21.09.201710-11.30hod
28.09.2017
05.10.201710-11.30hod
12.10.201710-11.30hod
19.10.201710-11.30hod
26.10.201710-11.30hod
02.11.201710-11.30hod
09.11.201710-11.30hod
16.11.201710-11.30hod
23.11.201710-11.30hod
30.11.201710-11.30hod
07.12.20179-12hod
14.12.20178-12hod

A2-2.11

A2-2.11
A2-2.11
A2-2.11
A2-2.11
A2-2.11
A2-2.11
A2-2.11
A2-2.11
A2-2.11
A2-2.11
A7-2.17

Doc.

Doc.
Doc.
Doc.
Doc.
prof.
prof.
prof.
Doc.
Doc.

Doc.

Palecek

PaleCek
PaleCek
Palecek
PaleCek
Svoboda
Svoboda
Svoboda
Palecek
PaleCek

Palecek

Uvod — historie, vyznam

volno

Zakladni charakteristiky kvasinek

Diagnostické a molekularné biologické metody

Genetika kvasinkovych organism U

Morfologie a bunécny cyklus, parovaci proces,

Protoplasty kvasinek jako modelovy objekt

Struktura kvasinkové buriky, sekre¢ni drahy a endocyt6za
Patogenni kvasinky, morfologicka charakteristika, medicinské aspekty
Regulace transkripce, 1-2-3 hybridni systémy, reporter systémy
Organizace kvasinkového chromatinu a evoluce

test + predtermin zkouSky

Svoboda+Paletek Cviceni k pfednaskam



Osnova 4. prednasky

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




Vyhody kvasinkového modelu

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

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

e Stabilni haploidni i diploidni formy

e Haploidni bu nky lIze k Fizit na diploidni (heterozygotni mutanty)

« Diploidni bu Aky Ize sporulovat a vyuzit pro genetickou analyzu (  tetrddova
analyza)

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

e Lze pripravovat dele ¢€ni, inzer éni a mutantni kmeny
e  Vydrziv >15% glycerolu na -70°C ,indefinitely”

« Techniky barveni (napf. aktinovy cytoskelet = phaloidin, bunééna 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 raznych podminek

« Rada Zivotnich d&ju méa analogii v procesech v savéich burikach
(lidské geny testovany v kvasinkach - nemoci, metabolismus,
regulacni mechanismy)

Nevyhoda — malé buriky, malé organely (napf. nejsou vidét chromosomy — SMC)



Chromosom Il

(nejmensi)
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Table 1 | Nomenclature in the two yeast species

S. cerevisiae S. pombe
Wild-type gene YFG1 yfg1*
Deletion (null) mutant Ayfgl yiglA Ayfgl yfglA
Recessive mutant yfg1-1 yfg1-1
Dominant mutant YFG1-2 yfg1-2
Protein Yig1 YFG1p Yig1 yigip

Yig typically means your favourite gene’. The 'p’ dasignation for proteins (for exampte Yigip)is
occasiondly used. 5. carevisiae, Saccharomyces carevisiae of budding yeast; S. pombe,
Schizosaccharomyces pombe or fission yeast.



Laboratorni kvasinkové kmeny

S. pombe - ,501¢
Genotype: h- ura4-418 leul-32 ade6-704

ATCCE IN PARTNERSHIP WITH LGC STANDARDS

S. Cerevisiae — ,S5288C" — 1. osekvenovany kmen
Genotype: MATa SUC2 gal2 mal mel flol flo8-1 hapl

Notes: Strain used in the systematic sequencing proj ect, the sequence stored in SGD. S288C does not form
pseudohyphae. In addition, since it has a mutated copy of HAPL, 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: |\_/IATa/I\/IATa eu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15
O contains a nu

Notes: W303 als 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

Dvojhybridni Strain Genotype References
systém: AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, James et al., 1996;
gal4A, gal80A, LYS2 : - GAL145-GAL 11474-HIS3, A. Holtz, unpublished

GAL2,,5-GAL2;,7,-ADE2,
URA3 - - MEL 13 6-MEL 1 14p4-lacZ

Y187 MATe, ura3-52, his3-200, ade2-101, trp1-901, Harper et al., 1993
leu2-3, 112, gal4A, met-, galS80A,
URA3 - - GAL 1,55-GAL Typra-lacZ

