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Matoulkova, D. — Kubizniakova, P. — Sigler, K.: Schopnost mléénych bakterii kazit pivo a souvislost s pfitomnosti geni horA,
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Sledovali jsme schopnost 69 kmenl bakterii mlééného kvaseni kazit pivo, pritomnost genli horA, horC a hitA v jejich genomu
a zivotaschopnost bakterii po 14 tydnech inkubace ve dvou typech piva pfi dvou teplotnich rezimech. Schopnost kazit pivo byla
zjisténa u 12 (48 %) z 25 kmenU Lactobacillus brevis, 2 (25 %) z 8 kmenU L. plantarum, 7 (26 %) z 27 kmenl L. paracasei subsp.
paracasei a 1 (33 %) z 3 kmenl Leuconostoc spp. Schopnost dlouhodobého prezivani v pivu bez jeho poskozeni byla mezi kmeny
mnohem vice rozSifena (L. brevis 89 %, L. plantarum 75 %, L. buchneri 100 %, L. paracasei subsp. paracasei 82 %, L. lactis 66 %,
Leuconostoc spp. 33 %). U druhu L. brevis byla schopnost kazit pivo, zji§téna pouze u 2 kmenud obsahujicich gen horC a u 6 kmenl
obsahujicich kombinace horA/hitA a horA/horC/hitA; 4 kmeny byly schopné zkazit pivo, aniz by obsahovaly kterykoliv z uvedenych
genu. Schopnost kazit pivo zjisténa u 10 kmenU ostatnich druht nekorelovala s pfitomnosti téchto gen(.

Matoulkova, D. — Kubizniakova, P. — Sigler, K.: Beer-spoiling ability of lactic acid bacteria and its relation with genes horA, horC
and hitA. Kvasny Prum. 58, 2012, No. 11-12, p. 336-342.

Beer-spoiling ability, survival after 14 weeks of incubation in 2 beer types under 2 temperature regimes and the presence of spoilage-
associated horA, horC and hitA genes in the genome were studied in 69 strains of lactic acid bacteria. Beer spoilage was determined in
12 (48 %) of 25 strains of Lactobacillus brevis, 2 (25 %) of 8 strains of L. plantarum, 7 (26 %) of 27 strains of L. paracasei subsp. paraca-
sei, and in 1 (33 %) of 3 strains of Leuconostoc spp. Survival in beer without adverse effects on its quality was more widely spread among
the strains (L. brevis 89 %, L. plantarum 75 %, L. buchneri 100 %, L. paracasei subsp. paracasei 82 %, L. lactis 66 %, Leuconostoc spp.
33 %). In the strongest beer spoiler L. brevis, beer spoilage was observed only in 2 strains containing horC and in 6 strains containing
the combinations horA/hitA and horA/horC/hitA; 4 strains spoiled beer without having any of these genes. Beer spoilage, detected in
a total of 10 strains of all other species, was not associated with the presence of these genes.

Matoulkova, D. — Kubizniakova, P. — Sigler, K.: Die Fahigkeit der Milchs@urebakterien das Bier zu verderben und Zusammenhang
mit der Anwesenheit mit Gene horA, horC und hitA. Kvasny Prum. 58, 2012, Nr. 11-12, S. 336-342.

Es wurde die Fahigkeit der 69 Milchsdurebakterienstdmme das Bier zu verderben, die Anwesenheit der Gene horA, horC und hit A in
ihrem Genom und die Bekterienlebensdauer nach 14 Wochen Inkubation in 2 Typen des Bieres unter 2 Temperaturregimen verfolgt. Die
Fahigkeit das Bier verderben zu kédnnen wurde bei den 12 Stdmmen, d.h. (48 %) aus den 25 Stdmmen Lactobacillus brevis, bei den
12 Stammen, d.h. (25 %) aus den 8 Stammen L. plantarum, bei den 7 Stammen, d.h. (26 %) aus den 27 Stammen L. paracasei subsp.
paracasei und beim 1 Stamm, d.h. (33 %) aus den 3 Stdmmen Leuconostoc spp. verfolgt. Die Féhigkeit des langzeitigen Bakterien —
Uberlebens im Bier ohne es zu verderben wurde unter Stimmen mehr verbreitet (L. brevis 89 %, L. plantarum 75 %, L. buchneri 100 %,
L. paracasei subsp. paracasei 82 %, L. lactis 66 %, Leuconostoc spp. 33 %). Bei der Bakterie L. brevis wurde die Fahigkeit das Bier zu
verderben nur bei 2 Stammen enthaltene Gen horC und bei 6 Stammen enthaltene Kombinationen horA/hitA a horA/horC/hitA; 4 Stam-
me waren fahig das Bier zu verderben ohne Anwesenheit von obig genannten Gene. Die bei den anderen 10 Stammen festgestellte
Fahigkeit das Bier zu verderben hat mit der Anwesenheit dieser Gene nicht korreliert.

Klicova slova: kaZeni piva, rezistence k horkym chmelovym latkam,
geny horA, horC a hitA, bakterie miééného kvaseni, Lactobacillus
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1 UVOD

Pivo je povazovano za napoj s vysokou mikrobiologickou stabilitou.
Hlavnimi faktory, které ovliviiuji mikrobiologickou stabilitu piva, jsou
horké chmelové latky, alkohol, oxid uhli€ity, nizké pH, nizky obsah
kysliku a nizké koncentrace Zivin (Sakamoto a Konings, 2003). | pfes
tyto nepfiznivé podminky existuje nékolik skupin mikroorganismu,
které v pivu mohou rlist a mnozit se. Nejvice $kodlivou skupinou jsou
bakterie mlé€ného kvaseni, zejména rody Lactobacillus a Pediococ-
cus, které jsou zodpovédné za cca 60—-90 % pripadl mikrobialniho
kazeni piva v Evropé v obdobi 1980—2002 (Suzuki, 2011). Rust téch-
to mikroorganism0 je doprovazen tvorbou viditelného zékalu a neza-
doucimi senzorickymi zménami piva. PFfi mikrobiologické kontrole
piva a pivovarského provozu je nej¢astsji isolovan Lactobacillus bre-
vis, ktery je charakteristicky svou schopnosti zkvaSovat dextriny
a $krob a zpUsobovat tak tzv. super-atenuaci (hlub$i prokvaseni) piva
(Sakamoto a Konings, 2003).

