Osnova 4. prednasky

* Genetické metody
— Plasmidy
— Integrace do genomu
— Teplotne-sensitivni mutanty
— Tetradova analyza
— Synteticka letalita, suprese

* Bunecny cyklus
— prubéh a regulace BC
— synchronizace bunek
— mechanismy regulace parovani
— homothalicke kmeny



Vyhody kvasinkoveho modelu

«  Rychle se mnozici EUKARYOTNI mikroorganismy (90 min/dé&leni, 25-30°C)

»  VytvafFi kolonie na plotnach - mikrobiologické metody (otiskovani ploten, kapkovaci test
=>toxiny v plotnach — HU, MMS ...)

« Stabilni haploidni i diploidni formy

« Haploidni bunky lze kfizit na diploidni (heterozygotni mutanty)

* Diploidni buniky Ize sporulovat a vyuzit pro genetickou analyzu (tetradova
analyza)

* Lze transformovat DNA (plasmidy i linearni)
« Centromerické a multicopy plasmidy
* Vysoka frekvence homologni rekombinace (linearni DNA)

* Lze pfipravovat delec¢ni, inzeréni a mutantni kmeny
*  Vydrziv >15% glycerolu na -70°C ,indefinitely”

+  Techniky barveni (napf. aktinovy cytoskelet = phaloidin, bunécna sténa
+ GFP in vivo)

«  Techniky synchronizace bunék

+  S.c. ma kompaktni genom — knihovny s genomovou DNA (ne cDNA)
+  Kompletné osekvenovany genom (genomové aplikace)

+  EuroFan projekt — delece vSech S.c. genu (+GFP, +2-hybrid)

*  MikroCipy - expresni profily za riznych podminek

- Rada zivotnich d&jii ma analogii v procesech v savé&ich burikach
(lidské geny testovany v kvasinkach - nemoci, metabolismus,
regulaéni mechanismy)

Nevyhoda — malé burnky, malé organely (napf. nejsou vidét chromosomy — SMC)
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L EU2 Table 1 | Nomenclature in the two yeast species
S. cerevisiae S. pombe
=] k.o
Nomenklatura pro S.p..  sswzz zast 77z Wild-type gene YFG1 yfg1*
SPAXXXX: Deletion (null) mutant Ayfg! yiglA Ayfgl yiglA
inS' ﬁombe a H Recessive mutant yfg1-1 yfg1-1
= 1. chromosom ¢ % Dominant mutant YFG1-2 yfg1-2
Protein Yig1 YFG1p Yig1 yigip

Forsburg: NRG, 2001
Baudat a Nicolas, PNAS, 1997

Yig typically means "your favourite gene’. The 'p’ designation for proteins {for example, Yigip) is
occasionaly used. S. carevisiae, Saccharomyces carevisiae of budding yeast; S. pombe,
Schizosaccharomyces pambe or fission yeast.



Laboratorni kvasinkvé Kmeny

S. pombe - ,,501“ #u,,
Genotype: h- ura4-A18 leu1-32 ade6-704 i
ATCC IN PARTNERSHIP WITH LGC STANDARDS

S. Cerevisiae — ,,S288C“ — 1. osekvenovany kmen
Genotype: MATa SUCZ2 gal2 mal mel flo1 flo8-1 hap1

Notes: Strain used in the systematic sequencing project, the sequence stored in SGD. S288C does not form
pseudohyphae. In addition, since it has a mutated copy of HAP1, it is not a good strain for mitochondrial studies. S288C
strains are gal2- and they do not use galactose anaerobically.

References: Mortimer and Johnston (1986) Genetics 113:35-43.

Sources: ATCC:204508

»W303“ — nejCastéji pouzivany laboratorni kmen

Genotype: MATa/MATa Jeu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15

Notes: W303 also contains a bud4 mutation that causes haploids to bud with a mixture of axial and bipolar budding patterns.
In addition, the original W303 strain contains the rad5-535 allele.
References: W303 constructed by Rodney Rothstein

Sources: Biosystems:YSC1058 auxotrofie — vyuzivana pro selekci

Dvojhybridm' Strain Genotype References

systém: AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, James et al., 1996;
galdA, gal80A, LYS2 : - GAL1,5-GAL11414-HIS3, A_Holtz, unpublished

GAL2,,,s-GAL2,,,,-ADE2,
URA3 - - MEL1y3s-MEL1 14p4-lacZ

Y187 MATa, ura3-52, his3-200, ade2-101, trp1-901, Harper et al., 1993
leu2-3, 112, gal4A, met-, gal80A,
URA3 - - GAL s GAL Tyara-lacZ

CG-1945 MATa, ura3-52, his3-200, ade2-101, lys2-801, Feilotter et al., 1994;
trp1-901, leu2-3, 112, gal4-542, gal80-538, cyh'2, C. Giroux, pers. comm.
LYSZ2 : : GAL1ypg-GAL 11414-HIS3,
URA3 - : GAL4 1?-n‘,er3|,:<3:'CYC ’TATA"&CZ



Allele Reverts? Notes Molecular description? Reference
ochre mutation. red G to T transversion at nucleotide
ade2-101 yes colonies ’ 190, changing amino acid 64 from | Gai and Voytas, 2005
a Glu to a STOP
Cold sensitive; high
his3-200 o frequepcy of petl.te I kb deletion, (-205 to 835) Struhl 1985; Fasullo and Davis
- formation, especially 1988
during transformation.
GTT-to-GCT missense change at
codon 69,
G insertion at nucleotide 249, Hinnen et al. 1978;
leu2-3,112 no double mutant G insertion at nucleotide 792, Gaber and Culbertson 1982;
GAC-to-AAC missense change at
codon 300.
. GAG-to-TAG amber (STOP)
trpl-1 yes amber mutation nonsense change at codon 83 McDonald, et al. 1997
ura3-52 no - Ty1 insertion Rose and Winston 1984

Genotype

References

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

galdA, galB0A, LYS2 : : GAL1s-GAL 11474-HIS3,

GAL2,,,s-GAL2;,;,-ADE2,
URA3 - - MEL 13- MEL1 1475-lacZ

MATe, ura3-52, his3-200, ade2-101, trp1-901,
leu2-3, 112, galdA, met-, gal80A,
URA3 : - GAL1yps5-GAL I1p1a-lacZ

MATa, ura3-52, his3-200, ade2-101, lys2-801,

trp1-901, leu2-3, 112, gal4-542, gal80-538, cyh'2,

LYS2 - GAL 1 yps-GAL 11prs-HIS3,
URA3 - GAL4 17 perstxss-CYC lrara-lacZ

James et al., 1996;
A_ Holtz, unpublished

Harper et al., 1993

Feilotter et al., 1994;
C. Giroux, pers. comm.



