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Agency Problems:

+ Large lists of chemicals to evaluate
+ Many toxicity endpoints to assess |nerts
+ Lack of sufficient and relevant data

Need to prioritize and focus limited resources on
chemicals and problem areas with potential for

greatest health & environmental impact
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Outline of Presentation:

+ Chemoinformatics & SAR Predictive
Challenge

+« DSSTox Project & Data Standards

+ Emerging Chemo-bioinformatic
Capabillities




Chemistry-based Data Mining
& Exploration:

Data Mining

Structure-Activity Relationships

Chemical(s) 1§ Cchemical- @ siructural |l Property Biological/

specific analoas analoas mechanistic
of COQACS i data ? < analogs

Chemi Name

Structure-searchable




SAR Application

Maximize
Pharmacological
Activity

Drug
Design

¢ Single therapeutic target
¢ Drug-like chemicals
¢ Some toxicity anticipated

Toxicity
Prediction/
Screening

Environmental
Minimize Protection
Toxicity

¢ Multiple unknown targets
¢ Diverse structures
¢« Human and eco endpoints
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What is Chemoinformatics?

Dr. Frank Brown introduced the term “chemoinformatics” in the Annual
Reports of Medicinal Chemistry in 1998;

foxicity prioritization & screening
“The use of information technology management has become a

critical part of the | process. Chemoinformatics is the mixing
of those information resources to transform data into information and
iInformation into knowledge for the mtended purpose of making better
decisions faster in the area of

_ o environmental toxicity screenin% _
In fact, Chemoinformatics is a generic term that encompasses the design,

creation, organization, management, retrieval, analysis, dissemination,
visualization and use of chemical information.

http://www.bioinfoinstitute.com/chemoinfo. htm
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i : % : + Drug Discovery
¢+ Chemical Design

2D SS;:ritrr#rféure + Materials Science
2D + Green Chemistry
Pharmacophore 3D Substructural | Similarity
Searching

. - + Agricultural
LR — + Pesticides
Molecular
Molecular
Diversity Analysis

e

Quantitative Structure-Activity
relationships (QSAR)

Decision trees

modeling + Food Science
Neural

— Networks + Polymers
AL + Atmospheric
Semiempirical analysis

theory chemistry
Molecular Multiple linear

Virtual Screening

Data Mining

| . Principal « Environmental
mechanics regression | components studies
Inductive logic analysis G Chemist
- -
ADMET Scoring reasoning Genetic Prede.n | Emistry
Igorithms ¢ Predictive
filtering Active Analog Toxicology

Drug-
likeness



Chemoinformatics:

From Data to Knowledge

deductive %+ inductive

learning L learning
generalization

context

measurement
calculation

(P ocasteigeretal http://www.biologie.uni-erlangen.de/mibi/lectures

Extracting knowledge from chemical information
— lots of data (structure, activities, genes, etc.)




Toxicity
Prediction
Problem

Toncity Risk Assessme e




Toxicity
Prediction
Problem




Observation:

Activity = f (Structure)

active Inactive

Methyl group leads to loss of carcinogenic activity




SAR: Generalization

Statistical association
Mechanistic hypothesis

1
OOO Class PAHSs
activating feature bay region

Inactive modulating feature steric hindrance




Combining SAR and Biofunctional Information
Predicting Carcinogenicity of Organophosphates
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Woo et al. (1996) Environ. Carc. & Ecotox. Revs., C14:1-42




Model Development for Activity A.
Global toxicity prediction

Gatherrelevant N Activity

LoXicity datal guantification \
/ Model Development

& Hypothesis
Biological and + Generation
A ) chemical

mechanisms
\ Chemical
structures




Toxicity Prediction for Chemical Q

Global Chemical
D =) | Class-based
Toxicity G class SAR moedel

| Model assignment
Supporting

information

TOXICitY  mmmmp Anglogue
Prediction Sealci

l

Data collection

l Weight of evidence
Hypothesis generation ==y  toxicity prediction




Structure-based Screening &

Prioritization:

Mine existing
data for
structural &
biofunctional
analogs

Data

Apply existing
SAR model

Chemical(s)
of concern

Develop new
SAR model

Data

Data

Place in context of
existing data and
understanding

Data




Limitations of Public Toxicity
Data for Use In SAR:

+ Scattered sources
+« Non-standard formats
+ Diverse information content

+ Lack of chemical structure annotation

+ Suitable databases unavailable for many types
of tox endpoints




Part Il.

