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Studies on citrate transporters in the white koji fungus,

Aspergillus luchuensis mut. kawachii.
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TIE K

11 1 XT®HIT

B (Aspergillus luchuensis) ¥ 08, H#8# (Aspergillus luchuensis mut. kawachii) (35
FHRGEIC AN SIS Td 5 M2, IHIEOMRIE . Bl ORI 6 S 5 HEIE (Aspergillus
oryzae 3 L %, Aspergillus sojae) & [AERIC, BUELE 72 5 K0KE, BV~ A DT T 0%
HE L~V E T 220 OFFEINKR R (-7 2 7 =B/ va7 I 77—, a-
TNaA B —BE) By WEET HZHEE S > TR0, Ziuz kv, HEFRERE Saccharomyces
cerevisiae | KB4 /) —/VEBENTIREL 725 Y Fio, BEER L OEBEIL LRoE
CIMAT, WML RED Y = U BREEET DR E b o> TV D, Z07 = U RRITHER R
WRHZBWT, ©AHD pH Z T, MEGRZY < ETHERETH Y | ik iEmE 22/ Sl

HIFIZH 0T 228 LT BER IS 2 vl RRIC LT\ 5, BB & BBBEE X, 2006 4R IC AL

EANAARBEFRICBOTHEBE L LOICAAZRET2HE LT THE] ITRESN

A

AR

1.2 EEE P Ak L2 RRE& T

FEE IR —ERIC L > T, BEOTMLRADOSETFEZE LRV (TrEe %
FAR) L LTS, 1947 AL B IC X o TERERS K OVE(L R E IC KRS\ T
BEHOLERMAL L TR BN, 723 RAHE KA T Aspergillus kawachii & 14 Siur- 2,
ZOt%, LIRIE AR O 54 4 BIBE Aspergillus luchuensis D28 # (K & LT Aspergillus
luchuensis mut. kawachii & ZT1E L7= %, FHEOFL4ICHOWTIE, BEEASHERY 201
XL ADGHA L HITER SN TE D, DRI ORI I3\ T A, kawachii 1% A

luchuensis & [RIFECToH 5D Z E NP BN S 41, Al kawachii I A. luchuensis @ synonym & X4



7= "9, LanL, BE¥E BB ABEOPA MR LR CTh D LIRILEHL Z b,
BT 4 K5 E 95 4 F5 & LT A luchuensis mut. kawachii O f 23#2 R S hur- 9,
RIREIZRBWT, BETFOBFHITHBEOHEEL LTEETH LD, LU D LB
F- O AEA TS, & M OBREWICE T A7 2L XL 2ZIEDJRRE TH 5
Aspergillus fumigatus TIZEAAFETH 5 dihydroxynaphthalene (DHN) -melanin O/ #&A A%,
49 R Y rF REEERZ 2 — R % alblpksP 3FE S 72 19, 20 k9 iR ERKIC
B 59 2 BInFOBIEKIZ. A-A TESICHBITE 5 2 L6 BAR TR R 45
M9 272D & L THIH S T&E 7=, A luchuensis RIB2604 (23T, Eh=R 28 s 1
S—=TT 4 THEHMMBHRE SNBRIZ, ZORREFHET 572012 albl oAy 7L L
T pksP 23l 7= M, ZofkEL, RIB2604 0 pksP #4513 A. luchuensis mut. kawachii &
[FEkD ARG AETEZER LI Z E0v 5, pksP X AL D FIKER T Th 5 & HERl S iz,
F 7=, A luchuensis & [ UE T 2~ )L 2 TH 5 Aspergillus niger (235U TRIZZAE FRED
KB % XS 2 RRE S ORI S, DETFOBRFEAEICHEHEGT 285 FE LT
fwnA/pksP/albA, pptA. olvA, 35 X Tt brnA 28355 &7z 9, & 512, A luchuensis mut. kawachii
NBRC 4308 & A. niger CBS 513.88 (28T, 2115 4 i#{x 1 (fwnA/pksP/albA, pptA, olvA,
brnA) DALV v Z3 R S dL, NBRC 4308 13 pksP (2 1 R RIBIC K D7 L—A v 7 h 2
REERPVEUTEY, AKLD b EfICKIED RUBHBILTO S 2 RNERH Sk 2,
ZOZERIT XY BB O PksP 1%, £ AT % B-ketoacyl synthase domain, Acyltransferase
domain, Polyketide synthase dehydratase domain, Phosphopantetheine attachment site, 3 &
Thioesterase domain ® 9 %, C K> Thioesterase domain % K89 572, A LOJEA
ELTHEESNLZ, LA L, ZHvE CIC a2 Bk U7 RIRE S 728 pksP Th 27 &
I DINEOWVTHRGEIE R ST W e o tz, DD, AEBENEICT VE ) BRIk TH D

. BEOZFDOFKMN pksP IZH D E D DIZHOWTIEFEAHADOEE L7e > TN D,



1.3 BEE O 7 = VBREmAE#EL L U7 = U EREEHRE

7 T RO EFEBEOIIEIC OV TIE, ABEOERE TH Y . 7 = IO TR
EPEIZHW SIS A niger IZBW T IMICHED Hiv, 7 = VBROAFEREOET VO Tl
R, ZOBEERBROMIr M TON O P S a—2AR0R s m— R EORER
IRFER 2R TCENLE RRICER S, 20K, I Far FY TR 5 TCA IO H1/H
R L LT 2 R GmREng, BlSNer U BRIEI F s KU 70D E~,

DIZHEHBANE PR S D EHEE SN TWD, £/, EEIZ Aniger IZBWT, X by
KU T EHE 7 T BEEEREREES R ST D T, LLans, 207 = g
AR Z 2 — N5 citA Bin P2 @RI ThH, 7o UBAEEED EFITA LR
MoT=Z EdD, 7 UEREREEE DIGMEIL Y = UV EREAEDONRH T T v 7 RTEBW T,
HH TRV L2VRERTVD P, —F HEET S\ 27 = U BREEEET L
kY, 7 UBMEAETEICB W TREM OfE 7 m X (IREBEROILY AL = D
PEH) MEIETH D AN STV B 9,

LRy R T O7 = UEREERICOWCIE, IR E I ELEIC B W CRE S dL, R
MR BEREIC DWW TIRIT STV D, AMEFRIRIRITIC E W . T > FOITlEm kD 7 = 1
iR (CTP) (X7 VoA Y 7 =R, cis-T 2=y M7 XD MY HVRUEEE, Y
VARERLANT R, RART ) =)V ENE R ED T INVR RS S 2 LA
RENTEY 2 FEHERORER 7 Th s Cpl 1L X 0 B B R 274 2
EBRBE SN TS P, WIS TIE, MIREICHEH Shis 2 = BRI R A
Fa—)LOERRICEE R T EFLa P4 L A (TEFIL-CoA) DEROEELD &
EZbNTNG 230, 5 HIFRERNCRIT 5 ctpl BEERIIRHA O (bR ST, H
FERERHZ B W TR N -7 < VIRl EIR (Acrl) 72D b KU 7 ORI Ok
(RDHBVE 7 & FL-CoA DA RICEG-T 2 L #HEl & T3 23 F7- 50, A niger 123

FAHBRER T THD CtpA B D 7 T U EREFE & OB MEN T S L7208, ctpA AFEERR I



BENHO 7 2 U BAERIIER T L0000, BEESUNIIE AR L RO 7 = A E
BE2RLIZZ &5, CpA L A niger IZBWTS by RU T BHIE ~7 — B & HE
HICB ST 2 FEAREATIIRVW I EARENTNE B, 2070, 7= oI

545 FHRR 7 o VR ROV T, RO EE Lo TV D,

14 TET=XT 4 v 7 KRN LT AR O 7 — B A RERI AR

(RHEE 72 BER D RE D (2T, JEREEMT K o T 40°CHTIL £ C LA L7l 2 34°CHit
ETFF2ILRPH D, ARBTRICIN T, SRS IR MRS 0 53 e
CEBETHY, RS T U BEAEICEE TH S P, SATIRICREN T, A
WD Z OIRFERICIT X 5 WMn T RIAB MR Shiz ¥, miREcRs T, AR
TCARIBOBEFE DBUSFHIPMET L, — T hbnm—ZG5HR0N b —A-U Uk
A BT R OB T RBDHEINT 22 L BHALNE RS TND, TNHDZ LNk,
EHRSEIE T = VBAEREICBE ST 2 RH RO —R 7 e —p il sh, 7= Bx
REETE W EHRENTWD, — T, WiRRMFICB T 5 7 = A PERITIKIE SR
BEOR) BO%FEEIE & LMK T L aw, IREE(LICET Lian 7 = U ERA FE O HIEIA 1
BFET DI EMEBEZ LI,

BT, Aoniger IZBWT, 7 = URAEFERE R K o Te B RO G . £ D RB(Z S8
WEAFNV T AT 2T —EEa—FT5 laeA ThH5H Z EBME SR Y, LaeA 1T
JVSRIREE Aspergillus nidulans (238 WC, A7 U 7'~ N AF UAEFRERIG 7 T A X —DRE.
IR 7-CTd 5 aflR DI EE /2K T (loss of afIR expression) & L THIE E 4172 ¥, laeA
B AIXFRAEAMCBETH2EEOT T S. cerevisiae 24324/ £ Schizosaccharomyces pombe
IR LIRS TE BT, Aspergillus J& 72 £ OXREICOZRIES TN D 9, 20k,
LaeA % A. fumigatus 72 & DJsEMHAIREIZ I 1T 5 1 B @ AEECE B L OFEIR 1 & LT

LEWEINTWS Y, F7-, BEEICHBOTD laeA DFFEEIZ LY . R=v ) ooy Vg



EFENBININCIR T T2 2 L RMEENTNS ¥ 2o, A niger IZBWTE 7 = Uil
EFEICRIE T B L DB T ORB 2G5 Z & T, 7= URAEEEZRET S Z &0
HERI XD, L L7edi D, LaeA N7 = UBEEAFEREME B W T, En X o &kEl2 >

DT HDOWTIIEA S E 72 o TUNVRUD,

1.5 FfF5E H A9 X AR SC DML

AR TIE, ABEOT L BERFRBIRFORE, 7 < BEAERE S35
7 CTBERE IR O A BREERESS KON 2 ORISR FRBEHEEOMINEZ B L Lz, 2 b
ORI VBB SR 7R PR A B 5 ECHRERMALL 2D . SHIL/ =V
IO E 5T HHAMEOEFERN LICERT 2 2 LR TE 5,

R SEOWRIE, LT OMY) Th D, 2 ETIIAMEO 7 Ve ) BRE{E T & LT pksP
ZEEL, BEZMEMT L2 THBEDODATFPNREZET LI E2H LML, F
o, BESATIIAGHET LHEL T, UVCBRIEA b LA B A A4 B — AfPES E
TEEPLMI LT, B3 ETIE, BB s = VR AR CRELER T2 2 2ot
EWEAREE T (CtpA & yhmA) & R L. A0 S TAEDZRIT S, 2 H i
Ny RU TR = U BRE R T Z L 2B L, 7 =V BEAEICERETH D
ZEEHLMC L, F2, I har RUThbHIRE~P N SN = U EBIET 'L
-COABRICEETH D Z L2 HNLic, HA4ETIE, ABEOHEEA TV ET AT
=7 —% LaeA BNV T UBBEAEICEE TH L Z L AP LN LT, EHIZ, LaeA L7 =
VRRIEPESRMFIZ IV T, HEEMIIRERIE 2 = BRI AIR AR T cexA DT 1 — X —JElIATH

WD v~ F oMEERMT S LIk, 7 UBRAEEL EICHIET S Z L 2R LT,



% 2% HEE Aspergillus luchuensis mut. kawachii NBRC 4308 @

7 E ) KRB O R R BT OfFYT

21 WS

HEE A [0S A 2R 2R AIE DHN-melanin OB AR ZH 5 R U 7 F REAL
%5857 pksP D TH 5 aFEME SRR STV B2 )| pksP 237 LB BB a2
DFFBAS T TH D2 0NFREH STV, & 2T, F#8E NBRC4308 #RIZIE 72 pksP i&
BFZEMT 52 & CRANEFWEET 20 E ) D ERE LT,

AREFETIL, AR EE RIB2601 KRR D pksP 28 A+ 25 Z & T, BONETEEE

T5HZ L, ShICABHETERASETORMEA b L AMPEDE MOV TIERD,

2.2 MEHS L OERR Sk

(1) BEHEE

A. luchuensis mut. kawachii NBRC 4308 35 . O A. luchuensis RIB2601 %, ¥74E#k & L CTfEH
L7z, 7o, BHEisOH E LT NBRC 4308 [ZH13K3 % A. luchuensis mut. kawachii SO2
A L7 %9, EERAS L Oa 2 b o — U RICoOWT, Table 2.1 1ZR# L7, =2 b
—VRRIE, HORI G DO & [F] CRBESRIE A R TR E EFE LTz, T720b5, Table 2.1 12
9~ CpksP @ =1 > k1 —/L#kIT AligD AsC T& Y, OEpksP @ =1 kv — LEIL AligD AargB

TH 5,



(2) HEEEME

FIEDEE #1342 T 30°C TfT\), Potato Dextrose Broth (PD #&{&t5H1) (BD Difco™) . Potato
Dextrose Agar (PD 7€ K% H#1) (BD Difco™) ., 35 X O/ 55 (1% [wt/vol] glucose, 0.6% [wt/vol]
NaNQ3z, 0.052% [wt/vol] KCI, 0.052% [wt/vol] MgSO,: 7H,0, 0.152% [wt/vol] KH,PO,4, Hutner's
trace elements [pH 6.5]) *© % ffi Ji L 7=, /A BEHIIZ 13, B2 E U T 0.8 M NaCl, 1.5% (wt/vol)

R, 0.211% (wt/vol) arginine, & %\ % 0.02% (wt/vol) methionine Z %N L 7=,

(3) pksP FEAHEE (CpksP) DHELE

A. luchuensis RIB2601 ™% 7 2 DNA & # & U . NBRC 4308 (Z351F % pksP D48 ¥ 5 &1
%123 kb & PCRIZ L 1 H9lE L 7=, 7235, RIB2601 o pksP ¥t JEFI %113 A. luchuensis RIB2604™
LRI=ToD I L a—7 AT L D #ERR L7z (data not shown), JEE#A#LH] DEIR~
— % — & LT Aspergillus nidulans F1 3 argB i&{x1 (5 1.8 kb) . 33 L OMH[FIfEIK & L C pksP
® 3 -UTR () 2.0kbp) % PCRICEX VIR L7, FWIH AR T 572000774 ~—t& v
M. Z4Z 40 pksP-FC/pksP-R1, pksP-F2/pksP-R2, 5 & U8 pksP-F3/pksP-RC % HV 7= (Table
22), £7-. 77 A3 K pDC1*), B LURIB2601 M4/ A DNA % ZhZid PCR D!
WA L7, Fusion PCRIZ & V) & HMREWT A 28k L 72, pksP-F1/pksP-R3 % FHV T HilE L
THIf Y RTS02% 7' v b 7T A N-PEGIEIZ X W PR L, CpksP & L 7= (Table 2.1,
Table 2.2, Fig. 2.1A), TEEHAHAIT, arginine 2 & H L2 W /DRI KL W SIR LT, 72,
T EHRHAR D e % | pksP-FC/pksP-RC % iV /2 = o =—PCR |2 L 5 H#iiF ¥ 1 X (Fig. 2.1B)
BLOae=—PCR DT 7V a kT2 DNA > —F L AZL Vi L7z, DNA > —

v AL T T A ~—pksP-seq-F I L W 1T-7= (Table2.2),



Table 2.1. Strains used in this study.

Strain Genotype Source or Reference

Aspergillus luchuensis mut. kawachii

NBRC 4308" wild-type IFO
AligD AargB ligD::ptrA argB::hph 44

AligD AsC ligD::ptrA sC This study
S0O2 ligD" argB::hph sC 45

CpksP ligD™ argB::hph AKpksP::ALpksP-argB sC” This study
OEpksP ligD™ argB::hph sC pGS-PgpdA-ALpksP This study

Aspergillus luchuensis

RIB2601 wild-type NRIB

Abbreviations: IFO, Institute for Fermentation, Osaka; NRIB, National Research Institute of Brewing.

(4) pksP HFIFEZIR (OEpksP) DIEZE

A. luchuensis mut. kawachii NBRC 4308 [ZHiI2kd" % gpdA 7' = E—4 —, BILOEIR~—70
— & LTSCHET % H 2 pGS-PgpdA 7T % 2 K D% pksP D3I BER DG L 7=,
A. luchuensis RIB2601 @ 4~ / & DNA 7> 5 pksP & 7 7 4 <~ — & v b
PGSG-pksP-inf-FIpGSG-pksP-inf-R Z VN THME L (Table 2.2) . Sal | THIWr L 7= pGS-PgpdA
{Z In-Fusion® HD Cloning Kit (Takara Bio) % HV TG L, pGS-PgpdA-ALpksP & L 7= (Fig.
2.1C), SO2 % pGS-PgpdA-ALpksP THEE st L, OEpksP & L7= (Table 2.1), JEE#=#(K

L. methionine Z &/ L2/ ERHIC L0 SN L 7=,

(5) Real time RT-PCR

PD A k54 100 ml 12 NBRC 4308, CpksP & %\ & OEpksP D43 47 (20 X 107) %%
fii L, 30°C. 180rpm T 24 WpfHjs#E L7z, WIAZ RN L 72, PD ZREHIZE L, 30CT
24 WIS R T 5 2 & TRAETORKAFHE LTz, PD A OEAG LICERE . &6
| PD ZEREFHICHE 2 LT BR T L Z N A IRIKEE R TR L, Pk & FB & VTl L 7=,

RNA DOt % RNAIso plus (Takara Bio) % H\» T1T - 7=, cDNA D& 5% i3 PrimeScript™ Perfect



real-time reagent kit (Takara Bio). real time RT-PCR (% Thermal Cycler Dice® real-time system

MRQ (Takara Bio) & TB Green™ Premix Ex Tag™ Il (Tli RNaseH Plus) (Takara Bio) % >

7o 777 A4~—% v ML, pksP ®HIEIZ pksP-RT-F/ pksP-RT-R % . actA o | &I

actA-RT-F/actA-RT-R15) % fv 7= (Table 2.2),

Table 2.2. Primers used in this study.

