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QSAR TOOLBOX

Background

AThis IS a step -by-step presentation designed to take you
through the workflow of the Toolbox in a data-gap filling
exercise using trend analysis based on a category
formed with data pruning .

Alf you are a novice user of the Toolbox you will want to
review the N Gett Bhgr t dodument available at

[ http . //www .oecd .org/chemicalsafety/risk -
assessment/TB 3% 200 _GettingStarted rev  2.pdf] as well
as go through tutorials 1 - 3.
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QSAR TOOLBOX

Objectives

AThis presentation demonstrates a number of
functionalities of the Toolbox :

AEntering a target chemical by SMILES notation and
Profiling

Adentifying analogues for a target chemical by
molecular similarity

ﬁRetrieving experimental results available for those
analogues, and for multiple endpoints

AFiIIing data gaps by trend analysis
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QSAR TOOLBOX

Specific Aims

ATO reacquaint the user with the workflow and the six
modules of the Toolbox .

ATO reacquaint the wuser with the basic functionalities
within each module .

ATO introduce the user to new functionalities of selected
modules .

ATo explain to the rationale behind each step of the
exercise .

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 7



QSAR TOOLBOX

Outlook

ABackground
AObjectives
ASpecific Aims
ATrend analysis
AThe exercise
AWorkrow

ASave the prediction result

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 8



QSAR TOOLBOX

Trend analysis

AFor a given (eco)toxicological endpoint, the members of
a category are often related by a trend (e.qg.,
Increasing, decreasing or constant) in potency .

AThe trend could be related to molecular mass, carbon
chain length, or to some other property .

AA demonstration of consistent trends in the toxicity of a
group of chemicals is one of the desirable attributes of a
chemical category and one of the indicators a common
mechanism of action for all chemicals in the category .

AWhen some chemicals In a category have measured
values and a consistent trend Is observed, missing
values can be estimated by simple scaling from the
measured values to fill in the data gaps.
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QSAR TOOLBOX

The Exercise

Aln this exercise we will predict the toxicity towards the
Tetrahymena pyriformis, of the substance, 4-
Methylhexanal [CAS# 41065 -97-8], which will be the
At ar glemioal .

AThis prediction will be accomplished Dby collecting
experimental results for a set of chemicals considered
to be in the same category as the target molecule .

AThe category will initially be defined based on a protein
binding mechanism .

AThe Initial category will be pruned via subcategorisation
ATrend -analysis will be used for data gap filling .
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QSAR TOOLBOX

Side -Bar On Tetrahymena

Tetrahymena pyriformis s a free-living ciliated
protozoan that is found in fresh-water ecosystems
throughout the world .

It i1s a well-studied genus with understood nutrient
requirements, growth characteristics, and cell biology
and genomics .

The ability to culture it axenically in simple media,
coupled with its rapid doubling time of makes it a good
test organism .

Strain GL-C is amicronuclated and thereby genetically
extremely stable .
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QSAR TOOLBOX

Side -Bar On TETRATOX

Population growth impairment testing with Tetrahymena
pyriformis is conducted in a static assay uses population
density guantified spectrophotometrically as its
endpoint .

The endpoint 50% inhibitory growth concentration from
this assay 1is one of the largest aquatic toxicity
databases in the Toolbox .
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QSAR TOOLBOX

Workflow

ABy now Yyou should be familiar with  the six
modules which are used in a sequential  workflow
within  the Toolbox . These are .

ﬁChemicaI Input
Perofiling
AEndpoints
ﬁCategory Definition
AFiIIing Data Gaps

AReport
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QSAR TOOLBOX

Chemical Input
Overview

AThis module provides the user with several ways of
entering the target chemical into the Toolbox .

AThis IS important because all subsequent functions are
based on chemical structure .

AThe goal of this module is to make sure the molecular
structure assigned to the target chemical is the
correct one.
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QSAR TOOLBOX

Chemical Input
Ways of Entering a Chemical

User Alternatives for Chemical ID:

A\ Single target chemical
Chemical Name
Chemical Abstract Services (CAS) number (#)

SMILES (simplified molecular information line entry
system) notation/  InChi

A
A
é Drawing chemical structure
A

T

Select from User List/Inventory/Databases
Chemical IDs such as EC number, Einecs number

B. Group of chemicals
A User List/Inventory
A Specialized Databases
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QSAR TOOLBOX

Chemical Input

ATurn on the computer and open the Toolbox . This will
take some time as the databases will be populated .

