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VSechny bunky a vSichni zivocichové jsou citlivi na chemické slozeni jejich zivotniho
prostredi. To je dllezité nejen pfi rozeznavani potravy, ale i pri pareni, vztazich
matka-mladé€, znaceni teritoria a pri dalSich pripadech socialniho chovani. Citlivost
na chemické signaly je jednim z charakteristicksch rysd zivych soustav.

Vyuziti membranové sensitivity

ve sluzbach celku:

VEDOMI Kiira telenceiala
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TCHEY QIR Motoricky NS Vegetativni NS Hormonalni S
automatické rizeni

Bunécéna recepce a
komunikace
Vnitrni podnéty:
Vnéjsi podnéty:J hladina Glc,
zvuky, vlné... bapoptoticky signal,
tah v membraneé...




The Nobel Prize in Physiology or
Medicine 2004

"for their discoveries of odorant receptors and the organization

of the olfactory system™

Richard Axel
1/2 of the prize
USA

Columbia University
New York, NY, USA; Howard
Hughes Medical Institute

b. 1946

Linda B. Buck
1/2 of the prize
USA

Fred Hutchinson Cancer
Research Center

Seattle, WA, USA; HB8ward
Hughes Medical Institute

b. 1947




Cich - Distanéni chemorecepce
Modelovy objekt pro mnoho dalSich signalovych drah
/TM receptory
Metabotropni signalizace prostfednictvim G proteinu
Otevieny system podobny imunitnimu

ast (4%) genomu vénovana ¢ichovym receptorum

Sensory stimulus
Odorant Light

Effector
molecule

GTP Second
G protein messenger




Savci: 1000 genu pro Cichove receptory — nejvétsi genova rodina
Clovék: 350 funkénich genu
Drosophila: 62

Hadatko 1500 GPCR -
— G prot. coupled rec.




Uz u prokaryot chemosensitivita
E.coli

Periplasmic
space

Inner
membrane

Cytoplasm
Py

Flagellar motor
clockwise motion

Periplasmic
space

Inner
membrane

Cytoplasm

Flagellar motor
anticlockwise motion

Figure 10,6 Molecular signalling in the E. coli chemosensory
system. (a) The Tsr receptor-transducer protein accepts a
repellant molecule (Leu). CheW and CheA are activated. CheA
accepts phosphate from ATP and passes it on CheY. CheY
diffuses to the flagellar motor and induces a clockwise rotation
and hence tumbling. CheY Is eventually dephosphorylated by
CheZ. (b) The Tsr receptor-transducer accepts an attractant
molacule (Ser). The consequent conformational change
Inactivates CheA and CheW so that CheY remains unphos-
phorylated and consequently inactive. The flagellum resumes
its anticlockwise motion and the bacterium swims smoothly
forward. A = CheA; W = CheW; Y — CheY; Z = CheZ. Data
from Bourrett, Borkovich and Simon, 1991



E.coli

Zatimco u obratlovct jde o posuny
filament proti sob&, u baktérii jde asi o
jediny znamy biologicky pripad rotacniho
pohybu. Konec biciku na strané bunky
rotuje asi 100x za vterinu mechanismem
pohanénym transmembranovym
gradientem vodiku
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Pozoruhodna k
Transdukce, or
2 paralelni Cich

accessory olfactory bulb (AOB).

vomeronasal organ (VNO)

main olfactory epithelium (MOE) consists predominantly of ciliated olfactory
sensory neurons (OSNSs), which project to the main olfactory bulb (MOB)
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Cichové buniky savci jsou
bipolarni, primarni r., je jich
6-10 miliond, dendrit ma na
konci 5-20 vlaskl - cilii,
rasinek.

Figure 7.7

Olfactory epithelium (A) Sche-

matic cross section of olfactory » Olfactory cilia Dendritic knob
epithelium. (B) Scanning micrograph /

of a dendritic knob and dendrites of

a human olfactory receptor neuron. ‘ Microvilli
Magnification: 18>,lSOO><.})(Froxn i

Morrison and Costanzo, 1990.) Dendrite

Sustentacular " Basal }- Receptor

cell cell axons




olfactory DORSAL VIEW olfactory DORSAL VIEW
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re 10.1 The limbic system (the main limbic system structures are shown 11
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Univerzalni receptor G prot signalni drahy

7TM a-helix receptor

GPCR — G prot. coupled rec.

s jedinou zvlastnosti: velmi dlouhou druhou extracelularni smyckou.

MozZna nejzajimavejsi je hypervariabilni oblast na 3., 4. a 5. transmembranové doméné.
Na prostorovych modelech se tyto oblasti prikladaji k sobé a vytvari jakousi kapsu. Ta je
pravdépodobnym mistem pro vazbu tékavych ligandd .

insight review articles

Figure 2 Odorant receptors are the jeviel
of alfactory research in the past 10 years.
The odorant receptors comprise the
largest family of GPCRS. In mammals,
odaur receptors are represented by as
many as 1,000 genes and may account
for as much as 2% of the genome.
Sequence comparison across the
receptors has revealed many regions of
conservation andvarfability that may be
related to function. a, In a ‘snake’
diagram showing the amino acids for a
particular receptor (M71), those residues
that are most highly conserved are shown
in shades of blue and those that are most variable 01
are shown In shades of red. The seven a-helical
reglons (boxed) are connected by Intracellular and
extracellular loops. b, Aschematic view of the ' =
proposed thres-dimensional structure of the Mammal ORs
receptor based on the recently solved structure of j h nEU0, 080
rhodopsin. Each of the transmembrane regions is | L]
numbered according to that model. The conserved ;
(blue) and variable {red) regions are sketched onto :
this qualitative view and suggest that a ligand- [ | T2Rs?
:)r:ndlng;: rgglon Tay tz; tar: least p?mally ’:)rmed :Iyy 1 Tirs -80
e varlable regions of the receptor. ¢, Mammalian
odour receptors are related
phylogenetically to ather chemasensory ]
receptors. In the tree depicted here the f IO
numbers refer to the approximate number of ; H ype rvariabil
receptars in each family. OR, Odorant receptors; / oblast
TIR, T2R, taste receptors: V3R, vomeronsal
receptors; DOR, DGR, Drosophiia odour and DOR 61
qustatory receptors; wom refers to C. elegans.
The scale bar is a graphical distance equal to 10% DGR ~60
sequence divergence.




Univerzalni mechanismy transdukce
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Specializace receptoru
Kombinace cca 350 receptoru
3.000-100.000 vuni (?)

