Souhrn 4. prednasky

» Genetické metody
— Plasmidy (kvasinkové elementy)
— Integrace (plasmidy, PCR, kazety)
— Teplotné-sensitivni mutanty (esencialnich genu)

Pomoci téchto genetickych metod byly analyzovany metabolické drahy, proteinovée
komplexy, evoluce biologickych systému ... pfipravovany nové kmeny pro
biotechnologie ... feSeny otazky tykajici se zdravi ¢lovéka



Osnova 5. prednasky

o Genetické metody
— tetrddova analyza
— synteticka letalita, epistase, suprese
— mutageneze/“screen”
 Bunécny cyklus
— prubéh a regulace BC
— synchronizace bunek
— mechanismy regulace parovani
— homothalicke kmeny



Zivotni cyklus kvasinek

8 — © - Deleci & mutaci Ize provést v
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- pouzdro spory je tfeba rozrusit a
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(pouzdro se rozpada samo)



Tetrddova analyza
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Tetrddova analyza

. o ) A a k¥izeni
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Dvojité mutanty — funkcni pribuznost

haploid x haploid => diploid — stejny fenotyp - identicky gen
- bez fenotypu — diky wt alele (rdzné geny)
sporulace => haploid — stejny fenotyp — epistaticky (funkéné pribuzné geny)

- aditivni az letalni (paralelni draha, redundance, rozpad

komplexu)
\‘ / Epistaticky Proteinovy D

komplex

: N\

F

Letalni

Mutageneze pomoci hydroxylaminu ... hledani (screening) letalniho mutanta —

mutageneze kmene s vypinatelnym plasmidem (promotor nebo FOA — viz
plasmid shuffling)



Synteticka letalita

Single-  Double- Base mismatches,
strand strand Bulky Insartions
break break adducts and deletions Base alkylation

BER Homologous  NHEJ NER Mismatch Direct reversal
recombination l l repalr
v ' b v
Proteins  PARP1 BRCA1 KU70/80 ERCC4 MSH2 MGMT
XRCC1 BRCA2 DNA-PK ERCC1 MLH1
LIGASE 3 PALB2
ATM
CHEK1
CHEK2
RADSI1
l \ A , 4
Tumour types Breast, ovarian, pancreatic Xeroderma Colorectal Glloma
plgmentosa
Drugs PARP Inhibitors, platinum salts Platinum salts Methotrexate ~ Temozolomide

nadorové burnky maji asto mutované geny pro opravu DNA — inhibitor vyradi dalSi drahu



Supresory

Supresory potlaéuji puvodni fenotyp — mutace téhoz genu ,napravi® pavodni mutaci

- mutace sousedniho (protein) zesili oslabenou
interakci

- nadprodukce proteinu z paralelni drahy

- nadprodukce proteinu z téze drahy

A
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\
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Proteinovy
komplex



Supresory

a Dosage suppressor: rescues in high copy

Suppressor
Mutant Increased dosage of wild-type
Wild type Protein is destabilized partner stabilizes protein

Q

Q O
508 g

b Interaction suppressor: allele specific, gene specific

000

Wild type Mutant Suppressor

cd €49 (dQ

Pomoci téchto genetickych metod (SL, suprese) byly analyzovany metabolické drahy,
proteinové komplexy, evoluce biologickych systemu ... pfipravovany nove kmeny pro
biotechnologie ... feSeny otazky tykajici se zdravi ¢lovéka

Forsburg, NRG, 2001



Studium metabolickych drah (URA, GAL ...)
... flokulace, aglutinace (FLO, AGA ...)
... sekrece , endocytozy, morfogeneze (SEC, END ... ORB)

... mechanismu parovani (STE ...) SeC

... Vlivu zareni na bunky ... rad mutanty (napf. RAD21,mutanty
RAD5S0, RAD51)

... bunéc¢ného cyklu (CDC ...)

