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B 1 E R
1 8 B8

BT, Tva—ndy 1 EU EOBETHLHLBERIE TEDHLIL TS, iHHH
1, TORGETTE TG, ZABIEBIONRRIRD 3 SIZpEshs,

BRI, FREZOFEE, HUITH L CRERNC I RS RITE L 7D =
EThD, £To, BEEFIEICE, REREFTEHRICEENDMELZOEET La—L
REECFI T D HRREL, BNl DT v T B R AL L TS T b — /L3
FEAATO BT IR, 7 7 VBB ORE LT )V — L3 FE D [FIREIE A T O LA T
THWATHEIEBED 3 OHFET D, (RENRREGEFEEL T, BERBEOT A0V
—Rb, BATEEREEOE —/L, WATEFEBEEOIERE T E ORI 1 5D,

AR, BEL TTERT N a— L EAMERE T 5L TRE LB TH D,
BFERICE 21, ABEIIREEEEZ AR LTEbO LR ADIENTE, flELTT T

—IIUA L ERB LD, DAAF—([ I — L ERE LI DEEZDZENTED,
HARDNRKI AN ChHOBERNE, B, BRI OBMRE DFEEHERE LT
AH A RS E AR T 52 TRIESND, WBUEICEE ST, R LBIH, RE
BLOEWEEMUNOLOZFEIETHIENTE, TOHRTHEREHIY v AE
Ze T BER DS FRERTE 705,

IRAGE L, BEEECARIEICHY O, B, 1], RESCHEEIREZREG DT
THRELIZBEOZET, ADARYF 2 — VR E NS HST2D,

% 2 f EEOBFX
PFEOFVIIHE 2 2 FRR T Lo TSNS, ZORUE, FERe, &
B Vo T SR RR, BRSSP E RS IR T 5, BBV S RO RE S ThH D FE
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Btz pBlzd 5L, JREOY v AEIZH KT 5F XA EL T Linalool, Nerol, o-
terpineol, Citronellol 3J T} Geraniol &\ o7=F /T /L~ 7 /L=t—/L (Ohta et al.,
1990) CEEZLHWWEFEDE 9% B-damascenone (FIED, 2011) Z2ENZEITFHND,
F72, BERECAELDLBERR D EL T, BEEBEETOT IO AT — R KERA
N 1= CHEULT VT EREE (BA], 1991) <° Furfural (FA 5, 2017) 72873

FIFOND, ZNBFEHROF LR CRERFE TELLF R, BRI
i, B =, VA%, T LI FOOIARIC T HE L T0D, —J7, BERED
AT HE SRS, Isoamyl alcohol, n-propyl alcohol, Isobutyl alcohol, Active amyl
alcohol 33X T} B-phenethyl alcohol LW \~7z@#k 7 La— VL NGEILEEL T
AT DEEE ATV, SR = AT VERFIT B, ZhHIXEEAE D
EREICE ENDRD ThHD,

% 3 i EEICKT RS ERTIEIS

R DT AE R DI D, NFFHREOFVEET 2 Isoamyl acetate <, U
AREDFEVE T % Ethyl caproate 72X DT AT VAL, TDELNREFERL,
WHDT N —T 4 —IRFVDEUEF 592, ZNOEEREDER T 5T AT /T HK
FTRDIN—T4—RFEVL, FETIIVERS, E— LTI 77— AT —var 7 —7,
TATEHE T a~ TN, IEEOEEREFVELINTND, FIERIC, BERED AR
TOHELZK T DG, HMMEALFERDOFEVZ7RT Isoamyl alcohol, n-propyl alcohol 33
LT Isobutyl alcohol =2, /NTERDOFEVZ7R7" B-phenethyl alcohol 72E D Efk 7 /L=
— VLB B W THEREFIN ST ThD, mik 7 /va—uid, 3 MLl EoikE
FFEAL, =)=V TEW RS R LR T T La—LTHY, IS

BENDIERR T DO/ TibEAR BENZVLEWRED —D>TH D, @k T /Va—



VI G 2 D5 B3k 2 THY, IRRE THNITHESDRERDEIZE 57
L, EBREICE FNOLRELARY, FRZ Isoamyl alcohol [XFEIOEFNE~AF
TETHZENHB TS (Cameleyre et al., 2015), SHICHERTTIE, RBICE->TH
T va—EER Sy E L7 — BV EL S, 7 — BV R T AR OE K
DT — BN EITBER O AR TRELRDD, D ETHIUITERNCE Ao M FV
BBl BROWRSIZH 575, S6IZ, kT /va— I 7 v —T 4= EFV &R
T HERE = AT L OFIERMATHY, mfk T /La—/LE Acethyl-CoA % B LU CEERE
M Eo7 va— LT v F NI AT 27— BIZL 5T Isoamyl acetate 72E DOFE
fe T AT VNV ERRSILD (Yoshioka and Hashimoto, 1981), ZDXIHIZ, @ik 7T /Lo—

UL, RIRE THIUZERIC RV EZ 52, @RE CIXRESERED~AF
TNl BE 52 | DI N—T (— T2 % 2T DEHR T AT /L ORIEERIZ
HIRDEN ST 2 A T D, T DT, BERFO@EKT Vv — AR EE Tk
72—V HZEIHEE OFIEN BV TEE TH D,

%® 4 & BROBRTNVa—/VESRK

FERES AR T Dtk T v — L O TR OFNK FEEESND [soamyl alcohol,
Isobuthyl alcohol, Active amyl alcohol 33T n-propyl alcohol 1%, Z 44157184
T /W To% Leucine, Valine, Isoleucine 33X Threonine DfLHHIZL-TAEL, A
THEDOFHFVZ R B-phenethyl alcohol (X5 H KT I/ Téd% Phenylalanine DX
HHZ L TAEL D, BEREC LD Ek T v a— DRI, ERICEAALTE T ik
BT THIETALD o-7 NEEZT VT ERICHUREEL, £ EiE507 % Ehrlich
FR¥ (Ehrlich, 1907) &, 7 /BASKO P RMEHEHEL TELE a7 MRl

W, [RERICHUREE LR TTA1TO 7 /WA B AR (Chen, 1978) @ 2 D ODO#EH
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TEIATPONS (Fig. 1-1),

ER T V22— )L DN FAD EEF KNI THHZEITIMMA T, SAA = ) — )VREL
ELTHIEHENT= (Liang ef al., 2020) Z&C, Ehrlich #&E&~DBLLGLEED, BE
BB EE<HAGNE72o7=, Ehrlich SREDBRAIDSIGAT Y T THHT I /WD
o-7 NEA~OBLTINNE, IR RUTIZRET DI ZETI BT I/ NIV AT =5
—B%a—R9% BATI, Batlp OMIEJREMET AV PALET—RTD BAT2, 35
CHBERET VBTN AT 2T —BEHa—RT%5 AR08 BLTY ARO9 D 4
DB 7B H L TW% (Eden et al., 1996; Kispal et al., 1996; Iraqui et al., 1998),
BAT1 ZEFEEDOIN= RY 7T, Leucine 8L Valine DO T I /IEMEDNEEE DK
1/10 F£ T, Isoleucine OWLTI/IEMEITH 12 FTIK L=, 7z, BAT2 ZREED
AIIE TiX, Leucine 38K Valine OBLT7INEMEISHROK 12 TR T T 52
EMHESNTZ (Kispal et al., 1996), LO>UIEREINT, BATI BXY BAT2 O
TEAERRIT I 857 B DL T IE M 2 ARFFL T, oo BIELE S 7 DIFIEN R
2 IALT2, Aro8p, Aro9p |ZHEETI/EET I/ NIV AT 27— B ThHESN TV
2%, Aro8p % Phenylpyruvate =7 X/ 7 7 & 7% — &3 i1IL, Methionine, a-
aminoadipic acid FBL Leucine Zi7 I/ T HZELNTE, Aro9p 1FSHITIAWEE
B EMEA R 2B E72Y (Urrestarazu et al., 1998), ARO8 ° ARO9 bk T
Na— )VHEARIZBH L CWDZEDRIBE N,

Ehrlich #R#&I LTIV BEAE G AR IZIW T, a7 N IZ AR AT B AR R S
D, 2D a-rNEOBREEIZIX, ENAEUEET IVARFT T —EEa—RLT /va—
JVIREEIZBE 5-9% PDCI, PDC5 BXTY PDC6 N5 T5LE 25 7= (Watson
and Hough, 1969), 7=, ZNOELEVEET IR XT T7—BE2a—RT 586 1L0

RO LIS, a-7 ML IR eI SR A 0 — R 585 L LT A4RO10 & THI3



-7 Etiiig s & S7= (Dickinson et al., 1997; Dickinson ef al., 2003; Vuralhan et
al., 2005), L2>L, Isoamyl alcohol A% Tld a-ketoisocaproic acid, Isobuthyl alcohol
AR T o-ketoisovaleric acid &, AERMIALD @k T L — L3328 O T R
FEW)CTHD a-T ML EDD, ZD1=%, PDCI, PDCS5, PDC6, ARO10 33X THI3
[Za—RSNDBUREREEZE N ENEI, WITNO a7 NigE EIZEE LT D000
WTHFFES L CE T, Dickinson 5% PDCI, PDC5, PDC6, ARO10 BX N THI3 IZ
DT, xR GO CL BEBIERZMESL, Leucine OHET I/ EJRELT-
B CHUS U7 EER A BE LT, T DR, THI3 k352 LT Isoamyl
alcohol AERENFAE TR T 2ZEEWBNIL, THI3 13 a-ketoisocaproic acid
O EF W R EERE R 2 — R T 5L HES 7= (Dickinson et al., 1997), RIEEDAIFFEIZ
&, Isobuthyl alcohol ZE %D R PEY) ThHD a-ketoisovaleric acid D == ik
fgli%31% PDCI, PDCS5, PDC6 D\W§hnia—R45E%5 251 (Dickinson ef al.,
1998), Acive amyl alcohol D HHHEEN) TS o-keto-B-methylvaleric acid DI
RIEEIZIX PDCI, PDCS, PDC6, AROI0 XN THI3 H3a—R 3 DR EREESE DU
TP PFEET UL+ THHEE 2Bz (Dickinson ef al., 2000),

Ehrlich #REEIBL T I/ EEAE A MRV T, a-27 MRO LR R % #% TA kS
N7 T eRITE S vE kT v a— L b7 5, Dickinson HiE, 7TUNT L a— L
FTeRaF—YrEa—R35LFHEINTZ 7 DD AAD BAZT (44D3, AADA,
AADG6, AADI0, AADI4, AADI5 BX N A4D16), 72— FeRusf—¥Ea—
K% 5 20 ADH i&{5¥ (ADHI, ADH2, ADH3, ADH4 X" ADHS), =L THh
VAT VTR FeRuas F—8E2a—RN3% SFEAL ([2OWT, Ha il Bbhion
ERRAEVERIL, ADHI, ADH2, ADH3, ADH4, ADHS5 33X SFAI 3@E#kT va—

NVAERIZEBIT A7 VT EROERICICEE 5§52 % RL7- (Dickinson et al., 2003), %



7z, ZNBLAMTH, NADPH (KfFHET VR r N # o4 —¥%a—R95 YPRI % o-
keto-B-methylvalerate 7>5 Active amyl alcohol ~® & TIZES 5 L, GRE2 »®
Isovaleraldehyde 75 Isoamyl alcohol ~DiE TR 2T —FTHZENRESNT
\\% (Ford and Ellis, 2002; Hauser et al., 2007),

ZDIDNZ, ZLDOERT VA — VA RBEE RO E7RoTo )y, RBDEK
EFNARTHD BC TTLL7z Leucine & HWTRH#ZEW T 5L, Leucine %
% si&LC Isoamyl alcohol 23EGRSNDETITEEOMH L — MR TSN
(Fig. 1-2) (Dickinson et al., 1997), D7z, @ik T Na— /VAERKIZIZNETZIZELD
RO BIERS T IFEAET HETRRIND,

