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Lowering industry firewalls: pre-competitive informatics in drug discovery

Nature Reviews Drug Discovery (2009) 8, 701-708 doi:10.1038/nrd2944
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The Innovative Medicines

Initiative The Open PHACTS Project
* EC funded public-private « Create a semantic integration hub (“Open
partnership for Pharmacological Space”)...

pharmaceutical research
 Focus on key problems
— Efficacy, Safety,

» Delivering services to support drug discovery
programs in pharma and public domain

Education & Training, * Leading academics in semantics, pharmacology
Knowledge and informatics
Management

* Driven by solid industry business requirements

5 billion Eure « 23 academic partners, 8 pharmaceutical

/> companies, 3 biotechs
Partnership

efpia

Private

The Project
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Question
All oxidoreductase inhibitors active <100nM in both human and mouse

Given compound X, what is its predicted secondary pharmacology? What are the on and
off target safety concerns for a compound? What is the evidence and how reliable is that
evidence (journal impact factor, KOL) for findings associated with a compound?

Given a target find me all actives against that target. Find/predict polypharmacology of actives.
Determine ADMET profile of actives.

For a given interaction profile, give me compounds similar to it.

The current Factor Xa lead series is characterised by substructure X. Retrieve all bioactivity data
in serine protease assays for molecules that contain substructure X.

Retrieve all experimental and clinical data for a given list of compounds defined by their chemical
structure (with options to match stereochemistry or not).

A project is considering Protein Kinase C Alpha (PRKCA) as a target. What are all the
compounds known to modulate the target directly? What are the compounds that may modulate
the target directly? i.e. return all cmpds active in assays where the resolution is at least at the
level of the target family (i.e. PKC) both from structured assay databases and the literature.
Give me all active compounds on a given target with the relevant assay data

Give me the compound(s) which hit most specifically the multiple targets in a given pathway
(disease)

Identify all known protein-protein interaction inhibitors

... paper coming very soon in DDT
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Semantic web technologies

Resource Description Framework - standard for
representation of semantic web data as triples:

Subject Predicate Object

e.g., Gleevec hasBiologicalRole Tyrosine kinase inhibitor

Ontologies — formal representation of concepts:

e.g., CHEBI:24432 ‘biological role’
CHEBI:38637 ‘tyrosine kinase inhibitor’
CHEBI:38637 is a CHEBI:37699 ‘protein kinase inhibitor’
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Chemistry Registration

« ChemSpider Validation and Standardization Platform (CVSP)
developed:

» Validation of structures to be registered
 |dentification of incorrectly specified stereochemistry
* Incorrect valence on atoms
* Unrecognised atom types etc

» Rule set developed for standardisation of structures
 FDA rule set as basis (GSK lead)
» Also incorporates InChl rules

» Validated and standardised structures are assigned an Open PHACTS
identifier (OPS ID)
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Quantitative Data Challenges

STANDARD TYPE UNIT COUNT

AC50 7
Activity 421 | STANDARD TYPE
EC50 39
IC50 46 | IC50
ID50 42 | IC50
Ki 23 | IC50
Log IC50 4 IC50
Log Ki 7 IC50
Potency 11 | IC50
log IC50 0 IC50
IC50
IC50
IC50

STANDARD UNITS

nM
ug.mL-1

ug/ml

ug ml-1

mg kg-1
molar ratio
ug

o

[e]

uM well-1

829448
41000
38521

2038
509
295
178
117
113

52

Implemented using the Quantities, Dimension, Units, Types
Ontology (http://www.qudt.org/)
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Cache - Current Content

Source Initial Records Triples Properties
Chembl 1,091,462 cpds 146,079,194 17 cpds
8845 targets 13 targets
DrugBank 14,000 drugs 517,584 74
5000 targets
UniProt 536,789 156,569,764 78
ENZYME 6,187 73,838 2
ChEBI 35,584 905,189 2
GO/GOA 38,137 24, 574,774 42
ChemSpider/ACD 1,194,437 161,336,857 22 ACD, 4 CS
ConceptWiki 2,828,966 3,739,884 1
WikiPathways NEW

AERS NEW
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Andy Law's Third Law

“The number of unique identifiers assigned to an individual is never less
than the number of Institutions involved in the study”... and is frequently
many, many more.

