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Sledovali jsme vliv tetrahydro-iso-a-horkych kyselin (Tetra) na rlst a rlstové parametry 23 kmenu Lactobacillus brevis izolovanych
z nékolika €eskych pivovart. Kmeny byly pomoci testu mikrobiologické stability piva rozdéleny na kmeny kazici pivo (10 kmenu) a kmeny
nekazici pivo (13 kmen0). Pro sledovani riistu L. brevis v MRS-bujénu s pfidavkem rliznych koncentraci Tetra byl pouzit pfistroj Bioscreen
C. Z rlGistovych kfivek byly vypocéteny zakladni ristové parametry. VSechny kmeny byly schopny riistu v pfitomnosti Tetra, pficemz mezi
jednotlivymi kmeny byly zjistény rozdily. Pfidavek Tetra ovliviiuje rlist a mnozeni bakterii L. brevis nezavisle na jejich schopnosti kazit
pivo. Se stoupajici koncentraci Tetra dochazi ke snizeni koncentrace bunék v suspenzi, snizeni specifické ristové rychlosti, a k prodlouzeni
lag-faze. Vysledky ani jejich statistické zpracovani neprokazaly z&dny vztah mezi schopnosti kazit pivo a rezistenci k horkym chmelovym
latkam. Stupen rezistence k antibakterialnim u¢inkiim Tetra je zavisly na po¢ate¢nim pH kultivaéni pady, u Zzadného kmene L. brevis vSak
nebyla prokazana korelace mezi pH-indukovanou zménou stupné rezistence a schopnosti kazit pivo.

Matoulkova, D. - Sigler, K. — Némec, M.: Effect of tetrahydroiso-a-acids on the growth of beer-spoiling and —nonspoiling bacteria.
Kvasny Prum. 56, 2010, No. 10, pp. 396—403.

We studied the effects of hop analogue compounds tetrahydroiso-a-acids (Tetra) on the growth and growth parameters of 23 Lacto-
bacillus brevis strains isolated from several Czech lager breweries. Forcing test was used to divide the isolates into two groups, beer-
spoilage strains (10 isolates) and non-spoilers (13 isolates). The growth of L. brevis in MRS-broth containing varying concentrations of
Tetra was investigated using Bioscreen C. The measured growth curves were used to calculate the basic growth parameters. All 23
isolates were able to grow in the presence of tetrahydroiso-a-acids, albeit to a varying extent. Tetra affected the growth and multiplication
of all L. brevis strains regardless of their beer-spoilage ability. Increasing concentrations of Tetra led to a decrease in cell suspension
optical density (O.D.) and in the specific growth rate (83), and extension of lag phase. The results and their statistic analysis revealed no
relationship between the beer-spoilage ability and hop-resistance. The degree of resistance to the antibacterial activity of Tetra was
strongly affected by the initial pH of culture medium, but there was no correlation between the pH-induced change in the level of resistance
and the beer spoilage ability of any L. brevis strain.

Matoulkova, D. — Sigler, K. — Némec, M.: Einfluss der Tetrahydro-iso-a-Bittersauren auf das Wachstum der bierschadlichen und
bierunschéadlichen Bakterien. Kvasny Prum. 56, 2010, Nr. 10, S. 396-403.

Es wurde der Einfluss der Tetrahydro-iso-a-Bittersduren (Tetra) auf das Wachstum und die Wachstumsparameter der aus einigen
tschechischen Brauereien isolierten 23 Lactobacillus brevis Stamme verfolgt. Durch den Test der mikrobiologischen Stabilitat des Bieres
wurden die Stdmme auf die Bierverderblichen- (10 Stdmme) und Bierunverderblichen (13 Stdmme) geteilt. Fir die L. brevis Wachstums-
verfolgung in MRS — Bouillon unter Zugabe von verschiedenen Tetra Konzentrationen wurde das Geréat Bioscreen angewandt. Aus den
Wachstumskurven sind Grundwachstumsparameter berechnet worden. Alle Stdmme waren fahig unter Tetra Anwesenheit zu wachsen,
wobei Unterschiede unter einzelnen Stdmmen festgestellt worden sind. Unabhéngig von der Eigenschaft dem Bier schaden zu kénnen,
beeinflusst die Tetra Zugabe das Wachstum und die Vermehrung der Bakterien L. brevis. Die Steigerung der Tetra Konzentration fuhrt
zur Herabsetzung der Zellkonzentration in der Suspension, zur Reduktion der spezifischen Wachstumsgeschwindigkeit und zur Verlan-
gerung der Lag — Phase. Weder die Ergebnisse noch ihre statistische Verarbeitung haben einen Zusammenhang zwischen der Eigenschaft
dem Bier schaden zu kénnen und der Resistenz gegen die Bitterstoffe nachgewiesen. Die Tetra Resistenzstufe gegen die antibakteriale
Wirkungen héangt von dem urspriinglichen pH — Wert des Nahrbodens ab, eine Korrelation zwischen der durch den pH Wert induzierte
Anderung der Resistenzstufe und der Eigenschaft, dem Bier schaden zu kénnen, wurde bei dem Stammen L. brevis jedoch nicht fest-
gestellt.

Keywords: beer spoilage, resistance to hop bitter compounds, Lac-
tobacillus brevis, tetrahydroiso-a-acids, growth parameters, stress

Klicova slova: kaZeni piva, rezistence k horkym chmelovym latkam,
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_ 1 INTRODUCTION
1 UVOD
Beer is taken as a beverage with high microbiological stability. The

Pivo je napoj s vysokou mikrobiologickou stabilitou. Mezi hlavni fak- ~ main factors affecting the microbiological stability of beer include hop

tory ovliviujici mikrobiologickou stabilitu piva patfi hofké chmelové
latky, alkohol, CO,, nizké pH a nizké koncentrace kysliku a utilizova-
telnych Zivin [1, 2]. Mikroorganizmy schopné riistu a mnozeni v mla-

bitter substances, alcohol, carbon dioxide, low pH and a low level of
oxygen and utilizable nutrients [1,2]. Microorganisms capable of grow-
ing and multiplying in wort and beer belong to several genera. Lactic
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diné a pivu patfi do nékolika rodl. Bakterie mlééného kvaseni, zvlasté
rody Lactobacillus a Pediococcus, jsou povazovany za nejvice Skod-
livé [1]. Pfi mikrobiologické kontrole piva a pivovarskych provozu je
nejCastéji nachazen druh Lactobacillus brevis, ktery je zodpovédny
za priblizné vice nez 50 % pfipadi mikrobialniho kazeni piva [3, 4].
Rust téchto mikrobl je doprovazen produkci kyselych metabolitl
a vznikem masivniho zakalu. L. brevis je typicky svou schopnosti
zkvasovat dextriny a $krob, zplsobuje tzv. super-atenuaci neboli
hlubsi prokvaseni piva [1, 2].

