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ChEMBL	
  –	
  Data	
  for	
  Drug	
  Discovery	
  
3. Insight, tools and resources for translational drug discovery 

2. Organization, curation and standardization of pharmacology data 

1. Scientific facts 

Ki = 4.5nM 

APTT = 11 min. 



ChEMBL	
  
•  The	
  world’s	
  largest	
  
primary	
  public	
  
database	
  of	
  medicinal	
  
chemistry	
  data	
  
–  ~1.4	
  million	
  
compounds,	
  ~9,000	
  
targets,	
  ~12	
  million	
  
bioac2vi2es	
  

•  Truly	
  Open	
  Data	
  -­‐	
  CC-­‐
BY-­‐SA	
  license	
  

•  ChEMBL	
  data	
  also	
  
loaded	
  into	
  
BindingDB,	
  PubChem	
  
BioAssay	
  and	
  BARD	
  

hVps://www.ebi.ac.uk/chembl	
  

A.	
  Gaulton	
  et	
  al	
  (2012)	
  Nucleic	
  Acids	
  Research	
  Database	
  Issue.	
  40	
  D1100-­‐1107	
  



MyChEMBL	
  -­‐	
  8GB	
  FOSS!	
  



ChEMBL	
  -­‐	
  Added	
  Value	
  in	
  Cura2on	
  
•  Annota2on	
  of	
  approved	
  drug	
  and	
  

USAN	
  informa2on	
  
–  Small	
  molecules	
  and	
  biotherapeu2cs	
  
–  Human	
  and	
  pathogen	
  targets	
  
–  Direct	
  molecular	
  targets	
  
–  Mode	
  of	
  ac2on	
  assigned	
  

•  Standardiza2on	
  and	
  correc2on	
  of	
  
chemical	
  structures	
  

•  Classifica2on	
  of	
  assays	
  
–  assay	
  type,	
  format,	
  organisms,	
  cell-­‐lines	
  

•  Standardiza2on	
  and	
  valida2on	
  of	
  
assay	
  endpoints	
  
–  unit	
  conversion,	
  iden2fica2on	
  of	
  errors,	
  

duplicates	
  

•  Detailed	
  representa2on	
  of	
  
molecular	
  targets	
  
–  single	
  proteins	
  vs.	
  protein	
  complexes,	
  

protein-­‐protein	
  interac2ons	
  etc.	
  and	
  
protein	
  family	
  classifica2on	
  

PDE5	
   GABA-­‐A	
  receptor	
   Muscarinic	
  receptors	
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E	
  =	
  enzyme	
  
MR	
  =	
  membrane	
  receptor	
  
IC	
  =	
  ion	
  channel	
  
TF	
  =	
  transcrip2on	
  factor	
  
T	
  =	
  transporter	
  
PO	
  =	
  protein,	
  other	
  



Spreadsheet	
  Views	
  

7 



Target	
  Class	
  Data	
  



Assay	
  Organism	
  Data	
  



Drug	
  Approvals	
  



Different	
  Types	
  of	
  Drugs	
  

Santos	
  et	
  al,	
  unpublished	
  

Synthe2c	
  small	
  molecule	
  

Natural	
  product-­‐derived	
  	
  
small	
  molecule	
  

Monoclonal	
  an2body	
  

Other	
  protein	
  

Polymer	
  

Pep2de	
  

Oligonucleo2de	
  

Oligosaccharide	
  

Inorganic	
  

Other	
  

Other	
  

Drugs	
  Approved	
  2013	
   Assigned	
  USANs	
  2013	
  



Filling	
  The	
  Gaps	
  –	
  Exposure	
  Data	
  

Ima2nib,	
  200	
  mg	
  uid	
  

Co
nc
en

tr
a2

on
	
  (n

g/
m
L)
	
  

Time	
  (hr)	
  

0	
  

500	
  

1000	
  

1500	
  

48	
   96	
   144	
   192	
   240	
  0	
  

•  Large	
  ‘2des’	
  of	
  target	
  exposure	
  during	
  
dosing	
  schedule	
  

Filppula	
  et	
  al,	
  Clin.	
  Pharmacol	
  &	
  Therap	
  (2013)	
  94	
  383-­‐389	
  	
  



