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Biologie zivocichu

e Anatomie a morfologie (cytologie,organologie)
¢ Fyziologie

e Ekologie

e Etologie

e Genetika

e Molekularni biologie

e Taxonomie
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Z ceho studovat?
Chodit na prednasky?
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Prehled kapitol:
Postaveni fyziologie mezi ostatnimi védami
Fyziologickeé principy
Homeostaza, adaptace a regulace
Obecna neurofyziologie
Problém velikosti a proporci téla
Teplota — jeji vliv a udrzovani
Preména latek a energii — metabolizmus
Cirkulace
Fyziologie dychaciho systému

. Funkce télnich tekutin

. Imunitni systém

. Fyziologie pohybu

. Fyziologie traveni a vstrebavani
. Exkrece a osmoregulace

. Hormonalni rizeni

. Nervova soustava

. Specialni fyziologie smysl{




Test ke zkousce

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

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, rlst. B) Somatotropin (rlistovy h.) z adenohypofyzy
zvysuje vyuzivani lipidd a rlst. C) Somatostatin z D bunék pankreasu snizuje vyuzivani
zivin (tlumi sekreci inzulinu a glukagonu, resorpci ve streve). D) Katecholaminy ze drené
nadledvin mobilizuji energetické rezervy, zvysuji svalovy vykon. Podobné E) kortizol
z klry nadledvin.




Biologie zivocichd

Definice zivého: odvodime nejlépe z funkci -
dynamickych procest, které neziva priroda nema




Definice zivého: odvodime nejlépe z funkci -dynamickych
procesl, které neziva priroda nema: Udrzovani
organizovanosti a integrity.

Vyuzivani latek a energie z okoli (termodynamickée
procesy).

Studium funkci — ukol pro fyziologii

Energie Informace
Latky o bufika

Informace 4
\ Energie
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Figure 2-41 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Fenotyp je obraz soucasne stavby a funkce.
Je vyjadrenim genotypu.
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Co rozhoduje o fenotypu? Zivy organismus ma svou historii: je
vysledkem milionu let evoluce pod vlivem variability a selekce.
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Na biologické vlastnosti se Ize divat ze dvou hledisek:

e mechanistické vysvétleni — jak to funguije,
proximatni, tradicni fyziologicky pristup)

e evolucni vysvétleni — jak se to vyvinulo, teleologicke
hledani ,smyslu®

Napr. svalovy tres, poceni, zvraceni atd.




Na biologické vlastnosti se Ize divat ze dvou hledisek:
mechanistické vysvetleni — jak to funguje
(proximatni, tradicni fyziologicky pristup)

evolucni vysvétleni — jak se to vyvinulo, teleologicke

hledani ,smyslu®

Napr. svalovy tres
Znaky pravdépodobné vznikaji selekci a ty, které
prekazeji, zmizi. Mluvi se tedy o nich jako o adaptacich

— pomahaiji zvysit zivotaschopnost.

Evolucni pohled nabizi teleologicka vysvétleni —
hledani ,logiky" véci. Odpoved’ na otazku proc? K

cemu dobré?



Zivy organismus ma svou historii: je vysledkem
milion{ let evoluce diky variabilité a prirodni selekci.

Ma svou minulost, ktera jej limituje. Znaky tedy
nemusi byt nejlogictéjsi.

ePater — suboptimalni design.
eInverzni oko obratlovct

eProC zrovna 37°C telesne teploty? — Historie a
prostredi evoluce savcd.

eLidsky genom je zaneraden drive funkCnimi geny a
vétsina zrejme nic nekoduje. Nekteré geny mame po




Srovnavaci a evolucni pristup — vidi vyvojove
(historické) a environmentalni souvislosti




Prostredi a historie urCuje funkcni i stavebni znaky

Reptiles, birds Mammals
Salt gland:
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Allenovo a Bergmanovo pravidlo




Chovani jako
adaptace

g in eastern Europe

> turning south to

ern Africa. Other members of

1 Different migratory routes of

blackcap warblers. Blackcaps living
n southern Germany and Scandinavia
first go southwest to Spain before

go

fly




Chovani jako adaptace




R{zna resSeni téhoz problému

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

Spiracle /7/Trach eal system

(c) Land snail (Phylum Mollusca)

Diaphragm




I velikost urcuje stavbu tela a funkce

(n) Meadow vole

»
In 1 week, the vole eats about

six times its body weight to

meet its energy needs.
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These piles of
tightly packed

forage are sized
correctly relative [
to the sizes of
the animals.

1900 kg

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




Mammalian carnivores as different

v
’ V,V7s 7 |
CI I I VetSI tl I I (a) Species of carnivorous mammals | in size as weasels, cheetahs, and

dolphins tend to follow a single

’ Va.v7/s & 100 ‘
u S po rn eJ SI ; = allometric relation between resting
50 — metabolic rate and body weight.
—E — - ( I}'
z least weasel, [ /
7o \ N
S 3 e [/
: i/
® / AW :
?":-J - = Ghost bat "y = African }/umting dog
oz = (carnivorous) ) ® . :
= E . Bottlenose dolphin
Z I Amencan/ = :
< - Tink [;_urasu::\ o
o - river otter
9 Cheetah/
& b
s
0
T 01l 1 M [ WO B U Vs 1 e V1 B4 1 IS 1 5 e )
= 10 100 1000 10,000 100,000

Body weight (g) on log scale
Figure 5.10 Metabolic rate ant
(h) Individuals of a species of crab linearly on log-log coordinate:
a function of body weight for mz

1. 100 ~

0 B marily vertebrate flesh, plotted o
W o points represent individual speci
T r to them. (b) A log-log plot of we
2w I a function of body weight in a cc
o B (Pachygrapsus crassipes) at a bod
£ =2 L point represents a particular ind
E i / fitted to the points. See Appendi
& < Bl - = layouts. (a after McNab 1986; b a
e Metabolic rate and body weight
7o) || are often (although not always)
*,::r_; oL related allometri_cally among
5 = YUY L L individuals of a single species.
=

0.005 - | NP o L R | 1 e e et I B

1 10 100

Body weight (g) on log scale




Nejtezsi se pri non-stop migracich dostanou nejdal

100 000 Swimming ectotherms

10 000 Flying animals T
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Téezkeho plavce stoji urcita rychlost menée energie

5 0.10 kg
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Pomér Povrch/Objem a maximalizace
povrchu

Surface area increases while
total volume remains constant
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Velikost limituje funkce




Telesneé proporce a nelinearni — allometricke vztahy.
Velky zivoCich nem{ze byt zvétSeninou malého.

izometricke trojuhelniky

NEW LINE CINEMA
Ao AN Tions Worner Covnpuay,



Telesneé proporce a nelinearni — allometricke vztahy.
Velky zivocich nemUze byt zvétSeninou malého.

allometrickeé vztahy

NEW LINE CINEMA




Telesne proporce nelinearni — allometricke vztahy.
Velky zivoCich nem{ze byt zvétSeninou malého.

allometrickeé vztahy

Limituje: svalovy vykon — pohyb a opora tela
udrzovani stalosti uvnitr tela — energetiku
transport difuzi — slozitost stavby

——



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

Od jednobunécnych k mnohobunécnym.

