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THE OLFACTORY SYSTEM AND INSTINCTIVE BEHAVIORS

SEXUAL BEHAVIOR

PREDATOR ODORS




THE OLFACTORY PATHWAY
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THE OLFACTORY EPITHELIUM

B. Menco, 1997
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THE SEARCH FOR ORs: combinatorial PCR
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PCR PRODUCTS
M1 23456 M789 1011MEMI1213141516 M 17 1819202122 M

PCR PRODUCTS + RESTRICTION ENZYME

M1 23456 M789 1011 M 1213141516M171819202122M
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F12
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TEN OLFACTORY RECEPTORS

MDSSNRTRYVSEFLLLGFYENKDLQ
MSSTHOSSYTEFLLLGLSRQPQOQQ
MAWSTGONLSTPGPFILLGFPGPRSMRI
MESGNSTRRFSSFFLLGFTENPQLH
MN--NQTFITQFLLLGLPIPEEHQ
MERRNHSGRVSEFVLLGFPAPAPLR
MN--NKTYITHFLLLGLPIPPEHQ
MTRRNQTAISQFFLLGLPFPPEYQ
MTGNNQTLILEFLLLGLPIPSEYH
MTEENQTYISQFLLLFLPIPSEHQ

I

IYGLFLSMYLYTYIGNISIIYAI|IISDPCLH
LFLLFLIMYLATYLGNLLITILAIGTDSRLH
LFLLFLYMYLLTVYVGHNLATIISLVGAHRCLOQ
IFALFLSMYLYTVLGNLLIIMAILITQSHLH
FYALFLYMYLTTILGNLLIIVLVQLDSQLH
LFFLSLLXYYLVLTENMLIITAIRNHPTLH
FFALFLIMYLTTFLGNLLIVVLYQLDSHLH
FYALFLAMYLTTLLGNLITITIILIJLLDSHLH
FYALFLAMYLTIILGNLLIIVLVIRLDSHLH
FYALFLSMYLTTVLGNLIIIILIMLDSHLH

2

—
PMYFFLSNLSFYDICFISTTY

ML
PMYFFLSNLSFYDYCFSSTTVPKYL
PMYFFLCNLSFLEIWFTTACVPKTL
PMYFELANLSFYDICFTSTTIPKML
PMYLFLSNLSFSDLCFSSYTMPKLL
PMYFFLANMSFLEIWYVTVTIPKML
PMYLFLSNLSFSDLCFSSYTHMLKLL
PMYLFLSNLSFADLCFSSYTMPKLL
PMYLFLSNLSFSDLCFSSVTMPKLL
PMYLFLSNLSFSDLCFSSVTMPKLL

----VYNIQTANNYITYAGCIT
----ANHILGSQAISFSGCLT
----ATFAPRGGYISLAGCAT
----VNIYTOSKSITYEDCIS
----QNMRSQDTSIPYGGCLA
AGFIGSKENHGQLISFEACHMT
----0ON1QSQVPSISYAGCLT
----0ONMQSOVPSIPYAGCLA
- ---QNMQSQVPSISYTGCLT
----QNMQSQVPSIPFAGCLT

LALPFCTHLEIPHYFCEPNQVYIQLTCSDAFLN
ARKSFCADNMIPHFFCDGTPLLKLSCSDTHLNELLMILTEGAVYMYTPFVCILISYI
ARLSFCGSRYINHFFCDISPWIVLSCTDTAYVYELYSFGIAFCYILGSCGITLYSY

LQLTFCGDYKIPHFFCELNQLSQLTCSDNFPS
ARLSFCENNYYLNFFCDLFVLLKLACSDTYIN
SRLSYCGPNTINHFFCDYSPLLNLSCTDMSTA
ARLSFCENNYLLNFFCDLFYLLKLACSDTYVN
ARLSFCEDSYIPHYFCDMSTLLKYACSDTHDN
ARLSFCEKNYILHFFCDISALLKLSCSDIYVN
ARLSFCADNMIPHFFCDISPLLKLSCSDTHVN

SLFYCTGLGVYYL|
CLFYGTYIAVYF|
LINYGSTIFLHY|
SLFYSTGLGVYY)|
SLFYGTIIGLY
IIFYAASIFIY
SLFYGTIIGLY
SLFYGTYIGLY
TLFYGTIFGIY
SLFYGTIIGLY