Name Sequence (5'-3") Source or Reference
pksP-FC CAGATCTATTCAGTCACTGCAGAAG This study
pksP-F1 GCTGAGGCGGAGTGGAAACG This study
pksP-R1 GCATGCAAGCTTTCGCGAGCCTAATTGGCCATGGCGTTACCAAT This study
pksP-F2 ATTGGTAACGCCATGGCCAATTAGGCTCGCGAAAGCTTGCATGC This study
pksP-R2 GGAAGGCGCAATGCATAACAATAATTCGAGCTCGGTACCCGG This study
pksP-F3 CCGGGTACCGAGCTCGAATTATTGTTATGCATTGCGCCTTCC This study
pksP-R3 CGGGAGCATGACCGTCTCAC This study
pksP-RC ACACGGACCAGAGACTTCCAC This study
pksP-seq-F CCTTTCGCTTACTGTGCTTG This study
pGSG-pksP-inf-F CCGCCGAACAGTCGAACACATCTACACAATGGAGGGTCCATCTCGTGTG This study
pGSG-pksP-inf-R  CTCCCATATGGTCGACTAATTGGCCATGGCGTTACCAAT This study
pksP-RT-F CAGCTGGTCACCCGCTATTC This study
pksP-RT-R CAAGAGTGGTTTGTGCCGGTC This study
actA-RT-F GGTATGGGTCAGAAGGACTC 37
actA-RT-R CTCCATGTCATCCCAGTTCG 37

(6) BRI DNEFHREDORE

oy — LB K B A T o T,

KK 45 g H7- 0 45X107TmL DOPELEIFREE L =554 T

DRI 1 mL Z4EFE Lz, 72ds, oA TEETIZIEL 0.8% (wt/vol) arginine, 35T 0.4%

(wt/vol) methionine Z¥RIN L7, FEfHT LR KE T T A ¥ —LICE L, 2 aEiRE

MBI AN TICD

A3 WEfRICHIBE LTz, F£7-,

10

AROETLE TR 2 BAA L B 28 20 (% & 25 I IS AN ZTT .,

AR TEIRE 2 B2 BiAG 15 REfE#2 12 38°C. 25 Rfflijf% 12 34°ClZ



LIz, ¥ 29gH720 5mL D 0.1 (vol/ivol) % Triton X-100 ¥R & L C 404+ & [HIIY

L. MERGHFARIC LV 0AEFOREZE L, oAEFEREEZREE L,

(7) DEFREOETEMBEBE

HEREDET (5.0 X 10°) % PD ZEREEMIC AR v FL, 30°CT7 HREEHR L, &
ET-ORREGEAL Ismm ) ZEIDHL T, v~ 7% hrr ARy ZIEE (BZET /31 A
MSP-10) (kY A&x a—T7 4 7 L, EAMEFHMEE (FEI Quanta 400) DIXEZEE

FE2RWTHETREMEZBIE LT,

(8) AETFOEIMR (UV) TiHtERBR

BEREDSEF (1.0 X 10°) % PD ZEREHMIC AR v F L, 30°CT5 AMEE®RL, &
TR % FRHE LTz, PD #ERIEHIICH) 100 H OB ETZBA LI, 7 U — 0 _UFHIC
BWTUV 7705 30em ORRERET UV Z B L7, ZDf%, 30°C T3 AfjEEE L, 8l
Lizan=—aat i Uiz, [FEROERIET, UV ZBE L nilet 2 L, HBlL7-anm

=—HESREE LTEER (%) 2EE LT,

(9) DETFOBLAR b L ATRMERER

FRRO IR, B L7z UV MR AW b D LRI b0 2 A Lz, %
BRR D534 1% 100 MM & %\ MiE 200 mM D H,0, T, S5 T 15 /R L 7=, =D, PD
FERMNTH) 100 HOETA2WAF L, 30CT 3 HEEE#R L, HBL Lz an=—%%5H4L
72, FRRDOEAET, H0, TRILFOGEI AL, B Ll aw =—H%&/0f e LA

£ (%) ZHEHLE,

11



(10) DETDEA A2 v — ATittERER

B RO T 50 X 10°(E % PD &K HAT L, 30°CT7 HRIEGE L7z, 7L—k
aH TR GRL « 7 2R y) TEV, ESIUZERIE A N &1 RSB 2B FE B &
IR b R FERT IZ 38\ T L 220 MeV DR FEA 4 2 B — L% 50, & 51 MT 100 Gy AT L7z,

PRI K T o+ 2 B L, PD Z8 KEF#1IZ#Y) 100 {8 DA% %4 L.30°C T 3 HffiEE L.

HBL L7 am =—85r b AR (%) ZHEHLE,

C

A pksP-FC 43 kb pksP-RC
> ALpksP

SO2 =ARGEP | o~

Rl
- ~
. .

PgpdAf

( pGS-PgpdA-ALpksP

sC

[ S E— ]
CpksP =" ALpksP

Fig. 2.1 Construction of the A. luchuensis mut. kawachii pksP-complemented strain (A). *,
position of 1 bp deletion in pksP. Results of electrophoretic analyses of the PCR products (B).

Plasmid map for pGS-PgpdA-ALpksP (C).

12



2.3 fER

(1) NBRC 4308, pksP fE#iRIS L OBRIFEBRITI T 5 pksP DEREE

A. luchuensis mut. kawachii NBRC 4308 73 Ffafb. L 72 R = 123 pksP T 572 E 5 vk
FRFET 5 728012 pksP AHA#RE (CpksP) & pksP &3 itk (OEpksP) #H5E L, NBRC 4308
& 3T pksP D¥RE B AR L= (Fig. 2.2), NBRC 4308 & CpksP (28 T, pksP I PD i
I TIRIE L A P SNARD 1208, HE TR Z FHET 5 PD SR TIIHET ) i
WENTZ, ZORRNG, RAT 4 77 BT —X—ITL D pksP ORI 53 T TR IZ 75
HMINDZ R Einiz, —J, OEpksP TiX, PDRIAEFHIIZISU T NBRC 4308 & bh~
THI 95 fFRWIR RO v, HETFERFERHFICBNTHH 26 FEVIEERTH
ST, 728, OEpksP IZEBWTHIE S5 pksP DHRE&RITIL, XA T 4 7 7 BE—HF—|T &
% 1 LRI pksP DI E R B EEN D, L2, NBRC 4308 (Z81) 5 pksP DisE 4
FELFIW=E LT OEpksP IZH1F % pksP DEEE L~ L iEE 2 & )5, OEpksP Tl

SRR & 3 EFIERRRFO M 7123 T pksP SR L T\ D Z L ARSI,

0.6

0.5 -

0.4

0.3 A

0.2 A

Relative copy number of pksP mRNA

Liquid Solid Liquid Solid Liquid Solid
culture culture culture culture culture culture

NBRC 4308 CpksP OEpksP

Fig. 2.2 Comparison of relative expression levels of pksP in liquid and solid cultures in CpksP and

OEpksP strains. All results were normalized to the expression level of the actin encoding actA gene.

The mean and standard deviation were determined from the results of 3 independent cultivations. *,
Statistically significant difference (p < 0.05, Welch’s t-test) between liquid and solid culture

conditions.

13



(2) pksP fE#IEER X CMRRIFR TR O KRBT

A. luchuensis mut. kawachii NBRC 4308 ® & B ZE & 72 pksP DFE LN M IF T 58 4 ffhT
T 57212, CpksP & OEpksP = =—fgRE%, PD &R E5H1% FHv"C NBRC 4308,
A. luchuensis RIB2601 38 L Oz Fh oo b —uk & ik L7 (Fig. 2.3A), CpksP %
RIB2601 & [Flkk DA D554+ %Ak L= (Fig. 2.3A @D top) Z & 75, NBRC 4308 287 /v
B Lo B KL, pksP o 1 HiEEKIE WTH D Z LNEIES N, £/, OEpksP &
RIB2601 & [AIERDRAD AT %A L, CpksP & ik L CHAETORBOEA NI KE 72
137272 - 7= (Fig. 2.3A @ top) , OEpksP &=t m = —E A B E A D& AR b7 (Fig.
2.3A @ bottom)
Flo, BRI LICan =—EREWE LIRS, CpksP, OEpksP &ZiLFhd = k
— VRO, KREREWVTIRDO LN -722 Enh . pksP OFRBUTE /BRI EZ
FIES oWz EReE N7 (Fig. 23B), L L, H#E S5 HEO a0 =—H{LHfE%4 7=V
DS EAERZ B LT i8R, CpksP 1X = b —/Lkk & tbT 15 %, OEpksP i 2.4
EOREF K LTz (Fig. 2.3C), ZOREEND, BEGBROEFEIT N EFOIEHREFE L
mMOLZENTIBINT, £I T, HETFOEFEEREICOWTH TR UHAN AN L0 E
I INEFRTZ, FOREF, CpksP & OEpksP (ZZ NN day ha—Lkd T 1350
WETER LIZ END (Fig 24), BEAGEOEEITBZBNTHHAETOEKRHEE

w2 LR ST,
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Bottom |

NBRC 4308 RIB2601 AligDAsC ~ CpksP  AligDAargB  OEpksP

- 10 16 s
= & 14 A *
S 8- o §
5 ® 1 day S 2 12 +
et <
o ¢ A 2 day X g 10 -
§ =3 day \:; > 8 1
'i 4 - m 4 day g8 ¢ -
z . _ u . u5 day S ?3 4 -
S 2 - O g
5]
O Q. 2 A
0 0 -
AligD CpksP AligD OEpksP AligD CpksP AligD OEpksP
AsC AargB AsC AargB

Fig. 2.3 Colony of A. luchuensis mut. kawachii and A. luchuensis strains (A). Conidia (1 x 10°) were
inoculated onto a PDA medium and incubated for 5 days. Colony diameters were measured at each time
point (at 1 to 5 days) (B). Conidia formation per colony area was measured after 5 days cultivation (C). The
mean and standard deviation were determined from the results of 3 independent cultivations. *, Statistically

significant difference (p < 0.05, Welch’s t-test) relative to results of each control strain.
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[NS) W -
1 I 1

Conidia ( X 10®) per g rice koji

ik
1

1l

AligD CpksP  AligD  OEpksP
AsC AargB

Fig. 2.4 Conidia number of rice koji made using A. luchuensis mut. kawachii strains. The mean
and standard deviation were determined from the results of 3 independent cultivations. *,
Statistically significant difference (p < 0.05, Welch’s t-test) relative to the results of each control

strain.

(3) FAEFREBEDBIL

A. fumigatus |28\ T, AEFEBIIBIKROMME L oG A2 & > TRV, albl/pksP @
ZEFUT Lo THERORBEN AT 5 e i ShTng 09, 22T BAEKRTHD A
luchuensis mut. kawachii NBRC 4308 35 1 TY A. luchuensis RIB2601 0451~ Z i 4 A= A 78
BAPREE CBIZE L7/ R, BERORSEIIEE O v o7 (Fig. 25A & B), Z4LIE. A niger
72 E DR EDSAFITITHIR ORI b 50, BEE OS5 EFITIZBIE S
BT, BACLBBEAHETED LV HEL B L=, £7-, CpksP & OEpksP D%y
EFREITIHNTHBROERIIBIZE S o7 (Fig. 25C £ D), BLEDOZ b, A
luchuensis |2 33\ TllEk D REE IFBIZE ST, pksP OFEMF L ORI ELIZ K> TH RO

HERITER S NN E RSN o7,
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Fig. 2.5 Conidial surface structure observed by a scanning electron microscope for strains
NBRC 4308 (A), RIB2601 (B), CpksP (C), and OEpksP (D).
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(4) BEMIZEDHETF~DR N LVREDH &

%< OEEICHBW T, melanin 13 UV 20 DNA B2 kL A~OfifthEIc B2 %E %
-5 A fumigatus (235 Tid, DHN-melanin 23 UV o3GRS (ROS) (T 2 it
BICHETH D Z ERRESHTND P2 F72 A niger IZHBWTH . melanin 23730 25
BELOUV-C (254nm) ~DIHECEE TH S Z L BRESN TS 9,

% Z°C. A. luchuensis mut. kawachii NBRC 4308 & H(4 (L3734 7D UV <° ROS ~D it
WZRAFTHBEZFM L7=, 77, UV BRE 45 70 L 60 FVIZEW\ T, CpksP D434 1d= v K
10— VERD BT L AT ENENAK 1.6 fi5 &K 23 f5mWAEFRZ R LT (Fig. 2.6A), £
7=, OEpksP DT by ha— LRk E T L0 ZTNENK 2.4 {5 &5 33 5@V AL
FhaR LI, WIT, ROS ZPEA LIBLA b L A& 5| & 23 Hy0, ISk T DI DU T
AT L7-A5 5, 100 mM 38 X718 200 mM @ H,0, MR ISk LT, =2 b — LBk o34+ &
Lz LT, CpksP O3 AEFIXWT I H ) 1.2 %, OEpksP DA FIXENZNH 1.2 5 L O
K L3fFomWIEZ R Lz (Fig.2.6B), S HIZ, BRERFMOLRITE L THIH SN
DA F o B— 5N A& i U7 (Fig. 2.6C) . CpksP 434713 50 Gy 35 L 100 100
Gy DIRFA T E—LIIH LT, oy ha—LOR/ETF LR LT, ZNFNE 15 586
O 1.8 Mt 8N L=, F7=. OEpksP D341 TlE 50 Gy DA A B —AlZxt LT
#) 2.8 fEIMEN TGN L7=, OEpksP D434 11 100 Gy DA A > B — ATk L TIHHR 1.5 f5it
PEDHEIN L7223, AEZEITRD bvighoiz,

UL EORER LY, BEAGRITHAETO UV 04 2 B — L% 0 DNA 5 A b L R,
BELOH0, HOE{EA b U AMMEIZE G- LT Y | pksP O, & 2 WITHFEPREBLIC L -

TINHDA M LVAMMEDR ERS 25 Z &R ST,
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Fig. 2.6 The survival rates (%) of conidia after UV irradiation (UV lamp irradiation for 45 sec or 60
sec) (A), oxidative stress (100 mM or 200 mM H,0, for 15 min) (B), or ion beam irradiation (50 Gy or
100 Gy) (C). The mean and standard deviation were determined from the results of 3 independent
experiments. *, Statistically significant difference (p < 0.05, Welch’s t-test) relative to results for the
control strain.
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2.4 BE

AW TIE, BEEOT Ve ) EROFRRZRKE L, ZDJRKEN pksP Ein1D 1 HEHXK
fHIZ K 5 C KD Thioesterase domain Z KT 5 Z & B LN LTz, pksP DERE D
FENT NG . BB O pksP IXEARS R TRIAFES N TWDL Z L b, pksP D7 1€ —
Z—IXIEFITHEREL TWD 2 &R E NIz, £7o, pksP O REIFEEL L4 i~ DR
DEOFEREZMRE L, ZhiT gpdA 71— % —DOH{H T T pksP A BEHEIEF ORI
WTHEBEIR L &k b EEZ5n7- (Fig. 2.2) A niger 35 X 0% Aspergillus awamori (i,
7E. A.awamori |3 A. luchuensis @ doubtful synonym & &L TV % 9) 7nbid, FEARKEAE
# & LT aurasperon B 2344 4TS 55 Aurasperon JED A RLIC B5- 5 s FRED A
VTR S TWOZRWAS, AL niger (28T fwnAlpksP/albA OFffEE(Z X ¥ aurasperon B % &
#¢ naphtho-y -pyrone Z/EPEL72< 725 2 &k 2% AL luchuensis (23 T % PksP iZ
aurasperon JHDOERUCEAL T2 LHERI S LD, T HDZ LG, OEpksP D Tl pksP
DOEFEBUZ L Y DHN-melanin 2% ORIBRA, & 2V i3 aurasperon A3 EFH L7 AIREMED &
L EHEEREIND, IHIT, HBEA~ER 2 pksP OFEMT 2 Z L1k, HETERALS
HLH2T TR BETERDELZHEMEE, UV, H0,, A 4 v B —AIZxT St %
b0 LRSI, TRHORERND, BREHICIBN TS PRSP IZE D AT =D
BRI AT OREEC, REICHEETH D Z ENRRINT,
2.5 /&

BHRIEIZT Ve ) BRATHY . T OFIRIE pksP Bin 0 1HEXRBTH 72, £7-.
pksP DIEFEPHEBLUZ LV | EREICBW T HRE S EAaOAEEEME LTz, pksP OFHHIE 71X,
WRFEBLUL AR O A FIRELRE L, £OSAEFIZ UV BEY, HO0, A4 —

LMz 542 Z E BN E o7,
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BI3E BBEICBITIAI b=y NY TREES = UBEEE

CtpA & YhmA D#REAZE

=i

il

3.1 f&
HEE D7 = g m AR IC B 575 7 = VB RITEFERFAEDE L L > T
7o £ T, WMWY = U AERE AR T SRR TRICE BB T 2 8In & L
T ctpA, BEOyhmA & R L *), #2417 - 72, CtpA IZHZRERHC IS 57 = fig-U o
SFRAHAEGEIR Ctpl DARTR 7 THY . YhmA |37 = U fR-4F V) 7V X2 )VER A Halgs ik
Yhm2 OFRER 7 CTh b,
REETIL, CtpA & YhmA O 7 = U FREETEVE, &8R-k O RBIRL 5 L ORI

