Sylabus pi‘ednasky — 230 Fyziologie Zivolichii a &lovéka Cast piednasena Daliborem Kodrikem

1. Nervova Cinnost
Neuron, jeho stavba a typy, gliové bunky a jejich funkce, sodno-draslikova pumpa, elektrochemicky gradient, vedeni nervovych vzruch,
ak¢ni potencial, sodné a draselné kandly, refrakterni perioda, akomodace, chemicka a elektricka synapse, mediatory, depolarizace a
hyperpolarizace, sumace, neuromodulatory, kodovani a integrace informaci na synapsich, divergence a konvergence, podminéné a
nepodminéné reflexy

2. Smyslové vnimani
Receptory a kodovani informaci, potencialy, adaptace, chemorecepce — ¢ich a chut’, vznik akcniho potencidlu v ¢ichové buiice,
mechanorecepce — vnitini a specialni mechanoreceptory, polohovy smysl, sluch, sluchova ustroji hmyzu a savci, vnimani zvuku,
fotorecepce, slozené oko ¢lenovcel, komorové oko obratlovei, opticky aparat, zakladni o¢ni vady, receptorové burnky — tyCinky a ¢ipky,
fotochemie vidéni, pomocné struktury oka

3. Fyziologické principy pohybu
Cytoskelet — mikrotubuly a filamenta, typy pohybu, struktura a funkce pti¢né pruhovaného svalu, sarkomera, aktin a myozin, mechanismus
svalové kontrakce, nervosvalova ploténka, svalovy stah, rigid mortis, motoricka jednotka, energie pro svalovou praci, kyslikovy dluh,
usporadani svald, typy svalovych vldken, vztahy mezi vydejem energie a pohybovymi parametry, zvlaStnosti svalt ryb, vyznam plynového
meéchyte pii pohybu ryb, hmyz — synchronni a asynchronni svaly, hladky sval, srde¢ni svalovina

4. Nervova soustava a jeji funkce
Nervové systémy zivocis$né fiSe, mozek hmyzu, CNS obratlovci a ¢lovéka — micha a mozek, funkce jednotlivych ¢asti mozku, retikularni
formace mozkového kmene, limbicky systém, neopallium a jeho funkce, somatotopicka organizace, lateralizace, nervové fizeni kosterniho
svalstva, pyramidalni a exptrapyramidalni drahy, vegetativni nervova soustava, integracni ¢innost CNS — reflexy, instinkty, u¢eni, pamét,,
biorytmy — bdéni a spanek, onemocnéni a poskozeni nervové soustavy, metody jejiho vySetfovani.

S. Endokrinni soustavy
Ridici systémy organismu, hormony a jejich funkce, chemické slozeni hormont, transport hormont, mechanismus ptisobeni hormonti —
lipofilni a hydrofilni hormony, receptory, cAMP a fosfolip4za C, inaktivace hormoni, hierarchie hormonalniho fizeni, hormonalni soustava
bezobratlych — korysi a hmyz, zakladni skupiny hmyzich hormont, hormonélni soustava ¢lovéka, hypothalamo-hypofyzarni soustava,
adenohypofyza a neurohypofyza, §titna zlaza — sekrece T3, T4 a kalcitoninu, pfistitna téliska a parathormon, brzlik, kiira nadledvin a
steroidni hormony, dfent nadledvin a katecholaminy, endokrinni pankreas — inzulin a glukagon, pohlavni hormony — testosteron, estrogeny,
progesteron, fizeni pohlavni ¢innosti, menstruacni cyklus, t€hotenstvi porod, laktace, endokrinni fizeni vybranych fyziologickych funkci,
hlavni skupiny tkanovych hormont
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Reflexni oblouk — zakladni stavebni a funkcni
jednotka nervové soustavy
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Obr. 4.12. Micha a reflexni oblouk ¢lovéka. Zakladnim projevem
nervové Sinnosti je reflex. Reflexni oblouk tvofi: receptor, aferentni
(sensoricka draha), centrum, eferentni (motoricka draha), efektor.
Interneuronti umoziujicich komplexné&jsi a slozZitéjsi reakce byva
vétsi pocet. Misni Seda hmota s tély neuronti je uloZena centralné,
bila - tvofena vybé&zky neuron(l - lezi periferné.
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Figure 4.2 Structure and function of a typical vertebrate motor neuron
Like other neurons, motor neurons can be divided into four functional zones.
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FIGURE 44-2

Types of vertebrate neurons.

