ZIVOTNI CYKLUS ZIVOCISNE BUNKY -

BUNECNY CYKLUS, DIFERENCIACE A
BUNECNA SMRT

Karel Soucek



Bunécny cyklus

The Nobel Prize in Physiology or Medlcme
2001 5

% Duplikace chromozomalni
DNA a jeji segregace do
dvou identickych kopii
dcefinych bunék

» S faze (DNA synthesis) —
10-12h, pfedstavuje cca 72
delky celého bunécného
cyklu

» M faze — segregace a

rozdéleni bunék, < 1 hodinu? sicrecanon

» Mitdza — rozdéleni jadra

» Cytokineze — rozdéleni
cytoplazmy a oddéleni
bunék

Leland Hartwell, Tim Hunt Sir Paul Nurse
3 CELL

© daughter cells
DIVISION

2 CHROMOSOME

1 CELL GROWTH
AND CHROMOSOME
REPLICATION

cytoplasm
nucleus

aseyd g

chromosome
duplication

Figure 17-1 Molecular Biology of the Cell 6e (© Garland Science 2015)

MITOSIS \

aseyd

CYTOKINESIS

2 Molecular Biology of the Cell 6e (€ Garland Scien




Profaze — sesterské chromatidy, zformované mitotické vieténko, intaktni
jaderna membrana

» Prometafaze — rozpad jaderné membrany, asociace chromozomu s
mikrotubuly

» Metafaze — sefazeni chromozému

» Anafaze — oddéleni sesterskych chromatid

» Telofaze — dekondenzace chromatinu, formovani jadernych membran,
poCatek oddélovani cytoplazmy

» Cytokineze — oddéleni cytoplazmy dcefinych bunék

cytokinesis
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Faze bunecného cyklu

» G1-gap faze mezi M a S fazi
» G2 —-gap mezi S a M fazi

» Poskytuji potfebny Cas pro monitorovani vnéjSiho a vnitfniho stavu

mikroprostredi, délka zalezi na vnéjSich podminkach a signalech od
okolnich bunék

» GO —klidova faze (ve smyslu bunééného déleni), dny az roky
» RestrikEni bod, restriction point

» Na konci G1 — za nim dochazi k replikaci DNA i po odejmuti mitogennich
stimuld
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Studium bunécného cyklu
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Kontrola bunécného cyklu

» Propojena serie biochemickych
prepinacu iniciujicich konkrétni

METAPHASE-TO-ANAPHASE

udalosti v prabéhu bunééného s
TRANSITION
cyklu TRIGGER ANAPHASE AND

PROCEED TO CYTOKINESIS

®» binarni — ano/ne

» nereverzibilni — dalSi se spousti
az po uplném dokonceni
predchoziho kroku

» spolehlivé — zalohované
» adaptibilni — rdzné typy bunék v
rizném tkanovém mikroporostredi
» tfi hlavni kontrolni/pfechodové

| ENTER CELL CYCLE AND PROCEED TO S PHASE

b 0 d y START TRANSITION

» G1->8S, vngjsi prostredi OK? Is environment favorable?

» G2 > M _ DN A rep"kované Figure 17-9 Molecular Biology of the Cell 6e (© Garland Science 2015)
neposkozena?

» M: metafaze -> anafaze — vSechny
chromozdémy pfipojeny k délicimu
vieténku?




