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Outline

Phenotypic and target-based screening with
ligand-based and structure-based drug design

Systems biology based approach
Data integration

Application to cancer drug discovery



Phenotypic screening and target-
based screening

http://www.sulsa.ac.uk/research-facilities/uk-npsc/phenotypic-screening



Ligand based drug design (LBDD)
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http://www.shirokawa,jp/column/amakura_yoshiaki/366/



Structure based drug design (SBDD)
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How SBDD can assist target-based
screening

P1

A basic fragment at P1 site was shown to be
essential for mimicking the natural substrate
by ligand based approaches

e.g., FXa inhibitors
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SBDD solved the problem with LBDD



Fundamental limitations of structure-
based approaches

Multi-targeting

activities
SBDD g




The systems biology approach to
drug discovery

Healthy Individual Disease State Treatment Prediction

Source: Ingenuity Pathway Analysis, Causal Network Analysis suite
Prathipati and Mizuguchi, Current Topics in Medicinal Chemistry (in press)



Data integration

Pathway Protein-compound
interactions
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Data warehouse system

A Data warehouse compiles the contents of multiple databases to fit a
common data model (Stein 2003, Nat Rev Genetics 4, 337-345)



Toxygates: an integrated platform for
toxicogenomics data analysis

Dynamic lookup
from remote servers

(000‘0€~) saqo.d

Nystrom et al., Bioinformatics (2013)

Compound A
RDF (remote/local) @ ?
Gene, protein, pathway, ...

http://toxygates.nibio.go.jp/

ompound B
@ Samples (~24,000)
>

v (1 2 3 4 - ranking )
Data matrix (key-value store, Kyoto Cabinet)
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& TargetMine

Data warehouse for drug target — -

prioritization
http://targetmine.mizuguchilab.org s — Y

(Integrate a wide range of data sources. N

* Enable complicated searches that are
difficult to achieve with existing tools.

 Custom annotations and in-house data.

Powered by

[
\ Infer at the Cambridge Systems Biology Centre /

Chen et al., PLoS ONE 6(3): e17844 (2011)




Data sources in TargetMine

micro RNA & Transcription factor

target associations| target associations Pathways &

interactions / Genes & proteins
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Homo sapiens, Rattus norvegicus, Mus musculus



How InterMine integrates data

Drug Disease Ontology
Protein m/'
Gene Onto‘ogy

Pathway

Drug Disease Ontology

Pathway
Gene Ontology

Post-processing Gene Ontology

(Java, PostgreSQL)



Given a protein, find all the compounds that target this protein

Query protein: Catechol O-methyltransferase (COMT_HUMAN)

DrueBanNK - -

Open Data Drug & Drug Target Database
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rch Traiing  About us

@ TargetMine

Trail: Query > Results.

# Columns ¥ 1 Fiters

wellcometrust 1 to 36 of 36 rows

cr

17 interacting compounds

DoaTes

Conjugated Estrogens
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- | 7 interacting compounds
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36 non-redundant
- | interacting compounds

Catechol O-mef

= | from ChEMBL, DrugBank

Catechol O-mef

Catechol O-mef

Catechol O-mef

Catechol O-methyltransfe Homo sapiens FKNQFGJONOIPTF ‘Sodium(1+

FQYXHZIHZXSYMT CHEMBL1D

Catechol O-methyltrar Hom

Catechol O-methyitra

Homo sapiens ICLKAUQIPVFHO!

JLWSXFLKOINIY

JRURYQUSLYLRLN

Catechol O-methylransf Homo sapiens JRVIIPJSVKTPEK 7.8-dinydroxy-4-phenyl-2H-chromen-2-one
Catechol O-methytra Homo JRWZLRBINMZMFE dobutamine
Catechol O-methyltransferase Homo KvviQ! cz BIA

Catechol O-methyransf 1H, 1H3 4-bipyrazole

Homo sapiens LNJKDWJFZASOPC 1.3 dimet

Catechol O-methytrans Hom sapiens KEPWMEQBLKI denosy-Lmethionine
Catechol O-methylransierase  Homo sapiens MGPIUSUKNLNT

