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Kvasinky rodu Saccharomyces se vyuzivaji v procesech vyroby rdznych kvasenych napoji a potravin po nékolik tisic let. Mnohé
z technologickych kmend maji hybridni pavod — jejich identifikace je pak ¢asto komplikovana. Tento ¢lanek vychazi z diplomové prace,
ktera byla zaméfena na charakterizaci 40 vybranych komeréné dostupnych technologickych (pivovarskych, vinafskych, pekarskych,
lihovarskych) a typovych kmenl kvasinek pomoci molekularné-biologickych a fenotypovych metod. Cilem této studie byl vybér metody
pro druhovou identifikaci kvasinek a rozliSeni kmenl na zakladé jejich technologického zafazeni. Dvé ze zvolenych genotypovych metod
umoznily identifikaci kvasinek do drovné druhu. U jednoho vzorku suSenych kvasinek uréenych pro vyrobu piva typu lezak bylo pro-
kazano zafazeni mezi kvasinky svrchné kvasici. U v§ech kmen0 byla dale testovana schopnost rlistu pfi riznych teplotach a vyuzivani
vybranych cukril za aerobnich a anaerobnich podminek. Schopnost riistu na vybranych cukrech potvrdila znaénou variabilitu mezi druhy
rodu Saccharomyces. Zadna z metod neumoznila rozfazeni kmenu na zakladé jejich technologického vyuZziti.

Krescankova, K. — Kopecka, J. — Némec, M. — Matoulkova, D.: Characterization of technologically utilized Saccharomyces yeast.
Kvasny Prum. 61, 2015, No. 6, pp. 174-185.

Saccharomyces yeasts have been used for several thousand years in production of various fermented beverages and foods. Many of
the technological strains have a hybrid origin and their identification is often complicated. This article is based on a diploma thesis that
focused on the characterization of 40 selected commercially available technological (brewer’s, wine, baker’s, distillery) and type yeast
strains using molecular biological and phenotypic methods. The aim of this study was to select a method for species-specific identification
of yeast and discrimination of yeast strains according to their technological classification. Two of the methods enabled the identification of
yeast on the species-level. One sample of dried yeast intended for lager beer production was identified as top-fermenting yeast. All strains
were further tested for the ability of grow at various temperatures and utilization of selected saccharides under aerobic and anaerobic
conditions. The ability to grow on selected sugars confirmed the considerable variability among species of the genus Saccharomyces.
None of the methods under study enabled us to discriminate the yeast strains on the basis of their technological group.

Krescankova, K. — Kopecka, J. - Némec, M. — Matoulkova, D.: Die Charakterisierung der technologisch angewandterHefe der Art
Saccharomyces. Kvasny Prum. 61, 2015, Nr. 6, S. 174-185.

Im Zeitraum von mehreren tausend Jahren werden in den Produktionsprozessen der verschiedenen gegorenen Getranken und Le-
bensmittel die Hefe der Art Saccharomyces angewandt. Viele von diesen technologischen Stdmmen haben einen Hybridursprung — ihre
Identifikation ist oft kompliziert. Dieser Artikel ist auf Basis einer Diplomarbeit, die auf Charakterisierung von 40 ausgewahlten, kom-
merziell erhaltlich technologischen Hefestdmmen (Brau-, Wein-, Backerei-, Brennerhefe) und Hefestdmmen Typen mittels molekular-
biologischer und phénotypischer Methoden orientiert wurde, verfasst worden. Das Ziel der in dem Artikel abgedruckten Studien wurde
eine Auswahl an Sortenidentifikation der Hefe und Auseinanderhalten von Stdmmen auf Grund ihrer technologischen Kilassifizierung.
Zwei aus den ausgewahlten Genotypenmethoden erlaubten die Hefeidentifikation bis zum Artniveau. Bei einem Muster der getrockneten
Hefe, bestimmten fiir die Herstellung des Lagerbieres, wurde eine Klassifizierung unter obergarige Hefe nachgewiesen. Bei allen Stam-
men wurde bei verschiedenen Temperaturen und unter aeroben und anaeroben Bedingungen die Wachstumsféhigkeit und Ausbeutung
von ausgesuchtenen Zuckern getestet. Die Wachstumsfahigkeit auf den ausgesuchtenen Zuckern hat eine betréchtliche Variabilitét unter
Arten der Gattung Saccharomyces bestatigt. Keine aus den Methoden hat auf Basis der technologischen Ausnutzung die Profilieren der
Stamme ermdglicht.

Kli¢ova slova: identifikace, pivovarské kvasinky, lihovarské
kvasinky, pekafské kvasinky, Saccharomyces, vinafské kvasinky

1 UVOD

Technologické kmeny kvasinek (zejména Saccharomyces cerevi-
siae) maji nezastupitelny vyznam — jsou vyuzivany v potravinafském
primyslu (vyroba kynutého peciva, alkoholickych napojl, potravi-
narské a krmné biomasy), ve farmacii, v nékterych oblastech védy
a vyzkumu (napf. jako modelové systémy pro studium obecnych re-
gulaci metabolismu a genetiky eukaryotickych bunék), pfi produkci
biologicky aktivnich latek, organickych kyselin, vitamin() atd.

Jiz v davnych dobach si lidé vSimli, Ze pfi dlouhodobém sklado-
vani rlznych ovocnych §tav dochazi k jejich zméné na alkoholické
napoje. Jednalo o spontanni fermentace zplsobené pfirozené se
vyskytujicimi bakteriemi a kvasinkami. Pozdgji bylo pozorovano, ze

Keywords: identification, brewer's yeast, distiller's yeast,
baker's yeast, Saccharomyces, wine yeasts

1 INTRODUCTION

Technological strains of yeast (especially Saccharomyces cerevi-
siae) are indispensable for human population — they are used in food
industry (production of leavened pastries, alcoholic beverages, food
and feed biomass), pharmaceutics, in some areas of science and
research (e.g. as model systems for the study of general regulation
of metabolism and genetics of eukaryotic cells), production of biolo-
gically active substances, organic acids, vitamins, etc.

Already in ancient times people noticed that long-term storage of
various fruit juices leads to their conversion to alcohol. This was due
to spontaneous fermentation caused by naturally occurring bacteria
and yeast. Later it was observed that the speed and quality of the
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rychlost a kvalitu kvasného procesu Ize zvysit pfidanim malé davky
produktu predchozi fermentace (Steensels a Verstrepen, 2014). Pro-
ces kvaSeni byl nazvan fermentace podle latinského slova ,fervere,
coz znamena ,varit* — toto pojmenovani vzniklo z pozorovani bublin
v sudech obsahujicich kvasici hrozny (Alba-Lois a Segal-Kischine-
vzky, 2010).

V roce 1680 kvasinky mikroskopicky pozoroval Antonie van Le-
euwenhoek (Barnett, 1998). V 19. stoleti formuloval Louis Pasteur
zakladni reakce procesu kvaseni a v knihach ,Etudes sur la Biére“
a ,Etudes sur la vin“ popsal nemoci piva a vina (Polaina, 2002). Kon-
cem 19. stoleti vypracoval Emil Christian Hansen nékolik technik
izolace Cisté kvasni¢né kultury a v roce 1883 jednu z nich (Saccha-
romyces carlsbergensis, dnes pfejmenovana na S. pastorianus) za-
Cala pouzivat firma Old Carlsber Brewery na vyrobu piva typu lezak
(Steensels a Verstrepen, 2014; Polaina, 2002). Pravdépodobné prv-
ni, kdo ziskal ¢istou kulturu pro vyrobu svrchné kvaseného piva, byl
v roce 1888 Belgi¢an August Joseph Frangois de Bavay (Parsons,
1981), v roce 1890 pak Miiller-Thurgau pouzil Eistou kulturu kvasinek
v procesu vyroby vina (Pretorius, 2000).

Pivovarské kvasinky jsou fazeny do dvou druht — Saccharomyces
pastorianus na vyrobu piva spodnim kvasenim a Saccharomyces
cerevisiae pro svrchné kvasena piva. Pivovarské kmeny jsou typic-
ké polyploidii (vyskyt tfi a vice chromozomovych sad v burice), nej-
Castéji tetraploidii nebo aneuploidii (ne vS8echny chromosomy jsou
zastoupeny ve stejném poctu) (Legras et al., 2007; Matoulkova a Sa-
vel, 2007). Kmeny S. pastorianus se na zékladé molekularné-gene-
tickych analyz déli do dvou skupin: Saaz a Frohberg (Dunn a Sher-
lock, 2008). Skupina Saaz zahrnuje kvasinky pouzivané k vyrobé
plzeriského typu piva (Ceska republika) a kmeny pivovaru Carlsberg
(Dénsko). Do skupiny Frohberg patfi holandské kmeny (Heine-
ken), danské kmeny (kromé téch ze skupiny Saaz) a napf. kmen
Weihenstephan W34/70. Jsou pfizplsobené podminkam kvaseni pfi
nizSich teplotach (8—14 °C) a vyuzivaji cukr melibiosu. Pro kvasin-
ky druhu S. cerevisiae, které se pouzivaji na vyrobu piva svrchnim
kvaSenim (napf. piva pSeni¢na, ale, altbier, stout, at.), je typicka fer-
mentace pfi vy$Sich teplotach (18-24 °C) a na rozdil od spodnich
kvasinek melibiosu nevyuzivaji (Lodolo et al., 2008).

