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1. Abstrakt

Kvasinky rodu Candida jsou oportunni patogeny schopné vyvolat zavazné systémové
infekce u imunokompromitovanych pacientii. Virulence jednotlivych druht kan-
did zavisi mimo jiné na jejich odolnosti vuci promeénlivosti vnéjsiho prostiedi.
Udrzovani homeostéaze kationtu alkalickych kovu, ¢ili na jedné strané schopnost
akumulovat dostatecné mnozstvi draselnych ionti a na strané druhé ispésné celit
jejich vysoké extracelularni koncentraci, je nezbytné pro rust a virulenci kandid.

V ramci této prace jsme popsali souvislost mezi toleranci k solim a rezistenci
k flukonazolu u Sesti druhu kandid a mozny mechanismus této interakce. Flu-
konazol hyperpolarizuje plasmatickou membranu bunék kandid a zvysuje tak
nespecificky vstup kationtu alkalickych kovu do buriky, ¢imz vyrazné narusta citli-
vost kandid k solim téchto kationtu. Popsany mechanismus mé obecnou platnost,
nebot flukonazol zvysuje senzitivitu kandid i k dalsim kladné nabitym l4tkam,
které vstupuji do bunky v zavislosti na velikosti membranového potencidlu.

Utinek flukonazolu na membranovy potencial a tedy i na vstup kationtu
alkalickych kovii do bunky obratil nasi pozornost k homeostazi draselnych kationti,
jejichz relativné vysokd vnitrobunéénd koncentrace a tedy i jejich dostatecny import
do bunky je zasadni pro rust a virulenci kandid. Navic dosud znamé kvasinkové
importéry KT, které za zésobeni buniky K™ zodpovidaji, nemaji homolgy v lidském
genomu a mohly by tak byt slibnymi cili pro nova antimykotika.

Vyhledali jsme proto v genomech deviti druht rodu Candida geny kdédujici
potencidlni importéry KT a predikovali jejich topologii. Nasledné jsme pak porov-
nali rust Sesti druhu kandid na limitné nizké koncentraci K*. Zaznamenali jsme
inhibici rustu vSech Sesti druhu kandid, jejiz mira se vSak u jednotlivych druhu
lisi. Nakonec jsme charakterizovali importéry KT, kterymi disponuje C. albicans,
za podminek heterologni exprese v kmeni S. cerevisiae trk1Atrk2A postradajicim
vlastni importéry K*. Vsechny tii importéry KT patiici C. albicans jsou za téchto
podminek schopny zajistit dostatek Kt pro rust a déleni bunék S. cerevisiae

trk1Atrk2A a vsechny tak maji potencidl podilet se na importu Kt v C. albicans.



2. Uvod a cile prace

Kazdy paty z asi 1400 dosud popsanych lidskych patogenu patii do tise Fungi, coz
ji ¢ini druhou nejpocetnéjsi skupinou po bakteriich. Patii sem i nékolik desitek
druhu kvasinek rodu Candida, které jsou oportunni patogeny schopné vyvolat
zévazné systémové infekce (kandidémie) u silné imunokompromitovanych pacientu,
jejichz mortalita dosahuje tddové desitek procent (Pfaller et al., 2014).

Virulence jednotlivych druht kandid zavisi mimo jiné na jejich odolnosti vici
ruznym druhum stresu. Udrzovani homeostaze kationtu alkalickych kovu, ¢ili
schopnost na jedné strané akumulovat dostatecné mnozstvi draselnych kationtu a
na druhé strané uspésné celit vysoké extracelularni koncentraci nejen kationtu
draselnych, ale i sodnych a lithnych, je dulezitd napt. pro morfogenezi ¢i adherenci
C. albicans (Watanabe et al., 2006).

Dalsim neméné dulezitym faktorem je rezistence jednotlivych druhu k antimy-
kotikum. V predklddané praci jsme se zamérili na rezistenci k flukonazolu (FLC),
ktery je diky svym vybornym farmakokinetickym vlastnostem stale lékem volby
v profylaxi kandidémii imunokompromitovanych pacientu a jehoz masivni zavedeni
do terapie v 80. letech 20. stol. mélo za nésledek vzestup incidence druhu kandid
k flukonazolu rezistentnich (Pappas et al., 2009).

Predkladana prace navazuje na difve publikované vysledky nasi skupiny, které
charakterizovaly toleranci nékterych patogennich druhu kandid k solim alkalickych
kationtu a popsaly vliv pfitomnosti flukonazolu na toleranci FLC-senzitivniho i
FLC-rezistentniho kmene C. albicans k NaCl (Krauke and Sychrova, 2008; Kolecka
et al., 2009; Krauke and Sychrova, 2010). Proto byly prvni cile predkladané prace

stanoveny nasledovné:

e Podrobné charakterizovat toleranci patogennich druhu kandid k solim

ruznych alkalickych kovi a k flukonazolu

e Sledovat vliv flukonazolu na toleranci kandid k solim a hodnotit jeho uc¢inky

zejména z hlediska rezistence jednotlivych druhu k FLC i k solim

e Objasnit mechanismus jakym flukonazol ovliviiuje toleranci kandid k solim

a tim i homeostazi kationtu alkalickych kovu

Vysledky prvni ¢asti prace ukazaly, ze FLC zasahuje homeostazi kationtu
alkalickych kovtu na drovni vstupu kationtu do bunky. Zasobit buiku dostatecnym

mnozstvim draselnych kationtt je jednou z podminek pro rust kandid a tedy i rozvoj
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infekce, kdy pri vyskytu v plasmé ¢i na sliznicich hostitele se kandidy vyrovnavaji
s nedostatkem K*. Proto jsme stanovili dals{ cile se zdmérem charakterizovat
importéry, které u kvasinek zodpovidaji za zdsobeni buitkky K. Doposud zndmé
typy kvasinkovych importéru K+ nemaji homology v lidském genomu (Benito et al.,
2004; Ramos et al., 2011) a mohly by tak slouzit jako cile novych antimykotik.