HIT, B AR EEER DO F T o-ketoisocaproic acid 0 T B i R BARE R &
a—R9HLENT THI3 (ZBHL T, BEx 2 p B35 E D FET D, Dickinson
BIZE~>T THI3 BEEC > CHREREMKD Isoamyl alcohol EKEIME F 958
WS (Dickinson et al., 1997), Hao B, —fHIAREXERARICHITS THI3
DRI ERT VT — VAR BB E 5. 2 oo Te 25 L Td (Hao et al.,
2010), ¥7=, PDC1, PDC5, PDC6 XN AROI0 %2 THYEELT- EC THI3 DI
R BLE W TR I LR B s RIEME DR ER SN ozl eb B ES L TEY
(Romagnoli et al., 2012), THI3 D&k T Na— VAT AR ENI R £

FLpoTND,
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Fig. 1-1 Higher alcohol biosynthesis in yeast.
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Fig. 1-2 Possible Isoamyl alcohol biosynthetic pathways (referenced from Dickinson
et al., 1997). The asterisks indicate carbon atoms in intermediates that were labeled with
13C. BCAAT is a branched-chain amino acid aminotransferase. Pathway A (indicated by
red arrow): decarboxylation of a-ketoisocaproic acid to Isovaleraldehyde and subsequent
reduction to synthesize Isoamyl alcohol. Pathway A is a well-established biosynthetic
route for isopentyl alcohol. Pathway B (indicated by blue arrows): a pathway in which a-
hydroxy-Isocaproic acid is produced by a-ketoisocaproic acid reductase, followed by
decarboxylation to synthesize Isoamyl alcohol. Pathway C (indicated by green arrows):
the pathway where Isovaleryl CoA is produced by a-keto acid dehydrogenase and then
converted to Isovaleric acid by acyl-CoA hydrolase, which is reduced to synthesize

Isoamyl alcohol.
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% 5 BROBRTNVI—NVAERICER L BEHR

BEREDNE R T 2@ T Vv a— L, T —T 4 — R EmV A 5 DR AT VHE
DOHIBRRIZ /25728, =AT /L EAEE B HEL TRk T L — VAR O @& O R
DEREMNITHON TS, Ehrlich #RIK07 I /B4 A R EIE, 73/ IRk g%
DT, TI/BAHIZIRIT L7 4=y ZIESCMGI O B AT 5, £ D720
ZIBRAERIIRI DO 5| & LR DR DT F VT HEREND, w7 Vv a— LA RE
R 7 BES AL, Leucine @7 F 127 Thd 5,5,5-Trifluoro-DL-leucine fif M 4% 1%
Isoamyl alcohol AER%#E2Y £ 3-4 {EHEANL (Ashida et al., 1987), Valine <° Leucine
DOREHETIME TS B-(2-thiazoryl)-DL-alanine MiHEAKIL Isoamyl alcohol F5%
N Isobuthyl alcohol AR 10 f5FHEINL TV % (Fukuda et al., 1990),

e, @k T v — VAR B R X — 7 v R LT B RESCHISE B T T
%o ZDOHT, EBREHKIZE W T PDCI, PDC5, PDC6 O = FEFBEIZL - T
Isobuthyl alcohol ZEKEAME N 952 &K (Dickinson et al., 1998), —{HAPE 3£H|
FEC, BAT2 %HE9 52 & T Isoamyl alcohol F5J1 T Active amyl alcohol ZE Ak &3
WD DHZENHEEN TS (Zhang et al., 2015), Fio, —(FIREER HEERECTO
THI3 & ADH2 @ " FER{EESC, THI3 & BAT2 @ " HEAFEEIZLD Isoamyl alcohol
AREOE FHLMESN TS (Wuet al., 2021; Chen et al., 2022). iR OH T4
T Saccharomyces cerevisiae \Z BT Hb D Tholeh, HHEER TH S
Zygosaccharomyces rouxii \ZBWTHRIEROAFFEDTIOH, BATI LY ARO8 D
T HMBHEICE > T Isoamyl alcohol AR EN KREIR T FHZENHESNTND

(P56, 2018),



% 6 & BROBFTELOHAEICHVOIOERET TFEAM

5B S Wi CIR AT EERF O BRECHIIEI, JEIRAE BLA I Lo 8 AR O U SC,
BAR PR BIRIZ 2D R—R D BASIZ L > TITh i,

ZEIRAE FAFH U2 B O ST, UV = EMS (Ethyl methanesulfonate) &U>
ST ERFZ AWV TABRNIERERLEISY, BOBREL R THRE R TS
EVIHFIETHD, ZOFIEF R BAEDN I E THY, BUS LKL B R AR
GEIRIE MR L 1 Ie b DT R E L TR SN TS, THTEERE F O Z 12570\ B
FTH2 1701 5= 1901 FIZDOFIEICL> TSN THD (Fafd, 2001;
M, 2014), L22L, ZOFETHERINDERELRIITZ LIt O THLHIZD, H
HIDIEZFOHRO G ZRNE NS 2, THIERZENEAIILTLUED e
AL oY

BAGFHBZ HATCIE, BB TE2E 0 RAVNIEY =7 T 00 7 U TR R UG

X5, —MRIZEE I TR, [hkeyh) TN, BERER ISR THIA
el A a5 UTe~— 1 — B T2 HWT, EREE T EEET 5, BV T U AL
(Ito et al., 1983) L ZhaiRL—al ik (Delorme, 1989) LW o7- il s 18 A F
ETH Yy MBERFEIRNICEAL, EER 2~ — T — B F CERTLIPE
AT Lo TIR AR 7 DR Z S5, ZOFIETITERELR F 2R A
VMCHHEECEDTIZ0, BRI B ORI E B2 8N TED,

UL, BARFHRHZ BT W< O OB SFE T D, — DL A5 IREY

TlE, —EIOBEERIC L > THEAE R 72 5 RE T 501X F V) 8 Th

Do —MKIZPEREFIA SN TODEERHNE fHATHY, — FEOTEE AR Tl xS
T LB FERE ST 52N TET, ~T P CIENER 713D, T DTz

D, FEREG 2SS EICEE T 70120, Blo~—h—BE 2O TES T E
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BRI U CHEREERAZITOMLENRHY (Fig. 1-3A), FRIERFMNE RS
o, Flzo, ~TRICHEE T IMEESN R T2 RS, B ZRr o Je g
Doy EEFI AL TR T A E 2 E SN — (SRR 2 RS T2 FiEbdD
(Fig. 1-3B), L)L, {HETEEERED LI BRE DMKV BE RE (Nakazawa et al.,
1992) (ZIFARFIELEIS TERV, O HOMBERELT, v—F—Bin DM
(ZBRO DD DT OMIE TEDBA FEDPIRONTLEI D FE T OND, ZDID, <
— N —BE T HEBEA CRE FE2ET D7D~ — =V A VIS L0 5,
NITIVFT 7= Pl O loxP BN ENT-~— T —BIR T ETEEEHIZH W
72 ET, Cre Var v —BERISH, loxP FHIM TOMBZIZL> T — D —i&
L ERETHITFENRIESNT (Gildener et al., 1996) 73, FREHIT loxP DX
EEAN DGR FIZFE > TLEI WD T A 3D, = DHDOMESEL T, v—
= BARTFATHROBAR T & 56, AR TR L7220 E 3R 3 R e &
RHRNDD, DI, FEXEFHEHITRET D56, KRBT 2T IR E
IRFEMEET 20, BALTANRERTFERETLINELRHD, 2O, BinF
FRHLZ BATIIE L ARA U MCBIR T2 X — 7 Y NMITEDD, RO R WEECE

T FEATICE I THAD, RIZICHREL 2,
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Fig. 1-3 Gene disruption strategies in diploid yeasts. (A) Method of transforming the

remaining target genes with a different type of marker gene in order to completely destroy

the target gene. (B) Method to obtain haploid yeasts with complete disruption of target

genes by inducing spore formation in heterogeneously disrupted strains and utilising

chromosome partitioning during meiosis.



B 7 8 ARXOMEBHLZONE

CHNETOHIET, k7 /Va— L ARBEEBRTHEE<HESN TWDD,
THI3 3% DEEREIN R T D, REREMRCPEEF IR Z VN2 THI3 DOREEIC
LomT VT — VA RO BN ZHERE ST 528, (Dickinson ef al., 1997;
Hao et al., 2010; Wu et al., 2021; Chen et al., 2022), ZiLiy THI3 DWW\ HREREIC
Lo THILENTZb D THLOMNIEWLEFLR->TEY, kT Va—Laer—7
R LTe R BRSO e TR TR & 5| S 2 T REMEN DD, FT2, BERED
T 3 — VAR I, REOBEER - D ENRIRIND, ZIHIZDOWT,
PESEF IR 2 O T B RE MR AT OB A AT\, SRR RLE (0 5 2 DR Bk H
HCHERR T HZLITA I THY, ZDT-DITIT T AHREER B h i T& 5
BB RDOOEND, SHIZEEFAEE 2L LTI, S kOBE 2
IRVNB ISR A LB T D,

T ZCARBFGECIE, THIZ BEA KO LB E &R W5 Sz Isoamyl
alcohol ZET/LELTC, THI3 OAERKICBITHEEZWALINCTDHIEE, fFK
BEPRTEE 2 B L L CONETORBAR TR BT o RIE A2 TR L, P37 FRE
(2 CE DB FRER AN AT 522 BHRYE LT,

BEARMIZIE, AfSUE 4 FOMRSNTRY, § 1 ECHEEERR O T
SRS Dk T V2 — VIR R LT, RO @ik T /L — L A a2
A BE AR I DWW TTALE TOMFEE R, SHICERT b3 — LA R B
LB R B R O SV AR 7 LR B OIS SRR S A R LT,

o2 BT, BERBER A BIARE L T THI3 MEEERRZ V2B R R BR 21TV,
Isoamyl alcohol K EARETHIET, BEEBERNZISITD THI3 EEIZL D2
R THEEHIZ, THI3 EEIZXD Isoamyl alcohol ERk &I A 5.2 DK%
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BONTL, BERED Isoamyl alcohol G RRIZIITD THI3 OEEFIZHALIITLT,
%3 BT, V7T UM Lo T — b — BB BB ESNDE D &
VNN SRDBIEFZHOTICT AL, ZOH ey be~TaEA DO k%2 F
THZET, AEEREERE O 6 s T B OREAE R T2 & D, il
FRHEFIEICOWTHR L,
o4 BT, LRAROMRERIEL, AIIRONEELFLDT,
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%% 2 E Isoamyl alcohol A£G RRIZIITS THIZ DEE
81 WS

Isoamyl alcohol 1%, B#RED Leucine AREHHIZIVARKIIL, NTTHROFVEL R
HEERAY T IV ORIEIR THSH D, Isoamyl acetate 1L, HFHDRIE 1T HIEEEH
i, Isoamyl alcohol & Acethyl-CoA ZHE LU, BERFE KR IICHFEAETDET La—
VT e FNET AT 2T —PIZL>TERSN (Fujii ef al., 1994; Fujiwara et al.,
1999), DA &L Isoamyl alcohol Ji# L ITIRIKF T HIENHEINTND
(Ashida et al., 1987), —J5C, Isoamyl alcohol H {&ILiEA L 7REDFEVEZRL, UA
VDT N—T A IRBFV YA ST HIENREINTWAHIEND (Cameleyre et
al., 2015), Isoamyl alcohol A=fl &% U HiHH 32 Z &ITEE OHli#E 2475 L TH
ETHD,

FEREIZED Tsoamyl alcohol DAERIE, EARPNIZEVIAATL Leucine D7 I/
Lo THAUT a-ketoisocaproic acid # iR EEIZ& - T Isovaleraldehyde (ZZ8#2 7=
%, TNZ&ETT 5 Ehrlich #%&# (Ehrlich, 1907) &, Leucine & AR R E
WL L THLUT a-ketoisocaproic acid (2T, RIBEICHLER IR LR TTAATO 7 /R A
ARG (Chen, 1978) @ 2 DORIETEIZ TN,

Ehrlich #REEET7 I/ ERAEG RIRIEICIE@ T D o7 NEEDND T VT ER ~O IR R
BOSITIE, Ene el RiERE Sz %22 —R 9% PDCI, PDCS5, PDC6 (Kellermann et
al., 1986; Seeboth et al., 1990; Hohmann, 1991) &, a-7 Mt R igli%s5 &L C AROI0,
THI3 DOBENHESH TS (Schure et al., 1998; Dickinson et al., 2003; Vuralhan
et al., 2003), ZNHDIEIATDOHC, THI3 1% Isoamyl alcohol Af%IZBE 535 FH
Jii R % 25 2 o — R4 LA S TR (Dickinson et al., 1997), THI3 ZAlEL 7~

