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/VVeb_Servers/prodrg_down.html

CACTVS: http://www?2.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/



http://www.drugbank.ca
http://www.drugbank.ca
http://www.compbio.dundee.ac.uk/Web_Servers/prodrg_down.html
http://www.compbio.dundee.ac.uk/Web_Servers/prodrg_down.html
http://www2.chemie.uni-erlangen.de/software/cactvs/
http://www2.chemie.uni-erlangen.de/software/cactvs/
http://www.ccdc.cam.ac.uk/products/csd/
http://www.ccdc.cam.ac.uk/products/csd/
http://rasmol.org
http://rasmol.org

Why restraints:
Two atoms 1deal case

Distance between atoms 1.3A. B values 20 and 50

| Il 1 1

Thin lines — single atoms

Bold line - sum of the two atoms







Chemical information: Phe at two
diftferent resolutions




Chemical information: Phe at two
diftferent resolutions




Chemical information: Phe at two
diftferent resolutions




Chemical information: Phe at two
diftferent resolutions




Chemical information: Phe at two
diftferent resolutions

2 A and High mobility




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 1s that to retain chemistry of atoms and at the
same time describe electron density optimally.

If atoms are close to each other 1t 1s unlikely that they will have
hugely different B values




Example

Data - 1.9A

Unrestrained Restrained




Using restraints

Standard dictionary has description of around | 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.

These two molecules will refine very differently
(oviously)




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

DrugBank

DrugBank

Search Downloads

The DrugBank database is a unique bioinformatics and cheminformatics resource that
combines detailed drug (i.e. chemical, pharmacological and pharmaceutical) data with
comprehensive drug target (i.e. sequence, structure, and pathway) information. The database
contains nearly 4800 drug entries including >1,350 FDA-approved small molecule drugs, 123
FDA-approved biotech (protein/peptide) drugs, 71 nutraceuticals and >3,243 experimental
drugs. Additionally, more than 2,500 non-redundant protein (i.e. drug target) sequences are
linked to these FDA approved drug entries. Each DrugCard entry contains more than 100 data
fields with half of the information being devoted to drug/chemical data and the other half
devoted to drug target or protein data.

DrugBank is supported by David Wishart, Departments of Computing Science & Biological
Sciences, University of Alberta.

More about DrugBank

What's New?

* We have implemented the ChemAxon solution for structure searches. You can now perform similarity (tanimoto),
substructure, and exact searches via the ChemQuery function. This system replaces an outdated structure search and
should be faster and more accurate. We have only added the most basic features for this release, so if you would like to see
more/different features added, please let us know.

« We have added a new page containing links to other useful drug and small molecule databases. The other databases page




DrugBank

[ Search "

ChemQuery

Structure Molecular Weight SMILES Chemical Formula

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

Drug Type: '\ Approved

Query SMILES string:

B C(N) (C(=0)0)CO

Search Type:
_ Tanimoto Similarity

Similarity threshold: 0.7

A higher similarity threshold results in
less hits that are more similar to the

query structure.

__ Substructure
™ Exact

Molecular Weight Filter:

between and

[ Search )
;ll

ChemAxon web

Example: NCCCC[C@H](N)C(O)=0




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:

|. 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

/. 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)Ccl cceccl [NH3+][C@H](CCI=CC=CC=CI)C(0)=0

Hydrogens are implicit, aromatic and single Explicit charges are shown as an attributer of atom.
bonds are not shown. Stereochemistry is not Stereochemistry is shown using @ or @@. Chirality and
clear. other stereochemical information in SMILES are local and
can be understood using immediate neighbourhood of the
This representation is hot Unique. Here is the atom for which @ or @@ symbo|s are defined.

SMILES produced by MarvinSketch:
NC(CCI=CC=CC=CI)C(0)=0




SMILES: atom specification

Atoms are specified using their atomic symbol. Atoms that are not in the organic subset
(C,N, O, S, B ECI) 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+].clcccecl [O-] id for.

Na*

Of

Note that if a SMILES string has “.” it does not mean that it is a disconnected
structure. For example: CI.Cl 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. sp® 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)=0O 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)=0O 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.

| 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

O 0\\10
A" 3

orr

C[C@](N)(F)C(O)=0 C[CQ@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

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

Note that SMILES chirality and are local chirality.




DrugBank

The list of compounds

ChemQuery Search Results

ChemQuery search returned 1 results.