Cilem druhé ¢asti prace bylo:

e V genomech patogennich druhu kandid identifikovat geny pro predpokladané
importéry K+ a pomoci ndstroju bioinformatiky je klasifikovat a odhadnout

jejich topologii

e Charakterizovat rust kandid na limitné nizké koncentraci draselnych kationtu

za ruznych podminek

e Vybrané transportéry K charakterizovat pomoci heterologni exprese v kmeni

S. cerevisiae trk1Atrk2A, ktery postrada vlastni draselné importéry



3. Pouzité metody

Mikrobiologické metody

o Kultivace a uchovavani kvasinek a bakterii

e Stanoveni rychlosti rustu a charakterizace rustovych fenotypu pii ruznych

druzich stresu

— kapkovy test, gradientovy kapkovy test

— sledovani rustu v tekutém médiu
e Stanoveni poc¢tu bunék a susiny biomasy

e Mikroskopie kvasinek
Biochemické metody

e Stanoveni obsahu Nat a méfeni exportu Nat v burnkéch kvasinek pomoci

atomové absorpcni spektrofotometrie

e Meéreni relativniho membranového potencidlu
Bioinformatické metody

e Shér dat z databézi, analyza, manipulace s daty pomoci skriptu vytvorenych

v jazyku Perl a nastroju sbirky BioPerl
e Porovnavani sekvenci DNA a proteinu (ClustalX, Muscle)

Hledan{ ortologu kvasinkovych importéra K* (Blast NCBI, Candida Genome

Database, Saccharomyces Genome Database, GenBank)

Analyza syntenie (Yeast Gene Order Browser, Candida Gene Order Browser)

Vyhledavéani konzervovanych tseku a konzervovanych funkénich domén

(Protein Families Database, CATH Database)
e Predikce topologie (TMHMM 2.0., KD plot)
e Predikce sekundarni struktury pomoci souboru algorithmu JPred4

e Predikce strukturovanosti proteinu (DisEMBL, Globplot)



4. Vysledky

Vysledky této disertacni prace jsou shrnuty celkem ve ¢tyrech publikovanych
¢lancich, které na sebe volné navazuji a dohromady tak vytvareji uceleny soubor
novych poznatku tykajicich se homeostaze kationtu alkalickych kovu patogennich
druhu kvasinek rodu Candida z hlediska jejiho vyznamu pro rezistenci k flukonazolu

a hledani cilu pro nova antimykotika.

4.1. Publikace ¢. 1 - Fluconazole treatment hyperpolarizes the plasma

membrane of Candida cells

Elicharova, H. and H. Sychrové (2013), Medical Mycology, 51: 785-794.

Jednotlivé druhy kvasinek rodu Candida, které jsou nejcastéjsimi puvodci
systémovych mykéz, se 1isi virulenci ¢i rezistenci k ruznym typum antimykotik,
avsSak vSechny se musi neustédle vyrovnavat s ménicim se prostiedim i ruznymi
stresovymi faktory.

Zamérili jsme se na schopnost péti druhu patogennich kandid udrzovat ho-
meostazi kationtu alkalickych kovu v pritomnosti flukonazolu (FLC), nebot jiz
drive byla popsédna schopnost tohoto antimykotika zvysit intraceluldrni obsah Na™
u dvou kmenu C. albicans (senzitivniho a tolerantniho k FLC) (Kolecka et al.,
2009). Difve publikované prace zahrnujici i tfi ndmi studované druhy (C. albicans,
C. dubliniensis a C. parapsilosis) ukazuji, ze kandidy se v toleranci k solim alka-
lickych kovu (NaCl, KCl, LiCl) vyrazné lisi (Krauke and Sychrova, 2008, 2010).
My jsme pokracovali charakterizaci tolerance k solim u druhu C. krusei a C. tro-
picalis. Oba druhy jsou spiSe osmosenzitivni, avSak prekvapivé dramaticky se lisi
jejich citlivost k LiCl. C. kruse: je k této toxické soli citlivéjsi nez obecné nejvice
osmosenzitivni C. dubliniensis a naproti tomu C. tropicalis toleruje podobné
vysoké koncentrace jako nejvice osmotolerantni C. parapsilosis. Nami pozorovana
tolerance k solim u ostatnich druht, véetné obecné osmotolerantni C. albicans je
v souladu s dfive publikovanymi vysledky (Krauke and Sychrova, 2008, 2010).

Nésledné jsme nalezli subinhibiéni koncentrace soli (NaCl, KCI) a flukonazolu
a provedli sadu rustovych experimentu v pritomnosti kombinaci subinhibi¢nich
koncentraci FLC a soli. Ptitomnost subinhibi¢ni koncentrace FLC v kombinaci
se subinhibi¢ni koncentraci soli (NaCl nebo KCl) zpusobila vyrazné zpomaleni

rustu vsech druhu kandid tedy FLC-senzitivnich (C. albicans, C. parapsilosis) i



FLC-rezistentnich (C. dubliniensis, C. krusei, C. tropicalis), pti¢emz vyraznéjsi
efekt vykazuje ve srovnani s KCI obecné vice toxicky NaCl. Bunky vSech druhu
kandid péstovanych s FLC po pifdavku NaCl do média akumuluji vice Na™
nez bunky péstované bez FLC a pravé zvysSeni vnitrobunééné koncentrace Na™t
(pripadné KT) je nejspise pricinou inhibice rustu kandid v pfitomnosti kombinace
FLC+NaCl (KCl).

Pozorovans akumulace kationtt alkalickych kovii mohla byt zptusobena bud
nadmérnym vstupem kationtu do bunky, nebo jejich nedostate¢nym exportem.
Vzhledem k (nami zjisténé) neporusené schopnosti vech testovanych kandid
exportovat Na™, jsme se zamérili na vstup kationtu do buiky, ktery zdvisi na
membranovém potencialu.

Pro meéreni relativniho membréanového potencidlu pro ruzné druhy kandid
byla optimalizovana a prvné uspésné pouzita metoda vyuzivajici fluorescenéni
sondu diS-Cj3(3). Inkubace bunék vsech testovanych druhu kandid v pritomnosti
subinhibi¢ni koncentrace FL.C vedla k narustu membranového potencidlu, coz
znamend i zvyseni nespecifického vstupu kladné nabitych latek (a tedy i Na™ nebo
K*) do bunky. Hyperpolarizacni efekt FLC byl ovéfen pouzitim hygromycinu B,
vyrazné vice, pokud byla v médiu piitomna i subinhibi¢ni koncentrace FLC. Z vyse
uvedeného vyplyva potencial flukonazolu (jiz v malych koncentracich) zesilovat
antimykoticky tuc¢inek pravdépodobné vsech latek, jejichz vstup do bunky zavisi

na velikosti membranového potencidlu.

4.2. Publikace ¢. 2 - Fluconazole affects the alkali-metal-cation home-
ostasis and susceptibility to cationic toxic compounds of Can-

dida glabrata

Elicharova, H. and H. Sychrova (2014), Microbiology, 160: 1705-1713.

