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« Aim: Take advantage of the OpenTox
iInfrastructure in Bioclipse
— Look up services (e.g. data and models)

— Consume services (download, upload, run
predictions)

— Create nice GUI for OpenTox infrastructure
— Integrate with Bioclipse offline capabilities
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Bioclipse — an open source
workbench for the life sciences
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ER- YN Hocipse =
=& > e | @S . . | 2 Default
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(=) 96
(= 2D structures = n n - |
£ Fragme v 62 plate Layouts Function Value Function d 8 ML ML ML M7 M7 M7 c1 {
(2> 3D Structures . AVG_AlIBlanks 87 AVG_C6
(= Javascripts T AVG_AllControls 2330 AVG_C7 . s V2 V2 v V8 V8 V8 1
o I — AVG_Cl 2530 AVG_C8 1797693134862
(= PDB —————— v 2 Master Plates
- =0 ties 52 AVG_C2 2500 [[CV_AllControls
(= SDF - Properties (&) 96 AVG C3 2790 v Cl f B M2 M2 M2 M8 M8 M8 c1
(& SMILES | Property ALL 384,090310 AVG_C4 2730 cv.e2
General v ¥ Compounds AVG_C5 1990 Cv._C3 ] B M3 M3 M3 M9 M9 M9 cL
Has 2D Coords > BAL 5-Aza-2-deoxycytidin has no IC50 || Dactinomycin has no IC50 value
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Has 3D Coords s : value 9 e 0 h 8 ~3 M3 M3 %] M9 M9 c1L
Molecular Form 85 100 tnl i (I | 1
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O. Spjuth, J. Alvarsson, A. Berg, M. Eklund, S. Kuhn, C. Masak, G. Torrance, J. Wagener, E.L. Willighagen, C. Steinbeck, and
J.E.S. Wikberg. Bioclipse 2: A scriptable integration platform for the life sciences. BMC Bioinformatics 2009, 10:397

Spjuth O, Helmus T, Willighagen EL, Kuhn S, Eklund M, Wagener J, Murray-Rust P, Steinbeck C, Wikberg JES: Bioclipse: an
open source workbench for chemo- and bioinformatics. BMC Bioinformatics 2007, 8:59.
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Drug design

Component-based architecture

Bioclipse

Databases

250 ¢
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v ¥ SampleData [/Users/ola/dT
» (2@ jmolScripts

> (s HO

> (% pdb -

» (% sequences
» (% spectra

> (@ test HO
] ATP.cml
. ATP. e i )
e coog [ New Wizards >
J. CooQ %
5 = Open
¥ o5 Open With >
<~ Doxo P J
&7 mdbt (= set root folder
c\,g POVC 3¢ Delete y
M POYE  pename
4~ reser

: &9 Refresh

+ . show

# Expand all
‘= Collapse all

|

Show all structures in 2d viewer 1
4~ Assign CDK atom types

4~ Create 3D coordinates...

4~ Create 2D coordinates...
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= View in Pymol
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Bioclipse Scripting Language

p
] Properties (CJ Progress ﬂg Javascript Console %\

Elake) New

Select a wizard

biows .queryEMBL ("X56734")
biows .queryRefseq("NM_000410")
biows.queryUniProtKB ("INSR_HUMAN")

mol=cdk. (a)

Get entries from various up-to-date biological databases |+ |
using the WSDbfetch Web Service at the European
ics Institute (EB).

Wizards:

type filter text

» (= General
» (= Cheminformatics
» (= Data
¥ (= Download
(&) Get structure from PubChem
) Query WsDbfetch at EBI

» (= Scripting

seqs = biows.queryEMBL ("X56734 ,X56735");
aln = kalignws.alignDNA(seqs);
biojava.sequencesToFASTAfile (aln, "save here");

(b)

9

gist.github

< > w4 experiment
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uerster - EClipse: Proven technology

File Edit Window Downlink Help
|9 |® | ® |0 [ | EBasic Pers...
[ Orbital view 52 = 5| ® EDR Search View 2 i @~ =0

