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BT, KREKRBETFELE L, KBIZKDKT T O LRI L2 7 v 3 — L BB DO
W2 [ — AN TRIKHCAT 5 2 & (EATHERERE) 28 E T2 AARMEHROT v 2 —VEE T H
Do Bk b, KEKBUNDRIFEEZ T2 2 ENRD LN TN DAY, K EKBIZHKT 5
TRAS, EE OO WO L 72> TN D, ZDT=) HER, B THROWOE ] (BRI D
THoTMd, TEZTD TR BIRBY 5255, Tabb, MAEINZ G & % BEEdr o
AR LT HDWNIFTEDOHCKERLEREFH DM LIC L 7> T, mnED (BEEE) DR L
DOWELFVETZT T <HEREMEDOE TH, WEOZHEMEB RO LML LI IZR->TE TV L6 TH
%o HIEEE OSHMI B2 5 2 2R T3, BEEIEPEELKO T - E, & 2 VIEREIEIC
G 2MEWR ETH DD, bERIEICHFGT 2R TIIBEMEN TH 5, FrIZROE
WIETHDLDT, TORNUGEIZ L > THEDOSHRIL AL Z &N TE 5,

TEIEREE (A ] 215 R, BT HIICIE Saccharomyces cerevisiae \ZJ&T 5705, kLT
b3 — )L OEPERERRIR COBN TR & FREE RS OBE ARER: & 135872 51 E
ZRio TS, BEMNOEBNUEIZ OV TIEEZ OWERH L, TOIFEALIT, HET

LIWE AT DA LOMIT GO L MR A B S 2515, EIFRREREFRTLZ
LICEVEONTERRND, ANREZRFOZLRREERT 251 12 VLR TWD, 72

B, MERTH DTHERE RO LA SR TITRH ATRE R AL RRZ G2 OB RNETH D DT,
BV FRIR 2 O D DOFANI KT DMK E L TR 2 Z L3 %0,

BEREVE D 7> ST E O SERMLICE T 2 BERERROBRE] & L Tid, ITHRE DS ns Hfr
SNDHINE T I amaf T BN aeEET 272010, ANBEZAT 2R & BRE AEERED
SHEZ K- T IO AP REZ KA L C B RE SRR 2 B 9 L72h . HDWVIEFE~TTF R
FamiRES RN 2GS 72D, [HEMRHNCIREREFHIE L, St 2 fe iR RIS £
NDNTTF FEOBUAREIMET Lo ERKZ T >0 LR ERDH L0, AEEOTHEERERNIZE

NERZFHEL, ANREZA T OMEOEBRIELEIEICH M ERRZ B LIE, REE



RMEZEERLDSATIEIZNETIZIZE A ERD,

¥, VEETITIE, ME EFEEIER SO EER 2 EORe 2 o v-7 X/ BElR (GABA)
) H A END, OIS TIEY, GABA (X, B (Aspergillus oryzae) D7 IVE 3
PR FRIE SR I & » TAR L. KBTICLBICERT 208, BEBOFREBEYIIICEERC X » TEL
SINDHMHLTHD 319,

WELFIE DT 2 D DIETEEE D ZARLICE T DA KO TR & L TE, MEEEORETH
DHEREA VT INVB L O T u STV A ERGr & D EREE ) A AR RE Y D GRS R
BRIZOWTEZL OWMERHD 12 2B, T DWGEEE & A FENE OB RS B A T EREE I VN 555
ATH, WE OB ZE L 5E L RIS, kO ERA LIRE TORIE#NLETH D,
FRIZ, @R ECROMEADNEET b nold, KOS EIZRTET D A EaFgEE 7R & DR )8,
FEfe A YV 7 INH T a VBT LV OBRAIAN COAGHREZRET 2726 THD 1517, —J5,
ERET 2228, BEERITm R85, KROIEEIZH KT DIFE AR D & R 7 03
THZEILRD,

ARFGEIE, IHEEE OSSR LICE T 2MEAROFEFEEABET 524 BME L, £
FEREMEDBLA DD, GABA &a ATHEOBRIE 7 vREIZ T DR RK A B L, BHEKO LB
K2 BT 5, IRWT, BIHEOBLED G, BB KEZ W T LGRS D E Ch HIE
A YT INRA T 0 BT N E ST DA R Z B L, 2o OEFARELZ I S
AN R RS

LTI, o fiRoOMEZ R,

B 1E T, GABA Z&mEA T HIEHEEEICHH CE 2L RKEER Lz, 7. BRO
GABA BV iAZ~, & 5\ ME GABA 73 fRIZE 59 2 BIn F OB A ER L7z, IRWT, 26
Btk A TR MEIA BB 21T ). O GABA /3fRICBI 5925 GABA b7 VAT I —F%
a— K925 UGAI BEREZ AV & B O GABA &IN5 2 & 25N @ ANERE

2. GABA #H—ZHEF L L TEBFTTEXARAWVWI EZHALMNC LT, @ TR LT- UGAL BHEERRDF



BUANZEEH LGRS N7 GABA BILREAME T L= 28R E K (GABT-1 #£ & GAB7-2 #£) % H
UWVTEEE L72TBTE IRV T h GABA EOHNATED biv/z, GABT-1 R CTIX GABA F 7 A7 3
F—¥Ea— RT 5 UGAL \ZHETHERRDF v AR, GABT-2 Bk Tlda s 7L
T b RKE#EFEE 2 — R T 5 UGA2 IZ~T riEE RO I AV AERPEZ > Tnve, Thb
DEFIZ L 5T, GABT-1 #& 5 & GABT-2 BROEKAN TIX, GABA F 7 A7 I —EE 7
Xa 7 I 7T b RIUKERFEOBRENE T L2722 GABA BRERE L, TOREHRE LT

GABA BALRENME T L7 ERZBND,

B2ETIE, A /Y F—ARARYVET I FEMBROMER THLA—L AN T AL
xt U CMiHERE & FF OB RS AR DO Hn & | RS FURMSA L C O FEiE A Y 7 IV AR AT H AR
WA 4Bk (hial, 2, 4, 6 £F) BUS L. R EKEHWCHERRS V7 IV 2 REGH T 2 IHIEREEIC
FIACTE D L &R LI, ZNOEEA VT IVEAEENRERKED 5 B hial HRIZOW TR
Rt TV, HEfeA Y 7 IV OERRICEAS T 27 Vv a—ATEFA T AT 2T —F
(AATase) % 2 — K925 ATFI OFBLEDHEINT 5 Z LI L D IEFEWIIC AATase DN ERKINADTE
TR REAFENAERIC X D ATFI ORBEOEK T LRI LAV, EWHZ EbRLE, —,
BT DRHTIZ K o T, ATFI OWEEIEMACIRTTh D MGA2 ([ZHREHERTO Tt o AR )N
AECTEY, SOICHHRA VT JIVEEEMERK 4 RO 7/ L DNA ZiRG LIceT ) LfET
2k o> T. MGA2 OFREHESE T 2 o ZABHE)R 4 BRCdh@E L TR0 . RE RS REFIIENERIC

X5 ATFI OFBH Z5EfT 5 2 & b bNE o T2,

FIETIE, MGA2 DTt AERDPNENIIEE ISR & 21— R 9% FASI 3 LU FAS2 DFEE
BAMNSELZ LERL, H2ETHE, iR V7 I VEAEEMNEE R hial BREBIKE LT
BRBEEZITO, JENIRBE R OBLERTH 2V L = VTt 2 R B A RROh 2 5 |
IR AR AR BN T 7 a VR T V@A ET DR (hec2, 3, 6 FK) #BE L1z, 2

5 hec iK% AT/ IMIDA B ERBR DGR /WG O 7' 1 R F @ B ONAFED b,



—J7. BEEEA VT U hial BRIZHEAME T3 223, BEAFOTHEBEIZHERBEFIZE N 00D, K
FkERHWEh 7 a U BT AR LOEHEA Y 7 I VEE R IEEOESEIC hee BEEFIHTE 5 2
LaoR LT, BECE b= UitERERE Tl R RE D a 7 2=y 23— N9 % FAS2
WCERDET, UKo TH T m BT ANEAEREIND, EWVWIH T ERHE D InTnD
DT, hec2 BRIZOWT Y, £ D FAS2 DHFEFHN AT & 25, PR & RIROE RN R EEE
BTHECTWDLZEBHLNERoTe, 22T, BKTH D hial ¥RD FAS2 12, SO TR U R
EREHEGTCABINEA LR, I 7 a e T VAREROR B, hec2 BROGEITBIE S
NDIEEBETII R o7, ZORERIL, hec2 FRDY FAS2 RFEUSNDIFKIZ K-> TH 7 1 g
FNEREETDEIITR>TND, LW ZLERBTLHHDTHD, £ T, hec2 kDT~
0 R TFNVER R OB T OB B AT Lo L Z A, IBNiME iR 2 21— 9% FASI
& FAS2 DRFEDEM L T\, £ 70 A -CoA LT X ) —NAnbh T u BT F Lk
BT DTV V-CoA : =X ) —)v O-T VNV KT U AT 27 —Bha— K15 EEBI b8 L,
DOFERIEE DR L TWA Z ERHALMNE o, Thbb, 7 a U BOESKRBIGTET T
72, AT LIS BIEHEIL SN TS, EnH ZEEZB LN LT,

VL EDOFERZRA L. EEEEOZRMICE T RS O BREFEIZ B8 LT,
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1%
GABA (£ LR BME D EFE L T DI ©

TEIEREE (SR S 4L 2 K0 flE TRIZ W T, IE EA-ISER O 2 EER 72 £ ok
PEZ#E> GABA 1%, HEFEEE Aspergillus oryzae D7)V 4 3 TR IRIERESEIZ L0 Z VB2 X MG
EEREND D, KBTOET I VERICED D GABA OFEIGITN 6% TH Y | 2K L KA W
THERF 2 RS LT T L 3 — WREEED A 2 — 2 — T DIERIZH N TS GABAIZRT I/ D
I HHRIA5% % HED D, Los LA b, JEki T o GABA OEIA 1T 1%FRE 2 THA T 5 2(FIG.1-
1) o Zaud, K, FRE O THIAATZTEERBIC B W T GABA IRIEME T 5 Z L 2" LT
%o IBHEBIZB W TR OR T I/ BEIR< , BERAEFRIE S LT GABA &b+ 57
B, fEE S LTI O GABA EME T4 5 2(FIG.1-2) .

AETIE, GABA ZEEH T HIHHEOHIICHAR, GABA BELREN KT L 72 B R4 Bk

(GABA [REALMEAFHR) OFHI L O ORI 21T - 72,

3
o

6.0
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4.0 [
30
20
1.0
0.0

GABA / Total amino acid (%)

Koji Syubo Sake

FIG. 1-1 GABA ratio to total amino acids in sake brewing
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FIG. 1-2 Changes in the concentration of amino acids during the sake brewing test
using strain K701. (A) total amino acid concentration. (B) GABA concentration
Plasma
membrane
Pyruvate
GABA a-Ketoglutarate
GABA v-Aminobutyric
Acid (GABA) Ct}r[;:r}i)’slgminase
Ugal
ga’p Alanine
v Glutamate
Succinate
Semialdehyde
NADP
Succinate semialdehyde
dehydrogenase
; Uga2p
Succinate NADPH

FIG. 1-3 The transport of GABA into yeast cells is mediated by three transport
systems: the general amino acid permease encoded by GAPI, the specific proline
permease encoded by PUT4, and a specific GABA permease encoded by UGA4.
GABA transported into yeast cells is catabolized to succinate semialdehyde with
the transamination of the gamma-amino group to 2-oxoglutarate by GABA
transaminase and then to succinate by its degradation by succinate semialdehyde
dehydrogenase.



F 18 GABA [KELHEERERKROERE
GABA DOFERFE RN ~OEIEICE L CIE, FIG. 1-3 1R T 2 BREE(A Gaplp, 71 U 45
FLH) 7285 4K Putdp, GABA FrRAYZRGA Ugadp D 3 SORKENM O TEY, ZhbHD 3 &
ZEHIK (gapl, putd, ugad) 13X GABA ZH—EHZP L L TEFTERNWI LY 20, UA VERORFE
BHOERIRTU A v &S U856 AGE O GABA GEAEMT 5 Z 8 9 Bl Sh b,
LirL, UA DX D RBREREL B0 | IGFEBREIXWATEER CH L2, BT I /g
REEIAR S L FEBRISAEV KD & X7 BB OBV 0 7 7 — B VAR F LT F A —
BICE OGRS NTT 2 VBB RAIZEL D120, THEEEEEICRBW L 3 EE R (gapl, putd,
ugad) TIE. 7 X VBRIV IALBIK TIC L2 RBENORTEZH EB 2615, L7223 > T,GABA
AT DIBIEREE O DOIIE, RO T 24 L, IEEBIZH T 5 GABA HUY IAZFEN
T LR AR BT 2 2 ENBEL R D,

Ramos 1%, GABA % Hi—ZERIF & 3 25 55 M CHYGE T & 720\ BRI RFZE BER DR 6 |
GABA OEAL#RE ED GABA N7 VA7 I 7 —BEH a— NT2 UGAIY £lciZ=anr/@EeI7Tn
T b NBKE#EFEZ 23— N5 UGA29 DERN, GABA LR TORKTHD Z L aWiE L
T35,

GABA DOFERHIIN~DEEITIT, 7 </ WA IR Gaplp, 7w U U RRERA) 25K Putdp,
GABA 5 B 72851544 Ugadp D 3 DORREEAFAE L BERBMAZN ~HL Y JA £172 GABA 13 GABA

N7 AT I =8, anIBEeIT7 AT e FRKE#RICLY anIBRICETHEISND 59
(FIG. 1-3) , = Z T, GABA BV IABBEDME T L7- R E BRR 2 BT 512H7- Y . GABA FrEAY
AR E /21X GABA N7 U AT I F—BEZNENT— R 5 UGA4 & UGAI DA BALTkE
R A TEERERE J 0 ERLL | T/ MEIAZRBR 21TV A O GABA JREZ LB L7z, SH1C
TN HEIR FHER O BRI & LT IHERBIZIV T GABA EILREME T L7cBEREZE R

MEBEETHZ LT LT,



£ B 5k
fE BRI L UG HE IR TEEOBIRE LT, Wha 7 58 EE (Saccharomyces cerevisiae) V2
e LR (K701 8K) OD T v U T h7 7 BORMEZERR UT-1 8K 10 2 L7, GABA K&
(L PEREREZS AR D8R 1 21T K701 ¥ & W=, 777 A X ROMEMEIZIZKIGE E. coli, strain DHSo %
fEH L7, BEEREOSEREEHE LT, YPD B5H (1 % yeast extract, 2 % Bacto-peptone and 2 % glucose)
A L7z, UT-l BROBEEBUTIZ N ) 7 8 7 7 U RERGE4S (SC-TRP) K5l (0.67 % Bacto-
yeast nitrogen base without amino acids, 2 % glucose and 0.74 % CSM-Trp) BLX O NV F v 77 ¥
7 VIVRAERGER (SC-TRP-URA) EiHi (0.67 % Bacto-yeast nitrogen base without amino acids, 2 %
glucose and 0.72 % CSM-Trp-Ura) Z il L7z, BAFHER O AT RIEDMHTIZIL, H&/NSD) %
H1 (0.67 % Bacto-yeast nitrogen base without amino acids and 2 % glucose) 35 & U8 GABA % H—45%
IR &7 5 /R (GABA 55#1) (0.17 % Bacto-yeast nitrogen base without amino acids and ammonium
sulfate, 2 % glucose and 0.5 % GABA) Z i L7z, GABA & LMERERZ Bk ORI 1T, =R
f/IEGHL (0.17 % Bacto-yeast nitrogen base without amino acids and ammonium sulfate and 2 % glucose).
SD £5#13s L OV GABA £5#i 2 L7z, E. coli, strain DH5a. DFE5EIZ1E 100 pg/mL ampicillin % &

i» LB 554 (1 % Bacto-tryptone, 0.5 % yeast extract and 1 % NaCl) ZffiH L7-,

BT RkEE UGAI OEZET FIG. 1-4 (TR FIICHEV T o7z, 77/ . DNA it - R
> I Dr. GenTLE® (from Yeast) High Recovery (Takara) % T K701 #k L D [EIL L7247/ A D
NA Z# & L, UGAI-F : 5-TTAGAGCTCTCATTGTATAGGAAGCCAGCC-3’# X () UGAI-R : 5’
-AGAGAGCTCAAAGTTGTTCGGTGAGTAAGC-3" ( F#IX Sacl YIWrEfr) % AT, PCR IZ X
Y UGAI ® ORF & Z® 53 L O3 IR 2 5 Tp 2.56 kb @ DNA Wi 2 HiE L | Sacl /L3R

pAUR112 (Takara) @ Sacl A MI/v—=2792%Z £I2XV pUGAL Z/ERLL 7=, Wiz, pU
C18-TRP1 % 721% pUCI8-URA3 Z il & L, M4 : 5-GTTTTCCCAGTCACGAC-3"$ L TRV : 5'-C
AGGAAACAGCTATGAC-3'% I\ T, PCRIZ LY TRPI ¥ 7213 URA3 % HElE#% . BKL kit (Takara)

% FAV T pUGAL @ Sfol 4 McZnZEhn s m—=1> 7L, pDUGAIT %7-1% pDUGAIU % fEi

10



L7,

pDUGAIT %Z#%! & L, UGAI-F 35 XUV UGAI-R % iV C PCR 12 & ¥ #8ilE L7= UGAI 3/ D
NAMF 2L 7 hrARLb— 9 /280 UT-LRRIZEAL, | M YL E h—/L& 5T SC-TRP £
H1C 30°C, 3 HIEEET 5 Z LI K0 ~T a2E88 UGAT WK (UGAL/Augal:-TRPI) ZEUf5 L
7co RIZ, pDUGAIU Z##H & L, UGAIL-F 38 LT UGAIL-R % VT PCR (2 & Y g L7z UGAI
R DNA Wi 2 =17 haRLb—y g L0 ~7 aEsR UGAL iRk (UGAL/Augal :: TR
P ({ZEAL, 1 M Y/E h—/L%&&Te SC-TRP-URA B¢ 30°C, 3 HIEIEETHZ LiIcX vk

TR UGAI BHERR (dugal::TRPI1/Augal ::URA3) % Bif L 7=,

Sfol
-800 0 | +1,416 +1,763
| | UGAI
| UGAI1-F UGAI1-R
Sacl Sacl

Amplified by PCR
and Sacl digestion

Sacl Sfol Sacl M4 RV
—> <+
| UGAL TRPI or URA3
pUCI18-TRP1
pUGAI pUCI18-URA3
Sfol digestin, blunting,
kination and ligation
UGA1-F UGAI-R
—> <+—

| TRPIor UR43 |

pDUGAIT or pPDUGA1U

lTransformation and UGA replacement

Augal disruptant (dugal::TRPI1, Augal::URA3)

FIG. 1-4 Strategy for the disruption of UGA1 of strain UT-1
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UGA4 OREEEIT FIG. 1-5 (2R T FIEICHEVT 72, 7/ 2 DNA fhi - #58 >~ b Dr. GenTLE
® (from Yeast) High Recovery (Takara) % FH\ T K701 8L D [EIUX L7247 2 DNA Z581 L L
UGAA4-F : 5-CCCGAGCTCATCTGTTCATTCCATTTTTCG-3' # X TN UGAI-R : 5-TTAGAGCTCCTT
GCTCGATTACCTCTCCTC-3" (N#iEBIL Sacl BIWHBAL) A W T, PCRIZE Y UGA4 @ ORF &%
D 5B L O B HIBHEME A 5T 2.97 kb O DNA Wifr 2 480E L. Sacl ZLPEf%, pAURI112 (Takara)
D Sacl A M/ n—=r7425Z L1250 pUGA4 Z/ERLL 72, W&iZ, pUCIS-TRP1 %7-i1% pU
C18-URA3 Z# & L, M4 : 5-GTTTTCCCAGTCACGAC-3' 3 XL TRV : 5-CAGGAAACAGCTAT
GAC-3'" ZH\W T, PCRIZEY TRPI £7-1% URA3 ZHilE#% . BKL kit (Takara) %\ T pUGA4

