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Abbreviations

AKPAD : phenolic acid decarboxylase from Aspergillus kawachii
AIPAD : phenolic acid decarboxylase from Aspergillus luchuensis
AMT : Agrobacterium-mediated transformation

AnPAD : phenolic acid decarboxylase from Aspergillus niger
CA : caffeic acid

CCR : carbon catabolite repression

CD : Czapek-Dox

cDNA : complementary deoxyribonucleic acid

CFE : cell-free extract

CgPAD : phenolic acid decarboxylase from Candida guilliermondii
D : distillate

DAM : days after start of moromi fermentation

DEPC : diethyl pyrocarbonate

DO : dissolved oxygen

DR : distillation remnants (distillation remaining solution)

FA : ferulic acid

FAD : Ferulic Acid Decarboxylation

FAE : feruloyl esterase

FDCI : ferulic acid decarboxylase

FMN : flavin mononucleotide

Glc : glucose

GlcNAc : N-acetylglucosamine

gpdA : glyceraldehyde-3-phosphate dehydrogenase



hph : hygromycin B resistance gene

HPLC : high performance liquid chromatography
IM : Induction medium

LpPAD : phenolic acid decarboxylase from Lactobacillus plantarum
MM : minimal

MES : 2-Morpholinoethanesulfonic acid

OREF : open reading frame

PAD : phenolic acid decarboxylase

PADI1 : phenylacrylic acid decarboxylase

PCA : p-coumaric acid

PCMB : 4-chloromercuribenzoate

PDA : potato dextrose with 1.5% agar

PDB : protein data bank

PMSF : phenylmethanesulfonyl fluoride

PVDF : polyvinylidene difluoride

gPCR : quantitative PCR

RB : rice bran

SD : standard deviation

SDS-PAGE : sodium dodecyl sulfate-polyacrylamide gel electrophoresis
U : unit

WR: white rice

xIn : xylanases

4-VG : 4-vinylguaiacol

4-VP : 4-vinylphenol

Aalpad : alpad-disrupted
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1
a2
il

TR TR DO S AR A BB THY, KaJFUBHI BRBE Aspergillus luchuensis ST Rk
Saccharomyces cerevisiae % FINTELILV TN D, Z<OVEIERT CTIIEERRIZZ A K (BRK)

TS, JaEIT LN Fo TR TRIES S (Fig. 1-1),

Black-koji mold Awamori yeast

Aspergillus luchuensis™ /Saccharomyces cerevisiae

var. awamori (awamori yeast 101)
Aspergillus luchuensis
var. saitoi

Awamori|Aging |Kusu

Rice|Wash Soak SteamEd Ma!<_e Koji[Mix Moromi Fermentation Distillation
rice koji Mash

Fig. 1-1. Awamori-brewing process.

[TLDIZ, ZEKIT A, luchuensis ZFEATIFUEIBZATD, Z<O1aRENIERT T, MBI A
luchuensis var. awamori & A. luchuensis var. saitoi 0 2 FE0O BLFHR 2R 718 H % FHC
W5, SE8IE 2 A (FEAHT 2D 42 IR RFRED) ATO DA —MBI7278, Fimlz k> T3 AfE
7234 BEATO%EHHY, T2 (VDRIH0) S, S TRIZE W T, KiZEER
BT VT A luchuensis D3YWT D 0-TIT7—EBEBIOT La7I7—RIZLoTofiEsih
TNA—=ANERESNDEEBIZ, JT BB ERRESIND, A. luchuensis var. awamori 1% 0-7" 2
T —BEFEVDAERKIZ, A. luchuensis var. saitoi |37 Va7 I7—BL7 A RITEIL T
LTENHESNTEY (FIRIERD, 2011), HEBICT LI LI TINLNNTUARLE
PEBRET DL EZ LN TN, IRIT, 3k ERSTBIKEBEREIRAL, Tr3%1ED, £<
DOV EFT CIE, BEREITaRE 101 SEERZ VTS, 4. luchuensis DEEITL > TARL

INT=T N a—RIEERE S, cerevisiae |\ ZX»> Tk ) — )V IEWIND, FT-, fEHC




A. luchuensis |25 > CTERSNIZZ = U BRIZEOINO pH %2 R, MR D75 YL A3 95 )
EEFFO, ZOERIE 2~3 HAMEHESE, BERICERIZ AL THEEL, B5oh
TR A, MKUFHIE L= DA TH D, 1RO R ORFIE, Mo AKEBER A3
EEICERFELTHY, ZLICEHFRTHLY, &, FIKELZRINT D 2 BiftiAH7zo
WXL, AL EREI Ch KT R TEBEL THAT 2HA THD, ZL T, b)) 1 2D
RETLFEBIL 3 L ERRES DL K B e E WA FF o T2 il (7 —R) 107528 Th D,

TR I EOF WA O CHEDFHEAREFVD 1 DI=V0 b5, N2V 3kl
BEIZ S D7 =V T8 (FA) ICHRT D, KlJRBE~I B n— 2Ry ThDHF T T3 EIC
TNIa)TIE IR TUT, Fr—AN B-LAFEA LI EHICH LY e —REEL O 0-2
(LT NI BEFRIEDS, O-3 (lCT I8/ —RREDBHEEL, ZOT I8 ) —AFKEED O-5 {if

\Z FA N7 /LEA 1L T 5 (Fig. 1-2) (Shibuya et al., 1984 ; Oliveira et al., 2019),

% OH
OH OH
. >
m Xylose O ok
" OCH
= Arabinose i CH,0 O
m Ferulic acid OH
=

= Glucuronic acid

Fig. 1-2. Generalized structure of xylan branched with arabinose, ferulic acid and
glucuronic acid.*
*Qliveira et al., Plant. Biotechnol. J., 17: 2225-2227 (2019).
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A. luchuensis D53 T %7 VT AT 57— (Fae) INZDTAT )V G 2> T, FA ZilF
BESEDZEMNHE SN TS (Koseki et al., 1998) , FBEL7- FA IZWLREAS, 4-E =L T
Ya—/L (4-VO) IZEHIND, £ D 4-VG DARIRITBY, I b T=Yr b
%o ZIVETIZ, TURSEETE D FA 705 4-VG ~DZEHIX, 788 OE (Koseki et al., 1996)
R, BB L OEEIE TICIR AL QOB ILEEFE SR 7 = ) — VIR LR BE S R I L HH D72k

Ez b CE= (Fig. 1-3),

During brewing

Storage
@ce cell wall polysaccharide Heat \
_Xyl_xrl_xyl_ . Ho N Lactic acid
Ara 7& Ferulic acid = bacteria PAD CHO
| esterase CH
0~ ~© ~ Yeast Z 4
g I—
. Padlp+Fdclp OMe
- | [ e > o
OMe A [uchuensis OMe
OMe OH AIPAD OH Vanillin
OH Ferulic acid 4-Vinylguaiacol

K (FA) (4-VG) j

Fig. 1-3. Bioconversion of ferulic acid to 4-vinilguaiacol during Awamori-brewing process
and vanillin generation during Awamori-aging

A 137 =/ — L[ (phenol acid; phenolic acid) ® 1 FECH5, 7=/ —/VERIX, JLFEITITT
= )= IVEBRIZH VR B ETAT T VU VRIS OWTAL A DRI T, BRFITITT =/ — VB D
4 (ZIST 2R DA AL AW (hydroxycinnamic acid, ER T3 471 K ERER) DR THD
(Fig. 1-4) . AG@3CCTlE, FRIZHWIODIENRY, 7= ) — VA RFEOEW THWD, 7=/ —
JVERFEIZIE FA LIAMZ p-7~ /LB (PCA), a—t—Tk (CA) RENHY, ZNHDLE W ITAE
Y ORIRAEE & ENTWD, 7=/ — VIR IR IRS DL, R LTcE =17 = /) — VU

ERKS S (Table 1-1) , FEREB L OVIEFEO — L7 =/ — VIR IR AT R 2 A PE 352



EMNHRAEE I TVD (Mukai et al., 2010 ; Cavin et al., 1997)

COOH
COOH
=
OH OH
Hydroxybenzoic acids R, R, Hydroxycinnamic acids R, R,
p-Hydroxybenzoic acid -H -H p-Coumaric acid -H -H
Gallic acid -OH -OH Caffeic acid -OH -H
Vanillic acid -OCH;, -H Ferulic acid -OCH;, -H
Syringic acid -OCH; -OCH;, Sinapic acid -OCH;  -OCH;,
Fig. 1-4. Benzoic and cinnamic acid structures.
Table 1-1. Phenolic acids and their decarboxylated products
Substrates Products
Co,
Phenolic acid “°@_\LCOOH Z N HO § > A
R R
0, 4-VG
Ferulic acid (FA) ”°@_\Lcoou Z > " Q Y (4-Vinylguaiacol)
OMe OMe
Co,
4-VP
p-Coumaric acid (PCA) ”°%i>_\\_cooH % Ho < > A (4-Vinylphenol)
Co,
HO HO
. . : \—coon Z S Q \ 4-\/C
Caffeic acid (CA) OH OH (4-Vinylcatechol)

Mukai & (2010) 1%, S. cerevisiae (ZF3\ YT, phenylacrylic acid decarboxylase (PAD1) & ferulic

acid decarboxylase (FDCI) @ 2 273 FA DR EE G Z M B Th HZ LA WA L T 5, PADI

IS



I3 4 flavin prenyltransferase (EC 2.5.1.129) E#i7-i2fn 4 L7z, ZOBEFEIEL FDCI (EC
4.1.1.102) [T B ER 7 T8 AN 7L =/t FMNH, 24259 % (White et al., 2015 ;
Payne et al., 2015), 5V iz 5& FDC1 I REE G ZTTOR%SE T, PAD1 |% FDC1 OAif%
REAPET DRESR TD, — )5, Bacillus J& (Zago et al., 1995 ; Cavin et al., 1998 ; Prim et al.,
2003) = Lactobacillus J& (Cavin et al., 1997 ; Rodriguez et al., 2008 ; Landete et al., 2010), 7
EOMEASCEERE CThD Candida guilliermondii (Huang et al., 2012a) 1%, 7 = /— VIR R
%32 (phenolic acid decarboxylase, PAD) ZFi5, FA 225 4-VG ~DZE iz it 352 L3
HEINTWD, S. cerevisiae @ Fdelp (cl00311: UbiD superfamily) EHHF$H7 PAD (c101382:
PAD superfamily) 1%, AVMNZHERAfR727 73U —Th b, £72, S. cerevisiae ® Padlp (c119190:
flavoprotein superfamily) &l PAD IZ[FIERDIKFEIZH 27000, KRR Th

% (Table 1-2, Fig. 1-5).



Table 1-2. Comparison between PAD and PAD1-FDC1.

Name Full name Superfamily EC Number  Other Name
P  DrenelBEEk PAD superfamily (cl01382)  4.1.1.102  Pnenolacid
decarboxylase decarboxylase
phenylacrylic acid  flavoprotein superfamily L]
PAD1 2.5.1.129 prenyltransferase;
decarboxylase (c119190) .
UbiX
EE UbiD superfamily (clo0311) ~ 4.1.1.102  Prenacrylate
decarboxylase decarboxylase
[ .9‘
PAD1 %%
Non-structural and non- R “g
functional relationship ) \&,
v el
PAD ”’ % PAD1 produces the cofactor

(prenylated FMNH, ) for FDC1

PAD can catalyze FA-
decarboxylation alone.

Non-structural L%
relationship FDCL1 can catalyze FA-
decarboxylation with cofactor
which is produced by PAD1.

Fig. 1-5. Comparison between PAD and PAD1-FDC1.

ZRHDHRNG, TREEEEIZBIT D FADND 4-VG ~D O — 81X, BEREDOFFS Padlp-
Fdclp RRIBA T DB FEDEFD PAD (285 Al REM: DS ik am <41 Tz (Fig. 1-3) . LsL, Tl
101 SFERED FDC IZIZT B R RPN E L TNDT®) FA % 4-VG ITAEBTE /2N L
M3o7-o7z (Mukai et al., 1998 ; Mukai et al., 2014), —7F, PAD ZH 9% Lactobacillus J&H>
T DTG S EESIL TS (Watanabe et al., 2009) , LL72235, ERIMNB BRSNS

PAD ZA 4 5FLER AL, {aEE DK pH BREL T TIIIIEN N EETHY, WHEELL Thilk



DTN, BFRIFTOD 4-VG APFE~DFHIZOWTIIEER DR -7,

A. luchuensis D77 ) LEHT (Futagami et al., 2011; Yamada et al., 2016) {25V, S. cerevisiae
D PADI 3L FDCI LARIAMEZ AT DR, U CHIE B KXW C. guilliermondii @ PAD &
R EZH T LRI N ENENAFIET HIENHON /25T, Aspergillus niger T, S
cerevisiae ® PADI & FDCI OFRERY EREL T, HERBEA IR IE T DIGTE N IESHT
V% (Payne et al., 2015), — 5 C, EEBEIZIT5H PAD superfamily (ZJE 3% PAD OFERESF
MBI 28 1%, BERECHD C. guilliermondii (Huang et al., 2012a) &R RMEEE THH
Isaria farinosa (Linke et al., 2017) @ 2 B3R &SIV TND, Fox 13 A. luchuensis (2B T
A7 7V =BT % PAD DSERET D REME N TR T DHEE R T,

AHFZETIE, PAD superfamily (ZJ8 95 A. luchuensis 137 = /— VPR i BRI 35 (6 Al i
5 (alpad) 73, JORSEETE (BT D 4-VG ERO EHERN THHEVIIE LT, alpad Al
AR DVEBRICEESR (AIPAD) S L CHBLL, JaRkREE I FA % 4-VG ICAH T 516 M (FAD
JEME) IZTFH L TWDDNE LN T 5282 HRYEL TITo72,

52 T CIX A, luchuensis 7°5 pad ¥ {514 27a—=27"L, Escherichia coli % i\ U=
2k AIPAD ZAERKL, FAD iG1EOH BEZ OFEMEE 2T D8I XY, BERESME T O
REFTREMEIMRREL T, 55 3 T ClX A. luchuensis DFEIRT AIPAD 2355 - BEEEL T 50>
ZREDDTZDIZ, AIPAD DKL HFHENM I LU AIPAD 73848 1125381 C FAD {&
PEIZEF 5L TWDDONFER LT, RIFHZ KD AIPAD BEMEOYRREITT-, & 4
=Tl alpad WEEERR A T CHBEE S T 0 4-VG £ RICE TS AIPAD O % 53R Ly kRg s
FOEDIAIL T T 4-VG DERSINTODDNII DN TR, ZNHOME RO
5 WIZFLLTZ, ARFFFEICEY, A. luchuensis (235 T AIPAD 235 HL-HEREL TIY, JARKRRE

(285 4-VG AFED FHRIARER THDHZEAHLNILT,



% 2E Yar Uk AIPAD ORER(LFERIGEME

E1E S

7 =)V T (FA) X p-7~ Vi (PCA), 23—t —l& (CA) 7RE DT = /) — VIEFRITHE DY 7
=R — AR EOMIEEA R T AL EM D — DO Th D, 7=/ —/VERFEITMA
SLEFEIZBWTHEIERANSGAZ LN TS (Zaldivar et al., 1999 ; Baranowski et al.
1980) . HERSUSAFAET D I OBERECFLRR B 70 E DALY =/ — VA LR IR S5
BERICE-T FA ZEFL THDEZZLNTND, ZRETIT, HEIZBWTIE, —Ho
Saccharomyces cerevisiae (Clausen et al., 1994 ; Mukai et al., 2010) <° Candida guilliermondii
(Huang et al., 2012a) |23V T FA il AREATENE (FAD 1&ME) 2/~ 2N HMAE S TWD, AllEH
FAIZBWTUE, Bacillus J& (Zago et al., 1995 ; Cavin et al., 1998 ; Prim et al., 2003) 355
Lactobacillus J& (Cavin et al., 1997; Rodriguez et al., 2008; Landete et al., 2010) 72 £ 23 FA 2>
4-E =TT X 3=V (4-VG) ~DLEME MRS DI LIS TEDL T =/ — VR IR PRI 5
(phenolic acid decarboxylase: PAD) - § 22 &M HEII TS,

7z )= VEBBURBES LT 4-8 =17 = ) — VRIZT AR08 — )L, TEESCHERHC V)T
FT T —R—= L THILI TS, — 7, FA BMBLURERSIUTZ 4-VG 133 =Y DRIBEAEL
THILILTRY, TON=VATRA-CHR, ERnARE OFEE L TERMICH A T
o JARRIZIBWN TS, BRI EE 2 k975 FA DSPLREES I, 155172 4-VG s I
FHERERIBACIC LD S =DAZEDY, JakE SR OREE LR T0D, LLeib, 20 FA
DPLERERIEDE D INATHON TODINIRIEH TH -T2, EFLOD S, cerevisiae ToHDi
RETERFOIEFRE LT UTIR A LTI EED A PET D PAD IZH Db DM 2 2501585,

Aspergillus luchuensis mut. kawachii D77 7 MEHT (Futagami et al., 2011) (2&0, MBI K



O C. guilliermondii (Huang et al., 2012b) ® PAD DFEEH| AR RIVEZ A § BN DFET DT
EWRDDNETR ST, B X, A luchuensis 73FFD PAD EAIEIR 723, FA OBLREESIGIZ
B> TWDEWIMGER 2L Tz, 13, AEMIRISFOTFRED D FA ZBREL 4-VG
BB CEDIEEDR DD ERENDDHTDIZ, Var v NgER O MR Tz, KETIE,
A. luchuensis var. awamori ISH1 Hi>k PAD {51 (alpad) %7 v—=27", Escherichia coli

TORBEZBERERL, VaL v Mi#ESE (AIPAD) ZK8IL, ZDOREA SN LT,



F2HE KB Gk

1 EH BREBIOHEHKE
FA, CA BL4-VG [FFEHIEE T3S0 BE A LTz, PCA |3 MP Biomedicals, 4-
Y=/l 7x /—/L(4-VP) L Sigma-Aldrich 2>BHEA LT, ZOMEIKIT—RIZARTES LT

DR EIITEIUCHET DL OZEH LT,

H2H RERBLOHH

VRRKEE S CEIH IV TS A. luchuensis var. awamori ISH1 £5 (4. luchuensis ISH1) I,
AR A NG L0R N2, 1L5% T T r—R &5 LR T M7 Abr—2
(Becton Dickinson and Company #1:84) 55 (PDA) 1% A. luchuensis 1ISH1 D434 1% FH%L 5
27 O HEHLE LT I L7, Oshoma B (2005) 0 3 855 #i [0.2% (NH4):S04, 0.1%
KH>PO4, 0.05% MgSO4+*7H,0, 0.01% ZnSO4*7TH,0 XL TN 0.1% Tween 80]% 2 M H,SO4 T
pH 4.0 [CFRBIL7Z55 0T, alpad D7 —= 7\ AT D HEIAZ 53T 5720 DO e LT

ERHLT,

% 3HE alpad Bl TDI/0—="7

i L7=7 74~ —% Table 2-1 {27139, total RNA |Z RNeasy Mini Kit (Qiagen t1:5) %
VT, Oshoma % (2005) O K¥a7 5 HT 5 H B LTZ 4. luchuensis ISHI 2>bHIH L7z, —
AEHOFHN] DNA (cDNA) A ki, 5 pg Dh—%/L RNA #8824V (dT) 74 74—
FA~—F L SuperScript I1I One-Step RT-PCR System (Invitrogen tE#) 2 i\ Cfro7=, &
A L7z ¢DNA 1%, PCR ¥EIE D= DEFREL TH W, 7' I A4 ~—1F, LRE (1974) 128> T

A. luchuensis mut. kawachii LU AT HIL, ITHEE O AMER I (Hong etal., 2014),

10



Aspergillus kawachii TFO 4308 (Futagami et al., 2011) @ PAD & {5 1 (AKAW_09369) O
Bos % FEIZER LT, PCR (XEMEIS DA —T L) —FT 47 7L —A(ORF) D 5> BIN
IR FF R T~ —P1 BXO P2 W T{T>7=, PCR FEMIE pGEM-T vector
(Promega fh#4) 27 —=221, ABI Prism 3100 Genetic Analysis system ( Applied
Biosystems t18) Z N T3 — o A%AT o7, JWEIEHUC IS HLC 3 DDan=

— DT FTAINIZH KT B — D A XA —Th o7,

Table 2-1. Primers for cDNA cloning.

