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Test ke zkousce

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

Priklad spravné odpovédi na plny pocet bodu:

A) Trijodtyronin a Tyroxin ze stitné zlazy zvySuji oxidacni déje v mitochodriich a tak i
metabolizmus, proteosyntézu, zrani, rust. B) Somatotropin (rustovy h.) z adenohypofyzy
zvySuje vyuzivani lipida a rust. C) Somatostatin z D bunék pankreasu sniZzuje vyuzivani
zivin (tlumi sekreci inzulinu a glukagonu, resorpci ve stfevé). D) Katecholaminy ze drené

nadledvin mobilizuji energetické rezervy, zvysuji svalovy vykon. Podobné E) kortizol

z kary nadledvin.
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Prehled kapitol:

Postaveni fyziologie mezi ostatnimi védami
Fyziologické principy

Homeostaza, adaptace a regulace

Obecna neurofyziologie

Pfemeéna latek a energii — metabolizmus
Teplota — jeji vliv a udrZzovani

Problém velikosti a proporci téla
Fyziologie pohybu

Funkce télnich tekutin

. Imunitni systém

. Cirkulace

. Fyziologie dychaciho systému

. Fyziologie traveni a vstiebavani

Exkrece a osmoregulace
Hormonalni fizeni

. Nervova soustava
. Specialni fyziologie smysli
. Blorytmy



Biologie zivocCichu

Definice zivého:

odvodime nejlépe z funkci -
dynamickych procesu, které neziva
priroda nema




Definice ziveho: odvodime nejlepe z funkci -
dynamickych procesu, které neziva
priroda nema:

Udrzovani organizovanosti a integrity, rozmnozovani.

Vyuzivani latek a energie z okoli.

Energie Informace

Informace
\ Energie




Je to fyziologie, ktera studuje funkce organizmu, tedy
projevy Zivota.




Fyziologie zivocichu -
kontext
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Srovnavaci pristup — vidi vyvojoveé a environmentalni
souvislosti




Na biologické vlastnosti se 1ze divat ze dvou hledisek:
» mechanisticke vysvétleni — jak to funguje (proximatni,
tradicni fyziologicky pristup)
 evolucni vysvétleni — jak se to vyvinulo, teleologicke
hledani ,,smyslu

Napft. svalovy ties




Na biologické vlastnosti se 1ze divat ze dvou hledisek:
mechanistické vysvétleni — jak to funguje (proximatni,
tradicni fyziologicky pristup)
evolucni vysvétleni — jak se to vyvinulo, teleologickée
hledani ,,smyslu

Napft. svalovy ties
ProtoZe znaky pravdépodobné vznikaji selekci, mluvi se o

nich jako o adaptacich — ty pomahaji zvysit
Zivotaschopnost.

Evolucni pohled nabizi teleologicka vysvétleni — hledani
,,logiky* véci. Odpovéd’ na otazku proc?
Vzdy ale maji néjakou minulost, kterd je limituje. Neni vZzdy




Z1ve organismus ma svou historii: je vysledkem milionu let
evoluce diky variabilité a prirodni selekci.
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Prostredi urcuje funkce

Reptiles, birds Mammals
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Morfologie a funkce
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Blackcap warbler

Chovani jako
adaptace

1 Different migratory routes of
blackcap warblers. Blackcaps living
in southern Germany and Scandinavia
first go southwest to Spain before
turning south to western Africa.
Blackcaps living in eastern Europe go
southeast before turning south to fly
to eastern Africa. Other members of
the species that breed in central
Germany fly in a westerly direction to
southern Britain, where they remain
for the winter.

~ . /“-/
Scahdinavia

Great %j

Britain '&1’

Germany Hungary







R{zna reSeni téhoz problému

(a) Human (Phylum Chordata) (b) Insect (Phylum Arthropoda)

Spimcie Tracheal system

(c) Land snail (Phylum Mollusca)

Lung
(mantle
cavity)

— Shell

Diaphragm




Velikost urcuje stavbu téla a funkce

(a) Meadow vole

In 1 week, the vole eats about
six times its body weight to
meet its energy needs,

\iz]:uh-.avum b ,W.
}&:}‘\J'ri"x W &@ Y . e | i -
M&.\Ww‘hﬂw Y
175 g

[ y () White rhino
These piles of
tightly packed
forage are sized

correctly relative ﬁf?%

to the sizes of ﬁ%

{‘:ﬂ""f"JL'L
the animals. %
e 2 anlimals J w'-._ﬁ#wﬁ'

650 kg

1900 kg

. .
The rhino, on the other hand, eats
only a third of its body weight in 1
L week to meet its energy needs.




