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QSAR TOOLBOX

Background

AThis IS a step-by-step presentation designed to take the
Toolbox user through the filling of skin sensitization data gaps
using an automated workflow .
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QSAR TOOLBOX

Objectives

This presentation demonstrates how to :

AFiII data gaps for a single chemical or batch of chemicals by
automated workflow for skin sensitization (SS)
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QSAR TOOLBOX

Specific Aims

ATO introduce to the user the automated workflow for predicting
of skin sensitization potential of chemicals (single chemical or
batch of chemicals)

A To familiarize the user with the new Toolbox interface and new
notification messages;

ATo explain to the user the rationale behind each step of the
exercise .
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QSAR TOOLBOX

Automated workflow for skin sensitization

Mechanistic understanding

A Skin sensitization effect is a complex endpoint resulting in a multifactorial
sequence of events .

AThe initiating event of sensitization process is the covalent binding of a target
chemical to the skin proteins .

AThe target chemical may have inherent reactivity towards skin proteins or can
be activated following metabolic or abiotic transformations

The OECD QSAR Toolbox for Grouping Chemicals into Categories July, 2017 9



QSAR TOOLBOX

Automated workflow for skin sensitization

Workflow components

A Except Input and Reporting , the rest of the Toolbox modules are part of the
automated workflow (AW).

The algorithm

Workflow components
User defined target

1. Input _
2. Profiling n Start of AW .
3. Category building Profiling
4. Data gathering —
5. Sub-categorization Category building
6. Data gap filling Data gathering
7. Reporting -

Sub-categorizaion

Data gap filling
End of AW l

Reporting
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QSAR TOOLBOX

Automated workflow for skin sensitization

Workflow components

The algorithm
‘Workflow components

A PrOfIIIng I, nput B User defined target
2. Profiling Start of AW
- - . 3. Culugur}bulldlng Profiling
4. Data gathering
V Profilers for primary grouping & Diagiberg crcn b
. . 6. Data gap filling Data gathering
0 US EPA New Chemical Categories 7. Reporing

Sub-categorizaion

Aquatic toxicity classification by ECOSAR

Data gap filling
End of AW l

Protein binding alerts for Skin sensitization effect

Reporting

Organic Functional Groups
Organic Functional Groups by US EPA

©O O O O O

Organic Functional Groups by N. Haider

V Supporting  profilers  for further improvement of the
category

0 Substance type

o Protein binding potency

o0 Keratinocyte gene expression
0 Structure Similarity

V Abiotic and biotic activation of chemical is accounted by application of respective
Autoxidation (AU) and Skin metabolism (SM) simulators
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QSAR TOOLBOX

Automated workflow for skin sensitization

Workflow components
‘Workflow components
" User defined target
1. Input —
. . . 2. Profiling Start r;."AH;) roflling
A Data i SS predictions are based on LLNA and GPMT exp. data . : ;::;ggm;;:g“‘g}_
. 5. Sub-categorization Categorybuillding
V LLNA potency categories are Extreme, Strong, Moderate, 5 s i e
Weak and Non sensitizer Sub-categorizaion
V GPMT potency categories are Strong, Moderate, Weak and PP
Non SenSitizer Reporting

V The dichotomous scale converting LLNA and GPMT potency
categories into Positive and Negative SS is preferred and
used for prediction purposes

Unified skin sensitization scale in Toolbox LLNA GPMT

Extreme, Strong, Strong & Moderate,
Moderate, Weak Weak

Positive
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QSAR TOOLBOX

Automated workflow for skin sensitization

The algorithm

Workflow components

A Category deflnltlon User defined target

. Input

Profiling Start of AW
. Category building Profiling
. Data gathering l
. Sub-categorization Category building
. Data gap filling Data gathering

. Reporting

V If protein binding alert (PBA) is identified in the target
structure then the primary category is based on this alert

V If PBA is identified after AU or SM simulation then the
primary  category is defined accounting the metabolic

I
. . Data gap filling
simulation . ndoraw |

[T S

—1

Sub-categorizaion

Reporting

V If more than one PBA are identified in the parent structure or in the generated metabolites, then:
o the category is defined based on all available PBA as presented in the target structure

o In case no analogues found, the selection of alert is based on the criteria for reliability of
alerts, i.e. most reliable alert is selected (see next slide)

