Epigeneticke procesy probihajici
v bunécénych jadrech.
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What is epigenetics ?

Epigenetics refers to
heritable changes 1n

the phenotype that
occur Irrespective of
alterations in the DNA

sequences.

The two main components
of the epigenetic code

DMA methylation
Methyl marks added te cerlain




Epigenator
&2, Differentiation signals
lemperature variations Extracellular

Cytoplasm

Epigenetic Initiator
g.g. ONA binding factors;
Mon-coding RNAS

Berger et al., Genes Dev., 2009




Epigenator:

emanates from the environment and triggers and
Intracellular pathway. Epigenetic signaling pathway could be
a protein-protein interaction or modification-based events.

Epigenetic initiator:
signal, which responds to the Epigenator and is necessary to
define the precise location of epigenetic chromatin

environment. Initiator could be DNA-binding protein, non-
coding RNA, factor that coordinates chromatin structure.

Epigenetic Maintainer:

signal, which sustained the chromatin environment in the first
and subsequent generation. It is DNA methylation, histone
modification, histone variants, nucleosome positioning.

(Berger S. et al., 2009)
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jadro nukleosomu |

2x histon H2A histon H1
2x histon H2B

2X histon H3

2X histon H4

Buinka muze existovat i bez vyznamné redukovaného mnozstvi H1.

H1 varianty nejsou hlavni determinanty buné¢ného fenotypu.

Funkce H1 variant je nejenom pri utlumeni transkripéni aktivity ale
také pri jeji aktivaci (muZe snizovat nebo i zvySovat expresi specifickych
genu.

H1 hraje dilezitou ilohu v kondensaci chromatinu. SpiSe je dulezity pro
stabilizaci nukleosomii nez pro vlastni rizeni kondenzace chromatinu.
Experimentalné navozena redukce H1 vede ke zkraceni linkerové DNA




The linker histone HI is involved in maintaining higher-order chromatin structures and
displays dynamic nuclear mobility, which may be regulated by posttranslational
modifications. H1 tail phosphorylation play in important role.

Using the technique of fluorescence recovery after photobleaching, Contreres et al.,
2003 observed that the mobility of a GFP-wild-type H1 fusion protein is dependent on
Cdk2 activity. GFP-H1 mobility was decreased in cells with low Cdk?2 activity but not
in the cells with bloked phophorylation of H1.

GFP-H1b g®

GFP-M1-5

GFP-H1b

GFP-M1-5




Varianty histonu

H1: varianty H1°, H5 a testis-specific varianta H1. varianty H1 se
ruzné uplatiuji béhem bunécného cyklu, diferenciace a vyvoje. RA
diferenciace mySich F9 je doprovazena zvySenou transkripci
histonu HI1¢

H2A: H2A X, H2A.Z, MacroH2A, H2A-Bbd, H2AvD, H2A X.
varianta H2A.Z je konzervativni béhem evoluce. Macro H2A se
vyskytuje u X1, zatimco H2A-Bbd u Xa chromosomu a autosomu.
H2A.Z se vyskytuje v intergenickych oblastech.

H2B: nema varianty, uplatiiuje se pii regulaci kondenzace
chromatinu, represi transkripce a béhem gametogeneze, H2B je
zodpovédny za usporaddani chromatinu u spermii — nahrazeni
histontl protaniny
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pericentric centromeric
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Varianty histonu / \
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H3: existuji dvé hlavni
Varianty H3.3 a

centromerické varianty

.4 | Alphoid satellite 171 bp
) w2~ Beta satellite 68 bp

H3 (cenH3) = CENP-A-Z;: ; Satellite 2 and 3 24-48 bp

plus satellite 1 and
other repeats

jsou zodpovédné za
vazbu kinetochoru a
segregaci sesterskych

chromatid u eukaryot

N Beta satellite 68 bp
~ < Satellite 2 and 3 24-48 bp

Alphoid satellite 171 bp




Varianty histonu H3: phosphorylation of CENP-A on Ser-7 is

essential for Kinetochore function. Overexpression of CENP-A plays an
important role for aneuploidy in colorectal cancers.
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Varianty histonu H4: vetina geni kodujicich hlavni histonové
proteiny jsou exprimovany béhem S faze bunécného cyklu. V pripadé H4,
geny jsou konstitutivné exprimovany béhem bunécného cyklu. Pro H4 nejsou
znamy Zadné varianty. Upravy pre-mRNA histoni probihaji v Cajal bodies.
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The figure illustrates nuclepgome models and major postiransiational
muodifications which play essential roles in gene expression regulation

and disease processes




Vztah mezi acetylaci a metylaci
histoni: acetylace histona je
katalyzovana histon acetyl-
transferazami (HATSs) a odstrano-
vana histon deacetylazami
(HDAGs). HDACs odstrani acetyl-
skupinu, ktera je nahrazena methyl
skupinou za ucasti  HMTs
(Suv39H1- human, Clr4 — S.pombe)

2004: Objev demethylace histonu za
ucasti aminové oxidasy

(Shi et al., Cell 2004).
LSD1 specificky demethyluje H3
(K4), epigenetickou modifikaci
zodpovédnou za  transkripcCni
aktivitu.




