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51E RN OJEER 1T D AR MR L AW BT E

LRME X, KT 2 FEES B2 AAROIRHZRTHERE TH 0 | BDJHEHIEE SN T
KBRN FERRng TRk AR O 4 FEIC T B D, RO EE D 121X,
WHHBE Aspergillus oryzae DMEF S v, WRMIHH O ZHERSCE OB O RICET
20> T % (Machidaetal. 2008) , =[EWRIT T3 H RIS E G =D 2017 4
DOFEIZ LD & FHEORMEOTTYE S = 7 1%, KEMT (81.2%) . &M (4.3%) .
TR (4.8%) ., FHEWKIE (9.7%) & 72> T2 (http://zenmi.jp/, July 25,2018),

DRI ORI 4 FEICKBI SN D03, #8 CK - £) & KT DORLE HC 2R
DIENTEAER7R B O MM 324 CAPE ST 5, Lo Rk I a2 35y
BREE D i < BAASIHRVMEIIC D 0 . — 75, P O MBI IR EAME < | B G
MEVMERICH D, b o & b2 AREI LD KWL, —xaICEAS CAIRE
OEE/RKGEE x10) 2810 TH Y | AAIRITREKIEN T 3~4 » | RE
KEEMICHI 1R Th D, THMIHEHS CARE SV, BT 1 F~3FLL ET
Hh, ZWMNIFIZIUNHTT THRES I, BIARIE 20~30 & < ARIRIE 1
~2 i J EFEWERAICH D, FHCEERE ORISR G2 30 L& m<, Bk
HMIT b - & bR 2 MEIZETHAT2bDETHD, ZIUIEIREDHE
FHINHLDOFLNH VR Z I TH N H D 72D THY , FHVICHL LR A
A BTN D, AWFZETIE, 20 X 5 7 FEVE B 0 Z2 kg 00 B R 23
FEVICEDEIZHEGTIONCHONWTHLNITHZ EHHRE Lz,

FEATHFFEIZ I\ T, KR D 557 14 . Gas chromatography-mass spectrometry (GC-
MS) 12XVt 4L, 200 FEELL ESFEIE &AL CT % (Honnma 1987), F7c,
BRI OFE DI S5 20 & LTT VXA T UMM (Morietal. 1983), &5

(2, KBRS & 2RI 2 350 ) T 4-hydroxy-2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone
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(HEMF) DEEREFXS & L THEE S L7z (Sugawara 1991; Hayashida et al.
1998) , HEMF (&, M¥EMERERECToH D Zygosaccharomyces rouxii 12 &0 A PE S 4L,
T ANVER, Ya— M —FRLERAINDIHVWEDVZFAL TN LHLEMTH
" (Kobayashi and Sugawara 1999) . & & & & 1ZE O EEFL S & L TRE S
A7z (Nunomuraetal. 1976), % OAIZE I OMEFDF D & LT, methionol & 4-
ethylguaiacol HHIHNTEY ., ZNHD 3 RDICEH LT, 8D XA 70Uk

CRBRMT [JREGR « BRI, WRER « S HRNg ] TORME, 2RI OF<ES)
DIFEND GC-MS 2LV g ST (Sasaki and Mori 1991; Sugawara and
Yonekura 1998), Z®#ER. HEMF & methionol (%, KERME TLBEMT  FRgnd |2
BWTHH S4L727Y 4- ethylguaiacol [FEEM] & GIEMNZ O AR S iz, Zh
5D DMAEDELIREICL > T, B4 A4 TORBOFEY BIRKEN
TS EEZ BT, 723, methionol |%, HEMF & [FIERIC Z. rouxii (2 & V) AEpE
SN, MBIZE > TRESN D AT A= D7 ) IAR=Z VORI L -
THAEFEIILD (Sasaki and Mori 1991; Aoki and Uchida 1991; Sugawara and Hosaka,
2009), F7-. 4-ethylguaiacol 1X. Candidaspp. \Z LV AEFEIND EEZLNLTW
% (Suezawa and Suzuki 2007; Sasaki and Mori 1991)

RRMIIZ 1T, KERMT & [FIRRIS, BRI OB WERER & BIIR O R VIR
tBRD 2 XA THFEIET S (Domoto, 1982), AMFFLTIL, FREFRDOERM L I
LT MEBRDERIGORE THLBEOFTVIZHEA LY T, BOFD ITH
T B IATHIIC Tl A. oryzae DNAEFET 5 1-octen-3-0l 2AHTHIL TS (Kaminski
etal., 1972;Tto et al., 1990) , 1-octen-3-ol &, D ZARDEF Y TRILI N L FXIL
M TH D, KIZ, KBOF ICHET HEBKIEEMDFENT S 4L, 2-methyl-2-
hepten-6-one, methional, 1-octen-3-one, 1-octen-3-ol, phenylacetaldehyde ¢ 5 F&E%H
DALEWMIFE ST D (Takahashi et al., 2006), ZiLH D 9 % methional,
1-octen-3-one, phenylacetaldehyde 0 3 DNRFIZEWRMIZZ G L CWAIbEM & &
N7z, 723, methional IINTHROF D TRISNLIEFEXULENTH D,
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H2H EEIGIE

1-2-1 1%k

AHFGE TRV TR OFUEL 2 Table 1-1 (28 L7z, WM TS (1F7- D EE. B
WET)ITEET) TR DR 5 5 FRFHO Z Mg 2 8l U=, 9 240 kg D7
L 7c 223830 Aspergillus oryzae (ATNTR— RPN . BEVR B TG /KHET) OFEEE 240
g AEAATIT, 40 T TR AT o 72, FREK TIREZ 32°Clc L, & 10
R[] 23 T 38 CE TIRAIC A S ¥z, 36—38CT 18 HpfHifrfr L72i2, 33~
3B5SCITIRMEZE L U 12 FRRIGREF L7z, HR ER 72 FBITHKI 72 kg DR L KE
& 50 kg OHALT MU U AZRA L, 28C TR S 70, B, 20, 30,
60, 90, 365 A& L CRWMAZFR L, £ 24 H20, H30, H60. H90, ¥ X
O'H365 & L7z, H20, H30, H60 (TiREARDEKMT, H0, H365 IF/RERDE
BRI & L7z, H20 & H365 I1EFEERICHIR S AL TV DRI & LT, il S O BRI o
fiht & L CHMERA LTz,

TR DR EAREZIRIG Y 7L 43 (A, B, C. D) & HilRDIRETR DI MM Y
7V 4FE (E. F. G, ) Z2BERISRAT, ILEE & ERORMOAEIZD
WTHREEE~OMEIRVAEZITV., WFRORERICE W TH AR & 57
RN ERINTH D Z & 2R Uiz, T X TOWREARERM X, BIRESROR 2
THTEEINTZLDOTH D, W 7L, IR T 5 £ T20C TR
7 L7,



Table 1-1. Barley miso samples used in this study.