Table 2 | Corresponding tools in the two yeast species

S. cerevisiae S. pombe
egula moter GAL (galactose regulated) nmtf (thiamine regulated)
Regulated t GA tose regulated) q gulated)
Plasmid replication ARS1 or 2u ars]
Selekce  origins
Auxotrophic markers
Uracid, orotidine 5’-phosphate  URA3 urad’
decarboxylase
Select against wath 5-FOA
Leucine, B-isopropyimalate LEU2 leul*
dehydrogenase
Adenine, phosphonbosyl- ADE2 adeb*
aminoimidazole carboxylase
Forsburg: NRG, 2001 Accumulates red colour
2u (2 micron)), an endogencous plasmid DNA molecule found in some yeast calls, vath a
arcumferance of 2u; 5-FOA, 5 -fluoro-orotic acid. S. carevis@e, Saccharomycas carevisiae or

budding yeast; S. pombe, Schizosaccharomyceas pombe of fission yeast.

- geneticin (G418) — podobny kanamycinu (mistranslace)

- nourseothricin (NAT) — inhibitor ribosomalni proteosyntézy = miskodovani
(Streptomyces noursei), rezistence pomoci nat1 genu (N-acetyltransferasa —
monoacetyluje NAT)

- hygromycin B — inhibuje translokaci v prabéhu translace (aminoglykosid z
Streptomyces hygroscopicus), rezistence kddovana hph genem z Klebsiella
pheumoniae

- phleomycin — interkaluje se do DNA a zpUusobuje DSB (zlomy, glycopeptid z
Streptomyces verticulus), rezistence kddovana ble genem z S. hindustanus



Shuttle vektory

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

Kvasinkova Cast — marker (URA3, NAT ...), CEN-ARS (1 kopie) nebo 2um (~50 kopii
na haploidni bunku) zaCatek replikace

Bakterialni Cast — Kan resistence, replikace
Promotor, tag, MCS
— Kondicionalni mutanty (fenotyp-funkce)

— Nadprodukce (suprese mutaci nebo toxicita) Kpnl EcoR I

— \ BamH 1
Regulation/ Signal ¥ o '\ 2l Xbal
Relative Protein Strength on tl ‘ R :N I
Promoter Expression Level Western blot P % g 0;
ac
ADHT (full-length) Ethanol-repressed/High +4+ _ A\
pBK416
ADH1 (410 bp+): Constitutive/medi 473 puC
( p+) onstitutive/medium ++ “k 5543 bp
ADHT (410 bp) Constitutive/low +— (weak) \ J
Constitutive/ very low (not detectable) \ /
ADH1 (700 bp) Consitutive/high +4+ CENG6 - K
dan
GAL 1 (full-length) Repressed by glucose; (not detectable)d
induced (high-level) by galactose +++0
MET1 Methionin repressed
CUP1 Indukovany médi

MFA1 MATa specificky (haploid specificky)



TABLE 2 | Metabolic engineering of yeast to improve the production of fatty acid-derived biofuels.

Strategies Target Strain Genetic manipulation Titer/achievement References
Improving precursor FFA (C16: 66.3%, BY4727 Overexpression of TesA, ACCT, FAST,and 0.4g/L Runguphan and
supplement C18: 21.1%) FASZ2 Keasling, 2014
FFA (C16, C18) BY4741 Overexpression of Mus musculus ACOTS  0.493g/L Chenetal., 2014b
FFA (C16, C18) BY4741 Overexpression of Mus musculus ACL. 013 gl” Tang et al., 2013
Deletion of IDH1 and IDH2
FFA (C16, C18) YPH499 Deletion of FAAT and ADH1 0.14g/L Lietal, 2014
FFA (C16, C18) CEN.PK2 Overexpression of the reversed p-oxidation  0.011 g/L Lian and Zhao, 2015
pathway and SeAcsL641P. Deletion of
ADH1, ADH4, GPD1, and GPD2
TAL BY4741 Overexpression of the Gerbera hybrid 22g/L Cardenas and Da
2-pyrone synthase (2-PS) Silva, 2014
Fatty alcohol (C16: BY4742 Overexpression of mouse FAR, ACC1, 0.086 g/L Runguphan and
91.1%; C18: 8.9%) FAST, FAS2 Keasling, 2014
FAEE (C16, C18) BY4742 Overexpression of AbWS, ACC1, FAST, 0.005g/L Runguphan and
and FAS2. Deletion of POX1 Keasling, 2014
FAEE (C16, C18) BY4741 Overexpression of WS2. Deletion of FAA2,  0.025g/L Thompson and
ACB1, PXA2 Trinh, 2014
FAEE (C16, C18) CEN.PK113  Overexpression of WSZ2. Deletion of ARET, 0.017g/L Valle-Rodriguez
DGA1, ARE2, LRO1, and POX1 etal., 2014
FAEE (N/A) CEN.PK113  Overexpression of WS2, ADH2, ALD6, 0.002g/L" de Jong et al., 2014
and SeAcst841P
FAEE (C16, C18) CEN.PK113  Owerexpression of WS2, ACB1, and GAPN  0.048g/L Shi et al., 2014a
FAEE (C16, C18) CEN.PK113  Overexpression of WS2 and 0.026g/L" de Jong et al,, 2014
phosphoketolase pathway
FAEE (C4-C10) CEN.PK113  Overexpression of the reversed 0.75g/L Lian and Zhao, 2015
B-oxidation pathway and EEBT or EHT1
FAEE (Medium chain) CEN.PK2 Overexpression of AbWS, GUP1, GCY1, 0.52g/L Yuetal., 2012
and DAKT. Deletion of FPS1, and GPD2
Alkane (Very long INVScH Overexpression of SUR4F262AK2EL ang  Trace Bernard et al., 2012
chain) A. thaliana CER1T and CER3

