N
O
R Name
-(CHD-.CH(CH>)- 1sohumulone
-CH(CH}), cohumulone
-CIH(CIH)CIH,CII, adhumulone

Fig. 1-1 Chemical structure of 1so-a-acid.

The bittering compounds of beer were found to comprise 1so-a-acids.
which mhibit growth of Gram-positive bacteria but not of Gram-negative
bacteria, A:trans-1sohumulones. B ci1s-1sohumlones
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Fig, 1-2 The propoesed mechomsms of hop resistance i beer spoalage LAB

Har A and Hord are multidews transporters that are deven by AT wud PRIF respectively. The undssocated hop
compounds {Hop-11 mnterealate o the evtoplasmie membrane and are pumped out by the multidrog irangporiers . Some
portons of Hop-1T escape the pumping aetivities of the transporters and enter the cytoplasm: In the eviaplasm, Hop-11
dussae mates mba the mmuome form (Hep-) and HY dui ta the higher mternnl pHHY alse enters the eyvtaplasm in antiport
with Hep-11 by the action of Hor” To prevent the actdification of the evtaplasm and mantam te transmembrane pH
aradient, proton translocatime ATTMse caeretes HY acrosy the membrane The eneray sources for these hop-resistance
mechanisms are supplicd from the metabolismes of citeate, pyoovate, malate and aromne In some cases, fermentable
carbohydreates, such as maltotriose, may be ulthized to produce ATP (Suzukl 2008
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Fig. 1-4 Overview of the brewing process of beer.
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Species-specific
Simplex PCR
(one primer pair)

Multiplex PCR
(more than one primer pairs)

Fig. 2-1 hlultiplex PUR method
A spectes-speaifie simplex PUR usually contuns one paur of primers a forward primer and a reverse primer In
multiplex POR more than one pawr of primers are meluded and multple target sequences can be amplified
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Fig. 2.2 PR bhands of multiplex PCR methods with corresponding target species as positive controls

Three multiplex methods cover 12 beer-spotlage spectes of bacteria Bxtracted DNAs from reference stramns
helonmng to cach target spectes were subjected to L multiplex tlane 1-630 P omultiplex tlane 7and 83 and ©
multiplex (lane $-12) Lane | Lacrobacillns Tmdperi. lane 2 L brevis: lane 3 L pargcollmoides. lane 4 L. caser.
lane 3 L plantarum. lane 6 L comvmfornns. lane 7 FPecanarus cerevisuphidns. lane § Pect frismgenss, lane 9
FPediococcus danmosus. lane 10 Ped mopmatns. lane 11 Ped. clanssenn. lane 12 Megasphacra cerevisiae
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M1 23 4 56 7RSS I0III21314K 151617 18192021 A

Fig. 2-3. Companson of sensitivity between Loomultplex and sumplex PCR with Lacrobacillng brevis (AL L
ndnenn (B and L paracollmordes (C).

A sertes of ten-lold dilutions of DNA extraction from relevent species were tested for detection limits, using
unversal primer pair (lane 1-7), relevent species-specihic simplex primer patr (lane 8-14) and L multplex primer
mixes (13-217 Lane 1-6, lane 8-13 and lane 15-20 repregent DNA extracts contaming from 100 cells to 1 cells of
cach stram i decimally decreasing orders. lane 7, 14 and 21 stenle distilled water (negative controls ) lane W 100

bp DA ladder



BT 23 4 36 ThE®9IOLLIZIAISR ISI6LTIS192021 N

L2 3 4 56 TNMSOI0ITIZIAEA ISI61T7181920 21 M

Fig. 2-4. Companson of sensitivity between L multiplex and simplex PCR with Lactobacillus caser (A), L
corvmforms (B) and L. plantarinm (C).

A sertes of ten-lold dilutions of DNA extraction from relevant species were tested for detection limits, using
unversal primer parr (lane 1-7) relevant spectes-specibie simplex primer parr {lane 8-14) and L. multiplex primer
muxes (13217 Lane 1-6, lane 8-13 and lane 13-20 represent DA extracls contuning from 109 cells to 10! cells of
cach stram i decaimally decreasing orders. lane 7, 14 and 21 stenle distulled water (negative controls). lane N 100
bp DA ladder

