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LEE

FATA Aspergillus oryzae /& H RDEEE B SR OERVRIRE THY, ZOLEMETREIC

ELRFRDGEH L TWD, LL, IR Ch D Aspergillus flavus 2358 )72 18 5 THHT 7

T B AEPET AL SRR, A oryzae D2 EVENEERIFLSHL, YO HARD

BB D EFE MR TR DOR, EOIIRERESM T T A oryzae BT 778

BAEPELIRNWI LR ELT-(F |, 1986), ZD1%, 75 1 EMFrI 72921 L0 s 1D KBS

A GANH], AR OWHE/e Ll OB BRI T 7T 0T 7T A, v 7aET

Y UBE(CPA) R EDAIC TG EEFELIR, FITHE L L TODZENGE S 4172 (Kusumoto et

al., 1998; Tominaga et al., 2006; Kiyota et al., 2011; Nicholson et al., 2009; Rank et al., 2012;

Tokuoka et al., 2008; Shinohara et al., 2011; Kato et al., 2011), £7=, 4. oryzae I35 —MEHA %

o7 7272702 /(DR TF e —BEEEEZ RO v VER(KA), TLAEDE THD

NR=VVUPNYRED, T BT D IR PEY) % £ PE T % (Terabayashi et al., 2010;

Marui et al., 2010; Tadenuma and Sato., 1967), ¥T4ETIXZILH _IRAHPEWIZ B350 -4EW

FHYLWTTEDRE I ENATON TRY, FHIERREER IC OV TONFEITERENE LS, KA

DF, CPA 728D IR PEMIZHONWT, EkEZEC B 17 7AZ—NHEIESILTND

(Terabayashi et al., 2010; Marui et al., 2010; Yamada et al., 2003), — 5 C, _IXAHOHIHEIZ>

W TR FEDE T VSRR E CEAR AT ABIZEE D LaeA 0004 T O #EK 1 BrlA,

SHEIERICE DD VeA RREDOHIMKER F2BEDLAZERHOENIZEINTWAEL DD



(Reyes-Dominguez et al., 2010; Adams et al., 1988; Lind et al., 2018; Mooney and Yager, 1990;

Kato et al., 2003), ZDRFITHIHNIZILTURYY,

Aspergillus J&D _RAHHEIA 138 An -7 7 A2 —Kp B 72l Al R - LAE 2D RS

Z il 9 2 SN A I ST B g, @, BAs 7T AL — R BB 7 dl A 1

Zn(Il),-Cyse U THY, ZDOX AT OHIEINRN 1 I13HRT “BEREZKAL, BB O at—X

—EIRIZAE AT D& TER T BLA 15 (MacPherson et al., 2006), 521X, 4. oryzae 23

PFFT 2 Zn(10),-Cyse HLOFREHIFHIK 1 THY, KA A REE 77 A% —IZ)E T2 KojR (13,

WEEDEIL T kojd, kojT DEREIEMEALIN ¥ L L THERE S D (Marui et al., 2011), fiZH 77 Fh

LB OB A I T AL —ITET D AIR R VA M A GEIR T AS — BT D

GliZ MENHILTEY, ZNHDOBAR T2 T HEREE O IR EW & A E L 72<725(Yu et

al., 1996; Bok et al., 2006), L7>L, 4 TCT?D Zn(I1)2-Cyss B HIEI K 12N fn 17 T AX — R B4

T3, BARF 7T AL — @ LI OB 7 b AFE T 5, BT, TIT7—EREEHR RS

_N

T OEREIE IR F- AmyR (%, 55 4 YeUIRITAFET D glaB %5 6 YLt RITAFET D amyB,

9 7 Yt RICAFAE 5 agdB %135 (Nakamura et al., 2006), AmyR DO#f1IZ# Zn(ID),-Cyse

RIS L LT a7 7 — R ER B R O EIEVE LA+ PrtT o0 T2 o iilA

¥ SfgA 72 L IEE s 77 T AKX —IZHTE L TV eV (Punt et al., 2008; Seo et al., 2006), — 7, Ji

Jak HIAEIA] 7121 BrlA <2 Nitrogen metabolite repression (ZB410% AreA, pH & IZES 0% PacC

72L D DNA #E ST OHIFEIK - Ot (Lind et al., 2018; Tudzynski, 2014; Keller et al., 1997), A



r DAF NAVIZESI5D LaeA =2 CelA, W7 EF UAIZE S HdaA 72l D ra<F €T

YT RN Y = 2T v VIl &1 T O R 7 D3ME(E T 5 (Reyes-Dominguez et al., 2010;

Palmer et al., 2013; Lee et al., 2009), ZIONECIREE, KB E DEREES 7T /UITINEL

THEED R Z 9% (Brakhage, 2013),

LaeA & BrlA I & Aspergillus J&\Z 35172 —RAREHHIEIE 53 b0 LRSI F CTh D, laed

I IEEIC L0 T 75 AR S OB L7 T AZ—DOHIHEIRF AfIR OB NI LT 5E T

(loss of afIR expression A)LL THE LS4, U DIFIETRANZLZT R0 PN, KA 728, Z<D

WA A5 Z LSS &7 (Bok and Keller, 2004, Oda et al., 2011), Z Dl AL =

A LZDUNTIE Aspergillus nidulans X° Aspergillus fumigatus THFZEEA TIY, LaeA 73 VeA,

VelB & Velvet A KEERLL, BEAN H3 D 9 & H D Lys FIEAATF AL THZET, kAR

BRI E I A2 ENHE SHU TV VS (Bayram et al., 2008; Reyes-Dominguez et al., 2010),

— 7, BrlA [ZR|F&72 28 Fe{R (bristle mutant)& U CE BN EUSSI, 2 ISEIE T ORIETH

7=(Clutterbuck, 1969; Johnstone et al., 1985), BrlA 1353 DR A — L2 D IR 7T

BV, ZOBART-FEBUIHEEOHIEIA F I L EHECHI B S D (Adams et al., 1998; Krijgsheld

etal, 2013), E7=, ITFEDOHFFEN D A. fumigatus |23\ T gliotoxin <> fumigaclavine, endocrocin

108 — D YA EIT B Z LSBT/ (Lind et al,, 2018), FEAIZRAD =X AR

THLN, BrlA & LaeA IZE > Torfbd ZRAGHD Il S 2 ZEN TR TWD,

10 FFITB T DB T LM LY Aspergillus J& SRR O —IRAGH 2016 O Hil I



HEDOHFFET Bt A A TR Z BT T8, ITFEOMTER, BEAOHIE AR+ O BRETS &M

HAEM 2 E, T OHEIA O LOFEMLBEREMRAT 25 EH L7200, BTBLOFIEIA D #5134

AN

A. oryzae \ZEIF D5 FAEWTFHIZRAZEIZIZO 10 B CREBAICHESR LT, 2O RITiX

2005 4EIT A. oryzae DR ) LAOEGENTE T L, 7 MERDFIRSNIEE(Machida et al.,

2005), 2006 4, 2008 FIZIEFRIRIR InAE SIETE RICBIDD ku70 & ligh O3 R LB 14

— T T E O TR BRI 7258 JE H3 8 D (Takahashi et al., 2006; Mizutani et al., 2008), 7/

WOBAREBIL T2 =T T4 T HIROFR RIS MR E I Ui s 77 7 —

FREZIZIR, A. oryzae |23 DIBARFHEREMMT OM S IX BTN LT, £, ~A7ua7T

L AR RNA-seq 72EDIFU ATV T h—LEHTIZEDER % 225 B SR C 1 D8R T3 Bl 1

77 AN BB NIZE 4L, Aspergillus Genome Database (http:/www.aspgd.org/) <°

Comprehensive Aspergillus oryzae Genome Database (https:/nribf21.nrib.go.jp/CAoGD/)7 5

R RBLT a7 7 ANSHEE T I BERECH ISR SN TR BEIL IR o7, &7 ) BT —H = A0

B2 aI2dY, OBEREF IR W TR SN B In FOREns Bin 25 el

TR ARSERIITFED N 7278, RAERE D8R DIENTIZIIA N2 FIE LTI 20>

120 ZDXIIRILOH, NGRS HIENEF HPEE R A FE AT 2 L E L CEFE IR TEY

IR IE HE SR TR 3B B — D TR I35 1T D YL AR TP OffeST & mdREME I O B

Ty NEEITL, TRV hO—EBRELT A, oryzae DRER &5 T HREEKET A7 TV —



DIEES NI, SRIRFEIZ BT DIBAR PR T A7 TV —Z 15 H LIAFSE1E Neurospora crassa

THENLL, BARFERRT A7 TV =TT DA — =2 7 FRDPFTHIR AR T DI LA

e Z EDFEEFL TS (Colot et al., 2006; Coradetti et al., 2012; Gongalves et al., 2011;

Chinnici et al., 2014; Nargang et al., 2012; Watters et al., 2018), 4. oryzae |23\ CHER B 1 i&

(B F IR T A7 TV — 20 A LTZARIE DM T4, ZIVETITBEEIC I 53 AT TR RN LD

EcdR, -~ —EDOHIMHIE ¥ ManR 73% LS CTZ7=(Jin et al., 2011; Ogawa et al., 2012),

Z T, AWFZETITHHL ARG HIEIR 1 0038 W OZ OFERefffT 2 B I 4. oryzae @

¥R G K A R T A7 TV — IR L C IR PE D AL PE R A 4RI L LTe A ) — =

T HAT o1z, SBIT, A7V —=0 70280 B U728l — BRI K KpeA (kojic acid

production enhancement AWWZxf L C in silico FEMTIZ ZOMEE T, IR M OV A TR~

DG AT ~T=, 72, A. oryzae 1 FFEEBLY TIIEM) LITETSELEIAEE R LTI D%

IR R THHSNDT-0, BREEEIZEB TS KpeA DKRENZOWTHT 21772,



ABFZEAE I U7 3AEKITRE RN RO RY, & 7 AL SRR A S A B 0 5AFE 2 A ]

Lz FT2, 7oA~ —133 7~ TR F Dy BRSO A I DNA AU CYERIL

77 IA~—%fEH LT,



B1E aAVCBEEEZERLLEESEFHREMRS A TSV —DRI -7

&

il

ARBFFETIE, BANTHTA ARG D %8 R O O REMRT 2 HHUIC A. oryzae O

¥R 5K B R T A7 TV — IR L C IR PE DAL PE B A 4RI L LTe AV ) — =

7 ikl FRERE T2 A E L T 4. oryzae D3VEPET DIRERIZ2 ZIRIREIEM T o=

UUBRKA)EZRIRU T2, KA 13 —E8DRIRE D ERET D “IRIEIES THY, FriF—EH

FEMEA T D72 E AN EL TR I SN D1TD, KA 2O E WA EE

MR T ZENBIIE L TRBEC I, A0 TR S TV D (Nohynek et al., 2004;

Kotani et al., 1976; Balaz et al., 1993; Saruno et al., 1979; Chen et al., 1991; Noh et al., 2009; Lee

et al., 2006), KA IZ 1907 FEIZEFFEOIZED A. oryzae DYEFEW )5 HEESIU(Saito, 1907), Z D

%, HERECEPES OMET, A B DR Tio417-(Yabuta, 1924; Mohamad et al.,

2010; Chaudhary et al., 2014; Arnstein and Bentley, 1950;), 4. oryzae D7 ) LEFHINABIEIL T

OITAER B R -2 7 AKX — D3R E SHU(Terabayashi et al., 2010), KA ZEpEDHIEIN 1L 1 C

LaeA <° HstD, MsnA 23# %5 X431 CV5(0da et al., 2011; Kawauchi et al., 2013; Chang et al.,

2011), LaeA [TEANAERZ LT KA 28 o5 “RAHEHIEL, HstD 1 laed DiEfs

TS B2 LT R ARE & #4895 (Reyes-Dominguez et al., 2010; Oda et al., 2011;

Kawauchi et al., 2013), MsnA [ZER{L AN ZAIZGE95 DNA FESRIOHIEIR - CTHY, s

T HEKA AFENHIINT 5(Chang et al., 2011), KA [ZRFETFECE R, B, pHIZE>TAE



BN/ D728 (Mohamad et al., 2010; Chaudhary et al., 2014), BLE#HR LSO DHHEIR 1

LIS, EHIZELOFIEIRA2Y KA AEICEDLAZENEZ B, FREDIolZ KA X 4.

oryzae DIERIZ2 “IRACHEM THY, EEMHASN WA WE THLHITHLEADLLT 41

MR Ry ignz bl KA E8RDBTER T DR DR & AR UT-f HES Hc

X0 S0 B A I TEDLZEB(Bentley, 1957), KA ZAZY—=" 7 OFEL9 5

A EE &L CRIRLT,

ARETIE KA AEREIZ D F BN 7Ok a B EL T, 4. oryzae DIRGRFBI5F

WIFERT AT TV —ZE AT AT ) — =0 T HAT 272,



BeY

ARBFFETIE, BN A oryzae DFFL IR AFHHHIIA D% A B BICHER G AR 1%

BRTAT TV =T AN == T aATH, A7V —=2 T DIFEEEL T A. oryzae DIREKHY

12 ZRAHIE T3, Z OB TR w2 <, M2 @i KA @R, A

FERTIE KA EPEIZ B D HIEIA - D8 MR 72 3 P LB R — RARGHHIREN R 7 > %8 LA B Y

(2 KA A OB B K B AR F IR T A7 T — (S R ) — =0 7 24T o1,

&

A==

KA frHi 5 H(100 g Glucose, 1 g Yeast extract, 1 g K;2HPO4, 0.5 g KCI, 0.5 g MgSO47H>0, 0.8

g FeCls, 20 g Agar per L) # 24 )\~ A27uX A% —71L—RNTechno Plastic Products AG)IZ 2 ml

DTEL, &7 VR B 8 n FHERE T A 75U —351 #RO 43 4E TRz 2 wl BEREL,

30 °C T 14 HEEEELZ, AIRKRELTCIAT T —REE I &4z 7= E-F1 ££

(Aku70::ptrA*, pyrG*)& E-F1 AF-del #k(Aku70::ptrA*, pyrG*, AcypX-pksA)% H 7= (Ogawa et al.,

2010), KA EpER IR R0 TR, 1-5 BEPFECRMML, kR CHD E-F1 FRE Y

E-F1 AF-del Bk EF I A% 3 LL TRADES KA AFEEDEIMUI- /%A 4 £7-13 5, 26

DS KA APERDOWAD LT A 1 7132 LU TRHlL 7z, #HliIEs 2 7 H B XUV 14 H BIZ



1To77, FT2, AZV—=0770% 2 [TV, BB KA EENELL, BEMERHOEE LKL

77

L AfEAT

nsdD THEERE K O8N creB A EEAR, IreA TREERE, kpeA TEERE, B-F1 K% YPD JR{IAESHI(S g yeast

extract, 10 g polypeptone, 10 g glucose per L) IZEFEL, 30 °C DTHIRZHZISUNT 180 rpm THRE

IETREATV, TOEIKRNSREM SO J7HETY /2 DNA Z 4 H L7=(Tokuoka et al., 2008), £-#k

DRI L7257 2 DNA 10 ng % 20~30 U OHfilBREESR TIHIL L7z, il IREZEFR I3 nsdD MEERIC

Pstl, lred TEEERRIZ Xhol, creB MR E kped WEEIRIC Hind I A UT-, il [REESR L4 TH

T AR EALROL D2 A A L7z, fillREF=E THILL7ZZ /A DNA 137 e —A7 Vi

KB o — A7 VIR 0.8%, FEE: 50 V, TKENFER: 90 4, k#E) buffer: TAE buffer),

SYBELTC, BRIUKENLIZ Ve BALT T D0 ARHRIC 15 /3R TREL, NIV A NI —H

—ICEVPKEN DGR EAT T, D%, Roche £1:0D DIG application manual |Z/E> Ch 72 A7 7

—ENATVEA B = ar, FURRIE, BiBE1To72, NIV AT 7= %Y BT =TT,

Amersham HybondTM-N* membrane (GE Healthcare Life Sciences)lZh7 A7 7—1L7, ™NAT

VEAB =2 NINAT Vw7 (3AE - NA4)L DIG Easy Hyb(Roche)Z IV THT\>, DIG

probe J27% DIG Easy Hyb (Z#FL T 25 ng/ml (272530127 0 —7 ik Z L, 50 °C T—

W ~NA 7V STz, HLIRIL Anti-Digoxigenin-AP Fab fragments (Roche) ZffHL, 7 rvF% 7

10



A #E1X Blocking Reagent (Roche)% i H L7, #& Hi 53U 3K (%L CDP-Star (Roche)% M\,

ChemiDoc™ Touch imaging system (BioRad) CHrHL7z, 2J6I1% 10~20 43 T1T7-7-, DIG
probe | Takara Ex taq(¥# 717/ A AKXt D 7 1 h=a/112351F7% ANTPs %2 PCR DIG Probe
Synthesis Kit (Roche)® PCR DIG labeling mix (228 5L, RIB40 #£D 5/ L& #41 1 7= PCR (2

JOVERIL 72, KEBRCTHEALZ7 T A4~—& PCR §4:1% Table 1 (Z/R”L7=,

11
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HBREUESR

KA A PEZ B DB HLIAEIR 7 D38k 2 B I, A. oryzae B85 K 18 {s T HEEKT A7 )

—351RIZH L CKA DAFEREFRIEE LT- AV — = T %4 T -T2 (Fig. 1), T DORER, *fRaks

FEBE LT KA ARPFENEMMUTEEDS 15 KR, KA AFENRUD UMD 18 BB, D%,

KA EREOHIBMEAT) —=2 7 FREFIRRO 715 THERRL , Ff& A ALpE BN B (3N

U722 ¥k (TF162 £k, TF422 #f)E4< KA ZAFEL720 2 BR(TF131 8K & O TF143 B & Bfs L

72(Fig. 2), & FROBEEEIE D Gene ID (% TF131 ££2% A0090012000768 (nsdD), TF143 £R3

A0090009000320 (creB), TF162 ££7> A0090020000046 (Ired), TF422 #£75 AO090003001186

THY, s TV T TR L7-(Fig. 3), Gene ID: AO090003001186 LLA 0 3 &1

FUXA. oryzae RCVTHFFE THEBEMENT AL CTEY, nsdD 1357 £ 1Tk E WA, creBid Carbon

catabolite repression, lred [ZHINEZI L CTofbs “RMRBNIE DL ENHEINTND

(Table2)(Han et al., 2001; Lee et al., 2014; Lockington and Keller, 2001; Purschwitz et al., 2008;

Rugar-Herreros et al., 2011), ZAL5HD 3 & fn 125 KA A FEICEDDZ L3410 TOHETH DL

DD, B SITENTZEREFThHhoT2720, KFFE CTIIHFE RN THD Gene ID:

A0090003001186 D Efx FIZHEH L CHREMIATEZITOZ LI LT, £72, Gene ID:

A0090003001186 DA EEMK X KA EENIMLIZZ LMD kped (kojic acid production

enhancement A)X4 {11772,

13



Top Bottom

Fig. 1 KA production of a part of library strain in the screening.

Conidial suspensions of library strains and control strain (E-F1) were inoculated in 2 ml
of KA-detection agar medium in a 24-well microtiter plate. Strains were incubated at
30 °C for 14 days. Red color reflects the KA level in the culture medium. E-F1, E-F1

AF-del, and Akped strains are represented by a solid line box, dashed line box, and solid
line circle, respectively.

14



E-F1
(control)

AnsdD AcreB AlreA Ao

Fig. 2 Screening of regulatory genes involved in KA production from the 4. oryzae
disruption mutant library of transcriptional regulators.

Conidial suspensions of library strains and control strain (E-F1) were inoculated in 2 ml of
KA-detection agar medium in a 24-well microtiter plate. Strains were incubated at 30 °C
for two weeks. Red color reflects the KA level in the culture medium.

