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DGGE and PFGE analysis of lactic acid bacterial succession during Kimoto making

Yasuyuki Masuda'*, Tomoko Noguchi', Toshinari Takahashi', Atsushi Iguchi?, Ro Osawa?, and
Haruhiko Mizoguchi! (General Research Laboratory, Kiku-Masamune Sake Brewing Co. Ltd.,
1-8-6 Uozaki-nishimachi, Higashinada-ku, Kobe, Hyogo 658-0026"; Interdisciplinary Research
Organization, University of Miyazaki, 5200 Kihara, Miyazaki 889-16922%; Animal science divi-
sion, department of Bioresource Science, Graduate School of Agricultural Science Kobe
University, Kobe, Hyogo 657-85013) Seibutsu-kogaku 90: 684—690, 2012.

To examine the bacterial microflora in kimoto (the traditional seed mash for sake brewing), denaturing
gradient gel electrophoresis (DGGE) of PCR-amplified ribosomal DNA (rDNA) was applied to DNA
extracted directly from the sake mash and its seed mash in the Heisei 22 brewing year (2010-2011). The
result revealed that Leuconstoc mesenteroides and Lactobacillus sakei were the particular populations, and
was very consistent with previous reports using traditional plating and isolation of LAB strains.
Unfortunately, non-target amplification products from rice mitochondrial DNA were found, even when
using WBAC1-WBAC?2 primer set for selective amplification of bacterial DNA in wine fermentation.
Next, multiyear isolates of L. mesenteroides and L. sakei from kimoto and the surroundings, which were
identified by 16S rRNA gene sequencing, were characterized by pulsed-field gel electrophoresis (PFGE).
Smal-PFGE patterns showed that the same or almost identical types of L. mesenteroides were present in
kimoto over the years, implying that the habitat of L. mesenteroides might be the surrounding equipment.
On the contrary, NofI-PFGE analysis of L. sakei revealed that no strains had identical PFGE patterns in
different years, while some isolates were identical to L. sakei isolated from koji of that year. These results
demonstrate that it might be difficult for L. sakei to survive over a year in sake breweries after the brewing

s€ason.
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75, FLERHH ASTE RS ICBa5E U C, T % 2l
\EL 2 ENDH L. ZOBRBIIEHE LTI, ZOHL
\ZB D B Lactobacillus J& O FLIHE # B % 5 & FLER A & &
MLTWS., TOXHIT, HHEEICB W THLRE,
WMD) 2FEoTW AN, WTNOILEERR b oK
POGMEENDLZ END, HMEND ZZOTHEEICBITS
BUEMERIZIEZETH Y, Az H 556122 DEK
HVIHFICREVEEZ BN,

ek, THINBEERBEOLMNEOYIE R, FERIZX
D ZROWKE THEL TITbTE 72205, BRI X
D BUGORREZ L 2 VRIS S 2 b PRI,
T 72, ZROGERRORER R ST 247 ) (5 T
B, WEMT 2 BT ) e o T LT E
LEZHNAE. 22T, denaturing gradient gel electro-
phoresis (DGGE, ZMEAIEARC TV ERIKENE) %
JHCTHITE @ 16S tIDNA D PCREW Z 53HE§ 5 Z &1
X0, EEOWEOERN IR L & HI2H 4 DR E
WETE VD, EiZEHRT 2 TR E LTHHH % MG
L7z

FoFLMRA D, NI RO X9 ITAREN
WAy 2 ST, AERORER =BG IZB5-§ 5 DBk
WL, TheWHLNIT5 2 i, A o—gE
257259, £I°C, [ UBESEEO LR 5 ) F 1255
BE, RAF XN Tz L. mesenteroides B & U°L. sakeilZ
DWW, pulsed-field gel electrophoresis (PFGE, 7V A
74—V FERESIKEE) ORGEITH) 2 LI2XD,
AH A O B & AT L 724 R R b TS 3 5.

