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Abbreviations

AP

AATase

PI
PC
PE
PS
PG
ICP
OD

acid phosphatase

alcohol acetyltransferase
RARATZ 7 FINA ) h—Jb
KRATZ7Fonraly v
RATZ 7 FIONZHE ) —NT IV
RAZ7FIoNEY &
RATZ7 7y FIoNr7YEr—u
intracellular pH

optical density



BB (X)) 2—0XRELT200EEZ2RETIGHRNBEED THS.
FHEBEENZELNICED D L, EALBICL > TRITHEBRIBE VRSN, &
BREFECKRLABREREPMA ONTFER, BEOREWMEE, NEH D WVITH
BomExFAmREL LEEICE->TWS. ZOR, X Eh-8EICxt L Tidke
RWRORER, TOEBRMNEMTLRINTEE. LALSBIZBWVTHRE,
BEBECRITIHBARICH L TIERBARZRLEELBEIRLTWVS.

FEBEICBWTRRO—FIIARE LS (KL) %, BEBRRLI Iy
EBROLEELZFE —OBMNE LTABORBIZERA S, Mgk LTEXD
FEBOHRAICHERENS. BEHILERIZIZ, hb0BERBIUHKE S
CHAXZHERTS, Whowd#ERL VDN IBEERAZLNLDE X HICkY,
IIFRRICRD E, B BA) LEAVKZEERECES DASTRICH A
LMD LI oT2, I HiIZ, RERFERIZII=ZH=8/KELZFA L CHEHFE
LEBERBXEZAVWEBICL - TBENAFLED D2 LY, JoAWV (FX
HEDEV) KTEEZEDIDZLLL-THBEOREZBDIEMPHIINTE
. FRI4BEEEECRITI2HBEMNED-DORBXOBXLEFTI2EFEY T
66.6% THVY, FIZJ/L—FOBWEETHIABBEBES L UVEBAERNEDS
BT, BARBAERETNTNRTO%R L V60%LUT THHZ ENFEBEOMKEMLYE
RREBEBIBVWTHEIRTWS., o7 va— ket k&L 25EA,
HOMBEBICARINIBBEBSCONEOKFEMUESIZERA SN XOBXEEE
—XBIZI0%RETH Y, BEMEEL, XkE2FEBLTHEEOFTYH, FE
KEBEIBE T IRIEBVWTHIZEHEAZWVWLOTHD LWV D.

BEHEECBTI2H/HBOEMNIE, KRABMIZELHFEL, HRBEOFAOM
WORR L2257 &, BHE, K57, €2 IVREERETDILICHD L
WhhTWwWb5, —%, 74 F 2 (inositol hexakisphosphate) & KhisEDT
YVa—arBREETIED, BERBAEPEI 2D LEDICEFOEENEE TS
O, LiL, BRBICLsTT7 4 FUERETAZEDEBOREICEDLITH
BIDONEVSTEBANPORFEINEFFITIZEAEALRRY. 74 F XA
SR NIZ6DDY VBB T ATARE LA THY, BBICLoTT 4
FUrERETDHIER, BETHI2LEBIIELATENDA /T M —LBLVY VB
BZBOIEDZ IRy, Z05h, VUBEIBRBOBEBICILELRREF
THY, BEBIIBITIER~DY VBOHKBLEVWIBATD, XKBHX T4 ¥
—PBIUVBERRA T 74 —FIZOVWTORERALNBTS, ZOFT, X8
DRELLTIAF—FPRBIUOBERR 7 7 ¥ —PEEORVERREZFEHRALT
TRAATBIIBERRA 772 —EB2EMT 3¢, BILEVHOBREN20%E



EH2Y, BEBIPREINDIZLEABEINTNS.

AMEICBNTIHE, 4/ Y b= VOBR~OH#IG LV IBRICLDL, FRKkE
BRI ZLICL-T, HHBEBIZBT 588 (Saccharomyces cerevisiae) ~®
A7 b= LVORBENKIRENDIIE, BLUOBRHCBIT 2BE#EHEPO4
U R—= LU RAUDEABBEBEOREICEDL ) REEBYE 2 50 ERATH
LEEBETS.

A7 h=iE, BERBOHBERENE THEIEARTRREENEIRID1 DL L
TI928FICH R ENT. 4 ) M—NICIRIBEDO TR RMENSEET D8,
KRIZBEETDA /) b—n1DiFE A ¥iEmyo1( /¥ b—NVTH5B. myoA /
S h—=AEEF I VBBIISESRTWS., HEREETIRPDL ) b—LDH
BICHET %I, RAIBCBTI3EYIVEOREO—REL TIThbh TE
1016, FLIZR-> T, BRIIITRIBIGITR2Ta—RFahb 14 /¥ h—/LE
EREED, FOIBITRINVA 7 ¥ b—AOMBRN~OR VAR EE 2@ &
ELOZEBBALNMIEN TSI, —F, BREKIZEBVWTA /¥ b—iT,
glucose-6-phosphate’» 5 INOIT 22— K &} % inositol-1-phosphate synthaseiZ
& o Tinositol-1-phosphate S AR Ik, THARKRAT 7 ¥ —FitLkoT
LY VEBEINDZ EICL>TEARIND®., ZOX S IZERIIELOARKN
WEBWTA /b= NVEREEZETHOT, BiZBTAA4 /Y b—NLOBER~D
M EERTIHEICE, FEREXNOBHLEA )V b—NVOBERBEEN~DOIR

DiABZ L EHIZ, BEBBFODAAKROLFETERLRTAERS 2. ERITIE
BRETIEBWTIFA ) F—NVEREEZRL, A/ F—ABRZTH LESE
L, BETHZERBESN TV D920, KR T, HEBICBWVWTISCE
WOKIBRE T CHENREITHEBE LBEBESIERICE TN DI, BROA
JV P —NVERELVERXFOTZ 4 F b0 )Y b—NEBBEETH S
e, FEBICBWTA /) Y b rofGidta TR, BRikA =
BIRBETICEBMPMNDZEEZRVWELTWS.

BRI FDOT 4 Fonb A )y b= PEMETDIOIE, £/ b=t
VBEDIATAVREEBRESMTALERDHD. AFRICBVWTIE, BROL
ETDHIBRERAT7 7 Z—F (AP) D74 F oA ) ¥ b— NV OFERES 4
HBIEERAOLONCL. BERBOAPIZAEEFEEL, BRMREHR 2 RTPHO3 &=
FELIVOEY VEBRETICBWTER MG S5 PHO5, PHO11, PHO12#E
BFIZEL-2Ta—FIN322., ZhbDOAPRESOMBEREBICREL, —&Hik
EEMCRET . 4 20BBAPO S L, BE, BRFEEMBS L LTE2EMNIC
EEMECERIN TV IHE6%, 78, 95, 10EBBICIEBRART 74
—PEEIBRBEINAZVWI ERBEINTNA, KFRIZBVTIE, Zhbd
OHBEBERBICAVWEINTWE3DDOHHIMAPEIEFDO I L, 74 F U FFITN



THOBGIPELEETHINME OV THRFEITo 2.
SECEEINT-EXZERTSHEBEBICBVT, BRICHTLHA /¥ h—
LOBEBARHIBREIND Z &1L, BEFOL )V F—LEEEMOHRT L2 —L
BEFOERLEBLIEERNGEHETE S, Table 0-LIZRT X 912, HFiBER
OBEBHI T A 2 =N EEIBD TR, FHBEIZA ¥ b=/ §R
ENTFBETTEINIME—DTLa—ABKEBTHEEEZLD.
AFRIZBNTIE, FEXE+SICHBET DI EREBEORERXLTEDO L
INRKEBEEXANEHLIITERED, BRI THEEXTFOESENKE L
WHT D47 b—NZER L. HEREZEIZSO CEEEK A 3 &R o
T0%E ZEHOHDZ L0, BASELBEBEOGE L DBERICODVWTHREE
HIEIIRERAOLETHLEETHHLELZ DN D.

Table 0-1. Inositol content of commercial alcohol beverage

Alcohol beverage n? Inositol (ppm)
Sake 50 5
Huan jiu 3 210
White wine 4 396
Red wine 4 405
Beer 4 83

2 Number of analyzed samples.

A7 = NVTBEBEBICB T OBEO LXK THIBEROHEMEAFTHD-D,
BHEOMEICEEEELEZDZZ LN TFRINS. BEO (FY ) IHEICHKE
EEZDZRFOIS>THY, FERIDOELIE, BUBWTEBRICK > TAEEK
IND. FHEPORRURFER S ELTEA e VB FAB X OEREL VT
IND2OBPMBN TV 52428 FiiH 1L, caproyl-CoAd & Neaproic acid % £
H L LTENFNalcohol acyltransferaseB L P A5 5 —FIZX-T, /-t
#Fix, acetyl-CoA% #'H & L Talcohol acetyltransferase (AATase) (2 & » T,
WTRLEBERBEENTEESRIND2. —KIZ, BMEBEOI Y IZIEEICHBEL
EBXEZFERALTHELALBEBERIIAODOEERTOSREITE VY, BX
BEEFERD EOBEBREERMICANFRITIBE S TR,

FREBERICEAFERSERICET AR L LTI, BERBORBESHNKGIC
BWT, BEZ2ETIE3 LEFHEOBIBORENLERT LI LABGSH
TWN520, LRoT, BEBEREDLI S CBXEET CHRESE S Z LT,
PSS THEIN T u BRI T VB FADOARBEBRKIEDZ LIS
BB, £, AATaselI10CHU L TREFELRTVWOT, BERERECE T



KR CREERZITO Z L AFEEA VT INDARERZEDLIELTHD E SR TY
52, Xz, REMEFBOBEREM CHBELERT L LERI YT I
ARENMETT22E, TORERE L TRAMIIBIIEIC X - TAATaselE A
EINRHAIERWMEINTVS2D, &K, AATase® 2 — KT 2ATFIB T O
BARBRFIEHEBRICE > TMHE SRS Z ERHALMITENT829, LER-T,
BRI TEZXOABICEL FETIRELSRETDIZ L%, BrBEA YT I
EROEVEBLEL I LETHEATHDIEEZLNS.

LoL, REXKEZBRETDILERHBBOTERTOEENPEHL RDHREEIZHOVT
BEMICEIELEHREIALRZY. AFRICBWTIE, FEX2RBETHZ &
WEoTA )V P—NOBEB~OHRGEHIRT LN, Ao BoFLB L
OB VT INOAEREZRETIEOREDOL EIZ, +HEDA /> b—v
ERMUCBERARL, 41/ b AEZEMLAVEEOBLHUBBEOR B &
UBBOEME OB 2ITo/. 72, 41 / VP IVOBRBKENEFVICEEBEE
ZDBIEIZOWTHAT L LT L.

—F5, A7 b= NVEBBOEKRDE LTHIZEE, 4/ b—Ibid, &R
Z7FINA b= (PI) ELTEEY VEEEZHENTD ETRATRZY
BCThd. T, AV FN—NMFIAT 4 TEOBRBESTLH Y, TE, H
JafEc BT 2 EREEDE L L TEBEIN TV SO, FEEBICBVTEREKE
DA )Y b= L MBIZEWD, BHEORBLE EHITHRAICHEKRKTE. K
HRIZBWT, BIZBITIBRBEEK~DAL /) —NVOEBRBIFEEKD, 5
WITBEROASRIC L A0 ERF L. 51, A1/ b= LOFEBEREILS
HEEBL LT, BROBEERNA /=N L_Exd ) — kL OBFRICD
WTRET L7, BEEBIIREL ERESRFICET T 2 WITHEREBER A CTHITL,
BROTy ) — VEBEEIBRHICII20%EICLETE. 0L RERET
2 ) —NEEBETHHFHIMOBETCERONZVERTHS. BELBEHO
mTE ) LVRETICBWTERT? LBRENELTZOT, BEREZ Y /) —
NEBEIZBWTHERBR LIS WHE, T 2bbzy / —LiMtEEET 52 L 8K
BEBOTH ) —VINEEZEDDL ETEETHS. 5T, BENKZZ /) —NLIZLo
THRRET DL, HxREBEANRSPBPICRETI-DBEEORKRICEES
BEz3Zkizhd. Bl BEBROBEEANGRHLEIAVRX O XTFF—E
B, BRICERETAIRTF RENBTEZLICLoTRRBEOT I/ BE &I
K4 53132, 7)) BIIBEEFEOREMKT S ETEERRS THIN, 88
NETEDLEBEOREKRORERE 257120, BRIICBIT2BEROER LT
HZELIXEEOREDO LETHLEETHD.

BEROT S ) — LIHEICK L T2 2 AENORN 2 X TV 5 2333440,
A )Y h=EDOBBEIZOVWTOREITALNR. KFERIZBWTIE, EHEN



A P—NLRABTE ) —LATRBEICEDL I REEBL 52302, £
mEEMREOHATPaselZz E B L, BHERNAL ) =L _XApnx g ) — )L
M ic B E2E 2 DBECODWTHATSZ L E LT,

AMEORRE, BEIZL-TEEXFDOAL )V b= LEBERETESRDZEN
BHEOEVEZWMAIEDILE, BIUBIREERYICERENS ) F—NLE2EEK
L, BEAA /Y PNV U ARALEBREEZZLICE>Td ) —LiEEED
BT ENbNPoT.

KXW, BL1~EBIUVREBICLIVEREINE. FimTIE, RO
FRBEBEERECB TS ) VP LOREEHETIZEOBRHREREL
MR D FEIETIE, FEBPCHFEETIA )V FN—APEBEOMAE L EE
WA F—ALRLUICEZBEBIZOVWTRARS., E2ETIX, ER¥BEAS
IV M= NVOERKRIZEG X HEBERBAPOEEBICHOWTE~S. FE3ETIE, 1/ v
—NLVEIRTICBNW T I VBT F AV AERBRERTLIZ LIZO0NTHE~RDS. &
4BETE, 41/ F—VHRICTICBITOHES VT IVERBEOEKICOWVWT
W3, BEETIE, BHENA V=L UL RURERKTEIILIZLDH ) —
VDB KIZOW TR, UEOBREBRBCBVNTRANIIERTS.



BIE BERBOHEMBLEEENAS /)P PV L XN EZ I EBEBRICEETDA
)y b= DR

E1E T

AETIE, FEBETRIIBITIAA )V F—LVOBERLER~DHBELAN
LEHIT, BROBEBREENA /T FP—AVLRXALOEEFEZOBERIZOWVTHE
A4+ 52 L2EMNETS.

WHIZ, WHEHEA ) P ABIOMKGRRIZ L > THBEREZAE L D2/EERA
V=L ERENY, KkBLOXBLRFORBBIVCBHICEOBRERFET D »
EHOMNITE., £, FRFLOAL )V b= A BBYOBROEBEIIEORE
FAINZNDICOWTREIL, BYPOBERIIEMEHIC, /> bP—LHIRTICED
N5 ExRT. &6, BBEENA /U b=V LR BEEORBE LD
WWHARKTEZEERL, ZOBEEN, EHHRKSA )V ML EERNIIVAALR
RRICELDDN, HDOHIVEIEBEBEOEGRICEIDINEFAS.

o BHEBMEIRBRIIRBITAALA/VEI—ILOHEE

(FIE)
1) 8 L OB/MEIA R RR

BARBET0%DOAXREAWTEXZRAM L%, TRESRLER LERER
HEBPRTHEIBICLVBBEITo7240. BIX, BASET0%HAXEREEXE LTS
cerevisiae H11%k (B ABEH 290150 BME, INOI) ZHERAL., EoDF
B X VR K200 gD3BREIAAREITo. £, BB HEEEKXS /v
F—NVOBWRHEZFRD70, BEZEHEMLEW AL (BHRBLHT D) 28
ER—DORHETTRRELEL. ZOK, BMEMOHEEZE D, 8% (viv) =4
= NVERERFZFKE LTHERALE.

2) A/ b—NLDOEER
AXBIOXBLRLEOBGERABFOL ) b—NiE, KALODOFE® T LT
Mo THERDAEBEKTHHLE., Z05h, MBE2EOETERICHELED
DEFEHEA ) b=, BIKGHBEERIND OO GBHREERA ) > b—
NE L. £, BERABLZEEZENB L%, BIMAKkSEL, 24/ v F—
WEERLE. BEBCZO VW THLRBICEMBIOEARS /U b—LE2ERL
. &6z, BEU|RE2ZOFTFAKTEHRED A4 X L2k, BBORL, &4/
h—nZ2EELL. BBoMRIT6 N HEE T120°C, 308f1TVY, 4K % No.5CHE
# (ADVANTEC, ¥®) TR L7, HBE2BEELLEE, 7=/ -2y FE



RErErRELLTCHEY—FTHRMMULE. 4/ ¥ b— Vit Hanseniaspora
uvarum IFO 06308k 2 AW N4 A7 v A EW LV EE L.

3) MBI UBREMEEDHE

KRBT OBEREIL, KBE4 NEBRTIHAKRSHEL 2%, BEOMIEZ #H AL
TEOXFUNLBEMTI N AYIVEERTDLIILICL o TRIEL L. B
FOBSARBITFRERIECL > TRHELE.

(53

D BEBLBRTRIIBITASA /= LERBDOEL

FEERF DA 7 b= Vi3 BEE EBITKELIBA LT (Table 1-1). $i2#B
BOMBIZIZIBLOEAVNKREL, &4 7V b—LERIZ, BXHEETO% T
ZHRDOERETHRAD LIz, £, A/ vV b—NO—8i3lEMH 2 VXS BEERE
BA ) b—NE LTERLOTWETHEETIZ ENbholz. ZRHITEX
HEIO%THRRERY, ZRUTTIREA /Y PV ERBRICBREE EHITED
L7,
BABETO%DRXERNK, BELEE, RXLO5LEROA /=1L E
BA2HE LK E%2Table 1-2127° 7. HEHESLOBEMEEER S /¥ F—An
EXABEERE CHRPICEHTI D, AL VLD KREL B L.

Table 1-1. Changes in inositol content of rice by polishing

Extractive free Extractive bound ..
Polishing inositol inositol Total inositol
ratio content  ratio content ratio  content  ratio
%) (mg/kg) (mg/kg) (mg/kg)

100 18.0 1.000 178.0 1.000 2611  1.000
90 31.3 1.738 492.7 2.768 1065 0.418
80 7.6 0.422 137.4 0.772 227  0.087
70 4.0 0.222 17.8 0.100 123 0.047
60 34 0.188 4.0 0.022 98 0.038
50 2.7 0.150 2.6 0.015 89 0.034
40 2.2 0.122 0.9 0.005 66  0.025




Table 1-2. Changes in inositol content during steeping and steaming of rice

Extractive free Extractive bound ..
Total inositol

inositol inositol
Sample content ratio  content ratio content  ratio
(mg/kg) (mg/kg) (mg/kg)
Polished rice 4.1 1.0 26.7 1.0 126 1.0
Steeped rice 1.2 0.3 7.4 0.3 102 0.8
Steamed rice 1.0 0.2 2.7 0.1 103 0.8

2) WBTRIZBITSA /Y b= LEEDOE(L

BBMITRICBTARBIOL ) P—LEBEFRELEFKEES Fig. 1-1IZ7F
T, 24/ VP ABEPRBBEROGEICEEOMME L #EE L TAMICHEXL,
HERFICITBUARRFOM2EICE L. EHMBLIOGBEEESRA /=T
BELRBBROBEICHRLE., 20 bilEl/A /) > M BEMENRE L K&
<, WBMPIITTOEKOSEFITHML .

3) BhoA )V h—LDOHE

BhoAf ) h—NLVDHERY, BREOFELZWVWEMRBELLICHIELEER
% Fig. 1- 2127 7. BMEBTIE, BREOREL LI LEFOERES /b
—AMBER L. i LT T, MIHICEBES > b—ABbThicm
755, ABBURBRIIEBBOEMEL L HLICEBBEARPICIRVATINA DR L,
THRIIZIZEA RS2 o T,

FESROREERA b=, BERBTIE3HEBURE, EEOBMICE bR
IBBEOHMRIZE - THEREIND D, BRAZEBVTEIN, ZOBVEOEL
Whiamotz. BEEFOKERA 7 =ik, A /2 F—LDBE LT
By, BRBLOBICREREZILONRP-oT. 7o, BROWME L ITEY
RICBFR E T5 ppm A% THB L.
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Fig. 1-1. Changes in inositol and N-acetylglucosamine contents during koji-
making process. Koji mold was cultured on polished rice for 48 h. Extractive
free (@), bound (A), and total () inositols and N-acetylglucosamine (O)
were determined.
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Fig. 1-2. Changes in inositol concentration and number of viable yeast cells in
sake mash. Free (O) and bound (A) inositol concentrations in the supernatant
and number of viable yeast cells ([J) during fermentation of sake mash were
determined. Free (@) and bound (A) inositol concentrations during the
dissolution of raw materials omitting yeast were also determined.



B3 BHOMBEIFERICSZIBPCEETIEMBLORAR A /2 h—
YA

(FIE)
1) fFEAE

S. cerevisiae H11#%k (INOI) B X UHIEk & 4 / ¥ b—VERMK, OSF27
¥k (inol) & ® X EL# X Y Random-spore-platingitiZ & » T#H - BEiE (%,
0827278k (inol) ZfERA L. 723, OSF27¥KIZONO130Afk (leu2, met8)
& SH6158k (inol, gen2, gen3, hisl) #XRE L, ETR_IZHEICLIVEREL
7. SHEISMRIZAMRAFTEREBRE LIV 5 ST,

2) /MEAZRER

AE, B2 (FiE) 1) TRANFELCL > TBO/NMERBZEIT72. 1/
Ph—AERMLULRVEREOB L & HIZ, #XK200 gh72Y 125 mgD A /¥ h—
WERMLUIALAA ZHETITolz. BRYOBBIELCSBECI > THELE
5D, BEREEIIANAT P A —F—IZ X o THEMET CEHAEILE.

3) Z4F U BLUOBLEBERHEEA /¥ b— NV OBER S RAR

A7y b VAERBERDOEMNIL, BERERISICHE>TERT DS/ F—LENXN
AFT oA (KEF2E (Hik) 2)) TEETDIZEREIVAEL .
Tablel-3IZ R T RIGKRZ AV, BREREBMT22 L2k, KIS%EFBLE.
RIGIREX, 74 2—EB2FERALEZEEI365C, BHBERREZAVESA X
40CThHoT. RIGHMBINMEZ, ERLEA )L EERELL. 74T
B> rY oL (TYPEV) BX W7 4 #—+F (wheatfi ) {3Sigma-Aldrich
(St. Louis, USA) %A L7, BLELBEXIERBEOHIALOEIABD LES
T )= NVBELLLLOERAWE, BHEEERIT, KBV AKBHL-bOEEN
EFA P ADBARHERDETEN L%, BEEBRLCERALEZ. Y
FOEMBEIOEEE S /> =i, BIE, F2f (Fik) 2) TR FHiE
WL TTFHOERLE.

A/ h—NVERMES cerevisiae OSFT2THRITKR D L HICHEE L. B1 ml
(GEBER £ ) & b —/10.19 pg BEIUOREE A /& h—/5.4 ug 2&T) I,
BHEBEES mgZ ML, 045 ym 7 A VX — 2 H O CEFENICIER L =%,
15C, 14HRIMEL, 15C, 10HMMESE L. BHBEEERML 2%,
7ZHI12100°C, 100 HMBA L TERLREIELbOERRLE L.

10



Table 1-3. Reaction mixture for inositol liberation assay

Component Final concentration
Substrate Supernatant of sake mash 9.0 ug/ml (as inositol)
Phytate 10.7 pg/ml (as inositol)
Enzyme Phytase 1.25 mg/ml
Koji-enzyme 6.00 mg/ml
Buffer Acetate buffer (pH 5.15) 0.1M

Phytase or koji- enzyme was added to the supernatant of sake mash at 3rd day or phytate
containing 0.1 M acetate buffer. Reaction was carried out at 55 and 40°C for phytase and koji-
enzyme, respectively. After 1 h, liberated inositol was determined.

