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- komplexy podilejici se na replikaci DNA

- komplexy UcCastnici se prepisu informace

- komplexy opravujici poskozenou DNA
- komplexy vytvarejici strukturu chromosomu
- samotny chromosom je obrovskym dynamickym
nukleoproteinovym komplexem (nikoli hola DNA) ~ OPRAVADNA
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- Samotny chromosom je obrovskym dynamickym
nukleoproteinovym komplexem s mnoha odliSnymi castmi

- DNA makromolekula asociovana s riiznymi proteinovymi
komplexy — (lidsky genom 3x10%p — nataZeny Fetézec 1chromosomu cca 4cm!l)

Average human chromosome:
DNA molecule: ~4 cm
llO 000x
Mitotic chromosome ~4 um
Genome Sizes:
human 3 billion bp 2m
field bean 13 billion bp Om

trumpet lily 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 riiznymi proteinovymi
komplexy — (lidsky genom 3x10%p — nataZeny Fetézec 1chromosomu cca 4cm!l)
- komplexy vytvarejici strukturu chromosomu
- vytvari zakladni strukturu
- nukleosomy (histonovy oktamer) a histony (H1)
- HMG, HP proteiny
- vytvari specializované domény
- centromery, telomery
- podili se na dynamice struktury
- kohesin, kondensin a SMC5-6 komplex

Fl B i i

Struktura a funkce eukaryotickych chromozomdi (C9041)



komplexy vytvarejici strukturu chromosomu

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




- 146bp — histon fold - centralni cast DNA vaze tetramer H3-H4
- okraje DNA vazou dimery H2A-
- 10bp konce DNA vazou N-koncové Sroubovice H3 (acetylovany K56)



Skladani histonu do nukleosomu
(komplexu)

H3 N-term
helix

- 146bp - centralni cast DNA vaze tetramer H3-H4

- H3 dimerizuje pres postrani Sroubovici N H3-H4
- okraje DNA vazou dimery H2A-H2B

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

'

H3-H4 tetramer

Ransom et al, Cell, 2010 | N
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H3-H4 tetramer Jﬂ‘ H2A-H2B
/ N - pfi uvolnovani odpadaji nejdrive dimery H2A-

Sestavovénl’ nu kleozom u:

"N

n5 - H3 dimerizuje pres postrani sroubovici a
vytvari tetramer ktery asociuje s DNA
- dimery H2A-H2B se vazou nasledné z obou
stran tetrameru (H3-H4),

H2B

- H2A a H3 existuji ve vice variantach, ktere

two dimers mohou byt zameéneny v nukleosomu

[ bind to H3-H4
tetramer

H3 N-term
helix

%

HZ2B H4 H3 H3 H4 H2B

Nabalovanl a rozbalovani histonu

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



- H3-H3 interakce = dimer
- dimery H2A- (H2A — vaze H3)



Histonove H3-H4 chaperony

Histone H3/H4
tetramerization interface  {J&,

H4 helix 1

H4/H3 dimer - Asf1
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CAF-1 955 - H4 helix 1

- Postupné sestavovani (a uvolfiovani) histont je zprostiedkovano rliznymi

chaperony (+ ATP-dependent remodeling “stroji”) — ,chaperony pro komplexy*
- ASF1 (gntigilencing function, tetramerizace) => CAF1 (ghromatin assambly factor, vazba k DNA)

Ransom et al, Cell, 2010



Histon chaperony - replikace

- na ssDNA nukleosomy nejsou: replikace, transkripce, oprava DNA ...