D Xbal 4 MZZENETNY v—=>27 1L, pDUGAA4T %7213 pDUGA4U % {ERL L 7=,

UGA4 BEERROERNE, UT-1 BRZ 8RR & L. UGAL AREE & [ABED 7RI L 01T o 7=,

Xbal
-1,000 0 | +1.716 +1971
UGA4
UGA4-F UGA4-R
Sacl Sacl

Amplified by PCR
and Sacl digestion

Sacl Xbal Sacl M4 RV
| —> <«
UGA4 | TRPI or URA3
pUCI18-TRP1
pUGA4 pUC18-URA3
Sfol digestin, blunting,
kination and ligation
UGA4-F UGA4-R
—> <+—

| TRPIor UR43 |

pDUGAA4T or pPDUGA4U

lTransformation and UGA4 replacement

Augad disruptant (duga4::TRP1, Auga4.::URA3)

FIG. 1-5 Strategy for the disruption of UGA4 of strain UT-1
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BB/ MEIAHRBR T/ IMEIADGRER 1T, A 70%0D o K LUK Z AWT, #% 5
DFE DT XV #K 200 g O ZEBHHARZ (T T, HEABZLOBORE T 15°C —E & L, Xl
PRI VLRI AT A DFANNE S BBEEORMAD BA T L, REEH AJHED 60 g (22 L 72 R 5 Tiatly
SYBIENC &0 SR &R BE L 7n, BRI IOV T, ERBUTETESHE 12 ISRV, T a—L
W, BBE, 7 BEBIOCAANEELZHE L, 728, AABEEX ISCTOREME VRO
AERIC kv FEH L,
H A = (1/b6FE-1)x 1443

BIRLIE D GABA BEOHIE L, WKIFEIZ 10% TCA ZEBIRM, AT v 7 ALV IRAHR, &=

DB (15,000 rpm, 15 min) . 0.45um 7 4 VX — A EITV, 7T VBT FZ A4 % — (L-7100,

Hitachi)Z W T{T o 72,

GABA (BB {L B R Rk DRk K701 ¥k % YPD iRl 11 5 mL T 30°C, —HE, fE& 587
F L, WERZBEIE, WEAKICED 2 BIYEE Lz, B L7ZEEZ 5% TF LA 2 2 ALK R
(EMS) 4L (30°C, 1h) #%. YPD ifkEsH 50 mL T 30°C, —Mt, IRE 5 B8 21T -7, iK%z
WL, R/ NG S0mL TIE & 9 558 (30°C, 3h) %, GABA FFHiomL IZB L, EE O h5&
(30°C, 3.5h) L7z, ZODEFEIKIZ 100 pg/mL A AZ F U I mL 28N L, & HICiRE ) g
(30°C, 1.5h) %, SD FsHuz&@4k L, 30C, 3 HH#E L7=, SDEMTAFT LIcan=—%2 L7
r—42—Z%MWT, SD s KLUV GABA Bl L") 4 L, 30°C, 3 HE#kE%. SD Kt ¢4

BFTX A7, GABA B TIIABT TX R WWEEA & LT,

R B I OE R
GABA B{tRRBICEET 5 B TENRRED GABA BEICKIZTTEE W 7 SR
72 LEE (K701 KR) oo 3L« 8 U 7 b7 7 VBERPEZSFRR UT-1 #k% VW C UGAL, UGA4 @

BN FREEIR 2 AE R U L REKRIR S 70% 0 o kI KUK Z W I/ MEIABGRBR 21T 272 & 25,
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TABLE 1-1 {2739 X 912 UGAIL WEEERE (dugal) 35 XY UGA4 WEERE (dugad) % H\ T BLERHE O
T X R IR L IEIERE T o7 0d, UGAT MRk E A 7= B Cld. GABA JREEN
155700 BAIET O GABA BEOBERBINAGRD bivlc, — )5, UGA4 WMk % FV 728k
FIZH O TIX GABA BEEDOHENNTFRD Lo 722 LD | Ugadp OFEHEIL T % Putdp, Gaplp
DM LIZEE DD,

PLEOFERIT, MIIENIZEBW T GABA OfRIZE 535 GABA N7 A7 X+ —% (Ugalp)
DOHSTENE T LR A B2 ERT 5 2 LI2 L0, 1§ TO GABA BLREZ IR T &8, Rk
D GABA EZMSEDHZENARETH DL Z LA REL TV D,

TABLE 1-1. Amino acid composition of sake brewed with gene disruptants

K701 Augal Augad
mM mM Ratio" mM Ratio"
Asp 0.47 0.52 1.1 0.44 0.9
Thr 0.32 0.39 1.2 0.31 1.0
Ser 0.62 0.73 1.2 0.62 1.0
Asn 0.49 0.56 1.1 0.53 1.1
Glu 1.61 1.88 1.2 1.58 1.0
Gln 0.54 0.57 1.1 0.46 0.8
Pro 1.24 1.27 1.0 1.39 1.1
Gly 2.16 2.27 1.0 2.17 1.0
Ala 3.48 4.18 1.2 4.08 1.2
Val 0.97 1.01 1.0 1.03 1.1
Cys 0.11 0.16 1.4 0.14 1.2
Met 0.04 0.06 1.3 0.06 1.4
Ile 0.63 0.67 1.1 0.64 1.0
Leu 1.19 1.29 1.1 1.23 1.0
Tyr 0.75 0.78 1.0 0.77 1.0
Phe 0.44 0.49 1.1 0.47 1.1
GABA 0.26 0.38 1.5 0.29 1.1
Lys 0.54 0.66 1.2 0.57 1.0
His 0.29 0.35 1.2 0.34 1.2
Arg 2.07 1.98 1.0 2.08 1.0
Total 18.25 20.19 1.1 19.19 1.1

* mutant/K701

UGAI TR DA E Feik TE/ IMIA B GRBR OFE B D . UGAT Z4EH) & L, Ugalp OFEREN
KT LA RGEABFRT D Z EI1Z LTz, Ugalp OMREME T L72E RO B AT 5 720121,
EOEBRMEEZTRIEICL CREZITHOLERNH D, RO TH->TH, B TOME i3z

DORRZ TR D Z E N B 21T BRI S R (EBR=ERERE) LR OREIZE T 528,
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TEBERERHC B W TR, RIMIS (2T B ABRPAEL D2 EICKY, ZOREBENM ETDHZ L
PEISILTND B ZOMIC b IFIFEEERE & EREREOBR T OMEEOENIC OV TIEEZ L D
WERHD P LEENo> T, ZRETICHEN & D Ugalp ORERENK T L7225 A 7R T GABA
ZH R T HR/IE (GABA B3ill) THIE TE 220 D L0 ) EFFREN, IHERER T
RoNDDMRIL Z A, UT-1 RO UGAT FREER & FEERERERE & [AIRRIC GABA Fiit CAEF T

W EMHA BN 5T (FIG. 1-6A)

A
UGA4 UGA4
disruptant disruptant
.UGA] 'UGAI GAB7.2
disruptant disruptant
SD medium GABA medium SD medium  GABA medium

FIG. 1-6 Growth on SD medium and GABA medium as sole nitrogen source. (A) K701 (wild type),
UGA4 and UGA1 disruptant cells were streaked on SD medium and minimal GABA medium and
incubated at 30°C for 2 d. (B) K701 (wild type), GAB7-1 and GAB7-2 cells were streaked on SD
medium and minimal GABA medium and incubated at 30°C for 2 d.
GABA K& ABERE BAR DR THERERE D UGAL TREEEDS GABA H5HICAB T 72200
DAL NIIR 572D T, K701 HRABIEE U CRRERZFR L, 15 DT IR E RO h )
5 GABA Bt C/EF TERWVARMKA BT 2 2 LI L7z, K701 #k% EMS ALH L7-#%. GABA
BT A RETF UREEIToTe, TAAZFUITHREO = VI AT a— VAR ERET 5 Z
LITRD ., BRAERISE DS, Lichi> T, GABA HHiCA B ATREOBERHIBEAIC L 5 Mfu A
FOMBETE SSEIRT 5725, GABA 5 TAET TE RWBERHI T A A X F L ORBEZZ T 120 T2,
EMS I K 0 5N T Z2RERIRIC H® 5 GABA REWIEERKOLEEZFmHH Z LN TX
Do 2O X D72 GABA ERELIEZ BAROPRHRT 2% I SD FiH TR 4000 fH D 2w =—Z L
7o WIGEBNTzam =—% SD H5Hids LU GABA #5 i L7 U U L. SD M CAEF TE 575,

GABA BEi Tl 4B CE 2 WERKE % 2 £ (GAB7-1, GAB7-2) Hif$ L 7= (FIG. 1-6 B),
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GABA K& LB RE Bk GAB7-1 ¥85 X O GAB7-2 BROEEE R GAB7-1 £k & GAB7-2
RAIGEBEE ST 5720, #82K 200g DIER/IMEALRER 21T >72 & 2 A, FIG.1-7 IR X
KR TH 5 K701 Bk % W84 Tld, BB O GABA IR 1T 2 1K T L7202k L, GAB7-
1 & 2% GABT-2 #ha W THEIAATZRE T, FEBEAIHI 2> 5 GABA JREEDSEEINL . £ D%
T 252 &<, B GABA X K701 #RIZH~, GAB7-1 #ROHA T 2.1 5. GAB7-2 Bk D
BET20f5L 72 o7 (FIG. 1-7, TABLE 1-2) , Z O#5%1% GABA % H—ZEHF & 2 55l CHYGE
TERVWAERKK GABT-1 £k & GAB7-2 FROVEERRIZ 31T 5 GABA BALEEAME T LTV 5 Z & &7
LT\ 5, BEREAELD IAATS GABA %43 CE 72, BRI O GABA IRIEENFE L 720, %
DOFEFE LT GABA BV IARRENEZZ T =B 2 b5, £72, TABLE 12 [ZR-T X 51,
T O S EE PO Cd D o T OFESIE, K701 REHWGE6 L IZIERICTH Y | AR

HKERHWD Z L2 GABA 25888 DIFHOBEENRRE L 7o T2,

0.5

GABA (mM)
o o o
(\] (O8] N

e
—
T

00 | | |
0 5 10 15

Brewing time (d)
FIG. 1-7 Changes in the concentration of GABA during the sake brewing

test with K701 (wild type), GAB7-1 and GAB7-2. Open circles, K701;
closed circles, GAB7-1; closed squares, GAB7-2.

TABLE 1-2. Properties of experimetal sake in the brewing test

Alcohol Total acidity Amino acidity GABA
Sake meter
(%) (ml) (ml) (mM)
K701 18.5 -3.8 3.0 1.7 0.20
GABT7-1 18.6 -5.2 3.0 1.9 0.40
GAB7-2 18.0 -9.0 2.8 2.1 0.42
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= K

GABA O RIZE G5 GABA T U A7 I F—E % a— N9 2 UGAI DA v Tl
U725 T O GABA IREEIE, BikE AW 56 & T LS s Ml a2 R LT,

EMS LB K> T A7z K701 BREDRZERZERIR O 6 | UGAT FEERR O LT R & Fa 1%
& LT GABA RE IR R SR 4 2 8% (GAB7-1 ¥k, GAB7-2 #k) BUfF L 7=,

T/ MEIAZ R ZAT > 72 & 2 A GABT-1 Bk, & 25\ i3 GAB7-2 ¥k & W TRERE L 72151
? GABA i, BibEEZ AW TEEE L72IEEOL G L 0K 2 fE@EhoTe, Ziub OE KA H
WCTHINBIE 21T 9 Z LIS LY GABA Zma AT DTHNBIEN FTRETH D Z E NN E R

277,

17



B2H GABA KE(LMHEERE R GABT-1 BREB X O
GAB7-2 ¥k DR PERRAT

UGAI R DA B R 2 FEEE & U CEM L 7= GABA (KBRS R K 2 ¥k (GABT7-1 Fk.
GAB7-2 k) TiZ. GABA OOFRIKICERME L TWDH EEZ HLD, 2T, GABA BILAEE
TORRKZH ST 2720, GABA BRI BT 2 85+ 2 VT GABA BALMEARRER
21TV, GABA BILREIR TICH G T 2 A RBELF2RE L. RERG T OMEEERS O L

EREEZPALNCTHZ EIT LT,

E R F
FEREKR L OB H K701 ¥R DBEEERHIZ TN b T R REEHL (20 g glucose, 0.5 g
ammonium sulfate, 1.5 g KH2PO4, 0.5 g MgSO4-7H20, 0.16 g citric acid, 200 pg thiamine, 200 pig riboflavin,
200 pg nicotinic acid, 1 mg inositol, 200 pg p-aminobenzoic acid, 0.2 pg biotin, 40 pg B-alanine and 30 g
agar per 1L of medium [pH 5.0]) ZfEH L7, HEHlafh RO L O s 3BT 21X YPD
B E 72137 v X U LUV GABA #E R &3 5 /s (Glu+GABA £5H11) (0.17 % Bacto-
yeast nitrogen base without amino acids and ammonium sulfate, 2 % glucose, 0.1% glutamate and 0.05 %
GABA) %M L7=, E. coli, strain DHSo. DOHIFEIZIE 100 pg/mL ampicillin % &3 LB 551 (1 %

Bacto-tryptone, 0.5 % yeast extract and 1 % NaCl) Z{fH L 7=,

GABA (K% (LR Bk OB AR FHEAEMRABR TS DFIEITHEN 1D KT01 kD 35°CT
DN N T UBBESRME AT A XU A VR KX U ATV N T AT 2T —KEa—
R4 % ECM31 % YCpHL T 5 23 R & — pRS416'9 D Xbal ¥ 1 s m—=17 L pECM31
ZAERLU 7=, WIZ4 7 2 DNA filitH - K581~ b Dr. GenTLE® (from Yeast) High Recovery (Takara)

ZFHWT K701 BRE D ER L7247 7 A DNA Z88 L L. UGA4 faflRBR A IZIE. UGA4-1 : 5'-

18



ATCTGTTCATTCCATTTTTCG-3' 3 L T} UGA4-2 : 5'-CTTGCTCGATTACCTCTCCTC-3' % W\ T,
UGA4 @ ORF &£ D 5 1 LU 3 B A ST -1,000 ~ +1,971 ([ZFH2§ 5 2.97kb ¢ DNA
Wi & 8908 U7z, UGAI FI#RBRAIZIZ. UGAL-1 : 5-TCATTGTATAGGAAGCCAGCC-3' B LW
UGA1-2 : 5-~AAAGTTGTTCGGTGAGTAAGC-3' % JA\NC, UGAI ® ORF & D 5" kL3 il
PEEI A ST -800 ~ +1,763 IZAHY 95 2.56 kb @ DNA Wil 28508 L7-, UGA2 ffiiaiBrAIC
1%, UGA2-1 : 5-GGTTTAACAAGGCCTAGC-3' # & 1 UGA2-2 : 5-GTACATGAAACAAGGTCCG-
3 ZHWT . UGA2 D ORF & 2D 5 1 L3 MIBEEGER A Z e -600 ~ +1,820 (ZFHY T2 2.42
kb @ DNA W7 /1 % #iiE L 7=, PCR 1T X 0 Hii& L 724 DNA W7 i % BKL kit (Takara) % F\ T pECM31
®D Sacl A M7 v—=2r27 1, pECM31-UGA4, pECM31-UGAl. pECM31-UGA2 Z{EfI L 7=,
INHDOTTAI R WT, GABA (REMMAERKAT L7 FrR L —3 a9 2L PHIEHR
%, S MT URRREEHIT 35C, 3 AEFET S Z LIS L W IBEERAE TS LT, Boh Y

B (R 2 SD BE s KL OV GABA Bfiiz A v U —27 L., 30°C. 3 HEFFERICTHIEOHEEIT -1,

S R D IR R YPD 5l E 7213 Glu+GABA B TP HUE5H (0D660=1.0) * Ths#
U 7o B RE B IR 253 D0 BIELS 2 0 (81U, B K 2 O T4 . #i{K % 1 tablet Complete Mini EDTA-
free (Roche) . 1 mM PMSF Z&de 0.1 M U e U w7 AfRMEHE pH8.2 (T L 7o, ARk
200uL # 02 g DA T AE—ADAsTe~vA /7 aFa—T 2B L, v VFE—Xva v h— (LB
FERR) 12 X 0 B2 A (On: 30 sec, Off: 60 sec, 10 cycles, 4°C) L. i /L4yEfE (15,000 rpm, 15 min)
(&0 EWEE BN, FEEHIC S LC 4°CT—BuBhir 217\, BSAafhHE & U7z, S

WD K 87 BEYRFEEIX, Pierce BCA Protein Assay kit (Thermo Fisher Scientific) % H VN CHllE L7,

GABA +J VAT I F—PiHEHRIE Ramos & D 715D 1296V, TABLE 1-3 | O iR %
AW, B TART 5 NADH OEINE % 340 nm (BT 26 CHlE L7, GABA b7 &
7 XS —EVEMED 1 BALIE. TABLE 1-3 OZAF T T 1 FF#IZ 1 umol @ GABA % 43R DR &

L L7, 728, NADH O 340 nm {2 BT 5 F /U AR50 6.22x103 & L7=,
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TABLE 1-3. Reaction mixture for GABA transaminase activity assay

100 mM Potassium phosphate buffer (pHS8.2)
0.2 mM EDTA
7.5 mM Potassium 2-oxoglutarate
7.5 mM GABA
0.2 mM NAD
1-4 mg Cell-free extracts

AN B IT AT b RRKREEREMRIE Ramos ©H D £ D IZHEVy, TABLE 1-4 (27”7
SOz T, UG TARKT 2 NADH OHEIIE % 340 nm (21T AW HEETRIE L, 227
et 2 7 VT b FBUKERESEEIED 1 BAZ1X, TABLE 1-4 O FC 1 BRIIC 1 umol O =/~ i
YITNT b RESMT HEERE L LT, 7238 NADH @ 340 nm (235 1F % € /WOEAREUE 6.22x10°3

L7,

TABLE 1-4. Reaction mixture for succinate semialdehyde dehydrogenase activity assay

100 mM Potassium phosphate buffer (pHS.2)
0.2 mM EDTA
0.2 mM NAD
0.1 mM succinate semialdehyde
0.1-0.3 mg Cell-free extracts
BERIE AN GABA EDOHIE K701 #kds L O GABA IRE(LMAE Hk % Glu+tGABA 15 100

mL Z ]V T 0D660=1.0 £ T 30C TR E 9 8%, W OnBEHC LV EFEZ1T o7, WEAKT?2
[EPeg 14, @R A il AFE TR (20 mM Tris-HCl pH7.5, 1 mM EDTA, 5 mM MgCl,, 50 mM KC1, 5 %
glucerol, 3 mM DTT, 1 mM PMSF and 1 tablet Complete Mini EDTA-free [Roche] ) (Z%&¥ L |

0OD660=100 [ZF%E U7, AAREHE 200uL % 0.2 g DH T AL —AD Aslz~vA 7 aF a—7I1Z
BL, S VTFE—XTa v — () 1280 HEZm#: (On: 30 sec, Off: 60 sec, 10 cycles,
4°C) L. 0478 (15,000 rpm, 15 min) (2 X0 EEAEN L7, A HKIZ 10% TCA 2%
BRI, AT v 7 ALV RAEHR, =05 (15,000 rpm, 15min) (2 X 0 kA FRE L7z, [BIY

L7z BiE% 045um 7 4 v 2 —Ai L, 7 /87 5 7 A % — (L-7100, Hitachi) (ZfkL 7=,
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BR TR Glu+GABA F5Hh & F T 30°C T OD660=1.0 £ TiE & 9 1438 L7= K701
FOVGABA (K& LMERKE LY, Ay b7 =/ — L% VTR RNA 24l L7217 . RNA 10
ug ZHWT22M ARAVAT AT R REET 1% 70 —AF7 VEKUKE) (100V,40min) Z1T->7-
. Hybond-N+ membranes (Amersham Biosciences) (Z#5%5 L, PCR DIG Synthesis kit (Roche) % H
W C DIG #Ei# L7= UGAL £721X UGA2 7 —T % HWTAA T VXA X&{To7, UGAl D7 "1
— 7%, K701 kD45 7 2 DNA Z§#8 & L, 5'-primer : 5'-ATGTCTATTTGTGAAC-3', 3'-primer :

5'-CACACACAACTGATGAG-3" % M\ T, PCR IZ XL Vil L7z DIG 7 /L PCR Wi f1 & vz,

[FERIC UGA2 D7 v —T 13X K701 #kD 7 7 1 DNA Z 88l L L, 5'-primer : 5-GCTAGAAAACCAG
CTAC-3', 3'-primer : 5'-CAATCATTACAAAGAATC-3' %\ T, PCR (2 X V) g L 7= DIG 7~
PCR Wi & /=, / —3 #8713 DIG Luminescent Detection kit (Roche Diagnostics) D~ == 7

JZHES T,

TREBILIOEE
GABA {EE LM R RR DO EZRIR T DFIE GABA (K& LIERE R Bk D GABA &A1k
IR FICHFGTOERBTF 2 FET 5720, BFK K701 kD GABA GALRLES I BIH 4 5 45181
% GAB7-1 £k, GAB7-2 #RIZEHA L. GABA BILRENEIE T 57050~ 72, 3. K701 BROYef
{K DNA % ## & L C PCR CTHilE L7 UGAI. UGA2. UGA4 s & Whas 7 HlERED 35C T8
N7 URBESRIEA M T 28T ECM31 BN~ — I — LT 50 7 at—7 7 A RiL”
B—=7 1L, %77 A R&EHWT GAB7-1 £721% GABT-2 A B E s LT, SO NI BE
BAHR D GABA B5 i COAF A7 & 2 A, GABT-1 Tl UGAI . GAB7-2 KTl UGA2 7
EAINTHAICBO COARBEOBIENRD bl (FIG. 1-8) , 2 bOfERIE, GAB7-1 ¥
TIXUGAI IZ X »Ta— &5 GABA F 7 27 I 57—, GABT2 B TlE UGA2 12k »T=
—REnda 7@t I 7T e RUKkFEREFE (SSADH) OBERENK T LTS Z EZ2REB LT

W5,
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Vector Vector Vector Vector
UGA4 UGA4 ﬁ o UGA4

u UGAI UGAI

UGA2 UGA2

UGAI

UGA2 UGA2

SD medium  GABA medium SD medium  GABA medium

FIG. 1-8 Complementation of growth defects of GAB mutants on GABA as sole
nitrogen source with each plasmid carrying UGA44, UGAI or UGA2. GAB7-1
transformants (A) and GAB7-2 transformants (B) with pECM31, pECM31-UGAA4,
pECM31-UGA1 and pECM31-UGA?2 were streaked on SD medium and minimal
GABA medium and incubated at 30°C for 2 d.

