Uvod do cytologie



Cytologie

Ultrastruktura bunky (morfologie) \
- Funkcni morfologie
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Bunka

 Zakladni strukturni a funkéni jednotky vSech mnohobunécnych organismu

e Konkrétni molekuldrni funkce (déje) mizeme priradit konkrétnim bunécnym
strukturam (doménam, kompartmentum)

* Popis
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Ultrastruktura bunky

 Jadro (karyoplazma)

e Cytoplazma
* Organely
* Inkluze
e Cytoplazmaticka matrix




* Membranové organely

Plazmaticka membrana
Endoplazmatické retikulum
Golgiho aparat

Endosomy

Lysosomy

Transportni vacky
Mitochondrie

Peroxisomy

* Organely bez membrany

e Cytoskelet
e Centrioly
* Ribosomy

Organely

nut;'leumpo (DNA)
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Jadro

o Morfologie zavisi na bunéném cyklu a
transkripCni aktivité bunky
o Tvar jadra priblizne kopiruje tvar bunky

e Chromatin
o Jadérko (nucleolus)

o Jademé membréna suamous cells cuboidal cells
« Nukleoplazma S———— @@@ [
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columnar cells

>

Nuclear pores

Nuclear envelope

Chromatin
(condensed)

Nucleus




Komplex DNA a proteinu

Zodpovedny za bazofilii bunéCného jadra
DNA — 1,8m, 3x10%p, 20 000 strukturnich
genu (1,5%), nekodujici RNA, regulacni DNA mn
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sekvence, LINE, SINE, introny...

Slozita organizace
Heterochromatin, euchromatin
Karyotyp 46 XX/XY
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chromatin fiber

-

highly acetylated
core histones
(especially H3 and H4)

® charged N termini
(bind DNA on neigboring
nucleosomes)




rganizace chromatinu

"Koralky na . L P
Dvousroubovice Nukleozom provazku"” 30 nm vlakno Aktivni chromozom Metafazicky chromozom
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Chromosomy :

Kondenzovana vliakna chromatinu
Centromera

Telomery

Chromatidy

° °
0,2-20um

Metaphase

Anaphase

Telophase

Cytokinesis



Chromosomova teritoria

 Interfazni chromosomy jsou nenahodné usporadany
o Organizace transkripcné aktivnich oblasti, chromatinu
« Regulace transkripce, organizace jaderka...

Transcription hub

Centromere

cluster
Chromosome ,
— territories N
s o B
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cor\(‘i(i)nn. :‘ . - Nuclear
g9 2 - pore
1 i % o
Inactive ” L 7
DNA Chromatin Superdomains
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Jadeérko

« Napadna oblast v bunéCném jadre,
dominantni u proteosynteticky aktivnich bunék

« Asociace s chromozomy

o Bunécny cyklus

o Syntéza rRNA a sestavovani ribozom

Chromozomy s
geny pro rRNA

Jaderny
obal

Jadérko

-
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G2

Mfitosis

G1




Jadeérko

* Fibrilarni centra

Obsahuji chromozomalni DNA

(13,14,15,21,22) — geny kddujici rRNA, RNA pol |,
transkripc¢ni faktory)

* Pars fibrosa

Aktualné transkribované ribozomalni geny

rRNA

e Pars granulosa

Sestavovani ribozom{

* Perinukleolarni chromatin (asociovany s jadérkem)

NOR Chromosomové smyeky — |
. . *,* . Fibrilarni centra

Transknpcmf}rg —‘%‘.,—',—:
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- o ver transportni faktory

\ ————z»- Nukleoplazma

Mald podje otka
. o Velka podjednotka
Ribosomalni Jadernd membrana

proteiny

Sestaveni ribozomovych podjednotek s mRNP



Jadérko

 Variabilni morfologie — souvisi s aktivitou
« Bunécny cyklus

« Jaderny — cytoplazmaticky shuttling

o Komplexni role

« Nucleostemin

Telomere

L5, L11 <—————— NS .
synthesis

Gp
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Jaderna membrana

* Kontrolovana permeabilita

e Dvé lipidové dvouvrstvy a perinuklearni
prostor (40-70nm)

* VnégjSi membrana kontinualni s ER

* Vnitfni — rigidni, intermediarni filamenta —
jaderna lamina (— lamin)

e Jaderné pory, 60-70nm (— nucleoporiny)

