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Latest News & £

European Bioinformatics Institute to lead UK PubMed
Centralin 2011-2016
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pogen Posted: Jul 28, 2011
The European Molecular Biology Laboratory's European
Dundee Bioinformatics Institute (EMBL-EBI) has been awarded the
2 contract to run and lead the development of UK PubMed
Central (UKPMC), the free online literature resource for life
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Read more about this research highlight | Watch Michael
Ashburner's ISMB /ECCB 2011 keynote on Vimeo
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Events & Training

Next Generation Sequencing Workshop
18-20 October 2011

Registration closes 30 September 2011

EMBL-EBI Events Year Planner 2012

Please reqister to receive your free copy of the EMBL-EBI
Events Year Planner

Conference: Functional Genomics and Systems Biology 2011
29 November - 1 December 2011

Abstract deadline: 3 October 2011

Registration closes 17 October 2011

EBI Open Day
1 November, 2011
Registration closes 1 October 2011

EMBO Practical Course: Computational structural biology -
from data to structure to function

14-18 November 2011
Registration closes 30 September 2011
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What Is the ChEMBL Data®?

2432 J. Med. Chem. 2002, 45, 24322453

Design of Selective Thrombin Inhibitors Based on the (R)-Phe-Pro-Arg
Sequence

John C. Danilewicz,™* Stuart M. Abel! Alan D. Brown,” Paul V. Fish,** Edward Hawkeswood,'
Stephen J. Holland," Keith James.! Andrew B. McElroy,” John Overington,” Michael J. Powling,” and
David J. Rance?

Departments of Discovery Chemistry, Drug Metabolism, Discovery Biclogy, and Molecular Informatics Structure and Design,
Phzer Global Rescarch and Development, Sarcdwich, Kent CT13 ONJ, United Kingdom

Reveived December 21, 2001

Potent and selective inhibitors of l.hmmbln were sought based on the (R)-Phe-Pro-Arg sequence.
The objective was o generate simil ng interact: o those achieved by potent
compelitive inhibitors of the argatroban type, so eliminating the need for covalent interaction
with the catalytic serine function, as utilized by aldehyde and b ic acid type inhibitors.
Improving the S, subsite interaction by substitution of arginine with a 4-alkoxybenzamidine
residue provided potent lead 2 (K = 0.37 nM). Though an amade bond, which H-bonds to the
active site, 18 lost, modeling indicated that a new H-bond 15 generated between the alkoxy
oxygen atom and the catalytic Ser-195 hydroxyl group. Substitution of the benzamidine system
by l-amidinopiperidine then gave compound 4, which provided a further gain in selectivity
over trypsin. However, previous work had shown that these compounds were likely 1o be too
lipophilic (Log D +0.4 and +0.2, respectively) and to suffer rapid hepatic extraction, presumably
via biliary elimination. Accordingly. both proved short-acting when administered intravenously
1o rats and showed poor activity when given intraduodenally. The aim was then o reduce
lipophilicity below a log D of —1.2, which in & previously reported series had been effectve in
preventing rapid clearance. [t was anticipated that compounds of this type would rely on the
cation selective paracellular route of absorption from the gastromntestinal tract. Potent polar
analogues with selectvity > 1000 over trypsin were obtained. The best in vivo activily was
shown by compound 12. However, in the final analysis, its oral bioavilability proved poor,
relative to analogues with similar physicochemical properties derived from argatroban,

wilh the hyp that molecular shape is an additional important determinant
of paracellular absorption.

Introduction basic P; side chain pack together to interact with the

= s0n =7 Ny 2
The search for potent selective and orally active hydrophobic S site. Napsagatran (Ro 46-6240),

Dowaloeded by WELLOOME TRUST SANGER INST 02 Septessber 8, 20090 | hopo/\pubs acsoegy
Pudlicacn Date (Wed): May 11,2002 | dow: 10.M0215m01 11334

thrombin inhibitors has gathered momentum in recent
years.! Thrombin is the last in a cascade of trypsin-like
plasma serine proteases, which by catalyzing the con-
vr:rmm af ﬁbnnosﬁn to fibrin, activation of FXIII and
g P ! aggreg i I.s a key ent)mc in hae-
and th The i ition of a
single enzyme in the cascade, and in particular throm-
bin, has been an attractive goal in that it could also
provide superior antithrombotic therapy by increasing
cfﬁcacy and sarcl\' as cumparcd o h:parin :md the
ins. Ad ily, by } size
sm;:ll the opportunity exists for ablammg oral wctive
ity
Two small molecular weight inhibitor types are
emerging as structure-activity relationships are ex-
plored. The first is of the argatroban’ and NAPAP* type
(Chart 1), where lipophilic groups on ecither side of the

