- komplexy podilejici se na replikaci DNA
- komplexy ucastnici se prepisu informace
- komplexy opravujici poskozenou DNA

TRANSKRIPCE R

pb4/7

kvasinkovy PIC komplex
Gibbons et al, PNAS, 2012




nukleoproteinovym komplexem (nikoli hola DNA)

start of transcription

TATAbox

(A) | |
_ TBP TFIID
S

- komplexy podilejici se na replikaci DNA
- komplexy ucastnici se prepisu informace
- komplexy opravujici poskozenou DNA

- komplexy vytvarejici strukturu chromosomu
- samotny chromosom je obrovskym dynamickym

TRANSKRIPCE

-
TFIIB

-
Q. _

TFIIF _ other factors
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(C)

RNA polymerase I

Co zde schazi??

Chromatin = histony ..
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- Samotny chromosom je obrovskym dynamickym

nukleoproteinovym komplexem s mnoha odlisnymi castmi

- DNA makromolekula asociovana s ruznymi proteinovymi

komplexy — (lidsky genom 3x10°bp — nataZeny fetézec 1chromosomu cca 4cm!!)
(B)

®@ © ©& ©@ @&@& © © © © ©
AN 2
Average human chromosome: DNA  ROVIIIIOUIIGIIIIIOY | 2nm

DNA molecule: ~4 cm g?rte
10 000x sione

Mitotic chromosome ~4 um ——
DD EDED |10 nm

Genome sizes: i
human 3 billion bp (x2 dipl)

field bean 13 billion bp S ~O-7vm
trumpet lilly 90 billion bp

salamander <120 billion bp e Chromosome




- Samotny chromosom je obrovskym dynamickym
nukleoproteinovym komplexem s mnoha odlisnymi castmi
- DNA makromolekula asociovana s ruznymi proteinovymi
komplexy — (lidsky genom 3x10°bp — nataZeny fetézec 1chromosomu cca 4cm!!)
- komplexy vytvarejici strukturu chromosomu
- vytvari zakladni strukturu
- nukleosomy — chaperony, remodelacni komplexy
- histon H1, HP1 protein
- vytvari specializované domeny
- centromery, telomery
- podili se na dynamice struktury
- SMC komplexy - kohesin, kondensin a SMC5/6

Struktura a funkce eukaryotickych chromozomu (C9041)
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- 146bp — histon fold - centralni cast DNA vaze tetramer H3-H4 .
- okraje DNA vaZou dimery H2A- PDB: 1K
- 10bp konce DNA vazou N-koncové Sroubovice H3 (acetylovany K56)




Skladani histonu do nukleosomu
(komplexu)

H3 N-term
helix

- N ety .

H3 h=weerm s N

helix e = -
s | e A

W H2A H2B H4

- 146bp - centralni Cast DNA vaze tetramer H3-H4
- H3 dimerizuje pres postrani Sroubovici

- okraje DNA vazou dimery H2A-H2B

- 10bp konce DNA vazou Sroubovice H3
(acetylovany K56)

Ransom et al, Cell, 2010



. e Sestavovani nukleozomu:

|{? g
& AT - SilngjSi je interakce mezi H3-H4
v - H3 dimerizuje pFes postrani Sroubovici a
" H—J /2 vytvari tetramer ktery asociuje s DNA

- dimery H2A-H2B se vazou nasledne z obou
stran tetrameru (H3-H4),

- pfi uvolnovani odpadaji nejdrive dimery H2A-
H2B

- H2A a H3 existuji ve vice variantach, které
two dimers mohou byt zameéneny v nukleosomu

[ bind to H3-H4
tetramer

A
N HJEW | : ; ; 3
H3 M-term ‘-"lﬁ ) ; r : ghp. H3 N-term
histone helix = - s, 2 * | = helix
octamer .t . g iy o,

sbalovanl a rozbalovanl nukleosomn

%
o
D
A

Figure 4-26 Molecular Biology of the Cell (© Garland Science 2008) Ransom et al, Cell, 2010



AS F 1 (antisilencing function)

- interferuje s tetramerizaCnim povrchem<

Wang et al, Prot Cell, 2015 - skladani (assembly i disassembly)
PDB: 5C3l
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CAF-1 (chromatin assembly factor)

Slozen ze 3 podjednotek (p55 podjednot<

Song et al, G&D, 2008 interferuje s vazbou H3/H4 na DNA
PDB: 3C9C

00
=

&
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FACT (facilitates chromatin transcription)
Hondele et al., Nature, 2013 slozen ze 2 podjednotek (Spt16 a Pob3/SS

00
=

Kembgggj I\AA,C;l(I(iIeA 2015 interferuje s vazbou H2A/

&
2



FACT (facilitates chromatin transcription) _
Pl s e Liu et al., Nature, 2
pomaha pri assembly ... :‘E




- 10bp konce DNA vazou N-koncové sroubovice H3 (acetylovany K56)
- Asf1 moduluje H3K56 acetylaci ...

