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Outline 

• Crystal Structure Data 
– why is it important 

– current challenges 

 

 

• The Cambridge Crystallographic Data Centre 
– current services and applications 

– recent developments 
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What is the CCDC? 

An independent not-for-profit organisation 
established in 1965. 

Financially supported by income generated 
from subscriptions to value-added services. 

International Data Repository 
Archive of crystal structure data 
Deposition services 

Scientific Software Provider 
Search/analysis/visualisation tools 
Scientific applications 

Collaborative Research Organisation 
New methodologies 
Fundamental research 

Employer of around 45 
permanent staff 
Scientific editors 
Software developers 
Applications scientists 
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Crystallographic Databases 

• Biological macromolecules 
– Protein Data Bank (PDB)  
– grant-funded, 16 or so agencies worldwide 

 
• Organic and metal-organic structures 

– Cambridge Structural Database (CSD)   
– self-supporting, not-for-profit, registered charity 

 
• Inorganic structures 

– ICSD: partnership between FIZ Karlsruhe and NIST 
– CRYSTMET: privately owned (Toth Information Systems) 

 
 

BACBIR 3NVH 1LTT 
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The Cambridge Structural Database 

CSD Entry 

Deposited CIF 

www.ccdc.cam.ac.uk/services/structure_deposit 
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The Cambridge Structural Database 

• Lamotrigine 
Acta Cryst., Sect.C:Cryst 
Struct. Commun. (2009), 
65, o460 
Refcode: EFEMUX01 

 

 

• Dec 2009: 500,000 milestone reached 

• June 2013: 673,954 entries 

CSD Growth 1970-2012 
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CSD System 

Add-ons 

Text, 2D and 
3D Search 

Mogul IsoStar 

Visualisation 
and Analysis 

ConQuest 

Molecular 
Geometry 

PreQuest 

Molecular 
Interactions 

Mercury 

SuperStar 

Solid Form Suite 

CSD WebCSD 

Applications 

DASH 

Relibase+ 

GOLD 
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Applications of the CSD 

• The CSD provides insights from experimental data 
– molecular dimensions and shape 

– molecular interactions 

 

• Widely used for 
– drug design and development 

– design of new materials 

– crystal engineering 

– structure validation 
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Mercury: Data Analysis 
and Visualisation 

Assessing Molecular Geometry 
ConQuest: 3D Substructure 
Search 

HISGAS01 LAHQES 

RATFOI 

Z = Not H 

• Variable bond types (e.g. single, double, aromatic) 

• Variable number of H (e.g. 1,2) 

• Cyclic/Acyclic atoms and bonds 

ConQuest: Substructure Query Features 
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DUDHIU 

Mercury: Data Analysis 
and Visualisation 

ConQuest: 3D Substructure 
Search 

Assessing Molecular Geometry 

• Substructure-based analysis offers flexibility and precision 

• Can take several iterations to define the right query 
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Mogul 
 

A Knowledge Base of Molecular Geometries 
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Mogul Overview 

• Pre-computed libraries: bond lengths, valence angles, torsion angles 
and ring conformations derived entirely from the CSD 

• Validates complete geometry: retrieve distributions, and figures of 
merit for all fragments in the molecule 

• Fragment Generalisation: if the fragment specified is rare, Mogul will 
include CSD results from the most similar fragments 

• Hyperlinking to the CSD: view CSD entries in specific areas of a 
distribution 

• Integration with other software: Instruction file (and now Python 
API) enables other programs to interact with Mogul 

 

Bruno et al., J. Chem. Inf. Comput. Sci., 44, 2133-2144, 2004 
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Mogul Torsion Analysis 

 

1HAK 

Mogul Fragment If there are insufficient instances of the exact 
fragment, Mogul will identify related ones and 
rank them by relevance. 
 
Relevance is a measure of similarity based on 
chemical features considered to have most 
impact on geometry. 
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Mogul Ring Analysis 
PDB: 2evs: HEX-GLC 

CSD: Mogul 
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PDB & CCDC Collaboration 

• Knowledge transfer 
 

• Software exchange 
Collaborative project to use CSD data to 
provide quality measures of ligand 
geometries deposited to the PDB 

 

• Data exchange 
Make public structures that match CSD 
ligands in the PDB September 2011 
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Molecule Minimisation 

Conformer Generation 

Current work at CCDC  that exploits Mogul geometry distributions. 

Work primarily undertaken by Oliver Korb, Patrick McCabe and Robin Taylor 
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Internal Challenges 
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CCDC Challenges 

• Throughput is increasing 

• Complexity/diversity is increasing 

• Issues faced with deposited data 

– disorder 

– poor geometry 

– polymeric structures 

– incomplete chemical representation 

 

CSD Growth 1970-2013 
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Decifer: Automatic Assignment of Chemistry 

7208 hits 2 hits 

C=C, prob = 0.20 C-C, prob = 0.004 

Conflicting Evidence 

Low probability bond lengths: 

C5-C6  1.405, av(CSD) = 1.505, prob = 0.001 

C2-C3  1.345, av(CSD) = 1.514, prob = 0.001 

C3-C4  1.338, av(CSD) = 1.514, prob = 0.001 

C3-C6  1.798, av(CSD) = 1.546, prob = 0.001 

Reliability level: 2 

 

Chemical Assignment + Reliability Report 

Work on Decifer primarily undertaken by  Robin Taylor and Greg Shields 

Decifer also attempts to automate resolving of disorder and generating diagrams and names   

Bayes’ Theorem 
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CSD X-Press 

WebCSD: Online interface to the CSD hosted at 
CCDC (and available to install locally) 
 
X-Press Entries: Structures released immediately 
after publication pending processing by experts 
 
Reliability Score: Reflects the number of problems 
identified by automatic processing 
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CSD X-Pedite 

• New internal system for processing entries 
deployed April 2013 

• Internal benefits 

– replaces legacy file formats and software 

– improved workflows and scientific tools 

• Future benefits for the scientific community 

– improved deposition processes 

– faster release of entries 

– better representation of the underlying data 

– improved integration with third-party resources 
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Links from Third Party Resources 
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Deposited Data 
www.ccdc.cam.ac.uk/services/structure_request 

Deposited Data Files are freely 
available for anyone to 

download via CCDC’s Structure 
Request service. 

