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Mitochondrie

Lyzosomy + Peroxisomy
Bunecné inkluze
Cytoskelet

Uprava buné&&ného povrchu

Bunécny cyklus, déleni bunky a diferenciace
bunek
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Inkluze
/'

cytoplazma” . cytoskelet

/ \zékladni cytoplazma

bunka

karyoplazma (jadro)



Mitochondrie 1

_Centrioles

Inner
Membrane

Secretion granule
Microtubules
Microfilaments

Nucleolus

Smooth
oplasmic
-eticulum

Nuclear
envelope

Mitochondrion

Mezimembranovy prostor
ve vSech burikach vyjma erytrocyta

dvojmembrana

prumér cca 0,5 um * obé& membrany s nizkou fluiditou

délka az 50 (100) um + obé& membrany osazeny mnoha proteiny
oxidativni metabolismus (glukéza — ATP + CO, + H,0) « rlst a déleni mitochondrii

cytochrom c — aktivace apoptické drahy
puvod ve vajicku

mtDNA (cirkularni)

hnéda tukova tkan — produkce tepla



Mitochondrie 2




Mitochondrie 3
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Mitochondrie 4

mitochondrie
mikrotubuly



Lyzosomy 1

endozomo-lyzosomovy systém

s
/D
’ - ’ Digestive vacuole
| - J (multivesicular body)
e / o\
) E %
Autophagic vacuole )

+ ve vSech burikach vyjma erytrocytu
+ vacky cca 0,05-0,5 um

* obdany membranou

* uvniti kyselé prostfedi (cca pH 5)
 uvnitf enzymy (min. 50 typu)
Pinocytotic * oznaceni manézo-6-fosfatem

vesicle
(coated)

CURL

Plasma membrane

Extracellular space

Figure 247. Origins of primarily lysosomes from the Golgi and trans-Golgi network. Pri-
mary lysosomes fuse with and discharge hydrolytic enzymes into autophagic, pinocytotic
(or endosome), and phagocytic vacucles to form secondary lysosomes (digestive vacu-
oles). Residual bodies contain undigested residue. Endosomes fuse to form a compart-
ment where uncoupling of the ligands and surface receptors occurs (CURL, see text for
explanation). The compartment containing the free ligands subsequently fuses with the
lysosome; the receptors remain bound to the membrane of vesicles which is partitioned
off from the CURL and recycle to the plasma membrane. (Modified from Novikoff AB,
Holtzman E: Cells and Organelles, 2nd ed. New York, Holt, Rinehart and Winston, 1976.)




Lyzosomy 2

primarni x sekundarni

Primary lysosomes

Digestive vacuole ..,
* primarni

sekundarni

(fagolyzosomy a autofagické vakuoly)

’I’/ (multivesicular body)

®_  Autophagic vacuole

‘....lllll“‘ ‘ H APSE TS H :
] * rezidualni téliska (lipofuscin)
0 o\ Digestive vacuole I
Do o
i, S _ # CURL
T ey e— . :

Residual body @ sEEEENy,

Lk ¢
“---ll_lll.... e Pinocytotic ."
o Phagocytic vacuole ¥ vesicle .
"*snpgmmnmnnt® (coated) A4
LY - [}

Tagguns®

Plasma membrane

@f Extracellular space

Figure 2.47. Crigins of primarily lysosomes from the Golgi and trans-Golgi network. Pri-
mary lysosomes fuse with and discharge hydrolytic enzymes info autophagic, pinocytotic
(or endosome), and phagocytic vacuoles to form secondary lysosomes (digestive vacu-
oles). Residual bodies contain undigested residue. Endosomes fuse to form a compart-
ment where uncoupling of the ligands and surface receptors occurs (CURL, see text for
explanation). The compartment containing the free ligands subsequently fuses with the
lysosome; the receptors remain bound to the membrane of vesicles which is partitioned
off from the CURL and recycle to the plasma membrane. (Modified from Novikoff AB,
Holtzman E: Cells and Organelles, 2nd ed. New York, Holt, Rinehart and Winston, 1976.)