Rozeznava tisice hlavne
nizkomolekularnich organickych
latek, kterym rikame pachy nebo
vlné. Jsou to alifatické nebo
aromatické molekuly s réznymi
uhlovodikovymi bocnimi vétvemi a
vazebnymi skupinami., aldehydy,

estery, ketony, alkoholy, aminy, S—
karboxylové kyseliny, atd. ,/Ox Detected by both X and

Desected oaly by X

Desected only by Y

Detecied by nesther X nor'Y
NEUROBIOLOGY

Gary G. Matthews

Blackwel
Scence




Odorants Receptors :
P Although there are some 1,000 ORs, detecting the enormous

EEBE " - - - repertoire of odours requires a combinatorial strategy. Most
odour molecules are recognized by more than one receptor
' N ) - - - (perhaps by dozens) and most receptors recognize several
odours, probably related by chemical property. The scheme in
A A A - - - the figure represents a current consensus model. There are
v numerous molecular features, two of which are represented

here by colour and shape. Receptors are able to recognize
different features of molecules, and a particular odour

Pattern of peripheral activation , . ,
compound may also consist of a number of these "epitopes’ or

- l—u‘l L L) - m ‘determinants’ that possess some of these features. Thus the
‘.. recognition of an odorant molecule depends on which
n S e S , .
- - receptors are activated and to what extent, as shown by the
— Cv— shade of colour (black represents no colour or shape match
- - m and thus no activation). Four odour compounds are depicted
with the specific array of receptors each would activate. Note
il L
- - - that there are best receptors (for example, red square), but also
Y T B - \ @ e - — other receptors that are able to recognize some feature of the
molecule (for example, any square) and would participate in the

- - E - [—v—| [ discrimination of that compound. In the olfactory bulb there

seem to be wide areas of sensitivity to different features (for
example, functional group or molecular length). This model is
based on current experimental evidence, but is likely to
undergo considerable revision as more data become available.

Olfactory Bulb =
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Although there are some 1,000 ORs, detecting the enormous
repertoire of odours requires a combinatorial strategy. Most
odour molecules are recognized by more than one receptor
(perhaps by dozens) and most receptors recognize several
odours, probably related by chemical property. The scheme in
the figure represents a current consensus model. There are
numerous molecular features, two of which are represented
here by colour and shape. Receptors are able to recognize
different features of molecules, and a particular odour
compound may also consist of a number of these 'epitopes’ or
‘determinants’ that possess some of these features. Thus the
recognition of an odorant molecule depends on which
receptors are activated and to what extent, as shown by the
shade of colour (black represents no colour or shape match

Vétsina vini je rozeznavana vice nez
jednim typem receptoru a vétsSina
receptordl rozeznava vice vini. Informace
o urcité vini je kddovana vzajemnym
pomérem vzruchovych aktivit jednotlivych
vystupl rlizné specializovanych ¢ichovych
bunék.

Zajimaveé je, ze urcité viné jsou stale
stejné citit pri 5 radovém rozdilu intenzit —
pritom se prece zapojuji i ne uplné
naladéné receptory a tedy i receptory pro
jiné viné. Patrné budou existovat Siroce
naladéné receptory meérici pouze intenzitu.



— A. Olfactory pathway and olfactory sensor specificity
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VSechny neurony exprimujici urcity receptor, bez ohledu na to, kde je umistén, na sliznici
konverguji na jeden jediné misto na Cichovém laloku. Témito misty jsou glomeruly,
kulovité shluky Sedé hmoty, asi 50-1000 mikrometrll, sestavajici z prichazejicich axonl

z receptort a z dendritl mitralnich bunék. V jednom zvlast’ extrémnim pripadé

konverguje nékolik tisic smyslovych neurond na asi 10 mitralnich bunék, coz je
v nervovém systému rekord.



Podobnost architektury sensorickych obvodu a drah

Periglomerular
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Cell Cell Granule
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A. RETINA B. OLFACTORY BULB

Comparison between simplified basic circuit diagrams of the vertebrate
bulb. (After Shepherd, 1978)
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Konvergence na prislusny glomerulus (100 - 1000/1)

MOE = main olfactory epithelium.

OB = olfactory bulb.
AOB = accessory olfactory bulb.
VNO = vomeronasal organ.

To lateral olfactory tract ———3



Mapa vani — vzorec aktivovanych

Glomerulu Cichoveého laloku

Specificka ,mozaika" aktivace pro konkrétni
O =

vuni

Konvergence neprostorového parametru

na prostorovy

Antenna Olfactory receptor

neurons

Olfactory axons

Glomeruli A%

, =S inhibitory neurons
Antennal lobe " ) Projection o
«{ neurons
\\-._
N > > Higher processing
> centres

a * Olfactory
Olfactory bulb
epithelium o

Odour molecules

Olfactory
sensory

Glomeruli

neurons \
Odour molecules

Figure 1| Odour images in the olfactory glomerular layer. a, Diagram
showing the relationship between the olfactory receptor cell sheet in the
nose and the glomeruli of the olfactory bulb™. b, fMRI images of the
different but overlapping activity patterns seen in the glomerular layer of
the olfactory bulb of a mouse exposed to members of the straight-chain
aldehyde series, varying from four to six carbon atoms. The lower part
of the image in the left panel corresponds to the image on the medial
side of the olfactory glomerular layer as shown in a (see asterisk). (Image
in a adapted, with permission, from ref. 53; image in b adapted, with
permission, from ref. 10.)



Olfactory bulb

Forebrain Podobnost architektury sensorickych obvodu
Olfactory tract (OT) a dr ah

Glomerulus

Olfactory nerve (ON) fibres
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Olfactory epithelium Pigmentova

Olfactory receptor cell (ORC) vrstva

B Centrifugal fibre
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Membranové
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Figure 13.7 Olfactory bulb. (a) The figure shows olfactory
axons passing through the cribriform plate to end in glomeruli
in the olfactory bulb. (b) Basic circuit of the mammalian
olfactory bulb. Layers: EPL = external plexiform layer; GL =
glomerular layer; GRL = granule cell layer; OT - olfactory tract;
MCL = mitral cell layer. Cells: G, = deep granule cell; G, =
superﬂcnal granule cell; M = mitral oell PG = periglomerular cell

— tufted cell. Inhibitory cells stippled. Simplified from
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Olfactory bulb
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Figure 13.7 Olfactory bulb. (a) The figure shows olfactory
axons passing through the cribriform plate to end in glomeruli
in the olfactory bulb. (b) Basic circuit of the mammalian
olfactory bulb. Layers: EPL = external plexiform layer; GL =
glomerular layer; GRL = granule cell layer; OT - olfactory tract;
MCL = mitral cell layer. Cells: G, = deep granule cell; G, =
superﬂcnal granule cell; M = mitral oell PG = periglomerular cell

— tufted cell. Inhibitory cells stippled. Simplified from
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Adaptace: Nékteré receptorové bunky reaguji trvale nebo jen s malou adaptaci na
trvalé drazdéni. To je ale v kontrastu se zkuSenosti velmi rychlé adaptace subjektivniho
pocitku. Pricina je ve vyssSich neuralnich obvodech cCichové drahy.