Primer no. (5' = 3)
P1  ATGCCAGTCGTTCCTTCGC
P2  CTATAATGTCGGCCATTCCATG

P3  CATATGCCAGTCGTTCCTTCGC

P4  GGATCCTATAATGTCGGCCATTCC

*Single underlines and double underlines indicate Ndel
and BamHI recognition sites, respectively.

415 U3 EF U AIPAD DIFEELI USSR

AIPAD c¢DNA Z#51-1"C, Table 2-1 IZ/RLTCVD Ndel HlllREEFR N2 G Te P3 7T~
—BEW BamHl #il[REEF N A& T P4 774~ —%H\T PCR ZfTo7, MRS H 72
DNA W13, Ndel 3& T8 BamHI CHilBREEFR LI ZATV, [RIEEFR CHllBRIEFEFR LI Z1T 72
pET22b RHH R 2 — (AN IHE) 1T 47— ar Uiz, 50Nz 77 A3 (pET-
AIPAD) % E. coli BL21 (DE3) (I A LT, TEEHRHAL - E. coli % 500 mL &3 17T A=
7 EeT U (100 pg/mL) & AH YT -~L¥—=(LB) 55 i (tryptone, 10g/L; yeast extract,
5g/L; NaCl, 10g/L) 100 mL, 37°C T2 L, 600 nm (2812 IAE (Asoo) 23 0.5 IZ/RHET

IELOBEHR AT ol AEEHRIKICAY TtV B-D-FAHTIIET /R (IPTG) HIEEE 1

11



mM (Z72D DTN 724%, 18°C T 24 RFRHREIEE /AT o7, MDAV &I E 4°C T
0B (6,000xg, 15 7)) L, BERZEIILTZ,

AIPAD DFEHRLT, 4°C 2B X 720D T o7, BIRITAEBRRIEK T 2 [IYEEL, HiRE
FHED 7 %0 20 mM 2-Morpholinoethanesulfonic acid (MES) $&f#{#Z (pH 6.0) ZR&EL
7oo B RZ B B e (VP-15S Y 2 A7 7 #18Y) % T power level 5, 50%duty C 30
FOREA, 30 FPREGEID 10 YA 7V TR 7214, 20578 (12,000xg, 20 53) (128D EiE
ZE L7, EiEIX 20 mM MES #2#i% (pH 6.0) THAi{kL7= CM Toyopearl 650 M 515 2
(3.0 cm x 20.0 cm, BV —#H8) \[ZEHET 7T A LT, FiRiElX 50 mL/h TiTo7, oIk
WA H 3%, 20 mM MES #2187 (pH 6.0) T F-#i{t L7 DEAE Sepharose FF 72 (3.0 cm
x 20.0 cm, GE Healthcare & Bio Sciences fL84) (2777 A L7z, WiElE 50 mL/h T{T-7=, 50
mM NaCl Z& e MES #&#% (pH 6.0) 100 mL T L7=%, 50 mM 7>5 0.4 M £ TOE
FRAVHE IR B AR K0 &2 RO Z s U T, TEPED R S AV 43 Z2 B L, Amicon Ultra-
15 L7402 —2=yk (Millipore #1:84) TIR#MET 2L EH1Z 10 mM U FEFE K (pH 7.0)
THEML, FEREERERE U, BRERIIE 5 £ T-20°C TRAFLTZ, K= e

VISR IE 100 mL B2 10.2 mg 551072,

% 5TH NRUTI/ERECH AR
N K72 /BRI, 7 a7 A2 v —r o — (PPSQ-23A Al B ERT#EHL) 2 H /=

TR REICEVIRE LT,

%6 TH MR F Uk AIPAD D4 FEHIE
NTRRERT MY LRV T 7V T IRV ERIKE) (SDS-PAGE) 13, 15% (wiv) D7

VVTIRZVE W= Laemmli 15 (1970) (126> T 1272, o7 Mid o 7 Ry 77—
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(FCIRFE 0.1% SDS &) BLO B- AN I T hxs ) — /L (FIREE 5%) LIRA LT, 3 ofH&
WILBRZATS, 77 TA LTz, TP OE L RIEOYEBITI <~ —7 V)T 7 /L—R250
ZHAWTIT o7z, A A ~—7H—&L T PageRuler Unstained Protein Ladder (Thermo Fisher
Scientific f:4) Z 7z,

Jar ek AIPAD @4y 121X, Superdex 75 10/300 GL 77 2 (10x300 mm, GE
Healthcare 184) Z H\\\ =7 v Al v~ 757 4—IZd > THIEL 7, AKTA prime plus (GE
Healthcare #-8) 2\ T, 0.15 M NaCl 5T 50 mM U EEFEER (pH 7.0) THA{L L7
KAT N TN T TIATHILIL > TIu~ T 7 4—%1T>72 (it 0.3 mL/min) ,
P A X~ —77— &L T bovine serum albumin (66 kDa), ovalbumin (44 kDa), carbonic

anhydrase (29 kDa) 33X O" cytochrome ¢ (12.4 kDa) % v 7=,

% 7E PAD FHEHEDOHEIE

7 = /) — VI R ERTEE (PAD {&E) 13, RO IDITIIE Lz, FE (20 mM) 1373 KIZ 0%
#L, 1 MNaOH TpH 8.0 [ZFAMRLL , IEMESH 7 /KIETRE FV =, 0.1 M MES #&fE{i% (pH 5.5)
ZETe SmM OFERIKIC, BRI AR BORVAIR 1 mL % 40°C CRRFFL -, UGSV
I, 5 M NaOH % 100 uL isII3 5280 k> TR UG A 1E IE STz, BUSMZ LD AR
DE#IE, COSMOSIL 5C15-AR300 (F #7147 27144, 0.46 mm x 150 mm) Z H Wit
-EiR R 7 e~ 777 4 — (RP-HPLC) IC VAT o7, BEIFHIZT ER=R/1/0.05%Y ik
(7:3, vIv), T LIEELT 40°C T, FiEdIE 0.6 mL/min TIT-o7-, B SOGIRIK 10 pL 34—
M7 T =12k T, ERRATLELEE LT Prominence HPLC system (B EERERTHHL) (2
ALV ISH, ATLIav NI TT 44— TSI AR SPD-M20A 74k A
F =Rk o> THRIBENZ (B - E BRI 260 nm) . BERIENED 1 ==y (U) 1, KIS 1

53720 1 pmol @ 4-VG £7213 4-VP Z RS 2R &L L TERLTZ, CA DI RERK

13



MZEVAERR SIS 4-E =V 1T 2 — VT IRS VTR 28, CAZFEE EL TEH L
EDOFELZTETEIX CA DR ELL TORLTZ, XU/ 7 EIREEIT BCA X\ VET A%y
I (Thermo Fisher Scientific £:5%) 2 I CTHIEL, bovine serum albumin CYERL L 7= 1 47T

HoxERELE,

14



HIHE KRR

B 1 H A. luchuensis D7 =) —NVEEBUIRBEEER DI 0 — =0 7 BI O —r 0 R figkT
KNG EATT 72 A. luchuensis ISH1 @ PAD & s 1D/ —=73, total
RNA INOIHR G SSZEV G L7z cDNA 285842, A. luchuensis mut. kawachii IFO 4308
@ PAD AR T DBLSN A HIAER L 727" T4~ —% - PCR IZL>TITo72, 564
72 ¢cDNA IZ 516 ¥ n7e0, 172 7Bk A2 —R L Tz (Fig. 2-1) . BHAVcHEET
JEERECHNIE, A. kawachii IFO 4308 (accession no. GAA91255, AKPAD) 3358 4. niger CBS
513.88 (XP_001390366, AnPAD) D H#ETE PAD & 99%® identity Z RL7-, f35 417 4
luchuensis ISH1 F13E PAD f5ffii&{n % AIPAD (LC369499) L L7=, 4 Ff PAD t D~ /L F 7
VT TAA N Fig. 2-2 2+, AIPAD & C. guilliermondii H 2 PAD (CgPAD, BAL04260)
(Huang et al., 2012b) &id 55%DFH R4 7R L, Lactobacillus plantarum 3 PAD (LpPAD,
PDB ID:2W2A) (Rodriguez et al., 2010 ) &13 21%EAK\WFHFEIMEZ 7R L 7= (Fig. 2-2) , LpPAD
(Rodriguez et al., 2010) DftEAEHICE 5325 4 DOFKE (Tyrl8, Tyr20, Argd8 L
Glu71) 1%, AIPAD @ Tyr23, Tyr25, Arg6l BL Glusd (ZxHE T HNE CHRIFSI TV
(Fig. 2-2, OH), AIPAD @ N KiifaiE CgPAD LV4<, LpPAD LV EN -7z, C KiitE
1813 LpPAD IV 70> >7=, AIPAD (Z81F5 Asp29 725 Lys36 OfF A#431% LpPAD (PDB ID:
2W2A) D 1 FHE 2 FHD B-ANTU RO —7 58 E— L T (Fig. 2-3), SHI,
LpPAD (ZHT% 4 HH D a-~UyI7ARE 9 FHOD B-ANTURE DN —FIINLET D Tyrl 23
25 Lys128 2k I3 58Ek 1T, AIPAD (ZBWTREL TV, PAD O RSN O R,
PAD [FEFHBIZIBWTAMEIEL TWDIEN DTN, PEEIZOWNTHRLITNDD

I% Cordyceps farinosa (Isaria farinosa) 3 X O C. guilliermondii D7 T -7 (Fig. 2-4.)
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10 20 30 40 50 60
1 ATGCGAGTCGTTCCTTCGCTGAAAGACACGCCGTTCGACACCGACATTCGGGACCGTCAT
ITmPVvVvVPSLKDTPFDTDTIRTDRH 20
70 80 90 100 110 120
TTGATATACGATTACGCCGCGCAGGACGCGCAAGGCAACCCCGAGAAATGGCGCTATGAA
210 L T YDYAAQDAQGNPEZKWRYE 40
130 140 150 160 170 180
ATGTGGTTCTATAACGAGGACCGCATCGTCTATGCCATCCATGGCGGTCCCATGGCCGGC
a4 M WFYNEDRTITIVYAIHGGPMASG 60
190 200 210 220 230 240
CGCAAGAACTTTCAAACGGCCAGGTACCAGTGCATTCGACCGGGCGAGCTCTGGCAGTGC
61 R K NF @ TATYQCTITRPGETLWROQGGC 80
250 260 270 280 290 300
AATTGGCTTGAGGAGACCGGTAGCATCTGTTCGCTGGTGTACGAGATTCCGCGGAAGCGC
88 NWLEETGTTITOCGCSLVYDTIPRIKTR 100
310 320 330 340 350 360
ATCACCACGTTGCTGGGCTTCTCCAAGGGACATTGGGAGGAAGCGGAGGCGGCTCACGGC
w1 I T 1TLLGFSKGHWETEAEAAHSE 120
370 380 390 400 410 420
GACAAGCGGAATGCGAAGGATCTGGAAAGATGGAGGGGGT TGGCCGCGATTGGCAAGCAA
121D K RNAKDILERWRGLAAIGEK KO 140
430 440 450 460 470 480
AGGGATCGGAAGCTCCTGAGCGAACAAGCAGACATCCTCGAGGATTTGCGAGGCCCTGGT
141 T DR KL L SEQADTILTETDTFRGTP®G 160
490 500 510
GATTTGGAGCCGATTGACATGGAATGGCCGACATTA 516
161 D L EP I DMEWPTL 172

Fig. 2-1. Nucleotide sequence and the predicted amino acid sequence of alpad gene.
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A1PAD
AKPAD
AnPAD
CePAD
LpPAD

AIPAD
AkPAD
AnPAD
CgPAD
LpPAD

AIPAD
AkPAD
AnPAD
CgPAD
LpPAD

A1PAD
AKPAD
AnPAD
CePAD
LpPAD

54
54
54
53
41

114
114
114
112
101

167
167
167
163
161

o O
——————— MPVVPSLKDTPFDTPAIRDRIS 1) 4DMAAQDAQGNPEKRAIMWF YIISDRE{VAIA
——————— MPVVPSLKDTPFDTPAIRDRIS1DMAAQDAQGNPEKRAASMWF YIISDRE{VAIA
——————— MPVVPALKDTPFDTAIRDRIS1)MDMAAQDAQGNPEKRAAIMWF YIISDRE{VAIA

MSYQPLIGVDAAQVPQEEFDQ[ZEKNKL/FOTMDNG———————- KL g=F HVPRIJKRISVAES
———————————— MTKTFKTLDRIAL GT{g|3 I MTMDNG————————[lIENSWY AKL[]H TY'IDMR

PLUEYIHKNF(TATYQGIERP G E[E [FICN{UL |SEQKCRYT GH{MVY D I PRI AT T L{EG{@S/ (GHW(S
PLEIHKNFETATYQG)ERP G E[E [FICN{JL |SEQKCRYT G{MVY D I PRI T TL{EGIAS/ (GHW(S
PLEYTHHNFUT CYY QRVRKN—{E LIV ISERKCRIV VNI LD TENGERT TF|UAS[HGHW(S

(@]
PKNFTATYOCRPGECN LISEpEean] GEIBVYD I PRGGHAT TL|EGIS|(GHW]S
VTRQKAD IV TEGIRANT SLITSPLKRID V/.{NDFMPNE[{(SHG THAF [§P\WVE[S

EABADHGDRNAKDII-ERWRGL------ AT[GKOITRKLESE0AD 1LEDFRGPGDLEP[ID
EAFALHGD[RNAKDIIHER WiGL ------ AA[GKOUURKLES 3QAD 1 L[DFRGPGDLEP|ID
ESEALHGD[RNAKDIHER WiGL ------ AT{{GKOULRKLES 30AD 1 LD FRGPGDLEP|ID
HPEG[\HaD[{RE--DIHERWHEL -~ SRIGIAULRYL|IT[30AS 1 DI FEGRGDLPD{S
HPEILVTYENEH 1IME0 SREKYATYPKLVIPEFLL1 TY[GLAGQNNEDV I SEAPYKELP
MEWPTL-——-———————-
MEWPTL-——-———-———~-
MEWPTL-——-———-———~
LOLPTL--=---=---—-

NJIRNGKYFDQNYHRLNK

Fig. 2-2. Multiple sequence alignment of PADs.
Sequence comparison of A. kawachii IFO 4308 (AKPAD; GAA91255), A. niger CBS513.88 (AnPAD;
XP_001390366), C. guilliermondii (CgPAD; BAL04260), and L. plantarum CECT 748 (LpPAD; PDB
code 2W2A). Identical residues are shown in white with a black background. Similar residues are shown
in white with a gray background. Dashes indicate gaps. Possible catalytic residues in the PAD enzyme
from L. plantarum CECT 748 are indicated as open circles above the AIPAD sequence.
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13
111
100

166
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al Bl p2 p3

AIPAD i MPVVPSLKDTPFDT RD Ryl Y MAAQDAQGNPEK MW F Y 54
LpPAD 1T === MTKTFKTLD LGT[y F MDNG———————— YAK D 4

B4

AIPAD 55 G VIXNKNF & TATYQCIIRPGE|S LISELNeR) (BVYD I PRI T TLIEGIES 108
LpPAD 42 MU LYWV TRIQKAD I VL TEGH] K TISPLESHS D FMPNE[Q CSHGTIF|§P 95
AIPAD 109 GH EAISALTHGDARNAKDIR-ISRWRIGL - ————— IGKQUIRKLIES[SQAD I LIS 155
LpPAD 95 VE[SHP[HIWVTY[eNEH I EKYATYPKLVPEF]TY AGQNNIS 149
AIPAD 155 FRGPGDLEP{IDMEWPTL------~-----~ 172
LpPAD 150 VISEAPYKEL/PNBIRNGKYFDQNYHRLNK 178

C-ter.

N-ter.

Fig. 2-3. Amino acid sequence alignments of AIPAD and LpPAD, and secondary and
tertiary structure of LpPAD.
A. Amino acid sequence alignments of AIPAD and LpPAD. Red boxes and yellow arrows indicate a-

helices and pB-strands, respectively, in LpPAD. B. Ribbon diagram of dimeric of LpPAD (PDB ID:
2W2A).
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BBC70792.1_phenolic acid decarboxylase_Aspergillus luchuensis 4
XP 025386386.1_phenol acid carboxylase_Aspergillus eucalypticola CBS 122712
5 0JZ82813.1_hypothetical protein_Aspergillus luchuensis CBS 106.47
100{ XP 001390366.1_phenol acid carboxylase_Aspergillus niger CBS 513.88
GAA91255.1_phenol acid carboxylase_Aspergillus luchuensis IFO 4308
53 XP 023092287.1_unnamed protein product_Aspergillus oryzae RIB40
L— OQE91490.1_hypothetical protein_Penicillium nalgiovense
81 \_,7 OBT72104.1_hypothetical protein_Pseudogymnoascus sp. 05NY08
[ 5 L——xp 028488450.1_Calycin-like protein_Byssochlamys spectabilis
RA068323.1_hypothetical protein_Talaromyces amestolkiae
XP 022577395.1_hypothetical protein_Penicilliopsis zonata CBS 506.65
69 CUI118215.1_ferulic acid decarboxylase_Cordyceps farinosa
100[L— xp 008603183.1_phenol acid carboxylase putative_Beauveria bassiana ARSEF 2860
OAA72948.1_Phenolic acid decarboxylase. Bacterial_Akanthomyces lecanii RCEF 1005
—— KAF7986800.1_hypothetical protein_Athelia sp. TMB
\_,7 QIW99602.1_hypothetical protein_Peltaster fructicola
EEME42546.1_hypothetical protein_Dothistroma septosporum NZE10
XP 016760928.1_uncharacterized protein_Sphaerulina musiva SO2202
KAF2087452.1_phenol acid carboxylase_Saccharata proteae CBS 121410
L XP 037159446.1_uncharacterized protein_Letharia columbiana
RDW88245.1_hypothetical protein_Coleophoma cylindrospora
83\’7 TVY18473.1_hypothetical protein_Lachnellula arida
L PVH79656.1_hypothetical protein_Cadophora sp. DSE1049
[~ KAF7530863.1_hypothetical protein_Neopestalotiopsis clavispora
100 xp 007830228.1_hypothetical protein_Pestalotiopsis fici W106-1
BAL04260.1_phenolic acid decarboxylase_Meyerozyma guilliermondii (Candida guilliermondii) _|.
[ Q88RY7 LACPL_P-coumaric acid decarboxylase_Lactobacillus plantarum ]
10— WP 012009245.1_phenolic acid decarboxylase_Bacillus pumilus

Fungi

99

Bacteria

—_
0.20

Fig. 2-4. Phylogenetic analysis of PAD.

Bold fonts indicate enzymes that have been characterized. Red arrow indicates AIPAD. The
evolutionary history was inferred using the Neighbor-Joining method (Saitou & Nei, 1987). The
optimal tree with the sum of branch length = 4.44 is shown. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next
to the branches (Felsenstein, 1985). The tree is drawn to scale, with branch lengths in the same
units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Poisson correction method (Zuckerkandl & Pauling, 1965) and
are in the units of the number of amino acid substitutions per site. This analysis involved 28 amino
acid sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion
option). There were a total of 203 positions in the final dataset. Evolutionary analyses were
conducted in MEGA X [Kumar et al., 2018.]

