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We isolated a house yeast strain from shubo
and morom: mash in the Yoshinogawa Brewery
(founded in 1548) , using triphenyltetrazolium
chloride (TTC) staining and loop-mediated iso-

B H F 9B

thermal amplification targeting the K7 02212
and PPTI genes. The isolated yeast, YS4, was
identified as a Saccharomyces cerevisiae strain
by analysis of the 26S rDNA. The physiological
characteristics (TTC stainability, acid phospha-
tase activity, cell surface hydrophobicity, and ra-
tio of spore formation) of YS4 differed from
those of common Kyokai sake brewing yeast
strains. When Y54 was used to make sake, it
produced a unique taste.

Key words : Loop-mediated Isothermal Amplification
(LAMP) % - BEE HEER - 301 - B &
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FESLEICBWT, HEESL, Bk L &
HIFHOMERRETIREBRERTH 5, HE,
— MR EEREICHV S N FEEERE, ARHE
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ThHIHEVE . & &) PVERIEN -SSR
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DE x VT ERFEERY K7 7V—"7), BHEE
HAATON TV RVE LI PV 1 F~55RU 8B
ED KT TN — T PN OB EES, HEEERDS OB
BIZBWTHENICEET 2 BIZFIHELP LR 5T
w5V, TNETREAIIETOE 1D HpWiEERE
ICEBLUCHET % K7.02212 BT (Bfeskim) &,
Kl V=7 TRELTWATOF AL VKRAT 7 ¥ —
ERIZF (PPTI) ##HEDERE L7 Loop-mediat-
ed Isothermal Amplification Method (LAMP) & %
AV BERBROBNELHERE LY S 0@k
EFRWVDZ LWL Y, K7 02212 815F 2 Hoh
PPT] BIaF 282 WKl NV — T RIEHERER,
K7 02212 Bf5T & PPTI BIzF M ABOKT 7
V—TUNOEEER, K7 02212 BETF%5F200
B PPT] BEFERHOFOMOBERHITLZ &
FHEETH D, 72, LAMPHEIR, EWEEFO6
DOEBIH L CL4BHO TSI A v —%R/EL, HE
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Fermenting shubo and moromi mash

in the Yoshinogawa Sake Brewery

Selection of colony by TTC stain method

\ 4

Pick up the white colonies

Candidate yeast strains isolated from shubo and moromi mash

l DNA extraction by the alkali-boil method

LAMP assay for PPT1 and K7_02212 genes

PPT1 K7_02212

v U

Selection of a yeast strain
with K7_02212 and PPT1 genes

Identification of S. cerevisiae by
sequence analysis of 26S rDNA

S. cerevisiae YS4 strain
from shubo mash

Fig. 1 Screening and identification scheme of a house yeast strain.

# DNA K1) 2 7 =¥ RIS FIH L TS % — iR
JECERFRRERT 5 2210 TR L BfETF 2 IR T %
Z7:®, YVEIREY % B CHERRTT BE7Z IEME, /R,
E&%&f560b®tb,ﬁﬁﬁménfw%m@
B LIS OEERE & B IR R R T O BRSBTS b A & 4B
TAGE, MERRAZ ) —= v rge LCsESEE
T&5,
TEHEDLSRALIZAE,
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&5,

2 CHAHETIE, 1548 EREOHBETRED
BRi2 AT 52ENIRNSLOERREB,LS, 20
LAMPEXZFE LT, BN XEBOS#ELHEA, K7
TNV—TREEER IR LD K7 02212 85T &
PPTI BRIZFOME 2 FOBB T EBETHZ LITRK
WLize EHI, BohiBERO TTC (235-Triphe-
nyl tetrazolium chloride) Zefatf, BEMEKRA 7 7% —
CIEROFE, MBEEREOBKE, BTFESELW
o T AEEENRYDS, KT 7V —TUN0E £ 9w
BREIBLLILFHLMITIE L DIC, HEEL
7B AV CEARBEOBEREN TR TCH o720
THET 5,

