Obecna fyziologie
smyslu

Receptorové buriky jsou brany,
kterymi vstupuiji signaly do NS

Exteroreceptory x interoreceptory
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Kanaly v molekularni fyziologii smyslt

» Nervovy systém vsadil na elektricky pfedavané informace.

» Kanaly jsou odpovédné za regulaci membranového napéti a tedy klicové
pro vznik a pfenaseni nervovych signall.

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

» Pro vstup do NS podstatné to, co se déje mezi receptory a kanaly
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Receptorova burika prevadi energii podnétu na zménu iontové propustnosti.
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Receptorova burika prevadi energii podnétu na zménu iontové propustnosti
podobné jako se tvofi potencial na postsynaptické membrané.

1 Sensory signals 2 Motor signals 3 Muscle signals.

Stmulis Input  Integration Conduction Output Ingut  Integration Conduction Output nput  Integration Conduction
fians I tter

Aa
[ Actior Act
tecepior ootents) [potent
potental [ Racoptor |7 -
= fl\ poventis




Vlastnosti membrany a cesta signalu ke kanalu jsou kli¢em pro transdukci.

GMP
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Intenzita podnétu a intenzita odpovédi.

Logaritmicka zavislost je dobry kompromis mezi potiebou citlivosti a rozsahem.

Urovei saturace

—— B e

Intenzita vjemu

Intenzita podnétu

Trvani podnétu a trvani odpovédi.
Vétsina exteroreceptor( se v rizné mife adaptuje.

Diferencni receptor Proporcionalni receptor
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Smyslové drahy

« Paralelni drahy (co vidim se zpracovava oddélené od kde)

« Specializace analyzatord smyslové drahy (od jednoduchych rysti po
komplexni)

«  Uloha mozku integrovat do celku a interpretovat (zku$enost)

Chut




RGzné slozité transdukéni cesty 5 zakladnich chuti.
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Figure 6.3 (a) The figure shows the brushwark of sensilla at
the articulation of the second leg of the cockroach, Periplaneta
americana. The thick cuticle of the pleuron (pl) thins to a
delicate articular membrane and then thickens again to form the
cuticle surrounding the coxa (cx), the first segment of the leg
The brush of sensilla forms a hairplate (hp). From Pringle, 1938
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Smysl pro rovnovahu — Statocysta nebo kanalek

{a) Statocyst of a scallop (Pecten) (b) Statocyst of a crab
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Vlaskova burika — specialista na jemny pohyb
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Evoluce smyslovych poli tvofenych viaskovymi burikami.

Fish (Myxine) Frog Bird Mammal
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Cortiho organ: 25.000 viaskovych bunék ve dvou fadach
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Ta) A crows section theough the cochles

Sluchovy aparat savcu
Vnitfni ucho

Animace ear.

http://highered.mcgraw-
hill.com/olc/dI/120108/bio
_e.swf
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Zvukové viny zpUsobi posuny tektorialni a basilarni
membrany a tim i ohybani viasku.

— D. Stimulation of hair cells by membrane deformation

1 2
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Scala media

Tektorialni membréana - animace

Vyska ténu se promita do prostorové lokalizovaného maxima.
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Inverzni oko

Svétlo musi projit
prepojovacimi
dréahami nez dorazi k

recepéni membrané

— B. Retina: Photosensor distribution, sensitivity in darkness and visual acuity
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RGB ¢ipky, ale jen RG ve fovei. Ty€inky jsou velmi §tihlé 2-5um, ¢ipky v periferii 5-8
mm, ve fovei ale pouze 1,5 um.

14



Fototransdukce svételného kvanta na zménu potencialu
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Fototransdukce svételného kvanta na zménu potencialu
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Receptivni pole
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1 | H.“m ,Grandmother’s cells*

Na tvar selektivni buriky

IGURE 4.33  Cells in 11
caque monkeys are int
this case, the cell responds vigorously 10 a monkey.
face.and to some other stimuli that seem related. (Aftee
Gross, Rocha-Miranda, and Bender, 1972)
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Barevné vidéni zaloZzeno na rlizné absorbujicich pigmentech.
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Prostorové vidéni (co je blize a co dal) zalozeno na schopnosti
méfit odliSnosti v zobrazeni pravé a levé sitnice.

o
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DalSi metody konstrukce prostoru.
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Side view