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

(feedback: inhibice chromatin assembly inhibuje disassembly nukleosomu)

- 1. ASF1 (vaze MCM a PCNA) a 2. CAF1 (assembly) pro H3-H4
disassemFIy a a§§embly

Asf1 Sy
Rtt106

\ ?' >

)

CAF-1 "--\,_\

| [FacT . \
A\ /Replicatio
‘= machinery
'|—‘.Il |

‘ ~ & H3K56AC
Iui"lllf':lllI tatramer

‘ PCNA Sequence specific

DMA binding factor

Chromatin
reassembly

Chromatin
disassembly

= Parental H3/H4 heterodimer
<_» Parental H28/H2B haterodimear
el Mew H3/H4 heterodimer

4 MNew H2ZAH2B haterodimer

250-300bp — cca nukleosom Incorporation of the parental

pattern of histone modifications

Ransom et al, Cell, 2010 onto the new histones
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FACT komplex

- histon chaperon komplex FACT (facilitates chromatin transcription) je
slozen ze 2 podjednotek (Sptl6 a Pob3/SSRP1)
- dimerizaCni Cast také interaguje s DNA-polymerasou (spojeni s

replikaCI') ) (- “f
- rozeznava histon H2A-H2B heterodimer G ' (6
(interferuje s vazbou na DNA T 225 Zadhy S

tzn. rozruseni vazby H2A-H2B s DN

disassembly a assembi( o

Loss-of-function deletion in FACTAC

Pob3

Hondele et al., Nature, 2013



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/H2B

H1
CenH3/H4

CAF-1 (p150, p60, p48)

Asf1

Rtt106
NASP

FACT (Spt16 and Pob3);
also binds H3/H4

NAP1

Chz1

NASP

Scma3 (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**; chromatin

“*" indicates a likely role although not con

romyces pombe; H.s., Homo sapiens. Only t
all information given are cited in the text.

H2A H2B H4 H3

H3 H4 H2B H2A

- 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
remodelacnich komplexU (a teprve poté je H3 K56 deacetylovan a stabilizovan)
- pozdéjsi acetylace (Gen5-HAT) rozvolnuje nukleosomy v mistech transkripce




Histonoveé varianty

histone fold
| 1

H3

H3.3 P —————— | —

CENP-A . s S ——
loop insert

SPECIAL FUNCTION

transcriptional activation

centromere function and
kinetochore assembly

(u kvasinek yH2A

H2A ——e— fosforylovany H2A)
H2AX : ' DNA re|?air :-md
recombination

H2AZ i p————————————

MACrOH2A i —————
L |
histone fold

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

gene expression,
chromosome segregation

transcriptional repression,
X-chromosome inactivation



Select human H3 variants Identity Chaperones

H3.1/2 A SAVM C/S 100% ASF1, CAF-1
H3.3 S AAIG S 96% ASF1, HIRA,
DAXX/ATRX
CenHaoene I o HJURP
Yeast H3 variants
Ha S SAIG S 88% Asf1, CAF-1,
HIR
CenHacs I 0% Som3
H3-H4 H3.3-H4

CenH3CENP-A_H4

Mattiroli et al., EMBO Rep, 2015



Select human H2A variants Acidic Identity Chaperones

patch
el S | 100% NAP1. FACT
H2AZ . 51% ANP32E
o . | 35% _
AN . S, ,,QEY 82% _
B - -/’. 21% (61%) APLF
Macro domain
(25 KDa)
Yeast H2A variants Acidic
patch
HeA STNQEL 74% Nap1
H2AZ B 50% Swr1, Chz1
(Htz1)
A H2A-H2B H2A Z-H2B

€N\

o ®

Mattiroli et al., EMBO Rep, 2015



Variantni histony

A
Telomere Centromere Telomere

Euchromatin
B Heterochromatin
with H2A.Z
B with phosphorylated Ser31
with H3.3
| with centromeric H3

Silent Chromatin Open Chromatin

B Siiencing complexes Canonical Nucleosome
Variantni histony mohou vyznacCovat hranice chromozomalnich domen.
(A) Typicky chromozom vykazujici doménove 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 chromatinu
(integrita centromer a telomer)



Funkcéni diverzita variantnich histonu (rusana s snargava, Fess J 2005 )