Energie Informace
Latky o bufika

Informace 4
- \ Energie




Podminky vnitrniho i vnéjsiho prostredi se ale lisi :
Homeostaza, adaptace, regulace

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

Co je potreba hlidat pro udrzeni homeostazy?
e/droje energie
eDychaci plyny
eOdpadni produkty
opH
e\odu, soli a elektrolyty
eObjem a tlak
eTeplotu
eSocialni parametry




Vznik organovych soustav u mnohobunécnych
- péce o stalost vnitrniho prostredi

Transportni
povrch —
Zabra

Ledviny



Vnitrni kontaktni rozhrani
musi mit velkou plochu

Brush border

Tight
junction

ledvinny tubulus

kapilary
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Podminky vnejsiho prostredi kolisaji:

Homeostaza, adaptace, regulace

Zone of Zone of Tolerance Zone of
Resistance I Resistance
|
Indefinite |- ! !
I
< | e
. . Lower Upper |
Optimum a _]eho 5000 | critical critical |
h ran | ce g : temperature temperature |
c§> 1000 l |
= I '
| o
S [ ]
2 | |
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100 - | l
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Ne vSsem se ale homeostaza vyplati
R{zné adaptacni strategie na zménu Zzivotnich 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

'Regulator’, 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 =1 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

P




,Konformeri" a regulatori.

(a) Temperature conformity (b) Chloride regulation

i : % . T
When a salmon enters a river from (...but its blood CI” concentration

the sea, its body temperature remains almost constant, even
(including blood temperature) though river water is very dilute
changes if the river water is warmer in CI” and seawater is very
or cooler than the ocean water.., concentrated in Cl".
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Celkova Zivotni strategie zahrnuje mnoho faktord —

Neexistuje jediné univerzalni, idealni reseni

Environment
Stability Low High High
Abiotic stress High Low High
Energy

Individuals

Body size Small Large Small orlarge
Lifespan Short Long Long
Maturity Early Late Late

Reproduction

Pattern Semelparous lteroparous Either
Generation time Short Long Either
Fecundity High Low Low
Offspring Many, small Few, large Either
Parental care Absent Common Possible

Populstions
Density Fluctuating High Low, or fluctuating

Stability Fluctuating - Steady Fluctuating

Range High Low Either

Competition Low High Low

Biotic interactions  Few, simple Many, complex Few, simple

Overview Small Large Very varied
Rapid reproductive output  Slow reproductive output  Usually slow
Colonists Climax communities Simple climax
Generalists Specialists Specialists

[ ——



Celkova zZivotni strategie zahrnuje mnoho faktor{ —
Neexistuje jediné univerzalni, idealni reseni

R- stratég: vyssi dliraz na rozmnozovani a mobilitu
potomstva, pricemz kvalita a konkurenceschopnost je
odsunuta do pozadi. Rychle roste, rychle se mnozi, jsou
mali, bez péce o potomstvo. Mnoho potomkd, velka
mortalita. Vyhodné v ranych stadiich osidlovani.

K-stratég je organismus, ktery ve své zivotni strategii
uplatriuje vyssi dliraz na kvalitu a konkurenceschopnost
potomstva, pricemz jeho kvantita a mobilita je odsunuta do
pozadi. Maximalné vyuzivaji stabilni prostredi.

'vw




Regulace

irkulacni transportni
system — krev

Transportni
y povrch —
zabra

Vnéj&i
prostiedi

Ledviny

Ridici a obsluzné systémy

Somaticky nervovy sys.




Regulace

Kompromis mezi rychlosti a presnosti




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Poruchova
velidina

Regul?vana Regulovand
soustava veliGina

Akt_‘jm’
velidina

, Ridici
Regulator - velidina

Komparator

Regulacni
odchylka




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Presnost regulace:

*ON-OFF
eProporcionalni
eAnticipacni

methionine

Figure 3-57 Molecular Biology of the Cell (© Garland Science 2008)



Pozitivni zpétna vazba

Kdyz je rychla zména potreba:
Akeni potencial, tvorba krevni zatky, Signal from mature fetus

Uterus begins contractions ‘_——T
Stretch Contractions
SSle0Is enhanced

;

ovulace, porod, orgasmus

Mother's hypothalamus

Pituitary gland

Oxytocin secreted

(c) Example of positive feedback: birth of a mammal




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 své ,idrzbé".
Koncept homeostazy umoznuje pochopit smysl prace
organovych soustav mnohobunécnych.




Shrnuti

Negativni zpétna vazba je zakladnim typem
homeostatické regulace




Udrzeni organizovanosti navzdory chaosu
- zakladni vlastnost Zivych organizmii
- Bunécna fyziologie

Informace

Energie

Rovnovazny

Informace Energie
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Perifemni protein
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Membrana z nepropustného materialu. Fluidni mozaika.

) ]
hydrophilic
head

phosphate water

G T e0e0eesenencee

\ s LU\ WY, . % | phospholipid

> or membrane

hydrophobic | B | 00000000000000 _
atty acid i

tails

— ‘v —
phospholipid molecule

Figure 2-22 Molecular Biology of the Cell (© Garland Science 2008)



Hlavni membranove

struktury bunky

Oddeluje a uzavira kompartmenty
s danymi funkcemi

Retlculum Nucleus
Microfdamema

/ég, i

Lysosome _ ( QP 3 \ \)
\\’---,;__ N e o )

Chromatin ___

Mitochondrion o

__ Nucleolus

™ Microtwbules

" Plasma Membrane

Plazmaticka
membrana

Bariéra mezi infra a extracelularnimi roztoky,
uréuje pasivni a aktivni transport rozpusténych
latek (solutl). PFijima, pfedava a vede chemické
nebo elektrické signaly .

Jaderna
membrana

Bariéra oddélujici jaderny cbsah od cytoplazmy,
perforovana velkymi péry umoZfivjicimi
komunikaci difuzi.

Mitochodrie

Organely majici kromé chraniujici membrany
jesté vnitfni membranové prostory.

Jde o ,generatory” vyuZitelné energie — probiha
zde &tépeni Zivin za uvolfiovani H' iontl.
Koncentraéniho gradientu H* na vnitfnich
membranach je vyuzito k tvorbé ATP.
Mitochondrie maji svou vliastni DNA.

