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‘éEATié MechoA definition

Mechanisms of Toxic Action (MechoA) scheinstructure-activity relationships (SAR) tool whigredict
molecular initiating events (MIlBy which a substance induces adverse effects to an organism.

MechoA = Molecular initiating event

(MIE)
Substance Molecqlar Cellular Organ Organism Population
Interactions responses responses responses responses
wMolecular wReceptor/ligand wGene activation wAltered wlethality wStructure
properties interaction wAltered physiology wimpaired wRecruitment
wDNA/protein signaling wAltered tissue development or ¢Extinction
binding wProtein development or reproduction

depletion function wCancer

Adapted fromAnkley G. T. et al. Envirofioxicol Chem. 29, 73(¥41 (2010).
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‘éEATié Classification schemes

[ ] v

MechoA schemé
2018
Mode of actionschemes Mechanistic schemes Newmechanistic
scheme
1992 2021
Verhaarschemdl Sapounidou schentfé
1997
Russonschemé?!

[1] VerhaarHJIM, van Leeuwen GdermensILM. 1992Classifyingnvironmentalpollutants Chemosphere25, 4, 471491.

[2] RussonCL, Bradbury SBroderiusSJHammermeisteDE, Drummond RA. 199 redictingmodes oftoxic actionfrom chemicalstructure: Acuteoxicity in the fatheadminnow (Pimephales
promelag. EnvironToxicol Chem 16, 948967.

[3] Bauer FJ, Thomas F@uchardSY NeunlistSIM. 2018. Highccuracypredictionof mechanism®f actionusingstructuralalerts Comput.Toxicol 7, 3645.

[4] Sapounidow, EbbrellDJ, Bonnell MA, Campos B, Firman JW, Gutsell S, Hodges G, Roberts J, Cronin MI&ekif@hentof anEnhancedviechanisticallyDriven Mode of Action Classification

Scheme for Adversgffectson EnvironmentalSpeciesEnviron.Sci Technol 55, 18971907.
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‘I(;Eﬂ || What isbehind MechoA+ development ?

Sharecdalerts
A Mergingof the mostrecentMIEschemes
MechoA SapounidoyLJMU)
scheme y scheme
69 alerts 249 alerts
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‘I(;Eﬂ || What isbehind MechoA+ development ?

Sharedalerts
A Mergingof the mostrecentMIEschemes
A Replacehe older schemes MechoA | SapounidoyLJMU)
scheme scheme
69alerts 249 alerts
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‘I(;Eﬂ || What isbehind MechoA+ development ?

Sharedalerts
A Mergingof the mostrecentMIEschemes
A Replacehe olderschemes MechoA | SapounidoyLJMU)
scheme scheme
A Buildon the advantage®f both 69 alerts 249 alerts

i Basedon MIE

i Freeandpublished

i Speciesndications(e.g. fish, mammals plants,etc.)
i Descriptionof the MechoA

i Automated

i Andmore!
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‘I(;Eﬂ || What isbehind MechoA+ development ?

Sharedalerts
A Mergingof the mostrecentMIEschemes
A Replacehe older schemes MechoA | SapounidoyLIMU)
scheme scheme

A Buildon the advantage®f both 69 alerts 249 alerts
A MechoA+ scheme

i Collaborativework : KREAT|S.IMU, “' <Me}3hoA+

Unilever MechoAr scheme(QTB)
i Profilerin OECI)SAR00lbox(2023 151 alerts

i Coversawider mechanisticdomain
i Coversawider structuraldomain

i Betterspeciedifferentiation

i Automated
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‘Ié’lfﬂ || What isbehind MechoA+ development ?