Klinicky vyznam druhu C. glabrata spoc¢iva v celosvétové stoupajici incidenci
kandidémii zpusobenych timto druhem, u kterého navic dochazi k ¢astému rozvoji
rezistence vuci antimykotikum. Proto byla studovana tolerance tohoto druhu
k solim a souvislost s rezistenci k flukonazolu stejné jako u druht zahrnutych
v Publikaci ¢. 1. C. glabrata je vsak relativné tolerantni k solim a velmi rezistentni

k flukonazolu, ¢ili i subinhibiéni koncentrace jmenovanych latek jsou pro ni vyssi



nez pro druhy studované v Publikaci ¢. 1. Tyto vlastnosti spolecné s konstrukei
nového dvojitého mutanta postradajiciho geny pro dva nejvyznamnéjsi kvasinkové
exportéry kationtu alkalickych kovii ATPazu CgEnal a antiportni systém CgCnhl,
jejichz funkce byla studovéna diive s vyuzitim jednoduchych mutantu (Krauke
and Sychrova, 2011), byly duvodem studovat tento druh oddélené od ostatnich.

Absence antiportniho systému CgCnhl snizuje toleranci bunék C. glabrata
ke KCl byl dvojity mutant postrddajici oba prenasece. Z uvedeného vyplyva, ze na
exportu Kt v C. glabrata se podili oba jmenované systémy, pricemz dominantni
je antiportni systém CgCnhl.

Podobné tolerance C. glabrata k NaCl je nejvice snizena u dvojitého mutanta
(tedy i na exportu Na® se podileji oba transportéry), avsak hlavnim exportérem
Na't je ATPdza CgEnal, jejiz absebce znatelné snizuje toleranci k NaCl na rozdil
od absence CgCnhl, jez toleranci k NaCl neovliviuje.

Méfeni membrénového potencidlu pomoci fluorescencni sondy diS-Cjs(3) ukézalo,
ze absence obou exportéru kationtu alkalickych kovu vede k hyperpolarizaci plasma-
tické membrany a tim i ke zvySenému vstupu kationtu do bunky, coz (spolecné
se ztratou schopnosti efektivné exportovat Nat nebo K* z bunky) prohlubuje
citlivost bunék C. glabrata k solim.

Dale jsme sledovali vliv subinhibi¢ni koncentrace FLC na homeostazi kationtu
alkalickych kovu a zejména na membranovy potencial. Piitomnost subinhibi¢ni
koncentrace FLC zpusobuje zvysenou citlivost tohoto druhu k NaCl i ke KCI,
pricemz absence transportéru kationtu alkalickych kovu tento efekt prohloubila.

Zvysena citlivost bunék C. glabrata k solim v ptitomnosti FLC je pravdépodobné
zpusobend zménou slozeni lipidové slozky plasmatické membrany, jez vede (ob-
dobné jako u ostatnich druhu kandid, viz Publikace ¢. 1) k jeji hyperpolarizaci.
Zajimavy je vyrazné vyssi membranovy potencial v ptitomnosti FLC u obou kment
postradajicich gen CgENA1 (jednoduchého i dvojitého mutanta) ve srovnani s di-
vokym typem a kmenem postradajicim gen CgCNH1. Napt. v bunce S. cerevisiae
nebyla hyperpolarizace membrany v zévislosti na aktivité samotné ATPazy ScEnal
pozorovana (Arino et al., 2010; Zahradka and Sychrova, 2012).

Zvyseni membranového potencidlu v piitomnosti FLC vede ke zvyseni citli-
vosti bunék C. glabrata nejen ke kationtim alkalickych kovu, ale téz k dalsim
antimykoticky aktivnim ldtkdm nesoucim kladny ndboj (hygromycin B, tetrame-

thylammonium, spermin), které vstupuji do bunky v zavislosti na membranovém



potencialu. Oba kmeny postradajici gen CgENA1, u nichz byla flukonazolem
indukovand hyperpolarizace obzvlast vyraznd, byly ke véem jmenovanym latkdm
portni systém CgCnhl.

Flukonazol jiz v malych koncentracich zesiluje antimykoticky 1cinek latek
vstupujicich do bunky v zavislosti na sile membranového potencialu a efektivné
tak eliminuje rust druhu C. glabrata, ktery je obecné tolerantni k osmotickému
stresu i k antimykotikum. Tohoto efektu by mohlo byt vyuzito pti vyvoji novych
antimykotik.

4.3. Publikace ¢. 3 - Pathogenic Candida species differ in the ability

to grow at limiting potassium concentrations

Husekovd, B., H. Elicharova and H. Sychrové (2016), Canadian Journal
of Microbiology, 62: 394-401.

V prvnich dvou publikacich jsme prokazali vliv flukonazolu na membranovy
potencial bunék vsech Sesti studovanych druht kvasinek rodu Candida a tim i
na poruseni regulace vstupu kationtu do bunky, pficemz schopnost akumulace
dostatecného mnozstvi a efektivni regulace obsahu draselnych kationtu je zcela
klicova pro fungovani vsech bunék.

V soucasnosti jsou zndmé tii typy kvasinkovych importéru KT lisici se trans-
portnim mechanismem, které jsou klicové pro zajisténi dostatecné vnitrobunécné
koncentrace draselnych kationtu (Ramos et al., 2011). Jako prvni krok jsme v ge-
nomech deviti patogennich druhu kandid vyhledali ortology vsech typu draselnych
importéru. Mezidruhové zastoupeni jednotlivych typu transportért i pocet gent
Trk, které jsme nalezli ve vSech deviti genomech. C. glabrata a C. krusei dalsimi
typy importéru nedisponuji. Genomy druhu patticich do skupiny CTG obsahuji
dale geny pro symportni systém Hak. V genomech dvou kmenu C. albicans jsme
nasli pseudogen patiici ATPéaze Acu, ktery je slozeny vzdy ze dvou otevienych
¢tecich ramcu.

Porovnanim rustu vybranych druht kandid na limitné nizké koncentraci dra-
selnych kationtu (15 pM) jsme testovali, jestli rozdilné zastoupeni genu pro

importéry Kt m4 vliv na jejich schopnost akumulovat draselné kationty. Nejvice
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tolerantni k relativnimu nedostatku K* jsou druhy C. albicans a C. krusei, naopak
nejhute tyto podminky snasi druh C. glabrata. Jak C. krusei tak i C. glabrata
disponuji pouze prenasec¢em Trk. Piimé souvislost mezi toleranci k nizkym kon-
centracim K* a poctem genu pro draselné transportéry se tedy nepotvrdila.

