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Kopecka, J. — Matoulkova, D. — Némec, M.: Kvasinky a jejich vyuziti. Kvasny Prum. 58, 2012, ¢. 11-12, s. 326-335.

Kvasinky jsou eukaryotni heterotrofni organismy, které patfi mezi houby. Od ostatnich eukaryot se liSi pfedevSim tvorbou silné a pevné
bunécéné stény. Jako zdroj uhliku a energie slouzi kvasinkam hlavné sacharidy, které mohou ,zpracovat® aerobni respiraci ¢i kvasenim.
Vyuziti kvasinek je velmi rozmanité. Nezastupitelny vyznam maji v potravinarském prdmyslu zejména pfi vyrobé pekarského a krmného
drozdi, piva, vina a lihu. Moderni biotechnologie vyuzivaji kvasinky pro produkci nejriiznéjSich latek (vitaminy, enzymy, antibiotika, ami-
nokyseliny, bilkoviny). Tyto kvasinky mohou byt geneticky upravovany tak, aby ziskaly nové a lepsi viastnosti a syntetizovaly pozadované
latky. Diky relativné snadnému zachdazeni (isolace mutant(i, pfenos gend, kultivace, atd.) a znalosti genomu jsou kvasinky vhodnym
modelovym organismem pro studium fysiologickych a metabolickych pochodu i genetiky eukaryot. Mimo to ale nékteré rody kvasinek
patfi mezi patogeny, které jsou vyznamné zejména pro jedince s oslabenou imunitou.

Kopecka, J. — Matoulkova, D. — Némec, M.: Yeast and its uses. Kvasny Prum. 58, 2012, No. 11-12, p. 326-335.

Yeasts are eukaryotic heterotrophic organisms belonging to fungi. In contrast to other eukaryotes yeasts possess thick and rigid cell
wall. As a source of carbon and energy yeast can degrade sugars using two metabolic pathways: aerobic respiration and fermentation.
Yeasts are used for various processes. The use of the yeast in food industry as baker‘s yeast, fodder yeast, for the beer, wine and spirit
production is of great importance. Modern biotechnologies use yeast for the production of various substances (vitamins, enzymes, anti-
biotics, amino acids, proteins). It can be genetically modified to gain new and more convenient properties and to produce desired com-
pounds. Being relatively easy to handle (mutant isolation, gene transfer, cultivation) and of known genome, yeast is a suitable model or-
ganism for the study of physiological and metabolic processes and genetics of eukaryotes. However, some of the yeast genera belong to
pathogens that are hazardous for immunocompromised people.

Kopecka, J. — Matoulkova, D. — Némec, M.: Die Hefe und ihre Anwendung. Kvasny Prum. 58, 2012, Nr. 11-12, S. 326-335.

Die Hefen sind eukaryotische heterotrophe Organismen, die unter die Pilze gehdren. Von den anderen Eukaryoten unterscheidet sich
die Hefe durch die Bildung einer starken und festen Zellwand. Als Kohlenwasserstoff — und Energiequelle dienen der Hefen vor allem die
Sachariden, die durch die aerobe Respiration oder die Géarung verarbeitet werden kénnen. Die Hefenanwendung ist sehr vielféltig. Die
entscheidende Bedeutung wiesen die Hefen in der Lebensmittelindustrie aus, insbesondere bei der Herstellung der Backer- und Futter-
hefe, des Bieres und des Weines. Die moderne Biotechnologie nutzt die Hefe fur Produktion von verschiedenen Stoffen (z.B. Vitamine,
Enzyme, Antibiotika, Aminosauren, Proteine) aus. Diese Hefe kann genetisch so behandelt werden, um die neuen und besseren Eigen-
schaften zur Synthese der gewlinschten Stoffe zu erhalten. Dank der relativen einfachen Behandlung (die Mutantenisolation, Genliber-
tragung, Kultivation u.s.w.) und der Kenntnis des Genoms stellt die Hefe ein geeignetes Modelorganismus zum Studium der physiologi-

schen und metabolischen Vorgadnge und der

Eukaryotgenetik dar. Einige Hefestdmme gehéren jedoch unter die Pathogene, die

insbesondere flr Einzelne mit der geschwéchten Immunitét bedeutend sind.

Kliéova slova: kvasinky, burika kvasinek, biotechnologie, Saccharo-
myces, produkcni kmen, modelovy organizmus

1 UVOD

Kvasinky jsou jednim z nejvyuzivanéjSich mikroorganismu vibec.
PovaZzujeme je za nejstarsi ,domestikované” mikroorganismy. Jiz
ve starém Egypté a antickém Recku se vyrabél kynuty chléb a alko-
holické napoje, které byly predchidci dnesniho chleba, piva a vina.
Jednotlivé kvasinky poprvé pozoroval Anton van Leeuwenhoek, kte-
ry je popsal jako ,malé kulicky v pivé“. V roce 1857 Louis Pasteur
dokazal, ze kvaSeni je ,zivot bez kysliku“ a ze organismy, které kva-
$eni zpUsobuji, nemusi byt Zivé. V dalSich letech vydal studii o pivu
(Etudes sur la biere, 1876) a vinu (Etudes sur la vin, 1866).

V dnesni dobé maji kvasinky nezastupitelny vyznam mezi pri-
myslovymi mikroorganismy, a to pfedevsim v potravinafském prad-
myslu pro vyrobu kynutého peciva, alkoholickych napojl, potravi-
narské a krmné biomasy. Jsou hojné vyuzivany v fadé oblasti védy,
technologie a ve farmaceutickém prdmyslu. Vyznamna je jejich pro-
dukce biologicky aktivnich latek a biodegradaéni aktivita. AvSak né-
které druhy kvasinek mohou byt povazovany za patogenni mikro-
organismy.

Diky relativné jednoduché stavbé buriky, znalosti genomu (Sac-
charomyces cerevisiae, Schizosaccharomyces pombe), snadné ma-
nipulaci a kultivaci patfi kvasinky k nejdulezitéjSim eukaryotickym

Keywords: yeast, yeast cell, biotechnology, Saccharomyces, pro-
duction strain, model organism

1 INTRODUCTION

Yeasts are one of the longest and most intensively used micro-
organisms ever. They are considered to be the oldest ,domes-
ticated“microorganisms. The raised bread and alcoholic beverages,
predecessors of present bread, beer and wine, were produced al-
ready in ancient Egypt and antic Greece. Individual yeast cells were
for the first time observed by Anton van Leeuwenhoek, who de-
scribed them as ,small beads in beer“. In 1857 Louis Pasteur
proved that fermentation is ,a life without oxygen“and the organ-
isms responsible for the fermentation need not be alive. Later he
published a study about beer (Etudes sur la biére, 1876) and wine
(Etudes sur la vin, 1866).

At the present time yeast is of extraordinary importance among
other industrial microorganisms, particularly in food industry for the
production of raised bread, alcoholic beverages and food and fodder
biomass. Yeast is widely used in many research areas and technolo-
gies and in the pharmaceutical industry. Its ability to produce biologi-
cally active substances and biodegradation activity is of great impor-
tance. However, some yeasts may be considered as pathogenic.

Owing to relatively simple cell structure, known genome (Saccha-
romyces cerevisiae, Schizosaccharomyces pombe), easy handling



Kvasinky a jejich vyuZiti

el 327

modelovym organismim. S rozvojem genového inZenyrstvi vzrostl
pocet heterolognich bilkovin produkovanych kvasinkami.

Kvasinky jsou heterotrofni eukaryotni organismy s pevnou buné¢-
nou sténou. Vyskytuji se bud jako elipsoidni jednobunécéné orga-
nismy, nebo protahlé burky spojené v dlouha viakna — pseudomyce-
lia. Cesky nazev je odvozen od schopnosti vétSiny druh( zkvaSovat
monosacharidy a nékteré disacharidy, pfipadné i trisacharidy. Jejich
vyskyt je diky témto schopnostem svazan s materialy obsahujicimi
cukry, zvlasté tedy na bobulovém a peckovém ovoci, cukernatych
plodinach, ale i v plidé, vodé nebo stfevnim traktu.

Kvasinky patfi do domény Eukarya, fiSe Fungi — houby, dale vSak
nejsou samostatnou taxonomickou skupinou. Podle zpGsobu pohlav-
niho rozmnozovani se fadi do oddéleni Ascomycota — vieckovytrus-
né houby, Basidiomycota — stopkovytrusné houby. U nékterych kva-
sinek neni pohlavni rozmnozovani znamo, ty patfi do pomocné
skupiny Deuteromycota — imperfektni houby, ktera nalezi k oddéleni
Ascomycota. Klasifikace i nazvoslovi se priibézné méni zejména
diky objevovani sexudlnich stadii, ktera byvaji vétSinou zafazovana
mezi Ascomycota. lychazime-li z hypotézy, ze kvasinky vznikly jako
redukované formy hub, povazuji se hyfovité (vlaknité) kvasinkovité
mikroorganismy za vyvojové starsi nez jednobunééné formy (Kalina
a Vana, 2005; Kockova-Kratochvilova, 1990).

2 BUNKA KVASINEK

Bunika kvasinek je eukaryotniho typu a je tedy povazovana
za ,mnohoslozkovy" systém, ve kterém membrany ohrani¢uji reakéni
prostory, kompartmenty. Velikost bunék je asi 3—15 ym a je dana pre-
devs$im rodovou pfislusnosti a zplsobem kultivace. Tvar bunék kva-
sinek do znacné miry souvisi se zplisobem vegetativniho rozmnozo-
vani (puceni, pfiné déleni), Castecné je ovlivnén i vnéjSimi
podminkami, napf. povrchové napéti, slozeni zivného prostredi, oxi-
daéné-redukéni potencial, atd. (Kockova-Kratochvilova, 1957). Ze-
jména je v8ak ur€en rodovou pfislusnosti. Za zékladni tvar se pova-
zuje rotaéni elipsoid, se dvéma moznymi odchylkami, a to bud
na tvary kulaté nebo na podlouhlé az vlaknité (Kockova-Kratochvilo-
vd, 1957). Kvasinky mohou ménit svij tvar i béhem svého vyvoje.
Bunky rodu Trigonopsis mohou mit za ur€itych kultivaénich podmi-
nek i trojuhelnikovity tvar (Sasek a Becker, 1969). Nékteré kvasinky
vytvaii protahlé buriky, které puci pouze na pélech a zlstavaji spoje-
ny v dlouha zaskrcovana vlakna — pseudomycelia. V uréitych mistech
pseudomycelia vznikaji svazky blastospor — kratké elipsoidni buriky,
napf. u rodu Candida (Vazquez—Tsuiji et al., 2005). U nékterych rod
(Candida, Rhodotula) se mlize vytvaret i tzv. pravé mycelium — vlak-
no vzniklé pficnym délenim protahlych bunék (Berman, 2006).

