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Introduction The context

* Limited ressources

¢ Growing demography

* Need to feed earthlings and protect the cultures
* Various politics for agriculture around the world

¢ Global warming (expansion of exotic species (asian hornet,
tiger mosquito...)

e Vector-borne diseases
* Threats on biodiversity

¢ Pollution by chemicals
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Introduction Some (very brief) chronology

e Homer (The Iliad and The Odyssey) : the “divine cleansing”
ritual using sulfur which helped to get rid of lice...

e Till the mid 1940s : inorganic and botanical preparations

(eg . tObaCCO eXtI'aCtS . ) Dichloro-Diphenyl-Trichloroethane
(0DT)
* The «era » of DDT : Nobel prize in 1948... forbidden in 1958 &

~ THE NOBEL PRIZE IN PHYSIOLOGY OR MEDIGINE 1948

e Second half of the 20t century:
o Organophosphates

o Carbamates (among which carbaryl, Bhopal 1984)

Paul Milller (18551965
Prize shar: 1/t

o Pyrethrins /pyrethroids (permethrin, cypermethrin, and deltamethrin) “for his discovery of the high efficiency of DDT
as a contact poison against several arthropods"

% Nobelprize.org

e Then ? Neonicotinoids !

https://ceisam.univ-nantes.fr/activites-de-recherche/equipe-modes/

I\l Nantes
W Université

I\ Nantes
W/ Université Colloque 8, 27 mai 2025

Les Journées Scientifiques



Introduction The gold period of neonicotinoids

* Considered as the most improved and selective insecticides

e Much more selective than the other insecticides for insects over mammals

* Lower toxicity

* Mode of action very different from other insecticides: systemic: absorbed
by the plant and move around in its tissues (not used by spray but by seed

coating)

Pest Management Science Pest Manag Sci 6410841098 (2008)
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Introduction The fall

e Adverse effects
o Involved in the bees colony collapse
disorder

o Accute and chronic poisoning for Effects of neonicotinoids and fipronil on non-target invertebrates

several species ey .
. . . L. W. Piza - V. Am aral-Rugun L. P ?ul.:um:us. <. WL Bmlmaln‘! « O AL Downs =
(not Only non targeted lnsect SpQCleS llke D Goulsen « D, P. Kreutewelser « C. Kruphe « M. Liess « M. MeField - C. A. Morrissey «

. AL Moome « 1. Settele « N, Simon-Delso « ). D, Stark - 1. . Van der Slaijs - H. Van Dyvek <

Environ Sci Pollut Res (20135) 22568-102
D00 DL 100751 1 356<014-347 | x

WORLDWIDE INTEGRATED ASSESSMENT OF THE IMPACT OF SYSTEMIC PESTICIDES ON BIODIVERSITY AND ECOSYSTEMS

bees, bird species, fishes...) M. Wiemers
* Extensive use: frequent occurrence of
corresponding metabolites in humans ST
£y , Environment International
4 S ER journal homapage: weew
* Raising concerns on potential health Review arice -
_ Human exposure to neonicotinoids and the associated health risks: £
effects on non-targeted mammals -

Duo Zhang, Shaoyou Lu
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Introduction

Neonicotinoids legal timeline in European Union

May 2006: Feb. 2018:
ap;:)ovtehd'ig:z':e in Imidacloprid banned from
EU by EFSA. outdoor use.
Feb. 2033:
Acetamiprid
Apr 2019: Lzled
Apr. 2004: May. 2013: Thigmetoxam e’;F;';?;'\‘/’; of
Th_ACEt?’TiPI‘id, g Clothlanidin, banned fl:g;n outdoor P, ST
:a_’r_r;'e_z onar_Z an imidacloprid and E Sulfoxaflor
apprO\:Z((j: %ﬁﬁse in thiamethoxam use is expiration of
i .
EU by EFSA. severely restricted. approva
Jul. 1991: Jan 2019: Fev. 2020: Dec. 2025:
First Neonicotinoid Aug. 2015: Clothianidin Thiacloprid Flupyradifurone
(Imidacloprid) to Sulfoxaflor approved banned from approval not expiration of
be approved for use in EU by EFSA. outdoor use. renewed. approval.
Dec. 2015: - Dec 319,}9:
Flupyradifurone ar‘]’é’};’;’m’) ):;;I’gf
approved for use in banned from use in
EU by EFSA.

France.
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How do neonicotinoids work ?

» Nervous system : » Normal Neurotransmission :
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Neonicotinoids target

Homomeric

* Nicotinic Acetylcholine reptors
(nAChRs)

e Ligand-gated ion channels (LGIC) ECD

* Belong to the Cys-loop receptors superfamily
* Pentameric organisation: «, 3, d, y and ¢ Prmc'parl
subunits
TMD a7 a7
e Structural information:
heteromeric human a4p2, Nature (2016)
homomeric human a7, Cell (2021)
ICD
¢ Limited informations on insects nAChRs

e No structural information...
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Our approach Molecular Modeling

Quantum physics

Classical physics

7
’
’
’
’
’
’
’
’
’
’
e Hybrid methodologies
o7 (QM/QM’)
.7 Refinement (geometry, energy)
PR
PR
e Molecular Dynamics simulations
o7 Average geometry over the simulation period
e
’
’

Docking (best orientation, interaction geometry ...)

ranking, scoring...

3D Experimental structures

(ligand, nAChR) ?
Quantum chemistry

(conformations, interaction sites...) Homology modeling
of the ligands)




Some key points about molecular molecular modeling

* Are experimental structures available ?
* For classical physics methods, are the required parameters available in the tools used ?
tailored predominantly for pharmaceutical research

* Dynamic effects might be important
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Some results Molecular docking of flupyradifurone to human a7 nAChRs
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Some results Molecular dynamics simulations

° 7 1
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Some results Bees nAChRs : heteromeric a4p2

ad/o4 interface o4/B2 interface

I r
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Conclusions

* A challenging target

* The need of experimental collaborations and data

* Important gap between the various scales of study

* The «unique » position of Molecular Modeling...

* « Validation » of the theoretical results required...

* Insights into key features (physicochemical, binding) of neonicotinoids

e Rationalisation of their behavior / mode of action
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Thank you for your attention !

66 o a2

Experience without theory is
blind, but theory without
experience 1s mere
intellectual play.

IMMANUEL KANT

Questions ??...
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