HELLO
my name is

Let the IMS take the strain....

http://bioinformatics.roslin.ac.uk/lawslaws.html
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What Is Gleevec?

N

ChemSpider

The free chemical database

About More Searches Web APIs

Gleevec

ChemSpider ID
Molecular For
Average mass:
Monoisotopic
w Systematic
4-[(4-Methyl-1-

ChemSpider

H Hy
g gj

Imatinib

CH
LG
J\/
NH NH °N /|
0
N
[l N

HiO—5—OH
0O

Mesylate

Structure

o
o

(;J

Display: 2D Structure | 3D Structure

Download: MOL | SDF | SMILES | InChl

Synonyms

« Imatinib Mesylate
«+ Imatinib Methansulfonate
« STI-571

Brand names

» Gleevec
« Glivec

Drugbank

MBI,

Imatinib; 152459-85-5; sti-571 ...

MW: 493.602740 g/mol MF: CpgH34N,0
IUPAC name: 4-[(4-methylpiperazin-1-yl)meth
Active in 205 BioAssays  Tested in 1376 Bio.
CID: 5291

Similar Compounds
(MeSH Keyword)

Same Parent, Connecti

Imatinib mesylate; Gleevec: Glivec ...
MW: 589.708400 g/mol MF: C3qH35N70,4S
IUPAC name: methanesulfonic acid; 4-[(4-me
Active in 35 BioAssays Tested in 679 Bio
CID: 123596
Similar Compounds
(MeSH Keyword)

Same Parent, Connecti

PubChem



Open PHACTS

W Open Pharmacological Space

Dynamic Equality

Strict Relaxed
i
Analysing Browsing

chemspider:gleevec drugbank:gleevec

LinkSet#1 {
chemspider:gleevec hasParent imatinib ...
drugbank:gleevec exactMatch imatinib ...

}
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Advanced analytics

ChemBioNavigator Navigating at the interface of chemical and
biological data with sorting and plotting options

TargetDossier Interconnecting Open PHACTS with multiple
target centric services. Exploring target similarity
using diverse criteria

PharmaTrek Interactive Polypharmacology space of
experimental annotations
UTOPIA Semantic enrichment of scientific PDFs
Predictions
GARFIELD Prediction of target pharmacology based on the

Similar Ensemble Approach

eTOX connector Automatic extraction of data for building
predictive toxicology models in eTOX project



l Open PHACTS
‘L Open Pharmacological Space

l‘ Open PHACTS Explorer
\ .

||| Target by name *|
Navigation (=) Hint: Start typing in protein name and species. E.g. "Adenosine receptor A2a (Homo sapiens)"
1> (2] Compound Target name: ‘ Mitogen-activated protein kinase 14 (Homo sapiens) Search Provenance: ) On @ Off
» (] Target
1> (] Pharmacology T
Hint: Type in protein name and species. E.g. "ADA protein human" and select a result
Protein name: [Admosine receptor A3 (Homo sapiens) Search...
© Filter Provenance: ©Oon @of ©
by rch results - Total Records: 7887
B) Prepare tsv file
Structure Compound Name Target Name Target Organism Assay Organism  Assay Description Activity Type  Relation ~ Value Units Mol Weight SMILES InChi
1
Displacement of specific
. methyl)-N-(2- . 125TJAB-MECA binding at
o xnw'fﬂ;".ﬁmﬂi E Adenosine receptor A3 (Homo Homo sapiens ,[“m]:amme' Peihs K 83 oM 393441 O=C(NCclcceee..  InChI=1S/
" clquinolin-4-yl)- sapiens) receptor expressed in CHO
cells
2
~CHs
j\‘ (@,@ Displacement of
H 1-{2-{furan-2-y1)-7H-pyrazolo[4,3- ) 3H]MRE3008-F20 f
e ,,{,},:;;i";,jf[,,;{;‘;‘-"m?ﬁi,f Adenosine receptor A3 (Homo Homo sapiens Homo sapiens .[w,,].a,\ adenosine Af-f " K 0.14 M 390.356 COcteee(cct)N...  InChI=15/C
T sy 3-a-methoophenyliurea  S2PIENS) receptor expressed in CHO
H " cells; range 0.08-0.27
3
CH,
LQO Percent reversal of 100 nM
H 1-[2-{furan-2-y1)-7H- lo[4,3- X 1B-MECA-inhibited CAMP
Py e]{lj,‘;jf,’i;z;"'f[,,k"{:ﬁ,.?gi,f Adenosine receptor A3 (Homo Homo sapiens Homo sapiens wumu,,{?o,'. inCHOcells  Inhibition L % 390.356 COctece(cet)N...  InChI=1S/C]
IO 5yl]-3-(4-methoxyphenyljurea  S2PIENs) expressing human A3
g adenosine receptor at 1 uM
Feedback [+] 7
T ——————— Lo
Inhibition of CAMP
H 1-[2-{furan-2-y1)-7H-pyrazolo[4 ) o
"J\N, y e]%l},:;:n':zjo}u,st%-"m?g;,;} Menos‘)m receptor A3 (Homo Homo sapi Homo sapi ot mCP:)Jm"S 1C50 18 M 390.356 COcteec(cct)N...  InChI=1S/C
N " sapiens; expressing human
m{\j‘* J SAF3-{4-methaxyphenyl)ures adenosine receptor
5