Tradi¢ni vyroba vina je zalozena na kvaseni hroznového mostu
mikroflérou pfirozené se vyskytujici na bobulich. V pribéhu kva-
Seni se dynamika vyskytu aktivity rGznych druh( kvasinek méni
— na zacatku fermentace prevladaji kvasinky rodu Kloeckera, Han-
seniaspora a Candida,v kone¢nych fazich dominuje druh Saccha-
romyces cerevisiae (Pretorius, 2000). Oproti pivovarskym kvasin-
kam jsou vinafské odolnéjsi k alkoholu a do mostu se dostavaji bud
s povrchu bobuli (spontanni kvaseni) nebo pfidanim gisté kultury
uslechtilych kvasinek (Cisté kvaseni). Kulturni vinafské kvasinky
patfi do druhl S. cerevisiae a S. bayanus. Vhodny typ kvasinky se
vybira napf. na zékladé geografické oblasti, klimatu, typu hrozna
a pozadovanych vlastnosti vina. Cisté kultury jsou vyuzivany také
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Obr. 1 Schematicky kladogram zobrazujici fylogeneticky vztah mezi
druhy rodu Saccharomyces a €asto izolovanymi hybridy. PferuSova-
né ¢ary predstavuji pfenos 1/4 aZ 1/3 genetické informace z druhu
do hybridu (Boynton a Greig, 2014, upraveno) / Fig. 1 Schematic
cladogram showing phylogenetic relationships between species of
the genus Saccharomyces and often isolated hybrids. Dashed lines
represent transmission of 1/4 to 1/3 of the genetic information from
the species to the hybrid (Boynton and Greig, 2014, modified)

fermentation process can be increased by adding a small dose of the
product from the previous fermentation (Steensels and Verstrepen,
2014). The process was named fermentation after the Latin word
“fervere” which means “to cook” — this name originated from the ob-
servation of bubbles in vats containing fermenting grapes (Alba-Lois
and Segal-Kischinevzky, 2010).

In 1680, Antonie van Leeuwenhoek observed yeast microscopically
(Barnett, 1998). In the 19th century, Louis Pasteur formulated the ba-
sic reactions of fermentation and described the diseases of beer and
wine in the books “Etudes sur la Biére” and “Etudes sur la vin” (Polai-
na, 2002). In the late 19th century, Emil Christian Hansen developed
several techniques for isolation of pure yeast cultures, and in 1883
one of them (Saccharomyces carlsbergensis, now renamed S. pas-
torianus) began to be used by the Old Carlsber Brewery company for
producing lager type beer (Steensels and Verstrepen, 2014; Polaina,
2002). Probably the first to produce a pure culture for the production
of top-fermented beer was the Belgian Francois Joseph de Bavay in
August 1888 (Parsons, 1981). Then in 1890 Mller-Thurgau used pure
yeast culture in a wine-making process (Pretorius, 2000).

Brewer's yeast is classified into two species — Saccharomyces
pastorianus for bottom beer fermentation and Saccharomyces cere-
visiae for the top-fermented beer. Brewer’s strains are typical by their
polyploidy (the presence of three or more sets of chromosomes in
the cell) and are mostly tetraploid or aneuploid (not all chromosomes
are represented in equal numbers) (Legras et al., 2007; Matoulkova
and Savel, 2007). On the basis of molecular genetic analyses, strains
of S. pastorianus, have been divided into two groups: Saaz and Fro-
hberg (Dunn and Sherlock, 2008). The Saaz group includes yeast
used to produce Pilsner-type beer (Czech Republic) and the strains
of the Carlsberg brewery (Denmark). Frohberg includes a group
of Dutch strains (Heineken), Danish strains (except for those from
Saaz) and e.g. Weihenstephan strain W34/70. Species S. pastoria-
nus is adapted to the conditions of fermentation at lower temperatu-
res (8—-14 °C) and to utilizing the sugar melibiose. Typical for yeast
of the species S. cerevisiae, which is used for top beer fermentation
(e.g. wheat beer, ale, Altbier, stout, etc.), is fermentation at higher
temperatures (18-24 °C), and, unlike the bottom yeast, it does not
utilize melibiose (Lodolo et al., 2008).

Traditional wine production is based on the fermentation of grape
must by the microflora naturally occurring on the berries. The dyna-
mics of occurrence and activity of various types of yeast varies
during fermentation — species Kloeckera, Hanseniaspora and Can-
dida are prevalent at the beginning of fermentation and Saccharo-
myces cerevisiae dominates in the final stages (Pretorius, 2000).
Compared to brewing, wine yeasts are more resistant to alcohol
and come into the must either from the surface of berries (sponta-
neous fermentation) or by adding a pure culture of noble yeast
(pure fermentation). Cultural wine yeast belong to the species S. ce-
revisiae and S. bayanus. A suitable type of yeast is chosen, e.g.,
based on a geographic area, climate, type of grape and the desired
characteristics of the wine. Pure cultures are also used for specific
fermentation in bottles in the production of sparkling wines (Bekato-
rou et al., 2006).

Strains of S. cerevisiae are used also as distillery yeast. Distillery
yeast is characterized by a high tolerance to ethanol (and stress fac-
tors in general), high fermentation rate, high yield per unit of substra-
te consumed and a small amount of side products such as esters,
fatty acids, etc. (Bekatorou et al., 2006).

Baker’s yeast strains of S. cerevisiae transform sugars present in the
dough to carbon dioxide and a limited amount of ethanol. Compared
to brewing or distillery yeast, baker’s yeast strains are not selected for
the production of alcohol, but for the production of carbon dioxide that
leavens the pastry (Silhankova, 2002).

The genus Saccharomyces currently contains nine species: S. cere-
visiae, S. paradoxus, S. mikatae, S. kudriavzevii, S. arboricola, S. euba-
yanus, S. uvarum and two hybrid species S. pastorianus and S. baya-
nus (Fig. 1). S. bayanus and S. pastorianus are able to grow at lower
temperatures, and unlike other Saccharomyces species they do not
grow at temperatures above 37 °C (Rainieri et al., 2003). The genus
Saccharomyces is capable of interspecific hybridization; depending on
what type of hybridization occurs, genetic information is also shared in
the form of chromosomal and mitochondrial DNA (Marinoni et al.,
1999). Interspecific hybridization occurs naturally between S. cerevisi-
ae and S. kudriavzevii and between S. cerevisiae and S. bayanus. One
of the possible causes is taken to be an evolutionary adaptation to dif-
ferent environments — the resulting hybrids acquire beneficial proper-
ties from the parent cells (Belloch et al., 2008; Lopandic et al., 2007;
Masneuf et al., 1998; Matzke et al., 1999).
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na specifické fermentace v lahvich pfi vyrobé Sumivych vin (Beka-
torou et al., 2006).

Jako lihovarské kvasinky jsou pouzivany kmeny S. cerevisiae. Pro li-
hovarské kvasinky je typicka vysoka tolerance k ethanolu (a stresovym
faktor(im obecné), vysoka rychlost kvaseni, vysoky vytéZek na jednot-
ku spotfebovaného substratu a malé mnozstvi vedlejSich produktt
jako jsou estery, mastné kyseliny atd. (Bekatorou et al., 2006).

Pekarské kvasinky S. cerevisiae pfeméniuji cukry pfitomné v tésté
na oxid uhli¢ity a v omezené mife na ethanol. Oproti pivovarskym
¢i lihovarskym kvasinkam, se pekafské kmeny nevybiraji kvili pro-
dukci alkoholu, ale na zakladé tvorby oxidu uhli¢itého, aby pecivo
vykynulo (Silhankova, 2002).

V soucéasnosti je v ramci rodu Saccharomyces platnych 9 druh(:
S. cerevisiae, S. paradoxus, S. mikatae, S. kudriavzevii, S. arbo-
ricola, S. eubayanus, S. uvarum a dva hybridni druhy S. pastoria-
nus a S. bayanus (obr. 1). Saccharomyces bayanus a S. pastoria-
nus jsou schopny rust pfi nizsich teplotach, oproti ostatnim druhiim
rodu Saccharomyces nerostou pfi teplotach nad 37 °C (Rainieri et
al., 2003). U rodu Saccharomyces mlze dochazet k mezidruhové
hybridizaci — podle toho, k jakému typu hybridizace dojde, dochazi
i k odevzdavani genetické informace v podobé chromosomalni a mi-
tochondrialni DNA (Marinoni et al., 1999). K mezidruhové hybridizaci
pfirozené dochazi mezi S. cerevisiae a S. kudriavzeviia mezi S. cere-
visiae a S. bayanus. Za jednu z moznych pfi¢in se povazuje evoluéni
adaptace na ruzna prostfedi — vzniklé hybridy ziskavaji od rodi¢ov-
skych bunék vyhodné vlastnosti (Belloch et al., 2008; Lopandic et al.,
2007; Masneuf et al., 1998; Matzke et al., 1999).

Druhy v ramci rodu Saccharomyces jsou si blizce pfibuzné, a tim
Casto velmi tézko odliSitelné. Morfologické a fysiologické testy nepo-
skytuji dostate¢né rozlieni — limitaci téchto technik je nestabilni mor-
fologie kvasinkové bunky, ktera se méni v zavislosti na podminkach
prostfedi. Rozdilnost mezi dvéma taxony je navic nékdy zalozena
na malém poctu fysiologickych vlastnosti — mutace i jen jediného
genu tak mGze vést k nespravné identifikaci. Vysledky biochemickych
testll, zejména téch zaloZzenych na rozdilech ve vyuzivani cukr(,
jsou u jednotlivych druhd kvasinek ¢asto variabilni (Kurtzman et al.,
2011; Rainieri et al., 2003). Genotypové metody v taxonomii kvasinek
se zaméruji na odliSnosti ve struktufe nukleovych kyselin a nékte-
ré z nich umoznuji diskriminaci az na uroveni kmene. Nejcastéji se
vyuzivaji geny rRNA, napf. variabilni doména 1 a 2 (D1, D2) nebo
vnitfni pfepisovana oblast (ITS). Ribosomy maji spole¢ny evoluéni
plvod — mezi variabilnimi sekvencemi se nachazi vysoce konzervo-
vané oblasti. Mezi bézné pouzivané identifikacni techniky patfi napf.
RFLP (Restriction Fragment Length Polymorphism; polymorfismus
délky restrikénich fragmentu), ribotypizace, profilovani plasmidd, sta-
noveni procentudlniho poméru G+C, DNA-DNA hybridizace, analyza
mitochondrialni DNA, denaturaéni gradientova gelova elektroforéza
(DGGE), pulzni gelova elektroforéza atd. (Kopecka et al., 2014a).

