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Transporter
Off-target predictions
Integrated approaches

o

s —
:;{V \
‘rv \.
~ Y,
90" JENCH
| g f '& ‘¢
\a.) |\‘ ‘).
A < v’ - J( ‘
x .( ”~
-
v\,
«

\‘~ r
A A
. —~ o
T et A IS
v . -
o S 4 * | & . Ve
’ ~ I . ! )\\
~
C <4

Data, data, data, ....

AS B @& .
-




‘Open PHACTS

W Open Pharmacological Space

Disease | +— |Pathway| «— | Target | «— | Ligand

\ ~ J \__ —— _
Clinical “omics”
information information
N _/
—~—

Chemical/structural
information



,» Open PHACTS

W Open Pharmacological Space

receptors

1.1 pKi Werte

SERT. NET DAT | SHTIA | 5HT2A | SHT2C [ alphal [ alpha2 [ M1 M2 M3 ma M5 D1 D2 D3 HL
lopram 8.73 5.16 5.00 5.00 5.08 621 5.92 5.00 5.84 5.00 5.00 5.00 5.00 5.00 5.00 5.00 646
8.96 511 5.00 5.60 5.41 5.91 5.00 5.00 5.00 5.00 5.00 5.00 5.70 "
Fluoxetin 861 6.18 539 5.00 6.71 659 556 507 6.06 557 595 554 557 5.00 5.00 549 -
Fluvoxamin 8.69 572 5.00 5.00 5.00 5.17 5.89 572 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 c
Paroxetine 7.25 6.42 5.00 5.00 5.00 5.56 5.00 6.73 6.47 7.10 649 6.19 5.00 5.00 5.00 S
Sertre 5.88 7.59 5.00 5.27 5.64 6.70 564 6.06 5.68 5.89 5.85 572 5.20 5.97 7.62 o
Venlafaxin 8.09 556 5.09 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 581 o
Desvenlafaxine | 7.40 5.83 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Duloxetin 823 6.62 5.00 6.30 604 5.08 503 5.00 5.00 5.00 5.00 5.00 5.00 5.00 564 E
ilnaciy 8.08 7.66 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 (@]
Trazodon 6.69 5.02 5.06 6.97 744 6.65 7.16 649 5.00 5.00 5.00 5.00 5.00 5.43 5.40 6.18 (S
Nefazodon 6.48 631 644 7.10 8.15 714 757 644 5.00 5.00 5.00 5.00 5.00 5.82 6.04 5.00
i 6.56 7.589 5.00 5.00 5.00 6.34 5.00 5.00 559 555 555 538 5.70 5.00 5.00 5.85
Atomoxetin 7.11 830 5.84 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Bupropion 502 5.00 6.19 5.00 5.00 5.00 538 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
ifensi 6.00 765 731 5.93 6.43 5.00 5.00 521 5.00 5.00 5.00 5.00 5.00 5.00 5.00 557
5.00 534 5.00 7.74 7.16 741 6.43 7.70 6.10 538 5.26 524
Mianserin 540 715 5.03 6.29 7.83 841 7.4 7.92 6.30 6.03 5.69 555
il 524 7.95 £.00 5.00 7.29 691 717 5.51 6.46
846 7.65 554 6.35 764 837 7.85 6.40 7.89 7.53 759 814 7.70 7.08 5.84
i 734 558 5.00 7.45 7.19 849 6.28 6.66 711 7.40
Doxepin 717 753 5.00 6.56 759 8.06 763 5.90 7.42 6.80 728 7.09 712 6.44
Imipramin 8.89 7.29 5.03 5.10 6.93 692 7.49 551 738 736 722 5.95 7.08 5.00 6.17 641 758
Desipramin 7.70 846 511 5.09 7.02 6561 721 546 65.96 6.27 668 6.80 6.84 5.26 5.60 712
Dothiepin 8.05 734 527 5.40 6.82 6.38 792 774 6.96 742 7.2 7.04 8.40
i 7.15 827 5.00 534 592 7.00 557 7.17 6.8 659 647 6.34 6.30 5.70 644
Aripiprazol 597 5.68 549 825 8.06 765 7.60 7.13 517 545 533 5.82 5.63 6.41 8.01 754
Amisulpride 5.00 5.00 5.00 5.70 5.00 5.15 5.80 5.00 8.89 862 5.00
[ i 589 5.61 5.00 551 846 821 6.12 7.60 6.67 717 7.40 738 736 | 810 | 852 852
Clozapine 5.79 5.50 5.00 6.85 8.19 744 817 782 885 732 8.15 822 830 671 6.89 6.55 892
i 549 5.68 5.00 5.29 6.70 5.00 737 6.22 5.00 5.00 5.00 5.00 5.00 7.24 866 577
Methylphenidate | 5.00 6.47 738 5.00 5.00 5.00 5.00 525 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Olanzapine 543 5.00 5.00 5.57 8.60 8.17 736 6.55 860 7.02 7.89 8.00 8.22 7.46
i 6.38 825 6.88 8.00 6.29 7.52
Quetispin 500 5.00 5.00 649 7.02 593 809 7.10 687 6.20 6.15 6.65 5.52 6.15
Risperidon 5.00 5.00 5.00 6.38 7.19 857 8.12 5.00 543 5.00 554 5.00 722 | 857 | 785 7.48
iprasic 695 736 5.00 7.92 7.89 859 6.81 5.00 5.00 5.00 5.00 5.00 752 | 807 | 800 782
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Acridone derivatives: Design, synthesis, and inhibition Thera peutlcs