explorer.openphacts.org
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PharmaTrek

HRRIRIRWAITREK s

TARGETS Q=
p38 alpha homo E You have 1 targets selected
Mitogen-activated protein kinase Mitogen-activated protein kinase 14
14 (Homo sapiens) (Homo sapiens)
Amino Acid, Peptide, or Protein Amino Acid, Peptide, or Protein

Tla)r hod N S B

alpha thalassemia/mental
retardation syndrome X-linked
homolog (human) protein, mouse

Amino Acid, Peptide, or Protein

(Tl&]7

35 TARGETS

546 MOLECULES

Min annotation [8.00]
Max annotation [10.41]

| E E [] connect

LIGANDS A

] 2(1H) 5-(2-chloro-4 phenyl)-1-(2,6-
. ) dichlorophenyl)-3,4-dihydro-7-(4-piperidinyl)-
X0

(Tl&]+ 7

@ 2(1H) 5-(2-chloro-4-fluorophenyl)-1-(2,6-
o dichlorophenyl)-3,4-dihydro-7-(4-piperidinyloxy)-

-JI‘

(Tl&]+ 7

[] 2(1H)-quinazolinone, 5-(2-chlorophenyl)-1-(2,6-
'©~ +*  dichlorophenyl)-3,4-dihydro-7-(1-piperazinylmethyl)-
Y

V] Expand target space

(] ]
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Utopia

Utopia Documents - pcbi.1000976 1..16

acetolactate

v W‘ 2-acetolactate mutase

2-acetolactate mutase
In enzymology, a 2-acetolactate mutase is an
enzyme that catalyzes the chemical reaction 2-
acetolactate
<math>\rightleftharpoons </math> 3-
hydroxy-3-methyl-2-oxobutanoate Hence, this
enzyme has one substrate, 2-acetolactate, and
one product, 3-hydroxy-3-methyl-2-
oxobutanoate. This enzyme belongs to the
family of isomerases, specifically those
intramolecular transferases transferring other
groups. The systematic name of this enzyme
class is 2-acetolactate methylmutase.

View Wikipedia web page...

Total Number of
Intended Targets Connedtions

Connected Mtb proteins with Saived
tures

Faincic acd mospace RR, f & 7, (Hioic add recepice 200 o bpoc opias estk, b irh A peX

A 4 W‘ Acetolactate decarboxylase

5 87182, dilr arinic add el promin 182 R, TRRE, ecApac, puei, R 1264, KT BT6.
e TRERp R, Syicic hormoes 19CapEce x & B, s 63 R, bi0D, b, 6T, G LD, KE, FpA oA
bincing globudin, s aylin homoiog, saum Jbusin A, V1264, RGN, socAl, K. Acetolactate decarboxylase

e Dl 0B Wz, sonm b 4 WGE, arcF, cmaA2, o121, /PS5 . Ipc, mmaAd, In enzymology, an acetolactate decarboxylase is
panc. IS % TET 7 e an enzyme that catalyzes the chemical reaction
Evadicl Es0gen racepror £ WGE, BpRD, 12, oyt IBA, mcl, phe, (S)-2-hydroxy-2-methyl-3-oxobutanoate
64 MAST, ayc <math>\rightleftharpoons</math> (R)-2-
Ramph ONAdnG BNA poymars bew chaln, OphIn suclea g A, Ipdd, IppX, medt, pRE, RAEE. acetoin + CO2 Hence, this enzyme has one