Lyzosomy 3

sekundarni lyzosomy




Peroxisomy

strukturné podobné lyzozomum
funkéné pfibuzné mitochondriim
.Jjadro“ = nukleoid

odbouravani mastnych kyselin
(H0,, H,0, 0,)

detoxifikace (doplfuji funkce SER)
vznik: pu€eni z ER nebo déleni



Bunécné (cytoplazmatické) inkluze 1

sekrec¢ni granula
zasobni latky: cukry (glykogen), tuky
krystaly (bilkoviny)

pigmenty: endogenni (autogenni a hematogenni) + exogenni



(cytoplazmatickeé) inkluze 2
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Bunécné (cytoplazmatickeé) inkluze 3

Lipidové inkluze
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Bunécné (cytoplazmaticke) inkluze 5

Glykogen

L v ___‘ ; . E k o . 4 ‘
Glykogen v burikach jater (svételny mikroskop; periodic acid-Schiff reakce)



Bunécné (cytoplazmatické) inkluze 6

Krystaly
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Bilkovinné inkluze v Leydigovych burikach




Bunécné (cytoplazmatické) inkluze 7

Pigmenty (barevné inkluze): Exogenni x Endogenni

- Autogenni

Specifické funkce — melanin —

-  Hematogenni

Rozklad hemoglobinu — hemosiderin, biliverdin, bilirubin

Pigment z opotiebovani [

lipofuscin - akumulace residualnich télisek v dlouhozijicich burfikach
(neurony, kardiomyocyty)




Cytoskelet 1

Intermediarni Mikrofilamenta
filamenta (aktinova)

mikrotubuly
mikrofilamenta - aktin




Cytoskelet 2

Mikrofilamenta (aktinova)

G-aktin
(globularni)
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ACTIN FILAMENTS

M

rizné izoformy aktinu (o, B, v)

rychla polymerizace a depolymerizace

polarizace (+ a — konce)

stabilizace asociovanymi proteiny (tropomyosin —
myofibrily)

sitovani asociovanymi proteiny (fimbrin, filamin, ...)
ukotveni do membrany (vinculin, tallin, ...)
kortikalni aktin — membranovy skelet




Cytoskelet 3

Mikrotubuly

I

.~ MICROTUBULES

" a-tubulin H

)— B-tubulin

+ duté valce

* o-tubulin + B-tubulin — dimery

» rychla polymerizace a depolymerizace

 polarizace (+ a — konce)

» MAP (proteiny asociované s mikrotubuly)

* MTOC — mikrotubuly organizujici centrum
(centrozom; y-tubulin)

* mechanicka podpora

* transport uvnitf buriky

+ délici vieténko

* fasinky a biCiky

* mitotické jedy (kolchicin, taxol, ...)
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Protofilament



Cytoskelet 4

Mikrotubuly - motory

Copyright @ The MeGraw-Hill Companies. Ine. Permission required for repraduction or display.

vesicle

Kinesin \
receptor

kinesin

vesicle moves, not microtubule

Kinesiny Dyneiny
* pohyb k ,plus“ konci mikrotubult * pohyb k ,minus” konci mikrotubul(
» transport smérem od centrozomu » transport smérem k centrozomu

+ transport axonem na dlouhé vzdalenosti



Cytoskelet 5

Intermediarni filamenta

Cytokeratinova intermediarni filamenta ve stratum basale epidermis

INTERMEDIATE FILAMENTS

- ,chemicky“ velmi heterogenni skupina

- stejna stavba (tetramery) tvofici “lanko®

- stabilngjSi nez aktinova a tubulinova vlakna
- specifické pro bunécné typy:

Cytokeratin (epitely)

Vimentin (buriky mezenchymového puvodu)
Desmin (svalove buriky)

Neurofilamenta (neurony)

Gliovy fibrilarni kysely protein (neuroglie)

Laminy (jaderny obal)



Bunécneé povrchy 1

Volny

mikroklky (nepravidelné, pravidelné — Zihana
kutikula, kartacovy lem)

cilie (fasinky)

Lateralni

mezibunécna spojeni:
tésna=okluzni: zonula occludens
adhezni: zonula adherens, desmosom
komunikacCni: nexus

Bazalni

bazalni labyrint
hemidezmosomy

o et T e P EER eSS

bazalni povrc

lateralni
povrch



Bunécné povrchy 2

Mikroklky

Volny povrch lidskych embryonalnich kmenovych bunék rostoucich v in vitro kultufe
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Bunécné povrchy 3

Pravidelné usporadané mikroklky
= Zihana kutikula = kartaCovy lem

Mikroklky (microvilli)