DSSTox Project &

Toxicity Database Standards
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About DSSTox
Work in Progress

Frequent Questions
Databases

Central Field Definition
Table

Apps, Tools & More
DSSTox Community
Site Map

Glossary of Terms

U.S. Environmental Protection Agency
Distributed Structure-Searchable Toxicity (DSSTox) Public

Database Network

Eecent Additions | Contact Us | Print Wersion Search:

http://www.epa.gov/nheerl/dsstox

EP& Home = Research & Development = Health and Environmental Effects Research = Distributed Structure-Searchable Toxicity (DSSTox) Public

Databasze MNetwork

DSSTox

The Distributed Structure-Searchable Toxicity (DS5Taox) Database Metwork is a project
of EPA's Computational Toxicology Program, helping to build a public data foundation
for improved structure-activity and predictive toxicology capabilities. The DiESTox
wehsite provides a public forum for publishing downloadable, standardized toxicity data
files that include chemical structures. Maore

[ Recent Additions: TMarls

““*New Database Additions:
S
* FDA Maximum (Hecommended) Daily Dose Database (FDAMDD) of 1217

Pubdic

Taxicity
-+ Data Files

Chemical
Shllll'l.-'llﬂtﬁ

Help pharmaceuticals - 1Mar05 Import into \ Improved
User Dalabaso Tonicity
Expanded and modified versions: Applications pmacmn
. " . . . Structural
@ Consolidated, updated Carcinogenic Potency Database - All Species (CPDEBAS), Analog
1451 compounds: 91 new recards added to v2a Searching

® CAS registry numbers added to EPAFHM and DEPCARN

@ 55Tox Graphic Flowchart
@ [55Tox Project Goals
@ [55Tox Publications

"““‘Mew Standard Fields added to all DS5Tox files:
B

L
@ |MChl (IUPAC/MIST Chemical Identifier) unigue structure-text codes
@ |UPAC systematic chemical names (generated by ACD/MName)
@ Standard Toxicity Fields: StudyType, Species, Endpaint fields

"“'New Features of Site:

I

@ FTFP Download Instructions for easy access to archived and new DS5Tox data files
@ Plew information pages: [NChl, D35Tox Standard Toxicity Fields

@ Links to External Public Databases adopting DS55Tox standards: |SSCAMN qew

DSS5Tax Databases:
CPOBAS wZa 1451 1Mar0s

DEPCAN wZa 203 1MarDS

EPAFHM wis E17 1Mar0s

FDAMDOD w1z 1217 1bkar05**

HCTRER w23 232 1k=r0s

onew Fdoition




About DSSTox

Work in Progress

Frequent Questions
Databases

Central Field Definition
Table

Apps, Tools & More
DSSTox Community
Site Map

Glossary of Terms

Help

U.S. Environmental Protection Agency
Distributed Structure-Searchable Toxicity (DSSTox) Public
Database Network

Recent Additions | Cortact Us | Print ersion
EPA Home = Research & Development = Health and Environmental Effects Research = DSSTox » DSSTox Databases

Search:

Databases

The following alphabetical list constitutes the most current DS5Tox database offerings. Each of the titles below is linked to its main
informational/download page.

@ See Recent Additions far a listing of the maost recently published DS5Tox databases.

@ See Work in Progress for further infarmation on databases currently under development. Upon publication, new D35Tox databases
will be added to the listing below.

@ See External Public Databases for links to databases oft-site that have adopted D35Tox standards.

« CPDBAS: Carcinogenic Potency Database Summary Tables - All Species
Turmor target site incidence and TDS0 potencies for 1451 chemical substances with data for all species consolidated
into single file: rats and mouse, hamsters, dogs, and/or non-hurman primates; data reviewed and compiled fram

literature and MNTP studies.
(SOF last uodated MBS

< DBPCAN: Water Disinfection By-Products Database with Carcinogenicity Estimates
Carcinogenicity estimates (high, moderate, low concern) by EPA experts using a mechanism-based analog SAR

approach on a set of 209 water disinfection by-products, mostly small halogenated arganics.
(SOF last undated 12MOS)

< EPAFHM: EPA Fathead Minnow Aquatic Toxicity Database
Acute toxicities of B17 chemicals tested in common assay, with mode-of-action assessments.and confirmatary

reasures.
(SOF dast updabed {iME0E)

