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ToxPredict guest

OpenTox demo application Admin

Step 1: Search Step 2: Verify Step 3: Models Step 4: Estimate
Select structure(s) structure Select prediction Estimate

Verify structure models

Step 5: Results
Display results

chosen to run. You could also retrieve the ToxPredict report in various other formats, e.g. SDF, CML, SMI, PDF, CSV, ARFF,

P
[
; This page lists your ToxPredict workflow results for the structure(s) you have selected and the model prediction(s) you have
[
: RDF/XML or RDF/N3.

Download as Gf

CAS RN 71-43-2

EINECS 200-753-7

IUPAC name benzene

Synonym (6)annulene; benzine; Benzol;, Benzolene;

bicarburet of hydrogen; carbon oil; Coal naphtha;
cyclohexatriene; mineral naphtha; motor benzol;
nitration benzene; Phene; Phenyl hydride;

pyrobenzol.
Synonym 21742.0
Synonym Benzene
Synonym benzene
Quality label OK

MolecularWeight +**MolecularWeight
MW 78.1112
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Need for communications in the community
overcoming different languages and vocabularies
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Emerging drug discovery collaboration landscape

Universities Consortia
|
Freelancers I Coordinator
\ Freelancers
SME’s
Collaboration Departments
Universities

Larger Corporations SME ‘s

I Social Networks I

Larger Corporations SME ‘s
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Creation of VO from Collaboration Pool

Opportunity

iy

Call for Tender
Need for joint effort
Major project
N~ -

Virtual Organisation

Coordinator Partner 5 Partner 7

Partner 6
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http://www.synergy-ist.eu/
http://www.synergy-ist.eu/
http://www.synergy-ist.eu/
http://www.synergy-ist.eu/

Compound HTS
Repository  Screening

Douglas HCS Assay
Connect Partners

/ Parasite SYNERGY
Biologists

Neglected Disease Drug Design VO
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Virtual Organisation Pilots

Leadscope,
FDA Data

SMARTCyp
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An African story
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http://cameroon.setac.eu/?contentid=385
http://cameroon.setac.eu/?contentid=385
http://cameroon.setac.eu/?contentid=385
http://cameroon.setac.eu/?contentid=385

Vision of our Founder Nicki Douglas - Applying our scientific
developments to the benefit of all components of our environment

Wildlife ACT, Zululand
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http://www.facebook.com/WildlifeACT

The “Tamboti Tree” Use Case
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The “Tamboti Tree” Use Case
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The “Tamboti Tree” Use Case
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The “Tamboti Tree” Use Case
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The “Tamboti Tree” Use Case
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The “Tamboti Tree” Use case
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Augmented Reality

1 . projector

colored caps
~

- e

mirror

phone

total: $350

e MIT Media Lab
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Processing Packaging Information

MIT Media Lab
=y Inspiration for Saturday Shopping Do

= the right thing for Safety Use Case 7 B
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Introduction - REACH
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Introduction - REACH registration

Import/manufacturing
of not less than 1 ton
chemical substance

ECHA / Member countries

- Properties » Document-based evaluation

* Confirmed use
» Safe management

l

Non-Action

* Material evaluation

European
Registration Chemical

Agency

Materials that need to be regulated l
Demand of additional

Materials with very Unacceptable materials information
high hazard potential with very high hazards

Authorisation Limitations

. Review of need for control of hazards |~ | Use prohibited

» Consideration of alternative materials

Authorisation Approval
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Input Structure
VO

1
]

]
H11

RE @Igl Business Driver

(enRegistrement, Evaluation et
Autorisation des substances CHimiques)

Out - Toxic or Not?

(I S Ry Iy BN N B D NN HQy Ny N

LD50

Liver Toxicity
Secondary Metabolites
Interaction with the hERG Channel?
Renal Clearance
Bioavailability
Mutagenicity
Carcogenicity
ReproductiveToxicology
Skin Irritation

Aqua Toxicity

Combined predictions for arrays of
mutiple end points

Increasing demands on industry to satisfy safety evaluation and risk

assessment required by REACH legislation.
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Challenges to in silico Applications

» Lack of public standards, ontology

* Toxicity data collected in many
different databases using different
formats, frequently incompatible with
computer programs

* Many databases lack important
information for in silico modeling
(e.g. chemical structures)

* Hard to integrate confidential in-
house data with public data for model
building and validation

» Models have been published in a
variety of different formats (ranging
from simple regression equations to
complete computer programs)

* Need for New Business Cases

—
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» There is no straightforward
integration of predictions from
various programs

* No commonly accepted framework for
validation of in silico predictions,
many tools provide limited support
for reliable validation procedures

 Application, interpretation, and
development of in silico models is
still difficult for most toxicological
experts

* It requires a considerable amount of
statistical, cheminformatics and
computer science expertise -
procedures are labor intensive and
prone to human errors




Compelling Needs of Users

Multidisciplinary R&D

Transparency -
Not Black Box!
Mechanistic QAR &
ational Expert Workflows
ationale Systems
Automated Applicability :
Integration Domain Lalizbies
gé"‘-__"z:--“--" Communicated to OpenTox in 2009 by
OpenTox Stephanie Ringeissen (L’Oréal)




Compelling Needs of Users

Integrated Testing
in vitro

Read Category
Across Formation

REACH Reporting Applicability e Human
(QPRF, QMRF) Domain Validation | i
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SECI Model for Knowledge Management

Explicit

Knowledge iC(nO\Azl.edg]f
Sharing: _ reation from
Discussions Socjalisation” Externalisation R&D: Data, Codes
. Knowledege
Learning: Combination:
Apply Models Predictive Models
Tacit ¢ Explicit

Internalisation Combination

\/ Explicit Explicit J
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= Based on Nonaka & Takeuchi, The 7
OPenTox Knowledge Creating Company, 1995 R




Complexity Context

Non Repeatable Complex Cause & Effect
Adaptative, Patterns, Systems Thinking, Analysis
Filters
Sense Processes
Making for Good
Emergent Complex Complicated R
Practice
Probe, Sense, Respond Sense, Analyse, Respond
Leadership Procedures
Practice C h o LON Practice
Act, Sense, Respond
Lack of Cause & Effect, Stability-focused Cause & Effect
Intervention, Crisis Management Repeatable, SOPs

= Based on the Cynefin Framework,

OpenTO)( Dave Snowden




Ontology and Data - Interoperability

— Adaptor Challenge in Jeddah, 2008
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Interacting Components create Solutions
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Semantic Reflections

4 “Now! ... That should clear up
S a few things around herel"
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Interoperability & Vocabulary

e Collie
e Labrador

e Siamese
e Persian

UoajeIasuFsIEIS)|

e Owl

——

2.__-----_--.
—

OpenTox b

SEVENTH FRAMEWORK
PROGRAMME




Interoperability & Vocabulary

chase

‘_".'-'

OpenTox



Interoperability & Ontology

Org A

—

chase

Org B
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OpenTox committed to creating a Semantic Web for Predictive

Toxicology (with its APl 1.1 development in 2009)

Linked Data is a term used to describe the exposing, sharing, and
connecting of data on the Semantic Web using:

URIs a generic means to identify entities in the world

HTTP a simple yet universal mechanism for retrieving resources

RDF a generic graph-based data model with which to structure and link data

Linked Data needs:

1. Provision of a URI that describes a Data Resource

2. Use of HTTP to retrieve useful data from the URI

3. AData Format described with standardised
semantics (so relationships are enabled) e.g. RDF

4. Data should provide links to other Data (through
URIs)

Linked Data approach can also be applied to
other resource types e.g., for algorithms or
models as done in OpenTox... Linked Woatae (e e
Resource approach enables Knowledge approach applied to
Creation, Combination and Analysis Wikipedia

OpenTox =




Solution created by Linked Open Data, Web
Appllcatlons and Crowdsourcing

Haiti Earthquake Crisis Response (2010)

wiki.openstreetmap.org
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http://wiki.openstreetmap.org/

OpenTox is an Integrating Framework

» Toxicity Data (Linked)
e in silico models

Framework  Validation & Reporting
 Interpretation aids
» Toxicolog, Biolog, Chem - ists
. o Computational Scientists
Diverse Access

e Interfaces for new algorithm
development & integration

e Promote Standards

e Core Open Source Components

Interoperability . support Ontologies &

Integration of Multiple
Resources
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OpenTox Components

Compounds: Structures, names, ...

Features: Chemical and biological (toxicological) properties,
substructures, ...

