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What Is epigenetics

The two main components
of the epigenetic code

DMA methylation

Epigenetics refers ({c
heritable changes |

the phenotype th
Ooccur Irrespective o
alterations in the DNA
sequences.




Epigenator
¢.g. Differentiation signals
lemperature varations Extracellular

Cytoplasm

Nucleus

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

Berger et al., Genes Dev. (2009)
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jadro nukleosomu |
2x histon H2A histon H1
2x histon H2B

2x histon H4

Bunka muze existovat i bez vyznamé& redukovaného mnozstvi H1.
H1 varianty nejsou hlavni determinanty burééného fenotypu.
Funkce H1 variant je nejenom (i utlumeni transkrip ¢ni aktivity ale
take pii jeji aktivaci (mize snizovat nebo i zvySovat expresi specifickych
genu.

4. H1 hraje dalezitou ulohu v kondensaci chromatinu. SpiSe jeidezity pro
stabilizaci nukleosomi nez pro vlastnirizeni kondenzace chromatinu.
Experimentalné navozena redukce H1 vede ke zkraceni linkerové DNA




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

Using the technique of fluorescence recovery after pHe&amhing, Contreres et al.,
2003 observed that the mobility of a GFP-wild-type Hdidun protein is dependent on
Cdk2 activity. GFP-H1 mobility was decreased in calith low Cdk2 activity but not
In the cells with bloked phophorylation of H.

GFP-H1b

GFP-M1-5

Experiments of E. Meshorer

GFP-H1b

GFP-M1-5




Varianty histoni

H1: varianty HP, H5 a testis-specific varianta H1. varianty H1 se

razre uplatiuji béhem burcného cyklu, diferenciace a vyvoje. RA
diferenciace mysich F9 je doprovazena zvySenogKraici
histonu H®

|2A: H2A.X, H2A.Z, MacroH2A, H2A-Bbd, H2AvD, H2A . X.
varianta H2A.Z je konzervativhighem evoluce. Macro H2A se
vyskytuje u Xi, zatimco H2A-Bbd u Xa chromosomu acsoi.

H2A.Z se vyskytuje v intergenickych oblastech.

H2B: nema& varianty, uplatje se pi regulaci kondenzace
chromatinu, represi transkripce &hlem gametogeneze, H2B je
zodpowdny za usptadani chromatinu u spermii — nahraze
histoni protaniny
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Protamines (P1/P2)are smallargininerich, nuclearproteinsthat replacehistoneslate

in the haploid phase ofspermatogenesiand are believed essential fesperm head
condensation an@®NA stabilization. However, in humans and maybe other ges)a

10-15% of the sperm's genome is packaged by histoneglthdo bind genes that are
essential for early embryonic development.
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Varianty histonu
H3: existuji dvé hlavni
Varianty H3.3 a
centromerické varianty

H3 (cenH3) = CENP-A-Z:

jsou zodpowdné za

vazbu kinetochoru a
segregaci sesterskych
chromatid u eukaryot

T

-~} Alphoid satellite 171 bp

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

plus satellite 1 and
other repeats

"\ Beta satellite 68 bp
Satellite 2 and 3 24-48 bp

Alphoid satellite 171 bp




Varianty histona H3: fosforylace CENP-A (Ser-7) je essencialni

pro funkci kinetochoru. Overexprese CENP-A doprovazivznik aneuploidie u
kolorektalni karcinom .
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Varlanty histonu H4: vetsina geni kédujicich hlavni histonové
proteiny jsou exprimovany béhem S faze buséneho cyklu. V pripadé H4,
geny jsou konstitutivné exprimovany béhem bunééného cyklu. Pro H4 nejsou
znamy zadné varianty. Upravy pre-mRNA histori probihaji v Cajal bodies.







 Dynamicka struktura chromatinu je primo
ovlivnéna post-translatnimi modifikacemi N-
terminalnich koncu histoni

Typy histonovych modifikaci:
a) acetylace,

b) methylace,

c) fosforylace,

d) polyadenylace,

e) ubiquitinace

 Methylace histomi byla objevena |iz pred 30
lety.
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Vztah mezi acetylaci a metylaci
histoni. acetylace histom |e
katalyzovana histonovymi acetyl-
transferazami (HATS) a odstraio-
vana histonovymi deacetylazami
(HDACs). HDACs odstrani acetyl-
skupinu, ktera je nahrazena methyl
skupinou za  (&asti HMTs
(Suv39H1- human, Clr4 — S.pombe)

2004: Objev demethylace histod za
ucasti aminove oxidasy

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




HAT1l, PCAF, CBP/p300, TFIIC90, ELP3, SRC1,
CLOCK
(see Allis et al., 2007).

