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Figure 4-3 Molecular Biology of the Cell (© Garland Science 2008)



DNA

e Polynukleotidovy retézec —

cukrfosfatova kostra + baze A, T,

G,C

e Dvousroubovice —
komplementarita bazi,
antiparalelni vlakna

* Mnozstvi DNA v bunce 3 x 10°
nukleotidu

* Genom = kompletni geneticka
informace organismu

Figure 4-5 Molecular Biology of the Cell (© Garland Science 2008)
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Replikace DNA
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Figure 5-2 Molecular Biology of the Cell (© Garland Science 2008) Figure 5-5 e Cell (



Replikace DNA
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Vaznouci retézec
Okazakiho fragment

Dostupné z: http://www.studiumbiochemie.cz/replikace.html, 29.3.2023

\azebny protein pro udrzeni
jednofetézcove struktury DNA

https://www.youtube.com/watch?v=UnLolZSi9c0
https://www.youtube.com/watch?v=5gSrmeiWsuc



http://www.studiumbiochemie.cz/replikace.html

Mutace DNA

* Trvald zména nukleotidu/0 v DNA

* Mohou byt zivot ohrozujici — srpkovita
anémie, nadorova onemocneéni

* Aparaty kontrolujici replikaci DNA: DNA
polymeraza, oprava chybného parovani
bazi - 1 chyba na 10° zkopirovanych
nukleotidu



chromatin
condensation

Chromozomy

chromatin
decondensation

* DNA ulozena v chromozomech

* Dlouha linearni molekula DNA s navazanymi proteiny (histony) =
chromatin

» Kazda bunky obsahuje 2 kopie kazdého chromozomu (diploidni
bunky)

* Clovék 23 pard (22 homolognich, 1 pohlavni XY)

 Zviditelnéni pouze béehem bunécného déleni, jinak dlouha, tenka,
vzajemneé propletena vlakna
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Figure 4-1 Molecular Biology of the Cell (© Garland Science 2008) Figure 4-10 Molecular Biology of the Cell (© Garland Science 2008)
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“beads-on-a-string” = ~ 5 11 nm
form of chromatin \ / i

30-nm chromatin
fiber of packed
nucleosomes

section of
chromosome in
extended form

condensed section T

of chromosome ”
\‘ ,/centromere

entire
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NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH

Figure 4-72 Molecular Biology of the Cell (© Garland Science 2008)

Dvousroubovice DNA

Koralkova forma chromatinu

Chromatinové vlakno s
poskladanymi nukleosomy

Usek chromozomu v
rozvinuté forme

Kondenzovany usek
chromozomu

Uplny mitoticky chromozom



— Telomery (koncové casti)

0.2-20um

(1) 1-chromatida

Dostupné z: https://cs.wikipedia.org/wiki/Chromozom#/media/Soubor:Chromosome.png, 25.3.2024



https://cs.wikipedia.org/wiki/Chromozom#/media/Soubor:Chromosome.png

= bunééna sténa

cytoplazmaticka

membrana

Bunécneé déleni

nukleoid i replikovand DNA

* Rudolf Virchow (1855): ,,0mnis cellula e
cellula.”

(Buriky vznikaji délenim jiZ existujicich

bunék)

* Prokaryontni bunky — binarni déleni,
rychlé (E.coli 20 minut)

* Eukaryontni bunky — slozitéjsi procesy —
replikace chromozomd, bunécny rist —

oddéleni chromozomU — bunécné
déleni

Dostupné z: https://eluc.ikap.cz/verejne/lekce/12, 30.3.2023



https://eluc.ikap.cz/verejne/lekce/12
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Figure 17-1 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 17-4 Molecular Biology of the Cell (© Garland Science 2008)



Bunecny cyklus

»M faze: déleni jadra (mitdza) + déleni bunky (cytokineze)
* Interfaze = doba mezi dvéma M fazemi:

»@G1 faze (gap): rast bunky

»S faze (syntéza): replikace jaderné DNA

»@G2 faze: rGst bunky, syntéza protein

* RGznd délka u rlznych typl bunék (stfevni epitel 12 hodin / jaterni bunky 1
rok / fibroblasty v bunééné kulture 20 hodin)

* GO faze (modifikovana G1 faze) — zastaveni bunécného déleni (trvala -
nervové bunky / docasna — jaterni bunky)

* Prisna regulace



hromosomes

attached to the spindle?

Is environment favorable? METAPHASE-TO-ANAPHASE
TRANSITION

G2/M CHECKPOINT
TRIGGER ANAPHASE AND
ENTER MITOSIS PROCEED TO CYTOKINESIS

4

CONTROLLER

ENTER CELL CYCLE AND PROCEED TO S PHASE
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Is environment favorable?

Figure 17-14 Molecular Biology of the Cell (© Garland Science 2008)
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Bunecn

M faze bunécného cyklu
* Nastava po replikaci DNA

* Mikroskopicky viditelnd kondenzace chromozomi

Figure 17-2 Molecular Biology of the Cell (© Garland Science 2008)
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Mitoza

1. Profaze: kondenzace zreplikovanych chromozomu , vznik
mitotického vreténka vné jadra

2. Prometafaze: rozpad jaderného obalu - navazani chromozomu na
mikrotubuly vieténka

3. Metafaze: chromozomy v ekvatorialni roviné

Anafaze: oddéleni sesterskych chromatid — tazeny mitotickym
vieténkem k opacnym polum buriky

