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Zkouska: - test + prednaska
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* Funkce
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« Konkrétni nova data — Clanek (< 5 let)

Kleisin

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



- 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



- komplexy podilejici se na replikaci DNA
- komplexy ucastnici se prepisu informace
- komplexy opravujici poskozenou DNA
- komplexy vytvarejici strukturu chromosomu
- samotny chromosom je obrovskym dynamickym

nukleoproteinovym komplexem (nikoli hola DNA) O[F)’SEAVA DNA

Co zde schazi??

Chromatin = histony .. @@ > @
TRANSKRIPCE
=
B
S L = z =
2 8 g = oo
a H © x =« b
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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!!)

Average human chromosome:
DNA molecule: ~4 cm
) 10 000x
Mitotic chromosome ~4 um
Genome sizes:
human 3 billion bp 2m
field bean 13 billion bp O9m

trumpet lilly 90 billion bp 60 m
salamander <120 billion bp 80 m




- 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)



komplexy vytvarejici strukturu chromosomu

i N . 7
4 ‘ \ ~ )’ ;
N - ”
&
v. 13
& !ii
v
"

#  30nm coil

Nukleosom
oktamer histonu
H2A, H2B, H3, H4
histon fold




NNV NI

“beads-on-a-string” =
form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

sonm 30nm coil

section of sta ry model
chromosome in . .
extended form fOO nm (h ierarch |e)

condensed section

of chromosome i . 2,
I\I I/centromere
entire
mitotic 1400 nm
chromosome

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

Figure 4-72 Molecular Biology of the Cell (© Garland Science 2008)



- 146bp — histon fold - centralni ¢ast DNA vaze tetramer H3-H4
- okraje DNA vazou dimery H2A- PDB: 1KX5
- 10bp konce DNA vazou N-koncové Sroubovice H3 (acetylovany K56)



Skladani histonu do nukleosomu
(komplexu)

H3 N-term ;.,
helix A
0 -

W H2A H2B8

H3 N-term
helix

- 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




Sestavovéni nukleozomU'

v s o

v ZH3 dimerizuje pres postrani sroubovici a
- vytvari tetramer ktery asociuje s DNA

- dimery H2A-H2B se vazou nasledne z obou

Qﬂ stran tetrameru (H3-H4),
I 4”1 H2A-H2B
4 " - pri uvolnovani odpadaji nejdrive dimery H2A-

H2B

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

bind to H3-H4
tetramer

:;3“1:! -term gq :1193“!: -term
<0
? Z Nabalovanl a rozbalovani histonu

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



" H2A-H2B
dimer

I two dimers
bind to H3-H4
tetramer

histone

L octamer
N
! .
N\/ / N \Lj
N N

(opaéné barvy)

H3-H4




H3-H4

Wang et al, Prot Cell, 2015
PDB: 5C3l

ASF1

(antisilencing function)
interferuje s
tetramerizaCnim
povrchem

skladani (assembly i

disassembly)
B
Cytoplasm i H 3-H4_
ASE1 <«
FT—

ASF1 / iV N &k
“ASF1-H3-HA-MCNi2, &

s Bk i1

N

15

Nucleus



AS F1 (antisilencing function) interferuje s tetramerizacnim povrchem



Song et al, G&D, 2008
PDB: 3C9C

CAF-1

(chromatin assembly
factor)

interferuje s vazbou k
DNA

skladani (assembly i

disassembly)
B
Cytoplasm 7 — HS-H4_
ASF1 B
MCh‘nééij/jV" ............... : HZZB

'f;q‘
ASF1 / @ AR
*ASF1-H3-H4-MCM2,
H3-H4/ ™, :
Y .\_,\" A
- .,-"-.

......... )-—
ASF1-H3-H4 CAF1-H3-Hazeg

?



