Prace s kvasinkami v laboratori

rychle se mnozici EUKARYOTNI buriky (90 min/dé&leni, 25-30°C)
vytvari kolonie na ,jednoduchych® agarovych plotnach (napf. YPD)
na plotneé narostou za 2-3 dny a v tekutém YPD médiu pres noc

YPD — bohaté médium = 10g/l yeast extract, 209/l pepton, 20g/l dextrose

(2%glukosa) + 2-3% agar

SD — minimalni (syntetické) meédium = 6.7g/l yeast nitrogen base w/o0 amino

acids - aminokyseliny se pridavaji dle selekce, 209/l dextrose (2% glukosa)

|ze pouzivat klasické mikrobiologické metody (roztirani, kapkovani,
otiskovani ploten)

do ploten je mozné pridavat testovaci latky (napfr. HU, MMS ...)

mutagenezi Ize pfipravovat teplotné senzitivni mutanty (ts, 37°C) a
chladoveé sensitivhi mutanty (cs, 20°C) — napfr. zastaveni bunécného cyklu
pfi 37°C

do bunék Ize transformovat DNA (pomoci octanu litného a tepelného Soku
nebo elektroporace)

linearni DNA se integruje do genomu diky vysoké frekvenci homologni
rekombinace (takto Ize pfipravovat deleCni a mutantni kmeny)

plasmidova DNA se replikuje (centromerické a multicopy plasmidy — DNA
knihovny)

W303 — nejCasteji pouzivany laboratorni kmen

Genotype: MATa/MATa leu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15



Shuttle vektory

vychazi z 2um plasmidu nebo centromer (S.c.; 2um pritomné také v
Zygosaccharomyces bailii, Z. rouxii a Kluyveromyces drosophilarum)

Kvasinkova Cast — marker (URA3 ... kanMX), CEN-ARS (1 kopie) nebo 2um (60
kopii na haploidni buriku) zaCatek replikace
Bakterialni Cast — Kan resistence, Origin
Promotor, tag, MCS
— Kondicionalni mutanty (fenotyp-funkce)

— Nadprodukce (suprese mutaci nebo toxicita) Kpn1 EcoR I
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MET1 Methionin repressed MFA1 - MATa haploid specificky



Integrativni plasmidy

Sig mcs

Transcription
Termination (TT)

Not | or
Bgl |l

Not | or
Bgl 1l

- integrativni plasmid pro P.pastoris
(GS1115, genotype: his4 )

- exprese z AOX1 promotoru v
P.pastoris

Feature Description Benefit
5"A0X1 | An ~1000 bp fragment Allows methanol-inducible high
containing the AOX1 promoter | level expression in Pichia
Targets plasmid integration to the
AOX1 locus.
Sig DNA sequence coding foran | Targets desired protein for
N-terminal protein secretion secretion
signal
MCS Multiple Cloning Site Allows insertion of your gene into
the expression vector
T Native transcription Permits efficient transcription
termination and termination and polyadenylation
polyadenylation signal from of the mRNA
AOX1 gene (~260 bp)
HIS4 Pichia wild-type gene coding Provides a selectable marker to
for histidinol dehydrogenase isolate Pichia recombinant strains
(~2.4 kb) and used to
complement Pichia his4 strains
3" AOX1 | Sequences from the AOX1 gene | Targets plasmid integration at the
that are further 3" to the TT AOX1 gene
sequences (~650 bp)
Amp Ampicillin resistance gene Allows selection, replication, and
pBR322 | E. coli origin of replication maintenance in E. coli
origin
f1 origin | Bacteriophage f1 origin of Permits generation of single-
replication (458 bp) stranded DNA for mutagenesis
Not 1 Unique restriction sites Permits linearization of vector for
Bgl 11 efficient integration into the Pichia
Gl genome
ac
Sal1
Stul




Integrace |.

Transcription
Termination (TT)

Not | or
Bglll ~

- integrativni plasmid pro P.pastoris
ol (GS1115, genotype: his4 )
- exprese z AOX1 promotoru

fA ori

Not | or
Bgl

Linearized plasmid

5 AOX1 T 3 Pichia genome (his4)

5" Paoxigmm O€ne of Interest TT HIS4 3" AOX1 !i’lf'ﬁ;";?,;?,ﬁigfﬂ*“’



Integrace |I.

