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Parovani/mating kvasinkovych bunék
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haploidni bunky v pfitomnosti partnera zastavuji v G1 fazi a konjuguiji
parovani doprovazeno zasadnimi zménami v morfologii (dynamicke)
haploidni vs diploidni buiky (stav bunék)
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ChIP on CHIP - Ste12p transkripéni faktor

Binding Expression Name
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Binding
before after
ratio P-value ratio P-value
27 1.3x10% 62 45X10°
27 13x10% 62 45x10°5
33 42x10°5 68 5.8X10°5
26 22x00% 56 9.5X10°
41 14x10% 41 3.1x104
50 2.8x107 41  s.ex10
33  39X10°° 54 20x103
3.3 39x10° 54 2.0x10°3
0.7 0.13 52  1.0X10%
1.0 0.86 5.1 1.0x104
1.4 0.11 50 1.2x10%
1.1 0.70 3.9  4.1x104
0.9 0.66 41 420104
1.3 0.21 4.2 45X104
1.2 0.37 3.8  4.7X104
0.9 0.35 3.6 6.5x10%
1.3 0.20 41 66004
1.3 0.20 41 6.6X104
1.0 0.67 3.6 7.1X104
2.0 0.01 3.8 7.2x104
1.1 0.55 3.4 8.2x10%
1.6 0.07 3.3 1.2xX10°3
1.4 0.1 3.1 1.9x10°3
1.0 0.73 3.0 21x10°3
0.9 0.76 30 2.2x10°3
1.3 0.22 3.0 2.4X10°3
1.0 0.83 29 2.7x103
1.4 0.18 2.7  4.9x10°3
1.2 0.38 29 50x103
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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 o 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
Mvoived T spindie formaton and karyogamy |
Involved in cell cycle arrest for mating
COK inhibitor for PhoB0p-Fho85p complex
Protein with similarity to Aspergillus nidulans hymaA
Protein required for efficient mating

Ren et al., Science, 2000
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Specifita parovacmo typu je koddovana MAT lokusem
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Regulace transkripce v haploidnich bunkach

al, a2 + a1, a2 - transkripcni faktory, které ovlivauji transkripci 3 skupin genu

a-spec.= MFA1,2 (a-feromon), STE2 (a-receptor), STE6, 14 (Uprava a sekrece feromonu)
a-spec.= MFa1,2 (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 A5G ON
al, a2 a haploid e 0 SG OFF

—haploid SG  ON

al, a2 a haploid L aSG OFF
L aSG ON

eeeeessss—— haploid SG ON

al, a2 diploid L aSG OFF

ai. a2 @ e 0 SG OFF

X L
haploid SG OFF

Lee a Haber, Microbiol Spect, 2015



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 motivy
(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 a haploid aSG OFF

aSG ON

- haploid SG ON

konstitutivni




Regulace transkripce GAL genu

aktivator represor
Gal4 Mia1
Chrdl - “garl GAL10] <Ll PP
O UAS UAS [

URS
\
GAL4| o ®
L@

Glucose
GAL80] inhibitor Gal4p
\
/@
GAL3 GAL2 Johnston et al., MCB, 1994

inducer +— Gal;, +— Gal
induktor n out

- glukosa reguluje transkripci GAL genu na raznych urovnich:
- blokuje Gal3 (induktor) a Gal2 (permeasu), GAL4
- reprimuje transaktivaci Gal4 transkripénim aktivatorem a ovliviiuje Mig1
represor (URS) v promotoru GAL7 genu
- Gal80 blokuje Gal4 aktivacni doménu (galaktosa zablokuje pouze Gal80)



Regulace metabolické drahy galaktozy

A galactose
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Hittinger et al., PNAS, 2004

Johnston, MMBR, 1987



ChIP Gal4p microarray po galagse

A g - Binding Expression
_ 4 o Glucose Galactose ratio

2 B §. 3 Name ratio P-value ratio P-value (Gal/Glu) Description

o O [TV R -
GAL2 5.0 9.6X10% 9.6 1.4)(10': 188.6 Galactose permease
GAL3 5.9 3.2x104 8.3 2.5X10° 18.2 Regulatory protein required for rapid induction of galactase pathway
GAL7 1.5 0.29 8.4 3.8X107 170.1 UDP-glucose--hexose-1-phosphate uridylyltransferase
GALI0 85 95x105 7.9 7.0X107  118.8  UDP-glucose 4-epimerase
GAL1 8.5 9.5Xx10°> 7.9 7.0x10°/ 271.8 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
MTH 2.5 0.01 4.1 2.1X10°° 21.6 Repressor of hexose transport genes
GALBO 1.4 0.39 3.7 4.1X10°5 4.0 Negative regulator for expression of galactose-induced genes
PCL10 0.6 0.24 3.0 2.6x104 2.6 Cyclin that associates with PhoB5p, involved in glycogen accumulation