15



Table2 Selected genes by screening from library

Disrupted gene Gene description

nsdD Repressor of asexual development®

creB Deubiquitinating enzyme involved in carbon catabolite repression b
IreA Regulator of development and SMs in response to light*

AO090003001186 unknown

a: Han et al., 2001; Lee et al., 2014
b: Lockington and Keller, 2001
c:Purschwitz et al., 2008; Rugar-Herreros et al., 2011

16



nsdD
1 probe 7
—
Host ———=& )>—
5.9kbp
P probe T £
TF —— nsdD — P:'TG >i
3.1kbp -l
lred
H H H
probe |
—
Host —H A0090020000045>'| lred
>
5.9kbp

P : Pstl

Fig. 3 Southern blot analysis of screened strains

Schematics of the restriction fragment of the host strain (Host) and gene disruption strain (TF) are shown. The
approximate probe positions are shown as white bars. Three milligrams of genomic DNAs of nsdD, creB, lreA, and
A0090003001186 strains were digested with Pstl, Xhol, HindIll, and Xhol, respectively, and loaded on an agarose
gel. DNA fragments of approximately 500 bp corresponding to the promoter or ORF regions of the genes were used
as probes for each gene. E-F1 strain was used as the control strain. For AO090003001186, two strains isolated

kb

[

X : Xhol

independently were confirmed to contain disrupted loci.
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% 2F insilico BITIZ& % kpeA DYHE DI+

&

il

A% C A. oryzae D¥RG- K785 T-EKR T A7 F) —IZk L KA AEEZIEEE LT A7) —

=27 HEATV, KA AFEOHIENZ D5 4 BAL T nsdD, creB, lred, kped % RLHLT=, ZOH D

kpeA VIO " RAGHTHIEIR 7 CTho7o72D, AR TIL kped |23 H U THEREREHT 21752

izl

CRRBORNR A TR AEMZ I LY = X T 0y 7R AT O R &, B

FOTaE—H— | CEEKEL TIREIENZFH T2 DNA HEEMOKNFNIFETH

(Brakhage, 2013), BV =17 v 772 il 24T HHIEH K 1 D EHERY 02 — 7y RS e AR &

NIETHHDIZXKL T, DNA #E &R OHIEIE 1 D& —7 v MNE7 /2 DNA ThhHI=8, EIR

W CTOREBEN < H72 % (Strauss and Reyes-Dominguez, 2011; MacPherson et al., 2006), Biji#& %

Methyltransferase N A2 X°> Histone deacetylase KA1 728 DL ANAELIZEIHD DR AL 2 FF

O fEIA 7TV (Strauss and Reyes-Dominguez, 2011), $2# 1% Zinc finger KA <> Basic

Helix-Loop-Helix (b HLH)R A1, Basic Leucine Zipper (bZIP)N A1 72X D DNA #5 &R DR A

A% FFO(Kobayashi et al., 2007), ZIVHDR A ROEF — 72 FTRITHZET, KpeA BED

FH7BAT DHIEKE - ThHANEREE TED, 2T, RETIT kped DERGHEIK%E cDNA D

— T AFRMTIC KO E L, F OB S FRIENE T BREC S 27 =) U in silico fi#

FrEATVY, KpeA B350 X7 S IR 7 T on a T~
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E 18 kpeA DIZEFEBDHETE

BeY

Aspergillus Genome Database (http:/www.aspgd.org/)\Z3 T, kped 1% 3 DDA b %8

122461 bp D ORFEZ AL, 762 a.a DXL’ Eaa—RTHIENREESILTNDDS, Hix5 Ik

A Pr L RNA-seq AT ORERNODOHETE T oTe, #o/ EOREREHETE 21T kped D

WL G PEM O IEMEZRTE ML IETH DT80, RFEBRTIL kped DR G-I M UM G EH DR

FNEAONCT AR BIIEL T, cDNA DO —7 = A fEHT & Y 5°-RACE f##T, 3°-RACE

ENTZAT T2,

A&

total RNA flitH& cDNA DO — 7 Afg#fr

total RNA &, ISOGEN (Nippon Gene) Zff L T, 7'mh=/LZfE> ThitHi L7z, DNase (RT

Grade, Nippon Gene) CALEEL 7274, oligo(dT)7 71~ —%ffi HHL C, SuperScript™ III Reverse

Transcriptase(Invitrogen) CIFHE G 21T o7, kped @ 5FB I 3 FEFHEREL(UTR)Z & Lo

cDNA D4 % KOD plus neo(HIFEAfEA RS )2 L C, PCR ICKVHEIE L, HEIEL7Z

PCR P#)1% In-Fusion 71— =73 N Takara Bio USA)Zf#i L C, #fEAL pUCI9 7% —

(Invitrogen)|ZHFiA L7z, ZD%, (BT 7 TAINEFHM LT cDNA ¥ — 27 = RRMT 21T
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STy VI T RN IR ST 7 A~ 7D DNA & — 7 = AT L=, ARKFEBRT

fEHL7=7"7A4~—& PCR 5§:ff1% Table3 (T~ LT~

5’-RACE } O 3°-RACE fi#hit

5°-RACE M Y 3°-RACE #1248 95 total RNA | cDNA D> — 7A@t & [F Uikl

Z A iz, 5°-RACE fi##T121% 5' Full RACE Core Set(Takara Bio)&{# AL, 5KV gt 7o

A~ —kpeA_RT_rv THfHsF L7z cDNA ZilktL LT, 7' mha/LZiE T o7, 3°-RACE fi#tT

T, 771 ~—GeneRacer3dT T 5 L7= cDNA Z#5H L 1L T, 1st PCR X Nested PCR %

{To7=, PCR FEME TA 70—= 7|2 50 TOPO X7 % —(Invitrogen)| 24 AL, /ERLL7=7"F A

IR EL T = 2 AT 2AT o T, ¥ — 7 2 ARATIIR AT 7 A~ 7D DNA &~

— 7 T ARMTITARIE LT AR EBR O L= 791~ —& PCR 1% Table3 1R LT,
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HR

kpeAd DERBFEIOIEZE HBNZ A. oryzae RIB40 #RD total RNA Z i G L C/ERL 7=

cDNA Z#Bte L T —r 2T L 5°- % N 3°-RACE AT 24T o7~ 3 — 7 AfBT OHE

RET —HRX=ZT TR TND kped DERFAEIRDOELS 2 L UT-#5 R, kped © ORF DR

FNTT —H_R—=ZDEHE—FL, ORF NIZ3 DDA b (64 bp & 1854 bp, 54 bp))s TS

M7= (Fig. 4), F7z, T—F_X—A ETTHHIEN TNV Z3UTR NIZHD 11 HEFEDTF I 7R HLoE

FEECAIAN SRR 1 M2 <, 12 el 51 T~ 7= (Fig. 4), 5°-RACE fi#ihT % 1OV 3°-RACE

FEMT D, FHRRBAAA D 251 bp EIEICHR B BAAA S350, 3,182 bp FHEIZ polyA FHAMEALA

HHZENIRER, T —H_X—=AD TR LY kped @ 5’UTR (% 25 bp %<, 3°UTR 1% 79 bp £

~7-(Fig. 4), £7=, SUTR WIZIZFRIC 7L —AIZH D 3 DDAl 135D, KpeA #a—R3

% ORF @ Ljit-15~-13 bp D& IEARATAG)ET L — LR —FLT2ZEM D, kped @ 5’UTR I

Id 3 2D upstream ORF(uORF ;—249~—13 bp &2 }~240~—13 bp, —63~—13 bp) 3D &35

Do 7(Fig. 4), ZIVHDFERDD kped 133 DDA e ZE102,461 bp D ORFEZHL, 761 a.a

MR AE B 85.5 kDa DAL /B ha—Rd5LHEE SN,

BE

kped D 3 DDA IATEINZEIL 64 bp K TR 54 bp, 54 bp THY(Fig. 4), A. oryzae D—Hix

72 hay DRI THHK) 50 bp ERIFREDESIThH o7z, kped O 5°UTR & 3°UTR D EX|E
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ZIEIL 251 bp & 721 bp Th-o72h3(Fig. 4), A. oryzae Digfs 1 5°UTR & 3’UTR D EX1T

ZIEIL 107 bp & 156 bp W RAETHY, DNA FESTIL L 7 EIZR->TH 5’UTR & 3°UTR

DOEZIZINZ UK 100 bp £ 200 bp FEEEToHH7=H(Wang et al., 2010), kped 1 A. oryzae

DIELFDOFTHl UTR N EVES - ThHZEN o7,

kpeAd ™ 5°UTR NIZIE 237 bp & T 228 bp, 51 bp @ 3 2D uORF 2%V, & TRIMEaRA1T

B2, ¥ IEaRN 3@ Th o7 (Fig. 4), uORF X Aspergillus J&IZI1T 257 TR D H]

TR 18 15T brid & stud T RHESIUCTRBYMiller et al., 1992; Prade and Timberlake, 1993), #f

A7 AT =X NFEARBTH DD brid O uORF 1L brIAB DF BN T D LRI TNDT=D

(Han et al., 1993), kped & uORF (Z LM G GIHZ T H AT REMER B 2 DIz, 7/ LT —4

N—2%HET A. nidulans SO A. fumigatus, A. nigar \Z3\F5 kped OREOT BT D

SUTR BNz ~%E, A. oryzae E[RAARIZ uORF 23FAE LT, uORF DIFLEN kped @ 5°UTR

NEWIEOHEHTZEEZONDDY, A. oryzae 73 uORF % 3 DFfODIZHIL, EFLD 3 BHEIT

UORF % 1 DFF DDA THHT2IEND, A. oryzae & EFLD 3 HAECIIER B Hl AN 725 7]

HEMED DD, kped @ uORF DPAIGARN R IKSHTGE DXL RV ER BN E =T _DHTET,

kpeA DEEERLHITEND AT =X LPALNNZ /8D EE 2 HiD,
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ctccggtcgacgcaactcccgcctcaccgctgctttgctccccaccgcticHIEcccgcc
atglecctcatcctatcatcetettetcttettttettteogtaccceccggattetgggctt
tctgctcacccgaageeocctttgtectecaggettecgetgetgecgatttcactteccaatec
tacctcttatttgttttttgtaccacccgcctgtcgtttattttattttattttttg
aatttttccctttcctattitettigtitcccctccteccttggtacatagtcaattgacacg
ATGTCAAATGTCGATATTTCCAACGACGGCTTTATCGGCCTCGATTATGACTCGAGAAAC
TACCTCCAGCCTCAGTCATGGCCCGTGGCGGTGGACCACCAGGCTTCCCACCGAGCAGAA
GGAGCGCGAGACATTTCTCCCTTGCAAACCAGCGGTCACGCATTTGAACAGTCGGTAGCT
CAGGATCCCAATCTGATGGTCGACTGGCAATTCCAGCACATGCAACCCCACCTTCAGTAC
TCTCATGAGGAAGCCTCCTCCGCTCCTCAGTTCACGACCGCAAGCTATGGGATGCCCATC
CACTCGTCCCCCATTGATTTAATCTCTGGTACACCCCAAGGACCCTTGAGTGGGAGTCTC
TTAGACGGTCCATATCTGCCTCTGTCCGCGCCGGTTGACATGGTTCCTTTTCCTTAT CAA
GATCTGCAATCTGACTTAATGGCCTTTCCGTCCGATGGCCTGGCGCATGGCCTACCCGAG
ATCCCCTCATACGCCGCGCCGCAGAACGTAATAGACAGCAGCTCGCCAGCGGACACGTAC
TTGGAGGTCCGTTCGTTGACCAGTTCGAGCAGCGACAATGGCTGGAGCACTATTGAGCCG
CGCCGCTCGCATGAGTACTTCCCCGACCAAGGCTTCTTCATCAATCCCACGCAGACATTG
CATGACAGAAGCCTCTCGGAGTCATCCTACTCAACGTCATATGGCAGCTTTGTAGAGATT
TCAAATCCAGTTAACTCGCCCAGCTCGGACACCAACTTTGACGCCGCCTTCAATAACACA
ATGACCCGACGCGTGTCATTCGACCATACCTCGCATGGCTCGCAGTCACCGACTGCGGTC
AGTCCTGTGGCCATTGTGCGACCTATCCCTGTCCCCATGAAGAAGCCTTCATCGCCTACA
CGGTCCACTGGGTCATCCTCATCTACCTCTCCTCCTACGAGGAAGCCATCCCGCAAGAGC
CCTATAGCTGCTAAGACTGCAGAGACAAAGGTTCGGAAGCAGTCGCAAAATGGAAAGCCA
GAGACCGAGAAGCGTGTTGGAAAACGGAAGGGTCCGCTCAAGCCAGATCAGCGGAAACAG
GCCAGCGAGATCCGCAAGTTGAGAGCGTGTCTCCGTTGCAAGTTCTTGAAGAAAACT gt g

gTGCGACAAAGGCGAACCCTGTGCTGGCTGTCAACCATCGCACGCTCGGTTATGGCAGGT
GCCATGCACCCGCATTGACATTAAGGAGATTGGCTACTTCATGAAGGATTGGAAAGCTGA
CTACGAGCGTCATATCTCTCTTGGGTTCTCAGTAGGCAATATCAAAGGGTTCTCAGAGCA
TGAGAGGACTCTCTTCATCACCCATGGCTATGGTCAAATTCTTCCCATCAATGCTCGCGA
GGTTTATGTGCACAACGATCAGTGCTTTAATGTCGACTGGGTAGAGACGTACAACCGAGG
ACCGACGAAGTACGAGGTGGAAACCGCTAAGCTTTCTGCTGGAATGGAAGGGATTTCACA
CGCTATGTTATCCGATTATCTCGATCGCCATATCGATGGAAACGGCACTTTCGAGAAATT
CGTTGATGACTACTTTGAAGGCACTCCGTTCCTGACACAAATGCTGAAAACCGCGTTCCG
GTTCTATTACCGCACAAAAATGCCGGTGATCCGCAAGGCCTTGAAGCTTATCGTTGCCTA
CAATCTGACGCTCCACATTACGTTGGTCGAAGGCCTGGGCGAGGAAGATGGACTTCTTGG
AAAGGTTGATGTAGAGGGTTCAAAGTTCAAGGGCAAGACATTGGCACCAGTAATGATCAA
CTTCCAAATCAAGTGTGCTATGGCAAACATGTGGCGTGAGTTGCAAAAGGATGTTCTGGA
AGAGCTCTCGAGCCTGTATTCCAGCGTATACAGCGGGGAGAAGCTTAAGAACTGGCCAAC
AATCTTCATCCTGGCGTCCATCCTTTTGGCCGTGTGGGAAGAGATGCAGTTCGACTGTCA
11g2caagGATCCTGCCGCTGTCGAGAAATTCTGCAACGATATGGAGACTACCCCCGTCCGG
AGTTATTGTTGGCTTGTTCCAAGCGATTTCGCAGAAACTTCCCGCATTCACCGAGTGGGA
AACACAAAAGCACCACCACCTGCTACACTCGAACCCGGATGTCTGCAGCGCAATGACTGA

CAAGGACTTTGACTGTTTATCGAATAAGTTTGTTTCAAGACTTGTTGTCCGCGCCAACTA
Aacgataagttatgagaatgatggtacattgegettgtttttctcacggettectcaacga
tgacggcatcggecacggtatgaaactatgagatatgeecggecattcacgattatgactcege
attaaagccattagecgactacgatcgttctattcattettgttttecgteteggtettet
tacgtatttttttttttatttcttgtttttgeccagtectagectaaagetcacgtgttgt
ttttgecgtecgtttcaacttatacactectttttgettetagtggtgtacctttetegeac
gtattataaacagecgatgatgaggatcecacgaatgtecatgatattgtatggtecacgaaat
ttttccagcagcaaacgatgagegecaaccgagttgeocgacgtatagtggaggetagtte
cgcttcatgacgetgetttttttgecatttatgtgeoctgattagegtatgtetgtgtgtg
atgtgtgttteccgttgatttatettgattactgetettatcattectgategtgttatet
ttatggggattgtatctcaatatecggagtgtgggaagggttgtgtggecatgaagtttca
tcttattggttttecctttcotgtttttaatccaaattagtgtgatageacactececgetg
cccttggttgecttgaagecagagecaagtcacagggtaataaatatcaattcatataca
gaccaactcgaacagaccctcaaagtgagactcgtacagaacttacaccgtctecgacatt

= I T T - I - R B ']

[x]

Fig. 4 Nucleotide sequence of kped gene.

720
780

1020
1080
1140

1260
1320
1380

1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2400

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240

The numbering of nucleotide sequence is from the translation start point. Transcription start
point and polyadenylation point are single underlined. Start and stop codons of uORF are
double underlined. Start and stop codons of kped ORF are indicated by bold letters. Exons in
kpeA ORF are indicated by uppercase letters. Introns and UTRs are indicated by lowercase

letters. Introns in kpeA ORF are marked by broken lines.
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F28 FUNVEOEF—TFRE RSB

BeY

BRGHIAEIA 71213, 77/ 5 DNA ([ZEHEAE &% DNA & HE R 7 e X AEZ ST L

TSR 2 492 JA I8k A8 [ 238>V (Brakhage et al., 2013), EAVHIER A R0ET — 712

SN, DNA FEATLOHIHENR 11213 bHLH < bZIP A, Zine finger 72 X D43 ¥E 3

HY, TOHTEH Zn A4 HAFE LT — 7033 FHZID Zine finger B3 H B O ik B 1)

R8BI RER 77V —E L THIHAL TV D (Kobayashi et al., 2007; MacPherson et al.,

2006), Zinc finger 1213 CreA, BrlA, FIbC 72 & TEIBALS CoH, R, AreA, NsdD, SreA 73

ETHLND GATA H(Cyss 1), AmyR, AfIR, Galdp 72E THIBALS Zn(I)-Cyse M35

(Kobayashi et al., 2007), CoHy ZBUTFZ AL EZ AW F TIARAFI IV TWDERE K 1T

A. oryzae D 64 B 173 CoHo B EHEE S, GATA BUIE LAY D I\ ARAFS V- R B K 1

T A oryzae ® 6 BT GATA B ELHEEI T % (Kobayashi et al., 2007), £7z,

Zn(I),-Cyse BT E & K5 A CTHY, Saccharomyces cerevisiae TIX 53 #{n 1, Neurospora

crassa CTlL 77 B TDHEEIILTCNDD, 4. oryzae TIL 187 BI5 123 Zn(1),-Cyse FL L HE

FESIVTERY, hEfEe it L CTHIEF 12\ (Kobayashi et al., 2007), ZALZ FLDHRE-[K] 1

(ZEFEA A D as v REA SO SR RN B2 D728, X X TEDRAL T —

ZDFRNIE KpeA OAKRHN TOREREHEE ITHKSL-D, 2T, KpeA NREDII72Z AT DS

K- CTHLOHALNTTHIEE BIIZ, R THLMILTZ KpeA D ORF 2257 2/ Rl 5%
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FHRIL., ZDOT BN Z 7 ) ELT in silico fRNTICEDEF —7 L@ IREED Y lllZ1T-

77

ik

cDNA B24I6FHILT7 KpeA DT /A 27 =)L T F —7 2 FRILIZ, B F—7 1k

R OEIEME D B EHZ I Pfam  (https:/pfam.xfam.org/) & (8 NCBI @ BLASTp fi##7

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) Z ff § L 7=, coiled-coil ® Tl 121X EMBOSS @

PEPCOIL (http://www.bioinformatics.nl/cgi-bin/emboss/pepcoil) % f# ] L, Middle homology

region(MHR) X #4572 Zn(11)2-Cyse 2L HilfE1[K] 70> MHR ELFlE KpeA O 7/ EEELS| 4 K%

TIAA T HZETTRILT-, Multiple Sequence Alignment } OS%#i#t 1% DDBJ @ ClustalW

(https://clustalw.ddbj.nig.ac.jp/) T {F # L , Molecular Evolutionary Genetics Analysis

software(MEGAS; https://www.megasoftware.net/) CHi 71 L7=, SZHEMEHTIZIE Kobayashi HD

review(Kobayashi et al., 2007)% 25| Aspergillus J&D T3 72 Zn(11),-Cyse TS il 481K 1%

B, Wz, REFEITICHW =T BBRLS X Aspergillus Genome Database(AspGD)7>5

BAFL, BT IZ N Zn(1)2-Cyse THHR G-I K 70 A. nidulans F7213 A. fumigatus |23

FHREEZ X AspGD L %D BLAST f##r2>BHEE L7-, Multiple Sequence Alignment D7

JLAY X AT neighbor-joining {54 L, bootstrap fEIL 1000 L7z,
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HR