RECEPTOR CELLS MITRAL CELLS
TR . _ODORA
— (High Concentration) ~L LU L] |
ANEEN - ODOR A :
B —— (Low Concentration) e .
m— ~ ODORB .l I | L1y
—— ~ ODORGC =—L 1 1 1§y

Flg 11.11 E.xtrac.ellular single-unit recordings of responses to odors of receptor cells (left) and
mitral cells (rng.t) in the salamander, showing different types of responses and different temporal
patterns of activity. (After Kauer, 1974, and Getchell and Shepherd. 1978)



Citlivost: Prah Cichové citlivosti mUze byt u zivocichll podle behavioralnich pokust
dokonce nizsi nez u jednotlivych receptord elektrofyziologicky méreny. Jednim dlivodem
je prave konvergence na glomerularni buriky, dovolujici mitralnim bunkam sbirat vstupy
z velké populace identicky naladénych primarnich neuront a posilajicich tak i velmi slabé
signaly do mozku. Systém také nekdy zvysuje citlivost na Ukor rychlosti (Casového
rozliSeni), ktera u Cichu nehraje tak zivotné ddlezitou roli jako u zraku nebo sluchu.



Casove parametry cichani

At the level of the olfactory bulb (OB) odor information is contained in the spike patterns
of mitral/tufted (M/T) cells. Today it is generally assumed that in addition to the identity
of the activated M/T cells, the temporal patterns of their responses are important for
olfactory coding (Friedrich and Laurent, 2001; Laurent et al., 2001; Schaefer and
Margrie, 2007).

In mammals, every sniff evokes a precise, odour-specific sequence of activity across
olfactory neurons

Distributed representations reflecting different features of a stimulus can therefore occur
in the same circuit at different epochs of a response.

Spatial coding and temporal coding are not mutually exclusive, and may instead exhibit
synergy in numerous ways. We speculate that time comparisons across glomeruli give a
concentration-invariant readout for odour identity, whereas temporal comparison to an
internal representation of the sniff yields information about odour concentration. Such a
coding scheme can rapidly resolve ambiguities that arise as odour identity and intensity
change. Extracting both parameters on a sniff-by-sniff basis may help animals locate
and identify odour sources in natural olfactory scenes.

doi:10.1038/nature10521



| ateralizace cichu

With the smells that were either neutral or ones that dogs liked!(food, lemon, vaginal
SEcretion and CottonisWab), theNirst time dogs shiified them; they dia SeRWIth theik
rght nostrls. However, as time went on and they encountered the smellsimore, they.
then switched toi their left nostrils

The fact that dogsismell' withrtheir right nostrl first implies: that the right side of: the
brain s involvedfirst. Thisiis thought'torbe because the rght-hand side off the brain
deals withrnevelinformation (in this case, a new smell), and then once the dog has
become accustomed to the smellfthe left side of the brain takes over more, asithis
side handles more familiar: stimuli.

However, for the other two smells/(the vet's sweat and adrenaling), that perhaps
may. not be guite as welcome to'a do?, the dogs always smelled them with their
rght nostril. Even thoughi the smell of the vet would be as familiar to the dogs'as
perhaps dog food or the smell from)a female dog, it must have been more stressful
to the dogs (asiany. person Who owns a dogiknows, taking it to' the vet'sigenerally
iIsn't a relaxing event for anyoene involved). The fight-er-fight response Is mainly:
dealt with' by the right side ofi the brain. Therefore, even though these smells
became as familiar as the other ones did, they: elicited enough' strong emotions like
fear: 70) conlt;nue DEING' processed by the rght=side off the brain (and therefore the
HGNt RestHl):

doi:10.1016/j.anbehav.2011.05.020



Figure 1. Schematic overview of the basic steps of the central
processing of odorous stimuli. Odorants are first detected by
receptors at the top of the nasal cavity. and from there. the signal
travels to the olfactory bulb (1). This signal is then routed to the
piriform cortex (2) and subsequently to the orbitofrontal cortex (3).

among other structures. Note the dual route that odorants can take
to reach the receptors at the top of the nasal cavity. The route via the
nostrils is known as orthonasal olfaction, whereas the route via the

Centralni casti Cichovée
drahy

. Cichovy lalok
. Piriformni kdra
. Orbitofrontalni kira

WN =

back of the throat 1s known as retronasal olfaction. See the text for



Oraitofrantal
cortax

Orbitofrontalni kdra

Piriformni kdra

Ma vztah k silné emocionalni slozce Cichovych
viemU a ukladani pamét'ovych stop.
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Antennal morphology diversity




Response specificity to size and composition
of odorant molecule

a) pheromone receptor of Mamestra

1

2
3
4
S
G
7
8
9

0 20 40 60

action potentiais
(number.s)




Olfactory
receptor
neurons
respond to
odorants

bombycol stimulus

electro-
antennogram

o

v

SCNSOory ncurons




Antennal
olfactory receptor
neurons terminate
in antennal lobe
glomeruli

retina
lamina™,

tennal lobe

honeybee



Antennal lobe: two major classes of
neurons

projection neuron




Inhibition ‘sharpens’ the PN response
(temporal and odor discrimination)
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Terminace odpovédi nezbytna pro ¢asovou rozlisitelnost signald.
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air

odor plume




\ \
}Q/i;'; R W7 e ey O 2. only1
A - 9\ \ 5\ ot ??H\ SN g &7,  antenna
_- 7 QU

\\.\. A\ =~
'. \ 7§\
) / ~
\ b]
22> — |
. <4 \ / =4 i
’\ /‘:/ premre 4 i : ' / \ ’.“ — VNS .
e e —— LA~ antennae
g 4 ] =Y " - :
k| X ] 7\ crossed

. S ._33}1.’ Hangartner 1967



Temporal
resolution
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Glomeruli
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C29
pheromones
and
‘ordinary’
odors are
processed by
two different
pathways

MOTOR SYSTEM & Hildebrand 1996



PNs may have narrower response
spectra than receptor neurons

odor ligands
specialist ‘ordinary’ PNs
(e.g. pheromone)

J.G. Hildebrand 1996




Podobnost mezi hmyzem a obratlovci prece jen omezena

Class
Vertebrates

GPCRs OR

Receptors

Monotopic receptors
(RTK type)

Insects
lonotropic ‘7-TM’ OR
receptors

GR

lonotropic ‘glutamate’ IR
receptors

Ligands

Odours

Amines

Pathogen- and inflammation-
related compounds

Small, volatile molecules and
sulphated steroids

Peptides (ESP1 and MHC
peptides), MUPs and sulphated

steroids

Extracellular: uroguanylin and
guanylin

Intracellular: bicarbonate, Ca®*
and neurocalcin-0

Unknown

Food odours and pheromones

CO,

Ammonia, amines, water vapour
and alcohols

Oligomeric state

Monomer

Monomer
Unknown
Monomer

Monomer and heteromer with
H2-Mv proteins and B2ZM

Dimer

Unknown

Heterodimer (OrX-Or83b)

