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Reduction of stress responses in honey bees by synthetic
ligands targeting an allatostatin receptor.
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Pollination of up to a third of all the food we eat




Anthropogenic factors that affect bee foraging efficiency
Anthropogenic changes can affect the ability of bees to efficiently forage for food, which can reduce the
survival of solitary and social bees.

* pollination efficiency
survival

Habitat fragmentation Exposure to pesticides Exposure to poliutants Climate change

Agriculture and/or and other chemicals Airborne pollutants Higher temperatures and
urbanization cause beesto  Pesticides can have sublethal affect the detection of rising CO, affect floral
travel further from their effects on bee behavior that  floral odors and learning  traits. such as flower

nest to find food. This could  impair navigation, memory.  about floral rewards. number, nectar production,
especially affect smaller and learning. So-called They can also impair and protein content of
species or those exposed to  "inert” ingredients can also flight capacity and pollen, which influence bee

pesticides and/or disease. affect bee foraging. navigation. foraging choices.




The cell membrane

Hydrophilic

Hydrophobic
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= 25% of proteins in the human
genome are membrane proteins

* 50% of drugs target membrane
proteins




By Scigenis - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=45515965




The chemical space
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The chemical space
‘108 o _

102 million compounds

Occupancy Ring atoms

10%* possible compounds

https://pubs.acs.org/doi/10.1021/a
cs.jmedchem.8b01048







High throughput screening vs Virtual Screening

HTS (HIGH THROUGHPUT SCREENING) I SBVS (STRUCTURE-BASED VIRTUAL SCREENING)

o 543 compounds
& _Single point assay (300 uM) §
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Hit rate 0.021%




Opioid R

Dopamine R

Glucagon R

Glutamate R

rhodopsin
https://zhanggroup.org/GPCR-EXP/




Many proteins, same mechanism

800 human GPCRs

Agonist G protein coupling Activated G protein subunits GTP hydrolysis and
binding and nucleotide exchange regulate effector proteins inactivation of G protein
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Reassembly of heterotrimeric G protein

https://www.nature.com/articles/nature10361/figures/1




Allatostatin A an its receptor

Allatostatin A receptor 300-260 amino acids

Allatostatin A Neuropeptide GRQPYSFGL-amide

STRESS

SYNTHETIC
\ , ALLATOSTATINS ANTAGONIST

Jean-Marc Devaud, Paul Sabatier
University - Toulouse llI

RESPONSE
TO STRESS




A pharmacological approach

Brugs
Pacticid
Make bees more active (foraging)




Computer-aided drug design

Ligand based Structure based
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Homology modeling

* Known natural ligand (peptide) / No known small-molecule ligand
* Not known how the peptide binds the receptor

* Noreceptor structure

target template
* 36%identity with the human sequence structure
galanin receptor (no structure) o
e 28%identity with the human f £ ™
delta-opioid receptor (solved 4 m
structure)

alignment

tafget .. -KLTDSQONFDEYMKALGVGFATRQVGNVTKPTVIISQEGGKVV.

template « «  KLVSSENFDDYMKEVGVGFATRKVAGMAKPNMI ISUNGDLVT.

}

target
model




Homology model + Probes + Pharmacophore model




Similarity at recognition (mould)




ZINC (all purchasable compounds)
I

ZINC is provided by the Irwin and Shoichet Laboratories in the Department of Pharmaceutical
Z I N C 1 5 Chemistry at the University of California, San Francisco (UCSF). We thank NIGMS for financial support
(GMT71896).
Welcome to ZINC, a free database of commercially-available compounds for virtual screening. ZINC To cite ZINC, please reference: Sterling and Irwin, J. Chem. Inf. Model 2015
contains over 230 million purchasable compounds in ready-to-dock, 3D formats. ZINC also contains http:#pubs.acs.org/doi/abs/10.1021/acs jcim. 5b00559. You may also wish to cite our previous papers:
over 750 million purchasable compounds you can search for analogs in under a minute. Irwin, Sterling, Mysinger, Bolstad and Coleman, J. Chem. Inf Model, 2012 DOI* 10 1021/ci3001277 or

Irwin and Shoichet, J. Chem. Inf. Model. 2005,45(1):177-82 PDF, DOI

Getting Started Ask Questions ZINC15 News

2018-02-14 - ZINC reaches 213,235,528 purchasable leadlike 3D!
2018-02-13 - ZINC reaches 736.001,654 purchasable molecules 2D!
2018-01-14 - Klara Anu is bom! Welcome Klara Anu, sister to Lisal
2018-01-01 - Chinzo Dandar joins our team. Welcome Chinzo! Follow us
on twitter @chemd4biology Known limitations What's new

« Getting Started You can use ZINC for general questions such as
= What's New

= About ZINC 15 Resources

= Current Status / In Progress

= Why are ZINC results "estimates"?

How many substances in current clinical trials have PAINS patierns? (150)

How many natural preducts have names in ZINC and are not for sale? (9296) get them as
SMILES, names and calculated logP

How many endogenous human metabolites are there? (47319) and how many of these can |
buy? (8271) How many are FDA approved drugs? (94)

How many compounds known to aggregate are in current clinical trials? (60)

How many epigenetic targets have compounds known? (53) and Which of these substances

Caveat Emptor: We do not guarantee the quality of any molecule for any
purpose and take no responsibility for errors arising from the use of this

Explore Resources
database. ZINC is provided in the hope that it will be useful, but you must

N | buy? (278
Chemistry can | buy? (278) use it at your own risk

Tranches, Substances, 3D Rings, = How many ligands are there for the NMDA 1 ion channel GRIN1? (662) and How many of
Patterns these are for sale? (60)
And More = More..

