* Haploidni
* Diploidni
* Tetra- ... polyploidni (pivovarske kmeny)



Zakladni prvky kvasinkoveho chromosomu

Saccharomyces cerevisiae
- haploidni genom - 12Mbp, 16 chromosomu (chrl=0.22 — chrXll=1.6Mbp)
- Kratké centromery a ARS (100bp)
- az 200 kopii rDNA v repetici (9kbp, chrXIll), 262 tRNA, 40 snRNA,
- Geny (cca 6500) reprezentuji 75% celkové sekvence (kompaktni)
- Redundantni (2000 genu duplikovano) — cca30% genomu vzniklo duplikacemi
- <5% genu (220) obsahuje introny (0.5% genomu),
- 3% Ty1-5 transposony (46% u Clovéka)
- Kondenzovany/tichy heterochromatin: centromery, telomery a HMR/HML
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PFGE - princip

* PFGE gel obsahuje vzorky DNA uvnitf agar6zovych blocku (minimalizace
nahodnych zlomu velkych molekul DNA)

* DNA prochazi agarézou v zavislosti na viozeném napéti

« pfizméné smeéru elektrickeho pole vSak vétsim molekulam DNA trva déle,
nez se preorientu;ji
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- contoured clamped homogeneous
electric field (CHEF)
- hexagonalni box — zména uhlu pole
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EtBr stain 817
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-315

Electric field alternates 120° every 90
seconds for 18 to 24 hours at 14°C



Karyotypizace
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Chromosom Il (nejmensi)
CEN=centromera
ARS=autosomal
replicating sequence
TEL=telomery

tRNA

Ty transposony

MAT a HML/HMR lokusy

Heterochromatin:
centromera
telomery

HMR a HML
(MAT je aktivni
uruje haplotyp)

Proc. Natl. Acad. Sci. USA 94:5213-5218.
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Struktura kvasinkovych telomer
T1GCsA

CHOEMCY Y© W

Repetice ~5.5kbp 300bp

E. Blackburn, Nobelova cena, 2009

g Nucleosome
W (containing H4)




Struktura kvasinkovych telomer

TG/ CrzA
CHERCY Y W
Repetice ~5.5kbp 300bp
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Telomery umlicCuji transkripci
— ADEZ2 reporter je pod

kontrolou telomer pouze _
ob&asné nahodné } ade? (’ .

transkribovan
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Lowell et al., Cell Mol Life Sci (19938), p.32



YAC (yeast artificial chromosome)

Studium kvasinkovych CENS Sfil, Nofl
elementl chromosomu
definovalo nezbytné Casti a
deélku:

CEN, ARS, TEL

Smal Cloning site
Sfil, Nodl

minimalni délka 50kbp

(az 500kbp insert napf. lidska
genova banka pro HuGO Beml
80000 klonu YAC (270kbp) l Restriction fragment

Bl Sinal, Phosphatase

Lze analyzovat pomoci PFGE
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'rDNA - repetice

* rDNA koduje geny pro ribosomalni RNA

» Je vysoce konzervativni

* |[dentifikace a odliSovani kvasinkovych druhu
» Sledovani evolucnich trajektorii

« Az 200 kopii v radé za sebou
* Problem s homologni rekombinaci
* Problém s replikaci — ve stejném smeru jako
transkripce (probiha v S-fazi — kolize)



Centromera S. cerevisiae

Budding yeast centromere/kinetochore

125-bp CEN DNA

CDEI

CDEI

Centromere/
kinetchore

MT-binding <

+TIPs {L.\_

Dam1, Duol, Dad1, Dad2,
Dad3, Spc19, Spcid,
Ask1, Hsk2/Dad4, Hsk3

CDEII

CBF3
Ndc10
Cep3d
Cif13
Skp1

MIND
Miw1
MNsl1

N
Lzl

\

DASH
[Cin8 |

Bik1 Stu2 | Bim1 ]
| Pac1 | Kar9

Chan et al., Trends in Cell Biol, 2005



Centromera S. pombe

- Pouze 3 chromozomy (13 Mbp = 3.5, 4.6, 5.7)
- kondenzované chromozomy - geny pro heterochromatin (S.c. nema)
- velké repetitivni centromery (40-100kb) a 1kb pocatky replikace