Chemické slozeni buriky kvasinek je zavislé na druhu a kmeni, fy-
siologickém stavu bunék, na kultivaénich podminkach, na Zivnych
pldach a na stafi kultury. Voda tvofi hlavni ¢ast protoplasmy kvasi-
nek, jeji obsah je obvykle 65-80 %. SusSina bunék Saccharomyces
cerevisiae obsahuje obvykle: dusikaté latky 45-60 %, cukry 15—
37 %, lipidy 2—12 %, mineralni latky 6—12%, dale jsou pfitomny rls-
tové latky a nékteré vitaminy (Bendova a Kahler, 1981).

Kvasinky produkuji také specifické proteiny jako je cerevisin (albu-
min), zymokasein (fosfoprotein) a glutathion. V burikach se vyskytuje
i zna€né mnozstvi volnych aminokyselin pfedevSim ve vakuolach.
Sacharidy jednak tvofi bunéénou sténu — glukan, manan — a jednak
se nachazeji uvnitf buriky — glykogen, manan jako zasobni latky (Su-
gawara et al., 2004). Nukleové kyseliny jsou mimo jadra pfitomné
i v mitochondriich. Lipidy jsou v burikach obsazeny jako tuky vazané
v bunécéné sténé nebo jako tuky volné v cytoplasmé ve formé tuko-
vych kapének. Podstatnou ¢ast lipidické slozky zaujimaji slozené
tuky, pfedevsim glykolipidy a fosfolipidy — lecitin a kefalin (Tosch et
al., 2005). Z mineralnich latek je nejvice zastoupen P,O,, vapnik,
hof¢ik, méd, mangan a zinek (Némec a Horakova, 2002).

Bunécna sténa kvasinek je pevna, odolnd a elasticka struktura,
pro niz je typicka odliSnost chemického slozeni od bunécné stény
rostlinnych a bakteridlnich bunék a tvorba jizev, jako trvalych struktur
po puceni. Vyznamnou roli sehrdva bunécéna sténa pfi shlukovani
bunék, rozpoznavani mezi bufikami opaéného péarovaciho typu pfi
pohlavnim rozmnozovani, sporulaci, zprostfedkovani kontaktu mezi
patogenni kvasinkou a hostitelskym organismem (Farkas, 2003; Klis
et al., 2006).

Tloustka bunécné stény se pohybuje v rozmezi 100-400 nm.
Muze se vsak liSit jak mezi, tak i uvnitf druhu. Nativni buné¢éna sténa
predstavuje velmi slozity heterogenni polymer. Zakladni slozky (glu-
kan, manan, protein a chitin) tvofi az 90 % bunécné stény. Mnozstvi
lipid( je malé a nestalé. Ve sténé byla prokazana i pfitomnost enzy-

and cultivation the yeast belongs to the most important eukaryotic
model organisms. Number of heterologous proteins produced by
yeast has risen with the development of genetic engineering.

Yeasts are heterotrophic eukaryotic organisms with rigid cell enve-
lope. They can occur as a unicellular ellipsoid organism or in the form
of elongated cells linked in filaments — pseudomycelium. The Czech
name of yeast is based on the ability of the majority of yeast species
to ferment monosaccharides and some of the disaccharides or
trisaccharides. Occurrence of yeast is thus related to the materials
containing sugars, mainly on the berry and stone-fruit plants, sugary
crop plants, but also in the soil, water or intestinal tract.

Yeasts belong to the domain Eukarya, kingdom Fungi, but they
do not form a single taxonomic or phylogenetic group. According to
the mode of sexual reproduction, yeasts are classified in phyla Asco-
mycota — suc fungi, or Basidiomycota — club fungi. In some yeasts
their sexual form of reproduction has never been observed — they are
classified as Deuteromycota also known as ,fungi imperfecti“, and
form only a subsidiary group belonging to the phylum Ascomycota.
Classification and nomenclature of yeast are subject to continuous
changes given particularly by discovering of new sexual stages be-
longing in most cases to phylum Ascomycota. According to the hy-
pothesis that yeast has originated as a reduced form of fungi, fila-
mentous yeast-like fungi are considered to be evolutionary older
than unicellular forms (Kalina and Vana, 2005; Kockova-Kratoch-
vilova, 1990).

2 YEAST CELL

Yeast cell is of eukaryotic type, containing various reaction areas,
compartments, surrounded by membranes. Cell size ranges be-
tween 3—15 pm depending on genus and cultivation conditions. The
shape of a yeast cell, a genus-specific characteristic, is given to
a large extent by the mode of vegetative reproduction (budding, bi-
nary fission), and it may be to some extent affected by environment
conditions, e.g. by the surface tension, nutrition media composition,
redox potential, etc. (Kockova-Kratochvilova, 1957). The basic shape
of a yeast cell is rotary ellipsoid with two possible variations — to-
wards the round shape or towards the elongated to filamentous form
(Kockova-Kratochvilova, 1957). Yeast can also change its shape dur-
ing development. Cells of the genus Trigonopsis may have triangular
shape depending on cultivation conditions (SaSek and Becker, 1969).
Some yeasts form elongated cells that reproduce by budding on
opposite poles and remain connected in long pinched filaments —
pseudomycelia. Blastospores (short ellipsoidal cells) are formed on
particular parts of pseudomycelium of, e.g., genus Candida
(Vazquez—Tsuji et al., 2005). Yeasts of genera Candida and Rhodot-
ula may form so-called true mycelium — a filament arising by binary
fission of elongated cells (Berman, 2006).

Chemical composition of yeast cells depends on species, strain,
physiological state, conditions of cultivation, nutrition medium and on
the age of the culture. The main component of yeast protoplasm is
water (65—80 %). Dry weight of Saccharomyces cerevisiae cells con-
tains commonly: nitrogen compounds 45-60 %, carbohydrates 15—
37 %, lipids 2—12 %, mineral compounds 6—12 %, and growth factors
and some vitamins (Bendova and Kahler, 1981).

Yeast produces specific proteins cerevisin (albumin), zymocasein
(phosphoprotein) and glutathione. The cells contain considerable
quantities of free amino acids, located mainly in vacuoles. Cell sac-
charides — glucan, mannan — partly form the cell wall and partly oc-
cur inside the cell — glycogen and mannan as reserve substances
(Sugawara et al., 2004). Nucleic acids are present in nucleus and
also in mitochodria. Lipids exist in cells in the bound form in cell wall
or as fat drops in the cytoplasm. Lipids are composed to a large ex-
tent by glycolipids and phospholipids — lecithin and cephalin (Tosch
et al., 2005). Mineral compounds contained in the cell include P,O,,
calcium, magnesium, copper, manganese and zinc (Némec and
Horakova, 2002).

The yeast cell wall is a rigid, resistant and elastic structure with
chemical composition distinct from the plant and bacterial cell wall.
Yeast cell wall also contains scars as a permanent consequence of
budding. Cell wall plays a crucial role in cell agglutination, recognition
of opposite mating type of cells during sexual reproduction, in cell
sporulation, and in mediating the contact between pathogenic yeast
and host organism (Farka$, 2003, Klis et al., 2006).

The thickness of the cell wall ranges from 100 to 400 nm. It can,
however, be species or strain specific. Native cell wall represents
a complex heterogeneous polymer composed from up to 90 % of
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mU (invertasa, fosfatasa, proteasy, atd.). Chitin je na povrchu buné¢-
né stény rozlozen nerovnomérné. Nejvice se nachazi v oblasti jizev.
Jizvy jsou terCovité utvary, které jsou dobre barvitelné fluorescenéni-
mi barvivy a které zlstavaji na povrchu buriky v misté, kde se oddé-
lil pupen (Rose a Harrison, 1991).

Nékteré kvasinky (napf. Rhodotorula, Cryptococcus, Pichia) mo-
hou tvofit i pouzdro. Pouzdro se sklada z polysacharidd, které tvori
sit radialné orientovanych mikrofibril vychazejicich od bunécné sté-
ny. Polysacharidy vzdy obsahuji manosu a glukuronovou kyselinu,
dalsi sacharidy (napf. xylosa, galaktosa, glukosa) jsou u r{iznych
druht kvasinek zastoupeny v odliSnych pomérech. Pouzdro ma zfej-
mé velky podil na virulenci patogennich kvasinek (Eisenman et al.,
2007). Opouzdfené bunky obvykle vytvafi slizovité kolonie.

Vzhled kolonii je rdzny a do jisté miry je druhové a rodové speci-
ficky. Zavisi na sloZeni zivné pldy, kultivaénich podminkéach (teplota,
vlhkost, vy&erpani zivin, vliv metabolit(), tvaru a velikosti bunék, tvor-
bé spor a na zméné genetické informace nasledkem spontannich
mutaci. Nej¢astéji jsou kolonie oznagovany jako hladké, drsné nebo
slizovité. Nékteré kvasinky (napf. Cryptococcus) tvofi mnozstvi mi-
mobunécného polysacharidu slizovité konzistence, ktery obaluje
buriky jako pouzdro. Kultivaci v €istych kulturach se tvorba slizu sni-
zuje a asem se mlze dokonce vytratit Uplné (Kockova-Kratochvilo-
va, 1982).

Vuéi vnéjSimu prostiedi se kolonie zdaji byt méné rezistentnimi
a méné komplexnimi nez biofilm vytvareny v pfirozenych podmin-
kach. Kolonii je mozné povazovat za jakysi pfechod mezi biofilmem
a nechranénou jednotlivou burikou.