It gives various info
about each structure.
They can be

visualised using 2D or (oRuGeARD)

3D VisualisatiOn tOOIS Canonical SMILES: NC(CO)C(0)=0

Isomeric SMILES: N[C@@H](CO)C(O)=0

L-Serine N 105.0926

56-45-1 | o 105.0426

Properties Structure Viewer

Displaying structure for L-Serine

Showing drug card for L-Serine (DB00133)
Legend: drugfield targetfield  enzyme field ("Show Similar Structures ) for [ Approved +] drugs

Version 25
Creation Date 2005-06-13 13:24:05
Update Date 2008-08-26 14:00:56

Primary Accession DB00133
Number

Secondary

Accession Number ~ * NUTRO00S3

Name L-Serine

* Approved
Drug Type * Nutraceutical
* Small Molecule

A non-essential amino acid occurring in natural form as the L-isomer. It is synthesized from glycine or

Description threonine. Itis involved in the biosynthesis of purines; pyrimidines; and other amino acids. [PubChem)]

. (-)-Serine
. (S)-2-Amino-3-hydroxypropanoic acid
. (S)-Serine

. (S)-a-Amino-b-hydroxypropionic acid
. 2-Amino-3-hydroxypropionic acid




PRODRG server

HOW tO obtain

The Dundee PRODRG?2 Server

Finally, a FAQ is available =1, READ it before using this server

Molecular topologies for ... X-ray refinement/MD drug design/docking

Funded by:
@ The Wellcome Trust

Draw Molecule With JME

w0 OF ...

Paste your input here (PDB coordinates, MDL MOL file, text drawing). See below for instructions.

Run PRODRG

Load your file




PRODRG: JME

JME is java based program for 2D
R E NN drawing of small compounds. It is
=8 ==~A008000 used in PRODRG2, MSDchem etc

Draw your ligand,
transfer to PRODRG

window and run

Transfer To PRODRGC Window Close Help

JME Editor courtesy of Peter Ertl, Novartis




PRODRG output

PRODRG Home FAQ PRODRG Beta How to obtain

PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
GENDRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>
PRODRG>

Starting up PRODRG version 061128.0522
PRODRG written/copyrighted by Daan van Aalten
and Alexander Schuettelkopf

Questions/comments to daval@davapcl.bioch.dundee.ac.uk

When using this software in a publication, c¢ite:

A. W. Schuettelkopf and D. M. F. van Aalten (2004).
PRODRG - a tool for high-throughput crystallography
of protein-ligand complexes.

Acta Crystallogr. D60, 1355--1363.

MOL mode detected.
No stereo information found in input file.
Molecule complexity index: 2.00.

1 hydrogen(s) added.

13 bonds ambiguous

16 bond angles ambiguous

9 improper dihedrals ambiguous

4 dihedrals ambiguous

2 partial charges ambiguous
Net charge on molecule: 0.000
Using charge groups.
Writing GROMACS topology.
GROMACS topology quality on 0-10 scale: 7.7
Best structure was iteration 841 with 0.70210928
Spawning GROMACS version 3.2.1...
RMSD from GROMOS bond ideality (Angstrom) 0.017
RMSD from GROMOS angle ideality (degrees) 2.257
RMSD from GROMOS plane ideality (degrees) 0.432
Number of improper improper dihedrals 0
Writing: SCRHWMMPG
Normal program end

Click to go to the following output:

Coordinates
« PDB (all H's, polar H's or no H's)
» MDL Molfile (all H's, polar H's on};or no H's)
» GROMOS87/GROMACS (peiar H's only)

X-ray refinement
» CNS (parameters‘and topology)

Your molecule + added hydrogens

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




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

Draw Structure (how to use editor):

General information > > contact msd

How to use it
Overview

Ligand Chemistry ? Energy types ? DEL. D-R +#+ upg

=~A0CDO00

Consistent and enriched library of ligands, small
molecules and monomers that are referred as residues
and hetgroups in any PDB entry (8702 currently in the
database - Release:03-2008_02_22)

Substructure,
common segment,

Search by:

References in
macromolecules ?

Molecule
Classification ?

Atom energy types ?