* To whom correspondence should be addressed. Tel: 44 1308
634589, Fax: 44 1304 656433, Emuail: paul_fash®sandwich pliccr.com.
" Senlor author,
f Department of Discovery Chemistry
) Department of Drug Metabalism.
Department of Discovery Biokgy.
\hl«ulav Informatics Structure and Design.

developed by Hilpert et al” though having a more
complex P residue, can nevertheless be viewed as
belonging to this group. The only intersction with the
catalytic serine residue is via a hydrogen bond to the
carboxylate function in both argatroban and napsagat-
ran. Unfortunately, none of these compounds is orally
active due to either poor sbsorption from the gas-
trointestinal tract andfor rapid clearance via the bile.*¥

A second mhxblmr type ls based on the substrate-
derived irmeversible ci 1 ketone inhibitor PPACK
and includes compounds such as DuP-714'%! and
efegatran (GYKI-14 766)."* These compounds interact
covalently with the hydroxyl group of the catalytic
serine residue. The neighboring proline ring and (R)-
Phe side chain cooperate to fill the S; site in a similar
fashion as the two distal lipophilic groups of the first
series.” Though oral activity has been claimed for these
compounds, we were concerned that high enzyme se-
lectivity might not be obtainable when sub 1
affinity is derived by interacting covalently with the
ubiquitous active site serine function. In the case of
aldehyde type inhibitors, there is also the potential
problem of achieving adequate optical and chemical
stability.

10.10215m01 11330 COC: $22.00  © 2002 American Chemical Society
Published on Web 081 172002
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EBI > Databases > Small Molecules > ChEMBL Database > Home
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Search ChEMBLdD... ‘ Compounds H Targets H Assays ‘ Activity Source Fiter

ChEMBLdb ‘ Compound Search

’Protein Target Search

’ Browse Targets H Browse Drugs H Drug Approvals

ChEMBL is a database of bioactive drug-like small molecules, it contains 2-D structures, calculated properties (e.g. logP, Molecular Weight, Lipinski
Parameters, etc.) and abstracted bioactivities (e.g. binding constants, pharmacology and ADMET data).
read more

Getting Started
« Search target data via keyword, protein sequence search (BLAST), or by navigating the target classification hierarchy.
« Search compound data with lists of keywords, SMILES strings, compound identifiers, or by drawing the chemical structure.

e Search assay data via keyword search using the main search bar.

= DB: ChEMBL_11
= Targets: 8,603

= Compound records:
1,195,368

= Distinct compounds:
1,060,258

= Activities: 5,479,146
= Publications: 42,516

ChEMBL Blog

= PhD studentship
Available for Oct 2012

Intake

= ChEMBL |dentifiers

pportand F

We positively encourage feedback on the interface and search capabilities, since this will shape our future development.
read more.

Staying in Touch

To keep up to date with ChEMBL news and data releases subscribe to the Chembl-announce mailing list.
read more.

Training

The group run a series of webinars detailing the interface and schema.
read more.

Data Licensing

Access to the web interface of ChEMBL is made under the EBI's Terms of Use. The ChEMBL data is made available on a Creative Commons
Attribution-Share Alike 3.0 Unported License.
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* Contact ChEMBL

* ChEMBL Research
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(O SMILES Search (3) Compound ID Search (O Keyword Search

Please enter a list of Compound IDs,
keywords, or SMILES separated by newlines

ChEMBL Basic
Statistics

Fetch Compounds

7

Targets: 7,330

Compound records:
680,293

A\

[=ll=le]= [« o= LI

Distinct compounds:
565,245

Activities: 2,705,136
Publications: 35,821

]

ChEMBL database version:
Chembl_04

ChEMBL web version:
122

Substructure Search &)  100% . [ Fetch Compounds

ChEMBL Blog

8 Role of open chemical
data in aiding drug
discovery and design

= Postdoc position
available - ChEMBL
and malaria




Chart Views of Data

EBI > Databases > Small Molecules > ChEMBL Database > Compound Search > Results

ChEMBL Compound Search Results: 530 Hits ] 123456 Next][End] (‘piease select... 3
O Compound $ Synonyms $ Parent Mol Weight ALogP ¢ PSA $ HBA $ HBD $ #Ro5 Vio. 2
NH,
N
N
0 QW(N 191.2 0.71 108.7 4 2 0
NH NJ
340853
OH
NH -
0 ) 207.2 0.81 129 5 3 0
. i : .
NH,
341229
NH..(N\
=
N
0 SN 225.3 1.22 69.1 4 1 0
NN




Chart Views of Data

EBI > Databases > Small Molecules > ChEMBL Database > Compound Search > Results

ChEMBL Compound Search Results: 530 Hits Table Chart [ please select....