ANote that the Toolbox opens to the first Module Nl np ut
(see next screen shot) .

ASince we have described this modules in the earlier
tutorials, we will go through it rapidly .
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QSAR TOOLBOX

Chemical Input Screen
Input target chemical by CAS#

e fg7010"
‘—I—l 01 1
10100
} Profiling } Endpoint } Category Definition » Data Gap Filling

Single Chemical Chemical List

N = 8 . 2 i

New Qpe Close Save CAS Structure elete Query ChemIDs DB Inventory List

-

ilter endpaint tree...

Structure

Substance ldenti

EHPhysical Chemical Properties
EHEnvironmental Fate and Transport
EFIEcotoxicological Information
EHHuman Health Hazards

1. Click on CAS# and a dropdown box will appear (see next screen shot)
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QSHR TOOLENDY

Chemical Input Screen
Enter CAS# 41065 -97-8 of 4 - Methyhexanal

41065-37-8 » |[C] Tautomeric sets e oK [ X Cancel ]
N N N )
[ selectal | cClear Al Lljertﬂelectim ]5electnl 2}1 LEJ

Selected  Cas Smiles Depiction Mames CAS/Mame 2D/Mame CAS/2D

Ll Low @1 Low @@ Low

1 1:: M 1:: M

41065-95 CCC(C)C 1:
&

1. Type the CAS# In the field; 2. Click Search button; 3.  Press OK
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The Toolbox searches the databases to find out if the CAS# you entered
is linked to a molecular structure stored in the Toolbox. It is displayed as

a 2D image.
EETTEDR e
41065-97-8 - [] Tautomeric sets ) Search E w” OK ; [ X cancel ]

Select Al |[ clear Al ][ Invert Selection | Selected 1 of 1
Selected CaAs Smiles Depiction Mames CAS/Mame 20D/Mame CAS/2D

1:: Lowe ¢ 1:: Low € @ Low
1:: M 1:: M

41065-97 CCC(C)C 1:
B

In case a structure has several CAS numbers or a structure could be related to more than
one substance more than one chemical identity could be retrieved . In this case the user can
decide which substance is to be retained for the subsequent workflow .
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QSAR TOOLBOX

Chemical Input
Target chemical identity

ADoubIe left click n Subst & e at,;ithisydisplays the
chemical identification information (see next screen
shot) .

ANote that existing in the Toolbox names of target
chemical are in different colours .

AThe workflow on the first module is now completed, and
the user can proceed to the next module (see next
screen shot) .
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QSAR TOOLBOX

Chemical Input
Target chemical identity

o 1
b About Update

» Input ¥ Profiling » Endpoint » Category Definition » Data Gap Filling

— — o XY EY-
QSAR TOOLBOX &) h

Document le Chemical Chemical List The OECD QSAR

Filter endpoint tree...

Structure

Substance Identity
CAS Number
Chemical IDs NA
Chemical Name hexanal, 4-methyl-
Molecular Formula CTH140
Structural Formula CCC(C)ccc=0

EHPhysical Chemical Properties
EHEnvironmental Fate and Transport

EEcotoxicological Information
EHHuman Health Hazards

ey

I

1 Document 1/0/0
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QSAR TOOLBOX

Profiling
Overview

AAS In the other tutorials, n Pr of i tefersm gto the
electronic process of retrieving relevant information on
the target compound stored in the Toolbox database,
other than fate and toxicity data.

AAvaiIabIe Information  includes likely mechanism(s) of
action, as well as observed or simulated metabolites
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QSAR TOOLBOX

Profiling
Side - Bar to Profiling

Summary information of the diff er éAbout ¢p.r of

c®8®\a

QSAR TOOLBOX

About Update
About

Profiing Profiing Schemes ECD QSA

Name Donator(s)
Protein binding by QASIS v1.4 Laboratory of Mathematical Chemistry (LMC), Bourgas, Bulgaria;  »
L'Oréal; ExxonMobil; Procter & Gamble; Unilever; Research Institute .,
— g et A St S
Short description Author(s)

The protein binding alerts have been developed by industry
consortia invalving ExxonMabil, Procter &Gamble, Unilever,
Research Institute for Fragrance Materials (RIFM), Dow and
Danish Mational Food Institute with the Laboratory of