Addition of lactic Addition of

a H H b
Sample name®  Maturation time Category acid bacteria yeast
A 2 months® G no* no°
B 2 months® G no° no°
C 1 to 2 months® G no° no°
D 1 to 2 months® G no° no°
E more than 1 year® H no° no°
F 3 to 5 months® H no° no°
G more than 3 years® H no® no°
I 1 year® H no° no°
H20 20 days G no no
H30 30 days G no no
H60 60 days G no no
H90 90 days H no no
H365 365 days H no no

2 An alphabet denotes miso of different companies.

b Category as defined by the Central Miso Research Institute (G, light-colored barley
miso; H, red barley miso).

¢ Information was obtained by interviews with manufacturer.



1-2-2 BRI > 7L OB REREAM

BRI o 7L O FRERFAGIZ . BRIV 2 B 3 A R ABICIE W IRE 2 BT 5 72
DIT 100 mL F =447 T A |THEME 10 g &b L7254 20 mL AN T L
EbOEHWT T T, 2B, ZAT7 T AITAIETESTZLOEMFH L,
TIA L RTAMITUTo T, #HMIE 0. 1, 2, 3, 4, 5 SORETITV, 55
EROBOFD BRVERE L, FORLARVEDEZ 0 & L, FHMliEIE, L
BRFCHET 2 134 (Bthes., &MET4) ITkoT,

1-2-3  GC-MS 5#r1

DRI o TV DRI LA D53 &2~ FAN—=Z GC-MS (2 LV | Jelli
# &N 7-TF¥% (Shiraishi etal. 2016; Rahayu etal. 2017) Ze&Z L Cir-72, £,
10g DURKT & 10mL D7k % 500 mL KO HHH T AR ANNIRE L, NHEEYE
WELLTIOmML/L O 1-~"% ) —/L % ImL A TEM L7, W oFD
ZHART D720, T T E AN E S 2 10°COKEH T 30 rfilfRiE L, 4
Cre~y RAR=ZH Z2200mL 2 W51 L, B #jRiE%E (ENTECH 7100A; Entech
Instruments Inc., CA, USA) (2 X U iB#E L 7=, My D43 BER L ORI E . DB-
WAX 717 2 (60 m x 0.25 mm, i.e., 0.25-um film; Agilent Technologies, CA, USA)
% 272 GC-MS (GC, Agilent 6890; MS, Agilent 5979B; Agilent Technologies, CA,
USA) Ik 0 To7c, REEL 3RV IRL, 6N /c7 —& L0 SEEZ H
L7-, HEFEMERESY1Z. NIST 05a ~ A A7 "V T A 75V {27 Agilent
ChemStation ¥ 7 F 7 =7 | 3 JL O Aroma Offices ¥ 7 k7 =7 (Nishikawa Meter
Co. Ltd., Tokyo, Japan) DT — & X— AL iR5E S 1172 Retention Index (2 L Y [A]
7E L 72, Retention Index D HIZIX, n-/3T 7 1 L EEW Cs, Ce, C7,Cs (Supelco,

PA,USA) BEXWn-37 7 4 REW) Cro, Ciz, Cia, Ci6 (Supelco) % TR MEVAHR
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R L7,

1-2-4  #EHIHT

GC-MS [Z L » THH &N -#HBEMALEY DML, R X—T a3 341 &

FactoMineR /X 77— (Lé et al. 2008) Z W=7 4 v 7 Vv ONENFIFEE .

BLOEMG O L VITo 72,



H3HT MR LB

1-3-1  BARKHEAR 0 B 70 2 Z2BRME O B RE R A

A OERER OF R, BRI O R WIREROZ N & g L
T, BROF VD PRV L FEON TS, £ 2T, BRI LETBROFT Y O
RS DB Z MRS D70, WMWY 70 (H20, H30, H60, H90 35 L O
H365) O'ERERMT AT > 72 (Fig1-1), BRME D ZARCII & (a2 -5\ T, H20,
H30, H60 [FR R DEMME | HI0, H365 IFARERDERMNIZ /L T2,

H20 & bl UC H30 TIFEEOEF Y o322 B L, Lo L, H20, H30
BELOHO0 TIHBEEOE Y O S ITIZIEFEE TH o7, BEOFEY O XX
HO0 THEIZHEA L, H365 TS LIS Lic, ZORRN G, ZEIF 60 H &
TIFE WK OB DOFELIDHMEFRF SN TND Z EDRIB SN, £, ZORRIT,
BREOF O NFENDEIRBRICB T, IREROEREN R 2 7 AR
OB CHiff SN D Z & & —F L T\,



%k
4
3
X %k
1 i %k %k
o -

H20 H30 H60 H90  H365

Sensory score of koji-like smell
N

Figure 1-1. Effect of maturation time of barley miso on the koji-like smell. Sensory
evaluation of barley miso with different maturation periods (20, 30, 60, 90, and 365 days)
was scored on a scale of 0-5 points, where 5 was the score given to a strong koji-like
smell. The analysis was performed to the shortest time-matured miso at 20 days (n = 13;

*p-value < 0.05 vs H20; ** p-value < 0.01 vs H20; ¢-test).
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1-3-2 BARRIIH] D B 7 2 Z2 BRI DR VAL B4 D FLik

ZE R DAEFENE BT BN E T R OB A B OFV ICEB LTI %
2T, ~y FAN—2Z GC-MS 73tr 2177z, ke LT, BREFHMHIZ L 0 28
DFFY OIR S Z 7l L 72 i o 5472 2 Z20km ekt H20, H30, H60. H90,
H365 Z#fFEH L7z (Fig 1-1),

GC-MS Z3HrIZ L 0 X TORMIZI@ET 50 & LT, Gt 24 Fobama
[A7E L7= (Table 1-2), F£J°. 1-propanol 35 X O I-butanol Z < 1F & A E DG
W 208 AR RS I B A 2 LT, RIS, A TRRZRIC B W TRBDFE D Off
Aksy & L CRE & TV 7z 1-octen-3-ol & phenylacetaldehyde (Ito et al., 1990;
Shiraishi ef al. 2016; Takahashi et al., 2006; Takahashi ez al., 2007) NE&ENTEY .
B D 2 FRAIZEE H Lz, 1-octen-3-ol DFEEEIL, 20 H (H20) 2>5 90 H (H90)
22T TEEET, 90 B (H90) 75 365 H (H365) I/iF CHM L7z, —7,
phenylacetaldehyde DR 1X 20 H (H20) 75 365 H (H365) (R~ IZHIIML 7=