Compound List

Compound

113766

\ R | %

Parent Molecular Weight

X Axis: [ ALogP 4] Y Axis: [ Parent Molecular Weight 4] Colour By: [ Ro5 Violations %] (update Chart )

Please note: only compounds with calculated properties can be displayed in chart
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Target Subset Data
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ChEMBL : Search ChEMBLdb... | Compounds H Targets “ Assays |

ChEMBLdb H Compound Search HProtein TargetSearchH Browse Targets ‘
ChEMBLdb

= Search Compounds
® Search Targets

Browse (%) Protein Target Tree () Taxonomy Tree

ChEMBL-NTD Click arrows to navigate tree
Kinase SARfari £~ Enzyme (2443) ”
i~ Membrane receptor (554) @l Enzyme
ChEMBL Grou 1
P [ Ion channel (338) \‘ = :\gtra]rrlzra":‘nnee]receptor
Downloads [ Transporter (136 | @ Transporter
FAQ ;- Transcription Factor (103 B8 Transcription Factor
- Cytosolic other (102) @ Cytosolic other
. Secreted
ChEMBLdb Statistics :ecreted |5 g = Structural
. (29) ;
Sl - - Surface antigen
= Targets: 8,054 - Surface antigen (26)

= Compound records:
726,872

= Distinct compounds:
600,625

= Activities: 2,925,588
= Publications: 38,028
= DB: ChEMBL_086

ChEMBL Blog

=  Lecture: Development

and lications of
Computational
Chemogenomics

= Books: Germ Stories

- Membrane other (16)
- Adhesion (14)
. Nuclear other (13)

@ Membrane other
@ Adhesion
@ Nuclear other




Organism Subset Data

N ala

ChEMBL
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EBI > Databases > Small Molecules > ChEMBL Database > Target Search > Target Organism Hierarchy

ChEMBL & 'E Search ChEMBLdb... ‘ Compounds H Targets || Assays ‘

ChEMBLdb H Compound Search HProtein TargetSearchH Browse Targets ‘
ChEMBLdb

= Search Compounds
= Search Targets

Browse () Protein Target Tree (%) Taxonomy Tree

ChEMBL-NTD Click arrows to navigate tree
Kinase SARfari 4. Eukaryotes (5448)
i @ Plasmodium
ChEMBL Group o Harmala (5076 B8 Eimeria
4- Apicomplexa (69) @8 Other
Downloads Plasmodium (49) @ Cryptosporidium
FAQ Eimeria (7)
Other (7)
ChEMBLdb Statistics Cryptosporidium (6
- Viridiplantae (68)
= Targets: 8,054 I~ Kinetoplastida (57)
= Compound records: - Arthropoda (52
726,872 - Aves (35
= Distinct compounds: - Nematoda (26
600,625 - Eukaryotes (other) (19
* Activities: 2,925,588 - Teleostei (13

-~ Amphibia (12)

- Lepidosauria (11)
;- Platyhelminthes (7)
i Echinodermata (3)

Bacteria (614)
Unclassified (561)
Fungi (229)
Viruses (211)

i. Archaea (6)

