Fyziologie bunky
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Figure 2-2 Reconstruction of a typical cell, showing the internal organelles in the cytoplasm and in the
nucleus.



e Jadro — obsahuje genetickou informaci — DNA
e Cytoplasma
* BuneéCnd membrana



Organely |

Ribosom — vyznam v proteosyntéze — voln€ v cytoplasme
nebo vazany na ER

Endoplasmatické retikulum — hladké (syntéza lipidu), drsné
(vazba ribosomu, proteosyntéza)

Golgiho aparat (biochemické reakce, napr. tvorba
glykoproteinu — vazba sacharidové sloZky na bilkovinu)

Lyzosom — hydrolytické enzymy (,traveni“)
Peroxysom — oxydaCni enzymy
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Organely |

* Mitochondrie — energetické centrum, oxidace, vznikla energie
ukladana ve formé chemické vazby v ATP — adenosintrifosfat.
Spotreba O, a energetického substratu, vznika CO, a H,O

ziviny + O,——CO,, + H,O + energie
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* DNA =

Base

Kys e I i n a Phosphate
deoxyribonukleova

Nucleotide

e receptar”, navod pro
vyrobu bilkovin
* DvouSroubovice,

komplementarni
vlakna (pozitiv +

(a) Polynucleotide strands held together by weak bonds between (b) DNA molecule showing
. complementary bases arrangement of polynucleotide
t strands
negativ
@ AT = Adenine (G = Guanine 3 = Sugar-phosphate backbone

T = Thymine @E8K - Cytosine s = Hydrogen bonds




Geneticky kod

Baze — adenosin, guanosin, cytidin, thymidin
Doplnuji se v komplementarnim vldkné: A-T, C-G
Trojice bazi urCuje aminokyselinu v bilkovinném fetézci

PoCet moZnosti 3*=81 x 20 aminokyselin — stejnd AK mUze
byt kddovana nékolika zpUsoby



RNA — kyselina ribonukleova

* Jednovlaknova molekula, ELONGATION
odlisnost v bazich (uracil ANA nucieotides
misto thymidinu) Polfnerase

° r i — H
Prepis z DNA — transkripce 1l L"JA 3

* RNA opousti jadro, na ¥ c O

. , , .‘ 3 end Q
ribosomu se stava » A<
,havodem” pro sestaveni s alle| & & = &
bilkoviny O

sl
5 Direction of transcription

(“downstream”)

Template
strand of DNA

Newly made
RNA
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Proteosyntéza

Growing s o
amino acid{ 1
chain

Ribosomes

——Incoming tRNA,

» Released with amino acid
B tRNA with no attached, reads
&J amino acid mRNA instructions

and introduces
amino acid to be

Where a messenger added next.

RNA fits through
——aribosome mRNA ] ‘
Large Small i | 3 . 7  —
ribosomal ribosomal Ribosome
subunit subunit movement

(a) Ribosome (b) Protein synthesis in ribosome

Podle receptu v RNA se na ribozomech sestavuje protein
(bilkovina) tvoreny retezcem aminokyselin — translace.
Vysledny fetézec muze byt dale upravovan (napf. pripojeni
sacharidu).



Proteiny

Poradi aminokyselin (recept v DNA) urCuje vyslednou
prostorovou strukturu bilkoviny, moznost konformacCnich
zmeén, funkci

Strukturdini x funkcCni bilkoviny

Priklady funkce — enzym (katalyzator chemické reakce),
receptor, membranovy kanal, transportér

Struktura bilkoviny urCuje napf. i jeji umisténi v bunécCné
membrane

Zachovani funkCnosti bilkovin vyzaduje stabilni
fyzikdlne-chemické prostredi (teplota, osmolarita, pH...)!!!

