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O ¢em se dozvite?

* Vyznam — vyskyt, vyuziti, vyzkum ...

» Mikrobiologie - zakladni charakteristiky

» Biotechnologie - metody

* Genetika - metody

» Klinicke aspekty — patogenni kmeny

 Bunecna biologie — bunecna stena ...

* Molekularni biologie — bunecny cyklus,
transkripce, chromosomy, evoluce

Prafez u€ivem pro statnice



Rozvrh prednasek

20.09.2018 8-9.30hod A2-2.11 |Doc. Palecek Uvod - historie, vyznam

27.09.2018 8-9.30hod A2-2.11 |Doc. Palecek Zakladni charakteristiky kvasinek

j04.10.2018 8-9.30hod A2-2.11 |Doc. Paletek Diagnostické a molekularné biologické metody

11.10.2018 8-9.30hod A2-2.11 |Doc. Paletek Genetika kvasinkovych organismu

18.10.2018 8-9.30hod  |A2-2.11 |Dr. Spirek Mitochondrie

25.10.2018 8-9.30hod A2-211 |Doc. Palecek Morfologie a bunéény cyklus, parovaci proces,

01.11.2018 8-9.30hod A2-211 |Doc. Palecek Regulace transkripce, 1-2-3 hybridni systémy, reporter systemy
108.11.2018 8-9.30hod A2-2.11 |prof. Svoboda Protoplasty kvasinek jako modelovy objekt

15.11.2018 8-9.30hod A2-2.11 |prof. Svoboda Struktura kvasinkove bunky, sekrecni drahy a endocytoza
22.11.2018 8-9.30hod A2-2.11 |prof. Svoboda Patogenni kvasinky, morfologicka charakteristika, medicinské aspekty
29.11.2018 8-9.30hod A2-211 |Doc. Paletek Organizace kvasinkoveho chromatinu a evoluce

§06.12.2018 8-12hod A7-217 [Svoboda+Paletek |Cvieni k prednaskam

13.12.2018 9-12hod A2-211 |Doc. Paleéek test + predtermin zkousky

Prednasky — PPT budou na IS po prednasce

Cviceni — blokové

2-3 terminy zkouseni

test a prednaska




Osnova 1. prednasky
Uvod
Kvasinky — historie
Vyskyt a prenos
Vztah k lidskemu zdravi
Vyznam pro biotechnologie a vyzkum
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Page contents

On this page:

=-Commonly used selectable markers.

==A note about nomenclatre.

A summary of promoter activity and expression svstems

""" Info on primer design for amplification of open reading frames.

""" How to construct plasmids for cress-complementation experiements
""" The almanac of useful constants and numerical values for pombe

= gded mutant alleles that mav be hanging out in vour strains

""" The "wildtvpe" 972 where did it come from?

~Restriction site usage in § pombe genome. [AEHH

==Protocols for pombe, including flow cvtometry, colony PCR, working with diploids, disruptions and integrations, DAPT staining, and plasmid shuffle. Also includes links to other protocol pages.
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NAB2 | ¥GL122C 91

Muclear polyadenylated RNA-binding protein required for nuclear mRNA export and poly(4) tail length control; binds nuclear pore protein [detailz]
Mipip; autoregulates mRNA levels; related to human hnRNPs; nuclear localization sequence binds Kap104p

Experimental Evidence Code Role Publication Throughput Notes
Affinity Capture—MSCr BAIT Carmedy SR (2010) High Throughput
Affinity Ca pture-RNAcf BAIT Eatisse 1 (2009) High Throughput
BAIT Green DM (2003) Low Throughput -
Affinity Capture-Western Lt 7127 \finciguerra P (2005) Low Throughput -
BAIT Eatizze ] {2009) Low Throughput = -
¥ BAIT Grant RE (2008) Low Throughput -
d | =
Reconstituted Complex BAIT/HIT Facken M2 {2008) Low Throughput =
om BAIT Green DM (2003) Low Throughput - i
T Two-hybrid HIT Grant RP (2008) Lew Throughput -
-j’; Sl‘arf Synthetic Rescued BAIT Vinciguerra P (2005) Lew Throughput =
MLP2 | ¥IL149C 15

Myosin-like protein associated with the nuclear envelope, connects the nuclear pore complex with the nuclear interior; involved in the Tellp [detail=]
pathway that controls telomere length

YRA1 | YDR38B1W, SHE11 a2

RENA binding protein required for export of poly(A)+ mRNA from the nucleus; proposed to couple mRNA export with 3-prime end processing via [detsilz]
its interactions with Mex67p and Pcfl1p; functionally redundant with Yra2p, another REF family member
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Opening Lecture Yoshinori Ohsumi (Japan), 2016 Nobel Prize Laureate

Keynote Lectures Terrance G. Cooper, Alan G. Hinnebusch, Reed B. Wickner (USA)