y-zareni
(budova A3)

redici rada



o Studium metabolickych drah (URA, GAL ...)
« ... flokulace, aglutinace (FLO, AGA ...)
» ... sekrece, endocytdzy, morfogeneze (SEC, END ... ORB)
e ... mechanismu parovani (STE ...)
o ... Vlivu zafeni na bunky ... rad mutanty (napf. RAD21,
RADSO RADS51)
e ... bunécného cyklu (CDC ...)
Allele Reverts? Notes Molecular description? Reference
, G to T transversion at nucleotide
ade2-101 yes ggrc:sir;utatlon, red 190, changing amino acid 64 from | Gai and Voytas, 2005
aGlutoaSTOP
Cold sensitive; high _
his3-200 no ;gﬂ‘;‘gﬁ giitjw 1 kb deletion, (-205 to 835) f;;é?l 1985; Fasiillo and Davis
during transformation.
GTT-to-GCT missense change at
chon 69, . _
23112 | o dowlemutant | O edeoide 792, | G and Culbetion 1962
GAC-to-AAC missense change at
codon 300.
trpl-1 yes amber mutation GAG-to-TAG amber (STOP) McDonald, et al. 1997

nonsense change at codon 83
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- 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.I)

... aktinovy cytoskelet (polarizovany rUstu)

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 » -
polarized growth °.. .
- -
New End
Take Off ban1, 2 3 4
maintenance of
growth direction orbs
orb2, teal, ban2 growth
activation of activation

blpolﬂ'9'°mh\_~_€‘_o I o—ﬁ/

Oid End Take Off

Table 1. ork Genes
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Gene Alleles lethality linkage* SUppTEsALOn
wrb [ fi (35) artrd, orbh
ek 24" artel, orh
orb3 (1%
orbd 12(1%) sissh pekd™, pypl”
orbs 22
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arh 7 ] {.“._g.zl
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arb® 1 orbd, arbl ]
orb I 4
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ol 2 2

peklt pypl ™, raxl”

Verde, Mata, Nurse, JCB, 1995



Nobelova cena za vyzkum
bunecneho cyklu v roce 2001

Leland Hartwell zac¢al studovat bunécny cyklus v 60.letech na S. cerevisiae.
Podafrilo se mu izolovat kvasinky, které mély mutovany gen kontrolujici bunécny
cyklus (BC). V nasledujicich letech identifikoval podobnym zpusobem vice nez 100
genu kontrolujicich bunéény cyklus (napf. CDC28). Také sledoval citlivost kvasinek
na poSkozeni DNA radiaci. Zjistil, ze BC je pfi poSkozeni DNA zastaven — aby ziskal
cas na opravu DNA

Paul Nurse studoval bunéény cyklus na S. pombe. V 70. letech objevil gen cdc2,
ktery je zodpovédny za regulaci vétSiny fazi BC. V roce 1987 izoloval homologni
lidsky gen a nazval jej CDK1 (cyclin dependent kinase).

Tim Hunt na zacatku 80. let objevil prvni cyklin — cykliny jsou proteiny, které jsou
syntetizovany a odbouravany (ubikvitinace) béhem urcité ¢asti bunééného cyklu.
Cykliny se vazi na CDK a reguluji jejich aktivitu.



Nobelova cena za vyzkum
bunecneho cyklu v roce 2001

stech na S. cerevisiae.

Gene Allele Tran- feDNA/nucleus  Defect Notes , . . v
sition after Sh y gen kontrolujici bunecny
polnt.  at"C nym zpusobem vice nez 100
cde 1 7 0.69 126 Nuclear division iké sledoval citlivost kvasinek
18 0.74 30.1 N " _ ,
e 23 0.78 20.2 2ni DNA zastaven — aby ziskal
, 56 0.69 -
.\ 130 0.74 -
cde 5 120 0.79 31.1 leaky®
cde 6 23 0.44 - leaky® Cell
cde 10 129 ~-0.10 20.3 DNA Synthesis Synthesis
28 —0.10 - y
cde 13 117 0.64 30.5 Nuclear division  Forms multiple Late Cell cdc 10
cell plates Plate Formation hydroxyurea
- 22 0.88 33.1 Sterile

Tim Hunt na zacatku 80. let objevil prvni cyklin — cyk
syntetizovany a odbouravany (ubikvitinace) béhem u
Cykliny se vazi na CDK a reguluji jejich aktivitu.