Transcription

Not | or Termination (TT)

Bgl Il

Not | or
Bgl I

Pichia Genome (his4)

his4. ' * mutation

TT |Gene of Interest " 5 Paoxs



Transcription

Not | or Termination (TT)

Bgl Il

Not | or \ AQOX1 or aox1::ARG4

Bgl Il Pichia Genome (his4)
g

5 AOX1oraox1::ARG4 TT ] Gene of Interest TT 3' AOX1

Expression Cassette

+ 2nd Insertion Event
5 _A0X1or soxt::ARGE T 31 (SAaAN
Cassette 1

Expression Cassette 2
* 3rd Insertion Event, etc.

u Pichia pastoris dochazi u 1-10% transformantlt k vicenasobné integraci — vySSi exprese
Pomoci jiného markeru Ize integrovat dalSi kazetu



Disrupce/delece genu

- Studium funkce genu — fenotyp (1. delece, 2. mutace)

- nezbytny/esencialni gen => buriky potfebuji gen napf. na plasmidu
(plasmid shuffling)
- Zzivotaschopné — mutace Ize pfimo integrovat do genomu

- mutantni kmeny Ize kfizit a hledat funkcéni pfibuznost s jinymi geny
(synthetic lethal x epistatic)

1. krok 2. krok

(BT yigi-1
$ YFG1_] 3 ! | Unas | 7

Ura™ }
¢ - / #FDA Selection (Ura )

-:: [E URA3 3] ;
;Fﬂﬂ Selection (Ura™) i yig1-1 | }
i 1B i
g 1-A

Vyuziti inhibitoru FOA pro ,odlé¢eni“ URA3 markeru (FOA je premenovana
Ura3p dekarboxylazou na toxicky 5-fluorouracil => URA3+ bunky nerostou,
zatimco ura3- bunky jsou resistentni)

Bunky se stavaji ura-, takze URA3 marker Ize vyuzit nékolikrat



hutagenesis

Tran=formation

Plasmid shuffling

Pokud je YFG1 esencialni musi byt v deleCni
mutanté pritomna extra divoka kopie genu
napf. na plasmidu

Na dalSim plasmidu mUze byt vhesena
mutovana verze yfg1 — jeji efekt se projevi az
po odstranéni plasmidu s divokou kopii genu
(pomoci FOA)

Podobné lze pouzit ade2, ade3 systém s
YFG1 wt genem na plasmidu s ADE3
(kolonie jsou Cervené diky ade2 mutaci) — po

ztraté plasmidu jsou sektory kolonii bilé (bez

Ade3p enzymu je metabolicka draha
blokovana dfive nez vznika Cerveny
metabolit)



Delece genu pomoci transposon

Xa JuHA
IB lox lacd URA3 fef res jox iIH
Library of mTn ';I- - esencialni »

'l-.-‘_-“
insertions in yeast ~ e
DMNA, generated in Not | Not|

[ ]
E. coli yeast DNA

= = = YPD

WW\._CFH

———
Prapare DNA from Dﬁﬁ;gg,ﬂéﬁnn
individual plasmids S
Peoranas N
Citlivé ...
Cut with Not;

transform yeast

@O ’ @O ng

ﬂ gg;gger Defekt bunécné stény

MacDonald et al.: Nature, 1999



Cre rekombinasa
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T— NAR 24 (1996) 2519-2524



Delece genu - PCR

« pro rekombinaci staCi pouze kratka homologie (50nt)

« oligonukleotidy ~ 70nt dlouhé postaci (pfi 2 krokové PCR se kromé dlouhé
homologie vnesou jesté specifické sekvence pro pozdéjSi manipulace ...)
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\_ ‘ —\ 1.PCR
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I Kvasinkovy ORF I

- systematicky provedeno na >6000 genech v ramci projektu EuroFan
- kmeny Ize ziskat z archivu EUROSCARF

EUROPEAN
% * * % - SACCHAROMYCES
“ EUROSCARF ¥ CEREVISIAE
" * 4 K x ARCHIVE FOR
FUNCTIONAL ANALYSIS
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Testy fenotypu-funkce

TMIRTE

Cyilcheximide hyparzansitivity: ¥ PO + 008 pg mi! cyclohexdmide st 30°C L[

White/rad colour on YPD ¥
YPGhycerol |

Cakoflucr hypersensitivity: YPD + 12 po i caloofiuor at 30°C

YPO + 46 pgmi~' hygromyein at 30°C Bunédéna sténa
YPD + 0.003% S05

Benomy hypersensitiity: YPO + 10 poml= benamd I Mikrotu buly
YPD + S-bromo-d-chlore-2-indoly phosphate at 37 50
YRD + 0,001 % methana blua at 30°C