Kolonie jsou modelem pro studium interakci a signalli mezi mikro-
organismy uvnitf mnohobunééného spole€enstva. Vzhled laborator-
nich a cerstvé isolovanych divokych kmenu z prostiedi se velmi lisi.
Laboratorni kmeny Saccharomyces cerevisiae obvykle tvofi hladké
kolonie, zatimco Cerstvé izolované divoké kmeny z prostredi vytvare-
ji kolonie ,vlo€kovité strukturované“. Elektronova mikroskopie a bio-
chemické testy dokazaly, ze buriky uvnitf ,vlockovitych* kolonii jsou
spojeny mimobunécnou matrix, ktera ma funkci jakési kostry. Tato
matrix pravdépodobné obsahuje vysokomolekularni protein nebo
komplex proteinli. U hladkych kolonii Zadny podobny material pozo-
rovan nebyl. Pfizplisobeni organizmu na laboratorni podminky je
dano zna¢né zménénou expresi asi 320 gen(l a ztratou mimobunéc-
né matrix. Hlavni pozorované zmény se tykaji metabolismu cukr(
a vitaminud, bunééné stény, bunééného cyklu a polarity (Kuthan et
al., 2003). Na prechod od ,vilockovité“ ke hladké formé ma také vliv
potlaceni genu aqy1, ktery kéduje aquaporiny. To vede ke zménam
v propustnosti vody a povrchovych vlastnostech bunék. U vétSiny la-
boratornich kmenl dochazi k mutaci genu agy1 a tyto kmeny potom
tvofi hladké kolonie. Adaptace na laboratorni podminky je spojovana
i s chromatinovou prestavbou, s histonovymi deacetylasami (Hda1
a Rpd3) a Sir2, ktery tlumi specifické oblasti na chromosomu. Rust
ve vlo€kovitém usporadani zfejmé pfinasi kvasinkam vyhody za ne-
pfiznivych podminek, protoze pfi rlstu na bohatém médiu v podmin-
kach in vitro se tato struktura nevytvari (Palkova, 2004).

3 METABOLISMUS KVASINEK

Metabolismus je souhrn latkovych pfemén, které se odehravaji jak
v kvasinkovych burikdch samotnych, tak i v prostfedi, kde rostou
a mnozi se. Pro mikroorganismy je charakteristicka vysoké intenzita
metabolizmu, ktera je silné ovlivnéna vnéjSimi podminkami. Dosta-
te€ny pfisun zivin, vhodna teplota a pH prostredi vedou k intenzivni-
mu metabolizmu a rychlé syntheze bunééné hmoty. Ta se za optimal-
nich podminek u Saccharomyces cerevisiae nebo Candida utilis
zdvojnasobi uz zhruba za 2 hodiny (Vodrazka, 2006).

Jako zdroj uhliku a energie kvasinky vyuzivaji pfedevS§im mono-
a disacharidy, méné pak oligo- &i polysacharidy. Jako zdroj uhliku
mohou byt vyuzity i dalSi latky — glycerol, laktat, ethanol, methanol,
alkany atd. Zpracovani zdrojl uhliku a energie probiha u vétsiny kva-
sinek za aerobnich podminek glykolysou a navazujicim Krebsovym
cyklem. AvSak u pfevazné fermentujicich kvasinek je energie tvofena
v pribéhu kvaseni. P¥i distribuci pyruvatu vznikajiciho mezi respira-
torni a fermentatorni reakci je dllezita aktivita pyruvatdehydrogena-
sy, kterd se nachazi v mitochondriich a produkuje acetylKoA pro
vstup do Krebsova cyklu, a cytoplasmatické pyruvatdekarboxylasy,
ktera napomaha vzniku acetaldehydu a tim i ethanolu (Pronk et al.,
1996). Produkty metabolismu kvasinek mohou byt nejen CO,, etanol,
H+, ale i glycerol, acetat, sukcinat atd. U riznych kmenu Ize poméry
produktl ovlivnit kultivaénimi podminkami.

glucan, mannan, proteins and chitin. Lipids can also be present in
low and unstable amount. The presence of enzymes (invertase,
phosphatase, proteases, etc.) in cell wall was also observed. Chitin
distribution on the surface of the cell wall is uneven, with higher con-
centration in the areas of bud scars. Scars are crater—like formations
that are located on the mother cell surface after the newly emerged
daughter cell (bud) separates. The scars are easily stained with fluo-
rescent dyes (Rose and Harrison, 1991).

Some yeasts (e.g. Rhodotorula, Cryptococcus, Pichia) may form
a capsule composed of polysaccharides arranged in a network of
radially orientated microfibrils ensuing from the cell wall. Polysac-
charides always contain mannose and glucuronic acid. Other sac-
charides (e.g. xylose, galactose, glucose) are present in various ra-
tios depending on yeast species. The presence of the capsule may
strongly affect the virulence of pathogenic yeast (Eisenman et al.,
2007). Capsulated cells mostly form slimy colonies.

Appearance of colonies varies and is to some extent species and
genus specific. It depends on the composition of nutrition media, in-
cubation conditions (temperature, humidity, nutrient depletion, effect
of metabolites), shape and size of the cells, spore formation and ge-
netic changes induced by spontaneous mutations. Yeast colonies are
commonly described as smooth, rough or mucilaginous. Some
yeasts (e.g. Cryptococcus) form extracellular slimy polysaccharide
that is covering the cell as a capsule. Cultivation of such yeast in
a pure culture leads to the reduction or even cessation of slime pro-
duction (Kockova-Kratochvilova, 1982).

Colonies appear to be less resistant to external environment and
less complex than biofilm formed in natural conditions. Colony may
be considered as a transition between biofilm and unprotected single
cell.

Yeast colonies are used as a model for the study of interactions
and signals among microorganisms in multicellular communities. The
appearance of laboratory colonies strongly differs from that of colo-
nies of isolated wild strains from the environment. Laboratory strains
of Saccharomyces cerevisiae commonly form smooth colonies, while
colonies of new-isolated wild strains have “fluffy structure”. The cells
inside “fluffy colonies” are connected by extracellular matrix that acts
as a skeleton, as was demonstrated by electron microscopy and bio-
chemical tests. The matrix probably contains high—-molecular pro-
teins or protein complex. Such material has never been observed in
smooth colonies. Adaptation of the microorganism to the laboratory
conditions brings about loss of the matrix and altered expression of
about 320 genes. In general, the observed changes relate to the me-
tabolism of carbohydrates and vitamins, cell wall, cell cycle and po-
larity (Kuthan et al., 2003). Transition from “fluffy“ to smooth form is
also affected by suppression of the agy1 gene encoding aquaporins.
The water permeability and surface properties of cell are then al-
tered. Gene aqy1 is suppressed in most of the laboratory strains and
they are thus forming smooth colonies. Adaptation to laboratory con-
ditions is also connected with chromatin remodeling, histone
deacetylases (Hda1l a Rpd3) and Sir2 with silencing activity. The
growth in fluffy“ colonies seems to be important for yeast to resist
adverse conditions since growth in rich media in in vitro conditions is
not accompanied by the formation of fluffy structure (Palkova, 2004).

3 YEAST METABOLISM

Metabolism is a set of chemical reactions that take place within the
cells and in the environment where they grow and reproduce. Me-
tabolism supplies the cell with building material and energy that are
necessary for cellular processes. Microorganisms possess intensive
metabolism that is strongly affected by external conditions. Sufficient
supply of nutrients, proper temperature and pH lead to intensive me-
tabolism and rapid synthesis of cell mass that, in Saccharomyces
cerevisiae or Candida utilis under optimal conditions, can double
within 2 hours (Vodrazka, 2006).

As a source of carbon and energy, yeast uses above all monosac-
charides and disaccharides, and to a smaller extent oligosaccha-
rides and polysaccharides. Glycerol, lactic acid, ethanol, methanol,
alkanes, etc., can also serve as sources of carbon. Sources of car-
bon and energy are in most yeasts converted aerobically by glycoly-
sis and citric acid cycle. However, in yeast with predominantly fer-
mentative metabolism the energy is formed during the fermentation
process. Activities of two enzymes are pivotal for the distribution of
pyruvate generated between respiratory and fermentative reaction:
mitochondrial pyruvate dehydrogenase (formation of acetyl-CoA for



Kvasinky a jejich vyuZiti

el 01 329

Glykolysa je hlavni cestou pro odbouravani sacharidi. Reakce
probihaji v cytoplazmé a jsou katalyzovany enzymy, které nejsou va-
zany na bunééné struktury. Prvnim krokem je pfeména glukosy pres
fruktosa-1,6-bisfosfat za spotfeby 2 ATP na vhodny donor atom( vo-
diku, glyceraldehyd-3-fosfat. Nasleduje jeho dehydrogenace, kdy je
vodik odebiran NAD*, a vznik pyrohroznové kyseliny. Cisty zisk z jed-
né molekuly hexosy jsou 2 ATP (Némec a Horékova, 2002).

Pfi aerobni respiraci je substrat oxidovan na CO, a H,O cyklem
sefazenych reakci, jimiz jsou postupné odebirany vodiky vychozi lat-
ce acetyl-KoA, ktery vznika oxidaéni dekarboxylaci pyrohroznové
kyseliny za pfitomnosti KoA. Cyklus byva ¢asto oznaovan jako
Krebs(iv cyklus, cyklus trikarbonovych kyselin i jako citratovy cyklus
a slouzi nejen k terminalni oxidaci substratu, ale podili se svymi me-
ziprodukty i na procesech biosynthesy. Jde tedy o typicky amfibolicky
dgj. Celkovy vytézek aerobni respirace je 36 ATP. Fakultativné anae-
robni kvasinky vyuzivaji radéji aerobni respiraci, protoZe je energe-
ticky mnohem vyhodnéjsi nez kvaseni (Némec a Horakova, 2002;
Vodrazka, 2006).