Keywords: beer spoilage, resistance to hop bitter compounds,
genes horA, horC and hitA, lactic acid bacteria, Lactobacillus bre-
vis

1 INTRODUCTION

Beer is a beverage with high microbiological stability. The main
factors affecting the microbiological stability of beer are hop bitter
compounds, alcohol, carbon dioxide, low pH, low oxygen content
and low levels of nutrients (Sakamoto and Konings, 2003). Despite
these unfavorable conditions, several groups of microorganisms can
grow and reproduce in beer, lowering its quality. The most common
beer spoilers are lactic acid bacteria (LAB), especially Lactobacillus
and Pediococcus, which have been responsible for ca. 60—-90% of
the microbial beer spoilage in Europe in 1980—2002 (Suzuki, 2011).
Their growth in beer is accompanied by the formation of visible haze
and undesirable changes of the sensorial properties of beer. LAB
contamination of beer has also been linked to the production of bio-
genic amines (Lorencova et al., 2012). Microbiological surveillance
of beer and brewery plants most often reveal the presence of Lacto-
bacillus brevis, which is characterized by its ability to ferment dex-
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Horké chmelové latky jsou ve své isomerované formé zodpoveédné
za horkou chut a vlni piva a vykazuji antimikrobialni aktivitu proti
grampositivnim bakteriim a nékterym houbam (Simpson, 1993; Lar-
son et al., 1996). U¢inek chmelovych latek muze byt bakteriostaticky
nebo baktericidni, v zavislosti na koncentraci a délce expozice. Me-
chanismus antimikrobialnich u¢inkG nebyl dosud zcela objasnén.
Podle Simpsona (1993) jsou iso-a-kyseliny a jejich redukované deri-
vaty slabé kyseliny, které se chovaji jako protonofory — zvysuji per-
meabilitu lipidovych dvojvrstev biologickych membran pro protony.
V nedisociované formé pasivné difunduji plasmatickou membranou
dovnitf bunék. Vnitrobunécné pH (pH,) vy$si nez hodnota pK_ iso-a-
-kyselin (pK_=3.1) zplsobi disociaci iso-a-kyselin v cytoplasmé
na anionty a protony. V citlivych burikdch zpdsobi uvolnéné protony
pokles pH, a narudeni transmembréanovych transportnich procest
(Simpson, 1993), které muze vést k naruseni pfijmu zivin a hladové-
ni bunék. Zivotaschopnost bunék vystavenych Gginkiim iso-a-kyse-
lin je tak sniZzena. Pokles pH miZe zpusobit pokles aktivity nékte-
rych enzymd a ovlivnit bunécné proteiny a DNA. Uvolnéné anionty
tvofi neutralni komplexy s bunéénymi dvojmocnymi kationty, které
nasledné pasivné opoustéji buriku a dochazi tak k elektroneutraini
vymeéné protond za bunééné kationty, napf. Mn?* or Mg?+ (Simpson,
1993, Simpson and Smith, 1992).

| pfesto, Ze maji mlééné bakterie grampositivni charakter bunécné
stény, vyznacuji se nékteré kmeny silnou rezistenci k u¢inkiim hof-
kych chmelovych latek. Rezistence k chmelovym latkdm je znama
pouze u mléénych bakterii schopnych riist v pivu (Sakamoto and Ko-
nings, 2003; Suzuki et al., 2006) a zahrnuje ¢innost ATP-dependent-
nich and pmf-dependentnich prenasec¢t kédovanych geny horA
a horC (Suzuki et al., 2007). Podle Haakensena et al. (2008) koreluje
pfitomnost téchto gend se schopnosti L. brevis zplisobovat kazeni
piva. Homology genu horA a horC jsou rozSifeny témér vyhradné
pouze u pivo kazicich mléénych bakterii, nezavisle na druhu (Suzuki,
2011). Produkty téchto genli, membranové pumpy, aktivné vylucuji
nedisociované chmelové kyseliny z buriky a snizuji tak jejich antimi-
krobialni ucinky. Ztrata bunéénych kationtd jako vysledek antimikro-
bidlniho plsobeni chmelovych latek mze byt kompenzovana ¢in-
nosti membranového prenasece dvojmocnych kationtl, kédovaného
genem hitA (Hayashi et al., 2001). Geny hitA, horC a horA byly dete-
kovany u bakterii Lactobacillus (L. brevis, L. lindneri, L. paracollinoi-
des) a Pediococcus damnosus schopnych rychlého ristu v pivu
a jeho zkazeni (Haakensen et al., 2008; Suzuki et al., 2008).

Dal$i mechanismy obrany bakterii proti plisobeni chmelovych
kyselin zahrnuji zvy$enou &innost membranové H*-ATPazy, dyna-
mickou regulaci bunéénych zadsob manganu, zvySenou pufraéni ka-
pacitu cytoplazmy, pozménéné slozeni bunécné stény nebo modifi-
kovanou plazmatickou membranu (Behr et al., 2006; Behr a Vogel,
2007a,b,; Sakomoto et al., 2002; Simpson, 1993; Simpson a Fernan-
dez, 1994). Rezistence mléénych bakterii k hofkym chmelovym lat-
kam a rGzné mechanismy, které se na ni podili, jsou detailné popsa-
ny ve velmi vydafeném review autora Suzuki (2011), a proto se jimi
v nasem ¢lanku nezabyvame podrobnéji.

