Test: 15.12., C02-2.11 - psaci potieby (A,B,C,D)
Zkouska/prezentace:

15.12., C02-2.11— max 6 studentu

Dalsi terminy v lednu ...

Kvasinky ... oblast vasi DP (ne samotna DP)

- Uvod do problematiky

- vysledky z €lanku (ne starsi nez 5 let)

- zavery, reference

pfednaska 15 + 5 minut

Cviceni: 8. 12. 8.00, B07-2.17 - plasté, psaci a kreslici potieby



« Parovani kvasinek Osnova
— Regulace transkripce specifickych genu
* Regulace transkripce
— Gal4 transkripéni faktor
« Hybridni systémy
— transkripcni hybridni systémy
— alternativni kvasinkoveé hybridni systemy



Parovani/mating kvasinkovych bunék

] —
G1®A 8‘\

O ha;oid Q
7

G1-B

{' diploid ‘
. haploid ‘ . @® ../

®‘/\.

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

vytvari diploidni bunky (S. cerevisiae = stabilni, S. pombe = okamzité
sporuluiji)

parovani doprovazeno zasadnimi zménami v morfologii
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Chromosom llI

Chromosom Il obsahuje:
- MAT lokus

- MAT a (HMR) kazeta

- MAT a (HML) kazeta

HML a HMR jsou tiché
alely (heterochromatin)

Coal,a2 + a1,a2
koduiji? (transkripéni
faktory)

HO endonukleasa —
vyména kazet v MAT
lokusu (rozeznava
specifické sekvence)

Heterothalické — stabilni
Homothalické — pfepinaji
parovaci typ
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Regulace transkripce v haploidnich bunkach
(konstitutivni)

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 ASG ON

al, a2 a haploid E——— aSG OFF
e haploid SG = ON

al, a2 o hapI0|d L aSG OFF

L aSG ON

E— ] haploid SG ON

al, a2 diploid L aSG OFF

al. 32 @ 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 ...)

-VétsSina 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)

Regulation/ Signal a haplOId
Relative Protein Strength on
Promoter Expression Level Western blot ©
ADHT (full-length) Ethanol-repressed/High +++
ADHT (410 bp+)© Constitutive/medium ++
asSG OFF
ADHT (410 bp) Constitutive/low +/— (weak)

Constitutive/ very low (not detectable) L aSG ON

I haploid SG ON

ADHT (700 bp) Consitutive/high +++
| GALT [full-lenuth}l Repressed by glucose; (not detectable)d
induced (high-level) by galactose +++0
MET1 Methionin repressed konstitutivni
CUP1 Cu induced

MFA1 MATa specific (haploid specific)



Regulace metabolické drahy galaktozy

Medium Cyloplasm

Gal2  Gai  Gal7 Gal5 |

Transferasa hutase

I:.I : ;- : sctose —  Galact = Gal-1-f > Glu-1-P Glu—6-1 —» Glycolysis ‘

nazev GAL | ICHO ICHO
podle screenu - AL WY n—|—on P
mutanty neschopné A HO——H HO——H
utilizace galaktosy | ~ n—|—om HO—|—H
(vyfazeni jednoho | e H—{—on H——on
genu znemozni — : — Gal10 — «CH,OH «CH,OH
kVHSl nce D-glucose D-galactose

metabolismus)

- pouze GALS5 gen je konstitutivné exprimovan (potfebny pro metabolismus glukozy)
- GAL4 gen koduje transkripéni faktor (aktivator), ktery se vaze na UAS GAL1, GAL?,
GAL10, GALZ ...

