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NLILWTILVFeEREZERTB ZEABEINTWS. £/,
COBILREBRICBBELKEERETDZ I ERENS D, F
FUIF—FRETHZBIENTFHEINTWS (Fig. 1-1). T
bbb, AEZRZTOREBEEM»S TN —NVFFIF—F
BT EEAZLSNS. |

MRMEINTWLIER, 2RE, BFEICHET ST
A—- NG FIFV—Fik, AR FELSBTINIYMICE
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Alcohol oxidase I
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Koji mold, Aspergillus oryzae
Fig. 1-1. Reaction of the mureka formation in non-pasteurized

sake.
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1. Bifk, BSHBIXUEESLSE

AMRTIE, BBEBEEHRASEMAARETCHRET 5 EH
HHBEK A, oryzaeHL-1034 2 H L 2. e &2 & L T,
PDAEH (RF b+, TFA b —2, BRXZEZ2EFL ) (Difco,
Franklin Lakes, NJ, USA) £ 7213 DPY &t (2% (w/v) T
FAMY 1% (wiv) RURT b 2-0.5% (wlv) BRI F )
EEM L. BEMHKZEZ PDPAREBSEMC1EABBZEEL, 24
FoEE LB T, RAEHMIC 0.01% (v/iv) Tween 80 {A K
EMAZ, RNV TFyvy 7 ARCTEBLE. o ERFEE
%z DPY K HIZ, AR FAH 2X10° @ /ml- HH ik 3 &
5L, 30CTHE E S B#E (120 rpm) L 7=,
2. HIBERWKDFH
BEEKRZE2HNIA T4 NV —(3G-2)ITXVDEBEBEL TRERIRL &
%, B Z 20mM EFEE&H® (pH 4.5) (Buffer A) 1T UL
T1HEBEM L. ENMEKZBAEBRBE(SE S FEE 10 kDa)
ERMWVWT 20 FlCEMBL, HEHRKEL . EMEHLKIZ
RKOELDICHEBELE. HIAT74 Ny —IiZXDERL ZEIK
FEEKEREWTHOBAKLAEE, 20CTCTHBELE. BEHEEK
2, AHITHEVWERAKEZPTHEBHEL, 1TmMDOAINH T H
T4 ) =) Z2&E58 BufferAZMATHEHBLE. KiEZE 5CIC
BWT, 2,900Xg THroMBELDEBEL TCLEZEBNL Z#%,
Ei#HZ BufferAlCH LT 1&REBWL, E5NEEMKRE2HE
FWEL &
3. BEEEH OHE

10mlIAENY RAR—=ZAHZA a0 bT5 740 —HDONA
TIIZ 0.2 MBEFEEE &K (pH 4.5) 0.83 ml, Dimethyl
sulfoxide BB L2 2MAYV 7 INTIVIa—) 0.02ml, A
BHRW 0.1lmlZ2MA, NAT7NVEEHLEE, 35C (F 1
BEOEBRTIE, 30C) WTHEL, BEERREEfToE. 2K
M#% (F1EEO0OERTIE, 72 KE#), 100C, 240&8HB L T
BErhkFEsEh%E, NHBE®RYEL T 200ppm (mg/l) 3-X >
Y ) —=)VOILY)—=)VEKZ005mlZEMA(KEE 10ppm),
NATIVHNTERLEAYNLILTILTERZAY RARXR—
AHA 7O NS T4 -V EEBELE., HAZO MY



ST7 4 —RBUTFTOEIBAHMEHTITo . #HEER
Model GC-17TA H A7 ux b7 57 (BEEER, XHW)ZEH
W, RHEIFIFIDIKEDITo 2. FYUTHAREANY T LEME
ML, m#EIX0.47 ml/min TH o 7=. 517 L1X DB-5 fused
silica capillary column (J & W, Folsom, CA, USA) %= A
Wh. MO I LAIRER, 35CT 15 7 MAEFLAEE, 1
DB 25COEAET240CETHEB SR AEZ., Y2 IV iE
AODBLIUBMHBEORERIENETN, 120CB XV 280C IT#&
ELZ. N4 7)NV%&E 90CT 16 o MHEHELAZE, X7 U v b
o110 T > 70 04ml ZEALZ. 1KHEIC 14 mol @
AIYNVINTNTERZERTAEREZ lunit LEEL /2.
EHEE 1Ime D NI EDZODODO unitH & L 2.

4. I NI BEBOER ’

JasA4 27w tA14F v b(Bio-rad, Hercules, CA, USA)
ZRW, £mE 7 IV T7 I (Sigma, St. Louis, USA) % iE #
wELTHYONIVEZEEL 2.

5. BEGKEROJE

HSRA T4 W —THRRLEXRLYy PROBE K ZERKTT+

Gk, SOCT sSHMERL, EEZHEL Z.

[# &)

1. BHEBEEAEZELEFOSA YNV VT E RERE K
HEHKEABELBEZ2BERELTCHVWERE, BERBKEC
BUIBAYUNLVLVTNFEROERBEABERMICHEL 2 &
B%Z Fig.1- 217 . BHEROFBMEZ, 96 Rl E Tid 1 YN
VI 7V TEREBEOEREMREMRNZEDD SN, —FKH, #
mmLEBEEREREMLESRBICBWTE, 1 YNV LTI
FTEROEMEIEAERD SN .

2. ABEF O WM

Fig. 1-BAUXZRT IO, BELEFOEBREEIIELEM
Hohi D BENWEEHMNSRBDoN, UBEABOEIHEIZHE > T
Ml AEOEMBEBHERICBWVWTHEENRE S N,
FToEREREELEBICERTMAED AN, F7, Fig.
1-3BICaRT LI, kFEHORBITIBWLWTHEZELEFEDOAMN
mWETH - .
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Fig. 1-2. Production of isovaleraldehyde from isocamyl alcohol by
an enzyme in the culture supernatant of Aspergillus oryzae.
Crude enzykme sample: @, non-heat treatment; O, heat
treatment af 100C for 2 min. A crude enzyme sample was
concentrated after the dialysis of the culture supernatant
against 20 mM sodium acetate buffer (pH 4.5), and the
concentrated solution was added to the reaction mixture
containing 0.2 M sodium acetate buffer (pH 4.5) and 40 mM
isoamyl alcohol in a 10-ml vial. Isovaleraldehyde produced was

assayed every 24 h by head space gas chromatography.
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Fig. 1-3. Changes of an isovaleraldehyde-forming activity in the
submerged culture of A. oryzae.

A, Time course of the total enzyme activities of culture
supernatant and cell-free extract. Symbols: B, amounts of
growth; @, total activity of culture supernatant; O, total
activity of cell-free extract. The sample from culture
supernarant was prepared in the same manner as described in
Fig. 1-2. The sample from cell-free extract was prepared by its
dialysis against 20 mM sodium acetate buffer (pH 4.5). B, Time
course of the specific activities of culture supernatant and cell-
free extract. closed bar, specific activity of culture supernatant;

open bar, specific activity of cell-free extract.

E3H BEOEELHEIALIRFREROZE
[ﬁ&]
$E%2m®ﬁ&1TL«tImYﬁﬂ BWT,FF X b
J>OoRDOVDICEBEODI N I—ZABLR TV EO0—- )V T&E
S| ERNT, TNEN30C, 2HMBIREDEEL
- BEELFEIVDHEABRERZEZFARL, EHEZEZREL &,
BMELAEILSEZABAVTINTINI-VOEE R, A8 %



S0OCT 60 FrMEEL T, HHEMHMARMITEL ZERTH
VY INTNVaA— ) E&EBEETO0.01,0.02,0.06% (w/v)iT 7
HEDICEBMAPITHEMNTEIIERCI2>THXRE. 1Y T I
T A=) EHEmMmE, 256C T 48K EEL &, B ELHE
DREEZME L Z.

[ % %)

BELEEIEZXZD2RAFROEEZE Table 1-1 2R T . K&
BOHER, AEOAFTBREBHOIEVEEEZE IR .
L2™L, BEOEEEICBWTEMHEHENA SN, T§bB,
JgUuto—NVzERFZFRELEK, RbEWVWEREEZRL,
FOEMIBTFAMNICEZRZRELTHWELSEDOK 3T
Hhol. EREELBEDPORY ONIZBETFAMY V2K
FRELEBHIIBWTEDZ N 2.

BEEAEICEZADZAYVTINTINI—NVDOEER Table 1-
2ICRT. AVFTINTIHNa—IHEME, 24 BEHMEBBIcEEL
FhoBEEEBELEZN, 1TV T7TINTINaA—-IDOEMEIR
"THbosd, EHEmMmodRBickk LT, BEEHOLAFRERD SN
o 7.

Table 1-1. Comparison of enzyme productivity among different

carbon sources

Carbon Mycelium Total Total Specific
source (mg) activity protein activity
(mU) (mg) (mU/mg)
2% (w/v) Dextrin 277 1.80 0.92 1.96
2% (w/v) Glucose 223 3.40 0.60 5.67
2%(wlv) Glycerol 241 5.28 0.52 10.2




Table 1-2. Effect of isoamyl alcohol on enzyme productivity

Isoamyl Total activity
alcohol (mU)
(%, wiv) 24 h® 48 h
0 1.7 3.0
0.01 1.6 2.9
0.02 1.8 3.1
0.05 1.7 2.8

2 Incubation time after the addition

of iscamyl alcohol.

BAEH BEOLEBE
[ 5]
1. RBBIUVHEHBRKOAH
KBOoFBEITBENK (BHEAWE, BXEFH 7T0%) 150 g2 A W
Ty —VATHWL, oElFzRKICERELK, VP-200 2 7
Oy S AMMEREEBRE (70782, KK) I TEEL .
32C, HXAEE (RH) 95% T 19 BREEEL %, 35C,
RH 95%ICTC 6 BFHEIEEL~Z. 51, 38C, RH 90 T 10
B e 2%, 38C, RHS85% THRIZEL -, &5 45 B
ExELLE. %, BRTHESWEICE > THEEZFHHEK®
LU, ZOMBIEE BufferAICH LT 1HEEHRL, BH
EiEE (HEHL,TEE: 10kDa) T 20 FICEM L CTHBE:ZE
WELE., XBORGKBERBEAEHMEFy M (Fva—x
>, BH) ZHAWTHEEL Z.
2. AT A —ENSEDOHBERKROHAA
YATPTAIY—VREE (ZH, EX) 2 5% (wlv) T3
L D Buffer AICEBRL, 2,900Xg T15 0 BLDEHL TES
NELEEZ20mDAT V2TV —THEBLEZ. EIRK
ZRAEEE (D EHFHEE 10kDa) T 105 L, HBE
=z 7 NVEL .
3. ETHOBHREKOFH
HEEEZOFBEESCERT2BEBAERBERE (28BS TH
E 30kDa) ZHWVWT, KANAOHE (FHE) = 200 FI1
BHL, BMMRzHBRRELULTHERL &.

[#R]
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Table 1-2 IR T X5, dBMLAEITXRTOBERMEREICS
WTEZEENAWEINAE., 9TH, FHOEMKBRKRIEIED
mWEBREEEZEZ R LU, KXBEE (BEEE) OBEG, WK
BYULEVDOABBEFEEHTIERAEEICHLEL THTHICEL 2.

Table 1-2. Evaluation of enzyme sources

Activity Protein Specific activity
Source (mU/ml) (mg/ml) (mU/mg-protein)(mU/mg-mycelia)
5% (W/V) Takadias£ase soln. 0.04 3. 36 0. 01 -
Culture supernatant 2 0. 04 0. 02 2. 00 0. 0065
Rice koji extract ¢ 0. 71 0.15 7. 83 0. 37
UF-concentrated sake 61. 51 6. 39 9.62 -

Z Supernatant was collected by centrifugation at 2,900 X g for 15
min of A. oryzae HL-1034 culture after incubation for 2 d.
b Extract was prepared by the National Tax Administration

Agency prescript method.
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B o ERELEE
WH A oryzae DK EBEE LEHIT, 1V 7 INT IV —
WS4 IYNLVIVWTIWTERZERT2EZFEEZREWEL
. AEBRIR, BEEEBAMBrSEE LERICEESBE DB
ShasZ2s. 2HEFEHMICICPWTREEE, LLEHEED, &
tHEFOBEEINEMBEBHERIOEVWEZRLEIEENS,
ABZEIBAHICIDMBEACDWEEINS I ERNDMN - 2.
ABEZWEXTNVFNLTNVNI-NIZERZ R I DWEHOTFF
— VP ELTHREYVOREHN THS. £, BRIV T I
VW7 N A= VEFETOHEMTHMBEMNICESGRINS Z &
ZRWELAE., MRBITEEREINZ TNV NVFTFF—
Yk, AMEUATEREINT WA W,
MEEECSALI2REFOZEZANLFER, /U o —
V, YVa—X, FFAPYCOET, BWEBEZREENEZ R
UL7=. Wakayama 5 I3 E M8 E Aspergillus soyaell X % D-
TI)EBAF Y —YoEEEERHEL, FUEO— A K
ZEELTRDAYTHDH I EZHRELTWVS 2, ABEZOD
HEERICELTHEHMBEOE A EEK, 7V to—- VR
WhRmREBEBRTHOHHD I ENDDM - /Z.
ABEZERBILB 2D, BEFOoOMKEEzRELZHER,
ABHOBBHRICBW TR DB WEEEEEZRAWEL L. £,
EAEZEYWTHI2XBOBE, BREBERXLVOAEBEREER
BRI E LS AICKEBEL TETRICELEZ. —RIC, BE
HEDofMxOBEREER, BASEZELVEAKEETIBWTEENR
MELSBEDIENBWEINTNS 03D, KBEEZOHEAED K
nEmMERWELE., LML, ABEF0EERBRIT7II—F
T OFT7T—EREOMKPBERIIHER, T<HETHS
EEZH5NTZ. '
FA,ABEOERMKEEIEDEVWEZEEZRLEI ED 5,
ABERIBEZREOLDOB”BRER L THERATEDS Z &N
bho., Bic, BFEYZ0D0FEEN, MoK IEICK
RTBESTEMNo. ZOZ &L, AEEZNENEILL
HIZXD2RDHEBENII-E, BHEEINTWBEEEXL5NTZ.
ERINSOHENDS, ABENEBEPRFCBLWTLENEE
RRETERELTWVWSZE, BHHESIIBITLITS WEKE
DTH3T ¢, P TFEENS0kDa LD REWVWY NI HET
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B2E LALVBEERBZROREELZORNE

W|1E F

BoETWEH, 1Y INVTINVa—VEEEELAYNLIL
TIVWTERZ2ERTLH2EBEZEFOHEZITWY, TOBRFENAER
HEHOLONITTBHIEEZEMNET 5.

FBEEILERMWEETH >IN, S5 XERELLIESEZD
D& EBRETS. ORI, EHOBABEBRBRHEERZAWVWTS
MO /7O NI T4 —RXIVEABROEHEZITD . HHE
ZOH -MZEZHBALEE, TOKEEERETE. AEBEZEILIH
HEBMIETHH IENTEHINDI D, BEERLEED Z FH
EL, AEBERORIGEHBZHSHICT 5.

T/, BUBEERZHEBEPICEMNTEIEICELD, BHH
RTAYNLVIVWTINTERBNEET B &% GC-MS H I
L DHERET .

