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Test ke zkousce

4. Které hormony mohou ovliviovat 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, rlst. B) Somatotropin (ristovy h.) z adenohypofyzy
zvySuje vyuzivani lipidu a rust. C) Somatostatin z D bunék pankreasu sniZuje vyuzivani
zivin (tlumi sekreci inzulinu a glukagonu, resorpci ve stfevé). D) Katecholaminy ze drfené

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

z kary nadledvin.
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Fyziologie zivoCichu - kontext
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Fyziologie zivocichu

Definice zivého: odvodime nejlépe z funkeci -
dynamickych procesu, které neziva
priroda nema




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

UdrZovani organizovanosti a integrity, rozmnozovani.

Vyuzivani latek a energie z okoli.

Studium funkci — tkol pro fyziologii

Energie Informace

A ”

Informace
Energie




Na fyziologické vlastnosti se 1ze divat ze dvou hledisek:
» mechanisticke vysvétleni — jak to funguje (proximatni,
tradiCni fyziologicky pristup)
* evoluCni vysvétleni — jak se to vyvinulo, teleologickée
hledani ,,smyslu*

Napt. 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, a ty, ktere
prekazeji, zmizi. Mluvi se tedy o nich jako o adaptacich — ty

pomahaji zvysit Zivotaschopnost.

Evolu¢ni pohled nabizi teleologicka vysvétleni — hledani
,,logiky* véci. Odpovéd na otazku pro¢? K ¢emu dobre?
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Z1vy organismus ma svou historii: je vysledkem miliont let
evoluce diky variabilité a pfirodni selekci.

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

VVVVVV

*Pater — suboptimalni design.
eInverzni oko obratlovcu

*ProC€ zrovna 37°C télesn¢ teploty? — Historie a prostiedi
savcu.

*L1dsky genom je zanefddén drive funkénimi geny a vétSina
zrejme nic nekoduje. Nékteré geny mame po virech a
bakteriich!
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Z1ve organismus ma svou historii: je vysledkem milionu let
evoluce diky variabilité a prirodni selekci.
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Srovnavaci ptistup — vidi vyvojové a environmentalni
souvislosti




Prostredi a historie uréuji funkéni i stavebni znaky

Reptiles, birds
Salt gland:
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NaCl

........ . \{ Isotonic
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300 mOsm
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Chovani jako
adaptace

Blackcap warbler

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.

Great %
Britain

Germany

Scandinavia

[/

Hungary
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Chovani jako adaptace




R{zna fesSeni téhoz problému

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

/’F’—J el :

Spiracle Tracheal system

Lung

/
Lung
(mantle
\ cavity)

. Diaphragm 4



Velikost urcCuje stavbu téla a funkce

(7} 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.

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




Cim vétsi tim
uspornejsi

(a) Species of carnivorous mammals
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Mammalian carnivores as different

in size as weasels, cheetahs, and

dolphins tend to follow a single
allometric relation between resting
metabolic rate and body weight.

.:L 4
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(b) Individuals of a species of crab
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Metabolic rate and body weight
are often (although not always)
related allometrically among
individuals of a single species.
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Figure 5.10 Metabolic rate ant
linearly on log-log coordinate:
a function of body weight for me
marily vertebrate flesh, plotted o
points represent individual speci
to them. (b) A log-log plot of we
a function of body weight in a cc
(Pachygrapsus crassipes) at a bod
point represents a particular indi
fitted to the points. See Appendi
layouts. (a after McNab 1986;b a



Nejtezsi se dostanou nejdal

100 000 — Swimming ectotherms
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Tézkeho plavce stoji rychlost méné
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Pomér Povrch/Objem a maximalizace
povrchu

Surface area increases while

total volume remains constant




Velikost limituje
funkce




Télesné proporce a nelinearni — allometricke vztahy.
Velky ZivoCich nemlze byt zvétSeninou malého.

Az BZ

B, " izometrickeé trojuhelniky




Télesné proporce a nelinearni — allometricke vztahy.
Velky ZivoCich nem(ze byt zvétSeninou malého.
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Télesneé proporce nelinearni — allometrickeé vztahy.
Velky ZivoCich nem(ze byt zvétSeninou malého.

!

Limituje:

XY ——
e b5
=tEs

allometricke vztahy

svalovy vykon — pohyb a opora tela
udrzovani stalosti uvnitr tela — energetiku
transport difuzi — slozitost stavby
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Udrzeni organizovanosti navzdory chaosu
- zakladni vlastnost zivych organizmd.
Udrzeni stalosti vnitrniho prostredi - homeostazy.

Energie Informace

Informace

\ Energie
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Homeostaza, adaptace, regulace
Podminky vnitfniho a vnéjsiho prostredi se lisi.

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




Homeostaza, adaptace, regulace
Podminky vnitrniho i vnéjsiho prostredi kolisaji.

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

Bl \ N\



Vznik organovych soustav u mnohobunécnych

- péce o stalost vnitrniho prostredi
Cirkulacni transportni

) system — krev

Usta Klze /

Transportni
povrch —
zabra

S
t
r
e
v
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Vnégjsi
prostredi

" \
Rit \ Ledviny
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BODY SYSTEMS :
Made up of cells c-rganuzed acoordlng to !
specialization to mamtﬁ:n homeos’(asas
See Chapter 1.

Vznik organovych soustav u mnoho-
bunécnych

NEFIVQIJS sYSTEM . ENDOCRINE SYSTEM ;
. fets fhmughfelactﬂcai sugnals to Aets by means of hormones secrete
control rapid responses of the into the blood to regulate processes

Information from the ~——= body; also
external environment L
relayed through the
nervous system

onsible for higher
e funct»ﬁ;nsv—e,g memory.

T that requiire duration rather than
 See Chapters4,5,and6.

speed—=€.9., metabaolic activities and
i water and electrolvte balance.
Reguiates See Chapter 7.

INTEGUMENTARY SYSTEM .
Serves as a protective barier between i
the external environment and the »

remainder of the body; adjustments in
skin blood flow are important in
termperalure regulation.
See Chapters 10 and 15.

'Resplm'fbm*sv'ﬁ M
Obtalns OQ from and &li .
 the external environmient;

. 'helps regulate pH by adjusting
G0 ; the rate of_re val

Keeps internal
fluids in

Keeps foreign
material out

: i i
- volume, eiectro[yle commwn,

Urine containing wooo and pH of the internal
wastes and excess < .emflronment fef oves wastes .
water and o and excess Water, 2t ¢
electrolytes o
IMMUNE SYSTEM e : !
Defends against foreign invaders anci _ Protects against
cancer cells; paves way for tissue repair : foreign invaders

See Chapter 10.

