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*besides vision!



Olfaction
Taste
Hearing
Touch
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receptors were cloned
from cilia

These were 7TM helix G-

protein receptors (OR)
stimulating a unique Ga

protein, G
Human OR genes number

500 but only about 30 are
not pseudogenes!



= Olfaction

. « Eachneuron expresses only 1 0R
* G,Stimulates Ad. Cyclase

Adenylate Na* cAMP-gated

O \v cyclase Cazt ion channel




Carboxylic acids
(i=2-7)
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s Olfaction

Decoding of olfactory
stimuli -in mouse suggests
a combinatorial mechaism
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given OR convergeona
discrete area in the

| olfactory bulb

| The spatial pattern of OR
" stimulation is somehow
transformed to a unique
scent.

FIGURE 32.8 Converging olfactory
neurons. This section of the nasal cavity
15 stained to reveal processes from sensory
neurons expressing the same olfactory
receptor. The processes converge to a
single location in the olfactory bulb

[From P Mombaerts, F Wang, C Dulac, 5, K. Chan
A Mermes, M. Mendelsohn, 1. Edmondson, and

R. Axel Cell B7{1996)675-56849,]



| Taste

=« More limited scope of possible tastes
"+ Olfaction contributes to complex tastes
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FIGURE 32.11 Examples of tastant molecules. Testants infl into e gioups: seeet,
salty, wnarrs, bitter, and soue



M Taste

» (ustation receptors are
located in different areas

‘ "« Intaste buds (~150 cells

w/ sensory neurons) in
papillae (big knobs)

salty



#| Taste-Bitter

i+ Sofaronly bitter receptors (G-protein

| Receptors) with Ga, gustducin have been found
" = . » There are 50-100 genes (for bitter?) inthe

% genome but they are mixed on taste buds

FIGURE 32.14 Conserved and variant regions in bitter receptors. The bitter receptars
are members. of the TTM receptor family. Strongly conserved resades characteristic of this
prodein family are shown in blue, and highly variable residues are shown in red



- Taste

 Bitter receptors ? Stimulation by specific bitter
substance of mT2R

&9 - Butdifferent ones get mixed up in brain
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g | aSte-Salty

» Saltreceptors ? Direct
sensation by Na+ ion
channels blocked by
Amiloride

Analogous to the 4 subunit
type channels (like K+)

O Mo i
Sy

Cysteine-nich
region 2

FIGURE 3217 Schamatic sbruciure

of the amiloride-sensitive sodium
channel. Only one of the four subunis
that cansiiute the fundiomal channel i=
dliirated, The gmilonde-sersitive wodium
£ hamniel lu-lhul;j. b & wpuﬂun‘p‘llll hd'.rirlg
commean shnsciue| feafunes, imgludeg baso
frydrophobic membsane-sparning egioes,
mtracellular aminag snd carbooy termins
ardd a large, extracelular region with con
served cysine-rich domains



g Taste-Sweet

* Notisolated in humans
but likely G-protein
since gustducin knock-
out mice can't taste
sweet substances

" Trelasugar

responsive GPR has
been found in flies
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g |aste-Umami

« Japanese-Deliciousness

1 %+ Lotsinproteinrich foods like

SOy sauce, roasted meat and
and vegemite!

o Na+ Glutamate is the key

(1903-Kikunae Ikeda)

« AGPR sensitive to glutamate
In the brain is clipped by 309
amino acids in the buds to
give low affinity umami
receptor.
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FIGURE 31.18 Schematic structure of
a metabotrophic glutamate receptor
The wmami receptor is a variant of a brain
glutamate receptod. A substantal pan of
the high-affinity glutamate-banding domain
['nl'rl:-'i'lTI an yelow] is n1|55ing in the form
eapressed in the tongue,



earing

Mechanical stimulation of hair cells in cochleais
the key

Hair cells are specialized neurons




eHearing
= Displacement of bundle by 3 Aresultsina
measurable membrane potential change (like 1

Inch movement at the top of the Empire State
building)
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'_Heaﬁng

Tip link seems to pull open
an ion “hatch”; a
mechanosensory channel

Back and forth flow induces
an oscillating ion current
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FIGURE 32.34 Maodel for hair-cell
tramsduction. When the hair bundle is
tipped toward the tallest part, the !ip lTink;
palls onoand apens an ion channel. Move-
ment in the opposite direction relages the
tensian im the tip link, increasing the
probability that amy open chanmels will

s, [Adested from A L Hudspeth, Satere 541
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Touch

@87+ Hot, Cold
"8 - Pressure
: ,‘ » Capsaicin/hot receptor
- ¥ e« Cold/menthol receptor




Capsaicin and friends




_fTouch

Example: Capsaicin

Capsaicin/hot receptor

Reacts to noxious stimuli (heat, acid]
Also involved in taste

Curenl —

FIGURE 32.37 Response ol the
capsaicin receptor to pH and temper-
ature. [Adapted from Tominega, ML, Calesing,

M, I, Maimbeng, A B, Resen, T A, Gillsrt, H, : | 1 | | |

skinner, K Raumenn, B. £, Besbaum. A, I, snd & I & E 4 3 b 0
Jubis, O, Apuron 21{1998):531. pH Temperature (01



Touch-Capsaicin

The receptor, VRL, is
involved in
nociception (pain
sensation) as well.
Used medicinally to
alleviate pain by the
principle of
counterirritation

e How doesthis
work?

R R N

FIGURE 32.36 The membrane topology
deduced for VR1, the capsaicin
receptor. The proposed site of the
membrane pore is indicated in red, and
the three ankyrin (A) repeats are shown in
orange. The active receptor comprises four
of these subunits. [Adapted from Catenna,

M. I, Schumacher, M. A., Tominaga, M., Rosen,

T. A, Leving, J. D, and lulius, D. Nature TB9
{1997):816]
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UCSF Study Suggests Capsaicin Significantly Reduces
Debilitating Nerve Pain. Mice without it don’t experience
pain from heat
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