(b) Fission yeast centromere/kinetochore
- Cuter repeat — inner repeat — central core — inner repeat — outer repeat
| TriMeK9 | Histone H3 35-110 kb
| Swib_ Cnpl|= ~ Cbh1 | [ Kip5
Y e, Cbh2
Mis12 | Simd | Abpl | L10PO
| Cnp3 | Mis13 [T Mis6 -
Mis14 | Mis15
— Mis17
R MNufz |
Centromere/ Bub3 Hac1 Mad1
kinetchore ™ Nuiz [
’,;' Spc24
¥ Spc25
-
MT-binding < [ Dist | [Kip2 | [Alpl4

+TIPs {u_k [Tipl | Mal3 |




5. pombe

D, melanogaster [ T

H. sapiens

Pericentric
heterochromatin

Kinetochaore
assembly

Pericentric
heterachromatin

~20-100 kb

II
Il
~3 kb

~3 kb 4-7 kb

|
5-bp simple repeats !
| |
" centromeric chromatin '
~500 kb

~20-100 kb

' a-Satellite

Higher-order
monomers o-satellite-arrays Monomers
~0.5-1.5 Mbp

w-Satellite !

N HP

. Me-K39 H3

diMek4-H3

siRNA silencing
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Carroll a Straight, Trends in Cell Biol, 2006
Reinhardt a Bartel, Science, 2002



Pozorovani DNA/chromosomu u kvasinek

« Chromosomy jsou u kvasinek malé a téZko pozorovatelné — barveni DNA na fixovanych preparatech
pomoci DAPI (4 ,6-diamidino-2-phenylindole)

»  Pouziti centromerickych proteint-GFP (green fluorescence protein) pro studium dynamiky
chromatinu

+ TetR-GFP represor se vaze na TetO sekvence (operon) zaintegrované v pfesné definovaném lokusu

*  ChIP (chromatin immune precipitation) — specifické sekvence, ChlP-seq nebo ,ChlP on CHIP*

*
Saccharomyces cerevisiae

Schizosaccharomyces pombe ——

Pozadi = mtDNA




DNA v prubeéhu bunécného cyklu S.cerevisiae

@ © O

zahajeni tvorby pupene a duplikace SPB — zaCatek S faze tj. replikace

rozchod jadernych plakl na opacné poly — pfechod z S do G2 faze

jadro se protahuje — zaCatek M faze (u kvasinek se jaderna membrana nerozpada)
na zaCatku anafaze dochazi k oddeleni sesterskych chromatid a jejich segregaci

Metaphase
Anaphase
Telophase




Separace a segregace chromosom

( + SPB=Cdc11-CFP)

Image courtesy of Jonathan Millar, Division of Yeast Genetics, National Institute for Medical Research, London



d min DAPI SccIWT ScclRR-DD  GFP

Model te
— 5cclRR-DD
separace o
chromosomu
: “"
APC=anaphase promoting + Scc1RR-DD
complex 180

d-—ﬂdczn
Metaphase ,qpc) m Anaphase Uhimann et al., Nature, 1999
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& —-{53 99

Separasa-securin ‘

Pouziti TEV proteasy

Cohesin komplex
(SMC=structure
maintenance of
chromosome)

e

m St SMC1, SMC3,
Scc1 a Scc3



Kohesin ,objima” DNA

Scc1/Rad21
et
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Pouziti fiznich proteinu pfi studiu kohese
sesterskych chromatid

100 nM Rapa

SMC3-Scc1-Frb + SMC1-FKBP12 (vazi rapamycin)