BRICOWTHENS,

3.2 BB L UERFGE
(1) BERBEHRB KO, 55&t

A. luchuensis mut. kawachii SO2 £ *°, 3 L T'S. cerevisiae W303-1A%) % JiZ B st o> #ikk &
LT L7z (Table 3.1), =y b e — LRRIZHHERI G DR & 7] UoRBEERME L R TR E E
#LI,

H B O B3 1350 E5 L (1% [wt/vol] glucose, 0.6% [wt/vol] NaNOs, 0.052% [wt/vol] KCI,
0.052% [wt/vol] MgSO, 7H,0, 0.152% [wt/vol] KH,PO,,  Hutner's trace elements [pH 6.5]) “©
F2F 7 = UWEAEPE (CAP) Biih (10% [wt/vol] glucose, 0.3% [wt/vol] (NH4),SO,4, 0.001%
[wtivol] KH,PO,, 0.05% [wt/vol] MgSO,-7H,0, 0.000005% [wt/vol] FeSO,-7H,O, 0.00025%
[wt/vol] ZnSO,-5H,0, 0.00006% [wt/vol] CuSO,4-5H,0 [pH 4.0]) %1 L7, 7235, CAP 55t

(TABEEREPE AR T 72D, WIREDKFEIR (10% Glucose) &AL, @EA 4 2R L
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T Cd 5 10, b RIS IE, MBI U C 0.8 M NaCl, 1.5% (wiivol) €K, 0.211%
(wt/vol) arginine, & %\ % 0.02% (wt/vol) methionine %z #$I0 L 7=,
HAFREREOERFRITIT, YPD i, &Rkoe4 (SC) KiMl, H/bRiil LT SD Kt (fR3%
JR & LT 2% [wt/vol] glucose % ¥siN) & 7213 SA 5 (FR R & L T 1% [wt/vol] sodium acetate

U EER L7 O,

Table 3.1. Aspergillus kawachii and Saccharomyces cerevisiae strains used in this study

Strains Genotype Source

Aspergillus kawachii

S02 ligD" argB::hph sC 45

control strain ligD™ argB::hph::argB sC-::sC* This study
ActpA ligD™ argB::hph ctpA::argB sC::sC* This study
AyhmA ligD™ argB::hph yhmA::argB sC"::sC* This study
ACtpA + ctpA ligD™ argB::hph ctpA::argB sC" ctpA-sC This study
AyhmA + yhmA ligD™ argB::hph yhmA::argB sC” yhmA-sC This study
ctpA-gfp ligD™ argB::hph ctpA::argB sC” pGS-ctpA-gfp This study
yhmA-gfp ligD™ argB::hph ynmA::argB sC pGS-yhmA-gfp This study
Ptet-ctpA-S ligD™ argB::hph ctpA::argB sC pVG2.2ANsC-ctpA-S This study
Ptet-yhmA-S ligD™ argB::hph yhmA::argB sC pVG2.2ANsC-yhmA-S This study

Ptet-ctpA-S AyhmA  ligD™ argB::hph ctpA::argB sC” pVG2.2ANsC-ctpA-S yhmA::bar  This study

Saccharomyces cerevisiae

W303-1A MATa ade2-1 his3-11,15 leu2-3,112 trp1-1 ura3-1 59

control strain MATa ade2-1 his3-11,15 leu2-3,112 trp1-1 ura3-1 YCplac22 This study

Ayhm2 MATa ade2-1 his3-11,15 leu2-3,112 trp1-1 ura3-1 This study
yhm2::kanMX Y Cplac22

Ayhm2 + YHM2 MATa ade2-1 his3-11,15 leu2-3,112 trp1-1 ura3-1 This study
yhm2::kanMX Y Cplac22-YHM2

Ayhm2 + yhmA MATa ade2-1 his3-11,15 leu2-3,112 trp1-1 ura3-1 This study

yhm2::kanMX Y Cplac22-yhmA
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(2) ctpA I X Ut yhmA RlEERE D& S

CtpA B LU yhmA OFFE I~ —h —i#{sn 1 TH 5 argB DIFAIZ L - TIT - 72, FHEFEK
£ LTH5-UTR & 3-UTR (ZNZi 2kbp) BLW, ~——i&Ffx1 & LT A nidulans F 3k
argB (1.8 kbp) % PCR IZX > THIE L7z, PCR ICHW 774 ~—t >y MIZTNEN
AKxxxx-FC/AKxxxx-del-R1, AKxxxx-F2/AKxxxx-R2, AKxxxx-del-F3/AKxxxx-RC % H\ 7=

(xxxx 1% ctpA 35 L O yhmA (Z4H2Y4) (Table 3.2), AH[FEIBEILIZIZ A. lucuensis mut. kawachii
NBRC4308 ™4/ . DNA %, argB |21 75 2 X K pDC 1""% ¢ & L i L7-, Fusion
PCR (2 X 0 & Wi h & #f5# . AKxxxx-FL/AKxxxx-del-R3 {2 & 0 #iiE L /=i & » + %
W, SO2 #7'1 h/'T A R-PEG IEIC K D IREHA#L L. ActpA, AyhmA & L7z, JEEHA#L
RIX. arginine &8 LA WKDEEHICK V®IR LT, £, BEGRAK O
Akxxxx-FC/Akxxxx-RC & F\ 7z 21 1@ =—PCR T & 2 HilE 1 X & Halg i v o> Sal | G- &
—UIC KV HERR LT (Fig. 3.1AB), BUnFREEOMERS R, REERIEZH A 572D, sC it
5O %2 T -7, 774 ~—%F > b sC-comp-F/sC-comp-R & #5 & LT NBRC4308 ™
7/ 2 DNA Z HIW T sC s -2 HiiE L B 1%, methionine 2547 L7V /b 5 IS

LR LT,
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Table 3.2. PCR primers used in this study

Primer name Sequence (5'-3) Source

AKyhmA-FC CCTCCTCCAGTACTACGGCC This study
AKyhmA-F1 GGCCAACTACTACACCGTCC This study
AKyhmA-del-R1 GCATGCAAGCTTTCGCGAGCATCTGACCTTGGGAGCGCTG This study
AKyhmA-del-F2 CAGCGCTCCCAAGGTCAGATGCTCGCGAAAGCTTGCATGC This study
AKyhmA-del-R2 GAGAGGGGAAAGTTTGTTCCACAATTCGAGCTCGGTACCCGG This study
AKyhmA-del-F3 CCGGGTACCGAGCTCGAATTGTGGAACAAACTTTCCCCTCTC This study
AKyhmA-R3 AAGCTCAGCTGGCCGATAGG This study
AKyhmA-RC CCCGACACACTCCGATACAC This study
AKCctpA-FC GAACTGAGATCCAGCCAATTCC This study
AKCctpA-F1 ATGTCTATGATTCACCGGACAC This study
AKctpA-del-R1 GCATGCAAGCTTTCGCGAGCTGCCAGGGTATCTGCTGCAAG This study
AKctpA-del-F2 CTTGCAGCAGATACCCTGGCAGCTCGCGAAAGCTTGCATGC This study
AKctpA-del-R2 CCTACTGGCCAAAGTGCTCCAATTCGAGCTCGGTACCCGG This study
AKctpA-del-F3 CCGGGTACCGAGCTCGAATTGGAGCACTTTGGCCAGTAGG This study
AKctpA-R3 GTAAGTCAGGACGTATGGTCAG This study
AKctpA-RC AGCAGGATTAAGTTATGGCGC This study
sC-comp-F CAATCACGCAAGCCGAGCTG This study
sC-comp-R CTCACCGATGTAGGTCATG This study
AKyhmA-comp-R1 TGCTGCTGGGACACCATGACAACGGCTCGACTCTGTTCTTCCTCGG  This study
sC-argB-F2 CCGTTGTCATGGTGTCCCAGCAGCA This study
sC-argB-R2 AATTCGAGCTCGGTACCCGG This study
AKctpA-comp-R1 TGCTGCTGGGACACCATGACAACGGCCTACTGGCCAAAGTGCTCC  This study
pGS-yhmA-gfp-inf-F1 CCGCCTGCAGGTCGAGATCCTCCCATGATCGTGGTT This study
pGS-yhmA-gfp-inf-R1 GTGCTTAGCGGTGACTTTGT This study
pGS-yhmA-gfp-inf-F2 GTCACCGCTAAGCACGGAGCTGGTGCAGGCGC This study
pGS-yhmA-gfp-inf-R2 CTCCCATATGGTCGATGAAGAGCATTGTTTGAGGC This study
pGS-ctpA-gfp-inf-F1 CCGCCTGCAGGTCGAGCACCTTGGCTCAGTCATGAC This study
pGS-ctpA-gfp-inf-R1 AATGTATCGCCTTTCTGGATCG This study
pGS-ctpA-gfp-inf-F2 GAAAGGCGATACATTGGAGCTGGTGCAGGCGC This study
pGS-ctpA-gfp-inf-R2 CTCCCATATGGTCGATGAAGAGCATTGTTTGAGGC This study
pVG2.2-ANsC-inf-FC GCACTCTTAACCGAAGATCCCG This study
pVG2.2-ANsC-inf-F1 CGGCCGCAAGGCGCGATCTACAGACGCTCAAAGTAGCC This study
pVG2.2-ANsC-inf-R1 CACTCTGTACACCTCGGGAGTTGCGTGTGGCCTACCAGTA This study
pVG2.2-ANsC-inf-F2 TACTGGTAGGCCACACGCAACTCCCGAGGTGTACAGAGTG This study
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Table 3.2. (continued).

Primer name

Sequence (5'-3")

Source

pVG2.2-ANsC-inf-R2
pVG2.2-ANsC-inf-RC
pVG2.2ANsC-ctpA-S-inf-F
pVG2.2ANsC-ctpA-S-inf-R

AKyhmA-bar-R1
AKyhmA-bar-F2
AKyhmA-bar-R2
AKyhmA-bar-F3
SCyhm2-del-F

SCyhm2-del-R

SCyhm2-comf-F
SCyhm2-comf-R
YCplac22-yhm2-inf-F
YCplac22-yhm2-inf-R
YCplac22-yhmA-inf-R1
YCplac22-yhmA-inf-F2
YCplac22-yhmA-inf-R2
AKyhmA-RT-F
AKyhmA-RT-R
AKCctpA-RT-F
AKCctpA-RT-R
AKwetA-RT-F
AKwetA-RT-R
AKactA-RT-F
AKactA-RT-R

CTCCACGCGGGCGCGGAGAGGTGCCTCACAGATCG
CCATCCTTCCTCGGCAGAGA

CAGACATCACCGTTTAAACACCATGGCAACCTCTGAGAACGA
CGGCATCTACTGTTTAGCTGTCCATGTGCTGGCGTTCGAATTTA
GCAGCAGCGGTTTCTTTGGCTCCAGCGCCTGCACCAATGTATC

GCCTTTCTGGAT

TGTTCCCTTTAGTGAGGGGTATCTGACCTTGGGAGCGCTG
CAGCGCTCCCAAGGTCAGATACCCCTCACTAAAGGGAACA
GAGAGGGGAAAGTTTGTTCCACGAGAGTTGAACCTGGACGCC
GGCGTCCAGGTTCAACTCTCGTGGAACAAACTTTCCCCTCTC
CTTTTGTACAAATAAAGCTAGGAAAAGCCCGACGTCATTATAG

CTCAGCTGAAGCTTCGTACGC

GTACAATACACGCTAATGTTTGGCAACTGGGGTTTCACCAGTC

ATGCATAGGCCACTAGTGGATCTG
GAAGCTGCCCACCTCAAGTC
CAAATAGGAAGCACCCCAGC
ATGCCTGCAGGTCGAGCCCTGTAATGAAGCTGCGTG
ATCCTCTAGAGTCGACAAATAGGAAGCACCCCAGC
AGCTATAATGACGTCGGGCT
GACGTCATTATAGCTATGTCTACCGCTACTGCCGC
ATCCTCTAGAGTCGACTAGTGCTTAGCGGTGACTTTG
GGATTGAGGCCTCCACTAAG
GCAATACCACCGACCATACC
GGTTCGTCGCCTTCGATTGG
GCTCTCAAATGGAGTAACGGC
ACTCCAGTGTGGATGGCAAC
CACAGTCGCTGGACAATGAC
GGTATGGGTCAGAAGGACTC
CTCCATGTCATCCCAGTTCG

This study
This study
This study
This study

This study
This study
This study
This study
This study

This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
37

37
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AkctpA_-fc 5.0 kb AkctpA-RC 0.0
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Figure 3.1. Construction of A. kawachii strains used in this study. Disruption of ctpA (A) and
yhmA (B), complementation of ctpA (C) and yhmA (D), and disruption of yhmA (E). Results of

electrophoretic analyses of the PCR products are shown in the panels to the right (A-E).
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+ 100
] 80
60
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20
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10
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Ak 05
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235 i
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Figure 3.1 (continued).
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(3) ctpA B X Ut yhmA FERIRE DS

CtpA 13 XL OV yhmA @ 5°-UTR (2 kbp) 75 ORF (1.4 kbp) & ~— 71 —iEfs 1 sC (4.2 kbp)
B L OBERRIC BT 2 3 RIOMFE N TH % argB (1.8 kbp) % PCRIZ XV HlE L7z, 7
T4 ~—1t v ML AKxxx-FC/AKxxxx-comp-R1 3 ZTF AKxxxx-comp-F2/AKxxxx-comp-R2

(xxx 1% ctpA B L OV yhmA I2AHY) . #7 & LC NBRC4308 @/ / 2 DNA B L, sC-argB
ooua—= 7 1L7r7FAI RZMW, Fusion PCR |2 XV . &KW H % H 5
AKXxXxX-F1/AKxxxx-comp-R2 % F\CHIME L 72 ka6l & v b 2 AEERR IS A L 72, I E s
{KI% methionine & A L2 WRADEHIIZ X0 BRI L7, F£7o, BEEHREOMERE
AkctpA-FC/AkctpA-comp-R2, AkctpA-comp-F2/AkctpA-RC 35 LT, AkyhmA-FC/AkyhmA-RC

Wz =—PCRIZ L D Mg X & fesd L7- (Fig. 3.1CD),

(4) CtpA-S 3 XU YhmA-S SR DL

Tet-On 7' E— & — % &t pVG2VERHAR Y #— T L7=, £T. pVG22 ® pyrG
Bint-7% Asc | LFEIZ L W ERZE L. A nidulans Hi3K sC 8 nFICEH# L=, $£7-. HAFRER
& LT AKAW_01302 & AKAW_01303 D& F Mk &4 ~ 7 & —ITHL A A T2, sC 36 KT,
AKAW 01302 & AKAW 01303 D EfxfHEOMEIEICIZ, ThTh 7714 ~—& v b
pVG2.2ANsC-inf-F1/ pVG2.2ANsC-inf-R1 & pVG2.2ANsC-inf-F2/ pVG2.2ANsC-inf-R2, PCR
DOFERL L LT A nidulans ® /4 7 2 DNA & NBRC4308 #/° / s DNA Z A L7=, &k
% Asc | 4LEEL L 7= pVG2.2 (2 In-Fusion HD cloning kit (Takara Bio) #fWC(Z n—=>7
L. pVG2.2ANSC X7 ¥ —Z{ERk L 7=,

RIZ. pVg2.2ANsSC % Pme | ALFRIZ K O #RRIE L. ctpA-S BEL U YymMAS 227 m—=7
L7, PCRIZIZT 7 A4 ~—F v | pVG2.2ANSC-ctpA-S- inf-F/pVG2.2ANsC-ctpA-S-inf-R 35 &

W, pVG2.2ANsC-yhmA-S-inf-F/pVG2.2ANsC-yhmA-S-inf-R % v 7,
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Betklz, TER L7 pVG2.2AnsC-ctpA-S 35 L 1Y, pVG2.2AnsC-yhmA-S % ActpA, AyhmA
IZEA L, Ptet-ctpA-S 35 L U8 Ptet-yhmA-S FR A A2 L 7=, BB #HLAIL methionine 5 A L
TRWEDEEHNC L VBN LTz, £72, RE¥TH A 27 U2 (Dox) IINZ X5 CtpA-S I8 LY,
YhmA-S O SR BL O REFRIEHT Stag HLi& (Medical and Biological Laboratories) % HTAT

- 7= (Fig.3.2),

YhmA-S CtpA-S
l_l_\ {_l_\

— 4+ (Dox) — + (Dox)
50—
377 e«
. 50—

37—
MW

-«

/kDa ki

25—

MW

/kDa

Figure 3.2. Immunoblot analysis to assess the expression levels of CtpA-S and YhmA-S under
control of the Tet-On promoter. The Ptet-ctpA-S and Ptet-yhmA-S strains were cultivated in M
medium with or without 20 pg/ml doxycycline (Dox). Protein concentrations were determined
using the Bradford Protein Assay kit (Bio-Rad). A total of 10 pg of each crude cell extract was
subjected to SDS-PAGE on a 10% acrylamide separating gel and then blotted onto
polyvinylidene difluoride (PVDF) membranes for immunoblot analysis. CtpA-S and YhmA-S
were detected using an anti—S-tag antibody (Medical and Biological Laboratories, Nagoya,
Japan) and Chemi-Lumi One (Nacalai Tesque, Kyoto, Japan). Bands of the predicted molecular
weights of CtpA-S and YhmA-S are indicated by red arrows. The apparent molecular masses
were 36 kDa (YhmA-S) and 34.5 kDa (CtpA-S). The results confirmed that the expression
levels of CtpA-S and YhmA-S in M medium were significantly higher with Dox than without

Dox.
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(5) Ptet-ctpA-S AyhmA RIS

AYhMA [ZF T, ctpA Z ZBLHIE T X 2R 8T 5729, Ptet-ctpA-S #RIZ3\ T yhmA
ZRREE L 7o, AREEELE L C yhmA @ 5°-UTR & 3-UTR (£ Fh 2 kbp) BL Y, ~—7
—#EfzF & LT bar (18 kbp) %2 PCR ICK VW HIE L7, Y74 ~—% v b
AKyhmA-FC/AKyhmA-bar-R1 | AKymhA-bar-F2/AKyhmA-bar-R2 | B X W

AKyhmA-bar-F3/AKyhmA-RC, ##1! & LT NBRC4308 ™%/ . DNA, bar B 1= &
7T AIR (AR K Michael J. Hynes 181 & 0 $24%) % v 7=, Fusion PCRIZ LV
KW A S U728, AkyhmA-F1I/AKyhmA-R3 & W CRlE D &~ b 2 880E L, FEE iR %
1To 70, WEIBIRITIRRER|D/ XA % (Bayer Crop Science) X W EHLL 727 Lk 3r— h
EEAT ORI XD ®RIR U, £70, BEEBEEAOMRIX. AkyhmA-FC/AkyhmA-RC
Mo 2 =—PCR OIEY A X X Vg L7z (Fig. 3.1E).