A Sensory neurons (which carry
signals from sense organs to the
brain) typically have dendrites
only in specific receptor cells.

B The axons of many motor neu-
rons (which carry commands from
the brain to muscles and glands)
are encased at intervals by

Motor end
MOTOR NEURON plate

7
1 Schwann cells, as are some of the
axons of sensory neurons.
N C Neurons within the brain often
! / 1 \ BRAIN NEURON possess extensive, highly branched
/! - dendrites.
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Figure 4.19 The primary glial cells of vertebrates
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Figure 5-15 The Na*/K* pump contributes to Vieq IN tWO
ways. The major source of V. is diffusion of K* through the
membrane from inside the cell to outside, driven by the
unequal concentrations of K inside and outside the cell.

The pump indirectly contributes to the resting potential by
maintaining the high internal K* concentration. Because the
Na™/K™ pump transports Na* and K* in a ratio of 3Na: 2K,

it may also contribute directly to the resting potential by
removing a small net amount of positive charge from the cell’s
interior.

Sodno-draslikova
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Nernstova (A) a Goldmanova (B) rovnice

RT [i] ext
(A) Ei=—— In
FZi [i] int

E =rovnovazny potencial [mV], R = plynova konstanta, T = absolutni teplota, F =
Faradayova konstanta, Zi = oxidacni ¢islo (mocenstvi), i = K+, Na+ a Cl- ionty, [i] ext -
koncentrace iontu vné buiiky, [i] int - koncentrace iontu uvniti bunky

RT PK+ [K+] ext + PNa+ [Na+]ext + PCI- [CI-]int
(B) Ei=—— In
FZi PK+ [K+] int + PNa+ [Na+]int + PCI- [Cl-]ext

kde — P K+, P Na+, P CI- jsou koeficienty propustnosti
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Figure 5-25  Each K* channel is a complex of four
monomeric a-subunits plus associated B-subunits. (a) The
four a-subunits each span the membrane and are arranged
symmetrically around a central pore. Each monomer is
associated with an auxiliary B-subunit on the cytoplasmic face
of the membrane, which affects the functional properties of
the channel. (b) In most K* channels of eukaryotes (top), each
monomer includes six membrane-spanning helices as well as
intracellular and extracellular segments that link the
membrane-spanning regions. The membrane-spanning helix
54 (red) is thought to be important for sensing the
transmembrane voltage. A pH-gated bacterial K* channel
(bottom) has been shown to consist of four monomers, each
of which includes only two membrane-spanning regions
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Selectivity
filter
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(called S1 and S2) that are homologous to segments S5 and S6
of K* channels in eukaryotes. (c) X-ray analysis of the
bacterial K* channel reveals that the transmembrane pore is
lined by the transmembrane segments homologous to S6.
Each of the four monomers is shown in a separate color. The
selectivity filter consists of the sequences that link the two
membrane-spanning helices of each monomer, and it is so
narrow at one point that it accommodates a K* ion (central
purple sphere) only if the water of hydration has been
removed. (d) The entire bacterial K* channel is cone-shaped,
with the selectivity filter located closer to the extracellular
face of the membrane. [Part c adapted from Doyle et al.,
1998; part d adapted from Nelson and Cox, 2000.]
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http://highered.mheducation.com/sites/0072495855/student_view0/chapter14/animation__the_nerve_impulse.html

Sireni akéniho potencialu podél axonu
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Akomodace neuronu —
pomalé zvySovani
prahu, kdy je spustén
ak¢ni potencial