% 2TH AIPAD O EBERBFLEME

AIPAD DOEEFEALFHIFEMEE 2 THD7-DIZ2, AIPAD OKIEE ICLARB AR LT, Vay

vk AIPAD 1, BA A BXOEAZ R T 70~ 57 40— 28> T —| T

Sz (Fig. 2-5 3L Table 2-2), 100 mL OEFEHEH S 10.2 mg DY MEBELIL
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Teo Va B F M2 R B D N Rishiddl 5 5B 37m7 A2 — 3 —I2k->T PVVPS
THHERTESNIZZEND, Vat vk AIPAD O N KD AT A = 5 FL T FIRR #2120
BRIV TNDZEM D572, WIZ, SDS-PAGE %M\ T AIPAD D45 1A REHE L=
5, #J19.4 kDa L5 &4 (Fig. 2-6A) , PR {HE (Pro2-Leul72: 19,888 Da) LIFIE—HL T\ %
ool MR E TN NT LI N T 74— TP AR, K9 35.6 kDa EHELHE
NT=ZED D, AIPAD (IAREX A~ —ThHI NI (Fig. 2-6B), FA 3 EHEL TH
W25 E, AIPAD Oz pH B R OREIRE X, £ pH 5.7 BEXWN 40°C 72-7 (Fig. 2-7A,
C). AIPAD % pH 4.5 775 9.5(25°C, 18 IRfHJALER) £T, 50°C (pH 6, 1 FFFALEE) ETLET

-7z (Fig. 2-7B, D),
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M C 28 2930 31 32 3334 3536 37

20—
15—

Fig. 2-5. DEAE Sepharose FF column chromatogram (A) and SDS-PAGE (B) of fractions
obtained by the chromatography.

(A) Open circles indicate FA decarboxylase activity as decreasing rate at A322 per min, corresponding
to convert FA to 4-VG. Closed circles indicate protein concentration as A280. Adsorbed proteins were
eluted with a linear gradient of 0.05-0.4 M NaCl (dotted line) in 20 mM MES buffer (pH6.0). (B) Lane
M, PageRuler Unstained Protein Ladder; lane C, cell free extract of E. coli having expressed
recombinant AIPAD; lane 28 to 37 were fraction No. in the chromatography.
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Table 2-2. A summary of typical purification of recombinant AIPAD.

Total Total Total Specific
- - - - - Yield
Procedure volume protein activity activity Fold
(ml) (mg) (V) (U/mg) (%)
Cell free extract 5.8 80.8 51,297 635 100.0 1.00
CM Toyopearl 650M 38.0 67.3 33,056 491 64.4 0.77
DEAE Sepharose FF 40.0 15.5 30,657 1,974 59.8 3.11
Amicon Ultra-15 4.0 10.2 24,376 2,389 475 3.76
A B
M P
— 100
(kDa) 1
<
Q )
— =<
40 — g 907
©
30 E h
- S
25 — = \0
20 — v §
o
=
15 —
10 = 10 . .

10 11 12 13

Elution volume (ml)

Fig. 2-6. Estimation of the molecular mass of the purified recombinant AIPAD protein.

(A) SDS-PAGE analysis. M and P indicate the size marker standard and the purified recombinant
AIPAD gel lanes, respectively. (B) Gel-filtration column chromatography analysis. Size marker proteins
(closed circles) and the purified recombinant AIPAD protein (open circle).
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100 -
80 r -
60 r -

20 -

100

Residual Activity (%)

60
40

1 3 5 7 9 11 0 20 40 60 80

pH Temperature (°C)

Fig. 2-7. Effect of pH and temperature on the FA decarboxylase activity and stability of
AIPAD.

(A) The pH-activity was measured at 40°C using FA as a substrate in various 50 mM buffers including
sodium citrate (open circles), sodium acetate (open triangles), MES (filled triangles), sodium phosphate
(open squares), and Britton—Robinson universal buffer (filled squares) under different pH conditions. The
pH in each reaction mixture was measured at 40°C at the start of the experiments. The average values are
expressed as percentages, setting the maximum activity as 100%. (B) The effect of pH on enzyme
stability was examined by measuring the residual activity following incubation at 25°C for 18 h under
various pH conditions. (C) The effect of temperature on enzyme activity was examined following
incubation at various temperatures for 10 min. (D) The effect of temperature on enzyme stability was
examined by measuring residual activity in 10 mM sodium phosphate buffer, pH 6.0, for 1 h following
incubation at various temperatures.

B 3E EEFERMEBIOIARTAVINRTA—F—

PCA, FA BLD CA IZxt925Va B F 2~ AIPAD OHART A7 /8T A =5 —F,
Lineweaver—Burk plot % AN CTHE L7 (Fig. 2-8) o K, kear 38 K ORBEN 2R (kew/ Kon) DD
FIWTF DL, A RIEH L IEE O T, AIPAD 3 FA & PCA (CxAfiiiigh=R 23 m<, CA
XL UL, ZRBEDBBBNARNZ &2 G o7, FA & PCA Z i § 5L, PCA (24

BfEh SR B0 3o 7= (Table 2-3) .
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14,000 -

12000 {  y=6046.1x + 699.17
é 10,000 R2=0.9996
S 8,000 -
£
S 6,000 -
>
S 4,000 -
2,000 -
r O T T T ! !
-0.5 0 0.5 1 1.5 2 2.5
1/[S] (1/mM)
B 8,000 -
7,000 1y =3098.1x + 467.51
= 6,000 - R2 =0.9987
£
S
£
N
2z
—
-0.5 0 0.5 1 15 2 25

1/[S] (L/mM)

y = 17259 + 452.02
30,000 1 R? = 0.9995

1/v (2/mol/min)
S
o
8

-0.5 0 0.5 1 15 2 2.5

1/[S] (I/mM)

Fig. 2-8. Lineweaver-Burk plot against FA (A), PCA (B), and CA (C) .

(A) Reaction mixtures, contained various concentrations of ferulic acid, 0.1 M MES buffer (pH 5.5) and
31.8 nmol of enzyme protein in a total volume of 1.0 ml, were reacted at 40°C for 10 min. (B) Reaction
mixtures, contained various concentrations of p-coumaric acid, 0.1 M MES buffer (pH 5.5) and 31.8
nmol of enzyme protein in a total volume of 1.0 ml, were reacted at 40°C for 10 min. (C) Reaction
mixtures, contained various concentrations of caffeic acid, 0.1 M MES buffer (pH 5.5) and 254.2 nmol of
enzyme protein in a total volume of 1.0 ml, were reacted at 40°C for 10 min.
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Table 2-3. Kinetic parameters of AIPAD
Kinetic parameter

SUDSIrates M) ko (517 ko /K, (sTmM)
FA 8.65 750 868
PCA 6.63 1122 1693
CA 3692 140 3.80

@ The values were calculated assuming the theoretical molecular
weight as 39,776 (homo dimer)

% 4H B TEEBAAV BIOMLEREO S

FERLUSIE FA 3BT, B2 A4 (45 1 mM) OFF(E T T 40°C, 10 S RIRISE
7= (Table 2-4), Cu?*, Hg*", Fe*" B LN Fe' A A NI RITEFITIFT RIS EFEL
7o In¥ BEON AP AF AT P — VDS E L T, ZNZEIK 68%F LT 63% ¢
IEMEAFLEL7-, Na*, K*, Li*, Mg?", Ca?, Mn*", Co®** BLUNZ T B L2\ E 1T T
7R BE NI LDRISIRNZ DTz,

(L3R IKD AIPAD OEEFRIEVEIZ -2 55288 Igarashi © (1998) D 51k Tiff~<7=, Table
SR IO, BERIEMEIZY =T e el —AR KA (DEPC, 1 mM) BE O 4-7 kR4
B& (PCMB, 0.5 mM) IZE-> THEABICHEFENTD, N-=F L~ AN (1 mM), I—RfEE

fiz (0.5 mM), EDTA (1 mM) L0 PMSF (1 mM) I3, 1RIEEE 5.2 7002 & bh -T2, N-

TaEZTUAIRN(0.1 mM) 1 39%DHEZ S| XF T2 biroTz,
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Table 2-4. Effect of metal ion on the enzyme activity.

Irons (1 mM) Relative activity (%) 2
Control 1000 == 1.08
NacCl 101.0 == 011
KCI 100.0 =+ 0.36
LiCl 994 = 0.36
MgSO, 978 =+ 1.43
CaCl, 975 = 112
MnCl, 96.4 == 1.02
CoCl, 96.7 £ 0.86
ZnS0O, 319 + 0.79
NiSO, 89.7 == 0.88
CuCl, 0.0 + 0.00
HgCl, 1.3 + 001
AICl, 36.7 + 045
FeCl, 6.5 += 0.28
FeCl, 4.0 + 0.02

@ The values are the means of three experiments with SD and shown as the
percentages of the activity without additives, which is taken as 100%
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Table 2-5. Effects of chemical reagents on the enzyme activity.

1 1 Vi a
Chemical regents Concentration Relative activity

(mM) (%)
No addition 100.0 = 3.08
EDTA 1.0 99.3 = 2.65
PMSF 1.0 976 = 3.16
DEPC 1.0 89.4 =+ 219
lodoacetate 0.5 96.6 = 5091
PCMB® 0.5 24 = 245
N-Ethylmaleimide 1.0 99.7 £ 4.82
N-Bromosuccinimide ¢ 0.1 60.7 = 3.59

@The activity was measured after the enzyme had been treated with each chemical reagent for 20 min at
the indicated pH and temperature in the suitable buffer. The treatment conditions were 25°C and at pH
6.0 in 10 mM phosphate buffer, and a 0.1 ml aliquot was used for the determination of the residual
activity under the standard assay conditions. The values are the means of three experiments with standard
deviation (SD) and shown as the percentages of the activity without additives, which is taken as 100%

b Treated for 20 min at 25°C and at pH 5.0 in 10 mM acetate buffer

¢ Treated for 20 min at 4°C and at pH 5.0 in 10 mM acetate buffer
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Faf BE

AIPAD %, FERECoH D C. guilliermondii 7 PAD & 55%FE OECFIEELIM: 27~ L7 (Fig. 2-
2), AIPAD OEFNE, FAFEMEIZS 0 @m<ITRWVBSME D PAD OEHIEFHEIL Tz,
Mukai & (2010) (%, 7 ==V 7 ZU/VIRII PR FRE% R 81 T (PAD1, YDR538W) BL U7 =L 7
M I ok el 3R 8- (FDCI, YDR359W) D J5 73 S. cerevisiae (23N T7 ==L 7 7V )Lk
(7= /= NEELIRIZE) DRI VA THHZ LA WAL TV D, AIPAD 1, S. cerevisiae O
Padlp F721% Fdclp EARIRIMEZ RSN, A. luchuensis D7 WX, S. cerevisiae D PADI &
62% DR [FEIMEZ AT DHEE 7 ==L 7 ZU VIR IR el 5% (GAA90863) I LTr S. cerevisiae
D FDCI & 49%DFFWEER 3 4 E 3-4 727V =)L -4-eRuXx U Z BFEB IV ARF VT
—E (GAA90861) & — T DT DMFAES Do A1, ZILHLDBRT DS A. luchuensis T
FEHL, FA )25 4-VG ZAEFET DREREZ D DD E DML DD D,

DEPC KLU N-THEARZVAIND, TN ENBNEIITREOHEFL S EEIL,
~NIVTFTINT TAANE, WSONORFESNIEATF VU BLON TN 7 o a2 RO 8
Do Te, ZHDOFERIL, EXAF VU BN T N7 7 U BRI DS SE ORI £ 721322 e
IZH G LWL AR H DT ENRIES LTz, Cu BL N Hg 72 E O B4R A A <° PCMB
2 AIPAD OIEMEEFERICEFELIZZEND, VAT AV FRIEDOIEE~DOE GRS LT,
— 5T, I—FEEB L N-=F L~ U AINTH BRI ENRE RIS oTcloth, VAT
A FRFEDORBENE A ~DF BTSN TERD o7, BERED CgPAD T [RIEED#E T3t
5T 5 (Huang., 2012a) ,

RO RSBIUWEELSIIZBIL T PAD FIZW<ODDENWRH DA, PIHEROFH A TR
BIOXKBRFEEIE LpPAD (28T —F RN B L T 5, 16> T, AIPAD, CgPAD

FUHIE O PAD 3= 7 &M HUL TOD AR DD LR Dh T, U e Tk
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AIPAD (IR EHX A~ —"ToHVY, Brettanomyces anomalus (Edlin et al., 1998) B LU C.
guilliermondii (Huang et al., 2012b) 72 & O EE LR, Bacillus subtilis (Cavin et al., 1998),
Bacillus pumilus (Zago et al., 1998) 331 O L. plantarum (Rodriguez et al., 2010) 72 & DR E D
PAD HHEIL TD, RAMENTORE R, PAD ITEFEHEIZAI AL TODIEND, L
DAEFRRIZR BTN 3 DD TIIIRUNNEE Z BT, AIPAD 1% FA, PCA BLU CA DOl fRIEE
ZZ NI 100:150:19 OFRRFEE Tt TN, C. guilliermondii, B. anomalus, B. pumilus
BLO L. plantarum O PAD TIX, 11 FA:PCA:CA=100:95:64, 100:38:32, 100:95:64 33
LTV 100:1316:1374 Th 7= (Huang., 2012a; Edlin et al., ; Cavin et al., 1998; Rodriguez et al.,
2008), ZILHD A AA5, AIPAD % CgPAD B ONHIEESE PAD EIREEDfMEEHRE 6 L OMHE
LI ZWRTHEEAR R 7203, FEMI7R BRI B2 5 Lo T,

AIPAD [T 4°C D L%, Fiiii AL 40°C TSN ZIETEDK) 40%DiEMEZ /R LTz, (R ER
5N CHO o iG a2 ORI, C guilliermondii (Huang et al., 2012a) X° B. pumilus (Zago
et al., 1995) 72X DAMOBAEWITH KT 5 PAD 128 b7z, £72, AIPAD [ 50°C T 60 4y
BINES, 100%DIEHEA1RFF L TV =, CgPAD 1 50°C T 20 43[4 2 — Mg DOFELF
TEMEIE 10%AH (Huang et al., 2012a), B. pumilus H13 PAD % 42°C T 30 23 A > FaX—
N AT LI Lo TEEAITRIE (Zago et al., 1995), Bacillus sp. BP-7 Hi3k PAD (% 50°C T 40
A Y F 2= MEDOFRIFIEMEI 47% T -7z (Prim et al. 2003) , T DM DIFEEAE DHEE
® PAD OV EVEIISBITEN 72, 5T, AIPAD BERITE B L OWIE O PAD OH T
PO BAEL TE M D380 D Z & D307 o T, Tl | Z 3\ T T O BE 1T 35-40°C (2R T2
TS, 15T, AIPAD OEVZ EMEITEEE TRRIZE\W T FA OBUREETEEZHERF 528
MTEDLZEN DT,

AIPAD |3 pH 4.0 LA, pH 8.0 LL_ECliL FAD {EMEE RS~ Tz, JakEESE 21T 588k

KOEBUL, 4. luchuensis INERKT 57 T BRIZE > Ti@S pH 3.5 FREEIZ/R>TWD, fiE-
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T, AIPAD [ 3yaiEiEEH, MfushClx FAD 1&EMEZ AR 22 L3 CERW N DT,
AIPAD (337 FNVBHIN RN LD, MIEITAFET HEB 2 H415, Hesse ©(2002) 13,
J T FRIFAE T CHIIRS pH % 1.5 105 7.0 DRI CEILSHET-LED 4. niger DFBIVE N
\Z pH 7.6 ZHERFTHZLE ML TUVD, ZDZEMND, AIPAD 13 A. luchuensis DRI
T FAD {EMEA S 52 LRSS,

FERLUGIZ I THD 4-VG 1E, &ih, BB, ERGBIOFKIHEHSh TS
KOBEHERFEBEDTZL —N— (b EMD—DTHL =V OHIFRETH D, 1E- T,
AIPAD OI57x FRMEREERIT, AV pH BIONEEFEFH CISMEN L EL TRY, FEEMHIC

A THDOAREMEDHDHEE 2 DI,
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H3E BBEICRITD AIPAD ORI BRI B I OFFENE DR

F1H %S

52 ECORLIZEY, KIGE CAEESNIZU=a Bk AIPAD 13, FA ZiREEL C 4-VG
(ZEBT DABHEEEZ B L QU e, LNULERRG, RIEREIR T-2Y Aspergillus luchuensis O
HIRRENZ AL LT THBL - BEEEL TWODNIBIBIN TR 2T,

BDIFECH D KIZTITIRIL, BERBLORND 3 SOREENLEY > TD, IRELE
DNTE FNTODERARIEE, ENEIEK T0%FB LT 50% 5 £ T4 (Fig. 3-1A, B),

IRFLD R IFIET > 7 TSN TIRY, LT L TR ITMIERER S 53 %<

oy

LeTEDBILTND (Fig. 3-1C, D), K KB EIVNSLARDIEE, Zo B0 RE, MifubE
R DEA BRI LT,

BB D A luchuensis 1%, REPZ KD TROEKEHNOH LA D> THE AR LI
B2 TR0y IR 2 YL D E R 2 IEL T, kPO Z L R EE LT D701
fixD7aT T —BEEFEL, T 7B EILTOIEDICKRED o -7I7— B/ Lard
— AT D, EOMITEKRMIAEED sy THL BN B — ALK T AT 27280
2, BAT—BRR T T T =B nW T D, ARBDTERF LT AIT N0 )T T )FY
S CHERRENTEY (Fig. 1-2), ZOT I ) — 2D 0-5 f7IZ FA NT AT FEA L TH
¥ (Shibuya et al., 1984), A. luchuensis D433 57 =V TlET 27T T — 1 (Fae) NZDTAT
NAEGEY)S T, FA ZEBESE 52823 B T5 (Koseki, et al., 1998) . AIPAD iE{xfD
FHEBUIE CTHHIERE FA ([ZLo CHREINLIEN TSN, —T7, Aspergillus nidulans
DEURF VT —BEa—RTH8 T (xind) DBBENRF L —R Lo THEINLHIE

(Orejas et al., 1999), Aspergillus niger D7 =)L A )L AT Z—Lra—RT 5151 (faed)
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DFBNF L I—AL FA (L THESNLZENHRESN TS (de Vries etal., 1994), =
HOZENG, AIPAD B DOFBUL FA 7217 CTHES, KMk 7 IZ k> ThEFEsh
LA ReMEN S (Fig. 3-2) .

ARETIE, AIPAD 2 A. luchuensis DAL THIILFEREEL TOODZHEDNDDHT-DIT,
AIPAD @ FA BLOMINUBERL 3 % < & KRN L D558 M E, L E IR GIZE > T
ATz, AT, KLNNTE ENDFEEWE ORR AT T2, £z, EBRIT AIPAD 73838 (2%
HLL T FAD IEPEICF B L QWD O ERARDTDOIC, MIEER 34 2< & T  nihE Lok%

FAWTRIE ATV, BB 1C FAD iETERB XN AIPAD EDOEELXTT-7-,
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Endosperm Bran
(Rice flour) (Rice bran)

A S0 190 B 5%

6.1%
0.9%

Moisture  Protein  Lipid Carbohydrate ash

Starch ~ Pectin  Hemicellulose  cellulose  Lignin  Other

Fig. 3-1. General ingredients of bran and endosperm, and component ratio of starch and

cell wall components in the carbohydrates.
A and B were created according to Food Composition Database (https://foodb.mext.go.jp). C and D were
created according to the data described in “Comparative studies on cell wall preparations from rice bran,

germ, and endosperm” (Shibuya et al. 1985).
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Xylanase

> Fae

Feruloyl esterase

' < Pad
iPhenoIic acid
idecarboxylase

Fig. 3-2. Estimated pathway for 4-VG production from rice cell wall.

