Souhrn predchozi prednasky

* Genetické metody
— mutageneze/“screen”
— komplementace
— Identifikace
e Bunécny cyklus
— Priibéh a regulace BC
— Synchronizace bunéek
— Mechanismy regulace parovani
— Homothalické kmeny

Mechanismy opravy poSkozené DNA
Cviceni: 11.12., A7 (2.17) - plaste, psaci a kreslici potreby



Osnova prednasky

Regulace transkripce

— Gal4 transkripcni faktor
* hybridni systemy
 aplikace
— modifikované kvasinkové hybridni systemy

Kvasinkovy chromatin
Aneuploidie a rakovina ...
Evoluce kvasinek



Regulace transkripce v haploidnich bunkach
(konstitutivni)

al, a2 + al, a2 - transkripéni faktory, které ovliviiuji transkripci 3 skupin gen

a-spec.= MFAL,2 (a-feromon), STE2 (a-receptor), STE6, 14 (Gprava a sekrece feromonu)
a-spec.= MFal,2 (a-feromon), STE3 (a-receptor), STE13, KEX2 (proteasy)
haploid spec.= STE4,18 (podjednotky G-proteinu), RMEL1 (inhibitor meiosy)

MAT lokus Typ bunky Geny kontrolované MAT lokusem
e ASG ON
al, a2 a haploid eeeeee— .S G OFF

——haploid SG ON

al, o2 o haploid L aSG OFF
L aSG ON

reeeesssss—s haploid SG  ON

al, a2 diploid L aSG OFF

al a2 <P ——qSG OFF

L haploid SG OFF



Struktura promotoru

Kvasinkové promotory se liSi od bakterialnich a vysSich eukaryot (kvasinky
netranskribuji z takovych promotort — kvasinkové plasmidy ...)

-VétSina mist pro iniciaci transkripce obsahuje TC(G/A)A a PuPuPyPuPu
(specifické pro kvasinky)

- TATA box (TATAT/AAT/A) je 60-120bp od iniciacniho mista (podobné Pribnowovu
boxu u bakterii)

- UAS (upstream activating sequences) a URS (upstream repressing sequences)
- DAS (downstream activating sequences — pfimo v sekvenci genu)

al, a2 o haploid asG OFF

aSG ON

- haploid SG ON

konstitutivni




Regulace metabolické drahy galaktozy
R{zné kvasinky vyuZzivaji rlizne cukry (viz pfednaska o uréovani kvasinek)
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- Pouze GALS5 gen je konstitutivné exprimovan (potfebny pro metabolismus glukdzy)
- v§echny ostatni jsou indukovany rlstem na galaktéze a reprimovany glukozou

- GAL1, GAL7 a GAL10 geny jsou Vv klastru na chromosomu 2

- GAL4 gen kéduje transkripéni faktor (aktivator), ktery se vaze na UAS téchto genl
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Regulace
transkripce
GAL genu

- GAL1, GAL7 a GAL10 geny jsou Vv klastru na chromosomu 2
- GAL4 gen koduje transkripéni faktor (aktivator), ktery se vaze na UAS téchto genu

- Gal80p se vaze na Gal4p a reprimuje/inhibuje transkripci
- Gal3p pfemeni galaktozu na induktor (vaze se na Gal80p a blokuje vazbu na Gal4p)

- GAL1 promotor je rychle indukovany a velmi silny — 1000x se zvySi mRNA (az 1%)

- pouziva se pro overexprese/nadprodukce protein(

- nesmi byt pfitomna glukosa !
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GAL2 5.0 9.6X104% 9.6 1.4x107 188.6 Galactose permease
GAL3 5.9 3.2x104 8.3 2.5X1 o7 18.2 Regulatory protein required for rapid induction of galactose pathway
GAL7 1.5 0.29 8.4 3.8X107 170.1 UDP-glucose--hexose-1-phosphate uridylyltransferase
GAL1D 8.5 9,5X10°% 7.9 7.0X10° 7 118.8 UDP-glucose 4-epimerase
GAL1 8.5 9.5x10°5 7.9 7.0x10°7 271.3 Galactokinase, first step in galactose metabolism
FUR4 1.1 0.86 4.7 7.1x10°6 4.6 Uracile permease (adjacent to GAL1)
GCY1 1.1 0.74 4.3 1.2x10°° 93.1 Galactose-induced oxidoreductase
MTH1 2.5 0.01 4.1 2.1x103 21.6 Repressor of hexose transport genes
GALBD 1.4 0.39 3.7 4.1X10°5 4.0 Negative regulator for expression of galactose-induced genes
PCL10 0.6 0.24 1.0 2.6X104 2.6 Cyclin that associates with Pho85p, involved in glycogen accumulation
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Vznik 1-hybridnich systému
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Petriho miska

R{zné transkripéni faktory maji podobné domény a lze je kombinovat ...

