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4. Insight, tools and resources for translational drug discovery 1. Scientific facts 

Bioactivity data 
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>Thrombin  
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQARSLLQRVRRANTFLEEVRKGNLE
RECVEETCSYEEAFEALESSTATDVFWAKYTACETARTPRDKLAACLEGNCAEGLGT
NYRGHVNITRSGIECQLWRSRYPHKPEINSTTHPGADLQENFCRNPDSSTTGPWCYT
TDPTVRRQECSIPVCGQDQVTVAMTPRSEGSSVNLSPPLEQCVPDRGQQYQGRLAVT
THGLPCLAWASAQAKALSKHQDFNSAVQLVENFCRNPDGDEEGVWCYVAGKPGDFGY
CDLNYCEEAVEEETGDGLDEDSDRAIEGRTATSEYQTFFNPRTFGSGEADCGLRPLF
EKKSLEDKTERELLESYIDGRIVEGSDAEIGMSPWQVMLFRKSPQELLCGASLISDR
WVLTAAHCLLYPPWDKNFTENDLLVRIGKHSRTRYERNIEKISMLEKIYIHPRYNWR
ENLDRDIALMKLKKPVAFSDYIHPVCLPDRETAASLLQAGYKGRVTGWGNLKETWTA
NVGKGQPSVLQVVNLPIVERPVCKDSTRIRITDNMFCAGYKPDEGKRGDACEGDSGG
PFVMKSPFNNRWYQMGIVSWGEGCDRDGKYGFYTHVFRLKKWIQKVIDQFGE 

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

Ki = 4.5nM 

APTT = 11 min. 

ChEMBL 

3. Drug annotation 



SureChEMBL 
1. Patent literature 

2. Entity recognition, name to structure, image to structure extraction and standardization 

   3. Data downloads and integration 

  UniChem              Map File    Data Feed Client     PubChem, Open PHACTS  



Open PHACTS and the semantic web 
•  Joined Open PHACTS project in late 2012 to provide ChEMBL data in RDF 

format 

•  First official EMBL-EBI version of ChEMBL RDF released in May 2013 
(based on ChEMBL_16) 

•  A number of other EBI groups also providing RDF (e.g., Atlas, UniProt @SIB, 
Reactome) – EBI RDF platform established in Oct 2013: 
https://www.ebi.ac.uk/rdf/ 



EBI RDF platform 



Open PHACTS and the semantic web 
•  Open PHACTS project extension Feb 2014-2016, one of main objectives to 

integrate SureChEMBL data into platform 

•  SureChEMBL compound-patent annotation (and biological annotations 
provided by SciBite) available in Open PHACTS preview API calls, to be 
released shortly. 



Challenges 
•  Process of converting data to RDF and working with Open PHACTS raised 

interesting questions/issues e.g.,  
•  Discrepancies in compound structure representation between resources 

•  Comparability of assay data from different publications/sources 

•  Beyond the compound-target centric view – how to better handle phenotypic 
assays 

•  Representation of target information 

•  Discussed in more detail here: 
                    DOI: 10.1016/j.ddtec.2015.01.005                    DOI: 10.1007/s10822-015-9860-5 

 



Chemical Structure Representation 

•  ChEMBL performs ongoing standardization and curation of compounds: 
•  Custom standardization pipeline based on FDA guidelines 

•  Standard InChI used to determine identity (compound registration) 

•  Salt stripping to generate parent molecules (both salt and parent retained) 

•  Redrawing of problematic/incorrect structures 

•  Systematic effort to check ChEMBL approved drug structures and document 

•  Still many differences in structures of approved drugs between databases 

•  E.g., Milnacipran (just considering the parent – actually a HCl salt): 
ChEMBL/GtoPdb:  GJJFMKBJSRMPLA-UHFFFAOYSA-N!

DrugBank/Wikipedia:  GJJFMKBJSRMPLA-HIFRSBDPSA-N!

•  So who is right? 
!



That is the wrong question… 

•  Need to understand why these differences exist! 

