NEURALNI A BUNECNE PROCESY SMYSLOVE
TRANSDUKCE - JAK SMYSLOVE PODNETY
VSTUPUJI DO NERVOVEHO SYSTEMU.

A CO UZITECNEHO Z TOHO PLYNE?




Upozorneéeni na:

to, co se déje na membranach smyslovych bunék a jak mohou
smyslove podnéty zasahnout do metabolismu bunék.

Paralely se znamymi signalnimi drahami diferenciace, imunity,
apoptozy...

Spole¢né vyuzivané ,vyzkousené® funkce a vztah mezi studiem
chovani, smysltu a bunééné komunikace




Schopnost organizmu rozpoznavat i nepatrné zmény vnéjsiho prostredi

Vg VIV /S

zachovani zivota.

Selekéni tlak byl natolik silny, Ze schopnosti receptoru jsou ¢asto na samé
hranici fyzikalnich moznosti. Jednotlivé fotony, jednotlivé molekuly, pohyby
nanometrovych amplitud, nesmirné slabé elektromagnetické pole fascinuji

fyziology.

Vyzkum molekularni podstaty transdukcnich mechanismu chemickych
signalt, mechanickych podnétu, ale i napf. infraCervené detekce,
elektrickych poli nebo magnetického pole jsou vyzvami fyziologii s velkym
potencialem.




Vsech 5 pohromade




Vstup do NS, potreba rychlé motoricka reakce, kontakt s védomim.

Kontakt se svétem

Predpoklad nektere bunkx dokazou reagovat na ruzne formy energie
(chemické, mechanicke, elektromagneticke). Metabolicka reakce se pak
zobrazi jako zména elektrického membranového napéti.




Hranice smyslového a ne-smyslového signalu
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VEDOMI
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Klasické smysly propojené s kiirou, mechanismy ale stejné
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Kanaly v molekularni fyziologii smyslu

» Nervovy systém vsadil na elektricky predavané informace.

» Kanaly jsou odpovédné za regulaci membranového napéti a tedy klicove
pro vznik a pfenaseni nervovych signalu.

» Nervovy systém tedy ,vidi“ jen to, co zmeni kanalovou propustnost.

» Pro vstup do NS podstatné to, co se déje mezi receptory a kanaly
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1

acetylcholin vnéjsi ligan

(nikotinergni)
' GABA l

KliCova otazka: co se deje mezi
receptory a kanaly

intersticium | cytosol

lonotropni
transdukce — receptor primo na

kanalu

protazeni bune¢-
né membrany

4 intracelularni signalni
intraceluldrni latky
metabolity

TABLE 12.3 lonotropic and 0 reyeceptors: Structural, functional,

and mechanistic differenc

Characteristic lonotropic receptors Metabotropic receptors

R
Receptor molecule Ligand-gated channel recepto G protein-coupled receptor
Molecular structure Five subunits around an Protein with seven transmembrane
ion channel segments; no channel

Molecular action Open ion channel Activate G protein; metabolic cascade

Second messenger No Yes (usually)

Gating of ion channels Direct Indirect (or none)

Type of synaptic effect Fast EPSP or IPSP Slow PSPs; modulatory changes

(in channel properties, cell metabo-
lism, or gene expression)




TABLE 12.3 lonotropic and metabotropic receptors: Structural, functional,
and mechanistic differences

1

2
acetylcholin vnéjsi ligandy

(nikotinergni)
' GABA l

intersticium

cytosol

protazeni bune¢-
né membrany
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Mtraceluldrni signalni

metabolit

Characteristic

lonotropic receptors Metabotropic receptors

e
Receptor molecule

Molecular structure

Molecular action
Second messenger
Gating of ion channels

Type of synaptic effect

transdukce

Ligand-gated channel recept

G protein-coupled receptor

Five subunits around an
ion channel

Protein with seven transmembrane
segments; no channel

Open ion channel
No

Direct

Fast EPSP or IPSP

Activate G protein; metabolic cascade
Yes (usually)

Indirect (or none)

Slow PSPs; modulatory changes
(in channel properties, cell meta
lism, or gene expression)




lonotrponi a Metabotropni transdukce
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Kanaly — prostredek pasivniho transportu
udrzovani integrity bunky a komunikace
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Po ukotveni v membrangé se protein CFTR sloZité piizplisohuje — wybvari kanalky, ktenymi
mohou pfes membranu proudit chloridove ionty. ¥ cytoplazmatickeé £asti proteinu jsou tfi
regulaéni oblasti, které se podileji na uzavirani a otevirani poru. Kanalek se otevie jedingé
tehdy, kdyZ se na CFTR navaZou dve molekuly ATP a zaroven je fosforylovana treti

regulacni oblast. U mutovaného proteinu je jedna z oblasti vazajicich ATP intaktni a
membranovy kanalek se neotevira.



Uz jste se mimo NS potkali s kanaly? Do fetézct bunécné komunikace patfi.