<« FDAMDD: FDO A's Center for Drug Evaluation & Research - Maximum (BRecommended) Daily Dose Database
faximum (recommended) daily dose (MRDD) values for 1217 pharmaceuticals in mogdkg-body weight (bw)iday,

converted to mmol, and normalized to dataset; MRDD values extracted frorm public literature sources.
(SOF last updated 1MariE)

< NCTRER: FDA’s Natienal Center for Toxicelegical Research - Estrogen Receptor Binding Database
Estrogen receptor relative binding affinities tested in a commaon in vitro assay for 232 chemicals, listed with chemical

class-based structure activity features.
(SOF last undated 12MOE)




Source SOF Download Page
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DSSTox SDF files:

¢sChmFindW05030111462D

1416 00 0 0 0 0 0 0999V

0.1283
0.0000
1.0347
2.3261
2.4544
1.4197
3.6254
4.5318
3.8821
5.9516
6.7295
5.9516

2.1977
0.7780
0.0000
0.5213
1.9411
2.7191
0.0000
1.0347
2.1977
1.0347
2.1977
3.4891

0.0000 C
0.0000 C
0.0000 C
0.0000 C
0.0000 C
0.0000 C
0.0000 N
0.0000 C
0.0000 C
0.0000 N
0.0000 C
0.0000 C

N
o

0

0

SAR Model Development
“Training Sets”

« Improved predictive tox models

0.0000 C
0.0000 N

[eNeoNeoNeoNooNoNoNoNoNoNoNoNo]
[eNeleoleololoNoNoNoNoNoNoNoNo]
[eNeoNeoNeoNoNoNoNoNoNoNoNoNoNo]
[eNeoNeoNeNeooNoNoNoNoNoNoNoNo]
[eNeoNeoNeoNoloNoNoNoNoNoNoNoNo]
[eNeleoleololoNoNoNoNoNoNoNoNo]
[eNeoNeoNeoNeoNoNoNoNoNoNoNoNoNo]
[eNeoNeoNeoNoNoNoNoNoNoNoNoNoNoe]
[gNeNeoNeoNeoNoNoNoNoNoNoNoNoNe]
[eEsNeoleololoNoNoNoNoNoNoNoNo]
[eNoNeNeleoloNoNoNoNoNoNoloNo]
[eNeoNANeNeoNoNoNoNoNoNoNoNoNo]

+ more comparable models
+ lowered barriers to use

Chemical Relational Database:
sub-structure, text, property searching

> <Last Updated> (1)
5/3/01

> <Source> (1)
http://potency.berkeley.edu/cpdb.html

« analog searches
+ search across diverse toxicity endpoints
« search across chemical & toxicity fields

> <Chemical> (1)
A-alpha-C

> <CAS> (1)
26148-68-5

> <Tested Form> (1)
neutral




DSSTox Standard
Chemical Fields:

ACD
ChemFolder
Application view
after SDF import

ChemName IUPAC
SMILES Parent
InChl

StudyType
Species
Endpoint

Structure

Field 0 ‘ o
|

HECANH =

ormuala: ClEHlSI-IIZI

Fll: 223.2698
D35Tox_ID: 18
035Tox _FileName: CPDELS w2a 1451 4Jan05 Stan d ar d
MolWeight: 223. 2738 Chemical
Srructurelihowmm: tested form Flelds

Chenlame: Z-Acetylaminofluorene

CAi%: 53-96-3

GubstanceType: defined organic

TestedForm: parent

ChemCount: 1

Chemtlame IUPAC: N-9H-fluoren-Z-ylacetamide

SMILES: Cl2ZC3=C{C=CC=C3)CCl=CC{=CC=2)NC(C)=0

SMILES Parent: Cl2C3=C{C=CC=C3)CCl=CC{=CC=Z)HC{C)=0

INChI: INChI=1.12ZBeta/C15H13NO/cl-10(17)1l6-13-6-7-15-12(%9-13)5-11-4

1
StudyType: carcinogenicity Standard
Species: rat, mouse, hamster, rhesus TOXIClty

IEndpn:lint: TD50, Tumor Target Sites Fields



Integrating Diverse Databases from a
Chemical Structure Perspective:

CPDB DBPCAN EPAFHM NCTRER

Standard Chemical Fields

Standard Tox Fields: studyType, Species, Endpoint

SAL CPDB ChemcClass FHM NCTRIogRBA

TD50 Rat ChemClass DBP MOA ER RBA

Concern Level MOACONF ChemClass ERB

CLOGP

. ' Activit
Target Sites Rat Rationale LC50 E;é\” y Group

Male Rational Source LC50NOTE

_ Rationale
Target Sites Analog LCSORATIO ChemClass ERB
Rat Female

ChemName MIXMOA

Target Sites TOXINDEX MeanChem

AnalogCAS Class ERB RBA
Mouse Male FATS

LogP
Other Species AnalogSMILES BEHAVIOR F1, F2, ...F6

TD50Mouse




DSSTox Database Design:

Toxicology Chemistry

Toxicologists Toxicological _
Biologists Chemical SAR Modeling

Risk Assessors Structures &/ Machine Learning

Domain Expertise Properties \ Comp. Chemistry
3D QSAR

Context Utility for SAR

Relevance




Where are we heading:

+ Expanded database offerings

« Automation: DSSTox Master List

+ On-line structure browsing

« Integration with other public databases

+ Coordination with public data standards
= Chemical standards (INChl, etc)
= ToxML
= Miami-Tox

+« EPA-wide structure browser

+ Linkages to toxicogenomics efforts




Up Next ...

> NTPIMT: NIEHS National Toxicology Program Immunotox Database
Based on 1992 publication reporting a battery of immunotox results for 50 chemicals.

» IRISSI: EPA’s Integrated Risk Information System (IRIS) — Structure

Index Structure index file for EPA IRIS database — initial phase without toxicity data,
just structural information.

> NCTRAR: FDA’s National Center for Toxicological Research -

Androgen Receptor Binding Database Androgen receptor relative binding

affinities tested in a common in vitro assay for 202 chemicals, provided with chemical
class-based structure activity features.

> NTPGTZ: NIEHS National Toxicology Program Gene-Tox Database

(E. Zeiger) Battery of genetic toxicity test results for over 1900 chemicals from
historical NTP studies.

> UNLVSS: UniLever’s Skin Sensitization Database Skin sensitization
results for over 200 chemicals from Unilever studies.




DSSTox Master Chemical Structures File:

1. Consolidate 5. Master Table 6. Create
foplen=l T = == QA fowlelo - T = == database

DBPCAN—» B o o B B e oo > Identify

) ot = o o CAS cross-

EPAFHM—> chemica EERRE ™ cicrencing
R € [licates” b eelm| < | el | -

FoAMDD— [ fiiiT 1

BN 3. Reconcile S —— Populate standard

NCTRER— [ [ licate s e chemical fields

IRISSI —»

NCTRAR—» 4. Cull

replicate
UNLVSS — iInformation

e . _ I o Bl e W
d structure
records to

NTPIMT — . ol
— Master




DSSTox Master File

Total Records: 6701
Total Unique Records: 3967 (no replicates)

@ Duplicate
@ Unique




DSSTox Coordination/Collaborations:

IBM’s
+ Migrate tox data into electronic form RUEZIRE
ILSI Develop. Tox.
+ Convert raw data to structured data Database Initiative

.. LeadScope’s LIST and ToxML
+ Promote toxicity data standards Public ?OX Data Initiatives

EPA/SRC PBT Profiler

Berkeley Carcinogenic and Analog ldentification
Potency Project Methodology
ILS/ICVAM EPA — IRIS, OPP,
Databases IUPAC/NIST InChl OPPT, OEI, NHEERL,
Project Green Chemistry
TOXNET, PubChem

FDA CDER/CFSAN )
Drug evaluation + Migrate more tox data to DSSTox format
: " LHASA VITIC
reviews/ Food additives .
+ Adopt DSSTox chemical standards

NIH / NCI Structure- ACD Labs + Link DSSTox to other public efforts
Browser WebLibrarian

+ Provide on-line structure-search capability

FDA's NCTR — NIEHS — NTP, : : .
Databases, ArrayTrack NCT/CEBS + Expand into toxicogenomics




IBM’s WebFountain, OmniFind

United States Patent
Shindo et al,

nsy 3,692,776
1451 Sept. 19, 1972

[541 PROCESS FOR PREPARING 7-
CHLORO-1 A-DIHYDRO-1-METHYL-5-
PH&NYDH-IJ-BENWNAWIH-I—
O

Inventors: Minora Shinde, Tokyo; Kanji Moro,
Tokyoe; Telzo Shinozakl, Chiba-ken,
all of Japan