of breast cancer resistance protein ABCG2
Ahcene Boumendjel,™* Sira Macalou.” Abdelhakim Ahmed-Belkacem,® Reversal of Breast Cancer Resistance Protein.mediated
Madeleine Blanc® and Attilio Di Pietro®

N creme B T Drug Resistance by Estrogen Antagonists and Agonists
"Département de Pharmacochimie Moléculaire, UMR 5063 CNRSIUniversité Jo.

5 avenue de Verdun BP 138, 38243 Meylan, France
O fustitut de Biolagie et Chimie des Pratéines, UMR 5086 CNRS/Université Lyon I, IFRIZ
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Flavonoids Are Inhibitors of Breast Cancer Resistance Protein
(ABCG2)-Mediated Transport

Received 20 September 2006; revised | February 2007; accepted 9 Febr
Available online 13 February 2007

PhV!OeStI‘OQenS/ElaVOHOidS Rev-er Shuzhong Zhang, Xinning Yang, and Marilyn E. Morris
Resistance Protein/ABCG2-Mediat

Yasuo Imai, Satomi Tsukahara, Sakiyo Asada, et al.

Department of Pharmaceutical Sciences, School of Pharmacy and Pharmaceutical Sciences, University at Buffalo, State
University of New York, Amherst, New York

Received October 15, 2003; accepted January 30, 2004 This article is available online at http://molpharm_aspetjoumals.org

A Global Drug Inhibition Pattern for the Human ATP-Binding . '
Cassette Transporter Breast Cancer Resistance Protein R journal homepage: www.elsevier.com/locate/bmel

1

(ABCG2)H

tituted-2-phenylquinazolines as inhibitors of BCRP

Par Matsson, Gunilla Englund, Gustav Ahlin, Christel A. S. Bergstrom, Ulf Norinder, and ale, Michael Wiese *
Per Artursson

Pharmaceutical Screening and Informatics, Department of Pharmacy, Uppsala University, Sweden (P.M., G.E., G.A., C.A.S.B.,
U.N., P.A); and AstraZeneca R&D, Sddertilje, Sweden (U.N.)

Received May 9, 2007; accepted July 5, 2007
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HERAPEUTICS

Bioorganic & Medicinal Chemistry

journal homepage: www.elsevier.com/locate/bmec

The multidrug transporter ABCG2

inhibited by plant-derived cannabi Investigation of chalcones and benzochalcones as inhibitors of breast

cancer resistance protein

1 2 2 1
ML Holland’, DTT Lau?, JD Allen” and JC Arnold Kapil Juvale, Veronika F.S. Pape, Michael Wiese *

Pharmaceutical Institute, University of Bonn, Pharmaceutical Chemistry Il An der Immenburg 4, 53121 Bonn, Germany
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J48 Tree, MOE descriptors
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Manual compilation of data sets
|dentification of literature sources
Redrawing structures