HATs: HAT1, PCAF, CBP/p300, TFIIC90, ELP3, SRC1, CLOCK
(see Allis et al., 2007).
HDAGC:Ss: Class I, I1, 111

HMTs: SUV39H1, SUV39H2, G9a, MLL1, hSet 1, hSet 2, SUV4-
20H1, SUV4-20H2, EZH2 (PcG silencing)

Demethylases: LSDI1 (transcriptional activation),
JHDM1b (H3K4me3), Jmjd2b (H3K9me3), JHDM2a, JMJ D2B
(heterochromatin formation)
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Fibrillarin / Chromocenters
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D. melanogaster: Su(var)3-9 je lokalizovan v oblastech kondenzovaného
chromatinu a je to klicovy regulator v organizaci represivniho chromatinu.

Homolog u S.pombe je Clr4 umysi SUV39h1 a u lidskych bunc¢k SUV39HI.
Tyto HMTs specificky methyluji H3(K9).
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Inaktivace X chromosomu ve vztahu k epigenetickym modifikacim

! XIST ANA Mucleus
. H3TrimKa
H3TrimK 20

Fig. 4. Schematic model showing how heterochromatin of the Xi could
transition betwesn metaphase and interphase to be organized into the two
nenoverlapping hetercchromatin temrritories and to explain how XI5T RNA
could rapidly spread in cis outesard from the X inactivation center (XI1C) along
anly part of the Xi. 5e2 main text for details.




Inaktivace X chromosomu ve vztahu k epigenetickym modifikacim

4
HATrmK27 H3TrimkK27

Chadwick nad Willard, PNAS, 101, p.17450-17455







Histone H3-K9 methylation induces DNA methylation
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DNA methylation induces histone de-acetylation
INAKTIVITY

acetylated methylated acetylated methylated de-acetylated methylated
histone DNA histone DNA histone DNA

then recruits which
—F T —>  de-acetylates

binds .
methylated DNA histones

MeCP2: Methyl-CpG binding Protein, specifically binds to to
methylated DNA
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Methylation state of telomeres
(Cbx1=HP1p, Cbx3=HP1y, Cbx5 = HP1a)
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Polycomb group (PcG) proteins are highly conserved
regulatory factors that were initially discovered in Drosophila.
PcG genes are best known for their role in maintaining silent
expression states of Hox genes during development, while
trithorax group (trxG) proteins maintain Hox gene expression
patterns in the appropriate spatial domains. PcG and trxG

proteins are also involved in the regulation of normal cell
proliferation, and their mutation has been linked to defects in
stem cell fates and to cancer. They act by regulating
chromatin structure and chromosome architecture at their
target loci.
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GFP-BMI1-U20S cells
irradiated ROIls transmission light after DNA damage " BMI1 kinetics after micro-irradiation
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Non-treated cells

Experiments of Gabriela Galiova




H3K27me3 MERGE+DAPI
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Chou et al., PNAS (2010)
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HP1 proteins
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*HP1 proteiny jsou hlavni slozkou heterochromatinu a hraji
dulezitou ulohu pri jeho tvorbé. HPs jsou maji vysokou afinitu
k pericentromerickym a telometrickym oblastem chromosomu.

 HPs interaguji s HMTs jako je SUV39h1 a SUV39h2, ktera
jsou zodpovédné za methylaci H3(K9).




HPs se skladaji z vysoce konzervativnich
oblasti:

a) N-terminalni chromodomény (CD)

b) strukturalné odvozené C-terminalni chromo-
shadow domény (CSD)

HP1, Swi6

Chromo Shncions FUNKCE HP1s

a) Usporadani chromatinu
b) Regulace transkripce

¢) Optimalni regulace délky
—] telomer a zprostredkovani
procesu telomeric silencing
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Shrnuti problematiky
. Organizace chromatinu, struktura nukleosomu
. Varianty histonu
. Epigenetické modifikace histonu a jejich funkce
. Epigenetické modifikace centromer, Xi a telomer

. HP1 protein a jeho sub-typy — struktura a funkce

. Utinky HDACi

. Methylace DNA versus methylace histonu