Assignee: Chugal Selyake, Kabushiki Kaisha,
Tokye, Japan
Filed: Oect. 27, 1970
Appl. No.: 84,549
Related 1.5, Application Data
Division of Ser. No. 841,611, Oct, 27, 1970

US. Clvrcroee o 2O X393 D, 260/562 N
1T o O —— COTd 53/06
TR EEE T —— -260/2393 D

References Cited
UNITED STATES PATENTS
35 2/1968  Reeder et al 260/239.3 D

Primary Examiner—Henry E. Jiles
Asaistani Examiner—Robert T. Bond
Atiorney—Otio John Muonz

[57] ABSTRACT

The known 7-chloro-1,3-dihydro-l-methyl-5-phenyl-
2H-1, 4-benzodiazepin-2-cne which was found to be
pharmacotogically effective in neuro-peychic disorders
is prepared easily and in high yicld by an improved
process comprising the reaction of a novel imter-
mediate, N-aminoacetyl-5-chloro-M-methylanthranilic
acid, with phosphorus pentachloride followed by
reacting with benzene in the presence of aluminum
chioride, the intermediate which is also found to have
valuable pharmacological activities being, in turn,
prepared by the reaction of S-chloro-N-methyl-N-
phthalimidoacetylanthranilic acid with hydrazine.

+ US Patent Literature
+ Over 8 million pages processed

+ Searchable by text, content
annotators, and chemical structures

Chemical Name - table

Doc #id
Doc #id
Doc #id

d Name = Structure
—+

Program

Doc #id

Doc #id

Doc #id

Doc #id

Doc #id

Doc #id

Doc #id
Doc #id

1

Valium

|

Benzene

acefone

with original documents

Associate Structure

\_/_

l %v’ @

- Recognize chemical names
- Extract chemical names

Convert names to structures

- Associate chemical structures

with original document

- Slide content courtesy of Steve Boyer, IBM




Toxicity data standards:
controlled vocabularies and ontologies

» | eadscope’s ToxML public effort

 NIEHS CEBS project
e MIAMI-Tox Standards “\

data

Toxicity databases:
o |LSI Developmental Toxicity DB Project

» | eadscope/FDA — commercial VLC
 LHASA VITIC SAR Toxicity DB Project




Toxicity Experimental Data - Summary Data:

Toxicity Content Model LIST:ToxML
‘ Test SuT:)stance H NamesID H SubstanceType H Descriptors H QA H Properties‘ In‘l‘ermediall'e _I_

‘ Study Type H In Vivo H GenoTox H In Vitro ‘

| Test Sy|stem H AnimalInfo [ Feed Info | U D TOX'C”Y

J

‘ Test Procedure h—{ Duration H Frequency H Route Exposure | C I OSSifiCOTionS
(o | for SAR

‘ Test Results H Effects Summary H Lesion Summary H Incident Rate H Survival Rate ‘
| |

Gender: M/F ‘ Gender: M/F ‘ ‘ Gender: M/F ‘

posiive s b LIST: Leadscope InSilico

Negative
Clear evidence . - =

Some evidence TOXICOIogy COnSOFtlum
No evidence

ToxML: Toxicology
controlled vocabulary

for data mining



Mews B
Motices

Organizations

& People

Standing
Committees

Divisions

Projects
Lcurrent

.completed
e

Jinformation

Eeports

Publications

Symposia

AMP

Links of
Interest

Trimellitic acid

| : @) OH
Current Project AN @)

Chemical Nomenclature and Stoucture
Representation Division (VIIT)

Number: 2000-025-1-8010

Title: ITTF AC- International Chermical

Tdentifier > 1 July 2002 < HO O
CASUPALL
= Conference on
Tasl Group Chernical ldentifiers benzene-1,2,4-

Chairman: A MNcIJaught

Members: = Heller and =, Stemn

and XML for

Chernistry tricarboxylic acid

Eemarks:
- initiated by the ad hoc Comirdttee on Chetndeal
Identity and M omenclature Svstems

= INChl=1.12Beta/C9H606/c10-

- I July 2004, the Identifier was renamed INChI (Formerly ICEH 7 (1 1)4- 1-2_5 (8(12) 13) 6 (3'
acktiowle dge,the development work at HI3T. 4) 9 (14) 15/h 1_

- In Haovember 2004, the Identifier was renathed [UPAC Intert 3H’(H ’ 10’ 11)(H ’ 12’13)(H ’ 14’ 15)

Chemical [dentifier (InChl), to allow trademarl; copyright anc
izzues to be resolved.