•  USAN document (and prescribing information) are quite clear: 
 (1RS,2SR)-2-(aminomethyl)-N,N-diethyl-1-phenylcyclopropanecarboxamide hydrochloride  

 

•  Which gives us the InChI key:  

•  GIGAIOSMEXBLQA-IBWNGBJLSA-N (or GCWZHWKRAHFLED-NATOKKMCSA-N without HCl) 

•  But mixtures complex to handle, so difference sources use convention to 
either represent racemic mixtures as a single enantiomer or a planar 
molecule 



Many differences due to software limitations 

•  Many data (and software) providers have dependencies on V2000 Molfiles 
and Standard InChI. These have some limitations e.g.,  
•  Relative stereochemistry not supported in Standard InChI 

•  Not all tautomers normalized by Standard InChI 

•  Chiral flag in Molfiles not usually used as intended 

•  Coordinate/dative bonds not possible in Molfiles 

•  Alternatives exist (e.g., V3000 Molfiles, non-standard InChI) but not as widely 
supported/adopted 

•  As well as agreement on what is the correct structure for a drug, we need to 
agree on the standards for representing those structures 

•  In the meantime… data integration issues can be tackled by ‘user-defined 
equivalence’ (e.g., Open PHACTS lenses, NCI/CADD Identifiers) 



UniChem 
•  UniChem is a simple, scalable compound cross referencing system built on 

Standard InChI: https://www.ebi.ac.uk/unichem/ 

•  Contains over 110,678,100 compounds from 27 sources 

•  Recently extended to allow ‘related’ as well as ‘exact’ matches (using InChI 
connectivity layer). Also allows mapping between salts and parents 

•  E.g., taking the ChEMBL structure: 
  https://www.ebi.ac.uk/unichem/rest/inchikey/GJJFMKBJSRMPLA-UHFFFAOYSA-N 

•  5 matches in other sources 

•  Performing a connectivity search:  
  https://www.ebi.ac.uk/unichem/rest/key_search/GJJFMKBJSRMPLA-UHFFFAOYSA-N/0/0/4 

•  237 entries from 19 sources differing in charge, stereochemistry, salt or isotope 



Comparability of assay data 
•  Diverse set of activity types (>6K) and units (>2K) reported in the literature  

•  – how (and when) to pool data from different papers? 

•  For key activity types, ChEMBL standardization process performed: 
•  Convert published types and units to standard types and units 

•  E.g., ‘Bioavailability’, ‘Oral bioavailability’, ‘Oral availability’, ‘F’, ‘%F’, ‘Metabolic 
bioavailability’… -> F 

•  E.g., ‘umol.L-1’, ‘10'-6mol/dm3’, ‘pmol/mL’, ‘mM’, ‘microM’, ‘10^-5mM’, ‘uM’... -> nM 

•  Flag erroneous data e.g.,  
•  IC50 = 10M,                      Ki = 10 seconds, T1/2 = 5 ug.mL-1 

    ‘Outside typical range’      ‘Non standard unit for type’ 

•  Flag potential duplicates (same compound/target/activity type/value in 2 papers) 

•  Antilog logarithmic dose-response data (e.g., LogIC50, pKi) 

•  Map standard activity types to BioAssay Ontology result terms 

•  Map standard units to Unit Ontology terms 



Comparability of assay data 
•  When considering whether to aggregate data from multiple papers, also 

important to consider assay system e.g., 
•  Binding vs functional assays 

•  Biochemical vs cell-based assays 

•  Assays now annotated with BioAssay Ontology format terms: 

 

•  Cell lines also linked to CLO, EFO, LINCS, Cellosaurus 

•  Further plans to annotate more specific bioassay types e.g., 
•  ‘cell proliferation assay’, ‘cytotoxicity assay’, ‘bioavailability assay’, ‘radioligand 

binding assay’ 

•  Linking phenotypic assays to phenotype and disease terms 



Representation of target information 
•  Tendency to think of Target = Protein when dealing with drug targets (and 

assay targets), but this is often not the case. 
•  Many approved drugs act on protein complexes 

•  Many approved drugs are non-selective 

•  Some approved drugs don’t act via proteins 

•  Often drug target annotations differ between databases 

•  In some cases, the mechanism of action is unknown or unclear 

•  In many cases, information is available but curators need to make subjective 
decisions on what information to use and how to best represent the 
mechanism of action according to their own data model 
•  Include all subunits of a complex or only the ligand-binding subunit(s)? 

•  Include all targets for a non-selective drug or try to narrow down choice using 
expression data? 