V If No PBA is identified in the parent structure and in the generated metabolites, then the primary
category is defined on global molecular features by using:
o OFGs
0 Acute aquatic classification by ECOSAR
0 US-EPA New Chemical categories
In this case, the most appropriate category is the collection of a broader group of analogues
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QSAR TOOLBOX

Automated workflow for skin sensitization

Workflow components
‘Workflow components #
User defined target
.ppe . . . . . ; ;nrr,;%t“nu -‘Smrr of AW l
A Data gap filling i prediction is based on up to five 3. Category building Profiling
. 4. Data gatherin
closest analogues with respect to logKow 5. Sub-categorzation Category buiding
6. Data gap filling Data gathering
. . - 7. Reportin,
V Read across is applied as default gap filling approach e Subcatedoimion
V Specific subcategorizations are applied depending on the !__”':;?g%ﬁmng
profiing result and subsequent primary group formation T eponing

(see next slide for more information)
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QSHR TOOLENDY

Automated workflow for skin sensitization

Algorithm of the workflow

Part 1

Input

I

Entering target chemical

Profiling

]

Identification of structural
characteristics and
mechanism of action

A

Data

1

Category definition

skin sensitization database

!

1

s protein binding
alert for skin

sensitization identified
in the target?

b

k

Is protein binding
alert for skin

1% protein binding
alert for skin

sensitization identifled
after AL simulation?

Al

sensitization identified
after SM simulation?

Y

Drsfine category by the
protein binding alert
identitied in the target

Drefine categary by the
protein binding alert{s)
dentified in the
package targen +

Define category by the
protein binding alert{s)
identified in the
package target +

Data gap filling

Report

1 penerated AU products) Benerated S products
T T
¥ T T
. . .~
Subcategorization by: Subcategorization bey:

1, Substance type
2. PRATor 5%

1. Substamce byps
2. PBATor 55

A, PBA for 55 +AL
A, PBA for 55 +5M
5

structural similarity (threshald 50 %)

Prediction is based on

closest analogues

1
'

Report of prediction
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QSHR TOOLENDY

Automated workflow for skin sensitization

Algorithm of the workflow I Part?2

| nput Entering target chemical

I

Identification of structural

Profiling characteristics and
i mechanism of action
Data Skin sensitization database

1 ;

Category definition |— IIILJ- Define category by most populated category
— based on structurally related profiling method 5,
eg. OFG, OFG USERA, eltc.

I
T
b

Subcategorization by:

1. Substance type

2. PBAfor S5

3. PBA for 55 +AL

4,  PRA for 55 +5M

5. Protein binding potency

6. Keratinocybe gene expression alerts

7. OFG, OFG US EPA, OFG M. Haider

. 2. Structural similarity (threshold 50 %)
Data gap filling J/
Prediction is based on
closest analogues

W

Report Report of prediction
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QSAR TOOLBOX

Automated workflow for skin sensitization
Overview

AThe automated workflow for skin sensitization is based on LLNA
and GPMT experimental data, only

AThe AW follows the implemented logic and finished with
prediction ;

AThe automated workflow (AW) is designed to apply data gap
filling for discrete chemicals, only;

AThe AW does not allow interactions during the workflow process ;

AAnangous sets of chemicals are selected based on the
hypothesis that the toxicological effects of each member of the
category will show a common behaviour ;

AAW can be executed for one chemical as well as for a batch of
chemicals .
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QSAR TOOLBOX

The Exercise

Aln this exercise we will predict the skin sensitization effect for:
o Single chemical 1 Chlorpyrifos [CAS# 2921 -88-2];

o Batch of chemicals - the first five substances of the Skin
sensitization ECETOC database .

AThis prediction will be accomplished by using of the automated
workflow for skin sensitization
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QSAR TOOLBOX

Execution of AW for Skin sensitization
Single chemical, CAS # 2921 -88-2

Input:  Ways of Entering a Single Chemical

QSAR TOOLBOX

P Category definition » Data Gap Filling

Chemical List Search Target Endpoint

B & X @ mm- > § W § E -..n v 0

_ _ e — - _— - . T _ _ _ .__ T = _
New Open Close Save CAS# Name  Structure Composition  Select elete atahase Inventory s Substructure (SMARTS)  Query Define Developed by LMC, Bulgaria

Documents.
+ Document 1

Chemical Name
Chemical Abstract Services (CAS) number (#)

Drawing chemical structure with or without additional defining of the
composition

o o Po Do

Select from User List/Inventory/Databases
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QSAR TOOLBOX