Sharedalerts
A Mergingof the mostrecentMIEschemes
A Replacehe older schemes MechoA | SapounidoyLIMU)
scheme scheme
A Buildon the advantage®f both 69 alerts 249 alerts
A MechoA+ scheme
i Collaborativework : KREAT|S.IMU, “' <Me:ChOA+
Unilever MechoA+ scheme
i Profilerin OECI)SAR00lbox(2023 151 alerts
A MechoAPremium '
i Furtherindependentwork (iSafeRa® (MechoA
by KREAT)S MechoAPremium

More than 160alerts
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Alerts refinement workflow

Kears

Existing Sapounidou and MechoA alerts

ASapounidoualerts AMechoAalerts
i 26 Narcotic i 5 Membrane destabilization
i 4 Enzymatic hydrolysis
i 119Reactive i 10 Spontaneous reactivity

i 18 Proactivity (metabolism)
i 3 Indirect biological systems
disruption
u 104 Specific i 27 Specific interaction with
endogenous macromolecules

01 Exclusiorule
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Alerts refinement workflow

Existing Sapounidou and MechoA alerts

Kears

Literature search on thMechoAfor classes of molecules,
check if there are observed effects in experimental studies

ARefining the alert:
i Confim/Unconfirm the alert
i Widen or restrict the structural domain of the alert
i Check for substances in the literature
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|@4EATi§ Alerts refinement workflow
T ~—
Existing Sapounidou and MechoA alerts

Literature search on thlechoAfor classes of molecules,
check if there are observed effects in experimental studies

Characterisation of the applicability of structural alerts to
various species

i Extrapolate to most species (eogthologydatabase) when possible
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Alerts refinement workflow

Existing Sapounidou and MechoA alerts

Kears

Literature search on thlechoAfor classes of molecules,
check if there are observed effects in experimental studies

Characterisation of the applicability of structural alerts to
various species

Refinement of the structural alerts and tiMechoAtext

A Design a new structural alerts
A Design a sentence to explain shortly the expedi=thoAfor each species
(MechoA+ A Exactlyl51alertswere validated A MechoA+
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|@4EATi§ Alerts refinement workflow
T ~—
Existing Sapounidou and MechoA alerts

Literature search on thlechoAfor classes of molecules,
check if there are observed effects in experimental studies

Characterisation of the applicability of structural alerts to

various species

Refinement of the structural alerts and tiMechoAtext

Develop/Refine the existing decision tree

ASSTAYS asia 2F LINAZ2NRARGeEe NHz Sa Ay
A ContinueMechoAd ST NDK AT al ff¢é& &LISOASE |
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Kears

Alerts refinement workflow

Existing Sapounidou and MechoA alerts

Literature search on thlechoAfor classes of molecules,
check if there are observed effects in experimental studies

Characterisation of the applicability of structural alerts to
various species

Refinement of the structural alerts and tiMechoAtext

Develop/Refine the existing decision tree

Implement all the alerts in iISafeRat® Desktop by KREATI
(andMechoA+, shortly available in the OECD QSAR Toolbg

JI _ Slide gl



|€EAT6 Finalised MechoA +/Premium scheme

I T

( OTHER SPECIFIC INTERACTION

( (under development®) ENDOCRINE MODALITY ] |
MEMBRANES STRUCTURAL COMPONENTS SYNTHESIS AND ASSEMBLY INHIBITION @f@ @ NON-POLAR NARCOSIS
( GENE TRANSLATION & TRANSCRIPTION DISRUPTION @ .
(" AMINO-ACIDS & NUCLEIC ACIDS SYNTHESIS ENZYME INHIBITION @ SPECIFIC .
A |NTERACTION WITH MEMBRANE e POLAR NARCOSIS
(" PROTEINE-BOUND INORGANIC ION CHELATION @ SN AL DESTABILI
\ MACROMOLECULES, -ZATION