Current intensity

Time

Figure 5-18 When a neuron is subjected to subthreshold
stimuli of slowly increasing intensity, the threshold potential
increases. This phenomenon is called accommodation. In this
experiment, a ramplike stimulating current that was gradually
increased in intensity was passed into a neuron, with different
rates of rise on different trials (a—e). For the most rapid rate of
rise, the threshold was closest to the threshold potential in
response to a square pulse (a), in which the current’s rate of
rise is infinite. When the intensity of the stimulating current
increased more slowly, the intensity necessary to reach
threshold became larger (lines b through d). If the intensity of
the stimulating current rose sufficiently slowly, threshold was
never reached (line e).
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Figure 7.3 The structure of a vertebrate nerve
A nerve is composed of groups of axons from many neurons
surrounded by successive layers of connective tissue (the
endoneurium, perineurium, and epineurium).
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Obrazelk 12-55 Pfeména elektrického
signdlu v chemicky v misté nervového
zakon¢eni. Jakmile ak¢ni potencial
dosahne nervového zakonceni, otevie
elektricky ovladané Ca*'-kanaly

v plasmatické membrané, a tak umozni
vapenatym iontiim proudit do zakonc¢eni
nervové buriky. Zvysena koncentrace Ca**
v nervovém zakonceni stimuluje
synaptické vacky k fuizi s presynaptickou
membréanou, pri niZ se uvolni v nich
obsaZeny nervovy mediator do synaptické
Stérbiny.

Obrazelk 12-36 Pfeména chemického
signalu v elektricky s pomoci
mediatorem ovladanych iontovych
kanalti v synapsi. Uvolnény nervovy
medidtor se vaZe na chemicky regulované
iontové kandly v plasmatické membréané
postsynaptické buriky a otevira je.
Vysledné toky iontti méni membréanovy
potencial postsynaptické burky, a tim
prevedou chemicky signdl zpét do
elektrické podoby.
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Figure 5-27  The structure of voltage-gated Ca’* channels
is very similar to that of voltage-gated Na* channels. (a) The
a,-protein of voltage-gated Ca** channels includes four
sequential sets of six transmembrane helices that are
homologous to the transmembrane domains of voltage-gated

Na" channels. (b) Like other ion channels, voltage-gated Ca?*

channels typically associate with a set of smaller proteins
(designated by various Greek letters), which differ among the
different types of channels.
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Figure 6-29  Several identified molecules play a role in the
process of synaptic release. The release of neurotransmitter
depends on a series of events that take place in a predictable
sequence. Mature vesicles move up to active zones through a
process that depends on the cytoskeletal protein actin (step 1).
Vesicles are targeted to active zones by the presence of the
large protein complex sec 6/8 and reversibly tethered there by
another protein called rab (step 2). Tethered vesicles may
become irreversibly docked to the membrane if SNARE
proteins in the vesicle and in the plasma membrane form a
complex (step 3). A Ca*"-binding vesicular protein,
synaptotagmin, interacts with the SNARE complex to produce
rapid fusion between the vesicular and terminal membranes,
releasing neurotransmitter into the synaptic cleft (step 4).
[Adapted from Bajjalieh, 1999.]




Vlevo - déje po uvolnéni acetylcholinu do synaptické stérbiny (AChE —
acetylcholin esteraza), vpravo - nikotin acetylcholinovy receptor
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Figure 6-32  Nicotinic acetylcholine receptors at the
neuromuscular junction are transmembrane protein
complexes composed of five subunits. (a) Each subunit passes
through the membrane four times. The M2 transmembrane
domains of all five subunits in one receptor complex line the
pore of the channel and contribute significantly to the
selectivity of the channel. (b) Acetylcholine binds to the two
a-subunits, one molecule per subunit. The entry to the
channel from outside the cell is a broad funnel that becomes
narrower and bears a net negative charge toward the
cytoplasm, forming the selectivity filter, indicated by red
arrows. (€) When both ACh-binding sites are occupied, the
channel opens. Channel opening depends on a change in the
spatial relations among the five subunits, as shown by this
diagram of the channel at the level of the selectivity filter. The
blue and green circles mark identifiable locations on each
subunit to illustrate how the subunits change their position.
|Parts a and ¢ from Nelson and Cox, 2000; part b adapted
from Unwin, 1993.]
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Vlevo - déje po uvolnéni noradrenalinu do synaptické stérbiny (NE-
noradrenalin, MAO-monoamin oxidaza), vpravo — nasledny mechanismus
probihajici v postsynaptickém neuronu
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Obrazelk 12-37 Rozdil mezi signalizaci ve
vzru$ivé a tlumivé synapsi. Vzrusivé
(excitacni) nervové medidtory aktivuji
iontové kanaly, které umoziuji prichod
Na' a Ca™, zatimco tlumivé (inhibi¢ni)
nervové mediatory aktivuji iontové kanaly,
které umoznuji pricchod CI
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Obr. 4.10. Scitani postsynaptickych potenciald. Excitaéni synapse
membranu depolarizuji (EPSP), inhibi€ni hyperpolarizuji (IPSP).
O tom, zda na vystupu - na iniciainim segmentu — bude prekrocen
prah pro vznik AP, rozhoduje sc&itani t&chto mistnich potenciald.