ATEICIRELTZ kped D cDNA EHNZIKICTRIL 727 /Mgl y %7 =) LT Pfam &Y

BLASTp f##T LV ETF —7% FHIL7=EZA, DNA fEERERERNTOEF —7 Thd

Zn(I1)-Cyse EF—7 25 365~411 a.a ([ TS/ (Fig. 5, Tabled), i#%;, Zn(I1)2-Cyse B A5

[K7-1% DNA #& &EF—7% N K&l l2FF-2753(Todd and Andrianopoulos, 1997), KpeA 1373

JBRECH O 2> T e (Tabled), BEAND Zn(ID)-Cyse s G D 7 2 BRECS & T 5 A A

VRL72EZ A, KpeA (Zid Zn(I1)-Cyss EF— 7 DRFHEII72EL T D 6 [HD Cys FEIEEIMRAT

SHTCUz, Zn(ID)r-Cyse BT — 7 13— I CXaCX6CXs5-12CXaCX60C DT/ FRECHITZ X4

THY(MacPherson et al., 2006), KpeA 13 13 H225H 5% H O Cys SR E TIIZO/LS| N Z—2

E—ET 5N, 5FEBL6FHD Cys BEAEDRNZ 11 IO T BENHY, — k72 Zn(11),-Cyss

FF =TI S FEHE 6 FH D Cys FEIEOM DI ED 72 (Fig. 5). KpeA 73 DNA fE5-EF—

T T BRSO T RATFF O T LD, N AR ImR C R M OBERENER A D3 5 Z LM T4

S, Pfam <° BLAST fEAT O B OETF — 7 13 HEE SN2 T2,

Zn(I1),-Cyse B HIHIA 71X DNA fEGETF—7LIFMT coiled-coil #Ei&ED D725 — BEAKER A

A RNER) B R DEREIEMEIZB % Meddle homology region (MHR)Z£F-DZ &N HIHILT

V5728 (Schjerling and Holmberg, 1996), 6D Tiflla1T -7, EMBOSS @ pepcoil (280

coiled-coil DY H|EAT 7225, 1 Zn(Il),-Cyss TF —7 D Fifi 5~41 a.allfRFESH TN

coiled-coil ##i&23(Schjerling and Holmberg, 1996), Zn(I)>-Cyss EF—7 D Lt 28~42 a.a D
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FEI IS T IS A7 (Tabled), — 77T, MHR (XTI 7857202, Schierling HOF L& 5%

TR 72 MHR EE 51 Zfi H U (Schjerling and Holmberg, 1996), KpeA O 73 /ERELSI| 2R LT

FTAANELTHT2DY, KpeA 7°5 MHR % L3~ Z L 1XTE7ehoT,

/RO review(Kobayashi et al., 2007)% 2512 20 il 0 #AYA72 Zn(1D),-Cyse 22 il #H A 1%

L, A. oryzae S Y A. nidulans, A. fumigatus ® KpeA S Zn(11),-Cyse 2K 1D 73

VRS RE 7 =) LU CRIBIATERILTZ, KpeA & AlcR 25 Tp 7L —R DML 18 HDHR S

KFLRRDT N —T IS, RFMRENTHS KpeA D3 HERIZ2AHIE THHZLAVRIRS

7-(Fig. 6),

F7-, BLASTp fi#HTIZ LY KpeA DIRAFMEZT X725, Aspergillus J& % & o

Eurotiomycetes <° Dothideomycetes, Leotiomycetes, Sordariomycetes &\ >7= Pezizomycotina O

—HERDOHNRIFEN TWZEDD, —HORIRE ITHA OFIHIA - THHIENHER ST,

B

Chan HIZ A. flavus & A. nidulans © Zn(11)2-Cyse EF—7 % &> 72 270 LL_EOD Zn(11),-Cyse

TF—TIZBITD Cys BEMOTI VBB ELEZFTXTEBY, 0 70%LL LR

CXzCXeCXsCXzCXeC i 7LC ﬂi CXzCX6CX5CX2CX6C D) @a 5” N 5 — 3?) 5 <E iﬁ %: LTw 5

(Chang and Ehrlich, 2013), KpeA |3 CX,CX6CXsCXCX 1 1C THY, ZOELH /2 —2 | Chan &

DHEDHIZHHDHN, A. nidilans & A. flavus [ZBWTENZEI 1 D721 Th o7 (Chang and
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Ehrlich, 2013), ZDZE0>5 KpeA 13 Zn(11),-Cyse T —7 DALETZ T T, EF —7HiED

KR T LI EN 37 oT2, Zn(1)2-Cyse TEHIHIAF- D DNA #5 G HEISIEL CGG-N-CCG &&

A1 CHY(MacPherson et al., 2006), KpeA (X5 5l H& 6 # H O Cys FZZAEMAR VA, 2HHE 3

il H D Cys F%IEMID Arg/Lys Vo FHIBS 4 il H D Cys FRILELHTO Pro FRIpE —ixay7e

Zn(I1),-Cyss EF—7 DRFKA S = LA 5 (Fig. 5), KpeA DFE AL CGG N7 1w Midsl|©

bHLERDNI,

Zn(ID),-Cyse TF — 71T EHIZIARIFS L7 DNA FE S BUHIHIR - 0T F—7 ThHY, B

HESINTWAIZIE A TO Zn(I),-Cyse HIEIE 1237/ BERLSN O N Kl Zn(11)2-Cyse &

F—7%+i->(Todd and Andrianopoulos, 1997), filS+&L T S. cerevisiae ? UME6p & Candida

albicans ® CZF1p N7 /FEECFID C K¥lZ(Todd and Andrianopoulos, 1997), A. nidulans @

SonC 237 /EEELSH 92 Zn(ID)-Cyse EF—7 ZFF-D(Lerson et al., 2014), 4. oryzae 235D

186 > Zn(11)2-Cyse BUHIFENA 1-DEF — 7L &% Pfam IZLVFERLIZHE R, KpeA L[RIBRIC

7RSO F I Zn(Il),-Cyse BT — 7 A Fi DAL 11X sonC DFRER T E{5 T Th% Gene

ID AO090038000379 DiEfs 1-&, FFSIF DI TV 72V Gene ID A0090138000086,

A0090003001574 D 3 Bl 721 TH-o7-, SonC (L HAEE BIOFHIENC a2 7 E Y Wik

(LIS NimA O EHNH| K 7-TH 2503 (Lerson et al., 2014), 7 /ERELSIH I fF1E 9% DNA

T ETF =7 DTSN TRS T, HREZIRFFL T ONT R TH-T,
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Zn(11)2-Cyse BUHIHIA F DI E A EDRE AR THREET 205, —H80 Zn(ID),-Cys WML G-

K13 B AR D & o R B L DA R THERE 9D (MacPherson et al., 2006), Zn(II)-Cyss

HUFHIAENR -0 — EMHABIZIZE Y coiled-coil {1E D D700 —BEARERN AL 3B, KpeA DT

U/ FEELSD 51 coiled-coil #1523 TR EU72 728 (Table 4), KpeA AT —ERTHIETHZ &

TSI, LL, @ Zn(ll)-Cyss BF —7ELD FifICHD ~BEEILN AN

(Schjerling and Holmberg, 1996), & F — 7 [EATD EHIC FRISH7=ZE0 5, A7

Zn(I1)2-Cyse BUHRBR 1 DARE ~EREII R DMEEEZ L QODIENE 2 BT, Zn(1)-Cyse

TR ) A0 K] - VAR B B AR 7 DHR B IEMEIC B2 MHR EFFIIN DR AL MFAET DN

(Schjerling and Holmberg, 1996), KpeA (2 MHR &%z SN 58T SR ->7z,

Schjerling 1% 50 Il Zn(11),-Cyse BLHIFEIR 1% 7 7 A A RL7-73, MHR &35 2 HAVAHEIK 100

a.a C33%LL EORIER TH 7= 7 I /B LT 20 aa FRE CTH A7, MHR 135 EICRFS

AR AL LTI N2 D3 53775 T VD (Schjerling and Holmberg, 1996), [EffE7r= A

BB DSBS TIRWNZO AR EBR TIT o7 MHR O TRINARTERETHLIENEZ DI, T/

BLHND R KT 72 8N KRR BAEVEIZ BAD D R AL L DERBE LB TH D,
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251+l +2461  +3182
(A) ‘ anas|

|
=

Zn(I1),-Cysg

T Exon e Intron uORF
(B)

KpeA 365 - RKLRAMLREEMX FL KK TEYD - KGEP -[dA QP SHARLWQVPMTRIDIKEIGY 411
XmR 123 RRISRADQEINQLRTKEMD - - - GQNP -fdA Hf1 G- - - SEFGLTMEYARERKKR - 164
UaY 5% -RNVSAJINREIR L R KN RID - QRLPREQsHE - - - - - KAGVRE@MVGYDPITKR - 97
SEA 35 HRGFTGfSS TEMR R R HVREYD - EASPSKNET - - - - - RLGLEf- - - - - - - - - - 68
AmyR 22 KPPKQA[DN[MR RRK I Kfgs - RELP-[@[DK@QR - - - - - LLLSf@sSYSDVLRRK - 63
AfR 28 - - - - - ST sfdA s s K vVREIT - KEKPAHA RIS - - - - - ERGLA@QYMVS - - KR - 65
KojR 15 QRAKRAIETEIK L R KR Kf™D - GHEP -QdT Y@L - - - - - RYEYQET FKPHPRRK - 56
QuA 4 QRVSRA[D S[MR SKKDK[YD - - - GVQP V[ds TfHA - - - - - SLSRPEMTYKANPKKR - 83
AmdR 25 - - - - - A1 HEE R RKVR@MDARIVGLP -[dsNfdR S - - - -AGKADEMR I HEKKKRL - 65
FarA' 45 QRA SRAIETEHARKVRE@MDAASLGVP -[T N[V - - - - - AFSIE@MKI PTPKRKK - 89
SugR 4 - - -RRAMWDGEMSLRKTREIS - - - GGQP

- Q PV - - - - - QSGFE@MSYLKP- - - - - 38

MalR 8 -RVHKAJY T YTDNRL - - - 46

Fig. 5 Structure of kpeA and Zn(II),-Cyss motif.

(A) Schematic diagram of the gene model of kpeA. The number indicates the distance from the residue of the
predicted translational initiation codon, ATG. Asterisk indicates stop codon. Exon, intron, and uORF are
shown as grey bar, dashed line, and grey solid line, respectively. The predicted Zn(II),-Cyses motif is shown as
a black bar. (B) Amino acid sequence alignment of the Zn(II),-Cyss motif region of KpeA and 11
representative transcriptional factors in A. oryzae. Amino acid sequences of each gene were obtained from a
database. Pfam was used to predict the Zn(II),-Cyss motif region, and ClustalW was used for alignment.
Outlined character in the alignment indicates Cys residue in the Zn(II),-Cyss motif.
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Table4 Zn(11),-Cysg type transcriptional regulators in A. oryzae

Name Zn(11),-Cysg coiled-coil  Middle homology
(gene ID) region® region®® region*® fullfength
KpeA 365-411 323-337 N 762
SugR 4-38 52-66 114-286 506
AlcR 5-64 N N 826
MalR 8-46 103-122 86-385 465
KojR 15-56 136-150 134-493 555
FacB 18-60 65-101 202-596 863
AmyR 22-63 241-256 157-355 604
AmdR 25-65 163-183 245-618 775
AfIR 28-65 N N 444
RosA 34-72 94-118 262-686 686
SfgA 35-68 N 166-574 575
FarB 38-82 N 227-661 873
QUtA 41-83 145-159 273-590 971
Prol 45-83 N 260-689 689
FarA 45-89 217-225 231-626 909
UaY 56-97 182-199 296-790 1053
Mut3 61-102 108-127 269-687 1046
Otam 62-106 108-123 273-601 711
ArcA 90-124 N N 705
XInR 123-164 158-173 412-751 971
A0090003001574° 315-353 536-550 N 754
A0090038000379° 323-361 494-507 N 726
A0090138000086° 614-650 655-672 774-1196 1392

# Numbers represent the amino acid positions in each protein.
"N : not predicted.
¢ These genes encode proteins harbouring Zn(11),-Cys, motif at the middle of the sequence.
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Fig. 6 Phylogenetic analysis of KpeA and other Zn(II),-Cyss-type proteins in A. oyrzae, A. nidulans, and A.

fumigatus.

Representative Zn(II),-Cyse-type proteins in 4. oryzae were selected from a previous report (Kobayashi et al.,
2007), and their homologues in 4. nidulans and A. fumigatus were extracted from a database (AspGD). The
phylogenetic tree was generated using BLOSUM matrix with the NJ distance-based method. The MEGAS
software was used to display the phylogenetic tree. Bootstrap values are shown adjacent to each internal
node, representing the percentage of 1000 bootstrap replicates. Identifiers correspond to the ID of each gene

in the database.
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E3E kpeA BGEFHERUVERRICLIBERR~DFE

&

il

LaeA X° VeA, BrlA 728 O—#D IR OFIENA F1%, 75 4EFHRASA M AT OHIFEI

HEH 5728 (Adams et al., 1988; Lind et al., 2018; Mooney and Yager, 1990; Kato et al., 2003),

kpeA &3 TR O TN B D Z LN T ARSIV, 53 FTERRDOHIEIRIL A. oryzae DilTHx

FETHD A. nidulans | TN TEANTHFZESILTEY, BrlA 2 H.0EL7HIEET LV MEB S

TV 5(Adams et al., 1998; Krijgsheld et al., 2013), BrlA 13534 TR O X 1 THY, kT

HENEAEIBRR L 72< /25 (Adams et al., 1988), BrlA OE(& F3EUI S AT IBRON H—LE

A28, FORBUEDL AR FIFXEB SN TEY, ZIWETOMIEND brid D7 aE—4

CEBHE AT AR EYE ML K T FIbB, FIbC, FIbD oK1 NsdD, VosA M4 X41Tu

%(Garzia et al., 2009; Known et al., 2010; Lee et al., 2016; Ahmad et al., 2013), 7/IbB, fIbC, flbD

DIFEERRIE BrlA OB F-RELNBU L, ZHUTHENG A E3 ) 35 (Garzia et al., 2009;

Known et al., 2010; Ogawa et al., 2010), nsdD & vosA OREERRIZE R - BANH DS bR D

ZET brid DWWEICEEFRBEL, @ ClIOEFEEALEWIRTIZB W TH AR

9% (Lee et al., 2016), LA LD XN brid DEARTFEDXAIL 7 L3RBT DA TR

BB, T, HEFERICEIDODHIENR 721X, stud °medA ORI AREE 3 5L B 72 hE

RIS S TV D (Adams et al., 1998),

ZRAE ML AR B A T H LS TERY, TR OB HHIAEIA T
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DRHSHTWD, 3 1 B Tay PBRAEEDOFHHIEA L L TAZY—=7 337z KpeA 23

RO BT EFIRHICL DL N TSN, KFETIE KpeA &3ETIF

FRD P GAZHONTIANTZ, P AAOIS, BARFHEREMRIT IZ B W Tt fiffr L7e > T g

AR T ERR & i FEBUR D LI FFAT OO 7D kped midE BIRANERIL T, F72, kped TEERRIC

X DFEMIRER D 7201 kped FAMIMRAAFRIL T2, IKIZ, SEARES R IZ BT DB RO 0L F0TH

DIDBELZATV, 1212 brid & abad, wetd DEGF R EIZOW TN,

35



T 18 kpeA SRIEKR R UBMHKDO/ER

BeY

ARWFFETIL kped ZIRFINIEFETLIROTEEZ IR 5L T, kped DOFEREMHTZ

FrBo REACTIL kped M58 BIREE, kped TEERE DN R TR BB B R BClI2 BB FiED

W THLI LR T DT DMk E R 5,

&

kpeA EFEBLH 7 T AIR OEHRY

8 EEUTZ E-F1 pyrGRRIE ku70 D3EEES I TS T2 FE RIFA A4 2\ LD T R Hin a4 79

733 % (Takahashi et al., 2008), = ZC, kped O 7 1E—H—fEIE ORF ORIZER ~— 01—

ThD pyrG EEFBL T 0T —X—FSN AR ALIZ 7T 7 AN B, 2D 757 A M

TR EEZATY, SHBL T T —4— T T kped DNFBLT D kped = BIRAFIL 52L&

L7, E3H 7 vt —4—% Prefl ZERH L=, pNGAGI(CRIAL K2 TRtz L0 5y %

FERIL LT PCR KDALY —%AERIL, 7/ 2 PCR IZEVEFFLT= kped @ ORF L

1.5kbp 75 it 1.0kbp FTDHLFI% In-Fusion 71— =27"%> N TaKaRa)lZ LRI~ %

—(TE AL T pN186 ZERIL 7=, ¥KIZ pN186 Z 8452 PCR L, pN186 D kped 7' 0E— X —FH

& ORF ZPHASHT- AL~ r 2 —Z/ERIL, 4 /2 PCR ([ZXVEELE prG BlAI %

In-Fusion 7m2—=_7"% > MZIOHRIRAL pN186 IZHf AL, pNPK ZHUfG L7z, 512, PCRIZE
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W pNPK @ pyrG FEIBE kped @ ORF ZBHZLISE =ML~ &2 —%AEHRIL, 4~ /2 PCR 12XV

S L7= Prefl 1.0 kbp OFic%1% In-Fusion 71—=7"%vMZXOHIRIL pNPK (24 AL T

pNPTK ZHU&GL7-, AEBRTHHALI-7 T/~ —& PCR §:/4:1% TableS [ZRL7=,

kped TEFEBIMR DL

pPNPTK Z&58 L L7= PCR 25 kped R BL7 77 A M G L, B-Fl pyrG- #RIZ7 a7 72

NPEG {£TDNA 797 A N8 AL, TWEERHAETIToT-, VU ZIRINLT- YPD #RRES (5

g yeast extract, 10 g polypeptone, 10 g glucose, 3.7 g uridine per L) C E-F1 pyrG- #% 24 IR¢fH]

REDEEEL, TOEPREIT 7o —ZZIDENLL, JRE K TR, BKL7Z, 0.1 g ® Yatalase

(TaKaRa)& 0.05 g @ Cellulase (Yakult)Zz 7 =277 A ML buffer(0.8 M NaCl, 10 mM UXEETk

U A, pH 6.0) 2L C7 a7 T AMUEER A ERLL, BIKL7ZERER L T/ a7 7 A

b7z, 7'mh 77 AMEIZ 30 °C T 3 Ko<V LR AT -T2, RN TANEIT/a— (T

J0AEL, FHE IS EDEIL L2, 0.8 M NaClIRHE CHeE LT-, SHITREE LN L0 [EIY

L7777 AMZ s0lA(0.6 M KCI, 10m M CaCly, 10 mM Tris-HCI, ph 8.0)& solB (40%

PEG4000, 50 mM CaCl,*2H,0, 50 mM Tris-HC)Z 2 CEIRA LI, 50 ml &7 7 /L=

Fa—71202 ml T2507EL, 2 ug D Ptefl DFEIFBLH 777 A Me 2V ENERIIL, )KHT

30 S EFE LTZ, T D, solB & 1 ml LS HICERL T 20 0 5E L7-% ICIFERE (30 ¢

Glucose, 46.5 g NaCl, 3.0 g NaNOs, 1.0 g KoHPO4, 0.5 g MgSO4+7H>0, 0.5 g KCI, 0.01 g
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FeSO4:5H,0, 7 g Agar, per LYSIRAL, v —UIZEBALT-, 55213 30 °C TITW, b= F

AR L YPD #RIARES Hi(5 g yeast extract, 10 g polypeptone, 10 g glucose per L) CHE

LR, TOBEENSYT ) 2EFHHL, PCR ICEVE R T T A MOE AL MR LT, AFE

BRCE L7714~ —Fl4& PCR §54:1% Table5 (2R L7,

total RNA O H

E-F1 #£& kped a8 Bk KA AEPEEGHI(100 g glucose, 1 g yeast extract, 1 g Ko;HPO4, 0.5 g

KCl, 0.5 g MgS04-7H,0 per L)IZ33 T 30 °C T 10 H iR F w2 Uiz, FAEO EIRZ I

L, %52 25 1 HiLlRAED 55T total RNA ZhH L7,

=W AT

E-F1 #£& kped B 38 BIRRE D total RNA 20 g Z7/L A7 LT R T o — A7 )V E XK E)

(XKD BEL 72, TRENCHEL 730N, AITALEREL T 65 °C T 15 /0 MEAL -2 ISR LT, vkED

IZ MOPS  buffer (0.01 M MOPS, 5 mM FEfEF R A, 1 mM EDTA)Z VY, 50 V T 90 47 fH

1ToT20 VKEIDE T LT-7 V& =F 7 1-NaOH(1 mg/ml HAL=F 7L, 50 mM NaOH)IZiE

LTHEL, TR AR O0.2 M FERT N DL, pH 4.0)2856i64% 2 BRI LZ#, 20X

SSC buffer(3 M NaCl, 0.3 M 7= SR A, pH 7.0)C 2 FRR LTz, ALIFx—F—IZLD

UV ZBEL, RNA 233 L TN EA iR LT,
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"LV AT 7= ONATVE A B —ar, FURKIG, BHEITE 1 OV T EERRICAT

-7z, %7z, DIG probe I % DIG probe I & Takara Ex taq(# 7 73\ A A KA S ) D 7 b= u 2607

% dNTPs % PCR DIG Probe Synthesis Kit (Roche)? PCR DIG labeling mix (ZZ8 # L, RIB40 £