34



H2HE KRG

B 1H MERLURE

Ty R=T2k R A 2K) L2 DK, RICE SHOP ZEE CHEA LTS IREEE /e h U &
i L7z, k¥ i fi (IDASEISAKUSHO #1:8Y) 2 VT 149 um LA F ORI 2D 0%
Wz, UXIR= I KON AKIZZ 2o — (SCM-50 B, SIBATA #H8) 2 VTR L, K
DERRRIZ 149 um LLF ORL T OB OZ% KK E L THV Y,

FA R ERTE M (FAD {5) OFFEFERIZIE, Oshoma ©(2005) DK IASE(, 2
M H,SOs C pH 4.0 I[ZFHRL 7= JLpEES #1[0.2% (NH4)S04, 0.1% KH>PO4, 0.01% MgSO,-
TH20 355K 0.001% Tween 8014 U /e, BRE3AEBRITIT, &4 (MM) K511 (0.6% NaNOs,
0.15% KH>PO4, 0.05% KCl, 0.05% MgSO04+7H,0, 1% 7 /L1—AF L T8 0.2% Hutner’s trace
elements) 2 5 M KOH T pH 5.5 (ZFRBLL 7= k52 FV V-,

i AIPAD 7 HUIRIE (BK) B2 A JEFT ISR A ZRE L7, 2 IR$UIRIL Jackson
Immuno Reseach #E8D LA —PHEGR LY Y 1gG Y HUAZ AV Tz, £ O

(B M Ty (N QAYAL ST S E et S gt g T S B

H2E HLEEERE

FA (1 mM), K¥275> (1%) BL 0K (19%) 1LB S B ERE L TR, 71— (2%)
Fa b — b EL TV, AR 1T LA =477 A2 100 mL O FAERE 1A VT 30°C,
5 B, REIRFHR LI, HEERITT 7 —Silgea O TAMTTHEEREREIRL, AR
KERWTHE LT, Beidtk, KoEBORSTZOIZAME AW TEIL, FAD {EME4 M9
DI DR IEFERBUS T2, 4 mM FA 25 T AR KA FE R E &ICHL 10 f5&

(viw) BINL, DRGSR ZFE, 30°C TRIEL-, EiEZ 0, 3, 12, 24 BL O 36 B4 lC
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FIRL, F2 % FH28 F7HEFEOFET4- VG ZEREL,

I3E RBIUKRNFD FA DEE

7 VIR O E EIL Shibuya (1984) D7 IEIZHESTIT o7, AR EIIKkB (N
0.5 @ 1T~V VT —Xayi— (L) 2 VT 3,000 rpm, 30 FfEIAZ L a— %
FHWTERIR R LT, B DO R 0.1 g 1Kl 5 mL @ 0.5 M NaOH Z /12 C,
60°C, 90 73 & L7, &IZ, 1.5 mL @ 6 M HCl ZEEICHIL, FEHLZ# 0.8 mL @
1-7 % ) —VERMUTZ, IRARETR SRV T v 7 AT %, 1IRE 1R % 04y B (3,000 X g,
10 43, 25°C) Uiz, AHMZEIUL, hOF 2—T 1B LT, FEoToKMIZ, 1-747—/1(0.3
mL) ZIRINL, £ DIREGREZ LRLERIBRDRMETHRNT v 7 2B LN Lo BTV, A1
FRZ RN L7, FRDA7- ARG IC B L T AR S IRA L, FA 7 ez,

YT IVEIR T O FA BT, 952 B O 26 5 7 HERU T AE HPLC #gs 2 FIVW T, &
ORI RUETERL, WA A0 mM FEEE N D 28K, pH4.0) 3L OVAIK B
(50 mM FEER R D LERMER, pH 4.0/ A% ) —)v, 1.9, viv) D7 TV =N C, FiiidElt 0.6
mL/min, 77 AR 40°CTITo72, BIEWK 15%7T 20 5y M P LA T 7o 17 MRl 3
YT VRIR 10 pL A — M 7Tl TA Y /LT, B IRIR 35 0T 15 b

100% DV =T 753 = N ChBfEEL{T 7=, FA O HIE 322 nm Ti{T-7=,

4T KB BIOS Va—AD FAD iEE~DE
FEREE 1 TR RS H TR S 0.5 mM FA & 1 £713 0.1% D K E- 137 va—=
EENFEIVRINU I CEE R U B R E VT, FERE 2 HELEED L CEr IR IR

w1277,
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F5IH BOFH

T RELOR (PR =) 1 kg AOKIT 6 REFHRIE L7, IRICKEINEATVY, 30 /3 FZ&AL
720 40°C £TWHHILIZM, A. luchuensis ISHI OFERZRA LT, BEHOEE L, 0~24 KF
[ 38°C, 24~30 FF[#IE 36°C, 30~68 IRff]id 34°C TITo7, BHBHLA G 30, 35, 43,
46, 56 BLV 68 KA ICHID— A RN LTz, BARKRER THERLIZE, v~V FE—X
Tay i — (ZIFHERR) 2 T, 2,000 pm, 30 FPRHE], AL a— A RO THURIL 72,
T DS, AR THREA VI — 2 G e F a—T RERERHAIL, BENIREZHERL
T2 R XV RONI RO AR A 2 f5 B (KRB O K 0O H &) Ofl HFEE K (0.1 M U
fe NI AR, pH7 ;1 mM EDTA ; 1 mM PMSF) HIEA L, 4°C C 1 KA1 772,
WAL, IRA A= Doy BE (12,000 X g, 10 43, 4°C) L, =0 _Fid 2 B4 fh H % (CFE) £L T
7z, CFE X FAD iEM BRI LN =22 7 a7 0 7% v iz AIPAD O fE &I

L7,

Fo6H MTOEKREDER

1) KEPOERIRIL, FEHOO 5L (1992) Z VT, BERKOMIaEED N-7EF L7 L
293 (GleNAc) DEEL TERLZ, £ 5g DK% 100°C DA —7 T 1 BRI LS,

AP A= bV TFE— A ay I —& W T LTz, L7 #8(0.1 g) & 50 mM Ui
FRUD LEEER (pH 7.0) 1 mL C 3 [EI¥EEL, BRETEE 10,000 X g, 10 4y 0oy B 7=,

~Lwh% 1 mg/mL @ Yatalase (Takara Bio #E#) 25 &0 1 mL @ 50 mM U )R o7 5% flf
W FIREL, 37°C T 1 B2 Fa—hL7=, RIC 10,000 X g, 10 43R O BEZ ATV,

FIHIZE FD GleNAc D EZIRIZRT Reissig © (1955) D HF{EIZLE > TRIELTZ,

2) Reissig {EI128% GleNAc DFE &

WEREL 7= GleNAc % Reissig (5 CHIEL 7, EFLES 6 T CHR¥E L7 3% 200 uL 12 0.8M Y
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RUTEAIVT oK A 40 pLIRAL, 3 /&R, HiRETmAILTZ, IRIZ pDMAB 3K
1.2mL R85 L, 37°C T 20 MRIRLE GBI E T, Z0%, FiRETHAIL 585 nm OWOL
JEREL, GleNAc D EEE &L=, pPDMAB RHiX p-PAF LTI/ RUXT LT ER
(pDMAB) 10 g % 10 N HCI : JKEEEE = 12.5 : 87.5 (v/v) DIEIR 100 mL (ZIEfEL T iR
FLIcb 0%, i HERNOKEERE C 10 AR L7cb oz AW, ME#E, 0.039-125 pg/mL

DIEFED GleNAc ZHWTHERR L=, Yo 7 I BRI 5 5@ T A R L=,

BTEH vxRE TayT 40

VILRL Ty T A TII FOFNATIT o7, #o ™V EH 7 V% SDS-PAGE (Z4-
THrBEL7-%%, Kyhse-Andersen 5D /3y 77— A7 A (1984) Z W TRY 7ok =V 7
(PVDF) A 7Lz rharayT 47 L, 7ay7 4 71% EzFastBlot % TR
D7 aha— U~ TITo72, BT 6 mA/em?, WERFMIX 7 &0 TIiTo72, 7y
%, PBS TEECT T 24TV, 5%AF LIV (PBS i) 2 MW T=IRT 1 R 7 vy 27
EATo72, IRIZ, T-PBS(0.05 % Tween20 &4 PBS) TU%t4, 1 PR (RV7m—F L4
AIPAD #1{K) % Can Get Signal (TOYOBO #1:#4) @ Solution 1 "C 2,000 {5 AR L, 1 ¢l ==k
TROGEHETZ, IKIZ T-PBS TYLH#R, —RKHUR RUZ7m—J /L5t AIPAD #iff) Z Can Get
Signal (TOYOBO #1:#4) ™ Solution 2 T 5,000 A RL, 1 KEE IR CRIGE T, R
Clarity Western ECL Substrate (Bio-Rad Laboratorie #1:%) Z{b 225 a3 L CTREA L,
ImageQuant LAS 4000 mini-luminescence image analyzer (GE Helthcare £1:%%) 2 TR 4L
Lice VRRB Ty T 4 TIZRDB N TE O RO 3E TR 1L AlphaView

Software (ProteinSimple fL#4) 2 H W CE &L=,
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% 8 TH SROMBUKFHY THER LI ERIZ LD FAD FEHERIE

KRR, 2 M HaSO, C pH 4 (CFHBIL 72 Z884K, BB L ORRERSH (5 1 THS R IZ2hE i
1%KBDETML, A —~7L—T12T 121°C, 15 5 CTRUKMHL=b 0%, ikl
9, pH 4 fhii#) ks JOGEREEE il & LTz, 21T 12,000xg, 5 47, 25°C Tizl
BTV, 5Nz EiEE A (No. 2, ADVANTEC #E8) 2 W C7 7 —AiR gz ko
W5l AT, A% 12,000xg, 5 45, 25°C T O oBEEZITWVES - EiE% 0.45 pm 7«
N — (B a—RRAETAT V) TREIAE LT, ZOAEEI)—2 X FNT 022 pm 7
AN — (R =T )V ZVR ) THBEEL, BEWRE L2 1 L A=/A77 232 100 mL
AT, Fe, e UTEBER I 1%k & iRl A—k7L—7 (121°C, 1547 L7
1% K827 5 A FEMERE A ER LT, S FhiIR AR e U T L, 05 2 T RIER D 71k

TR B LU L E R SOGEAT -7,

9T KWHBEUKIMHY D AIPAD FHEYEORFR
2 M H,S04 T pH 4 ([ZHRELL 722K BH7K 1 LISKED 1%ERIL, A —FRL—712T 121°C,
THEUKHH LT, Bon=Bukiiti®a Bt 7= —7 (14,000 77 R) IZA#, 2 L D7
K CENTE— BTV, BIINEE BN, BITNRISENT T 2—7 28, $9—F 2 L
DK TENTE —BRATV, BHTIMRZIEINL, EFLOBITIMRERA LT, b
Hrohil 4 L &2/ SR —#—|27C 660 mL £ CTHRAMEL72b DEARSyF sy & LTz, IRIC, 758
KAk L7~ DIAION HP20 (3x20 cm, Supelco #:54) (Z/E4yF %y 500 mL ZJiEiE 23
mL/min CHtL7=, {85 143 % DIAION HP20 (ZHsIN#:, 788287k % 500 mL iRINL7=, 4he
? 50 mL ZFR< 1 L @ DIAION FEWRAS I 73 4372, IRIZ, 72K /K Tk L7 Hi-Flash
column ODS-L (26x100 mm, [LI#E4EH) 1Z3EE 5 mL/min ¢ DIAION FEW% 7 #i %) 800 mL %

WL, ZDt%, 28887K 800 mL Z¥RMLT=, 45D ® 15 mL Z#FR< ODS FEWEH 4y 1.6 L &
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137, WIZ, 1554172 ODS FEW A |5y 1.6 L 2=/ AR — 4 —% T 50 mL £ THRME L,
WIZ, 70%7 Z =R L CYAi{k L7 TSKgel Amide-80 (21.5%300 mm, HLY —#E#L) | ik
5 mL/min CHEAEL7= ODS FEWE®I 0% 2.4 mL 77 7AL, 777 avalb- ¥ —% T
25 mL T O L, MDD 25 mL DT T ar R 11 REERLZ, ZHhARIRL, 47
FUvar T NRL— 2 —& W THEE L, 50 mL OB KIZIANL, 2 M HaSO,s T pH 4
WSS 7%, 121°C, 15 A —h L —T LizbOoa e LTV, %7773 ard
FA OB REE RS OFFEIEM: (FAD FHE0EM) ORENL, ERLo% 2 HERMRO 7L THIL

ERARBOSIZ IV T 72,

FI0EH T/ —VEEEROBRH
LFEOH 9 THD TSKgel Amide-80 777 L bIGHIT24T7 T 7322 100 pL (Z%fL 5mL @
0.5 M NaOH %z, LRisH 3 HEFBROITIET, BT T/ a llEGENLT =/ — VI

(PCA BXUFA) D ZA1T o7,

% 11 IH HPAEC-PAD % V- BUE D434

717 5% CarboPac PA1 (4x250 mm, H—E7 vy —t#), &/ —R#7 A% CarboPac PA1
(4x50 mm, Y —EF7 4y v—+8) 2 Vs, BEER A TEMK, BHEEE B I130.4 MNaOH
B, VEBER C 121% 0.5 M BERE TR VIR A FAV -, FRIBEIR A 12RFL T 3.5% DIABER
B T L= T IR, TV 25 uL 27 7T LT, 77V v a s T ATIRO
FONTRRE LT, 0-12.5 53 IXEBER B 3.5% CT AV 777 47, 12.5-13.2 43 13WHER B 3.5-
6% TV=T727 7 b, 13.2-25 531 3VEBER B 6-25%, VEHER C 0-50% TV =777 = h,
25-31.25 /7 IXIABEIR B 5%, BB C 50% TT AV 777 v 7Lz, it 1| mL/min, 57

LIRFEIL 30°C T{ToTme AFZ —REL T, £ HME 0.1 mM Bk E V-,
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% 12 I ESI-MS 7347

ESI-MS %3#71%, ACQUITY UPLC H-Class 3 A7 I (U4 —4& — Z4E8) 2 T, Ao 7=
—ar TiToT, T 2-7'1/ 3 ) — 12 0.2 um PTFE 7AWV X — i HOEEET o E=0 A
B IR EE 50 mM, JKEEBEE 0.05%I2722 XOICIRINLT, AZ U # —RELTT La—RE
AV IR N EFVEIREE 0.1 mM (2725 SO RN L 7= 0% VW, oL
VRVEBE 990 uL (2 10 pL WINL TOMT a1 T o7, W 51E ESI AR Y T4 7 = —R T4 AL

L7,

% 133 TLC IZX2B0Rk

TLC 13V 748D TLC T NAR=0 L —R(UA7 v 60) & iz, TLC O F25 1 cm
DEZAIZ 5 mm [RIFE THFEAE ARSI A S AYICH) 10 ng 1T7253912 1 pL FOARYIL
Too 7 WE 10 L % 1 pL T ORRY LT, 1 uL ARy T HZT LR T A —% U Chz
ILTo, D, BRI 1-7 % )= -7 ) — )b KB =10:5:4 (vv/v) 12 el &
BRI TLC v — M AL, K990 IR T, BE%, RIAY—Z Tz L,

ZOEAEE 3 [FEDIR LTz, IRIZ, TLC L TDY 7=/ T -7 =V ARIR (V7 =
=TI 02g, 7=Yr 200uL, 7Eh 10mL, Vg 1 mL) ZMEFEL, R4 —%2Hn
THML, EDH%RAF YT —h BT 180°C THREATDHETIMELT, Fit\ T, FEE A
H3 27012, BERIE (XY ) —/V Filg=50:1) 2R OmIZEZEL, EfLlFRICEESE

7=
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# 14 T HPAEC-PAD i\ \=/ Va—R, 7V Ih—ABLIRRAIB—ADEE
HTLE EFE 11 EEFEREDO DT 2% W, IWEER A ITEHUK, I88ER B 1X 04 M
NaOH ik 2 A=, 23 B TIAEER A 126 LT 37.5%DIREER B ZFIWT=T AV 77T 47

E—R, it 1 mL/min, 77 A 30°C TITV, Yo7 00% 25 ul AL,

FISTH INIP—ABLIRAIn— AR ERICL D8 L E AR R
BEREE 1 IR T AR H TR RS 0.5 mM D7 L h—AB L NATa— AE RN 7= 35

PRERE ML CRER L7 IR Z VT, BREH 2 THERIBRD 7L TR L IR SUS21T o7,

%16 TH EEFHERR

ERIE, 1X108ED54T% 1 L& = fA77A312 100 mL O MM EH#IIZERANL, 30°C,
16 FEfH, #EE9 (100 rppm) 1ZL0 R Uiz A2 S8 BRIz, 5 Wk 77—
Az HOTIZ 70 A (RT AR 22-25 pm) THEBZEIL, 7 /b3 —203 Ao TR
MM Bz FOC T L7z, Yei14, 1.5 mM FA &4 MM i (Gle $%) 100 mL (ZF A
ZWNL, 30°C T 1, 3, 4 BEO 6 KRS (100 rpm) Lz, ER%A ERCEIFBRD 7L TR
I, R ZEFCTHHE, -70°C CTRIFLTZ, ML IR IZFLERE IR - VIR IR 28 55
FEE T TTOELZ, By RICLT-HE A2 5 SV Total RNA Isolation System (Promega #1:#4)
Fo bz WV, Fyho 7 aha—/LIZHEV, RNA 2 L7=, cDNA OA %L, 100ng @ total
RNA %8552 SuperScript IV VILO Master Mix (Thermo Ficher 1) & AV CiT o7z, AEkL
72 cDNA % ##31Z7E & PCR (qPCR) 217572, gPCR % Bright Green 2 X q PCR ROE (Applied
Biological Materials #L:%4) 2 H\\CU7 /L% A 2 PCR A7 A (Step One Plus %, Applied
Biosystem f-#) |2 CE & L7, qPCR |2 L7 T4~ —% Table 3-1 |2~ 7, MEARIZH

W28 (actin BE W alpad) 13 10%~108 2 —/uL 12725 X HIL, cDNA X 101~10* %
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FRUT=b D% ANT, Mk E EIEICIVIE T EZHE L, BT EOMIEIXT 7 F 2 v

VC?—J—‘/) 71::0

Table 3-1. Sequence of primer

Primer Sequence(5’ to 3°)
actin_F GGTATGGGTCAGAAGGACTC
actin_R CTCCATGTCATCCCAGTTCG

AIPAD_F ATCCGTTTGCTTGCCAATCG
AIPAD R AAGGGACATTGGGAGGAAGC
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FIH EBRR

13 AIPAD OFFEMRABR

AIPAD D5 EMZFH 572012, FHIIZ YPD <2 Czapek-Dox broth 72E DWW OO A
FEHIZ 1 mM FA ZIRINL, 155728538 A T FAD IEHEZHIE L1224, 1ZEA LTS
NIRIo T, RIS, BBET B =D DIRE DRFER LD BEOIFT /KD Z IR T K
PHERRERE A JH L 72 (Oshoma et al., 2005) , K¥22iE FA 25 Te~ It/ m—2ABL0Y
T2 ACE M EEICE ENTEY, bl PAD OREEFIBABLOEE THLHI=D,
AIPAD O EWE L7252 LIRS LTz, Tl S8R T, Oshoma SO KMEFHITHEFEL
7o HERIERW FAD TG M2 7R LT, £oC, ZOR A S B I TR 7o JE RS LT 1%k,
1%K83, 1 mM FA $7213 2% 7 v a— 25 el AL, 558525417 >7- (Fig. 3-3),
ZDRER, 1%KBHTHEELTZFHIRD FAD &M TS 22272, 1 mMFA (286U T FAD
TEVEZFE LD, 1% K00 I0b o7, RIS, 1%KL 2% La—A T, 1%
A& FAD TEMEDSRR IS Vien o7z, Fiz, FAD 161 (4-VG AFE &) LU= AX T ayT 1
T CHIEELT= AIPAD O &IZFHBEINH 7= (Fig. 3-3B), 6> TC, A. luchuensis ISH1 OffEX
U7z FAD {EMEIL AIPAD OFRBUZELDLH D THAHZENREBIINTIZ, RIT, Kbanitdkd
AIPAD DFEENEDS, KINITE END FA BH BIUEAFL TODEB AL, Kk
KBy FA BETEREL, ZOERTH AL KB LUK 100 ¢ H7-0I1CEEND FA
B, NI 840 mg BLW 25 mg ThHolz, Lo T, KO BLUKK & A L i
B FD FA BIED, T2 043 mM BL00.01 mM FY THLHZ LR DT, Zih
DFERIT, FA 28 AIPAD OFBEK T D 1| D THHIEERE LT, [FIFFZ, 1 mM FA L0t
0.43 mM FA Z5 T 1% KDDDOIFRFHFEMEN BN LG, Kb HIZix FA LU

AIPAD %58 2WE NG FNTWDIENRIBI T,
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WRIZ, FA &8 BRI V3 — A E TR 2L, FAD JEMHZ2HE L7 (Fig. 3-4),
ZOFEH, FAD IEMEIT7 L a— 2B L OKRBIIC Il ni, £/, 7 /va—2L0 kB o

T3 DI AN RN LD RS LT,

>

o
[
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Fig. 3-3. Bioconversion of FA to 4-VG in resting cells of A. luchuensis ISH1 grown in basal
medium with FA, rice bran, white rice, or glucose.