FFA- free fatty acids, FAEE - fatty acid ethyl esters

Sheng, Front in Microb, 2015



YAC (yeast artificial chromosome)

CEMNS SHTL Noil

Bakterialni Cast — Amp -‘-’*‘"mlr Cloning site
resistence, pocatek replikace SfiL, Noi
Kvasinkova ¢ast — marker, CEN-
ARS, TEL URAZ
50-500kbp insert napr. lidska
Restriction fragment

klont YAC (270kbp)

Bt Sieal, Phosphatase

genova banka pro HuGO 80000 l BamH

Klonovani, mnozeni, uchovani
dlouhych fragmentu DNA TRP1 ARSI CEN4 LRA3

o 1| | ——

Vyzkum savcich telomer a
centromer

Pomoci transfekce, lipofekce
nebo elektroporace Ize dostat i
YAC i do savéich bunék — TRPTARST CENVY URA3

nahodné se integruji do genomu €—TT—T—1 L .
- vyzkum nesestfihnutych gen

(dlouhé regulacni useky)




Transformacni protokol

Exponencialni kultura
Oplachnout vodou a TE/LiAc roztokem

Rozsuspendovat v TE/LiAc roztoku a pridat DNA
(plasmidova/cirkularni i linearni DNA)

Pridat TE/LIAc/PEG4000 roztok

30 minut na 30°C a pote teplotni sok pri 42°C (15min)
StocCit a pelet rozsuspendovat v TE roztoku

Rozetrit na selektivni plotnu



Integrativni plasmidy

- nemaji CEN ani 2um casti

Transcription

Not | or Termination (TT)

Byl Il

- 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
MCSs 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 AOXI gene | Targets plasmid integration at the
that are further 3" to the TT AOXI1 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 Tl efficient integration into the Pichia
‘ genome
Sac 1
Sal 1
Stul




Integrace |.

Transcription
Termination (TT)

Not | or
Bglll ~

A - integrativni plasmid pro P. pastoris
(I b (GS1115, genotype: his4)
| - exprese z AOX1 promotoru

£A ori

- integrace do AOX1 lokusu

Not | or

Bl - mechanismus homologni rekombinace

Linearized plasmid

5 AOX1 TT - I Pichia genome (his4)

= - Plasmid integrated
5 Paox1 Gene of Interest L HIS4 3  AOX1 into genome



Integrace |I.

Transcription

Not | or Termination (TT)

Bgl I

- integrace do his4 lokusu

~ Stu |

mechanismus
homologni
rekombinace

Not | or

Bgl Il

‘m“} Pichia Genome (his4)
his4. Y * mutation
e TT |Gene of Interest 3 5' Paoxs 3' AOX1 = \}.
HIS4 hisd. P

y v

His* His~



Integrace: disrupce/delece genu

- studium funkce genu — fenotyp (delece/mutace)
- esencialni gen => bunky potfebuji gen napf. na plasmidu
(plasmid shuffling)
- zivotaschopné — mutace Ize pfimo integrovat do genomu
- mutantni kmeny se testuji na citlivost k riznym ,toxinim* — dale je Ize
kfiZit s funkéné podobnymi geny-mutantami a hledat jejich funkéni vztahy
(synthetic lethal x epistatic x suprese)...

1. krok EMEI 2. krok

yigi-1

3 YFGT | § ! m ?

¢ Ura™® e - - -
o & FOA Selection (Ura™)

- - \\‘56
{ [ URA3:] 3 O
;Fﬂﬂﬂelectmn (Ura’} i yig1-1_| }
specificka mutace
? [E] § neesencialni gen
Vg 1-A

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

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



Delece genu - PCR

» pro rekombinaci staCi pouze kratka homologie (50-100nt pro S.c.)

« misto integrativnich plasmidl = oligonukleotidy ~ 70nt dlouhé postaci (pfi 2
krokové PCR se kromé dlouhé homologie vnesou jesté specifické sekvence pro

pozdéjSi manipulace ™)
[ kanmx ]

1.PCR (barcode)

D I T S 2 PCR (homologie)

T
> >

00000 Kvasinkovy ORF |

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

) . . * * k& e SACCHAROMYCES
http://web.uni-frankfurt.de/fb15/mikro/euroscarf/index.html % EUROSCARF CEREVISIAE
w * 4 % x ARCHIVE FOR

Giaever et al, Nature, 2002 FUNCTIONAL ANALYSIS



EuroFan projekt - testy fenotypu

Assay/growth conditionz

YPD + & mM caffeine

Cyclkoheximide hyparsansitivity: YPD + 0,08 pg mi~' cycloheximide at 30°C
Mhite/rad colour on YPD

YPGhycerol

Calcoflucr hypersansitivity: YPD + 12 uafi~' caloofiuor at 30°C

YPD + 46 pgmi~ hygromiycin at 30°C Bunédéna sténa
YPD + 0.003% S0S (Stab”lZUj |'C|')

Benomiy hypersensitivity: YPD + 10 ugmi-' benomiy I MikrOtUbU|y

T |

YPD + 5-bromo-4-choro-2-indolyl phosphate at 37 °C (stabi”zuj I’CI')

e (P + 0,001 % methydana blua at 30°C
e BNyl resistance: YPD + 20 pgmit-' banomg I Mikrotubuly
e YPD att 37°C | ts (destabilizujici)
—