D7) LRI E LT PCR IZEVERILT-, ARFEBRCHEHLT-7714~—& PCR S:4:1% Tablel

R LTz,

kpeA FEA#H 7 Z AIR OERY

kped 0 ORF I35 X OMIfF A& e/ LiEIZ RIB40 #RD" /2 DNA #7817z PCR

THIMEL 7=, In-Fusion 7u—=7% v efli LT, PCR 777 A M E L pUC19 <RI X

—IZHAL, 7TAIK pkpeA Z/ERILT=, pUC19 DFRIRALIZ PCR IZEVIT o7, kped DERIE=

Ko D65+1790 (GGA) &+ 1793 (CTT), +1796 (CTT) d=R v %, T E Al FiE= R GGT,

TTG BEL U TTG IZEHEL, pkpeAed Z/ERILT-, AR D EHLEL PCR BL OBV T7TA7 —

N LV T o7, RFEBRTHEHLIZ7 T4~ —& PCR §44F:1% Table5 (Z/-:L7=,

kpeA FRAHEED VERL

pkpeAed Z#551EL7= PCR WOIEEHE#HH O PCR 777 A M BifF LTz, T EEsHRIE F5E

DIFETIT, FEFEELT kped WEEEMRZFEHL, @INEEHEL TOUDU L 5-7 v A ntaF

F2(SFOA)ZIRINL7= CD $XFE R E-H1(30 g Glucose, 46.5 g NaCl, 3.0 g NaNOs, 1.0 g KoHPOu,
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0.5 g MgSO4°*7H>0, 0.5 g KCI, 0.01 g FeSO4°5H,0, 3.7 g uridine, 1.0 g 5-FOA, 7 g Agar, per L)

PER LT, B AOaR BTS2 PCR IZEVHEIESILZ PCR 757 A "D —2

T AMRMTIC K OREFR LT RFEBR TR L7-7 7 14~—& PCR §f4:1% Table5 1Z/R L7,
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HR

kpeA @ BIRE LT, B T HINIEF 1298<, transcriptional elongation factor 22 —R 9%

BARTF tefl DT HE—H—FT kped BT DRONE AR T, kped DT mE—5—%

Pref] \ZEHLLT-BeFE pyrG %5 T DNA WA % E-F1 pyrGRRIZE AL, FMFEFAHZ 128D

TR EHAZAT > TRARZ IS LT, TRE BRI AR D7/ 2 e # i LT, AL DNA

Wt i O SEEINE T 57T~ —% F\ = PCR 2LV, BRI EICE ASN/-Z 2R LT~

(Fig. 7A), EHIT, KA AEFERFHIT 10 B BIRIER mEEE LI R L7 total RNA A3t

BEEL T/ — T EATV, kped DAEFEBLL TWODHZEAHEZR L 7-(Fig. 7B),

kped THIERRDOFMIHEZANERLI T 2720121, BIR~— I —DHA D DAped:pyrG FEHTHID

pyrG M S Ha L ARG 7 a CIVEEAATOME D -T2, LL, 4. oryzae RIB40 £k

D kped FeHNZEDEFEALTIL kped MEEROBIK THL E-F1 #REF B THIZ20 X

BN TEIRN, EZT, kped ® ORF NO—ii %z [RZEa N AT E #2 L 7-BLS % Akped::pyrG 5T

(AR[FRL A RN L > CE AT HZET, E-F1 #BREXBITTREZ R kped ARAIKEDVERLIAZZAIT-,

kpeA ® ORF WNO—iiz[Aza N ACEBLIZESIAZ & Te DNA W% kped AEEERED

AkpeA::pyrG B PTITE AL, IEEHUEDIERT pyrG RKIZES SFOA MHPEIZEV TS,

BRI DA ) D285 L LT, 8 A L= DNA W i o4k 053805 4% PCR 1LY, DNA

Wr 28 B BONLE I ASNZZ LA R L7=(Fig. 8A), 7z, RIFaNACEBL /=& ia s —
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I AL, BHOaR RS EHRSN COD L2 iR L= (Fig. 8B), ZAUZLY kped Hf

BEIRRIZ kped DIRFISIN -2 L2 B LT,
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Fig. 7 Confirmation of transformation and overexpression of kpeA in OE strain.

(A) PCR for confirmation of transformation in candidate strains of OE strain. PCR-amplified fragments
were generated with primers (Table5). kpeA overexpressing strains No. 1 and 2, which were candidate
transformants independently isolated, were confirmed to harbor introduced fragment at
A0090003001186 (kpeA) loci. (B) Northern blot analysis of kpeA in the E-F1, AkpeA, and OE strains
cultured in KA medium for 10 days. DIG probe of approximately 3.0 kb specific to kpeA was used. In
Northern blot analysis, ribosomal RNAs were visualized in the gel by ethidium bromide staining.
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Fig. 8 PCR and sequence analysis for confirmation of kpeA* transformant.

(A) PCR for confirmation of transformation in candidate strains of kpeA* strain. kpeA* strains no. 1 and
2, which were candidate transformants independently isolated, were confirmed to harbor induced
fragment at AO090003001186 (kpeA) loci. (B) Sequence of the codon substituted region in kpeA*
strain. Phonogram of the sequence of codon substituted regions in the E-F1 and kpeA* strains were
aligned. Original nucleotides in E-F1 strain and substituted nucleotides in kpeA* strain are surrounded
by a box.
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E28 NEFEEADEE

F1H BRMREHE

BeY

TR FRIZ IV T LaeA X° VeA, BrlA 728 O —58D IRAEHHHIENR 11350 T k- a T

EFEOHIENCE B D Z &3 S TEY(Adams et al., 1988; Lind et al., 2018; Mooney and

Yager, 1990; Kato et al., 2003), KpeA &7 A= FIICEIDOAZ EN TSI, 3 ETTEKD

HIEIR F OREEIRIT 3 A F OB, [T EARORFE R RAREDEE R T, K%z

BRCIE kped 1353 EFIRICEE0%,  Malts FERES HE TR ER 2 LTZ kped FBIEIE K OV %8

BRRD 73 R DWW TR~ T,

A&

kped WREERK K OV 8 BIRK, E-F1 £k, FAERD 4342+ 1 X 10° conidia & Malts %K 7L —hC

JREEREL, 30 °CT6 HRIEFR L=, FIRBAMEE (SZM-ILLD; Olympus Corporation) Z-fifi F L

TBEELT, DE T OEEIZ DD, HRRD ST 1 X104 conidia & Malts K 7L —h |

\ZHEFREL, 30 °C T 7 HMEIEEL, BRI A T DOEERIE LTz, BERD vesicle DA X%

HET D012, kO =—% Tween saline (0.025% Tween 80, 0.8% NaCl) C/ALEEL C, 4

HEFE2T4TITARDPOBEL T, £ D%, BAMEI(CX22LED; Olympus Corporation) &

Moticam1080 (Shimadzu Corporation)Z{# F L CHHED vesicle B+ X% E L7, vesicle DIE
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BEDINH) Jy OREAER Z2ME 1T 30 LA BB T AMBE I UT-, BED A FiEEL, 71—k

FDOTUE NIRRT 5 EIZBWTHT R, FONH4) K O E A2 B LT,

LEES

Malts FEREEHIZI51T D kped IR KX U@ ZEBR, E-F1 KR, MR Vv AT > han=—

ZAERL, FRROTEREA FLIRLTC, kped mFEHMR ML OHEMHIER, E-F1 HROan=—n R HIZ

WSR2 721 X7 T2D3, kped BEEARIZR P HE AR EL, HAELZ A 103070 -7 (Fig. 9A),

BRRD 73 1% Malts FEREFHNZEEREIL , 853 2~7 A H OO AT EBEFHAILIZEZA, Bk 2

A H D kped WK D53 £ BUL E-F1 BREABMIR LV H A 7L, #5348 7 H H T E-F1 #REARHH

RO 1/2 BFEFE TH-T=(Fig. 9B), — 5 T, kped B3 BKITE 2 2 H H OFEAT E-F1 850

O TENEL, 5538 7 H B TIZE-FLERD 1.5 05478 Th-7- (Fig. 9B), £7-, [AHk

DEERIIETIEHDIOBZRTILIZEZA, 5538 2 H H O AT kped REERROTED ST E-F1

FREARMIRE LD D72, K528 7 H HIZ E-F1 AREFAARRZY 1| mm2 (2 7.7 fHE 7.1 [HOTEDS

BT LT, kped BEEERRIE 5. 48 /0727~ T=(Fig. 9C), — 5 T OEKKIL, & TOEZEWIM T

TEDOH>OEN E-F1 #RE0%<, £538 7 H BIZIX Y 9.2 EOTEDH ik L= (Fig. 9C), KIZTA

DIDKESENELIZEZA, 57 2 H B OFEST kped BHIERROTADH X E-F1 #REARMIEL

WNEL, K538 7 H BIZ E-F1 BREARHIRENZNE N 32,6 um & 31.8 um OTEDHIZ L L
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7o, kped FEEERRIE 25.3 um &/NE) o7z, OE RO TED S I3R53 2 H H Tl E-F1 FRE[FIFRE

DRESTHHA, §4 7 H BITIE 42.0 pm EREWTEDHIZ AL LT-(Fig. 10),

INBDRRDD kped 1373 EFTHUZBDLZEDTRIN, kped WEEMRD 53 AEF B

[T NSWIEDOIDIERRE, THDIE DD SEAEIRIRIN THHEEZ BTz, —T7T, kped i

FEBRIT o3 AL BRI, Z DJRR DN REIRTADI DG RLETADIBDINZLE 2 5T

72, kped IZTHOIRERESEMIEATDLEEZBND, 7z, MRS E-F1 BROTEREICRE 2

FEM RSN AST-ZEN D, kpeATEERROTEE T kped DRI L > TR SIS I LR

STz, L EDZEND, KpeA 13 RO Z25F, 53 AFTEROHIENZHEIDY, 4754+

TR AR E T DR REZ AT T D Z &V RSN,

B

brid DL EIEME(VIA T FluG, FIbA, FIbB, FIbC, FIbD D& {n Rk T R BN EL A

0, AT EDNED T H(Ogawa et al., 2010), EOFIRNE brid OB B EORADTZ LS

L71-®(0gawa et al., 2010), [ EARDEL, 5E B LTz kped FEERRY brid DBinT-

FEENDLTWDHEEZBND,

StuA <° MedA 728 O —E D53 A FTERROFIEIK 1%, EH 7250 A SOOI ED L2 L

D ESN T D(Adams et al., 1998), LvL, THOYDO KESIZEAOAHIEIE 1133 &5 237e<,

O3 AT R B E B AS TAEERR D TED D D K EERC brid BEa R ELTEDYDO RSSO
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(ZHLBR SRR VoG SR Thh o7z, kped TIERRDYVNSWIAD I Z TR LTIZZE)5(Fig.10), abad
2 wetd, stud, medA D IHIZIEF 7203 A FEADO I LD EM TSI 25(Adams et al.,
1998; Ogawa et al., 2010), JEFBAMEE ClI 0 FHOMEIEZFEMICBIZE T 2DIXRETH

D72, B BMEERE O BERE D MW BAIMERIC OB N ETZ L 2 b,
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Fig. 9 Effect of disruption and overexpression of the kpe4 gene on conidiation.

(A) Phenotypes of AkpeA, OE, kpeA”, and E-F1 strains. Panels show giant colonies of A. oryzae strains
cultured at 30 °C for seven days on malt agar medium. (B) The number of conidia of the 4. oryzae
strains cultured on malt plate for 2—7 days. Number of conidia are presented as the means + S.D. (n=3). P
value for comparison between AkpeAd and E-F1 strain was lower than 0.01 at all time points. P value for
comparison between OE and E-F1 strain was lower than 0.05 at 2 and 7 days. (C) Number of conidial
heads of the 4. oryzae strains cultured on malt agar medium at 30 °C for 2-7 days. Conidial heads were
counted at five randomly selected points on a fungal colony. Values are presented as the means + S.D.
(n=5). P value for comparison between Akped and E-F1 strain was lower than 0.01 at all time points. P
value for comparison between OE and E-F1 strain was lower than 0.05 at all time points.
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Fig. 10 Effect of disruption and overexpression of the kpeA gene of vesicle formation.

(A) Panels showed the vesicles of 4. oryzae strains after treatment with Tween saline to deprive the
conidia. A. oryzae strains were uniformly spread and cultured 30 °C for seven days on malt agar
medium. (B) Vesicle size of 4. oryzae strains cultured on malt plate for 2—7 days. Values of vesicle size
were presented as the mean £ S.D. (n > 30). P value for comparison between AkpeA and E-F1 strain was
lower than 0.001 at all time points. P value for comparison between OE and E-F1 strain was lower than
0.001 at 5 and 7 days. P value for comparison between kpeAd* and E-F1 strain was lower than 0.05 at 3
and 7 days.
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$21H EENETFHEMEREHE

BeY

A. oryzae Z VARG T HLIERFE AR PORAPHEAMIEL, [T HEADBHLREMETHE

ZOSEIRZTADD, 74T TAK, 3EFETERT Do ZOWNDTEDI K IT 4T IAR, 3+ %

B THEAFIAEMS, D EFTERICEE DA HIEIN O F121E, AbaA <° WetA, StuA,

MedA D IHTBAE T EMWE T HERFELRIe A xS HH IR 72385 (Adams et al.,

1998; Ogawa et al., 2010), Fl 21X, abad ZHET HEEE TIIEERIRITER > TIERSID

AN fR (abacus)IZEE D35 TR S LA (Adams et al., 1998; Ogawa et al., 2010), &

72, medd ZIETDETAT IARDINTTGESNI 3 EFDFEEFL, THDIDNLEAMBOT

AT 2—Y(medusa) DER72 53 A FRZTE R 5 (Adams et al., 1998),

AIHIC kped FREERRDTEDI D/NSNWZ EDBIEZII, kped DNIEF 7253 £ FEHO R CTAD

DD BIRBARF THHZENTIRINT, 2T, K ARV SO/ fRRED BV

BB L OBIERZAT, kped TRIERRDS BRLOBIS FRHER ORRIC AR 227053 458

ZI AL TR,
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A&

A. oryzae DI5HE

E-F1 ¥k & kped EIERE D53 2£ 7 1x10% conidia % Malts ZE RS o> 2 [ZHEFEL, 30°C T6

HFEEEL, 2o Rzme L,

R BT S R HERL

E-F1 ¥kE kped WIERR OB IR Z R REF T L2 —C 5 mm IZUIVILE, ~AT 14— AT

VRSt~ V= )AL, HIEE, Yed, &RIEE, BKZ To7, BilEEELT 2% 7 L7

VT VTEREERIZ S IR L, 0% 10 mM UL 8/ 77— 15 /R LTS L, #IEE

LT 2 %R A AT AFIRIZ 5.5 BER LTz, &HIT, 50%TX /—LIZ 15 i1,

70% T4 ) — V{2 Tk 4 °C THHEL, 80%, 90%, 95%, 100% T4 /—/WIZ 15 733 D=

TR ETT o7, 100% T4 ) — WX 2 [Al#0IR L T-, D%, t-7 F LT va— U230 532

THEZ 2 [TV, B BMEERIC W TR TEILL, BORS 28 RIRAE I (S LD S Rt e T

STz, TD%, AF L AN E—IZIVFEERFR I E A/ 3TV NSV —T 7L, &M

BB AL LT,

BT BB
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E-F1 ¥k & kped WK D FE - DA BB 22 50U 2 & AR 7B 1 BAAMEBE S-4000(Bk N4t H T

AT Y )= N E0BIEE LT,

HRRUVBE

kpeA FERK S B-F1 ¥R D53 4 1B A B BB - BAMEBE CRIZIL T2 L 25, B-F1 #RE kped Tt

FREBITHEI U= E o7 4 T IARICE T 1372, EF R AFIEE R L= (Fig. 11), 20

ZED kped DREIT/INSWTADI DB Z S ER T3, stud BEERD 7 4T TARDIERR,

abad X° medA WEEIR D53 A+ DIERE R E L5 | &N 2 &N BN > 72 (Adams et al.,

1998).
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10um S . 10um

Fig. 11 Electron microscopy of Akpe4 and E-F1 strain.
Panels showed vesicles of A. oryzae strains cultured 30 °C for six days on malt agar medium.
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XN
&

R EEE R F D R IR AT

SETFTERIE brid DBIR BN N AT — &7 5 ThiED(Adams et al., 1998; Krijgsheld et

al,, 2013), ZD7=®, brid DBIFFEHROHENIREANMITES N, BIE TITEE O EEME

LR LMK N EBE T 0T — 2 — A LT, EHECHIE T 228N LNCESTND

(Garzia et al., 2009; Known et al., 2010; Lee et al., 2016; Ahmad et al., 2013), £7=, brid ® F i

DOFIFEIAF AbaA & WetA 75 VosA Z LT brid 74— R 2307+ 52 80 MG Sh THB

¥(Tao et al., 2011), brid DIBART-FEBLHIHENDN 53 4 F TR O HIENZ BV CIEF I EHE /2 Z L3

3o CND, brid OB GIEMAVIK OB AR FAEERK TIL, brid OB FRFEEOW D%

JRIRIE L7205 A A B DD 0 B 20 SR R ML 22 S D (Ogawa et al., 2010), BT kped

RN R VR TR R ETERL, 79 TR LTeZen D, brid DERGIEMEAGAF- DR

BERR LIFIRRIT kped WERRD brid FELED AL CWAHET LT, 2T, REBRTIX kped

TR K OV T BARR D brid L% O T OHEIN 118151 abad, wetd DIBR I #EITD

WA,

73k

total RNA O i} & qRT-PCR

56



kpeA TBIERE R ONE S BIRR, E-F1 KK, ABRIRED 4372 F 1 X105 conidia % YPD i {AEHI(5 ¢

yeast extract, 10 g polypeptone, 10 g glucose, 3.7 g uridine per L)\ZHEFEL , AiiEE#E&L T 30 °C

DIEIRAFIZIVNT 180 rpm T 24 WFEIREIEFE LT, HFEL /2 F A Z BN L, Amersham

HybondTM-N" membrane %%\ ‘7= Malts ZERXE5H FIZHEREL, 30 °C C 48 WRefiEE#E L7=, £%

12 B2 EIZK R D total RNA ZHEH L7-, total RNA ORI &R GIXE 2 32 1 Hil Ak

2TV, BAL7Z cDNA Z# ELT qRT-PCR %1T-7=, qRT-PCR (21X KAPA SYBR FAST

gPCR kit (KAPA Biosystems)& DNA Engine® cycler PTC-200 (BioRad)Z{# i L7z, qRT-PCR

DIT7 7L ARG TELT tefl ZERL, #—7 Y MBIEFELT brid Jo O abad, wetd, kpeA

DOBLEFRHAEZHEL, Bia 73BT 27235 TRH L, gRT-PCR THEMALIET I ~—

J OV PCR 4541 Table6 (2R LT-,
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HR

RRIEHCHA B ST kped TEEE K NS BIRE, E-F1 &K, FRHIED kped ZBLE 3411

R OHIE D 2R E AL (brIA, abad, wetd)DFE B AT ~T-, BiFs&EEL &% YPD i

ARSI TIREDEE R L, HTEL 1=~y MROE R FE RS FITHREL TRES R LT, 2EKES

Ml ZHERRT 24 WERE] C B-F1 BRICO A IO BIZE S22, qRT-PCR IZLABAR I8 HL

EMTIZFE KBS H E~DBENEE 12, 24, 36, 48 WFICAT 72, kped X E-F1 BREFAMHRR OB

12 FERRICIRRORELZRL, ZHLEIIIR % I L7 (Fig. 12), kped @8 BRRITHE I

E-F1 BEEAREL DD kped D3EFELL TEY, kprd TEEERE T kped OFEBLBR S /80>

72(Fig. 12), brid OIEHIL kped @3 BRI OV E-F1 KR, MR T2 24 BRI 10K

RERL, TNLUE—EDRBERUIZN, kped RO brid O BLITE: 2§ 36 FE FTH5<,

B52% 48 W§fEI121C E-F1 BRSOARAIRR & [RIFEEE D3 Bl 2 /R U= (Fig. 12). kped WREERRD brid 3