WIZEERROWBENMET L CWORERE S VB a— R T 5B FOERSZFRET S Z
L2 L, GAB7-1 B8 UGAI, GAB7-2 ¥k UGA2 OIS Z PHE L, K701 Bk & Ol %17 -
7. GAB7-1 ¥k Tl UGAI ® 923 FH D G 75 A IT{EHL (G923A) S DT &Iickv, 73/ #hkd
FID 308 FEHD MU T N7 7 Ui a RAZE(L Lo AREEAM T 2 AZE 5 (Trp308*) 73
B &7z (FIG. 1-9, FIG. 1-11) . —J7. GAB7-2 ¥k Tl%., UGA2 ® 740 HFHD G ™ A I[ZEH#
(G740A) ENDZ Lick ., 7 JBRESN D 247 FRA DT ) U NT AT X URRICEL LTz~

T AR I A AL (Gly247Asp) M &7z (FIG. 1-10, FIG. 1-11)

©

23 923
AAG CTATGTGT CAT AAGCTATGTGTCAT

( |'
|I| | ﬂ f
H | i i | \
I M Il IM
’ {l l | '\
LArh i .&’ ~ JJI.‘ AN

K701 GAB7-1

FIG. 1-9 Comparison of nucleotide sequences of UGA4! between strain K701 and GAB7-1.
UGAI ORF (1416 bp) amplified from the respective genomic DNAs of K701 and GAB7-1 by
PCR were sequenced.
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740 740
AACGTCGTAAAATC AACGTCGTAAAATC

G/A

K701 GAB7-2

FIG. 1-10 Comparison of nucleotide sequences of UGA2 between strain K701 and GAB7-2.
UGA2 ORF (1494 bp) amplified from the respective genomic DNAs of K701 and GAB7-2

by PCR were sequenced.
UGA1 UGA2
K701 916 AAG CTA TGG TGT CAT K701 733 AAC GTC GGT AAA ATC
K L w C H N \% G K |

GAB7-1 916 AAG CTA TAG TGT CAT
K L % C H
308

G
GAB7-2 733 AAC GTC G,T AAA ATC

\Y K
G/D
247

FIG. 1-11 Comparisons of nucleotide sequence and deduced amino acid sequence of mutated
gene between K701 (wild type) and GAB mutants.

SHIZIND DB TFOERKOESZ N LT, ZRBE RS OFIREEREIC L 58]
Wi & — 2 BFGHRD Z LI Lz, UGAL OYEEERS|FIZIIHIREESR Sfel OYIRHALITAF/E L7220
23, G923A ZFIZ XV Sfel DU U5, K701 #£& GABT7-1 #£0 UGAI % PCRIZ LV H#
WEL7=7 77 A N Sfel TUIKIL7Z& 2 A, GABT7-1 BRIZEBW T Sfel 12 L A U780 b iviz
(FIG. 1-12) , Z OFEFIT GABT-1 kD UGAI O G923A ZERNPREHARITAE L TWD Z & 2 1 Ff
T5HLDOTHD,

—J7. UGA2 OIERHIHFIZITHIREESR Tagl OUIWHTALIIAAAE LRV A, GT40A 282 XD
Tagl ORI ME L 5, K701 £k & GAB7-2 ¥k UGA2 % PCRICK VHEIE L7=7 T 7 A M &
Tagl TEIEr L7= & 2 A, GABT2 BRIZE W T Tagl TUIMrESNTe 7 Z 7 A R G En2no 2
T A RRRO LN (FIG. 1-13) . Z OFERIZ GABT-2 88D UGA2 O GT40A ZERN~T a5

WMTCELTWDLI 2R THHLOTHD,
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GABA EE LR BER D GABA 2 fifE 1 O FEAM

K701 GAB7-1

A
I UGAT I I UGA1 G923A I
A4
F UGA1 ! UGAT G923A
I >
1.6 kb 1.0 kb 0.6 kb
Sfc 1
bps
23,130
9,416
6,557
4361 - K701 UGA1
2857 - GAB7-1 UGA1

1,353
1,078
872

: K701 UGA1/Sfec 1
: GAB7-1 UGA1/Sfec 1

A WO N -

M 1 2 3 4

FIG. 1-12 Digestion patterns of UGAI sequence by restriction enzyme. A 1.6 kb DNA
fragments containing UGA! coding region of K701 and GAB7-1 were cut with Sfel. .

K701 GAB7-2
I UGA2 I I UGA2 I
Y
F UGA2 ! UGA2 G740A
N g
1.9 kb 0.8 kb 1.1 kb
bps Taq 1

: K701 UGA2
: GAB7-1 UGA2

- K701 UGA2/Taq 1
: GAB7-1 UGAZ2/Taq 1

A WO N -

M 1 2 3 4

FIG. 1-13 Digestion patterns of UGA2 sequence by restriction enzyme. A 1.9 kb DNA
fragments containing UGA2 coding region of K701 and GAB7-2 were cut with Tagl. .

R UAEEIZL D GABA N T AT IS —E, GABT-2 B TIL UGA2 D~T 5 RII Ak v
AIEFIT L5 SSADH A ERBRENME T L7 & B X BN 5, € 2 T YPDEHS L <13 Glu+tGABA
BR i CHASE U 7 B A L 0 R IR 2 R LU S ERTEME A JIE L7z & 2 A, K701 #RD GABA
FT AT 27 —EE LV SSADH 1%, Glu+GABA B HIIC I DR X v BAEMFHEIC L D

FEBTEPEDBINNNERD S -3, GAB7-1 ¥ED GABA K5 27 I F—FB I GAB7-2 #ko

24

GAB7-1 B TlX UGAI O FRFEHEHRIS



SSADH T, BFE ¥ oV EEFEEIC X DRERIEEOBINEIRD Hiv/e - 7= (TABLE 1-5)
GAB7-1 1 X T GAB7-2 ¥k TlZ GABA D3RRI ICAE RPN E L TN D720, GABA DF3fRTEMEN
KT L. EIENIC GABA N EHEET 2 L EZ2bD, 2T, BIEN®D GABA B2 HIEL/-L 2
. GABT7-1 £, GAB72 HiZnED GABA &L, K701 #£D 29 {5, 10 5 TH V. FHIENICE
WT GABA RSN TICEERT 5 Z LR b & 2o 72 (FIG. 1-14),

TABLE 1-5. GABA transaminase and SSADH activities of GAB mutants
Activity (U/mg of protein)

GABA transaminase SSADH’
Glu’ + GABA YPD Glu + GABA YPD
K701 1.27 0.24 0.95 0.28
GAB7-1 0.08 0.11
GAB7-2 0.14 0.25

* Succinate semialdehyde dehydrogenase

b glutamate

18

Intracellular concentration
(umol/108 cells)

K701 GAB7-1 GAB7-2

FIG. 1-14 Intracellular GABA content of yeast cells. Amino acid concentration in yeast cells
were grown in minimal medium supplemented with 0.1% glutamate and 0.05% GABA as
nitrogen sources at 30°C until OD660 = 1.0 was analyzed with amino acid analyzer. Open bar,
GABA,; filled bar, total amino acid.

S OIZWAERRICBWTEWENMET LIeMR 2 XV B x a— N 586 F OFRBURNT 217>
72, Glu+GABA ¥5#fiA Flu T 30°C T OD660=1.0 £ TH & 2 5548 L 7= K701 #£F LU GABA (K&
EHEEBIRIZOWT ) = Ufiftfr 21T 72 & 2 A GAB7-1 #£36 KUY GAB7-2 #RICH T UGAL,
UGA2 DFEBLEIT K701 BRDE 4L & 1T 720> 72 (FIG. 1-15), LA EOFERIE, TABLE 1-5 127" L
7o N HEERTEEDOR T RBALRBIR ORI EOR T TR, HERIOERIZEIY) a—F&E

NDZ NI BEOBREMET L2 L 2R LTV D,
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FIG.1-15 Northern blot analysis of UGAI and UGA2. Ten pg of total RNA

extracted from yeast cells grown in minimal medium supplemented with 0.1%

glutamate and 0.05% GABA as nitrogen sources at 30°C until ODggp = 1 was

separated on formaldehyde-containing agarose gels, transferred onto Hybond-N+

membranes and hybridized with DIG labeled UGAI and UGA2 probes.

WERED GABA T VAT I F—RIIMMER L LT Y REY— L) URENELT LT I/

NI AT =27 —BTHY, TOT I/ ESID 329 FRDOY V) R — U UERDN
BT 5 1819, GABT-1 B TlX, UGAI D308 FEHD MY 7 b7 7 Uikl RUACKREHESRIT
BRYDHZLIZED, B FERY— U UBROFREMALE TR S RN, REaR s N
JEERVRENMET LB AN D, —J7. GABT2 HRiE, UGA2 D~T nEEHII At A

KRR THY . SSADH ORI T O/EREEIC W T, 4% S HITHREORMAH 5,

B K
1. GAB7-1 k% UGAI \ZAREBHEERID T ot o ZZE R (Trp308*) . GAB7-2 ¥k UGA2 |[Z~F 11
BEATLD I A AR (Gly247Asp) EROERMTH -T2,
2. GAB7-1 #£TIiZX GABA 7 A7 I F—BIEMEN | GABT2 Bk Tlda Vi I 7 L7 b R
IREBEERTEMEDME T LTV dd, UGAL X° UGA2 DFBELEDIR TIXFEO LR T,
3. GAB7-1. GAB7-2 ¥k CITHEIERNIZE T D GABA D EEMENMK T35 728, HEIENIZ GABA 23

EEREL., FOREL LT GABA OG{LREME T L= &2 5N 5,
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H2E
B O RMARICBWCHEERES, VT IV E
EAEPET ABERNERKOBRE & Z DR ®

HEliE A Y 7 VIR E G T DEEEE O FER Sy D—2Th Y . v A v U AL D
I L TAERRENDA YT INTLa— e T vF N -CoA Z#HE L L, ATFI £7-1% ATF2 |2
fFoTa—F&EnsT7Vva—LTE®F L ET7 A7 27— (AATase, EC 2.3.1.84) (2L » THEA
S5 1 (FIG. 2-1)

Glucose

|

Pyruvate

a-ketoisovalerate
l a-isopropylmalate synthase
a-isopropylmalate

B-ketoisocapric acid — Isovaleraldehyde

1 l

Leucine Isoamyl alcohol Acetyl-CoA
I I

lAlcohol acetyl transferase

(AATase)

Isoamyl acetate

FIG. 2-1 Biosynthesis pathway of isoamyl acetate

ATFI F 721X ATF2 BARBEERE OFENT > & ©— VI3 T AATase & 21— K45 EE 2
T-WNATFI THDHZENALNE 25725, ATFI I AEIFIEIERIC K > TZ ORBEENIH S h
5 67 T2, BMEREDOEWIEHARRE T 2% 6. REERD2BEREZEHATLZLICXY, Ko
SMEEBIAFAET D R EFEER 2 D BR< ME R B 5,

ARETII, @VIGEES 2 H T D15 ORI RS T EOMN 2 BfE LT, BB RkE v

THNBRIE (ICR WV CTHIRA Y 7 I Vv Z @A E T DBERA SR O B MR L O ORHERT 21T - 72,
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BI1E BEERA VT INELEENBRERKROBE

CNETITHEA YT INambEET DBZERROFTREIZOV TN OO ERDH 5, 1
A BRI ED oA Y T B ) U ABRERERII R A VAL DT 4 — FNy VT HEE
ZFHEN. AT Fu s Ths 5,5,5- M) Tt aa s Al A R T EERE B Clia
AL DT 40— FRNy JIENERIND T2, A VT INTva—Lanliinidsesd
ZHEBRA Y 7 IVEBHMNT 52 ENMONTVNDS Y, BT = 1-7 7 /LRI VEY
VUL AT avA T2 B EORANTINEZ s R BR T, FERRA Y T I VAESK
REZANA BT Z &M SN TG S, ks, ZAOBNERKOBERIZBET 2 W& ICH8 N T
ANEAFAENIIRIZ & D ATFI OFEBIBFNERS N TN D &V D T TR STV RN,

—J7, FIG.22 1R L 91T, A7 4 VAREAGHBIRICRIT 2058, T7bbr ) b
7V X A JV-CoA DREG S ZMIEST 28 SV MV T AT =7 =8I, SUAEMER
UAsy (ISP-1) ICL > THESHAIN, N-TEF L T AT 25—V Ea— 45 SLII &
FEHL ST BERETIL ISP-1 ISt 2R3 K 512720 | ISP-1 12 kD X7 ¢ o TREE A AR K D PR E
DEFREILD 1D, Slilp 1%, Atflp BE OV AtR2p EMHFEMEDNH D Z L vD | AATase [L= 2 7 L1k
FOGTET T A7 ¢ TRFEAEEGHRIKICB W T EEREEIZ R RERH D, 72,
T4 bETI RN tn Y VIREA~ORBNE G T 5 RSN T 21 -CoA &l & =
— N9 % FAAL. FAA4'S O " ERER TR, NREMIETIBRIC X 5 OLE] OFRBMH SEM S 1D
ZERHBNTWS W LEERoTT7 4 bETZ I B 7 U tr Y VIRE O & #if]
T5. Tbb7 4 btT I S OR ORI 2T AT F441, FAA4 “TEREER L R
BROIEE %7~ L, OLEI L1 iAr07ahilifl 252 5 ATF1 OAFIIEIGERIZ K 5 FBImH &bk S
HEBEZLND, TZT, A4/ Y M= KRARYNET I REREEEOLERITH DA — LA
TV A (AbA) ) I EZ R T EERE AR O D | REIFIAENIERIC K D ATFI OB 3 i

BrENTEEIRA VT IV AR R A R BRIk 5 T LT LTz,
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Palmitoyl CoA + Serine

Serine

Palmitoyltransferase I— ISP-1 I— Over expression of SLII (= ATF1, ATF2)

v
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Inositolphosphorylceramide
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Diydrosphingosine (DHS) Aurlp = Aureobasicidin A
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v Derepression of OLE] by
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FIG. 2-2 Metabolic pathway of sphingolipid

£ B 5k
i F BRI K UG HEfe A >~ 7 VAR PEVEBE A BMGRIE O 720 OBIK & LT, THIEEE
B2 9 BERE (Saccharomyces cerevisiae) 1372 LEE (K901 #8) HI3k 7T /L5 —8 K Km97 %
A U, BEREOERER M E LT, YPD BiH (1 % yeast extract, 2 % Bacto-peptone and 2 %

glucose) Z i L 7=,

ADbA TR R Rk DRIK Km97 ¥k% YPD £5#h 5mL T 30°C, —Wh, IR & D5 L, Bk
ZENE, PREKICE D 2 [FIEA L7, B L7ZE KA 4% =F /LA X ALK B (EMS) AL
L (30°C, 1h) #. 1 pg/mL AbA Z & e YPD Esii©, 30°C, 4 AR ERZE L, A5 L-EKE

AbA TifHERR & LTz,
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BRI GC-FID % GC-2010 Plus gas chromatograph (Shimadzu), -~ RA~X—ZF— |
7" —I% Turbo Matrix HS40 headspace sampler (PerkinElmer Life Sciences). 77 7 X% DB-WAX
(length, 60 m; internal diameter, 0.32 mm; layer thickness, 1.2 pm; J&W Scientific) ZHW\T, ~» KX
~N—2A GC-FID JEIZ L V| Bl A Y7 INBLOA YT INT Va— O altol, iy
YV (EH) Esy RAR—2F— 7T —T, 60°C, 30 s34k, GC-FID s3#Hricfit L
oo VEAIREE 1T 200°C, f (HARTIREE 1 240°C IZ3E LTz, B 7 LA —7  OIREERX EIL, 40°C (Smin
hold) — 100°C (5°C min'") — 230°C (20°C min™') — 230°C (5 min hold) & L7219 , WEfgA V7 IV

DA YT INTVa— It T 28E% BAKE LTHERIELEE 17,

FETERBR FEKAE 70%D o K 64g, KHH 36g 35 L UVK 200mL ZiRA L, BE{L (55°C, 4 h)
AT Ttk BEILIRIZ/AK 120 mL 2N %, FLER % FH VO CTEEFE 4.0 IZFAZE L 72, B LR &2 3 BRAE12 10
mL o431 L, AbA MitPERkZ 8684, 15°C. 11 BB 21T o 7=, B T#H. = o008

XY FiEEEIN L, ~y RA~X—Z GC-FID {EZ W THERE A ¥V 7 I VIEEZ2HIE LT,

1

TR/ MIA B ABR T/ MIAZRER L, 518 5 1 EIOR T AT 1o,

TR LUOEZE
Fele A Y 7 I VE AR B DR THIERERE Km97 #k4 $itk & LC EMS Q8 &
0 JRIRIEFE 2559 L. 1 pg/mL AbA & ¢ YPD il CAEB ATREZARZE B O Bl 4 37, 1 [H]
R 85 KR, 2 BIFICIT 42 Bk, 3 RIAZIE 184 Bk, 4 BIFIZIE 117 BRAHBEL 72, 245 AbA i
MEMR 2 IO CRBERBR 21T\ JEBERS TR OBEBE A Y 7 JVIREED Smg/L UL b & 72 5 BERFAS Bk
hia (high isoamyl acetate) #k% 6 KREUfS L 7= (FIG.2-3) , hia3-5 #RIZ[E— EMS ALHLC X v B &
NIEERROIZDE— 7 v — 2 ORREVEN B D D3, ENLSND hial ¥R, hia2 ¥R, hia6 FRIZISE L

T EBREMEIC LD BUSG SN EREO =D, [A—0 7 a— Tl
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FIG. 2-3 Isoamyl acetate concentration in fermented medium. After four independent rounds of
EMS mutagenesis, we isolated 428 AbA-resistant mutants derived from the parental strain
Km97. They were inoculated in the rice-saccharified liquid medium and fermented at 15 °C for
11 d. After recovery of the supernatant of the fermented medium by centrifugation, the isoamyl
acetate content was analyzed by the headspace gas chromatography

FiR A Y 7 INSEEMRERAE RER hia BROBEERE FEPEABR TR SN ER A Y T R
IV A FENERE RS AR 6 BR (hial-6 BF) (22T, FEKBE 70%D o ki L UKERE 72 151E
IMIAZGRER 24T o T2, THEBOREAL 15C—E T, RIEET AJED 60g (23 L7 K T 05y
BN 20 BB S A o BE L. SR O ROy 0T IS K OVE R ST AT o 2. Oy BT A
TABLE 2-1 (2, &R IR Z FIG. 2-4 (28 LTz,

hia KR DO FEFEI TIOR8 ., BT O 7 /L a — )V EBDN BRI TIRD S O D | D RS 54T
FER LW, FEEEEICMH T& ZREEREA A LW (TABLE2-1) . —J5. FRRS T OF
RIEL hial, 2, 4 BEO 6 #ka O TCRBGBOFFERR A V7 IVIREL, BIREZHWZHE L0 b
B, ENTI26, 3.0, 27 BIO29ETHo72md, hia3 & hia5 Bz AW 851358 LN

IR o Tz, Fi2. hial, 2. 4 B L6 kA FHWT-8EGEO E/A b 24 DL E & fgd T

33



WMEZRLTZ, E/A HIZBEEEOR Y OfEE L 2> TRV . ZOMEAEITIUTERETHE b @ < 72
D 1M ZAVE TIT B/A Hs 20 Z#8 2 5 BERFZE BAR O HIIT 720,

PLEDOFER LY, A BT hial, 2, 4 B L6 BRITHTHIRERE A V7 IV A EEMERE RS
HETHY, 2O ZHVTHEEEZITY 222Xy, EEXkEHWTOEREAS VT IV
EEAT HIEBEOBENRE L eoTe, 2D ORBGEOEREFM ATV, & bEHliDE - 72

hial ¥Rz O LAR DT 2175 Z Ll L,

TABLE 2-1. Properties of experimetal sake in the brewing test

Km97 hial hia2 hia3 hia4 hia5 hia6
Alcohol (%) 19.8 18.8 18.1 18.3 19.4 19.5 18.9
Sake meter -5.3 -12.6 -6.1 -16.3 -4.1 -6.8 -13.1
Total acidity (ml) 2.7 2.5 3.2 2.6 2.5 2.6 2.5
Amino acidity (ml) 2.1 2.6 2.0 2.6 2.1 2.0 2.5
50 - <30
S | B 25
? 40
e 720 o
g 01 E
§ 115 <
= 20 H
g =110
<
2 n
— 10 15
0

Km97  hial hia2 hia3 hia4 hias hia6

FIG. 2-4 Comparison of the isoamyl acetate contents and E/A ratios (ratio of isoamy] acetate to
isoamyl alcohol) in sake brewed with the strain Km97 and the hia mutant. Laboratory-scale sake
brewing was carried out using 200 g of a-rice and rice-koji with a polishing ratio of 70%. The
temperature of the sake mash was maintained at 15 °C through the entire fermentation period.
Blank white bars, isoamy] acetate contents; dark bars, E/A ratios.