KB E

1. FHEE, EhELUHE

M ATBUE NESER SR L D s iz 1 »
B KW, BEEBXLIPV1E, 25, 35, 4
&, 5%, 8%, ARMEHEABREEREL VEA
L7BEBERX )T, L5, B
BORERIZIE YPD iksg (1% BEL¥X, 2% R
YRF LY, 2% Fva—R) BER LA, REiR
BIRBOLZVWERYEL 7 1 VAT CMERORR 7
L— FOREZER L.
2. BEF} (Saccharomyces cerevisiae) DBk & FE

BRBORAZ ) = 7 HEE Fig LITRT. )
AR BWT, R 30BY ICBEIN-EER Y
BirEf  BEoSHEL L, ThFNEAKZ 108
BT v fTolze 7)Y P ETo /2B

BRUBIZ, 21970159015, 1001 574 &,

K7 7 V— 7 RIEEES L2 FEA LS D TH 572,
FWL-ERBI VB 1 7L— 5720 1x10° cells
ERBEIICHEEATHERLZE, 137 vdizy
37— b TTC TREHEH (1% SVa—X, 02% R
VTR, 015% BRI A, 01% KH,PO, 0.04%
MgSO04 « 7TH,0, 2% agar, pH 55) ZHEHE L, 30T T
2 AR L, BEHR TTC LESH (05% 7
I—2Z, 005% TTC, 2% agar) *EBLCaa=—
DREETRELY, QEEEL-ono—REEEL
Foo DOWT, INLGHERIZBITS, &) hWiE
BEESCHEMMICHEESNS K7 02212 &13F &,
K7 7 V— T RIEEBEETREL TWEA, HOBEER

g5 K L9 B

BRIZIIHFERET 5 PPTI BEF0EER2, BlU5D
HE I LAMPEIC L VR L2 P, EBHRIET
DEENPKT TNV — TREERR L TR LRKREE
HL, &51226S rDNA BT @ D1/D2 O H
BRI ET  AEE £ 1T o572, PCRIZL S 26S
rDNA #IZF® D1/D2 g0 Mgz it, NL-1 754
< — (5-GCATATCAATAAGCGGAGGAAAAGS) &,
NL4 754 <— (5-GGTCCGTGTTTCAAGACGG-3)
VY, BN EERSIC ST Saccharomy-
ces cerevisiae & D2 HER L, 99% UL EOHE
HERTHRE IR L.
3. K7 TIN—THNDEERER & DR

SHERREE K7 v — TSN OEBEBEROER 1T
720, BTFEREY, V) UBEET CORRKNBIES
2775 —VEROER", BATEECEST 5
JURRBEOBUKELHAEL, HEE21To7z. BFER
TR WL TS (05% BEERT LY v A,
2% FXR) TTHENEEE, 00EOMBBEEHEL T
B L7z, MBEEREOBRAERIAISOLEYES
1, FBREEAOBRBEICERONTT M,

B SRR, KBEAFFHVEOEDS LICHENE
752 THBIL 720
5 %5 —{4Ek

YS4 #k% YPD FAEHIC, 2901 FER

ETDHLIICEEL, 30C TSR EL, &R
DIVTI-VOREILY, ¥5-HYRHE L,
6. 7 NVSBREBEOCREAICHED 3 FDCT BiEF
LTEOBEN

BHEBRIIBTS 7 VSBILOLEZVTT
AT a— VIEEEMDERTH S FDCI (ferulic acid
decarboxylase gene) HiZzFERE (c160A>T) OF
# %, B IU 5 OPCRRFLP (Restriction Fragment
Length Polymorphism) 32 & h#EsZ L7,
7. BEMBARRS L OEBERESR

HERRIC X BEEO/MERARERI, BESOREE
LK 200 g DHIAE A EFTo 7, MBELTE
LDV BEEHCT, 5C—ETHREEITo12Y
BERRBIIRBTIABRVEERNET A LICL D EE
L7z REEFARIEDI 60 glELREAT, B
8 (3000xg, 15 min) L, EEFREKEL L
THE L.

