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Matoulkova, D. — Savel, J.: Pivovarstvi a taxonomie pivovarskych kvasinek. Kvasny Prum. 53, 2007, ¢. 7-8, s. 206-214.

Clanek se zabyva historii, metodami a sou¢asnym stavem taxonomie pivovarskych kvasinek. Pro zajisténi standardnosti hotového piva je
dulezité pouziti Cistych kultur kvasinek pfi jeho vyrobé. Dfive byly kvasinky klasifikovany na zakladé svého fenotypu metodami tzv. tradiéni
taxonomie, které jsou v ¢lanku struéné zminény. V kratkém prehledu se uvadi historie klasifikace a nomenklatury pivovarskych kvasinek. Po-
zornost je dale vénovana pfedevsim molekularné-biologickym technikam, které umoznuji klasifikaci kvasinek na zakladé jejich fylogenetické
pfibuznosti. V ¢lanku jsou vysvétleny zakladni principy vybranych molekularnich metod a jejich vztah k taxonomii pivovarskych kvasinek. Au-
tofi doporuéuji vratit se k historickému oznaceni Saccharomyces carlsbergensis pro kvasinky spodniho kvaseni a Saccharomyces cerevisiae
pro svrchni pivovarské kvasinky.

Matoulkova, D. — Savel, J.: Brewing and the taxonomy of brewer’s yeast. Kvasny Prum. 53, 2007, No. 7-8, pp. 206-214.

The review deals with the history, methods and current state of brewer’s yeast taxonomy. An important factor in ensuring standard quality
of finished beer is the use of pure yeast cultures in the production. Yeast used to be classified on the basis of its phenotype by the methods
of traditional taxonomy, which are briefly addressed in the text. A short overview is given of the history of brewer’s yeast classification and
nomenclature. Particular attention is paid to molecular biological techniques that enable us to classify yeast on the basis of its phylogenetic
relatedness. Basic principles of selected molecular biological methods and their use in brewer’s yeast taxonomy are explained. We recom-
mend restoring the historical name Saccharomyces carlsbergensis for bottom yeast and using Saccharomyces cerevisiae for top brewer’s
yeast.

Matoulkova, D. — Savel, J.: Brauwesen und Taxonomie der Brauhefe. Kvasny Prum. 53, 2007, Nr. 7-8, S. 206—-214.

Der Artikel befasst sich mit der Geschichte, Methoden und dem gegenwartigen Zustand der Taxonomie von Brauhefe. Fur eine Sicherung
des Standards vom fertigen Bier wahrend der Herstellung ist wichtig eine Anwendung von Reinkulturbierhefen zu sichern. Friiher wurden die
Stédmme der Bierhefe auf Grund ihres Phanotypus durch die im Artikel erwahnten Methoden einer traditionellen Taxonomie klassifizert. Im
einen kurzen Ubersicht wurde die Geschichte der Klassifizierung und Nomenklatur der Bierhefe erwéhnt. Weiterhin wurde eine Aufmerk-
samkeit der Molekular — Biologischentechnik gewidmet, weil diese Technik auf Grund der phylogenetischen Verwandtschaft der Brauhefe
ihre Klassifizierung erméglicht. Im Artikel wurden weiterhin eine Grundprinzipien der ausgewahlten Molekularmethoden aufgeklart und ihr
Verhéltnis zu der Taxonomie der Bierhefe. Die Verfasser empfehlen einen Rickgang zur historischen Benennung Saccharomyces carlsber-
gensis fur untergarige Hefe und Saccharomyces cerevisiae fir obergérige Hefe zu akzeptieren.

MaroynkoBa, [l. — LLlaBen, §1.: TuBoBapeHue n TakCOHOMUA NMBOBaPEHHbIX Apoxoken. Kvasny Prum. 53, 2007, Ho. 7-8, cTp. 206-214.

CrtaTbsl 3aHMMaeTCsH UCTOPUEN, MeToAaMy U COBPEMEHHbIM COCTOSIHUEM TaKCOHOMMUW MMBOBAPEHHbIX Apoxoken. [ina obecrneveHus
CTaHJapPTHOCTU NMBa SBNSETCS Ba>KHbIM NMPUMEHEHUE YUCTOWN KynbTypbl APOXOKEN BO BPEMSA ero NpoussofcTea. PaHee 6binn gpoxoku
KnaccmgumumpoBaHbl Ha OCHOBE (DeHOTMNA METOA4AMM T. Ha3. TPAAMLMOHHON TaKCOHOMUM, KOTOPbIE B CTaTbe BKpaTLe BCroMuHatoTcs. B
KOPOTKOW nepeyeHn NpuBOAUTCSA UCTOPUS KnaccudmKauum n HOMEHKNaTypbl MMBOBAPEHHbIX APOXOKen. BHUMaHune yaensaetca npexae
BCEro MONeKynspHO-61OMOrM4eckuM TeXHUKaM, NO3BOMSOLWMUM KaccuuLumpoBaTh APOXOKM HA OCHOBE (DUITIOrEHETUHECKOro CPOACTBA.
B ctaTbe 06bsiCHEHbI OCHOBHbIE Hayana n3bpaHHbIX MOMEKYAPHbIX METOAOB U MX OTHOLUEHUE K TAKCOHOMUM NMBOBAPEHHbIX APOXOKEN.
ABTOpPbI PEKOMEHAYIOT BEPHYTLCSA K UCTOPUYECKOMY 0603HadeHnto Saccharomyces carlsbergensis ons OPOXOKUM HKHErO BPOXXEHUsT 1
Saccharomyces cerevisiae ons BepxHeEO6POASALNE APONOKM.
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1 UvoD

Vyroba piva je jednou z nejstarSich lidskych cinnosti, ktera od
doby vzniku prodélala sice urcité zmeény, ale zachovala svou pod-
statu. S vyvojem lidského poznani se postupné odhalovaly pfi€iny
pribéhu jednotlivych ¢lankl vyrobniho procesu, praktické zmény
se vSak prosazovaly pomaleji (mozna ku prospéchu véci).

Pivovarska vyroba se zaklada na vyuziti kvasinek. Kvasnice jsou
skute¢né surovinou zvlastni povahy [1]. Pokud se néco v pivovaru
nedari, mohou za to ¢asto dva vinici: vyrobci sladu a dodavatelé
kvasnic, mezi néz se ochotné zahrne mikrobiologické oddéleni pi-
vovaru v pfipadé vlastni propagacni stanice. Ve starsi odborné lite-
ratufe byl dobfe znamy termin degenerace kvasnic, ktery vSak
zjevné zahrnoval nezadouci zmény vlastnosti kvasnic zpusobené
jak genetickymi zménami, tak zmé&nami vnéjSich podminek.

S podstatou kvasnic si nedoved| poradit ani pvodni némecky Za-
kon o Cistoté piva (Reinheitsgebot), ktery nemohl dobfe definovat
v této dobé jesté nedostatec¢né poznanou surovinu. Pfi¢inu kvaseni
piva definitivné odhalil az Louis Pasteur okolo roku 1876, kdy uve-
fejnil svou slavnou Studii o pivu [2].

V pomérné kratké dobé nalezl Pasteurtv objev praktické vyuZziti
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1 INTRODUCTION

Beer production is one of the oldest human activities; since its be-
ginning the process has undergone changes but retained its principle.
With the progress in human knowledge the causes and the course of
events in individual steps of the production process have gradually been
elucidated but practical changes were slower to come (which can con-
ceivably have been beneficial).

Beer brewing is based on the use of yeast, which represents a raw
material of a peculiar nature [1]. If something goes wrong in the bre-
wery, there are usually two culprits: malt producers and yeast suppliers.
If the brewery has its own propagation unit, the section of microbiology
of the brewery is usually readily included among the latter. Older bre-
wing literature used the well-known term yeast degeneration, which ob-
viously denoted undesirable changes in yeast properties caused by both
genetic changes and changes in external conditions.

The nature of yeast was still an enigma for the original German Act
on Beer Purity (Reinheitsgebot), since at the time of its appearance this
raw material was not yet sufficiently known. The cause of beer brewing
was disclosed only by Louis Pasteur around 1876, when he published
his famous Study on Beer [2].
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v podobé pouzivani istych kvasni¢nych kultur a konstrukce prvni
propagacni stanice v roce 1883 (E.C.Hansen). V té dobé se také
vyrazneé vydéluji svrchni a spodni pivovarské kvasnice, které umoz-
fovaly vyrobu piva za rozdilnych podminek. TehdejSi metody vSak
nedovedly jesté rozlisit rozdilny pavod téchto kmenu.

Pouziti kvasnic k vyrobé oblibeného napoje je mozné i bez tohoto
objevu v podobé spontanné kvasenych piv s ne zcela pfesné defi-
novanou mikroflorou, zahrnujici ¢asto kromé kvasinek i bakterie.
Cisté kultury kvasinek nalezly uplatnéni zejména v pivovarské vel-
kovyrobé, kde s rostouci vyrobou bylo zapotrebi zajistit jeji stan-
dardnost.