Catechol O-methyiranst Homo sapiens NNPPCROKHWS

Catechol O-methyfransferase  Homo sapiens NOIIUHRQUVNIDD

Catechol O-methytranst Homo sapiens NOIIUHRQUVNIDD Niaiaride

Catechol Omethylransferase  Homo sapiens NPYPAHLBTDXSSS potassium(1+

Catechol O-methyra Homo sapiens NUZAARCKGCFLIV EMBL108953T

ChEMBL

DrugBank PDB

Catechol O-methyltransferase Homo sapiens MBL1089536
Homo sapiens PDMMFKSKQVNJMI sterone Propionate
Homo sapiens PIEUQSKUALMALL cafungin

800

Homo sapiens

Homo sapiens POKYHCUJXGDDRU

Homo sapiens ama

Homo s

SVTBMSDM.

WYaN

UTYMOZJIGPIDG

Homo sapiens VDCDWNDTNSWDFJ
Homo sapiens VEZOHMUGYIMC  chioide

Homo sapiens VUCAHVBMSFIGA estrone sodium sulfate
Homo sapiens VXKSFHAKXZVXGU BL1069538

o sapiens VYFYYTLLBUKUHU dopaine

Homo sapiens XZLKZEOPTRHRY

2,4-dimethyl-5-(1H-pyraz

Questions? Comments? Click heret




Given a drug, find all the ChEMBL targets that have been
co-crystalized with that drug

Model browser l

Browse through the classes and attributes. Click on
links to add summary of fields to the results table or on
links to add individual fields to the results. Use links
to constrain a value in the query.

Compound Group ©
Identifier ®
T

Name
Compounds Compound © f,

Show empty fields

Fields selected for output

Columns to Display

column to sort results by, click again to select ascending

REMGVEALLY

Compound Group > Name Q

on) @ (no description) @

(no des

Compound Group > Compounds > Target Proteins > Protein . Name @
(no description) (<]

(no description) @
(2l

Compound Group > Compounds > Target Proteins > Protein . Primary Al

Compound Group > Compounds > Target Proteins > Protein > Known 3D structures > Chain > Structure|

Query Ove;

Compound Group
LOOKUP Estradiol € @ (A)
Name |©
Compounds Compound collection @

Target Proteins Compound Protein Interaction collection [x o]

Data Set Data Set
Name |©
= chemeL © @ (B)
Protein Protein
Name |©

Primary Accession Q

PDB

DATA BANK

PROTEIN

Known 3D structures Protein Structure Region collection WL

@ TargetMine

Chain Protein Chain
Structure Protein Structure ©@
Pdb Compounds PDB Compound
LOOKUP Estradiol € @ (C)

Identifier| ©

Constraint logic: A and Band C

AandBand Cs

Use the EAewd] or links to add fields to the results table. Click and drag the blue output boxes = - === =&~ ===
or descending ET.use the link &

Target Proteins
Protein . Primary Accession

P03372
P04278

Q62986

Target Proteins
Protein . Name

Estrogen receptor
Sex hormone-binding globulin
Estrogen receptor beta

Estrogen receptor beta

Found 4 proteins

Trail: Query > Results
—  / Manage Columns ¥ 3 Filters [E Create / A ~ - Eciagei g F ey
Compound Group > Compoungd
(na Showing 1 to 4 of 4 rows WS per page: | 25 ] S s -
| tx-o tx-o® tx-Ye® 1x-®
Target Proteins Target Proteins Target Proteins Pdb Compounds
Name Protein . Primary Accession Protein . Name Data Set. Name Identifier
estradiol P03372 Estrogen receptor ChEMBL PDBCompound:EST
estradiol P04278 Sex hormone-binding globulin ChEMBL PDBCompound:EST
‘ estradiol Q62986 Estrogen receptor beta ChEMBL PDBCompound:EST
estradiol Q92731 Estrogen receptor beta ChEMBL PDBCompound:EST



Targeting cancer stem cells using a
systems biology approach

Philip Prathipati
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Chiba et al., Scientific Reports (in press)