34



= K
1. JEIEEERE Km97 MR BIRR & L CTORAEREFHEIE L, 15547 AbA MHERK 428 BRICHOWT, K
KA 70% D a KIs LUK A W 7= FeiaRER ds S O/ IMEIAZGBR 2170 SRl O
FeA V7 IVIREEDSBIRRD 2.6 (5L L & I DHEREA Y 7 IV B PEVERERE R K A 4 BR (hial,
2,4, 6 Kk) BfF L7,
2. B ARRERAGCTERSE L7ZIEEO B/A X 24 DL EE 720 . ZhE TICHENR2VEVEE

RYHHREIREA Y 7 v E AT OBGEN ATRE & 7o T,
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B2E BEERA VT INVEEENEERE BRR hial BRORMEENT

RS KA IR B W THERR A Y 7 IV E & A ET DEERFE SRR hia BECIE. AEafofglhfRIz X
% ATF1 OFBIHINERE SN TS EE X B D, KREITIE. hia KOFEEA VT JVEAEFED
A= RLZALNCT D720, REFIIEIIEEDS ATF1 OB KITTEELZFTRIL L L I,

27 ) I DNA fi#NTIC K W BEREFTOREEITHY Z &I LT,

E£BRGE

EHEER X Uss AATase IEVERITE, ATFI FEBUENTE L U427/ 2 DNA B@HTICIX hial
BB L OB TH D Kmo7 k2 L7z, 425"/ 5 DNA 7" —/VEHTICI hial, 2, 4, 6 BRZBEHT L
7oo BT OB ANEEBRONE I, EEREFERE (Saccharomyces cerevisiae) BY4T43 Amga2 £ % 1
Lize 77 A ROMIBIZIZKEE E. coli, strain DHSaw A H L7z, BEREOERERME LT,

YPD E5# (1 % yeast extract, 2 % Bacto-peptone and 2 % glucose) % i U7z, ATFI Rl JL OV AATase
TEHERIEICIE, 10% 702 — R f/)s (SD10) H5Hi (0.67% Bacto-yeast nitrogen base without amino
acids and 10% glucose) Z{#H L7z, BY4743 Amga2 PEOFEHEHUZIE, 7 T VIV RERKTES (SC-
URA) 5#f (0.67% Bacto-yeast nitrogen base without amino acids, 2% glucose and 0.077% CSM-URA)

ZH L7=, BY4743 Amga2 TWEHHIKD ATFI FEHOMHIZIL, 10% Zva—A « 7T LK

o

e 5E4 (SC10-URA) £5HI  (0.67% Bacto-yeast nitrogen base without amino acids, 10% glucose,
0.077% CSM-URA, 1 mM linoleic acid and 1% Brij® 58) Z{#H L7z, E. coli, strain DH5a. DIFHIZ I
100 pg/mL ampicillin % & ¢ LB £5#1 (1 % Bacto-tryptone, 0.5 % yeast extract and 1 % NaCl) %

L7z,

AATase TEMHEHRIE PR BT A R O FHELI L. bufferA (25 mM imidazole-HCl at pH 7.5, 0.1 M

NaCl, 20% glycerol, 1 mM dithiothreitol, 46 mM isoamyl alcohol and 0.1% Triton X-100) %z VT 1
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T OE2HIOFIEZLVIT T2, AATase IETEDRIEIZERF S DO HE D 2% E L, 7725 1.6
mM 7t F/L-CoA % & p bufferA 1 mL & BERFESMIAS AR 1 mL 2 7RE L. 25°C. 1 FEffI RS
I NaCl 225 mL 2595 Z &Ik 0 &gl Uiz, ZORINKIZ= 4 /—/L 0.75 mL % I

%, H2E 1 HOFEICHEN, ~y RAR—Z GC-FID EIZ X W FifEA V7 I Vi 4 |

=

Z 7z
TE L7, AATase iEPED 1 BHAZIX, 25°C, 1 FEIC 1 umol DEEEEA ¥ 7 I VA AR T HEEHER L L
77

B TR BET BEREEIR70 5 O RNA Offit X, RNeasy Mini Kit (Qiagen) % fV>TH1-
720 %8 RNA OHEEIX OD2go/ODago (2 &L U 7 L 7=, High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems) % N THA RNA 1 pg KV AR L7 cDNA Z#8#8 & L, TABLE 2-2 [Z/RT 7
7 A ~—% M\ T, TABLE 2-3 |23 9SG T Quantitative real-time PCR (RT-qPCR) %175
72, RT-qPCR D4 1%. TABLE2-4 D L350 Th b, ATFI, ATF2, IAHI, OLEl DFEE(GT
DF8HLEIE TFCI (transcription factor class C) &V 7 7 L AEn & LT, AACtIE 9 IZX VD FH
% & LCRE L,

TABLE 2-2. Gene-specific primers used for RT-PCR TABLE 2-3. Reaction mixture for RT-qPCR
Primer Sequence cDNA 2 uL

TEC1-F 5'-CCATGGTACCCGAAAACAAGA-3' Forward primer (10 uM) 1 uL
TFCI-R  5'-ATCACCAGCAGCGATACCC-3' Reverse primer (10 uM) 1L
ATFI-F  5-AAAAGACGCGGAGGTACATTG-3' SYBR" Premix EX Taq II 12.5 uL
ATFI-R  5'-ACAAACACCCAAGGAAAATGC-3' distilled water 8.5 uL
ATF2-F  5-GCACCCTAACACCCTTCATTC-3' 25 uL
ATF2-R  5-ACCTTCTTGCGTTGCTTGG-3'

1AH1-F 5'-TTCAACAGGAAGGTGGTGATG-3' TABLE 2-4. RT-qPCR reaction condition
IAHI-R 5-TTGGGATGATATTGGGGGTAG-3' 95 °C 30s 1 cycle
OLEI-F  5'-GCACCAAGAATTGTCAACGG-3' 95 °C 5s 40 cycles
OLEI-R  5'-TCCTTTTCTAGCAGACGATCCA-3' 60 °C 30s

2% ) 1 DNA f##r YPD s CENZIIE L 5 E# (30°C, 1d) L7z Km97 #3 X O hial

BRZ WK T 2 BIYeidt2, 7/ L DNA filit] - %68 > b Dr. GenTLE® (from Yeast) High Recovery
kit (Takara) Z T4/ A DNA Zfii L7c, &REKORS 7 SENTIZIE, filtH U724 DNA £

FN ARSI At L=, 72, &4 ) & DNA 7 — VENTICIX. hial, 2,4, 6 k= Fn L v
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i L7275 DNA 25 &R Lctk, BARSIRNTICHE Uz, SEERRAIfRNT O 72 D DNA 7
A 77 ) —{ERUZIE TruSeq Nano DNA LT Sample Prep Kit (Illumina) % fV>, DNA v —/% > —
Ilumina HiSeq™ 2000 % AW T7 = R{EIZ XL D 100bp LT D% DNA BLAIE 4 Bus L7z,
Bon- U — K75 —ZIZx LT, Cutadapt (version 1.1) % F\ T Illumina 7 % 7 % —E 5| DFRER
LY Trimmomatic (version 0.32) % W CTIRSVEBEI D BRE 21T > 72 %%, Burrows-Wheeler Aligner
(version 0.7.10) Z AW THh= 7 58RO Z7 7 AELH] (Sake Yeast Genome Database;
http:/nribf1.nrib.go.jp/SYGD/) 2%t L C~ v BV 7 %4757, SLICELNIZ~Y Yy BV I T—HD
FEEE 2 @D A 72, SAMtools (version 1.1) 3 X T GATK (The Genome Analysis Toolkit) (Lite version
2.3.0) &AWV CHERS A HS| SH7-1%. Picard (version 1.115) Z W TV — RF—XIZEGEN D

PCR duplicates DR EEIT > 7=,

FITAIFR 7"/ 2 DNA fifH « #5%% » b Dr. GenTLE® (from Yeast) High Recovery (Taka
ra) % T K901 #EFE 721% hial ¥ LV B L7=%" 7 & DNA Z§#8 L L, upstream primer : 5'-G

CAGCCCGGGGGATCCTTTCGTAGATTAAGACTGAA-3" & X 1UF downstream primer : 5'-TAGAACT

AGTGGATCCCCTCACAACCCCATCCC-3" (FHR /R L7=Hi T YCp B % —pRS416 % BamH
LALERZ KD R b L7z & & o ORS 2~ d7) 2 W T, PCRIZKY MGA2 DORF L Z2D 5
B L O 3 MIEREEREL (-1,018 to +3,762) %5 de DNA W7 Z HilE L, In-Fusion® HD Cloning Kit
(Clontech) % IV T pRS416 @ BamHI YIKFEHALIZ 7 v —=2 7 L7z, K901 ¥k FE 721% hial FRIZH

KT D MGA2 5T 57T A REZNZEI pRS416-wMGA2, PRS416-mMGA2 & L7,

ADA Tt aRER SC-URA F5HCHR & 5 538 (30°C, 24 h) L7= Km97 k¥ KON hial Bk % B
KT 2 B4, BREKICERE L, FERBREKOEE (0D660) % 1.0 [ZFHHE L-, Z OREKRE
R A PRE K T 10 590 3 BEPFICAIR L7212, AW ARRREHE 5 L &2 SC-URA £ 7213 0.05 mM AbA

ZEde SC-URA B2l 2R >~ R L., 30°C., 2 AMIHEE L.
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TRB LUOEZE

TBERBIZRT 5 AATase IEHER L UOWEER A ¥ 7 INA G RRKRBEEER F OB hial ¥k
WERRA ) 7 VA PEREAS AATase 1HPEDHINNICIEEN T2 O METT 5720, THIEB L 0 [EX L
T2 B R B IR D SEERA A fih R 22 JH N T AATase 1EPEZIE L7z & 2 A, hial $RD AATase TEPEIL,

Km97 ¥R D [ENEMEIZ A 4 5L EO@EVMEZ /R L7z (FIG.2-5A) . £7-. AATase {GTEDOHIMNAS,

ATF1 ZBLEOHIM LR T 2 O ERET 5720, 1EER L0 B L7 FREE X D RNA %
I U, AATase & 22— K92 ATFI BEX N ATF2 \ZMZ., BEfgA Y 7 INVENET DT AT T —
BEa— RKT5 I4HI " O%BLE% RT-qPCRICEVFHG L7z & Z A, hial D ATF1 OFEBLEIT
Km97 ¥RD 2 fELA ETH o722, ATF2 B O I4AHI OFRBEIZZEITED bR 7= (FIG. 2-5
B) o ZHUDDFERIE, hial Bk TIHEKRE FRAA B OTEERBIZ B\ T, KNG RSk O A fafn iz
FRIZ K2 ATFI OFEINHI SRR S, HERICHET 5 2 L10K Y AATase IEMEDMEIN L, FER2

A VT IVOEGKRED < o LA REMEZ TR LT D,
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FIG. 2-5 AATase activity (A) and the expression of genes (ATF1, ATF2, and I4H1) associated with
isoamyl acetate biosynthesis (B) during sake brewing in the Km97 and hial mutant strains. Yeast cells
were recovered from sake mash prepared using 200 g of a-rice and rice-koji with a polishing ratio of
70%, and fermented at 15 °C for 6 d. (A) Alcohol acetyltransferase (AATase) activity was measured
with cell-free extracts. (B) Quantitative real-time polymerase chain reaction (RT-qPCR) experiments
with strain Km97 and hial mutant cells. The relative expression is represented as the ratio of the
expression levels obtained for the hial mutant to those obtained for strain Km97. Values shown are the
means from three independent experiments, and the error bars indicate standard deviations.
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REAFOUREHEEEDS hial BRD ATFI BFIZRIETE RITEIZ 3N T, hial BRASREAFIABIGEE
£ % ATFI SEBUMH DMEIR SV BRI TH 2 FIREVED R SN2 Z &M D | hial #RD ATFI FEBLC

B REFINENIIR OB A~ Z L2 LTz, $7ebH SDI0 F5i 7213 ImM U/ — /Lg%
WIN L7z SD10 B5 i CriER5# (30°C,20h) L 7= K% H\ T AATase IEHEHIE RS K OV ATFI D%
BRI 24T o7& 24, U/ — VEBREIRINOGE | GRS T 5 EERFIER. hial ¥R AATase i
PEIE Km97 #RIC R 2 5L BV MEZ R L2 (FIG.2-6 A), & 51T AATase {&TEIZY / — VERD U
M &0 Km97 #RCIRBAZE IR T4 2 OISkt LT, hial ¥R TIHIHEMEDOK T IR0 b, [HE
\Z AATase BERKEND Z ERH BN E /o7 (FIG.2-6 A) . F 72 AATase I MEDRE R & [k
ATF1 OFEBLY [FIER OB M Z 7~ L2 (FIG.2-6B) . 24O ORERIL, hial #ETIIAREIFIAENIFEIZ &
% ATFI OFEBUMBI SRR Shv, [EEANCRBLT D5 R, BRZ VX7 BRERP/EINT 2 2 &Ik

DEEERA V7 INVAEGKEDR M ELIEZ L 2R T 56D Th D,
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T
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FIG. 2-6 AATase activity (A) and expression of A7FI (B) and OLE! (C) in Km97 and the hial
mutant strains in the presence and absence of linoleic acid. Values shown are the means of three
independent experiments, and the error bars indicate standard deviations. Cell-free extracts and
total RNA were prepared from yeast cells grown in SD10 medium without or with 1 mM linoleic
acid at 30 °C for 20 h. (A) AATase activity was measured with the cell-free extracts. ATFI (B) and
OLE]I (C) expression was measured by RT-qPCR. The relative expression levels are presented as
fold-changes relative to the expression level obtained for strain Km97 without linoleic acid.
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A9 RN AR BaFn bR 2 2 — N9 5 OLEL 13 ATF1 & [RERIC A EFIARAER (2 X 2 R BB & 5%
52 ENRFBITND 282 Z ZC hial RO OLEL b ATFI1 &[RRI REaFnig iz c X 2 #nii)
DIRERESND DG LT & 2 A, OLEI O3BUL ATFI L AR O%Eh %2~k L7 (FIG.2-6C) , 2D
FERIEL hial BRIZISWT ATFI & OLED \ZH5@ T D GHEIC RPN AE LT TVWD 2 L 2R LT

W5,

hial ¥RDA" ) X DNA f#HT hial YROFEREA Y T IVEAEFERRD A T = A %A 5T
%728, Km97 ¥k36 & O hial BRD 44" 7 2 DNA O IERIH| & fEdT UT-, 15 D= EEI s IE, 7%
WFERE K7 kD425 7 5 DNA BB &2t e LT~ v B 7 %47 572, Km97 ¥k & hial BRI DO
FZA (SNP) ZfhiH L72f5 % TABLE 2-5, TABLE2-6 |2/ 3, ~7 B4 I A v AR
200 {E OFA T H11Z 207 EFTRH S v7= (TABLE 2-6) . Z @ SNP O H1ZIE AbA MitEICRE 545
A F=NERARI VT I FEMBEFR Z 32— R 925 AURI? OERLEZEN TV, hial K
@ AURI (YKLOO4w) BRHIE, 377 B L4469 FH D C N L HIZ TIZEBLINTE Y, ZORE,

7

o

J BRERH] 126 T H DAL A= A Y aA v (Thrl26lle) 12, 157 HHDOE AF VU RNF
T (Hisl57Tyr) ([ZZNENZEHE LTz (TABLE2-6) . Aurlp O His157Tyr 25 5413 AbA [l &
5322 ERHESNTND 2, FLEREHEGMI AU ALR T BEIRE ST, &6
[CA~T O ESR AEEIT 11 EAT. REEAR A EREIT | ok SN

(TABLE 2-5),
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TABLE 2-5. Whole-genome sequence analysis of #ia/ mutant

Missense mutation

Nonsense mutation

Zygosity
Gene amino acid change Gene amino acid change
YBRI168w / PEX32 Trp 320 *
YGL124c / MONI Tyr 137 *
YGRO60w / ERG25 Trp 85 *
YGRI157w/ CHO2 Trp 536 *
*
hetero 207 amin.o aciq changes in 200 genes }{fLIZ(zﬁC/;ZZZ ?2 ig?) "
listed in TABLE 2-6.
YJL108c / PRM10 Trp 203 *
YJL107c Trp 590 *
YJL0O58¢ / BIT61 Gly 281 *
YML128¢ / MSCI Trp 112 *
YOL145¢/ CTRY Gln 958 *
YCR014c /POL4 Leu 500 Val
YCLO16¢ / DCCI Gln 36 Lys
YCL025¢ / AGP1 Ala 530 Ser
YCLO73c / GEX1 Ala 602 Thr
YLRO42c Thr 112 Met
YLRI143w / DPH6 Val 254 Ile
homo  YLRI53c¢/ACS?2 Ala 101 Val YIR033W / MGA2 Ser 706 *
YLR207w / HRD3 Pro 43 Ser
YLR357w / RSC2 Arg 817 Ser
YLR358¢ His 90 Gln
YLR431c/ATG23 Leu 241 Met
YNL264c / PDRI17 Glu 17 Lys
YNL307c / MCKI Gln 220 Lys
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TABLE 2-6. Heterozygous missense mutations in zig/ mutant