FHREEMRIL Isoamyl alcohol DAL ENME T 5T LN HME ST (Styger et al,
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2012; Wu et al., 2021), LInL, —RHRREZERI AR TIL THI3 ZHEEEL T Isoamyl
alcohol AR ENEAL L2 2 EH A S TEY (Hao et al., 2010), THI3 Tk
IZd&% Tsoamyl alcohol ZEfKE DK T IXE R D TIERWNEE X HILD, EHIZ,
PDCI, PDCS, PDC6, AROI0 BEL TN THI3 % B THELIE, Th Lo 4 SDiE
15T 2 W U 7= B R 00 A M 3t W S D WO TR BR B B TR ML 2 74T 95 &, THI3
D B BLIRFIZ I\ T D il R R B R IEE DB O IR 2T WO lELH D
(Vuralhan et al., 2003; Romagnoli ef al., 2012), ZDZ )35, THI3 73K el &
&L T Isoamyl alcohol AERKICEIG-L TWDEWTIE D EITTER,

— 77, THI3 (2 OW TR BRRE B AR T L L COMRRDIRBES IO LAY, 773
A R T DR EE S ST D (Nishimura et al., 1992), ZDXHIZ THI3
DOEBEICIIE SR OME N H D70y, BEICB WY THIRB ZRBEESH L2 —R 1
HEIEAEL T TWDHE (Wu et al., 2021) bIFELTERY, THI3 OREEEIZL-
C Isoamyl alcohol AR%EME N T 2BLHX°, THI3 @ Isoamyl alcohol AERIZIIT
HEENIA IR EEL70> TS,

FIT, EXEFRKRO—FETHLBERE R A BIRIC THI3 MERAREEEL, BER
EERHICEITD THI3 f%EEIZLD Tsoamyl alcohol A4 ~DHEEfERL, BERED

Isoamyl alcohol A£G RRIZIITD THI3 OEEIZFEIALIZ,
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% 2 # EBR5IE
2-2-1. fHEFEERRE THI3 WEBROTER

RV TRt 2 —0 00 BINT- BB CHOEILE 4 5 (C4) ZH
PRI LT,

THI3 FEIERE (Athi3) OEFHL, KanMX %8R~ —h—L U=k b bk
fg)F 7 15 (TIto et al., 1983) (2T C4 |\ ZEAL, —J70D THI3 DM
EEHO ST RIS S 7%, HEELZ R Hkoan=—%f~52 LT
BT, EER T, pUG6 (Giildener et al., 1996) 7 7L —hEL T, 51
50 RIS THI3 O Lifie TR Bl AR R B A2 N7z 7 T A~ —

(F : 5-GGTTTGAAAGAACATAAGTACTACAACGCACCGTCGTCATTCTGAAA

ATGCAGCTGAAGCTTCGTACGC-3" , R : 5-CGAGCGGTAATCATGAGGGTCC

CTGGTAGTAGGGCGGAGAGATCAGATCAGCATAGGCCACTAGTGGATCTG-3")

Z AT PCR ICEVIEEL CRRRLL 7= (774~ —FE %D &8 FRREIE, THI3 &
OARRITEEZE 7R ),

WEE vy B AL C4 % G418 AV YPD 7L —Fb (Glucose 2% [w/v], HY
POLYPEPTONE 2% [w/v], Yeast Extract 2% [w/v], Agar 2% [w/v], G418 200
pg/mL) (Z°C, 30°C T 3 HREAFaX—RLic, AFLIcar=—|Z-2\T PCR
ATV, THI3 O~T RN GRS NI D% THIZ ~7T 2R L Tkl
7o BIGFIRIEOWRT 774~ —I%, THI3 OB ERIY Eife il (F -
5-CTGCTTTTCTAGGCAGCGGT-3" , R : 5'-CAGACATAGATGAGGCTACAGG
G-3") EELT,

THI3 ~7 iR Rk EE . (Glucose 2% [w/v], Yeast Extract 0.1 % [w/v],

Potassium acetate 1% [w/v], Agar 2% [w/v]) (Z&AiL,30°C T 5 HREAF=2—h
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L7z, LTIzl a fle oW T Ar/a~v = ol —F—% W Tl F T 2170,
G418 AY YPD 7L —h ET 30°C C 3 HREAVFaX— MRIEMSINIZan=
—|ZoOW\War=— PCR |Zk~> T THI3 OFREMWBELZHERTXOLD%E Athi3 &L

7’*/’
—o

2-2-2. BEHIOFHR

Leucine DA% T /FRIRELT- vAT E5#11E, Glucose 20 g & Leucine 20 g
#1800 mL Dt /KZ A, Leucine 25EENTIRMFT HET 25%HCl ZHINIL, ¥
fif %1% 10% NaOH /Ki&E#R T pH 4 ([ZF#E L T, Yeast Nitrogen Base w/o Amino
Acids (YNB) ZH&HREE 0.67% (A— 0 —HELEOM HIRFE), 0.167% (A—F—HELEE
FEDK) 1/4 JRFE) or 0.0334% (A—A—HEREDHK) 120 JREE) (220500 %, M
KT 1L ATy T LIzb D& W,

Al BRES HIX, Glucose, Leucine 355N pH (ZuA T B HiE RIARICTRRL 7=,
YNB OfERLEL A1, A—H—XKD Ammonium Sulfate, Vitamins, Trace Elements 3
LU Salts D 4 DICHTAV=3IFSHTND, Zih 4 DDHTAY—ITHONT 3
DlF 0.167% D YNB FfHHEEL, D 1 SO T —|{ZHOWTIEZED 1/5 5D
0.0334% YNB AH Y2725 SO ERIAINL 7b D& S il REF & LTIV,

I REG L, REHIFREFHE[FARIZL T, YNB IZE ENDOE XDV
s 1 DLSNORERLEL % 0.167% YNB LRI IZARDIHWML, %5 1 2D
EXIURGTIEZED 1/5 ED 0.0334% YNB EREEICARD LWLz 0% Hv
7o

FTIUERHIE, vA B R ERE S [RIER O #RE T Glucose 2% (w/v), Leucine

2% (W/v), pH 4 DK % FH B 7=, Thiamine Hydrochloride LA DEZIL0IF
23



FMZHOWTIE 0.167% YNB L[RIREIZ/2 5897 #L, Thiamine Hydrochloride %
0, 20, 40, 60, 80, 100 pg/L. DOVWVFT DRI/ DIOUINL TR 7=,
ETORHIE 50 mL %, FEEAERE L2 100 mL & =77 2212, L& 045

pum DOV T VA — (ADVANTEC") CTABIKE LRSI TELT,

2-2-3. BEEFGIE
FEHhlZ C4 BN Athi3 % 1.0 X 10° cells/mL 1272590 L, 30°C, 120 rpm
TIREOEEFR L, B8 100 uL 2Bk T 10 fHCAIRL7ZROEE (600 nm)

ZoR R ICHNE $ 2 2 & TR R A B EE LT,

2-2-4. BEREEOBIE
BERHEY, BRI 2K T 10 I IRL TERA L%, ~~vhA—F—%

MO TEREBIZE T CRAEfILT,

2-2-5.  GC/MS 53#r

BRI T 1% DB W 2w 043 B (9900 X g, 10 min, 4°C) L CAH 72 ETE 1 mL,
25% X ) — /LRI 4 mL B XY Polydimethylsiloxane (PDMS) Z2—7 47 L
7-Hi#R 1 (Twister, GERSTEL K.K. Japan) 24> 7 /L A7 /LI A, 1200 rpm, 1
REMR AR UAER 0% PDMS (2 SH 7, FEHR7-2 B0 HH U O K TR g
L=, FLTAT TADEREL, TTAL P — NI ALTZ, PDMS (I &L
ToAEFE RS, BNBEEE R (Gerstel TDS3, Gerstel K.K.) & W TS 7= (IR
25k 20°C 1 min £:FF, 60°C/min T 260°C £ THIE, 260°C 1 min £££F), BiEEL7-

R 1X 7744877 (Gerstel CIS4 thermal desorption system, Gerstel K.K.)
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% —100°C IZRE LI TAF T+ — N A%AT oI, MBAEBIEDH,, 77447y
TERMENL, R AT AIa~ 7 (GC) \ZIEAL (RS © —100°C
Imin ££FF, 12°C/sec T 270°C  FTH-ME, 270°C 2 min 1RFF),

HEASHIZHHIE Sy DAL, GC 6890N (Agilent Technologies) LY 5977B
(Agilent Technologies) THEKSNAHT AT~ N T7EH B WV AT N CTITo72,
Z A%, 0.25nm LD. x 60 m, Film J& 0.25 um @ Pure-Wax column (GL Sciences Inc.,
Tokyo, Japan) & H L7, /3471, Helium Z¥%¥U7 HALL, Jitid 2 mL/min CfT
ST (S 50°C 5 min FREFF, 5°C/min T 240°C FTHIR),

GC/MS R D DOREILX, ~AAXIMDIAT I —kiF (NIST 05) &
Aroma Office Z# W27 var AT v I AREBENHIT 72 (Takamine et al.,

2011),

2-2-6. AFEA Thiamine E33X ' Thiamine diphosphate (TPP) EDHIE

LR U RA /RIS LOVKA LI PBS THRFL, PEHLZEKICER 0.5 mm
DI Z AL — AL PBS %/l %, FastPrep FP120 (Bio 101, Savant Instruments Inc.,
Holbrook, NY, USA) % FU N CHIAE A E — R LA AR AR 2 1572

MR 150 uL (2 450 pL @ Methanol Z/NZx CIFH—TIRA ., FiLiE
JEAE T C Smin FHELC, #EROEIKA 2000 X g, 5 min, 15°C Tz /LoyHEL T
Aot B3 150 uL & MilliQ A& 150 uL %4 L, 7.5% NaOH - 03 mM
K3[Fe(CN)s] 600 pL #h1Z, LR 0.45 pm DAL T L TN H—TAHELIZHL D%
Ho TN ELT= (Li et al., 2010).

Thiamine F£721% TPP 73, £+ 10 pg/L, 100 pg/L, 500 pg/L LT 1000

ng/L 272D E N ZFRBL L 7o KR 2 R R AP R &[RRI ALBR L 7= b O & S & LT,
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Thiamine ®3} XL 0 TPP & D H|E X, Prominence HPLC A7 A (Shimadzu
Corp.) LHtemHigs (RF-10AXL, Shimadzu Corp.) &M\ CT{T-7-, 4.6 1.D. x 150
mm @ COSMOSIL Packed Column 5C18-MS-II (nakalai tesque) ZfEHL, 4—7>
B 40°CTHTLnBEEIT-o7-, BEIVMH A 1L, 25 mM Disodium
hydrogenphosphate : Methanol (90 : 10 v/v) &L, B&i#H B |¥ 25 mM Disodium
hydrogenphosphate : Methanol (30 : 70 v/v) &L7z, 7TV AT 7 (I EIFH B
OEEELT, 1 min 10% f7FF, 8 min T 75% £ TLEH, 0.1 min T 100%, £TL
5, 4.9 min 100% fRFEF, 0.1 min T 10% E T T, 6.9 min 10% PREFELIZ, H3H7IE,
e 1.2 mL/min TITVY, FEAEIX 20 L &L, LA, i E 375 nm, F

FH K 435nm TR L72 (Lu and Frank, 2008),
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2-2-7. a-ketoisocaproic acid [ REEEE RIS D HIE

Vuralhan &0 FEIZHES T, Mlahi ik OFHEE, 5mM @ a-ketoisocaproic acid
% B L U R Bl B IEYE ORI E &1 T -7 (Vuralhan et al., 2003), SO DHLAY
I%, 15 mM Pyrazole, 2 mM MgCl,, 2 mM NAD", 100 mM Potassium phosphate buffer
(pH 7.0), 1.75 U Aldehyde dehydrogenase (Sigma Aldrich), 5 mM a-ketoisocaproic acid,
MO RIS LT 0, 1 or 5 mM TPP &L 7=, a-ketoisocaproic acid D¥RINZE Kk
PRAREFILEL T 30°C T 15 min S SH, 340 nm OWEEE 2|15 2 & TARR
NADH #zHIELT,