BINSBHE (EENTZ 2800, KpeA 23 brid OB FIBUIREHDOLZENRENTZ, EBIZ, E-F1

FEEARFIIE D abad & wetd 135558 24~36 BRIV TIEBIBBEE TN TZ03, kped Tk EERE

D abad & wetd IXFBLHENINL 720 572 (Fig. 12), BrlA 1 abad & wetd OEREIEMALIR 7T

HDHTD, kped FEEERED brid ZE B BENT-ZEMNRIK T abad & wetd DIETAN D LT=E5 %

HID, — T, kped EFEBIRIT B-F1 BROAAIFRIZHL AT kped DOFEELD 2 (521 EITHINL

TWAIZHLETDB T, brid X° abad, wetd DFEBUZIHZE TR 21720 > 7= (Fig. 12),

59



B

PAREERR RS kped WIEERANVRUIZS3EA BRI LTAD O DRI, INSWTADIDIZ KL

W= BE L, brid DR FIBDIEILE abad B N wetd Digfn+1FEBORED BFRIRTZE

2 BT, brid O EIEMHALIK T Té5 FluG <° FIbA, FIbB, FIbC, FIbD, FIbE D& (s 1%

BERRITR PR AN EL, TN 9 5(0gawa et al., 2010), kped OREEERED %

MRS, 3HEAFBSED L, brid OFBLEINHA T HZED5, FluG X° Flbs DLHIZ KpeA 13

briAd DEREIEVELIN - THDHEZ X LTz, LL, KpeA 3 brid D7 —2— | ZHEERK AL

THIFEIT 27>, _EFCD brid OEREIEVEACIR A 728 %24 U CEIB2E9IZ brid Z I3 50350

5, 5% 7 VTR B AR ChIP fi#HT1Z 5 DNA-protein #H AAE M Z a9 LB B 5,

R B I T AR E TR L THERE T 20 DX L 7B LIRS 5L D355, 15

Z1Z, FIbB & FIbD, FIbE 138 S EZ TR L T brid OFBLZHIEIL THBY, &K 42 5

THE T HERPEARDELRY, AT 3503 (Garzia et al., 2009; Krijgsheld et al.,

2013), —J5°C fIbE MO @R B TIED A TS EL B2 N ERHESNL TS

(Garzia et al., 2009), KpeA O @E3EHLNS brid OBAn - FBUIE R S7-D(X, FIbE D X5

KpeA NWEGIREL THBET D TRENEC K L~V EfifiZ S T D ATREME 2B L Cnd, Eie, #

URIE DOV EEBIX Ser/Thr Uy F 78I A ) b+ 52 TH U NRTH 2L T 5

(Hernandez-Ortiz and Espeso, 2013; Hirst et al., 1999), KpeA @ Zn(Il),-Cyse EF —7 DT I/
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KA B2 Ser Vo F 720803850, KpeA OV BRLIZBE DD Al REMENSHDT-8, Ak, KK

FEMTEIZ LD KpeA DXL RO BB SV TRETT 20 ER B,
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Fig. 12 qRT-PCR analyzes of central development pathway genes and kpeA in AkpeA, OE, kpeA™,

and E-F1 strains.
A. oryzae strains were cultured at 30 °C for 24 h in YPD liquid medium. After cultivation, A. oryzae

strains were transferred onto malt agar medium and cultured at 30 °C for 48 h. Total RNAs were
extracted after the time intervals indicated. fef/ was used as the reference gene. Relative expression
was calculated by the ACt method. Values are presented as the means = S.D. (n=3). Primers and
PCR conditions are described in Table6. P value for comparison between Akped and E-F1 strain
was lower than 0.05 in brid, 24-36 h; abaAd, 2448 h; wetd, 1248 h; kpeA, 0—48 h. P value for
comparison between OE and E-F1 strain was lower than 0.05 in abad, 24-48 h; wetd, 048 h;
kpeA, 0—48 h. P value for comparison between kped™ and E-F1 strain was lower than 0.05 in; briA,
12-36 h; abaA, 24-36 h; wetA, 12 and 36 h.
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FEA4E kpeA BEFHERUSRRBRICL DI - RRBENEE~DEZE

&

il

TR O HIREN K S I TAE I D A DI E R 7 2MF(EL, LaeA <° BrlA 235

F45(Bok and Keller, 2004; Lind et al., 2018), LaeA {FEAR H3 D 9 & H D Lys FEHA AT

MMMETHZETZE Y =R T Ao 7R I EATV, T7TRHL 0 0u"AX T KA IREHED

TIRAREHEE D LE PE A 1975 (Reyes-Dominguez et al., 2010; Bok and Keller, 2004; Oda et

al., 2011), E£7=, 4. oryzae O laed BHEERRIE brid HIEHR O IR P EA DR EMEL S A+

BoWAERL, BEFRROTEICEHEI DS, BrlA 1350 EF TR OHl#E O L a2k &

15 DNA &SRO HIFEIAN - CTH DA (Krijgsheld et al., 2013), ITHEDHFIEND A. fumigatus |2

BT LaeA OHilfHl T THEEO ZIRAEHZHIH T 52 L3RS TV (Lind et al., 2018), 24

FTOWTEND LaeA <° BrlA D2 CelA <° HdaA, VeA 72E OFlEIK 25 KL H S Fu(Palmer

etal., 2013; Lee et al., 2009; Kato et al., 2003), PR, SRER L EDEREES 7 /L ~DIRE

A DA O HIHTR E DRIV ZES L TUVD AN (Krijgsheld et al., 2013), AR72EFDNRIAS

NIEITE 20,

ARBFFETIE, 5 1 TT A oryzae DGR FBUR IR T AT TV — Tk D27 —=2

TEATV, KA EEIZBID LB BHIEIA T KpeA Z L7z, $72, 25 3 T KpeA 75 “kAX

W OMIZ I A TR AR 22 EMALNIZRD, KpeA © BrlA X° LacA E[RIERICHE LD —

RREZ RIS DI EnFRSNI,
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ARETIL kped & ZRAHOBEZ G T 522 HIYEL T, KA OMUZ A oryzae 34

FETHZENFONTNDR=I Y (PN)E 70T U (CPA)D AEFERIEI~D B H 1250

Tl ~T,
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F1E AVCEBEE~ADEE

B1EH IVCHEESOEERUVEEREGFORRMRN

BeY

1 EOAI)—= 7 FRRT kped 8IS FRERRD KA A FEEDHIINLTZAS, £ OEHERT

Bo 2 A (SRS ENER 2RI CTHY, IEfEZRAEPE BT A Th oo, ARBRTIL, £T 4RI

HPLC I28% KA AFEROERERAT, WIT, KpeA DG L~V T KA AELHIETHL

£z, KA OHETEAE A K EEFE A5+ kojd(Terabayashi et al., 2010)& % o Hil4# K+ & s+

kojR(Marui et al., 201 1)DE{E - F L &% qRT-PCR (2L T~

A&

kpeA TESERRE mFEBIRE, B-F1 K, FEMIERD 4341 1X10° conidia 27V ZUIILTZ KA

EPERSHI(100 g glucose, 1 g yeast extract, 1 g KoHPOs, 0.5 g KCI, 0.5 ¢ MgSO4-7H0, 3.7 g,

uridine per L)WZHEFEL, 30 °C T 5~25 H Mk AEK L LT, SIROBFEZIRILFLAE 0.45 pm D

74V F—Millex® LH0.45 um(Merck Millipore)lZif LS A LIzt D% HPLC f#tr o

kL, #H BIRZHE 2 723 0BHT milliQ /K T 10-50 {57 R LB HPLC IZ X5 E &E21T-72,

HPLC |3 & kA7 2~ k257 Prominence (Shimadzu Corporation)% {5 L, HPLC DZ3#715:

1%, 20 mmol/L VAE —IKFE AV NEHR-AS ) —(95:5) % B 8hFH & LTt 1 ml/min O 7

AV ITT AT FAETIT, BT 40% CAPCELL PAK C18 MG S5 774 4.6 mmx250 mm(& 4
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VAL, DTLREITEIR, A2V al R a—AE 5 ul TiTo7, MiiE UV270 nm

(CRT LW EZRE LT, ERIIMEREMERL TITW, il T KA T¥)%

MilliQ KITIAfRESHE 7= KA AR Z V=, £, FRRO BRI, R AR EEZREL

77 WIETE, PN U722 FaCEEZFHA L2770 —AE T IR A N8 A 55 °C T3

HM# s C, ZOEEFWEL, I778—A K OT NAIRANVOEEEZZLSIWEEIEZE

WOREAEELLL,

KA AEPERIT HPLC ([ZXDEFER UL T D KA I (ppm)Z I EL , H5FEHE 40 ml H10D KA H#(mg)

ZRO, D KA BEHRFERERE THAZETHEIRE S T-DD KA A 7E B (mg/mg)l L THE H

L7,

kojd KX kojR, kpeA @ qRT-PCR it

B33 FEO KA AFEEOEREFREIZITV, total RNA O} OSF A E 134 2 255 1

i [ARIZAT o7, 2, qRT-PCR IFE 3 5 3 HiL[RRIZATVY, kojd e N kojR DT T A~—

L PCR 541X Table7 IZ/R LT,
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HR

kpeA TREERR M ONE 38 BIRE, E-F1 B%, AL KA A PER TR IS &L, 5~25 H B

FORREFIC KA AFE A E &L, E-F1 FREFAME, kped BR BT E 5 HBIC

mg/mg FEEED KA Z4PEL, 538 25 H BIZIE | mg/mg EPELT-, kped fEEKIIEE 3 5 H H

(2 0.6 mg/mg A£PEL, H5#% 25 H HIZIX 6 mg/mg &, E-F1 #ECHAIIED 6 50D KA #4EPELT-

(Fig. 13A), ZO#ERMNG, KpeA 1% KA AEFEAIIHITHIENRENT, £, kped WIEHRD

KA L BRGSO R R L 2, 4540 VRO Wi R TR

AILT=R3, ETORER B ECHAMRORRERE BICHL)2721372<, Zhbhy KA AR &Y

MO R TIERNZ D350 > 7=(Fig. 13B),

WIZ, ¥538 5 HHE 15 H BIZEBITD KA OHEEA A Rkl# 3R 18151 kojd(Terabayashi et al.,

2010)EZ DA 1315 7 kojR(Marui et al., 201 1) DAL T I BE T RT2EA, kped IR

D kojA & kojR DBAT-FBLENPE ITHINL, FFIZH72 15 B B D kojd OBIn1-IEBLED

E-F1 ¥R 3.2 %, kojR DIBAx T IEBLEN 3.4 (5ITHINNL7=(Fig. 14). — 7T, kped i3 BILD

kojd & kojR DiBfnFEBLEIT, KA APEEL[FRRIC E-F1 RO SRR E Th o7 (Fig.

14), ZIHDHERNG kped DB BlIE KA APEIZFEEE L 52 72N ZEDHBNIRY, kped 13

KA AEFEOADOHIBENZ DD NG5, £72, kped DiEInFFEBLT E-F1 BREARH

B FIFREEDFRBLA L, kped i3 EHMRIE E-F1 BREFHRERED 2 (5LL LD kped B AR LI=

M3, kped FEEERR TITFBIL TV eh o7 (Fig. 14),
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B

ZIVETIZ KA APEIZESDDHIEIN 7L LT LaeA <° HstD 235 &11 T 5A3(0da et al.,

2011; Kawauchi et al., 2013), KA “EFEDHI I ITATZ A2 M3, kped AEEERED

KA A FEN MU (Fig. 13), kojd & kojR DIEBLEL N 72728 (Fig. 14), KpeA 7% KA %L

W2 e RESNTz, ZLT, ZOMIENE 725 — K BEVRHHHIKN F TD kojR DIEBLZ

T 2L T, kojd DBISFHBLE KA APEZNHIT5LE 2 HI573, KpeA 78 kojR Z[EL#

Hil#E19-22>, LaeA <° HstD 27 L CHIEIT 20T R THD, F7, 5 3 FIZBWT KpeA

BrlA ORBGEZ N L THEFIEMRIZEDOLZENREN, ITHETHD A. nidulans @ BrlA

DMEHD —IRARBEHIET 223 S TQOAZEDB(Lind et al., 2018), KpeA @ KA 4

PEDHIEAS BrlA 2T L7Hilfl CHD WREMEDS B 2 iz, LinL, ZHE TITHEFTERUC B

DOHEHEAT-L KA EEDORRGITHRESNTEOT, brid & KA EREDORE G2~ 5080 %

o7z, TIT, IRHETIL, kped & brid, laed L DFEIZOWTHA~T,
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(A)

| @ Akped OE
| % kped”™ IXE-F1

[ S IS B S U T o R |

KA amount in medium
(mg/dry weight mg)

0 5 10 15 20 25 30 (@

(B)

@ Aped - OE
150 | =% kped™ =IXEFI

0 5 10 15 20 25 30 @@

Fig. 13 Effect of disruption and overexpression of kpeA on KA production.

(A) Time course of KA production and (B) growth of the Akped, OE, kpeA™, and
E-F1 strains. 4. oryzae strains were statically cultured in KA liquid medium at
30 °C for 5-25 days. KA was quantified by HPLC. Values are presented as the
means £ S.D. (n > 3) from independent experiments. P value for comparison
between AkpeAd and E-F1 strain was lower than 0.001 in KA production. P value
for comparison between mutants and E-F1 strain was higher than 0.05 in growth of
strains.
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kpeA

0.08
B Aped [l OE
o 5 006 F [Okpeda™ [JE-F1
z g o
T 23 004 |
2 &
]
0.02 |
. A1
5 15 (d)
kojA kojR
0.8 0.02
B Akped B Akped
o £ 06 WOE ¥ W oE T
> = S | Ower O kped
=W
5 23 o4 | OB 0.01 | LIEF!
(e
o o
02
laane ENAN) Ilﬂﬂ T
5 15 (d) 5 15 (d)

Fig. 14 qRT-PCR analyzes of kojA4, kojR, and kpeA in AkpeA, OE, kpeA” and E-F1 strains.

Values are presented as the means + S.D. (n=3). Asterisks indicate statistically significant differences
between wild-type and mutants (**, P < 0.01; *** P < 0.001). 4. oryzae strains were statically
cultured in KA liquid medium at 30 °C for 5-15 days, and total RNAs were extracted from each
strain. fefl was used as a reference gene. Relative expression was calculated by the ACt method.
Primers and PCR conditions are shown in Table7.
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F 21 brA RV lacA EDEE

BeY

AITZH T KpeA 28 KA AEPEZHR T L~V TR 22 EAVREAL, TOHIHEIC LaeA £72i1E BrlA

B HZ LR FRRSHIZ, BrlA 280 53 A FTERBIE O HIEIN 725 KA EREIZBI 5813

A SIVTWRNA, LaeA 13 KA A EZI1HT5(0Oda et al., 2011), AZEERTIE, brid & KA

HPED B HAZOUNTIRARDT201Z, brid WD KA AEPERDE &Ly LA BE RS T

R D AT — = THERAE BB UT=, F72, kped & laed DBARET D729, kpeA THIERIC

BB laed 3EBLEL laed TEHEERRIZIIT D kped FBLEZEFH~T-,

A&

A== THERDO REL

1 BOARY)—= 7 EER o A TR ORilENX - FIbB & Of FIbD, NsdD i fn -l

PROBE R % E-F1 BRELEL C, YR T-IREEIC LD KA EPE~ DA~

brIA WIERRED KA A pE

briA FEIERRD KA LFERARIHLRIERO T TERLIZ, #, F54 B3 10 HELT,

laeA THIERED kped B &K N kped TEERED laed L&D E &
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laeA FEEERR K OY kped TREERRZ RITTH L [RIRRD JTIETEEZE L, total RNA il M ORG24

W, ENENDBIGTHEBUT DOV T gRT-PCR (2L DT E4T 72, qRT-PCR FEHTIZAE FH L7

7T A~—& PCR 2541 Table8 (2R L7=,
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HR

O3 TR D FHIFEIR 23 KA EPEC B -9 20 F 5572, BrlA OfillfHIIK+ FIbB & FIbD,

NsdD D& s FHEEERED KA ERERZE | ORI —=U T OFERNOFHT-E25, brid D

HR BRIV - TdhD FIbB & FIbD OB 5T AEERE D KA E5E B MU (Fig. 15A), brid &

SR S172) 7Ly —Tdh % NsdD DI fnF-HEEK D KA A FE E3 i LTz (Fig. 2), ZHbm

FERINS, brid OFEIN 2T HE KA ERENEAL T D000 oT2, BT, KA A ER:

HINZ B W TR R EE LT brid FHEERRD KA AFEEZFHIIUIZRE R, kped WHIERELL EIC

KA APEEDENNLT=(Fig. 15B), LA EDZEND, brid 73 KA A PEZTETIZHNH T 52 ENVRE

AU, KpeA 1353 AT TR LIAIERIC KA ZEPED brid 200 L CHIEIT 22 L3 RSz,

WIZ, LaeA & KpeA DORHZF~_57-0, laed BREERRIZEIT5 KpeA DOEInF I HLE, kped

REERRIZE1T D LaeA O fn -3 B2 ~T-, KA AEPERS I CURIR R B2 LTz kped HREERE

D laed FEHEIX E-F1 BRE[FIFLE CTH-7-(Fig. 16), ZDIZEMND KpeA 13 laed DI BHIE%

TS FIT KA APEAHIEIL CODIEDP RSN, EBIT, laed WEFERIZIITD kped FEBLED

E-F1 ¥RERIFREE CTH -T2 2 &M (Fig. 16), kped & laed 1 X E O HIENZ RO HIRNZ EMRALD

Ay

L EDFERMNG, kped 1% laed LIZBIDGT,  brid OFBUHIEZ L T KA 2322803

INEHTE,
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B

BT, KA APEICEIDDHIMEIN 7L LT LaeA & HstD, MsnA 2SS TEY(Oda et al.,

2011; Kawauchi et al., 2013; Chang et al., 2011), =D H Tt LaeA I3 RGO SO )72

BeE| 2405 (Brakhage, 2013), laed EERKIT KA ZEPELRNZER A S TEY(Oda et al,

2011), KpeA 28 laed %91 L C KA Al 9572513, KpeA 1% laed DB IREARET HE

TSI, AREBROFE RS kped HEEERED laed FHEIX E-F1 BRERIFRE THHZ LMD

230, KpeA 1% LaeA (2520 IR OHIEIZ RO ORNZEN RIS,

BrlA (353 £ F TR DGR F L L TESHFFES IV TNDD, I FEDOWIFEND A. fumigatus |23

VT gliotoxin X fumigaclavine, endocrocin 72 —# D "R PEY) O A PEHIN D 5L

ARG SNCUWA(Lind et al, 2018), AZEBR T brid BIEEZ KA A PER: I CHIA R IS L,

KA EEREETERELIZEDA, BHEITHINL QO ZEn D, BrlA 1 4. oryzae (2B TH kAL

WAGE T D EDRIINT, £, brid HEEEREDS kped WEEEMELL B KA AERE RLIZZE

5 (Fig. 15B), KpeA JViR< KA APEEMIHIL TWDEB 2 BT,

SIbB =2 fIbD ZHESES D& brid OBAR T BLENHA L (Ogawa et al., 2010), nsdD A9

HE brid OBIBETIBLPEINTHIENHEII TS (Lee et al., 2016), RIEFBROFKERND

fIbB, fIbD OFEAG TR D KA A FEHE NN L(Fig. 15), nsdD KD KA AEFENRD LIZZ

EMD(Fig. 2), FiBIR AR D KA A FEE brid OEAR BRIV T 223 TS,

Gy E T TR BIE DO IR F- 23 brid OFEBHEZ U TKA EEZHIE§ 52 LaVRgEh T,
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ZIHDRERIT kped TEERRD KA EFEORNNN BrlA OBR T RELOBNICER T 5%

KT ORERTHY, KpeA 23 BrlA OB TR BLOHIIZ LT, [MHEHIZ KA AL FEZ 43

LHTENTRESNIZ,
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(A)

Top .
N/

Bottom

(B)

KA amount in medium
(mg/dry weight mg)

——

vée. q‘fe 5\;&
T

Fig. 15 KA production of disruption strain of br/4 and its upstream regulator genes.