Gene amino acid Gene amino acid

Systematic Standard Systematic Standard

change change
name name name name
YALOOIc TFC3 Ala 190 Thr YELOOS5c VAB2 Ala 106 Thr
YALO47c¢ SPC72 Glu 334 Lys YEL020c Glu 517 Lys
YAL048c¢ GEM1 Val 143 Met YELOS55¢ POLS Thr 648 Ile
YARO23c Val 119 Ile YELO73c Pro 79 Ser
YBLO19w APN?2 Arg 257 Lys YERO 16w BIM1 Gly 77 Arg
YBLI0Ic ECM21 Arg 472 Lys YER027c GALS3 Ser 271 Asn
YBRO73w RDH54 Thr 129 Ile YER032w FIRI Asp 290 Asn
YBR079c¢ RPG1 Arg 7 Cys YEROS5 1w JHDI1 Gly 119 Ser
YBRI104w YMC2 Gly 52 Glu YERIIIc SWi4 Val 212 Ile
YBRI1Ic YSAI Gly 79 Asp YERI14c BoI2 Ala 37 Thr
YBRI160w CDC28 Pro 293 Ser YERI22c GLO3 Ser 422 Phe
YBRI79c FZ01 Asp 59 Asn YERI4 1w COX15 Ala 317 Val
YBR192w RIM?2 Val 144 Ile YERI47c SCC4 Glu 190 Lys
YBR207w FTHI Ala 205 Thr YERISIc UBP3 Lys 677 Asn
YBR235w VHCI Ser 476 Phe YERI 64w CHDI Ser 770 Phe
YBR245¢ ISW1 Gly 788 Arg YFL0O22c FRS2 Thr 24 Tle
YBR286w APE3 Gly 211 Asp YFL0O33c RIM15 Ala 1670 Val
YBR289w SNF5 Thr 401 Ile YFL0O33c RIM15 Thr 939 Tle
YCL030c HIS4 Cys 213 Tyr YFLO53w DAK2 Gly 458 Ser
YCL045¢ EMCI Gly 172 Arg YFL054c Ser 414 Leu
YCRO57¢ PWP2 Glu 678 Lys YFR0O51c RET? Asp 23 Asn
YCRO73c SSK22 Glu 508 Lys YGL041c-B Phe 51 Ile
YCR0O90c Thr 37 Ile YGLOS 1w Cys 144 Tyr
YCRI102c¢ Ala 365 Val YGLO83w SCY1 Gly 141 Asp
YDL0O3 0w PRP9 Gly 271 Arg YGL092w NUPI45 Asp 413 Asn
YDLI122w UBPI Gly 790 Asp YGL10Iw Glu 114 Lys
YDLI45¢ COPI Asp 503 Asn YGL133w ITC1 Asp 451 Asn
YDL174c DLDI Thr 321 Ile YGLI38c Arg 331 Ser
YDL220c CDC13 Val 853 Met YGLI67c PMRI Pro 899 Ser
YDL223c HBTI Arg 717 Cys YGLI68w HURI Gly 104 Asp
YDR0OOIc NTHI Ser 196 Phe YGL205w POXI Ala 740 Val
YDR0O02w YRBI Glu 83 Lys YGL206¢ CHCI Cys 672 Tyr
YDROI1w SNO2 Ala 237 Val YGL211w NCS6 Ala 5 Thr
YDRO025w RPSI114 Gly 147 Asp YGL256w ADH4 Ala 358 Val
YDRO71c PAAl Val 68 Ile YGR0O04w PEX31 Glu 48 Lys
YDR0OS85¢ AFRI Ser 240 Asn YGR0O32w GSC2 Arg 218 Ser
YDRI170c¢ SEC7 Val 629 Ile YGR0O60w ERG25 Trp 85 Cys
YDRI190c RVBI Glu 287 Lys YGRO72w UPF3 Lys 294 Asn
YDR213w UPC2 Thr 38 Ile YGR0S86¢ PILI Ala 176 Val
YDR242w AMD?2 Leu 434 Phe YGRO97w ASKI10 Asp 72 Asn
YDR270w cce2 Asn 651 Lys YGR0O99w TEL2 Ser 251 Asn
YDR285w ZIP1 Ser 347 Leu YGRI109w-B Thr 1023 Ile
YDR292¢ SRPI101 Val 441 Ile YGRI12w SHYI Ala 6 Thr
YDR292¢ SRP101 Gly 287 Arg YGRI17c¢ Ala 318 Val
YDR300c¢ PROI Gly 214 Ser YGRI68¢ Pro 121 Leu
YDR341c Gly 258 Asp YGR217w CCHI Arg 1992 Lys
YDR346¢ SVFI Asp 344 Asn YGR218w CRM 1 Glu 470 Lys
YDR358w GGAl Ser 508 Asn YGR227w DIE? Pro 48 Leu
YDR387¢ Thr 498 Ile YGR238¢ KEL2 Ala 484 Thr
YDR439w LRS4 Gly 43 Asp YHLO04w MRP4 Ala 101 Val
YDRA457w TOM1 Glu 1403 Lys YHLO30w ECM29 Ala 1047 Thr
YDR501w PLM?2 Ala 131 Val YHL0O34c SBPI Pro 74 Leu

43



Gene . . Gene . .

Systematic Standard amino acid Systematic Standard amino acid
change change

name name name name
YHRO33w Glu 366 Lys YNL041c COGo6 Ser 100 Phe
YHR0S80c LAMA4 Arg 816 Lys YNLI176¢ TDA7 Leu 469 Ile
YHRO84w STEI2 Gly 70 Ser YNL199c¢ GCR2 Asp 463 Asn
YHR089c¢ GARI Val 52 Tle YNL201c PSY2 Gly 246 Glu
YHR0O99w TRAI His 943 Tyr YNL216w RAPI Leu 326 Phe
YHRI169w DBPS8 Thr 273 Ile YNL224c SOS1 Ser 666 Asn
YHRI78w STBS Arg 216 His YNROIIc PRP2 Pro 160 Leu
YHRI86¢ KOG1 Ala 1505 Thr YNRO13c PHOY91 Thr 116 Ile
YILOOSw EPS1 Val 614 Met YNRO 14w Ser 98 Leu
YILO3S8c NOT3 Asp 73 Asn YNRO 18w RCF?2 Ser 219 Phe
YIL109c SEC24 Arg 183 Lys YNRO31c SSK2 Ser 1570 Phe
YIL1l5c NUPI159 Gly 355 Ser YNROS59w MNT4 Arg 112 His
YIL140w AXL2 Ala 512 Val YNRO60Ow FRE4 Met 477 1le
YIL143c SSL2 Gly 512 Glu YOROI1 1w AUS1 Ala 1205 Val
YIL144w NDCS80 Pro 257 Leu YOR038¢ HIR2 Gly 611 Glu
YIRO14w Asp 119 Asn YORO054c¢ VHS3 Ser 174 Asn
YIR034c LYS1 Lys 368 Ile YOR098¢ NUPI Ala 1001 Thr
YJL0OOSw CYRI Gly 1782 Ser YORI100c¢ CRCI Ala 199 Thr
YJLOO7c Ala 42 Val YORI23c LEOI Asp 84 Asn
YJLO80c SCP160 Val 915 Ile YORIS51c RPB2 Gly 1131 Ser
YJLOS1c ARP4 Lys 374 Asn YORI191w ULS1 Ala 303 Val
YJLO8Sw EXO70 His 606 Tyr YOR196¢ LIPS Met 382 Ile
YJL114w Glu 8 Lys YOR219c¢ STEI3 Gly 552 Asp
YJLI23c MTICI Val 255 Ile YOR256¢ TRE2 Glu 706 Lys
YJLI30c URA2 Glu 940 Lys YOR272w YTM1 Ser 281 Phe
YJL206¢ Asp 279 Asn YOR322¢ LDBI19 Gly 785 Ser
YJRO05w APLI Glu 225 Asp YOR348¢ PUT4 Gly 446 Asp
YJRO42w NUP8S Glu 34 Lys YOR370c MRS6 Ala 111 Thr
YJRO42w NUP8S Asp 717 Asn YOR371c GPB1 Gly 8 Glu
YJRI19c JHD2 Asp 297 Glu YPL0O22w RADI Gly 745 Asp
YJRI37c METS5 Thr 1220 Ile YPLO8O0c Ala 55 Val
YJRI38w IMLI Glu 1222 Lys YPLO8S5w SECI16 Glu 1381 Lys
YKL0O04w AURI Thr 126 Ile YPL106¢ SSEI Ala 495 Val
YKL0O04w AURI His 157 Tyr YPLI50w Glu 830 Lys
YKL029c MAE1 Ala 412 Thr YPLI64c MLH3 Thr 215 Ile
YKL0O44w Pro 59 Leu YPLI169c MEX67 Gly 522 Asp
YKLOS9w MIF2 Gly 360 Arg YPLIS7w MFal Val 80 Ile
YKLI6Ic KDXI Thr 41 Ile YPL208w RKM1 Glu 490 Asp
YKRO10c TOF2 Ser 701 Leu YPL252c YAHI His 10 Gln
YKRO50w TRK2 Ala 607 Thr YPRO47w MSF1 Glu 131 Lys
YKR054c DYNI Leu 2808 Phe YPRO72w NOTS Pro 329 Ser
YKR054c DYNI Gly 393 Asp YPR091c NVJ2 Ile 29 Met
YKR063c¢ LASI Gly 132 Ser YPRO92w Asp 2 Asn
YLRI29w DIP2 Val 509 Met YPR095¢ SYT1 Asp 450 Asn
YLR334c Leu 34 Phe YPRI12c MRDI Leu 535 Met
YLR460c Ala 322 Val YPRI12c MRDI Arg 231 Lys
YMLO20w Ser 456 Leu YPRI 15w RGCI Val 716 Ile
YML0O25¢ YML6 Ser 235 Asn YPRI120c CLBS Ala 96 Thr
YMRO0S89c¢ YTAI2 Gly 394 Ser YPRI27w Val 139 Ile
YMR257¢ PETI11 Thr 224 Tle YPRI159w KRE6 Ser 116 Asn
YMR272c¢ SCS7 Glu 94 Lys YPRI159w KRE6 Gly 323 Asp
YMR319¢ FET4 Asp 426 Asn
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hial #E T AATase TEVEDBMN A B2 Z & D . ATFI @ ORF B8 L0 7% —% —fEiko
HWRBRS AT & 2 A, Km9T Bk & B HBRFNITMIIN S nemoTz, LI2h > T hial BROFEE
A YT IVEEERRIT Atflp O T X BB L O ATFI O 7 v —X —fEikO LR Tl < iR
BEREOMLNOERIZL D bD LR SN, — T, A7 4 FRENL 7Y tr U UIRER
ARG 2 REVENIER T 2 /L-CoA B ilE# %L = — R4 % FAAL, FAA4 'S O ZHEREK TI
AEAFOREIAIEIZ K D OLE] DFBLANEIZ T 22019 728D hial BRIZIBUNT FAAL, FAA4 (T 5
MAETTVDENRRTZE 2 A, WEEFORINCERITRD bivkroT,

| FETO AR SN AEHAA S v v AL RIE, ATFI B X O OLE] OREIEVEALIR 1% =
— N9 % MGA2 NITAF(E LTz, Mga2p l/Miafk (ER) BEICHIBMA L LTREL, £0%7r vk
v 2 T E S T IR SR . NA~BAT L. ATFI 38 X O OLEI DG Z{EMALT 5 2,
Km97 ¥k Tlx MGA2 D 2,117 & B OHEN~T v #ESH (C/A) TH DD, hial FETIEFEHELE
BH(A/A) IZE L LT Z Ik 72 RSN 706 B H O U U3k IE 3 RACZE{E (Ser706%)

THZ LI D,

hia BRDOL57 /) 5 DNA 7 —/VFEHT hial BRIZEWT, MGA2 \THRTHERMF v AR
(Ser706%) RN SNT=D T, WiEA V7 I VEAFEREZ R TIK YD D hia2, 4, 6 ¥k MGA2 ® ORF
% PCR CTH{lE L, RS ZRE LT E 2 A, WTNOKRIZEB W T MGA2 [IZRE#HARIT &
VAR (Ser706%) WAEUTWDH Z EMBA LN Loz, 2T, hial, 2, 4, 6 FRIZHGBEO L F S
wlAET D720, 4¥RDT ) 5 DNA ZZ il L2, HF&IEA L. &7/ L DNA iz
1Tolce =0 v A7 =413 100bp LA T OMEIEES] (V— R) HFROESETHY . 2O @A ER
BOELZEICEY, BRAZHMETA2ZENTED, £22C, 2 1 EEZE0LRY — NRIC
®F LT, £ 1 HHEIZ SNP N4 U 2 4EE % Mutant allele frequency & &7 L7z (FIG.2-7) . 7/ A
T 7 — 4 £ U SNP ¢ Mutant allele frequency Z H.H L | Z DY afk D53 % FIG.2-8 IZR LTz,

4 ERIZ AR AR TSR OZ RN A U TuiuX, BEEIZIE Mutant allele frequency 723 1.0 & 72

%, TABLE 2-7 |Z Mutant allele frequency 7% 0.2 LA | & 72 2 E RS2 H T 5852 L7,
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FIG. 2-7 Calculation of mutant allele frequency from whole-genome sequence analysis
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FIG. 2-8 Genome-wide distribution of mutant allele frequencies of SNPs from pooled /ia mutant
sequences. A genomic DNA pool of the ~ia mutants was constructed by combining equal amounts of
genomic DNA extracted from the hial, hia2, hia4 and hia6 mutants. The pool was then sequenced by
using Illumina HiSeq 2000. The mutant allele frequency was calculated as the ratio of the number of
reads containing the mutant allele to that of the wild-type allele.
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TABLE 2-7. Pooled-kia mutants whole-genome sequence analysis

Mutated gene

Amino acid change

Number of Mutant allele

Mutation in hial

Read frequency Zygousity ~ Mutant type
YIR033w / MGA2 Ser 706 * 142 1.000 homo nonsense
YCL025¢ / AGP1 Ala 530 Ser 221 0.724 homo missense
YCRO14c / POL4 Leu 500 Val 214 0.715 homo missense
YNL307c / MCKI Gln 220 Lys 134 0.694 homo missense
YCROIl1c/ ADPI1 Leu 742 Leu 202 0.673 homo Synonymous
YCROIIlc/ADPI Gly 753 Gly 234 0.667 homo synonymous
YCL025¢ / AGP1 Ser 445 Ser 187 0.663 homo synonymous
YCL0Ol6¢ / DCCI Gln 36 Lys 121 0.636 homo missense
YKLOO4w / AUR 1 His 157 Tyr 149 0.624 hetero missense
YCL0Ol6¢ / DCCI Asp 26 Asp 108 0.611 homo synonymous
YCLO73c/ GEX1 Ala 602 Thr 116 0.578 homo missense
YLR382c / NAM?2 Thr 846 Met 132 0.333 hetero missense
YLR37Iw/ROM?2 His 37 His 129 0.310 homo synonymous
YKLOO4w / AUR 1 Thr 126 Ile 142 0.303 hetero missense
YNL327w /EGT?2 Ser 367 Ser 126 0.302 homo synonymous
YLRI143w / DPH6 Val 254 1le 137 0.299 homo missense
YLR440c / SEC39 Ile 344 Tle 151 0.298 homo synonymous
YLR357w /RSC2 Arg 817 Ser 172 0.297 homo missense
YLR358¢ His 90 GIn 172 0.297 homo missense
YNL264c / PDRI7 Glu 17 Lys 128 0.289 homo missense
YLR299w / ECM38 Gly 199 Gly 158 0.253 homo synonymous
YLR431c/ATG23 Leu 241 Met 153 0.248 homo missense
YPR095c / SYT1 Asp 450 Asn 121 0.231 hetero Synonymous
YLR042c Thr 112 Met 149 0.228 homo missense
YLRO57w / MNL2 Leu 27 Leu 172 0.227 homo Synonymous
YDR358w / GGAl Ser 508 Asn 131 0.221 hetero missense
YGR227w / DIE2 Pro 48 Leu 122 0.221 hetero missense
YLRI129w / DIP2 Val 509 Met 143 0.217 hetero missense
YFLO37w/ TUB2 Val 333 Val 141 0.213 hetero Synonymous
YLR207w / HRD3 Pro 43 Ser 142 0.211 homo missense
YNLO22c¢ / RCM1 Lys 223 Lys 138 0.210 hetero synonymous
YLR153c/ACS2 Ala 101 Val 137 0.204 homo missense
YPL169c / MEX67 Gly 522 Asp 113 0.204 hetero missense
YERI100w / UBC6 Pro 76 Pro 125 0.200 hetero synonymous

Yutafk D SNP OS5HX LY .

% 3 YR Lo 75,166bp 25 185,144bp DOFEIKIZI T,

Mutant allele frequency 7% 0.58 25 0.76 & DY fafR | D Mutant allele frequency (2 bt~ T &V ME %
RUTE (FIG. 2-8) o {EIEEERE K7 RO 3 BRI, ~T o ESTOEHRAER L TNDH 2 L
DHESNTND 29 Lo T, hia BROH 3 FIL AR ED 75,166bp 725 185,144bp DFEIKIC
BWT, K2 ~T o #5808 (Loss of heterozygousity) 2EU7=EE X HLD,

AR 7-D ORF WIZAE R34 U, Mutant allele frequency 73 1.0 & 72 572Dk, HEEAE MGA2

F o AR (Ser706%) DI T -7= (FIG.2-8, TABLE 2-7) . F72. hial ¥k AURI ~7 v %
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op

AR Ak AZEH (His157Tyr) @ Mutant allele frequency 13 0.624 T&H 25 Z & 5. hia ¥k 4 BRI
HHONT o HESROERNECTWD EEX b, £ 2T, 4 EERD AURI O % E U IR
SRMT 21T o728 2 A, 4 HERICB W CREO~T o ESRIZERNE T TWD Z LR T -
(Data not shown) ,

PL B4 7 2 DNA AT OFER LV . hia BRIZBT DEERA Y 7 I V@ EREREIL. MGA2 DR

EEETAS (Ser706%) (LK 2 wlREVED @& < 7R o 72,

MGA2 F 2 AERED ATFI BRI KT THE MGA2 F & o ZZ5H (Ser706*) 75 ATFI
DRBFEZEINESE D0, & SICREFIENERIC XD ATFI OFEBUMHIA SR S5 0 ard 572
W, EERERERE BY4743 ¥R D MGA2 WEERE (Amga2 #8) 12, FIG. 2-9 (ZR" T IEH A MGA2 (WMGA?2)

T e AEEA MGA2 (mMMGA2) % BN L., ATFI ORBENT 21T -7,

529 625 719 781

Functional MGA2 | | IPT | | Ank | I
(WMGA?2) 1113
Mutated MGA?2 | | IPT| |
(mMGA2) Ser 706 *

FIG. 2-9 Schematic depiction of wild-type and mutant Mga2p; the latter lacks the ankyrin repeat and
transmembrane domains because of a nonsense mutation (Ser706*). The positions of IPT, ankyrin repeat
(Ank), and transmembrane (TM) domains are indicated.

pRS416-wMGA2, pRS416-mMGA2 35 X O & LT pRS416 % VT BY47434mga2 % &
HRffh U 15 DV BRI AZ ImM Y — VERIRINE 72 13 AN 0O SC10-URA B Hi T & (30°C,
9h) HOEMKE D RNA ZHiHi L, RT-qPCR fEMT 21T~ 7= & 2 A, ATFI HBLEIT wMGA2 E A
DFEITHA, mMGA2 DEAIZ KV 2 fFUL E@VMEZ R L7y, Z OFRBLERIL hial FROSGE &
B0 U )= EBROTINC X VK 40%IE T L7z (FIG.2-10A) . LU S, U ) — Lg%z IR
IMUZRNGED wMGA2 £ 0 b ATFI ORBIEIIE N2 EnD, Atflp & L THORBERENR S 5 &
EBZHID, WIZ mMGA2 28 OLET BRI THEBEELRFT L& 2 A, ATFI LRIERIZ mMGA2

(2K OLEI BELEMNEEM U=, U 7 —/VBRIRINZ X 0 & ORBUIH Il & iz (FIG.
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2-10B) , LU S, Z DFLEDRRE X wMGA2 DA I ~_BE K > 7= (FIG.2-10B) ,
¥, BB (TM) Z K5 LTz Mga2p (IR BIFIAENIIRIC X 5 OLET DR TS| 2 fRFR 9% Z
ETERWY, FEFIENBEIRNOYA . OLEl ORBEZMEES Z NG ST
M INHORERENL, TR AL (Ser706%) 1Ko TT XY U E— B XOEEHTE
WA KK LTz Mga2p 1&, ATFI 3 XN OLEl OFBLEZINE 2 & & b A fafmiEiigIc L2

FEIH GFEMT D5 LB E o7,
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b
o 20 < 20 F
5 5
=
& 15t S 15|
w
5 5
& =
5 oor : 5 ok .
S 3
05 b= S o5k
0.0 00 L0 e |
Linoreic acid — + — + — + - + - 4+ - 4+
pRS416 wMGA2 mMGA2 pRS416 wMGA2 mMGA2

FIG. 2-10 Evaluation of Mga2p function using the BY4743 Amga? strain complemented with either
wild-type MGA2 (WMGA2) or mutant MGA2 (mMGA2). Total RNA was prepared from yeast cells
grown in SC10-URA medium without or with 1 mM linoleic acid at 30 °C for 9 h. ATFI (A) and
OLE]I (B) expression in the presence and absence of linoleic acid in BY4743 Amga2 complemented
with wMGA2, mMGA2, or control plasmid (pRS416). Expression levels are shown as fold-changes
relative to that of wMGA2 without linoleic acid.

