Souhrn predchozi prednasky

Genetické metody

— mutageneze/“screen”

— komplementace

— identifikace

Bunecny cyklus

— Prubéh a regulace BC

— Synchronizace bunek

— Mechanismy regulace parovani
— Homothalické kmeny

CviCeni: 5.12., A7 (2.17) - plaste, psaci a kreslici potreby



Osnova prednasky

* Regulace transkripce
— pfi parovani a sporulaci
— Gal4 transkripCni faktor
* hybridni systemy
 aplikace
— modifikované kvasinkoveé hybridni systémy



Regulace bunécnych programu
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Nt zévisla na STE12
AC Q
Binding Expression Name Binding
: Ren et al., Science, 2000
w _Ba= before after
S B ouRRBRO4TS . .
25 zziiizasGEs ratio P-value ratic P-value Description
PRM1 2.7 1.3%10% 62 450102 Pheromone-regulated membrane protein
ERGZ4 2.7 1-33{11]'4 6.2 4.5‘.!.'11]‘5 C-14 sterol reductase (adjacent to PRMT)
[ 3.3 4.2X10° 6.8 5.8X1072 Cyclin partly in association with Pho5p
FIG2 2.6 2.2010% 56  9.50107 Protein involved in mating induction
STE12 4.1 1.4x106 a9 gax0d Transcription factor reguired Tor mating
FU31 5.0 ZEX107 4.7 5.6xX107% Protein required for cell fusion during mating
FLIZ3 3113 S-BJ{I{I'E 5.4 z.0x10°3 MAPE mediating mating pheromaone signaling
PEP1 3.3 3.9X10°° 5.4 2.0x10°3 Receptor for vacwolar sorting (adjacent to FLISZ)
YOR129C 0.7 .13 5.2 1.0610°4 Pratein of unknown function
AFRT 1.0 0.86 5.1 1.0x107% Protein invalved in morphogenesis of the mating projection
GIC2 1.4 011 5.0 1.2x10% Putative effector of Cdcd2p, mportant for bud emergence
YOR3I43C 1.1 070 3.9 4.1x104 Pratein of unknown function
CHS1 0.9 0,66 4,1 4. 201074 Chitin synthase |, functions during cell separation
SCH9 1.3 0.21 4.2 4,5x10% Serinethreomine protein kinase that is activated by cAMP
KARS 1.2 037 3B 4. 7%107%4 Membrane protein required for homotypic nuclear fusion
YPL19Z2C 0.9 0.35 36 g.5x107% Protein of unknown function
YERO1GW 1.3 0.20 4.1 6.6x1074 Moderately similar to mammalian neutral sphingomyelinases
SPC2L 1.3 020 4.1 6.6x1074 Protein of the spindle pole body
YILOB3C 1.0 0.67 3.6 7ax104 Protein of unknown function
PGM 2.0 001 3.8 7.2x1074 Phosphoglucomutase
YILOZTC 1.1 0.55 3.4 g.2x1074 Protain of unknown function
YL 169C 1.6 o.or7 3.3 1.2x10°3 Protein of unknown function
AEAT 1.4 011 31 1 .E}l:ll]'a' g-Analutinin anchor subunit
YOL155C 1.0 0.73 3.0 21x10°3 Similar to 5. cerevisiae glucan 1,4-alpha-glucosidase
CIK1 0.9 0.7 3.0 2.2x10°3 Invalved in spindle formation and karyogamy
FAR1 1.3 022 3.0 2.4x1003 Invalved in cell cycle anrest for mating
“PHOBET 1.0 0.83 2.9 2. 751073 LOE inhibitor for PRoSUp-FRoBSR CoOmpes
HYM 1 1.4 018 2.7 4.9x103 Protein with similarity to Aspergillus nidulans hyma,
FIG1 1.2 038 2.9 5.0X10°3 Protein required for efficient mating
—— e ——
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Funkce proteinu v prubéhu parovani/matingu

i-factor
B &
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Ren et al., Science, 2000



Regulace (transkripce) parovaciho typu

a1, a2 + a1, a2 kéduji transkripéni faktory, které ovliviiuji transkripci 3 skupin gent

a-spec.= MFA1,2 (a-feromon), STE2 (a-receptor), STEG, 14 (Uuprava a sekrece feromonu)
a-spec.= MFa1,2 (a-feromon), STE3 (a-receptor), STE13, KEX2 (proteasy)
haploid spec.= ... RME1 (reprimuje ... vstup do meiosy)