Bilkoviny urCené k sekreci mimo bunku — syntéza na drsném
ER, intracelularni bilkoviny — syntéza na volnych ribozomech



Hemoglobin molecule
composed of four
highly folded polypeptides

Peptide bonds

Amino acids

(a) Primary
structure

(b) Secondary
structure

(c) Tertiary
structure

(d) Quaternary
structure

Struktura bilkoviny
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Tercialni

Kvartérni



Déleni bunék

Nutné zdvojnasobeni genetické informace (DNA)

V prubéhu déleni DNA v jadfe kondenzuje do formy
chromozomu

U Clovéka 46 chromozomu (2x22, pohlavni chromozomy X, Y)
Mitdza — obvyklé déleni

Meidza — tvorba pohlavnich bunék, poloviCni poCet
chromozomu (tj. 23)




Replikace DNA

Proces vytvoreni kopie DNA
pred délenim bunky

New DNA nucleotide being attached
to growing polynucleotide chain

New complementary strand

Original strand ————— -
KEY

@D = Adenine
(= Thymine

C "= Guanine >
@K = Cytosine "

i ! Sugar—phosphate backbone

of original stand | £

- Sugar—phosphate backbone e : s,
of new complementary strand | O —ammm:----: ) PE—
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Bunécna membrana |

 Lipidova dvojvrstva (prevazné fosfolipidy — hydrofobni konce
uvnitl membrdany, hydrofilni vné ve vodnim prostredi),

cholesterol
ECF (water)
Polar heads SRR S
(hydrophilic) { L H %X
- [ e TS A1) )| ST—
1 romsss {40000
charged, polar, ICF (water)
hyerphilIC) (b) Organization of phospholipids
into a bilayer in water
\
(
Tails
(uncharged, { Lipid bilayer
nonpolar,
hydrophobic)
\
- E lul
(a) Phospholipid molecule e

(c) Separation of ECF and ICF by the lipid bilayer



Bunéchna membrana |l

Proteiny integralni (prochazeji celou lipidovou dvojvrstvou) a
periferni

Funkce — receptory, transportéry, kanaly....

Extracellular fluid

Dark line
Integral Carbohydrate Appearance
, protems_\ 3 / chain using an electron { Light space
Y .“ = .“ 2 microscope
g Phospholipid Dark line

molecule

Glycolipid  Glycoprotein

‘‘‘‘‘‘

...........

..........

Lipid Cholesterol Leak channel
bilayer molecule protein

Gated channel Peripheral Cell adhesion molecule ~ Carrier Microfilament
protein proteins (linking microtubule to protein of cytoskeleton
membrane)

Intracellular fluid



Bunécha membrana lll

Volne prostupna pro malé molekuly bez naboje (O,, CO,)
Relativné prostupna pro vodu

Pruchod ostatnich latek membranou vyZaduje transportni
mechanismus

Obecné: transport po koncentraCnim spadu bez dodani
energie, transport proti koncentraCnimu spadu vyzZaduje
dodani energie



Transport - difuze

Prestup latky z mista o vySSi koncentraci do mista s nizSi koncentraci

Area A Area B Area A Area B
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—- Diffusion from area A ——> Diffusion from area A
to area B to area B
- Diffusion from area B <«——— Diffusion from area B
to area A to area A
—> Net diffusion No net diffusion
(a) Diffusion (b) Dynamic equilibrium
KEY
© = Solute molecule

Net diffusion = Diffusion from area A to area B minus diffusion from area B to area A

=3 Differences in arrow length, thickness, and direction represent the relative magnitude of
- molecular movement in a given direction.




Transport — difuze pfes membranu

If a substance can

permeate the membrane:

Membrane
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®
®

® ® 09
® ®

((®
®

If the membrane is
impermeable to a substance:

(a) Diffusion occurs

KEY
@ = Penetrating solute
@ = Nonpenetrating solute

Permeabilita membrany

@@@@@i @ e
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(b) No diffusion occurs



Osmoza, osmolarita,
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100% water concentration 90% water concentration
0% solute concentration 10% solute concentration
(a) Pure water (b) Solution
KEY

Q = Water molecule
@ = Solute molecule

Osmoticky tlak je dan poétem Castic v roztoku

Roztok s vy$§im osmotickym tlakem ,pfitahuje,
nasava“ vodu pres polopropustnou membranu

V organismu — vyrovnani osmolarity presunem

osmoticky tlak

Membrane (permeable to H,O
but impermeable to solute)