7 @ & s Range—‘
+ |End v

s ol ]

~Instruments

FRONT_HAZCAM_RIGHT ‘
GO

Product ID | Instrument | Sol ] Seq.. ] -
[%]2F 134356 76 TEFF2600P1212L0M1  FRONT_HAZCAM_LEFT 90 p1212
[%2F134449644EFF2700P1212L0M1  FRONT_HAZCAM_LEFT 91 p1212
[ 2F 1346 14869EFF2700P 1403LOM L FRONT_HAZCAM_LEFT 93 pl403
[%J2F 13461516 IEDN2700P1131LOM1  FRONT_HAZCAM_LEFT 93 p1131
[%]2F135147950EDN2700P1131L0M1  FRONT_HAZCAM_LEFT 99 p1131
[%]2F135148174ESF2700P1127L0M1 FRONT_HAZCAM_LEFT 99 pl127
[%]2F135149189EDN2700P 1141LOM1 FRONT_HAZCAM_LEFT 99 pll4l
[%]2F 135149794EDN2700P 1141L0M1  FRONT_HAZCAM_LEFT 99 pli41
[%]2F135150380EDN2700P1141L0M1  FRONT_HAZCAM_LEFT 99 pl14l
[%]2F135150997EDN2700P 1141LOM1 FRONT_HAZCAM_LEFT 99 pl141 s
[%]2F 1351516 10EDN2700P 1141LOM1 FRONT_HAZCAM_LEFT 99 pl14l
[%]2F 1351524 16EDN2700P1141L0M1 FRONT_HAZCAM_LEFT 99 pl14l
5 FRONT_HAZCAM_LEFT 99 p1212
FRONT_HAZCAM_LEFT

Use Selected Orbital Region [v'

51 1
[%]2F 13515376 5EDN2700P1111LOM1

- e

\image View ‘ Image View \ Image View RozBl
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Example: Dutch railways
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OpenTox =

=

From data to predictions

Preprocess
data

Download,
edit, visualize,
preprocess
structures and
metadata

Create and
assess
models

Statistical

modeling and
validation

7

Remote

Local

Deploy
models

Package and
deliver model
to usersin a
flexible, secure
format

7

Remote

Local

Consume
models

Enable user-
friendly
consumption of
services

4
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Bioclipse-QSAR:
Reproducible QSAR datasets

Chemical
Structures

a Descriptors

j g Responses

w;) Metadata

OpenTox =

g

o e e W

£

‘ 9 The Bioclipse
J Workbench

Providers

Local
Descriptor

| QSAR-ML

=

Remote
Descriptor
Providers

O. Spjuth, E.L. Willighagen, R. Guha, M. Eklund, and J.E.S. Wikberg. Towards
interoperable and reproducible QSAR analyses: Exchange of data sets.
Journal of Cheminformatics 2010, 2:5




Bioclipse-QSAR with OpenTox
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00 Bioclipse =
J 3 | BE¢ |{Z:’j @0 ‘ M 2l fj @ QSAR [=|Decisio >
" > Bioclipse Navigator 53 = ajf =5

S-S

»=ola
b (= scripts

i 20Mols.sdf
i 7props.sdf
i chang.sdf
| data-ot-2011.zip
i drugbank.sdf
@ metapyrilene.cml
© oxeladin.cml
@ oxolamine.cml

b =% OpenTox

P =% Sample Data

=] Virtual

‘@)JavaScript Console 53 = E‘ Ea Progress 5% ) % =8

No operations to display at this time. 2

I=> OLALA J




Bioclipse Decision Support for
wveser @SS€SSINg chemical liabilities

 Original plan: Use Bioclipse workbench
and provisioning system to:

— Run models locally
« fast execution, no need for network connection

— Deliver a customizes prediction workbench
 Just install the plugins you desire

« Evolution: Also take advantage of
networked services (e.g. SOAP, XMPP,
OpenTox)




Chemical Decision Support for
wvesmer - Safety assessment

* Integrate various predictive models

— Similarity searches (InChi, signatures,
fingerprints)