Drsné
endoplazmaticke
retikulum (ER)

Systém propojenych vacku a kanalku s ribozémy
na povrchu. Jsou mistem syntézy proteinu.

Hladke
endoplazmatické
retikulum

Navazuje na drsné ER, ale je bez ribozémd.
Je mistem metabolizmu steroidu, transportuje
proteiny z drsneho 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 buriky ven
exocytozou.

Lyzozomy

Vezikuly obsahujici hydrolytické enzymy pro
intracelularni rozklad poskozenych organel nebo
fagocytovanych &astic.




Bariéry a brany

Carbohydrate chains bonded to cell-
membrane proteins (forming glycoproteins)
or lipids (forming glycolipids) project into

Extracellular fluid

the extracellular fluid on the outside face of

the cell membrane.

(aqueous solution)

Carbohydrate
chain—___

Phospholipid i
bilayer

Cholesterol

Integral proteins are
embedded in the
phospholipid bilayer.

Cytoplasm
(aqueous solution)

Figure 2.1 The structure of a cell memb

/ /- Phospholipid molecule

Protein

7

cytoskeleton

Peripheral proteins are noncovalently

bonded to integral proteins or lipids but are

not within the bilayer. Some peripheral

proteins help anchor the cell membrane to Nucleus
filaments of the cytoskeleton.

Cytoplasm

rane The cell membrane consists primarily of two layers of

phospholipid molecules with protein molecules embedded and attached. Intracellular membranes also
have a structure based on proteins embedded in a phospholipid bilayer.

S Cell membrane

S e

e o.’-g~)
<

Animal cell
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Hlavni membranove
struktury bunky + cytoskelet

microtubule
centrosome with i .
' S J pair of centrioles chromatin (DNA) extracellular matrix
nuclear pore \
\ e nuclear envelope

S Y/ , s P 7 - vesicles

lysosome

i
filaments / /

nucleolus
peroxisome

ribosomes

in cytosol Golgi intermediate plasma nucleus endoplasmic mitochondrion
apparatus filaments membrane reticulum




ancestral
eucaryotic cell

early

internal 4
eucaryotic cell

membranes

nucleus

Q . Semiautonomni organely
4 /
W

/ mitochondria
bacterium with double
membrane

Figure 1-34 Molecudar Biology of the Cell /v (© Garland Sclence 2008)

early
early eucaryotic cell
eucaryotic cell capable of
photosynthesis

chloroplasts with

photosynthetic double membrane

bacterium

Figure 1-36 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



Funkce membranovych bilkovin — prenos latek

prenasece spojniky receptory enzymy
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Funkce membranovych bilkovin — fixace na extra a intracelularni struktury.

prenasece spojniky receptory enzymy




Funkce membranovych bilkovin — prenos signall

prenasece spojniky receptory enzymy

@@ EXTRACELULARNI
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Ay r.'.;; 3




Prenos signall: receptory na extracelularni stran€, ale i uvnitr bunky

Extracellular fluid
Ligand- Ligand-
binding site binding site

Ligand-

binding site \ , / Plasma
: membrane

: G protein
Ligand-gated Receptor- G-protein-

ion channel enzyme coupled receptor Ligand- —
binding y

L Intracellular
Cytoplasm receptor

Figure 3.16 Types of receptors in animals Some of the physiologically
important receptors in animals are intracellular receptors, ligand-gated ion channels,
receptor-enzymes, and G-protein-coupled receptors.




Bilkoviny jako brany

Bilkoviny — flexibilni molekuly:
-pfenasedi signald

-prenaseci latek

-generatory pohybu

-regulacni enzymaticka aktivita
-jedineCnost vazby

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
protein molecule,

Hydrogen bond

N

CH,—OH % +s0—=C— CH,— CH,

lonic bond \

NH,

CH,—CH,—NH; O

Region of —
hydrophobic and
van der Waals
interactions

C]’lz
\CH =
CI‘[:;
_—
CHy—
CH—CH;

CH,4

CHj

|

CH— CH,
CH;—CH
|

CH,

S Protein fold




Protein se sklada do kompaktni konformace.

polar nonpolar
side chains side chains

©- 1}4‘\

®
W,
ﬁ’,;\.-«w@\ﬁ'_,l _‘\_ﬁ, " '

£ Q\ Vv L. '} hydrophobic polar side chains
&

core region on the outside
contains of the molecule
nonpolar can form hydrogen
side chains bonds to water

F 7
(,~ : .

unfolded polypeptide folded conformation in aqueous environment

Figure 3-5 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Vazba proteinu k jiné molekule je selektivni — jedineCnost vazby

Protilatka-antigen, viné-receptor

noncovalent bonds

ligand

N

binding
site

protein

Figure 3-36 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Vazba proteinu (enzymu) k jiné molekule je selektivni a umozni reakci.
Enzym - substrat

substrat




Preklapéni alosterické struktury po aktivaci (fosforilaci) nebo vazbé ligandu.
Zaklad proteinovych stroju.




Fosforylace proteinu.
Fosforylova skupina modifikuje-

Zapina nebo vypina. ] aoe

. |
serine
side chain (':HZ PROTEIN H,

T KINASE =,

b . { J ] |
ﬂ/ \ H}j

~ PROTEIN
"« PHOSPHATASE \\;’f

T
OmP=0:

P;

kmase
phosphatase

kinase

/—'\‘
—

- -W; phosphatase
71\

Figure 3-64 Molecular Biology of the Cell 5/e (© Garland Science 2008)




) ferosta aiize Transport latek pres membrany

b) Ushadnéna difuze

c) Prostup iontovymi
kanaly

Typy transportu
d) Sekundarni aktivni
transport

e) Primarni aktivni
transport




Animace usnadnéna difuze

Nékteré priklady prenasecovych proteinti

PrenaSecovy protein Umisténi Zdroj energie Funkce
Prenadec glukosy plasmaticka membrana zadny pasivni prenos glukosy do bunky
vétsiny Zivocisnvch bunék
Prenasec glukosy apikalni plasmaticka membréana gradient Na' aktivni pfenos glukosy do bunky
pohdnény spadem Na®  bunék ledvin a stfeva
Antiport Na' a H” plasmatickd membréana gradient Na’ aktivni export iontt H', regulace pH
zivocidnych bunék
Sodno-draselna plasmatickd membréana vétSiny hydrolyza ATP aktivni export Na' a import K*
ATPaza zivocisnych bunék
Vapenata ATPaza plasmatickd membréna hydrolyza ATP aktivni export Ca**

eukaryontnich bunék

Protonova ATPaza plasmatickd membrana bunék, hydrolyza ATP aktivni export H* z burnky
rostlin, hub a nékterych bakterii