Side 1 Side 2

Pure water Lower H,O concentration,
higher solute concentration

H,0 moves from side 1 to side 2
down its concentration gradient = osmosis

Solute unable to move from side 2 to
side 1 down its concentration gradient

Side 1 Side 2

Hydrostatic @ _ @ = .
L wio " [1®@® @R orana

pressure ® ~

difference @

= - <
@@ ) @|| solutions
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© @ ,\ ® Hydrostatit.:\?“f‘@\ ®
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* Water concentrations not equal

¢ Solute concentrations not equal

* Tendency for water to diffuse by
osmosis into side 2 is exactly
balanced by opposing tendency for
hydrostatic pressure difference to
push water into side 1

* Osmosis ceases; dynamic
equilibrium exists

KEY
vody

() = Water molecule

@ = Nonpenetrating solute



Osmolarita v organismu
cca 300mosmol/l

Normal cell volume
Intracellular fluid: 300 mOsm

nonpenetrating solutes FyZ|Olog|Cky rOZtOk Je
1 isotonicky

300 mOsm 200 mOsm 400 mOsm
nonpenetrating solutes nonpenetrating solutes nonpenetrating solutes

M. Sheetz, R. Painter, & S. Singer. Journal of
Cell Biology, 70:493, 1976. By permission of

Rockefeller University Press.

No net movement of Water diffuses into Water diffuses out of

water; no change in cells; cells swell. cells; cells shrink.
cell volume.
(a) Isotonic (b) Hypotonic (c) Hypertonic

conditions conditions conditions



Pasivni a akt

D Carrier protein takes
conformation in which solute
binding site is exposed to
region of higher concentration.

@
Ecg @ @ @-©-& —— solute molecule

Concentration

2) gradient
to be transported (High)
/ Carrier protein
Plasma Binding site
membrane
SO, PN (Low)
6 +
ICF @ B Two K* are released
- to ICF (where K*
\
'[:I:;:tlg; o @ @ @e concentration is high) as
i @ Transported - @\ = @ affinity of K* binding sites
I solute is released | et e markedly decreases
and carrier protein B solute

during change in shape.

returns to At same time, affinity of

molecule binds
conformation in

to carrier proteir

{ ] Na* binding sites greatly
step 1. SO Sooe L doSode increases, returning
@ process to step 1.

@ @ @

B When 2 K* from
ECF (where K*
concentration is low)
bind to pump, it
releases phosphate
group. Dephos-
phorylation causes
pump to revert to its
original conformation.

B Carrier protein changes
conformation so that binding
site is exposed to region of
lower concentration.

transport po koncentracnim spadu
bez dodani energie

ivhi

transport

) Pump has 3

high-affinity sites for Na*
and 2 low-affinity sites for
K* when exposed to ICF.

Na* concentration ECF
gradient High Na* Low K* _Na*—K* pump
' 2 High-affinity
/ binding site
Plaera 4 for Na* I
meamprans i\ Low-affinity
SAAd binding site. K+ concentration
for K* i
LowNa* © HighK* m gradient
e \
ICF 3Na*
When 3 Na*
Direction of a

from ICF (where
Na* concentration is
low) bind to pump, it
splits ATP into ADP
. plus phosphate;
phosphate group
binds to pump.

\‘wcu'x K* transport

X
\ 4

ATP: ADP

Low-affinity binding
site for Na*

t

High-affinity binding
site for K*

B Phosphorylation

Direction of > causes pump to change
\ Na* transport P conformation so that Na*
P binding sites are exposed
to opposite side of
+
\ @@ 2K , membrane and 3 Na* are

released to ECF (where
Na* concentration is high)
as affinity of Na* binding
sites greatly decreases.

@ Change in shape also
exposes pump's binding
sites for K* to ECF and
greatly increases affinity
of K* sites.

transport proti koncentraCnimu spadu
nutné dodani energie (ATP)



Deéje na bunéCné membrane



Slozeni télnich tekutin

Cations Anlons ECT hlavni kation Na*,

150 , . -
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Figure 25-2 Major cations and anions of the intracellular and extracellular fluids. The concentrations of

Cca** and Mg++ represent the sum of these two ions. The concentrations shown represent the total of
free ions and complexed ions.