Pri nadbytku mGze byt organicky substrat, ktery slouzi jako zdroj
energie, pouze ¢astecné oxidovan za vzniku velkého mnozstvi orga-
nického produktu. Toho se primyslové vyuziva pfi aerobni kvasné
vyrobé nékterych organickych kyselin, napf. citrénove kyseliny u Yar-
rowia lipolytica (Kamzolova et al., 2007).

Pfi kvaseni nedochazi k uplnému rozkladu substratu jako u aerob-
ni respirace, proto i mnozstvi ziskané energie je mensi (2 ATP). Fer-
mentace je shodnd s EMP—drahou az do vytvofeni pyrohroznové
kyseliny, ta je dale dekarboxylovana pyruvatdekarboxylasou na ace-
taldehyd, ktery je redukovan na ethanol.

Na redukci acetaldehydu se podili alkoholdehydrogenasa | (Adhl),
ktera se nachazi v cytoplasmé. U Saccharomyces cerevisiae byly
zjistény jesté dalSi typy, které se uCastni predevSim oxidace ethano-
lu. Adhll je lokalizovana v cytoplasmé a pfi nizké bunééné koncent-
raci ethanolu maze byt vyuzita i pfi kvaseni. Dehydrogenasy Adhlll
a AdhlV se nachazeji v mitochondriich, AdhV v cytoplasmé, ale loka-
lizace AdhVI a AdhVII neni pfesné znama. AdhVI je strikiné specific-
ka k NADPH a je aktivni k fadé substratl, které obsahuji alifatické
a aromatické primarni alkoholy a aldehydy (Smidt et al., 2008).

4 VYUZITi KVASINEK

Kvasinky jsou celosvétové jednim z primyslové nejvyuzivanéjSich
mikroorganismu. Jsou nezastupitelné v potravinafském a farmaceu-
tickém primyslu a v nékterych oblastech védy, techniky i mediciny.
Mohou byt vyuZity jako biologické modelové systémy pro studium
obecnych regulaci metabolismu a genetiky eukaryotickych bunék.
Saccharomyces cerevisiae je z tohoto hlediska nejvice prostudova-
nou kvasinkou. Kvasinky byvaji oznacovany jako nejstarsi ,domesti-
kovany“ organismus, ktery je po tisice let pouzivan k vyrobé alkoho-
lickych napoj a kynutého peciva. Podstatnd je také produkce
biologicky aktivnich latek, biodegradaéni aktivita a vyroba potravinaf-
ské a krmné biomasy. V soucasné dobé nachazeji kromé tradi¢nich
technologii stale vétsi uplatnéni i v fadé dalSich aplikaci (napf. vyro-
ba organickych kyselin, vitamin(, atd.). Geneticky modifikované kva-
sinky produkuji farmakologické preparaty pro prevenci i [é¢bu one-
mocnéni. V budoucnu lze diky technikdm rekombinantni DNA
oCekavat dali rozvoj vyuziti kvasinek.

4.1 Pivovarské kvasinky

Pfi kvaSeni piva se vyuziva tzv. spodnich a svrchnich kvasinek
a jejich schopnosti pfemény jednoduchych cukrd (glukosa), disacha-
ridd (maltosa) a nékterych trisacharidd (maltotriosa) na ethanol
a oxid uhli¢ity anaerobnim kvaSenim. Spodni kvasinky se v kone¢né
fazi shlukuji ve vlo€ky (flokuluji) a sedimentuji na dné kvasné nadoby.
Po stahnuti piva se properou studenou vodou a po promyti se znovu
pouziji pro dalSi fermentaci. Proces kvaSeni probiha pfi teploté
6-12 °C (Basarova et al., 2010; Boulton a Quain, 2001).

Svrchni kvasinky jsou po skonéeni kvaseni vynaseny na povrch
fermentacéni kapaliny, kde tvofi hustou pénu. Snaseji vyssi teploty
nez kvasinky spodni, mohou kvasit v rozmezi 10-25 °C. Jako svrch-
ni kvasinky byvaji oznafovany Saacharomyces cerevisiae, jako
spodni Saccharomyces pastorianus. Protoze vSak problematika no-
menklatury spodnich pivovarskych kvasinek neni zcela doreSena,
a je mozné, ze druh S. pastorianus bude pfeveden spiSe na druhovy
komplex (Rainieri et al., 2006), je doporu€ovano prozatim zachovat
v technologii zazité a srozumitelné pojmenovani spodnich kvasinek
Saccharomyces carlsbergensis (Matoulkova a Savel, 2007).

the citric acid cycle) and cytoplasmic pyruvate decarboxylase, lead-
ing to the formation of acetaldehyde and thereby of ethanol (Pronk et
al., 1996). Products of yeast metabolism include CO,, ethanol, H*,
and also glycerol, acetic acid, succinic acid, etc. Product ratio can be
influenced by cultivation conditions.

Glycolysis is the main pathway for the conversion of saccharides.
Glycolytic reactions take place in cytoplasm and are catalyzed by
enzymes that are not bound to cell structures. The first step in glyco-
lysis is conversion of glucose via fructose 1,6-bisphosphate into
glyceraldehyde 3—phosphate (donor of hydrogen atoms). This reac-
tion consumes 2 molecules ATP. Glyceraldehyde 3—phosphate is
then dehydrogenated (hydrogen is used to reduce NAD*) and pyru-
vic acid is formed. Net profit from one molecule of hexose is 2 mole-
cules ATP (Némec and Horakova, 2002).

During aerobic respiration the substrate is oxidized into CO, and
H,O via a cycle of chemical reactions removing hydrogen atoms from
acetyl-CoA that is formed by oxidative decarboxylation of pyruvic
acid in the presence of CoA. The citric acid cycle (Krebs cycle) is
a typical amphibolic pathway because it participates in both catabo-
lism and anabolism. Net profit of aerobic respiration is 36 ATP mole-
cules. Facultatively aerobic yeast prefers aerobic respiration since it
is energetically more efficient than fermentation (Némec and Horak-
ova, 2002; Vodrazka, 2006).

Organic substrates in excess quantity can be oxidized incomplete-
ly to form high amounts of organic products. This can be used in the
industrial production of organic acids, e.g. citric acid formed by Yar-
rowia lipolytica (Kamzolova et al., 2007).

During fermentation the substrate is not completely broken down
like in aerobic respiration, therefore the energy profit is lower (2 ATP).
The product of glycolysis, pyruvate, is decarboxylated to acetalde-
hyde that is consequently reduced to ethanol. Reduction of acetalde-
hyde into ethanol is catalyzed by alcohol dehydrogenase | (Adhl) that
is situated in cytoplasm. Other types of Adh found in Saccharomyces
cerevisiae are involved mainly in ethanol oxidation. Adhll is located in
cytoplasm and may act during fermentation at low intracellular con-
centration of ethanol. Dehydrogenases Adhlll and AdhlV are mito-
chondrial enzymes, AdhV is found in cytoplasm, location of AdhVI
and AdhVIl is not known. Alcohol dehydrogenase AdhVI is strictly
specific for NADPH and exerts activity towards a number of sub-
strates that include aliphatic and aromatic primary alcohols and alde-
hydes (Smidt et al., 2008).

4 USES OF THE YEAST

Yeast is one of the most widely used industrial microorganisms
worldwide. It is irreplaceable in food and pharmaceutical industry
and in some research, technical and medical areas. It can be used as
a model system for the study of general regulations of metabolism
and genetics of eukaryotic cell. From this point of view Saccharomy-
ces cerevisiae is one of the most studied yeasts. Yeast is also consi-
dered as the oldest “domesticated” organism used for thousands of
years for the production of alcoholic beverages and raised bread.
Production of biologically active compounds of yeast, its biodegrada-
tion activity and production of food and fodder biomass is also of
great importance. In addition to the traditional technologies, yeast
finds an ever increasing application in a number of other fields (pro-
duction of organic acids, vitamins, etc.). Genetically modified yeast
can produce pharmacological formulas for both prevention and treat-
ment. Recombinant DNA techniques are likely to bring further deve-
lopment of yeast uses in the future.

4.1 Brewer’s yeast

Beer production is based on the use of lager and ale yeast and
their ability to covert monosaccharides (glucose), disaccharides (su-
crose) and some trisaccharides (maltotriose) to ethanol and CO,. At
the end of fermentation the lager yeast forms flakes (flocculates) and
sediments at the bottom of the fermentation vessel. Fermentation is
performed at temperatures 6—12 °C (Basarova et al., 2010; Boulton
and Quain, 2001).

After the termination of fermentation, ale yeast rises to the surface
of the fermentation broth and form thick foam. In comparison with
lager yeast they tolerate higher temperature, thus the fermentation
may take place within the 10—25 °C range. Ale yeast are classified as
Saccharomyces cerevisiae, lager yeast belong to the species Sac-
charomyces pastorianus. Since the nomenclature of lager yeast has
not been conclusively established and it is possible that the species
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Pivovarské kvasinky maji zpravidla ovalny az kulaty tvar. Dllezité
je, aby kultura méla vyrovnany tvar, stabilni vlastnosti, omezenou
sporulaci a pfedevsim pohlavni rozmnozovani, které je nejvétsim
zdrojem promeénlivosti. Rozsah laboratorniho posuzovani viastnosti
kvasnic zalezi na ucelu kontroly. Sleduje se predevsim schopnost
zkvaSovani mladiny, flokulace, sedimentace a vliv na organoleptické
vlastnosti piva. Jako vedlej$i kvasné produkty, které dotvareji chut
a aroma piva, se uvadeéji pfedevsim diacetyl, alifatické alkoholy (iso-
amylalkohol), estery (ethylacetat, ethylhexanoat, isoamylacetat), al-
dehydy a mastné kyseliny. Pfi podrobnéj$i charakteristice se u kme-
nu ovéfuje mira zkvaSovani rafinosy, tolerance k ethanolu, osmofilie,
tendence k tvorbé pseudomycelia, vzhled kolonii atd. Na produkci
latek a tedy i na kvalitu piva méa velky vliv fysiologicky stav a stafi
kultury (Bendova a Kahler, 1981; Janderova a Bendova, 1999).