: Class I, I, 1l

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

LSD1 (antagonizuje H3K4me-transcriptional
activation), JHDM1lb (H3K4me3), Jmjd2b (H3K9me3),
JHDM2a, JMJ D2B (antagonizuje H3K9me2/me3 -
heterochromatin formation)
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Histone H3-K9 methylation induces DNA methylation

Methyl Methyl Methyl methylated
H3-K9 H3-K9 H3-K9 DNA

it which

targets secruiits methvlates
Methyl H3-K9 .
: DNA

DNMTH
DNMT3a
DNMT3b




DNA methylation induces histone de-acetylation

INAKTIVITY

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

then recruits which

binds -
methylated DNA histones

MeCP2: Methyl-CpG binding Protein, specifically osto to
methylated DNA




Fibrillarin / Chromocenters
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. DNA methylation
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Histone demethylating
enzymes

Transcription of rDNA genes Silencing of rDNA genes
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Full-length HP1[3

HP1p ACD

HP1[} Ahinge

HP1p ACSD

CsD

HP1B ACSD DDB2
suv3-9 KOgP

Lujsterburg et al. (2009)




HP1[3 protein in DSBs

GFP-BMI1-U20S cell acetylated lysines overlay nucleus

GFP-BMI1-U20S cells
after DNA damage

HP13/3T3 cells
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irradiated ROI

Experiments of Gabriela Galiova and Lenka Stixova




A GFP-BMI1-U20S cell
micro-irradiated Nucleus v H2AX yH2AX [ Nucleus

Experiments of Gabriela Susta &kova
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DNA repair

Box 1| The two main types of double-stranded DNA-break repair

Non-homologous end joining Non-homologous end joining
A DNA lesion (a double-stranded DNA break (D5B)) is Break

Homologous recombination

Break

sensed by the KuB0—Ku70 heterodimer, which in turn DSB

D58

recruits the DNA-dependent protein kinase catalytic Eenchn

subunit DNAPKcs, resulting in assembly of the DNAPK &‘“‘“?ﬂ
complex and activation of its kinase activity (see the

figure; left panel). Increasing evidence suggests that Recruitment of DNAPK
DMNAPK functions as a regulatory component of

Sensing (@;RN
Res=ction

RPA&
0

non-homologous end joining (NHE]), potentially

facilitating and regulating the processing of DNA ends.

DMNAPK also increases the recruitment of XRCC4,

DINA ligase IV, XLF and Artemis, which carry out the final

rejoining reaction.

Homologous recombination repair

A DNA lesion is recognized by the MRN

(MRE11-RADS50-NB51) complex, which is recruited to BECN fffT‘fEI"l't of the
the DSB to generate single-stranded DNA by resection ligase activity
{see the figure; right panel). The single-stranded ends are

bound by replication protein A (RPA), RAD51 and RAD52

and can subsequently invade the homologous template,

creating a D-loop and a Holliday junction, to prime DNA

synthesis and to copy and ultimately restore genetic

Synapsis

Strand invasion and
D-loop formation

- —

-4

Repair

information that was disrupted by the D5B.

Misteli and Soutogou (2009)




ATP depletion

A GFP-BMI1/yH2AX/Nucleus

irradiated ROl after irradiation

H3K27me3 MERGE+DAPI

MERGE+DAPI

ATP-depletion

GFP-HP1p/yH2AX/Nucleus

irradiated ROl after irradiation
MERGE+DAPI

ATP-depletion

PARP
inhibitor

Susta ékova et al., JCP, 2011 Chou et al., PNAS (2010)




HP1 proteins
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HP1 proteiny jsou hlavni slozkou heterochromi#nu a hraji
dilezitou ulohu pri jeho tvorbé. HPs jsou maji vysokou afinitu
k pericentromerickym a telometrickym oblastem chranosomi.

