Cviceni: 14. a 18.12., A7 (2.17) - plaste, psaci a kreslici potreby

Souhrn predchozi prednasky

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



Osnova prednasky

* Regulace transkripce
— Gal4 transkripcni faktor
o transkripCni hybridni systémy
— alternativni kvasinkove systemy
* hybridni — G-proteiny
* komplementacni — DHFR, ubikvitin

albojouyoalolq



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)

Med| U " Cytoplasm

e = = Al |
) Ay E buta
galac BAE
- i - e Glu—1=F = t >
I
ICHO ICHO
4
UDP-G UDP-Ga H—1—OH H——OH
A HO——H HO——H
gal mutanty Coimaran R ok
GAL1 H———OH H——OH
= ¢CH,OH <CH,OH
D-glucose D-galactose

- 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



Regulace transkripce GAL gen(
‘GAL7 ‘GALIO I GAL1

O UAS UAS M URS

akti\%@

GAL4 o
L@

inhibitor Gal4p

Glucose

-
GALsol
vl /
GAL3 GAL2

_ inducer +— Gal;, +— Gal
induktor u .

- glukosa reprimuje transkripci GAL gen( na riiznych Grovnich
- URS v promotorech GAL1 genu
- reprimuje transkripci GAL4 transkripCniho aktivatoru

- reprimuje GAL3 induktor Johnston et al., MCB, 1994



Galactose
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;{ PN 1 Nucleus
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RNA pol Il holoenzyme

Genearal TAFs
Uetz and Finley, 2005

Vi

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 !



Binding O
%
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microarray po galaktose
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A - Binding Expression
L ——
® 2
. ﬁé’ o Glucose Galactose ratio
3 = - @ Name ratio P-value ratio  P-value (Gal/Glu) Description
o O W o=
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
— L —
>10/1 5/1 <1/1 <1/5 1/1 >5/1
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20— — I Galactose === Gali-P =—= Glu1-P =—= Glucose-6-P
O \\Amh
er
1= Translati processes
-E 3 D mANA mENA ransiation
g ‘) /‘ Cytoplasm
E RMA-processing mANA
o 20 + export factors
E
)
m
2 10
Nucleus
07 Chromatin
» o RNA pol Il holoenzyme
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Ren et al., Science, 2000



Transkripcni aktivator Galdp

[0\

transkripce

| UAS

? (0

tranSgafce

[ Uuas

lacZ

©

transkripce

| LIAS

(a) : s
Promoter Reporter gene - F}}
Transkripcni
DNA loog2Ple AD
AD
<
DB
ﬁ:: - =
65 94
1 148 196
- H
GAL4 :&H

DNA mamn DIMERIZATION TRANSCRIPTIONAL
BINDING B ona-noepenpent) M AcTivaTion

CO Biotech (1995) p. 59




Vznik 1-hybridnich systému

Al B
@ transngige transkripce
UAS lacZ
/'/_
/CO
0O

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)



Grochova et al., Oncology Reports, 2008
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



SEKVENCNE SPECIFICKA FASAY

LECTIN Jueynur 53
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Grochova et al., Oncogene, 2008
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Toxikologické aplikace | = = — = = =
g p ;- i > @ZL@
o0 0 0 0
Xenoestrogeny - L;Q) Ci d F\ﬁ
nebo estrogeny _ —~ ' '
v v Fluorene Carbazole
v JADRO h‘. N ":“
Jaderné faktory T — —
\ W
I SN YANNS
ERE V tomto systemu byly
Vazba ER na DNA — mRNA testovany rizné polutanty —
efekt na ,estrogenni* drahu
CYTOSOL
Luciferaza /
Y
e Geny zodpovédné za estrogenni odpovéd’
RECETOX/CETOCEON

o

"Estrogenni efekt"

J

D-luciferin + O,

luciferaza
_

(Dr. Cupr/prof. Holoubek)