Histone Variant Functional association
Mammals | Yeast Drosophila
H3 H3.1 - - S-phase subtypes
H3.2 - - S-phase subtypes
H3.3 H3.3 H3.3 Transcriptionally active regions
— > | Cenp-A Csed Cid Centromeric nucleosomes
H2A i o . . N :
| Different functions in various organisms: maintenance of pericentric and telomeric
H2A.Z Htz1 H2Ay3 heterochromatin, transcriptional activation and viability
Sex body in mammals, site of DNA double stranded breaks; condensation and
T > | H2a X H2A H2Ay= silencing of male sex chromosome
MacroH2 Inactivation of X-chromosome, interferes with both transcription factor binding and
A - - SWI/SNF remodelling
H2ABbd | — - Close spacing of nucleosomes

- moznost nové zabudovat histonové varianty pomoci chaperon(
a remodelacnich komplexu

- nejznamejsi: CenH3/CENP-A (specificky v centromerach —
ukotveni kinetochor — kliCovy pro segregaci chromosomu)

- H2A. X klicovy v oprave DNA

- H2A.Z v regulaci transkripce, oprave DNA, hranice chromatinu



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

7 > 4
N\ N\
normal nucleosome with
nucleosome centromere-specific
(A) histone H3

sequence-specific
DNA binding protein

\g_._

yeast centromeric DNA

AL

.

T

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
111 1111 e
0000 000 s
S. pombe ofr T:mr] cnt

diMeK4-H3
~20-100 kb -3 kb 4-7 kb ~3 kb ~20-100 kb

D.melanogas erl
lanogast ||!I|II|I|Il||IIIII|||ll|II||II|III||||I|||III|III|IIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIII Repet|t|vn| Sekvence VareJ|C|
-bp simple repeats 3
I centromeric chromatin = SpeCIfICky Chromatln - CENP A
"'500 kb . Ve Vd =
histon, ktery kotvi kinetochoru
[]]] 1] . . o,
00000 00 0 0 0000000 (kolem je pericentromericky
Hospons | —— heterochromatin a SMC
Eoanie D o komplexy)
~0.5-1.5 Mbp

tah mikrotubul( a kohesiny
za|isSt'uji spravnou segregaci v
anafazi



Oprava posSkozené DNA — H2A histony

Before DNA damage
Removal of H2AX is inhibited

6-‘. rAéT. H2ZAX/H2B dimer

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

H2A.Z/H2B
N\ .i rer
“ |

) 1 bwr1
m @

Alter DNA repair
yH2AX is exchanged for H2A/HZ2B

(g

‘ ._m/‘}ﬁff“ﬁf‘&"

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 oprave poskozeni je yH2A.X
vymenen FACT komplexem za
nefosforylovany H2A. X (a H2A)

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

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

- ukoncCeni opravy je signalizovano az
dokonCenim chromatinoveho viakna



ATP dependent
chromatin remodelers

{ Function under debate

:
8
:
:

Nucleosomes -
Histonas bound to single
strand DNA (histone

* occupancy unclear)

:
SCY LY (10

Strand-invasion into
heterochromatic
donor

Restoration of l CF M
chromatin after repair ..

Tsabar & Haber, CO in GD, 2013 SO O O T——

H3K56Ac - positioning



Oprava poskozene 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 a CAF-1, aby
mohlo dojit k ucCinné resekci (patrné fyzicky spojené procesy)

- po oprave poskozené 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) ,L g

R e @/ N
Oligonucleotide excision
& \/_‘\ G =7 .-

Gap-filling DNA synthesis

Ligation

Upravené z Tatum & Li, 2011 SDSA



- pro mala poskozeni (NER, BER) postaCi mensi zmény chromatinu zatimco
pro vetsSi (DSB - resekce DNA tj. vznik ssDNA) musi nukleosomy odstranit