— Structural alerts (toxicophores)

— QSAR models (classification, regression)

 Demonstrated on drug safety endpoints:
— Mutagenicity (AMES)
— Carcinogenicity (CPDB)
— AHR inhibition (PubChem BioAssay 2796)

O. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.
Integrated decision support for assessing chemical liabilities.
J. Chem. Inf. Model, 2011, 51 (8), pp 1840-1847
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Bioclipse Decision Supp

or

-
@ bursiPos3.m¢

5
£ 20Mol;

Table ﬂ

3 Bioclipse =
INE & | of 3 < Q |(137 @ |09 [ [£] Decision Sup... > Default
18175  |H-& & |k & 2 |0 T M| &Moo )&
ﬁ 20Mols.sdf ‘ Report Editor 83 \_ =) / Decision Support 53 . =)
2 @OVICQL}”B‘@
. . o . VO AHR
3 Bioclipse Decision Support @ AR Signature Alerts
Chemical Liability Assessment ve gHR Signature Significance (1 neg]
[O)(=[CD)
Report date: 2010/08/26 @ AHR exact matches Fd
Query structure: @ AHR nearest neighbour
Prol\];er‘tles 146.143 v Carcinogenicity
oL . @ CPDB Signature Alerts =@
H donors: 1
v @ crDB Signature Significance [1 pos]
(o] 0 alogP: 1.031 @ Result: 1.002 ur
v @ CPDB exact matches [1 pos] free
® Index 199
@ CPDB nearest neighbour
/ Number of 4 v® Mutagenicity
Consensus: J v @ Ames Signature Significance [1 neg]
Endpoints: 2 negative, 1 -
inconclusive © [cxciol=(op
@ Ames Structural Alerts
v ® Ames exact matches (1 pos]
Compound: coumarin ® 91-64-5
SMILES: 0= C10C2=CCmCCmC2(CnC1) v@® i
Formula: COHEO2 @ Ames nearest ne_lghbogr (3 neg]
InChI: InChl=1S/COHE02/c10-9-6-5-7-3-1-2-4-8(7)11-9/h 1-6H © 90-33-5 [tanimoto=0.78] —
© 2107-76-8 [tanimoto=0.76]
Endpoint: AHR « NEGATIVE ® 26093-31-2 [tanimoto=0.75)
Model: AHR exact matches =
Consensus: g INCONCLUSIVE
Model: AHR nearest neighbour
Consensus: ¢ NEGATIVE
Model: AHR Signature Alerts
Consensus: ¢ NEGATIVE
Model: AHR Signature Significance Compound: [0](=[C])
Consensus: ¢ NEGATIVE Classification: NEGATIVE |
Details:
Consensus: NEGATIVE
3 " )
1of3 aene

| &, |



wverster - BlOClipse Decision Support

Core bio-
Data-independent
and cnem- Data and models
informatics implementations
o ™
DS Mutagenici predictions
' . l Q "
K ™
Carcinogenici predictions
Bioclipse Q I
i) ;
fa ™
LIBSVM
SU———
' ]
1] 2 ,
! ]
: ' I ' predictions
| <additions> | | <additions> |

\ ==
OpenTox

0
—
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Rich GUI for predictions

UNIVERSITET
® 0 —
v ) . Y ; isi >
ECE vololsAema1droPOLDCQ00CCL] - - o Eoeciion s
> Bioclipse N 53 == z 10mols.sdf ‘@ *candesartan.cml 33 = B8 |[[] pecision Support SEN = [wl
= & ¥ /Changed - ®O¥|::|EmE|®
P =ola v § Carcinogenicity
b =% OLALA |&=s CPDB Signature Alerts
» % olagsar | CPDB exact matches
VBS:enTox @ CPDB nearest neighbour
5.‘: 10mols.sdf /&% CPDB regression
& 3drugs.sdf v @ Mutagenicity
5 ambit0.sdf |== Ames Signature Significance
= amb!tl.s |=s Ames Structural Alerts
] ambit2.sdf N | |& Ames exact matches
= . \
5 ambit3.sdf \ /NH |=s Ames nearest neighbour
i ambit4.sdf o N v 4g) OpenTox
() candesartan.cml Q@
(3 danthron.mol N O\/ )
@ metoprolol.cml HO o)
I =% Sample Data Q
> % WEEEQSAR N )
o
o
vif o X
ff o
o
(= Properties 52 B myY= B EJ 2D-Structure 52 = g
Property Value @
©]
(©]
9
o
@ 3
N 9
\N —/NH o
2 o
HO N\(o\/ 0
® :
N (©]
<€ ) S 4 ¢ =) e
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OpenTox in Bioclipse