Nutrients, water,
electrolytes
Feces containing
undigested food
resicue

MUSCULAR AND SKELETAL SYSTEMS
Support and protect body parts and .
nables the
allow body movement: heat- -generating Eody Al
Miscle contractions are rmportant in g ot :
with the external
rcmperature regulation; calcium is stored et
in the bone. :

See Chapters 7, 8 and 15.

nspnonucnves\'s'rm: .
Sperm leave male &« Notessential for homeostasis,

but essential for pa luatlon of
Sperm enter ferale —-).~  the species. pe rpe e

o Seg‘x_‘.?hapt_ar _18_.

Exchanges with

Exchanges with
all other systerns.

all other systems.

— i
f SINAL CIRCULATORY SYSTEM
:NWHONMﬁNT Transports nutrients, Q,, CO,, wastes, electrolytes, and hormones throughout the body,
See Chapter 9.



Kontaktni rozhrani

musi mit velkou plochu

Basal
clefts
Brush border Mitochondrion
Tight Capillaries
junction Arterioles | ! Venules
e i :. H .
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Mesentery

Lymph nodule /——Serosa
r” Longitudinal
Mlyentenc . muscle Muscularis
fp::\is - Circular muscle
Auerbach) ___Muscularis
mucosa M
Submucous feos

Lamina propria
Epithelium

Lumen Lumen
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Villus
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Homeostaza, adaptace, regulace

Podminky vnejsiho prostredi kolisaji:

Zone of Zone of Tolerance Zone of
Resistance : Resistance
|
Indefinite — I| !
| |
- [ I\ _—
. ) Wer pper

Optimum a jeho 5000 | critical critical |
h ran | ce E : temperature temperature |
& | r

E | S

= | .

H |
7} | |
100 I i
|
| |
| |
| |
e, e
10
=2 0 5 10 15 20 25

~w

Water Temperature (°C)




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.
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,Konformeri" a regulatori.

——==== "'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 = | 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 (b) Chloride regulation
r ; ™ e 3 = W
When a salmon enters a river from ...butits 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.., i L concentrated in CI°, J
A A
5 s
iy )
= £
5 5
g, g
= &
i3] L
= i
= @)
= -
= E
oy
| |
= -

Water temperature Water Cl concentration




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




Celkova zivotni strategie zahrnuje mnoho faktort —
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 rannych 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.
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Regulace
I Motoricky
system systém

Cirkulagni transportni
systém — krev i l{

Somaticky nervovy sys.

, F
Vegetativnin. 5}:5-#

Transportni
y povrch —
zabra

Vnéjsi
prostiedi

Rit 4' Ledviny

Ridici a obsluzné systémy




teplota

Regulace

teplota

Kompromis mezi rychlosti a presnosti

teplota




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Poruchova
velidina

: Cidlo ,
Regul?vana Regulovana
soustava veli¢ina
iy
Akeni
veliCina
——
' Ridici
—~—  Regulator veliéina
Komparator
Regulacni
? A { odchylka



Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Presnost regulace:

«ON-OFF
eProporcionalni
eAnticipacni



Pozitivni zpétna vazba

Kdyz je rychla zména potreba:
AkEni potencial, tvorba krevni zatky, ~  Signal from mature fetus
ovulace, porod, orgasmus |

" Uterus begins contractions

)

Contractions
enhanced
A
‘Mother's hypothalamus
~ Pituitary gland
- Oxytocin secreted —/

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




Metody fyziologie: od genetickych po behavioralni.

Figure 2-8 # (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 fluorescent markers. The location and intensity of the
fluarescent signal is analyzed by computer to establish which
genes are currently being transcribed and to what extent

(6] A DMA microarray from DNA of a carp, hybridized with liver
cDMAs 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 more strongly in control animals and red
spots are those exprassed more strongly in cooled animals

application is that of gene therapy, in which a defecr arising
from a mutated gene is corrected by inserting a normal gene
igure 2-7a). This can be done in a fertilized egg, or in an

adule tissue. For example, researchers recently found that one
form of canine blindness—Leber congenital amaurosis—can

von Frish




5 Virus with

cloned gene
Bone marrow  Cells placed

cells extracted in nutrient
from mice medium

Transformed
: cells
Transformed
@e f@@) Ty

Sl o

(é\, @ Infection B

= of cloned Transformed cells
Bone gene injected into recipient
MAarrow animal to pr‘c:-:ducc
cells desired protein

Cells in suspension

Genova terapie

DNA

Specific probe identifies
solution

injected DNA

s
l ' — Successful
transplants
| Unsuccessful
DNA with Eggs are injected transplants
desired gene into foster mother
is microinjected
into nucleus -

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

, " phoresed and blotted
Transgenni organismus
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Elektrofyziologie




Neuroetologie
Co vidi Drosophila




Metabolismus

Mikroskopie



Molekularni ,klasika“

L
HEH




Shrnuti

Zivy organismus je vysledkem:
konkrétniho vyvoje

v konkrétnim prostredi

Urcité velikosti téla

Urcité zivotni strategie

napr. chovani, poctu potomku ...

“



Shrnuti

Zivé organismy pracuji na své ,udrzbé".
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 organizmti-
-Bunécna fyziologie

Informace

Energie

Informace Energie
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Bariéra a brany

Glykoprotein
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Bariéra a brany

Carbohydrate chains bonded to cell-
membrane proteins (forming glycoproteins)
or lipids (forming glycolipids) project into
the extracellular fluid on the outside face of
the cell membrane.

Extracellular fluid
(aqueous solution)

Carbohydrate

chain—__

Phospholipid molecule

Phospholipid
bilayer Lo P

IS TV < TOLI TRy
PP

Protein

T Sy

cytoskeleton

Cholesterol

Integral proteins are : Peripheral proteins are noncovalently
embedded in the bonded to integral proteins or lipids but are
phospholipid bilayer. not within the bilayer. Some peripheral
proteins help anchor the cell membrane to Nucleus

filaments of the cytoskeleton.

