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Clanek je vénovan dvéma hlavnim tématiim: 1. posuzovani Zivo-
taschopnosti a metabolické kompetence kvasinek pomoci testu aci-
difikacni schopnosti (AP test), biochemickému zazemi této metody,
podminkam vyuziti a postupnému vyvoji od jejiho zavedeni, a 2.
tomu, jak metabolicka kompetence kvasinek v provozu, a tedy i vy-
sledky AP testu, mohou byt ovlivnény napf. rlistovou fazi bunék
a stavem systémud mnohocetné rezistence viéi xenobiotikiim (mul-
tidrug resistance, MDR), které podminuji schopnost kvasinek vy-
rovnavat se s chemickym stresem.

AP test vyvinuty a patentovany Opekarovou a Siglerem, pouzity
poprvé ke stanoveni metabolické kompetence pivovarskych kvasi-
nek opakované nasazovanych v provozu, je zaloZen na znalosti fady
membranovych pochodl probihajicich v kvasinkach metabolizuji-
cich endogenni i exogenni substraty. Hlavni pochod podilejici se na
acidifikacni schopnosti kvasinek, tj. €innost H*-ATPasy, zavisi nejen
na stavu bunék (Cerstvé buriky, bunky po skladovani, prani atd.),
ale velmi silné i na rGstové fazi. Béhem diauxického prechodu
a tésné po ném se aktivita H*-ATPasy u S. cerevisiae prudce sni-
Zuje a zlstava nizkd béhem post-diauxické a stacionarni faze. To
souvisi s pfechodem bunék na energeticky usporny rezim, pfi némz
je minimalizovan provoz energeticky naroénych pochodd zahrnuiji-
cich vysokou spotfebu ATP. Podobnou zavislost aktivity na rdstové
fazi vykazuji i transportéry systému MDR.

Hollerova, . — Sigler, K. — Kadlecova, J. — Srogl, J.: Vitality and
viability of pitching yeast: methods of assessment and the ef-
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The article concerns two main topics: 1. Assessment of viability
and metabolic competence of yeast by the acidification power test
(AP test), its biochemical background, conditions of its use and its
development since its introduction, and 2. The way in which the me-
tabolic competence of pitching yeast, and hence the results of the
AP test, can be affected by, e.g., the yeast growth phase and the
status of the multidrug resistance system (MDR) which underlies
the ability of cells to cope with chemical stress caused by xenobi-
otics.

The AP test developed and patented by Opekarova and Sigler,
and used by them for the first time to assess the metabolic com-
petence repeatedly pitched in the brewing process, is based on
the knowledge of membrane processes taking place in yeast cells
metabolizing endogenous and exogenous substrates. The main
process contributing to the acidification power of yeast, i.e. the ac-
tivity of the H*-ATPase, depends not only on cell condition (fresh
cells, cells after storage, washing, etc.) but very strongly also on
the growth phase. During and closely after the diauxic shift the ac-
tivity of H*-ATPase in S. cerevisiae sharply drops and remains low
during the post-diauxic and stationary phases. This is due to the
transition of the cells to an energy saving regime in which ener-
getically demanding processes involving high ATP consumption
are downregulated. The MDR transporters exhibit a similar activity
pattern.

Hollerova, I. - Sigler, K. — Kadlecova, J. — Srogl, J.: Vitalitat und
Viabilitat der Brauereianstellhefe: Beurteilungsmethoden und
der Einfluss der Zellsysteme fiir Stressresistenz. Kvasny Prum.
51, 2005, Nr. 1, S. 3-7.

Zwei Hauptthemen werden behandelt: 1) die Beurteilung der Le-
bensfahigkeit und Stoffwechselkompetenz der Hefe mittels des An-
sduerungskrafttests (acidification power test, AP test), der bioche-
mische Grund dieser Methode, ihre Anwendungsmaéglichkeiten und
Weiterentwicklung seit ihrer Einfihrung, und 2) die Art auf welche
die Stoffwechselkompetenz der Brauereihefe im Betrieb, als auch
die Ergebnisse des AP-Tests, durch die Wachstumsphase und den
Zustand der Systeme der Fremdstoffresistenz (multidrug resistance,
MDR), die den Zellen ermdglichen mit dem chemischen Stress zu-
rechtzukommen, beeinflusst werden.

