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Struktura chromatinu - kompartmentalizace
Interfaznich jader

Morfologické a jaderné-topograficke aspekty
bunécné diferenciace.

Apoptoza a struktura chromatinu.

Cytoskelet a jaderna matrix - studium
cytoskeletu pomoci mikroskopie s vysokym
rozlisenim. »

BAC/PAC knihovny a jejich vyuziti pro FISH
techniku

Epigenetické procesy probihajici v bunéénych

jadrech.

Cytogenetické a jaderné-topografické zmény u
nadorovych bunék.

Konfokani mikroskopie.
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Struktura chromatinu vyssiho radu

Eva Bartova ' A
: Www.tgnyc.org



material
jader eukaryotnich bunék;
nukleoproteinovy komplex
tvoreny DNA vazanou na
histony a dalsi bilkoviny. V
nedélicim se jadru Ilze

rozlisit , kde
probiha transkripce, a
Ktery je

transkripc¢né inaktivni.



http://www.vscht.cz/eds/knihy/uid_es-002/hesla/dna.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/histony.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/transkripce.html

skupina basickych
bilkovin v jadie eukaryotnich bunék,
kde vytvareji reversibilni komplexy s
DNA. Rozlisuje se pét typu histonu:
H1, H2A, H2B, H3 a H4. Histony
H2A, H2B, H3 a H4 tvori vzdy ve
dvou kopiich oktamery, kolem nichz
se obtaci dvojSroubovicova DNA;
tento Gtvar se nazyva nukleosom.
Histon H1 je pfitomen v mensim
mnozstvi nez ostatni histony, a ackoli
je téz vazan na DNA, neni soucasti
nukleosomu. Histony se tak podileji
na usporadani DNA v eukaryontnim
chromosomu do vlakna vyssiho radu.



http://www.vscht.cz/eds/knihy/uid_es-002/hesla/jadro_bunecne.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/eukaryota.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/dna.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/nukleosom.html

NUKLEOSOM
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Histone signature

Brno nomenclature for histone modifications
(Turner, 2005)
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CT-1C MODEL (T. Cremer)

~100-kbp
chromatin
domains

interchromatin compartment
with macromolecular complexes
for transcription, splicing,
DNA-replication, and repair

- inactive genes
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Chromatinove meziprostory

Nature Reviews | Genetics

T. Cremer group, Munich




Struktura chromatinu a jederné procesy
Pozdné a Casné se replikujici chromatin

3 um

Replikaéni ohniska
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Nature Reviews | Genetics

T. Cremer group, Munich




Nuclear compartments: | & =

1. Nucleolus =
2. Splicing speckles speckles
3. Cajal bodies
4. PML bodies : ‘
5. sSnRNP .
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Nuclear and cytoplasmic bodies involved in shRNP
assembly.

CYTOPLASM P
snRNA transcription body

snRNAs y Pd RNA
: pay surveillance
ajal .

body

NUCLEUS

" splicing
snRNPs
histone A——K | / snRNP
locus U7 assembly
body / snRNP snRNPs modification
storage

Liu J, Gall J G PNAS 2007;104:11655-11659

©2007 by National Academy of Sciences


Předvádějící
Poznámky prezentace
Nuclear and cytoplasmic bodies involved in snRNP assembly. U snRNAs are transcribed in the nucleus and exported to the cytoplasm, where they form snRNP complexes with Sm and Lsm proteins. U bodies may be sites for assembly, modification, or storage of cytoplasmic snRNPs. On return to the nucleus, snRNPs target to Cajal bodies (splicing snRNPs) or the histone locus body (U7 snRNP). Cytoplasmic U bodies invariably associate with P bodies, which function in RNA surveillance and decay.
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HP1 proteins




Chromatid

Short arm[™

Primary Constriction __ """
Long arm

Secondary Constriction .
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Metaphasic Chromosome

Kondenzace chromatinu

Chromatids
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microtubule \

Middle layar

Chromatin
fibrils
“Quter layer

Inner layer {4060 nm)
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Figure 23-38, p. 1094, Molecular
Cell Biology, 3rd ed., Lodish, et al.,
copyright 1995,




Typy chromozomii: meta-
submeta-, akrocentrické
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Transcriptome map (Caron et al., 2001)




HSA 18 and 19 (positioning and gene density)
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iIs composed of two
subunits,  Telomerase = Reverse
Transcriptase (hTERT, the 'h' is for
human) and hTR (Telomerase
RNA). These two subunits are coded
for by two different genes in the
genome. Using hTR template,
hTERT can add a six nucleotide
repeating sequence, 5-TTAGGG to
the 3' strand of chromosomes. This
repeating  TTAGGG sequence is
called the telomere. The template
region of hTR is 3'-CCCAAUCCC -
5.



