty, N.W., Poon, B. K. & Adams, P. D., In situ ligand restraints from 
quantum-mechanical methods. Acta Cryst. D. 79, 100–110, (2023) 



Other tools for ligands in Phenix

• Polder maps: OMIT map that excludes the bulk solvent 
around the ligand to visualize weak densities.

OMIT map

Contour +/- 3 rms

Polder map

Contour +/- 3 rms

Model: 1iWN
Resolution: 2.2 Å
Ligand: PG5 201



Other tools for ligands in Phenix

• LigandFit: Flexible ligand fitting into difference maps.

ADP
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ReadySet!

• Add hydrogens

• Default: adds hydrogens to protein, ligands

• Protein - Reduce

• Ligands - eLBOW

• Add hydrogens to water

• Add deuteriums instead of hydrogens

• Add hydrogen & deuteriums appropriately

• Generate restraints



ReadySet!

• Restraints CIF filename

• Restraints CIF directory

• LINKS to “edits”

• --dry-run to show ligand process pathway

• Metal coordination