Heterodimer (Gr2 1a-Gr63a)

Multimeric

Localization

Main olfactory epithelium, Griineberg
ganglion, vomeronasal organ and
exogenic expression

Main olfactory epitheliumand
Griineberg ganglion

Apical layer of vomeronasal organ

Apical layer of vomeronasal organ and
main olfactory epithelium

Basal layer of vomeronasal organ and
Griineberg ganglion

Main olfactory epithelium

Griineberg ganglion

Antenna (basiconic, trichoid and
coeloconic sensilla) and maxillary palp

Antenna (basiconic sensilla)

Antenna (coeloconic sensilla)

B2M, B2 microglobulin; ESP1, exocrine gland-secreting peptide 1; FPR, formyl peptide receptors; GCD and GCG, guanylate cyclase type D and G; GPCR,

G protein-coupled receptor; GR, gustatory receptor; Gr21a and Gr63a, Drosophila melanogaster gustatory receptors 21a and 63a; H2-Mv, non-classical class [ major
histocompatibility genes: IR, ionotropic receptor; MHC, major histocompatibility complex; MUP. major urinary protein; OR, odorant receptor; RTK, receptor
tyrosine kinase; OrX-0Or83b, heteromeric D. melanogaster odorant receptor composed of Or83b and another OR (OrX): TAAR. trace amine-associated receptor;

7-TM, seven-transmembrane; VIR and V2R, vomeronasal receptors type 1 and 2.

Podle: Cich hmyz a obratlovci, 2010



Podobnost mezi hmyzem a obratlovci jen omezena

Table 2 | Commonalities and differences of olfactory receptors in vertebrates and insects

Characteristic Vertebrates Insects

Class GPCR Non-GPCR
Repertoire Large, variable Smaller, constant
Topology Heptahelical Inverse heptahelical
Activation Metabotropic lonotropic
Pseudogene fraction High None to low
Stoichiometry Monomers Heteromers

One receptor—one neuron rule Yes Yes”

Gene selection Stochastic Deterministic
Expression pattern /onal and random /onaland random
Instructive role Yes Unknown

Ectopic expression Yes Unknown
Inhibitory action of odorants Rare Common
Convergence of axons to glomeruli Yes Yes

Glomeruli per receptor type Variable, <2 up to 20 =1

GPCR, G protein-coupled receptor. *There are notable exceptions to this rule, which have been excluded from this table for clarity.



Box 1 | Amplification and sensitivity of olfactory signalling

Vertebrates

In general, G protein-coupled receptor (GPCR) signalling, such as that mediated by
photoreceptors, amplifies a signal*?®. However, the principles governing olfactory
signalling are quite different. Owing to the relatively low binding affinity of many
odorants (micromolar range), the lifetime of the receptor-ligand complex is brief.
Consequently, the probability that a receptor—ligand complex will meet a G protein
and catalyse GDP—-GTP exchange is low’2. Why do most olfactory neurons not require
high amplification at the receptor level? At micromolar odorant concentrations, more
than 20 million odorant molecules arrive at a cilium every second®?®. Thus, although the
probability that a single odorant molecule will activate the signalling pathway is
minuscule, it is likely that a few odorant molecules will successfully evoke a response.
By contrast, at low light levels, at which only a few photons reach the eye, amplification
allows rod photoreceptors to detect and respond to single photons.

In the vomeronasal organ, concentrations of pheromone molecules above 0.1 pM can
elicit a response'®! At these low concentrations, only a few molecules per second
are captured by a cilium. What are the biophysical requirements for such exquisite
sensitivity? Receptors must bind the ligand with high affinity, increasing the lifetime of
the ligand-—receptor complex (seconds to minutes). During this time, the receptor may
activate many hundreds of G proteins. However, active mechanisms are required to
disable such stable ligand-receptor complexes. Receptor phosphorylation and
-arrestin capping may be an important route for response termination. In other cases,
there may be no need for rapid inactivation, because temporal coding of successive
stimuli does not matter.

Insects

Similar to vertebrate neurons, insect olfactory receptor neurons (ORNs) can be very
sensitive, responding to the binding of a single molecule of a sex pheromone*2. Insect
ORNs, which have an ionotropic mechanism of action, also lack the amplification
provided at the receptor and G protein level. How then can a single pheromone
molecule activate an insect neuron? The open probability (P)) of a ligand-gated channel
is determined by its affinity for the ligand and, for nanomolar binding affinities, may
reach unity on a timescale of seconds. Depending on the single-channel conductance,
a single channel may readily carry currents in the order of a few picoamperes. The input
resistance of vertebrate ORNs is high (2—8 G(2) and a few picoamperes of inward
current produce a voltage response that is sufficient to reach the threshold for
triggering an action potential'*. Similar mechanisms are seen in rod photoreceptors
and sperm, which detect single photons and single molecules, respectively?%-144145,




Feromony u obratlovct

Interindividualni komunikace

-Spoustéce: vyvolavaji okamzity behavioralni projev
-Primery: pomalejsi zmény vyvoje nebo metabolismu
-Modulatory (?): ovliviujici emoce, naladu lidi

Chemickeé slozeni: velikost, polarita, t€kavost:
Atraktanty nebo poplachové feromony — malé a tékavé (alkoholy)
Individualni feromony — netékavé (proteiny)



Dva chemosensitivni systémy savct

Hlavni Cichovy epitel (MOE):

ciliatni Cichoveé bunky

Projekce do Cichoveho laloku

Kazda bunka exprimuije jediny typ receptoru (1300 u
mysi)

Proud vzduchu pri nadechovani (a vydechovani)
Identifikace potravy, koristi, predatora, znaceni teritoria
Otevreny systém vybudovany na predpokladu, ze neni
mozné predvidat, se kterou molekulou se potka.

Vomeronasalni organ (VNO):

Slepa dutinka pod hlavni Cichovou sliznici
Mikrovilarni morfologie

Projekce do pridavného Cichového laloku (AOB)
2 tridy receptor( (G protein, ale malo pribuzné C|chovym ne
asi 200 celkem), velmi citlivé a specmcke Rt Ty
Vzduch prichazi ,pumpovanim® pri vzruseni (spise
primym kontaktem)

Nezbytny pro paletu chovani spojenych s pohlavim a
rozmnozovanim, vychovou potomstva, nastupu pohl.
dospivani, blokovani téhotenstvi, obrany a rozeznavani
mlad’at, materského chovani, pareni a vnitrodruhové
agrese.