EMBO Keynote Lecture
y Franz-Ulrich Hartl (Germany)
Symposia Speakers Workshop Chairs
Charles A. Abbas (USA) Olivier Namy (France) Bruno Andre (Belgium)
Yves Barral (Switzerland) Jens Nielsen (Sweden) Kathryn Ayscough (United Kingdom)
Maria Bohnert (Israel) Zdena Palkova (Czech Republic) Charles Boone (Canada)
Eckhard Boles (Germany) Graham D. Pavitt (United Kingdom) Yury Chernoff (USA)
Dana Branzei (Italy) Markus Ralser (United Kingdom) Patricia Kane (USA)
Michael Breitenbach (Austria) Andreas S. Reichert (Germany) Diethar Mattanovich (Austria)
Jason H. Brickner (USA) Manuel Santos (Portugal) Steve Oliver (United Kingdom)
Claudio De Virgilio (Switzerland) Elmar Schiebel (Germany) Katja StraBer (Germany)
John Diffley (United Kingdom) Roger Schneiter (Switzerland) Joseph Schacherer (France)
Jean Marie Francois (France) Chris Stefan (United Kingdom)
Judith Frydman (USA) Katja Stra3er (Germany)
Sue Jinks-Robertson (USA) Lorraine Symington (USA)
James Konopka (USA) Johan Thevelein (Belgium)
Grzegorz Kudla (United Kingdom) Lidia Vasiljeva (United Kingdom) T?g C}zech Academy
Per Ljungdahl (Sweden) Of Sciences
28" International Conference on Yeast Genetics and Molecular Biology (ICYGMB)
August 27 - September 1, 2017
YEAST 2017 Prague, Czech Republic




Témata symposii a workshop!

Regulation of Gene Expression

RNA processing and regulation

Metabolism and stress response

Organelle dynamics

Cellular strategies of protein quality control
DNA replication, mutation and repair

Cell cycle, cytoskeleton and morphogenesis

Modern yeast biotechnology

New tools in yeast research - omics

Yeast population, comparative and evolutionary genomics
Systems biology and bioinformatics

Proteostasis, ageing and disease models

Yeast pathogens and host interaction

28t International Conference on Yeast Genetics and Molecular Biology (ICYGMB)

e August 27 - September 1, 2017
YEAST 2017 Prague, Czech Republic




Kvasinkari
Brno — prof. Svoboda, ... doc. PaleCek

Praha — prof. Palkova, Dr. Hasek, Dr. Valasek ...
SR - Bratislava — prof. Tomaska, prof. Nosek ...
UK — prof. Nurse, prof. Carr ...

USA —prof. Schekman, prof. Forsburg ...
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... trochu (pre)historie

- pfirozené v prostfedi mohou fermentovat sladké stavy (napf. nektar ...)
- lidé vyrabeéli napoje podobné dneSnimu pivu a vinu jiz pred ~9000 lety
(Cina), chleba pred ~4000 lety

- ve stredoveku v Evrope kvasily slad — nazev yeast pochazi z nemeckeho
Gischt/holandského Gist (nazev pro pénu na povrchu kvasnych produktu —
LAle“ se svrchnim kvasenim - pouzivana pro re-inokulaci nového kvaseni)

- v Cechach se vafilo pivo od 9.stoleti (kniZze Vaclav zakazal vyvoz chmelu
pod trestem smrti)

- roku 1516 v Bavorsku poprvé definovali
co a kdy se smi pouzit pro vareni piva 33
(jeCmen, voda a chmel — v obdobi od 29.9. do 23.4.
kvasinky brali jako vedlejsi produkt)

- v letnim obdobi skladovano v jeskynich na ledu
(skladovani a chladné prostredi — kvasinky pro
“‘Lager” se spodnim kvasenim)

dle NGS
puvodem z Ciny

Lager — Saccharomyces
pastorianus

Monerawela a Bond, Biotech Adv, 2017 [ .
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trochu (experimentalni) historie

- poprvé kvasinky pozoroval A. van Leeuwenhoek v roce 1680 =

- L. Pasteur prokazal aktivni ucCast pri kvaseni (polovma 19. stoleti) — % é'ilf'
problém francouzskych vinaru s ,kazenim vina“ — zjistil, Zze k fermentaci
dochazi za anaerobnich podminek (Pasteurtv efekt — lepSi rust)

- nazev Zuckerpilz (,cukerna houba®) tj. Saccharomyces od roku 1837
(Schwann)

- prvni Ciste kultury S. pastorianus |zolovany z piva (E.Ch.Hansen, C

Iatlne pombe = pivo ve swabhili) o

I Glucose—— Tanspon

- Buchner pripravil roku 1897 stavu z rozdrcenych Ttz | e
kvasnic, prostou bunék (cukr byl touto s Gl
,Stavou“ zkvasovan — zymaza — zaklady T