Der AP-Test, von Opekarova und Sigler entwickelt, patentiert und
erstmals zur Bestimmung der Stoffwechselkompetenz mehrmals im
Betrieb angestellter Hefe benutzt, basiert auf Kenntnissen der Mem-
branprozesse, die in Hefezellen, die endogene als auch exogene
Substrate verstoffwechseln, verlaufen. Der Hauptbestandteil des
Ansduerungsprozesses, d.h. die Tatigkeit der H*-ATPase, hangt
nicht nur von dem Zellzustand (frische Zellen, Zellen nach Bewa-
hrung, Waschen, usw.) sondern auch sehr stark von der Wach-
stumsphase ab. Wéhrend des diauxischen Ubergangs und gleich
danach sinkt die Aktivitat der H*-ATPase von S. cerevisiae schnell
und bleibt niedrig wéhrend der postdiauxischen und stationaren
Phase aufgrund eines Zelliibergangs auf ein energetisch sparsa-
mes Regime, unter dem energetisch anspruchsvolle Prozesse mit
hohem ATP-Verbrauch minimalisiert sind. Eine &hnliche Aktivitat-
sabhéngigkeit von der Wachstumsphase weisen auch die MDR-
Systeme auf.

Fonneposa, U. — Curnep, K. — Kagneyosa, W. — Lporn, W.:
Butanuta n Buabunurta 3agaTtouyHbIiX OPOXOKEN: meTonbl 06-
CYXX[AEHUA N BIUSIHUE KJIETOYHbIX CUCTEM Ha YCTOWYMBOCTb OT
ctpecca. Kvasny Prum. 51, 2005, Ho. 1, cTp. 3—7.

B cTtaTbe paccmaTpuBaloTCs ABE OCHOBHble Tembl: 1) O6cyXx-
[OeHMe XXN3HecrnocobHOCTM 1 MeTabonmnama 4pox>Ke Npy NoMoLLm
AP-TecTta, OMOXMMMYECKME MPUHLUMMBI HACTOSWero MeTtoaa,
YCNOBUS MWCMONb30BaHWA W MOCTENEHHOro pasBuTMSA TecTa
C MOMEHTAa ero BBe4eHWSA Ha NpakTuKy u 2) Kakum o6pasom MoryT
Ha CrMocobHOCTb obmeHa BewecTB (MeTabonmam) B ApOxiKax
N NPOM3BOACTBEHHbIX YCMNOBUSAX W Ha pes3ynbTaTtbl AP-TecTa
NoBAMATL Hanp. d)asa PasMHOXEHWNS KNEeTOK U COCTOSIHME CUC-
TeMbl cnekTpa yctonmumsocTu (multidrug resistance — MDR) ot
KCEHOOMOTMKOB, 4TO 0OYCOBNMBAET CMOCOOHOCTb APOXOKEN
KOMMEHCUPOBaTb XMMUYECKUIA CTpecc.

HacTtoawun AP-TecT, paspaboTaHHbIl W 3anaTeHTOBaHHbIN
aBTopamu Onekaposa-Curnep, MCNONb30BaHHbIA B NepBbIn pas
ANa  onpegeneHnss cwunibl MeTabonmM3Ma MUBHBIX  APOXOKEN
NOBTOPHO 3ajaBaemMblX Ha MMB3aBOfe, OCHOBaH Ha 3HaHWU
npoueccoB npoTeKawwmx B MembpaHax KreToK [POXOKeW,
BbINOSIHAOWMX OOMEH 3HAOMEHHbIX UM 3K30reHHbIX Cyb6CTpaToB.
['naBHbIA Npouecc, y4acTBYOWMIA B CNOCOOHOCTU aumamdmkaumm
OPOXOKER, T.e. akTUBHOCTb H*-ATP-a3bl, 3aBUCUT HE TONbKO OT
COCTOSIHUS KIETOK (CBeXMue KNeTKW, KNeTKW Nnocrie XpaHeHus,
NPOMbIBKU U T.MN.), HO 1 Ha (ha3e pasMHOXXEHNS KNeToK. B TeyeHne
OMayKCcuLKOro rnepexofa n nocrie Hero akTuBHocTb H*-ATP-a3bl B
cnyyae S. cerevisiae pe3Ko MOHUXAETCS U OCTaeTCs HU3KOWN B
TeyeHne NOCTAMAYKCULKOM U cTauMoHapHon ¢as. OTo cBA3aHO
C NepexofoM KMeTOoK K 9HEepreTuy4eckn SKOHOMUYHOMY PEXUMY,
npy KOTOPOM MMHUMU3YETCA MPOTEKaHUE SHEpPreTUyecku
TpeboBaTesbHbIX MPOLECCOB, BK/IOYAOWMX BbICOKOE MOTpe-
6nexHne ATP. AHanornyHas 3aBUCUMOCTb aKTUBHOCTU OT (pasbl
pa3MHOXEHNs UMeeTCa Takxe y TpaHcnoptepos cuctem MDR.
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1 UvoD