(Table 1-2), BEREFHMFABRIZ ISV T, BEDOF Y DiRIIX 60 H (H60) 725
90 H (H90) IZMF CREL WA LizZ Enmme sz (Fig. 1-1), L7z~ T,
Z DBEEOTE D OAIE, 1-octen-3-ol DD DK TIX/R W ATREMEDSRIZ X 1
7
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1-3-3 IR DR RN & AR AR IR O FEMAL S D L

REOR D LRI &R ESRO LRI ORI W OE N2 WIFEIZT D 7212,
MR SN TV DHRERER (A, B, C. D 3L H20) LAREREKME (E,
F. G, 15X H365) OIS %Z GC-MS (2 &Y o4 L7ziE R, 24 Ol
TG Sz (Table 1-2), 2D DD & ERD T B LD 4V
=7 Y DIBRLFIREIZ & 0 f#dr L7,

EROAREOT 2y NOFER, F 1 FMS (Diml) &5 2 Eksy (Dim2)
TT =%ty FOEFD 64.98% % HDTEY , L OEBDHERPE LD LI
TW5 Z &R S 7= (Fig. 1-3A, Table 1-3), ¥R RFEWM (A, B, C. DB
FUYH20) B L UURERZNRM (E, F, G, 18X UH365) I3EhZhnos 7 A
H—FER LTz, FEZ. 1 FERS (Dim1) IZE> T, AN 4 DOIRARE
R (F. G, TR LT H365) 23&E £iv, ZEMIC 4 DORGEAZNKM (A, B, C
BELOH20) B 7'm v b &7z (Fig. 1-3A), % 1 k4 (Dim 1) X, ethyl acetate,
isovaleraldehyde, 2-methylbutyraldehyde. ethyl isobutyrate, ethyl propionate, ethyl
2-methylbutyrate, ethyl benzoate, isoamyl acetate, ethyl phenylacetate, isobutyraldehyde.
acetaldehyde, hexanal, ethyl n-octanoate 33 &2 UF 2-ethyl-1-hexanol & 1EDFHEI ISR
Zr L7z (Fig. 1-3B, Table 1-3), Z O R, RARMIRIHIZ 2 b RS
WY ORREEDEM LIz &0 DR & —E L7z (Table 1-2),

WIT, WEREKEN (A, B, C, DB XUH20) &AREREZKNE (E. F. G,
[ BET H365) DENENDOFARIEVERITICONT, U a s Y ORI
REIZ L DMEHENT 24T > 7= (Table 1-3), & O#E 5%, furfural, hexanal .
isovaleraldehyde . phenylacetaldehyde . benzaldehyde . 2-ethyl-1-hexanol . 2-
methylbutyraldehyde 35 & T8 isobutyraldehyde 1%, #ERFMMT IV & RERELR
MWIZBWTERETH D Z ED/REE 7z (Table 1-3; p fiE <0.05),

B ORERE RS 7> & L CIEH L7z phenylacetaldehyde (Takahashi etal. 2006) i
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FEIX, AROERIZIBWOREERT IV $ 0.28 fFIKVRE Th o7 (Table 1-
3;p fE <0.05), F7=. 1-octen-3-ol DIRLLI, AREAZEHMT IV & RO NN T 1.84
fEEM o T2M . FEEMIRHTIC & 0 A EEISFF Sneh o7 (Table 1-3),

I EDOREREE L DD L E3, BRI RN 0BT O 12 E Bk
ERIZLTWDZ ERRESNT, L L, BEOHRAS E L THLAATND 1-
octen-3-ol & phenylacetaldehyde DL IL, FRESRERIG & bLig LT, WEREK
M ERETEEN TS DIT TIERWVW I AR SN, REROER L L
T, £7T. ARKEOBIRDOE U IZFHFET 2MDIbEWMD & o T Al etEnzs 17
bhd, Bl ziE, ~v KAX—2Z GC-MS Z#Hric £ Y l-octen-3-0l &
phenylacetaldehyde Z et L7225, ZOMOEEHEOMAS & L THE ST
% 2-methyl-2-hepten-6-one, methional, 3 & U} 1-octen-3-one (Takahashi et al. 2006)
IR CTh o7, Lieido T, AWFSEIE, WRERZ RIS R 72 R D F D
IZOWTORRZREE L7 BEOREILTE o7, g L7c@mo 24
T OERMEACEWY & TN LS OERMEAE T D, ORI RS LET
boHEEZIOLND,

RN RO ZRIGIZ B W TEROF D iR < E U b5 ER & LT, 1-octen-
3-0l & phenylacetaldehyde |F7R AR EKMT & [F55E D L~V TIEIET D23, SREAHR
M TIX7 AT & N, = AT VEOFEBIER S ORENE WD, BEED
BN AT STV DHARMENRZET 6D, FlxIX, VA U BNEBRICS LI
7=854 . furfural & hexanal DHENIZL DV VA > OF VR~ AT S, TNEH
HEINTEHEREFEROFROMBLEFHET L2 ENHMHN TS (Jackson,
2011), F7=. benzaldehyde IX, FU AF LT I (fAR) ODERKO~AF 7%
ENRH D ENHAE SN TS (Shiraishietal. 1982), Z 415 furfural, hexanal,
benzaldehyde |F{REREWNT LV & AREREZRIZHE W TEIEE CHETLHZ
ENRERE NI, ZD XD REDMDIIEMER I LD BRDF Y O~ R 7 %)
RIZOWTHGEET 2 Z ENEBROBEE LTEZXOND,
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Figure 1-2. PCA plot based on volatile compounds of commercial light-colored barley
miso (A, B, C, D, and H20) and red barley miso (E, F, G, I, and H365). The analysis was
performed on the dataset in Table 1. The individuals factor map (A) and variables factor

map (B) for the two first principal components.
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Table 1-3. Evaluation of volatile compounds between light-colored barley miso and red
barley miso by Wilcox rank sum test.

Ratio of average

No. Compounds (light/red) p-value
1 Furfural 0.25 0.008
2 Hexanal 0.36 0.008
3 Isovaleraldehyde 0.09 0.008
4 Phenylacetaldehyde 0.28 0.008
5 Benzaldehyde 0.50 0.016
6 2-Ethyl-1-hexanol 0.63 0.032
7 2-Methylbutyraldehyde 0.10 0.032
8 Isobutyraldehyde 0.16 0.032
9 Ethyl phenylacetate 0.26 0.056
10 Ethyl benzoate 0.25 0.095
11 Ethyl 2-methylbutyrate 0.32 0.151
12 Isoamyl alcohol 0.56 0.151
13 1-Propanol 2.20 0.222
14 Acetaldehyde 0.62 0.222
15 Ethyl isobutyrate 0.38 0.222
16 Ethyl propionate 0.62 0.310
17 Isoamyl acetate 0.55 0.421
18 Ethyl n-octanoate 0.77 0.548
19 Ethyl decanoate 1.61 0.690
20 1-Octen-3-ol 1.84 0.841
21 Ethyl hexanoate 1.33 0.841
22 1-Butanol 0.73 1.000
23 2-Methyl-1-propanol 1.06 1.000
24 Ethyl acetate 0.85 1.000
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=118