YPD + 2mM EGTA

YPD + 0.008% MMS

| Oprava DNA

YPD + 75mM hydroxyuraa

YPD at 11°C | csS
Calcoflucr resistance: YPD + 0.3 pami™' calkcofluor at 30 'CI Bun. sténa

Cycloheximide resistance: YPD + 0.2 ugmi™' cycloheximida (d estabili zuj I'CI')

Hyperhaploid invasiva arowth mutants

P T 5

YPD + 0.9 M NaCl
- Systematicky provedeno na >6000 genech v ramci projektu EuroFan

- Funkéni kategorie genu — anotace v databazich (genova ontologie)
Winzeler et al, Science, 1999; Giaever et al, Nature, 2002



~ 6000 heterozygotnich dele¢nich kmen
~ 5000 homozygotnich dele¢nich kmenu (+

~ 1000 esencialnich geni)

(neesencialni — rast za specifickych podminek nebo redundantni procesy)

3%

- Lethality (Giaaver et al, 2002)

Growth defect in rich medium
{Deutschbauer et al., 2005)

Growth defect in this study
63%

D No phenotype in this study

- Podobné profily svédcCi o funkéni podobnosti

C

N N

Peroxisome
(P=6x1026)

Sensitive

Resistan D

410 homozvaous expeariments

Hydrogen peroxide, pH8 MMS, MPP+, Paraquat, Sodium arsenate

- Testovano ~400 malych molekul
a stresovych podminek (-aa ...)

- Celkem provedeno ~ 6milionu
testu

- multidrug resistance (MDR)
pokud byl gen potfebny pro
resistenci vuci >20% z

testovanych latek
B

Membrane
(P<i0d)

Endosome
transport
{P<109) /" Veside-mediated

Ubiquitin-dependent

. . transport ™,
e g FonQ
P <107 (Ercocomd Post-Golgi
(P<1013) Retromer W&ﬁ;ﬁabd
PEXS Late endcsome c;mfg P <10
to vacuole ua?sport / )
P<ilr ) AP-1,3
PEX22 . ESGRT, I, Il - e Golgi
PEX19 B (P< 10°3) —=—— appantus

PEX14 e (2t

PEX8

& Vacude
; {Lysosome)

YGL152C t fﬂ\%ﬂmx
YJL211C 1‘\ t‘r":i::n? ‘ F:.emgnng:;uo:;f (P<10%)
PEX1 o e wecrot

PEX3

i

u

Geny/Proteiny peroxisomu

PEX10
PEX4
PEX13
PEX6
PEX17
PEX12

PEX15 Hillenmeyer et al, Science, 2008



Delecni knithovna — S. pombe

- S. pombe potfebuje delSi homologii (serial PCR = 40-80bp; block PCR = 80-350bp)
- dele¢ni knihovna od Bioneer (Korea, 25 000$)

UPTAG primer (70-mer)
[U1] uUPTAG um>

Gene Not made
[u2] KanMX4 [D2] synthesis (78)

(263)

. DNTAG primer (70-mer)

[u1] upTAG |U2] KanMX4 [D2| DNTAG [D1]

Serial
PCR (1,515)

[ RHG’ [u1] UPTAG [u2] KanMX4 [p2] DNTAG [D1] RHG' | «a
| RHG” [u1] |D1| RHG" |
Joining by
overlapping
RHG [u1| upTAG |U2] KanMX4 |p2| DNTAG [D1|  RHG

Kim et al, Nat Biotech (2010)



Priprava monomeru pro vyrobu plastu
— vyuziti Candida tropicalis

« Candida tropicalis je schopna vyuzit mastné kyseliny jako zdroj uhliku
(acetyl-CoA)

« mutantni kmen (APOX4, APOX5) neni schopen [3-oxidace a preménuje je
oxidaci na di-karboxylové kyseliny (Picataggio et al, Biotechnology, 1992)

« pomoci flp rekombinasy odstranili geny oxidas (4 alkohol oxidasy) a
dehydrogenas (6 alkohol dehydrogenas), aby eliminovali w-oxidaci

* novy kmen je schopen produkovat

w-hydroxymastné kyseliny, které Fatty acid
v s ; . ° woxidation ~._ Poxidation
Ize pouzit pro vyrobu bio-polymeru / i
(plastl podobnych polyetylentim, CH,(CH,),-COOH CHa(CH,),-COOH
bio-odbouratelné na bio-palivo) CYPSIA P4Sts mx¢mns*ﬂ'r'f--‘"ﬂid-m
« dalSi modifikace kmene CHy-{CH,), - CH=CH-CO-$-CoA
, o . HO-CHy~(CH,) -COOH
(integrace genu pro lipasy) | Mydratase
TP 2\, 5 Sgock unknown enzy CH,-(CH,). _,-~CHOH-CH,-CO-8-CoA
by umoznilo pfimé odbouravani AN S s
odpadnich oleju ... OHC-(CH,),-COOH | Detydrogense
CH3-{CH,), 3-CO-CH,-CO-5-CoA
l | 1' hnlnkase
HOOCHCH,)-COOH CHs-{ CH,), ,-CO-S-CoA + CH-CO-5-CoA

Lu et al., JACS (2010)



Delece genu pomoci transposond

a
Xa 3xHA
IRlox lacZ URA3 tet reslox |IR
Library of mTn ~ esencialni »
. ; —_—
\ /
insertions In yeast Notfl ~—"NotI
|

DNA, generated in |

E. coli yeast DNA

IS~ -

/
\
Prepare DNA from Oﬂo%‘é,o s
individual plasmids STttt
LS .
Citlive ... »
Cut with Notl;

transform yeast

Hyg r

&gggger Defekt bunécné stény

MacDonald et al.: Nature, 1999



SAturated Transposon Analysis in Yeast (SATAY)

A I fransposon 1-scrape and pool
I non-essential genes
mmmm essential genes inserted in
: . . essential
inserted in non-essential genes gene

L10Z ‘a)718 ‘e 18 |syYdIN

2-genomic 3-digestion with
DNA extraction frequent-cutter

ligation

OO:O
- generovano 1,000,000 klont — 300,000 inzerci (vysoké pokryti na 6000 gen()
- cirkularni DNA pouzita pro NGS sekvenovani (MiniDs transposon-specifické primery)

- inzerce kazdych 40bp (preferen¢né v nucleosom-free oblastech)
- kazdy transposon sekvenovan 20x ...