MSDchem : Molecule

3 letter code
Binding sites Code

Chemical h
ARG Molecule name
Ligand Export
Formula

Ligand index - .
Download Non stereo smile

Exportasingle file with the ~ Stereo smile
complete ligand dictionary

in XML or view alphabetical Fragments
listings of ligands and

download the zipped Fingerprint
collection @And

Software ' — Or
contributions: Retrieve: Hmi
JME
Molecular Networks
VEGA

Jmol

Fragment
expression

acetylurea
actinophenoxazine
barbit
benzimidazole
benzoisoquinoline
benzothiophen
biotin
chromen
cyclobutane
cyclopropane
dibenzofuran
flavin
glycerophos
indole
isoxadiazole
napthalene
oxazolidinedione
penicillin
phenanthroline
porphin
pyranose
pyrole
steroid
tocol

| Search ” Reset |

[like 4]

| formula range a

| has substructure ﬂ

| exact stereo structure _é]

gfragment expression | :)

Select chemical fragment pattern

acridine acridone
adenine alkaloid
barbiturates barbiturgroup
benzodiazepine  benzofuran
benzothiadiazide benzothiazole
benzoxazole bilirubin
carbazole cephalosporin
cinnoline coumarine
cyclohexane cyclopentane
cytosine deoxyribose
dibenzothiophen dithiolane
furan furanose
guanine imidazole
inosine isoquinoline
isoxazole naphtyridine
oxadiazole oxazole
oxepin peptide
phenanthrene phenanthridine
phenazine phenothiazine phenyl phthalazine piperazine
prosto pteridine pteroyl purine pyran
pyrazine pyrazole pyridazine pyridine pyrimidine
quinazoline quinoline  quinoxaline rauwolfia ribose
succinimide thiadiazole thiazole thiepin thiophen
vitaminAcore xanthen

Fragment:

none: ) any: CJ (Add)

Fragment expression |

exact stereo

[x] -WQ*\¥°=°E@

JME 2004.10

or Load File

or give Smile String

or give Code of Existing Molecule

(Press the Load Button to Load the Molecule with that smile or 3 letter code, or file into the editor)

( Cancel )
(‘Browse... ) (SDF,MOL,mmCif,PDB e.t.c.)

(i.e. clcceeel)

(i.e. ATP)




PDB in Europe: MSD at EBI, Cambridge

Reset (7) Give us
Advanced Search  feedback

Site Index N __5_?

EMBL-EBI ::' All Databases || Enter Text Here

Databases ' EBIGroups | Training | Industry | AboutUs | Help

| Tools

= MSD Home

= Services

:: Resources

:: Documentation

:: Submission

= FTP/PDB Access
= Contact MSD

= Latest Annual Report

Get PDB by ID

PDB

FROTEIN DATA BANK.

— &

EM Search

EM DATA BANK

— &

EMBO Workshop

Computational Aspects of
the Protein Target
Selection, Protein
Production Management
and Structure Analysis
Pipeline...

mora

» Databases

Macromolecular Structure Database Group

Welcome

Welcome to the EBI Macromolecular Structure Database - the European project for
the collection, management and distribution of data about macromolecular structures,

derived in part from the Protein Data Bank (PDB).

Submission

+ PDB AutoDep
+ EMDep

Documentation

Resources

MSDSD quide
MSDSD schema

SIFTS @ EBI
SPINE @ EBI

API

mmCIF

XML

POB

DB io_tools
3DEM Conventions

RECOORD @ EBI

Services

MSDlite

MSDpro
MSDmotif

NMR @ EBI
Funding
Education
Projects
CAPRI

LIMS
EMDB Home

Publications
About MSD
Past Workshops

MSDtemplate
MSDpisa
MSDchem
MSDmine
MSDsite
MSDfold
MSDanalysis
EMsearch

Future Events
News

BlObar

PQs

PQS-Quick

NMR Repre
Olderado

Search OCA
PDBstatus

PDB New Entries

MSDmapping
MSDmapQuick

Please Note - 8th Jan 2009
The MSD group will be changing its name to the PDBe in the near future to reflect is close partnership

with the wwPDB project. The services and tools will change their names 1o reflect this change but we will
maintain all existing URL to maintain external references 1o the MSD resource

contact msd

o

PROTEIN DATA BANK

Search for macromolecules and small molecules

MSDchem




Using resources from ccp4

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

X! LLP4 Program >uite b.Ll.U LLP4Interrace £.U.3 running on sninigami.iocal  Froject: atwin
List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. Change Project | Help

Refinement Project Database Job List - currently no jobs Directories&ProjectDir

b 4 paraion - View Any File
W Resirain? Preparaiion J
.. Refmac5 Review Restraints

Edit Restraints in PDB File

View Files from Joh
Search/Sort Database..