Protonova ATPaza membrany lyzosomi v Zivo¢isnych hydrolyza ATP aktivni ¢erpani H' z cytosolu
bunkéch a vakuol v bunkach
rostlin a hub

Bakteriorhodopsin plasmatickd membréna svétlo aktivni ¢erpani H' ven z bunky
nékterych bakterii




Animace usnadnéna difuze

Pasivni
Usnadnéna difuze — zména konformace transportni bilkoviny (brany)

Prenasena
molekula

Transportni
protein




Pasivni

Kanaly mohou regulovat pasivni
transport.
Jsou mnohem rychlejSi nez transportéry

Mohou byt velmi selektivni a Rizené (vratkované) ligandem
fizené ruznymi podnéty

Ligand
4 Prenasena latka

Q g
TR

Chemicky
vratkovany kanal

Elektrochemicky
gradient




Pasivni

Kanaly mohou regulovat pasivni
transport.
Jsou mnohem rychlejSi nez transportéry

Mohou byt velmi selektivni a Rizené (vratkované) elektricky
fizené ruznymi podnéty

Prenasena latka

++ +

Elektricky Q Depolarizovana
vratkovany kanal membrana O

Elektrochemicky
gradient




Pasivni

Kanaly mohou regulovat pasivni
transport.

Jsou mnohem rychlejSi nez transportéry
Mohou byt velmi selektivni a

fizené ruznymi podnéty

Mechanicky
vratkovany kanal

Rizené (vratkované) mechanicky

Viakno
cytoskeletu

Elektrochemicky
gradient




Aquaporin umoznujici tok vody pres membranu.
Tam, kde nejsou, voda pres membranu neprotéka

Water channel

Cell membrane - Cell membrane




Strukturu kanall Ize znazornit riizné

= = Cd Y UL atc B arvwaysS P J - -
In this hypothesized face, not the inner, cytoplasmic face (see Figure 2.1). These carbo-
secondary structure of the Lo AL 1 ! y{le e &_‘1 s Pt
(a) Secondary structure (linear presentation) 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.

Extracellular fluid o-helix (see Box 2.1). ) it e e =da oot . 2 it

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

Hydrophobic

membrane

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

This molecule
consists of four

domains, each of
which includes six
o-helices.

Domain 1 Domain II Domain I11 Domain IV

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

For different purposes, the protein can be represented - : - N
in a variety of ways. A protein of this sort may be associated in thej

Cytoplasm membrane with other transmembrane proteins
(e.g., P) or peripheral proteins (e.g. 7).
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Aktivni transport — pohaneno E nesenou ATP

Concentration

gradient
(High)
ECF
ADP ICF (Low)
Phosphorylated Dephosphorylated
conformationY . conformation X Direction of
ATP of carrier of carrier transport
. — Molecule to be l
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 0 ST hosBlato
transported binds to carrier on low- molecule detaches from carrier on high- b

concentration side. concentration side.
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Animace aktivni transport

http://highered.mcgraw-hill.com/sites/d|/free/0072437316/120060/ravenanimation.html
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Nékteré priklady prenasecovych proteinti

PrenaSecovy protein Umisténi Zdroj energie Funkce
Prenadec glukosy plasmaticka membrana zadny pasivni prenos glukosy do bunky
vétsiny Zivocisnych bunék
Prenasec glukosy apikalni plasmaticka membréana gradient Na' aktivni pfenos glukosy do bunky
pohdnény spadem Na®  bunék ledvin a stfeva
Antiport Na' a H” plasmatickd membréana gradient Na’ aktivni export iontt H', regulace pH
zivoc¢idnych bunék
Sodno-draselna plasmatickd membréana vétSiny hydrolyza ATP aktivni export Na' a import K*
ATPaza zivocisnych bunék
Vapenata ATPaza plasmatickd membréna hydrolyza ATP aktivni export Ca**

eukaryontnich bunék

Protonova ATPaza plasmatickd membrana bunék, hydrolyza ATP aktivni export H* z burnky
rostlin, hub a nékterych bakterii

Protonova ATPaza membrany lyzosomi v Zivo¢isnych hydrolyza ATP aktivni ¢erpani H' z cytosolu
bunkéch a vakuol v bunkach
rostlin a hub

Bakteriorhodopsin plasmatickd membréna svétlo aktivni ¢erpani H' ven z bunky
nékterych bakterii




Aktivni transport
Napfriklad ATP- H+ pumpa — (protonova)

Zaludek, lyzozém, ledvinny tubulus

http://highered.mcqraw-
hill.com/olc/dl/120068/bio05.swf

Cytoplasm

OO0

il
BT

Y Yain"
AN ) )C DL
g ’ S N s


../Srovnávací fyziologie živočichů/Animace/H+ pumpa.swf
http://highered.mcgraw-hill.com/olc/dl/120068/bio05.swf
http://highered.mcgraw-hill.com/olc/dl/120068/bio05.swf
http://highered.mcgraw-hill.com/olc/dl/120068/bio05.swf

Sekundarni
aktivni
Transport —

Muazes projit, ale
vezmi naklad

http://highered.mcqr
aw-
hill.com/olc/dl/1200
68/bio04.swi
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Sekundarni aktivni Transport — Mazes projit, ale vezmi naklad

Nékteré priklady prenasecovych proteinti

PrenaSecovy protein Umisténi Zdroj energie Funkce
Prenadec glukosy plasmatickd membrana zadny pasivni prenos glukosy do bunky
vétsiny Zivocisnych bunék
Prenasec glukosy apikalni plasmatickd membréana gradient Na' aktivni prenos glukosy do burky
pohdnény spadem Na®  bunék ledvin a stfeva
Antiport Na' a H” plasmatickd membréana gradient Na’ aktivni export iontt H', regulace pH
zivoc¢idnych bunék
Sodno-draselna plasmatickd membréana vétSiny hydrolyza ATP aktivni export Na' a import K*
ATPéaza zivocisnych buneék
Vapenata ATPaza plasmatickd membréna hydrolyza ATP aktivni export Ca**

eukaryontnich bunék

Protonova ATPaza plasmatickd membrana bunék, hydrolyza ATP aktivni export H* z burnky
rostlin, hub a nékterych bakterii

Protonova ATPaza membrany lyzosomi v Zivo¢isnych hydrolyza ATP aktivni ¢erpani H' z cytosolu
bunkéch a vakuol v bunkach
rostlin a hub

Bakteriorhodopsin plasmatickd membréna svétlo aktivni ¢erpani H' ven z bunky
nékterych bakterii
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Animace/Syntéza ATP.swf
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Prehled transportu jesté jednou
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\ .\ Nat+ [
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Cytoza — aktivni transport velkych mnozstvi

