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ANIMAL PHYSIOLOGY |

7. ceho studovat?
Chodit na prednasky?
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Test ke zkousce

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

Priklad spravné odpovédi na plny pocet bodu:

A) Trijodtyronin a Tyroxin ze Stitné Zlazy zvysuji oxidacni déje v mitochodriich a tak i
metabolizmus, proteosyntézu, zrani, rust. B) Somatotropin (rstovy h.) z adenohypofyzy
zvysSuje vyuzivani lipida a rust. C) Somatostatin z D bunék pankreasu snizuje vyuzivani
zivin (tlumi sekreci inzulinu a glukagonu, resorpci ve stfevé). D) Katecholaminy ze drené

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

z kury nadledvin.




Prehled kapitol:

Postaveni fyziologie mezi ostatnimi védami
Fyziologické principy

Homeostdza, adaptace a regulace
Obecna neurofyziologie

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

Problém velikosti a proporci téla
Fyziologie pohybu

Funkce télnich tekutin

Imunitni systém
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. Fyziologie dychaciho systému
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Fyziologie zivoCichu

Definice zivého:

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




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

UdrZovani organizovanosti a integrity, rozmnozovani.

Vyuzivani latek a energie z okoli.

Energie Informace

Informace




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




Fyziologie zivocCichu -
kontext

Ekosystémy
Spoleéenstva

Populace

mM—QOOrOXMm

Organizmy

M—OOr-O—m

Organové systéemy
Organy

Bunky

X ——mMm=Zmao

o—H<0

Organely

Membrany

M
)
R
F
o)
L
)
G
I

E

m—=oor

Makromolekuly

m—OOrO—om

Molekuly

—Z 0 CRM O

Atomy

mMm—<=mIO

Subatomarni ¢astice

—2Z2r >R —MN<T




Na fyziologické vlastnosti se Ize divat ze dvou hledisek:
» mechanistické vysvétleni — jak to funguje (proximatni,
tradicni fyziologicky ptistup)
* evolucni vysvétleni — jak se to vyvinulo, teleologické
hledani ,,smyslu‘

Napt. svalovy tres




Na biologicke vlastnosti se 1ze divat ze dvou hledisek:
mechanisticke vysvétleni — jak to funguje (proximatni,
tradicni fyziologicky ptistup)
evoluCni vysvétleni — jak se to vyvinulo, teleologické
hledani ,,smyslu‘

Napt. svalovy ties
ProtoZze znaky pravdépodobné vznikaji selekci, a ty, které

prekazeji, zmizi. Mluvi se tedy o nich jako o adaptacich — ty
pomahaji zvysit Zivotaschopnost.

Evolucni pohled nabizi teleologicka vysvétleni — hledani
,.logiky“ véci. Odpovéd’ na otazku proc?




Z1vy organismus ma svou historii: je vysledkem milionu let
evoluce diky variabilité a prirodni selekci.

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

VVVVVV

*Pater — suboptimalni design.

*ProC zrovna 37°C télesne teploty? — Historie a prostredi
savcu.

*L1dsky genom je zanefadén diive funkénimi geny a vétSina
zrejm¢e nic nekoduje. Nékteré geny mame po virech a
bakteriich!




Z1vé organismus ma svou historii: je vysledkem milionu let
evoluce diky variabilité a prirodni selekci.
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Srovnavaci pristup — vidi vyvojove a environmentalni
souvislosti




Prostredi urcuje funkce

Reptiles, birds
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Blac kg warkler

Chovani jako
adaptace

1 Different migratory routes of
blackcap warblers. Blackcaps living
in‘southern Germany and Scandinavia
first go southwest to Spain before
turning south to western Africa.
Blickoaps living in eastern Europe go
southeast before turmning wouth to My
to eastern Africa, Other members of
the species that hread in central
Germany fy In a westerly direction to
southarn Oritain, where they remain
far the winter.
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R{zna resSeni téhoz problému

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

Tracheal system
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Velikost urcuje stavbu téla a funkce

(a) Meadow vole

In 1 week, the vole eats about
six times its body weight to
meet its energy needs.
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/r’ y (b) White rhino
These piles of
tightly packed
forage are sized
correctly relative

to the ;izes of ﬁ {:ﬁw ‘-ﬁz—%
o

the animals.

m#é’:
650 kg |\ 1900 kg

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




Pomeér Povrch/Objem a maximalizace
povrchu

Surface area increases while
total volume remains constant

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

Total volume
(height x width x length
x number of boxes)