— C. Regulation of Cell Proliferation, Motility and Differentiation
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Uz jste se mimo NS potkali s kanaly?

Vodni hospodarstvi je otazkou rizené propustnosti membran.

— A. Homeostasis of Volume and Electrolytes in the Cell
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Uz jste se mimo NS potkali s kanaly?

— B. Diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP;) as second messengers —

e.g. PIP, (phosphatidylino- ®
Messenaer binds sitol 4,5-bisphosphate) -7/
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Uz jste se mimo NS potkali s kanaly?

— E. Nitric oxide (NO) as a transmitter substance
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Uz jste se mimo NS potkali s kanaly?

— B. Necrosis

Hypoglycemia Hypoxia, ischemia
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Uz jste se mimo NS potkali s kanaly?

— A. Triggering and Development of Apoptosis
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SCHWAB ET AL.

Uz jste se potkali s kanaly?

a4 r L]

BunecCna migrace

%

o9

Retraction

FIGURE 2. Cell volume changes during cell migration. Cell migration is a continuous cycle of protrusion of the
cell front and retraction of the trailing end. This can be modeled as a cycle of isosmotic volume increase at the
cell front and isomaotic volume decrease at the rear end. This model is based on direct measurements of
volume changes in migrating cells (211, 515, 620) and on the subcellular distribution of the relevant ion
transport proteins and aquaporins. The malecular nature of the mechanosensitive Ca=* channels implicated
in this model is still elusive. The scheme illustrates how members of the "transportome” cooperate during cell
rmigration.




Kanaly tedy ridi pasivni transport latek i predavaji signaly:

Spolupracuji na udrzeni osmolality a membranového potencialu - nezbytny pro aktivni
transport.

Transporty konkrétné napr.: sekrece pankreatické stavy, Zaludecni Stavy, sekrece a
resorpce ve vyluCovani, resorpce ve streveé, osmoticka a pH rovnovaha,

Podili se na signalizaci i mimo NS: cela Ca signalizace, svalovy stah, bunécné signaly

Podili se na fizeni proliferace, migrace bunek, bunéné morfologie, karcinogeneze,
angiogeneze

Poruchy kanalu — napf. srdce, cysticka fibréza, vznik malformovanych metastazujicich
bunek.




Jak se kanaly zkoumaji?
TerCikovy zamek (Patch clamp) — vidime, jak kanal pracuje




Clone and sequence ~ —>» Deduce amino acid sequence

the gene

Jak se kanaly zkoumaiji? |

Amino acids
Hydrophylic

@ Polar/ionizable
(@B lydrophobic

@ Clycosylation site

Analyze aa sequence for:

analyza sekvence AK — I | e
Regions rich in hydrophylic

Prostorova rekonstrukce ze slozeni Long stchesc sons i n by
1ydrophopic aa s and In charged aa s

retezce. § Q
S

!

Membrane-spanning
o-helical portions

Glycosylation sites

Extracellular peptides

Intracellular and
containing sugars

extracellular peptide portions

Theoretical and Computational Biophysics Group
Beckman Institute
University of lllinois at Urbana-Champaign

Figure 1.10
Analysis of hydropathy and the folding of membrane proteins The amino acid

sequence of a membrane protein can be used to make inferences about protein
structure, as described in the text.




X ray krystalografie - vzhled




Mozna otazka



FOTORECEPCE - ZRAK
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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

Nejprozkoumanéjsi kaskada



../Kapitoly z Neurofyziologie/Videa/rhodopsin.swf
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Prosteticka skupina — chromofor nezbytna pro absorpci vyssich délek

Chromofor ve funkci ligandu, svétlo iniciuje




Drosophila jako uzite€ny model zrakové (a i jiné) transdukce:
Mimoradné zesileni — reakce na jediny foton

Nizky Sum ve tmeé (spontanni termalni izomerizace)

Siroka adaptace — rozsah az 108 (arestin, Ca)

Rychla terminace odpovedi

NejrychlejSi znama G signalni draha — 10x nez obratlovci (10Hz u Cloveéka)

Drosophila

SMC Rhabdomere

Current Biology



Drosophila jako uzitecny model zrakoveé transdukce:

Takova rychlost? PLC octomilky je jeden z nejvykonnéjSich znamych enzymu-
limitem je jen pfisun cGMP
Vykonnost transdukce omezena pouze difuznim pohybem v membrané.