Jednim z faktor( ovliviiujicich zasadnim zplGsobem kvalitu konec-
ného produktu pfi vyrobé piva je fyziologicky stav a metabolickd kom-
petence nasadnich kvasnic. Viabilita (tj. pocet zivych a mrtvych bu-
nék v kulture) a vitalita (fermentaéni a obecné metabolickd schopnost
bunék) kvasnic hraji tedy pfi vyrobé piva dllezitou ulohu. Vitalita se
snizuje u bunék starnoucich &i starych nebo bunék vystavenych
stresu. Nové druhy stresu mohou vznikat napf. pfi zavadéni moder-
nich technologii (vysoky hydrostaticky tlak v CKT) nebo novych su-
rovin (surogaty ¢i koncentraty obsahuijici latky pdsobici chemicky
stres). Na stanoveni viability a vitality kvasnic byla vyvinuta fada me-
tod, které Ize rozdélit na metody zaloZené na vitalnim barveni, schop-
nosti bunék se rozmnozovat, méfeni obsahu dllezitych latek v burice,
méreni aktivity duleZitych enzymU v burikach, a koneéné na méreni
rychlosti metabolismu a energetického stavu bunék.VSechny tyto me-
tody maji své vyhody a sva omezeni a optimélni stanoveni ,kondice*
bunék nasadnich kvasnic jak béhem propagace, tak b&éhem fermen-
tace a skladovani, a — cozZ je velmi dulezité — predpovéd jejich cho-
vani béhem nasledujicich fermentaci zahrnuje sou¢asné pouziti né-
kolika technik. To ovS§em vyZaduje pestré a ¢asto pomérné nakladné
pfistrojové vybaveni.

Metody zalozené na vitalnim barveni reprezentuji v podstaté sta-
noveni integrity plazmatické membrany kvasniénych bunék, nebot
barviva pouzivana pfi této technice pronikaji pouze do mrtvych bu-
nék. Casto pouzivanymi barvivy jsou napf. methylenova modf, me-
thylenova violet, fluorescein diacetat nebo ANS — 1-anilino-8-nafta-
lensulfonat (McCaig 1990 [1] a dal$i). Vyhodou této metody je jeji
jednoduchost a skute¢nost, ze vysledky jsou ziskany prakticky oka-
mzité. Nevyhodou je, Ze korelace vysledkud vitalniho barveni s vy-
sledky jinych metod stanoveni bunééné viability (napf. plotnovych me-
tod) je nizka. Ve své klasické formé je vysledek barveni zavisly na
subjektivnim hodnoceni obarveni bunék. Tato subjektivita je odstra-
néna u modernich objektivizujicich optickych metod, napf. proudové
cytometrie nebo fluorescenéni mikroskopie spojené s analyzou ob-
razu.

Stanoveni reprodukéni schopnosti bunék vyhodnocuje schop-
nost bunék tvofit kolonie. Plotnové vysevy na agaru maji vyhodu
v tom, Ze pfimo stanovuiji proliferaci kvasni¢nych bunék, nevyhodou
je zdlouhavost stanoveni (2—3 dny) a skute¢nost, ze u silné flokulu-
jicich bunék mohou byt vysledky vysevu zkresleny. Metoda pouziva-
jici mikroskopickych podloznich skli¢ek do urcité miry odstrariuje dlou-
hou kultivaéni dobu.

Méreni obsahu dtlezitych latek je zalozeno na predpokladu, ze
obsah dané latky v burikach (glykogen, nenasycené mastné kyseliny
a steroly, ATP) podstatné ovlivni nasledujici fermentaci. Jak ukazuje
napf. Imai [2], dlleZitost obsahu téchto latek jako parametrl vitality
bunék zavisi ¢asto na obsahu dalSich latek v zivném médiu (kyslik,
glukosa), na teploté a dalSich faktorech.

Stanoveni aktivity dllezitych enzymi (maltasa, pyruvatdehyd-
rogenasa, pyruvatdekarboxylasa, alkoholdehydrogenasa) [3] se pro-
vadi unifikovanymi spektrofotometrickymi metodami a pomérné dobfe
odpovida fyziologickému stavu bunék.

Vysledky stanoveni metabolické rychlosti bunék, tj. klasickych
meéreni produkce CO,, pfip. spotieby kysliku jsou v pfimé korelaci
s fermentativni schopnosti bunék, nepodavaji v§ak informaci o ristu
bunék. Byla také nalezena korelace mezi fermentativni schopnosti
a spotiebou kysliku u kvasinek se sniZzenou viabilitou [2].