()

D BERMEEERSLOBREICE XA/ ¥ b—LHROEE

BizlBWT, BEBOBMIILEREDA, /) F—ABEB{IA TV EINENE
HOMNMIT B0, @BFITbhTWd A/ v b= VERNBOLAARE, KOE
DA b= NVERMLEZBOMLAHRETT-oT-. BYOERMEBREEL L OBER
B oBEEEOCOLE#Fig. 1-3IFRY. £/ b—AEHRMLERB
FOBFMBEEEL HEOCESHMEBEL A/ b—AEZHEMLARVEDLS
BEThol. —F, BUMESZVOEEERITIS /¥ M VIENBO L NER
MBIz TAHRL, ZOBEMIBIERY E Chivvz. Fig.1-4\CBILESH B
DEROBEMBEEEE2RT. 4/ = IAORMIL > THRIZ/IEL, HIEL
BHEZERbrot., Thbb, BEOBTIEA ) Y M= LOHEIEHIREND
e®, BROEMAMmL LN, MESERETLZ ENRENT.

2) BEBEHRIHETLI/EREA / V b—VOBERIC X 2R A

BEEFOFKEEE A /v b= (Fig.1-2) B"BHPCTEE, 5\ ITFEML /
Vh-NIZE TSN, BREERTPICRVAEN, FAAILEDLICOW
THRE L.

FEXPIZEZ T4 TFoREENDIDTY, FEMAS ) —ABT4FHD
WIEE OO HDMEH THLFREEZEZEREL, 744 —EBLUKRENCHAB L
BRIZEDDMER AT, TORE, Table 11427 T L O, BEEIZLT7 44
—PEERA S, e,/ > b3 ER Lot —F, 74 F e
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BELTHWESAN, 239 pgmldA /v bM—A k2 HERL. BEBICIZ74F
VERMLEBAELINEZEREDA /U b= 2L, £OEINEITII%
Tholz. TNOLORENLSL, BEBEFIZBWTA /¥ b=V 2FEHL RO,
Bl 44— BEEEHETIMENRSEN TR D TRV Exbho
. BT, BEBEFRCHFEETIREARA )V V=NV ET74FrHDVIEEOH
R TN E B b ho .

BHEBEZREZHVERE, 7o FUBLOINEZBEBICERMLESEICIXIZIER
BOA /) b—NVEEBELEY, BEBORBAEA )V P—AMbidA /) b=
NOBEBER I SR> T,

S.cerevisiaex AT, EEOBIZIEVWEH T THEE A /¥ b—AFIHOTA
REMEEZRAT LR 2 Table 11417 7. BEECHERLZRML TRKIRET14H
MERSER%, £/ b—LERMOSF272TERE B LI E 5, BEED
EHOFEIZDDOLTOTNREM LRI 2o (Table 1-5). LAL,
A7 h—nN%2 ppmBEERMT D LR BREMER L. UEORKERELD,
BHICHEETAIRARA /v b—)L (5.4 ppm) X, BHF CEEROBEMICHIA S
NN ERbrol.
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Weight of cells (g / 1010 cells)
! w
(]

Cell density ( X 108 cells / ml)

5 10 15
Period (d)
Fig. 1-3. Effect of inositol addition on the weight and density of cells in sake
mash. Wet weight (O) and density (A) of yeast cells obtained in sake mash

without inositol addition were determined. Wet weight (@) and density (&) of
yeast cells with inositol addition were also determined.

Fig. 1-4. Photographs of yeast cells in sake mash. Sake mash was prepared
without (A) or with (B) the addition of inositol. Yeast cells were cultured for
5 day in sake mash.
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Table 1-4. Liberation of inositol from bound inositol in supernatant of
sake mash

Substrate? Liberated

Enzyme inositole  ecovery
Supernatant  Phytate (1g) (%)
+ - 0
Phytase - + 2.39 91
+ + 2. 1 7
+ - 0
Koji-enzyme -~ + 3.30 110
+ + 3.64

2 The supernatant of sake mash and authentic phytate contained
9.0 and 10.7 ppm inositol in bound form, respectively, in the
reaction mixture.

b The reaction was carried at 55 and 40°C in the presence of 1.25
mg/ml of phytase and 6 mg/ml of koji-enzyme, respectively for 1 h.

Table 1-5. Growth of S.cerevisiae in supernatant of sake mash

itol
Enzyme® Inositol added (ppm)
0 2
-b 0.19 2.92
+ 0.22 2.61

Inositol auxotrophic yeast strain OSF2727 was cultured at 15°C
for 10 d in the supernatant of sake mash which was pretreated with
koji-enzyme at 15°C for 14 d. The growth was represented as OD at
660 nm.

2 Koji-enzyme (5 mg/ml) was added to the reaction mixture.
® Incubated in boiling water for 10 min before the enzyme reaction.
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AT BTOEREHENAS V=L LRXLOEGHEFOER

(FFiE)

1) fERBEKE L O/MEA B

WI1E, 3 (Fik) 1) THRAHILEG K VOSF2727#k 2 AW T, F1E,
EIE (Fik) 2) KBRREFEZEIV A v =V ERNB XORMB O /M
AARRBREITY, BROBRELSE L. 818, $26i (HFik) 1) Tk~
T HEC L > TERBEZHE L.

2) BRI A e HH VR D 7R B

K2X 1090 Mla 2 20 mMVU EEEE K (pH 7.2) CBB L. BEBK
0.75 ml% E4R0.5-0.75 mmOHF At —X1.1 gtiRE&L, vLFE—Xay
51 —MB-200 (ZH B, KK) 2AVWTLC, 30 DOLKRMET T4ELEER L, M
EREREL 7. BERER A 3000 rpm, 100 MEOHBEL, B EMEALRE L
7.

A=V DEER

Mool LB ERERE LK, B8, B2 (Fik) 2) TH~AL
FHEIZ Lo THBTHASBEL, BERNA VPN EBERAELEL. £/, B
BEMRmHEPOS /b EERBL, BENERE /bl B
FToEA )PV BILUBLETOHEBES I OHEER A /) Vb=, RHTNK
ARABLUOXBTOEA 7 A ERITFELIE, B2 (FHik) 2) B F
HBICEVERBLT.

4) inositol-1-phosphate synthasei& Mt #ll & 1%

EE R Bk E L N7 7Y —C3LTK (AARI VAT, HE) Lo
M U7-%, 5 mM glucose-6-phosphate% 3/E & L TCulbertson b ® 5 {£52) (2 #
CT30C, 30MEREE T/, ZHRIZ1 mlb o7 VAV FAT7 72 —F

(B H T34, KiE#E) 6 unitsZIHML, 40 mM + Y X & (pH 9.0) T
37°C, 1B¥[E /)& & & Tinositol-1-phosphate® A / & b — L IZEH# L 7=, 18R]
W21 ugdA /Y b= NEERIEIBREL]L unitE EE L. HEEIZS
781 mg¥ 7Y OunitFk CRLE. FUNRIEITu—Y —EN ZLDERBLE.
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(FER)

1) BYESOEENA /P —LEE

A7V b= NVERMOBEOBLHE LIZERERNOL )V bP—LEEY
BIEL, 4/ b—ViRMBL LB L. Fig. I5ICF-T LI, 41/ ¥ b=
BRMB TR OERERNAS ) Vb= 1LEE (4 mg/g) B, U&kIgE
—EETHBLE., Zhicxt LERMB T, MPREERN,A VP —1LEE
(2 mg/ghh F) IFEWA, BHEOKRBE EHICTHWMARL, E#ERICEA /¥ -
NEMB LY ELS RoTe. 205, BENERES /S F—LEEIL, 41/ T F
—NVERMBTIRIEEA ST A 2<#ERL, ERNBTRBIEOHICEENE
<, REUTWARL, BMBLYEL 2otz. BIERHICA /¥ h—VERNB
BERROBEENA /¥ =L EENIRMB L LB 501k, H#EA /v -V DOER
WWEBDLDOTHhHoTo.

10

50

Inositol content of yeast cells (mg / g)
-
o

30
20T
10 [
0 |
5 10 15
Period (d)

Fig. 1-5. Changes in inositol content of yeast cells in sake mash. Total
(O) and free (A) inositol contents of yeast cells obtained in sake mash
without inositol addition were determined. Total (@) and free (A)
inositol contents of yeast cells in sake mash without inositol addition
were also determined.
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2) BERA /) NLEEBEDOEKXKER

BRLOBHRBOEA )V M LVEEXRENICHE L &R %Fig. 1-6iZ
TY. BB TS, )V P AERIIEERAONZRVOIIR LT, BER?E
5+ 2B TIIEENAS 2 =L _rok (Fig. 1-5) KRS LTEA /¥
F—AEEPEBEFITERLL.

EBWKA )Y b —NLAREDRVOSF272THRE AW TEB 2 AR, AL
HT5HIMKZAVWEBLER L., BOKE (BLAk, BEEYS, BLOE
B IKEDDA VP LEEERK]L kgDLIARITHEE T 28E LTHEEBL,
FE CKEBLUHEX) kOB EHELILERLFig. 1-TICR”T. HIIK T
BYoL, )b AERBIITAAZIBE TEBBLUOERXANOLHRTIEILSE
LWy, 18HEIZIIKRESHE KL, 1HEE»DI8ABINTTOBOEAL /¥
M=V OEMBEIBERERCEDEALA /)P LEEOHEMEBL ITIE—FHK L.
ISHEDB LEBICEETLZA /) P LEENB2EKDA )V F—LERBICE
BDIEERDLTNTHo. ZHIZHLTA /Y P—VEGRKEEZ LR
OSF27278k CIIB D LA /v P~ LV EEIXISERICBWTIBH E EN R, B
BEKICEDDA /¥ b= ERBIFIHIKIZL RS LBEEICE -7,

RiZA ¥ h—AEMBLIOERMOBZMEICTHREL, BENL /=2
SB%BE LK. Fig. 1-8I27R T X HIZOSF2727T8kIZA / ¥ b— L & THITEM
LB, HI1lBRE A /P —AEBRBIZIBEALEEBRRONR TN, 4/ ¥
P VERMOGHEICIIHIIKERZY, THENDI8A BIZTTHDA /7 ¥k
—LVEBOHEMIR 2o Tz.

Fig. 1-6, Fig. 1-7, Fig. 1-8IZ R THERMNL, BILBIZBIT HHEENT /U b
—NVEBOBKIIEELOOWRYIARIZE D bO TR, KEBSIIBEOL /
VRNV AEGRIZEDZ EDRbroTz.

3) BPoOBROA /¥ b—VERKEREN

A=A EMBLOCERMBOBEE»HFAM L 2Bz RIZOWVWT
inositol-1-phosphate synthasef&E# % HIE L =#E R %2 Fig. 1-91ZR%. 4/ ¥ b
—VIRMB CIRIABRIIMHE 22T, ZEALEERREH SR>, Zhi
HLTA /Y b—AEHRMLRVVEFOBTIIEENLRO O, HFIZTABUE
BV TEEETH - 2.
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Fig. 1-6. Changes in the amount of total inositol during dissolution of raw
materials (A) and fermentation of sake mash (B)

(A) (B) ©)
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oA 150
>
g

2 100
.é
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Fig. 1-7. The amounts of inositol in raw materials and the sake mash. The
amounts of inositol derived from raw materials (A) and several parts of
sake mash prepared with strain H11(B) and OSF2727(C) were determined.
Each value was based on sake mash prepared with 1 kg of total rice.
Symbols: B, rice koji; B2, steamed rice; l, total;[7], yeast cells;[] , the
supernatant.
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Fig. 1-8. Changes in inositol content of yeast cells during fermentation
of sake mash. Sake mash was prepared without ([J) or with () inositol
addition using strains H11(A) and OSF2727 (B).
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Fig. 1-9. Changes in inositol-1-phosphate synthetase activity of yeast in
sake mash. Sake mash was prepared with strain H11 without (O) or with
(@) inositol addition.
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ol BERLEBE

(EH)

FEKFDA ) F—NAVERIZ, BRESEDIZOLKRELSBY LE. BEBO
HABICIEEECHBE SN ZRERNERIND 2O, BRE~DA /) F—1D
fiGIIHR I, ZORE, BEOHEERB TR +SEDA /¥ F—ABEME
NEEBICHART, BEROBEMIIHBRE2Z T2, SOEBBOHEBEHTHIBITE
MEICBWTEBERBOEERNA /> h—L L _AFELSImAON-. L, BEiE
WA b= LLIZAKEORBE L HIZEARL, BILERHICBWTIE+S
BOA )V h—NEFMLEZBY LE-7-. BIERRPCBT2BEEENA /
A OERBEEPOERE LA )Y PV EBRPRD AL D TR,
BROEARIZEZ2LDTH T,

(BE)

FEXEZBETAZI LI T/ VP AEENKRELBL L. ZhiFX
KIZBWTA /b —ABHBBIC 74 F L ELTHEETHEDOTH D, —
BICHEXBETO%MTEH D2 WVIEEFNRUTORERAXEZER L T2 HEREICK
WT, 47 b= LVDREEKNL OB EIT Do, B TH, BRTEHIZ
BRHLEBRCABEN D TGS 2 & b—3ek, BEIBRTELICEY L.
—%, WBHIce, HHE, SEMREESEA /P AEEKRLE. Z05b, 2
A7V b= VOHRKRIBEOAGRICED EEX LN, MBPORERASL /  +
— L DOMBIIKREL, BOWERHA ) V= AERBILLEORKDOSEZIZELE
HBPOWRHEA ) PV DOBKRITEBKRO T 4 FUBRBOBERERIIL>TH
BEZ T ThHILEEZOND. T4 F LV OBENRIZLDAL ) b—1LD
WEEEIZOWTIIFE2E TR~ S, HEBEIZBW TREREXDOMN20% IO REIC
FEREIN, HYDB0%BEKOEIZETOH TRBOMERAARIHERIND. BEEX
DERLENSHET D L, MBBERICBWTER A 2 F— R8I AT
BLEMND, BIZBHLATNAERA /) b—D>H, 2808KMZ, 130K
KicHETHEEZLNS.

BEFEICIIERES Vb=V BIUOEEREA /b= ABFELE. BEEA
Y PNV OBBEBEITAATHDN, 74 2 —BRMBEROBERIC K-> THEERIC
ETHMIND T LTIV, F7, BEEEBCRYVAEATHBIZFAIND Z
Eb., LEdosT, BEOHMMBMICEX2EEL LTIL, #HREA /¥ b—Nic
EBTRETHD. BIZBWTHEASA /> FP— 3k BBIOEANGRELIAE
N, SHICHBERICELIFRRRERICEBVW TR ICHERTIN, ITNoIXER
WL TEBIZMYAEN, BEROBEE LHIZABIZEA L, THRIZIZEA
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FHELE. ZORKRIE, BEOBBEBIZEBWTIEA /¥ b=V OHEHHIRS
NEZZEERLTEBY, A7V =NV ERDICHEMLEBIZRA~S L, BRHK
BELiioh, MREFLRORKELRLIREDBEKRR LN, AT T
BEERBLER, 4/ F—NVORZIZE>THEBERL, KEICES 25T
ERHMEINTWVWES, Fio, BRBIEIA/VP—ABRZTHEEEL, EIC
EHILEHLBMEINTVS1850, FHEBIZBWTY, 1/ ¥ b—AHIRT T

BERIIEICEDZZLIIRVWHO0, WEECHREREBICKESSZITLZ LIER
T&, BIZA /Y —LVERMTEL, RESMEEINDZENBEINTE

DD, KFRICBWTHRKOBEEBR R Oh. ZHidA /¥ F— A DHEMIC
IV, BRBRPROEBENERLILIEICLDEEELT.

BIZBWT, 4/ b= NVOBRBEFRIRT 2 EBYMICEBEROERXRNL /b
— AL RVRIESIMZ O, HEENELIZONTAS /v b= LXLDE X
BRLNE. BREDA /P AEEPBIERMICH KT L, 1/ b
—VAREDORVER TIIEENA /=L L RALDOERBAE LRI &
b, BEFEEBANA /¥ b= LUK KT 5 OREE»LEHT 54
JYU M= NLVEEBERPEVALILICLZOTEARL, BREEVPEASRLEER
THHZ ENHEALE.

BfDA /) > b— LA KB F inositol-1-phosphate synthase?® 22— K3 3%
INOVEBETFIX, HEREFROAL ) P AP REETHIRIIRET I, £
WA Y = AREFEETHIHEICEAFEZ T2 A REEINT VD2,
AMEIZBWNT, £/ b=V EEHERMLZVEE OB TE &P IZinositol-1-
phosphate synthasefEMENEH L= L1, TOREDT—F 2 XFTDH
DTHD. £, 4/ b—NVERMBIZEWNT, KEREENZEIIHEKRLE
Tl BENA SV F A UNAURZ ORI RKLERRE LB LTY
5.

BRI, BOLO REBEEBETTIEA /Y b—NVEREEZTRT D, BROHY
B THIBUHICBWTIIERR»LDA )V b= VBBV ETHD. Lol,
EWHHTHDBARYIZEV Titinositol-1-phosphate synthase®{ERIZ L Y 1 /
VE—ABERENEERNCEREIND LI, BENICERIREZAL ) ¥
=V DOKEBAIIEERA )V b—=AThHholzZl thb, ZHNLIEFPIREIZE
BEh, EEBRRSELTHRAESNZEEZLNS.

LED XSz, BIBRVBIZBWTERILIS ) F—LVOREEZFEE OB
HIEKFL, =%/ — LV REPELRVEEIELTIBIERMICEV T,
BRBENEARR LA /v h—VTEERPICEREN, BERNSA /2 b— L
N EERKIELE/mLE.
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#oE BHEBIIBWTIA VI NLDOARIZEZABERBESRA 7 72— 0D
%@58)

EIEN

AETHE, BERBIIBVWTEBOBBIZCEERRFTO 7 +FrAKS ) b—
NOBBBYBETHDIZLERL, 74 F V20T IBERLE L TEBBOAET
HAPICEB L, ZORBNZHONCTHZILEEMNET S,

Ele, T4 FUVORRIZEZDFRBXFOT T oR0F R BOREBIZON
THREIT 5.

— iz, BERITIPHOS5, PHOI11, PHOI2IZ2— Ra3nb3->0MilAP L
PHO3IZ 2 — RENBHRAP:2EH. ZD 5 bLPHOSIZERD EEAPY 2 — |
THEEFTHD, PHOIIE PHOIZ2 I3 EOLNBRRDITFLEA LR —DE&E
CFTHD. BETE, IFERIIRRINIERFEERR T, PHOSLE DT
FCHFEET D PHOSHMABEBEF AR LTS (PHOS5- 3L F 3 5) T2H22,
HRKAPZ B /- 722, KETXPHOS, PHO5-3, PHO11, PHO120D 4> O
PHOBGFDOOI LI 4 FUrOHRBICH L TEELEE 2RI BRETEHRETD.

FTE T ATFUNRIEZOIBERBERRA T AP ORE

(Fik)

1) 8RB XIUOB/MOAZRR

BERREZEEL LUOB/MOAL DD, EHEEER, S cerevisiaeA NEEEH =
9015 (K90 %FEA L /-.

Hayashida & Q#5149 [ZBWTREBERZ10% (wiv) ZVva—RIZBEEHZ,
A4 b—=NBLUOKHPOZE N bDOEEREHE L, ThiZEY VEER X
O&E Y VB & L TKH:POs%, TN E421.5 ppmEB L '1500 ppm FHML 7=
B CTEEBEHERERE L. KY UBEM, &) UBEROVTRIZEVTY,
+58EDOHY v A (1,700 ppm KC1) ZEHML .

BEBO/MEALE, BELOHED ICLDRXKS0 gD3B AR TITo .
BEFERL-BEOMLALR (BHE23%) BIUHROREL L THERABRA
EROWC-BERRALALZIT . BERERERAELT, 2717 —F48 (RXE
BLE, KRR X077 —EM (REx A1 L5, HBHE) 2H8K1 kgd
2, EREN]L gBL W 027TgfERA L. ERFNIZOWVTHRXKL kgh 7= 0
1,350 mgMDKH2PO4% i/ L TEERAPZ M L 7B & KHPOsZ M L 22 W B
FHEM L. U E4EYVOBIZOWTA VU b=V EEMOBE & HIZ, BX1
kgdH7= 0125 mgDA /¥ b—AEEMULIZBLRABM L. BXBLUBE bIZ
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BARBETO%DORERKXEFERALE. BYOBBEBEKITIEREREIZL > TH
E L.

2) BB LUOEBEBREOMAY

KPP OBERE205% (w/v) NaClTHItH L= b D2 BIBER & L=, £/, B
BKIOIE, £/ h— & LTI10 ppmEELT7 4 FUHBRMNEY VBT
15C, 12HFES R L LEABBEBRLE L. BBEABIUVERRER L LIC,
PM10fE (5 Ei4r +&10,000) #{EH L TRAER (FLv—X T v 80, HR)
K- TEBNTR L OBHE L.

3) EERIEME

AP{E M X Torriani & @ 5469 (2 X ¥, 10 mM prnitrophenylphosphate % %
BHE L TEBERIGICE » TAERT % pitrophencl 2 TET A EICLVHEIEL
7=. 1RFfIZ1 pmole® p-nitrophenol & i3 2B, FE &% 1 unitd L 7.

TAFUNRRIEEDE, BERGCICESTERTIERY VBE2EETHZ &I
FORELE., 2 mM 7 4F B MY UL (Sigma-Aldrich) 2#HE & L T
0.1 M ErfeiZ#E# (pH 4.0) T TEBREERLZRMNT LI LICLY, RIGEHLA
L7z, 35%C, 1MMRIS S %, RIGKREEED20% (wiv) MU I o ofFEg
EWRMLUTRISEEZFELEL, FUOSBKROERY) VEx Allentko) (Z LYV EELT.
1B5R1IZ1 pmole D EME ) > B2 IFBET B2 R & % lunit & L /-,

(it 5
1) BIEERBIZBITDEMY VBREDT 4 FoRAKICEZ D5

BERNR T A FUENRL, 4/ =N ELTHATELINERET S0,
BRAPE R /-2 VWKI018E2D 2 A VU h—, Z4F 2 (WTFhbA /¥ b—
NELTI0 ppm¥sil), A4/ b=V, T 4 F U OFFEFEML IO
(ZFNEA /¥ b= & LTI0 ppmiiil), BLOEF 2 E E 2V EHIZOW
T, BY UVBHIVIIEY VU EEBZAVTIS CCHERZ L, HMHE LR
BOIZHIE L 7=,

Fig. 2-LIZRT L O, VVBBREXRVWTRLOBEEL, 1/ VY b—ABXOT
A FUEBRMOBEIZIXIZEA CBEBOMBIIALN RN, K VEEEHT
X, Z4FBRMTDLEBERITISEML, S6IA /7 M—AZEMLTYH
HEEEIEDLL RN T,

—7%, BY UBEHICBNTE, A/ =L ERMTAIEICLY BIFH
BERLIEDN, 74 Fv0REHRMLEBECIE, 4/ b=V EBRNOFE L
FHEICIZE A LR A LN -T2, BERITIAPERRLGET TH LRV VER
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Growth
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Fig. 2-1. Effect of phytate on yeast growth. (A) Low phosphate culture (21.5 mg/I
KH,PO, was added) (B) high phosphate culture (1,500mg/l KH,PO, was added).

Symbols : [, no addition ; A ,inositol; @, phytate; M, inositol and phytate. Each
addition contained 10 mg/1 as inositol.

2) BIZBITA2BBAPE L UBBROMBOBEEICE X 2HE

BHEBIZBITLA VM VARIIBB L UOBRBAPHEORERET 5%
AOMIT D720, BE2FERALZAEOBOMARARL L OB EEABEER TR
BLIEEERAC AL EZITo7-. KHPOB LA /U F—A 52BN LB L BT
MOBERBM L. BTR6AHOMBMREERS L OB BEKAPEEZAIE L
T fE R 2 Fig. 2-21277 7.

A b= NVEEMOFEETYH, KHePO4ZHEM LR WERIEE, BERATAL
EHLICEERT108 /mlh B THEFE L. — 5, KHoPOsZ ¥R L /-85 388, BER
FMEAABNTNOREICOEROAPOASKITIH X4, BiAA Tit108 /ml
ULETHERAONT-DIIR L, BERAMTAATIIHEEIEZELIETLE.
WTFhOBIZBWTY, BERBOEBERRBRERFTHDE A/ ¥ b=V E2HML R,
EHIsmL -,

UiED & 5 ICKHPO4E M L TEERAPE MBI L7-BE, BEAARTHIER
WAL IZDIZX LT, 74 F U RBEENEGRENRVEERATIAL
TIX20 M BENET L. BERAMIASL THKHPOsE IR L A2 W CEEFAPR
FEAEINTEGAICIIERIIEMEZ L.
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Fig. 2-2. Effect of phosphate on cell density and AP activity of yeast cells in
sake mash at 6th day. (A) Cell density. (B) AP activity. Sake mash was
prepared with (+) or without (-) the addition of inositol (Ino) and KH,PO (P).
Commercial brewing enzyme preparation (CJ) or koji () was used for the
dissolution of rice.