- H3KS6Ac interferuje s vazbou na DNA (cca 8x slabsi) — nestabilni pozice
nukleosomu je nasledné ,upravena“ pomoci remodelacnich komplexu (a

teprve poté je H3K56 deacetylovan a nukleosom stabilizovan)




Histon chaperony - replikace

- na ssDNA nukleosomy nejsou: replikace, transkripce, oprava DNA ...
- pred temito procesy se musi histony odstranit a poté zase nabalit ...
(feedback: inhibice chromatin assembly inhibuje disassembly nukleosomu)

- ASF1 (vaze MCM, disassembly) + CAF1 (vaze PCNA, assembly) pro H3-
H4, FACT (vaze MCM - disassembly)

- 1 InNl7r-MN AN _

t—:h‘l—:-]
heteraotetramer
S

~

[

] ' «l L—j Sequence specific
S0 2> - SomurEs
Chromatin —_—

disassembly \ / reassembly

fo= Parental H3/H4 heterodimer il !
250-300bp — cca nukleosom Incorporation of the p
 :

A

> Parental H2ZA/H2B heterodimer
pattern of histone modifi

Bl Mew H3/H4 heterodimer
4 New HZA/HEZB heteradimer Ransom et al, Cell, 2010 onto the new histo




Histon chaperony

Table 1. Histone Chaperones Implicated in DNA Replication and Repair

Histone Cargo  Histone Chaperone Interactions and Function during Replication Interactions and Function during Repair
H3/H4 CAF-1 (p150, p60, p48) PCHMA, Asf1; chromatin assembly; heterochromatin PCHNA, BLM, WRN, Asf1; chromatin assembly;
e T s s B s e . o o . e s s P e, s | . e} i i, e v s s

N

H2A/HZB —_—
'___..f—-i—_

H1
CenH3/H4
""" indicates a I 2
romyces pombe of

all information g

- funkce

- funkce —_—
- ... dalsi chaperony a remodelacni faktory ... specifické varianty H3 a H2A

Ransom et al, Cell, 2010



Histonové varianty

histone fold
| 1

H3

H3.3 ————————— s

SPECIAL FUNCTION

transcriptional activation

CENP-A N S———

centromere function and
kinetochore assembly

(u kvasinek yH2A

H2A ; , fosforylovany H2A)
H2AX I_I DNA reQair :’;lnd
; ' recombination
H2AZ ' - gene expression,
o e ——— .
; ; chromosome segregation

MACYOH2A o — —

L ]
histone fold

transcriptional repression,
X-chromosome inactivation

Figure 4-41 Molecular Biology of the Cell (© Garland Science 2008) Mattiroli et al, EMBO Rep, 2015




- 10bp konce DNA vazou N-koncové sroubovice

- CENP-A (H3 varianta) ma kratSi Sroubovici

- vazba na DNA je slabsi tj. otevrenejsi struktura

- ... Jiny interakCni povrch pro specifické interakCni partnery

Eining s




- 10bp konce DNA vazou N-koncové sroubovice

- CENP-A (H3 varianta) ma kratSi sroubovici

- vazba na DNA je slabsi tj. otevrenejsi struktura - pristupnejsi
- ... jiny interakCni povrch pro specifické interakCni partnery ...

Yan et al., Nature, 2019
Takizawa et al, Structure, 2020

Eining s




MUL-peapMIH-dua)

NDdo-dusy -

CCAN-Cenp-ANue
(uncross-linked)

CCAN
Inner ==

kinetochore

Quter
kinetochore
Dam1/DASH

8|NgN}oIoIW

CENP-A(H3) nukleosom a
dalsSi CENP proteiny tvori
vnitrni kinetochoru ... kotvi

vnejsi kinetochoru a ﬁ%
mikrotubuly Nature.