Vomeronasalni organ (VNO):

Citlivost je vysoka, pro feromony mysi az 10-10M. Axony jsou mezi Cichovymi laloky a
vstupuiji do pridatnych cichovych lalokl. Zde najdeme podobné jako v hlavni draze
specificky naladéné glomeruli (prijimaji vstupy jen z bunék exprimujicich jeden typ
receptoru). Projekce pak nevedou ani tak do Cichového kortexu, ale spise do amygdaly
a hypotalamu limbického systému, kde vyvolavaji nevédomé odpovedi.



Hjernen

U clovéka také? Lugtkolben

AOB u dospélclli nenalezen, ani inervace ne.

Lugtepithelet

Nasehulen
/ Vomeronasale

Izolace dvou feromond:

Muzskeého z potu, zenského z moci

MRI a PET ukazaly ,rozsviceni" Cichové kury
Zen u zenskeho f. a hypotalamu u muzského f.
Muzi reagovali opacné.

Gayove jako zeny.

organ

MHC nepribuznost detekovana Cichem?
MHC molekuly ovliviuji slozeni tékavych latek moci a BioSite 14/8,03
Potu = Individualita na dalku

Volba partnera, afrodiziaka, parfemy...




Aroma, pfichut — kromé orthonasalniho jeste i retronasalni olfaktoricky viem

FIGURE 14.1 Molecules released into the
air inside our mouths as we chew and swallow
food travel up through the retronasal passage
into the nose, where they then move upward
and contact the olfactory epithelium.

Table 1| The dual olfactory system

Operations Orthonasal olfaction Retronasal olfaction
Stimulation Through the external From the back of the mouth through
route nares the nasopharynx
Stimuli Floral scents Food volatiles
Perfumes
Smoke
Food aromas
Prey/predator smells
Social odors
Pheromones
MHC molecules
Processed by Olfactory pathway Olfactory pathway combined with
influenced by the pathways for taste, touch, sound
visual pathway and active sensing by proprioception

form a "flavour system’

Mote the interesting contrast, that orthonasal olfactory perception invelves a wide range of types
of odors processed through only the olfactory pathway, in comparisonwith retronasal olfactory
perception which invalves only food volatiles but processed incombination with mamy brain pathways.

Olfactory
epithelium

Orthonasal =
olfaction

Retronasal
olfaction

e~ e AT

Retronasal
passage




Vomeronasal organ

V2Rs + MHC

Olfactory epithelium

=

Olfactory receptors

T1Rs

T2Rs

The location of chemosensory organs in the mouse and
Drosophila. (a) A sensory neuron in the olfactory epithelium
of mice expresses one of about 1,000 olfactory receptors.
Neurons in the apical and basal layers of the vomeronasal
organ express distinct, unrelated classes of G-protein-
coupled pheromone receptors (V1Rs in the apical and V2Rs
in the basal layer). In addition, a small family of MHC class I-
like molecules is coexpressed with V2Rs in neurons of the
basal layer. The taste cells in the tongue, palate and pharynx
express other classes of GPCRSs, one encoding sweet-taste
receptors (T1Rs) and one encoding receptors for bitter
compounds (T2Rs). Note that V1Rs and T2Rs are related to
each other, as are V2Rs and T1Rs, respectively. (b) The
olfactory neurons of Drosophila are located in two pairs of
appendages in the head, the third antennal segment and the
maxillary palps, and each neuron expresses very few,
possibly just one, of the 61 olfactory receptor genes
identified so far. The gustatory or taste sensory neurons are
located in numerous organs, including the two labial palps on
the head, internal sensory clusters in the pharynx (not
shown), all the legs and the anterior wing margin. Each
neuron expresses a few, possibly just one, gustatory
receptor gene. A few gustatory receptor genes are also
expressed in olfactory neurons of the antenna and maxillary

j palps.

Cich a chut spolupracuji


http://genomebiology.com/2003/4/7/220/figure/F1?highres=y

Chut’




Chut’

Na rozdil od cichu je to smysl,
kontaktni, méné citlivy, ma mnohem
méné receptord, ale prekvapivé riizna
transdukcni schémata.

Cich rozeznava kapalnou fazi, chut’
kapalnou.

Vomeronasal organ

V2Rs + MHC

ViRs

Olfactory epithelium

Olfactory receptors

T1Rs

Taste buds

ey



http://genomebiology.com/2003/4/7/220/figure/F1?highres=y
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One of the “facts” that experts have been unable to purge from many textbooks is the notion that sweet
is perceived at the tip of the tongue, bitter at the back, sour on the sides, and salty all over. In the case
of this myth, we know roughly when it began and we have some idea about what has maintained it in
the face of determined efforts by experts to stamp it out.

The origin is most likely a book written by Harvard University’s Edwin Boring in 1942. Boring, in addition
to his own work, chronicled the history of sensation and perception. He described a study conducted by
Hanig in the laboratory of Wilhelm Wundt in 1901 (Hanig, 1901). Hanig wanted to show that the four
basic tastes were mediated by different receptor mechanisms (something we take for granted today).
He reasoned that if taste thresholds varied with tongue locus, then one would have to conclude that the
receptor mechanisms varied as well. Hanig selected points on the oval distribution of taste buds around
the perimeter of the tongue and laboriously measured thresholds for substances representing each of
the four basic tastes. The variation in thresholds was small but the patterns across the four tastes were
different; Hanig had made his point. Boring apparently misunderstood the concentration units in Hanig’s
study and failed to appreciate just how small the variations in thresholds really were. Thus, Hanig’s
result that sweet thresholds were slightly lower on the front of the tongue and bitter thresholds were
slightly lower on the back was misconstrued and turned into the notion that we taste sweet on the front
of our tongues, bitter on the back, etc.

Since the tongue map became a common laboratory demonstration, generations of students have had
reason to doubt the map. Asked why they could not observe it, one group of students said that they
“must have done the experiment wrong.” It is worth remembering that textbooks are not always
correct. But you can believe us here: receptors for all four of the basic tastes are distributed over the
entire tongue.

References

Boring, E. G. (1942). Sensation and Perception in the History of Experimental Psycho
Appleton-Century-Crofts.

Hanig, D. P. (1901). Zur Psychophysik des Geschmackssinnes.Philosophische Studien




Receptory nejsou
neurony, vznikaji
z epitelu pokozky,
sekundarni. Mikrovilli.

Chutové, podplirnéa  f . bl |
bazalni . \ - e o Houbovits papila
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. Zldzy vylutuiici sliz do , piikopu’* ohraniéujicl papily
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v ..prikopech obklopujicich jejich centralni val, reaguji na
chuté hotké. Mezery mezi papilami zvihéuje sliz, vylutovany
#lizami wmisténymi na bazi téchto mezer. Chufové molekuly se
musi v tomto vihkém prostiedi nejprve rozptylit, a tepryve poté
je mohou chufové pohirky detekovat.
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Selektivita omezena.