Zrakova draha
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Z primarni zrakové klry dvé cesty: Kde draha a Co draha

Striato 1 ™M '.':‘Ml-hwl -
cortex (v1) — E|m) 2]
xuastiste  patway
Latoral goctenl &) conex
ST Interbiobs == -
ucleus - ~ V3 (dynamic shapes) - Temporal
Shapes Movements Extrastiate V4 (colours and shapes) - lobe (TE)
contex (v2) Extrastriate Vontral
cotey pothway

¢ lluze osvétleni — svételnad stalost

Hnéda ¢okoldda za jasného dne odrazi méné svétla ne? papir za 3era, ale stejné ji
vnimame jako tmavou.

Automatické predpoklady naseho vnimani
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Biologické rytmy
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Rytmické déje jsou pfirozenou souc¢asti funkce organizmu.

Predpovidaji pravidelné zmény bez ohledu na pfechodné
vykyvy denni nebo sezénni.

Rytmické déje jsou pfirozenou souc¢asti funkce organizmu.

Bez vnéjsich korelatl: nervové vzruchy, srdeéni rytmus, dechovy rytmus...
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Rytmické déje jsou pfirozenou soucasti funkce organizmu.

Bez vnéjSich korelatd: nervové vzruchy, srdecni rytmus, dechovy rytmus...

Negativni zpétna vazba je zdrojem kmit( — regulace homeostazy.

teplota
teplota

Rytmické déje jsou pfirozenou soucasti funkce organizmu.

Bez vnéjSich korelatd: nervové vzruchy, srdecni rytmus, dechovy rytmus...

Negativni zpétna vazba je zdrojem kmitd.
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S vnéj§imi korelaty:

Synchronizatory (Zeitgebery): Silné, slabé
24 hodinové, lunarni, anuaini
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Bez synchronizace se vnitfni rytmus rozejde s vnéjSim.
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Suprachiasmatické jadro a Fizeni motorické aktivity.
Po vyrazeni SCN se rytmus rozpada

) Lacation of the SCN (1) Loss offroe-running rhythms upon destruction of the SCN

Sopptal sction

Nurber of days
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Coromal secton
Cores
Figure 10.17 of
clock of mammals (a) The location of
o Optic chissm .0600.0%, M sby X

Molekularni hodiny a zpétnovazebna smycka synchronizovana svétlem.

LZeitgeber* — synchronizator, vétsinou fotosensitivni element

Core = ature,
.hﬁl"mim&

(8 Some aspects of the timekeeping mechanism in neurons
of the mammalian suprachizsmatic nuclei

a5 prateins—that act 03
Degative elements.

Products of breakdown.
of negative elements

ability of the CLOCK-
BMAL1

dimers to upregulate

24



Molekularni hodiny a zpétnovazebna smyé€ka synchronizovana svétlem.

[ Clock genes are
upregulated by
positive transcription
factors or other

Negative elements
impede production
or action of positive
elements.

positive elements. Positive
elements

E) Upregulated clock genes
produce products—such
as proteins—that act as

negative elements.

Negative elements are destroyed at

a fairly steady rate so that they do not
remain indefinitely. Their destruction
terminates step €3, permitting step @
to upregulate clock genes again.

Products of breakdown
of negative elements.
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igure 3. Schematic Representation of Light Input and Intercellular Signaling Mechanisms in the SCN
Main afferent pathways 1o the SCN rat. Crange arrows: photic input; blue amows: nonphotic input to the SCN; SHT, serotoniny DRN, darsal ra
ucleus: 1GL. loaflet; GABA, acid; GHT, tract; Ghu, ghamate; MRN, median raphe nuckus;

Jeuropeptde Y: PACAP, pruitary g peptide: AHT, reti tract; SCH, ruclel

fomaton about color and Shape to the tectum.
) Signal transduction pathways in the SCN. Light inpur to the s:u orange RHT synapse reieasing wmw (Glu, green), leadmg to kinase activation

a phase shif e synaptic cloft via gluta
werm\mn._._-._, i , puple dots) arglme vzsqusm u\vﬁ black dots}; gam(

y

A
ransmit light information. Rods (R): canes (Co); horizontal cells (H); bipolar cells (B amacrine cells (Am) and regular retinal ganglion cells (RGC) tran:

Iminobutyric acid(GABA, ri :
Joion potential: eAMP. cyelic adenasine-mono- phosphate: CRE. v mspﬂnsa element; CREB, CRE binding proteirs PKA, pm’lm iinase A (moddied *
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“Timing to Perfection: The Biology of Central and Peripheral
Circadian Clocks, DOI: 10.1016/.neuron.2012.04.006
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Molekularni hodiny a zpétnovazebna smyé€ka synchronizovana svétlem.