Cyklin dependentni kinazy (Cdks) a cykliny

» rodina proteinovych kinaz

» jejich kinazova aktivita stoupa a klesa v prubéhu
buneécného cyklu -> cyklické zmeny ve fosforylaci
intracelularnich cilovych proteinu — iniciace a regulace
udalosti spojenych s cyklem

» nejvyznamneéjsim kontrolorem jejich aktivity jsou cykliny

» hladiny cyklini se méni, hladina Cdks je konstatni

» cyklovani hladiny cyklint v prubéhu bunééného cyklu
ovliviiuje sestaveni a aktivaci komplexu cyklin-Cdk v
konkrétnich fazich cyklu

cyclin
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Cyklin dependentni kinazy (Cdks) a cykliny

% 4 skupiny cyklinu
» G1 cykliny — napomahaji fidit aktivitu G1/S cyklinu
» G1/S cykliny — aktivuji Cdks v pozdni G1, vstup do
bunééného cyklu, hladina klesa v S fazi

» S cykliny — vazou se na Cdks ihned po vstupu do cyklu,
hladina udrzovana az do mitézy

» M- cykliny — aktivuji Cdks regulujici vstup do G2/M
prechodu, pokles uprostfed mitozy
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Cyklin dependentni kinazy (Cdks) a cykliny

TABLE 17-1

Vertebrates Budding yeast
Cyclin-Cdk Cyclin Cdk partner Cyclin Cdk partner
complex
G -Cdk Cyclin D* Cdk4, Cdké Cin3 Cdk1**
G,/s-Cdk CyclinE Cdk2 CIn1, 2 Cdk1
S-Cdk CyclinA Cdk2, Cdk1** Clb5, 6 Cdk1
M-Cdk CyclinB Cdk1 Clb1,2,3,4 @ Cdk1
*There are three D cyclins in mammals (cyclins D1, D2, and D3).
**The original name of Cdk1 was Cdc2 in both vertebrates and fission yeast, and Cdc28 in
budding yeast.

Table 17-1 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Inhibice Cdk aktivity

» Fosforylace v aktivnim misté Cdk inhibuje aktivitu
cyclin-Cdk komplexu

» Wee1 kinaza

» Naopak jeho defosforylace aktivitu zvysuje
» Cdc25 fosfataza

» Vazba inhibitoru Cdk (Cdk inhibitor proteins, CDKs)
inaktivuje komplexy cyklin-Cdk

cyclin inhibitory phosphate cyclin
| Cdk |
Wee1
kinase
———
H(( -+
e Cdc25
phosphatase
Cc:k activating active inactive
phosphate cyclin-Cdk p27-cyclin-Cdk
complex complex
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Fl izena proteolyza v regulaci bunecného cyklu

» APC/C (anaphase
promoting complex,
cyclosome)

» komplex urcujici vstup do
anafaze
» Ubiquitin ligaza
» securin (chrani spojeni
sesterskych chromatid)
» S- a M- cykliny

» SCF (Skp, Cullin, F-box
containing complex
» multi-protein E3 ubiquitin

ligase
» CKI, G1/S cykliny
» konstantni aktivita

(A) control of proteolysis by APC /C
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subunit (Cdc20)

é&— polyubiquitin
chain

inactive APC/C

{

mt
active APC/C |
1 DEGRADATION
=) OF M-CYCLIN IN
{ PROTEASOME

Cdk ubiquitin (9)

® e

ubiquitylation
enzymes

(B) control of proteolysis by SCF

active
SCF
complex

protein /7y

F-box __M polyubiquitin
w chain

2 DEGRADATION

ki HBSE ‘ OF CKIIN
PROTEASOME
Cdk inhibitor protein ubi qu t ("
(CKD)
ub|qu1tylat|on
enzymes

Figure 17-15 Molecular Biology of the Cell 6e (© Garland Science 2015)




Prehled hlavnich regulatoru bunééného cyklu

- Summary of the Major Cell Cycle Regulatory Proteins
General name Functions and comments
Protein kinases and protein phosphatases that modify Cdks

Cdk-activating kinase (CAK) Phosphorylates an activating site in Cdks

Wee1 kinase Phosphorylates inhibitory sites in Cdks; primarily involved in suppressing Cdk1 activity before
mitosis
Cdc25 phosphatase Removes inhibitory phosphates from Cdks; three family members (Cdc25A, B, C) in mammals;

primarily involved in controlling Cdk1 activation at the onset of mitosis

Cdk inhibitor proteins (CKls)

