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CHROMATIN:  material
jader eukaryotnich bunék;
nukleoproteinovy komplex
tvoreny DNA vazanou na
histony a dalSi bilkoviny. V

nedélicim se jadru Ize
rozlisit euchrornatin, kde
probiha transkripce, a
heterochrornatin, ktery je
transkrip éné inaktivni .
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CT-1C MODEL (T. Cremer)
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interchromatin compartment
with macromolecular complexes
for transcription, splicing,
DNA-replication, and repair




Nuclear compartments
Nucleolus
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HP1 proteins




Ubiquitin-related proteins (10)
.'I — i f
Patential CEII.-cg.rr;Ie / Kinases/phosphatases (15)
contaminants (32) _“\l:i'rﬂtems @3) / / —Chromatin-related factors (16)

Chaperones (19) —— ./ /—DN*’-'* repair proteins (8)
Others (84) ——_ _——DNA-binding proteins (38)

—— DMA=replication proteins (18)
—— Transcription factors (30}

™ RNA polymerases (9)
Uncharacterized
novel proteins (126)

RMA-modifying enzymes
and related proteins (64)

-

——Ribosomal proteins (76)

Splicing related factors (38) 7 - \\_

. ¢ h
Other translation factors (23) ,;‘ .
hnRNP (19) — FNA helicase (33)

RMA=hbinding proteins (31)

Anderseretal., Nature 2005




HISTONY: skupina basickych bilkovin
v jadie eukaryohich burgk, kde vytvdeji
reversibilni komplexy sDNA. RozliSuje
se &t typd histomi: H1, H2A, H2B, H3 a
H4. Histony H2A, H2B, H3 a H4 tio

vzdy ve dvou kopiichoktamery kolem
nichz se obt& dvojSroubovicovaDNA;
tento utvar se nazyvaukleosom Histon
H1l je g@itomen v menSim mnozstvi nez
ostatni histony, ackoli je téz vazan na
DNA, neni sodasti nukleosoni. Histony
se tak podileji na uspadani DNA v
eukaryontnim chromosomu do vlakna
vysSSihoradu.
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Chromatids

Chromatid

Primary Constriction __ """
Long arm

Kinetochore
microtubule \\\

Middle layar

Chromatin
fibrils

\'Dutar layer

Inner layer val-Bl:nm

Secondary Constriction . : g 3 G 40-60 nm)
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Metaphasic Chromosome

_ Figure 23-38, p. 1094, Molecular
Kondenzace chromatinu Cell Biology, 3rd ed., Lodish, et al.,
copyright 1995,




The centromeras togetherwith telomeresand origin of replicationsone of the essential
partsof any eukaryoticchromosomeslhe centromeras usuallydefinedby specificDNA
(AT-rich) sequencewnhich are inhighereukaryotegypical tandemrepetitivesequences
oftencalled"satelliteDNA". SAT1,2,3,alphasatellites betasatellites

CENP A, B, C, GH.

The kinetochoresare the sites where the spindle fibers attach Kinetochoresand the
spindle apparatusare responsiblefor the movementof the two sister chromatidsto
oppositepolesof dividing cell nucleusduringanaphase

A centromerdfunctionsin sisterchromatidadhesion kinetochoreformation and pairing
of homologoushromosomes

Whenthe centromeraloesrt function properly, the chromosomeson'talign andseparate
properly, resulting in the wrong number of chromosomesin the daughter cells
(aneuploidy, andconditionssuch aDown syndromeif the cellssurviveatall.




Typy chromozomi: meta-
submeta-, akrocentrick é

—_Kinetochore

Metaphasic Chromosome




Transcriptome map (Caron etal., 2001)




Telomere

;
Q:
TELOMERES £

Embryonic
Stem
Codls

Chiomosome

~ Telomere |
short

Telomerase
inactiva
ar abaent

Telomenss
active ™,

Telomers i a
repealing
DA
§BqUEncE

OO0O—H> >
[ O

QOGP

S(TTAGGG sequencend different proteins)

EXTEMDING THE LENGTH OF A TELOMERE

Shart end
i of DA

Tedomedasa

GEGTTAGGGTT

CAAUEGEEAADE _
u‘,«-‘

2.1
potymenase

o — il
i — T
GEGTTAGUGTTAG

g G EAATCECEAATC
----- .

Telomerase is composed of two
subunits Telomerase Reverse
Transcriptase(hTERT, the 'h' is for
humar and hTR (TelomeraseRNA).
Thesetwo subunitsare codedfor by
two different genesin the genome
UsinghTR template hnTERT canadda
SiX nucleotiderepeatingsequence5-
TTAGGG to the 3' strand of
chromosomes  This repeating
TTAGGG sequenceis called the
telomere The templateregion of hTR
is 3-CCCAAUCCC-5.