Lze hledat DNA-vazebne proteiny pro danou UAS sekvenci (AD-hybridni knihovny)

- Takto funguje napft. i FASAY (Functional Analysis of Separated Alleles in Yeast)
pro testovani mutantnich p53 (transkripCni faktor)



prof. Smardova, Oncology Reports (2008) p. 773
Day 5

transkripce

r’

UAS | Ade2reportergen |

mut p53 (duplikace 30bp)
kvasinka opravila

Analyza funkénich viasinosti p53

- stanoveni aberaci p53 v klinickém materialu - imunoanalyza, FISH, sekvenace
TP53

- urCeni funkéniho statutu - stanoveni transaktivacich schopnosti p53 metodou
FASAY (functional analysis of separated alleles in yeast) - stanoveni
transaktivaCnich  vlastnosti p53 prostfednictvim speciadlné upraveného
kvasinkového kmene Saccharomyces cerevisiae ylG397
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Toxikologické aplikace
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Xenoestrogeny
nebo estrogeny
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v v Fluorene
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Vazba ER na DNA — mRNA
CYTOSOL o RECETOX/CETOCEON
Luciferiza (Dr. Cupr/prof. Holoubek)
Y
e Geny zodpovédné za estrogenni odpovéd’ Bartos et al, Env Tox, 2006
/
K "Estrogenni efekt" J
luciferaza

D-luciferin + O, — oxyluciferin + svétlo



2-hybridni systém

fran
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plasmid
| (LEU2)

plasmid
(TRP1)

Library
protein

Bait
protein

DNA-BD
_‘ GAL UAS minimal promoter Reporter gene

Figure 2. The two-hybrid principle. The DNA-BD is amino acids 1-147 of the yeast GAL4 protein, which binds to the GAL UAS
upstream of the reporter genes. The AD is amino acids 766—881 of the GAL4 protein and functions as a transcriptional activator.

transcription b

AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,

ga’d.l gaJ'SOA. LY82 Tt GAL ~’L'A5*GAL TTAT "H’S3
GALZ(45-GAL2ra74-ADE2,
URA3 - - MEL1yss-MEL 1 1474-lacZ

GAL1 UAS GAL1 TATA “
GAL2 UAS GAL2 TATA ADEZ
MEL1 UAS meutaa [
MEL1 UAS MEL1 TATA MELT

MaV203 kmen navic obsahuje URAS reporter gen — Ize tedy selektovat na
uracilovou auxotrofii + reversni system tj. mutanty disruptujici interakce (na FOA)



Mat a bunky

8x12 jamek
(96 na misku)
VSechny ORF

Mat o bunky

YLRA24W

Rnala
AdaZ2

Kvasinkovy ,INTERACTOME"

YPRO4SC «

YLR423C »

Nature (2000) p. 623
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Reversni system (Y2H)

Yeast growth selections
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- pfi pouziti URAS3 reportéru Ize pouzit toxickou 5-fluoro-orotatovou
kyselinu (5-FOA) k negativni selekci tj. interakce povede k zahubé
kvasinek, zatimco mutanty neschopné interakce na FOA plotnach

porostou (mutanty nebo syntetické latky)
TIBTECH (1999) p. 374



Inhibito ry LexA- B42-
proteinovych A RIO)
Interakci B atiad

A-B  RI(C) FKBP

Sc*-H-W-L, Sc*-H-W:U

gal/raf gal/raf
- FK506
100 nM 2u

)¢

S.FOA

Sc*-H-W, gal/raf,
0.1 % 5-FOA

FK506 inhibuje vazbu proteinu FKBP12 na TGFB-receptor

(zivotaschopnost na FOA plotnach)
Huang a Schreiber, PNAS, 1997



Interaction
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PCR mutagenesis
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27,000 yeast transformants screened in
the split-hybrid system with LexA-CBD

¥

~5,000 Growth(+)
& PNAS (1996) p. 13896

536 X-gal(+)

193 mutant DNAs were isolated and re-screened
in the split-hybrid and two-hybrid strains