FfRFH R D& 7 O FENT Bradford 528> THIELTZ (Bradford, 1976),

2-2-8. WEEFENT
B TOMEHAENTIX EZR (Kanda, 2013) % HL7=. EZR (% R (The R Foundation
for Statistical Computing, Vienna, Austria) }3XTN R a3~ 4 —OEREANEIEL 724t

HYTRT 2T ThHDH, ARV T7 T 2T VT Student’s t-test TH B MR ELZI TS,
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# 3 BRBLUER
2-3-1. BEHiFD YNB BBEN Athi3 @ Isoamyl alcohol Afk~5-% 555

Isoamyl alcohol EAARIZEWNT, #E a7 MBI IREEE R B TEL T,
PDCI, PDCS, PDC6, AROI10, THI3 7Nt ShvTz, THI3 ZRIRLIZRRTIE, mai
E: 1238 T Isoamyl alcohol AZp%HEENBHZE (2§52 8005, FRVB G- RIZS
7= (Dickinson et al., 1997), ARWFFEIZEB T, BEEEERE C4 £ (WT) 128V T
THI3 TR (Athi3) ZHEEEL, BBLEBRAITS7o/E SR, MU #IL Dickinson et al. @
W L[AIBRIZ Isoamyl alcohol ZERKE DA M FRO LI, Lo, FEHUZHWD
YNB ZH LRy MIZEADIET, HHMDRROLNRI->To, ZOZEND, YNB
DEH WY MIE ENDRT DHIEIZEY, Isoamyl alcohol A2 EK & DD 234 U7z A]
REPEDN B 2 BT,

22, B72h YNB JEEE (0.67%, 0.167%, or 0.0334%) OuAL i © WT
& Athi3 Z3;3& L, Isoamyl alcohol AR &AM E LT, 72, LD Isoamyl
alcohol AEpkiE, HIFEEILITATONAZENHMESIIL TS (Vidal et al., 2015) 72&
Isoamyl alcohol ZE Al & IE I3 E H W T1T o7, £/, YNB R E DEW ML > TEERE
DIFEE NI HZ LD, Isoamyl alcohol Ak IFEERHEE ThR$ 528 T, HAL
R4 7-0 D Isoamyl alcohol ZER%EEL TRD7- (Fig. 2-1), FHrL\ 2 hd YNB
ERWIEG G, —RERERE THD YNB 0.67% DOrAL i TORE T,
WT & Athi3 @ Isoamyl alcohol £k &I E #3727 > 7=, F7=, Dickinson 573 H
WIZIRETHS YNB 0.167% DOuAT U HHITORRICIB W TH RIS THY, THI3
DOHEIFEIZ LS Tsoamyl alcohol ZEREDIK FIEMEFE TE720 o7, LoL, YNB EBEE
2% 0.0334% (AR FL7znA T B TR L7oRE 2R, Athi3 @ Isoamyl alcohol ZEf%

L WT EE_TR 42% A EIZIK L, THI3 OEEIZES Isoamyl alcohol 4K
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BORK T2MER TE72, YNB IR OAF ICHLERE X OIXTILOIRAEW T
HHID, EXIRIRTIVDARED Athi3 @ Isoamyl alcohol AR E AR FIH 7=

EEZABIND,
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Isoamyl alcohol production
(108 area/107 cells)
w

WT Athi3 WT Athi3 WT Athi3
0.67% YNB 0.167% 0.0334%
YNB YNB

Fig. 2-1. Effect of Yeast Nitrogen Base without amino acids (YNB) concentration in the medium
on isoamyl alcohol production by WT and Azhi3 strains. WT and Athi3 strains were cultured in a
medium with varying YNB concentrations till the stationary phase. The amount of isoamyl alcohol
produced was determined by dividing the isoamyl alcohol concentration in the culture supernatant by
the number of cells in the stationary phase. Error bars represent the standard deviation (n = 3).

Statistical significance of the data was evaluated by Student’s ¢-test (**; p < 0.01).
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2-3-2.  Athi3 @ Isoamyl alcohol ERRICEEE 5 %% YNB #RRERS DT

AT U EEHID YNB JREZ 0.0334% &9 528 T, Athi3 @D Isoamyl alcohol ZE
REME T L2286, YNB IZE ENLHEZIROIXT VI Athi3 @ Isoamyl
alcohol AERITE R 52 HTEDVREES LI,

YNB # %% %1%, Ammonium Sulfate, Vitamins, Trace Elements 32O Salts @
4 OOATAV—IZHFESNTNWD, 22T, REFIREZFAWT WT & Athi3
ZEFFE L, Athi3 @ Isoamyl alcohol R EZAR T S D) DFFEZ AT, E
HIZBITD WT BLD Athi3 OBALEEA S 720D Isoamyl alcohol &% Fig. 2-
2A [Z7~"F, Ammmonium Sulfate, Trace Elements 35X Salts DJREEZ 0.0334%
YNB AH 3 O B TR T S 7o g il R EF M T3, WT LH~T A3 @
Isoamyl alcohol ZE &I IME F LA 7=, LDL, Vitamins DR FEA{K NS 7254258
HIFRES HITlE, YNB 0.0334% DOuA L L FRRIC Athi3 @ Isoamyl alcohol 4
RS WT OAKEIVIK FLIZ, 202800, YNB IZEENHE XL DA LN
Athi3 @ Isoamyl alcohol £ EIK T A5 EE T EEZ B,

YNB ([ZEENDEHXILDR)NT, Athi3 @ Isoamyl alcohol 4RI EEE H 2%
Aoy R IE T D72, EAIUHIIREE T WT & Arhi3 ZRE LT, TORERICHO
W, EFWHICBITD WT BXO Athi3 OHNALEAR Y72V Isoamyl alcohol k%
&% Fig. 2-2B (27~ 9, Biotin, Calcium Pantothenate, Folic acid, Inositol, Niacin, p-
aminobenzoic acid, Pyridoxine hydrochlorid #3J U} Riboflavin 1%, #IE% 0.167%
YNB DuAL I EENDED 1/5 £THSHLTH WT & Athi3 @ Isoamyl
alcohol A= p{ I BHE 72 7213 4E Lo o 72, LA L, Thiamine hydrochlorid DR &E%
1/5 FAM TS 9L, Athi3 Tsoamyl alcohol A2k &N WT OAERELLTHE

IR F L7,
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PLEDOFEREY, FTIVOARED Athi3 @ Isoamyl alcohol A% &AL T &5 &L
ZT R THLZED RSN,
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Fig. 2-2. Impact of Yeast Nitrogen Base without amino acids (YNB) components on isoamyl
alcohol production. The amount of isoamyl alcohol produced was determined by dividing its
concentration in the culture supernatant by the number of cells in the stationary phase. Error bars
represent the standard deviation (n = 3). Statistical significance of the data was evaluated by Student’s
t-test (**; p <0.01). (A) The effect of reduction in ammonium sulfate, vitamins, trace elements, and
salts on isoamyl alcohol production. WT and Athi3 strains were cultured to a stationary state in a
medium containing one of the four categories mentioned above equivalent to 0.0334% YNB, while
0.167% YNB was used for the other categories. (B) Effect of reduction in vitamin levels on isoamyl
alcohol production. WT and Athi3 strains were cultured in a medium where one of the vitamins
constituting YNB was adjusted to 0.0334% YNB while the other components remained at 0.167%
YNB.
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2-3-3. &M Thiamine JBEEN Athi3 [TH5X5E

Thiamine DRJEM Athi3 @ Isoamyl alcohol ZEf%&EAK T 5T K1 TH
HZEDHERESNT=ZEDD, i Thiamine ¥ DB OV THRFTLZ,

Thiamine JEEDRRAHEEM TR L. WT BXON Athi3 OHEFEFE% Fig. 2-

(R T, WT OHEFHIE Thiamine JREDRBZIZEAEZ T2 o723, Athi3 1X
BEHiH I Thiamine 238 £V EXIZAE TEAen o7z, BERED THI3 WEHERIE
Glucose % RFZJRELTZ Thiamine FERIMEZHIZIB W TAEF TERWIENHRE I
THY (Mojzita and Hohmann, 2006), ABFFEIZEB W THIREERORE RGO, 5
#i > Thiamine #REZY 40 pg/L UL EOEA, Athi3 OHEFHIEE T WT LRIFRE
ETHINL, EHWNCH T 1T Thiamine 78 IZHBIL CTHIN A EIZH-
77

4 Thiamine #EOREM TR L WT BXO Athi3 OEH MBI DR
& Fig. 2-4A \Z-¢, WT TILEE#i > Thiamine ¥ ICEHL LT EEICE
T DEEREBUTRIRR E L7~ 7208, Athi3 TIEESHH O Thiamine JE2E2Y 60 pg/L £
TlE Thiamine ¥&EAKFANCEERLEIIL, 60 ng/L UL BT WT A EZENR
DO T,

EFTIVRETHERLZ WT B Athi3 OEF YN T DA FH KL 720
O Isoamyl alcohol A= &% Fig. 2-4B 12779, WT O Isoamyl alcohol A=l &1E, F
TIVPREDELEZ T TIEE—TE Th 7D, Athi3 @D Isoamyl alcohol &k &EIX
BEHitP OF TIUPEEE 40 pg/L ETIETF T IV ERIFRNCHEINLZ2Y, 60 pg/L LL
BeClTIiE—ELeoT,

f%EED Isoamyl alcohol ZERKAREE TdHD Ehrlich £ ISLONT /B4 S BRI

I%, £H51 a-ketoisocaproic acid 75 Isovaleraldehyde ~D /R % L EET 5.
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BT, ZOMERERIZ RS 57 D AR A% SR 1L, Thiamine diphosphate (TPP) &K A7ET
HDHZENRMEZIINTWD (Hohmann and Meacock, 1998), TPP X #ll i PN
Thiamine Z#JEEEL TEESMINDT-0, BEHIIZE 45 Thiamine ¥EE 12542
HIBLAN Thiamine 35X TPP Db Isoamyl alcohol A fK.D BHH DT
~7z,

% Thiamine JEE DM CTEF M ETHEELLE WT BIW Ahi3 OfMEN
Thiamine 3 X' TPP &% Fig. 2-4C B XL 24D 1277, WT OfilERN
Thiamine #|E, H5HH > Thiamine JEEDY 40 pg/L OLEIEK TR ALNTEHOD,
e > Thiamine ¥ D EL T TIRE —E ThoTo, —H, Athi3 ORI
Thiamine (%, H5#1H0> Thiamine ¥REKFAIITHIML, Ei#it o> Thiamine J?
FED 60 pg/L LA EDOGAITIRTIE DM E/ o7, ZOZEND, Athi3 ORI
Thiamine [ZHIILSM D DI IA HIAKAFL TWDZEDRES NIz, F/z, WT &
Athi3 OFIFEAN Thiamine =4 HEET DL, E5#iF @ Thiamine #E2Y 40 ng/L LA
O AR BEENBDOINIR -T2, F2, Athi3 ORI Thiamine =D HEREIT
R OHERS CXARL L7228 D, Athi3 OFEFEIZAIRSL B EDIA A 72 Thiamine
IS EINAZEDVREBE S (Fig. 2-4A and 2-4C),

WT O TPP &DZ kX, ¥ Thiamine JREEDS 40 pg/L FFD AAK

72600, Kl Thiamine #&EOFELZITFIZIE—ETHY, ZOE(LITHM

;

AN Thiamine &DZ{LL[EME TH 7= (Fig. 2-4C and 2-4D), —J7, Athi3 OH#ME
N TPP #I1%, BiMid o> Thiamine JEEA 40 pg/L FTIEMILA Thiamine & &
[FERICHEF A O Thiamine J& EEAKFRI728 0725 LS 4072 (Fig. 2-4C and 2-4D), L
2L, B Hid o Thiamine B E 60 pug/L LI EOH AT, Athi3 O N

Thiamine &iX WT C[RIFEE CTHEZEITE)-T-28, TPP & X WT L TH4
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R ETHBEIML FL (Fig. 2-4C and 2-4D), LARIZ, Thiamine 7> TPP ~®DV
VAL RS DT T e R ARE T —F (TPK) {&EMEN, THI3 OMEEIZE->T
KT DIENMESNTNDILEND (Nosaka et al., 1993), Athi3 X TPP ERKHEN
KTFT5LEZ26N5, XoT, §5#id1o> Thiamine #EFE 60 ug/L LA EICBWTIE
Athi3 © TPK IEMEDK T2, MEN TPP EOFERIK FEFIERILIZEE XD
iz,