Sic1 (budding yeast) Suppresses Cdk1 activity in G,; phosphorylation by Cdk1 at the end of G, triggers its destruction

p27 (mammals) Suppresses G,/5-Cdk and S-Cdk activities in G; helps cells withdraw from cell cycle when they
terminally differentiate; phosphorylation by Cdk2 triggers its ubiquitylation by SCF

p21 (mammals) Suppresses G,/5-Cdk and S-Cdk activities following DNA damage

p16 (mammals) Suppresses G -Cdk activity in G,; frequently inactivated in cancer

Ubiquitin ligases and their activators

APC/C Catalyzes ubiquitylation of regulatory proteins involved primarily in exit from mitosis, including
securin and S- and M-cyclins; regulated by association with activating subunits Cdc20 or Cdh1

Cdc20 APC/C-activating subunit in all cells; triggers initial activation of APC/C at metaphase-to-anaphase
transition; stimulated by M-Cdk activity

Cdh1 APC/C-activating subunit that maintains APC/C activity after anaphase and throughout G ; inhibited
by Cdk activity
SCF Catalyzes ubiquitylation of regulatory proteins involved in G, control, including some CKils (Sic1 in

budding yeast, p27 in mammals); phosphorylation of target protein usually required for this activity

Table 17-2 Molecular Biology of the Cell 6e (© Garland Science 2015)




Prehled systému rizeni bunécného cyklu

favorable chromosome
extracellular DNA unreplicated DNA unattached to
environment damage DNA damage spindle
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Kontrola bunécného déleni a rustu

» Bunécény rust, déleni a pfezivani buriek jsou klicové procesy
ovlivAujici velikost organud a celych organismua (napf. mys vs.
Clovék)

» Vliv extracelularnich signald
» Mitogeny — stimuluji bunécné déleni, G1/S-Cdk aktivita
» Rdastoveé faktory — stimuluji rist bunééné hmoty, indukce syntézy

proteinu a dalSich makromolekul, inhibice jejich degradace

» Faktory preziti ,survival factors® — inhibuji buné€nou smrt, apoptdézu

(D)
Figure 20-33 Essential Cel Biology, 4th ed. (© Garland Science 2014)




Mitogeny

Extracelularni signal mitogennich

faktorl vede k pfekonani vnitfniho

mechanismu blokujiciho bunécné

déleni

PDGF - platelet-derived growth

factor, jeden z cca 50-ti znamych

mitogennich faktoru

V fadeé tkani jsou pritomny

extracelularni proteiny inhibujici

pusobeni mitogenu napf. TGF-31

Mitogeny stimuluji G1-Cdk a G1/S-

Cdk aktivitu

vybrané klicové molekuly:

» Ras — monomeric GTPase

» MAPs — mitogen activated protein
kinases — Casna odpovéd

» Myc, E2F — transkripCni faktory

» Rb protein - pocket protein
(nadorovy supresor)

microtubule

mitochondrion
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— mitogen receptor

=
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» QOprava poSkozené DNA
pred jeji replikaci je
esencialni

» V pripadé detekce
poSkozeni, zastava
proliferace pfed podatkem
S faze nebo pred vstupem
do mitdzy

» vybrané kliCové molekuly:

» ATM (ataxia-telangiectasia
mutated), ATR (ATM- and
Rad3-Related) — kinazy

» Chk1, Chk2 - kinazy
» p53 — transkripCni faktor

» MDM2 - regulator stability
p53

» p21 — CDK inhibitor

P53 UBIQUITYLATION

IN PROTEASOMES

Regulace bunecného cyklu po poskozeni DNA

X-rays

DNA
| o damage

ATM/ATR kinase activation

Chk1/Chk2 kinase activation

PHOSPHORYLATION
OF p53

} ) \7 stable,
.\~ active p53

p53 ACTIVE p53 BINDS TO
REGULATORY REGION
OF p21 GENE
AND DEGRADATION oo
ny p21gene
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p21 (Cdk
inhibitor protein)
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G,/S-Cdk G,/s-Cdk and S-Cdk
and S-Cdk complexed with p21
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Zastava bunécného cyklu v pripadé nadmerné mitogenni
stimulace