Mga2p 13 1,113 7 X/ i CHERR S AL ER BRIZJRTET B Z /X7 T D, Mga2p [T HIBEIR (p120)
ELTHAB SN, IPT A LC &Rk 25, TDH%, RpSpll LD FF 1k, 7
TT =AMLy R EZ T, Trx ) U E— MBI OREEBERSRE SN HERO
JEA S R (p90) ~EHA ST ENABAT L ATFI <° OLE] 72 K OIEREIG - O% B 4
EHAET 2 (FIG. 2-11) o L2xL7Zeny 6 AEIFfENIEE I Mga2p OERBIEMEAb R OBERE 2 (X T
SHELH B, = IhE TOBIB A ZARE VTSR T, Mga2p 36 LU Mga2p & HEiE
AOCBEE S 5 NFRB IZBWTT v U v U B — B L OEEEHENE KA S5 2 LIk i

BIEVESHINT 2 Z EnmEShTnD 030 DEORRELPINETORENS, Tt
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VAR (Ser706%) IZ LV T XY ) B — M X OEE B A KK L2 Mga2p IX1EH BTG
PEALIRFB & 72 5 2 & CLATFI ORBIELZHINSE D & & b ITREFIBNIERIC X 2 36 2h R 3680
INTLBZEZBND, 12121 hial HRTIIAEIAIEIIIRIC L 5 ATFI ORBMENITELRZBD LN
2oTe (FIG. 2-6) Z &b, DX D a2 i Z 2R K & Ui, 1HEERERE & F25R

R DB F I 7 OENR Mga2p ETBIOERK I G L TV D RIEEMENRE 2 b5,

Unsaturated
fatty acid
‘ CXIOSOE Processing by
Processing by Proteasome
L 7F

Mga2p proteasome and chaperone

NUCLEUS

Precursor pl120/p120 p120/p90 p90
p120

CYTOSOL

FIG. 2-11 Mga2p consists of 1,137 amino acids and localizes to the ER membrane, where it undergoes
homodimerization mediated by its central IPT (Ig-like, plexins, transcription factors) domain.
Subsequently, it is partially cleaved at the C-terminus, which contains ankyrin repeat and transmembrane
domains, in a ubiquitin/proteasome-dependent process. The N-terminal transcription factor domain then
translocates into the nucleus to activate the expression of target genes such as A7F/ and OLE]

MGA2 ' U RZERD AbA THHEIC R T RE hial, 2, 4, 6 ¥k13 AbA TiHPERK 428 FRoD )
BRI SNTZERKTH Y | AbA MHERROFI 5D HFEiE A ¥ 7 IV A REVERE R A BAR O FI G
X 1%IEVZ &2 %, 2O KD ICHER S EE CHEREA Y 7 IV E R PENERE RIS SR S L L
TWD I END, MGA2 >t AR (Ser706%) 7% AbA itPEZff 5 L CWA aREMER H 5, &
Z . pRS416-wMGA2, pRS416-mMGA2 35 L O & LT pRS416 % HIV T BY47434mga2 ¥ %
TR L A5 5 Lo SR D AbA THPEZFR <72 & Z A pRS416-mMGA2 DIEAIZ LV AbA
MERED M E23FR D iz (FIG. 2-12) . ZOFER KV AURI AH (His157Tyr) (& MGA2 255
(Ser706%) 235 Z LIk V. AbA M TO a0 =—DIAHEN LH- L2720, $1% &)

PRI BEHEE T MGA2 255 (Ser706%) 2 AT HEERIAE RSN RIKS N B2 b D,
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1)

2)

No addition 0.05mM AbA

G @ @ |0
w42 K I I

mMGA2

FIG. 2-12 Aureobasidin A (AbA) resistance of BY4743 Amga2 complemented with wAM/GA2, mMGA2,
or control plasmid (pRS416). Left panel depicts growth on SC-URA agar medium in the absence of AbA,
while right panel depicts growth in the presence of 0.05 mM AbA. Yeast cells were grown in SC-URA at
30 °C for 24 h and diluted with distilled water to an OD660 value of 1.0. Five-microliter aliquots of serial
dilutions (left to right) of cell suspension were placed on SC-URA agar medium containing 0 mM or 0.05
mM ADbA, and incubated at 30 °C for 2 d.

= K
THEBIZ W T, BRRA Y 7 VARV R FAR hial BROD AATase {513 KON ATFI 368
BN L TV,
hial ¥RIZF\T % ATFI FEBLEOWINTAEIFNRIIRRIC X 20 25 0 97 15 R R 15 P IR A8
ThdI ENHLMNERSTZ,
MNE U7z 4 [BlOZBIFRC X 015 50072 hial, 2, 4, 6 BRI\ T ATFI OERGIEHEALK 1% =
— N2 MGA2 \[ZRETHEAEROF v AR (Ser706%) 234 U Tz,
MGA2 DF > v ZAER (Ser706%) 1% ATFI ORBEZBMSE 5 L & bio, Aafnfeigic

£ 2 FE B & R fn L7z,
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HIE
B B RIARIZ BN T e B F LB LW
Hife A V7 INZEmEET DENERKD
B L T DRHAEMRIT ©

THEOWBEEE O EERDIIFEEA YV 7 I T a U BoF L THY | § 2 BBV TEREA
KADBATHZ B THEREA Y 7 IV @ AET DIERE SRR (hia R OBRIZHOW R L, 77
BT FOVEBEREE RPNIC ISV T, T2 FL-CoA L v r =b-CoA & MBEWHE L 2 IElimea
AR EOFRECTHLI I T u vkl )N EEEE LT AT T —BIZ LD GRS D
R & 7 A V-CoA &= ) —NEFEHEELTT I N-CoA: =& ) —)b O-T VT AT

x 77— (AEATase) (Z XV AR SN HREPFET D D (FIG. 3-1) &

Malonyl-CoA Fatty acid
synthase o Esterase
> Caproic acid Ethyl caproate
AcetvlCoA | mus1, Eas2 i
oo Ethanol
EEBI, EHTI
Caproyl-CoA Ethyl caproate

Acyl-coenzymeA: ethanol O-acyltransferase

FIG. 3-1 Biosynthesis pathway of ethyl caproate

N7 T IVEIRA VT VIR, RS K & O T T BRI (SR W) TREREIS K 5 Rk
BMET T2 2 e, WEEHT ORI 7 v Vg TFLOERELEIMSE 2123, FEHE 225 k%
AT DBENRH D,

ARETIL, #IETH DN AR A REARITI W THIER A VT IV & m e 5 B REAS JERR
(hial BR) ZBIRE T2 Z LIZL D | R AROAZIC I W T 7 a Uik = F v ds L OWERA VT

SNV EAET DR RO EI RS L O ORI 2179 2 LT LT,
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T o B FABIOEERA VT IV
AT RO ERE

HEBICB W T e VBT VAESKOBERE O — DI 7 a VBOAKETH D Z LB
HHITWD D RO IEIE G KBS (FAS) 1% 7 DO G O G % ff g R > 2 RERERE ©
BB Y, TEFN-CoA &~nr=/L-CoA ZHFEWEL LT, vr=/L-CoA HXRKD Cy BZAHIN
SNTHEMBOHEDOMECHEIT L, @F LI F U (C16:0) £IFAT T U
(C18:0) WEFKEND, LIzD-TRFER 6 OH 7 a o L 5 Aath g is Vi 3NE Vil & bt
OHFUETH Y EOEREITD 2L AT 0 VBOAEREE T 2S5 2 LIIREETH 5,
—Ji. FAS AT 2 T HEOMBEEIED 5 6, MEETEME L SV I F VBB IEEO LN ZET S

CEVAERT DRI O ZIT D52 & Y 72 FAS OFHEHRITH L L L= 9 1%,
FAS DA TEMEEALIZ WHNCH A LT, ZOEMEZAET 22 LAMESNL TS 7, Zh
HLOHMREEZ S LT BIE, B L= Ut Z2 R~ T BERETIE FAS OFEATEMEAICE RN EL D
Z LIk Y FAS DIEMNEL L, ZHIUS Ko THERT DIEMIBOMENZET 5 L& 2, HIER
LU= MR 2 BG L, HEEBERR T o728 2A, BRNEENON 7 a VRO AE
FREDSEIL . ZHUCHEWEBRB R OS 7' VB F L OAREBEINT 2 2 L2 R L Y
FASIZ. a BLUOBH T 2=y P LR IND ASEKR (a3p3) THY ., TNETNOHT2=v |
(3. FAS2 B X OVEASI IZE > Ta—FEnTWD &9, &b L= MR T, #iE SOs 2 il
o7 =y hEa— R4 5 FAS2 ICZER (Glyl250Ser) 34E U B2, MaATEtEs LI F o
FRERRBTEMED LN AT 2 2 L2 X 0 B O ZE L T, 7 v U EROEGHREN M L
L7c&ZEZX LTS 101D

FASI 3 XY FAS2 IZhifif e Bl 25210 2 2 LMo Ty 12 | [HEEERNIIBW T,
FAS2 Zm BBl S TOMROEENLD 7 1 A REOHINITEED bRV, FAS] ZE3B s
D2 LKV HEENO S 7 o VBRI L, FAST 3 X O FAS2 OliE s 1 %[RRI m R S

LE. WIENOT 7o SERESHFRICHENT 52 ERMmbN TS 2, —J5, Cryptococcus
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neoformans (233 C Mga2p 73 FASI ORREZHI L CTHD Z ERMLNA TS D LLEOMA X
0. MGA2 I[ZREHEEA T o R (Ser706%) %249 5 hial B TIX, FASI 3 XN FAS2 D3
BESHIMU, BEEND 7 o UERENEIN L TO 5 TREEDN H 5,

AETIX, MGA2 DF >t v ZEF (Ser7106%) 75 FASI 8 XN FAS2 ORBEABIMESES Z &
T L &I FAST 3B X ONFAS2 SR BLT D hial BRICE NV L= Vit E 535 Z L2k v,
IS FRIA R B W CHEE A Y 7 VB X O 7 u VER = F IV A& m /RS DR Bk & B

S R (el Y

EzB®R G
i I BERR T L U5 MGA2 7N FAS BAGTHEBLE LOEEND 7' UG &I RIE T8 E
T 5 72D O /MISAZGRERIZIL, IEERER S 9 BEERE e LR (K901 #£) HikT ¥ F—+8
RAERE Km97 k36 KON Km97 Bk OREERE AV 7 V@ AL EVEREREZS 8K hial tRkE W2, 77T A
I R TMGA2 Z8ANT L2000k E LT, FEER=EEER: BY4743 Amga2 BRAAER LTz, h7'm
i = F )L AR PEVERE R BRI O T2 O DR & U T, BEREA V' T IV AEPEMERERE hial BR % A8
U7z, 15/ MDA BGRBR O RRE & LT, FAS2 IC~T /A I At v A H (G3748A) %
BT DI EERE (Saccharomyces cerevisiae) K1801 £ (FAS2/fas2) # A Uiz, BEREO & 4B &
LT, YPD 5l (1 % yeast extract, 2 % Bacto-peptone and 2 % glucose) Z{HH L7z, /L L = i

PERR OB IZIZ, SpugmL B L= %G Te SD B2 L=,

FS5ZRI K F2E F2EICHEEE L K901 BRE 7213 hial #RH¥ MGA2 %3 5 pRS416-w

MGA2. PRS416-mMGA2 Z i L7,

FEEEABR FEREABRIT, 52 T 5 1 HlR T HIEICE T - 72,
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TR/ MIA B ABR H/MEAZBERIE, 5158 5 1IN IHEICIE T 272,

BRI HHT BRI IHTIE, B2 T 1 IR T IAEICE T - 72,

B FFEBURT TABLE 3-1 lZRT 77 A4 ~—%HW\WT, 52 8 &2 HilRmT HIEITHE,
FASI 35 L TN FAS2 DFEBUENT 21T > 7=, KBIn T DIEBLEIX TFCI (transcription factor class C) %
U775 LU ABETFE LT, AACEEE ™ (2R M e L TR LTz,

TABLE 3-1. Gene-specific primers used for RT-PCR
Primer Sequence

TFC1-F 5'-CCATGGTACCCGAAAACAAGA-3'
TFCI-R 5'-ATCACCAGCAGCGATACCC-3'
FAS1-F 5'-GCTGTCGCCATAGCTGAGAC-3'
FAS1-R 5'-TGGATGGTGGTAGGGAAGTG-3'
FAS2-F 5'-GCCAAGGTTAGCGCCAGAGA-3'
FAS2-R 5'-CACGGGCTAATGGGTCCAAG-3'

HEND o U BOEER THIERE & 0 BEREEE R 2[RI U SRS HOIRA% . FLEA T L 7=, Fatty
Acid Methylation Kit (Nacalai) #3 JO" Fatty Acid Methyl Ester Purification Kit (Nacalai) % > CTHRyf4
L U= IR L 0 A F L 27 Ak LT NENR & il L 7=, RGBS O 538113 GCMS-QP2010 Plus
(Shimadzu) %= H\\T{T->7-, # 7 A% Ulbon-HR-SS-10 (length, 50 m; internal diameter, 0.25 mm;
Shinwa Chemical) M\ 7, 71 7 L4 —7 EEIE 60°C (1min hold) — 200°C (10°C min!) — 220°C
(6°C min") — 220°C (9 min hold) fR¥F L72, EOMODEHEIL, KALIRE 220°C, £ ¥ —T = —A

IR 220°C, A A PFIREE 200°C & L7z,
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TRB LUOEZE
MGA2 F v AR (Ser706%) 78 FAS B FRIICKITTHE Km97 #k3 L OV MGA2 12
REEATS L Vo ABRER/T 5 hial % O TREKRSES 70% O/MEIABRERZTT), 6 B H
DB XV FEIRZ L L RT-qPCR |2 X % FAS 5 T ORBURNT 21T > 72 & T A Km97 BRI~
hial £ TIE FAST 35 KON FAS2 OFRBLED NN L T2 (FIG.3-2A) . £72. FAS Bla ORI

DO¥NNZ B LT, hial BETIZEEN D 7 0 L leE & OGRS 7= (FIG. 3-2 B)
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FIG. 3-2 FAS genes expression and the intracellular caproic acid content in the strain hial. Total RNA and
cell-free extracts were prepared from yeast cells were recovered from sake mash prepared using 200 g of o-
rice and rice-koji with a polishing ratio of 70%, and fermented at 15 °C for 6 d. (A) The expressions of
FASI and FAS2 were measured by RT-qPCR. The relative expression levels are presented as fold-changes
relative to the expression level obtained for strain Km97. (B) Yeast cells were lyophilized and pulverized in
amortar. The caproic acid content was analyzed with GC-MS after methyl esterification. (C) Evaluation of
Mga2p function using the BY4743 Amga?2 strain complemented with either wild-type MGA42 (WMGA?2) or
mutant MGA2 (mMGA2). Total RNA was prepared from yeast cells grown in SC10-URA medium at 30
°C for 9 h for RT-qPCR. Expression levels are shown as fold-changes relative to that of wMGA42. (A, C)
Blanc white bars, FASI; dark bars, F4S2 mutant. Values shown are the means from three independent
experiments, and the error bars indicate standard deviations.

PLEDHER LY MGA2 DF & AZER (Ser706%) 7% FAS BEinfORBELZHMSES L&
Z. pRS416-wMGA2, pRS416-mMGA2 & LU & L T pRS416 % T BY47434mga2 ¥R % T
Bl L, 15 b N EiE k%A SC10-URA B TE238 (30°C,9h) 1%, Hifl & v # RNA % [E[IX

L. RT-qPCR T & BB 3BT 21T o 72 & 2 A, FASI 3 LN FAS2 DFRHEIT wMGA2 EA

DEEITHA, mMGA2 DBFEANIZ LV BHEICEVMEZ R L7 (FIG.3-2C) . ZiLH OFEHRIE, FASI
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BEO FAS2 13 MGA2 DGR 22T D2 L, 5T MGA2 OF v AR (Ser706%) 73
FASI 33X OV FAS2 ORBBLZTEMHL T 52 L 2R L Tn5, LLEDORER LD FAS Ba T D3I
BN X0 EERRND 7o CERERE hial RSBV L= Ui E R 5T A 2RIk, h T

VRRTETF VR L OWEHERA VT I N EEAET DA RKRP PG TETH D L BT,

A7 v R TV E A ENEE R BRORIK WERR A 7 Vs EPEVERER: hial #K 2 BIMK &
LT EMS LENC X 0 2R R 2B L, Spg/mL B/L L= %5 T SD Bl A Al REZR 28 Bkk
AABRHEREL 7, ZhbD®/V L= UMtk AE VT, FEREABR ATV, FEEEE T 12 DIEER D
FLRERTIZL VG L, b7 0 VB F D FL DN O BER hec (high ethyl caproate) #&% 7

RS L7z,

A7 v R T )V m R EEEEE RS AR ORISR HEERABR T SN T e Ul T L
B R PEVEREREE FERR 7 BR (hecI-7 BK) 22V T, FERBE 70%D o KIS K UKE 2 FHWTZiETE/ I
HAARRBR 21T > 7, THEBOREET 15°C—E T, RN AWED 60g (T L 7= i Ty B
T X0 RARE & AEH A Sy L BRI O B TR K OYE R T A AT o T2, hee BRODFEEERE
BIKEFRETHY . ORI R b T, EREICHEH TE 2EREEZ AL TV
(TABLE 3-2) , —J7. &HRKDONTOFER, hec2, 3, 6 FRORAGHE D 71 7' 11 L = F- )L 1 18K
DEFUTEER, 95, 113 BLT92 /5L EVMEZE R L72DS, hecl, 4, 5, 7 R TIE, BBRIZHE~TH
7'a BT VIREOBINITRD b hol, £, FAS2 IZ~T n A RIZE R (G3748A) &
DA T a TV E AR FEVERERE K1801 #R & LT | hec2, 3,6 ROBEIE D 1 7' 1 L F L
IREVIBAFE @D o To, — 0. hec2, 3, 6 tRZ AW B-BGBE OFEER A ¥V 7 I VREIL, BKTH D
hial FRIZIAE T L7z, L LD, B 7 BRI VR L [AREC K1801 BRIC A~ E M

w7,

61



TABLE 3-2. Properties of experimetal sake in the brewing test
hial hecl hec?2 hec3 hec4 hec5 hec6 hec7 K1801

Alcohol (%) 17.8 18.3 17.5 17.8 17.2 18.0 18.2 17.7 19.0
Sake meter -1.0 -1.5 -6.4 -7.1 -11.6 -3.3 -3.0 -2.2 +5.7
Total acidity (ml) 2.5 2.4 2.5 2.6 2.5 2.7 2.2 3.3 2.4
Amino acidity (ml) 1.8 2.1 2.1 2.0 2.1 1.8 2.1 1.6 1.6
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FIG. 3-3 Comparison of the ethyl caproate contents and isoamyl acetate contents in sake brewed
with the strain hial, the strain K1801 and the hec mutants. Laboratory-scale sake brewing was
carried out using 200 g of o-rice and rice-koji with a polishing ratio of 70%. The temperature of the
sake mash was maintained at 15 °C through the entire fermentation period. Blank white bars, ethyl
caproate contents; dark bars, isoamyl acetate contents.

% 2 CRIE OB REREREM 3R b B2 o 72 hec2 B IV TC. B IERIEEHRR A RmIC T,
FERBE 70%., #K 6t ORUKIFEREE 217V, BAGHE 2 pEa LA (HlE—FE— 4 - AiTEE —
HEAB-HE) L, BRI EITo72 L 2 A, A7 n B FIVREIXEERSE 710%
DRI~ S EBFEITE <L KRG 50% LT O mks FKk 2 VT2 RGN & [RIFRE Om
Bz mR LTz, Eio, BigA V7 JIVIRE S BEFOTEORHRA Y 7 I VIRE (1-2mg/L) (ZH~
BEAE\Z R MEZ R L2 (FIG. 34)

PLEDOFER LY . 4B LI hee2 tha W TEREIEEZ1T O Z LI2L 0 | R EKZHWT

b7 a R T LOEEA V7 I EEOEWIEHOBENATRETH D Z &R ST,
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FIG. 3-4 Comparison of the ethyl caproate contents and isoamyl acetate contents in sake brewed with
the strain hec2 mutant and the sake on the market. Industrial -scale sake brewing was carried out using
6t of polished rice and rice-koji with a polishing ratio of 70% with hec2 mutant. After fermentation,
sake was filtrated, pasteurized, stored for 4 months, refiltrated, filled and repasteurized.