Cytoplasm

(aqueous solution) Cytoplasm

Figure 2.1 The structure of a cell membrane The cell membrane consists primarily of two layers of
phospholipid molecules with protein molecules embedded and attached. Intracellular membranes also Animal cell

have a structure based on proteins embedded in a phospholipid bilayer.



Hlavni membranové
struktury bunky

Smooth Endoplasmic
Retioulum .

. Golgi Complex

___ Nuclaolus

g~
" Microtubules

" Plasma Membrang

Plazmaticka
membrana

Bariéra mezi intra a extracelularnimi roztoky,
uréuje pasivni a aktivni transport rozpusténych
latek (solutu). Pfijima, pfedava a vede chemické
nebo elektrické signaly .

Jaderna
membrana

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

Mitochodrie

Organely majici kromé ohranicujici membrany
jesté vnitini membranové prostory.

Jde o ,generatory” vyuzitelné energie — probiha
zde $t&peni Zivin za uvolfiovani H' iontu.
Koncentraéniho gradientu H* na vnitfnich
membranach je vyuzito k tvorbeé ATP.
Mitochondrie maji svou vlastni DNA.

Drsné
endoplazmatické
retikulum (ER)

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

Hladké
endoplazmatické
retikulum

Navazuje na drsné ER, ale je bez ribozému.
Je mistem metabolizmu steroidu, transportuje
proteiny z drsneho ER do Golgiho komplexu.

Golgiho komplex

Tvoren naskladanymi plochymi cisternami. Prijima
produkty hladkého a drsného ER, modifikuje je,
koncentruje a obaluje membranami. Vznikle
vezikuly pak mohou byt sekretovany z buriky ven
exocytozou.

Lyzozomy

Vezikuly obsahujici hydrolyticke enzymy pro
intracelularni rozklad poskozenych organel nebo
fagocytovanych castic.




Bilkoviny jako brany

Bilkoviny — flexibilni molekuly:
-pfenasedi signall

a latek
-generatory pohybu
-regulacni enzymaticka aktivita
-jedineCnost vazby

XX W ‘\

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 NH,

CHy—OHesse s O=C—CH,—CH,

lonic bond \

CH,—CH,—NH; O N

< CHy—CH,

CHy;— CH— CH,

Region of
hydrophobic and
van der Waals
interactions

CH—CH; CH,—CH
I
CH, CH,

Protein fold




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




a) Prosta difuze

b) Usnadnéna difuze

c) Prostup iontovymi
kanaly

Typy transportu

d) Sekundarni aktivni
transport

e) Primarni aktivni
transport

ATP
ADP+PI




http://highered.mcgraw-hill.com/sites/dl/free/0072437316/120060/ravenanimation.html




Usnadnéna difuze

Prenasena
molekula
ﬂ&EIeKtrochemlcky
v gradient
Transportni
protein

Bl \ N\



Kanaly mohou regulovat pasivni

transport. ONe
Mohou byt velmi selektivni a Enen;-cr;dr_-en;ucw
fizené ruznymi podnéty b) O

Prenasena latka

wW.M

Ele k‘tricky Depolarizova a
vratkovany kanal membrana

Elelr.lrochemick'}
gradient

Elektrochemicky
gradient

| .



Strukturu kanall lze znazornit rizné

CATDULIYULALS BIUUPS QUVAY3 UL LIV o o
Inthis hypothesized face, not the inner, cytoplasmic face (see Figure 2.

secondary structure of the
entire protein molecule hydrate groups are thought to serve as attachmer

each cylinder represents an cellular proteins and as cell recognition sites.

(a) Secondary structure (linear presentation)

Extracellular fluid o-helix (see Box 2.1).

Hydrophilic ! The word fragment glyco refers to carbohydrates (after the Gr
Cell amino acid Hydrophobic
membrane o-helix

Figure 2.4 The structure of a transmembrane protei
gated Na* channel—illustrating several modes of pr

This molecule
consists of four

. - i e Lk e e domains, each of

which includes six

Domain | Domain 1T Domain I11 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\

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.g., B) or peripheral proteins (e.g., 7).

Cytoplasm




Draslikovy kanal

Thecretical and Computational Bio i
Backman Institute ‘i-'

University of lllinois at U[hﬂl"l:il ) _
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Aktivni transport — pohaneno E nesenou ATP
[
| |

Concentration

‘ gradient

- (High)

4

ECE
ADP ICF (Low)
Phosphorylated Dephosphorylated
conformation Y . conformation X Direction of
ATP of carrier of carrier transport
.— Molecule to be ’
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 S hoanhals
transported binds to carrier on low- molecule detaches from carrier on high- S EHERR
concentration side. concentration side.

T\ W




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

Zaludek, lyzozém, ledvinny tubulus ATP

Cytoplasm

finang
4edy

Lumen



Sekundarni
aktivni
Transport —

Muzes projit, ale
vezmi naklad

http://highered.mcgr
aw-
hill.com/olc/dl/1200
68/bio04.swf

XX W

!_ume_n of No energy
intestine required

b &

Cotransport carrier Luminal border

N S

——Tight
junction

Epithelial cell lining i

~
5 . = i —— o ——
small intestine ot —_——— —-\\

Energy
required

Basolateral
border
No energy
required

Glucose carrier

A e el s r

= Sodium /& = Potassium [ - Glucose @ = Phosphate




ATP syntetaza na vnitfrni membraneée
mitochondrie se toci obracené —

Muzes projit, ale vyrob ATP

2

MITOCHONDRIAL MATRIX

imace



#

Oligopeptide
. Glucose, %

Glutamate -~

*._amino acid * ) Q
Amino acids, "
glucose, s
urea, etc. o A :
Na* K*

OH- a: 4
I'r ”
Antiport Syn:port /ATP Ca*

. Symport S
Uniport", SHEROR
or facilitated
diffusion :
! lon-coupled transporters
lon cha n_nel 7 (‘secondary transport’) |
co, permeation :
© Water ‘

permeation '