Each culture was grown with shaking in defined basal medium plus 1% rice bran powder (open circles),
2 % glucose (filled circles), 1% white rice powder (open triangles), or 1 mM FA (filled triangles). The
mycelia from each culture group were used in the bioconversion assays (A), or cell-free extracts were
prepared and analyzed by western-blotting for the detection of AIPAD protein (B). rAIPAD, purified
recombinant AIPAD; Glc, glucose; RB, rice bran; WR, white rice (endosperm of rice); FA, ferulic acid.
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Fig. 3-4. Biological conversion of FA to 4-VG in resting cells of A. luchuensis ISH1 grown
in basal medium with rice flour or glucose to FA.

Each culture was grown with shaking in defined basal medium plus 1% glucose (open circles), 0.1 %
glucose (filled circles), 1% white rice powder (open triangles), 0.1 white rice powder (filled triangles),
or 0.5 mM FA (open rhombus). A final concentration of 0.5 mM FA is added to all the medium. The
mycelia from each culture group were used in the bioconversion assays.

F2H KOO FOFEMEDORRBIVFEE

FROFE 1 HORERND, Kb E FiD FA USNOFFEME OFAEIRBIS -2
LG, KO OFHEWE OURREAT Tz, TAEIRRERICZEY, Kb BUKihi® <
AIPAD DOFFEMENFERINII0, 5aOIZ, KLEKIIH O MET21T o7, pH 4 T
1ToT=BUKI % O TSR LT IR T, 1% K& B SRS & [F) & £ D FAD
TEMEZ 7R3 2 e biroTz (Fig. 3-5) . RIS, FHSMF 2 S22 BUKRh I & 5 bz
FA ZE LTz, TORR, 1% K00 5 A FEERE IO FA I3 0.43 mM THHOIZx%t
LT, EOfH S TH TN E O BUKIIH IS I TODIERE FA 1356 0.01 mM LS
FNIRNZED D7 (Table 3-2) , RIZ, KMEVKIMHWICE D AIPAD 755 WE O
TrBEA AT, KB ) DT (14,000 7 R) SMERIZ FAD #5EIGME B 37,

AT I B oy T B L OFEMMEY E 2 W 459 % DIAION HP20 (Zfit 5 L7558, k%
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IH{531C FAD EEIEMEA NSz, SOITARII 32K TIEL7. ODS 7 A5 L7z

S

o, FEWLAE W45 C FAD #B8IE M  HS 7=, AR5y % TSKgel Amide-80 777 A5
LToRER, /o3 D7 77912 FAD HETEM SV (Fig. 3-6A), THMED R
HENT2T7 T a il ENTWDT =/ — BB L OIS AT o 7ot R, 7=/ — /LRI
750 ar 2 ILOIHmHEINT (Fig. 3-6B), LinL, IBEITEL, EEBHRLLT TH-o7-, b
SIHTIZIBWTIE, FAD FBETEMEN LI 07T 723 (6-10) ITITHENZ<EENT
WHZ LMD o7z (Fig. 3-6C), BIED 7T 7 as (2-5) IR ST, T/
& 417 (data not shown) , BEDIM HS T2 DMK B T AT N TT b —Z73
Z<IRHSNT=Z e D, FAD FBEIEEME N7 N a— A TRHERSNI-A VI RECH LI EN R
BNz, I, BRI Y0T7T 7 a9 (7-9) DG BN EIT T2k R, AV ~L
2D 360.39 m/z & (ZEFRICEZRLIZZEND, %0777 a0 (79) I HBIZE Fh
TWAIEILZ La—ANBS 2 FECHHZEN RS (Fig. 3-7), RIZ, TLC ZHWT 2
BEDIWTEAT T2, TORER, $BADT7T73 a0 (7-10) IZEENTNWD 2 FHIIAZ0—ATh
BHZENRIEBENT (Fig. 3-8), 6 IREECTHDHT Na—AET NI h—AN5T05 2 FiChiAn
—REBENK GRS DL, 7 Na—RAIRLBT NI =R HZEAE GRS ND, Lo, iR
TR Y R L DA RHE ST ClE T La— AU R HE R 7e - T- Z e RS L7 (Fig. 3-9,
T77var 8 BEO9 B, KT T/ aNlEENTODARI 0 —ABIOT NI b= REE
BLIERER, %0777 ar 6 BEOT71203~0.7 mM IFEDT LI h—ARRMmHE, 7
FUvar 1~10 D777 a A7 —A0K) 0.3~1.5 mM Sz (Fig. 3-9), IRIZ, #
B 0.5 mM DAV —ABI T VT M—R% 5 Lo SRR TS 28 L= B IR A O TR IR B
KEIGEAT -T2, ZOFER, A71—A1% 0.5 mM FA B2 EREIZIEFRIFEE O FAD 1G4
RUTz (Fig. 3-10), 7V 7 h—AIL FA $5B WA LB IEMED &<, SOSRFH 3~12 FF H £ T

I KD EERHEIREDY FAD IR & -7, A7a—REREHEH O — L —7
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T o5&, INA—=AET NI =R I RSIND, Lo T, A7 m— AN SRS G2 AR IZ X
% FAD &ML 7 VI h—RIZH R T DD RB S, ZHDZEMND, Kb BuK i
\ZE&FEND AIPAD OFEMED 1 DIITINVI—ATHHIENRBRENTZ, TNITh—AL
FA OFRFEZNREFRRDI201Z, FIRE 0.5 mM O7/LI7h—ABLN 0.5 mM FA & F 2
EEHICRER LIZ R FAD I&TEATR T, TORER, 7V 7h—RB LU FA BURTRIEL
TeEEDIEMELIFEAE N LI 7 (data not shown) , ZDT LD, 7/L7h—RAE FA

BLIER SIE S EOTRSY aRANANSRY/AY BY/EsY

2.5 1

=
ol

4-VG (mM)
H

o
ul

O T 1
0 10 20 30 40

Reaction time (h)

Fig. 3-5. FAD activity of resting cells of A. luchuensis cultured with rice bran extract using
neutral water, acidic water or basal medium.

Each culture was grown with shaking in rice bran extract using neutral water (open circles), acidic water
(filled circles), basal medium (open triangles). Basal medium plus 1% rice bran was used as the control
(filled triangles). The mycelia from each culture group were used in the bioconversion.

Table 3-2. The concentration of total FA contained in basal medium with 1% rice bran
and FA concentration of rice bran extract by various solution with various pH

Types of media FA (mM)
Basal medium with 1%rice bran 0.4327
Rice bran + distilled water 0.0097

Rice bran + distilled water (pH 4.0)  0.0099
Rice bran + basal media (pH 4.0) 0.0107
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Fig. 3-6. FAD-inducing activity and phenolic acid and sugar composition of each fraction
(A) FAD-inducing activity of each fraction purified on a TSKgel Amide-80 column. (B) Whether FA or
PCA contained in the fraction is detected. +, detected ; -, not detected. (C) The analysis result of the
monosaccharide in the fraction is shown. Black and gray bar graphs show untreated and hydrolyzed
samples.
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Fig. 3-7. MS analysis of fraction 7, 8 and 9
A, maltose ; B, fraction 7 ; C, fraction 8 ; D, fraction 9.
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Fig. 3-8. TLC of various sugars and fraction 7, 8, 9,10

TLC plates were developed by diphenylamine-aniline regent (A) and phenol-sulfuric acid regent (B),
respectively. Lane 1, glucose ; lane 2, trehalose ; lane 3, kojibiose ; lane 4, nigerose ; lane 5, maltose ;
lane 6, isomaltose ; lane 7, sophorose ; lane 8, laminaribiose ; lane 9, cellobiose ; lane 10, gentiobiose ;
lane 11, fraction 7 ; lane 12, fraction 8 ; lane 13, fraction 9 ; lane 14, fraction 10 ; lane 15, sucrose ;
lane 16, fructose ; lane 17, glucose and fructose.

Fraction No. 2

Suc

(mM) 0 2

Fig. 3-9. FAD-inducing activity and glucose, fructose and sucrose composition of each
fraction

The amount of glucose, fructose and sucrose contained in each fraction. Black and gray bar graphs show
untreated and hydrolyzed samples.
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Fig. 3-10. Bioconversion of FA to 4-VG in resting cells of A. luchuensis ISH1 grown in
basal medium with sucrose, fructose, FA, or rice bran.
Each culture was grown with shaking in defined basal medium plus 0.5 mM sucrose (open circles), 0.5
mM fructose (filled circles), 0.5 mM FA (open triangles), or 1% rice bran (filled triangles). The mycelia
from each culture group were used in the bioconversion assays.

%35 alpad DEEFHERR

FROE 1 BXO2 HOF RIS, FA BLOT /L7 h—2H AIPAD #EWE O CH
DHTENPRBENTZ, WIT, THHOWEEE T alpad DG FHEABREZIT 7, T O
B, FA IRIIKIZR W CEER 4G 1 Rl B ICR DR E &N 2L, ZO%ID LT (Fig. 3-
1A) . UKL T, 7T h—ARIMEIZBW T, FHERAA 1 REHE B IOt

72708, #5E 1 KEE H 2D 6 KR B2 CHIR G &IXIF LA EE B L7 7= (Fig. 3-11B)
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Fig. 3-11. Changes in transcripts of alpad in cultured cells induced by FA or fructose
A. luchuensis ISH1 mycelium was incubate for each hour in MM medium containing 1.5 mM FA (A) or
0.5 mM fructose (B). The amount of each transcription was normalized using actin.

% 4 TH BT O FAD {EHERB LU AIPAD BEORRERZEL

F 1 F RS RBRICIBUO T, FA BEOKBNCEY 4. luchuensis ISH1 HIAPN T AIPAD
DFEBLFHESI, BREL TODIEN o7, IRIZHHT AIPAD 23FEEL-BEREL T D70
EINRDI0OIZ, Kan m S E T " orHd LK% VTR 7- B8 o0 S i dih Hk (CFE)
® FAD IEMEERIE LT, BT A. luchuensis ISH1 OFEEAZUSINL THD 30, 35, 43, 46, 56
BLO 68 K%Y 7V 7 Uiz (Fig. 3-12A), Fig. 3-12B (ZEF O HE R IARD B ARSI
% GleNAc B4 7R 7= (Fujii etal., 1992), %80 GlcNAc & 103D CFE Z#%IL, FAD %
PWERETDHEEBI, VAL Ty T 471250 AIPAD 8% E&L7= (Fig. 3-12C, D),
FAD {EMEITAADIT 43 FFfDRE HE A, 2RV LA TR & 12 FAD TE RSN 7=,

ZOFEFITEID CFE 1D AIPAD HEEFRVVIEDOAHRENHHZ L0 -7z,
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Fig. 3-12. Time course analyses of ferulic acid decarboxylase activity and AIPAD
quantitation during koji-making.

(A) Koji was harvested 30, 35, 43, 46, 56, and 68 h post inoculation with A. luchuensis ISH1. (B)
Amounts of GIcNAc during koji-making. Generally, the amount of GIcNAc correlates with the amount
of mycelia in koji. (C) Detection of AIPAD by western blotting. (D) Cell-free extracts, were prepared
from the koji containing equal amounts of GICNAc, were analyzed for ferulic acid decarboxylase activity
(open circles) and AIPAD amounts (closed circles). Amounts of AIPAD were shown as
chemiluminescence intensities of protein bands detected by western blotting in C.
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Hat EBL

[AIPAD DFFE &Ko) i OFFE W) ORER |

A. luchuensis ISHI @ FAD {5 LT AIPAD OFBLE, FA BLOKDLD O 7 CiHES
7z, 0.43 mM FA 2 & TeKiamnic kD AIPAD OFFEME T, 1 mM FA ([2X-> CHESNSH
AT OL L@ ST, ZOZEND, K FIZiE FA ITNMA CTHLOEEHE OIF(E
DRES T2, De Vries & Visser (1994) 1%, 4. niger D7 =)V aA)V AT T —EEa—R$5
BAG T (faed) NF¥ T —RAET 2 VTRRICE S THEINHZEEHME L TD, AIPAD 13K
> P OMBRIBE R I Lo CHBEIND T EnIfFS LIz,

KW D AIPAD 758 E O FR %, Bk E IR SIZER T D FAD {EEE R Z LT T
7L A, AIPAD OFFEYE D 1 DIXT7 VI h—ATHHIEN/RBST, L)L, alpad D
WG ERBRICEB WL, 7V I =R D alpad DEEF&IX FA IRINIX E KT 5E
EHLURNWZ LR o7z, WAEMIIRIFET 2RHHIES AT LELTH =R AHRTA
7L wial (CCR) BWHBILTEY, ZLOMEMTIZ, 7 Va—RinEAFHET D HIT
BB EATHE, ZOMOPEDO BB DL BRI BDIHIE D, Aspergillus BT
T, BEENK D EEESR CTHDHX LT —8 (xlnd) DAHI2HT, faed b7 va—A 285 CCR
WZES TR IHI SNDZENHREZIL TS (de Vries et al., 1999 ; Orejas et al., 1999),
AIPAD & FA & BLRERE #1127 1 20— 20K 2 N $~ % & FAD TEMEDM NI S 31D 2 LA e
FBENT- (Fig. 3-4), —J7, xind BELO fued ORBHIENZIB N TT NI h—ABEEFHIKTIX
CCR 235720 (de Vries et al., 1999 ; Orejas et al., 1999) , ZHSHIFLET V7 =AM alpad
DERBAIZEAEFETERNEVIFRE RS, IRO L7 RN B 2 Hiviz, CCR D)
BIRNWTI NI M= ATERLUE R Z, #kEERSRTICET L, 228 EN2mIRED

FA |2X> T AIPAD DO3BNE G IZFHES, FAD {EMN ER LU ATREMENG D, L7
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D5, FA IZXAEREFHERERIL, 1% 7 Va— 2% 5T MM B TR LT-BikE 7 L a—
ZIELOR B L TITOILTERY, TREL T IEFEERKSE BETHDR, Zo%E
I% alpad 1% FA | ZX0EHOMICHR G EILCTEY, CCR TR IS TWRNWEITH D, 2% 7
L —AE A IR TR LT IR A TR L C, FA SRR IEEIRSOSICHVSE, FAD
IEMEIRIZE A ERIEILT (Fig. 3-3), G HEMBROKE REF ET 5, LB RS Lis
EHEARBROREIRENTL, §FIEFEERKE TIEENENOLAYE ST AT 5 B [
B LT AR A V2 DICKL, BG5S ClIIs 28 16 Wi B O EE i o & (k4
WHEZATHD, FA I[ZEDRGFHERBRITIWT, BRI (EBEAT —) DR DEE
TIX, alpad DFFHENPRKEEIRD LV R A5G TS (data not shown) . 1o T, 51T
WDHIEER FEIROE RIS B R 5225 2 T FA 7V h—RI25% AIPAD OFE M4
SRR RDRERDH D, T2, 7NV b—RZIAEFIEERESZI1TSH FAD {EMHEOH K
, FA BURBRIEMEAH T 5MOREFER, FA OBVIAZ, 4-VG OPEHFITREL 52 T

AIREMES LB I ANV THRETL TOKILEE D D D,

R FEIZ ISV TR, Bacillus subtilis <° Pediococcus pentosaceus D7 ./ — VIR FERE
7 (PAD) 78 FA (& - TIHRESNLHZ LN STV 5 (Cavin et al., 1998; Barthelmebs et al.,
2000a) , £7z, —HBOME TiX, PAD OIEBLFHEEDS PadR (pad transcriptional regulator) (&
STHIFEIESNAZ EDNHAEEZIN TS (Gury et al., 2004), ELEHEIZIITS PAD OfFE AL =

LIS VTR, C. guilliermondii H13 PAD (CgPAD) Id FA 38X TN PCA (2L~ Tk
EIXNDHDY, CgPAD TH i TX 72\ 6-hydroxy-2-naphthoic acid (6H2N) (ZJ:~> T FA ™ 20 %,
PCA @ 6 57583415 (Huang et al., 2012a), AIPAD /% 6H2N TlIFFEIN/2h -7z (data
not shown), >, AIPAD DFFE AN =X AIE CgPAD DifE AN = A LLIT R/ 5 AT HEM:
R&%, A ORGSO T ERER D, D7e<tb FA (28T AIPAD 73

BIXNAHZEITHON RS20, FOFEERATN =X LIRS T, 5%, FA OB
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DA M2 L5 RNA-seq AT Z21TV, FA BRINCHIJR 2@ s 1 & @A L, AIPAD % Bl 1H

AH =R LT R TATTE TH D,

TAIPAD O#HIZI51T H I8 Bl L BUBRF R HE K

T REZKEFEIE LT CFE @ FAD JEPEE AIPAD D&, 58 43 e o H
S, ZDHAeEL 66 K] £ TITRBRFHICE BRI KT 528030007, FRIRFICE
? FAD I5%:& AIPAD &(Z5RVVIEDHBIGED HATZZ 00, #H T AIPAD 235 BLLIRE
LTWDIEDTRES NIz, — 77, RO IV AIPAD OEDHENNT 5B 2DV T
X > TR, BT D A, luchuensis 13717 — BRIV NVar7Io—8E WL TT
N A= R T D, T ORI R ORI R 2 IS L, T
H NI IAR AR BE B D LE A I D, T ORER, MIREED iR B 53 2R D
FHDNHESINDLEHEHSND, AIPAD OFRBLUX, ZHHOREFR LFEL THEI L rTRENE
Wb, BUE, BIRRFR] DR/ 53D RNA-seq FHTEZAT- TR, BEBMRERHIZEH RN RE:
AT DI EE 3 2B - DR AR 10T Ot AIPAD (Z B3 538 R 1 DOHESR
T2 TCD, ZIHOfENTZEU T, AIPAD DR RN R T DA = R A EHHH
WZL720y,

LA EDFERDD, A. luchuensis BRI I OENE LR LT, AIPAD 23381 HEREL
TWDIENRHALNE 2T, JEEEE T D FA 255 4-VG ~DOEHD /D7t —HBI% 4

luchuensis @ PAD (2> TSN AT EDVREBES LT,
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4 E ARBEICRTD 4-VG EFRA~D AIPAD DFE 5.