Vyuzivani ¢Cistych kmenu souviselo jiz od samého zacatku s je-
jich rozlisenim a specifikaci. Tyto kmeny se spojovaly s vyrobou ur-
¢ité znacky piv, a staly se pro né typické [3, 4]. Plvodné se pouzi-
valo vice kmenu v jednom pivovaru, pro potize s jejich oddélenym
uchovavanim v$ak pocet kment klesal.

Teprve v posledni dobé se objevuji moznosti, jak spolehlivé zaji-
stit ,odrldovou ¢&istotu“ kvasni¢nych kmenu, pouzivanych tradiéné
pro vyrobu piva. Tyto fascinujici moznosti poskytuji nové metody mo-
lekularni biologie.

U mnohych pivovarskych praktikG nenalezly zmény v taxonomii
pochopeni, nebot plvodni rozli§eni na Saccharomyces cerevisiae
a S. carlsbergensis bylo naru$eno jejich prefazovanim k rdznym
druhdm [5]. Tézko pochopitelna byla i skute¢nost, Ze kulturni kva-
sinky splyvaly pojmenovanim s kvasinkami dfive dlisledné oznaco-
vanymi jako cizi, nebo divoké, napf. S. pastorianus, S. uvarum
a S. logos, popf. S. bayanus. Tento vyvoj vyustil v uvedeni dfivej-
§iho druhu S. carlsbergensis pouze jako jiz neplatného synonyma
pivovarské kvasinky S. pastorianus.

Tato situace také méni odpovéd na otazku, co jsou kulturni a cizi
pivovarské kvasinky, nebot vyroba svrchnich piv se postupné roz-
Sifuje i v Cgske’ republice. V minulosti se za kulturni kvasinky po-
vazovaly v Cechach vyhradné kvasinky spodniho kvaseni. Tyto da-
vody vedly k hlubsimu studiu pivovarskych kvasinek zahrnujicimu
i historii zmén jejich nazvl. Stejnému tématu se vénuje i tento ¢la-
nek, ktery se pokousi vysvétlit taxonomické zmeény pivovarskych
kvasinek na zakladé historie taxonomickych metod.

2 TRADICNi TAXONOMIE

Taxonomie je védni obor, ktery se zabyva teoreticky i prakticky
klasifikaci organizm0 a jejich pojmenovanim podle mezinarodné
uznavanych nomenklaturnich pravidel. Klasifikaci rozumime zafa-
zovani organizmi do taxonomickych skupin na zakladé jejich po-
dobnosti a pfibuznosti. Praktickou aplikaci taxonomie je identifikace,
tedy uréovani neznamych organizm. Klasifikace a identifikace jsou
Uzce spjaty, nebot identifikace zavisi na zpusobu, jakym jsou orga-
nizmy klasifikovany, a klasifikaéni schéma by mélo uleh¢ovat iden-
tifikaci [6].

Zakladni taxonomickou jednotkou (taxonem) je druh. Druh se
muize definovat napf. jako soubor populaci odvozenych od spole¢-
ného predka podobnym zplsobem a s podobnou dédiénosti, odli-
$eny od ostatnich druhl organizm0 pfirozenou selekci pod vlivem
vnejsich podminek [7].

Kazdy druh je reprezentovan typovou kulturou (typem), podle
které je sestavovan popis daného druhu. Typovou kulturou je vétsi-
nou jeden z prvnich studovanych kment daného druhu, byva dobre
charakterizovan, ale nemusi vzdy byt pro dany druh nejreprezen-
tativnéjsi [7, 8]. V rdmci druhu jsou v taxonomii kvasinek rozli$o-
vany rlizné kmeny, které Ize definovat jako ¢Cisté kultury izolované
z jedné bunky nebo spory [7]. Kmeny jsou tedy, pomineme-li mu-
tace, geneticky homogennimi populacemi [6].

Klasifika¢ni metody tzv. tradié¢ni taxonomie zahrnuji morfologické,
biochemické a fyziologické testy — organizmy jsou klasifikovany na
zékladé velikosti a tvaru bunék, struktury bunééné stény, zplsobu
vegetativniho rozmnoZovani, existence sexualni reprodukce a jejiho
zplsobu, schopnosti utilizovat rlizné substraty, ristu v tekutém mé-
diu a pfi razné teploté, osmotickém tlaku, popf. citlivosti nebo rezi-
stence k antibiotikiim apod. Tyto metody jsou vétSinou pracné a ¢a-
sové narocné, a vzhledem ke skutecnosti, Ze fenotypové vlastnosti
jsou ovlivnény pouzitym kmenem a kultivaénimi podminkami, byvaji
vysledky téchto technik znaéné proménlivé, a tedy ne zcela spo-
lehlivé [6, 7, 9, 10].

3 HISTORIE KLASIFIKACE A NOMENKLATURY PIVOVAR-
SKYCH KVASINEK

Nazev Saccharomyces (latinsky “cukerna houba”) zaved! v roce

In a short time, Pasteur’s discovery found its practical application in
the form of the use of pure yeast cultures and the construction of the
first propagation unit in 1883 (E.C. Hansen). This period also saw a clear
distinction being made between top and bottom brewer’s yeast, which
made it possible to produce beer under different conditions. However,
the methods of that time did not allow the determination of the different
origin of these strains.

Yeast can be used for producing the popular drink even without this
knowledge — some beers are spontaneously fermented with microflora
that is not precisely defined and may include, in addition to yeast, also
bacteria. Pure yeast cultures found their use mainly in large-scale beer
production in which the increasing output made it necessary to ensure
standard features of the process.

From the very beginning, the use of pure strains has been associated
with their distinction and specification. These strains were connected with
the production of a certain beer brand and became typical for the given
brands [3, 4]. Originally, more strains were used in a single brewery but
the problems with their separate maintenance reduced their numbers.

Only recently, new possibilities have appeared how to ensure reliably
the “variety purity” of yeast strains used traditionally for beer production.
These fascinating possibilities are provided by new methods of mole-
cular biology.

Many practicing brewers have not accepted the changes in yeast taxo-
nomy, since the original distinction of Saccharomyces cerevisiae and Sac-
charomyces carlsbergensis was obliterated by their classification to diffe-
rent species [5]. Another fact that was hard to accept was that cultural yeast
assumed the same names as yeast species previously firmly denoted as
foreign or wild, e.g. S. pastorianus, S. uvarum, S. logos, or S. bayanus.
This situation resulted in denoting the previous species S. carlsbergensis
as a mere no-longer-valid synonym of the brewer’s yeast S. pastorianus.

This situation also impacts on the question of what are cultural and
foreign brewer’s yeasts since the production of beers with top yeast is
gradually spreading also in the Czech Republic. In the past, only bot-
tom yeast strains were considered in this country as cultural yeasts. All
these reasons led to a more detailed study of brewer’s yeast including
the history of changes in its nomenclature. This topic is also the subject
of this paper, which attempts to explain taxonomical changes of bre-
wer’s yeast on the basis of the history of taxonomical methods.

2 TRADITIONAL TAXONOMY

Taxonomy is a science branch that deals with both theoretical and
practical aspects of classification of organisms and their nomenclature
based on internationally accepted nomenclature rules. The term clas-
sification denotes placing organisms into taxonomical groups according
to their similarity or relatedness. The practical application of taxonomy
is the identification, i.e. determination, of unknown organisms. Classifi-
cation and identification are closely connected since identification de-
pends on the manner in which the organisms have been classified, and
the classification scheme should facilitate identification [6].

The basic taxonomical unit, i.e. taxon, is species. Species can be de-
fined, e.g., as a set of populations derived in a similar way and with si-
milar heredity from a common ancestor, and distinguished from other
types of organisms by natural selection under the influence of external
conditions [7].

Each species is represented by a type culture (type), which serves
as a paradigm for the description of given species. The type culture is
mostly one of the first studied strains of the given species; it is usually
well-characterized but need not be the most representative for the spe-
cies [7, 8]. Within a species, yeast taxonomy distinguishes different stra-
ins, which can be defined as pure cultures isolated from a single cell or
spore [7]. If one does not consider mutations, strains are therefore ge-
netically homogeneous populations [6].

Classification methods of the so-called traditional taxonomy include
morphological, biochemical and physiological tests. The organisms are
classified according to the cell size and shape, cell wall structure, type
of vegetative reproduction, existence of sexual reproduction and its man-
ner, ability to utilize different substrates, growth in liquid medium and at
different temperatures and osmotic pressures, susceptibility or resi-
stance to antibiotics, etc. These methods are usually laborious and time-
consuming and their results can considerably vary and may lack relia-
bility due to the fact that the phenotypic properties are affected by the
strain under investigation and by cultivation conditions [6, 7, 9, 10].

3 HISTORY OF BREWER’S YEAST CLASSIFICATION AND
IDENTIFICATION

The name Saccharomyces (“sugar fungus” in Latin) was introduced
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1838 némecky biolog Julius Meyen. Pojmenovany byly v té dobé tfi
druhy, S. cerevisiae, S. pomoruma S. vini, nazvané jednodus$e podle
mista svého vyskytu: v pivu, kvasici ovocné stavé a ve viné [11].

