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Prednaska 1

Uvod

* Predmét a vyznam histologie, jeji ¢lenéni.

* Hrani¢ni oblasti histologie.

* Historie, sou¢asnost a budoucnost histologie.

Cytologie

Burika: definice, obecna stavba, kompartmentalizace.
Bunééné jadro: ultrastruktura a funkéni vyznam, chromosomy, jadérko.
Endoplasmatické retikulum

Golgiho apardt

Centrosom

* Mitochondrie

* Lyzosomy + Peroxisomy

* Cytoplasmatické inkluze

« Cytoskelet

« Bunécéné povrchy

 Bunécny cyklus, déleni bunék, diferenciace bunék



Histologie

Mikroskopickd a submikroskopicka struktura téla
(buriky, mezibunéénd hmota, tekutiny)

Cytologie . ,
y1olog Obecna histologie
Struktura buriky ) ) ) o
a jeji vztah k funkci. Jaké jsou zakladni typy tkani?
Jaké jsou jejich funkce?
Jakymi bunécnymi typy jsou tvoreny?

Mikroskopickd anatomie
SloZeni a struktura organovych systému & individudlnich orgéni

Jaké typy tkdni a jak jsou organizovany?
Jaké specialni bunééné typy?
Které specidlni struktury? (napr. tubuly)
Jak to celé funguje?

Toto vSe je odrazem hierarchické struktury mnohobunéénych organismi




Histologie neni statickou disciplinou, ktera se zabyva vyhradné strukturou !l

Fyziologie
Bunécna biologie

4 .
Anatomie Histo l og e )

N\

N~ Patologie

Embryologie
S —— /
Biochemie

Molekularni biologie

Mysleme :> Spojme si histologii
histologicky s akci a pohybem




Studium histologie se poprvé stalo povinnym v roce 1893
na John's Hopkins Medical School !

Mnoho velkych histologt byli Némci, protoZe vyrdbéli kvalitni mikroskopy.

Eponymously theirs.....



Jan Evangelista Purkyné

1787 - 1869
Cesky fyziolog

Schwann + Schleiden - 1839 - bunéénda teorie

Pionyr histologickych technik
Poprvé pouzil pristroj podobny sou¢asnému mikrotomu

Zaved| termin plasma

Popsal Purkyrova vldkna v srdci
Popsal Purkyfiovy buriky v kiife mozecku

AN L N
- e
| R




Santiago Ramén Y Cajal
1852 - 1934

Spanélsky Iékar* a anatom
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Poprvé popsal neuron jako primarni strukturdlni a funkéni jednotku nervové tkané.
Nobelova cena v roce 1906

"Once the development was ended, the founts of growth and regeneration
of the axons and dendrites dried up irrevocably. In the adult centers,
the nerve paths are something fixed, ended, and immutable. Everything
may die, nothing may be regenerated. It is for the science of the future
to change, if possible, this harsh decree.”




Neocekdvané objevy
(od casnych 90-tych let)

Existence multipotentnich sebeobnovujicich se progenitori
v postnatdlnim a dospélém nervovém systému

Subventricular zone

BEZPOCHYBY V:

+ Subventrikuldrni zdna
laterdlnich komor mozku

+ Subgranuldrni zéna
v gyrus dentaus
hipokampu
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Hippocampus™ ~ Amygdala

Striatum
=

MOZNA V:

« Kbra koncového mozku ?

* Amygdala ?

£ Red = location of stem cells

Nas pohled na organizaci centradlniho nervového sytému se dramaticky zmenil !l



Histologické metody studia bunék a tkani 1

Ucinit pozorovatelnym Zveétsit

Stabilizovat struktury Pouii'ﬁ mi kr‘oskopfl

Fixace ﬂ

Svételné (optické) mikroskopy

UCinit objekty mensimi - prostupnymi (interakce fotonli s hmotou)
pro svétlo RozliSeni 0.1 pm

* Pouze s viditelnym svétlem

Zaliti + Priprava rezii

+ S fluorescenénim svétlem

+ Konfokalni laserovy skenovaci mikr.