Gruber et al., Cell, 2006

\ b

Hearing et al, 2002, Mol Cell



Vstup DNA pres opacny konec nez uvolneni

0 nkA 100 i Rapamycin
Fr Fh+Fr Fh Fif

Fh wil

Gruber et al., Cell, 2006
Uzamceni je pro bunku letalni
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180 |

Kohesin napomaha pri oprave dvou-
retézcovych zlomu v G2/M fazi

ChiP signal

|

Hmﬂ

FH2AX

LA A A A

5:: kb 2 kb 2 kb 50 kb Distance (kb)

Cohasin ladad * * '* * * * Duubl:-strand break Cohesin loaded

during § phase f Y Y f Y * ' during 5 phase
=1 3 =

Lowdens a Toh, Current Biology, 2005



Poskozeni DNA

* Studium kvasinek po ozareni ... rad mutanty (napf. RAD21, RAD50, RADS51)
— lonizujici zareni generuje pfedevsim DSB (double-strand break)
— UV zareni modifikuje nukleotidy tzv. TT-dimery

* Chemicka Cinidla/mutageny modifikuji nukleotidy — maiji za nasledek zmeénu
geneticke informace

— MMS (methyl methan sulfonat) — (napf. MMS21)
— Alkyla¢ni €inidla (napf. EMS = ethyl methan sulfonat), ROS (reactive oxygen species)

« HU (hydroxy urea) blokuje replikaci — v mutantach dochazi ke kolapsim
replikacni vidlice (napf. HUS1) => DSB

Transition

GC — AT

Guanine Cytosine 06-ethylguanine Thymine



Opravné mechanismy

* Dvoj-fetézcoveé zlomy (DSB)

— homologni rekombinace (HR) — v pfitomnosti homologu (tj. sesterské chromatidy
v G2 fazi)

— nehomologni spojovani konct (NHEJ) — v G1 fazi
« Jednoretézcové zlomy, modifikace nukleotidu
— Pfimé opravy (specifické enzymy)
— Vystfihovani poSkozeného useku (BER, NER — excision repair)
« Opravy chybného parovani
— MMR — mismatch repair (MSH1-6, MLH1-3)
— Specialni polymerazy (TLS — translesion synthesis) S. cerevisiae

, ﬁ!’hﬁ

-
Bl ERERER

UV/base
UV damage

damage
bypass / \ bypass

Error-free Error-prone



Oprava DSB

NHEJ @ HR

Lisby a Rothstein, DNA repair, 2009

DMA damage sensors Mre11-Rad50-Xrs2
Rfal-Rfa2-Rfa3

Checkpoint proteins Rad24-RFC
Dde1-Mec3-Rad17
Mec1-Ddc2
Tal
Dpb11

I
v

Homologous -
recombination Semi

proteins Rads2

Rad51, Rad55-Rad57

Rads4

Rad&9

Rdhs4
Sgsi

End-jzining proteins YRuU7O-YEUB0
Dnl4-Lif1-Mej1

Pso?2

Structural components Smcs-Smod
Smec1-Sme3d
H24

MRE11-RADS0-NES1
RPA1-RPAZ-RPA3

RAD17-RFC
RADS-HUS1-RAD1
ATR-ATRIP
ATM
TopBF1

BRCA2-PALB2
DSS1
RADS2
RAD51, RADS1B, RAD5S1C
RAD51D, XRCC2, XRCC3
RADS54
RADS52B
RADS548
BLM, RTS, WRN

KUTO-KLUBD
LIG4-XRCC4
DMNA-PEes
Artemis

SMCS-SMCS
SMC1-SMC3
H2ZAX



Zavery

« Kvasinky jsou vyuzivany v
biotechnologiich (pivo...)

 V klinicke praxi mohou byt nebezpecné
pro pacienty se snizenou imunitou ...

« Jako modelovy organismus
 studium bunéénych procesu
» Geneticke, evolucni ... analyzy



