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Coding Patterns of the Main Olfactory Sysem and the Vomer onasal

Sysem for Infor mation Recognition in Mammals
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Abgract : Mamma's have two diginct , well-developed olfactory systems: the main olfactory sygem (MOS) and the vomeronasal

sytem (VS . Theformer is gecidized for the discrimination of volatile chemica. The latter is used to recognize pherormones  In
this review , we unraveled cod ng patterns of two olfactory sysemsfor irformation recognition at three levels: olfactory receptor , o

factory bub and higher brain regon beyond the olfactory bub The vomeronasa organ use narrow tuning range to recognize
pheronones conponents, dffering dgnificantly from coding scheme used by the dlfactory epithelium in which odors are recognized
through di ¢ributed combinations of different receptors Iformetion isintegrated by domainsdf domerui that receive the same recer

tors imputs in the accesory olfactory bulb dffer from ecific combinations of domerui nodules in the main olfactory bulb

Pheronones sgnd's exert their efects on hypothdamic areas through which pheronones dicit goecific behavior and neuroendocrine
dfectsin VS; In contragt , the dlfactory cortex likdly use tempora pattern to encode neuron populaions, and perception of odor is
rdaed to dfferent regon o brainin MOS In concludon, the coding of olfactory irformation islikely to befar gnpler in VSthanin
MOS due to VSfufilling fewer functions

Key words: Mammas; Main olfactory sygsem; Vomeronasa sygem; Pheronones; Goding; Receptor

(Pheronones)

(30200026)
(2976- ) , , ,
: 2003- 06- 18; 1 2004- 04- 21;
* . E- mal : tafadeo @snu. edu. cn

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



24

340
(Sgndling :
pherorrones) ,
(Primer pherorones) 12! , :
[5.12]
3 , 1 000
: 10° ,
1 1
1- 1 L
[13 16]
(Offactory receptors, G
OR9) , , (G) , " (Type 111
1 000 , 1 %3 adenylyl cyclase, ACIII) , cAMP ,
, 7 «d G (Cydlic nucleotide-gated chan-
, nd , OONG) , Na* Ca’ : -
[4] ’
(51 1.2
(6] (Mus muscul us) 500
(m RT- PCR )
1 000
[8] ' “ ” [18]
1 4 b
4 (Vomeronasa receptors, VRs) ,  ViRs  V3Rs,
’ 240 ’
) 7 G
[7.9] ViRs V2Rs
G 1
[9.19]
s , VoRs
1 ) V]_RS,
V,Rs'® %!
[10,11]

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.

All rights reserved.



341
\ (Qomerular convergence) :
107 107%™ , , (Mitral
cdl) (Tded cdl) (M- T )
[21] . -
2s (Qomerulus)
) 100 s
[2] M-T
) 1000 1
, [23] “ "
[23, 29] ,
1 3 ,
[23, 30]
[24]
, ( Mesocricetus auratus)
) M- T
= (20 50 )
(0] (Perigomerular cdl) (Qanue
(27.28] cdl) M-T
, ( Rattus norvegicus) M-T ,
V2Rs (8] M-T
- Qdu ,
- GABA )
G , C (Pogholipase C, ALC)
IP; , (Trandent re- ( ),
ceptor potentia , TRP) , [31]
(ONG) , C&* , : 1 000
(171 1800 2000
2 1
2.1
791 (1) (Zone-to- Zone Projec- , [32]
tion) : , 4

(2)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



342 24
[33,34] [40]
[15,35]
2 15 30
30 80 Hz B m- T La1] ,
1 [42] t
AMPA )
[37] [43]
M-T - VRs )
[18]
“ ” “ ” (
)
, [38] « ”
M- T - » [44]
2.2 , )
" VlRS s ,
s V,2Rs , s
[8,20]
M-T
(4] Brevicomin
, Thiamole
, 850 mt*®! ,