TPP % Isoamyl alcohol 4= Ak IZ A ] K 7%  o-ketoisocaproic acid 7> &
Isovaleraldehyde -~ il £ i % +8.5 it fk B % 58 O #i % 38 TdH 2 (Hohmann and
Meacock, 1998) Z&70°5, HifaN TPP #& Isoamyl alcohol ZE A (2 IFBE N L &
B2 HND, Athi3 D Isoamyl alcohol ARk EIZHDS LITRAMEANIZH S
DL, E5H Thiamine LAY 0-20 pg/L HLLIE 60-100 pg/ll DEXTHY, D&
&, Athi3 O TPP &6 WT JOAREIZK T L (Fig. 2-4B and 2-4D), ZDZ
ED, LN TPP OAREIZED a-ketoisocaproic acid i ok Fef% 5 1E M DK T 23

Athi3 "T® Isoamyl alcohol AL EDIK F A5 EHIL TV AIEENENZE 2 HiLd,
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Fig. 2-3. Growth progress of WT and Ahi3 cultured in medium with varying thiamine

concentrations. WT and Athi3 strains were cultured in media containing different thiamine

concentrations. The absorbance of the culture medium at 600 nm was measured every 12 hours,

starting from 24 hours after the incubation was initiated. Error bars represent standard deviations (n =

3).
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Fig. 2-4. The effect of thiamine concentration in the medium on WT and Azhi3. (A) The cell counts
of WT and Athi3 strains were determined during the stationary state using a hemocytometer. (B) The
amount of isoamyl alcohol produced by WT and Athi3 was determined by dividing the amount of
isoamyl alcohol in the supernatant by the cell counts at the stationary state. (C) The intracellular
thiamine content in the cell extracts of WT and Azki3 cultured to the stationary state was determined
by measuring the amount of thiamine and normalizing it to the number of yeast cells. (D) Intracellular
thiamine diphosphate (TPP) content in the cell extract of WT and Athi3 cultured to the stationary state
was determined by measuring the amount of TPP and normalizing it to the number of bacteria used
for cell extraction. Error bars represent the standard deviation (n = 3). Statistical significance of the
data was evaluated by Student’s t-test (*; p < 0.05, **; p <0.01).
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2-3-4.  a-ketoisocaproic acid M REEEERTEMEDHIE

AN TPP DRJEMD a-ketoisocaproic acid iARFERESZTE DK A5 ZEIL
T2 AREMEN E 2 D=2 e, WT BN Athi3 @ a-ketoisocaproic acid fid f& fig
TSR LR LTz, B OF 7R 20 pg/L THEEELT- WT & Athi3 KON
FhiHRZ R R U R TR M2 E LT, BOGRIC TPP Z I G2 i L7 & &,
Athi3 @ a-ketoisocaproic acid WiARERTEVEIX WT OEMEICH X THEIZIKTLE
(Fig. 2-5A), LL722030, ROSHKRITKIEE 1 mM @ TPP ZIRINT 5L, WT Tix
IEMEIXIZEAE AL LIRS T203, Athi3 OIEPEIL 5 5L EIC ERL WT OfFks
AR L oTe, #4IRE 5 mM @O TPP IRMFED WT BIWN Athi3 OIEMEIL 1
mM RINEEOTEMELIFEA L L L2 o T, B D Thiamine 2% 20 pg/L T
B L7= Athi3 @ o-ketoisocaproic acid iR FETEMHEIZDUWNT, KGR ~D TPP
DOEFIMMZESTEWEDN WT LRIBREETERLZZEND, THI3Z OIEIZL>THE
PEBHRPME F LD T, Wil TPP ORENIGORGEIZ/> T zh Dk
B2z, £70, 5P @ Thiamine JREZ 100 pg/L L THEELZ WT &
Athi3 O HHE D a-ketoisocaproic acid iR EETE MEIZ DWW CHLERL 7= L2 A,
TPP MEIRINSIE Tl Athi3 OIEMEIL WT OIEMEE A~ CTRUEMENIE RS
DDOMEH B AITROGIT (Fig. 2-5B), W& IZH1T5 Isoamyl alcohol Ak E:
TOMERE—E (Fig. 2-4B) T 5% K Tho7=,

Thiamine 4= & s+ D FE L, Thiamine KZHFIC Thidp LEREIKFTHD
Thi2p BL Pde2p DFEELEGHEEK T HZE THEEIA, #IZ Thiamine 23
WEBRENZAFET HEEIL, Thi3p A% Thiamine EFOEEMNHMEY THD TPP LiEH
LSRR L ESNDZ LTIl &b, 97205, Thidp 1ZAIIENT TPP &>

H—& 1L C, Thiamine A& BB FORBME I G TH2EnHESNTND
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(Nosaka et al., 2005; Nosaka et al., 2011), THI3 ZHZEEL TH WT SFRIFEED a-
ketoisocaproic acid il REEEEFRIGIEE RLIZZEL, a-7 MBI R EARE R 20— RT3
BAR T2 N THEEL THI3 O BMIERITEH U TRIS a7 M ER el 58 15 1
MFRD BN T2EWVHHAE (Vuralhan ef al., 2003; Romagnoli et al., 2012) % &
WoE THI3 PRBEESR 22— 328 FLL T Isoamyl alcohol AR5
HEFE 2T, L EXY THI3 OfkEEIZL2 Isoamyl alcohol ZER% & DK T,
A B BRHE D Thiamine BNV 7R2N=OIZHIKEN TPP B AR THZEILED o-
ketoisocaproic acid FELEREATE MDA T 23R THY, Isoamyl alcohol LA RIZIHS
7% THI3 OFENL, MilEFE TPP OS2 18 U7z IR FeTE M O HERF & [ 42

BREDTHLHEZZ DI,
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Fig. 2-5. Evaluation of the a-ketoisocaproic acid decarboxylase activity in WT and Athi3 at (A)
20 pg/L and (B) 100 pg/L thiamine concentrations. The a-ketoisocaproic acid decarboxylase
activity of WT and Arhi3 was evaluated when cultured to a stationary state in a medium containing 20
ng/Lto 100 ug/L of thiamine. The activity was determined using the cell-free extracts and normalizing
it to the amount of protein used in the reaction. Error bars represent the standard deviation (n = 3).

Statistical significance of the data was evaluated by Student’s t-test (**; p < 0.01).
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% 4 8 NE

BERTEERE C4 Bk (WT) &ED THI3 fERR (Athi3) Z VT, THI3 @ Isoamyl
alcohol ZE&FITKI T DBEI AL,

OA LU EERINZ 31T D Athi3 @ Tsoamyl alcohol ZERNEARTIL, E5Hh YNB J2E
DX FICE > THIZH SN DT LD HERR I, YNB AR 57 DR 282 E 5 I AL
T3, Athi3 @ Isoamyl alcohol A=K EIZF 2% 5.2 TV [A 1% Thiamine Th
ST EMBHBINEI ST, 7005, THI3 BYERED Isoamyl alcohol A=k &K T i
EBRBEOT T I RENMRNZETELLBRG THY, MEITHRESN THI3 ik
B2 X% Isoamyl alcohol AR EEA~D BN —E CTRN-T=DIE, AFBREOT T
NS TWEBEB 2 LIV,

KT TIVREOE A F VTR T 5L, Athi3 @ Isoamyl alcohol E Rk,
JPN Thiamine &=L OHMIAIN TPP &S C4 LT TFLEE, £72, ZOLED
Athi3 OFMaHAZD o-ketoisocaproic acid il REAIERIEEL C4 OIEMEE A~
TIRTLZA, BOGHRIC TPP 2T 5ZET C4 LRIREECRIE T4
L7,

LI EDO#EREY THI3 13, Thiamine A=&ALOFMETS® Thiamine 7> TPP A4k
3% TPK {EMEOHERFZE U T, MfAN Thiamine &X° TPP EOIEHMEZRD,
Isoamyl alcohol AR A ZE72 M fR 8 s D Fifi i 38 20 22 i ke 37 D & Rl B2 R 72
G EoT, EMBEOHERICTH T DLEALNT,
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B 3 B ZAEEREEREOX IR E TRk
81 WS

BEBFCIBTHE RS 2B W T, BERHE T L a— Lo /RSy D A ) BT
TETHD, ZDT2, TDENWT L — L EEROIE R 72 & O RS2 B bR A 2 HH
T2, BEROBRENGFAHILTET- (Hashimoto et al., 2005; Ohdate et al., 2018),
THEIEREREOBFETIE, UV RGO RFULEEIC J> TROIVZ RS H DM
BEFFOMREIRKL TWD, UL, 2NOOEEKREGL HIEIEREA7) —=
YT EREEL, FELIRWERNECL AL DD, —F, FEDBLFEF—
T T U BB TR EIE, KO T BARBUSIE THDN, TETHERERELE
B REZ G Lo 2 < DPEZEFIABERET 2 A THY, MR8 In FICBIEEZE AT S
(IXTRIEEER 2350705, &5 2 B CRERLAEY, 2 BT OB R T-iET
1%, TEEERHIIINA T, BHITe~T BEER OO Tk, faTOHEE, S5
HLEEL 72 B - B ok 0 B O S B ERR O3 P L D T e AE R DL BN o
Too LINL, ZAUTBEBRBEREDSREXZ Y 7R CHY T IEREZ AL THDDHITR
TFETHY, 2TOEEFAKRICEM TELFIETITRY, EERIZ, R
fF- TR RE DMV 26D (Nakazawa ef al., 1992) AFiE40 T/,

AL, 2 5 ROIEERERD UV ST RE B R MR BB 722 8%
WA L7z (Hashimoto et al., 2005), #%51%, ¥ 3000 ODan=—%AJ)—=7F2%
LT, 5 ODIEEEERRR) D His, Met, Lys, Trp, Leu, Arg 383X Ura D5
TRPERRA B L7, 200 S RTEIERE RE CRLER S U O RS 2R 1T, DNA

D} 2 AAEE DOIBFE T~T O S DKL RN DN REEA ISR ~T oz o
DIEZ (LOH: loss of heterozygosity) (ZE KT 5EE 2 il Fiz, /IMEBIE, %

RIGERERHC I WT, RO E IS LOH & MW o s ik Fiha il
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L7- (Kotaka et al., 2009),

BERETIE, PCR ZFIHLTICBI 4 —7 T4 7 DMELSITHY, PCR THIIRL
T~ —R—8a % 30-45 bp OIEAERFBAITHA TIREIERHIZ WD Z L3
T&% (Baudin ef al., 1993), LML, v — W —BE T OENRLILTNDD, B
FE—T T4 T EOIRT O, HWe~vy—h—%RETH~v—I—UH% A7
MLETH D, TDORBD—2LLT, MED hisG BANEEENTZ URA3 DXH72
WHIRIRVE~— T —, ~—H =V A7 HNSNTB0352 (Alani et al., 1987),
ZOIETIE, URA3 1E 2 DD hisG FLHE OAAMAZ NI > TRETDHIEN TE,
FEFRLLCTAL=F%E 5-Fluoroorotic acid (5-FOA) 'L —h G221 TES,
F7z, loxP BN e EN T~ — D —8B s Fa2~——U A7 /VIZHW, Cre Vv
FT—EBDFET, 2 DD loxP AL THAZ Z1THIZL Ty — I —BIn FERETD
ZEHTED (Giildener et al., 1996), hisG X° loxP OXH7¢ 2 DORAGREINIFEE
Niz~—n—8Blarezaiehtybe~——U% A7 VHWDE, ~—h—iBET
ZIRELTHS ARRS IR YL IR BICi D, 20728, VB —MELFID S ) Aae’—)3
L, ~—h—8aFOIAZ—7 MO T S gL AR BaLy A2 5 23 FHE
YD oD, ZOREEFRR T HI20IZ, JREBIX PCR L7 — AL AR AR
grv— =P A NIEEFFEL TS (Akada ef al., 2006), L)L, ZHHiEEF
BUERI R EBREMKR TR, BSOS, EEEFAK TIEHEVEHEN
TUMRUN (Takahashi ef al., 2017a; Takahashi ef al., 2017b; Fukuda and Takeuchi, 2022),

