Neuralni a bunecne procesy
smyslove transdukce — jak
smyslove podnety vstupuji do
nervoveho systemu.
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> Co se deje na membranach smyslovych
bunek, jak mohou smyslové podnety.
zasahnou do metabolismu bunek?

> Paralely se znamymi signalnimi drahami
diferenciace, Imunity, apoptozy

> Spolecne vyuzivane ,vyzkousene" funkce
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Uz jste se potkali s kanaly?

— B. Diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IPs) as second messengers —
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— C. Requlation of Cell Proliferation, Motility and Differentiation
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— E. Nitric oxide (NO) as a transmitter substance
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Vodni hospodarstvi je otazkou rizené propustnosti membran.

A. Homeostasis of Volume and Electrolytes in the Cell
H,O

1l

H.,O

\A*
3
Na"' ———»

ATP TJ H

Na*/K*-ATPase

Amino acids,
glucose, etc.

1Ca™ H°

Metabolism

Amina acids,
glucose, etc.

Na'

In nerve and
muscle cells:
Ma' channels




— B. Necrosis

Poisoning Endogenous substances
(e.g. oxidants) (e.g. glutamate)

Hypoglycemia Hypoxia, ischemia
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— A. Triggering and Development of Apoptosis
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TerCikovy zamek — vidime, jak kanal pracuje
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Kanaly v molekularni fyziologii smyslu

Kanaly jsou odpovédné za regulaci membranoveho napéti a tedy kliCove
pro pfenaseni nervovych signald.

Nervovy systém ,vidi“ jen to, zmeéni kanalovou propustnost.
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Rhodopsin

Outer segment cell
membrane

Transducin
a (G protein)

Figure 13.14 Phototransduction closes cation channels in the outer  vated. ® The activated rhodopsin stimulates a G protein (transducin in

segment of the photoreceptor membrane In the dark, the cation rods), which in turn activates cGMP phosphodiesterase. ® The phos-
channels are kept open by intracellular cGMP and conduct an inward phodiesterase catalyzes the breakdown of cGMP to 5'-GMP. @ As the
current, carried largely by Na®.When light strikes the photoreceptor, cGMP concentration decreases, cGMP detaches from the cation chan-
these channels are closed by a G protein—coupled mechanism. @ nels, which close.

Rhodopsin molecules in the disc membrane absorb light and are acti-

Od 70. let obecné schéma G-proteinové signalizace
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Drosophila jako model zrakové transdukce:
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Takova rychlost? PDE jeden z nejvykonnéjSich znamych enzym
Vykonnost transdukce omezena difuznim pohybem v membrané.
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Figure 13.14 Phototransduction closes cation channels in the outer
segment of the photoreceptor membrane  In the dark, the cation
channels are kept open by intracellular cGMP and conduct an inward
current, carried largely by Na®.When light strikes the photoreceptor,
these channels are closed by a G protein-coupled mechanism. @
Bhodopsin malecules in the disc membrane absarb light and are acti-
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vated. @& The activated rhodopsin stimulates a G protéin (transducin in

rads), which in turn activates cGMP phosphodiesteraze. © The phos-
phodiesterase catalyzes the breakdown of cGMP to 5°-GMP. @ As the
cGMP concentration decreases, cGMP detaches from the cation chan-

nels, which close.



Difuzni model signalového pfenosu x Signalplex, scaffolding proteins

Rhodopsin



Call e mbrane Organizace signalnich proteinu

v Case a prostoru — oddéleni, zhaseni
V odpoved na svétlo
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Figure 1| Phototransduction in Drosophila and
the INAD complex. a, The five PDZ domains
of INAD (1-5) assemble components of the
phototransduction cascade, including PLC,
the TRP channel and PKC, into a signalling
complex at the cell membrane. b, Mishra ef al.”
report that, in response to light, the PDZ5
domain of INAD undergoes a conformational
change. In the dark, PDZ5 is in its canonical,

Light
_g) reduced form, in which a groove between an
e a-helix and a (3-sheet serves as a ligand-binding
Dark / site. After stimulation with light, the PDZ5
N 1 domain undergoes a conformational change to
Disulphide an oxidized state, whereby the formation of a
bond e disulphide bond between two cysteine residues
Reduced Oxidized P Y

results in the unravelling of the a-helix and
the distortion of the ligand-binding groove.
Following this conformational switch, the ligand
(arrowed) — putatively part of the PLC enzyme

— can no longer bind. (Adapted from ref. 2.)