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



4 : 343

V1Rs 3.2
VzRS ’
[44] , ,
3 1
3.1
' [51 52]
, Lee - Boot Vandenbergh Bruce
, Whitten -
[47] (53 %] Bruce
' ’ [57]
[48] , 4
[29]
, , [58] ,
[49 ,50] 1
, VRs ,

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



344

24

(3]

[4]

(5]

(6]

(71

(9l

[59]

[60,61]

: ORs VRs

Karlon P, Lischer M. Pherorrones: a new termfor a classdf biolog-
icdly active subgances [J]. Nature, 1959, 183: 55- 56.

lzard M K. Pherorrones and reproduction in domegic animels [A].
In: Vandenbergh J Ged. Pherorrones and Reproduction in Mammel s
[C]. New York: Academic Press, 1983. 253 - 285.

Buck L , Axd R A nove muitigene family may encode odorant re-
ceptors: a nolecular bassfor recognition [J]. Cdl , 1991, 65: 175
- 187.

Mombaerts P. Molecular biology of odorant receptors in vertebrates
[J]. Annu Rev Neurcsd , 1999, 22: 487 - 509.

Mainic B, Hiroro J, Sto T. Gombinatoriad receptor codes for odors
[J]- cdl, 1999, 96: 713- 722.

Snger M S, Shepherd GM. Molecular nodeling of ligand - receptor
interaction in the ORS olfactory receptor [J]. Neuroreport , 1994, 5:
1297 - 1 230.

Resder KJ, Qulivan SL , Buck L B. A zond organization of odorant
receptor gene expresson in the olfactory epitheium [J]. Cdl , 1993,
72: 597 - 609.

Herrada G, Duac C. A rove famly o putative pherorrone receptors
in mammal s with a topographically organized and sexudly dinorphic
dgribution [J]. Cdl, 1997, 90: 763 - 773.

Qiivan SL , Adamon M C, Resder KJ. The chronpsomd di gtribu-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

tion of nouse ocorant receptor genes [J]. Proc Natl Acad So USA
1996, 93: 884 - 888.

Beets M. The nolecuar paramgtersof olfactory regponse [J].  Pharm
Rev, 1970, 22: 1- 34.

Leon M, Brett J A. Olfactory coding in the mammaian olfactory bulb
[J]. Brain research reviens , 2003, 42: 23 - 32.

Duchanp-Viret P, Cheput M A, Duchanp A. Odbr regponse proper-
ties of rat olfactory receptor neurons [J]. Sdence, 1999, 284: 2 171
- 2174

Johnon B A, Leon M. Modular representations of odorants in the
domeruar layer of the rat olfactory bulb and the dfects of dimulus
concertration [J]. J Comp Neurd , 2000, 422 (4) : 496 - 509.
Touhara K. Odor discrimination by Grprotei n-ocoupled olf actory recep-
tors [J]. Microsc Res Tech, 2002, 58 (3) : 135- 141.

Johnon B A, Leon M. Odbrant nolecuar lengh: one agect of the
olfactory code [J]. J Comp Neurd , 2000, 426 (2) : 330 - 338.
JohnonB A, HO SL, Xu Z, YihanJ S, Yip S, Hingo EF, Leon
M. Functiond mepping of the at olfactory bulb usng diverse odorant
reved s nodular regponses to functional groups and hydrocarbon gruc-
turd features [J]. J Comp Neurd , 2002; 449 (2) : 180- 194.
Berghard A, Buck L B, Liman E R. Bvidence for diginct sgnding
mechaniams in two mammeian olf actory sense organs [J]. Proc Natl
Acad Sd USA, 1996, 93 (6) : 2 365- 2 369.

Eic B K The vomeronasa organ [J]. Scence, 1999, 286: 716 -
720.

Peter M. Severrtrangmembrane proteins as odorant and chemosensory
receptors [J]. Sdence, 1999, 286: 707 - 711.

Bargmann C |. Olfactory receptors, vomeronasal receptors and the or-
ganization of olfactory irformetion [J]. Cdl , 1997, 90: 585 - 587.
2fdl TL,Lane A P, Puche A C, Mat W, Nowtny M V , Shipley
M T, 2ddl F. Ultrasendtive pheronone detection by mammdian
vomeronasal neurons [J]. Nature, 2000, 405: 793 - 796.

