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What Is epigenetics ?

Epigenetics refers ({c
heritable changes |

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

The two main components
of the epigenetic code

DNA methylation




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



Epigenator:

emanates from the environment and triggers and
Intracellular pathway. Epigenetic signaling pathwaycould be
a protein-protein interaction or modification-basedevents.

Epigenetic initiator:

signal, which responds to the Epigenator and is nessary to
define the precise location of epigenetic chromatin
environment. Initiator could be DNA-binding protein, non-
coding RNA, factor that coordinates chromatin strudure.

Epigenetic Maintainer:
signal, which sustained the chromatin environmentn the first
and subsequent generation. It is DNA methylation, iBtone
modification, histone variants, nucleosome positionig.
(Berger S. et al., 2009)




N-koncové oblasti histanH2A, H2B
H3a H4 (délka 16-44 aminokysel
nejsou socasti jadra nukleosomu,
ale vybihaji do stran (volné konce).
V linkerové oblasti — H1: funkce na
kondenzaci chromatinu vyssSikadu.

H1 histone

2 Nucleosome
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jadro nukleosomu |
2x histon H2A histon H1

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 ¢éni aktivity ale
take pri jeji aktivaci (mize snizovat nebo i zvySovat expresi specifickych
genu.

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







Bacterial DNA

Plasmids

Pacific jellyfish,
Aequorea victoria
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A plasmid is an extra chromosom&lNA molecule separate from
the chromosomal DNA which is capable of replicating
iIndependently from the chromosomal DNA.In many cases, it Is
circular and double-stranded. Plasmids usually ooaturally in
bacteria but are sometimes found gukaryotic organismge.g.,
the 2-micrometre-ring in Saccharomyces cerevisiae).

Plasmid size varies from 1 to over 1,000lobase pairs
(kbp)[2][3][4] The number of identical plasmids within a single
cell can range anywhere from one to even thousands sutee
circumstances. Plasmids can be considered to be gbathe
mobilome since they are often associated wdbnjugation a
mechanism ohorizontal gene transfer

The termplasmid was first introduced by th&mericanmolecular
biologistJoshua Lederbeng 1952[5]

Plasmids are considered transferable genetic elemeats,

"replicons, capable of autonomous replication within a suitable
host.




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 celith low Cdk2 activity but not
In the cells with bloked phophorylation of HBlocking the activity of Cdk2 by p21
expression These data suggest that CDK2
phosphorylates histone H1 in vivo, resulting in a mopen chromatin structure by
destabilizing of nucleosomes.

GFP-M1-5: five cyclin-dependent

kinase phosphorylation consensus
sites were mutated from serine or
threonine residues into alanines

GFP-M1-5 [

GFP-H1b

GFP-M1-5




Varianty histoni

H1: varianty HP, H5 a testis-specific varianta H1. varianty H1 se
razre uplatiuji béhem bugcného cyklu, diferenciace a vyvoje. RA
diferenciace mysich F9 je doprovazena zvySenogKraici

histonu H?:

H2A: H2A.X, H2A.Z, MacroH2A, H2A-Bbd, H2AvD, H2A.X.
varianta H2A.Z je konzervativhichem evoluce. Macro H2A se
vyskytuje u Xi, zatimco H2A-Bbd u Xa chromosomu acsoim.

H2A.Z se vyskytuje v intergenickych oblastech.

12B: nema varianty, uplatje se pi regulaci kondenzace

chromatinu, represi transkripce &hlem gametogeneze, H2B je
zodpowdny za usptadani chromatinu u spermii.




pericentric centromeric

B
Varianty histonu // \

H3: existuji dvé& hlavni
Varianty H3.3 a
centromerické varianty

: { L Alphoid satellite 171 bp
el 2~ Beta satellite 68 bp

H3 (CenH?)) = CENP-A: - }SatelliteZand?’ 24-48 bp

plus satellite 1 and

jsou zodpowdné za CEhSE Yepsnts

vazbu kinetochoru a
segregaci sesterskych
chromatid u eukaryot

Y Beta satellite 68 bp
> Satellite 2 and 3 24-48 bp

Alphoid satellite 171 bp




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

essential for kinetochore function. Overexpression of CENPAlays an
Important role for aneuploidy in colorectal cancers.

A gﬁzz;t?r::: nuol::aaoomo

Varianty histona H4: vétsina geni kddujicich hlavni
histonové proteiny jsou exprimovany Ehem S faze buiéneho
cyklu. V pripadé H4, geny jsou konstitutivié exprimovany
béhem bunééneho cyklu. Pro H4 nejsou znamy zadné varianty.







 Dynamicka struktura chromatinu je primo
ovlivnéna post-translatnimi  modifikacemi
amino-konai 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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The figure illustrates nuclepgsome models and major posttransiational
muodifications which play essential roles in gene expression regulation

and disease processes




Vztah mezi acetylaci a metylaci
histoni. acetylace histom |e
katalyzovana histon acetyl-
transferazami (HATS) a odstraio-
vana histon 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.




HATs: HAT1, PCAF, CBP/p300, TFIIC90, ELP3, SRCI1,
CLOCK

(see Allis et al., 2007).