Horké chmelové latky jsou ve své izomerované formé zodpovedné
za hofkou chut a aroma piva a zaroven vykazuji antimikrobialni G¢inky
proti grampozitivnim bakteriim a nékterym houbam [3, 5]. U¢inek
chmelovych latek muZe byt bakteriostaticky nebo baktericidni, v za-
vislosti na koncentraci a dobé expozice. Mechanizmus antimikrobial-
niho uéinku horkych chmelovych kyselin nebyl jesté zcela objasnén.
Iso-a-hotké kyseliny a jejich redukované derivaty jsou slabé kyseliny,
které funguji jako protonofory zvysSujici propustnost lipidové dvoj-
vrstvy biologickych membran pro protony. Do bunék se iso-a-horké
kyseliny dostavaji ve své nedisociované formé pasivni difuzi pres
plazmatickou membranu. Intracelularni pH (pH;) vy$Si nezli hodnota
pK, iso-a-horkych kyselin (pK,= 3,1) zpUsobi jejich disociaci na ani-
onty a protony. V citlivych bunkach zplsobi takto uvolnéné protony
snizeni vnitrobunééného pH vedouci k naruseni transmembranové
protonmotivni sily (protonmotive force; pmf), ktera je vyuzivana jako
zdroj energie pfi transportnich déjich na membrané [6]. MGze dojit
k zastaveni pfijmu zivin fizeného protonmotivni silou a k hladovéni
bunék. Vnitrobunécéna acidifikace zplUsobi snizeni aktivity nékterych
enzymd a muze nepfiznivé ovlivnit bunééné proteiny a DNA. Uvol-
néné anionty vytvari s dvojmocnymi kationty elektroneutralni kom-
plexy, které mohou pasivné opustit buriku. Dochazi tak k elektrone-
utralni vymeéné protond za bunééné dvojmocné kationty jako je napf.
Mn2?* nebo Mg?* [6, 7, 8].

| pfes grampozitivni typ bunécné stény vykazuji nékteré
kmeny L. brevis silnou rezistenci k hotkym latkdm chmele a mohou
se v pivu mnozit. Rezistence k hotkych chmelovym latkam je prav-
dépodobné dana kombinaci nékolika rliznych mechanizmi a je
znama pouze u mléénych bakterii schopnych rast v pivu [3, 9]. Re-
zistence k chmelovym kyselinam se u¢astni membranova H*-ATPasa.
Buriky schopné rlst v pfitomnosti horkych latek chmele se vyznacuji
zvySenou syntézou tohoto enzymu. Vypuzovanim nadbyte¢nych pro-
tona si rezistentni bunky udrzuji optimalni gradient pH, zatimco u cit-
livych bunék dojde ke snizeni vnitrobunééného pH pod fyziologickou
mez a k odumfeni bunék [6,10]. Na rezistenci k hofkym chmelovym
latkam se podili také ATP-dependentni a pmf-dependentni MDR-pre-
nasece (multidrug resistance; rezistence k riznym latkdm) kédované
geny horA a horC, resp. [11]. Pfitomnost nebo absence téchto genu
koreluje se schopnosti L. brevis kazit pivo [12]. Homology genl horA
a horC jsou roz§iteny vyhradné u mléénych bakterii kazicich pivo,
nezavisle na druhu, a mohou se zfejmé rozsifovat horizontalné. U né-
kterych bakterii dochazi v nepfitomnosti chmelovych latek ke ztraté
téchto genu a tim i rezistence [11]. Ztrata bunéénych dvojmocnych
kationtd muUze byt kompenzovana ¢innosti pfenasece dvojmocnych
kationtl HitA [13]. Gen hitA nebo horC nebo oba soucasné spolu
s horA byly detekovany u kmenl Lactobacillus a Pediococcus se
schopnosti rychlého rdstu v pivu a jeho kazeni [14, 15]. Vysoce rezi-
stentni kmeny L. brevis mohou pouzivat dynamickou regulaci zasob
manganu a branit se tak u¢inkim horkych chmelovych latek [16]. Na
vysledné rezistenci se mlze podilet i zvy$ena pufraéni kapacita cy-
toplazmy, pozménéné slozeni bunécné stény nebo modifikovana cy-
toplazmaticka membrana [17, 18, 19, 20].

Predpoklada se, ze schopnost nékterych kmena L. brevis kazit pivo
je zaloZena na jejich rezistenci k antimikrobialnimu plsobeni horkych
chmelovych latek [11, 21]. Pro ovéfeni této teorie jsme u 23
kmen( L. brevis s riznou schopnosti kazit pivo testovali jejich rlst
v pfitomnosti rliznych koncentraci tetrahydro-iso-a-horkych kyselin.

2 MATERIAL A METODY

Bakterialni kmeny a ristové podminky

Pro experimenty bylo pouzivano 23 kmenu Lactobacillus brevis ze
Sbirky pivovarskych mikroorganizmi (RIBM 655) Vyzkumného
Ustavu pivovarského a sladarského v Praze. Kmeny byly plvodné zis-
kany ze zkazeného piva a z pivovarskych provoz(. Pomoci testu mik-
robiologické stability piva byly rozdéleny na kmeny kazici a nekazici
pivo [22]. Pro pfehlednost jsou kmeny kazici pivo dale v textu ozna-
¢eny hvézdickou. Kmeny jsou uchovavany v MRS bujénu pfi teploté
4° C a prevadény kazdé 3 tydny do Cerstvé pudy.

acid bacteria (LAB), particularly the genera Lactobacillus a Pedio-
coccus, are considered the most deleterious [1]. Microbiological
check-ups of beer and brewery establishments most often reveal the
presence of Lactobacillus brevis, which is responsible for more than
50 % cases of microbial beer spoilage [3, 4]. The growth of this bac-
terium is accompanied by the production of acid metabolites and
amassive haze. L. brevis is characterized by its ability to ferment dex-
trins and starch and is known to cause so-called superatennuation,
i.e. deeper wort fermentation [1, 2].

Hop bitter substances in their isomerized form are responsible for
the bitter taste and aroma of beer and exhibit also antimicrobial action
against Gram-positive bacteria and some fungi [3,5]. The effect of bit-
ter substances can be bacteriostatic or bactericidal depending on
concentration and length of exposure. The mechanism of the antimi-
crobial effect has not yet been fully elucidated. According to Simpson
[6] iso-ai-acids and their reduced derivatives are weak acids that act
as protonophores, increasing the permeability of the lipid bilayer of
biological membranes for protons. Their undissociated forms are re-
ported to pass the plasma membrane of cells by passive diffusion.
Intracellular pH (pH;) higher than the pK, value of iso-a-acids
(pK,=3.1) causes dissociation of iso-a-acids inside the cells to anions
and protons. In sensitive cells the protons so liberated lower intracel-
lular pH, disturbing thereby the transmembrane protonmotive force
(pmf), which is used as an energy source in transmembrane transport
processes [6]. This may result in the cessation of pmf-driven uptake
of nutrients and cell starvation. Intracellular acidification also brings
about a lowering of activity of some acid-sensitive enzymes and can
adversely affect cell proteins and DNA. With divalent cations, the lib-
erated anions form neutral complexes that can passively leave the
cell. This results in an electroneutral exchange of protons for cellular
divalent cations such as Mn2* or Mg?* [6, 7, 8].