Pantages E, Duac C. A rove family of candidate pheronone recep-
torsin mammas [J]. Neuron, 2000, 28 (3) : 835- 845.

Buck L B. The nolecular architecture of odor and pheronone sndng
in mammds [J]. Cdl, 2000, 100: 611 - 618.

Holy T E, Duac C, Meiger M. Regponsesdf vomeronasal neurons to
netura gimuli [J]. Scence, 2000, 289: 1 569 - 1 572.

Johngon R E, Reng M. The wvomeronasal organ is imolved in dis
crimination of individud odors by maes rot by femdes in golden
hamgers [J]. Physid behav, 2000, 70 (5) : 537 - 549.

Hdem HA ,BaumMJ, Chervy J A. S difference and geroid mod-
ulation of pheronone induced immediate early genes in the two zones
o the mouse accesory olfactory sygem [J]. J Neurosd , 2001, 21
(7) : 2474 - 2 480.

Eic B K Pheronones, vomeronasd function, and gender- ecific
behavior [J]. Cdl , 2002, 108: 725- 738.

Hdem H A, Cherry J A, Baum M J. Vomeronasal neuroepithelium
and forebrain Fos regponse to male pheronones in nmele and femde
mice [J]. Neurobid , 1999, 39 (2) : 249- 63.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



345

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[45]

Laurent C. A sysems pergpective on early olfactory coding [J]. Sdi-
ence, 1999, 286: 723 - 728.

Resder KJ, Qllivan SL , Buck L B. Irformetion coding in the ol-
factory sygem: evidence for a gereotyped and highly organized epi-
tope mep in the oifactory bulb [J]. Cdl , 1994, 79: 1245 - 1255.
Mari K, Yoshihara Y. Molecuar recognition and olfactory processng
in the mammdian olfactory sygsem [J]. Prog Neurobid , 1995, 45:
585 - 619.

Katoh K, Koshinoto H, Tain A, Mori K Qoding of odor nolecules
by mitrd tufted cdls in rabhit olfactory bulb.
pounds [J]. Neurophysid , 1993, 70: 2161 - 2175.

Buwmvi N, Chaput M. Regponse smilarity to odorsin olfactory bulb
output cdls: dectrophysologca gudy usng smultaneous snge unit
recordings [J]. J Neurophysiol , 1990, 63: 447 - 454.

Holley A. Recent advances in mechaniams of odor perception [J].
Wat Sd Tech, 1999, 40 (6) : 79- 84.

VickersN J, Chrigensen T A, Hildebrand J G Gombinatoria odor
discrimination in diginct combinations of uniquely identifiable gom-
erhli [J]. Comp Neurd , 1998, 400 (1) : 35 - 56.

Kashiwadani H, Sasaki Y F, Uchida N, Mori K. Synchronized ocil-
latory discharge of mitra/ tufed cellswith different nolecular receptive
ranges in the rabhit olfactory bulb [J]. The American Physidogical
sodety , 1999, 99: 1786 - 1792.

Shoppa N E, Wesbrook GL. AMPA autoreceptors drive correlaed
Piking in olfactory bub gomerui [J]. NAT Neurcsd , 2002, 5
(11) : 1194 - 1202.

Lei H, Chrigensen TA , HildebrandJ G Locd inhibition nodulates

. Arometic conr

odor-evoked synchronization of gomerulus ecific output neurons
[3]. Nat Neurcsd , 2002, 5 (6) : 505- 506.

Mori K, Kishi K, Qjima H. Didribution of dendritesof mitrd , ds
placed mitrd , tuted and granue cdls in the rabbit offactory bulb
[J]. J Comp Neurd , 1983, 219: 339 - 355.

Mori K. Membrane and synaptic properties of identified neurons in
the olfactory bulb [J]. Progr Neurobid , 1987, 29: 275 - 320.
Dulac C. Sensory coding of pheronone sgndsin manmnmas [J]. Cur-
rent Opinion in Neurobidogy , 2000, 10: 511 - 518.