3) BEEDPD 7 4 F o ofREkt

BERLBIBEO 7T U oREELBEAOpHTRIE L 2 A, WER
DODpH7 v 7 4 VIF K& B Y, BEREERIIpH 40128\ T, BEEFEIIpH 6.0
BWTEFNLEFNEAREM 2R LT (Fig. 2-3). pH 4.0LpH 6.0ic81F 5%t
EMEDL (pH 6.0/pH 4.0) (IBEFEE% T0.03, MER T2.70TH - .

Lo T, BRBIUVUBEHRKOBESRETIABIZOWVWT, pH 4.0&
pH 6.0 CHEMBAELZITY, UTORIZH ESTWTEBRETH 2pH 4.0I28i11 3
EThENDT7 4 F U REEEBEH T I LB TE .

Y = (2.7a —b),/2.67 (1)

K = (—0.03a+b) 267 (2)

Y: BB DpH 4.01281F 5 7 4 F o fEEN (unit/ml), K: #E¥EOpH
4.0I2BI1T D7 4 F oo REME (unit/ml), a: pH 4.0i281F 5 7 4 F o SfEEHE
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FIZEME, b:pH 6.0ICHiT 5 7 4 F 4 fRIE R EHE

RICBO/MEAZZITY, KDBLUOKQ@QEPAVWTBEEOERS X UEHE
kDT 4 FUNMBEEESBER L. Fig. 2-4I0RT X 512, BEROSBIEMEIT
LIAZSH B EEEEZRL, £0#%, REOKRBE L HITHD Lz, ThicH
LT, BEAROSBELIZIBHICIIBHEROEHONIIERE TH - 28,
ABORBEE BIZHEAL, 8BBEURBITBHKDIENES LR /.

100 f

o)) oo
o O

BN
o

Relative activity (%)

[\
o

0 | I I I 1

4.0 5.0 6.0 7.0
pH
Fig. 2-3. Effect of pH on phytate hydrolyzing activity
of yeast (@) and koji (A). Yeast- and koji-enzymes
were prepared as described in the method section.
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Fig. 2-4. The change of phytate hydrolyzing activity in the
supernatant of sake mash. Sake mash was prepared using
koji for dissolution of rice and the phytate hydrolyzing
activity of yeast (@) and koji (A) in the supernatant at pH
4.0 were calculated .

4 BEOBBEICSIIEBERMIERBAPOEE

KHePOsZ B L TEBERBAPO R B 224G LB, BLWY VEBEZHEML W
BrBEATAATHEARL, TALEFNICOPVTHEAKL mlb~ VAP L L TO-18
units DEERIBERE ZRM L. BITRE6H BIC LIEAPEMER L OB AR £ 1
E LR %2Fig. 2-5107R77.

KH:PORMB L OEBEMN TR OBIZBWTYH, BRAPHRMEOE KL &
HICERARBROE AR LAY, APARBELEBERMRERBICAPYFEET S Y VB
HERMBIZ, EWEAPEMICH T 24AEESMBRBICAPHRFEELZWY VBR
Mm% kLB o7, ZOZENLBIIEBWTERBEHAMRKXBIZRET HAPHA
B DA ) h—IVDOERICHENRH D ENbhroTz.
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Viable cell dencity (X 108/ml)
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Acid phosphatase activity in the supernatant at 6th day (units/ml)

Fig. 2-5. Plot of viable cell density against AP activity in the
supernatant of sake mash at 6th day. Sake mash, in which
commercial brewing enzyme was used, was prepared with (O) or
without (@) the addition of KH,PO,. Yeast-enzyme (0-18
units/ml as AP) was added to each sake mash.
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I T AFUNoDA Y P—NDERICE X ABRE KRS DR

(FF)

1) B O TR
BABETO%DOAXERAWTEREZRAM LK, I5CT—HRERLEL. Th
P EEIRE RS T 100 (EILRERT, WbhX) XL,

2) EAMNLDA v b —VERRRABESE

BAPOT VTV BLOCEVRNIBEDRTDIED, ThENTI TARE—
M5 (KFfbrk, BE) BIUORT Vv (s, KK 2HEALE. =2
I5—FR (AABRIE, HR) 777 —¥YM (KB FA L, &8
B) »%BRALEVOZEBERABEANE LTHEALE. kBBt v 7—+¢
iXGomiH D F LD (L VR L. BB LUEBBRIIFE2E, F28i (Fik)
2) WRTHEBEZI> TR L.

3) REK DT

TAF VA ) = NVEUTOREKICL > TEBERSM L%, FRELA /
R EBTAHILICEoTHLE. Thbb, &1 mlicBEF450n g
(AP L T86 units# &) BLUR=v V- X LT bvwAa Vv UiREK
(Cambrex Corp., East Rutherford, NJ, USA) 5ul2 %ML, 0.2 MEEREAEE
% (pH4.0) H T, 35C, 3HMKNTE, £RTDIA /¥ P— V2 E1E, FH2f
(i) 2) I RTHECL->TERLE. ZOR, #EBEELZHRNETICRKIC
BELTELNLET IV 7EEZELS V.

2¥5132.3% (wiv) HEETI100°C, 2.5BFMASMRE, £RTH I Va—=
P RLEEASWEBAS200 (247 FF 44—, BiE) KL-TEREL, ¥
VIUMICBELTRAR L. 2FFERII IV NLVEICEIoTERELL.

(&5

T4FUPBPFTRMEPICEREL THEETAINEINERADL =D, K
BL-EAX%pH 400 BEEEHKRTIZHHCT—HEAEL, LECTELERE
T4 FrEFER LK. Table 2- LI RT X D10, BERTICEKZKE LT
THEBRHIZ 7 4 Fri3BEHET, BRXPOT 4 FUIARBHEOREBTHEET S
ZEnbhol.

2, BEKFOT VT URB VNI BORENR T 4 F L ORM~DERIZE 2
LEBIIOVTRNT D, BRI IFTARF—BELRITS T %2pH 4.0
T—BERIE %, EEOT74F U 2FRELK (Table 2-1). KRBRTHEAL
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ERKEY 1 gbl-vDTF U7V BIUE2ERSEZZTNLETNEI0 mgh L O
9.46 mgTHhV, /774 RAF—FBIORT VU2 —BEAIERZLICL- T,
BEAFOT T UoBIORF U NRNIEDENENEE% B LUVBI% NI,
FUTUBRGRENT ST 4 F U DEMIBONRSTH, Z U R_RTBERLR
EN7-W, EKlg H-0H10pug O 7 4 FUBERMPICRIBE{LE N, KB
LERL-BET a7 T R ERESE BB 74 FUrOBEEBRA LR,
ULDRERNS, BEXPOZ LU NRNIEDHRIEL T, 74 F TR BPICTATE
fbkahsdZ Enbhoiz.

¥ % Table 2- 1R THEL LTI TA AF—VYTURBL-BELREYE L
LTHBETI R IIMBRRE T VU WITHEABRA L L bITER S,
35C, 20BFRIRIE S ¥k, EBICHEETIA / Vb LE2ER L. BESR
BLOBRBEBEELZHRNME TNV UHIWVIIBERBRAOAR 2 (ERA S0
DERT I 7 LTELSIWEERZTable 2-212/78 3. B RBREE M T3
BEELZBEMCTERASEEHEAICHRATS ) ¥V b=V OEREIZEVD, Zhicx
T EREFEEREDR L, A/ VP VARBERREMNICHE R L. FBREER
KEEERBRA b bETHRMLEEEL, A/ VY P—VAERBIIHEKRLE. 7
o7 7 —EBEMRGEETIBREROLAICIE, BREBEOBSICHITAT Y
RLEEABERAGEMOEEIT/ NI hotz,

UEDZ ENnD, BERBAPICL S TERNPOHEIL A/ U b—ABERT S
TebiziX, BAFOZ VNI EBERDRINDIZLITL>TT 4 F RN RMAFIZA
BILENDZENBLBETHDLIZ LB oTz.
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Table 2-1. Effect of the degradation of starch and protein on the
solubilization of phytate in steamed rice

Degraded Degraded Solubilized
Enzyme starch protein phytate
(mg/g rice) (N mg/g rice) (ug/g rice)
No addition 123 1.47 0
Kleistase 783 0.53 0
Pepsin 118 8.42 10.1
Kleistase+Pepsin 814 8.35 9.0
Kleistase _a 791 8.5

+Koji-protease

Milled steamed rice (5% (w/v)) was incubated with 0.5% (w/v) Kleistase ,
0.25% (w/v) pepsin and/or koji-protease in 0.1M acetate buffer (pH 4.0) at 55°C
overnight. Koji-protease extracted and purified from rice koji was added at the
concentration of 5 X 102 units/ml. All values were indicated as the amount per
gram of dry steamed rice.

aUndetermined.

Table 2-2. Synergetic effects of commercial enzymes with the
enzymes from yeast and koji on inositol liberation

Added Liberated inositol (ug/g steamed rice)
Enzyme
(mg/g steamed rice) Enzymes: fromyeast  Koji-enzyme
None - 3.4 9.8
Pepsin 19 10.0 13.0
Sake brewing enzyme 1 73 96

After steamed rice was treated with Kleistase to remove starch as described
in Table 2-1, pepsin or sake brewing enzyme (an equal mixture in weight of
kokumilase-tsurugi and protease M) was added with yeast- or koji-enzyme
(7 units/ml as AP) and incubated for 20 h at 35°C and pH 4.0. The amount of
liberated inositol was then assayed.
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AT T4 TFUNRBCBET A TEREBERA T ¥ —FPORE

(FE)
) FEHBEKB K OHEE
EBBERE & L T Scerevisiae H ABEE W £ 9015 (K901) ¥ L W’701%5
(K701) B3R OUT-1#k (trpl/trpl, uradlurald) 2%, EBR=EK & L TX2180-
1A (Yeast Genetic Stock Center : MATa, SUC2, mal0, gal2, CUPI1) % &
AL7. UT-IRIIEEXRZERFERIEABOELLI V53 hi.
TAFUEMBEDINETERFMOBY U BBLWEY VEREMIIAE, F26
(FE) 1) R THECE> TRE L.

2) B L OEEREEE S O R R

BHEA ) h—NLELTI0 ppmE LT 4 F 2R MLIZIEY VBH BN
EE Y VB TISC, 12BMER L. BEERIVEBEERIIAE, H2H
(Fik) 2) WRTHEICLVFAMLE.

3) BEFRIEMERE

TAFohbDAL ) b= VERENIE, BRERIGIZE>TERTEA /b
—VEEEBETHIELICL>THIEL. 50 yM 7 4 F U EEF MU 7 L (P3168,
Sigma-Aldrich) ##HE & LT, 0.1 MEFEER&E &R (pH 4.0) R TAPEMH L LT
1.5 unitsmlOERBEREZEMT I LICLVREEBB L. 15C, 18 L U3
FrEI RS S 72, 100C, 100MMEBAL TRIGEFELL, KISEFOAL /¥ b
—NVEFEIE, FE2H (HFE) 2) WRTHECLL->TERLE.

T4 F U RREER X OAPIESEITELE, F28 (FK) 3) K RTHIEICE
S>THIE L.

4 47 =1L VEBEOFHY

inositol bisphosphate, inositol trisphosphate, inositol tetrakisphosphate,
inositol pentakisphosphateid, inositol hexakisphosphate (7 1 F ) OBER
WA EVUTOHFEICE > THRE L 7269,

HEECTpH 5.0iCFABL1% (wiv) 74 F v 8F Y v A (P3168, Sigma-
Aldrich) B#1 W7 4 F 5 MIEMHE E L T5,600 units DBEER 2 2 HRML,
35°C, BEFfIIGSH 721, 100 mlD2.4% (wiv) HEZHEML TRSEZEILL X
¥, K&K EZDOWEX 1-X8 (200-400 mesh, ClE! ; Ln<F7 27 ) X, K
) AF 55 A T A (1.6X63 cm) 12130 mVhTHK L, BREROEREE
48R4 IZ1.2 NETERNICED D Z EICL-2TA /v b= Y VBRI
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L7z, BEERZ25 ml$T©° 2B L, 6 NEEETI20°C, 30RFMLAE L 7=, HEBET
DEBY VBEARE, F2H (FK) 3) TRRXEFERIESTEETEHZ LI
X, £ b—NY VBOBEREE=F— L. BONEEBE IOV THEE
BT EITV, EHELT-A /) b=V VBOEALREID A 2 b2
VVBOSFRESRELE. AEKIZL Y, inositol trisphosphate, inositol
tetrakisphosphate, inositol pentakisphosphate®%&7. 7=, 7 4 F L HfRE
P£12,700 units DBBER EHRMLITHHRIG S E %, EELRKRCDEL,
inositol bis-phosphate% 7&7-. 72$inositol tetrakisphosphate}s & inositol
pentakisphosphateldf AL un~< 75 7 4 — 2B\ TENEIE H R
DEBRDZ2OOERMEENBFONTOT, Zho2EEELTHERLE.

inositol monophosphateitSigma-Aldrich® (I 5250) Z{EH L 7=.

5 BERAPEBIGFO I/ —= 7 L EREBRKDOHEE

DNA#:{E (X Escherichia coli HB 101% 15 ¥ & L TH\, Hanahan® J5ik65|C
IOVEEGHBE L., BRI bR Lb—3 a3 ik (LKoo THEERH®R L.
PCRIZ/ZKOD DNA polymerase (RE¥#¥#5, KWk) %, HIREEFR BamHI11X% 7%
INRAAREZENENER L. DNAV—J = v 7 HOREHIAutoRead™
Seaquencing Kit (Pharmacia Biotech, Piscataway, NJ, USA) #FH\TH
L. v—27 x> 7 iZALFred DNA sequencer (Amersham Pharmacia
Biotech) # W TITo 7.

B2 £ 4 &) Mk AP #& f& T PHOS® & (' PHOI1 %, 4% Open reading frame

(ORF) iZBamH1 ¥ A bEfMM LIS F7 A ~—%5E L, PCRICL » THE

L7. PHO5 i3X2180- 1A% O Y& {ADNA%, PHOI11¥ & PHOI12i3K9014k
DYEBEDNAZENEFNGHR L L TPCRTHEE L. RBMA R, PHO53
ITK901k e & {ADNA% §58 & L CTPHOSD 5’1/ A ~— & PHO3D 7 5
A<—%HWVWTPCR%E{To. FRALETSA~—%2UTIITT.

PHO55: 5’-CCCggatccAATGTTTAAATCTGTTGT

PHOS5 3': 5-CCCggatccTATTGTCTCAATAGACTGG

PHQ5-35: 5'-CCCggatccAATGTTTAAATCTGTTGT

PHO5-33: 5-CCCggatccTTATTGTTTTAATAGGGTAT

PHQO115: 5-CCCggatccAATGTTGAAGTCAGCCGT

PHO11 3: 5-CCggatccTATTTACTGTTTTAATAAAGTG

PHO11DB EBRINIPHOIZL3SBEE 2B VW TR —TH D, Ja—=v7
%, v — 2/ T RE{ToTCPHOI1IE PHOIZZRFE L. LnLBEbhikss
— T _RTCPHOIITH»T=-DT, PHOI20ORF (1~1,404bp) DRI TPHOI11
EEEHID R BER S (-694~1,742bp) IZOWTLTO S5 4 ~—%&EH L 7.
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PHO125:5-AAGCGTAATTAAGGTGAGAAA

PHO12 3:5-ATTCTTTCACATCATAACCCA

INHDT T A ~v—TKIOIHKREEEDNAZHUIZIPCREIT - 1), HEEEY
BB LN hoTc. £ T, X2180-1AKOYEEAEDNAZ A L L TPCRETW,
BEONT-PCREMZHR L L, ELICPHOIIOWEBIZER L~BamH 1 %4
ERMLET 54— HAVWTPCRE T/, fHbhlsua—iionTi—
by 7T, PHOIZBRIGF THDH T LR LI,

PCRTCHiME L 7= PHO5, PHO5-3, PHO118 S NPHO12& - +% BamH1 ¥
b, BRBENXI Z—pG-16D [TEALE., TREFNEFHAVCTUT 12 HEE
# 1, P5, P5-3, P11, P128k% 7. WL L TpG 17 ¥ —%UT- 142 &
AL, GIEET-.

(FE R
1) £ PHORGFHREAKD 7 1+ F - FI

PHO5, PHOS5-3, PHOI11E X O'PHOI12% BB XS K (£ £ P53,
P5-5, P11 K U'P12) %G1k (M) L b7 4 FUrivmB I UERMOIK
VUBERIIEY VB THEBIE L. BMMER X VAPES £ Fig. 2-6 (2
9. GLERIZFig. 2- LR LK DB A L Rk, 1KY VB CIIAPE2 5
BL74F U2 BECHRATEES, G rBEMTE 7 F o 2RATER,
o7, BEBOTEAPEEF TH D PHOS 8L WPHO5-3% B X ¥ P55 &
UP5-3%i%, BY VEREHMIZBW TR BAPHESERE N - 728, 7 4 F VBN
CEFMOBICIZTEALHBREOERLA LN NoT., ZHIZK L TPIIEB LV
PI2BRIZAPHIEMEIZIE WA, 74 F o OBRMI L > THBEENBHEICHE XL,
G2 7 4 FUHMEY VEBEEMTERE LG E2 LR -7, UEOERML,
PHO11E S O PHOIZIZAPEGF L L TITIE VNIV OB LRI o 253,
TAFUCEETTOHEBICR LTS T2 Lbrorz.

iz, GIKRZIK Y VB # T, P5, P5-3, P11, PI2k& & Y L B TF
NENEELELEE»OCHEZRZFAML, APL LTERENLS units/ml% 7 4
FURERSERERKOL /v b=V AEREEEZRIELZE Z A, Fig.2-TIZRT
o212, 4/ F—VAERMERHIEPSE L UP53KAFKAPE R LK, Pl11E
P12k RKAPREVWMEE R L7, ZHbDRERIT, Fig. 26ICRTHE~OHE
E—E L.

261, Fig. 2-TCBWTHA L - &BBEERD 5> HG1, P5, P5-3, Pl1fiXk
BERIZHOWVWT, APE LTENENO0.5 units/ml2&fEL /v b—1 U VEBERIZ/ER
TR VUVBOAREBECOMIEEZREL, APAIEICERLEZEETH
% prnitrophenyl phosphate ® 73 fIE M IZ %t 3 B FAXHIE M %2 R D 7= 5 % Table
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2-312F" Y. WTFHhDA /> b—AY VB LTHPIIHAKREBERIELIEEN
<, Fig. 22T RTEIIOCKBRER 7 4 ForvbDA ) ¥ b—NVEREERS
WO, 74 F VOB REYNETIZRH L TONBIEERE W LiIckbdZ &
Nhhot.

(A)
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© 60 r
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AP specific activity
(units.”
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Growth (Abs.660)

E!:ﬂ]

G-1 P5-3 P11 P12

(9 (H) (H) (H) (H) (H)
Fig. 2-6. Effect of the expression of PHO gene on the growth in the
culture supplemented with or without phytate. (A): AP specific activity.
(B): growth (OD at 660 nm). Strains P5, P5-3, P11, and P12 which
expressed PHOS, PHO5-3, PHO11, and PHOIZ2 genes constitutively,
respectively, were cultured in high (H) phosphate medium. G-1 in
which pG-1 vector was introduced, was cultured as control in both low
(L) and high (H) phosphate media. Each strain was cultured at 15°C
for 10 d with (M) or without (O0) phytate (10 mg/ml as inositol).
Specific activity was represented as AP (units/ml) per growth (OD660).
Data represented mean values of three independent experiments and
bars indicate SD.
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Fig. 2-7. Liberation of inositol from phytate by PHO gene products.
Crude APs prepared from high phosphate culture of the strains P5,
P5-3, P11, and P12 and from low phosphate culture of G-1 were added
to 50 uM phytate at 1.5 units/ml as AP activity. Reaction was done in
0.1 M acetate buffer (pH4.0) at 15°C for 1h (0) or3h (M) and
liberated inositol was determined.

Table 2-3. Inositol phosphates-hydrolyzing activity of PHO gene products

Relative activity for inositol phosphates

Strain

Inositol phosphate: I-1-P 1-2-P  1-3-P  1-4-P, [-4P, I-5P, I-5P, 1-6-P
G-1 041 094 084 071 053 059 044 0.36
P5 028 054 060 049 027 039 027 0.30
P 5-3 025 053 055 048 027 035 021 0.23
P11 067 164 121 084 1.03 087 0.69 047

Crude AP prepared from the high phosphate culture of P5, P5-3, and P11 and that from
the low phosphate culture of G-1 were added to 2 mM each of inositol phosphate at the
concentration of 0.5 units/ml. Reaction was done in 0.1 M acetate buffer (pH 4.0) at 35°C
for 1 h, and liberated phosphate was measured. When p-nitrophenyl phosphate was used as
a substrate, the activity was expressed as 1. Abbreviations used: I-1-P, inositol
monophosphate; I-2-P, inositol bisphosphate; I-3-P, inositol trisphosphate; I-4-P|, inositol
tetra-phosphate (isomer-1); I-4-P,, inositol tetra-phosphate (isomer-2); I-5-P,, inositol
pentakisphosphate (isomer-1); I-5-P,, inositol pentakisphosphate (isomer-2); [-6-P, inositol
hexakisphosphate .
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B BEHLEE

(B

T4 F U ERMUZEREM, 3 ERBICBNT, BRIIEY VBRET
THEAREINDAPILE > T T 4 F &L, AR LA/ b=V ERAL
THETHILENTE. BRAPICL - TEXFTO T4 F o BB E2Z T 57
DIZIE, BEFOZ L RI7ERTuT 7 —BilloTHaEnhdZ LizkoT,
TAFUNBERICABRILENZ I LBMLETHo . BEROIMEIEAPD S b,
PHO11% 1213 PHO120 22— R 3APHN 7 4 F L OBBD - DI K b BRI
BETAZERbhol,

(B8)

BEBIIBITABRE~DAL ) h— A BB LEWIBEAND 7 4 F U REE
COWTEICEBAPOREEBIIODWTRHLIERER, REVLBIEBROLI>TH
v, BRAPE L7272 VWKIO1ER2D 13X, KV B TR L, APRFE L
BRix 7 4 F oA/ b= RELTHRIATERZZ DD, BERAPICL > TY
AFUBRDRINA )V F—ADBEKREIND EEZS.

DE, BBEBIZBTZ2ERP»LDOA )V M—NVERICBIIEZTERAPOE
BIZHOVWTHOMNITEE®H, EBRAPEZ L= WK01IKEZ AW tiAsa %2R
Thole. BORBE LTI AF U HBEEEZOERVEBEERBERAZ 2 A0
TEERAMEIAARTIE, VUBERML CEBAPEZNG LAEESICIE, B0
FEIZZE LS Ehokd, UVBERMLARAVWTEROAPEZFE L B4,
BERLIIBAFERAL-BLRABEICECTHBELL., HEOELIEWY VEBREMEE
RRMLRAAL TS, 4 /Y PNV EHEMTHAIEHEBEEIESICEBRLEZZ 2L, B
KBWTHEY VBT CTHFEINIBRAPYASA /Lo B L TER
DWFEICEETHLERLE.

LD LEBERAPIZL > TEXKFOT7 4 Finb A ) b= BREKT I,
TAFORERIBEOBEBLTHBLIND T LBRSLETH-. DT
LR T7A4TF UV DHEEBMUTHET ) a—a BB Z RI7ETHEERIRATNS
TEE—HKT 39 @E, BEBECBOTEREXIITO%EREICETEREINS
B, ZHRARBICDHTHT Y 2a— v BERO—HITAKICEFEL, BRPICER
TBHT7 4 FURERAKICETIZL, BMOTEREAZZITICS WREBTHEET
L EEZD.

