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Figure 1: The decline in R&D productivity
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Pre-competitive Informatics:

Pharma are all accessing, processing, storing & re-processing external research data

Repeat @
each
company

Literature  Genbank
Patents PubChem Databases X

. : Firewalled Databases
Data Integration Data Analysis

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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Over the last decade

« Data has become more open
« Data has become better represented (Standards)
« Major providers are becoming more organised (NCBI, EBI, FDA)

BUT

Integration across sources, and across providers Is
still a gap
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The Innovative Medicines Initiative

* EC funded public- The Open PHACTS Project
private partnership for « Create a semantic integration hub (“Open
pharmaceutical Pharmacological Space”)...
research * Runs 2011-2014, ENSO till 2016

Deliver services to support on-going drug

* Focus on key problems discovery programs in pharma and public domain

— Efficacy, Safety, * Leading academics in semantics, pharmacology
Education & and informatics, driven by solid industry business
Training, requirements
Knowledge « 31 academic partners, 9 pharmaceutical
Management companies, 3 software SMEs

« Work split into clusters:
« Technical Build
« Scientific Drive
« Community & Sustainability

,,,,—'7

2 billion Euro
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Open PHACTS Mission:

Integrate Multiple Research
Biomedical Data Resources
Into A Single Open & Free
Access Point
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Business Question Driven Approach

Number sum Nr of 1
15 12 9

18

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.

Drug Discovery Today

Volume 18, Issues 17-18, Seplember 2013, Pages 843-852

t]‘\l"\]I]'-’.

! Review

Scientific competency questions as the basis for semantically
eyl enriched open pharmacological space development

CICNNIR  Kamal Azzaoui!, Edgar Jacoby', Stefan Senger?, Emiliano Cuadrado Rodriguez3, Mabel Loza®, Barbara
(CISEEEOM  Zdrazil‘, Marta Pinto®, Antony J. Williams3, Victor de la TorreS, Jordi Mestres”, Manuel Pastor?, Olivier
[oISpI\RUN Taboureau®, Matthias Rarey®, Christine Chichester'®, Steve Pettifer'!, Niklas Blomberg'? 2, Lee
Harland™?, Bryn Williams-Jones'?, Gerhard F. Ecker®: & &
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The Open PHACTS Discovery Platform

Cloud-Based
“Production” Level
System. Secure & Private

 Guided By Business
Questions

« Uses Semantic Web
Technology But provides
a simple REST-ful API for
everyone else

Drug Discovery Today

Volume 18, Issues 17-18, September 2013, Pages 843-852

o i
ELSEVIER

Review
Scientific competency questions as the basis for semantically

enriched open pharmacological space development

Kamal Azzaoui', Edgar Jacoby'¢, Stefan Senger?, Emiliano Cuadrado Rodriguez®, Mabel Loza?,
Barbara Zdrazil*, Marta Pinto*, Antony J. Williams?®, Victor de la Torre®, Jordi Mestres’, Manuel
Pastor’, Olivier Taboureau®, Matthias Rarey?, Christine Chichester'?, Steve Pettifer!, Niklas
Blomberg'? 2, Lee Harland'®, Bryn Williams-Jones'3, Gerhard F. Ecker* d . &

http://dx.doi.org/10.1016/j.drudis.2013.05.008

Web Semantics: Science, Services and -
Agents on the World Wide Web S~

Available online 8 April 2014

U_\F \H R

In Press, Accepted Manuscript — Note to users

API-centric Linked data integration: The open PHACTS discovery
platform case study

Paul Groth® & &4 & Antonis Loizou?, Alasdair J.G. Gray?, Carale Gobleb, Lee Harland®, Steve
Petifer® http://dx.doi.org/10.1016/j.websem.2014.03.003
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STANDARDS PROUFERATE:

(565 AJC CHARGERS, CHARACTER ENCODINGS, |N STANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

17! RIDICULOUS] [Scon:]
WE NEED To DEVELOP
O tevers soment || srmaTon:
USE CASES.  yepi THERE. ARE
STANDPRDS.

http://imgs.xkcd.com/comics/standards.png

Basic Semantic web standards + QUDT Quantities, Units, Dimensions and
— SPARQL 1.1, RDF(S), SKOS Types

Dataset descriptions

Provenance

— Vocabulary of Interlinked Datasets (VolD) — W3C PROV, PAV, Nanopublications

— VoID linkset descriptions

BioPortal, ConceptWiki, ChEMBL,
identifiers.org, Uniprot, ChemSpider
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Are These Two Molecules The Same(*)

CH3

Hﬁw@i@

*Really: Is it sensible to combine data associated with these two molecules?
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Sign in | Sign up

A).Open PHACTS

Create!