(A) KA production of disruption mutants of brl4 upstream regulator in screening experiment. (B) KA
production of AbriA strain in KA medium. A. oryzae strains were statically cultured in KA liquid
medium without uridine supplementation at 30 °C for 10 days. KA was quantified by HPLC. Values
are presented as the means + S.D. (n=3) from independent experiments. Asterisks indicate statistically
significant differences between wild-type and mutants (*, P < 0.05; ** P <0.01).
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laeA kpeA

0.004 0.03

0.003 |

0.02 |
i

0.01 |

Relative expression
(ACt)
=
S
S
o
T
Relative expression
(ACHt)

0.001 [

0.000 0.00
4@% & 4, 44?@ & 2

Fig. 16 Expression analysis of kpeA4 and laeA in each gene disruption strain

(A) Expression of laeAd in the AkpeA and E-F1 strains. The AkpeAd and E-F1 strains were statically
cultured in KA liquid medium at 30 °C for 10 days, and total RNA was extracted from each strain.
tefl was used as the reference gene. Relative expression was calculated by the ACt method. Values
are presented as means = S.D. (n=3). (B) Expression of kpeA in the AlaeA, and E-F1 strains. Values
are presented as means + S.D. (n=3). The Alae4 and E-F1 strains were statically cultured in KA liquid
medium at 30 °C for 10 days, and total RNA was extracted from each strain. tef] was used as the
reference gene. Relative expression was calculated by the ACt method.
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F28 RZVUYEEADEE

BeY

ATEI T KpeA 725 BrlA 241 L T KA EFEEHIIL TWAZEDRIBEAIZAY, KA B R

RHA~DOB BT R ThH T, T, A. oryzae WEPET HZ LS TEY(Marui et al.,

2010), HUERBRIC L0 S A EPEB D N TED PN IZHOWC, TOAEERLAA &S

T OB~

&

kped WE¥ERKE E-F1 #RD4342F 1X10° conidia % 3% Tryptic Soy Broth(TSB, Becton,

Dickinson and Company ) IAREG HIIZHEFEL, 30 °C CHRIAF BT LT, B33 4~6 H H DG

iz mEILL, % 3 B % 1 HEiLRCHEE 7 V2 —I28 T 2 TRE AL 72 O 2R FAER O

A BLE LT, Geobacillus stearothermophilus NBRC100862 % 3%TSB {RIREEHIIZ | H 4 BHEfE

L, 55 °C, 120 rpm T—BERESEFE LT-, KITHTTZ72 3%TSB 5l —Beks &R L7- G

stearothermophilus % 1 ml #ZFEL, OD600 73 0.5 2725 F T 55 °C, 180 rpm THREIEFE LT,

0D600 7% 0.5 (Z72>7- TSB iR {AE: % 3%TSB % KE5#1(30 g TSB, 30 g Agar per L)&45 il

AL, IRG LI 50 ml 2 AR v — L CRUME RS IR L THUE R E il L

7. BB RSN A — b L — 7 W LR R E S — R g 2
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(ADVANTEC)Z & X, A. oryzae D¥EEIRDNOIFRL T30 40 pl Z4LHIA £, 55 °C TRk

G. stearothermophilus %558 17-,

qRT-PCR f#4T

3%TSB {IRIAEE I C 4~6 H BIRIRERIEEEE LT E-F1 ¥RE kped FEERR DA D, 52 B

1 HiL[RAED JF15T total RNA Ol &5 41T 577, £7z, qQRT-PCR 1355 3 H 5 3 HillA

el

FRIZATW, =7y NBIG 1 TdD acvd B O ipnd, aatd D7 ZA~—& PCR 45413 Table9 |2

RUT=,
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HR

kpeA TR L B-F1 #R% TSB RIREF I CIRIRN R REE L, G. stearothermophilus %7 AR/N

ITVT ELTHIRRBRICIVE R T O PN |2z, Z£ORE, E-F1 BRIZH A TH#E

4~6 B D kped BHEERRD PN A PE BN D727 o7-(Fig. 17A), SHIT, FKKD PN A& kil

{5 acvA, ipnA, aatA (Brakhage et al., 2004) DB (5 A BEEZHELI2EZA, £ TORFEH

BT kped BEEERRD 3 3851 OB R BB B2 LU= (Fig. 17B), ZOHE Hnb,

KpeA |3 PN A2 pPEAHR T L~ L TIEMAL T DT EMIBINNT 22 o7z, Hifi © KA EFEAHR T L

IVCHIET D ZENHLMNIT 2> TNDIEND, KpeA 1350 “RAEHOHIEIC b2 L

DRSS,

B

FadA & G-protein mediated pathway (ZFTJ& 3250 4 FIZ R DIEMALIN - CTh 03, D

TIRRHOHEIZHBI DY, PN O W T AES R B s O L EREH 2 M 95

(Krijgsheld et al., 2013; Hicks et al., 1997), KpeA & FadA |33 4E T2 O IEOHIEIK 7-THY),

B E FIEEIZ LY brid OBIE TR BT 5128 B 5T, PN A FEOHIENI S TH

D78, BTOHEFTERROHIEIR 25 BrlA 2L T PN Z #3250 TIIRWZEN TS

iz, BERIRE IS PN AEOHIEIR L TOD LacA X° VeA, PacC, HAP #HA1K,

FadA 238 &40 CEY(Bok and Keller, 2004; Kato et al., 2003; Keller et al., 1997; Brakhage et
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al., 2004; Hicks et al., 1997), ZiLHOHlFHIA 1 & KpeA OHfilfHIEFRZ BT HZET PN 4

FE DI HIBEREDFEIN T ST 55 2 HiLd,
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(A) (d)

AkpeR

E-Fl

(B)

acvA ipnAd
0.04

0.02
O 0.01 0.02
= o - sk s ok * ok
0.00 ' 0.00 ' '
4 5 6 4 5 6

aatA kpeA
0.04 0.04

= 0.02
S 0.0 i
% EE
0.00 . J | g 0.00
A 5 6

Fig. 17 Effect of kpeA disruption on PN production

(A) PN bioassay of the Akped and E-F1 strains. The Akped and E-F1 strains were statically
cultured in TSB liquid medium at 30 °C for 4-6 days, and 40 pl of culture medium was used as
the sample for PN bioassay. (B) qRT-PCR analysis of PN biosynthetic genes in the AkpeAd and
E-F1 strains. fef] was used as the reference gene. Values are presented as means = S.D. (n=3).
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(@)

Relative
expression

4 5 6 (d)
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B3 LUDETVUBEE~ADEE

BeY

AEEDOH 1 EEH 2 HiOHE F)D, KpeA 73 KA EPEL PN AEEOHIENCEbDZLIVRERN,

KpeA M EED —RAGHA I T H5ZENHBDNT/2 57, KA & PN O, A. oryzae D3

T5 IR EM &L CMaR Ca>t-ATPase DL EIEHZH 5787V U BE(CPA) I FID

AL TV % (Tokuoka et al., 2008; Kato et al., 2011), ARZEHRTiX KpeA & CPA A PED BG4 7~

T ARIELT, CPA AFERKTH D A. oryzae NBRC4177 ¥RABIREE L T kped TlEEK A 1ERL

L, CPA AFEERHIFE LT,

A&

CPA A PERIF T D kped WHIERR(AKTF422 #R)D/ER

CPA ZEPERK CTd D A. oryzae NBRCA177 ¥R BIERK ST A. oryzae AKp4177 BR(Aku70::ptrA®,

ApyrG)(Tokuoka et al., 2008)% 15 £ &L T kped AR AAERIL -, TR RO FFIEIXEE 3 =5

1 iEFERIZATVY, 18 EIZBE AL DNA 777 A NITA T TV—KED kped FIERRNGT ) I

PCR (ZEVEEME L7z Akped::pyrG BlFZER LTz, HBIOBE T HE~D DNA 777 A~

MNIE PCRICE - THER L=y AEBRTHEH L= T4~ —& PCR 5541% Tablel0 (-7,
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CPA AFEEDIRGT

Czapek yeast (autolysate) extract (CYA, 30 g sucrose; 5 g yeast extract; 1 g KH2PO4; 3 g

NaNOs; 0.5 g KCI; 0.5 g MgSO4-7H,0 per L)AL HIZ EREO FTVETIERL 72 CPA ZEpERKD

kpeA TRIERR ETBAR IR0 7 7T R a2 T2 5 FREE AK4177 #R(Aku70::ptrA*) (Tokuoka

et al., 2008)D 4341~ 1 X 10° conidia ZH%fEL, 30 °C T 7 HEFFERE#R L, o7 il

HPLC (ZXA 55138 5D 715120t > T T 7= (Tokuoka et al., 2015), £7-, #l5E A EEO

BIEILEE 4 55 1 fieRRIZ I To7,
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HBREUESR

kpeA & CPA "EFED R G5~ 5728, CPA EFER THD A. oryzae NBRC4A177 & 15 L1

T kpeA TR (AKTFA22 #R) & ERL L7, IR E L OMEGRIZ PCR TITWY, 77/ A B H AL

|2 DNA Wi 7 288 ASICTWD T AR LT (Fig. 18), xIIREETHD AK4177 #kE AKTF422

Mea CYA RIS CRmES &L, 5538 7 0 H O CPA A EEZ I LT-L 25, AKTF422 #kD

CPA EPERN AK4177 R 1/3 LLFIZH L= (Fig. 19), ZOFE 5, KpeA 1T CPA /&

PEICBIDAZENREN, KpeA 75 CPA L KA, PN @ 3 D “RAHIFEM O A FERENZ S

LM IR oTE,

CPA AFEDHIFNZBEDODHIEIN 11T 4. flavus 128 T LaeA & VeA 23S TODmn

(Kale et al., 2008 ;Duran et al., 2007), AKFHH 1 iDOFEFRND KpeA & LaeA 2MHAIZES 5 L7

WZEDVRINTNDT®, CPA AEFEDHIEINZ I TEH KpeA & LaeA 1B 5- L7 2B 2 biLb,

F72, LaeA LA HRZIERT S VeA bEDD WTRENHIIR W EE X DND, —T7 T, UAFOTEM

IZ BrlA 73 CPA AEIZ B0, brid R4 5HE CPA A FEENIAF D 752 L2 LM

L CV % (unpublished data), ZDZ &7 5, KpeA 13 KA EFEDHlE L [FARIZ CPA ZEFES BrlA %

ST THIET L8 2 b,

Aspergillus BN EFET D~ AR ATRIEW OG5 GL0MR R PEIZ B 52 L0 B (Keller et

al., 2005), DO HI G OfEB X E B S TEY, A. nidualns <° A. fumigatus, A. flavus \Z33
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7% kped DTN RIS TFAFEREMMT 5L T, Aspergillus J&D _IRANETHIEEAE DR

[ZERIRDEBE Z BT,
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AKTF422
S -é\ (AkpeA)
™

D1 Oy
O W LWt

Fig. 18 PCR for confirmation of gene disruption in candidate strains of kpeA disruption strain.
PCR-amplified fragments were generated with primers (Table10). AKTF422 No.1-4 strains
were confirmed to harbor disruption at AO090003001186 (kpeA) loci.
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Fig. 19 CPA production by the AKTF422 (AkpeA) and AK4177 (control strain).
Strains were statically cultured in CYA liquid medium for seven days. CPA detection
was performed by HPLC. Values are presented as the means + S.D. (n=3). Asterisks
indicate statistically significant differences between wild-type and mutants (***, P <
0.001).
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FE5FE KpeA D Zn(l1)2-Cyse T F— 7 DT

&

il

HAR Y72 Zn(1D)2-Cyse B HIENA -1 21E N K2 BIEIE Zn(1)-Cyse EF—7, Vo i — G,

—&ER{LR A1, Middle homology region (MHR)&#E % EF — 7 M3 (X (Schjerling and

Holmberg, 1996), 1Z&AE D Zn(Il)-Cyss BUHIEHIA 123 ZOHEE THD, #5 2 T KpeA D

DNA f5&EF—7 BT BEEH O IIHFIEL, —BRER AL 38 2 535 coiled-coil 73

EF—7O_EFICTRISI, —5 T MHR Z RIS o722 806, IRE 72 Hi K 1 21X

REE RN F 2D Z LN T ARSI, A. oryzae D Zn(I1),-Cyse U+ 186 Il DNA F5A&EF

— 7 DN BEFRTEZD, 9T%D IR 1T — 7% N KR oM, Blah g ok

DITKpeA 5 TAETZT Th o722 80D, ZOXIEEPFHIN CTHD LD 31D,

KpeA L[AARIZ DNA fEAETF— 727/ BRECS| O IR 3 EOHIEIK 1122V, il

D Aspergillus J&DREOTBAR T HH~T2LZ5, Gene ID A0O090038000379 Di&Ef5T1E

nidulans @ SonC DARETY B 1 Th->7=(Lerson et al., 2014), SonC [THFFEE-D 1T v 7=l {8

(- CoB78, 7/ BRI JUAEET % DNA 8 eF —7 OMEFTIZS N TRET, e

PRFEL CUWDDIE AR ThH -7, KpeA & SonC % & 7= ZHO A 1O E I T IER 122 L

W2 EDD, Zn(Il),-Cyse EF — 7T BLH I DMEIRAFAE T D721 T BEL e 2 e R &S

7o T TARE T KpeA @ Zn(I1),-Cyss EF —7NATD Cys 7% Ala FEILICERRLI-ZE

RRAAFRL, ZOENOETFT —7 D e e A o2 fEss LT,
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BeY

KpeA @ Zn(1)2-Cyss EF — 7 3ERE T D0 & lms 3 2720, EF —7 O TD Cys fE ik a

Ala R ZEB LT E R A L, 2025l 52 sz ALl

7k

Ala B HFR (kped ) DVERL

RIB40 ¥k %7/ 2 DNA % #5117~ PCR 2°5 kped @ ORF % & Te DNA Wi 2Bl #

PAEL72 pUCI9 IZ In-Fusion 77— =22% v N Takara Bio)lZLV#fi AL T, 7"7AIK pkpeA %

TEEELT=, pkpeA Z#8Z PCR 21T\, #RikLL7Z pkpeA (2577 /5 PCR IZEVIEIRLTZ pyrG

ZAE AL, 77 AIR pPkpeA ZAERILT=, kped D Zn(Il),-Cyss EF —7ND Cys iAo —R4

5HaRATGT F£721% TGC)%E Ala IO R(GCT)IZEH L 7=E Y25 T 335 bp @ DNA Wr

J1 % Integrated DNA Technologies IR\ fEICEFEL TIERLL,, PCR IZXVHRIRIL L7 pPkpeA

IZHEAL, 7 7AIR pPKCOA ZVERILT-, pPKC6A Z§EI L7~ PCR (2L Ala EH#aL 7= kped

& pyrG OECHIZE Te DNA Wi 2 BUSL, E-F1 pryG RIS EHstazAT 7, TWEHEHI IS 3

B | MLRBCATY, TEIER RO RERRIL S — = AT o Tl T o o, RSB CHA

L7777 4~—& PCR 514 Table 11 (Z/RL7,
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kpeAnn BROTEE L TIPSR TORREL AT, KA AEPFEREZBIR LI, TIREEIT

Malts FERBFHITITVY, 5538 H1EL A FEROFHANEE 3 B 2 HiLRMED HIETITo7,

KA EpEfld KA B TR L, 35281355 1| |MEFRRO HIETIT o7,
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HBREUESR

kpeA ® Zn(11),-Cyss EF —7 DIEREA TR T 572D, EF —T7ND Cys Iz Ala FEEEICE

HAL 7228 Bk (kped i R)EVERLL, ZDIE D AT o772, kpedAan & Y kped TREERE,

E-F1 #£% Malts ZEREFHICEEREL, 558 4 A B OIBREZ LLERLT2E 25, kpedan FRIL kped 1§

BERRE RIS E SR O R R &0 TR OB SMBIR ST, KK % Malts FEREFHIIC

EHEL, 5 3 HBE 7T HEOOAFEAFHAILI-LZA, E-FI #k355%& 3 HBE 7 HBIZZE

FLZEHL 1.5 X 108 conidia/plate & 2.3 X 108 conidia/plate D53 2E T ETERLT=DITHKIL, kpedan 15

I% 4.9X107 conidia/plate & 1.6X 10 conidia/plate O34T H TR, kped FRIERREIRIERIC

kpeAna BRD 53 EF D LT, FT2, KA BIHEEHIC TEREEFRL, 5538 4 B BICRT

DEROEEH R AL LT A, E-F1 HRITZ R AZ RSN T2NS, kpedan i kped WEEERE

IR R AR, BEFERPEINL TN, kpedan FROSEHUEEEFFOZHES KA AFEN kped

MREERR L [RIRE CTH T2 80, kpedan KRN ELT 2 KpeA 22/ VB ITHEREL CUVeneE 2

5L, Zn(),-Cyse BT — 7 NZ L S E OWEREIZ A TH LI DRIV, 1E->7TC, KpeA 1

WA Zn(I1)-Cyse IR 1~ & B 72 oM 2 L QD0 TOKEEIZIZTET — 7 NEET

&Y, KpeA 7 DNA &SRO HFHIA F THHI L2 REL TD,

%2 EOBLITHENTN, A. oryzae D 97%D Zn(11),-Cyse B HIAHA -1 X AR 704 1 C

HHN KT E DT — T 2R ON, 7 /BRECY| F T —7 2ROl K 7136w

W27, FOHH0 1 D THD SonC Ik 4. nidualns \ZEBWTRE-SIF SN HIER +ThHD
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25(Lerson et al., 2014), Zn(I1)-Cyss EF — 7 DFATIZSN TES T, BEREZIREFL T\H0NE

R THoT, 16> T, RWFIEITT I BRALH R RAZETF —7%FFD Zn(I)-Cyse M il fHIA 1

DEF —7EEE WD THER LT= S &72 72, S. cerevisiae @ Galdp X° Leu3p, A. nidulans O

AlcR 728, W2 D Zn(1)2-Cyse BUHIAHA -1 X BRAS Sn A& fEHTIZ L0 & X OREIE D)

OISV TS D3 (MacPherson et al., 2006), ZiLHD llfEIK 1 SAEE N /2D LN TS

% KpeA <° SonC D L7 113 DNA DR AR B2 2 nRENEN B D, KpeA D%

EE T3 HZET DNA EDOFEAARDHOLNI 25 EE 2615,
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(A) (B)

300
E-F1 O kpedy,
= B8 O E-F1
‘2 & 200 f -
8 ‘E ks
52
g 8 100 F
g é sk ke
z X
0 1
3 7

(d)

(C)

Fig. 20 Phenotype of kpeAala strain expressing the alanine-substituted mutant of Zn(I1),-Cyss motif.

(A) Colonies of the AkpeA, KpeAaia (expressing a KpeA mutant protein), and E-F1 strains on malt medium.
Strains were point inoculated and cultured at 30 °C for four days. (B) Number of conidia formed by the
AkpeA, kpeAan, and E-F1 strains. Conidia of each strain were spread on malt medium at 30 °C for 3 and 7
days, and harvested conidia from each strain were counted. Values are presented as the means + S.D. (n=3)
from independent experiments. (C) KA production by the Akped, KpeAaw, and E-F1 strains. Strains were
point inoculated on KA-detection agar plate and cultured at 30 °C for four days
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B6E BMERBICAETIMERUNELEE~DZE

&

il

A. oryzae 1T H RDOEEER SHOBRGEIZFI SN RRE THY, BWIEFI L TE

HENn5, IHEERIEIZB W TIR KUK ERB UG TE, A oryzae D3 EF5 G ofii%

i, BT EOMERERERE AR T 43~48 FFEFE TRBDNEOND, ZO/EELZRFRL

VY, —IHEOEZEICIY SRIZFEEIVRFD 32 °C FREENG 42 °C R ET LA 7721370, #ilfisiE

TeZEMFNONDHT L, 1986 ), A. oryzae ITHF I ERSORMERE O, B OB R CIIMS

NDZEDIRNARNRITIHEN DI LT, MRIREGEE CIXAEPEL 72\ BESE 2 /EpE T 5D (Obata et al.,

2004; Hata et al., 1998), 207z, REAO LH7RERETE L, FAREFE SO ARRE R T, 4

oryzae DGHIROIER AFER LY, REKERDEZZHN TS, UL, BERETEIZEITS A

oryzae \ZOWTD53FLILOBFFEITIEREILTIY, JATL TODEARET IR IR TOH

R, BIES TR L TEDAITEA RO B TND,

REEELG CRHIMEND A. oryzae \ITFEBENEIZB W THA T AL BICEETLHIER, |

BT 72U 7 27V (DR E DR E e IR EED & EFEL 72N e H DT80, A.

oryzae D53 EFTEALE RGO FITEERE ORI E RO BE TH LN, BIAREICE

WTIRIZEAEF N2, 58 3 L 4 FITHUVT KpeA MG ECIR IR Z oL T

TeRkE “RAEZRIBEIL 72720, FRARGELRIZ BV TH KpeA D3 ENLOHIEICEH DL

B2, RETIIFERLE LRI I51TD KpeA DEEIZAONTTHZE% BIIZ, kped ik

100



HERR @ B A W CHREBRE L2 ATV, TR KB D RIS B AR TR BRI 21T -

77
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18 BE~NOEE

El:y

FERRE IV T A oryzae \[ZIX S EDGETEELETHIERRDOLND, 53 FITBWNT

PARIEARRFIC KpeA N0 FIAEAREET DT LD/ oTo 72, FELE 2V Th

KpeA D33 ST ZEN PRS-, 22T, FBELEICIITD KpeA DEEIZIG

INTTHTEAE HENG, kped TRERE @ FEBMMRA MW THBZRIEL, TORFIOBIEL kped

K OY brid DRI BT 24T o7,

&

TR

FKQ2%KE A K ) % 4 °C T—BoKIIREEL, 2 BRI OK BT, 30 4RI LT, 78 KA =RIRE

THEL, A KM T30 gFH 4 B4 300 ml A = A7 FA AN, fitez L TH— L —7T

121 °C T 15 7MW HFE L=, = D%, Potato Dextrose Agar 1% Hi(Becton, Dickinson and

Company) T 30 °C, 7 BB LI-&ROan=—D — 25K M 5 mm A2V HL, 2V

—L RUOFNT LD ZATTAINO ZKITHEREL, 35 °C OMEIRME TR &R L, 12 FFHE,

18 Rff M OR 24 I TR ANEATVY, 24 RFRILAKRIZ 30 °C T 5 A MFFEL72#%, HBLI=(Fig.

21), T 1 g M7= DR EFRUI—~ RMLEREH 2 O TEH L7, Fiz, TR IRFU TR

PAMSE (SZM-ILLD; Olympus Corporation) %z FV N TEIZE L=,
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MHRIZ TS brid s FE BB OMHT