Fructose 1,6-diphosphate
Fab1

Dihydroxyacetone “—s' Glyceraldehyde 3-phosphate

phosphate Tﬁ;;@ﬁ Tdh1
I,3-diphosphoglycerate

NADH,

Ethanol
H* Pgk1 I\ ATP
Adh1

oboru biochemie) — Nobelova cena (1907)

- Harden zkoumal enzymy ucastnici se
procesu kvaseni a v roce 1906 objevil |
nebilkovinné slozky kozymazy tzv. koenzymy

2 CO,
Lager — Saccharomyces
pastorianus ”

7 Ale — Saccharomyces
cerevisiae

2 Ethanol

3- phosphog[ycerate
Acetaldehyde Pgml
2- phosphog[ycerate
Pdc1 Eno]
Phosphoenol pyruvate
Pykl
Pyruva[e

"

&

J
R 20
‘. -AlJf‘M.

Monerawela a Bond, Biotech Adv, 201



... trochu (vedecke) historie

- prvni systém pro klasifikaci (patogennich) kvasinek, zalozeny na
morfologii bunek a nékolika fyziologickych testech (fermentace
monosacharidu) vytvoril A. Guilliermond v roce 1912
- v Ceskoslovensku prof. Kratochvilova ...
- v 70. letech 20. stoleti se zacCaly kvasinky vyuzivat jako modelovy
eukaryoticky organismus v molekularni biologii (navazoval na vyzkum
bakterii a bakteriofagu)
- nejintenzivnegji studovanou eukaryotni burikou byly kvasinky
S.cerevisiae (USA) a S. pombe (UK, Japonsko)
- Nobelova cena: za vyzkum bunécného cyklu - 2001 — Hartwell, Hunt,
Nurse; za sekreci — 2013 — Schekman, za autofagii — 2016 — Ohsumi)
- S. cerevisiae prvni kompletné osekvenovany eukaryotni genom
(1996, S. pombe, 2002; v sou€asnosti osekvenovany desitky druhu a
stovky kmenu kvasinek)
- v soucCasnosti nékolik set laboratofi na svéte vyuziva S. pombe ...

; \ ‘:; l:

ol Wdel” -
L
-
o .
a -

Fantes a Hoffman, Genetics, 2016 | »E;'“
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- savci pili alkoholicky nektar miliony let

- kvasinky Saccharomyces cerevisiae aj.

rostou na substratech bohatych na cukr

- kvasinky fermentuji sladky nektar z
Bertramovy palmy

Wiens et al., PNAS, 2008

- Tana pestroocasa pije fermentovany
nektar z kvetu Bertramovy palmy

- dlouhodoba konzumace
fermentovanych stav vedla k evolucni
adaptaci tohoto savce — zvySena
exprese alkoholdehydrogenasy

- autori spekuluji o vlivu takovychto
prirodnich alkoholickych napoju na
evoluci ... nastaveni hladiny ADH u
Clovéka ;-)




Prirozeny vyskyt

- ve vode (dle &istoty — mote 10/1, jezera 100/1, odpadni a2 108/l; v

arktickych vodach Leucosporidium, v odpadnich vodach Candida
parapsilosis, S. exiguus, fekalni znecisténi indikuje Hansenula anomala, C.
albicans, v olejem znecisténych vodach Candida (Yarrowia) lipolytica, C.
tropicalis, v planktonu v zavislosti na rasach napfr. Rhodotorula

(o) A4
-V pUde (mnohem méné nez bakterii, do 15cm hloubky —

Schwanniomyces, Lipomyces, Pichia, Cryptococcus, schopny hydrolyticky
Stépit celobiosu, lignin nebo produkty bakterialniho metabolismu)

- naproti tomu v Antarktide
jsou dominantni (méné
bakterii)

- vyzkum v letech 2003-4:
|zolovany 2x asco- a 16x
basidiomyceta (7x nové druhy)

Conell et al., Microb Ecol 56 (2008)

Figure 1 Sample site locations in South Victoria Land, Antarctica Valley are shown in (b} and Taylor Valley in (d). The location of the
(2003-2004). Sites areidentified by stars and labels. The entire study area study area on the Antarctic continent is indicated with a star in (c)
with specific sites 03SP24 and 03MD?3 is shown in (a). Sites in Wright