Tloustka cca 0,1 um
Délka 1-6 um

Aktinova filamenta v mikroklcich
« 20 v mikrokicich epitelovych bunék
» nékolik set ve stereociliich vlaskovych bunék

Intermediate filament

Terminal wieb Microwvilli Call coat
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Mikroklky (microvilli)
Celiakie

Gluten

zihana kutikula
(apex enterocytu)




Bunécneé povrchy 5

Cilie = Rasinky + Flagella = Bi¢iky

Tloustka cca 0,25 um
Délka 7-10 pm

Osové vlakno — Axonema
20 mikrotubult (9x2 + 2)

Shared

Enlarged heterodimers

microtubule
doublet | ¢

Microtubule
doublet

Dyneinova raménka

(pohyb) Central Radial
sheath spokes

Axoneme (with 9 + 2 pattern)

b Cilium



Bunécné povrchy 6

Cilie = Rasinky + Flagella = Bigiky

Copyhght & The MeGraw-Hill Companies, Inc. Permisson required lor reproduction ar display.

outer
- microtubule
= -—-\[\ doublet
\___ . radial
o Spﬂk&
central
The shaft of the micratubules
flagellum has a ring
of nine microtubule
doublets anchored dynein
side arm

to a central pair of
microtubules.

|

Flagellum cross section (22 1M, .

The side arms
of each doublet dynein
are composed side arms
of dynein, a
motor molecule.
%"n’%
-

*
“
Bazalni télisko :

Centriol 3 In the presence of
entrio ..' ATP the dynein side
9x3 N arms reach out to

K their neighbors,
The basal body of a flagellum has R and bending ocCurs.
100 nrr.l a ring of nine microtubule triplets ‘0’
Basal body cross section with ng central microtubules. R
*
“‘

Sperm T
. .

““
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PR AP
R triplets




Bunécné povrchy 7

Cilie = Rasinky + Flagella = Biéiky

ve sveételném mikroskopu v elektronovém mikroskopu
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Bunécné povrchy 8

Kinocilie = Rasinky
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Adhezni

Macula adherens
(desmosom)
Zonula adherens
Hemidesmosom
Fokalni kontakt

lateralni

povrch

ks
&
; i ; . -‘ M&El:lahﬂdhe?ér;s?
e ST
Tésnici Komunikacni
Zonula occludens * Gap junction
(bariérovy spoj, (nexus)

tight junction)



Mezibunécné spoje 2

Adhezni

 Macula adherens
(desmosom)

« Zonula adherens

* Hemidesmosom

* Fokalni kontakt

SEM MAG: 157 ke DET: SE Detector
HV: 20,0 KV View field: 170.69 um 50 um Vega GTescan
VAG: Hivac Device: TS5136XM Digial Microscopy Imaging

ECM plic v oblasti alveolt

desmosom zonula adhaerens -
desmosomové cadheriny ) _(_r ih:m)_ 1 Jeantna StaVba
kel lakove v epihelec © * Transmembranové proteiny
— aesmaogleiny proteiny -cadherin N . . .
: plakove (cadheriny+ integriny)
W — napr. proteiny =
| - plak ; = 2 2 F
“ e o [ 2 » Adaptorové (plakové) proteiny
- desmo- i ~ cateniny Z
e % it e §\ | 8 *Vlakna cytoskeletu
- plakofiliny - & a-aktinin
RS - plektin . -5 § —vinculin ’g
Sl | o
] \ \— intermediarni / \\: myosin i
5 M P D filamenta (IF) i pl20 P o “'l ]t”::‘;'?d o)
fokalni kontakt lakove
plakove cramion E‘j:ne) :}* LE)
proteiny /// p—
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-BP23 —vinculin ©
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Mezibunécné spoje 3

Adhezni

« Macula adherens
(desmosom)

Pramér cca 0,3 um
Mezera mezi membranami cca 20-40 nm



Mezibunécné spoje 4

Adhezni

* Hemidesmosom
* Focal adhesion

Hemidesmosome

pEE
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Mezibunécné spoje 5

- Fokalni adheze




oje 6

écné sp

~

Mezibun

Bazalni labyrint




Mezibunécné spoje 7

Teéesnici

« Zonula occludens
(bariérovy spoj,
tight junction)

occludin

klaudin

Poskozeni: b
Clostridium perfringens
Helicobacter pylori (ZO-1)

e =] tight junction ical
; y ' zona occludens :ﬁrfal::a

-

&S Zonula®y
% occludensg

\ . -
et S
. Lt =
- - b
-

basal surface
nrotein strands



Mezibunécné spoje 8

Teéesnici

« Zonula occludens
(bariérovy spoj,
tight junction)