Laboratory of Mathematical Chemistry (LMC), Bourgas, Bulgaria

Mathematical Chemistry Bourgas and the partnership of Dr Website

Options D.Roberts, as a part of the TIMES mode! to predict skin

Show boundaries L _ sensitisation. ) v

S Disclaimer Details

elect all =

Unselect all U= =
Adopted QSAR Toolbox 2.0, October 2010
Number of categories 146
Number of help files 128

CHFUTTIEN e fazard

Metabolism/Transformations

seectal | unseiectal

Documented

gl 1. Select  the name of the profiler and perform a right click on it;
Desc W 2. Select About; 3. After reading the material click on Close.

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 27



QSAR TOOLBOX

Profiling
Profiling the target chemical

ACIick in the box next to the Profiling methods related to
the target endpoint

AThis selects (a green check mark appears) or deselects
(green check mark disappears) profilers

AFor this example check all the mechanistic methods .
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QSAR TOOLBOX

Profiling
Profiling the target chemical

-_— G0, ce®\a
o T ih s

About Update
» Profiling » Endpoint » Category Definition  » Data Gap Fi

Profiing methods ||FiHJer endpoint tree...

Predefined

|1 [target]

General Me-” i Structure , .
Substance |dentity
CAS Number 41065-97-8
Chemical IDs NA
Chemical Name
Molecular Formula CTH140
Structural Formula CCC(c)ccc=0

[HPhysical Chemical Properties
HEnvironmental Fate and Transport
[HEcotoxicological Information
HHuman Health Hazards

Toxicological

>

Metabolism/Transformatic

w=u Luw=em | ne | L. Check all the General Mechanistic profilers ; 2. Click Apply
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QSAR TOOLBOX

Profiling
Profiling the target chemical

AThe actual profiling will take several seconds depending
on the number and type of profilers selected .

AThe results of profiing automatically appear as a
dropdown box under the target chemical (see next slide)

APIease note the specific protein -binding profiler T Protein
binding by OASIS v1.4 - background information can be
retrieved by double click on the box with Protein binding
by OASIS v1.4 result (see next slide)

AThis result will be used to search for suitable analogues In
the next steps of the exercise .

AI\/Iove to next module hEndpoi nt o
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QSAR TOOLBOX

Profiling
Profiling the target chemical

— oo
QSAR TOOLBOX © i o
¥ Category Definition  » Data Gap Fi

Profiling Profiling Schemes

#

Profiing methods |F\Ir.er endpoint tree... 1 [target] ~
Structure
| Profiling results V O X
~((Chemical profile )
~ - Protein binding by OASIS v1.4
— DNA binding by OECD - 5chiff base formation
i 5chiff base formation » > Schiff base formation with carbonyl compounds
i 5chiff base formation = Schiff base formation with carbonyl compounds =3 Ndehydas)
—DPRA Cysteine peptide depletio’
—DPRA Lysine peptide depletion
— Estrogen Receptor Binding
— Hydrolysis half-life (Ka, pH 7)(Hy
—Hydralysis half-ife (Ka, pH 8)(Hy
—Hydrolysis half-ife (Kb, pH 7)(Hy 7 Detsis Ji] Clos=
— Hydrolysis half-life (Kb, pH 8)(Hyarawiny O CEICUEED
— Hydralysis half-life (pH 6 5-7 4) Mot calculated
| . _ Acidic [0,10)
v lonization at pH =1 Basic [0,10)
< > Lo mea Acidic [0,10)
Metzbolism/Transformations CIEEIILE[EA= Basic [0,10)
L e Aeidic 010
Il Documented a.S\f: [0.10)
\—Iomzatlon at pH =19 Acidic [0.10)
ooy
= E Protein binding by OASIS v1.4 -
Sc
—Protein binding by OECD Schiff Base Forme...
Schiff Base Forme...
c) —Protein binding potency. Mot possible to cla...
W

1. Double click on Protein binding by OASIS profiling result
2. Click Details  to see the explanation of Aldehydes category
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QSHR TN BENMNY