Simple ! '
diffusion

Passive movement ! ;
and passive transporters

Primary active transport




Cytoza — aktivni transport velkych mnozstvi

Lipidova
dvojvrstva Vznikajici
| vezikul
Velke
castice
/\o/\
® o
. e
. e
® @




— C. Receptory zprostiedkovana endocytoza

pcrtazena jamka
receptor recyklace receptoru
a membrany

odbouravani
ligandu lyzosomy

casny endosorn

1002.swf



t-SNARE: docking marker
akceptor

v-SNARE: docking marker
Coatomer: drzi zakfivenou
sténu vezikulu

— D. Konstitutivni exocytéza

Golgiho trans-kom plex o

-""l
1,_.-*" i

”i"gktivaﬁe ARF
v-SNARE GNRP

S
1ﬂﬂﬁﬁ3?5fl*ﬁ i

3 coatomery potazena
(oplasténa) vezikula

membrany

ARFLGTP L
(aktivni) ARF-GDP
- (inaktivni)
ARF-GDP
(inaktivni)
it
4 fuze

5 exacﬁéza

Pi'ﬂzmﬂﬂfkfi extraceluldrni
membrdnag

prostor



Ameboidni pohyb a uloha cytoskeletu

E. Bunécna migrace

1 i od K= Cl

lamellipodium

=

~ podlozka mista adheze ;

{podla &, Schwaba a spol)

monomer aktinu

profilin

polymer aktinu

propojovaci
bill-:ovin_e_l

(fota: K. Gahriel)

Miyozin |

(ztasti podle H. Lodishe a spol.)







Pouzite bilkoviny musi byt degradovany
Proteazomy

PROTEASOME

Uklid vlastnich signald —
transkrip€nich faktort a enzymu
Priprava volnych AK

Lysozomy likviduji latky a Castice
z venku - animace




Bariéry a brany

Jednobunécny Mnohobunecny

Cirkulagni transportni

Energie Informace ’ systém — krev
Usta Kize
| . /

Transportni
y povrch —
zabra

j
O <M —er() St

3

Vnéjsi
prostiedi

L

Energie

Informace

Bl \ N\
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Paracelularni transport — urCuje ,,déravost” epitelu

Epitelové
bunky
Transcelularnl Prenaseny
transport substrat
Paracelulérnl
transport O




Spoluprace —
bunécna spojeni

Tight junction ~ Septate junction

L

filaments

V
Occluding junctions

/

/

Glycoprotein

Desmosome
/ ("spot weld”)

Figure 2.7 Types of junctions betw
proteins that together form the pore

Intercellular Connexin
space protein
Cytoskeleton
filament

Gap junction

(communicating

junction)

( Tight junctions and septate 3
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

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

make contact at ridges.

(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.




Spoluprace ve tkanich — bunécna spojeni

"

o
T

Focal adhesion

Hemi-desmosome

Tight junction

d 22" Adhesion belt
s
-l Desmosome

(5ap Junction

Integrin

selectin
C AN
Integrin hembrane proteoglycan




Konexon a ,gap junction”

Bunka 1

=
lL-J =l

Kanalek — konexon

Detail kanalku
tvoreného
6 podjednotkami

TN e



(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
L junctions and the basal part.

Basolateral region of cell
membrane

(b) Schematic representation of an epithelial cell

Apical region of cell

: \ membrane
Tight junction

Baaﬂlateral region of

- cell membrane



Extracelularni matrix tvori:
 tmel mezi bunkami (hlavné kolagen)
 basalni membranu epitelu

Basement membrane zone

B 1
(AN BT =
e EL Basal cell

Hemidesm o= Lezmosome

o

4
i 1

" ol
]_L‘_r‘Td gl

Lamina Ancharing
lucida e protein
densa Darmal Collagen

fibre (hype | collagen) Ancharing fibrils

e Wil callagen
Fibrareticular Laminia (hrp gen)

(fibronectin




Extracelularni matrix — tmel mezi burfikami (hlavné kolagen)
Integriny kotvi v membrane

Proteoglycan Proteoglycan
molecule complex Collagen fiber

Polysaccharide

molecule
} ,;.f
J q{ﬁ%

8080880009y
.

Plasma—{ Bidee O~ e
membrane

' A ¢
\ Integrin Microfilaments of cytoskeleton

Copynght £ Pearsen Education, Inc., publishing as Benjamin Cummings.

CYTOPLASM




Membrana se selektivnim aktivnim transportem
iontd elektricky nabiji.
Nabita membrana - Klidovy potencial




Membrana se selektivnim aktivnim transportem
iontll elektricky nabiji.
Nabita membrana - Klidovy potencial

Vyuzitelny pro:

e sekundarni transport
e tvorbu a prenaseni signall

Cathode Ray © o0
scope (CRO) l l o 0

O 0O
© O O
Electrometer
{Input from
Electrode)
1 Ground
; = Electrode
oW )

Squid Axon

\



Nabita membrana - Klidovy potencial

lont Koncentrace Gradient | Rovnovazny
Intracelularni | Extracelularni | Intra/Extra| potencial
Na* 12 mmol/I 145 mmol/l 1:12 +67 mV
K" 155 mmol/I 4 mmol/I 39:1 -98 mV
Cl 4 mmol/I 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
— | - oo
o o o o ©°
[;](“
Electrode)
U _TL (E:‘llrm:ndd

)

Squid Axon




Gibbs Donnanova rovnovaha




Na/K pumpa nabiji membranu

157 mV

Extracelularni
prostor

\

Intracelularni

? A § \prostor
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INTRA EXTRA







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 i - @

Phosphorylated conformation Y e e e
of Na*™—K* pump has high affinity
for Na* and low affinity for K*

when exposed to ICF

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

2 et

ATP >.‘}. ‘A
® b 4 ¢ "5, 4 » ©

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

ADP

4

. = Sodium (Na*) A = Potassium (K*) 0 = Phosphate

R N




Vapnik — extracelularni iont, nositel signalli

neuroaktivni latka

Mechanismy udrzujici
nizkou hladinu Ca v .

v vapnikovy
bunce kanal

zésoby Ca”’

pumpa i

-,

zdsoby Ca™

© VESMIR
4 Mechanizmy regulujici v bufice koncentraci vapniku: PLC - fostolipa- prokazat,
K za C, DG - diacylglycerol, CICR - indukované uvolfiovéni vapniku kem. (viz
AMnnhn

—_—



Vapnik — extracelularni iont, nositel signalli

— A. Regulace bunky ionty Ca**

depolarizace
[Ca®'], b '
zevni ligandy Ca?
=i mmol/l ”;;m}r cAMP aj. ‘J
3
1| D S5R—> Cal) @
ﬂ-cl _-‘"‘1-*
! 2
/' oy [€@¥1 ¢
<
jddro 2 o4 l
buriky vezikula J hv prn; ne
3 pru ovaném
[Ca®]; J, ..t/ svalu:
=0,1-0,01 umeol/l
r ‘f—‘
svalova kontrakce, exocytdza (exokrinni, endokrinni, transmiterd), troponin
podrazdéni gidla, uzavirani gap junctions,
otviranifzavirani jinych iontovych kanala migrace bunek aj.