Objective:



I N C h I . INChI=1.12Beta/C9H606/c10-7(11)4-1-2-
. 5(8(12)13)6(3-4)9(14)15/h1-
3H,(H,10,11)(H,12,13)(H,14,15)

e Unigue

» Public PubChem (>300K)

e Text XML-based
e Chemically robust

Conmacemers  ACS Endorsement

v tautomeric form

Googling for INChls; A remarkable method of chemical searching

Peter Murray-Rust®, Henry S. "Ii.‘[.‘ri'lh and Yong Zhang®

*Unilever Centre for Moleculur Informatics, University of Cambridge, UK, "Department of Chemistry, Imperial College London, SW7 24Y,




Query Form Deta Displa

atabase status: 250251 open structures ready for searching,

ail Wolf-Tr. Thienfeldt for bug reports, comments and questions {(and CiC to Marc © Micklaus if you like)

NCI CACTVS Structure Browser:

http://cactus.nci.nih.gov/

Start Search Feset
Query Type @ Negate @ Query Data Value @
[ MsC Number(s) | P e D .

L

[ cAS Mumber(s)

L

I Formula.

L

| holecular Weight Range

| Exact Structure... j

Connect query fields by:
Max. number of hits and search time:

Output Format:
Output Sort
Start Search Reset

250251 o
dt For bug reports, comments and quesions (and O

ey of you ke

© JME Struchuee Ediorby P Eni ) NOVARTIS
() cunlnew veL 123 DRjoRY W | im0 |ae

-B==~a000000

3D Constraints for This Substucmie Query

| Distance (&) x| | Distance () =]

© Atoms | Alvms |

H Ve Rasige| Vabe Harge |

o

= [Omstence 4y =] [Cistance 1y =]
= Atome| Atoms

= Vaue Rangs| Ve Rarge]

1

[Distanco n) =] [Cistanca iy =]

ACD Web Librarian:
http://cactus.nci.nih.gov/

Favorites  Tools  Help ‘ U

File Edit ‘Wiew

)

OEack A5 E Iﬂ ﬂ f | ) seah ¢ Faverites @ edia %)

Atoms| Atoma|

Vaue Rangs | Vabue Rangs |
B ckecuty (A0S Novartis Phamma AL
Clobal Guery Parmneters for ALL SU8 stracoae queniess
4 Highlight Matched Subsoucoure in Display @ Allow Crverlap of Multple Fragments [
@ No Match of Aromatic Bonds on Smgle Diouble Bends [ % Enforce Ring System Equaliry [
' Tantomer-tolerant FS/55 search [ & Use exact charges [

Claar Fom and Edilor

Transler o Query Form

Address I@j http:/ e, acdlabs, com/downloadydb weblibdb, bkl

j aGo |L|nl<s »

Feedback Search

Rbout Us Meet ACD/Labs Support Ordering Info

Free Shuff B Samples & Datsbases

Web Librarian DBs

What's New

Products i
2 (%] |2] 5| ) semh Frvortes gl Heda ) a el @

i e | ) b )indy et 1 v | B G0 ks ®

The DSSTox desclf o 2 ] :

which the source fif| €37 | % Explore Wl Database 4 Search Resords w7

be made available. |lg (Ha B b 4 DY Y3 v 8 ...« Touichty (EPAFHMLCFD 1D:2 2618

Solutions

ik,

Training

Downloads The S_DF file link « oo @ G [100% = Usor Hotes
website.
« The CFD file inclu
i
ARNoles use with the datah, %
» The online datahg S
Publications ACDAVeb Librariarf |
3 alphanumeric text \
Intmractive Lah system please revi AN
of the page AY
Weh Stora | \
EPA Water Disinfection
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« “Electronification” of data EPA Challenges
« Structure-annotation _
INChI: Precise

« Data standardization chemical indexing of
_ information
+ Data Integration

INChI -> Structures:

CBI Analog searching
etz 8 DSSTox DBs
Structure-activity

EPA-wide data pattern recognition

Government-wide data

. .. Improved Toxicity
Public Toxicity Data Prediction/Screening

World-wide web Capabilities
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Emerging chemo-bioinformatic
capabilities