Schopnost nékterych mléénych bakterii kazit pivo je dana, zvlasté
u L. brevis, jejich rezistenci k antimikrobialnim u¢inkm horkych
chmelovych latek. U kmenu L. brevis byla po opakované kultivaci
v médiu bez chmelovych latek pozorovana ztrata schopnosti kazit
pivo (Suzuki et al., 2006). PCR-detekce genll horA a horC je uvadé-
na jako spolehliva pro odliSeni bakterii kazicich pivo (lijima et al.,
2007; Sami et al., 1997; Suzuki et al., 2005). V nasich experimentech
jsme studovali pfitomnost tfi genl spojovanych se schopnosti kazit
pivo (geny horA, horC, hitA) v genomu 69 kmenu bakterii mlééného
kvaseni pochazejicich ze zkazeného piva nebo z pivovarskych pro-
vozU. Soucasné byla sledovana schopnost bakterii kazit pivo, po in-
kubaci v MRS bujénu bez pfidavku chmelovych latek, a zivotaschop-
nost bakterii po 14 tydnech inkubace ve dvou typech piva, liSicich se
obsahem alkoholu a horkosti.

2 MATERIAL A METODY

2.1 Bakterialni kmeny a riistové podminky

Seznam pouzitych bakterialnich kmenU a jejich plvod je uveden
v tab. 1. Kmeny pochéazeji ze Sbirky pivovarskych mikroorganizmu
(RIBM 655) VUPS, a.s., v Praze. Pro experimenty bylo pouZito
25 kmen0 L. brevis, 8 kmenu L. plantarum, 27 kmenu L. paracasei
subsp. paracasei, 3 kmeny L. buchneri, 3 kmeny Lactococcus lactis
a 3 kmeny Leuconostoc spp. V$echny kmeny pochazeji ze zkazené-
ho piva (oznaceny jako SB; spoiled beer) nebo z pivovarského provo-
zu (BP; brewery plant). Kultivace probihala pfi teploté 28°C/24 hod

trins and starch, causing the so-called super-atenuation (deeper
fermentation) of beer (Sakamoto and Konings, 2002).

In their isomerized form, hop bitter compounds are responsible for
the bitter taste and aromas of beer. They also exhibit antimicrobial
activity against Gram-positive bacteria and some fungi (Simpson,
1993, Larson et al., 1996). Their effect can be bacteriostatic or bac-
tericidal depending on their concentration and length of exposure.
The mechanism of the antimicrobial effect is not yet fully clarified.
According to Simpson (1993) iso-a-bitter acids and their reduced de-
rivatives are weak acids that function as protonophores, increasing
the permeability of the lipid bileaflet of cell membranes for protons. In
their undissociated form they diffuse through the plasma membrane
into the cell interior. At the intracellular pH (pH), which is higher that
their pK, value (pK,=3.1) the iso-a-acids dissociate to anions and
protons. The protons so released cause in sensitive cells a drop of
pH, and disturbance of transmembrane transport processes (Simp-
son 1993) that may lead to the disturbance of nutrient uptake, cell
starvation and ultimate drop in viability. The drop of pH, can cause
a drop of activity of some enzymes and affect cellular proteins and
DNA. The anions form neutral complexes with cellular divalent cat-
ions, which then passively leave the cell, giving rise to an electroneu-
tral exchange of protons for cellular cations such as Mn?* or Mg?*
(Simpson, 1993, Simpson and Smith, 1992).

Even though the cell wall of lactic acid bacteria has a Gram-posi-
tive character, some strains exhibit a strong resistance to the effects
of hop bitter compounds. The resistance to hop compounds is known
to appear only in lactic acid bacteria capable of growing in beer
(Sakamoto and Konings, 2003, Suzuki et al., 2006) and involves the
activity of ATP-dependent and pmf-dependent transporters encoded
by the genes horA and horC (Suzuki et al., 2007). According to Haak-
ensen et al. (2008) the presence of these genes correlates with the
ability of L. brevis to spoil beer. Homologues of genes horA and horC
are widespread only in beer-spoiling bacteria irrespective of the spe-
cies (Suzuki, 2011). The products of these genes, membrane pumps,
actively extrude undissociated hop acids from the cells and thereby
lower their antimicrobial effects. The loss of cellular cations caused
by the antimicrobial action of hop substances can be compensated
by the action of the membrane transport of divalent cations encoded
by the hitA gene (Hayashi et al., 2001). Genes hitA, horC and horA
were detected in genus Lactobacillus (L. brevis, L. lindneri, L. para-
collinoides) and Pediococcus damnosus; all of which were capable of
rapid growth and spoilage of beer (Haakensen et al., 2008, Suzuki et
al., 2008).

Other mechanisms of bacterial protection against the action of hop
bitter acids include an increased activity of the membrane H*-ATPase,
dynamic regulation of cellular store of manganese, increased buffer-
ing capacity of the cytoplasm, altered cell wall composition or modifi-
cation of the plasma membrane (Behr et al., 2006;, Behr et al., 2007;
Fernandez and Simpson, 1993; Sakamoto et al., 2002; Simpson,
1993; Simpson and Fernandez,1994). The mechanisms of resistance
of lactic acid bacteria to hop bitter compounds have been described
in detail in the excellent review by Suzuki (Suzuki, 2011).