Catalogs, Genes, ATC Codes

Acknowledgements Usage Why are ZINC results "estimates"? Terms of use Privacy policy Supported by NIGMS via GM718396 Questions, Discussion, Bug reports, Feature requests Inwin and Shoichet Labs and UC Regents

https://zinc.docking.org/

750 million purchasable compounds




Virtual screening

e Subset of ZINC ~5.5

million compounds BEETEEE 050655 003113947 Life Chemicals Inc. - F2277-0085
B 00343628 002-799-596 Specs - AC-907/34130057
06938450 004-093-769 ENAMINE Ltd. - Z45611413
. 60362419 010-428-507 ENAMINE Ltd. - 1020952700
hd D efl ne d 1 3 fe at ures 04957299 002-136-046 ChemBridge Corporation - 5211388
12787609 005-668-019 ENAMINE Ltd. - 730141626
65194116 010-912-878 ChemDiv, Inc. - M952-1127
. . BT 2617467 006-045-762 ENAMINE Ltd. - 724861695
hd H Its: mOIeCUIeS Wlth B 00246283 000-162-802 ChemBridge Corporation - 5316696
. . BT 13894175 002-943-804  Vitas-M Laboratory, Ltd. - STK087888
com blnatlons Of 5"7 BT 3183644 005-454-560 ENAMINE Ltd. - Z85907627
f t B 04276367 002-247-882 Life Chemicals Inc. - F1407-0215
eatures 35397617 010-737-204 ChemDiv, Inc. - F293-0690
A4 69622155 020-019-052 ENAMINE Ltd. - Z1138601758
67641273 019-798-932 ChemBridge Corporation - 10257373
B 02236226 000-830-195 InterBioScreen Ltd. - STOCK3S-72356
[
Ra n k beSt 1000 13186976 005-458-297 ENAMINE Ltd. - Z85969560
BT 6321889 002-010-141 ENAMINE Ltd. - 256971771
Compounds BT 08754917 003-097-856 ENAMINE Ltd. - 7237523122
04868082 002-101-186 ChemBridge Corporation - 9007792
15774319 007-850-500 ChemDiv, Inc. - BB01-3683
° B 00870369 001-908-122 Vitas-M Laboratory, Ltd. - STK077856
Ordered 24 Compounds A23 12997949 009-624-345 ENAMINE Ltd. - 2238539738

fO r teStin g (~1 O O 0€) A24 01282655 000-696-223 Vitas-M Laboratory, Ltd. - STK541026




In vitro assay
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In vitro competitive binding assays for the A-series molecules. (a) Competition curve for the native ligand ASTA on
HEK cells. (b) Results (% max) obtained with the 24 tested A molecules (positive control: ASTA 10°M). Only A8, A16
and A23 showed dose-dependent binding.




Sting alarm pheromone

» Sting alarm pheromone (SAP)

®"  main component isopentylacetate (IPA)

inducing the recruitment of nestmates to defend the colony
" jncreasing aggressiveness

" increased respiratory rate

= reduced sensitivity to noxious stimuli (‘analgesia’)
= decreased motivation for food

= |earning impairment ...




In vivo experiments (learning)
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Effects of A8 on stressed bees. Learning: proportions of individuals showing a conditioned response to the
odorant paired with sucrose, at the end of the conditioning session (third trial). Bees were injected either
with PBS or A8, then exposed to IPA or paraffin oil only (negative controls). While exposure to IPA
significantly reduced learning performance in PBS-injected bees, this effect was restored by an injection of
104 M A8. *: p<0.025; ***p<0.0005 (PBS: n=100; A8: n=47-99/group).




Synthesis

Adria Sdnchez,Félix Busqué, Ramon Alibés
Departament de Quimica, UAB
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Structures of A8 and the related synthesized compounds B1-6.




Synthetic routs
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N
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DIPEA N2/ B1-6
HATU
soct, ™' B1:R =-CFy, n =1, 83%; B4: R =-CHg n = 1, 60%

B2:R =-CF3, n =2, 60%; B5: R=-CH;, n=2,83%
B3:R =-CF3, n = 3, 56%; B6: R =-CH; n =3, 50%
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Cell-associated fluorescence (AU)
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In vitro competitive binding assays for the B-series molecules. (a) Competition
curve for the native ligand ASTA on HEK cells. (b) Results (% max) for the 6 tested B
molecules, as compared with those of A8 and ASTA (10°® M) (5 replicates).



In vivo experiments
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Compared effects of B-series molecules on sucrose responsiveness. Mean sucrose responsiveness
score values in bees injected with PBS or either molecule of the B series (between 108 and 10 M),
then exposed to IPA. Treatment with B5 or B6 significantly improved sucrose responsiveness, with
a greater efficiency for B5. *: p<0.0125 (PBS: n=114; B compounds: 28-41/group).




Conclusions

= Synthetic compounds targeting specific bee
receptors

= First step alleviating stress in honey bees




	Reducing stress in honey bees
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	The cell membrane
	Número de diapositiva 6
	Número de diapositiva 7
	The chemical space
	The chemical space
	High throughput screening
	High throughput screening vs Virtual Screening
	GPCRs
	Many proteins, same mechanism
	Allatostatin A an its receptor
	A pharmacological approach
	Computer-aided drug design
	Homology modeling
	Homology model + Probes + Pharmacophore model
	Similarity at recognition (mould)
	ZINC (all purchasable compounds)
	Virtual screening
	In vitro assay
	Sting alarm pheromone
	In vivo experiments (learning)
	Synthesis
	Synthetic routs
	In vitro assay
	In vivo experiments
	Conclusions