= K
MGA2 \[ZHREEATI S & REE (Ser706%) AT DEEEEA VT 3 Vi pErEREREAS BAER
hial #RTIE. B TH D Km97 BRI, FAST 38 L O FAS2 ORBLER L OHEIEN G 7 m v
e S DIIMAFED B AT,
FEERERER; BY4AT434mga2 MRDFHTING MGA2 DF 2t v AR (Ser706%) 73 FASI 1 LY
FAS2 OFBLEZMSE L Z R LN EoTz,
hial BRICERER ZFHR L, O L= UMERR 44 BRICHO W CREERBR I L OVEE/ N
HIABRBR 2TV G O 7 e R T VIR EEDSBIR D 9 5 LA L & 722 HEERE R A 3 B
(hec2, 3, 6 £F) BT L7=,
hec2 ¥R M\WTHEE L7IGE OFEREA V7 I VIR IR Z AW T2 G I~ L7223,
AR E D IR S M STV % K1801 #hA VTl L 72 iE TR =CREAF o i R E Z Eb
FEiZm<, hee2 RkEMWD Z L2k, B KREAWZD 7 e UiV KON Y
-

vm B AT OBEN TREL e o T,
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Fofi A Tu BB FABIOEERA VT IV
EEPEEEEE RS R hec2 BRDRFIERRAT

BT BTN LOFEEA VT JVE AR REVERE R AR hec2 R A I TIHE/ MEIA 23R
BREAT o728 Z A, FAS2 IC~T /M I A A H (G3748A) A9 5 K1801 2k~ ik
BEOH 7 1 Ui T VR NBE ML T2 2D, hee2 FRTIX FAS2 ZERITINAZ, FAS?
BRUSNOERIZLYD , I 7 v e FVAGKRENR L LT EEZXOND, £ 2T, hec kD7

T BT IOVEAEFED A = AL EH LT D720, hec2 BEORHEMNT 2175 Z L 12 LTz,

ER 5B
i FERR TS K OB THIE/ MSAZERERIC X, THIERE R 2 9 SEERREZe LER (K901 #F) H
KT VR I —B KA KmOT #k. BEREA 7 IV E AL ENERERE hial Bk, 7170 R T L@ A E
PEBERFZS BARR hec2 B, B X OV 70 Ve F )V @ B ENE I B RE KI801 BRAEH LT, 225/ A
DNA fiEHTIZIE, Km97 ¥k, hial #¥ L O hec2 BRAAET LT-, TREEMAORKIZIT S £7213 10
ugmlL B/ L =% ETe SD KiHl, AEATase B X7 va— A7 EF NV ET AT 27 —F
(AATase) JEPERIEIZIX 10% 7L a— R /s (SD10) B5Hi (0.67% Bacto-yeast nitrogen base without

amino acids and 10% glucose) ZfiH L7-,

THE/IMIA R BR TR/ MIAZRERIE, 518 5 1 EIOR T RV T o 7o,

i
AT
=
P
P
=
i
X
=
3
3
=
of
W
N

B 1 ENOR T ISV T o 72,

BLTFEBHBREZFIH Lz FAS2 EROEA FIG3-5 lR kI L v, BiarEfHBEEZRHAL T

FAS2 ZER DB AT AT 77, T70%H FAS2 D 3,748 FH A D G % AT % 7~ 3,733-3,762 |[ZFH 4T 5
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DNA (5-AACTGTTCTGGTTCTAGTATGGGTGGTGTT-3") & Z DA MHEFIICAH 4 4 %5 DNA (5-
AACACCACCCATACTAGAACCAGAACAGTT-3") % 95°C, 10m OZEMEALER 21T - 7214, IR T—
WiE S 2 2 LIC kD T ==V 7 &fTo7c (F#T 3,748 F A OERG A G>A Z#-7),
BoNZ A DNA ZHWCT= LY halRLb— a3 UYEIC K Y hial MRE B U, hial Ff kR
(FAS2/fas2) % 5 pg/mL /L L= %5 T SD 5 (0.67% Bacto-yeast nitrogen base without amino
acids and 2% glucose) TR L7z, WIZFEIERD A4S DNA Z HNT hial Ff £k (FAS2/fas2) % IE
WEHA L. hialff ¥k (fas2/fas2) % 10pg/mL B/ L= %3¢ SD B TR L7, RBEREAD
FERBIT A 2 & 1o i8Ik 2 PCR CHiEH . ARSI T 5 Z L2k viTo72,

Transformation with fas2 (G3748A)
and selection on SD medium

containing Sug/mL
Strain hial (FAS2/FAS?2) hialFftransformant (F4S2/fas2)

Treatment with EMS and selection on SD medium

Transformation with fas2 (G3748A)
containing 10pg/mL

hec2 mutant (fas2/fas2) hialfftransformant (fas2/fas2)

FIG. 3-5 Strategy for introduction of F4S2 mutation by using geme replacement

AR T e VBROEE %3 E 1 EIR T AT o T,

BARF R BT FASI, FAS2 \ZBEL CIE, %53 % % 1 81 TABLE3-1 \IRT 774 ~—%H
W, EEBI, EHTI, ATFI, ATF2, IAHI \ZBL Ti%, TABLE3-3 [Z-T 774 ~v—%2H\ T, &
2 B 2 HIIRT HIEICHEV, RT-gPCR 2 X 26 T REMNT 21T 572, KB T OB R
TFCI (transcription factor class C) # U 7 7 L A & LT, AACt{E " IZX W AHxMEE LT

HH L7,
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TABLE 3-3. Gene-specific primers used for RT-PCR
Primer Sequence

TFC1-F 5'-CCATGGTACCCGAAAACAAGA-3'
TFCI-R 5'-ATCACCAGCAGCGATACCC-3'
EEBI-F 5'-CGGAACATCATTTGGAGCAG-3'
EEBI-R 5'-ACCACCAATCAT GAGCCAAC-3'
EHT1-F 5'-TTCTCGGATGGTGGAGTTTG-3'
EHT1-R 5'-TAAACGAGGCCATCCTTCTG-3'
ATF1-F 5'-AAAAGACGCGGAGGTACATTG-3'
ATF1-R 5'-ACAAACACCCAAGGAAAATGC-3'
ATF2-F 5'-GCACCCTAACACCCTTCATTC-3'
ATF2-R 5'-ACCTTCTTGCGTTGCTTGG-3'
IAHI-F 5'-TTCAACAGGAAGGTGGTGATG-3'
IAH1-R 5'-TTGGGATGATATTGGGGGTAG-3'

AEATase &8I E P R AR e HH 9 O RS, bufferA (25 mM imidazole-HCI at pH 7.8, 0.1
M NaCl, 20% glycerol, 1 mM dithiothreitol, 0.153 M ethanol and 0.1% Triton X-100) Z HW T 1 & &
2 HiOHEIZ L VT o=, AEATase {EHEOREIX, 0.6 mM #1712 A /L-CoA % e bufferA 1 mL
& RO R 1 mL 2R 4G L, 25°C, 1 RIS %. NaCldg Zind 5 2 &I k0 s %
Bk L7z, ZORISRIZT S 7 —/L 0.75mL B8 L OEEK 225mL Mz 7%, F2%F H1HO
FEIZHE, ~y RAR—2R GC-FID {EIZ LV 7 e T VREZJIE L=, AEATase i&1E

O 1HALE, 25°C, 1 RIS 1 pmol O 7w Uik TV 2 AT DRERE L LT,

AATase TEMEHIE Km97. hial K&, hec2 £k, K1801 ¥kZ T, 52 3 5 2 Hilrnd HiEI

T T,

&4 ) I DNA T Km97 ¥k, hial ¥k, hec2 #ZFAWT, &2 32 5§ 2 Bl R HIEICEWD

1T-o7.
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TRB LUOEZE
hec2 ¥R D FAS2 BB \fEHT TV U= U A FEAER IS8 R L T2 hec2 BRD FAS2 MEERCH &G~
e ZAH THETOHE 0 LEERIZ, Bt Frnb 3,748 B H D G Y A ITER L TV,
F72FIG. 3-6 IR T L HIC3,748 BFHICIZA DV T T NAOBRBZBHEINTZZ LD, ZOERT
REHEAMTHY, ZOERIZEVT I VBRSO 1250 FHOZ Y LB Y STREEAE

TEM (Glyl250Ser) S5 Z L2725,

3,748 3,748
G A
cTTcTGlc TATG! cTrTcHiAlc TATG

>

hial ¥

FIG. 3-6 Comparison of nucleotide sequence of FAS2 between strain hial and hec2 mutant.
the homozygous G>A mutation at position 3,748, resulting in amino acid replacement at
position 1250 (Gly1250Ser) was identified in FAS2 sequence.

RN G 7o U EBREE hec2 BR Tl FAS2 ITAREBAAZEL (Glyl1250Ser) AL TV Z
EID I Ta BT VORIBME TH L T u VBREENEINL VWD EEX NS, £ T,

FEARBE 70%0 o KIS LUK Z W T IFE/ MDA B BRER 21TV 568 7 B H OB X 0 BEREER
ZEI L, WO EZRE L L 24, hial REX O hec2 BRTIE, BT v e, T
VR, BTV R EOEHIENIRE &N E < (FIG. 3-7A) | hec2 BRIZBW T 7 o Ui OIA
EIENINAFRD BT (FIG. 3-7 B) o FAS2 (\Z~T o B AMZE R (Glyl1250Ser) %43 % K1801 £
EHARTREENT 7o VBENBEEICENZ ED, hec2 BRIZB T D 7 a VT LB I OH

7' UERAERRRED BN FAS2 285, (Gly1250Ser) DA OO R & BR T2 L B2 b b,
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FIG. 3-7 Comparison of the intracellular fatty acid (A) and caproic acid (B) contents in the strain Km97,
hial, X1801 and the hec2 mutant. Yeast cells were recovered from sake mash prepared using 200 g of a-
rice and rice-koji with a polishing ratio of 70%, and fermented at 15 °C for 6 d. Yeast cells were
lyophilized and pulverized in a mortar. Methyl esterified fatty acid derivatives were prepared from obtained
yeast powder with Fatty Acid Methylation Kit (Nacalai tesque, Kyoto, Japan) and Fatty Acid Methyl Ester
Purification Kit (Nacalai tesque, Kyoto, Japan). The fatty acid content was analyzed with GC-MS. (A)
Blanc white bars, strain Km97; Shaded bars, strain hial; dark bars, hec2 mutant; Striped bars, strain K1801.

FAS2 22 (Gly1250Ser) 2 hial BRDH 7 v VB F VAERICRIETE hec2 ¥kDH 7
0 R FOVEAEPEREIS FAS2 USN DR S35 L TV D05 728, FIG.3-5 [ZRT HIEIC &
0. FAS2 \ZAREHEATDOAEL (Glyl1250Ser) 25 A L7z hialff #k% W TIHE/ MDA Z58R 21T
W, BYOBERRD T E T ool TA, hialff BkDH 7' v U= FOVAFERRIL K1801 ¥R LV &
Mo TN, hec2 BRIZITZ KL 20 o 7= (FIG. 3-8 A) . — 5. hialff FROEEERA ¥ 7 I VAFEREIT,

hec2 R DZ N L RFEE TH -7 (FIG.3-8B) , & HIZHMET H H OTEEIE L 0 BERFFE A Z B L,

HIRNAD 7o UEREEZIE LT & 2 A, hialff BROEERN S 7' v iR K1801 £k & FIFEE TH

LN, H7a BT IVEORER L [FEERIC hec2 MRIZHE~_RIAE ITIK - 72 (FIG. 3-8 C) ,
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FIG. 3-8 Comparison of ethyl caproate (A) and isoamyl acetate (B) contents in sake brewed with yeast
mutant strains. Laboratory-scale sake brewing was carried out using 200 g of o-rice and rice-koji with
a polishing ratio of 70%. The temperature of the sake mash was maintained at 15 °C through the entire
fermentation period. Open circle, strain hial (FAS2/FAS2); open triangle, strain hialff (fas2/fas2);
closed circle, hec2 (fas2/fas2); closed triangle, strain K1801 (FAS2/fas2). (C) Comparison of the
intracellular caproic acid contents in strain hial, hialff, K1801 and hec2 mutant cells recovered from
sake mash fermented at 15 °C for 6 d.

hec2 kD H 7' v U BR T F VR A FEREDJRIK S FAS2 BERIZT THIUE, hec2 ¥k & hialff kD7
T REFNE IO T 0 R OAFERRIZFERREIC R D13 Ch D8, MRSy DEFEREDS hec2
BRCHEEICE W END, hee2 RO I 7 v VBT FIVEAERICITR T AT F4S2 AR
(Gly1250Ser) (2 &5 7 v RO MUS DR FHEEH L T\WD EEX biLD, £7o. hial
DOEEFEA V7 I VEAPERRIT R EHAM FA4S2 25 (Gly1250Ser) OEAIZL Y hec2 B & FIFEEE
ETIRFLIZZ D6, hec2 RIZEIT HEERA V7 INVAEROK TIZFEHEAE FAS2 2557

(Gly1250Ser) WRRTHDH EHE 2 HILD,

69



70 BT FNVE L OERRA VT I VERRREKICEE Y 5B G T ORFMENT hec2 BRIZ
BWTA T 0 U F LB ION 7 0 CRAEERORN LR bTclod, A7 a R TF g
B AR BT 538 n T ORBUENT 21T 5 Z &1 Uiz, 1EE/IMEARRBRZ1T\V, HiE 6 HHE
DX Y AL L 7R R 2 VT ERE S AR D o, B YT 2=y FEZNAENIT—FT D
FAS2, FASI B3 X7 mA-CoA L x=F ) —VEEHLE LT v B F LG T D
AEATase # 2 — N9 % EEB] 3 X OVEHTI ™ % %5 L L C RT-qPCR (T & 5 @{nFHBURIT 217 -
7o & 2 A, hial 3L O hec2 KHED FASI 38 J O FAS2 OFBLEIL, Km97 #£5° K1801 #RIZ )
STZML hial BEE hec2 BRI CIXIZ & A EZEIT o7z (FIG.3-9A,B) . L7=R->TEASI BXO
FAS2 OBIEFHBLENEMNT 2 L5 KRBT, Km97 Bk S hial #RE2 BT 2EICES LT
MGA2 DF > AZER (Ser706*) ICHKTHIWETHDH LB HIVDH, IRIZ EEBI 35 X OV EHTI
DFBURNT 24T 572 & A Km9T #E. hial £k, K1801 FRIZLL hec2 BRIZIS\NT EEBI DFE B
DOYE MM BT (FIG.3-9C) o —H . hial k3B L hec2 kD EHTI OFEELEIX, Km97
FRE L OVKI801 FRIZHEARORME T M 2R L7234 EE CREREITRRD Lo 72 (FIG.
3-9 D), hec2 BRIZENT EEBI OFBLEDIENINNRD iz 2 &b, SDI0 BT U - ERE
FAR L D B R E AR L, I 7oA )L-CoA Lo ¥ ) —NEHEL LT, h7a BT L
ZAGT D AEATase TEMEAZRIE L7 & 2 A, hec2 FRICIH W TEERTEMEDI R b0 H L7
(FIG.3-10)

WRICHERRA Y T I VAR I BE S 2 B85 I DWW TRBU#NT 21T > 72, AATase & =1 — R
% ATF1 OFEBLEIT Km97 #Ek35 L TUVKI1801 BRIZEL A~ hial #EIS KO hee2 BRIZH5 W CHAZE I N
L CWe (FIG. 3-9 E) 23, BffgA V7 I NVAEGHKASOEGMEWER T ATF2 B L ORHRA VT
SN T AT AT T —BBIG T IAH] 'Y OFBLEIZ OV TIE 4 BRI TR & 22130
D HNIRD > T2 (FIG.3-9F, G) . hec2 ¥k Tl hial ¥k & [RIFLE D ATF1 OFBEEDHMAFRD Hi
ey, WEEEA V7 IVAERERRIT hial FRICHARTHLGLUFIZIE T LTWe (FIG. 3-8 B) 2 &b,
SD10 K5 T U7- BBk IR & 0 BEAaah iR 2 iR L, AATase fEVEZIIE L2 & 2 A, hec2

BED AATase G 1EIL. hial BkDOZFN & RIFRE TH - 7= (FIG. 3-11) ,
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FIG. 3-9 The expression of genes associated with ethyl caproate (A-D) or isoamyl acetate (E-G)
biosynthesis during sake brewing in yeast strains. Yeast cells were recovered from sake mash prepared
using 200 g of o-rice and rice-koji with a polishing ratio of 70%, and fermented at 15 °C for 6 d. (A)
FAS1, (B) FAS2, (C) EEBI, (D) EHTI, (E) ATFI, (F) ATF2, and (G) I4H1. Values shown are the
means from three independent experiments, and the error bars indicate standard deviations.
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FIG. 3-10 Alcohol acyltransferase activity was measured with cell-free extracts. Cell-
free extracts were prepared from yeast cells grown in SD10 medium at 30 °C for 20 h.
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FIG. 3-11 Alcohol acetyltransferase activity was measured with cell-free extracts. Cell-
free extracts were prepared from yeast cells grown in SD10 medium at 30 °C for 20 h.

NG DOFRERND | hec2 R TIXNENIRE LA BRI TEMEIL D 72D, NENABEAE B Rk D Bt
VIO & WA Y 7 I NVAEBS RSO IEDOIE T 5 7 & FL-CoA OF|HFHT L. NENLEE

LG EERICRI SN D T2 WElRA Y 7 IVAEGRRENKT L7z LR S D,
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hec2 BRD 424 ) I DNA fi#HT hec2 KD T3 70 BT F)VIEAPERED A 1 = X L% W] 52
T HTI8, hec2 kD4 /7 I DNA T 24T > 1=, 15 O VIR T — 2 1 X TERRE KT RO 4
77 2 DNA BES 25t & LT~ v B T &7 hial ¥R E hec2 BRI O —HiFZ% M (SNP) Z

L 7-#% 5% TABLE 3-4, TABLE 3-5 27”7,

TABLE 3-4. Mutations discovered in the whole-genome sequence analysis of the Zec? mutant

. Missense mutations Nonsense mutations
Zygosity . . . .
Gene amino acid change Gene amino acid change
93 amino acid changes in 92 genes,
Heterozygous listed in TABLE 3-4. YGLO93W/SPCI105 Glul70*
YCLO27W/FUS1 Thr106Pro
YCRO11C/ADPI Glu708GIn
YCR0O18C-A Val59lle
YCROI18C-A His57Pro
YCR021C/HSP30 Asp307Glu
YCR0O30C/SYPI Asn760Ser
YGRO32W/GSC2 Arg218Ser
YHRI86C/KOG1 Ala1505Thr
YKLIS2W/FAS1 Gly909Arg
YKLISSW/ASHI Arg43Lys
YLR042C Thr112Met
YLRI29W/DIP2 Val509Met
YLR334C Leu34Phe
Homozygous YLR382C/NAM? Thr836Met YOL145C/CTR9 GIn958*
YMRO13C/SEC59 Asp207Glu
YMRO19W/STB4 Gly910Glu
YMRO89C/YTAI2 Gly394Ser
YPLOSOC Ala55Val
YPLOSSW/SEC16 Glul381Lys
YPL106C/SSEI Ala495Val
YPLISOW Glu830Lys
YPL164C/MLH3 Thr215l1le
YPLI69C/MEX67 Gly522Asp
YPLIS7W/MF(ALPHA)I ~ Val80lle
YPL20SW/RKM1 Glu490Asp
YPL23 1 W/FAS2 Gly1250Ser
YPL252C/YAH1 His10GIn
YPR0O95C/SYTI Asp450Asn
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TABLE 3-5. Heterozygous missense mutations in zec2 mutant