BICBWTHERBOBMBOLDIZX, HICVMOL /) F—VERKENEET
H5. BIBYVHICIZIEEOBBRRD T  FUomEMd, BhakoEsictt
RBELIEEETH oM (Fig. 2-4), BERMREREICITIMENZ EESAPHF
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FELS, TR T A F ORI HEETLZZ EBbhro (Fig. 2-5). £D#E
B, BEAMLRALOIIC T 4 F OB EBEBAPORIEKETIHAICBY
Tb, BRIBEZFERALZBICEARI08 /mILA EICE CHM T3 EEEL
7= (Fig. 2-2).

KY VBT CRETIEBEROAEOMEMEAPD > b, FOAPB T + F vk
DAY b= NVDERICFEETINEZHAONCT 5720, BERFAPE 2 —FT5
PHOBG T2 ENETNHEMTREA IV T T+ F U oEE Rt L. X2180-1
A% Y ) 5K Y PHOSE & ("PHO12% , EHBBERKIOLK S /) A X W PHOS-
PHOS# & 157 (PHO5-3) ¥ X PHO11%#PCRZ u—=27 L. K901
M HIXPHOIZ DORFOAD T 5 A4 v —% AWk, HIEBEDREGELALR»-
T Z LRORFEDLDEMIBTHIRMET THOLNI T RTD Y u— B PHO11
DHTHoTT b, KIOIRIZIIHBERMAP TH 3 PHO3L [FMEkiz, PHOI2
LEELRVD, HEIVEHFEETIELTHLHEBEIARALICL > TEREREIIR
ROAREBTHEETDIEZEZOLND.

TNHD4ODPHO B FE2ERBAPE L= RWUT- 1K 2BEXL LAY v
BRiE it CHRREBRIERLL A, FRIERKLTCEE PHORIGF TH D PHOS
BXOPHOS3137 4+ FUHE~DOFEELEIFELS, AP L TREEHETH S
PHO11E L U'PHOIZD B 7 4 F o REDE T REMTHDIA ) b=V
izt L TEERFEELNGL, 74 F VSRR FEETI I ERbhhoTz. B
APD 7 4 F UM LT, PHOSE X RPHOI11D Aspergillus oryzae~® ¥
AL TT 4 F—BEMHOERBALNTZETIHRER AL D069, BER
DEBEAPTRWPHOIIB X OPHOIZZRENLREREZIINETCRHIL TV
Motz BFFRIZEB W TPHOIIE L WPHOIZ2DT 4 F 3 RICET 5 #EE B
LTS ZLiE, TNODBBETFOBBICBITZHFEERYE 25 L THIK
BTN,

UEDZ ENL T4 FonbDA )Y b—NVDOERKRIZK LT, PHOLIH D\
I PHOI12B I+ B EEREHEZRI-TAPRGFThHI LR L.
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3T BEHON T BT FNAEEIIG DA ) Y =L

F1E T

AETIHEHXEZEEL, BIBITEBEE~OA )Y F—LORGELHIRT
DTN, WEBEOA 7o Bz FAERICEDL I REBLEX D20 EH LN
WThHZEEHMETS.

AT BT, REZFOOBEHTHEVBE LI I I v BELIX
caproyl-CoAé =% /) — N5 EH L L TEERBICL - TEEKEIND. LER-T
O Ta VB FVERICEET2T2ERE LTI, REOEBIUL Y
OVBIFLDER - DREMBETIBEEEO2ONRELIOND. KRETIT,
A b= NVOWRBELBRICIII T o VB FLAKEOBRE, VT
B FALARICEAET BB FORRLANLHEHATS.

F2HT A/ VP NVEBREORBEY T B FNERBIIE DR

(FIE)
D EHRB L ORBB/IMEIA BB

1EEBEEES. cerevisiae ATCC32694%k, H AEEXEW£701%5 (K701), 901%
(K901), 8% (K8), C38kxM L. C38kizE L = mtExiEEL LT
KWOIREDBEonh o v BzFLEEELRETHDTY., BIEA /¥ b—
IV E0~125 mg#iRi L 7=#2XK200 gD 3BALI AR ZIT o 7247, BIXHEXBHAT0%D
FX»SRAML, #XIIREXAEHET70, 80, 90, 98%DEAXKEMHHL -,

B OBERMREEX ~~v A —F—ZHVTHAILE.

2) A rsBrFILOER
BgRBEO oy BoFLIl A~ 57Ty RAR—REIIZ
LUVERLE™.

(s )
1) BHRHEOURBEY T B FLEREICIE2DE

KK 44570, 80, 90, 98% D HKEHK E LT, KOIKEZEALTA /¥ b —
JVETRMS 51125 mgiRMN L7-#K200 ghB AR L, F#EFOBOBERM
fEESLORREOY 7o v Bz FLEELHIELE.

Fig. 3-1LliZRT X O, 41 /Y b= AZEML2VEFEOB T, BEHRE
EIIHEXBLETO%OARXEER LA IR bEN -, L2L, 41/ b—
EWIMTHE, BASSTO%OAKXKEZER LABIZBWTHMORB & ORIZER
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B laotz., —F, EREBIOWBWALDHEEIZIIEA /¥ b= ViEMLE ER
MBOBICHREEOCHEIIR ORI o7,

A 7Y b—NVEFMOBTIX, BRBEON a B FLERBIIBEXRES
MW%DPHFEAIELEL R, A/ b= VEHENMTE2LEOERITA /) ¥ b—
WIEBRMBO V21T Lz, LA UERBEEGIO%U EOFEITIE, MEEED
BEERERRIZA VS F— A ORMEERMOBICH 7o VB FLEEOREIL
Rohihoiz.

2) B~DA )b NVEMELBEKBEON o B FLEE L ORBER

K901k 2 H L T0~125 mgD A / ¥ b— NV EZEMLEZBEH ML BXHE
70%), BRHREERLIOVORMEEOY 7o v BFLERLAIE L. Fig.3-2
AT LD, 473 h—VEMENKRAK200 ghl- v 10 mgE TIRFEMEDH
KeEEDICHREEEIBEKRKL, 7o rBFLERBEIBY LER, U ER
MUTHEEELEDIZFEALERBR DN oz, BOERIZEBWTIIEXSE
BT0%DAXERAWTHRHK200 gb7=0 125 mgDA /) ¥ b—LVEHRMLEBE2A
WL, 1/ b=V EHFRMLBEVEFOB LKL /.

WIZ, BBROBEBEBEREZBAVCTAS /U F—LEMBIOERMNOBE2 AL
(BEXBHET0%), BEOL T B FLVEELZJE L. Table 3-LIFRT
ko, o BxFAESAER CBEERLEHGAKLA /¥ F—EM
DEBIIVRDP ST, WTHLOEKEZERALZGBGICIBWTY, B~1 /T b
—NVERMT 3 LERUEEBRON T B FAEEIEA ) N VERMBOKN
12F 72 i3 E N FICETHA LK.

INHLOAL )Y b= LEMBLOERMBHOHBON-MEBEOEY % 144
DNREFYRPMILoTERERBREICL > THEE LA, Table 3-212;7T LD, W
THOBEKEZFERA L CHAML-BREICENTS, /2 h—LERMOBED
FH, BEONBOLHESH, 2R TRAERRIITHEREL LTHESN
7.

LEDESICHEXRBERT0%NOAXEERTIEAL )V F—NLOB~OHEMN
RS, ZO/RE, V7oV BEEOGEVWREEENIELONDIZ L bhoT.
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Fig. 3-1. Effect of polishing ratio on yeast cell density and ethyl
caproate production in sake mash. Sake mash was prepared
with strain K901 using 200 g of polished rice (polishing ratio:
70, 80, 90, and 98%) with (M) or without ([J) the addition of
inositol. The final yeast cell density (A) in sake mash was
determined microscopically. The ethyl caproate concentration
(B) in the supernatant (fresh sake) was measured by head
space gas chromatography. Each data is the mean for two
independent experiments and bars indicate standard deviation.
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Fig. 3-2. Relationship between the amount of inositol supplemented
and ethyl caproate production in sake mash. Sake mash to which 0-
125 mg of inositol was added was prepared using 200 g of polished
rice (polishing ratio 70%). The final yeast cell density (O) and ethyl
caproate concentration (@) in sake mash were measured as shown
in Fig. 3-1.
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Table 3-1. Effect of inositol on the production of ethyl caproate in sake
mash process

Ethyl caproate produced (ppm)

Inositol
Strain: K701 K901 K8 ATCC32694 C38
- 1.08 099 1.16 0.54 14.76
+ 038 0.44 0.16 0.15 8.28
Ratio 035 044 0.14 0.28 0.56

Sake mash was prepared with several types of sake yeasts using
200 g of polished rice with (+) or without (-) the addition of
inositol. The ethyl caproate concentration (ppm) of the supernatant
(fresh sake) was measured by head space gas chromatography.

Table 3-2. Effect of inositol on the quality of sake evaluated by sensory test

The number judged to be better by 14 panelists
Inositol Total

Strain: K701 K901 K8 ATCC32694 (38

- 10 12*  12* 12* 9 57**

+ 4 2 2 2 5 15

Sake mash was prepared as shown in Table. 3-1. The odor of sake with or
without the addition of inositol was evaluated by 14 panelists. The values
represent the number of panelists which judged to be better for each sake.

* 5% significant, ** 0.1% significant
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H3H BTYOEBEON o VB FAAREERLIOCI o VBREREICE X
540 h—NVDEE

(F)
) B/MMERALRRB I OBEOHE
AE, F2f (FE) 1) IC#LT, KOIBLUVC38KkEFERHL, 41/ ¥ b—
NEERM CE 71T 125 mgB N L 72#8K200 g DB O3EALA AR % {T - 1=,
SH615% (inol, gen2, gen3, hisl) % 0~200 ppmA / ¥ b — /B L U35
ppmt X F U & #E L /-Hayashida b O 549 % B\ T15°C, 5H MM ERE#E
L7.

2) BERIEMEORE

B OBERITEOCHBEICL > THE L. H2X1000ERME%21 mM
VFFALVAL P—AERL mUCBEBE L, F1E, H4E (HiE) 2) KR THIER
LoTHIREZMEEL, BHambREE-.

AR B & H Dalcohol acyltransferase, W 7o B FAAK, H TP
BrFALNMTAT I —EBEEERLULOGFE®ICEVBELRL., 2L,
alcohol acyltransferaseB LW 7o VB FAERT AT I —EEHEOHIEIC
BWT, 470 BxFAEREORIL, W7o BAFALENTREL LTHY
To. ETAT 0 BITFASRIAT 7 —BERIX, KISICX > TEHBEST DS
nUBAERTAHAIEICIoTHIE LA, 1EMIZ1 umoledh ' VBT F )L
F3A T BEERTOBERL L unitt ER LT,

3) RSB O FE R

T @, ATIVNVEE, ATV CBEUTORECLTEELL. & E
10 mliz %t L CT1 mlo00.72 NE#IBS L ONBIZLE L L T20 pgdO~7 4 VBE T
mi, 3 mlmFArz—F L C3EMHE, ERENRAZKREF1TTHI00 plFE TE
MEL7-. BRMETOPENSV B % Table 3-3IC /R T &4 T TDB-WAXY F A
(J&W Scientific, Folson, USA) 2fWT, H#rsu~ /57 -HEEBHIT
it (GC-17A—QP5000, BEEER, =#8) X TERE L.

4) HEEBEEOHE

BEREEOEHEEIT, HELZEBREARNOHEEBEOHE™ ([CHL TEHER A FL
TATNERULEE, FROOFED LB THRAIa~w T 57 40—
XS LE., oY UEE, SVRFURE, SAIFURE, LI bAF LAY
B, ATTVVEE, FLAVBOEEZAHLELOLEKEVBEREL L.
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Table 3-3. GS-MS conditions for the analysis of middle chain fatty acids

Column DB-WAX, 0.32 mm i.d. X 30 m, 0.5 pm film thickness

Carrier gas Helium, 2.0 ml/min

Column temperature Initial, 120°C; held for 2 min, raised at 10°C/min
Final, 200°C; held for 5 min

Injection volume 1l

Sprit ratio 1:50

Interface 250°C

Ionization Electron impact ionization at 7.0 eV

Detection Selected ion monitoring at m/z 60
(R

DAYV N—NVORBERY o B F LV ANBERRERICE X DRE
KOOItk D EMBAHHIRICOWT, d 7 u B FAARICEE T 2BEEL L
Talcohol acyltransferase, ¥ 7R BFLER, I 7o B=FLH5ET X
TP EERELEEREFig. 3-8I2R7.
INLD3IODOBERERIIVTRLA /¥ b=V ENE L BRMBOMICEN
Hohipholz, ZoZtds, BEOAL ) b—APBICHBENTE, H7
oVBIFLERENETTE20, v7urBrFVERICEET DBERENE
DETIZELAHbDOTEHBRNWZ ERbrosTe.

2D AV b NVORMBEPHEVBEERICE X IHE

K901k B L VC38K AL HWTA /v b — LV ERNBB I UORNBLHERL,
BRBEOTHEIEHBREELAE L. Table 3-4Z73T L HIZ, WTFhoEKk%
HAWigab, BIZA /Y M= NVEFRMTBHEAT a8, 7 IVLABBIOS
TV UBOIOOREHEBEENSMET L.

TOZENL, BEIOA )V b ABBICHE IR, Ao BT LAE
RENMETT A0, BETHAY o BAERENETTA-HTHA I LN
ot
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) A/ V= ADEEENBIECGZIREE

SH616#k% 1 / V FP— NV RBEORL I EMTHKENE L%k, HEREVES
BEARE LEFEREFig34l7R-T. £/ b—NVEBEMN25 ppmE Tik, B
DHFEA ) b—ANBEOHEME L HICHKEBRE &I L, Z0ULE, A
JY M=V BENEMLTHLEENA )V F—LEBIEL Lo, ZDZ
b, £ F—ADBHIRINK, BEEVBSENENTLIZ L8Lros
7.
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AACTase
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(units/ml-sake mash )

Esterase —hydrolysis
(units/ml-sake mash)

Fig. 3-3. Time course of AACTase and esterase activities of yeast in sake mash.
Sake mash was prepared with strain K901 using 200 g of polished rice with (@)
or without (O) the addition of inositol. The activities of AACTase (a) and
esterases in ethyl caproate synthesis (b) and in ethyl caproate hydrolysis (c) of
yeast cell-free extract were measured and are represented as units per ml of sake

mash.
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Table 3-4. Effect of inositol on the production of middle chain fatty acid in sake
mash process

Middle chain fatty acid (ppm)

Strain Inositol
n-Caproic acid  »n-Caprylic acid  n-Capric acid

- 4.2 2.7 0.42
K901 + 1.8 1.3 0.32
Ratio? 0.43 0.48 0.76
- 28.8 6.5 0.93
C38 + 13.8 3.6 0.63
Ratio 0.48 0.55 0.68

Sake mash was prepared as described in Table 3-1. Middle chain fatty acid
concentration (ppm) of the supernatant (fresh sake) was measured by GC-MS.
aRatio of fatty acid without the addition of inositol to that with inositol.

3 300
2o
(]
E
5 200
©
Q @
2 100
2 °®
i —
£
= | |
0 11
0 2 4 200

Supplemented inositol (ug/ml)

Fig. 3-4. Effect of inositol supplementation on cellular fatty
acid content. Strain SH615 was cultured in Hayashida’s
synthetic medium containing 0.5-200 ppm inositol at 15°C for
5 d. Fatty acid content of lyophilized cells was determined by
GC-MS. The sum of lauric acid, myristic acid, palmitic acid,
palmitoleic acid, stearic acid, and oleic acid content is
represented as total fatty acid.
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Fagi A F—NVORIRICE DERON T o R R EREE O ART

(F &)
1) Btk

S.cerevisiae UT-1% (trplitrpl, uradlura3) 9% X 18X2180-1A (Yeast
Genetic Stock Center : MAT @, ade2-1, ura3-1, his3-11, trpl-1, leuZ2-3,
leu2-11, canl1-100) %M L 7.

2) R L UOB/MEALRR

200 ppmA / ¥ b= B LO10% (wiv) 7NV a—R%ETrWickerham& k%
HCEERE A 15°C, SHMEFHBEHEE L. HMELT, 4/ ¥ b=V ERMOKEH
ERAVWE., ZREThOBEKROEBERMIZG LT, £FCLERYE (30 ppm
TF=V, 25 ppmV T b, 35 ppmE AF VL, 100 ppm bV T R T 7, 30
ppmu A ) EBERMLI.

W303- 1AM S opi ITE B 2B 572, AUR-YPDEMEEH & L T500 pg/lA
— VANV UA (BHTNAAE), 1% (wiv) BR=X R, 2% (wiv) RIY R
ZFhy (BARE, TR, 2% (wv) ZLa—2Z, 100 ppm7 F =8 X U2%

(wiv) BRPORDEMAERL .

INUNOREEGERKEEEDIHEICIE, 2% (wiv) BX % & Wickerham&
FREREEBEARL LT, TR EROBEKORBERMIZISL T, £FICSLER
g (30 ppm7 5 =, 25 ppm©” 7 ¥/, 35 ppmk XF T, 100 ppm kU
Th77r, 30ppmuA V) EHRMUCEMEFERL .

BITHBXSETO%AXREZREEKE L THE LD FEMIZL Y X200 gD 3B
LIALTHB L., A7 b= EFEMLRVEEORBL L HIZ, 125 mgDA
J Y= NVEREMLUEARAARZHETIToR., ¥ XTORBIZ2T mgh Y 7 7 7
CEBLIY 68mgu T ARBMLIE.

3) OPIIE = TR O ER

Fig.3-5(Z R4 FIMEIZHE > TW303- 1A D OPITEIG F 2B L 1=,

2,372-bp® OPI1 ORF D5l BEHE fHIRK 2 K901#E 7 / LDNA% #5541 & L TPCR
WE-oTHIIE L., ZOMAR %275 A F pAURL12 (#H 5314 A4) ITEAL,
pAUROPF#78 7. 2,058-bp® OPI1 ORF® 3"l B 4E # PCR T & » THIE
L. ZOWH 2pAUROPFIZZ u—=1 2 LpAUROPFR%787-. pAUROPFR
X, PCRTHIE L7=OPI1 ORFOSB L OSROTBHEERN ~— 1 — &I F
AUR-1Ck A TR L FRAIZA2 D X S I L7z, pAUROPFR%# BsiX 1 B L O
AfIT TYIWF L, 4£ U7 OPII:AURI-C #E16.8- kbW i % v TW303- 1A
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PR L, W303-1ABK D OPI1 &5+ % AUR-ICE T+ CTEB#H L I-.
aureobasidin At % RT B EEBEN S OPIINEKR B 7-. OPII&ZFHHK
BanmZ t%PCR ICX > THERL .

wiz, Fig.3-6lZ/RTFIEIZHE > CUT- 18D OPIIE G T 2B L -,

OPI1 ORF & £ D5k X U3'MIBEEHEE % & 15.86- kb ODNAKT i &, K9I01#k
7)) LADNA%Z SR E L TPCRICE - THELE. ZoWMAh%E, 75 XAIF
pUC19 (& A L, pUCI90P% 1§ 7/~. TRPI&E+% pGIM% &8 L L TPCR
WWE->THIELE., ZOWAF %2 Spel 8L UBsP1 THIWr L, pUC190P D Spe
I1-BstP1 %A biz#AL, pUCI90PT%%57-. URA3 &=+ % pAURI112% 8%
ML LUTPCRICE-THIELE., TNt Spel BLUBstP1 THIWr L,
pUC190Pizc 7 u—=7 L, pUCOPU% %/, UT-1#k® 2 >® OPII& =¥ D
b0 —F% TRPIE G+ CB#HT S, pUCOPT%# BamH 1 & L RAfAN T
gk L, ZLC7~-DNAWR AW TUT- 1k2EEER L. NV 777028
EFRVEREMTEET LEREGREN S FHOOPI1 &G F 1A WE I,
UT-1TOP%: 5 7-.

pUC190PU % BstX1 8 &L WAAN TYIWr L, £ C7=DNAWH % A\ TUT-
ITOPM 2 E#H L, UT- 1 DR Y O 1 DD OPIIEEF % URASEIGF CE
L7, NV 770 BIXOU SV REERVWEDEREMTCET L-FE
ERIR IR b 5 O OPIIR I+ BE S hi-#, UT-1DOP#% % 7-. OPII&{ET
DREEINT-Z & %PCR 2L > THER L.

DNABRERB LI UOBEBOBEGHRIIFE2E, F4H (FIK) 5) KR FHEICk
2 T{T-7. PCRIZIZEx taq DNAR Y A5 —¥ (FHF N AF) #FEHLE.
HIRBERIIZ W TN AREFER L.

4) IEBAREB G THERBEKOER

wNFar—R7 Z—pG-1M, pG-IMBEB X pGIMU#% Fig.3- 7 IZ;" T F
JEIZ L7 THELL. pG-1IMIE, &A Y IXTIFFE2T7T=—) v 7 &xH
7o, pG 17 &2 —6D TEAL~NTFI7a—=v YA bEAMTHZEIZE
STHELL. pG-IMUIX, 77 X I FpRS42679% g% & L T, URA3 BB+
EETCMAZPCRICK > THME L7, Sphl THINL, pGIMIZEAT R Z &
Wk o THEELE.

ACS2, ACC1, FAS1, FASZBIGTHMRREANI ZF—ZUTOHIEIZ LM
STHELE. F8ETFIX, KWOLKE#HR L L TKOD DNARY A5 —¥ (K
AR, KBR) ZHAWVWTPCRIZE » THEE L.

ACS2& {6 ¥ 13 5'primer, 5'-TCCccgcggATGACAATCAAGGAACATAA-3' B
X U'3'primer, 5'-CCCgagctcCTCATTACGAAATTTTTCTC-3'%# H VW TPCRIZ &
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S THIE L7z, HEIEEDNE Sacl B L Sacl TUINFL~#%, pGIMU~RY ¥
—IZ#EAL, ACS2EBIEFHEKREE~Y ¥ —pGIMU-ACS2Z & 7-.

FAS2%& - T 13 5'primer, 5-TCCccgeggATGAAGCCGGAAGTTGAGCA-3' ¥
X O'8'primer, 5'-CCCgagctcCTATTTCTTAGTAGAAACGG-3'%# H \» TPCRIZ
LXoTHEIE L. HMEEME Sacl B L Sacl TUIK L7=%, pG-1IMU~RZ ¥
—ICHE AL, FASZE{THIEREB~7 4 —pGIMU-FAS2% 15 7-.

ACCI# =¥+ 13i5'primer, 5-TCCccgcggATGAGCGAAGAAAGCTTATT-3'E L
W 3'primer, 5'-CCCgaggctcGGTTTATTTCAAAGTCTTCA-3'%# AW TPCRIZ &
STHE L7, BIEEME Sacl BI W Sacl TUIWL7-#%, pG-1MB~X7J & —
ICE AL, ACCIEGTHRREE Y ¥ —pGIMU-ACC1%2 57,

FASIEGFHERRBRHR NI ¥ —XFig. 3-8IIRT FIEICH > THE L.
FASI& =+ ORFO T ¥4 (bp 1-3543) #PCRICL > THEME L 7-. HEED
% Sacll 8 X OSacl TYIK L7=%, pG-IMBRZ7 # —|Z&A L, pGIMB-
DFAS1#%#1§7-. FASIE{ET+ORFD#% ¥4 (bp 3251-6156) #PCRIC L » T
Mg L=, HEEMEZ BamH 1 B XL O Sacl THIW L ~%, pG-1IMB-DFAS1~
7 Z— I ZEAL, pGIMB-FAS1%#%#&7-.

pGIMU-ACS2, pGIMU-ACC1, pGIMB-FAS1E L O'pGIMU-FAS2% W303-
IAKRICE A L7, pG-1IMUEB L UpG-1IMBR 7 &% — 5 W303-1AKICE A L -8
XL L7,

DNABRERS L BB OREERHIIE2E, F48 (FiE) 5) KB HEICX
> TT» Tz.