Rod Saccharomyces vsak presné definoval az v roce 1870 né-
mecky botanik Max Reess. Podle Rainieri a kol. [9] to byl také Re-
ess, ktery odliSil a pojmenoval kvasinky fermentujici ovocné Stavy
jako S. ellipsoideus a pivovarské jako S. pastorianus. Kockova-Kra-
tochvilova v8ak uvadi, Zze Reess pouzival pro pivovarské kvasinky
nazev S. cerevisiae, které zavedl Meyen [7].

V osmdesatych letech 19. stoleti vyvinul dansky botanik a mik-
robiolog Emil Christian Hansen techniku izolace a udrzovani Cistych
kultur kvasinek (pojem ¢ista kultura znamena kultura odvozena z je-
diné buriky). Zavedl také jako prvni pouzivani vybranych kultur v pi-
vovarstvi a odlisil svrchni kvasinky (S. cerevisiae) od kvasinek spod-
niho kva$eni, které nazval Saccharomyces pastorianus [9].

Hansen rovnéz pojmenoval a popsal spodni pivovarské kvasinky
Saccharomyces carlsbergensis podle znamého pivovaru Carlsberg
v Dansku a S. monacensis podle mnichovského piva [7]. Kvasinky
se v této dobé odliSovaly hlavné na zékladé tvaru bunék a rlizného
chovani béhem fermentace [12].

Prvni systém kvasinek byl sestaven v roce 1912 francouzskym
botanikem Guilliermondem a zakladal se na bunécné morfologii
a schopnosti kvasinek zkva$ovat nékolik riiznych monosacharida.
Podle Guilliermonda byly spodni pivovarské kvasinky nadale ozna-
Ceny jako S. carlsbergensis a svrchni jako S. cerevisiae [9].

V roce 1952 pfi reklasifikaci kvasinek zatim zlstavaly zachovany
tyto nazvy pivovarskych kvasinek [13], ale béhem dal$i reklasifikace
v roce 1970 byly na zakladé biochemické podobnosti slouceny
spodni pivovarské kvasinky, do té doby nazyvané S. carlsbergen-
sis, s druhy S. uvarum a S. logos do spoleéného druhu S. uvarum,
ktery popsal jiz v roce 1898 Beijerinck [7, 12, 14].

V ramci této reklasifikace byl van der Waltem zaveden druhovy
komplex Saccharomyces sensu stricto (v Uzkém slova smyslu),
ktery zahrnoval 21 druhd kvasinek vyuzivanych v kvasnych tech-
nologiich [14]. V roce 1984 bylo vSech 21 druh( tohoto komplexu
zredukovano do jediného druhu Saccharomyces cerevisiae (obr. 1).
Spodni pivovarské kvasinky, do té doby oznac¢ované jako S. uva-
rum, a svrchni S. cerevisiae, byly tedy slou¢eny do spole¢ného
druhu [15].

Dlvodem této reklasifikace byla skute¢nost, Ze za laboratornich
podminek bylo kfizenim v§ech 21 pGvodnich druhl komplexu Sac-
charomyces sensu stricto, a tedy i spodnich a svrchnich kvasinek
navzajem, dosazeno produkce fertilniho potomstva, coz naznaco-
valo blizkou pfibuznost a podle tehdejsi definice druhu také zara-
zeni do spole¢ného druhu [6, 12, 16]. Tento zdanlivé zjednodusu-
jici stav ovSem netrval ani tak dlouho, aby byl spoleény nazev
Saccharomyces cerevisiae pro oba typy pivovarskych kvasinek
v technologii vyroby piva pfijat.

4 MOLEKULARNI TAXONOMIE
S néstupem tzv. molekuléarni taxonomie v devadesétych letech

20. stoleti se vyrazné zménila klasifikace mikroorganizmu. Pivovar-
ské kvasinky, a mikroorga-

in 1838 by the German biologist Julius Meyen. Three species were de-
signated at that time — S. cerevisiae, S. pomorum and S. vini — each
named simply according to the site of its occurrence, i.e. in beer, fer-
menting fruit juice and wine [11].

However, exact definition of the genus Saccharomyces was provided
as late as in 1870 by the German botanist Max Reess. According to Ra-
inieri et al. [9], Reess was also responsible for distinguishing and na-
ming yeasts fermenting fruit juices as S. ellipsoideus and brewer’s ye-
ast as S. pastorianus. However, according to Kockova-Kratochvilova,
Reess used for brewer’s yeast the name S. cerevisiae introduced by
Meyen [7].

In 1890s the Danish botanist and microbiologist Emil Christian Hansen
developed the technique for isolation and maintenance of pure yeast cul-
tures (the term pure culture denotes a culture derived from a single cell).
He was also the first to introduce the use of selected cultures in brewing,
and distinguished top fermentation yeast (S. cerevisiae) from bottom fer-
mentation yeast, which he named Saccharomyces pastorianus [9].

Hansen also named and described bottom brewery yeast Saccha-
romyces carlsbergensis according to the well-known Carlsberg brewery
in Denmark, and S. monacensis according to the Munich beer [7]. At
that time, yeasts were distinguished mainly according to the cell shape
and different behavior during the fermentation [12].

The first yeast classification system was set up in 1912 by the French
botanist Guilliermond; it was based on cell morphology and the ability
of yeast to ferment several different monosaccharides. According to Gu-
iliermond, bottom yeast continued to be named S. carlsbergensis and
the top one S. cerevisiae [9].

While the reclassification of yeast in 1952 retained these names of
brewery yeasts [13], the following reclassification in 1970, on account
of biochemical similarity, merged the bottom brewery yeast previously
called S. carlsbergensis and the species S. uvarumand S. logos to form
a single species S. uvarum that had been described in 1898 by Beije-
rick [7, 12, 14].

Within the framework of this reclassification, van der Walt introduced
the species complex Saccharomyces sensu stricto (in the strict sense
of the word), which included 21 yeast species used in fermentation tech-
nologies [14]. In 1984 all 21 species of this complex were embodied into
a single species Saccharomyces cerevisiae (Fig. 1). Bottom brewery
yeast, previously named S. uvarum, and the top yeast S. cerevisiae
were thus joined in a single common species [15].

The reason for this classification was the fact that crossing of all 21
original species of the Saccharomyces sensu stricto complex including
bottom and top yeast under laboratory conditions produced fertile pro-
geny. This indicated a close relation and, according to the species de-
finition used at that time, also classification into a common species [6,
12, 16]. However, this seemingly simplifying state did not last sufficiently
long to enable the brewing industry to accept it for both types of bre-
wery yeast.

4 MOLECULAR TAXONOMY
Following the advent of molecular taxonomy in the 1990s the classi-

fication of microorganisms has changed considerably. Brewery yeast
and microorganisms in gene-

nizmy obecng, jsou nyni kla-

ral are now being classified on

sifikovany na zdkladé svého
genetického slozeni (geno-
typu). S pouzitim metod mo-
lekularni biologie je studo-

1952

(Lodder J., Kreger-
van Rij N.JW., 1952)

1970
(Lodder J_.ed , 1870)

the basis of their genetic setup

1984 1998 ;
(Kreger-van Rij (Kurtzman C P, Fell (genOtype)' Molecular bIOIOQy
N.JW. ed., 1984) JW., eds., 1938) methods are used to study the

structure and function of the in-

vana struktura a funkce
informacnich biomakromole-
kul (DNA a RNA). V moleku-
lach DNA jsou zakoédova-

I
S. pastorianus
S. bayanus
S. oviformis

S. bayanus

S. carisbergensis

$. pastorianus formation molecules (DNA

and RNA). DNA molecules
contain encoded information
about the structure of all cell

]
\

ny informace o struktufe S. logos S. uvarum proteins and about the struc-
véech buné&énych proteind 8 uvanm ‘ 8. bayanis ture of ribonucleic acid mole-
a o struktufe molekul ribo- S. cerevisiae cules (RNA) that participate in
nukleovych kyselin (RNA), S. cerevisiae var. S. cerevisiae S.cerevisize. | —3) S. cerevisiae protein synthesis. The infor-
které se Gdastni syntézy pro- & fjﬁ'ﬁ:ﬁtﬂe”‘ mation contained in DNA un-
teinl. Nezavisle na vlivech der normal circumstances
vnéjéiho prostredi se infor- g ;2;:3‘3‘9” g ;':ﬁ::ge” does not change irrespective
mace ulozené v DNA nor- ' S. aceti of environmental effects [10,
malné neméni [10, 17, 18, - S. diastaticus 17,18, 19, 20].
19, 20]' g f:::;ueck” g f:;z;ueck" Torulaspora Torulaspora One of the oldest molecular
Jednou z nejstarSich mo- S. vafer delbrueckii —H delbrueckii techniques is the determina-

lekularnich technik je stano-

tion of the content of guanine

veni obsahu guaninu a cyto-
sinu (% G+C) jaderné
a mitochondrialni DNA. Tato

Obr. 1/ Fig. 1 Nékteré taxonomické zmeény technologicky vyznamnych kva-
sinek / Some taxonomical changes of technologically important yeasts

and cytosine (% G+C) of nuc-
lear and mitochondrial DNA.
This method has its limitations,
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metoda ma ovéem své omezeni, nebot po-
dobny obsah G+C nemusi vzdy znamenat
podobnou sekvenci. Porovnani sekvenci
dvou kmenud mikroorganizm( Ize provést po-
moci jednoduché a spolehlivé metody zvané
DNA/DNA hybridizace (nebo DNA/DNA-re-
asociace), pfi které se jadernd DNA obou
kmenud ve smési denaturuje (tzn. ze dvou-
Sroubovice se rozpoji na dva jednoduché fe-
tézce) a zpétné renaturuje.

