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QSAR TOOLBOX

Background

AThis IS a step -by-step presentation designed to take you
through the workflow of the Toolbox for building a
QSAR model for predicting aquatic toxicity.

ABy Nnow you are have some experience in using the
Toolbox so there will be multiple key strokes between
screen shots.
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QSAR TOOLBOX

Objectives

AThis presentation demonstrates building a QSAR
model for predicting acute toxicity to
Tetrahymena pyriformis of aldehydes. The
presentation addresses specifically:

ﬁpredicting acute toxicity for a target chemical,
/Bbuilding QSAR model based on the prediction;
Aapplying the model to other aldehydes;

:Bexporting the predictions to a file.
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QSAR TOOLBOX

The Exercise

AThis exercise includes the following steps:
Aselect a target chemical I Furfural, CAS 98011,
A extract available experimental results;
A search for analogues;

Aestimate the 48h -1GC50 for Tetrahymena pyriformis by using
trend analysis;

A Improve the data set by either:
Aeubcategorizing by AProtein Dbin

Aassessing the difference between outliers and the target
chemical

A evaluate and save the model:

A use the model to display its training set, visualize its
applicability domain and perform predictions.
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QSAR TOOLBOX

Workflow of the exercise

ARemember the Toolbox has 6 modules which are
sed in a sequential workflow:
hemical Input

Perofiling
ﬁEndpoints
:BCategory Definition

/BFiIIing Data Gaps

AReport
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QSAR TOOLBOX

Chemical Input
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QSAR TOOLBOX E h o100

About Update
rofiling ¥ Endpoint } Category Definition  » Data Gap Filling

Document Single Chemical Chemical List

Developed by LMC, Bulgaria

Documents ‘F\Iter endpaint tree...

Structure
E Substance |denti
[HPhysical Chemical Properties
EEmvironmental Fate and Transport Search by CAS# V - U x
EEcatoxicological Information ]
EHuman Health Hazards O Tautomericsets (1 search X Cancel
I\
Select Al Clear All Invert Selection | Selected 1 of 1 J \ﬁ
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:: High : High
'
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FE-HH
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L 98011 0=CCl= ER
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... select filter type .. v Apply
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1.Click on CAS # 2. Enter 98011 ; 3. Click Search
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The Toolbox now searches the Toolbox databases and inventories for the presence of
the chemical with structure related to the current CAS number. It is displayed as a

2D image. )
1

Search by CASE = 1. Click OK to add
98011 vl [] Tautomeric sets "t Search 3 Cancel Chem|Ca| In data
matrix
Select all Clear all Invert Selection Selected 1 of 1
Selected  Cas Smiles Depiction Mames CAsSMame 2D/Mame  CAS/2D
1:: High 1:: High : High
1:: A ﬁ 1o Lk
2:: B 2 B
3 E I A
4:: El 4:: Rl
1: S Es S El
25 G G G L
1 ag-01-1 O=CCl= EH Fii G 7iv HI
Yes 4: g1 HI g:: M
s = | Qi G
6: 10§ 10:: & iEw
11:: 1 11:: ¢ 4Ew
12::1 12::
e Fliml 4 e T
L >

I In case a structure has several CAS numbers or a structure could be related to more than one
“ substance (e.g. in the case of compounds), 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

AYou have now your target chemical with its structure.

ACIickon the box next to ASubstanc
displays the chemical identification information. (see
next screen shot)
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QSAR TOOLBOX

Chemical Input
Target chemical identity

— b 56 ®\ 32
10100
¥ Profiling » Endpoint } Category Definition  » Data Gap Filling

QSAR TOOLBOX

About Update

Document Single Chemical Chemical List E L
[ \ -
K = ) = . 2 - into Categories

by LMC, Bulgaria

Documents :Filter endpoint tree. ..
‘.,D
Structure 7 o
P
FlSubstance Identity
—CAS Mumber 98-01-1
—Chemical IDs EINECS:2026277
2-furaldehyde
furfural
24furancarboxaldeh...
—Chemical Mame fufural

furan-2-aldehyde
furfural {2-furaldehy. ..