Clovék méze rozlisit 100
chut'ovych kvalit, pricemz jde
asi opéet o skladani 5
zakladnich kvalit: sladke,
slané, kyselé, horké a UMAMI.
Jedna chut'ova bunka mize
reagovat na vsechny ctyri
zakladni chut'ové kvality, ale
na jeden typ odpovida

maximalnim generatorovym
potencialem. Néekteré jsou vice
specialisté jiné generalisté.
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Taste bud

(a) Salt (h) Sour

Extracellular

fluid Na Amiloride- @

sensitive
——cation channel—____

Taste bud cell
membrane

K*

Depolarization

Depolarization

Closed K*
channel

SENSORY PROCESSES 383

Transdukcéni schémata
G-prot — gustducin

{c) Sweet

Closed K
c/hnnnel

Receptor Adenylyl cyclase

G protein

Cytoplasm Depolarization
() Umami (e) Bitter
5 Closed K Bitter
Receptur\ P Jutamate e et % SUBatarics
\

O protein

Increase

Decrease in i
in Ca’

cAMI?

jgure 13.34 Taste-transduction mechanisms differ for different

iste qualities  All transduction mechanisms except the IP; action in
Jlead to depolarization, which spreacds to the basal end of the cell

nd opens voltage-gated Ca*' channels to allow Ca?* entry and trans-
itter release. (a) For salt taste, sodium ions enter a taste bud cell
wough amiloride-sensitive cation channels, directly depolarizing the
el (b) In sour taste, either H' ions enter the cell through amiloride-
ensitive cation channels, or they close K* channels to produce depo-
ization. (¢) Sweet taste is most commonly mediated by the binding
fsugars to a G protein—-coupled receptor, which acts via a G protein to
ctivate adenylyl cyclase and produce cyclic AMP. Cyclic AMP then acti-
atés protein kinase A (PKA) to close a K* channel (by phosphorylating

Depolarization

G protein

Increased
transmitter
release

Endoplasmic
reticulum

it), producing depolarization. (d) The amino acid glutamate (monosodi-
um glutamate, MSG) stimulates the taste quality umami {(a savory or
meaty quality). Glutamate binds to a G protein-coupled receptor
(related to synaptic metabotropic glutamate receptors) to activate a
phosphodiesterase (PDE) and decrease the concentration of cAMP. The
decrease in cAMP leads to an increase in intracellular Ca®* concentra-
tion. (e) Bitter taste mechanisms can involve a G protein—-coupled
receptor for bitter substances that acts via a G protein and phospholi-
pase C to produce IP,. IP, liberates Ca’" ions from intracellular stores,
eliciting transmitter release without requiring depolarization. Other
bitter substances bind to K* channels and close them to depolarize
the cell.



Transdukcni schémata
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Transdukcni schémata
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Caffeine Cycloheximide
¥l ; Theophylline Nicotine, Strichnine
Horka chut Quinine, Denatonium
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Figure 3 Transduction of bitter taste as elicited by a variety of ligands. Rs, multiple
GPCRs of the T2R family, coupled to the G protein gustducin*”*; &, a-subunit of
qustducin®’; By, G-protein subunits 3 and y13 (refs 60-62); PLCB2,
phospholipase C subtype®'; Ins(1,4,5)Ps, inositol-1,4,5-trisphosphate™; PDE, taste-
specific phosphodiesterase®; cAMP, cyclic adenosine monophosphate®; cGMP,
cyclic guanosine monophosphate®; sGC, soluble guanylate cyclase®; NO, nitric
oxide>®; NOS, NO synthase™. For second-messenger kinetics, see refs 55,59,63,64.
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Zatimco sladka, umami, slana (a tucna)
chut’ poskytuji prijemné vjemy, horka a
kysela chrani pred prijmem potencialné
toxickych latek a silnych kyselin.

ATP jako mediator

ANDREW SWIFT

FOR THE SCIENTIST, NOVEMBER 2011

TASTE IN THE MOUTH

Taste-bud receptors, primarily on the tongue, sense the qualities
of salty, sour, bitter, sweet, and umami (the taste of glutamate).
While sweet, umami, and salty foods provide pleasurable
sensations that drive the intake of carbohydrates, amino acids,
and sodium, the tastes of bitter and sour inhibit intake of
potentially toxic substances and strong acids.

Sweet or Na*

g_lu;a;::;e- rushes in
ric s

Endoplasmic 1
reticulum (ER) & Purinergic
+ & receptors

Pannexin
channel
=

.

e TR Ly

THE TASTE SIGNALING CASCADE IN THE MOUTH

The binding of molecular components of sweet or glutamate-rich
foods to T1R-class receptors and bitter substances to T2R receptors
stimulates the release of Ca?* into the cytosol from the endoplasmic
reticulum (ER) via G protein signaling and the second messenger
molecule inositol trisphosphate (IP;) o The Ca?* activates the
TrpMS5 channel to allow the entry of sodium ions (Na*), depolarizing
the cell 9 The combination of depolarization resulting from the
influx of Na+ and rise in intracellular Ca?* opens pannexin channels in
the taste-cell membrane, releasing ATP from the cell 9 This in turmn
activates purinergic receptors on the sensory nerve fibers innervating
the taste buds, thereby sending a signal to the brain G




Chut’ ve streve?

TASTE IN THEGUT

In contrast to taste receptors in the mouth, TIR and T2R receptors in the gut do not
induce sensations of taste, but rather initiate molecular pathways that help guide
the digestion or rejection of food substances traveling through the intestines. The
underlying pathways, however, have many similarities.

FOODSIN THE GUT
Q Speclalized endocrine cells of the small Intestine, oNe
known as enteroendocrine cells, display T2R bltter Insulin

receptors on thelr cell membranes. When bitter ﬁ'”::t‘:ei“w
compounds bind to the T2R receptors, the cells release i\ D2o00StTERNT
the peptide hormone cholecystokinin (CCK), which acts =
on CCK2 receptors located on enterocytes, or Intestinal
absorptive cells. This Increases the expression of the
transporter ABCB1, which pumps toxins or unwanted
substances out of the cell and back Into the Intestinal
lumen. CCK also binds to CCK1 receptors on sensory
fibers of the vagus nerve, sending signals to the brain
to cease food Intake.

@ T1R-~class receptors on enteroendocrine cells lining the
small Intestine detect sweet substances and respond by
secreting the glucagon-like peptide GLP-1. GLP-1 then travels to ’ =]
the pancreas via the bloodstream, where It boosts the release - S
of Insulin from pancreatic B-cells, promoting the uptake of P P A U 5 " y
glucose by diverse tissues. Additlonally, GLP-1 diffuses to
nelghboring enterocyte cells In the small intestine, driving the
Insertion of the glucose transporters SGLT-1and GLUTZ2, which
facliitates the uptake of glucose from the Intestines.