2 MATERIAL A METODY

2.1 Mikroorganismy

Kmeny pivovarskych kvasinek, které byly pouzity v této praci,
pochazi od rGznych vyrobcl susenych kvasnic, kmeny pekarskych
kvasinek byly ziskany izolaci z pekafského drozdi, tfi kmeny po-
skytla Technicka univerzita v Mnichové (TUM), jeden kmen pochazi
z Narodni sbirky kvasinkovych kultur (NCYC). Typové kmeny pocha-
zi z Némecké sbirky mikroorganismG a bunéénych kultur (DSMZ).
Seznam kmend, jejich oznaceni a blizsi specifikace jsou uvedeny
v tab. 1. PouZito bylo 11 kmen( svrchniho kvaseni S. cerevisiae,
4 kmeny spodnich pivovarskych kvasinek S. pastorianus, 8 kmenu
vinafskych, 9 lihovarskych a 5 kmend pekarskych kvasinek druhu
S. cerevisiae a typové kmeny S. pastorianus, S. cerevisiae a S. ba-
yanus (tab. 1).

2.2 Izolace a kultivace €istych kultur

Su8ené pivovarské, vinarské, lihovarské a pekarské kvasinky,
a Cerstve pekarské drozdi (vzdy po 1 gramu) byly inkubovany v 10ml
2% sladinového bujonu (20g sladinového extraktu, 1000 ml destilo-
vané vody) 24 hodin pfi teploté 25 °C. Nésledné bylo 100 pl kultury
prevedeno na Petriho misku s 2% sladinovym agarem (20g sladino-
vého extraktu, 20g agaru, 1000ml destilované vody) a inkubovano
24 hodin pfi teploté 25 °C. Po kultivaci byla kfizovym roztérem vyizo-
lovana kultura az do jednotlivych kolonii — postup pfeockovani kfizo-
vym roztérem byl opakovan tfikrat, vzdy z jedné kolonie. Precisténé
kmeny byly uchovavany pfi teploté 2-4 °C a pfeockovavany kazdych
5-6 tydn( na ¢erstvé médium.

The species within the genus Saccharomyces are closely related
and they are often very difficult to distinguish. Morphological and
physiological tests do not provide sufficient resolution — the limitation
of these techniques is unstable yeast cell morphology, which varies
depending on environmental conditions. Differentiation between two
taxa is also sometimes based on a small number of physiological
properties — even a mutation of a single gene can lead to misidenti-
fication. The results of biochemical assays, particularly those based
on differences in the utilization of sugars by individual yeast species,
are often variable (Kurtzman et al., 2011; Rainieri et al., 2003). Geno-
typic methods in yeast taxonomy focus on differences in the structure
of nucleic acids and some of them permit discrimination to the level
of strain. The most commonly used are rRNA genes, e.g. the variable
domain 1 and 2 (D1, D2) or the internal transcribed region (ITS). Ri-
bosomes have a common evolutionary origin, highly conserved regi-
ons occurring between the variable sequences. The commonly used
identification techniques include, e.g., RFLP (Restriction Fragment
Length Polymorphism), ribotyping, plasmid profiling, determination
of the percentage of G + C ratio, DNA-DNA hybridization, mitochon-
drial DNA analysis, denaturing gradient gel electrophoresis (DGGE),
pulse field gel electrophoresis, etc. (Kopecka et al., 2014a).

2 MATERIALS AND METHODS

2.1 Microorganisms

Brewer's yeast strains that have been used in this work come from
different manufacturers of dried yeast, baker‘s yeast strains were ob-
tained by isolation from baker's yeast, three strains were provided
by the Technical University of Munich (TUM), one strain comes from
the National Collection of Yeast Cultures (NCYC). Type strains come
from the German Collection of Microorganisms and Cell Cultures
(DSMZ). The strains, their designation and further specifications are
listed in Table 1. We used 11 top-fermenting brewer’s strains of S. ce-
revisiae, 4 strains of bottom brewing yeast S. pastorianus, 8 strains
of wine, 9 distillery strains and 5 strains of baker’'s yeast species
S. cerevisiae, and type strains S. pastorianus, S. cerevisiae and S.
bayanus (Tab. 1).

2.2 |solation and culturing of pure cultures

Dried brewers, wine, distillery and baker's yeast and fresh
baker’s yeast (in all cases 1 gram) were incubated in 10ml of 2%
malt wort broth (20 g of malt wort extract, 1000 ml distilled water) for
24 hours at 25 °C. Subsequently, 100ml of the culture was transfe-
rred to a Petri dish with 2% malt agar (20g malt wort extract, 20g
agar, 1000ml distilled water) and incubated for 24 hours at 25 °C.
After culturing, cross plating was used to isolate cultures down to
individual colonies. The cross plating procedure was repeated three
times, always from a single colony. Purified strains were stored at
2—4 °C and subcultured every 5-6 weeks onto fresh medium.

2.3 DNA isolation

Cultures for DNA isolation were prepared by inoculating 1 colo-
ny into 5ml of YPD medium (10g yeast extract, 20g peptone, 20g
glucose, 1000 ml distilled water), and culturing for 24 hours at 25 °C
with shaking at a frequency of 100 rpm. Yeast DNA was isolated by
phenol-chloroform extraction according to Kopecka et al. (2014b).

2.4 PCR of ITS and HIS4 gene

PCR was performed in a volume of 25 pl of a reaction mixture
in a LabCycler thermocycler (Sensoquest Labcycler, Germany). Pri-
mers were supplied by KRD (Czech Republic). The sequences of the
primers used and references are given in Table 2. The PCR mixture
contained 12 pl of PPP Master Mix (Top-Bio, Czech Republic), 11 pl
of the PCR water, 0.5 pl of each primer (i.e. ITS1 and ITS4 for detec-
tion of the ITS area and HIS4-U, and HIS4-L for the detection of gene
HIS4) and 1 pl of a template DNA. PCR parameters for ITS:i) 95 °C/
3 min;ii) 33 cycles: 95 °C /45,55 °C /30 s, 72 °C / 45 sec;iii) 72 °C
/ 7 min. Parameters for PCR HIS4: i) 94 °C / 4 min; ii) 30 cycles of:
94°C/30s,54°C/30s,72°C/2.5 min;iii) 72 °C /7 min. PCR pro-
ducts were separated by gel electrophoresis in 1% agarose gel with
0.5M TBE buffer (5.4g Tris, 2.45¢g boric acid, 2ml of 0.5M EDTA,
1000ml distilled water). The gel wells were supplied with 5 pl of the
PCR product and 5 pl of DNA marker (GeneRuler DNA Ladder Mix,
Fermentas, USA), electrophoresis was carried out for 180 min/50 V.
Ethidium bromide staining (1 mg/l / 60 min) was carried out after the
electrophoresis. Visualization was performed by the photodokumen-
tation device Transilluminator G: Box F3 (Syngene, USA).
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Tab. 1 Pouzité kmeny kvasinek / Table 1 Yeast strains used in the study

Druh (dle vyrobce) /
Species (according
to the supplier)

Technologické
zarazeni / Technological classification

Kmen / Strain

S. cerevisiae

vinarské / wine

Collection Cépage Cabernet UC3312

S. cerevisiae

vinarské / wine

Collection Cépage Sauvignon LWO7?2

S. cerevisiae

vinarské / wine

Collection Cépage Merlot 48822

S. cerevisiae

vinarské / wine

Colletion Cépage Chardonnay LWO5?2

S. cerevisiae

vinarské / wine

Collection Cépage Syrah LW 072

S. cerevisiae

vinarské / wine

Collection Cépage Pinot LW 062

S. cerevisiae

vinarské / wine

Fermivin 70132

S. cerevisiae

vinarské (sektové) / wine (sparkling wine)

TUM S1

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Belle Saison Ale Yeast (Lallemand)

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Nottingham Ale Yeast (Lallemand)

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Munich Wheat Beer Yeast (Lallemand)

S. cerevisiae

Windsor British Ale Yeast (Lallemand)

S. cerevisiae

Safale US-05 (Fermentis)

S. cerevisiae

(

(
pivovarské (svrchni) / brewing (ale)
pivovarské (svrchni) / brewing (ale)
pivovarské (svrchni) / brewing (ale)

Safale S-04 (Fermentis)

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Safbrew WB-06 (Fermentis)

S. cerevisiae

pivovarské (sekundarni kvaseni v lahvich a sudech) /
brewing (secondary fermentation in bottles and casks

Safbrew F-2 (Fermentis)

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Safbrew S-33 (Fermentis)

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Safbrew T-58 (Fermentis)

S. cerevisiae

pivovarské (svrchni) / brewing (ale)

Altbier Yeast TUM 308

S. pastorianus

pivovarské (spodni) / brewing (lager)

NCYC 396 ©

S. cerevisiae

Saflager W-34/70 (Fermentis)

S. cerevisiae

(
pivovarské (spodni) / brewing (lager)
pivovarské (spodni) / brewing (lager)

Saflager S-23 (Fermentis)

S. cerevisiae

pivovarské (spodni) / brewing (lager)

Brewferm Lager (Brouwland)

S. cerevisiae

lihovarské / distillery

Coobra 6 Magnum (CBF DRINKIT AB)

S. cerevisiae

lihovarské / distillery

Mini Turbo Alcohol Yeast (Gert Strand AB)

S. cerevisiae

lihovarské / distillery

Batch Turbo Yeast 14% (Gert Strand AB)

S. cerevisiae

lihovarské / distillery

Rum Turbo (Gert Strand AB)

S. cerevisiae

lihovarské / distillery

Fermiol?

