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QSAR TOOLBOX

Background

This is a step-by-step presentation designed to take the
user of the Toolbox through the workflow for prediction of

skin sensitization of a mixture .
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QSAR TOOLBOX

Keywords

TARGET CHEMICAL - chemical of interest, in this case it is a mixture with defined components
MODULE 7 a Toolbox module is a section dedicated to specific actions and options (e.g. Profiling)

WORKFLOW 7 the use, in combination, of the different modules (e.g. prediction workflow: from input to
report)

PROFILER - algorithm (rule set) for the identification of specific features of the chemicals. Several types of
profilers are available, such as structural (e.g. Organic functional groups), mechanistic (e.g. Protein binding by
OECD) and endpoint -specific (e.g. in vitro in vitro mutagenicity (Ames test) alerts by ISS ) profilers.

ALERT - the profilers consist of sets of rules or alerts. Each of the rules consists of a set of queries. The
gueries could be related to the chemical structure, physicochemical properties, experimental data, comparison
with the target or list with substances and external queries from other predefined profilers (reference queries ).

CATEGORY 1T igroupo of substances sharing same characteristics
action). In a typical Toolbox workflow, it consists of the target chemical and its analogues gathered according
to the selected profilers

ENDPOINT TREE 1 Endpoints are structured in a branched scheme, from a broader level (Phys  -Chem
properties, Environmental Fate and transport, Ecotoxicology, Human health hazard) to a more detailed one
(e.g. EC3 in LLNA test under Human health hazard - Skin sensitization)

DATA MATRIX i Table reporting the chemical(s) and data (experimental results, profilers outcomes,
predictions). Each chemical is in a different column and each data in a different row
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QSAR TOOLBOX

Objectives

AThis presentation reviews a number of functionalities of
the Toolbox:

AZD editor for defining Mixture components

/&Filling data gaps by Independent mode approach
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QSAR TOOLBOX

Exercise

U In this exercise we will :

Apredict skin sensitization of target substance, which represent a mixture
with defined constituents

Alnvestigate the mode of action for each component of the mixture,
AGather available experimental data for target chemical,
Alnvestigate skin sensitization of non-tested component,

AAppIy read across for non-tested component, and

APredict skin sensitization potential of mixture based on experimental data
of tested compounds and predicted data of non-tested one.

U The target substance will consists of three constituents

Constituent 1 . Constituent 2 . Constituent 3
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QSAR TOOLBOX

Workflow

A The Toolbox has six modules which are used in a sequential
workflow:

Alnput
Aprofiling
AData

ACategory Definition
AData Gap Filling

AReport
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QSAR TOOLBOX

Chemical Input
Overview

AThis module provides the user with several means of
entering the chemical of interest or the target chemical.

ASince all subsequent functions are based on chemical
structure, the goal here 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 mixture

User alternatives for defining mixtures with known
compositions:

A. Single target substance
Chemical Name
Chemical Abstract Services (CAS) number (#)

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

Drawing mixture  constituents and defining their quantities
Select from User List/Inventory/Databases

oo Joo o o

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

Chemical Input
Input Screen

01010 % Xoe6ed
01 0 E
QSAR TOOLBOX 10100 B«
» Input » Profiling P Category definition P Data Gap Filling » Report &B
Docun 2Ingie Lnemicar Lnemicar List Search Target Endpoint The OECD QSAR Toolbox
- _ > for Grouping Chemicals
L) B . - q —
R &G oo . § & = e =EE.- B ¢ ©

New Open Close Save CAS# Name  Structure Composition Select ChemIDs Database Inventory List iubstructure (SMARTS)  Query Define Developed by LMC, Bulgaria

2]

Documents

of the six mo

1. The Al nputo modul e s the f st
t A( Q) SAR TOOLBOXO®

[
Tool box workflow | isted next
2.Different ways to input single chemical;
3. Different ways to input list of chemicals.

e [ I l
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QSAR TOOLBOX

Input
Input a mixture

A In the current example our target substance will be a mixture.