MAT lokus Typ bunky Geny kontrolované MAT lokusem
e aSG ON
al, a2 a haploid e S G OFF
e haploid SG ON
i L SG OFF
al, a2 o haploid a

L aSG ON

eeeeesssssss haploid SG  ON

al, a2 diploid L aSG OFF

a1l a2 ] » oSG OFF

L haploid SG OFF



nutritional control - diploidni buriky mohou sporulovat (za
vzniku haploidnich bunék)

respiration lucum_::‘ nitr-::gen
/ T ‘A : - diploidni buriky indukuji meiosu ...
Snfl RAS/CAMP/PKA T‘ER (haploidni nesmi indukovat meiosu)
1 ‘ A - sporulace zavisina C a N
7 Tl Msn2/4 Sok2 ?
\ _[ | Regulace sporulace
T = RNAI v kvasinkach
RME] IME] . ( . . )
T IME] promoter jeden z nejvice regulovanych
E| el / promotort u S.c. (2kb) je IMET (induktor
] R meoisy 1)
Bl al-a? _If.-\rfE-af:jiS sy Imel+Ume6 - v haploidnich bunkach je inhibovan
Eﬂ (diploid) [hﬂTldl " / represorem RME1 (haploid SG) — pfima
= -7 : - vazba na promotor + IncRNA (pokryva
2 [med 2 > carly . DNA replication |8 o W
g 1d]p]n.|d:| Edr]} genes ['ECDl“bjl'lﬂ[an E IME1 promOtOr a branl aktlvatorum)
¢ 2 - v diploidnich burikach je RME1 a
o . z
middle genes  meiosis and 11|§  IME4AS reprimovan a1-a2 represorem
%z - IME4AS je antisense RNA — brani
. indukci meiosy v haploidnich bunkach
late genes spore formation

(v diploidnich je reprimovana — IME4

van Werven a Amon, Phil. Trans. Roy. Soc., 2011 gen indukuje meiosu)
van Werven et al, Cell, 2012



Gluc.

- pfi vyCerpani zivin na misce mohou
(krajni) bunky zacit meiotické déleni
(diploidni S. cerevisiae)

- meiosa je indukovana IME1
transkripCnim faktorem (v ime1A se
meiosa neindukuje vs. v pIME1
overexprimovanych burikach je
indukovana meiosa i bez vyCerpani
zivin tj. 2% glukosa)

0.58%

2.0%

ade2 (Cervena barva) ukazuje
haploidizaci heterozygotniho diploida

Sipky ukazuji viecka se Ctyfmi sporami




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 QL hap|o|d aSG OFF

aSG ON
haploid SG ON

b

konstitutivni



Regulace metabolicke drahy galaktozy

Ruzné kvasinky vyuzivaji rizne cukry (viz pfednaska o urCovani kvasinek)

gal mutanty comaras |

- Pouze GALS gen je konstitutivné exprimovan (potrebny pro metabolismus glukozy)
- v§echny ostatni jsou indukovany rastem na galaktoze a reprimovany glukozou

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

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

GAL genu

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

- Gal80p se vaze na Gal4p a reprimuje/inhibuje transkripci
- Gal3p pfeméni 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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ooQa L
GALZ 5.0 9.6x1004% 9.6 1.40107 1BB.6 Galactose permeass
GAL3 5.9 2ot 83 251 D'z 18.2 Regulatory protein required for rapid induction of galactose pathway
GALT 1.5 0.29 8.4 385707 1701 UDP-glucose--hexose- 1-phosphate uridylyltransferase
GALTOD 8.5 9.5%10°3 7.9 7.0x10°7 118.8 UDP-glucose 4-epimerase
GALT B.5 9.5x1005 7.9 7.0M10°7 271.3 Galactokinase, first step in galactose metabolism
FUR4 1.1 (.86 4.7 7.1%106 4.6 Uracile permease (adjacent to GAL1)
GCY 1 1.1 0.74 4.3 1.2%107 93.1 Galactose-induced oxidoreductase
MTH1 2.5 0.0 4.1 2.1X10°9 21.6 Repressor of hexose transport genes
GALBOD 1.4 0.39 3.7 4.1X10°3 4,0 Megative regulator for expression of galactose-induced genes
PCLTO 0.6 (.24 3.0 2.6X10% 2.6 Cyclin that assaciates with PheBSp, imaolved in glycogen aceumulation
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TranskripCni aktivator Gal4p
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Vznik 1-hybridnich systému

AlB

transkripce

UAS

Petriho miska

RuUzné transkripCni faktory maji podobné domény a lze je kombinovat ...

