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The Cambridge Crystallographic Data Centre

~60 staff

Data curators

Software developers
Applications scientists

Cambridge UK • Piscataway NJ

The Cambridge Structural Database (CSD)

A database of organic and metal-organic 

crystal structures

Established in 1965

Dedicated to the advancement of chemistry and crystallography for the public benefit through 

providing high quality information services and software.

International Data Repository

Archive of crystal structure data
High quality scientific database

Scientific Software Provider

Search/analysis/visualisation tools
Scientific applications

Education and Outreach

Conferences, Workshops, 
Bespoke Training, Teaching Materials

Collaborative Research Organisation

New methodologies
Fundamental research
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From Data to Knowledge

Experimental Data

Structural Knowledge

Jeff Dahl, CC-BY-SA
CC-BY-SA

Radspunk, CC-BY-SA

C10H16N
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Crystal structure databases

• Cambridge Structural Database

– organic and metal-organic compounds

– >900,000 structures

– Established in 1965

• Inorganic Crystal Structure Database

– inorganic compounds

– >185,000 structures

– Established in 1978

• Protein Data Bank

– biological macromolecules

– >120,000 structures

– Established in 1971
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The Cambridge Structural Database

� 900,000+ small-molecule crystal structures

� Over 80,000 datasets deposited annually

� Structures available for anyone to download

� Links to over 1,000 journals

� Enriched and annotated by experts

� Access to data and knowledge

USOPEZ – a natural product intermediate,
crystallised as a cyclohexane solvate

>950,000
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What’s in the CSD?

Organic

43%

Metal-Organic

57%
At least one transition metal, 

lanthanide, actinide or any of Al, Ga, 
In, Tl, Ge, Sn, Pb, Sb, Bi, Po

Single 

Component

56%

Multi 

Component

44%

Organic 
• Drugs
• Agrochemicals

• Pigments
• Explosives
• Protein ligands

Metal-Organic
• Metal Organic Frameworks
• Models for new catalysts
• Porous frameworks for gas storage
• Fundamental chemical bonding

ligands

ligands
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What other data is in the CSD?

• 9,959 polymorphic families

• 165,617 melting points

• 747,577 crystal colours

• 614,544 crystal shapes

• 21,939 bioactivity details

• 9,727 natural source data

• 46,238 entries classified

• > 250,000 oxidation states

– Including 240,666 transition metal oxidation states
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Top 200 small molecule drugs

Green = Exact matches in the CSD (118 drugs)
Grey = Exact match not in the CSD but most likely something very similar is
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Accessing drugs and ligands in the CSD
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Metal-Organic Frameworks

• Two CSD subsets identifying all metal-organic 
frameworks within the database

1. MOF list >75,000 entries intended to be as 
widely-applicable as possible

2. Non-disordered list >61,000 entries for high-
throughput calculations

– Both subsets updated quarterly

• Python script available to download

The Development of a Cambridge Structural Database Subset: A Collection of Metal-Organic Frameworks for Past, Present and Future. P. Z. Moghadam, A. Li, 
S. B. Wiggin, A. Tao, A. G. P. Maloney, P. A. Wood, S. C. Ward, D. Fairen-Jimenez, Chem. Mater., 2017, 29 2618-2625 DOI: 10.1021/acs.chemmater.7b00441
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CSD-Community

• CSD-Community provides a selection of products and services free of 
charge for the benefit of the scientific community

• This includes:
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CSD-Deposit
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Increasing deposition functionality

• A deposition portal launched December 1st 2016

– Ability to log on and view and retrieve depositions

– Deposit and revise data 

– Edit and update basic information 

– Publish data directly through a database

– Share data with co-workers

• Over 15,000 registered users
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CSD Communications
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� Allow data to be published directly 
through the CSD

� During deposition
� After Deposition via My Structures

� > 23,000 CSD Communications
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Deposition guidelines

• Data deposited pre-publication 

– Deposition when crystallographer 
most engaged

– Enables links to data sets at the 
point of publication

– Tailored deposition service
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Data management
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Discovery and re-use - Assignment of chemistry

Assignment of chemistry is 
important for discovery, data re-

use, mining , analysis and 
interoperability
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Compound names:

Based on IUPAC conventions using 
ACDname and manual curation

Enrichment and curation

2D chemical diagrams:

Generated from existing curated CSD entries, 
CCDC diagram generation software, integrated 
third party software, manual curation

Classes:

ARACEB : (2)-(1,4-bis(2-(3,5-
Dicarboxyphenyl)vinyl)benzene)-
(alpha-cyclodextrin)-rotaxane

dodecahydrate
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• Greater efficiency allows targeted improvements to further 
increase integrity, consistency, discoverability and usage of data