Surface-to-volume
ratio
(surface area / volume)




Velikost limituje
funkce




Télesné proporce a nelinearni — allometrické vztahy.
Velky zivoCich nemuze byt zvétSeninou malého.

izometricke trojuhelniky

NEW LINE CINEMA
S AL, Tl Wyt i



Mammalian carnivores as different

M7 vV, V7rs 7

CI m VetSI tl m {a) Species of carnivorous mammals | in size as weasels, cheetahs, and
’ VaaV/
Uspornejsi

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

100 000 Swimming ectotherms

10 000 Flying animals
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100 Running ectotherms
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Tezkeho plavce stoji rychlost méne

0.001 kg
L | 0.001 kg

0.01 kg
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Uc
Za

rzeni organizovanosti navzdory chaosu
kladni vlastnost Zivych organizmd.

Uc

rzeni stalosti vnitrniho prostredi.

Energie Informace

Informace
\ Energie




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




Homeostaza, regulace, adaptace

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

system — krev

Transportni
y povrch —
zabra

Vnégjsi
prostredi
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Mesentery
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Homeostaza, regulace, adaptace

Zone of Tolerance Zone of
Resistance

e

Lower Upper
critical critical
temperature temperature
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R{zné adaptacni strategie na zménu Zivotnich podminek

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




Internal environment (1)

,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




,Konformeri" a regulatori.

(@) Temperature conformity

e ] B
When a salmon enters a river from

the sea, its body temperature
(including blood temperature)
changes if the river water is warmer

or cooler than the ocean water. ..
L . :
I“- |II

\

A

Blood tem perature

-
toe-

Water temperature

(k) Chloride regulation

concentration

Blood Cl'

2 % ;
...butits blood C|" concentration

remains almost constant, even
though river water is very dilute
in CI” and seawater is very
concentrated in Cl°,

-

T

"

Water C] concentration




Celkova zivotni strategie zahrnuje mnoho faktort —

Neexistuje jediné univerzalni, idealni reseni

r-selection K-selection

Environment

Stability Low High High
Abiotic stress High Low High
Energy Low High Low

Individuals

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

Reproduction

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

Populations

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

R- stratég: vyssi dlraz 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
uplatiuje vyssi dliraz na kvalitu a konkurenceschopnost
potomstva, pricemz jeho kvantita a mobilita je odsunuta do
pozadi. Maximalné vyuzivaji stabilni prostredi.




Regulace

Motoricky
system systém

irkulacni transportni
systém — krev

Somaticky nervovy sys.

Vegetativnin. ﬁys-t I

=

Transportni
y povrch —
zabra

4O<(‘D—1<.—r(j) -t

1

VNEsi
prostiedi

(
<

Ledviny

Ridici a obsluzné systémy




Regulace

Kompromis mezi rychlosti a presnosti




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Poruchova
velicina

Regulovana

Regulovana
soustava

velidina

Akg":ni
velicina

, Ridict
Regulator - velitina

Komparator

Regulacni
odchylka




Negativni zpétna vazba jako
zakladni nastroj udrzeni homeostazy

Presnost regulace:

«ON-OFF
eProporcionalni
eAnticipacni




Pozitivni zpétna vazba

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

ovulace, porod, orgasmus
Uterus begins contractions «———)

Siretch Contractions
sensars enhanced

:

Mother's hypothalamus

Pituitary gland ,

Oxytocin secreted

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




Metody fyziologie: od genetickych po behavioralni.

von Frish




Bone marrow Cells placed
cells extracted in nutrient

from mice meelium

i
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@) h@;' Infection
of cloned
Bone gene
TTHATT O
cells

Cells in suspension

DNA
solution

DNA with Eggs are injected
desired gene into foster mother
is microinjected

into nucleus

Virus with
cloned gene

Transformed

Transformed cells
injected into recipi{:llt
animal to produce
desired protein

Specific probe identifics
injected DNA

/N
l ' — Successful

transplants

| Unsuccesstul
transplants

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




Elektrofyziologie




Neuroetologie

Co vidi Drosophila




Metabolismus

Mikroskopie
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Shrnuti

Zivy organismus je vysledkem:
konkrétniho vyvoje

v konkrétnim prostredi

Urcité velikosti téla

Urcité zivotni strategie

napr. chovani, poctu potomkd ...




Shrnuti

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




Shrnuti

Negativni zpétna vazba je zakladnim typem
homeostatickeé regulace




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

Energie Informace

Informace Energie
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Bariery 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.