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

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

a «10-2 Distal TFBS DHS (n = 41,758) %x10-3
T T T )
= 4 — Observed mutations - 4 §
- — Expected mutations g
8 3
o S
2 e
© 5
E 2} 12 §
s o
L 3
5 [ 3
+ w
= MW ﬁM'A AN e
0 1 [l 1 O B
—1,000 500 0 500 1.000 —

Distance from TFBS mid-point (nt)
Nucleotide
excision repair

Mutation rate

Nucleosome

Sabarinathan et al, Nature, 2016 DNase | hypersensitive site



bromodoména

H2A Z-H2B dimer
«— binding site

H2A.Z-H2B dimer

sacondary
binding ste ™

Billon a Cote, BBA, 2012 Bao a Shen, Snapshot in Cell, 2010

ATP ADP+Pi

Nucleosar:sliding = \__@/ =

First H2A.Z-H2B
dimer exchange

Second H2A.Z-H2B
dimer exchange

ATP ADP+Pi

- SWR komplex specificky zaménuje H2A-H2B dimer za H2A.Z-H2B




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

dimert

INOBO biological functions

SWR1 biological functions

Transcription
factors

Transcription repression and activation

H2A.Z deposition flanking nucleosome-free region

around transcription site
! H2A.Z H2B

Transcription
factors

DMA repair and checkpoint regulation

® #, 6 ® *—.-‘.;::a@

Replication fork stabilization
ONA damage tolerance

Al
! \\ i '_ k [
o | o
INOBD | -8
4 Checkpaint
' 8 -

Replication fork progression

INOBOD

Heplizsoms

MNormal
condition

Loading of H2A.Z around DSB

@t @t @E fca:
D — |

®! ®! @
Mir
Checkpoint factors

factors

H2A.Z deposition at the boundary of euchromatin and heterochromatin

- H2A.Z - v regulaci transkripce, opravé DNA, hranice chromatinu

(integrita centromer a telomer)

Bao a Shen, Snapshot in Cell, 2010




H2A.Z -H2B chaperones

T TP . . A
- H2A.Z je dulezity pro aktivaci transkripce '\
- 1 nukleosom up- a 1 nukl. down-stream TSS

SWR1-related remodeling complexes

’ Histone variant H2A.Z
@ nistone H2a

§ nistone H2B

§ nistone H3

§ nistone H4

- odstranéen po aktivaci transkripce ... \r Transcription Start Site

B

Mucleosome Free Region (NFR)
A,

r L

-1

No transcription e H2A.Z deposition

Mucleosome reassembly
Gene prepared for transcription during repression

?L'

= N Activators binding | acetylation

Activation of transcription —— H2A.Z eviction
Transcription ]

Canonical nucleasome Hpa 7-containing nucleosome

Billon a Cote, BBA, 2012
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RSC remodelovaci komplex

Remodeler/nucleosome complex

DNA entry/exit points Histone H3 tall

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 aiteamas of SWI/SNF chramatin ramadalina

ATP-dependent st
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 obKIopi nukleosom (rozvolni Se 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 se zavéSen na SWR-C

komplexu — komplex vaze jesté dimer,

ktery je schopen vymeénit

- nukleosom je uchopen INO8O

komplexem (pres podobné slozeni

podjednotek — funguji odliSné)

(C) SWR-C (D) INO8O-C
Nucleosome clinging Nucleosome grasping

TRENDS in Cell Biology




Chromatin remodeler

nucleosome array formation in vivo
Position-specific, coordinated, and directional

T55

Yen at al, Cell, 2012

- distribuce nukleosomu
neni uniformni — vliv
remodelac¢nich komplex(



Vazba H1 uzavira remodelaci chromatinu

NASP chaperon
pfidava histon H1 />
- nukleosom/H1 =
— dal$i non-histon <~
proteiny —
chromatinové
viakno




mitoticky interfazni

10 um

(A) (B)

Figure 4-20 Molecular Biology of the Cell (© Garland Science 2008)