Rust jednotlivych druht kandid na limitné nizké koncentraci draselnych kati-
ont je ¢astecné ovlivnén i vnéjsim pH, kdy pri pH 3,5 je zpomalen rust C. tropicalis
a pri pH 8 je zcela zastaven rust C. glabrata. Také morfologie jednotlivych druhu
je ovlivnéna koncentraci draselnych kationtu v médiu — obecné je v podminkéach
nedostatku KT redukovdna produkce hyf a pseudohyf a tento efekt je nejvyraznéjsi
u druhu C. krusei a C. tropicalis.

Popsané vysledky ukazuji schopnost kandid akumulovat dostatecné mnozstvi
draselnych kationtu pro rust i pii velmi nizké koncentraci K™ v médiu, za coz
zodpovidaji importéry draselnych kationtu. Vzhledem k absenci homologu vsech
doposud znédmych typu kvasinkovych importéru K* v lidském genomu (Benito
et al., 2004; Ramos et al., 2011), by se tyto proteiny mohly stat slibnymi cili pro

nova antimykotika.

4.4. Publikace ¢. 4 - Three Candida albicans potassium uptake sys-
tems differ in their ability to provide Saccharomyces cerevisiae

trk1trk2 mutants with necessary potassium

Elicharovd, H., B. Husekovd and H. Sychrova (2016), FEMS Yeast
Research, doi: 10.1093 /femsyr /fow039

Vysledky Publikace ¢. 3 odhalily nestejnomérné zastoupeni genu pro importéry
draselnych kationti mezi jednotlivymi druhy kandid, kdy pouze v genomu C. albi-
cans jsme nalezli (pseudo)geny pro vsechny typy kvasinkovych importéru K+.

Nami provedené predikce topologie, sekundarni struktury a strukturovanosti
importéru K™ C. albicans pomohly odhadnout jejich stavbu. Uniportni systém
CaTrkl je jediny z trojice, u néjz je znama struktura transmembranové ¢asti jeho
bakteridlniho homologu (Cao et al., 2011), kterd je velmi konzervovand i mezi
kvasinkami, kandidy nevyjimaje. Nejvariabilnéjsi casti prenasece Trk tvori intrace-
lularni hydrofilni smycka L23, ktera zabira témér polovinu délky celého transportéru
a v naprosté vétsiné je nestrukturovana, coz je u smyc¢ek membranovych proteinu

velmi neobvyklé. Vyjimku tvori kratky sekvencné i strukturné konzervovany motiv
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lokalizovany v prvni tietiné této smycky.

Symportni systém CaHakl se sestava dle nasi predikce z 12 TMD, v nichz
se nachazi nékolik vysoce konzervovanych nabitych aminokyselin. Posledni z
prenasecu K™ v C. albicans je ATPaza CaAcul. U dvou laboratornich kmenu
(SC5314 a WO-1) je gen CaACU! rozdélen mutacemi, jez zavadi do sekvence na
ruznych mistech STOP-kodon. Analyza lokusu CaACU1 v genomech 32 kmentu
C. albicans ukazala, ze zhruba u dvou tfetin z nich tato mutace chybi a gen CaACU1
je v téchto kmenech nepierusen.

V genu CaACU1 z kmene SC5314 jsme in vitro vyménou jednoho nukleotidu
odstranili STOP-kodon, ktery jej délil na dva oteviené cteci ramce. Takto upraveny
gen CaACUI a dale CaHAK1 a CaTRK1 z kmene C. albicans SC5H314 jsme
exprimovali v mutantnim kmeni S. cerevisiae trk1Atrk2A, ktery postrada vlastni
draselné importéry. Také jsme pomoci znaceni GFP urcili lokalizaci jednotlivych
transportéru. Vsechny tii studované systémy zlepsily rust kmenu S. cerevisiae
trk1Atrk2A na médiu s velmi nizkou koncentraci K a byly schopné zajistit
dostatek K™ pro rust a déleni bunék, ackoliv pouze transportér CaTrkl byl hojné
zastoupen v plasmatické membrané. Velmi malé zastoupeni CaHakl a CaAcul
v plasmatické membrané naznacuje jejich velkou transportni kapacitu.

Tato prace by méla byt odrazovym mustkem pro studium draselnych importéru
C. albicans z pohledu jejich souhry, vlivu na virulenci a potencidlu stat se cili pro

nova antimykotika.
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Vysledky predkladané prace predstavené v predchozich kapitolach nové odhaluji
souvislost mezi homeostazi kationtu alkalickych kovu a rezistenci patogennich
druhu kvasinek rodu Candida k flukonazolu a popisuji mozny mechanismus této
leranci k solim zastdvaji exportéry kationtu alkalickych kovia u druhu C. glabrata.
V neposledni fadé nové popisuji rust kandid na limitné nizké koncentraci dra-
selnych kationtu a charakterizuji transportéry, které zodpovidaji za import K.
Zavery, které zcela naplnuji cile disertacni prace, je mozné shrnout do dvou casti,

z nichz prvni pfinesla sedm vyznamnych vysledku:

e Charakterizovali jsme toleranci k solim u Sesti druhu kandid, zcela nové pro
druhy C. kruseii a C. tropicalis, kdy tyto dva druhy vykazuji prekvapivou
citlivost (C. krusei) ¢i naopak rezistenci (C. tropicalis) k toxickym LiT.
Nami pozorovana tolerance ostatnich druhu kandid k solim i jejich rezistence
k flukonazolu (FLC) pak byla v souladu s diive publikovanymi pracemi.
V predkladané praci byla tolerance k solim pro téchto Sest druhu kandid

prvné porovnana za stejnych experimentalnich podminek.

e Popsali jsme ucinky spole¢ného pusobeni soli a flukonazolu na rust pato-
gennich kvasinek, kdy kombinace FLC + sul (obé latky v subinhibi¢nich
koncentracich) silné tlumi rust vSech testovanych druhu kandid. Sila tohoto
ucinku se u jednotlivych druhu lisi. Inkubace v pfitomnosti subinhibi¢ni kon-
centraci FLC a NaCl zvySuje vnitrobunéény obsah Na™ u vSech studovanych

druhn.

e K meéreni relativntho membranového potencidlu bunék kandid jsme optima-
lizovali metodu vyvinutou pro S. cerevisiae pouzivajici fluorescencni sondu
diS-C3(3) a prvné ji ispésné pouzili pro stanoveni a porovnani relativniho

membranového potencialu ruznych druhu kandid.