Principem této metody je rlizna pohybli-
vost vzniklych renaturovanych molekul DNA
v elektroforetickém gelu. Pokud jsou kmeny
odlisné, budou po elektroforéze patrné ftfi
druhy molekul: rychle se pohybuijici ,samy
sebe parujici“ fetézce, pomaleji se pohybu-
jici dokonale renaturované dvouretézce (tzv.
homoduplexy) a nejpomaleji se pohybuijici
molekuly, u nichz nesparované (tedy neho-
mologické) oblasti zpUsobuji Spatnou po-
hyblivost ve struktufe elektroforetického
gelu. Pokud jsou kmeny identické, dojde
k separaci pouze dvou druh molekul: ho-
moduplexd a jednofetézcovych molekul
[17].

Velka ¢ast molekularnich technik vyuziva
metodu polymerazové fetézové reakce
(PCR; polymerase chain reaction), pomoci
které Ize rychle a selektivné zmnozit (am-
plifikovat) vybrany usek DNA. PCR je zalo-
Zena na opakovaném kopirovani vybraného
useku DNA-polymerasou. Syntézu kopii Fidi
dvojice kratkych oligonukleotidl (primer(),
které se paruji s templatovou DNA na po-
¢atku a na konci vybraného Useku, kazdy
s jinym vlaknem puvodni dvouretézcové mo-
lekuly (obr. 2).

Pomoci téchto primerl nasyntetizuje
DNA-polymerasa az nékolik miliard kopii po-
zadovaného useku DNA [21]. Produkty
PCR-reakci Ize pak nasledné porovnavat,
zjistovat jejich velikost, sekvenci a napf. pfi-
tomnost mist rozpoznavanych a S$tépenych
restrikénimi enzymy [10, 20, 22].

Pro ugely taxonomickych studii se nej-
Castéji amplifikuji geny koédujici ribozomalni
RNA (rRNA) a oblasti na DNA mezi geny pro
rRNA, obzvlasté tzv. vnitini pfepisované me-
zerniky (ITS; internal transcribed spacers).
Ribozomy jsou spolehlivymi fylogenetickymi
indikatory. Ve v8ech organizmech maji stej-
nou funkci a jejich nukleotidova sekvence je
vysoce konzervovana [23, 24].

(a) 5 3 f 3¢

3 t t 5

b) s 3
D -—

3¢ R S R » 5!
(c) P »
A —

Obr. 2/ Fig. 2 Princip metody PCR. (a) oblast
na dvoufetézcové molekule DNA uréena
k amplifikaci je znazornéna svislymi ¢arkami,
(b) po kratkém zahtati reakéni smési na pfi-
blizné 95°C dojde k denaturaci dvouretéz-
cové molekuly DNA na jednotlivé fetézce.
Nasledné snizeni teploty na 45-65°C umozni
pfipojeni dvojice primer( na pocatek a konec
vybraného Useku. Syntéza DNA od 3'-konce
obou primerd probihd pfi teploté pfiblizné
72 °C, (c) nasleduje znovu denaturace vznik-
lych dvouretézcl, pfi¢emz v prvnim cyklu
vzniklé dcefiné fetézce slouzi nyni také jako
templatové molekuly. S rostoucim poctem
cyklt se stavaji dominantnimi kratké Useky
ohrani¢ené primery. Zbyvajici dlouhé mole-
kuly DNA se po ukonéeni PCR ze smési od-
separuji pomoci gelové elektroforézy. / Prin-
ciple of the PCR method. (a) Domain on
double-strand DNA intended to be amplified
is denoted by vertical bars; (b) a short hea-
ting of the reaction mixture to 95 °C causes
denaturation of the DNA molecule to sepa-
rate strands. Subsequent cooling to 45—65 °C
enables the two primers to be joined at the
beginning and end of the selected domain.
DNA synthesis from the 3-end of both pri-
mers takes place at a temperature of appro-
ximately 72 °C; (c) this step is followed by
another denaturation of the resulting double
strands, the daughter strands formed in the
first cycle serving as template molecules.
With increasing number of cycles the short
segments flanked by the primers become do-
minant. After the termination of PCR, the re-
maining long DNA molecules are separated
by gel electrophoresis.

however, since a similar content of G+C need
not always reflect a similar nucleotide sequ-
ence. A comparison of the DNA sequences of
two microbial strains can be done by a simple
and reliable method called DNA/DNA hybridi-
zation (or DNA/DNA reassociation) in which
a mixture of nuclear DNA of the two strains is
denatured (i.e. the double helix dissociates into
two single strands) and then again renatured.
The principle of this method is the different mo-
bility of the resulting renatured DNA molecules
in a gel during electrophoresis. If the two stra-
ins are different the electrophoresis will reveal
three types of molecules: high-mobility “self-pa-
iring” strands, slower moving perfectly renatu-
red double strands (so-called homoduplexes)
and the slowest-moving molecules in which un-
paired, i.e. nonhomologous domains cause
their poor mobility in the gel structure. If the two
strains are identical, only two types of molecu-
les are separated — homoduplexes and single-
strand molecules [17].

A large part of molecular techniques makes
use of the polymerase chain reaction (PCR),
which allows a rapid and selective amplifica-
tion of a selected DNA segment. PCR is ba-
sed on repeated copying of the selected seg-
ment by DNA-polymerase. The synthesis of the
copies is governed by a pair of short oligonuc-
leotides, primers, that pair with template DNA
at the beginning and at the end of the segment
—each of them with a different strand of the ori-
ginal double-strand molecule (Fig. 2).

By means of these primers, DNA-polyme-
rase synthesizes up to several billions of co-
pies of the DNA segment [21]. The products of
PCR reactions can then be compared and their
size, sequence and, e.g., the presence of sites
recognized and cleaved by restriction enzymes
can be determined [10, 20, 22].

The genes amplified most frequently for the
purpose of taxonomical studies are those en-
coding ribosomal RNA (rRNA) and DNA do-
mains between the rRNA-encoding genes, es-
pecially the so-called internal transcribed
spacers (ITS). Ribosomes are reliable phylo-
genetic markers. They have the same function
in all organisms and their nucleotide sequence
is highly conserved [23, 24].

The knowledge of the sequence of riboso-
mal DNA (rDNA) then makes it possible to set
up phylogenetic trees (dendrograms) that il-
lustrate the evolutionary relatedness of com-

Na zakladé znalosti sekvence ribozomalni DNA (rDNA) jsou se-
stavovany fylogenetické stromy (dendrogramy), které vyjadfuji evo-
luéni pfibuznost porovnavanych organizm(i. Analyzou vysoce kon-
zervovanych oblasti rRNA (napf. genu pro 18S rRNA) Ize ucinné
odlisit vzdalené pfibuzné taxony, zatimco oblasti vykazujici vysoky
stupen divergence (oblasti ITS) jsou vhodné pro odliSeni velmi
blizce pfibuznych taxont [10, 20, 25, 26]. Mnohem spolehlivéjsi je
kombinace dat ziskanych analyzou vétsiho poétu gen(, tzv. multi-
genovou sekvenc¢ni analyzou [27, 28].

Jednou z mnoha modifikaci PCR, kterou Ize vyuzit pro identifi-
kaci a odliSeni blizce pfibuznych kmenu pivovarskych kvasinek, je
RAPD-PCR, analyza nahodné amplifikované polymorfni DNA
(RAPD; random amplified polymorphic DNA). PCR-amplifikace izo-
lované DNA, provadéna za ucasti jediného velmi kratkého primeru
s ndhodné zvolenou sekvenci, vede k rdznému poctu fragmentd,
protoze primer se na DNA vaze na nahodnych mistech. Produkty
PCR-reakce se separuji gelovou elektroforézou a detekuji. Ziska se
tak soubor riizného poctu rizné velkych Usek( DNA, tzv. otisk DNA
neboli DNA-fingerprint (obr. 3). Tento soubor je typicky pro urcity
kmen a také pro dany primer. Metoda RAPD-PCR umozriuje odli-
$eni rliznych druht kvasinek i riiznych kment v rdmci jednoho druhu
[6, 11, 16, 24, 29, 30, 31].