Elektronové mikroskopy

(interakce elektronii s hmotou)

Zviditelnit struktury

,Barveni”

RoliSeni az 0.1 nm (v praxi 1 nm)

* Transmisni

- Skenovaci




Histologické metody studia bunék a tkani 2

Fixace (denaturace)
* Organicka rozpoustédla (etanol, metanol, aceton,...)
+ Aldehydy (form-, paraform-, glutar-aldehyd, ...)

+ Organické kyseliny (octovd, pikrovd, ...)

- Soli tézkych kovl (rtut’, chrom, osmium, ...)

—
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|_iivé organismy jsou tvoreny bunkami

Dlouha cesta k tomuto odhaleni:

R°belr'g6"5'°°ke Poprvé vidél buriky korku - cell

Poprvé uvidél mikroskopické
Antonie van Leeuwenhoek organismy

1678 (bakterie, prvoky)

Vsechny organismy jsou tvoreny
jednou nebo vice burikami

Matthias Schleiden Theodor Schwann

Rudolph Virchow  Burika miZze vzniknout pouze z jiZ existujici buriky
1855 .Omnis cellula e cellula"




Soucasnd bunécna teorie -
6 principu na kterych stoji

- Burika je nejmensi strukturni a funkéni jednotka schopnd Zivotnich procest

* Funkce kazdé buriky je ddna jeji specifickou strukturou

- Buriky jsou stavebni jednotky véech mnohobunéénych organismi, véechny funkce
v organismu jsou plnény burikami

- Struktura a funkce véech organizmi je zdvisld na strukturdlnich a funkénich
vlastnostech bunék, kterymi jsou tvoreny

« V8echny nové buriky vznikaji z bunék jiz existujicich

- Diky kontinuité Zivota na zemi jsou buriky véech organizmi principidlné stejné
(univerzadlni geneticky kéd a jeho exprese)

Svalové vldkno
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Pres jednotné organizacni schéma,
je typickou vlastnosti eukaryontnich bunék
jejich strukturdlni a funkéni diverzita




Take bunky clovéka jsou strukturalné
a funkéné extrémné rozmanité

Tato rdznorodost je predpokladem
pro schopnost bunék plnit
v organismu cloveka
specializované funkce

i 0jol0)
\ Burika
Y sliznice
\ streva
Burika N
svalu f
) Neuron v -
— " ,
| . ® mozku Tukova
VAN bufika

Spermie




Zédnd burika neni zcela stejnd jako
buniky ostatni, vSechny bunky ale maji
spolecné strukturdini a funkcéni znaky.

Ne vSechny buriky obsahuji vSechny komponenty, o kterych budeme mluvit !

Buriky maji 3 hlavni soucasti:

1. Plazmatickou membranu
2. Cytoplazmu
3. Jadro (eukaryontni b.)




Organizace bunky je postavena na
KOMPARTMENTALIZACI

ug.

Specializované funkce se mohou plnit v riznych sektorech buriky

Membrany tvori hranice mezi jednotlivymi kompartmenty

Unikdtni proteinové
a lipidové komponenty
a unikdtni funkce

Unikatni kontrola Unikatni sloZzeni
pohybu molekul obklopeného prostoru




Kompartmenty & Membrany

Mnoho malych kompartmenti je lep$i

Vice plochy pro:

* regulaci

* vyménu Zivin

+ odstranéni odpadnich
latek

Vétsi plocha membrany
na obklopeny objem

Plocha povrchu je proporciondlni se ¢tvercem poloméru (r2).
Objem je proporciondini se tireti mocninou poloméru (r3).

ZmnoZeni X Redukce Specializace bunék
vybranych kompartmentt pro rizné funkce

Drsné ER v sekreénich bunkach

Diferenciace bunek Mitochondrie v burikach srdecni svaloviny




Struktura biologické membrany 1

Elektron denzni

7-10 nm | Elektron opakni

Elektron denzni

Bunécné membrany vidéné ‘ ‘
elektronovym mikroskopem
(pseudokolorovdno) ’ 2’ .
Membranova jednotka

spolecnd véem membrandm



Struktura biologické membrany 2

Fluidni mosaika - Dvojvrstva lipidi s mobilnimi globuldrnimi proteiny

Polarni fosfolipidové zbytky

o
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Hydrofobni segment

} Hydrofilni segment
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phospholipid
molecule

Cholesterol

Nepolarni fosfolipidové zbytky



Struktura biologické membrany 3

Membrdnové lipidy

Predstavuji 90-99% molekul v membrdné (v poctech).