Despite their Gram-positive character some strains of Lactobacillus
brevis exhibit a strong resistance to the action of bitter substances
and can multiply in beer. Resistance to hop acids probably results
from a combination of a number of several different mechanisms and
is known only in lactic acid bacteria capable of growing in beer [3, 9].
The resistance to hop bitter acids was shown to involve the action of
membrane H*-ATPase. Cells capable of growing in the presence of
hop bitter acids exhibit an increased synthesis of H*-ATPase; by ex-
creting the excess protons they maintain the pH gradient near opti-
mum, whereas sensitive cells experience a lowering of intracellular
pH below the physiologically acceptable limit and die [6,10]. The hop-
resistance of the bacteria is also augmented by the action of ATP-
dependent and pmf-dependent multidrug resistance transporters en-
coded by genes horA a horC, respectively [11]. The presence or
absence of these genes correlates with the beer-spoiling ability
of L. brevis [12]. Homologs of genes horA and horC are spread nearly
exclusively in beer-spoiling LAB, independently of the species, and
can apparently be disseminated by horizontal transfer. In some
species, however, the genes are lost in the absence of hop bitter acids
and so is their ability to spoil beer [11]. Loss of cellular divalent cations
may be compensated by the action of HitA, putative divalent cation
transporter [13]. Either hitA, horC or both genes were detected, in ad-
dition to horA, in Lactobacillus and Pediococcus strains capable of
rapid growth in beer and its spoilage [14, 15]. According to Behr and
Vogel [16] highly hop-resistant L. brevis strains may possess dynamic
regulation of manganese storage and its maintenance and thus cope
with the action of hop bitter compounds. The overall resistance can
also involve a higher buffering capacity of cytoplasm in the cells of
resistant strains, altered composition of the cell wall or a modified
plasma membrane [17, 18, 19, 20].

The beer-spoiling ability of some strains of L. brevis is assumed to
be given by their resistance to the antimicrobial action of hop bitter
substances [11,21]. To test this hypothesis we examined growth char-
acteristics of a set of 23 strains of L. brevis with different beer-spoiling
abilities in the presence of different concentrations of tetrahydroiso-
a-acids.

2 MATERIAL AND METHODS

Bacterial strains and growth conditions

Strains of Lactobacillus brevis, 23 in total, were obtained from the
Culture Collection of Microorganisms (RIBM 655) of the Research In-
stitute of Brewing and Malting in Prague, Czech Republic. The strains
were previously isolated from several Czech lager breweries and forc-
ing tests were done to divide them into two groups: beer-spoilage
strains (10 isolates) and non-spoilers (13 isolates) as described by

@



‘ KP10_396_403 10/19/10 3:02 PM Stranka 398

KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 10

39

e

Vliv tetrahydro-iso-a.-horkych kyselin na rust bakterii kazicich a nekazicich pivo

Chmelové latky

Pfi experimentech byl pouzivan 10% (w/v +/- 0,3 %) vodny roztok
draselnych soli tetrahydro-iso-a-horkych kyselin (YC-TETRA, Yakima
Chief, Inc., USA). Koncentrace tetrahydroiso-a-horkych kyselin (dale
jen Tetra) v médiu je vyjadfena jako jejich celkovy obsah.

Stanoveni minimalni inhibiéni
koncentrace (MIC)
Kultury L. brevis, staré 24 hodin,

Tab. 1 Minimalni inhibiéni kon-
centrace (MIC) Tetra / Minimal
inhibitory concentration (MIC)

byly zaoCkovany do zkumavek of Tetra
s 2 ml MRS bujénu obsahujiciho
Tetra v koncentraci od 0,19 do |Kmen/Strain?| Tetra (pg/ml)
44,84 pg/ml. Zkumavky byly inkubo- 4 0.76
vany pfi teploté 30° C a po dobu 5 .
dni byla sledovana tvorba zakalu 11 0.38
a sedimentu. Hodnota MIC byla sta- 12 0.76
novena jako koncentrace, pfi niz do- :
chazi k viditelné inhibici rdstu, v po- 13 0.38
rovnani s kontrolou bez pfidavku 14 0.38
Tetra.

15 0.38
Stanoveni ristu L. brevis 18* 0.38
v pfitomnosti Tetra "

Suspenze bunék byly pfipraveny 22 0.38
naockovanim 24-hodinové kultury 28 0.76
do 100 ml MRS bujénu s pocatec- N
nim pH 6,4. Kultivace probihala na 29 0.38
tfepacéce (120 min') pfi teploté 30 31* 0.38
°C po dobu 24 hodin. Poté byly sus- 32 0.38
penze zcentrifugovany (5000 x g/20 :
min/4°C), dvakrat promyty ve steril- 33 0.76
nim MRS-bujénu a rozmichany ve 37+ 0.38
sterilnim MRS-bujénu do koncent- .
race priblizné 108 bunék/ml. Podet 39" 0.76
bunék byl stanoven tradi¢ni plotno- 40* 1.53
vou metodou na MRS agaru, pH 6,4.

Ruast bunék byl monitorovan s pou- 47 0.38
zitim pfistroje Bioscreen C a soft- 50 0.38
ware BioLink (Labsystems, Finsko). N

MRS bujon (300 ul) obsahuijici 52 0.38
rlizné koncentrace Tetra byl zaoc¢ko- 55* 0.38
van 30 pl bakterialni suspenze, ¢imz 56* 038
doslo ke snizeni poctu bunék na cca .
10° bunék/ml. Koncentrace Tetra 61 0.38
byly zvoleny na zakladé vysledkl 62 153

stanoveni MIC. Jako pozitivni kon-
trola byl zaoc¢kovan MRS bujén bez
pfidavku Tetra. Kultivace bunék pro-
bihala po dobu 120 hodin pfi +30 °C,
s tfepanim kazdych 10 minut po
dobu 10 s. Pfistroj zaznamenaval
hodnoty optické denzity (OD) pfi vI-
nové délce 600 nm ve 20minutovych intervalech.

akmeny oznacené symbolem
hvézdicky vykazuji schopnost
kazit pivo / strains marked with
asterisk exhibit the ability to
spoil a beer

Vliv pH na antibakterialni aktivitu Tetra

Vybrané kmeny L. brevis byly nakultivovany a promyty dle postupu
uvedeného vyse. Po posledni centrifugaci byly suspendovany ve ste-
rilnim MRS bujénu s po¢ate¢nim pH 4,0, 5,0 a 6,0. Monitorovani rastu
bunék v pfitomnosti riznych koncentraci Tetra v MRS bujénu s rlz-
nym pocate¢nim pH probihalo s pouzitim pfistroje Bioscreen C.

Stanoveni riistovych parametra

Hodnoty optické denzity tfi nezavislych méreni béhem exponenci-
alni faze rdstu bunék byly pouzity pro vypocet ristovych konstant pro
kazdy kmen L. brevis a koncentraci Tetra.
Primérna rychlost mnozeni R = 1/log2 (logX,-logX,)/to-t4 (1)
Prdmérna generacni doba G=1/R 2)
Specificka rdstova rychlost y =0,693/G (3)
Xy — pocate¢ni hodnota ODg, v Case t;
X, — koneéna hodnota ODgy, Vv Case t,

3 VYSLEDKY

Rust kment L. brevis v pfitomnosti Tetra

Tolerance k Tetra byla testovana u 23 kmenU L. brevis izolovanych
z Ceskych pivovarskych provoz(. Rozmezi koncentraci pro jednotlivé
kmeny L. brevis bylo zvoleno na zakladé vysledku stanoveni mini-

Hollerova and Kubizniakova [22]. For the sake of clarity, the beer
spoilage strains of L. brevis are marked with asterisk. Strains were
sub-cultured at three-week intervals in MRS broth and maintained at
4 °C.

Hop compounds

Tetrahydroiso-a-acids (Tetra) were obtained from Yakima Chief,
Inc., (USA) as a 10% (w/v +/- 0.3%) aqueous solution. The concen-
trations of Tetra in the medium were expressed as the total tetrahy-
droiso-a-acids content.