5) IENiBE ¥ X ek = X T v D 434t

HTu BT FOVIAE, F2H (Fik) 2) AT HECLD, DHIENRE
AR, B3E (FE) 3) KARTHEIZEIDVERLE.
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K901 genomic DNA

(1216:Kpn1) (3273:kpn1)

OPI11(0-1215 bp)
N | I
§ —» <+ —> <+
A OPIF1 OPIF2 OPIR1 OPIR2
(2372:Xba 1) (-1:Xba 1)
pAUR112 |

g Amplified by PCR Amplified by PCR
QO

v

N
; ?35
| Xbal digest

Xbal

CEN4

pAUROPF

pAUROPFR

ARS] CEN4

Ast

Kpn 1 digest

9 &
%,y//’\

Kpn 1 OPIR Al Kpn 1
BstX I, AT digest

Kpnl

AURI-C
>( Replacement

OPI1

Strain W303-1A

Fig. 3-5. Strategy for the disruption of OPII gene of strain W303-1A. Primers used to amplify
the flanking regions of OPI1 ORF were follows:

OPIF1, GCtctagaCCCAAACATTTGGTCTTATT; OPIF2, GCtctagalCAATGACTAGTATCTTCGTT
OPIR1, CGGggtaccCCGAGACAGATTGAGGTCTT; OPIR2, CGGggtaccAAATCTTAAGGGTGAAGACA
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K901 genomic DNA Kpnl
-2588 0 41273 +3273

.| sHBBuEsss

OPIF3. Amplified by PCR € oprr3

Kpn1 digest

Spe I (-10)BstP I (+1831)

Bam
< (2371 1711y (3264)
TRPIF  TRPR URAF  URAR
Amplified by PCR pUC190P Amplified by PCR
PaIM \_ Y, pAUR112
\l Spel,BstP T digest
Spel BstP1 Spel BstP1

BamH 1 AT BstX 1

pUCI90PU

pUC190PT

BamH 1 —AfITl digest BstX T —Af1T digest

Strain UT-l

Fig. 3-6. Strategy for the disruption of OPII gene of strain UT-1. Primers used to amplify the
flanking region of OPI1 ORF and TRPI and URAZ3 genes were follows:

OIPF3, CCCggtaccAATCTATTCTCTTGGCCATC; OPIR3, CGGggtaccAAATCTTAAGGGTGAAGACA,
TRPF, CCCactagtAATTCGGTCGAAAAAAGAAA; TRPR, CCCggtgaccAGATCTTTTATGCTTGCTTT,
URAF, CCCactagtGTAAGCTTTTCAATTCATCA; URAR, CCCggtgaccCCCGGGTAATAACTGATATA
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Stop Stop Stop
LA"I‘CFGI_C.GACCTAGATAAGTAATGATCG 5" GATCCGCGGTACCATGGGCCCTCGAGCTCGCGGCCGC 3°
BamH1 g3)1

3"GCGCCATGGTACCCGGGAGCTCGAGCGCCGGCGCTAG 57
BamH1 Kpnl Apal Sac 1

Sacll Neo 1 Xho1 Not 1

BamH1 Sacll Kpnl Ncol Apal Xhol Sacl Notl Sall

pG-1M
(7.4 kb)

Kpnl Sacll Apal Xhol Sacl Notl Sall Baml-(lﬁlgésfac I
| | e
P
/Sph I
W 5"GATCGGTACCGCGGGCCCTCGAGAGCT3”
pG-IMB @3 3°CCATGGCGCCCGGGAGCTCS

Kon1 Apal
(7.4 kb) pnl o, .mP Xho 1

3
ouCh Amplified by PCR
CCCeeatgcGCTTTTCAATTCAATTCATC  CCCgeatgcCATAGGGTAATAACTGATAT
URA3
Sph1 Sph1 —» g Sphl

pRS426 (5.7)

BamH 1 Sacll Kpn1 Ncol Apal Xhol Sacl Not1 Sall

L |

pG-IMUR

(7.4 kb)

Fig. 3-7. Construction of multicopy vectors
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Kpnl Sacll Apal Xhol Sacl Not1 Sall

K901 genomic DNA
TCCecgeggATGGACGCTTACTCCACAAG

Sacl 0 FASI A
Amplified b PCRI <€
p y CCCgagetcAACCATTCCTTGGCTTGGCT

BamH 1 Sacl
(3430)

pG-1MB
(7.4 kb)

Q
&

1%
puc

K901 genomic DNA
AGTTACTACATCAATATTAC

Sacl, Sacl
digest 325 A FAS] 6156

INZ]

CCCgagctcTTAGGATTGTTCATACTTTT

pGIMB-DFASI BamH 1 Sac1
(3430) ]
(10.9 kb) Amplified by PCR
pGIMB-FASI
(13.6 kb)
BamH 1

Sac 1

Fig. 3-8. Construction of the vectors for the constitutive expression of FAS/ gene.
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(s 5
1) OPIIE G FHEOHBIERB I VBRI 218 EBEREICE X DHE

W303- 1A% F L % @ OPII#E = TR K, WDOP1%4200 ppmA /¥ h—Jb
EFEOHMTEREL, BREEEOTHENBREEEZAE L ERL, 1/ b
JVERMEHOEE & i L TTable 3-5127~7.

W303- 1A% %A /Y b — A2 EERWVEM TIEET S L, LIEO RISV
SEIIHARLE. T LT, WDOPIKRTIZ+HEDA /S h—AZEML
FHAETHLAL /Y b—AEHEMLRAVWEE LEORMIZ, BEALERLZLRT,
W303- 1A% L WV ZEBO TG EMBEL AR LT,

wiZ, UT-1%B L P OPITE G F#ERKR, UT-DOPEZHAWTA /¥ b—/ViRM
BEEBAMBEAKL, WRBEOCHFEBRSLOI o VB TFLEERELE.
Table 3-61Z/RT & HiZ, UT-MRTiXA /¥ b— L2 FEMT 5 LRREOCLTD
FHIEBEE RN, 4/ Y PV EERMBO2EIZZNUTIZETETL,
REFCA 7o v BcFLEELETLE. 2z LT, UT-DOPKRTIEA / &
F—VZ2FEMLTCHRBBEBOFSHBHBEIXIZEALETES, £/ =AM
CERMBOBCH 7o BFLEEOETIALNR NS T2,

Table 3-58 & U'Table 3-6IZRTHEERMND, BN +H DA /) ¥ b— %2
ENDEE, PHIEHBOARMENIZIOPIIEGFREEL TS Z ERbho
7.

2) EVBERICEET 28EFORMEREAEOTEHEBUREICE X 2HE

R EREBETOS S, RLTPHEVBAEKEBCEEY X 28ETE2HE
T 5%, ACS2, ACC1, FASIB X \FASSB G F o HRRBET H s 4 —%
HE L, W303-1IABKICEA L7-. 200 ppmA / ¥ h— L2 a0 THEE L,
£ F—=VERMOBELEBRLTLEODSHIENME TR L /&SR %2 Fig.
3-91ZRT.

ACS2, ACCI¥ X NFAS2E BB X8 T b3t Bk & ORI 58405 1 B 4 L
BOERAONEI o, ZHICH LT, FASIZHRREE SE D L DIV
ARBIZEBICH A LR, FASIL FAS2R FIFFICHREBR SV -EE, T#k
B EIEIOIZEKRL, +9BOA ) U b—AE2HEMLESEICHLERNO
HEEDMICTHEVBREROENRADNLRS Ko

DT ENG, BBOBVBARICEET2EEFD L, PHIEVBERE
B2 EZ D TEERTIXIFASIHER T TH Y, FASIE FASZE 6T % R IC
REPEIED L, SORCHHEFBERESEKRTIZ Enbhol.
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TABLE 3-5 . Middle chain fatty acid formation in the culture of the OPI! disruptant

Middle chain fatty acid (umole/g-cells)
Strain Inositol
n-Butanoic acid n-Caproic acid n-Caprylic acid  n-Capric acid
- 722045 13.8+0.75 254*1.78 10.7£1.32
W303-1A + 5.5+0.43 6.910.47 12.9+0.34 2.6%0.10
ratio® 0.76 0.50 0.51 0.24
- 7.4%0.71 20.3+1.27 31.2+1.45 10.6+0.68
WDOPI + 8.1£1.13 21.5%0.09 29.5*1.17 53=%0.12
ratio 1.09 1.06 0.95 0.50

W303-1A (OPI1) and WDOP1 (Aopil::AURI-C ) were cultured in the synthetic medium
containing 0 (<) or 200 ppm (+) inositol for 5 d at 15°C. Middle chain fatty acid in the culture
supernatant was measured and is represented as amount per one g of dry cells. Each value was
expressed as the mean ¥ S.D. of three independent experiments.
aRatio of fatty acid without the addition of inositol to that with inositol.

TABLE 3-6. Middle chain fatty acid and ethyl caproate concentrations in sake brewed with the OP// disruptant

) . Middle chain fatty acid (ppm) Ethyl caproate
Strain  Inositol

n-Butanoic acid n-Caproic acid n-Caprylic acid n-Capric acid  Total (ppm)
- 2.32%0.03 4.4930.08 2.24%0.10 0.13+£0.02 9.18%£0.02 0.71%£0.05
UT-1
+ 1.18+0.06 1.85%+0.08 0.97%0.07 0.07£0.02 4.07%0.11 0.30£0.01
- 2.32%+0.03 5.78%0.11 3.03%0.14 0.18 £0.01 11.32%£0.23 0.69%0
UT-1DOP
+ 2.00£0.12 4.97%0.06 3.05%=0.03 0.18 £0.01 10.20%£0.01 0.64%0.02

Sake mash was prepared with UT-1 (OP11/OP11) and UT-1DOP (Aopil::TRP1/Aopil::URA3)
using 200 g of polished rice with the supplementation of 27 mg of tryptophan and 68 mg of uracil
and 0 or 125 mg of inositol. Middle chain fatty acid and ethyl caproate concentrations (ppm) in sake
were measured and expressed as the mean = S.D. of two independent experiments.
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Fig. 3-9. Effect of the over expression of ACSZ2, ACC1, FAS1, and FASZ on middle chain
fatty acid content in the culture supernatant. pGMU-ACS2, pGMU-FAS2, pGMB-ACC1,
and pGMB-FAS1, and their respective control vectors, pGMU and pGMB, were used to
transform strain W303-1A. Transformants were cultured in the synthetic medium
containing 0 ppm (L) or 200 ppm (H) inositol for 5 d at 15°C. The culture supernatants
were subjected to the analysis of middle chain fatty acids (C6,[ |; C8,%%; C10,JJl|}). Data
were mean values of three independent experiments and bars indicate standard deviation.
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FoHT BREEE

(EH)
BXBRTO%NDAXETBOMLIARIERTL L, 80% UL EOBXEFEH LIS
BRI THEBEON o v BT LEEBIIE R, BIZA ) ¥V b—LEE
M7 WES, BEBEET0%TIE I T a v BFAEEIZA /) > =12 EM
LE=BADI2TIETL, BAEBEETO-98%DHIC, SBDOEITAONE M- 1.
A M= NVEEBO o B FVERICES T ABEESHICEEL 5 X
ol A4 Y b=k B I T e B T VAR HIE B SRR N5 B A R O BT
ek db0ThHoTz. £/ VP NZKDADORBEFAHEET TTHDLOPI1 %
BT HZ L2k, 4/ b= X B3P HBEHBRERMFIZEEREI . 5
B E MBI FDIH, FASIZHHREBRSIELBEOR, PHENBREREN
AL

(BE)

AL ETO%OBEXEZHFER LB T, BEHE80% U EoRAXKEHERLE
Broba /) b—LOHBHIFIRIND D, BRMEREENMEVA, WERE
DHTa VBT FAEGEITLEbELRoT. LLl, £ /¥ b= ZHEMNT
5EEBITERMOBEDOI2ITIET L. BXSET0%DHAICHBRED L 7
DI FAERIIRRERDIDEA )V b= HEBHIREND O TH D &
ZEnbrot.

L) F=ANHBEND LI TH TR VB FLEREPHEKRT 5 HERE
FHOMCTBHRED, 4/ VP NVERNBERNBERAY L. 1/ b=
EHRMLTY, BYOBBOI Yo v BF LV ARICEET ZBEREHIIEDD
ot (Fig. 3°3). LML, A1 /Y b= LEHEMTE2EBEEON T 0 VR
LobEHEHBRESENBD L (Fig. 34). 2O b, A4 /7Y b=l
BENDZEILL-oTHBBEON o v Bz FLVEENBEKTLION, TOEE
ThHhHI T BOERENBRKTLHILOTHLEBE L.

A7 P—=ABFHRENDZ Lo THHBHMARESE KT IERE L
THKRDODZONEZDOND. DEDIRHRERICEWTHHIEBE AR ESHE KR
TAHREELTHRESNATWVS XD, [EBOEEEENHIBREND Z
Lz ko TH #fatty acyl COAD KA REINDZEIZEDHDTHD. b
Ve, BEWBARENEKRTAIZECLDPLDTHD. 2T, BEBOARK
FEMBBEZMDID, £/ h—NEHIRLIEEME+SEDOAL /) P—L &R
MU TA ) > b=V EREEEEL, BEAEKEBREELMELL. A
JY b= NEHIRT S EEEKEHBEENSEKLE (Fig. 34) Z&nhb, 1/
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Yh—ABHRBENDZ EIC Lo THEEBAERESE KT 5 0IXBEOEN
BAERENEKT IO THEEBDbNS.

Saccharomyces carlsbergensisiy{ / ¥ b — /B RZ L7-8F, #igANfructose-
1,6-P2 UMK L, ZORE, acetyl-CoA carboxylase X7 2 A7V v 7 {Z
EHELS, EECPHBEERZ2ERB T2 LBREIN TS0, LedsT,
S.cerevisiaelZ B\ TH, 4/ F—ADBHIREIN D T &2 K » Tacetyl-CoA
carboxylase® 7T R AT Y v ZICTEMLEIN DT A, BIBAERPREIND
BRRDI->ELTEZOND. —F, ACS2 (acetyl-CoA synthetase EIzF),
ACCI1 (acetyl-CoA carboxylase #{=¥), FASI (fatty acid synthetase #&{x
+ B -subunit) ¥ X NFASZ2 (fatty acid synthetase &5 F o« -subunit) O —3&#
DORENBE A& K& EF X7 v € — & —fHKIZinositol/choline responsive element
EWVWDBLFI B FE818), 5T, 4/ Y h—ADHIBRIND EEHBEESRBE
EINDHI1O0REE LT, —EORWEBEHABEFOREAREEL LT
WMRXTHZEeNEBELOND. LOPLINOOBEBERER FORREDOHIH L
~X)VIXINOI, CHOIB X UOPI3ED Y VIEEARICEET 2 BEFIZLRE
TiL72v 89 728, Northernf#T THIH OFEEZRFN T2 LITHRETHS.

FZTA )V b=V DR ERDRENENBE &R FOES L
DHERIZEDBLDONEMBTD, 1/ b—NEa) N P2ADEKESEHREER
T T 5 OPIIHEERE (Jopil) #{EH L. BHEEBRBIVCBEBIZBWT
OPI 1 BEERRII X R (OPII) LV EEBOFTHEEMBEEKRL, 1/ =1
EHLBRMUSBELEFHRLAEBE EOMICHHEIBREEDERIIZEALHA
b e o= (Table 3-5, Table 3:6). L7=DRo>TA /¥ b—NLoTHHIE
BhBR A B D3 A & B DlZacetyl-CoA carboxylase® 7 1 25 Y » 7 22 iEMALIZ
L2500 TIERL, OPIIZ N LI ENiBBA B TFOEEMHICLZEELLN
5.

FERABE & B FACS2, ACCl, FASIB XU FAS2Y R BB T ok & (E]
L, #EEEE L=, acetyl-CoA synthetase IZIEHEAA R DB EEBE TH Y, in
vitroll BV THIEMBER DR EEKEHOHEICHET 2 L BESA TV
8. L2L, ACCIZHBMEBRIETHLHEELFEOTHENBEE EICE({LIZAHD
N otz (Fig. 3-9). REIZ, ACSZB L OFAS2 R ER ¥ TH P 5
BHBE A R ITRE S Nlaho Tz, —JF, FASIZ B BB I LEREFEOHH
BB S BIT K LT~ FASIL FAS2% R I BRE XE 5 L, §BIIELIZ
WAL, 41/ b= E2+DICEMLEEE EBRMOBE L OMICHHIERE
ERBOEITIALNRL oz, ZHidfatty acid synthetase® o, B, 2 OY
Tazmy MNIBMTHEETIREY VA oRBEOERICL > ToaRIhT
WO T, WBEZFEBICERREIEZE, Y7 2=y BN Complex?® K
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THIEREST, BREMBERLEZOTHEEEZLNS.

UEDZ &he, 47 b—NOREHHIRINIZEE, 7o BxF VAR
BN KT 201, OPITEGTF2NTHFASI OGEMEIN@EE S, 805
WisDOERPRESND O THD R L. HERECBWTERT 5 EE
ke BECHBRBETIZ LA/ V= LOBBEHRL, Vo B FLEE
DE, BEVENRBEBOBEZAREICTIEEXS.
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AT BEROBEEEA VT INEEIIEZERA 7Y DR s

EIE

AETHE, BRELEEBXZERL, BICBIT2BE~04 /¥ b= OHt#H
BEE2HMBRT 52D, WRBEORBA YT INVEELZTOERBETH D
AATaselEHIC ED LS REBEEZX BN EHLMCTA I LEENETS.

BEBE A V7 I NI, A YT IANTAa— L Lacetyl-CoAx HE & LTEBERD
AATaselZ K> THEBHKINBED, 4 VT INTNVa— )LERE & AATaselE N,
B A VT INERBIIEELEZDZEBRMONTVDS, KETIHE, 1/ F
— VDG E LB DAATaselE & ODEFEONT, BERMREERY VIEED
1D THHPIOIEREVNSBRNO ST LIHERERRD.

B2 A ) Vb AHBEBRORBERR, YT INVERICEZIEE

(FFEE)
D HEH&EB X OB/MEA B R R

FIE, F28i, (FHik) 1) TRANEIEEEERS. cerevisiae ATCC32694#%, H
AEEH L7015 (K701), 9015 (K901), 8% (K8), F3=:E, H4f (Hik)
1) THRARZUT- 1B L OEIE, F48 (FHik) 4) THRAUT-1DOP%: A
L. BIZEELDHED T LER-TA ) ¥ b—L % ERMNE L1125 mg
WAL 72824200 gD3B{LiAHLEIToTz. BIXEKBEEATONO RN GRML,
BRI K AET0, 80, 90, 98% D HEKEHFEM L.

2) EE

BEREA VT INBIRA YT IATAI—NE, HRA2ae v T7T7%2HNT
Ny RAR—REICELIDEELRED. BBA YT INVEEDOA YT INLT L2
—LVEBIIXTHHEE/ALE L.

A TFATNa—, gAY T7FN, BEBE=F L, A UVEBF L, U
B FNVIUTORECL>TEELAE. AB100mli20.1% (wiv) 7~
¥V /) —NE2EHTY ) —VEKIO0 W ZHEMLEE, =—F -2 (21
viv) 50 ml T304/, SEIEE SHiH L=, ZKBAK100 ml THE#H L%, EX
BT MY UATHALE. UVay h~—REBEMRGEELZHVWT02ml F
THIET CERMGLEZEZ, TCWAX 774 (0.32 mmXxX60m, 0.25 pm film
thickness ; GL Science, R ) #H VT, WAL DFHES IZE>THAI 1
< NS T4 —ICXVERELT.

B-7xzRxFNATNa—), Fal—nL, M) T T7+—, BEBEB -7 =22 F
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MITAkita b D FHFIED (Lo THAIuw v I3 74—V EELE
BEHIETXTFIDEHWTIT- 72,

(s 5

1) ¥XHEOMBEERRS YT INLVEEBIUVEAKICEX DHE

¥k AHAT0, 80, 90, 98UV EKEH KL LT, KWOIKEERALTA /b
—NVERMBLIOERMEBZRK L, MRBEOERASA VT INBLIOA YT INT
Na—LEBEEZHELEFBREL2Fig4 LT, 4/ ¥ b= ViRNMO A EI2EE
72, BARSAENEWIEE, BRBEOA YT IATLa—LEENEL Lo,
A7 P VERMLREVEBTIE, BXSHET0%ER VR, VT IAT L
a—LEEPBENIZ LMD LT, Bl YT ILVERBRIIEKRER o, E/AL
IRERBENBVHERIEERELS R, BRBEI0%OHEICEKRE RS-, 4/
SRh=EEMTSE, BEREATO%DBEIZIZE/ALKIZA /¥ b=V ETRMO
BAEDBOBIZETIETF L., Zhizxt LT, BEREAIONUL LOFEIZIZA /¥
=L ZHEMLTHEALKBEDLS oz,

2) A4/ P NAEMOBRIEEREEA VT INVNERIIEZADIRE
BXSET0%OEXERNT, £/ Y b= AHENBLOERNOBLFARL,
RO A VYT INBLIPASA Y TIANT L2 LEEBFAELEERE
Table 4-1iZ7RT. WTFNOBEKEEALEZHGEICBNTY, 4/ ¥ b —VHM
CEIRMEDEIZ, A YT IANTALa—LEBOEIAGNRN-T-. LML,
BA ) b=V ERNT 5 EHBBOERA YT ILVERBIOE/ALIZET
L.

DA/ M= VIEMOBBIBEBFLERDTERIZIEZDE

KOOI EAWTBEZHARL (BXEET0%), BEBEFORE L DFEERTD
SRAUEL-FER A2 Table 421" F. A/ b—N2HEMLTLERT V=
—J), ELNEVEBITFI, A TFABZEIXIZIEAEEDLR DT, —F, T
RTCOBBZATNVOERIIA/V F—LOHEMIE>TIET L.

63



400
350 [
300 - M=
250 -
200 [ |
150 [
100 [

Isoamyl alcohol (ppm)

Isoamyl acetate (ppm)

el [0 £ 'EI

009 | C -1 10
T
0.08 |- _
0.07 | -1 08
0.06 |- / _ T
0.05 I - 06
0

E/A ratio
© o
8 %

-1 04
-1 0.2

o
o
N
]
E/A of Inot/ E/A of Ino—

70 80 9 98

Polishing ratio (%)

Fig. 4-1. Effect of polishing ratio on isoamyl alcohol and isoamyl acetate contents in
sake mash. Sake mash was prepared with strain K901 using 200 g of polished rice
(polishing ratios: 70, 80, 90, and 98%) without (Ino—, (1) or with (Ino+, M) the
addition of inositol. Isoamyl alcohol (A) and isoamyl acetate (B) concentrations in the
supernatant (fresh sake) were measured by headspace gas chromatography, and E/A
ratio (isoamyl acetate / isoamyl alcohol) was calculated (C). The E/A ratio of Ino- to
Ino—+ is represented as a closed circle. Data are means of two different samples of sake
mashes and bars indicate standard deviation.
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Table 4-1. Effect of inositol on isoamyl alcohol and isoamyl acetate contents of sake

Strai Isoamyl alcohol (ppm) [soamyl acetate (ppm) E/A ratio
train
Ino- Ino+t Ratio Ino- Ino+t Ratio Ino - Ino+ Ratio
K701 169 157 0.93 4.2 2.4 0.57 0.025 0.015 0.60
K901 158 157 0.99 9.8 53 0.54 0.062 0.034 0.55
K8 130 112 0.86 2.7 1.1 041 0.021 0.010 0.48
ATCC32694 200 184 0.92 53 4.1 0.77 0.027 0.022 0.81
UT-1 218 231 1.06 54 4.4 0.81 0.025 0.019 0.76
UT-1DOP 184 183 0.99 5.3 4.0 0.75 0.029 0.022 0.76

Sake mash was prepared with several types of sake yeast using 200 g of polished rice (polishing ratio:
70 %) without (Ino-) or with (Ino+) the addition of inositol. The isoamyl alcohol and isoamyl acetate
concentrations (ppm) of the supernatant (fresh sake) were measured by headspace gas chromatography ,
and E/A ratio (isoamyl acetate / isoamyl alcohol) was calculated.

Table 4-2. Effect of inosito] on the production of odor-enhancing compounds in sake

Concentration (ppm)

Compounds +/ - ratio
-~ +
Higher alcohol Isobutyl alcohol 72.3 71.4 0.99
Isoamy]l alcohol 167 172 1.02
B -Phenyl ethyl alcohol 222 211 0.95
Tyrosol 181 144 0.80
Tryptophol 13.5 11.4 0.84
Acetate ester Isobutyl acetate 0.44 0.37 0.84
Isoamyl acetate 10.7 6.3 0.59
B -Pheny! ethyl acetate 54 3.1 0.57
Ethyl acetate 112 81 0.72
Other ester Ethyl pyruvate 0.20 0.20 1.00
Ethyl lactate 2.37 2.28 0.96

Sake mash was prepared with strain K901 using 200 g of polished rice (polishing ratio: 70 %) without
(-) or with (+) the addition of inositol. The concentrations of odor-enhancing compounds (ppm) of the
supernatant (fresh sake) were measured by gas chromatography.
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F3E EBEOTNIA—NLTEFALINTI AT 257—PENHEREBEFERICES
254 h—NDEE

(FE)
1) B/MEiABRRR

HIE, F2H (HiE) 1) ICH¥LT, KWOIEFERL, 4/ b—VERM F
7215125 mgiRN L 72 #4200 g2 AW T3 AR ZIT - 7.