– 50,000 existing entries improved in 2015

– 74,000 existing entries improved in 2016 

– 62,00 existing entries improved in 2017

Annual targeted database improvements
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drug subset

Ensure consistency of early 

CSD entries
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Accessing data

• Anyone can view or retrieve structures in the CSD 
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The CCDC Portfolio 2017-2018

• Alongside the CSD, we produce a suite of software 
enabling research across the whole breadth of 
structural science

CSD-Enterprise

CSD-MaterialsCSD-SystemCSD-Discovery
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CSD Python API: Custom
search and analysis

CSD-System

Mogul: Molecular
geometry analysis

IsoStar: Molecular
interaction analysis

ConQuest: Advanced
3D searching

Mercury: Visualisation
& data analysis

WebCSD: On-line portal to the 
CSD
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New WebCSD launched in 2017

• Unit cell search

• 2D structure search

– exact

– substructure

– similarity

• Additional text/numeric 
searches

• Display of full CSD entry
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WebCSD - More information visible to users
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• Is my molecule, or something like it, in the CSD?

• Are there any structures of aspirin in the CSD?

• What values are seen for this type of torsion angle?

• What is the typical intermolecular contact distance between these two 

groups?

Questions

� Use ConQuest (CSD-System)

New software for searching the Cambridge Structural Database and visualising crystal structures 
I. J. Bruno, et al., Acta Cryst., (2002), B58, 389-397, DOI: 10.1107/S0108768102003324
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ConQuest

(CSD-System)

Hitlists can be exported in sdf, mol2, pdb, cif, plus additional formats. 
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Question

• How can I analyse data produced by ConQuest searches?

� Use Mercury (Data Analysis Module)

Can save the data to a csv file for analysis in other tools (Excel, Spotfire, StarDrop).
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Questions

• What is the 3D structure of my molecule?

• What are the crystal contacts of my molecule?

• What is the crystal packing of my molecule?

� Use Mercury 

(CSD-System)

Mercury CSD 2.0 - New Features for the Visualization and Investigation of Crystal Structures 
C. F. Macrae, et al., J. Appl. Cryst., (2008), 41, 466-470, 2008, DOI: 10.1107/S0021889807067908
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More about Mercury

• Overall interface to small molecule visualisation & analysis

• Interface to other CCDC tools

• Can generate high-quality graphics (POV-Ray integration)
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Questions

• Is the geometry of my molecule typical of the 900,000+ structures in 

the CSD?

• Are the geometries of my modeled compounds realistic?

• What is the typical geometry of my molecular idea?

• Is the geometry of my docking pose reasonable? 

� Use Mogul (CSD-System)

Pre-computed knowledge base of 
intramolecular geometry information in 
organics

Retrieval of Crystallographically-Derived Molecular Geometry Information.
Bruno et al. J. Chem. Inf. Comput. Sci. (2004) 44, 2133-2144, DOI: 10.1021/ci049780b
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Mogul (CSD-System)

Specify geometric parameter to search on, or validates complete geometry of molecule
Classifies each bond length, valence angle, torsion angle, and ring as usual or “unusual”

Blue = Not Unusual

Red = Unusual

Double-click unusual torsion to examine in detail
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Mogul (CSD-System)

Distributions of angles 
for torsions of this type 
in the CSD
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Mogul (CSD-System)

You can examine the matched torsions
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Questions

• How do particular groups typically interact in structures in the CSD? 
(e.g. is the N or the O of oxazole more likely to H-bond to an OH group?)

• How do particular ligand groups interact with particular protein 

residues? (e.g. how can we bind to a tryptophan?)

• What particular group can be a bioisostere for another particular 

group? (e.g. do thiazole and oxazole form similar H-bond interactions?)

IsoStar: A library of information about nonbonded interactions
Bruno et al., J. Comput.-Aided Mol. Des., (1997), 11, 525-537, DOI: 10.1023/A:1007934413448

� Use IsoStar (CSD-System)

Pre-computed knowledge base of 
intermolecular interactions
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Client-Server system: http://isostar.ccdc.cam.ac.uk
Select Central Group (Phenyl)
Select Contact Group (R-NH3+)
Select CSD or PDB data

View Scatter plot or Contour plot
• In both cases, adjusted for symmetry

Scatter Plot Contour Plot

IsoStar (CSD-System)

Also: 1,550 theoretical energy minima (IMPT); IsoGen to create custom plots



37

Question
• What are the common interactions around my molecule taken as a 

whole?