HEIX, AAROBHRN RS ORGEIHEA SN BEERMEM TH D,

OHTH BB Aspergillus luchuensis 1%, 1A% L BEEORLEICEH SN TS
(Yamada et al. 2011; Hong et al. 2014) . FEE O F e EFNL, FEER LM OFEHI S
ENDT T B LAWK i (BEAL) 3 2 BEEDINK o il 34 % fiefa 5
D2 ETHD, FTRMNIE L Tid, SEEIK DRI A TEERTH 5K
HICBBEEND X VRV ERGRT OMFELMGT 2L Th D, BILE
DOURIIIEE 1 BTl X9 IZB IR OB H N ORI CTH o | FEEINK S
fRFESRIC L DR ARLORE TH D Z L b, FHEEERE OMOBE OB REIC
HER L7z, Las L, BT RIC B W CHEBR IC DWW TEEEM R BE s 2 ST
Do F T AMETIZ, A A E—LZERIF L U TRBE ORI S O
MEmEmDD L EB L,

FEATIFFREIZ IV T, THIBE. WM, S o ROE I W B D SR Aspergillus
oryzae RIB40 (2543 5 A A 2 B — L OZERFFRANID . v i & ol U CREMIC T
~B5 7 (Toyoshima et al. 2012), ATP 2L 7 U 5 —¥ % a— K45 sC EinT
DERRIT TV BRINMERE L TEIRT L2 LN TE 52 L0050 (Arst 1968;
Buxtonetal. 1989), - A4 > B — A& 5T y BRIC K 5 2R B OFH R T RIB40
BRD sC BHRGEEA IV —=0 7 L, ZOMENLE SN TS (Toyoshima et
al.2012), ZDFER, A A B —ARNEER, 5, REKERE. KBBRK
KIpE Ok 2 IeBIREREB| SR T ZENTEHRENRH D Z L AREIN
oo Flol AT E—LICKDERERFRIT. vy MERERFHELIV L 4
luchuensis IFO 4033 (RIB2601) 76 D &7 7 o3RG 2 A9 5 2898 E Bk %

BADICAENTHDZ ERHEINTWVWS (Amsaletal. 1999), = DZEIRZE BLIK
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BRI, B E D b v v PN TR X RR T v OFT v 7 v OGO %
T~ LT,

AT, BEEOBRE~DA 4 B — LA OB T, @7 v 75y
RIS % 95 A. luchuensis RIB2601 DR RIKZ TG L, A A B —ANZE

DHERIZED L DI B LY 2 I-)hEEs T LUV T,

H2H BT

2-2-1 BERREB XL OBEE &M

A. luchuensis RIB2601 £ (RIB2601) 5 X UM Bikk & L CTHUS L7z Ul 25
Ba Wz, A4 B — AR DD, RIB2601 #i% TYMG ZEREH (R Y
T lg BERFEXRASg EIFETF X 10 g NaNO; 1 g, KoHPO4 1 g, MgSO4 0.5
g, JNa—A10g FEXK 15gallper 1L, pH7.0) I[ZBWTHEE L, A4 E—
LI O E TR D 7212, M EFHE (NaNOs 6 g, MgSO4 + 7TH20 0.52 g, KH2PO4
1.52 g, KC11.52 g, /L =2— A 10 g, Hutner’s trace element solution 2.0 mL, #£X 15
g, allper L, pH 5.5). M +& L U E5H (18.9 mg/L NaxSeOs, 30 mg/L D- A F 4 =
V) BEOM+7 v AEEEEH (37.3 mg/L NaxCrO4, 1.5 g/LL-A T4 =) %
L7,

w7 L U RIENEE AT OEKROR 7 ) —= 7 L UG LTS EROfET O 72
WIZTYS ZEREGM (FU T M1 g BERFTF X5 g, NaNOs 1 g, KbHPO4 0.5 g,
MgSO0s4 0.5 g, MgS04 0.5 g, /NET > 7> 20 g, %K 20g, Triton X-100 1 ml, all per
L,pH7.0), 721X TYSS #EXiEH (U277 ORbOIZHEET V7 20
g/L Z&te TYS FEREM) 2z, A b L ARZMRBRO7-DIC, v IF—1
> R (Nacalai Tesque, Kyoto, Japan) % 72 (& fluorescent brightener 28 (calcofluor white,

CFW; Sigma-Aldrich, St. Louis, MO) % 7=,
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RIB2601 O EFAMER L OV UL k% VT k#8215 L 7= (Shiraishi et al. 2016) .
FT, BRI KEELLHE, K100 g GETRIOER) K720 108054 T%
PEFE L7z, 2Dk, 30 FEf2NT T 35Cn D 40C~CiREE FHSH, RW\WT
35CITHE 2 T 7, AEEEd (30 BffE]) & HE (40 Befi]) (2R WTH 7Y

T EIToT,

222 A A2 — AR DS

RIB2601 % TYMG #EREEHICHAE L C30°CT7 HREEE L%, vy —L O
# %137 L T Kapton f5 (Du Pont-Toray, Tokyo, Japan) TH/3— L7z, A A0
#ids (TIARA, Takasaki, Gunma, Japan) (23T, 220 MeV DRFEA 42 B — A4

(B — L8, 1~2nA) MRS L7, B L2k, DA FZ2REKICERE L, £

DIRLFE %A CDA-1000 Fi-1-7#I%s (Sysmex, Kobe, Japan) (250 JHIE L7z,

2-2-3 A A2 B — ADNZGEIRIE B OBEE I KT T B O R

A F e — LB D A. luchuensis D53+ DEGFRETRD O, AT
DRFREZWE LT, A4 E— L2 K, &5V LaET 4 M B
HicEdAmL, 30CT2 HREER L, HB L7 an=—DHzE 27,

RIZ, ATP sulfurylase % =2 — 9% sC 851 D JEIRZE BAR O BB % | &
Uiz, mAEF (10% 2 M+ B L UBREHICRERIL, 30°C T 4 AR LT,
sulfate permease Z 21— R 5% sB En T DEEREL Ko T 2R ERK LB L VO
{FE FCRIRSNL DN, sB Z2RERRIT BV UBETIET TR < 7 v LABEIMYE
BT D2 ENMBITUVD (Arst 1968; Buxtonetal. 1989), L7=28->TC, M+ &
VURREEHICIE R S o m =—% M+ 7 o AFREEHIUCHMR L, 30°CT4~7 H
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R L. BV UBINIEZ A3 2037 v ARRINITE 2 A S 72702 1o 8RR Rk %