Mezibunécné spoje 9

Komunikacni

» Gap junction
(nexus)

konexin

¢ konexon

Edge view of plasma  Edge view of plasma

S hrans et el \ membrane of cell 2 Inner surface of plasma

membrane of cell 2

Intercellular space

Boundary of gap junction

» view of plasma
ibrane of cell 1
Connexon consisting
of six subunits

Outer surface of Intercellular space  Edge view of plasma
plasma membrane membrane of cell 2
of cell 1




Mezibunécné spoje 10

V 4

Komunikacni

* Gap junction
(nexus)

Connexons

¢ ! et
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B, a%0rey @s-h;-}ntiqnnfn'ubraﬁe
* ) Par g gap junctions
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(b) Electron micrograph
of a gap junction




Zivotni projevy bunék

Pohyb - intracelularni, amoeboidni, fasinky, biCiky
Metabolismus — pfijem, zpracovani, vydej
Drazdivost

Rust

Diferenciace

Rozmnozovani (déleni)



Mnozeni x Diferenciace bunék 1

Zygota @

X
LU
\¢ - Déleni bunék
sLL S &
=z m Specializace bunék
vy -
Mnohobunécne m o
embryo > < @
5 T
N =
o L Déleni bunék
< ' &
S L Specializace bunék
L
Dynamicky 5
mnohobunéecny

organismus




Mnozeni x Diferenciace bunék 2

Zygota

|

Mnohobunéecneée
embryo

|

Dynamicky
mnohobunécny
organismus

STABILNi GENOM

!

Genomicka ekvivalence

(= stejné mnozstvi DNA a stejna
nukleotidova sekvence ve vSech
bunkach organismu — klonovani)

X

VARIABILNI
TRANSKRIiPTOM

|

Regu atory trans ripce

+ dalsi regulace:
translace

posttranslacni modifikace



Mnozeni x Diferenciace bunek 3

Obnova a regenerace tkani

N

Kmenové Progenitorové Terminalné
bunky bunky diferencované
* pomalé déleni (obvykle) « transit amplifying cells® buﬁky
* multipotentni *rychle se déli « nedéli se

* multipotentni

n/

> — ‘ﬁstrocyt

U\

Neuron



,Siroka nabidka“ kmenovych bunék

Kmenové bunky generuji a
regeneruji nase telo

1. Nediferencovany rust

preserenen s :‘ Enﬂyyoné"ﬂ
Schopnost vytvaret ' : kmenové buriky

identické kopie

Sebeobnova

Fetalni

,,DOSpélé“ kmenové Organové

. Tkanové
bunky

Schopnost vytvaret
diferenciované/funkéné
specializované buriky

Indukované pluripotentni
kmenove bunky

Pluri-/Multi-potence

OA B CJ Nadorové kmenové

S buﬁky

2. Diferenciace

Odlisné vilastnosti




Kmenové bunky Ize nalézt, vyjmout z tkane a zkoumat 1

Mesenchymal cells / Enzymatic \
= digestion
TR / f
Enzqui_lc g I Culture in (.
:= 1 _C . y
. .‘_ @ & non-adherent condltlons \
digestion | @ 2 \ &)
c
Collect | 2 F
ollect lun
g - l =
Lung epithelial organoids
(@]
S AC
= =
= D
c o)
512
o L
>
Enzymatic |e'§
_— | e
= [ ]
digestion B Culture in
':é,/ 3D Matrigel / collagen Culture in 3D

Chop lung Matrigel




Kmenové bunky Ize nalézt, vyjmout z tkane a zkoumat 1

i vty

KB plic po izolaci

Rostouci sféroid z KB plic
»lungosféra“




Déleni bunék 1

Zakladni koncept 1
MITOZA a CYTOKINEZE produkuji dvé geneticky identické burky




Déleni bunék 2

STABILNi (NEMENNY) GENOM
Udrzuje se prostrfednictvim semikonzervativni duplikace DNA