» Jaderny lokalizac¢ni signdl (— importin)

Cytoplasm

Nuclear pore
/ complex




(A)

Cytoplasm

Fibril
Outer nuclear Spiieering
assembly
membrane /

transporter
1 (”plug”)

13.82 nm

form

2um

Inner nuclear

. membrane
Nuclear ring

Nuclear cage

Nuclear
basket Nucleus

Image courtesy of: 1y
George Krohne and Hans Oberleithner
Univ. of Wurzburg, Germany



Inflammatory cytokines and
otherinflammatory mediators ° | nﬂ amm atio n
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@ * Drug resistance
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Organely x inkluze

 Mitochondrie

* Endoplazmatickeé retikulum
e granularni—rER /GAR/
e agranuldrni —sER /AER/

* Golgiho aparat

* Lyzosomy a endosomy
* Peroxisomy

* Ribosomy (6S+40S, 70S)

* Centrioly




Mitochondrie

o VngjSi a vnitfni membrana
o Elementarni partikule (F1/ATP

syntetaza) fog | iy o \
o Matrix | _ | _ intermembrane

] matrix cristae jpner  space outer
o Ribozomy (50S5+30S; 70S) membrane [ - membrane

e Cirkularni DNA _

o ATP syntéza — oxidativni fosforylace
o Apoptdza
o Metabolismus

Tloustka: 0.5-1 um
Délka:1-10 um




Mitochondrie




IS

Mitochondr




 Integrita mitochondrialnich membran je pro bunku kriticka

a Caspase dependent b Caspase independent

| Phosphatidylserine exposure
_'_‘i'_ ___________________ Plasma membrane |

Plasma membrane | MW
lpermeabnluzanon Ditor e BaRS . :

———
——

—

ROS production =
and ATP depletion

Matrix

Mitochondrion Decline in
complex -1V
(}-Complex V function and
¥ ATP synthesis
a Normal conditions b Release of cytochrome ¢

upon apoptotic stimulus

_— Cytochrome ¢ —> wemiiy
o ©

Proteasome

:

[ Cellular substrate cleavage |

Procaspase-‘)% @ TAPAEY

Procaspase-3

Procaspase-7 %
u Anti-apoptotic Caspase-3 Caspase-7
D Inactive pro-apoptotic l
n Active pro-apoptotic Apoptosis

Nature Reviews | Molecular Cell Biology



Endoplazmatickeé retikulum

Endoplasmic Reticulum

Smooth -
Endoplasmic =
Reticulum

Figure 1

Nuclear
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GER a AER

* GER

e proteosyntéza a export

* AER

* lipidovy a cholesterolovy
metabolismus (syntéza
steroidnich hormon)

e syntéza membran

» detoxikace urcitych latek a
toxinU

* metabolismus glykogenu

cisterny sit tubulti a vacku



Ca** zasobarna (pool)

Receptor tyrosine kinase

Ca2+
&

chondrion
=

Ryanodine
receptor
channel

Sodium-calcium
exchanger

IP, receptor
channel

Ca2+

Calcium in ER

Calcium ATPase

in ER membrane
Ca2+

G protein-linked
receptor

Calcium ATPase
in plasma membrane

Ca?t Calcium
channel

Copyright © 2009 Pearson Education, Inc.



Nature Reviews | Cancer
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basofilni x acidofilni cytoplazma

.

ribosomy,




Small subunit
e

Large subunit

Large subunit

@. .o

P
Small
subunit

Ribosome

mRNA
Polypeptide chain

monosomy x polysomy

Growing nascent mRNA transcripts

(vzhled spiral nebo roset)

Individual ribosomes
synthesizing new proteins

Strand of DNA from the mRNAs

being transcribed

Prokaryotické ribosomy (70S; 30S+50S)
Eukaryotické ribosomy (80S; 40S+60S)

A polyribosome,
or polysome

Moran et al. "Principles of Biochemistry, 5th ed.” p. 680



Ribosomy a antibiotika

* Penicillins
* Cephalosporins
) — F————| * Glycopeptides
Rifampicin’ » Carbapenems
* Monobactams

DNA-directed
RNA polymerase

Folic acid
metabolism

* Sulphonamides
« Trimethoprim

~on

308

505

70S initiation
complex

[ !