Stanoveni energetického stavu bunék vyuziva velmi uzkého
vztahu mezi energizaci bunééné membrany, procesy na membrané
probihajicimi a celkovym fyziologickym stavem a metabolickou kom-
petenci bunék. Test acidifikacni schopnosti (AP test) vyvinuty a po-
prvé pouzity Siglerem a spol. [4, 5] ke stanoveni metabolické kom-
petence pivovarskych kvasinek opakované nasazovanych v provozu
(Plzensky Prazdroj) je dobfe pouzitelny pro pfedpovéd fermentaéni
potence nasadnich kvasnic v nasledujici fermentaci na zakladé zna-
losti fady membranovych pochod(i probihajicich v kvasinkach me-
tabolizujicich endogenni i exogenni substraty [6]. Tyto membranové
pochody, které vyusti v pokles pH vnéjsiho prostredi, zahrnuji ¢in-
nost membranové H*-ATPasy, vystup fady slabych kyselin vznika-
jicich béhem metabolickych pochodu, a transmembranové pohyby
iontl. V pozdéjSich modifikacich AP testu neni méfenym paramet-
rem extracelularni pH, ale pfimo titrimetricky zjisténé mnozstvi pro-
tond vypuzenych z bunék (cumulative acidification power (CAP) ¢i

Keywords: pitching yeasts, acidification power, stress
resistance, viability, vitality

1 INTRODUCTION

One of the key factors profoundly affecting the quality of the final
product in beer production is the physiological state and metabolic
competence of pitching yeast. Hence, yeast viability (i.e. the number
of live and dead cells in the culture) and vitality (fermentative and, in
general, metabolic ability of cells) play an important role in beer pro-
duction. Vitality decreases in aging and/or stress-exposed cells. New
types of stress may arise when introducing new technologies (high
hydrostatic pressure in CCT) or new raw materials (surrogates or con-
centrates containing substances that cause chemical stress). A num-
ber of methods have been developed for assessing yeast viability and
vitality; in general, they can be divided to methods based on vital sta-
ining, on cell replication, measurement of the content of important
substances in the cell, measurement of activity of important enzy-
mes in the cell, and methods based on determining the metabolic
rate and energetic state of the cells. All these methods have their me-
rits and shortcomings and an optimum determination of the ,health
condition“ of pitching yeast during propagation, during fermentation
and storing, and — very importantly — prediction of their performance
during subsequent fermentations should involve a simultaneous use
of several techniques. This however requires sufficient, and someti-
mes rather expensive, instrumentation.

Methods based on vital staining determine in principle the inte-
grity of the plasma membrane since the dyes used for staining pe-
netrate, as a rule, only into dead cells. Frequently used dyes are met-
hylene blue, methylene violet, fluorescein diacetate, ANS
(1-anilino-8-napthalene sulphonate) [1] and others. The advantage of
this method is its simplicity and the results are obtained practically
immediately. A disadvantage is the poor correlation of its results with
the data obtained by other methods of viability assessment, e.qg. pla-
ting tests. In its classical form, the result of the staining depends on
the subjective evaluation by the experimenter; this subjective factor
has been eliminated in modern optical methods providing objective
information, e.g. flow cytometry or fluorescence microscopy with
image analysis.

Methods based on cell replication determine the ability o cells
to form colonies. The plating test on agar determines directly the pro-
liferation of yeast cells but it is relatively time-consuming (2—3 days)
and its results can be distorted when employed with strongly floccu-
lating cells. The slide plating method shortens the long cultivation time
to about 18 hours.

Measurement of the content of important substances in the
cells is based on the assumption that the content of the given sub-
stance (glycogen, unsaturated fatty acids and sterols, ATP) markedly
affects the subsequent fermentation. As shown by, e.g., [2], the ap-
plicability of the content of these substances as parameter of cell vi-
tality depends often on the content of other substances in the nutrient
medium (oxygen, glucose), on temperature and other factors.

Determination of activity of important enzymes (maltase, py-
ruvate dehydrogenase, pyruvate decarboxylase, alcohol dehydroge-
nase) [3] is usually done by using standardized spectrophotometric
methods and corresponds relatively well with the physiological state
of the cells.

The results of determination of metabolic rate, i.e. classical me-
asurement of CO, production or oxygen consumption, are in direct
correlation with the fermentative ability of cells but provide no infor-
mation on cell growth. A correlation was found between the fermen-
tative ability and oxygen consumption in yeast with lowered viability
[2].