- inzerce chybély v
esencialnich genech
(zelené Sipky)

apltd

- vﬁ‘é"f%fggé@

. ) i ! - charakterizace GO,
chrll: 100, 000 150,000 200,000 250 000 drug Screening,

vV V.V VWV v __V
Chl‘lV 350, 000 400,000 450 000 500 OOO
o, ], ' . | ! ‘ "8 |

- rozliSeni na urovni
domén (GAL10 — dvé
domeény z nichz
esencialni je pouze
prvni ...)

- C-koncové, ale i N-
koncové delece

Il ‘ ' II .I' II’ 1 | III \IIII
cthII 300, 000‘
chrXV: 300, 000l 350, oool 400, ooo|

A C-terminal truncations B N-terminal truncations
’ I || I I na ‘I . | \ 11 ||I |
‘m ) hqm"h. :1 y # ) .H'W' IS i .'m#' ';Jf“
Iu lun F I|l | 14 " | | .
GAL10 epimerase mutarotase phosphatase | TFFC7 TRIC i

“l' | 'Il ! - I W
IM'I wiwlll‘“l U‘ ‘wlf |i'|||ﬂ||l"'|v ,”b d Ifu"-l

Michel et al, eLife, 2017
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Zivotni cyklus S. cerevisiae

8 g - Deleci €i mutaci Ize provést v
& \ haploidni & diploidni bufice

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

OAO Q N
.{. diploid
Q . ® @R

®‘/\.

- pouzdro spory je tfeba rozrusit a
pomoci mikromanipulatoru ziskat

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

@ RHOMBOEDRICKY

jednotlivé haploidni buriky (lze S L|NEARNiM
provést i tzv. random sporulation) i ¢

- u S.pombe jsou diploidni bunky USPORADANIM
nestalé a okamzité sporuluji SPOR

(pouzdro se rozpada samo)
- Vice v dalSich prfednaskach



Zivotni cyklus S. cerevisiae

8 e - Deleci ¢i mutaci lze provést v
® \ haploidni &i diploidni bufice

a
O haploid Q

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

diploid
- lze pfipravit dvojitého mutanta
kfizenim haploidnich mutant a poté

sporulaci diploida

D
- delece esencialniho genu Ize provést pouze @
v diploidni burice (haploidni neprezije) N Q
- po iniciaci sporulace dojde k meiotickému @‘*@ @
déleni (2n -> 4n -> 4x 1n) a vzniknou 4 opi s pmecics  mcombnte @ Q

haploidni bunky (lze rozdélit
mikromanipulatorem — tetradova analyza) @ mews O

I~
hapI0|d ‘ O 0]

8\,

haplomn sporas

Makosis n



Tetradova analyza
(S. pombe)

spory preneseny tenkou jehlou a
rozmisteny v pravidelnych
odstupech

YPD
TR EXEERE B D

IR A EEE R B B

T EIEEERE LR
12122 R RN




Tetradova analyza

2 spory/kolonie normalni
+

2 spory/kolonie mutantni

YPD
"TEREZXEEERELE BA B

TR I EEEREE BE N

TEXIIXIXXE .
T ERXE R B B B f’<:>

CD\Q

malosis | O

Selektivhi médium (SD-ura ... testy) haploid spores

maosis 11

AAaa
AaAa
AaAa

neesencialni gen




Tetradova analyza

2 spory/kolonie normalni
+
2 spory/kolonie mutantni
Mendlovy zakony

(B)
YPD 3 ;
TR EXEERE B D
s s dBevew
T EEEREE R B AN
TEII LA RN § 3
S esencialni gen
(@)
2 1
£
S AaaA
-
)
O aAaA
)
c
AAaa

Selektivhi médium (SD-ura ... testy)



Zivotni cyklus S. cerevisiae

CEN
yig1-1

® \/—\ ’
O hapl0|d

@
{ 0
(b)

d|p|0|d
hapI0|d ‘ . ﬁ
. No CO
©
- Ize pfipravit dvojitého mutanta kfizenim
haploidnich mutant a poté sporulaci diploida e
- frekvence typu zavisi na vzajemné pozici 9,0
genu — ruzné chromosomy => nezavisla A
segregace, stejny chromosom (Morganovy 0

zakony — ¢im blize, tim méné cross-over) Dy
(d)

Single CO

E -
S3T

'
38

o
<

(]

yig2-1

Double CO
(four-strand)

0
('%'9

Nonparental Idtype
(NPD



dvojite mutanty

Analyza genetickych interakci @
(funkCnich vztahu)

Ab  aB krizeni
- - haploidni bunky
l 2 geny N

OIEIIOWAN 2B Ab AB ab

ab Ab aB AB

I:l OA @ Ab aB ab AB Single CO (POblt cg)
O AB

i

/\ ab kombinace té&chto mutaci je o ”dlype o - dtype
synteticky letalni (D) (PD)

Tetradova analyza — T I




Dvojité mutanty — funkcni pribuznost

haploid x haploid => diploid — stejny fenotyp - identicky gen
- bez fenotypu — diky wt alele (rizné geny)

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

komplexu)

A A

E /N

¥

\

. e
| g /1
\ / Epistaticky Proteinovy D Letalni
komplex

Mutageneze pomoci hydroxylaminu ... hledani (screening) letalniho mutanta —
mutageneze kmene s vypinatelnym plasmidem (promotor nebo FOA — viz

plasmid shuffling)
Pomoci téchto genetickych metod byly analyzovany metabolické drahy ...

proteinové komplexy ...