Velky vyznam ma pfi kvaseni flokulace, ta nesmi probéhnout, do-
kud neni spotfebovan substrat do pfipustné zbytkové koncentrace
a musi probéhnout brzy po skonéeni kvaseni predevsim pro zame-
zeni autolysy kvasinek. Flokulace je reverzibilni schopnost kvasinek
shlukovat se, tvofit vétsi celky (vlocky) a nasledné usazeninu.
U spodnich kvasinek se projevuje tvorbou pevného sedimentu
na dné. U svrchnich kvasinek souvisi se shlukovanim i pevnost kvas-
ni¢né ,deky“ na povrchu mladého piva. Mechanismus procesu floku-
lace zatim neni zcela uspokojivé objasnén (Stratford, 1992).

U spodnich kvasinek je flokulace fizena lektinovym mechanis-
mem, vyzaduje vapnik, je inhibovdna manosou a jinymi cukry, ale
neni ovliviiovana ethanolem. Zagatek flokulace souvisi s objevenim
saktivnino® lektinu na povrchu bunék a se snizenim koncentrace cuk-
rt v roztoku. U svrchnich kvasinek flokulace neprobiha stejnym me-
chanizmem, neni inhibovana manosou a nevyzaduje pfidani vapni-
ku. Nastup flokulace je ovlivnén zménou bunécéného povrchu
a zvySenim koncentrace ethanolu. Jako jediny diikaz pro adhesni
mechanismus staci pfidavek malého mnozstvi vapniku (Dengis et
al., 1995).

Na flokulaci ma vliv fada faktor: kmen kvasinek (genetické, fysio-
logické vlastnosti, metabolismus), sloZeni Zivného média a rdstové
podminky (pfitomnost anorganickych iontd, ethanolu, Zivin, teplota,
pH, aerace, obsah rozpusténeho O,). Vlocky se mohou skladat
az z tisict bunék a protoze bunky nevykazuji Brownlv pohyb, ma
michani pfi flokulaci velky vyznam (van Hamersveld et al., 1997; Ver-
strepen et al., 2003).

Flokulace je geneticky podminéna vlastnost fizena skupinou genu
FLO, jejichz produkty FLOp jsou soustfedény na povrchu bunky.
Hydrofébni C—konec FLOp je nezbytny pro ukotveni na bunééném
povrchu a pro mezibunécéné interakce. Naproti tomu N—konec plsobi
jako reakéni doména (Jin a Speers, 1998). Transkripéni aktivita genl
je ovlivnéna zivinami stejné tak jako stresovymi faktory. Flokulace je
tedy zavisla na faktorech, které ovliviiuji stavbu bunécéné stény
a morfologii buriky (Verstrepen et al. 2003). Jako inhibitory flokulace
se uvadsji predevSim maltosa a manosa, méné ucinné jsou sacha-
rosa a glukosa, neucinné jsou galaktosa a fruktosa. Od toho se pak
odvozuje déleni fenotypu, Flo1 fenotyp je citlivy pouze k manose,
NewFlo fenotyp je kromé& mandézy citlivy i ke glukose a maltose
(Stratford and Assinder, 1991). Flokulujici kvasinky se ale také mo-
hou rozliSovat na MS (citlivé k manose), GMS (citlivé k manose
a glukose) a Ml (necitlivé k manose) (Masy et al., 1992).

Flokulace je zaloZzena na interakci proteinti bunééné stény a je za-
visla na iontech vapniku. Dfive se pfedpokladalo, ze vapenaté ionty
tvofi mulstky mezi flokulujicimi bunkami a negativnim nabojem
na bunééném povrchu, k udrzeni této struktury je zapotfebi vodiko-
vych vazeb. V soucasné dobé je spiSe uznavana lektinova hypotesa.
Charakteristicky povrchovy protein zymolektin, ktery je pfitomen
u flokulujicich kvasinek, vaze mandzové zbytky mananovych mole-
kul na povrch sousedni buriky (Miki et al., 1982). Vysledky z posledni
doby naznaduji, Ze vapenaté ionty jsou zapojeny do vazby s uhlovo-
diky spiSe pfimo nez nepfimo, kdy by mély udrzovat aktivni konfor-
maci flokulinu (Veelders et al., 2010). Komplexnost a diverzita pivo-
varskych kvasinek vedou pravdépodobné k rlznym mechanismim
flokulace, které jsou zavislé na kmeni kvasinek a na podminkach
prostfedi (Speers et al., 1993).

4.2 Vinarské kvasinky

Vinarské kvasinky maji protahlé elipsoidni buriky a jsou tolerantni
k SO, (zasifeni mostu). Kvaseni probiha az do teploty 25 °C po dobu
7—14 dnl. Oproti pivovarskym kvasinkam jsou odolnéjsi k alkoholu.
Do mostu se dostavaji bud s povrchu bobuli (spontanni kvaseni)
nebo pfidanim Cisté kultury uSlechtilych kvasinek (Cisté kvaseni).
Ve vinafstvi se uplatiiuje pfedevSim Saccharomyces cerevisiae, Klo-
eckera apiculata, Hanseniaspora guilliermondii, Saccharomyces be-

S. pastorianus will be converted into a species complex (Rainieri et
al., 2006), it is recommended to retain the name Saccharomyces
carlsbergensis, the name commonly accepted by technologists (Ma-
toulkova and Savel, 2007).

Brewer’s yeast cells are of an oval to round shape. Production
strain should have balanced shape, stable properties, and limited
sporulation and especially sexual reproduction which is the main
source of yeast variability. Laboratory testing of yeast properties is
aimed at wort attenuation, flocculation, sedimentation and orga-
noleptic characters of final beer. The fermentation by—products that
form taste and aroma of beer include particularly diacetyl, aliphatic
alcohols (isoamylalcohol), esters (ethylacetate, ethylhexanoate, iso-
amylacetate), aldehydes and fatty acids. Additional specific test may
be performed — rate of raffinose fermentation, tolerance to alcohol,
osmophilia, tendency to pseudomycelium formation, colony appear-
ance, etc. Production of flavor compounds and thus the final beer
quality strongly depends on the physiological state and age of the
production yeast strain (Bendova and Kahler, 1981; Janderova and
Bendova, 1999).

Yeast flocculation is of great importance for the brewing industry.
However, the yeast cells should not flocculate before the wort is com-
pletely attenuated to the required degree, and the flocculation should
occur soon after the end of fermentation to avoid yeast autolysis. Floc-
culation is a reversible ability of yeast to adhere, form clumps (flocs)
and consequently a sediment at the bottom of fermenting vessel (la-
ger yeast). In ale yeast the agglutination relates with the consistency
of “covers“on the surface of green beer. The mechanism of flocculation
has not yet been conclusively established (Stratford, 1992).

Flocculation of lager strains is governed by a lectin—mediated
mechanism, requires calcium, is inhibited by mannose and some
other saccharides and is not influenced by ethanol. The onset of floc-
culation is related to the appearance of “active” lectins at the cell
surface and is marked by a decrease in sugar concentration in the
solution. Flocculation of the top fermenting strains is not inhibited by
mannose and does not require the addition of calcium. The onset of
flocculation is affected by the cell surface changes and increase in
ethanol concentration. The only evidence for an adhesin—-mediated
mechanism of flocculation is a requirement for a small amount of cal-
cium (Dengis et al., 1995).

Flocculation can be affected by yeast strain (genetics, physiologi-
cal characters, metabolism), composition of nutrition media, and cul-
tivation conditions (presence of inorganic ions, ethanol, nutrients,
temperature, pH, aeration, dissolved O,). Yeast flocs may be com-
prised of thousands of cells that do not exhibit Brownian motion, and
stirring during flocculation is thus of a great importance (van Ham-
ersveld et al., 1997; Verstrepen et al., 2003).

Flocculation is a genetically controlled inducible characteristic un-
der the control of FLO genes encoding cell wall proteins FLOp. The
hydrophobic C—terminus of FLOp is necessary for both the anchor-
ing of FLO1p at the cell surface and for the cell-cell interactions. The
N-terminal region corresponds to the reacting domain at the cell sur-
face (Jin and Speers 1998). The transcriptional activity of the FLO
genes is influenced by the nutritional status of the yeast cells as well
as other stress factors. Flocculation is also controlled by factors that
affect cell wall composition or morphology (Verstrepen et al., 2003).
Maltose and mannose were found to be the most effective inhibitors
of flocculation whereas sucrose and glucose are less effective and
galactose and fructose are ineffective. Two distinct phenotypes of
strains have been classified according to sugar specificity: the Flo1
phenotype which is mannose sensitive only and the NewFlo pheno-
type which is sensitive to glucose and maltose in addition to man-
nose (Stratford and Assinder, 1991). However, some researchers
also classified flocculent yeast strains into three groups as MS (man-
nose sensitive), GMS (glucose and mannose sensitive) and Ml
(mannose insensitive) (Masy et al., 1992).

Flocculation is based on the interaction of cell wall proteins and is
dependent on calcium ions. It was assumed that calcium ions form
bridges between flocculating cells by binding to negative charges on
the cell surface. Such bridges may be stabilized by hydrogen bonding
between carbohydrate hydrogen atoms and hydroxyl groups. Later
the lectin hypothesis has become a more convincing. It proposes that
surface proteins zymolectins present on flocculent yeast cells bind to
mannose residues of mannan molecules on neighboring cell surfac-
es (Miki et al., 1982). Calcium ions are believed to act indirectly by
maintaining a correct conformation of the flocculin (Veelders et al.,
2010). The complexity and diversity of brewer’s yeast are the cause
of various mechanisms of flocculation that depend on yeast strain
and environmental conditions (Speers et al., 1993).
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ticus (produkce buketnich latek) ¢i Saccharomyces oviformis, ktera
se také oznacuje jako ,dokvaseci” kvasinka a je tolerantnéjsi k alko-
holu. Autolysa kvasinek pfispiva k buketu vina (Romano et al., 2003).