Filling	
  the	
  Gaps	
  –	
  Exposure	
  Data	
  



Only	
  ~1%	
  of	
  Genome	
  is	
  a	
  Drug	
  Target	
  



Drug	
  Targets	
  and	
  Drugs	
  

Santos	
  et	
  al,	
  unpublished	
  



Innova2on	
  in	
  Drug	
  Approvals	
  



Privileged	
  Target	
  Families	
  
Rhodopsin-­‐like	
  GPCR	
  

PDBe:	
  3sn6	
  
Ion	
  channels	
  
PDBe:	
  4kfm	
  

Nuclear	
  receptors	
  
PDBe:	
  3e00	
  

Protein	
  kinases	
  
PDBe:	
  4foc	
  

22%	
  of	
  drug	
  targets	
  
33%	
  of	
  small	
  mol	
  drugs	
  

12%	
  of	
  drug	
  targets	
  
18%	
  of	
  small	
  mol	
  drugs	
  

6%	
  of	
  drug	
  targets	
  
17%	
  of	
  small	
  mol	
  drugs	
  

13%	
  of	
  drug	
  targets	
  
2.4%	
  of	
  small	
  mol	
  drugs	
  

Over	
  53%	
  of	
  all	
  targets	
  and	
  70%	
  of	
  drugs	
  modulate	
  these	
  four	
  target	
  classes	
  



Ligand-­‐gated	
  ion	
  channels	
  

Santos	
  et	
  al,	
  unpublished	
  

Footprint	
  of	
  Target	
  Classes	
  Across	
  Disease	
  
Protein	
  kinases	
  

Nervous	
  	
  
system	
  

Cancer	
  and	
  inflamma2on	
  



Santos,	
  unpublished	
  

Privileged	
  Target	
  Families	
  
ChEMBL17	
   Drugs	
  



Domain-level Binding Site Annotation 

Depleted and Enriched Pfam Domains 
Neur_chan_memb     -1.63 
zf-C4      -0.94     
ANF_receptor     -0.88     
SH2      -0.83       
Pkinase_C    -0.70     
fn3       -0.53 
SH3_1      -0.51     
Lig_chan      -0.50     
C2       -0.50 
C1_1      -0.50 
Guanylate_cyc      -0.46     
HATPase_c      -0.46 
I-set       -0.44     
adh_short      -0.39     
PH       -0.39     
Ank       -0.39   
….. 
Metallophos      0.35 
Phospholip_A2_1    0.38 
Peptidase_M10     0.41 
Asp       0.45 
SNF       0.48 
Hist_deacetyl      0.48 
Carb_anhydrase     0.50 
Peptidase_C1      0.51 
Trypsin      0.51 
Beta-lactamase     0.57 
p450       1.00 
Hormone_recep     1.19     
Ion_trans      1.66     
Neur_chan_LBD     2.02     
Pkinase_Tyr      2.12     
Pkinase      5.87                                  
7tm_1      7.30     



Clinical	
  Kinome	
  

Overington,	
  Al-­‐Lazikani	
  &	
  Wennerberg,	
  unpublished	
  



Clinical	
  Kinome	
  

•  399	
  Clinical	
  stage	
  human	
  kinase	
  inhibitors	
  
–  31	
  Approved	
  small	
  molecule	
  kinase	
  inhibitors	
  

•  17	
  -­‐2nib	
  –	
  tyrosine	
  kinase	
  inhibitors	
  
•  5	
  -­‐rolimus	
  –	
  mTor	
  inhibitors	
  
•  4	
  -­‐rafenib	
  –	
  Raf	
  inhibitors	
  
•  2	
  -­‐anib	
  –	
  angiogenesis	
  inhibitors	
  	
  
•  1	
  -­‐me2nib	
  –	
  met	
  inhibitor	
  
•  1	
  bru2nib	
  –	
  Bruton	
  tyrosine	
  kinase	
  inhbitors	
  
•  1	
  -­‐dil	
  –	
  Rho	
  kinase	
  inhibitor	
  (Japan	
  only)	
  