Carbohydrate
chain—___ § Phospholipid molecule

Extracellular fluid
(aqueous solution)

Phospholipid Y,

S
bilayer Frotein

SR e o

u—ﬁ‘—_\&Fi laments of

Cholesterol cytoskeleton

Integral proteins are
embedded in the
phospholipid bilayer.

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 =
Cytoplasm filaments of the cytoskeleton. @ —~
(aqueous solution) Cytoplasm ___%_\%7\% yﬁ%:f,g

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.



Bilkoviny jako brany

Bilkoviny — flexibilni molekuly:
-pfenasedi signall

a 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 NH,
— CHy—OHs s 20 0= — L'-.'H;_. — I 15
lonic bond \

CH;—CH; — NHERSO

O

~ CH;—CH—CH,
Region of —

:  CH—CH. CHo—C
hydrophobic and CHSEH S ERG =T

pa - A | - | |
van der Waals A CH, CH,

interactions

N Proteindold




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




Hlavni membranové
struktury bunky

. Golgi Complex

___ Muclaolus

" Microtubules

-
Plasma Mambrans

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 umoziujicimi
komunikaci difuzi.

Mitochodrie

Organely majici kromé ohranicujici membrany
jesté vnitfni membranové prostory.

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

Drsné
endoplazmatické
retikulum (ER)

Systém propojenych vaékd 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 drsného ER do Golgiho komplexu.

Golgiho komplex

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

Lyzozomy

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




a) Prosta difuze

b) Usnadnéna difuze

c) Prostup iontovymi
kanaly

d) Sekundarni aktivni
transport

e) Primarni aktivni
transport

ATP
ADP+PI

Video

Typy transportu




http://highered.mcgraw-hill.com/sites/dl/free/0072437316/120060/ravenanimation.html
http://vcell.ndsu.edu/animations/etc/movie-flash.htm
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Kanaly mohou regulovat pasivni
transport.

Mohou byt velmi selektivni a
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Strukturu kanalu Ize znazornit rGizné
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Figure 2.4 The structure af a transmembrane prote
gated Na* channel—illustrating several modes of p




Aktivni transport — pohaneno E nesenou ATP

Concentration

‘ gradient
:  (High)
ECF 1
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 e = Shosplate
transported binds to carrier on low- molecule detaches from carrier on high- e

concentration side. concentration side.




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

Zaludek, lyzozém, ledvinny tubulus
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Cytoza — aktivni transport velkych mnozstvi

dvojvrstva Vznikajici
vezikul
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Velke
castice




— C. Receptory zprostiedkovana endocytoza

i potazena jamka

casny endosom

recyklace receptoru
5 3 membrany

odbouravani ™
ligandu lyzosomy




t-SNARE: docking marker
akceptor

v-SNARE: docking marker
Coatomer: drzi zakfivenou
sténu vezikulu
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Figure 2.7 Types of junctions betw
proteins that together form the por

Intercellular Connexir
space protein
Cytoskeleton
filament |

Spoluprace —
bunecna spojeni

b -

1 membranes

Glycoprotein

filaments
Tight junction  Septate junction  Desmosome Gap junction
L ¥ /o ("spot weld”) {Cc}rt‘lmuﬁifating
Occluding junctions / junction)

i A o / ™y
Tight junctions and septatew A desmosome is A gap junction is
junctions occlude the a localized spot a localized spot
intercellular space between where the contact where the cyto-
two cells because not only do between cells is plasms of two cells
the cell membranes meet or strengthened. communicate
fuse at such junctions, but through tiny pores,
also the junctions form con- as symbolized by
tinuous bands around cells. the double-

In tight junctions, the cell headed arrows.
membranes of the two cells "

L make contact at ridges.
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Paracelularni transport — urCuje ,,déravost” epitelu

Epiteloveé
bunky

Transcelularni Pfenaseny
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(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

R L junctions and the basal part.