, Outer segment cell
/ ¢

/ membrane

/

/ Disc membrane

/-

Rhaodopsin, Transducin cGMP phosphodiesterase
\ \
\

1] \ o ((\} protein) (3) \\

4] Na* channel

cGMP~—— cGMP,
= Na*
5-cGMP Nat | I

Light Cytoplasm

vated. @ The activated rhodopsin stimulates a G protein (transducin in
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, c¢GMP 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-

Figure 13.14 Phototransduction closes cation channels in the outer
segment of the photoreceptor membrane In the dark, the cation




Drosophila jako uzitecny model zrakove transdukce:

Difuzni model signalového prenosu x Signalplex, scaffolding proteins
Multimolekularni signalizaéni komplex zvysSuje rychlost a specifitu ,yozhovora“
TRP kanal (transient receptor potential) popsan u D.m. — viz dale




Drosophila jako uzitecny model zrakove transdukce:

Organizace proteinu signalplexu

v Case a prostoru — oddéleni, zhaseni
v odpovéd na svétlo

' _ Cell membrane
OOOIIK b oo00000N000 Figure 1| Phototransduction in Drosophila and

) the INAD complex. a, The five PDZ domains
},..}g RN AN 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 et al?
report that, in response to light, the PDZ5
domain of INAD undergoes a conformational
change. In the dark, PDZ5 is in its canonical,
reduced form, in which a groove between an
a-helix and a [3-sheet serves as a ligand-binding
site. After stimulation with light, the PDZ5

( (
'y

Light . :
—_— domain undergoes a conformational change to
P an oxidized state, whereby the formation of a
Dark disulphide bond between two cysteine residues
" P results in the unravelling of the a-helix and
o 3 Disulphide the distortion of the ligand-binding groove.
) bond o Following this conformational switch, the ligand
Reduced Oxidized

(arrowed) — putatively part of the PLC enzyme
— can no longer bind. (Adapted from ref. 2.)



Drosophila jako uzite¢ny model zrakové transdukce:

How does a light stimulus lead to the opening of TRP channels?
Surprising link between light-activated changes in membrane
tension and the opening of TRP channels

. Inner Increased
nght Extracellular leaflet. e memb.rane dTRP
‘ hydrolysis tension channel closed Open

Metarhodopsin

Rhodopsin Plasma membrane

Mechanical "
force

GDP

GTP PLC ‘

G protein e
& activation ‘ IP

) e Ca** and N*
cidification ;
Cytoplasm influx

12 OCTOBER 2012 VOL 338 SCIENCE
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The conclusion follows from a striking
observation that light causes a contraction

| o
'é@ — g >
GDP T GTP PLC
: activation . IP,

in the fly photoreceptors.

Hardie and Franze quantitate this
movement with atomic force microscopy
and show that it reaches a peak of =400

nm, with an onset that precedes the onset
of the phototransduction current.
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Drosophila jako uzitecny model
zrakove transdukce:

Takova adaptace?
Translokace TRP signalplexu —
mechanismus adaptace

na tmu a svetlo

(a) Ommatidia

;v_l
Rhabdom




Cim prispé&l vyzkum fotorecepce Drosophily do poznani buné&né signalizace?
Co je to signalovy komplex (transducizém nebo také signalplex) a jaky ma vyznam?
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Vsechny bunky umi Cichat !
Nejstarsi smysl

Konzervativni organizace
Podobnost s rhodopsinem
Jeden neuron — jeden receptor

Rozeznava tisice latek
1000 genl — 3% genomul!

Hypervariabilni
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RY PROCESSES 385

Figure 13.36 Olfactory transduction mechanisms in cilia membranes of olfactory neu-
f l‘;\_w( . rons (a) Many odorants act to increase cyclic AMP.The odorant binds to an odorant
|, B\ SoGion 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 depolarization. (b) Some olfactory responses increase IP,. 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
/ N\ Cilia of olfactors 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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Jeden neuron — jeden receptor — |
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Odorants Receptors ,
g Although there are some 1,000 ORs, detecting the enormous

EEE - - - repertoire of odours require; a combinatorial strategy. Most
odour molecules are recognized by more than one receptor
' M - - - (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
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
L - l—\j ‘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
py—

N \ shade of colour (black represents no colour or shape match
- and thus no activation). Four odour compounds are depicted

¥

Pattern of peripheral activation

]
- - with the specific array of receptors each would activate. Note
LT L LI
- - - that there are best receptors (for example, red square), but also
' U U other receptors that are able to recognize some feature of the
- AS - molecule (for example, any square) and would participate in the
- - j - | V_| Vo discrimination of that compound. In the olfactory bulb there
seem to be wide areas of sensitivity to different features (for
S example, functional group or molecular length). This model is
/ A A based on current experimental evidence, butis likely to
A undergo considerable revision as more data become available.