recaptce PR, mdkichug (assance peoiin |

substrate, (S)-2-hydroxy-2-methyl-3-

s L, R 5 PX ple, plek, 1264, oxobutanoate, and two products, (R)-2-acetoin
e e S T ireCo2 T chavme ot the iy
Raoxtens Es2 n L B 22 deaD. nhA, mix . PICA| R1264, y "

e S e e, oA 1.;2““ preapes cleave carbon-carbon bonds.

Aeptet Sarum abumin, Gae aminckuny eI mOIpT abuk 24 5P, GBI tahA. X N

aph ), farty add amide by ke View Wikipedia web page.
e HIV.) prosarsa, Gag-Fol polypronsia n Al
Raceaie VA protaase 2
e HIV.) prosansa, Gag-Fol polypronsin n
Lopienie HIV.1 procanza Gag-Fol poypromin, prowze n TpA, B gkt 1A ACETOLACTSYNI-CPLX
Focidtavics Capuxa-1, 1 Kape i V.M rgiom GOL 0 GoEL, KA, rah, B 64, BU76
i V1 procaase m fabh, phos, see1. ACETOLACTSYNI-CPLX
T it migees of e s 30 v 5 e 2 v M1 I 1 WAL ey 0 commactad in o moawc: Th gmes a1 e st i the Bifunctional acetohydroxybutanoate synthase /
s o tha, dosa

acetolactate synthase {IlvB/N) carries out both
the first step in valine biosynthesis and the
second step in isoleucine biosynthesis. The
syndhase 1T}, panC (mntate—betaalanine ligase) and serAl (- drugs, while the protein kinases and palyrenyldiphosphate/ IIvB/N protein complex catalyzes the conversion
3-phaphoghcerate dehydragenase). Amanadine has connections  pohyrenyl synthases bind human p of pn/ruvale and oxobutanoate into 2-aceto-2-
10 homology modeks only and so was excluded from this study.  famesykdiphaphate synthase mhiitars, respectively. Although y-buty and the c of

AlMhough kpimavir may not inhbit any essential ln(u halic this result is not surprising, the fact that similar drugs and similar pyruva(e into 2-acetolactate. Both reactions
proteins, same of the prowins that s further valiation of the generate carbon dioxide as a product |CITS:
[4608700](370104](7009323](6181375](3011751]
[16326011]|. This enzyme has a wide substrate
range in vitro |CITS: [15558598]/. This
bifunctional enzyme is a tetramer comprising
two IIvB subunits and two IlvN subunits. Its
apparent molecular weight rises above the
expected weight for this configuration when
pyruvate is added in vitro |CITS: [6360995]|. The
IlvB large subunit can catalyze the reaction in
isolation and is not inhibited by valine in the
manner of the holoenzyme. However the Vmax
for the reaction ac catalvzed hv onl IR ic

I T

woos [19]]

Noplightad in bolc. Note hat cely o ol Goenecions are et e
408 101371 s ik s 1 00063004

synthase), asd

{E13 (acyhCoA dely-
dnsporter), all of which are
fahibitors. There is a major
muliple gene knockouts and therd ltube rcubasis in sub-Saharan
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Workflow Tools

KNIME

R TN

Q¢ o) =4 E00DOQF o0

] S Relation [ S ¥ Target

Serine /threonine-protein kinase PLK4

MAP kinase signal-integrating kinase 2

HCT-116 (Colon carcinoma cells)

Ephrin type-B receptor 1

Dual specificity mitogen-activated protein kinase kin.
Cyclin-dependent kinase S

it to start otherwise!]