–  38	
  Phase	
  3	
  
–  143	
  Phase	
  2	
  
–  189	
  Phase	
  1	
  

•  Phase	
  1:2	
  ra2o	
  is	
  atypical	
  due	
  to	
  many	
  kinase	
  inhibitor	
  trials	
  
being	
  phase	
  1/2	
  oncology	
  trials	
  



Kinase	
  Inhibitors	
  in	
  Clinical	
  Development	
  

Overington,	
  Bellis,	
  Al-­‐Lazikani	
  &	
  Wennerberg,	
  unpublished	
  



Kinase	
  Inhibitor	
  Polypharmacology	
  

US	
  launched	
  

Tofaci2nib	
   Tozaser2b	
  
(Ph.	
  II)	
  

Lapa2nib	
  Gefi2nib	
  Erlo2nib	
  

Staurosporine	
  
(no	
  trials)	
  

Suni2nib	
   Sorafenib	
   Ima2nib	
   Dasa2nib	
  

Adapted	
  from	
  Ghoreschi	
  et	
  al,	
  Nature	
  Immunology	
  10,	
  356	
  -­‐	
  360	
  (2009)	
  



Kinase	
  Inhibitor	
  AVri2on	
  	
  

Overington,	
  unpublished	
  



Kinase	
  Inhibitor	
  AVri2on	
  

0

0.1

0.2

0.3

0.4

0.5

1998 2000 2002 2004 2006 2008 2010 2012

Fraction launchedUSAN	
  to	
  approved	
  frac2on!	
  –	
  ~0.2	
  is	
  long	
  term	
  mean	
  for	
  all	
  drugs	
  across	
  all	
  classes	
  

Overington,	
  unpublished	
  



Kinase	
  Inhibitor	
  Produc2vity	
  

Overington,	
  unpublished	
  



Biochemical	
  
assay	
  

Cell-­‐based	
  
screen	
  

Func2onal	
  
assay	
  

Animal	
  
disease	
  
model	
  

Human	
  
clinical	
  trial	
  

Modern	
  Drug	
  Discovery	
  Assay	
  Cascade	
  

•  Move	
  from	
  ‘quick,	
  low-­‐cost,	
  less	
  predicGve’	
  assays	
  to	
  ‘slow,	
  high-­‐cost,	
  more	
  
predicGve’	
  assays	
  

•  Make	
  selec2ons	
  on	
  which	
  compounds	
  to	
  progress	
  to	
  later	
  assays	
  on	
  basis	
  of	
  
posi2ve	
  ac2vity	
  in	
  earlier	
  screens	
  

•  Early,	
  cheap	
  assays	
  are	
  used	
  a	
  lot	
  of	
  2mes,	
  later	
  expensive	
  assays	
  rarely	
  
•  AVri2on	
  –	
  failure	
  of	
  compounds	
  in	
  that	
  pipeline	
  



Biochemical	
  
assay	
  

Cell-­‐based	
  
screen	
  

Func2onal	
  
assay	
  

Animal	
  
disease	
  
model	
  

Human	
  
clinical	
  trial	
  

Efficacy	
  Assay	
  Cascade	
  

Target	
   Disease	
  

…	
   …	
  

PPARγ	
  

SGLT2	
  
Calcitonin	
  
receptor	
  

GLP-­‐1	
  

DPP-­‐IV	
  
Mechanism	
  



Biochemical	
  
assay	
  

Cell-­‐based	
  
screen	
  

Func2onal	
  
assay	
  

Animal	
  
disease	
  
model	
  

Human	
  
clinical	
  trial	
  

Efficacy	
  Assay	
  Cascade	
  

Target	
  

…	
   …	
  

PPARγ	
  

SGLT2	
  
Calcitonin	
  
receptor	
  

GLP-­‐1	
  

DPP-­‐IV	
  
Mechanism	
  

Disease	
  



ChEMBL	
  Bioassay	
  Annota2on	
  Strategy	
  

Safety	
  
(mitochondrial)	
  

Oncology	
  

Cardiovascular	
   Hingorani	
  &	
  Casas	
  
UCL/Farr	
  

Al-­‐Lazikani	
  
ICR	
  

Biochemical	
  
(B)	
  

Func2onal	
  
(F)	
  

ADMET	
  
(A)	
  

ChEMBL	
  

An2bacterials	
   Cooper	
  
WADI	
  

Assay	
  classifica2on	
  
BAO	
  

Tissue	
  
(FT)	
  

