Obecna fyziologie smyslu

Co se déje na membranach.




Svét smyslu — uloha mozku.
Paralelni drahy specializované na urCitou vlastnost (kvalitu).
V ramci drahy jesté specializace na konkrétni hodnotu.
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Receptorova bunka prevadi energii podnetu na zmeénu iontove propustnosti.
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Vlastnosti membrany jsou klicem pro transdukci.




Intenzita podnétu a intenzita odpovedi.
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Smyslove drahy

* Paralelni drahy
» Specializace analyzatord smyslové drahy

» Uloha mozku integrovat do celku a
interpretovat (zkusenost)




Chemorecepce
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RuUzné slozité transdukéni cesty 5 zakladnich chuti.
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Mapa vuni — vzorec aktivovanych

Glomerull

Konvergence neprostorového parametru

na prostorovy

Antenna

Glomeruli :

Antennal lobe

Olfactory receptor
neurons

Inhibitory neurons

- Higher processing

v

cenftres

a * Olfactory

Odour molecules

Olfactory bulb
epithelium . -
Bhit
" : et
. et

Olfactory
Sensory

neurons .
\ Glomeruli
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.)
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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
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? X \ \ forces are applied. The transduction channel responds to tension in the
system, which is increased by net displacements between intracellular
and extracellular structures.



Darrmis Epidermis

Mechanoreceptors

Somatosensorické vnimani =

Towch; vibmtion
Ruapid adapantion
Myelinated nxan

Meissner corpuscle
Touech; vibruticn
Ruapid adapintion
Myelinated nxan

RKaffini corpusch:

Touch; pressure = — :
Slow adnpration i
Myelinated nxan

Merkel disk
Towch; pressurne
Slonw adupaation
Myelinaied nxan

Hair follicle receptor
Hatr displacnsnt

Puapid adapiation
Myelinated axon

Thermureceptors
Cold | smalber myelinaled axon)

Warm (unmyelinated axon)

Mociceptors
Rapid (zmealber myelinaied axon)

Show (ummyelinaled axon) =

NEUROBIOLOGY
Gary G. Matthews
Hlaciowel
Sconze




Somatosensorické vnim

tigure 3 Urosophiia bristie-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 mechanosensary organ.
Movement of the bristle towards the cuticle of
the fly {arrow) displaces the dendrite and
elicits an excitatory response in the
mechanosensory neurcn. b, Transmission
electron micrograph of an insect mechanosensory

bristle showing the insertion of the dendrite at the base of
the bristle. The bristle contacts the dendrite (arrowhead)
so that movement of the shaft of the bristle will be
detected by the neuron. ¢, Proposed molecular model of
transduction for ciliated insect mechanareceptors, with
the locations of NompC and NompA indicated.
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Figure 6.3 (a) The figure shows the brushwork of sensilla at
the articulation of the second leg of the cockroach, Periplaneta
americana. The thick cuticle of the pleuron (pl) thins to a
dEII:GE.T.E‘ 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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Vlaskova bunka — specialista na jemny pohyb
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Vlaskova bunka — specialista na jemny pohyb
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Periferni detektor sméru pohybu
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Statocysta

al Statocyst of a scallop (Pecten) (b) Statocyst of a crab
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Vestibularni aparat a sluchovy organ
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Sluchovy aparat savcu
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Sluchovy aparat savcu
Vnitrni ucho

Animace ear.

http://highered.mcgraw-
hill.com/olc/dI/120108/bio
_e.swf

(a) A cross section through the cochlea
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Vyska tonu se promita do prostorové lokalizovaného maxima.
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a) Ploché oko

Fotorecepce

k) Miskovite oko

(a) Retinal plate (b)) Eyecup (c) Camera eye (d) Compound eye
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Fototransdukce svetelneho kvanta na zmenu potencialu
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Fotorepce a chemorecepce — podobny princip
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Figure 13.13 Rhodopsin is a photopigment composed of two parts: retinal and opsin
{a) Chemical structures of vitamin A and of retinal. Vitamin A is shown both as a complete
structure (top) and as a skeleton structure (middle). Vitamin A is converted to retinal,
which has two isomers (11-cis and all-trans). (b) Three-dimensional structure of the pro-
tein (opsin) portion of vertebrate rhodopsin. Seven o-helical regions of the protein span
the membrane; retinal is attached to an amino acid residue within the seventh mem-
brane-spanning region.