(6) CtpA-GFP 3 X1 YhmA-GFP FEEDOHESE

P H KD sCBHUE T2 BT 7 T A X R pGS®aFHA~ s #— L L THM L7, cpA
L yhmA o7 mE—F—% 5T ORF fHIk (Kilka Fo%2R<) L dfp 27 T4 ~v—& >
I pGS-xxxx-gfp-inf-F1/pGS-xxxx-gfp-inf-R1 & pGS-xxxx-gfp-inf-F2/pGS-gfp-inf-R 35 L OV, #;
AL LT NBRC4308 %"/ 4 DNA B LT, 7T A 3 K pFNO3®2 % IV THIME L7-, pGS
% Sal | CHLEE L, £&Wrf % In-Fusion HD cloning kit (Takara Bio) ZfHW\W (/7 mr—=271_
7

(7) HOLTAMRSEBIE

CtpA-GFP 13 L UY, YhmA-GFP # % fe/b B & 7213 CAP B C2 2 12 h 7213 14~
20 h £%#% L7=7%. MitoTracker red CMXRos (Thermo Fisher Scientific) % #&J& % 500 nM CTU&
AL . 40 min 5538 U7, SV s E 7213 CAP 5541 C 3 [BIei4 L 72#% . DMI6G000B inverted-type
fluorescence microscope (Leica Microsystems) % FIWNTHEIZE L 7o, B AENTIZIX LAS AF Lite

software, version 2.3.0, build 5131 (Leica Microsystems) % H v 7=,
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(8) HIZFEERE yhm2 MRIERR DHELE

HFFFEREZ 31T 2 yhm2 OREEEIL kanMX OFfFAIZ L - TIT > 72, FAlAGEE LT yhm2 &
fcf® 5-UTR BL TV 3-UTR Z x4 45 bp ffMML7Z7 7 A4 ~—% v b
SCyhm2-del-F/SCyhm2-del-R 3 L%, ##5E LTCF T A2 K pUGE™ % il L Tk & »
% IR U, R AT o 7o, FEEERHYARIL 200 pg/iml @ G418 (S A TA T A7) & &
9% YPD s HIZ W TR L 72,

(9) HZFBERHZIIT S yhm2 B L O yhmA A AERR DS

TRPL {5 A2 &Te 7T 2 3 R YCplac22® Z4#li 75 2 I F& LTHM L7-, £9°. YHM2
® 5-UTR (0.6 kbp) . OFR (09 kbp). 3-UTR (0.1 kbp) # 77 A4 ~v—F& v |
YCplac22-yhm2-inf-F/Y Cplac22-yhm2-inf-R % FV CHIfE L, Sal | TALEE L 7= YCplac22 |2
In-Fusion HD cloning kit (TakaraBio) #H\W T/ a—=27 L7z,

KT, YHM2 o 5-UTR (06 kbp) & ymA % 7 5 4 v~ — & v |
Y Cplac22-yhm2-inf-F/YCplac22-yhmA-inf-R1 . YCplac22-yhmA-inf-F2/Y Cplac22-yhmA-inf-R2
Z FCHANE L7=, yhmA O#F1213 NBRC4308 @ cDNA % L 7=, cDNA OFFHIZIL,
RNA OffiH 2 RNAiso plus (Takara Bio) i L, ##£5(Z SuperScript IV (Thermo Fisher
Scientific) 2 L T1T - 7=, £ 818 W % Sal | TALEE L 7= YCplac22 (Z In-Fusion HD cloning
kit (Takara Bio) # W\ T/ m—=27 L7z, =D, YCplac22-YHM2 35 L. U}, YCplac22-yhmA
Z Ayhm2 BRICE A LT-, JEESHAIT tryptophan 2 & A L 72V SC 55 HZ L » GEIR LT,

(10) CtpA-S B X T YhmA-S DFEHR

S-tag/S-protein 77 4 =F 4 —IC KD T NAT v FREE O T, BEE LY
CtpA-S & YhmA-S ZAEHIL7=, 20 pg/ml @ Dox % &ieckk/V 5T Ptet-ctpA-S LN
Ptet-yhmA-S #£ % 163 rpm, 30°C T 36 h 5% L. f£ER. WIKERIAE T TSk & HEE H

W CHEIRZ AR L 72,1 g OEMAIZ%E L 13 ml @ extraction buffer (25 mM HEPES [pH 6.8], 300
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mM NaCl, 0.5% NP-40, 250 pg/ml of phenylmethylsulfonyl fluoride [PMSF], cOmplete
[EDTA-free protease inhibitor cocktail, Roche, Basel, Switzerland]) iz, HA/LT v 7 A %{T-
Too AREPEE53 % 1,000 Xg, 5 min, 4CTErREL, £D% Lif% 18,800Xg, 15 min, 4C
TR T o 72, EBICEEEZ 4CT2h AX—T—N"—FHWTHE®BLEZ, 0%k
1512 S-protein agarose (Merck Millipore) i, [FElfizE A T 4CT LhfEODITIRA L
72, 500 Xg, 5min T S-protein agarose # [FIIX L, extraction buffer (0.2% NP-40 and 50 pg/ml
PMSF #&47) T 1[E¥E# L. % D% wash buffer (25 mM HEPES [pH 6.8], 300 mM NaCl, 20
ug/ml PMSF, cOmplete [Roche]) C 5 [RI%E# L 7=, & 512, elution buffer (25 mM HEPES [pH 6.8],
300 mM NacCl, 0.1% NP-40, 3 M MgCl,-7H,0) %z T, 37°C, 10min A ' Fa2~— kL7,
R U758 % Vivacon 500 ultrafiltration units (Sartorius) % T, i - IfE L. =0
#%. Qubit protein assay kit (Thermo Fisher Scientific) Z AW THEEAZNME L, S5, K

BOFEA % SDS-PAGE 5 L OMRYLIZ L 0 figh L7= (Fig. 3.3),
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Before purification  After purification

- 25

MW
/kDa

Figure 3.3. SDS-PAGE of CtpA-S and YhmA-S proteins from Aspergillus kawachii
before and after purification. A Silver Stain Mass Spectrometry kit (Wako, Osaka,
Japan) was used to detect proteins. After purification, the predicted molecular weights
of the proteins were confirmed (indicated by red arrows). The apparent molecular
masses were 36 kDa (YhmA-S) and 34.5 kDa (CtpA-S). Successful purification of
target proteins was also confirmed by LC-MS/MS analysis. Bands were excised from
the gel and analyzed on an EASY-nLC system equipped with an LTQ Orbitrap Velos
mass spectrometer (Thermo Fisher Scientific, Waltham, MA). The data were analyzed

using Proteome Discoverer software, version 1.3 (Thermo Fisher Scientific).
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(1) #tfEERE

CtpA-S B LT YhmA-S OX A AZNE L7z a7 4 U AR Y — % Freeze-thaw
sonication (2 & 0 #H L 7= %9, 100 mg @ L- « -phosphatidylcholine from egg yolk (7% 5 1
7 A7) % buffer G [1L0 mM PIPES, 50 mM NacCl, and 1 mM organic acids (oxaloacetate, succinate,
cis-aconitate, citrate, 2-oxoglutarate, or malate)]iIC L W iEE L, Yu—T7XXD Y =/ — X% —
Sonifier 250A  (Branson Ultrasonics) (2 & W EE R L, VAR Y — L& LTz, £D%,
500 pl @ Y AR Y — A2 500 ng @ CtpA-S F 7213 YhmA-S 2%, [ HITHRIREHE THfsE L.,
PR L T, BERAHEZITH) 2L Tra T AV RY —Lafi Lz, TO%, VRV —
L4 D HE % Bio Spin 6 columns (Bio-Rad) # H W CBrE L7z, BEESIE, 1 mM
[1,5-"C]citrate  (18.5 kBq; PerkinElmer) # #$i1#. 37°C T 30 min 17\, UGS T#., U R
Y — LA DFIE % Bio Spin 6 columns (Bio-Rad) % FVCFgZ L7z, Ultima Gold scintillation
cocktail (PerkinElmer) ZJ&& L. Tri-Carb 3180TR/SL liquid scintillation analyzer (PerkinElmer)
DT U R Y — APNERO EHEME 2 HIE Lz,

(12) AHpEst - MUK DA BRI BE D HIE

100 ml D/ EEHNIT FAEBE O 4y F 2.0X107 Z45FE L, 180 rpm. 30°C. 36 h £33 L 7=

(Ptet-ctpA-S AyhmA #£ 1 1 pug/ml @ Dox Z RN L CTHiZE L72) ., & Dk, HiA% 50 ml & CAP
Biftiic# L, 163 rpm, 30°C, 48 h#55% L 7=, #5#& iK1 0.2-pm-pore-size PTFE filter (AFIE
MO @ L, MRS Sy & LT, BRIERERE. IR ERAFAE T CHLAATLE 2 AV TR
L7z, HfR 1gicst L 10 ml OBV (80°C) &M%, BT v 7 ZA%&4T\>, 138,000 g, 4°C.
30 min T LEEE T 72, RIEZBIL L, 0.2-um-pore-size PTFE filter |2/ L. PN
L,

FHERAIRE 1T Prominence HPLC system (Shimadzu) & CDD-10AVP conductivity detector

(Shimadzu) (2 XV E& L7z, AHEEOEET 50°CTH 7 AZHEE; L 72 Shim-pack

SCR-102H columns (300 by 8mm [inside diameter]; Shimadzu) % M 7=, BEE L L T4 mM
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p-toluenesulfonic acid monohydrate %, Sk & L T postcolumn reaction solution (4 mM
p-toluenesulfonic acid monohydrate, 16 mM bis-Tris, and 80 uM EDTA) % Jiti# 0.8 ml/min & 514
Tiro72,

(13) MR T X/ BIRE DORIE

7 2/ EEFEE X Prominence HPLC system (Shimadzu) & fluorescence detector (RF-10AXL,
Shimadzu) % HWdEiETITo 72, 7 2/ BEO 43I 60°C T Shim-pack Amino-Na column

(100 by 6.0mm [inside diameter]; Shimadzu) T1T->7-, ##jE & L T amino acid mobile phase
kit, Na type (Shimadzu) %7 0.6 ml/min DS CTIT->7-, Z OFEFamino acid reaction kit

(Shimadzu) Z¥fiE 0.2 mimin OFMATHR L, S L7727 I /LS, 7 X /BRI
WG R 350 F 7213 450 nm TR L7z,

(14) MKEPT & F/L-CoA BEE D HIE

J T UBRAETESIE OV T T ERE E RO LM TRE L2 b O & V-, Ptet-ctpA-S
AYhmA ¥k 1% 1 pg/ml @ Dox %z ¥shi U 7= i/ b i Crifks# (180 rpm, 30°C, 36 h) L 7-t%. #
DEEHNE T2 13 RS 1 pg/ml @ Dox, 0.5%® lysine, & 7-1% Sodium Acetate Z #5010 L 7=
BEhC 12~48 h 158 U7z, 4B L7, AL, 100 mg OEERIZK LoKEm L7 1M O
FWEERM LTz, AT v 7 A LT, @l (10,000Xg, 15min, 4C) L, EEZEFRILLT-,
FIEIZ2NKOH Z /%, pH % 7 IZF#& L1, PicoProbe acetyl-CoA assay kit (Fluorometric)

(Abcam) D711 b = /WZHE - TH o 7V 2 dif#E U, #OETREE T Infinite M200 FA (Tecan)
EHOWCTHIEL, TEFL-CoAREZER LT,

(15) Real time RT-PCR

FE A7 50 RNA flitH 072, 100 ml D Fe/b i AEBE O 341 (20X 107) 2828 L
180 rpm TEZAL-ZE 41 24, 30, 36, 48, 60, 72 h 8528 L 7=, 7041225 D RNA I ITIE, 7041 (2.0
X10°) Zf/DHERIEHICIART L, 30°CC 5 HHIES#E LIz %8Il L7234 1% v iz,

KB IO, DAETEZIRIEEZOFLE F T L. RNAiso plus Z VT RNA Zi%& L7,
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NanoDrop 8000 (Thermo Fisher Scientific) % F\>"C RNA DR K OWIE 2 I E L7- 4.

PrimeScript Perfect real-time reagent kit (TaKaRa Bio) % f\>C cDNA % #%% L 7z, Real time
RT-PCR % Thermal Cycler Dice real-time system MRQ (TaKaRa Bio) 5 & T}, SYBR Premix Ex
Tag Il (Tli RNaseH Plus) (TaKaRa Bio) # W\ Tir~7=, 774 ~—t v NI yhmA OHIE
\Z AKyhmA-RT-F/IAKyhmA-RT-R % ctpA OliEIZ AKctpA-RT-F/AKCtpA-RT-R %, wetA O

BT AKwetA-RT-F/AKwWetA-RT-R % actA O I E I AKactA-RT-F/IAKactA-RT-R %z F V7=,
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3.3 #ER
(1) CtpA & YhmA ©7 I J BRELH
FHEE D CtpA & YhmA IZZNZEH 296, 299 DT X VNS RDB X XIETHD, W
Thb 6 FREBRAAS &, I bar NI T7Fx VT X7 HEOI@ERYITHD 3 D

P P-X-(DIE)-X-X-(RIK)ELF %A L T iz 79889 (Fig.3.4),

A

TM domain 1
RnCTP 1 MAAPRAPRALTAAAPGSGKAKLTHPGKAILAGGLAGGIEICITEPTE QLOLDERANPPRYRGIGDC 70
ScCtpl 1 ————————————] MSSKATKSDVDPLHSFLAGSLAGAAEACITﬂPFEF RLOLTDKASKAS-RNPLVL 56
AkCtpA 1  —————————- MATSENDERPKPSSLRST IAGS‘[‘AGAIEI}\ITEdPI\EF RSQLNRRLPDAK-KLPWPP 58
TM domain 2 TM domain 3

RnCTP 71 VRQTVRSHGVLGLYRGLSSLLYGSIPKAAVRFGMFEFLSNHMRD-AQGRLDSRRGLLCGLGAGVAEAVVV 139
ScCtpl 57 IYKTAKTQGIGSIYVGCPAFIIGNTAKAGIRFLGFDTIKDMLRDSETGELSGTRGVIAGLGAGLLESVAA 126
AkKCLpA 59 FG-—————- AQWYAGCTTLITGNS LKAGIRFVAFDWLKSLLOD-ENGKTISGPRTVIAGFGAGFTESLLA 119

TM domain 4
RnCTP 140 Vi KFINDQTSSNPE————YRGFFHGVREIVREQGLKGTYQGL TATVLKQGSNOQATRFFVMTSL 205

ScCtpl 127 VIPFEAIKTALIDDKQSATPKYHNNGRGVVRNYSSLVRDKGFSGLYRGVLPVSMROAANQAVRLGCYNKI 196
AkCLpA 120 VIPFESIKTQOLIDDRKSONPR-—--MRGFLHGSKVIFQERGVRGFFQGFVPTTARQAANSAVRFSSYTML 185

TM domain 5
RnCTP 206 RNWYQGDN-—-PNKPMNPLITGVFGAVAGAASVIGN' | RMOGLEAHK-YRNTLDCGVQILKNEG 271

ScCtpl 197 KTLIQDYTDSPKDKPLSSGLTFLVGAFSGIVIVYSTMPLDTVRIRMOSLDSTK-YSSTMNCFATIFEEEG 265
AkCtpA 186 KQMAQGYV-APGEK-LGTASTFALGGIAGLITVYVTQPLDTVRETIRMOSTLEASKENYKNSFVCAARIFKDEG 253

TM domain 6
RnCTP 272 PEKAFYKGTVPRLGRVCLDVAIVFVIYDEVVKLLNKVWKTD-—- 311
ScCtpl 266 LKTFWKGATPRLGRLVLSGGIVFTIYEKVIVMLA-———————— 299

AkCLpA 254 IFTFWSGAVPRLARLIMSGGIVFTMYEKTMDALDGLDPERRYI 296

TM domain 1
ScYhm2 1 MPSTTNTAAAN---VIEKK-PVSFSNILLGACLNLSEVTTLGQPLEVVE[I' TMAANRNFTFLESVKHVHSR 66
AkYhmA 1 MSTATAATAATGOKQLEKK-PVKFSNLLLGAGLNLFEVITLGQPLEVIK[I'"IMAANRGDS FAGAMGRIWGR 69
AkYhmB 1 MSQAVATNTPTLQGNAEQKRPT PYRNLAVGALMN I FOVTSLGOQPLEVIK[THLAANRQDT LRDALQKTWSR 70
TM domain 2 TM domain 3
ScYhm? 67 GGILGYYOGLIPWAWIEASTRGAVLLFVSAEAEYRFKS-LGLNNFASGILGGVTGGVTQAYLTMGFCTCM 135
AkYhmA 70 GGILGYYQGLIPWAWIEASTKGAVLLFVASEAEFRAKV-LGAPDFAAGTIAGGMVGGIAQAYATMGFCTCM 138
AkYhmB 71 GRFLAFYQGLIPWAWLEASTEGAILIVTSSEIEYQARTKFNASPT ICGALGGIGGGVAQSY LTMGMTTCM 140