Cell	
  
(FC)	
  

In	
  vivo	
  
(FV)	
  

Assay	
  sub-­‐classifica2on	
  
BAO	
  

Assay	
  network	
  &	
  
biomarkers	
  

Curated	
  directed	
  
bioassay	
  cascade	
  

HeCaTos	
  

ADME	
   GSK/
ChEMBL	
   Assay	
  adjacency	
  

matrix	
  

Neurology	
  



Assay	
  Networks	
  –	
  Adjacency	
  Matrix	
  



EGFR	
  Assay	
  Cascades	
  from	
  ChEMBL	
  

Biochemical	
  assay	
   Cell-­‐based	
  assay	
   In	
  vivo	
  assay	
  

Physicochemical	
  proper2es	
  for	
  cSrc	
  EGFR	
  pathway	
  inhibitors	
  

F.	
  Krueger	
  (unpublished)	
  

Mol.	
  Wt.	
  (Da)	
   Mol.	
  Wt.	
  (Da)	
   Mol.	
  Wt.	
  (Da)	
  

Al
og
P	
  



•  EMBL-­‐EBI	
  acquired	
  the	
  
SureChem	
  product	
  from	
  
Digital	
  Science	
  
–  15	
  million	
  chemical	
  structures	
  
–  Automa2cally	
  extracted	
  
chemical	
  structures	
  from	
  full-­‐
text	
  patent	
  

•  Research	
  community	
  wants	
  
open	
  access	
  to	
  patent	
  data	
  	
  
–  Patent	
  literature	
  2-­‐3	
  years	
  
ahead	
  of	
  published	
  literature	
  	
  

–  BeVer	
  compe22ve	
  posi2on	
  
•  Plan	
  to	
  provide	
  ongoing	
  free,	
  

Open	
  resource	
  to	
  en2re	
  
community	
  

SureChEMBL	
  



SureChEMBL	
  Data	
  Coverage	
  
	
  Data	
   Descrip/on	
  &	
  Languages	
   Years	
  

EP	
  applica/ons	
   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	
  applica/ons	
  
Bib.	
  data	
  	
  

Full	
  text	
  

DocDB	
  +	
  Original	
  

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

From	
  1978	
  

From	
  1978	
  

US	
  applica/ons	
  
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	
  applica/ons	
  
Bib.	
  data	
  	
  

Full	
  text	
  

DocDB	
  

PAJ	
  -­‐	
  English	
  abstracts/2tles	
  

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	
  2tle,	
  
descrip2on,	
  abstract	
  and	
  claims	
  

•  Structures	
  from	
  text	
  1976	
  onwards	
  
•  Structures	
  from	
  images	
  2007	
  onwards	
  
•  USPTO	
  have	
  provided	
  ‘Complex	
  Work	
  Units’	
  
since	
  2001	
  
– CWU	
  file	
  types	
  include	
  MOL	
  and	
  CDX	
  
– CWUs	
  processed	
  as	
  part	
  of	
  pipeline	
  

SureChEMBL	
  Chemistry	
  Data	
  Coverage	
  



SureChEMBL	
  Plans	
  
•  UniChem/ChEMBL	
  integra2on	
  
•  Enhanced	
  en2ty	
  extrac2on	
  

–  Tag	
  commonly	
  used	
  iden2fiers	
  UniProt,	
  
ChEMBL,	
  ChEBI,	
  PubChem,	
  PDB,	
  
Research	
  codes	
  

–  Proteins,	
  diseases,	
  animal	
  models,	
  cell	
  
lines,	
  assays	
  

•  New	
  search	
  methods	
  
–  Protein	
  sequence-­‐based	
  searching,	
  

including	
  biotherapeu2cs	
  
•  IMI	
  Open	
  PHACTS	
  funding	
  	
  

–  refactor	
  SureChEMBL	
  API	
  
–  RDF	
  Conversion	
  and	
  seman2c	
  tagging	
  -­‐>	
  

EBI	
  RDF	
  PlaLorm	
  
•  Status	
  

–  Database	
  running	
  and	
  updated	
  
–  Legacy	
  API	
  running	
  
–  Front-­‐end	
  running	
  
–  Legacy	
  user	
  account	
  system	
  removed	
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