¢ ~N
M&anis y uhici

nizkou hladinu Ca v bunce

StaCi male podrazdéni a Ca
udi do bunky



Vapnik — extracelularni iont, nositel signall

2 zvysena frekvence

1 nizka frekvence stimul A
[Ca2"), (Ca ) JUU\MMM
i — -
cas
o
aktivita cas A l l l g
ﬁ:gﬁ' aktivita g
CaM-ki- £
T '1 “ “ r'1 ’|| nazy Il a
=
- :
cas cas = %
: nardstajici &
3 deaktivace enzymu autofosforylace
= - nefosforylovany
EINWMMW
G -
£as
— L. Ca*-senzor S
kalcitonin
Cal" " 1 lf’.’ .
. S )
Ca? / [caz+:h * : |.-. 2
2
La \f parafolikuldrni
: f At C-burika
! L
fosfo- il
lipazaC
] ;" PTH
{@'1:'5 pact P>t paratyreoiddlni 'ﬁfk..,_
3 @g}f burka ' *, «
& & Ca’ PKC fJ
v (ca®1, p < e
[cAMP] } [cAMP] 4 1 W27 3




Bilkoviny:

eTransport na membranach
ePohyb

eEnzymaticka katalyza
eInformacni molekuly
eImunita



D. Konstitutivni exocytoza
|_ |1 aktivace ARF

Golgiho trans-komplex
= v-SMARE

)
——eeeee i
A

GTP J
font ARF-GDP
2 coating (,potazen;” ek (inaktivn)
3 coatomery potazena
(oplasténa) vezikula  ARF-GDP
P, (inaktivni)
£y <
4 fuze
{ membrny 5 excéza

— E. Bunééna migrace
1 K'Cl

e

L podlazka mista adheze aXs

K=l

{podle A, Schwaba a spol.)

~ monomer aktinu

profilin

propojovaci
bilkovina

ifata: K. Gabiiel)

myaozin |

(z¢asti podle H. Lodishe a spol.)




Cytoskelet

plasma
membrane

Masrma membseane -

~ microfilaments
Rl —
mitochondrion
Rogzh
|_-|1|.1|:]1f.|-|'|'u|.
reliculam
intermediate
fil nts
_microfilaments ilame
i“lﬂl'madilﬂt& A ’ : sitochond rion
' endoplasmic
filaments microtubules opiaan
microtubule

vesicle






Cilium

Plasma membrane

Inner
sheath

Microtubule
doublet

Central singlet '
microtubule

Dynein arms

— Microtubule
doublet

Dynein arms

Plasma
membrane

(a)

Plasma
membrane

Figure 2-27 # Internal structure of cilia and flagella.
(a) Schematic diagram of a cilium in cross-sectigp
characteristic “nine plus two” arrangement of m
with the dynein arms and other accessory prote CytOSkeIet
micrograph of numerous cilia in cross-section.

(Source: Adapted from Molecular Biology of the Cell, Fig. 10-27, p. 565 by Bruc
Dennis Bray, Julian Lewis, Martin Raff, Keith Roberts, and James D, Watson. R
permission of Garland Sciences/Taylar & Francis Books, Inc.)
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Photo: & David M. Phillips/visuals Unlimited




Bundle of
muscle fibers

Single muscle fiber
(cell)

Myofibril

Light Dark
band band
_.'—H"'_"'h"_"\

0.5 um

| band A band | band

—— -
M line

Thick filaments — .| T e gy Bl

(myosin) o B gl ey [l

| ...

Thin filaments < e et | o] 35
Z line”” H zone Z line

L-—- Sarcomere —l

1889 Addison Wesley Longman, Inc.




— Animace komentovana




Secretory
vesicle
- Kinesin
Endoplasmic molecule
reficulum

Microtubule
Golgi

complex

Secretory
vesicle

Microtubular “highway”

Debris

terminal

Cell body

LI A AP A Miaim sccmasiematomcilai s sl b - b Emmilitmdanl o tha maiarsatiibailae

Z1vot v bunce - Animace




— F. Protein synthesis, sorting, recycling, and breakdown

Breakdown @

ﬁfmm Protein bmaln:luun/:' g’w (_‘i‘




Barvozména — také jedna duleZita uloha pro cytoskelet

Aggregate
pigment
granules

Pigment
granules

Microtubules

i

/

|

Plasma
membrang




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.

Informace

Energie

Rovnovazny
stav

X
l \ \ Informace Energie




Prenos informaci
Mezibunécha komunikace a
sighalova transdukce




Mezibunécnha komunikace a
sighalova transdukce

— A. Triggering and Development of Apoptosis

e s NDN;NApZa:a;e \ shrinkage  fragmentation
Obecna chemorecepcni schopnost bunék - S [ f
Komunikace ve spoleCenstvi bunék, rozeznani
poskozené nebo cizi bunky
Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli¢ k podstaté

Bl \ N\




Mezibunécnha komunikace a
sighalova transdukce

— C. Regulation of Cell Proliferation, Motility and Differentiation

Srg)r:wctlmg lone Enrqcel\ular

hormones \‘

- \ Cell membrane
A
Growth \
factors lon
S Messenger
substances and
\ other signals
eroi

\ Receptors l

o 4 ‘_,..,__,}
(L) ——P» > |/ Geiigne

Obecna chemorecepcni schopnost bunék \ /\ v

Synthesis of Differentiation Form Migration

Komunikace ve spoleCenstvi bunék, rozeznani . Biosynthesis  Adhesion _Prolferaton

S
-
-~
OskKeleton

poskozené nebo cizi bunky
Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli¢ k podstaté

Bl \ N\



Mezibunécnha komunikace a
signalova transdukce

Obecna chemorecepCni schopnost bunék
Komunikace ve spoleCenstvi bunék
Signaly: diferencuj, proliferuj, syntetizuj, zemfi...