S. cerevisiae

lihovarské / distillery

DistilaMax GW (Lallemand)

S. cerevisiae

lihovarské / distillery

DistilaMax SR (Lallemand)

S. cerevisiae

lihovarské / distillery

Spiriferm (Erbsl6h Geisenheim)

S. cerevisiae

lihovarské / distillery

TUM D2 °

S. cerevisiae

pekarské / baker's

Cerstvé drozdi / fresh leaven (Uniferm)

S. cerevisiae

pekarské / baker's

Cerstvé drozdi / fresh leaven (Fala)

S. cerevisiae

pekafské / baker's

sudené drozdi / dried leaven (Labeta)

S. cerevisiae

pekarské / baker's

suSené drozdi / dried leaven (Tesco)

S. cerevisiae

pekarské / baker's

susené drozdi / dried leaven (Dr.Oetker)

S. cerevisiae

typovy kmen / type strain

DSM 704497 ¢

S. pastorianus

typovy kmen / type strain

DSM 6580"¢

S. bayanus

typovy kmen / type strain

DSM 704127¢

20K SERVIS BioPro Collection, s.r.o., Praha, Ceska republika; "TUM — Technicka universita v Mnichové / Technische Universitat Miinchen,
Germany; °NCYC — Narodni sbirka kvasinkovych kultur / National Collection of Yeast Cultures, Norwich, United Kingdom; °DSMZ — Némec-
ka sbirka mikroorganismu a bunécnych kultur / German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany

Tab. 2 Pouzité primery / Table 2 Primers used in the study

Primer Sekvence (5’ - 3’) Reference
HIS4-U ACT CTA ATA GTG ACT CCG
HIS4-L AAC TTG GGA GTC AAT ACC Casaregola et al. (2001)
ITS1 TCC GTA GGT GAA CCT GCG G
ITS4 TCC TCC GCT TAT TGA TAT TGC Valente et al. (1996)
primer 21 GCTCGTCGCT Tornai-Lehoczki a Dlauchy (2000)
Sbay F1 GCT GAC TGC TGC TGC TGC CCC CG
Sbay R1 TGT TAT GAG TAC TTG GTT TGT CG
Scer F2 GCG CTT TAC ATT CAG ATC CCG AG
Scer R2 TAA GTT GGT TGT CAG CAA GAT TG Pengelly a Wheals (2013)
Seub F3 GTC CCT GTA CCA ATT TAA TAT TGC GC
Seub R2 TTT CAC ATC TCT TAG TCT TTT CCA GAC G
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2.3 Izolace DNA

Kultury pro izolaci DNA byly pfipraveny naockovanim 1 kolonie
do 5ml YPD média (10g kvasni¢ného extraktu, 20g peptonu, 20g
glukosy, 1000 ml destilované vody) a kultivaci 24 hodin pfi teploté
25 °C, za tfepani s frekvenci 100 kyv(i za minutu. Kvasniéna DNA
byla izolovana pomoci fenol-chloroformové extrakce podle Kopecké
et al. (2014b).

2.4 PCR oblasti ITS a genu HIS4

PCR probihala v objemu 25 pl reakéni smési, v termocykleru Lab-
Cycler (Sensoquest Labcycler, Némecko). Primery byly dodany fir-
mou KRD (Ceska republika). Sekvence pouzitych primer( a referen-
ce jsou uvedeny v fab. 2. PCR smési obsahovaly 12 yl PPP Master
Mixu (Top-Bio, Ceskéa republika), 11 pl PCR vody, 0,5 pl kazdého
z primerd (tedy ITS1 aITS4 pro detekci oblasti ITS a HIS4-U a HIS4-L
pro detekci genu HIS4) a 1 pl templatové DNA. Parametry PCR pro
ITS: i) 95 °C /3 min; ii) 33 cyklt: 95 °C /455,55 °C/30s, 72 °C/
45 s; aiii) 72 °C / 7 min. Parametry PCR pro HIS4: i) 94 °C / 4 min; ii)
30 cykll: 94 °C/30s,54°C/30s,72°C/2,5min;aiii) 72 °C/ 7 min.
PCR produkty byly separovany gelovou elektroforesou v 1% aga-
rosovém gelu s 0,5M TBE pufrem (5,49 Tris, 2,459 kyseliny borité,
2ml 0,5M EDTA, 1000 ml destilované vody). Do jamek na gelu bylo
nanaseno 5 pl produktu PCR a 5 pyl DNA markeru (GeneRuler DNA
Ladder Mix, Fermentas, USA), elektroforesa probihala 180 min /
50 V. Barveni ethidium bromidem (1 mg/l / 60 min) probéhlo po ukon-
Ceni elektroforesy. Vizualizace probéhla pomoci fotodokumentaéniho
zafizeni Transluminator G:Box F3 (Syngene, USA).

2.5 Stépeni PCR produktd restrikénimi endonukleasami

PCR produkty byly Stépeny restrikénimi endonukleasami — pro-
dukt reakce HIS4 byl $tépen enzymy EcoRV a Hindlll, produkt ampli-
fikace oblasti ITS enzymem Haelll (Fermentas, USA). Mista Stépeni
enzym(i: Haelll GG/CC, Hindlll A/AGCTT, EcoRV GAT/ATC. Stépe-
ni PCR produkt jednotlivymi enzymy probihalo v separatnich re-
akcich. SloZeni reakénich smési: 8,5 pl sterilni vody, 2 pl pufru pro
enzym, 8,5 pl PCR produktu, 1 pl enzymu. Takto pfipravené reakéni
smési byly inkubovany minimalné 2—3 hodiny v termostatu pfi 37 °C.
Produkt Stépeni byl ovéfen gelovou elektroforesou s 2% agaroso-
vym gelem. Do jamek na gelu bylo nanaseno 10 pl produktu Stépeni
a 5 yl DNA markeru.

2.6 RAPD-PCR 3
PCR smés obsahovala 12 pyl PPP Master Mixu (Top-Bio, Ceska
republika), 11,5 pl PCR vody, 0,5 pl primeru p21 a 1 pl templatové
DNA. Parametry PCR: i) 93 °C /3 min; ii) 35 cykli: 93°C/60s, 38 °C
/60 s, 72 °C / 2 min; a iii) 72 °C / 5 min. PCR produkty byly separo-
vany a vizualizovany stejné jako pfi detekci oblasti ITS a genu HIS4.

2.7 Multiplex PCR

PCR smés obsahovala 12 pl PPP Master Mixu (Top-Bio, Ceska
republika), 9 ul PCR vody, 0,5 ul kazdého z primer(i (Sbay F1, Sbay
R1, Scer F2, Scer R2, Saub F3, Seub R2) a 1 pl templatové DNA.
Parametry PCR: i) 94 °C / 5 min; ii) 35 cykld: 94 °C / 60 s, 55 °C /
60 s, 72 °C /60 s; aiii) 72 °C / 2 min. PCR produkty byly separovany
a vizualizovany stejné jako pfi detekci oblasti ITS a genu HIS4.

2.8 Test vyuzivani vybranych cukrt a ristu pfi riiznych teplotach

Kmeny kvasinek byly testovany na vyuzivani vybranych cukr(
(galaktosa, maltosa, melibiosa, sacharosa a trehalosa) za aerob-
nich a anerobnich podminek podle Kurtzmana et al. (2011). NarGst
byl odeéitan po 7 dnech inkubace v prubéhu nasledujicich 3 tydnu
(aerobné), 4 tydnl (anaerobné) pfi teploté 25 °C. Kmeny kvasinek
byly dale charakterizovany na zakladé svého rlstu pfi riznych teplo-
tach (25, 34 a 37 °C). Inkubace probihala na 2% sladinovém agaru
po dobu max. 96 hodin.

3 VYSLEDKY A DISKUSE

PCR amplifikace oblasti ITS potvrdila zafazeni vSech testovanych
kment do rodu Saccharomyces. Fragment s velikosti 855 bp se vy-
tvofil u v8ech kmen0 (fab. 3). Molina et al. (1992) zjistili, Ze velikost
PCR produktu s primery komplementarnimi k ITS oblasti je u druht
S. cerevisiae, S. bayanus a S. pastoriunus pfiblizné 850 bp, zatimco
S. kluyveri (nyni Lachancea kluyveri) poskytuje fragment o velikosti
700 bp. Pro rozliSeni mezi druhy se vyuziva restrikéni analyza ITS
regionu pomoci enzymu (Valente et al., 1996; Pham et al., 2011).
Stépeni PCR produktu enzymem Haelll umozZiuje rozligeni druhi

2.5 Digestion of PCR products with restriction endonucleases

PCR products were digested with restriction endonucleases —
HIS4 reaction product was digested with the enzymes EcoRV and
Hindlll, the product of amplification of the ITS region by the Haelll
enzyme (Fermentas, USA). Cleavage sites of enzymes: Haelll GG/
CC, Hindlll A/AGCTT, EcoRV GAT/ATC. Digestion of the PCR pro-
ducts was carried out by individual enzymes in separate reactions.
Composition of reaction mixture: 8.5 pl of sterile water, 2 pl of en-
zyme buffer, 8.5 pl of PCR product, 1 pl of enzyme. The reaction
mixtures were incubated for at least 2 to 3 hours in a thermostat at
37 °C. Cleavage product was verified by gel electrophoresis in 2%
agarose gel. Gel wells were supplied with 10 pl of digestion products
and 5 pl DNA marker.

2.6 RAPD-PCR

The PCR mixture contained 12 pl of PPP Master Mix (Top-Bio,
Czech Republic), 11.5 pyl PCR water, 0.5 pl of p21 primer and 1 pl
of template DNA. PCR Parameters: i) 93 °C / 3 min; ii) 35 cycles of:
93°C/60s,38°C/60s,72°C /2 min;iii) 72 °C / 5 min. PCR pro-
ducts were separated and visualized as in the detection of ITS region
and the HIS4 gene.

2.7 Multiplex PCR

The PCR mixture contained 12 pl of PPP Master Mix (Top-Bio,
Czech Republic), 9 pl of PCR water, 0.5 pl of each primer (Sbay F1,
Sbay R1, Scer F2, Scer R2, Saub F3, Seub R2) and 1 pl of a tem-
plate DNA. PCR parameters: i) 94 °C / 5 min; ii) 35 cycles of: 94 °C
/60s,55°C/60s, 72 °C /60 sec; iii) 72 °C / 2 min. PCR products
were separated and visualized as in the detection of ITS region and
the HIS4 gene.

2.8 Test of the utilization of selected sugars and growth at
different temperatures

Yeast strains were tested for the utilization of selected sugars
(galactose, maltose, melibiose, sucrose and trehalose) under aero-
bic and anaerobic conditions according to Kurtzman et al. (2011).
The growth was measured after 7 days of incubation over the next
3 weeks (aerobically) or 4 weeks (anaerobically) at 25 °C. Yeast
strains were further characterized on the basis of their growth at va-
rious temperatures (25, 34 and 37 °C). Incubation was carried out on
2% malt agar for a maximum of 96 hours.