Table 2 Species isolated from Southern Victoria Land soil

Species Site isolated Isolate number GenBank accession Closest match Percent match
Clavispora lusitaniae® 03YB2 CBS 10625 EU149777 AY321475 99
Cryptococcus nyarrow ii 03721 CBS 10614 EU149778 AF400697 100
03723 CBS 10632 EU149780
03YB2 CBS 10740 DQ402536
03YB2 ANT 03-028 EU149779
Cryptococcus saitoi 03DI1 CBS 10631 EU149783 AF444372 99
03Lab1 CBS 10628 EU149782
03Lab2 CBS 10630 DQ402537
03Lab6 CBS 10618 EU149781
Cryptococcus sp 1 03YBI ANT 03-149 EU149784 ABO35045 94
Cryptococcus carnescens 03 G5 CBS 10755 EU149786 ABO035050 99
03CWI1 CBS 10634 EU149785
Cryptococcus albidosimilis 03Lab8 CBS 10619 EU149787 AF145325 100
Cryptococcus vishniacii 03Lab3 CBS 10616 EU149788 AF145320 100
Debaryomyces hansenii* 03Labl CBS 10629 EU149790 EF222227 100
03Lab4 CBS 10751 EU149791
037123 CBS 10686 EU149789
Dioszegia sp | 03CW2 CBS 10623 EU149792 AB049613 95
03YBI ANT 03-101 EU149793
Dioszegia sp 2 03CW2 CBS 10637 EU149798 AF444379 91
Leucosporidium sp 1 03MD3 CBS 10633 ELI149802 AF444529 87
03T14 CBS 10684 ELI149803
03730 CBS 10641 ELI149804
Leucosporidium sp 2 03MD3 CBS 10638 ELI149805 AF444529 96
03CW1 CBs 10639 ELI149806
Leucosporidium sp 3 03MD3 CBS 10620 ELI149807 AF444529 8BS
Leucosporidium sp 4 03MD3 CBS 10636 ELI149808 AF444529 97
03YB2 CBS 10640 ELI149809
Mrakia stokesi 03730 CBS 10622 ELI149810 AF 144486 100
Rhodosporidium kratochvilovae | 03Laba CBS 10617 DO402534 AF444520 100
Rhodotorula Taryngis 03723 CBS 10621 ELI149811 AF444617 98
Rhodotorula mucilaginosa 03INB35 CBS 10685 DO402533 AF444635 99
035P24 CBS 10752 ELI149812

Representative isolates with JIS GepBapk accession numbers are listed. Isolates currently in the CBS collection are noted using the CBS
accession number. The accession number of the closest match to described species listed in GenBank are shown

*Members of Ascomyeota . . , . ,
’ * Noveé objevené kvasinkové druhy



Puda a kvasinky

Typ vegetace — slozeni pudnich mikrobialnich komunit

Kvasinky jsou kosmopolitni (vétSinou autochtonni, kromé kmenu
vyrobnich)

Mnozstvi a druhové slozeni kvasinek v padach je nerovhomérné (vice v
asociaci s rostlinami) — ovliviiuje mnoho faktort

Nejsou primarnimi degradatory tézko rozlozitelnych latek (lignoceluléza),
ale degradatofi meziproduktt rozkladu rostlinného materlalu (aerobnl
rozklad L-arabindzy, D-xyldzy, celobidzy)

Transformace zivin
Kolobéhy C, N, S, P v ekosystému
Aerobni respirace i fermentace zZivin

Nitrifikace = pfeména amoniaku na dusi¢nany (rody Candida,
Geotrichum, Rhodotorula, Saccharomyces, Williopsis)

Sulfurikace = oxidace siry na sirany, thiosirany (rody
Rhodotorula, Saccharomyces, Williopsis)

Rozpousténi tézko rozlozitelnych fosfore¢nanu (rody
Rhodotorula a Williopsis) — podporuje rust rostlin

Botha, Soil Biol. Biochem., 2011
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Pokryv pudy ma velky vliv na diverzitu a mnoZzstvi pudnich kvasinek (lesy
X pastviny), stejné tak i lidska Cinnost (oblasti zemédélsky a lesnicky
vyuzivane x prlrozene) Yurkov a spol., Soil Biol. Biochem., 2012
Birkenhofr a spol., PLoS One, 2012



Vandenkoornhuyse a spol, Science, 2002
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Rostliny a kvasinky
- na listech FOStIin, kvétech (nektar palmy

Bertramoveé ... Cervené kvasinky rodu Rhodotorula,

Rhodosporidium, Sporobolomyces, Cerna Aureobasidium pullulans,)
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Rostliny a kvasinky

- predevsim na kazicich se plodech

(na spadlych rozkladajicich se plodech ... schopny hydrolyticky
stepit celobiosu, lignin nebo produkty bakterialnino metabolismu -
zahnivajici kaktusy => pektolyticke bakterie => kvasinky Pichia
cactophila, P. opuntiae => pfenos a vyziva drosofila)




Pocet kvasinek, log

GQF\
4.8
1.6
4.4
4.2
4.0
3.8
3.6
3.

s
i

)/9) - Sezonni dynamika kvasinek

L 1 — listy
L 2 — kvéty
3 - hrabanka

Glushakova & Chernov, Microbiology, 2007
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Mésic
Rozpousti nerozpustné fosforeénany ... — podpora rustu kofenu
(stimulatory rastu a biohnojiva)
Symbionti nebo paraziti
Interakce s houbami
Exocelularni polymery (glykolipidy, glykoproteiny) s
fungicidnimi a fungistatickymi uCinky
Extracelularni enzymy (glukanazy)
Mykociny (proteiny)