Datasets: Relationships between compounds and features
Algorithms: Instructions for solving problems

Models: Algorithms applied to data yield models which can be used for
predictions

Validation: Methods for estimating the accuracy of model predictions
Reports: Report predictions and models e.g. to regulatory authorities
Tasks: Handle long running calculations

Authentification and Authorisation: Protect confidential data
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Overview of Application Programming Interfaces

Dataset

GET
POST
PUT
DELETE

Feature

GET
POST
PUT
DELETE
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Report

GET
POST
PUT

AppDomain DELETE

GET
POST
PUT
DELETE

Model

GET
POST
PUT
DELETE

(0]7] (o] (1Y

GET
POST
PUT
DELETE




Representational State Transfer (REST)

What?

» Architectural style for distributed information systems on the Web

« Simple interfaces, data transfer via hypertext transfer protocol
(HTTP), stateless client/server protocol
— GET, POST, PUT, DELETE

« Each resource is addressed by its own web address
Why?
« Lightweight approach to web services

« Simplifies/enables development of distributed and local systems

« Language independent

—
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OECD Principle OpenTox addresses Validation
Principles by...

Defined Endpoint providing a unified source of well defined and
documented toxicity data with a common vocabulary

Unambiguous providing transparent access to well documented
Algorithm models and algorithms as well as to the source code

Defined integrating tools for the determination of applicability
Applicability domains during the validation of prediction models

Domain

Goodness-of-fit, providing scientifically sound validation routines for
robustness and the determination of errors and confidences
predictivity

Mechanistic integrating tools for the inference, correlation or
interpretation prediction of toxicological mechanisms and the
(if possible) recording of opinions and analysis in reports

—
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Journal of Cheminformatics Publication

Collaborative development of predictive toxicology applications
Journal of Cheminformatics 2010, 2:7 doi:10.1186/1758-2946-2-7

Barry Hardy, Nicki Douglas, Christoph Helma, Micha Rautenberg, Nina
Jeliazkova, Vedrin Jeliazkov, lvelina Nikolova, Romualdo Benigni,
OlgaTcheremenskaia, Stefan Kramer, Tobias Girschick, Fabian
Buchwald, JoergWicker, Andreas Karwath, Martin Gutlein, Andreas
Maunz, Haralambos Sarimveis, Georgia Melagraki, Antreas Afantitis,
Pantelis Sopasakis, David Gallagher, Vladimir Poroikov, Dmitry
Filimonov, Alexey Zakharov, Alexey Lagunin, Tatyana Gloriozova,
Sergey Novikov, Natalia Skvortsova, Dmitry Druzhilovsky, Sunil Chawla,
Indira Ghosh, Surajit Ray, Hitesh Patel and Sylvia Escher

Open Access publication available at
www.jcheminf.com/content/2/1/7
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ToxPredict guest

OpenTox demo application Admin

Step 1: Search Step 2: Verify Step 3: Models Step 4: Estimate
Select structure(s) structure Select prediction Estimate

Verify structure models

Step 5: Results
Display results

chosen to run. You could also retrieve the ToxPredict report in various other formats, e.g. SDF, CML, SMI, PDF, CSV, ARFF,

P
[
; This page lists your ToxPredict workflow results for the structure(s) you have selected and the model prediction(s) you have
[
: RDF/XML or RDF/N3.

Download as Gf

CAS RN 71-43-2

EINECS 200-753-7

IUPAC name benzene

Synonym (6)annulene; benzine; Benzol;, Benzolene;

bicarburet of hydrogen; carbon oil; Coal naphtha;
cyclohexatriene; mineral naphtha; motor benzol;
nitration benzene; Phene; Phenyl hydride;

pyrobenzol.
Synonym 21742.0
Synonym Benzene
Synonym benzene
Quality label OK

MolecularWeight +**MolecularWeight
MW 78.1112



What you can do with i

r
(@ Models - Mozilla Firefox

(=lE =]
File Edit View History Bockmarke Tocle Help
@—- ) http://apps.ideaconsult,net:1 80/ ToxPred ct/user/d396263h- d7 c-1fec-8b58-15e38 MeT rol/ Afstep3 7 | |8 Google =
() Disabler £ Cookiesw | CS§ = | Forms= ¥ Imagess () Information ) Miscellaneous . Qutliner | | Resizer . Tocls 2] View Sourcer 7 Options~ O O
- guest Tl
oxrredic oo
OpenTox demo application Admin
Step 1: Search Step 2: Verify Step 3: Models
structure structure Select prediction
Verify structure models N EXT
. . Training .
Endpoint Model Descriptors oot Algorithm
?‘E'—‘Ppe"“’* model created with ves @@ @ T Elhup://opentox.informatik. tu-muenchen.de: 8080 3
TUM's kNNregression model <3 JopenTox-dev/algorithm /kNNregression
learning web service.
oxTree: Benigni/Bossa rules S g .
! ! _ ToxTree: Benigni/ Bossa rules for carcinogenicity and
[Carcinogenicity for carclqogenlcww and mutagenicity
mutagenicity
Pissociation constant .z, _ pKa
(pKa)
Endpoints f"ﬁ[nx:[ree: .Struclure Alerts fo.r _ ToxTree: Structure Alerts for the in vive micronucleus
P the in vivo micronudeus assay in assay in rodents
rodents
Endpoints # ToxTree: Michael acceptors - ToxTree: Michael acceptors —
Eye - . - N ) Ao
rhtation/corrogion [ IroxTree: Eye irritation ToxTree: Eye irritation
Human health effects i:;!“-rme: Extended Cramer ToxTree: Extended Cramer rules
#“[IroxTree: ILSI/Kroes decision _ e 5 . 3 )
Human health effects tree for TTC ToxTree: ILSI/Kroes decision tree for TTC
[Skin irritation P - ahtn i
/corrosion 7“1/ ToxTree: Skin irritation ToxTree: Skin irritation
Done - @
L

Simple building of predictive toxicology
applications based on well-established
methods and databases
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What you can do with it ...

- i
@ Models - Mozilla Frrefox (=[5 e

File Edit View History Bookmarks Tcols Hlslp

- c £y ([E ntipyiappsidesconsult.net: €180 TosPredict/user/4386263b-07 c-bec-8b38-1 538 Vel celfAstep3 77 - [2q- Googie P
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(@ Disabler £ Cookiess || S5+ =] Forms= @ Images+ () Information= (1 Miscellaf
[F] Models -

ToxPredict

OpenTox demo application

Step 1: Search Step 2: Verify Step 3: Models
S E structure Select prediction
Verify structure models

Endpoint Model Descriptors
#TDpenTox model created with
TUM's kiNNregression model YES

learning web service.

oxTree: Benigni/Bossa rules
[Carcinogenicity for carcinogenicity and -
mulagenicity

Dissociation constant
- #pka -
(pKa)

T IroxTree: structure Alerts for

Endpoints the in vivo micronudeus assay in -
rodents

Endpoints # ToxTree: Michael acceptors -

Eye

rritation/corrosion [ IroxTree: Eye irritation -

Human health effects 4 iToxTree: Extended Cramer

rules
‘:’?fi IroxTree: ILSI/ Kroes decision
H health effect: o -
uman nhea efrects tree for TTC
[Skin irritation F ToxTrea: Skin irritati _ b
fcarrosion oxiree: nrritation v
Done

Simple building d
applications Distributed applications, integrating

methods andl  Wide range of data, models, prediction
methods
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What you can do with it ...

- i
@ Models - Mozilla Frrefox (=[5 e
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FE Taverna Workbench 2.1.0 -8 X
Flle Edt Insert View Wordflows Advanced Help

ToxPredict T e

OpenTox demo application

Service panel Workflow diagram
Step 1: Search Step 2: Verify Step 3: Models _ P ]
Select structur: structure Select prediction s Qe v EE@O BM 8

.