H3-H4

CAF-1 (chromatin assembly factor) interferuje s vazbou k DNA



Hondele et al., Nature, 2013
FACT (facilitates chromatin transcription) Kemble et al, Mol Cell, 2015

slozen ze 2 podjednotek (Spt16 a Pob3/SSRP1) PDB: 4KHA
interferuje s vazbou H2A/ na DNA ...



Hondele et al., Nature, 2013
FACT (facilitates chromatin transcription) Kemble et al, Mol Cell, 2015

slozen ze 2 podjednotek (Spt16 a Pob3/SSRP1) PDB: 4KHA
interferuje s vazbou H2A/ na DNA ...



Hondele et al., Nature, 2013
FACT (facilitates chromatin transcription) Kemble et al, Mol Cell, 2015

slozen ze 2 podjednotek (Spt16 a Pob3/SSRP1)
interferuje s vazbou H2A/H2B na DNA i s H3/H4 interakci



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

- noveé syntetizované H3 (replikace) jsou acetylované na K56 — jsou specificky
rozeznavany a zainkorporovavany CAF-1 komplexem - acetylace K56
(Sroubovice) interferuje s vazbou na DNA (cca 8x slabsi)



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)

3 Asfi
H3/H4 e S
i stetrame I'\“'

&3

@9 _‘\‘

x — & H3KB6AC

CAF-1

\
=
e machinery

‘ PCMA Sequence specific

DMNA binding factor

Chromatin
reassembly

Chromatin
disassembly

=} Parental H3/H4 heterodimer
> Parental H2A/H2B haterodimear

Bl Mew H3/H4 heterodimer

4 Mew HZA/HZ2B hateradimer

250-300bp — cca nukleosom Incorporation of the parental

pattern of histone modifications
Ransom et al, Cell, 2010 outo Bee s istone




- 10bp konce DNA vazou N-koncové Sroubovice H3 (acetylovany K56)
- pozice nukleosomu je nahodna a nasledné je ,upravena“ pomoci
remodelaénich komplexu (a teprve poté je H3 K56 deacetylovan a stabilizovan)



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

H2A/HZ2B

H1
CenH3/H4

CAF-1 (p150, p60, p48)

Asf1

Rit106
NASP

FACT (Spt16 and Pob3);

also binds H3/H4
NAP1

Chz1
NASP

Scema3 (S.c. and S.p.);
HJURP (H.s.)

PCNA, Asf1; chromatin assembly; heterochromatin
silencing

RFC, MCM, CAF-1; promotes H3 K56 acetylation
leading to chromatin assembly; chromatin
disassembly”®; histone buffer

Chromatin assembly; heterochromatin silencing
Histone buffer*

MCM, RPA, DNA pol |; chromatin assembly*;
chromatin disassembly”

Histone shuttling; chromatin assembly**; chromatinj
disassembly**

Chromatin assembly*

Mis18, RbAp48, Nucleophosmin; centromere
identity

PCNA, BLM, WRN, Asf1; chromatin assembly;
promotes checkpoint recovery

CAF-1; promotes H3 K56 acetylation leading
to chromatin assembly; promotes checkpoint
recovery

Histone buffer*
yH2AX/H2B exchange for H2A/H2B

H2AZ.H2B exchange for H2A/H2B; promotes
DNA resection

" indicates a likely role although not conCTOSIvElY DIOvE, ang - nacaes g possoie roe. .

.

s SaccHalomyces cereveae, o.0., oonzosacena-

romyces pombe; H.s., Homo sapiens. Only the interacting proteins that are pertinent to DNA repair and replication have been listed. The sources of
all information given are cited in the text.