Full Interaction Maps (CSD-Discovery/Materials)

Evaluation of molecular crystal structures using Full Interaction Maps 
Wood, et al., CrystEngComm, (2013), 15, 65-72, DOI: 10.1039/C2CE25849H

Uses CSD data from IsoStar
Accessed in Mercury.

For currently loaded entry:
• Select Full Interaction 

Maps in CSD-Discovery or 
CSD-Materials menu.

• Retain defaults
• Click Calculate Maps.
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Full Interaction Maps (CSD-Discovery/Materials)

Red = frequently 
observed H-bonding 
acceptors
Brown = frequently 
observed hydrophobic 
(bit hard to see)
Blue = frequently 
observed H-bonding 
donors
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Uses CSD data from IsoStar.

For currently loaded entry:
• Select Full Interaction 

Maps in CSD-Discovery or 
CSD-Materials menu.

• Turn on “Generate 
hotspots”.

• Click Calculate Maps.

Full Interaction Maps (CSD-Discovery/Materials)
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Full Interaction Maps (CSD-Discovery/Materials)

Points are:
• Peaks in contours
• Fold over random (e.g., 10 

= 10 times more likely than 
random)
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Question
• What are the most likely diverse conformations of my molecule based 

on the CSD?

CSD-Conformer Generator (CSD-Discovery/Materials)

R. Taylor et al. (2014) J. Chem. Inf. Model. 54, 2500-2514
J.C. Cole et al. (2018) J. Chem. Inf. Model. 58, 615-629

Uses CSD data from Mogul
Accessed in Mercury or 
Hermes, or through the 
command line, or through the 
CSD Python API.

In Mercury, for currently 
loaded entry:
• Select Conformer 

Generation in CSD-
Discovery or CSD-
Materials menu.

• Retain defaults
• Click Calculate.
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CSD-Conformer Generator

• Part of CSD-Discovery, CSD-Materials and CSD-Enterprise suites

• Program based entirely on Mogul data for conformer generation

• New version: improved handling of flexible ring systems 

– using Mogul templates for isolated, fused, spiro-linked and bridged rings

– if no template available, then generated on the fly with cyclic bond 
rotamer distributions

• Fast & chemically plausible conformations

• Initial optimisation step also useful to prepare compound libraries 
before virtual screening
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CSD-Conformer Generator: Methodology

moleculemolecule (optimise)(optimise)
get rotamer

and ring 
distributions

get rotamer
and ring 

distributions

sample and 
score 

conformers

sample and 
score 

conformers

select diverse 
subset

select diverse 
subset

rotatable bonds?rotatable bonds?

rings?

Torsion angles 
selected in probability 

order

Unusual threshold 
to reduce conf space

1st

2nd
3rd ����

����

Overall conf prob
(score) � � ��	��⋯��

R. Taylor et al. (2014) J. Chem. Inf. Model. 54, 2500-2514.
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CSD-Conformer Generator: Latest validation

• Performance evaluated against the Platinum 2 diverse data set � get 
fast & chemically plausible conformations

1 “Knowledge-Based Conformer Generation Using the Cambridge Structural Database” 
J.C. Cole et al. (2018) J. Chem. Inf. Model. 58, 615-629, DOI: 10.1021/acs.jcim.7b00697

Top n conformers
n 1 50 250

least ARMSD < 0.5 Å (%) 18 57 66
least ARMSD < 1.0 Å (%) 39 84 92

mean ARMSD 0.59 0.48

2 J. Chem. Inf. Model. 2017, 57, 2719–2728. 

Geldanamycin, 19 
atoms in ring (PDB 
3C11): top 50 
conformers, least 
AMRSD = 0.95 Å
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CSD Python API: Contents

• CSD Python API components:

– Reading and writing of molecules, crystals and entries

– Entry, crystal and molecule functions (incl. PXRD output & comparison)

– Search capabilities (substructure, similarity, text/numeric, reduced cell)

– Molecular geometry analysis

– Intermolecular interaction analysis

– Geometric, molecular & crystallographic descriptor calculation

– Crystal packing similarity calculation

– 2D diagram generation

– 3D conformer generation

– … much more to come, exposing CSD-Materials and CSD-Discovery features
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Questions

• What other molecules exhibit a similar short-contact or hydrogen-

bond pattern? (easy non-bonded contact search in the CSD: how can we use 
pharmacophore features to search for a given small molecule-small molecule 
interaction pattern?)

• What other scaffolds would fit in my molecule? (easy scaffold hopping in 
the CSD: how can we use exit vectors to retrieve diverse ligand topologies that could 
be used as scaffold?)