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

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



Oncology Reports (2008) p. 773
- Day5

transkripce

r}

UAS | Ade2reportergen |

mut p53 (duplikace 30bp)
kvasinka opravila

Analyza funkénich viasinosti p53

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

- uréeni funkéniho statutu - stanoveni transaktivadich schopnosti p53 metodou
FASAY (functional analysis of separated alleles in yeast) - stanoveni
transaktivaCnich  vlastnosti p53 prostfednictvim specialné upraveného
kvasinkového kmene Saccharomyces cerevisiae ylG397
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Toxikologicke aplikace

Xenoestrogeny \
nebo estrogeny

vV
v
Vazba ER na DNA — mRNA
CYTOSOL
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e Geny zodpovédné za estrogenni odpovéd’
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K ""Estrogenni efekt" /

o luciferaza - 3
D-luciferin + O, > oxyluciferin + svétlo




UAS

B2

UAS

tranSyafce

2-hybridni system
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Leu, Trp, His)

30 mM 3-AT (-
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plasmid
 (LEU2)

Library
protein

protein

( TRP 1) DNA.BD transcription

% GAL Uﬂs millil'nﬂ| prumntﬂr

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 768-881 of the GAL4 protein and functions as a transcriptional activator.

AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,
galda, gaj'BEi'i-.,| LYS2 - GAL T jas-GAL 17474-HIS3,
GALZ 2 GAL 21y 7a-ADEZ,
LRA3 - - MEL ju}gs-l'ln‘jfll; i _.—ATA-.IIE?GE

GAL1 UAS GAL1 TATA “
GAL2 UAS GAL2 TATA ADE2
MEL1 UAS menTaa [
MEL1 UAS MEL1 TATA MEL1

MaV203 kmen navic obsahuje URAS3 reporter gen — Ize tedy selektovat na
uracilovou auxotrofii + reversni systém tj. mutanty disruptujici interakce (na FOA)



Mat a bunky

8x12 jamek
(96 na misku)
Vsechny ORF
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Nature (2000) p. 623



Reversni systém (Y2H)

Yeast growth selections

Confrol Forward Reverse

PO 88 oo
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Drug —_ Interaction disrupted
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”“ P8 0 P8

44

trands n Batechnaiogy

- pfi pouziti URA3 reportéru Ize pouzit toxickou 5-fluoro-orotatovou
kyselinu (5-FOA) k negativni selekci tj. interakce povede k zahubée
kvasinek, zatimco mutanty neschopné interakce na FOA plotnach

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

}

Mutated library

27,000 Teuut transformants screened in
the split-hybrid system with LexA-CBD

v

~5,000 Growth{+)
l' PNAS (1996) p. 13896

536 X-gal{+)

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

b

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

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

A RMNA hinding
domain 2 :
AN aclivation
™, domain
el __f,.f
ANA binding [
domain 1 |
L% /
F
DMA bindi
ﬂ:’.‘ll"l"li:'l.il'"lng
DMNA binding site repones gane
B
wachor BNA
5 | o Yeast strain
Smal L40-coat
l FEBS letters (2004) p. 7
hybeid FANA
[IRE-MS2)
5 3
IRE Ms2

PNAS (1996) p. 8496



glucocorticoid receptor - FKBP12

Hook

Receptor for
Ligand A

DNA-binding
domain

Bait

Fish
Transactivation domain

Receptor for
Ligand B

Reporter Gene

Operator

>

Fruitful Ligand-Protein Tnieractions

-
Reporter Gene

Oiperator

PNAS (1996) p. 12817

Vazba ligand-receptor (Y3H)

dexamethasone
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Med,,
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Dihydrofolat reduktasa/methotrexat

Individual MATa Mating of
bait strains individual MATa Methotrexate
printed onto bait strains with 4 fE";E[;ﬂ" [?I:FR
MATw array MATo array Iplods for
1 ELdE Individual MATa activity

—m“;rlf e LT ' o
\ Baltz— - L Lt

MATa, (bait-F[1,2])

MAT 3
. (prey-F3) Baﬂ ) — l
‘Image Analysis
A «Colony Quanrtification
*Clustering

Aktivni DHFR je vytvorena

. , , No Interaction Interaction
propojenim dvou separovanych No complementation Complementation

b o Mo growth Growth
casti enzymu — odbourava pro ; '

kvasinky toxicky methotrexat

Pesitive contmols
Megative controls

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