2 BEROREE DR

[ 5]

FR 4% U5 3 I W & Buffer A CHATEB®R L 2 HBE R iEIC, &
WHE LU THRBE 10% (viv) 7V tO— )V EREIS ) —
VEMAZ, ACT 14 BMBEL L. REMSOBERIE M 20
KAE T H L .

(& %] : '

Table 2-2 IR & 5 I Buffer AR T 5C, 14 HEf&R#F L
G, ABERFICREAMZEMLAEAS TS, U to-
W 7NhVa— Vz2HEmMLEEGEEHEEKE, BELREEORK TR
BRonlahol, LERSD TABREON S LPEB X UEE
HB2OREXpH4.5 D 20mMEEBRBHWRF TITF S5 2 &ITL
7= .

14



Table 2-2. Stabilization of the enzyme by the additon

of organic solvents

Remaining activity (%)

7 d? 14 d

None 95.4 92.1

10% (w/w) Glycerol 94.9 93.8
10% (w/w) Ethanol 95.0 91.8

2 Storage period at 5C .

H3H BROKEH
[ 5]
1. BB H
BERBREICBTIE A SLIO NI T T 40 —8BIER
5CLLF T1iro /.
(1) EHEOBRABBEBREELSORBERY >INV OREK
200 5 1T LU AZAEBORSIEEIEMBK 20 liter 1T
Buffer A % 80 liter 0 A, + rEMmE, NX1Tov A=)
OENAEBRMEERE (7 EHS FHEE 30kDa, N2 T v 7,
meEJ) &2 A WT 10 liter T TEM L Z. Z 3T 90 liter D
Buffer AZiMA, BEREBLRZNS BHE 10 liter ETEMH L
. TOHRBERKXY, AERZHEEETEREHALANXIVOK 400
FED Buffer ABKRELTHREZ. 2055 D 1 liter 7 M B
EFWELTCUBDOATILIIOR NI ST 70— THLZ.
(Fraction 1, 1 liter)
(2) SP-Toyopearl 5500[‘@’1’71‘/5&@9137]\7774“
Fraction 1 ® 500 ml %, Buffer A T¥#i L 7z SP-
Toyopearl 550C (Y —, BRI ) ZRHRELZH T L (5.0X26
cm) 7 7T IA4 L%, 1liter DRABHEBEB TH S LZEEHL =
%, 0~0.2MNaClzZz&E O 2liter DHBEHBEZHAHNVNTY =7
g oL }t\{fx_ck@,{m:@ 2.5ml/min TEBEZFZHEHL k.
%735 ar (20ml/itube) ODEEEEB LIS NI HE
ZRELE. BESEXB 2 Z2HED 0C (EHKE) TREL 2.
COHEEZ 2ETW, FF2E2OI7OX M SIT 4 —THDS
NEEMHESZ2ROBARKIZO NI ST 0 —ITHL .
(Fractioin 2, 390 ml)
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(3) Butyl-Toyopearl 650M BiAK 7 O N 57 4 —

Fraction 2 Z[RAAEBKE (B4 FEE 10 kDa) 12T 4 &
CERHEL, 406D EOmMELEeMA L. AMEK 100
ml %, 40% MO F K %2 ZF L Buffer A TF#HIL L %2 Butyl-
Toyopearl 650M (‘%:‘/-—) ZRELULRENT L (2.5X42 cm)
7 7514 L7k, 0% fafl D i & %2 & ¢ Buffer A (400 ml)
TH®EL R, 800ml<7) 40~0% B DB L %2 & ¥ Buffer A
ERAWTUZY ST MEIIED, #E 1.5 ml/min TE
FEBEMURE. &7 35327 3 > (15 ml/tube) OBREMED
LV NI EZBEL, GHEMEES ZHE£ D~ . (Fractioin 3,
59 ml)

(4) SP-Toyopearl 650S A F > rax o 57 4 —
Fraction 3 % 20 mM BEEE B &% (pH 4.3) iIcx L T, 1
HEHM L. N RZRREEHKR CEEIL Z SP- Toyopearl
6508 (Y —) ZFRELLEZHN I L (2.5X54cm) W7 7T A
L. 600ml O A BEBIR TP HE L 72#%, 0~0.2M NaCl 25
IO mlOEREERZB YT Y VST MERRED
W#E 1.2 ml/min TEEZEZEHLEZ., £7 5273 a 2 (15 ml
/tube) ODEEFEEB LY ONI7HEHZHELEZ. BEDE WVWIE

HE2RLMET7 I 3 No. 62 %1%&E77~ (Fig. 2-1).
(Fractioin 4, 15 ml)

(5) Toyopearl HW-558 I B ru<x v 7 537 4 —
Fractioin4 Zz R4 EBKE (S E S FEE 10kDa) [T XD

2ml FTEML, 0.2 M NaCl 25 & Buffer A THE#HLL 7=

Toyopearl HW-558 (Y —) ZRE L 2 H T L (2.5X93 cm)

77940k, ABHEKEZEZHAHWTH®E 0.7ml/min TEHZ %

BHLUE. 87527 a2 (4ml/tube) DEZFEEB I O%

DN IVBERUELE. RUTI7UNTIRTFINVEKEKETH

—DNFRZRLULETZ7SZ27 a BRI L 7. (Fractioin 5,

16 ml)

2. EXRKE

(1) RUTZUNT I RFINVELRKEH (PAGE)

. Davis 5D HFEICHEDWT 3P, 5-20% (w/v) RU T U1

W7 IRBEEAEXI TSIV (NPG-520, 7 b—, HE), ¥k

B EE®E (25 mM Tris-192 mM glycine) AW T, 20 mA/

TVOEHT 1 BHEEKBLZ. N7 HEOREBIX 0.25%
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(w/v) Coomassie brilliant blue R-250/ A % / — )l - B -7K
(5:1:4) AP T 2 KeMBERE, AF¥ /J —)V-BFB-/K (3:1:6)
Wi T 1 ®/B AL .
(2) SDS- PAGE

Laemmli ® Fi#EIC LD 3, 5-20% (w/v) Z U727 U7
S REBEAEBEBXS 745 (SPG-520, 7 b —), Tris-glycine
EYHBE K (25 mM Tris-192 mM glycine-0.1% SDS) %
AWT, 20mA/ZP NV DOEHT 1 RBEBLE. 2FAB LYV
e, (DTHRRZHEIRE> .

[# R ]
1. B ORFH
SP-Toyopearl 6508 (Fig. 2-1), Toyopearl HW-55S (Fig.
2-2) WkHp& 70X M ILERT. £, ERFREBEBITS
TAEBEBEEBIUOSY NI EHE % Table 2-2 IZR Y. mi&
FEBERIT1I1I5ONEBT29RBICHEEINL. KA EFR
DEFEMEIZ 0.22 Umg TH o 2.
FEEBERZRUTZZ7YUNTIRELKKBICHEL ZHER, 1
KON RZRLZ (Fig. 2-3). £7, SDS-PAGE T B W T.
H 1 EXOHBERN R RLE., THh50HE™2S, KA
BERIEIE—-—ThHhd &AL K.
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¢ No. 62

I 100 | -4 2.0 I
z -
£

2
E %
~ 1.0 £
Fey ) £
S )
5 s
< o

0

Fraction No. (15 ml/tube)
Fig. 2-1. Column chromatography of the enzyme on SP-Toyoperal
6508S. ’
Symbols: -@ -, activity; -O-, protein. Experimental condition

of the chromatography are described in the text.

100
80 1.5I
60
= 1.0 2
E 40 Em
2 -
= 0.5 2
g 20 v
< a
0
0 20 40 60 80

Fraction No. (4 ml/tube)
Fig. 2-2. Column chromatography of the enzyme on Toyopearl
HW-558S.
Symbols: -@ -, activity; -O -, protein. Experimental condition

of the chromatography are described in the text.
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Table 2-2. Summary of enzyme purification

Fraction Total Total Specific Purifi- Viald
activity protein activity cation

L) (mg) (U/mg) (fold) (%)

1: Crude enzyme 98 13, 000 0. 0075 1 100

2: SP-Toyopearl 550C 27 2,000 0.014 1.9 28

3: Butyl-Toyopear] 650M 12 120 0.10 13 12
4: SP-Toyopear! 6505 9 12 0. 17 23 2.0
5: Toyopearl HW 555 1.1 5 0. 22 29 1.1

(=)

(A) @)

Fig. 2-3. Polyacrylamide (A) and SDS-polyacrylamide (B) gel
electrophoresis of the purified enzyme.

Experimental conditions of the electrophoresis are described

in the text.
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Ha4H HEBREROMHH

[ 5]
l.pHB X UO&ZEM
(1) BBEEBHEICICE X% pHOEE

pH 3.0~8.0 1% Mcllvaine JK 8 5% @ i 2 M \», pH 8.5, 9.0
&, [E#& f# # 1T Tris (2-Amino-2-hydroxymethyl-1,3-
propanediol) Z M A THEL =
(2) pHZEMH

EpHOBBKWICESRZMA, 25 CT 24 KMAUEL &%,
REEEZAELZ. BHKE, (O)DTHERALZEHRZ B W
7z .

(3B & E

20~70CICT 15 ALK, BEEEZMEL .
2. MBEALEHNEE
(1) SDS-PAGE X X 24 TEEOHE

SDS-PAGE R AEE 3H AE 21K, NI EHF
BEY—h—W, THE—1 - II (FE—fbFER, EX) AL
. Thbb, AT (HFHEE 200kDa), B-HF7 b
4% —¥ (116 kDa), 4 Mmi#E YNV 7 3> (66,3kDa), 7
RS —F(42,4kDa), h VA =y 77 >k K5 —E(30kDa),
X o> (17.2kDa) Th o 7z
(2) mBEREIOY NS S5 T7 40— (HPLC) ZHWZRZT I EIB
HBRREAHLTFEEREOHE

BEBE 40pg % G-3000 SWy, 7 OF A 28 54 (0.78
X30cm, BRY —) 77754 L, 600E % HPLC ¥ A5 A
(Waters, Milford, USA) ZHA W TIfro7/&. 50 mM U B X
Do AEEKR (pH7.0) ZHWTH®E 0.7ml/min T > /X7
BrBHlhk, ONRN7ESTFEEY -, FTIVEBX
¥ % — K (Bio-rad) 2R L. §2bs, FosuaJy
> (670 kDa), v-Zo7JVY> (158 kDa), AR T INT 2
(44 kDa), X477 1oE > (17 kDa) ThH o &.

(3) BEeEOHE | -

RTIFR NV —FH, T>R-0-7Vay¥y—+,
PTUY—F AZFUEEEERNTDH S5 GLYCOPRO
DEGLYCOSYLATION KIT (Prozyme Inc., San Leandro, CA,
USA) 2 WVWT, HEBEXOKAMMEZEECKREL 28,

20



SDS-PAGE ZzfTWho THEEZHELL. BHORKREWEZE DO H
FTEEEMDOWEMEEZEMLE., £/, B2/ — 2
EREEYEHEEL T 7 /) —IV-HREBECLE> THHEL 2.
(5) FER DO &

Multphor ITE X kB > A 7 A& (Amersham Pharmacia
Biotech, Uppsala, Sweden) Z H W/ . kB HF I
Ampholine PAGplate (2.2% (w/v) Carrier ampholite, [d
E) @R LUE. kES5HIE, 2,000VEEFEE, 2.5 mA T 2.5
KA TH->Z. plx—Hh—&L T, FINVA—AFF¥%¥—-+F
(pI 4.15), RE MV T >4 2ESY— (4.55), B-5 7 b
yo7YUr (5.20) 2FAL K.

(5) BMIWARY bV DR E

300~600 nm ICHB T2 WNEZ DU-640 > > JILE— L H
X EE (Beckman, Fullerton, CA, USA) ZH WTHIE L
.

(6) N- Kt 7 X / BB ¥ @ 4 47

HEIEEN 70 pmol & Prosorb™ (PE Biosystems, Foster
City, USA) ZHWT, A—Hhh—o0o7obra—)ViTEDIE
PVDFiickF ¥ /. PPSQ-105MA o512y —4 >
b— (BEEERFR) KXo HL L.

3. fil o By H
(1) EEHRE®

KEBHCI~CI0OEHT I I — )L B LU C3~C6 D & 5 §H
THhWaA—IVZRWT, ANSICLTHREENZOALINT
>FITNWV—=NA4F L v b (LPBV)- R FAFH%¥—+ (POD)
BTV -HMUABELTCEBEEZEE20ELE. §92b 5, 50 mM
PIPES-NaOH # # #® (pH6.5) 1.132 ml, 20 mM LPBV
(Sigma) 0.012 ml, 5000 U/ml ® POD (Sigma) A # 0.012
ml, 2M ® & 7 )V 32— )V (dimethyl sulfoxide I ) 0.024 ml
MOBARIGEIZC AL g DEZRZaVEHEKR 0.02ml Z2H ML
T, 35 C T 1HHMRIRIEL. 8408 (100C, 242H) IT&£
DRIGZEIEZE, 639 nmiICBTA2RAAEOHMICTELDIEN
ZHBL .

Q) BEEHRITCEIASRBAAEORE

BEOEBEILEADEEA AL, HEASOREEHN L.
MIE T RAZ®%E LPBV-POD I E DWW TIT ok, ABHZ %
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EVRBIRIC, REEN 1 mMIZCRD2EIIICEHILEY 2K
ml7Z. 30CTsH5oMERIGELAER, REBEEN 40mMIiZik 5
DR AVTINTINI—INEMAT, BREEBEEEEZHE
L7z

€ KD
1. — Wt H
(1) BZEMHICEZX % pHOEE
ABEEIT pH4SIZBWTRHERDEWEEZRLE. LML,
pH3 OUTH XU pHE6.5 L ETIZEWIEM 2R L = (Fig. 2-4
A).
(2) pHZ & %
AEZEITIpH3.0~6.0DBEHIEPIIBWVWTIO% L LOEEF
EHERLE. LML, pH6 U ELETHABICZEENET
L 7= (Fig. 2-4B).
(3)iE E & &
ABERITA45CETRR IS UL LoEHEZHFELE. LML
50C 2B AP ERBICALREERD, 656C, 15 7 DA E TIZ
EELITHEE L E (Fig. 2-5).
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100 100
80 [ 80 [
>
Eso- geo-
§ E
Z 40 T S 40 |
= T
& 2
’ [0’
20 [ 20 |
OJlIllIIIIII 1 0 | S S SUN SN NUSUDY SN S SN DN SN P S S |
3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
pH pH

Fig. 2-4. Effects of pHs on the activity and stability of the
enzyme

A, Optimum pH, the enzyme activity was measured in
Mcllvaine buffer (pH 3.0-8.0) and Mcllvaine buffer+0.1 M Tris
(pH 8.5-9.0). B, pH stability, after incubation at various pHs
(pH 2.5-8.0: Mcllvaine buffer, pH 8.5-9.0: McIlvaine buffer+0.1
M Tris) at 25C for 24 h, each enzyme solution was adjusted to

pH 4.5 and the residual activity was measured.

