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Supplemental Table 1
List of 85 Odorant Molecules from OlfactionDB*

PubChem CID Name

8094 HEPTANOIC ACID

20210 BROMOHEXANOIC ACID
8892 HEXANOIC ACID

16368 BROMOPENTANOIC ACID
7991 PENTANOIC ACID

454 OCTANAL

8908 HEXYL ACETATE

8130 HEPTANAL

8093 2-OCTANONE

75809 BROMOBUTANOIC ACID
6184 HEXANAL

8051 2-HEPTANONE

246728 3-OCTANONE

8091 METHYL OCTANOATE
379 OCTANOIC ACID

62378 DIHYDROJASMONE
13187 2-NONANONE

196 HEXANEDIOIC ACID
31289 NONANAL

8878 ALLYL HEPTANOATE
8158 NONANOIC ACID

2969 DECANOIC ACID

12813 GAMMA-DECALACTONE
385 HEPTANEDIOIC ACID
8175 DECANAL

548275 BROMOOCTANOIC ACID
10457 OCTANEDIOIC ACID
4409936 PHENYLACETATE
444294 (-)-CAMPHOR

19707 2,3-HEXANEDIONE
22227 (+)-DIHYDROCARVONE
443157 CITRONELLA(-)

14525 (+)-FENCHONE

6852393 ANDROSTENONE

7012 2-PHENYLBUTYRIC ACID
91604 LYRAL

10886 AMYL HEXANOATE

2266 NONANEDIOIC ACID
24114 BUTYL BUTYRYLLACTATE
11583 2-HEXANONE

11614 BUTYL FORMATE
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3-HEPTANONE
ALLYL PHENYLACETATE
1-DECANOL
(-)-CARVONE
(+)-CARVONE
OCTANETHIOL
1-NONANOL
GAMMA-CAPROLACTONE
1-OCTANOL

ETHYL ISOBUTYRATE
NONANETHIOL
2-METHOXY-4-ETHYLPHENOL
HELIONAL

EUGENYL ACETATE
1-HEPTANOL
BOURGEONAL
BETA-CITRONELLOL
LIMONENE
CYCLOHEXANONE
2-PENTANONE
EUGENOL
PROPIONIC ACID
VANILLIC ACID
3,4-HEXANEDIONE
PRENYL ACETATE
ISOSAFROLE
BENZYL ACETATE
1-HEXANOL
2-COUMARANONE
2-METHOXY-4-METHYLPHENOL
GERANIOL
ISOMETHYLEUGENOL
1-PENTANOL
BENZOPHENONE
ETHYL VANILLIN
BENZALDEHYDE
ACETOPHENONE
COUMARIN

VANILLIN
4-CHROMANONE
ALLYL BENZENE
ETHYL ETHER
BENZENE

Note: Gray shading indicates odorants with an APF score < -60; red font indicates similarity
clustering of a subset of 27 out of 35 odorants chosen by pharmacophore virtual screening of
OlfactionDB database; green shading indicates six odorants which were obtained for wet-lab
uptake/inhibition assays. *, http://molsim.sci.univr.it/bioinfo/web/.
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A. Alignment of amino acid sequences of N-terminal regions of SLC22A20 from 20 species

Human NP_001004326 MAFTDLLDALGSMGREQLNHTALLLLPCGLLACHNFLONETAAVEP! RATIPLDQL RRETKPQWALLSPNSSI-PGAATEGCKDGWVYNRSVEPSTIVME 127
Chimpanzee wmml&mskm!MLLLLPCGL!ACHN!'LWHAAVPP po TLRATIPLDQLGAPEPCRHFTKPQWALLSPNSSI-PGAATEGCKDGWVYNRSVFPSTIVME 150
Pygmy chimp Xp_003828667 MAFTDLLDALGGMGREQLIHMALLLLPCGLLACHNFLONETAAVPPHHCRGPANNTEASTND-SGAWLRATIPLDQLGAPEPCRHEFTKPQWALLS PNSSI-PGAATEGCKDGWVYNRSVEPSTIVME 150

Horse XP_003362708 MAFTDLLDALGGVGRFQLIYTAMLLLPCSLLACHNFLONFTAAVPRHHCQGPTNHTVAATDN-SGAWLRATVPLDRLGDPEPCRRETEPQWALLSPNTSV-QGAATEGCRDGWVYDRSVFPSTIVME 125