Yan et al.,



Varianty histonu
A

Telomere Centromere Telomere

0 @
% \» Euchromatin
m w B Heterochromatin

with H2A.Z

'?” T‘ "'?' "'Y” "1‘ “?‘ A\ -' _- : . 5 u B with phosphorylated Ser31
i e v W with H3.3
Silent Chromatin Open Chromatin T
B Siiencing complexes Canonical Nucleosome

Variantni histony mohou vyznacovat hranice chromozomalnich domeén.
(A) Typicky chromozom vykazujici doménové Clenéni. (B) V kvasinkach
brani H2A.Z sifeni umlCeného chromatinu do sousednich oblasti...

(D) Centromerické nucleozémy obsahuji centromerickou variantu H3.

- CenH3/CENP-A ... specificky v centromerach

- H2A.Z - v regulaci transkripce, oprave DNA, hranice chrom{lu
(integrita centromer a telomer)




Nukleosom muze byt stabilizovan H1/H5 histony

H1 WHD (p )

doména

Open & flexible

@

Bednar et al, Mol Cell, 2017 ’
Cutter a Hayest, FEBS Let, 2015 N\

Compact & rigid
00
%‘b

4




Heterochromatin protein — HP1

chromodomena
H3K9me3

dimer

nucleosome linker DNA nucleosome

obsahuje chromodoménu, ktera
se vaze na 3x-metylovany lysin
(H3K9mMe3) — dimer spojuje dva
,metylované” nukleosomy —
kondenzovanegjsi a rigidnejsi

struktura chromatinu Mactica 9ol Mol Cel, 201




PDB: 6L49
Ekundayo et al, JMB, 2017

Chromatinova struktura?

AN NN AN N

“beads-on-a-string” = 11 nm
form of chromatin '\‘ / i

30-nm chromatin
fiber of packed
nucleosomes

IANANAINN

P 444 .




https://players.brightcove.net/53038991001/Byx2STOHO default/index.html?videold=5522198641C

Ou a spol, Science, 2017


https://players.brightcove.net/53038991001/Byx2STOH0_default/index.html?videoId=5522198641001

Inward interaction
(exit-to-entry)

Cross-linking DNA entry

Nucleosome DNA DNA “Ligation ="
entry exit ! Com— T C—
‘Genome excision
T s - —
'Paired-end sequencing T
} [ ——|
e 6 aamema R
3D genome-wide read type categorization W
nucleosomal structure | - |
'f a/B- basic structure kombinace Hi-C a

mapovani pozic
nukleosomu = Hi-CO

o % % p 5
2 typy sbaleni (4) nukleosomu: pyramidalni (jako a-Sroubovice)
je kompaktnejSi; kosoctverec (jako B-list plochy) je oteviengjsi

4
@
Ohno, Cell, 2019




C at-structure occurrence

B iy Yix
a-structure (tetrahedron) . TSS TES (pyramldalnl aJe kompaktneJS|
kosoctverec [ je otevienejsi —

N+2nd 0.9 | ,
/% Sos| i
N-1st §0.3 : : ~ : v voiv o,
‘”m ol na pocatcich a koncich genovych
omaized asia > oblasti

0.
Nomalized distance from TSS

p-structure occurrence

s TES Inter-nucleosome
' distance

B-structure (rhombus) X *‘
O.Q-|

MN+1st

1.5

Nsormal?zed dgtaance f|1'0m TSS N th N_l_"l E‘t

Nukleosomy jsou takeé vice vzdaleny na zacCatku a konci genovych oblasti

A MNucleosome level Single gene level Multiple gene level Single chromosome level Whole chromosome level

-~ YCR0o68W YCRO073C
-, - :
v'

@ % / mn"m & | Chromosome Il
| DAL
¥ X £

Ohno, Cell, 2019
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Heterochromatin — vysoce spiralizovany (kompaktni) chromatin;
transkripcne neaktivni geny, repetitivni sekvence,
transpozony; oblast centromer, pericentromer a telomer
Konstitutivni a fakultativni heterochromatin

DNA Nucleosome

Euchromatin — rozvolnéné
USpO‘I‘édénl', ObsahUJe Heterochromatin
transkribujici se geny

Hist d tvlati Loss of H1
N ey an Histone modifications
Corepressor complexes

e.g. acetylation, phosphorylation, methylation

s
T
: ; Coactivator complexes
Histone methylation

Active compartment

Euchromatin

el
V¢ Histone modifications

Inactive compartment



cell
cycle

MNucleus

MNucleus

Interfazni chromatinova viakna

Kondensované
Mitotické
chromosomy

5-24nm diameter chain

0% 60%

interphase nucleus

itotic ch
Tekahashi, GO i



Remodelovaci komplexy

- ATP-dependentni remodelace (SWI2/SNF superrodina)
- ,Sklouznuti“ (INO80), rozlozeni, odstranéni nukleosomu nebo ,vymena*“
histonovych dimert

Billon a Cote, BBA, 2012 Bao, Snapshot-Cell, 2010

ATP ADP+Pi

InoB0

InoB0

.