The ability of some lactic acid bacteria, especially L. brevis to spoil
beer is given by their resistance to the antimicrobial effects of hop bit-
ter compounds. Strains of L. brevis cultivated repeatedly in a medium
without hop bitter compounds were observed to lose the ability to spoil
beer (Suzuki et al., 2006). PCR-detection of horA and horC genes is
taken as a reliable tool for distinguishing beer-spoiling bacteria (lijima
et al., 2007; Sami et al., 1997; Suzuki et al., 2005). We studied the
presence of the three genes associated with the beer-spoiling ability
(geny horA, horC, hitA) in the genome of 69 strains of lactic acid bac-
teria isolated from spoiled beer or from brewery plants. Simultane-
ously, we determined the beer-spoiling ability of the strains after incu-
bation in MRS broth without the addition of hop substances and the
survival of the bacteria after a 14-week incubation in two types of beer
differing in the concentration of alcohol and in bitterness.

2 MATERIAL AND METHODS

2.1 Bacterial strains and growth conditions

Bacterial strains used in this study are listed in Table 1. All cultures,
69 in total, were obtained from the Culture Collection of Microorgan-
isms (RIBM 655) of the Research Institute of Brewing and Malting in
Prague, Czech Republic. The collection under study contained
25 strains of L. brevis, 8 strains of L. plantarum, 27 strains of L. para-
casei subsp. paracasei, 3 strains of L. buchneri, 3 strains of Lacto-
coccus lactis and 3 strains of Leuconostoc spp. The origin of the



KVASNY PRUM.
58 /2012 (11-12)

33

Schopnost mlécnych bakterii kazit pivo a souvislost s pfitomnosti gent horA, horC a hitA

v bakteriologickych zkumavkach v de Man, Rogosa, Sharpe (MRS)
bujénu modifikovaném pridavkem cystein hydrochloridu (0,5 g/l) a ti-
thoglykolatu sodného (0,5 g/l).

2.2 PCR-detekce genu hitA, horC a horA

Bakterialni DNA byla izolovana s pouzitim kitu NucleoSpin Tissue
Kit (Macherey Nagel, Némecko) podle instrukci vyrobce. PCR-reak-
ce probihaly v termocykleru Labcycler Gradient (Sensoquest GmbH,
Germany). Fragment genu horA o velikosti 210 bp byl amplifikovan
s pouzitim forward primeru 5-AAA TCT TAA CCC TGC CGG-3‘ are-
verse primeru 5-GCG GAA CGG CGA TAA ACA TA-3‘ podle Haa-
kensena et al. (2007). Fragmenty gend horC (94 bp) a hitA (179 bp)
byly amplifikovany s pouzitim forward primeru 5-CTT GTT GGA
GCA ATT ATT GG-3 a reverse primeru 5’-CGT TGA CAA GTG CTA
CAG G-3‘ u genu horC a forward primeru 5-AGC GTA GCA GAA
GAA CCT AAG-3' a reverse primeru 5-CAA TTA CCA GGA TCC
ATG TAC C-3' u genu hitA podle prace Haakensena et al. (2008).
Jednotlivé PCR reakce probihaly v reakéni smési o celkovém obje-
mu 25 pl obsahujicim 12,5 pl master mixu Combi PPP (Top-Bio, CR),
10,5 pl PCR H,0, 0,5 pl kazdého z dvojice primerti (50 uM; KRD, CR)
a 1 pyl DNA. Pocatecni denaturace byla provedena pfi teploté 94°C/5
minut, nasledovana 30 amplifikacnimi cykly: 94°C/30 s (denaturace),
55°C/30 s (nasednuti primerd) a 72°C/40 s (extense), s kone¢nou
extensi pfi 72°C/5 min. PCR produkt byl analyzovan gelovou elektro-
forézou na 1,2% agarose v 1x koncentrovaném TAE pufru a barve-
nim ethidium bromidem. Detekce byla provedena s pouzitim video-
dokumentaéniho systému DOC-PRINT Il a softwaru BIO 1D (Vilber
Lourmat, Francie).

2.3 Stanoveni schopnosti bakterii kazit pivo

Pro experimenty byly pouzity dva typy svétlého piva. Pivo A —
pasterované, s obsahem alkoholu 4,35 % (v/v), s priimérnou horkos-
ti 35,0 jednotek, pH 4,5. Pivo B — pasterované, s obsahem alkoholu
3,5% (v/v), s primérnou horkosti 20,0 jednotek, pH 4,5. Piva byla
zaockovana 24-hodinovymi bakterialnimi kulturami o vysledné kon-
centraci v pivu mezi 10® a 10* bunék/ml. Schopnost kazit pivo (tvorba
zakalu a/nebo sedimentu) byla monitorovana po dobu 14 tydnu pfi
pokojové teploté (RT; room temperature) a v inkubatoru pfi 28 °C.
V8echny experimenty byly realizovany ve tfech opakovanich.
2.4 Prezivani bakterii po inkubaci v pivu

Zivotaschopnost bakterii po 14 tydnech inkubace v pivu pfi obou
teplotnich rezimech byla stanovena membranovou filtraci kazdého
ze zaoc¢kovanych piv a inkubaci filtrd na MRS-agaru pfi teploté 28 °C
po dobu az 7 dni. VSechny experimenty byly realizovany ve tfech
opakovanich.

3 VYSLEDKY A DISKUZE

U souboru 69 kmend 6 druhtd mléénych bakterii byla sledovana
schopnost kazit pivo, charakterizovana vznikem zakalu a/nebo sedi-
mentu. Schopnost kazit pivo byla zjisténa u 12 (48 %) z 25 kmen( L.
brevis, 2 (25%) z 8 kmenu L. plantarum, 7 (26 %) z 27 kmenu L. pa-
racasei subsp. paracasei, 1 (33%) z 3 kmenl Leuconostoc (tab. 1
a2).