Pomeér Povrch/Objem a maximalizace

povrchu

Surface area increases while
total volume remains constant

Total surface area
(height x width x
number of sides x
number of boxes)

6 150 750

Total volume
(height x width x length 1 125 125
X number of boxes)

Surface-to-volume
ratio 6 12 6
(surface area | volume)




Velikost limituje
funkce




Télesné proporce a nelinearni — allometricke vztahy.
Velky zivocich nemuze byt zvétSeninou malého.

izometrickée trojuhelniky




Mammalian carnivares as different |

N7 V., V/s 7/
CI m VetSI tl m fa) Species of carnivorous mammals in size as weasels, cheetahs, and
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Nejtezsi se dostanou nejdal

100 000 — Swimming ectotherms
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Téezkeho plavce stoji rychlost mene

5[ ’ 0.10 kg 1 kg

0.001 kg
0.001 kg
. 0.01 kg

Metabolic rate (W)

0 0.5 1.0 1.5 20
' Swimming velocity (m s™)




Udrzeni organizovanosti navzdory chaosu
-zakladni vlastnost zivych organizmd.
UdrZeni stalosti vnitrniho prostredi.

Energie Informace

Informace
\ Energie



Homeostaza, adaptace, regulace
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Mnohobunécnost — zivocich si nese ,pramore" s sebou
- moznost zivota v dalSich volnych nikach,
vetsi nezavislost.
- nutnost vzniku infrastruktury organizmu
- nutnost udrzby vnitrniho prostredi




Vznik organovych soustav u mnohobunécnych

- péce o stalost vnitrniho prostredi
Irkulacni ransportni
system — krev

Transportni
povrch —
zabra

Vnégjsi
prostredi

\
* Ledviny




Kontaktni rozhrani
musi mit velkou plochu

Brush border
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R{zné adaptacni strategie na zménu zivotnich podminek

a) UteC —,Vyhybaci*
b) Akceptuj - Konforméri
c) Vyreguluj - Regulatori

Volba strategie souvisi s télni stavbou a velikosti téla.




internal environment {l)

,Konformeri" a regulatori.

External environment (E)

'Conformer’, but some regulation at extreme
low E

'Reguiator’, but less efficient at extremes

Typical 'partial’ regulator, conforming in
relatively normal conditions but regulating
as conditions get more difficult

Essentially a conformer (parallel to E = | line),
but internal environment has constant excess
of measured variable

Regulator but unable to survive too much
change (starts to conform and then dies)

Mixed conformer/regulator: regulates
(approximately) above some species-specific
level




,Konformeri" a regulatori.

(a) Temperature conformity

rWhen a salmon enters a river from b
the sea, its body temperature
lincluding blood temperature)
changes if the river water is warmer

_or cooler than the ocean water..,

el \ T SRR T aln s
\

Blood temperature

.
P

Water temperature

(k) Chloride reg ulation

Blood €| concentration

r..,imt‘ its blood Cl -:tmm:em:r.:’itimﬂf~~
remains almost constant, even
though river water is very dilute

in CI™ and seawater is very
concentrated in CI°,

AT o e _R__.__ Sy LA A

-
.

Water Ul concentration




Celkova zivotni strategie zahrnuje mnoho faktort —
Neexistuje jediné univerzalni, idealni reseni

r-selection

Environment
Stability
Abiotic stress
Energy

Individuals
Body size
Lifespan
Maturity

Reproduction
Pattern
Generation time
Fecundity
Offspring
Parental care

Populations
Density
Stability
Range
Competition

Biotic interactions

Ovarview

Low
High
Low

Small
Short
Early

Semelparous
Short

High

Many, small
Absent

Fluctuating
Fluctuating
High

Low

Few, simple

Small

Rapid reproductive output

Colonists
Generalists

Iteroparous
Long

Low

Few, large
Common

High

+ Steady

Low
High

Many, complex

Large

Slow reproductive output
Climax communities

Specialists

Small orlarge
Long
Late

Either
Either
Low
Either
Possible

Low, or fluctuating
Fluctuating

Either

Low

Few, simple

Very varied
Usually slow
Simple climax
Specialists

—



R- stratég: vyssi dliraz na rozmnozovani a mobilitu potomstva, pricemz
kvalita a konkurenceschopnost je odsunuta do pozadi

- o A

“j;\'“-r;;flll"ftll.l:?%- &f-:_
K-stratég je organismus, ktery ve své zivotni strategii uplatnuje vyssi
dfraz na kvalitu a konkurenceschopnost potomstva (semen nebo
mladat), pficemz jeho kvantita a mobilita je odsunuta do pozadi.
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Figure 2-6 ® (a) A microarray chip. Thousands of DNA samples
are placed on a 1-cm square slide by robotics. These slides
are then bound by complementary DNA or RNA and visualized
using flucrescent markers. The location and intensity of the
fluorescent signal is analyzed by computer to establish which
genes are currently being transcribed and to what extent.