Hledani funkcné pfibuznych genu

Fatty alcohol
alcohol
«,o-dicarboxylic acid P450 ® dace dehydrogenase
productivity (g/L/h) EEERE e @® o 8 . @
© © © © O = = = S § 8§ § 8§ e 35233332 35
. . - . . . . . o o o o a o Q (o] Q (@] L L I I I o e I I
O N & & ® O M & 5 6 0 6 6 b & & &£ & 2 22 22 2 2 2
l ‘ m—) DP174 ® ®© 0 ¢
O == DP283 O © 6 0 0 06 0 0 0 0
~ P @ @ © © @ 0 0 0 0 0 0 0
o Pitssc @ ® © © © © © © © © © 0 0 0 O
g —Dri2i ® 0 0 0 0 0 000000000 o
~<0 DP42331 @ ® ® ©® ©® ® ® ® ® © ® © 0 0 & 0 0
g'.. P2 @ @ © © © 00000000 00 @
33 5% © © 0 0 000000000 OS O
= P25 ® O 0 0 0 0000000 0 00 e
2 Fatty acid
L 9 w-oxidation . Boxidation
oo / T
22 11 -
@ % g or CH;{CH,),-COOH CH+(CH,),-COOH c
| o)
O $3§ CYPSZA P4Sls FOX4 SOXS f\ir] Lo o )
al - L W L -
2 CHy-(CH,),, +CH=CH-CO-5-CoA o
HO-CH,-(CH,), -COOH g
Hvilratase
Y »
block unknown enzy CH,-(CH,), ,-CHOH-CH,-CO-S-CoA
o
- delece homolognich enzymu (napf. OHC-(CH,),-COOH RS e
dehydrogenas) potla¢i metabolické l l LA, s DO-CHr CD5:Cna
schopnosti buriky (DP421 = méné ¢ Thkileee

o-hydroxymastné kyselin) HOOCH(CH),-COOH  CHy-( CHy),-CO-5-CoA + CH3-CO-S-CoA



Synteticka letalita v 1éCbé rakoviny

Single-  Double- Base mismatches,
strand strand Bulky Insertions
brosk bresk adducts and deletions  Base alkylation

BER Homologous  NHEJ NER Mismatch Direct reversal
recombination l l repalr
v ' ' v
Proteins  PARP1 BRCA1l KU70/80 ERCC4 MSH2 MGMT
XRCC1 BRCA2 DNA-PK ERCC1 MLH1
LIGASE 3 PALB2
ATM
CHEK1
CHEK2
RADS1
l Y Y A
Tumour types Breast, ovarlan, pancreatic Xeroderma Colorectal Glioma
plgmentosa

Drugs PARP Inhibitors, platinum salts Platinum salts Methotrexate ~ Temazolomide



Delece/mutace genu

- Studium funkce genu — delece nebo mutace genu
- esencialni gen => bunky potrebuji gen napfr. na plasmidu
- plasmid shuffling
- => bunky potrebuji funkCni gen aspon za
urcitych podminek (kondicionalni exprese nebo
kondicionalni mutanty — ts mutanty)
- => bunky potrebuji aspon ,Castecné” funkcni
gen — hypomorfni mutanty

- ne-esencialni gen — Ize primo deletovat v genomu haploidni
bunky

- delecCni/mutantni kmeny se testuji na zivotaschopnost ... za
ruznych podminek — dale je Ize kfizit s funkéné podobnymi
geny/mutantami a hledat jejich funkCni vztahy (synthetic lethal
X epistatic x suprese)



Analyza esencialnich genu:
ts mutanty

- ts mutanty jsou vyhodné pro studium funkce esencialnich genu — mutanty jsou
normalni na permisivni (25°C) teploté, ale nemohou dokonc€it bunéény proces
vyzadujici aktivni protein za restriktivni teploty (37°c)

- ts mutanty = vétSinou nestabilni proteiny, které se pfri zvySené teplote
denaturuji/ztraci aktivitu a jsou degradovany

domain 1 domain2 domain 3
Ubiguitin OHFR™ T{'cll
protain of intarest

Half-life in Phenotypes with | Phenotypes with
5. cerovisiae Ura3 as domain 3 |Cdc28 as domain 3

UBA1 | ubrfA | ueRr | ubriA | UBRT | ubriA

deublguitination
{cotranslational)

long | long | Ura* | Ura™ | growth | growth

[ >short long | Ura™ | Urat | arrest growth

- ubiquitinace ,,0znaCkuje“proteiny pro proteasom (degradaci)

ts alela DHFR je degradovana (nestabilni protein — strukturni mutace)

- fuze DHFR (ts alely) s heterolognim proteinem => cely protein je na 37°C degradovan
- je mozno vyuzit pro pfipravu ts mutantnich kvasinek (fize s CDC28 — kvasinky
arestuji v G1 fazi — sleduje se terminalni fenotyp) Dohmen et al.: Science, 1994



emnge |ZOlAaCE MUtaANt sreioic amaiys
by Cummenm;un hﬂpllﬂltig?ﬁl?: E:n:m Cross mutant to MATo FFGH

+ S

_ Izolate a dipload strain and
Det-e-:lia& of 1] sporulate

Transform a
MATa vwiel wrgi-Sl
gtrann with a
YCp30 lbrary.

v

Izolate Ura™ transformants
and score for Yig®

[hgest ascns walls

o5
Pocet mutaci

[nssect 4 spores of each tetrad

Kontrola zavisl :
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X supresor na plasmidu



Studium metabolickych drah (URA, GAL ...)
... flokulace, aglutinace (FLO, AGA ...)

... sekrece, endocytozy, morfogeneze (SEC, END ... ORB)

... mechanismu parovani (STE ...) SecC
... vVlivu zareni na buriky ... rad mutanty (napf. RAD21,mutanty

RADS0, RADS51)
... bunécného cyklu (CDC ...)

y-zareni
(budova A3)

redici rada



Studium metabolickych drah (URA, GAL ...)
. flokulace, aglutinace (FLO, AGA ...)
. sekrece, endocytdzy, morfogeneze (SEC, END ... ORB)
. mechanismu parovani (STE ...)