CSD System subscribers can link through to WebCSD entries 
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External Challenges 



www.ccdc.cam.ac.uk 
25 

Ritonavir 

 

 

      Steve Lichter… from Abbott, 
discussed the efforts by Abbott to fix 
the situation. …Lichter said Abbott 
invested several million dollars to 
build new manufacturing facilities but 
failed. Apparently, they decided the 
emergence of crystals was not 
preventable and it would be impossible 
to manufacture ritonavir in the old 
form.  
National Aids Treatment and Advocacy Project. Extract from report written by 
Jules Levin, NATAP http://www.natap.org/1998/norvirupdate.html   
 

http://www.natap.org/1998/norvirupdate.html
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Rotigotine 
http://ebdgroup.com/partneringnews/2008/04/ucb-shares-drop-dramatically-after-announce-on-neupro-recall/ 

Rotigotine transdermal system: An update     JA Zackman, L Hakes, C Arth, L Bauer, L Dewulf 
PO 1.145 61st Annual Meeting of the American Academy of Neurology, Seattle, 25 April-2 May 2009, Neurology, (2009) 72 (suppl 3)  

 

“A previously undiscovered polymorph of 
rotigotine with an altered three dimensional 
conformation and subsequently a differed 
packing arrangement of rotigotine molecules” 
 
“The polymorph forms over time at room 
temperature, but does not develop significantly 
at colder temperatures” 

http://ebdgroup.com/partneringnews/2008/04/ucb-shares-drop-dramatically-after-announce-on-neupro-recall/
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Polymorphism 

• Polymorphism is the ability of a solid material to 
exist in more than one form or crystal structure 

– some polymorphic forms are more stable than 
others 

– formation depends on various conditions in the 
crystallisation process 

 

• More than 80% of marketed drugs are polymorphic1 

– latent polymorphism has proved to be very costly 

– an important consideration in patent protection 

 

[1] Lohani, S.; Grant, D. J. W. Thermodynamics of Polymorphs. In Polymorphism, Hilfiker, R., Ed.; Wiley, 2006 

FBPAZD: Spiperone, Form ii 

FBPAZD01: Spiperone, Form i 
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Mitigating Risk: Solid Form Informatics 

• The Cambridge Structural Database - an alternative 
definition: 

 “An ensemble of free energy minima offering 
collective knowledge of intra and intermolecular 
properties from millions of discrete observations” 

 

• The prevalent conserved features are characteristic of 
stable structures  

– geometric trends, conformation 

– atom/group interactions 

– hydrogen bonding 

– crystal packing 
 

 

Spiperone 
FBPAZD : FBPAZD01 
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Interaction Analysis 
ConQuest 

Find non-bonded contacts 
within sum of vdW radii 

+/- tolerance 

IsoStar: A Knowledge Base of Inter-molecular Interactions  

Mercury 
RONDAA 
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CCDC Solid Form Module 

• An add-on to Mercury that aids with the assessment and discovery of 
new crystal forms: 
– hydrogen-bond motif analysis 
– crystal packing analysis 
– hydrogen bond propensity prediction 
– full interaction maps 
– coformer selection 

 

• Development guided by a consortium of industrial scientists 
– assess risks associated with an active ingredient 
– inform decisions about further experimental work 
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Hydrogen Bond Propensity 

Galek et al, CrystEngComm, (2009), 11, 2634 - 2639 

B
on

d 
ex

is
ts

 

Predictive analytics is used to identify feasible 
and unusual crystal packings based on 
information from the known crystal structures 
of molecules similar to the target. 

Propensity Π 
(bond exists)   = 

1 

1 + e -z 

Z = β0 + β1.DG1 + β2.AG1 + β3.DSD + … 

DG1, AG1, DSD: Explanatory variables 
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CSD System 

Add-ons 

Text, 2D and 
3D Search 

Mogul IsoStar 

Visualisation 
and Analysis 

ConQuest 

Molecular 
Geometry 

PreQuest 

Molecular 
Interactions 

Mercury 

SuperStar 

Solid Form Suite 

CSD WebCSD 

Applications 
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The CCDC Python API 

• Programmatic access to CCDC data and 
functionality 

• Intended to facilitate: 

– integration with third party applications 
and internal workflows 

– development of Web Services and pipeline 
components 

– analyses not currently possible through 
existing interfaces 

• Currently in development 
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Mobile Devices 

• Partnership with Wavefunction to provide access to CSD through 
iSpartan 

 • iSpartan offers 

– conformational analysis 

– calculated NMR and IR spectra 

– display of molecular orbitals 

– electrostatic potential maps 

– coming soon: CSD search 
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The Cambridge Crystallographic Data Centre 

Ian Bruno 

bruno@ccdc.cam.ac.uk 

International Data Repository 
Archive of crystal structure data 
Deposition services 

Scientific Software Provider 
Search/analysis/visualisation tools 
Scientific applications 

Collaborative Research Organisation 
New methodologies 
Fundamental research 

ccdc.cambridge 

@ccdc_cambridge 
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