Nucleoson; _ \_/H )

Second H2A.Z-H2B
dimer exchange

Mﬂnﬁrp#
1
3 t ATP ADP+Pi

First H2A.Z-H2B
dimer exchange

€1==> Swri

ctin Arlp-ll

@ Swri

ctin| Arp4
-

ATP ADP+Pi

H2A.Z H2B H2A H2B ctin | Arpd
i

SWR komplex specificky zamenuje (exchange) H2A-H2B dimer za H2A.Z< %:

2
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RSC remodelovaci komplex

Remodeler/nucleocsome complex

DNA entry/exit points e

Predicted translocase
binding site Dyad axis

# Model of the RSC-nucleosome complex

pumped toward the other

outcomes (see below)

®# Sth1 conducts ATP-dependent DNA translocation

DMA is drawn from one side of the nucleosome and

Disruption of histone-DNA contacts leads to remodeling

The different outcomes of SWI/SNF chromatin remodeling

DMNA-binding protein

ATP ADP

RSC (SWI/SNF) komplexy obklopi nukleosom (roz

g 4

—/

SITE EXPOSURE

Repositioning

Octamer ejection

Unwrapping

Dimer ejection

volni se vazba s DNA a posou




- ,Sklouznuti®, rozlozeni, odstranéni nukleosomu nebo ,vyména“ histonovych
dimeru

INOBO biological functions SWR1 biological functions

Transcription repression and activation H2A.Z deposition flanking nucleosome-free region

0 around transcription site
Transcription _mw H2A.Z H2B
I swr) i
n

|

g -

Replication

DNA dar {E}
] U | wnapair
factors

Fa
u u and heterochromatin

SIR

_Spdp-
ol _ i

| =P~ |

- INO80 komplex sliding + zamenuje H2AZ-H2B dimer zpét za H2A-HZB
Bao a Shen, Snapshot in Cell, 2010




Gerhold a Gasser, TiCB, 2014

(A) RSC
Nucleosome engulfing

(C) SWR-C
Nucleosome clinging

- RSC (SWI/SNF) komplexy obklopi
nukleosom (rozvolni se vazba s DNA a
posouva se)

- nukleosom je zavésen na SWR-C
komplexu — komplex vaze jeste H2...
dimer, ktery je schopen vymenit

- nukleosom je uchopen INO80
komplexem (pfes podobné slozeni
podjednotek — funguiji odlisné)

(D) INO80-C
Nucleosome grasping

TRENDS in Cell Biology




AN AN/ NN NI
estsanssiing' 22—, T Strukturni urovné usporadani chromatinu

form of chromatin \ ’/

30-nm chromatin
fiber of packed
nucleosomes

Nukleosomy

section of
chromosome in
extended form

o
condensed section m T

of chromosome

I\l l/centromere
entire T
chromosome .L

NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
1S 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH

Strukturni proteiny

Ohno, Cell, 2019

Hierarchical architecture of 5. cerevisiae chromatin

Self-associating interactions Short-range Long-range Whole

a/p- structure Oriented cluster in gene loci looping looping chromosome

Nucleosome

Promaoter Gene body
Formed by Tethered by
Depending on inter- asymmetric Altered by Altered by transcripional Tethered by
nucleosome affinity  histone modifications GTFs, TFs, ... RNA pols, ... machinery cohesin, ...