L
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e

¢na proliferace je doprovazena bunéénym rustem
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Bunécna proliferace je doprovazena bunéénym rustem

Mutovany gen myostatin

(R) (B)
Figure 18-45 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Sydney Brenner, Robert Horvitz a John E. Sulston, 2002

Bunécna smrt

Apoptosis as seen in 1886 by a German
medical student, Franz Nissen, in the
lactating mammary gland

Apotosis as observed in 1885 by
Flemming, who called it chromatolysis.




» Vyvoj, rust, regenerace a udrzovani homeostazy
mnohobunéénych organizmul vyzaduje mechanismy
umoznujici fizenou destrukci nezadoucich bunék

» Apoptdza — fizeny zpusob smrti
» Nekroza — nefizena odpoved na akutni poskozeni

» Nekroptoza — forma fizené bunécné smrti v odpovedi na
specifické stimuly

(R)

engulfed phagocyticcell ©
dead cell




Zakladni mechanismus apoptoézy

% Aktivace intracelularnich
proteaz — kaspaz
(caspases)

» Vnitfni nebo vnéjSi cestou

» Syntetizovany jako
inaktivni prekurzory

» Iniciacni
»  Aktivuji exekuéni kaspazy
» Exekuéni

»  Stépi fadu substratl (cytoskelet,
proteiny jaderného obalu, atd.)

» Fragmentace DNA
» Vznik apoptotickych télisek

apoptotic
signal

adaptor proteins

initiator caspase
(caspases 8,9)

adaptor-
binding
domain
cleavage
rotease i 1
Sibais e DIMERIZATION, B

large
subunit

ACTIVATION, Zrpp
AND CLEAVAGE § small
inactive monomers active  sybunit
caspase
lI ACTIVATION I!!I
.. BY CLEAVAGE 445N
5 active caspase
executioner caspase
(caspases 3,6,7) / * \
CLEAVAGE OF
MULTIPLE
SUBSTRATES

\
~ APOPTOSIS
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Fragmentace DNA béhem apoptézy

» CAD (Caspase-activated Dnase) endonukleaza je u intaktnich
bunék neaktivni diky asociaci se svym inhibitorem iCAD

» Exekulni kaspazy stépi iCAD a dochazi k aktivaci CAD
» Sté&peni DNA mezi nucleosomy vede ke vzniku fragment(i DNA

time (hr)

inactive 4‘ iCAD
CAD

9

Zrppt k»

executioner iCAD
caspase | cleaved

el <
et

DNA fragmentation

(A)

Figure 18-4 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Vneéjsi aktivace apoptotické drahy

» receptory smrti (dead receptors), homotrimery
» Ligand vazajici extracelularni doména, intracelularni dead doména

» rodina cytokinu Tumor Necrosis Factor-a
» TNF-a, FasL, TRAIL

» death-inducing signaling complex (DISC)
» Kaspaza-8, FADD, death doména receptoru

killer lymphocyte
Fas ligand Q

target cell Fas death receptor

FADD death domain
adaptt_ar tdeath effector
protain domain

death effector
domain ?

caspase-8

activated
caspase-8

_— _— i ——» apoptotic target cell
ASSEMBLY ACTIVATION AND
OF DISC CLEAVAGE OF

CASPASE-8

Figure 18-5 Molecular Biology of the Cell 6e (© Garland Science 2015)