Elektrochemicky gradient K*

Plasma membrane
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€D The concentration gradient for K* tends to move this
ion out of the cell.

P} The outside of the cell becomes more positive as K*
ions move to the outside down their concentration gradient.

E) The membrane is impermeable to the large intracellular
protein anion (A7). The inside of the cell becomes more
negative as K*ions move out, leaving behind A™.

3 The resulting electrical gradient tends to move K* into
the cell.

B No further net movement of K* occurs when the inward
electrical gradient exactly counterbalances the outward
concentration gradient. The membrane potential at this
equilibrium point is the equilibrium potential for K* (Ex+) at
-90 mV.

K* po koncentraénim spadu unika z bunky

Bunéfna membrana je nepropustna pro nitrobunécné anionty
Hromadéni + naboji vné burky zastavi dalsi unik K* z bunky a ustavi se
rovnovazny stav — vnitrek bunky negativni, vnéjSek pozitivni



Elektrochemicky gradient Na*

Plasma membrane

N

*j 2 €D The concentration gradient for Na* tends to move this
ECF @ i?) ICF ion into the cell.
e 7
& ® o .
c trati (j @ B The inside of the cell becomes more positive as Na*
slicanaion + & 4 ions move to the inside down their concentration gradient.
gradient for Na™ " 1
- @ ‘j e - E) The outside becomes more negative as Na*ions move
_ @ ; + | in, leaving behind in the ECF unbalanced negatively
3 @ Electrical charged ions, mostly CI".
— @ 3 + gradient for Na
- - & ® + 3 The resulting electrical gradient tends to move Na* out
EC F @ ? of the cell.
. - 3 ® ¥
an |OnS, I - j * B No further net movement of Na* occurs when the
mostly - - outward electrical gradient exactly counterbalances the
i j inward concentration gradient. The membrane potential at
& ® this equilibrium point is the equilibrium potential for Na*
( )
j ® (Ena+) at +60 mV.
@& @
Eng+ = 160 mV

Podobné — pokud by byla membrana prostupna pouze pro Na*, byl by
vnitrek bunky pozitivni, vnejsek negativni



Klidovy membranovy potencial

Plasma membrane

i

ECFE @ o) ICF

X
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Relatively large net
diffusion of K*
outward establishes
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Vlastnost vSech bunék — dusledek nerovnomérného rozlozeni iontu mezi
extracelularni a intracelularni tekutinou, membrana je obecné podstatné méné
propustna pro Na* Na povrchu bunky kladné naboje, vnitiek negativni-



Vznik klidového membranového potencialu

Soli ve vodném prostredi disociuji na ionty
NaCl __ Na"(kation) + CI" (anion)
Anionty v bunice pevné vazany, velké molekuly

K™ (podstatné vySSi koncentrace v bufice) muZe omezené
prochdzet membrdnovymi kandly — ve sméru koncentraCniho
spadu (difUze) x vné bunky se hromadi kladné naboje,
vzajemné se odpuzuji a vystup K* se zastavi

Pro Na™ (podstatné vyssi koncentrace vné bunky) je
membrana vyrazné hufe propustna, pro Cl" tvofi bariéru jiz
vytvoreny pfebytek aniontl v bunce

Na-K-ATPaza Cerpa 3 Na* z bunky vyménou za 2 K* do bunky

Vysledny stav — vné membrany + naboje, uvnitf membrany -
naboje — polarizace membrany (tyka se vSech bunék)



Kladné a zaporné naboje se hromadi podél

bunécné membrany
\
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(e) Magnitude of potential: membrane B has more potential than
membrane A and less potential than membrane C



Membranové iontové kanaly

* Klidovy membranovy potencial je dan rozdilem v
koncentracich iontu v ECT a ICT a vlastnostmi bunécéné
membrany

* Membranovy potencial se — v urCitych bunkach - muze ménit
v dusledku zmén propustnosti membrany pro ruzné ionty

* Napfr. zvySeni propustnosti membrany pro K — vystoupi vice K
iontU - hyperpolarizace (potencial se zvySi)

zvySeni propustnosti pro Na — vstoupi vice Na iontU —
depolarizace (potencial se snizi)