AWe will draw its components within t
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QSAR TOOLBOX

Chemical input
Input target substance by drawing

QSAHAR TDDI& @

P Input » Profiling

' Composition editor

Document Sin~la Chamicsl

B & X mm-> § &. e

CAS:

New Open Close Save CAS# Name  Structurn Composition Select Cl

Documents
% Document 1

Type: | Multiconstituent l

3 MNarme: [

IUPAC:
Synonyms: Edit
SMILES: Edit

w Remm

Constituents (0} | Impurities (0) | Additives (0)

1. Click on Input module ;

2. Click on Composition ;

3. From composition editor select type : Multiconstituent ;

4. Click Add in order to add constituent . Our target substance consists of three constituents, so
click three times on the Add button .
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QSAR TOOLBOX

Constituent 1

Chemical input

) . ) NS
Drawing Constituent 1 of the target mixture
)
8] Composition editor T ]

Identity H i i
s | DEEEEDR'EEE OEN

Type: Multiconstituent u
Mame: n
IUPALC:
Synonyms: n
SMILES:
=] Clear All *
Constituents (1) | Impurities (0) | Additives {0) [ E OHz
B ©
(Identity . Want to clear everything?
0
OH3
Type: Monoconstituent n /
MName: / Yes | | No
IUPAC: 4
SMILES: [o] s N\ % Edit | n
T L e e e e e e e e T T T e e =
Concentration 1 J
Typical concentration N
{ ‘ Br
e o ; [oc J[ e
Cancel
Concentration range
{ Family: | Mass. * | Unit: 2 ‘
| CK | | Cancel |

1. Click Edit on the SMILES row to define the structure of the first constituent ;
2. The 2D editor appears ;

3. Click the Clean button to clean everything

4. Confirm with Yes.
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QSAR TOOLBOX

Constituent 1

Chemical input o
Drawing Constituent 1 of the target mixture

~| 2D Editor = O X
®
|Smi|es v|cccco | X | |
AR OBE BN
n Atom: O
@
E SN @ Element:
-
“ Hybridization: undefined
| Valent state: vid
i 3 lsotope: o]
Implicit hydrogens: 3
n Atom number: B
. Aromatic: False
1. Select the Drawing tool; - .
2. Draw carbon chain with five carbon atoms ; t"
3. Click on the oxygen symbol (i.e. O); Rectest ey 5
4. Click over the last carbon atom to change it to oxygen ; S
5. Confirm with OK. [ o o |
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QSAR TOOLBOX

Chemlcal Input Constituent 2
Drawing Constituent 2 of the target mixture \r@i

" Composition editor

1
2D Editer - a x
¢ 3
®
SMILES/Inchl ~ | © !

Identity
CAS:

B

HEERREEREDOOO
i S

Type: Multiconstituent
Name:

IUPAC:

Synonyms:

SMILES:

I e e
Constituents (3) | Impurities (0} | Additives [0)

‘| Clear All x
 Identity OHz
CAS:
OH2 Want te clear everything?
Type: Monoconstituent
Narme:
IUPAC: \L/ Yes | | No
Srewms [ _ _ I 7
R N 4
2 - Concentration 1 [

{Typical concentration

Family: | Mass fraction * | Unit: - ‘

{Concentration range

‘

Family: | Mass fraction * | Unit:

| QK | | Cancel |

Now we move down to the second constituent and repeat the same steps:

1. Click Edit on the SMILES row to define the structure of the second constituent ;
2. The 2D editor appears ;

3. Click the Clean button to clean everything .

4. Confirm with Yes.
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QSAR TOOLBOX

Constituent 2

Chemical input X
Drawing Constituent 2 of the target mixture

St

3a

4a

|

BEOEEREDEEE

2D Editor

®

Smiles ~ | C1=CC(=C(C(=C1C(C)=0)CNCICI

28 OEE OEN

Make first

- O x

[x]-]

Select the Benzene scaffold (l1a) and paste it
into the drawing pane (1b).