Pro odliSeni, identifikaci pivovarskych kvasinek a zjistovani fylo-
genetickych vztahl mezi nimi se ¢asto vyuziva metoda analyzy po-
lymorfizmu délky restrikénich fragmentt (RFLP; restriction fragment

pared organisms. Analysis of highly conserved rRNA regions, e.g. the
gene for 18S rRNA, can then effectively distinguish remotely related ta-
xons, whereas regions showing a high degree of divergence (ITS do-
mains) are suitable for distinguishing very closely related taxons [10,
20, 25, 26]. A much more reliable approach is a combination of data ob-
tained by the analysis of a large number of genes, the so-called muilti-
gene sequence analysis [27, 28].

One of the many modifications of PCR, which can be used for iden-
tification and differentiation between closely related strains of brewery
yeast, is RAPD-PCR, i.e. analysis of randomly amplified polymorphic
DNA. PCR-amplification of an isolated DNA performed under the par-
ticipation of a single very short primer with randomly selected sequence
gives rise to a different number of fragments since the DNA primer binds
at different places. The products of the PCR reaction are separated by
gel electrophoresis and detected. This procedure yields a set of DNA
segments of different size, the so-called DNA-fingerprint (Fig. 3). This
set is typical for a certain strain and also for a given primer. The RAPD-
PCR method allows the differentiation of different yeast species as well
as different strains within a single species [6, 11, 16, 24, 29, 30, 31].

The differentiation, identification of brewery yeasts and determination
of phylogenetic relationships between them often makes use of the ana-
lysis of restriction fragment length polymorphism (RFLP). Nuclear or mi-
tochondrial DNA extracted from the cells [32, 33] or, for instance, the
ITS regions and genes encoding rRNA amplified by PCR [10, 20] are
cleaved with restriction endonucleases and the ensuing fragments are



210

KVASNY PRUMYSL
ro¢. 53 /2007 - ¢islo 7-8

length polymorphism). Jaderna nebo mito-
chondrialni DNA extrahovana z bunék [32,
33] nebo napf. oblasti ITS a geny pro rRNA
amplifikované pomoci PCR[10, 20] jsou $té-
peny restrikénimi endonukleazami a vzniklé
fragmenty se separuji gelovou elektroforé-
zou za vzniku DNA-fingerprintu. Princip této
metody spoc&iva v tom, Ze rdzné organizmy,
nebo v nasem pfipadé DNA rlznych druht
¢i kmenu kvasinek, se mezi sebou li$i v po-
¢tu a délce fragment(, tedy v poétu mist na
DNA rozpozndavanych a stépenych restriké-
nimi enzymy (obr. 4).

Noveéjsi molekularni metodou je analyza
polymorfizmu délky amplifikovanych frag-
mentd (AFLP; amplified fragment length po-
lymorphism), zalozena na Stépeni DNA
dvéma restrikénimi enzymy, z nichz jeden se
vyznacuje pramérnou frekvenci Stépeni
a druhy vysokou frekvenci §tépeni. Po PCR-
amplifikaci a elektroforetické separaci zis-
kame vysoce informativni DNA-fingerprint
[17, 26, 34, 35].

Pro odliseni jednotlivych kmen( pivovar-
skych kvasinek se s dobrymi vysledky vyu-
ziva metoda elektroforetické karyotypizace
[24]. Jednd se o stanoveni poctu chromo-
zomu a jejich velikosti na zakladé rozdilné
pohyblivosti rizné velkych molekul v elektro-
foretickém gelu. Pivovarské kvasinky obsa-
huji ve svém jadfe 16 chromozomll, jejichz
velikost se pohybuje od 230 kb (chromozom
1) do 1,5 Mb (chromozom IV). Separace mo-
lekul, které se navzajem velmi li§i svou
velikosti, je mozna pomoci pulzni gelové
elektroforézy (PFGE; pulsed field gel elec-
trophoresis), pfi které se aplikuji elektricka
pole stfidavé v rliznych uhlech. Molekuly pu-
tujici k anodé jsou v pravidelnych interva-
lech nuceny zménit smér svého pohybu. Cim
delSi je separovana molekula, tim vice ¢asu
potfebuje ke zméné sméru (k tzv. reorien-
taci). Mensi molekuly se v novém sméru
elektrického pole pohybuiji rychleji, narozdil
od opozdujicich se velkych molekul. Sepa-
race molekul je tak mnohem uginngjsi, nez
pfi bézné elektroforéze [17].

Kompletni genova sekvence Saccharo-
myces cerevisiae je znama od roku 1996
[23]. Je vSak nutné si uvédomit, Ze kmen
S. cerevisiae S288C, pouzity pro sekvenco-
vani, je kmen laboratorni, jehoz pfedchldce
byl plivodné (v roce 1938) izolovan z hniji-
cich fikd [36]. Pivovarské kvasinky jsou or-
ganizmy mnohem slozitéjSi a od dobfe pro-
studovanych laboratornich kmenu kvasinek
se lisi pfedev§im stupném ploidie.

Ploidii uréuje pocet a kompletnost sad
chromozomu v bunééném jadre. Laboratorni
kmeny jsou vétSinou haploidni nebo diplo-
idni, to znamena, ze maji jednu nebo dvé
sady chromozom(l. Pivovarské kvasinky
jsou polyploidni, maji tedy vice nez dvé sady
chromozom, nejcastéji tfi (triploidie) nebo
Ctyfi (tetraploidie). PoCet sad vS8ak nemusi
byt Uplnym nasobkem haploidniho poctu
chromozomu. Tento stav se nazyva aneu-
ploidie a u pivovarskych kvasinek je zcela
bézny. Znamena to, ze nékteré chromozomy

jsou zastoupeny napf. ve ¢tyfech kopiich a jiné pouze ve tfech. Je
také bézné, Ze kopie jednotlivych chromozom( nejsou zcela iden-
tické. Polyploidni a aneuploidni kmeny jen obtizné sporuluji a po-
kud se sporulace uskutecni, spory vétsinou nebyvaji zivotaschopné

[37].

Jesté v devadesétych letech 20. stoleti se vSeobecné akcepto-
valo tvrzeni, ze polyploidie a aneuploidie, a z nich vyplyvajici zna¢na
slozitost genomu pivovarskych kvasinek i snizena schopnost sexu-
alniho rozmnozovani, je zarukou genetické stability téchto mikroor-

(a)

(b)

Obr. 3 / Fig. 3 Ptiklad DNA-fingerprintd &tyf
rliznych druhd kvasinek (1-4) ziskanych me-
todou RAPD. Pro amplifikaci byly pouzity dva
rlizné primery s ndhodnou sekvenci (a) a (b).
Pismeno S oznaluje velikostni standardy
DNA / Example of DNA-fingerprints of four
different yeast species (1-4) obtained by the
RAPD method. Two different primers with ran-
dom sequence (a) and (b) were used for am-
plification. The letter S denotes DNA size
standards.

(a) ¥ ¥

b) ¥ ¥ ¥
(9 —

() ¥ ¥

Obr. 4 / Fig. 4 Princip metody RFLP. Vodo-
rovné Cary predstavuji pfibuzné molekuly
DNA, Sipky oznacuji mista se specifickou nuk-
leotidovou sekvenci, ktera je rozpoznavana
a Stépena urcitou restrikéni endonukleazou.
Pro danou endonukleasu maji molekuly (a)
a (d) dvé restrikéni mista, ale v rizné vzda-
lenosti od sebe. V obou pfipadech vzniknou
tfi fragmenty, které se v8ak budou liSit svou
délkou. Molekula (b) ma pro dany enzym tfi
restrikéni mista, molekula (c) pouze jedno. Po
Stépeni téchto molekul DNA a separaci frag-
mentl gelovou elektroforézou se ziskaji rizné
otisky DNA (DNA-fingerprinty). / Principle of
the RFLP method. Horizontal lines represent
related DNA molecules, arrows denote sites
with specific nucleotide sequence which is re-
cognized and cleaved by a certain restriction
endonuclease. Molecules (a) and (b) have
two restriction sites for given endonuclease,
albeit at different mutual distances. Three
fragments that differ in their lengths are for-
med in both cases. Molecule (b) has three re-
striction sites for the given enzyme, molecule
(c) only one. Different DNA-fingerprints are
obtained after the cleavage of these DNA mo-
lecules and separation of the fragments by
gel electrophoresis.

separated by gel electrophoresis, yielding
DNA-fingerprints. The principle of this method
consists in different organisms, or in this case
the DNA of different yeast species or strains,
differing in the number and length of fragments,
i.e.in the number of DNA sites recognized and
cleaved by restriction enzymes (Fig. 4).

A newer molecular method is the analysis of
amplified fragment length polymorphism
(AFLP) based on DNA cleavage by two re-
striction enzymes, one of which is characteri-
zed by a mean rate of cleavage while the ot-
her exhibits a high cleavage rate.
PCR-amplification and electrophoretic separa-
tion afford a highly informative DNA-fingerprint
[17, 26, 34, 35].