TM domain 4
ScYhm2 136 KSASAGGVPQSSWSVFKNIYK[{EGIRGINKGVNAVAIRQMTNWGSRFGLSRLVEDGIRKITG 205

AkYhmA 139 K HEMAAQGVKPPSTFATFMDIYRKEGIRGINRGVNAVATROTTNWGSRFGFSRLAETATIRKVTN 208

AkYhmB 141 K RSKMSVGGARVPGALEMFFOITREKGIRGVNKGVNAVALROQVTGWSSRIGISRFAEESTIRKVNG 210
TM domain 5 _

ScYhm? 206 KTNKDDKLNPFEKIGASALGGGLSAWNQPIEVI QSKKEDPNRPENLTVGKTFKY IYQSNGLKGLYR 275

AkYhmA 209 KE-EGOKLNAFEKILASGLGGGLSAWNQPIEVI QSKTDDPNRPENLTVGKAAKYIYDONGIKGLYR 277

AkYhmB 211 KP-KDEKLQFGEKILASTIGGALSCWNQPFEV OSMENDPSRPASPTILSTFKYILATTGVKGLFR 279

TM domain 6
ScYhm?2 276 GVTPRIGLGIWQTVFMVGEGDMAKEFVARMTGETPVAKH 314
AkYhmA 278 GVAPRVGLGIWQTVCMVALGDM-———————————————— 299
AkYhmB 280 GVVPRIGVAAWATICMVGFGDTVEEIVNRK————————— 309

Figure 3.4. Aligned amino acid sequences of citrate transporters prepared with the ClustalW program using the
BioEdit Sequence Alignment Editor (http://www.mbio.ncsu.edu/BioEdit/bioedit.ntml). Sequences of rat (Rattus
norvegicus) CTP, Saccharomyces cerevisiae Ctpl, and Aspergillus kawachii CtpA (A) and S. cerevisiae Yhm2 and
A. kawachii YhmA and YhmB (B). Putative transmembrane (TM) domains are indicated by lines. The
P-X-(D/E)-X-X-(R/K) sequences conserved among mitochondrial carrier proteins (1) are shown in boxes. Amino
acids related to citrate binding are indicated in bold font.
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3 O CtpA & HZFERERED Cipl, HEEEE O CtpA & 7~ b CTP. B L VERE O YhmA
& HEERERE Yhm2 O 7 2 FRELH O identity 1 XE N ER 47, 37, TI% CTh o7, HIFEEERED
Ctpl ([ZBIT 5 7 = U ffhiéa KA A (site | [K83, R87, and R189] and site |1 [K37, R181, K239,
R276,and R279]) (X F#E O CtpA IZ bIRFES LTV O F - HEERERE O Yhm2 (2515
HIEREA R AL THD (site | [E83, K87, and L91], site 1l [R181 and Q182], and site Il
[R279]) & FHHE O YhmA I B W TR S LTV 97 (Fig. 3.4),
HEE O 7 A B2 yhmA Otz 9 —oD yhm2 REw 7L HE S D yhmB
(AKAW_02589) H3MiAF S4L TV 2, YhmB (X309 7 X/ Web7e D 2 LRV T, HIFREE
B Yhm2 & D7 2 ERECHO identity # 53% T o 7=, £7-. IEHEA KA A L Th D site
I BL site Il BERFSNTW oD, I hary R T7xy U720 37 E LTOKEE
EEOZ EBHERI S U, Ly LR 6 yhmB IR TR I BV CREDHERR ST %),
F o, MR D RBUUN L 678 hr o 7272 (data not shown) . AHFZE DRG0 5 BR
7o
(2) CtpA & YhmA 0 2 = L FRsiETE M
H 8 O Ptet-ctpA-S k35 L O Ptet-yhmA-S #E & 0 . 241241 CtpA-S & YhmA-S Z k58 L
T2e 2B, TNHDORIZEBUWT Tet-On 7' 12— — DOl F T CtpA-S & YhmA-S % 5 il
cEsZ LamR Lz (Fig. 3.2), KL L7z CtpA-S B LU YhmA-S % U 7R Y — AT 4
Bl L, Hifigig e E M L) B KON ks (oxaloacetate, succinate, cis-aconitate, citrate,
2-oxoglutarate, or malate) |2 3517 % MC citrate D HiRsIEHEZ MIE L7- (Fig. 3.5), & Dk F.
CtpA-S 3 L Y YhmA-S IZHEE DO SLEIC B W ClE, siEtE 2 c&E oz, £72,
RIS S ClX, CtpA-S | oxaloacetate, succinate, citrate, 2-oxoglutarate & bbifgs LT,
malate 35 £ OY, cis-aconitate (Zxf L CRWEERREMEZ R L7, MZ T, CtpAS &

2-oxoglutarate (ZXf 3 DM EIEE N R LR W E R RB Iz, —FH . YhmA-S X
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2-oxoglutarate, malate, citrate, cis-aconitate, succinate OJEIZxl L Tl AW FEE Ry 5L 4

IRLTEDY, DT oxaloacetate (219 D EREIEMEN e D ARV & BRI E LT,

Oxaloacetate
Succinate
cis-Aconitate
Citrate
2-Oxoglutarate
Malate

No substrate

0 10 20

Citrate transport activity
B (pmol/min/ng protein)

Oxaloacetate
Succinate

cis-Aconitate
Citrate
2-Oxoglutarate
Malate

No substrate

0 20 40

Citrate transport activity
(pmol/min/ng protein)

Figure 3.5. Citrate transport activity of (A) CtpA-S and (B) YhmA-S. CtpA-S or

YhmA-S reconstituted proteoliposomes were preloaded with or without 1 mM internal

substrate (oxaloacetate, succinate, cis-aconitate, citrate, 2-oxoglutarate, or malate). The

exchange assay was initiated by adding 1 mM [MC]—citrate (18.5 kBQ) to the exterior of
the proteoliposomes and terminated after 30 min. The mean and standard deviation were

determined from the results of 3 independent measurements.
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(3) ctpA B L O yhmA Rk D F=HAY

CtpA & YhmA OAEFREEN Z T 5720, SIER A HEEE L 72, ActpA #RIZ 25, 30°C
DM TEFREIELZ /R LT (Fig. 3.6A), ZORBAT 37, 42°COFM: CRIEMM A B
2o ZOFRHEANT A niger I231F 5 ActpA MRMEIRRZ A RS L WO MR L —E Lz ¥,
— 5 T AYhMA BRIZE TOIREEIC B\ T > b o — LRk & i U CA B IBIE %2R~ L 7= (Fig.
3.6A),

WA BIRO I3 EFTERREIC DWW T HLR L7z (Fig. 3.6B) o iV EEHUC IV T 4 HRIEE 4
SETIBBREZFE L, an=—mEOHZ D ONETRELK LT, TOME, ActpA Fik
L OV AyhmA Bk D3 A3 = v b o — LR O 30%FLE CTh - 7-72, CtpA & YhmA |E
DEFRITBWTEEREE Z 6O EAVRIR SN, o, 26 ORBIKEIS
T-OMMIZ L [EE LT,

I, ctpA & yhmA O " HEAERE O Z R AT 08, ERIZ 2 T~T e U A IR TH
- 7= (datanot shown), & Z T, ctpA & yhmA & " ERFEERRNARRESE & 72 5 AJREMEN B 2
=20, AyhmARRIZE W T, Tet-On v AT L& W otpA D 25 1 3 3 FLFEBLER

(Ptet-ctpA-S AyhmA ¥k) ZA4E5E L7-, Ptet-ctpA-S AyhmA | Dox OUSISf: Cldan =—%
R TE Db DD, RIS TIIRAREFTRILEZ R LTz, BREICB W Tk

H BIZH1T D ctpA & yhmA O “EREEITARESE L 72 b Z LR Sz (Fig. 3.6C),
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Figure 3.6. (A) Morphology of A. kawachii colonies. Conidia (104) were inoculated onto M agar medium

and incubated for 4 days. (B) Conidia formation on M agar medium. Conidia (104) were inoculated onto
M agar medium. After 5 days of incubation at 30°C, newly formed conidia were suspended in 0.01%

(wt/vol) Tween 20 solution and counted using a hemocytometer. The mean and standard deviation of the
number of conidia formed were determined from the results of 3 independently prepared agar plates. *,
Statistically significant difference (p < 0.05, Welch’s t-test) relative to the result for the control strain. (C)

Colony formation of the A. kawachii Ptet-ctpA-S AyhmA strain. Conidia (104) were inoculated onto M
agar medium with or without 1 pg/ml Dox and incubated at 30°C for 5 days. Scale bars indicate 1 cm.
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(4) BERICISIT ZHBES: - REBD PN D HRER YR BE D b

7 T UBREEEICE T S CtpA & YhmA OEEIZ B 60T 5720 Kk % i/ BEHCRi
Bia% Lo, CAPE5HLT 48 h 1538 L. AR DA PEMEZ i L7z, 7235, Ptet-ctpA-S AyhmA
FRIZEDEFHIC B W TAEBR TERWesd, £7° Dox & i L7z /b B5 i CRiE R L7-1%.
Dox Z N1 L T 72\ CAP B5 M CREE LTz,

HPLC f#fric kv | Mgt o AHElE L LC, FERAWIBRTHL 7 = U mofic, Vo=
iz, 2-4F Y I VA NVERE ER LT- (Fig. 3.7A), ActpARkiZ=y b — ke bl L <,
33 ED 2-AF Y FIVHNVEREAPE LTc, —TJ7. AYhmA #RIZ 7 = A pE )y 0.24 512K
TL., 2-4F Y J OV VERAFERD 16 f5ICHN L7z, F7-. Ptet-ctpA-S AyhmA FRix 7 =
FRAEPEREN 0.06 [FITIK T L, Uy IFAEREN 29 FICHM, 2-4F Y 7 VX VERA D
20 fEIzEE N L 7=,

AENES B W THFEERIC, 7= ®, U T, 2-4 %V 7 v iz e LTz (Fig.
3.7B) . ActpA #k & AyhmA BRIZFW T AN 7 = VBRI FE 1A B e B IE A B v o T,
L2vL. ActpA BRI = b — LRk LBl L C U > TERIEE A 0.58 {52/ F L. AyhmA ¥k
TRV TWRPRFEDN 046 (5. 2-4 %V TV H VERIRFE DS 0.5 51K T L7z, & B 1T, Ptet-ctpA-S
AYhmA BRClE, 7 = U BRIBEN 018 15, U > TERIREEAN 0.35 fi5, 2-4 5% 7L X )LEEIS 0.18
D LTz,

PLEDOFERNS . CtpA & YhmA (TN O G HERREPEIC BV CEHEERKREINDH H 2 &
DRI Tz, Eo, Mgy = WAERILY v T, 224X Y I VE NVBBEFER L AD
FHB & M3 A BTz, ctpA & yhmA O ZERESAFIZ L 0 | /iast - filaio 7 =
FeD /7 T U RRIEN S DI T L2 &b, 7 = UBRAEPEICIS T 5 CtpA & YhmA OR&RE

WIZTURMER B D Z & DRI ST,
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Figure 3.7. (A) Extracellular and (B) intracellular organic acid production by A. kawachii strains. The
control, ActpA, AyhmA, and Ptet-ctpA-S AyhmA strains were pre-cultured in M medium for 36 h, then
transferred to CAP medium and further cultivated for 48 h. The mean and standard deviation were determined
from the results of 3 independent cultivations. *, Statistically significant difference (p < 0.05, Welch’s t-test)
relative to the result for the control strain.
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(5) ctpA & yhmA DERE L)L D g

AEFBIWFRIZIS T D ctpA & yhmA DEEE L)L 25X % 728 4 growth phase (23517 5 RNA
A L. real time RT-PCRICK D ER L7z, £ MRIKNRDIEMZ FIW A RERHIC B
T D EA R EE A IE L. (Fig. 3.8A), WKREHEIZH-SUW T, 24 h 7° lag phase, 24~30h
73 early log phase, 30~36 h 7° later log phase, 36~60 h 7? stationary phase T& 5 Z & 23 /RIE
Ehiz, £, HEFHHO RNA HHHIZOW T, SAEFICB WO THRRIICEEIT 5 wetA
WART P2 ERET B L TR Lo, 24 O wetA DR G RITE R & bl LT 1345 <
DETFS RNA ZHH TE TV D Z L3R S 7= (Fig. 3.8B),

AT 4 growth phase & 734112331 % ctpA & yhmA O#RE (2> T Ll L 7= (Fig. 3.8C)
BDEMICIIT D ctpA DOEZE 34 growth phase [IZBWT—ETh o728, HEFITBW
THHEICHREENEINT 2 2 L AR SN, £72, yhmA 1 48~60 h @ stationary phase (Z
BOWTEGEMEESND Z LaVRR Sz, —T7, DAETFICBT S yhmA DG EITEEKRIZ
1% lag. logphase & [R L~ /L TH-o77,

£/, AOEH L CAP EsHIC BT ARG ROk 21T 7= (Fig. 3.8D), T DOfiHE. ctpA
& yhmA I TV . AR S RS L T CAP B HIIZB W CHEREENE W Z E2VRIE S

7’9
—o
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Figure 3.8. (A) Growth curve of A. kawachii in M liquid medium at 30°C. (B) Comparison of relative
expression level of wetA in mycelia (stationary phase at 36 h) and conidia. (C) Comparison of relative
expression levels of ctpA and yhmA in mycelia and conidia. (D) Comparison of relative expression levels
of ctpA and yhmA in M medium and CAP medium. All results were normalized to the expression level
of the actin-encoding gene, actA. The mean and standard deviation were determined from the results of 3
independent cultivations. *, Statistically significant difference (p < 0.05, Welch’s t-test) relative to
results obtained under other conditions.
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(6) CtpA-GFP & YhmA-GFP DR PN B7EM#:

C K¥ilZ GFP Z @l 72 CtpA-GFP 35 L TY, YhmA-GFP % &Ml ik CREL S &, e
NIRTEABIE LTz, REBIBIZOMEF, CtpA-GFP 35 LY, YhmA-GFP |34 fliErk o 57
AT 2 2 LR E T (Fig. 3.9A), £, ®ADHHICIK T 2 RfEBlE 4T L 2
5. YhmA-GFP Hi sk Dk s %1% MitoTracker red CMXRos HISED Rt & B~ 722 &
226 YhMA-GFP XX =2 RU TICRTET 5 2 & R S ufz (Fig. 3.9B) — 77, CtpA-GFP
Dk Ed oI h/ D EICB W TR T X 720>~ 7= (data not shown), ctpA & yhmA DO#EE
FIX CAP BTN L 7= Z & 226 (Fig. 3.8D) . ¥KIZ CAP E5HL COJRTEBlEi 217> 7=, CAP
FEHIZ BT CtpA-GFP & YhmA-GFP O W9 & 48 2 f H T & . MitoTracker red
CMXRos D 7w & K3 &E72 ~7= (Fig. 3.9CD), ZiLH DfERMNMS, CtpA-GFP &
YhmA-GFP 13X b2 KU TIZRET A Z L ARIBE N7, 728, HT GFP fiik% v /-
YhmA-GFP DU =25 71y MI K-> T, MILEEZIZS YhmA-GFP O3 fifi) & HEE S
NHR RS T2 Evn (Fig. 3.10) ., SERICITER LR T2 RKINE., iR
MDOEN 7T LD RN E 2 DIV,

PLGFP ik Z Wy = 2% 7 my MEHTIZL Y, CtpA-GFP & YhmA-GFP (X%
NHETE 5y 75 58.8 kDa & 61.1 kDa DZ{EIC Ny R &7z (Fig. 3.11), £72. £¥H 5
DE X7 E S E OB L Tz L C CAP HEHIZ W TR W VR DN AR &7z
7o, 7 UBRAEFESRIEIZEB VT, CpA & YhmA XX U 7L~V THERHTA 2 L

HERR ST,
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YhmA-GFP

control ActpA cltpA-gfp
control AyhmA yhmA-gfp

YhmA-GFP CtpA-GFP

MitoTracker MitoTracker

Figure 3.9. (A) Expression of CtpA-GFP and YhmA-GFP complement the phenotypes of the A.
kawachii ActpA and AyhmaA strains, respectively. Control, ActpA, and ctpA-gfp strains were grown on
M agar medium at 25° C, whereas the control, AyhmA, and yhmA-gfp strains were grown on M agar
medium at 30°C. Scale bars indicate 1 cm. Fluorescence microscopic observation of (B) YhmA-GFP
in M medium and (C) in CAP medium and (D) CtpA-GFP in CAP medium. Scale bars indicate 10 pm.
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/kDa

Figure 3.10. Immunoblot analysis separated organelle and cytosol fraction of yhmA-gfp strain. The yhmA-gfp
strains were cultivated in M medium. Protein concentrations were not determined. A total of 10 pl of each crude
cell extract was subjected to SDS-PAGE on a 10% acrylamide separating gel and then blotted onto PVDF
membranes for immunoblot analysis. YhmA-GFP was detected using an anti-GFP antibody (Roche, Basel,
Switzerland) and Chemi-Lumi One (Nacalai Tesque, Kyoto, Japan). D and S mean debris and supernatant,

respectively.
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Figure 3.11. Immunoblot analysis to assess expression levels of CtpA-GFP and YhmA-GFP. The control,
ctpA-gfp, and yhmA-gfp strains were cultivated in M medium or CAP medium. Protein concentrations were
determined using the Bradford Protein Assay kit (Bio-Rad). A total of 10 pg of each crude cell extract was
subjected to SDS-PAGE on a 10% acrylamide separating gel and then blotted onto PVDF membranes for
immunoblot analysis. CtpA-GFP and YhmA-GFP were detected using an anti-GFP antibody (Roche, Basel,
Switzerland) and Chemi-Lumi One (Nacalai Tesque, Kyoto, Japan). Bands of the predicted molecular weights of
CtpA-GFP and YhmA-GFP are indicated by arrows. The results confirmed that the expression levels of CtpA
and YhmA-GFP were higher in CAP medium than M medium.
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(7) HZFEERHZIST 2 ctpl AEZERER, yhm2 ARERER DFRAHER