FEEEHOD total RNA Ol ITARESHD 7 TITV (Akao et al., 2002), T4 T U T =

UUARENREL T ISOGEN ZA# L7z, wWilin5 K (8 qQRT-PCR fRHTIZH 3 B4 3 B [RARICAT

VY, brid Jo O kped D7 T4~ —b5 3 #5853 HiklAEDOL O %A{# L 7-(Table6),

103



Tl D /NE RS 7 1k
JEURE: 22K30 g (2%1E A 2K)

|
RE|-—-———=-- 4°CT B
|
KO | ======- 2hr
|
KL|==—————- 30 min
|
_ R HAA300 mIE 7T
ZIL MU—TR | 5oL, s
ae | . EREEW AT SE T
*_% AR
e e . 0~24hr :35°C
bt 24~144 hr : 30 °C
4
48

Fig. 21 Method diagram of koji seed making.
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HR

KpeA X FEMEEEIZHB W TOAETEBIZEIDDZEN RSN TWAHTZ®, THIEEEEIZBITS

SAEFHRO TR THLMBOIEIZB N TG RERERIZRITEE R, TOMREMRITZ

1T o7 FIOIZ, kped TEERK, miZBIME L Y E-F1 a2 W CREBZBLEL , 2O RFiZ bl

L7=(Fig. 22A), T _XTORRICBWTREEINGE 12 BT, PR CHER TEHE R KEmIZE]

EENTIDS, S AEF RIS OV TIEm FE IR K USer HRER T 48 RFfHI R, ARERIRTIE 72 WRHIAR

(ZBIER SN (Fig. 20A), TGV 144 B4 O HEECIE, T _XCORRCTIHERICY EF IR

BIZREIVID, kpeA WEIERRIT S FE B X OF B-F1 #RE IR L TR A IR ITRS, ok

FIND I ot I EFEE I LTIZEZA, E-F1 8RS kped 38 BRITHI 3.0X10° conidia/g:

koji &— %72 FEFB(8 X 108 conidia/g'koji)Lh L THY, FEIEL CTHuEmD i E T AR LT

25, kped TWREERKIZ E-F1 8k 1/3 BT -7-(Fig. 22B),

B D53 2 T T EITER G 1 BrlA OFBINRI T —E72 5 LB T Y(Adams et al.,

By

1998), AR EZ#E 12350 VT KpeA 25 BrlA OFSBLARMET D2 L3 3 B CRaiviz, 22T, i

HIHLE I\ T KpeA 2SN EREIE LRI brid OWE FRBEEFIHL OB E T,

FERBIZR W T TR T 24~72 BEIZEITD kped DBIG TIBARI2L2A,

E-F1 BRICEBWTIE 24 B CREIZRRIEL, 72 HEE CICANFHEINAZ LN HERIN-

(Fig. 21), kped = Z8BIMRTIL kped 1IMERLAY TRV BB —F —|ZIDRBIL THHIEND,

E-F1 $RD 72 IR RE R 0 2 I ZE RO BLDSHERF S 72 (Fig. 23). IKRIZ brid OB T-F 5
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TR, TR TORRICERNT, 48 BfH TR R<SHFE SO RHEZ R L, 48 FffH]IC

BUIDFBIREENT kped IR TIX E-F1 #R LV 55<, kped @Bk Cldmn»7=(Fig. 21), =

NEDFERDND, kped 1TV EFIREIC brid OFEBURHEICRIDY, MBRLETIL, 48 K

(ZRTD—HERYZR brid DOmEFEELE, LIUIEI 3 AEFTERRIZES D > TODZLEDBHBNTe -

—o

EE

Aspergillus JEIRE BT, 5ETERIE BrlA 20 Fiiid AbaA, WetA (28527 )

VAR —RIZEVFHEZFU(Adams et al., 1998), D H1 T BrlA OB FREIIT7+—K w7

il 12752 17 % (Tao et al., 2011), AR TS, FIY 48 141 kped DIEBUIRT T brid 2575

BINTRIE, kped DFBLEITBIR7RL 72 K fI#2(Z brid DFEBIAME T L2 LD D(Fig. 21),

KpeA 3B H-LRNT 4 — R Ay 71X DR BUMGI S E E T2 2B 2 DD, brid (X553 T IERK

DT F VI A —ROHENITED ) DRI HET e Z 505, FEELYIHAD brid DI GHE,

THDIDRA 3T SN2, bLUTRALRD WREMEN DD, £ DT, BrlA OB{nT-FEH

IMENZEN kped FEERRICIBWTOE BN DIRWRIREE 2 HZENTED, FBICBITS

THDOSDFHIITIREE THOHERIL TERD-Teb DD, EHIEEITIUNT kped OIEFERITTH

DIDED DT, ARG/ NSNZEN 303> TERY, IV THREROBIR DN ELH Ty

EFEDALTIEE 2 BND,
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(B)

400

w
=
<

1

——

ok

100

Number of conidia
( X 107conidia/g koiji)
2
=
=

Nkped OE E-F1

Fig. 22 Effect of disruption and overexpression of the kpeA gene on conidiation in seed koji.

(A) Phenotypes of Akped, OE, and E-F1 strains cultured on brown rice for 6 days. Incubation
temperature was changed from 35 °C to 30 °C at 24 hr. Scale bars showed in each panel are 1 cm.
(B) Number of conidia formed by A. oryzae strains in 1 g of the seed koji. Values are presented as
the means = S.D. (n=3). Asterisks indicate statistically significant differences between wild-type
and mutants (**, P < 0.01).
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Fig. 23 qRT-PCR analyzes of brid, and kpeA in AkpeA, OE, and E-F1 strains during
seed koji making.

Values are presented as the means = S.D. (n=3). P values for comparison between
Akped and E-F1 strain strain were lower than 0.05 in; brid, 48 h; kpeA, all time
points. P value for comparison between OE and E-F1 strain was lower than 0.05 in;
brid, 48 h; kped, all time points. tefl gene was used as a reference gene. Relative
expression was calculated by the ACt method. Primers are shown in Table6.
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F28H KE~NDEE

F1IE XKEOBTEERTEN

El:y

ATEIZ VT KpeA DVERBRIEIZI W THIL TODHIENHERRSI, 70 TR A il 4

HIEDVITRENT=TEND, FBIZB W THHREEL TWDHEB A DI, 7, IEFEDHITENL

briA DEGIEMALINF FIbC 23[EAESE COREE A PEIC DD Z LNV RS (Tanaka et al.,

2016), FIbC L[RIERIZ brid D GIEME(LINFTéH D KpeA bE AL 7 COBER L PEICBI DD

EMEZ R BT,

ZIT, REBRTIL kped MHEEKRL @KL NTREBIL, HHROAKBORI LA TEIE R

TEPEC DWW TR AT,

A&

T

TEIREEA T B a A KCL-2000W (BB etk Xt 2 W O N SRR A 1T - 72,

FEARAE T0%D MK Z IR T 3 ReflIRIEL, 2 Bl OKEITR, 25 0 MZR LTz, ADKIE T

50 g DFEAKITHI4.0X 107 D53 AFIT2DINTFERI A I A CTRBFRL CRETIVEL, 1HIRIE

TSI AT, B TR R OIRE K OV I Fig. 25 i@ e L7, FAIUTREDIV 12

BFRICOIVIRL, 18 R, 24 Bl fPfloF, 36 BRI 21TV, 46 R CTHIZIL
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7=(Fig. 24), £7=, HELIKBD—Eh%E 35 °C T 72 Bl E TR L=, KBORIUTRTHIL

[FIEROD 715 TRIEE LT,

KIBORESRTEPERE K OB 1 B 7E

o-7 37— M OBt 1T 7 — B OFEMERIE X E BT HTE 3 {E 1> THT - 72 (H AKEER

EWHE, 1993), ZLarig—E Kk Da-7 a2 —E OiErERIEITRE L 155 5E B3 v e

A= U NAFTIT RS ) E T T o, KRB OBE E K RO NE LHEHLDT;

HICEORIE LD, 1992),
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Fig. 24 Method diagram of koji making.
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Fig. 25 Time course of humidity and temperature during koji making.
Humidity and temperature were regulated by environmental chamber
KCL-2000W (Tokyo Rikakikai Co, LTD).
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HBREUESR

RUFRIZI51TD KpeA DEEIZIAGITT L7201, FEUIVE 46 W THEBL KL, o4

FIERRSEDZ % AN B2 35 °C T2 M E TSR LK BIC B W T, 4B~

DB~ E-F1 R TIEREYID 1 72 FEEIZ B W CE R D A Z2TE R LT=DIZR LT,

kped FEEBIECIIFEEIVIE 46 KRR ORESCTREIZ A 12T L T e(Fig. 26), — 77,

kpeA FREERRTIZ, 72 FERZICBWTH 3 EF BRIV o7 (Fig. 26), LA EXY kped 1%

BURTRRICE WO EF R et T DAEEZ A L T D ZEM STz, £z, fAIHR

ETIIBERESNRD > Tem B BRI T D0 EF IO RENBIR S Iz, 2T, s

W EF IR A RE T DR R B ThHDHDITR LT, 1EIEERE ORI TR ITF AN/l &5

BT, B EFEP AN R THLIENERNEL TEZLND, ZhbEs

BRUOEWNINAT, FHLTOAKROERSEL B DT0, RESFMFLREIERD,

kpeA BFEBLDEEN R D BHIIZNODOFZMOFENTHAIEE ZHND,

RIS, kped REERRE 38 BURR D KB D 45 FEEE SATE LIS OV TERA~ T, FRYIVE 46 HR5fHTH

LT RO K BOSHEER (-7 IT7— BRI Na7IT—E8, a-/ nav sy —8, i7m

TT —B)YDERIEW LRI L A, ERD 7 VaTITZ—8L, mAEBRO I LaT7IT—

Y} Ra-7 a2 —B OiEWNA B IR Lz (Table12), £72, A& 2TV DSIRERRE &

RBROD0-TIT7— B LT 07 7 —BOIEEL A L TRY, MIE LI TOREETENED

DB % 7R LTZ(Table12), ZOifERD, kped DORESR S HBULEIRRE 2 TI01T DI A4 pE
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A TR SEHTENIRENTZ, HAEFTERR R OHIEIZBI DS KpeA 2372844

PEIZFHE T D DOMITIRIRN DS, R TIPSR DS IN9 528 7T, AT BESR L

DG ETRD TR AR D T2 2 &R0 m B BUR T RGO 0 AL F TR DTG AR D =%

R —{HBE DT DR A PERDD LT ZEREDNATREMEL L Th T BID, E7z, MRS

T JE BUR D EEFRTEME T FRAR I EE A~ LT es, TETBEEEE IS WD oKk B E L CRIED 722

W T -7 (7)115, 1981),
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AkpeA OE E-F1

46 hr

72 hr

Fig. 26 Rice koji of AkpeA, OE, and E-F1 strain.
The time of taking out of finished koji were 46 hr and 72 hr. Scale bars showed in each

panel are 1 mm.
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Table 12 Enzyme activities and biomasses of koji of Akped, OE, and E-F1 strain.

cell o-amylase glucoamylase  a-glucosidase acidic protease

(mg/g-koji) (Ulg-koji )
AkpeA 2.0(x0.2) 1678 (+177) 213" (#5) 0.14 (+0.01) 1658 (+61)
OE 2.0 (x0.2) 1605 (+85) 182 7 (+14) 0.12 "(+0.01) 1709 (+170)
E-F1 2.1(+0.2) 1869 (+171) 248 (¥11) 0.18 (+0.02) 1951 (+158)

Values in parenthesis indicated standard deviation. Asterisks indicate

statistically significant differences between wild-type and mutants (*:
p<0.05, **:p<0.01).
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$21E BEREICETLI-RABMEMEE

El:y

A. oryzae DVEFET D IRGREMIIZEINOINTODR, BEEeERERIZB TS

ARG Z DWW TOH BT D720, ZIVETIZ A. oryzae NEAEE R CAETHZENMESILT

WD IRAREIPEW LT 7 =) 7 2V 7V (DF)E KA 7217 ThY(Tadenuma and Sato., 1967; =F

Kb, 1953), DF (XTHEHA AOIRIKYE ThoOT D BIAR I T A PESR ORI

FERR O BRENHED HIL CTETZ (RS, 1977, TLED, 1987), KA 1T KEBT O A &I 5

D TWRW, SRS OUR IR E5 38 TO BT IE D, b "R EY O A= 6 Rl R =0

FEIIR 123 [F] 7 &4 U(Yamada et al., 2003; Terabayashi et al., 2010), BE&ELS5ZE T TEHHE AN

RSO OHDHN, BHEEEEICE T2 R OHIEN SN TR RI372<, BuEdisgic

BIFLEFE TR THLRB TOREBER OMEANEEZLE 2 BID,

HIEIC kped MFEBELEIZRBWTH A TEARETET 22 EDBALNNIY, KpeA H3[ER

BERIZBOWTO O E RS “RAGHEHIE¢ DN TSNz, 22T, RERTIZRE

IZF1F% KpeA O ZRACGHTTIEZHERE T 27201 kped WHIEMRE EHBUKDOKBDOE D

DF & KA ZERL, ZO4E ARG T ORE TR REH~T,

73k
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BREOAKFE 0.2 g \TEBHIAK 1| ml ZINZ, 7T — TS 52T, KEH D KA Offi

Z1To77, KA OEEITSE 4 7555 1 Sk R HPLC 12X UV(270 nm)D WU TR L7, DF

D TE BIIEFESD FIETIT > T-(1E#ED, 1967),

RN BT 5 KA 4G GRS 1 ) O DF A& {5 1D qRT-PCR f#bT

KEBHD total RNA O HERTEIE [FERIZITVY, WA T & OF qRT-PCR fi#MTIEES 3 %56 3

L [FRRICAT o720 AFEBRICAEF L7774~ —& PCR £21£1 Tablel3 (7R LT=,
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HR

BE N ERETD T IRIGHIT 2B INHI T DA Rank et al., 2012), AFEERCIIHRIE W

D KA & DF OEFEIZOWT, KpeA MDD %] ~7-, HPLC IZL5E®IZEY, E-F1

RO AKFBD G 27.8 mg/kgkoji P KA RISV (Tablel4), — 77, kped WIERKD K HD 513

E-F1 BRD 4.5 {5 800 KA B EN7=DIZx L, @B KBTI R 1 ppm)LL FT

do7-(Tablel4), KA OHEE LB REEF BT kojd DFBI%E qQRT-PCR (ZLVFHAT-4E R, i

BERRCIIRTIRRE D 1.5 17, M58 BURE LIt BRFE O 0 B DI B B S 7= (Fig. 27), 24

BORETATE 4 BT KpeA 79 KA AR T L~ CHIBILIRERE — B, ke T

BB LFRILIOIT, BBV TH KpeA 28 KA A EA 92 5% Bl % Bz L QWD Z EM SN

Llpotz,

KHH D DF BIZHOWTIE, kped TEERKIT E-F1 #RXD 30%FLEED72<, kped EF& BRI

E-F1 ¥REZEN RLON/2D 57 (Table14), DF OHEEA A IR BIG 1 dffA OBis - F 8%

NRTAER, APER LT BT, kped BIETUE CTHILEDS 30%FE KL, kped MEERE ClIz

DR T &R o1 (Fig. 27),

BE

KpeA 1% KA EREZMIH T2 7 L U TRESIZA, KA LISHIEH CPA ° PN DOALRE

Z T D F THDHIENE 4 FENDRINTIY, BEEO RGO L PERIENC D5,
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L22L, RIB40 #kiE CPA FEAFEMERTHY, F7-, PN TR L 1T B2 22 RN EE R

B CAESNDTZD KB TIXELFLAELR, TD12, KBIZBITHZNH0 kS

MDA FENEL DBEIX 0 B7an T, KB O KA BITIRIAE I COREFE—EL, kped f%

EERRIC BTN L 7= (Table 23), KA A FE1T BriA [ICE0NHISNAZENE 4 T8 1 HinboR

SN TEY, BB TY, kped HEIZEY brid EHIME T 4528 TKA AEEOIHIA T £

D, KEHD KA E0XHEINLT-E% 265,

KA OERIY, —fRA7R B E THOMMYINE 46 KRifd CHBL 722l e L TIT o7,

INFETICHARBICE FNDKAIZOWTOWEITH L, FEINE 5 H UL ES[>iR-TOKIESe

HEEH 30 °C TR LKL (KT D, 1991; SFAD, 1953), 1 ORI EH END KA &

ITEESNTELT, BEOEHOKBIZEITS KA BEIZHLNISN TR T, AEFZED

FE R ClE 27.8 mg/kg-koji SR ESFU(Table 13), E&EEEL TXFARDD 50 mg/kgkoji LA T &

IR DFIME THYEE EE R D (FFAD, 1953), KAILFERICID AEPEMN KRE IR 5720,

SEBIHCH AN OW TSR AT B2,

DF (Z2W T, KBS0 H B LA B RO BRI, MRS EELVER

L7ao7-(Tablel4, Fig. 24), DF (3#kaF L — 52 L TIERA QO RIN L7258 THRE R

WRAGH THHITH DT, KBTI D L EERIEAR IR 2 S NI En DD,

A% LVFEIZ RT3 RO BID,
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Table14 Amount of secondary metabolites in rice koji of AkpeA,
OE, and E-F1 strain.
Koijic acid Deferriferrichrysin

(mg/kg-koji)

AkpeA 124.17 (+74.5) 95.0" (+15.5)
OE N.D 138.7 (+16.2)
E-F1 27.8  (+3.49) 131.6 (+23.9)

Values in parenthesis indicated standard deviation. Asterisks
indicate statistically  significant differences between
wild-type and mutants (*: p<0.05). N.D. indicated that the
compound was not detected.
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Fig. 27 qRT-PCR analyzes of koj4, and dff4 in AkpeA, OE, and E-F1 strains during rice koji making.
Values are presented as the means + S.D. (n=3). Asterisks indicate statistically significant differences
between control strain E-F1 and mutants (**: p<0.01). tef] gene was used as a reference gene. Relative
expression was calculated by the ACt method.
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¥31E FOUSF—HEEELHBE

El:y

FurF—8IX 4. oryzae BWERETLHEERO—FETHY, T A EEL CHEMOREHR

FOGEHARBb AR TREME THOIAT =BT 5, TriF—BI TR THAEESN,

KL T DF rL B EL TAT = RN EY DR — % /2GR, BHOKE

DWEZBIEE T (K ED, 1958), ITHEOHF e D EAREEH R R ESN D T oy T —

£ MelB 23 [F & Z4U(Obata et al., 2004), M KBOBEZ SIS T TS —EBTHHD

LAVRENTZN, MelB DiEfsFFEHIENC SUWTOZ FIT7, ARFEEBR CIIfRIc BT

ny o —PAREL KpeA OB G EHLMNIT22E% BHIEL T kped fIEREE B BIRED K8

DOFuF—BIEWEZT AT, £2, KA BFurF—EBOHERTHL-0, KBDrgEL

KA OB G2 THFH AT,

A&

B IR II RS0 T ETERIL 7= (K55, 1969), 372, K32 g2 10 ml DARE K%

Iz, SIET 1 BREERERIC 5C AT R ATy 7 PR RS TAIB LI, ThiHikIEA

TV T4 — DISMIC:25CS(T RN 7o 7 RS ) TAHIBLIZ DS, 4 °C THREL,

2 1[5 DN ZE MR L7z, Bl ~0D KA IRINERER | 3oe Bk O Z8fih HIHE 1 ml (<
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0.024 mg O KACRFAbAL T3S ZRINL, 20 EMEFTR LT, KkBOF L) —

PIEMEHIE I RGO TIETIT 72 (R55, 1974),

LEES

KpeA ERDWGIENEICBRE D D 57 2 i ~D78, T 46 Kifi THIBL 7= A RO KB D

B IE O T ~T, B ARE LT, mFE IR U IRIR O Bl IR I A8 28 L7723, B

BR OB RIS L L7220 > T2 (Fig. 28A), Ful - —BIEMEZTR X THLE, BRI

FRERD 2.4 f5DTEMEZ R L, #8MEE 1T —E L7 s R & 72~ 7= (Fig. 28B), KA [IF i) —+F

OLEERICEY, RO aFETHAAT=VOEREMNEI T AZERNMLILTNAIEND

(Saruno et al., 1979), F¥EEREOKE T D KA BN\ T2DIZEBI IR OB DI &7z mf

REPEIZ DU TG L T2, o BRRR 00 Zfth FE IR L AR D K BB L [F] B2 0D KA(0.12 mg/g-koji) 2 1s

IMU7=EZ A, 2L -T=(Fig. 28A), ZAUHAEFLLD, REERECII kBTG D KA

DRI L TODZENHERRS IV, — 07, MIRERICB W TKA ZF r e —BiEERIED

FOSBIZIRIMLTY, Frih—BiEERIEEA EE DB~ 7= (Fig. 28B), ZOfE R D,

KpeA [ ZHIRIZ BT DT v T —BEFEICE DLW ERIALNI /2o T2,

B OFERID, B HIROB L, MELITF ry - —BIEED S TIEHR AN TE T,

KA 2 DEME D EH BICE o THIBEENE DA ENE 2 b,
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B

AT LOKIBIZE FND KA DAKBOBEMICKRESEESTHIEREBES I, KED

BEITBEOEET ST arF—ER R THLIEN RSN TRV ED, 1958), FFicr v

aTIT7—CREAEERIISENEDR EmOREDORBRAI ML, TEES LD TS, KA T 1

=B OMIR T D Cut L — A E TR AL E 35 L5 & QD A3 (Mishima

et al., 1988), KEBRIZBWCITF LT —RBICID ST R DB ICEAL, B2t

B HZEPHALTZ, Ty —RIITF el v BN — "% ) LT DO AL, EAL AR

HERENRBALIZLSTAT = RERSIND, KA FAT=OHIEBEME TH S

5,6-dihydroxyindole SEHEIGEL TAT= GAEILETHZ L HESIVTEY(ZIED, 1994),

KA (2L EDOIHNZOWTIE, IERERNR B LIEEE SO T, /EHAOFBRFINLEIG

LI, E7-, EREEEICB W TERIZ KA BNEUIEBLZIHNCET 5L TWHA0IZONT

FBURTIRS, SO _EFEEE 2D,
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Fig. 28 The browning of rice koji extract and tyrosinase activities of each strain.

