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Getting Drugs to Market is difficult and costly 
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• Cost of bringing a new drug to market is $1.8billion  

(Data from Steven Paul et al, NRDD (2010)) 

• Clinical development (Phase 1-3) accounts for 63% of cost 
• Only 8% of new molecules make it from candidate selection 

to a marketed drug 
• Takes 13.5 years to discover and develop a drug 
• Need ~10 molecules a year entering clinical development to 

achieve 1 launched drug per year 



• Patent Cliff 
• Pharma Site Closures 
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• More academic, SME research 
• Precompetitive initiatives 

Changing Landscape 



ChEMBL Database 
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• Open access bioactivity 
database (since 2009) 

• Manually extracted data from 
Med Chem literature 

• Gives users access to curated 
SAR data 

• Open repository for deposited 
datasets 

• Integration of subset of 
PubChem data 



SAR Data 

Compound 

A
ss

ay
 

Ki=4.5 
nM 

>Thrombin  
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQARSLLQRVRRANTFLEEVRKGNLERECVEETCSY

EEAFEALESSTATDVFWAKYTACETARTPRDKLAACLEGNCAEGLGTNYRGHVNITRSGIECQLWRS

RYPHKPEINSTTHPGADLQENFCRNPDSSTTGPWCYTTDPTVRRQECSIPVCGQDQVTVAMTPRSEG

SSVNLSPPLEQCVPDRGQQYQGRLAVTTHGLPCLAWASAQAKALSKHQDFNSAVQLVENFCRNPDGD

EEGVWCYVAGKPGDFGYCDLNYCEEAVEEETGDGLDEDSDRAIEGRTATSEYQTFFNPRTFGSGEAD

CGLRPLFEKKSLEDKTERELLESYIDGRIVEGSDAEIGMSPWQVMLFRKSPQELLCGASLISDRWVL

TAAHCLLYPPWDKNFTENDLLVRIGKHSRTRYERNIEKISMLEKIYIHPRYNWRENLDRDIALMKLK

KPVAFSDYIHPVCLPDRETAASLLQAGYKGRVTGWGNLKETWTANVGKGQPSVLQVVNLPIVERPVC

KDSTRIRITDNMFCAGYKPDEGKRGDACEGDSGGPFVMKSPFNNRWYQMGIVSWGEGCDRDGKYGFY

THVFRLKKWIQKVIDQFGE 

APTT 
11 min 

ChEMBL Database – data extraction 

Target 

Compound 

Bioactivity 

Ref:Gaulton et al, NAR (2011) 



ChEMBL Database 
• Freely available (searchable and downloadable) resource for drug discovery 
• Updated regularly with new data 
• Secure searching https://www.ebi.ac.uk/chembldb  
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Assays are classified as: 
• Binding measurements 
• Functional assays 
• ADME/toxicity data 

5420 proteins 
﻿1481 organisms 
1431 cell lines 

ChEMBL11 
Targets: 8,603 
Compounds: 1,060,258 
(~350K from PubChem) 
Activities: 5,479,146 
Publications: 42,516 

https://www.ebi.ac.uk/chembldb
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Target 
Discovery 

Lead 
Discovery 

Lead 
Optimisation 

Preclinical 
Development 

Phase 
1 

Phase 
2 

Phase 
3 

Launch 

•Target 
identification 
•Microarray 
profiling 
•Target validation 
•Assay 
development 
•Biochemistry 
•Clinical/Animal 
disease models 
 

•High-throughput 
Screening (HTS) 
•Fragment-based 
screening 
•Focused libraries 
•Screening 
collection 
 

•Medicinal 
Chemistry 
•Structure-based 
drug design 
•Selectivity screens 
•ADMET screens 
•Cellular/Animal 
disease models 
•Pharmacokinetics 
 

•Toxicology 
•In vivo safety 
pharmacology 
•Formulation 
•Dose prediction 

PK 
tolerability Efficacy 

Safety 
& 
Efficacy 

Indication 
Discovery & 
expansion 

Discovery Development Use 

Clinical Trials 

>1,000,000 distinct compounds 
~25,000 distinct lead series 

~12,000 candidates ~1,400 
drugs 

ChEMBL 

Drug Discovery Data in ChEMBL 



Accessing ChEMBL Data 
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https://www.ebi.ac.uk/chembldb 

https://www.ebi.ac.uk/chembldb
https://www.ebi.ac.uk/chembldb


Use Case 1 - Searching by Target 
 
 • What is known about chemical structures that bind to a 

specific protein (ZAP70)? 
 