Bioinformatics ..... meets Chemointormatics

Chemical Toxicity Databases:
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NIEHS/National Center for Toxicogenomics:
Chemical Effects in Biological System Knowledge-
Base (M. Waters and J. Fostel)

Gene CEBS Vision - Biocinformatics to Knowledge
expression
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DSSTox / CEBS Collaboration:
Part 1 — DSSTox Annotation of CEB
Part 2 — Link CEBS to DSSTox Database Network
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NCTR: Toxicant Library in ArrayTrack

Linkage of traditional tox data with chemical structure
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CEBS Chemo-bioinformatics:
Expanded Relational Search Domains
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Gathering Data on Chemical Analogues
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Biological spectra analysis:

Linking biological activity

profiles to molecular structure PNAS January 11, 2005 vol. 102 no. 2 261-266

Anton F. Fliri*, William T. Loging, Peter F. Thadeio, and Robert &, Volkmann*t CHEMISTRY PHARMACOLOGY

Pflzer Global Ressarch and Developmernt, Groton, CT 05340

Communlcated by Larmy E. Owverman, Uniersity of Callfornia, Irvine, A, Ocober 25, 2004 {recetved for review September 4, 2004)

Establishing guantitathye relatlonships betwean molecular struc-
ture and broad Bologlcal effects has been a lengstanding <hal-
lenge In sclenca. Currently. no method exists for forecasting broad
blologleal activity profliles of medicdnal agents even within narmow
boundarles of structurally simillar maolecules. starting from the
pramise that blologlcal activity results from the capacty of small
organlc molecules tomodulate the acthity of the protecme, we set
out to Investigates whather dascriptor sets could be developed for
measuring and guantifylng this molecular proparty. Wsing a 1,567-
compound database, we show that percent Inhibitlon valuss,
detarmined at single high drug concentration In a battery of in
vitra assays representing a cross sectlon of the proteome, provide
precise molecular property descriptors that ldentify the structure
of molecules, “When broad blologlcal acthity of moleculas Is rep-
resented In spectra form, organlc molecules can be sorted by
quantifylng differences between blological spactra. Unlike tradl-
ticnal structure—acthaty relationshilp methods, sorting of mols-
cules by using ospectra comparlsens dos notraguire knowledge
of a molecule’s putathe drug targats. To llustrate this finding, wa
selactad as starting polnt the blological activity spectra of cotrim-
azole and tioconazole because thelr putative target, lanosterol
demathylase (CYPS1), was not Included In the bloassay array.
Spactra similarity obtained through profile similartty measura-
ments and hlerarchical dustering provided an unblased means for
establishing quantitative relatlonships betwesn chemical struc-
tures and blologlcal activity spectra. This methodalogy, which we
have termed blologlcal spectra analysls, provides the capabllity not
only of sorting molacules on the basls of blospactra similarity but
also of pradicting simultaneous Interactions of new maolecules with
multlple proteins.

blospectra | proteome | structure-functlon relatlonshi s

differences in bhiological environments (8). Considering the
complexity of this requirement. computational solutions that
precisely link molecular structure o broad biological response
are currently not possible (9, 10). We report here an approach
o structure—function sdics that is based on measurements of
the capacity of molecules o interact with the proteome (11).

Translation of Chemical Property Information into Bielogical
Activity Spectra
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2005 Catalog
In vitro pharmacology
Eary ADME
In vivo models
Standard profiles
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Assay by type: enzymes
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¥ 220 receptors [including 174 GPCRz=)
12 ion channels

& transporters

110 enzyrmes

52 specialized cellular azzavs
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PASS (Prediction of Activity
Spectra for Substances)

PASS predicts 900 pharmacological effects,
mechanisms of action, mutagenicity,
carcinogenicity, teratogenicity, and

\ Function

embryotoxicity. The result of prediction is
displayed on your computer automatically via
Internet for free.

http://www.ibmh.msk.su/PASS/
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Toxico-Chemoinformatics:
Data Standardization, Integration, Exploration

Calculated structures, properties In Vitro

assays
Short-term tests

Cell-based assays
-
Biochemical

“target” assays m
K
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animal studies




Toxico-Chemoinformatics:
Data Standardization, Integration, Exploration

+ Make better use of ALL available data

+ Overcome data limitations by exploring diverse
domains of data from multiple perspectives

+ Develop expanded definitions of “chemical analog”

« Employ both biological and chemical information
to develop predictive toxicity signatures