- nove syntetizované H3 (replikace) jsou acetylované na K56 — jsou specificky
rozeznavany a zainkorporovavany CAF-1 komplexem

- acetylace K56 (Sroubovice) interferuje s vazbou na DNA (cca 8x slabsi)

- pozice nukleosomu je nahodna a nasledné je ,upravena“ pomoci
remodelaénich komplexu (a teprve poté je H3 K56 deacetylovan a stabilizovan)
- pozdéjsi acetylace (Gcns-HAT) rozvolnuje nukleosomy v mistech transkripce



Histonoveé varianty

histone fold SPECIAL FUNCTION
| 1
H3
H3.3 % transcriptional activation
CENP-A ’ — : centromere function and
"~ loop insert kinetochore assembly
(u kvasinek yH2A
H2A i e——————— fosforylovany H2A)
H2AX I_I DNA repair and
; ; recombination
H2AZ - : gene expression,
e . .
: . chromosome segregation

transcriptional repression,

MAaCrOH2A [ ————————— ; S
: . X-chromosome inactivation

histone fold

Figure 4-41 Molecular Biology of the Cell (© Garland Science 2008)



A

Variantni histony

Centromere Telomere

Telomere

Euchromatin

B Heterochromatin
with H2A.Z
B with phosphorylated Ser31
v with H3.3
Open Chromatin 0 with centromeric H3

b)) _P! ) m )

Silent Chromatin

B Siiencing complexes Canonical Nucleosome

Variantni histony mohou vyznacCovat hranice chromozomalnich domeén.
(A) Typicky chromozom vykazujici doménove Clenéeni. (B) V kvasinkach
brani H2A.Z Sifeni umlCeného chromatinu do sousednich oblasti...

(D) Centromerické nucleozomy obsahuji centromerickou variantu H3.

- CenH3/CENP-A ... specificky v centromerach
- H2A.Z - v regulaci transkripce, oprave DNA, hranice chromatinu

(integrita centromer a telomer)



specificky chromatin s CENP-A histonem kotvi kinetochory -
tah mikrotubult (a kohesiny) zajistuji spravnou segregaci v
anafazi

7 7
N N
normal nucleosome with
nucleosome centromere-specific
(A) histone H3

sequence-specific
DNA binding protein

\g___

yeast centromeric DNA

L

A

A

microtubule

yeast kinetochore centromere-
specific

(B)
Figure 4-48 Molecular Biology of the Cell (© Garland Science 2008) nucleosome



Pericentric Kinetochore Pericentric

heterochromatin assembly heterochromatin
Centromery
1L 1111
000 N s
S. pombe ofr [erl cnt 1

{} 11 diMeK4-H3
~20-100kb ~3 kb 4-7 kb ~3 kb ~20-100 kb

D.melanogaster I
r Repetitivni sekvence vytvarejici

5-bp simple repeats

o specificky chromatin — CENP-A
e nn histon, ktery kotvi kinetochoru
”.” 0000 0000000 (kolem je pericentromericky
e — . heterochromatin a SMC
Fer A SR komplexy)

~0.5-1.5 Mbp

tah mikrotubulu a kohesiny
zajistuji spravnou segregaci v
anafazi



Oprava poskozené DNA — H2A histony

Before DNA damage
Removal of H2AX is inhibited

-—-Kfﬁ/‘&"‘@"

After DNA damage
yH2AX/H2B is transiently exchanged for H2A . Z/H28B

H2A.Z/H2B
;: ner

I“wl 5wr1
@ m

After DNA repair
yH2AX |s exchanged for H2A/HZ2B

:':i'-'_“f'r_ ‘g
\ ./
ku@‘ﬂ LD Wf’*@f‘

Ransom et al, Cell, 2010

- poSkozena DNA signalizuje/spousti
,DNA damage checkpoint” - kinasy

- H2A.X varianta je fosforylovana (v
okoli poSkozeni ~50kb behem 15min;
H2A u kvasinek)

- po opravé poskozeni je YH2A.X
vyménén FACT komplexem za
nefosforylovany H2A.X (a H2A)

- nefosforylovany H2A.X je chranén
pfred FACT ribosylaci (PARP1)

- H2A.Z varianta je zainkorporovana v
okoli poskozeni (SWR a Chz1) a
pomaha resekci DNA