Ze v$ech 12 kmenU L. brevis se schopnosti kazit pivo jich 9 patfi
do skupiny SB, tj. pochazeji ze zkazeného piva, zatimco pouze ftfi
kmeny byly ptivodné isolovany z pivovarského provozu (BP; brewery
plant) (fabulka 1). U druhu L. paracasei subsp. paracasei je pomér
puvodu SB/BP kmenU kazicich pivo 1/6. Kmeny se schopnosti kazit
pivo patfici do ostatnich druhl jsou pGvodu BP: 7 z nich kazilo oba
typy piv, 9 kmenl pouze pivo A a dalSich 7 kmen( pouze pivo B.
Nebyly pozorovany rozdily v ase potfebném k vytvoreni viditelného
poskozeni piva pfi pokojové teploté a pfi 28 °C.

V tab. 2 je uveden vztah mezi pfitomnosti genli horA, horC a hitA,
schopnosti kazit pivo a prezivani bakterii v pivu. Z celkového poctu
69 kmenu jich 16 % obsahuje néktery z genll horA, horC a hitA, 32 %
kment vykazuje schopnost kazit pivo, 80 % preziva v pivu. Pouze 1/3
kmen( schopnych kazit pivo a 19% prezivajicich v pivu po dobu
14 tydn( obsahovala zarover néktery z uvedenych gen(.

Z 12 kmenu L. brevis vykazujicich schopnost kazit pivo jich osm
obsahovalo gen horC nebo kombinace horA/hitA a horA/horC/hitA,
zatimco Ctyfi kmeny se schopnosti kazit pivo neobsahovaly ani jeden
z uvedenych genl. Schopnost kazit pivo byla dale pozorovana
u 10 kmenu ostatnich druh( bakterii mlééného kvaseni, u nichz ne-
byly geny horA, horC a hitA detekovany.

strains is documented in Table 1; indication SB stands for strains
isolated from spoilt beer, BP for strains isolated from brewery plant.
The strains were grown in 10-ml capped tubes containing de Man,
Rogosa, Sharpe (MRS) broth, modified with cysteine hydrochloride
(0.5 g/l), at 28 °C/24 hours.

2.2 PCR detection of hop resistance genes

Bacterial DNA was extracted using NucleoSpin Tissue Kit (Mach-
erey Nagel, Germany) according to manufacturer's instructions.
PCR-reactions were performed in Labcycler Gradient (Sensoquest
GmbH, Germany). A 210 bp fragment of horA gene was amplified
using the forward primer 5-AAA TCT TAA CCC TGC CGG -3‘ and
reverse primer 5-GCG GAA CGG CGA TAA ACA TA-3* according to
Haakensen et al. (2007). Fragments of horC (94 bp) and hitA (179 bp)
genes were amplified using the forward primer 5-CTT GTT GGA
GCA ATT ATT GG-3‘ and reverse primer 5-CGT TGA CAAGTG CTA
CAG G-3 for horC and the forward primer 5-“AGC GTA GCA GAA
GAA CCT AAG-3' and the reverse primer 5-CAA TTA CCA GGA
TCC ATG TAC C-3' for hitA gene according to Haakensen et al.
(2007). PCR was set up in a 25 pl reaction volume containing 12.5 pl
of Combi PPP Master Mix (Top-Bio, Czech Republic), 10.5 pl of PCR
H.,0, 0.5 pl of each primer (50 pM; KRD, Czech Republic) and 1 pl of
DNA. Labcycler Gradient (Sensoquest GmbH, Germany) was used
for PCR reaction. Initial denaturation was performed at 94°C for
5 min, followed by 30 amplification cycles. The amplification profile
was 94°C for 30 s (denaturation), 55 °C for 30 s (annealing) and
72 °C for 40 s (extension). Final extension was carried out at 72 °C
for 5 min. The PCR product was analysed by gel electrophoresis
using 1.2% agarose in 1x TAE buffer and by ethidium bromide stai-
ning. DNA marker 155-970 coloured (Top-Bio, Czech Republic) was
used as DNA fragment size marker. Detection was done using video
documentation system DOC-PRINT Il and software BIO 1D (Vilber
Lourmat, France).

2.3 Assay for determining the beer-spoilage ability

Two pale beers were used in growth experiments. Beer A was
a pasteurized 4.35 % vol/vol alcohol beer, pH 4.5, containing an aver-
age of 35.0 bitterness units (BU; determined using ASBC Methods
(1992). Beer B was a pasteurized 3.5 % vol/vol alcohol beer, pH 4.5,
containing an average of 20.0 BU. Beers were inoculated aseptically
with 24-hour bacterial cultures to form a suspension containing be-
tween 10° and 10* cells/ml. The beer spoilage ability (i.e., formation
of visible turbidity and/or sediment compared with control beer) was
monitored for 14 weeks at room temperature (RT) and 28 °C. All ex-
periments were carried out in triplicate.

2.4 Determination of LAB survival after incubation in beer

Cell survival after 14 weeks of incubation in beer at both tempera-
tures was evaluated by membrane filtration of 100 ml of each inocu-
lated beer and incubation of the filters on MRS-agar plates. Incuba-
tion was perfomed at 28 °C for up to 7 days. All experiments were
carried out in triplicate.

3 RESULTS AND DISCUSSION

Out of the 69 strains of 6 species of lactic acid bacteria, beer spo-
ilage, characterized by the appearance of haze and/or sediment, was
determined in 12 (48 %) of 25 strains of Lactobacillus brevis, 2 (25 %)
of 8 strains of L. plantarum, 7 (26 %) of 27 strains of L. paracasei
subsp. paracasei and in 1 (33%) of 3 strains of Leuconostoc spp.
(Tab. 1and 2).