• What is known about their potency/selectivity/ADMET 
Properties 
 

• Is there any protein structure data?  
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Use Case 1 Searching by target in ChEMBL 

Choose Sources to 
include in search 



Retrieving Bioactivity Data 

Summary of 
bioactivity/assay/com
pound data available 
for target Click pie chart to 

retrieve particular 
end-points 

Display all 
bioactivity data for 
target 

3D Structures 

Sequence data 



 Filter on IC50 <10uM 
 
 
 
168 ZAP70 IC50 or Ki values <10uM 

Compound 
structures 

Target details Activity values Assay details References 



Use Case 2 – Searching by Structure 
 
• What compounds contain a particular substructure? 

 
• What is known about their bioactivities? 

 
• What other data exists  

• Clinical Trials, 3D structures, drug data etc 
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Use Case 2 - Structure Searching  
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Different sketchers 

name 

Lists of Identifiers 

Types of synonyms: 
• Research codes 
• Trade names 
• INN, USAN 

Display/Download Bioactivity Data 
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Properties 

Structure 

names 

Clinical Trials  Bioactivities 

Links 



Chemistry Challenges 
• Standardise representations of chemical structures 
• Needs to be largely automated (1 chemistry curator) 
• Will be mistakes  - some from abstraction but some in papers 
• Software packages interpret structures differently particularly when 

converting between structure formats 
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Standardisation Protocol 
• Based on FDA Substance Registration System User's Guide 

• http://www.fda.gov/ForIndustry/DataStandards/SubstanceRegistrationSystem-
UniqueIngredientIdentifierUNII/default.htm  

• Standard InChI is used to identify unique structures 
• Parent compounds and salts are registered with different ChEMBL_IDs 

and the relationship is recorded in database 
• Stereochemistry is retained and recorded where known 
• Tautomers of the same compound are registered with a single ChEMBL 

ID (merged on standard InChI) 

http://www.fda.gov/ForIndustry/DataStandards/SubstanceRegistrationSystem-UniqueIngredientIdentifierUNII/default.htm
http://www.fda.gov/ForIndustry/DataStandards/SubstanceRegistrationSystem-UniqueIngredientIdentifierUNII/default.htm
http://www.fda.gov/ForIndustry/DataStandards/SubstanceRegistrationSystem-UniqueIngredientIdentifierUNII/default.htm
http://www.fda.gov/ForIndustry/DataStandards/SubstanceRegistrationSystem-UniqueIngredientIdentifierUNII/default.htm


Integration with other Resources 

Challenges 
• Data from different sources have different business rules 
• Maintaining and updating database with new data 
• Links to other resources vs integration 
• More data sources becoming available 
• Scalability 
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PDBe 
ChemSpider 
Wikipedia 
DrugBank 
Clinical Trials 
etc 

ChEMBL 

NTD GPCR 
SARfar
i 

IC50, Ki 
 
 
PubChem 

IC50, Ki 



UniChem 
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What is UniChem ? 
• A 'Unified Chemical Identifier' 

system 
• A system for cross-

referencing chemical 
structures and their identifiers 
between databases 

• Enables tracking of ‘id-to-
structure’ assignments over 
time 

• Uses standard InChI to 
compare chemical structures 
across databases 

http://chembl.blogspot.com/2011/11/unichem.html 
 

http://chembl.blogspot.com/2011/11/unichem.html
http://chembl.blogspot.com/2011/11/unichem.html


UniChem 
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17707 

UniChem 
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Summary 
• ChEMBL is publicly available database of drugs, drug-like 

small molecules and their bioactivity data 
• Useful resource for anyone involved in drug discovery 

particularly those in academia or SMEs  
• As well as enabling users to access ChEMBL data they can 

link to other resources where information about common 
chemical structures (or targets) exists 

• Standardising chemical structures and comparing across 
databases is challenging 

• Standard InChi is a simple method to reference compounds 
across different databases  
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