SC ISR IR L 7 L, TOHBREZFE LT,
2:2-4 @T T UNRIEN A T D ERERRDORA Y ) —= T

T T RIENE A R TR E R A A ) —= 7T 57291, 200 Gy
DFFETA A2 B — DAL L 72534 1% TYS ZEREGHIC A L, 30°CT 2 HIH
e Uiz, TYS ZEREEHIT 2% [wt/vol] D RIAMVET 7 o &/ L TRV, T
TUGBRIZE VR I DN —DY A X BHTH N TED, Ne—F
K ar=—OREIOMGFEZWEL, an=—H A X (an=—ER) IZXT
Hoa—Y A XD EFR L, T 7 U aEREAFHMI L7z, 2 hr—LEk
LV LET S UNRIENE R LT an =—% 4 B LT, BEMEAHEE L
7o

2-2-5 FEREEHIZBIT DT 7 U o RE M O AT

RIB2691 #2ERK, B X OVUL kD p4F (10°) A TYSS ZEREGMH BTN L,
30°CC 2 HREEG R L7, TR Bl v "7 Bt A OfEE R (10 mM FEER
7 RU T A,05% [wt/vol]NaCl,pH5.5) % 7mlFE, 4°CT 16 FefEIfRFF L, &
o EHIR E LT LT, EREEHIC BT A B 2T 57201, FEiR
HELZHE L, BREMBUWC I V@M L, HiKkEZ T —BIZLvEIR Lz, £
60°C DIRK THR IR Z Patd L CER AT BRI, B A i L, @ik
OHFETBEEEZNE L, BEREESTZD OKT 7 iRl O 2 R
L7,

o-7 1T —F, o-Z N avF—ERBIOIvar I T —EiEMET. o-7
Y7 vEA %> b (Kikkoman Biochemifa, Tokyo, Japan) 35 & Ol /)45 i i & %
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v Ik (Kikkoman Biochemifa) #H\\\T, v h a—/WZiE> THIE LTz, KT v
TAXY P TIE 1UD -7 I T7—BIESIE, 2-7 84207 2=L 67
VR TAFXVP-INEREFRNS L pmol D 2-7 v A4-= b T )
— V% 37C, 1 I CART 2 MliE LTERSND, Fo, 1lUDZ V2T
T—BIEELE 1 U O a7 vas X —BIEHIE, B-7has ¥ —EDHEFIZE
WC, 4-=ha 7 x2=b B~/ P FBX O Lumol D 4-= b 7 = =)L o- 7 /b
Y KR35 1pumol D 4-=hv 7 = /) —/L%& 37C, 1 45Tl S5 e L
TEFRIND,

2-2-6 T v U RIEMEREHIE L OVE X T E[EE D T2 8 D Native-PAGE

TYSS FERFM S D X 2737 B 0.5 ml 2, Vivacon 500 FRAMig it = =
> b (>50kDa, Sartorius, Goettingen, Germany) T 10 5§ L. Native-PAGE JH D
R (0.05%[wt/vol] BPB,70% [vol/vol]Z'V 1 —/ L, 62.5mM Tris-HCl, pH
6.8) LIRG LT, o7z 10%7 7 VLT I F7 V% iz Native PAGE (2
K0t Lic, BRukEIDO#%, 7 /v%Z 100 mM FEfR T~ & U U AREE#R (pH5.5)
(ZERAR LT 3% PIEIET o 7 U ARIRICIR LT, 30°C T 1 RIS S8 72, RIZ,
TV WA A K THE L 10 54RO 3 — FF 03 ORpE S TE s )
TYts LT, Yetaii R B LTk, 7V & A 4 /K THEA L. CBB Stain One

(Nacalai Tesque) (T80 FFOYLE LT, BShicZ /XD RE[EE
T 572912, MALDI-TOF MS Z3#T% Ultraflex (Bruker Daltonics) (Z X V47572

(Oda et al. 2006) ,
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2-2-7 KBOT Ty RRIEN

BIZBIT D Ul BkORBZFH0T 572012, 2-2-1 IZFER L7 FEI
RIB2601 ¥k & Ul BRZHWCKEAIEDY | 7o 7 U afatE e thig Uiz, 5%
HFEBLOHBORE CRBOT 7 v T a{ToT-, BEEEMET 57201
10 g DKH% 50 ml O & 37 EHHFEEKR (10 mM FEE T U 7 A0 0.5%][wt
/vol]NaCl, pH5.5) EiEA L. 25°C T3 HF#HE Lz, Z O %Z AR (No. 5,
Advantec, Tokyo, Japan) ZHWTAML7, a-Z/vas ¥ —E, ZFrarI7
—EBBIWN a-7 I 7 —BORERENIX, FEoBEERES v b (Kikkoman
Biochemifa) 383X Wa-7 I 7—E7 vt A F v I (Kikkoman Biochemifa) % FH\»

T7na ba— it -> CHIE LT,

2-2-8  GleNAc HITFEIC X 2 KBl B T 24 F OFHM

BRI 2B OHEAH & G 9 5 72912 GleNAe &I 52 LN T
% (Fujiietal. 1992), B OBEKEELHEE T H7-0OIC, BREEEE L-EHiKL
K OHIZIIT D GleNAe L~v | Jelcsfils S FiE  (Reissig et al. 1955; Fujii
etal. 1992) (T THIE L7z, 2-2-5 TRiak L2 HIEIC KD TYSS ZERE NS
[ U 7 AR & SRR % L. GleNAc OJIEIZ VT2,

2-2-9 RNA O

KEOLERAEE (30 RefH]) DFEF2> B RNA Z it L 72 (Futagamietal. 2015)

o7V T LTEREBI 2 BB ICRIRESR THRE L, MEERDOFIE FIZBWT
Nw—%RHAWTHEE L, RNAiso (Takara Bio, Shiga, Japan) % H\»C RNA %
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i U7z, RNA ORFRLD 72912, SV total RNA isolation system  (Promega, Madison,

WI) #7 1 ha— L chtos TR LT,

2-2-10 RNA-seq fi#bT

RNA-seq {2 LD F T A7 U7 b— LfiEHTIEL HiSeq 2000 2 A 7 A (Illumina)
ICE VAT o7, ZHTMSE U TR L7k (HE8R(EE) 2O Hhli L7 RNA %
iz, 7477 ) —ofiiE L OWRSIIREIX, Eurofins Genomics K.K. (Tokyo,
Japan) ([ZB W T Tz, ¥ —4 > AU — KX, Illumina Chastity filter T~ 1 /L
Z U7 Uiz, RIB2601 OF /) LMERIIRAMTH- 7720, ABE 4
luchuensis mut. kawachii IFO (NBRC) 4308 @/ / A (Futagami et al. 2015) (23—
U AY—RE~y B Lz, RIB2601 £k & UL BRICH1T 2 BB I8 1 O R BLE
DIt % log2 ratio & L TEAE L7z, ¢fli%, R 3> —Y TCC (Sun et al. 2013)
@ iDEGES / edgeR-edgeR O/NA 7' F A4 2R L THE LT, ¢ fE2S 0.05 K&
fiti. 7> log2 fold change 78 —1 KRl 7213 1 LV RE WA ICH R RFBILH
R LT, WIZ, Blo Ay brey— (GO) ffrz1T>7, GO =2V vF
A2 MENTIX., Jelc#d 72 FiE  (Ashburner et al. 2000; Harris et al. 2004;
Futagami etal. 2015) . 3L UNPERL 22 U 7 2 H\\WTiT572, RNA-seq 7 — %
X7 7 & v a %R GSE92237 & L T Gene Expression Omnibus (GEO) (28 &%
L7,