EHI, FHROERKEEABRIIER 100 kg 0
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Table 1 Feed program of sub-industrial scale sake brewing

. Seed mash Sake mash
Materials (Mizu-koi) 1st 2nd 3rd Total
(Soe) (Naka) (Tome)

Rice for steaming (kg) 0 15 25 40 80
Rice for koji (kg) 5 0 5 10 20
Water (L) 30 0 50 60 140
90% (v/v) Lactic acid (mL) 90 0 0 0 90
Yeast (cells) 6x10" - - - 6x10"

HRATIT o720 FEKSHE 65% O—fKEFEHL, Ta
ble 1 DHGARAC L W ZBARE Lz, EHAKO
BEZICLL, SAADBRIBOREBREEE 1T /
HTLR &Y, EBEREILCT2HAMRELZE
BEE*IC/ATTHRIEIC—ELL, 7Hha—
WEEBH1T% T3 T TREL T2, REBRE
BB SEHWY T U TRT, T a— VE
BBIUCHABEEYHIE L2, BEE 008 (3000
g 15min) CHEL, LEZEBUEE LCHIEL

B L 75 EO— B BT E SR e 2,
BRI DEER ST S BRI o T,

FNENDH L /2o BREEICOVTIL, Shim pack
SCR102H (300 mm X8 mm id) % B\ 72 HPLCH
WERDAT > AT & (BEEERN) THNEITo 7
045 pA ¥ 7L v 7 4 )% — (Cellulose Acetate, FL
#£045 ym, ADVANTEC) T, A8 L 7&38 10
uL % HPLC 12t U720 BEFAICIES mM p-P V>
ANVE VBIKBEE R, 49 ARE 40T, #H#E08
mL/min THHL, 5 mM p- P VIV AR VEEB &
U100 uM EDTA % &1 20 mM Bis-tris BBEWIZ &
B5RA MG T L pH BELEREEERMEICL Y5
Mrli. ERBBRER EES (BEL74VAFR
MEE) Y- EREONMEBICL D EHR L7,
5. EHEEME

5 NOBIRL 7278 %
S5REBRICE BHEEORME, T LWRICET IV
k2R,

BRRUEE

1. BRRUBHL S OFE BRI B

EHNBAESHOER R VB2, Fig 1I1RLZ
K7 7V — 7 REEEF U OBBOGHE AT L, %
LNBBOABENEEOFITICE o T, BT EE
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T —IZ L Y BEBEOFFEE 1TV,

BOEBET AR,

~R{AZ == 7E LT, ERBRUBIZER LR
KIS Vv—7REEER L GER 2B 25T 5
O TTCRBREBREITo 720 K7 VNV — T RIEERER
X TTC &EERA L TTCRETCIU = —2FE %
ET50, FOMOBRTCIE TTIC#®T &
S—PHBEFETS V0, TTCRERBRTHER S
ELau=—DBEREZGHEL, 5K B15
KB TVREET, SREIZE6X10ED T
o=—556 6 HORB IO = —-EL Nz, BRELD
B/ L-ERE YA BIOVBBLAEKE
YM29 #k - YM34 Bk - YM36 #k - YM55 B - YM57 #
L7

WL, BONLERD, K7 7Vv— 7 RIEEERL
XRRLBETHLPRANT 720, K7 02212 &%
T & PPTI#EFRENE LA LAMPHEICL S 2Kk
AN ==y T ETo7, TORKER Fig 21TR 7.
BoONT6HROEBT, HE— YS4 RS, EERUBIC
FERHLEZRKIZ V- 7REEBEREER LD,
K7 02212 #{=F & PPTI BEFOWF 2o Tw
72o T2, YS4 8k 26S rDNA E{TF @ D1/D2 #Hi%
DIEFEMFNZ AT L7 R, S. cerevisice DECH L 5E
=B L7278, YSA#kiZ S, cerevisiae & R E &
n7z.