Outer segment cell
/ membrane

/Disc membrane \

Rhodopsin Transducin cGMP phosphodiesterase
) o (G protein) 3}

] S O [l Na*channel
cGMP -—— cGMP,

5'-cGMP Nat

Cytoplasm

Animace rhodopsin.




Zrakova draha

Pigmentova

vrstva
ROATE
Membranoveé Tycinky Clpky
disky

(00000 0008 D00

7

g8 | &
. Mitochondrie
Jadro

& & Horizontalni
bunky
[ [
5 Bipolarni
g J i bunky

Amakrinni
¢ bunky

Gangliové

Axony zrakového bunky

XX W

nervu

E—




Zrakova draha

Side view

Sbrinte cortex
{primary visual corfex )

Laternl gemiculate
nuclews of thalamus
{in mmidbrain




Biologicke rytmy




Rytmické déje jsou pfirozenou soucasti funkce organizmu.

Predpovidaji pravidelné zmény bez ohledu na prechodné
vykyvy.




Rytmické déje jsou pfirozenou soucasti funkce organizmu.

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




teplota

Rytmické déje jsou pfirozenou soucasti funkce organizmu.

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

Negativni zpétna vazba je zdrojem kmitl — regulace homeostazy.
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? - \ \ Plicni tkan

Rytmické déje jsou pfirozenou soucasti funkce organizmu.

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

Negativni zpétna vazba je zdrojem kmitl — regulace homeostazy.
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Rytmicita s vazbou na prostredi
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S vnéjSimi korelaty:

Synchronizatory: Silné, slabé
24 hodinové, lunarni, anualni




18.00

_ 6.00 12 00 18 00 24 00 6 00 12.00
C
‘T ~Aktivita Spanek
s || —
o " |
Z l
175

|
sz O]
S5 /T =
- 9-- [
N &
% ~— 111 |

R —— =

Dny | 12h posun Casu ve 12 dnech: cirkadianni

perioda 25 hodin

Bl \ N\




(U Jad suonnjoaal |aaym)
AuA1oE Jojowoso

v wvrs

Jak se méfi?
Béhaci kolo (mlynek)

Day of recording




ktivity

€ a

torick

r

rizeni mo

a4

4

Suprachiasmaticke jadro a

{b) Loss of free-running rhythms upon destruction of the SCN

{a) Location of the SCN

destroyed

SCN

——
1

e | ]
"a® = IMII Hgl= |
| 1 I 1 | 1 I 1 1
— ([g] = [Ip] = Ly = Ly =
=) — [aY] ] o5 o =H
sAep JO TaquINN
g
= g bt
c = z
J = £
b (5}
/ B ¥
&
(1]
S, /
=
g 5
= b=
: ;
i = =
[ = o
= = g
- =
%o 2 S
3 &)
Y &
= =
% oF

48

Number of hours

(a) The location of the SCN in the ventral hypothalamus, above the optic chiasm

Figure 10.17 The suprachiasmatic nucleus in the hypothalamus of the brain is the major circadian

clock of mammals
(the crossing of the optic nerves). The sagittal section shows a side view near the midline (anterior to

the right). (b) A free-running circadian activity is lost following destruction of a mammal’s SCN.
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Molekularni hodiny a zpétnovazebna smycCka synchronizovana svetlem.

— A. Circadian rhythm generator in suprachiasmatic nucleus (SCN)

1 Genetic feedback
loop in SCN cells CL,?CK .
(oscillator) PAS moti "
BMALT ‘ PER2 @ X

Translation
Transcription

Al
w%

E-box

‘J per3
4 Effectorsystems

in CNS

Intracellular | -
Cl- concentration | °

2 Zeitgeber Membrane Hypo? <
Bright |ight POtE“t'aI tha:'amus

!
v l \ /

Core
Melatonin temperature
secretion 5

Circadian rhythms of:
7 — CRH secretion
— Core temperature

3 Coupled '
oscillators in SCN M - Sleep-wake cycle (see ?)
etc.




Molekularni hodiny a zpétnovazebna smycCka synchronizovana svetlem.

Current Opinion in Genetics & Developmant



Clock genes are
upregulated by
positive transcription
factors or other
positive elements.

Negative elements
impede production
or action of positive
elements.

(b) Some aspects of the timekeeping mechanism in neurons
of the mammalian suprachiasmatic nuclei

REV-ERBa protein

interferes with
production of
BMAL1 protein.