Basolateral region of cell
membrane

(b) Schematic representation of an epithelial cell

mm\ Apical region of cell

Tight junction

Basolateral region of
cell membrane




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




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

Vyuzitelny pro:
e sekundarni transport
e tvorbu a prenaseni signall




Nabita membrana - Klidovy potencial

lont Koncentrace Gradient Rovnové_iny
Intracelularni | Extracelularni | Intra/Extra | potencial
Na® 12 mmol/I 145 mmol/l 1:12 +67 mV
K 195 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

o O

Electrometer
(Input from
Electrode)

Y'/
1 Ground

= Electrode

)

Squid Axon




Extracelularni
prostor

Intracelularni
prostor

Membrana




K+- S

Na+: =]

INTRA EXTRA




Na/K pumpa




Na/K pumpa

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

O O © 4
Q | 4 O

ECF

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

<4
@ ‘h» @ J‘k

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 1CF

ADP ICF

A

ATP

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




Vapnik — extracelularni iont, nositel signall

neuroaktivni latka

receptor

vapnikovy
kanal

zasoby Ca”’

zasoby Ca’’
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Mechanizmy regulujici v bufice koncentraci vapniku: PLC - fostolipa- prokazat
za C, DG - diacylglycerol, CICR - indukované uvolfiovani vapniku kem. (viz
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Vapnik — extracelularni iont, nositel signall

— A. Regulace bunky ionty Ca?" —
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podrazdéni cidla, uzavirani gap junctions,

otvirani/zavirani jinych iontovych kanald migrace buneék aj.




Vapnik — extracelularni iont, nositel signall
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Figure 2-27 # Internal structure of cilia and flagella.
(a) Schematic diagram of a cilium in cross-sectiQn ghowl
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 Biclogy of the Cell, Fig. 10-27, p, 565 by Brud
Dennis Bray, Julian Lewis, Martin Raff, Keith Roberts, and James D, Watson. B

permission of Garland Science/Taylor & Francis Books, Inc.)
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F. Protein synthesis, sorting, recycling, and breakdown
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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.




Prenos informaci
Mezibunécha komunikace a
signalova transdukce




Mezibunécha komunikace a
signalova transdukce

DMA damage
Obecna chemorecepéni schopnost bunék S ] f
Komunikace ve spoleCenstvi bunék, rozeznani
poskozené nebo cizi buniky

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

Apeptosis

Goaaan



Mezibunécha komunikace a
signalova transdukce

C. Regulation of Cell Proliferation, Motility and Differentiation

Exiraceliular
makrix

Coall mambrana

Obecna chemorecepéni schopnost bunék
Komunikace ve spoleCenstvi bunék, rozeznani
poskozené nebo cizi buniky

Signaly: diferencuj, proliferuj, syntetizuj, zemfi...
Porozuméni = kli€¢ k podstaté
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Mezibuneécna komunikace a
signalova transdukce

Obecna chemorecepcni schopnost bunék
Komunikace ve spolecCenstvi bunek
Signaly: diferencuj, proliferuj, syntetizuj, zemfi...

Porozumeéni = kli€¢ k podstaté Ovarialni teratom




Snimek 99

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



Chemicka struktura

» Eikosanoidy — (prostaglandiny)

* Plyny — (NO, CO)

* Puriny — ATP, cAMP

* Aminy — od tyrozinu (adrenalin, par. histamin)

» Peptidy a proteiny — mnoho hormonu
neurohormonu

» Steroidy — hormony a feromony
* Retinoidy — od vit A

[o) \Ya4




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

b) Neuroendokrinni
a) Nervova c) Endokrinni  d) Parakrinni e) Modifikovana
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ZpUsob predani signalu — pres membranu
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ZpUsob predani signalu — pres membranu
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fa) Ligand-gated channel {l G protein-coupled peceptor ancd associated G protein system

Afrer hinding to thelir ligand, G proteln-coupled 1
receptors typlcally interact with twe other cell-
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- | ; i :
Ligand, Ma enzyme—to activate enzyme catahytic sites. J
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/ The catalytic activity of (oo
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L '}'Infli.hm K P
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[ Intheir typical mode of funetaning, ligand-gated
n their typical mode of functioning, igand-gated interaction

channels open to parmit ions to pass through, |
thereby altering membrane electrical charge,
| when thiey bind to their ligands.

('}'u r|'.-i.'|*; m

fel Enzyme/enzyme-linked receptor (d) Intracellular recepton . <
The ligand, In this case a
steroid hormone,
dissolves in and diffuses
through the cell
membrane.

Extracellular fluid Extracellular fluid

Ligand oy
LY

Ligand {first
x/ IMESSENEET)

: { In this relatively simple
Activated example, binding with
the ligand activates a
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same malecule.
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{/ Activation of the S Pt o
;. | catalytic site inside the Nuclear envelope,,
GIF E_rvtfll;l'- = cell causes production of {simplified) =
{second the second messenger
Cytoplasm MEssEngeT) cyelic GMP.