3 RESULTS AND DISCUSSION

PCR amplification of ITS region confirmed the inclusion of all tes-
ted strains into the genus Saccharomyces. A fragment with the size
of 855 bp was formed in all strains (Table 3). Molina et al. (1992)
found that the size of the PCR product with primers complementary
to the ITS region in the species S. cerevisiae, S. bayanus and S. pas-
toriunus is approximately 850 bp, while the S. kluyveri (currently La-
chancea kluyveri) provides a fragment of about 700 bp. Restriction
analysis of the ITS region using enzymes has been performed to
distinguish between species (Valente et al., 1996; Pham et al., 2011).
Digestion of the PCR product by the Haelll enzyme makes it possible
to distinguish species within the genus Saccharomyces, but not be-
tween S. pastorianus and S. bayanus (McCullough et al., 1998). As
assumed, the type strains of S. pastorianus and S. bayanus exhibited
the same restriction pattern with three fragments (Fig. 2). In wine,
baker’s, distillery, and top brewing yeast strains and the type strain
of S. cerevisiae, the cleavage led to the formation of four fragments,
which are according to McCullough et al. (1998) typical for the spe-
cies S. cerevisiae. Only one strain of bottom brewer's yeast (NCYC
396) showed the same restriction profile as the type S. pastorianus
strain, the remaining three strains having the same restriction pattern
as S. cerevisiae. Digestion of the PCR product by the Haelll enzyme
was found to be unsuitable for identification of technological Saccha-
romyces yeasts at the species level.

Using restriction analysis of the HIS4 gene one can determine
the presence of alleles specific for either S. cerevisiae or S. baya-
nus; the presence of both specific alleles points to the hybrid strain
of S. pastorianus (Casaregola et al., 2001). Amplification of HIS4
gene of the genus Saccharomyces gives rise to a fragment of 2.1 kb
which, after cleavage with EcoRV, partitions in S. bayanus into two
fragments sized 1700 bp and 500 bp. The region of the HIS4 gene
in Saccharomyces cerevisiae contains a cleavage site for this en-
zyme, the product therefore remains in its original size. The bottom
brewing yeast Saflager W-34/70, S-23 Saflager and NCYC 396 and
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Obr. 2 Vysledky Stépeni PCR produktu (oblast ITS) enzymem Haelll /
Fig. 2 Results of digestion of the PCR product (ITS region) by Haelll
enzyme

1 — S. cerevisiae DSM 70449"; 2 — S. pastorianus DSM 65807; 3 —
S. bayanus DSM 70412T; 4 — S. pastorianus NCYC 396; 5 — S. cere-
visiae TUM 308; M — DNA marker.

v ramci rodu Saccharomyces, nikoliv véak druhl S. pastorianus
a S. bayanus navzajem (McCullough et al., 1998). Typové kmeny
S. pastorianus a S. bayanus dle pfedpokladu vykazovaly stejny re-
strikéni profil se 3 fragmenty (obr. 3). U kmenU vinarskych, pekaf-
skych, lihovarskych, svrchnich pivovarskych kvasinek a typového
kmene S. cerevisiae, doslo po $tépeni ke vzniku 4 fragmentu (obr.
2), které jsou podle McCullougha et al. (1998) typické pro druh S. ce-
revisiae. Pouze jeden kmen spodnich pivovarskych kvasinek (NCYC
396) vykazoval stejny restrickni profil jako typovy S. pastorianus, zby-
Ié tFi kmeny mély stejny restrikéni profil jako S. cerevisiae. Stépeni
PCR produktu enzymem Haelll se k identifikaci technologickych kva-
sinek rodu Saccharomyces do Urovné druhu ukazalo jako nevhodné.

Pomoci restrikéni analyzy genu HIS4 lze zjistit pfitomnost alel
specifickych bud pro S. cerevisiae nebo S. bayanus, v pfipadé pfi-
tomnosti obou specifickych alel se jedna o hybridni kmen S. pastori-
anus (Casaregola et al., 2001). Amplifikaci oblasti genu HIS4 vznika
u rodu Saccharomyces fragment o velikosti 2,1 kb, ktery se po $té-
peni enzymem EcoRV rozdéli u druhu S. bayanus na dva fragmenty
o velikosti 1700 a 500 bp. Oblast genu HIS4 u Saccharomyces cere-
visiae neobsahuje misto $tépeni pro tento enzym, produkt tedy z0-
stava v plivodni velikosti. U spodnich pivovarskych kvasinek Saflager
W-34/70, Saflager S-23 a NCYC 396 a typovych kmenl S. pastoria-
nus a S. bayanus doslo ke $tépeni PCR produktu enzymem EcoRV
(obr. 3A), ale zaroven ¢ast PCR produktu zlstala nestépena. Tyto
kmeny obsahuji vice typu alel, coz je pro hybridni kmeny charak-
teristicky znak. Dle nejnovéj$ich poznatku je druh S. bayanus, stej-
né jako S. pastorianus, oznaCovan jako hybridni (Boynton a Greig,
2014), pfitomnost vice typu alel genu HIS4 tomuto tvrzeni odpovida.
U ostatnich kmen( kvasinek ke $tépeni nedoslo a po $tépeni zustal
pouze fragment o velikosti 2,1 kb, coz je typické pro S. cerevisiae.
U kmenU S. cerevisiae (Merlot 4882, Syrah LW 07 a Belle Saison
Ale) byly po Stépeni detekovany kromé vyrazného 2,1 kb fragmentu
jesté 4 mensi nespecifické fragmenty. To miize znadit pfitomnost dal-
8i alely genu HIS4 nebo mutace v dané oblasti genu.

Enzym Hindlll nestépi PCR produkt u druhu S. bayanus, naopak
u S. cerevisiae vznikaji 3 fragmenty o velikosti 800, 700 a 600 bp (Ca-
saregola et al., 2001). Ke stépeni enzymem Hindlll nedoslo u PCR
produktu typového kmene S. bayanus (obr. 3B). U spodnich pivo-
varskych kvasinek Saflager W-34/70, S-23, NCYC 396 a typového
kmene S. pastorianus byl pozorovan vyrazny fragment (2,1 kb), ale
i fragmenty typické pro S. cerevisiae (obr. 3B). Produkty PCR reakce
ostatnich kmenu byly Stépeny na 3 fragmenty (800, 700 a 600 bp)
typické pro S. cerevisiae. U nékterych kmen0, stejné jako v pfipa-
dé Stépeni enzymem EcoRV, byly rovnéz pozorovany nespecifické
fragmenty. Vysledky $tépeni obou enzymui se shodovaly v druhovém
zafazeni u véech pouzitych kmend.

V soucasné dobé je k dispozici sada primer (multiplex-PCR)
pro aktudlné platné druhy rodu Saccharomyces, kromé hybridniho
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Obr. 3 Vysledky $tépeni PCR produktu (gen HIS4) enzymem EcoRV
(A) a Hindlll (B) / Fig. 3. Results of digestion of the PCR product
(gene HIS4) with EcoRV (A) and Hindlll (B)

1 — spodni pivovarské kvasinky / bottom brewer's yeast Saflager
W-34/70; 2 — spodni pivovarské kvasinky / bottom brewer's yeast
Saflager S-23; 3 — svrchni pivovarské kvasinky / top brewer’s yeast
Safbrew WB-06; 4 — S. cerevisiae DSM 70449"; 5 — S. pastorianus
DSM 6580"; 6 — S. bayanus DSM 70412™; M — DNA marker.

type strains of S. pastorianus and S. bayanus exhibited a cleavage of
the PCR product with EcoRV (Fig. 3A), but part of the PCR product
remained undigested. These strains contain multiple types of alleles,
which is characteristic for hybrid strains. According to the latest fin-
dings the species S. bayanus, as well as S. pastorianus, is known
as a hybrid (Boynton and Greig, 2014), which is consistent with the
presence of multiple types of HIS4 alleles. In other yeast strains the
digestion did nor occur and only a fragment of 2.1 kb remained af-
ter cleavage, which is typical for S. cerevisiae. S. cerevisiae strains
(Merlot 4882, Syrah LW 07 and Belle Saison Ale) produced after di-
gestion 4 smaller nonspecific fragments in addition to the prominent
2.1 kb fragment. This may indicate the presence of another allele of
the HIS4 gene or mutations in a given gene region.

The enzyme Hindlll did not cleave the PCR product in the species
S. bayanus, but in S. cerevisiae three fragments of 800, 700 and 600
bp were formed (Casaregola et al., 2001). Hindlll did not cleave the
PCR product of the type strain of S. bayanus (Fig. 3B). In the bottom
brewing yeast strains Saflager W-34/70, S-23, NCYC 396 and the
type strain of S. pastorianus, we observed a significant fragment
(2.1 kb), but also fragments characteristic for S. cerevisiae (Fig. 3B).
PCR products of the other strains were digested to yield three frag-
ments (800, 700 and 600 bp) specific for S. cerevisiae. Nonspecific
fragments were also observed in some strains as well as in case of
digestion with EcoRV. The results of cleavage by both enzymes were
consistent with the generic classification of all strains.