Select the Drawing tool (2a) and draw the
connections to the benzene (2b). Second click
over a bonds converts it to double bond.

Click on the oxygen symbol (i.e. O) (3a) and
click over the carbon atom connected with
double bond (3b).

Click on the chlorine symbol (i.e. Cl) (4a) and
click over the carbon atoms that should be
changed (3b).

Confirm with OK (5).

Atom number:
Aromatic: False

Parity: Mone

Radical: undeﬁ' =)
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QSAR TOOLBOX

Chemlcal Input Constituent 3

Drawing Constituent 3 of the target mixture
3

20 Editor 2 R — O hes
Composition editor =
r A Z O 1
Identity &f SMILES/Inchi ~ | O L _1 [x]-]
CAS: > |
DEEEEER OB O8N
Type: Multiconstituent H B =

Mame: u
IUPAC:
Synonyms: E
SMILES:
m Clear All X
o "S::it)‘ Want to clear everything?
a Type: Monoconstituent
Ny:me: n
IUPAC 4 (I s | | No
L R ——— |
s ey
3  Concentration 1 [ n
Typical concentration ;J
{ Family: | Mass fraction * | Unit: -~ ‘
Concentration range = ==
{ Family: | Mass fraction * | Unit: - ‘
‘ K || Cancel |
Now we move down to the last (third) constituent and repeat the same steps:
1. Click Edit on the SMILES row to define the structure of the second constituent ;
2. The 2D editor appears ;
3. Click the Clean button to clean everything
4. Confirm with Yes.
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QSAR TOOLBOX

Constituent 3

Chemical input 0.0
Drawing Constituent 3 of the target mixture i

*| 2D Editor

®

SMILES/Inchl
-

—==C(C=C1)C{C1=CC=CC=C1)=0 !

HEEE OEE OEN.

Select the Benzene scaffold (la) and paste it
two times in the drawing pane (apply two left
clicks) (1b).

Select the Drawing tool (2a) and draw
connection between both rings (2b). Double
click over a bond converts it to double bond .
Click on the oxygen symbol (i.e. O) (3a) and
click over the carbon atom connected with
double bond (3b).

Confirm with OK (4).

sjajes]r]

=

EEEEEERERNE
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QSAR TOOLBOX

Chemical input
Target substance identity

QSAR TOOLBOX @

¥ Input » Profiling ¥ Data » Category definition ¥ Data Gap Filling

Document Single Chemical Chemical List Target Endpoint

B & X & mm.- § &8.@ 8 B E. ¢ @

New Open Close Save CAs# Name  Structure Composition Selec* Lnemius aLan nvenory Lini Substructure (SMARTS)  Query Define

Documents Filter endpaint tree...

@& Document 1
& Substance

Structure

Structure info
Additional Ids
CAS Number Mo CAS number
'CAS Smiles relation Mot applicable
Chemical name(s)
Composition C:3; A0 10
Molecular Formula C25H25CI1303

Predefined substance type
SMILES CCCO.CC{=0)c1 cec{Cle(Clc1CL.O=Cleleccce e lecece
[#] Parameters

[#] Physical Chemical Properties

[#] Enwir | Fate and Transport
[#] Ecotoxicological Information

[#] Human Health Hazards

The drawn mixture automatically appears on the data matrix .
Note that no CAS number or name is displayed for this
chemical . This means the target substance is not listed in the
chemical inventories/databases implemented in the Toolbox
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QSAR TOOLBOX

Chemical input
Mixture decomposition

Aln the current example we will predict the skin sensitization of a
mixture based on its constituents

AA specific option f De c o mp o s allows oatl oconstituents of a
mixture as well as available additives/impurities to be shown in
the data matrix .