Verify structure models

Import new services |
* @ Avallable services 4 |
* (@ Service templates

@ Beanshell -A s
Endpoint Model Descriptors
@ Rshell - A servi
#TIopenTox model created with £k Spreadsheati
TUM's kiNNregression model YES b string conctar
learning web service. v @ Local services
— » [ bases!
oxTree: Benigni/Bossa rules [ ] 2 v
[Carcinogenicity for carcinogenicity and - 12 =
mutagenicity
Dissociation constant Details
Fi -
(pKa) #ipica Workflow explorer
T “IroxTree: Structure Alerts for Workflows .
Endpoints the in vive micronudeus assay in - £ Workflow input ports
rodents * & Workflow output ports
" resul
Endpoints [ ToxTree: Michael acceptors - v J-;:;:;
Eye N ) - - v 8 algorithm_uri value
rritation/corrosion ’QKDTDKTTEE. Eye irritation Fipigas
) v & apply_model to_tes|
Human health effects ﬁ;!oxTree. Extended Cramer  _ @}9:2{_““_5_"‘”_“
#[IroxTree: ILSI/Kroes decision g o
Human health effects g # model_uri
tree for TTC  result_dataset
[Skin irritation P @, result_uri
reorrosion i ToxTree: skin irritation - v sk pseword
1 message
[of 2 title
one ®, answar
L v £ ask_usemame
{ 2 message

22 title
o, answer

Simple building d i o |
applications Distributed

methods and| Wide range o
methods

Integration into workflow systems for
computational biology
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Linked resources:

Compound, Algorithm, Model, Dataset,

Features

Model
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Linked resources:

Compound, Algorithm, Model, Dataset, Features
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pe eature Value < a Orlt m t eS
feature caco2 r ) e Cless g Y
o Feature value -5.920000076293945 PumeicFedee tpe s ontolo qgy
C h l subClassOf
emicCa type Feature Valve S e S
feature WNSA-3 Units type DaiatypePropety
d Feature value -64.12879943847656 canal Title caco?
C o m p o u n type Feature Value Saurce cil45864m_caco2 traning_set sdf
Units =
feature FPSA2 . i P o Toxiciology related
Feature value 2.147799968719482¢ samels Gastroinlssiinal absorption an® .
type Feature Value on to I (0] g 1es

—-..-____-.
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Make the model available

Register at OpenTox ontology ﬁ
Service Model servic

Ontology service

— RDF triple storage imodelll |
{id} |
— Accepts HTTP POST e Published_models,
— SPARQL endpoint Or%tologies,’
metadata

Curl -X POST -d
“uri=http://apps.ideaconsult.
net:8080/ambit2/model/57”
http://apps.ideaconsult.net:8
080/ontology

Becomes visible for applications

—
E—
———

OpenTox s

Ideaconsult Ltd.


http://apps.ideaconsult.net:8080/ontology
http://apps.ideaconsult.net:8080/ontology

Need for communications in the community
overcoming different languages and vocabularies

So now | have
explabned our
pame, how does
yours work?

——

- From Conservation Project Trip in Caprivi Delta

—
—
T —
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http://barryhardy.blogs.com/theferryman/2009/02/experiences-from-expedition-work-in-the-caprivi-delta.html

Collaborative Ontology Development:
Collaborative Protege Server

OpenTox
API 1.2
ontology

Collaborative
OpenTox

features,
agorithms

ontology

="‘"'"‘--:_“-;..--
OpenT =

OpenTox Toxicological
Data Ontology

5 toxicological endpoints

Project

All Organ Systems
Collaborative Opentox
OpenTox AP .2
ToxLink

Toxicological Ontalogy

OpenTox

Organs
Ontology

(ITEM)

ToxLink
ToxCast assays
ontology




ToxML: conversion in OWL ontology

» Initial work to check out how costly would be to convert ToxML to an OWL ontology

> Why:

»-to integrate the Leadscope databases in the OpenTox service

»-to combine with data coming from different databases (e.g. for complex queries)

ToxML

xsd
schema

Procedures:

>

each element which
doesn't have a type in the
schema is converted to an
OWL class

each element which has a
type in the summary file is
considered as a property

the parent relationships
are kept

=

OpenTg;

Protégé OWL

File Edlit Project ol Fea=sonin

= EH o B E -

B tetadatar Toxicity) |/ O Clas

For Project: % CarcinogenicityStudies

Asserted Hierarchy

ol Thing

t=: Chata

[ 3 t= Compound
t= ControlTyvpe
t=Inexact " alue
t= Cuuantity
t=RegulatoryTestType
t= ResultFindings
t=Sex
t=: TestCall
t= Typedywalue

www.opentox.org/dev/ontology/collaborative protege

Some parts of the
taxonomy may need to
be reorganized

Needs for extensions: e.g.
target sites, target cells,
species are free text fields.
Solutions:

development extension in
OWL, e.g. Organs Ontology
has been developed
importing of parts of the
neighboring ontologies



http://www.opentox.org/dev/ontology/collaborative_protege

Toxicological Endpoint Ontology Development

ToxML schema Other publicly available resources:

DSSTox, GoReni (ITEM), ISSCAN ...

i CPOBxml | s olgaxml | b mapping. * s UntitlE---‘|
|> A [isscanxm 0[] B B = 3

= [# 1ssCAN.xmI
=& Compounds
@ xmlns:xsi
@ xsi:noNamespaceSchemaLocation O t l gy D I p t
=& Compound n O o eve 0 men
@ wersion
i lds
& Otherlds
-& MNames
i Formulae

=& ToxicityStudies O T
@-& BacterialMutagenesisStudies pen OX

ChronicStudies

AquaticTaxicityStudies

= & CarcinogenicityStudies . )
Toxicological Clomnysusesrypes <

=& Study
/X

CarcinogenicityStudies

L stuayCalls
o & Tests Y

S-ala Test

e Ontology

o p
. & Sex
=& TestResults
= & EndPoints
. =-& EndPoint
i ; Type
=& Value
w8 Value
& Units

= & TestCalls
#-aka Call

Py
& StudyType D
# & Entryinformation q ) A
@i Background E n d poll n t 4 ToxicityStudies I i BacterialMutagenesisStudies
: N

TargetSites

Protégé

& Datasets
=& Structure
#-& MolecularFormula
- Molfile

=-& Smiles

Re-use of terms defined in

neighbouring ontologies (e.g. OBO)

——
—

OpenTg);

www.opentox.org/dev/ontology/collaborative protege

InvivoMicronucleussStudies

Collaborative

Environment


http://www.opentox.org/dev/ontology/collaborative_protege

Toxicological Ontology: graphical representation

.r;{eta'"’.ﬁ

N I LS .-"_"'-|_=':-:- Al o
irtravenous s 1= ﬁ-‘-ll:‘.‘“:l‘l' a
@ subcut \ AL G P kgusStu I
Wintrap .Eﬂ ala ?n "~ Bhsa"' RHATET %? |25
yCagnpaen t%mgées
" injection \,‘ /.metabnllc |nn‘~f§; @:} AN = male
: /&3 icity St s .
/ | - Tl argetSite
ﬁu,t\e_} exposure | ~ 0_Rat
% i\i b H MoLuse
’E:A-cthr ncernLeveI
‘““.Tnxmt‘g ___E'.S VE .S@EEH: — i e D oMag

iﬂ@m
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OpenTox Organ Ontology Development

- organ ontology consisting of 12 very detailed organ systems

pl:circulatory_system
O

p2.digestive_system

p3:Endocrine_systems

p4:1ema|e_genitalgr_s;slem""'r

p&:hematopoietic_system
O 2 / / / \ S
/ 14 \ ; p13:urinary_system
/ f \ \ '

p7:immune_syﬁem_anggmnphatic_organs // / \ \ \
(0] i \ \ p12:soft_tissue_antl, %Jsculoskeletastiem
/ \ \

/ / | piirespiratory_system
pa:integumentary_system |
O ‘.“' p10:nervous_system_and_special_sense_organs
pg: male_gerjtal_system
o

- effect ontology, which is linked to the organ ontology
- comprehensive review by FhG pathologists, who have been involved in
the INHAND process

——
—

OPenTo ¢ = ~ Fraunhofer




OpenTox Organ Ontology

; all organsystems
- g

V

pathological effect ‘ organsyste

: o/
|

.

diagnostic feature 5
Class of effects '

diagnostic feature 6

= ~ Fraunhofer

\
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Need for communications in the community
overcoming different languages and vocabularies

——

OpenTox

l"

q’,




OpenToxipedia

—

K A Barry Hardy Log out X Quicktools Site Setup @ Help
O P e n I ox Site Map Accessibility Contact DETE] D

Home Toxicity Prediction OpenTox Blog People Partners Development OpenToxipedia

q’

User Guidance Latest Entries A B C D E F G H I ] K L M N o P Q R S T u A" w
X Y Z by Categories Entries OpenToxipedia

You are here: Home » OpenToxipedia

| Contents | | View | | Edit | | Rules | | Sharing | [ History |

Actions v | Display v | Add new... v | State: published v
OpenToxipedia
by Barry Hardy — last modified Sep 03, 2002 01:09 PM

OpenTox Community Resource for Toxicology Vocabulary and Ontology

OpenTox is supporting the creation and curation of OpenToxipedia, a community-based predictive toxicology knovdedge
resource. All members of the community are welcome to provide entries, suggested definiton edits or additional information to
entries in the resource.