{b) A DNA microarray from DNA of a carp, hybridized with liver
¢DNAs from control animals (labeled green) and from animals
subjected to cold temperatures (red). Yellow spots indicate
genes with expressions equal in the two groups; green spots
are genes expressed moare strengly in control animals and red
spots are those expressed more strongly in cooled animals.
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% Virus with
® cloned gene

Bone marrow  Cells placed

cells extracted  in nutrient

from mice medium

VTr'dn sformed

cells

Infection
of cloned
gf!'[h’:?

Transformed cells
injected into recipient
animal to produce
desired protein

IMATTOW

cells . :
Cells in suspension

Genova terapie

DNA Specific probe identifies
solution

injected DNA

A
l l — Successful
ransplants
| Unsuccessful
DNA with Eggs are injected transplants
desired gene into foster mother
is microinjected
into nucleus 2

Isolated DINA from offspring
is gathered, digested with
restriction nuclease, electro-

) phoresed and blotted
Transgenni organismus



Regulace

irkulacni transportni
systém — krev

Transportni
y povrch —
zabra

Vnéjsi
prostiedi

system

Motoricky
systém

i

i
Somaticky nervovy sys.

Vegetativni n. sys.




Regulace

teplota

teplota
teplota

Kompromis mezi rychlosti a presnosti




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Poruchova
velidina

Regulovana
soustava

Regulovana
velicina

Ak{in_i
velidina

Ridici
velidina

———— Regulator

Komparator

Regulacni
odchylka




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Presnost regulace:

«ON-OFF
eProporcionalni
eAnticipacni




Shrnuti

Zivy organismus je vysledkem:
konkrétniho vyvoje

v konkrétnim prostredi

Urcité velikosti téla

Urcité zivotni strategie

napr. chovani, poctu potomkd ...




Shrnuti

Zivé organismy pracuji na sve ,udrzbe".
Koncept homeostazy umoznuje pochopit smysl| prace
organovych soustav mnohobunécnych.




Shrnuti

Negativni zpétna vazba je zakladnim typem
homeostaticke regulace




Udrzeni organizovanosti navzdory chaosu
- zakladni vlastnost Zivych organizmi

Energie Informace

Rovnovazny

Informace Energie
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Figure C Types of weak,
noncovalent bonds that
are important in protein
structure The bonds

are illustrated where they
stabilize a hairpin fold in a

Bilkoviny — flexibilni molekuly: protein molecule.
-pfenaseci signalu
a latek
-generatory pohybu
-regulacni enzymaticka aktivita M

Lo |
-jedineCnost vazby g
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Preklapéeni alosterické struktury po aktivaci, vazbé ligandu.




Plazmaticka
membrana

Bariéra mezi intra a extracelularnimi roztoky,
urcéuje pasivni a aktivni transport rozpusténych
latek (solutt). PFijima, pfedava a vede chemické
nebo elektrické signaly .

Jaderna
membrana

Bariera oddélujici jaderny obsah od cytoplazmy,
perforovana velkymi pory umoziujicimi
komunikaci difuzi.

Mitochodrie

Organely majici kromé ohranicujici membrany
jesté vnitfni membranové prostory.

Jde o ,generatory” vyuzZitelné energie — probiha
zde $t&peni Zivin za uvolfiovani H' iontd.
Koncentraéniho gradientu H™ na vnitfnich
membranach je vyuZito k tvorbé ATP.
Mitochondrie maji svou vlastni DNA.

Drsné
endoplazmatické
retikulum (ER)

Systém propojenych vackd a kanalku s ribozomy
na povrchu. Jsou mistem syntézy proteinu.

Hladke Navazuje na drsné ER, ale je bez ribozému.

endoplazmatické | Je mistem metabolizmu steroidd, transportuje

retikulum proteiny z drsného ER do Golgiho komplexu.

Golgiho komplex | Tvofen naskladanymi plochymi cisternami. Pfijima
produkty hladkého a drsného ER, modifikuje je,
koncentruje a obaluje membranami. Vznikle
vezikuly pak mohou byt sekretovany z bufky ven
exocytozou.