AN NN NN

: . T
“beads-on-a-string” ’ y 4 11 nm
form of chromatin '\‘ i

30-nm chromatin
fiber of packed
nucleosomes

section of
chromosome in

extended form 300 nm

condensed section

of chromosome
centromere
entire T
chrom: m [
chromosome

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



- SMC jsou nezbytné pro —
vytvareni chromatinovych
smycCek

9JOWONUDD

- podili se na regulaci
segregace chromosomu a
na oprave DSBs

(wsuapuoo § usayoo)
plEWOIYO-enul

inter-chromatid inter-chromatid

MukB homodimer Sme1 Sme3 SMC6 SMC5

- sloZzeni SMC komplex(
" - dlouha ramena SMC,
{ \ dimerizace pres hinge,
\ ATPase heads
\ ’ premostény ATP a
kleisinovou podjednotkou
- SMC proteiny vytvari
krouzky, které drzi DNA

B MukR Condensin Cnhesin Smr&lf



Komplexy SMC

Prokaryota Eukaryota (esencialni)
€ Bactesrial SMC ¢N-terminus Hinge C-terminus
Coiled-coll Coiled-coil
SMCH }-SMC ‘.

'

homodimer 2x myosin heads <4

FScpA Myosin tail

— F

Myosin molecule
d  SEEmER)

ScpB C

f;ﬁ‘ 4 ';'?5"‘ Tl T
b ;-}fg':;i 'f"'%g;‘ 2
s';i - ‘; i

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



Cohesin Condensin | Condensin |l Smch/6

v-SM

a-kleisin

v~ HEAT-IIB
HEAT-A HEAT-IA HEAT-IB  HEAT-lIA

Cohesin complexes
Cohesin Sister chromatids

- nejlépe prostudovany kohesin — objiméa
DNA — pojme 2 vlakna (chromatinova
smycCka nebo sesterské chromatidy)

PDSE  ga1/5A2) Haering a Gruber, Cell SnapShot, 2015



Kohesin interaguje s CTCF ...

(@)

sub-TAD T
T (~100Kb !
1
: E T enhancer-promoter
1 - » .
TAD | - 1 K interactions

(~ 1 Mb) E 1 (usually < 100 Kb)
]
:
]
-~ . CTCF

¢ Cohesin

Mediator

- CTCF ,,izoluje” transkripcCni
faktory a reguluje trankripci

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

Enhancer, . o '

- )




... a kohesin interaguje s mediatorem

(a)

sub-TAD T : -

-3 (~100Kb

E to ! i < -

' ! I enhancer-promoter

] : ; o B . .

1 - ] B Interactions
(,T1A|ab) E J 1 (usually < 100 Kb)

[ ]

]

:

i

- 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



A

Chromosome territories

sub-TADs

GO0-1000 kb

B, A

100-300 kb i%i

@CTCF € Cohesin | Mediator

kohesin se podili na regulaci
.cell-specific* transkripce a
chromatinove struktury (ukazuje
se jak uzky vztah mezi témito
urovneémi existuje)

kombinace interakci kohesinu s
CTCF a mediatorem jsou klicové
pro ,bunécnou specificitu®

Bodnar & Spector, Cell, 2013
Phillips-Cremins et al, Cell, 2013

ES cell-derived
ES cell neural precursor call

9 CTCF < _—Cohesin @Mediatur




Merkenschlager, ARGHG, 2016
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Struktura chromatinu je utvarena mnozstvim smycek a hierarchickych domén

ho chromatinu)
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Chromatinové domény maiji riznou strukturu smycek a vlaken
— lokalizace domeén v prostoru jadra — ukotveni

(heterochromatinu v bllzkostl membrany NP)
NN $20m e

\ 4

Nucleosome (10-nm fiber)

DDD
\

30-nm chromatin fiber Irregular folding of nucleosome
(without regular chromatin fiber)