Assay for determining the minimal inhibitory concentration
(MIC)

24-hour cultures of L. brevis were inoculated into test-tubes with
2 mL of MRS-broth containing tetrahydroiso- -acids in a final concen-
tration from 0.19 to 44.84 pg/ml. The growth (haze and sediment for-
mation) was monitored for five days at 30 °C. The MIC value was de-
termined as the concentration that caused visible inhibition of cell
growth, compared to Tetra-free control.

Determination of growth of L. brevis cells in the presence of
Tetra

The cell suspensions were prepared by inoculating a 24-hour cul-
ture into 250 mL Erlenmeyer flasks with 100 mL MRS broth, pH 6.4.
The flasks were shaken at 120 rpm and 30 °C for 24 hours. The cells
were then harvested by centrifugation at 5000 x g for 20 min at 4 °C,
washed twice in sterile fresh MRS broth and finally suspended in ster-
ile MRS broth (pH 6.4) to a cell count of approximately 10 cells/ml.
Cell counts were evaluated by a traditional plate counting technique
using MRS agar medium, pH 6.4. The growth of cells was measured
using Bioscreen C and BioLink (Labsystems, Finland). Thirty mi-
crolitres of suspended cells was added to 300 pl MRS broth containing
various amounts of Tetra. Thus the cell count was approximately
10° cells/mL. The concentrations of Tetra used in the analysis reflect
the results of MIC determination. As a positive control, 30 pl cell sus-
pension was added to 300 pyl MRS broth. MRS broth medium with no
cells added served as a negative control. All experiments were carried
out at least in triplicate. Cells were grown at 30°C for 120 hours with
shaking every 10 min for a period of 10 s. Absorbance at 600 nm was
measured at 20-min intervals.

Effect of pH on the antibacterial activity of Tetra

Cells of selected L. brevis strains were grown and washed as de-
scribed above. After final centrifugation the cells were suspended in
sterile MRS broth with initial pH 4.0, 5.0 and 6.0. The cell growth in
the presence of a series of dilutions of Tetra in MRS broth with varying
pH was monitored using Bioscreen as noted above.

Determination of growth parameters

The optical density values measured in three independent experi-
ments during the exponential phase of growth curves served for cal-
culating the following growth constants for individual L. brevis strains
for given concentrations of Tetra.

Mean rate of multiplication R = 1/log2 (logX,-logX;)/tx-t (1)
Mean generation time G=1/R @)
Specific growth rate p = 0,693/G (3)

X;-initial value of ODgq, at time t,
Xs-final value of ODgyq at time t,

3 RESULTS

Growth of L. brevis strains in the presence of Tetra

The tolerance to tetrahydroiso-a-acids of each of the 23 L. brevis
strains isolated from several Czech lager breweries was examined in
a range of concentrations of Tetra that encompassed the minimal in-
hibitory concentration determined for the given strain. Cells were
grown in shaken cultures in MRS broth containing different concen-
trations of Tetra (0; 0.38;0.76; 1.53; 3.05;6.10; 12.21 and 22.42 ug/ml)
and the O.D. of cell culture was measured. The strains differed widely
in their ability to grow in the presence of Tetra. As seen in Tab. 2, the
highest MIC value (1.53 pg/ml) was found in strains 42* and 62, fol-
lowed by strains 4, 12, 28, 33 and 39*. The effect of 3.05 pg/ml Tetra
on the cell suspension O.D. of all 23 strains of L. brevis after 100
hours of cultivation is shown in Fig. 1. Under these conditions, the
strains having the highest O.D. were 4, 28, 33 and 62, while the lowest
O.D. was observed with strains 12, 29, 31*, 37*, 55, 56* and 61.
Hence, many strains having the highest suspension O.D., i.e. strains
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Tab. 2 Vliv riznych koncentraci Tetra na délku lag-faze L. brevis (pH
média 6,4). Délka lag-faze je vyjadrena v hodinach. Vysledky jsou
pramérem ze tfi méfeni / Effect of different concentrations of Tetra on
the duration of lag phase of L. brevis (medium pH 6.4). Lag phase du-
rations are expressed in hours. The results are average of three trials

Kmen/ Tetra (ug/ml)

Strain? 0 0.38-3.05 6.10 12.21
4 7 7-12 16 46
11 10 15-28 - -
12 5 5-11 N -
13 8 10-22 70 N
14 8 10-22 75 N
15 10 11-25 - -
18* 8 10-20 - -
22* 7 12-50 - -
28 7 7-10 13 N
29* 8 10-28 - -
31* 5 7-14 - -
32 6 7-18 - -
33 5 5-8 11 53
37" 7 12-36 - -
39* 7 7-9 14 -
42* 10 10-24 50 -
47 7 9-22 N -
50 5 6-14 N -
52* 5 5-7 10 -
55* 5 623 N -
56~ 5 6-10 N -
61 5 7-8 - -
62 7 7-10 12 -

a kmeny kazici pivo jsou ozna¢eny symbolem hvézdicky / beer spoil-
ers are marked with asterisk

® N, lag-faze nestanovena / lag phase not determined

¢ —, rist nedetekovan / no growth detected

least sensitive to Tetra, are nonspoilers. The values of O.D. are ex-
pressed as a percentage of Tetra-free control. Three-way analysis of
scatter with interactions was used to evaluate the differences in the
cell suspension O.D. between spoilers and nonspoilers during 20-h
and 100-h cultivation in the presence of Tetra. The cell suspension
0.D. was seen to be highly significantly (p<0.00005) affected by both
Tetra concentration and the length of cultivation, whereas the effect
of other factors was insignificant (results not shown).

Effect of Tetra on the growth characteristics of beer-spoiling and
—nonspoiling L. brevis strains

Duration of the lag phase

Lag phase may be defined as an interval necessary for the trans-
ferred cells to adapt to the new situation and start to grow and multiply.
Its length generally depends on the volume of cell inoculum, compo-
sition of new culture medium, presence of potential inhibitors, CO,
tension, etc. A lag phase of about 5 to 10 hours was observed with
most of the studied strains in a MRS medium (pH 6.4) with no Tetra
added. Increasing Tetra concentration in culture medium brought
about an extension of the lag phase of the majority of strains (Table
2). Some strains, notably the non-spoilers 33 and 4, exhibited growth
even at 12.21 g/ml Tetra in the medium, though the lag phase was
considerably extended (to 53 and 46 h, respectively). They were fol-
lowed by strains 13, 14, 28 and 62, whose growth curves at this Tetra
concentration showed no discernible transition from lag phase to ex-
ponential phase of growth. The beer-spoilage strains were able to
withstand no more than 6.10 pg/mL Tetra in the medium. Some of
them (strains 39*, 42*, 52*) exhibited at this Tetra concentration a de-
fined, though extended, lag phase, while strains 55* and 56* grew
without clear lag phase-exponential phase transition. Here again non-
spoilers showed the ability to withstand higher Tetra concentrations.