CtpA & yhmA 23 HHZEEERE Actpl 36 KON Ayhm2 Bk D E B 2 404§ 2 00 8 9 E et Lz,
FT. EATHIRICL Y | ctpl OREEIIRIVIEL 52202 ERHE SR TWeed)
0 Actpl BROF BV ZAFAT L 72 ARIE A b L2 (15°C) , #illBE 2 I L % (congo red < clcofluor
white) . FFEDKHER (Z L a—2A0E, 7 ) tr—) ICBT2EFRRET 7208,
ACtpL BRIZRFEIN 70 KRB Z N3 Z &L A TE o 7o 728, Actpl BRIZ 81T 5 FEEE O ctpA
DIHERRITAT DR h > 72,

WIZ, Ayhm2 BRIZI1T 5 yhmA ORISR A 1T o 72, Ayhm2 BRIZEEE 2 R EIR &+ 2 &
B (SA) ICBWT, AFRELZRT 2 EA@E SN TS (Fig.3.12) @, Ayhm2 kkicks
7% yhmA OFEBLL, yhm2 ORI & BAEIC Ayhm2 Bk DA B ZEE SE7-2 &b, ABE

D yhmA IZHZFEERED yhm2 ORSREZ A CTE 5 2 & DRIB S L7z,

Control

Ayhm2

Figure 3.12. Expression of yhmA complements the S. cerevisiae Ayhm2 phenotype. Ten-fold serial

dilutions of 107 cells of control strain, Ayhm2, Ayhm2 + yhm2, and Ayhm2 + yhmA cells (all strains
pre-cultured for 24 h in SC medium without tryptophan) were inoculated onto SD (glucose) or SA (acetate)

medium and incubated at 30°C for 3 days.
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(8) HABINT X/ BRIREE L 7 BT L -CoAIREE

FAEMZBN T, TCA RO DL X7 IV BERDIER &80 2 L2
HALTWA ™, E7-. A nidulans =2 A. niger |23V THIKWE D 27 = L 2 7 & F/L-CoA D
HHAIR & 720 Z LN STV D PO, 2 2T, RBETRESN O T R R, Tk
FIL-CoA A RIS FIETHBIC OV TRl Lz, BER AT A AR O JIE & [AERICAT -
77

ZDORER, ActpA Rk L AyhmABRIZIW T, Ml Y O RERZNE L, 029 fi5, 04 %
(K FL7= (Table 3.3), F£7-. Ptet-ctpA-S AYhmA KR TIET AT X U0/ V2 2 R,
gV VY T I DORENENEN 053, 053, 043, 028, 0.31 fFIZIK LT
W, EHIT, MY & FL-CoA R A HIE LR AR, Ptet-ctpA-S AyhmA #ki%, ==
— LRk & Hei U C 042 fFIfE F LTz (Fig. 3.13),

Table 3.3. Intracellular amino acid concentrations of Aspergillus kawachii strains.

Amino acids Strains

(umol/g wet mycelia)  Control ActpA AyhmA Ptet-ctpA-S AyhmA
Asp 9.06 £1.90 5.53+0.76 7.00 £ 0.67 4.85 +0.47*
Ser 9.39+2.69 6.74 £ 0.60 9.65 £ 2.02 6.44 £ 0.43
Glu 23.93 +3.02 1890+181 27.12+055 12.76 +2.36*
Gly 14.60 £ 4.02 13.16 £156 1754+2.07 6.31+0.34*
Ala 128.39 £31.24 118.05+4.47 153.34+4.57 39.81+4.18*
lle 5.47 £3.37 3.19+0.30 1.12+0.076 3.06 +0.20
Leu 17.09+933 8.44+2.28 10.32+1.28 6.76 +1.67
Tyr 9.97 £2.65 6.90 £ 0.83 8.28 £0.45 6.97 £ 0.46
Phe 1232+285 892+1.35 10.46 £0.70 9.05+0.52
His 23.05+4.20 14.03+1.48 17.07+099 1457+0.77
Lys 36.81 +£8.00 10.52 +3.41* 1592 +1.80* 10.19+2.67*
Arg 102.74 £ 2855 56.88+7.02 5224+218 46.85+2097
Met 2.30+£1.10 1.33+0.36 1.37 £0.26 1.22 +0.66
Val 8.54 £2.42 5.75+1.08 585+1.04 3.48 £1.47

* Statistically significant difference (p < 0.05, Welch’s t-test) relative to the result of control
strain.
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Figure 3.13. Intracellular acetyl-CoA concentration in A. kawachii strains. The control, ActpA, AyhmA, and
Ptet-ctpA-S AyhmaA strains were precultured in M medium for 36 h, then transferred to CAP medium, and
further cultivated for 48 h. The mean and standard deviation were determined from the results of 3
independent cultivations. *, statistically significant difference (P <0.05, Welch’s t test) from the result for

the control strain.

(9) Ptet-ctpA-S AyhmABEDEFITBIT B 7 X /B, EiRIRINOEE

Ptet-ctpA-S AyhmA FRICIB W T T I 0T £ F/L-CoAREDIR F iR bn-7-0, £HF
BEAE & DR Z OV T L7z, Ptet-CtpA-S AyhmA ¥k % e /D FEREEHIIC Dox, &5 FEDT 2/
g, 2 WIXEHET N Y 7 AZRIN LB CHE#E L7= (Fig. 3.14A) , Ptet-ctpA-S AyhmA £
DEFIZT ) v E e AF VRN Lo TIWE SN o 7oy, TANRT X U], 7
NEIVEE, 7= AT =0 TAX=UORINZE Y EEERICHD, Vo HHn

ERFRRIE O K0 B ICE ST, o, RIERHIZB W THRRICERZ1T- -
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EZA W FY T LB LWNEY D OEMNT LY | Dox DIRANEE & [FSELL_EIC AR R S
BINDZ eI (Fig. 3.14B), L2rL, HREFHICORER & e v | IRIRETHIIZ
BOWTETAF=CIINRHCIB W THER S ) 7L DRI E RSO EFTUEN R

onLTn, T OFEKEH ERIKES IS BT 5 R 2B\ TIE, 5% S b7 5BMN%E

-

BRAVETH D,

A

M + Pro M + Asp M + Phe
M + Arg M + Glu M + Lys M + His M + Acetate
0.05
0.045 ——M

0.04 - [ ——dox
0.035 {r ——pro
0.03 : Rephe
—#—asp

0.025
—o—arg

0.02
glu
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-0.005

Figure 3.14. Effect of amino acids on colony formation of the Ptet-ctpA-S AyhmA strain. (A)

4
Conidia (10 ) of the Ptet-ctpA-S AyhmA strain were inoculated onto M agar medium with or without
1 pg/ml Dox and with 0.5% (wt/vol) various amino acids. Scale bars indicate 1 cm. (B) Growth
curve of A. kawachii in M liquid medium with or without Dox and supplemnted with proline,

phenylalanine, asparatate, arginine, glutarate, histidine, lysine, leusine and acetate at 30°C

53



(10) ErfgT RV U AB I WY D UBMKED T & F/L-CoA REE

ez b U U LB DT Y O OB &V | Ptet-ctpA-S AyhmA BEDAE B ANBEE 12
N e, BT R U ARU DU OWINET & F /L-CoA IR A2 U7 25 A RetEN %
Zbiz, £ZC, Bl U 7AW NCY U SHIEN O 7 T L-CoA R RIS KIE T 5
BIZOWTHAE L7 (Fig. 3.15), F£9°, Ptet-ctpA-S AyhmA £k % Dox Z ¥R L 7= /b B5
BT 36 h ks Lok, WA RO, 36 X ORI Dox, BT MY v A, &
BVNEY DU ERRMUE-ICE LT, 851212, 24, 48 higER L=, 0%, MlNT
TFI-CoAREZMIE LTz, 7ed, AIREEE 7% OBEIKEZ 0h & L TRERICT & F/1-CoA
EEAEZHE LT,

BRI I1T 5 Ptet-ctpA-S AyhmA BROHMIRIN T & F /1 -CoA IR EEIL, 12, 24, 48 h1%IC
ZHEIL, 047, 041, 0.36 i & RRIFHIICIK T3~ M2 A b iz (Fig. 3.15), —J4 . Dox,
el bV O AU DU BRI LT 4 TIE, 48 h B33 RFIC Dox &V ¥ IRINIREIZ 38U T
ZNEN 052 %, 028 525 b DD, 12~24 h BEFEIFCEB VT, 72T /L-CoA JRJE
DYCEED O BT,

PLEOFER LY, CtpA & YhmA ITHIfRE O 7 & F/L-CoA G RICEE TH Y | Ptet-ctpA-S
AyhmA #ED A B REITHIEAN T £ F /L-CoA DRENFIKTH D Z LR En, -,

HEE N Y 20 %7 B FL-CoA DFRTRE L TR RIRETH 2 2 L AVRE STz,
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Figure 3.15. Intracellular acetyl-CoA concentration in A. kawachii Ptet-ctpA-S AyhmA strain. The
Ptet-ctpA-S AyhmaA strain was precultured in M medium supplemented with 1 pg/ml of Dox for 36 h,
then transferred to M medium with or without Dox or with acetate or lysine at a concentration of
0.5% (wt/vol), and further cultured for 12, 24, and 48 h. The mean and standard deviation were
determined from the results of 3 independent cultivations. *, statistically significant difference
(P<0.05, Welch’s t test) from the result obtained at 0 h (preculture for 36 h).
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34 EBE

AWFFETIER, AFEDOI Far R TR = UEEE RO RE 277+, L3RR Ctpl
& Yhm2 OFRFER Z L LT CtpA & YhmA Z[FEE L7 3, Cpl ORE 1 V3BT
BOTIELRE SN TN A, Yhm2 ORE v Z 132 & RIS TN 2, E12,
BURZRNZ L1 F % U o Z SO RRE SN T, yhmA X =B S g R A o — R
% CtA BT O MRICARFS TS Z &2 R L7z (Table 3.4), & 512 citA @ _EifgIZIE
RNA #6454 87 Bk a— R4 5 IR NRDIVOKRE 1 7B RF ST, Al
F7 TR =T F v UV THEMICOBEFSNTEY, RICFEEMICET 2V v n
v A B AHMARLY 7 U FHEHPNIIRE STV RN D, Frv U o ¥ i oL oEE
TR SNBIn 7 TAZ—Thb I EBTRINT,

SEATRFZEIZ L 0 | ctpA 1T A. niger DIEHEWIINC BT 5 7 = A PEIC 545 2 & N
ENTWER B CpA O 7 = VR EHEMIIARH TH - 72, AWFZETIL, ABEO CtpA
& YhmA 73 7 = U RREEER Tl D Z & & LIRS EER L7z, CtpA & YhmA 235 B 0
FAAE T TOHEETEMEZ R Lc 2 813, HBFBERNCIIT D Ctpl B LT Yhm2 Db & —
By ),

CtpA X cis-aconitate 35 L U%, malate Z xR & L7BRIC RV 7 = Rk TE 2 7~ L7z

(Fig. 3.5A), ZDIZEBWT, CtpA OIEERFEIET Y = -V o IR R & LT
MBS HFRERE Cpl & T v b CTP & RO BB Z R L7 2™, —J5, Ctpl & CTP
CITF72 DR E LT, CtpA I3 citrate/citrate AZHUEMEAME N ATREMEDS /IR 7 2578
YhmA | citrate, 2-oxoglutarate, malate, cis-aconitate, succinate (Zxf L C. MBgJAVFE RE R
MR L7z (Fig. 3.5B), ZOREAAEMICHOWTS Yhm2 MR & FEORERTH-T- 1
DD ™ YhmA (2 Yhm2 & %721 | malate & cis-aconitate (25 LT & i WV IEEU RS BE 2R3

T LAVREE T,
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TR DA HERRTRE 2 L7, 7o Ui e U Y IR, 2 4% ZVZVERDH 40
umol/lg (MFREEAREEYS7-0) LIFERETHDLZ La R LT (v he— el T3
&7 UWED 25umol/g, U > RS 34umol/g, 2-4 5 7L VEEDS 52umollg ThH o 72),
CtpA 13V > TR 2 FE RN & Lhle LT, 2-24 % Y OV Z VBRI 3t 2 H B R bk
PMENZ & A2 BET 5 L& CpA ITMINIZI VT = k- U o TRRAS B AR & L ChgRE
T 52 EnHEE S (Fig. 35A), F72. YhmA X 2-4F Y Z VX VERTE T T, U v
IFRITK LT HEW Y = UEREIEME A2 R T 2 DL YhmA ITfilaNiciBnW T, 7 =g
RAXY TN NRETTY AWM AR U CHRRET D SR ST,

M2 T, BEEO yhmA [ X HZERERE Ayhm2 BRO KRB 2 M4 L 7= (Fig. 3.12), Z DfER
A5, YhmA 7% Yhm2 & [EEEO ARSI 2 b o 2 LAVR ST D, R Pl A
niger DA FIZ SN T, FEEHICB W THIE D 7 = g3 7 = =% —+F (AKAW_02593
and AKAW_06497) & NADPYKFRLS v 7 = T v Ru/t—+¥ (AKAW_02496) (T X
ST, AV I UBEN LT 224XV INEABICERIND & THlEiiz (Fig 3.16),
HAFRERC ISV, ZORISIZE Y NADP™AY NADPH [ZA# S 115728, Yhm2 135
B D NADPH OFEICEETHH Z EBHLMNTAR-TEY P, AMEICHE N TH YhmA
(ZIRER D A BRI & 2 © D RTREMEDS RE S vz,

HEE I T, ctpA & yhmA O “HER A ST 5 2 LN TE D o7, Ptet-ctpA-S
AyhmA R D ctpA R BLINHI SoF CIRAN I AE BRI 2R L7 2 & v D, ctpA & yhmA & Efil
BT RDE L FIZ W TERRESE & 72 2 "ReMENE 2 b7z (Fig. 3.6C) , Ptet-ctpA-S AyhmA
FRIZ ctpA-S FEIEFELEICBWLT, AN T & F /L -CoA IEENAZIIET L722 (Fig.
3.13), £727 B F/L-CoA OHEFGIH & 7R DEFELT MU 7 ADOIRINC X 0 AL TR LE &
M7= (Fig.3.14A), A. nidulans & A. niger (28T, MIfRE D 7 & F/1-CoA O KI5y % ATP-
I ) TP Lo T, Z VBN EREND T EPRESA TS P, flxE,

A niger IZB1F 5 ATP-27 = g ) 77— % 22— K9 % acll 35 L WM acl2 OfkEIL, MlE o
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72 F-CoA BRA BT L DA R AEBRIEL b7 b 2 ERRESNTNE O, Zhb
DFER L FATRB T HHRIZEESN T, BBEIZB W TIE, CtpA & YhmA 2B gEH L7= 7
T UREDSHIRE D 7 & FL-CoA D EZRMAGIR & 7e > T D 2 &E3F 2 biTe,

E 51T, ActpA B XY, AyhmA. . Ptet-ctpA-S AyhmA kD —BEREESIFIZ BT, Hlam
VU VIRENERIIKRTT5Z L& R L7z (Table3.3), 7. Ptet-ctpA-S AyhmA FRIZF W
TU T DOEIMIT EF/V-CoA BED RIS EFRBIEOREL 2D L2 b

(Fig. 3.14,3.15), X b= KU T D7 = gk L 72 F /L -CoA Gk, V¥ ARkofic
XS OBENH D Z LR sz (Fig. 3.16), BEEICHBWT, U P idHiRED 2-
TRV ITNENEREIEELE LT, -T2 )TV VBRKBICL > TAREND Z EB5
NTn3 O KEISIZBWT, 2-4F Y ZAZAEEE T2 FL-CoA Ik > TRESZ =
ek &5 (Fig. 3.16), EHIC, DU VU AICHERH &SNS 2-4 %V 7V Z ViR,
FREORBIREEZ I LT CtpA & YhmA DB L7727 Z UL AR ENL B2 bid

(Fig.3.16), L7275 T, Ptet-ctpA-S AyhmA FRIZI\W\N T, 7 & F /L-CoA IR DK T IT 2
T, MfEN 2-4 XY TV EVBOKTICLD ) PV OEMAELATRIEE 725 Liza]
REMEREZEZ LTz, AT, VYOI E Y 72T L-CoA BEDUENALNTZZ &
22T (Fig.3.15), -7 2/ 7 VEVEBRBOWISICE > T v npfian ™, =
DIBFETT B F/L-CoOA NARIN TV D Aa[EEMEZ R LT\ 5 (Fig. 3.16),

BRI, FEE Ptet-ctpA-S AyhmA KRS Y U BERMEZ R L7eDizxf LT, HEFEEERO
ActplAyhm2 #kiZ. Ayhm2 Bk & RO R B 2742 E 0BT ShT05 @, ZoFERICIE
lys2-801 D HZEEEREASBIMLE & LT ST ez, B Y ¥ 0 23 L= 5T EBR
PITbN T\, £2C, VY E2ERLARW (LYS2) #Tdh D W303-1A HRicHW\ T, #r
7212 ActplAyhm2 BRZRESE L 7=, L2>L7e3 5, LYS2 & %D ActplAyhm2 #K % lys2-801 @
ActplAyhm2 £k & FIER DR B 277 L7 Z & 225 (data not shown) , HEEE & HZFEEREIC I U

T, S Far NI 707 = CRRYEEIIZR R 2 EMNERN O L5 2 LIVRIR S T,
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HEERERECIE ATP-27 =) 77— DRt n ZJIIREFESNTELT, EAE VBT E R