Clock-Bmal dimer
aktivuje transkripci per a
tim. TIM PER dimer
tlumi transkripci per a
tim

Svétlo rozbiji TIM PER
dimer  prostfednictvim
fotosensitivniho CRY1

DROSOPHILA

M\ [PervGry gene

Kinases:
€K1, 6SK3, CK2
m{ﬁ-ﬁ—
Core feedback loops in
Drosophila (A) and mice (B).

http://www.bio.tamu.edu/USERS/phardin/research.htm|

Ve zpétnovazebné smycce jsou pozitivnimi elementy transkripéni faktory CLOCK and
BMAL1. Ty dimerizuji a iniciuji transkripci genti Period a Cryptochrome. Negativni
zpétna vazba je zajisténa PER:CRY dimery, které translokuji zpatky do jadra, kde
potladuji svou vlastni transkripci pusobenim na CLOCK:BMAL1 komplex, kterému brani
v dimerizaci. Jina regula¢ni smycka je indukovana CLOCK:BMAL1 heterodimery
aktivujicimi transkripci jadernych receptorti Rev-erba a Rora. REV-ERBa and RORa
potom zpétné reguluji Bmal1 promotor.

Cytoplasm
Cyklujici faktory o m“: u‘“'" ~
fidi transkripci € 4 N o™
regulagnich Ccg ):;f T N @ -
gend. Ty zajistuji 7/ N @
downstream [/ e _cwoex \ )
efekty. [ € o — s
e — X *.o—

MYS

——— Clock outpul/

Riythmic Biologicol Processes
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Autoregulaéni smycce trva asi 24 hod ukonéit cyklus a tvofi tak zaklad molekularnich
hodin. Generovani ~24-h molekularniho rytmu je fizeno posttransla¢nimi modifikacemi,
jako je fosforylace a ubiquitinace. Tyto procesy vyznamné prispivaji k pfesnosti savéich
hodin tim, Ze ovliviiuji stabilitu a obrat klicovych hodinovych protein(.
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Figure 4. MEWBONC HEQUIATOTS ana
Circadian Clock Components

Pyt clock Qutput A scnematic representaton of the interactions
between metaboic input signals (yelow box) and
metabolc reguiators (yelow. orange) with clock
{Bhse box) components. of the pasitive Emb (green)

Heme _—— Bile acid and the negative kmb ired) of the circadian clock
A ——————— metabolism machanism in the Fver. Mataboic reguiaions

Glucose . Rev- y
@ W) 4 Kriippel-ike factor 10 (KLF10). the PPARs and
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i ~— RO actwty, wheh BMALY, PER?, and

4 PGC-12 protens. This leads to PGC-12-mediated

d = coactivation of Bmall expression together with

NAD/NADH (1] ROR. Deacetylated PER2 is marked by f-TRCP

L (F-Box prolein of ubiquin ligase complexes)

oy 2= ®8W' \ g S for degradation. Deacetylated BMAL1 {which can
al? § be acetylaied by CLOCK) kads o reduced binding

OMEeOStAsiS ool to E-boxes. The ratio of NAD'/NADH

moduates this binding, Oscilating PARP activity

‘ reguiated by an unknown factor modulates
GLOGK via ribosylation forangs tad). Liver kinass

B (LKB) phosphorylates AMPK when the AMP/

Adipogenesis TP ratio increases. Then. AMPK phosphorylates

a
i
o

& I == COIE CRY1, thereby targeting it for degradation by
vﬂw e FEXL3 (an F-box proten of ubauilin Iase com-

e
casore reseion

plexes). Interactions imvolving metaboic reguia:
2 Tors are representod b yosow rrows. Metabolc
i ; olpul | indicaled by the PERZPPAR and
‘MW”’_—‘——\_‘ Adaptive CRY/gucocoricond receptor (GR) complexes.
K8 = AMPK thermogenesis  (Purple arows). AC = acetyl group and p = phos-
phate group (modified rom Asher and Schibler,