..............................

telomera

<+— centromera

— telomera
chromatida
\ Kondenzovany duplikovany

chromozom




Déleni bunéek 3

Metabolismus chromozomui — Homologni chromozomy

chromozom s jednou
chromatidou

duplikace

homologni pary chromozomu chromozom s jednou

A ‘ chromatidou

[

nesesterské

chromatidy upllkace

L —J \ )

Y Y
sesterské sesterské
chromatidy chromatidy

. otcovsky chromozom . matersky chromozom




Déleni bunék 4

Pary homolognich chromozomu (2N) organizované do podoby ,,KARYOTYPU*

SRR NIRRT
BN ﬂ"kﬁ"ﬂh‘"ﬂ" Ht

---a—a---n---*ar--:-x--**-Hr--)H-- .

B 18 19 20 21 22 AX (or XY)

& 2006 Brooks/Cale - Thomsan



Déleni bunék 5

Zakladni koncept 2
MITOZA a CYTOKINEZE jsou &asti bunééného cyklu

kontrolni bod
DNA replikace

kontrolni bod
' , poskozeni DNA

kontrolni bod
metafaze (SAC)

Bunéény cyklus

* ma semi-modularni charakter

* je vybaven kontrolnimi body

* mezi burikami je koordinovan
ristovymi faktory




Déleni bunék 6

G1

Interfaze zacina
v dcefrinné bunce

Déli se cytoplazma
a vznikaji dvé nové
bunky

Py
s
.
s

.
Py
..
.

Formuji se nova jadra
a chomozomy zacinaji
dekondenzovat

Chromatidy se presunuji
k protilehlym pélim
vieténka

Chromozomy se serazuiji
v metafazni (ekvatorialni)
roviné

Chromozoémy kondenzuiji,
zacina se tvorit délici
vieténko



Déleni bunéek 7

Mitotické vieténko

r \\ /},—f— astralni mikrotubuly
aster {| &
— —

polarni mikrotubuly

kinetochorové |
mikrotubuly

Mitotické chromatida

vieténko .
kinetochora

,mrak* 'I:TI
proteinu }centrozém I

centrioly



Déleni bunék 8 Metabolismus centrozomu
Semikonzervativni duplikace

B t=

Ll
A

.é.é

Duplikace
2=

= a
©5"

Segregagce
centrozomu

centrozomu

o1
o5
=

Zrani é é Separace

centrozomu centrozomu




Déleni bunék 9

Regulace — Cyklin-Dependentni Kinazy (CDK) + Cykliny

Cdks and Related Proteins

PSTAIRE regulatory
kinase motif subunits

Cdc2 p34 PSTAIRE cyclin A& B

Cdk? PSTAIRE cyclin A, E&D
Cdk3 PSTAIRE cyclinE

Cdk4 PV/ISTVRE cyclin D1, D2, & D3
Cdk5 PISSLRE p35

Cdké PLSTIRE cyclin D1, D2, & D3
Cdk7 NRTALRE cyclin H

Cdk8 SACRE cyclin C

Cdk9 PITALRE cyclin T

putative
substrates

Rb, NF, histone H1
Rb, p27
E2F-1/DP-1

Rb

NF, Tau

Rb

Cdc2, Cdk4/6
RNA Pol Il

Rb, MBP

Major Cyclin-Cdk Cell Cycle Complexes

cell cycle cyclin-Cdk inhibitors

stage complexes pl5 p16  pi8 p19

G1 cyclin D-Cdk4/6 + +
G1/S cyclin E-Cdk2 - -
S cyclin A-Cdk2 - -
G2/M cyclin B-Cdc2 -

Cell Cycle

cyclin Aand B
+ Cdc2

cyclin D1, D2 and D3
+ Cdk2, 4,5 and 6

cyclin A
+ Cdk2

¥ p15, p16,
cyclin E + Cdk2 ¥ p21 + p27

E2F/DF-\ Rb phosphorylation
activation

Modifikovdno z katalogu firmy Santa Cruz Biomedicals, USA




Déleni bunék 10

Periodicita exprese cyklinu

cyclin A 1
J, cyclin D

<«—cyclin E

]

cyclin B




bunéek 11

Deleni

4

meta

faze




Déleni bunék 12

telofaze




Dékuji za pozornost !