DNA

Chromatin £ &

Nucleus Chromosome

~10um {~700nm

Maeshima et al, Chromosoma, 2014



Dynamika chromatinu

Dr. Grobsky




Hirano, CSHPB, 2015
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- kohesin a kondensin v pribé&hu bunééného cyklu (viz video) — kohesin
drzi sesterské chromatidy pfi sobé — kondensin | a Il vytvari kompaktni
chromosomalni struktury



kohesin Hirano, CSHPB, 2015
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- kohesin a kondensin v pribé&hu bunééného cyklu (viz video) — kohesin
drzi sesterské chromatidy pfi sobé — kondensin | a Il vytvari kompaktni
chromosomalni struktury
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Kschonsak a Haering, BioEssays, 2015  Condensinl  Condensin I
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Hirano, CSHPB, 2015
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Kondensin tvofi centralni osu (Cervena) — organizuje
nepravidelné smyCky chromatinovych viaken

The Formation Of The Radial Loop Chromosome

Base Pairs per
Turn

Packing
Ratio

Double Stranded DNA

!

10 nm Nucleosomes

l

30 nm Solenoid

(P77 N "‘/"//\
AN 2t 1’ e

. ' S0 Turns /Loop

Chromosome

10 b.p.

usosov:?vnj 6-7

1,200 b.p. 40
(per turn)

60,000 bp. 680
(per loop)

11 x10%bp. | 12x10*
(per minidand)
18 loops/ e
Miniband | 2%10

30 nm B

100-130 nm

]
ay

Woodcock a Ghosh, CSHPB, 2010



- na navleCeni kohesinu na DNA a jeho
stabilizaci se podili mnoho faktor( (loading
faktor NIPBL/MAU2, acetylace ESCO1)

- kohesin je odstranén z ramen pri
kondenzaci, ale na centromerach ho chrani

shugoshin
Sl St Gonselon - v anafazi je otevien separasou
2 || NipBUMAUZ —
"]’Q Yo 2
WAPL/PDS5 Polo-like
Cohesin Aurora B 0
G1 G2 Mitosis
K L JI il
Cohesin Cohesion Cohesion Prophase Yenetal, Cell, 2013 Anaphase

loading and unloading establishment maintenance Zakari et al., WIREs Dev Biol, 2015



1. model
segregace

chromosomu
(S. cerevisiae)

APC=anaphase promoting
complex

a Mad2

Metaphase APC

Cohesin:

<> Smc1/3

m Scc1/3

d min DAPI SccIWT ScciRR-DD GFP

150
- Scc1RR-DD

180

150
+ Scc1RR-DD

Komplex Mad2/Cdc20
iInhibuje APC — po jeho
uvolnéni degraduje
(ubiquityluje) sekurin —
uvolni se tak separasa
— Stépi Sccl kleisin
kohesinového komplexu

Uhlmann et al., Nature, 1999



Haering a Gruber, Cell SnapShot, 2015 ChiP signal
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Kohesin a SMC5/6 napomahaji pri oprave dvou -fetézcovych
zlomu v G2/M fazi (kohesin drzi homologni sesterské chromatidy
pfi sobé — lepSi HR) p—
- ESCO1/2
' | gk G DNAdamage __
e DR G
Smc5/6 Ioadlng —h) 0 AR
I ‘ Sororin,

Topo I

(2 g /N

Cohesin loading Smc5/6 loading



Cohesion Transcription

Roberts ‘_Dgfectiye SA1 ( \
Syndrome  proliferation \ \ I

Precocious -e— Esco2 |
dissociation of ¢ SA2 Cornelia de Lange
/ sisters : [ —®  Syndrome

Cancer -s— Aneuploidy (
‘ Reduced loading at  Transcriptional dysregulation

Impaired precise sites Smc1

telqme.re -+— SAT{ Nipbl Smc3

replication HDACS8 :L{ad;

SA1?
Pds5A/B

Current Opinion in Cell Biology

Remeseiro & Losada, CO in Cell Biol, 2012

Mannini et al, Hum Mut, 2013

"ﬂ

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




mutace v mediatoru:

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

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