* Fosfolipidy - 75%

* Cholesterol - 20%

* Glykolipidy - 5% - pouze cytoplazmatickd membrdna - GLYCOCALYX

Membrdnové proteiny
Predstavuji 1-10% vSech molekul, ale 50% hmotnosti diky jejich velikosti.

Molecule

;a " being transported

Carrier protein Receptor protein

Chemical signal
Glycoprotein .
(cell surface marker) Receptor site
. .
-

Integralni Periferni

Transport Identita bunék Pfenos signdlli

A Dipeptide Amino acids
~— Extracellular molecule
: 3
Attachment proteins

(integrins) /

Membrane-bound

"""""""""" enzyme

Intracellular molecule

Enzymaticka aktivita

Adheze bunék




Organely

Specializované vnitrni struktury se specializovanymi funkcemi

Ohranicené membranou

» Endoplasmatické retikulum

* Golgiho apardt Bez membrany
* Lyzosomy
» Endosomy - Ribosomy

- Peroxisomy

- C
- Mitochondrie ieEIeliy;

- Centrioly
» Bazdlni téliska

Vztah mezi strukturou buriky a jeji specifickou funkci
Napr.: potreba hodné energie — hojnost mitochondrii




Jadro 1

obalem ohranié¢ena struktura

Nejcastéji:

- Sférické (5-10 um) (lobuldrni, prohnuté, diskovité, ..)

* UloZeno centrdlné
+ Jedno v burice (osteoklast vice, eryfrocyt Zddné)

Jadro jaterni bunky

Membrdnovéd jednotka [N Vnéjsi j. membrdng
Perinukledarni cisterna 20-50 nm

Membranova jednotka Vnitfni jadernd membrana

Lamina 80-100 nm




Jadro 2

Jaderny obal - pokracovani

Vnéjsi jaderna membrdna

I
20-50 nm
A Vnitfni jadernd membrana

Membranova jednotka
Perinuklearni cisterna

Membradnova jednotka

Lamina 80-100 nm

Laminopatie
» Lidské choroby (nejméné 13 zndmych)
* Mutace v genech pro laminy
(popsadno asi 200 mutaci)
- Deregulace exprese gen
* Pred&asné stdrnuti

Hutchinson-Gilford progerie

Vzéacna - 1-4 na 8 milion( porodl
Missense mutace v laminu typu A



http://php.med.unsw.edu.au/cellbiology/index.php?title=File:Em_nuclear_envelope2.jpg

Jadro 4
Chromatin

Nuclear Interchromatin
speckle compartment

Chromosome
territories 47

Nuclear
N envelope

Interfazové jdadro

Heterochromatin

Feulgen positivni - tmavé ve svételném mikr.
Tmavé/denzni granula v TEM
Transkripéné inaktivni

Nuclear i

lamina N
Cajal O\ .
body SN

Euchromatin —p—

territories

Svétlejsi ve svételném mikroskopu
Relaxované chromosomy
Transkripcné aktivni

\ 30 nm

L ,
e o,
/ Vlakno chromatinu - seskladané nukleosomy

2 nm
Dvojsroubovice DNA


http://php.med.unsw.edu.au/cellbiology/index.php?title=File:Nucleus_cartoon3.jpg

Jadro 3

Komplex jaderného péru

NUCLEAR PORE COMPLEX

Cytoplasmic
= filaments
| Lumenal spoke
ring
Quter nuclear
membrane

Inner nuclear
membrane

Nuclear basket

Distalni kruh

Transport jadernymi pory
(Nukleocytoplazmaticky presun)