As seen in Tab. 1, nine L. brevis isolates exhibiting beer-spoiling
ability were of the SB type, i.e. were isolated from spoiled beer whe-
reas only 3 isolates exhibiting this ability were collected in the brewe-
ry plant (BP) environment. In L. paracasei subsp. paracasei the SB/
BP ratio of beer-spoiling isolates was 1/6 and the beer-spoiling stra-
ins of all the remaining species were of the BP type. Overall, 7 strains
spoiled both beer types, 9 spoiled only the high-hopped beer A, and
another 7 strains spoiled only low-hopped beer B. No clear difference
was found between the length of the period to observable spoilage at
room temperature and 28 °C.

Tab. 2 summarizes the relationship between the presence of spoi-
lage-associated horA, horC and hitA genes in the bacterial genome,
the beer-spoiling ability and the survival in beer. When the data are
taken together for all 69 strains, the percentages of the presence of
the three genes (16 %), beer spoilage (32 %) and survival (80 %) in-
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Tab. 1 Bakterialni kmeny, pfitomnost gent hitA, horC a horA, schopnost kazit pivo a pfezivani v pivu / Bacterial strains, presence of hitA, horC
and horA genes, beer-spoilage ability and post-beer growth survival

Pivo / Beer A Pivo / Beer B
RIBM getekzetge?‘ﬁ/ Kazeni piva (tydny) / Kazeni piva (tydny) /
) Pavod / | Gene detection Beer spoilage o Beer spoilage o
o | S | PTonare | g,
5 5 : RT® 28°C RT/28°C RT® 28°C RT/28°C
I TO| T
L. brevis 2-4 BP - + + - - ++ - - I+
2-16 SB + + + +(9) - +/+ + (13) - +/+
2-20 SB + + + + (14) - +/+ - - -/-
2-27 SB - + - - (10) +/+ + (11) +(10) +/+
2-32 SB - - - + (14) + (14) +/+ - - +/-
2-33 SB - - - - - - - - -
2-34 BP - - - - - +/- - - -/-
2-38 BP - - - - - +/- - - +/-
2-40 BP - - - - - +/- 14) - +/+
2-42 BP - - - - - +/- +(11) +(10) ++
2-50 SB - - - - - +/+ - - ++
2-56 BP - - - - - +/+ - - +/+
2-62 BP - - - - - +/+ - - +/-
2-67 SB + + + - - -/- - - -/-
2-68 SB + + + + (6) + (4) +/+ - - -/-
2-69 SB + + + + (5) +(12) +/+ - - -/-
2-70 SB + + + + (8) +(12) +/+ - - +/-
2-72 BP + - + - - +/- _ +(12) A
2-78 SB + - + - - -/- - - +/-
2-85 SB - - - - +(12) +/+ - - +/-
2-93 BP - - - - - +/- - - -/-
2-98 BP - - - - - -/- - - +-
2-101 BP - - - - - -/- - - -/-
2-111 SB - + - + (6) + (6) +/+ - + (8) -/+
2-112 SB - - - - - +/- - - +/-
L. plantarum 2-48 BP - - - - - +/- - - +/-
2-89 BP - - - - - -/- - - H+
2-90 BP - - - - - -/- - +(10) +/+
2-91 BP - - - - +(9) -/+ - +(9) -/+
2-92 BP - - - - - -/- - - +/-
2-94 BP - - - - - +/- - - -/-
2-96 BP - - - - - -/- - - -/-
2-99 BP - - - - - -/- - - -/-
L. buchneri 2-8 BP - - - - - -/- - - I+
2-9 BP - - - - - +/- - - +/+
2-73 BP - - - - - +/- - - +/-
,LJ.a;r):Cr:gife/ subsp. 2.1 BP ) ) ) - i e i - -/-
2-2 BP - - - - - -/+ - - +/-
2-3 BP - - - - - -/- - - -/-
2-5 BP - - - - - -/+ - - -/-
2-6 BP - - - - - +/+ - - -+
2-10 BP - - - - - +/+ - - +/-
2-17 BP - - - - - -+ - - +/-
2-23 SB - - - - - +/+ - - +/-
2-25 BP - - - - - -/- - - +/-
2-26 SB - - - - - +/+ + (11) +(7) +/+
2-30 SB - - - - - +/+ - - ++
2-41 BP - - - - - +/+ + (14) + (14) +/+
2-45 BP - - - - - +/- - - +/-
2-46 BP - - - - - +/+ + (10) +(11) +/+

pokracovani
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Pivo / Beer A Pivo / Beer B
RIBM getekze Fe?_lfl /'| Kazeni piva (tydny) / Kazeni piva (tydny) /
) Pavod / | Gene detection Beer spoilage o Beer spoilage 5
pruniSpecies | Kvan | Origin® (weeks) Gromtir yyeeks i Gromhe
5 |5 : RT: 28°C RT/28°C RT: 28°C RT/28°C
I<|TO|l T

2-49 BP - - - - - I+ - - +-
2-51 BP - - - - - +/+ - - +/+
2-59 BP - - - - - +/+ - - +/+
2-63 BP - - - - - +/- - - +/+
2-71 BP - - - - +(13) +/+ - - +/-
2-74 BP - - - - - -/- - - -/-
2-76 SB - - - - - +/- - - /-
2-77 BP - - - - +(13) +/+ - - +/-
2-79 BP - - - - +(14) ++ - - -/
2-88 BP - - - - + (10) +/+ - +(12) -/+
2-95 BP - - |- - - /- - - /-
2-100 BP - - - - - -/- - - -
2-113 SB - - - - - - ; ; -
L. lactis 2-21 SB - - - - - +/- - - /-
2-65 SB - - - - - -/- - - +/-
2-66 SB - - - - - -/- - - -
Leuconostoc 2-87 BP - - - - +(12) -/+ - +(14) -/+
2-102 BP - - - - - -/- - - -
2-103 BP - -] - - - - R - -

a SB, zkazené pivo / spoiled beer; BP, pivovarsky provoz / brewery plant
® 4, viditelny rist v pivu; €isla v zavorkach znazorfiuji pocet tydni potfebny k dosazeni viditelného narlstu bakterii v pivu / visible growth in
beer; numbers in parentheses indicate the number of weeks required to attain visible growth in beer; -, bez tvorby zakalu a/nebo sedimen-

tu / no haze and/or sediment formation
¢ RT, pokojova teplota / room temperature

4+, narGst bakterii na agarovych plotnach po vyockovani z piva po 14 tydnech inkubace / bacteria capable of forming visible growth on agar
plates upon subculture from beer after 14 weeks of incubation; -, bez narlstu / no growth