Shepherd G M. Rinciples o ecificity and redundancy underlying
the organization of the olfactory sygem [J]. Microsc Res Tech, 1993,
24: 106 - 112.

Mori K. Membrane and synaptic properties of identified neurons in
the olfactory bulb [J]. Prog Neurobid , 1987, 29: 275 - 320.

Lw M, Fee Ms, KasL C. Encoding pherorond sgndsin the ac-
cesory olfactory bulb of behaving mice [J]. Sdence, 2003, 299: 1
196 - 1 201.

Dudey CA, Moss RL. Activation of an anatomicdly diginct sub-
populaion of accesry bub neurons by chenpsensory gimulation.

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

(58]

[56]

[57]

[58]

[59]

[60]

[61]

Neuroscience, 1999, 91 (4) : 1549 - 1556.

Brennan P A, Shellinck H M, Keverne EB. Patternsof expresson
o the immediate-early gene egr-1 in the accesory of femde mice ex-
posed to pheroronal condtituents of mele urine [J].
1999, 90 (4) : 1463 - 1 470.

Zou Z, HorowitsL F, Montmayeur J P, Swott S, Buck L B. Genetic
tracing reved s a gereotyped snory mep in the olfactory cortex [J].

Nature, 2001, 414: 173 - 178.

Li Z P, John H. Odor recognition and segmentation by coupled olfac
tory bulb and cortical networks [J]. Neurccomputing , 1999, (26 -

27) : 789 - 794.

Shoenbaum G, Chiba A A, Gllagher M. Encoding in orbitofrontal
oortex and basolaterd amygdala during olfactory di scrimination learn-
ing [J]. J Neurosd , 1999, 19 (5) : 1876 - 1884.

Ramus SJ, Bchendbaum H. Neurd corrates of olfactory recogni-
tion menory in the ra orbitofrontal cortex [J]. J neurcsd , 2000, 20
(21) : 8199- 8 208.

Kevetter GA, Winans SS  Qonrections of the corticomedid amyg-
ddainthe golden hamder . Hferents of the" vomeronasd amyg-
dda’ [J]. J Comp Neurd , 1981, 197: 80 - 97.

Kevetter GA, Winans SS  Qonrections of the corticomedid amyg-
ddain the golden hamder . Hferents of the" olfactory amygdda”
[J]. J Comp Neurd , 1981, 197: 99- 111.

Vander L S, Boot L M. Spontaneous pseudopregnancy in mice [J].

Acta Physio Pharmacol Nearl , 1955, 4: 442 - 443.

VandenberghJ G Mde odor accelerates femde sexud meturation in
Endocrinology , 1969, 84: 658 - 660.

Bruce H. An exteroceptive block to pregnancy in the nouse [J]
. Nature, 1959, 184: 105.

Whitten W. Modification of the oegtrous cycle of the nouse by exter-
nad gimui asociated with the male [J]. J Endocrind , 1956, 13:
399 - 404.

Serk K, McQintock M K Regulaion o ovuation by humen
pheronones [J]. Nature, 1998, 392: 177 - 179.

Vickers N J, Chrigensen TA , Baker T C, HildebrandJ G Odor -

plume dynamics irfluence the brain’ s olfactory code [J]. Nature,
2001, 410: 466 - 470.

Duac C. Molecuar hiology of pheronpne perception in memmas
[J]. Cdl and Devdopmental Bidogy , 1997, 8: 197 - 205.

Dorries KM, Aadkins- Regan E, Hdperm B P. Senstivity and be-
haviord regponses to the pheronone androgterone are not mediated by
Brain Behav Bvd ,

Neurcscience,

mice [J].

the vomeronasal organ in domegtic pigs [J] -
1997, 49: 53- 62.

Sm M, Vora S, Manic B, Ma W D, Nowtny M V, Buck L B.
Odbrants maey arouse indinctive behaviors [J]. Nature, 2001, 412:
142.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