~N - Proteiny, RNA, podjednotky ribosomi

Primér ~ 100 - 125 nm * Oboustranny o
* VyZaduje jaderné lokalizacni/exportni signdly
- Y 1o . - Podporovan importiny/exportin
TFi kruhy (kazdy 8 podjednotek P portiny/exportiny
fi kruhy (kaZdy 8 podjednotek) * Regulovan Ran GTPazami
Vnitrni vidknity kosik

-




nucleoplazma

Jjaderna
membrana

cytoplazma

Jjadeérko

Jadro 5
Jadérko

Neni ohrani¢eno membranou

Hlavni funkce

Syntéza RNA
Skladdni ribosomu

Pars granulosa
Skldddni ribosomd

Pars fibrosa
Primdrni transkripty rRNA

NOR - nukleolarni organizdtor (na DNA)

V lidskych burikdch na 5-ti chomosomech
(chr. 13, 14, 15, 21, 22)




Endoplasmatické retikulum 1

FERI1]

L2uvnitf buriky* ,Sit

Vétsina membrdn uvnitit burky.
Vzdjemné propojené :>
kandlky a vacky

Hladké ER

Velka podjednotka
ribosomu

Jaderna membrana

Mala podjednotka
ribosomu

(c)

Drsné ER Ribosomy

(a)



Endoplasmatické retikulum 1

[ 4
L , . . Drsné ER
Bez ribosomu > Nema proteosyntetickou funkci ! R N S . e X A f
».'.\" "., : . i vt ,'ﬁ ' ‘-" .'.“ e YA, 5" 2

Syntetizuje fosfolipidy a cholesterol

Hladké ER

- Jatra - metabolismus lipidl a cholesterolu, degradace R ,. Vs
er . . ;L ‘—\\_ " v M
glykogenu, detoxifikace (spolu s ledvinami) : e AR Bk et
* Varlata - syntéza steroidnich hormon (testosteron) C e R ILAUT Gt KA &
- Buriky stfeva - absorbce, syntéza, a transport lipidd N o T e : "\_.. A
- Kosterni a srdeéni svalovina - ukldddni a uvoltfiovani N SR VT A R g A PP ".,-:. o, tY

vdpniku (sarkoplasmatické retikulum) A S i Y ST L Lt et

e ' ':.s‘.\.. e o “'v«
I R B |
R F S *ﬁ
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i —e |,
3 o 3 200 nm |
Wi v ¥ ¥ mmeand
Cytosol - Syntéza viech sekretovanych proteinl
Y

- Syntéza integrdlnich proteini membrdn
- Modifikace proteind

Cisterny
endoplasmatického
retikula



Ribosomy

Velka
podjednotka

Mala
podjednotka

Schéma ribosomu



Ribosomy - Tr'qnslqce Zacatek translace

Met-tRNA

3UAC »
mrRNA 5 — AUG— 3

Aminoacyl t1RNA START kodon

Konec translace

3 mrRNA 5 — UAG — 3
mRNA 5 — UAA— 3
mrNA 5 — UGA — 3

STOP kodony
vazi ,uvolriujici faktor"

Volné tRNA

POLYRIBOSOM

(klastr ribosomi preklddajici
urcity dsek mRNA)

5\ smér ¢teni mRNA

smér pohybu ribosomi po mRNA




Golgiho aparat

Plasma membrane

Extracellular fluid



Centricle 1

Primér - 0.2 um
Délka - 0.5 um

Y

Centrosom

CDK2ICyc

pericentrin
! ?

bipolar multipolar




Mitochondria 1

Centrioles

Secretion granule

Microtubules

Microfilaments

Nucleolus

oplasmic
reticulum

Nuclear
envelope

Mitochondrion

all cells except erythrocytes
double membrane
diameter cca 0,5 um

length up to 50 (100) um

oxidative metabolism (glucose — ATP + CO, + H,0)

cytochrome c — activation of apoptotic pathway
origin in oocyte

mtDNA (circular)

brown fat thermogenesis

Inner
Membrane

Outer
Membrane

Intermembrane space

* both membranes with low fluidity

» both membranes equipped with many protein molecules

+ growth and divission of mitochondria



Mitochondria 2




Mitochondria 3

with crists

with tubuli (in steroid producing cells) e
- \ 'l .'h-" ‘# s e ’ x >




Mitochondria 4

mitochondria
microtubuli



Lysosomes 1

endosome-lysosome system

 in all cells except for erythrocytes

* vesicles about 0,05-0,5 um

* membrane-bound

+ highly acidic internal space (cca pH 5)