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

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

The activated
ligand-receptor
complex functions as
a transcription factor
inside the nucleus.
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Druzi poslové
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Obecna neurofyziologie



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




Zakladni stavebni a funkCni plan
nervoveho rizeni.

Spoluprace s gliovymi burikami.

o —
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Myelinated -

AXMONS

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 nervové soustavy.  EELUlRIEEy

Misni nervova Aferentni
Al UZlina neuron .o
Bila h - e

o

b |

w

Eferentni
motoneuron
Predni kofen A
Copyright ©The McGraw-Hill Companles, Inc. Permission required for reproduction or display. o
A reflex arc showing the path of a spinal reflex
Efektor (sval

white dorsal dorsal-root cell body -
matter horn ganglion of sensory { pin
neuron

receptor
(in skin)

axon of
sensory neuron

ventral
ventral cell body root
horn of effector

motor neuron (muscle) bscollege.edu/nilsson/4_GB_Lecture_figs_f/4_GB_16_Homeostasis_Fig_fIReflexArc_figd6_8.GIF
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Koncentrace hlavnich iontl na membrané v klidu.

lont Koncentrace Gradient | Rovhovazny
Intracelularni | Extracelularni | Intra/Extral potencial
Na* 12 mmol/| 145 mmol/l 1:12 +67 mV
K’ 155 mmol/l 4 mmol/I 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
e | { oo

Q
Electrometer
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Electrode)
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1 Ground

= Electrode
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Rozdilné postaveni Na a K
iontd

Extracelularni
prostor

Intracelularni
prostor

Membrana




Akcni potencial

Galvani’s Frogs Lab

Horni zdznam odpovidd pribéhu "nervového akéniho proudu®, tak
jak jej Bernstein naméfil r. 1868 a publikoval r. 1871. Na spodnim
zdaznamu, ktery Bernstein publikoval v Elektrobiologii r. 1913, chybi

piekmit "akéniho proudu” do kladnych hodnot (priib&hy jsou
zaznamendny s opacnou polaritou, neZ na jakou jsme dnes zvykli).

il



Akcni potencial

Bud nevznikne vubec,

nebo vznika stale stejné velky.
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Casovy zaznam AP

Depolarizace Repolarizace

SR

Prah

Klidovy potencial

Nasledna hyperpolarizace
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fu) Resting membrane patential

Extracellular
e

K" leak channel  Voltagegatid Viltoge-gated
K Ma® channal K* channe]

Mechanismus vzniku:
Spoluprace kanalu pri vzniku AP
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{a) Topology of voltage-gated Na' channels

: ['bjl Surface view of a Na* channel (¢) Voltage-dependent conformational change
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Prevazujici Na propustnost vystrida K propustnost — propustnejsi ma
vétSi slovo a tahne membranu ke svému rovnovaznému napeti.

N
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FPocCet otevienych kanalu
na Jum? membrany




Sifeni podél membrany.
Kromé pricného i podélny
tok iontu.

Zalezi na pruméru.

Prahovy
potencial

701

Klidowy / Vzdalenost

potencial
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Obr. 17
Tok iontového proudu v pribdhu
l akéniho potencidlu v myelinizo-

vaném a nemyelinizovaném axonu.,




Synapse

PrerusSeni elektrického
vedeni po membrané.

Proc?

Plasticita, zpracovani

Chemicky prostrednik




{a) Overview of vesicle recyelin
¥

Chemicky prostrednik:
Exocytdza mediatoru

Endosome \

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.




Intracelularni predani
signalu jde vyzkousenou
cestou G proteinové
Signalizace — univerzalni
mechanismus

a) kanalova
propustnost

‘/ b) aktivace

enzymu

%lane‘l ~® Enzymatické pochody

ATP  ADP Exprese gend

R




Receptor je soucasti kanalu — ionotropni signalizace

nebo spojen s kanalem kaskadou signalt — metabotropni signalizace
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Latkova signalizace na synapsi

Latkova signalizacel
Latkova signalizace2 Video
Latkova signalizace3




transmiter

acetylcholin

ADH
(=vazopresin)

CCK (= cholecystokinin)

dopamin

GABA
(=-aminomaselna kys.)

glutamat (aspartat)

glycin
histamin
neurotenzin

noradrenalin, adrenalin

NPY (= neuropeptid Y)
opioidni peptidy

oxytocin

puriny

serotonin
{= 5-hydroxytryptamin)

somatostatin (= SIH)

tachykinin

aminokyseliny
katecholaminy
peptidy

ostatni

typy druh
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Mediatory - neurotransmittery

dopamin
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HO— C —CH,—CH,—CH,—NH,
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(serotonin)