. vlivu zareni na bunky ... rad mutanty (napr. RAD21,
RAD50 RADS1)

* ... bunécného cyklu (CDC ...)
Allele Reverts? Notes Molecular description® Reference
ochre mutation. red G to T transversion at nucleotide
ade2-101 yes coloniesu ’ 190, changing amino acid 64 from | Gai and Voytas, 2005
a Glu to a STOP
Cold sensitive; high
his3-200 o frequer}cy of petl.te I kb deletion, (~205 o 835) Struhl 1985; Fasullo and Davis
7 formation, especially 1988
during transformation.
GTT-to-GCT missense change at
codon 69,
G insertion at nucleotide 249, Hinnen et al. 1978;
leu2-3.112 ho double mutant G insertion at nucleotide 792, Gaber and Culbertson 1982;
GAC-to-AAC missense change at
codon 300.
trpl-1 yes amber mutation Sﬁiﬁgéiiig?:fgéggfé) McDonald, ef al. 1997




- 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

banana=ban)

- 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./)
... aktinovy cytoskelet (polarizovany rdstu)

283

Take Off

orb2, teal, ban2
activation of
bipolar growth

S

Cell Division

—leal, tea2
end markers

Constant Length Stage

orb3, 8, 9
re-establishment
orb 1,6, 12 of cell polarity
sts5, cwg2
maintenance of . 3
polarized growth s -
.. ..
bant, 2,3 4
maintenance pl
growth direction orts
growth
activation

o | o—ﬁ_/

Oid End Take Off

Table I. orb Genes

Close Multicopy

Synthetie

Gene Alleles lethality linknge* SUpprEssion
b [ 6 {3 crtrd, orkb
orhl ik artrl, orb
orb3 (1%
orrbd 12 (1% srssE pokd ™, pypd*
orbSs 2(2*)
orbi 4 arkl, arb?
arh? | cupd |
i 6 orld, ol ] ]
orbd 1 orbd, orbll
ek i) 4
carfel ) 2 i, orbo r:'rt'_g.fl

1

orf 2

ekl pypl ™, raxl®

Verde, Mata, Nurse, JCB, 1995



Nobelova cena za vyzkum
bunecného cyklu v roce 2001

Leland Hartwell zacCal studovat bunécny cyklus v 60.letech na S. cerevisiae.
- izoloval mutantni kvasinky s mutovanym genem - >100 genu kontrolujicich
bunécny cyklus (napf. CDC28) - také sledoval citlivost kvasinek na
poskozeni DNA radiaci - zjistil, ze BC je pri poskozeni DNA zastaven — aby
ziskal Cas na opravu DNA

Paul Nurse studoval bunecny cyklus na S. pombe - v 70. letech objevil gen
Cdc2 (homolog CDCZ28) - zodpovédny za regulaci vétSiny fazi BC - v roce
1987 izoloval homologni lidsky gen a nazval jej CDK1 (cyclin dependent
kinase). e

Tim Hunt na zaCatku 80. let objevil prvni cyklin — cykliny jsou proteiny, které
jsou syntetizovany a odbouravany (ubikvitinace) béhem urcité Casti
bunécného cyklu. Cykliny se vazi na CDK a reguluiji jejich aktivitu.



Nobelova cena za vyzkum
bunecnéeho cyklu v roce 2001

Cell
Separation DNA
Gene Allele Tran- feDNA/nucleus Defect Notes Synthesis
sition after 5h Late Cell gl 10
point at 35° C* Plate Formation hydroxyurea
e cdc 3
cde 1 7 0.69 32.¢6 Nuclear division cdc 4
. 18 0.74 30.1 s cdc 8 SIZE
cde 2 13 0,78 30.2 . = CONTROL
6 0.69 - i ss
iy 120 0.74 . ) Early Cell
cde5 120 0.79 311 . leaky® T1ate Formation Nuclear &~ e 1
cde 6 23 0.44 - N leaky® e cdc2
121 0.38 32.1 " cde 11 g
cde 10 129 ~0.10 20.3 DNA Synthesis e 14 mitomycin
’s 28 —0.10 - . T
cde 13 117 0.64 30.5 Nuclear division  Forms multiple
cell plates
- 22 0.88 33.1 & Sterile

Paul Nurse studoval bunecny cyklus na S. pombe - v 70. letech objevil gen
Cdc2 (homolog CDCZ28) - zodpoveédny za regulaci vetSiny fazi BC - v roce
1987 izoloval homologni lidsky gen a nazval jej CDK1 (cyclin dependent
kinase). Nurse et al, MGG, 1976




Bunecny cyklus S. pombe

S.pombe ma rovnocenné déleni - vznikaji buriky stejné velikosti — hned
vstupuji do S faze (jsou dostatecné velké) — pro vstup do mitozy musi byt
dvojnasobna velikost (kontrola v G2 fazi => nejdelSi je G2 faze)

S—
Meiosis I oy
" Sporulation

i
;f A 4
o

e
e

|
Meiosis | “‘Hﬁ(

- e

— " pre-meiotic

! = =y
conjugation
r
}

stationary

phase
Oy

-

Meiotic cvele Vegetative (mitotic) cvele

- nestalé diploidni bunky vstupuji do meiosy hned po konjugaci (ade6-M210xade6-M216)
- pro konjugaci je kriticka G1 faze jako u S. cerevisiae



S. cerevisiae




Bunecny cyklus S. cerevisiae

Cin/Cdc28 Clb1/2/Cdc28 Clb/Cdc28

actlivation activation inactivation @ Actin cable
Cortical actin
palc n

1

r Spinaie pole
@ body
(e)
G S G,

Nucleus
M

Mikrotubuly
(nocodazol)

- zahajeni tvorby pupene a duplikace SPB — zaCatek S faze

- rozchod jadernych plakl na opacéné poly — pfechod z S do G2 faze

- jadro se protahuje — zaCatek M faze (mitdzy) - mikrotubuly

- oddeleni pupene — cytokineze — pfechod z M do G1

- oddéelena dcefina bunka je mensi nez matefska — nerovnocenné déleni —
pro dalSi déleni musi dosahnout urcité velikosti => dlouha G1 faze