1= E 3 ECORULEERT V=L OB DI, BEROF RS ERIC
1T, RIZHSEIZSH TRV BEEER FOFIER, IELHEREZ BUFS LTV
BAR T FAET Do ZNDHIZHOWT, FEEITHIH S5 RE M AR Z v T RE

fRIAL, 2R LT DR ~5 2 280 Rz AR HERE 3D Z LI IER (ICA A
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Thb, TD=DI2lE, FiRLTZ, ~—h—UV A7V oT- B nF LR FIEEPE
SRRSO IS ATREIC T D2 ek b NS,

ARETIE, —RIOBERIT 2 SO NIBIs F 2R 272 VT, WY
R4 (RIS L CREFR 3228120, 2 DORNE G T IS MR E 1572,
AIVETHEA LB FREE D By MT, BEREEREOES 725 PCR (X THE
BUT-H D ThHhAT-D, BN ERIT L7 7a—=U ZREChY, TR BERH A E
(ZAEH ATRE T D,
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%2 R
3-2-1. EAERBIUE:H

RV TRt =0 b 0y SN BEMEE R CHOIRE 2 5 (K2) &85
R IOMEEMR OB Uz, AWFZETHH B LU EEL 72K % Table 3-1 (2
ZNE

YPD H: X, Glucose 2% (w/v), HYPOLYPEPTONE 2% (w/v) XV Yeast
Extract 1% (w/v) &8 /KR EA —R L —7ELIZHOE LTz, SD 7L —h,
Yeast Nitrogen Base w/o Amino Acids 0.67% (w/v) Z & T /KIS B LY Glucose 2%
(WIV), 2% (w/v) Agar Z 5 /KSR EENENA — L —7JKEL, § 60°C Tk
HBLIcbDZ AW, 72, SD HEHUZIIVELZIS T T, 3 g/L Lysine 1mL, 2 g/L Uracil
1 mL, 10 g/L Leucine 0.6 mL FXT* 10 g/L Histidine 0.2 mL Z£5H#1 100 mL (Z%fL
TR T kanMX %3 Lo B AR £y NCIREERHAL 7o R DRI, 200 pg/mL
G418 &t YPD 'L —h ETITo7c, ura3 F7203 lys5 kDA 2 —81L 73
i, 5-FOA 7' —1 (Glucose 2% [w/v], Yeast Nitrogen Base w/o Amino Acids
0.67% [w/v], —Ura Do supplement (Clontech) 0.077% [w/v], 5-Fluoroorotic acid (5-
FOA) 0.1% [w/v], Uridine 0.01% [w/v], Agar 2% [w/v]), £721% a-AA 7L —h
(Glucose 2% [w/v], Yeast Nitrogen Base w/o Amino Acids and Ammonium Sulfate
0.17% [w/v], lysine 1 mM, inositol 0.4 mM, dl-a-amino adipic acid (a-AA) 0.2% [w/v])
Z Nz, 5-FOA 7L —hZ, Agar LIS OFRERA -8 D i K SR AR U IBaE Ik L
7et%, FEOA— L —7 L7 Agar #iREK) 80°C TIRA LI, a-AA 7
L—N3Z, 4% a-AA 7% (1 M KOH T pH 6.0 [ZF%8) 27402 —lEL, Agar 5

FOEDMOFAIEEZ T oA — L —TBEUIZBIRER) 60°C TIRA LR,
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Table 3-1. Yeast strains.

Strain Genotype Reference

K2 URA3/URA3 LYS5/LYS5 LEU2/LEU2 HIS3/HIS3 Mori et al., 2017

ura3sAkanMX URA3/ura3::kanMX This study

ura3dA ura3/ura3 This study

ura3lys5dA ura3/ura3 lys5/lys5 This study

leu2sA ura3/ura3 lys5/lys5 LEU2/leu2::ura35’-LYS5-ura33’ This study

leu2dA ura3/ura3 lys5/lys5 leu2::tURA3t/leu2::ura3’ -LYS5-ura3® This study

leu2sL1 ura3/ura3 lys5/lys5 leu2::ura3r/leu2::ura3’ -LYS5-ura3® This study

leu2sL.2 ura3/ura3 lys5/lys5 leu2::ura3r/leu2:: xURA3r HIS3/HIS3 This study

leu2dL ura3/ura3 lys5/lys5 leu2::ura3v/leu2::ura3r This study

his3sAleu2dL ura3/ura3 lys5/lys5 leu2::ura3t/leu2::ura3r This study
HIS3/his3::ura3’ -LYS5-ura3®

his3dAleu2dL ura3/ura3 lys5/lys5 leu2::ura3r/leu2::ura3r This study
his3::xURA3t/his3::ura3’ -LYS5-ura3®

his3sL1leu2dL ura3lura3 lys5/lys5 leu2:.ura3r/leu:.ura3r This study
his3::ura3r/his3::ura3’ -LYS5-ura3®’

his3sL.2leu2dL ura3lura3 lys5/lys5 leu2:.ura3r/leu:.ura3r This study
his3::ura3r/his3::;tURA3r

his3dLIeu2dL ura3lura3 lys5/lys5 leu2:.ura3r/leu:.ura3r This study

his3::ura3r/his3::ura3r
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3-2-2.  wura3::kanMX/URA3 ~TREEERRDIESE

K2 C wra3:kanMXlura3 ~7 O8EA X NE IR T2 ST D720, URA3 KT
BIRFDO— 2~ ATV HEBIE T2 3T kanMX 712y NTEHLTZ, 45 bp
D K2URA3 BCH|TEeENTZ kanMX 712> MZ, pUG6 (Giildener ef al., 1996) %7
> FL—hEL T, FIA4~— K2URA3-D3+ BL' K2URA3-D3- %\ 7= PCR T
HMEL 7=, RS kanMX 1y iz, BRRVFT U LE (Ito ef al., 1983) (2T K2
(AL, AL G418 & e YPD /L —b B CELL, wral:kanMX/ura3
~NT A RNLE R T2 FEOME T 74~ — K2URA3-52+ 8L Y K2URA3-3"-

Z v 72 PCR CTHEREL7- (Fig. 3-2B), W=7 Z A4~ —I|% Table 3-2 (2”7,
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Table 3-2. Primers used in this study.

Primer Sequence

K2URA3-D3+ GATATTTCATAAATAATGTAATTCTATATATGTTAATTACCTTTTC
AGCTGAAGCTTCGTACGC

K2URA3-D3— CTAATTTGTGAGTTTAGTATACATGCATTTACTTATAATACAGTT
GCATAGGCCACTAGTGGATCTG

K2URA3-5"2+ TTTCATTGACCGAATCAGAG

K2URA3-3'— GTTGAGTGCAATCGTAGGAC

K2URA3-5'-3+ CAATGCATCAATCCGTGTAA

K2URA3-5'-3— TATTTATGAAATATCATCATTATCTCTTAGCATCTTTAATCCTTT
TCTACATCAG

K2URA3-3'-3+ CTAAGAGATAATGATGATATTTCATAAATATGCATGTATACTAA
ACTCAC

K2URA3-3'-3— AAACATCTTTCTACCAGATT

K2URA3-O+ AGTAATATTGCCGCCTCTGT

K2URA3-O— CAGAAGGATCCCCACCTATG

K2LYS5-5"-4+ CTTCGATCTTTTCCCTGCTT

K2LYS5-5'-4(3) = GTCTATCGATTACATAAATGTGAGCAAGCGGCGGTTTTAATAA
GCGCCCG

K2LYS5-3"-4+ CGCTTGCTCACATTTATGTAATCGATAGACTCTTATTACTGTTT
GAACTT

K2LYS5-3"-4— TGTTTCTAAGTGCCAACGAC

K2LYS5-O+ TATTAGCATCGCTGCCGTTT

K2LYS5-0— GCTTCCCTCTTCACATCAGG

c-ura3-5'+ GTAATTCTATATATGTTAATTACC

c-ura3-5'— GCAATGTCAACAGTACCCTT

c-LYS5+ AGAATATACTAAGGGTACTGTTGACATTGCACTAAAATGAGA
ATGAGGAG

c-LYS5— CAGTTGGGTTAAGAATACTGGGCAATTTCACATTATAAACCAT
CATTTTCG

c-ura3-r+ ATGCGGCCAGCAAAACTAAAGCGAGGCATATTTATGGTGAAG

c-ura3-3'— CCAATCTAAGTCTGTGCTCC

c-ura3-3'+ CCCAGTATTCTTAACCCAACTG

c-ura3-3'— TTTAGTTTTGCTGGCCGCATCTTCTCAAATATGCTTCCCAGCC

K2LEU2D+ CAAGGATATACCATTCTAATGTCTGCCCCTAAGAAGATCGTCG
TTGTAATTCTATATATGTTAATTACC

K2LEU2D- CCCTATGAACATATTCCATTTTGTAATTTCGTGTCGTTTCTATTA
CAGTTTTTTAGTTTTGCTGGCCG

K2LEU2-1+ GGAATACTCAGGTATCGTAAG

K2LEU2-1- GAACTTTCACCATTATGGGA

K2ADE2D+ CAAGTATGGATTCTAGAACAGTTGGTATATTAGGAGGGGGAC
AATGTAATTCTATATATGTTAATTACC

K2ADE2D— TTCGTAACCGACAGTTTCTAACTTTTGTGCTTTGACAAGAACT

K2ADE2+

TCCAGTTTTTTAGTTTTGCTGGCCG
AACAAGAAAATCGGACAAAA
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K2ADE2—-
K2HIS3D+

K2HIS3D—-

K2HIS3+
K2HIS3-

GGACACCTGTAAGCGTTGAT
GCAGGCAAGATAAACGAAGGCAAAGATGACAGAGCAAAAA
GCCGTAATTCTATATATGTTAATTACC
CGTATGCTGCAGCTTTAAATAATCGGTGTCATTACATAAGAAC
ACCAGTTTTTTAGTTTTGCTGGCCG
GCGATTGGCATTATCACATA

CGCCTCGTTCAGAATGACAC
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3-2-3. LOH HEDHIE

LOH #EJE X, ura3::kanMX/URA3 ~T O xf SLiBAln & FF oz AW TR -, =
OFk%E 10mL @ YPD £5#iC 30°C, 24 KEEIREOEEFELI=1%, 21000 X g, 55, =&
i Ciad DBl T RIEABRE, MIRLZIRE K IR L T 1.0x10°-1.0x107 cells/mL
DHMIL R 2 TR L7, FERIRIBIE LY, 1.0x10% cells 31T 1.0x10° cells #Z4
Z¥ YPD 7L —hBLW 5-FOA 7L —RNITL—T4>7L,30°CT 2 HIMEEE
LTz TV —T 4 T H DI ) —2 R FHT UV % 0s,45s, HLLIE 3 min
FRETL, LOH IZX19% UV OFELFH~7-, 30°C T 2 HHE#E%, YPD 7L —
N EOav=—EnbMiaAFREE L, MlEfFREE 5-FOA 7L —h Eoan=

—# 6 LOH BEEZFE LT,

3-2-4. FREA BT hOREE

B IED o MEROWEEA Fig. 3-1 1ORL, #iHLZ77/~—% Table 3-
2 23 %, URA3 @ 5-583K (ura3-5';-328-515 bp) LN 3'-5HHL (ura3-3';—58-
782 bp) &, ENENTTA~— c-ura3-5'+/c-ura3-5'— FBLO c-ura3-3"+/c-ura3-3'—
ZHWT, K2 O4% /5 DNA 2RI CHRELTZ, S512, I A4~— c-ura3-r+
BIO cura3r— ZHWTHEME L URA3 @ S-fHIK (ura3r;—298--99 bp) Wil
%, 774 ~— cura3-3+ BLY caura3-r— W=7 2—T32 PCR 28D
ura3-3" Wilv @ 3" KImlZ#EAEL, wra3-3'(r) £ L7z, LYSS (X, 77 A ~— c-LYS5+
BELO c-LYS5— ZHW, K2 @4 /24 DNA ZEFRIL L CTHRE L=, ura3-5" Wik &
LYS5 Wik, &512 LYSS Wik wra3-3'(r) Wiz, 77 A~ — c-ura3-5"+/c-LYS5—
BION c-LYS5+/c-ura3r— ZFF U HWT PCR IZL0EEREL, =1 F i ura3-5'-

LYS5 Wi B8N LYS5-ura3-3'(r) Wrh 2T, & IZ, ura3-5-LYS5 BI W
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LYS5-ura3-3'(r) gL L C7a—Ya2 PCR #1TW, EED YD R—RL0 5
disruption base fragment Z##54L 7=, Z? disruption base fragment AL C, c-
ura3-5+ BEO c-ura3-r— O SHEEICEERER TEANICHEIRZe 45 MO/ %