Monomer Librgie Egit _— Graphical View of Project
— Fle Edit
Merge mMononMOUSE BUTTONS Left:rotate Right:drag Control-left:zoom Control-right:Select active atom

Shift-left:Select edit mode from menu first Shift-right:Click bond to change bond type MOUSE BUTTONS Left:rotate Right:drag Controk-lefi:zoom = Controlnight:Select active atom

Shift-left:Select edit mode from menu first Shift-right:Click bond to change bond type

Run Refmacs Element Name

Do nothing Do nothing -
Run NCS Phased R , e c

D Model Compietior +O)

Recentre View ‘ Recentre View ‘

Mouse mode Mouse mode

# Edit Monomer ¢ Edit Monomer

Move Fragment Move Fragment

0
0
0
0
0
0
0
0
0
0

ajlojlao|lao|lolaolo|ol|lo

(a]1]
Centre Sign B/3 F/

=
QQIIOIIOIIIO
=

Monomer from file

Edit Table Edit Table

Sketch your ligand After regularisation




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

JLigand

JLigand 0.1 Beta Download

Java Source (Netbeans Project - Java 1.5) java source

Java Executable java executable

Readme file README
JLigand Info JLigand Info

You can download the latest refmac, libcheck and monomers ligand dictionary from Garib's Refmac pages (Note: libcheck is part of the n

Screenshot:

annm Jugend 0.1 beta
Rigand Tab File Ligargd Data Ogptons Help

SNrw Lgane Load Ligand LY Seroh Libvary Ohech Voncs  Comvext Bonth  Undlo dhmtt oyl ogeny gy

frabt!



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

Jrryganu L.

— Show Labels: [ | ShowH:[ | Show Charges: [ |
Help | Add Tab | Del Tab | Ligand Id: |LYS Open ... Save.. Regularise | Check Chemistry | Clear | Quit

Tab1 |

Show Labels:[ | ShowH:[ | Show Charges: [ |

Tab1 |

Add Atom / Ring

IClose Input

Help | Add Tab Del Tab  Ligand ld: LYS Open .. Save.. Regularise  Check Chemistry | Clear  Quit

Help Add Tab | Del Tab  Ligand Id: [LYS Open .. Save.. Regularise Check Chemistry | Clear Quit

Show Labels:[ | ShowH:[ | Show Charges:[ |
Show Labels:[ ] ShowH:[ | Show Charges:[ |

Tab 1 S
Tab 1 |




# created using: JLigand 1.0
# libcheck version: ()
# dictionary version: ()

# authors: Paul Young, Andrey Lebedev, Alexei Vagin, Garib Murshidov

data_link_list

loop_

_chem_link.id
_chem_link.comp_id_1
_chem_link.mod_id_1
_chem_link.group_comp_1
_chem_link.comp_id_2
_chem_link.mod_id_2
_chem_link.group_comp_id_2
_chem_link.name

PHEPHE1 PHE PHEmod . PHE1
#

data_mod_list

loop_

_chem_mod.id
_chem_mod.name
_chem_mod.comp_id
_chem_mod.group_id

PHEmMod 'PHEmMod' PHE .
PHE1mod 'PHE1mod' PHE1
#

data_link _PHEPHE1

loop_

_chem_link_bond.link_id
_chem_link_bond.atom_1_comp_id
_chem_link_bond.atom_id_1
_chem_link_bond.atom_2_comp_id
_chem_link_bond.atom_id_2

PHE1mod

'PHEPHEL'




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

£ FY FY X/ Run Refmac5s

Job title |

Do restrained refinement ~+ |using no prior phase infonmation ~ |input

_I| Input fixed TLS parameters _| Twin refinement

MTZ in atwin — || Browse I View |

FP — | Sigma — |

MTZ out atwin — Il Browse I View |

PDB in atwin — || Browse I View |

PDBout  atwin — I| Browse | View |

UBin  atwin | e LIBINS | Browse | view

Include keyword file  atwin — I| Browse Your dictionary should go here.
Daia Harvesting

Refinement Parameiers

Seifuy Geomelric Resirainis

Setup Non-Crysiaftographic Symmelry (NCS) Restraints
Monitoring and Ouiput Options

Scaling

Geomelric paramelers

Run Save or Restore .