| Oxazolidinones | | Protein synthesis |

=Y NG
T T

*Macrolides, | | * Aminoglycosides
+ Chioramphenicol | | * Tetracyclines
+Clindamycin |~

[ Antibiotic [ Target

Nature Reviews | Drug Discovery




Golgiho aparat -

e Struktura

* paralelné usporadané
cisterny (3-10)

* malé vacky
 vetsi vakuoly
* Funkce

* finalizace produkt(
vyrobenych burkou

e produkty

* sekrecni granula (na
export)

e primarni lyzosomy
 Casti bunécné
membrany




Golgiho aparat

Extracellular space

O

reugh . Membrane
endoplasmic retrieval &7 \ Constitutive
reticulum O secretory

vstupni
Cis
Golgi [
Trans-
Golgi maturaéni @\‘ Regulated secretory
pathway
Lysosome 10 — 20 na buriku










Lyzosomy

Anatomy of the Lysosome

Plasma

Lipid ;
Bilayer o
Hgg;om:c Glycosylated Membrane

Mixture

Phagocytosis Autophagy Receptor-mediated
endocytosis
Damaged Macromolecules

Cell or particle
organelle

Early endosome
(fusing with
vesicle from

Lysosome Late |
endosome Golgi)

©2005 Pearson Prentice Hall Inc.

Figure 714 Biological Science, 2/e

ransport Proteins

Glycosidases

alpha-Galactosidase A/GLA

alpha-N-acstylgalactesaminidas

alpha-N-acetylglucosaminidas
alpha-Galactosidaze/s-Gal
alpha-L-Fucosidase

Tissue alpha-L-Fucosidas

beta-Galactosidase-1/GLEL

beta-Glucuronidase/GUSE

n
1]

beta (1-3)-Galact

beta (1-4)-Galact

n
1]

Chitinase 3-like 1
Chitinase 3-like 2

Chitinase 3-like 3/ECF-L

Chitotriosidase/CHIT1

/FUCAL

Endo-beta-N-acetylglucosaminidase

Galact ceramidase/GALC

Glucosylceramidase/GBA

Heparznas
Heparinase I

Heparinase I

Heparinase III
Hexosaminidase A/HEXA
Hyalurcnan Lyase
Hyaluronidase 1/HYALL
Hyaluronidase 4/HYALS
alpha-L-Idurcnidase/IDUA
Klotho

Klotho beta

Lactase-like Protein/LCTL

Chondreitin B Lyase/Chondroitinase B MED4

Chondroitinase ABC

Cytosolic beta-Glucosidase/GBAZ

Endo-beta-N-acetylglucosaminidase

F1/Endo F1

Endo-beta-N-acetylglucesaminidass

F2/Endo F3

Lysosomal Proteases
AMSH/STAMER
Csthepsin 3
Csthepsin &

Cathepsin 7/Cathepsin 1

Csthepsin A/

Cathepsin B
Cathepsin C/DPBI

Cathepsin O

Cathepsin F

Sulfatases

vlsulfatase A/ARSA

ylzulfstsse B/A

sulfatase G/ARSG

omzl Carboxypeptidasze

MNEU-1/Sialidase-1

O-GlchAcase/0GA
PNGase F

SPAM1

Cathepsin H

Cathepsin K

Cathepsin L

Cathepsin O

Cathepsin 5

Cathepsin V

Cathepsin X/Z/P
Galactosylceramidase/GALC

Legumain,
Endopepti

paraginyl

Iduronate 2-Sulfatase/IDS
Sulfamidase/SGSH

Sulfatase-2/SULFZ2

Glucosamine (N-acatyl)-5-Sulfatase/GNS

Other Lysosomal Proteins
EAD-LAMP/LAMPS
CD&3
CD-M&PR.
Clathrin Heavy Chain 1/CHC17

Clathrin Heavy Chain 2/CHC22

DC-LAMP
Hyaluronidase 1/HYALL
LAMP1/CD107a
LAMPZ/CD107b

Rab27a

Enzymy degraduijici
vSechny biologické
polymery

Google

Immunofluorescence of Lamp2
in wildtype fibroblasts













Dékuji za pozornost
ATLAS EM

Snimky 1-15; 23; 32; 35-36; 42; 43; 45; 46

Pro dalsi studium:
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