OpenTox is supporting the application and development of the ToxML standard for representation of toxicology data, the
OECD principles for (Q)SAR model validation, and the use of the OECD HT standard for requlatory reporting purposes.

OpenToxipedia provides here a Vocabulary Resource of toxicology terminology. We hope you find the resource useful and
consider contributing to terms and their content.

Guidance for Vocabulary Resource entries

www.opentox.org/opentoxipedia

—-..-____-.
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http://www.opentox.org/opentoxipedia

A Toxicology Ontology Roadmap

In Preparation by: Barry Hardy (Douglas Connect and OpenTox),
lan Dix (AstraZeneca & Pistoia Alliance), Sherri Matis-Mitchell
(AstraZeneca), David Cook (AstraZeneca), David Heard (Novartis),
Dominic Clark (EMBL-EBI), John Overington (EMBL-EBI), Philip
Judson (Lhasa), David Watson (Lhasa), Anne Hersey (EMBL-EBI),
Andrew White (Unilever), Loca Toldo (Merck KGaA), Gordana Apic
(Cambridge Cell Networks), Imran Shah (US EPA), Chihae Yang
(Altamira), Dave Bower (Leadscope), Ola Spjuth (Univ Uppsala),
Janna Hastings (EMBL-EBI), Philip Carthew (Unilever), ----

“:"'“::-
OpenT i



ToxLink: ToxCast Ontology

<4 ToxLink Protégé 3.4.3 (rmi://opentox/ToxLink)

File Edit Project OWL Reasoning Code Tools Window Collaboration Help

NeE +BE vd ¢ el <>

| @ Metadata(EPANCCTAssayOntologyl.owl) | © OWLClasses | MMl Properties | 4 individuals |

m CLASS EDITOR for Assay (instance of owl:Class)
For Project: @ For Class: | http://www .semanticweb.org/ontologies/2010/4/EPANCCTAssayOntology1.owkAssay

Asserted Hierarchy w lf} & lj @ ﬁ [E rjg

owl: Thing Property
0 Assay 1 rdfs:comment
) AssayComponent
v @ AssayParameter
) AssayCode
) AssayReadout
O AssayTarget
) AssayTechnology @ @ Q} &
@ BioEffect
) Biolnteraction
v ) BioProcess
) Disease
& Phenotype
v ) BioTissue
@ cell
& Organ
@ Organism
@ Tissue
v O GeneBag
@ GOCategory
O Pathway & e

owl: Thing

h”_
—

§-=\
OpenT X
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http://www.opentox.org/dev/ontology/collaborative_protege

Example: ToxCast

Dataset service at
http://ambit.uni-
plovdiv.bg:8080/ambit2/dataset

File Edit View History Bookmarks Tools Help

6 ¢ i | X I £

(@ Disabler £ Cookies | €55+ ] Forms= 9| Images (@ Information® ) Miscellaneauss -/ Outliner ;: Resize™ f’TooIr Q ViewSourcer .~ Optionss &/ @

Q <‘6 @ http://ambit.uni-plovdiv.bg:8080/ambit2/ dataset?search=ToxCast

oxPredict TTC Depiction Datasets Chemical compounds Similarity Substructure Algorithms References Features Templates Models g_

layground Help
. ToxCast

~ Jmhlt

- . I . ” . This site and AMBIT REST services are under development!
E6 PP gRGe BEDN «} Toxcast ACEA 20091214.txt
J_ o PP adge g B %) ® =} ToxCast Attagene 20091214.txt
E@LP @G @« BHE M roxcast pioseek 20091214.0xt
J_ o PP Baage g {5 & 8 4§ Toxcast cellumen 20091214.txt
EOLP @@= 8HEE 8 roxcast celizbirect 20091214.00¢
J_ 9 PP a@Ge= a B &) ® =} ToxCast Gentronix 20091214.txt
= 9 PP aBGe BEES @} Toxcast NCGC 200912180
J_ 9 PP GGG B B &) ® =} ToxCast Novascreen 20091214.txt
B 9 PP aBGe ap 1) ® =} Toxcast solidus 20091214.6¢
H0L,L @@= BBE M 1oxcast ToxRelDB 20091214.0¢

Add new dataset (SDF, MOL, SMI, CSV, TXT file)

Import properties (SDF, MOL, SMI, CSV, TXT file) <

4 " | +

% Find: Next Highlight all [¥] Match case

€ P

Previous &

Query an OpenTox ontology service at
http://ambit.uni-plovdiv.bg:8082/ontology

PREFIX ot:<http://www.opentox.org/api/1.1#>
PREFIX ota:<http://www.opentox.org/algorithms.owl#>
PREFIX owl:<http://www.w3.0rg/2002/07 / owl#>
PREFIX dc:<http://purl.org/dc/elements/1.1/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX otee:<http://www.opentox.org/echaEndpoints.owl#>
PREFIX toxcast:<http://www.opentox.org/toxcast#>
select *
where {
?Feature rdf:type ot:Feature.
{?Feature dc:title ?title}.
{?Feature owl:sameAs ?assay}.
{?assay toxcast:gene ?geneid}.
{?assay toxcast:hasProperty ?species}.
{?species rdf:type toxcast:SPECIES}.
{?assay toxcast:hasProperty ?target_source}.
{?target_source rdf:type toxcast:ASSAY_TARGET_SOURCE}
{?assay toxcast:hasProperty ?target_family}.
{?target_family rdf:type toxcast:ASSAY_TARGET_FAMILY}.
{?assay toxcast:hasProperty ?target}.
{?target rdf:type toxcast:ASSAY_TARGET}.
{?assay toxcast:hasProperty toxcast:Cytochrome_P450}.

}

order by ?feature ?assay ?target

h”-
—

OpenTg
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Example: ToxCast

PREFIX ot:<http://www.opentox.org/g
PREFIX ota:<http://www.opentox.org
PREFIX owl:<http://www.w3.0rg/2002
PREFIX dc:<http://purl.org/dc/elemel
PREFIX rdfs: <http://www.w3.0rg/200
PREFIX rdf:<http://www.w3.0rg/1999
PREFIX otee:<http://www.opentox.org
PREFIX toxcast:<http://www.opentox|
select ?Feature ?title ?id
where {
?Feature rdf:type ot:Feal
{?Feature dc:title ?title}.
{?Feature owl:sameAs ?assay}.
{?assay toxcast:gene ?geneid}.
{?assay toxcast:hasProperty ?genena
{?genename rdf:type toxcast:GENE_I

}

Query an OpenTox ontology servic
http://ambit.uni-plovdiv.bg:8082

———
E——

—
—

& Chemical compounds LEIEI@
|_ <> ||+ htl:,l’,l’arnhil.uni—Iovdiu.h:EDEDfamhi‘lZfdatas ¢ [Qr Google | O~ &~

[0 &= Apple Yahoo! GoogleMaps YouTube Wikipedia Mews (114) ¥ Share on FriendFeed

Search results Dataset =961
hits: 100

#% Compound

L1

he)el

he) el

he)ehe

Download as @@@ = @ E@ .ﬁ ‘4 Max number of

ToxCast At # Benigni f # Benigni / %+

Structural Alerg2tructural Alert

ATG RORE CIS for genotoxic for
- _— nongenotoxic
carcmggenl(:l;g = e
carcmggemm;g
1000000.0 NO NO
1000000.0 NO NO
1000000.0 NO NO
1000000.0 NO NO

lm| »

lataset/9617?feat
INi-
‘eature/335126

X0

——
—
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Controlling Access to Confidential Information

* OpenTox makes resources available
through URIs

* OpenTox provides facilities to protect
confidential information located at URIs.
Two tasks are involved here:

— Authentication: Confirming the identity of
the user requesting access

— Authorisation: Granting the confirmed
identity access according to a set of
restrictions described in policies

=
= —— * ¥

—— * *

OpenTox = ol
Niox %

Pe EEEEEEEEEEEEEEEE L

MMMMMMMM



Authentication

LDAP AUTHENTICATION
OpenlLDAP OpenSS0O

-

Verify

Credentials

<
-

Credentials

[]

Status+Token E

Create Token

WEBSITE
Plone

e Registered users are instantly available as potential
users of OpenTox web services
« Users receive a token upon service request

—
E—
——

OpenTox s




Authorisation

AUTHORISATION WEBSERVICE
OpenSS0O URI+
Action+

Token

=
=

Code+Reply

URI+Action+Token

&
-

(

Accept/
Decline 4

—
-

Execute/
Abort :

- Tokens encode user identity
 Tokens are valid for a certain time period only

(customizable)
* The triplet URI+Action+Token makes up the call to be

authorised

» All messages are encrypted (SSL)