Good results in distinguishing individual
strains of brewery yeast were obtained by the
method of electrophoretic karyotyping [24].
The method consists in determining the num-
ber of chromosomes and their sizes based on
different mobility of differently large molecu-
les in the electrophoretic gel. Brewery yeast
contains in its nucleus 16 chromosomes
whose size varies from 230 kb (chromosome
) to 1.5 Mb (chromosome V). Separation of
molecules that markedly differ in size can be
accomplished by pulsed field gel electropho-
resis (PFGE) in which electric fields are app-
lied alternately at different angles. The mole-
cules moving to anode are forced to change
the direction of their movement at regular in-
tervals. The longer the separated molecule,
the more time it needs to change its direction,
i.e. to reorientation. Smaller molecules move
in the new direction of the electric field faster
than the more tardy large molecules. Sepa-
ration of the molecules is then much more ef-
ficient than in conventional electrophoresis
[17].

The complete gene sequence of Saccharo-
myces cerevisiae has been known since 1996
[23]. It should be noted, however, that the
S. cerevisiae S288C strain used for sequen-
cing was a laboratory strain whose predeces-
sor was isolated from rotting figs in 1938 [36].
Brewery yeasts are much more complex or-
ganisms and differ from the very well-studied
laboratory strains especially in their degree of
ploidy.

Ploidy is determined by the number and
completeness of chromosomal sets in the
nucleus. Laboratory strains are usually hap-
loid or diploid, i.e. they have one or two sets
of chromosomes. Brewery yeast is polyp-
loid and has more than two sets of chro-
mosomes — most often three (triploidy) or
four (tetraploidy). It should be realized that
the number of chromosomal sets need not
be an integer multiple of the haploid num-
ber of chromosomes. This state is called
aneuploidy and is entirely common with bre-
wery yeast. This means that some chromo-
somes are present in, e.g., four copies,
while others in only three. Also, quite com-
monly the copies of individual chromoso-
mes are not completely identical. Polyploid
and aneuploid strains sporulate only with
difficulty and, if the sporulation takes place,

the spores are usually not viable [37].

The belief that polyploidy and aneuploidy and the ensuing consi-
derable complexity of the genome of brewery yeast, and the reduced
ability of sexual reproduction guarantee the genetic stability of these

microorganisms was still generally accepted in 1990s. However, the

technological properties of brewery yeast do change and its genetic
stability should be mentioned only when compared with the much
more sensitive haploid and diploid laboratory yeast strains [17, 36].

Molecular biology methods enable us to reveal the evolutionary re-
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ganizmu. Ke zménam technologickych vlastnosti pivovarskych kva-
sinek v8ak dochazi, a je tedy vhodné zminovat jejich genetickou
stabilitu, pouze v porovnani s mnohem citlivéjSimi haploidnimi a di-
ploidnimi laboratornimi kmeny kvasinek [17, 36].

Metody molekularni biologie umozfuji odhaleni vyvojovych
vztahd pivovarskych kvasinek a jejich klasifikaci na zakladé fylo-
genetické pribuznosti. Metody tradiéni taxonomie se budou dale vy-
uzivat, protoZe poskytuji uzite¢né a dulezité informace. Pravé kon-
frontace vysledkd metod tradiéni a molekularni taxonomie poskytuje
efektivni schémata pro klasifikaci mikroorganizmu [8].

5 SOUCASNY STAV

Se zavedenim molekularnich metod v taxonomii se zménila i kla-
sifikacni schémata, protoze klasifikace je do zna¢né miry ur€ovana
pouzitymi metodami. Druh, zakladni jednotka v taxonomii kvasinek,
je nyni definovan jako soubor kmenl, které vykazuji zpravidla mensi
nez 1% odlisnost v nukleotidové sekvenci D2-domény v blizkosti 5’
konce 26S rRNA [6].

V soucasné dobé jsou na zakladé poctu chromozomi v bunéc-
ném jadfe, sekvence ribozomalni RNA a velikosti i stabilité mito-
chondrialni DNA rozliSovany v ramci rodu Saccharomyces tfi dru-
hové skupiny:

1) Komplex Saccharomyces sensu stricto (Saccharomyces v Uz-
kém slova smyslu), ktery zahrnuje druhy S. cerevisiae, S. bayanus
a S. pastorianus, vyuzivané v kvasnych technologiich, a druhy
S. cariocanus, S. kudriavzevii, S. mikatae a S. paradoxus izolované
z pfirozeného prostredi [9, 38].

Druhy komplexu Saccharomyces sensu stricto obsahuji v bu-
nééném jadife 16 chromozomu, maji podobnou organizaci genomu
[36] a velikost mitochondrialni DNA se pohybuje v rozmezi 64-85
kb. Typicky je pro né spontanni vznik respiracné-deficientnich mu-
taci (ztrata, zména nebo v pfipadé spodnich pivovarskych kvasinek
hlavné zna¢né delece mitochondrialni DNA). Ackoliv se spontanni
mutace tohoto typu vyskytuji s relativné velkou ¢etnosti (az 1 %),
Ize mutace vyvolat uméle, napt. pusobenim etidium bromidu [17].

Do druhu S. bayanus se fadi kmeny vinafskych kvasinek spolu
s kontaminanty hroznového mostu. Spodni pivovarské kvasinky (p0-
vodné S. carlsbergensis) se nyni oznaluji jako S. pastorianus
a svrchni jako S. cerevisiae. Druh S. cerevisiae zahrnuje dale pe-
karské a lihovarské kvasinky, nékteré vinafské a kmeny vyuzivané
pro vyrobu saké [39]. Druhy S. bayanus, S. cerevisiae, S. parado-
xus a S. pastorianus Ize od sebe navzajem spolehlivé odlisit pouze
metodou DNA/DNA-reasociace, popf. jinou metodou analyzy nuk-
leovych kyselin [6, 40].

2) Komplex Saccharomyces sensu lato (Saccharomyces v $ir§im
slova smyslu) je znaéné rliznorodou skupinou druh lisicich se vza-
jemné pocétem chromozomu (7—16) a velikosti genomu. Velikost mi-
tochondrialni DNA je 23-48 kb, respiraéni mutace se tvofi spon-
tanné, jejich ¢etnost vSak nelze pusobenim etidiumbromidu vyrazné
zvysit. Tento komplex obsahuje druhy S. dairensis, S. castelli, S.
exiguus, S. servazziia S. unisporus, které nemaji vyznam pro fer-
mentacéni technologie [17, 36].

3) Skupina tvofend jedinym druhem, S. kluyveri, ktery je v ramci
rodu Saccharomyces nejvice divergentnim druhem. V bunécéném
jadre je obsazeno pouze 5-7 chromozomu, a ke vzniku mutaci mi-
tochondrialni DNA nedochazi ani spontanné, ani po pisobeni mu-
tagenu [17].

6 HYBRIDNI PUVOD SPODNICH PIVOVARSKYCH KVASINEK

Svrchni a spodni pivovarské kvasinky se geneticky a fyziologicky
podstatné lisi. Genom S. pastorianus je pfiblizné o 50 % vétsi nez
genom svrchnich pivovarskych kvasinek S. cerevisiae [9, 36]. Uz
v roce 1985 bylo zjisténo, ze spodni pivovarské kvasinky jsou allo-
polyploidni, coz znamena, Ze obsahuji geneticky material pocha-
zejici z rznych skupin kvasinek. Analyza homologie DNA proka-
zala, ze genom S. pastorianus se ze 72 % shoduje s genomem
S. bayanus a z 53 % se S. cerevisiae. Spodni pivovarské kvasinky
S. pastorianus tedy vznikly pfirozenou hybridizaci mezi S. cerevi-
siae a pravdépodobné S. bayanus [9, 36, 41]. Hybridni pavod se to-
tiz predpoklada i v pfipadé nékterych kmenl S. bayanus, véetné ty-
pového kmene S. bayanus CBS380" [16, 42].

Jini autofi uvadéji, ze existuji znac¢né rozdily mezi hybridy S. pas-
torianus, dokonce i mezi typovymi kmeny S. pastorianus uchova-
vanymi v rdznych sbirkach kvasinek [9, 43]. Lze se domnivat, Zze
rizné hybridni kmeny S. pastorianus vznikly v rizné dobé kFizenim
mezi S. cerevisiae a pfedchiidcem S. bayanus [18].

lationship between brewery yeasts and classify them on the basis of
the phylogenetic relatedness. The methods of traditional taxonomy
will be further used since they provide useful and important informa-
tion. A confrontation of the results of traditional and molecular biolo-
gical approaches is suitable for providing an effective scheme for the
classification of microorganisms [8].

5 CURRENT STATE

Introduction of molecular biological methods into taxonomy brought
about changes in the classification schemes since classification is lar-
gely defined by the methods used. The species, the basic unit in yeast
taxonomy, is now defined as a set of strains exhibiting as a rule less
than 1 % dissimilarity in the nucleotide sequence of the D2-domain in
the vicinity of the 5’end of 26S rRNA [6].