Pro kazdou vinafskou oblast je typicka jina mikrofléra na hroz-
nech, kterd se odrazi v buketu pfirozené fermentovaného vina. Kva-
sinky na bobulich se li§i jak mezi vétSimi oblastmi, tak i mezi vinicemi
uvnit regionu (Pennisi, 2005). | za standardnich laboratornich rusto-
vych podminek se transkripéni profil divokych vinafskych a labora-
tornich kmen( kvasinek vyrazné liSi v transkripci nékolika gen(, kte-
ré jsou spojovany s charakteristickymi vlastnostmi vinafskych
kvasinek. Pokusy ukazaly, Ze vinafské kmeny jsou vice ,kolonizova-
ny“ transposony nez kmeny laboratorni. Transposony by mohly byt
pouzity jako vhodny prostfedek pro rozliseni primyslovych kment
na molekularni arovni (Hauser et al., 2001). SloZeni mikroflory rov-
néz ovliviiuje, zda byl hrozen napaden plisni ¢i nikoliv. Pfi fermentaci
hrozn(i napadenych plisni Botrytis plisobi ze zacatku slabé fermen-
tujici kvasinky (Hanseniaspora, Issatchenkia, Clavispora, Metschni-
kowia, Pichia, Candida atd.), které jsou pozdéji nahrazeny rodem
Saccharomyces (Nisiotou et al., 2007).

Vliv na vysledné aroma vina maji pouzité kmeny kvasinek a jejich
schopnost produkovat tékavé thioalkoholy a dal8i metabolity fermen-
tace, kterymi se dotvari vysledna chut. Vybér vhodného kmene kva-
sinek tedy nabizi urgitou moznost, jak pozménit chut vina (Swiegers
et al., 2009).

4.3 Pekaiské kvasinky

Stejné jako u pivovarskych kvasinek se pozaduje u pekafskych
kvasinek vyrovnanost tvaru (vejcity Ci kratce elipsoidni), velikosti bu-
nék a stalost technologickych vlastnosti. Ty se ziskaly selekci kment
s poskozenou schopnosti sporulace. Pekarské drozdi je pfipraveno
aerobni fermentaci okyselenych melasovych zapar s pfidanymi
amonnymi solemi a fosfatem. Zapary jsou silné provzdusnovany
a aerobni metabolismus je také zajiStovan opakovanymi pfidavky
Cerstvé zépary. Kvasinky se potom rychleji mnozi i v prostfedi s niz-
kou koncentraci cukru. Pfesto se v8ak produkuje malé mnozstvi
ethanolu. Kvasinky by nemély aglutinovat a autolysovat, coz je velmi
dulezité pro delsi trvanlivost drozdi. PFi snizené koncentraci glukosy
v zivném meédiu mohou pekarské kvasinky tvofit rozsahly biofilm
a pevné se vazat na podlozku (Silhankova, 2002). Obsah lipidd, ste-
rolll a fosfolipidd ma rozhodujici vliv na odolnost kvasinek ke zmrz-
nuti (Gélinas et al., 1991).

Pekarské kvasinky mohou mit také terapeuticky vyznam. Alkoholo-
vy extrakt se po léta uziva jako podpora lé€by hemeroid(l, popéalenin
a rliznych poranéni. Tento extrakt obsahuije tfi stresové proteiny (su-
peroxid—dismutasa, ubiquitin a HSP 12) a protein Il pro vazbu acyl—
KoA. V kultufe mysich bunék, ktera byla vystavena plsobeni extrak-
tu, okamzité vzrostla bunééna respirace a kinasova aktivita (Schlemm
et al., 1999). Jako bézny dietni antigen jsou pekarské kvasinky uzi-
vany u pacientl s viedovitymi zanéty tlustého stfeva. Titry protilatek
k S. cerevisiae se zdaji byt specifické ke Crohnové chorobé, coz by
mohlo byt vyznamné pfi odliSeni této nemoci od podobnych infekci.
Neni ale vylou¢ena moznost druhotné infekce neznamym agens,
které zpuUsobuji vysokou koncentraci téchto protilatek (Main et al.,
1988).

4.4 Lihovarské kvasinky

PFi vyrobé lihu se nejCastéji vyuzivaji vyslechténé kvasinky Sac-
charomyces cerevisiae, které jsou pfizpusobeny rdznym lihovarskym
zaparam, pfedevsim melase a Skrobnatym substratim. Je pro né ty-
picka velka tolerance k ethanolu a teploté (az 30 °C), vysoka rychlost
kvaseni (24—48 hod), vysoky vytézek na jednotku spotfebovaného
substratu a malé mnozstvi vedlejsich produktl. Kvasinky by nemély
aglutinovat a sedimentovat. Nejsou schopny zkvaSovat Skrob, pento-
sy a laktosu (Tvrdon a BaleSova, 1986).

V souc€asné dobé se pro vyrobu lihu pouzivd mnohodruhové mik-
robidlni spolecCenstvo, které obsahuje kvasinky, bakterie i plisné
(Candida sp., Kluyveromyces, Monilia, Fusarium, Clostridium), nebo
se hydrolysuje celulosu ¢i lignocelulosovy komplex a z uvolnénych
sacharidd (hexosy a pentosy) se pak za anaerobnich podminek
vhodnym mikroorganismem produkuje ethanol. Nevyhodou vyuziti
mikrobialniho spole€enstva je tvorba vedlejSich produktl, které lih
znehodnocuji. Kvaseni vétSinou probiha pomaleji (Flores et al.,
2000; Rao et al., 2008).

Netradiéni kvasinky, které se prumyslové vyuzivaji k produkci
ethanolu nebo k tomu maji pfedpoklady, patfi do roda Pichia, Candi-
da, Kluyveromyces, Issatchenkia, Rhodotula, Zygosaccharomyces,
Clavispora, Debaryomyces, Metschnikowia a Cryptococcus. Tyto
kvasinky zkvasuiji xylosu, vytézek ethanolu je 0,12-0,38 g na 1 g xy-

4.2 Winery yeast

Winery yeast has elongated cells and is tolerant to SO, (grape
juice sulfuration). Fermentation takes place at temperatures up to
25 °C for the period of 7—14 days. Winery yeast exhibits higher toler-
ance to alcohol compared to the brewer’s yeast. Yeast is introduced
to the grape juice either from the surface of grapes (spontaneous
fermentation) or by pitching the juice with the pure culture of produc-
tion yeast (pure fermentation). Yeast used in wine making includes
the species Saccharomyces cerevisiae, Kloeckera, Hanseniaspora
guilliermondii, Saccharomyces beticus (production of bouquet com-
pounds) or Saccharomyces oviformis, that is called “final fermenta-
tion“ yeast with higher tolerance to alcohol. Yeast autolysis contrib-
utes to the bouquet of wine (Romano et al., 2003).

Different strains found on grapes from different vineyards are re-
sponsible for the distinctive bouquets of naturally fermented wines.
The yeast found on grapes varies significantly between regions and
also from vineyard to vineyard within a region. (Pennisi, 2005). Under
normal laboratory conditions the transcription profiles of wild winery
yeast and laboratory strains differ in a number of genes that are re-
lated to the typical properties of winery strains. The experiments
showed that winery yeasts are more colonized with transposons than
laboratory yeast. Transposons could be used as a reliable tool for
differentiation of industry yeast on the molecular level (Hauser et
al., 2001). Composition of grape microflora is also influenced by the
presence of molds. Weakly fermenting yeast species (Hanseniaspo-
ra, Issatchenkia, Clavispora, Metschnikowia, Pichia, Candida atd.)
are engaged at the beginning of fermentation of Botrytis—affected
grape must and are later substituted by the genus Saccharomyces
(Nisiotou et al., 2007).

Winery yeast and their ability to produce volatile thioalcohols and
other flavor—active compounds are essential for final aroma of wine.
Selection of production strain thus provides the possibility to alter the
taste of wine (Swiegers et al., 2009).

4.3 Baker’s yeast

Cell shape uniformity (oval or ellipsoidal) and stability of techno-
logical properties is required in baker's yeast similarly as it is for
brewer’s yeast. Baker’s yeast was obtained by the selection of strains
with lowered sporulation ability. Baker's yeast is made by aerobic
fermentation of acidified molasses mash adjusted with ammonium
salts and phosphate. The mash is heavily aerated and aerobic me-
tabolism of the yeast is also ensured by the repeated additions of
a fresh mash. The yeast then reproduces rapidly even in an environ-
ment with low concentration of salts. However, a low concentration of
alcohol is produced. Baker’s yeast should not agglutinate and should
not be liable to autolysis otherwise its longevity would be affected. In
media containing low concentration of glucose bakers yeast can
form biofilm and bind firmly to the base (Silhankova, 2002). Cell con-
tent of lipids, sterols and phospholipids is a determining factor of re-
sistance of the yeast to freezing (Gélinas et al., 1991).

Baker’s yeast is also of a therapeutic importance. Alcoholic ex-
tracts have been used for years for the treatment of hemorrhoids,
burns, and wounds. The extract contains three stress proteins (su-
peroxide dismutase, ubiquitin, and protein HSP 12) and acyl-CoA
binding protein Il. Immediate increase in cellular respiration and pro-
tein kinase activity in cells of mice model were observed on exposure
to the extract (Schlemm et al., 1999). Baker’s yeast is used as a com-
mon diet antigen for patients suffering from inflammatory bowel dis-
ease. Titres of antibodies to S. cerevisiae seem to be specific to
Crohn’s disease; this may be of great importance for distinguishing
Crohn’s disease from similar afflictions. The possibility of secondary
infection by an unknown agent that cross—reacts antigenically with S.
cerevisiae and causes the high titer of antibodies cannot be excluded
(Main et al., 1988).

4.4 Distillery yeast

Ethanol production is based mainly on the use of the genus Sac-
charomyces cerevisiae that is well adapted to various distillery
mashes, especially molasses and starch substrates. It exerts toler-
ance to ethanol and temperature (up to 30° C), high fermentation
rate (24—48 hours), high yield relating to the consumed substrate unit
and a low amount of by—products. Distilling yeast should not aggluti-
nate and sediment. It is not able to transform starch, pentoses and
lactose (Tvrdon and BéaleSova, 1986).