cdc 3
cdc 4
cdc 8
— SIZE
cde 12 CONTROL
wee 1
Early Cell
Plate Formation Nuclear
Division® cdc 1
cdec 2
cde 7 cdc.5
cde 11 cdc 6
cde 14 mitomycin
cde 15

Nurse et al, MGG, 1976



Bunecny cyklus S. pombe

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

H i

,
“pre-meiotic

r . ot
conjugation
)
}

stationary
phase
oy

-

Meiotic cvele Vegetative (mitotic) cyele

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



Bunecny cyklus S. cerevisiae

Cln/Cdc28 Clb1/2/Cdc28 Ci'Cele 28

activalion activation inactivation @ Actin cable
Cortical actin
1_‘:.:!{,!1

Spinaie poie
body

Nucleus
. . . ‘ Mikrotubuly
(nocodazol)

M

- zahajeni tvorby pupene a duplikace SPB — zaCatek S faze

- rozchod jadernych plakd na opacné poly — pfechod z S do G2 faze

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

- oddéleni pupene — cytokineze — pfechod z M do G1

- Oddélena dcefinna burika je mensi nez matefska — nerovnocenné déleni—
pro dalSi déleni musi dosahnout urcité velikosti => dlouha G1 faze

Curr Opin Gen Dev 5 (1995)



Klic¢ovym meznikem BC u S. cerevisiae je START, kdy se rozhoduje o prfechodu z

G1 do S faze:

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

(vy€erpani zivin)

- nedostatek dusiku — rust pseudohyf
- pfi nedostatku N a C (diploidni bunky) zastavuji v G1 a zahajuji sporulaci

- haploidni bunky v pfitomnosti partnera zastavuji v G1 fazi a konjuguji

[—- Glucose
Elongator

MAP Kinase

Carbon
Poor
Colony Morphology

Rich
Yeast Form Growth

Rich

Sporulation

ey

Pseudohypbhal

Nitrogen

B Mutant
Phenolype

Gain of CCM

ossofcom [

cAMP-PKA

Nitrogen \

Nitrogen
Discrimination

Hoglp -

Dig1/2p

Ira2p
Ras2p
“TRK2p Tpkap

Shlukovani

- parovani

™

- morfologie kolonii
Granek and Magwene, PLoS Genet (2010)

Complex Colony
Morphology

e g

<



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

- STARTovni interval Ize rozdélit na usek Aa B

- v Useku A se rozhoduje o prechodu 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 ¢i sporulaci (zastaveni pomoci alfa-faktoru,
nemuze byt zvolena alternativa prechodu do stacionarni faze)

-pro usek B (a dalSi ,,checkpoints®) je klicovy CDC28 (tj. CDK1) a prislusné cykliny

A G, B S G, M

Cin/Cdc28 Cib1/2/Cdc28 Clb/Cdc28
activation activation inactivation

cAMP-P KA

MAP Kmase




CDC28 a cykliny u S. cerevisiae

Interakce fosforylované Cdc28p s cyklinem vznika aktivni komplex:

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

- pro vstup do S faze jsou nutné Clb5p a Clb6p (transkripce stimulovana CLN)
- zahajeni mitozy se ucastni Clb3p a Clb4p

- mitozu ukoncuji Clblp a Clb2p a jejich degradace

aclivates (I C i 28 (Ill t i 28 Clb/Cdc28

ctivatic

- / binds the H
batral
.k:"?=_—-r__f Subsrate |’ substrare . @
we _;:'g:;}

chamical modification Cinlp, EH:IEp -Hp Eh.'i-p -llp [:H:I'lll 20

(phosphaoryation)

G1 5 G2 L A :
Nasmyth, Trends in Gen, 1998



Bun é€ny cyklus S. cerevisiae - detall
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Maintenance of genome stability
1 1

c} S G, M
RFC5 RAD17 SGS1
RAD17 RAD17 BUB1,3 BUB2
RAD24 Bl 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
| ]
Human homologs
Yeast Human Cancer syndrome
- MEC1
LT MEC1/TEL1 ATR/ATM Ataxia telangiectasia
MRE11-RAD50-XRS2 , . . .
Transducer and RAD9 MRE11 MRE11 Ataxia telangiectasia-like disorder
SEisEins fncticne ga:? XRS2 NBS1 Nijmegen breakage syndrome
gssﬂfs RAD53/DUN1  hCHK2 Li-Fraumeni syndrome
SGS1 BLM/WRN/RTS Bloom, Werner & Rothmunds=