2-2-11 U 7 /L% A 2 RI-PCR f##T

PrimeScript RT regent kit (perfect realtime) (TakaraBio) %z FV T, 500ng O total
RNA Z#H L LT r ha—/LZfhf-> T cDNA 28 L7=, SYBR premix Ex

Taq Il (Tli RNase HPlus) (TakaraBio) % T Dice real-time system MRQ thermal
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cycler (TakaraBio) % AW T, U 7 /L% A L RT-PCR T &1T-o72, UT/VHA
L RT-PCR D77 A ~—1%. A. luchuensis mut. kawachii IFO 4308 #£ D& (s F1F
A T, AL (acid labile) amyA. AS (acid stable) amyA. glad. AKAW 10307,
AKAW 00660, 3 X actd \Z%F L Taxak L7z (Table 2-1), IFO 4308 kD77 /) L
DNA (4.5x10% 9x10% 1.8x10°, ¥ J ¥ 4.5x10° =2 &"—) % standard DNA & L CTH]
Wiz, 77 F v Ea— Y% actd Bis+ 2 MW T, FEREIE O mRNA L~UL
EREEL LT,
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Table 2-1. Primers used in this study.

Name Sequences (5'-3") References
actin-RT-F GGTATGGGTCAGAAGGACTC Futagami et al. 2015
actin-RT-R CTCCATGTCATCCCAGTTCG Futagami et al. 2015
ALamyA-RT-F GTGGTGGTCTCTATTTCTGTACGG This study
ALamyA-RT-R CGACCCATCCGTCCTTGCAAAT This study
ASamyA-RT-F CAAGTATTGCCCTTGCTGTGTCC This study
ASamyA-RT-R GTCGAATTGTCCGTCCTACCGAA This study
glaA-RT-F GCGCGACCTTGGATTCGTGG This study
glaA-RT-R ACTGGCAACGACAATGCCAGAG This study
AK10307-RT-F GGTCAAAGAGAGTTTGCCCTTCG This study
AK10307-RT-R GAAGTCGTAGGCATCGTTGTTCC This study
AK660-RT-F GCTGCCTTTGAGGGAACCCG This study
AK660-RT-R CTTCTGAGCGAGCTCGGACC This study
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H3HT MR LB

2-3-1 A A2 B — LT KD IR FRFFHTE DR

A A2 B — DGR GE TR DS A 79 5 72912 A. luchuensis RIB2601 £k
DALFRI LV sCLEREBMROHBIBEIZ KT T A A4 B — L DB Z G~
(Table2-2), ZODFER., A 42 B — APBEKRIFNCHETORIEREET S
O EDMER SN, £, sCRERAREEMRO MBS 2| & L UiEmEd X
W7 o AR ORI SNWTAZ ) —= L TCEHMliL7ZE 24, sC
FEIREBIROBE S A A2 B — L OB ELAFANTIEIN LT, ZO/RERNG, A A

YE— L0 sCBInFORRAERZFISH I LI LRSI,

Table 2-2. Effect of an ion beam on germination rate and frequency of the emergence of

sC mutants
Dose of ion beam (Gy) 0 50 100 200 300
Germination rate (%) 100 67.8£15.7 50.6+11.1 7.25+1.07 2.17+0.05
Frequencies 1.8x10°  9.6x10°  89x10°  3.8x10*  7.5x10*
(No. of sC mutant/ (23/ (269/ 273/ az7/ (16/
No. of conida) 1,255,000) 2,796,483) 3,083,248) 331,189) 21,464)
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2-3-2 EREEHIZBIT DT 7 U S REEZTEME O Lk

TUTUEHEEREWIB T LT T VR K e — RIS W
10,000 DA =—% 27 V== 7 L, @7 7 2 ENEZE BAR O Atk
BAMBUG L2, LovL, ZRHORD 9 5 3 #i% 4 B EEOMICHT
T R T R BN UL BRO BN T a7 7 v s 2 R L
7= (Fig.2-1A), Ul kDT > 7 U 3 fiiEtE 2 5l 2 72 D1, 7 2> 7 v Z IR FR
& L THTFEREH ETAF 72 RIB2601 #RB LN UL #£D a-7 2 7 —E,
InarIg—ERI Ve Na ¥ —BEEEZRIE L, ULKRO 2 b O
FIGMEIX, BUETH D RIB2601 Bk L W b A EICE N -T- (Fig. 2-1B),

Ul RO & T o 7 R PE DO JR IR Z2 R~ D 72 D12, BREFHIZ i STz
YRV E A U, native PAGE IZ X W 3tT LTc, T NET 7 U o fRTE M & fa
BEL U7zim et CYeta LB R, 2 DD/ K (Fig. 2-22A D TEB LD 2k
HEni, UlBEO Ay ROYEIX, Ul BEBRET v 7 v oGt 2 m i R &
—H LT, RIB2601 kD FRD bR e STz, £ D%, CBB Reta %17
Y MALDI-TOEMS fEHFIC L W R ROZ R EEFRIE LTz, ZHHDRv
KRR Z a7 77— (GlaA) BEXWo-7 7 —F (AmyA) R THDHZ L %
R L7z (GlaA IZDWTIEIANY R4 BXONS, AmyA IZ22oW\WT 6 BLWNT7), &
BRI, FEMEEYE X A4 7 LML A4 70 2 FEED a-7 I 7 —ERHY
(Suganuma et al. 2007) . #H &7z AmyA IZFEMEEM: % 4 7 CTdh 7=, CBB Y
BIZBENTH, 2B/ Fid, Ul BRIZBWT RIB2601 #R L VD B Y s
Nice ZORERNS, Ul BROET v 7 g, GlaA 3 XY AmyA @ &
DWW LIV D WVEREICEINT D 2 ERE R BT,