Bartos et al, Env Tox, 2006

oxyluciferin + svétlo




Transkripcni aktivator Galdp

(a) [t
Promoter Reporter gene L |A
Transkripéni m ¢ ri
ranskripce
DNA Imléomple AD M
AD
<
o8 [ uas [ommemnn] ez ]
ﬁ::::
- AR
tranMgofice
| LAS lacZ
© D
transkripce
65 94
1 148 196 768 881 | UAS [ promotor |~ TacZ
- H
GAL4 :Q:H
DNA weee DIMERIZATION TRANSCRIPTIONAL .
BINDING [ (DNA-INDEPENDENT) B .crivaTion Luban a Goff, CO Biotech, 1995



BD a AD domeény lze zamenit

AN
A 4
s
B (a0
N
(%

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 system
plasmid

' (LEU2)
DNA-BD

plasmid
(TRP1)

Library
protein

transcription b

Gal4 system

_‘ GAL UAS minimal promoter Repoarter 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.

AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,
ga’d.i gaJ'SOA‘ LYSZ St GAL ~’U,45'*GAL ]TATA'H’S:;.-
GALZ45-GAL 2r574-ADE2,

AT 2 ML Tiper MELT papprlocic NejCasté]i pouzivany kmen PJ69-4a

AH109 Constructs
velmi citlivy (3AT)

onvas [ ownn |

rzné promotory velmi stringetni
GAL2 UAS GAL2 TATA ADE2
semikvanitativni (B-gal)

MEL1 UAS MEL1 TATA MEL1




2-hybridni systém

fran

#Fce

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

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

lacZ

His3

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

15 mM 3-AT (-
Leu, Tmp, His)

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

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

transkripce

Kontrola (-
Leu, Trp)

lacZ

His3

BD-Nse3 +V1AD

116)

VBD + AD-Nse1 (1-




Reporterové 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
j% l.)rR l ’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)



. Kvasinkovy ,INTERACTOME"

Amp'

Mat a bunky

8x12 jamek
(96 na misku)
VSechny ORF

YLRA24W

Mat o buriky

Misto transformaci dvou plasmidi do
jedné bunky byly BD plasmidy v a
bunkach a AD v a bunkach —
parovanim byly vytvoreny jejich
kombinace

‘ transkripce YLR423C + YPRO4SC «

L GALIUAS [ |  Reportergen | Nature (2000) p. 623

—NIp100




Pathway. LSM RNA Sest\flh

DHHI MTR3
: YEL)ISW 2
LSy s T HSH®
- P — o __
SM7 N v N ,
l e S ‘ " LSM2 s Pl RSP2RA
i 7 7 ; & , '-. 3 ‘ ‘ - d - —
: SR D o "
Proteln LSMI < WA TR ', O abposh
. . [SMS >a A T3
networks® SN Y R
1 N\ < :
LN [.SM4 YLR269C

Amino acid metabolism
Membrane Protein — J_

fusion \ degradation —— || \\ I
<j\° e O\ N\ 7T | e high-throughput” screen - interaktom
T e \\‘ I\, /on o S. cerevisiae >30 000 interakci (~6000
|ﬂ9/ S ; \l at".; ;‘ / protein()

| synthesis
Protein trarfatlon \ | structure A ° pomOCII Y2H podobny ”high_
Slgnal transductlon

. processing . , . ,
 ucarcypiasme \ p throughput” screen pro lidské a jiné
N / \aw e proteiny .

metabolism Carbohydrate | Pol | transcription

metabolism Pol 11l transcription
TRENDS in Cell Biclogy

_ Mitosis ———— Meiosis
]

Network/sit naznacuje funkcni vztahy
Tucker et al, TiCB, 2001



Alternativni jaderné systemy
Pokud BD konstrukt ,auto-aktivuje* RNA pol II:

RNA pol Il m& odliSny mechanismus aktivace
snr6-A62G mutace je teplotné sensitivni

A snr6-A62G

T138 rozpoznavana
sekvence je nahrazena
Gal4 promotorem

TATA SNREWT Gall UAS

No transcription ——» Survival on 5-FOA

URA3

Tupl je represor, ,auto-aktivace je blokovana Tupl represorem (vyuziti
5-FOA pro ,pozitivni“ detekci interakce — viz reverzni systémy)

Stynen et al, Microbiol Mol Biol Rev, 2012



Reversni system (Y2H)

Yeast growth selections

Confrol Forward Feverse

> OO 8 O

b

iAo

PO P&

_ ~—~ G Transcription — Lethality

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  vea. sa
interakci A RIO)