Thomson syndromes

Kolodner et al, Science (2002)

Checkpoints slouzi bunce ke kontrole Uplnosti ¢i spravnosti prubéhu urdité ¢asti
bunééného cyklu ¢i procesu — napf. burika nemuUze nechat neopravené
dvouretézcové zlomy DNA nebo jina poskozeni DNA (podle faze bunécného cyklu
opravuje raznymi mechanismy)



Synchronizace S. cerevisiae bunek
L ——0
G1-
1®A 8‘\

Ol .o ©
haploid

G1-B

Q.. &

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

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

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

- ts mutanty riznych CDC genu — razné faze bunééného cyklu




Parovani S. cerevisiae

L ] Cortiael actin patches I Spincle po's body
(a)

Actn caties Rirga of neck filamanta lkely
( composed of tw septes Cdalp

Microlubuies Cdc10p, Cdz 1 1p, Cdc12p

Bud-ate protens (SpaZp,
Cdca2p anc Bem g} % Cntn bud scar imarkng previous

stmes o acal cell drson)

Nucleus —ge.  Call surface axparsion

konjugace

g g

- i Pheromone l

Fluze
i jader

Diploid

Chant, Curr Opin in Cell Biol, 1996
Vybudovani bunécéné stény pfemostujici ,shmoo“ vybézky



Funkce jednotlivych proteint v pribéhu parovani/matingu

MAP Kinase

Mating Signaling
FUS3, STE1S, HYM1T

Cell Cyele Arrast
Shmoo Project Formation FART, FUST

AFRT, GICE, CHET

Artin Cytoskelston

Organization

PCLZ N ERGE4, PRM I, YERDIBW STE = sterile

Cell Wall Beosynit hbasis

Cell Fiesion FILT&RC, YOLTSSC, POM]

FiZ, AGAZ, FiGT, FUST,

Muchaar Fusion
KAR1 ¥AgRS

CKE, SPEE5

Ren et al., Science, 2000



Signalni draha — a faktor

G protein
o subunit

MAP kinase

) Transeripon  ZaStaveni bunécneho cyklu
factor

Aktivace transkripce

Morfologické zmény (aktin) /Msg5
Phosphatases F )