Specific growth rate

The effect of Tetra on the specific growth rate for all L. brevis strains
in MRS-broth is shown in Tab. 3. The values of specific growth rate
are expressed as a percentage of Tetra-free control. Though the spe-
cific growth rate of all studied strains decreased with increasing con-
centration of Tetra in the medium, their sensitivity to Tetra strongly dif-
fered. The strains exhibiting the highest tolerance to Tetra were again
the non-spoilage strains 13 and 14, which grew even in the presence
of the highest amount of Tetra (24.42 pg/ml), followed by strains 4
and 33. Strains most sensitive to the activity of Tetra were the beer
spoilers 22*, 29*, 37, 55* together with the non-spoiler strain 61. Sta-

Obr. 1 Vliv koncentrace 3,05 pg/ml Tetra na koncentraci bunék v suspenzi kment L. brevis po 100 hodinach kultivace / Fig. 1 Effect of 3.05
ug/ml Tetra on the cell suspension O.D. of L. brevis strains after 100-h cultivation
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Kmeny L. brevis /L. brevis strains

Kmeny oznacéené hvézdi¢kou maji schopnost kazit pivo. Koncentrace bunék je vyjadfena jako opticka denzita bunééné suspenze v procentech
pozitivni kontroly (méfeno pfi 600 nm). Vysledky jsou primérem ze tfi méfeni./ Strains marked with asterisk cause beer-spoilage. Optical
density was measured at 600 nm. Cell suspension O.D. is expressed in % of positive control. The results are the average of three trials.
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Tab. 3 Vliv riznych koncentraci Tetra na specifickou rustovou rychlost kmen( L. brevis (pH média 6,4). Hodnoty specifické rdstové rychlosti
jsou vyjadreny v procentech kontroly. Vysledky jsou primérem ze tfi méfeni/ Effect of Tetra concentration on the specific growth rate of L. brevis
strains (medium pH 6.4) Values of specific growth rate are expressed in % of Tetra-free control. The results are average of three trials

Kmen/ Tetra (ug/ml)

Strain? 0.38 0.76 1.53 3.05 6.10 12.21 24.42
4 co 971 92.5 79.2 75.7 39.9 —d
11 71.5 67.7 44.6 27.4 - - -
12 C 74.2 55.5 33.0 Ne - -
13 57.8 49.6 37.1 25.8 141 N N
14 78.9 72.3 46.5 32.9 23.0 N N
15 88.6 78.4 44.9 35.2 - - -
18 77.5 70.6 45.0 29.8 - - -
22 56.0 35.8 26.5 18.3 - - -
28 C 74.8 69.4 77.6 60.5 N -
29* 86.9 34.4 13.5 N - - -
31" 95.4 83.2 46.2 294 - - -
32 91.9 81.5 53.6 25.2 - - -
33 C 98.8 92.2 81.6 53.7 25.4 -
37* 53.2 43.9 22.3 8.9 - - -
39* C 91.4 85.2 48.2 22.8 - -
42* C 89.6 75.2 54.3 31.7 - -
47 89.3 441 30.6 214 N - -
50 96.7 91.8 65.4 234 N - -
52* 93.0 86.8 71.3 55.1 371 - -
55* 98.3 94.1 55.1 13.9 N - -
56* 86.0 85.6 67.7 32.6 N - -
61 79.1 61.8 30.7 N - - -
62 C 87.1 60.5 55.0 33.6 - -

a kmeny kazici pivo jsou oznaceny symbolem hvézdicky / beer spoilers are marked with asterisk
b C, rast srovnatelny s kontrolou / growth comparable to Tetra-free control (100 %)
¢ N, rUstové parametry nestanoveny / growth parameters not determined

d —, rUst nedetekovan / no growth detected

malni inhibi¢ni koncentrace tak, aby dvé z nich odhadnutou MIC pre-
sahovaly a dvé lezely pod touto hodnotou. Kultivace bunék za sou-
¢asného meérfeni optické denzity probihala po dobu 120 hodin pfi
+30 °C v MRS-médiu s obsahem rlznych koncentraci Tetra (0; 0,38;
0,76; 1,53; 3,05; 6,10; 12,21 a 22,42 pg/ml). Kmeny se velmi liSily
svou schopnosti rlst v pfitomnosti Tetra. Nejvy$si hodnota MIC (1,53
pg/ml) byla zjisténa u kmenl 42* a 62, nasledovanych kmeny 4, 12,
28, 33 a 39" (tab. 7). Vliv 3,05 pg/ml Tetra na koncentraci bunék v sus-
penzi véech 23 kmenU L. brevis po 100 hodinach kultivace je graficky
znézornén na obr. 1. Nejvy$siho poctu bunék dosahovaly kmeny 4,
28, 33 a 62, nejniz8iho pak kmeny 12, 29*, 31*, 37*, 55, 56* a 61.

Kmeny, které dosahly nejvy$si koncentrace bunék v suspenzi, tedy
kmeny nejméné citlivé k plsobeni Tetra, patfi mezi kmeny kazici pivo.
Hodnoty jsou vyjadfeny v procentech optické denzity kontroly bez pfi-
davku Tetra. Pro statistické vyhodnoceni rozdilu koncentrace bunék
v suspenzi u kmen( kazicich a nekazicich pivo v pfitomnosti zminé-
nych koncentraci Tetra v ¢ase kultivace 20 a 100 hodin byla pouzita
trojcestnd analyza rozptylu s interakcemi. Koncentraci bunék v sus-
penzi vyznamné (na hladiné mensi nez 0,00005) ovlivriuje koncent-
race Tetra i doba kultivace. Ostatni interakce nejsou statisticky pra-
kazné (vysledky nejsou uvedeny).

Vliv Tetra na ristové parametry kment L. brevis kazicich a ne-
kazicich pivo

Délka lag-faze

Lag-faze mGze byt definovana jako interval nutny pro adaptaci bu-
nék na nové podminky. Jeji délka zavisi na velikosti bunééného ino-
kula, slozeni nového média, pfitomnosti potencialnich inhibitor(, tlaku
CO, apod. Lag-faze 5 az 10 hodin byla pozorovana u vétsiny kmenl
L. breviskultivovanych v MRS bujonu bez pfidavku Tetra. Se stoupajici
koncentraci Tetra Ize pozorovat prodlouzeni lag-faze (tab. 2). Kmeny
33 a 4 byly schopny rGstu v pfitomnosti 12,21 ug/ml Tetra s lag-fazi
trvajici 53 a 46 hodin, resp. u kmenl 13, 14, 28 a 62 nedoslo pfi této

tistical evaluation of differences in specific growth rate of L. brevis in
the presence of different concentrations of Tetra revealed that the spe-
cific growth rate is significantly affected only by the concentration of
Tetra, not by strain type (beer-spoiling versus —nonspoiling) and by
the interaction of the strain type with the concentration of Tetra. Sta-
tistical analysis of the data was done by using the R-language soft-
ware. The differences in specific growth rate of beer-spoiling and —
nonspoiling L. brevis strains in the presence of different
concentrations of Tetra were evaluated by two-way scatter analysis
with interactions. Difference in medians was evaluated by the
Wilcoxon signed-rank test, difference in means by the t-testin Welch’s
modification (no identity of scatters is assumed) and difference in
scatters by the F-test. No differences between strains were statistically
significant. At lower concentrations of Tetra the beer-spoiling strains
exhibited larger scatter of the specific growth rate than nonspoilers,
while an opposite situation was found at higher Tetra concentrations
(data not shown).

Effect of pH on the antibacterial activity of Tetra

The effect of pH of culture medium on the antibacterial activity of
Tetra was studied to determine the net influence of medium pH and
of the change in the degree of dissociation of Tetra (pK,=3.1) in ex-
ternal medium on its action on cells. The growth of a representative
medium-resistance non-spoiler strain 11 and a representative spoiler
strain 18* with similar resistance in the presence of different concen-
trations of Tetra in MRS-broth with various pH values was measured
at 30 °C for 120 hours using Bioscreen C. Fig. 2 shows the growth
curves of strain 11 under these conditions.