Chromatinové meziprostory

Nature Reviews | Genetics

T. Cremergroup Munich




Pozdnre a ¢casré se replikujici chromatin

Replika¢ni ohniska
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TRANSKRIPCE: prepis, biosyntheséetzce RNA podle templabvéhoiettzce DNA,

piicemz jednotlivénukleotidy jsou gipojovany na zaklaf komplementarity(viz base
nukleovych kyselih Klicovym enzymem této synthesy RNA-polymerasaTranskripce
probiha ve iech stupnich:a) iniciace (zahdjeni), kdy se RNfolymarasavaze na
specifickou sekvenci DNA (vipromoto) a gesunuje se k mistu, kdecma vlastni
synthesap) elongacgkdy se RNApolymerasgoosunuje podétettzce DNA, uvohuje

kodujicifezec a podldemplatovehadettzce postups synthetisujenovou RNA tim, ze

na volnou 3OH skupinuribosy pripojuje komplementarni nukleotidy, jejichz donorem
jsou nukleosidtrifosfaty vznikajici RNA se postugnuvoliuje od komplexu s DNA a
dvojity helix DNA se samovolé obnovuje;c) terminace(ukonteni synthesy a upiné
uvolnéni RNA) je signalisovanozvlastnimi sekvencemi ve strukéuDNA, které jsou
rozpoznavany bilkovinami, tzv. termifdmi nebolip (ro) faktory. Rizeni transkripce

diferenciace bufk.
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Alternative Splicing

The same pre-mRNA...
exan order is ALWAYS preserved!

————
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...can make many different mRNA franscripts

%@"”@*%ﬁ"@%@%

...and many different proteins

Alternative splicing is a form of
epigenetic _mechanism that
enablesa singlegeneto give rise
to multiple, differentially spliced
versionsof a protein increasing
complexity without a changein

thegenome

mRNA transcript splicing

MRNA protein

I w

> wild type protein

conslitutive splicing
*

, o in frame deletion
exon skipping alternative Initiation
%  orabnormal

= = v a-asequence
alternative 5'splice site

| . out frame deletion
alternative 3' splice site

I * alternative

| = !
intron retention Cterminus
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e different a-a
T sequences

]
mutually exclusive exons
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I start codon [alternate start codon — constitutive protein— shortened protein— altgred kel
acid sequence

4 stop codon ~__— affected areaon mRNA transcript
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A RNAP II /DAPI

SC35/DAPI

Faktory sesthu jsou v SE35
doménach, dalsnRNP U1l-U6 jsou
souasti faktoru sehu SF2/ASF
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Note: Interleukin-1beta pre-mRNA splicing proceets
cytoplasm of enucleated platelets (Denis M. et28105).




c-myc gene

RNAPII/

c-myc gene




Nuclenlus
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400 640) rDNA gei

FIBRILARNI CENTRUM (FC):
zodpovida za zemy v buré¢né aktivie

DENSE FIBRILAR COMPONENT (DFC):
misto syntézyibozomalnichpodjednotek

GRANULAR COMPONENTS:
ukotvuje DFC a FC

Tvorbaribozomi je komplexni proces zahrnujicj
transkripci 45rekurzorick&RNA, jeji
vyzravani, modifikaci a asociacrihozomalnimi
proteiny a 53RNA, ktera se syntetizuje mimo

jadérko. VyzravaniRNA probiha vprocesomu
ktery obsahuje mnoho komplieasnRNA
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Epigenetika jadérek a chromocenter
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MHC on HSA 6

'DNA geny

Volpi etal., 2000




Genesin human embryonic stemcells

/ HSA 6 in hES cells

b C

hES cell MEF/0OCT4 hES cell/OCT4

/ HSA 6 in hES cells - RA differentiated

e f

MEFs /hES cells (OCT4) MEFs/hES cells - RA (OCT4)

/ HSAS

in hES cells RA differentiated

S/G2

Bartova et al., Differentiation, 2008




Active / Inactive chromatin
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Brown et al. [51-53]
3D FISH (glutaraldehyde)

grean; cantromens

@ soma Inacive genas of mouss and
human (some fram felomares: yallow)
assocaaba with cardramanas

Dietze| et al, [28]
3D FIsSH

e

Williams et al, [4]
MAA and 3D FISH

Mahy et al, [30]
Mahy et al, [31]
MAA and 3D FISH

Volpi et al. [15]
MAA and 3D FISH

Saccone et al. [3]
MAA FISH

present study:
e 0@ genes tend to ba
nucleoplasmatic
& non=transcribed saquances
from GC poor regions
localize mostly perinuclear
or perinucleclar

Kurz et al, [18]

3D FISH

regular numbers: genes

ftalic numbers:nor-coding
sequUences

Bridger et al. [61]
MAA and 3D FISH

Tajbakhsh et al, [19]
3D FISH

Scheuermanetal., Exp. CellRes (2004)




Chromosome prepared using FISH technigue

Chromosomal
DNA




Rbl gene

Bartovaetal., 2002




Transcriptome map (Caron etal., 2001)
RIDEGE a anti-RIDGE
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Enterocytic cell differentiation and
RIDGE/anti-RIDGE




Transcriptome map (Caron etal., 2001)




HSA 18and 19 (positioning x genedensity)
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HSA 8 and related structures
Harni ¢arova et al., 2005




ZAVER

Struktura chromatinu hraje
dilezitou ulohu v regulaci
jadernych procesjako je replikace,
transkripce, sesh
a DNA reparace.