Ste12 regulators |
Wang et al., Nature, 2004



ChIP on CHIP - Stel2p transkripéni @?} ®

a12ctor coll Cyeln Arrest

Shmoa Project Formaticn FART, FUSZ
AFRT, GIC2, CHST
- faktor (indukované geny) e @@
Bindin Expression Name Bindin Bt ey
g p g @ Cel | Wall Big yn is
before after e =
ratio P-value ratio P-value Description m&fiﬂiﬁ““ {'
PRM1 2.7 1.3Xx104% 6.2 4,5X10°3 Pheromone-regulated membrane protein
ERGZ24 2.7 1.3X104 6.2 4.5X10°3 C-14 sterol reductase (adjacent to PRM1)
PCL2 3.3 42X10° 68  5.8X10°° Cyclin partly in association with Pho85p
FIG2 26 22X010% 56 9.5X10°> Protein involved in mating induction
STE12 4.1 1.4x10%  an 3.1x104 Transcription factor required for mating
FUS1 5.0 28x107  an 5.6X1074 Protein required for cell fusion during mating
FUS3 3.3 3.9X10° 5.4 2.0x10°3 MAPK mediating mating pheromone signaling
PEP1 3.3 39x10° 54 20x103 : gtadi -
YOR129C 0.7 013 52 10x104 [El_olun_u.Lunk nown function
AFR1 1.0 0.86 5.1 1.0x104 Protein involved in morphogenesis of the mating projection |
GICZ 1.4 0.11 5.0 1.2x104 Putative effector of Cdc4Zp, important for bud emergence
YOR343C 1.1 0.70 3.9 4.1x104 Protein of unknown function
CHS1 0.9 0.66 a1 420104 Chitin synthase |, functions during cell separation
SCHY 1.3 0.21 4.2  45%04 7 i ATV CAMP
KARS 1.2 0.37 3.8 4.7X104 Membrane protein required for homotypic nuclear fusion
YPL192C 0.9 0.35 3.6 6.5x104 Protein of unknown function
YERO1GW 1.3 0.20 4.1 6.6x10™4 Moderately similar to mammalian neutral sphingomyelinases
SPC25 1.3 0.20 41  6.6x10% Protein of the spindle pole body
YILO83C 1.0 0.67 3.6 7.1X104 Protein of unknown function
PGM1 2.0 0.01 3.8 7.2X10°4 Phosphoglucomutase
YILO37C 1.1 055 34 8.2x104 Protein of unknown function
YIL169C 1.6 0.07 3.3 1.2X10'3 Protein of unknown function
AGA1 1.4 o.n 3.1 1.9x10°3 [a-Agalutinin anchor subunit |
YOL155C 1.0 0.73 3.0 2.1x10°3 Similar to S. cerevisiae glucan 1,4-alpha-glucosidase
£ 0.9 0.76 3.0 2.2x10°3 invoived in spindie formation and karyogamy |
FAR1 1.3 0.22 3.0 2.4x103 Involved in cell cycle arrest for mating
PHOB 1.0 0.83 2.9 2.7x103 CDK inhibitor for PhoB80p-Pho85p complex
HYM1 1.4 0.18 2.7 4.9%10°3 Protein with similarity to Aspergillus nidulans hymA
FIGY 1.2 0.38 2.9 5.0X10°3 Protein required for efficient mating

I e
*571 31 <11 /5 1/2 1 271 551 Ren et a|1 SClence’ 2000



Regulace transkripce v haploidnich bunkach
(konstitutivni)

al, a2 + al, a2 - transkripéni faktory, které ovliviiuji transkripci 3 skupin genu

a-spec.= MFA1,2 (a-feromon), STE2 (a-receptor), STEG6, 14 (Uprava a sekrece feromonu)
a-spec.= MFal,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 250 ON
al, a2 a haploid e 0 SG OFF

—haploid SG ON

al, a2 a haploid L aSG OFF
L aSG ON

reeeessssssm haploid SG  ON

al, a2 diploid L aSG OFF

al a2 @ e 0 SG OFF

L haploid SG OFF
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Prepinani parovaciho typu

Chromosom |lI|
HMLa CEN HMRa
[— ® W | .|

umléenda kopie umiCena kopie

HO endonukleasa rozeznava a Stipe specifické sekvence
Pouziva se pro vygenerovani DSB a studium mechanismu opravy poskozené DNA

Lee a Haber, Microbiol Spect, 2015



Prepinani parovaciho typu

DNA z MAT lokusu je HO endonukleasou vystfizena a na jeji misto se prekopiruje
sekvence z kazety opacneho paru
- HO endonukleasa je exprimovana pouze v matefské burice v G1 fazi (dcefinna si

uchova puvodni typ)
’ ! Current Opinion in Cell Biol 8 (1996)

(switch)
homotalické m

3(e)
@U



Asymetricka lokalizace Ashlp

(i) Wild-type cels (ii) ash 1 mutants (i} myod/she 1 mutants

y

HO - axpressed MO - repressed  HO - espressed  HO - snpressod MO - mprossed MO - repressed
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(switch mating (zwmch mating  (awitcn matng

type) type)

[l Asnhip protein
B Myo4p/She1p protein

ype)

Current Opinion in Cell Biol 8 (1996)

-Ashlp represor je
asymetricky lokalizovan do
dcefiné buriky, kde blokuje
transkripci HO-
endonukleasy

- Neni do ni sekretovan,
ale dochazi k expresi
(translaci) asymetricky
lokalizované mRNA

- (translace RNA na
specializovanych
ribozomech asociovanych
s cytoskeletem