The results show that low medium pH (4.0) tends to slow down cell
growth even in the absence of Tetra. Detailed comparison of the growth
curves showed that the lag phase of strains 11 and 18* at pH 5.0 and
6.0 lasted 10 hours, respectively, while at pH 4.0 its duration was 20
and 14 hours. The specific growth rate, which was equal at pH 5.0 and
6.0, was reduced at pH 4.0 by some 40 % relative to control.
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koncentraci Tetra k rozeznatelnému pfechodu z lag-faze do faze ex-
ponencialni. Kmeny 39%, 42*, 52 v pfitomnosti 6,10 pg/ml Tetra vy-
kazovaly prodlouzenou lag-fazi, zatimco u jinych pivo-kazicich kmen(
(55" a 56*) nebyl pfechod z faze rustového lagu do exponencialni
faze rozeznatelny. Kmeny pivo nekazici tedy vykazuji schopnost odo-
lavat plisobeni vyssich koncentraci Tetra v médiu.

Specificka ristova rychlost

Uginek latky Tetra na specifickou riistovou rychlost kmend L. brevis
v MRS-bujénu je shrnut v tab. 3. Hodnoty jsou vyjadfeny jako procenta
kontroly bez pfidavku Tetra. Specificka rlistova rychlost se snizuje
s rostouci koncentraci Tetra v médiu, citlivost k Tetra se vSak u jed-
notlivych kmenG velmi li§i. Kmeny s nejvy$si toleranci k Tetra,
schopné rastu i pfi koncentraci 24,42 pg/ml, jsou opét kmeny pivo
nekazici, 13 a 14, nasledované kmeny 4 a 33. Kmeny nejvice citlivé
k Tetra patfi vétSinou mezi pivo kazici (L. brevis 22*, 29*, 37*, 55%,
61). Z provedené statistické analyzy vyplyva, Ze specifickou rlstovou
rychlost vyznamné ovliviiuje pouze koncentrace Tetra. Vliv typu
kmene (tj. kmen kazici a nekazici pivo) a vliv interakce typu kmene
s koncentraci Tetra nejsou prikazné. Statistické hodnoceni namére-
nych dat bylo provadéno pomoci programového systému R-language.
Pouzitou statistickou metodou pro vyhodnoceni rozdild v hodnotach
specifické rlistové rychlosti obou typt kmen( byla dvoucestna ana-
lyza rozptylu s interakcemi. Pro rozdil median( byl pouzit Wilcoxonlv
pofadovy test, pro rozdil primérl t-test ve Welchové modifikaci (ne-
predpoklada se shoda rozptylll) a pro rozdil rozptyl( F-test. Rozdily
mezi kmeny nejsou statisticky vyznamné. Pfi nizSich koncentracich
Tetra maji kmeny kazici pivo vétsi rozptyly specifické ristové rychlosti
nez kmeny nekazici, pfi vy§sich koncentracich Tetra je tomu naopak.

Vliv pH na antibakterialni aktivitu Tetra

V dalsi fazi nasi studie jsme sledovali U¢inek pH kultivaéniho média
na antibakteridlni aktivitu Tetra s cilem stanovit Cisty vliv pH a stupné
disociace Tetra (pKa=3,1) v extracelularnim prostfedi na jeji plsobeni
na bunky. Pro experimenty byl vybran reprezentativni stfedné rezi-
stentni kmen bez schopnosti kazit pivo (L. brevis 11) a kmen kazici
pivo s podobnou rezistenci k Tetra (L. brevis 18*). Rlst v pfitomnosti
rznych koncentraci Tetra v MRS-bujénu s rGznym pocate¢nim pH
byl sledovan po dobu 120 hodin pfi teploté 30 °C pomoci pfistroje
Bioscreen C. Rustova kfivka kmene 11 je znazornéna na obr. 2.

Nizké pH (4,0) zpomaluje bunéény rlst i v nepfitomnosti Tetra. Lag
faze u obou kmen( pfi pH 5,0 a 6,0 trvala 10 hodin, zatimco pfi pH
4,0 doslo k jejimu prodlouzeni na 20 hodin u kmene 11 a 14 hodin
u kmene 18*. Specificka rdstova rychlost, pfi pH 5,0 a 6,0 srovnatelna,
poklesla pfi pH 4,0 pfiblizné o 40 %.

Pokles pH z 6,0 na 4,0 vede k zesileni inhibi¢niho u€inku Tetra na
bakteridlni rist a mnozeni. Tetra v koncentraci 6,10 pg/ml v médiu
s pocate¢nim pH 6,0 zplsobila zastaveni ristu bakterii. Téhoz inhi-
biéniho U¢inku bylo pfi pH 5,0 dosazeno jiz pfi koncentraci 1,53 pg/ml.
V MRS-bujénu s pocate¢nim pH 4,0 nedochézelo k rlstu bunék jiz
pfi koncentraci Tetra 0,19 pg/ml. Nebyly pozorovany rozdily mezi
kmeny 11 a 18*.

Zajimavé zjisténi je dokumentovano na obr. 2. Koncentrace Tetra
do 0,38 pg/ml zpomalovaly rlst bakterii, ale kultura po néjaké dobé
dosahla koncentrace bunék srovnatelné s kontrolou. Koncentrace
Tetra vy$Si nezli 0,38 pg/ml nezplsobily jen prodlouZeni lag-faze
a zpomaleni rGstové rychlosti, ale rust bunék byl inhibovan do takové
miry, ze i béhem velmi dlouhé kultivace nedoséahla koncentrace bunék
v suspenzi hodnoty srovnatelné s pozitivni kontrolou. K pfechodu do
stacionarni faze doslo pfi mnohem nizSich hodnotach OD. Nejnizsi
pouzita koncentrace Tetra, 0,095 pg/ml, vyrazneé inhibovala rust obou
kmenu pouze pfi pH 4,0 a 5,0. V porovnani s kontrolou (MRS-bujén
bez pfidavku Tetra) dosahly hodnoty OD pfi této koncentraci a pH 4,0
po 100 hodinach kultivace pouze 23 % u kmene 11 a 33 % kontroly
u kmene 18*, pficemz doslo k prodlouzeni lag-faze o 58 resp. 54 hodin.

Podobna data byla ziskana pfi sledovani vlivu pH média na specific-
kou rustovou rychlost L. brevis 11 a 18* (obr. 3). Pfi pH média 6,0 dosahly
oba kmeny 18-20 % rlistové rychlosti kontroly i v pfitomnosti 3,05 pg/ml
Tetra. Plisobeni nizsich koncentraci Tetra pfi pH 5,0 vedlo ke snizeni
specifické rGstové rychlosti obou kmen( na pfiblizné 40% hodnoty do-
Tetra 0,095 pg/ml zpUsobila snizeni specifické rlistové rychlosti na 30 %
kontroly a vy$$i koncentrace zcela zastavily rist bunék.

Z vysledku vyplyva, ze kmeny L. brevis kazici a nekazici pivo nelze
odlisit na zakladé rlistovych charakteristik v pfitomnosti Tetra. Jedi-
nym vyraznym rozdilem mezi kmeny 11 a 18* bylo zpozdéni nastupu
exponencialni faze pfi pocate¢nim pH 4,0. Toto zpozdéni bylo 10 ho-
din u kmene 11 a pouze 4 hodiny u kmene 18*.