23



100

80

(=2}
o
T
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N
o
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0 L ! : : . ! )
20 30 40 50 60 70

Temperature (°C)

Fig. 2-5. Effects of temperature on the stability of the enzyme.
The residual activity was measured after the incubation of the

enzyme in 0.2 M sodium acetate buffer (pH 4.5) at 20-70C for 15

min.

2. MEAZENYHEH
(1) # THE

SDS-PAGE R X VDHELZABZFONS TEREIX 73 kDa T
H o7 (Fig. 2-6 A). £/ HPLCZ A WA X I IEiB % TIE 87
kDa TH» D (Fig. 2-6B), ZOHENSGABEZWREERTH
5 ENDMND T2
(2) e &

EHOMBEEIC L5 HEBREA®%, SDS-PAGEIC K VDHEIEL
PABEOS THERIT 59 kDa TH o 7= (Fig. 2-6 A). K iE
CEVEHINZESER 19.2% (wiw) Thoiz. i,
Jx /)= )N-HBEBETHEL ZMHIX 21.8% (w/w) THo k.
(3) FER

ABEZOEESIT 4.61 Th o 7= (Fig. 2-7).
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(4) BIXWARLT bV

ABREHRIZBEL 2 300~600 nm IZB W TIL 354 nm &
438 nm W W M Kk 2~ L 72 (Fig. 2-8). 438 nm O W ¥ —
7 50mM (REE) Nt FaY I 7y bF M) DTLDIRE
mickxoESHMICHEL 2.

(5) NEXwm Y I/ B K
ABEONEKm®mY 2/ BEESIX ADSSS TH - =

A B
1 2 3 3
kDa "
S & Thyroglobulin
200 S
=
116 2
e <d 73 kDa = 102
66 ‘=== « 10
-~ 459 kDa L e | AAOD
42 = 3 i
() — g Ovalbur;nin
Myoglbbin
17 e 10

5 10 15 20

Retention time (min)

Fig. 2-6. Estimation of molecular mass of the enzyme.

A, SDS-PAGE of the enzyme. Lane 1: markers, myosin (200
kDa), B -galactosidase (116 kDa), bovine serum albumin (66
kDa), aldolase (42.4 kDa), carbonic anhydrase (30 kDa),
myoglobin (17.2 kDa); lane 2: purified enzyme; lane 3:
deglycosylated purified enzyme. B, Gel filtration of the enzyme
by HPLC.
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pl

5. 20 » 7

4 55 - e e - 4 6]

4. 15 P e

Fig. 2-7. Isoelectric focusing of the enzyme.
Lane 1: markers, glucose oxidase (pl 4.15), soybean trypsin

inhibitor (4.55), B -lactoglobulin (56.20), lane 2: purified enzyme.

0.2 ‘1
|

o
(&)
N
o 0.1
a
Q0
<

0 i .

300 400 500 600

Wavelength (nm)

Fig. 2-8. Absorption spectra of the enzyme.
Solid line, native enzyme (0.4 mg/ml); broken line, native

enzyme (0.4 mg/ml) in 50 mM sodium hydrosulfite.
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3. b L FE MM E
(1) EEHEEE®E

ABZREABRLEZTNFINTNI—-NDIE, C5 D 5K H
TINA—=INTHEDAVYTINTIHNI—INITDOHEHWNENEZR
L. n-73INTHa—)(Co)BXULrY 7o /)X/ —J)L(C6),
n-70O/)X /) =)y (C6) dbEHEFOHEHEZRLEDN, REK 1
~4BELVT~10D0 7NV FITINa2-)NICFEe<<ETEZ RS
Mo 7= (Table 2-3).

2) EEHEEOEZE

ABEEICEZXA2EMILEYM DO E % Table 2-4 IZRT . A&
B % 13 Hg?*, Cu?', Cd?*", Ag", f&&@ﬁ%!r’/fj“/ Iz ko
T%<@%ém,%KHg+;D% IEEERS . E 2,
Fe’', Zn* bl EZRL L. — 4, ﬁ«t%@%ﬁ D H T
W Mn>*"O AR EREEEZHE NS ~.

Fh, BRI SHEBEMHMHAETH S p-7 00 —F 21
— % B&EHE (PCMB) KXo THERBEZZT 2N, 5,5
CPFFERAR2-ZFPOLZEEFE) (DTNB) BLXUP®E/ I — KK
BlIABEZEZHELARANo 7. ELBAKBLERTH S L-7 X
:weyﬁﬁ,x&%ﬁm@#buvA,LmﬂT@étb

ST, EFOFINTIORXIDBEBVWHEZZTZN, &
BlzFl—-—brHTEHEHESNTEN 2.
B FEK

EKBEEOAYVYTINTINIaA— NIRRT S Km, Vmax 8 1
FNFN 30 mM, 11.3x2 M/min/mg Td o /=
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Table 2-3. Substrate specificity of the enzyme

Relative activity

(%)

Substrate

(40 mM)

Methanol
Ethanol
n-Propanol
[sopropanol
n-Butanol

Isobutanol

=y

n-Amyl alcohol

[soamyl alcohol

Ne)

n-Hexanol

d]

Isohexanol
n-Heptanol
n—-Octanol

n—-Nonanol

o
o
© O O O U i O b O O O O O O

n-Decanol

a En’zyme activity was assayed by the LPBV-POD method.

Experimental conditions are described in the text.
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Table 2-4. Effects of Various compounds on the enzyme activity

The enzyme (40 g) was incubated with each compound at 30°C for 5 min.

Enzyme reaction was started by adding 24 p1 of 2 M isoamy! alcohol. After

incubation for 60 min, absorbance at 639 nm was monitored.

Material Remaining activity Reagent Remaining activity
(ImM) (%) (1mM) (%)
None 100 None 100
LiCl 105 PCMB 1.9
CaCl, 103 DTNB¢ 100
MgSO,* 7HZO 100 fodoacetate 106
MnCl,4H,0 189 NaN, 83
FeCl,*4H,0 26 o~Phenathroline 97
CoCl,+6H,0 77 EDTA 65
CuCl,-2H,0 0.7 L—Ascorbate 0
ZnCl, 27 Metabisulfate 12
AgNO, 4.9 Hydrazine 7.6
HgCl, 0 Hydroxylamine 8.9
CdCl,»2.5H,0 22 PMSF® 100

2 5 5'-Dithiobis(2-nitrobenzoate) .

29
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HOH BEREBRLDEEDPOREELER (AVTINTH
I—=—NFFF—FE) Oom4

[ F &)

H-cHE®LEABREKR Ol (100pneg) ZHOLML &
HHE (18% (viv) T4 /7 —J)) 1mliZHEML T, 1.5 ml &
DIXA 7 OFa—TTHFTIOCTHERHRIERE., BREKROE
DODIZBufferAZMAZZdbDEZMBELEZ. 4HBHD K%,
EHPORKKR P ZEHEB T FI THH L T, HP5970B &
GC-MS ¥ X 5 A& (Agilent technology, Paloalto, CA, USA)
Tl 1 F 2B EIETITY, 1 F 2R T2
I 70eV T H o 7.

[# %)

Fig. 2-9 A, BIZ GC-MSHoMickvEoniBEERFMY >
TNV BLUVEZFEZMABWHEBY > IV HArax T3
LEZZNENRT. BERMY >IN TIE, REFEERH 8.76 &
W E—2 (peak 1) WMEUZEN, BEZEzHEmMLEVY > T
THAE— 73BNz, peak 1 DT AART K5
L#E Fig. 229CI, TYNVIUVTILVNTEREROITAZAXRY
NS L% Fig. 2-9 DK RY. Fig. 29 C & Fig. 2-9D B
ZHENY -3 —HULEZENS, peakl ZRIILEY &
ATYNVIVTIVTERERELRE. TOBBENS, XEEIZ
HFHEATIHERL, LLVLEOEXREKTHDAYNLILTITER
EREIRTBIENHEHTERL., LK ERIZ, 1V7 I
TNHWA—NIHLTHFIEWEEEZ2RLEZ ENSE, XER
AT INTINA—-I)IVFFI Y —FEEmELL k.
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Fig. 2-9. Production of isovaleraldehyde in sake by the enzyme.

Gas chromatograms of the extract (A) from sake stored at 30C
for 4 d with purified isoamyl alcohol oxidase and the extract (B)
without the enzyme. Mass spectra of peak 1(C) in Fig. 2-9A and
authentic isovaleraldehyde (D).
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BO6H ERNEER

ABFORABEBEBRIVEE IS L IO NI T T 4 —
ZITW, BRIKBMWICE -—RBREZELIIENTER. KB
RWEHDTFTHEHE 73kDaDHEENRTH . BR P pastoris®
TAUA—=NFF 5 —Fid S FER 300kDa DFE 4 RET
D', C. boidinii ® H. polymorpha DB XTI H FHEE
670 kDa D FE S EARERMEINTWVWS 19, F/h, HTH
Basidiomycete ® 7 )V A— )V A F ¥ —FidHFEE 300
kDall L DS EBHRTH D . ZTOLEIDIITEHRO TS514 < —
TINWNA—=NFF Iy —FYRIXRTH T2y bHEEZ EDH
MABETHD, BEHEEOABZT IO THERRT IV
A—NVFFFyF—-—FELEZR 5.

ABERITIEHEHZN 20 VOHEY > NIETH>7Z. T2 K
-H-Z7VasF—FEMTEItT+oICE#EZBRETET, RTF
RNFTYay—F¥, T>R.07VaT¥%¥—+¥, >279U%
—F ADEGE T TCTEEXCHHEZDIBE -BRENTELEI EN S,
— BB NHEEREBEHEBRRSY I TOEHEIESL TW
HEEZOND. ZEOHEHEHOESE, ¥ NIEADTF DI
hKiEErzrZELL, BHO pHLEXEESCHERELREEOM EIZ
FHEHETDH 3, Fh, BHHOBASICLIVBEROBEKE HEINT
5. KEZFIZIBWTH, BFHOESGPEBEAPA TCOREERE
MEICHFEL TWB EEZSNS.

KBEREOBRNAXRT MV ERBITHOBEMITEL 2 HIPWA XY
FIVDELNS, KBERFRLTITI5EY NI ETH D EHER
ANk, LarLl, N IZOOHBEIZLZUETSH 7 I5E
k&I EBEINTEN I ENS T TEILEMIT AR E
WHEHEAELTWBEEZRL /-

AEFEI pHAS B W TR KEEZRLE. £7%, pH 3.0
~6.0 TEETH -7/, EED pHIZHEH 4.2~4.5 DHEHHIZ
HD, ZOX5B2pHEWREZ, AEZNREBHPRTHERL T
K, BELIESWVWHBDTHHZEZEZRLTWN S,

ABRIZASCETREEZREEFELAEN,50CE2 A %5 &4
BICLZEMHETETL, 65C, 15 0 MOUEBEBTERELE. 20O
mRIE, HFEOEBHOKAN (BAULE) FHETEABEEFZ TR
WERESEAIENTEBLIEZRLTWVS.

AEBEZFIEICSOEBE#HTINI—INTHA A4V T7TINTINA
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— iR LT, EHLTEWEEZRLE., KEEIZ CS D
M7 I—)LEC6OEMDDVWIEAKBT IV I — bzt
LTHBREEZRLEDN, CA4UTFTERE, CTULEDORER
ERHEDODT7IINVFINTIHNII-INIIHLTEHE2<EEZREI AN
. O SmEEEARYEERI TN AFIY Y
INEFTIIARBRETHD, ABHFEIEHEHICEHL T WD TH
BR7Va—FFLF—FEEX5.
ABAOKUERZEBIRENTS2IERCELDTALALEOD
EERTHDALAYNLVIMTINTERNBEHZRIIHEAET S L%
GC-MSICEVDEHLE. COERBLUVEEFEEODE DNV
T, ABEZ2AVTINTNIA—NFTFIF—VFEHaaLE.
AVVTEINTNaAa—NVeRBELELSSG, XABED Kmfi
X30mMTHho7. OB NI NVFFIrFyF—F &
kLT 2timhok. HBFPOALAYTYINTINI—-IVEE
XEHE, 1.26~3 mM ThHh A E2EET H & 39, EHPIZ
BUASLLEREORBIEIBEBICHED EEZ SN S.
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B3E AVYTINTNA—NVFFII—EHETFOEMN

B®1E F _

WIETH, WEOAEAETLHIHHESR, 1V 7 INTII
—VFFSF¥—tE2a-RdsEEFEIO—Z>TL, *
DEGRTEZHEWNTAIEZEHMNET 5.

AEEOALTL 7 I VBENICEDODWVWTERLET IS4
XN—ZHWT, PCREKXVHLZDNAKFZHIETS. =5
N7 DNAWRF =z 70—7&0L T, A. oryzae RIB 40 O %7 J
LATIAT IV -k VDVEHMNETHEBTFOAIY —Z 2T %17
S5. /oo — 0 EfIToRkE, AT —ET
OE—4Y—-—FCTEEBETZERERICSIEDL LKL T, £HE
BFRNBHICBWTABRZERBICRE I I L2HEABT 5.
FRLEBIIBTXABIEORB Z2ELRTFTOERE L XN) & BEE
DEHEL AN SEBIET 2 & & BT, Aspergillus I&FE & I
BU2EBERFAETO—-J7O9HFICEL THRFIT S.