Marmoset XP_002755570 MAFTDLLDALGGVGRFQLLHTALLLLPCSLLACHNFLONETAAVPPHHEC T VLRATVPLDQLGAPEPCRRETKPQWALPNPNSSL-PGAATEGCKDGHVYNRSVFPSTIVME 124
Pig XP_003122588 MAFTDLLDALGGVGRFQLVYTALLLLPCCLLACHNFLONFTAAVPRHHCS T VLRATVPLDRLGAPEPCRRFTKPQWALLSPNASV~HGAATEGCHDGWVYDRSVEPSTIVIE 125
Elephant XP_003419642 MAFTDLLDTLGGVGRFGLVYTALLLLPCSLLACHNFLONFTA TTAATND TLRATVPL VTCQRETEPQWALLGSNTSI-HGVATEGCKDGWVYDRSVEPSTIVME 125
Galago Xp_003798691 MAFTDLLDALGGVGRFQFIYTVLLLLPCGLLACHNFLGNFTAAVPRHHC! TND: VLRAIVPLDHLGAPEPCQRFTEPQWALLNSNTSV-HRTATESCKDGWVYDHSIFPSTIVME 125
Dog xp_8s486S MAFTDLLDSLGGVGRFQLI Y TALLLLPCSLLACHNFLONFTAAVPHHHC] ~SGAWLRAIVPLDQLGAPEPCRRFTEPQWALLSPNTSA-HEPATEGCKDGWVYDRSVFPSTIVME 125
Gibbon XP_003274235 MAFTDLLDALGGIGREQLIHTALLLLPCGLLACHNEFLONETAAVPPHHCY TND: JLRATIPLDQLGAPEPCRRFTKPQWALLSPNSSV-PGAATEGCKDGHVYNRSVFPSTIVME 129
Guinea pig XP_003468271 MAFTDLLDALGGVGRFQLVYTALLLLPCGLLACHNFLONFTAAIPHRHCQH ~~ATND-SGAWLRATVPLDQHGVPEPCQRFTEPQWALLSPNTSA-QGAATEPCKDGWVYDRSVFPSTIVME 123
Rat NP_001099797 MAFTDLLDALGGVGRFQLVYTALLLLPCGLLACHTFLONFTARAPPHHCQHPANY TEATTND-SGAWLRAT IPLNQHGVPEPCQRYTEPQWALLEPNTSS-HGVATEGCKDGWVYDRSIFPSTIVME 125
Hampster MAFTDLLDALGGVGRFQFVYTALLLLPCGLLACHTFLONFTAAAPPHHCWH VLRATIPLNQQGVPEPCQRYTEPQWDLLKSNASS-HGVATEDCKDGWVYDRSIFPSTIVME 125
Cow XP_604963 MAFTDLLDALGGVGREQLVSTALLLLPCSLLACHNFLONFTAAVPPHHCY AAVYG-SGAWLRATVPLHPLGLPEPCRRETRPQWALLSPNASV-DGAATEGCKDGHVYDRSVEPSTIVIE 125
Mouse NP E!lg}z MAFTDLLDALGGVGRFQLVYTALLLLPCGLLACHTFLONFTAAAPPHHCQH PANY TEPTTNV-SGVWLRAAIPLNQHGDPEPCRRYVEPQWALLKPNASS-HGVATEGCKDGWVYDRSIFPSTIVME 125
Rabbit XP_002723457 MAFTDLLDALGGVGRFQLVYTALLLLPCGLLACHNFLONFTA NT-SGVWLRATVPMDRLGALDSCRRETEPQWVLLLPNASSGHGAATEGCVDGWEYDRSVEPSTIVIE 123
Opossum XP_ 003341962 MAFTELLDTLGGVGRFQLLYTALLLFPCSLLACHNFLONETAAVPQHRCS T HORPEPCLREVQPQWALLHPNATV-RGAATEGCEDGWTYDLSIFPSTIVIE 125
Orangutan ) e ‘MGAARGLSS-PLPSNPSISFPL-TLEKLEPLLEYWGNSLIFHHC - VLRATIPLDQLGXPEPCQRSPSLOWPLLSPNSSV-PGAATEGCKDGWVYNRSVEPSTIVME 117
Tasmanian devil XP_003774222 MAFTELLDTLGGVGREGQMLYMALLLFPCSLLACHNFLONEFTAAVPL SIPA EPCLREVRPQWELL V-DDVATEGC TYDRSVEPSTIVIE 125
Platypus mmmmunsmx.swmmumx.Pscx.ncwn.wrsmmnkcm.pspmmsnucu.x.mvm.chnpbncxnnRpwwmua-mxwzscnmznmsnwz 131