Centromere

Telomeres l Telomeres Shelterin

Subtelomeres - - - G-strand overhang
' . TTAGGG TTAGGG TTAGGG
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Pot1/TPP1




SUV39h (wt)

H3K9 methylation at telomeres

() ysgans

{fup} UgcAnNs

SUV39h (dn)

Garcia-Cao et al. (2004)

Telomeres/Chromocenters
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DNA repair foci




prepis, biosynthesa fetézce RNA podle templatového retézce
DNA, pricemz jednotlivé nukleotidy jsou pfipojovany na zaklad¢
komplementarity (viz base nukleovych kyselin). KliCovym enzymem této
synthesy je RNA-polymerasa. Transkripce probiha ve tfech stupnich: a)
(zahajeni), kdy se RNA-polymarasa vaze na specifickou sekvenci DNA (viz
promotor) a piesunuje se k mistu, kde zac¢ina vlastni synthesa; b) , kdy
se RNA-polymerasa posunuje podel fetézce DNA, uvoliuje kodujici fetézec a
podle templatového fetézce postupné synthetisuje novou RNA tim, ze na volnou
3"-OH skupinu ribosy pripojuje komplementarni nukleotidy, jejichz donorem
jsou nukleosidtrifosfaty; vznikajici RNA se postupné uvolnuje od komplexu s
DNA a dvojity helix DNA se samovolné obnovuje; c) (ukonceni
synthesy a uplné uvolnéni RNA) je signalisovano zvlastnimi sekvencemi ve
struktuie DNA, které jsou rozpoznavany bilkovinami, tzv. termina¢nimi neboli p
(ro) faktory. Rizeni transkripce jednotlivych gent patii k nejdilezitéjsim
mechanismim regulace enzymové aktivity a

diferenciace bunék.


http://www.vscht.cz/eds/knihy/uid_es-002/hesla/rna.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/templat.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/dna.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/nukleotidy.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/komplementarita_basi.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/base_nukleovych_kyselin.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/rna-polymerasa.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/promotor.html
http://www.vscht.cz/eds/knihy/uid_es-002/hesla/ribosa.html
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A-type lamins

Alternative Splicing

e

...can make many different mRNA transcripts
% @ % e ;
a@% e i8S R

...and many different proteins

mRNA transcript splicing mRNA protein

> : wild type protein
constitutive splicing

% :
: in frame deletion

Alternative splicing is a form of SXoNSKIPPING . atemative niiaton
epiqenetiC meChanism that R alternative 5'splic;33ite L h el
enables a single gene to give rise - - e = b o ot
to multiple, differentially spliced i atomatve
versions of a protein, increasing ’ ”_“i’“i‘i“'j’_"l———-* o
complexity without a change in ) mmua";;c;;em’_* saquencas

the genome.

_ altered amino
acid sequence

I startcodon [alternate start codon — consfilutive protein—-shortened protein
+ stop codon —._~ affected area on mRNA transcript



http://evolution-development.blogspot.com/2007/12/epigenetic-mechanisms.html
http://chemistryolife.blogspot.com/2007/12/genes.html
http://chemistryolife.blogspot.com/2006/12/proteins.html
http://refutingid.blogspot.com/2007/12/reducible-complexity.html
http://chemistryolife.blogspot.com/2007/12/genome.html

Faktory sestiihu  jsou v SC-35
doménach, dale snRNP U1-U6 jsou
soucasti faktoru sestfihu SF2/ASF

Bartova group

B mae iy b HELe
Epithelial cells (FNTZ) | PNT2
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Luco et al., Science (2010)




C-mycC gene

RNAPII/

c-myc gene




A RNAPII/

Nucleoll/

Note: Interleukin-1beta pre-mRNA splicing proceeds in
cytoplasm of enucleated platelets (Denis M. et al., 2005).
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MHC on HSA 6