A primer set (multiplex-PCR) is currently available for the currently
valid species of the genus Saccharomyces, in addition to the hyb-
rid species S. pastorianus (Pengelly and Wheals, 2013). The size
of the PCR products for the various types is as follows: 150 bp for
S. cerevisiae, 275 bp for S. bayanus and 228 bp for S. eubayanus.
A fragment characteristic for S. eubayanus can be amplified in hyb-
rid strains of S. pastorianus and S. bayanus containing FSY1 target
gene, (Pengelly and Wheals, 2013). Amplification of two fragments
specific to S. cerevisiae and S. eubayanus (150 and 228 bp) occurred
in the bottom brewing yeast strains Saflager W-34/70, S-23 and also
in the wine yeast LWO7 (Fig. 4). These results suggest that they are
hybrid strains of S. cerevisiae and S. eubayanus. The hybrid origin
of bottom brewing and wine yeast is often described in the literature
(Bing et al., 2014, Libkind et al.; 2011; Sipiczski, 2008). The type
strain of S. pastorianus and S. pastorianus NCYC 396 underwent
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Tab. 3 Vysledky molekularné-biologickych metod typizace technologickych kmen( kvasinek / Table 3 Results of the molecular-biological

methods of technological yeast typing

. Ui . il RAPD
Kmen / Strain ITS Haelll Multiplex EcoRV Hindlil p21
S. cerevisiae Cabernet UC331 + SC SC SC SC SC
® S. cerevisiae Sauvignon LWO7 + SC SC + SE SC SC SC
5 S. cerevisiae Merlot 4882 + sc sc sc sc sc
3 S. cerevisiae Chardonnay LWO5 + SC SC SC SC SC
% S. cerevisiae Syrah LW 07 + sSC SC e SC SC
2 S. cerevisiae Pinot LW 06 + sc sC sc sC sc
g S. cerevisiae Fermivin 7013 ¥ sC sC sC sC sC
S. cerevisiae TUM S1 + SC SC SC SC SC
S. cerevisiae Belle Saison Ale Yeast + SC SC SC SC SC
S. cerevisiae Nottingham Ale Yeast + SC SC SC SC SC
S. cerevisiae Munich Wheat Beer Yeast + SC SC SC SC SC
® S. cerevisiae Windsor British Ale Yeast + SC SC SC SC SC
2 E S. cerevisiae Safale US-05 + SC SC SC SC SC
q§) E S. cerevisiae Safale S-04 + SC SC SC SC SC
5| £ S. cerevisiae Safbrew WB-06 + SC sSC SC SC SC
e | S. cerevisiae Safbrew F-2 + sC sC sC sC SC
g S. cerevisiae Safbrew S-33 + SC SC SC SC SC
8 S. cerevisiae Safbrew T-58 + sC sC sC sC sC
o S. cerevisiae Altbier Yeast TUM 308 + SC SC SC SC SC
- S. pastorianus NCYC 396 + SB/SP SE SB/SP SB/SP SP
E og S. cerevisiae Saflager W-34/70 + SC SC + SE SB/SP SB/SP SP
%L" S. cerevisiae Saflager S-23 + SC SC + SE SB/SP SB/SP SP
S. cerevisiae Brewferm Lager + SC SC SC SC SC
S. cerevisiae Coobra 6 Magnum + SC SC SC SC SC
> S. cerevisiae Mini Turbo Alcohol Yeast + SC SC SC SC SC
%’ S. cerevisiae Batch Turbo Yeast 14% + SC SC SC SC SC
2 S. cerevisiae Rum Turbo + SC SC SC SC SC
E S. cerevisiae Fermiol + SC sC SC sSC SC
% S. cerevisiae DistilaMax GW + SC SC SC SC SC
é S. cerevisiae DistilaMax SR + sC SC SC SC SC
= S. cerevisiae Spiriferm + SC SC SC SC SC
S. cerevisiae TUM D2 + SC SC SC SC SC
- S. cerevisiae (Uniferm) + SC SC SC SC SC
2» S. cerevisiae (Fala) + SC SC SC SC SC
>_§ $ S. cerevisiae (Labeta) + e sC sc sC sc
e S. cerevisiae (Tesco) + SC SC SC SC SC
S. cerevisiae (Dr.Oetker) + SC SC SC SC SC
o ° S. cerevisiae DSM 704497 + SC SC SC SC SC
§_ g S. pastorianus DSM 65807 + SB/SP SE SB/SP SB/SP SP
= S. bayanus DSM 704127 + SB/SP SE + SB SB/SP SB/SP SB

SC — Saccharomyces cerevisiae; SP — S. pastorianus; SB — S. bayanus; SE — S. eubayanus

druhu S. pastorianus (Pengelly a Wheals, 2013). Velikost PCR pro-
duktt pro jednotlivé druhy je nasledujici: 150 bp pro S. cerevisiae,
275 bp pro S. bayanus a 228 bp pro S. eubayanus. U hybridnich
kmenU S. pastorianus a S. bayanus, které obsahuji cilovy gen FSY1,
se mize amplifikovat fragment typicky pro S. eubayanus (Pengelly
a Wheals, 2013). K amplifikaci 2 fragmentl typickych pro S. cerevi-
siae a S. eubayanus (150 a 228 bp) doslo u spodnich pivovarskych
kvasinek Saflager W-34/70, S-23 a také u vinafskych kvasinek LWO7
(obr. 4). Tyto vysledky naznacuji, ze se jednd o hybridni kmeny dru-
hu S. cerevisiae a S. eubayanus. Hybridni ptvod spodnich pivovar-
skych a vinarskych kvasinek je v literatufe ¢asto popisovan (Bing et
al., 2014; Libkind et al., 2011; Sipiczski, 2008). U typového kmene
S. pastorianus a S. pastorianus NCYC 396 doslo k amplifikaci pouze
fragmentu o velikosti 228 bp, ktery je charakteristicky pro S. euba-
yanus. U typového kmene S. bayanus DSM 70412" doslo k amplifi-
kaci 2 fragmentl o velikosti 228 a 275 bp (obr. 4). Amplifikace alely
charakteristické pro S. eubayanus potvrzuje hybridni charakter dru-

only amplification of a fragment sized 228 bp, which is characteri-
stic for S. eubayanus. The type strain of S. bayanus DSM 70412T
featured amplification of two fragments of 228 and 275 bp (Fig. 4).
Amplification of an allele characteristic for S. eubayanus confirms the
hybrid character of S. bayanus. Only a fragment of 150 bp, which is
typical for S. cerevisiae, was amplified in the other strains.
Fingerprint methods often use only one primer or numerous
and relatively variable sites on the genome to distinguish the indi-
vidual yeast strains. (Tornau-Lehoczki and Dlauchy, 2000; Legras
and Karst, 2003). Using primer 21 according to Tornau-Lehoczki
and Dlauchy (2000), RAPD-PCR showed different fingerprints in
strains of S. cerevisiae and S. pastorianus, where several distinct
fragments were present. A similar fingerprint was exhibited by the
bottom brewing yeast strains Saflager W-34/70, S-23, NCYC 396
and the type strain of S. pastorianus (Fig. 5). Unique DNA finger-
print was provided by the type strain of S. bayanus. The fingerprint
of the top brewing yeast T-58 was similar to the other 34 strains
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Obr. 4 Vysledky multiplexni PCR / Fig. 4 The results of multiplex PCR
1 — vinafské kvasinky / wine yeast LWO7; 2 — vinafské kvasin-
ky / wine yeast 4882; 3 — spodni pivovarské kvasinky / bottom
brewer's yeast Saflager W-34/70; 4 — spodni pivovarské kvasinky /
bottom brewer’s yeast Saflager S-23; 5 — S. cerevisiae DSM 704497;
6 — S. pastorianus DSM 65807; 7 — S. bayanus DSM 70412T; M —
DNA marker

hu S. bayanus. U ostatnich kmen0 byl amplifikovan pouze fragment
o velikosti 150 bp, ktery je typicky pro S. cerevisiae.

Pro odliseni jednotlivych kmen( kvasinek se ¢asto pouzivaji tzv.
fingerprintové metody, které vyuzivaji pouze jeden primer ¢i poCetna
a pomérné variabilni mista na genomu (Tornai-Lehoczki a Dlauchy,
2000; Legras a Karst, 2003). RAPD-PCR s pouzitim primeru 21 dle
Tornai-Lehoczki a Dlauchy (2000) vykazovala odlisné fingerprinty
u kmenl S. cerevisiae a S. pastorianus, kde bylo pfitomno nékolik
vyraznych fragmentd. Podobny fingerprint vykazovaly spodni pivo-
varské kvasinky Saflager W-34/70, S-23, NCYC 396 spolu s typovym
kmenem S. pastorianus (obr. 5). Jedine¢ny otisk DNA vykazoval ty-
povy kmen S. bayanus. Fingerprint svrchnich pivovarskych kvasinek
T-58 se podoba ostatnim 34 kmendm s fingerprintem typickym pro
S. cerevisiae, avSak ma vyraznégji amplifikované fragmenty. Kvasinky
Brewferm Lager, dodavatelem oznacené jako spodné kvasici pivo-
varsky kmen, vykazovaly profil typicky pro svrchni kvasinky S. ce-
revisiae (obr. 5). Nepfesné oznaceni kmene ale nelze povazovat
za chybu vzhledem k tomu, ze pfi klasifikaci kvasinek jsou povoleny
tzv. technologické nazvy, které nemusi byt ve shodé s taxonomickym
zafazenim z dlvodu bézného vyskytu hybridnich kmenl a ¢astym
zménam v klasifikaci kvasinek.

Vysledky RAPD-PCR byly dale zpracovany v programu BioNume-
rics 7.5 (Applied Maths, Belgie), byl vytvofen dendrogram (obr. 6)
s pouzitim Pearsonova koeficientu, metody UPGMA (Unweighted
pair group method using arithmetic average) a optimalizaci 0,5 %.
Typovy kmen S. bayanus a svrchni pivovarské kvasinky Safbrew
T-58 se od ostatnich kmenu vyrazné lisily (obr. 6, zelena elipsa) s po-
dobnosti sekvenci pod 60%. Spole¢nou skupinu blizce pfibuznych
kmenU( s podobnosti nad 80 % vytvorily spodni pivovarské kvasinky
Saflager W-34/70, S-23, NCYC 396 s typovym kmenem S. pastoria-
nus (obr. 6, Cervena elipsa). Podobnost nad 90 % byla zaznamenana
u lihovarskych kvasinek Coobra 6 Magnum, typového kmene S. cere-
visiae a vinafskych kvasinek LW 06 (obr. 6, Zluta elipsa). Svrchni pi-
vovarské kvasinky Nottingham a TUM 308 vytvofily dvé samostatné
fylogenetické vétve. Kmeny s podobnosti sekvenci nad 90 % vytvorily
dvé vétsi fylogenetické skupiny. V prvni skupiné (obr. 6, modra elip-
sa) byly fazeny pekarské kvasinky Fala, vinarské LW 06 a 4 kmeny
svrchnich pivovarskych kvasinek (Munich, Windsor, Safale US-05,
Safale S-04). Druh& skupina (obr. 6, fialova elipsa) obsahovala 23
pivovarskych, vinafskych, pekafskych a lihovarskych kmen, které
se od sebe navzajem vyrazné nelisily.