Bioclipse

-

=< AJ)

| Ld ’ A
2 Bioclipse N &3 =08 ‘

ES

»=ola |
=% OLALA
» % olagsar
V= 0OpenTox

i 10mols.sdf
i 3drugs.sdf
i ambit0.sdf
. ambitl.sdf
i ambit2.sdf
i ambit3.sdf
i ambit4.sdf
@ candesartan.cml
@ danthron.mol
@ metoprolol.cml
b (=% Sample Data
> % WEEEQSAR

720 £ Remwd 1 eoPOane0 000G L]

£y [ Decision Su... >

i 10mols.sdf ‘@ metoprolol.cml £3 =
O
(0]
HO.
HN
= Properties R B = ¥ = 0| [£] 20-Structure 2 =0
Property Value |
VGeneral 4]
Has 2D Coords yes
Has 3D Coords no

InChl

InChiKey
Molecular Format
Molecular Formula
Molecular Mass
SMILES

Failed to calculate
Failed to calculate

CML (Single 2D Molecule)

C15H25NO3
267.3645

OC(COC1=CC=C(C=C1)ICCOC)CNCICIC

> Y
-

>

E]Decision Support g . =08

®» 0¥

FIFEE)

v ; Carcinogenicity
\=a CPDB Signature Alerts
|=« CPDB exact matches
|=x CPDB nearest neighbour
|z« CPDB regression
v & Mutagenicity
|=% Ames Signature Significance
|=s Ames Structural Alerts
|=x Ames exact matches
|=s Ames nearest neighbour
v 4gh OpenTox
|=% ECOSAR LC50 fish
IST Carcinogenicity model (Canc)AAhttp:/ /www.w3.0rg/2
IST Fish Toxicity model (LC50_mmol)Ashttp:/ /www.w3.0
|&x IST Salmonella Mutagenicity model (SAL)AAhttp: [/ /www.w
|& Lipinski Rule of Five
|2 MLR model for Exp LogKowAAhttp:/ /www.w3.0rg/2001/
|=% MLR model for caco2AAhttp:/ /www.w3.0rg/2001/XMLSc
|== MolecularWeight
|== OpenTox model created with TUM's J48 model learning v
|== OpenTox model created with TUM's kNNregression mod¢
|= OpenTox model created with TUM's kNNregression mode
|=% QSAR SRC KOWWIN fingerprints AD
|z START biodegradation and persistence plug-in
|z SmartCYP: Cytochrome P450-Mediated Drug Metabolism
|& ToxTree: Benigni/Bossa rules for carcinogenicity and mu
|== ToxTree: Cramer rules
|=s ToxTree: Eye irritation
|=s ToxTree: Skin irritation
|=s ToxTree: Skin sensitisation alerts (M. Cronin)
|= ToxTree: Structure Alerts for the in vivo micronucleus as
|= ToxTree: Verhaar scheme (modified) for predicting toxici
|z ToxTree: Verhaar scheme for predicting toxicity mode of
|=s XLogP
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[wi |

w@ @]

[y [¥]Decision Su... >

3 Bioclipse N 23\\_ =0

[S=3

e

»r=ola
I =% OLALA
» % olagsar
¥ =% OpenTox
i 10mojy.sdf
i 3drugs.sdf
i ambit0.sdf
i ambitl.sdf
= ambit2.sdf
i ambit3.sdf
= ambit4.sdf
@ candesartan.cml
@ danthron.mol
@ metoprolol.cml
b =% Sample Data
> =7 Virtual
» X% WEEEQSAR