Komplexy SMC

SMC dimery (homo- a hetero-) - konzervovangjsi (starsSi) nez histony
non-SMC podjednotky (2 — 6)

Prokaryota Eukaryota (esencialni)
Hinge C  Bacterial SMC ‘ Condensin | Cohesin Smc5-5mch

"h—q_/’ mch

0

(O

AT T ALY T

R B R R ALY
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Haering and Jessberger, Exp Cell Biol, 2012 ***

- SMC jsou nezbytné pro — ”‘*

vytvareni chromatinovych Q
smycek

_/

DIDWONUDD

- podili se na segregaci,
kondenzaci chromosomd,
chromatinovych struktur
(TAD) ... a na opravé
DSBs

|
/

SOOI JSEIS
\
Y

inter-chromatid inter-chromatid

MukB homodimer Smc2  Smca Sme1 Smc3 SMC6 SMC5

- slozeni SMC komplexu
- dlouha ramena SMC,
dimerizace pres hinge,
ATPase heads
premosteny ATP a
kleisinovou podjednotkou

Vé

- SMC proteiny vytvar
krouzky, které drzi D

%
o
D
A

B MukR Condensin Cnhasin Smr&fa



kohesin interaguje s mediatorem

Hierarchical architecture of 5. cerevisiae chromatin

Self-associating interactions Short-range Long-range Whole

a/p- structure Oriented cluster in gene loci looping looping chromosome

Nucleosome

Gene body

Promoter
Formed by
Depending on inter- asymmetric Altered by Altered by
nucleosome affinity  histone modifications GTFs, TFs, ... RNA pals, ...

(B)

- mediator interaguje s GTFs a
RNA polymerazou
(zprostredkuje interakce mezi
GTFs a aktivatory transkripce)

- kohesin interaguje s
mediatorem a napomaha tvorbée
transkripCnich smycek

Carlsten et al., TiBS, 2013



Kohesin interaguje s CTCF

B /j
TAD |

{~1Mb}i (
i C

- )

- CTCF
faktory
- Interal

- utvare
(TAD —

m

Li et al., Nature, ZUZU



TAD — topologlcky asoc domeény

sub-TADs
600-1000 kb
T~
T
M 100-200 ko <100 kb

@CTCF &= Cohesin | Mediator

kohesin se podili na regulaci ,cell-specific”
transkripce a chromatinové struktury (napr.

diferenciace kmenovych bunék)

Bodnar and Specter, Cell, 2013
Phillips-Cremnis et al, Cell, 2013
Schoborg et al, CMLS, 2014

ES cell-derived
ES cell neural precursor cell
&

(=

9 CTCF < _——Cohesin @M < %g




novy model struktury chromatinu

3. kratké smycky f s klastruji do kompartmentt

v

O
I >

<
SN

2. nucleosomy 4. smy&ky tvofi TADs

kompartmenty A a B (hetero- and

Kompartmenty (A a B) — do jisté
miry se prekryvaji s oblastmi
euchromatinu a heterochromatinu

v interfazi OkUpl{j.l J,eantII\_/?, 6. Chromatinové vlakno (1 chromosomu)
chromosomy urcite oblasti jadra Nucleus okupuje uréité teritorium
(ve formé chromatinovych viaken) Interfaze <

=
o
2



interfaze vs mitoza

A

Chromosome territories

b - -

" _ l J
pm (B) 10 wm

v interfazi okupuji jednotlivé chromosomy urcité oblasti jadra (ve forme __
chromatinovych viaken) — v priab&hu mitdzy chromosomy kondenzuji doS e
typickych X-struktur (kvuli snadnéjSi segregaci)

(A)

2



Dynamika chromatinu

Dr. Gorbsky

Kondensace chromatinu = kondensin
Drzeni sesterskych chromatid = kohesin
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Kondensin Il vytvari
linedarni emvikvy (nenvA

kompre
konder
lateralr

g e

Kschonsak a Haering, BioEssays, 2015
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in vitro rekonstrukce chromosomu

DNA + H3/H4/H2A/H2B ... FACT ... Topoll ... kondensin | (+ATP)

chromatin
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wio topo Il

Condensin | Condensin Il
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Shintomi et al, NCB, 20




/Zkouska: - test + prednaska

Smch/6

» Uvod - Analyza proteinu
— Domény

« fold-struktura (ss, PDB) -

v : SUMO -7

« v PyMolu pfipravit 3D strukturu Ligase ()

* Interakce (IntAct)

— Komplexy

v-3MC x-3SMGC

Kleisin

« Funkce NPZ
» Lokalizace Tandaﬂ-WHMandem-WHD
— evoluce
« Konkretni nova data — Clanek (< 5 let)

Ujasnit si souvislosti, rozsirit si znalosti, aplikovat
poznatky z prednasek ...