PetCacPalTeasTe SGAVLRATYPLDoGaPEPCERETEPQlIALL-PNeS: @ATEQC{SDGW!!YB?SVFPSTW

*%* * *% * * k%k%k%
B. Lineage report: Conservation of SLC22A20
Euseleosvomi [xexsebrates)
- Zstrapeda (xextebrates)
- - Mammalia (mammals)
- - - Ihexia (mammals)
- « - . Euthezia ( b ) ;
« « « « « . Eximates (primates)
+ s+« « « « . Jimiiformes (primates)
e oo e s« SABARERARS ( ) :
s BB &S W e (White-cheeked Gibbon) = 177 7 hits (primates)
e oo oo 000« o Pan paniscus (bonobo) cccccccee cscssssssssss 175 £ hits (primates)
« « e = « « o « « . Pan troglodytes ...cccccccccccccccncnccancnn 17€ £ hits (primates)
« e « « « « « « « . Homo sapiens (Man) ....cccecececcccccncnnnnn 1€9 § hits (primates)
« = « = « « =« « « - Pongo abelii (Orang=utan) .....ccccccccccces 149 S hits (primates)
e« e« = = o« « « « « Macaca mulatta (rhesus macaque) ============== 80 1 hit (primates)
« o « « « « « - Callithrix jacchus (common marmoset) =========== 1€1 S hits [primates)
« « « « « « - Otolemur garnettii 144 4 hits [primates)
...... Cavia porcellus (guinea pig) 144 1 hit ([zodents)
e « »« » » « RAttus norvegicug (bzown £at) .cccccccccccccccsscssce 140 3 hits [zodents)
e o o o o » Rz scUIUS (MOUSE) .cccccsccccccnncncsccssnnnnnnne 139 1 hit [zodents)
« « « « « «» Czicetulus griseus (Chinese hamsters) .............. 135 3 hits [rodents)
e wm; (domestic rabbit) ............ 124 & hits [zabbits & hares)
e o« = « « Sus scrofa (wild boar) 157 3 _hits [even-tcoced unqulates])
..... loxodonta africana (African savannah elephant) ....... 152 € hits [placentals)
..... Equus caballus (equine) ....ccccccccccccccccccccccceass 152 3 hits [odd-toed unqulates])
..... Canis lupus familiaris (dogs) .....cccccccccccccccce.. 152 1 hit [carnivores)
..... BOS SRULUE (COM) .ccenneonrassssncanssswessnsnnssssnnses 387 1. 0its [sVYen-toed undalatesl
..... Allvzopods BRIAROIGUSE ccsccnccscanssncacnsanssncsases 4148 2 hits [caznivozesl
e « « « Sazrcophilus harrisii 104 S hits [marsupials)
o = = = opodelphis dOREPtICE s scrrcnasrsrnssEsceRReReEE B R B R e e S8 4§ hits [marsupials)
« « - Ormithorhynchus anatinus (duck-billed platypus) —————————— 84 § hits [monotremes])
« « Xenopus laevis (common platanna) 73 1 hit [£fxogs & toads])
. Danio rerio (zsebra £ish) 75 2 _ hit [bony fishes)