Today, ethanol is often produced using multispecies microbial con-
sortia containing yeast, bacteria and molds (Candida sp., Kluyvero-
myces, Monilia, Fusarium, Clostridium), or a cellulose or lignocellu-
lose complex is hydrolyzed and the released saccharides (hexoses
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losy (Rao et al., 2008). Lignoceluldsové zbytky (D-glukosa, D-xylosa)
vyuziva i kvasinka Pachysolen tannophilus (Sanchez et al., 2002).

4.5 Geneticky modifikované kvasinky

NejvhodnéjSim modelem pro genové manipulace u eukaryot jsou
kvasinky. Maji stabilni haploidni i diploidni stav, rostou rychle, je zde
moznost klonovani a snadna isolace mutantl. Geneticky modifikova-
né kvasinky jsou obvykle nepatogenni. Rekombinantni proteiny mo-
hou byt ziskany s malymi naklady v relativné velkém mnozstvi. Ne-
obsahuji toxiny ¢i virové inkluse, tim jsou bezpeéné i pro konzumaci
i Clovékem. Pozménéné ¢i umeélé kombinace gent méni ¢i doplhuji
genovou vybavu kvasinek, a to pfedevSim metabolické drahy, které
se tykaji tvorby sloucenin (vitaminy, aminokyseliny, antibiotika, enzy-
my). Doché&zi tedy k produkci bilkovin v nepfibuznych organismech
(Hee-Kyoung et al., 2009; Rosypal et al., 2002).

Pro modifikace se vyuziva mutagenese DNA, rekombinantnich
technik, regulace genové funkce, mimojaderné dédi¢nosti atd. U Sa-
ccharomyces cerevisiae byl objeven tzv. 2 um plasmid, ktery se stal
zakladem pro konstrukci fady episomalnich plasmidovych vektor(.
Dal$imi druhy vektord jsou integraéni ¢i replikaéni plasmidy, ,umélé“
chromosomy atd. (Brown, 2007).

Organismy, u nichZ jsou v nejvétsi mife provadény genové mani-
pulace, jsou Saccharomyces cerevisiae, Schizosaccharomyces
pombe a v poslednich letech vyrazné i Pichia pastoris, Yarrowia lipo-
lytica, Hansenula polymorpha ¢i Kluyveromyces lactis. Praktické vy-
uziti novych vlastnosti kvasinek a jejich produktd v primyslu, zemé-
délstvi a zdravotnictvi je zakladem pro moderni biotechnologie
(Rosypal et al., 2002).

Jako organismu pro intracelularni i extracelularni expresi hetero-
lognich protein( se velmi ¢asto vyuziva methylotrofni kvasinka Pichia
pastoris. Vyhodou proteint produkovanych P, pastoris je jejich sprav-
né sbaleni a spravna formace disulfidickych vazeb, glykosylace a vy-
luGovani. P, pastoris je malo naro€na na kultivaéni prostfedi, jako
zdroj energie a uhliku ji slouzi methanol. Diky jednoduchému slozeni
média se vylou€ené bilkoviny snéze Cisti a izoluji, coz P, pastoris zvy-
hodriuje oproti jinym kvasinkam ¢&i jinym mikroorganismim. V litera-
tufe se udava, ze P pastoris je schopna produkovat vice nez 400
prokaryotnich, eukaryotnich i virovych bilkovin (Chiruvolu et al.,
1997; Potvin et al., 2012).

4.6 Kvasinky jako modelovy systém

Vhodnym modelovym organismem pro studium exprese DNA i bil-
kovin, genovych manipulaci, posttransla¢nich modifikaci genového
produktu atd. u eukaryot jsou pravé kvasinky. Kvasinky jsou snadno
kultivovatelné a diky vysoké koncentraci metabolitl a hustoté bunék
je u nich mozné zjistit i mald mnozstvi metabolitdl. Umozfuji zméfit
i stresové odpovédi buriky spojené s metabolismem.

Schizosaccharomyces pombe je jeden ze Sesti eukaryotnich orga-
nizm(, jehoz genom byl kompletné osekvencovan; fyzicka mapa ge-
nomu v roce 1993 (Hoheisel et al., 1993; Mizukami et al., 1993),
osekvencovani genomu v roce 2001 (Wood et al., 2002). Tento jed-
nobunécény organismus ma 3 chromosomy s 4 824 geny, coz je méné
nez u neékterych prokaryot. V priméru ma jeden gen 2 528 bp. Diky
své ,jednoduchosti“ je vhodnym modelem pro fadu fysiologickych,
metabolickych pochodu i pro studium stavby buriky. Typickym zna-
kem chromosom( S. pombe jsou velké centromery. Neni ale zcela
jasné, pro¢ kvasinky, které se rozmnozuji pfi¢nym délenim, maji cen-
tromery asi 300—1000x vétsi nez stejné kvasinky, které se rozmno-
zuji pu¢enim (Wood et al., 2002).

Diky sekvencovani genomu je mozné zjistit, které geny jsou jedi-
ne¢né pro burky eukaryot. Vysoce konzervované geny mezi osek-
vencovanymi eukaryoty jsou napf. geny pro cytoskeleton, kontrolu
bunééného cyklu, proteolysu, atd. Celkem se urcilo 62 vysoce kon-
zervovanych genl u eukaryot, které nejsou pfitomny u prokaryot.
Tyto geny jsou nezbytné pro ,stélou” eukaryotickou strukturu buriky
(Yanagida, 2002).

Jako modelovy systém pro zobrazeni metabolismu cizorodych la-
tek byla vybrana kvasinka Saccharomyces cerevisiae, u niz mlze
probihat enzymaticka degradace latek jak anaerobnég, tak aerobné.
Biosimula¢ni model miize znaéné napomahat schvaleni 1éciv diky
zjisténi fysiologickych ucink( metabolitl [é¢iva a poskytuje podrob-
néjsi pohled na metabolismus léCiv v bunce (Clark a Hufford, 1991;
Pieper et al., 2009; Srisilam a Veeresham, 2003).

Kvasinka Yarrowia lipolytica (dfive Saccharomycopsis lipolytica) je
Siroce vyuzivana v primyslovych aplikacich (produkce citrénové ky-
seliny, SCP). Exkretuje fadu proteinu (zasadité nebo kyselé proteasy,
RNazy, lipasy) do média v mnozstvi, které je vyuzitelné pro primys-
lové aplikace. Y. lipolytica je vhodna také pro studium metabolickych

and pentoses) are then transformed anaerobically by the suitable
microorganism. The disadvantage of this method is the formation of
by—products that depreciate the quality of ethanol. Fermentation
mostly takes longer (Flores et al., 2000; Rao et al., 2008).

Non-traditional yeasts used for the ethanol production (or having
good characteristics) belong to the genera Pichia, Candida, Kluy-
veromyces, Issatchenkia, Rhodotorula, Zygosaccharomyces, Clavis-
pora, Debaryomyces, Metschnikowia and Cryptococcus, fermenting
xylose with ethanol yield of 0.12—0.38 g/g xylose (Rao et al., 2008).
Lignocellulose residues (D-glucose, D-xylose) are transformed by
the yeast Pachysolen tannophilus (Sanchez et al., 2002).

4.5 Genetically modified yeast

Yeast is the most reliable model for the genetic manipulations in
eukaryotes since it possesses stable haploid and diploid state, fast
growth, and can be used for cloning and easy mutant isolation. Ge-
netically modified yeast is normally not pathogenic. Recombinant
proteins are obtained at a low cost in a relatively high quantity. They
are free of toxins or viral inclusions and thus safe for consumption
even by humans. Altered or artificial gene combinations change or
complement the genetic apparatus of yeast, especially metabolic
pathways related to the production of vitamins, amino acids, antibio-
tics and enzymes. Thus the proteins are produced in unrelated or-
ganisms (Hee-Kyoung et al., 2009, Rosypal et al., 2002).

Several techniques are used for genetic modifications — DNA mu-
tagenesis, recombinant techniques, regulations of gene functions,
extranuclear inheritance, etc. In Saccharomyces cerevisiae, a 2 ym
plasmid is essential for the preparation of a series of episomal plas-
mid vectors. Other vectors include integrative or replicative plasmids,
artificial chromosomes, etc. (Brown, 2007).

Organisms that undergo most frequently genetic manipulation in-
clude Saccharomyces cerevisiae, Schizosaccharomyces pombe and
lately also Pichia pastoris, Yarrowia lipolytica, Hansenula polymor-
pha and Kluyveromyces lactis. Practical use of new properties of
yeast and their products in industry, agriculture and medicine is the
basis for modern biotechnologies (Rosypal et al., 2002).

The methylotrophic yeast P, pastoris is widely used for the intracel-
lular and extracellular expression of heterologous proteins. The ad-
vantage of protein production in P, pastoris is the correct folding and
formation of disulfide bonds, glycosylation and extrusion. P. pastoris
is a modest microorganism, using methanol as a source of energy
and carbon. Owing to the simple composition of media the proteins
extruded by P, pastoris are easy to purify and isolate compared to
other microorganisms. Production of more than 400 prokaryotic, eu-
karyotic and viral proteins using P pastoris has been described
(Chiruvolu et al., 1997; Potvin et al., 2012).

4.6 Yeast as a model system

Yeast is a reliable model organism for the study of DNA and protein
expression, gene manipulations, post—translation modifications, etc.
Yeast is easy to cultivate and an ultra—low concentration of metabo-
lites can also be detected with regards to the obtainable concentra-
tion of cells and their metabolites. Yeast can be used for measure-
ments of stress responses connected with metabolism.

The genome of Schizosaccharomyces pombe is one of the six eu-
karyotic genomes that was completely sequenced; physical map was
produced in 1993 (Hoheisel et al., 1993, Mizukami et al., 1993), ge-
nome sequencing in 2001 (Wood et al., 2002). The genome of S.
pombe comprises 3 chromosomes with 4 824 genes and is thus
smaller than in some prokaryotes. The average size of one gene is
2 528 bp. Because of this ,simplicity“ S. pombe is a reliable model for
the study of physiological and metabolic processes and also for the
cell architecture studies. S. pombe has long centromeres. It is not
clear why the centromeres of S. pombe (reproducing by binary fis-
sion) are 300—1,000 times larger than those of S. cerevisiae that re-
produces by budding (Wood et al., 2002).