* hydrolytic enzymes inside (min. 50 types)
* tagging by mannose-6-fosphate

Digestive vacuole
(multivesicular body)

CURL

| "l
_ Pinocytotic
Phagocytic vacuole vesicle
T (coated)
r Plasma membrane

@f Extracellular space

Figure 247. Origins of primarily lysosomes from the Golgi and frans-Golgi network. Pri-
mary lysosomes fuse with and discharge hydrolytic enzymes into 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, Holf, Rinehart and Winston, 1976.)



Lysosomes 2

primary x secondary

Primary lysosomes

Digestive vacuole
(multivesicular body)

vesicle
(coated)

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 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.)

* primary lysosomes

* secondary lysosomes
(fagolysosomes)

» residual bodies (lipofuscin)



Lysosomes 3

secondary lysosomes

3
J



Peroxisomes

nucleoid

structuraly similar to lysosoms
H,0, 0,)

+ functionally similar to mitochondria

» nucleus
» degradation of fatty acids (H,0,,

detoxification (complement SER)
 origin: growth from ER or division
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Cytoplasmic inclusions 1

(no or only little metabolic activity on themselves)

secretory granules
storage compounds: sugars (glycogen), lipids
crystals (proteins)

pigments: endogenous (autogenic and hematogenic) + exogenous



Inclusions 2

IC INC

Cytoplasm

Secretory granules

(%]
Q
>
C
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S
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>
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n

Golgi apparatus

Rough ER




Cytoplasmic inclusions 3

Lipid inclusions




Cytoplasmic inclusions 4

Glycogen

=2 a-granules
bogd (liver)

WS Emay o




Cytoplasmic inclusions 5

Glycogen

Glycogen in liver cells (light microscope; PAS reaction)



Cytoplasmic inclusions 6

Crystals

Protein inclusions in Leydig cells




Cytoplasmic inclusions 7

Pigments (colour inclusions): Exogenous x Endogenous

- Autogenous

Specific functions — melanin —

- Hematogenous

Hemoglobin decomposition — hemosiderin, biliverdin, bilirubin

Pigment in aged cells I

lipofuscin —accumulation of residual bodies in long-lived cells
(neurones, kardiomyocytes)




Cytoskeleton 1

Intermediate Microfilaments
filaments (actin)

microtubules
microfilaments - actin




Cytoskeleton 2

Microfilaments (actin)

G-actin
(globular)

ACTIN FILAMENTS

E——

actin isoformes (a, B, v)

fast polymerisation and depolymerisation

polarisation (+ a — ends)

stabilisation by associated proteins (tropomyosin —
myofibrils)

+ crosslinking by associated proteins (fimbrin, filamin,
..2)

anchoring to cell membrane (vinculin, tallin, ...)

+ cortical actin — membrane skeleton

* myosin motors (analogous to dynein + kinesin on microtubuli)




Cytoskeleton 3 | (mmm[ [Hmﬂﬂf

Microtubules

——

d

‘-—J

| 'MICROTUBULE

SHEHHH

] §

| —
25 ym

hollow tubes

* o-tubulin + B-tubulin — dimers

« fast polymerisation and depolymerisation

* polarisation (+ a — ends)

* MAP (proteins associated with microtubuli)

*+ MTOC — microtubules organizing centre
(centrosome; y-tubulin)

» mechanical support

* intracellular transport

* mitotic spindle

+ cilia and flagella

* mitotic poisons (colchicin, taxol, ...)