KRG E

IEBREDODB  Lactobacillus|& O#EPIEH E LT,
LBS agar (Difco) H;#11Z0.13% BE:fE % N 2 72 “F-Hks
ZH\y, LeuconostocJBDERFEH L LT, 7= T
FUTIVIT—)V-A 70— KM (Tripticase peptone
(Difco) 0.5%, yeast extract ( HA&#IEE) 0.05%, A 7 1 —
A 2.0%, KH2PO4 0.1%, MgaSOs4 - TH2O 0.0244%,
phenylethyl alcohol 0.25%, agar 2.0%) % M\, Zih
FN30°C, 2HB L U20°C, 5HMFRIEELYIT- 72
BEREREHZ O W, ABARKCTHEEAREEET S 2
XD, WEGEHNZ FFEZAT o 72

FLIR 2 I B & 0 BET A BRICIE, KT 1% K
N7y (HAREE) 250AMAERKIZESL, 10
ug/ml (w/v) Y937 AB L 10 ug/ml (wiv) 721k
F MU A ETIL 72 MRSERE L (Difco) 2%k
g L7z

R DAL AR =2 RET 2720 H W 5 Kkl
CEEIR) 2 5 FLIRK 2 08T 2831213, A A o H]
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VAU AR o e T & TR 00 [ A A L 7 A B C R & L
0, TOMNGEZFRBED 1% R XT b 2 EtAaili
WARIIEE L, LABOMRSEHICHRAREZELL, Wi
D 30°C T2 HMEAEL7-.

Sl o5 HERR, B X U4, 5S4, 94, 104D
FAEEAEE (BY) QB2 08 LAMEER~ = 2
TN E S 7R ik, P MRS 53 C8;
%, BBOHFEIZL D 16S rRNA #E{x T O X FES i
T2 AT\, L. sakei (Accession No. AY204893) B L UL
mesenteroides (Accession No. AB681194) & L Cl%E
EN2b DR DFEOFEIMEAL /2.

SBEBRDRIE  illustra bacteria genomicPrep Mini
Spin Kit (GE Healthcare) % FH\» THLEZR K% 5 DNA &
W L7 794 <—=27F (5-AGAGTTTGATCCTGG
CTCAG), 1525R (5’-AAAGGAGGTGATCCAGCC)
% H\WT¥16S IRNA 2 — NI DNA % #21 & 4% PCR
Bt & AT o 72, PCRICIS 1E50 pl @ It F TAT W,
Premix Ex Taq (Takara) % H\C, RISKERIZ94°C,
543 @ denature %, 94°C30#> (denature), 62°C30%
(annealing), 72°C14730% (extension) % 20% 4 7
WRED L, S 51272°C5 55 DR G & 17 - 72.
WIE S NA-PCREWS nlZ 1% 7 ' a— A7 VA IK
L, PHFEhsRETHD I L 2MRK PCREW
% GFX PCR DNA and Gel Band Purification Kit (GE
Healthcare) (2L DAFR L7z #ETEIOWRETT Y
M= T E 57 (I F =T y). HER,
DDBJ ®» BLAST ##” & F\v» CTH7 - 72.