2furaldehydefu. ..
—Molecular Formula C5H402
'— Structural Formula 0=CC1=CC=CO1

[EPhysical Chemical Properties
FEnvironmental Fate and Transport
[EEcotoxicological Information
EFHuman Health Hazards

The workflow on the first module is now complete; click

ﬁProfiIingé to move to the next

1 Decument_1 1/0/0 ; |
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QSAR TOOLBOX

Profiling
Profiling the target chemical

ASeIectthe AProfiling methodso rel:
endpoint

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

AFor this example, select all profilers (see next screen
shot)
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QSAR TOOLBOX

Profiling
Profiling the target chemical

- ‘om0 “8e A\
01 1

‘_I_l 10100

¥ Profiling » Endpoint » Category Definition  » Data Gap Filling

QSF ILBOX

About Update

Profiliny Profiling Schemes

¥

Apply

| Fiter encaint tree... [1 Liargetl

Structure
HSubstance Identity
General I ic —CAS Mumber 98-011
—Chemical IDs EINECS:2026277
2-furaldehyde
furfural
2-furancarboxaldeh. ..

—Chemical Name
fufural

furan-2-aldehyde
furfural (2-furaldehy...
—Molecular Formula C5H402

\—Structural Formula 0=CC1=CC=CO1
EPhysical Chemical Propertias
[EEnvironmental Fate and Transport

[HEcotoxicological Information
[MHuman Health Hazards

Metabolism/Transformations

Select All Unselect All

Documented A

Simulated

' i il 1. Check Select All 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 selected profilers.

AThe results of profiling automatically appeared as a
dropdown box under the target chemical. (see next
screen shot)
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QSAR TOOLBOX

QSAR TOOLBOX

Profiing Profiling Schemes

# |

Apply

Profiing methods

Select All Unselect All

Predefined
tal

Gen

i}

{<]<]

(<<l <f<f<f<f<f<f<f<]<]

(<l <][<]<]

<

Metabolism,/Transformations

Select All Unselect All

Documented
C ed Mammalian metab

b Profiling ¥ Endpoint

of I |

Profiling
e s

‘o010’
fir! 43

¥ Category Definition  » Data Gap Filling

||Fi\ner endpoint tree...

[1 Btargeti

Structure

HSubstance Identity
— CAS Number
r— Chemical IDs

r— Chemical Name

—Molecular Formula

— Structural Formula

[HPhysical Chemical Properties
[HEnvironmental Fate and Transport
[HEcotoxicological Information

an Health Hazards

HProfile

98-0141
EINECS:2026277
2-furaldehyde

furfural
2-furancarboxaldeh...
fufural
furan-2-aldehyde
furfural (2-furaldehy...
C5H402

0=CC1=CC=CO1

1. Double

The OECD QSAR Toolbox for

click on the box Eto

open the nodes of the tree

of

NFur fur

About Update

Grouping Chemicals into Categories
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QSAR TOOLBOX

Profiling
Profi |l es of NFur fur

00 SO0\
QSAR TODLBOX @ ™ E h . ?Jm‘a__ E [ s
Profiling Profiling Schemes : The OECD QSAR Toolbox
. s In this case there is structural
vt o [ evidence that the target could
] ) 9 ) :
\ . { interact to DNA and proteins, it
tructure /- El . .
# has also mode of action and it
e TG T - it is aldehyde. This step is critical
—Hydrolysis halFlife (Kb, pH 8){Hydrowin) Hot calculated .
| Hyerolysis halFlfe (oH 6.57.4 ot celuiated for next grouping of
r— lonization at pH = 1 EZS;(LOV;EJL
Lo apercnmas Basic [0.10) analogues.
onization at pn = ND pKa VE|UB
—lonization at pH=T7.4 EES&E\;;&L

Basic J010

— lonization at pH =9

1. Right click to see why
the target is Protein

r—Protein binding by OASIS v1.4 .
binder
Metabolism/ Transformations
(see next screen shot) .
ocumented (—Protein binding by OECD Ho atrefeed
— Protein binding potency Moderately rezctf..