Curr Opin Gen Dev 5 (1995)



Svnchronizace S. cerevisiae bunék

Cln/Cdc28 Clb1/2/Cdc28 ClhvCdc28
activation activation inactivation

Cortical actin
palr h

Q spinaie pole
, body
0 Nucleus
’ ¢

oy
M

- v useku A jsou burnky ,nedorostlé” — elutriace (centrifugace dle velikosti bunék) —
tzv. GO synchronizace

- v useku B se rozhoduje o konjugaci - za pfitomnosti alfa-faktoru (kratky synteticky
peptid) dochazi k zastaveni bunécného cyklu — G1 synchronizace

- HU inhibuje syntézu nukleotid potfebnych pro replikaci — synchronizace v S fazi
- nocodazol blokuje polymeraci tubulinu — schazi mikrotubuly pro mitézu — G2
synchronizace

- ts mutanty riznych CDC genu — ruzné faze bunééného cyklu

Actin cable

Mikrotubuly
(nocodazol)




Klicovym meznikem BC u S. cerevisiae je START, kdy se rozhoduje o pfechodu z

G1 do S faze:

- pro dalSi déleni musi burika v G1 fazi dosahnout urcité velikosti
- pfi nedostatku zivin arestuje v G1 nebo posléze pfechazi do stacionarni faze

(vyCerpani zivin)

- nedostatek dusiku — rust pseudohyf
- pfi nedostatku N a C (diploidni buniky) zastavuji v G1 a zahajuji sporulaci
- haploidni buriky v pfitomnosti partnera zastavuji v G1 fazi a konjuguiji

Carbon
Rich

Yeast Form Growth Colony Morphology

Rich

Nitrogen

Grq,,

G",r‘ b..é

Poor

Poor

Pseudohyphal Sporulation

oL

B Mutant

Nitrogen \

Nitrogen
Discrimination

<

P, f- Glucose
Gain of CCM [_
MAP Kinase cAMP-PKA
Dig1/2p
sy Testy TR Tokcp
Shiukovani e’ \mm e
- parovani / S Coﬁc?rlgrfoﬁ:ooe;gny

- morfologie kolonii

Granek and Magwene, PLoS Genet (2010)



G1 faze - S. cerevisiae

Klicovym meznikem BC u S. cerevisiae je START, kdy se rozhoduje o pfechodu z
G1 do S faze:

- STARTovni interval I1ze rozdélit na usek Aa B

- v useku A se rozhoduje o pfechodu do stacionarni faze (mutanty zastavené v této
fazi nemohou konjugovat)

- v useku A hraji roli CDC25 a CDC35 (komponenty RAS drahy - ziviny)

- v useku B se rozhoduje o konjugaci Ci sporulaci (zastaveni pomoci alfa-faktoru,
nemuZze byt zvolena alternativa pfechodu do stacionarni faze)

- pro usek B (a dalSi ,checkpoints®) je kliCovy CDCZ28 (tj. CDK1) a prislusné cykliny

A G, B

Cin/Cdc28
activation

....................... \&
3-0~0 gp.] :ii“ii‘i'fl &

catalytrc
active PKA inactive PKA

-----------------------------------




CDCZ28 a cykliny u S. cerevisiae

Interakci fosforylované Cdc28p s cyklinem vznika aktivni komplex:

-v G1 fazi Cin1p a CIn2p (CLN3 mRNA je konstantni)

- pro vstup do S faze jsou nutné CIbbp a Clb6p (transkripce stimulovana CLN)
- zahajeni mitdzy se ucastni C/b3p a Clb4p

- mitdézu ukondCuji Clb1p a CIb2p a jejich degradace

activates

ATP &
charmical madification
(phosphondation)

binds tha

= 5-0-0-0"

Closp, 6p Clbdp, -4p Cibip, -2p

CIn/Cdc28
activation

Clb1/2/Cdc28 Clb/Cdc28
act

Y

-
L 8

G1

Nasmyth, Trends in Gen, 1998



Bunéecny cyklus S. cerevisiae - detalil

activates
N e Spindle checkpoint DNA damage checkpoint
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Maintenance of genome stability

G, S G, M
RFC5 RAD17 SGS1
RAD17 RAD17 BUB1,3 BUB2
RAD24 ) RAD24 RAD24 MAD1,2,3 BFA1/BYR4
MEC3 MEC3 MEC3
DRC1
DNA damage Replication intra-S (replication) DNA damage Mitotic Mitotic
checkpoint (G4) checkpoint (S) checkpoint (S) checkpoint (G,) checkpoint (M) checkpoint (M)
G, arrest in response | S phase arrest Slowing of replication G, arrest in response | Meta-Anaphase Block of exit
to DNA damage in response to in response to DNA tozDNA damage arrest in response  from mitosis
replication blocks  damage in S phase to spindle damage

Transducer and
effector functions

- ~

Yeast
- MEC1
TEL1 MEC1/TEL1
MRE11=-RADS50=XRS2
RAD9 MRE11
RADS3
DUN1 XRS2
RADSS RADS53/DUN1
- PDS1
SGS1

~

Human homologs

Human
ATR/ATM
MRE11

NBS1

hCHK2
BLM/WRN/RTS

Cancer syndrome

Ataxia telangiectasia

Ataxia telangiectasia-like disorder

Nijmegen breakage syndrome

Li-Fraumeni syndrome

Bloom, Werner & Rothmunds=

Thomson syndromes

Kolodner et al, Science (2002)

Checkpoints slouzi burice ke kontrole uplnosti ¢i spravnosti prubéhu urcité casti
bunééného cyklu &i procesu — napf. burika nemuize nechat neopravené
dvouretézcové zlomy DNA nebo jina poSkozeni DNA (podle faze bunééného cyklu
opravuje riznymi mechanismy)
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