
Dictionary of ligands



Some of the web and other resources

Small molecules
DrugBank:      http://www.drugbank.ca/
ZINC:            http://zinc.docking.org/index.shtml      
PRODRUG:    http://www.compbio.dundee.ac.uk/Web_Servers/prodrg_down.html
CACTVS:       http://www2.chemie.uni-erlangen.de/software/cactvs/
Cambridge structural database - CSD:  http://www.ccdc.cam.ac.uk/products/csd/

Macromolecules
PDB: 

European  EBI:       http://www.ebi.ac.uk/msd/ 
USA     RSCB:       http://www.rcsb.org/pdb/download/download.do

RASMOL (visualisation tool):           http://rasmol.org/
JMOL (Java based visualisation tool): http://jmol.sourceforge.net/
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Why restraints:
 Two atoms ideal case

     Distance between atoms 1.3Å. B values 20 and 50

Thin lines – single atoms
Bold line   - sum of the two atoms
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Chemical information: Phe at two 
different resolutions



Chemical information: Phe at two 
different resolutions



Chemical information: Phe at two 
different resolutions

0.88 Å 



Chemical information: Phe at two 
different resolutions

0.88 Å 



Chemical information: Phe at two 
different resolutions

2 Å and High mobility0.88 Å 



Role of restraints

When atoms have high B values and/or data are at low resolution 
then electron density may not show separate peaks

If restraints would not be used then chemistry of molecule would 
be unreasonable. 

Role of restraints is that to retain chemistry of atoms and at the 
same time describe electron density optimally.

If atoms are close to each other it is unlikely that they will have 
hugely different B values



Example

Data - 1.9A

Unrestrained Restrained



Using restraints

Standard dictionary has description of around 1 500 small molecules.  If one of them is in your 
crystal then the will be used automatically. In the new version there will be more than 8 000. 

What happens if you have a ligand that is not in the dictionary. Then it is your responsibility to 
create chemically sensible description. 

Before starting to create a description you need to study bonding structure of your ligand.  

2D 3D

These two molecules will refine very differently 
(oviously)



DrugBank

There are various 
options like “Search”, 
“Download”



DrugBank

Search can be 
performed using 
different tools. One 
of them is smile 
string Search can be 
exact or substructure



SMILES

SMILES notation is the most popular notation and almost all computational chemical 
websites, programs use this notation. They can read and write SMILES.

It is based on several simple rules. Full description of SMILES can be find from daylight 
websites.
 http://www.daylight.com/dayhtml/doc/theory/theory.smiles.html

SMILES stands for Simplified Molecular Input Line Entry System. 

It is concise and widely spread. It is very easy to learn. It was originally designed for 
manual input using text only editors. SMILES has become as a standard and it is a 
useful thing to know about.

http://www.daylight.com/dayhtml/doc/theory/theory.smiles.html
http://www.daylight.com/dayhtml/doc/theory/theory.smiles.html


SMILES

SMILES uses several very simple rules (these rules are sufficient to generate SMILES 
from structure and structure from SMILES). 
Rules:
1. Atomic symbols used for atoms
2. Hydrogen atoms as a rule are implicit. They are deduced using valence information 
about atoms
3. Neighbouring atoms stand one after another
4. Single, double, triple and aromatic bonds are denoted using “-”, “=”, “#” and “:” 
respectively. Single and aromatic bonds are usually not shown.
5.Branches represented by parentheses
6.Cycles are added by using matching digits on connecting atoms
7. Aromatic atoms are denoted using lower cases.

These rules are sufficient to describe most of the cases. Let us consider some examples



SMILES

C(O)(=O)C(N)Cc1ccccc1

Hydrogens are implicit, aromatic and single 
bonds are not shown. Stereochemistry is not 
clear. 

This representation is not unique. Here is the 
SMILES produced by MarvinSketch:
NC(CC1=CC=CC=C1)C(O)=O

[NH3+][C@H](CC1=CC=CC=C1)C(O)=O

Explicit charges are shown as an attributer of atom. 
Stereochemistry is shown using @ or @@. Chirality and 
other stereochemical information in SMILES are local and 
can be understood using immediate neighbourhood of the 
atom for which @ or @@ symbols are defined.