- ukonceni opravy je signalizovano az
dokoncenim chromatinového viakna



Checkpoint kinases
{ Function under debate

ATP dependent
chromatin remodelers

H2A variant displacing
Nuclecsome ramodeling
Histone chaperonas
Nucleases

" Break site nucleosome

Donor sita nucleosome

Nucleosomes -
Histones bound to single
strand DNA (histone

Co0~00all

@ @ chromatin after repair
Current Opinion in Genetics & Development

Tsabar & Haber, CO in GD, 2013 H3K56Ac - positioning



Oprava poskozené DNA - chromatin

- na ssDNA nukleosomy nejsou ... oprava DNA

- pred témito procesy se musi histony odstranit a poté zase nabalit ...

- pro mala poSkozeni (NER, BER) postaCi mensi zmény chromatinu zatimco
pro vétSi (DSB - resekce DNA tj. vznik ssDNA) musi nukleosomy odstranit
- NER (BER) doprovazeno acetylaci histont a remodelaci (posuvem)

- pfi DSB musi byt odstranény nukleosomy pomoci ASF1, CAF-1 a FACT,
aby mohlo dojit k u€inné resekci (patrné fyzicky spojené procesy)

- po oprave poskozeneé DNA jsou nukleosomy ulozeny zpét (diky interakci
PCNA s ASF1 a CAF-1 —i zde je H3 K56 acetylovan)

- Sgs1/BLM interaguje s CAF-1 a reguluje jeho funkci

- az kompletni reassembly chromatinu signalizuje dokonceni opravy!

5’-3’ dual incision

(D-loop formation) J, -

Ligation

Upravené z Tatum & Li, 2011

SDSA noncossoves ~ crossove rs



- pro mala poskozeni (NER, BER) postacCi menSi zmény chromatinu zatimco
pro vétSi (DSB - resekce DNA tj. vznik ssDNA) musi nukleosomy odstranit

- NER (BER) doprovazeno acetylaci histonu a remodelaci (posuvem)

- nova studie ukazuje, ze NER je méné ucinny (DNA je méné pristupna) v
mistech okupovanych nukleosomy (a transkripénimi faktory)

a «10-2 Distal TFBS DHS (n = 41,758) «10-3
T T T >
o A — Observed mutations 4 4 _@
- — Expected mutations 8
8 @
@ 3
) 2
S 3
et 2 ~ _ 2 8
O
= o
H ' S
5 [ 3
S EAAAA AGLA AAAUSY o
P2
1 1 1 a

—
o
80

-1 .0000 -500 0 500
Distance from TFBS mid-point (nt)
Nucleotide
exXcision repair

Mutation rate

| Nucleosome

Sabarinathan et al, Nature, 2016 DNase | hypersensitive site



Remodelovaci komplexy

- ATP-dependentni remodelace (SWI2/SNF superrodina)
- ,Sklouznuti” (INO80), rozlozeni, odstranéni nukleosomu nebo ,vyméena®“
histonovych dimert I

HeA ) @

C

Billon a Cote, BBA, 2012 bl » Adaptation B35 Snapshot-Cell, 2010

arrest @
ATP ADP+Pi @

e o ~,
Q—IEPD H2A.Z

Nucueusan: _ .