= Publications: 38,028
= DB: ChEMBL_08

ChEMBL Blog

= Lecture: Development
and lications of

Computational
Chemogenomics

= Books: Germ Stories




Domain-level Assignment of Binding

Depleted and Enriched Pfam

Domains
Neur_chan_memb -1.63
Frequency of domains containing binding sites z-C4 -0.94
ANF_receptor -0.88
SH2 -0.83
& 7tm_1 Pkinase_C -0.70
 Pkinase fn3 -0.53
“ Pkinase_Tyr SH3 1 -0.51
& Neur_chan_LBD Lig_;han -0.50
& lon_trans C2 -0.50
“Hormone_recep C1 1 -0.50
“pa50 Guanylate_cyc -0.46
K Trypsin HATPase_c -0.46
i Beta-lactamase |-set -0.44
“ Peptidase_C1 adh_short -0.39
& Carb_anhydrase PH - -0.39
oSN Ank -0.39
W Hist_deacetyl
::Zﬁ dase_M10 Metallophos 0.35
& Phospholip_A2_1 Phospholip_A2_1 0.38
& Metallophos Peptidase_M10 0.41
¥ Lipocalin Asp 0.45
HGST_N SNF 0.48
 PDEase._| Hist_deacetyl 0.48
i COesterase Carb_anhydrase 0.50
WY_phosphatase Peptidase_C1 0.51
& Transpeptidase Trypsin 0.51
“DHFR_1 Beta-lactamase 0.57
W PI3_Pl4_kinase p450 1.00
& Peptidase_M1 Hormone_recep 1.19
lon_trans 1.66
Neur_chan_LBD 2.02
Pkinase_Tyr 212
Pkinase 5.87
7tm_1 7.30

Kriiger and Overington, unpublished



Drug Approvals

ChEMBLdb 8 W
Google+ Facebook Tumblr ChEMBL-og Analytics Twitter Linkedin F1000 PubMed PubChem Wikipedia Campus Intranet Sciencev EBIv Computingvy Financev Travelv News (29)v Naturev >»

EMBL-EBI Help  Feedback
Databases Research Training Industry Site Index B
EBI > Databases > Small Molecules > ChEMBL Database > Home
ChEMBL : Search ChEMBLdb... | Compounds | Targets || Assays | actuiy Source Fiter
ChEMBLdb ChEMBLdb H Compound Search HProtein TargelSearchH Browse Targets H Browse Drugs H Drug Approvals
ChEMBL-NTD . . . i » ) .
The following table lists US Food and Drug Administration (FDA) drug approvals for New Molecular Entities (NMEs) in 2009, 2010, and 2011. Links
Kinase SARfari are to the corresponding Drug Approval Monographs on the ChEMBL-0g.
GPCR SARfari ‘ Browse Drug Approvals
DrugEBllity Generic Name Trade Names ATC Code Date of Approval Drug Monograph
ChEMBL Group Brentuximab Adcetris LO1XC12 19-Aug-2011 http://chembl.bl .com/2011/08/new-drug-approvals-2011-pt-xxv.html
Downloads
Vemurafenib Zelboraf LO1XE15 17-Aug-2011 http://chembl.bl .com/2011/08/new-drug-approvals-2011-pt-xxiv.html
Web Services
FAQ Ticagrelor Brilinta BO1AC24 20-Juk2011
ChEMBLdD Statistics S —
Maleate Arcapta RO3AC18 02-Juk-2011 http://chembl.bl .comy2011/07/new-drug-approvals-2011-pt-xxii. html
= DB: ChEMBL_11
Rl agoiei5.905 Rivaroxaban Xaretto BO1AX06 01-Juk-2011 hitp://chembl blogs pot.com/2011/07/new-drug-approvals-2011-pt-xxi.html
= Compound records:
IR0 :c05 hitp://chemblblogs pot.com/2011/06/new-drug-approvals-2011-pt-xx-azficek
o . Azficel T laViv Not Assigned 21-Jun-2011
= Distinct compounds: t.html
1,060,258
= Activities: 5,479,146 Belatacept Nulojix LO4AA28 15-Jun-2011 http://chembl.bl .comy2011/06/new-drug-approvals-2011-pt-xix.html
= Publications: 42,516
Ezogabine Potiga NO3AX21 10-Jun-2011 http://chembl.bl t.comv2011/06/new-drug-approvals-2011-pt-xviii.html
ChEMBL Blog
Fidaxomicin Dificid Not Assigned 27-May-2011 http://chembl.blogs pot.com/2011/06/new-drug-approvals-2011-pt-xvii.html

= PhD studentship
Available for Oct 2012

Intake Telaprevir Incivek Not Assigned 23-May-2011 http://chembl.bl .comy2011/05/new-drug-approvals-2011-pt-xvi.html
= ChEMBL Identifiers

