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Getting Drugs to Market is difficult and costly

- Cost of bringing a new drug to market is $1.8billion
‘

mansion airbus

 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



Changing Landscape

Patent CIiff
Pharma Site Closures

More academic, SME research
Precompetitive initiatives




ChEMBL Database

Press Release

EMBL-EBI :

Open access to large-scale drug discovery data

Data on drugs and small molecules is placed in the public domain, helping
the discovery and development of new medicines

Hinxton, 23 July 2008 — The Wellcome Trust has awarded £4.7
million (€58 million) to EMBL: Enmpesn Bioinformatics
Institute (EMBL-EBI) to support the transfer of a Large collec tion
of information on the properties and activities of dregs and 2 large
set of drog-like small madecules from publicly listed compamy
Calapzagos MV tothe public domain. It will be incorporated into
the EMBL-EBIE collection of open-aoces data resounes for bio-
medical research and will be maintzined by a newly established
team of scientists at the EMBL- EBL These data lie st the heart of
translating information from the human genome into succesful
mew drgs inthe dinic.

The human genome sequence provided 2 molecular *partslist’ for
a human being, comprizsing all the genes and proteins that are
encoded by our genetic blueprint. But to develop new medicines,
it is important to catalogee how each of these parts’ interacts with
drugs and drog-like molecules. Thisinterface of the ge nome with
chemistry is a2 core part of the new scentific area of chemo-
genomics. For the past eight yeam, mesearchers at BioFocus DPL,
the service division of Galapagoes, have been infegrating the exist-
ing collections of information in these two areas to develop a et
of well strucinred chemogenomic databases that can be usad to
help determine whether 2 particular maecule has the right prop-
erties to make an effective drug. BinFoous DFI licensed this indor-
mation to phammaceutical and biotech companies wordwide. Az
part of the Welloome Trust grant announced today, the EBI will
obtain the rights to the databases from BioFocus DPL The awand
will make it posible to provide free access to this information for
alll researchers. “The scientific community worldwide will greatly
benefit from unrestricted acces to these data It will zid their
efforts in predictive dmyg discovery] says Galapagos CEO Onno

van de Stolpe. "Galapagos has successfull y a coelerated its research
programs with these, and BioFoous DPI wed the data to deliver
on it contracts with customers. A fter this transfer;which we hope
will contribute to the advanc ement of dg discovery esearch by
improving access to the data that we have collected, we will con-
tinue to use these respurces”

The transfer will empower academia to participate in the fimt
stages of drug discovery for all thempewtic areas, inchsding major
digesses of the developing word. In fiture it could 2ko result in
improved pradiction of drug side-effects. “We ae excited to be
ahle to provide information that de fines the effects of 2 large num-
ber of small melacules on the body, and link this i the proeins
that these molecules interact with, 2= part of our mission i pro-
vide wide access to hininformatics took to promaote scientific
progress and disseminate cutting-adge technologies to industry”
axys EMBL-EBI Director net Thomton, “With this transfer, we
aim to facilitate Gster and better drug discovery. It speaks to the
impartance of this information for translational research that the
Wellcome Trust has chosen o support this particular transfer
with sufficient long-term funding™

Thiz unprecedented transfer of pharmacentical data resounces
from the private sector to the public domain will have the grestest
impact on researchers in academiz and in small companies on
limited budgets. * The Wellcome Trust has a strong commitment
to making vital esearch tools freely svailable to the academic
mesearch community,” says Dr Alan Schafer, Head of Molacular
and Physidogical Sciences at the Welloome Trust."Enabling these
previously proprietary data to enter the public domain will 2allow
researchers wor dwide to make free wse of knowledge esentizl for
drug discovery” @

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
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Bioactivity