Takova adaptace?
Translokace TRP —
Mechanismus adaptace
na tmu a svétlo
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2 **% insight review articles

KO n Ze rvatlv n I’ O rg a n Iza Ce Figure 2 Odorant recaptors are the jawel
Podobnost s rhodopsinem [islissatidiies

largest family of GRCRs. In mammals,
odour receptors are represented by as
,000 genes and may account
for as muc % 0f the genome.
Seruence comparison across the
! S revealed many ragi
rvation and variability that may be
tofunction. a, Ina "snake’

diagram showing the aming acids for a
particular receptor (M71), those residues

0.1
Fish OR-100
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proposed threa-dimensional fure of the ] Mz:_:;an?l U%I(?}s
receptor based an the recently o

numbered according to that mode, The o
{blue) and variable (red) regions are s
this qualitative view and At a liga ] [ 1 TeRs?
binding ragion may be at | artially forme 1 TiRrs
the variable regions of the receptor. ¢, Mammalian
odour receptors are related
phiylogenatically to othar chemosansory
receptors. In thetree depicted here the
numbers rafer to the approximate number of !
receptors in family. OR, Odorant receptors; i
recepto
receptars; DOR, DGR, Drosopfilia odour and DOR &1
0 C. elagans.
phical distance equal to 10% DGR ~60
sequence divergence.




SEMSORY PROCESSES 385

Figure 13.36 Olfactory transduction mechanisms in cilia membranes of olfactory neu-
rons (a) Many odorants act to increase cyclic AMP. The odorant binds to an adorant
receptor on the ciliary membrane; the receptor activates a G protein to activate adenylyl
cyclase, producing cAMP. Cyclic AMP binds to and opens a cation channel, allowing entry
of Na' and Ca®* ions to depolarize the cell. Ca?* binds to Ca**-activated CI- channels, aug-
menting the depolarizatian. (b) Some olfactory responses increase IP5. This mechanism
also starts with odorant binding to a G protein—coupled receptor, but in this case the G
protein activates phospholipase C, forming IP, from PIP, (see Figure 12.21), IP, binds to
and opens a calcium channel, letting Ca®* enter to depolarize the cell, As in (a), Ca**-acti-
vated CI” channels augment the depolarization.
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Figure 1 Functional anatomy and structure of the early olfactory system. In one of the
clearest cases of function following form in the nervous system, the anatomy and
structure of the early olfactory system reflect the strategy for discriminating between a
large number of diverse stimuli. a, In a sagittal view of the rat head, the main olfactory
epithelium (MOE) is highlighted in green. The turbinates are a set of cartilaginous flaps
that serve to increase the surface area of the epithelium; they are covered with the thin
olfactory neuroepithelium (shown in b). The cells of the MOE send their unbranched
axons to targets inthe olfactory bulb (OB) known as glomeruli (shown in c). The
vomeronsal organ (VNC) is shown in red, and the targets of the VSN axons arein
glomeruli in the accessory olfactory bulb (AOB). The structure of the nasal cavity is
optimized for exposing the largest possible surface area of sensory neuronstoa
stimulus stream that is warmed, moistened and perhaps concentrated by sniffing.