S ab -



M12 34506 ThESIOINIZIZIEAAISIGLITISNNZ0ZIN

1
i

oy
-
_—
e
-
TEE
£
-
B

=

$§ ¢ soQEnIm

LI L2 3 4 568 TA SO MITI2ZIZANEA IS1I61718 1920621 b

Fig. 2-5. Companson of sensitivity between P multiplex and simplex FOUR with Pecrmuris cerevisnpliling (A} and
FPeor. frsmgensis (B

A sertes of ten-fold diluttons of DRA extraction from relevant spectes were tested for detection limuts. using
universal primer pair (lane 1-75 relevant spectes-specitic pruner pair (lane 8-14) and P multiplex primer mixes
tlane 15217 Lane 1-6 lane 8-13 and lane 15-20 represent DA extracts contamning [rom 109 cells to 10! cells of

cach strans in decimally deereasing orders. lane 7, 14 and 21 stenle distilled water (negative controls). lane MM 100
bp DA ladder
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BRI 23 456 TMESIOILI2ZIAIIN 151617181020 21 M

KL 12 36 MS S IOILI2I314RM 151617181920 21 M

M T2 34 56 TAMESIOILI2ZIZIIN ISIGITIS 192021 A

Fig. 2-6. Comparison of sensitivity between C multiplex and simplex PCR with Pediococens damnosus (AL Ped
clanssenn (B), Ped wmopmars (C) and Megasphaera cerevisioe (13)
A sertes of ten-told dilutions of DNA extraction from relevant spectes were tested for detection limuts. using
unversal primer par lane 1-7 5 relesant species-specific primer pair (lane 8-143 and Pomuluplex primer mixes
tlane 15217 Lane 16, lane 8-13 and lane 1520 represent IRA extracts contaming {rom 1i# cells to 10! cells of
cach strams in decimally decreasing orders. lane 7. 14 and 21 stertle distilled water (negative controlsy, lane AL 100
bp DA ladder
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Artificial positive
control DNA mix

A phage
genomic DNA 7’
48.5kbp e

~

blending

Chimeric DNA .
primers
( A phage genome region sandwiched with

multiplex primer pair sequences) Multiplex

PCR

Fig. 2-7. Scheme for construction of artificial posiive control DN As

Ao first step. chimerte primer pars. contamning multuplex primer sequences i S end and
A phage sequences in 3 end, were sinthesized to amplify short DNA regons (S0bp-1000bp)
from A phage genomic DMA The amplhfied DNA regons thus contain the sequences of
A phage genome sandwiched with the multiplex PCR primer sequences for each beer-
spotlage species Therefore, tie amplicons act as artificial posiive control DIMAs and are
used to make sure each primer par i functional m multiplex POR tests Upon designing
positive controls, non-overlapped 2 phage DNA remons should be selected to amphiy
progressively mereasing sizes of artilicial positive control DNAs to produce a ladder profile
(agarose gel electrophoresis image on the nght)

12
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Fig. 2-8. PUR products of artificial positive control DNAs with corresponding multiplex PCR methods
Lane | L multplex: lane 2 P multplex. lane 3 O muluplex. lane N 100 bp DNA Tadder



Fig. 2-9. Example of application

A Gram-varwable rod-shape bacterium was tested with L oand P multiplex PCR methods and 1dentified as Pecr.
cerevisnphilng Sample DNA was tested with L multplex flane ©and 21 and with Pomultuplex (lane 3 and 43 Lane
Sand 7 represent artifical positive control DNAS tested with L multiplex and P multiplex, respectively Lane &
and 8 represent negative controls (stenle distilled water wath L multplex and Pomultuplex, respectively Lane 9
and 10 are the results of the sample DRA and negative control (sterile distilled water with wniversal primers to
confirm the suceesstul DI A extraction for this sample



5
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Fermenting
and storage

Primary Contaminants

Lactobacillus brevis
L. lindneri
Pediococcus decmmmosus

Packaging

Filtration Products

Secondary Contaminants

L. brevis
Pectinatus spp.
Megasphaera spp.

Fig. 3-1. Bacterial contamination during brewing process (Back 1994a)
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Bactenal cells suspended
in degassed beer (pH 4.2)

[Upstream concentration]
(——"
U E Filter holder
Bacternal cells filtrated

Filtration
through the membrane filter
[Downstream concentration]

Degassed beer

(pH 7 O)

Fig. 3-2. Experumental procedure of filter evaluation,
Log reduction value (LR V) equals log, ,[upstream concentration divided by the
downstream concentration|



FIG. 3-3. SEM analvsis of beer-adapted and non-adapted strams of LAB.