Lyzozomy Vezikuly obsahujici hydrolytické enzymy pro

intracelularni rozklad poskozenych organel nebo
fagocytovanych castic.




a) Prosta difuze

b) Usnadnéna difuze

c) Prostup iontovymi
kanaly

d) Sekundarni aktivni
transport

e) Primarni aktivni
transport




Prenasena
molekula
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Transportni
protein




a)

Ligand O

4 Prenasena latka

il |

Chemicky D (}\\//
vratkovany kanal O

Elektrochemicky
gradient

b)

PrenaBend litka QO O

Elektricky Depolarizovana
vratkovany kanal membrana O O

Elektrochemicky
gradient

c) Viakno

cytoskeletu O O

e © o G

Elektrochemicky
gradient




CATDUITYUT S B IULPS AV ey 3 PR e T EIRamasss r -
In'this hypothesized face, not the inner, cytoplasmic face (see Figure 2.1). These carbo-

secondary structure of the ;
entire protein molecule hydrate groups are thought to serve as attachment sites for extra-

each cylinder represents an cellular proteins and as cell recognition sites.
o-helix (see Box 2.1).

(a) Secondary structure (linear presentation)

Extracellular fluid

Hydrophilic ! The word fragment glyco refers to carbohydrates (after the Greek glykeros, “sweet”),
Cell amino acid Hydrophobic

membrane a-helix

Figure 2.4 The structure of a transmembrane protein—a voltage-
gated Na* channel—illustrating several modes of presentation

This molecule
consists of four

S L R - S e domains, each of

which includes six

Domain 1 Domain 11 Domain IT1 Domain IV
o-helices.
Cytoplasm
(b) Simplified three-dimen-  (c) Stylized version (d) Semirealistic (e} Schematic (f) Stylized version of
tional structure enclosed of chemical symbol symbol chemical structure
in a sketch of the envelope structure showing showing associated
of the molecule subunits protein molecules

Extracellular fluid

membrane I\ 1
For different purposes, the protein can be represented

in a variety of ways. A protein of this sort may be associated in the
membrane with other transmembrane proteins
(e.q., B) or peripheral proteins (e.g., 7).

Cytoplasm




Aktivni transport

Concentration

gradient
= (High)
ECF i G
ADP ICF (Low)
Phosphorylated Dephosphorylated
conformation Y . conformation X Direction of
ATP of carrier of carrier transport
— Molecule to be I
transported .
Step 1 Step 2
Phosphorylated conformation Y of carrier has Dephosphorylated conformation X of carrier
high affinity for passenger. Molecule to be has low affinity for passenger. Transported o hoSEh ety
transported binds to carrier on low- molecule detaches from carrier on high- SEER

concentration side. concentration side.




Lumen of No energy Cotransport carrier Luminal border

[ g intestine required
Sekundarni KRS - /r\ —
aktivni

transport

L he

—— Tight
! junction
e / — Na™K* pump
Epithelial cell lining r [
simall intestine :
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No energy A :
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dvojvrstva Vznikajici
vezikul
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Velke
castice




— C. Receptory zprostiedkovana endocytoza

i potazena jamka

receptor

klatrin

N
@ 6 hfgk—‘_’j’}i

casny endosorn

recyklace receptoru

5 3 membrany
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ligandu lyzosomy o q "




— D. Konstitutivni exocytéza
|1 aktivace ARF
v-SNARE

=4 L .

=

Golgiho trans-komplex

ARF-GTP

GOP

GDP

ARF-GDP
iina_!cti_vni]l

GTP

2 CDEItlt‘lg {:JpﬂtaEEV - {aktﬁfﬂl]

w 3 coatomery potazena

t-SNARE

QU

2 (oplasténa) vezikula  ARF-GDP
o / : (inaktivni)
\ i )
b S | 4 flze
" membrany
coatomer

membrdna

\

plazmatickd  gxiraceluldrmi

5 exocytdza

prostor




— E. Bunécna migrace
1 o] P

- s

£ ey
L

{podle A, Schwaba a spol)

T burika
ey =

a 0 min

(Foto: K. Gabiriel)

podlozka ‘_ mista

——

lamellivodium

adheze

Propojovaci
bilkovina

2

polymer aktinu

monomer aktinu

|—- profilin

(ztasti podla H. Lodishe a spol.)