Rilpivirine Edurant Not Assigned 20-May-2011 http://chembl.bl t.com/2011/05/new-drug-approvals-2011-pt-xv.html
Boceprevir Victrelis Not Assigned 13-May-2011 http://chembl.blogs pot.com/2011/05/new-drug-approvals-2011-pt-xiv.html
Linagliptin Tradjenta A10BHOS 02-May-2011 http://chembl.b t.comy2011/05/new-drug-approvals-2011-pt-xiii. html
EiNStanons 2ytiga Not Assigned 28-Apr-2011 http://chembl.blogs pot.com/2011/05/new-drug-approvals-2011-part-xihtml
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‘Annotation’ of the S. Mansoni Genome

nature Vol 460/16 July 2009|dol:10.1038/nature08160

ARTICLES

The genome of the blood fluke Schistosoma

.
m a n so n ' Table 1| S. mansoni genes that match a human gene with drugs
Gene identifier Protein description Potential drugs
Smp_005210 Histone deacetylase 1 (HDAC1) Vorinostat}
N . 3 ™ 4 o 5 . 5 . Smp_009030 R\bonucleosme -diphosphate reductase, o subunit, putative Fludarabine phosphate}
Matthew Berriman', Brian J. Haas™*, Philip T. LoVerde®, R. Alan Wilson®, Gary P. Dillon®, Gustavo C. Cerqueira®’*, Smp_012930 , putative Mycophenolate mofetilt, mycophenolic acidt, ribavirin
. 9,10 o . A1 i 12 4 . 1 Smp_015020 Na* K" 'ATPESE o subunit (SNaK1) Digoxint, digitoxin}, acetyldigitoxin§, deslanoside§
Susan T. Mashiyama ,jBlssan AI-Laznkan; , Luiza F. Andracge , Peter D. Aslr;ton + Martin A. Aslett’, y SMp.01E780*  Tubuin achain, putative V?"blgsé,,et'm,'ch;cine,, ineristinet
Daniella C. Bartholomeu™f, Gaelle Blandin”, Conor R. Caffrey”, Avril Coghlan™, Richard Coulson”, Tim A. Day'*, s 'C"B‘f;’gjji‘:eglf;g:"m putative B";‘;:g[g’“’
Art Delcher’, Ricardo DeMarco™'*'%, Appolinaire Djikeng®, Tina Eyre', John A. Gamble', Elodie Ghedin*, Yong Gu', Smp_030730*  Tubulin  chain, putative Colchicinet, '
. N . N . Itllhbdl, Ibi docetaxel!
Christiane Hertz-Fowler', Hirohisha Hirai'?, Yuriko Hirai'”, Robin Houston', Alasdair lvens't, David A. Johnston'*%, Smp.040130  Cyclophilin (p17.7) E?/f:lloassirmew‘la endazoled; vinorelbine}, docetaxe
3. 6.8 14 2 H 1 H 2 Tral2 3 2 Smp_040790 Cyclophilin B Cyclosporinet
Da'nlela Lace:rda f: Camila D. Macedo™, Paul McVelgh , Zemin Ning g GU|II‘1errne Ollvelra‘ , John P. Overington®, Sme044440  Aleohol detudrogenase, putative Fomeralet
Julian Parkhill’, Mihaela Pertea’, Raymond J. Pierce'?, Anna V. Protasio’, Michael A. Quail’, Smo.0ases0 l'.’é‘;'he?:Z'ﬁ'“é‘égf,.";fﬁ”f;f-si Auranofing
; . . 7 . X yde dehydr , putativ isulfir
Marie-Adéle Rajandream’, Jane Rogers'f, Mohammed Sajid®+, Steven L. Salzberg’*, Mario Stanke?’, Smp_053220  Aldo-keto reductase, putative Tolrestatt
. . . . an . . . r S 055890 Ribt leoside-diphosphate reduct: Il chain, putati Hydr t, itabi
Adrian R. Tivey', Owen White't, David L. Wl!'lamSZl"', Jennifer Wortman®f, Wenjie Wt;‘T,SMostafa Zamanian'?, SMP-065120  Deoxyhypusine synthace, putative Crironyureat, gemeltabine
i1l 2 " H 1 tH ! V6,7, Smp_069160 Cyclophilin, putative Cyclosporinet
Adhemar Zerlotini cla"e M. Fraser nggett f‘ Barday G. Barrell' & Na"b M. El SaYEd Smp_079230  Immunophilin FK506 binding protein FKBP12, putative Pimecrolimust, temsirolimust, sirolimus}, tacrolimus}
Smp_093280 Histone Q_eacetylase 3 (HDAC3) \/orincslaq
Schist i is responsible for the neglected tropical disease schistosomiasis that affects 210 million people in 76 P tar s Aol ) Cyclosporinat ) v -
A mp_121920  Vesicular amine transporter, putative Rauwolfia serpentinaf, reserpinez,
countries. Here we present analysis of the 363 megabase nuclear genome of the blood fluke. It encodes at least 11,809 genes, Smp_135460  Bifunctional dihydrofolate reductase-thymidylate synthase, putative t, inet, idinet, capecitabi il
. . : 2 2 a8 s 12 s : ;o Smp_136300  Tyrosine kinase 5 Dasatinib}
with an unusual intron size distribution, and new families of micro-exon genes that ym.iergo.frequent alternat.lve spllcmg.'As Smp147050  ATP synthase s subunit vacuolar, putative Thudronates
the first sequenced flatworm, and a representative of the Lophotrochozoa, it offers insights into early events in the evolution Smp_171580  Aromatic amino acid decarboxylase, putative Carbidopaf
of the animals, including the devel of a body pattern with bilateral try, and the devel t of tissues into e T UL Cyclosporinet
e r pa N 7 ty, and B 4= ot " Gene identifier is the genome project systematic name for each gene. It corresponds to the locus tag in the DDBJ/EMBL/GenBank record and to the main accession numbers for GeneDB
organs. Our analysis has been informed by the need to find new drug targets. The deficits in lipid metabolism that make *There are several copies of tubulin (alpha, Smp_027920, Smp_090120 and Smp_103140; beta, Smp_192110, Smp_079960, Smp_079970, Smp_078040 and Smp_035760).
" aee oo | . 2 . N The potential drugs are classified according to the confidence with which the efficacy of the drug in human can be attributed to the target.
schistosomes dependent on the host are revealed, and the identification of receptors, ion and more than Direct and clear evidence that this interactions primariy responsibe for the therapeatic acton of the drug.
300 proteases provide new insights into the biology of the life cycle and new targets. Bioinformatics approaches have rect o fared evdence of the assocition of i e, 1rges o rrapautc ek, s i et rocharia s ol specaive