E. Ukonéeni pasobeni transmiteru

inhibice
. exocylo
presynaptické F o
zakondeni
ot 9.t //
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autoreceptor

postsynaptickd _._a.v"'r
burika

enzymaticke odboura-
vani transmiteru

pfijem zpét
mimo synapsi
piijem zpét 1

rychla inaktivace
kationtového kanalu
{desenzitizace)

napf. gliovd
bunka

unik difuzi

internalizace
receptoru




Nemusi byt jen excitacni, jsou i inhibiCni transmitery.

excitacni
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Vzacneé i

elektricka synapse.

Intercellular
r_,;l.int'l" —

Hydrophilic
channel -

2.7 nm
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Jak spolu neurony komunikuiji.



Dva druhy kanalt — dva druhy kdédovani

Chemicky
vratkovany kanal

Elektrochemicky
gradient
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Elektricky O Depolarizovana
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Smysl:

Sc¢itani a analyza signalu
Plasticita NS

Dva druhy kédovani informace
Dalkové Sifeni — digitalné
Zpracovani - analogove

Excitacni vstup

Vstup
Vystup
EFPSP
Wstu
P r Inicialni segment
Vystup EPSP+AP Vystup
Excitacni vstupy
1 2 3
1 3

Inicialni segment

3xEPSP=AP Vystup

L,_,__._



Excitacni vstup

Smysl:
Zpracovani - analogove wystup
Inicialni segment
EPSP+AP Wystup
Casova sumace Excitaéni vetupy

'-_|. 5
l o

Inicialni segment

Vystup 4

1
JXEPSP=AF Vystup




Excitacni vstup

Smysl:
Zpracovani - analogove wystup
Inicialni segment
EPSP+AP Wystup
Casova sumace Excitaéni vstupy
Prostorova sumace . 5 3

Inicialni segment

WVystu F'ﬁ 1

1
JXEPSP=AF Vystup




Inhibiéni vstup
Nékteré synapse inhibiéni IPSP
Nektere excitacni

Facilitace

o Excitaéni vstup
Inhibice

Vystupy
EPSP
._/-"‘--'.E’EF_’_*__E_EEF’_
[I Inicialni segment

l
3xEPSP=AP

IXEPSP+IPSP=0XAP



Neuronalni signalizace




Divergence, konvergence




Synapse vytvareji dynamickou sit’ spoju, zakladem reflexu.
Monosynapticke x Polysynaptickée
Nepodminéné x Podminéné

Copyright & The McGraw-HIll Companles, 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 { Pin
heuron

receptor
gmraazar jp S (in skin)

i Bk i' % i axon of
B . - QY sensory neuron

central—
canal /

Ventral ventral

ventral cell body root

horn of effector
motor neuron (muscle)

T

http://www.southtexascollege.edu/nilsson/4_GB_Lecture_figs_f/4_GB_16_Homeostasis_Fig_f/ReflexArc_fig46_8.GIF

| ——



Synapticka plasticita zakladem pameéti.




Prestavba dentritickych trna




Shrnuti

Latkove signaly doprovazeji bunky po cely zivot a urcuji jejich
funkci a osud.

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




Secretory

vesicle

Kinesin
Endoplasmic molecule
reticulum

: Microtubule
Golgi
complex

Secretory

Microtubular "highway” vesicle

Mucleus

Axon Debris

Axon
terminal

Lysosome

Cell bod



Obecna fyziologie smyslu

Co se déje ne membranach.




Transdukce
Transformace

Receptorova burika

ey i SR

o - L Elektrotonické N\

i = i & i - o iF 1
Akcni potencial Generatorovy <= SASal: . Receptorovy
‘/ potencial potencial

b e y,




Vlastnosti membrany jsou kliCem pro transdukci.

Deformace
-—




Intenzita podnétu a intenzita odpovedi.

Urovef saturace
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Intenzita podnétu




Trvani podnétu a trvani odpovédi.

Diferencni receptor

Proporcionalni receptor

‘m



Lateralni inhibice: vyssi rozliSovaci schopnost
zesileni kontrastu

Vystup na
Osvétleni sitnice sluchovéem

E— o

Lateralni
inhibice Lateralni

fotoreceptord inhibice
vlaskovych

bunék ucha

Vystup na
zrakovém
nervu
z

vukoveé vibrace
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