¥

Growth: 152 split-hybrid (+), two-hybrid (-)

70 mutants contained single amino acid mutations
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Analyza vazby protein-RNA (Y3H)

A RNA binding
gomain 2
—— activaton
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vector RNA .
5 3 Yeast strain
Smal L40-coat
l FEBS letters (2004) p. 7
hybrid ANA
(IRE-MS2)
5 3
IRE MS2

PNAS (1996) p. 8496



Vazba ligand-receptor (Y3H)

glucocorticoid receptor - FKBP12
Hook Bait Fish

Transactivation domain

Receptor for
l.igl:):nd A z Receptor for

Ligand B
DNA-binding
domain

Reporter Gene

Operator
Fruitful Ligand-Protein Interactions
> ol

Reporter Gene

Operator

PNAS (1996) p. 12817
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Dihydrofolat reduktasa/methotrexat

Individual MATa Mating of
bait strains individual MATa Methot.rexate
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MATw array MAT« array diploids .fC.)l’ DHFR
1 ELLE Individual MATa activity
bait strains .
MATa, (balt-Fil,2) - Bt 1 - LEE & &

S ee— SEE B A — L5
st ) |

MAT ., (prey-H3))

— *Image Analysis
A *Colony Quantification
Clustering

Aktivn_i D,H FR je vytvorena , Noeracion neracion

propojenim dvou separovanych e e
casti enzymu — odbourava pro g |
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Science (2008) p. 1465



CytoTrap 2-hybridni system
Kvasinkovy cdc25-2 ts mutant - hSOS (guanine exchange factor) aktivuje RAS
pokud je ukotven na membranu v jeho blizkosti

- jeden partner je myristylovan a ukotven na membranu a druhy (interakCni) partner
je fuzovan k hSOS

Ras signal
transduction

- pathway
activated
Cell growth

Cur Biol (1998) p. 1121



Zakladni prvky kvasinkovéeho genomu

Saccharomyces cerevisiae (Vs S.p.)
- haploidni genom - 12Mbp, 16 chromosom (chrl=0.22 — chrXII=1.6Mbp)

- délka chromosomu XlI se u riznych S.c. liSi dle poc¢tu (az 200) kopii rDNA v
repetici (9kbp), 262 tRNA, 40 snRNA,

- Kratké centromery a ARS (100bp)

- Geny (cca 6500) reprezentuji 75% celkové sekvence (kompaktni)

- Redundantni (2000 genl duplikovano) — cca30% genomu vzniklo duplikacemi
- <5% genl (220) obsahuje introny (0.5% genomu),

- 3% Ty1-5 transposony (46% u Cloveka)

- Kondenzovany/tichy heterochromatin: centromery, telomery a HMR/HML
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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)

e Pouziti flznich proteinu-GFP (green fluorescence protein) pro studium
dynamiky chromatinu (H2A, kinetochora-centromera)

« TetR-GFP represor se vaze na TetO sekvence (operon) zaintegrovane v
presné definovaném lokusu

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

*
Saccharomyces cerevisiae

Schizosaccharomyces pombe ——

Pozadi = mtDNA




DNA v pribé&hu bunécného cyklu S. cereV|S|ae

Spindle pole
body

Nucleus
. . ‘ ‘ MT-cytoplasmatické
-jaderne

M

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

rozchod jadernych plak( na opacné poly — prechod z S do G2 faze

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

Marco et al, Cell, 2013




Orientace chromosomu v mitotickém jadre

A Mitotic interphase

.&ntnm
@ tclomere
® srE

FISH — fluorescence In situ hybridization (1992)

B 25
%m Interphase
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Rabl. 1885 Tadei a Gasser, Genetics, 2012



3D organizace chromosomu v S.c.
3C — chromosome conformation capture

6. Circulanzation

. 7. RE1 cutting

8. EcoP15l adaptor

En:of’1 | Eco?‘l 5l
RE1 RE1

9. Biotinylated adaptor & circulanization

1. Crosslinking

2. RE1 cutting

Br:;tirr'y'Lat—::: adaptor

10. EcoP15l cutting

-

3. lntra molecular ligation EcoP15! - EcoP1S|

11. Biotin isolation [ WNos o7

RE1 Biotinylated RE1
—— Duan et al, Nature, 2010



VSechny centromery jsou blizko sebe
SPB = />

Interphase
TEL

CEN

nucleolus

TEL

Chromosom XIlI

Duan a spol, Nature, 2010