+20
+10 - Depolarization (decrease in potential;

_60 =
70 _/\ & Resting potential

—-80 +
-90 +

g>; 0 membrane less negative)

T :;8 : Repolarization (return to resting potential

5 _30 - after depolarization)

g —40 + Hyperpolarization (increase in

© 50 potential; membrane more negative)
©

S

£

(]

=

Time (msec)



e Zmeny propustnosti membrany pro ionty jsou
zprostfedkovany iontovymi kanaly (bilkoviny prochazejici
bunéCnou membranou) — mohou reagovat na urcCity podnét
(smyslové organy, komunikace mezi bunkami...)

Outside Gate Na* Na+*

closed I /
» : Gate open

- o : \‘ .

=\ = B
y

- = o _

- i_
= = 1
1

Inside Y
Outside :
]
7
I
\
1
]
1
W, '

Gate \‘ I|Gate open

Inside closed K* K+

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserv
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lontoveé kanaly |

Stale otevfené (Na*, K*) — podileji se na klidovém
membranovém potencialu

Rizené napé&tim (Na*,K*,Ca%*) — po dosaZeni prahové hodnoty
napéti membranového potencidlu spousti akCni potenciadl
Rizené chemicky (spojeny s receptorem — napf.
postsynapticka membrana) vazba chemické latky na receptor

vede ke zméné prostupnosti kanalu, tim dojde ke zméné
membranového potencialu

Rizené mechanicky (napf. smyslové buriky — vestibularni
aparat)



AkCni potencial

* VzruSivé bunky — svalovd, nervova (prenos signalu)

* Dosahne-li depolarizace membrany jakymkoli zpusobem k
prahové hodnoté potencialu (zde z -70 na -50mV), dojde k
aktivaci napétim fizenych iontovych kanall — nejprve otevfeni
Na kanall — vstup Na do buriky, poté otevieni K kanalu, vystup
K z buniky. Trvani v fadu ms.

Membrane potential (mV)

+70 -
+60
+50 -
+40
+30
+20
+10 |-

0 fu
_1 O k=
_20 -
_30 =
_40 -

=50 [m =

—60 |-
=70
-80 -
-90 |-

B

Action potential

Threshold potential

Resting potential

After hyperpolarization

N Time (msec)
1 msec

Slow depolarization
to threshold

AKCni potencial se siri po
celé bunécné membrane —
napr. vedeni signalu
nervovym vliaknem



Membrane potential (mV)

+30

Absolute Relative
refractory refractory
period period

|

Béhem akéniho potencialu
kratkodobé transpolarizace (povrch
bunky negativni, vnitfek pozitivni)

n < Action potential 4
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Repolarizace ,prestreluje”,
membrana kratkodobe
hyperpolarizovana, poté opéet
klidovy potencial

Na* permeability
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25

Time (msec)

3. BEhem akéniho potencialu nejprve absolutni refrakterni perioda —
zadnym zpusobem nelze vybudit dal§i akéni potencial,

Poté relativni refrakterni perioda — dalSi akéni potencial se da vybudit
pouze silnejSim podnétem, nez obvykle



Shrnuti

* Nestejné slozeni extracelularni a intraceluldrni tekutiny a
vlastnost bunéCné membrany vedou ke vzniku klidového
membranového potencialu (hromadéni kladnych naboju na
povrchu bunky). Jde o vlastnost vSech bunék

* Nekteré bunky (nervové, svalové) jsou schopny na elektrické,
chemické Ci mechanické podnéty reagovat zménami
vlastnosti bunéCné membrdny a zmeénami v klidovém
membranovém potencidlu (zvySeni potencidlu =
hyperpolarizace, sniZzeni = depolarizace. Tyto zmény jsou
zprostfedkovany iontovymi kanaly

* Pridosazeni urCité urovne depolarizace — prahovy potencial —
dojde v téchto bunkach ke spusténi ak€niho potencialu,
ktery se rozsSiri na celou bunku (kratkodobé prepdlovani
bunéCné membrany, na povrchu jsou prechodné zaporné
naboje)