B FKBP
A-B  RI(C) FKBP

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

FK506
100 nM 2u

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

FK506 inhibuje vazbu proteinu FKBP12 na TGFB-receptor

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



Interaction

-LELS

=TEP

.S p—
|
l represor
SO Growth
VN p—e— T
Fig. §

Prefeim X i fused dor the Lexd T8N inding slomysia and Profin Vi fused 10 the tramiripliona] activalor
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Disruption
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Fasrupeion of X and ¥ prevents TaR eapreciln
and il ranacepro of the IS sepoerer
e, Thi albnas the vedst i o on medis
I_'lj.il::.: hiekding
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Yeast Hrain
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Split-hybrid systém

VP16 CREB Lac Z
[ L i s i
- -
PCR mutagenesis
Mutated library

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

¥

-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)

- _/

( BD ) ,l_"
DNA binding site Reporter gene

- " N
AD |
zZ -
] BD }——r |

DNA binding site Reporter gene

- N
.-'/ Z\} ‘ ri/'l

C ﬂ - e

DNA binding site Reporter gene
Hybridni RI\IIA molekula
N\ N\
\ N
| \
nS O
a ‘ AD |
y it
DNA binding site Reporter gene

Klasicky dvoj-hybridni system

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

Dvoj-hybridni systém
- proteinovy inhibitor interakce

Troj-hybridni system
— RNA interakce
- ligand/receptor



Analyza vazby protein-RNA (Y3H)

D MS2RNA RNA X
MS2-MS2 ‘ T
C Y Bef G2
: J \ AD
-~ _>‘\\

/ LexA \
| DBD

LexA Op

Tri hybridni/fGzni 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 RNA Protein 2

1 R TAR-MS2

- —»
2 RAT-MS2 [GNET
3 TNEA 2sM-RAT IR

+ (XA TAR-MS?

—- —

5 TAR-MS2 INEET SenGupta et al, PNAS, 1996




Receptor for
Ligand A

DNA-binding
domain

Vazba ligand-receptor (Y3H)

Hook Bait

Z <)

Fish

Transactivation domain

Receptor for
Ligand B

Reporter Gene

Operator

Fruitful Ligand-Protein Interactions

<

O

s =

Reporter Gene

Operator

Licitra et al, PNAS, 1996

dexamethasone Meo.,

Me.,

4 FK506

Tri hybridni/fGzni konstrukty:

1.

2.

3.

DB-Gal4 a glukokortikoid receptor
(vdze dexamethason)

Organicka sloucenina obsahujici
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
(interakCni) 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

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

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

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

Membrane localization

cdc25-2 cdc25-2

Stynen et al, Microbiol Mol Biol Rev, 2012



Komplementace proteinu

Individual MATa Mating of
bait strains individual MATa Methotrexate
printed onto bait strains with ~ selection of
MAT array MATc array diploids for DHFR
— Individual MATa activity
e bait strains -

L4
> ee— A L — L2
B e L) |

MAT 1, (prey-H3))

— .Image Analysis
*Colony Quantification
Clustering
=
Aktivni DHFR (dihydrofolat
reduktasa) je vytvorena
Pr,op,oj enim dVOlﬂ sep arovan.yCh No Interaction Interaction
flzovanych protein(l) — odbourava No growith Growth
pro kvasinky toxicky methotrexat
Positive controls

Tarrasov et al, Science, 2008 Negative controls



Komplementace proteinu

Interakci dvou partneru dochazi ke komplementaci
eGFP na povrchu kvasinkové bunky (ukotveno
pomoci fuze s AgaZ2 aglutininem) — buriky mohou byt

£ D vytfidény pomoci FACS

Interakci dvou partnerti dochazi

ke komplementaci ubikvitinu — Johnsson et al, PNAS, 1994
plvodni verze zaloZzena na ~ Stynen et al, MMBR, 2012
. . Western blot detekci —
Agal fittHt e adaptovano pro kvasinky se

selekci na klasickém principu
(reportérového genu)

Reporter gene activation
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rehled kvasinkovych PPI biotechnolog
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Bruckner et al, [JMS, 2009