e Odhalili jsme mechanismus, jakym FLC pravdépodobné snizuje toleranci kan-
did k solim. Prokazali jsme, ze inkubace s FLC vede ke zvySeni membranového
potencialu u vSech studovanych druhu kandid, a tim i ke zvySsenému vstupu

kationtu alkalickych kovu do bunky.

e Overili jsme a rozsitili znalosti o funkei dvou hlavnich exportértu kationtu

alkalickych kovi u druhu C. glabrata. Charakterizace nové zkonstruovaného
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dvojitého mutanta postradajictho gen CgCNHI a CgENA1 ukézala, ze
antiportni systém CgCnhl hraje dominantni ilohu v homeostdzi K+, avsak
zéroven se podili na exportu toxickych Na™ a ze ATPédza CgEnal zodpovida

za detoxifikaci bunky od toxickych Na't i nadbytecnych KT.

e Delece genu CgENA1 vedla ke zvyseni membranového potencidlu bunék
C. glabrata a tim i k prohloubeni citlivosti k solim, kdy se k neschopnosti
exportovat nadbytecné kationty pridava zvyseny vstup kationtu v dusledku

hyperpolarizace plasmatické membrany.

e Stejné jako ostatni druhy kandid je i C. glabrata v pritomnosti subinhibi¢ni
koncentrace FLC hyperpolarizovana, coz zvysuje jeji citlivost ke kationtum

alkalickych kovi i dalsim kladné nabitym latkam s antimykotickym tc¢inkem.

Hlavnim vysledkem této ¢asti predkladané prace je zjisténi, ze flukonazol
zpusobuje zvyseni membranového potencidlu kandid bez ohledu na jejich rezistenci
k této latce, coz ma za nasledek zvyseni nespecifického vstupu latek nesouci kladny
naboj do bunky. Flukonazol méa tedy potencial synergné pusobit s potencidlnimi
antimykotiky kationtové povahy.

Zjisténi, ze flukonazol ovliviuje membranovy potencial a tedy vstup kationtu
do bunék kandid, nas vedlo ke studiu transportéru, které za specificky import
hlavniho kationtu alkalickych kovu - Kt zodpovidaji. Hlavni vysledky této ¢asti

prace jsou:

e V genomech deviti patogennich druhu kandid jsme na zakladé sekvenéni
podobnosti identifikovali 17 predpoklddanych importéru K a zjistili, ze

pocet genu pro importéry K se u jednotlivych druhu kandid 1isi.

e Predpovédéli jsme topologii jednotlivych typu transportéru s vyuzitim
dostupnych znalosti o topologii ¢i struktute jejich bakteridlnich homologu a

rozkryli stavbu pseudogenu ACUI u C. albicans.

e Porovnali jsme rust jednotlivych druhu kandid na limitné nizké koncentraci
K*. Nedostatek K* nejlépe toleruji C. albicans a C. krusei a nejhuie

C. glabrata.

e Zjistili jsme, ze limitni koncentrace K vedou ke zméndm v morfogenezi,
kdy tyto podminky inhibuji produkci hyf a pseudohyf, a to zejména u druhu

C. krusei a C. tropicalis.
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e Pomoci heterologni exprese v kmeni S. cerevisiae trk1Atrk2A, ktery postrada
vlastni draselné importéry, jsme prokézali, ze produkty vSech tii genu
kédujicich mozné importéry K z C. albicans, jsou schopny zajistit dostatek
K™ pro rust bunck S. cerevisiae. Mira zastoupeni jednotlivych transportéru

v plasmatické membrané se vyrazneé lisi.

Vysledky predkladané diserta¢ni prace slouzi jako vychodisko pro dalsi vyzkum
zaméreny na kvasinkové transportéry importujici draselné kationty s durazem na
systém Trk. Prvné bychom chtéli pokracovat v charakterizaci rustu jednotlivych
druhu patogennich i nekonvencnich druhu kvasinek na limitné nizké koncentraci K+
a porovnat transportéry Trk patiici ruznym druhium kvasinek v podminkach hete-
rologni exprese v kmeni S. cerevisiae trk1Atrk2A. Dale bychom chtéli s vyuzitim
vefejné dostupnych genomovych projektu porovnat sekvence genu kédujicich trans-
portéry K™ u ruznych kmenu jednotlivych druhu kandid lisicich se napi. puvodem
¢i rezistenci k antimykotikum, a tim popsat stabilitu/flexibilitu cilovych gent.
Konecné identifikace funkénich ¢asti systému Trk za vyuziti ndhodné mutageneze,
dostupné krystalové struktury bakteridlniho homologu Trk a bioinformatické
studie zminéné vyse, by méla pomoci 1épe porozumét transportnimu mechanismu

a regulaci tohoto klicového transportéru.
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1. Abstract

Several tens of Candida species belong to the opportunistic human pathogens
capable of inducing life-threatening infections in immunocompromised patients.
Virulence of single Candida species depends among others on their resistance to the
variable external conditions. The maintenance of alkali-metal-cation homeostasis,
which means the ability to accumulate sufficient amount of potassium cations and
on the other hand to survive under high extracellular concentrations of alkali-metal
cations, is essential for growth and virulence of Candida cells.

We observed the negative effect of fluconazole (FLC) on salt-tolerance of six
Candida species and found that it is independent of the species level of FLC-
resistance. FLC hyperpolarizes plasma membrane of Candida cells and therefore
increases non-specific uptake of alkali-metal cations which results in strongly
increased salt-sensitivity of Candida cells. The FLC-induced hyperpolarization
also results in an increased sensitivity of Candida cells to the antifungals which
are positively charged and are driven into the cells by the membrane potential.

The effect of fluconazole on membrane potential and thus on the uptake
of alkali-metal cations into the cell turned our attention to the homeostasis of
potassium cations whose high intracellular concentration is crucial for growth
and proliferation of all cells (including Candida species). Moreover, already
characterized yeast K™-importers, which are responsible for K*-supply, have no
homologues in human genome thus they could serve as promising targets for new
antifungals.

We identified genes encoding putative K™-importers in genomes of nine Candida
species and predicted their topology. Then we compared the growth of six
species on extremely low K*-concentrations and observed that the species-specific
level of inhibition with the number of genes for putative K*-importers does
not correlate. Finally, we characterized the KT-importers of C. albicans by
heterologous expression in S. cerevisiae trk1Atrk2A strain lacking its own K-
importers. All three in silico C. albicans KT-importers are able to provide
S. cerevisiae trk1Atrk2A cells with sufficient amount of Kt for their growth and
proliferation, and therefore all of them probably participate in import of potassium

cations in C. albicans.