\olpi et al., 2000



Active / Inactive chromatin
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T. Cremer group, Munich



Brown et al. [51-53]

3D FIZH (glutaraldehyde)
graan; cantromena
@ some inactive genas of mouse and
human (some from lelomeres; yallow)
assocabe with carramanas

Dietze| et al, [28] _ present study:
3D FISH . o @ genes tend to be

nucleoplasmatic
. & non-transcribed sequances
- from GC poor regions

localize mostly perinuclear

Williams et al. [4] TVig 3
N‘D (s or perinucleclar

MAA and 3D FISH -
Xq2% @ 0
@ ldgii.2 Kurz et al. [18]
Xp213 APl 3D FISH
w Ip363 | regular numbers: genes
ftafic numbers:non=-coding

Mahy et al, [30] saquences

Mahy et al, [31]
MAA and 3D FISH

Bridger et al. [61]

Hw 3D FISH
Volpi et al. [15]

MAA and 3D FISH
Tajbakhsh et al, [19]
3D FISH
Saccone et al. [3]
MaAA FISH

Scheuermann et al., Exp. Cell Res. (2004)




Chromosome prepared using FISH technique
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Bartova et al., 2002



Genes in human embryonic stem cells

/ HSA 6 in hES cells
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Transcriptome map (Caron et al., 2001)
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Enterocytic cell differentiation and
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Center of nucleus-
to-gene distances
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T. Cremer group




HSA 8 and related structures

Harnicarova et al., 2005
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Nucleolus
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400 (540) rDNA genii -

FIBRILARNI CENTRUM (FC):
zodpovida za zmény v bunééné aktivité

DENSE FIBRILAR COMPONENT (DFC):
misto syntézy ribozomalnich podjednotek

GRANULAR COMPONENTS:
ukotvuje DFC a FC

Tvorba ribozomt je komplexni proces zahrnujici
transkripci 45S prekurzoricke rRNA, jeji
vyzravani, modifikaci a asociaci s ribozomalnimi
proteiny a 5S rRNA, ktera se syntetizuje mimo
jadérko. VWzravani rRNA probiha v procesomu,
ktery obsahuje mnoho komplexii a SnRNA



e

Flb-rlll.u centre

Tran whg oy

il
[

-

‘“"‘%

Mucleoplam

e
T —

Cytoplasm




SUV39h-independent association of HP1p with fibrillarin-
positive nucleolar regions

121872010 3:40:48 PM




Epigenetics of Nucleoli

Fibrillarin

Me—rDNA 'f Sty
s lﬂﬂﬂMuﬂ 3
| HPI,B et
ﬁ t'”‘* 3K27me3 e
A J%UMMY.uin;

, ._-":* AT, 79mel H3K4me %%
.ﬁ PR Ace lation, 2%

kg
g | =8
*

2,
'

| NOR

12 15 16 17 18




Differencies between epigenetics of nucleoli and surrounding chromatin

Fibrillarin / Chromocenters

SUV39h (wt) SUV39h (dn)

C TSA C TSA C TSA C TSA C TsA
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Pol | /HP13/DNA Pol | / Fibrillarin/ DNA
Suv39h (wt) Suv39h (dn) Suv39h (wt) Suv39h (dn)
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Association of HP1[ - Fibrillarin
with chromocenters
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MEF cells

HP18/UBF




Epigenetics of nucleoli

Histone deacetylation
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DNA methylation

Histone demethylating
enzymes

Transcription of rDNA genes Silencing of rDNA genes

Yuan et al. ( 2007)
Bartova et al., JHC (2009)



transmission
light irradiated ROl GFP-HP1j3 Nucleus RPA194 overlay

endogenous

transmission
irradiated ROl GFP-HP1p overlay

endogenous

transmission : gheicrron
light irradiated ROl GFP-HP1[3 Nucleus Fibrilarin overlay

endogenous

transmission
light irradiated ROl GFP-HP1p3 Nucleus overlay

= B | | endogenous

Experiments: Petra Sehnalova



HP1pB interacts with UBF
FRET analysis
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Experiments: Petra Sehnalova



ZAVER

Struktura chromatinu hraje
duleZitou ulohu v regulaci
jadernych procesu jako je replikace,
transkripce, sestiih
a DNA reparace.
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