DGGE & A, #dfEink L en oz v
HIHB 2 5 DNAZ M3 % 72912, ISFECAL DNA
Extraction Kit (NIPPON GENE) # Hi\»7z. DGGE f##
Mro720121%, 74 Y OFLRE & FERRE OFF R 2 iR
WA HWE LT, Lopez bA5ikal L7277 4 ~—%FIH
L7290 374bb, i L72DNAZHFMICL CTLED
KIBHRI2E D, WBACI (5°-GTCGTCAGCTCGTGT
CGTGAGA-3") & WBAC2¢ (5’-CGCCCGCCGCGC
CCCGCGLreeaaeeeaeeacecececceceacecececcce
CGGGAACGTATTCACCGCG-3’) 754 <—+t >
b % H T 16S rDNA O V7-V84Hg 2= PCRIFIE L 7-.
PCR 34l Premix Ex Taq (Takara) % F\»T% 50 ul
TAT - 72, BOC KL, 94°C, 5% [# @ denature %,
94°C145 (denature), 60°C30%) (annealing), 72°C145
(extension) %3544 7 V#EDRL, & 51272°C74
DIRAANE UG 21T - 72, BIR S L72PCREWS ul%3%
T H U= A VESIKE) L CHIE L ER2%, DGGE f#
ARt L7z, BAKEICIEDGGE 3 = &5 KE > A 7
24 NB-1490 (HAx A F—) &M, DGGE 7 Vilid
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F 2 X— %, QIAEX II gel extraction kit (Qiagen)
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DDBJ ® BLAST % Hl W CHIFEMHMER 247 - 7.

PFGE &t MRS TH#E L 72 AR % i) 70 Ml %
CHEER, T AT — A i L7 AR AER A SR LT D,
Lysozym (50 mg/ml) % & ¥ ik i i H 12 37°C — M,
Proteinase K (20 mg/ml) % & TR FH 12 50°C T2k
MIROG S 72, RIS Smal R F 7213 Not] 3R i
THkEt%, L. mesenteroides |22\ TILiil| R 2% Smal
(200 units/ml), L. sakeilZ2>Tlx Nofl (200 units/ml)
Mz, 37°C T4REMLY LIS 3872, BAUKENL, 6
V/em, 18§, Initial 1#>, Final 20O 4t CT17 - 72.
xJiE & LT, DNA size standard T2 % Lambda Ladder
PFG Marker (New England Biolabs) % ik&jL7-. 4
VigZFVra7u~A FICTHROLZ. BohinNy
K/%% — 21 Bio-1D software V96.11 (Vilber-Lourmat)
TN L7z, SRR I & Jaccard R &2 A L
TFY Furz s a2 %2R L7z, ZD% Tenover HAREE
L 72 PFGE O AR IEE ) 2 B E 1L T, PNV F
MO BLTARANEL D6 %[BT R 5 & HIR L
T, TOBEOFPE (%) %R TRESEEZIT- 7.

TILA—=ILEEDRE FEBE 17 T 52 9 AT 1239 1 1)
e oA L7z,

KRERELUER

DGGEZEIC L ZEBOERRT  ERE L2 Hw
HEEFFEN X o T, P22 G AE B A e o LR
DHFEEHAIE T A, Fig. LIIRTHEEE. LM
LNTWD L) RIKE EREOBRIAS L, BIHILS
IF = VHERIIHE - TRBUTIERT A B4, S HE
HEENTVLARIZBWTHBIESN, A7 a— A8
WIZEF Lo =—o Mz 7F A M7 ¥
RO LN 05, TS D Leuconostoc)F i L.
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Fig. 1. Time course of quantitative lactic acid bacteria counts

in the starter mash (kimoto) for sake brewing. Symbols: (O),

the Leuconostoc genus; (@), the Lactobacillus genus; ([]),
alcohol concentration.

subsp. dextranicum &% 2 bz, 7z, HEHKE%R
I )= VEZWERT I ENDL, WhW G
TIERWEHBENLD, IR LZHO%DOTXTE
FETB7DIIRTF KT v 54 7% EGAERRR
BE4T) S L IIARS TR RV, EHSIILT, FEE0R;
EHFEIZL D AERA) S L BOAMBR % 8L T, ¥
D J5IZ X ) DNA-DNASHER BRI L CRlE L, Bk
WX L. mesenteroides Tdh V), HWILL. sakei TH 5 &
M L2, ZoREICXZREEIHETIT) 72012
B3, SR OBBERRICOWTIT ) LB D 5 LM
BB & FMARICE RGN 28T 5.