Determination of the cell energy state makes use of the close
relationship between cell membrane energization, processes taking
place on the membrane and the overall physiological state and me-
tabolic competence of the cells. The acidification power test (AP test)
developed by Sigler and coworkers [5, 6] and used for assessing the
metabolic competence of brewery yeast used repeatedly in wort fer-
mentation (Pilsner Urquell) can be conveniently used to predict the
fermentation potency of pitching yeast in subsequent fermentation. It
is based on the knowledge of a number of membrane processes ta-
king place in yeast cells metabolizing both endogenous and exoge-
nous substrates [6]. These membrane-sited processes, which result
in an acidification of external medium, include the activity of the mem-
brane H*-ATPase, efflux of a number of weak acids produced during
metabolism, and transmembrane movements of ions. The parameter
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titrated acidification power (TAP) [7, 8]) nebo ¢as nutny k dosazeni
normalniho pH po alkalizaci bunééné suspenze (tzv. vitalni titrace)
[9]. Metodou navazujici na tyto techniky zalozené na aktivni tvorbé
a udrzovani protonového gradientu burikami je stanoveni vnitrobu-
nééného pH (tzv. ICP) pomoci nékterych fluorescenénich barviv
[10].

Je tfeba si uvédomit, ze hlavni pochod podilejici se na acidifi-
kacni schopnosti kvasinek, tj. ¢innost H*-ATPasy, zavisi nejen na
stavu bunék z ruznych fazi pivovarského provozu (propagace, po-
¢ty nasazeni, prani atd.), ale ze zavisi i béhem fermentace velmi
silné také na rustové fazi. Béhem diauxického pfechodu a tésné po
ném se aktivita H*-ATPasy u S. cerevisiae prudce snizuje a z(istava
nizka béhem post-diauxické a stacionarni faze [11].

Podstatnym krokem pfi posuzovani vysledkl AP testu je stano-
veni hranice, pod kterou hodnoty AP ukazuji na nedostate¢nou vi-
talitu bunék. Tato hranice se mize ménit podle kmene a provoz-
nich podminek. Je tedy vyhodné stanovit referenéni podminky, ke
kterym je mozno vysledky ziskané s jednotlivymi kmeny, druhy mla-
diny a fermentaénimi podminkami vztahnout. V ramci Vyzkumného
ukolu 8 ,Zjistovani vlivu fyziologického stavu kvasnic na tvorbu za-
kall v pivu“ jsme testovali pouziti standardni susené mladiny pro-
dukované ve VUPS jako referencniho acidifikacniho substratu. Za
pfedpokladu, Zze mladina VUPS bude nadale vykazovat vysoké
a dobfe reprodukovatelné hodnoty AP pro jednotlivé kmeny, Ize
k témto hodnotdm vztahovat hodnoty naméfené za jinych podmi-
nek (rdzné kmeny, rlizné slozeni mladin, rGzné obsahové latky
chmele, sladu, atd.) jako ke standardu. S timto cilem jsme stano-
vovali hodnoty acidifikaéni schopnosti u tfi nejpouzivanéjsich
kmen( spodnich pivovarskych kvasnic za pouziti glukosy, maltosy,
smési glukosy a maltosy a standardni su$ené mladiny z VUPS jako
exogennich acidifikaénich substrat(.

2 METODIKA

2.1 Pouzité kultury )
Kmeny €. 2, 7 a 95 sbirky VUPS (tab. 1) a provozni kmen ¢. 95 ze
stejného pivovaru po 1. a 3. nasazeni (tab. 2).

2.2 Priprava suspenze

Kvasni€né buriky byly ze Sikmého agaru pfeneseny do 50 ml mla-
diny ve Freudenreichové barice a kultivovany 48 h pfi 25 °C. Po sk-
lizeni a promyti byly kvasnice zfedény na OD cca 30 (méfeno na Shi-
madzu UV-1202 pfi 600 nm) fyziologickym roztokem. V nékterych
pfipadech byl pro srovnani koncentrace stanoven také pocet bunék
v pfesné nafedéné suspenzi v Birkerové komurce. V dalsi fazi, pfi
stanovovani zavislosti hodnoty AP na poctu nasazeni, byly pouzity
prané provozni kvasnice €. 95 (ze stejného pivovaru) po 1. a 3. na-
sazeni.

2.3 Postup

Suspenze byla temperovana na 25 °C, po¢ate¢ni pH nastaveno na
6,3 a méfenim jeho poklesu v ¢asovych odstupech stanoveny hod-
noty AP [5] pfi pouziti riznych substratl. Ve druhé sadé pokusl se
fedily ziskané bunééné suspenze rovnéz na OD cca 30, dalsi postup
byl stejny.