Interactive and Versatile Navigation of Structural Databases
O. Korb, et al. (2016) J. Med. Chem., 59, 4257-4266. DOI: 10.1021/acs.jmedchem.5b01756

� Use CSD-CrossMiner 

(CSD-Discovery)

Search structural databases (i.e. the 
CSD and/or the PDB), concurrently and 
interactively, in terms of 
pharmacophore queries
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CSD-CrossMiner overview

• Pharmacophore-based 
searches of structural 
databases (CSD & PDB, 
simultaneously)

• Interactive tool: modify a 
hypothesis/results on the fly

• Applications in drug design:

– Which structural motifs 
bind in a similar 
environment?

– Which ligand motifs have 
similar protein interaction 
patterns?

Interactive and versatile navigation of structural databases
O. Korb, et al. (2016) J. Med. Chem., 59, 4257-4266. DOI: 10.1021/acs.jmedchem.5b01756
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Our motivation for using pharmacophores 

• Intuitive as the functional groups can be specified relative to a 3D structure

– Sphere positions and radii can easily be refined

• “What you see is what you get”

– Hits will be overlaid onto the query and can be analysed in the same context

• Concept well-understood by medicinal chemists

• Flexible feature definitions

– User can control the level of chemical abstraction



49

Feature assignment

planar ring

donor

acceptor

• Features are derived from the substructures by applying a point 
generation rules. 

• Features are based on a series of modifiable SMARTS patterns.

• Each entry in a structural database is indexed with a set of feature 
definitions which are used to perform the actual 3D search. 
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Pharmacophores in CSD-CrossMiner

• Molecular structures are 
annotated with features 

• Pharmacophore query is based 
on tolerance spheres

• Sphere radii reflect 
uncertainty in the position of 
the features 

• Pharmacophore points can be set 
to be protein (P), small molecule 
(S) or any molecule (A)  
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Constraints

• Intra-constraint � pharmacophore points located in the same 
structure

• Inter-constraint � pharmacophore points located in different 
structures

• No constraint � pharmacophore points located either in the same or 
in different structures
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Pharmacophore search

Wouldn’t it be nice to interactively modify 
the query and analyse the results?

1. generate initial query

2. run search

3. analyse results

4. modify query

can be time-consuming!
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• Rank hits according to Kabsch1 overlay rmsd

– Overlay feature point to centre of the query sphere

• Hits are clustered according to molecular similarity

– Only display diverse set of hits with respect to Tanimoto threshold (ligand, protein, or 
ligand+protein)

• 2D diagrams

– 3D pharmacophore is projected into a 2D representation

hit 1 hit 2

1W. Kabsch (1976) Acta Cryst. A, 32, 922-923. DOI: 10.1107/S0567739476001873

Hit processing
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Applications of CSD-CrossMiner

• Determine common protein binding 
sites in PDB structures

• Determine structural motifs that bind in 
similar environments

• Inform cross-pharmacology between 
protein targets

• Find new ideas:

- Design novel motifs that molecular mimic 
extablished ligands

- Scaffold-hopping: retrieve a diversity of ligand 
topologies that can be used as scaffolds
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CSD-Discovery: Other applications not covered here

GOLD Suite: Protein-ligand docking - virtual screening, lead 
optimisation and binding mode prediction, with the Hermes

protein visualiser

SuperStar: Knowledge-based prediction of intermolecular 
interactions in a protein binding site based on data from 
CSD or PDB crystal structures

Ligand-Based Virtual Screening Workflow: identify plausible 
common binding modes of structurally diverse ligands using the 
Ligand Overlay Program, and virtually screen molecules against 
such a binding mode hypothesis using the Field-Based Ligand 

Screener
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CSD-Materials: Other applications not covered here

Informatics-based solutions that aid in the understanding and prediction 

of solid form stability and properties

• Interpret crystal packing and compare with CSD data using 
powerful Packing Feature, Similarity and Motif searches, 
and Hydrogen Bond propensity Analysis

• Understand the effects of hydration on your lattice with the 
Hydrate Analyser

• Explore the structures of potential co-crystals using the 
Molecular Complementarity Tool

• Use CSD data to help solve crystal structures from powder 
diffraction data using DASH
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CSD-Enterprise: Summary of what was covered here

• ConQuest: CSD search & geometric data generation

• Mercury: Visualisation, analysis, overall small molecule interface

• Mogul: Geometric analysis

• IsoStar: Precomputed functional group-to- functional group interactions

• Full Interaction Maps: Interactive whole molecule interactions

• CSD-Conformer Generator: Quick generation of chemically plausible 
conformations

• CSD Python API: Scripting, handling of many molecules, integration, 
conformer generator and much more

• CSD-CrossMiner: interactive and simultaneous search of CSD & PDB in 
terms of pharmacophore queries