CBB %:f4.35 L UY MALDI-TOF MS f#ffr Tix, Ul HRICEBW TR S L~ LT

B-7 0 H~—¥ NAAL L EGHH /37 E (AKAW_10307) (Fig. 2-2B D32 K 1)
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Fig. 2-1 Comparison of A. luchuensis RIB2601 wt and strain Ul grown on agar medium.
Colony formation and starch degradation test of 4. /uchuensis RIB2601 wt strain and
strain U1 (A). Conidia (2 x 10*) were inoculated on TYSS medium containing starch and
incubated at 30°C for 3 days. The degradation of starch was evaluated by halo formation.
The grey region surrounding the colony indicates the halo visualized by starch iodine
reaction. Amylolytic enzyme activities of wt strain and strain U1 grown on agar medium
(B). Conidia (1 x 10%) were inoculated on an agar plate containing 25 ml TYSS medium
and incubated at 30°C for 2 days. The cultivation was performed on 4 agar plates for each
strain. The activities of amylolytic enzymes and cell yields were measured for each agar
plate. The mean values and the standard deviations were determined from the results on
four plates. Asterisks indicate statistical significance: ** p <0.01, *** p <0.001 (Welch's

t-test).
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wt U1 wt U1

Fig. 2-2 Secreted proteins of 4. luchuensis wt and strain U1. Amylolytic activity staining
was performed after native PAGE of secreted enzymes (A). CBB staining was performed
after destaining of the starch iodine reaction (B). Band I (in A) corresponds to bands 4
and 5 (in B) and Band II corresponds to 6 and 7. A representative result is shown from
experiments performed three times using independently prepared samples. The bands in

B were isolated and identified by MALDI-TOF MS (see Table 2-3).
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Table 2-3. Proteins identified by MALDI-TOF MS analysis

NCBI Gl Coverage
Bands Descriptions Species Score
number (%)
1 0i|358375613  B-Lactamase domain protein  A. kawachii IFO 4308 114 22
2 0i|145256471  Dipeptidyl peptidase I11 A. niger CBS 513.88 121 27
3 0i|145256471  Dipeptidyl peptidase I11 A. niger CBS 513.88 176 31
4 0i|157829865  Glucoamylase A. awamori var. X100 121 17
5 0i|358374272  Glucoamylase A. kawachii IFO 4308 179 15
6 0i|114794116  o-Amylase A. niger 96 11
7 0i|114794116  a-Amylase A. niger 235 20
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2-3-3  EHE RIB2601 #kB L OV UL #£ @ GleNAc & &F L OB 2

KEZIIT % A. luchuensis DAEF Z 7 AT 2 72012, BAEREE L - B iR L O
KFBH D GleNAc & & IE UTs, M8 Lo miiRiT, R CREE Lo E
ORI LT, £7. BHEEREASH 2D O GleNAc F &%, Ul RT3k
BRE VK 13 5m o7 (Fig.2-3A), ZOFERMNG ., A 42 B — ABE,N Ul £
? GleNAe G &#EIZ B B2 - 2 LR ST,

RIZ, GleNAc B EICHADSWTRBO AR IR ELZ TRl L7 (Fig.2-3B), Ul £
Z VTR L7 K38 GleNAc & i3, RIB2601 #kZ IV THEFRE L 72 KB DK)
0.1 5 ThoTc, ZORENS UL BROKEBIZEB T H2AEF T HHE TH 5 RIB2601
PAKRE Y S ARICEIE L Z BRI,

2-3-4 KB BIT DT 7 by RENE

KBIZI1T D A. luchuensis RIB2601 Bk35 LN UL BRDT > 7 o S RS M % Lk
L C Ul RO ERE A~ HYEZ 3l L 7o, KBOBHEEH -V D a-T I 77—,
INarIT7—EBBIY eV a A —BiEERIT, L AEEITRLNLR)S
7= (Fig.2-4A), HEIIBIT 2 o-7 2 7 —BiEh B FICB T 57 va 7 2
T —BIEHEN Ul FRIZBWThOT 0N L 7 Z S ICAEEN RN, — T,
GleNAc B &) bHEE SN CEEERE Y 72 ORERIEMEIL, XTIl T Ul
BRIZ &0 B U 72K 881T RIB2601 #RIC L 0 il L7 Xk v L FREICEWIEEZ
A~ L7= (Fig. 2-4B), Z O#EFIE. I\ T Ul KSHERTH 5 RIB2601 ¥k X
DOELSAEFBRBIET D8, ThEfioT v 7 U ofiEttaitbia4 2 2 L 030R
e Xz,
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Fig. 2-3 Comparison of growth of 4. luchuensis wt and strain U1 in rice koji based on the
GlcNAc content. The GlcNAc content of the cell wall fraction from wt and strain U1 (A).
The putative mycelial content of wt and strain Ul in the dekoji of rice koji (B). The
putative mycelial content was estimated by the GIcNAc contents of cell wall and rice koji.

Asterisks indicate statistical significance: *** p <0.001 (Welch's t-test).
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Fig.2-4 The activity of amylolytic enzymes of 4. luchuensis wt and strain U1 in rice koji.
The enzymatic activity on the basis of koji weight (A) and mycelial weight (B). Rice koji
was prepared in triplicate and the amylolytic enzyme activities were measured in triplicate
using independently prepared samples. The mean values and the standard deviations were

determined. Abbreviations: S, shimaishigoto;, D, dekoji. Asterisks indicate statistical
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significance: * p <0.05, ** p <0.01, *** p <0.001 (Welch's t-test).
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2-3-5 RS K OSHIREERR E A2 Ul ORI RT3 5%

Ul BRORBIDFHR A O NI T 572012, ETERIEEOREZ I~

(Fig. 2-5), & BEE 2 O BRGERFEOIRER CTh 5 30C~42°CTAF ZH 7, Ul
RO zaw =—Jakdd, @ik (42°C) THMSHF SNz, £72. Ul #Ri%. RIB2601
BRE VB 1355V GleNAe B &2/~ L7722 &5 (Fig. 2-3). Ul £R1E GleNAc
72 EORMIEES R - HERIEEAEICERE RN H D Z LR IS, £2T, ara—
Ly R CFW D X 95 2 fifBES B ER S 2 v = — B RIC R B A2 52 5 &
IMEPFART, arT—L vy FRBIXOCFW (X, TNENIT LI BLORFF
IZHREET 2 2 LIk o THiflaBE A SR Z P EFE T2 2 LM 6N TS (Ramand
Klis 2006) , = > = — L Fi{ZRIB2601 £k & U1 ¥R %I % [RIFREE I ZFHE L7223,
Ul kD 2 v =—Eki%,. RIB2601 £ & bl LC, 100 ug/ ml @ CFW (2 L - CTHH
FIRF SN, 26 OREHRIT. UL BRIL, SRS 2mitEs KO F o6
FUZHEFE DG EEHZ SN TWND Z &R I NI,
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No addition (30°C)  No addition (37°C)  No addition (42°C)