[ ELECTRON TRANSPORT CHAIN OR ATP SYNTHESIS INHIBITION \
[ |ON CHANNEL MODULATION @\

[ NERVE SIGNAL TRANSMISSION DISRUPTION ®j

OTHER INDIRECT DISRUPTION @

@ NARCOSIS OF PERMANENTLY CATIONIC MOLECULES

’/(_7_%@ HYDROLYSIS TO NON-POLAR NARCOTIC PRODUCTS |

[ 2 \

\
ENZYl\:‘lATlc @ HYDROLYSIS TO POLAR NARCOTIC PRODUCTS j
HYDROLYSIS /

5
INDIRECT

ACIDIFICATION OR ALKANIZATION OF CELLS @ BIOLOGICAL

SYSTEMS
DISRUPTION

OXIDATIVE PHOSPHORYLATION UNCOUPLING @ “"*-—-*"’@ HYDROLYSIS TO NON-NARCQOTIC PRODUCTS

SPECIFIC PRO-DISRUPTION @ @ HARD ELECTROPHILE REACTIVITY

INDIRECT PRO-DISRUPTION @

@ SOFT ELECTROPHILE REACTIVITY
REDOX CYCLING @ 4 b
. SPONTANEQUS
PRO-ACTIVITY
PRO-REACTIVITY @ SEACHNETE @ SPONTANEOUS ABIOTIC RADICAL GENERATION
probably doesn't exist) @

READY DETOXIFICATION @ @ SPONTANEOQUS ABIOTIC REACTION WITH EXTERNAL MEDIUM
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|€EAT6 Finalised MechoA +/Premium scheme

I T

( OTHER SPECIFIC INTERACTION

( (under development®) ENDOCRINE MODALITY ] |
(" MEMBRANES STRUCTURAL COMPONENTS SYNTHESIS AND ASSEMBLY INHIBITION @@f@ @ NON-POLAR NARCOSIS
( GENE TRANSLATION & TRANSCRIPTION DISRUPTION @ .
(" AMINO-ACIDS & NUCLEIC ACIDS SYNTHESIS ENZYME INHIBITION @ SPECIFIC .
A |NTERACTION WITH MEMBRANE e POLAR NARCOSIS
(" PROTEINE-BOUND INORGANIC ION CHELATION @ SN AL DESTABILI
\ MACROMOLECULES, -ZATION

[ ELECTRON TRANSPORT CHAIN OR ATP SYNTHESIS INHIBITION \
[ |ON CHANNEL MODULATION @\

[ NERVE SIGNAL TRANSMISSION DISRUPTION ®j

OTHER INDIRECT DISRUPTION @

NARCOSIS OF PERMANENTLY CATIONIC MOLECULES

HYDROLYSIS TO NON-POLAR NARCOTIC PRODUCTS | Q

/\/\/\O/U\/

5
INDIRECT 2. \
ACIDIFICATION OR ALKANIZATION OF CELLS @ BIOLOGICAL ENZYMATIC @ HYDROLYSIS TO POLAR NARCOTIC PRODUCTS |

SYSTEMS
DISRUPTION

HYDROLYSIS /

OXIDATIVE PHOSPHORYLATION UNCOUPLING @ “"*-—-*"’@ HYDROLYSIS TO NON-NARCQOTIC PRODUCTS

SPECIFIC PRO-DISRUPTION @ @ HARD ELECTROPHILE REACTIVITY

INDIRECT PRO-DISRUPTION @
@ SOFT ELECTROPHILE REACTIVITY

REDOX CYCLING @ 4 b
. SPONTANEQUS
PRO-ACTIVITY
PRO-REACTIVITY @ SEACHNETE @ SPONTANEOUS ABIOTIC RADICAL GENERATION
probably doesn't exist) @

READY DETOXIFICATION @ @ SPONTANEOQUS ABIOTIC REACTION WITH EXTERNAL MEDIUM
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|€EAT6 Finalised MechoA +/Premium scheme

(_ OTHER SPECIFIC INTERACTION ]

( (under development®) ENDOCRINE MODALITY
(" MEMBRANES STRUCTURAL COMPONENTS SYNTHESIS AND ASSEMBLY INHIBITION @Q@ @ NON-POLAR NARCOSIS
(" GENE TRANSLATION & TRANSCRIPTION DISRUPTION @ .