b, The olfactory neuroepithelium is a relatively simple tissue consisting of only three cell
types: olfactory sensory neurons (OSNs; the only neuronal cell type), supporting or
sustentacular cells (a kind of glial cell, which possess microvilli on their apical surface),
and a stem-cell population, known as basal cells, from which new OSNs are generated.
¢, Wiring of the early olfactory system. Each OSN expresses only one of the ~1,000 OR
genes and the axons from all cells expressing that particular receptor corverge onto
one or a few "glomeruli” inthe OB. The nearly 2,000 glomeruli inthe rat OB are
spherical knots of neuropil, about 50100 wm in diameter, which contain the incoming
axons of OSNs and the apical dendrites of the maininput-output neuron of the OB, the
mitral cell. Mitral axons leaving the OB project widely to higher brain structures
including the piriform cortex, hippocampus and amygdala. Lateral processing of the
message occurs through two populations of interneurens: periglomerular cells and
qranule ce
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Olfactory ' N Basegnem
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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
and thus no activation). Four odour compounds are depicted
with the specific array of receptors each would activate. Note
that there are best receptors (for example, red square), but also
other receptors that are able to recognize some feature of the
molecule (for example, any square) and would participate in the
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, butis likely to
undergo considerable revision as more data become available.
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Taste bud SENSCORY PROCESSES 383
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ste qualities  All transduction mechanisms except the IP, action in um glutamate, MSG) stimulates the taste quality umami {a savory or
| lead to depolarization, which spreads to the basal end of the cell meaty quality). Glutamate binds to a G protein-coupled receptor
d opens voltage-gated Ca’' channels to allow Ca®" entry and trans- (related to synaptic metabotropic glutamate receptors) to activate a
itter release. (a) For salt taste, sodium ions enter a taste bud cell phosphodiesterase (PDE) and decrease the concentration of cAMP. The
rough amiloride-sensitive cation channels, directly depolarizing the decrease in cAMP leads to an increase in intracellular Ca’* concentra-
ell.(b) In sour taste, either H™ ions enter the cell through amiloride- tion. fe) Bitter taste mechanisms can involve a G protein—-coupled
nsitive cation channels, or they close K™ channels to produce depo- receptor for bitter substances that acts via a G protein and phospholi-
rization. (¢) Sweet taste is most commonly mediated by the binding pase C to produce IP.. IP, liberates Ca** ions from intracellular stores,
fsugars to a G protein—coupled receptor, which acts via a G protein to  eliciting transmitter release without requiring depolarization. Other
ivate adenylyl cyclase and produce cyclic AMP. Cyclic AMP then acti-  bitter substances bind to K* channels and close them to depolarize

tes protein kinase A (PKA) to close a K™ channel (by phosphorylating the cell.
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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®’; B+, G-protein subunits B3 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




Sucrose  Synthetic

Figure 4 Molecules involved in the transduction of sweet taste. Two separate sweet
receptors are shown, but the possibility that one receptor activates both of the
transduction pathways' is not excluded at this stage. R, candidate receptor(s
AC, adenylate cyclase®"##”: cAMP, cyclic adenosine monophosphate®'; PDE,
phosphodiesterase, inhibitor W7 (ref. 89); CAM, calmodulin®; PKA, protein kinase A,
inhibitor H89 (ref. 89); PLC, phospholipase C*: DAG, diacylglycerol: Ins(1,4,5)Ps,
inositol-1,4,5-trisphosphate®’; PKC, protein kinase C, inhibitor bim

(bisindolylmaleimide)®. For crosstalk between pathways and effects of inhibitors

)?2—?5.
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Figure 2. Assays of feeding behavior.

(A) Two-choice preference assay.
Flies are first starved for a day and
then provided with the choice of two
chemicals, presented on a multi-well
plate at specific concentrations in an
agar medium. The two food sub-
strates also contain different tasteless
compounds that have intrinsic colors.
For example, sucrose might be added
in one half of the wells on a titer plate,
along with the sulforhodamine B dye
(red) and trehalose, along with an
erioglaucine dye (blue) on the other
half of the wells. The feeding is
carried out in darkness (to exclude
any influence of color preference) and
the abdomen of the flies is inspected
visually. The number of flies feeding
on either substrate (red or blue
abdomen) and both substrates
(purple abdomen) are used to deter-
mine the feeding preference index:
Pl (sucrose) = N(red) + 0.5N{purple) /
N(red)+N(blue)+N(purple). (B) Pro-
boscis extension reflex. This does
not measure feeding behavior, but
rather a reflex behavior associated
with feeding. Starved flies are narco-
tized and immobilized and then let to
awaken and recover. Upon satiation
with water, the forelegs of the fly —