IModerately reactiv...
(—Superfragments Mo superfragment
(— Toxic hazard classification by Cramer (extension)  High (Class Il

+—Toxic hazard classffication by Cramer (original) High (Class Il)
L » 100 days
0 Ultimate biodeg 110 10 days
< > HEEndpoint Specific v
1 Document_1 1/0/0
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QSAR TOOLBOX

Profiling
Profi |l es of NFur fur

QSAR TOOLBOX G o E th % E " -

T The Protein binding by OASIS v.1.4

i profiler has hierarchical structure
consisting of three levels: Structural

b alert, Mechanistic alert and

i

Profiling methods Fiter endpoint tree. .. |1 [targef]

Structure . . .
Mechanistic domain
Profiling results
|—Hydrolysis halfife (Kb, pH 7)(Hydrowin) Not calculated
v
[—Hydrolysis halfife (K&, pH 8)(Hydrowin) Not calculated Crenical Proﬁle.
ey Pri eATY + -Protein binding by OASIS v1.4

—Hydrolysis haiflife (pH 6.5-7 4) Not calculated AN

B 0,10
[—lonization at pH =1 NES;:E(L \;alu)e - ANZ = Michael addition to activated double bonds

Basic [0.10 - AN2 = Michael addition to activated double bonds > alpha betz-Unsaturated Carbonyls and Related Compounds
—lonization at pH =4 010

No pKa value - Michae! addition
|—loization at pH = 7.4 ﬁ““;[m:}) - Michael addition = Michael addition on alpha, beta-Unsaturated carbonyl compounds

B;sp\c ?UV:UU)E - Michael addition > Michael addition on alpha beta-Unsaturated carbonyl compounds > » alpha, beta-Aldehydes
—lonization at pH = 9 o pKa valug - Michael addition > Michzel addition on conjugated systems with electron withdrawing group

- Michael addition > Michael addition on conjugated systems with electron withdrawing group >» Conjugated systems with electron withdrawing groups
-~ Sehiff base formation
<J ichiff base formation > Schiff base formation with carbonyl compounds > Aldeh
— Pratein binding by OASIS v1.4
Metabolism/ Transformations

L P biing by OECD Mo s oun 1. From the list of the profiling
> - results Click on the structural

I—Toxic hazard classification by Cramer (extension) al e rt Al de hyd es

2. Click. Deail

1to 10 days
¢ > HEJEndpoint Specific 2

— Protein binding patency

? Details l-'L

[w]

— Superfragments

1 Document_1 1/0/0
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QSAR TOOLBOX

Endpoints
Extracting endpoint values

fas) ol 1 ceeL s
10100
» Endpoint } Category Definition  » Data Gap Filling

About Update

Tautomerize

Q —
Import IUCLIDS

VFiter endpaint tree... ‘1 [target]

Da

Physical Chemical Properties
Environme\'a) aasmaer ransport Structure F 2
Ecotoxicolog

Human Health

HSubstance Identity _

HPhysical Chemical Properties
HEnvironmental Fate and Transport
HEcotoxicological Information
HHuman Health Hazards
HProfile
H=IPredefined
Acute Oral Toxicit...
Aquatic OASIS
Bacterial mutageni...
Biodegradation NITE
Carcinogenic Pote...
Carcinogenicity&m. ..
ECHA CHEM
— Database Affiliation ECOTOX
Estrogen Receptor...
Genalovicty OASIS 1. Select all databases
GSH Experimental...
MUNRO non-canc. .. 1
o o 2. Click Gather
Rodent Inhalation ...

TorCastDn
Canada DSL
DSSTOX
ECHA PR
EINECS
HPVC OECD
METI Japan
NICNAS
REACH ECB
TSCA

TR I YR v

— Inventory Affiliation
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QSAR TOOLBOX

Endpoints
Process of collecting data

Toxicity information on the target chemical is electronically collected from
the selected datasets.