Z vysledk( genotypovych metod vyplyva, Zze spodni pivovarské
kvasinky Saflager W-34/70 a S-23, s technologickym oznacenim
S. cerevisiae, taxonomicky patfi do druhu S. pastorianus. Vinarské
kvasinky LWO7 jsou pravdépodobné hybridnim kmenem druhl
S. cerevisiae a S. eubayanus. Zafazeni tohoto kmene do druhu S. ce-
revisiae |lze povazovat za spravné, nebot podle Nguyena et al. (2011)
az 10% kmen klasifikovanych jako S. cerevisiae mlize mit hybridni
puvod mezi S. cerevisiae a nékterym z pfibuznych druh. Vysledky
analyz pro spodni pivovarské kvasinky Brewferm Lager se shodovaly
s vysledky typickymi pro svrchni pivovarské kvasinky. Pravdépodob-
né se tedy jedna o svrchné kvasici kmen, jehoz pouziti miize vést
k pFichuti svrchné kvaSeného piva a ne typického lezaku.

Obr. 5 Vysledky RAPD-PCR / Fig. 5 The results of RAPD-PCR

1 — S. cerevisiae DSM 70449T; 2 — S. pastorianus DSM 65807; 3 —
S. bayanus DSM 704127; 4 — S. pastorianus NCYC 396; 5 — spodni
pivovarské kvasinky / bottom brewer’s yeast Saflager W-34/70; 6 —
spodni pivovarské kvasinky / bottom brewer's yeast Saflager S-23;
7 — spodni pivovarské kvasinky / bottom brewer’s yeast Brewferm
Lager; M — DNA marker

with fingerprints characteristic for S. cerevisiae but had significantly
more amplified fragments. The Brewferm Lager yeast, identified by
the supplier as bottom fermenting brewing strain, showed a profile
typical for top brewing S. cerevisiae (Fig. 5). However, the inaccura-
te classification of the strain need not be erroneous due to the fact
that in the classification of yeast are permitted so-called technolo-
gical names which may not be consistent with taxonomic classifica-
tion because of a common incidence of hybrid strains and frequent
changes in the classification of yeast.

RAPD-PCR results were further processed by BioNumerics 7.5
software (Applied Maths, Belgium) and a dendrogram was created
(Fig. 6) using the Pearson coefficient, the UPGMA method (unweigh-
ted pair group method using arithmetic average) and 0.5% optimiza-
tion. Type strain of S. bayanus and top brewing strain Saforew T-58
significantly differed from the other strains (Fig. 7, green ellipse) with
sequence similarity to below 60%. A common group of closely related
strains with similarities of over 80% included bottom brewing yeast
strains Saflager W-34/70, S-23, NCYC 396 and the S. pastorianus
type strain (Fig. 6, red ellipse). Similarity of over 90% was observed
in distillery yeast Coobra 6 Magnum, type strain of S. cerevisiae, and
wine yeast LW 06 (Fig. 6, yellow ellipse). Top ale yeasts Nottingham
and TUM 308 formed two separate phylogenetic branches. Strains
with sequence similarity of over 90% formed two major phyloge-
netic groups. In the first group (Fig. 6, blue ellipse) were classified
baker’s strain Fala, wine yeast LW 06 and four top brewing yeast
strains (Munich, Windsor, Safale US-05, Safale S-04). The second
group (Fig. 6, violet ellipse) consisted of 23 brewer’s, wine, bakery
and distillery strains that did not differ from each other significantly.

The results of the genotyping methods show that the bottom bre-
wing yeast strains Saflager W-34/70 and S-23, with the technological
name S. cerevisiae, belong taxonomically to S. pastorianus. Wine
strain LWO?7 is probably a hybrid strain of S. cerevisiae and S. eu-
bayanus. Inclusion of this strain to the species S. cerevisiae can be
considered correct since, according to Nguyen et al. (2011), as much
as 10% strains classified as S. cerevisiae may be hybrids of S. cere-
visiae with some of the related species. The results of analyses for
the Brewferm Lager bottom brewing yeast coincide with the results
for a typical top brewer‘s yeast.

Yeast strains were further characterized on the basis of their
growth at various temperatures (25, 34 and 37 °C). The tempera-
ture of 25 °C has been shown to be optimal for the growth of most
yeasts of the genus Saccharomyces (Kurtzman et al., 2011), which
was confirmed by the growth of all yeast strains used in this study.
Strains of bottom brewing yeast S. pastorianus NCYC 396, Saflager
S-23 and type strains S. pastorianus DSM 6580T and S. bayanus
DSM 704127 did not grow at 34 °C. The same strains and bottom
brewing yeast strain Saflager W-34/70 were unable to grow at 37 °C.
The results are consistent with the characteristics of the species
S. cerevisiae, S. pastorianus and S. bayanus (Kurtzman et al., 2011).
The strain Brewferm Lager, declared by the manufacturer as bottom
fermenting, grew at higher temperatures and, along with the results
of genotypic methods, this supports the assumption that it is a top-
-fermenting strain.
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S. bayanus DSM 704127
S. cerevisiae Safbrew T-58
S. pastorianus NCYC 396
8. pastorianus DSM 65807
5. cerevisiae Saflager 5-23
3. cerevisiae Saflager W-34/70
S. cerevisiae Nottingham Ale Yeast
S. cerevisiae Coobra 6 Magnum
S. cerevisiae DSM 7044907
S. cerevisiae Pinot LW 06
5. cerevisiae Altbter Yeast TUM 308
S. cerevisiae DistilaMax GW
S. cerevisiae (Fala)
5. cerevisiae Safale S-04
S. cerevisige Safale US-05
S. cerevisiae Windsor British Ale Yeast
S. cerevisiae Munich Wheat Beer Yeast
5. cerevisiae Spiriferm
S. cerevisiae Safbrew F-2
S. cerevisiae Fermivin 7013
S. cerevisiae TUM S1
S. cerevisiae TUM D2
S. cerevisiae (Tesco)
S. cerevisiae (Dr.Oetker)
S. cerevisiae (Labeta)
S. cerevisiae Fermiol
S. cerevisiae Brewferm Lager
S. cerevisiae Safbrew WB-06
S. cerevisige Chardonnay LWO3
S. cerevisiae (Uniferm)
S. cerevisiae Mini Turbo Alcohol Yeast
S. cerevisiae Merlot 4882
5. cerevisiae Safbrew 5-33
S. cerevisiae DistilaMax SR
S cerevisiae SyrahLW 07
S. cerevisiae Sauvignon LWO7
5. cerevisiae Rum Turbo
S. cerevisiae Batch Turbo Yeast 14%
S. cerevisiae Belle Saison Ale Yeast
5. cerevisiae Cabernet UC331

Sl

Obr. 6 Dendrogram sestaveny na zakladé metody RAPD-PCR s primerem 21 (Pearson(iv koeficient, UPGMA) / Fig. 6 Dendrogram of tested
yeast strains compiled based on RAPD-PCR method with primer 21 (Person coefficient, UPGMA)
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Kmeny kvasinek byly dale charakterizovany na zékladé svého
rastu pfi rznych teplotach (25, 34 a 37 °C). Teplota 25 °C je uva-
déna jako optimalni pro rist vétsiny kvasinek rodu Saccharomy-
ces (Kurtzman et al., 2011), coz bylo potvrzeno narustem vSech
kmenu kvasinek pouzitych v této studii. Pfi teploté 34 °C nerostly
kmeny spodnich pivovarskych kvasinek S. pastorianus NCYC 396,
Saflager S-23 a typové kmeny S. pastorianus DSM 6580 a S. ba-

The utilization of the sugars galactose, maltose, melibiose, sucro-
se and trehalose under aerobic and anaerobic conditions was based
on the methodology of Kurtzman et al. (2011). These sugars were
selected on the basis of the general characteristics of species of the
genus Saccharomyces. Species of S. cerevisiae, S. pastorianus and
S. bayanus show considerable variability in the utilization of sugars.
The basic characteristics of brewer‘s yeast include, among others,

Tab. 4 Vysledky vyuzivani vybranych cukrll za aerobnich a anaerobnich podminek / Table 4 Results of utilisation of target sugars in aerobic

and anaerobic conditions

Galaktosa

Maltosa Melibiosa Sacharosa Trehalosa

Kmen / Strain

AN AN A AN A AN AN

S. cerevisiae Cabernet UC331

S. cerevisiae Sauvignon LWO7

S. cerevisiae Merlot 4882

N+ N

S. cerevisiae Chardonnay LWO5

S. cerevisiae Syrah LW 07

vinarské / wine

S. cerevisiae Pinot LW 06

S. cerevisiae Fermivin 7013

+ |+ S|+ |+ |+

S. cerevisiae TUM S1

S. cerevisiae Belle Saison Ale Yeast

S. cerevisiae Nottingham Ale Yeast

S. cerevisiae Munich Wheat Beer Yeast

S. cerevisiae Windsor British Ale Yeast

S. cerevisiae Safale US-05

S. cerevisiae Safale S-04

S. cerevisiae Safbrew WB-06

svrchni / ale

S. cerevisiae Safbrew F-2

S. cerevisiae Safbrew S-33

S. cerevisiae Safbrew T-58

pivovarské / brewing

S. cerevisiae Altbier Yeast TUM 308

S. pastorianus NCYC 396

S. cerevisiae Saflager W-34/70

o[+ [+ [+ |+ |+ |+ |+ ]|+ |+ |+ |+]o |+ |+ |+ |+ |+ |+ ]|+

S I o I N I I B I I e I I .3 S I EN N

S. cerevisiae Saflager S-23

spodni /lager

S. cerevisiae Brewferm Lager

S. cerevisiae Coobra 6 Magnum

S. cerevisiae Mini Turbo Alcohol Yeast

S. cerevisiae Batch Turbo Yeast 14%

S. cerevisiae Rum Turbo

S. cerevisiae Fermiol

S. cerevisiae DistilaMax GW

S. cerevisiae DistilaMax SR

lihovarské / distillery

S. cerevisiae Spiriferm

S. cerevisiae TUM D2

S. cerevisiae (Uniferm)

S. cerevisiae (Fala)

S. cerevisiae (Labeta)

S. cerevisiae (Tesco)

pekarské / baker's,

S. cerevisiae (Dr.Oetker)

S. cerevisiae DSM 704497

o+ |+ [+ [+ |+ [+ |+ [+ |+ |+ |+ |+ [+ |+ |+ |+ [+ |+ [+ |+ [+ |+ |+ |+ |+ |+ |+ [+ ]|+ [+ ]|+ |+ ]|+ |+][+]|+]+]|>

o [+ |+ [+ |+ [+ [+ |+ [+ |+ [+ |+ [+ ]|+ ][+ ]|+

|+ |+ [+ [+ |+ |+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ [+ [+ ][+ [+ [+ |+ |+ |+ |+ |+ |+ |+ |+ |+ [+ ][+]+][+]|+]|+]|+]|>