3

IYFFLLFVELDNFLLT INA
LYFLAVFGNMDNFLLAVMS
YFYFSLGCTEYFLLAYMA
CVFLVFAELGNFLLAVMA
YFFMYFGDMESFLLYAMA
LYFFLGLGCTECVLLAYMA
IFFFLLFGYLGNFLLVAMA
IYFFLFFEDLGNFLLYAMA
LYFFMVFGDMESFLLYVMA
LYFYLYFADLESFLLYAMA

SAANNSSQAS
PSSSHLAGRD
TSYESSLDLT

RYVAICHPMHYTYIMNY
RFYAICHPLHYTTKMTR
RYLAICLPLRYGGIMTP
RYVAXCHPLCYTYIVNH
RYVYAICFPLHYTSIMSP
RYVAICHPLHYPYIVSS
RYVAICFPLHYTNIMSH
RYVAICFPLHYMSIMSP
DRYYAICFPLRYTTIMST
DRYYAICFPLHYMSIMSP

VIYFTLYLLATYPLAGIFYSY

LIMNLYPYMLAAISFSGILYSY
LMIFIMSTLLITIPFFLIVMSY
LTDFVLAIFILLGPLSYTGASY
LMIHIMGYIIIVIPFVLIVISY
LAIFILGGPIVYLPFLLIIVSY
LMIYILGGLIITIPFLLIVMSY
LYIFYMGGLYIVIPFYLITIVSY

IYS
ITC
IIT
KIVS
RIIS
176
KILS
RIVS
RIFF
RVVA

7

TASYMYTVVTPMVNPFIYS
AAAYMYAVVTPMLNPFIYS
AITYLNTIVTPVLNPFIYT

NEDVKSYLKKTLCEE
NSDMKAALRKYLAMR
RNXDVKEALRRTVYKGK

4

LCGFLYLYSWIVSYLHALFQSLMM
LCYLLYYGSWYYANMNCLUHILLM
LAMRLALGSWLCGFSAITYPATLI
LCILLLLLSWYISIFHAFIQSLIV
LCTCLYLLLWMLTTSHAMMHTLLA
LCYOMAAGSWAGGFGISMVKYFLI
LCTCLLLYFWIMTSSHAMMHTLLA
LCYSLYYLSWYLTTFHAMUHTLLM
FCASLYLLLWMLTMTHALUHTLLI
LCYSLVYLSHWVLTTFHAMUHTLLM

6

SICAISSYHGKY FSTCASHLSVYY
AYLRYSSPRGGWKISFSTCGSHLAVYY
TIIKIPSARGRHRAFSTCSSHLTVY
SIHSISTYQGKYKIAFSTCASHLSIYV
SILKYPSTQGICKYFSTCGSHLSYY
AYMRIPSAAGRHKJAFSTCASHLTYY
SILKYPSTQSIHKYFSTCGSHLSYY
SIFKVPSSQSIHKAFSTCGSHLSVYY
SILKFPSIQDIYKVFSTCGSHLSYY
SILKVPSVRGIHKIFSTCGSHLSVY

VIRSPPSLLHFFLYLCHLPCFIFCY
FPSKQ

SAYYQSSHSA
PAGNNSTYKE
PKALSAFDTN
PSGDNFSLKG
PSANNSTYKE
PSGHNNSTVKE JJAMAMMY TYVTPMLNPFIYS
PSANNSTYKETIVMAMMYTYYTPMLNPFIYS

SASYMYTYVTPMLNPFIYS
VMAMMYTYYTPMLNPFIYS
LYSYLYAYIVPLFNPIIYC
AMAMMYTYVTPMLNPFIYS
YMSLMYTMYTPMLNPFIYS

RNKDYKRALERLLEGNCKYHHWTG
RNRDMKRALIRYICSMKITL
RNQDYKRALRRTLHLAQDQEANTNKGSKIG
RNRDMKQALIRYTCSKKISLPW
RNRDIKDALEKIMCKKQIPSFL
RNRDMKRALIRYICTKKISL
RNRDMKEALIRYLCKKKITFCL
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853
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NOVEL MOTIFS IN OLFACTORY RECEPTORS