B2H AVIEINTNA—NFFIIY-—EBRETFOI O
=7

[ 5]
1. EHE®R, TI9AIRRI & —, i

Ty —T N2 ¥ — ADASHII (Stratagene, La Jolla, USA)
R W7 A oryzaeRIB40 7 J AT 14 75U —38fli KFOD
x FHEIT IOV EZZTE. KBEX, 77 - TCBERH
& L T XL1-Blue MRA P2 (Stratagene), 77 X3 Rt & 3
BHEEBEAHEL TDHSe (EWHE, &) 2#8HALE. 735
A X RAXRZ % — & pBluescript II SK+ (Stratagene) % ff A
L., KIBEOEER, LBEW® (1% (w/v) U T K 2-0.5%
(wiv) BB T F X -1% (w/v) NaCl, pH6.8-7.0) ZH W, HE
WWRHRUCTTY>ETY %2 50p0g/mliZBdE3HML TIT-
2. R ZOEEEIEIZ Hanahan ® FiEIT X o 72 7.
2. BFEOHNWME DY I /JEENDORE

WHEEER (250 g) W 100pnl %, 2 M Tris-HC1-5 M 7
T UEE (pHS85) IIRHLTEWNE, PFFT AL A h—
NVWEETTE/ I —REBICED, YNNI HEHF D Cys &0
WARFTAFNMLLE. RIEKRZ 2MEFEFZET 50 mM N-
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IFNVENT Y UEEHRKR (pH9.0) ITXHLTEWNLEZ. &
SR B RIEIC) YV IYRRTFS—F

(Achromobacter protease I, FIX#HM E, Kk) 1ugz i
3TCT 16 BERIEE /7~ %9, KE®#% 1 Bondsphere C18
712 L (Waters) 7 754 L, 0~60%(v/iv)D T k= b
UINZEL 0.05%(vIv M) ZINFAOBBREBERZAWRZY Z
TSI REIRED, BE 0.2ml/min iZ TXRXRTF K% H
L7, Fig. 3-1 TR 7O M I LIZBNT, FEKRM
26.649 4, 37.071 %, 42.441 I E— U ZRx Lz 3 EH (£
NENPL, P2, P3EHT) ZERLAEZ. RTF RO N X
7IJEBEMIIRTCEZHWTHREL &
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Fig. 3-1. Fractionation of peptides from carboxymethylated
isoamyl alcohol oxidase by the digestion with lysyl

endopeptidase.
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3. WE Y /L DNA OH M
PCRIZBUI2HEHCST /I v 7oy B@EFTITHW
7BEYT ) LA DNAWK, UTOHFETHE LK. A. oryzae
RIB40 K O £ FZ B L,100 ml @ GPY broth F#i (2%
(wiv) Z V32 —Z2-1% (wlv) ZUXRT K 2-0.5% (w/iv) BEFRF L
FA) ICHEHEE, 30CT224aFHMIRESIEELAE. £FL &
XLy b ROBSREKZEHT AT 42y — (8G-3) T THE@ -
BN L, BEEHKT3IHEERLEZ. BB LE-ERA2zERS
THoBkE, AHICEVWERKEEZERTHELEZ. BRI
L7ZE%REK (0.5g) 2, 5ml® TE#H#®E® (10 mM Tris-
HCl-1mM EDTA, pH 8.0) TH -5 X58#EL, 5 ml
DIEEHEBHIHE (2% (w/v) SDS-0.1 M NaCl-10mM EDTA-
50mM-Tris-HC1, pH 7.5) Zz WA TEML . ERIZTT 15
SEBHEBEBLTCHLOBEZEFIE TS, EO0E (2,900 X
g, 1073,4C) & LEFEZHEE. o LBEITEHEED PCI
(bFF 7/ —V-Z7oadFRINVL-AVT7INTIHIO—) _
(25:24:1)) #MA, ZER T 15 HMEME, EOHHE (2,900
Xg, 8304, B2ER) KL, KEBEZEE. 6Nk KBIZ 2.5
EOowmIyY /) —I)VEMA, BWME, -80C T 100 HEHEEL,
DNA ZLEc®/Z. BLoH (2,900Xg,304,4 C) IT&X
D, LEEEML, WMETFTTEHELZEZ, 2mld TE EHIK
WEsLE., CZOBMBIKIZ 2 1 D 10mg/ml RNase A (=
wik>—=2, Bl) 2mMx, 37CT1EKMEAL >FaX—F1
L7z, RIGRICEHEEO PCIlZMAREME, B.O 458 (2,900 X
g, 5 7, BER) 2w kEZGE. ZO0HMEZ 2BEBEDERL
ER,EFEOCHKZOnORINVA- AV T IINTIVI—IV(24:1))
ZMA, PCIMMERBRIZC IEMBHZIT o2, ok KE
258D L4% /) —)v&E 0.1EFD®5MNaClzinx, B,
mODE (2,900Xg, 304, 4C) LTHEBEBZEEILE. 70%
(viv)y B LH¥ /- THBRZHKELLZE, BLoE (2,900
Xg, b4, 4C) 270, EoNEZUBE2HIETTEHEEL 2.
R EZE 0.1lml O TEBHRICHEMRL, HE DNAY T
WELT-20CTHREL 2.
4. 7HO—XATFINVEKIKE

ERXXBAYINIE, SeaKem GTG 7 o — X (BMA,
Rockland, USA) % 0.8% (w/v)IZT/x 5 & 5 TAE 8 H & (40
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mM Tris-HCL-20 mM acetate-1.8 mM EDTA , pH 8.0) 2/
BREsmlL, aHE, 27 IVEHAT L - MR LUABER
L7z, EXkEE, TAEREBERZ kB AREH KR & L T Mupid
(TXENAF, W) KTTo>/k. kBEHEITERE 100V,
45~60 R BICT, F /Iy YT oy bEITSPHAFE
RZEZzTOI28880HEELZzR 522D 50V,  1.6KHEL .
kB, FIVE 05 png/mlOIFPULATORA RBEKRTH
5oL, BABZHEF L TDNAOKRBLAE. 27 L,
WKHEOS IS DNAMMFZENT 25, POIF IO
LA7ORA REKREBEOC.Iug/mliZa3ED3F )NV hic@iEmel
. A4 X< —Hh— 13 A Hind I1ldigest £ 7= 13 200 bp DNA
Ladder (E#E) ZFEHL &.
5. PCR

K 2T R A. oryzaeRIB40 X DB L /=% /7 L DNA
50~100ng Z 8 DNA L L THEHLZ. 7 314 < —1&, Fig.
32 TR AT IAXTX—ET>FEATIAT—DH
AEDODETHY, REEPOREIFT OO LMITKREL . £
7, Mg B EIWX 1.5mM & L7Z. PCRIE rTaq (ZE#HEE) B &L
B PC-800 Y —SNBA IS (FTAFv I, @A) 2HNT
To7. 94CT b MIMRIBL 2%, 94C 14, 55C 241,
72C 84 T35 A VIR SER., 7HO—-RAEXRKEH T
HEMNBEIENRRFZERL, T-XZ7 % —pCR2.1 (Invitrogen,
Carlsbad, CA, USA)E D545y —aruF->77%, E. coli
TOP10F' (Invitrogen) Z R EHig# L /.
6. XL FFRENOHRE

Cy5 AutoCycle Sequencing Kit (Amersham Pharmacia
Biotech) 3 £ 18 ALFexpress automated DNA sequencer([d)
ERAWT, PFFFIETXIVFAFREIZHREL 2.
7. 75 —=INATVFALE—- 3>

TS5 —%EFA4 0O AT L Hybond-N+ (Amersham
Pharmacia Biotech) X b5 > X777y —0L, 7L —hK&oD#E
fEZE EITLTAYT L2 EMEK (0.5 M NaOH-1.5 M
NaCL)TES®EZTy b 3SMMEMKETsoMHEL -.
R (1.5 M NaCl-1 M Tris) TESBZREHK LTS
SEFHELZR, 2XSSCHIZK 3 MEREL 2. EHK L THE
B % ,80C T 2HMANX—F2>70L, 77— DNAZJF 110>
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ATV ICEEIL . ECL direct nucleic acid labeling
and detection system (Amersham Pharmacia Biotech) %
AWT7o0—7 DNAZHNAEEHRL NI TSI A E—T 3>
BLXUoBE s O—-—omMEfITo. N TUFAE— 3
, EBLXUOT T FIBE DL MHIT ECL system @ 70 b
a—J)hic ko 7z,

8. A DNA Ol ! ¥ M

7o —CsflB8LETy P2 RBEITERES®,
LBEWRE#MICT IS - 2R IERZ. THIZ 3ml D SM ##
# % (0.1 M NaCl-8 mM MgS04-7H,0-50 mM Tris-HCI (pH
7.5)-0.01% (w/v) ¥ F>) ZHmlL, EEBT3IHMMBEEL
T77v =549 v—rr2RAELLE., J27vy—2 14— F 1.5
ml & V¥ Lambda DNA purification Kit (EEH, Kk) = H
WTADNAZMHBL, HEL &.

9. ¥ T oy k@

VacuGene XLE®B 70y 54 > 7 A5 A (Amersham
Pharmacia Biotech) # i\, 0.4 M NaOH Z#&E® & L T,
BERxBgoyHIO—-—2F5 VX0, A RXA T L
Hybond-N+IiZ DNA Z2 bS5 > A 77— UL7k. ZOKRIZEKH
H i 7 EEEIC ECL direct nucleic acid labeling and
detection system Z W T, 7 O—7 DNAZ=mHEERL,
NATNVF—¥—a>ik, RHEEF- .

[ % 2]
1. AR 27/ BENETSAT—DTFTFAL >
BELEAEBEZFZ2Y NI RRTFSY—FUHEE,
HPLCIT k0D L/ P1, P2, P3WEi4H (HEODESR) I
SEFENAXRTFRON-KWmY I/ BEELSHMET->=. P1, P2,
P3EAOXRTFROY XV EENIZTZENEN, TAFFGNNYD,
ADSSSCRCFPGD, EVAGDVDNAVNP Tho/7=. &7 I J B
W T2aRE2EEBELT, PlEPISEIOKREENE AR
FROYI/EBRESLXD,Fig.3-2Tx"YT 751 <— (P3FW,
P1RV) Z{E& L 7=
2. 7o—7 DNA O H
A. oryzae RIB-40H K D% / 5\ DNA &8 & L, P3FW,
P1RV (Fig. 3-2) #2754~ —& L THW/E PCR Z17T> /~.
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WMIEBLAEZXN0.3kb D DNAMIKFE OX I LA F REIZHREL
R, F5NEEINCTSAT—DERITAWVWEXTF R
D7 I/EENZEZI-RITLZHEsZ2AWELE. 202 &n
5 PCR¥WE DNAWHIBAVYZ7INTIa—-VFFI&5y—+
BETFO—HWTHhHdIENDLMo/~.F DNAWHK 2 L% o0 E
Bic7o—7&LTHWE.

(Peptide from P3 fraction)
E A% G D vV D N A V N P
5'-GAYGTIGAYAAYGCIGTIAAYCC -3’

Sence primer, P3FW

(Peptide from P1 fraction)

T A F F G N N Y D
5'-TTYTTYGGIAAYAAYTAYGA-3'
3'-AARAARCCITTRTTRATRCT-5'

Antisence primer, P1RV

Fig. 3-2. NH,-terminal amino acid sequences of peptides in the P1
and P3 fractions (Fig. 3-1) and their corresponding primer
sequences.

I, R, and Y in primer sequences indicate inosine, A or G, and C

or T, respectively.

3. BEso—-—0R 20 —-—=2F

£ 12,000 75— M5 70 —=—TENATUETALXT B 2
EBoBErsrO—>2 (A1, A2) Z2/B k. WMrso—2n5 DNA
EHRUEL, BEHRXROBAMFOEHT ZTo R, F U
BEEBERMREZRLE. EAY T > T7Oo0y MERNIZED, Th
S5DHAMBEF D 5.7kbD Apal T FICEW OB EFNEE
THIERTHERINEZ.
4. Y7o o0—= 7B XUHIEEE S K O E B

A1MNS 5. 7-kbApal i k28D L, T % pBluescript
I1 SK+D Apal AL ic 70— 7352 &IT&D
pMR1 ZHEL /. pMR1IIZE X35 Apal Wi i O i [R B &
HEEEHRL, YT 70y VEHTZTSI2EIED, ER
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TOFRENMNBZHEELL. TOHRRE,

Fig. 3-3 TR 9§ K D IZ
3.8 kb Apal-Accl #H 1

WMEERTRAEFEET DI EN DN

7z .

S ccw. oz 8 o5 - -
[ I ~ O o = S < g o S S = q
Q o = 8 £ & 8 3 2 Y
& &3 X a8 & I oad < § . & 3d. <

—,

1

[ 1
Probe

Fig. 3-3. Restriction map of a DNA fragment containing isoamyl
alcohol oxidase gene (mreA).

The closed box indicates a coding region and the transcription

direction is indicated by an arrow. The open box indicates a

probe for Southern or northern blot analysis.
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B3 AVIINTNI—NTFIIFI—-—EEEFOMREN
[ 5]
1. X2 VFFRENORE

B oHAAE6ITELDITo 2.
2. TI/)BEINOBREFEO Y —HRHK

VA FREMNOTI ) EREINOPHRIE, EETFHEWN
vV 7 b GENETYX-WIN ver. 3.0 (V7 b7 T 7B, i)
EHWTIro/k. FEOY —MEBIZTIK, National Center for
Biotechnology Information (NCBI) ® BLAST ¥ — E X Z #
AL k.
3. ¥ /LY7oy MEH
E2HAFE2ICIDHABLEZEBEDSY / L DNA = & il
[RERTxE2HELE, BEAHAE3IRLEZN> TEXKE 217
o 72. 3.8 kb Apal-Accl BEH FET % 0.8 kb @ EcoRI-Sall
Wr A (Fig. 3-3) 27 0—7&0L T, B3IHMAET7TICTEKD Y
FTJoy bEMZET .

[#5 2]

1. BEETO0L2X 7 VA FRENBLIETYTI VEENOHER

Fig. 34X, £ EBEFOE2X I LA FREINBLVOIII Y
CHEBOMET I/ EBEERT. ZOWAFIT 1,903 bp A
b F—T U —F 42771 —A(ORF) ZRWZEL =,
Fl ORFHIZ, 3DODHEALI O CEEEZAEWELEZ. 21
SOEBIIIIVwWTNS, EEAEYO > oo ark Y
AEH TH B 5'-GTPuNGT - PyAG-3'Ed 5 39 B X 8 3'3K i
W, U7y N EEEEKRT A2 D D 5-PuCTPuAPy-3'E
ORMPHFEINTWZ. BORFO EHICIE, BRMBBIR D
-343 fH 1T TATA H B 1, -367 tHIH IZ CAAT HEF N FETE L
TWwizat, A MZ TATA B 5l (TATAAA) WA WEE 2 h -5
7.

IV CEBOHEEY S/ EEINS, XEMLRTFIE 567 5K
EO7I)EEE2I—-RIT32ENbrolz. ZOBINIT,
RTFRYV—=F LV RELLEHEBERZONIEAB D T
T EBRANEZETCTRWETIENTERE. 2O ELD, o
V7INTNI— NI Fr¥Y—Fra-RTH5ELKELRFZ
mreAE@m& L. £/, RBAYONIJEO NEKmY =/ B
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(Ala) O EHICIE Met THE Bi/KEDOE W 24 FHFE DT 2
JENSORABAERVWELE. S5, 56THREDY I
BEANPICETIONTONEESHBEHSE S ET — 7 (Asn-X-Ser
(£ 721 Thr)) NEEL &.

2. WMHE T ) A BITSIBEBETFOIE—KOHEN

Fig. 3-5 12, A. oryzaeRIB 40 ® % J LU ¥ T O # #
;29 . 0.8kb ® EcoRI-Sall Br i (Fig. 3-3) = 70— 7 &
L,EAWKFZ0BLAawefMBOHIERBRRT A oryzae RIB 40
D7 ) ADNAZEZEEHEILLE WTNoRBEZETUML &
Wikt W Ty, Jo—-—TEONA TV -2 a %
CRLAEZTFINEFTIARTH . ZOHRBRILD, AHRITH
WTrznon—=Z>YJLULEBBEFIE, BES /LTI
F—THEHETRHIENbDM>27.