-
Decision Support &3 N

=0

Pog|lLrna|e

wna Progress | &, Javascript Console |

Property Value
|

[#] 2D-structure 8\ =0

v ; Carcinogenicity
& CPDB Signature Alerts
== CPDB exact matches
s CPDB nearest neighbour
= CPDB regression

¥ % Mutagenicity
= Ames Signature Significance
== Ames Structural Alerts
== Ames exact matches
s Ames nearest neighbour

v Agh OpenTox
A ECOSAR LC50 fish
A IST Carcinogenicity model (Canc)AAhttp:/ /www.w3.0rg/2
QIST Fish Toxicity model (LC50_mmol)AAhttp://www.w3.0|
QIST Salmonella Mutagenicity model (SAL)AAhttp: / fwww.w
A Lipinski Rule of Five
QMLR model for Exp LogKowAAhttp:/ /www.w3.0org/2001/
Q MLR model for caco2AAhttp://www.w3.0rg/2001/XMLSc
A MolecularWeight
@OpenTox model created with TUM's J48 model learning v
QOpenTox model created with TUM's kNNregression modé¢
QOpenTox model created with TUM's kNNregression mod¢
4 QSAR SRC KOWWIN fingerprints AD
QSTART biodegradation and persistence plug-in
@SmanCYP: Cytochrome P450-Mediated Drug Metabolism
QToxTree: Benigni/Bossa rules for carcinogenicity and mu
QToxTree:
A ToxTree:
QToxTree:
‘QToxTree:
QToxTree:
»QToxTree:
A ToxTree:
A& XLogP
Q pKa

Rl e ]

Cramer rules

Eye irritation

Skin irritation

Skin sensitisation alerts (M. Cronin)

Structure Alerts for the in vivo micronucleus as
Verhaar scheme (modified) for predicting toxici
Verhaar scheme for predicting toxicity mode of

J
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Report model validation

2 metapyrilene.cm! &3

o

I properties 23@ JavaScript Console |

Property

VDataset
Dataset name
Descriptors
Observations
URL
Variables

¥ Model
Learning model
Learning parameters
Model choice
Model name
Model performance
Model type
Model validation

VResult
Consensus
Prediction time
Status

Value

Bursi Mutagenicity Dataset
Signatures (height 0-3)
4337

http://pubs.acs.org/doi/abs/10.1021/jm040835a

23226

SVM
kernel=RBF, c=10, gamma=0.002

Maximal accuracy, with 5-fold cross-validated accuracy as objective function

Ames Signature Significance

0.85

QSAR

Accuracy measued on an external test set

NEGATIVE
251 ms
FINISHED

] ( Decision Support 83\

> ' Cancer growth inhibition

& Carcinogenicity
@ crpB Signature Alerts [no hits)
@ cros Signature Significance [no hits
@ CPDB exact matches [no hits)
@ CPDB nearest neighbour [no hits]
ve Mutagenicity
v @ Ames Mutagenicity [1 pos)
® accuracy: 0.582
v® Mutagenicity
v Ames Signature Significance (1 neg)
© [CI(ND)
) Ames Structural Alerts [no hits]
@ Ames exact matches [no hits]
v Ames nearest neighbour [1 neg)
(%) 148-65-2 [tanimoto=0.87)




aversrer - OCrpting OpenTox in Bioclipse
L@@ o @A @ (oo (e a e r o ol(m)

® 00 /o nYo\e(aoo
f\(VK \< ( L] www.wiki.bioclipse.net/index.php?title=OpenToxEuro2013

&  C N [} www.bioclipse.ne = ,
f B P >w Free Live S/ | | Open in Papers 2 webbarbete farmbio D BiB - drug repurpos: a Conference Alerts - \ La|