@ In the colon, bitter ligands bind to T2R receptors on
eplthellal cells, where they Induce the secretion of anlons and
water, which leads to fluld rushing Into the Intestine, resulting
In dlarrhea that flushes out the colon.
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TASTE IN THE AIRWAYS AP . vi_ 2
Scientists have also recently identified the existence of taste Potencialne toxicke (h o rke) substance

pathways in human airway cells, where they likely mediate defensive  [LIPAs & (=0~ ptor
t responses to inhaled foreign and potentially toxic substances. Kych an II pO hyb ra Si ne k

Plice — dolni c.d.

Na* . IN THE LOWER AIRWAY
rushesin In airway smooth muscle cells
of the lungs, the same T2R
pathway is initiated by the
binding of bitter compounds.
Increases in cytoplasmic Ca?*
likely cause nearby calcium-
activated potassium channels to
open, allowing the outflow of K*,
which causes hyperpolarization
and subsequent relaxation of
the muscle cells @ Also in the
lungs, T2R receptors on ciliated
airway epithelial cells bind bitter
compounds, initiating the same

Ao'atylc oline \k”—'/ G protein-mediated pathway that
mfhaes % results in the release of Ca?* from

intracellular stores and thereby an
increase in ciliary beat frequency,

which researchers suspect serves
to sweep irritants away from the

Calcium-
activated
potassium
channel

IN THE UPPER AIRWAY

In the upper airways (nasal passages and trachea), T2R receptors
on chemosensory cells sense bitter compounds, releasing secondary

ANDREW SWIFT FOR THE SCIENTIST, NOVEMBER 2011

messengers that spur the release of Ca?* from the ER. The increase in surface of the cell G 2 & ®
cytoplasmic Ca?* activates the TrpM5 transduction channel, allowing x

the influx of Na* and the depolarization of the cell. This in turn activates — K+
voltage-gated Ca?* channels, which permit even more Ca?* to flood into fBj.::s' & D, = rush out
the cell. This initiates the fusion of synaptic vesicles with the plasma s - ?I;?h%rl‘i;"ctﬁz

membrane, releasing the neurotransmitter acetylcholine to activate 7 glj ; / f

nearby nerve fibers and induce protective reflexes such as sneezing Q

Nosohltan a trachea — horni c.d.




Sensing fat?

CAN WE TASTE FATS?

Although gustin and TAS2R38 contribute to the supertaster phenotype and may contribute to the perception of fat texture, researchers are still
looking for a receptor directly triggered by fat. One promising candidate is the protein CD36, which binds long-chain fatty acids in mice, and is
expressed on taste buds. The mechanism by which the CD36 carrier protein initiates a neural signal is poorly understood. CD36 may serve as
a carrier protein that transfers the fatty acid to another receptor or it may activate an ion channel that alters the excitability of taste cells.

—Triglycerides—— — Fatty acids

DETECTING FATTY ACIDS

Although CD36 binds Cleft of
long-chain free fatty acids, circumvallate
most of the fat we eat is papiliae
composed of triglycerides

(three fatty acids bound to Ticte baes
a glycerol backbone), which

CD36 cannot bind. However,

lingual lipase, an enzyme

that humans secrete in small Lingual
quantities, breaks down taste cell
triglycerides into free fatty

acids, producing low levels

of fatty acids that bind to gl [T

CD36 in animals and may ﬁg::e
affect fat preference.

Circumvallate ‘ |
papilla |

CD36 CD36
binding gene
fatty acid

HOW DOES THIS LEAD TO OBESITY?

Recent work has shown that people who had a particular single nucleotide
difference in their CD36 gene perceived high levels of creaminess in foods
regardless of the fat level. These individuals, showed high preferences for
creamy, usually fattier, foods. Although the mechanism remains unclear,
this finding raises the possibility that disruptions in this gene lead to both
persistently high responsiveness to the oral sensation of fat and an elevated
preference for fat which could lead to obesity over time.



2 nazory na kodovani chuti:
A) labeled lines (analogie sluchu) — jeden nerv, jedna nemichana chut,

neprekryvaji se ani bunky ani drahy, nebo:
B) specifické vzorce aktivity (analogie b.vidéni nebo €ichu — jeden receptor
o vysledné kvalité nic nefika a az smés dvou dava treti kvalitu)

Labelled-line model Across-fibre models

B sitter
[ ] satty
Bl sveet
[[] umami
Il sour

Figure 2 | Encoding of taste qualities at the periphery. There are two opposing views of how taste qualities are encoded in the periphery. a, In the labelled-
line model, receptor cells are tuned to respond to single taste modalities — sweet, bitter, sour, salty or umami — and are innervated by individually tuned
nerve fibres. In this case, each taste quality is specified by the activity of non-overlapping cells and fibres. b, ¢, Two contrasting models of what is known as
the ‘across-fibre pattern’ This states that either individual TRCs are tuned to multiple taste qualities (indicated by various tones of grey and multicoloured
stippled nuclei), and consequently the same afferent fibre carries information for more than one taste modality (b), or that TRCs are still tuned to single
taste qualities but the same afferent fibre carries information for more than one taste modality (c). In these two models, the specification of any one

taste quality is embedded in a complex pattern of activity across various lines. Recent molecular and functional studies in mice have demonstrated that
different TRCs define the different taste modalities, and that activation of a single type of TRC is sufficient to encode taste quality, strongly supporting
the labelled-line model.
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Kazdou jednotlivou chut rozezname i ve smési chuti — ochrana.

Nevytvari se tedy michanim chutni chuti nove.
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Figure 2 | Encoding of taste qualities at the periphery. There are two opposing
line model, receptor cells are tuned to respond to single taste modalities — swee
nerve fibres. In this case, each taste quality is specified by the activity of non-over
the ‘across-fibre pattern’ This states that either individual TRCs are tuned to multi
stippled nuclei), and consequently the same afferent fibre carries information for mo¥ than one taste modality (b), or that TRCs are
taste qualities but the same afferent fibre carries information for more than one taste n{gdality (c). In these two models, the specificati®§g of any one
taste quality is embedded in a complex pattern of activity across various lines. Recent m®ecular and functional studies in mice have den¥gnstrated that
different TRCs define the different taste modalities, and that activation of a single type of QRC is sufficient to encode taste quality, strong i
the labelled-line model.

iiews of how taste qualities are encoded in the fgriphery. a, In the labelled-
bitter, sour, salty or umami — and are innerva¥gd by individually tuned

oping cells and fibres. b, ¢, Two contrasting m®els of what is known as
e taste qualities (indicated by various tones of g




Axony patfi pseudounipolarnim neurontim, jejichz téla lezi v gangliich VII., IX. a X.
hlavového nervu. Pres nizSi mozkova centra miizeme sledovat cestu chut'ové informace
ke dvéma korovych chut'ovym oblastem.