3. TR EBEMNOFEHMERR
AEBZOHET I/ EREINICEWELUEZRTY NI HE
HRWAET I ENTERM2 . LALULH»WITIEEIE, B
AV THE N7~ Claviceps purpurea (EAHE) DHE I
FH¥—+ (CPOX1) *“V&FHEDELT, 04X FXFT DN
WRY > TYw -1 L (BBE) "X Arthrobactor
oxidans ® 6-t RoF>.D-Z_aF > A F I F¥—F i &
FADRKFHEBREILTHRETNTWB W DD F 45—
FICHBAEODEWERZRAEWELE., ABRELEELED 3 DD
BMEORGHEEZLEKELEZERZ Fig. 3-6 IZ/RT .
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-540 cctcccaagecacgtaatgecggcattgtgacaggaatgggsccaaaagecgcgacceacgggttatecctggttcagtaaggcattaga
-450 aactagacgagatcgtgggaaaccgttecctiggccgetattaacccaaatggragatatttcatgcatatcagateggeegtcaatatt
-360 tttccccttetgacatttatatctgegtesgtcttaattegeectagttcatectactaaaacacegcgaaattgatcattcatacctgea
-270 gactgcagcattcccccgtattagtaatctaactaggtegttaaatggtegegccaccagattecggcatcatticectagagaagectg
-180 gesccatectaaccecateccattetecctectgeat tageggeat tagctagetaaacaggagatttetecgagtegegaataticect
-80 agtaagcgagcgagecttaagtatctettcaactetegtcagttatetteatecctaccaaaacattaccaggcaagatcaccactecea

1 ATGCCATCATTAAGCACCCTCAAACTGGGGGCTTTCCTCGGCCTTGCTGCCATTGCCCCCTCGATTGAGGCAGCTGACAGETCATCTTGE
T MP S L ST LKLGAFLGLAALIAPSIEAADSSSTC

91 CGTTGTTTCCCCGGGGATGATTGCTGGCCGTCAGTTTCGACCTGGGATGCTTTCAACCAGTCTGTCGATGGACGTCTTGTGGCCACTGTA
31 RCFPGDDCWPSVSTWDAFNGSVDGRLVYVATY
181 CCCCTCGCAACGCCGTGCCACACTCCCAACTACGATCAAACGAAATGTGAAGCTTTGAAAGAGGACTGGCTGTTGCCAGAGGACCARtaa

61 PLATPCHTPNYDAQTKTCEALKEDWLLPETDH
271 gttcttggattgagattcctcccccacgaagaaatatcagagaatattaacaéctcgggCTATCAATCCTCTTCGTCTCTGATGGCTCGA
90 Intron 1 YQSsSSSSLMAP
361 TGGTTCACAAATGGCACATGCGACCCATACCACCCTGTTTCTCAGCCATGCACTCTTGGTAATTTCGTCCGATATGCGGTGAATGTCTCC

00 WFTNGTCDPYHPVSQPCTLGNTFVYVRYAVNVS

451 ACGCCTGCCCATGTGGCCAAGACATTGCAATTTGCCAATGAGCACAATATCCGTTTTGTTATTCGTAACACCGGCCATGAgtaagaccee
10 TPAHVAKTLQFANEHNIRFEFVIRNTGHD

541 ccctgaactteccagaaactticattcaatccgsttataactaacstactctagCTACAACGGAAAATCCACCGGTGCAGGTGCTCTTTCG
157 Intron 2 YNGKSTGAGALS

631 GTCTGGACACACCACCTTAAAGGTATCGAATTCAAGGATTGGAAGGACGAACATTACACAGGAAAGGCTGTGAAACTCGGAGCAGGTGTC
63 VW THHLKGIEFKDWEKDEHYTGKAVKLGAGYVY
721 CAGGGTTTTGAGGCCTATGAGGCAGCCAACGCGCAGGGGCTTCGCGTGGTAGGTGGAGAGTGCCCTTCCGTCGGfATTGCTGGCGGATAT
199 Q GF EAYEAANAQGLRVVGGECPSVGI AGGY
811 AGCCAGGGAGGTGGTCACTCTTTCCTGTCGTCGATGTATGGACTGGGTGCGGACCAGGTCCTCGAGTGGGAGGTGATCGATGGTACTGGT
229 S @ GGG6HSFLSSMYGLGADAQVLEWEVIDGTG®G
901 AGGCTCCTCGTCGCGAACCGTCAAAACAACACTGATCTCTACTGGGCACTGTCTGGTGGCGGCGGTGGGACCTATGGTGTTGTCTGGTCT
259 RLLVANRQNNTDLYWALSGGGGGTYGV VWS
991 ATGACCTCTAAGGCTTATCCCGATAGTCAGGTATCTGGTTTGAACCTGACGTTCACCACCACTGGCATTTCTGACGACACGTTCTACAAA
289 M T SKAYPDSQVSGLNLTFTTTG! SDDTFYK
1081 GCCGTGGAGCTCTACAATGCTCGTTTGCCTTCTTTCGTGGATCAGGGTATCATGAGTCTGAACTTCATGACCAACGTCTCCTTCTCTCTC
39 A VELYNARLPSFVDRGIMSLNFMTNYVYSFSIL
1171 TCACCGATGACTGCACCTGGTATGCCCCTGGAGAAGCTCGAGAGCCTTATTAAGCCATTCCTCAATGAACTGAAGGCCCTTGGCATCAAG
343 S PMTAPGMPLEEKLESLIKPFLNELEKALGTIK
1261 TATCAATATCACGCGGAGAGTTTCCCCGCTTACCTTGACCAATTCAATGCCCAGGCGCCACTCGTTGAAATTGCAGTGGCCCAGTATGGC
319 Y QR YHAESFPAYLDQFNAQAPLVEIAVAQYG
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1351 AGCTGGCTCCTCCCCCGGTCTGTCGTCGAGAACAACAGCACTAACCGTGAACTGATCCAGTCCTATCGGACTATCCTCTCTACGGGTGCT
409 S WLLPRSVVENNSTNRELIQSYRTILST®GA
1441 AACTTCACCAATGTGGGTCTTAAGGTGTCAAAGGAAGTCGCTGGCGACGTCGACAACGCCGTGAATCCGGCATGGCGCAATGCAATTTCC
439 NF TNV GLKVSKEVAGDVDNAVNPAWRNAIS

1531 CACATGCTTCTGTATACCGGCTGGGAGT TTGACCAGCGAGAGAAGATGGTTGAGGCGCAGAAATTGATGACCGAGGTCTTGGTCCCTGCC
469 HMLLYTGWETFDAQREKMVEAQKLMTEVLYPA
1621 TTCAGCAAATTAGCCCCGGAGTCTGGCGCTTACTTGAACGAGgtatgactacaatttcattttceategttegattectgcacagccttea

499 F S KL APESGAYLNE Intron 3
1711 cacatgctcaccactgtatctatagGCCGACTTCCACCAGCCTGACTTCAAGACTGCCTTCTTCGGCAACAACTACGACAAGCTCCGCGE
513 ADFHQPDFKTITAFFGNNYDIKTLTRA

1801 AATCAAGGCCAAATACGATCCCAACGATCTCTTCTATGCGCTGACAGCTGTTGGCTCTGATGAGTGGACCGTCTCGGAAAGTGGAAGAAT
| 5% I KAKYDPNDLFYALTAVGSDEWTVYSESTG GRHM
1891 GTGCCGTGTTtaaacccgsacecegaatecat tecaagat tecctatectgataaatagetaaaaggctegcacaaactct tegaactct
55 C R V x
1981 tataaagcggacctgagaaacggattgecteccactattcatettacctttegaccattcagaatctaageagcgegaaagecagtgaga
2071 tagaagatcactcactctggattctatttgtttatgcatcatgtactacatagagtttgacaccectteaagccgagaggeccegt teaa
2161 cctegtacttcactaatacagccegticcaaccecccattitgataatectgtacatattttggaaggaactcgeggagtacttaatcaag
2251 agagttttectcaaaattaatactatccttcgatttgtgattataccatcttgaaagecttcatgccegtgagsetetttiaccttacsa
2341 atttttttcattattcttectattgctactcttcttctgagaaactettgactaacccgaaggecatactttatactegectettggtta
2431 taaatgccctagggatatttattcgtctcagacagtttacagaacttcatcaagtegstecaaagettatacttigagtegaaget tagag
2521 gacagcgagaagccaagtacttgeactttettcaaatacaagcetteatcteggagccgagtacatagecaaggecaagagagatgtast
2611 }tagagcaccaatgccagggctctcgccgtattcttctgtccagactttgggcatgtggagagaaggatgtacaataccccaaaggctgc
2701 agccatgtaaatggcaaccaccataacgatatattctgtaacaaagaattgtaagggeceaaaagatgecaategtaaccgtetegecag
2791 agactcgctagtattactacctgacgtttcttcecaggatacatgatattatctetatttgageaagactastatatatgtetegeatat

2881 gaagacacagcceacgactccgacaacacttecgeccatecteetesaataaaacatecategecatettetacecteagtaatecaace

Fig. 3-4. Nucleotide and deduced amino acid sequences of mreA
gene.

The putative TATA and CAAT sequences and putative
polyadenylation signal in 5'- and 3'- non-coding regions are
double-underlined. The consensus sequence involved in splicing
in putative introns are single-underlined. The presumed signal
peptide is wave-underlined. The amino acids determined by
direct sequencing and the potential N-glycosylated asparagine
residues are bold-single-underlined. The stop codon is indicated

by asterisk.
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Fig. 3-5. Genomic Southern blot analysis of A. oryzae DNA
fragments.

Approximately 51 g of genomic DNA from A. oryzae RIB40 was
digested with several enzymes and separated by 0.8% agarose
electrophoresis, followed by transfer onto a Hybond-N" nylon
membrane. Southern hybridization was performed with the 0.8-
kb EFcoR 1 -Sall fragment (see Fig. 3-3) as a probe, which was
labeled with an ECL direct labeling system.
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Fig. 3-6. Alignment of amino acid sequences of MreA with those of
three FAD dependent oxidases.

A, MreA from Aspergillus oryzae; B, CPOX1 (putative oxidase)
from Claviceps purpurea; C, berberine bridge enzyme from
Arabidopsis thaliana; D, 6-hydroxy-D-nicotine oxidase from
Arthrobacter oxidans. The histidine residue to which FAD is
covalently linked in the enzyme from A. oxidans is indicated by a
closed circle and the identical residues in the sequence are

denoted by white letters in black boxes.
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WA4H AVTINVINIA—NTFIIY-—EEHGFEREEKE
D 7l '
( F ]
1. BREKR, X7 F¥—, i
WEEZBROBEEEL L THWETIVFZZ CEXREEE A.
oryzae M-2-3 (argB)* BIXUOBWEFEHER AN ¥ —pTAex3*®
WEHRTEEWREFT LD DEZRZ T . BHE KRR KEKRS
LT 0.8M NaCl 25 & Czapek-Dox EXRFEH Z2MHEH L .
2. HETRREERII Y —-—ODOHE

SYTINTHNA—NAF LI —FEELETENE LD
CHEEREBLWIHER LA EEZ A VWED, EHEOKR
FENEHETHD., T r0— T LEEBTIRIBERE
I -RT2bDTHhDIEEZ2HRTHED, HEFOD
ORF I # pTAex3s W EFEODM My h7I 55—t ox—4%
— (PamyB) FTERXEITLZZEIZTELD, BEHEHEOHEK
MEENEZPAXRBEZEITL 2.

AVTINTINA—)NFFIF—EHEETFOMEEHICHRB
ZFYA LM EHALZDNAWMPF 2G50 BT OMBIF
CHIUVKBORDIIHET S Kpnl b1 bEBSE LY
A7 54 <— (MRN, 5'-CCA GGT ACC ATG CCA TCA TTA
AGCACCCTCAAAC-8") &7 >F AT 54— (MRC,
5-CGT GGT ACC TTA AAC ACG GCA CGC GCG GAG CTT
G-3') ZE® L /. A oryzae RIB40 D% / . DNA Z & Bl
ELUTPCR%#TW, HMWET 5 1.9kb O DNAW K &8 7=,
COMKF & Kpnl TUHE L, pTAex3 ® Kpnl ¥ MIZH AT
HZEICELVBRERENY Y —pTAMR Z2# &£ L /=2 (Fig.3-7).
3. WH O HERHR

E®so0o 70 b7 IS5 ARMNPEGHIITITo R *Y. R EL
TN H— (pTAex3) DA ZEZHAWVWERBEREZIT > 2.

(% 2]

1. BEGEBBOREESTY VLAY T CBERICLDIERETFEA

D e R '
MELEBEERNT Y —pTAMR %2 Hl W T A. oryzae M-2-3

ERE&mBEL, TIHNF_CEREOMHBENLEIIO—- 2,

. TF-1, TF-2, TF-3 k2 #EK L 7z. £/, pTAex3 TR HEKR M
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L7zxtBEk (TF-C) 208 L. 260K YT J LT W
R O R %2 Fig. 3-8 1C;R"9 . TF-1, TF-2, TF-3 ki iZ
TF-C#H®D 2.6-kb DN EBICASNAAKXKDODLI YT IINT IO
— VA F VY —FEFHEEBEFOMIC, BEERBICIODRAMAKITH
AArENEREBGEFEZERNWEL 2.

2. %EE@%k%H%%VY\»Yw:—wﬁ#/& +
D E R

HEERBKEOEELEPRPOEBRIENE % Table 3-1 IZR T .
TF-1, TF-2, TF-3 ¥k i3 " BB R TF-CIT X, BEMHETH 150
~880 %, LFEMHETH 7T0~160 B DEMEZRLE. £/, &
BEEZEKOFEEIL Fig. 3-8 R T Y > 7oy hETICH
AT FINEEICHBEL TWwi. Fig. 3-91C, SDS-PAGE
FRAVWERZIPEGEMKEELEFOSIS ORI BEOSIH R %
RYT. mEEIHBKRIIBWTE, AEBEFXFDO2 FE & 73 kDa & 7R
TNREPNEFICELSRoTBD, TORBERIAXAEREDEMH
BMEMBEREREZRTIENERTE 2.
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Kon1 EcR 1

Konl

pTAMR
9.5 kb

TamyB

Fig. 3-7. Structure of the mreA over-expression plasmid pTAMR.

Fig. 3-8. Southern blot analysis of transformants.
Approximately 24 g of genomic DNA of the transformants was
digested with AindIl . Southern blot analysis was performed in

the same manner as described in Fig. 3-5.
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Table 3-1. Isoamyl alcohol oxidase activity of the culture

supernatant of 4. oryzae transformants carrying pTAMR

Strain Plasmid Enzyme activity Specific activity
(mU/ml) (mU/mg-protein)
TF-C pTAex3 (control) 0.53 26
TF-1 pTAMR 190 2,700
TF-2 pTAMR 470 4,200
TF-3 pTAMR 79 1,700
)
x
©
E @ T T
Lk EEE
[72]
kDa
97 Kt
66 — " G * - = Isoamyl alcohol oxidase
1 | - :
30 | wem
20
14 e

Fig. 3-9. SDS-PAGE analysis of the culture supernarant from A.
oryzae transformants.