Execution of AW for Skin sensitization
Single chemical, CAS # 2921 -88-2

Input by CAS number

— e Y T

qsAR TooLsox [ th o =

P Input » Profiling » Data » Category definition P Data Gap Filling » Report

Document Single Chemical Chemical L'g, Search Target Endpoint The OECD QSAR Toolbox

= o for Grouping Chemicals
v ™ = . : \ — ==} f pPing
B XEPmm> § .- @ 8 E . I

New Open Close Save CA5#  Name Structure Composition  Select Search by CAS #

eveloped by LMC, Bulgaria

921882 ~| [ Search | oK

2 | Select Al || Unselect All || Invert Selection | Selected 0 of 0

=

Click on CAS# ;

2. Enter the CAS# of Chlorpyrifos
(CAS 2921 -88-2);

3. Click on Search .
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QSAR TOOLBOX

Execution of AW for Skin sensitization
Single chemical, CAS # 2921 -88-2

Input - Target chemical identity

The Toolbox now 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 2 -demensional depiction.
Clickon OK (1).

“] Search by CAS 2 1 - O X
|2921282 | [ Search | [ ok ][ cancel
[ selectAll |[ UnselectAll || Invert Selection | Selected 1 of 1

CAS 2921-88-2
SMILES  CCOP(=S)(0CC)Oclnc(Clc(.. @

CS Relation High

Name Chlorpyrifos - r
CHLORPYRIFOS o
Phosphorothicic acid. O._.. I

In case the entered CAS# corresponds to more than one structure or to one structure but

with different predefined substance type, more than one chemical identity could be
retrieved . In this case the user can decide which substance to be retained for the
subsequent workflow .
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QSAR TOOLBOX

Execution of AW for Skin sensitization

Location of the Automated workflow for skin sensitization

o010
QSAR TOOLBOX So100

» Input » Profiling P Category definition P Data Gap Filling

Gap Filling Wiork#lo
e e

Trend analysis Read across (Q)SAR  Standardized Automated

Developed by LMC, Bulgaria

° Documents Filter endpoin

° Data Gap Filling Settings

Only endpoint relevant \O
Only chemical relevant Structure © Hy

At this position:

Select a cell with a rigid (bold) path i
Automated workflows 0
Standartized workflows 0 @ Structure info
[#] Parameters
[#] Physical Chemical Properties
[#] Environmental Fate and Transport 2 Select workflow x
[#] Ecotoxicological Information
[#] Human health hazards ] Choices

() Ecotoxicological Endpoint

L 7@ Skin sensitization

1.Go to Data Gap Filling ; 2. Click on Automated  button ;
3. Select Skin sensitization ; 4. Confirm with OK
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QSAR TOOLBOX

Execution of AW for Skin sensitization

There are three options for endpoint selection and the user should select one of them .

= Select one - O =

Skin sensitization
Which data do you want to use?

L
7@ EC3 from LLNA and SMWN from GPMT assays

1 | O SMWN from GPMT assay
() EC3 from LLNA assay

2

4|\'\0K | | Cancel |

1. Select the first combined endpoint T EC3 from LLNA and SMWN from GPMT
assays ; 2. Confirm with OK
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QSAR TOOLBOX

Execution of AW for Skin sensitization

Once the workflow is started, the Workflow controller appears . It has two main
buttons Continue/Pause (1) allowing to continue or pause and Stop (2) i which
stops the workflow . Furthermore, all actions that have been done during the
execution of the workflow are tracked down and could be seen from the Show
activity log (3) part of the Workflow controller .

=1 Workflow controller — O >

Workflow name Skin sensitization

General task Defining primary category
1 Active task Getting all categories for chemical list with profiler [Organic functional groups] and metaboalism []
1 Pause

_l/ﬁ Show activity log
e — e il — T ol il

— et — il | —————— e LJ
3 Gathering data -
Gathering of data reswulted in chemicals/data points : (18, 29}
Getting all categories for chemical list with profiler [Agquatic toxicity classification by ECOSAR]
and metabolism []
Resulting categories : Esters,Phencls

Defining category using profiler [Aquatic toxicity classification by ECOSAR] and metaboli=m []
Gathering data

Gathering of data resulted in chemicals/data points : (15, 26)

Getting all categories for chemical list with profiler [Protein binding alerts for skin sensitization
by OASIS wl.4] and metabolism []

Resulting categories : Mo alert found

Getting all categories for chemical list with profiler [Organic functional groups] and metabolism []

v
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QSAR TOOLBOX

Execution of AW for Skin sensitization

01010
QSAR TOOLBOX C) Saron

» Input ® Profiling » Category definition ® Data Gap Filling

Gap Filling Workflow

= W = & ®

Trend analysis Read across (Q)SAR  Standardized Automated

o [ —— Filter endpoint tree...