Supplemental Figure 1. Orthologs of Slc22a20 are found in many mammalian genomes and
identification of a conserved N-terminus region in SLC22A20/0OAT6 orthologs. Full-length
amino acid sequences of SLC22A20 from multiple species were aligned. (A) Strong conservation
was observed within the N-terminal region of all species examined (A; amino acids are colored
based on their physiochemical properties—red, small and hydrophobic; blue, acidic; grey, unusual
amino acids). (B) A lineage report derived from taxonomic analysis of SLC22A20 in various species.
BLAST hits for the N-terminus of human SLC22A20 (indicated by the numbers on the right-hand
side of the figure) were found in species ranging from primates to bony fishes and indicates
conservation of the N-terminal region of the gene in vertebrate species as far down as frog and fish.
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A Max Total Quey E  Max e Clmpiintotonu Wcets s
Description Accession . 89 (2
score score cover vaiue ident - - ,
189 189 100% 4e-58 100% NP 9410521 o EEiNAE LIS 35 -
69.7 697 T72% 6e-15 55% NP 5990171 ]
666 666 T2% Te-14 52% NP 6590341 NP 66 167 261
662 662 C
647 647 olfactory receptor 167 [Mus musculus) 166 166 100%
olfactory receptor Olr1568 [Rattus norveqgicus) 164 164 100%
639 olfactory receptor 2LS [Homo sapiens) 138 135 7%
620 olfactory receptor 2L.2 [Homo sapiens) prr 134
olfactory receptor 2.8 [Homo sapiens] 133 96%
608 olfactory receptor 2L3 [Homo sapiens) 132 132 97%
olfactory receptor Olr1569 [Rattus norveqgicus) 129 129 100%
608 olfactory receptor Olr1567 [Rattus norvegicus] 128 128 100%
593 olfactory receptor 166 [Mus musculus) 123 125 100%
—_— olfactory receptor 168 [Mus musculus] 124 12¢ 100%
493 olfactory receptor 2L13 [Homo sapiens) 22 122 98%
olfactory receptor 2AK2 [Homo sapiens) 38.6 98.6 92%
470 olfactory receptor 318 [Mus musculus] 93.2 $3.2 100%
olfactory receptor 320 [Mus musculus] 932 93.2 100%
470 olfactory receptor Olr1413 [Rattus norvegicus) $0.5 90.5 100%
olfactory receptor Olr1436 [Rattus norvegicus) $0.1 0.1 92%
470 olfactory receptor Olr1437 [Rattus norveqicus) 0.1 90.1 100%
435 olfactory receptor 30 [Mus musculus) 201 0.1 100%
olfactory receptor Olr1566 [Rattus norveqicus) §9.4 89.4 100%
289 olfactory receptor 316 [Mus musculus) §8.4 89.4 100%
. olfactory receptor 2T2 [Homo sapiens) 88.6 88.6 88%
281 25% 060 50% NP 6671461 olfactory receptor 2735 [Homo sapiens) §8.6 8.6 28%

Supplemental Figure 2. A 79 amino acid sequence in the N-terminus region of OAT6/SLC22A20
is conserved in other members of the SLC22 drug transporter family as well as in some
olfactory receptors. (A) A NCBI blastp query using the amino acid sequence of the N-terminal region
of the mouse SLC22A20 gene revealed significant sequence similarities to other mouse SLC22 family
members (most of which appear to be organic anion transporters). In addition, the mouse olfactory
receptor, Olfr167 (arrow), was also identified as having significant sequence homology. As described,
this is particularly interesting since SLC22A20 is not only preferentially expressed in nasal epithelium
(along with SLC22A6/0OAT1), but has been shown to be capable of interacting with odorant molecules
(Kaler et al., 2006; Kaler et al., 2007). Moreover, other odorant receptors also had BLAST hits (Olfr166
and OIfr168) for SLC22A20 but these had lower sequence homology scores (not shown). (B)
Alignment of N-terminal region of SLC22A20 with OLFR167 revealed the presence of a 79 amino acid
fragment within the N-terminal region of OAT6 (NP_941052—starting at amino acid number 45 and
ending at amino acid number 123) which had significant sequence homology to a 77 amino acid
fragment in OIfr167 (NP_667146—starting at amino acid number 128 and ending at amino acid
number 204) (capital letters between the two sequence fragments indicate identical amino acids at that
residue, + indicates conserved residues). (C) A NCBI blastp query of human, mouse and rat proteins
using the 77 amino acid fragment of mouse OLFR167 as a template revealed significant sequence
similarities to multiple odorant receptors in these species.
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Mouse OLFR167 NP_667146 TLLLASMAYDRYVAICFPLHYATHMNKRVCVMMITGAWILGS INSCAHTGYALQIPYC LFLVFPFIGIVCSYGRVFL 22
Rat OLR1568 NP_001000532 TLLLASMAYDRYVAICFPLHYATHMNKRVCVMMITGAWVLGSINSCAHTGYALQI LFLVFPFIGIVCSYGRVFL 22
Human OR2LS NP_001245213 ALLLTSMAYDRYVAICF YPIRMSKRMYVLMITGSWMIGS INSCAHTVYAFRIP IFLVFPFTGIACSYGWVLL 22
Human OR2L2 NP_001004686 GLLLTSMAYDRYVAICF CAHTVYALC IFLVLPFTGIACSYGRVLL 22

Human OR2LS NP_001001963 ALLLASMAYDRYIAICFPLHYLIRMSKRVCVLMITGSWIIGSINACAHTVYVLHIPYCI

I ACMDTWVYEGTVFLSATIFLVFPFIGISCSYGQVLF
Rat OLR1569 NP_001000042 GLLLASMAYDRFVAICHPLHYPIRMSKIMCVEMIIGSWILGSINSLAHTVYALHIPYCRSRSI