Prezivani bakterii v obou typech piva po dobu 14 tydnt (bez vidi-
telného poskozeni piva) byla mezi kmeny mnohem vice rozSifenym
jevem, nez samotna schopnost kazit pivo (L. brevis 89 %, L. planta-
rum 75%, L. buchneri 100 %, L. paracasei subsp. paracasei 82 %, L.
lactis 66 %, Leuconostoc). Nebyly pozorovany vyznamné rozdily
v prezivani bakterii v pivu A a B.

Podle Suzuki et al. (2005) se geny horA a horC vyskytuji u vétsiny
bakterii mlécného kvaseni, které vykazuji schopnost kazit pivo, a ge-
nom kazdého z kmenu obsahuje alespon jeden z uvedenych gene-
tickych markert. Pfitomnost jednoho nebo obou z téchto genl je
druhové nezavislym znakem, kterym se vyznacuji mlééné bakterie
kazici pivo (Haakensen et al., 2007; Haakensen et al., 2008; lijima et
al., 2007; Suzuki et al., 2005). NaSe vysledky jsou v rozporu s timto
tvrzenim. Z celkového poétu 69 kmen jich 22 zplsobilo zékal piva,
pfiéemz jen u 7 z nich byl detekovan néktery z gent horA, horC
a hitA (tab. 1 a 2). U kmene RIBM 2-67 byla zjisténa pFitomnost
vS8ech tfi genu, pfi naSich experimentech nekazil zadné z piv
a po 14 tydnech inkubace v pivu nebyly detekovany Zivotaschopné
bunky.

Autofi Fernandez a Simpson (1995) uvadi, Ze schopnost nékte-
rych mléénych bakterii kazit pivo mize byt indukovana jejich pred-
chozim pasazovanim v médiich se stoupajici koncentraci horkych
kyselin. Tato skute¢nost naznacuje, ze zifejmé dochazi k odpovédi
organismu na stresové faktory v prostredi. U bakterii mlééného kva-
Seni je béznym jevem tzv. odpovéd na kysely stres (acid stress re-
sponse). V nasi studii nebyla schopnost kazit pivo u bakterii induko-
vana.VSechny bakterialni kmeny byly pfevedeny do piv z MRS-média
bez obsahu chmelovych kyselin.

U druht L. casei, L. paracasei, L. coryniformis a L. plantarum je
v literatufe uvadéna slaba rezistence k pusobeni horkych chmelo-
vych latek a schopnost kazit pouze malo chmelené pivo nebo pivo
s vy$8im pH (Back, 2005). Pfi naSich experimentech byla schopnost

dicate that only 1/3 of the strains spoiling beer and only 19% of all
strains surviving in beer for 14 weeks contained any or all of the three
genes.

Out of the 12 strains of L. brevis exhibiting beer spoilage ability,
eight contained hor C or the combinations horA/hit A and hor A/hor
C/hit A while four strains spoiled beer without having any of these
genes. The beer spoilage ability detected in the 10 strains of all other
species was not associated with the presence of these genes.

Survival of the bacteria in the two beer types for 14 weeks (without
producing visible adverse effects on beer quality) was more wides-
pread among the strains than the spoiling ability (L. brevis 89 %, L.
plantarum 75%, L. buchneri 100%, L. paracasei subsp. paracasei
82%, L. lactis 66 %, Leuconostoc spp. 33 %). The survival did not
perceptibly differ between beer A and B.

According to Suzuki et al. (2005) the genes horA and horC occur
in most of lactic acid bacteria capable of beer spoilage and the geno-
me of each of these strains contains at least one of these genetic
markers. According to several authors the presence of one or both of
these genes is a species-independent marker characteristic for beer-
spoiling bacteria (Haakensen et al., 2007; Haakensen et al., 2008;
lijima et al., 2007; Suzuki et al., 2005). As stated above (Tab. 1
and 2), out of the total of 69 strains only 22 caused beer haze and/or
sediment and only 7 of these contained some of the genes horA,
horC and hitA. On the other hand, the L. brevis strain RIBM 2-67,
which was found to contain all the three genes, did not spoil any of
the two beers and no viable cells were detected after 14 weeks of
incubation in beer.

Fernandez and Simpson (1995) stated that the beer-spoiling abili-
ty of some lactic acid bacteria can be induced by a previous passage
in media with increasing concentration of bitter acids. This could im-
ply that it may form part of a stress response of the cells to environ-
mental factors, e.g. the commonly occurring acid stress response. In
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kazit pivo, bez pfedchozi adaptace bakterii na horké chmelové latky,
prokazéana u 2 (z celkovych 8) kmenU L. plantarum a 7 (z celkovych
28) kmenu L. paracasei subsp. paracasei, tedy u 25 % studovanych
kmenU. Ze dvou kment L. plantarum se schopnosti kazit pivo kmen
RIBM 2-90 zkazil pouze méné chmelené pivo s niz§im obsahem al-
koholu (pivo B), zatimco kmen RIBM 2-91 zplsobil zkaZeni obou
testovanych piv pfi teploté 28 °C. Ze 7 kmen0 L. casei/paracasei se
schopnosti kazit pivo bylo u 4 pozorovano kazeni piva A s vy$§im
obsahem chmelovych latek a alkoholu. Schopnost kazit pivo pfi tep-
loté 28 °C byla zjisténa u 1 ze 3 kmenu Leuconostoc spp. Zadny ze
tfi kmenU Lactococcus pivo nekazil, pouze jeden kmen pfezival
v kazdém z piv; schopnost kazit pivo je u tohoto druhu uvadéna jako
minimalni (Back, 2005).