Build with the Open PHACTS Discovery Platform. The platform provides a convenient API to query
across multiple pharmacology datasets.

You'll find complete documentation for the API in our documentation section. You'll need an API key
to use the platform. Sign-up is free. For more information on the project, check out

www.openphacts.org.
News:

Let us know if you have a feature request or bug report.

August 11, 2014 - version 1.4 of the platform is made available.

June 24, 2014 - Open PHACTS Foundation announces first 3 members.

January 24, 2014 - version 1.3 of the platform is made available.

April 22, 2013 - launch of public beta at the 4th Open PHACTS community workshop held at
the Royal Society of Chemistry. Great turnout!

Powered By:

. )
ChemSpider &’ OPENLINK
Search and share chemistry Makirug Technony Wark For Yo @

WIKIPATIw S
Pt s s

& ConceptWiki github RridgeDh

3 ChEMBL UniProt DrucBANK

© 2015 Prwered by (gt s5cale

http://dev.openphacts.org
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Open PHACTS Support Portal

Home Solutions Forums

How can we help you today?

[ Enter your search term here... SEARCH

Knowledge base

General Overview

Platform FAQ (11) Release Notes (2)
[ Current System Status 3 1.3API
2 Are there rate limits to the API? & 1.4API
21 What is the current production version of t...
[21 How can | download your entire dataset?
2 Do you provide a SPARQL End Point?
See all 11 articles
Getting started (2) Support portal FAQ (2)
21 How do | get access to the API? [ How do | add a solution to the portal?
21 Reviewing API query results: Copy query U... [ One of your solutions should be changed, ...

Welcome
Login Sign up

Login or Signup to submit a new ticket

[ Check ticket status

Community forums

Showing recent updates
Start a new topic

Open PHACTS Forums
@ Announcements (4

=) System Issues
Posted by Open PHAGTS, a year ago ,
Last Reply by Open PHACTS a year ago

©) Developers Mailing List
Posted by Open PHACTS, a year ago

) Staying Up To Date
Posted by Open PHAGTS, a year ago

See all 4 topics
@ General Discussion (4)

=) New Datasets

Dirvotrued Fus | o blowdoeme  n yenenr s,

support.openphacts.org
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Home The Foundation -

The Application Ecosystem

Browsers

Aa Open PHACTS

Browse and search the data within the
Open PHACTS Discovery Platform.
Developed by the University of
Manchester and University of Vienna

Open PHACTS Explorer »

Advanced Analytics

ChemBioNavigator

.
e ol
SciBite e
Connects the latest news and events in
Pharma and Biotech directly to Open

What We Do ~

Get Involived

Predictions

RField

News & Events ~

Contact Us

collector

P target phar
based on the Similar Ensemble
. D

PHACTS pt data. D
by SciBite Limited

PHARMRATREK

Visualise the chemical and
space of a molecule group. Developed
by the University of Hamburg and
BioSolvelT GmbH

Workflow Integration

Gaccelrys’

Pipeline Pilot
A repository of useful Pipeline Pilot
components and workflows has been
developed. Developed by the Open
PHACTS Scientific Community

Pipeline Pilot Components »

pharm space in a
flexible and interactive way. Developed
by the Consorci Mar Parc de Salut de
Barcelona (PSMAR)

A KNIME repository of components and

workflows has been developed.
Developed by the Open PHACTS
Scientific Community

KNIME Repository »

How do | build my own application?

The Open PHAGTS API allows external applications to query the data within the Open
PHACTS Discovery Platform. The data can be combined with other datasets, analysed

and visualised in any number of ways.

Open PHACTS Services »

by the Technical
University of Denmark

GARFleld »

Q! arget Dossier

Interconnecting Open PHACTS data with
multiple target centric services.
Developed by the Spanish National
Cancer Research Centre (CNIO)

©

Helium for Excel Community Edition
contains three functions that use the

Open PHACTS API. Developed by Ceiba

Solutions

Helium for Excel »

data to bulld QSAR predictive
models with data from the eTOX project.
Developed by PSMAFK as part of the
eTOX project

Collector »

U
Zi utopia

Allows the semantic enrichment of
scientific articles in PDF format.
Developed by the University of
Manchester

AQnowledge’

Semantics for Science

Identifies significant entities in scientific
text, and provides links to Open
PHACTS Explorer. Developed by
AQnowledge

AQnowiedge »

Would you like your application mentioned on this page?

If you have an application or application idea that could use the Open PHACTS API,
please contact us and we can tell our growing community of developers, app users and

scientists.

Contact us »

http://www.openphactsfoundation.org/apps.html
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Max annotation [10.41]
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L0 dichlorophenyl)-3,4-dihydro-T-{4-piperidinyl)-
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[/] Expand target space
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Utopia Documents - pcbi. 1000976 1..16

Back to overview

N
acetolactate

2-acetolactate mutase

2-acetolactate mutase

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

View Wikipedia web page...