Profiling
Profiling results 1 EXxplain

=] Protein binding by OASISv14 et
Aldehydes
Target Boundaries  Training set Options
efel= '
C
1
CH3
JCHCH:  GHs
[
Boundary Options  Metabalism
Fragment
[ tC b0 heceel s <mict (3 -O)OBBIHhe(C)ec 10E Gim-<mcH(C 1y =Ole el TH@e e TH@I - THEI I ~ @ Het <=3 Cim>CHH-O)VIRP2 ]
EE&
0
\
(=] RP2 - o x C—H
Definition Options 1 2
"Enumeration”
-~ ‘X‘
1 Lo H*)(‘
Emmon Fragments
Definition 1 2 A
L Ny
1 Hel /Nh L
b4
Masked Fragments
=y
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QSAR TOOLBOX

Endpoints
Overview

A As you may remember, A Endpoi mfers do the
electronic process of retrieving the measured data for

fate and toxicity that are stored in the Toolbox
database .

A Data gathering can be executed in a global fashion (i.e.,
collecting all data of all endpoints) or on a more
narrowly defined basis (e.g., collecting data for a single
or limited number of endpoints) .

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 34



QSAR TOOLBOX

Endpoints
Case study

AWe will gather data for acute aquatic toxicity endpoints
AFor this purpose, data are collected from all Ecotox
ACIick on i Sel Al Irain Ecotoxicological part

ACIick onfiGat Wean e next screen shot) .
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QSAR TOOLBOX

TOODLBOX

QSAR

Data B Import
Databases

Import IUCLIDS

H Phv hemical Properties
HEm ‘ntal Fate and Transport
B2 pgical Information

Aquatic ECETOC
Aquatic Japan

Il Human Health Hazards

Endpoints
Gather data

» Profiling » Endpaoint } Category Definition » Data Gap Filling

Tautomerize
¥ &
y Databasze

Delete

|Fi|ter endpaint tree... |1 [target] |

oFy

Structure

Oz,
o
o

FHSubstance |dentity

HPhysical Chemical Properties
[HEnvironmental Fate and Transport
[HEcotoxicological Information
HHuman Health Hazards

Select

1.
2. Click Gather

all databases from Ecotoxicological

Information section .
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QSAR TOOLBOX

Endpoints
Case study

AAquatic Toxicity information on the target chemical is
electronically collected from the selected dataset(s) .

Aln this example, an insert window appears stating there
was fi n data f o u nfdrahe target chemical

ACIose the insert window by right clicking on h OK 0
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QSAR TOOLBOX

Endpoints
Recap

AThe workflow in this exercise is the same as you have
observed with the preceding tutorials .

AYou have entered the target chemical being sure of the
correct structure .

AYou have profiled the target chemical .

AYou have found that no experimental data is currently
available for this structure .

Aln other words, you have identified a data gap, which
you would like to fill.

AProceed by right clicking on A Cat e gdoerfyi n iwhicho n o
move you to the next module .
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QSAR TOOLBOX

Category Definition
Overview

AAS before, this module provides the user with several

means of grouping chemicals into a category that
iIncludes the target molecule .

ARemember this is the critical step in the workflow .

ASeveraI options are available in the Toolbox to assist the
user in refining the category definition .

We will using
several of these options in this tutorial .
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QSAR TOOLBOX

Category Definition
Grouping methods

AYou may want to review the information about grouping
chemicals which is in (Chapter 4) on the following link.
http . //www .oecd .org/dataocoecd/ 58/56/46210452 .pdf

ARe-examine slide 31-32; you see that the target chemical
(4-Methyl hexanal) could react with proteins via Schiff
base formation and thus it has a potential for exhibiting
aquatic toxicity In excess of baseline potency .

AThe reaction by which a target chemical binds with
proteins Is relevant to deriving a group of chemicals that
may mechanistically act the same way to elicit aquatic
toxicity .
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QSAR TOOLBOX

Category Definition
Protein binding by OASIS v1.4 grouping method

AProtein binding is one of the best grouping methods in
the Toolbox . It is based on conventional organic
chemical mechanisms and reactions, and as such is
gualitative in character .

AThis grouping method is particularly relevant  for
respiratory and skin sensitization and acute aquatic
toxicity, but also relevant to chromosomal aberration
and acute inhalation toxicity .
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QSAR TOOLBOX

Category Definition
Side bar to Protein binding by OASIS v1.4
grouping method

AProtein binding by OASIS v1.4 includes 617 chemical
categories .

AEach category is represented by defined 2-dimentional
structural alerts that are associated with chemicals that
act as electrophiles and covalently react with various
moieties, in particular thiol (-SH) and amino (-NH,)
groups in proteins .