Jednobunécny

Energie Informace

Rovnovazny
stav

Informace Energie
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Figure 2.7 Types of junctions betw
proteins that together form the por
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Tight junctions and septate
junctions occlude the
intercellular space between
two cells because not only do
the cell membranes meet or
fuse at such junctions, but
also the junctions form con-
tinuous bands around cells.
In tight junctions, the cell
membranes of the two cells
make contact at ridges.

A desmosome is
a localized spot
where the contact
between cells is
strengthened.

A gap junction is
a localized spot
where the cyto-
plasms of two cells
communicate
through tiny pores,
as symbolized by
the double-
headed arrows.




Bunka 1

=
===\

Bunka 2

Kanalek — konexon

Detail kanalku
tvoreného
6 podjednotkami




Epitelove
bunky

Transcelularni
transport

Paracelularni
fransport

———
@

'O

Prenaseny
substrat




(a} An epithelial cell Apical region of
cell membrane

[ The band of tight junctions
(septate junctions in many
invertebrates) goes completely
around each cell. It acts as a
fence between the apical region
of the cell membrane and the
basolateral region, which
includes the lateral parts of the
membrane below the tight

Tl L junctions and the basal part.

Basolateral region of cell
membrane

(b) Schematic representation of an epithelial cell
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Nabita membrana - Klidovy potencial

lont Koncentrace Gradient Rovnovéllinf(
Intracelularni | Extracelularni | Intra/Extra| potencial
Na® 12 mmol/I 145 mmol/I 1:12 +67 mV
K" 1955 mmol/I 4 mmol/l 39:1 -98 mV
Cl 4 mmol/l 123 mmol/I 1:31 90 mV
volny Ca”* | 10™ mmol/l 1,5 mmol/l | 1:15.000 +129 mV
fixni anionty | 155 mmol/l
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Na/K pumpa




Na/K pumpa

When open to the ECF, the carrier drops off Na* on its high-concentration side and picks up K* from its low-concentration side

o
o > o 4 ®

ECF

Dephosphorylated
conformation X of Na™-K’
pump has high affinity for
K* and low affinity for Na*
when exposed to ECF

Ab'/e. <A
O 3 40P, 4 » o

When open to the ICF, the carrier picks up Na* from its low-concentration side and drops off K* on its high-concentration side

Phosphorylated conformation Y
of Na*—K* pump has high affinity
for Na* and low affinity for K*
when exposed to ICF

ADP

4

ATP

. = Sodium (Na*) A = Potassium (K7) o = Phosphate




Vapnik — extracelularni iont, nositel signald

neuroaktivni latka
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Vapnik — extracelularni iont, nositel signald

— A. Regulace bunky ionty Ca*'
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(a)
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Central singlet

Dynein arms

Figure 2-27 # Internal structure of cilia and flagella.
(a) Schematic diagram of a cilium in cross-sectign showl
characteristic “nine plus two” arrangement of m

with the dynein arms and other accessory prote CYtOSkElet
micrograph of numerous cilia in cross-section.

(Source: Adapted from Molecular Biclegy of the Cell, Fig. 10-27, p. 585 by Brud
Dennis Bray, Julian Lewis, Martin Raff, Keith Roberts, and James D), Watscn. B
permission of Garland Science/Taylor & Francis Books, Inc.)
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Zivot v bunce — Animace komentovana
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F. Protein synthesis, sorting, recycling, and breakdown
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Prenos informaci
Mezibunécha komunikace a
signalova transdukce




Mezibunecha komunikace a
sighalova transdukce

C. Regulation of Cell Proliferation, Motility and Differentiation

Obecna chemorecepcni schopnost bunék
Komunikace ve spoleCenstvi bunék, rozeznani
poskozené nebo cizi bunky

Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli¢ k podstaté




Mezibunecha komunikace a
sighalova transdukce

A. Triggering and Development of Apoptosis

Obecna chemorecepcni schopnost bunék
Komunikace ve spoleCenstvi bunék, rozeznani
poskozené nebo cizi bunky

Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli¢ k podstaté




Mezibunecha komunikace a
sighalova transdukce

{
F, . - q
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Ovarialni teratom

Obecna chemorecepéni schopnost bunék
Komunikace ve spolecCenstvi bunék, rozeznani
poskozené nebo cizi bufiky

Signaly: diferencuj, proliferuj, syntetizuj, zemfi...