MAHVRGLOLPGCLALAALCS LVHSQHVFLAPQOARSLLORMRRANTFLEEVRKGNLERECVEETCS Y
EEAFEALESSTATDVFWAKY TACETARTPRDKLAACLEGNGREGLGTNYRGHVNITRSGTECQLWRS
RYPHKPEINSTTHPGADLOENFCRNPDSSTTGPWCY TTDREWRROECS T PVCGQDOVTVAMTPRS

SSVNLSPPLEQCVPDRGOQOYQGRLAVTTHGLPCLAWASAQBKALSKHODFNSAVQLVENFCRNPI
EEGVWC KPGDFGYCDLNYCEEAVEEETGDGLDEDS DRBTEGRTATSEYQTFFNPRTFGSG]
CGLRPLFEKKSLEDKTERELLESY1DGRIVEGSDAETGMSBROVMLFRKSPOELLCGASL I SDRI
TAAHCLLYPPWDKNFTENDLLVRIGKHSRTRYERNIEKTSMEEKTY THPRYNWRENLDRDIALM]
KPVAFSDY THPVCLPDRETAASLLQAG T TANVGKGQPSVLQVVNLPIVER
KDSTRIRITDNMFCAGYKPDEGKRGDACEGDSGGPFVMKS BENNRWYOMGTVSHGEGCDRDGK Ye
THVFRLKKWIQKVIDQFGE

Ki=4.5
nM

SAR Data



ChEMBL Database

« Freely available (searchable and downloadable) resource for drug discovery
« Updated regularly with new data
« Secure searching

Assays are classified as:
* Binding measurements
* Functional assays
- ADME/toxicity data

ChEMBL11
Targets: 8,603

Compounds: 1,060,258 :
(~350K from PubChem) 5420 proteins

Activities: 5,479,146 1481 organisms
Publications: 42,516 1431 cell lines



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

Target
Discovery

*Target
identification
*Microarray
profiling

*Target validation
*Assay
development
*Biochemistry
Clinical/Animal
disease models

Drug Discovery Data in ChEMBL

Lead
Discovery

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

Lead
Optimisation

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

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

~12,000 candidates

~1,400
drugs

ChEMBL




Accessing ChEMBL Data



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?



Use Case 1 Searching by target in ChEMBL

[ ]

| 1\

Choose Sources to
include in search




Retrieving Bioactivity Data

P Sequence data

_—| 3D Structures

Display all

Summary of - | bioactivity data for
bioactivity/assay/com | |

e
/
\
target
pound data availabie | \ S
for target \ Click pie chart to

- retrieve particular

\ end-points




/ Filter on IC50 <10uM

168 ZAP70 IC50 or Ki values <10uM

- T DA v, . 7
Y Y I\ ~N Y Y

Compound Activity values Assay details Target 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



Use Case 2 - Structure Searching

name

— Lists of Identifiers

Types of synonyms:
Research codes

 Trade names
INN, USAN

«— | Different sketchers

Display/Download Bioactivity Data



/ names

Clinical

Trials

/

Properties

/ Structure

T links

Bioactivities

o




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

Standardisation Protocol
- Based on FDA Substance Registration System User's Guide

- Standard InChl is used to identify unique structures

- Parent compounds and salts are registered with different ChEMBL _[Ds
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 InChl)


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

e PDBe
IC50, Ki ChemSpider
| b= __— | Wikipedia
PubChem DrugBank
Clinical Trials
etfc
-
Challenges i

- 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

. Scalabiliti



UniChem

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 InChl to
compare chemical structures
across databases



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

UniChem

Web Interface
Web services (REST)
Triplestore
ftp downloads

EU-OPENSCREEN

(ECBDB) Lulzll ChOX/DiXA/...

SAR data (literature)
Compound series

Diverse compounds 29 (ICyp, K,), in vivo, ADMET _
1° (% effect, fixed concentration) ~50nM Disease
~5uM Public data

Public/Private data

Chemical Structure (patents)
Compound series, Targets,

HTS Screening data (deposited)

Public data

External Chemistry Other EMBL-EBI
EBI Search .
Resources Chemistry Resources




UniChem

77777




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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