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v" Although beer has high microbiological stability, few species can spoil beer
and produce turbidity, off-flavor, and/or undesirable taste.

v" To control the microbiological quality, brewers must understand the
characteristics of each beer-spoilage microorganisms.

v" In recent years, novel beer-spoilage microorganisms have been reported.

v This study reports beer-spoilage ability and taxonomy of VTT E-94560
Isolated from beer.

Origin and current taxon of VIT E-94560

ISé)Iated > deposited reclassified
- ’1 to VTT culture collection as Lactobacillus rossiae*
- From as Leuconostoc lactis 0 <~
Flnlandjbeer O \_/ *The potential beer-spoiler
S @ studied in the present report [ref.(3)].

Physiological characterization

The distinction between VTT E-94560 and L. rossiae JCM 161767 as
determined via typical physiological tests, is summed up (Table 1).

'3 N
v'Cells of VTT E-94560 were shorter than those of L. rossiae JCM 16176,

v'VTT E-94560 can ferment many more kinds of carbohydrates than L.
rossiae JCM 16176 ; however only JCM 16176" can ferment L-Arabinose

\ y
Table 1 Lactobacillus sp. L. rossiae
Physiological defferences _ T
between VTT E-94560 and , VT T B340 JCM 16176
L rossiae JCM16176T cellwidthxlength(um)  0.5x0.5-1.0 0.5x1.0-15
+, positive reaction Asid production from:
-, hegative reaction .
w, weak reaction L-Arabinose ) t
D-Mannose t W
Melibiose t
D-Arabitol +
Gluconate t W
2-ketogluconate t

Fig. 1 SEM observation of cultured cells
| VTT E-94560 cells were cultured at 25°C in
- degassed pilsner-type beer adjusted to pH5.0.

Beer-spoilage ability

(1) Bacterial inoculation tests
Inoculated and incubated at 25° C,
examined for visible growth up to 90 days
(Fig. 2, Table 2).

Strain:

VTT E-94560 or L. rossiae strains
Sample:

bottled commercial pilsner beers

(pH 4.0-4.6, 10-20 BU, alc. 4.8-7.1%)
Concentration: 1,000 cfu/ml

uninoculated

—— T ——

—
iy

iInoculated

Fig.2 Example of spoiled beers
caused by inoculating of VTT E-94560
Using commercial bottled pilsner beer

(pH4.85, 20BU, alc.7%).
Left, uninoculated (negative control)
Right, inoculated

(2) Hop resistance genes
(horA and horC)-specific PCR test

A relationship between beer-spoilage
ability and the presence of hop resistance
genes were reported in some lactic acid bacteria .

Presence of hop resistance genes, horA and horC, were examined
by PCR test using horA or horC-specific primers [ref.(1),(2)] (Table 2).

Table 2

Results of inoculation tests and hop resistance genes-specific PCR test
(1) inoculation tests, -, no growth; numbers (1-90), days to cause visible growth
(2) PCR tests, +, positive; - , negative

(1) inoculation test (2) PCR test
, 10BU 17BU 20BU
strains
pH40  pH44  pH4.6 horA horC
alc4.8% alc.5.0% alc.7.1%
Lactobacillus sp. VT T E-94560 30 80 23 + +
L. rossiae JCM 16176" N.T. - - - -
L. rossiae ABBC 636-639* N.T. - N.T. . -

*ABBC 636-639 are our original L. rossiae strains isolated from brewing environment

[/ VTT E-94560 carried both horA and horC and showed beer-spoilage ability.

v Under these testing conditions, including beer-type and strain selection, both the
beer-spoilage ability and the presence of hop-resistance genes of VTT E-94560

9 differ from those of other L. rossiae strains. )

Taxonomic stud

] o ] 51 L. reuteri LMG 9213 (AM087728)
To clarify the classification of VTT E-94560, 80 L frumenti LMG 19473" (AMOS7741)
B . 31 L. fermentum LMG 69027 (AM087693)
sequence analysis and DNA-DNA hybridization — L pontls MG L4187 (AN0E77.19)
L. panis LMG 21658" (AM087725)
.I: d F - 3 63 L. vaccinostercus LMG 9215T (AM087750)
were periorme 1J.o5). | 53 L. oligofermentans LMG 22743" (AM932125)
L. suebicus LMG 11408 (AM087772)
47 Lactobacillus sp. VTT E-94560
ﬂ| L. malefermentans CECT 59287 (AJ575743) L. siliginis LMG 241117 (AM932124)
A . Pediococcus claussenii ATCC BAA-344T (NR_075029) _f_ Lr 0.55“;3;%333& ﬁ%;gig?g)
. 98 . rossige n-
100 Lactobacillus sp. VTT E-94560 L. rossiae R-34340 (AM905915)
100 L. siliginis M1-212T (DQ168027) i ; gzz:gz E:;’;ggg Emggggig
0 83 L. rossiae JCM 161767 (AJ564009) 98 | L. rossige R-37525 (AM905911)
1oc—!787 L. frumenti TMW 1.6667 (AJ250074) 100 i ; gii:gz E‘gigi Eimggggggg
ad L. panis DSM 60357 (X94230) 100 L. rossige R-29818 (AM745669)
84 L. pontis LMG 141877 (AJ422032) 100 - L. rossiae R-29792 (AM745659)
L. fermentum ATCC 149317 (M58819) 48-L L. rossiae R-25683 (AM905906)
100 L. rossiae R-33865 (AM905907)
100 iani
1oc4t durianis LMG 191937 (AJ315640) 97] L. rossiae LMG 229727 (AM087768)
L. vaccinostercus LMG 92157 (AJ621556) 73 L. rossige R-29817(AM745668)
100 L. suebicus CECT 59177 (AJ575744) 100 |_ i rossiae 2-?;23 {mgggggg
. rosside n-
L. oligofermentans AMKR18T (AY733084) |_ L. rossiae R-36834 (AM905914)
100 L. fructivorans DSM 20203 (X76330) L. rossiae R-29810 (AM745663)
L. delbrueckii subsp. delbrueckii
L. sanfranciscensis DSM 20451 (M58830) o1 LMG 6412 (AM087689)
84 8 L. farciminis DSM 20185T (AJ417499) )

L. mindensis TMW 1.80T (AJ313530)

100 | earaimenarius v 1323 uarsony 19,3 Phylogenetic tree of VTT E-94560

| et NCDO o e (A% Constructed using the neighbor-joining method. Percentages
at nodes were obtained from 1,000 bootstrap replications.

A.Based on the complete 16S rRNA gene sequence

B.Based on the partial pheS * gene seguence

*reported to allow the analysis intraspecific heterogeneity.

84

6§|j L. brevis ATCC 148697 (M58810)

L. hammesii TMW 1.12367 (NR_042243)

104 0.02
L. spicheri LTH 57537 (AJ534844)

/\/ The gene sequence similarity between the complete 16S rRNA of VTT E-94560 and that of L. rossiae’, the \
most closely related species to VTT E-94560, was 97%, which is lower than the minimum value (98.7%)
required for the species to be identified as the same.

v The phylogenetic tree based on the partial pheS gene sequence suggested that VTT E-94560 differed from
other L. rossiae strains over the intraspecific heterogeneity level.

v DNA-DNA relatedness between VTT E-94560 and L. rossiae JCM 161767 was 4%, which is too low for the
k species to be identified as the same.

conclusion

/

v VTT E-94560 belongs to a novel Lactobacillus species.

v VTT E-94560 showed beer-spoilage ability when used to inoculate low bitterness beers.
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