Protofilament



Cytoskeleton 4

Microtubules - motors

Copyright @ The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

vesicle

kinesin \
receptor

kinesin

vesicle moves, not microtubule

Kinesins Dyneins
* move towards ,plus“ end of microtubuli * move towards ,minus“ end microtubuli
* transport from centrosome * transport towards centrosome

» axonal transport — long distance



Cytoskeleton 5

Intermediate filaments

Cytokeratin intermediate filaments in stratum basale of epidermis

INTERMEDIATE FILAMENTS

- ,chemically“ highly heterogenou group
- common composition (tetramers) “thread

like®
. rlr1§re stable than actin and tubulin structures
- cell type specific:
Cytokeratins (epithelia)
Vimentin (cells of mesenchymal origin)
Desmin (muscle cells)
Neurofilaments (neurons)

Glial fibrial acidic protein (neuroglia)

Lamins (nuclear envelope)



Cell surfaces 1

Free

microvilli (irregular, regular — striated border, brush
border)

cilia
Lateral
Cell-to-cell junction:
sealing: tight junction=zonula occludens

adhesion: zonula adherens, desmosom
communication: nexus (Gap junction)

Basal
focal adhesions
hemidesmosomes
basal labyrinth

free surface

lateral
surface
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basal surface



Cell surfaces 2

Microv

Free surface of cultured human embryonic stem cells



Cell surfaces 3

. Reqularly organised microvilli
Mikroklky BN
, = striated border + brush border
Actin filament .
Thickness about 0,1 pm
Fimbrin and villin Length about 1-6 pm

Binding to
cell membrane
Actin filaments in microvilli

' » 20 in microvilli of epithelial cells
l ¢ several hundreds in stereocilia of hair cells
|

Intermediate filament

Terminal web Microvilli Cell coat




Cell surfaces 4

Mikroklky

Celiac disease

3
Gluten

lem

y

y

aacov

(proximal tibuli of kidney)

zihana kutikula
(tops of enterocytes)
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Cell surfaces 5
Rasinky + Biéiky

Thickness about 0,25 um
Length about 7-10 pm

Axonema

20 microtubuli (9x2 + 2)

1 Enlarged

doublet

Dynein arms

(movement) Central

sheath

b Cilium

microtubule

Shared
heterodimers

Radial
spokes

Axoneme (with 9 + 2 pattern)



Cell surfaces 6
Rasinky + Bigiky

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

outer
microtubule
doublet

radial
spoke

Flagellum \(2

llf j

central

The shaft of the microtubules

flagellum has a ring
of nine microtubule
doublets anchored
to a central pair of
microtubules.

dynein

\side arm

The side arms

Sperm - ~ of each doublet dynein
are composed side arms
of dynein, a

triplets motor molecule.

. /

In the presence of
ATPF, the dynein side
arms reach out to
their neighbors,

and bending occurs.

Basal body
Centriole
9x 3

The basal body of a flagellum has
a ring of nine microtubule triplets
with no central microtubules.
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In light microscope In electron microscope
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Rasinky + Bigiky

oviduct

secretory
cells




Adhesions and Junctions 1

::;3-«.'-'-" e

i il ” “iu.f"“

H) !/ls; =
lateral
surface spojovaci
- komplex
N Basal surfacé
Adheze Tésnéni Komunikace
 Macula adherens « Zonula occludens « Gap junction
(desmosome) (tight junction) (nexus)

e Zonula adherens
* Hemidesmosome
* Focal adhesion



desmosom

desmosomové cadheriny

- desmocolliny
- desmogleiny

plakove
proteiny

napr.

- plako-
globin (P}

- desmo-
plakiny (0)

— plakofiliny

- plektin

intermediarni
filamenta (IF)

cadheriny

v epithelech:
E-cadherin

Adhesions and Junctions 2

Adhesion

Macula adherens
(desmosom)
Zonula adherens
Hemidesmosome
Focal adhesion

SEMMAG: 157 kx  DET. SE Detector
HV: 200KV View field: 170.99 um 50 um Vega &Tescan
VAC: Hac Device: TSS136XM Digtal Microscopy Imaging

Lung ECM - alveolar region

Unified composition

 Transmembrane proteins

plokové (cadherins+ integrins)

proteiny

napf.