Ipidova
dvojvrstva Vznikaijici

vezikul

) e

Velke
castice




— C. Receptory zprostiedkovana endocytoza

= potazena jamka

ligand —‘ ]

receptor S il NS recyklace receptoru
) . a membrany
i

odbouravani ——
ligandu lyzosomy

casny endosom

Cytoéza animace
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D. Konstitutivni exocytoza
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Ameboidni pohyb a uloha cytoskeletu

— E. Bunécna migrace
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Makrofag a
bakterie



Pouzitée bilkoviny musi byt degradovany
Proteazomy

PROTEASOME

Uklid vlastnich signalt —
transkripCnich faktort a enzymu
Priprava volnych AK

Lysozomy likviduji latky a Castice
z venku - animace
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Bariéry a brany

Jednobunéecny Mnohobunéecny

Energie Informace ’ systém — krev

Transportni
y povrch —

Rovnovazny
stav

Informace Energie




Paracelularni transport — urCuje ,,déravost” epitelu

Tésny (kapilary mozku) versus déravy (fenestrovany) epitel (k. glomerulu)

Epitelové
bunky

Transcelularni Q Prenaseny
transport substrat

O

Paracelularni :
transport (:)




Figure 2.7 Types of junctions betw|
proteins that together form the por

Intercellular Connexir
space protein
Cytoskeleton
filament ‘
: H‘
Spoluprace — |
a4 V4 ] ’ .. T ES B
bunecna spojeni == (g
| = B
[ SN

Glycoprotein
filaments

Desmosome
(“spot weld”)

Tight junction  Septate junction
\ J

Gap junction
(communicating

Y
Occluding junctions

/

[

junction)

/

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.
NG

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.




Konexon a ,gap junction®

Bunka 1

7[[ =)=\

S

Kanalek — konexon

Detail kanalku
tvoreného
6 podjednotkami




(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

\junctions and the basal part.

J

Basolateral region of cell
membrane

(b) Schematic representation of an epithelial cell

Apical region of cell

\ membrane
Tight junction
& Basolateral region of

cell membrane




Funkce membranovych bilkovin — prenos latek, signall, fixace na extra a
intracelularni struktury.

prenasece spojniky receptory enzymy




Bunécna spojeni nutna | pro mechanickou soudrznost

APICAL

tight junction seals gap

OCCLUDING JUNCTION between epithelial cells

junctional ' adherens junction connects
complex actin filament bundle in one
CELL-CELL cell with that in the next cell

ANCHORING JUNCTIONS
desmosome connects inter-
mediate filaments in one
cell to those in the next cell
CHANNEL-FORMING

JUNCTIONS g gap junction allows the

passage of small water-

CELL-MATRIX soluble molecules from cell
ANCHORING JUNCTIONS to cell
J del !

BASAL /

actin-linked cell-matrix adhesion hemidesmosome anchors intermediate
anchors actin filaments in cell filaments in a cell to extracellular matrix
to extracellular matrix

Figure 19-3 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Spoluprace ve tkanich — bunecna spojeni

Focal adhesion Hemi-desmosome Integrin Membrane proteoglycan




Extracelularni matrix tvori:

 tmel mezi bunnkami (hlavné kolagen)
 basalni membranu epitelt

* Napojena na cytoskelet uvnitf bunék

APICAL

microvillus

terminal web
- of actin

adherens junction

desmosome

hemidesmosome

— basal lamina

— . intermediate filaments
— iCrotubules
———=—=~— actin microfilaments
Figure 16-5 Molecular Biclogy of the Cell 5/e (© Garland Science 2008)




Extracelularni matrix — tmel mezi burikami (hlavné kolagen)
Integriny kotvi v membrane
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Membrana se selektivnim aktivnim transportem
jiontl elektricky nabiji.
Nabita membrana - Klidovy potencial
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. (Input from
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Ground
= Electrode
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Elektrické napéti na membrane:

Membrana se selektivnim aktivnim transportem
jiontl elektricky nabiji.

Nabita membrana - Klidovy potencial

Vyuzitelny pro:
e sekundarni transport
e tvorbu a prenaseni signall

Electrometer
. (Input from

Electrode)

Ground
= Electrode
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Nabita membrana - Klidovy potencial

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

Electrometer
(Input from
Electrode)

1 Ground
= Electrode

)

Squid Axon




Na/K pumpa nabiji membranu

Extracelularni
prostor

Intracelularni
prostor

Membrana
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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
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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
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Vapnik — extracelularni iont, nositel signald
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Vapnik — extracelularni iont, nositel signald

— B. Oscilace Ca?*

1 nizka frekvence

stimul

2 zvysena frekvence

o

aktivité
CaM-ki-
nazy Il

cas

= Ly
cas l J =
aktivita v
CaM-ki- g
nazy Il &
=
cas Zas E

3 deaktivace enzymu

_~ nefosforylovany
T _— autofosforylovany

aktivita

L

¢as

naruastajici
autofosforylace

— C, Ca**-senzor

) —

[cAMP]

fosfo-

kalcitonin

f parafolikularni
oy ® C-burika

lipaza C

paratyreoidain/ -’

bunka

PKC 1\__)
(cAMP] § ==

T e/ 3




Cytoskelet

= plasma

\ membrane

microfilaments

mitochondrion

+ intermediate

. . filaments
microfilaments

intermediate S A \\& YV~ =AY
filament /) /4 | reticulum

endoplasmic




Cytoskelet




Gilium Figure 2-27 # Internal structure of cilia and flagella.
(a) Schematic diagram of a cilium in cross-sectiQq
characteristic “nine plus two” arrangement of m CytOSk6| et
with the dynein arms and other accessory prote
micrograph of numerous cilia in cross-section.
(Source: Adapted from tMolecular Biology of the Cell, Fig. 10-27, p. 565 by Brud

Dennis Bray, Julian Lewis, Martin Raff, Keith Roberts, and James D, Watson. R
permission of Garland Science/Taylor & Francis Books, Inc.}
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microvillus

1 erminal web .
/z(:factm -I:ypy fllament
Uloha strednich

adherens junction

desmosome

hemidesmosome

— basal lamina

~—— intermediate filaments BASAL
— iCrotubules

——=—=— actin microfilaments

Figure 16-5 Molecular Biclogy of the Cell 5/e (© Garland Science 2008)
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k. Protein synthesis, sorting, recycling, and breakdown
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Barvozména — také jedna dulezita uloha pro cytoskelet




Shrnuti

Rizeny transport splfiuje zakladni podminku udrZeni stalosti.
Bilkoviny maji zasadni Ulohu v prenost latek i signald.
Nabita membrana se hodi.

Cytoskelet umoznuje pohyb i oporu — pro bunku zasadni.