2. Introduction and aims of the thesis

About twenty percent of 1,400 previously described human pathogens belong to
the kingdom Fungi, making it the second largest group after the bacteria. It also
includes several dozen Candida species, which are opportunistic pathogens capable
of causing severe systemic infections (candidemia) in strongly immunocompromised
patients, with the mortality reaching tens of percent (Pfaller et al., 2014).

Virulence of single Candida species depends among others on their resistance
to various stresses. Maintenance of alkali-metal-cation homeostasis, which means
on one hand the accumulation of a sufficient amount of potassium cations and on
the other dealing with high extracellular concentration of all alkali-metal cations,
is important e.g. for morphogenesis or adherence of C. albicans cells (Watanabe
et al., 2006).

Another equally important factor is the resistance of various Candida species
to antifungals. In this thesis, we focused on resistance to fluconazole (FLC),
which is due to its excellent pharmacokinetic parameters the drug of choice in the
therapy and prophylaxis of candidaemia and its massive introduction in eighties
of 20th century resulting in increasing incidence of FLC-resistant Candida species.
(Pappas et al., 2009).

This thesis builds on previously published results of our group, which char-
acterized salt-tolerance of several pathogenic Candida species and described the
effect of fluconazole on tolerance to NaCl in both, FLC-sensitive and FLC-resistant
C. albicans strains (Krauke and Sychrova, 2008; Kolecka et al., 2009; Krauke and

Sychrova, 2010). Therefore, the first aims of this thesis were determined as follows:

e Characterization of tolerance to salts of various alkali-metal cations and of

resistance to fluconazole of pathogenic Candida species

e Observation of FLC effect on salt-tolerance of Candida species and evaluation

of results in term of the FLC resistance and salt tolerance of various species

e Elucidation of interaction mechanisms between FLC and salt tolerance thus

between FLC and alkali-metal-cation homeostasis

The first results showed that FLC affects alkali-metal-cation homeostasis at the
level of cations uptake into the cell. The sufficient K*-supply of Candida cells

belongs to the important factors for growth and thus infection development where



Candida cells have to cope with relative K*-insufficiency in plasma or on mucoses
of the host.

Therefore, we set following aims to characterize importers that are responsible
for the K™-supply of Candida cells. Previously described types of yeast K*-
importers have no homologues in the human genome (Benito et al., 2004; Ramos
et al., 2011) and thus they may serve as targets for new antifungals. The aims of

the second part of the thesis are:

e Identification of genes for putative K™-importers in sequenced Candida
genomes and their classification and topology prediction employing bioinfor-

matic tools

e Growth characterization of various Candida species on limiting K*-concentration

upon various conditions

e Characterization of selected K*-importers upon heterologous expression in

the S. cerevisiae strain lacking its own K*-importers



3. Methods

Microbiological methods

e Cell cultivation and storage of yeasts and bacteria

e Estimation of growth rate and characterization of growth phenotypes upon

various stress conditions
e Estimation of the number and dry weight of yeast cells

e Microscopy
Biochemical methods

e Estimation of intracellular Na™-content and measurement of Na™-export in

yeast cells by atomic absorption spectrophotometry

e Measurement of relative membrane potential
Bioinformatic methods

e Data collection and analysis using scripts in Perl and BioPerl
e Alignment of DNA- and protein- sequences (ClustalX, Muscle)

e Identification of K*-importers in yeast genomes (Blast NCBI, Candida

Genome Database, Saccharomyces Genome Database, GenBank)
e Synteny analysis (Yeast Gene Order Browser, Candida Gene Order Browser)

e Identification of conserved regions and domains (Protein Families Database,

CATH Database)
e Topology prediction (TMHMM 2.0., KD plot)
e Prediction of protein secondary structure by JPred4 algorithm collection

e Disorder prediction (DisEMBL, Globplot)



4. Results

Obtained results of this thesis are summarized in four publications, which together
create a comprehensive set of new insights in the alkali-metal-cation homeostasis
of pathogenic Candida species in terms of its importance for their FLC-resistance

and identification of potential targets for new antifungals.

4.1. Publication No 1 - Fluconazole treatment hyperpolarizes the

plasma membrane of Candida cells

Elicharova, H. and H. Sychrova (2013), Medical Mycology, 51: 785-794.

Various Candida species, which are the most common causing agents of systemic
mycoses, differ in the virulence and resistance to various types of antifungals, but
all of them have to constantly cope with the changing environment and different
stress factors.

We focused on the ability of five pathogenic Candida species to maintain alkali-
metal-cation homeostasis in the presence of FLC, which was shown to affect the
tolerance of C. albicans to salts. Subinhibitory concentrations of FLC increased
the intracellular content of toxic sodium cations in both FLC-susceptible and
FLC-resistant C. albicans strains (Kolecka et al., 2009). Further, Candida species
differ in their salt tolerance (Krauke and Sychrova, 2008, 2010).

We newly described salt-tolerance of two clinically important species C. krusei
and C. tropicalis. Both species are rather osmosensitive but surprisingly dra-
matically differ in their sensitivity to LiCl. C. krusei is more sensitive to this
toxic salt than the most osmosensitive C. dubliniensis, whereas C. tropicalis that
tolerates similarly high LiCl level as the most osmotolerant C. parapsilosis. Our
results on salt-tolerance of other Candida species, including generally osmotolerant
C. albicans, are consistent with previously published results (Krauke and Sychrova,
2008, 2010).

Consequently, we estimated subinhibitory concentrations of salts (NaCl, KCI)
and FLC and performed set of growth experiments in the presence of combination
of these concentrations of salts and FLC. Presence of subinhibitory concentration
of FLC in combination with subinhibitory concentration of salt (NaCl or KCI)
inhibits strongly growth of all tested Candida species i.e. the growth of both,
FLC-sensitive (C. albicans, C. parapsilosis) and FLC-resistant (C. dubliniensis,



C. krusei, C. tropicalis) species. The growth of all species is inhibited more in
the presence of NaCl in combination with FLC than in FLC+KCI due to the
Nat toxicity. Cells of all tested species incubated with FLC accumulate higher
amount of Nat than the control cells incubated without FLC and this increased
intracellular Na*-content results in growth inhibition of Candida cells.

The observed higher accumulation of alkali-metal cations may be caused either
by an increased cations uptake into the cell, or by their impaired export. As we
observed unchanged export capacity for Na™ in all tested Candida species, we
focused on the cation uptake which depends on the plasma membrane potential.