» Resource Owners create and modify policies defining
access rules

=

OpenT;-;



SMARTCyp Service for Predicting Metabolites

4 " Atom Reactlwty Libra

| A. Calculate Quantum
Chemical Reference Energies

| Calculate transition state energies
using density functional theory

| B. Define SMARTS Rules |

Group calculations by fragments and calculate average energies

| |
[CX3H1](=0)[#6]
| ©/\ : 40.2 kJ/mol

- _ o

SMARTCyp - developed by Patrik
Rydberg, University of Copenhagen

www.farma.ku.dk/index.php/SMARTCyp/7990/0/

h”-
—

OpenTox

4 SMARTCyp "\
1. Assign Energies By SMARTS matching
Atom SMARTS Energy
3
H,N \2/& 1 [CX3H1)(=O)#6] | 40.2
O 2 [CX4]IN] 308
3 [NA3][H1,H2] 54.1

2. Compute Accessibility Descriptor

A, = Maxbonds, / Maxbonds_,

1
HzNwo A, =2/3=067
HN 2 A,=2/3=067
3
HaNNg A,=3/3=1.00

3. Compute Score and Rank Atoms

Score, S=E-8A
Lowest score gets rank 1

S,=40.2-8%0.67 = 34.84 Atom 1 - Rank 2

S,=39.8-8"0.67 = 34.44 Atom 2 - Rank 1

S,=54.1-8"1.00=46.10 Atom 3 - Rank 3)

\.




SmartCYP Prediction of Testosterone Metabolites

OH

HO

OH

1

OH

X E MaJor
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OpenTox - Leadscope

[:Prnject Browser,

Fle Edt Yew Toos Window Help

= Compare ¥ . =1 @stuctures @ Feature Combinations  Clusters Scaffolds R-Groups | A7 t0 Hisrarchy
Histogram | Scatterplot | Features| Filters: Salmon. . = s=i0 sio A
#ds: Salmonella
Sorted Feature List v | Mean Z-Score  Fikered  Total QJ‘J
nitro ~ 0.79 199 660 660 T
= 0.81 19.9 606 606
- henzene, 1-nitro- 073 179 Bz s
iy, phenyl- 073 179 Bz s o5 O s D
benzene, 1-heteroaming- 076 175 617 617 10 s=10 s=10
benzene, 1,2,%,4-fused 085 145 @5 275
benzene, 1,2-fused 0es 127 702 702
- amine(NHZ), aryk 067 112 485 465 l’/’ )
- henzene, 1-amino(NHz)- 071 110 36+ 364 LN
- amine(NHZ), phenyl- 071 110 3 364 ., I\
benzene, 1,2,3fused 085 104 150 150 v
aromatic 0.48 99 a6 3786 s s Qs o
- naphthalene, 1-heteroaming- 0.94 9.8 (3 8 =5 = Eo
naphthalens, 1-nitro- 0,94 9.8 (S 33
- chloride, alkyl, acye- 0.72 9.3 235 735 < (o< Gty s B, | o
halide, p-alkyl- 0.73 92 zs  z1s = e e e s
naphthalene, 2-heteroaming- 0.9 8.8 68 68
naphthalene, 2-nitro- 0.5 87 &7 7
- henzene, 1-amino- 0.57 86 781 731
- quingling, 3-Fused ring- 0.58 85 89 £
chioride, alkyl- 0.68 83 @54 254
quindline, 2-fused ring- 0.87 8.2 86 86
chloride, p-alkyl- 0.7 8.2 144 144
- amine(NHz) 0.5 82 &0 608
-~ naphthalene, 1-slkyl- 0.79 8.0 119 119
halide, alkyl, acyc- 0.63 79 39 879 -
benzene, 1,2,3-fused, 4-acyc 091 77 64 64
acridine 081 77 &5 65
1, 4-benzoquinone 0.77 7.7 120 120 SelectWen: [Hotorams (] Sehct Datmsat: [ s ]
- kekone, dipheryl 0.73 75 153 153 o5
pyridine, 3-Fused ring- 0.6 74 241 241
pyridine, 2-fused ring- 0.67 7z 23 213 =
halide, alkyl- 0.60 71 405 405 -
- henzene, 1-(z-oxyethyl)-,2: oyl 0.95 7.0 44 44
-~ naphthalene, 2-slkyl- 0.77 7.0 104 104 a8
benzene, 1,3-dritro- 0.5 6.8 &8 68
naphthalene, 1-phenyl- 0.59 6.7 53 53 e
naphthalens, 1-aryl- 086 67 ] 58 220
- quingling 0.67 67 181 181
~.naphthalene, 2-(alkyl, cyc)- 0.88 6.6 5z 52 o
1,4-naphthoquinone 0.75 66 101 101 o5
benzene, 1-aryl-,4-heteroaming- 0.95 6.4 38 38
benzene, 1-amino-,3-heteroamino- 088 6.4 50 50 =
- naphthalene, 1-(akyl, cyc)- 080 6.4 47 47 .
~oritroso 050 6.4 74 74
1,4-naphthoquinone, S-hydraxy- 0.53 6.3 &0 60 Hasae
< 2 10 100 1 10¢ Color by: e
— l:l . e — - oty TotaG6_ Beam 81 5 Dm0 Fiersdi608__Selscted
|== -300-25-2.0 20 25 30 ==

| Reaty etsiIS4  Toral4e2s  MeaniD.43  Std, Dev..S0

‘_“_.__‘---‘--:-_-.-
—
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OpenTox - CDK

- The Chemistry Development Kit

A Family of Projects
m CDK-Taverna (chemoinformatics workflows)
m JChemPaint (semantic 2D editor)
m ChemolJava (GPL-ed extension)

Problem

Building
Blocks

Conclusion

Goals

m library of cheminformatics algorithms
m educational
Usage
m CDK: 100+ times cited in scientific literature
m Bioclipse, KNIME, Jumbo (CML), AMBIT, ...

C. Steinbeck et al., J.Chem.Inf.Comput.5ci, 2003
C. Steinbeck et al., Curr.Pharm.Design, 2006

212 | Bl Bioclipse & Proteochemometric Group -9.- Egon Willighagen | chem-bla-ics.blogspot.com

=
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OpenTox - Bioclipse

Bioclipse
LIPPSALA
UMMNWERSITET

Fie EdéR ldndoe Hedp

- -] — T Dl
Yenkile - = Pl a - e N T o
F'r-_1..1|-_-rr1 s Biechpna Radgator 1 =1k B [=] PreparSos 5 M| =] -
- L i
T z I-gtrutture MOLALGENT . i=
Building =
LI =g el gl e ]
Blocks b @ Ehamiinte e
-
3 - OElE “ .
T ' y s
Conclusion b Vel e BTN &
PSR TTEAS Sal ] LEETT T15% :-‘- 1-.:... h
P 1TEL
Eg=1. 1
b :_.__" - "J'\.|1'\.'\J-‘-":|.1-|-Ii o =
i MDD L7LSE
3 riampk Dala
3 = Sclubirty
¥ e SlamEs
¥ ok Tt ."-}—-\_'_k ]
- el T Bl _ﬂ, - L1718
B bugBzL s )
[ fac -
W FrAgTH UM
B gRL2iL e
& ynnamed ol -
¥ urnamadloml '
& ynramad ) oml o | Momcules ID-rtruchure | Headern i ¥

O. Spjuth et al., BMC Bioinformatics 2007, 8:59
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Bioclipse - OpenTox Interoperation

Core bic-
and chem- ?atﬁ;:nfrf’;t”;ﬁgt Data and madels
Informatics L
Ds Mutagenicity pradictions
—-
Cofmiman
c e Carcinogenicity predictions
Bioclipse [: Signatures
% .
LIBSYM predictions
i f % i
§
§
L}
I I | I predictions
| <additions> | | <additions> | é

—

q’,
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Bioclipse Visualisation Workbench

'\..’