"‘ Témér neomezené mnozstvi kombinaci-distancni
| imunitni sst. (7?)
/ Specificka ,mozaika“ aktivace pro konkrétni vini

Olfactory Bulb
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SENSORY PROCESSES 383

Taste bud

Primy vliv G-prot. signalni draha
vlastné gustducinova
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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;. P, 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
ctivate adenylyl cyclase and produce cyclic AMP. Cyclic AMP then acti-  bitter substances bind to K* channels and close them to depolarize
ates protein kinase A (PKA) to close a K™ channel (by phosphorylating the cell.

igure 13.34 Taste-transduction mechanisms differ for different

ste qualities  All transduction mechanisms except the IP; action in
I lead to depolarization, which spreads 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
rough amiloride-sensitive cation channels, directly depolarizing the
[l:(b) In sour taste, either H™ ions enter the cell through amiloride-
nsitive cation channels, or they close K* channels to produce depo-
rization. {c) Sweet taste is most commonly mediated by the binding




VSimnéme si:
TRP Na kanal (viz dale)
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*

,-,9'/— glutamate- rushes in Sensory

rich foods nerve fiber
o v sends signal
to brain

O e
TrpM5 7’-!.,
channel *

Endoplas;mic 3
reticulum (ER) 7-=4 Purinergic

receptors

Pannexin
channel

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 (IP3) 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 e This intum
activates purinergic receptors on the sensory nerve fibers innervating
the taste buds, thereby sending a signal to the brain 0




TASTE IN THE GUT

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 THEGUT 7 ' Enteroendocrine cell

.%h i \_________'_‘__//
Q Speclallzed endocrine cells of the small Intestine, oNe /] = —— ,I -
known as enteroendocrine cells, display T2R bitter Insulin Y e
receptors on thelr cell membranes. When bitter ﬁ'ea::ge‘"m
compounds bind to the T2R receptors, the cells release Q )\ bloo e
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.

@ TI1R-class receptors on enteroendocrne celis lining the
small Intestine detect sweet substances and respond by
secreting the glucagon-llke peptide GLP-1. GLP-1 then travels to
the pancreas via the bloodstream, where It boosts the release
of Insulin from pancreatic B-cells, promoting the uptake of
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 GLUT2, which
facliitates the uptake of glucose from the Intestines.

= /
m GLP-IR

-t receptor

@ 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.

a
.




IN THE LOWER AIRWAY

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 0 Also in the
lungs, T2R receptors on ciliated
airway epithelial cells bind bitter

compounds, initiating the same

G protein-mediated pathway that

results in the release of Ca?* from

intracellular stores and therebyan | & N Calcium-
increase in ciliary beat frequency, i \ activated
which researchers suspect serves | _ potassium

to sweep irritants away from the y ‘f\ha"“e'
C:. surface of the cell (9. \b\__iv
Gichannel & o)
1 K+
Bitter Ly, rush out
= foods > R, Cilia on airway
Voltage- . g= & epithelial cells
gated ] &
’ calcium

Nerve | ? channel »

—fibers G A : N NN
; PR SN » J SN Ca* release

| p i = S G causes cilia
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TASTE IN THE AIRWAYS

Scientists have also recently identified the existence of taste
pathways in human airway cells, where they likely mediate defensive
responses to inhaled foreign and potentially toxic substances.

Airway
chemosensory cell

Na*
rushes in

ANDREW SWIFT FOR THE SCIENTIST, NOVEMBER 2011

Synapiic ROIBIONE

- vvesicle : : @ ®

Acetylcholine
y Ca2+

rushes in
IN THE UPPER AIRWAY
In the upper airways (nasal passages and trachea), T2R receptors
on chemosensory cells sense bitter compounds, releasing secondary
messengers that spur the release of Ca?* from the ER. The increase in
cytoplasmic Ca?* activates the TrpM5 transduction channel, allowing
the influx of Na* and the depolarization of the cell. This in turn activates
voltage-gated Ca?* channels, which permit even more Ca?* to flood into
the cell. This initiates the fusion of synaptic vesicles with the plasma
membrane, releasing the neurotransmitter acetylcholine to activate

nearby nerve fibers and induce protective reflexes such as sneezing Q M att ers o f t as t e




Kde jesté jsou mimo ustni dutinu v tele Cloveka vyuzity principy chutové
detekce?




CHUT NA TUCNE

« CD36 - receptor na lipidy (?), scavenger receptor, v metabolismu lipidu,
zanetu, hemostaze, ateroskleroze, rizeni tlaku, pri malarii sekvestrace Ery

extracellular

intracellular

http://www.scientificamerican.com/article.cfm?id=potential-taste-receptor


http://upload.wikimedia.org/wikipedia/en/b/bc/CD36-in-membrane.png

Metodika: Behavioralni chemorecepéni testy — nasati barvy, vysunuti sosaku, volba vané

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

Substrate 2

Current 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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Mechanorecepce muze pfimo fidit expresi bez zprostfedkovani kanalem
Napf. rast svall
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Figure 5.33 Control of gene expression by stretch receptors Some muscle
Cells sense the degree of stretch and respond by a cascade initiated by stretch receptors and
Culminating in changes in muscle gene expression.




... nebo uvoliovani chemickych signald fidicich srde¢ni €innost.

Mechanické napeti prenaseno na cytoskelet a mozna primo méni enzymatickou
aktivitu vazaného signalniho komplexu.