Manual addition of values

Area under
ROC: 0.8
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« Transmembrane receptor
 Tetramer

« Non-selective cation channel
« Peripheral nervous system

« Activation - influx of cations
—> depolarization of
membrane - pain perception

* Prolonged activation —
desensitization

"D’ Lee et al., J Comput Aided Mol Des (2011) 25: 317-37

Molecular Drug Targets
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TRPV

"} Louis Armstrong Mew Orleans Interna... =« lmGnngle Kalender

x ] ». Register for Open PHACTS Explorer

6 @ explorer.openphacts.org/#!p=PharmByTargetNameForm &u=http://www.conceptwiki.org/concept/flc37c53-63c3-4107-2688-12d4d c082ef3

% | 4. Open PHACTS

v ' molecular informatics journal

/‘ Open PHACTS Explorer
| .

4«
Mavigation =
> [_]) Compound
I+ (2] Target
4 =7 Pharmacology
E Pharmacology by Enzyme family
|=] Pharmacology by Compound

|=] Pharmacology by Target
Help and Feedback +
API Status +

TSV Downloads +

| Pharmacology by Target Name * |

Hint: Type in protein name and species. E.g. "ADA protein human" and select a result

Protein name:

& Fitter

Provenance:

Transient receptor potential cation channel subfamily V member 1 (Homo sapiens)

©on @off &

Pharmacology by Target name search results - Total Records: 2328

&) Frepare tsv file

Structure Compound Mame

(3beta)-3-hydroxy-M-{4-hydroxy-
5 F-methoxybenzyljurs-12-en-
' 2B-amide

(3beta)-3-hydroxy-M-{4-hydroxy-
5, 3-methoxybenzyljurs-12-en-
" 28-amide

- (12R)-12-hydroxy-M-(4-hydrosxy-
" F-methoxybenzyljoctadecanamide

Target Mame Target Organism

Transient receptor potential cation
channel subfamily ¥ member 1
{Homo sapiens)

Homo sapiens

Transient receptor potential cation
channel subfamily ¥ member 1
{Homo sapiens)

Homo sapiens

Transient receptor potential cation
channel subfamily ¥ member 1
{Homao sapiens)

Homo sapiens

Search...

Assay Organism  Assay Description

Percent absolute effect
obtained with ionomycin,
measured by the entry of
[Ca2+] into human
embryonic kidney HEK293
cells overexpressing hvR1

Response

[Ca2+] influx into human
embryanic kidney HEK293
cellz overexpressing human
VR1 (MM = non-measurable)

Homo sapiens

Percent absolute effect
obtained with ionomycin,
measured by the entry of
[Ca2+] into human
embryonic kidney HEK293
rells overexnressinn hVR 1

Response

L}

Activity Type  Relation

Value

14.3

69.7

P i EB-
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hTRPV1 - 2328 ligands from Open PHACTS
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408 compounds

Open PHACTS

W Open Pharmacological Space



OpenPHACTS

DharrmasranlAamaica
Jpen Pharmacological Space

P% moe 2012.10 & i - -

File Edit Select Render Protein Compute Window Help

Open
¥4 Database Viewer : d:/1304 - april 2013/e d LigX
: Constrain »
File Edit Display Compute OpenPHACTS Window Help SVL DBV MOE g
Close

Pharmacology By Compound

iteVi
Pharmacology By Enzyme Family SIELEL
Pharmacology By ChEBI Class Hiikogens
Hide »
Show »
| Ligand »
Input CHEMBL-target ID g
g Surface »
Please input the CHEMBL ID of your target | Measure »
Sketch
Minimize
Select »
= Extend
5 2 end »
0 entries. 1 field, 0 selected, all visible. File Edit Display Compute OpenPHACTS Window Help SVL DBV MOE £}
smiles kasabi. f pmid full_mwt http:/iwww.conceptwiki.org/ prefLabel prefLabe 4 Dalgto
k;'T'J\ http://data.kasabi.com/da 9767638 393.479@ | http://www.conceptwiki. | Multidrug resistance protein ( sapie | Multidrug
http://data.kasabi.com/da 9767638 = http://www.conceptwiki. | Multidrug resistance protein sapie | Multidrug
http:// .kasabi.com/ 9767638 ://www.conceptwiki. | Multidrug resistance protein 1 ( sapie | Multidrug
http://data.kasabi.com/da 9767638 g http://www.conceptwiki. | Multidrug resistance protein o sapie | Multidrug
http://data.kasabi.com/da -~ http://www.conceptwiki. | Multidrug resistance protein 1 ( ie | Multidrug
http://data.kasabi.com/da 9767638 . ://www.conceptwiki. | Multidrug resistance protein ie | Multidrug
http://data.kasabi.com/da . http://www.conceptwiki. | Multidrug resistance protein ( sapie | Multidrug
< >
60 >
2563 entries, 0 selected, all visible. 19 fields, 0 selected, all visible. ]
R|:s |t
(W] \;