A window with fARead data?0 appears. Now t he
coll ect Aall 6 or Aendpoint specifico dat a.

— —
s B & ol

} Profiling } Endpoint } Category Definition  » Data Gap Filling

Delete rize

Filter endpoint tree... 1 [target]

ical Chemical Properties
wironmental Fate and Transport Structure 3
Ecotoxicological Information o

Human Health Hazards
[HSubstance Identity _

MPhysical Chemical Properties
EEnvironmental Fate and Transport
[HEcotoxicological Information

EHuman Health Hazards § 1
ElPrafile Read data? %
rElPredefined
@ Allendpaints () Choase... [ from Tautomers oK X cancel
i —_—"— /7

Biodegradation NITE
Carcinogenic Pote...
Carcinogenicity&m...
ECHA CHEM
— Database Affiliation ECOTOX
Estrogen Receptor. .
Genotoxicity DASIS
GSH Experimental...
MUNRO non-canc_.
Inventories Phys-chem EPISU.
et piaien
Canada DSL
DSSTOX
ECHA PR
EINECS

R 1. Click OK to read

REACH ECB

TSeA all available data

1 Document
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QSAR TOOLBOX

Endpoints
Read data for analogues

Due to the overlap between the Toolbox databases same data for intersecting
chemicals is found simultaneously in more than one database. The data
redundancy is identified and the user has the opportunity to select either a

single data value or all data values.

‘| Repeated values for: 94 data-points, 36 groups, 1 chemicals — O >
Data points...
Endpoint CAS Structure Value additional_comme s, celect one
LCEO 93-01-1 3. 2E4 micrograms per
; ,
b liter Irvert
LC50 98-01-1 3. 2E4 micrograms per
[
liter —
Che
NOAEL 93-01-1 . 100 mg/kg bw/day
3 Unchedk All
NOAEL 93-01-1 b 100 mgjkg bw/day
{naminal)
gene mutation 98-01-1 - negative
gene mutation 93-01-1 7 - negative
-
gene mutation QFH']‘]-1 : neaative x cancel
< 1. Click Select one 2. Click OK >
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QSAR TOOLBOX

QSAR DOLBO &

p Pro g d

(I

Endpoints
Inserting data for target in data matrix

s 3

D Data Gap g Repo

Databases

Physical Chemical Properties
Environmental Fate and Transport
Ecotoxicological Information
Human Health Hazards

— Chemical Name

—Molecular Formula
— Structural Formula
EPhysical Chemical Propertigg
EHEnvironmental Fate and Tfansport
EEcotoxicological Informatiy
EHHuman Health Hazards
EProfile

Inventories

[Filter endpoint tree... [1 Harget!
jO
Structure

HSubstance Identity

—CAS Number 98-01-1

—Chemical IDs EINECS:2026277
2-furaldehyde
furfural

24furancarboxaldehyde

fufural
furan-2-aldehyde

furfural (2-furaldehyde) (2-fur. .

CEH402

(1710) M:B1.7 °C,51E3 mgiL, 4.1

(1/10) M:93.5 %, 93.5 %, 100 %, ...
(1/294) M:20.5 mg/L, 10.5 mg/L, 14...
(1/153), M: <50 mg/kg bw/day (nomi._

1 Decument

Now the data is inserted

into data matrix ; 1. Click

Category Definition

=]
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QSAR TOOLBOX

Category definition
Target endpoint

Aln this exercise we will build a QSAR model to estimate
the following endpoint :

Ecotoxicological Information#Aquatic
Toxicity#Growth#1GC50#48h#Protozoa#Ciliophora#Ciliat
ea# Tetrahymena pyriformis

AThe Initial search for analogues is based on structural
similarity, of US EPA categorization
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QSAR TOOLBOX

