Test: 7.12., A2 (2.11) - psaci potfeby (A,B,C,D)
Zkouska /prezentace:

7.12., A2 (2.11) — 4-5 studentu

DalSi termin v lednu ... A2 (2.11) — 4-5 studentu
Kvasinky ... oblast vasi DP (he samotna DP)

- Uvod do problematiky

- vysledky z Clanku (ne starSi nez 5 let)

- zavery, reference

prednaska 15 + 5 minut

Cviceni: 14. 12. 8.00, A7 (2.17) - plaste, psaci a kreslici potreby



o Parovani kvasinek Osnova
— Fyziologie
— Regulacni drahy
— Pfepinani parovaciho typu
— Regulace transkripce specifickych genu
* Regulace transkripce
— Gal4 transkripcéni faktor
o Hybridni systémy
— transkripcni hybridni systéemy
— alternativni kvasinkové hybridni systemy




Parovani/mating kvasinkovych bunék
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haploidni bunky v pfitomnosti partnera zastavuji v G1 fazi a konjuguji
S. cerevisiae = al/alfa, S. pombe = h+/h-

vytvari diploidni buriky (S. cerevisiae = stabilni, S. pombe = okamzité
sporuluji)

parovani doprovazeno zasadnimi zménami v morfologii
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Merlini et al, Open Biol, 2013
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Signalni draha — a faktor

a factor

GPCR —> G-proteiny

Cdc42-GTP
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Cell fusion Cell wall assembly
proteins /
G1 arrest Transcription Morphogenesis Park at al, MMBR, 2007

Wang et al., Nature, 2004
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Hay-Oak Park, MMBR, 2007



ChIP on CHIP - Stel2p transkrlpcnl
- faktor (indukované geny)

Binding Expression Name Binding

v 5 23 before after

S 3 oRggroL=C

2E T3 :.;1; PRE T ratio P-value ratio P-value
PRM1 27 1.3X10% 62 45x10°
ERG24 27 13x10% 62 45x105
PCL2 3.3 42x10°5 68 5.8X10°5
FIG2 26 22x00% 56 9.5X10°
STE12 41 1.4x10% 41 31x10%
FUST 50 2.8x107 41 sex10
FUS3 33 39X10°° 54 2.0x10°3
PEP1 3.3 39x10° 54 2.0x10°3
YOR129C 0.7 0.13 5.2  1.0X10%
AFR1 1.0 0.86 5.1 1.0x104
GIC2 1.4 0.11 50 1.2x104
YOR343C 1.1 0.70 3.9  4.1x104
CHS1 0.9 0.66 41 420104
SCHO 1.3 0.21 4.2 45X10%
KARS 1.2 0.37 3.8  4.7%x104
YPLI92C 0.9 0.35 3.6 6.5x10%
YERO19W 1.3 0.20 41  6.6X10
SPC25 1.3 0.20 41 6.6M0%
YILOB3C 1.0 0.67 3.6 7.1x104
PGM1 2.0 0.01 38 7.2X104
YILO37C 1.1 0.55 3.4 8.2x10%
YILI69C 1.6 0.07 3.3 1.2X10°3
AGA1 1.4 0.1 3.1 1.9x10°3
YOL155C 1.0 0.73 3.0 216103
£t 0.9 0.76 3.0 2.2x10°3
FAR1 1.3 0.22 3.0 2.4X10°3
PHOB 1.0 0.83 29 2.7x103
HYM1 1.4 0.18 2.7  4.9x10°3
FIG1 1.2 0.38 29 5.0x10°3

L ee—
>51 n <11 <1/5 1/2 11 211 551

Description

|Pheromone-regulated membrane protein |
C-14 sterol reductase (adjacent to PRMT)
Cyclin partly in association with Pho85p
Protein involved in mating induction
Transcription factor required for mating
Protein required for cell fusion during mating
MAPK mediating mating pheromone signaling