3 VYSLEDKY

measured in later modifications of the AP test is not the extracellular
pH but the titrimetrically determined amount of protons extruded from
the cells (cumulative acidification power (CAP) or titrated acidifica-
tion power (TAP) [7, 8]), or the time needed for alkalinized yeast sus-
pension to return to normal pH value (the so-called vital titration) [9].
A method related to these techniques based on the generation and
maintenance of the transmembrane proton gradient is the determi-
nation of intracellular pH (ICP) by some fluorescent dyes [10].

It should be noted that the main process participating in the acidi-
fication power of yeast, i.e. the activity of the membrane H*-ATPase,
depends not only on the status of cells in different steps of the bre-
wing process (fresh cells, cells after storage, washing, etc.) but that,
during the fermentation, it depends very strongly on the growth phase.
During and after the diauxic shift the activity of the H*-ATPase in S.
cerevisiae drops markedly and remains low during the post-diauxic
and stationary phase [11].

An important step in evaluating the results of the AP test is the de-
finition of the threshold below which the AP values indicate insuffici-
ent yeast vitality. This threshold may change depending on the strain
and fermentation conditions. It is therefore convenient to define refe-
rence conditions to which the AP results obtained with different stra-
ins, wort lots and fermentation conditions can be referred. As part of
the Research task 8 ,Determination of the effect of yeast physiologi-
cal state on haze formation in beer”, we tested the use of the stan-
dard RIBM wort as a reference acidification substrate. Provided the
RIBM wort meets the requirements (high and highly reproducible AP
values obtained with different strains) it could be used as a reference
standard for AP values obtained under other conditions (different stra-
ins, different wort composition, different hops and malt components,
etc.). With this aim in mind, we determined the AP values in three
most frequently used strains of bottom brewery yeast with glucose,
maltose, a glucose-maltose mixture and the standard RIBM wort as
exogenous acidification substrates.

2 METHODS

2.1 Cultures
Strains no. 2, 7 and 95 from the RIBM collection ( Table 1) and strain
95 from the same brewery after 1st and 3rd pitching (Tabel 2).

2.2 Suspension preparation

Yeast cells were transferred from agar slants into 50 ml wort in
Freudenreich flask and cultivated for 48 h at 25 °C. Harvested and
washed yeast was resuspended to OD ca 30 (measured on Shimadzu
UV-1202 at 600 nm) in physiological saline. In some cases, cell counts
were determined for comparison in exactly diluted suspensions in
a Blrker chamber. Determination of AP value in dependence on the
number of pitchings was done with washed brewery yeast no. 95 (from
the same brewery) after 1st and 3rd pitching.

2.3 Procedure

The suspension was kept at 25 °C, pH was adjusted to 6.3 and AP
values were determined with different substrates by measuring pH
drop at intervals according to [5]. In the other set of experiments, ye-
ast suspensions were again diluted to OD ca 30 and the subsequ-
ent procedure was the same.

3 RESULTS

Acidifikaéni schopnost 3 pi-
vovarskych kmend s rdznymi
substraty. Vysledky v fab. 1 uka-
zuji, ze pfi pouziti glukosy jako
substratu jsou nameérené hod-
noty AP vy$Si nez pfi pouziti mal-
tosy a smési maltosy a glukosy,
a rozdily mezi kmeny jsou zane-
dbatelné. S maltosou byly hod-
noty AP podstatné nizsi, mély
mnohem veétsi rozptyl a objevily
se markantni rozdily mezi jedno-
tlivymi kmeny dané ziejmé roz-
dily v efektivité transportu a/nebo
metabolismu maltosy. S vyjimkou
kmene 7 nemélo pridani glukosy
k maltose o€ekavany vliv na zvy-
Seni hodnot AP, pouze podstatné

Tab. 1/ Table 1 Srovnéni acidifikacni schopnosti 3 kmen(i v Ceské
republice béZné pouZzivanych pivovarskych spodnich kvasnic pfi pou-
Ziti riznych substratu / Comparison of acidification power of 3 stra-
ins of brewery bottom yeast with different substrates

Glukosa/ Glucose | Maltosa/ Maltose | Maltosa + glukosa/ | Standardni miadina
Maltose + glucose | VUPS / Standard

71 RIBM hopped wort

Kmen / Strain

2 7|19 | 2 7 95 | 2 7 19 | 2 7 | 95
08+ (081£] 081+ |0,64%|047£]0,32%(0,39£|054+040+|1,19+(1,08+ 0,96 £
0,18/ 0,12 0,16 038( 029| 0,15 0,11| 0,04| 009 024| 021| 0,15
100 | 101 | 100 | 100 | 73 | 50 | 100 | 139 | 103 | 100 | 91 | 81

Udaje jsou uvedeny jako primeér + SD, n = 6 pro kmeny 2 a 7, n = 7 pro
kmen 95. Posledni fadek v tabulce uvadi udaje v procentech vzhledem
ke kmenu 2./ The data are means + SD, n = 6 for strains 2and 7, n =7
for strain 95. The bottom line shows the per cent data relative to strain 2.