IMUT= 7T A~ — CHEE U EE D 2 Fa g LT,

3-2-5. REHERHT

RN, 25 2 = & 2 i 2-2-8 IZEHEHLI-LDOLFEBED H1ETITo 1,
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B3 BMRBIUEBE
3-3-1. BEEEER K2 [R5 LOH HE

K2 (285 LOH MEZF D72, URA3 O~T afEd *friEfs 1
(ura3::kanMX/URA3) ZRAT % K2 ZHEEE LT, ZOKK%Z YPD EFH#iT 24 KFfH
REVBER LT, REEAR N BIE T (wra3::kanMX/ura3::kanMX) ZFfO¥k% 5-
FOA 7L —h L CT@&IRL, LOH HEL B H L7 (Fig. 3-2A, 3-2B), URA3 %
orotidine-5"-phosphate (OMP) i /& fEE%FE A= —R 1L, Ura3p I 5-FOA Z&MALAEY
TdD S-fluorouracil (ZZEWET 5728, 5-FOA (255 URA3 RISIEIG T KIBOTER
INATREC®H D (Boeke et al., 1987), LART, UV FRE2S Candida albicans ® LOH #H
JEABIINEE AN MG SN (Takagi et al., 2008), ZZC, UV BEIZLD K2 @
AAFRPBEIDY LOH BRI D B AT~ T DO/, UV RIS OF B2
5T, 5-FOA 7L —b ETEHOan=—R" 5007z, 45 B0 UV FBEcidsk
FERIZABEZATROONLD T3, 3 RS T 2L, AFERITRF LW EO
30% £ TIK FL7z (Fig. 3-2C), Candida albicans CTHEIPISNI-AEFREERD, K2 ©
LOH #E1E UV BREHZE-THELZen >72 (Fig. 3-2D), 512, UV FERRS SG:1F
TTO K2 ® LOH HE (9 4.5X107) 1%, {HHEBERHCITS UV FERS &
T LOH #EE (1.1 X107-1.1 X 107 (Kotaka et al., 2009) D #i[FH N THY,
Saccharomyces cerevisiaze ClT UV HUFEL TH—EME T LOH NEEHEE X
b,

%72, 5-FOA 7L —F IR ESNman=— D EIELR 1122 W Tk BRI
HxnhTwdd»rran=— PCR TH~ /-, T Ho—RA7F ) VEKIIKEIOR R, UV
A HLNVTIERIF O T L — D E6NT7z 10 ar=—3THK 2 kb OH—

VRERL, 2T kanMX J12y OHAXE—EKLT= (Fig. 3-3), 2O &1, 5-FOA
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MPEDFREA LOH (285 URA3 ORBPIZESTEAINTZZLERLTWD, £
72, UV BB L7 —b ETIIIEE IO NS an=—n 8 000, 21U UV
ISR IS B AN HZ LA RmIR L TWD, E- T, K2 128\ TiE, LOH M E

ZEb5T-H® UV BB ATHORNWIEELT,
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(A) (B)

ura3::kanMX/URA3

URA3

3000 bp  =—
‘ 5-FOA selection 2000 bp m=—

ura3::kanMX/ura3::kanMX

(€ (D)

1000 bp =—

~ 120 ¢ a s o 70 ¢
T 100 > 60
5 =
g% g0 >9 50
E o S x
2 < g X 40
T & 60 g o
g = = 230
% & 40 S =
S >S- § 20
2 20 § 10
= )
0 £ 0
Uv-  Uv+  UV+ Uv- UV+  UV+
(45s) (3 min) (45s) (3 min)

Fig. 3-2. LOH frequencies after UV irradiation in shochu yeast. (A) Detection of LOH
frequencies using shochu yeast with the ura3::kanMX/URA3. (B) Confirmation of URA3
loci by colony PCR. The URA3 locus of WT (URA3/URA3), heterozygous
(ura3::kanMX/URA3), and URA3 null (ura3::kanMX/ wura3::kanMX) strains was
amplified by PCR and confirmed by agarose gel electrophoresis. (C) The number of living
cells with/without UV irradiation. Shochu yeast was cultured in YPD liquid medium at
30°C for 24 h and plated on YPD plates, followed by UV irradiation or non-irradiation.
The number of living cells was obtained from the number of colonies formed after
incubation at 30°C. Error bars indicate standard deviations. Significant differences by
one-way ANOVA and Bonferroni's multiple comparisons are indicated by different letters
(» <0.05). (D) LOH frequency in shochu yeast with/without UV irradiation. Shochu yeast
was cultured in YPD liquid medium at 30°C for 24 h and plated on a 5-FOA plate,
followed by UV irradiation or non-irradiation. LOH frequency was calculated from the
number of colonies formed on a 5-FOA plate per living cells. Error bars indicate standard
deviations. Statistical analysis by one-way ANOVA at a significance level of 0.05 showed
no significant differences among the groups.
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3-3-2. BATIZu—=F12kB K2 D URA3 BLON LYS5 —ERHEROBEE
K2 ?O% /2 DNA Z#§RIL LT URA3 @ 5-BLW 3-77% 7% PCR
THEIR L7, URA3 WIEEH By MRS T 572018, ZNHLOMBIEK R 2774~ —
K2URA3-5"-3+ BLT K2URA3-3"-3— Z /o7 2—32 PCR (28> TS LT,
K2 % URA3 DBy NCIBERIL, YPD 7L —bh BT 30°C, 3 H 585, 5-
FOA 7L —h ETCL7VBI TV —T 40 7 H4T, WE IR E 7= (Fig. 3-4A),
URA3 TERK (ura3A tura3fura3) 1%, 774~ — K2URA3-O+3# LT K2URA3-O-
M zae=— PCR &, Uracil ZRMEDOMH FIZL-> THEZR SN (Fig. 3-4B, 3-
40), [AIERIZ, LYSS @ 5-BXWQ 3-77 % JElkL, 771 ~— K2LYS5-5'-
4+/K2LYS5-5"-4(3)— BLTV K2LYS5-3"-4+/K2LYS5-3-4— % i\ /= PCR 125~ T
FNEIERESN, HEESICW R 279/~ — K2LYS5-5-4+ LT K2LYS5-3'
4= MW7 2—Yar PCR IZK-THRETHIET LYSS MED By Mgl
72o ura3A % LYS5 WEHI vy NCIRERR#AL, YPD 'L —b T 30°C, 3 AfA~
FaX—hL72%, a-AA 7L —b BV 7Y DT —T 40 7 LTI R R 2 157
(Fig. 3-4), 5-FOA 7L —F& /= URA3 OH T2 —TL i ar LRIEEIZ, LYSS
KIBEEIE 0-AA L —hTHTLE—FL 73 ar TELZERRESN TS (Ito-
Harashima and McCusker, 2004), URA3-LYS5 — B EEEE (ura3Alys5SA : ura3/ura3
Iys5/lys5) 1, 77 A4~— K2LYS5-O+ LT K2LYS5-0— ZHv\/car=—PCR ¥
J TN Uracil-Lysine Z:RMEICIVfERR SN (Fig. 3-4B, 3-4C), HWW-7" 74 ~—%
Table 3-2 IZ/RL, BEAT YT OBIRT L —b ECOan=—lEELRDLHa0=
—DE|E% Table 3-3 IZ/RLTz, 107 cells H7=DITROHENIZITHEFZICETG TED

728, FERIZRBERE TR Z S TE 5875 2.5,
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3-3-3. —EOWEBMIZID HEFEREEROX LB FRIETFIE

THEHEBERECIE, UV IS ZED7220y LOH & VWi s il (Kotaka et al.,
2009) WEESINTEY, T H HOENIRSLBIS 7% URA3 TEHL, V—77
UMIEY URA3 #BRETHIETATRARVHNLBIE T2 FFOBESD, RIT, b
I— i DEERIXINLE R 1% URA3 TEHL 5-FOA Bt BT LOH (2Xh —&ED
SOVKSLIB G T H FFOME R T 5, LL, ZOJiEIE, “EHOBEIRBETIES,
5-FOA 7'V —bh RIZEkENcan=—2 L —7TUNIEDH00> LOH I2L580D
IOHIFINHETHHI-D, FRERRZET 5,

AWFIECHEEE L TRy M, BERENE LYSS 23,3~ izl S-fiskcullrL7-
FERERENE URA3 Wrh CTEeENIMEEE L TWD (Fig. 3-5A), 5 FERERENE URA3
Wr i id 573bp (—58-515 bp) O EMEESNEE A, By IV IKLUELS] (inner
tandem repeat) Z AL TV -, X512, Ay hNO LYSS 1L, Z@ inner tandem
repeat DL — 7 T MABZIZL > TRONDIIITEFHS I, THICKVERENE
URA3 PMEITLEND, ZOFBIZE ST, —EOEEEHL Tl f ORI LB R T
RS HIED A REE 0T,

A7 DFER SR F- DS RS Lo TREE I o b (wra3®-LYS5-ura3®) T
EHSNDHZ LT single-disrupted strain (target gene/ura3”-LYSS5-ura3’’) MRS,
ZZ5 LOH (ZEREHEAEOMEN (wra3”-LYS5-ura3’lura3’-LYS5-ura3®) %
BHIENTED, LIL, ZOREHESEOMERIL, RBHERMEDENCEST
single-disrupted strain &X BT HZEIXTERW, KFIETHWRE T M,
inner tandem repeat TO/L—7 7 U MAHLZ ITL>T LYS5 D3BRZELFIRFIZ URA3
PRI T DI EFENTCWDT2, B ORI G EOEL EyhTL—TF 7

TNEFLZ R IY, EAE R TS URA3 BELN LYSS OEfFEyMoEE# -
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7= double-disrupted strain (URA3/ura3’-LYS5-ura3’) % 3 B RMENOEK LT
(Fig. 3-5A), £7=, EED By MZIEZPNMIO inner tandem repeat 7217 CT72<, FMANZE
#0 I UELS (outer tandem repeat) 23 H5-SIVTNDT2, LYSS DrEEILIZE F
L7= URA3 % outer tandem repeat CO/L—7 T MHAHLZ L > TRRETHIENT
&Tco LYSS F2ld URA3 OWT Nz kolokiE, £hEh o-AA F72iE 5-FOA
7L —hCi#EK S (Fig. 3-5B), LYSS & URA3 Difij )5 %<-7= double loop-out strain

1%, OB MLG A IEIZHWDIENTED,
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3-3-4. B—DB{n TR

LEU2 %A OBARF R OERE IR LU CBIRL Tz, LEU2 24— vhel
ToMsE 7> M, disruption base fragment #8558 T7 7 A ~— K2LEU2D+ FX
Y K2LEU2D—- %\ 7= PCR THEIEL, HEIEL CTHELN- YT ura3Alys5A
EIEEA AT, LEU2 O— 5% ED &y N CEWL 7 LEU2 single-disrupted strain
(leu2sA: LEU2/leu2::ura3’-LYS5-ura3’) % Lysine Kuy 77N/ —NCEEL, 7
74 ~— K2LEU2-1+ BX U K2LEU2-1- Z i\ /caam=— PCR THERL7, Ik
\Z, LEU2 single-disrupted strain % YPD E£HIC 30°C, 24 BiEfRESEE#E L, LEU2
double-disrupted strain (leu2dA: leu2::ura3/leul:ura3’-LYS5-ura3’) % Uracil BIL
Lysine Ky 777 —h ETE#k LTIz, Uracil BLO Lysine Key 7707 L —
M ETHRHL Jean=—%, 7T (~— K2LEU2-1+ 3X0' K2LEU2-1- Z\v ez
n=— PCR |ZftL, LEU2 & " HEREZHER L= (Fig. 3-6A),