Porozuméni = kli€¢ k podstaté

Regenerativni medicinaa onkologie

Na jednu stranu chceme aby uz nerostly (novotvary)na druhou aby zase ro




Snimek 87

M1 Na jednu stranu cheme aby uZ nerostly (novotvary)na druhou aby zase rostly (nahrady)
MV; 13.10.2009



Chemicka struktura

Eikosanoidy — (prostaglandiny)

Plyny — (NO, CO)

Puriny — ATP, cAMP

Aminy — od tyrozinu (adrenalin, par. histamin)

Peptidy a proteiny — mnoho hormonu
neurohormonu

Steroidy — hormony a feromony
Retinoidy — od vit A

Zplsob predani signalu — jeden kli¢ a rGzné dverk




ZpUsob predani signalu — mezi burikami
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Zplsob predani signalu — mezi bunkami

b) Meuroendokrinni
a) Nervova ¢} Endokrinni d) Parakrinni e) Modifikovana
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Zplisob predani signalu — pres membranu
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{a) Ligand-gated channel (b) G protein—coupled receptor and associated G protein system

After binding to their ligand, G protein-coupled
receptors typically interact with two other cell-

Extracellular fluid Extracellular fluid membrane p[oteins_a G protein and an
. enzyme—to activate enzyme catalytic sites.
Ligand Na* :
\ ®© Activated
ﬂ ? /Ligand (first messenger) active site

G protein- G protein  Enzyme /- \

coupled Cwelic
rece}:}tor ATP A)i\/[]')
The catalytic activity of (second
Cell membrane KEY the enzyme produces messenger)
Cytoplasm cyclic AMP or another
In their typical mode of functioning, ligand-gated ;(t:::aitttiiﬁ ?:;ggcir?;f;le ol
channels open to permit ions to pass through, :
thereby altering membrane electrical charge, Cotlus
when they bind to their ligands. IR
{c) Enzyme/enzyme-linked receptor (d) Intracellular receptor

The ligand, in this case a

Extracellular fluid Extracellular fluid steroid hormone,
dissolves in and diffuses
Ligand (first Ligand through the cell
messenger) membrane.

In this relatively simple
example, binding with

the ligand activates a
catalytic site on the
same molecule.

Activated
active site

Cytoplasm

Activation of the Nucl b
; catalytic site inside the Nl SINEIORES
GTP iyl.fdlllf cell causes production of timplifiec). :
(second the second messenger
Cytoplasm messenger) cyclic GMP.

Intracellular ¥
receptor \

Nucleus

Figure 2.23 The four types of receptor proteins involved in cell signal-
ing (a) Aligand-gated channel.The particular example shown, a muscle
cell acetylcholine receptor, must bind a ligand molecule at two sites for
the channel to open. (b} A G protein-coupled receptor. Details of the
molecular interactions symbolized by double-headed arrows are dis-
cussed later in this chapter. (c) Enzyme/enzyme-linked receptors are
themselves enzymes or, when activated, interact directly with other
membrane proteins that are enzymes. One way or the other, binding

with the ligand activates an enzyme catalytic site inside the cell. The ex-

amnle chowwn ic tha atrial natrinratic nantida racantar which ic narticnlar

The activated = >
ligahe fexspter DNA ANAYANANY/
complex functions as

a transcription factor

inside the nucleus.




Univerzalni
mechanismy
signalizace

ecep-
tor
G- )
rotein Adenylat
/y cylaza
GTP aDP

ATP  Amp Na‘'Ca*

b) aktivace
enzymi

a) kanalova
propustnost

%‘ % Enzymatické pochody

ATP aADP Exprese genu

TR




Proteinkinazy

Pomaly synapticky prenos a fosforylace bilkovin

nalt. Na ¢etnosti a vykonnosti jednotlivych typu fon-

proteinkinazy

l

fosforylace proteinu

bunééng
jadro

iontove kanaly

fosforylovang _

burka
prijimajici
signal

PRINCIP PROTEINOVE FOSFORYLACE

Fostatova skuplna, pfedana napf. adenozintrifos-
fatem nebo guanozinirifosfatem, Je navazana na
proteln prostfednlctvim enzymu protelnkinaz,
|lchZ zname Fadu. Protelnové Sroubovlce &l ,,skla-
dané listky“ Jsou tvofeny amlnokysellnaml,
z nlchz tél (serln, tyrozin, treonin) |sou pro fosfo-
rylacl vyznamné. Ma]i volnou hydroxylovou sku-
pinu OH, na nlz se prostiednictvim protelnkinazy
navazu|e fosfat. Vyrazny zaporny nabo] neseny
touto fosfatovou skuplnou pozméni elektrické
pole v prostorovém uspofadani bilkovinného ,.klu-
bitka“ €1 ,valetku®, a tim zmé&ni | strukturu
a funkel protelnu. Jestlize |de o lontovy kanal,
muZe se na deléi dobu éasteéné uzavfit nebo ote-
viit. Jde-ll o enzym, zrychli se nebo zpomali ta
blochemlcka reakce, kterou enzym Katalyzu)e.
~Cestou zpatky“ Je defosforylace, o nlZ se sta-
ra]l enzymy fosfatazy (|sou-ll nablizku). O vyzna-
mu fosforylaci a defosforylacl bilkovin svédéf| to,
Ze za obecny vyzkKum protelnkinaz a protelnfos-
fataz byla uZ udélena Nobelova cena r. 1992 Ed-
winu G. Krebsovl a Edmundu H. Flsherovl (viz
Vesmir 72, 13, 1993/1). F. V.