Acidification power of 3
brewery strains with different
substrates. The results in Table
1 show that the AP values obtai-
ned with glucose as acidification
substrate are higher than with
maltose or a maltose/glucose
mixture and the differences bet-
ween the strains were negligible.
On the other hand, with maltose
the AP values were much lower,
their scatter was much larger and
marked differences appeared
among individual strains obvi-
ously due to differences in the ef-
ficacy of maltose transport and/or
metabolism. With the exception
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snizilo rozptyl mezi jednotlivymi
méfenimi, a vysledky byly tedy
statisticky spolehlivéjsi. Nejvyssi
hodnoty AP byly naméfeny
u v8ech kmenu pfi pouziti stan-
dardni susené mladiny bézné vy-
rab&né ve VUPS [11], pfitemz re-
lativni chyba stanoveni byla
15-20 %.

ZvySeni AP u tfetiho nasazeni
vzhledem k prvnimu bylo pozo-
rovano pouze u glukosy jako sub-
stratu. Charakteristickym rysem
byla opét nejvyssi hodnota AP
namérfena s mladinou VUPS,
s konzistentné nejmensi relativni
chybou stanoveni mezi vSemi
substraty (< 14 %). Vysledky

Tab.2 / Table 2 Srovnani acidifikacni schopnosti kmene ¢&. 95 pivo-
varskych spodnich kvasnic z provozu pfi pouZiti riznych substrati
po prvnim a tfetim nasazeni / Comparison of the acidification power
of strain 95 of brewery bottom yeast with different substrates after
the first and third pitching

Glukosa / Glucose Maltosa / Maltose Standardni mladina
VUPS / Standard
RIBM hopped wort
1. 3. 1. 3. 1. 3.
0,67+0,16| 0,71£0,11 | 044£0,14 | 040+0,09| 1,05+£0,15| 1,05+0,15
100 106 100 91 100 100

1. kvasnice po prvnim nasazeni / yeast after first pitching

3. kvasnice po tretim nasazeni / yeast after third pitching

Udaje jsou uvedeny jako primér + SD, n = 10. Posledni rfadek v tabulce
uvadi udaje v procentech vzhledem k prvnimu nasazeni./ The data are
given as means + SD, n = 10. The bottom line shows the per cent data
relative to the first pitching.

of strain 7, addition of glucose to
maltose did not have the expec-
ted effect of increasing the AP va-
lues but merely considerably
suppressed the scatter of AP va-
lues, making the results statisti-
cally more reliable. The highest
AP values were determined in all
strains when using the RIBM
standard dried wort [12], the re-
lative error being 15-20 %.
Another test concerned the de-
termination of the AP value in
strain 95 on the number of yeast
pitchings (Table 2). AP increase
in the third pitching relative to the
first one was observed only with
glucose as substrate. A charac-

téchto pokusu ukazuji, Ze stan-
dardni mladina VUPS vyhovuje
narokdm na referenéni acidifi-
kacni substrat.

4 DISKUSE

Z vysledkl v tab. 1a 2plyne, Zze mladina VUPS obsahuije latky pFiz-
nivé ovliviujici vitalitu kvasnic méfenou pomoci AP testu. To nemusi
platit u vSech mladin a za vSech fermentac¢nich podminek — napf.
horké chmelové latky ¢i taniny mohou snizovat hodnotu AP, a tedy
negativné ovliviiovat vitalitu ndsadnich kvasnic [13]. Na obranu proti
Skodlivému plisobeni chemického stresu zplisobeného nékterymi lat-
kami v prostredi jsou kvasni¢né bunky vybaveny systémy tzv. mno-
hocetné rezistence viéi xenobiotikdm (multidrug resistance, MDR)
[14].