— | —

slom s e =3 FUR4 zvySuje mnozstvi uracilu pro UDP-Gal
MTH1 potladuje transport glukosy (zlepsuje pfijem gal)
PCL10 potlacuje glycogenezi (maximalizuje zisk z gal)
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Ren et al., Science, 2000



Rozdily v utilizaci galaktozy

A B C
galactose
utilization GAL2 GAL1 GAL10 GAL7 GAL3 GAL8O GAL4
S e S, + + + + + + - +
100/100 S. cerevisiae
100/100 S. paradoxus + - + + + + + +
100/100 STmikatae s + -+ -+ — + + o+
100/100) 1y |S. kudriavzevii - P P P P P p? P ‘

\ 10094 | S. bayanus + +2 + + + 47 42 +
1oatee |S. castellii - HXT  + + 42 47 2 42
—g—— C. glabrata — HXT - - - - - -

1

‘S. kluyveri + HXT + + + — + + ‘
100/100
’ —— E. gossypii —_ HXT - i - g s @

: 10011007 ___ K wattii - HXT — - - - — e

: 1
, K. lactis + HXT + + - - + +

: 1
R T T common ancestor + HXT + + + - + +

nazev GAL
podle screenu
- mutanty
neschopné
utilizace
galaktosy
(vyfazeni
jednoho genu
znemozni
kvasince GAL
metabolismus)

GAL4 -
transkripce

- rizné kvasinky vyuzivaji rizné cukry (viz pfednaska o urCovani kvasinek)
- S. cerevisiae, S. paradoxus, S. mikatae, S. bayanus, S. castellii, S. kluyveri, a

K. lactis vyuzivaji galaktosu — maji vSechny GAL geny

- S. kudriavzevii, C. glabrata, K. waltii, a E. gossypii nemohou vyuzivat galaktosu
(GAL geny jim chybi — Uplna ztrata — nebo je maji nefunkéni = Pseudogeny)

Hittinger et al., PNAS, 2004
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Transkripcni aktivator Gal4p
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Luban a Goff, CO Biotech, 1995
Ptashne a Gann, Science, 1997




Vznik 1-hybridnich systému

transkripce

e

Petriho miska

RUzné 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 (transkripéni faktor)



Grochova et al., Oncology Reports, 2008
B

transkripce

~

UAS | Ade2 reporter gen |

mut p53 (duplikace 30bp)
kvasinka opravila

Analyza funkénich vilastnosti p53

- stanoveni aberaci p53 v klinickém materialu - imunoanalyza, FISH, sekv. p53

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



Toxikologické aplikac
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Geny zodpovédné za estrogenni odpovéd’

"Estrogenni efekt"

\. Jaderné faktory
LER W

)

luciferaza

V tomto systému byly
testovany rtzné polutanty —
efekt na ,estrogenni“ drahu

RECETOX/CETOCEON
(Dr. Cupr/prof. Holoubek)

Bartos et al, Env Tox, 2006

oxyluciferin + svétlo



Transkripcni aktivator Gal4p
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BD a AD domeény lze zamenit

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



Klasicky Y2H systém
plasmid — plasmid

1 (LEU2)
( TRP 1) |]llll[EIﬂ

i transcription
Gal4 systém DNA-8D
_| 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 768—881 of the GAL4 protein and functions as a transcriptional activator.