4 — (PDH) /3 A /SAIZ L 5 TTEFL-CoA REE SN TN D Z &b T &%,
Z DT B FI/L-CoA G DEWVIZ L - T, ARE & HHFFRMICBTL2I Fa R T

D DY T UFRPEH OB ERITIEO A U TN D 2 E R S vz,

3.5 /&

CtpA & YhmA IZEBEICH N T, 7= U E ARG T 5 hary R 7 RERO 7 =
VIREIEARTH D Z ERH LN ot Fo, MBI SNy = BIE T e T L

-CoA D EZRMHGIRE L TEHETH L Z LRSI,

mitochondria cytosol acetate

acetyl-CoA synthase

acetyl-CoA

oxaloacetate
malate malate

ATP-citrate lyase

citrate citrate » isocitrate

aconitase
isocitrate
NADPH dehydrogenase
malate malate

2-oxoglutarate 2-oxoglutarate
acetyl-CoA ﬁI homocitrate synthase

9

4 a-aminoadipate
lysine  pathway

Fig. 3.16 Putative relationships between citrate transport, acetyl-CoA synthesis,

generation of NADPH, and lysine biosynthesis in A. kawachii.
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EAE PHEHICBITAWEATFNVIT AT 25 —F LaeA

(2 X% 7 = U PRAE EERI ISR DT

41 WS

A niger IZBW T HEEA TNV N T VAT =T —BBIE T laeA D RN 7 = U FREFEDE
MRMET 2070 2 ERMESNEN Y, LaeABEDL I AN =X LT =V RATE
EHAH L TOBMIOWTIEH BN E o TR, RETIE, ARFEICEHT 5 LaeA &

TEHIE AR 7 o PRl R CexA DISELD BIHEMEIC DWW RS,

4.2 EBMELR X OHE

(1) BERBEHRL L ORERGIE
%8 Aspergillus luchuensis mut. kawachii SO2 # % JEHEEE#OBIE L L THEH L7
(Table 4.1), = b B —/LRRITELEI RO &[] URBESRME AR TRR L B LT,

H B O B4 13 05 (1% [wt/vol] glucose, 0.6% [wt/vol] NaNOs, 0.052% [wt/vol] KCI,
0.052% [wt/vol] MgSO, 7H,0, 0.152% [wt/vol] KH,PO,,  Hutner's trace elements [pH 6.5]) *©
R LT, 70, SEROAEEEFEME 2 SHRAICEME T 572, YPD H5Hi+ 2% methyl
red Z{# il L 7=, methyl red /& 100 mg % 100 ml D% J — /VZERfE LT-%%. 0.1% (wt/vol)
® NaOH Z RN HEAIZENT HETHRMLIZb DR Le, 7 = BAEEROHE
\ZI%, 7 = B PE (CAP) 54 (10% [wt/vol] glucose, 0.3% [wt/vol] (NH,4),SO4, 0.001% [wt/vol]
KH,PO,, 0.05% [wt/vol] MgSO4-7H,0, 0.000005% [wt/vol] FeSO,-7H,0, 0.00025% [wt/vol]

ZnS0,-5H,0, 0.00006% [wt/vol] CuSO,-5H,0 [pH 4.0]) Z4# i L 7=, /b istbicid, 2B
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T 0.8MNaCl, 15% (wt/vol) 2K, 0.211% (wt/vol) arginine, & 5\ % 0.02% (wt/vol)

methionine Z RAN L 77,

Table 4.1. Aspergillus kawachii strains used in this study.

Strain Genotype Sources or References
SO2 (AsCAargB)  ligD" argB::hph sC 45

AsC ligD" argB::argB sC This study
AsCAlaeA ligD" argB::hph sC" laeA::argB This study
AsCAlaeA2 ligD" argB::hph sC" laeA2::argB This study
AsCAlaeA3 ligD" argB::hph sC" laeA3::argB This study
CK2 ligD" argB::argB sC::sC 91

AlaeA ligD" argB::hph sC::sC laeA::argB This study
AlaeA+laeA ligD" argB::hph sC" laeA::laeA-sC-argB This study
AcexA ligD" argB::hph sC::sC cexA::argB This study
AcexAOEcexA ligD" argB::hph sC" cexA::argB pGS-PgpdA-cexA This study
AlaeAOEcexA ligD" argB::hph sC" laeA::argB pGS-PgpdA-lacA This study
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Table 4.2 Primers used in this study.

. . Sources or
Primer name Sequences (5'-3") References
AKlaeA-FC TGATGCTCGGAAGGCACCAG This study
AKlacA-F1 AGCCAGGCGCATTTCCCACC This study
AKlacA-R1 GCATGCAAGCTTTCGCGAGCCGTCGCCATGGTGATTGG  This study

TGGGTGC
AKlacA-F3 CCGGGTACCGAGCTCGAATTCGCGGGGGCGGCCCGTCC  This study
CTTTG
AKlacA-R3 CGGCGCGGATGAGGATATTG This study
AKlaeA-RC CCCGACGTTCTCACAATCG This study
AKlacA2-FC CTGATGAGGATGACTCAGC This study
AKlacA2-F1 GCAGTTGAAGACGTCAAAGG This study
AKlacA2-R1 GCATGCAAGCTTTCGCGAGCCGTCGGCTCCTCTTCATC  This study
ACACGG
AKlacA2-F3 CCGGGTACCGAGCTCGAATTCGCGGCACGTATACCAAG  This study
CACGG
AKlacA2-R3 CAGCCTGGTCATTGACCATG This study
AKlacA2-RC GGACTGGGATACCGACGAG This study
AKlacA3-FC CTCAACGTGATTGCGGCAC This study
AKlaeA3-F1 CCACTTGGAGTGTCGACGAG This study
AKlacA3-R1 GCATGCAAGCTTTCGCGAGCCGTCGCGTCAATCTGCGT  This study
CTTGG
AKlacA3-F3 CCGGGTACCGAGCTCGAATTCGCGGCGCGTCGCCCCAT  This study
GTAG
AKlacA3-R3 TGCAGCCGAAACAGGCAC This study
AKlaeA3-RC CCAGCCTCAATATAGCGCGC This study
argB-F2 CGACGGCTCGCGAAAGCTTGCATGC This study
argB-R2 CCGCGAATTCGAGCTCGGTACCCGG This study
sC-comp-F CAATCACGCAAGCCGAGCTG 91
sC-comp-R CTCACCGATGTAGGTCATG 91
AKlacAcomp-R1 CTGGGACACCATGACAACGGCAGCATTTTCAAAGGGA  This study
CGGGC
AKlacAcomp-F2 GCCCGTCCCTTTGAAAATGCTGCCGTTGTCATGGTGTC  This study
CCAG
sC-argB-F2 CCGTTGTCATGGTGTCCCAGCAGCA 91
sC-argB-R2 AATTCGAGCTCGGTACCCGG 91
pGS-PgpdA-cexA-inf-F  CCGCCGAACAGTCGAACACATCTACACAATGTCTTCAA  This study
CCACATCTTCATC
pGS-PgpdA-cexA-inf-R  CTCCCATATGGTCGAcctccCTAATTTCCGTTGGC This study
ccxA-ChIP-F GTCTTCAACCACATCTTCATCAAG This study
cexA-ChIP-R GAGACATCATCCAGGGCAGG This study
cexA-RT-F GGTCCCTGTACCACAGGTCA This study
cexA-RT-R GTGGCTTCTCGGACGACTGA This study
actA-RT-F GGTATGGGTCAGAAGGACTC 37
actA-RT-R CTCCATGTCATCCCAGTTCG 37
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AsC

A SO2 AlaeA

10
AKIaeA—EE 3.9 (kbp) éi(laeA-FC 8
= 6
S02 (AligDAargBAsC) 5
T SR 4
\:<: ~:(/\' homologous 3
’/, . P % recombination 25
laeAdisruption cassette [ |EEER- | 2
1.5
AKlaeA-FC ‘ AKlaeA-FC 1
S 4.5 (kbp) = .
AsCAlacA —  HEEED- | (kbp)
AsC
B SO2 AlaeA2
3 A 10
AKlaeA2 2 3.0 (kbp) iLKIaeAZ FC g
SO02 (AligDAargBAsC) E «4.0
B L homologous 22 +3.0
N W :
/'(\ o s recombination 2 (kbp)
laeA2 disruption cassette | HIERED- | 19
1
‘ 0.75
AKlaeA2-FC AKlaeA2-FC 0.5
25 4.0 (kbp) AK N
AsCAlaeA2 — HEED- ] (khp)
AsC
C SO2 AlaeA3
AKlaeA3-FC 3.8 (kbp) AKlaeA3-FC 1g
S02 (AligDAargBAsC) g -
N % 2 -4,
e *\¢" homologous 4 «3.8
/,’ Re // \\ recombination Zg (kbp)
laeA3 disruption cassette |  HIEEEE—{ | 2
1.5
AKlaeA3-FC ‘ AKlaeA3-FC 1
e 4.7 (kbp) a -
AsChlaeA3 —  HEFE—- | 05
(kbp)

Fig. 4.1. Disruption of A. kawachii LaeA-like methyltransferase encoding genes. Schematic representation of the
disruption of laeA (A), laeA2 (B), and laeA3 (C) by the insertion of argB. Agarose gel electrophoresis of PCR
amplicons to confirm the disurpition of laeA, laeA2, and laeA3 was shown in the panels on the right.
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(2) laeA FE 1 7 BIS FREER DOREE
laeA RE R 7 (laeA. laeA2, laeA3) OfEHEEIT argB OFFAIZ L - TiT- 70, FHFEIFER &
L THKBIE D 5-UTR & 3-UTR. B L E#EIR~—F— L LTargB % PCRIZ L > THIE L
Tco 77 A4 ~—% v & AklaeX-FC/AklaeX-R1, AklaeX-F2/AklaeX-R2, AklaeX-F3/AklaeX-RC
(XIT A A2, A3IZHHY) (Table4.2) %, #§L& LT NBRC4308 D7/ A DNA B LT,
75 %23 F pDC1*% MV 7=, Fusion PCR (T & » THM T 2lifkk, 94 ~—k v k
AklaeX-F1/AklaeX-R3 % FAVNTHENE L72AE D £~ & SO2 #BRICIEA LT, TEEISHIARIT
arginine Z 5 LAWK DM CER L, 70, PHEBEREKOMHE % |
AklaeX-FC/AklaeX-RC % /= 2 1 =—PCR |Z L 2 HEE Y-+ X2 L ViR L 7= (Fig. 4.1),
(2) laeA FEREE DHESE
laeA @ 5°-UTR % & e ORF il IR~ —T—& LT sC, MIEHRIZI T 2 3D FARIFH
i & LCargB % PCRIZEL - CTHilE L7, 77 4 ~—t& v b AklaeA-FC/AklaeA-comp-R1,
AklaeA-comp-F2/argB-R2 % | #71 & L C NBRC4308 ®»/%* / A DNA L sC & argB %27 u—=—
YL T T A REHWT, Fusion PCRIZE Y, Fh 2l LI-%, 77914 ~—kv
I AklaeA-Fl/argB-R2 % HIWNCHIME L7= 7t » & A LT, FEERHA I methionine %
ALARWERDEM ECT@RIR U, £70, WEHEBKOM L%, AklaeA-FClargB-R2 % v 72
2 u =—PCRIZX DHIEY A XX ViR L7 (Fig. 4.2),
F 72, AsCAlaeA PRI AlaeA+laeA tk & RBERMEZ 2 A2 5728, sC DMl T2, 7
74 ~—%& > I sC-comp-F/sC-comp-R & #1 & LT NBRC4308 ™/ / » DNA % H T sC

Z Yl L. JEElsH L. methionine & A L7 W /DR HIC L 0 BIR LT,
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A AKiaeA-FC 3.2 (kbp) argB-R2
—> <+

AsCAlaeA

homologous

B \‘\::\* recombination
laeA complementation JaA m ] argB |
cassette
AKlaeA-FC 8.7 (kbp) argB-R2

—» <—

Naeavises —_HIEP- sc I

B AsC AlaeA
AlaeA +laeA
10 R ol «5.7
6 b e
5 -_ o
4 e p——
3 I 3.2
2.5 B
. o (kop)
1.5 B —
1 B
0.75 «
05 B o

(kbp)

Fig. 4.2 Disruption of A. kawachii AlaeA+laeA strain. Schematic representation of the
complementation of laeA (A). Agarose gel electrophoresis of PCR amplicons to confirm the

complementation of laeA (B).

(3) cexARREERDIES

cexA DRI argB DFFAIZ K-> TiT o7z, HHFEEE L T# 5-UTR &R~ — I —&
LT argB % PCR IZL > THiE L7=, 74 ~—%& v ~iX AkcexA-FC/AkcexA-R1,
AkcexA-F2/AkcexA-R2, AkcexA-F3/AkcexA-RC % ##1 & L C NBRC4308 ™77/ 2 DNA &
77 A3 K pDC1 Z# M 7z, Fusion PCR (2K V| FMrh Zdifi Licik, 7714 ~—&v b
AklaeA-Fl/argB-R2 # FAWVTHEIE L7t~ R ZEA LT, JWEEREAKIT arginine 2568 L
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IRV ETER L7, 7. WHEIEA OS2, AkcexA-FC/AkcexA-RC % v /- =
2 =—PCRZ K DR A XL Sal 12X DUl ~Z — 2 L0 gl L7z (Fig. 4.3), cexA
DRIIEZ R L=, sC OMiz4T-7=, 77 A ~—% v k sC-comp-F/sC-comp-R & §#%!
& L"C NBRC4308 #7777 2 DNA % AW C sC ifn 1- & 1@ L, Eds# L, methionine %

BA LRV N K0 IR LTz,

A Sal |

AKcexA-FC AKcexA-RC
FCosy asgen)  AK
s02 (vignargease) —{HEI
Y 2 " homologous

)\ )\ . .
! *. recombination

’

cexA disruption cassette | HIERE
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Fig. 4.3. Construction of A. kawachii putative citrate exporter encoding gene. Schematic
representation of the disruption of cexA by the insertion of argB (A). Agarose gel electrophoresis

of PCR amplicons to confirm the disruption of cexA (B).
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(4) cexA BFIFRTRDOBE

75 Z 3 N pGS-PgpdA ZMEIFELTH~N Y #— L LTV ), cexA @ ORF % NBRC4308
D77 ADNA &L LT T I 4 ~—t& v b pGSG-cexA-inf-F/ pGSG-cexA-inf-R |2 & ¥ #4
& U 7=, H80E U 7= v % Sal | CHLEE L 7= pGS-PgpdA {Z In-Fusion HD cloning kit (Takara Bio)
EHAWCZa—=7 1,77 A3 FpGS-PgpdA-cexA & L 7=, pGS-PgpdA-cexA % AsCAcexA
& AsCAlaeA [Z3E A L, AcexAOEcexA & AlaeAOEcexA Z 4L L 7=,

(5) HHpEst - KEREPN DA HEELIR B DHIE

H3FE (12) LRRRIAT -7,

(6) CAGE-Seq f##T

P AT (2x107) % 100 ml OFDEHICEERE L, 30°CT 36 h AiEE&21T o7z, &
D%, BEZ 50ml O CAPHEHIICE LT, SHIZ30CTI2h 5% T 5 Z & T = A pE
AHEE LT, TO%, LE L. RIKEFROFIE T THE & 2 HW CHEIR & i L7z,
At U 7= B 1R 5 5 o RNA o4 1%, RNAIso plus (Takara Bio) & SV total RNA isolation system

(Promega) ZHW\WTx v MYEOT 1 ha/LiZ Lizhi> T 7o 7z,

T4 7TV~ LN CAGE 7 — & DT PIIHEADRES T 7 4 — 2 ()11
IZBWT T -, CAGE-Seq fi#tTi, K Eik%Z 3#H TITo72, 5F ¥ v ' 7 S4172 RNA
2> First-strand cDNA Z#55. L, CAGE /N\—=a— K& 7 &2 L 7=, NextSeq 500 system

(llumina) %AW T —4 A L, BWASsoftware (v0.5.9) % F\ T H %% NBRC4308 7
J 5 DNAFLY| Bc~ v v 7 Ui, WERAHSIZBMG = R o B, Tt 600 bp LI
EHE L=, F72 RECLU pipeline % WV THIIZH) % log, ratio & L TEtH L=, B
7= CAGE 7 —# (% NCBI (National Center for Biotechnology Information) ¢ GEO (Gene

Expression Omnibus) (Z accession number GSE135849 & L TH &k L7,

68



(7) cexA DERESFMNT
FP, 2% 107 HO4 AT 100 ml DD EEHICHERE L, 30°C T 36 h Al 21T 72, £

D%, 50ml O CAPHHIlCE L, S HIZ30CTI2hi58 425 2 & Ty m UV MAEFEARLEL
7o ZO%, WIRZEE L, IRIREROFE F O & A2 WD CTHRIRZ A L7z, RNA
Dl IE RNAiIso plus (Takara Bio) % FV N T{TV ), cDNA D& k%I PrimeScript Perfect Real-Time
Reagent Kit (Takara Bio) % H\»C4T-> 7z, Real time RT-PCR % Thermal Cycler Dice Real-Time
System MRQ (Takara Bio) & SYBR Premix Ex Taq Il (Tli RNaseH Plus) (Takara Bio) % V>
TiT»o72, 7T7A4~—t v b cexA DEEIED 72812 AkcexA-RT-F/ AkcexA-RT-R %, actA
DHEIED 72912 AkactA-RT-F/ AkactA-RT-R A L 7=,

(8) ChIP-gPCR

< F o 5EREE (ChIP) 1%, JATRIEICI WV THE Shk ik WaBBIc LT

77e AAT 47 hu—LE LT normal mouse IgG Hif& (Cosmo Bio), "R¥T 4 7 =2
k7 —/L & LT anti-histone H3 HT{& from mouse (Medical and Biological Laboratories), —=—
7 a~F ~—J1—& LT anti-histone H3K4 me3 /A& from mouse (Medical and Biological
Laboratories) , ~7 1/ m~JF v ~—7%—~& LT anti-histone H3K9 me3 HifA from mouse

