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DNA and FProtein




NUKLEOSOM JE ZAKLADNI = STRUKTURALNI
JEDNOTKA CHROMATINU
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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.
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jadro nukleosomu |
2x histon H2A histon H1

2X histon H4

Organismus mize zit s 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.

H1 hraje dialezitou tlohu v kondensaci chromatinu. SpiSe jeddezity 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 H1. Blockingetlactivity 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

WD
Varianty histon / “\

H3: existuji dvé& hlavni

i

Varlanty ot . ’:’2 } Alphoid satellite 171 bp
centromerické varianty <= Beta satellite 68 bp

[ Satellite 2 and 3 24-48 bp

H3 (Cean) — CENP A plus satellite 1 and

other repeats

jsou zodpowdné za
vazbu kinetochoru a
segregaci sesterskych
chromatid u eukaryot P\ 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.
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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 postranslianimi  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.




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 amin  oxidasy

(Shi et al., Cell 2004).
LSD1 specificky demethyluje H3
(K4), epigenetickou modifikaci
zodpowdnou za  transkripéni
aktivitu.
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The figure illustrates nuclepgsome models and major posttransiational
muodifications which play essential roles in gene expression regulation

and disease processes




(a) Active euchromatin
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Transcription

(b) Silenced haterochromatin
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CD: protein-chromatin

CSD: protein-protein

HD: HP1-to-DNA and linker
histones

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 SUV39h1 a u lidskychekhi81JV39HL1.

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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Figure 9. Interplay between different post-translational modifications oceurring on histone H3 and H4 amino-terminal tails. Resi-
dues that are known to be acetylated (Ac), methylated (Me), and phosphorylated (P} are indicated. Positive and negative affects are
indicated.
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: H3-R2-Me, H3- Ac-K9, H3- K27-
Me (Xi), H3-K36-Me, H3- K79-Me (telomeric silencing),44K20-Me
(mitotic condensation)

: H3-Me-K9, H3-S10-P, H3-K17-
Ac, H3- R-17-Me, H3-K18-Ac, H3-K23-Ac, H4-R3-Me, H4AS-Ac,
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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

binds -
methylated DNA histones

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




Histone H3-K9 methylation induces DNA methylation
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DNA methylated regions on human chromosomes




Methylation state of centromeres

Figure 8. Differential sites of histone H3 methylation mark euchromatic and heterochromatic regions at the fission yesst mal
locus. [Top) Physical map of the mating-type region, [R-L and IR-R, shown as black arrows, denote inverted repeats residing on both
pides of the mat2/3 interval and within is cenf, with homolegy to centromeric repeats. (Boxes| Open reading mmes, including
the essennial Jetl” gene; (arrows| direction of transcription. The graph represents a summary of ChiP experiments throughout the
mat locos with Fi-K4 (blue] and H3-K9 [red] methyl-specific antibodies [for details, see Noma et al. 2001]. Courtesy of Dir, Shiv
Grewal

*Methylation of H3(K9), H3(K27) and H3(K20) are assted with the repressive
chromatin state whereas H3(K4), H3(K36) and H3(K78jhwlations and/or histone

acetylation have been correlated with active chrom{aummary Fischle et al., 2003;
Lachner et al., 2003).

» Centromeric heterochromatin: mono- or di-meH3-K9
» Pericentric heterochromatin: tri-meH3K9

e Euchromatin: di-meH3-K4 and Acetylated

* Xiis a-4x-methyl H3(K9)




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

H3TrimKZT e -
XIST RNA Mucleus

. H3TrimkE
HITrimK20

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 rapiclly spread in as outeeard from the X inactivation center (X1 along
only part of the Xi. See main text for details.




Methylation state of telomeres
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Human Telomere Structure
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A telomere is a repeating DNA sequence (TTAGGG) at the end of the body's
chromosomes. The telomere can reach a length of 15,000 base pairs. Telomeres
function by preventing chromosomes from losing base pair sequences at their
ends. They also stop chromosomes from fusing to each other. However, each
time a cell divides, some of the telomere is lost (usually 25-200 base pairs per
division). When the telomere becomes too short, the chromosome reaches a
“critical length" and can no longer replicate. This means that a cell becomes "old"
and dies by a process called apoptosis. Telomere activity is controlled by two
mechanisms: erosion and addition. Erosion, as mentioned, occurs each time a

cell divides. Addition is determined by the activity of telomerase. (view animation)

, also called telomere terminal transferase, is an enzyme made of
protein and RNA subunits that elongates chromosomes by adding TTAGGG
sequences to the end of existing chromosomes. Telomerase is found in fetal
tissues, adult germ cells, and also tumor cells. Telomerase activity is regulated
during development and has a very low, almost undetectable activity in somatic
(body) cells. Because these somatic cells do not regularly use telomerase, they
age. The result of aging cells is an aging body. If telomerase is activated in a
cell, the cell will continue to grow and divide. This "immortal cell* theory is
important in two areas of research: aging and cancer.

hTERT




Methylation state of telomeres
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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 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 only a and g HP1 proteins have beentifeehin 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




Savi jadra obsahuji 10-30 sferickych struktur zvanych

(PODs, ND10 nebo Kremer bodies). Gen kodujici
PML je fuzovan s genem kodujicim receptor pro kysel
retinouvou a to u akutni promyelocytické leukemie (APL
Jde o translokaci t(15;17). PML bodies jsou cilenohavit pri
casné infekci, jsou mistem iniciace transkripcerd.vi

PML bodies interaguji s mnoha proteiny podobnymi HDAC

které se vSak neshromigi v PML bodies. PML jsou zahrnuty

v fack proces jako je buicny rist, apoptdza, imunitni odpéch a
regulace transkripce. PML jsou také mistem degedéderych
proteini, asociuji nejen s HP1, ale i se specifickymi gexky je p53
a jeho protein TP53. PML NBs obsahuji i@yntetizovanou RNA,
vysledkem je vyznamna uloha PML bodies v regulanioge exprese
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GFP-HP1p / HT29
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PARP (120 kDa)
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Lamin B (65 kDa)

Cleavage fragment (45 kDa)

Total protein level




~emoved

Taddei et al., 2001
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TIF1 beta and chromocentres and HP1 protein
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Neuronal cell differentiation of EC cells - HP1 proteins
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Level of chromatin condensation
(% of control)
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H3(K4) di-methylation and IC spaces




Shrnuti problematiky

1

2

3.

4.

D.

. Organizace chromatinu, struktura nukleosoma
. Varianty histoni

Epigenetické modifikace histoé a jejich funkce
(obecr¥)

Epigenetické modifikace centromer, Xi a telomer

HP1 proteiny — struktura a funkce

. Winky HDAC

. Methylace DNA versus methylace histain