2) AATaseiE ORI E

BHOBERITELCSBEICL > THE LY. H2X1000ERME%1 mM
CFFAVA PV EEL20 mMY VEEEE KR (pH7.5) 1 mlIlBEL, F1E,
AR (FiB) 2) WARTHECI> THEZBRL, EMRHMHEEZE-.

9 40 B R O AATase % 4 % Yoshioka b D 572D [ZH U CHRIE L7, BEK
IS X > THERLUT-BEEEA VYT INEERTHD, NEZEEL L TH T o B
AFNEFER L. 1IFMIC1 pgOBEBEA V7 INVEAKRTHEZES ] unité
E& L.

3) NorthernfiZ#7

HAH4BEOB»OE L-ERNDL, 2RNA2F Yy b7 = /) — L iE (2
Lo THIH L7, AATase® 2 — N7 5B FATFIHE X VCATF2O R B & % fI E
T 5%, UTOFEIZ X > TNorthernf4T %17 - 7=.

10 pg®RNA%218% (viv) RAVALT AT E REE1% (wiv) 7Ha—2x4
NTCERKEZ L > THEEL7-%, Hybond-N+E (Amersham Pharmacia Bio-
tech.) CERFE L, DIGF RNV LT —T N TV FAL XX, 04 kb
DATFI1E L PATF2 v —7, 0.1 kb ACT17 v —7X, PCR DIG Labe-
ling and Detection kit (Roche Diagnostics, Basel, Switzerland) % A\ T,
KOOI Z2 858 & L TPCRIZK»THB L. 5 A4 ~—¢ LT, 5 primer: 5"
CGATGAGAAAAATCAGGCCCC-3', 3'-primer: 5-CTTCTAATATTTGCTTCAT
TA-3' (ATFI), 5'-primer: 5'-"ATGGAAGATATAGAAGGATA-3', 3'-primer: 5'-
ATTGGTGACTTTGAAATCAT-3' (ATF2) ¥ X U’5'-primer 5-TTCTGGTATGT
GTAAAGCCGS3', 3'-primer 5"TCTTTTTGACCCATACCGAC-3' (ACTI) #%*{
ALz, 2EFNOm-RNAEIIBIO-1D (= AT X35, HR) Z2HVTHEAL
BIZLoTERBILE. ATFIB X QCATF20 BB B1X, ACTI ORI EIZXT
HFEXEE LTERRLRE.
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(FE5)
D A/ M NVORBERAATaselEHIZ 5 2 5 EE

A4 b= VERNEBE X OCEMBF OB O AATaselE M 4 BRIFMICHIE L7
HREZFig4-2127"T. BIZA /¥ b —NLE2HRNT 5 L BERDOAATaselEMHITIET
Lic, 47V b—NERNT 2 LEURBEBOERA YT INVEENMET T 2HEAIT,
AATaseliEENIE T T LILAH D THBZ Lnbho T,

2) ATFI1E X NATF28 {5 ¥ O R B BT

A = VERNMBIUORMBOBBATFIE X CATF2ER TFORBEER
e LR E2Figd3iIZo7n-d. AV P EHRMLTLBEGFOREREI
TlITH bR o, A4 b=l X o> TAATaselEENE T+ 5 i1,
INOLDOBEEBEFOERENRIMH ENL D TIERNWI ERbhrol.

w
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Fig. 4-2. Effect of inositol on alcohol acetyltransferase activity of S. cerevisiae in
sake mash. Sake mash was prepared with strain K901 using 200 g of polished rice
without (O) or with (@) the addition of inositol. The alcohol acetyltransferase
(AATase) activity in cell-free extract was measured and is represented as units per
ml of sake mash.
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Fig. 4-3. Northern blot analysis of ATF] and ATF2 genes. Sake mash was prepared
with strain K901 using 200 g of polished rice (polishing ratio: 70%) without (Ino—; [1)
or with (Ino+; W) the addition of inositol. Total RNA from yeast cells on the 4th day
of brewing was prepared by the hot-phenol extraction method. The total RNA (10 ug)
was separated on gels, transferred onto membranes, and hybridized with ATFI, ATF2
and ACT1 probes. The amount of mRNA was determined using AC7T/ mRNA as
internal control. Data are means of three independent experiments and bars indicate
standard deviation.
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FAF BEBOTNIA—NTEFAINTI VAT 2T —BEHICEXDEERNE R
TrFIUNAL )T BV DR

(FiE)
1) B/MEAHRBR

AE, F3H (FE) 1) CRTHEZIY, 41/ =1L E2ERMNBLOT
125 mg#ihl LB O3B AR & 1T o 7=

2) BPOBERHERY VIEEORR

BIR4BEOA /Y b—NVEMBHOHE L-EREEEIS g2 AV T,
f§E % Bligh-Dyerik92 [ L o THIH L 7. #i L7=f8E % Wakogel C-200% 5
L (20X850 mm, FYXHE) 7774 L. PHEBEERSIUOHEEE:TNE
N2l FRfVABIRNIOTE M TEHLAEE, 27102 % ) —LTY
VIEEEBEHLE. )V UVREE S E AR L —F—THEBELE%, 2 mlo7 o
RN L-TE N (T8, viv) KERRLTE.

PI, "x77Fonaly (PC), "RATZ77F Iz J—LT7 3 (PE),
FAT 7 FTNEY L (PS) IXINUCLEOSIL 50-10% 7 & (GL Science) % A
W T Table 4-3IZ R TRUETTEEREK I u~= 774 —ICLVBEL, I
L79), FREFNOY VAEEE 150 mliZ60 mlOZEE K & 120 mlo 7 v e fRv
LEBML, BE D L%, 3000Xg 100RLELDEELZ. 7 o ofRi L@
L&Y VIREZEIR L%, BET T2ZmUZREME L.

&V UIRE, FIE, 3 (Hik) 4) WWRTHEICLY, BRAEEEE A
FNIZRATFAL L%, HRIZau<w NS FT7 4 —lCkoTEELT-.

Table 4-3. HPLC conditions for the analysis of phospholipids

Column NUCLEOSIL 50-10, 7.6 X250 mm
Eluent Acetonitrile -Methanol-Phosphoric acid (780:10:9, v/v)
Flow rate 4.0 ml/min

Injection volume 150 ul
Detection 210 nm
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3) BRY VIEESEOWME

BEREAEO) VIREESBIIUTOFIEICEI > TRIE LKL, 750 mgDBERHAE
HIREAETOY VIEE % Folchh @ F1E (296> THIM L%, B/ETTL.5 ml
WM L. U UIBEIIARE, H4EH, HiE2) KRTHEBEICLYEERE I o
v IS T7 4 —THH L. &V VEEOEEMBIIAE, F4Hi, Hik2) T
ALY BEERAWCTERL .

BEREMRMHET O Y VIEEIRUTOFEICL>TEELE. REtbDY v
JEEx 7RV Ah-A 5 ) — V@K (112, viv) TIE, ZJeraRLh-AZ )
— VIR (211, viv) T2EIIH L7=#%, LKéDERB/n~ N7 7RV A Y
N7 L — rKent ME16 (Whatman, OLS, UK) W THBEL7-. BERBEE
LTz uaiibh-2% ) —/-Eifg-/K (85:15:10:4, viv) #fFERA L. BEY
L— b2 a3 v REBERICBRT LI >TY VIEEEKRIE L. PI, PCBXUPE
WM TAARy V27— M6 RBEL, Z7uoaRh-24 /) —1 (211,
viv) T3EIHEH L72%, BIET CEEL-. PIE X2 NEE T120°C, 48%:MH
MK LUT-%, EHETDIA /> b—N2818E, E2fi (FHik) 2) KT HIE
kW EELE. PCELUPEED IIMEE2H 2 MAT270% (w/v) BHEFEE]L ml
T160°C, 907rMIMAKGME L=, EHML-) U BEE) 7T VB> TER
L 7-99,

4) AATase D EE
AE, B3, (FE) 2) AR THEBEZI--TEBREMPAMBELFARYL,
AATaselEMH 2 HIE L 7=,

5) #HAATaseD R

K901#% %, 2 ppmA / ¥ b—/, 20% (wiv) #FA, 10% (wlv) L a—2R
% & 10600 ml® Hayashidab O &G40 TI15C, 5HREE L. HHELHE
BL, mATHEELEE, KEEEEZL oMY FFRL A b—L%EL1/15 MY
CEEEER (pH 7.5) 40 mIBEBE L, F1E, F4A48 (FE) 2) RTHEK
Yo THMZRR: L. 15,000Xg, 20451 0408 L7218, k%% 100,000Xg,

SRELCBEL.. EULERE (378 Y—AHD) K1 mMOYFARLA

b=, 1% (w/v) Y F2X-100, 20% (wiv) 7V Emr—L%28¢1/15 MY
v ERRE IR (pH 7.5, T-buffer: #42) 11 mlZEMmML, 4°C, 1EKE L.
100,000 X g, 60 B Ly BEL 721, LEZME THENT (T0%fafn) L7k,
6000 X g, 10%F’a‘1@JL‘§?%ﬁL, AU 7LEE %10 mlo T-bufferiZ Eff X & 7=,
0.5% (wiv) A YT INTNra—LiELT-buffer TIREN L, HAATase% 15
Tz
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6) MR H & HPIDORE

mMAMEERO) VIEEA2EED 7 n RV ATHE, BRELE. KEOE
FH NI BRETEN (T0%£F0) (2 X > TERUW L.

¥/, EMEMHKO0.5 mliZ 5units® AR AK Y —¥C (Sigma-Aldrich) %
WL, 15°C, 1 &S Sk, BES 7 ZWMEEHEN (T0%88%) X
> TEUR L.

FREhOEK % ORENL, 6000Xg, 100HELSBEL, £U-LE%ET
buffericxt L T 1 &K EH L 7.

YV UREE

PC (5 ; Avanti Polar Lipids, Alabaster, USA) B X OPCIZHR RAKR Y /~—
PDEEAIECHABMLAERIA 77 F 07 Y — /v (PG ; Avanti Polar
Lipids) #{fFHA L. T HOPCBLUPGIXR LEMEBHEKE DI L2 T X
s b5 74—l THERLL.

(5 5

D BPOBEROY VIEEEEB I CE OB

A7 b= NVERNIBIOENBOBEOY VIEESEZHELE/EREY
Fig.4-4iZ"7. 4 7 b=V Z2HMT DI LIk > TEBEHEOPIE BIZN3ME
WKk L. —%, PC, PE, PSOEEIIA /v b—AZFEMLTHLEDLL 2 H
27,

A 7Y M= VIRMBOBER» LT LU Y VISEOREIRRMK 2 58 LI- iR
% Fig.4-5127%. PIX L U'PSIZ, PCEB X UPEICH X THFIIENIBE O EIA 1 &
<, HWERIENARE D REAFnE B EH» - - (Fig.4-5).

2) EMBaH R ) & PIg % D AATaselEHEIC 5 2 5 &

A 7Y P NVEFRMBLORNBOBES»OFAM L - EMathitio Y VIEE
ook hTHIE, BELEE, AATaselFEMHRB L UOPIEEZHIE L &R
#Fig.4-6i27 7. 7R/ A0BICX > TEMBMBEFTOPINREINTE
B, £V b= VERNBIORMBOR OAATaselEHEOEIZIR b 2o
7o

WIS, A4 Y b= VERMB X ORMB OB R L 7~ &M ia ik s &
ZAHRY N~ FCTHRE L 7. Figd6llR_T X o0, EHRMHEFTOPLIZES
WBREEINRDD =N, £/ P NVERNBIOCENBEOPIESEDEITR
<729, R, AATaselfZHEDELH KL L.
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Fig. 4-4. HPLC analysis of phospholipids from sake mash yeast cells. Sake mash
was prepared with strain K901 using 200 g of polished rice (polishing ratio: 70 %)
without (Ino—) or with (Ino+) the addition of inositol. Phospholipids extracted
from yeast cells in the sake mashes on the 4th day of brewing were subjected to
HPLC using a NUCLEOSIL 50-10 column. Each phospholipid concentration was
determined by calibration using a phospholipid preparation obtained from yeast
cells in sake mash. Values in parentheses represent relative phospholipids
concentrations.
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Fig. 4-5. Fatty acid composition of phospholipids extracted from yeast cells in sake mash.
Yeast cells were cultured for 4 d in sake mash supplemented with inositol. The
unsaturation values of PC, PE , PI, and PS, calculated using (% monoene + 2 (% diene)+
3 (% triene))/100, were 1.19, 1.14, 0.89, and 0.86, respectively.
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Fig. 4-6. Effect of treatment with chloroform or phospholipase C on the PI content and
AATase activity of cell-free extracts. Sake mash was prepared with strain K901 using
200 g of polished rice (polishing ratio: 70%) without ([J) or with () the addition of
inositol. Cell-free extracts (N) were treated with chloroform (C) or phospholipase C (P),
followed by salting out with ammonium sulfate (70% saturation). After dialysis, PI
content per mg protein (A) and AATase activity (B) were evaluated. Data are means of
two independent experiments and the bars indicate standard deviation.
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3) U EEE DAATaselEHIZE X DB

Bhro#fL7PI, PC, PE:2ZN£10.25 mME L 100.5 mM#% 12 units®
AATase# G R IGHRIZHM L TAATasel&E M BIE L=, Fig. 4-TI0RT X 51,
PIIZPCE L UPEIZHE R THEMZEEAEL .

PI, PC, PEBLUPS%: A /v bP—NVERNMBLXOGRMBOBEROY VEE
Wkt (Fig.4-4) 725 X512, 12 units®AATase® & e KISIKICHRM L TE
PEABE L. Table 44" T LI, VUVEEEZA /) bh—LEMEBOY »
FEEMBLETHRMLAEBAICIE, ERMBOMKRLTHEMLEZSEICHRT, &
M1X26~55%ICF CTIKTF L7=.

UEDHERNL, £/ b—NVENBOBERNERMBOER L Y AATasel®
HEREWDOIX, PISENEL, EBHEEET IO THIZ R bh o,
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Fig. 4-7. Effect of phospholipids on AATase activity. PI, PC, and PE
([1,0.25 mM ; B, 0.50 mM ), which were prepared from sake mash
yeast cells, were independently added to the reaction mixtures
containing 12 units of AATase. AATase activity without
phospholipid addition is represented as 100.
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Table 4-4. Effect of phosphatidylinositol on the activity of alcohol acetyltransferase activity

Phospholipids added to reaction mixture (mM)  Relative activity

PI level (%) Raﬁoa
PI PC PE PS
L 0.018 0.066 0.036 0.005 87.9
0.55
H 0.052 0.066 0.036 0.005 48.0
0.021 0.080 0.043 0.006 66.0
0.36
H 0.062 0.080 0.043 0.006 23.9
0.035 0.132 0.072  0.009 19.9
0.26
H 0.103 0.132 0.072  0.009 5.1
L 0.070 0.262 0.143  0.018 8.8 030
H 0.205 0.262 0.143  0.018 2.6

Phospholipids with two proportions (PI-PC-PE-PS (0.34:1.28:0.70:0.09) and (1.00:1.28:0.70:0.09)),
corresponding to the phospholipid compositions of yeast cells from sake mashes, without (L) or with (H)
the addition of inositol, respectively, were added to a reaction mixture containing 12 units of AATase.

AATase activity was measured using a crude enzyme solubilized with Triton X-100. AATase activity
without phospholipids is represented as 100.

aRatio of relative activity of H to that of L.
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4) YVIREDZ VR IE~DRE

A7 F—VERNE X OENBER O BT IRE X OF ORL BT LB
¥ (90%fafn) OV VIEEEEBEZHE LR R % Table 451277, WTFhoB
OERIZBVTY, EMEHBERTOPIOIFIFI00%NEHILED M HEIR S
fo. ZTHICX LT, PCBIUPEDEIUTRIIS0%EE TH o7, LLEDOHERIZPI
MPCRPEIZLERT, U NI BIIREINDZEERLTND.

Table 4-5. Recovery of phospholipids in the precipitate with ammonium sulfate

PE PC PI
Preparation Fraction
Content  Recovery Content Recovery Content Recovery
(umole/ml) (%) (umole/ml) (%) (umole/ml) (%)
Ino - Cell-free 0.29 0.41 0.33 0.44 0.075 0.93
Precipitate 0.12 0.17 0.070
Ino + Cell-free 0.29 055 0.48 0.54 0.168 1.04
Precipitate 0.16 0.26 0.174

Sake mash was prepared with strain K901 using 200 g of polished rice (polishing ratio: 70%)
without (Ino -) or with (Ino +) the addition of inositol. Cell-free extracts prepared from yeast cells in
the Ino - or Ino + sake mash were subjected to ammonium sulfate precipitation (90% saturation),
followed by the determination of phospholipids by TLC. The recoveries of P1, PC, and PE in the
precipitate were calculated.
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[ CRERBEAE K % ¢ DPG & PCOAATasefH ETEME 2 BIE L 7= R % Fig.4-81C
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Fig. 4-8. Effect of PC and PG on AATase activity. Commercially
available PC ([J) and PG (), which have the same fatty acid
composition, were added to reaction mixtures containing 12 units of
AATase. AATase activity without phospholipid addition ([ ) is
represented as 100. Data are means of two independent experiments
and bars indicate standard deviation.

77



oM BHLBE

(ZEH)
BXBET0%DBEXEMARICERTLE, 80BU ELOARXEFERLIZEAIC
R TRKEOR/AL (BBEA YT INIA YT IAAIT—A) BEL Bo.
KIBEBETO%TIE, BIZA /U F—NE2HEMTDE, B4 VY7 ILVEEB LV
E/ALLS A 2 b —NVERMBO2ITIET L7, BMEXSHEI0%U LOFEIC
A4 7V b= NVOEBIARLNR NN, 47V b=V X BRBBEOREE A
TINVEEBDETIIERDOAATaseiEEDETICLZ b D TH-7=. BIZA /¥
F—=nAZHEMLTY, AATase® 2 — KT 5 ATFIE L VCATF28 T OEE L X
WMIEEL Liehh o=, PIIABER Y R 7 IZHEINLT WY, in vitrolZ B\
TPCEB L UPEX Y AATase* < FHE L. 4/ ¥ b—iZ &k o TAATaseiE %
PMETT 501, BEHEEOPINERT DI LIZL o TAATaseNHE IS 7
DTHDHZ ERbhol.

(EB£)

BOMAHIZERTIREBKOBRSLENENIZE, HEKBEOAL YT IALT L
A—VEBRPBRKTAI/EREEL. TLEERT LV —LVORIBETHDT I/
B599) NE B/ EINDTHILEEZOND. BXLSETONOBXEHERL
mBE, BETHARA VT INTAa—LEEMEL RDICbhrbO T, RK
BEOBBEA VT INERBIIBL oo, TORE, FEALITEXEETO%DE,
BAERY, ZTRLXVBXSENEL D LET L. E/AKIIWSEREOE R
MEFERHY, HBEOFVDOEEDISTHD. BXEFEARTORDES, 1/ ¥
M= Z2HEMT 2 LEREA YT INVERIZA )V F—VERNBOL2ICEHD L
7o, BEHXKHEEIOUULDOFEITIE, £/ =L EHFEMLTHLERRS VT INE
BIIEDLLRho., ZHIIHEXBEEIO%R L EOBEXEHER LM, BRI+
BOA )V b= AREBEINDIZEETRTLTVS. UEDRKEENDL, BXHE
T0%DEAXEFERT L L, Bl VT INVDOARENREKTEIDEA /¥ b=
DN FIREND ZLICL D L BnbhroT.

XS ETO%RDAXREERALEZBIZBWT, 4/ b— 2R ML -, Sk
BEOB®BA YT INLEENMET T 501X, FO4LEKEE TH 5 AATase D 15 A
BT+ 25720 THot= (Table 4-2). A4/ ¥ b —NiZ & o> TAATasefEHENKT
THREREBRHNTED, 47V =V ERNBLCRNBOBERFIZHSOWT
AATase# 22— KT HATFIB L CATF2EEFORBEEZRE LN, EiZAHL
Nihrot- (Fig. 4°3). FEIREIZBW TR, A1 /v b—niZdoTH
FEBAERBENMETT20IL0PIIE TN LEGBEHBEICLZ2 L0 THS.

78



LU, RBEOERES Y7 INVEEBIIOPIIEHBELTHLEDLLRN /22 &
i&, (Table 4-1) A4 / ¥ b — 2 Xk B2 AATasefEME DR FTHEEF L XA DK T L
AOFRRIZEZ2bDTHEZ L ETERTD.

AATase(IEREERBER TH D DTS, BEFHBEBEOHEK S THB Y L5
HEBEZAELL. 4/ Y b=V HRNBOBBIIERNBOBRO3EOPIEE
Za L7 (Fig. 44). 4 /7 Y FP—VERNBIOCENBORBE» AR L /- &
MaMmEREEERMEE L, FAKRY N—BCTUE L, WHEDOPIL L D3E
REEIZ LA, AATaselEHEDZELH SN o= (Fig. 46). L7=H
>TA /¥ M= VIRNMBOEER DO AATaselEERIEVDIIPIZENEH WO TH
HEEZS.

AATaseTEHIZFEAFIEBEIC L > THEFEEINDZ Z LB HE XN TV D D T2,
BrhOEEREDOY CIEE OB L 54T Ly, PUERIEN B ZIPCE X U'PE
W AENBE L D R E RN IE o7~ (Fig. 4-5). % Z Tin vitroT VY VEE N
AATaselEHEIZ B X D BICHOWTHHF L. EMafEiRICE»ORABM LY
VIEEEHML TAATaselEHEEHE L E 2 A, PIIZPCEB L UPEL v EM %
M ET D EBbhotz (Fig. 4°7). &5i2, YVEBEEA /¥ b=
MBOERO Y IEEHEKEIZE LY TRINRICEMLZGE, BRNBORES
DHBIEIZEDLETEHEMLES AT, EHEIZ26~55%ICF TERTFLE
(Table 4-4).

6D Enn, BIZA /Y =V ZiRM L -k AATaselEE P IE T35 0
X, BEBOPISENEL RV, PINAATaselEM 2 M HET S0 TH B L F
mL7-. 2k, MRPIZ AW TAATasefHEEMHZBE LI 2 A, HWIENIBE
OREBIMEOEHWPIE ERWHEEM.LZ R LD T, PIZ L 5 AATaseDiEMH

FEDOREERMAEN RS FICLDEBRLL.

EHBMERPOZ R BT TED, VUVEHEEZRMTELLED
A, PCHDWIFPEM12RENICES P ICEIN S -0zt LT, PLHXIEIE
100% A EHR & 7= (Table 4-5). L7=2->T, PIRPCE L UPEL Y &<
AATase#fAET 2 0%, PIVEHEY VIEETHY, AOWEEZ L OO, BR
BUNRTEIZREBEEINRT WO THDERELL. ZoEHIZ, B UIEMEA
ELOMIRPCEPGEFER LB A, MY VEETHHPGIIPCL Y &L
AATaselEMHZMHE L Z LITXVFEATE -,

BEBECRENT, SECHERELEESXOERIZA /¥ b=V OB~OHtE
ZHIRL, BEREDAATaselEHELZ 5O, B V7 I /baﬁ@ﬁb‘iﬁ@OD@L%
AIEEIC T B LR LTz,
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FESE EBREOTY ) —LMHICERXDSEREERNA /¥ = UL DRR

E1E

KETI, BEBOEEBENA ) F—AL_ANRTY ) — LI DL 5> E
BELEZANERALMNITHELE2BHNETS.