Energie Informace

Rovnovazny
stav

Informace Energie




Prenos informaci
Mezibunécnha komunikace a
signalova transdukce




Mezibunécha komunikace a
signalova transdukce

— C. Regulation of Cell Proliferation, Motility and Differentiation

Growth
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Mezibunécha komunikace a
signalova transdukce

A. Triggering and Development of Apoptosis

CDab

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

Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli€ k podstaté
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Mezibunecha komunikace a
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Obecna chemorecepéni schopnost bunék
Komunikace ve spoleCenstvi bunék, rozeznani
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Na jednu stranu chceme aby uz nerostly (novotvary)na druhou a
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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

I Zputsob predani sign’a u —’JGMIC a rﬁ-




ZpUsob predani signalu — mezi burikami
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ZpUsob predani signalu — mezi burikami

b) Neuroendokrinni
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ZpUsob predani signalu — pres membranu
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Animace/účinek tyroxinu.swf
Animace/polární hormon - účinek.swf
http://www.physiome.cz/atlas/bunka/01/
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Nepolarni hormon - ucinek
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Jeden ligand zpUlsobi odpovéd’, druhy ji potlacuje.

Signal je po predani informace vypnut - terminace

CHAPTER 3| Cell Signaling and Endocrine Requlation 121

Extracellslar J Ligand a Ligand Ligand binds to a G.-protein-coupled
it A enokie receplor, causing a conformational
@ \denylate change
cyclase B
>3 6. l G, |

pa— | @ 7" @ The o, subunit releasas GDP, binds

na Activates | Inhibits GTP, moves through the membrane,
membrane [ | —1/ ‘ p

and aclivates adenylate cyclase

\ the conversion -‘” P to cAMP,

o, subunit ATPL @B cAMP o; subunit

cAMP binds 1o lIu regulatory subunit
of protein kinase A (PKA), which
dissociates from the catalytic subunit
activating it

(PKA Catalytic

subunit of F‘K)iJ 1— “ subunit of PKA

@l) T'IF—’ activated catalytic subunit
| PKA\ Active catal ’“l Nosphorylates proteins, causing
Y/ subunit of PKA

a2 response

Protain Protein— P (63 The phosphorylated proteins are

=) rapidly dephosphorylated by sering/
threcnine phospha
the response

Regulatory

I ?
/"' ) { ; Aclivated adeny 3(0 /‘y(.lr_n,(' calalyzes
/ GD2 GTP GIP Gop !

5es, terminating

®

@ When ligand binds to a G-protein-

coupled receptor, the o, subunil
Sarine/threonine inhibits adenylate cyclase, inhibiting

Cytopiasm phosphatase the signal transduction pathway,

Figure 3.27 G-protein signal transduction via adenylate cyclase G-protein-
coupled signal transduction through adenylate cyclase can be either stimulatory or inhibitory.
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Figure 3.26 The inositol-phospholipid signaling pathway

Protain Protein'— P

Response

®

Ligand binds 1o a G-protein-
coupled receplor, causing
a conformational change

The a subunit of the

G protein releases GDP
and binds GTP and moves
through the membrane

The activated o subunit
activates phospholipase C,
which cleaves PIP,

into IPy and DAG

DAG is cleaved in the
membrane to form
arachidonic acid, the
substrate for the synthesis
of chemical messengers
called eicosanoids

IP4 is released info the
cytoplasm

IP5 can be phosphorylated
to IP4, which has diverse
eflects,

IP, also binds to Ca®

channels on the endoplasmic
rets .,Jlun relea
Ca*tintothe ¢

toplasm

The Ca** binds to
calmodulin, causing diverse
effecls within the cell

The Ca?* also stimulates
protein kinase C (PKC) 1o
maove to the membrane
where it interacts with DAG

DAG activates the PKC
which then phosphorylates
protens, stimulating

a phosphorylation cascade.




= Clrcultory sysiem

Ligand

Terminace pfenosu — Lt

of bgard In

stejné dulezita jako ok s s
Iniclace

Jand removed by distand lissuas

Ligang

(£ Endog yiO6IS
Recopiod

~ Mombrare

\A= Momt
of target coll

\adjac

(b) Ligand 1aken up by adjacent cells

Ligand Enzymati

/A daswin g

4 Degraded
ligand

Membeana of 1

get call

1 degradod by extracellular onzymes

Degraded raceptor

or \ -
mnd and 5 ’ Ligand
) [ {

Endooylosis

M

mbrane of target ce

nd-receplor complax removed by endocyiosls

Receptor

( ﬁ _~Ligand

v

l"h,u,,;ync"vlu',lnu\ ;n Membrang of

f targe! cell

l‘.

[0) Roceploe inactivatios

Roceplor . Lygand

Membrane of
argot cel
Inactivated mtracallular SIPO1 O
signaling protein



fa) Ligand-gated channel () G protein-coupled receptor and associated G protein system

[ After binding to their ligand, G protein-coupled |
y ) receptors typically interact with two other cell
Extracellular fluid Extracellular fluid membrane proteins—a G protein and an
| enzyme—1o activate enzyme catalytic sites

Ligand, Na*

® \\ Activated
Q e ligand (first messenger) active site

G protein— G protein  Enzyme / \

coupled ATP Cyclic
receptor —_— AMP
The catalytic activity of (second
e v . e
Cell membrane KEY the enzyme produces _— messenger)
Cytoplasm / - cyclic AMP or another
ST —— Activating | second messenger
In their typical mode of'f-.'mcnonmg. ligand-gated interaction inside the cell.
channels open to permit ions to pass through, ——
1 ' |
thereby altering memprane electrical charge, Cytoplasm
when they bind to their ligands ) z
fe) Enzyme/enzyme-linked receptor (d) Intracellular receptor
7 : 3\
The ligand, in this case a
Extracellular fluid Extracellular fluid steroid hormone,
dissolves in and diffuses
/l igand (first Ligand through the cell
/ messenger) . p 7 & e membrane. )
In this relatively simple N N -

Activated | axample, binding with N/
/ active site the ligand activates a m
catalytic site on the \
same molecule,
b= Cylopl.xsm

[ Activationofthe E@
/ \ _J ' Nuclear envelope \ . !

catalytic site inside the

ot 4] ‘4 —”-- » -
GTr L(l\‘:"' —=—" cell causes production of (simplified) _
et the second messenger :
Cytoplasm messenger) cyclic GMP.