CG-1945 MATa, ura3-52, his3-200, ade2-101, lys2-801, Feilotter et al., 1994;
trp1-901, leu2-3, 112, gald4-542 gal80-538, cyh'2, C. Giroux, pers. comm.
LYS2 : . GAL1yas-GAL 11474-HIS3,
URA3 : : GAL4 17 mersix3)-CYC lrara-lacZ



Allele Reverts? Notes Molecular description? Reference
ochre mutation. red G to T transversion at nucleotide
ade2-101 yes . ’ 190, changing amino acid 64 from | Gai and Voytas, 2005
colonies
aGlutoaSTOP
Cold sensitive; high
hi<3-200 no frequeljcy of petllte 1 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 o 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 - Tylinsertion Rose and Winston 1984
Genotype References

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

galdA, galB0A, LYS2 : : GAL1y,s-GAL 11,74-HIS3,

GAL 2,1, s-GAl 2,7, -ADE2,
URA3 : - MEL 13- MEL1 14rq-lacZ

MATa, ura3-52, his3-200, ade2-101, trp1-901,
leu2-3, 112, galdA, met-, gal80A,
URA3 : : GAL1yps-GAL 11sra-lacZ

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

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

LYS2 - GALType-GAL 1+5r5-HIS3,
URA3 : - GAL4 17 meratuny-CYC lrnra-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
Regulated promoter GAL (galactose regulated) nmit (thiamine regulated)
Plasmid replication ARS1T or 2u arsi
Selekce origins

Auxotrophic markers
Uraci, orotidine 5"-phosphate  URA3 urad’
decarboxylase
Select aganst with 5-FOA
Leucine, B-isopropyimalate LEUZ leul*
dehydrogenase
Adenine, phosphonbosyl- ADE2 adeb*
aminoimidazole carboxylase

Forsburg: NRG, 2001 Accumulates red colour

2u (2 micron)), an endogenous plasmid DNA molecule found in some yeast calls, with a
arcumfarence of 2u; 5-FOA, 5 -fluoro-oroic acid. S. carevis@e, Saccharomycses carevisias or
budding yeast; S. pombe, Schizosaccharomyces pombe or fission yeast.

- geneticin (G418) — podobny kanamycinu (mistranslace)

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

- hygromycin B - inhibuje translokaci v pribéhu translace (aminoglykosid z
Streptomyces hygroscopicus), rezistence kodovana hph genem z Klebsiella
pneumoniae

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



Shuttle vektory

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

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

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

— Nadprodukce (suprese mutaci nebo toxicita) Kpn1 EcoR I

— \ BamH 1
Regulation/ Signal e '\ >/ Xbal
Relative Protein Strength on ) fl ‘ R :N I
Promoter Expression Level Western blot © URAS3 A S 0;
ac
ADHT (fulllength) Ethanol-repressed/High +++ _ \ )
pBK416
, ‘ iutive/medi | 13 pUC
ADHT (410 bp+) Constitutive/medium ++ \.,\ 55473 bp
ADHT (410 bp) Constitutive/low +— (weak)
Constitutive/ very low {not detectable) \
ADHT (700 bp) Consitutive/high ++ CENG6 — }
Kan

GALT (full-length)

Repressed by glucose;

(not detectable)d

induced (high-level) by galactose +++d

MET1 Methionin repressed
CUP1 Indukovany médi
MFA1 MATa specificky (haploid specificky)



Gadaleta et al., 2013, BioTechniques

Table 1. Summary of pFA6 derivatives for genomic FLAG- and PK-tagging and gene deletion useful in S. pombe.