Z 2T, WikDEREEZIEERET 5 & FR I 4 O R
EEWIETHEE T 5L LT, PCR-DGGE % #&
Ayazkicli 7943 =LLT, 7Ky, BEH
AW ODNAZ WIS 5 2 & <, FLEEHE »16S
rDNA O #RIYIEIEIC & 0 WAEH ) %2 17 2 5 WBACI,
WBAC2“Z FHH WY, B L UOBERAR LTS
DGGE %47 7= (Fig. 2). Ml SN2z EH 5> Fok
FEBAHVRNT 247\, BMH98.7% & B H4E (A [ 1 7> & [
& 'Y L7z R % Table 112R3. W/zPCR7 74 <% —
&, F—uwv,X7 K2 (Vitis venifera) ® DNA % ¥l
LZWZ ERMEINTWE, L2LEDXNS, £ 4D
DNA XS, BER NS FDEZD ETIZO0AA
HLARATHNY FHEOTXTH, £ 2 (Oryza sativa)
NDIPIYFYTDNAKHRT LI LE2MRL. K
W TIIARZZOE IEE L LTHRAL DI, K
DPCRZWiET %5 DKHKD DNA OFFAEIZRET 5
Nhwv, L2Ladrs, AMofA%3IHE»S, L
sakei \ZH% T A3 KE, F&, L. mesenteroides\ZH
kBN FGUHIBICHEIE SN, HHEBIZBWTHIL
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moromi
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M 23 45 61016265 12(d)
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-

Fig. 2. DGGE analysis of partial 16S rRNA fragments amplified with the WBACI-WBAC26€ primer set from the starter mash
(kimoto and sokujo) and the respective main mash (moromi) for sake brewing. “M” indicates a reference marker. Bands indicated by

letters were excised and, after reamplification, subjected to sequence.

Table 1. Sequencing results of bands cur from DGGE gels

Band® Size (bp) Closest relative %Identity Source®

D 335 Oryza sativa 100 DQ167400
(Nipponbare mitocondorion)

E 272 L. sakei subsp. sakei 99 AY204893
(DSM200177)

F 285 L. sakei subsp. sakei 99 AY204893
(DSM200177)

G 285 L. mesenteroides subsp. mesenteroides 99 AB681194
(BRC100496™)

aBands are lettered as indicatied on DGGE gels shown in Fig. 2.
®Accession number of sequence of closest relative found with Blast search.

POABE IIMRE SN o7z BB E L7
DGGE TH 6 M7= BW kDN Mk, ARWHET
7L, BT A 72 B IR SNFICHFE L Tz
SEWMEODNANLMIEIN-bDEEZLNL. ZD
flis, ERCBWTAEN %N FA, B, CHBIES
N7z28, N2 FEY) I L CHUHIESRDGGE @i %
TolzfER, wihd ATy f ~v—LRESINZ. b
F, HEEELETIIMEICHRT 2N PR LT, &
FEWGRE 2 W72 B B W TR D VN v K250
LIz, INBIEEERAGAADOMBE TS FHTN S N,
B IRREIC D o 7L HE A% 9 2 ICHE L 725 a2
W LIEREEIND, ERO 1 %K R % PCR-
DGGE T T A2 3L WO L SN TnD Ehbn,
BB R SN2 TlE, L. sakei & L. mesenteroides
DZMPELEETHLERLELTLIwEEbNE. F72,
DO FLEER A W 2T L TV 50546, HARN 2 HEGE
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BIIELNE L TORIMWTETHL Z L5, PCR-
DGGE# A MmBEREHICHMAWMiEL EZ o, 5%
LICHE R ENPEONDL X912, PCREGBIOY
TAX—DOWREMRE L72w.