Intracellular
Figure 223 The four types of receptor proteins involved in cell signal- receptor
ing (o) Aligand-gated channel. The particular example shown, a muscle
cefl acetylcholine receptor, must bind a ligand molecule at two sites for
the channel to open. (b) A G protein-coupled receptor. Details of the
malecular interactions symbolized by double-headed arrows are dis-
cussed later in this chapter. (¢) 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- \
amals sl anian i tha atrial natri iratic naentido rorantesr whicks ic nartiers ilar

Nucleus

The activated
ligand-receptor

complex functions as
a transcription factor
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fosforilaci

Proteinkinazy — zprostredkuji ,nabiti”

Pomaly synapticky prenos a fosforylace bilkovin

nali. Na ¢etnosti a vykonnosti jednotlivych typu ion-
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serine é
side chain I
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s (’ ‘,\“
U
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(A) Pi

OFF .

kinase
fostorylované
iontové kanaly

phosphatase

prijimajici

PRINCIP PROTEINOVE FOSFORYLACE

Fosfatova skuplna, pfedana napf. adenozintrlfos-
fatem nebo guanozintirifosfatem, Je navazana na
proteln prostfednlctvim enzymd protelnkinaz,
|ichZ zname Fadu. Protelnové Sroubovice él ,skla-
dané listky“ Jsou tvofeny amlnokysellnaml,
Z nlchz tél (serln, tyrozin, treonin) |[sou pro fosfo-
rylacl vyznamné. Majl volnou hydroxylovou sku-
pInu OH, na nlZ se prostiednictvim protelnkinazy
navazule fosfat. Vyrazny zaporny nabo] neseny
touto fostatovou skuplnou pozméni elektrické
pole v prostorovém uspofadani bilkovinného , klu-
bicka“ €1 . valecku“, a tim zméni | strukturu
a funkcl protelnu. JestllZze |de o lontovy kanal,
muZe se na delsi dobu ¢asteéné uzaviit nebo ote-
viit. Jde-ll o enzym, zrychli se nebo zpomali {a
blochemlcka reakce, kterou enzym katalyzule.
..Cestou zpatky“ Je defosforylace, o nlZ se sta-
raji enzymy fosfatazy (Jsou-ll nablizku). O vyzna-
mu fosforylaci a defosforylaci bilkovin svédéil to,
Ze za obecny vyzkum 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 gzjistil, Ze poté, co neurcpienased (dopa-
min) stimuluje receptor umistény v membrané nervoveé bun-
ky. vzroste v cytoplazmé této bunky koncentrace malekul
druhého posla, napf. cyklického adenozinmonofosfatu
(cAMP). Jim aktivevané proteinkinazy (klicové proteiny fos-
forylace) pak medifikuji nejriznéjsi proteiny, a fosforylova-
né proteiny méni funkce burky. Mimo jiné maji vliv na &in-
nost iontovych kanald v bunééné membrané (rychly prenos).

kinase P

B R
—

phosphatase

ON OFF

(B) T\

Figure 3-64 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Obecna neurofyziologie -
signaly prenasené vzrusivymi
membranami

GalmaL)



Nabita membrana - Klidovy potencial

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

Electrometer
(Input from
Electrode)

1 Ground
= Electrode

)

Squid Axon




Re¢ elektrickych zmén je typicka, ale
citlivost na chemické signaly zastava a je
bohaté vyuzita.




Zakladni stavebni a funkcéni plan
nervoveho rizeni.

Spoluprace s gliovymi bunikami.

P SR T W W’

Figure 11.2 Glial cells Therez
and unmyelinated) in the perig
trocytes are metabolic support
cytes related to cells of the imn




Zakladni stavebni
a Micha Receptor (kiZe)
funkCni plan nervové soustavy. Zadni kofen

Misni nervova Aferentni
Ll UZlina neuron e
Bila h -

W

y o
g
Eferentni

o motoneuron
Predni kofen
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A reflex arc showing the path omplnal reflex
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\ | ,\\ Periferni dendrit

Kmenovy dendrit
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Koncentrace hlavnich iontll na membrané v klidu.

lont Koncentrace Gradient Rovnové_iny
Intracelularni | Extracelularni | Intra/Extral| potencial
Na* 12 mmol/| 145 mmol/I 1:12 +67 mV
K 155 mmol/ 4 mmol/l 39:1 -98 mV
Cl 4 mmol/| 123 mmol/l 1:31 -90 mV
volny Ca** | 10" mmol/l 1,5 mmol/|
fixni anionty | 155 mmol/l

athode Ray
cope (CRQ)

0O O ©

Electrometer
(Input from
Electrode)

1 Ground
= Electrode

)

Squid Axon




Rozdilné postaveni Na a K
iontu

Extracelularni
prostor

Intracelularni
prostor

Membrana




Na — daleko od rovnhovahy
K — Vv rovhovaze
K+ =
— |

KONCENTRACE

+. e —
Na™ —= |

NABOJ
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kCni potencial

Homi zaznam odpovida prubéhu “nervového akéniho proudu”, tak
jak jef Bernstein nameéril r. 1868 a publikoval r. 1871. Na spodnim
zaznamu, ktery Bernstein publikoval v Elektroblologil r. 1913, chybi
pfekmit "akéniho proudu” do kladnych hodnot (pribéhy jsou
zaznamenany s opafnou polaritou, neZ na jakou jsme dnes zvykli)

XX vv"v"



Akcni potencial

Current Voltage potential
generator  amplifier +60 -

i o o +30 I
Bud nevznikne vubec, SIS (B
nebo vznika stale stejne velky. = 30f
60 I-
w0l \

Electrotonic potentials

vembrane []_[ | Outverd

bombycol stimulus

current t i Inward
50 ms
Time —
Figure 7-2C Depolarization.
= +30
I
E ~-30
WL
-90
Membrane Qutward
current 'L_J—I_ et

—t
50 ms

Time —

Figure 7-2D Hyperpolarization.

Informace, kterou pfenasi, je zapsana do frekvence.



Casovy zaznam AP

Depolarizace Repolarizace

Prah

Klidovy potencial

Nasledna hyperpolarizace

3 4 5ms
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(@) Resting membrane potential

Extracellular
fluid

K'leak channel ~ Voltage-gated  Voltage-gated
K Na' channel K' channel

Mechanismus vzniku:
Spoluprace kanalu pfi vzniku AP

-65

~65

(d) Recovery
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| t'fi)f’l‘opology of voltage-gated Na" channels

(¢) Voltage-dependent conformational change

COOH

Voltage %
sensor T




Prevazujici Na propustnost vystfida K propustnost — propustngjsi ma
vétSi slovo a tahne membranu ke svému rovnovaznému napeti.

20

o

o
PocCet otevienych kanalu
na um? membrany



../Srovnávací fyziologie živočichů/Animace/akční potenciál kanály.swf

Sifeni podél membrany.
Krome pficného i podélny
tok iontu.

Zalezi na pruméru.