Porozuméni = kli€ k podstaté Ovarialni teratom
Regenerativni medicina a onkologie

Na jednu stranu cheme aby uz nerostly (novotvary)na druhou aby zase rostly (nahrady)
~



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

ZpUlsob porozumeéni signalu — jeden kli¢, ale rlizné dvere

‘\\N\




bunkami

N
Q
S

redani signalu —

tsob p

Zp




ZpUsob predani signalu — mezi burikami

b)Meuroendokrinni

a) Nervova ) Endokrinni d) Parakrinni e) Modifikovana
parakrinni

Me |ler Neurchomon

Lil




ZpUsob predani signalu — pres membranu

PR Jaderna
Cytc;;;lcagrr)?caj’;lcky membrana
Hormon
(prvni posel) E; Napf. Tyroxin
b D ——am-RNﬁ
Protein
Receptor || Pfenasec L
Zesilovac
Bunécny
efekt

Hormon Napr. Adrenalin

(prvni posel)



ZpUsob predani signalu — pres membranu

. Signalni Receptor ° Signalni
molekula aktivovany molekula




(a) Ligand-gated channel

Extracellular fluid

Ligand\ Na*

s

Extracellular fluid

Ligand (first messenger)

Gprotein- G protein Enzyme

(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,

Activated
active site

coupled it Cyclic
receptor ATP A)EVIP
The catalytic activity of (second
Cell membrane the enzyme produces messenger)
KEY Ny g
Cytoplasm cyclic AMP or another
In their typical mode of functioning, ligand-gated S.Ea Lﬁi:;iﬁgﬁ is:;g:(ir::is;ﬁ il
channels open to permit ions to pass through, -
thereby altering membrane electrical charge, Cytoplasm

when they bind to their ligands.

{c) Enzyme/enzyme-linked receptor
Extracellular fluid

Ligand (first
messenger)

In this relatively simple
example, binding with
the ligand activates a
catalytic site on the

| same molecule.

Activated
active site

Activation of the
catalytic site inside the
cell causes production of

GMP
(second the second messenger
Cytoplasm messenger) cyclic GMP.

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
molecularinteractions 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 chewwn ic tha atrial natrinratic nantida racantar which ic narticnlar

(d) Intracellular receptor

The ligand, in this case a
steroid hormone,
dissolves in and diffuses
through the cell
membrane.

Extracellular fluid

Ligand

Cytoplasm

Nuclear envelope
(simplified)

Intracellular
receptor

Nucleus

The activated
ligand-receptor
complex functions as
a transcription factor
inside the nucleus.

DNAYAY) \.I'Vl’ \




Proteinkinazy — zprostredkuji ,nabiti , fosforilaci

Pomaly synapticky prenos a fosforylace bilkovin

nalil. Na ¢etnosti a vwkonnosti jednotlivych typit 1on-

burka
prijimajici

l signal
fosforylace proteinu

proteinkinazy

\ fmﬂwlwané ______————‘__Fd_

iontové kanaly

PRINCIP PROTEINOVE FOSFORYLACE

Fostatova skuplna, pfedana napf. adenozintrifos-
fatem nebo guanozinirifosfatem, Je navazana na
proteln prostfednictvim 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 delél dobu ¢asteéné 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).




Extracellular fluid

Hpinephrne Inactive
Proé tO“k (ﬁrs/t,messenger) adenylate
, , cyclase
urovni? i
«Zesileni

Receptor

*Vazby

G protein

Inactive cAMP-dependent protein
kinase dissociates when molecules of
cAMP bind to one of its molecular
subunits ...

because the active
dependent protein forms of the enzymes
kinase catalyze formation of

.. and two of the subunits
released are catalytically active
enzyme units.

Active cAMP-dependent
protein kinase:

Inactive glycogen
phosphorylase kinase

Inactive cAMP-

Active cAMP-dependent kinase units are protein
kinases and activate their target protein by
phosphorylating it using phosphate groups
(—PO,*") drawn from ATP. Moreover. .

Cytoplasm

Active
adenylate
cyclase Activated

active site

Amplification occurs
in each of these steps

many product

Amplification step; multiple

X
e =

product molecules generated

P hitp://highered.mcgraw-hill.com/olc/dl/120069/bio08. swf'

molecules.
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ATP- ADP
Active glycogen PO? o6
4 ®
phosphorylase ®
kinase ¥
- ATP:
Inactive glycogen Active glycogen PO?
phosphorylase phosphorylase .
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.. active glycogen phosphorylase kinase A
molecules are also protein kinases and -
activate their target protein in the same way. Glycogen @
(OF5)
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Druzi poslové Animace

Extracellular fluid
12 Nitric
L | (1 Adenylate @® Guanylate ?ijjlg;? @ (4] (5

._ ::lase Phospholipase C

G protein- Other ¢ ocrein O

A effects
coupled cTP Nitric coupled
receptor e aiide receptor
(NO) Inositol
f o trisphosphate Phosphorylation
T (IP3) of proteins
Cytoplasmic 6]
guanylate
cyclase
Activation of Activation of 9
cAMP- cGMP- Ca?+
dependent dependent
protein kinases protein kinases .
l l CalmoduD
Phosphorylation ~ Phosphorylation Ca2t Ca2+
of proteins of proteins i Endoplasmic or
Caze Cart ca?;ig;n? sarcoplasmic
1 reticulum
Ca2*—calmodulin channe
complex
Cytoplasm
KEY l
Activati Activation of calmodulin-
cHivatng dependent protein kinases or

interaction other enzymes




Obecna neurofyziologie



Red elektrickych zmén je typicka, ale
citlivost na chemické signaly zlstava a je
bohaté vyuzita.




Zakladni stavebni a funkéni plan
nervoveho fizeni.

Spoluprace s gliovymi burikami.

- Capillary

; Oligodendrocyte =

gy T Myelinated
axons

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




Zakladni stavebni
a Micha Receptor (kiZe)

funkCni plan nervove soustavy.  Zadni kofen o ‘
Misni nervova Aferentni

uzlina neuron g,

o

Intermeuron

Eferentni
o motoneuron
Predni korfen o
Copyright ©The McGraw-Hill Com panles, Inc. Permiasion required for B ——.____-__-:
A reflex arc showing the path of a splnal reflex e
Efektor (sval
white dorsal dorsal-root cell body -
matter horn ganglion of sensory pin
neuron

receptor

gr Dorsal (in skin)
matter , F—x__‘rf_.‘.__ﬁ_

I e Nl i axon of

{ sensory neuron

central f
canal

axon of \\1 \
moter neuron

5:1.