ATherefore, there is a sound mechanistic basis for using
this grouping method .
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QSAR TOOLBOX

Category Definition
Defining Protein binding by OASIS v1.4 category

Lol —_ 51675"
i &) 20! 9

About Update
» Profiling » Endpoint ¥ Category Definition P Data Gap Fi

Delete

Developed by LMC, Bulgaria

Filter endpoint tree...

Structure

r: e

Protein binding by OASISy14

EHSubstance Identity

EPhysical Chemical Properties
EEnvironmental Fate and Transport
HEcotoxicological Information
EHHuman Health Hazards

EProfile

Tar

base formation
iff base formation >> Schiff base formation with carbonyl compounds
se formation >> Schiff base formation with carbonyl compounds = > Aldeh

3 it i

All profiles

Acylation -
Acylation > > (Tio)carbamoylation of protein nucleophiles

Acylation > (Tio)carbamoylation of protein nudeophiles =» Isothiocyanates, [socyan:
Acylation > Acyl transfer via nudeophilic addition reaction

Acylation => Acyl transfer via nudeophilic addition reaction = Carbodimides

Acylation »> Acylation involving an activated (glucuronidated) carboxamide group
Acylation > Acylation involving an activated (glucuronidated) carboxamide group == 1 ¥

Combine profiles logically [Jtnvert result

® anD Oor [strict

X Cancel

Defined Categories

1. Highlight t he AProtein binding Chck D&fiRe&s1 S |v1. 40 ;
3. Click OK to confirm the category for target chemical. L —

1 Document_1
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QSAR TOOLBOX

Category Definition
Defining Protein binding by OASIS v1.4 category

Filter endpaint tree... |1 [target] |

Structure

Er

g,

EHSubstance Identity _

EHPhysical Chemical Properties
FEnvironmental Fate and Transport

ation atpH =1 - - .
Ecotoxicological Information
it ot = o9

ation at pH = 7.4 EHuman Health Hazards

Define category name *

Category name (174 chemicals) |7

Endpoint Specific

Acute aqua’ ity da 1

Defined Categories

1. Click OK to confirm the name of the category.
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QSAR TOOLBOX

Category Definition
Analogues

A The data is automatically collected.

ABased on the defined category (Schiff base formation<AND>Schiff base
formation >> Schiff base formation with carbonyl compounds<AND>Schiff
base formation >> Schiff base formation with carbonyl compounds >>
Aldehydes ) 174 analogues* (plus the target chemical) have been identified .

AThese 174 compounds along with the target chemical form a category, which
can be used for data filling (see next screen shot) .

AThe name of the category appears in the A" Def i €ad e g o rwndmvo
indicating the number of substances belonging to the category .
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QSAR TOOLBOX

Category Definition
Read data for Analogues

AThe Toolbox automatically request the user to select the
endpoint that should be retrieved.

AThe user can either select the specific endpoint or by
default choose to retrieve data on all endpoints (see
below).

T 0 A

@ All endpaints (7)) Choose. .. from Tautomers
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QSAR TOOLBOX

Category Definition
Read data for Analogues

Due to the overlap between the Toolbox databases same data for
intersecting chemicals could be found simultaneously in more
than one databases. The data redundancy is identified and the
user has the opportunity to select either a single data value or all
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1. Click Select one and then 2. Click OK
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QSAR TOOLBOX

Category Definition
Read data for Analogues

The system automatically gives indication for the number of
gather experimental data points

OSAR Toolbox 3.4.0.17 >

3740 data points gathered across 159 chemicals.

.

1. Click OK
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QSAR TOOLBOX

Category Definition
Summary information for Analogues

AThe experimental results for the analogues are inserted
into the data matrix.

Grouping methods

Filter endpaint tree...

[ Barget |2 &

Structure

HSubstance Identity
[HPhysical Chemical Properties
BEEnvironmental Fate and Transport
[HEcotoxicological Information
HHuman Health Hazards

M:17.8 mg/l, 9.79.. M: 594 mg/L, =10 M:12mg/L. 886 .. M:301mg/l. 88.7... M:1

Chemical statistics presenting the number of chemicals and
the available experimental data.
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QSAR TOOLBOX

Category Definition
Side bar of experimental data

1. Double -click on the cell with measured data to see detailed information .
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