BEFORE STRETCH

Sarcolemma
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X-ROS signaling. In heart muscle cells, transverse tubule (T-T) membranes con-
tain voltage-gated Ca?* channels (VGCC, green). Influx of Ca?* through the chan-
nels generates signals that open RyR2 channels (blue) in the neighboring sar-
coplasmic reticulum (SR); the ensuing Ca?* release promotes cell contraction.
The T-T membrane also contains the NOX2 subunits p22 and gp91 (red). Before
stretch (A), NOX2 activity, production of ROS (red dots), and Ca?* sparks (blue
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Sarcolemma
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dots) are low. A moderate stretch (B) causes an immediate activation of NOX2 by
recruiting its requlatory subunits (p40, p47, p67, and racl) to the T-T membrane
via a mechanism that requires intact microtubules. The resulting increase in ROS
production sensitizes RyR2 to activation by Ca?*, presumably by changing RyR2
redox state, causing a burst of Ca?* sparks. Returning the cell to its initial length
returns X-ROS signaling to its initial state. [Figure adapted from (2)]



Tkanoveé specificka diferenciace: exprese pod mechanickym fizenim.
Cellular mechanosensation

Cells can both sense and dictate the physical properties of their microenvironment
while preserving the structural continuity within the surrounding tissue.
Consequently, tissues acquire stiffness optima as an emergent property of the
physical and biochemical interactions between their constituent cells. This
tensional equilibrium confers macroscopic compliance properties that are critical
for processes such as stem cell differentiation, embryonic development, and tissue
homeostasis.

Stiff nucleus Soft nucleus
Stiff environment Soft environment

P~ T %J'O:
F”T Nuclear tension
4 Lamin A Lamin A ¥

T Cytoskeletal tension l

T Extracellular l
matrix stiffness

Mechano-response. Tension from the extracellular matrix affects cytoskeletal tension on the nucleus. This affects the turnover
of lamin Ain the nuclear envelope, expression of LMNA, and stiffness of the nucleus.

DOI: 10.1126/science.1243643 Science 341, 965 (2013)
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Modelovy organismus hadatko

Figure 2 C. elegans touch-receptor structure and
transduction model. a, View of C. efegans showing
positions of mechanoreceptors. AVM, anterior ventral
microtubule cell; ALML/R, anterior lateral microtubule cell
left/right; PVM, posterior ventral microtubule cell; PLMUR,
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 b c Extracellular anchor

indicated. v (MEC-5)
Cuticle = - :

Neuronal
process

Transduction channel
(MEC-4, MEC-67,
MEC-10)

Extracellular link
(MEC-9)

,,,,,,,,,,,,

Stomatin-like
(MEC-2)

'.
Microtubule (MEC-7, MEC-12)



Modelovy organismus octomilka

Figure 3 Drosaphila bristle-receptor model.
a, Lateral view of 0. melanogaster 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

: 2 c Extracellular anchor (NompA)
electron micrograph of an insect mechanosensory /
i . . Z 5 /
bristle showing the insertion of the dendrite at the base of — o =
=W T H OO0 L1l =

the bristle. The bristle contacts the dendrite (arrowhead)

o

so that movement of the shaft of the bristle will be & = Extracellular link
detected l.)y 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)

. Adaptation
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Intracellular link—
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Mutanti byli necitlivi na dotyk. Podobné i mutanti drosophil. Larvy, které nebyly citlivé
na dotek, byly v dospélosti hluchymi mouchami s nekoordinovanymi pohyby. Princip je
zfejmé dosti konzervovany a obecny pro rizné aplikace mechanorecepce. Mutace se
tykaly kotev na jedné nebo druhé strané membrany nebo kanalu samotného. Kanal

opét patri do rodiny TRP.

Had’atko essay W



../Úvod do OB/C-elegans-responding-to-a-touch-stimulus[www.savevid.com].mp4

SavCi mechanorecepce sluchu

Figure 4 Inner-ear structure and hair-cell transduction
model. a, Gross view of part of the inner ear. Sound is
transmitted through the external ear to the tympanic
membrane; the stimulus is transmitted through the middle
ear to the fluid-filled inner ear. Sound is transduced by the
coiled cochlea. b, Cross-section through the cochlear
duct. Hair cells are located in the organ of Corti, resting on
the basilar membrane. ¢, Sound causes vibrations of the
basilar membrane of the organ of Corti; because flexible
hair-cell stereocilia are coupled to the overlying tectorial
membrane, oscillations of the basilar membrane cause
back-and-forth deflection of the hair bundles. d, Scanning

electron micrograph of hair bundle (from chicken cochlea).

Note tip links (arrows). e, Proposed molecular model for
hair-cell transduction apparatus.
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Mechanosensitivita TRP

Hadatko se nevyhybalo doteku,
ani skodlivym latkam

Drosophila hlucha a Spatné chodici
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a) Tenze membrany

b) Tenze kotvy cytoskeletu
c) Zmeéna aktivity enzymu
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Jaky je molekularni mechanismus mechanorecepce?
Kde se molekularni mechanismy mechanorecepce uplatnuji mimo klasické smysly?
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V pripadé zraku nebo Cichu potrebuji primarni neurony jediny druh stimulu.
Nocicepce je jina v tom, ze primarni neurony drahy bolesti maji schopnost detekovat
Sirokou Skalu modalit v€etné chemické a fyzikalni povahy. Musi byt tedy vybavena
rozmanitym repertoarem transdukcnich zarizeni.