2011}

Typel Typel+1i

nplificd representation of three molecular oscillators, based on their cryptochrome composi
el ahila) Lecmeeay 1oy | 1L 5N TTTPETI 0 deigha Tane 1L s Bedli
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the L oy ) L
A Tamaigiionst Tramiciption
seprenion Represiun
iz e o

Mus musculus %’
crase/

T. Merbitz-Zahradnik, E. Wolf / FEBS Letters 589 (2015) 1516-1529

Centralni a periferni
oscilatory

Figure 4 | Loops surreundad by loops: whole organism
Hations in by L

Intraceluler clock

9
1 1L i l the eells, ineluding th

i lock master, the
(SCN), and the peripheral organs such s the liver. The SCN,
how sess dditional i i

reg

that synchronizes individual newrons into a robust

pacemaker, which integrates environmental signals such

a3 light, governs the rhythmic behaviour and sends out

systemic cues to synchronize the whole body. By contrast,
suchas metabol

Centralni a periferni
oscilatory

Circ. hodiny jsou v
rliznych organech
odpoveédnych za fizeni
metabolismu a pohybu.

Master clock v SCN je
synchronizuje.

SCN a pinealni organ
citlivé na svétlo.

Stomach Adipocytes Adrenal

\\g b

Food
uptake

Muscle
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Synchronizace svétlem
monitorovanym zrakem nebo i

mimo zrakovou drahu (pineaini
organ)

-
Hypothalamus

| N \
alte W
Distal Tract Esophogeal

Corpus Callosum

Cerebellum

Brainstem

Foramen
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Vyznam hodin pro orientaci v prostoru

Orientovat se podle Slunce, znamena znat pfesny ¢as.
Solarni kompas vyuzivali mofeplavci a vyuzivaji Zivocichové

Chronobiologie
Chronopatologie

Pracovni vykon, u€eni soustfedéni, ale i
ucinnost Iéku zavisla na denni dobé.

Pfi konfliktu hodin nebezpeci poruch
spanku (jet lag), pfijmu potravy
(obezita, diabetes), psychiky,
onkologickych poruch...

Imbalanced and dysfunctional states
can lead to diseases like

metabolic syndrome, obesity, diabetes,
cardiovascular disease, cancer,
depression and sleep disorders.

Pocet chyb

1012 14 16 18202224 2 4 ¢ &

Cas
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lady testovacich otazek ke zkousce z Fyziolo,

literatura: skripta

1. Vysvétlete existenci klidového membranového potencialu. Zmiiite roli K* a Na*.

11.12. 2017

lad spravné odpovadi na plny pocet bodii: Hiavni roli maij ionty Na-, K, Ct-a fixni anionty
Priginy vaniku: A) Elekirogenni Na/K pumpa cerpd 2 K- dovni bufiky a 3 Na ven. B) P 4 ikova nizka, zavi
nedovolujiNat vracet se do Dunky Elekiricka pisobi sodiku. Draslikova vysokd,

blizko svému

2. Popiéte déje pH prenos varuchu mezi dvéma neurony pres synaptické spojeni.
Pikiad sprévné odpovedi nia piny pogel bodl: AP dora anld

Mediator & ot
e ‘ i es kaskad & MP). Vznikia 5 e
nového AP na inicidinim segmentu. Medidtor je ze Stérbiny odstranén enzymaticky nebo endocytézou

3. Jake Sou mozné adaptai strategie Zivocichii na zménu wnéjSich podminek? Charslerizueje.
P

Kad sprévne odpoveci nia piny poSel bodl: A e, Nt migrace, dapauza, n y § povrch)

majici i é i, B) Akceptuj. Zejména stredné velci s exoskels
nemohou prilis regulovat wmrm prostredl ale mohou prezivat mimo optimum. C) Vyreguluj. Velci Zivoéi é 2 i i
pros

4. Které hormony mohou ovliviiovat energeticky metabolizmus. Jmenujte hiavni z nich, zmifite misto sekrece a zpisob

pusobent.
Pfiklad sprévné adpovidi na piny potet bodi: A)Tiedyronina TyronzoStine 3y ni e taki
lipidi a rust. C) bunék
vyuZivéni Zivin (tumi glukagonu, P D) uji svalovy

wykon. Podobné E) kortizol z kiry nadledvin.
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