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Survey on 7000 young adults

* ~50% would rather lose their sense of smell than
give up access to technology, like laptops or cell
phones

McCann Worldgroup, The truth about youth, April 2011
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Smell and taste changes are early indicators of the
COVID-19 pandemic and political decision
effectiveness

Denis Pierron® 34 Veronica Pereda-Loth® 34, Marylou Mantel @ 2, Maélle Moranges® 2,
Emmanuelle Bignon3, Omar Alva', Julie Kabous', Margit Heiske', Jody Pacalon®, Renaud David?,

Caterina Dinnella®, Sara Spinelli®, Erminio Monteleone®, Michael C. Farruggia® ©, Keiland W. Cooper® 7,
Elizabeth A. Sell® &, Thierry Thomas-Danguin® ° Alyssa J. Bakke® 10 valentina Parma® ", John E. Hayes‘o,
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Androstenone intensity is
dependent on your genome!

Odorant Receptor 7D4 100
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. Castration is wery uncommaon,

Aminarity of the animals are castrated by the farmer in

hon-conventional systerms due to quality reasons. .
WM variant
&

The majarity of the pigs are castrated at an advanced N

age, frequently by a weterinarian ar specialized staff,

The majority of the pigs are castrated at a young age, '
frequently by a veterinarian or by specialized staff.

The majarity ofthe pigs are castrated at a
voung age by the farmer.
RT variant
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*In many cases local anesthesia is used




OR5A1 receptor affects perception of 8-ionone




OR7M2 and OR14C36 : affect perception of pee after
eating asparagus




Smells are symphonies of receptors
activation

* ~“5 million odorants

* 400 receptor genes

* A percept is a combinatorial
activation of these 400 receptors




Molecular dynamics
decodes OR activation



Align 387 hOR sequences using
constraints from in vitro data

on 13 ORs Build
. 120 . 130 . homology P

ORTD4M-289 QVYFLMMFAGMDTFL VMA‘\‘ ; 'J.
JUIgA/1-348 EGFFATLGGE lALWSEBVVLA Y mOdEIS .
30DUAR7-360 VHYV IYTYNLYSSVWIRAF I SLDERY )
2YDV3-325 |ACEVLVLTASS IFSEBLAIA| T'
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Activation mechanism as a benchmark for assessing agonists

B2-adrenergic hOR7D4
receptor ™
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Full-atom MD simulations, 0.12 milliseconds

GDCh Communications mg‘ffmfe

. International Edition: DOI: 10.1002/anie.201713065
German Edition: DOI: 10.1002/ange.201713065
Odorant Receptor 7D4 Activation Dynamics

Claire A. de March,' Jérémie Topin,’ Elise Bruguera, Gleb Novikov, Kentaro Ikegami,
Hiroaki Matsunami,* and Jérome Golebiowski* [] Joint first authors







Large scale G protein-
coupled olfactory receptor
- ligand pairing

ProteoChemoMetrics of olfaction

Xiaojing Cong



Combination of various
approaches

Molecular modeling

Site-directed
mutagenesis

1.0 °

. / Machine

learning

Receptors sequence

hOR11H12 QI FLFSLFTTTYALTITGNGAI AFVLWC -
Olfr924 QLPLFLLFLAIYVITVVGNLGMILLITI -
Olfr285 QALLFVAFLVIYVLTLTGNSMILLVIRV -
Olfr1016 QLVLFVMFLIMYTLSVLGNITLIVLICN-
hOR5R1 QAPCFGVFLVIYLVTVLGNLGLITLIKI -
hORI0G3 RTLFFVFFFLIYILTQLGNLLILITVWA-
hOR12D3 QPFFFGIFLI IYLINLIGNGS I LVMVVL -
hORIN1 QQSLFGIFLCMYLVTLTGNLLIILAIGS -
hOR2G3 EAVLFVFVLFFYLLTLVGNFTIII1ISYL-




Proteochemometric workflow

Sequence alignment

hOR11H12 Q1 FLFSLFTTTYALTITGNGAIAFVLWC -
Olfr924 QLPLFLLFLAIYVITVVGNLGMILLITI -
Oifr285 QALLFVAFLVIYVLTLTGNSMILLVIRV -
Olfr1016 QLVLFVMFLIMYTLSVLGNITLIVLICN-
hOR5R1 QAPCFGVFLVIYLVTVLGNLGLITLIKI -
hOR1I0G3 RTLFFVFFFLIYILTQLGNLLILITVWA-
hOR1I2D3 QPFFFGIFLIIYLINLIGNGSILVMVVL -
hORINI1 QQSLFGIFLCMYLVTLTGNLLIILAIGS-

hOR2G3 EAVLFVFVLFFYLLTLVGNFTI I 11SYL-
l Response to ligands
Residue subset selectlon CEHJ ;
QiFLFsUF : ] 0 0 ?
QLPIL FL L ;
QALL FVA 1 ? 0
QLIVL FVM ? 0 1
QAPLFGM 1 ? 0
RTILF FVH ;
QPIFFFG I 1 1
QQS1 FG 1 ? 1 1
EAVL FV L 0 ? ?
: : |
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Machine learning ,
Model 1 Model 2