Benomy resistance: YPD + 20 pomt! benomed
YPD at 237 °C | ts

¥FD + 2mk EGTA
YPD + 0.008% MMS
N | Oprava DNA
YPD + 7amh hydrosoaaraa
YPD at 11°C | cS
Calcoflucr resistance: YPD + 0.3 pomi' cakeofluor at 30°C

Cyeloheximids resistance: YPD + 0.3 uoml™ cyckoheximide

Hyparhaploid invasisa growth mutants

YPO + 0.9 M NalZl
- Systematicky provedeno na >6000 genech v ramci projektu EuroFan

- Funkéni kategorie gentl — anotace v databazich



~ 6000 heterozygotnich dele¢nich kmen
~ 5000 homozygotnich dele¢nich kmenu (+ ~ 1000 esencialnich genu)
(neesencialni — rast za specifickych podminek nebo redundantni procesy)

% - Testovano ~400 malych molekul

Il ettty (Giasver et al, 2002) a stresovych podminek (-aa ...)

- Celkem provedeno ~ 6milionu
testd
- multidrug resistance (MDR)

Growth defect in rich medium
iDautschbauer et al., 2005)

Growth defact in this study

- - pokud byl gen potfebny pro
| No phenotype in this study resistenci vuci >20% z
testovanych latek
8 A

Erdosome

- Podobné profily svédci o funkéni podobnosti e
Ubiquitin-depandant (P<109) \nbs;cie—med:ated
. . ain ca ism LeL L ]
"5 Hydrogen peroxide, pHE8 MMS, MPP+, Paraguat, Sodium arsenate pvrioatM\u"B;tfatlzjmlvay : : (P < 10-17) 5 =
\_\ \ 1D ng-ﬁ;ﬁn;; Fo B \.esitcieu;'nad?atad
ransport
PEX5 P / e T e
PEKEE e 10-?] ESI:‘;;'I:II ?I n — Golgi
PEX19 _ (P<10F) ——— oy
PEX14
152 Y Wi
Peroxisome YJL241C e Roguatin M./—\Q (P<105)
(P=6x -||:|—EE:| PEXA (P <1012 ITPH?QS—HG‘;” ':' Nudleus

PEX3
PEX10
PEX4
PEX13
PEX&
PEX17
PEX12 _
PEX15 Science 320 (2008), p.362
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Sensitive 440 hamozvaous experiments

Resistan (N




Zivotni cyklus S. cerevisiae

8 — 0 - Deleci ¢i mutaci Ize provést v
o \ haploidni &i diploidni bufice

- v haploidni bunce hrozi suprese
e: defektu proto je lépe pouzivat
diploidni bunky (druha kopie zUstava
nezmeénéna)

d|p|0|d

- Ize pfipravit dvojitého mutanta
kfizenim haploidnich mutant a poté
sporulaci diploida

haplmd ‘ O

l\,

@ RHOMBOEDRICKY

- pouzdro spory je tfeba rozrusit a
pomoci mikromanipulatoru ziskat

jednotlivé haploidni buriky (lze S LlNEARNiM
provést i tzv. random sporulation) = ¢

- u S.pombe jsou diploidni bunky USPORADAN[M
nestalé a okamzité sporuluji SPOR

(pouzdro se rozpada samo)



Tetradova analyza

AAaa

@ e
e e
L
L B
L I
& &
& &
¢ e
* &
& 9
é

L
L I
& @
" @
& &
& &
& "
e ¢
e #
e ¢
L I

L

YPD Selektivni médium

(SD-Trp ... testy)
Segregace 2:2




Dvojitée mutanty — funkcni pribuznost

Mutageneze pomoci hydroxylaminu ...

haploidxhaploid => diploid — stejny fenotyp - identicky gen
- bez fenotypu — diky wt alele (riizné geny)

sporulace => haploid — stejny fenotyp — epistaticky (funkéné pfibuzné geny)
- aditivni az letalni (paralelni draha, redundance, rozpad
ko u)

A A
E
/N Sy
b E F l l
b W4
\ D/ Epistaticky Proteinovy D Letalni

komplex

Hledani (screening) letalniho mutanta — mutageneze kmene s vypinatelnym
plasmidem (promotor nebo FOA)