Gene Gene

- amino acid - amino acid

Systematic Standard Systematic ~ Standard

change change
name name name name
YALO26¢  DRS?2 Val 142 Met YJROOIw  AVTI Ala 249 Val
YALO23¢  PMT2 Ser 101 Phe YJRO37w Arg 106 His
YALO23¢  PMT2 Leu 60 Ser YJRI02¢  VPS25 Ser 155 Asn
YBLIO6¢c SRO77  Gly 1000 Arg YJRI2Iw  ATP2 Lys 78 Asn
YBLO22¢  PIMI Glu 437 Lys YKL203c¢  TOR2 Gly 59 Asp
YBRI50c TBSI Ser 759 Phe YKL048c  ELMI Val 369 Ile
YBRI66c TYRI Ser 314 Asn YKLOllc CCEl Arg 192 Gln
YBR273¢  UBX7 Arg 162 Lys YKRO28w  SAPI190  Asp 630 Asn
YCLO69w  VBA3 Val 288 lle YKRO28w  SAP190 Gl 850 Asp
YCL0O25¢ AGPI Ala 467 Val YKR084c  HBSI Gly 286 Arg
YCRO46c IMGI Arg 99 His YLR006¢c  SSKI Ala 254 Thr
YDLI95w SEC31 Glu 697 Lys YLR0O71c  RGRI Ser 1080 Asn
YDLI66c FAP7 Arg 101 Lys YLRI104w  LCL2 Val 46 lle
YDLII17w CYK3 Gly 26 Asp YLRI140w Cys 9 Tyr
YDLOO3w MCDI Thr 415 Ile YLRI46¢c  SPE4 Arg 189 Lys
YDRI05¢c TMSI Gly 343 Asp YLR207w  HRD3 Ser 85 Phe
YDRI27w AROI Val 1538 Ile YLR246w  ERF2 Cys 178 Tyr
YDR440w DOTI Thr 394 Ile YLR409c  UTP21 Arg 240 Lys
YDR466w PKH3 Arg 486 Lys YML130c EROI Arg 44 Lys
YDR498c SEC20 Ser 227 Asn YMLO93w UTPI14  Ala 235 Thr
YDR505¢  PSPI Asp 487 Asn YMLO85¢ TUBI Gly 437 Asp
YELO65w  SITI Ser 41 Phe YMLO46w PRP39 Glu 493 Lys
YELO6Ic  CINS Val 988 Met YMR246w FAA4 Pro 96 Ser
YER(OI8c SPC25 Ala 187 Thr YNL268w  LYPI Glu 323 Lys
YERI57w COGS3 Thr 614 Ile YNL256w FOLI Ala 303 Thr
YFLOI2 Ser 50 Asn YNLIS8w  KARI Arg 241 Lys
YFRO10a Leu 38 Phe YNLIS7w  SWT21 Asp 9 Asn
YGL203¢ KEXI Ser 380 Pro YNLI62w RPL42A Gly 94 Asp
YGLI97w MDS3 Pro 1430 Ser YNLI47w  LSM7 Ser 103 Asn
YGLI71w ROKI Phe 475 Leu YNLIO2w  POLI Val 1199 lle
YGLI5Iw NUTI Pro 263 Leu YNLO9Iw  NSTI Gly 1038 Asp
YGLI50c INOSO Val 1012 Ile YNL042b Ser 59 Leu
YGLI140c Val 715 Ile YNRO57¢c  BIO4 Thr 76 lle
YGLI39w FLC3 Thr 192 Ile YOL110w SHRS5 Glu 8 Lys
YGLI33w ITCI Ser 938 Asn YOL066¢  RIB2 Pro 428 Leu
YGLI23w RPS2 Cys 162 Tyr YORO11w AUSI Thr 16 Ile
YGLO93w SPCI105 Gl 170 Lys YOR092w ECM3 Gly 162 Ser
YGLO73w HSFI Asp 589 Asn YORI60w MTRIO  Ala 866 Thr
YGRO97w ASKI10 Pro 998 Ser YOR206w NOC2 Asp 699 Asn
YGRI45w ENP2 Ala 399 Thr YOR372¢  NDDI Ser 219 Asn
YGR217w CCHI Gly 1893 Arg YPL270w  MDL2 Val 246 lle
YHLOO7c  STE20 Gly 414 Arg YPLO74w  YTAG6 Gly 623 Glu
YHROI12w VPS29 Leu 252 Phe YPRO30w  CSR2 Val 499 lle
YHRI15¢c DMAI Gly 279 Glu YPRI22w  AXLI Ser 942 Leu
YHRI88c GPII6 Gly 565 Asp YPRI47c Pro 136 Leu
YILI47¢  SLNI Arg 509 Lys YPRI6Ic SGVI Val 403 Ile

YILI15¢  NUPI59 Gl 117 Lys
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AT OEST I A U AT 92 BIST-HIC 93 T L AREHEASTO I A AL RIT, FAS2
ZHL (Gly1250Ser) Z&de 27 @i Sz, BURIRWZ L2 FAST ICH R EHEAO I A R
ZEH (Gly909Arg) 734 U T 7z (TABLE3-4) , ZDMIZ~T v A LK E#HA O &
VABENENEN 1 FEETT oM ST,

ULEDRERE D | hec2 BRICIRWTH 7'a g F VA pERES A E LI RO—21%, 7w
g F VS EPERE AT 54 DR D FAS2 D I Ak v AZEHL (Glyl250Ser) & &z b D (FIG. 3-
6) o« S DITREACIKWT, TIEBTF LT 2TV, BT H T a VBT F VA SR B
# & H7-7 AEATase & 2 — N9 5 EEBI BE#BL L, BRIEMEH AL T\ (FIG. 3-9 E, FIG.
3-10) T &b E T O D, EEBI OFRBLEORNNT, FAS2 Z 83 IOV FASI, FAS2 ORBLED N
W, EE L7257 1A b-CoA BN LT-Tod LB X Hivd, Saerens b IXEFREFER A H
WTfRNT /NG EEBI %HET 5 & 7 v VIR FIVOAFERNEE IR T T 503, midlse S
THAEERIIEM LW 2G| Eeblp 10 70 v BB=F IVOARE RO 2 H > T\
DTIFERWPEHE L TWD 51D —J5 | SR 2 W23 ERERIZ 35\ T EEBI O3B & &
AT AR TNOAERBEICEOHBENRS S Z EbHE LTS 1 | )i, Lily SV 1 U
B2 W fITIC KV . EHTI OFEBEN I 70 VR T LVOEREA NS5 2 L alE L
TEY 9 7 B F A ESRICEET D BERFEOBEND, MRITIC T 5 EkR OB IE TR
RICHEASLSLEBZ BN TWD, LIy > TIHEEREREL Y BRE L7 hec2 #RIZISWT. EEBI DFEBL
BT BT NVOAEMREICIEOHBENRO LN &1, BYREREZEIOND, &6
(27 ) BT OFE R, FAST DFREHEST I A 2R (Gly909Arg) & FAS i&MEIC 24 5 %
DIz, AT ROEGRENEE S TZ RN H D, FASI OREHESI A AL R
(Aspl71Glu) DEERFERNO S 7 a VBEZBEIMSEDL NI ME £ 5H25 2 L0, RS
72 FASI ORTHAT I 2t v AZE R (Gly909Arg) (2O T b FAS iGMEICHEE MFT 05 %R

FORMNH 5,
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1)

2)

3)

4)

5)

6)

= K
hec2 BRD 1 7' v VR F OV EEFERRIZIZREI D FAS2 X At v AZEH (Gly12508er) LIAMDIA
FREETHZEER LT,
hec2 K CIINENGEE A BAR IS\ ZBE 5975 FASI. FAS? Wii{n O BLEMNEM L Tz, F7o,
A7 v A Jv-CoA INEDA T 1 = F N EGHKICE G4 % AEATase & =1 — N9 % LE8/0#
{5F EEBI a8l L, BERIEMEBHR L T,
hec2 BFRDIEEFE COFERA 7 I VAFEREIT hial #E L VKT L7273, AATase iithds L OVATFI
FBUCTERRCTRERENR DTG, BigA VT INEGROTZDOIE TH D
7 B FL-CoA DNENIEE G R ITEIERICFIA SN & B2 b b,
hec2 KRD A2/ 7 1 DNA fRFT OFE R, FASI \ZARETHEAM I 2 ZZER (Gly909Arg) 75kt
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G

FEOKEIN 2 4R 6D & 3 DEEEHIN OEHRIZ L > T, &2 WITROFCK LR EGR O M Rz & b
o T, @WEY (BEEE) W72 & DML TR BEREMEDE Th . B DO ZHEMEN R D &
NDEIT/oTEI, ZOXIRBERE S LITRMITIE, BB TR X HIR 2 771
FEREE (M T MG A RKR B L, TOAMAREZHALNC L, T7205, #
REPEDME 26 ME ERIHNEH R EE 72 & OBgRE % £ GABA OE(LEEDME T L 7-B%
RERMKEZEMET 52 L1028V, GABA Zma A DinBMIE IS L, GABA BILREIK FIZH
IR N LTz, £, BIHEDOE G, WBEES O FERS ThHOHEA VT Ik
FOH T v U FVICER L, TEROEREKREZ HWIZBEGEE Y &3R80 | RS aKkE M
WETHBEREEIC RN T, T OBEERN D & ST DA R A BT 2 2 212k, (KR
FK 2 W2 WS B O O METEBRIE 1Al Eh U, WBRE Ry O L EREIC RIS D Rt 2 I B M L
72

s BT, THENE O ZERMLICE T 2R R E RO HEM S JOARIIED B
IO L, A SO 2k~ Tz,

1 =TI, RO 2 DIEERE DLk 2 X5 ~< | GABA @& AT 5 ikHEERE|C
FIHTE 22 BT 570, GABA BLREENK T L7oBRERKABTRET L2 LIl Lz, X
U OIZEERFD GABA BV AZIZEI 595 GABA R RN (A% 22— K972 UGA4, £ L ORI
TP GABA OFRIZEIST 5 GABA F 7 U AT I F—B % a— K45 UGAT Mk % iR
ERHOTER L, ZhH8E IR EZ O CEB/IMIBALRBR AT o7 L 2 A, UGAI THHERE
EHWD & BEGEO GABA ESBIMEZ AWTZGE T~ BENT 2 Z & 72 b ONSAHEERE 23
GABA wH %R L LTAEFTTERWVWI L EZHLNII LT,

I UGAL TSR D T GABA Z E—Z R/ & Lo/ ME-TAEFT TERW LW ) AFREIC
HeS& | K701 BRA B E LT EMS WEIC L 0 EREREFHE L, 55N 22RERKOHF A

GABA BALRENME N L= B BEE % 2 8k (GAB7-1 ¥k, GAB7-2 ) B9 % = & IZhkzh L7-, GAB7-
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1. GAB7-2 Bk & FIW T2 T/ IMEIA B GRBR DGR . WA TR & b ISR 5 GABA BILRED
il S AL AR IR O GABA IREDSBIMR ORI 2651272 0 Z LGN L7220 2 b GABA
KB LIERE R SRR A2 VD 2 12K W, GABA Ea ATHEEE N TRETH D Z L 2R LTz,

35472 GABA IKE(LMEEERE KD GABA {REAMEIZF 5T 2R 2B 60T 5720,
UGA4.UGAI UGA2 K85 11Z X 5 GABA EALREARMHFABR 21T o 72 & 2 A .GAB7-1 ¥ TiL GABA
NIV ATIF—®%EH2—K$5 UGAI, GABT-2 Rk Clxa VI 7T b R KFEEER
(SSADH) % 22— 9% UGA2 DEFEANIZ LY GABA EILEENEIE L7-, £ T, MERMKORIA
AR T DNA BN 21T o7& 25, GABT-1 #£Tld, UGAl [ZHREHEAA S AL R
(Trp308*) Akt &4, GABA b7 v A7 I F—ViEMNME T Lz, — 5. GAB7-2 Bk Tld, UGA2
WZAT EEEA I Ak AR (Gly247Asp) 3 &4, SSADH FERTEMENME T LTS Z &
D LNE 72T,

%2 BT, BIHEOmE N SIRE DOZRIE A K D~ AR PR AT IV THRER O F 3
W D—D>THDOHNRA VT IN AT DMNERKE B2 2 L2 Lz, B REIA
B WTHERRA VY 7 I N EEAERET L7023, BRAVEBICH KT 2 REafiEigIc X 5
ATF1 OFEBUMH & R T 2 LN D D, AR TIE, A /¥ F— R AR Y Vvt T I NERkESE
PREAITH DA — LA/ P A(AbA) (TN Z 7R IEREE RO T s B FERR A V7 Vs e
PERERIZE BRI L, ZOFEZ I 6T Lz, e 9 BRERaZ2 LERESRO 7 vF - —EB R
AR Km97 #RA4#kk & LT EMS AABRIZ X 0 SSRERZFHEIE L. 155107 AbA MHPEAZ R IEREZ
FRRIZOWTHERBRS 70% D o Ki6 X USKE A V7o 8RR 3 K ONETE/IMEIA B RBR 21T,
WElig A V7 I NV EEET DERE 48K (hial, 2,4, 6 BF) BT 5Z LTk L=, 21D hia
FRIZIEE/ MGAZGERIZ B W TERD 2.6 [5LL LOWEREA VT INEEET HZ E NG LR
ol TROLINOFEERA VT I VE EEEREREE R hia BKERWD Z LIk | REEX
ZHOWTCHRA Y 7 I vma AIRNEEN FRETH D Z Lz LT,

13 DI hia BROWEREA Y 7 I VEARERICH 5T 2R 2 b2 T 5720 JHERB L Y hial

Bz A L, AATase {EMERIE R KON ATFI ORBUENT 21T -7 L Z A, B TH D Km97 #RIZLh
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~ hial BRTIE, AATase {EMED E5H-36 L OVATFI HELEOHNNAGRD H LIz, WRIT hial ¥RD ATFI
BN AREFIEIIERIC K> THIRI SN D MET Lo & 2 A, Km97 #R CIIA RN IC & 238
BN 2 52T 7225 hial B TIIASEAFIIEMIERIZ X 2 BMGI 25210 5 2 &7 < [ER ISR BLE
B L TWA Z E BB BAE Itz £, ATFI & REEOETHIFMEC X 0 RERsifgc
K DB 22T D A9 fEiR A faffbiEE 2 = — 9% OLEI b, ATFI L [RERIZ hial #&T
XAREFIABIRR \Z K 2 RN 252\ T 72272 2 L D26 hial ¥R TIX ATFI 38 X OV OLEL (2363
IRER GBI R RN E T TWD B X BT, £ 2T, hial BRD4 ) 1 DNA fiffr 247 - 7=
LA ATFI B X OLE] ([Tl RMr G W T4 21— N30 MGA2 IZAREHEGHR S v ALK
(Ser706*) % R L7=, & BIZ, hial ¥k & RIKEDO TR Z0RT hia ¥k (hia2, 4, 6 #F) (3@ 7ipZe it

REFET 5720, hia Bk 4 BRENEND T 7 5 DNA 5 8ERA L, &%/ 5 DNA fiifi #17-
o & A AEKRICHE R R EEATAR L L TR SO MGA2 REBEATIZE R (Ser706*)
DHTIholz, T, ZOER MGA2 %77 A R AT MGA2 % il U 7= BRI
BALTZE 2 A, REFEIIEEIC K 2 ATFI HEBHIAEM I NI Z LD | MGA2 REHEIE
B (Ser706™) 1F. EKE Pk A W T IETEREE I I\ T hial BRDSEE A Y 7 I V& @ AEPES SRR
D—DOThHHZ LERLI,

%3 BETIE, R EKE AHWHEREEICB VT, BEEEOTRER Y ThH I 7 a VBT L
BROFHERA V7 INE@AEET DBREARKEEREL, TORMEEZH LN Lz, £7. MGA2
DF ot ZAER (Ser706%) 73 FASI 36 X N FAS2 DFBBEABIMS® 5 2 & B L hial ¥ TIE
ZNDDOBB T OEBBUM LN, FEIERND 7 a VBREGHINT 22 L0 D, hial K307 7 U
TFVEAEEER ARG EROTDORME LTEHTHL Z 2R Lz, £ C, hial %%
BEE LT EMS B K0 R AERZFHFHE L, GO b=Vt 2R ARKIZOWT,
FERAE 70%D a K L OKE 2 V756 FEBR I KL OVER/ MDA ZGRBR 21TV, U7 e e
FNBIOWRA VT IN @ EET DR RERMKAE 38K (hec2, 3, 6 1K) BIKT 5 Z LITAEIL
72o hec2 ¥R AV CHEE L7 TEE T, BEFOHRIEIC S, V7 m U BeF vl KOWgA VT

SIVEBENEWNT END, hec2 BREHWAS Z LI VB ECkERWE S T v TF LB L
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OFEERA V7 I vim e AIGIHME N RETH D Z L 2R LT,

"oz hec (RO 7 v T FIVEAERICTH ST 2R TFE2HLNTT D720, I 7w g
TFIVEAEFERRE ST LBEM O FAS2 25 (Glyl1250Ser) 7% hec2 #RIZEBWTHAE L TS 0GR
Nl A, MERNREEEGM TR SN, LA, hee2 BRIZBWTH 7 o R F /L AR
BTHDLI T v U BOREEBNE &N, FAS2 225 (Gly1250Ser) A9 5 KI1801 #RIZH R THHZEIC
ML TWeZ &G, hec2 BkD T 7'v AR F )V A PERRICIT FAS2 BHLSN DR+ 3B 5- L
TWbHEEZLND, 2T, FAS2 OREEAHI R (Gly1250Ser) %38 A L7- hial ¥ (hialff )
W TERIMDAZRBR 21T EERBP OB O 21T 272 & T A hialfffkD T 70
BT FLAEFERRIL K1801 BR L W @i o 7oy, hec2 BRIZIZ KX e o 7o, OFECIEIERE L v Bl L
TEEREAN S T e VB EEE LI A, T a VBT L EORER & FRERIZ hec2 FRIZ A~
BEEE IIRVME AR Lz, BLEDORERIE, hec2 BRD A 7' v e F )V S AEFEREIZIL FAS2 285
(Gly1250Ser) (2 X507 v VBEOHMUSNDREFHBEEGE L TNWLZ LEE2XFTHHDOTHD,
WIZ T 7 0 P T )VAEE GRRE BT 2 AR DR BURHT 21T o 72 & 2 A hec2 BRIZIRBW T,
FEMIEE G AR D o, B V7 2=y MEZNEILa— N5 FAS2 3 X FAST W85 723558
LTWe, £72, A7 BAN-CoA L xF ) —NE2HEE L THT 0 VBTNV EEGKRT DEESR
AEATase % 21— N9 % EEB] OFEHENHM L, BESAETESHML T D Z L bR Lz, HERA
VT INVES R EET 58I IOV T B RBURIT 21T 72 & 2 A, hec2 B TIX ATFI O
FHEPHIIM L T, F£72 AATase TEME S E 272 Z &M D, hec2 B CTIIMRNIERE A GRS A3
TEHAL S D 72D NENIERAE G AR K D B W) D SO & WElE A 77 I VAEG RS I Sl 2
T 57 BT /V-CoA DENIIEAEG AR BN FIH SN D T2, BEEA Y 7 JVAEGHHRED
KT L7 LB SN D, BRI hec2 BRIZDOWTARY ) A DNA T 217072 & 2 A, FASI DFE
AT At AL H (Gly909Arg) M Sz, Z OB RN hec2 ¥iD 71 7' v U EET T )L A FE

REIC KIE B OV TIABRBF ORMDEH 5,
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LLED XD ICAGRICTIE, EEEEOZHICE T 2SR O BT E LT L&
HEY& L, JEERRHCRRERZFHR L, BONBAERKOH S BINEE &2 AT 5 BBk
DEMEZATV, 150N ERRO BRI 21T o 72, 3 72b b, HEREMEOBLE S GABA
e A TEEOREEZ TR T D RAE R A B L. £ OAEMREZ M Lz, IRWT,
WEAFEDBLAN D BREAAEZHNTS, BEEOTEK D TH ORI V7 INVE&EET D
BRI AR A B L, TOEMNEZH O L, SHICHEM LRISA ¥ 7 I Vi A Nk
FBERIAERKI Y, W7 a BT VB L OF A V7 INVERAET DA RKEBEREL, ©
DAFRREAZ IR ST LTz,

EEREICHAT 22D OBRIERKOBREICIE, BIE AR N AZFIHT 22 LT
Wiew, HIEEE AT 5 BRI L ORZHEED L ITERERKOT L BN E T REE AT
DR Bk 2 BT D HIENIELS A ST 5, BEDOERA. BIEOERZ2 A+ HEERZE R
BRIZ, SR EEFEICAR YT 4 T A7 V== 712 L0 RS ICE R ATEETdh 5 13,
PBUEDER T HREERREBET S0, RAT 4 T ALV —=0 T 21T 5 LERD
Do TG, FRERMK 1 KT OORBAEZFMT 2LENHY . FHLIMZAT LI LI
0%, LIeino>T, BE T 2R G T DBERERMKORIEZ R L7 5 2T, AliZagik
FEERIRT 5 2 ENFERMHERIZIIR IR TH Y . Kin X O BERIRIEILAS % ORI RE

NI STASR NORE - o
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FACHLTRNVEIE L & THRELZWZIEE L LI, AFRFE TR CER, ZREAmAE

BT RFBER T PEDREZT O X0 EFIN T LETS

KA ED DITHTD | T OWRE 52 TWeE & E LIS EREERNSH FMBRANRE
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