In vitro assays

'

Optimal model



Subset of residues
|
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OR5P3 ALTLHYDRYTTSRELDPIPQLECVGGTAGCDSYTPEVIQCONKGWDGYDVQWECKTDLDI (1] (1]
OR5R1 ALTLHYDRYTTSRELDPIPQLECVGGTAGCDSYTPEVIQCONKGWDGYDVQWECKTDLDI 1 ?
OR6X1 ALTLHYDRYTTSRRELDPIPQLECVGGTAGCDSYTPEVIQCONKGWDGYDVQWECKTDLDI M o I e C u |a r ) 0
OR8K3 ALTLHYDRYTTSRRELDPIPQLECVGGTAGCDSYTPEVIQCONKGWDGYDVQWECKTDLDI :

OR5M9 ALTLHYDRYTTSRRELDPIPQLECVGGTAGCDSYTPEVIQCONKGWDGYDVQWECKTDLDI D e S C ri t O rs 1 ?
OR5T2 ALTLHYDRYTTSRELDPIPQLECVGGTAGCDSYTPEVIQCONEGWDGYDVQWECKTDLDI p 1 1
ORS5T3 ALTLHYDRYTTSRELDPIPQLECVGGTAGCDSYTPEVIQCONEGWDGYDVQWECKTDLDV ? 1
OR5V1 ALTLYYDRYTTSRELEPIPQLECVGGTAGCDSYTPEVIQCONREGWDGYDVQWECKTDLDV . 0 )
OR6A2 ALTLHHDRYTTSRRELDPIPQLECVGGTAGCDSYTPEVIQCONEGWDGYDVOWECKTDLDI :
OR6C65 ALTLYSDRYTTSRRELDPIPQLECVGGTAGCEAYTPRVIQCONEGWDGYDVOWECKTDLDI . 0 1
OR6C75 ALTLYSDRYTTSRRLDPIPQLECVGGTAGCDAYTPKVVOCONKGWDGYDVQWECKTDLDI 1 0
OR6F1 ALTLHYDRYTTSRRELEPIPQLECVGGTAGCDAYTPEVIQCONEGWDGYDVOQWECKETDLDV . 0 1
OR6K6 ALTLHYNRYTTSRELDPVPQLECIGGTAGCHNSYTPEVIQCONEGWDGYDVOWECETDLDI 1 2
OR6M1 ALTLHRDRFTTARRTAPIPQLOCLGGSAGCPAHIPEIVQCRNEGWDGFDVQWECKEAELDT . i
OR6P1 VLTLHRGRYTTARRTAAVPQLOCIGGSAGCS-DIPEVVQCYNRGWDGYDVQWQCEADLEN ? ?
OR6V1 TITLYADRYTNARRSAPVPQLECIGGNAGCHAMVPOVVQCHNRGWDGLDVQWECRVDMDN . 0 ?
OR7A17 AITLYADRYTNARRSAPVPQLECIGGSAGCHTMVPOVVOCHNRGWDGEFDVOWECKEVDMDN ? 1
OR7A5 VLTLYRGRYTTARRSSPVPQLQCIGGSAGCGSFTPEVVQCYNRGSDGIDAQWECKADMDN . 0 2
OR7C1 VLTLYEGEYTTARRSSAVPQLOCVGGSAGCGSF IPEVVQCENEGWDGVDAQWECETDMDN :
OR7C2 VLTLYRGLYTTARRSSPVP QLOCVGGSAGCHAFVPEVVQCONEGWDGMDIQWECRTDMDN . 1 1
OR7D4 TLTLYRGRYTTARRSSPVPQLRCVGGSAGCQAFVPEVVQCQNRGWDGVDVQWECETDMDN 0 1
OR7G1 ALTLYENRYTTARRASPVP QLOCVGGSAGCQAFVPEVVQCONEGWDGVDVOWECRTDMDN . ? 1
OR7G2 VLTLYEGRYTTARRSSPVLOLOQCAGGTAGCGSFVPEVVQCYNRGSDGIDTQWECEADMDN P P
OR7G3 AITLHEGEMTTGRRVSPTF QLECVGG-SAEKGAFTPEVVQCANQGFDGSDVOWRCDADLFH . ? :
OR8A1 AITLNEGEMTTGRRVAP TLOLECVGG-SAKGAFTPEVVQCSNQGFDGSDVOWRCDADLPH : 0
OR8B12 AITLHEGEMTTGRRVAPALOLECVGG-SAKGOFSPEVVOCANOGFDGSDVOWRCDADLEPH . ? 1
1518
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OR5P3
OR5R1
OR6X1
ORS8K3
OR5M9
OR5T2
OR5T3
OR5V1
OR6A2
OR6C65
OR6C75
OR6F1
OR6K6
OR6M1
OR6P1
OR6V1
OR7A17
OR7A5
OR7C1
OR7C2
OR7D4
OR7G1
OR7G2
OR7G3
OR8A1
OR8B12