Today, three species groups are distinguished within the Saccharo-
myces genus based on the number of chromosomes in the nucleus, se-
quence of ribosomal RNA and the size and stability of mitochondrial
DNA:

1) The Saccharomyces sensu stricto complex includes the species
S. cerevisiae, S. bayanus and S. pastorianus used in fermentation tech-
nologies, and the species S. cariocanus, S. kudriavzevii, S. mikatae and
S. paradoxus isolated from natural environment [9, 38].

The species of the Saccharomyces sensu stricto complex contain in
the cell nucleus 16 chromosomes, have a similar genome organization
[36] and the size of mitochondrial DNA is in the range of 64—85 kb. A ty-
pical feature of these species is the appearance of respiration-deficient
mutations (loss, change or —in the case of bottom brewery yeast —large
deletions of mitochondrial DNA). Although spontaneous mutations of
this type take place with a relatively large frequency (up to 1 %), they
can be evoked artificially, e.g., through the action of ethidium bromide
[17].

The species S. bayanus includes strains of wine-making yeast along
with grape must contaminants. Bottom brewery yeast (originally S. ca-
risbergensis) is now denoted S. pastorianus, top yeast is S. cerevisiae.
The species S. cerevisiae includes also baker's and distillery yeast,
some wine yeast strains and strains used for the production of sake [39].
The species S. bayanus, S. cerevisiae, S. paradoxus and S. pastoria-
nus can be reliably distinguished only by using DNA/DNA reassociation
or another method of nucleic acid analysis [6, 40].

2) The Saccharomyces sensu lato complex (Saccharomyces in the
broader sense of the word) is a markedly heterogeneous group of spe-
cies differing in the number of chromosomes (7—16) and the size of the
genome. The size of mitochondrial DNA is 23—48 kb, respiration-defici-
ent mutations are formed spontaneously but their frequency cannot be
appreciably increased by using ethidium bromide. The complex conta-
ins the species S. dairiensis, S. castelli, S. exiguus, S. servazziiand S.
unisoprus, which have no relevance for fermentation technologies [17,
36].

3) A group formed by a single species, S. kluyveri, which is the most
divergent species within the genus Saccharomyces. The cell nucleus
contains mere 5—-7 chromosomes and mutations of mitochondrial DNA
arise neither spontaneously, nor by the action of mutagens [17].

6 THE HYBRID ORIGIN OF BOTTOM BREWERY YEAST

Top and bottom brewery yeasts substantially differ in both genetics
and physiology. The S. pastorianus genome is about 50 % larger than
the top yeast S. cerevisiae genome [9, 36]. As found in 1985, bottom
brewery yeast is allopolyploid, i.e. it contains genetic material arriving
from different yeast groups. Analysis of DNA homology showed that the
genome of S. pastorianus is 72 % identical with that of S. bayanus and
53 % identical with S. cerevisiae genome. Bottom brewery yeast S. pas-
torianus thus arose by a natural hybridization between S. cerevisiae and
probably S. bayanus [9, 36, 41]. Some S. bayanus strains including the
type strain S. bayanus CBS380T are in fact also assumed to be of hyb-
rid origin [16, 42].

According to other authors, substantial differences exist among
S. pastorianus hybrids and even among type strains of S. pastoria-
nus deposited in different yeast collections [9, 43]. It can be assu-
med that different hybrid strains of S. pastorianus arose at different
times by crossing between S. cerevisiae and a predecessor of S.
bayanus [18].

According to one hypothesis bottom brewery yeast is the result of
a multiple inter-species hybridization [39]. The hybrid origin of bottom
brewery yeast was confirmed in 2006 on the basis of preliminary re-
sults of genome sequencing of S. pastorianus W34/70 from the Wei-
henstephan collection in Germany [36].
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Existuje i hypotéza, ze spodni pivovarské kvasinky jsou vysled-
kem nékolikandsobné mezidruhové hybridizace [39]. V roce 2006
byl hybridni ptivod spodnich pivovarskych kvasinek potvrzen na za-
kladé predbéznych vysledkl sekvenovani genomu S. pastorianus
W34/70 ze sbirky Weihenstephan v Némecku [36].

7 ZAVER

V Ceskych zemich se zmény v péstovani kvasnic prosazovaly po-
mérné pomalu. V historii to bylo napf. pomalé zavadéni propagac-
nich stanic, v soucasnosti pomalé pronikani novéjsiho, tzv. asimi-
laéniho zpusobu pomnoZovani kvasnic, jehoz vyhody se vSak jiz
prokazaly i ve vétSim méfitku [44].

Vstup novych technologii a zmény surovin si ¢asto vynutily na-
sazovani novych kmenu kvasnic. Tradiéni vyrobci se snazili zacho-
vat pavodni kmeny pochéazejici z doby vzniku pivovaru, maloktery
pivovar si véak mohl dovolit udrzet plvodni kvasni¢ny kmen. Tyto
kmeny se deponovaly ve vlastnich a posléze i vefejnych sbirkach.
Popis jejich vlastnosti se zakladal na morfologickych, fyziologickych
i biochemickych vlastnostech kvasinek.

Klasicka taxonomie se dlouho opirala o fenotypické projevy kva-
sinek v pribéhu kvaseni, coz v pivovarstvi vedlo k tzv. technolo-
gické typizaci kvasnic podle technologicky vyznamnych vlastnosti
[45]. 1 pfi znalosti pavodu pivovarského kvasniéného kmene a s pou-
zitim jednoduchych test zamérenych na méreni jeho vitality vSak
nelze dostatecné presné predvidat prlibéh hlavniho kvaseni [46].

Na druhé strané metody obecné taxonomie tuto technologickou
rozdilnost produkénich kmeni nebraly v Uvahu, coz nakonec vedlo
k zafazeni spodnich i svrchnich kvasinek pod jeden druh Saccha-
romyces cerevisiae, kam také ovSem patfily kvasinky pouzivané
i v jinych potravinafskych vyrobach.

Kromé toho pivovarské technology zmatlo zafazeni S. carlsber-
gensis pod Saccharomyces uvarum a je$té pozdéji spolu se svrch-
nimi kvasinkami pod jediny druh S. cerevisiae. Nez stadili tuto si-
tuaci akceptovat, oznacily se nové kvasinky spodniho kvaSeni jako
S. pastorianus. Pivodni oznaceni spodnich pivovarskych kvasinek
Saccharomyces pastorianus podle Maxe Reesse bylo v Cechach
malo zndmé v porovnani s nazvem S. carlsbergensis. Nastésti se
posléze prokazalo, Ze existuji podstatné rozdily mezi spodnimi
i svrchnimi kvasinkami, které opodstatiuji pro oba tyto typy kvasi-
nek rozdilné druhové zafazeni. S novymi metodami bylo mozné
zmapovat i jejich puvod a pfibuznost. Soucasné bylo mozné odpo-
védét i na otazku jejich stability a promén v prubéhu jejich vyvoje.
Je nutné si pfipomenout, Ze jako pomérné slozité eukaryotické or-
ganizmy se kvasinky ve srovnani s vy88imi organizmy vyznaduji
velmi kratkou dobou reprodukce, a tim mnohonasobné vy$sim po-
¢tem generaci.

Spravné uchovavani kvasni¢nych kmen0 a testovani jejich iden-
tity ma vyznam i pro domaci vyrobu piva (homebrewing), které se
snazi obnovit a rozS§ifit vyrobu tradinich piv, jejichz vystav sice z0-
stal v souvislosti s pfichazejici velkovyrobou omezeny, ale nyni pro-
délavé urcitou renesanci. Pionyrskou praci v tomto ohledu vykonali
nadsenci z rliznych mini- a mikropivovart [47]. Podrobné informace
Ize nalézt na serveru www.svetpiva.cz. Pivovarské kvasnice se zis-
kavaji od znamych dodavatell susenych i tekutych kvasnic
(www.wyeastlab.com, www.whitelabs.com). Zdrojem ¢&istych pro-
dukénich kultur pivovarskych kvasinek pro ¢eské i zahraniéni pivo-
vary je Sbirka pivovarskych kvasinek VUPS, jejiz podstatnou &ast
tvofi kvasinky spodniho kva$eni Saccharomyces pastorianus, po-
chazejici z existujicich i jiz zaniklych pfevazné evropskych pivovar-
skych provozU. Ve sbirce jsou dale deponovany svrchni pivovarské
kvasinky S. cerevisiae a_divoké kvasinky izolované jako kontami-
nanty pivovarskeé vyroby. Cisté kultury pivovarskych kvasinek Ize na-
lézt i v dalSich mezinarodnich sbirkach, napf. www.ncyc.co.uk,
www.atcc.org, www.cbs.knaw.nl, www.phaffcollection.org nebo
www.inra.fr/clib.