E1E S

%2 BT, KIBE CRBESERYa e F b AIPAD 78, FA % 4-VG (A 5%
(FAD J&M%) #F 0B L TCWDIEE IR LT, Fie, 7 VBRSO KN, AIPAD @ pH ~'m
Tr AN, F L E RS ORERDD,  Aspergillus luchuensis 1X FA % B RS D HEDIA S,
ANTHRILL TS AIPAD (2L~ T 4-VG IZEHL, BRIMIIEHEL CWODZENTRRESR
2o % 3 B TIX, AIPAD 23 EVE ThH D FA ROKDDFTIC I THHEESNSHZE, AIPAD 73l
BPIZHBIL, FAD IHMEZRETHIEA R LT, ZNHDIENG, TG D FA 725 4-
VG ~EBD D7 b — 1% AIPAD 12X THT AL TN DI EDRIBE L, LL2AD,
TRSEEIE T D FA 75 4-VG ~OEHUZOWTIE, THETITER 2 2RI R MBS TRY, 4-
VG AFEIZ AIPAD 7EDREFE R G- L THDDNI DB T,

Koseki ©(1996) 1%, E7 /VHEEFERIZ AIVWVZRREBRIZED, ErIfiod FA 2578 ERFOEIZ
EoT 4-VG I[ZEBSNAHZEERLTND, ET2, Saccharomyces cerevisiae DO FH I
(Mukai et al., 2010 ; Clausen et al., 1994) CiE, 7==/L7 Z7U/LEE R ELEESR (PAD1) BLOY
7 VIR RS S (FDC1) 1285 T FAD IEMHA R T 2ENHmE I TND, Fiz, Tako
TRINSBEESIVE Lactobacillus J& (Watanabe et al., 2009) 23 FAD & P& 7R3 2L AN S
IWTCWD, ZNHDHIRNG, TdEEIEICHITD FA 22D 4-VG ~OZEHT, 7K RFOEET-
T RECIR AT 25 E OFF> FAD {EMEICEALDIEEEZ 26 TET, LL, {8k 101
FERED FDC 1213 T B A BN E TS T2 FAD {EHENIENZ L3070 TD
(Mukai et al., 1998 ; Mukai et al., 2014) , F7=, ERINHEEESND FAD 1EMEEH T 52

FIE, TAEERIOM pH BREE N CIIHEARNEETHY, HEELL THitD T/hEL, Er
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HICD 4-VG EFESD G GAZHOWCIEMN Rz,

ZZTC, Fox X A luchuensis D% Candida guilliermondii 33 X O 8 HH S PAD 7
7IV—IZJE T2 PAD, 7725 AIPAD HMaBEIEIZIITD 4-VG APEDO FEEKN THDH LK
AN, —J7, A. luchuensis D7) LAHIZIX, S. cerevisiae D PAD1 33X TN FDCI (Mukai
et al., 2010) DFFF LT — R HBIE T LHALIL7ZE SIS AFTET D, S. cerevisiae @ Fdclp
(UbiD 773V —F IV ARFZ7—E, TIGRO0148) LAl F¥ED PAD (PAD A—/3—7 73—,
c101382) 1%, AWNZIERI(R727 7V —Ths, £/, S. cerevisiae D Padlp (778 7L =)L
NIV AT 2T —8) LHIE O PAD IXFAEOIGEICL b h T, MERREEE THD,
Aspergillus niger i, S. cerevisiae ® FDCI & PAD1 ORERY SEREL T, MR IAA LR
fe T DIEPEDS RS LTS (Payne et al., 2015) , JAREEEIE H D FA 225 4-VG ~DZEHLIZ A.
luchuensis DZINHORERT NG L TCWHA[EEMEDL H D,

ARETIL, ARG D 4-VG A FEIZIBITS AIPAD O% 52T 572912, alpad
TEERE ( Aalpad #5) ZVERIL, /IMEIABFREREITV, BFAERRE O AAT o7, $7z, KB
DENZLD 4-VG ERA~DFHFELF~T-, ZNHORE A2 GO T, JEE O 4-VG
AFEIZHITD AIPAD D HHREEONI LI, SHIC, JAEREE R OEDHAIL 7T 4-VG
DERSITODDOMNIZOWTHFIART, F72, S, cerevisiae O PADI LARREINED S D185 T
R UTRK (A Iuchuensis mut. kawachii) % VT LB RS RERZTTV Y, FAD TEPEIC

B5-L THD D0~ 7z,
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F2HE EBRGE

F1H BB OSHROFR

Czapek-Dox (CD) 5511 (2% 2 /L 22—2A, 0.3% NaNOs, 0.2% KCl, 0.1% KH,PO4, 0.05%
MgSO4+7H,0 3T 0.002% FeSO4+7H,0) % 1 M NaOH T pH 5.5 I[ZFABL, Aalpad #EDA
IV == 7 BIO FA (XA T~OREEZMADTZOI W, ik (MM) 511 (0.6%
NaNOs, 0.15% KHyPO4, 0.05% KCI, 0.05% MgSO4+*7H,0, 1% 7 /va—AEB X 0.2%
Hutner’s trace elements) (% 5 M KOH T pH 5.5 IZFH#EL, BpAEREIB LN dalpad KD FA 12X
HHEB ~DORBER DT LT, A. luchuensis ISH1 ™7/ 25 DNA [ PrepMan Ultra
Sample Preparation Reagent (Thermo Fisher Scientific #1:%) 2 FHVNCRABLL 7=, A. kawachii ®
avba—u ik (ligDr, argB*, sC) (LL'F, A. kawachii_cntl #£) 3310 PAD1 &S 1K HH
¥k (ligD-, AKAWO08977::argB, sC) (LL'F, A. kawachii AAKAWO08977 #E) I3 KF D

JRE TE I S A2 L0 TR N - 7N

% 2 alpad TRIBROREE

PCR [ZHWe & 7T A~ —HBlFiX Table 4-1 (27”7, A. luchuensis ISH1 0% /5 DNA %
FFRILLC, 7714~ —F1 &£ Rl BLOF2 & R2 Z /= PCR (28D, alpad DENEH 5
BLO3MUDK) 1 kb DRISDTTF7 A M EESE 7 (Fig. 4-1A) . NA7 <A Bk
BART (hph) 712y MNEITTAIRN pBAl-hph (ILH G, RKFERK) % Kpnl THILTHZETHLIL
Co ZDTTAINGE, AT e~ AT UMMEAR DY A. luchuensis D7 VLT VT ER-3-U
e e —+E (gpdd) 7o —4—BLOF —Ix—F—DORIZIFHAIN TN D, KIZ,
/3AFY—~2 % —pRIE (Takahashi et al. 2011) % EcoRI TH{LL7z, 245 4 5D DNA K f

% In-Fusion HD 72— =7"% | (Takara Bio f1:#) Zf L Ci#E#5 L, pRIE- 4 alpad %155
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L7z (Fig. 4-1B & C), pRIE- Aalpad &7 7 71377 U7 1% (AMT %) (Michielse et al., 2008)
Z T A. luchuensis 1SH1 Z BB L 7= FIEZ LU T IR T, 10%27UEr—/L 40 uL (12
pRIE- Aalpad 77 AIR (397.4 ng/uL) 1 uL BELOT 7 ar7Iy a7 ML 5 ul
ZiRGL, =L 7R —4%— (ELEPO21, v/ ¥ —418) 2 T Table 4-2 DS T
LR —ar a7, SOC Bl (tryptone, 20 g/L; yeast extract, 5 g/L; 5 M NaCl, 2 mL/L;
2 M KCI, 1.25 mL/L; 2 M MgCl,, 10 mL/L, 1 M glucose, 20 mL/L) 900 pL /&1L, 28°C,

1000 rpm, 2 KFEHRED TR AT 572, LB ZEREFHI (FEIRE 100 pg/mL B~ A32, 20
uL/mL V772 B U)IZAT L v b, 28°C, 3 B, HXE T L, KIZ, 77077
U LD AR A% LB ARG (R 100 pg/mL AF~A2 2, 20 uL/mL V772
Ur) 10mL (ZAEEE L, 28°C, 200 rpm, 24 RFEIGE LI, B, H5380K 300 pL L5 & DK
EKZRAL, ODeo ZHIE LTz, HIEH, 5mL OFFE LS (IM) % A 5% Hh (Table 4-3) (272
TG BETANLTZRED ODgoo 23 0.3 F124 OEF KA EIIL L, 4,000 rpm, 5 57, 25°C T
O DEEE T o7, mAOE, BIEEE T, A7y M IM RIAESHE 300 uL 2300,

By Ry T 7 LB LT, Wi, LRiERERO SR TR Lo BT o7, 014,

FEERET, Bbhic Ly SmL O IM IR HL723 Ao72 100 mL 5 =47 F A= ZHAN
L7z, IMIRIAESHIZ 0.2 M 7R VT2 % 5 ul UL, 28°C, 100 rpm, T 5 RefE:
BEAToT, 5551, ODeoo ZHNEL, IEMate DEZEWLAHY 100 uL 72D ODeo=0.8 1272585
(RS R AL, 4,000 rpm, 5 43, 25°C Ty BEa1T -7, W4 80 LigE28<C, 77
a7 AE 107 {H/mL D A. luchuensis ISH1 D45 4& SR BIKk 2% &3 S1EE L=, RIZ,

IM {E A% H1 (Table 4-4) |23 L7~ Hybond N*& 28R BN ASRNWIIIZEESHE, Z0 EIZIR
Hi%E 100 pL 2 A7 L hL, 22°C, #ET 3 BREIEFELZ, KRIZ, EARBPEZT74vH
—&INL, TOT AN —EREPREE 100 pg/mL ONA7B~vA2 L 02mM B 74453 A

Z @ CD H#l R EERIAA 2R IR T 5L LH 10T 7 I T 0 DA SEIkS T, Aalpad o

61



R, AT a~v Aok ETe CD EREFHIT 2 Bk R R 524 Chifb L7z, dalpad
KRiZ7Z4~—F1 & R3, F3 £ R3 BLXUF4 & R3 2L 722 =—PCR 2L > THBIDNL

{8 CHH R A2 2 DM TN T= O E B LT, (Fig. 4-3A)

Table 4-1. Sequences of primers

Primer name (5' = 3"

CGTTTTTAATGAATTCTTAGGAAACGACCAATCCTCAC
TTGAG
GAGCTCAATGGCCCGCTGTGAATGAGACAATCACCGT
GATATG
TGGACCCCGAAGGCGGCTTAGTTCGCAAATATCTGGT
ATACCC
AGTTTAAACTGAATTGGACTCACCACCAGTGGAAGTT
ACTAC

R3 TGTTATCAACTCCAACCGCACCTCCG

F1

R1

F2

R2

F3 GACATTCCACGAAAGCGCATCACCAC

F4 GCAGTTCGGTTTCAGGCAGGTCTTGCAAC

Underlined, double line, and dotted line indicate sequences from pRIE plasmid,
gpdA terminator, and gpdA promoter, respectively.
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F1 F2
\—
«\ «\
R

R1 2
B ﬂPCR PCR

P alpad (1-kb) T alpad (1-kb)
I I
Kpn | Kpn |
EcoR | TgpdA hph PgpdA EcoR |

hph cassette
(pBAl-hph digested fragment)
PRIE digested with EcoR |

C m In-fusion cloning with
4 fragments
pRIE-Aalpad

Fig. 4-1. Construction of plasmid for alpad disruption.

(A) Primer positions on the genome. (B) About 1 kb of fragments of upstream and downstream of alpad
were amplified by PCR the with primer pairs F1/R1 and F2/R2, respectively. (C) These four DNA
fragments were ligated using an In-Fusion to construct pRIE-Aalpad.

Table 4-2. Electroporation condition

Voltage Length Interval Number of pulses polarity
Poring Pulse 2,000 V 2.5 msec 50 ms 1 +
Transfer Pluse 150 vV 50 msec 50 ms 5 +/-
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Table 4-3. IM liquid medium

Table 4-4. IM solid medium (50 ml)

_Compounds Amount Compounds Amount
K-buffer 16 pl K-buffer 40 pl
MN buffer 400 pl MN buffer 1mL
1%CacCl, (wt/vol) 20 pl 1%CacCl, (wt/vol) 50 ul
0.01%FeSO, (wt/vol) 200 pl 0.01%FeSO, (wt/vol) 500 pl
Trace elements for IM medium 100 pl Trace elements for IM medium 250 pl
20%NH,NO, (wt/vol) 50 pl 20%NH,NO; (wt/vol) 125 ul
50%glycerol 200 pl 50%glycerol 500 pl
1 M MES 800 pl 1 M MES 2mL
20%glucose (wt/vol) 200 pl 20%glucose (wt/vol) 250 pl

_Distilled water 18.014 mL 0.2 M acetosyringone 50 ul
Total 20 ml Dissolve 0.75 g of agar in water to fill up a total

FeSO, and MES were filter sterilized. The others

were sterilized by autoclave.

Table 4-5. Trace elements for IM medium

_Compounds Amount
ZnSO, *+ 7H,0 10 mg
Cuso, * 5H,0 10 mg
H;BO, 10 mg
MnSQO, - H,0 10 mg
Na,Mo0QO, - 2H,0 10 mg

It was filled up to 100 ml with distilled water
and sterilized by autoclave.

volume 45.285 ml and sterilized by autoclave.

% 3E BHAKBIO dalpad BRD FA IZX 545 B ~DEE

FNFENO/AE PDA £5H1T 30°C T4 AMEEEL, A F2IE K2 WL, %

NENOKRDOEFICKTD FA OB RDHIOI, T va—REEieEixE E a0

1.5%FKEH MM BB LN 1.5%FE K& CD Bl 1 £721% 5 mM FA 23U 7-55 1

& PDA E5iAfE L7, £ NOEEHIZ 103 E/3 uL D53 A= -8 2 AR~ kL, 30°C T

1 &L, dalpad FROaR=—H A XETRE B ARRE LR LTZ,
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% 41E FHILEERIGIZEITS FAD EH:OHIE
BRI THIE S 0.5 mM FA &4 LR A TV TISR ATV, 53 3= 2 6 2 me
[FIBED 71T FAD IEHERIEZFTY, FIET O FA BION4-VGOTERITE I &= FH 26 &6

3 IHD HPLC L[RIEED FiECHRIE LT,

FS5H KFDFADEER

AT AHKFOFA OEEIXF 37 FH2H 63 HEFAROFIETERLEL,

%6 i

BT H BV REAEI = 15 B D (Y H X7 —R & VAT 248 2 VW T To72, 10 kg D
AT 47 KZE 1 R 40 SRR LT, RIS, KBV (R53727K 53 2 BRVERS) % 30 43 fifT -7
%, 20 3 FRIZOKRIECARA LT, 40°C £THHILIZL, KIT 4. luchuensis ISH1 @ 6
X 10° /50 mL D7y A+ BB A U LT, RO IR T, 0~24 KFfE]IT 38°C, 24~30
KL 36°C, 30~66 Bifi]id 34°C T2, BDH 7V 7 13 8BHER] 30, 42, 54 BLO
66 Wi B 14T 7= (Fig. 4-2), B 7V 7 Ui MBI aI B L, —ERITiEAE % T

HAEL-70°C TIRFELT,
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40 A Mixing Mixing Mixing Mixing Mixing  The finished koji
9 |
< 38 .
e s
2 :
© 1
o H
8 36 - :
= !
2 5
E N r'\ Pany
3 34 1 G O O S)
o 5
32 T T : T : T T T T T I| T T T : T T T : T

0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72
Koji-production time (h)

Fig. 4-2. Temperature condition and sampling schedule in koji production.
A gray polygonal line, dot lines, and open circles indicate product temperature of koji, mixing time, and
sampling points, respectively.

B 7H BPOEER, FAD IHHEIBI U FA L 4-VG BOHIE

RS L7 BT e L C, Bt o B R R E, BRI sl ik o> FAD 1S TERIE, B o
FA BXUV4-VG BEOREIH LTz, BOBPHILLT DINAT o7, 22 mL AEAA SR
B LT 0.5 g OREAZ VT — R AN, v /VTFE—Xay)— (ZHE) 2 T
2,000 rpm, 20 FORIDMEHEA LB IK L 7=, FAE A L — 2 IS AT AR 21T, RRT

2RI ZE R IR, BOWFRIBA MR LT, BT OREKREOERITH 3 7= H2 8 5
6 HEFIRRD 1L TEE L, MMtk FAD {EVEREITES 3 &= 552 i 255 HE
[FIRRD J 1L TIT o7,

B D FA BLO4-VG OE&EITLL FO I T, RFRERIEED J7 ik T L 7-#8% 2
B (R B/ B OBy K O &) O AR E R (0.1 M UL R R D MR, pH 7 3 1 mM
EDTA ; | mM PMSF ; 0.5 mM PCMB) R4 L, 4°C CTLREEHIHZTT 72, RIZ, IRAEE

0oy (12,000 X g, 10 53, 4°C) L, O Lzl e LTV, BoRHE o 4-
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VG #I% ACQUITY UPLC H-Class ¥ A7 L (U 4—& — A8 & FWToHHr Lz, S frdeft:
%, A3 A% ESIARY T 47 E—R, fliEE—R% MRM, ¥¥b 77U —&EFE% 2.0kV, =
— IR 30V, TR —Tal i EE 350°C, 7YV —ar A E% 800 L/hr, =
— U W AP E% 50 Lihr, 2U¥ar X —% 18 V, BlAA % 151, TuX A4 91 T
I EAT -T2 17 501F ACQUITY UPLC BEH C18(2.1 X 50 mm, Waters £#E8) 2 ¢, &
T LIRFETT 40°C TIT o7, IWHITIRIE A (1%FEE KRR BL OV B (7 2h=K)/L) Hu
T, PEiElE 0.15 mL/min TITo72, 77V =M, BIEEE 10 47/, 10 2°5 100% DV =77
TV NTITVY, £D1% B ik 100% T 4 73 HVEFL, 10%0%# B T 6 43/, bl

Too 7L 2 uL ZFEAL,

#F8H EuIBIVEBEKTD FA BLU4-VG DER

T, K 100 g ([ZZKBEK 170 mL BLT0 0.1 mL OEARFRETR (ZREEKIZ 10%D7E 7%
101 B RF O FENRRE R 2 R0 2 WRINUIR A LIRS 72, £13% 28°C T2 BMEMRIEL, 1 B
1 [FEESUCHERLT, 0, 1, 2, 3, 7L 14 H BICH TV T 2To7, RZICERIZ Sy
Hr 28 B o (R AR B & e I ) 20 L CARB LT, BRI OT Vv — VIR, 794
N F T A= EEE PET-109 (728 2 AW THIEL, =% /—/VIREEDS 10%
(W/W)IZEET HETHRRIRAZEI LIz, ErIB IO IR T O FA BLN4-VG OE &ILH

3% F2HE S 3 EO HPLC LEBEDOSIETHIE L,

% 91H FREEFOBEICLS FA 2D 4-VG ~DEHL
FrX, dalpad BRER, ERLEH 6 THOGAETIER L 728480 42 FF O #% W THEA
Tx, 2 MR EESET-H 0% AV, RGN ERITHEIERE 0.1, 0.5 BEIO I mM 1270519