chemogenomic screen has pinpointed schistosome proteins for which existing drugs

nam re mant and radcaton ofthis important and reglected dsease, Map established intervention points

scase that ranks with  passtothegutlumen and are voided in the facces, or travel to the liver

of morbidity affecting  where they trigger immune-mediated granuloma formation and 1

ries, despite strenuous  peri-portal fibrosis®. Approximately 280,000 deaths per annum are O n a S I S O n OW n p a rl I l a CO Og y

the genus Schi attributable to schi iasis in sub-Saharan Africa alonc’.

occy and have complex  However, the disease is better known for its chronicity and debilitat- . . .
distinct phenotypesin  ing morbidity*. A single drug, praziquantel, is almost exclusively used I I I d I h ' I l t

s. Schistosoma mansoni,  to treat the infection but this does not prevent reinfection, and with e I C I n a C e I S

curs across much of  the large-scale control programmes in place, there is concern about

SCH' Brazil, Venezuela and  thedevelop of drug resistance. Indeed, resistance can be selected
dwell in the human  for in the laboratory and there are reports of increased drug tolerance

G NO G testinal wall that either  in the field”.

Wikt gerome cogmen a0 Bglaciin

Trus:t Genome Campus, Hinxton, Cambridge C810 15D, UK. *The Institute for Genomic
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Errors/Differences in Published Bioactivities

Kriiger and Overington, unpublished

Global mapping of small molecule binding to
homologous proteins

fkrueger@ebi.ac.uk

Felix A. Kruger, John P. Overington
European Bioinfomatics Institute, Wellcome Trust Genome Campus, CBI0 1SD, UK

Wo greseat a liepe scale ssady of small molecule bindiag
%o relaled protein targets, Pharmacological data sad
homology infoemation was intograted and small molecele
biading to protein tarpets was compared for pairs of
Buman ot arthologs, Our resslts indicate that small
molocule binditg betweea the hurman and =t species is
lJargely conserved, but sot entirely. Proscins exhibiting
differeat pharmacology in the two species were dessified
wsing satistical testing. A homology meodel of the 12
Histardne H3 receptor was wed 0 elucidate the
moleculsr mechanam waderlying Sus species spacific 10
phasmacology