Comnected Mre groteing with Seived
Structures

oruy Intended Targets Comnestions
i Ty T s e o e Acerolactate decarboxylase
2 B 8712, el iecic il bincdeg peo 162 e, GRPE poc AocE, pur, Ry 1264, K76
Lovcrty o Teanabyeiin, thyicid hormoes scton « 8 B e 63 e bl bl 34, olbid oIEC), KB Hpk resih
i ghobuin, e aremlin horoiog, senm aburin por, FTI64, Bd6T6, sacAl, Byl Acetolactate decarboxylase
[ DN 1081 W aiG, SO B s W, aeeF, CANAAD, N1, YRS, Il MMAAS, In enzymology, an acetolactate decarboxylase Is
ETETL 2 . an enzyme that catalyzes the chemical reaction
v asal Esnogen et g 3 Eg.w:p 20, cyih WnhR, L, piE, {5)-2-hydroxy-2-methy|-3-oxcbutanoate
53, 18, sigt <math>\rightleftharpoons</math> (R)-2-
R mpn DOACSIICT RMA POy meN0 b R, CAphan Rucia £ WRA, gty IppX, M, PR, RGN acetoin + CO2 Hence, this enzyme has cne

[T e p— substrate, (S)-2-hydroxy-2-methyl-3-

T L, R s (I e ples, plnt, R, oxobutancate, and two products, (R)-2-acetein
e e ot B S i1 02 T ety blongs o el o
Facctons Esm0gan racapnan, tiogen Mo = D bk o . B2 cleave carbon-carbon bonds. g
rcpotct S i, e IACENYCAG RCITH R 14 95, G b

Pr TR —— - View Wikipedia web page..
s HIV) prencass, Gag-Fed poypesin = nha, g
Rocewaie B procase n 2D aro, fabH, e, panc. serh1, TES! 7
oneanie HIV.1 protaase, Gag-Fod polypecisien !
e [ a—— = o, e ,._ wa v I ACETOLACTSYNI-CPLX
(- Caipa, g g e VoI e GO » POEL, AR, s, B |64, B 6
— Lol —T = i et ACETOLACTSYNI-CPLX

Tho i s of s chuags e given 26 wall . oo sobiad Mab proies. T which oy 20 coneaciad in $o poaw ol Those o at e prosan: in tha Bifunctional acetohydroxybutanoate synthase |
[ o b, s il i acetolactate synthase (IvB/N) carries out both
the first step in valine bicsynthesis and the
second step in isoleucine biosynthesis. The
symthase 1L, panC; (panioate—beia-alanine ligase] and serAl (- drugs, while the protein kinases and palyreny diphoshaie. IIvB/N protein complex catalyzes the conversion
Tophong ﬂm@nnm dehydrogenane]. Amanadine has connections i ki of pyruvate and oxobutancate into 2-aceto-2-
v ars, hydroxy-butyrate and the cenversion of
the fact dhat similar drugs and sinilar pyruvate into 2-acetolactate. Both reactions
validadan of the generate carbon dicxide as a product [CITS:
[4608700][370104][7009323][6181375](3011751]
WA it o [16326011)1. This enzyme has a wide substrate
y m‘"' m‘d.“_h]l . range in vitro |CITS: [15558598]|. This
pitors, There i a miar bifunctional enzyme is a tetramer comprising
ke grac knockouts and therd ot revk i i suSaharan two [IvB subunits and twe IIvN subunits. Its
= apparent molecular weight rises above the
expected weight for this configuration when
pyruvate is added /n vitre |CITS: [6360855]|. The
IIlvB large subunit can catalyze the reaction in
isolation and is not inhibited by valine in the
manner of the holeenzyme. However the Vmax

for the reaction ac cataluzed bu onhe R ic

ook )

InChl=15/C5HBO4/c1-3(6)5(2,9)... P =

gl i Bkl H7a Pt ondly Goss fold SoRRGCING 310 Goecidamd Rae
ot 1001371 e mat ot 1 000 2004

ks result s not =

>




l Open PHACTS
A5

pen Pharmacological Space

KNIME

Jr:’_-@W'J oo Qe | ||!”£é@®@®ﬁ.6ﬂﬁ -

a Workflow Projects I a Node Descn’ption|

¥ [&]KNIME_project
[ Column Filter (#27)
[ Column Rename {#30)
[ File Reader (#3)
[ Interactive Table (#19)
[ Java Snippet (#1)
[ Java Snippet (#25)
[ Java Snippet (#28)
[ JsonArray_2_Rows (#26)
[ Split Collection Column (#29)
> é L OPS_Pharmacclogy