Each transformant was grown in DPY broth at 30C with
shaking for 2 d. Protein secreted from each transformant was
concentrated by uitrafiltration. Each concentrated protein
sample (6 £ 1) was separated by electrophoresis on a slab of 5-20%
(w/v) gradient polyacrylamide gel by the method of Laemmli and
stained with Coomassie Brilliant Blue R-250. The bands
corresponding to isoamyl alcohol oxidase are indicated by an

arrow.
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EOH WBITREICBT S mreA DFEH

(5]
1. BEEH
MIBEAHSERE1IEESHAELIICK 2. 20 B ITY
DERL, SOBMBICMHEDSE, soMBICHABELEEZIT N,
A5 B EHICHBL 2.
2. W5 D& RNADHH

KRR, 25~45 B BW T s HEEIcXkBOY > T Y
DU RO KB 1g e ARERPTHR -BHIKRMAELL, 10 ml
D ISOCGENR#E (v R>T—2) ZHAWVWTHEHEODZE2 RNA
HHELAE. MBEZ2ZEEICT, 47M, XKET10HEN
TNHER, 4,200Xg, 400 HELADBELKRKBZHRIWL 2.
KBl L T, 0.58® 1.2 MNaCl-0.8 M7 T >EF ~UJ
LEBRBIROSADAAY TN = )bZ2MATELIER
L%, ZERTCH5HMBMBBELREZ. TN % 4,200Xg, 15 57 &
DoBL, H5NZILE%E, diethylpyrocarbonate (DEPC)
MEUZHRBEKICEMRLZ®, BE 058 d 1.2 M NaCl-0.8
MJZIEBEFRMNIIDLABEERBIVOSEDODAY JOa N/ — )b
EPMATCEABICERLAE. E5ELEBRE 70245/ — )T
e L, &%, 10001 DEPCRHAKZEZMAZ, 55C, 10
SEBBLTHHRZEEICHERLEZ. The kLTS HHE
BL, ZHEREORMPZHH SR, 4,200Xg, 307
MELLDBLTCRNAZE O EHE Z2EIMN L. ZOAFETHKEE
1gmM5 300~400 g ® RNA % F -
3. J¥ 7 uwy MEW

(I EOLNZLERNA20u g 2 BELKEBHICTEID7EL
. kBRI RN COEETHO—-ZAT I AW
1.5gD7 Hia—A% 74ml ® 0.1% (v/v) DEPC 4 3 /K T H0
ATHEM%, 10XMOPS #H#& (0.2 M 3-(N-Morpholino)
propanesulfonic acid-50 mM HeB: - b U 7”7 A-10mM EDTA-
0.02% (v/iv) DEPC, pH7.0) 10mlBXUOFRINALATINTFER
16mlZzZMa, Y¥VWHEAFRLAALE. KBEABEHKEL T,
16% (viv) DFE NV LTIV TFE RZE2E5E 1XMOPS(DEPC UL #
KTHE) ZHW, 50V EEETHKEHLAE. k#R, XEE
2HHFiHE 9K KD ,20XSSCZ A WTRNAZS LA S5 Hybond
N+ic7ow hL/A. 7O0—71X Fig 3-41T7,° 7 0.8 kb DNA
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MEEERLE. N 77U A Y~ a3 B XY mRNA D&
H iZ ECL-direct nucleic acid labeling and detection kit
(Amersham Pharmacia Biotech) & f W 7.

D

1. mreA DB E & O ZE 1k

Fig. 3-10 B ic & h i LAB 5 K il O mred @ & K B 73 ¥x
E20LftzEzRT.MEFICHY T 2 EMBR 0RKRMBHET
mRNA OEBEENED DL Lo/, TNUEK, EEREIXR A
AL, HERKBK 45ME (HE) TR, 2720 EDL
7z .
2. AVYFTINTNA—NFFIF—-—FEFEHEDOEL

Fig. 3- 10 CCABEENH LEHAKBOLILZRYT. BEEH
BEGEECEIFEHEL TCLERELAEY, BB KRBPITEDLS &EZF
DB E R AL .
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= De-koji | 8 g
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Cultivation time (h)
Fig. 3-10. Changes of isoamyl alcohol oxidase activity and mRNA

transcription of mred from the middle to final stage in koji
making.

A, Gel stained with ethidium bromide. Ribosomal RNAs are
indicated by arrows. B, Northern blot analysis of mreAd
transcription. Hybridization signals corresponding to mRNA of
mreA are indicated by an arrow. C, Time course of enzyme
production and growth of mycelium in koji making between 25
and 45 h (de-kojr) after inoculation.

@, enzyme activity; O, growth.
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% 6 Hi Aspergillus BIZ BT 5 mreAREDO— T O

[ 5]
1. R &K

A THERLEZEKD DB, BE A. oryzae ld B ¥ E K
REHMABEARZEOREH®RZFHLZ. TOM D Aspergilius
BEHIT, EBRTEBEWAER, EEWIEN, EREXKXFES T
RMEYWHATLDGEZZT 2.
2. ) LYY R

) ADNAOHBERIAZTE2HHFE2ICE2R. ¥/ A
DNAW HindlII TE2HELE, FEE4HAFE3ITLEN-
T, v Toy FERETO L.

[ % R ]
Aspergillus BIZ BT 5 mreAREO— T DM

Fig. 3-11 K E 2 &0 Aspergillus BE K OY T > 7 0y
FEFOREBREERT. A oryzaelT BT 5 HEKILITXT, 2.6
kb DBIINA TUFAE—2a iCEDILITF N
RERLAE. £/, BWBE A tamarii®7 7 5 bF 2 24
FEHW A. flavus bREMBIZ 7 FNVERLE., ELEHMBE
A. sojae® 7 77 bF T HEEER A. parasiticus T, £ 7&
BB FNEELURE. UL, A nidulans B XUV E B
BICB T % A. niger® A. kawachii TR ¥ 7 F I &R & ah»

> 7z
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1 2 3 4 6 6 7 8 9 10 11 12 13 14 15

2.6 9

Fig. 3-11. Distribution of mreA homologue in Aspergillus
strain.

Lane 1-7, A. oryzae strains; lane 8, A. sojae RIB 1045; lane 9,
A. tamarii 1AM 2502; lane 10, A. flavus 1IFO 30106; lane 11, A.
flavus IFO 30107; lane 12, A. parasiticus IAM 13888; lane 13, A.
nidulans FGSC 89; lane 14, A. niger IAM 2561; lane 15, A.
kawachii IFO 4308.
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B7TH BERNEER

WHEET mreA% & O DNAWH PIc A WAL 7~ 1,908 bp
D ORFI3DDH#iEA b HEEBEEEA, T 2HEEIX
56T O 7 IV EBEEZI—-RTBHEHEEINL. KRS IND
B O NKEEFRICIE Met THED 24 K E OB /KEIZTE ©H
BREEL, TNRBABZEOHWI V7 FNVERSD T L 70O
FlEEZD., AEBEZEPWBEOY O NIETHD, TITAHR
WELEREN G, ABEZo0MBANOIRICHEE T 5 &%
=1L 7~.

£/, ABREOHEETY I EBEEFNPICNEFHBEHES T
F—T7TH5 Asn-X-Ser (F/721E Thr) 2 9 WA RWEL &
ABEZRESEODEWVWEY NI THDIENE, BEH T
FOREMIE, FREF—T7HFDAsn BREEEALTWS Z &
MFHEEIN5.

HET7I EBEEIOELERRBET >R, FBEICE
WEHLEZRTYONIZE, BRoTINVa—-NVFF ¥ —F
SO TRWERLAM- /. ZOZENMSABEZITIMD 7 IO
— A F ISy -3 nFELLE, RE2FARIVOELEL &
ENERIND .

mreADO 70— 4% —HEHEBIZWK, Y HT7TIT—FYEEETR
COERBEAEBGETCOTAESNIEREYOHRAEMEZEE R
FRHBEEY TATAAARZRRWEARMho k. UL, BRERK
JR M5 300 bp BLE EFRIC TATA B, CAATHEFI 2N & 1
Wi ohniz., TNSOHENS, BEOEETSAI VY
NN A= NFF I —EIRHMETHDDIE, £ELEFOD
REEHORKSIICERTZ EERLE. £I2T, REBEFOD
ORFHEE 2 h7IS— ¥ 70—y —TltEKEL, TFX
R CERZEBELETAEMTEEL LSS, BEEE LI
FOAYVTINTNI—NVFTFIF—EEHEMEZ 800 FIT EHF
SHRHBIENTER. ZOBRELD, AEBEROSWEENM
ETHAHAERWBAEGRGTOTOE—% —EHOEKIITH B &
uuﬁﬁbt_.

HBMTEICBWTAEEZTFICHNE T 2 mRNADKE & %
REER, MEEBEICY~Z2 30BEBETRKERS 2.

mreAREO—2713, B LU /= Aspergillus BE B O 5 B |
HHEHICB IS EHKRICEIIRTHH L. LML, mreA% 3
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O DNAWHKFDORT T FIAMEIZLD, A oryzae ( A.

oryzae, A. tamarii, A. flavus) & T NUN D H 1 T (A. sojae,
A. parasiticus) WO I NT. A. oryzaeld A. flavus & A.
sojaeld A. parasiticus & F N %, DNA L X)L THF %N
BEWIENREINTWS O, £A-HBEHICET SE K TIZ
mreARETEO—J3BREBINABNo . Z2NS DRI, mred
HEETFRAEHEKOFE ODEGHNERZRMITSBS I EEZRL TW
5.
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BA4E AVFTINTNI—NFTFI IV - FREREELBE
ERB%BOA W

B18H K

TAETIWE, 1V7INTNVa—-—NITF ¥y REEHE
ERE¥ZFHL, ThzEfA L TENAPBULEOEREEORE
BRAVEORELIIKWVWEBZEETSA I EEZHMNET 5.

HHBEHOEFEMAMEL TCRE&EMA T ICL2ZRBIEZEHMY
Ll 7z 7z ro0—ALAEEERBBE Y, 73 ) EIZ
SOHMUCHEELSILEOBIEZENELAEEBEIINARF RS
FHY-—VEAEAEEREH P CEHEEARE PR EOREND 2
N, HPIULROFEEFIEZENELAEZFHEAT ZL. W T
A7IS—VYERZEDODWHEBEBE A. oryzae RIB 128 @ 43 4
MFIENAREZRBRFL, AVYVT7INTNI—-NFFTF—F
FENKTFTLAEAZLZEKZGS. £FZEHKOERTFZAHL,
AT =NV T LEEBTFARMNIIBWT, BAXITIBTHIER
BRoOWEYE, EHMOBAEESEZTMT 5.

Flh, BARERKEZEAWVWTHELAEABEBZHAWT, X 1kg A ¥
— NV ODEBEEELALZARBRZITY. BZ2REH S EBEHKI S
o (EHEEE) LR, SNEHBEBOEBEITIDWT —
oW, BERRREZTS. 612, 1VYVT7INVT7INa—NVF
FIOA—EWRMEALPPTVWEESFHFETEBEZEHEEL, 1 YN
LIV TEROERABRBLUERERBREEZRBRENITT S .

Eo2H ZTERKOSEEEIRENE

[ 7]

1. ZRULHA

A. oryzae RIB 128 2 PDAK M T 7T HEEEL, 4L &
HERTFEZRERIE, 0.01% (w/v) Tween 80 AR IZ 2X 106 @
mliZ/Bm5EL58B L. BHK tmlZ2 7 VI®HONEFEE
micB L, BABROKIE (15W) A5 15cm O EITHB W T,
BRLANSASBBHLUAE. BRHEWN 1M, X2 EWKRL
THEL,.ZREUBLEABEHEKZHFRL T PDAEREH OB
L k. _
2. WP OAVTINTNA—NTF I —VYEEDOFEM
1I0mlBEANY RAXR—ZAAA7 0 T 5374 —ANAT
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VR, BMELZZafbXk 25 g2MA, adbHK1gdbdDn
AREFNI0EICALILIO>DERFEBHRERZEZMEL, 35T,
42 BRI EL CHBE2HAELAEZ.2NIC,0.2M HEEGHKR(pH
4.5) 7.5 ml, 41V 73I )07 I)INVa—)b 10 pl, 7F>EUY
(KEBE 100 g/ml) Z2H ML, 30CTHHBBERLE ST ®
. BOLE (100C, 24) 2170w, BERLZEZELI Y Z#,
ERLEAYNLVILTIVTEREZEAZIZIOYNT S 7 40—
LFVOEEL L.

[ & R ]
1. A. oryzae EHR DAV T INTINI—NVFAFF—FiEH
BEH D A. oryzae BRI OF TA VYT I N TIVa—I)VFF
Y —VEEENKEB LD, ABBEROEEMEEH N,
HEE Fig. 4-11Ca2 7. B EL T, Aspergillus @D TH
BRERWRE.A oryzae BT 5 SEBIIEABREEEIRE -
TE <, A oryzael TIEBRBEMBE A tamarii D LB &
WiEHEZEZRLULE. £, BREICE T %5 A. niger, A.
shirousamii, A. kawachii 3B EIZTE T % A. oryzae, A.
soyae, A. tamarii, A. fluvas, A. parasiticus \Z & L T, &
HEIZEMN > 7. Fig. 4-11ICRRLTWRW A, oryzae@ ® 30
BHRIZODWTAEBEZEBEEZ2AEL 2D, BAEAEEKITIRWE
‘oz,
2. AV INTNA—NAFT I —FTEHEOBEVWERKD
5 BE

A. oryzae RIB 128 O AR FICEABREHZIT W, &£ F
a0 =-Z—1,000 MhER/RE. EHFEEREEN 0.3 THho72. 5
NEBEHEORNS, BHRIEKLTI2UFOLY T INT N
I—NVFF ¥y —VYEHRZRLEFTFRFLR b HKZERLZ.SH
OO E, EXRX150gZHAVWAEEBRARIIBWVT, £FNVERE
FcEWI Va7 —¥EHEERL Z 128-161°Y B X T
128-651 # 2 mEMIZ/ L. T 5% PDA KM T 10 B # R
EEL, BPEORE®HZHERL .

IS oBEBEKICEBELT, BB EBEN, 2B EH
BEHMIIEWRAES Aok, BOBEENES, BRE
MG EH S, BHOFAAIBRVNEVWSIEHMNR SN
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A shirousamii  |FO 2052 b
A kawachii  IF0 4308
A niger 1AM 2561
parasiticus 1AM 13888
flavus IFO 30106
sajaé RIB 1045
tamarii 1AM 2502

oryzae RIB 23
oryzae RIB 40

> x> x 2 = = x

oryzae RIB 128

0 0.1 0.2 0.3 0.4 0.5

i-Valeraldehyde (mol/mg-koji/d)

Fig. 4-1. Comparison of isoamyl alcohol oxidase activity among

T{lspergi]]us strains.

EI3H HHEBERABRBIUVAERIEIBUIDIALALEZEOEKEHIL
[ F )

1. pRdv»LoFAH

7= E bk 128-161 B K ) 128-651. #F #k A. oryzae RIB 128
EFRHWT, MRDBDPLOKXKEFEHZIT > L. XK (90% (w/w)
BA) IHLULT1% (w/iw) RKIRZWMWAZE, —hJ L —
TREL, ZhitgdERI»E L ERTFEZHEELAZ. 30T
T3SHRMBZEL, 2ERFIVIT+LFELERE (DB L)
EEE.EBNRLUAEZXRKMZBRETTEELEEZ, 535 0WITMT,
THERBFERAMANMNSEINRLE. ZNZHRBPLELTEHES
ERICHERL 2.