L. mesenteroides DEEBAICETDERNE o
DWRAIEMNAER LT, BEMITEROBE ST E 2o
TWENE ) DEHELRT 572012, BFEE D S 558,
PRI E N TO R E TR 2 3l A 7z, P4 10
R (4BY), “FHOMNMEEE (9BY) IS 745
PR, PICSTEEAERE (SBY), “PHCOEREAEEE (10BY) (2
HES N oK IR, BHRRE L TNBRC3426 % 7 2
TPFGE 217\, #0835 — U h SRk IR &R T
TR r 7 ARER L. ZOME, Fig. 31IRT X
INZ6DDRM S A T125r i, NBRC3426 13554 5 A
Zall, 4BY 7r#itkidb, ¢, dO3 KK 1 7T, IBY 4
Hitkie, TO2%% S 1 TSN, L. mesenteroides
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Fig. 3. Smal-PFGE patterns (A) and the dendrogram based on Jaccard (B) for Leuconostoc mesenteroides stock strains isolated
from the starter mash (kimoto). (A)Lane M, A-size marker; Lane 1, NBRC3426; Lane 2-6, five isolates in the Heisei 4 brewing year
(BY); Lane 7, one isolate in 5BY; Lane8-12, five isolates in 9BY; Lane 13, one isolate in 10BY. (B) Dot line indicated the cut-off
value used to define PFGE types. If there are more than two strains in a type, the number of strain are in parentheses.

A M123456 789

291.0- B2
242.5- U
194.0- Lo e b

145.5- P A |

i

-o.n-

97.0-

48.5-

1012
11 13 15M B

% Similarity

10 20 30 40 50 60 70 80 90 100

I I I I I I I
22BY*tub, 22BY**tub,

,_|_ Al{zzav**, 4BY[b]
A2 22BY**
A3 22BY*
B1 22BY** tub
——C1 22BY*(2)

L2 4BY[q]
D1 22BY*tub

D2 22BY**tub
D3 4BY[d1]
E 10BY[e3]

F NBRC3426

Fig. 4. Smal-PFGE patterns (A) and the dendrogram based on Jaccard (B) for Leuconostoc mesenteroides isolated from the starter
mash (kimoto) and the wooden tub prepared for kimoto making. (A) Lane M, A-size marker; Lane 1-3, three isolates from the
wooden tub prepared for batch number 12 in 22BY; Lane 4-6, three isolates from kimoto (batch no.12) in 22BY; Lane 7-8, two
isolates from the wooden tub prepared for batch number 26 in 22BY; Lane 9-10, two isolates from kimoto (batch no. 26) in 22BY;
Lane 11, NBRC3426; Lane 12-15, four isolates of PFGE type b, c, d1, and e3 in Fig. 3 respectively. (B) *Batch no. 12, **Batch no.
26. Added “7ub” means the isolates from the wooden tub. PFGE type given in Fig. 3 is in square bracket. Refer to the legend of

Fig. 3 for further explanation.
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Fig. 5. NofI-PFGE patterns (A) and the dendrogram based on Jaccard (B) for Lactobacillus sakei stock strains isolated from the
starter mash (kimoto). (A) Lane M, A-size marker; Lane 1, JCM1157"; Lane 2-21, 20 isolates in the Heisei 9 brewing year (BY);
Lane 22-26, five isolates in 10BY. (B) Refer to the legend of Fig. 3 for the dot line and the number in parentheses.
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Fig. 6. NotI-PFGE patterns (A) and the dendrogram based on Jaccard (B) for Lactobacillus sakei isolated from the starter mash
(kimoto) and koji used for kimoto making. (A) Lane M, A-size marker; Lane 1, one isolate from koji for batch number 12 in 22BY;
Lane 2-3, two isolates from kimoto (batch no. 12); Lane 4, one isolate from koji for batch number 26 in 22BY; Lane 5-6, two isolated
from kimoto (batch no. 26) in 22BY; Lane 7, JCM1157T; Lane 8-14, seven isolates in the order corresponding to lane 2, 18, 24, 23,
22, 25, 26 in Fig. SA. (B) Added “koji” means the isolates from koji. PFGE type given in Fig. 5 is in square bracket. Refer to the

legend of Fig. 4 for further explanation.