Galdp —

m GAL1 FUR4 EMP46
S 0 e I S Xr >

| Ll |
1L L 1

KAP104  GAL7
< 1

GAL2 SRL2
I 1 %1"—|




Regulace metabolické drahy galaktozy

A galactose
RIO1  ECY1 PFY1 l TRP1 GAL3  SNQ2
xv € 1}1 : ] Gal3p r > le = | >
A }
it
PMP3 MTH1  RNH202 = /’ SUR7 GAL8D  YMLOSOW
i 1 S——jur— Gal8op 1 ] Y| S — s
/ P
/ ¥
/ = ol
2 e
RPL1B { PCL10 S GYP5  GAL4  YPL247C
I —> . —* Galp — 1 M Bl PO S
o e
\\
- g
/
KAP104  GAL7  GAL10 GAL!T  FURM4 EMP46\‘ GAL2 SRL2
- . } troe m—
B Gal2p Gallp Gal7p

galactosegytracellylar—> 9laC108€, o oiylar— 9alactose-1-phosphate—— UDP-galactose

GCI)O 5?0 4(I)0 3(I)0 2l|JO 1CIDO 0

s — - AL
— - EHEE [GAL10

P [GAL7
&5— [GALZ >

[WEL]

& [GAL80

Consensus Binding Site

G
CGGAZGACA G

TCAGCAGGC
19 20 18 10 16 913 11 20

lGaHOp

UDP-glucose
Pgm2p

(GalSp), iG“'TP
Pgm1

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

K other j
carbon

sources

GAL4 gen kdduje transkripéni faktor
(aktivator), ktery se vaze na UAS GALT1,
GAL7, GAL10 ...

Hittinger et al., PNAS, 2004

Johnston, MMBR, 1987



ChIP Gal4p microarray po galaktose

A [ Binding \(‘plcwon

e §. o Glucose Galactose ratio
2 B § 3 Name ratio P-value ratio P-value (Gal/Glu) Description
o 9 W o -
GAL2 5.0 9.6X10% 96 1.4x10°1 188.6 Galactose permease
GAL3 5.9 3.2x104 8.3 2.5X107 18.2 Regulatory protein required for rapid induction of galactose pathway
GAL7 1.5 0.29 8.4 3.8X1 O'Z 170.1 UDP-glucose--hexose-1-phosphate uridylyltransferase
GAL10 8.5 9.5x10° 7.9 7.0x107 118.8  UDP-glucose 4-epimerase
GAL1 8.5 9,510 7.9 7.0X10° 271.3 Galactokinase, first step in galactose metabolism
FUR4 1.} 0.86 4.7 7.1X106 4.6 Uracile permease (adjacent to GAL1)
GCY1 1.} 0.74 4.3 1.2Xx10° 93.1 Galactose-induced oxidoreductase
MTH1 2.9 0.01 4.1 2.1x1079 21.6 Repressor of hexose transport genes
GALBO 1.4 0.39 3.7 4.1X10°° 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 Pho85p, involved in glycogen accumulation
— | — Mot A4 4 .
o ans =5 Furdp zvysuje mnozstvi uracilu pro UDP-Gal
Mth1p potlacCuje transport glukosy (zlepsuje prijem gal)
Pcl10p potlacuje glyconeogenezi (maximalizuje zisk z gal)
Gal80p inhibuje/blokuje Gal4p
Lracil
C _FRY_ MM PCLIO_ D il
) 4 Gal2 '
et [ D-palactose

*Enl!

*Eal?

*Eaﬂﬂ

@x ¥ Fam2/GAL

C-glucaose &-phosphata

Relative expression

¢ Glycolysis

Glycogenesis

A

Ren et al., Science, 2000



Regulace transkripce GAL genu

represor
Mig1 '——b
Chr. [l . m GAua g —
~ |UAS [-| URS
aktlvator @
GAL4
inhibitor Gal4p Glucose
GALBOI ~
/@
inducer -+— Gal;, +— Gal
induktor in Gal gyt

- glukosa reprimuje transkripci GAL genu na rtznych urovnich
- URS v promotorech GAL1 genu (Mig1 represor) - reprimuje transaktivaci
GALA4 transkripénim aktivatorem
- Gal80 blokuje Gal4 aktivaéni doménu

- reprimuje GAL3 induktor a GALZ2 permeasu Johnston et al., MCB, 1994



Rozdily v utilizaci galaktozy

A B C
galactose
utilization GALZ2 GAL1 GAL10 GAL7 GAL3 GAL8B0 GAL4
i - - + + - - - +
100/100 S cerevisiae
100/100 S. paradoxus + - + + + + + +
100/100 | S. mikatae + + + + ~ + E 4

