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Mitochondria

Lyzosomes + Peroxisomes

Cytoplasmic inclusions

Cytoskeleton

Cell surface specialisations

Cell cycle, cell division, cell differentiaion



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 tubuli (in steroid producing cells)
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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)

Digestive vacuole

0

@ &;
Ve /~ —c
2 _ SR CURL
| Bt
_ Pinocytotic
Phagocytic vacuole vesicle
T (coated)
r Plasma membrane

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 ° pl’lmal‘y |y5050mes

* secondary lysosomes
(fagolysosomes)

» residual bodies (lipofuscin)

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.)



Lysosomes 3

secondary lysosomes
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Peroxisomes

structuraly similar to lysosoms
+ functionally similar to mitochondria

* _nucleus “

nucleoid

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

+ degradation of fatty acids (H,0,,
H,0, 0,)




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
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Golgi apparatus

Rough ER




Cytoplasmic inclusions 3

Lipid inclusions




Cytoplasmic inclusions 4

Glycogen
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Cytoplasmic inclusions 5

Glycogen

At P , R ‘
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
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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
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Cell surfaces 2

ICrovi
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Free surface of cultured human embryonic stem cells



Cell surfaces 3

Regularly organised microvilli

. Microvilli = 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

Microvilli

1.631*\ il
7, s g o2 4 y \ 4Dy .S}a '.-..»_'h “.’2:?:"1‘. al ':.‘ : ‘*.‘} g
striated border brush border

(tops of enterocytes) (proximal tibuli of kidney)



Cell surfaces 5

Cilia + Flagella

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

Dynein arms
(movement)

Axonema
20 microtubuli (9x2 + 2)

Enl d Shared
r.' alge heterodimers
microtubule
doublet
Dynein
% Y
Microtubule
Plasmalemma
4 \/
2 Nexin

Central Radial
sheath spokes
Axoneme (with 9 + 2 pattern)

b Cilium



Cell surfaces 6

Cilia + Flagella

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.




Cell surfaces 7

Cilia + Flagella

In light microscope In electron microscope




Cell surfaces 8

Cilia + Flagella

oviduct

secretory
cells




Adhesions and Junctions 1

lateral
surface junction
jomplex
Adhesion Sealing Communication
« 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
e gpige § «,)E,P

ECM -

plakové
proteiny

- plektin
-BP230

integrin

fokalni kontakt

=

(J/ & ) (

ECM

plakové
proteiny

naprf.
«-aktinin

—vinculin

—talin

(1 -’3 el . integrin

cell-ECM

* 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



Adhesions and Junctions 4

Adhesion

* Hemidesmosome
* Focal adhesion

Hemidesmosome

| Laminins 5 & 6 ‘

Collagen type XVIL, Xill |

PERATY b e LA / /
i g W 4 401 PR ardls ‘\| Anchoring Fibrils ‘
* W& et g, : R S AN Dermis (I ([ (E—
‘Haif-Desmosqmes "= & 87 eag g
k3 B i, \| Collagen type | |

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

Collagen




Adhesions and Junctions 5

- Focal adhesion
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Adhesions and Junctions 6

Basal labyrinth




Adhesions and Junctions 7

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




Adhesions and Junctions 8

Sealing

e Zonula occludens
(tight junction)




Adhesions and Junctions 9

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

memabrane oFeall L \ 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 0 L Cell specialization
Multicellular > K
&)
embryo ~ i @

1 &)

L

& -
L

l @) 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. Undifferentiated growth

2. Differentiation

Embryonic
stem cells

Adult stem
cells

Induced pluripotent
stem cells

Cancer stem
cells

s 3

Different properties

Fetal
Organ
Tissue




Stem cell can be isolated from tissues and studied in vitro 1

Mesenchymal cells / Enzymatic \
=2 digestion
5 S /
R / ,
Enzymatic LT | Culture in ‘
* 1 L .
_ _ QO » non-adherent condltlons
digestion | @ 2 \ | > )X
E g"g SRS S
wm
Collect lun c '
g \' E Primary spheres
Lung epithelial organoids
(@)
T AS
S =
= D
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2 ]2
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>
Secondary spheres
Enzymatic |e'%
* ve
[}
e _o .
digestion ... Culture in
Ne'o/ 3D Matrigel / collagen Culture in 3D

Chop lung

Matrigel




Stem cell can be isolated from tissues and studied in vitro 2

SCs after isolation Spheroid growing from SC
»lungosphere*




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
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
Py
Py
.

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 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




Cell division 12

prophase




Cell division 13

- telophase

anaphase

telophase




Thank you for your attention !