Interakce s zivocCichy

. Kvasinky a jejich extracelularni polymery a jednoduché
metabolity — zdroj potravy pro jiné organismy

. Predatorské kvasinky Saccharomycopsis fermentans a
Saccharomycopsis javanensis

. Okyselovani prostifedi — regulace pocCtu nékterych
bezobratlych

Predatorska kvasinka
(Dactylellina candida)
napadajici hlistici
(http://www.uoguelph.ca/~g
barron/2008/dactylel.htm)




Hmyz a kvasinky

- pfenaseny hmyzem (opylovaci) - v€ely, brouci, mouchy

S

o

S

i

0

pocCet kvasinkovych druhu

druhy ¢melaku

Suh a spol., Mycol Res, 2006



Hmyz a kvasinky

- kvasinky ve streve mouchy Drosophila ...

- askus chrani spory béhem pruchodu travicim traktem, ale
zaroven dochazi k casteCnému natraveni enzymy, Cimz se
usnadnUJe kontakt mezi nepribuznymi gametami

- bylo zjiSténo, ze pruchod travicim traktem 10x zvySuje

frekvenci sexualniho rozmnozovani s nepribuznymi
gametami

hypotéza: hmyz slouzi jako vektor umoznujici kvasinkam
osidlovat nova prostredi, priCemz zvysena rekombinace
zvysSuje Sance na preziti a adaptaci na ne

Sandhu & Waraich, Microb. Ecol., 1985




Kvasinky a savci

- Tana pestroocasa pije fermentovany nektar z kvétu Bertramovy palmy ...

- i Cloveku se dostavaji kvasinky do traviciho traktu napfr. pfi konzumaci
burcaku, nefiltrované pivo ... neskodné pro zdravé jedince (! ale co pro
imunokompromintované jedince?)

- nejCastéji je z gastrointestinalniho traktu izolovana C. albicans (C. dubliensis)
- kvasinky tvofi jen malou Cast stalé mikrofléry ve stfeve - méné nez 0,1 %
mikroflory

- klze, ustni dutina, sputum, vaginalni sekrety, vytéry zvukovodu, mog, stolice ...



Patogenni kvasinky

-15 druhu je potencialnimi lidskymi patogeny (vyvolavaji onemocnéni u
oslabeného organismu — imunosupresiva, cukrovka ... vyznamnym faktorem
virulence je schopnost tvorby biofilmu - antibiotika na eukaryota nezabiraiji)

-Kandidozy (C. albicans, dubliniensis, krusei, tropicalis, parapsilosis,
glabrata, utilis, lipolytica)
-Candida albicans — urogenitalni a krevni infekce (vyskytuje se u
Clovéka pfirozené)

4 - Cryptococcus neoformans — 8% AIDS pacient(l — plicni onemocnéni
‘B az do mozku - (pfenasi Svabi a holubi — kreatinin z trusu pouzivaiji
{jako zdroj dusiku)

O > furfur, globosa, japonica, obtusa, restricta, yamatoensis, dermatis,
@ slooffiae, sympodialis, nana, pachydermatis)

-3 druhy Trichosporon (kuze)

Malassezia furfur

pityriasis versicolor

Prof. A. Svoboda
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Genus level

Ascomycetes Basidiomycetes

mm Arthrodermataceae B Cryptococcus

Aspergillus W Malassezia
I Candida Rhodotorula
Chrysosporium W (Jstilago
W Epicoccum Others (<1%)

mmm [ eptosphaerulina

mm Penicillium
Phoma

B Saccharomvces

Species level
Malassezia

B restricta

mmm globosa

B sympodialis

mmm Other species:

mmm Undeterminec
Other genera

Findley et al, Nature, 2013

mikrobiom

- sekvenace vzorkd od 10 zdravych jedincu
- ruce, nos, usi, zada, tfisla ... Malassezia
- zatimco na nohou velka diverzita



Vyznam pro zdravi Cloveka

- Pangamin — kvasinkové lyzaty — vitaminy, nenasycené mastné kyseliny,
mineraly ...

- ImmiFlex — obsahuje beta 1-3,1-6 glukany z bunéénych stén kvasinek S.c. —

Probiotics’

Saccharomyces

Boulardii
plus Bin-Mos’

Murzyn et al., 2010, FEMS Microbiol Lett. Mt i P

e

- Saccharomyces boulardii — izolovan z Cinské SvestiCky
LyCi (1920, Henri Boulard) - pouzivan jako probiotikum
pfi stfevnich potizich (Enterol, Salutil) - ochrana proti
patogenum (Salmonella typhimurium, C. albicans) —
moduluji imunitni systém, inhibuji ucCinky bakterialnich
toxinu a rust hyf ...