(~) Data Gap Filling Settings
Structure
Only endpoint relevant
Only chemical relevant

At this position: [E Structure info

Select a cell with a rigid (bold) path (3] Parameters
Automated workflows
Standartized workflows

Workflow controller

Workflow name  Skin sensitization

General task Performing data gap filling

Active task Changing gap filling Y data usage to [Maximal]

for EC3, based on 7 values Select / filter data

g
Eﬂl
e
L4
°
.
°
(]
°
L]
)
.
L
®

-4 =2 -2 =1 0 1 2 3 4 5
log Kow o
N " Aecept predicion

18 [create gap filling state | [ q
During the process, the user can see so called i He | p(B.rThlisds a new functionality intended
to help the user with specific information associated with analogues used in gap filling approach.

[Create state
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QSAR TOOLBOX

Execution of AW for Skin sensitization

Information messages and functionalities

The helpers provide different type of information, e.g.:

A warning messages, alerting the user:

The current gap filling state contains data with qualifiers @ I

- for qualifiers availability

- for analogue(s) with composition

A notification messages:

- if the read -across prediction is obtained by more analogues than
the default 5. This could be due to chemicals with equal descriptor
values (logKow values)

Currently read-across uses data from 6 neighbours for prediction ® I
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QSAR TOOLBOX

Execution of AW for Skin sensitization

Information messages and functionalities

Functionality used to follow the progress of the active action or to cancel
an active action when an Automated workflow is run.

A To see the progress of the active action click on the clock (1)

A To cancel an active action click on Stop button (2)

Done counts of the
active action

Progress of the
active action

Progress of other

. . Stop button (ESC)
active actions

Profilng
Progressd24/T45

T30

. Profiing.. | | |
12
Current action Action status

The OECD QSAR Toolbox for Grouping Chemicals into Categories July, 2017
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QSAR TOOLBOX

Execution of AW for Skin sensitization

The automated workflows follow the implemented logic (see slides 10-16) and
finish with accepted prediction

Gap Filling Worldflow

= B = & ¢

-
Trend analysis Read across (QJSAR  Standardized Automated

° Documents Filter endpoint tree...

Data Gap Filling Settings
Structure

Lo

)

O

<
Y,
Ron

>Q

o

[#] Structure info
Success x
‘Workflow Controller [Finished workflow]

workflow name  Skin sensitization

General task Acceptance resolution Prediction accepted SUECESS'FUH}I'

Active task r
Pause Stop 2
|
-
P L !

— lrritation / Corrosion
—— Neurotoxicity
+—— Photoinduced toxicity

—— Repeated Dose Toxicity |
Sensitisation AW SW AOP

Skin | | | | |
(18133)| M: Positive 1 | M: Positive | | M: Positive | M: Positive
EC3<OR-SMWN R: Positive M: Positive M: Positive

—— ToxCast

+—— Toxicity to Reproduction

When the prediction is accepted successfully, it appears on the matrix (1). In this case the predicted
result (R:) corresponds to the experimental data (M:). Click on fOK0(2)

The OECD QSAR Toolbox for Grouping Chemicals into Categories July, 2017 29



QSAR TOOLBOX

Execution of AW for Skin sensitization

Gap Filling Workflow The OECD QSAR Toolbox

. "3 ’ into Cateq

-
Trend analysis Read across  (Q)SAR  Standardized Automated Developed by LMC, Bulgaria

1 [target]

° Documents Filter endpoint tree...