•  What species to map to for targets of broad-spectrum antibiotics? 



Example - Temazepam 

•  Temazepam is a benzodiazepine drug approved for insomnia 

•  It is known that this class of drugs exert their action through positive 
allosteric modulation of GABA-A receptors 

•  GABA-A receptors are pentameric complexes 

•  There are 19 known subunits (including 6x α, 3x β and 3x γ) 

•  GABA binding site is located between α and β subunits 

•  Benzodiazepine binding site is located between α and γ subunits but only α1, 
α2, α3 and α5 subunits (not α4 or α6) 

•  So minimum requirement for 
benzodiazepine activity is at least 
1x α1/2/3/5, 1x β and 1x γ subunits 
(10 possible proteins) 



Can we be more precise? 

•  γ2 subunit is the most common, accounting for 90% of GABA-A receptors 

•  Most common combination is α1β2γ2 (60% of receptors) 

•  but can’t rule out other combinations 

•  Temazepam is approved as a sedative 

•  α1 subunit has been shown to be responsible for this sedative action (α2 
linked to anxiolytic action) 

•  So most likely target for sedative effect of temazepam is α1/βx/γ2 containing 
receptors, with binding site at α1/γ2 interface 

•  Advantage of this more precise annotation is that we can draw target-
indication links (e.g., a new drug binding to α1-containing receptors would be 
expected to have sedative effects) 

•  Caveat is that the target annotation is tied to indication. If temazepam was 
later approved for anxiety we would have to add additional targets. Could 
also give the impression that the drug is selective, which it is not. 

Rudolph & Knoflach (2011) DOI: 10.1038/nrd3502; McKernan et al (2000) DOI: 10.1038/75761 



ChEMBL target data model 

•  Identifier assigned to target and this linked to individual components (proteins) 

•  Allows for annotation of binding site (at level of subunit, domain or residues) 

	  E.g.,	  DNA	  

E.g.,	  PDE5	   GABA-‐A	  receptors	   Muscarinic	  receptors	   p53-‐MDM2	  

	  	  	  	  	  	  	  	  	  	  	  Ribosome 	   	   	  	  	  Methotrexate	  

Integrin	  alpha-‐4/beta-‐7	  

Nucleic Acid            Protein        Protein Nucleic-Acid Complex     Small Molecule 

Single Protein  Protein Complex         Protein Complex Group        Protein Family   Protein-Protein 
                Interaction 

Molecular 



User-defined equivalence (again) 
•  Users may want to include different types of target data for different 

applications e.g., 

•  Assays for binding to A should co-express B 

•  B may have genetic association with a disease, may be possible to target it 
through association with A 

•  But no direct evidence that B is druggable – can’t infer that other proteins 
with the same domain would be 

•  So for some analyses would want to consider only binding subunits, or if not 
known, may want to exclude complexes 

•  Similarly non-selective drugs (eg., muscarinic antagonists) provide evidence 
of druggability, but not all family members necessarily disease-relevant 

A    B 

Protein complex 



Target linksets 
•  To allow users of Open PHACTS platform to control what type of target 

information they obtain, several linksets created (can be combined in lenses) 

•  Single protein linkset: 
•  Defines relationship between ChEMBL single protein target and a protein 

•  CHEMBL1827  skos:exactMatch  O76074  (justification = sio:protein) 

•  Complex target linkset 
•  Defines relationship between a ChEMBL protein complex, protein-nucleic acid 

complex or protein-protein interaction target and each of the component subunits 

•  CHEMBL1907598  skos:relatedMatch  P06756  (justification = ro:has_part) 

•  Group target linkset 
•  Defines relationship between a ChEMBL protein group (protein family, protein 

complex group etc) and each of the member proteins 

•  CHEMBL2094109  skos:relatedMatch  P11229  (justification = sio:has member) 



Conclusions 

•  The way we represent data in our underlying databases is important 

•  It’s nice if we all agree to use a particular ontology or identifier (e.g., InChI) 
but that doesn’t help much if we don’t agree what the underlying entity 
actually is!  

•  Many of the differences are not due to lack of knowledge, but different 
decisions around data representation 

•  Any solution needs to be supported by a wide range of software or it wont be 
adopted 

•  Also need to acknowledge that the required concept of identity is different for 
different use-cases – only a robust data model can support this 
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