Non-discriminating

Currant Biology

the GRNs — are stimulated with a chemical and the number of proboscis extensions are counted over a short period directly fol-
lowing the stimulation. The proboscis is usually withdrawn (top), but upon stimulation of the foreleg with a feeding stimulus (for
example a sugar solution), is frequently extended (bottom). The number of extensions is directly correlated with the attractiveness

of the stimulus.
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Figure 1 General features of mechanosensory transduction. A
transduction channel is anchored by intracellular and extracellular
anchors to the cytoskeleton and to an extracellular structure to which
forces are applied. The transduction channel responds to tension in the
system, which is increased by net displacements between intracellular
and extracellular structures.




Figure 2 C. elegans touch-receptor structure and
transduction model. a, View of C. elegans showing
positions of mechanoreceptors. AVM, anterior ventral
microtubule cell; ALML/R, anterior lateral microtubule cell
left/right; PVM, posterior ventral microtubule cell; PLML/R,
posterior lateral microtubule cell left/right. b, Electron
micrograph of a touch-receptor neuron process.
Mechanotransduction may ensue with a net deflection of
the microtubule array relative to the mantle, a deflection
detected by the transduction channel. Arrow,
15-protofilament microtubules; arrowhead, mantle,
Modified from ref. 3. ¢, Proposed molecular mode! for
touch receptor. Hypothetical locations of mec proteins are
indicated.
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Figure 3 Drosophila bristle-receptor model.
a, Lateral view of 0. mefanogaster showing
the hundreds of bristles that cover the fly's
cuticle. The expanded view of a single

bristle indicates the locations of the
stereotypical set of cells and structures
associated with each mechanosensory organ.
Movement of the bristle towards the cuticle of
the fly (arrow) displaces the dendrite and
elicits an excitatory response in the
mechanosensory neuron. b, Transmission

, , c Extracellular anchor (NompA)

electron micrograph of an insect mechanosensory
bristle showing the insertion of the dendrite at the base of e . =
the bristle. The bristle contacts the dendrite (arrowhead) s S T I -

] c A i
so that movement of the shaft of the bristle will be = g._ Extracellular link
detected py the neuron. ¢, Proposed molecular modgl of Non-adapting :';;: & Adapting
transduction for ciliated insect mechanoreceptors, with transduction < transduction

the locations of NompC and NompA indicated. channel channel (NompC)
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Figure 4 Inner-ear structure and hair-cell transduction a Semicircular
model. a, Gross view of part of the inner ear. Sound is

: - c
transmitted mrnugh the gxternal egr to the tympanic | Inner Stereocilia  Tectorial
membrane; the stimulus is transmitted through the middle hair cell membrane
ear to the fluid-filled inner ear. Sound is transduced by the Nerve
coiled cochlea. b, Cross-section through the cochlear fibres
duct. Hair cells are located in the organ of Corti, resting on =
the basilar membrane. ¢, Sound causes vibrations of the Y
basilar membrane of the organ of Corti; because flexible :' (5)
hair-cell stereocilia are coupled to the overlying tectorial el lolo/® No\e 0 0
membrane, oscillations of the basilar membrane cause o
back-and-forth deflection of the hair bundles. d, Scanning
electron micrograph of hair bundle (from chicken cochlea). Basilar Outer
Note tip links (arrows). e, Proposed molecular model for membrane  hair cells
hair-cell transduction apparatus.