Atoms Ribbon Contacts Fog ZClip

MMFF94x PBC
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Reversal Increasein
of MDR Rhodamine 123 ChEMBL _antiproliterative Reversal of MDR TP-search
8% accumulation strect 129 Inhibition of
Radioligand- 5% \ ’ o Digoxin transport
Binding Assay Inhibition of [3H] 19%
5% N vinblastine nhibition of
. transport nhibiton o
Cytotoxic effect 9% LDS-751

Inhibition of
Calcein-AM

9% transport

14%

transport
Inhibition of _— 18%
Calcein-AM Inhibition of
ranspart Increase Rh‘ird;”;;”f rt1 S Inhibition of
© Calcein-AM 139% Daunorubicin
accumulation ° transport
4% 24%
7
molecular
informatics
w
= b . L g DOI: 10.1002/minf.201200059
L¥]
W . . .
S * * Annotating Human P-Glycoprotein Bioassay Data
(L]
M 5 Barbara Zdrazil™ Marta Pinto,”! Poongavanam Vasanthanathan,® Antony J. Williams,"™ Linda Zander Balderud,"”
5 ’ Ola Engkvist,*! Christine Chichester”! Anne Hersey,' John P. Overington,*’ and Gerhard F. Ecker*®
- L .
= »>¢ R“=0.77
o 4
o
3
Develop assay ontology

3 Create tools for semiautomatic combination
3 4 L 6
Propose reference compounds

DNR / NIH-3T3-G185 cells
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Data

+ Workflow for enriching the chemical space

P e
e

e

A ovenrracrsexviores

hemBioNavigator

2 H
Overview  Detals  Tamgets  Fubbcations  Fativeoys T o a a
1,3 dimethyl 5-phenyl 1H-pyrazoio{43-d)pyrinidin 7 of A

[ Viewin ChamSpider | [ Viewin OPS Explorer |

swnes O=CINCINC 2NN ccce
Inchr NS0
RIS-0-13(7 168130815 12(14-10)9 643579
M 10,00,3,15,28)
IChIKey  PSRWICKNFOIBLFFFACYSAN
e 0.5 ‘
tog? e
[ (]
o
o more molecules by
e (]
‘sdvanced opticas v _ Semilanty Search : -] 5}
: oo *
Substnucture Search 2 @ °©
A0

T cema

Acridone derivatives: Design. sy, and inhition
o beeast cancer resstance proteis ABCG2

Therapeutics DUToer
Revorsal of Breast Cancer Resistance Protein-mediated
Drug Resistance by Esirogen Antagonists and Agonists '

i Flavonoids Are Inhibitors of Breast Cancer Resistance Protein
(ABCG2)-Mediated Transport

Mo € Moms

e
=

Cassette Tranaporter Broast Cancer Resistance Protein
(ABCG2)*

the Human ATP-Binding

The multidrug transporter
inhibited by plant-derived

ML Mtand’, DT L, 10 A’ 304 JC At

ABCG2
cannab'

‘cancer resistance protein
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DU S N

““N ;
Na %-u \](h*‘c\@c’\/?n ' m m m]]
(A {B) () (o) {E)