. f I e ]
Structure A él . Lo ~ @ : TCI)I;{; “r'@\L - “[@

omatic substitution on activated aryl and heterog
iromatic substitution on activated aryl and he

| Subcategorized: Substance fype Strong sensitiser =
: 27 Subcategorized: Protein binding alerts for si ‘
[ S A T R M: Positive (Skin | 692 % (Skin Submitted by | oo < 10%i Weak

omatic substitution on activated aryl and heteroz [EITEREEE b T sensitiser = EC3 Skin .
>matic substitution on activated aryl and hetero: || IR SRR, 1 sensitisation |l | sensitization EC3 | LLNA False Dow EC3 LMC BUL Skin

3 . >=10% < 30%; Non| Sensitization
across) with 18 Chemicals with 32 data (ECETOC) (ratio]} AgroSciences sensitiser = EC3

; are changed a . P .| ==50%
| Subcategorized: Substance fype T T T T T T T 1 1 1 1
d: Protein bindina alerts for s

] X
Prediction approach

Data points

R: Positive (Skin Positive (Skin Read-across, executed
2 sensitisation |1 sensitisation Il EC3 Skin by AW “Skin

[~] Data Gap Filling Settings o=sensitistion (ECETOC) (ECETOQ) / sensmmim-\‘
Only endpoint relevant = - °- 2l 1 ! 1 1 1 1 | 3

Only chemical relevant 2

At this position: OK I

uman health

Select a cell with a rigid (bold) path
Automated workflows
Standartized workflows

M: Positive | M Positive | | M: Positive | M: Positive | M Positive
M: Positive M: Positive M: Positive M: Positive

| TV O

QLR i: Positive

EC3I<0OR=SMWN

ToxCast
Toxicity to Reproduction

and Distri

Double click on the cell with the prediction (1) opens the Data points window. Here the user can see
more information for their prediction. It is seen that only EC3 data is used for the prediction (2) and
the prediction approach is read across executed by A Wi Sksiennsi ti zati ono
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QSAR TOOLBOX

Execution of AW for Skin sensitization

QSAR TOOLBOX @

¥ Input * Profiling ¥ Category definition » Data Gap Filling

r
— 0
L 10100

Gap Filling Workflow The OECD QSAR Toolbox

for Grouping Chemicals
) ® ®

into Categories
" Workflow Controller [Finished workflow]

Trend analysis Rea Developed by LMC, Bulga

Workflow name  Skin sensitization

General task

Acceptance resolution

Active task

Pause Stop

@ Show activity log

Initial data collection L
select databases
Setting selected databases to [Skin Sensitization,Skin sensitization ECETOC] and inventories to []

Alert detection and primary category definition -
Retrieving alerts

Retrieving alerts with profiler : [Protein binding alerts for skin sensitization by OASIS v1.4] and metabolism []
Getting all categories for chemical list with profiler [Protein binding alerts for skin sensitization by OASIS v1.4] and
metabolism [] -
Resulting categories : SMAr,SNAr >»> Nucleophilic aromatic substitution on activated aryl and heteroaryl compounds,SNAr >>
Nucleophilic aromatic substitution on activated aryl and hetercaryl compounds >»> Activated aryl and heteroaryl

compounds ,SN2,5N2 >> Nucleophilic substitution at sp3 carbon atom,SN2 »>> Nucleophilic substitution at sp3 carbon atom >>
(Thio)Phosphates -
Active alerts found : [SMAr »>> Nucleophilic aromatic substitution on activated aryl and heteroaryl compounds »»> Activated
aryl and heterocaryl compounds,SN2 >»> Nucleophilic substitution at sp3 carbon atom >> (Thio)Phosphates]

Defining category using profiler [Protein binding alerts for skin sensitization by 0ASIS v1.4] and metabolism []

Computing alert performance for profiler : [Protein binding alerts for skin sensitization by OASIS v1.4] and metabolism o
[1 : scale [Skin sensitisation II (ECETOC)] and category [Positive]

Defining category using profiler [Protein binding alerts for skin sensitization by 0ASIS v1.4] and metabolism []

Using category : SMAr >» Nucleophilic aromatic substitution on activated aryl and hetercaryl compounds »»> Activated aryl &9

| T ecs <or- smwn QLR R: Positive M: Positive i M: Positive
ToxCast |
Toxicity to Reproduction
Toxicokinetics, Metabolism and Distribution

The Workflow Controller does not close itself automatically. The user can expand the activity
log (1) and to examine all performed steps during the Automated workflow execution. After that
the controller have to be closed by click on the close button (2).
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QSAR TOOLBOX

Execution of AW for Skin sensitization

Jr

.

The new organization of the Toolbox allows the Documents panel (1) to be
consistent in each of the toolbar sections . This gives the possibility to the user
to go back/forward through the subcategorization steps by moving up/down to
the document tree. In this way the user can follow each step of the executed
automated workflow .
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