YS4 P O B E AR, TTC Ml E 29 »
WEER L ZELRBDDD, K7 02212 BIET 2 EO,
PPTI EIEFIZE VeI BHIIKT S Vv—T%
HEBEE L FETH o7, ELIE, £FEHOXE
WKEoTiR, Fx)PVEELIL TTCRETHELZE
T AR RIBRERESE LD 2L HELTHE Y,
I oT, YS4#DAOEKRIE, BEREDDIZ,
BERM SN TV OREREIERLCEKRTH L L
HEIN,

B B (2020)
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Candidate yeast strains

K7_02212

PPT1

Fig.2 LAMP analysis of K7 02212 and PPT1 genes for candidate house
yeast strains from sake mash in the Yoshinogawa Sake Brewery.

Kyokai no.7 and KW-1 were used as the positive controls for
K7 02212 and PPT1I, respectively.

Table 2 Characteristic of Kyokai sake yeasts and YS4

Yeast strain

Acid phosphatase activity ~ Cell surface hydrophobicity test*

Ratio of spore formation (%

YS4 +
Kyokai no.1 +
Kyokai no.2 =
Kyokai no.3 +
Kyokai no4 +
Kyokai no.5 o
Kyokai no.7 =
Kyokai no.8 +

<1.0
<10
16.2
<10

6.2
<10

32
20.3

>=Wlaclas licalfiar i~ il ac i

*Cell surface hydrophobicity test depends on the distribution of yeast cells in a water-hexane two
phase system” H, hydrophobicity: W, hydrophilicity.

YS4 L Rk, K7 02212 85T & PPTI #f{5T
DM FEFHED, ZrIH)DPn1~55KT8FLDi#kH
AT 12, FHEKRD) VAR T T OB AYERE S
A7 75 —EEEOFE, FEBOSEERIZES T
% MR B R O BUKE & O F IR & <7z, YS4
BRiE, B VBRI B AR ARA T 75—
YiEEALTB Y, MBEERIOBKEIZE,
FRRRITENEZ R L7z (Table 2)o & X )01
~5F5RU8HFDLENT, ETOHFYNYS4REE
By AHHRIZIEAE L 2 h 072 (Table 2)0 SN 5 DHE
BED, YS4tkid, MEFCREMSNZZ LI H»

FE15 % F 9 5

WEERR TR IERTH D Z LD RSN
BT Enb, YSAREREA SBERE KB L 7. ARER
Bl S N2 IEESE, BIZED S 470 SER D ITPE -
THFHEREERHITTBY, RIICESFEEEEDORE
DT, YS4ARRIIME OMILE FFCTELTEEMED
Hb, TOHICELTIX, BEROJZMMBEITEED, K
WY =7 VAR EEAVT, SHBREL DR
PVETH 5,

YS4#EIZDWT, HEEESICREYRIZTHET
HHIFEFHEBEFIHTHF T~ ROHEBEPICBIT5
FEEARORREE % 5 FDCI #BIEF DORIER
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70
-@- Kyokai n0.901

60 I .o vs4
S 50
S
S 40 |
S
a3 30 °t
Q
O 20 B

10 t

0 (17" L 2 1

0 5 10 15 20
Fermentation time (days)
Fig.3 CO, evolution of sake made with Kyokai

no.901 and YS4 in small-scale brewing. Values
of small scale brewing are averages from
four independent brewing experiments. As-
terisks () indicate a 5% level of signifi-
cance (Student’s t-test).

(c160A>T) IZDWTHF, HFEHEBFNIF T
—UEREFHLALZ L3, BEOBEBBOLET
MES B WEMENDH 548, YS4HRIZFS
EEBATOFERICEN R LEE LR VERT
Holze

SHICYSHARIZE, FrHIPWVnTERIFTLEVS

—HERET,

7EEER L R, FDCI BIZTOF Vv AEE
(C160A>T) FELETHZ DS, 7o VSRR
B A ST, BEHAEIBWTEREOEREL S
4 ZNTTATaA—NEERT LA REEIMBECER
THbHILbbhholz. LAL, ZOSIZELTIE