. Tab!e View - 0:31 - Interactive !able 7 x6)

D] & o KNME project IA *0:0p5_Parmacologil [0 piite Navigation View Qutput

@ ‘ Q=?> ¥ | 5 Name ‘ 5 Inchi |3 Activity |3 Units ‘ 5 Relation | 5 W Target
| _.Sorafenib  MLDQITXFUGDVEO-UHFFFAQYSA... 3400 nMm = Serine threonine-protein kinase PLK4
| .sorafenib  MLDQJTXFUGDVEQ-UHFFFAOYSA... 250 nM MAP kinase signal-integrating kinase 2
| _.Sorafenib  MLDQJTXFUGDVEO-UHFFFAQYSA... 5.4 um = HCT-116 (Colon carcinoma cells)
| ..Sorafenib  MLDQJTXFUGDVEQ-UHFFFAOYSA... 1700 nm = Ephrin type-B receptor 1
| ..Sorafenib  MLDQJTXFUGDVEQ-UHFFFAOYSA... 3300 nm = Dual specificity mitogen-activated protein kinase kin.
I..Sorafenih MLDQJTXFUGDVEOQ-UHFFFAQYSA... 6200 nm = Cyclin-dependent kinase 5

ﬂ Node Repository

1.Substructure

zearch ang retriave
chemspicear link

sybstructura
input

File Reader Java Snippet

B

Wr——

g Name & Inchi Grabber  Now turn the activity ~ For each activity row,
JSON into rows extract the columns Tidy Up: Remove Node 31

Simply gets the URL Fetch JSON
[I dont know how to get from web
it to start otherwise!]

we want

=9

=

Processing

Columns Now

2 Map compound
chemspider link to
conosptwiki urni

3 Obtain compound

pharmacology information. Join

with osts{enzyma class) to gat
cicsctivity osta for serine
protesse only

|74

Substructure map compound
chamspicer pharmscolc
link to con =32

sSEsron

Join Dats Kaao
froom Cacha Froperties

HTML
Tscle
Viewsr
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Sustaining Impact

“Software is free like + ...and more resource
puppies are free - for future

they both need development

money for

maintenance”
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Open PHACTS Mission:

Integrate Multiple Research
Biomedical Data Resources
Into A Single Open & Free
Access Point
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The Open PHACTS Foundation

OPF is a not-for-profit membership organisation, supporting the Open PHACTS Discovery Platform:
A sustainable, open, vibrant and interoperable information infrastructure for applied life science research and development.

To reduce the barriers to drug discovery in industry, academia and for small businesses, the Open PHACTS Discovery Platform provides tools and services to interact with

multiple integrated and publicly available data sources. To integrate this data, extensive cross-referencing of scientific concepts is needed across all databases.

The Open PHACTS Foundation ensures the sustainability of the Open PHACTS Discovery Platform infrastructure and acts as a hub for relevant scientific research and

development.

%y
wiki EsaledEl] chemBL i ChemSpider  io% i DryaBank
c..:-‘
\'C"II-.I‘P.\'I'JI\S: ]
@ Favingys for the Poogles
4).Open PHACTS Discovery Platform
API Application ecosystem
Key Resources Subscribe to the Foundation Newsletter Contact us

4 Open PHACTS API '. ' & Email:
|. emall acdress ‘ info@openphactsfoundation.org

& Open PHACTS Repository |
Subscri @ Twitter: @Open PHACTS
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Benefits

The not-for-profit Foundation maintains the Open PHACTS Discovery Platform, a Disease Gene

versatile infrastructure of integrated biomedical data, and actively engages an ecosystem

of industry and academic semantic web experts. Pathways

Steer the direction

e Prioritise new projects

e Get involved with Foundation governance
e Identify development opportunities

o Propose new data sourcesto include

e Develop new use-cases and workflows

o REHNEFHE €N ATIOTOSNBEO N0

Training opportunities Engage a community of

Enjoy training opportunities by experts. eXpertS and peers

The Foundation serves a unique and vibrant

Early accessto releases

scientific community, facilitating collaboration
Members have early access to infrastructure | | between the pharma industry, academia & SMEs.

and platform updates and new releases, : )
including a locally installable system Influence the securlty pOIICy

Full

the Board of Trustees

Contributing Vote for the Board
of Trustees
Individual Non-voting

Membership Levels My, SEN MEMI2: LB O SONPAI®
turnover. Pay in cash or by donating
Nominate and vote for people-hours to the Foundation.

Get involved in projects Science Park, Cambridge, CB4 OWF
and collaborate

www.openphactsfoundation.org

info@openphactsfoundation.org

Open PHACTS Foundation
c/o Royal Society of Chemistry,
Thomas Graham House,

SODFMAONTE G B0 KON a0 jeme
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