- exprese proteinu - pfiprava ,hepatitis B core® antigenu, insulin (S. cerevisiae), anti-
thrombin proti srazeni krve (Pichia pastoris)
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Prumyslovy vyznam

- vyroba piva, vina, etanolu a pekarského drozdi (S.c.), ruzné
kmeny pro spodni (S. bayanus) a svrchni kvaseni, vinarské a
lihovarské (hybridni kmeny napf. S.c. + S.kudriavzevii)

- krmna biomasa (Candida utilis), pfiprava mléénych vyrobku
(Candida kefyr, Klyuveromyces lactis), ziskavani ergosterolu
(prekurzor vitaminu D), zdroj komplexu vitaminUt skupiny B .

- Stépeni skrobu amylolytickymi enzymy (Saccharmycopsis
fibuligera, Schwanniomyces occidentalis)

- Stépeni dfevni hmoty — Stépi xylozu pfimo na etanol za
aerobnich podminek (Aureobasidium, Candida utilis, Pachysolen
tannophilus, Candida shehatae a Pichia stipitis)

- odbouravani ropnych produktl ( Yarrowia lipolytica),
- sorpce tézkych kovu (odstranéni znedcisténi)

.

Kov | Biosorpcni kapacita (mg kovulg suché hmotnosti biomasy)

7n* |Anodosum (25.6)= F chrysogenum = (19.2)= F. vesiculpsus (17 .3)= aktivovany kal(2 7)= 5. rimosus (8.683)= 5. cerevisize (3.45)
Cu** |5 rimosus (9.07)= B chrysogenum (8.62)= F. vesiculosus (7.37)= Aktivni sluge (5.54)= 5. cersvizizs (4.93)= A. nodosum (4.69)
|Ni o |F. vesicuiosus (2.65)= 5. imosus (1.63)= S cersvisizs (1.47)= A nodosum (1.11)

Pb** |Phanerochsete chrysosponium (419,4)= R. nigricans (403,2)= M. purpurea (279 5)= 5. cerevizize (211,2)= A. terreus (201,1)=

M. inyoensis (155,2)= Streptomyces clavuigerus (140.2)

Cd* |Protonovane biomasy: Bacilus lentus (= 30)= Aspergilius oryzae = 5. cerevisize (<b)

Cu?* |Rostouci bunky: 5 cerevisize (7.11)= K Marxianus (6.44)= Candida sp. (4.80)= 5. pombe (1.27).

- téZ v pfisti pfednasce



- kvasinky byly po tisicileti hlavnim mikroorganismem ,biotechnologii”

- v polovine 20. stoleti nastup bakterialnich technologii

- kvasinky (diky detailnimu poznani ...) opét nabyvaji na vyznamu: produkce
metabolitl, produkce rekombinantnich proteinu, in vivo biotransformace

- S. cerevisiae — hlavni metabolismus glukosy vede k produkci etanolu (jiné
druhy nejsou tak efektivni a uzivaji i jiné metabolické drahy ... v prirodé neni

bézna vysoka konc. glukozy) )

vyhody kvasinek: vysoka rychlost »
,pohlcovani“ substratl a metabolism

velmi odolné vadi stresu ;/" Wm&
)

- butanol (lepsi nez etanol), kyselina | "7/ \\
mléc¢na, isoprenoidy (Artemisinin \
— antimalarikum) ,platform strain”

sekvence genomd mnoha kvasinek Noy p
(vhled do jejich metabolismu — moznost © ;\—{;H
vyuziti heterolognich metabolickych d}ah)

G |
Mattanovich et al, Microbiol Cell Factories, 2014 L * % o i"?r/

¥




- kvasinky byly po tisicileti hlavnim mikroorganismem ,biotechnologii”

- v polovine 20. stoleti nastup bakterialnich technologii

- kvasinky (diky detailnimu poznani ...) opét nabyvaji na vyznamu: produkce
metabolitl, produkce rekombinantnich proteinu, in vivo biotransformace

- S. cerevisiae — hlavni metabolismus glukosy vede k produkci etanolu (jiné
druhy nejsou tak efektivni a uzivaji i jiné metabolické drahy ... v prirodé neni

bézna vysoka konc. glukozy) )

vyhody kvasinek: vysoka rychlost »
,pohlcovani“ substratl a metabolism

velmi odolné vigéi stresu ;/" W
[ )
- B
.ﬂ

Pichia pastoris (syn. Komagataella
pastoris), Hansenula polymorpha
(syn. Ogataea parapolymorpha), |
Yarrowia lipolytica, Pichia stipitis |
(syn. Scheffersomyces stipitis),
Kluyveromyces marxianus ’
Mattanovich et al, Microbiol Cell Factories, 2014 L




Vyuziti S. cerevisae pro vyrobu biopaliv

* Nemaji pfirozenou metabolickou drahu pro odbourani celobiosy a xylozy

* Vlozeny geny XYL1 and XYLZ2 kodujici xylozovou reduktazu (XR) a xylitolovou
dehydrogenazu (XDH) z kvasinky Pichia stipitis