PLACMDTWVYEYMVFVSTSLFLLLPFLGITASYGRVLF

2

2

2
Human OR2L3 NP_001004687 ALLLASMAYDRYIAICFPLHYPIRMSKRMCVLMITGSWIIGSINACAHTVYVLHIPYC MVTLACMDTWVYEGTVFLSTTIFLVFPFIAISCSYGRVLL 222
Rat OLR1567 NP_001000043 GLLLASMAYDRFVAICHPLHYPIRMSKIMCLEMIIGSWILGSINSLAHTVYALH PLACMDTWVYEYMVFVSTSLFLLLPFLGITASYGRIIF 222
Mouse OLFR166 NP_667279 GLLLASMAYDRFVAICHPLHYPIRMSKIMCLKMI IGSWILGS INSLAHTVYALHIPYC ACMDTWVYEYMVEVSTSLFLLLPFLGITASYGRVLF 222
Mouse OLFR168 NP_SGS‘SS GLLLASMAYDRFVAICHPLHYPIRMSKIMCLEKMIIGSWILGSINSLAHSIYALH PLACMDTWVYEYMVFVSTSLFLLLPFLGITASYGRVLF 222
Human OR2L13 NP_787107 GLLLTSMAYDRYLAICHSLYYPIRMSKMMCVEMIGGSWTLGS INSLAHTVFALH MLLLACTDTWVYEYMVFVSTSLFLLFPFIGITSSCGRVLF 222
Human OR2K2 NP_001004491 ALLLGFMSYDRYVAICHPLHYPMLMSKKICCLMVACAWASGS INAFIHTLYVFQLPFC] LSLVCQDTSQYEYTVLLSGLIILLLPFLAILASYARVLI 238
Mouse OLFR320 “_997113 ALLLGFMSYDRYIAICRPLHYPVLMSRKICCSMVAGAWSSSSINAFMHTVYVE TSQYEHTVLVSGLVILLLPFLAILASYARVLV 223
Mouse OLFR318 NP_666712 ALLLGFMSYDRYIAICQPLHYPVLMSRKICCSMVAGAWSSSSTNAFMHTVYVFY TSQYEHTVLVSGLVILLLPFLAILASYARVLV 223
Rat OLR1566 NP_001000044 CLLLAAMSYDRYVAICHPLRYPVLMRDNSSGLLAAGSWLVGILNSIVHTAFALH HYERGVYVSGIIFLLIPFSMISISYVQILL 223
Rat OLR1413 NP_999986 CLLLALMAYDRYVAICNPLRYPVLMSGRVCLLMVVASWLGGSLNASIQTSLT [Q 224
Human OR2T35 NP_001001827 FFLLGLMAYDRYVAVCNPLRYPLLMNRRVCLFMVVGSWVGGSI : 223
Human OR2T2 NP_001004136 FFLLGLMAYDRYVAVCNPLRYPLLMNRRVCLFMVVGSWVGG 3 T I 1 224
Mouse OLFR30 NP_667089 CLLLALMAYDRYVAICNPLRYPVLMSRRVCLLMVVASWLGGSLNASIQTSLTLQ! I 4 LMLACADTEAYKQVLFVTGVVVLLVPITFITASYALILA 224
Rat OLR1436 NP_001000014 ALLLGFMSYDRYIAICQPLHYPVLMSRKICCSMVAGAWSSSSINALVHTVYVFQ /VCEDTSQYEHTILLSGLVILLLPFLAILASYARVLV 223
Rat OLR1437 NP_001000015 ALLLGFMSYDRYIAICQPLRYSVLMSRKICCSMVAGAWSSSSINALVHTVYVFQLP SLVCEDTSQYEHLIVMSVLVLVLIPFLAILASYARVLV 223

‘r
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Supplemental Figure 3. Alignment of full-length amino acid sequences of 21 olfactory
receptors from human, rat and mouse. Strong conservation was found within the amino acid
sequences of the 77 AA fragment of ORs (amino acids are colored based on their
conservation—red, identical across all receptors; green, conserved; blue, non-conserved). A
Weblogo representation of the conserved 77 amino acid fragment found within the various
olfactory receptors is depicted at the bottom; amino acid residues within this fragment which are
conserved across all 21 receptors are indicated by an asterisk underneath the residue. Within
this 77 amino acid fragment, more than 50% of the amino acid residues were found to be
conserved in these ORs.
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