Basilar membrane  Organ of Corti
e tl.',',?.-%h!.‘;:ui-i}ﬁ‘.,ﬁiit.‘;:iin!
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Box 2 Figure Hair-cell transduction and adaptation. a, Transduction and fast
adaptation. At rest (left panel), transduction channels spend ~-5% of the time open,
allowing a modest Ca** entry (pink shading). A positive deflection {middle) stretches
the gating spring (drawn here as the tip link]; the increased tension propagates to the
gate of the transduction channel, and channels open fully. The resutting Ca® flowing
in through the channels shifts the channels’ open probability to favour channel closure

ates close, they increase force in the gating spring, which moves the

bundle back in the direction of the original stimulus. b, Transduction and slow
adaptation. Slow adaptation ensues when the motor (green oval) slides down the
stereocilium (lower right), allowing channels to close. After the bundle is returned to

rest (lower Ieft]

qatmg 5pnng tenw{m is very low; adaptation re-establishes tension




Myolc

-

Actin
PMCA —
— Fimbrin
CaM — Espin
PCd1 5 _ ‘ o M_YD?H
Q% — — Harmonin

PKA

= X
l

|
Vezatin Cdh23

Box 3 Figure Schematic illustration of identified hair-bundle proteins showing
hypothetical locations of molecules implicated in stereocilia function. Myo7/a, vezatin,
Cdh23 and PKA may form the ankle-link complex. Pcd15 presumably also
interconnects stereocilia. Myolc may carry out adaptation, whereas PMCA maintains
a low Ca®* concentration. Actin, fimbrin and espin have structural roles; not shown is
DFNAT, which may help form the cytoskeleton. Calmodulin regulates several
enzymes within the bundle, including PMCA, Myolc and Myo/a.




Nocicepce — valmani bolesti

' Foot and mouth —an |
argument for analgesics.




Figure 2 Polymodal nociceptors use a greater diversity of
signal-transduction mechanisms to detect physiological
stimuli than do primary sensory neurons in other systems.
a, Inmammals, light or odorants are detected by a
convergent signalling pathway in which G-protein-coupled
receptors modulate the production of cyclic nucleotide
second messengers, which then alter sensory neuron
excitability by regulating the activity of a single type of
cation channel. b, In contrast, nociceptors use different
signal-transduction mechanisms to detect physical and
chemical stimull. Recent studies suggest that TRP-
channel family members (VR and VRL-1) detect noxious
heat, and that ENaC/DEG-channel family detect
mechanical stimuli, Molecular transducers for noxious
cold remain enigmatic. Noxious chemicals, such as
capsaicin or acid (that is, extracellular protons) may be
detected through a common transducer (VR1), illustrating
aspects of redundancy in nociception. At the same time, a

single type of stimulus can interact with multiple detectors,

as shown by the ability of extracellular protons to activate
not only VR, but also ASICs, which are also members of
the ENaC/DEG-channel family.
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Jak se energie mag. pole dostane ke kanalu?
A) Cestou mechanorecepce pres magnetitové castecCky/tyCinky




Jak se energie mag. pole dostane ke kanalu?
A) Cestou mechanorecepce pres magnetitova castecky/tyCinky

ﬂontové kanély




Jak se energie mag. pole dostane ke kanalu?
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Figure 1. Alignment of an earth-
strength magnetic field can alter the
reaction products of a biochemical
reaction that forms radical pair
intermediates (Ritz et al. 2000).
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*Pasivni — detekce napéti vznikajici svalovou a nervovou Cinnosti
*Aktivni — podoba se echolokaci

*Navigace
*Detekce kofisti g v kalnych vodach
*Komunikace

Lorenziniho ampule — zména potencialu otevira Ca2* kanaly a stimuluje
eflux mediatoru



1. Rozmisténi Lorenziniho ampul na téle rejnoka
druhu Raja faevis. V levé poloviné obrazku je
znazornéna dorzalni, v pravé poloviné pak ventralni
strana téla. \Vpravo nahofie je detail izolované
ampuly; dobfFe jsou viditelné receptorové buiky

na dné ampuly a senzoricky nerv. Podle: Raschi,

J- Morphol. 189, 225-247, 1986.
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