Category definition
Navigate to the target endpoint

i e

» Profiling » Endpoint

QSAR TOOLBOX

Ey ) B

» Category Definition » Data Gap Filling » Report

Import Delete Tautomerize

.. (]

Import IUCLIDS hlin's) 15 ory Database

Databases

|1 [target]

Physical Chemical Properties
Environmental Fate and Transport Structure
Ecotoxicological Information
Human Health Hazards

ElSubstance Identity
—CAS Number
—Chemical IDs

—Chemical Name

— Molecular Formula

— Structural Formula
HEcotoxicological Information
HAguatic Toxicity

FProtozoa
HCiliophora
[HICiliatea

Inventories 2

Sel
M Canada I
fHImmobilisation

HProfile

98-01-1
EINECS:2026277

2-furaldehyde

furfural

24furancarboxaldehyde

fufural

furan-2-aldehyde

furfural (2-furaldehyde) (2-fur...
C5H402

0=CC1=CC=CO

Tetrahymena pyriformis ~ (1/1) M: 145 mg/L

1. Ty p eT efit riratiie empty filter field; 2.
Highlight

Open the nodes to target endpoint; 3.

the cell that will be filled in (in this case we will reproduce the observed data).
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QSAR TOOLBOX

Category definition
Defining US - EPA category

AThe initial search for analogues is based on structural
similarity, of US EPA categorization

ASeIect US-EPA category

ACIick Define (see next screen shot)
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QSAR TOOLBOX

Defined Categaries

1. Highlight

Category definition
Defining US -EPA category

& & £
p dpo De Repo
D
Tetra 1 [target]
P
Structure s
P
)
1 nce ldentity
Number 98-01-1
mical IDs EINECS:2026277
2-furaldenyde US-EPA New Chemical Categories - m] X
furfural Target(s) profiles
2furancarboxaldehyde Aldehydes (Acute toxici
Chemical Name
fufural
furan-2-aldehyde
furfural (2-furaldehyde) (2-fur...
Molecular Formula C5H402
Structural Formula 0=CC1=CC=C a3 T T
[HEcotoxicological Information Al profiles
HAquatic Toxicity Add Chlorides A
Acrylamides
AcrylatesMethacrylates (Acute toxicity)
AcrylatesMethacrylates (Chronic toxidity)
Aldehydes (Chronic toxicity)
Aliphatic Amines 4
Alkoxysilanes
= F’roto.zoa A
HCiliophora Aminob% Io Dyes
CCiliatea ﬂnhwﬁr.l 3 arir /1
Tetrahymena pynformis ~ (1/1) M: 145 mg/L Combi agyesit | ok |

FHlmmobilisation
HProfile

AND R Strict

x Cancel

A USEPA New Chemical Cat e g ojr2. €lisko Define ; 3. Select Strict (see
next screen shot) ; 4. Click OK to confirm the category Aldehydes
Defined from US-EPA category .

(Acute toxicity)
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QSAR TOOLBOX

Category definition
Defining US -EPA category strict functionality

AThe Strict functionality means that the software will
group analogues having  ONLY the categories of the
target and will exclude the analogues having any
other categories according to the profiler used in the
grouping method.

AFor example, if the profiling for the target results in
Aldehydes(Acute toxicity) ONLY according to US -EPA
category, the group of analogues will include
Aldehydes(Acute toxicity) ONLY .(See next screen
shot)
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QSAR TOOLBOX

Category definition
Defining US -EPA category strict functionality

Input
e
r & P
) 0 ”§% - The target among with
= /—// 0 el ARETEE analogues have Aldehydes ONLY
':'_‘, according to US -EPA category
L_) Target <|)
N \ | A
( \
l Defined Category
" Analogue 1 Analogue 2 Analogue 3
[ /O —O o
‘ 4 /
C (ﬁ ;1% Target? a cﬁg u,IOj @

I
b © Analogue 4  Analogue 5
\ B ot

B %GH3
15072016 — 33
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QSAR TOOLBOX

Category definition
Defining US - EPA category

hB

1. Click OK to confirm the name of the category
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