Ta .4 A summary of neurotransmitters.

Neurotransmltter Receptor Receptor type Receptor locatlon Effect

P e e

Acetylchohne NICOtlnlC Ionotropic Skeletal muscles Excitatory
autonomic neurons, CNS
(central nervous system)

Muscarinic Metabotropic Smooth and cardiac Excitatory or
muscle, endocrine and inhibitory
exocrine glands, CNS

Ionotroplc

Glycme Inhibitory

Aspartate Aspartate lonotropic CNS Excitatory
Glutamate AMPA Ionotropic CNS Excitatory
NMDA Ionotroplc CNS Excitatory

mGlul 8 Metabotropic CNS Excitatory or
inhibitory
GABA GABA-A lonotropic CNS Inhibitory
GABA-B Metabotropic CNS Generally
inhibitory

Dbﬁamme Dopamine Metabotropic CNS Excitatory or

inhibitory
Norepmephrme a and B adrenergic Metabotropic CNS and peripheral Excitatory or
nervous system (PNS), inhibitory
cardiac muscle, smooth
muscle
Epmephrme « and B adrenergic Metabotropic Cardlac muscle smooth Excitatory or
muscle, CNS inhibitory

Generally
inhibitory

Metabotropic

. Enﬂorphins

Neuropeptide Y NPY Metabotropic CNS Excitatory or
inhibitory

Geﬁerally
inhibitory

Purine Metabotropic

Nltrlc 0x1de None N/A N/A N/A

e T R R SRR PRI 5 SRR
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Figure 6-9 At electrical synapses, pre- and postsynaptic
cells are electrically connected, permitting rapid signal
transmission between the cells. (a) Electron micrograph of
densely packed gap junctions in a plasma membrane. Each
“doughnut” in this micrograph is a complex of protein
subunits, called connexins in vertebrates, that form a pore
through the membrane, allowing ions and small molecules to
move across the membrane. In invertebrates, the subunits are
called innexins and appear to be different in molecular
structure. (b) In electrically coupled cells, the injection of
current into one cell elicits a potential change in both cells.
Usually, the coupling at electrical synapses is equal in both
directions. Injecting current into either cell A or cell B
produces a change in V,, in both cells, and the amplitude of
AV, is independent of the direction in which current was
passed. The change in V,, is larger in the cell into which
current was injected than it is in the coupled cell.
classic | (€) There are, however, asymmetric electrical

‘l"’i"] synapses, as illustrated by the giant electrical synapse

in the crayfish. (Top) An AP in the presynaptic axon

(A) is transmitted across the electrical synapse, bringing the
postsynaptic cell (B) to threshold and eliciting an AP with only
a small delay. This recording is a typical example of signal

20.pm transmission across an electrical synapse. (Bottom) At this
asymmetric electrical synapse, an AP in axon B fails to
produce a significant potential change in cell A. This type of
electrical synapse is said to be rectifying. [Part a courtesy of
N. Gilula; part ¢ adapted from Furshpan and Potter, 1959.]
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Obr. 149. A — Konvergence nervového vstu- axony z jinych neurond
pu. B — Divergence nervového vystupu, '

;'.._ . dendrity a ' dendrﬁy
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Obr. 4.11. Dva zakladni stavebni a funk&ni principy pfi vedeni in-
formace siti neuron(: a) divergence b) konvergence.
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Obr. 151. Diagram rekurentni inhi-
bice pomoci zpétné kolaterdly a Ren-
shawovy bunky. Excita¢ni a inhibiéni
synapse jsou oznadeny symboly -+
a —.
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