: aax Annc @fl cic:D Eroo Liva © [Y Ane T
3 ) Bioclipse ¥ o X
File Edit Window Install Help !
InEals U I 90|08 - @Bt bove, but it also provides many pred
4 aY S
3 Bioclipse Navigator 2 = O |G testd.js %tests.is b3 ; |
_ - PR T e LT e T e P e R P PR PP R P PP EREE
a & v lvar ontologyService = "http://apps.ideaconsult.net:8080/ontology/"; = .
= 2js.clear(); (] p/ontology/ " ;
¥ = Bioclipse-OpenTox Workshop 3 ) o
) 4sets = opentox.searchDataSets(ontologyService, "EPA");
test.js Sjs.say(sets);
test2.js 6
=13 4 1 - (e
testd.js
B testS.js
P = NanoTox &
¥ = OpenTox L D/ontology/ &";
el 0.sdf | | -
& l.sdf - N
= 2.sdf £ Properties | [&, JavaScript Console 82 _[& Groovy Console | El Console | 53 ngress} =0
== [a]
el 3.sdf ) 1=
= 4.sdf [["set","title"], .
~as ["hfctp://apps.1deaconsult.net:8080/amb1t2/dataset/11","DBPCAN: EPA Water
3 alkanes.sdf Disinfection By-Products with Carcinogenicity Estimates"],
b ["http://apps.1deaconsult.net:8080/ambit2/dataset/12", " "EPAFHM: EPA Fathead
& Test Minnow Acute Toxicity"'l, .
["http://apps.ideaconsult.net:8080/ambit2/dataset/14","IRISTR: EPA Integrated
Risk Information System (IRIS) Toxicity Review Data"],
["http://apps.ideaconsult.net:8080/ambit2/dataset/13","KIERBL: EPA Estrogen || ||  looooooooooooooos
Receptor Ki Binding Study (Laws et al.)"]
] B
| Hj thorization to access it. An OpenTox
Writable Insert 6:1
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Related work

* Modeling in Bioclipse
— Integrated solutions (e.g. libsvm)
— Modeling with R

* Publish Bioclipse models using p2

 Visualizations

Mol Wt: 486.6

Ns+Os: 6 @

NHs+OHs: 1




wveser Related work 2

Secure provisioning of offline models

Model building on HPC/cloud resources

Secondary pharmacology predictions

Biological similarity: QuantMap

Dibutyl phthalate
Ibuprofen ——
Aspirin —
Diclofenac ——
Glimepiride
Rosiglitazone }
Estradiol
Bisphenol A :li

Schaal W, Hammerling U, Gustafsson MG, Spjuth O. """ coumesta
Automated QuantMap for rapid quantitative Tamoen j__i‘

molecular network topology analysis. Resveratro

Bioinformatics. 2013 Sep 15;29(18):2369-70. | Enosten —
Genistein :l_
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wveser - NEXt steps: Bioclipse-OpenTox

* Better indication of AA, status,
classification, and confidence of results
(APl improvements?)

 Distinguish local and remote services
better

* Highlight OpenTox substructure results

« Categorization of models




Predicting nanotoxicity using
wvesrer | OpenTox from Bioclipse

Bioclipse

.
T @) J (1) J v v [ =] Decision Su... [ <Plug-in De... [ Java
= 5 (@ NM Editor X = B (=) Decision Support =8
2 5. ¥ || Chemical Formula Fe304 w Q¥R @| | = |@ @ | i
Type METALOXIDE =
Zeta Potential -27.0 eV OpenTox

v & Burello Conductivity Band Energy [1 neg]
® Toxic = NO




& Acknowledgement: The Chemistry
wveser . Development Kit (CDK)

* Most prominent open source Java library
for cheminformatics

» Coordinated from Maastricht University
(Egon Willighagen) and EBI (Christoph
Steinbeck)

« ~200 citations

* Widely Used in academia and pharma
industry

— AstraZeneca, Bayer, Merck-Serono, Sanofi
Aventis, Eli Lilly, Novartis
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* Providing commercial support around the
topics of Bioclipse and statistical

modeling.

« Research, implementations, education,
branding/deployment

* www.genettasoft.com
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