Na rozdil od zraku chuti nebo Cichu nejsou nervova zakonceni pro bolest
lokalizovana v néjaké anatomické strukture, ale jsou rozptylena po celém téle, v kuzi,
svalech, kloubech vnitrnich organech.

Jsou ruzné typy vlaken, o kterych se predpoklada, ze vedou riznou rychlosti a
zprostfedkovavaji akutni, ostrou prudkou bolest a jina difuzni, pozdni bolest tupou.

Receptory jsou obvykle polymodalni, odpovidajici jak na teplotu, tak na mechanické
a chemické stimuly a na poranéni tkané. Odpovéd na horko je jednou
Z nejprostupovanegjsich bolestivych odpovedi.




Na rozdil od Cichu nebo fotorecepce polymodalita nociceptort — chemické, fyzikalni i
teplotni stimuly

Receptory jsou rozptyleny po celem tele

Figure 2 Polymodal nociceptors use a greater diversity of a
signal-transduction mechanisms to detect physiological
stimuli than do primary sensory neurons in other systems.
a, [nmammals, light or odorants are detected by a
convergent signalling pathway in which G-pratein-coupled
receptors modulate the production of cyclic nucleotide
second messengers, which then alter sensory neuron
excitability by requlating the activity of a single type of -.
cation channel. b, In contrast, nociceptors use different cGMP cAMP
signal-transduction mechanisms to detect physical and
chemical stimuli. Recent studies suggest that TRP-
channel family members (VR1 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 VR1, but also ASICs, which are also members of
the ENaC/DEG-channel family.

Odorants




Jste li u zubare a nechate-li si aplikovat anestezi, anestetika blokuji vSechny napétové
fizené sodikoveé kanaly. To zablokuje jakekoliv Citi a i motorické funkce. Nyni vSak byly
objeveny sodikove kanaly, ktereé jsou pouze v neuronech vnimajicich bolest. To je
vyzva pro farmaceutické laboratore, aby nasly ,kouzelnou kulku® selektivhé na ne.

TRPV1 kanal, ktery je oteviran kapsaicinem, nebo teplotami nad 42°C se vyskytuje
pouze na nociceptorech! Takze jeho blokada zpUsobi anestezii bez paralyzy.
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Varianta mechanorecepce-
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Varianta mechanorecepce-
Magnetit?

Johnsen, S. and Lohmann, K. J. (2008). Magnetoreception in animals. Physics Today March, 29-35.



Varianta mechanorecepce-
Magnetit?
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Figure 4. Evidence for magnetite-based magnetoreception. (a) The homing pigeon Columba livia provides some of the
best evidence. (b) X-ray image of the upper beak of C. Jivia, showing the three pairs of iron-containing areas and the
prevailing orientations of their neurons. (c) Stained section of the dendritic region in one of the areas. Dark areas are
iron deposits. (d) Schematic of & single neuron, showing the centrally located, iron-coated vesicle (light blue) and the dus-
ters of magnetite crystals (dark blue) alternating with rows of maghemite plates (red). (e) Hypothesized concentration of
magnetfic flux in a neuron and its effect on the position of one of the magnetite clusters. (f) Magnetite cluster pulling away
from a membrane, which bends and opens a mechanically stimulated ion channel. (Panel a courtesy of Andreas Trepte;
panels b—c adapted from G. Fleissner et al., Naturwissenchaften 94, 631, 2007; panels d-e adapted from G. Fleissner et
al., J. Ornithol. 148, 643, 2007; panel f adapted from |. Solov'yov, W. Greiner, Biophys. J. 93, 1493, 2007.)




7. Vlevo nahove je schéma oka obratlovce. Fotorecep-
’/’/'/’/’/'/'/’// tory jsou v riiznych &astech sitnice riizné orientova-
ny vii¢i magnetickému poli (orientace fotoreceptorti

znazornéna zlutymi, orientace magnetického vektoru
24 - - . ws . . v - ’ .
; \ cernymi Sipkami). Vlevo dole je pocitacova simulace
>

zrakovych vjemi modulovanych magnetickym polem.

ptaci oko 90°

sitnice

60°

180°

30°

150°
OO

120°

Vnimané vzory se méni v zavislosti na orientaci zvire-
te vzhledem k vektoru magnetického pole. Vpravo je
idealizovana predstava - tak néjak mlize ptak vnimat
krajinu, nad kterou leti. Podle: Ritz a kol., Biophys. ].
78,707-718, 2000.

Snimek pobrezi Sardinie © Stanislav Vanék.




Fotochemicky model zalozeny na reakcich

radikalovych paru.

D+A
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Spontanni oscilace meszéma stavy.