Vector name Comments Markers Sources
= : g KanMXo [¢33)
FA6a-6xGLY-V3- ker C-termmnal G6-1PE(V5)-
priba Aieke) v (V3)-tagging hphMX4 ®
KanMXo This study
PK-tagging vectors hphMXG Thas study
pFAGa-12PK-(maker) C-ternunal 12PK(V3)-tagging natMXo Thus study
LEU2MX06 This study
uradMXo This study
KanMXo &)
“ - : : hphMX6 “
pFA6a-5FLAG-(maker) C-terminal SFLAG-tagging atMXE @
bleMXo )
: ] KanMX6 &)
pFABa-6xGLY-FLAG-{maker) C-terminal G6-FLAG-tagging hphMOXA ®
pFA6a-6xGLY-3FLAG-(maker) C-terminal G6-3FLAG-tagging KandiX0 ®
hphMX4 (8
kanMX6 @)
FLAG-tagging vectors hphMX6 “@
pFA6a-(marker)-Pnmtl 3FLAG* N-terminal 3FLAG-tagging natMXo )
bieMX0o )
his3MX0o @
kanMX6 “
pFA6a-(marker)-Purgl-3FLAG** N-terminal 3FLAG-tagging H wﬂﬁww mw
bleMX6 [C)]
1 : FanMXt :
pFA6a-G9/G11-5FLAG-(maker) C-termunal G9/G11-5FLAG-tagging kanMX6 Tlus study
i
kanMXo (2.15)
hphMXo (10)
pFAGa-GFP(S63T) -(maker) C-terminal GFP(S65T)-tagging narMXo (10.16)
bleMXo Thus study
uradMXo This study
GFP-tagging vector: § : FkanMX0 2
ABEMEVECTOTS | SFAGa-(marker)-Pnumtl-GFP(S65T)* |  N-terminal GFP(S65T)-tagping e @
natMXo (16)
kanMXo (10)
pFA6a-mRFP-(maker) C-terminal mREFP-tagging M % _W,HWH mmw
uraMXo This study
kenMXb ()]
hphMXo (9.10)
natMXo (9.10)
Disruption plasmids pFAba-(maker) For gene deletion bleMXo (9.10)
uradMXo Thus study
his3IMX0 Thus study
LEU2MX0 This study

*Expressed under the control of the nmt] promoter: P3nmtl and its weaker derivatives P4Inmtl and P8Inmtl are available.

*#*Expressed under the control of the urgl promoter.




YAC (yeast artificial chromosome)

CENS SA, Notl

Bakterialni cast — Amp -f?‘"ralr Claning site
resistence, pocatek replikace SfiL, Nod
Kvasinkova ¢ast — marker, CEN- :

ARS, TEL o Uvraz

50-500kbp insert napf. lidska
genova banka pro HuGO 80000 l BamH]

Restriction fragment

klont YAC (270kbp) BemiHL. Smal. Phosphat
mill, smal, Fhosphatase

Klonovani, mnozeni, uchovani
dlouhych fragmentd DNA TRP1 ARSI CENS LRA3

O s o o o e 1 | —

Vyzkum savdich telomer a
centromer

Pomoci transfekce, lipofekce
nebo elektroporace Ize dostat i
YAC i do savéich bunék — TRP1 ARSI CENY URA3

nahodné se integruji do genomy € —— LT 11 -
- vyzkum nesestfihnutych gend

(dlouhé regulaéni 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 pfi 42°C (15min)
StoCit a pelet rozsuspendovat v TE roztoku

Rozetfit na selektivni plotnu



Yeast surface display

aglutinin : A
e ~ Protein l l
of interest A
GAPDH : 1% Half of
_L::'W”h-“'f'r it ot g a-apglutimn gene T
B 2um I'RPI

GPMH6/pMCGI  GPMH6/pMCG]

(100 uM CuS0Oy)  (without CuSQy)
- vyuziti i pro biotechnologie — vychytavani : G TS]
t&zkych kovtl (dekontaminace) Amp
- 6xHis-Aga2 (vychytani Cu) integrovan v
genomu = CUPI promoter
- CUP1-GTS1 (indukce aglutinace) na i
plasmidu

Kuroda et al, Appl Microbiol Biotechnol (2002)



Integrativni plasmidy

- nemaji CEN ani 2um cCasti

Transcription

Not | or Termination (TT)

Bgl Il

Not | or
Bgl |l

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

- exprese z AOX1 promotoru v
P.pastoris

Feature Description Benefit
5°AOX1 | 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
i & Native transcription Permits efficient transcription
termination and termination and polyvadenylation
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 AOXI 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
Bel 11 efficient integration into the Pichia
: genome
Sac1
Sal
Stu 1




Integrace |.

MCS

Transcription

Not | or Termination (TT)

Bglll ~{

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

£A ori

- integrace do AOX1 lokusu

- mechanismus homologni rekombinace

Linearized plasmid

5 AOX1 LI 3 Pichia genome (his4)

Plasmid integrated
into genome




Integrace |II.