First H2A.Z-H2B
dimer exchange

Second H2A.ZF-H2
dimer exchange

@51! r1i

in . Arp4

&

H2A H2B cti ATP ADP=Pi

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



bromodoména

H2A.Z-H2B dimer
«— binding site

H2A.Z-H2B dimer

il S
&
Billon a Cote, BBA, 2012 Permanent

—
arrest
ATP ADP+Pi @

Nucleusnme

F-—

AZ
First HZA.Z-HZB
dimer exchange

Second H2A 7-H2
dimer exchange

Has.znze ATP ADP+Pi

SWR komplex specificky zameénuje (exchange) H2A-H2B dimer za H2A.Z-H2B



- ,Sklouznuti“, rozlozeni, odstranéni nukleosomu nebo ,vymeéna“ histonovych

dimeru

INOBO biological functions

SWR1 biological functions

O

Transcription
factors

Transcription repression and activation

ps

H2A.Z deposition flanking nucleosome-free region
around transcription site

H2A.Z H2B

Transcription
factors

DMNA repair and checkpoint regulation

® i @ ® M RX @

Replication fork stabilization
DOMNA damage telerance

INOSD | [k
i Checkpoint

factors

Replication fork progression

Normal

INOB0

Loading of H2A.Z around DSB
Ep @ ®Ey (B

—4pag-
®E @I l g r@}

Checkpoint
factors

D

H2A.Z deposition at the boundary of euchromatin and heterochromatin

- INO80 komplex sliding + zamenuje H2AZ-H2B dimer zpét za H2A-H2B

Bao a Shen, Snapshot in Cell, 2010
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RSC remodelovaci komplex

Remodeler/nucleosome complex

DNA entry/exit points Histone H3 tail

Model of the RSC-nucleosome complex
® Sth1 conducts ATP-dependent DNA translocation

DNA is drawn from one side of the nucleosome and
pumped toward the other

Disruption of histone-DNA contacts leads to remodeling
outcomes (see below)

Predicted translocase
binding site Dyad axis

The differant autecamas of SWI/SNF chramatin ramadalina

ATP-dependent i
chromatin remodeling
complex

DNA-binding protein

Nucleosome Remodaler

CATALYSIS OF
NUCLEOSOME SLIDING

Figure 4-29 Molecular Biology of the Cell (© Garland Science 2008)

RSC (SWI/SNF) komplexy obKlopi nukleosom (rozvolni s€ vazba s DNA a posouva se)



Gerhold a Gasser, TiCB, 2014

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

posouva se)

- nukleosom je zavésen na SWR-C

komplexu — komplex vaze jesSte dimer,

ktery je schopen vymeénit

- nukleosom je uchopen INO80

komplexem (pfes podobné slozZeni

podjednotek — funguji odlisSné)

(C) SWR-C (D) INO80-C
Nucleosome clinging Nucleosome grasping

TRENDS in Cell Biology




T1400 nm
1

NET RESULT: EACH DNA MOLECULE HAS BEEN

PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH

—

Nucleosome “bead”
(8 histone molecules +
146 base pairs of DNA)
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\
.
o s
A

: f5 s ; £,
b m e -

- B T TR R g
83 £ £ SRE . B2 8 E
5 s 2= s8¢ °33 ZE g
23 g% 5§ SET 52 22
s 3E  Sit €55 5 £25
48 £ EE $§565 8% 5E5

4 « Local chrom atin looping

/.
M ItOtlc 6 . 5 . Segmentation into TADs

Compartmentalization of

chromosome the chromosome territory

[

novy model

Chromatinoveé viakno

Nucleus

interphase
chromatin



1. DNA strand.

3. string makes loops 5. TADs cluster to compartments

2. string with nucleosomes 4. Loops make TADs

novy model

condensed mitotic chromosomes in nucleus Interphase chromatin fibers in nucleus

chromosome figure (hetero- and ) ... chromatin fiber ... compartments (hetero- and ) .-



urovné sbaleni DNA pomoci histon

PDB: 1KX5
it /AN NN NN T

“beads-on-a-string” | 11 nm
form of chromatin l\l ’/ 1

30-nm chromatin
fiber of packed
nucleosomes




https://players.brightcove.net/53038991001/Byx2STOHO
default/index.html?videold=5522198641001

Chromatinova vlakna — neusporadany retézec 5-24nm
(zadny 30nm coil) Ou a spol, Science, 2017 — cryoEM chromatinu