Posun v pravdepodobnosti vytezku reakce.
‘ Magneticka sila




Kryptochromy:

*Nejpravdepodobnejsi kandidati na
magnetoreceptor zrakove drahy.
*Signalni proteiny zvirat i rostlin, homologni

DNA fotolyazam.
*Soucasti biologickych hodin.




Kryptochromy:

Radikalovy par tvori FAD (akceptor e-) a tryptofan (donor e-).
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Kryptochromy:

http://www.ks.uiuc.edu/Research/cryptochrome/

Flavinovy kofaktor obsazuje molekularni kapsu kryptochromu a
tvofi radikalovy par [FAD™- + TrpH *], ktery se nachazi v
singletovém (25 %) nebo tripletovém (75 %) stavu.
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Setrvani CRY v aktivovaném stavu ovlivni signalizaci.



Je-li Cry fixovan na membranu
polokruhovité struktury a napojen
na zrakovou drahu, mohl by
vytvorit ,magnetické obrazce®.
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Solov'yov, I. A., H. Mouritsen, and K. Schulten. 2010. Acuity of a cryptochrome and vision-based magnetoreception system in birds. Biophysical Journal 99: 40-49.



retina

\

flavin

cryptochrome

Reakce je smerove specificka a nekteré receptory v polokruhovitée
strukture (nejspisSe sitnici) budou ovlivnény vice nez ostatni.

Solov'yov, I. A., H. Mouritsen, and K. Schulten. 2010. Acuity of a cryptochrome and vision-based magnetoreception system in birds. Biophysical Journal 99: 40-49.



Je-li Cry fixovan na membranu
polokruhovité struktury a napojen
na zrakovou drahu, mohl by
vytvofit ,magnetické obrazce®.




Jaké jsou mozné mechanismy magnetorecepce?
Co vite o kryptochromech?

Mozna otazka
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Lorenziniho ampule

Figure 1. Inductive magnetoreception. (a) Side view of a shark’s head, showing the
qrnpu”ue of Lorenzini e|r=c1'ton=c:=prnr1 [red dots) and |e||f-F|||t=d condum\ /e canals
[Jrqr |II"1E"'] The red lines are so-called lateral ||r|e1 used to detect vibrations in the
surrounding water. (Image courtesy of Chris Huh.) {b] Schematic showing two am-
pu||:=e with their eanals. As the shark swims east and into the page with a
its movement ¢ s the horizontal component of Earth’s field, B, causes a ve
electromotive force of magnitude vB,. Because the shark’s body and es pecially its
skin are |||g| ly resistive, the voltage drnp due to the current density pJ results in no
p-ofenh::| leeren:e prwePn the dorsal and ventral surfaces of the mal. The h'lgh
conductivity of the canals, however, results in |<:rg::- veltage drnp across the c1r'npu|
|ce. The thick black lines illustrate the electric field .:-UH(JUH(‘JIII(; and permeating the

shark. {Ad:::pfed from A. Ka mijn, IEEE Trans. Magn. 17, 1113, 1981.)




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

na dné ampuly a senzoricky nerv. Podle: Raschi,

J. Morphol. 189, 225-247, 1986.
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*Pasivni — detekce napéti vznikajici svalovou a nervovou Cinnosti
*Aktivni — podoba se echolokaci

*Navigace
*Detekce kofisti g v kalnych vodach nebo v noci
Komunikace

Lorenziniho ampule — zména potencialu otevira Ca?* kanaly a stimuluje
eflux mediatoru
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Objeveny v oku octomilky 1969
Univerzalni bunécné sensory zmén v okolnim prostfedi — slouzi i organismim
Evolucni specializace na zrak, €ich, chut, sluch, dotek, osmolalitu, teplotu, bolest.
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TRP superrodina je specificka tfida kanalu, které se oteviraji v odpovéd na celou
Skalu chemickych a fyzikalnich stimuld. Diky této Skale vratkovani, TRP kanaly
slouzi jako univerzalni senzory, které dovoluji burikam a celym organizmim
detekovat zmeny v jejich prostredi.

Beéhem evolucniho vyvoje doslo k pozoruhodné specializaci téchto bilkovinnych
komplexu tak, Ze mohou ménit svou konformaci vlivem rlznych chemickych

| fyzikalnich podnétt: mohou hrat roli pfi zraku, €ichu, chuti (sladka, horka a umami),
sluchu, doteku, osmolality, pH, teploty, bolesti od kvasinky a hadatka pres Drosophilu
k Clovéku. Tedy témer vSech prozkoumanych modalit.

Nékteré TRP kanaly jsou pfimo receptory, zatimco jiné jsou efektory vySe stojicich s
G-proteinem sprazenych receptort. Nékteré TRP kanaly funguji jako bunécna cidla,
ktera prevadéji zmény okolniho prostfedi na produkci druhych poslt uvnitf bunék,

a to pfedevsim vapniku, ¢imz dochazi k aktivaci nebo modulaci ¢innosti dalSich
receptordu.