ﬂ Node Repository =0 l
=l <l

N
mamoars

AWorkﬂow Projeaswa Node Description‘ = O A 0: KNIME_project [A *0: OPS_Pharmacolo File Hilite Navigation View Output E—
@ | . v | S Name [ S Inchi | S Activity | S Units
v [ KNIME_project ..Sorafenib  MLDQJTXFUGDVEO-UHFFFAOYSA... 3400 nM =
[ Column Filter (#27) ..Sorafenib  MLDQJTXFUGDVEO-UHFFFAOYSA... 250 nM =
[ Column Rename (#30) ..Sorafenib  MLDQJTXFUGDVEO-UHFFFAOYSA... 5.4 um =
[ File Reader (#3) ..Sorafenib  MLDQJTXFUGDVEO-UHFFFAOYSA... 1700 nM =
[J Interactive Table (#19) ..Sorafenib  MLDQJTXFUGDVEO-UHFFFAQOYSA... 3300 nMm =
[ Java Snippet (#1) | .- Sorafenib  MLDQITXFUGDVEO-UHFFFAOYSA... 6200 nM =
[ Java Snippet (#25)
[ Java Snippet (#28)
[ JsonArray_2_Rows (#26) File Reader JavaSnippet  Get Name and Inchi G : Ac
[ Split Collection Column (#29)
» A 0ps_pharmacology E £>| 3 > DE DE Dﬁ ’l >
9 Name & Inchi Grabber  Now turn the activity ~ For each activity row,
Simply gets the URL Fetch JSON JSON into rows extract the columns Tidy Up Remove
[1 dont know how to get from web we want Processing

Columns Now

2 _Obtain compound

2 Map compound
chemspider link to
conosptwiki uri

1.Substructure
search ang retrieve
chemspicer link

cicsctivity dsts for serine
orotesse only

pharmacology information. Join
with dsta(enzyme class) to gat

Substructure magp

syostructura
input

Join Dats
frormm Cache

compound
chamspicear pharmacoloc
link to con =3

Kaao

sEsrch Froparties

=9
Node 31

HTML
Tacle
Viewsr
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Becoming part of the Open PHACTS Foundation

A UK-based not-for-profit

member owned company
Members

membership offers early access to platform updates and releases
the opportunity to steer research and development directions
receive technical support

work with the ecosystem of developers and semantic data integrators
around Open PHACTS

tiered membership
familiar business and governance model
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Access to a wide range of interconnected data — easily jump between pharmacology, chemistry,
disease, pathways and other databases without having to perform complex mapping operations

Query by data type, not by data source (“Protein Information” not “Uniprot Information)

API queries that seamlessly connect data (for instance the Pharmacology query draws data from
Chembl, ChemSpider, ConceptWiki and Drugbank)

Strong chemistry representation — all chemicals reprocessed via Open PHACTS chemical registry to
ensure consistency across databases

Built using open community standards, not an ad-hoc solution. Developed in conjuction with 8
major pharma (so your app will speak their language!)

Simple, flexible data-joining (join compound data ignoring salt forms, join protein data ignoring
species)
Provenance everywhere — every single data point tagged with source, version, author, etc

Nanopublication-enabled. Access to a rich dataset of established and emerging biomedical
“assertions”

Professionally Hosted (Continually Monitored)

Developer-friendly JSON/XML methods. Consistent API for multiple services
Seamless data upgrades. We manage updates so you don’t have to
Community-curation tools to enhance and correct content

Access to a rich application network (many different App builders)

Toolkits to support many different languages, workflow engines and user applications
Private and secure, suitable for confidential analyses

Active & still growing through a unique public-private partnership
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Pfizer Limited — Coordinator

Universitiat Wien — Managing entity

Technical University of Denmark

University of Hamburg, Center for Bioinformatics
BioSolvelT GmBH

Consorci Mar Parc de Salut de Barcelona
Leiden University Medical Centre

Royal Society of Chemistry

Vrije Universiteit Amsterdam

<L universitat
—wien
i
L2 1 Universitit Hamburg

janssen | EMBL-EBI i

RSC e icences

AV

connecteddis

Spanish National Cancer Research Centre
University of Manchester

Maastricht University

Agnowledge

University of Santiago de Compostela
Rheinische Friedrich-Wilhelms-Universitat Bonn
AstraZeneca

GlaxoSmithKline
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universitétbonnl

Novartis

Merck Serono

H. Lundbeck A/S

Eli Lilly

Netherlands Bioinformatics Centre
Swiss Institute of Bioinformatics
ConnectedDiscovery

EMBL-European Bioinformatics Institute

Janssen
OpenLink
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