~ cateniny
(o, B, p120)
o-aktinin

- vinculin

cell-cell

yosIn
aktinova
filamenta (AF)

| |
e gp1g0 § o, JE),B
ECM )

plakové
proteiny

- plektin
-BP230

integrin

fokalni kontakt

=

(J/ & ) (

(1 -’3 el . integrin

ECM

plakové
proteiny 2
naprf. U
«-aktinin LL
- vinculin 1
—talin f—
&)

* Adaptor (plak) proteins
» Cytoskelelal fibers




Adhesions and Junctions 3

Adhesion

* Macula adherens
(desmosome)

Diameter about 0,3 um
Distance between membranes about 20-40 nm
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Adhesion

 Hemidesmosome
* Focal adhesion

Hemidesmosome

| Laminins 5 & 6 ‘

Collagen type XVIL, Xill |

/ / ‘\| Anchoring Fibrils ‘

\| Collagen type | |

T T ) RN

diy's PRI e 10 L N
~Haif-Desmosqmes "

hemidesmosome  focal contact integral
(integrins) (integrins) membrane
proteoglycan integrins

+—t
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- Focal adhesion

-4
G oty
'.'.'\. P'A.

Sew
.
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Adhesions and Junctions 6

Basal labyrinth
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Sealing
e Zonula occludens
(tight junction)
occludin
klaudin
Damage by: b

Clostridium perfringens
Helicobacter pylori (ZO-1)

d tight junction apical
zona occludens surface

"=

& 4 Zonula’s
e occludensg

"t

Pty
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Sealing

e Zonula occludens
(tight junction)
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Communication

« Gap junction
(nexus)

konexin

Diameter about 0,3 pm
Distance between cell membranes about 3 nm
Internal diameter of the channel about 2 nm

c konexon

Edge view of plasma  Edge view of plasma

emabrane oFeall \ membrane of cell 2 Inner surface of plasma

membrane of cell 2

Intercellular space

Boundary of gap junction

2 view of plasma
1brane of cell 1 2

Connexon consisting
- of six subunits

b

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




Adhesions and Junctions 10

Communication
« Gap junction
| (nexus)
@ @ konexin
- W | ve Connexons

os'og-mvam mbraho i

ﬁargwrg’wrmmg «ap jurjctiofts

aggreq

(b) Electron micrograph
of a gap junction

00 nm

3



Activities of cells

Movement — intracellular, amoeboid, cilia, flagella
Metabolism — income, processing, outcome
Responsivenes

Growth

Differentiation

Division (amplification)



Division x Differentiation of cells 1

Zygote
2 (@
o
|_
l z < Cell division
O = &
i P L Cell specialization
Multicellular > r
a)
embryo ~ i @
—1 ()
L
l ] :
L
O Cell division
&
_ Cell specialization
Dynamic
multicellular
organism




Division X Differentiation of cells 2

STABLE GENOME

|

Genomic equivalence

(= equal amount of DNA and
the same nucletide sequence
in all cells of a organism —
cloning)

X

VARIABLE
TRANSCRIPTOME

|

Transcription Regu ators

CELL DIFFERENTIATION

+ other regulations:
« translation
« posttranslational modification



Division x Differentiation of cells 3

Tissue renewal and regeneration

N

Stem Progenitor Terminally
cells cells diferentiated
* slowly dividing (usually) « transit amplifying cells® cells
* multipotent - fast proliferation » nondividing

* multipotent

f\/

> — %/Astrocyte

\}\

Neuron



Mother nature and scientists supply us with many

Stem cells generate and regenerate our body

Capability to produce
identical copies of itself

Self-renewal

Capability to differentite
into specialized
cell types

Pluripotency

1. Undlfferentlated growth

2. Differentiation

Embryonic
stem cells

Adult stem
cells

Induced pluripotent
stem cells

Cancer stem
cells

s 3

Different properties

Fetal
Organ
Tissue




Cell division 1

Basic concept 1

MITOSIS and CYTOKINESIS produce genetically identical cells




Cell division 2

STABLE (non-changing) GENOME
Due to semiconservative duplication of DNA

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

telomere

. «— centromere

telomere
i chromatid

Condensed duplicated
chromosome




Cell division 3

Metabolism of chromosomes — Homologous chromosomes

chromosome with one homologous chr. pairs chromosome with one
chromatid ( A chromatid
. nonsister L
duplication : duplication
P chromatids P