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 €, permitting step @
to upregulate clock genes again.

Products of breakdown
of negative elements

( Complexes of PER and )
CRY proteins block the
ability of the CLOCK-
BMAL1 protein hetero-
dimers to upregulate
the per and cry genes.
They also have other
effects, as described in

the caption.
A >

The protein
complexes are
targeted for
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then degraded.
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Figure 4 | Loops surrounded by loops: whole organism
oscillations in humans. Intracellular clock regulation,
which consists of multiple interlocking transcriptional and
translational loops, exists in all the cells, including those
located in the clock master, the suprachiasmatic nucleus
(SCN), and the peripheral organs such as the liver. The SCN,
however, possesses an additional intercellular requlation
that synchronizes individual neurons into a robust
pacemaker, which integrates environmental signals such
as light, governs the rhythmic behaviour and sends out
systemic cues to synchronize the whole body. By contrast,
small molecules such as metabolites and hormones may
feed back to reaulate the perioheral and central clocks.



Synchronizace svétlem
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Piiklady testovacich otazek ke zkouSce z Fyziologie zivocichi
http://www.sci.muni.cz/ksfz/texty/fyztest.htm
Z&kladni studijni literatura: skripta Srovnavaci fyziologie zivocicht

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

PFiklad spravné odpovédi na piny po€et bodu: Hiavni roli maji ionty Na*, K*, CI- a intracelularni fixni anionty bilkovin. Klidovy potencial je asi —90mV.
PFiciny vzniku: A) Elektrogenni Na/K pumpa Cerpa 2 K* dovnitf buriky a 3 Na* ven. B) Propustnost membrany — Sodikova propustnost je nizka, zaviené kanaly
nedovoluji Na* vracet se do buriky. Elektricka i koncentracni sila pusobi vysokou hnaci silu sodiku. Draslikova propustnost je vysoka, jeho elektricka a
protichtdna koncentracni sila se vyrovnavaji — je blizko svému rovnovaznému potencialu.

2. Popiste déje pri prenosu vzruchu mezi dvéma neurony pres synaptické spojeni.

Priklad spravné odpovédi na plny pocet bodU: AP dorazi na synapticky knoflik. Depolarizace zpUsobi otevieni napétové vratkovanych Ca kanal(.
Narust intracelularnino Ca2* vyvola pfesun a exocytdzu vezikul s mediatorem do $térbiny synapse. Mediator se navaze na receptory postsynaptické membrany.
Zde se otevrou kationtové kanaly (pfimo nebo pies kaskadu G-protein — adenylat cyklaza — cAMP). Vznikla depolarizace zvysuje pravdépodobnost vzniku
nového AP na inicialnim segmentu. Mediator je ze Stérbiny odstranén enzymaticky nebo endocytézou.

3. Jaké jsou mozné adaptacni strategie zivocichii na zménu vnéjSich podminek? Charakterizujte je.

Priklad spravné odpovédi na piny pocet bodu: A) Ute&. Napf. migrace, diapauza, encystace. Zejména malé organizmy (relativné velky povrch)

s mékkym télem nemajici izolaéni nebo regulaéni mechanizmy nemohou aktivné Zit v nevhodném prostiedi. B) Akceptuj. Zejména stfedné velci s exoskeletem
nemohou pf¥ili§ regulovat vnitini prostfedi, ale mohou pfeZivat mimo optimum. C) Vyreguluj. Velci Zivo€ichové mohou udrZet konstantni optimalni vnitfni
prostiedi.

4. Které hormony mohou ovliviiovat energeticky metabolizmus. Jmenujte hlavni z nich, zminte misto sekrece a zplisob
pusobeni.

PFiklad spravné odpovédi na piny po€et bodu: A) Trijodtyronin a Tyroxin ze §titné Zlazy zvy3uiji oxidaéni d&je v mitochodriich a tak i metabolizmus,
proteosyntézu, zrani, riist. B) Somatotropin (rdstovy h.) z adenohypofyzy zvysuje vyuzivani lipidu a rast. C) Somatostatin z D bunék pankreasu snizuje
vyuzivani zivin (tlumi sekreci inzulinu a glukagonu, resorpci ve stfevé). D) Katecholaminy ze dfené nadledvin mobilizuji energetické rezervy, zvySuji svalovy
vykon. Podobné E) kortizol z kiry nadledvin.

Bl \ N\