V katalozich nékterych sbirek Ize objevit kmeny pochazejici za-
ru¢ené ze znamych pivovarll, aniz by se uvadéla jejich historie.
Bamforth zminuje, Zze nejlepsi zplsob, jak tyto kmeny ziskat, je
ukrést je pfimo na misté a uvadi, Ze jeho byvaly kolega navstivil
Cesky pivovar s otevienymi kadémi, setfel z nich krouzky a z nich
izoloval tradi¢ni kmeny kvasnic [1].

Nelze pochybovat o tom, Ze geneticky kédované vlastnosti kvas-
nic ur¢uji chovani kvasnic ve vyrobé a vlastnosti hotového piva, po-
kud se prubéh vyroby nenarusi z jinych pficin. V posledni dobé se
prokazuje, ze kvasnice mohou urcovat i rychlost starnuti vyrobe-
ného piva.

Tyto poznatky se mohou uplatnit i v fizenych zménach genomu

7 CONCLUSION

In the Czech lands, changes in yeast cultivation have always been
relatively slow to be accepted. In the past, this tardiness concerned,
e.g., the slow introduction of propagation stations, today it is the slow
spreading of the new, so-called assimilation type of yeast propagation
whose advantages have already been shown on a large scale [44].

The introduction of new technologies and changes in raw materials
has often necessitated the use of new yeast strains. Traditional produ-
cers tried to preserve the original strains that had been in use since the
founding of the brewery but only a few breweries could afford to main-
tain their original yeast strains. These strains were therefore deposited
in their own and later in public collections. The description of their pro-
perties was based on morphological, physiological and biochemical fe-
atures.

Classical taxonomy has long relied on the phenotypic features of the
yeast in the course of fermentation; in the brewing industry this led to
the so-called technological typing of yeasts according to technologi-
cally important properties [45]. Even when the origin of a brewery ye-
ast strain is known and simple tests are used to measure its vitality,
the course of the main fermentation cannot be predicted with suffici-
ent precision [46].

On the other hand, the methods of general taxonomy did not take
into account this technological variability of production strains; this led
ultimately to both bottom and top yeast being incorporated into a single
species Saccharomyces cerevisiae, which at the same time accom-
modated also other yeast types used in other food industries.

In addition, brewery technologists were confused by the fact that
S. carlsbergensis was placed under Saccharomyces uvarum and later,
along with top yeast, under the single species S. cerevisiae. Before this
situation could be accepted, the bottom yeast received still another
name, viz. S. pastorianus. The original designation of bottom brewery
yeast, Saccharomyces pastorianus, introduced by Max Reess, was little
known in Bohemia in comparison with S. carlsbergensis. Fortunately,
substantial differences were later shown to exist between bottom and
top yeast that warrant a different species classification for these two
yeast types. New methods made it possible to map their stability and
changes during their evolution. It should be kept in mind that yeasts, in
spite of being relatively complex eukaryotic organisms, are characteri-
zed by very short time of reproduction and thus a considerably higher
number of generations within a certain time period when compared with
higher organisms.

The correct maintenance of yeast strains and testing of their identity
is important for homebrewing, which aims at restoring and extending
the production of traditional beers whose output, which has declined
with the advent of large-scale production, is witnessing a certain rena-
issance. The pioneering work in this field has been done by enthusiasts
and fans operating various mini- and microbreweries [47]. Detailed in-
formation can be found on www.svetpiva.cz. Brewery yeasts are obtai-
ned from well-known suppliers of both dried and liquid yeast (www.wy-
eastlab.com, www.whitelabs.com). A source of pure production cultures
of brewery yeast for Czech and foreign breweries is the Brewery Yeast
Collection of the Research Institute of Brewing and Malting; a substan-
tial part of the collection is represented by bottom yeast Saccharomy-
ces pastorianus obtained from existing as well as defunct, mostly Eu-
ropean, breweries. The collection also houses top brewery yeast
S. cerevisiae and wild yeast isolated as contaminants in beer produc-
tion. Pure cultures of brewery yeast can also be found in other interna-
tional collections, e.g. www.ncyc.co.uk, www.atcc.org, www.cbs.knaw.nl,
www.phaffcollection.org or www.inra.fr/clib.

The catalogues of some collections feature strains that come un-
doubtedly from well-known breweries, without mentioning their history.
According to Bamforth the best way to obtain these strains is to steal
them on site from the brewery; he mentions that one of his former col-
leagues visited a Czech brewery with open vats, smeared off the he-
ads and isolated from them traditional yeast strains [1].

There is no doubt that genetically encoded properties of yeast de-
termine the behavior of yeast cells in the production as well as the pro-
perties of finished beer, provided the course of the production is not di-
sturbed by other influences. As has recently been shown, yeast can also
affect the rate of aging of finished beer. This knowledge can be utilized
in directed changes of the yeast genome that can then lead to the con-
struction of genetically modified organisms. The attitude of the consu-
mers to these changes is not always positive and it can be expected
that the prevailing trend will be to abstain from any changes of produc-
tion strains. Fortunately, these processes have not as yet found a bro-
ader support in brewing despite the great hopes vested in them.

Until recently, top-fermented beers were not found in the Czech
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kvasinek, které pak mohou vést az k tzv. geneticky modifikovanym
organizmlm. Postoj spotfebitell k témto zménam nebyva vzdy po-
zitivni, a proto Ize pfedpokladat spiSe pfani nemeénit vlastnosti pro-
dukénich kmen(. Nastésti se tyto postupy v pivovarstvi dosud pfi-
li§ nerozsiftily, pfes velké nadéje do nich vkladané.

Svrchné kvasena piva se do nedavné doby v Ceskych zemich ne-
vyskytovala, ackoliv ve vzdalenéjsi minulosti v Cechéach jejich vy-
roba prevladala [48]. Zajimavym problémem je tvorba 4-vinylguaja-
kolu u nékterych svrchnich piv, pfi¢emz se uvadi, Ze tato sloucenina,
udilejici svrchnimu pivu typickou pfijemnou vini po hiebi¢ku, vznika
z kyseliny ferulové, pfitomné v pSeni¢ném sladu. Tuto slouc¢eninu
tvofi jen nékteré svrchni kvasinky, i kdyz je kyselina ferulova pfi-
tomna i v jeéném sladu [49]. Pro¢ nemohou spodni kvasinky tuto
slouceninu tvofit, neni dosud znamo. Nékteré zdroje dokonce uva-
déji, Ze 4-vinylguajakol mize vznikat pouze ¢innosti rodu Torulaspora
duelbrueckii [http://en.wikipedia.org/wiki/Torulaspora_delbrueckii].

Nauka o pivovarskych kvasinkach a jejich vlastnostech se v Ce-
chach vzdy tésila velké pozornosti, vénované objeviim a pracim ¢es-
kych autord. Namatkou Ize pfipomenout objev redukovanych forem
kvasinek ve sdéleni Kruise a Satavy z roku 1918, nazvaném , O vy-
voji a kli¢eni spdr jakoz i sexualité kvasinek”, dale vyborné knihy
o pivovarskych kvasnicich od Hlava¢ka, Bendové a Kahlera i vyni-
kajici studie Kockové-Kratochvilové [7, 45, 50].

Tyto prace zdlrazrovaly klasicky vyznam kvasniéného kmene pro
vyrobu piva, ale technologicky vyznamné vlastnosti se nyni pocinaji
studovat i na molekularni urovni a nalézaji se cesty k jejich cilenym
zménam.

Pivovarské kvasinky spodniho kvaseni uz ,vystfidaly* nékolik na-
zvU: Saccharomyces cerevisiae, S. pastorianus, S. carlsbergensis,
S. monacensis, S. uvarum, S cerevisiae subsp. uvarum, S. cerevi-
siae var. carlsbergensis a nyni opét S. pastorianus. Ze vSech uve-
denych nazvl nejvice vystihuje spodni pivovarské kvasinky pojme-
novani S. carlsbergensis, které zavedl E.C. Hansen pro kvasinky,
které se pouzivaly ve stfedni Evropé na vyrobu lezackych piv [7].

Soucasny platny nazev pro spodni pivovarské kvasinky je Sac-
charomyces pastorianus a jako neplatna synonyma se uvadeji S.
carlsbergensis a S. monacensis [51]. Protoze v8ak problematika
nomenklatury spodnich pivovarskych kvasinek neni zcela dofedena,
a je mozné, ze druh S. pastorianus bude pfeveden spiSe na dru-
hovy komplex [39], doporu¢ujeme prozatim zachovat v technologii
zazité a srozumitelé pojmenovani spodnich kvasinek Saccharomy-
ces carlsbergensis. Tim by se opét obnovilo tradiéni pojmenovani
pivovarskych kvasinek, srozumitelné pivovarskym technologim
a umoznujici jednoznaéné rozliSeni mezi svrchnimi a spodnimi kva-
sinkami. Toto oznaéeni by se mohlo pouzivat v odborné literatufe
do doby legislativni zmény dosud platného oznaéeni pivovarskych
kvasinek podle Zakona ¢. 100/1997 Sb., o potravinach a tabako-
vych vyrobcich.
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