JEANEY Y MEFoTEY, ZEICDDAERDL
mesenteroides DAZIFIZ 72 > TV 5 LW REMEDSE Z 5N 5.

L. sakei DEEBAICEK(F2ERNE  FERICAKRNE
% L. sakei \ZDWTHMET L7z, 19974F & 1998 4F |2
B LTI EN TV ADT, ZThb &R
JCM1157T D PFGE /8 7 — ¥ L B D iz R % 7R
Ty Rar I AE2ER L (Fig. 5). €O#E, 19974
DHERIETRCTRH— DRSS 4 T/ L, 1998445
BRI N 3R 2B ORMSY 4 7'b, d, e fIIRE
L7z, F72, PUOHISSWOLHEL RAD, ZDIF
L AL L. mesenteroides TH ), L. sakei M3 %
L@ TEhdole. ThHDZ e, L. sakei H¥ik
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febk e LTI R L, BAES BRI 5 W Relk
Kwthsrotlbhns.

509 KEH S SN B M D% < \& Micrococcus
J&, Bacillus}&T&H 2%, FHLT10-10° cfu/g DL
WA E NS, 22T, B L. sakei DFIFILIH
BRTHH EEZ T, 22BYDALA 1254k & 26 54
FLiZownwTZENZEN, Eih) o 28k, FRICHER LK
B 1RO L. sakei 53 HE L7z, o055 HitkE &
b2, Fig. SORMS 14 7Hh5Hbl, b2, cl, ¢2, d, e f
DEETTHEZPFGEICHEL T, ZONXF =670 N
0277 A%EMEHR L7z (Fig. 6). € O#R22BY 5 BEfk6
RIZTRTRMEIA TAE LTV L TN £
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DI L, B XRS5 S &2k 0 &
DOHTIAT (A1) Kotz ThHEDIEND,
—EEEEOP THRELR EICNE Y v b 72 L. sakei
A, AR OILREOHF N HRIFIC R > TWw b LR S
NAHD, F UM E 7213 F NICIRE T 2 ok AN il i e N
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B RBEIRMEZ O Z DR LT L b s,

KREOZfHRE BFE, AR W23 2 FRER IS
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30 ~40°C 12 PR 7= 2 B JH 013« DAL OF
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BEEEL LTHEEZERLTED, 202 LRI
JEERRM D e WEEREE A TREIC LTS, TNH2H
Tl BIRKY 70 42 501L, 2 OIRIGFHAE D IS FITRAE L C
Wh. FEIZ, L. sakeil \FIHERMNICKE LI2NE S v b
ER-hwWEB b 70, AP OBESWE LS XD
R ) 2479 720121E, AR oREEE &
CHEERBEOE=5) v 7 b EELERERO O LE
Zbhb.

EEBEE IS BT AEM 2R () DOFLRERWE D
FEAT %, SR 10 7838 4E B 12 PCR-DGGE #: % v TRl
L. mesenteroides & L. sakei D W TH 5 &\ ) Hitk
OMAEFRER L. L2 L, T4 VEEBCBIT 8
Wk D7zbDT 74—ty PEHwzEZ A, A
B OZEKITH KT 2 DNADIEREEH] OMIEE b 725
L7z, (GRS TREHICET T 5720121%, PCR
G T T4 < —RETOHEBREEFE IS NS,

TS O o S M7 RAFR B O B %2, PFGE %
FHCCTHA L. L mesenteroides i, WP OAR
WEHF R LNy v MefEo L S, WEEEE
2EWCTH USRS 4 7oMPENIz. )i L. sakei
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TlX, FEEZFL-WCTRILRKS A 708N 2 L3k
Motz LaL, WD S5 HES zbkEH URKES
A 7%, HEMENOARICIZZEO O N o2 eh
5, WM E AR 7N L. sakei H3AFES B T REEIZ
T eHfigsns.
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