Our soudy of the robustness of small molecule bindiag
across  speckes  confirms & longeandaeg  critical
assumgtion In e field of medicinal and huological '{e
chemistry - that of the utility of model organisms 10 stady
human biokgy

rat and haman

Mach of the &fforesce obsorved whan comparing bindeg affinities for human sed et
ety bs due 10 high nolse Jevels in the dota. The measuroments we compare in (his study
are agprogased from e literstare and have baen taken at diffosent times o difforent sy
sysems and differont laborssocies. To control %o this variation, we comparnd measuromons
takon for identical targets and ligands. To reflect the composition of the duman ws. 1
distndution, we randomly selected 1500 pens of meavsremonts taken againet human
protees and 1500 meavarements taken againet rat proteins. The rowalting distribiton o

Ploted balow
Mdentical targots

The dgh simillarity between the distridetion of
dafferences observed for identical targets and 05
the same Gstribution for orthologs suggess
that small molecule binding between the 04
Buman and 1 species s glodally conserved.
Both dswibutions cas quite sccurmiely be 03
descrded by 2 Laplace dstibatke, with &
poﬁmﬂpaumﬂ.au 0and 2 scale parameser 02
=13

[ -
Do

a1

1
/(xl=;apl
4 -4 -2 b 2 4 8
dotalsK,
We used large scale data integration %o show that small molecule bindag is ghodally comserved
between human and 1t octhologs. Using the diswribution of ster-assay differences &5 a conesol,
we were able to identify paies of targets which do 2ot follow e global rule of conserved
ology, amorg them the HRHS. For this receptor, we propose at 2 substiton from
Threcain 1o Alanin between the humas and rat receptor s the cause of specses specific
pharmacology.

Using the ChEMEL duta base [ 1], differences in binding affinity have been compared between
orthologs. Pars of bumas to rat crthokogs were identified using the Compen

Gene Tree (2] and the Exsembd desa base (3]

A shows fhe raw data and B the aggregate affisaty of all compounds tested aguinst & given pair e C

of octhologs. C shows the distnbution of differences.

Distribution of sffiraty
differences.

Human o rat orthologs te

2 2 4 6 8 10 12
SHT tranporeer Maamine M43 recopen

oK Human
| Spec ic pharmacology of HRH:

Using Mute-Whitsey U tests, wo identified 14 pirs of buman %o 1t ordologs for which
distriations of cbserved differences in small molecule Mading wero sigsficaly & flerom
from $e observed intee-assry varistions. For some of the hwed tarpets, wo found further
evidence for species specific phasmacology in the Maerature, most prominestly the Histaeine
Y recoptor (HRIEY), We used available strectures of Gpeotein couplod [4) md he
MODELLER softwaee [£] 10 creste o homology model of the HRID and analysed residues
nenr the Mading site of Doxepin (s Ngnnd was tnken from the erystnl structre of the closest
homolog, HRIE) to get an iden of the moloowlar mochanism underlying the spocies specific
pharmacology of the human and rat HRIIY Between the Suman wed rat recepior, we sdertifled
& sebstinution Thel19Als in ®e fourth wansmembraze helix, which is ~3 A from % ligand and
likely the cause of the observed diffesences.
of bomology models of the human (green) and

rat (rod) HRHI are shown below. A shows the full receptor A
and highlghts the overlap of the ransmembraze delices, the
calculmned RMSE between the two models s 109 A B
highlights the Theconine residue at position 119 in e homan
recepion, which is sebstitutod for s Alanine i the ™
recepioe I proximity to the superposed ligesd Doxepin
sugpests it plays a crucial role in ligand binding. We peoposo
this s why ca average, small molecdies bind the homan
recopior with 0.5 Jog wmits highor affinity C shows the
distrivbution of observed differencos for HRHD ligands
(yellow) compared to all imteractions retrieved from
ChEMBL

[£] CLEMBL versicn 10, #¢3.abt pub
chenbl_10
[21 A1 Viketa, 1 Severin, A. Ureta- Vical, et al.. 'hmru-m- GeneTrees: Compiete, duplicationsware
flepenctic trees in. verissraie”, Gevome Rex. 19, pp 327435, 2000

[3] Emer=hl venvio §4, hetp: / /may203
4] for fell references aze PDB caries 1,2,
5] Sali A Poorenoe L._ Yusn F. Evalation of cocrgurative prosein modeling by MODELLER. Pyeseios 23,
PRAIEI2E 1995

archive.enseabl.org




Targets of Launched Drugs

Nat. Rev. Drug Disc., 5, pp. 993-996 (20006)
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ChEMBL REST Web Services