3. P. Greengard zjistil, Ze poté, co neuropfenaseé (dopa-
min) stimuluje receptor umistény v membrané nervové buf-
ky. vzroste v cytoplazmé této buiky koncentrace molekul
druhého posla, napf. cyklického adenozinmonofosfatu
(cAMP). Jim aktivované proteinkinazy (klicové proteiny fos-
forylace) pak modifikuji nejriznéjsi proteiny, a fosforylova-
né proteiny méni funkce buiky. Mimo jiné maji vliv na &in-
nost iontovych kandld v bunééné membrané (rychly pfenos).
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Mezibunecha komunikace a
sighalova transdukce

A. Triggering and Development of Apoptosis

Obecna chemorecepcni schopnost bunék
Komunikace ve spoleCenstvi bunék

Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli€ k podstaté




Nabita membrana - Klidovy potencial

lont Koncentrace Gradient Rovnovéllinf(
Intracelularni | Extracelularni | Intra/Extra| potencial
Na® 12 mmol/I 145 mmol/I 1:12 +67 mV
K" 1955 mmol/I 4 mmol/l 39:1 -98 mV
Cl 4 mmol/l 123 mmol/I 1:31 90 mV
volny Ca”* | 10™ mmol/l 1,5 mmol/l | 1:15.000 +129 mV
fixni anionty | 155 mmol/l
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Obecna neurofyziologie
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Zakladni stavebni a funkéni plan nervové soustavy.
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Neuron a jeho soucasti
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Spoluprace s gliovymi bunkami.
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Koncentrace hlavnich iontd na membrané v klidu.

lont Koncentrace Gradient Rovnovéllinf(
Intracelularni | Extracelularni | Intra/Extra| potencial
Na® 12 mmol/I 145 mmol/I 1:12 +67 mV
K" 1955 mmol/I 4 mmol/l 39:1 -98 mV
Cl 4 mmol/l 123 mmol/I 1:31 90 mV
volny Ca”* | 10™ mmol/l 1,5 mmol/l | 1:15.000 +129 mV
fixni anionty | 155 mmol/l




Rozdilné postaveni Na a K
iontd

] Extracelularni
prostor

Intracelularni \

prostor Membrana




Akcni potencial

Horni zdznam odpovida prib&hu "nervového akéniho proudu”, tak
jak jej Bernstein naméfil r. 1868 a publikoval r. 1871. Na spodnim
zaznamu, ktery Bernstein publikoval v Elektrobiologii r. 1913, chybi
piekmit "akéniho proudu” do kladnych hodnot (priib&hy jsou
zaznamenany s opacnou polaritou, neZ na jakou jsme dnes zvykli).




Jak se dnes meri a jak vypada?

http://www.hhmi.org/biointeractive/vlabs/neu
rophysiology/index.html
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(a} Resting membrane potential

Extracellular
fluid

K'leak channel ~ Voltage-gated  Voltage-gated

K Na' channel K™ channel | Ena

Spoluprace kanalul pfi vzniku AP
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(b) Rising phase

(c) Falling phase

K* K™

(d) Recovery
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Sifeni podél membrany.
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potencial

Klidovy / Vzdalenost
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Obr. 17
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(a) Overview of vesicle recyclin
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Classical Kiss-and-run
In the classical pathway, the vesicular In the kiss-and-run pathway,
membrane completely fuses with the synaptic vesicles fuse to the
presynaptic membrane, then is membrane only at a narrow

retrieved by endocytosis. fusion pore.
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Receptor je soucCasti kanalu — ionotropni signalizace

nebo spojen s kanalem kaskadou signali — metabotropni signalizace

(a) Ligand-gated channel (b) G protein—coupled receptor and associated G protein system

After binding to their ligand, G protein-coupled
receptors typically interact with two other cell-
membrane proteins—a G protein and an
enzyme—to activate enzyme catalytic sites,