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




HP1 proteiny — v lidskych buikach jsou 3 sub-typy

Cantromans

Hayakawa et al., 2003




HP1 proteiny u ECS

HP13

CONTROL




P19 HP o/ HP]

CONTROL TSA S-dAzal(’

PI%IR
PI9SR




i

. i)
ailla Ll

(LHY NN ]

HFE 7 /A% FPEL £ REL2S

IR
[[FEINESN N




CENP-A/ HPla DAPI

Max. image Mid. section

O
-
Z.
=
>
-
e




HP1 protein a H3(K4) di-methylation and IC spaces







Inaktivace X chromosomu ve vztahu k epigenetickym idifikacim

H3TrimkS

| o
H3TrimK27 H3TrimK2Zr

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




Inactivation of X chromosome InhESC
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Inaktivace X chromosomu ve vztahu k epigenetickym idifikacim

: " XIST RNA
. I TrimAD
HATrimK20

Fig. 4. Schematic model showing how heterochromatin of the Xi could
transtion between metaphase and interphase to be organized into the tweo
nonoverlapping heterochromatin temritories and to explain how XI5T RNA
could rapsdly spread i as outward from the X inactivation center (XIC) along

only part of the Xi. $e2 main text for details.
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Wild-type
telomeres

SUV39DN
telomeres

Methylation state of telomeres
(Cbx1=HP1B, Cbx3=HP1y, Cbx5 = HPIn)

. Normai-length
telomeres

H3K9 (mono-, di- and trimethylated)
Cbx5, Cbx1, Cbx3

TERF1
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%@ﬁ@e@@@f

¥ H3K9 (di-, trimethylated)

4 H3K9 (monomethylated)

¥ Cbx5, Cbx3

v 50% decrease in Cbx1
Normal TERF2 binding

Slight increase in TERF1 binding

HP1a (12q13) HP1/4(17q921)

Experiments of E. Bartova

HP1y (Tp15)
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H3K27me3 /BMI1/Nucleus
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maximum image maximum image




Fibrillarin/BNMI1/Nucleus
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Metody vhodné ke studiu histonového kodu

1. imunofluorescence-konfokalni mikroskopie
2. G = D'teChnOIOgl C rDNA promoter 28S rDNA

SUV39h (wt) SUV39h (dn) SUV39h (wt) SUV39h (dn)
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H3K9 acetylation in ARH77 cells
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Ukazkové experimenty




NUCLEAR ARRANGEMENT AND KINETIC
PROPERTIES OF JMJD2B HISTONE DEMETHYLASE

Eva Bartova, Lenka Stixova, So na Legartova, Gabriela Galiova
and Stanislav Kozubek
Institute of Biophysics, the Academy of Sciences of the Czech Republic, v.v.i.,
Brno







Protein Domains
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JMJD2b histone lysine demethylase

8/18/2010 2:07:10 PM

Mutant genetic background affects functional re-arr angement
and kinetic properties of IMJD2b histone demethylase




a Somatic interphase (repressed locus)

Dieter Egli, Garrett Birkhoff & Kevin Eggan (2008)
Nature Reviews Molecular Cell Biology 9, 505-516




JMJD2b histone lysine demethylase
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A IMIDEb (1-424) JMJD2b (1-424) H189A-GFP B JMJD2b (1 .GFP  JMJD2b (1-424) H189A-GFP

SUV39h (wt)

m

RPA194 /JMJD2b-GFP /DNA

F JMJD2b-GFP )-G JMJD2b(1-424)H189A-GFP

SUV3gh (wt)




Eva Bartova, Gabriela Susta ékova,

Lenka Stixova, So na Legartova, Darya Orlova, Veronika Foltankova
Institute of Biophysics, the Academy of Sciences of the Czech Republic, v.v.i., Brno

Projects: Ministry of Education Youth and Sports of the Czech Republic; the research projects LC535, L  C06027, and ME 919. The
Academy of Sciences of the Czech Republic: AVOZ50040 702 and AVOZ50040507 and the Grant Agency of the Cz ech Republic by grant
no. P302/10/1022. European Union project COST TD09/ 05 and corresponding national COST-CZ project LC110  20. Marie Curie project

PIRSES-GA-2010-269156.