OB FIEDOFNC, My MY RNORETOIMNERH LD
leu2dA % YPD ERHirf CEERL, L —7 7 U MEMAIC Lo THEED By O E
TE— A REINIE 5-FOA 7L —k, 0-AA 7L —h, ZL T 5-FOA 7L —
FONETNER B2 bk LTz, 2D FIEIZEY, leu2dA (leu2::ura3/leu2::ura3’-LYS5-ura3®)
20, LEU2 single loop-out strain 1 (leu2sL1 : leu2::ura3r/leu2:: ura3’-LYS5-ura3”),
LEU? single loop-out strain 2 (leu2sL.2 :/eu2::ura3r/leu2::URA3), LEU2 double loop-out
strain (leu2dL : leu2::ura3r/leul::ura3r) ZHA5U7T-, BFRHIIITIL, leu2dA 75 a-AA
7L—h, ZLT 5-FOA 7L —hE&$5ZET LEU2 double loop-out strain %1%
W DZENATRETHDH DY, leu2dA % YPD I CHREELI-ZIC a-AA L —F |k
TRKMEZEL O IEFR R AXDan=—%2 B85 LIZTER o7, KBEBEOKIT

7T A4~— K2LEU2-1+ BLW K2LEU2-1- Zf\\/=2m=— PCR &, ZFDi#&EE
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RVEIZTHAS W THEFR L 7= (Fig. 3-6A, 3-6B), F7=, FAT V7 OREIN T —k ETD

an=—EREE L RO Dan=—DE| A% Table 3-4 [T/RLT=,
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3-3-5. H_DOBITRIE

OB IRIEOENE G 2L C HIS3 Z%IRUTIZ, HIS3 WED vy NI
74~ —K2HIS3D+/K2HIS3D— %ZH\ T PCR THEEL7-, leu2dL % HIS3 ik
HYy NCIEE AL, HIS3 single-disrupted strain (his3sAleu2dL: HIS3/his3:: ura3’-
LYS5-ura3®) % Uracil 3L Lysine Ky 7777 L —hTEIRL, T I ~—
K2HIS3+/K2HIS3— % A \/zam=— PCR THER L7z, HIS3 double-disrupted strain
(his3dAleu2dL) FBLEN HIS3 /—7"T Mk (his3sLlleu2dL, his3sL.2leu2dL XL
his3dLleu2dL) 1%, 5— OB R FIEICB W CREHE LI BSG LT, $7-, LEU2
SRR L RIRRLZ, his3dAleu2dL 725 a-AA 7L —bh, ZL T 5-FOA 7L —hEigk
L72B, BRI OEHZRZITo CHIEW 2 A A Dan=— 3RS TE e oT-, K HF
FRIL, 774 ~— K2HIS3+/K2HIS3~ Z M\ \/cam=— PCR, BLUNEERMEIC
FAOWTHER LT (Fig. 3-7A, 3-7B), £z, FAT YT ORI —F EOan=—jF
AL RO Dan=—DFIEZHE LT (Table 3-5),

double-disrupted strain (dA) 2>HiAID 5-FOA i#IKEITHRE, HRET S single
loop-out strain 1 (sL1) PAZMZ, LOH (2&0 “EAkEE o bR ofk (dC) 2155 7]
REMEN®D, 22T, ar=— PCR ZHWVTEKRDOEIAEEZI -, ZORER, LEU2
IR TIE, 30 £k 16 #Rod sL1, 13 ¥k dC, 1 ¥k double loop-out strain
(dL) 23554, HIS3 fAFEEICIWTIE, 30 BEH 6 Bk sL1, 17 #kD dC 2ME5Hi
720 ZNHDOFERDE, D 5-FOA 7L —hTORIRK, sL1 B S IG5,
dL HIEWEHE TRONDLZ LIRS,

LEU2 \ZIRWT HIS3 BIRICFIETHRIEE, SHICTEYMORENTEIZIEND,
RIBETIETIRL, —EORERET 2 FAEREO R LE S 1 EOERE

BFEBIETELLELIZ, BEYIDREIZL > TRODIRUE S T-EED ATRE ThH D
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ZEMERESNIZ, B EIZ, 2 5K Candida albicans (28T, —[EIOEHEHT
W 7 ORISR T2 i3 2 5 EN A S (Enloe et al., 2000), D J7{ETIL,
BEREME ARG4 CIEREREME wra3 ZWEEN By ML THYY, KFELFROE AT
Arginine & Uracil ORay 77 77U — Tl LB R 7 L ORI ES 1) ik
SNTRE BRI T DL TEI, ZOIIETA M TH-7278, ARG4 & URA3 135%
STLEICOBIE AL —E LN TERD o7, KFETIE, ey bR
outer tandem repeat Zi8 AL, URA3 & LYSS aHhoZ—L i ar+5H2LT,
ALTe~—H—BIEFEFERIIBREL, MVIRUEEFIEELITOZEE TREE LT,

WA, 7 LfREEY — /L TéhD CRISPR/Cas9 AT ASFH[AEIFAH# % & W - i
B HIEED N TH T EMITH RS IS TELZEDFE SN/ (Zhang et al.,
2018), DT AT AIEERFFSEICHE A I (Giersch and Finnigan, 2017), &L
T, THEREREO BB RUCRE 532 AWAL OREEA CRISPR/Cas9 + AT L% H
WTHESILTZ (Ohnuki et al., 2019), SHIZ, 2OV AT KW, JHEEICH A7 8
ODBAGF N T AESH - (Chadani ef al., 2021), L)L, CRISPR/Cas9 A
TAEARAEDHRD Cas9 BinF2—BEICHEATOINERNDD, ZDT0,
PEZICH DRI, Sk DNA PRI A TN TORWZ L2 fERE § DB
HD,

ARFIEITRBWT, BEED &y MIBEREREH RO DNA BLSI D0 b720, Z0
i 3 | AR B AR T ORI T %, AL T T 2E S By MNT, BRI K2
D7 /2 DNA ZgfE L7z PCR DAL THERL, ZO LI, sk DNA 25T
TIAIR T LIRN T8, 7T AIN OREGELCHENE RN W O TR B sz L 2L L
R0, TG, INBDTTAINRKRIGE KO DNA O—#EERATG YT 5

RN, BT == TIREREET HZENATRE T D, ATFiLIL, —fF
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RERE DB AR TR DF 727 T a—F Lp BB Z D,
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% 4 8 NE

BARFALEE X B S AR O AT L CEEREN THY, HFEER
Saccharomyces cerevisiae “CIIFRRIFLIE X ZF] L7z~ — 1 — AR 1 T 150 BE
# 4L (Lingle-Rouault and Jacobs, 1995; Goldstein and McCusker, 1999; Takahashi et
al., 2017a; Takahashi et al., 2017b; Fukuda and Takeuchi, 2022) —fxFIZFI SN T
W5, LnL, TR FEIZEIC 1 FRELTAET T RO ERERICH NS
TS, Lo, EEERI AR %I 2 IR THDLIENEL, 2 [EFIRBERED XS
NIRRT DO TICE BEFFOMRERDZEITR L EZ DT, 2T, —EO
TR TR OB AR 7 EORER AR T- A S5 kA Rt LT,

BeftiERE K2 4/ DNA #8811 C, #REME LYSS %, 5'-fEilkE 3-fEkkIC
SITNIVICIERERENE wra3 Wil CTERT JOITRRIE I £y hD R —RER LT T T A M
LT, ZONR—=2AT7 7 A MNINERITEDIRLUELSAZ R D, /L—7 7T M Z1C
K% LYS5 DErEL URA3 OMEREEIFZ WREIZR Db DELTRREILTZ, SHIZ, 77
TAROIMUNCE, W—TT UM ZIZ LD 'y DOBREE AREIC T DB MDY
RUBALHIAMS IS TERY, THUZX> THEREETEIRLIZ URA3 b—7 T UMM
ICRo TR ESN, Ty RO~ — I —BE IR EE ErD5EAIC
BOBRNID, ZOR—RATF7 A ORI PCR % AW TERBE BN 5
PR 3-EIkIC L CTHETEZR 45 AT T A~ — I II$ 52 LT PCR IZXD
IR By N LT, B0 NIy N BERTERE K2 (wra3/ura3 lysS/lysS)
(ZBALTZ1%, F O ORSCBAR DM EE D £y MIE#AS I single-disrupted strain
Z Lysine Ry 777 L —h [ TER LT, single-disrupted strain % YPD ¥5Hi C
B2#81%, Uracil 38X Lysine Ky 77U — Tk 7- 5281250, LOH 124D

WA £y b THO H T OB E 2 E#RL, V—T7 T UMY~ Dbt
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v b2 URA3 L72-7- double-disrupted strain %157, it ME, TEYFAD
IR LB ] DV — 77 7 MR % 128> T double-disrupted strain 2>HEREI A
7oo URA3 FTld LYSS OWIhinkkolfRiL, £hZh 5-FOA 7L —hE/lZ
w-AA L —h TR LIz, 2O FIEICED, BEREERIZEB T leu/len? #EF X
W leu2/leu2 his3/his3 BRDMFOI, “fEKEERE Saccharomyces cerevisiae (\Z331F%
ZOBRTHHIEHA OB/ ML FHBUEI RS Iz, £, TORSHED 10° cells
WDIZ 10 ar=—fRENRIREEH EICAL, 2055007<E 10% LA ER

RO THAT=ZEMNBY, FERINIH TR BEER O BF R ThH D,
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B4 E BRE

R DB T DB LR, EEOBEERFERR Y Thd, ZOHFTH, @fkT
Jva—UiE, EERR O T TR EENEL, TV—T 4 —TeEVE LT HEHE
TRAT VORIBRETHH L7290, EBEDHFVIZE 2 D5 BN Em W, mfk T /L=a—/VH
R, ARREE THIUTERICHEL)S, BABIOEMSLV ST RWEEL 52D
0, BREICEENDIETRECITEHRDEFEY D~ AF T DJRIK L2570,
DA EZEINHIE T LN ROEND,

BERFD kT L2 — VB A = A LR B LB RO E 8% <4Thh, B
B R T HEEALN LS TE T, L, BEMOBESR R O R TH THI3 I,
WY OB IR B R T L VOSBRI BRI S RS TD, Wik T va— VAR
(BT HEENINBER L EEL > TND,

ZNHOFERLIFIEITIE, BRIFA VIR EROF RO RA MRS
FEH =TT Ul TR Lo T, Ba T LRl FES WL TN,
RFZ, BERRIR T2 RA L NIY — 7y M T B2 E R SR DG T H X HfI,
L% DR THERED AT ORI RN B RIIIA A ThHEZ 2 HND, LL, 20
AR X FATIE, A AREERE~ O IS FRISOR 2 ZR 32809 10, i
BT BB THN~— 1 —BaFOIZES>THIRSNTLEI R, SHIT~v—T
— B s AR AR T eV o T AR DB AR T2 WD LR TR Z Rk & Te o
TLEIEVD Lo, BRA IN—R VDB FEET D,

FZC, AR CIXBEA O Bk T 2 — L RS AR T O T Ch AR S R B 72
THI3 D7 v — VAR~ DB ML, 4 % 0 BB 50 pE A kA
W IBAR THERERRAT | A 722 BT B LB B IR E IR AR T 222 B L LT,

1 BT, EEOBER T 20 OHTh, MR ERT 28k L=
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—VIZEBRL, BEMOAER AT =X L@k T v — VA RREICB D 2B, S5
BB RECHRICHWONE B S T LR FIEIC OV THIISL, SkTL=a—
IVEB AT = A LI BT DR R8s TR 2 B ihr oo Bt S 2 B b L7,

% 2 B TIX, THI3 OFfkT Va— VAERICB T A% 57-0, @k
v — LR AR FERR T D BERIHRE C4 ZBIkkEL T THI3 WEERE (Athi3) ZHE5EL
THERABREZITV, BT a— 1 OR T THI DSEICAERICES 3558 T
V7= Isoamyl alcohol ZERKEAMIE LT, EEEEBROME R, Athi3 @ Isoamyl alcohol
AR EITABEREE D Thiamine JEJEICEASNDZENHONE R -T2, 2T,
Athi3 785 AT Thiamine ZA{EH S, ML DEVIALIKFL TWNDHIE
WIRIATH -7, 2L~ T, Isoamyl alcohol A=A HIZH1F5 a-ketoisocaproic acid
DR R\ B2 A/l 5% CTdhD Thiamine diphosphate (TPP) OIfR PN E MK T
L, Isoamyl alcohol ZEEMME FLIZZENBHBNEI 2T, T 70 h, THI3 1AM
N Thiamine AR ZHERFL, Isoamyl alcohol A=A I B MilESE TPP D1H
WM AR AT, MEEAYIC Tsoamyl alcohol ZEAFRICEI G LTI EANHAS
m&ipotz,
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