= O[] pecision Support &3

r@ bursiPos3.mol &3
< ﬁ ‘$|-t‘.}w| E|||E:I

=E-\'

B Uncategorized
£ Lipinski's Rule of Five
'/ Failures: 0
@ Mutagenicity
= Bursi exact matches
" Bursi nearest neighbour
! Bursi Toxicophores [1 pos]
E} Aromatic nitroso
! Bursi Signature Significance [1 pos]
® [cucimn
:!'_- Carcinogenicity
E = CPDB exact matches
w" CPDB nearest neighbour

" CPDB Signatures

HO

@-—-E

nALY

Consensus: NEGATIVE J

0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer. i

=
Integrated decision support for assessing chemical liabilities. In preparation

OpenTg



Bioclipse Visualisation Workbench

HC

OpenTo

-
3 bursiPos3.mol 53

] 20Mols.sdf 53

Table | Single Molecule Headersl

= El\lf Decision Support &3 = E\||
=0 Decision Support £3 =0

ol R Ai=l=]j=}=]]c]

| v® AHR
‘ AHR Signature Alerts
v @ AHR Signature Significance [1 neg|
® [0)(=[Ch
. AHR exact matches
‘ AHR nearest neighbour
v Carcinogenicity
‘ CPDB Signature Alerts
v @ croB Signature Significance [1 pos]
() Result: 1.002
v @ CPDB exact matches [1 pos]
(® Index 199
‘ CPDB nearest neighbour
@ Mutagenicity
v Ames Signature Significance (1 neg|
® [CiIC)ol=[0]
‘ Ames Structural Alerts
v @ Ames exact matches [1 pos)
(® 91-64-5
v Ames nearest neighbour [3 neg]
(%) 90-33-5 [tanimoto=0.78]
(%) 2107-76-8 [tanimoto=0.76]
(%) 26093-31-2 [tanimoto=0.75]

Consensus: NEGATIVE ﬁ

——

——
——

———
E——

0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.
Integrated decision support for assessing chemical liabilities. In preparation
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Bioclipse Visualisation Workbench

i OO0 Bioclipse —
: bursiPos3.mal &% I = |.-_ |@§“® | @ i [£] Decision Sup... 3 Default
—_——————1] = = | c:>c:>|| ™ |QLOO%'Q
ety s 18] —
£ 20Mols.sdf 53 ] &S DO i
: 20Mols.sdf [ Report Editor 53 ™. =0 Decision Support 58 . =8
S
. ®O¥|EEIFE|@
. . .. T“ AHR
2 Bioclipse Decision Support © AR Signature Alers
- Chemical Liability Assessment v® AR Signature Significance 1 negl
® [o)=[c)
HC Report date: 2010/08/26 @ AHR exact matches
Cuery structure: Q‘ AHR nearest neighbour
Properties v @ Carcinogenicity
Mol 146.143 -
@ croe Signature Alerts
H donors: 1
1 v @ CPDB Signature Significance [1 pos]
0 0 alogP: 1.031 ® Result: 1.002
v @ CPDB exact matches [1 pos]
@ Index 199
Q‘ CPDB nearest neighbour
/ Number of 4 @ Mutagenicity
Consensus: & v Ames Signature Significance [1 neg]
Endpoints: 2 negative, 1 -
inconclusive @ [CHICIol=[0])
@ Ames Structural Alerts
v ® Ames exact matches [1 pos]
Compound: coumarin ® 91-64-5
SMILES: O=ClOC2=CCmCC=C2(C=C1) v
F ula: COHBOR @ Ames nearest ne_\ghbogr [3 neg]
InChI: InChlw 1S/COHE02)c 10-9-6-5-7-3- 1-2-4-8(7) 11-9/h 1-6H © 80-33-5 [tanimoto=0.7]
(2 2107-76-8 [tanimoto=0.76)
Endpoint: AHR « NEGATIVE (2 26093-31-2 [tanimoto=0.75]
Model: AHR exact matches
Consensus: gy INCONCLUSIVE
Model: AHR nearest neighbour
Consensus: o NEGATIVE
Model: AHR Signature Alerts
Consensus: o NEGATIVE
Model: AHR Signature Significance Compound: [0](=[C])
Consensus: o NEGATIVE Classification: NEGATIVE
Details:
Table | Single Mole Consensus: NEGATIVE ?
.'
1of3
J 4

—
E—

—-..-_-__-.
O enTo = 0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.
P Integrated decision support for assessing chemical liabilities. In preparation
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OpenTox - ToxCast

o ACToR Web

L I I A B Browser
T 1 1" 1" 1" 1

§

ACToR API
iChemlcal i

| Structure
@ ToxRefDB DevToxDB BioRefDB

_/  MicroArray Biological

Tabular Data,

Ilimks to Web = A \l/ /2 Data Reference
L esources pecialized Toxicology Databases Data
Internet
Searches aCtOF.eDa.QOV
=

OpenTox


http://actor.epa.gov/
http://actor.epa.gov/
http://actor.epa.gov/

OpenTox - ToxCast

guest
Help
Admin

ToxPredict

OpenTox demo application

Step 3: Models
Select prediction
models

Step 2: Verify
structure
Verify structure

Step 1: Search
Select structure(s)

Step 4: Estimate ‘
Estimate ‘

Step 5: Results
Display results

This page lists your ToxPredict workflow results for the structure(s) you have selected and the model prediction(s) you have
chosen to run. You could also retrieve the ToxPredict report in various other formats, e.g. SDF, CML, SMI, PDF, CS5V, ARFF,

RDF/XML or RDF/N3.

Download as @

VUA) inchicies & process that we st ol tn ety and bt uaregulstod

ACToR Web
Browser

e
saarsoy
[
Kooy
angspusdo
o
o
R pony

B B...

CAS RN 71-43-2
EINECS 200-753-7
IUPAC name benzene
Synonym (6)annulene; benzine; Benzol; Benzolene; )
bicarburet of hydrogen; carbon cil; Coal naphtha;
cyclohexatriene; mineral naphtha; motor benzol;
nitration benzene; Phene; Phenyl hydride; .
Synonym g{r;o“b;:gzol. Chem]cal
Synonym Benzene I D
Synonym benzene )
Quality label OK qu’l ictiire
MolecularWeight =“Molecula rw.zfgnt : )
Mw 78.1112 D Genomics| |BioRefDB
~ @@ -
Tabular Data, \_ _/  MicroArray Biological Data
:i‘”ks to Web A \l/ F /4 Data Reference  Mining
1al1z X1
SN esources pecialized loXxicology Databases Data
Internet
Searches aCtor.eDa.QOV
-

OpenTo
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http://actor.epa.gov/
http://actor.epa.gov/
http://actor.epa.gov/

ToxBank Infrastructure Project
(started Jan 2011)

Establishment of a ...

... cell and tissue banking
information resource

———

Cell/Tissve :
qu‘isng ... repository for the selected

test compounds

. database of reference test
compounds

. dedicated web-based
data warehouse

This project will be jointly funded by COLIPA and the EC. Any opinions expressed in this slide are those
of the author. COLIPA is not liable for any use that may be made of the information contained therein.




Our Infrastructure Vision for
ToxBank supporting all steps of Predictive Toxicology
Research based on Alternative Testing methods

Users access compounds, biological materials, data and models for
experimental planning and integrated analysis of experimental results

S S
\ OpenTox =
§ Data M \odels @ Warehouse
X X |

Gold
Compounds
I X XX

~ Database
‘ @ Biobank
SOPs SOPs _

Compounds Biological
Materials

This project will be jointly funded by COLIPA and the EC. Any opinions expressed in this slide are those OLIPA _?
of the author. COLIPA is not liable for any use that may be made of the information contained therein. CooEEunorean SV RO GRAMME
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gene Xplain

Integrated Workflow of Bioinformatics, Systems Biological
and Cheminformatics Tools

zl zZEZ

\

e Cheminformatics
Biological activities of
the compounds

4

/ 4 ™
\A Systems Biology

Network analysis and

4 - simulation, potential
A A drug targets
| > o 4 y ’
RESSeN W Bioinformatics
| | s ~ A N

A S Regulatory modules,
_%Mv o > transcription factors

OpenTo
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gene Xplain

Communicating Biological models via
BioUML

Unified Modeling Language (UML) is a
standardized general-purpose modeling
language

ﬁmﬁ%

0100100010011101
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OpenT?
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Database Diagram Data

LabDbs B&EE

Help

G & c d

File

B (Al ) &) S

®

Seesgin

Use journal name |Research: RITA =

Databases ' Data \ Analyses \t
data

Tables: RITA_1_6-8h_vs_control_dn_AND_p53_peak_TF_DT_200_activity \ Tables: PASS_molecule?activity_cancer_targets \t RITA: D'rug_target\t
Tables: RITA_1_6-8h_vs_control_dn_AND_p53_peak _TF_DT

\II RITA : 4DT \ RITA: p110 ' RITA:3DT \ Tables: RITA_1 6-8h_vs_control_dn_AND_p53_peak_TF_DT_200