Protein of unknown function
Protein involved in morphogenesis of the mating projection
Putative effector of Cdc42p, important for bud emergence
Protein of unknown function

Chitin synthase |, functions during cell separation

! 1 d ' cAMP
Membrane protein required for homotypic nuclear fusion
Protein of unknown function
Moderately similar to mammalian neutral sphingomyelinases
Protein of the spindle pole body
Protein of unknown function
Phosphoglucomutase
Protein of unknown function
Protein of unknown function
[=Agalutinin anchor subunit |
Similar to S. cerevisiae glucan 1,4-alpha-glucosidase
iMvoived T spindie formaton and &aryogamy |
Involved in cell cycle arrest for mating
COK inhibitor for PhoBUp-Fho85p complex
Protein with similarity to Aspergillus nidulans hymA
Protein required for efficient mating

Ren et al., Science, 2000



Parovani/mating kvasinkovych bunék
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haploidni bunky v pfitomnosti partnera zastavuji v G1 fazi a konjuguji
S. cerevisiae = al/alfa, S. pombe = h+/h-

vytvari diploidni buriky (S. cerevisiae = stabilni, S. pombe = okamzité
sporuluji)

parovani doprovazeno zasadnimi zménami v morfologii



Prepinani parovaciho typu

Homotalické - HO endonukleasa je exprimovana pouze v matefské bunce v G1
fazi (dcefinna si uchova puvodni typ)
Heterotalické — nemaji funkéni HO endonukleasu

Chant, Current Opinion in Cell Biol, 1996



Prepinani parovaciho typu
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Lee a Haber, Microbiol Spect, 2015
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HO endonukleasa Stépi specifické sekvence v MAT lokusu - homologni rekombinace
- zaména kopii
Pouziva se pro vygenerovani DSB a studium mechanismu opravy poskozené DNA
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Regulace transkripce v haploidnich bunkach
(konstitutivni)

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

a-spec.= MFA1,2 (a-feromon), STE2 (a-receptor), STEG6, 14 (Uprava a sekrece feromonu)
a-spec.= MFal,2 (a-feromon), STE3 (a-receptor), STE13, KEX2 (proteasy)
haploid spec.= STE4,18 (podjednotky G-proteinu), RME1 (inhibitor meiosy), HO, NEJ1, LIF1

MAT lokus Typ bunky Geny kontrolované MAT lokusem
e 250 ON
al, a2 a haploid e 0 SG OFF

—haploid SG ON

al, a2 a haploid L aSG OFF
L aSG ON

reeeessssssm haploid SG  ON

al, a2 diploid L aSG OFF

al a2 @ e 0 SG OFF

L haploid SG OFF

Lee a Haber, Microbiol Spect, 2015



Struktura promotoru

Kvasinkoveé promotory se liSi od bakterialnich a vysSich eukaryot (kvasinky
netranskribuji z takovych promotoru — 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 iniciaéniho mista (podobné Pribnowovu
boxu u bakterii)

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

al, o2 a haploid aSG OFF

aSG ON

- haploid SG ON

konstitutivni




Regulace transkripce GAL genu

represor
Migl
Chr. b GAL?I “AL10] g [GaLr
v, UAS — U
aktlvator
GAL4

inhibitor Gal4p Glucose

GAL8O| ~

oy

_—@

Vs —

GAL3 GAL2
inducer <+— Gal;, *+— Gal o

induktor
- glukosa reprimuje transkripci GAL genu na rtznych drovnich

- URS v promotorech GAL1 genu (Migl represor) - reprimuje transaktivaci
GAL4 transkripcnim aktivatorem

- Gal80 blokuje Gal4 aktivacni domenu

- reprimuje GAL3 induktor a GAL2 permeasu Johnston et al., MCB, 1994



Regulace metabolicke drahy galaktozy

A galactose
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TCAGCAGGC
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lGaHOp

UDP-glucose
Pgm2p

(Gal5p), iG”P
Pgm1p

glycolysis ««— glucose-6-phosphate <€— glucose-1-phosphate

k other j
carbon

sources

GAL4 gen kdéduje transkripéni faktor
(aktivator), ktery se vaze na UAS GALL,
GAL7, GAL10 ...