« Examples
 https://www.ebi.ac.uk/chemblws/compounds/CHEMBL 1

 https://www.ebi.ac.uk/chemblws/compounds/
stdinchikey/QFFGLORLPOAEC-SNVBAGLBSA-N

 Documentation
 https://www.ebi.ac.uk/chembldb/index.php/ws

» Currently testing search based Web Services
- Keyword-based searches across the database

* BLAST searches (find similar targets)
» Chemical structure searches (find similar compounds)



Kinase Inhibitors in Clinical Development

Targets of Protein Kinase Inhibitors
B Known structure I Unknown structure
Masitinib
Linifanib
Axitinib
Motesanib
Tivozanib
Cediranib
Vandetanib
Afatanib
oioarm etz @R e Brivanib
AUR ® CDK ® FGFR ® MET . . .
® MEK  © ABLY JAK ® Chk Brivanib alaninate
A
@ PLK1 SYK CSF1R @ DDR1 BMS-907351
® NRKI O POPKI & ALK B CEP-1437
® coc7 ® CFF o FMS ® GSK3b ..
® HERG  ® KDR  ® MAPKAPKS ® MLK3 Lestaurtinib
PIM ® PKA ® RON ® TEC
® TGFRb @ TRK YES Canertinib
Tasocitinib
80 -
Alvocidib
o Enzastaurin
Nilotinib ) .
o Ruboxistaurin
60 Gefitinib Linsitinib
Sorafenib Crizotinib
Dasatinib Dacomitinib

Lapatinib Bosutinib
40 - ' '
o Vatalanib
Erlotinib Semaxanib
Imatinib
20 Sunitinib
Fasudil
e
Launched Phase 3 Phase 2 Phase 1

Total of 329 clinical phase kinase inhibitors — August 2011



Pharma Industry Productivity

Compound file registration index vs USAN date
800,000y

700,000t

USAN assignment typically at
positive results in phase 2b —
‘intent to commercialise’
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Overall p of a USAN being launched is ~0.22
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Visualisation of Ligand Efficiency Space

Adenosine Al receptor

Adenosine A2a receptor

Adenosine A3 receptor

Alpha-1a adrenergic receptor

Alpha-1d adrenergic receptor

Coagulation factor X

GABA receptor beta-3 subunit

Integrin beta-3

Thrombin
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The ChEMBL-og - Open Data For Drug Discovery: ChEMBL Identifiers
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ChEMBL Identifiers

ChEMBL & ¢

A few notes about the use and format of identifiers in ChEMBL:

Each of the major entity types within ChREMBL (documents, assays, compounds and targets) are
assigned unique ChEMBL identifiers, which take the form of a ‘CHEMBL' prefix followed immediately
by an integer (e.g., CHEMBL25 is the compound aspirin, CHEMBL210 is the human beta-2 adrenergic
receptor "target"). There is no distinction between the format of the identifier for different types of
entities, but a given ChEMBL identifier will only ever be assigned to a single entity (i.e., CHEMBL25 will
only ever be used for the compound aspirin and never for an assay, document or target). A lookup table
is provided in the database, to resolve which identifiers correspond to which entity types.

ChEMBL identifiers are stable with respect to the entities they represent. For compounds (with
known/defined structures), ChEMBL identifiers represent distinct compound structures, as defined by
the standard InChl, e.g., CHEMBL25 represents: InChl=1S/C9H804/c1-6(10)13-8-5-3-2-4-
7(8)9(11)12/h2-5H,1H3,(H,11,12). Therefore, two compounds reported in different papers but having the
same standard InChl will be assigned the same ChEMBL ID.

SUBSCRIBE TO THE CHEMBL-0G
Posts v

Comments v ¢

ABOUT CHEMBL
®e

This informal blog (the ChEMBL-0g)
covers the activity and interests of
the Computational Chemical Biology
Group at the EMBL-EBI in Hinxton.
Our interests cover Drug Discovery,
Computational Chemical Biology,
Chemogenomics, Chemoinformatics,
Bioinformatics, Structural Biology,
Open Data, Knowledge Management,
and Data Integration and include...
o ChEMBLdD - a drug discovery
database (previously known as
StARlite, CandiStore and
DrugStore). Data-mining/KDD
approaches designed to improve
drug discovery efficiency.
« SARfari - a sequence, structure,
SAR integration platform.