- -~
—-"‘_:’F:_.‘ *

Ventral ventral
ventral cell body root
hern of effector
motor neuron (muscle)  hitp://www.southtex is Fig_fIReflexArc_figd6_8.GIF



Periferni dendrit

Kmenovy dendrit

Axonovy
' casti . t hrbolek
Neuron a jeho soucasti Inicialni - 1
segment |l§ . Ranvieruv
zarez
Myelinova ” Detail .
pochva \I I dentritickych trnu
Kolaterala
* Priib&2né
syhaptické

vag
? | \ n <y Terminalni synaptické
vacky




Koncentrace hlavnich iontd na membrané v klidu.

lont Koncentrace Gradient Rovnovéllinf(
Intracelularni | Extracelularni | Intra/Extraj 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

Cathode Ray © o0
scope (CRO) l l o 0

© O ©

Electrometer
{Input from
Electrode)

T W : U .

Squid Axon

)




Rozdilné postaveni Na a K
iontd

Intracelularni Extracelularni

\Membréna

? "X \ Nprosmr\ -



Akcni potencial

rogs Lab

et

e e

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

“



Akcni potencial

+30pb~--——=-————-— -

Bud nevznikne viibec, =
nebo vznika stale stejné velky.

MP{mV)
=
0
»
e

bombycol stimulus

electro-
antennogram

intenzita podnétu (V)




Casovy zaznam AP

Depolarizace Repolarizace

mV/ & AP kanaly

Prah

Klidovy potencial

Nasledna hyperpolarizace

0 1 2 3 4 5 ms




(a) Resting membrane potential

Extracellular
fluid

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

Mechanismus vzniku:
Spoluprace kanalul pfi vzniku AP

(b) Rising phase

Prs == Py

PK >> PNEI

(d) Recovery

PK>PN3
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’_-'T-::-pnl-::g}r of voltage-gated Na™" channels

|

E

(¢} Voltage-dependent conformational change

Voltage T




Prevazujici Na propustnost vystfida K propustnost — propustnéjsi ma
vétsi slovo a tdahne membranu ke svému rovnovaznému napéti.

EM AP kanaly

i
-

20

PocCet otevienych kanalu
na um? membrany



Sifeni podél membrany.

Krome pricneho i podélny /"\ g\
™

tok iontu.

ZaleZi na pruméru. ’ W U
V0akno axonu AP

mv
0 I
Prahovy
potencial
-55
?Y\ \ v\l-?U____ B
Klidovy / Vzdalenost

potencial



> <
N = __dmﬂ%l.ﬁpﬂﬂtmﬂft Sifeni podél membrany.

nemyelinizova-

> < ny axon Zalezi také na myelinizaci.
< >
S R i N 1 U Y gy IR R -~
e = o = =S ERg e e e e L
> <«
> <

eni AP1
eni AP2

Pk ~
o L Lo 1

< <

- myelinizovany
> axon

ek ~

AlAIA

H1l

Obr. 17

Tok iontového proudu v pribdhu

akénfho potencidlu v myelinizo-
. vaném a nemyelinizovaném axonu.




Synapse

PrerusSeni elektrického
vedeni po membrané.

Proc?

Plasticita, zpracovani

Chemicky prostrednik



fa) Overview of vesicle recycling

Chemicky prostrednik:
Exocytéza mediatoru

_ Clathrin

E' : : ) © Endocytosis

(b) Retrieval of the vesicular membrane

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.




Superrychla
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Klatrin tvori
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— F. Protein synthesis, sorting, recycling, and breakdown

Cytosal

A - —

Protein and lipid modification

of macro- Protein breakdown
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Signal

-view of vesicle recycling

=val of the vesicular membrane

Classical
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Kiss-and-run

A

lassical pathway, the vesicular
ane completely fuses with the
iptic membrane, then is

d by endocytosis.

In the kiss-and-run pathway,
synaptic vesicles fuse to the
membrane only at a narrow
fusion pore.




Receptor je soucasti kanalu — ionotropni signalizace
nebo spojen s kanalem kaskadou signalti — metabotropni signalizace

fa) Ligand-gated channel (h) 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 proteins—a G protein and an
Ligarid " enzyme—to activate enzyme catalytic sites,
= \ I:a Activated
ﬂ v ‘/Ligand (first messenger) \ active site

G protein- G protein Enzyme

coupled e Cyclic
: receptor o AMP
i 5 The catalytic activity of (second
€U membrane KEY the enzyme produces messenger)
Cytoplasm cyclic AMP or another
— o - ivati dm
In their typical mode of functioning, ligand-gated LES fx:;iﬁgﬁ s
channels open to permit ions to pass through, i \9, 5
thereby altering membrane electrical charge, = ,93!‘“\.-; ;
when they bind to their ligands. Cotoplag . .\‘_u:'—‘_j,’— S¥NARSHT

(52) _kindzall '\

pfiprava &“\

Synapsin vaze vesikuly k cytoskeletu ) vl \
pfipojeni ¥
navazani

transmiteru
na receptory

Y

EPSP, EPSP, EPSP,

L

signalni fetazec

6
‘ \ 7 @{Na‘*] sumace
postsynapticky -90 L
akéni potencial

my

S

[wiz tab. B!



Metabotropni signal:
Intracelularni pfedani
signalu jde vyzkousenou
cestou G proteinové
signalizace — univerzalni
mechanismus

ecep-
tor
G- .
rotein Adenylat
/, cykaza
GTP J a) kanalova
GDP p:rinpu stnost

ATP  Amp Na'Ca*
Bt minkeina b) aktivace
enzymi
Fosftnflac:e "‘"' Enzymatické pochody

~
! 5 \ \ ATP  ADP Exprese genu




Latkova signalizace na synapsi

Metabotropni:

Latkova signalizace
Latkova signalizace2
Latkova signalizace3

lonotropni:
Nervosvalova plotenka

X \ N\



transmiter

acetylcholin

ADH
(= vazopresin)

CCK (= cholecystokinin)

dopamin

GABA
(= -aminomaselna kys.)

glutamat (aspartat)

glycin
histamin

neurotenzin

noradrenalin, adrenalin

MPY (= neuropeptid Y)
opioidni peptidy

oxytocin

puriny

serotonin
(= 5-hydroxytryptamin)

somatostatin (= SIH)
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aminokyseliny
katecholaminy
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ostatni
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receptord
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L, 8, 1
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Mediatory - neurotransmittery
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— E. Ukonéeni plsobeni transmiteru

| e

A\
\ inhibice
presynaptické \ exocytozy
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Nemusi byt jen excitacCni, jsou i inhibiCni transmitery.