KEBEEBO7 2 VT BRKBRBREOFEESLERD 4 Y
SWTTAT - NOEERR L, SHEMOBRETT
HVEPH D,

TETIE, BEESTSHEE T3 BARBERERD
BEDEITbRATWAY, 20OBEMO—D2IZ, B
EEER L SR SRR T ARBORRE LY
SMESD D, KFEIZBVT, TTC RBME L IEE
WCEBROSHELTo 7208, RIS NABEOL (Ll
EBT—RIZEVENTW A K7 7V — TR HEER
TholeZ ehd, BFEERFIINOBEOS Y
HMET2HEA101E, BEFLNVICLIEROR
- FEPEETH b, 4H, FiHH/-LAMP
BiE, Y=<W A 75— LEE LEWERRIE
(60 ~ 65C—%) L L2 BETHIBETHY, BT
BIEOEED B THEETE L (Fig 2). BRRLE
T EBEBOFHOR, SR L BFEERL - OB
W72 3B & LT AWAI - SSUI - BIO6 - FLOI &
FEFEFELZPCREMERA ST E MY, &K
LAMP 33, BFEEERESDAOBEES L) HEI
HBUTBZENTER, LA o, SERSERE
DBEADE L WEEBICBNTD, TTCHREEIZE

Table 3 Analysis of sake made using YS4 and Kyokai n0.901 in sake brewing tests

General properties

Flavor components (mg/L)

Yeast ev;l?tzion Alcohol  Acidit Amino Tsobutvl I LI | Ethyl Sensory
strain coho cidity o sobuty! soamy soamy vl eored
(g)  Sake meter (%) (mL) a(c;iiIIJt)y alcohol alcohol ~ acetate caproate

Small scale brewing (200 g of total rice)
YS4 60.6 0.2

-95*+04 171%01 35*+00 15*=01 1461*+52 2784*+56 63*=03 07£00 22**04

EZ‘;%? 604%03 -140%05 16901 32+00 20+00 906%26 2060+54 8703 08=00 14*05
Sub-industrial scale brewing (100 kg of total rice)
YS4 N.D. +64 170 26 1.0 1169 93738 38 05  24+040

Values of small scale brewing are averages from 4 independent brewing experiments.

* Sensory scores were awarded based on a 5-point scale, with a score of 1 point indicating the highest quality.
Scores are the averages of the points awarded by the 5 testers.

*Significant difference compared to kyokai no. 901 (Student’s t-test, p < 0.05).

N.D., no data.
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Table 4 Concentrations of organic acids in sake made using YS4 and Kyokai no.901

Yeast strain Citric acid Pyruvic acid Malic acid Succinic acid ~ Lactic acid
Small scale brewing (200 g of total rice)

YS4 943* £52 4235% £85  2664% 112  4264%+125 13722% +478
Kyokai. No.901 674x1.2 2581+74 4056 +8.0 498.6 +26.8 11373677
Sub-industrial scale brewing (100 kg of total rice)

YS4 134.2 382.8 208.0 4184 1229.0

Values of small scale brewing are averages from 4 independent brewing experiments.
* Significant difference compared to kyokai no. 901 (Student's t-test, p < 0.05).

BEEBOAY ) -V ZERLAMPERAVWAZ &
I2&o T, BARFHREECEMN XBROSHEZITS
ZEHMREE B2 B,

2. Bt EEBR YS4 OB ERNES

YS4 #ROTEEBEEFE L HET /20, JREL
TKI 7NV —TREEERTHSE L) Hhv 901 F%
FWTHEK 200 g o/MERRERE 1T o 720 /IMEARER
BT A RERAS Fig 3ITRLA. & k95901
FERELT, YS4BRORBERZEB (RETARE) &
6, 8, 10 HBEIZEN 11 gLATH L L ODEFRIZE
Poldt, 12 BEMEICHARZEERDONE 2T,
RRMICE &P 901 B L FRORBEREE L o7
Boh-BEEO—REST B LA, Ta
—VARARKTARE LB b o208, YS4k
BEZIPVILFERET S L, HAREELEBRED
BFEWCEL, 73/ BEIEEICED, o7 (Table 3).
o, BEESCELTIE, 31920901 B3Ik
YSABRDA VT H ) —VEL VT INTNI=E
Vo TERT VI VOENEEIIEL, HERI VT
INDPEEBIEWETH 7 (Table 3)o ZOERHE
FOMEEL, BEOBEEDLIGELDY, BARFLD
SEES N BROBREEEICELLTEY O, Ak
BRBEECORBEIDEHFETE S,