I

2

F3 MDSSNRTRVSEFLLLGFVENKDLQPLIYGLFLSMYLYTVIGNISIIVAI[ISDPCUHTPMYFFLSNLSFYDICFISTTYPKML 82
F5 MSSTNOSSYTEFLLLGLSROPOOQQLLFLLFLIMYLATYLGNLLIILAIGTDSRLHTPMYFFLSNLSFYDYCFSSTTYPKYL 82
Fb MAWSTGONLSTPGPFILLGFPGPRSMRIGLFLLFLYMYLLTVYGHLATIISLVGAHRCLOTIPMYFFLCNLSFLEIWFTTACVYPKTL 85
F12 MESGNSTRRFSSFFLLGFTENPOLHALIFALFLSMYLYTVLGNLLIIMAIIITASHLHTIPNYFFLANLSFYDICFTSTTIPKML 83
I3 MN--NQTFITQFLLLGLPIPEEHQHLFYALFLYMYLTTILGNLLIIVLVQLDSQLHTIPMYLFLSNLSFSDLCFSSYTMPKLL 80
17 MERRNHSGRVSEFYLLGFPAPAPLRYILLFFLSLLXYVLVLTENMLIITAIRNHPTLHKPMYFFLANMSFLEIWYVTYTIPKML 83
18 MN--NKTVITHFLLLGLPIPPEHQQLFFALFLIMYLTTFLGNLLIVVLVIGLDSHLHTIPMYLFLSNLSFSDLCFSSYTMLKLL 80
19 MTRRNOQTAISOFFLLGLPFPPEYQHILFYALFLAMYLTTLLGNLIIIILIJLLDSHLHTIPMYLFLSNLSFADLCFSSYTMPKLL 82
114 MTGNNOTLILEFLLLGLPIPSEYHULFYALFLAMYLTITILGNLLITIVLYRLDSHLHMPMYLFLSNLSFSDLCFSSVTMPKLL 82
115 MTEENQTVISOFLLLFLPIPSEHQHVYFYALFLSMYLTTYLGNLIIIILIHLDSHLHTPMYLFLSNLSFSDLCFSSYTMPKLL 82
3 4
F3 - ---VNIQTONNYITYAGCITQYFFLLFYELDNFLLTIMAYIDRYVAICHPMHYTVIMNYKLCGFLYLYSWIVSVLHALFAsSLMM 163
FS ----ANHILGSQAISFSGCLTOLYFLAVFGNMDNFLLAVMSYIDRFVAICHPLHY TTKMTROLCYLLYYGSWYYANMNCLLHILLM 163
Fé ----ATFAPRGGYISLAGCATOMYFYFSLGCTEYFLLAVMAYIDRY LAICLPLRYGGIMTPGILAMRLALGSWLCGFSAITVIPATLL 166
F12 - ---VNIYTOSKSITYEDCISOMCVFLYFAELGNFLLAVMAYIDRYVAXCHPLCYTYIVNHRLCILLLLLSWYISIFHAFIQSLIV 164
13 ----QNMRSQDTSIPYGGCLAQTYFFMVFGDMESFLLVAMAYIDRYYAICFPLHYTSIMSPKLCTCLYLLLWMLTTSHAMMHTLLA 161
17 AGFIGSKENHGQLISFEACMTQLYFFLGLGCTECVLLAYMAVIDRYYAICHPLHYPVIVSSRILCYOMAAGSWAGGFGISMVKYFLI 168
18 ----QN1QSOVPSISYAGCLTQIIFFFLLFGYLGNFLLYAMAVIDRYVYAICFPLHYTNIMSHILCTCLLLYFWIMTSSHAMMHTLLA 161
19 ----QNMQSOVPSIPYAGCLAQIYFFLFFEOLGNFLLYAMAYDRYVAICFPLHYMSIMSPHLCYSLYVLSWVLTTFHAMUHTLLM 163
[14  ----QNMQSQOVPSISYTGCLTOLYFFMYFGDMESFLLYYMAYIDRYYAICFPLRYTTIMSTKFCASLYLLLWMLTMTHALUHTLLL 163
[15 ----0ONMQSQVPSIPFAGCLTOQILYFYLYFADLESFLLYAMAYIDRYYAICFPLHYMSIMSPKLCYSLYVLSWYLTTFHAMUHTLLM 163
6
F3 LALPFCTHLEIPHYFCEPNQYIQLTESDAFLN VIYFTLYLLATYPLAGIFYSYFKIVSSICAISSYHGKYKAFSTCASHLSYY 248
FS ARKSFCADNMIPHFFCDGTPLLEKLSCSDTHLNEILMILTEGAVVMVTRPFVCILISYIHITCAYLRYSSPRGGWKISFSTCGSHLAYY 248