AP
excitadni /4
transmiter mv
-70
-a0

EPSP

—_— i
ms

depolarizace >‘

elektrotonické sireni

Jzkrat” pies K'-kanaly
nebo Cl -kanaly

mhibujici

transmiter Ly
'_'t._.x "

hyperpolarizace

postsynapticky
neuron

elektrotonické proudy

hyperpolarizuji
axonovy hrbolek

my
=70

sumace
EPSP + IPSP

k axonovému

hrlbaollku




Bunka 1

Vzacné |
elektricka synapse. .-
T —

e

Bunka 2
Kanalek — konexon
Detail kanalku

tvofeného
6 podjednotkami

Intercellular
space -

Hydrophilic
channel

2.7 nm
space

Connexons == —§

Plasma ——" |
membrancs

Cap junction



Jak spolu neurony komunikuji.

d Neurotransmitier

. ) ‘l.-’-.zfralul.:-::.w'“(
N

Dendrites
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Dva druhy kanalu — dva druhy kédovani
Elektricky a chemicky

Ligand Q

4 Pranaﬁana latka

0 .ﬂ @

Chemicky
vratkovany kanal
Elektrochemic Iqr
gradient
b)

Prenagena latka

O

+++ ++4+ -

0y

Elektricky
vratkovany kanal




Dva druhy kédovani informace
Dalkové Sifeni — digitalnée
Zpracovani - analogoveé

1 Sensory signals
Stimulus

Input Integration Conduction Output Input
{transmitter
release)

Action

Graded potential  Action

receptor

potential

LA

Action Graded
/ potential |potential synaptic
Receptor |/ / potential
potential _/.|\

|| e~

o T = L= —_— .

Muscle spindle Sensory neuron

2 Motor signals 3 Muscle signals

Integration Conduction Qutput

Input Integration Conduction Output
{transmitter ibehavior)
release)
Action Action Action Graded Action Action
/;:notential potential [potential synaptic potential | potential
Receptor o 4 potential

Receptor

potential potential
v #

.‘{\;\\\'\\
- N Bl traction

Motor neuran




)
. Excitacni vstup
Smysl: Vstup

A) Zpracovani: sCitani, syntéza, Vystup

porovnavani signalll. Integrace vstupu. Skl

Casova a prostorova sumace

B) Plasticita NS — zaklad paméti Ve /| nicialni segment

EPSP+AF Vystup

Excitacni vstupy

b 1 .

3

Inicialni segment

3IXEPSP=AP Vystup

l(_’__




Smysl:

Zpracovani - analogoveé

Casova sumace

TN w N

a)
Ustupj\’

Vystup

VstupM

EFP3F

EPSP+AP

b}

JxEPSP=AF

l(_’__

Excitacni vstup

Iniclalni segment

Vystup

Excitacni vstupy

2 3

Inicialni segment

Vystup



)
. Excitacni vstup
Smysl: Vstup

Zpracovani - analogoveé Vystup

EFP3F

VstupM
4 Iniclalni segment

EPSP+AP

Vystup

Casova sumace

Prostorova sumace b) ;
1 3
2
Mp

3IXEPSP=AP Vystup

l(_’__

Excitacni vstupy

2 3

Inicialni segment




Inhibiéni vstup

Nékteré synapse inhibiCni
Néktere excitacni

Facilitace Excitaéni "-"Etll]
Inhibice

EPSP
[I inicidini segment

3xEPSP=AP

WIPS P=0xAP




Neuronalni signalizace




Divergence, konvergence




Synapse vytvareji dynamickou sit’ spoju, zakladem reflexu.
Monosynaptické x Polysynapticke
Nepodminéné x Podmineneé

Copyright @ The McGraw-Hill Companles, Inc. Permssicn 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 1 PIn
neuron

receptor
(in skin)

Dorsal

matter

axon of
sensory neuron

W
axon of \ \
motor neuron

'.I_‘,

i
-

.

Ventral ventral ot
ventral cell body root
horn of effector
motor neuron (muscle)

http://www.southtexascollege.edu/nilsson/4_GB_Lecture_figs_f/4_GB_16_Homeostasis_Fig_f/ReflexArc_figd6_8.GIF
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Synapticka plasticita zakladem paméti. Rychla — potenciace. Pomala — prestavba.

: : | e
o 10 min 30 min 60 min later




Pfestavba dentritickych trnu

Bl \ N\



Shrnuti

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

Nervové bunky kromé latkovych signalll pouzivaji i elektrické.
Akcni potencial je vhodnou reci na dalkové digitalni vysilani.
Mistni potencialy umoznuji zpracovani signalu.

Synapticka spojeni umoznuji plasticitu a pamét’

Bl \ N\




— F. Protein synthesis, sorting, recycling, and breakdown

inclusion in
W_ cell membrane

Secretory
vesicle

Z1ivot v bunce




Obecna fyziologie smyslu

Co se déje na membranach.

Receptorove bunky jsou brany,
kterymi vstupuji signaly do NS

Exteroreceptory x interoreceptory




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

Podnét

| E Iek}[ptnp ické \,‘
Akcni pﬂt&ﬂﬂiéll Genc ratﬂ rﬂ'lu"_;f o srenl #-Fteneptﬂrﬂﬂf
J potencial potencial

i e e
N J\_/LA

\




Receptorova bunka prevadi energii podnetu na zmeénu iontove propustnosti.
Transdukce

Transformace

L ARG

Elektrotonicke

N\

Akéni potencidl Generatorovy & STeN! € g0 ohinrovy

J potencial potencial

1 /

\




Vlastnosti membrany jsou klicem pro transdukci.




Intenzita podnétu a intenzita odpovedi.
Weber-Fechnerlv zakon

Urovef saturace

Intenzita vjemu



Trvani podnétu a trvani odpovédi.
VétSina receptort pracuje jako diferencni

Diferencni receptor Proporcionalni receptor

Podnét

‘m
YN



Lateralni inhibice: vySSi rozliSovaci schopnost
zesileni kontrastu

a) b} \ystup na
Osvétleni sitnice 'l sluchovéem

- Y

Lateralni

inhibice Lateralni

fotoreceptord inhibice
viaskovych
bunék ucha

Vystup na
zrakovem
nervu
Zvukoveé vibrace
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