(A) The browning of rice koji extracts of Akped, OE, and E-F1 strain. Samples were extracted by
distilled water from rice koji of each strain. After incubation at 4 °C for 2 weeks, the browning of
samples was evaluated. +KA indicated that samples containing kojic acid at a final concentration of 24
pg/ml. (B) Tyrosinase activities of rice koji of each strain. +KA indicated that kojic acid was added to
reaction mixture of activity measurement of tyrosinase.
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N
s

AT TIL, A. oryzae DREE K18 n TR T A7 ) — A IEHLTEAZ)— =0 7B HL

HH L7 R AREHHIENA] - KpeA (22T, —fRAYZR FEBR=E TO R R K D& BREL T

EARICRB T DREREFIT 21TV, RS T 21T o7,

%1 ETIX, A oryzae DESG N BAG T-EER T A7 7Y —IZ% L KA APEEZFEEIC L

AP == T HAT, S BIZEI D5 NsdD 0SB IZEF40% LreA(Han et al., 2001; Lee et al.,

2014; Purschwitz et al., 2008; Rugar-Herreros et al., 2011), Carbon catabolite repression (21525

CreB (Lockington and Keller, 2001), #&EEARFNDHIEIK FD 4 S OHIEIK 23 KA A EIZES D

HZEwFLH LT, NsdD & CreB DI /n-HHERIT KA ZEFEN L, LreA EREREARFND il fH

KD BRI EERR I KA APEAEENL7-, NsdD < LreA, CreB 7% KA A EICEHHZ 41X

HHLOM B THSTZbOD, K-S SHIZHEIA - Th- 77, AWFIETITREREARINOH]

K FAZOWTER 722812 LT, £z, ZOMIEE F B AR 13RI I KA EEOHEINZ

Sl EEZFZED 5 kped(kojic acid production enhancement A)E44 51772,

5 2 TECIE kped OREGREIKDOFEATINGT I BEELSN AR EL, £ %7 =Y UTz in silico f#

MraAT o7z, KpeA I, % Tl N RIHNAFAET 2D Zn(1)-Cyss EF — 7 37 /BB H D H

PUTAFHAEL, A WIEHUT R0 Z BN AL L RIE B s 7 DR FHEMEIZ B DS Middle

homology region 23 THISHL2W Y, KAVt 1E4 L T/, Zn(I)-Cyse EF —7 DALEIZD

T A. oryzae D Zn(1l),-Cyse B HIHIK F- 186 E & ~72L2A, 7/ ERBLAIH JLlZ&f O il 1]
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Kf1% KpeA ZEHT 4 DORHELIFFITDL, FEFIZBLOEE CThH-T-, £, KpeA 1

Aspergillus J&% & 19 Eurotiomycetes > Dothideomycetes, Leotiomycetes, Sordariomycetes L\ >

72 Pezizomycotina D— 5 DMNILRIFSIV TN LMD, — 5O RIRE IZRFA OFIEIR 1 Th

HTLEDHER ST,

55 3 T CIX kped KA S EEUTFEMIME L kped R BIKZVERIL, kped TREERE %I HE

FR(E-F1 MR INZ 7= 4 BROO A1 350 BIL T 532 TR BIEEAS T- O FEBUT VO

7z, Malts ZEREFHUC I W THERO ¥ AT v han=—2ERILTZEZA, kped WHIERDE

ARBERL, BEFEDDL TOLZENBIESI, SO EFEETADI L, THDOD KR

ESEELTAER, kped WEMRIT D EFEBETHDOIBDWAL, NSWTHDIZ R LT, —

5T kped @FEHUTITEAELETHDOI LML, REWTHDOIZIERLIZ, ZD L5 KpeA

TTHDITERRETHD I DR ESIZBIDY, Z DRI T kped AEEIRSC i JE B T o3 A= 2003

WLT-EEZ BN, RIZ, S ETFTERO O IHEIK 1 BrlA & AbaA, WetA OE{sF-3&

BRI CIIE L= Z A (Adams et al., 1998), kped AEERRD BrlA O s B OB

DRI LT 24 BFETES, TNDRK EE 2 DD AbaA & WetA DIRAs I BT 73

BANTI ST, ZDZEND, kped TIERRO FEAREZZFEOIEE 1T BrlA O {n I HOENLN

IRARLEK THY, KpeA 25 BrlA /L CoEF B A HlE T2 Z &0 REi7z,

B 4 T kped & RIRBIPEM EPED B HAZ ST T2, KA AFERHITC 25 A RidErk

KRR LT kped WEERRIISRIBERD 6 150D KA £EARL, 5535 15 HH D kojd & kojR
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BARTHBLNZNLI B-F1 880D 3.2 fi5& 3.4 fFITHIINLT, — 77T kped =38 BikRIEL KA 4

PE R kojd, kojR DEARF-FEBIN B-F1 HREFIFLEE THT2ZEN D, kped DB BlIL KA 4

FEICR B 5 270N EDVRENT=, TNHDIEND, kped X KA EFEEOIHNCEHDZ LoV R

ShTc, F72, KpeA 1% PN AFEE CPA OfilFNCH DY, PN A FEIZ DWW TTER G L~ LTl

LTz, KpeA 2MEED " IRARHOHIEIZ B ZENIABINI /-T2, E5IT, KpeA

& LaeA, BrlA OB GIZOWTHRRT72EZA, KpeA 1% LaeA EITEIHG/20 3, BrlA #4701 T

KA EpEEHIETLZEN PRI, ZOZEND, KpeA 1E brid 0 Lot RS Ik

R Z R 2L mIRmBInT,

B2 EDOET —TREND KpeA 28 Zn(I)-Cyse TF— 7 % 73/ BEBLH | HH I RS R

IR L QOB ZEDRENIZN, A. oryzae O Zn(I1)-Cyse T HIEIK -2 KpeA D XH7ek# ik

DR X IEF D72 oTz, DT, KpeA OFT —7 BMBIRE U 7BV CHERE A 7=

RN ENR SRS, £2T, 5 5 ETIE KpeA DEF —T7ND Cys FE %A Ala FRFEICEHRL

T8 B kpeAn R AL, ZDOIFEITOWTIHARDTET, KpeA DEF —7 BEREL TV

IERER LT, PAREEEIRFOIZAEL KA AEPEIZ DWW TR LA, kpedan RN kped FEEERRE

FAREDTEE 2 LTz, ZDZEND kpedan BRDEFET S KpeA HHEREL TUNVRNZENLD0,

FAUTEIRERITER T 5LB 2 17720, KpeA DET — 713 ReE A 5L RENT,

A. oryzae (23T Zn()-Csye BT T —7 % 7/ BEECS O R I Z RO Hl 1 K 115 KpeA %5

O T4 OHEESITND, ZDHD 1 DX A. nidulans O sonC DHRETY Tlh-7-(Lerson et al.,
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2014), 7/ FEECH| R I CAEET D Zn(ll),-Cyss EF —7 DFFHTIZSN TE LT, HEREA R EE

L CWDNERHTH -T2, 16T, RWFFEITT /BB 2T — 7% FFD Zn(11)-Cyss

RUFIER - DFF — 7 HEREZ A THERR L 7o iy L7p o7z,

A. oryzae |3 B ARDBEHERE I KIEIRQORINE THY, BOEHYS T3y LTAFSE

ToRDIRE TRIMS LD, BT EARRT R EFFEINDE R T IETHY, FRE TO—fRieh:

TR THHRAREE RO VSR LT NHOBER L EN RS DTN EZBND, TIT,

% 6 T TIL kped DFEIAEEFRIZISIT HEENZ DU THENT LT, kped IBERE & 38 B2 T

TR AR ERL, £DORFJDOBILELPBIS T FIOMENT, HFELFEY) DR 24T o7, 1

R OKFADRIEIZISNT KpeA 1304 FIEAREEL , FERIRLE Tl KpeA 7% BrlA O#ix

BIETEACIZBI D> TWZZEND, KpeA 13 Vi3 LIRIARICH I RGLE S BB B W TH 4 /E

TR EAREE T H T LAVRS T, IRIZ, BRROKBIZE ED ZIRREEDI OV TifT 2

{To72L2%, DF OAFERITIE DO TZNS, kped FREERRD KA A PERL kojd DEIT-3E

s ZEMbREZIBNTE KpeA 73 IR Z IR L ~L THITET 52 L2V RE

Mz, ZIETORB T O "R EW OMIIE TR E END KA IPRBIEE LS T

D(EEARD, 1953), EORREE I TODNIEARATH 7223, AWFSETiX HPLC IZL5E &%

1TV, KEBIZ 27.8 mg/kg-koji D KA NG ENTODIEEILMNII LT, F72, kped HEIERROF

w3 F =BT E-F1 BREFSEOTENEE IR UIZAS, kped REEIRO IR MBZEE T, £0

SRR KB G FND KA 72E2E 2B, KA 13T uvF—EBEERZTRL, A7=AHK
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ZIETHIEBMENTVDN, KT W TH RO KOG ECD Z 8T S TUaw,

KEBNZFBNTH KA 3 Fnd T —BaEFTLHILT, KBOGE B9 2 naertix

FEFNZBURIRDS, FEERICHF G T 20E AR THL2D, S%IER T RERELE 2N,

LLEDZEND, KpeA 1T VAR ROMREE R E S T2 FRE TORRERTLO A T2<, B

B O R R THOE AR RIZBWTh o AT “IRIE R 52 LavRahiz,

L EDZENLAMIIEL, SRIRE ORI G HEIAF KpeA DI OBERERFT 21T\,

KpeA 7% BrlA Ofil{flZ LT IR &0 L F IR A i T 2 EE RN - Th LT L e

L7,

Aspergillus JEIZF1T D _IRAGHE 3 EFTERLDOMIFEIL A. oryzae DITIFIED A. nidulans &

A. fumigatus (23BN TREANATOIL, ZIRAGROHIEH OB ZEDHH LAY E 2485 Velvet 8

BRSFMERIL S 7 T AR E LT R & il #8975 [K - 23 [ 8 S 41 C 38 Y (Brakhage,

2014), 534 FIEECTIL BrlA & AbaA, WetA 7)>5%5 central development pathway <> BrlA ¢

DI A —R FluG dependent pathway, G-protein mediated pathway 23 [FEIFL TN

(Adams et al., 1998; Krijgsheld et al., 2013), L/ L, ZHHDIFZR2 5 A EFE LT HAETH —

AR 2L FTE R O HI RS O 2FUTASNI S TOHRW, BB RIRE O “IRAGHE

WMDAFEL Sy EF I RUTE T B L L F DT, BUED I RS 2 5L Ofil#Ex

BrlA & LaecA NEDHIMEHIN - THHZENTHEEIND, LHL, BrlA & Z—RAEHHHIENIX Lind S

2L THRESNIZNT AV T b= AT & T E LT A O A ChHY(Lind et al., 2018), +571Z
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fEHT ST TODLITEVER, 5%, KpeA %5 O 7245 LT Ak B il [K] - 0> — R ARG

AR 228 T, ZNE TR TH -7 IR L0 AT TR DB D AT = X LD

FRIADN IR S D, ZD AN =X LOFFINTA LAY IURIR 2T TS, 4. oryzae (2B

TIIPEXFH T2 ECTEBEREWRHD, A. oryzae IFEEE B ClIEY EICABTSHLEIK

BB LI ND ERELIIRRLER R TS D, BBRE TN EF42% BITEK

FHIEDRDONBN, W TS ETL R RBRED I AEESNARNH R RN, ERRO

AN=ALDRASHAUL, 2 A RRRE ORI TIInt+ & “IRREERZEEE T, 7

AR ORI BRE I ClIZ 'O EF L IERT 5, PEZE FHARRY7R A oryzae BROBFED

TTHMPILHEE 2D, BIREER IS DR T REARAT 13— A7 FEBRE DR R L~ fig

P LW ZEIBJEITHDDY, ARBFFED I AR EE PR TSR ISR T R L 4

TFIERRDHIAT =X LOMAZ HFEL->0, EREEIZB T DMTH FATL TITV, B

HIE L TEDHREATO DN EE TH A,
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B

AT TIL, ETHIDITHBE Aspergillus oryzae \ZF T DT RAHHIAHNA OB R % H

HEL Ty VDA RE AR L LT AT ) — =0 T EAT, IR Dm0 DR EpE S N4

BiBAn T kped % R LTz, KpeA 1% Zn(I1)2-Cyse ZL O H K - T ~72723, #H N KimlZ/F1E

TLEF—TNT VBRSO P RAAFAET D, 2=— I M1EZ LTV, T2, KpeA |34

EHDON DR E IR PRAFS K F ThHo72hy, FREEHE TORERCHE 3, 8

BEBEIZIIRAFASHL T RD-TZ,

KpeA 13 “IRAGH OMIZ 53 £ F I RLB HIEIL TNz, kped BEERR D 53 A1 ETAD HELAN B

DI HZENE KpeA D353 EFTERUC B D ZEDHIBNNT/RY, SHITEEGARITND KpeA 23

BrlA ZJr L T FI R e il 5 2 &3 BT o Tz,

RIZ kped WERR DD PR FERD E LT oT2LZA, kped FHEEIRIX E-F1 BRD 6 5=

UV PER R, SOIZERGRATND KpeA 730 VIR EA R G L~ L THIfIL T\ 2 e

DEAGLNZ 2Tz, F72, KpeA 3o VERIZ1T Tk, s Uuov7ae’yy U ERo L FE I

IZH DT ED LN /25T,

KpeA [ ZEF —7 DN BB FFEII72 Zn(11)-Cyse BUHIEIR 1-TIH-722%, KpeA D XH70HE i

DOFIEIR 713 186 {EHEE S TUD Zn(ID)-Cyse HLHIEIR 7-DONIZ 4 fHL D2, KpeA DFE

F—T BEIRAE U T HERE L7 W ELS Ch DO LRS-, £2C, EF—7HD Cys fE %

Ala FRIEIZIEHLL 72 Ala EHRAAERIL, ZOREZ LT, ZORER, Ala EHEKIE kped
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SRR L R DR B Z 7R L, KpeA @ Zn(I1),-Cyse EF — 7 DEEEL TWODHZEMB BT

7,

BEIE B CIIE 2 2K L THE T 5, ZO IR R 2 KRR LI5S, FEIRREERICE

T2 G LT TRLD 73 F L~V DRFFEITSI TR, T IT, IRIRER 0 AR:

TRV T R & A F IO SN BB R E 2 R L TODZERA LT

KpeA ([ZDOWTIRHT 21T o 72, kped MIERKE S BRZ I fRITND, KpeA 23S K

ORI BV TR EF IR A IREL TODZERHBINIRY, ERGMRT)E KpeA 73 F (K5

TIZHBNTH BrlA 2L T EFTERE L TWDZENHDNI R oT0, £z, KEICEE

NAHIT RO IEMER Bl TR S SN QRT3 ARBFZEC HPLC IZ L AM#HTH D E-F1 #RD

KFBIZ 27.8 mg/kgkoji DAY PRI E I TWDZENHBINNTIR ST, kped TR D K ERIZ

I L E-F1 RO KD 4 15 L1 Eoay PERHGE FITERY, KpeA MR T 2o DA FE A il

LTWDIENRHLIMNI o Te, SBIT, KpeA EBAEITOWTIRET LIz, #EDREFFEIEEL T

KB R ORI Z TR AT A, kped TR KB DML LislpoTo, €T, 448K

DOF v —BIEMWERE LN, kped EROT v F—BIEVEIX E-F1 BREVb o7z,

kped BEERR D KB IR B AL L7227 > T2 R DR KIS G EN o0 VIR TTHHLEE

Z., E-F1 ¥R K E IR kped MEEARERIIREIC/2 DI Cay AL 25, E-Fl

RO KB R DG IE L2 D 2T, ZOFERDD, K D= PReh g 280 Bz s+ 2

ZEDVURIES I,
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Summary

Aspergillus oryzae is an important microorganism in the bio- and food industries; therefore,
understanding the mechanism underlying its secondary metabolism regulation is important for
ensuring its safe use. Here, | screened a novel Zn(ll),-Cyse-type protein-encoding gene,
A0090003001186, designated as kpeA (kojic acid production enhancement A), from an A. oryzae
disruption mutant library of transcriptional regulators. kpeA is highly conserved among filamentous
fungi and encodes a protein with Zn(11)>-Cyss motif located in the middle of the sequence. A Cys to
Ala substitution mutant of KpeA showed identical phenotype to the kpeA disruption strain,
confirming that KpeA is novel type Zn(lI1).-Cyss binding protein. Colonies of the kpeA disruption
strain (AkpeA) had longer aerial hyphae and showed decreased conidia production. Microscopic
analysis suggested that the reduced vesicle size and conidial head formation in AkpeA strain account
for the decreased conidia production. Transcriptional levels of brlA and downstream abaA and wetA
were decreased in AkpeA strain. Moreover, AkpeA strain produced 6-fold more kojic acid than the
control strains, and the expression of kojR and kojA was increased in AkpeA strain. Therefore, KpeA
is a novel Zn(11)>-Cyss-type protein likely involved in conidiation and kojic acid production at the
transcriptional level.

To clarify the role of KpeA in sake brewing, | analyzed the functionality of KpeA in rice koji
making and seed koji making. In seed koji making, the AkpeA strain showed longer aerial hyphae
and the number of conidia was one-third that of the control strain. In accordance with conidiation,
expression of brlA was also decreased in the AkpeA strain, whereas it was increased in the kpeA
overexpression (OE) strain. These results suggested that, similar to the phenomenon that occurs in
agar culture, KpeA induced conidiation via positive regulation of brlA expression in seed koji
making.

Rice koji samples made with AkpeA strain, OE strain, and control strain were analyzed for
conidiation, enzyme activity, and secondary metabolites. The OE strain and the control strain formed
conidia after 46 and 72 h of inoculation, respectively, whereas the AkpeA strain did not. In contrast,

activities of representative hydrolytic enzymes in rice koji did not differ among the strains.
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Regarding secondary metabolism, I confirmed that kpeA is responsible for the enhanced kojic acid
production via inducing the expression of kojA. Notably, the browning of rice koji extract was not
observed in the AkpeA strain sample. | confirmed that additional dosage of kojic acid at the level of
the rice koji of the AkpeA strain prevented the browning of rice koji extract of the control sample. As
a result, kpeA disruption led to increased kojic acid amount in rice koji, which consequently
prevented the browning of rice koji.

Taken together, | screened a novel Zn(ll),-Cyss type regulator, that play an important role in

secondary metabolism and conidiation in both experimental and industrial culture condition.
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