5. Telofaze: vznik jaderného obalu

Cytokineze: rozdéleni cytoplazmy (kontraktilni prstenec aktinu a
myosinu)
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Figure 17-3 Molecular Biology of the Cell (© Garland Science 2008)



replicated
chromosome

centromere region

of chromosome kinetochore
kinetochore
microtubules
I
(A) (B) chromatid

Figure 17-36a,b Molecular Biology of the Cell (© Garland Science 2008)



spindle pole replicated

! chromosome kinetochore
centrosome (sister chromatids)
mOtOl.' G X X X XX +
+ + protein +
+ %

astral microtubules kinetochore microtubules interpolar microtubules

3 druhy mikrotubull mitotického vreténka: nepripojené, kinetochorove, polarni

Figure 17-28 Molecular Biology of the Cell (© Garland Science 2008)



Vleidza

* 2 po sobe nasledujici déleni - vznik bunék s haploidnim poctem
chromozomu (pohlavni buriky — spermie, vajicka)

1. déleni: heterotypické / redukéni — parovani homolognich
chromozomu
a prekrizeni (crossing over) — geneticka rekombinace

e 2. déleni: homotypické / ekvaéni
e Cytokineze - 4 bunky s polovicni sadou chromozomu
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Figure 17-47 Molecular Biology of the Cell (© Garland Science 2008)

(B) MITOSIS

{ DNA REPLICATION

DUPLICATED
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https://www.youtube.com/watch?
v=zrKdz93WIVk

diploid daughter cells



Bunecna proliferace

e Jednobunécné organismy — dostatek zivin -
rychlé déleni

* Mnohobunécné organismy - dostatek zivin +
signaly z okoli — rustové faktory

* Bunécne starnuti — kazda bunka ma
limitovany pocet déleni




Bunecna smrt

»Nekrdza — patologicky proces, naruseni integrity cytoplazmatické
membrany = uvolnéni obsahu bunky do okoli - zaneét

» Apoptdza = programovana bunécnd smrt, fyziologicky proces -
organizovany, regulovany proces

* Pfi absenci signall z okoli, pfi neopravitelném poskozeni DNA
* Odbourani cytoskeletu, rozklad jaderné membrany, fragmentace DNA
* Rozpad bunky na apoptoticka téliska - fagocytéza makrofagy



Nucleus
Normal cell

Small blebs f 5 ../J
mall blebs form; ok . )
the structure of the : ! ! “f Small blebs form.
nucleus changes. \ v — )5 ,_-_|
l The nucleus begins
[ - -s‘ ‘—. l
The blebs fuse V5 ______,! ol o\ to break apart,
[ = e (e ala® on.) and the DNA breaks
and become larger; S . ! L y ]

f ..- 82 e Al into small pieces.
no organelles are \ R, /. AN GO
located in the blebs. il B S e 8

et are also located
in the blebs.
v
The cell membrane : P = The cell breaks into
ruptures and releases / .‘,"'._ \ f "} ‘\_.., several apoptotic
1 2 o o N e .:;‘ o v
the cell's content; ( ., 4 ) @ ‘e 2\ bodies;
the organelles are N/ G '”\. L ..‘,/ the organelles are
not functional. - o still functional.
Necrosis Apoptosis

Dostupné z: https://en.wikipedia.org/wiki/Necrosis#/media/File:Structural changes of cells undergoing necrosis or apoptosis.png 17.8.2022



https://en.wikipedia.org/wiki/Necrosis#/media/File:Structural_changes_of_cells_undergoing_necrosis_or_apoptosis.png
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Figure 18-1 Molecular Biology of the Cell (© Garland Science 2008)



Diferenciace buneéek

* \VSechny bunky jsou vybaveny stejnou genetickou informaci,
realizovana je ovsem pouze urcita cast = exprese genetické informace

* DNA obsahuje informace pro syntézu proteinu (prepis této informace
probiha pres messanger RNA = transkripce - translace)

* Pfesna kontrola exprese genl — produkce provoznich (housekeeping)
proteinu + specializovanych proteint zodpovédnych za specifické
vlastnosti bunéek



Neutrofilni granulocyt (bila krvinka) Neuron
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Endotelové bunky Fibroblasty

NIH/3T3 Mouse Embryo
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Kmenove bunky

* Totipotentni — schopnost vyvoje ve vsechny bunécné typy, napr.
embryonalni kmenové bunky (ESC)

* Pluripotentni — schopnost vyvoje v nékolik bunécnych typu (éastecné
diferencované), napr. hematopoetické (HSC)—>kostni dren, krevni
bunky; neuronalni (NSC)->neurony, gliové bunky; mesenchymalni
kmenové bunky (MSC)—>svaly, kosti, chrupavcita tkan, slachy



Blastocyst

Totipotent
Morula

Human Fetus

Examples:

Dostupné z: https://cs.wikipedia.org/wiki/Kmenov%C3%A1 bu%C5%88ka#/media/Soubor:Stem cells diagram.png 19.8.2022



https://cs.wikipedia.org/wiki/Kmenov%C3%A1_bu%C5%88ka#/media/Soubor:Stem_cells_diagram.png

What is a Stem Cell? A
You can be anything

\ \ you want to be

...replicate \\\\ when you grow up.

a single cell |
itself, or...

that can...

...differentiate into
many cell types.
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Specialized cells of the skeletal tissues

e Kostni dren — mezenchymalni

kmenové buriky cf e ) MNa e
— Adipocyte  Chondrocyte  Osteo
* Tukova tkan (adipose stem (,}( I
Ce I I S) self-renewal

e Periferni krev

Dostupné z: https://www.eurostemcell.org/mscs-other-bone-marrow-stem-cells 21.8.2022



https://www.eurostemcell.org/mscs-other-bone-marrow-stem-cells
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Si Z. et al. Adipose-derived stem cells: Sources, potency, and implications for regenerative therapies,
Biomedicine & Pharmacotherapy 2019. DOI: 10.1016/j.biopha.2019.108765




Opakovani = zkouskové otazky

* Bunécny cyklus
e Bunécna smrt
* Diferenciace bunek
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