« Prednostni vyuzivani glukozy (glukozova represe v dalsich prednaskach)

« Transport celobiosy do buiky (cdt-1 integrovan do genomu) a jeho pfeména na
glukézu uvnitf buniky (gh1-1 z Neurospora crassa na ,multicopy” plazmidu)

obesla represi

'

- Vice v dalSich
pfednaskach

Ha et al, 2011, PNAS
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Priprava monomeru pro vyrobu plastu
— vyuziti Candida tropicalis

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

« mutantni kmen (P450: APOX4 ...) neni schopen [3-oxidace a pfeménuje je
oxidaci na di-karboxylové kyseliny (Picataggio et al, Biotechnology, 1992)

« dalSi mutagenezi (pomoci flp rekombinasy — viz genetika) odstranili geny dalSich oxidas
(alkohol oxidasy) a dehydrogenas (alkohol dehydrogenas) aby eliminovali

®-oxidaci Ptednaska
* novy kmen je schopen produkovat Fatty acid 0 genetice
w-hydroxymastne kyseliny, které mﬂmy
|ze pouzit pro vyrobu bio-polymert -

° ’ ° CH~(CH-) ~2O00H
(plastt podobnych polyetylentim, CHy(CHy),-COOR X
bio-odbouratelné na bio-palivo) FRIs - i

v o p CHs-(CH,), +CH=CH-CO-5-CoA
« dalSi modifikace kmene HO-CH,~(CH,) -COOH e
(integrace genu pro lipasy)  biock unknown enzyme CH,(CH),_,-CHOH-CH,-C0-S-CoA
by umoznilo pfimé odbouravani . '

) L OHC-(CH,),-COOH | Denydrogenas
OdpadmCh OleJU l ‘ CH-(CH,;),_,-CO-CH,-CO-5-CoA
HOOCACH,),-COOH  CHy-( CHy), »-COS-CoA + CHy-CO-8-Co

Lu et al., JACS (2010
( ) Dikarboxylové kyseliny
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o ’ o { E!:'[f.!i--'r“'[.'. WOH
(plastl podobnych polyetylentim, CHy(CHy),-COOR

CYP52A P45s EDX"-I:P'UH'X“'I;-" uickand

bio-odbouratelné na bio-palivo)
dalSi modifikace kmene

CHs-(CH,), - CH=CH-CO-5-CoA

HO-CH,«(CH,),-COOH

3 | [Eib R

(integrace genu pro lipasy)

¥

block unknown enzy CHy-(CHy),, »-CHOH-CH,-CO-5-CoA

by umoznilo prfimé odbouravani
odpadnich oleju ...

Lu et al., JACS (2010)

OHC-(CH,),-COOH | Debydrogenas

CH(CH,), ,-CO-CH,-CO-S-CoA
| hulnibase
Y

HOOCH{CH,),-COOH ©CH3{CH;)pr-CO-5-CoA + CH-CO-5-CoA
Dikarboxylové kyseliny



Vyzkum

- Je tfeba kvasinkam rozumeét (na molekularni urovni), aby bylo mozné je
vyuzit napf. pro biotechnologie, vyzkum (od jednoduchych zakladnich

vvvvvv

- S. cerevisiae a S.pombe jsou modelovymi organismy
- jednoducha eukaryontni burika (zakladni procesy jako u vysSich eukar.)

- 1. osekvenovany eukaryontni genom, 1. synteticky eukar. chromosom
(cca 3000 z 5000 genu je konservovano v eukaryotech)

- bunécny cyklus (sir P. Nurse)

- sekrece, endocytdza, bunécna sténa (prof. Schekman, prof. A. Svoboda)
- chromosomy a evoluce (napf. projekt syntetického chromosomu)

- mechanismy opravy poSkozené DNA (nadorové syndromy)

Human homologs
Yeast Human Cancer syndrome
MEC1/TEL1 ATR/ATM Ataxia telangiectasia
MRE11 MRE11 Ataxia telangiectasia-like disorder
XRS2 NEST Mijmegen breakage syndrome
RADS3/DUN1  hCHK2 Li=Fraumeni syndrome
SGS1 BLMMWRN/RTS  Bloom, Werner & Rothmund=

Thomson syndromes

Srovnani 250 sekvenci lidskych gend, jejichz mutace vedou
ke vzniku onemocnéni — cca 90 genu ma S.c. homology