Extracellular fluid

Extracellular fluid

active site

Activated
/Ligand (first messenger) ive si

G protein- Gprotem Enzyme /- \\

coupled

e

Cyclic
receptor AMP
The catalytic activity of (second
Cell membrane KEY the enzyme produces messenger)
Cytoplasm cyclic AMP or another
T B o T Activating second messenger
In their typical mode of_fonct:om ng, ligand-gated hleraction . —
channels open to permit ions to pass through,

thereby altering membrane electrical charge, Cotolaa
when they bind to their ligands. R




Latkova signalizace na synapsi
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E. Ukonceni plasobeni transmiteru

pfijern zpét
mimo synapsi
o, — | e
phijem zpét == napf. gliovd
- <) bunka
inhibice
presynaptické Em:c?nézy.
konceni i :
SRR -'f unik difuzi
gh’.* gfa+
I |
autoreceptor ',_- ’j \y
B} -\_l }
wf J‘J ‘J
» -.J d T
._‘ u'l"
it 11 /

postsynaptickd P
burika //

: o N\

enzymatické odboura- ; .

g : rychla inaktivace

vani transmiteru : 3

kationtového kanalu _ _
{desenzitizace) internalizace
receptoru




Bunka 1

P

Vzacné i
elektricka synapse.

Bunka 2

Kanalek — konexon

Detail kanalku
tvoreného
6 podjednotkami

Intercellular
space —

Hydrophilic
channel — _

2.7 nm
space

Connexons == —

Plasma ——_ |
membrancs



N
LY\ g

Jak spolu neurony komunikuii. 2 NSEN glég :

" . Neurptransmitter
| Malecules
!}..




Dva druhy kanalu — dva druhy kédovani

Ligand

vratkovany kanal

Elektrochemicky
gradient

Prenagena latka

Elektricky Depolarizovana A
vratkovany kanal membrana




Smysl:

Vstup

Sc¢itani a analyza signalu
Plasticita NS

Vystup

EPSP

Dva druhy kédovani informace
Dalkové Sifeni — digitalné
Zpracovani - analogove

Vstup

Vystup EPSP+AP

3xEPSP=AP

V_’_._

Excitacni vstup

Inicialni segment
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Excitacni vstupy
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Inicialni segment
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Vstup

Smysl:

Zpracovani - analogoveé Vystup
EPSP

Vstup

Vystup

Casova sumace
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Excitacni vstup

Inicialni segment

Vystup

Excitacni vstupy
2 3

Inicialni segment

Vystup



Vstup

Smysl:

Zpracovani - analogoveé Vystup
EPSP

Vstup

Vystup

Casova sumace
Prostorova sumace
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3XEPSP=AP
—

Excitacni vstup

Inicialni segment

Vystup
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2 3
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Inhibiéni vstup
Nékteré synapse inhibi¢ni IPSP
Néktere excitacni

Facilitace

Excitacni vstup
Inhibice

Vystupy
EPSP
——ZSPTEPSP
[I Inicialni segment
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Neuronalni signalizace




Divergence, konvergence




Synapse vytvareji dynamickou sit’ spoju, zakladem reflexu.

Monosynaptické x Polysynapticke
Nepodminené x Podmineneé

Micha
Zadni kofen
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Predni kofen
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Synapticka plasticita zakladem paméti.




Pfrestavba dentritickych trnu




Obecna fyziologie smyslu

Co se déje ne membranach.




Svét smyslu — uloha mozku.
Paralelni drahy specializované na urcitou vlastnost (kvalitu).
V ramci drahy jesté specializace na konkrétni hodnotu.

Transformace

Akéni potencial

/

Receptorova burika

Transdukce
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Receptorova bunka prevadi energii podnetu na zmenu iontové propustnosti.

Elektrotonické Y
Akcni potencial Generatorovy <& SiTeEn rﬁeneptﬂrm?
J potencial potencial

_1J b,




Vlastnosti membrany jsou klicem pro transdukci.

Deformace
—




Intenzita podnétu a intenzita odpovedi.

Urovefi saturace
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Intenzita podnétu




Trvani podnetu a trvani odpovédi.

Diferencni receptor Proporcionalni receptor

Podnét
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Lateralni inhibice: vyssi rozliSovaci schopnost
zesileni kontrastu

a) b} \ystup na
Osvétleni sitnice i sluchovéem

R -

Lateralni
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fotoreceptord inhibice
viaskovych
bunék ucha

Vystup na
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