The morphological comparisons have been performed with beer-adapted and non-
adapted strains of beer-spoilage LAB. (A. C) Non-adapted Lactobacillus brevis
ABBC45: (B. D) beer-adapted L. hrevis ABBC4> Bars: 5 um



FIG. 3-4. SEM analvsis of beer-adapted and non-adapted strains of LAB.

The morphological comparisons have been performed with beer-adapted and non-
adapted strams of beer-spoilage LAB. (A. C) Non-adapted Lactobacillus lindner
DSM 206901 (B. D) beer-adapted L. Jindneri DSM 206907 Bars: 5 jum,
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FIG. 3-5. Cell size distributions of beer-adapted and non-adapted LAB.

The cell length (A) and cell width (B) of the beer-adapted (solid bars) and non-
adapted (open bars) strains of Lactobacillus brevis ABBC4S and L. hindneri DSM
206907 were measured by pFinder with fluorescence stamning, The average and
standard deviation were obtamned from 40 randomlyv selected cells
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FIG. 3-6. Scanning electron micrographs of membrane filters.

(A) The cross section of a membrane filter. (B) The upstream side of the membrane
filter challenged with beer-adapted L. brevis ABBC43. (C) Inside the dissected
membrane. (D-F) The downstream side of the membrane filter with penetrated
bacterial cells. Arrowheads indicate bacterial cells in the process of passing through.
Pore s1ze: 0 65 um Bars. (A) 100 um and (B-I) 5 um



A L. lindneri DSM 20692 B L. paracollinoides JCM 119697

Fig. 3-7. Appearance of colonies in varving sizes alter the 10th subcultures.

L. lindneri DSM 20692 (AY and L. paracollinoides JTCM 119697 (B) were repeatedly subcultured in
degassed beers and portions of the cultures were moculated on MRS agar. After 14 davs of anaerobic
incubation. the colonies were photographed. The colonies that are comparable i s1ze with those of
the wild-tvpe strains are indicated as easv-to-culture colonies. while unusually tiny colonies are
shown as hard-to-culture colonies,
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n: nutrients
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p: proton,

Fig. 3-8. Postulated phyvsical and morphological changes occuiring i beer spoilage lactic acid
bacteria with beer adaptation. Non-beer-adapted cells grovwn m abundant nutrients (A) and beer-
adapted cells with anti-bacterial hop bitter acids and scarce nutrients in beer-related environment (B)



Fig. 3-9. Lactobacillus Tindneri DSM 20692% lost viability after transition
from ABD medium to MRS medium.

Cells of Lactobacillus Tindneri DSM 20692¥2 were filtrated onto the
polvcarbonate membrane filter and incubated on ABD medium at 23°C for 2
davs. then transferred to another ABD plate (A) or MRS medium for 1 dav (B).
Both cells were double stamed with 3-(and 6- ) carboxviluorescein diacetate
and propidium 1odide. Viable cells exhibited green. while inviable cells were
stained red (Culed from Suzuki and Asano. 2008)



Intracellular

HO.C esterase

carboxyvfluorescein diacetate carboxyfluorescein
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Fig. 4-1 Mechanism of the fluorescence of CFDA



Filtration

Polycarbonate membrane filter

Incubation on ABD medium

CFEDA staining (30-60 min)

Filter paper soaked
with staining buffer

Fluorescence detection

Fig. 4-2. Experimental procedure of Microcolonv-CFDA method.



Fig. 4-3. Microcolonv-CFDA method examining microcolones.

(A. B) Lacrobacillus brevis ABBC45. (C-IE) L. paracollinoides JCM
11969 () L. lindneri DSM 20692 Bars: 50 pum (A-D). 10 um (E. 1)
v ndicates the deeply beer adapted vanants that lost the culturability
on conventional MRS medium.




Fig. 4-4. Microcolonv-CFDA method examining microcolontes. consisting of
low numbers of cells, (A) Lactobacillus brevis ABBC4>. (B) L. paracollinoides
TCM 11969 (C) L. hndner: DSM 20692 Bars. 10pm. vn indicates the deeply
beer adapted vanants that lost the culturability on conventional MRS medium.



A CFDA FISH

Fig. 4-5. Applications of microcolony-FISH method using pFinder
Inspection Svstem. (A) CEFDA-stained microcolontes of L. hrevis ABBC45
were subjected to FISH with probes specific to L. hrevis. (B) CFDA-
stamned microcolonies ol L. paracollinordes JCM 13728 were subjected to
FISH with probes specific to L. paracollinoides
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