We optimized and firstly used diS-C3(3) assay to measure relative membrane
potential in cells of various Candida species. Presence of subinhibitory concentra-
tion of FLC during incubation results in plasma-membrane hyperpolarization of
all tested species and thereby in an increase of non-specific uptake of positively
charged compounds including Na™ or K*. The effect of FLC on membrane po-
tential was verified by a Hygromycin B sensitivity test as this cationic drug also
enters the cells proportionally to the membrane potential. The sensitivity of all
tested Candida species to Hygromycin B is significantly enhanced in the presence
of subinhibitory FLC concentration.

Altogether, own results show the potential of FLC to increase the membrane-
potential dependent influx of various compounds ad thus enhance their antimycotic

effect.

4.2. Publication No 2 - Fluconazole affects the alkali-metal-cation
homeostasis and susceptibility to cationic toxic compounds

of Candida glabrata

Elicharova, H. and H. Sychrové (2014), Microbiology, 160: 1705-1713.

Candida glabrata is more phylogenetically related, despite its name, to Saccha-
romyces cerevisiae than to the group of other Candida species. The prevalence
of C. glabrata (now the second most common causative agent of systemic fungal
infections) began to increase after the introduction of candidaemia treatment
and prophylaxis with fluconazole (FLC), because of the frequent resistance of
C. glabrata to this azole antifungal.

We studied the relationship between salt-tolerance and FLC-resistance in



C. glabrata cells similarly to other Candida species which were involved in Publica-
tion No 1. C. glabrata is relatively salt-tolerant and very FLC-resistant. We newly
constructed a double mutant lacking both main alkali-metal-cation exporters
(CgEnal ATPase and CgCnhl antiporter), which were partially characterized
using single mutant strains (Krauke and Sychrova, 2011).

The deletion of only the CNH1 gene decreases KCl tolerance but deletion of
only the FNA1 gene does not. The KCI tolerance is mostly impaired in double
mutant enalAcnhlA strain. These results demonstrate the participation of the
Enal ATPase in the efflux of surplus Kt in C. glabrata cells.

Then we focused on tolerance to NaCl. The wild-type and c¢nh1A strains
tolerate NaCl much better than the other two strains that lack the ENA1 gene,
and the double mutant grows more poorly on NaCl than the single enalA mutant.
These findings suggest that although sodium cations are mainly exported by the
Enal ATPase, they are also exported by the Cnhl antiporter in C. glabrata cells.

Measurement of the membrane potential using fluorescent diS-Cs(3) probe
showed that the absence of Enal ATPase leads to plasma-membrane hyperpolar-
ization and thus to an increased uptake of cations into the cell, which together with
the absence of Enal exporting function enhances the salt sensitivity of C. glabrata
cells.

Further, we observed the effect of subinhibitory FLC concentrations on alkali-
metal-cation homeostasis and mainly on membrane potential. The presence of
FLC results in an increased sensitivity of C. glabrata cells to NaCl and KCl while
this effect is enhanced by the absence alkali-metal cation exporters.

Decreased salt tolerance of C. glabrata cells in the presence of FLC is probably
caused by a changed lipid composition of plasma membrane resulting in its
hyperpolarization (by the similar way as in other Candida species, see Publication
No 1). Interestingly, the hyperpolarization induced by FLC is stronger in strains
lacking the Enal ATPase. This result seems to be C. glabrata specific as it was
not observed in S. cerevisiae cells (Arino et al., 2010; Zahradka and Sychrova,
2012).

To verify that the FLC treatment really hyperpolarizes C. glabrata cells,
especially both strains lacking the FNA1 gene, we tested tolerance of this species
to three cationic toxic compounds (tetramethylammonium, Hygromycin B and
spermine), which enter yeast cells according to their plasma-membrane potential.

Combining a very low concentration of any of the three drugs with the subinhibitory



concentration of FLC inhibits significantly the growth of all four C. glabrata strains.
Moreover, Hygromycin B+FLC and spermine+FLC affect both strains lacking
the ENA1 gene more than the wild-type and cnhlA strains.

In summary, our results showed that although C. glabrata cells are FLC resis-
tant in general, the growth of cells in the presence of subinhibitory concentrations
of FLC hyperpolarizes the cell plasma membrane, thus rendering the cells more
sensitive to cationic drugs and affecting their ability to maintain cation homeosta-
sis. The combination of a relatively low concentration of FLC together with low
concentrations of cationic drugs might serve as a potent treatment of C. glabrata

infections.

4.3. Publication No 3 - Pathogenic Candida species differ in the

ability to grow at limiting potassium concentrations

Husekovd, B., H. Elicharova and H. Sychrové (2016), Canadian Journal
of Microbiology, 62: 394-401.

The effect of fluconazole on membrane potential and thus on the uptake
of alkali-metal cations into the cell turned our attention to the homeostasis of
potassium cations, whose high intracellular concentration is crucial for growth
and proliferation of all cells.

So far, three types of efficient potassium-specific uptake systems, differing
in their transport mechanism, have been identified in yeast species (Ramos
et al., 2011). We determined orthologues of putative K™-importers in genomes of
nine pathogenic Candida species. The number and type of putative potassium
transporters significantly differ among them. The most ubiquitous are the Trk
transporters. Genes encoding their putative homologues were found in all searched
genomes and surprisingly, genomes of C. glabrata and C. kruse: do not contain
genes for other putative K*-importers. Genomes of species belonging to the
CTG clade contain also a gene for the KT-H* Hak symporter. Only C. albicans
possesses (pseudo)gene for the Acu ATPase.

We compared growth of six Candida species on very low K*-concentration
(15 uM) to observe if the different distribution of genes for K-importers relates
to their capacity of KT-accumulation. The most tolerant to the KT limitation

are C. albicans and C. krusei, on the other hand the most sensitive is C. glabrata.
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Both, C. glabrata and C. krusei only possess genes for Trk system thus the direct
relationship between tolerance to low K*-concentration and number of genes for
K*-importers does not exist.

Growth of Candida species on low KT-concentration is partially affected
by external pH. The growth of C. parapsilosis is inhibited at pH 3.5, whereas
C. glabrata cells do not grow in the presence of low K*-concentration at alkaline
pH. Also, the morphology of cells changes with the amount of potassium available,
with C. krusei and C. tropicalis being the most influenced.

Taken together, our results confirm potassium uptake and accumulation as
important factors for Candida cell growth and suggest that the potassium uptake

systems may serve as a target for the development of new antifungal drugs.