100/100 { | S. kudriavzevii - P P P P B p2 P
\ 100194 S. bayanus + +2 + K - +7 42 i+
100/100 'S castellii " HXT + + 42 o +2 42
—g—— C. glabrata — HXT - - - - - -
1
| S. kluyveri + HXT + + + - - + |
100/100]
’ —— E. gossypii — HXT - e - - e @
: 1001007 K. wattii - HXT - — - - — e
: 1
: K. lactis + HXT + + - - + +
: 1
B T common ancestor + HXT + + - - -~ +

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

Hittinger et al., PNAS, 2004

te

>N

N m—

e

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 = psudogeny)

evoluce p



Transkripcni aktivator Gal4p

Gal4a]Gal4)GalajGalda

sew = m— G2 00
UAS OFF
Growth in
galactose
) L L) L]
® 0 0@
Transcriptional
machinery
Gal 1 gene
ON
65 04
1 148 196
| 06
GALS mm —

DNA
 ENGINE

g DIMERIZATION TRANSCRIPTIONAL
oNa-NDEPENDENT) I

(A0

[ uas

O

transkripce .

trangofice

lacZ

transkripce

| LAS

e

ACTIVATION

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




Vznik 1-hybridnich systému

transkripce

e

Petriho miska

RuUzné transkripéni faktory maji DBD a AD domény a Ize 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, sekvenace

- 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
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b // Grochova et al., Oncogene, 2008



Toxikologické aplikac

-

Xenoestrogeny
nebo estrogeny

vV

v

o

D-luciferin + O, >

JADRO
J\*.

Vazba ER na DNA — mRNA

CYTOSOL

Luciferaza

/

A

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

Gal4a]Gal4)GalajGalda
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Growth in
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Luban a Goff, CO Biotech, 1995
Ptashne a Gann, Science, 1997




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)
(TRP1) protein

3 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.

AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,
galda, galBOA]LYS2 - - GAL Tyas-GAL 11474-HIS3,
uas-GAL27a74-ADE2,

URA3 :: MEL1 A‘_'MEL’ T, TA-IQCZ v _— v s s
wAs ’ Nejcastéji pouzivany kmen PJ69-4a/a

AH109 Constructs
velmi citlivy (3AT)
GAL1 UAS GAL1 TATA HIS3
rizne 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)



2-hybridni systéem

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, Tp, His)

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

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

Kontrola (-
Leu, Trp)

=) <

< —

transkripce > é
+ o
@ aF

= +

lacZ A e

. m om

His3 =




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

‘ transkripce YLR423C ¢ YPRO4SC «

L GALTUAS [ | Reporfergen | Uetz et al., Nature, 2000

— NIp100
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TRENDS in Cell Biology

Network/sit naznacuje funkéni vztahy

Tucker et al, TiCB, 2001
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« high-throughput” screen -
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interaktom

S. cerevisiae >30 000 interakci (~6000

proteinu)

« pomoci Y2H podobny ,high-
throughput® screen pro lidské a jiné

proteiny ...



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
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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
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! 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 EE] TAR-MS2

2 RAT-MS2

3 PEE 2SM-RAT

4 (ST NNEYE 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



L}V 4

_RRSY2H | (IRRS Y2H
= ‘ § ‘ b ‘ . Disruption of G-protein signaling
< SRS Y2H |
N . Downstream MAPK signaling i ‘0.033_3.‘ c

¢ -vv MU_
TP fusion Y2H

Bruckner et al, IUMS, 2009

W iUadp ——»  Ura3p degradation

USPs  — 3 T
| Split ubiquitin Y2H |

J

Sscinex?)
®e

Reporter gene transcription

usPs Classic Y2H

\\\

[ SplitTrp Y2H |

RNA Pol I

N\ Tryptophan ome P oo cone 8
; synthesis

\ ~

transcription on

[ RTAY2H |

transcription off

Ve (Polll Y2H |

rehled kvasinkovych PPl biotechnolog

transcriptionon

P