EHIT, BKR100 kg DEMBEERBRZIT o 720
YSABRDFEBD L EH D IITEER , FoRE
BEpCEREA SN, LET CIERICRERBEL
(F—FRET), BRBEO—RESB L VBRI
BLTD, BRESRPLEVLOOEOMBSICELT
E— R R BEEOHBANETH 72 5HD/E
- L BRI E T o2 24, /IMEARER
OHEBBIZBVT, YA ROBBEEILZE & ) 5901

155 FH 9B

SORBEEE BT L L, 5 SETOFMIAEERICK
HolzbOd, FOFEHIT225THY, HELLT
KELZREiFH» o7 (Table 3)o Tz, /MEARER
CEMBERBROTMHFICB VT, YSAMOREET
ik [ERERDS® DB o TR ERR] &\ o 7-FRIR
BT AR e Sz, AMERRERO BBIE O
A ORER, YSARRIZE £ 5901 &L T,
sIVE, EVEVER, HBOARENEEILSL,
) OB, anIBOEREVFEERIC S oT. &
7z, YS4ROEMBEEFRBROBBRBEIIB VT L HERE
ERAR R FIRR DA A b Az (Table 4)o YS4 HRE
Xr) M09l BTk, TCAEBIZBWT, AR
ERICELIBEOBREIIENHLIDLEEINS
», SHRIEMEVEPLETH L, BBREEIZBITS
INLOERYPS, B XBRE Y4k, ERTHE
GEEERFET AL, BRICE#ME D o BB RERT
3 EMRBE NI,

BT, EREFERD AV CEBNEZSO
BEEES RN THY), FELEOMELOONE
BELhEME o Twb, —HT, @k LERORARR
&, BRI EDOBIER TH o 72 1970~1980 £
P T, BAREZHOEES & 0 BHEBEES S
s, B RERERME R R C AR STV B,
L7zd8o T, BAROSBERE L AR, HERESD
RN LZEROSERE L THFETES, 85I, K
FEEAVLIILICLY, [BAEER] Lvw)HHE
ik o ThP YRR b= — & BEREDIA
H5TE22 L5, BHMALERORMBIZHERIDD
DEEZOND, SHRIIYAMROBERFEZ S 51
FHICAET A L & DI, REEKEHWEERR
DREEITIFETHS.
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L )

1548 £ ICRIE L 2 H 9IRS O BER R VB H»
5, TTC#fpkE K7 02212 85FB LU PPTI &
BFEEMETHLAMPERZ A ) —= v 7k L
THAL, 6x10°%OBEE L), K7 02212815F
L PPTI BZFOMARETZKI 7 v— 7T RIEE
BHLIIERLD Y4KRE DB L2 YS4bRDEES
RUREBL (TTC Jetalk, BRMEARAR 7 7 7 —EiHE M
fAEREOBUKE, RFERE) 25, K717 V—TL
NDE LI PNEEERLOERDLZ LA REE
hiz7z0, B EBEREHE Lz, 72, YS4kki
Saccharomyces cerevisice £ L TRIE &Nz, ERE
BEHROMER, YS4HD o IXEERICERE D o/
BHEOFEBEIEONLZ LD o7,

-

KR E/T 212D, ARLEIHEEZH)
LB RBREARY HR SMAEREZIICORK
BOERICOCLYEHBLETE T, £, FROK
WEFT V2LV EF K& BEHCHR,
PN, FHNHRRSHOBFRICEHF AL ET,

SEXH
1) KRB : B, 107, 366-380 (2012)
2) &ILEH, &XKE, SHBE EXKB
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