Nejcastéji pouzivany kmen PJ69-4a

MATa trp1-901 leu2-3,112 ura3-52 his3-200
gal44 gal804

LYS2::GAL1-HIS3 GAL2-ADE2 met2::GAL7-lacZ

velmi citlivy (3AT)

oo [ onnn |

rizné promotory velmi stringetni
GAL2 UAS GAL2 TATA ADE2
semikvanitativni (3-gal)

MEL1 UAS MEL1 TATA MEL1




Reportérové 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)



o Kvasinkovy ,INTERACTOME"

Amp”

Mat a bunky

8x12 jamek
(96 na misku)
VSechny ORF

YLRA24W

Mat a bunky anens

Misto transformaci dvou plasmidd do
jedné buriky byly BD plasmidy v a
burikach a AD v a bunkach —
parovanim byly vytvoreny jejich
kombinace

— NIp100

YPRO4SC «

transkripce YLR423C +
——-epariergen Nature (2000) p. 623

[ GALTUAS |




Reversni system (Y2H)

Yeast growth selections

Control Forward Feverse

> OO 8 O

Drug —._ Interaction disrupted
A
Qi)

L —

X

PO P&

RNA Pol Il

Transcription — Lethality

INNY NN N

AN A g 4 J 4
Gall UAS TATA URA3/CYH2/GAL1

- 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



Inhibitory proteinovych  rea. sa.

Interakci A RIO)
B FKBP
A-B RI1(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[3-receptor

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



Interaction
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Yeast $rain
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Split-hybrid systém

VP16 CREB Lac Z
N <0 T
- -~
PCR mutagenesis
Mutated library

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

v

-5,000 Growth(+)

¥

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

Shih et al, PNAS, 1996



(a)

(b)

(c)

(d)

e Q

! BD ) [I_’
DNA binding sita Reporter gene
|7( \‘
BD 1 ==
DNA binding site Reporter gene

o

DNA b|nd|ng site Reporter gene

Hybridni RI\]JA molekula

/,, J_‘/

/\ 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

& X \“’\«' \ .’
LexA Op

TFi hybridni/fuzni 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 ] TAR-MS2

2 [RSTNLEYE RAT-MS2

3 PSR 2SM-RAT

4 [T WNEYY TAR-MS2

SenGupta et al, PNAS, 1996

5 TAR-MS2



Vazba ligand-receptor (Y3H)

Hook Bait Fish

Receptor for b

Ligand A ' '

DNA-binding -
domain

Transactivation domain

Receptor for
Ligand B

Reporter Gene

Operator
Fruitful Ligand-Protein Interactions
Reporter Gene
Operator

Licitra et al, PNAS, 1996

dexamethasone Mmeo.

Me.,

4 FK506

TFi hybridni/fuzni konstrukty:

1.

2.

3.

DB-Gal4 a glukokortikoid receptor
(vaze dexamethason)

Organicka sloucenina obsahuijici
dexamethason a FK506 (v médiu)
AD-Gal4 a FKBP12 (vaze FK506)




CytoTrap 2-hybridni systém

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
(interak¢ni) 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 Ras hybridni systémy

(B) — savci konstitutivné aktivni Ras protein (bez signalni sekvence pro ukotveni) je
flzovan s proteinem, ktery interaguje s partnerem ukotvenym v membrané (spusti
se Ras draha a cdc25-2 kvasinky rostou i na vyssi teploté)

\ A Grp
]
hSos X
Growth T Fon e
cdc25-2 cdc25-2 embrane localization

Stynen et al, Microbiol Mol Biol Rev, 2012



alternativni G-protein hybridni systemy

Kvasinkovy ste184 mutant nereaguje na a-

feromon — Ste1 8p, f_l‘]zovan)'/ sjedm’m e s acebida
partnerem a druhy je ukotveny na receptor space
membrané - silna interakce nedovoli

asociaci Ste18 a Ste4 a nespusti se signalni

draha (buriky rostou za pfitomnosti a- Ste18 Ste?ol_v\_ p

feromonu Al
. ) Steﬂ‘fi??,, .
A R A A

G pro?ems Ste7 z‘;,. v

-O-

cytoplasm

Block of pheromone response — ' ZI,I(D -
/ nucleus

No pheromone-induced growth arrest J_)
(Halo assay) J .
Digi2 @ /
*/ Digir
No transcription P
! :‘:; P Ste12 ()

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 partneru dochazi
ke komplementaci ubikvitinu — Johnsson et al, PNAS, 1994
puvodni verze zalozena na ~ Stynen et al, MMBR, 2012

Western blot detekci —

adaptovano pro kvasinky se i
selekci na klasickém principu
(reportérového genu)

Reporter gene activation
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Bruckner et al, IUMS, 2009
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