HDACSs: Class |, II, Il

HMTs: SUV39H1, SUV39H2, G9a, MLL1, hSet 1, hSet 2, SVl4-

20H1, SUV4-20H2, EZH2 (PcG silencing)

Demethylases: LSD1 (transcriptional activation),
JHDM1b (H3K4me3), Jmjd2b (H3K9me3), JHDM2a, JMJ D2B
(heterochromatin formation)
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l Histone deacetylation

. DNA methylation
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Histone demethylating
enzymes

Transcription of rDNA genes Silencing of rDNA genes




(a) Active euchromatin

TAFN250/PCAF/GCNS

Transcription

(b) Silenced haterochromatin

Me Me Me Me Me Me

Blocked transcription
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HMTSs:

CD: protein-chromatin

CSD: protein-protein

HD: HP1-to-DNA and linker
histones
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HP1p (CBX1)

MGKKQNKK Kt VEEVLEEEEEEY VVEKVLDRRVY KoointGKaemetsmtVEY LLKoomtWEGF
SDEDNTWEPEENLDCPDLIAEFLOSQKTAHETDK SEGGKRKAD SDSEDKGEESKPKKKK

EESEKPRGFARGLEPERIIGATDSSGELMFIMKW Kppo NSDEADI VPA Kgu EANVKCPOV

VISEYEERL TWHSYPSEDDDKKDDKN

HP1y (CBX3)

MASNK TTLOQKMGKK QNGKSK Kpspe/mer VEEAEPEEFVVE Koy VLDRRVVNG Ko meriecV

EYFLK s WKGFTDADNTWEPEENLDCPELIEAFLNSQKAGKEKD GTKRKS, 35,L8,1,,DSES
DDSKSKKKRDAADKPR GFARGLDPERIIGATDSSGELMFLMEW KpmiacmetDS gurDEADLY

LAKEANMKCPQIVIAFYEERLTWH SphoymiCPEDEAQ

Fic. 2. PTM maps of HP1 modifications. Over 90% sequence
coverage was obtained on all isoforms (shown in red). Residues with
PTMs are shown in black bold type. PTMs identified include phos-
phorylation (phos), acetylation (ac), monomethylation (mel), and
formylation (fml).

D. melanogaster: Su(var)3-9 je lokalizovan v obldsteandenzovaného
chromatinu a je to kibvy regulator v organizaci represivnino chromatinu.

Homolog u S.pombe je Clr4 umysi SUV39h1l a u lidskychekiSUV39H1.
Tyto HMTSs specificky methyluji H3(K9).
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Ubiquitin structure
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Ubiquitination of histones has been reportedn vivo although the most prevalent
ubiqutination occurs in H2A and H2B. One of the widely stulied proteins that
undergoes ubiquitination for its activity is p53.
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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
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Inaktivace X chromosomu ve vztahu k epigenetickym idifikacim

H3TrimkS

| o
H3TrimK27 H3TrimK2Zr

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




Inaktivace X chromosomu ve vztahu k epigenetickym idifikacim

]
A, macroHiA &
H3TrimK2T

. H3Trm S JIBE-RNA

H3aTrimKZ0

Fig. 4. Schematic model showing how heterochromatin of the Xi could
transition betwesn metaphase and interphase to be organized into the two
nonoverlapping hetercchromatin temritories and to explain how XI5T RNA
could rapicly spread in ds outesard from the X inactivation center (X1C) along
anly part of the Xi. Se2 main text for details.

Brian Chadwich, Florida University




Methylation state of telomeres
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Polycomb group (PcG) proteins are highly conserved
regulatory factors that were Initially discovered n
Drosophila. PcG genes are best known for their rolan
maintaining silent expression states of Hox genes dng
development, while trithorax group (trxG) proteins maintain
Hox gene expression patterns in the appropriate spii

domains. PcG and trxG proteins are also involved in he
regulation of normal cell proliferation, and their mutation has
been linked to defects in stem cell fates and to meer. They
act by regulating chromatin structure and chromosone
architecture at their target loci.
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HP1 proteins

CONTROL
Bl

.
P .
N e

_'".*--.-

i
oo

5\ : e - - : ﬂll’n
TSA --.‘tfﬁ |
ks = - -

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 SUV39h, ktera je zodpo¥dna za
methylaci H3(K9).




HP1 protens:

1. Heterochromatin protein (dHP1) was first ideatfin Drosophila and
shown to localise to heterochromatin by antibodynstg.

2. Mutation of HP1 gene decrease the effect’ i/ (position effect
variegation) on gene expression.

3. Null mutations of HP1 are lethal due to chronmedoss during cell
division.

4. Homologous protein to HP1 are these of Polyconaoig (Pc). Both
Pc and HP1 share a common amino acid sequence chtbmodomain
(chramatin malification) which is thought to mediate protein/i@io
interactions. This domain is highly conserved frggast to man.

5. Three genes for mammalian HP1 have been idedhtd| (3, andy.

6. To date onlya andy HP1 proteins have been identified Xenopus
laevis. We want to determine the role of HP1 proteinsXenopus
development.
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HPs se skladaji z vysoce konzervativnich
oblasti:

a) N-terminalni chromodomeény (CD)

b) strukturaln ¢ odvozene C-terminalni chromo-

shadow domeéeny (CSD)

FUNKCE HPs
a) Usparadani chromatinu
b) Regulace transkripce

c) Optimalni regulace delky
telomer a zprost¥edkovani
procesu telomeric silencing




HP1 proteiny — v lidskych buikach jsou 3 sub-typy

Cantromans

Hayakawa et al., 2003




Neuronal cell differentiation of EC cells - HP1 proteins
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GFP-HP1p / HT29
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Level of chromatin condensation
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Ligation mediated
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Shrnuti problematiky
. Organizace chromatinu, struktura nukleosoma
. Varianty histoni
. Epigenetické modifikace histod a jejich funkce
. Epigenetické modifikace centromer, Xi a telomer

. HP1 proteiny — struktura a funkce

. Winky HDAC

. Methylace DNA versus methylace histain