Fl1EIZBVTRREZ LY, BEBIENHICEVTE, Enrdbor /v
F— A BIEHIR SN D728, BEREENA /S FP— L LA EImILND.
LML, BEREFOAAGKICE > THENA V¥ b=V L_XVEZBIEORKRE L
EBITHRL, REICIEBRLRVICETS. Lo T, BEEBOREBAHNA
U bh—=nL bz s )it OBBRERONNIT LI LI, BROS
J =T EGHIEL AT AFEDIDELLTOLA LT, BIERKHICER
Exy ) —N2ERTHEEBECHRBNRAREMEATLIFEL L THHFS
nb.

ABETEIEEA /b=y )=t OBERERALNCT 72D, M
fafEH+-ATPaselZ & BH L, TMEEBEOBEICOWTRHRITTS.

ol HIEANA )Y =N LUL ) — Uit & OB

(FIE)
D Btk L&

103 X 1890 uM A / ¥ b — /v % & teHayashida b O & s 40 (RFEWR : 5%
(wiv) Zna—2R) #ER L. Scerevisiae B XEEEH=901%5 (K901) %,
15C, 5RR, EEMICETIE THESLE L.

2) EREEEEORIE

BERFAIE 2 2% (wiv) Z v a—2F X110 mM KHePOs% & 00-18% (v/v)
TH)—NERICEB L., ~y FAR—ZAZERNTATEBL LK, 16CIC
BIAREBIARERY, 27 v T AY— (¥4 T 27, BHE) TRAELL.

3) =& ) — NIRRT OAERESE K UMLK TR H & O RIE
BEREEERELODBICEL > TERFL, 12-20% (viv) =¥/ — VK T3EBE
Bl REEOTZ ) —LVERICBEL, 15CIIKELRL. HLEICSLT,
0.1 MABEEE K (pH 4.0£72136.0) 2= ¥/ —LVERICEM L. £ERIX
FIRIEBRIBEICE > THRIE L. BREARZEODBEL %, EEICREL-ZEEN
R4y (lg, VB, »VUL) REEELE
KiE2132608 £ 10280 nmiZHB T ABRAEENLERZ L2000, U UBBI VN Y
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DAZENENEY 7T S BLVRFBRHAEICL>TERLE.

(fE &)

D =4 ) —VEETICBTIBRBEEEICLEZXDA /) Y =N L _LDORE

1068 X0 uMA / & b —N 2 E T TKIOIKREZ & L& T A, Fig. 51
WART LI, #EEL gbl-Vof /) P—AEBIZENAFNRIE (K1 /) 2 b—
LEE) BLU4.6 mg (BA /¥ F—LHEHIEK) Thol-. UL ) F—L B
EORZDEMTHBBEERTAIEICLE T, A/ V=AM L_VDORRBHE
BERMUTDIZLEPARTH-7-. UBROERIZBWT, AFBT CHEL-E
BEEHL:E.

KA/ b= BIUOEA /P —NLVEEERWT, 0~18% (viv) =% /) —
NBERICB T IRBEELZRE LEREFig5 LI FRT. MEgke b, =& )
—NVIRENBS RDICONTHRBEEIXET LAY, RRLETRTO % ) —
NBEICBWT, TEROEEKOMIC, BREBEEOEZIAONRD . A/
h=ALARAUEZY ) -V EFET CORBEEICHELEX RV ERbho
7.

6.0
50
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Specific ethanol production rate
(CO, pl/ 103%cells*min.)
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Fig. 5-1. Effect of cellular inositol level on specific ethanol production rate. Cells were

1.0

cultured in the synthetic medium supplemented with 10 uM (O) or 90 pM (@) inositol

for 5 d at 15°C (cellular inositol contents were 1.6 and 4.6 mg/g, respectively). The specific
ethanol production rate was measured in 0-18% (v/v) ethanol containing 2% (w/v) glucose
and 10 mM KH,PO, at 15C. Data are means of three independent experiments and bars

indicate SD.
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2) =8 ) NVEFETICBITI2BBOEFERIZEXDAL )V =L LRLDOEE

KBS 27 b—nNBLO&ES /v b—LEEE12% (viv) =& ) — LVEKRPIC
BAEL, RIFNICAEBEZRE LEEREEFig52 (A) 73T, A48T 1 KR
LB TR L, KA 2 Y P—ALEEEEA > F—ALHELVELS R
L.

12-20% (viv) =% /) —iZBWTHIE L= M@ KO EREE ELH % Fig. 5-2
(B) &7, MEERLD, =&/ —VBEOBMKE LLIZ, EREEEROS
BEIEROICERLE., ITCO=F ) —LVBEICBWTES ¥ F—LBE
&AL/ Y b LVERL Y EBEEERIIKRE o2, EROAEIZIZIERT
Thole. UELY, 2ToxZ ) — L BEIZBWT, K1 /¥ b—LEHEITE
A7V h—VEEIY T ) —ATENENZ LR bho .

KA/ b—ABIOEA /¥ b—LEEEZpH 4.08 L U6.000.1 MYLEELE
BREZL15% (viv) =% ) —VERFIZCKRE LZROLEBERO L % Fig.5-3
AT, WTFhopHIZBWTY, K4/ ¥V b—LEEIIEA /O b— LB X
DEBLROT oM. £/, WAL d, pH 6.0XVpH 4.0 TAEFHEIT
RELSEWY LT, BBMERERTZ /- VL 3BEBORERERETHZLERL
TWn3%,
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Fig. 5-2. Effect of cellular inositol level on cell viability in the presence of ethanol.
Yeast strain K901 was cultured in the synthetic medium supplemented with 10 uM
(O) or 90 uM (@) inositol as described in Fig. 5-1. Cells were suspended in 12-20%
(v/v) ethanol and incubated at 15 °C. Viable cells were counted as CFU. The changes
in viable cell number in the presence of 12% (v/v) ethanol (A) and death rate
constants (B) in the presence of 12:20% (v/v) ethanol are represented.
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Fig. 5-3. Effect of pH of incubation buffer on ethanol tolerance. Cells were
cultured in the synthetic medium supplemented with 10 uM (L) or 90 uM (H)
inositol as described in Fig. 5-1. Cells were suspended in 15% (v/v) ethanol
containing 0.1 M lactate buffer (pH 4.0 or 6.0) and incubated at 15°C. Viable cells
after 0d (O), 1 d (@), and 2 d (M) of incubation were counted as CFU. Data are
means of three independent experiments and bars indicate SD.
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3) =&/ —NVFEETICB T IBEREENRS DR

BA b= NABIOES ) ¥ b= NVEEKE12.5~17.5% (vIv) =& ) — L&
BHICEAL, IBCTHEL%, LBEOEE, VUBEBBLUOIYVLE2ER
L7=. Figh4lZRT L5, @TOZZ ) —LBEIZBWNT, &1/ b=
BEEEA /b LVEEIVEROREE, ULEE, MY ULERHLE.

70FA M  C
6.0 __ 4007
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Fig. 5-4. Effect of cellular inositol level on leakage of intracellular components in the
presence of ethanol. Cells were cultured in the synthetic medium supplemented with
10 uM (O) or 90 uM (@) inositol as described in Fig. 5-1. Cells were incubated in
12.5, 15.0 and 17.5 % (v/v) ethanol for 3, 2, and 1 d, respectively, at 15°C. Nucleotide
(A), phosphate (B), and potassium (C) concentrations in the supernatant were
determined.
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E3HT A b= L AEERH-ATPaselEM K L F O ER

(Fik)

1) BEE X O %

AE, F2fi (FiE) 1) KARTHEBEIZLEN-T, KOIKZEEL, 1K1/
VE—ABELOEAS V- LVEEERET.

2) ICPiE D B E
BER M DIEMEE DOIEIE L L T, Intracellular pH value (ICPfE & %9 5)
ZImaib O FEIOD (T X > TRE L.

3) MRaME H+ATPasef&tE D HIE

#150 mg (F£%) OEERMIEEZ6 mM EDTAE X 100.6 mM phenylmethyl-
sulpfonylfluoride# & ¢r 50 mM b U RIEBE®EH (pH 8.5) 0.75 mlic & L
Tetk, BIE, HF4H (FE) 2) KARTHERRL-T, F¥Z7AE—-XTHIEE2HE
L7 RECEX— ;%02 mM EDTA, 0.2 mM PFAAL A h—ABILY
20% (wiv) 7Vt — V%2810 mMbIY R-HEEEESEK (pH 7.5) 0.8 mlT
BN L7=1%, 700Xg 104RELDBEL, LB+ EMRMEBERE L. EHk
B HI#K 220,000 X g, 2050 RO AYBEL , TR A ER U7s. LB % BEFEH E AE
HEODBEICHE L, 43/63% (wiv) FiED AR B L /- 102,

8 0 B 4 (R, 200,000 X gih B 4y, MARIIRIZSOWT, 4 VY F— A B EB
FUOMRIEHATPaseiEHE 2 RIE L. 4 /v =G EIX, F1E, F2H

(FiE) 2) WRTHERCI-TERLE.

AR H-ATPasel& HE IX A B F O fFr EVFE EF A T H 5 diethylstilbestrol #
W, Table 5- LR THEZ L THIELRE0D, BEIEBAT vEAIZBNT
FIEgZREEOBEZ2ITOHE1X, 0.6 mM Zwittergent 3-14 (Calbiochem-
Novabiochem Corparation, San Diego, USA) ¥ X 1%1.9 mM PI (BERH ;
Fay, KHE) 2RIGESRICHEMLE.

diethylstilbestrol#ME L CERM O KISKIZEB T ZATPRMEOZENG, M
FafEH*-ATPasefFEE 2 RO 7. 1RIZ]1 pmoleDATP%2 T 2B F B % 1 unit
LEHE L. H+ ATPasefFEMHi3# /37 1 mgh -V Ounit$x (LLiFEM) TERFR
L. HBRRTOF U RIBIIn— Y —ED ICLVERLL.

4 1/ LEHEESREONE

Wi RESEADTOLIEE #Hanson® O F k103 [ LN THH L.
ZIEENS, BTAIIVHEOFETIZBNT, SBEBRVWRAT7 4 TEER X
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ORRERZVER Y VEERUTOFEIZ LR > THBEL .

PHREEF[ TN Y LB L%, Celitebds (FHS5 AT R7, FE) #5 A
EFRHWT, TAVHVREMIEELZHEBELZ109 . 2EERIBT7A D Y RENE
H%2 NEMTI25C, 45FFRIMADAEL 72, HBEL-A /v PN EFI1E,
Fofi (FHIE) 2) KARTHECL>TERLE., 7TAH VKM LTRLERIE
BEOERBIIAKBHESEN O TNV REMBEEERELZELSIK I LICL-THEY
L.

Table 5-1. Reaction mixture for H*-ATPase assay

Substrate 0.IM ATP 20 pl
Enzyme 50 pl
Buffer Incubation buffer? 1 ml
Inhibitor 0.1M diethylstilbestrol Oor2pl

The reaction was started by adding 20 ul ATP and stopped
after 60 min-incubation at 30°C with 2 ml of phosphate reagent
consisting of 0.5% (w/v) SDS, 0.5% (w/v) ammonium molybdate,
and 2% (w/v) sulfonic acid. After 5 min, absorbance at 750 nm
was measured for the determination of liberated phosphate.

2 Consisting of 50 mM 2-N-morpholinoethanesulfonic acid
adjusted to pH 5.7 with Tris, 5 mM MgSO,, 50 mM KNO,,
5 mM sodium azide, and 0.2 mM ammonium molybdate.

(s 5
1) ICPIEICE X 2EENA ) ¥ b=V LNV DOERE

KA 7V b—=ABLOEAS /¥ b—VEEDOICPE % HIE L /& R & Table 5
IFT. BA Y b= NEEIRES v PV EB LY EVICPHEA TR L.
A7 h—=N LV OFVEERIET T b oHRHEICE S MR Ovitality 23 &
ZEBbhol.

2) H-ATPaselEHIZ 5 X 2 EENA / b=V LRV DOREE

KA 7 b= A BEIOEA ¥ b= VEE LR L /- EHEHH®,
200,000 X gl B @i 4y, MRIEE >0, 4/ ¥ b— L& & L UH-ATPasei& tf
2RE LR %2 Table 531277, MRREORBENELICONT, Fr37Y
DA P ALERBITEL RN, WTROBESIZSOWTHLEA /¥ h—
NEEITEA ) b—LEEKRLO A ) P =L EEMN2EE N >T-. H*ATPase
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EHELEA P —LVEEITEAS VL B®ROEE T, BER~DA )
Vh—LEEIRT R L, MBABEOAL 2 h— A L N_ABREL 2D, MIEEH
ATPaselEENRNE TFT A L2 RLTWA.

Table 5-2. Effect of cellular inositol level on ICP value

Cells ICP value
L 5.48+0.02
H 5.66%0.01

Cells were cultured in the synthetic medium
supplemented with 10 uM (L) or 90 uM (H) inositol as
described in Fig. 5-1. The intracellular pH (ICP) was
measured according to the method of Imai et al. Data are
means + SD of three independent experiments.

Table 5-3. Effect of cellular inositol level on H*-ATPase activity

Fraction Inositol level Inositol content H*-ATPase
(ng/mg-protein) (units/mg-protein)

Cell-free extract L 1.51 0.71

H 2.90 1.67
20,000 X g pellet L 2.09 1.86

H 4.78 3.55
Plasma membrane L 6.84 8.76

H 16.60 16.70

Cells were cultured in the synthetic medium supplemented with 10 uM (L) or 90 uM
(H) inositol as described in Fig. 5-1. Cells were disrupted with glass beads and
fractionated by centrifugation. Cell-free extracts (the supernatant in the centrifugation at
700 X g, 10 min) were centrifuged at 20,000 X g for 20 min, and the resultant pellets
were subjected to sucrose gradient centrifugation to prepare plasma membranes.
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) A/ VF—LVEFEEERICEZPEENA ) F—ALRALOEE

BA /PN BROES ) b—LVEEDL ) b AEEHEEEBRYE
LR ZFigh-5llRnd. &@A /Y b= NVEBIIIES ) b—1EilELY, 7
V) VEHROEETHLI TV ) HBERESENE N -T2, —F, A7«
VAREDOHEBETH LI T AN REREERIIFEBOMICER AL R T2,
A7 h—=N2HlRTZE, Vo) VB P—LERBIETTSE, X
T4 ABA VP A ERIIEIL LBV EERLTVS,
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Fig.5-5. Effect of cellular inositol level on the content of inositol-
containing lipids. Cells were cultured in the synthetic medium
supplemented with 10 pM (L) or 90 uM (H) inositol as described in
Fig. 5-1, followed by the determination of alkaline-labile ((J) and -
stable (M) inositol-containing lipids. Data are means of three
independent experiments and bars indicate SD.
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4) BEIBAT vy EAIZBIT 5HATPaseiEZ DRI E

BA /7 bP—NBIOES VP LEELLFB L-ERRHBEBEIC
Zwittergent 3-14B X UHKPIZHEML, BE It/ 2FK &H T H+-ATPase
EMERE L. Table 5-4iZ7"% X HiZ, Zwittergent 3-14D B ZHEML -5
B, WThoRBE b, BHEIBRH IR Rok., ZTHhIZPIR 8 TH
W2 e ERITIEE L. EMRMEROAOHEICIEEA /¥ P—VEER
KA 7 b—NEERLIVBEE TN, PIZBEMULTEASIELE2ERE
BB EIE, MEOMICEEHOEIR NN,

Table5-4. Effect of cellular inositol level on H*-ATPase activity in the micellar assay system

ATPase (units/mg protein)

Zwittergent PI
L H
- - 0.85%0.02 1.46+0.01
+ - 0.01%x0.02 0.01+0.03
+ + 0.46+0.03 0.41+0.01

Cells were cultured in the synthetic medium supplemented with 10 uM (L) or 90 uM (H)
inositol as shown in Fig. 5-1. H*-ATPase was solubilized with the mixed micelles consisting of
0.6 mM Zwittergent 3-14 with or without 1.9 mM phosphatidylinositol (PI). Data are
means = SD of three independent experiments.
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FaF BHYOEBBOZ ) —AMEICEZLDEENAL )V h—L L)L DRE

(FiE)
1) BEERBIOEEE
S.cerevisize A ABEERH29015 (K901) B L U87018 (K701) #{EH L 7~.

2) INOITRE SRR D {E R

Fig. 5-6IC T FIEIC X Y, KT018kH 5 INOLE I FHEKZER L7-. DNA
BEBIUVEBOREGRBRIIFEIE, F4f (FE) b)) KB FEICEDIT-
7. PCRIZiZExtag DNA RY A5 —F¥ (ZH T4 4) 2FEH L. HIREE
RIFHIIAAAAREFER L.

K9018k (ECM31/ECMS81) 7 7 L HPCRIZ &K » THEE L 7= ECM31 /=¥
Be—h—& LT, INOIRER N7 % —pUC-INO-ECMZ{ER L. Zh%
AW, K701 (ecm8lleecm3l) %#WEEEM L, INOIBGTFOR FE#MEEL
7=#%K701-ino (Jinol:ECM31/INO1) %*71&7. Z i %2YPDiH [2% (w/v)
N7 b, 1% (wiv) BEEBxX R, 2% (wiv) Zva—2] T30C, 1B RER
EBLE®, £/ b—NLHREH02 ppmA /> F—AZELREF % 2%

(wiv) 7Y tua— & L7=Burkholder E#EE#1100)] (2 4R 1 ¥ db 7= D #2000
aa=—NAEALBLSIC8EL, 30C, 2HEEEL-. 10,0000 a2 =—00D
26, 30D/ an=—FBRL, 4/ ¥ FP—AVERME XV2 ppmdD A1 /¥
b —sv & & e Burkholder FAR S iz L XY A L. 2 ppmA /¥ b—EET
1 T O B A B I RE A2 INOIRE S8R 8K Alino (AJinol:ECM31/ Ainol-ECM31) 3%k
Rz

3) B/MLIAHZ R

F1E, F2E (Fk) 1) TRAREFELZIVBONMRAREIToZ. 4/ ¥
F—AZBEMLARVEFEOBLE EBHIZ, BXK200g 72920 mghdA /¥ F—L
EWRMUIAARAREZTo. BRPOBRITELSBEEICK > THHE L, B
BHREESBLOEBBOAF L 7V —RARIIFEMBE T CHAIL 210D, B
ARBUT PR RIEICE > THE L 7=,

4) =& ) —NVERFPTOEREKORE

BEgoxy ) VEBRPTOEEKEARE, FE28 (Fik) 3) KWARTHIER
Lo THIELT .
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K701Genomic DNA H

S (-949)
H (:2845) 0 1602 S(2611) H(4128)
RRARARRARRRRRARBRARRARRRAH ]NO7 W/m
INO1FI Amplified by PCR

Hind I digest
r S H

INO 1 e

K901Genomic DNA

pUC-INO e
. ECM3T ]
_> ‘__
i ECMF (X ECMR (X
Ve Abal digest Am( li)ﬁedb PCR %
H S/X S/X H p y
) . <4—
INO1F2  Amplified by PCR  INOIR2

pUC-INO-ECM

Tram

Gene replacement

L ROMEL
H INQ 1 i
Strain K701-ino

Gene conversion

Strain Ainol

Fig. 5-6. The strategy for disruption of /NO! gene of strain K701. Primers used to amplify
INO1 and ECMS31 genes were follows:!

INO1F1, gaggatccatacagattacacttataatca; INO1R1, aatAAGCT Tctttgtagagtgatcttgtc

ECMF, gggTCTAGAaagcctcttacagttgetcg; ECMR, gggTCTAGAcccagatcaaccatactcaa

INOI1F2, ctcgaattctttaaaatctttcageatttc; INO1R2, acatgcatgecacctttaatgaacgaaga

Restriction enzyme: H, HindII; S, Spe I ; X, Xba 1
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5) BENA )V F—ALEEBORIE
BEREENA v b= LS BITELIE, F48 (k) 3) TRTHEILE-T
HELE.

6) MR H+ATPasel&E D HIE
B R AR H-ATPaseEHITAE, E3H (k) 3) WK RTHEICL - THE
L.

(FE 5
D =%/ — LS 2BPOBEREENA ) b= AL LV ORE
KWOI%KZHAWTHM LZBOSEERLVISEEOEBMREZ TN TH15.0
BIXO17.5% (viv) =% ) —LVERIZEBL, BRVICERFRKZAIELFHR
2Fig.5-7TAIZRT. BLREAY GHEHHE) K34 /7 ¥ b—VERNBOEBERITR
MBOBRIVELLERLLTS, =4/ —LA@ERENr-7-. BIEKRH
(15A B) 234 /Y b= VERMEBNMBOBEOMIC= S ) —ViittEDE
XA bR o7, Figh- TBIZRT L I, BERNA /b= L ERBIIB IR
WA /Y b= NVERNMBOBERBIIHRMNMBOBRBEOLI2U T Tho7=n, BLE
KEIITEHEMBE LRl > 72, Figh-7CIZAT Lo, BLEMMIZIEA Vb
— VERIMB OB OH-ATPasel& 41X, NMBOBERO12ThH-0, BL
ERPICHETEDEZRIZEALALN LS 2o,
BIROBMICBWTEBEBOREKNA /> b= L EE <, H+ATPaset
KEETHY, =& /) —VIHEMENDR, EENA )V F—LEEBRELS DX
BB W TIEH»ATPase KL, =4 /) —LAESES R ENbIroTk.

2) INOIWEERR DB B} 5 % 8)

INOIFEER AinolZ AWVWTA /¥ F—VERMB LI ORMB 2 HAK L, #HKk
K701 b8 L/-& 2 A, Fig. 58I R"T Lo, BILEIAEM»H50H £ T,
Aino R ITK7018k & F UBEEE R @2 R L7z, L2vL, 68 BLUK, Ainol#kix
KOOI L W IRBEV ABWEBIETFT L. 4/ b—NAE2HEMLEZBTIX, mEIR
2BITRICOLE>TH UKEREZ R L.

BTRISE BICEBHREERS X OMBYEREZ HIE LR % Table 551277
T. AV F—AEMEBTHE, Anol#k tKT0IKOMICERMREEL LIV
MBREAERDEFTALGNRP TN, 4/ ¥ b—/)VEERME TIX, Ainolklx
K701k X 0 Mifa s ENE <, MBRAERIIE» - T-.

UEDRERZ, INOI BB TFEMELTA /P IVAKERL D LBERITE
TERPIIBOWTHREENMES Y, EFEPETTHIZLEE2RLTNDS.
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Fig. 5-7. Effect of inositol addition on ethanol tolerance (A), cellular inositol content
(B) and H+-ATPase activity (C) of sake mash yeast. Sake mash was prepared with
strain K901 using 200 g of polished rice without (-) or with (+) 20 mg of inositol
addition. On the 5th (5 d) and 15th (15 d) days, yeast cells were fractionated and
were suspended in 15 and 17.5% (v/v) ethanol, respectively. Viable cells after 0 d
(), 1d () and 2 d (O) of incubation were counted as described in Fig. 5-3. The
cellular inositol content and H*-ATPase activity of fractionated cells were
determined. Data are means of three independent experiments and bars indicate
SD.
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CO, evolution (g)

0 ! I R |
1.2 3 4 5 6 7 8 9 10 11 12 13 14 15

Period (d)

Fig. 5-8. Effect of the disruption of INOI gene on the fermentation of sake
mash. Sake mash was prepared using strain Zinol with (A) or without
(A) inositol addition ( total rice 200 g). Sake mash was also prepared using
strain K701 (JNOI) with (O) and without (@) inositol addition. The
evolution of CO, was monitored in a time course experiment.

Table5-5. Effect of disruption of ino! gene on the cell density and MB staining ratio of yeast

in sake mash
Strain Inositol added ( xcle(;iii?ss/:l};) MB staining ratio (%)
K701 - 2.50+.025 24+0.7
+ 4.31%0.11 02£0.3
Ainol - 1.66+0.12 29.4£1.6
+ 4.22+0.75 0.5+04

Sake mash was prepared using strain K701 and the disruptant of inol, Aino! without (-) or with (+)
the addition of 20 mg of inositol, as shown in Fig. 5-8. Cell density and the ratio of cells stained with
methylene blue (MB) were counted under a microscope on the 15th day. Data are means = SD of three

independent experiments.
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BEhET EREER

(EH)

A7V b=V RLOEVEBITEVWERIZEST, =& ) — LR TERBLIZ
KMmol., LnhL, =& /) —VHTOBRBEEICIZIERNL NP2, &A1/
Yh—nLEEOT S - VTEREWERIE, MIEEH-ATPaselFEHERE VT
CIBRRTDIZENRDoT. BA Y b= VEERMEA ) v b —VERIZ S
T, H*ATPase{EER® VDI, PIZENE <, H+ATPaselEHA2EH D DIC
BRRBEEERECOLD O THHAZ EBbhole. 4/ b—ADHIREN,
BENA )V P =LV U _XARBENBIREIHICE, BERH-ATPasefEH T <,
T )= UTHESNE D o T2, KBIZBWTA ) Y b= A L _UBHEKT 5 &,
H+-ATPasefEME bR L, =%/ —LAfitE b EL o7z, BEROINOLE &
E45L, BIBRKHICBITAEBB LI OEFREREKT L.