In addition, lowering medium pH from pH 6.0 to 4.0 strongly en-
hanced the inhibitory effect of Tetra on bacterial growth and multipli-
cation.While at pH 6.0 a concentration of 6.10 pg/ml Tetra was needed
to block the growth, at pH 5.0 the same growth inhibition occurred at
1.53 pg/ml and at pH 4.0 the growth was practically abolished by 0.19
pg/ml Tetra. Strain 18* provided practically identical results (data not
shown).

An interesting finding documented in Fig. 2 was that while Tetra
concentrations up to 0.38 g/ml slowed down the growth but the culture
finally reached the O.D. of the control culture, higher Tetra concen-
trations caused not only extension of the lag phase and lowering of
the growth rate but also stymied the growth so that the final O.D. after
a prolonged cultivation failed to reach the level of the control culture
and leveled off at a much lower level. The lowest concentration of
Tetra, 0.095 g/ml, considerably inhibited cell growth of both strains
only at pH 4.0 and 5.0. Compared to the Tetra-free control, the cell

Obr. 2 Vliv Tetra na rlist kmene L. brevis 11 v MRS-bujénu s rGznym
pocate¢nim pH / Fig. 2 Effect of Tetra on the growth of L. brevis 11
cultivated in the MRS-broth with different initial pH
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A, pH 4,0; B, pH 5,0; C, pH 6,0; O = 0,095 pg/ml, x = 0,19 pg/ml, ¢
= 0,38 pg/ml, A = 0,76 pg/ml, ® = 1,53 pg/ml, ® = 3,05 pg/ml and
O = 6,10 pg/ml. PIna ¢ara bez symbolli oznaduje kultivaci bez Tetra
(pozitivni kontrola). Optické denzita byla mérena pfi 600 nm. Zakladni
tvar rlistovych kfivek byl ziskan spojenim hodnot ziskanych po 10-
hodinovych intervalech. Vysledky jsou primérem ze tfi méfeni.

A, pH 4.0; B, pH 5.0; C, pH 6.0; O = 0.095 pg/mi, x = 0.19 ug/ml, &
=0.38 ug/ml, A =0.76 ug/ml, ® = 1.53 ug/ml, ®m = 3.05 ug/ml and
O =6.10 pug/ml. Solid line with no symbols indicates cultivation without
Tetra (positive control). Optical density was measured at 600 nm.
Only points obtained at 10-h intervals are given to show the general
shape of the curves. The results are the average of three trials.
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Obr. 3/Vliv pH a Tetra na specifickou rdstovou rychlost kmene L. bre-
vis 11 / Fig. 3 Effect of pH and Tetra on the specific growth rate
of L. brevis strain 11.

100 | 0,095 pg/ml
80 - 70,19 pg/ml
60 - @ 0,38 pg/ml
g
= 40 0,76 pg/mi
B1,53 ug/ml
20 09 Hg/im
" 03,05 pg/ml
pH 4,0 pH 5,0 pH 6,0

Specificka rGstova rychlost je vyjadfena v % kontroly (médium bez
Tetra). Vysledky jsou primérem ze tfi méfeni. / Specific growth rate
is expressed in % of Tetra-free control. The results are the average
of three trials.

4 DISKUSE

Iso-a-horké kyseliny a jejich redukované derivaty jsou slabé kyse-
liny, které funguji jako protonofory zvySujici propustnost lipidové dvoj-
vrstvy biologickych membran pro protony [6]. Bakterie mlééného kva-
Seni  vyuzivaji nékolik  zplsobl  kompenzace  nizkého
vnitrobunééného pH zplsobeného disociaci horkych chmelovych |a-
tek. Jsou schopny udrzovat ApH v Sirokém rozmezi vnéjSich hodnot
pH [23, 24]. Mezi mechanizmy regulace cytoplazmatického pH patfi
a) existujici pufraéni kapacita bunék dana obsahem proteint a zaso-
bou glutamatu a polyamind, b) pravdépodobné nejdulezitéjsi pH-ho-
meostaticky systém u mléénych bakterii — membranova protony-
translokujici ATPasa (H*-ATPasa), c) produkce kyselych a alkalickych
metabolickych produktl v zavislosti na pH média, d) sekundarni tran-
sportni systémy na bazi symportu s protony, e) aktivita K+-ATPasy
[25, 26, 27, 28].

Vedle schopnosti kompenzovat zmény intracelularniho pH jsou
u nékterych bakterii znamy dalSi zplisoby obrany proti aktivité horkych
chmelovych latek, napf. export chmelovych kyselin z membrany
a/nebo z cytosolu ATP- nebo pmf-fizenymi pfenasedi [3]. Takové me-
chanizmy rezistence k horkym latkdm chmele vyZaduji nepochybné
velké mnozstvi energie. Hotové pivo je prostfedi chudé na ziviny, ne-
bot vétSinu jich pfi hlavnim kvaseni spotrebuji kulturni kvasinky [3,
15]. U nékterych mléénych bakterii byla zjiSténa schopnost ziskavat
energii i v prostfedi s velmi nizkym obsahem zivin — tyto bakterie me-
tabolizuji zbytkové substraty jako je citrat, malat, pyruvat a arginin
[12]. Suzuki a kol. [12] prokazali, ze buriky L. brevis ABBC45 pfi ristu
v pivu utilizuji citrat, pyruvat, malat, arginin a v mensi mife i tyrozin.
Transport nékterych Zivin do bunék muze byt nezavisly na protonové
hnaci sile, nebo se za urcitych podminek muze dokonce na tvorbé
jedné nebo obou slozek protonové hnaci sily podilet. Vzhledem ke
skute¢nosti, ze horké chmelové latky inhibuji pfijem zivin fizeny pmf
(leucin, maltotriéza), by mohla schopnost bakterii ziskavat energii ze
zminénych substratl transportovanych do bunék systémy nezavis-
lymi na pmf (malét, arginin, atd.), vyznamné pfispivat k rezistenci
k hofkym chmelovym latkam, nebo tedy obecné ke schopnosti bak-
terii rGst v pivu [12].

Stupen disociace slabych kyselin klesa s klesajicim pH okoli. Mala
zména v pH piva nebo kultivaéniho média tedy mlze vést k velkym
zménam antibakterialni aktivity téchto latek. NaSe data potvrzuji pH-
indukované zvy$eni antibakterialnich G¢inku Tetra. Snizeni specifické
rlistové rychlosti L. brevis, prodlouzeni lag-faze a zpomaleni buné¢-
a niz8i pH média. Prodlouzeni lag-faze mlze mit nékolik pficin. Jed-
nou z nich mize byt dobfe znama heterogenita bakteridlni populace,
ktera se uplatiiuje vyznamné napf. pfi kolonizaci novych prostredi
[29]. Stres vyvolany pfitomnosti Tetra mize vést k selekénimu tlaku
ve prospéch takovych bunék v populaci, které se vyznacuji zvySenou
toleranci nebo rezistenci k inhibi¢nimu G€inku chmelovych latek. N&-
kolik individualnich bunék mlze vykazovat extrémni toleranci k pd-
sobeni téchto latek a velmi dlouhd lag-faze tak maze byt zplsobena
del$im ¢asem potifebnym pro jejich pomnoZzeni. Rlst stejnych bakte-
ridlnich kmenu v rliznych pivech je riznym zpusobem limitovan, v za-

culture O.D. at this Tetra concentration in a medium of pH 4.0 after
a 100-h cultivation was 23 % in strain 11 and 33 % in strain 18 and
the lag phase was extended by 58 and 54 h, respectively.