E

interphase nucleus

chromatin
volume 0% 20% 25% 30% 35% 40% 45% 50% 60%

concentration

disordered 5=-24 nm diameter chain
,j“-‘""‘-'“a.;%@

N L= . mitotic chromosome x
i) 5@
6

~




cell
cycle

Nucleus

Interfazni chromatinova viakna

Kondensované
Mitotickeé
chromosomy

5-24nm diameter chain

0%

interphase nucleus

mitotic chromosome
_1- Takahashi, CO in CB, 2019



H1
globular

7

&

CO0-
y

H1
C-terminal

domain

2 _domain

Bednar et al, Mol Cell, 2017

Zhou et al, PNAS, 2013

Cutter a Hayest, FEBS Let, 2015
Woodcock a Ghosh, CSHPB, 2010

£osiiy

PERSPECTIVES

30nm coil??

short region of

DNA double helix ZNUNUNONUNY, Iz am

“beads-on-a-string” M T11 nm
form of chromatin '\l ’/ !

30-nm chromatin
fiber of packed
nucleosomes




1. DNA strand.

3. string makes loops 5. TADs cluster to compartments

4. Loops make TADs

novy model

3. Chromatinova viakna vytvari smycCky — transcription loops — CTCF,
cohesin

(Schwarzer et al, Nature, 2017; Haarhuis, EMBO J, 2017)



Kohesin interaguje s CTCF ...

sub-TAD T
T (~100 Kb :
1
: E T enhancer-promoter
[ | ' é "
i —-— g B Interactions
(~T1A,ab) : 4 L (usually < 100 Kb)
: '
- : . CTCF
O Cohesin
" Mediator
- CTCF ,izoluje” transkripéni | = |
. J P Promoter

faktory a reguluje trankripci

- interaguje s kohesinem a podili
se na utvareni vyssich
chromatinovych struktur g

-

Bonora et al, CO in GD, 2014




(a)

... a kohesin interaguje s mediatorem

enhancer-promoter
interactions

H
1 1
H ]
hinin “J 1 (usually < 100 Kb)

(~ 1 Mb)

|=mmemmmmmmnanen ]

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

- kohesin interaguje s
mediatorem a napomaha tvorbe
transkripCnich smycCek

Carlsten et al., TiBS, 2013



4. Chromatinové smycky klastruji do TAD (topologically associated domains -

stovky kbps) — kohesin

( oS ;— kohesin se podili na regulaci
I/ = | ,cell-specific” transkripce a
gl ¢ | chromatinové struktury
4 g : : ot
0 | (ukazuje se jak uzky vztah
s | mezi temito urovnemi existuje)
" *-| kombinace interakci kohesinu
s CTCF a mediatorem jsou
kII’éOVé pro ”bunéénou ES cell E:u?aellzdr::fsir cell
[ specificitu® (napf. diferenciace
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Bodnar and Specter, Cell, 2013
Phillips-Cremnis et al, Cell, 2013
Schoborg et al, CMLS, 2014
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- SMC jsou nezbytné pro —
vytvareni chromatinovych
smycek

- podili se na regulaci
segregace chromosomu a

(wsuapuod § usayoo)
pllewosyo-enul

na opravée DSBs )
£ ]
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=
- | | | |
inter-chromatid inter-chromatid
MukB homodimer Smc2 Smc4 Smec1 Sme3 SMC6 SMC5

- slozeni SMC komplexu
- dlouha ramena SMC,
dimerizace pres hinge,
ATPase heads
premosteny ATP a
kleisinovou podjednotkou
- SMC proteiny vytvari
krouzky, ktere drzi DNA

B MukR C.ondensin Cnhesin SmeA/R



Komplexy SMC

Prokaryota Eukaryota (esencialni)
. ¢ Bacterial SMC ¢N-terminus Hinge C-terminus
Cohesin ‘ a .
Coiled-coll Coiled-coll

smc L-smc .
homodimer 2x myosin heads <2~

}ScpA Myosin tail

(lhea$”

Myosin molecule

a-kleisin ScpB C
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HEAT-A g R il*‘ A
FEE e s T
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s
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Slozeni: Cr e