Tyto systémy jsou vlastné specialni membranové transportni bil-
koviny s velmi Sirokou substratovou specifitou, které jsou intenzivné
studovany u laboratornich kmend, zatimco u priimyslovych kment
jim byla zatim vénovana velmi mala pozornost. Ty podstatné zvysuji
rezistenci bunék vi¢i chemickému stresu tim, Ze aktivné vypuzuji
z bunék Siroké spektrum cizorodych latek i toxickych produktl bu-
nééného metabolismu. Mezi latky vypuzované z exponencialnich
bunék patfi napf. fenolické latky, aminy a kvarterni amoniové slouce-
niny, tézké kovy atd. MDR transpor-
téry jsou rovnéz zodpovédné za ak-
tivni export oxidativné poskozenych
bunéénych komponent.

! CELL WALL

5 ZAVER

Aktivita MDR transportérd u kva-
sinek v post-diauxické fazi rdstu
klesa podobné jako u H*-ATPasy |
[15]. | kdyz jsou post-diauxické Plasma membrane
buriky obecné podstatné odolnégjsi MM
vuci oxidativnimu a chemickému
stresu nez aktivné se délici bunky
exponencialni, silny pokles ¢innosti
MDR pump bé&hem diauxického pre-
chodu a po ném muze zpUsobit je-
jich zvySenou citlivost napf. na né-
které soucasti mladiny, surogaty atd.
Nejnovéjsi vyzkumy na laborator-
nich kmenech S. cerevisiae ukazuiji,
ze aktivita MDR transportéri maze
byt podstatné ovlivnéna také sloze-
nim vy€erpaného média kvasni¢né
kultury; u provoznich pivovarskych
kmenu tedy nelze vylouéit, Ze vita-
lita bunék bude ovlivnéna slozenim
fermentované mladiny.

HH

il

ATP

mical stress on yeast vitality.

I
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Obr. 1/ Fig. 1 Vliv systém( zajistujicich bunécnou rezistenci
vuci chemickému stresu na vitalitu kvasnic. MDR pumpy
v plasmatické membrané kvasinek. ABC — MDR pumpa typu
ATPasy, RND — jedna z MDR pump zavislych na protono-
vém gradientu. Cizorodé latky, napf. sloZky mladiny (Cerné
utvary), které pronikaji do buriky, mohou byt vypuzovany na
ucet hydrolyzy ATP (ABC) nebo protonového gradientu
(RND)./ Effect of systems ensuring cellular resistance to che-

teristic feature was again the hig-

hest AP value measured with

RIBM wort, with the systemati-
cally lowest relative error of AP assay among all substrates (< 14 %).
The results of these tests show that the standard RIBM wort meets
the demands for a reference acidification substrate.

4 DISCUSSION

The results in Tables 1 and 2 indicate that the RIBM wort contains
substances that positively affect yeast vitality measured by the AP
test. This, however, need not hold for all worts and all fermentation
conditions — e.g. some hop substances, tannins, etc. may lower the
AP value and thus negatively affect the pitching yeast vitality [13]. Ye-
ast cells are protected against the chemical stress caused by some
substances present in the wort by systems ensuring the so-called
multidrug resistance (MDR) [14].

These systems are in fact particular membrane transport proteins
with very broad substrate specificity, which have been very intensi-
vely studied in laboratory strains whereas very little is known about
their features in industrial strains. These proteins dramatically incre-
ase cell resistance to chemical stress by actively exporting from the
cells a broad spectrum of foreign substances and also toxic products
of cell metabolism. Among the substances exported from exponen-
tial cells are, e.g., phenolic substan-
ces, amines and quaternary ammo-
nium compounds, heavy metals, etc.
MDR transporters are also responsible
for active extrusion of oxidatively da-
maged cell components.

5 CONCLUSION

The activity of MDR transporters in
yeast in the post-diauxic growth phase
drops similarly to the H*-ATPase [15].
Although post-diauxic cells are in ge-
neral much more resistant to oxidative
and chemical stress than actively divi-
ding exponential cells, the strong drop
in the activity of MDR pumps during
and after the diauxic shift may bring
about increased cell sensitivity to, e.g.,
some wort components, surrogates,
etc. The recent data on laboratory S.
cerevisiae strains also show that the
activity of the MDR transporters may
be markedly affected by the composi-
tion of the spent yeast culture medium.
In brewery strains, yeast vitality can be
affected by the wort composition to-
wards the end of fermentation.

MDR pumps in the yeast plasma membrane. ABC — ATPase

Prace byla feSena

v ramci Vyzkumného tkolu VU-8:
LZjistovani vlivu fyziologického
stavu kvasnic na tvorbu zakald

Vv pivu“.

type MDR pump, RND — one of proton gradient-dependent
MDR pumps. Foreign substances, e.g. wort components
(black shapes), that penetrate into the cells can be exported
from the membrane lipid matrix or from cell interior at the ex-
pense of ATP hydrolysis (ABC) or H* gradient (RND).
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