Sig mcs

Transcription
Termination (TT)

Not | or
Bgl Il

- integrace do his4 lokusu

- Sal |
~ Stu |
mechanismus
homologni
rekombinace
Not | or
Bg! Il
Pichia Genome (his4)
his4. * mutation
AR TT Gene of Interest " 5' Paoxy 3' AOX1 = \\
HIS4 his4. P

v '

His* His~



Integrace: disrupce/delece genu

- Studium funkce genu — fenotyp (1. delece, 2. mutace)
- nezbytny/esencialni gen => buriky potfebuji gen nap¥. 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 ’ .

wigi-1

3 YFG1 ] 3 ! | Unas | 7

J Ura™ () - - =
\e\(& #FUA Selection (Ura )
. 66

: [E URA3: 3 o
&Fﬂﬂﬂele-:tmn (Ura ) i yig1-1 | }
specificka mutace
{ [8] ! neesencialni gen
g 1-A

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

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



Delece genu - PCR

e pro rekombinaci stai pouze kratka homologie (50-100nt pro S.c.)

e misto integrativnich plasmidd = oligonukleotidy ~ 70nt dlouhé postaci (pfi 2
krokové PCR se kromé dlouhé homologie vnesou jesSté specifické sekvence pro

pozdéjSi manipulace ™)
[ kawx ]

1.PCR (barcode)

L lewx 2 PCR (homologie)

b
> >

I Kvasinkovy ORF ]

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

. . . =8 * ok & * SACCHAROMYCES
http://web.uni-frankfurt.de/fb15/mikro/euroscarf/index.html * EUROSCARF % CEREVISIAE
* * & K * ARCHIVE FOR

Giaever et al, Nature, 2002 EREERR R T



Delecni knihovna — 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] UPTAG |u2>

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

(263)

. DNTAG primer (70-mer)

Serial

|u1] upPTAG |U2| KanMX4 |D2| DNTAG |D1]
PCR (1,515)
[ RHG’ |u1| UPTAG [u2] KanMX4 [D2[ DNTAG [D1] RHG' | -
[ RHG” [u1] D1| RHG" |
Joining by
overlapping
RHG [u1] urTAG |u2| KanMX4 |D2| DNTAG [D1|  RHG

Kim et al, Nat Biotech (2010)



MX4/6 kazety

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

- hygromycin B — inhibuje translokaci v prubéhu translace (aminoglykosid z
Streptomyces hygroscopicus), rezistence kodovana hph genem z Klebsiella
pneumoniae

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

Spolecna struktura kazety — moznost zameény kazet (pro genetické studie — kfizeni)

F2 pacl gy Pmel
\ . nat » Trer | ECORV pFA6a-natMX6 1.2kb
BamH |
R1

F2 Pacl Bgl i PmeIE -
\ co
BamH | \

R1
2 pacl g Pmel
\—> Prer be | Trer |eECORV pFA6a-bleMX6 1kb
BamH | \ Hentges et al.: Yeast, 2005

R1 Goldstein et al.: Yeast, 1999



EuroFan projekt - testy fenotypu

Assay/growth conditions
pr—(P0 + & mM caffaine
e (CyChohieximide hypersansitivity: YPD + 0.08 pg mi-! cycloheximide at 30°C

Whita/rad colour on YPD

YPGlycerol
p—

Calcofluor hypersensitivity: YPD + 12 pg fi™" caleofiucr at 30°C

YPD + 46 pgmi™’ hygromyein at 30°C Bunédéna sténa
J{[| * vPo+o0.008%sos (stabilizujici)

Benomid hypersensitivity: YPD + 10 ugmi~' benomiyl I M | krotu bu |y

YPD + 5-bromo-4-chiore-2-indolyl phosphate at 37°C (stabilizuj I’CI’)
e \(P0 + 0,001 % methylana blue at 30°C
e Benomiyl resistance: YPD + 20 pamt' benomi I Mikrotubu'y

e YPD at 37°C | ts (destabilizujici)

—

YPD + 2mM EGTA

YPD + 0.008% MMS

| Oprava DNA

YPD + 75mM hydroxyuraa

YPD at 11°C | CS
Calcofluor resistance: YPD + 0.3 pami™' calcofluor at 20 ’CI B un. Sté na

Cycloheximide resistance: YPD + 0.2 pami™ cycloheximide (d estabil izuj I'CI')

Hyperhaploid invasive growth mutants

T T 5

YPD + 0.9M 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 kmenu

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

- Lethality (Giaaver et al, 2002)