Hittinger et al., PNAS, 2004

Johnston, MMBR, 1987



Regulace metabolicke drahy galaktozy

Medium I-"" Cyloplasm |.
Gal? Gall Gal7 Gal5
ri-galactosidase Farmmaase K i I ranstarasa blutase
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- pouze GALDS5 gen je konstitutivné exprimovan (potfebny pro metabolismus glukozy)
- GAL4 gen kc’)duje transkripcni faktor (aktivator), ktery se vaze na UAS GAL1, GAL?7,
GAL10, GAL2 . e
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Transkripcni aktivator Galdp
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UAS OFF
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transkripce .

trangofice
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transkripce

| LAS

e

Luban a Goff, CO Biotech, 1995
Ptashne a Gann, Science, 1997




Vznik 1-hybridnich systému

transkripce

[promotor | Tez

Petriho miska

RuUzné transkripéni faktory maji podobné domeény 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 (transkrip¢ni faktor)



BD a AD domeény lze zamenit

ce

transkripce

Prey activation domains
S. cerevisiae Gal4 AD

Herpes simplex virus
VP16 AD
E. coli B42 AD

Bait DNA-binding domains
S. cerevisiae Gal4 DBD*

E. coli repressor LexA
DBD*

H. sapiens estrogen
receptor DBD

Bacteriophage A
repressor cl

Tet repressor

Gal4 activating region II (aa 768 to 881),
moderate strength (178)

VP16 activating region (aa 413 to 490), high
strength (673)

Bacterial polypeptide, weak strength (234)

Binds GALI, GAL2, and GAL7 upstream
activating sequences (178)

Binds LexA operator sequences (234)

Binds estrogen receptor elements (374)

Binds cI operator sequences (580)

Binds Tet operator sequences (716)

Stynen et al, Microbiol Mol Biol Rev, 2012



2-hybridni system

60 mM 3-AT (-
Leu, Trp, His)

30 mM 3-AT (-
Leu, Trp, His)

20 mM 3-AT (-
Leu, Trp, His)

B m His3 15 mM 3-AT (-
W Leu, T, His)

10 mM 3-AT (-
Leu, Trp, His)

5 mM 3-AT (-
Leu, Trp, His)

Kontrola (-
Leu, Trp)

a =

< —

transkripce > é
+ . 8
D oF

2 +

lacZ A O

g m m

His3 >




Reportérove geny

Reporter genes

E. coli lacZ*
S. cerevisiae MELI

E. coli gusA
Aspergillus oryzae lacA3

S. cerevisiae HIS3*

S. cerevisiae LEU2*

S. cerevisiae URA3

S. cerevisiae ADE2*

S. cerevisiae LYS2
Aequorea victoria GFPuv
EGFP

Yeast EGFP

Aureobasidium pullulans
AURI-C

B-Galactosidase chromogenic reporter (178)

Secretory a-galactosidase chromogenic
reporter (5)

B-Glucuronidase chromogenic reporter (580)

Engineered secretory B-galactosidase
chromogenic reporter (318)

Prototrophic reporter for histidine
biosynthesis (673)

Prototrophic reporter for leucine biosynthesis
(234)

Prototrophic reporter for uracil biosynthesis
(374)

Prototrophic reporter for adenine
biosynthesis (299)

Prototrophic reporter for lysine biosynthesis
(580)

Fluorescent reporter (107)

Fluorescent reporter (613)

Fluorescent reporter for flow cytometry
screens (88)

Aureobasidin A resistance reporter (167)

Stynen et al, Microbiol Mol Biol Rev, 2012

kvantitativni

auxotrofie
(media bez ...)

FACSorting

rezistence
(media s aureob)



Inhibitory proteinovych  rea. sa.