SMC dimery (homo- a hetero-) - konzervovanéjsi (starsi) nez histony
non-SMC podjednotky (2 — 6)



5. TAD klastruji do kompartments - Mbps smycCky (ne kohesin)

§31aD wcCTCF (@ Cohesin

Differentiation
and signalling
[ E—————

Compartments [JActive [JPolycomb [JHeterochromatin

pfesun TAD do jiného kompartmentu muze ovlivnit
transkripci (ovlivhuje bunécnou differenciaci) —

euchromatin vs heterochromatin

Compartmentalization of
the chromosome territory

Bonev a spol, NRG, 2016




Condensin | Condensin |l

6. Chromatinové vlakno (chromosome) zaujima
urcité teritorium

interphase
nucleus — some
territories visible

prophase nucleus
— condensed

(condensin II)
chromosome figures

Each chromatin fiber/chromosome occupies certain territory in the interphase
nucleus — then, in mitosis, it condenses to typical chromosome figures —

condensin | and Il (SMC2/4) Dekker a spol. Nature, 2017

Bonev a spol, NRG, 2016
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Condensin Il
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i

Hirano, CSHPB, 2015

D)

Early Prophase @

Late Prophase

Lateral compression

Kschonsak a Haering, BioEssays, 2015
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Condensin |l
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Condensin | Condensin Il

x-SMC  v-SMC Iy

v-SMC,

0

C ’f \_;
\ HEAT-IIB
n HEATIA HEAT-IB  HEAT-IIA
Condensin Il §_,
(@]
C
Cohesin
@D
Axial compression
@]

f—b <= Condensin |

0

Condensin |
Metaphase

Kondensin |l vytvari linearni smycky
(osova komprese), zatimco komplex |
kondensuje lateralné



(a) Condensin | Condensin |l

ARV,

(b) - T

i \ -
4 HEAT-
DNA loop HEAT-IA HEAT-IB  HEAT-IIA =
T +ATP (b)
t ‘ motor action
o/ Ay =

(d) i
P omee
vazba a hydrolyza ATP — konformacni
zmény SMC krouzku — pohani
,motor podél DNA

condensin | condensin Il condensin |

Ganiji et al, Science, 2018
Takahashi, CO in CB, 2019



Dynamika chromatinu

Dr. Grobsky

Kondensace chromatinu = kondensin
Drzeni sesterskych chromatid = kohesin
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Figure 3. Overview of the mitotic chromosome cycle. The top and bottom parts of the cartoon indicate the major events regulating
the dynamics of cohesin and condensin, respectively, along with their regulatory factors. (Green circle] Cohesin; (magenta circle)
condensin [; (light-magenta circle) condensin II. See the text for details.
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Haering et al, Mol Cell, 200.




Syndrome  proliferation \

f

Cancer -a— Aneuploidy

Remeseiro & Losada, CO in Cell Biol, 2012

mutace podjednotek kohesinu a jeho
regulacnich faktoru zpusobuiji
kohesinopatie (napr. Cornelia de Lange
syndrom = transkripéni defekt) a ruzné
typy nadoru (defekt segregacni — 95%
nadoru je aneuploidnich)

Cohesion Transcription

Roberts _-_Defective SA1 r \

Precocious -e— Esco?2 |
dissociation of g SA2 Cornelia de Lange
/ sisters j [ —®  Syndrome

\

. HEdUCf-‘Ff Ioalding at  Transcriptional dysregulation
Impaired precise sites Sme1 o
telomere w— SA{ Nipbl Smc3 SA1?

replication HDACS Rad21 Pdss5A/B

Currant Opinion in Cell Biology

Mannini et al, Hum Mut, 2013




mutace v mediatoru:

mental retardation syndroms
(FGS/Opitz-Kaveggia S.,
Lujan-Fryns S., schizophrenia)

Cuylen & Haering, Cell Stem Cell, 2010 _ _
Kim Peek (Rain Man)