2. MBHAB

2= IT7y T L rEBRBRIEIC Yy - VIETHF2RE. BX
BHEXSET10%X0OHABEERALAE. fTETHBELZHDR D
RPLEHATAE TENKIICEREL, VP-2008 F0F 5 Af1E
BEEE (FH/ RS THBEBZT 2. 7ERTOHEMESR
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W3R 108 @/ A Kk-g & LUk, LM, 32C, RH 95% (24
B Rd), 35C, RH90% (10 KrfH), 38C, RH 85% (8 I f#])
T 42K BEER, HWBL L.
3. Do
Wrhoae-7I5—Y¥, FILVar7Is—¥, BETOFT —
Y, BEANARFIRTFY—FIE., EBBETHE DL DI
LVl BOoOBEEIL, 8% 0.2M BEE & & K
(pH5.0)-0.5 M NaClic Tl L, REEZIEM LI 2 HHEK
BLEZOSBE, BRIZTHEL .
4. FHEBESEEASAHR

Table. 4-1 KR THAABREAEIC LD, BXK 1kg O 5 &
ok, M2 101 5 EBEERZFERALEEBERLAAIT L
7. BRBEEIZ 15CTH- 2. ’
5. iIBOOMBLUVUERERE

— RO WMBEBRTFHRES MBI 2. FIEPOEFEIRK D
Ay RAR—Z2HZA 70 b5 74 —CELDVDEEL &,
ERERERI7TLH40HBRETHT WV, 5 RIETHML 2.
6. A EHEBEBBRPIUVEERE
CAEH 100ml 2 0.2umDAT LT 4 )V F —ITTIHEBHK
B, 300mlBEOBAMRICAN, 30CTsEMERKRL . i
BEOERBRER, AVEFZ2HRICEBNTE2H ARE 64T
TWw, AL THEEZ SEMTHFML .
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Table 4-1. Comparison of starting materials for sake

brewing tests.

Starting Step Total

material Hatsu-zoe Naka-zoe Tome-zoe
Total rice (g) 175 325 500 1000
Steamed rice (g) 125 275 400 800
Rice koji (g) 50 50 100 200
Water (ml) 249.4 375 700 1324.4
Lactic acid (ml) 0.6 0.6
Yeast suspension? (ml) 25 : 25

2 Kyokai No. 701, 2X 108 cells/ml

[ %R )
1. MBH B

Table 4-212, > — VN THRELZBOOIWHKREZRT .
TEKTHELAEABOAYTINTIT NI NI FF-—FE
Wi, B CTHBELEHEBIOMREBD 1/3 TH-R2. Ei
HMERAMTHELAEZABIZIBWT, BEBREBEOREERS J
NWa7Is5—¥FYEHETREBLIOEWVWEEZRLE. > T,
ZEAMKTHBELLZBIEL, BEBEECHAWS I ENAREBTDH -
. BEEABOME, THEK 128-161 3 HEBKOFEDODHEH
ZHEHELL TWE.
2. FRKEZEAVWEEHEEELAALER |
BFHEBELAARRIIBWT, REITXOHEDPDEN 825 ¢
WELEHEATLEEZTo 2. TR 128-161 S B L &
MERAWD E, BRI XBAKEN 3H, ZRK 128-651 D
Bl 2H, ThEhEL<ZZo7k. LML, WRBIZHNX
HEMAERMMBIROBERARWEESIT 1~2HEMN> 2. L1,
BEBLEBOHBEO—BoHHE, BEEBREFLEHE, FXRD
M HIE%E Table 4-3 IR Y. ZEKBEHRKRBZHEWTESE
L7F#EiE, BE, I/ BEN, #tk, ThBZAWES
BRHENRTEM>Z. BEBEICIBNVW TS, BKERODO T
FAFEMIT AL, FMEEMBEIZEK, THREZHWTEEL
FHBECEXRTRREN-, . £, BEKESITATYNL IV
TIHVWTERZRWT, ZEKBIUCEKB RSB, TRABMIC
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PWTHEREZEZTRARSN M- 2.
3. EEERBFRRBIZIIYNLVITINTE FEOEL
EHFEBEPICBTBZ2AIYNLVILTINTE RBEOZE{ % Fig.
4-2 R Y . HHEPBPLUONTRBEZHEAL THELZAEBP
DAYNVITZNTERBEIL, FERBEHKEZ, EHENITHEIM
L, 28H%, AVLHFOEMRBEMETH 5 1.8ppm'ICEL 2.
— %, ZERH 128-161, 128-651 Z#H W TE & L 7= 4 E 13,
BHRCMRBICHURTHMNEENES FEMHKB 35 HEIZH
WTH, 128-161 KA 0.48 ppm, 128-651 # 7 0.50 ppm T
HD, ERBMEZARESL THS 2.
4. WREBHOERBRAEICIK %5
BEEREOFMIE R Z Table 4-5 12737 . BB IUOHK
PHEZHEHLTCEE L -ZAEABERIABRFE2ELILLEFEZ2HEHL
oA, 128-161 M ZMA L TEELZEBIIH L TEHALALV S
ODFBEEBRN>7z. 128-661 KDL B IF 146 D0HRBENH -
e, TOLLVEBERBEKCHTRBICEXXTE? - .

Table 4-2. Properties of rice koji prepared using mutants.

Mutant Parent Rice
128-161 128-651 RIB 128 koji®
a -Amylase (U/g-koji) 680 763 1,100 1,000
Glucoamylase (U/g-koji) 190 272 320 180
Acid protease (U/g-koji) 2,100 2,300 2,600 2,400
ACPase? (U/g-koji) 3,300 6,800 10,000 7,000
Isoamyl alcohol oxidase 1.4° 1.9 4.3 4.5
Browning degree (—, +, ++) — + ++ -
Weight of mycelium (mg/g-koji) 6.0 6.4 6.9 6.5

2 Acid carboxypeptidase.
® Isovaleraldehyde, & mol/g of koji-d.

¢ Obtained commercially.
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Table 4-3. Composition of fresh sake in brewing test.

Mutants Parent Rice
128-161 128-651 RIB 128 koji?
Fermentation days 13 12 10 14
Sake meter (+, =) -0.4 -1.2 -2.4 -0.8
Alcohol (%, viv) 18.7 18.6 18.8 18.7
Acidity (ml) 2.5 2.6 2.9 2.7
Amino acidity (ml) 1.4 1.6 2.0 1.8
Sensory evaluation? 2.1 2.4 2.9 2.7
n-Propyl alcohol (ppm) 110 120 130 100
Isobutyl alcohol (ppm) 65 76 68 71
Isoamyl alcohol  (ppm) 160 180 - 180 190
Ethylacetate (ppm) 65 78 66 64
Isoamylacetate (ppm) 5.3 5.8 6.0 5.9
Ethylcaproate (ppm) 0.87 0.82 0.76 0.76
Isovaleraldehyde (ppm) 0.19 0.24 0.39 0.41

 Measured by 7 panels. See the text for details.

® Obtained commercially.
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Fig. 4-2. Changes of the concentration of isovaleraldehyde in
non-pasteurized sake during the storage at 30C.

@®, non-pasteurized sake produced using mutant 128 - 161 ; A,
mutant 128-651 ;O , parent strain;A, koji obtained commercially.

Table 4-4. Sensory evaluation of mureka in non-pasteurized sake

after the storage at 30C for 30 d.

Mutants Parept
Panel® 128-161 128-651 Rslgallgs Rice koji
a — b - + + + +
b - - + + + +
c - - + + +
d - - + + + +
e - + 4+ + +
f - - + +

4 Six panels joined in the tests.
b Mureka intensity: —, non; +, weak; + +, strong.

¢ Commercially obtained.
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BA4H BNEERE

Aspergillus BEEHZHWTHBE LAEXBPD AV T 2
W7 WA= IVFFTF—FEEM.IE, A. oryzae lZE T 5 H &K IZ
BLWTHICEWEEZRLZ., EABE2HWELRLEIEIC
L0, HBEBE A. oryzae RIB 128 2614 YV 7 2 )7 )b 3 —
WA FF—EEAEEERK 28K (128-161, 128-651) % 15
. 2HMOBEREZRANRTLER, BEIBRICHURTEEEZE
ENETFTLTWAEDY, MkRBEZAVWESEGELERT S E, F
WaAT7IT—FTEELETEVLRIVICHD, BORKREMLESH
BOBEHEHIBERKFTH> 2. '

R L&D, LR 2HERBAEBEEXFZED, FTEBREH®
MNBEBRIOVAFEREICETLTWE., 2O0Z2ENS, WMKITESE
YN EDDEERRZRD LB oWRIIMsNPDOERYE ZEL
FERKTHBEERBLE. L2L, TOXEMERNRE RE
BicowTtomiddt+akrashTwiazw, Lo T, &%
BREOAVTINTNIA—NFFIF—EREEREBITD N
TRABZZ I - RIBI3EGCGFILRINITOEMZZTDSTERD
REREELEZ S.

AEEFERRIIBNWTEEKRZAWTEELZEBEFY DO 1
YUNLIITZ7ITEeERER, EEBIUMRBICEHAXRXT 1/3 T
HUV, 30CT 1 AEBREDLALVFOERBMEZ KELS TH
STWiE., AVEDODERKMEZITDEHERE, EEBIXUEHIKR
MEMFALTCEELZAEABIIHLTE, RBEL2ENLLVE
EEMLUEDY, TEEK2EKZEALTCEELZEABIIHL T
BALBFEORENEEAERN &.

DEOHENS, FETHELNELEZEKETLLEFTORAEL
BRWEBOHBIIED TH THS EMmL 2.
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S 1

KX TRHREBHBOLEILERTHDILALVBEOERMEK, 1 VYNV
TIVTEROERKRICEESE T 528E A. oryzae R FH M| 7 )L O
—VFF V¥ —FowHEEOoMmMAE, TOoKBILEEMNEL
THEz(ED, UTOXSTAEkRZ2EDHIENTEL.

MEOBAER LEFRIZT, 1VYT7INTHNI=NDHEAY
NUVNVWTNVNTERZERTOIEBEEEZ2AVWELE. £BE
W, fEHEEAi o EEERPICEE IR EINSE Z &,
EEBEHEBMICBWTEEMNE, LEHEED, BEE2LEFOEME
MWEMBHMEPBKRLIDVEWVWEEZRLEIEENS, ABEZFITH
HOoOMBAICSWEEZND I EN DN . KERIIT I
FUNTNVIA-NVRKERAZRISPWHOITFIF—-—FEL TR
EHNOBRSEHNTHD. £/, ABMERIVYTINT NI -
EEFETOEHMIIBWLWTHOHERMWICTEGRINEZEE2 AN
L., ERMICEESERINE TNV a—-IFFTF—FiL,
AMAEDUATEREIN TR WL,

BREECSGZA2RBZBBPOXEZAXRNEER, 7Y to—
WV, FJhVva—ZA, FTFAPICOIET, GmWEBEELEENEZ R
L.

AEEREEREBILFE> D, BEEFOoHMBEZMRFAL &R,
ABEORBAEBICLII2EHBBRIIBVWIEDEVWEZEEZ R
WELZE. £, FEOBRUEEN THAXRBOE S, B
BEOEVOAEREEEIRKEELEZSSICTHKBRL T 57
BlELE. £/, EFHOBRHEIEDEVWERELEZ RL
DS, FREHMRIMABEREOLDOEBREEL THEHA
TEZIENbho7z. BIZ, BNBEEHDZDOEMEN, ft
OH-BBICHRTEZE>TENMN2 . 2D ENSE, KER
NEAEEBLEBIZLONZDHENIZIHE, BN TWS
EEZL D, FRINSOBERERMNSG, FEBERIFIHEBEFPITBNL
TUHEMEZETHA I L, HHEBLDIIEBEFLIIS< W E, &
FHEN 30kDa XD KREWHF NIV ETHLHB I EDNDLM->
7.

AFEORNEBERKZBEEOEDOHEYMWE L L TE&HE
AsL20x TS T740—Z2T0W, EQWRBMICHE —T2BEER
HDHDIENTERL. ABEERXIDTHEE 713 kDaDBEENKT
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Hholz. BR P pastorisO 7 )NVIA—NVFFF—FEdnTH
B2 300kDadOFRE4mETHOD 'V, C. boidinii ® H.
polymorpha DEEHZII D FTHEHE 670 kDa DK £ 8 E8H & #&
I NTWVWD Y, F/, #FH Basidiomycete ® 7 )V I — )b
FTFIIF VI L THEE300kDall 0L EBEKTH S 2. Z
DESTEHROT NI NI FIF—-—FREIITAXRT, ¥721=
v hEEEDHMBENEBRTHY, WEHRKROABERITIZIOD
ETHbEBERAZ77 VANV AFIF—-—TFTEEZXS.

ABREEEZ2HN 200 BFOHEYNRNIVEATH> . RTFER
N-ZVYVayHFy—F¥, TR0y -, 27U —FE
AD 3O )a sy —EHETTOR, WHZSTMHE - X
MTERERENS, — RN NESRBEHETIRERSZ YA T
OHEIEELTWVWE EEZOENS. ZEOEHOKE G,
Y ONIVEBERSFONKEEZREWAL, BEDO pHLEMHER
BELEMOMEICHFET 2 3P, /2, FHOEASICX D E
ZOHKERBEINT S, AEFIIBW TS, HHEHOMKEEGNIE
R TOLEMHRPEBREIITFE L TWVWBR EEZIENS.

ABEROENAR FIVEETHOBMIZKL 2B AXRY
FILOENS, KRBREITITITIECIONIEBETHS EE X
5% 3. L»AL, PUJDoODOoOBBICX2UBTH 7T E >
fkEMBEH LMol &G, 75T AEZE
WHAEKAEL TWSEERL -,

AEBERII pH4STBWTERKRKEEZRLEZ. £/, pHS3.0
~6.0 TRETHH72. BHEHD pHITEHR 4.2~4.5 DFEHIZ
B, TOXDdDEE pHEHRHE, AEZENEBHFP THERLST
<, RELIRKWERY ONIJETHSHZEZr-LTNWS.
AERLASCETHEEZRAFLEDN, 50CE2H A 5 LW
WEEHITIBETL, 66C, 15 0HMOUBEBTRER2ITERTEL .
CDOHBEER, BFOBEHEHOAAN (RULHE) FHITHBNT,
AERZEEBIIRFESIHELIENTEL I EZRL TNV S,

ABEZIZIC5O0NKEHETINA—-NTHAIYTINT IO
— izl T, BERLTEWEREZRELE. ABZEIT C50
BEEH7IVa—)E CeDE#EHIIWESE#HT VI —IVITH
LTHMBLhEEZEZRLEZDY, C4LUTF, CTULEDORZFR Z=
D7 NVFENTNHNIA—NIIH L TEEL<EEZRILAN .
OO REEFREEZRTTTNI—NAFTIF—-—FEIEZIN
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TRABRETHY, FEZFRHEASFAERICELTH MDD T
H;uuti?’}l/:l—)l/?ffr/& TEEZS.

ABEZOBUERZEBEICEMNT 2 Z ko T, LUV F
DEEKTHDALYIYNLIITINTERNEFIIRET B &%
GC-MSICELDFHHALEZE. ABERBIVOEERFEREITEDODNWT
KBEHZE2AVYTINTNI-VFFIF—-—F¥eEMm&LLE. 1
V7INTINaO-NV2REELEZEEES, AEE DO KmfEl 30
mMTHo/m., ZOofEMOoTNVII—=IFFIF—F &L
LT 2ii@ho/k. BHEFOAVTINTII—)VEELHE
W, 1.2b~3 mMTH BT EEEETHE, EFHPITHT
HBLAVEREORGEBERBICEDEEAZ SN S.