S. pastorianus DSM 65807

|+ |+ [+ [+ |+ |+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ [+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ |+ |+ [+ ][+]+][+]|+]|+]|+]|>
|+ |+ [+ [+ |+ |+ [+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ ][+ ]+ ]+ ]|+]|+

+

(7]
|+ |+ [+ [+ |+ |+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ |+ [+ ][+ [+ [+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ ][+ ]+ ]+ ]|+]|+

o+ |+ |+ [+ |+ [+ [+ [+ [+ [+ |+ |+ |+ |+ |+ |+ |+ [+ ||+ [+ |+ ]|+ ]|+ |+ |+ |+ ]|+]|+ ]|+

e N N e R E RN R R I R S

typové /
type

S. bayanus DSM 704127 -

- + + - - + + + s

A — aerobni vyuzivani / aerobic utilisation; AN — anaerobni vyuZzivani / an aerobic utilisation; +, pozitivni / positive; -, negativni / negative; w,
slabé pozitivni / weak positive; 7 — pozitivni po 7 dnech inkubace (,0poZdéné pozitivni*) / positive after 7 days of incubation (“late positive”);
s — pozitivni po 7 dnech inkubace — slaba fermentace / positive after 7 days of incubation — weak fermentation
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yanus DSM 704127. Tytéz kmeny a spodni pivovarské kvasinky Sa-
flager W-34/70 nebyly schopny rustu pfi 37 °C. Vysledky se shoduji
s charakteristikou druht S. cerevisiae, S. pastorianus a S. baya-
nus (Kurtzman et al., 2011). Kmen Brewferm Lager, deklarovany
vyrobcem jako spodné kvasici, rostl pfi vyssich teplotach a spo-
lu s vysledky genotypovych metod to potvrzuje domnénku, ze jde
o svrchné kvasici kmen.

Vyuzivani cukrd galaktosy, maltosy, melibiosy, sacharosy a treha-
losy za aerobnich a anaerobnich podminek probéhlo podle metodiky
Kurtzmana et al. (2011). Tyto cukry byly vybrané na zékladé vSeo-
becnych charakteristik druhl rodu Saccharomyces. Druhy S. cere-
visiae, S. pastorianus a S. bayanus vykazuji zna¢nou variabilitu pfi
vyuzivani téchto cukr(. Mezi zakladni charakteristiky pivovarskych
kvasinek patfi mimo jiné i vyuzivani cukru melibiosy — spodni kva-
sinky melibiosu vyuZzivaji a svrchné kvasici kmeny ji vyuzivat neumi
(Lodolo et al., 2008). Pfedpoklad, ze kmeny, které byly genotypovymi
metodami uréeny jakodruh S. pastorianus, budou vyuzivat melibio-
su, se nepotvrdil (tab. 4). Spodni kvasinky Saflager S-23 a NCYC
396 melibiosu vyuzivaly aerobné i anaerobné, ale kmeny Saflager
W-34/70, Brewferm Lager a typovy kmen S. pastorianus DSM 65807
na melibiose nerostly vibec. Z ostatnich technologickych skupin
kvasinek vyuzivaly melibiosu pouze tfi kmeny lihovarskych kvasinek.

Galaktosa byla aerobné vyuzivana v8emi kmeny kvasinek kromé
S. bayanus DSM 704127, anaerobné ji nevyuzival S. bayanus DSM
704127 a dva vinafské kmeny. Maltosa byla vyuzivana aerobné i ana-
erobné v8emi kmeny. Variabilnich vysledk bylo dosaZeno se sacha-
rosou — aerobné byla vyuzivana véemi kmeny kvasinek, anaerobné
nebyl zjistén narlst u dvou kmenu (vinafsky a pivovarsky spodné
kvasici) a u nékolika kmenu (nezavisle na technologickém zafazeni)
byla nutn& prodlouzena inkubace. Variabilni vyuzivani bylo zjisténo
také v pfipadé cukru trehalosy (viz tab. 4).

4 ZAVER

Cilem této studie byla charakterizace 40 kmenu kvasinek rodu Sa-
ccharomyces ze Ctyf technologickych skupin pomoci genotypovych
a fenotypovych metod. Kvasinky byly analyzovany pomoci PCR ITS
regionu, genu HIS4 (a jejich $tépenim restrikénimi endonukleasami),
multiplexni PCR a technikou RAPD, sledovan byl rlist pfi rliznych
teplotach a vyuzivani vybranych cukrl za aerobnich a anaerobnich
podminek. PCR amplifikace oblasti ITS potvrdila zafazeni vSech
testovanych kmenl do rodu Saccharomyces. Dva vzorky komeréné
dostupnych susenych pivovarskych kvasinek byly vyrobcem oznace-
né jako Saccharomyces cerevisiae, avéak podle ziskanych vysledk
a samotného popisu od vyrobce se jedna o druh S. pastorianus. Jde
tedy o nepfesné oznaceni druhu. U jednoho vzorku suSenych kvasi-
nek, deklarovaného vyrobcem jako spodné kvasici kmen, vSak bylo
prokazéno zafazeni mezi kvasinky svrchné kvasici.

Na zakladé ziskanych vysledkl Ize konstatovat, Ze pro zafazeni
kvasinek do rodu Saccharomyces lze vyuzit metodu amplifikace ITS
regionu. Pro rozliSeni jednotlivych druh(l je ale vhodnéjsi Stépeni
genu HIS4 nebo multiplex PCR, ktera dokaze odhalit i hybridni po-
vahu jednotlivych kmen(. Dobrych vysledkd bylo dosazeno pomoci
metody RAPD, ktera odliSila druh S. bayanus a kmeny spodnich kva-
sinek zaradila do blizce pfibuzné skupiny. BohuZzel ani touto metodou
nebyly kmeny rozfazeny na zakladé svého technologického vyuZiti.
Kvasinky S. cerevisiae byly schopné rust pfi 37 °C narozdil od kme-
nl S. pastorianus a S. bayanus. Schopnost riistu na vybranych cuk-
rech potvrdila znaénou variabilitu mezi druhy rodu Saccharomyces.
Ani pfi vyuZiti vybranych cukr(i nebyla zaznamenéana shoda mezi
technologickymi skupinami kvasinek.
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na dlouhodoby koncepéni rozvoj VUPS (Vyzkum kvality a zpracovani
sladafskych a pivovarskych surovin, RO1914) a projektu Vyzkumné
senzorické centrum v Praze a Vyzkumna a vyvojova varna — udrzitel-
nost a rozvoj (LO1312).

the utilization of melibiose — bottom yeast strains utilize melibiose
while top fermenting strains cannot utilize it (Lodolo et al., 2008). The
assumption that strains that were designed as S. pastorianus by ge-
notypic methods will use melibiose was confirmed (Table 4). Bottom
strains Saflager S-23 and NCYC 396 utilized melibiose both aerobi-
cally and anaerobically while the strains Saflager W-34/70, Brewferm
Lager and the type strain S. pastorianus DSM 6580 did not grow
on melibiose at all. Among other technological groups of yeast only
three strains of distillery yeast utilized melibiose.

Galactose was aerobically utilized by all yeast strains except S. ba-
yanus DSM 70412"whereas anaerobically it was not utilized by S. ba-
yanus DSM 70412" and two wine strains. Maltose was utilized both
aerobically and anaerobically by all strains. Variable results were ob-
tained with sucrose — it was utilized aerobically by all yeast strains,
anaerobic growth was not found in two strains (wine and bottom bre-
wing); several strains (regardless of the technological classification)
required prolonged incubation. Variable utilization was found in the
case of trehalose (see Table 4).

4 CONCLUSIONS

The aim of this study was to characterize 40 yeast strains of the ge-
nus Saccharomyces from four technological groups using phenoty-
pic and genotypic methods. Yeast cells were analyzed by PCR of the
ITS region, HIS4 gene (and their restriction endonuclease digestion),
multiplex PCR and by the RAPD technique, and growth at various
temperatures and utilization of selected carbohydrates under aerobic
and anaerobic conditions was monitored. PCR amplification of ITS
confirmed the inclusion of all tested strains in the genus Saccharo-
myces. Two samples of commercially available dried brewer's yeast
have been identified by the manufacturer as Saccharomyces cerevi-
siae, but based on our results and on the actual description by the
manufacturer they belong to the species S. pastorianus. The desig-
nation of the species is thus inaccurate. One sample of dried yeast,
declared by the manufacturer as a bottom-fermenting strain, has now
been shown to be a top fermenting strain.

Based on our results it can be stated that the method of amplifi-
cation of ITS region can be used for inclusion of yeast into the ge-
nus Saccharomyces. However, more suitable for distinguishing the
various species is the cleavage HIS4 gene or multiplex PCR, which
can detect even the hybrid nature of the various strains. Satisfactory
results were obtained using the RAPD method, which distinguished
the species S. bayanus and aided in grouping together strains of
bottom yeast. Unfortunately, even this method could not categorize
the strains according to their technological applications. S. cerevisiae
strains were able to grow at 37 °C, unlike the strains of S. pastorianus
and S. bayanus. The ability to grow on selected sugars confirmed the
considerable variability among species of the genus Saccharomy-
ces. Even with the use of selected sugars no match was recorded
between the technological groups of yeast.
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merénimi pivovary v Ceské republice se vyhlaSuje ve
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lery) a neobvykla piva. Jde napf. svrchné kvasena piva,
ochucena, piva vyrabéna v nasich podminkach neobvyk-
lou technologii, michané napoje na bazi nealkoholického
piva. V této kategorii pfihlaSovatel mize uvést parametr,
kterym se pivo odliSuje, a komise k nému pfi hodnoceni
prihlizi.

Soutéz probéhne pocatkem fijna a vyhodnoceni pfihla-
Senych piv provede dvaceti¢lenna hodnotitelska komise
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