1518 ORs

6
O
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DS000 | D490 | 0.4920 | 04330 | DAI) | 24301 § 0.9761 | 05000 | 0490 0.4330 | D43 | R430E [ 0.IT61
DSIM | 05435 05478 | D517 | 05557 | 05996 10 %636 | D5IH | 05438 D517 | 05557 | 05996 10 %636
D3793 | D552 0551 | D P10 | 05948 | 057 | D@36 | D579 | 05533 D910 | 05948 | 057 | 036
U612 | 06217 | 0.6355 | 0.6393 | 06331 | 06363 | 0.6406 | 0617 | 06217 0.6293 | 06331 | 06363 | 0.6106
06553 | 06991 | 06633 | 06664 | D6I00 | 06736 [ 0.6772 | 06553 | 06991 0.6664 | 06700 | 06736 | 06372
D695 QS0 DSl o NN InTMM NAS IS NaeOSN NDAMIal D70 OME3 07129
D3350 | 0331 10724 | 035 . . RS RET]
DI530 | D761 L 0.7632 | 0767 Random Forest Simplified 17734 | D.7764
DI33L | 07910 | 0.7989 | 0296 3003 | 02051
DA19 | 04186 | 0.8213 | DA lnstance 329 08315
03313 | 03433 | 0.83651 | D343 3531 | 0.8554
03641 | 03665 |06 | osn Random Forest 13749 | 0.89770
D339 | 03369 | 0.3533 | DO {3944 | 0. 3963
D902 | D949 | 09066 | 0.3, 911509131
09192 | 6937 | 0.923 | 5933 1935 | 0.9279
09332 | 09335 | 0.9357 | D937 19394 | D.9306
09452 | 09363 | 0.9974 | 0.935. 19905 [ 09515
09551 | 0954 | .95 | 0953, 19939 | 09604
DOGAL | D619 | 09656 | 0 966 Tree-1 Tree-2 Tree-n 19673 | 0.9636
09713 | 09719 | 0.9726 | 0.973, i -@ 19744 | 0.9750
D972 | D078 | 0.9 | .93 : Clv B Class-B 19593 | 0. ™03
09321 | 09506 | 0.9330 | 0.3 Class-A A58~ 19342 | D.M46
09361 | 09364 | 0.9363 | 0.937| — . 19373 | 09831
D939 | DU | 0939 | 020 Majority-Voting (9% | 09909
D993 | 09920 | 0.9933 | 0993 _ 9929 [ 0931
09938 | 0990 | 09941 | 0994 Final-Class 19946 | 09943
09953 | 09955 | 0.9956 | 0935 19960 | 09961
DI96s | D96 | 0.9967 | 5961 R0l 0Pl
owu o‘ms o.‘m6 OAmj-l PFF ST e aril s AP~ e xxls) e i s PFFST l‘."na o‘n")
09931 | 09982 | 0992 | 0.9933 | 09934 | 0994 | 09935 | 09931 | 09952 | 0 9mIM0 33 | 099384 | 09984 | 09935
09937 | DGMT | 09987 | D.9IE3 | D993 | R9MWI | 0.9939 | DIIFT | D97 | 0.9WIM0O. I3 | D99E3 | 09®WI | .93
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O Predicted responsive EC50

A Probability
2 ool ) (@) acetophencne IOONOO00EEOEEOOBROO0O0O0 i
g ORT- () 07 L (R) R-carvone a0 [ mECOO O EE| o0
B ORy-4) (c) coumarin 00RO EEEOOOE0O0O00O0OO0 200
NS 05 2 (4) 4-chromanone |:|.. 1 |:|. OFE[mE] |:| 1 mM
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(o] W
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B Normalized dose-dependent responses
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The subset of 60 residues performs
better than the whole receptor

Model performance
on in vitro test sets
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The information is mostly encoded
into the extended receptor pocket

* Hit rate 56% (assessed by in vitro functional assays on 96

receptors).
* 54 new receptor-ligand pairs were discovered

e 20 unknown receptors were deorphanized
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