....................... (3(:)

CFW 20 (ug/mL)  CFW 80 (ug/mL)  CFW 100 (ug/mL)

Fig. 2-5 Effect of temperature and inhibitors of cell wall biogenesis on the growth of 4.
luchuensis wt and strain U1. The colony formation of wt and strain Ul was compared on

TYSS. Abbreviations: CR, Congo red; CFW, calcofluor white.
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2-3-6 S NI B & o — N DB T OERGRAT

A F 2 E—LREN Ul BROBIEFRBICE 2 DB OV THRDL 201,
RIB2601 #£ & Ul ££ & O DLk RNA-seq fiffT 21T > 7, € DFER. 604 DBl
FREEZEBZFEE LT, 250 604 a0 55, 281 BIE12 Ul FRIZH W
THRELEFA . 323 Bl F03RBUEAD Lo, BIRENZ L1Z, amyd X° glad D X5
BT VT UNRESRE 2 — FTABRBFIIEENTE LT, ZofRIT, # o3
B WD L)L e —E Lo 7z (Fig. 2-2B), U 7 /v % A A RT-PCR (2 & -
Tb, Mt o-7 7 —BBLOI a7 i 7—8E2a— 45 amyd B &
W glad OEEF- L1723 RIB2601 #6365 X OV Ul BRI CHEZEN 2\ T & & Rl
L7z (Fig.2-6), & BT, Ul BRBIT DiiEetE a-7 X 7 —EB% a2 — K95 aamd &
{BF DT L LT, RIB2601 #k & 0 HIRWZ & 0VRIB STz,

WIZ. Native-PAGE fi##T (Fig. 2-2B) (2 & 0 RIB2601 Kk & Ul £k & THREMN X
YORTBUVASVTRIR DT ENRBEEINT B-T 7 X~ —EB RAL ERHZ N
78 (AKAW _10307) BL OV TFDN_TFH—F (AKAW_00660) DIEAs
TRBLZT T, LU 5, RNA-seq £721%LY 7V % A & RT-PCR (T & -
T, 6 2 00BETFOREREBEE(LIIA NIRRT, LTIehR-> T, #ig
Do U RTERBL VT BB LD e LAY LRI HRRR, ¥ 2% Bk
BEIOZ U RTERRD X D IRERE% 7 v AR T 5 AIREtEN R ST,
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Fig. 2-6 Transcription of genes of A. luchuensis wt and strain U1 in rice koji. Real-time

RT-PCR was performed for the genes encoding proteins identified in the secreted protein

fractions (see Fig. 2). The copy numbers were normalized to the actin gene and the data

are presented as relative numbers. Asterisks indicate statistical significance: ** p <0.01

(Welch's t-test).
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2-3-7 RNA-seq (2L D T 227 ) F h—LF—% DR

A E=LB UL RORIRUZ ED L OITZBET D02 A D202, FEH
ZH L7z 604 BB ITOWVWT GO = U v F Ay MRl a7 o7, & ORER,
biological process (ZB# 35 8 DD GO term N [EE L7z (Fig. 2-7), EHET HE
¥ % &7 GOterm % [x < & | oxidation-reduction process (GO : 0055114) . transport
process (GO : 0006810) . ¥5 & TN glucosamine-containing compound metabolic process

(GO : 1901071) 23#% 7=, oxidation-reduction process (GO : 0055114) (ZIEF&Ak
= ICACHR DOBAR 723G 4, transport process (GO : 0006810) (21X A4 N1
X7 2 —E<MFS (Major Facilitator Super) 7 7 I U —#ub{K, 7 I/ BRI
I E Ok & IR X LRV EREEN TV, 2R S OHIT, Ul BROFHEICES
95 K IXIEE TE 220y » 72, — 77, glucosamine-containing compound metabolic
process (GO : 1901071) (21, Ul FROMIFLEEIZ I T GleNAc & A mEAEI L
722 & (Fig.2-3A) (25T B AEEMED & 5 GleNAc DG AEs L OV iF I B 53
HBILFREENTWZ, ZOHPT, ULKRIZBWTHEEL LA L2boicix, #
TEWE K RESR 7 7 2V —18 ODF FF—F (AKAW _02399), N-7 T /L7
atIr-6-U T 78T 7 —E (AKAW 07501), /v a3t -6-U U EA
VAT —E (AKAW 07504), BIORXF UG R AL V2 BT 5 HEEE R
T+ (AKAW_10297) B &EENT, —FH, UL RRIZBWTHBUK T LI DODHIC
X, 77 AV &FF—F (AKAW 02055) N&FEhiz, MEBERROZkIE
T R R B R A LT FTREYED N B D, A. luchuensis mut. kawachii (2
BWT -7 I 7 —BILMIaEEE /3712 b H S 772 (Nagamine etal. 2003) . E 72,
A. oryzae \IZBWT a-7 I 7 —BITHIREED T F AR ET D Z L RHEINT
BY, BEBESOWITHEST LB X 67 (Sato et al. 2011), S HIZ
Aspergillus niger \ZFB\WT GFP & 727 27—V, Remihis L O ey
(2 R ASHIIEEE (2 JS7E L 7= (Gordon et al. 2000a, 2000b), U1 £RiL, amyd <X° glad

41



REDT T o REIERICE ST BB T ORBL LV LRV B B
LT INODT T U REER DM AEFE L VD B LT Z R S LT

(Fig.2-2B, Fig.2-6), 7 v 7'V 3 fRBEFRB T DERGIKF Th 5 rlREMENR & 5
amyR BInT (AKAW_09854) & fluG iBis+ (AKAW_05082) 733EHLA®E L T
72002 &Y RNA-seq FENTIC &V MERB ST, A. niger (28T AmyR X aamA

(BLZEN -7 X7 —8), glad (Va7 I7—8), BLWagdd (a-7 /=
VH—R) Te EOWEMNKSIREFR A 2 — KT AR T OIREEFHE T 2 L
DA STV S (Yuan et al. 2008), F72. 4. niger \IZBVWT FluG A7 /v=a7
T —BORBUCEAET L Z EHEINTND (Wangetal. 2014),

AW TIZ A A E— DL DBEOFTEEFIOVLHE LT, @7 In—
Ao RIEE AT 5 A luchuensis RIB2601 OERIZ B CTE D Z L2 EIFL
2o LWL, ZORRERE TIIFFETE TN, 4%, RIB2601 £ & Ul
RO T ) SEATIC LD RIRAERZFES 2 Z L n s b,
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Fig. 2-7 Biological process GO terms. The GO terms were identified by GO enrichment
analysis of genes showing significant changes in gene expression in strain Ul. A set of
604 differentially expressed genes in rice koji was used for the analysis. The GO terms

are shown in order of p-value (from lowest to highest; all p-values are <0.01).
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