Supresory

Supresory potlacuji puvodni fenotyp — mutace téhoz genu ,napravi“ pivodni mutaci

- mutace sousedniho (protein) zesili oslabenou
interakci

- nadprodukce proteinu z paralelni drahy

- nadprodukce proteinu z téze drahy

A B A
2 F AN
L S

\ D / Proteinovy \ /

komplex



- mutagenese S. pombe — hledani ts mutant (55 000 kolonii) s defektni morfologii —
nasli 64 kmenu (3 druhy defektu: 51 kulatych=orb, 8 tip elongation aberrant=tea, 5

- z 51 orb mutant kfizenych s WT segregovalo 43 v poméru 2:2 tj. jeden gen (8
sterilnich), ,linkage analysis® mezi mutantami ukazala 12 orb genu (skupin — Tab./)

o -

.. aktinovy cytoskelet (polarizovany ristu)

Cell Division

Table 1. ork Genes

—.teal, tea

Close Multicopy

Synthetic
end markers Gene Alleles lethality linkage* SUPPTEsaLOn
Constant Length Stage - - - ]
orb3, 8, § wrb ! fi (3F) artrd, ok
re-establishment arh2 2idk artel, arbt
orb 1,6, 12 of cell polarity arbd (1%
stsS5, cwg2 ) orbd  12(1%) srsSt pekI™ pypl”
maintenance of orb$ 2i2H
polarized growth o orbi 4 artrl, orb?
Huw End a7 | cugdl
Take uﬁ bani, 2, 3, 4 feld 6 orkS, grl] |
maintenance of arh¥ 1 orb¥, arhl]
growth direction errl fi) 4
orbs TR s, arb ]
nrt? teal, ban2 growth iy = c o CE
activation of activation arkld 2 ekl ppl T, rasi®

hlpﬂlnrgrnwth *_O I O_.a-/

Oid End Take Off

JCB 131 (1995) p.1529



Cloning the Mutant Isolation Meiotic Analysis

Wild-type Gene Mutagenesis of a - S
by Complementation haploid. A44Ta strain Crogs mutant to MATo VPG

Izolate a diplond strain and
sporulate

Transform a
MATa el wrai-S2
gtrann with a
Y Cp30 library.

v

Dretection of Yig~

Izolate Ura™ transformants
and score for Yigh

Dhgest ascns walls

%i

Dissect 4 spores of each tetrad

Kontrola zavislos ’fg"‘
na plasmidu na

Com plementation

FOA plotnach ¥ Croge the Yz MATa mutant
Recover the YCp-YFGIT to A4 T tester strams
plasmid in E. coli leolate dipload strains.
¢ Score for Yig* and Y~
Analyze the plasmid by digestion MAToe FFGT
- e MATa el @
with reghécr?insenﬂzﬂlﬂmses and MATa viel X 3 biiT i fg} o
QU MAT yés o

i, o

KFfizeni — ovéreni - jedna mutace

- rozdéleni do komplementacnich skupin (allelicka kompl.)

Ovéreni pravosti (mutant+delece)



YAC (yeast artificial chromosome)

CEMNS &A1, Nodl
Smal Cloning site
Sfil, Nodl

Bakterialni Cast — Amp
resistence, Ori poCatek
replikace

Kvasinkova ¢ast — marker,
CEN-ARS, TEL

Restriction fragment

genova banka pro HuGO 80000
klonu YAC (270kbp)

BeamHI, Swal, Phosphatase

50-500kbp insert napr. lidska l BamH

Klonovani, mnozeni, uchovani TRPI ARSI CENY LRAZ

dlouhych fragmentl DNA = o | | E—

Vyzkum savcich telomer a
centromer

Pomoci transfekce, lipofekce i
nebo elektroporace Ize dostat TRPTARST CEV URA

YAC i do savéich bunék — €« — T T0 — -
nahodné se integruji do genomu

- vyzkum nesestfihnutych gen

(dlouhé regulaéni useky)




Priprava aneuploidnich bunek

MATa, karIAlS5, lvs2-801, cvh2-Q37E, a::HIS3 MATa, a::kanMX6, LYS2, CYH2, canl-100

X

- E . Ea R
a-kanMX6 Select for: Can .-His and Kan

KAR1 gen potrebny pro
karyogamii tj. pro fuzi jader
a::HIS3 + a::kanMX =>
rezistence pouze v (a)
haploidnich bunkach

Studium vlivu aneuploidie na
buniku (u Clovéka se podili na
kancerogenezi, aneuploidie v
90% |idSk)'/Ch nédorﬁ) Torres et al, Science, 2007