Vysledky pfedlozené prace naznacuji, ze schopnost L. brevis kazit
pivo je spiSe nez na rezistenci k horkym latkdm chmele zaloZzena
na schopnosti odolavat pasobeni nékolika stresovych faktord: alko-
holu, hofkym chmelovym latkam, pfetlaku CO, a SO,. V naéi pred-
chozi studii jsme prokazali, ze se stoupajici koncentraci horkych
chmelovych latek dochazi ke snizeni koncentrace bunék v suspenzi,
snizeni specifické ristové rychlosti, a k prodlouzeni lag-faze. Nebyl
prokézan zadny vztah mezi schopnosti kazit pivo a rezistenci k hof-
kym chmelovym latkdm. Stupen rezistence k antibakteridlnim u¢in-
kim chmelovych kyselin je zavisly na pocate¢nim pH kultivaéni
pudy, u zadného kmene L. brevis vSak nebyla prokdzana korelace
mezi pH-indukovanou zménou stupné rezistence a schopnosti kazit
pivo (Matoulkova et al., 2010). Vzhledem ke schopnosti bakterii pre-
Zivat v pivu se miZzeme domnivat, Ze jejich schopnost kazit pivo je (i)
silngj8im projevem mnohem vice rozSifené schopnosti bakterii pre-
zivat v pivu; (i) nemusi byt nutné spojena s pfitomnosti uvedenych
gend v bakterialnim genomu, a (iii) je zavisla na kmeni.
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this study we did not induce the beer-spoiling ability since all strains
were transferred into the beers from MRS medium that did not con-
tain hop bitter acids.

L. casei, L. paracasei, L. plantarum and L. coryniformis have been
reported to exhibit weak resistance to the action of hop bitter com-
pounds and to spoil only low-hopped beer or a beer with higher pH
(Back, 2005). In our study, out of the 2 beer-spoiling strains of L.
plantarum one (RIBM 2-90) spoiled only the lower-hopped, lower-
alcohol beer B whereas strain RIBM 2-91 spoiled both this beer and
the higher-hopped and higher-alcohol beer A at 28 °C. Out of the 7 L.
paracasei subsp. paracasei strains with beer-spoilage ability four
were also able to spoil higher-hopped and higher-alcohol beer A.
One of the three Leuconostoc spp. strains spoiled both beers at
28 °C while Lactococcus, reported to have a minimum beer-spoiling
ability (Back, 2005), failed to spoil the two beers and only 1 of 3 stra-
ins showed survival in each beer.

Our results show that, in addition to the resistance to hop bitter
compounds, the beer-spoiling ability of L. brevis and other LAB spe-
cies is likely to be based on the ability to withstand several stress
factors such as alcohol, CO, overpressure and SO,. In our previous
study increasing concentrations of hop bitter compounds in culture
media led to a decrease in cell suspension optical density and in the
specific growth rate and extension of lag phase. No relationship was
found between the beer-spoilage ability and hop-resistance. The de-
gree of resistance to the antibacterial activity of hop bitter acids 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 strains (Matoulkova et
al., 2010). In view of the wide occurrence of survival of the bacterial
strains in beer, it may be inferred that (i) the ability to spoil beer re-
presents a stronger manifestation of the more widespread ability to
survive in beer; (ii) furthermore, it need not be obligatorily associated
solely with the presence of the above genes in the genome, and (jii)
it is strongly strain-dependent.
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Tab. 2 Pfitomnost genu hitA, horC a horA, schopnost kazit pivo a pfezivani bakterii v pivu / The presence of beer spoilage-associated genes
hitA, horC and horA, beer spoilage ability and post-beer survival of bacteria

Druh/ Pocet kment / Gen(y) / Kmeny s geny hitA, Kazeni Prezivani
Species No. of strains Gene(s) horC a horA / Strains piva / Beer Vv pivu/
with genes hitA, horC spoilage Post-beer
and horA survival
L. brevis 25 - 0 4 12
horA 0 0 0
horC 2 2 2
hitA 0 0 0
horA/ horC 0 0 0
horA/ hitA 2 1 2
horC/ hitA 1 0 1
horA/horC/ hitA 6 5 5
L. plantarum 8 - 0 2 5
L. buchneri 3 - 0 0 3
L. paracasei subsp. paracasei 27 - 0 7 22
L. lactis 3 - 0 0 2
Leuconostoc spp. 3 - 0 1 1
Celkem /Total 69 11 (16 %) 22 (32 %) 55 (80 %)
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AZL PRAHA

NABIZI ANALYTICKE ROZBORY:

1. Nutriéni balicek

Tento kompletni soubor metod k oznacovani vyzivovych hodnot piva a michanych napoju
na bazi piva je pfipraven v dikci Nafizeni Evropského parlamentu a Rady (EU) 1169/2011

,O poskytovani informaci spotrebitelim®.
2. Potravinovy zakon

Tento kompletni soubor analyz zahrnuje vSechny nutné rozbory ve smyslu Zakona
o potravinach a tabakovych vyrobcich ¢. 110/1997 Sb.

3. Stanoveni obsahu fluoru

Nova metoda pro stanoveni fluoru v pivovarskych odpadech, hlavné mlaté a pivovarskych

kvasnicich.

-----

Kontakini osoba: RNDr. Jana OlSovska, Ph.D., olsovska@beerresearch.cz
tel.: + 420 224 900 150
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