i o

|
sister

chromatides

. fathers chromosome

sister

chromatides

- mathers chromosome




Cell division 4

Pairs of homologous chromosomes (2N) organized into so called
,KARYOTYPE*

LIRTRINRIRIRIRIY
ORI R R IR RTRTRIS

- EBER R ER-AA- **——%&——— &

17 18 19 20 21 22 XX (or XY)




Cell division 5

Basic concept 2

MITOSIS and CYTOKINESIS are parts of cell cycle

DNA replication
checkpoint

DNA damage
' , checkpoint

CELL CYCLE

* semi-modular character

metaphase
Checkpoint
(SAC)

* equipped with checkpoints

« among cells it is coordinated
by signalling molecules




Cell division 6

Gl

Interphase begins
in daughter cell

Cytoplasm divides,
two cells arise

Py
;;;;
s

Formuji se nova jadra
a chomozomy zac€inaji
dekondenzovat

Chromatidy se presunuji
k protilehlym péliim
vieténka

Chromozomy se sefazuji
v metafazni (ekvatorialni)
roviné

Chromozémy kondenzuiji,
zacina se tvorit délici
vieténko



Mitotic-
spindle

Cell division 7

Mitotic spindle

-Aste { \\ / P Astral microtubule
r

Polar microtubules

Kinetochore | Ao

microtubules ! :
\ Chromatid [ ;

Kinetochore- R

\ _,, ——Cloud o' 5 !
/%\\Of proteins |- Centrosome el
L Centrioles



Centrosomal metabolism
Semiconservative duplication

i

Cell division 8

U
A

.éla

CENTROSOME

DUPLICATION

CENTROSOME
SEGREGATION

CENTROSOME é CENTROSOME
MATURATION SEPARATION



Centricle 1

Diameter - 0.2 um
Length - 0.5 um

Y

Cell division 9 Centrosome structure

CDK2ICyc

pericentrin

bipolar multipolar




Cell division 10

Regulation — Cyklin-Dependent Kinases (CDK) + Cyklins

Cdks and Related Proteins

PSTAIRE regulatory
kinase motif subunits

Cdc2 p34 PSTAIRE cyclin A& B

Cdk2 PSTAIRE cyclin A, E&D
Cdk3 PSTAIRE cyclin E

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

Cdk6 PLSTIRE cyclin D1, D2, & D3
Cdk7 NRTALRE cyclinH

Cdk8 SACRE cyclin C

Cdk9 PITALRE cyclin T

putative
substrates

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

Cdc2, Cdk4/6
RNA Pol Il
Rb, MBP

Major Cyclin-Cdk Cell Cycle Complexes

cell cycle cyclin-Cdk e

stage complexes pl5 pl6 pi18 pi19

G1 cyclin D-Cdk4/6 + + + i
G1/S cyclin E-Cdk2 - i i &
S cyclin A-Cdk2 = o 2 <
G2/M cyclin B-Cdc2

p21  p27

Cell Cycle

cyclin A and B
+ Cdc2

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

cyclin A
+ Cdk2

4 p15,p16,
cyclin E + Cd p21 + p27

E2F/DP.\ Rb phosphorylation
activation

Modified from the catalogue of Santa Cruz Biomedicals, USA




Cell division 11

Periodicity of cyclin expression

cyclin A 1‘
* cyclin D

]

cyclin B

<—cyclin E




12

ISion

IVIS

Cell d

prophase




Cell division 13

telophase




Prednasky histologie

NejnovéjSi objevy
v oblasti struktury a obnovy
tkdni a jejich vztah ke vzniku
a lé¢bé chorob

Klicové prvky mikroskopické
stavby tkdni a orgdnii a jejich
vztah k funkci

Dékuji za pozornost |

ahampl@med.muni.cz

Budova Al - 1. patro
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