Prahovy
potencial

-70

Klidovy / Vzdalenost

potencial
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Py by By SR 8 T W gy vy P PO PE S, PRI Sifeni podél membrany.
e o T L e SR A A AR
e 2 nemyelinizova- P : .. .
== s W axon Zalezi také na myelinizaci.
< —>—
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myelinizovany
axon
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Obr.

17

Tok iontového proudu v pribd&hu
akéniho potencidlu v myelinizo-
vaném a nemyelinizovaném axonu.
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Synapse

Preruseni elektrického
vedeni po membrané.
Chemicky prostrednik
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(a) Overview of vesicle recycling

Chemicky prostrednik:
Exocytdoza mediatoru

Endosome \

y

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.




k. Protein synthesis, sorting, recycling, and breakdown
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Receptor na postsynaptické strané je soucasti kanalu — ionotropni signalizace

nebo spojen s kanalem kaskadou signalll — metabotropni signalizace

fa) Ligand-gated channel (b G protein-coupled receptor and assoclated G protein system

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

Extracellular fluid Extracellular fluid membrane proteins—a G protein and an
enzyme—1to activate enzyme catalytic sites,
Ligand, Na* g ¢
\ \ \ Activated

e 6 ® ‘/l igand (first messenger) \ active site

Gprotein- G protein  Enzyme
coupled
receptor — ~ ATP AMP
{ ) The catalytic activity of (econd
Cell membrane g1

KEY the enzyme produces _— messenger)
cyclic AMP or another
second messenger

K

Cytoplasm

4 S B Acti r
In their typical mode of functioning, ligand-gated DEBYRRIE

3 Interaction o
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thereby altering membrane electrical charge, Cittiolasns N e .
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=
. . . \ priprava
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Metabotropni signal:
Intracelularni predani
signalu jde vyzkousSenou
cestou G proteinové
signalizace — univerzalni
mechanismus

Mediator

a) kanalova
propustnost

ATP cAMp Na'Ca*

ATP  ADP Exprese gent

RXARXR



Latkova signalizace na synapsi

Metabotropni:

Latkova signalizace
Latkova signalizace2
Latkova signalizace3

lonotropni:

»
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E. Ukonceni plisobeni transmiteru

prijem zpét
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Nemusi byt jen excitacni, jsou i inhibiCni transmitery.
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transmiter =
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elektricka synapse. ' —
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Receptors

Jak spolu neurony komunikuiji.




Dva druhy kanalu — dva druhy kédovani
Elektricky a chemicky a)

Ligand
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Dva druhy kodovani informace | A —
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Excitacni vstu
Smysl: Vstup’ \ HYsP

—

A) Zpracovani: sCitani, syntéza, Vystup
porovnavani signall. Integrace vstupd. Sl

Casova a prostorova sumace

Vstup

B) Plasticita NS — zaklad paméti

¥ Inicialni segment

EPSP+AP Vystup

Excitaéni vstupy

2 3

Inicialni segment

Vystup

l 3XEPSP=AP




Smysl:

Zpracovani - analogovée

Casova sumace

Excitacni vstup

Inicialni segment

EPSP+AP Vystup

Excitaéni vstupy

2 3

Inicialni segment

3XEPSP=AP




Smysl:

Zpracovani - analogovée

Casova sumace
Prostorova sumace

Excitacni vstup

Inicialni segment

EPSP+AP Vystup

Excitaéni vstupy

2 3

Inicialni segment

3XEPSP=AP




Inhibiéni vstup
Nékteré synapse inhibi¢ni IPSP
Nékteré excitacni

Facilitace

-1 Excitaéni vstup
Inhibice

Vystupy
EPSP
._r"---'.E’E_F’:__E__F’iF’_
[I Inicialni segment

{
3xEPSP=AP

IxEPSP+IPSP=0xAP



Divergence, konvergence




Synapse vytvareji dynamickou sit spoju, zakladem reflexu.
Monosynaptické x Polysynaptické
Nepodminéné x Podminéné

Copyright © The McGraw-HIll Com panles, Inc. PermIssion required for reproduction or display.

A reflex arc showing the path of a spinal reflex

white dorsal dorsal-root cell body & =
matter horn ganglion of sensory i PN
neuron

receptor -
rgnrzger ) Dorsa! 4o (in skin)

axon of L5 e
sensory neuron /j

interneuron

s
_,u R
ventral I e
ventral cell body root )52
horn of effector
motor neuron (muscle)

http://mwww.southtexascollege.edu/nilsson/4_GB_Lecture_figs_f/4 GB_16_Homeostasis_Fig_f/ReflexArc_fig4d6_8.GIF
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Synapticka plasticita zakladem pameéti. Rychla — potenciace. Pomala — prestavba




Pfrestavba dentritickych trnd




Shrnuti

Latkoveé signaly doprovazeji bunky po cely zivot a urcuiji jejich
funkci a osud.

Nervové burky kromé latkovych signalll pouzivaji i elektrickeé.
Akcni potencial je vhodnou reCi na dalkoveé digitalni vysilani.
Mistni potencialy umoznuji zpracovani signalu.

Synapticka spojeni umoznuji plasticitu a pamét’




k. Protein synthesis, sorting, recycling, and breakdown
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Obecna fyziologie smyslu

Co se déje ne membranach.

Receptorove burky jsou brany,
kterymi vstupuji signaly do NS

Exteroreceptory X interoreceptory




Svét smyslu — uloha mozku.
Paralelni drahy specializované na urcitou vlastnost (kvalitu — pohyb oddélené od tvaru).
V ramci drahy jesSté specializace na konkrétni hodnotu (vysku tonu, chut) .

Receptorova bunka

\ Elek}{otonické \
Akcni potencial Generatorovy < sirent ¢'—Recr-)ptorovy
/ po-t_eima] potenciré:l2




Receptorova bunka prevadi energii podnétu na zmeénu iontové propustnosti.

Transdukce
Transformace

Receptorova bunka

Elektrotonicke \

e ¥ \ S
Akéni potencidl Generatorovy <€ Sirenl < Receptorovy

J potencial
A




Receptorova bunka prevadi energii podnétu na zmeénu iontové propustnosti.
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Vlastnosti membrany jsou klicem pro transdukci.

Deformace
“—




Intenzita podnétu a intenzita odpovedi.
Weber-Fechnerlv zakon
Smysl: kompromis mezi rozsahem a citlivosti. RozliSim 1 a 2g, ale ne 1000 a1001g

Urovefi saturace

-
=
=,
o
=
|
-
=
=

Intenzita podnétu




Trvani podnétu a trvani odpovédi.

VétSina receptoru pracuje jako diferencni

Diferencni receptor Proporcionalni receptor

‘f\l_



Lateralni
inhibice

Lateralni inhibice: vyssi rozliSovaci schopnost
zesileni kontrastu

Osvétleni sitnice

e I
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nervu
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vukove vibrace