SMILES: atom specification

Atoms are specified using their atomic symbol. Atoms that are not in the organic subset 
(C, N, O, S, P, F,Cl) or valency is different from “normal” or are isotopes or charged then 
they are shown inside square brackets. General notation for atoms is:
[weight atom chirality charge]
For example 
[2H+] - shows deuterium with atomic charge +1. 
[N@H+] - shows positively charged nitrogen atom that is a chiral centre
[Fe++2] - iron atom with atomic charge +2 

Hydrogen atoms are not usually specified. In this case the number of hydrogens that 
would satisfy “normal” valency of atoms is assumed. However hydrogens can be specified 
explicitly. The number of hydrogens is shown using a digit immediately after hydrogen. It 
should not cause problem with ring closure since hydrogens can make only one bond 
(except in reaction intermediates).



SMILES: disconnected atoms

If consecutive atoms are not connected then between them “.” is added. For example:
[Na+].c1ccccc1[O-] id for. 

Note that if a SMILES string has “.” it does not mean that it is a disconnected 
structure. For example: C1.C1 is same as CC (note that matching digits show that 
these atoms must be connected). This notation is used in extension of SMILES to 
represent reaction (e.g. reagents are separated by “.”)



SMILES: stereochemistry

If an atom makes bond with four atoms (e.g. sp3 carbon) and all these atoms are different then 
we can arrange these atoms in general in two different ways. One structure cannot be 
generated from another using rotations and translations only. To distinguish these two 
structures SMILES uses chirality notations - @ or @@. If @ sign after an atom is specified 
then it means that if we take the first atom attached to chiral atom and the three remaining 
atoms appear anti-clockwise. For example in case of N[C@](C)(F)C(O)=O we look down to 
the chiral carbon from the first atom N then methyl group, F and carboxyl group appear anti-
clockwise. If we write @@ then they appear clockwise. 
If chiral atom is not the first atom and it has an implicit hydrogen then it is taken as the first 
atom. For example in case N[C@](C)C(O)=O  neighbours H (implicit hydrogen), methyl and 
carboxyl groups appear anti-clockwise. To avoid confusion in these cases hydrogen can be 
written explicitly.
If chiral atom is the first atom then implicit hydrogen is an atom “from” where we look at the 
chiral atom.

I could not find specification what happens if a chiral atom is the first atom and it has no 
implicit hydrogens.



SMILES: examples of chiral centres written by MarvinSketch

C[C@](N)(F)C(O)=O C[C@@H](O)F



SMILES: stereochemistry

Configuration around double bonds are denoted using matching “\” and/or “/”. For example

F\C=C\F (or F/C=C/F) denotes
   H        F

   \      /
    C=C
   /      \

   F         H
F\C=C/F (or F/C=C\F) denotes

   H        H
   \      /
    C=C
   /      \

   F         F

Note that SMILES chirality and are local chirality. 



DrugBank

It gives various info 
about each structure. 
They can be 
visualised using 2D or 
3D visualisation tools

The list of compounds

Properties 3D view



PRODRG server

JME

Load your file



PRODRG: JME

Draw your ligand,

transfer to PRODRG

window and run

JME is java based program for 2D 
drawing of small compounds. It is 
used in PRODRG2, MSDchem etc 



PRODRG output

It can write out 
representation in various 
formats suitable for various 
popular software



PDB

PDB is Protein Data Bank. It has all macromolecular structures determined experimentally as well 
as theoretically. There are more than 56000 macromolecular structures available in the PDB. 

In many cases protein structures are determined with some ligands (small molecular compounds). 
These small molecular structures are available from PDB. There are 8000-9000 such small 
molecules in the PDB. 

There are websites that allows people to view macromolecular structures as well as small 
molecular compounds. These sites are located in USA, Europe and Japan. 



PDB in Europe: MSD at EBI, Cambridge

Substructure, 
common segment, 
exact stereo

Fragment 
expression



PDB in Europe: MSD at EBI, Cambridge

Search for macromolecules and small molecules

OCA
MSDchem



Using resources from ccp4

Sketcher is under Refinement/Restraint Preparation/Monomer library sketcher.

Sketch your ligand After regularisation



http://www.ysbl.york.ac.uk/~pyoung/JLigand/JLigand.html

http://www.ysbl.york.ac.uk/~pyoung/JLigand/JLigand.html
http://www.ysbl.york.ac.uk/~pyoung/JLigand/JLigand.html


Jligand: New ligand design interface





Once satisfactory dictionary has been created they can be used in refinement and 
model building. In refinement

29

Your dictionary should go here.