4.4. Publication No 4 - Three Candida albicans potassium uptake
systems differ in their ability to provide Saccharomyces cere-

vistae trkitrk2 mutants with necessary potassium

Elicharova, H., B. Husekova and H. Sychrova (2016),FEMS Yeast
Research, doi: 10.1093/femsyr/fow039

Publication no. 3 shows the unequal representation of genes for K*-importers
among Candida species, where only the genome of C. albicans possesses genes for
all known types of yeast KT-importers.

We analyzed the topology, secondary structure and disorder level of putative
C. albicans K*-importers. CaTrkl uniporter is the only one with predicted
structure of its transmembrane part thanks to the structure determination of its
bacterial homologue (Cao et al., 2011).

The most variable part of Trk importer consists of an large intracellular
hydrophilic loop which builds almost a half of the whole protein and it is disordered
with the exception of one short conserved motif. In general, such long loops lacking
secondary structure are very rare in membrane proteins.

According to our prediction, the second K*-importer of C. albicans - CaHakl
symporter consists of 12 transmembrane domains containing some highly conserved
charged amino acids. Finally, CaAcul ATPase is the third K*-importer of
C. albicans. We found pseudogenes in two laboratory strains (SC5314 and WO-

1). The original genes are divided in two open reading frames by a mutation
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introducing the STOP-codon. The following analysis on CaACU! locus in genomes
of 32 C. albicans strains showed that this interrupted version of the CaACUI gene
is only present in one third of the strains. The other strains possess unbroken
variant of the this gene.

We replaced the STOP-codon from the CaACUI pseudogene of the SC5314
strain by a Leu codon and expressed this complete CaACU1, and also CaTRK1
and CaHAK1 genes in the S. cerevisiae trk1Atrk2A strain lacking its own K-
importers. We also enabled the localization of these importers by GFP-tagging.
All three studied KT-importers improve the growth of S. cerevisiae trk1Atrk2A
strain on medium with low K*-concentration, thus all of them are able to supply
sufficient amount of K™ for cell growth and proliferation.

These results should serve as the starting point for further study of K*-
importers in terms of their cooperation, role in virulence and potential to serve as

targets for new antifungals.
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5. Conclusions

Results of this study presented in previous chapters reveal a new relationship
between alkali-metal-cation homeostasis and fluconazole resistance in pathogenic
Candida species and describe the possible mechanism of this interaction. Further-
more, we extended the characterization of salt tolerance of Candida species and
role of alkali-metal-cation exporters in this parameter in C. glabrata. Finally, we
newly described growth of Candida species on limiting K*-concentration and char-
acterized transporters which are responsible for K™-accumulation in C. albicans.
Obtained results show that the aims of this theses were achieved, and the main

conclusions may be divide into two inter-connected parts. The first part involves:

e For first time, the salt tolerance and resistance to fluconazole of 6 Candida
species were compared upon the same experimental conditions. For C. krusei
and C. tropicalis it was the first characterization of their salt tolerance and it
showed the surprising sensitivity of C. krusei, and resistance of C. tropicalis

to toxic Lit.

e The growth of all tested Candida species is significantly inhibited in the
presence of combination of FLC + salt (both in subnhibitory concentrations),
independently of their FLC-resistance, while the level of inhibition is species

specific.

e The various Candida species differ in their relative membrane potential,

which was estimated for first time using the optimized diS-Cs3(3) assay.

e Incubation with the subinibitory concentrations of FLC results in a plasma-
membrane hyperpolarization and thus in an increased uptake of alkali-metal

cations and cationic drugs in cells of all studied Candida species.

e Characterization of a double mutant lacking both, C¢gCNH1 and CgENA1
genes showed that the CgCnhl antiporter plays dominant role in maintenance
of K*-homeostasis and it also partly participates in export of toxic Na™,
whereas the CgEnal ATPase is mainly responsible for detoxification of toxic

Na™ and surplus K.

e Deletion of the CgENA1 gene resulted in a plasma-membrane hyperpolar-
ization of C. glabrata cells thus in a further decrease of their salt tolerance.

This decrease in salt tolerance is caused by an additive effect of a lack of the
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CgEnal exporter in combination with an increased uptake of alkali-metal

cations due to the plasma-membrane hyperpolarization.

The general conclusion of the first part of the thesis is, that fluconazole increases

membrane potential of Candida species, independently of their FLC-resistance,

this way it increases non-specific uptake of positively charged compounds into the

cell, and thereby FLC enhances the effect of cationic antifungals.

In relation to the first part of the thesis, we further turned our attention to

the importers responsible for the specific uptake of the main intracellular cation

K™*. Main conclusions of the second part are:

The number and type of putative potassium transporters significantly differ
among Candida species. 17 orthologues of three types of K*-importers were

identified in genomes of nine Candida species.

According to our predictions, the topology and structure of single types
of K*-importers significantly differ. For the Acul ATPase, the analysis
revealed the existence of various pseudogenes or complete genes in genomes

of 32 studied C. albicans strains.

Candida species differ in the growth in conditions with extremely low K*-
concentrations. C. albicans and C. krusei are the most tolerant to these

conditions, whereas C. glabrata is the most sensitive.

The morphology of Candida cells changes with the amount of potassium
available. The production of pseudohyphae and hyphae is reduced in K*-

limiting conditions.

The products of all three genes encoding putative K™-importers in C. al-
bicans provide sufficient amount of Kt for growth and proliferation of an
S. cerevisiae strain lacking its own KT -importers. This confirms that the

three identified genes encode potassium uptake systems.

Obtained results serve as a starting point for further research focused on yeast

K*-importers with the emphasis on Trk systems. First, we plan to extend growth

characterization of various pathogenic and non-conventional yeast species on

limiting KT -concentration and also to compare the activity of various Trk importers

upon heterologous expression in S. cerevisiae. Then we plan to analyze genomes
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of Candida species using the public Next-generation-sequencing data (approx. 400
whole-genome-sequence projects available) to chart the K™-uptake systems on
the genetic level. Exploration of ploidy, homo- /heterozygocity and occurrence of
sequential variances in various Candida strains differing in their origin, virulence
or antifungal resistance should uncover the evolutionary conservation or flexibility
of KT-uptake systems (especially in strains with acquired antifungal resistance).
Finally, we would like to identify functional elements of the Trk system employing
random mutagenesis in combination with results from bioinformatic analysis
mentioned above. Altogether, these steps should improve the understanding of
role of KT-uptake systems in K*-accumulation and homeostasis which are crucial
not only for fitness and thus virulence of Candida cells, but belong to the key

physiological parameterss in all organisms.
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