(EB22)

EA )Y M= VEKIIEAS ) b= VBRI, =& ) - AERPTE WA
frR%zZR L (Fig. 52), MIaNsORE b MKl &7z (Fig. 5-4) »%, Zihix
A b= VEEPRHBEEOFER AN TE/BEVWI EERBLTWVS.

Em, BA Y b VEEE, KBS P LVEELIDEWICPHEEZ R L
(Table 5-1). ICPEILMIE DOvitality DIEIZED1>TH Y, BREZEERE (pH
3.0) ICEWEROMID e N HEHREZRAEST D2 FETHD. &A1/ ¥ b—
NEEITTZ )=V DOFEELBVBAIZE VTS, 7Fr M dHERE L, Mk
Ovitality @ W Z ERbnote. =4 /) —LVEETIEBIT 2BEROEREITEYE
FETIZBWVWTHIZEE TS50 T (Fig. 5-3), =%/ — V2R3
7a b HEHEREWI EREETHLHEEIDND. ¥ /) —LEOR
WEA /Y b= VEEOICPENEL, 7u b rHEHEREVOIX, MEiEH-
ATPaselEHENEH WO TH D L EL LT~ (Table 5-2).

TH )= ViTHREOBEKEREZELI LI > TESBEICEEL, Yo b
YOMIBAN~OZENIRAZ B HT19, ZoORR, MRNRSORE %35 &
fEZ L, MRIIEICES. LT, MREEOFENY T ) —AHToO
AFEE#EBET I ETEETHY, &4/ ¥ b—LEKITHBE~D L F o EEM
EWRESITHHMBEH-ATPase S m W=, BENYTENREFL, =& ) — )it
HERENHL O LR LT,

wiZ, @A/ b=V EEOH*-ATPase R EWERERIC>W TR L. £/
h=NVIIEBEREKICIBWTEIIZ, PIHDIWEIRT 4 TEA )V b= (&
ZIF) ELTHEL, MREICSATD. K1/ b—LVEEEEA /¥ b=
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LNEEDOBICAT 4V THEAS )V F—LEBODERZRARDNRESTZHDOD, £ /)Y
=L EZHIRTDEPIZEGEITELIIET L (Fig. 5-5). PI2H+ATPaseil
BIHFEREELT, RO2OBFZLND. O EDiF, PIoF —r A —"—i2k
WT, £RT BT IAT Y o — i ko TEML & /-protein kinase C
DATPaseZ N7 O—%x V VBT 52 LT K> TATPaseAEMHILIN S Z
ETHY, bV EDIPIVHIEE L CHEATPase2 EME(LT 2 REZ KR T
HZEEBLOTHD. AIEIZEL TiL, ATPaselEMEN 7L a—RADHEET
THEMEENDIELRBARE L THRESNTWVA09, HHIZE L TiE, in vitroi
BT, PIZRISKICHEMT 5 & ATPaselE N KT 52 N BE SN TS
no), FEA /) Vh—=ABIOES ) VP LERISARL-EMRBHKZ
Zwittergent 3-14 THIF{L L, BEfMMEBOPIZHM L TATPase2 BA I A H T
BEBELZHACE, MHAKMOH*ATPaseFEHEOEITIR O R R o 2

(Table 5-4). ZDOZ i, £/ b= L RXLDEHWEEDOH-ATPaseh &
WD, MIREBEICBWTPIZGENES 2D LICE > T, H+ATPasefGH% &
DEIDICEMBRRIEERER2ERT A THIEELLN. U UIEHE L H
ATPaselFt & DERIZOWT, PSEEDOEHVHMRIIPERPCEEDE WHIC
T, =& —AHETHY, YV IEEDORA A LML A v Ol
BEETHILORERHDUW, 72, VRY—LOAWNEBELI bary YT
ATPase/EMNEMROBARICH D2 LT 2HRENW BH L. BEY VIEETHY,
AMEL L OPIOH AN ATPaseDEMILE O L2 b, BORE L BE%
WD EHRLT.

A4 b= DBHIREN, BENA T P—A LU RROB IR,
B REH*-ATPasef&E I3RS, =& ) —ATERE» o720, KMz W TA /
SR L RABEKRT DL, H-ATPasefEME b KL, =& 2 — L THEL &
< 72o7= (Fig. 5-7). BBOA /) b—NVAEERBLEFTHDINOIZKET S
E, KRMICBITAMIBEBEENKT LA (Table 5-5). FE2EICBWVWTRRAELS
2, BIZBWTERPHEMET 00 L /v F—idIZ LA YERXFDOT 4 F
COGRIIE o THEINDD, BRICLD2AGROEROMMBICEELRRT T
DT ENbhrol. Eio, INOIZWETLIEBIERRMOAFESET L.
BEREDA ) VPV ERBEFRIBIERNOBROAFRLED DI LT, HEE
THdHI EDRbhot:.

BIZBWT, BREENA Vb=V L_Exd ) —AtEc BB 2525
BEELRRFTHDI L LBIZ, BROAL )V L EREERIE, BILBTI2BRO
HMlREEZ®D, KOOGS ) —VRETXEBIL2AFEREZEDDLZ LICL-
TREVBRBZECKEZES LEXD.
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WEE

AL T, HEEBECBOWTE»OHEEH, TABBICL>TERKRS
N34V h—APEEORBICEDOL I REBEYEX DN EMHATH L% H
BELTHEEZITY, ROXIRREEZB/BDIZ LN TEE.

FEXRICBWT, 41/ Y bP—NVDOREHIZIT 4 F U RELTHEETS. 74F
U, BEAEBRKRARBOMBMBICTFET D, SERKBKRERAINDE
BEEEICBNT, EroHEEINDIA /T P—NVEROENTNS. ZO/RKER,
BIZBITDA /7 b NVOBER~OHRGEEITV 2L, BEOHEERICA ) ¥ b—
ABREBL, HBEELHIREZ . £, ZOXIRA4 Y F—LEIBRED
=, BIENMICIX, BBEENA /AL bEIME bR, L
L, 0%, BIREOETL LHIZ, EERNA ) U b—A LIk L, K#
WEBWTIHERVARMZELE., 20X RBIIBITIEBEENA /b —1
LRAVOERIE, BEN»OEBINREAS ) P L 2BEPFIRT RO TR
<, BEBOA )V bP—NVEGRIZLDZ LD THoT-.

RIZ, Z4FohbA /Y b=V EERTIBREICOVTHRINLE. BEEK
UUVEREH TR E L, APRBFHEIEEA/KIE, 74 FrEA /b=t L
THAL, HEETEEN, &Y VEEMTAPEMH LB AICiX, WMETE R
Mofe, LEN-T, BREKRAPIX 74 F b A /) b— N E2AEKTHEME
FAETAHAZERbok. BORBLELT, 74 F U oREHEEZ L RVEER
BEZHVWTBEHAATESS, VVBE2RMUAZVEB TIIERITHEE TE 20,
UUBERML TEBOAPOER MG THL, 1 )V F—VDORBIZEST
W CTER ko, LEMR-T, BBV THEFAPIIEXTD T 4 F
MmboA ) b= N EERETORE R T BN broT.

RE, REXFOT 4 FUPBEROERICL>THMRL, 4/ v b—NVEAER
THEDIZIE, 74T VPBOBHBEPIZAIBELEINDZZEBLBETHo . KHL
WEWT, 74 F 37V a—a BRPT, REHORETHEETS. TV
—n VERIIEAE TER IR TWARY, BLEBWTENXTOEAEN SR
PR ET 4 FURBHEPICTBE{EENT.. LKoo T, BIZBWT, B0
n7F—PREAEOLSMEBELLCA )V FP—NLVDOAERBZIBET D L ERLT.

BV VBT THEINIBEROAPERRF & LT, PHOS5, PHO53,
PHQ11, PHOIZ2HFETSH. ZDH5b, FTEAPELETFLELTHLRATVND
PHO5% X \NPHO5-3137 4 F v BRI TH2HREMNEL, PHOIIB XV
PHOIZR B L 7 4 F U ORRIIHENRS D EXbholz. ZOREIX, B
I8 B3 PHOIIR X CPHOI2ZBIG T OF - B BEEZRWE LA TEETH D
EEZD.

A P NVIIBEBOHEBERFTHY, I, FEEBOL S REEBERETIZEW
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T, BERIZA ) U FP—NEBERMEEZRTD, BIZBWTA /¥ b= 1LOHfKEEN
BEOHBCEBEO MBI B EX2EERERTTHHENTFRENS. £
T, BIIBWTER~DA ) h— L OHENHIBEIND - ERFEOLLIC
LoT, EDXIRBEBHDIDIZOVTHRET L.

FT, AV P ABBEEOEBRFERDIDOLIO>TH DA 70 VBT F VAR
BILEXDEEBERIFLE. BXSATO%DOERXE2HERT I L, 80%LED
EEXEZFRALEESLIV Y, BREOY o VBT AESERNEL BoT. =
NREERBAXEZ2EATDE, AV F—LOHRKENFIREND Z LIZREL
7.

BizBWT, 41/ Y b LORBEEIBBON o B FLVARICEET S
FERTEMEICRBEZEZA R ol —FH, A/ b—NE2KIBRTDL, BEEDOH
TurBEOhHIEVBREESEAKLE. LEN-T, £/ Y b—ANEHREH
Tebg, A7 BzFLERENERTLION, ZORETHIAN T 0 BOA
B BEHEIND =D THDZ EBbhoTl.

£V b—=NIZEBPADOHMBEGETF THLOPIERFEHETH L, BREO
A h—=NEH/RBLTS, 170V BOERSMEINRLol hb, A
VPN E o TH T BREOTSENIBAERBERBL T 501, OPII%
LI BAREETFOBREMEICLD EEX N, 2 CHRIIBARERS
FDHIH, FOBBFORANRR LI /0 v BEOFEEVBRERBCEELYS
XBMERNDD, ACS2, ACCl1, FAS1, FAS2B{I T2 FhFNHERER
S, gEEEEOTHEVREZER L. DHEEVBRS &L, FAS1 #HRREH
SHEBEICOAZERL, TOMOBLEFEEERAIETLERIIEDLE)
ofc. LIERoT, 47 h—NUDBHRINTE, 7o BrFLOoERBE
XD, FASIBREFORBMBI MR Z, PSEAENBE D A& K& H3 880
TAREOTHD E/RRLE.

Wiz, WEKBEOL 12O XEEFEN T THOEBA VT INERICEZ DA
V= NVDEBIZOVWTHRHNLE. BASET0%OREEIKEFERTZ L, §
RIEOEEEEA V7 INB X OE/AK (BB YT INIA YT INEER) BELR
ok, TNIIEEBBXEERALEZEHE, 1/ b= LOHEESHIRINDZ L
WX o THEBE A V7 INERBERTH 5AATaselEENRE KT EHH-DTH - 1.
AT B FADOEELIIRRY, OPIIEGFHREKICEVTYH, BICEER
DAY h—AEBEMTDHE, Bl YT INAERBIZETLE, 4 /7Y =2
EHRMLTY, AATase’ = — RT3 ATFIB L RATF2B G FORBEIIL DS
o e, £ b =il ko TAATasefEENE T T 25D, Bz F0i:
EENEATAZEICLDLDOTEHRNEERL .

FITA )V b=l K> TAATaselEENBE T TA3REAEZH ST B0,
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UFORZEITo . 47 ¥ b= NVERMBOBERITERNE O DK 3fEDPI
SRBERLIE. 4/ b= AEMBLOERNBELOAR LB &kE ~
gaRLLHESHAVIERARY XA—FPCTUELT, HEDOPIZEDER L
T, TEDAATaselEHEDEIT A OGN R oTn. £, AATaseDHEERER
e DY VIEEERML CESEZHELLE Z A, PCBLUPEL » PLIZENH
EMIMBEELRE. &6, FVVEEEA VN AERNMBOERDOY VIEEM
R C A b CRIGKRIC Wmtt B, BEMEBEROMBERICA LY THEML
BAIWCH AT, AATaselEMHI1326~55%ICIET L. UEORERML, 4/ b
— VRN & > TBOBERAATaselEENIE T T 2013, BROPISENEL 42

D, PIDAATaselEH 2 M<HET A1 THrE/M L. 2ok, PInfol
VAEHE LV < AATaseTEHE A RET 20, PINEEY VEETHIHELZD
D, BRIV IICLVEIEESL, VUVBESFROREBEBIZL D
EHNHAENRZ2EDD O THHEBE L.

BFEBICBWIEECBE LLEXEERT 2 L, BER~DA /¥ b—
NEREZRIBT A2 LICE T, HEHOEELRFFERN THI I T BT
BLUOEBA VT INVEERZFERICED, BEOOBNREEBETLIHAT, B
HDTEREBRERNLETHDIEER L.

wiZ, BEROZZ ) — L5254 /2 b=V OREBIZOWTRE LT,
WIETR_Z LI, BREBHNA /¥ b= L~0iE, BLEAHICEIEN
0, KB WTHEHEROAL /L F—LERBEOBXICL>TRERDLANLIC
ETH., BHENA /PN L _ARER-TYH, =& ) —AFETFTICBITIE
BEEEILEDLLRP SR, BIERAAL /Y b= _Fzd ) — LEETFTTO
HEERICEEBLYEX, A/ ML _RLOEWVERIIEOCERICETZ Y /
—tEREWZ ERbhol, £, AV A LRLOEWVWERITZ S )
—LVFEETIZBWT, ERICEbRIMBANRSOREHEL L2, BEO
vitality DfEIED 1> TH HICP{E (GHEANPH) b EMo/=. LEEN-T, 1/
V=AU AAREWERITT e b HEHRBICESKIREANY TRRAEW I AR
war.

FIT, 47 b= VP HBEH-ATPase/FEHIC5E 2 2 EBIZ OV TREL
oo A Y b= L OBWEEREVWEEORK2MEDOH-ATPasei®&iE 2 R L
fo. =F =)V MRABEORKERERI TS Z Lick > THEEGBEICREEL,
o brOHBAN~DORAZLT-LL, MIBNEsOREEZsI R L, e

FAZEL LD D08, LizBloT, MRKOERNY TIE=¥ /) — VP TOETRF
PHEFETAILETEETHY, BRIZA /¥ b= LB EVE, H+ATPase
FEERELS 2D, 7a b UHBICb EDSSKEANY TENEL, =F /) — L
HrREmL b LR L.
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A7 b=V LXURRR-TEH, AT 4 TBA ) =D VEED
SR ol=d, £/ FP—=ALRARELRD LEBOPIGENE KT A L
FRELE. A/ b=V _XAVORLIES»ORAR L EHRHLE%EPI
FREMIEEBEEIBAVPICHEER TS L, H+ATPaselEHDEITA LN AL
ot ZTOZENS, £ 7Y F—ALLOEWEROH-ATPaseEHEN G
KR PBEBIIPISENEL 2D L2 L » THATPaselE 2 & 5 D2 H Fl
RERERENERIND O THDELERSD.

BizBWTHA /Y b= bRV DEWIIMIZEB W TIE, H+ATPaselE 4
KL, =& = itELEWD, £/ Y b= b RUBEL DRIz, H
ATPaselEHENR®E < 220, =& 7 —1LfitEbE<< Rotz. 4/ ¥ b—NVAERKEE
KELFINOIZWET DL, BIBRHICKT 2BETMREENMET L, R
W, BENSEA L. BIRBKRHIZBOTEIIERT AL, =& ) —/VIRE
PR TT BT T, BREAKRNKRSORHICE LRI BRBEOT I /B
RKE, BBEOMEL2HLITIREL 2D, BIIBWT, BROA /¥ h—n
EkBERIZ, BEOAL /S P— VLA EEKIFELZZLIZL 2T ¥ /) — L
HEREIEDEEHIC, BROMPBMFEELZED, KOG ) —LVRETIC
BTA2ETFER2EDDLIILICL o TRELBBZES RE L RETLER L.

AFFIZBWT, BERBAXOERIX, BIEOHICA /¥ b= LHIBREY
EOHTZEICLoT, BEVEWHBEOBELXWREICTDHZ LERLE. i,
BITERMICBWNTHE, BEBA /O F—LE2ARTDHIIECLST, =& /—
Vit E ® D, MKORVVFEBEOBELFREL T3 RICBWT, EBEEEXRI
Moo EIN e HWETHIZ L EIH L.

SHOBEELTE, AMRCBVWTHONTZMREZ, EVOBWIEER2ED
TeDOFRBEFEOREBIUHRLEIRERBERCE T ¥ /) — Vit EEE
BOBFRIIEHATAILTHD. HlxiE, H3E, F4HTRLEL O, B
D OPITEIGFMERIZ, 41/ VYV F—AB+HICHBENT-RECIBVTY, ¥
BOh T BzFLvEAERTS. LrL, FAEEFHEKRIRAENDLZ S, #E
BEEICHERTA LN TERY., OPIIOKBELZRBALEEEK 2RI CRE
THRMEBERCENE, 1/ VP LOERBEDEZDICHGERL, RENICE
DOBWVEBEORMENAIREL 2D ENHBTES.
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L3y

BEBIZBITAA /P NVORKREEROBFTREKES LV & / — Vit
DIREIZET B 5

FEIREB/ET DL BT, A/ FP—AEEBIRECEALE. BEBICE
W, BECBREIhZREEXAIMERIND D, BR~DA /) ¥ b= Ot
WRoERanf. ZoHE, BIBWT, BRIAFTRERNFTHDLA /¥ b—
NBARRT B, HEBIEIHIREZT, RFICEERNA ¥ b= LKL
mzbhi. L, BIBRREIIE, BBOA /O P NLEBBREOBEXICL
ST, BERNA Y b= LR L.

BIZBWT, BEREBT 012, BRERPOT7 4 FroBRLSBIZL-
T, A7 b—ADEHL, BRIIBEINDIZEBULETH . BMOBEEL
Sz, BY VBB T CHREINIEBRBAPY 7 4 F U ofBEE L LTEALE. £
EBEBAPY 2 — N4 2 PHOSB L WPHO5-3IX7 4 F o OB RIZEFNIZER
R TiE/e<, PHOIIB L OPHOIZR 7 4 F v DORRIZHENTH 1. Fi,
T4 FUNBEREREZTIEDICINE, FERXFOZ O RIERGRINTT 4
FUNABILINDZEBLETH- .

BlZBWT, 41/ VP NLOBEB~OH/ENHIRINDZ LT, BEBEOCEFR
WA THH AT o Bz FAVBLUOEEA VT INVERE2EDD ETHAITH S
EBnbhnol.

A7 h—=LABHRBENDE, BROA ) FP—NLMIZLZ2ADOHEEETTH
% OPI1% N T B RaiiE A & s+ FASIO BB S BLIE X v, P 80EBE o &£ R
PREEIN. LEX-T, A1 /7 b—ADBHIRBENTEF, o BxFre
BB I NZ DL, ZOREETHY, THEHBEOI1>THH I o U BEK
ENERTDZLICERT A LERLT.

BIZBWT, 4 /¥ b= ADBHIRINTZEE, BEROEREA V7 INVOERIE
EINDDIL, BEFOAATaselEEN B KT EH-OTHo7. £ /7 ¥ M= DHl
FRIZ & > TAATaselEHEDB R T2 01%, BEEEIZRWT, oV U BE LD
78 < AATase/EHE 4 HETAPIZSENIK T T 5720 Th o7=. PIMAATaselEH
2R ET LS00, PIVEBEREY VEHTHY, WELZ L OLD, BEF AN
JICBSBET DI LICEDZLERLE.

AV b=V OBWERIIZY ) — VR TOEFERRER L. 4/ ¥
F— L RN EWEERIL, MIRKEH-ATPasemEENE L, 7u b rrgrHicd
EOKEZBANY TERGWYD, =7 ) —AWHERELI R Libho .
A b= RLOECEROH-ATPaseiEENEH < 25 DIPIEEMNE <
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BB ELICX o THATPasel&EE % B 2 DI AR RERERENLER IR D
leoThdeZ R LI.

BEBECBVWTEERBAXSMERAINDZ LI, BIEOHIE, 1/ b—
NHIRREEZFEOVHT LK 2T, BEVAVWEBEOBEXFREETSH. ik,
BIRXRMICBNTIE, BREA /I —LAEREBREOERICE>T, 1/ Vb
— L RLEEDDIIEICLST, =&/ — LMt ED, HERORWIFEEORE
ERAREL 2B LR LT,
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Summary

Study on the production of inositol during sake mash process and its function

in the flavor-forming ability and ethanol tolerance of yeast

The content of inositol in rice markedly decreased during a
polishing process of rice. In sake mash, the supply of inositol to yeast cells
was limited, when highly polished rice was used. Consequently, at the initial
stage of sake mash, the growth of yeast cells was limited and the cellular
inositol level decreased due to the deficiency of inositol. However, at the
final stage, the cellular inositol level was increased by the activation of
inositol-1-phosphate synthesis in the cells.

In sake mash, yeast required inositol for the cell growth, liberated by
the enzymatic hydrolysis of phytate. Acid phosphatase (AP) of yeast induced
under low phosphate conditions had the same effect as koji-enzymes on the
hydrolysis of phytate. Among the AP-encoding genes, PHO11l and PHOI12
were more responsible for the hydrolysis of phytate than PHOS5 and PHOS-3,
which are the major genes for AP in yeast. The hydrolysis of phytate was
dependent on the solubilization of phytate, which was brought by the
degradation of proteins in rice.

The insufficient supply of inositol to yeast cells increased the
production of ethyl caproate and isoamyl acetate that bring perfume to sake.
In addition, it increased the production of middle chain fatty acids, owing to

the derepression of the fatty acid synthetic gene FAS! mediated by the
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negative regulatory gene OPII. These results suggest that the production of
ethyl caproate was promoted by the increase in caproate, which was brought
by the limit of inositol in sake mash.

The insufficient supply of inositol to yeast cells also increased the
activity of acetyltransferase (AATase), which catalyzes the biosynthesis of
isoamyl acetate in yeast, with the increase in isoamyl acetate. The increase in
AATase activity was probably due to the decrease in phosphatidylinositol (PI)
in yeast cells, because PI inhibited the AATase activity more strongly than
other phospholipids tested. PI is negatively charged, and likely to be adsorbed
readily by the AATase.

The higher inositol level in yeast cells resulted in the increased cell
viability in the presence of ethanol. It was demonstrated that the increased
ethanol tolerance of yeast caused by inositol resulted from a high
permeability barrier of yeast membrane based on a high capacity to extrude
protons of plasma membrane H'-ATPase. It was considered that the increased
H'-ATPase activity in high inositol cells resulted from the increased PI
content available for the formation of lipid environment in the membrane to
stimulate its activity.

I concluded that the use of highly polished rice makes it possible to
produce sake with desirable perfume through the inositol-limited environment
at the initial stage of sake mash. At the final stage of sake mash, the elevation
of cellular inositol level by the increased biosynthesis of inositol resulted in
the promotion of ethanol tolerance of yeast, which will lead to manufacture

sake with a fine taste.
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HEE

ARXEELDDICHID, HIEE, HEELZBY £ L-FREKRERE, &
KREE, RAEREBICLLIVBHOZEEZRLET.
AHREITHCHEY, TOBEEEZ TV EFEE LEYERBEEKRRE AR
HEBIUER, ESTMRATEEREE, HRAMAFTREIGER L, WOk
WY 2 HEEAE NV E LA ERBEBERMEGIMRREEEHEL, HIEA
BT ERTE, MEFMRBEOFESHELICEERH - LET.

EHIT, AFEZRITICRL, ZHELASOTEEX I TREELAESKE
FEERKEMBAERRELZIILYD, £EMLOF 2 ICELSHMLE L EiFEd.
HETERCH AL TWEREWLILEHEER, EFHF=K, /7K (PEE) F
FEREZIILD, FEFOHRLRIAITEHR V- LET.
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