The genes unique for eukaryotes can be found by means of se-
quencing. Highly conserved genes (within the eukaryotes sequenced
to date) include, e.g. genes encoding cytoskeleton, genes responsi-
ble for cell cycle control, proteolysis, etc. A total of 62 highly con-
served genes unique for eukaryotes (and not present in prokaryotes)
are essential for eukaryotic organization to be established (Yanagi-
da, 2002).

S. cerevisiae is used as a model system for the research of the
metabolism of xenobiotics since the yeast is able to degrade hetero-
geneous substances by means of anaerobic as well as aerobic path-
ways. The bio—simulation model allows for determining the physio-
logical effects of drug metabolites and may thus be helpful in drug
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drah (Beckerich et al., 1998; Gonzales-Lopez et al., 2002; Nelson
aYoung, 1987).

4.7 Patogenni kvasinky

Mezi kvasinkami se vyskytuje malo patogennich rodl, nejéastéjsi
jsou rody Candida, Cryptococcus, Malassezia a Trichosporon. Vétsi-
nou jde o potencialni patogeny, které vyvolavaji onemocnéni zejmeé-
na u oslabeného organismu (Thewes et al., 2008). V poslednich le-
tech pfibyvaji klinické nalezy i dalSich kvasinek (Geotrichum,
Rhodotula, Saccharomyces, Hansenula) u pacientll se snizenou
imunitou (napf. lé¢ba antibiotiky, kortikoidy, prodélany chirurgicky za-
krok, zdvazné onemocnéni — AIDS, leukémie). Neni ovéem zcela
jasné, zda tyto kvasinky pfimo souvisi s onemocnénim (Bonini et al.,
2008; Mestroni a Bava, 2003).

Candida albicans bézné kolonizuje slizni¢ni povrchy. Pro oslabeny
organismus se mUze stat patogenem a miize zpUsobit chronické po-
vrchové infekce, v hor§im pripadé i multiorganové smrtelné infekce.
Patogenita zavisi na zméné exprese, funkce a aktivité béznych gent
(Meiler et al., 2009; Thewes et al., 2008). Candida glabrata je dalsi
klinicky bézné izolovanou kvasinkou. Mechanismus virulence C.
glabrata neni zcela pfesné znam, ale pfisuzuje se zménam v karyo-
typu, kdy organismus bud ztrati, nebo ziskd chromosom (Polédkovéa
et al., 2009).

Cryptococcus neoformans je opouzdiend kvasinka, kterda mlze
byt pfilezitostny vnitrobunéény patogen a mize zplisobovat nemoci
u pacientl se snizenou imunitou, zejména u lidi s AIDS, pacientl
s transplantacemi nebo zhoubnymi nadory (Wozniak a Levitz, 2008).
Malassezia spp. je soucasti bézné kozni mikroflory lidi i zvifat,
u oslabeného organismu mlze zpUsobovat kozni i systémové one-
mocnéni (Tai-An a Hill, 2005). Trichosporon spp. je oportunné pato-
genni kvasinka, ktera je béznym etiologickym agens rozSifenych
kvasinkovitych infekci a bilych plisfiovitych onemocnéni vlast (Cha-
gas-Neto et al., 2008). Klinicky vyskyt Trichosporon asahii se tyka
pfedevsim vaznych systémovych a nosokomidalnich infekci pfed¢as-
né narozenych déti nebo novorozenct (Téllez-Castillo, et al., 2008).

Saccharomyces cerevisiae je rovnéz oportunni patogen. V sou-
Casné dobé vzrista pocet klinickych isolatt od jedincl se snizenou
imunitou. Ve studii Wheeler et al. (2003) byla porovnavana virulence
kmene isolovaného z klinického materialu, kmene izolovaného
z ovoce a bézného laboratorniho kmene na mySim modelu. Kmeny
z klinického a rostlinného materialu byly pro my$ letalni, laboratorni
kmen se ukazal jako avirulentni. Virulentni kmeny neobsahovaly gen
ssd1 arostly za vy$8i teploty. Potlaceni funkce genu ssdi, které vede
ke zménam slozeni a stavby bunééné stény, je pravdépodobné pfici-
nou rlstu virulence klinického i rostlinného kmene S. cerevisiae
(Wheeler et al., 2003).

5 ZAVER

Pro vyuZiti kvasinek v potravinairském priimyslu je asi nejdulezitéj-
§im organismem Saccharomyces cerevisiae, diky které lidé jiz po ti-
sicileti slastné okouseji chut piva, vina, lihovin a kynutého peciva.
Nutno ale dodat, ze tato chut se neustale méni, coz je dano jednak
pfirozenym vyvojem a mutacemi, ale i pusobenim (zasahem) lidi
a jejich Cinnosti, a to jak pfi genetickych modifikacich kvasinek, tak
pfi ovliviiovani zivotnich podminek, kterym se kvasinky snazi neu-
stale pfizpusobit.

Nékteré kvasinky jsou oportunné patogenni. Virulenci znané na-
pomaha tvorba slizovitého pouzdra nebo tvorba biofilmu. Nej¢astéji
propuka kvasinkovité onemocnéni u lidi s oslabenou imunitou
(po 1é¢bé antibiotiky, po operaci, pfi vazné chorobé atd.).

Neméné duleZité jsou kvasinky jako modelovy organismus. Rychle
se déli, jejich cely genom je osekvencovan, jsou snadno kultivovatel-
né, ,mnohé“ jiz o nich vime a navic genetickymi zdsahy mizeme
snadno ovlivnit jejich chovani. Proto jsou vhodné jako modely rlz-
nych metabolickych, fysiologickych drah &i genetiky eukaryot. DalSi
velkou vyhodou je, Ze zadni aktivisté nebudou bojovat za prava kva-
sinek, kdyz se na nich bude napf. zkousSet Ucinek zdravi Skodlivé lat-
ky, jako tomu je u zvifecich model(.
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approval process (Clark and Hufford, 1991; Pieper et al., 2009; Srisi-
lam and Veeresham, 2003).

The yeast Yarrowia lipolytica (formerly Saccharomycopsis lipolyti-
ca) is widely used in industrial applications (citric acid production,
production of single cell protein). It excretes a range of proteins (al-
kaline or acid proteases, RNases, lipases) into the media in a quan-
tity convenient for industrial use. Yarrowia lipolytica is also suitable for
metabolic pathway research (Beckerich et al., 1998; Gonzales-Lopez
et al., 2002; Nelson and Young, 1987).

4.7 Pathogenic yeasts

Only a few yeast genera are pathogenic, namely Candida, Crypto-
coccus, Malassezia and Trichosporon. In most cases they are op-
portunistic pathogens causing diseases to an immunocompromised
organism (Thewes et al., 2008). However, other yeast genera (Geot-
richum, Rhodotorula, Saccharomyces, Hansenula) have recently
been found in clinical material from patients with reduced immunity
(e.g. under treatment with antibiotics, corticoids, after surgical treat-
ment, or suffering from serious disease — AIDS, leukemia). It is not
clear if the presence of yeast directly relates to the disease (Bonini et
al., 2008; Mestroni and Bava, 2003).

Candida albicans is a common commensal of the human micro-
flora but it can also cause a variety of infections ranging from super-
ficial mucosal infections to hematologically disseminated afflictions.
Its virulence depends on the differences in the expression, function
or activity of common genes (Meiler et al., 2009, Thewes et al.,
2008). Candida glabrata is also commonly isolated from clinical ma-
terial. The mechanisms of its virulence have not been fully elucidated
but it is believed to be caused by changes of yeast karyotype — loss
or acquisition of a chromosome (Polakova et al., 2009).

Cryptococcus neoformans is an encapsulated yeast, opportunistic
intracellular pathogen that may cause diseases to patients with re-
duced immunity, especially those suffering from AIDS, patients with
transplantations or malignant tumors (Wozniak and Levitz, 2008).
Malassezia spp., as a component of common skin microflora of peo-
ple and animals, may cause skin and systemic disease to immuno-
compromised patients (Tai—An and Hill, 2005). Opportunistic patho-
genic yeast Trichosporon spp. is a common etiological agent of
widely distributed yeast infections and white piedra, mycosis of the
hair (Chagas-Neto et al., 2008). Clinical incidence of Trichosporon
asabhii relates predominantly to serious systemic and nosocomial in-
fections of prematurely born infants or newborns (Téllez-Castillo et
al., 2008).

Saccharomyces cerevisiae is also an opportunistic pathogen. At
present it is being increasingly isolated from immunocompromised
patients. The virulence of a clinical isolate, a wild—type strain isolated
from fruit, and a common laboratory strain was compared in a mouse
model. The plant strain was lethal for mice while the laboratory strain
was avirulent. Virulent strains did not contain the ssd1 gene and grew
at a higher temperature. Suppression of the ssd1 gene leading to
changes in the composition and cell wall structure of the yeast cell
surface causes probably increase in virulence (Wheeler et al., 2003).

5 CONCLUSION

The most important organism in terms of use in food industry is
probably Saccharomyces cerevisiae, which has for thousands of
years been responsible for the delight people experience when tast-
ing beer, wine, spirits and raised bread and pastry. It should be not-
ed, however, that this taste keeps constantly changing owing to natu-
ral selection and mutations, and also owing to the interventions into
the activity of yeast caused by humans. These interventions include
both genetic modifications of yeast and manipulations with the life
conditions, which yeast has to face and adjust to.

Some yeasts are potential pathogens. Virulence is promoted by
the capsule or biofilm formation. Immunocompromissed people (after
a treatment with antibiotics, surgical treatment, serious diseases,
etc.) are the most prone to yeast infection.

Use of the yeast as a model organism is of no less importance. It
reproduces fast, its genome is known, it is easy to cultivate, much is
already known about it and its behavior can furthermore be affected
by genetic treatments. Thus it is suitable as a model for the research
into eukaryotic metabolism, physiology and genetics. Another great
advantage is that yeast. unlike the animal models, does not induce
any activists to fight for its rights, and can be safely used for testing,
e.g., effects of substances hazardous for human health.
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