- Collaboration

an

E-C3 Morgun

allSll=l=] =
) | 2 e | ||

|v||x~,<

4l

REIEIEIE

E—}--E RITA

B Data

B3 Diagrams
----- «u Drug_target
t--C3 Files

i3 Scripts
]ﬁ TFsites_nonredun
-2 TFsites_nonredur|
i [[Z TFsites_nonredur|
t+-[[Z TFsites_nonredur|
£} Tables

£
£
£
£
£
£

""" |= RITAL peaks_|
----- = RITA1.6-8h_

B3 Tracks

- Journal

----- [ 2010.11.03_21:22:1
----- [ 2010.11.04_07:17:3
----- [ 2010.11.04_07:26:2
----- [ 2010.11.04_07:28:

[4]

B3 Morgun2 R S

i
B

0 B | | o o

[4]

<] | [»] 0]
<19 9% ] Defaur -5 (=
ID-3DT INFO Generating result... |~ | ¥ :
Title: 3DT INFO Drug Target search started )
N . . INFO 174 1 1 £ i t list tak for thi lysi

Complete name: data/Collaboration/RITA/Data/Tables/3DT ELSEI L SHLE TIE LD R s s IR :
Attributes: INFO 1874 regulator node candidates found H g -
° ’ INFO Calculating scores... [ - =

& name: 3DT INFO DataCollection RITA 1 é-8h vs_control dn AND pS3 peak TF DT created =

& node-image: il 3

q | [v] -

View / Edit / Editors |

D'escriptionf References , Application Log ] Search results}i Clipboard j Layoutj JavaScriptf Search linked j Tasksf SqQL editorj




Creation of VO from Collaboration Pool

Opportunity

iy

Call for Tender
Need for joint effort
Major project
N~ -

Virtual Organisation

Coordinator Partner 5 Partner 7

Partner 6

——
-h-
—

OPeI‘IT WWW.synergy-ist.eu



http://www.synergy-ist.eu/
http://www.synergy-ist.eu/
http://www.synergy-ist.eu/
http://www.synergy-ist.eu/

SYNERGY Collaboration Services

Modular, ISU Services Epterpnse N

Onmlogy Enterprise 1
Based )}@ —

Knowledge : -

—1

Knowledge — [/

shared with ;

controls & Information and Process

understood Interoperability Services
risks —

- Organisation ( Enhanced VO = Collaboration structured
knowledge Collaboration = for enhanc\(;g support of
assets Collaboration Patterns

* Policy (

 Strategy \ —

nl —/
» Etc. Knowledge Sharing — Partr'ler KM
and Security 1 — | Services
Protected VO Opportunity &
knowledge k &\ = " —? Decision Conflict
. Core IPR ' ' Identification &
. = — — \ni Resolution

« Competing Common ;
projects Understanding Moderator Services )

The Learning VO

. etc. —

New —l Learning
! —/ 1
— Services
Knowledge Publishing
The_ A Collaboration I:::I Capabilities
Learnmg Learning Registry — Searching for
Enterprise Loop Services | == Contributions

The Collaborating Partner |

—
-

= The Virtual Organisation I
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Compound HTS
Repository  Screening

Douglas HCS Assay
Connect Partners

/ Parasite SYNERGY
Biologists

Neglected Disease Drug Design VO

—
E—
——

OpenTox s

Virtual Organisation Pilots

Leadscope,
FDA Data

SMARTCyp

OpenTox

Pharmatrope



OpenTox - Synergy Predictive Toxicology VO Pilot

Strategy Development & Case Study

« Data Mining of Human Adverse Drug Events
« Data Mining of Literature Knowledge

 Creation of Mechanism-based Hypothesis
«Selection of Biological Pathways & Targets

«Selection of Compounds
 Prediction of Metabolites of Compounds

«Selection of in vitro assays relevant to Mechanism
«Selection and integration of Toxicity Data

 Creation of Predictive Toxicology Model including Model Validation
and Applicability Domain

«Selection of Low and High Content Assays for Testing in Cell Lines
« Analysis of Results




Analysis of Adverse Events Based on
Pharmacological Activity

Iong $e

syndrome

B

én‘«s

« (Cardiac adverse events

 Related to hERG ion channel?

cyan = adverse event,

lines define links

=
OpenTox =

red = drug

* Question addressed:

— Are the adverse
events a function of
inhibiting the
pharmacological
target?

— Or is the adverse
event due to an off-
target activity?

PHARMAJ; (o))
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Example: Cardiac Adverse Events

serotonin uptake

Inhibitors; antifungals
vi“"uv
syndrome pointes syndri:me
fluoroquinolone
antibiotics .
cardiac

ﬁb_r_agc&r\tfia arrest

ACE
Inhibitors

On-target events

cyan = adverse event, red = drug
lines define links

——

OpenT?

h”-
—

[l
STl

hERG-related

| toxicities?

Off-target events

PHARMA T @)43




Neglected Diseases - Malaria

Estimate of world malaria burden

e 2.5 billion people at risk

e 500 M cases yearly

e 1-3 M deaths yearly

e Many child fatalities

e Brain Damage, Impaired Development
e Few drugs, no vaccine yet

Total: 1223

Tropical diseases: 13
Malaria: 3

Drug development outcome,
last quarter of the XXth

century
Greenwood & Mutabingwa, Nature 415:670-672
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Anti-malarial Drug Resistance

Emergence and spread of chloroquine resistance

/4




Drug Design VO Roles

The VO involves the
following partner roles:

i

Project Management (PM) 8. Library Design (LIB)

2. Crystallographer (CRYYS) 9. Compound Supplier
3. Pharmacophore (PHORE) (CMPD)
4. Virtual Screening (VS) 10. Protein Suppler (PROT)
5. Docking (DOCK) 11. Activity Assay (AA)
6. Predictive ADME (ADME) 12 Toxicology Assay (TA)
/. Predictive Toxicology 13. Information and
(TOX) Communications
Technology (ICT)
VA4 7

SN

EEEEEEEEEEEEEEEE
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Scientists Against Malaria (SAM)

Scientists Against Malaria i’
A'.

Investigators collaborating on the research include Barry Hardy &
Roman Affentranger (Douglas Connect), Alessandro Contini
(University of Milan), Hugo Gutierrez de Teran (Public Galician
Foundation of Genomic Medicine), Jeffrey Wiseman & Matt

Clark (Pharmatrope), Jeff Spitzner (Rescentris), Ruben Papoian,
William Seibel & Sandra Nelson (University of Cincinnati Drug
Discovery Center), Sharon Bryant (Inte:Ligand), Andrew Wilks &
Isabelle Lucet (Monash University) & Christian Doerig, Coordinator of
the FP7 MALSIG project on signalling in Malarial parasites, and
Matteo Dal Peraro (EPFL, Lausanne).

/4
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http://www.scientistsagainstmalaria.net/

SAM VO targeting Plasmodium Kinases

a Sporozoites 7 > S o

=~ F

[ Sporozoite infectivity }

» PbCDPK60PP

Liver

Merozoites
£

208 w1 @
=8 "—-)

» Pfmap-2
» PfPK7
» Pbcrk-1
» Pfnek-1
» PfPK5
» PfPK6
» PfPK9
» PfCK2
» PfGSK3
» PfTKL1
» PfTKL3
» Pfcrk-3
» Pfcrk-4
» PfARK1
» PfARK2
» PfARK4
» PfPK4

Trophozoite

Gam

> PfCDPK] Winzeler

Erythrocytic schizogony:

47.4!7%\"7&»

Salivary
glands

Ookinete maturation:

» Pbnek-4
» Pbnek-2

/

it

Gametogenesis:
P PbDCPK48Iker

» Pbmap-2
P PfPKGBaker

/ Non-essential for \

erythrocytic schizogony

» Pfmap-1

» PfPK7

> PbCDPK3Ishino, Billker

» Pfnek-4 / Pbnek-4

» PbDCPK4BIker

» Pbmap-2
pprGBaker
fnek-2

| 2 ek-3

» Pfnek-4

» Pfcrk-5

» PfelK1

» Pfelk2

» PfTKL-2

» PfTKL-4

> P

7

Oocyst maturation:
» PfPK7

Ookinete migration:
B PbCDPK3!Ishino, Billker
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Target-based Drug Design approach




Virtual Screening

PHORE's selection of

Pharmacophoric features o) ° °
(o]
N
H
H. (o]
N H
Ni ~ ~cH
”-N)\N o Two hydrogen-bond donors
H H and an aromatic ring
PHORE's library of compounds g .k

H Y
B N
c H H
i " H
( > I: :‘ @
1
N
M. % .
H MH-H
H-H

L,,’;\? .
O

H
i
.
Ll —
2] =

Compound-ID 001 Compound-ID 002 Compound-ID 003 Compound-ID 004
aromatic ring Only one donor No aromatic ring aromatic ring
2 donors 2 donors