Prvni asi hraje roli pfi vnimani prostorového rozmisténi chut'ovych pocitk{l na jazyku a
druha je zodpovédna za vnimani vlastni kvality chuti.

Najdeme také vyznamnou projekci do limbického systému a hypotalamu. Uvedené
spoje jsou morfologickym substratem vyznamné emocionalni komponenty, ktera vzdy
doprovazi urcity chutovy viem a poji se paméetovymi stopami — rozliSovani vhodné a
nevhodné potravy uz od mladi. Zrejmé také zprostredkovavaji autonomni reflexni
reakce pri prijmu potravy (sekrece slin, zaludecni stavy apod.).

Prijemné tony sladkého a umami signalizuji kalorické stravitelné jidlo. Horka chut’ ma
nizky prah pri vyvolavani davivého reflexu, jde o varovani pred obvykle jedovatymi
latkami.
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PotéSeni z chuti - vrozené prospésné reflexy. ZvySena chut na chybgjici slozku.

E. Evaluation of taste stimuli
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FIGURE 7-18 The *‘cold-moist-dry’’ triad sensory sensillum of the cockroach contains
three bipolar sensory neurons; one neuron of the hygroreceptor responds to high humid-
ity (**‘moist>’ receptor) and one to low humidity (“*dry”” receptor). The receptor cavity of
the poreless sensillum is filled with a dense secretion. (Modified from Yokohari and Tateda
1976, Schaller 1978.)
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Figure 1 a, Diagram of Melanophila (body length
10 mm). The infrared pit organs, situated next to
the coxae of the middle legs, are completely
exposed during flight. b, An infrared sensillum.
redrawn from ref. 3.
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Figurc 2 The responses of a neuron, recorded
from the pit organ, to various infrared stimuli.
Each trace shows the original response to one
stimulus. Horizontal bars indicate exposure
times. Each trial was repeated three times. The
number of action potentials decreases with
decreasing stimulus duration; 2 ms was sufficient
to generate a response. If the mirror was covered,
no response was recorded at any of the infrared
intensities and shutter speeds tested.

pass infrared filter (50% cut-on at 1.8 pum)
and neutral-density filters. At a radiation
intensity of 24 mW cm ~ single neurons
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Figure 1 | Anatomic and functional organization of touch. a | Spinal nerves formed by the joining of afferent (sensory) and efferent
{motor) roots provide penpheral innervation to skin, skeletal muscle, viscera and glands. Arrows denote the direction of incoming
sensory and outgoing motor impulses. The cell bodies of motor neurons are located within the ventral horn jaminae VII-IX) of the spinal

cord. Cell bodies of sensory neurons are located in the dorsal root ganglia (DRG). Within the DRG there are subclasses of sensory
neurons known as proprioceptive (blue), low-threshold mechanosensitive {red) and temperature- and pain-sensing neurons (green).

These neurons project centrally to dorsal harn interneurons (laminae |-V of the spinal cord) and peripherally to target tissues.
Proprioceptive neurons (blue fibre) project to specialized structures within target tissues such as muscle, and sense muscle stretch.
b | Low-threshold mechanosensitive neurons (red fibres) project to end argans that transmit mechanical stimuli. Five types of mechano-
sensitive assermblies have been described and are illustrated in the figure. Temperature and pain sensing neurons (green) do not project
to specialized end organs; instead they terminate as free nerve endings in all layers of the skin, and near blood vessels and hair follicles.

c | Section of skin showing free nerve endings (green fibres) stained with the pan-neuronal marker PGP2.5. The nudei of skin cells are
stained (blue) with 4,6-diamidino-2-phenylindole (DAPI). Free nerve endings are found in both the epidermal and dermal layers.

Hair follicle
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Figure 1| Odour images in the olfactory glomerular layer. a, Diagram
showing the relationship between the olfactory receptor cell sheet in the
nose and the glomeruli of the olfactory bulb™, b, fMRI images of the
different but overlapping activity patterns seen in the glomerular layer of
the olfactory bulb of a mouse exposed to members of the straight-chain
aldehyde series, varying from four to six carbon atoms. The lower part
of the image in the left panel corresponds to the image on the medial
side of the olfactory glomerular layer as shown in a (see asterisk). (Image
in a adapted, with permission, from ref. 53; image in b adapted, with
permission, from ref. 10.)

Table 1| The dual olfactory system

Operations Orthonasal olfaction Retronasal olfaction

Stimulation
route

Through the external
nares

From the back of the mouth through
the nasopharynx

Floral scents Food volatiles
Perfumes

Smoke

Food aromas

Frey/predator smells

Social odors

Pheromones

MHC molecules

Stimuli

Olfactory pathway
influenced by the
visual pathway

Olfactory pathway combined with
pathways for taste, touch, sound

and active sensing by proprioception
form a 'flavour system’

Processed by

Mote the interesting contrast, that orthonasal ofactory perception involves a wide range of types
of odors processed through only the olfactory pathway, in comparison with retronasal olfactory
perception which involves only food volatiles but processed in combination with many brain pathways.
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Figure 2 | The dual olfactory system. a, Brain systems involved in smell perception during orthonasal olfaction (sniffing in). b, Brain systems involved

in smell perception during retronasal olfaction (breathing out), with food in the oral cavity. Air flows indicated by dashed and dotted lines; dotted lines
indicate air carrying odour molecules. ACC, accumbens; AM, amygdala; AVI, anterior ventral insular cortex; DI, dorsal insular cortex; LH, lateral
hypothalamus; LOFC, lateral orbitofrontal cortex; MOFC, medial orbitofrontal cortex; NST, nucleus of the solitary tract; OB, olfactory bulb; OC, olfactory

cortex; OE, olfactory epithelium; PPC, posterior parietal cortex; SOM, somatosensory cortex; V, VII, IX, X, cranial nerves; VC, primary visual cortex;
VPM, ventral posteromedial thalamic nucleus.
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Figure 3 | The human brain flavour systems that evaluate and regulate food intake. The diagram shows the areas involved in the perceptual, emotional,
memory-related, motivational and linguistic aspects of food evaluation mediated by flavour inputs™*"****, Left, different sensory modalities and
submodalities that contribute to flavour perception. Middle and right, brain flavour system that evaluates and regulates food intake. Red regions mediate
conscious sensory perception; thicker outlines indicate their greater importance in humans and other primates. Green regions mediate subconscious
feeding regulation. Deficiencies in essential amino acids are sensed by the anterior olfactory cortex (asterisk).