Fb ARLSFCGSRYINHFFCDISPWIVLSCTDTAQYVELYSFGIAFCVILGSCGITLYVSYAVIITTIIKIPSARGRHRIAFSTCSSHLTVYY 251

F12 LOLTFCGDYKIPHFFCELNQLSQLTESDNFPSHLIMNLYPYMLAAISFSGILYSYFKIVSSIHSISTVQGKYKAFSTCASHLSIY 245
I3 ARLSFCENNYVLNFFCDLFVLLKLACSDTYINEILMIFIMSTLLITIPFFLIVMSYARIISSILKYPSTQGICKYFSTCGSHLSYY 246
I7 SRLSYCGPNTINHFFCDYSPLLNLSCTDMSTAEILTDFVLAIFILLGPLSYTGASYMAITGAYMRIPSAAGRHIAFSTCASHLTYY 253
18 ARLSFCENNVLLNFFCDLFVLLKLACSDYYVNEJLMIHIMGYITIIVIPFVLIVISYAKIISSILKVPSTQSIHKVESTCGSHLEYY 246
18 ARLSFCEDSYIPHYFCDMSTLLKYACSDTHDNELAIFILGGPIVYLPFLLIIVSYARIVSSIFKVPSSQSIHKAFSTCGSHLSYY 248
[14 ARLSFCEKNVILHFFCDISALLKLSCSDIYVNE[LMIYILGGLIIIIPFLLIVMSYVIRIFFSILKFPSIQDIYKVFESTCGSHLSYY 248
115 ARLSFCADNMIPHFFCDISPLLKLSCSDTHVNELLVIFYMGGLYIVIPFVLITVSYARVVASILKVPSYRGIHKIIFSTCGSHLSYY 248
7
F3 SLFYCTGLGYYLSSAANNSSQASATASYMYTYYTPMVNPFIYSLURNKDVKSYLKKTLCEEYIRSPPSLLHFFLYLCHLPCFIFCY 333
F5 CLFYGTVIAVYFNPSSSHLAGRDMAAAVMYAVVTPMLNPFIYSLURNSDMKAALRKYLAMRFPSKQ 313
F6 LIWYGSTIFLHVRTSYESSLDLTKAITYLNTIVTPYLNPFIYTURNXDVKEALRRTVKGK 311
F12 SLFYSTGLGYYVY[SSAYYQSSHSAASASYMYTYYTPMLNPFIYSURNKDVKRALERLLEGNCKYHHWTG 317
I3 SLFYGTIIGLYLCPAGNNSTYKEMYMAMMY TYYTPMLNPFIYSURNRDMKRALIRYICSMKITL 310
[7 I11FYAASIFIYARPKALSAFDTNKLYSYLYAVIVPLFNPIIYCLRNOQDYKRALRRTLHLAQDQEANTNKGSKIG 327
18 SLFYGTIIGLYLCPSGDNFSLKGSAMAMMY TYYTPMLNPFIYSLURNRDMKQALIRYTCSKKISLPW 312
19 SLFYGTYIGLYLCPSANNSTYKETVMSLMYTMYTPMLNPFIYSLURNRDIKDALEKIMCKKQIPSFL 31k
I14 TLFYGTIFGIYLCPSGNNSTYKEIAMAMMY TVVTPMLNPFIYSURNRDMKRALIRVICTKKISL 312
[15 SLFYGTIIGLYLCPSANNSTYKETIVMAMMYTYVTPMLNPFIYSURNRDMKEALIRYLCKKKITFCL 31y
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OR GENES: EXPRESSION IN OLFACTORY EPITHELIUM
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OR GENES: A MULTIGENE FAMILY
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Cell, Vol. 65, 175187, Aprl 5, 1991, Copynght ©199H by Cell Press

A Novel Multigene Family May Encode
Odorant Receptors: A Molecular Basis
for Odor Recognition

Linda Buck* and Richard Axel*!

*Department of Biochemistry and Malecular Eicphysics
"Howard Hughes Madical Institute

College of Physicians and Surgeons

Columbia University

Mew York, Mew York 10032



THE OR GENE FAMILY IN HUMAN AND MOUSE

Human Mouse
Total OR genes 638 1209
Intact OR genes 363 910
Pseudogenes 275 299

% pseudogenes 43 25



CHROMOSOMAL LOCATIONS OF HUMAN OR GENES




CANDIDATE PHEROMONE RECEPTORS IN THE

VOMERONASAL ORGAN
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PATTERNS OF OR GENE EXPRESSION
IN OLFACTORY EPITHELIUM
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EXPRESSION ZONES IN THE OLFACTORY EPITHELIUM