(2 FA ZUS LT, Erd BREH 8 THLRRRD FIE TR LIz, F s, KRB L OZREH
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D FA BEU4-VG OEEET 3 % 5 2 Hi 45 3 IHO HPLC LRIBEROSMATHIE LT,

810 T ErIF OO FAD EHEICIT HRRELOFHE

ELOH 6 HEFIU SRR L 7o 588 42 FFf o Baa VT, RELES 8 THE[RIU SR CE
nl% 5 by MEIAAT, ERIRERLATE 0, 1, 2, 3 BLVN4 H HIZAERIZFA(l mM) &
TINL, RN 24 BEFZEIZ 3 HIE FA 8LV 4-VG O EZRIE LT (Fig. 4-12A) , £

I D FA BLON4-VG OERITHF 3 7 2 Hi 5 3 HEFEROSMTHIEL,

%11 A kawachii AAKAWO08977 ¥kD FAD iEHE~DE 5
B2 TR EE 1| mM AF A =231 100.5 mM FA & LR A IV TEERR ATV, &
3F P2 H B2 HEREED T FAD IEMERIEZEITV, EIEHF O FA BLON4-VG OE

B3 3= E2 8 453 o HPLC LRBEO FIETHRIEL,
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FHIE HE

F1E alpad BEERRORESE

FA 715 4-VG ~DZEHITI1T D AIPAD D FF 52 G157, O Ta i & BT TF
SHVTUWD A. luchuensis ISH1 £ alpad WEERRDOREEEA 772, AMT £ (Michielse et al.,
2008) % FHVWCTEF AT 4. luchuensis ISH1 ¥ROTEEHAMAAZAT o To, NAT B~ AT MR D
6 BEHFND, 7T7A4~—F1 BLO R3 ZH\zaa=—PCR |ZL~>T 3 DOEMEIHELN
oo BERHRIZIB NN T, alpad DMRIFFHAUZ L ST hph 1By MIEBSNTZNEI D Ean=—
PCR (2L CHERBL 7= (Fig. 4-3), 77 A4~—F1 BXUR3 X, ZNZEI alpad %#=2—R 35
W 5K 1 kb EIROESNB LN alpad 722 —R 32D 3 K46 1 kb R st
EELANZ G LT (Fig. 4-3A), 7T74~—F3 B3I F4 1, ZNZ alpad BI O hph %=
—R I DHIRONEELSNIZEREILTZ, F1 38X R3 7IA4~—%fHL-5GE, BAEKTIE
2.9 kb @ PCR FEW RS, NA7 <AL UMPERETIE 4.7 kb @ PCR FEMDSRH S
7z (Fig. 4-3B), F3 BXLW R3 7T~ —%fE HLT-856, BFAEMKTIX 1.5 kb @ PCR FEM
RS, ~NAT e AT UMHERCIE PCR EEMI I IS V2D 72 (Fig. 4-3C), F4 BEOY
F3 7 IA4~—%EALI5A, BAKTIE PCR EMITMRIHENI0>T20, N T a~vA
VMR T 2.4 kb @ PCR PEMAMR ST (Fig.4-3D) . ZIVHDOFE R D, EAIHIEIZI
C alpad %2 —R 35D hph 12y NIl CTEBSN I LA R U, SO EE R

K% Aalpad BREL, ZDHOERRIHE AL,
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Plasmid

F1 e Fa == ' <R3

e TagdA | hph | PagdA |-

alpad-disruptant genome

Primers: F1/R3 Primers: F3/R3 Primers: F4/R3

Fig. 4-3. Confirmation of site-specific homologous recombination on Aalpad mutant by
PCR.

A, the outline of alpad gene disruption by homologous recombination and primer positions on the
genome. Confirmation of alpad disruptant was preformed by PCR with primer sets F1/ R3 (B) , F3/R3
(C), and F4 /R3 (D).

H2H Aalpad ROFBFRILEFITBITS FA D%

Aalpad BkORBIRILAFIZIITD FA DFELT D201, BAEKIB KO dalpad ¥R
FA A F2I3EE A AR E L L CORBMO AT o7, BAKIB IO dalpad
I%, FA OFEE FBLOIEFIE T COREIZBWTREROEX B AR LTz (Fig. 4-4) . ZhbH

DN, alpad TEALF A. luchuensis DEB L FA BILITKAE TIZRWIEIVRIRS L

720 F77, A. luchuensis DI AR IO dalpad ¥R1% FA ZME—DRBIRELTZEE I CHLAT
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L72ZE06, FA &AL TWDTENR STz,

Fig. 4-4. Effect FA on growth of wild-type and Aalpad strains.
A, B, D, E, G and H are MM medium. C and F are CD medium. I is PDA medium. A-C and D-F contain
1 and 5 mM FA, respectively. A, C, D, F, G, and | contain 1% glucose. B, E, and H do not contain

glucose. Left ; Wild type, Right ; dalpad.

3 BARBIO dalpad BROB ILEERIRIZI1T5 FAD EHEOHIE
A. luchuensis ISH1 @ 4-VG EPEIZI1TH AIPAD D& 55BN T 5729012, dalpad ¥

Z AW B IR IR SORZ XD FAD IEMEZ B AERR L bLis U7z (Fig. 4-5) , BFAERRTIE, SOGRE
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FIZfEY FA 3B LBAL, 4-VG IBENEFELIEGMUTZ, dalpad ¥R TIE, FA IREEIZROG
RERNLEWEA L7223, 4-VG ITRISHIZEAE RSV o7, RISH dalpad ¥R FA
TEEEL, BAERRIOL IS E T, ZNBORER DD, AIPAD 3 A. luchuensis ISH1 0 FA 7

5 4-VG ~DOEHIZH 5L CTWAZ LRSI,

FA, 4-VG (mM)

& L
0 3 12 24 36

Reaction time (min)

Fig. 4-5. Bioconversion of FA to 4-VG in resting cell of wild and Aalpad strains.

The fungal cells for resting cells reaction were prepared as described in the Materials & Methods section.
The cells with 4 mM FA solution were incubated at 30°C for certain time, and the concentrations of FA
and 4-VG in the supernatant were measured. Circles and triangles indicate FA and 4-VG, respectively.
Open and filled symbols indicate wild-type and Aalpad strains, respectively. Error bars indicate the
standard deviation of three replicates.

B 4TH BAKRBIO Aalpad ¥DFH D FAD HEHEDOH|E

TS 12 361T D FA D 4-VG ~D 2 WA i3 2 AIPAD O 75 52 BT T 572012,
WP AERRE Aalpad BRDBBEVERLT-, BITHIBL THD 30, 42, 54 LT 66 FEfHE A IZH
V7 LT, 8P OMEOFE R ELMBI 95 GleNAc BITFEMB LD dalpad ¥REH LT
AL T 7= (Fig. 4-6A) , BAEMKB IO dalpad FROEHHIZEWTE GIeNAc &1, il
BIL TG 30 205 42 BEEIZNT THINL, =D 66 B £ T & Th-o7=, RIT, GleNAc

A2 TR M a4 K (CFE) @ FAD 1&VEAHIE L7z (Fig. 4-6B) . BFARRIZIW T,
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B HLERI R EL 5L C CFE O FAD &ML T, RN, Aalpad BRIZE DR
BRI BT FAD TEMEITZE LUK o Tz, ZNHORE RN, #ad o FAD iE 1T AIPAD

IZARAELTED, AIPAD O3B ENS BRI HIL THEINL TWAZEERIZL TS,

700
600
500 +
400 -
300 -
200
100

0 T T T
30 42 54 66

0.07 - B Koji-making time (h)

0.06 -
0.05 -
0.04 -
0.03 {
0.02 ¢
0.01 +

N e —

A

GIcNAC (ug/ 100 mg dry koji)

FAD activities (Units/ug of GICNAC)

30 42 54 66
Koji-making time (h)

Fig. 4-6. The amount of GIcNAc in koji and FAD activity using CFE of koji.

(A) Amounts of GIcNAc, correlating with amounts of mycelia, in koji during koji making. (B) FAD
activity using CFE which were prepared from the koji containing equal amounts of GICNAc each other.
One unit of enzyme activity defined as the amount of enzyme that released 1 umol of 4-VG per min at
40°C. Open circle and filled circle indicate wild type and Aalpad strains, respectively. Error bars
indicate the standard deviation of three replicates.
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%5 BHAKRBIO dalpad FROBERER

B AR A alpad FEO BRI O 702 558% O THEAA T BRI O FA 8L V4-VG D
B LTz, Fig. 4-7 IZERIHO FA BEIO 4-VG OFREOREERER (30, 42, 54 BIW
66 i) BLOERIREEREH (0, 1, 2, 3, 7, BLO 14 A) ICBT R LA R U, B4
BRICIWT, FA BIXERIREER R LEH I3, ErIgsmetk IR I e b 7
VWBA L7z (Fig. 4-7A), —J5C, Adalpad #RIZE\WT, FA BITEOIREEREEEGIHINL
720, BRI IS b7 B I T EE AL ) o 7= (Fig. 4-7B) . BFAERKICEBWT, 4-VG &I
E IR I B SOV R & 2B 12 N L 7= (Fig. 4-7C), dalpad FRIZHEWT, 4-VG &
(B AERRE H U TR LRSS, B rI 38BN 4 L OMBR IR T Lo L T B b iv7e o
7= (Fig. 4-7D).,

Fig. 4-8A |Z, ER%EM[# 14 H H D FA BLW4-VG &0 BRIk 22 bz R~ LTz,
B ARRIZ W T, BRI LS FA &AL, 4-VG BT LI CTHY, FA
B 4-VG BEOZALITITADHEN AL, dalpad FRIZIBWTIE, EORBBFREFIZI
THFA BLU4-VG EIT—ET, FFAEMREHERL TFA 8i3£<, 4-VG EITF LK -72,
B CHIAATEERIZ A LT ZARIR T O 4-VG EIFRBREFIC PN E LB L
(Fig. 4-8B), Br/EKE 66 MM HEEX OEEIF D 4-VG OFRBEIR~DBAITHRITH 60% FLE
Thote, —J, Aalpad ¥ TlE, EOBBBREIZIBNTH 4-VG EITF LR T2, 2Ok
R, WREEEE T O 4-VG AFEICEITD AIPAD O 5 2R T 5L, BRI 42-
66 FEDOF%E VKRR O 4-VG APEIZEITDH AIPAD D% 5-2I13K) 88-94% ThHZ
LT IoT,

"AIPAD D% 5-3 (%) = [(BFEMROZERIR TP D 4-VG & — Adalpad BROZZE IR D 4-VG

®) /B AEROZR- T O 4-VG 5] X 100
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FA (mM)

[H0.10-0.12
[90.08-0.10
9 0.06-0.08
[ 0.04-0.06
[10.02-0.04
0.00-0.02

FAorave [ — -
0.12 M) ox2
0.1 0.1
s
0.08 = 0.08
0.06 © 0.06
0.04 $ < 0.04 14 &
S &
0.02 & 0.02 N
0 3 030 .;&0@@
42 0 & &
. §4 66 @oi S

Fig. 4-7. Concentration of FA and 4-VG in moromi.

A and C show the results using wild strain. B and D show the results using Aalpad strain. A and B
indicate concentration of FA. C and D indicate concentration of 4-VG. The gray scales show
concentrations of FA or 4-VG according to symbols with numbers at the center of this figure.
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>

FA, 4-VG (umol)

Koji-making time (h)

o

4-VG (umol)
S

0 A = A
30 42 54 66
Koji-making time (h)

Fig. 4-8. The koji-making time dependent change of FA and 4-VG amounts in moromi and

distillate.

Moromi was used at 14 days after start of moromi-fermentation. A and B indicate amounts of FA and 4-
VG in moromi and its distillate, respectively. Open and closed symbols indicate wild-type and Aalpad
strains, respectively. Circle and triangle indicate FA and 4-VG, respectively. Error bars indicate the
standard deviation of three replicates.

6 TuIFOME D FAD FHEOHIE

B AR A FOTHERIL 723800 FAD TEMEE, BI00 SEBIRE R ALV AN T e, B &
HT-0D FAD 1EMEIE, Ta3d 0 4-VG B EORINE IEOFEN A5 07= (Fig. 4-9) , A R
D5, JUREEEE O 4-VG OAERKIZBWTIRD 2 DO RFEENE 2D, 1 O,
IZHE K U7 FAD JEMEICE-C, BUBTIC 4-VG DMERRSI, ZIA I8 1IN LT

IR A ICEHENA ATREM, B9 1 i, JEHITH K L7- FAD #&1MEICEH-C, Er3
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FEEFIZ 4-VG DAEMRSND I BEM TH D, 22T, ERITHHSNZ 4-VG B LER
VEEEFOEHLL THEMIILTNDDNEIRREL T, B AR TIERLL 7= B BIREfH] 66 FFfE] H
#1100 g HI-VIZEEND 4-VG DOEIT 0.1 pmol AKii T -7 (Fig. 4-10), [FIUH 100 g THE:
AAEETRIOTOIHEE 1, 2 BLO3 HEHD 4-VG &I, ThTh 124, 147 BL17.6
umol T -7z (Fig. 4-11B-D) , ERITHRMESNIZ 4-VG EIFTHF D 4-VG &XD 2 #7Z%h-
7o ZEDD, FrITHRIENIZ 4-VG DIZEAERERIFEFEF ARSI TNDIEN D)
7o EUIFERE 3 HED 4-VG #1X 7 HH ETEET, 20% 14 H HETIZOT NI
DU Tz (Fig. 4-11D-F) . ZIHDFE RS, BN D A. luchuensis BRI ERIFEEENIHIC
FA % 4-VG [T L CODZENRIBS LT,

WA, ERIF O FA % 4-VG [TEBT D813 &2 E 90 2 ThMtiaA%f A B
ECRIETEDLONEMIELTZ, BAMRICED 42 FERRUEBL- B CAA S a2 VT,
ERIHEEE O, 1, 2,3 BEO 4 A HOZERENOERIC 1| mM FA ZHNL, FA BXD 4-
VG OPEJEA 24 BiRZ L2 3 HEIEL 72 (Fig. 4-12A) (KHD”DAM”IE days after start of
moromi fermentation DI T, EOIFRER LA DO BITH) , TERIRFERF NI DL T, s
INUT= FA 1% 24 FERIT4ICIZH 5 —E RO L, B BITERIREE 0 205 1 B H TRb AKX
G WITEAB2 HE, 270003 H B LBEORAD &IZIFE—E Th o7 (Fig. 4-12B) . ERIFE
B% 0 H HIZFA ZIIN4 2L, 20 24 FefIRIZ 4-VG 23EINL, [RAIFRICL TERIFERE 2 H
HETIZ FA ZIRINT 5L, 20 24 B2 4-VG NI 52 L0350 7= (Fig. 4-12C),
Fiz, WHEOEFERIL FA 2L EUTB N, 1| BHEVIAERSND 4-VG OEITER
JKBE 1 B HTRLEL, ZO% 3 AR TR L, ZORITFEAEERS N
Doho72 (Fig. 4-13A BIW B), ZNHDRERND, ERIPOMENEIFERERR AL 2

H LA, FA Z 4-VG IZEMAT HZ LN TELIEN G372,
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4-VG (umol)

FAD activities (Units/100 g koji)

O L) T T T 0
30 42 54 66

Koji-making time (h)

Fig. 4-9. Correlation between FAD activity per 100 g of koji and 4-VG amounts in moromi
at 1 day after start of moromi-fermentation.

The FAD activity per 100 g of koji was calculated from the results shown in Fig. 4-6A and 4-6B. The
data of 4-VG amounts in moromi is the same as Fig. 4-11B. Open circle and filled circle indicate FAD
activity in koji and 4-VG amount in moromi. Error bars indicate the standard deviation of three replicates.
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Fig. 4-10. Amount of 4-VG contained in 100g of koji
The amount of 4-VG contained in 100g of koji quantified using LC/MS/MS. Open circle and filled circle

indicate wild type and Adalpad strains, respectively. Error bars indicate the standard deviation of three
replicates.
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Fig. 4-11. Change of the amounts of FA and 4-VG in moromi depending on the koji-

making time.

A, B, C, D, E, and F indicate moromi at 0, 1, 2, 3, 7, and 14 days after start of moromi-fermentation.
Open and closed symbols indicate wild-type and Aalpad strains, respectively. Circles and triangles
indicate FA and 4-VG, respectively. Error bars indicate the standard deviation of three replicates.
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Fig. 4-12. The moromi-fermentation time dependent change of FAD activities of koji in
moromi.

Moromi was prepared by koji at 42 h after the beginning of koji making using wild-type strain as
described in the Materials & Methods section. (A) 1 mM FA was added to the each moromi at 0, 1, 2, 3,
and 4 days after start of moromi fermentation (DAM), and the concentrations of FA (B) and 4-VG (C)
were measured every 24 hours until 3 days after the addition of FA. The bold arrow indicates the day on
which the FA was added. Open circle, closed circle, open triangle, closed triangle, and diamond indicate
0,1, 2, 3, and 4 days after start of moromi fermentation, respectively.
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Fig. 4-13. Comparison of increased amounts of 4-VG for one day between normal moromi

and FA-added moromi.

The increased amount of 4-VG for one day was obtained by subtracting the amount of the previous day
from the amount of the day. A and B indicate normal moromi and FA-added moromi, respectively. The
calculated values in A and B were obtained from Fig. 4-7C and Fig. 4-12C, respectively.

%7 E REEROBIILS FA 1D 4-VG ~DZH

Koseki ©(1996) 1%, E7 /VEERHERIZ AT, FA DZERFHIEAUCL ST 4-VG IZAH#HS
NHZEEMEL QD AFETIL, dalpad OB THIAATZERIOZEEE T D 4-VG
TEEENELUERL, EERFELL T Th-o7- (Fig. 4-8B) 72, ZRBIEF OB LD FA 75 4-
VG ~DOEREE T DN TEp ol BERER N T 572012, —E&ED FA 22U
MUTeEmI% W AR ER AT 572, ErUTIL 0.1, 0.5 £7213 1 mM O FA ZHINILT,

AIPAD DRI\ dalpad #R% AV, BFHRFHE 66 IKifH] DR THHIAATS ERIFERE
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14 HEOFeI5KBEWBRICHEH LT, $70, BTS2 ) —VIEE 10% (wiw) £CEIIY
L7z, ZOFEE, FA JRIEICBR2 FA 25 4-VG ~DOE BRI —E T, REHMBLOEY
RIZ, ZhENTEaIF o FA O 1/10 BEO 1/50 IS 5 4-VG A3 E7= (Fig. 4-14A
BXOB), Wz 5L, ETuIFO FA O 12% 03 RBEEREOBICL T 4-VG IS, &
D 643D 1(FIFD FA % 100%E T 5L 2%) BNARRRIKIBITTHZ L0 bh -7 (Fig. 4-
14C) , ZOBATHEND, ZRBEBROECLD 4-VG ~DO% 5EF LT, 15.1 mmol ® 4-VG
FBLU 11 mmol @ FA Z 5 ToE 0 (B AERRO REBINFH] 66 FffE] D2 W THEIAATZE RS
%W 14 B HOEO) 2D, 8.5 umol D 4-VG MR T I SN TV5 (Fig. 4-8), it
OBATHETHIUE, TEIFD 11 umol ® FA MHARRICIVAR K HIZ 0.22 pmol D 4-VG
EIGDHZENTED, ZOFRERINE, TAREEEEICHITD 4-VG AROKBIEDOE L 5% 5.5
1359 2.6%(0.22 pmol/8.5 pmol) LB STz, ZHIHDFERMNG, ZARRFOEICLD 4-VG 4

FA~DFG1L, TREEESE 2175 AIPAD OE 5. L0613A0 KW en3bhoT-,
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Fig. 4-14. Effect of heat during distillation using FA added moromi on conversion of FA to
4-VG.