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

Growth defect in this study

D No phenotype in this study

- Podobné profily svédci o funkéni podobnosti
C Hydrogen peroxide, pH8 MMS, MPP+, Paraquat, Sodium arsenate

Peroxisome
(P=6x 1028

Resistan i P Sensitive

3%

K

63%

410 homozvaous experiments

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

- Celkem provedeno ~ 6milion(
testd

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

testovanych latek
B
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PEX22
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. ESCRT, II, I - Golgi
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(P<10%) —_—m D04

Vacude . T

soirl
/_\Endoplasmic
f_\\ reticulum
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YGL152C
YJL21 1 C Reguilation of
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PEX4

transcription & B
P<ic? § Nucleus 8
PEX13

PEX6 i i
nex,  Geny/Proteiny peroxisomu

PEX12 _ _
PEX15 Hillenmeyer et al, Science, 2008



Cell growth & sample preparation

‘

~ g

Exponential growth

Prototrophic strains Metabolite
all gene deletions minimal media extraction
i
Amino acid analysis woll
§
Q1 Q2 a3 _ | Al
: I A % \PY —
......—-.:,: —.-u‘lu i .E) L + L"‘VM E
Oo.ll e et w " F
' L ' Time H L
LC-Selective Reaction Monitoring | =
o 1 2 time (min)

Function & physiology

Metabolome

Gene functional annotation

Ayfg1 MAN e ia annotated

Ayrg2 MAN amin unkno ] Function 1

Gene interaction

expression

i0 Ayfg3 wan IALK annotated

Ayfg4 wan IAKAK :| Function 2

- deleéni
knihovna
testovana na
AMK
metabolismus
(zména
koncentrace
AMK)

Mulleder et al, Cell, 2016



vztah genom-metabolom

mitochondrion

translation protein & vesicle

transport

ribosome
biogenesis

Geneset Size
1000
100

transcription / chromatin remodeling ' ', 1e-05 10

vATPase

nucleus
o
° k——\
L] :
= s
NS
O
F response (%)
0 20 40 60 80
Golgi to ER {
endosome to Golgi H

macro - autophagy
endosome to vacuole
micro - autophagy
Golgi to vacuole
Golgi to PM -+
cytoplasm to vacuole A
all categories -

Golgi to endosome
ER to Golgi -
endocytosis

- transport proteint a vacku (Golgi/ER ... degradace proteinu a recyklace AMK) ma
ziejmy vztah k hladiné AMK — prekvapive velky vliv ma struktura chromatinu

Mulleder et al, Cell, 2016



Delece genu pomoci transposonu

Library of mTn
insertions in yeast
DNA, generated in

E. coli

Xa 3xHA

IRlox lacZ URA3 tet res lox !lR
/

~—

\ /
Notl ~~—" NotI
|

|
yeast DNA

esencialni »

YPD

Prepare DNA from
individual plasmids

Cut with Notl;
transform yeast

B/ |
/
e e e e e )
AogTieiTioieies e
Citlivé ...
EOED .o Hygro
B-gal filter Defekt bunécné stény

assay

MacDonald et al.: Nature, 1999



SAturated Transposon Analysis In Yeast (SATAY)

I transposon 1-scrape and pool
- I NON- gssentlal genes P »
inserted in
essential
gene '
II 2-genomic 3-digestion with

I essential genes
inserted in non-essential genes

/TOZ ‘9)119 ‘[e 18 [9UDIN

DNA extraction frequent-cutter

hganon

QOO W,

- generovano 1000000 klont — 300000 inzerci (vysoké pokryti na 6000 genu)

- cirkularni DNA pouzita pro NGS sekvenovani (MiniDs transposon-specifické primery)
- inzerce kazdych 40bp (preferencné v nucleosom-free oblastech)

- kazdy transposon sekvenovan 20x ...




apitd

p?/&@f%%’@ S
mmm1A VPS13(D716.
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chril: 100, 000 150,000

- inzerce chybely v
esencialnich genech
(zelené Sipky)

- charakterizace GO,

20099 drug screening,

- rozliSeni na drovni
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thlI 300, OOO‘

C

A C-terminal truncations
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400 000
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domén (GAL10 — dvé
domény z nichz
esencialni je pouze
prvni ...)