OLFACTORY EPITHELIUM:
A MOSAIC OF NEURONS EXPRESSING DIFFERENT ORs

NN AN AN AN A AN AN AN A AN AN AN A AN AN AN AN AN VAN

00000000000.00000 8




IDENTIFICATION OF ORs FOR SPECIFIC ODORANTS

Sensory neurons ‘

single olfactory
odorants
calcium C
imaging ‘
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TEST ODORANTS

carboxylic bromocarboxylic dicarboxylic
#carbon alcohols . ) .
acids acids acids
atoms
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RESPONSES OF ONE NEURON TO ODORANTS

50s

80

60

40



ODORANTS ARE DETECTED BY COMBINATIONS OF ORS

ODORANT RECEPTOR

T
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COMBINATORIAL RECEPTOR CODES FOR ODORS

ODORANTS RECEPTORS

_ I |




RECEPTOR CODES AND PERCEPTION

ODORANT RECEPTOR

1

3 6 1819254146 50 51 79 83 85 86

Hexanoic Acid rancid, sour, goat-like
Hexanol sweet, herbal, woody
Heptanoic Acid rancid, sour, sweaty
Heptanol violet, sweet, woody
Qctanoic Acid rancid, sour, repulsive
Octanol sweet, orange, rose
Nonanoic Acid waxy, cheese, nut-like
Nonanol fresh, rose, oily floral




RECEPTOR CODES: THE EFFECT OF CONCENTRATION

ODORANT RECEPTOR
1 3 6 1819254146 505179 83 85 86

i t | my 2 ORs
romggf:danmc 10uM 5 ORs
100uM 8 ORs

nonanoic T co
acid T0uM 7 ORs
100uM 8 ORs

1uM 2 ORs

nonanol 10uM 3 ORs
100uM 5 ORs




ODORANTS
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THE OLFACTORY BULB

olfactory bulb

/glomerulus
olfactory
epithelium \
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AXONS OF NEURONS WITH THE SAME OR CONVERGE
IN OLFACTORY BULB




OR-SPECIFIC GLOMERULI IN THE OLFACTORY BULB

medial lateral
olfactory bulb olfactory bulb




A STEREOTYPED MAP OF OR INPUTS
IN THE OLFACTORY BULB




ODOR CODING IN OLFACTORY EPITHELIUM AND BULB
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THE OLFACTORY CORTEX




HOW ARE OR INPUTS ORGANIZEED IN THE CORTEX?

olfactory
epithelium

olfactory
bulb

olfactory cortex

different areas receive each area receives
inputs from different ORs inputs from all ORs

scattered stereotyped

input from one OR inputs from multiple CRs

m m
) or 9 Ny 6




BARLEY LECTIN: A GENETIC TRANSNEURONAL TRACER

—— Pomp — BL .

olfactory olfactory olfactory
epithelium bulb cortex



COEXPRESSION OF BL WITH A SINGLE OR GENE

M5iBL mice M50iBL mice

—DNEINRES] B. — oere —NGOMNRES] B —

(zone 1) (zone 4)




BL IN THE OLFACTORY EPITHELIUM AND OLFACTORY BULB

olfactory bulb
olfactory epithelium olfactory bulb relay neurons

M5iBL

M50iBL




BL IN OLFACTORY CORTEX




CLUSTERS OF BL+ CORTICAL NEURONS
IN M5IiBL AND MS50iBL MICE

anterior piriform cortex

k2
*
*

* "
2.40 mm 2.46 mm 1.22 mm

M50iBL M50iBL M50iBL




CLUSTERS OF BL+ CORTICAL NEURONS
IN M5IiBL AND MS50iBL MICE

olfactory tubercle posterior piriform cortex lateral entorhinal cortex

B
1.26 mm AR -1.18 mm 3 -2.81 mm

M50iBL M50iBL M50iBL




A STEREOTYPED MAP OF OR INPUTS
IN OLFACTORY CORTEX




DIVERGENCE AND PARALLEL PROCESSING OF OR INPUTS
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BL+ NEURONS IN ANTERIOR PIRIFORM CORTEX

PERCENT OF AREA OCCUPIED BY BL+ CLUSTERS

MSIBL:  5.7%
MS50iBL: 4.2%

NUMBER OF BL+ NEURONS

PompBL: 179,570 +3935

M50iBL: 4390 +179 (2.4% of PompBL)
M5iBL: 6570 +217 (3.7% of PompBL)
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INPUTS FROM DIFFERENT ORS OVERLAP IN CORTEX
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INPUTS FROM DIFFERENT ORS ARE COMBINED
IN SINGLE CORTICAL NEURONS

£006000000000000000000009000
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MODEL: CORTICAL NEURONS AS
COINCIDENCE DETECTORS
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