Interakci A RIC)
B FKBP
A-B RI(C) FKBP

Sc*-H-W-L, Sc*-H-W{U
gal/raf gal/raf

FK506
100 nM 2

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

FK506 inhibuje vazbu proteinu FKBP12 na TGF[-receptor

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



(a)

(b)

(c)

(d)

y/ O

[ BD ) [I—’
DNA binding sita Reporter gene

L

BD , —

DNA binding site Reporter gene

o

DNA blndlng site Reporter gena

Hybridni RNA molekula

I\

X K_‘ \.

\ BD |
DNA binding site Reporter gene

Klasicky dvoj-hybridni systém

Troj-komponentni (dvoj-H) systém
— heterotrimerni proteinové komplexy
- posttranslaéni modifikace

Dvoj-hybridni systém
- proteinovy inhibitor interakce

Troj-hybridni systém
— RNA interakce
- ligand/receptor



Analyza vazby protein-RNA (Y3H)

D MS2 RNA RNA X
MS2-MS2 ‘ .
Ty Y 3
/ LexA
| DBD

) TSETINY,

LexA Op

TFi hybridni/fazni konstrukty:

1. DB-Gal4 a RNA-vazebny protein (MS2 virovy coat protein)

2. RNA molekula slozena z TAR (HIV trans-activation response element) a MS2
sekvence

3. AD-Gal4 a trans-activation protein Tat (vaze TAR)
Hybrid Hybrid  Hybrid
Protein 1 RANA Protein 2

1 ISR TAR-MS2

TATA lacZ

-

Pl exA MS2 JETASYEVIN AD Tat

YL exA MS2 P TRTSEl AD Tat

4 ST NNEYY TAR-MS2

SenGupta et al, PNAS, 1996

5 TAR-MS2 [GJET




CytoTrap 2-hybridni system

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

- jeden partner je myristylovan (signalni sekvence) a ukotven na membranu a druhy
(interakéni) partner je fuzovan k hSOS — spusti Ras drahu (roste i na vysSi teploté)

Ras signal
transduction

~ pathway
‘ activated

Broder et al, Cur Biol, 1998




alternativni G-protein hybridni systemy

Kvasinkovy ste184 mutant nereaguje na a-
feromon — Ste18p, f_uzovany S Jednlm pheromone P e
partnerem a druhy je ukotveny na receptor space
membrané - silna interakce nedovoli

asociaci Stel8 a Ste4 a nespusti se signalni

draha (buriky rostou za pfitomnosti a- Steld Stezq!_ Y
feromonu)
Fus3
cytoplasm

Block of pheromone response

/ nucleus

No pheromone-induced growth arrest & )
(Halo assay) , o
Dig1/2 ¢ /
i No transcription . *. Digl/2
i Stel12 (g ,Q_

PRE lacZ PRE  target genes
ste18 vhodny pro analyzu disrupce



Komplementace proteinu

Interakci dvou partneru dochazi ke komplementaci
eGFP na povrchu kvasinkove bunky (ukotveno
pomoci fuze s Aga2 aglutininem) — buriky mohou byt
vytfideny pomoci FACS

Interakci dvou partnert dochazi
ke komplementaci ubikvitinu — Johnsson et al, PNAS, 1994
pavodni verze zaloZzena na Stynen et al, MMBR, 2012

Western blot detekci — 1 i
adaptovano pro kvasinky se il

selekci na klasickém principu
(reportérového genu)

Reporter gene activation
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| RRSY2H | (tRRS Y2H
= ‘ ; ‘ B ‘ .‘ Disruption of G-protein signaling
<1 SRS Y2H | \
; .vV. —————  Downstream MAPK signaling " G-Protein ) c
L fusion Y2H

Bruckner et al, IJIMS, 2009
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Reporter gene transcription

UsPs _\“‘Qmmw.o Y2H
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transcription on
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rehled kvasinkovych PPl biotechnolog

transcription on
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