Rdzné teplotni nastaveni
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Figure 2 Activation range of human and Drosophila thermoTRPs. Indicative
temperature range for activation of mammalian and Drosophila thermoTRPs
In heterologous expression systems. Note that TRPM8 and TRPA1 are
activatedupon cooling, whereas all other indicated channels are heat
activated.



Molekularni identifikace teplotné aktivovaného iontového kanalu TRPV1, ktery se
uplatriuje v pfenosu bolestivych podnétd na primarnich nociceptivnich neuronech,
vedla k prudkému zvySeni zajmu fyziologu o dalSi iontové kanaly této skupiny a diky
rozsahlym genomickym projektum ukazala existenci obecnych molekularnich
principu senzorické transdukce.

U Clovéka bylo dosud identifikovano 27 genu pro TRP receptory a jejich fyziologicka
uloha byla prokazana v souvislosti s nékterymi onemocnénimi, jako jsou poruchy
metabolizmu hofCiku (hypomagnezémie), polycysticka onemocnéni ledvin, nebo
mukolipiddzy (poruchy odbouravani glykoproteinu a jejich hromadéni ve tkanich).

Nékteré podtypy TRP receptort se nachazeji v nedrazdivych bunkach, jako jsou
napr. keratinocyty, ledvinny epitel a prostata.




Thus, snakes detect infrared signals through a mechanism involving radiant heating of
the pit organ, rather than photochemical transduction. These findings illustrate the
broad evolutionary tuning of transient receptor potential (TRP) channels as
thermosensors in the vertebrate nervous system.

Nature doi:10.1038/nature08943
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TRP kanaly: sensory
gasotransmiterovych
signalu

Gaseous effectors
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FIGURE 2 | A sensing mechanism for gaseous molecules linked to metabolic pathways. TRP channels mediate sensing mechanism for HzS, O7 (anoxia

hypoxia, or hyperoxia), NO, and COs.
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FIGURE 4 | Model for TRPC5-mediated feedback of Ca?t and NO guanylate cyclase, which leads to the activation of PKG in smooth muscle
signaling in endothelial cells and attenuation of Ca?t entry through cells. In the most prevailing hypothesis, the magnitude of continuous Calt
TRPC6 by NO in smooth muscle cells. Stimulation of G protein-coupled influx through VDCC, which critically determines the contractile status of
receptors (GPCRs) (such as the ATP-activated P2Y receptor) induces CaZt vascular smooth muscle cells, decreases and increases by membrane
influx and activation of eNOS as a consequence of binding of Ca’*-CaM and hyperpolanzation and depolarization, respectively. TRPCE likely functionsas a
release of eNOS from caveolin-1. TRPCE undergoes eNOS-dependent depolanzation (Ay)-inducing channel or a direct C82+—entry pathway,
S-nitrosylation after GPCR stimulation, resulting in amplified Cat entry and activated in response to receptor stimulation. The NO/cGMF/PKG

secondary activation of eNOS to amplify production of NO. NO diffuses out pathway suppresses TRPCE and VDCC activity to induce relaxation of
of endothelial cells into adjacent smooth muscle cells and stimulates the smooth muscle.




TRP v recepci lokalniho bunécného prostredi — bunécna signalizace

Tissue
Injury

Inflammatory Sou

@é} Oxidation

TRPA1 and TRPV1 function as polymodal signal integrators capable of detecting chemically diverse products
of cell and tissue injury. In doing so, these channels promote pain hypersensitivity by depolarizing the primary
afferent nerve fiber and/or lowering thermal or mechanical activation threshold.




TRP v recepci lokalniho bunééného prostredi — bunééna signalizace

Vazomotorika, transport tekutin pfes membrany, hormony, sekrece inzulinu.
Neurodegenerace pres oxidativni stres, kardiovaskularni nemoci, sensoricke
deficity, abnormalni reakce na bolest, gastrointestinalni, renalni,
neurodegenerativni poruchy, astma, onkologické a i psychiatrické poruchy.




Studium TRP kanall je zajimavé nejen pro jejich univerzalni roli ve smyslové
transdukci, ale i sméfuje k hlubSimu porozuméni mechanizmd, které se uplatriuji pfi
vzniku nékterych onemocnéni nervového systému a k cilenému hledani prostredku
pro jejich 1éCbu. Jejich studiem se blizime pochopeni Ca citlivych mechanismu Ca
regulace neexcitabilnich bunék jako je aktivace T bunék, rizeni apoptozy,
proliferace, sekrece a buneCné migrace.
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mechanismu k pfedavani signalu. Schopnosti bunék vidét,
slyset, Cichat se svymi mechanismy nelisi od schopnosti
regulovat vyvoj, zrani, diferenciaci, transport, metabolismus a
homeostazu. Studiem smyslovych schopnosti poznavame
obecna pravidla molekularni komunikace.

» Uloha bezobratlych jako modelu

- Uloha neuroetologie