Role mitochondrii ve vnitrni draze apoptézy

RELEASE OF

CYTOCHROME ¢ ACTIVATIONOF &

Apaf1 BY
CYTOCHROME ¢

CARD
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in intermembrane
space
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Bcl-2 rodina

anti-apoptotic
Bcl2 family protein
(e.g., Bcl2, BclX))

pro-apoptotic
effector Bcl2 family
protein

(e.g., Bax, Bak)

pro-apoptotic
BH3-only protein
(e.g., Bad, Bim,
Bid, Puma, Noxa)

Figure 18-8 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Role extracelularnich ,,survival“ faktoru v inhibici apoptozy

(A) increased production of

anti-apoptotic Bcl2 family
protein

survival factor

activated
receptor

activated
__transcription
regulator

NUCLEUS

A
RNA

)

Figure 18-12 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Autofagie Yoshinori Ohsumi, 2016

» Degradacni proces — normalni béhem vyvoje, difereciace
(restrukruralizace), adaptace na stres (hladoveéni, infekce)

» Neselektivni vs. selektivni (napf. mitofagie)

engulfed cytosol mitochondrion peroxisome
and organelles

O
’ k]
€ ," )
2 €
! (]
autophagosome
acid -
INDUCTION hydrolases <
lysosome
NUCLEATION CLOSURE FUSION WITH DIGESTION
AND EXTENSION LYSOSOMES

(R)
Figure 13-43 Molecular Biology of the Cell 6e (© Garland Science 2015)




Typy autofagie

a Macroautophagy

Expansion Completion

Phagophore/
isolation membrane

Metabolite
efflux

@ — @2 —

b Chaperone-mediated autophagy

»

Sequestrat:o\

¢ Microautophagy

\LAMP-ZA ° Hsp70 Protein  @KFERQ gy Metabolite

chaperone motif transporter

Jul 2013 - Nature Cell Biology



Autofagie a metabolismus

a Protein synthesis
Systemic amino acid levels
Viruses - Peroxisomes f Gluconeogenesis [liver]
” S Amino acicis/

%

” TCA cycle
Micronuclei  Ribosomes .\\A
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% : R Lipids L
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Anoikis (cell-detachment-induced apoptosis)

OO }“é

VM '&Q Survival {
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Marta C. Guadamillas et al. J Cell Sci 2011;124:3189-3197
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Diferenciace, obnova tkani, kmenové bunky

stem cell

|
.

SELF-RENEWAL

~(®

terminally
differentiated
cell

Figure 22-3 Molecular Biology of the Cell 6e (© Garland Science 2015)




(A) ASYMMETRIC DIVISION (B) INDEPENDENT CHOICE

localized
determinant POSSIBLE OUTCOMES POSSIBLE OUTCOMES
4 after first division cycle 4 after first division cycle

of stem cell of stem cell

| Ch 4 [ ®® - @O® - »®

l w | (£ l
/ \ oee / O\ e B

C e R

deterrnine cell fate or ""

terminally }
differentiated
cell etc.

1
1
1
\
etc.

cell

e
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Strevni epitel

LUMEN OF GUT
epithelial cell migration
from “birth” at the bottom villus (no cell division)
of the crypt to loss at the
top of the villus

cross section
of villus

(transit time is
3-5days)

epithelial

cells villus

crypt

i absorptive

loose sectfon brush-bordﬁr
cpnnective of crypt cells
tissue
mucus-
nondividin secreting
differentiatged goblet cells
cells
direction of
movement
rapidly dividing
cells (cycle time
12 hours)
crypt
stem cells
(cycle time
~ 24 hours)
nondividing differentiated (B) [
(A) Paneth cells 100 pm

Figure 22-1 Molecular Biology of the Cell 6e (© Garland Science 2015)




s absorptive cell
i
!

goblet cell Paneth cell
" Figure 22-2 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Notch & Wnt signalizace udrzuje kmenovost a ridi
diferenciaci strevniho epitelu

absorptive cells
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Figure 22-9 Molecular Biology of the Cell 6e (© Garland Science 2015)




Adenom streva
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