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3. Insight, tools and resources for translational drug discovery 

2. Organization, integration, curation and standardization of pharmacology data 

1. Scientific facts 

Ki = 4.5nM 

APTT = 11 min. 

Nucleic Acids Research 2014, 42:D1 (doi:10.1093/nar/gkt1031)  



Patent Data 

•  Do we include patent data in the ChEMBL database?  
•  One of most common questions asked about ChEMBL 

during training and outreach 

•  We do provide limited cross-references (via UniChem), but 
not the underlying chemical data 

•  Why is this important to Drug Discovery researchers? 
•  Patent literature 2-3 years ahead of published literature 

•  Prior art and freedom to operate, competitor intelligence 

•  Lots more data – but high cost to extract + lots of noisy data 



•  December 2013 EMBL-EBI acquired SureChem – a 
leading ‘chemistry patent mining’ product from Digital 
Science, Macmillan Group 

•  SureChem provides a live (updated daily) view of chemical 
patent space, with ~50K new documents added per month 

•  EMBL-EBI will provide an ongoing, free and open resource 
to entire community 

•  Rebranded SureChEMBL 

SureChEMBL!



SureChEMBL Data Coverage 
 Data Description & Languages Years 

EP applications Bib. data  
Full text 

DocDB + Original 
Original (EN, DE, FR) from 1978 

EP granted Bib. data  
Full text 

DocDB + Original 
Original (EN, DE, FR) From 1980 

WO applications Bib. data  

Full text 

DocDB + Original 

Original (EN, DE, FR, ES, RU)  

From 1978 

From 1978 

US applications Bib. data  

Full text 

DocDB + Original 

Original (EN) 

From 2001 

From 2001 

US granted  Bib. data  

Full text 

DocDB + Original 

Original (EN) 

From 1920 

From 1976 

JP applications Bib. data  

Full text 

DocDB 

PAJ - English abstracts/titles 

From 1973 

From 1976 

JP granted Bib. data DocDB From 1994 

90+ countries Bib. data DocDB From 1920 

All patents from above data sources are 
searchable via SureChEMBL 



•  Exemplified structures from patent title, description, 
abstract and claims 

•  Structures from text 1976 onwards 
•  SureChem chemical entity recognition system 

•  ACD/Labs, ChemAxon, OpenEye, Opsin + PerkinElmer name-
structure conversion 

•  Structures from images 2007 onwards 
•  CLiDE image-structure conversion 

•  USPTO have provided ‘Complex Work Units’ since 2001 
•  CWU file types include MOL and CDX 

•  CWUs processed as part of pipeline (from 2007 onwards) 

SureChEMBL Chemistry Data Coverage 

More information: https://www.surechem.com/products/faq 



SureChEMBL Data Processing 

WO	  

EP	  
Applica,ons
&	  Granted	  

US	  
Applica,ons	  
&	  granted	  

JP	  
Abstracts	  

Patent  
Offices 

Chemistry	  
Database	  

SureChEMBL System 

Patent	  
PDFs	  

(service)	  

Applica,on	  
Server	  

Users	  

API	  

Database	  

En,ty	  
Recogni,on	  

SureChem IP 

1-‐[4-‐ethoxy-‐3-‐(6,7-‐dihydro-‐1-‐methyl-‐7-‐oxo-‐3-‐
propyl-‐1H-‐pyrazolo[4,3-‐d]pyrimidin-‐5-‐
yl)phenylsulfonyl]-‐4-‐methylpiperazine	  

Image	  to	  
Structure	  
(one	  method)	  

Name	  to	  
Structure	  
(five	  methods)	  

OCR 

Processed	  
patents	  
(service)	  



SureChEMBL System 

•  Searching capabilities 
•  Free text keywords and Lucene fields 
•  Patent IDs & bibliographic information 
•  Patent authority & date 
•  Chemical structure  

•  Retrieving capabilities 
•  Retrieve chemistry (with additional filters) 
•  Retrieve patent family information 
•  Retrieve annotated full patent text 

•  Accessible via Web Interface and API 



SureChEMBL System 

https://www.surechembl.org/ 

Keyword	  search	  

Filter	  by	  authority	  

Structure	  
sketch	  

Filter	  by	  document	  
sec,on	  

Help	  

Paste	  SMILES,	  
MOL,	  name	  

Types	  of	  
chemistry	  
search	   Filter	  

by	  date	  

Patent	  number	  
search	  



SureChEMBL System 



SureChEMBL System 



SureChEMBL System 



•  Chemical cross-referencing system developed within 
EMBL-EBI 

•  Based on Standard InChI 

•  Provides fast, scalable mapping between chemistry 
resources, accessible via web services 

•  Currently provides mappings between 22 different 
resources (e.g., ChEMBL, ChEBI, PubChem, Zinc, 
eMolecules, DrugBank) 

•  Contains more than 65 million distinct structures (InChIs) 
and 100 million database identifiers 

Journal of Cheminformatics 2013, 5:3 (doi:10.1186/1758-2946-5-3)  



Integration of SureChEMBL with ChEMBL 

•  Compounds extracted from patents in SureChEMBL 
loaded as a source in UniChem 

•  Then possible to dynamically link other resources such as 
ChEMBL to patent documents 

•  Lookup can be carried out with: 
•  A database identifier (e.g., does ZINC19796168 exist in 

SureChEMBL?) 

•  A standard InChI key (e.g., does BNRNXUUZRGQAQC-
UHFFFAOYSA-N exist in SureChEMBL?) 