# Scaffold Stereochemistry Rl E2 ICsuM=SD logP{o/w)
5a (A) (35,4EF) (L) CHs H 2085+ 0.01 2.84
5h (A) (3R.45) (L) CHs H 14.55£0.05 284
fa (A) (35,4F) (LYCH(CH:)» H 240+£0.03 382
6h (A) (3E.45) (LyCH(CH:): H 270£0.02 382
Ta (A) (35.4R) (LyCH:CsHs) H 0.55£002 438
Th (A) (3R.45) (LyCH:CsHs) H 077004 438
8a (A) (35,4EF) (L) CH: CH: 306+£0.06 311
8h (A) (3R.45) (L) CH: CH: 372+£003 311
0a (A) (35,4F) (LyCH{CH:)» CH: 0.06+0.06 408
Oh (A) (3E.45) (LyCH(CH:): CH; 1.35+=0.003 408
10a (A) (35.4R) (DyCH{CH:): H 462+£031 381
10h (A) (3R.45) (DYCH(CH:): H 1.34=0.08 381
11a (A) (35,4EF) (Dy CH(CH:): CH: 1.01+0.02 4.08
11b (A) (3R.45) (D CH(CH:): CH: 1.00+0.05 408
12a (B) (25,4a5,10bR) CH: H 12416004 1.08
12h (B) (25,4aR_10b5) CH: H 76.80+ 0.08 1.08
13a (B) (25,4a5,10bR) CH{CH:): H 1532+ 032 204
13b (B) (25,4aR.10b5) CH{CH:): H 5033+ 0.60 2.04
l4a (B) (25,4a5,10bR) CH:(CsHs) H 268+£0.18 351
14b (B) (25,4aR_10b5) CH2(CsHs) H 25978006 351
15a (B) (25,425, 10bR) CHs CH: 4783+ 0.01 224
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Jsing the Power of Open PHA ondon. 22-23 April 20:

+ Establish Pipeline Pilot or KNIME workflow

Answer business question:

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

Substructure SMILES H ChemSpider URI ChemSplder

Open PHACTS €— ConcentWiki URI Wiki

Pharmacology information for

Enzyme class + Pharma:n_lng‘f % desired assay of molecules
members information with substructure

G T

¢ The free chemical database
h. P

anzymE Gatanzyma  Cache

ubstrecture | Substruciure  map SOMpound Join Cats Feap HTML
s imput = 111 Wit : -
RDE input sarch chamipider charmacclie  from Cache  Properlies Tacle

link i con ¥ Vigvar
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Using the Power of Open PHA “London, 22-23 April 2013

How to enrich the chemical space
— Put your data into one of the sources

ChEMBL i i ChemSpider

EHI * Doinbnses » al Molecules * ChEWBL Drinbase

Document Report Card

Doc D (CHEMEL20%4135 Chemspider

Title Siructure-achivity relabonship data for a senes of M-(phenydmehbdl-2-(1H-pyrazal- The free chemical database
4 pliarstamida and Nojphemdmalip 2. (2icnvannid) arskamide ankaganicke of o BOY7

receptor (Supplemamary Bisacivmy Diaka for publication CHEMBL115T144]
Authors [Senger S Beswich PJ, Chamberz LJ, Daviea 0J, DK, Demont EH, Roomann 5, Wallerz DS

Abstract | Supplementary bicactivity data for the GlamaSmithikline (E5K) publication Bioong. Med. Ghem Abnu[ h.']ore Searches Web AP'S He|p
Lefl. 2010, 20, 3167-3164 (ChEMBL Dot |0 CHEMEL1157144): plCS0 values for 54
curnpour s il e been lesled o e ethidionm ormide peleese aussay (ChERBL Assay 1D,
CHEMEL1103680) described In reterenca 24 of the aloremenbonsd publication. All compounds
have been lesled & lsastfour limas and have baen reporsd as baing aclive in all test
OCCASIONS.

(0 ]a] Mt dol.ora 0.6 HICHEMBL 2084185

ChEMBL supplementary bioactivity data depositions
get assigned a DO, i.e. they are citable.
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sing the Power of Open PHA , London, 22-23 Ap "i'
Approaching new areas with increasing complexity

BQ X1: Give me all pathways related to the regulation of P-
glycoprotein, and all compounds hitting targets in these pathways.

BQ 17: for a given disease, give me all targets in the pathway and
for these targets all the active compounds

- Give me all compounds annotated with liver toxicity and their
Interaction profiles with all transporters expressed in the liver

Limitations are no longer in your computer, they are in your mind!