PHORE’s activity hits prediction: compound-IDs 001 and 004
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y-synergine bound to synergase (schematic depiction)

Favorable (attractive) interactions
=== Unfavorable (repulsive) interactions

11 favocable and . fav
=>SCORE =9

Each member of DOCK's library of compounds is placed in the binding pocket of synergase
in an oreintation that optimizes the interaction between the library compound and synergase

Compound-|D 002 Compound-ID 004 Compound-1D 005 Compound-1D 006
7 3 favorable 9 favorable 11 favorable
8 unfavorable 0 unf. 0

avorablo
SCORE =5 SCORE=9

0 unfaverable

DOCK's activity hits prediction: compound-IDs 005 and 006

M
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Synergy Drug Design Collaboration Pilot

Screened
Library

& «Z,

% o loxicity

Refine Predictions

SYNERGY

Affinty-prediction Traffic Light

~Decision
Dashboard =~
5 oy r;j

(Safer) Drug
Leads
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Recording of Collaborative R&D

o

Sessions Collections Search Help

S

an

[}

?

b R T T e G I (R B ¢

o

-8

RS bo

NB-Experiments-01
B nB260
o [[) Notebook Section
¢ [[) Experiments-02
o D Anti-erbB2 treatment induces cardiotoxicity
o D 9. Differential role of ICAM ligands
o D 10. Assay Development
o D 13. R-methylanthraguinone Synthesis
? |H:] Notebook Section-03

i D @@@ 11. Microarray Studies

o @ 12. Excel Chem research project

o D 14. Differential role of ICAM ligands-2
2% Cancer Research 11
B Jspitzner-038
3% Contract Neurotoxicology Research - 023
2% Lab Project Research-003
3% InstrumentData
2% Experiment Project
[ Experiments 2006
3£ Protein Analysis
3 Lead ID-1034

Controlle
2 pmamacmemesr 10 \Cab U e

? :‘ Role of DNA Methylation in Gene Expression
o 1. Experimental Aims
o il 2. Materials and Methods
? _‘ 3. Experimental Procedures

Pratocol l.doc

Protocol Il.doc

Protocol lll.doc

Protocol IV.doc

? _‘ 4. Results
o ‘ Annotated results
¢ M GelImages
& sequencing Gel 1.jpg
Sequencing Gel 2jpg

- @ oelzin

¢ _l Spreadsheets

3 jspitzner

1| My CERF | Resource Info: 14. Differentia } Local Fi

em |

Viewer |

4|

| ¢]

[ nez60 > [[) Notehook Section-03 > [ ] 14. Differential role of ICAM ligands-2

b * & eea@e

A.

CD4+ (24 hrs)

,/\

A

/\

A ICAM-1

ICAM-2

ICAM-3

CD3]

\
~

/

A CD3/CD28

Cle:

aved Caspase 3

. Control
10 ng

& 100ng

& 1000 ng

Cleaved Caspase 3

W 24hrs

48 hrs
72hrs

8| = s @ @ v

|Normal

| + | Default font

101 102 103

101 102 103

10! 102 103)

(CD3/CD28

CD3ICD:

/ICAM-1

/ICAM-2

CD3/CD
ICAM-3

Cleaved Caspase-3
48 hrs, 100 ng stimulant

]

Visualisatjon

==

Collabortive
Electroniic
Laboratory
Notebogk (ELN)

Fig. 1. Stimulation of LFA-1 through ICAM-2 and ICAM-3 in the presence of CD3/CD28 co-stimulation does not activate caspase-3. (A) Intracellular st
staining of cleaved-caspase 3 in cells treated with ICAM-1, ICAM-2, ICAM-3, CD3, CD3/CD28, CD3/CD28/ICAM-1, or CD3/CD28/ICAM-2, or
CD3/CD28/ICAM-3. Naive T cells were stimulated in 96-well coated plates and stained for CD4-PercpCy5.5 and intracellular cleaved-caspase-3-PE at

4]
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Collaboration Results Schema

We have defined a Collaboration Results Matrix and XML Schema for
the recording of all predictions, experimental data and metadata

<Compound>
<ld>
Unique ID number for each compound, to be used in the
pilot
</ld>

<Alternative Names / IDs>
Here we can give vendor codes, IUPAC names, arbitrary

names, etc.
<Alternative Name/ ID 1>
<ID type>
DrugBank ID
</ID type> ..... ETC
A
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1. A library of compounds is entered to the ELN
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OpenTox

VA < 4
J OpenTox =




2. Each compound is assighed a data structure in ELN

ELN

M Model 2
M Model 3

pos

Synergy

OpenTox
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S S
OpenTox =
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4. OpenTox computes toxicity predictions
ELN

R-
Synergy

Nm

OpenTox

Model 2
Model 3
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6. ELN sends the results to SYNERGY

ELN

Model 2
Model 3

1

/ 110

Synergy

E

= Model

010

OpenTox

VA < 4
J OpenTox -




7. SYNERGY applies the Recommendation Rules

ELN
N |
Zz
: Q| ©
Recommendation Rules: ==
SA10 1
000 Non-toxic,
high confidence Synergy
100 N | ‘
010 \ Inconclusive 0| o
00 1 i‘, results, G ol 8
01 1 ¥ further study = =
101/ needed @101‘
110 OpenTox
111 Toxic,
high confidence

—
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9. Experimental assays confirm toxicity
ELN

i Model 2
i Model 3

S
Synergy
E‘
g1.0 1@
OpenTox

—

/A

S S
J OpenTox =




Prediction Workflow

PHORE

DOCK

VS

/4

1/0 Norm.

SUM
[01]

A 4

x conf.

Experimental
TOX Assay

ADME TOX
ADM TOX

adjusted adjusted
SUM SUM

“pass” | Experimental

OpenTti;- ¢

Affinity Assay
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SYNERGY Service support

Collaboration Moderator Evolution Partner KM
Pattern Service Service Service Service

Real-time
. notification on
services knowledge updates

Enterprise

Other bus services .
service bus

Event bus

(%)
]
e
>
|-
O
(%)}

Event publisher ‘l Event processor Event subscriber

data CD

VO Project
Knowledge & Fact base




SYNERGY Service support

Collaboration Moderator Evolution Partner KM
Pattern sdrvice Service Service Servicl

7 —T—— Real-time

° notification on
knowledge <
updates

CPats are triggered
by detected comp'<
events in a certai
context

Events enable mining
maintenance and
evolvement of reactive
knowledge Event bus

it S¥bscriber l

Business opportunities -
&conflicts in the
collaboration are
discovered in real-time
by complex events

services

7
Reac N\ BEY B Sector Knowledge

VO Project . Collaboration
VO Knowledge KL ECRACEdERE A ;q Pool Knowledge

A, Enterprise Knowledge
RERG!
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SYNERGY Complex Event Processing

N
Event Type Repository

. [ Ips ) [ patterns ) [ schemata ) |

\ \ / L / N 4/

\ \
\ \ /
\ - _

N\ 7

CEP Engines
Complex S s
. ‘ ‘ EventType
processing \\ f ?\ y o
_omplex Events > CPat Assistant
_ Esper W§ Service Other Services
Simple [ /2\\
processing LR

Event Type Repository Service

R R
subscribe/unsubscribe () R publish R C) create/remove \ 4 () v()
input events v output events v topic
subscribe/unsubscribe
E entS events
e N\

. Topics | Enterprise Service Bus




SYNERGY Event Processing of Drug Design Results

stopDOCK

stopADME

stopTOX




SYNERGY Collaboration Patterns

4 N A\ 72 N [ )
How are the Where are they Where are they Which are the end
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trigger

CPats
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Facing the Challenges of the Expectations

twas 3 dags
ago he had his
last weal!?

Visit with Lions at Mukuni Project, Livingstone, Zambia

—
g

) Ope nTg-x
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http://barryhardy.blogs.com/theferryman/2009/02/walking-with-lions-and-licked-by-cheetahs-a-visit-with-the-mokuni-project-in-zambia.html

Our Funding Support...

For more information, visit

www.opentox.org

twitter.com/barryhardy
barryhardy.blogs.com

OpenTox - An Open Source Predictive Toxicology Framework, www.opentox.org, is funded under
the EU Seventh Framework Program: HEALTH-2007-1.3-3 Promotion, development, validation,
acceptance and implementation of QSARs (Quantitative Structure-Activity Relationships) for
toxicology, Project Reference Number Health-F5-2008-200787 (2008-2011).
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