koncové delece

B N-terminal truncations
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41# I '\" llfl:":lw ”b 'fw I
=

Michel et al, eLife, 2017



Integrace: inzerce genu (CRISPR-Cas9)

A. Genome Engineering With Cas9 Nuclease

Yeast expressing Cas9
Linear: 2 \

- guide RNA cassettes >
’< - donor DNA _—'
- marked plasm!d ()

Cas® eBA.  Cas9 zaintegrovan | )
. PR gRNA kazeta defanJe
W= () misto St&peni
" Cleavage s gonnp donorova DNA nese

/'Fdj.
Target Cleavage “pppy

S — == Ay m— == |
o L E_ " J
| — — |
Donor DNA
Insertion
+ deletion v
T — ’f- C — e
= — -
New DNA New DNA
Non-homologous Homology directed
end joining (NHEJ) repair (HDR)

Horwitz et al, Cell Syst, 2015

- integracni insert
() Multiplex CRISPR

———— integration
Prototype Assess allele
pathways synergy
,‘"I. "L V - P .

R R

K integraci u kvasinek neni nutny CRISPR
- ucinna homologni rekombinace

- CRISPR zvysuje u€innost mnohonasobné
integrace (fizené Stépeni DNA)



6 integraci do 3 lokusu (po dvou) nova metabolicka draha

_ <« - Yeast expressing Cas9 Linear: R ':\
- guide RNA cassettes i

Bl oA« ) [TGAL&oBS” ,§ - donor DNA .=

lokusy: GAL80, HO, AROL1 (vyfazeni ARO1) ~mavked plasmide
s = -\ gRNA kazeta definuje
C aor [Rilng - "(.) misto Stépen
donorova DNA nese

1 - HoDS
integracni insert
AroY v péti kopiich — zvysilo vytézek ( J Multiplex CRISPR

integration

“arotus  cata NaalEal Aoz [Ee
mﬁr’/ ~.

Phosphoenol pyruvate (egkonza) Hay 0 of ¥
F- A G - G - S
glucose » » PEF' o Ar% DAHP Aﬂ% D:iQ AFOD. Dﬁs - PEA V catechol _” cis,cis-muconic acid
F\E,}E”:\ HaP Oy Ha POy Aro1 ¥
AOB.D E Yaz=E. col oromate  syntéza kysellny mukonové - bioplasty
b, U, Y as=kEe. COll

CATA = C. albicans Horwitz et al, Cell Syst, 2015

delece AROL1 blokuje tvorbu aromatickych AMK (draha vede na kys. mukonovou) a nuti
bunky do teto drahy — v biotechnologickém procesu nejdfive na bohatem médiu roste
biomasa — poté se na minimalnim médiu (bez aromatickych AMK) spousti tato draha
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Priprava monomeru pro vyrobu plastu
— vyuziti Candida tropicalis

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

e mutantni kmen (APOX4, APOX5) neni schopen (3-oxidace a pfemérniuje 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

Ize pouZit pro vyrobu bio-polymert “""ﬂ“ﬁy e ORI

(plastt podobnych polyetylenum, CH,(CH,),-COOH CHy(CHy)y- COOH
bio-odbouratelné na bio-palivo) NP R e

« dalSi modifikace kmene CHg(CHy), »-CH=CH-CO-5-CoA

: o y HO-CH,(CH,),-COOH -

(integrace genu pro lipasy) o iiiomeromes - |y M

by umoznilo pfimé odbouravani CHy Rl AR £ C0
odpadnich oleju ... OHC-(CH,),-COOH { Deliydrusgenase

| Ve lasse
|

Lu et al., JACS (2010) HOOCHCH,)-COOH CHs{ CH,), +-CO-8-CoA + CH;-CO-5-Co,

l l CH-(CH; )y - CO-CH-CO-5-CoA



Dvojité mutanty — funkcni pribuznost

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

Pomoci téchto genetickych metod byly analyzovany metabolické drahy ...
proteinové komplexy ...



Supresory

Supresory potlaéuji puvodni fenotyp — mutace téhoz genu ,napravi® pavodni mutaci
(nedojde k produkci toxického produktu)

- mutace sousedniho (protein) zesili oslabenou
interakci

- nadprodukce proteinu z paralelni drahy

- nadprodukce proteinu z téze drahy

A
E A

\
f |
N

F

£ )
v
C =
N/

D

Proteinovy
komplex