•  https://www.ebi.ac.uk/unichem/rest/verbose_inchikey/
BNRNXUUZRGQAQC-UHFFFAOYSA-N 









•  InChI based comparison using UniChem 
 

SureChEMBL-ChEMBL Overlap 

237K 
17.6% 1.4M 12.4M 

SureChEMBL ChEMBL 

Filters (removes ~3 million cpds) 
•  MW between 100 and 1200 
•  #Atoms between 6 and 70 
•  ALogP between -10 and 10 
•  #Rings > 0 
•  #C > 0 
•  #C != #Atoms 
•  RTB <= 20 
•  Not frequently occurring (<100K) 

(Exported 08/05/14) (ChEMBL 18) 



SureChEMBL Overlap with Other Sources 

Data Source Total Structures % in SureChEMBL 
PubChem 49,224,050 19.2 
Zinc 21,702,928 0.9 
mcule 5,999,424 2.2 
eMolecules 5,168,336 4.4 
IBM patents 2,473,730 62.7 
FDA SRS 33,780 51.1 
DrugBank 6,352 50.3 

2.74 million SureChEMBL compounds new to UniChem (not 
in any of other 21 sources) 



Limitations of InChI Key-Based Matching 
•  Matching on standard InChI keys doesn’t consider 

different stereochemistry, isotopes, salts and mixtures 

Milnacipran    
GJJFMKBJSRMPLA-UHFFFAOYSA-N 

Levomilnacipran   
GJJFMKBJSRMPLA-DZGCQCFKSA-N 

Sildenafil 
BNRNXUUZRGQAQC-UHFFFAOYSA-N 

Sildenafil citrate 
DEIYFTQMQPDXOT-UHFFFAOYSA-N 



Connectivity Matching with UniChem 

•  Layered construction of InChI allows matching criteria to 
be varied and mixtures to be separated 

InChI=1S/C22H31NO.C4H6O6/
c1-16(2)23(17(3)4)14-13-20(19-9-7-6-8-10-19)21-15-18(5)11-12-22(21)
24;5-1(3(7)8)2(6)4(9)10/h6-12,15-17,20,24H,13-14H2,1-5H3;1-2,5-6H,
(H,7,8)(H,9,10)/t20-;/m1./s1 
 

•  Allows matching of ‘related’ compounds (i.e., same 
connectivity or components of mixtures) 

•  Allows identification of relationships between molecules 
(e.g., ‘isotopic variant of’, ‘stereoisomer of’ etc) 











Stereochemistry differences 
Isotopic differences 

Protonation 
differences 

Combinations 
of differences 

Exact 
matches 





… 

Matching component of mixture (red = paroxetine, blue = HCl) 

Different salt forms 
of paroxetine 



SureChEMBL Connectivity Overlap with 
Other Sources 
Data Source % in 

SureChEMBL 
(exact) 

% in 
SureChEMBL 
(connectivity) 

% in 
SureChEMBL 
(salts/mixtures) 

ChEMBL 17.6 19.7 20.8 
PubChem 19.2 21.7 21.7 
Zinc 0.9 2 2 
mcule 2.2 2.7 2.7 
eMolecules 4.4 4.6 4.8 
IBM patents 62.7 66.1 68.3 
FDA SRS 51.1 56.5 70.7 
DrugBank 50.3 63.4 70.6 



•  Open PHACTS Discovery Platform is an open drug-
discovery data integration platform 

•  Funded by Innovative Medicines Initiative (IMI) – public/
private partnership involving 29 partners 

•  Uses semantic web technology (e.g., Resource 
Description Framework) 

•  Integrates key data sources including ChEMBL, ChEBI, 
DrugBank, WikiPathways, Swiss-Prot, Gene Ontology 

•  Access provided by API and growing number of 
applications (e.g., PharmaTrek, ChemBioNavigator) 



Open PHACTS Architecture 

Drug Discovery Today 2012, 17:21 (doi:10.1016/j.drudis.2012.05.016) 



Integration of SureChEMBL  

•  Extension of Open PHACTS project until Feb 2016 
•  Aim to enable additional use-cases 

•  Integration of patent data into platform is of interest 

•  EMBL-EBI partner on Open PHACTS extension to 
provide SureChEMBL data 

•  Will produce RDF export of data which will be available 
via Open PHACTS and EBI RDF-platform 

•  Challenge of integrating daily-updated resource 
•  ~3500 new structures added per day to SureChEMBL 

•  12.4 million structures total (after filtering) 



Entity Recognition – Beyond Chemistry 

•  Working with SciBite, also a partner on the Open 
PHACTS extension project 

•  Termite text-mining engine will be used to annotate other 
entity types within patent documents e.g., 
•  Human genes/proteins 

•  Diseases 

•  Cell lines 

•  These data will enable users to address more complex 
use-cases e.g., patents relating to a particular disease or 
target 



Other Future Plans 
•  Annotation of database identifiers (e.g., ChEMBL, ChEBI, 

PubChem, UniProt) 

•  Extraction/searching of protein sequences 

•  Improved access via workflow tools (e.g., Knime) 

•  Extending coverage to earlier patents (e.g., image 
extraction pre-2007) 

•  Benchmarking, enhancements to recognition algorithms 
(entity recognition, name to structure, image to structure), 
open source solutions 

•  Application to literature (Europe PMC) 

•  Of interest but no immediate plans – extraction of 
bioactivity data, Markush structures! 
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