( AMINO-ACIDS & NUCLEIC ACIDS SYNTHESIS ENZYME INHIBITION @’ SPECIFIC
INTERACTION WITH

|
(" PROTEINE-BOUND INORGANIC ION CHELATION @ DO ENOSS
\ MACROMOLECULES,

1l

MEMBRANE
DESTABILI e POLAR NARCOSIS

-ZATION

\N/\/\/\/
@ NARCOSIS OF PERMANENTLY CATIONIC MOLECULES /

HYDROLYSIS TO NON-POLAR NARCOTIC PRODUCTS ) 0
/\/\/\O/U\/

ENZYl\:‘lAﬂc @ HYDROLYSIS TO POLAR NARCOTIC PRODUCTS j
HYDROLYSIS /

[ ELECTRON TRANSPORT CHAIN OR ATP SYNTHESIS INHIBITION
[ |ON CHANNEL MODULATION @

[ NERVE SIGNAL TRANSMISSION DISRUPTION ®j

OTHER INDIRECT DISRUPTION @

5.
INDIRECT
ACIDIFICATION OR ALKANIZATION OF CELLS @ BIOLOGICAL
SYSTEMS
DISRUPTION

OXIDATIVE PHOSPHORYLATION UNCOUPLING @ “"*———*"”@ HYDROLYSIS TO NON-NARCQOTIC PRODUCTS cl

@ HARD ELECTROPHILE REACTIVITY d

SPECIFIC PRO-DISRUPTION

INDIRECT PRO-DISRUPTION

Q
SOFT ELECTROPHILE REACTIVITY
o REDOX CYCLING 3. @ /W/O\/[_)(
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PRO- ACTIVITY ()
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probably doesn’t )
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‘( | Comparison between MechoA VS Sapounidou VS
REATIS

MechoA +:two examples

Name Teflubenzuron Benzyl Methanesulfonate
Cl
0 5 o
\\
Structure Q/(N/( ®/\0/ -
Ty 8
cl
MechoA2.1 & p6.5: Enzymatic hydrolys Note:
MechoAscheme t forfll SE)fﬁiesh& tblockting cl)lf]:alec';ron NA: Out of applicability domain Resultof the
ransfer at the photosystem Il for plant schemesvere
Specific: Inhibition of chitin synthase fi Reactive: Nucleophilic substitutio Shorten_edfor
Sapounidouscheme P ' : y leading to protein/DNA adducts fo the slide
Daphnia magna
eukaryota
< <
MechoAfu+ps+fi6.7 & 2.2 MechoA3.1 &3.4: reaction
MechoA+ inhibition of chitin synthase with proteins and DNA &
differences & enzymatichydrolysis to abiotic hydrolysis
polar narcotic for all species
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Kears

Advantages and limitations of

MechoA +/Premium

Advantages

Limitations

A More accuratefor mechanistidnterpretation

i Helpful for (eco)toxicology endpoint (Q)SARS
(e.g. aquatic acute/chronic, skin sensitisation,
genotoxicity, neurotoxicity)

i ReadAcross justification / Analogue search

A Species relevance better defined
i fish, daphnids, algae, mammals, bacteria, fungi,
etc.
A Applicabilitydomainincreases

A Automated
u Visual MechoAwheel
i Userfriendly

i Related to acute/chronic ecotoxicity and a
sensitisatiormodel (iSafeRaDeskto®)

A Toxicokineticsnot considered(e.g. absorption)

A Weaknesse®f the decisiontree

it Need a balance between the level of detailed
information VS short and exploitable results for
high-throughputuse

i Somedetection problemscan occurfor molecules
bearing several functional groups which are
relativelycloseto eachanother

A Validationon going
A Speciesxtrapolation requiresfurther refinement
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Kears

Knowledge
Observations

Experts
judgement

N
MechoAalert

A MechoA+ scheme 151alerts
i wide applicabilitydomain
A MechoAPremiumscheme

u >160alerts, addition of newalerts
u Refinethe decisiontree

u Betterdefinition of the structural
applicabilitydomain

Conclusion - Take-home messages

p—
Most
complete
mechanistic

Basis for
mechanistic

\ QSAR

/-— g
Versatile

up to now

Limitedto 6 !
classes to

keep it simple

to use
\tool

———-

Useful for
ReadAcross
justification cotoxicolog

\ and toxicology
unified with
same

language

interpretation  J

and easy 1

In iISafeRat®N

&
OECD QSAR,
Toolbox

Regulatory

\application

R&D use (eco Y
conception, |

safer by
\jesign)
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