- Metody vyuzivajici kvasinek (napf. 2-H, reporteroveé systémy)

r v

- Vice v dalSich prednaskach



Vyzkum

- bunécny cyklus, ... mechanismy opravy poskozené DNA

Table 4 Schizosaccharomyces pombe genes related to human cancer genes

Human cancer gene

Xeroderma pigmentosum D; XPD rad15, rhp3
Xeroderma pigmentosum B; ERCC3 rad25
Hereditary non-polyposis colorectal cancer (HNPCC); MSHZ2 msh2
Xeroderma pigmentosum F; XPF rad16, rad10, rad20, swi9
Immunodeficiency; DNA ligase 1 cdc17
HNPCC; PMS2 pmsi
HNPCC; MSH6 msh6
HNPCC; MSH3 swid
HNPCC; MLH1 mih1
Haematological Chediak—Higashi syndrome; CHS1 -
Darier-White disease; SERCA pgak
Bloom syndrome; BLM hus2, rgh1, rad12
Ataxia telangiectasia; ATM tel
Xeroderma pigmentosum G; XPG rad13

Tuberous sclerosis 2; TSC2 =

Immune bare lymphocyte; ABCB3 =
Downregulated in adenoma; DRA o

Diamond-Blackfan anaemia; RPS19 msi19
Cockayne syndrome |; CKN1 -
RAS steb, ras1
Cyclin-dependent kinase 4; CDK4 cdc2
CHK2 protein kinase cds1

AKT2 pck2, sts6, pkel

*Scores are: ++++, <1x107'%; +++, 1 x10*°t0 1x107'%,

Wood et al, Nature, 2002

S. pombe gene/product

Systematic name

SPAC1D4.12

SPAC17A5.06
SPBC24C6.12C
SPCC970.01
SPAC57A10.13C
SPAC19G12.02C
SPCC285.16C
SPAC8F11.03
SPBC1703.04
SPBC28E12.06C
SPBC31E1.02C
SPAC2G11.12
SPCC23B6.03C
SPBC3E7.08C
SPAC630.13C
SPBC9B6.09C
SPAC869.05C
SPBC649.02
SPBC577.09
SPAC17H9.09C
SPBC11B10.09
SPCC18B5.11C

SPBC12D12.04C



Vyzkum

- Bunécné mechanismy ...

Table 5 Schizosaccharomyces pombe genes related to human disease genes

Human dlsease gene D|sease Score* S pombe gene/product
Wllson dlsease ATP?B Metabohc A+ P -type copper ATPase
Non-insulin-dependent diabetes; PCSK1 Metabolic e krp1, kinesin related
Hyperinsulinism; ABCC8 Metabolic bt ABC transporter
G6PD deficiency; G6PD Metabolic R zwf1 GP6 dehydrogenase
Citrullinaemia type I; ASS Metabolic b Argininosuccinate synthase
Wemnicke—Korsakoff syndrome; TKT Metabolic R Transketolase
Variegate porphyria; PPOX Metabolic bt Protoporphyrinogen oxidase
Maturity-onset diabetes of the young (MODY2); GCK Metabolic b hxk1, hexokinase
Gitelman’s syndrome; SLC12A3 Metabolic et CCC Na-K-Cl transporter
Cystinuria type 1; SLC3A1 Metabolic bt a-glucosidase

Cystic fibrosis; ABCC7 Metabolic B ABC transporter
Bartter's syndrome; SLC12A1 Metabolic et CCC Na-K-Cl transporter
Menkes syndrome; ATP7A Neurological e P-type copper ATPase
Deafness, hereditary; MYO15 Neurological R myo51 class V myosin
Zellweger syndrome; PEX1 Neurological 4t AAA-family ATPase
Thomsen disease; CLCN1 Neurological R CIC chloride channel
Spinocerebellar ataxia type 6 (SCAB); CACNATA Neurological s VIC sodium channel
Myotonic dystrophy; DM1 Neurological R orb6 Ser/Thr protein kinase
McCune-Albright syndrome; GNAS1 Neurological RS gpal guanine nucleotide binding
Lowe's oculocerebrorenal syndrome; OCRL Neurological bt PIP phosphatase
Dents; CLCN5 Neurological +4++ CIC chloride channel
Coffin-Lowry; RPS6KA3 Neurological RS Ser/Thr protein kinase
Angelman; UBE3A Neurological bt Ubiquitin-protein ligase
Amyotrophic lateral sclerosis; SOD1 Neurological +++ sod1, superoxide dismutase
Oguchi type 2; RHKIN Neurological R Ser/Thr protein kinase
Familial cardiac myopathy; MYH7 Cardiac e myo2, myosin |l

Renal tubular acndosns ATPSB;' Renal

‘Soores are: ++++, <1x10 100, T wrery 1><10"‘°to1><‘|0"100

Wood et al, Nature, 2002

++++

V-type ATPase
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Analyza polyQ (glutaminové repetice) v kvasinkach

- polyglutaminové repetice (CAG triplet slipage) v proteinech (huntingtin - Ht) zpusobuiji
zavazné neurodegenrativhi onemocnéni (Huntigtonovu nemoc)
- Ht-GFP (s ruzné dlouhymi polyQ) byly exprimovany v S. cerevisiae a sledovan
vznik agregati/nerozpustnych proteint — zavislost na chaperonech (delece
o Hsp104 snizovala agregaci a zvySovala rozpustnost)
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