AOnce the constituents are on the data matrix, the user can
handle them as individual substances and further, to use them
for predicting the whole mixture .
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QSAR TOOLBOX

Chemical input
Input mixture

(S
g (O
IF

Do Filter endpaint tree... ? 1 [t:l[geﬂ
Do [ |
Export
Print I S
j
vty Lo :
Delete 2 ) |
Delete info
Delete A it This =
Multiplication v Metabolism/Transformatians v
+! Enviro -
E Ecot Decomposition
(%] Hum,

1. Right click over the Substance,
2. Select Multiplication,
3. Click on Decomposition
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QSAR TOOLBOX

Chemical Input
Target chemical identity

AThe already drawn target structures automatically appear on
the data matrix.

ANote that no CAS number or name is associated with this
chemical.

AThis means the target chemical is not listed in the chemical
iInventories/databases available in Toolbox (see next slide).
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QSAR TOOLBOX

Chemical Input
Target chemical identity

01010
01 0
QSAR TOOLBOX 0100

* Profiling ¥ Category definition » Data Gap Filling » Report

Document Single Chemical Chemical List Search Target Endpoint

VWS ™ — . J - = )
= i —] \
B & X & mm- § &. E=EE- H ¢ O
New Open Close Save CAS# MName  Structure Composition Select ChemlDs Database Inventory List Substructure (SMARTS) Query

Documents Filter endpaint tree... Parent chemical [target] Constituent #2  Constituent #3

Constituent #

C ent #2 .
coreiver 2 | NSRS SO JoC
onstituent #3

Structure info

[#] Parameters

[#] Physical Chemical Properties

[#] Environmental Fate and Transport
[#] Ecotoxicological Information
Human Health Hazards

The three constituents  appear on the data matrix along with
the target mixture as well as in a tree -like form.
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QSAR TOOLBOX

Profiling
Overview

Aﬁ Pr of irkfersn goo the electronic process of retrieving
relevant information on the target compound, other than
environmental fate, ecotoxicity and toxicity data, which are
stored in the Toolbox database .

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

AFor most of the profilers, background information can be
retrieved Dby highlighting one of the profilers (for example,
Protein binding alerts for SS by OASIS and clicking on
NnAbowtioVi e(®ee next screen shots) .
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QSAR TOOLBOX

QSAR TOOLBOX @

» Profi

Profilina

o]

Apply Delete
Documents

Profiling methods

n
Protein binding by OASIS
Protein binding by OECD
Protein binding potency Cys (DPRA 13%)
Protein binding potency GSH
Protein binding putency Lys (DPRA 13%)

(extended)

Endpoint Specific
W Acute aquatic ity classification by Verhaar (Modified)
Acute aquatic b
W Acute Oral T
W Aquatic toxidty damﬁc.mun hy ECOSAR

in binding alert: mial aberration b
W1 Dentain hindinn alarte frr ckin cancitiratinn arcnrdin. 7g (3
Protein binding alerts for skin sensitization by OASIS
[ PIOTEIN BINAINg PoTency n-LLAl
W Respiratory sensitisation
Retinoic Acid Receptor B

P!
b . Toxicological

Profiling
Side - Bar to Profiling

The View button provides
more details on the coded
knowledge in the profiler.

Protein binding alerts for skin sensitization by OASIS (Endpoint Specific) -

Save Scheme Export Scheme Save Tests

Categories

4 Protein binding alerts for skin sensitization by ~
4 Acylation

4 (Thig)carbamoylation of protein nuclec
Isocyanates, Isothiocyanates

4 Acyl transfer via nucleophilic addition r
Carbodiimides

4 Direct acylation involving a leaving gre
(Thio)Acetates
(Thic)Acyl and (thio)carbamoyl halic
Anhydrides (sulphur analogues of =
Azlactones and unsaturated lactone
Carbamates
Diacyl peroxides, anhydrides {sulph
N-Acylloxysuccinimides
N-Carbonyl heteroaryl amines