ABEERLRT mreAZE O DNAKIHF PIZTR WAL = 1,908
bp ® ORF I3, 3D E b0 HEHEBZEAR, TV Vi#
BEs67THOYI / BE2a—-—RFRIBHEHELRE., KBS N
JHEDONXKUH EHEICIE Met TWHED 24 BE OB AKBEIZE D
HENEEL, TNBAEAEBZos W7 IVEAE ST 70
BAEEZSNTE. ABEEILS-WBHEOYONTITETHD,
CTRWELERENES, AEFoMEANDSWICEE T
BEERBLRE. £, AERXOHET I/ EREINPICTNEE
RMEEMAMEF — 7 ThH D Asn-X-Ser (£ 7 1E Thr) 2 9 I Fr
EWwELE. ABERESEOEWVWESY O NXIJETHH Z &
mE, BEDFPOHEHEIIT, EREF—T7H D Asn HREITHE
ELTWBZIENTFHEHINS.

EET7I /BENOHELUEBREZT - LABER, ABFRICH
WHELEZ RS Y ONIER, BROT VI - INVFTF 5 —
FPEODTHRWEEAMNo ., ZOZEMSAEBEEZITIMD T I
- IFF ¥y —-—FE&lInFiELE, EB52FHI0OFEEL
Tl EMNTFHEHINS.

mreAD 7 OE—F—@HEIZWE, YHhT7I5—-—F¥iEETFR
FOBRABRTFT CRASN2EREEYOREMZEER TR
HME D TATAAAWTRWERY Mok, LML, BIRBEKBI R
5 300 bp L IC TATA #, CAAT S E AN E 1 7 A R
5Nz, THULH60EE™NS, BEOAEETSH AT IININTI
A NFFI S VRBETHZOIE, AREFOEEE K
DESIICERT A EHELE. 2T, X#EEGETFEYIT I
S—tYJ7oE—F—TFTIHEHEL, TFAMNI E2RFZFRET
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LM TEZEERZFELEEZA, B2 LEPDODLI VYT 2
W7Iha—NWAF ¥y —FEHREZ, FEGFZEBLRBRNVE
BB LT 80OBICLEASRB I ENTER.

HBETEBIICBWTABRTICHKET 2 mRNAOKE R %2 #H
N, EFICAHZZ30FHAE T ARERD I EZRL Z.

mreAREO =713, B L 7= Aspergillus BHE M O 5 b 8
BMEICETA EKITEIIRTOHAL TWE. UL, mred
FEODNAMMKBF ORT T FIAMNEBIZKD, A oryzae ( A.
oryzae, A. tamarii, A. flavus) & T NN D% 1 T (A. sojae,
A. parasiticus) WO EINT/z. A. oryzaeld A. flavus &,
A. sojaeld A. parasiticus & Z N E N, DNA L X)L TH# H #
MBWVWIENRBREINTWS Y, FLEBEHTCET HEKIC
W mre A EO—J @3B NABAhok. TS5 OHERIT,
mre ABBTFREZERORODOEGHN T RZRMT S5 & 2R
LTWw5.

Aspergillus BEHBMZEZHAWTHELZKRBFDAL VT I
NN ad—=—NVFF 5 —FEMEIE, A oryzae lTE T % H I
BLWTEHEICELWEEZ2RLE., BABRZTZHAWEZLZRNEIC X
D, BEHEBWE A. oryzae RIB 1282514V 7 I )7 I d1— )b
FFV—VYEREEUEM 2MKZ2HELE. 2HKOBEREZHFHANX
TRR, BIMIKERTEERBRZOEENELTL TW 2N,
miREZAWESEGERE TS E, VN T7I5—FYEHR
PRPEVLRINEZHID, BOREBEECHBOBEATIRHFTH
o 7.

AERFEARBICBVWT, ZEKZAVWTEELRZEBF O
AYNLVIWTIVTEFRFEBERERBIOCHRBITEANT 1/3T
HV, 30CT1 »ARFBLEEDLLILBFTOEREBMEZ K&
FTHEHI->TWE., AVEOERBREZITDLEHER, EHEBLT
THRBAZEAL TCELZLALAEBIHLTREREEZEENL L
EEEMUALY, TRK 24 (128-161, 128-651) %2 A L T
BELAZAAEABICH L TR, ALVEFEOERFRIEEAEAN 2.
DEOHERNS, MR TEHESNLEEKIILALBTOREL
RWEBOEEIIBD THAY THS EERL 2.

FHE2MKBAEZFZED, FERIAEENEBRIDEEL
KTFTLTWhk. 2O0Z&ENS, BHREBBRESYS O NIJBEOES
REDLBLLKBOWBRCMSENOREZELCRELERKTH % &
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ZRLI-.

SHBEOHRBEELL T, HEMNAEREL TRRETSHZ KB
ZOEHNEZOMHATHY, THBEAEOEB TS THM
BRELDLVEIEERBEOFRATHD. 200 EIT, K
MFECBWTHRELZ mreAB B F2EDHICERT B &I
SIVERTDZIENTBRTHS. §abb, AEaT %2 HE
LEXINERKEZERZE, Thoz W08 Bk EEA
BeaRTLLVEZERLZVWHABRELEKZEZER TS &N
TEBHEEZXD. LML, ZOLSRBRERAKEIERT
Mfik Eas., BRIZBWT, bAEBTRERTFHBKZH
WEEBRIIHTA 2HEBEEDERERRBIELZEZEHEL WD ON
HDH. TORICDODWTIE, fFk, BHOBRHNTEEIN 2N,
HERTREGCGTHRBEZFALLAEBEATHEICB WV TE
HRZFTANSNSEESHEETENL. Lo T, ¥midApf
RPN THFHALBFETRELEAYTINT NI — VT
FIOIF—EBRAEELERKOERALEL, BLXUEFEOHEELEWVD
MEOERMPEE EHEZX 5.
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2

K@ XTI, BE Aspergillus oryzae D EE T 5 LV EF A
REBEEOHBEEZHMUALL. ABREFH MBI T IVO—
NWAF - THD, 1 V7INTHNI—IITHL THE
MiciEzZz2RIIEDR Do, TOMBRKENS KXEEHRZ
AVF7INTNVNIA—NVFFT Iy -—FEmLL. £k, X
FE2IA—RT2ERTF (mred) O 70— 27 EHHTET-o
. BIZ, EBHICBTSALALVEHFOREILEZENEL T, &
BEEEHEORTLAEAZEKZAEL &

ET,.BECEISLLVBFLERBROEEITIDWTRAL .
WAERBEIZBWT, XABHZFOFHEEXEREAEW O NN S B E
EHEHRIcRWwWEEZN, EEHIIEYTmKRER K.
¥, BEEMMEMAEZEBCT, REWE, EEEIDDEELEES O
EFHEMMREMERPOEEIODD, ARICEWEZRL &
NSO EXLD, FEZFIMBEIIBEETHL  EHERL L.

FAAABRERIEE TGSV T INTINI-NITXRDGFE
SNfaholz. —FH, FJUto— )V I3AEEREAEEOEMITH
L, RbEMRBRFZIFR TH > 7z

RIZ, AEBEFOHFBEZEMNELT, AIBZFOoOHEBEBEITDN
ThhE&EBRFLE. BRELEZMEKBGEOR T, RAA2BITXDE
MLEEBAIRDEWVWEREEZ RLE., EHEOESHN 2B B
MKz R MHEBESR &L T, SP-Toyopearl 550C, Butyl-
Toyopearl 650M, SP-Toyopearl 650S, Toyopearl HW-55S %
AWENSAZO NI I 7 4 —%1FW, B—InkERE
IR I A

AEBERERT?Z 20 302 THEHE 73 kDa O BEEKER
Thoz. ABFEFWERAVFTINTNa—)bicHl, FEHIK
BWEHEZRLE. . BREZFED -7 3NV 73—V n-NF
b=, A INFEYT ) —NIZH L THBEBREEZRL 2N,
FTNUADOHRA L AT N FIL TN - NETEE2EEZ R
Shhok., EAEBEFRIIpHI0~6.0 DEEE T TRIERET
HV, BiE pHIT 4.5 TH-7=. Hg®, Cu*, Ag D XS5 R E
ERBAA Y, SHEZFHEHN THS p-/ooax—F a2l —%
BE®E, BExfThhdsE 5322, EROFIINTI, b
BILHTHSDL-7RAIANE CEBREOAEFTIABEEZZMHE
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=z 7=,
ABMEFOREERZNMALERZOFTHBEICEMT 522 &I L
D, AVLFEOXKEKESTHB2AIYUNVITIHNTERNPBEEI
T BHIEEGC-MSICEXVHRBELEZ., 20 ENS, &K
BEENHERPICRITZLALEZTORLECEEES TS EHML
., INSOHMABIVZTOREEREERENS, KABERZE
AYVT7INTNVA-IVFFIFY—-—FELELmAHL k.
RIKEHEBROR S, 7 I JEBEEMNICEDE/EHL - DNA
TOa—JZ2RAWT, 1TVYT7INTINaA—I)FFF—FYEO
— RT3 EFEREEMNSS VOV ULE. WEL ZEE
FiRIHtE b0 EHBEEESD 1,903bp DA —TF U —F 4
DT T VLN SE KD, 56THREDY I/ BREI—-FT B L&
ZIZbLoNE. RBYOONRNIJEO NEKmEd LRITE 24 7% 3
DT FNVNRXRTFREZEZONSBEINAEWEZNRE. BIZ
TI/BIO-FEBCEINGEGHEEHMNEF TN 9EF
BELE. BR7IVBEMNICTOVWTOEMERE O R,
ABEZZ—HBOFADKGEHEBEICIBWLW TAWEINLIRE
BEHE2HELTWS I ENDMo K. £, F /L9270
w hBEAIZED, FBEGETFRBFOREBEKPIZC >IN OE
—THEEITH I ENDMND /2.
ABEEFEEVWS T OE—Y—EHEZH DY L TIT—FT
OF—4—-—FTTCTHRBEREHIYEZHRE, BEELEPOABEERE
HEIXLS80NERLAE., ZOHEBEXY, WBLEEETFIET Y
FINTNA—NFFIrF—F¥YE2a—-—RLTWBEHERL,
EHBRBELRTZ2 mreAl A LE. BHEIRBICBITZ2TYT
SNV NV FIIF - EEEHEETIBREOEE S MEE L THE
ml7z. a5z, /J¥>70y FEMNITED, mreA® mRNA
DEEEREIR, BEHEBKRE, SORMRBIIRKRERD ZEND N
o, EBRBIZ2LLEBFOREZHIET S0, BN BE
HUBIZED, 1VF7INTHNI—=INVFTFIF—¥YIKLEEK
ODHhEERABTZ. AZV—Z7ORE, oz 2B0%E
BHIE, ¥BOAVTINTNI—NAFIIF-—FEENE
BRICHR, 1/SIKETLTWAE., ZHhs0ZEEKERWT,
BFHEEBEEBRZTVWERNICEREFRFBEEZ2E L. B kH
BEZEzEEFBEL, EEBHFOALAYNLVILTNVTERERT A b 2%
Lz, FTZOoZERK2H2EALZBE, SikzERAL

11

73



AR, ANV TITE ROERBHKICD R,
30C, 1 AFEBEDBLLBFODERMBMEZRXKES FTHEH > TW
7. BEBRBOEERELLBVWTHDLLVEOEMB AN 2 2
ENS, AZTRBRBAEBOLLVEREHBILITENTH 3 & #
WL =

74



Summary

In this thesis, I aimed at the elucidation of molecular
and catalytic properties of a mureka-forming enzyme
produced from koji-mold, Aspergillus oryzae. 1 found that
the enzyme was a novel extracellular alcohol oxidase
acting specifically on isoamyl alcohol. On the basis of its
catalytic characteristics, ] named this enzyme isoamyl
alcohol oxidase. The cloning and analysis of a gene
encoding the enzyme and the construction of mutants
lacking the enzyme activity are also described.

I first examined the production of a mureka-forming
enzyme by A. oryzae. In submerged culture, the enzyme
activity was observed at the early exponential phase and
reached to the maximum at the stationary phase. The total
and specific activities in the cultural supernatant were
much higher than those in the cell-free extracts, indicating
that this enzyme was secreted into the culture. Although
the enzyme was not induced with isoamyl alcohol, glycerol
was an effective carbon source for the enzyme production.

I searched for several sources for the enzyme
purification. Brewered sake concentrated by
ultrafiltration showed the highest enzyme activity of the
enzymatic sources examined. I purified the enzyme from
the concentrated sake to homogeneity by successive
chromatography using SP-Toyopearl 550C, Butyl-Toyopearl
650M, SP-Toyopearl 650S, and Toyopearl HW-55S. This
enzyme was a monomeric protein containing 20%
carbohydrate with the molecular mass of 73 kDa by SDS-
PAGE.

This enzyme showed high activity exclusively toward
isoamyl alcohol, and a little toward n-amyl alchol, n-
hexanol, and 1sohexanol. However, it did not act.on other
alcohols tested. This enzyme was stable between pH 3.0
and 6.0 at 25°C. The optimum pH was 4.5 at 35C. Heavy
metal ions, p-chloromercuribenzoate, hydrazine,
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hydroxylamine, and anti oxidants like L-ascorbate strongly
inhibited the enzyme.

Isovaleraldehyde identified by GC-MS was produced
copiously in the pasteurized sake by adding the purified
enzyme. Therefore, I concluded that the enzyme caused the
formation of mureka, an off-flavor of sake, the main
component of which is isovaleraldehyde. On the basis of
these findings, I named the enzyme isoamyl alcohol
oxidase.

I cloned a genomic DNA sequence encoding isoamyl
alcohol oxidase from A. oryzae, using a PCR-amplified DNA
fragment corresponding to the partial amino acid
sequences of the purified protein as a probe. The cloned
gene comprised 1,903 bp of an open reading frame with
three putative introns and encoded 567 amino acid
residues with a presumed signal peptide consisting of 24
amino acid residues at the N-terminal region. Moreover,
nine potential N-glycosylation sites were present.
Homology search on the amino acid sequences showed that
isoamyl alcohol oxidase has a region significantly similar
to those conserved in only FAD-dependent oxidoreductases
but not in other alcohol oxidases. Southern hybridization
analysis revealed that the cloned gene exists as a single
copy in the A. oryzae chromosome. The cloned gene was
overexpressed under the control of the amyB promoter in A.
oryzae. The 1sovaleraldehyde-producing activity in the
culture supernatant of one transformant was over 800
times as high as that of a transformant with the control
vector. This result demonstrates that the cloned gene
encoded isoamyl alcohol oxidase. I named this novel
alcohol oxidase gene mreA.

In koji making, isoamyl alcohol oxidase activity
increased in correlation with the growth of mycelia of A.
oryzae. In addition, northern blot analysis using partial
fragment of mreA gene as a probe revealed that the

transcripted mRNA from mreA reached to the maximum
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after 30 h cultivation.

In order to prevent mureka development, I mutated A4.
oryza by irradiating its conidia with UV light. I obtained
two mutants that showed lower isovaleraldehyde-forming
activity by one third than the parent strain. I carried out
sake brewing tests using these mutants. The produced
non-pasteurized sake was stored for the tests liberating an
isovaleraldehyde flavor. The sake brewed using the
mutants produced i1sovaleraldehyde at a much lower rate
than the sake brewed using the parent strain. In addition,
the amount of the isovaleraldehyde produced after the
storage at 30°C for 30 days was below the threshold value
detectable. '
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