Nearly identical data for both L. brevis strains 11 and 18 were also
obtained when examining the effect of medium pH on specific growth
rate (see Fig. 3). In a pH 6.0 medium both strains reached 18-20 %
growth rate relative to Tetra-free control even at 3.05 g/ml Tetra. Lower
Tetra concentrations in pH 5.0 medium reduced the specific growth
rate of both strains to about 40% of the value achieved at pH 6.0. At
4.0 even the lowest Tetra concentration of 0.095 pg/ml reduced the
specific growth rate to some 30 % of control and higher concentrations
completely prevented cell growth.

These results show that beer-spoiling strains cannot be distin-
guished from nonspoilers on the basis of growth characteristics in the
presence of Tetra. The only observable difference between strain 11
and strain 18* was the delay in the onset of the exponential phase
relative to control in cultivation in a pH 4.0 medium. This delay was
10 h in the former and only 4 h in the latter strain.

4 DISCUSSION

Iso-a-acids and their reduced derivatives are weak acids that act
as protonophores, increasing the permeability of the lipid bilayer of
biological membranes for protons [6]. Lactic acid bacteria possess
several mechanisms to compensate the lowering of intracellular pH
caused by intracellular dissociation of hop bitter compounds and it is
well known that they can maintain a ApH over a wide range of external
pH values [23, 24]. Possible mechanisms for cytoplasmic pH regula-
tion include a) preexisting buffering capacity of the cell mediated by
the protein content and the cytoplasmic pools of glutamate and
polyamines, b) perhaps the most important pH-homeostatic system
in lactic acid bacteria — the membrane-bound proton-translocating
ATPase (H*-ATPase), c) production of acidic or alkaline metabolic
products depending on the varying pH in media, d) proton-symport
secondary transport systems, e) activity of K*-ATPase [25, 26, 27,
28].

Besides being able to compensate changes in intracellular pH some
bacteria are reported to develop various ways to counteract the ac-
tivity of hop bitter compounds including export of hop acids from the
membrane and/or from the cytosol by the ATP- or pmf-driven hop
transporters [3]. Such mechanisms of hop-resistance require consid-
erable amount of energy. Beer is a medium poor in nutrients since
most of them are used up by brewer’s yeast during main fermentation
[3,15]. Beer-spoiling lactic acid bacteria have been reported to be
able to obtain their energy from environments with very low nutrient
content by metabolizing residual substrates such as citrate, malate,
pyruvate and arginine [12]. It was shown that the cells of L. brevis
ABBC45 growing in beer utilized all these substrates and, to a lesser
extent, also tyrosine. The transport of some nutrients into the cells
can proceed independently of the protonmotive force, or may even
under certain conditions participate in the production of one or both
of its components. Since hop bitter substances inhibit the pmf-de-
pendent uptake of nutrients such as leucine or maltotriose, this ability
of the bacteria to acquire energy from substrates such as malate or
arginine by using pmf-independent uptake systems could significantly
contribute to the resistance to hop substances and thus to the ability
to grow in beer [12].

Since the degree of dissociation of weak acids decreases with low-
ering the ambient pH, a small change in pH in beer or culture medium
may cause large changes in antibacterial activity of these compounds.
Our data confirm this pH-induced increase in the antibacterial effect
of Tetra by showing that the lowering of specific growth rate of L. brevis
strains, extension of the lag phase and a drop in cell multiplication
are the stronger the higher is the concentration of Tetra and the lower
is medium pH. The extension of the lag phase can be caused by sev-
eral reasons. One possible reason may be the well-known hetero-
geneity of bacterial populations, which is a property that is of concern
especially during colonization of a new environment [29]. Then, the
stress caused by the presence of Tetra may exert a selection pressure
that favors the growth of cells with elevated tolerance or resistance
to the inhibitory effects of the hop bitter compounds within the popu-
lation. A few individual cells may show an extreme tolerance to Tetra
and the longer lag phase may be due to a longer time needed for
their sufficient multiplication in the culture.

Growth of the same bacterial strains in different beers is restricted
to different degrees, because of differences in pH, alcohol content,
content of hop compounds, utilizable substrate concentration, CO,
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vislosti na pH, obsahu alkoholu, chmelovych latek, koncentraci utili-
zovatelnych zivin, tlaku CO, a SO,. Fernandez and Simpson [30]
uvadi, ze k bakteridlnimu kazeni jsou vice nachylna piva s vy$§im
obsahem aminokyselin, fermentovatelnych cukrd, s vy$$im pH a niz-
§im obsahem nedisociovanych chmelovych kyselin a nedisociova-
ného SO,. Podle Suzuki a kol. [11] je rezistence k chmelovym latkdm
stabilni vlastnost bakterialnich kment se schopnosti kazit pivo, na
zakladé které je Ize odlisit od kmenu pivo-nekazicich.

NaSe data jsou v rozporu s témito predpoklady. Stupen citlivosti
nebo rezistence k Tetra je ovliviiovan pH média, ale nebyla zjisténa
korelace mezi pH-indukovanou hladinou rezistence a schopnosti ka-
zit pivo. Kmeny pouzité v nasi studii byly udrzovany v bohatém médiu,
s dostatkem zdroju energie, mineralnich latek, rastovych faktord
a s optimalnim pH. Po jejich pfevedeni do pudy s obsahem chmelo-
vych latek nebyly zjistény rozdily mezi pivo-kazicimi a nekazicimi.
Rezistence laktobacilt k hotkym chmelovym latkdm nebyla v nasich
experimentalnich podminkach pfimo spojena se schopnosti kazit
pivo. Bakterialni systémy, pomoci nichz se buriky vyrovnavaji se
stresy vyvolanymi zménami prostfedi, zavisi na koordinované regu-
lované expresi genll. Z nasich vysledku vyplyva, Ze jednim z kli¢ovych
faktord, které vyvolavaji expresi genli kédujicich proteiny v rezistenci
k hofkym chmelovym latkdm, mGze byt nedostatek Zivin, ktery po-
skytuje pivo-kazicim bakteriim vyhodu pro preziti.

Podékovani
Tato prace byla podpofena z prostiedki Vyzkumnych zamérd
MSM6019369701, AV0Z50200510 a MSM0021622413.
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and SO, pressure. Fernandez and Simpson [30] reported that beers
with a higher content of amino acids, fermentable sugars, higher pH
and lower content of undissociated hop acids and undissociated SO,
are more susceptible to bacterial spoilage. In the same study it was
suggested that hop-resistance is a stable property of the bacterial
strains with beer-spoilage ability that distinguishes beer-spoilage bac-
teria from nonspoilers [11].

Our data contrast with these assumptions. In our experiments the
degree of sensitivity or resistance to Tetra was also found to be af-
fected by medium pH but no correlation was found between the pH-
induced change in the level of resistance and the beer spoilage ability.
Strains used in our study have been maintained in a rich medium with
sufficient energy sources, minerals, and growth factors and at an op-
timum pH. When placed in a broth containing hop compounds, there
were no significant differences between the beer-spoilage and the
non-spoilage group. This seems to imply that the hop-resistance of
lactobacilli under our conditions was not directly associated with beer-
spoiling ability. Since bacterial systems evolved to cope with stressful
environmental changes rely on the coordinated expression of a num-
ber of genes that are under the control of multiple regulators, our find-
ing indicates that one of the key factors upregulating the expression
of genes encoding proteins engaged in hop-resistance may be nutri-
tional deficiency, which provides the beer-spoilage strains with sur-
vival advantage.
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