Dithiocarbamate salts
Dithiocarbamates
Dithioesters
4 Ester aminolysis or thiolysis
Activated (di)aryl esters
Activated (thio)esters
Activated alkyl diesters
Benzyl or phensthyl salicylates
Phenyl carbonates
Substituted benzyl benzoates
4 Isocyanates and related chemicals

View Tests  Run All Tests

Profiling Scheme Browser

Definition | Properties | Training Set | Literature | Metalnfo Table | Scheme

[106] Amides

[0] Structure Query | Metabolism

Contents

4 @Queries
Search 1: SMARTS
4 @Masks
Search 1: SMARTS
Search 2: SMARTS

Add Query
Add Mask

Complex search options
Exact connectivity

O Ignore stereo information

[] Exact match

Queries execution mode | All
Mapping

Unigue mappings
Max maps | 1000

Category tree

Query details

SMARTS
c[#7h][=6){=[28])c

mode: Facade LEVLELIILLEN Cascade

C 1 @
\o/ N

Left click on any marked atom to explore

1. Selected profiler related to the investigated endpoint : Protein binding alerts for SS by OASIS
2. Click on the A Vi e \outton ;

3. Click for example on category Amides to see the structural boundaries used to code the knowledge .

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories November, 2019

31



QSAR TOOLBOX

Profiling
Side - Bar to Profiling

10100

» Profiling P Category definition P Data Gap Filling

aling Custom profile

°l 5% I3

Apply N:w Delete

Filter endpoint tree... Y Parent chemical [target] Constituent#1  Constituent #2  Constituent #3

Documents

Profiling methods P

22 Selected Structure e

......... b W JOL o0
I

Bl MLULG OUUOUL LUAICILY PIA LY r

|| .-'\cure Oral T

O P

[#] Envir | Fate and Transport
[#] Ecotoxicological Information

[-) Human Health Hazards

Acute Toxicity

B DART scheme —{%] ADME
W DNA ale

— Bioaccumulation
— Carcinogenicity
—— Develof tal Toxicity / T icity

—— Genetic Toxicity

— Immunotoxicity

— lrritation / Corrosion
Protein hndng derts fur dm senshzahnn accordng 1 — Meurotoxicity

Protein binding alerts for skin sensitization by DASIS —— Photoinduced toxicity
Proten Bndng Poten h-CLAT

r-&_ﬂ&-T-i'qr———————_———————————————————————‘

— Sensisation awswioe

P ipaopinpu R SRR R
ion rules by EfR —— Toxicity to Reproduction

n Inclusion rules 3 %) Toxicokinetics, Metabolism and Distrit

o

1% Groups of elements 1. Position the cursor on the level of fnSensitizati on

Lipinski Rule Oasis

A TTE e 2. Select the most plausible profilers related to the target

Orgm!c funch_ond groups (nested) : ) . ;
g0 WSS endpoint (in our case the orange highlighted);
: 3. Click Apply

Il Toxicological
M Repeated dose (HESS)
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QSAR TOOLBOX

Profiling
Profiling the target substance

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

AThe results of profiling automatically appear as a dropdown box under the
target substance .

Aln this example the target mixture and its constituents are profiled by all
profilers defined as plausible (highlighted in orange) for skin sensitization (only
endpoint -specific are listed here) :

- Aquatic toxicity classification by ECOSAR,;

Keratinocyte gene expression ;

Protein binding alerts for skin sensitization according to GHS

Protein binding alerts for skin sensitization by OASIS

Protein binding potency h-CLAT

Respiratory sensitization
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QSAR TOOLBOX

Profiling
Profiling the target substance

o —
Ve —————

4
3

Visualization the profiling results for the target mixture and its individual

o N (mmmm—————— \
1 1

N J |
e ———————————— N (rmm—————— \
e J I !

——————— ———

The profiling results for all the constituents are consistent with one exception (Constituent #2).
The constituent #2 reacts with proteins via Schiff -base formation according to general and
endpoint -specific Protein binding alerts for SS profiler .
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