A and B indicate amounts of FA and 4-VG, respectively. C indicate conversion rate of FA to 4-VG.M,
moromi; DR, distillation remnants (distillation remaining solution); D, distillate.
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% 8 TH A. kawachii AAKAW08977 #:% FiV /= FAD JE M~ &

A. luchuensis ® 4-VG £ PEIZ PAD1(AKAWO08977) 3B 5-L CB D0 E LT 572
DIZ, AA. kawachii AAKAWO08977 ¥k% FAV - Ik B A RGZ &5 FAD fE 2= he— v
BRE L U7 (Fig. 4-15) , # I AKBS OFE e, A. kawachii_entl #kE A, kawachii A
AKAWO08977 (F, SUGKFRIZFEY 4-VG IREEAZELIEIML, £ OHMEIXTITFFRE TH
STz, ZNHOFERDE, PADL IX A. luchuensis D FA 75 4-VG ~OZEHIZEI 5L TV eu

TEDTREENT,

0.8 -
0.7

S 05

O T T T 1
0 10 20 30 40

Reaction time (h)

Fig. 4-15. Bioconversion of FA to 4-VG in resting cell of A. kawachii_ 4AKAWO08977
strain.

The fungal cells for resting cells reaction were prepared as described in the Materials & Methods section.
The cells with 4 mM FA solution were incubated at 30°C for certain time, and the concentrations of 4-
VG in the supernatant were measured. Open and filled circles indicate A. kawachii_cntl and A.
kawachii_4AKAWO08977 strains, respectively.
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Hat EBL

e REEH D 4-VG AEFE~D AIPAD D% 5]

B AERRICRWT, RO 4-VG BRI EVINL, ErItfo 4-VG &IZH
B4 5L h 7= (Fig. 4-8) , — 7T Aalpad BTl ZREIRT D 4-VGEIZF LIS,
RIBRIE I L A2 I b 7~ (Fig. 4-8B), 66 F[EHUHEL 7= 5% FU - VA ke 1
B85 4-VG AR A~D AIPAD D7 5- 3134 94% L HHE I TvD, — 75T, Koseki © (1996)
IXEEEOFEIDOMRDVICHFEEEIK B L O ) — V& T BEET O 7 VR Z VLT,
FA O—BIFEERFOBIZL ST 4-VG ICEMINDHZ LA RL TS, AFRETIE, —E&
D FA MU FZEROErIZ HNT, — AN S COD AR G2 W TE R %
FART, ZORER, TAEERIEIZBITD 4-VG AROZERREOBUCL DT 51T 2.6%TH
BZEW DT, e LT, SIS IV T AIPAD 28 4-VG AR O TEEHRN THHIEMN

Y Ay

(4. luchuensis OFMILITE DI FEREATH LA Al REZRAE THEFF S THY, ERIHT FA
15 4-VG DEHZEAT>TUND

AR CHRUBL 7288 FAD 15T, B0 RERIFEIZEOEINL, ZHUTErItho 4-VG
IREDHIMEFBIL TUz (Fig. 4-9), 247, Fox 13RI IS 72 AIPAD O (X
STHETD 4-VG PR, ZNERIPIIEHSNDEBEZ T, LnLRRD, BIZEE
N5 4-VG ORI Th7e<, TrIFRE 1-3 B B 4-VG &%, 0 100 FLL LS
72 (Fig. 4-10 BL D 4-11B-D), ZNHDFE RS, TEIFIC AIPAD [3RHL - BRI,
FA % 4-VG (TS DO T T IR TR TIATON TWDZER 0Tz, ErIFEREY

MIZPED 4-VG AR OFE RS, FuITRIEENZ 4-VG DIZIE R THREaIREEEOHH] B
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B CAE RS NI E DS~ 7= (Fig. 4-11B-D), % 2 £V alpad ® ORF (Z1E> 7 ) v
BLFIAMEN =8, AIPAD (TR IZRTET HEE 2 b, £72, AIPAD id pH4.0 LL FCi
FAD JEMEZ RSN LR D0y TS, B 1T A, luchuensis NAEFET D7 T FRIC
CilE pH 3.5 BREEIZ/2>TD, - TC, AIPAD (XEBIH CILMIEA T FA 705 4-VG ~
DEHAFEE T DN TERNEB BT, FEERRIS BN T, B+
DA K THEHL TWD, - T, Milash ey FAD 1EVEICR 84 B 2 2 ATREMEI37R
WeBZ DI, £o7TC, A. luchuensis TS5 FA ZHUDIAZ, Hill N T AIPAD (21D
4-VG 1ML, ZD 4-VG ZEAEIMNIHIHL TWDEB R BT, ZOZEND, ErIFEEE
ZFA % 4-VG \ZEMTHI2DI121E, BT D A. luchuensis OFIFLAMHT AT HEZRIRAE TE LR
HCHERFS I CUVRITAUR R BN 2 E A E R L CD, A, luchuensis 1TAFIMEAED T D
ZEnh, AR D A. luchuensis BRI, ERIF TIIAEFHKLNEEZZHILTWD, —FH T,

ERDBEIR L 72& L Th, BRI AZ A 277 — B0 07 7 — B8 OMifusiE R En

///

THRE TS, AR TIE, ErIFT O 4-VG BITERIRBERMAD 3 B B ETHML, =
DT H370ED FA BRIAFEETHAIZH OO T HENL 720~ 7= (Fig. 4-7 BLODY 4-
1), ZRHDFERIT, WLBDD A. luchuensis DFINASTOIGEEE 2 B B £ TRBIATRE R
HECHERFSILTIY, ZOHRIEPIRIE THHZLAREL TD, JEEEERID COy A 1D
Tova— )LIEEAL, REERMGTE 2~3 H TE—27|Z# T % (Miyazato et al., 1972), K5
(1992) 1%, iBERIF OEFEEF (DO) DI DWW TIROINZHREL TS, DO DR
I, FEBERINE 2-4 ppm EEVDS, EDKROFEEET 0-5 ppb LXK o7, ZHIVHDHIRING,
ERIRBEYINIMAF KR TH LB X DND, Hr bk E RGBT BOGPITIE
GRS T EB oD, B AERRE W H IR IR SOGRRER IR W T, RUGBRAAE 72K L
) 36 i £ C FA OV B LUV 4-VG BEOH MBS T D, ZOREFRD A. luchuensis

DAL ABEAF NS T T B AU T REZIRRE THERF CE D &V O R &2 SCRFL T
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(B3I D A. luchuensis HNEFET DT =NV TR AT T —BIZID KNS FA DOlEHE)
AIPAD 23 KAMMUEECH K32 FA & 4-VG ICEHAT 5720120, KHIREEf IC 2T Lk
AL TS FA ZIFEESE2K TSR0, FuItho FA I, KOMBIEEDD A. luchuensis
WEPET D7 =NV TRTAT T — BTl TSN D THS (Koseki et al., 1998) , Lk
KITEENDE FA B ORIFZECHER L7212 T 4 7 K OMBREE = AT LSS L T D FA)
ZRELTRER, 8100 g 72912 FA 28 22.0£1.73 umol & ENTWDZENbI->T-, 4
alpad ¥R OFIFRIFRE 66 FE O 100 g 2 AWV THHAAZ BOI%EE 14 H HOFOIH D FA
1% 20 pmol TH 7= (Fig. 4-8A) , 16> T, KROMILEEZ = AT VAFEG LT FA DIFEAE T
T, BOIREEEPICT VTR AT T —PIZ Lo Tl S N-E & 2 bz, Aalpad ¥RD
Bx M- BRIt O FA &I1%, EuI%BE7 B BHETHNL, £0% 14 B B ETELLZ2)
-7z (Fig. 4-7B 3L 4-11E, F), ZNHDFERMND, A. luchuensis DABIRSFEILL THHER
JHRE3 B UM TY, 7oV IR AT 77— B3 T nIh CIEM RIS LTI, ZOREE
MEOIREEE T B HETIE, KMIEBELHEDDIFIZ T CTO FA T A LN TEHIEN
TSN (Fig. 4-11E) , JAREE IR, FA 2305 — EREFETHICHEDL T, 4-
VG IZEBSIN TS TLEIDIL, EIERNTLONEHAZ I TE/20 AIPAD H3ErIREE
3 A HETLOREH RNV EL, 7oV I RATT7— BN EnIFERE 7 A HETHIET D
ZLITES T, KMifEE D FA ZEnITIIMHELEHT TWDZLITERL TWHEE 2 b

77

lalpad FEEERK DFE B L OV AIPAD O 210704 BE )

KRBT D alpad WHEROFEZT D720, BAKIB IO dalpad % FA GAEE
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TR LT, TOREE, BAMRBLIO dalpad ¥ROFRBFANE NI RSN~ T= (Fig. 4-
4) . FA 1L S.cerevisiae DA B 258 LET 22 LA S41 TV % (Baranowski et al., 1980),
F72, BT =) — VBRI E S F ClX Lactobacillus plantarum O pad & 151 WEEROAEF
PR32 Z &M A X4 TV D (Barthelmebs et al., 2000b), 7#6-57C, PAD (XM IZRB VT
=) — VRO R OEE Z Ri-TLEZBN TS, LML, dalpad FRIZ FA f£7E F CEAE
FREFRARICAE L7 (Fig. 4-4A-F), it> T, AIPAD (ZidBZ bt AEF A2 % BN S5
EEZBIT, Flo, BAEKE Aalpad BRDOEHHE FA ZME— O RFETREL TH TekF H CTHYGH
L7z (Fig. 4-4B, E) . o °C, A. luchuensis 1Z FA Z/EE T 5D DRBPEL THIHTEx5Z L
Moz, —HOME TIX, FA ZEBDOTOOME—DRFPREL TR TEHZENME
EN T 5 (Segura et al., 1999 ; Overhage et al., 1999), Aalpad Bk F\ =% I A RGIC
BN, MIESMNE T D FA EIZED L TR, 4-VG I3RSV Rh 7= (Fig. 4-5), =
NHOHMAIBLOFRERD S, A. luchuensis DR DFEMRAIC FA 2 BUiAZ, RFEPHEL
T FA ZFIH T2 REMERHH LD RIS, LL7235, FA &A 5 T dalpad
DOEFITBHAMEFERRRICABL, BAKRICB WO TR RICAELS 4-VG XTI <ICHIfa M ik
HENDHZEND, AIPAD 1TRFETRELTD FA OHHIZEF G L QW eB 2oz, 5%,

AIPAD OAEFRA)E FE DM Z LR 23 R -5,

[PAD1 @ FAD J&EPE~D % 5- |

S. cerevisiae ® Padlp & Fdclp (% 2 DOERNHKILTHIET FAD {EEEIET HZ LN
STV S (Mukai et al., 2010) , A. luchuensis 1215 S. cerevisiae D PAD1 & FDC1 O ix
TR E A T DB DNEIET D, S cerevisiae D PADI EFEINED & 5B 5 1
(AKAWO08977) DMIEESHVT= A. kawachii A AKAW08977 ¥R FA R A% Tk

IR EATo T2, TDRER, A. kawachii A AKAW08977 #RI% 4. kawachii entlik & [RIFREE D
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EMERLUTZ, 2OZEND, PADL (% FAD JEMEICB 5L TR NWZENRBINT, S
cerevisiae |23 T Padlp 1% Fdelp DBLREET D7 DI B AR A AED BN HHZ L
DL TS, EERICHREEETT > CTODDIE Fdelp THDHD, 41 FDCI EFFRIMED

BDIEAR T EAHEL 7-#k% IV T FAD TEPEICE ORI S-L QOO0 FHRD M E 1B D,
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FSE B

VaREEEE T D 4-VG A PEIZIS1T D AIPAD D7 5|

W EOREE TH L=, KR OMMEE = 27 LA AL TS FA 23, B
B Aspergillus luchuensis 75 >7 =)V IR T AT 7 —RIT Lo CHEREL, BLERER R L -
T 4-VG ITEHS N, TIDMHTIE TSI R IR LI L > TR=YANIE DD ENFIHILT
WD, ZIETIZ, BEER D FA 255 4-VG ~DOEHT, RO, BERE-CILIEE L S
x /)= VEEBLIR B R ICEDL DB X LN TE T, — 75, A luchuensis O LHIC
Saccharomyces cerevisiae 0 PAD1 33X FDCI EARRINEDH HiE {5 1-EHEEED PAD E4H
[FIPE D& D BAR T DAFAET 208, L DOREREMAT IIAT O TWRDr o7z, 2D I, N=Ur
A RIS B FA OBREEIGCED 4-VG ~DEBIPMEESOGE LLIE, EDORAEY sk
DRI LS THT O TODDNLNTIE D -T2, ZZ TR, A. luchuensis D3 FF ORI
FERIMEDS®H D7 = ) — VBRI IR FEBE A E S T (alpad) 13, 4-VG AROFERTHD
SV A NE Tl A CTUE, alpad BAfEARF D3 EBRICEESR (AIPAD) ELTHEIL, 18
REREE T D FAD TEMEIC T 5-L T DD E BN T 2282 HIEL T EEAT 72,

IXUHIZ, AIPAD 2% FA Z#BLRIE T HZENTEDLONER D01, Var e NS
L, ZDOREME AT ~T-, AIPAD OFHEIRE L 40°C T, 50°C FTLIE TH -7, i
REEE 2B W TR OIRFEIE 35-40°C, ERIFEEEH OIREIL 30°CHHTIZfR7zhTRY,
TS T DMEIZIBW TS, AIPAD (IREE I FA OFRERTE HEZHERF 22 L3 TED
ZENDiroTo, AIPAD O pH 1 pH 5.5 f138C, pH 4 LU, pH 8 LA ECr ity 4 A3
<, pH 4.5 75 9.5 OFiPH TLE Tholo, ARG H OB L OERUL, 4. luchuensis
INERLT D7 U BRIC IS TlE pH 3.5 FBREIZ/2 5 TVD, ZOZEND, AIPAD (Hflifash ¢

X FAD &ML 52 L3 TE7pWNZ 030 o7, AIPAD 327 VECHIDN T 27
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5, M\ RIETHE TSN, Aspergillus niger DHIFVEITHIFRALD pH % 1.5 725 7.0
DI TEASETHMALAND pH & pH 7.6 UL ICHERF 52 L 23S I3 TUVD (Hesse et al.
2002), f€> T, AIPAD (XEEE T, A. luchuensis OFIVEIZISVWNT FAD IGMH 222 &
DIRIBE AT,

WIAZ, TR E T D 4-VG AEPEIZE TS AIPAD O 55BN T 572012, Adalpad ¥k
ZHWTMEABZRERZITV, BPAEKE 4-VG AFEELZ IR LT, AR CHIAATE TR
DFARIEF O 4-VG &%, T 42 FFELIE 66 R ETEHE L LR LIZDIZHL, dalpad
BRD 4-VG RIFTZFE LD, DolFEAE AL LR T, RDITRRND, R 42
~66 IR DFEZ I TR REBEEE D 4-VG A PEIZII1TD AIPAD O % 53134 88-94% ThD
LRIHENTZ, — T, FA O—HIIZERREDOEIL > T 4-VG ICEBINLZENHESILT
W5 (Koseki et al., 1996) , AMFFETIX, —E&ED FA ZIRML7-E2I% HWT, — I
S TR GMIEANT, BUTLD 4-VG A A~DOF G- 5T~ T O E, 1k
BEXEIZH1TD 4-VG AR DZEB OB LD FF 53T 2.6% TH LI LN DM o7z, LLED

TG, TS O 4-VG LD FEKIT AIPAD THLHZENHIBNERoT,

o REERIE 3112 4-VG EEDX AT |

FFh ORI fh R D FAD IGPELERIF O 4-VG BTN H-T-Z8h D, £
HCHEBLLTZ AIPAD (255 T, BEHIZ 4-VG BEBESI, ERAERIHIIEHSILTVD
EBEZ T, LnLZenis, FEEICETR O 4-VG BAEETHE, ZOEIIMD T2, '3
D 1/100 LL FLOMED T2, 57T, 4-VG DIFEAEITERIREETIZEFES DI EI1TH
BINTH Tz, —JiC, FRMEMEM THD A. luchuensis |IBER M T ChHHERIFTILT
SITBEI T HHDEZ X BTV, Bk OEY, pH 4 DL R TIEMEZFFZ720y AIPAD (370

FuIOD pH(3.5) I2BWT, MlasCIIBERETE 2, - T, ErIREETIZ FA % 4-VG (12
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BAHADIDITIE, A. luchuensis OFIFLATEIF TR ATREDREE THEFFS L QR
TR0, ZNERGET 272012, FRUTLED FA ZIRINL, —ERFFRZIC 4-VG 234
FRENDINE DN T ~TZ, TORER, THIFEEE 2 H HETIZFA ZHIN3 5L, FA IR 1
H BIZ 4-VG BNE LM T2 ED DT, ZDT LD, A luchuensis OFINEMKH AT HE
IRRIETERIRRE2 B H ETHERISNTERY, ZOBMERISNA<A5 GERLTZ) 23R
&z, AIPAD ORE THD FA b, TOEUTERIREEP KA DlFRES N D Lt
otz Aalpad BZE R OWTZEBRIZEY, FA (TEuIREE 7 B HEETEOEPNHEIHZE
DI, FA % KAIRABEN DIFHES 5 Fae IXH R/ MEESE T, BIF 2L T, TuIHT
Gz R TEDILAVRIRSNC, TuIFRE I FA DHOIREIRFTDDIL, AIPAD 73
BN AEZTORNEEEE TE WD, Fae IFHFA LI L THHERETE, FA #LIT
HLOMPETELZLITRRL TWDEB 2 b, — 77, BEHIZ AIPAD OFHLEITH K
LTW528, EaIfCRIZZEDORBLENIE KL TS ATREMEDL JEBRTE 720, BaAvKHicik
DO, KERIFIZEST, BHERNESRE THDH Xin X Fae 1ZL0HR B~V e— 25
IZT 7 BATE, ZTOME FA MNiEEESH, TrIf o FA IBENE £, TORENEE-T-
FA |Z&~>T AIPAD NHEICFHFEINLZEN TRISND, 5%, ZILHEHEMNTT D721,
B RIE L THIT, Xin X° Fae, ZL T AIPAD BFEINTNDDONEINETRDLEN D

2o

[ BRIREH 215 AIPAD DK

AHFZENTIUNT, AIPAD (RGN PRV REBLE DI D22 EM 0o T, B O 4.
luchuensis (IR DT T e Na— I EBWS L, ZOT 7 OEITR R ORE & A
2D U TITE, AR O 2 7o BEM ISR L, & DRIz 53 DB%FE DI B

NHFHINLETFRSND, LT, BRBRINT, MIREED S RIZRER T 2F T —E0T
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TV TBBEAT T — B E DWW ODNDEER D RELL, HEEL TW\WHEE X HD, AIPAD O
FHEL, TNOORERICE S TEESNTHEIZE > THEEIND AR H D, FEFRIZ, M
RBERL Sy N BRI E N TODKNITE ST AIPAD AEESND, KT RE TH
% FA B EENTODN, KM EHEND FA JOHEWEED FA THELTH, Kk
Eei LT AIPAD OFFEMEIMENZ L3 DD 0Tz, ZOZEND, K72 FA IZIIA Tlo

L E DIFAED RS T,

[RBFFROIG A LA % OB )

AHFFEDORE RN, [REEERE T D FA 255 4-VG ~OZE MO EEK T AIPAD THHZEN
G E o7, LT, BRI SR VR, AIPAD OFHLE, TuIfo 4-VG BEBIO
RRRBT D 4A-VGIRENEELIER DI, ZOZEND, ERPN=Y U FHITE AT
ZAEDDIZHEH L TWAZEDRIBI I, ZAVDDORERIE, JaEET O 2 < O KAFEERIZ
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