(Medical and Biological Laboratories) Zfif L7z, %>/ x27'EH 200mg 7= 2 ug OHifkz
I a~F RERREICEH L7z, DNA @ JE & Thermal Cycler Dice Real-Time System MRQ

(Takara Bio) & SYBR Premix Ex Taq Il (Tli RNaseH Plus) (Takara Bio) % i\ 7= realtime PCR
IZ&kViToTe, 774 ~—1F v biZ cexA-ChIP-F/cexA-ChIP-R # Fl\ /=, 7235, KT T4~
—INT ==V 7T DAL cexA DBAR T K73 5+2~+26 (cexA-ChIP-F) & +238~+257

(cexA-ChIP-R) Tdh %, tHxfHt (% input DNA) 1X, #aEIkRRIZ & 0 [ L 7= DNA &% input

DNAE TR+ HZ L THIH L,
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4.3 fER

(1) BBAICKITD LaeAREEATFNV T AT 25—

A. nidulans @ LaeA (AN0807) X TF, A. niger ® LaeA (An01g12690) # 27 =V & L C,
NCBI @ Protein BLAST fi##fri2 & v . #ARIM: > 50%, E-value < 1.00E-100 Z#f5fE& LT, H
BEIZ 3 DD LaeA HHEEATF LT 27 =T —F (AKAW_04823, AKAW 11001,
AKAW _06012) ZI[AE L7-, AKAW_ 04823 /X A. niger ® LaeA & 94%DFHEEIMEZ R LTz, F
7. ThHLETo 3 SOHEEAF VT 27 =T —Fd A nidulans @ LaeA & Protein
BLAST fEATIZI W TG MANA b ey harRLic, &I, 774 A2 MEHTIZED
S-TF I NAFFH=r (SAM) FEAETF—7 IRERESh TV (Fig. 44A), # 2T,
ZhE AKAW_ 04823, AKAW 11001, AKAW 06012 % LaeA. LaeA2. LaeA3 & L CHEHT L
7o

LaeA. LaeA2, LaeA3 DEAMRMELZ I H 22T %728, Aspergillus genome database (AspGD;
http://www.aspgd.org/) (28GR STV DT — & Z T, Aspergillus &SRB O LaeA HHE
EATFIVET VAT 2T —BORMBZVER LTZ (Fig. 4.4B), EDHREE, LaeA I3HEE LaeA
Fnyna 77 —FIChE I I, — T, LaeA2 & LAeA3 [E LaeA ALY m 7 L iFRI0
75 AL =AY E N3, A nidulans @ Lims (LaeA-like methyltransferase) %) & i LT,

X0 LaeA T2 &R E T,
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2 % 2 * * *
AnidLaeA 134 PHPTNGRFLDLGCGTGIWATEVANKYPDAFVAGVDLAPTQPPNHPKNCEFYAPFDFEAPWAMGEDSWDLIHLOMGCGSVM 213
AnigLaeA 132 PHPPNGRFLDLGCGTGIWATIDVAHKYPNAFVAGVDLAPIQPPNHPDNCEFYAPFDFEAPWTLGENSWDLIHLOMGCGSVL 211
AkawLaeA 132 PHPPNGRFLDLGCGTGIWAIDVAHKYPNAFVAGVDLAPIQPPNHPDNCEFYAPFDFEAPWTLGENSWDLIHLOMGSGSVL 211
AkawLaeA2 101 PHPRNGRFLDVGCGTGIWATDVAHEYPNAFVVGVDLAPIQPPNHPNNCOFYAPFDFESPWTLGEDSWDLIHLOMGCGSVV 180
AkawLaeA3 152 PHPENGRFLDLGCGTGIWATDIARQFPGAFVVGIDIAPTQPSNKPENCSFRAPFDLESPNTLGENEWDVIYLRMGCGYIS 131

AnidLaeA 214 GWPNLYRRIFAHLRPGAWFEQVETIDFE PRCDDRSLDGTALRHWYDCLKQATAETMRPTAHSSRDT IKDLQDAGFTE. 289
AnigLaeA 212 GWONLYKRILRHLQPGAWFEQVEIDFE PRCDDRS LNGLALREWYQY LKQATQDTMRPTAHSSRDT IRHLEEAGFTQ 287
AkawLaeA 212 GWPNLYKRILRHLQPGAWFEQVEIDFE PRCDDRSLDGLALREWYQY LKQATQDTMRPTAHSSRDT IRHLEEAGFTQ 287
AkawLaeA2 181 AWPNLYRRILRHLOPGAWFEQVEIDFFE PRCDDCSLDGLALDOWYQCLKQATQATMRP IAHNSRDT IRALEEAGFTQ 256
AkawLaeA3 132 DWQGLYRKVYAHLCDGGWLEQTEIDET PRSVRHTKGDCAMQFWYQS LTQATEKAVRP LAHCPOWIMOKLOGAGEVE 207

B LaeA (AKAW_04823) Aspergillus kawachii IFO4308
9 Asptu1_0054690 Aspergillus tubingensis CBS 134.48
88 Aspfo1_0128308 Aspergillus acidus CBS 106.47
B L aeA (An01g12690) Aspergillus niger CBS 513.88
Aspbr1 0120804 Asperygillus brasiliensis CBS 101740
100| LaeA (AO090003000489) Aspergillus oryzae RIB40
LaeA (AFL2T_02504) Aspergillus flavus NRRL 3357

3 Aacu16872_048943 Asperyillus aculeatus ATCC 16872
B1 LaeA (ATET_00678) Aspergillus terreus NIH 2624

LaeA (AN0807) Aspergillus nidulans FGSC A4 Putative
TLtAspsy1_0025992 Aspergillus sydowii CBS 593.65 | orthologs

100" Aspve1_0023964 Aspergillus versicolor CBS 795.97
— LaeA (Acar5010_005941) Aspergillus carbonarius ITEM 5010
Aspwe1_0111799 Aspergillus wentii DTO 134E9
Aspgl1_0977470 Aspergillus glaucus CBS 516.65
Aspzo1_0133477 Aspergillus zonatus CBS 506.65
ACLA_020740 Aspergillus clavatus NRRL 1
NFIA_010750 Aspergillus fischeri NRRL 181
LaeA (Afu1g14660) Aspergillus fumigatus Af293
LaeA (AFUB_014200) Aspergillus fumigatus A1163
Acar5010_519194 Aspergillus carbonarius ITEM 5010
w5 LaeA2 (AKAW_11001) Aspergillus kawachii IFO4308
s5g|[ Aspfo1_0054944 Aspergillus acidus CBS 106.47
43| Aspfo1_0466012 Aspergillus acidus CBS 106.47
56 Asptu1_0439802 Aspergillus tubingensis CBS 134.48
AFUB_097920 Aspergillus fumigatus A1163
34 LaeA3 (AKAW_06012) Aspergillus kawachii IFO4308
96 LImE (ANS091) Aspergillus nidulans FGSC A4

— LImF (AN6749) Aspergillus nidulans FGSC A4

42 LImA (AN2165) Aspergillus nidulans FGSC A4
LImB (AN8945) Aspergillus nidulans FGSC A4
4 LImC (AN7933) Aspergillus nidulans FGSC A4

33 LimD (AN5416) Aspergillus nidulans FGSC A4

100

01

Fig. 4.4 (A) Putative methyltransferase domain sequences of A. nidulans (Anid) LaeA, A. niger (Anig) LaeA, and
predicted A. kawachii (Akaw) LaeA-like proteins. The domains were identified by Pfam (https://pfam.xfam.org/).
Sequence alignment was performed using ClustalW program in the BioEdit Sequence Alignment Editor
(http://mvww.mbio.ncsu.edu/BioEdit/bioedit.html). Putative intron sequences of A. kawachii laeA and laeA2 genes were
confirmed by RNA-seq (data not shown) and translated to the amino acid sequences. Asterisk indicates a putative SAM
binding site (11). (B) Phylogenetic tree of amino acid sequences of LaeA-like methyltransferases identified from the
Aspergillus genome database (http://www.aspgd.org/). The tree was constructed via neighbor-joining method with
complete gap deletion on MEGA version 6.0 (36). Bootstrap values (1000 replicates) are indicated at the branches. Low

bootstrap values (<25) were removed.
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(2) % laeA € 1 TR F OBBRORTAY

laeA, laeA2, laeA3 DR AAEG L, KRB ZBIZZ L7 (Fig. 45A), =2 hr—/L
FRIZAERR & R URBEORMEA R IRRE Lz, T bbb, 2 hr—kke LT sCHEIE
F D RIERE A L7z, AsCAlaeARRIT RV HEHE 123U TL = 2 b —/LRR, AsCAlaeA2,
AsCAlaeA3 ¥k & thlis U C, v =—JBRBICE WA DR o 1288, FHRE OB HEEL L
TS Z Enmmainse (Fig.45A), ZOREHRMND, LaeA IE A niger TO IR Z [E(1C
HIE 2 &0 ) m R B L RS, AEBE O AR OEER EICHIET 5 2 2 VRIS
7oo LML, A niger IZFBWTIX laeA DREIZ LV | iz nwTa sy ha— gkl b
i L O EAFEOEESRINT 2 EWE SN TEY ¥, AHO laeA IR ORB L&
WRRLNT, SBIC, pHIERETH D ATV Ly RERI L YPD B TR L= & =
5. AsCAlaeA HRIZE W T, a2 hr—LBRIZBWTH LD 7 = FRAEIC K DRV 1
—0MHJ L7z (Fig. 45A), ZORERMNG .| laeA SRR O 7 = U FEAFEICE G325 2 &
Ny (W

FIE D 7 — U FREFEERIEICB T 5 2 b 0 LaeARE R 7 OFEIZ I 5NN T 5729012,
BRGEERED 7 = FRAEPERIZOUVNT, CAP BEH A2 VW Chile L7z, f/DB5HC 36 h piikS 2
L7-#., CAPEGHICA8h15#E L, 558 R0 7 = Ui, Wi AR EE, BL ORI R
MO = URRAERZNE LTz, T ORI, AsCAlaeA FROEHE BIEH O 7 = VBRI
Xz b —Uk D 0.07 51K T L7 (Fig.45B), —F., HREIT=Y hue—/ 8k 1.82
fFIZHM L7z (Fig. 45C), ¥:#& BIEO 7 = VBRE B L O, EREIZEE SV T, AsCAlaeA
HOEEEH - O = U FAEPERIT S b —/LERD 0.04 5K T L2 Z LB BT
72-7- (Fig.4.5D), —J7C. AsCAlaeA2, AsCAlaeA3 ¥k 7 = U EREFER T2 b o —/Lkk
EREOEZ R LT, LEORERND . LaeA 137 = UBEPER X OV = VBB EREIZ IS 1

LEARMRICEE BRI Z O Z LSRR ENT,
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Fig. 4.5 (A) Colony formation of A. kawachii control, ASCAlaeA, AsCAlaeA2, and AsCAlaeA3 strains. Strains were
cultured at 30°C for 5 days on M medium or YPD medium containing methyl red. Agar medium was inoculated with 1
X 104 conidiospores. Methyl red was added as a pH indicator, which turned red at < pH 4.4. Citric acid concentration
in culture supernatant (B), mycelial biomass (C), and extracellular citric acid productivity per mycelial weight (D) by
A. kawachii strains; control, ASCAlaeA, AsCAlaeA2, and AsCAlaeA3 strains were precultured in M medium for 36 h,
then transferred to CAP medium for 48 h. Mean and standard deviation were determined from the results of 3
independent cultivations. Asterisks indicate a statistically significant difference (*, P value < 0.05; ***, P value <
0.001; Student's t-test) from the results for the control strain.
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(3) laeA DFEREER

AsCAlaeA FRIZEBWT 7 = U AEROIK T RA LN/ D, sC v —H—ZHWT laeA
B O (AlaeAtlaeA) Z1T o7z, 7o, MK & RBERMEA I Z 572D, AsCAlaeA
FRIZ sC DA (AlaeA) ZAT-o7z, T D DEKZ /b E5 T 36 h fiiEsE L721%. CAP 13
HIC48 hs L, 7 = U ERAEREAFHME L7z, 558 MG A MsbEsS & LT, EEEND
AR 2 Al U CRBaN 4y & U CA AR O L 21T o 72, F9°, M E S ICHB 0
T, AlaeARRIZZ = UBRIRIED N 71 b m— LRk & Bl LT 0.08 fi5ITMX F L7 (Fig. 4.6A),
W, Voramges 2-4% Y JOVZVBIRE S T2 064 £5, 0.70 f5 LK THAICH > 72
bDOD, FEIHNCHEREZAONRD > T, £, TIN5y O A BN R E DK
TUX laeA BAZFOFEMHIC K D [EIE L=,

—J7. HERENEIIZEV T AlaeA BRIZ= Y b — Uk E L T, 7 = U ERIRE DS 0.46
R, U OERIREEAN 055 fi5, 2-A % Y Z L H VERIEEEN 0.46 5IZIKF L7 (Fig. 4.6B),
AR D 7 U R L U v STRIREE IOV TR laeA EIEFOMMEIC LV EE L b0,
-4 % Y TN IVEBIRFEIZ OV TCIT AlaeA+laeA HRICEB W TH 2 b a—/URD 0.71 {5
ETIZL2EE Lo Tz,

L EORER KLY . LaeA 1THIFEN & MR O 7231 2 AHEIEAPEICE G- L TR Y, F¢

AR D 7 = U R DEEICB W CHEERZE 2L DI LAVURIE ST,
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Fig. 4.6 Extracellular (A) and intracellular (B) organic acid production by A. kawachii strains. The control,
AlaeA, AlaeA+laeA strains were precultured in M medium for 36 h, then transferred to CAP medium for 48 h.
Mean and standard deviation were determined from the results of 3 independent cultivations. Asterisks
indicate statistically significant difference (*, P value < 0.05; **, P value <0.01; ***, P value <0.001;

Student's t-test) from the results for the control strain.
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(4) BRROEFRHETHRE
LaeA DA ERN Z I BT 572, 22 hr—/uik s AlaeAFE, AlaeA+laeA #R D
EFEZE Lz (Fig. 47A), AlaeA FiiZ = b r— LR, AlaeA+laeA £ & ik LT pH6.5
DD ElIcBWTan =—H A ARbTNNEL hotz, IHIT, ZORIAET pH3
TEE L. #1Z pH10 THEAL L7,

%72, AlaeA #£iZ 0.8 M NaCl 2 544 D /D HIICB W T, /E T OB LB ERR LR
7o —Ji. ZORIMT 0.6 MKClI A RADEMTIIRONRNoT, £2T, £HHTS
AR Lk, 2AEFEEIL, ar=—@EEH2 Y O EFHIZ >V T L7z (Fig.
4.7B), AlaeA#kiZ 0.8 M NaCl & A B/ MIc B8V T, o b — Lk & el L T4
FRAEDY 013 IR F L, — 5 T, e flic 38V T 132 518N L7, Z OR BT laeA
OFIRHIZ X 0 [ L7223, AlaeA+laeA #:1% 0.6 M KCI & A Fe /DB I BV T v b v — Uk
&g LT 1.26 51200 AR FTERCRE AN N L 72,

LU EDRERD S NaCHIFF RN R mIRBERFITIE N T, LaeA 130 AEFIEICEZE TH
HIZENTRBENT, SEFEREEDIK TIZ oW T, A oryzae <° Penicillium chrysogenum
IZBWNT laeA DTIEIZ LV | DAEFREMETT 5 L V0 o@E s~ Lk B9, ks,
A. nidulans [Z35 VT LaeA l3APEHEARIC S REAREEZ O EARESNTH AR A

BEICBWTAHMEHRIIHR SN TR LT, laeABIRIC L5 EIIBE TE R o0z,
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Fig. 4.7 Strains were cultured on M medium with or without stress conditions, and agar medium was

inoculated with 1 x 104 conidia. (A) Colony morphology of A. kawachii control, AlaeA, AlaeA+laeA
strains. (B) Conidiation of A. kawachii control, AlaeA, AlaeA+laeA strains. All results are expressed
as mean with standard deviations. Asterisks indicate a statistically significant difference (*, P value <
0.05; **, P value <0.01; ***, P value <0.001; Student's t-test) from the results for the control strain.
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(5) 7= BRAEEICEET BRI FORBLE)

7 T UPRAEPERFIZ IV T, LaeA DT 2 BIm FIZHOWTH LT T 572, 2 br
— LR L AlaeARRDIBAR T3 BT 1 7 7 A AT DWW T Hle U 7=, Fe /D REHC 36 h B #44 .
CAP F5i T 12 h 5% 45 2 & T/ = URAEEAFHE LT-, DI EE D RNA Z il
L. HEia133% CAGE-Seq (= & v gk L 7=,

CAGE 2 & W i T & 7242 9,647 BIG I OWTHT 21T 72, =12 b r—/LEk & AlaeA
FERE OB AR TR BIZENZ DO\ T, false discovery rate (FDR) <0.05 7> log fold change <-0.5
F721F<05 ERDLBInTFEAEAAY & UTHRIT LIz, TORREK, 1,248 BisTZHiti L,
590 Einf-DIEHN LH L, 658 BInFOFRBIMET L TWD I LAVRIERS T, Gene
Ontology enrichment FEHT OFEF, RHHCEIEICBE DL 2 BB TN Z G END Z ENH LM
LRI, laeA DORERIZ LY 7 = U EEEME AR T SRR 2 ifH 9 2 O IXINE#E T H

-7~ (data not shown),

il

Z T, W = URBAEREIC BT HRERICOWT, BB TRELEEN H -7 15 Bi5
FZONWTC~w v B 7 &f7-7= (Fig. 4.8, Table 4.3), #ilziE., 7'V o — L ARRICE ST
5[#1 (AKAW _07170) & #12 (AKAW _08691)]<°, <22 h—A-U iR ICBE 54 5 [#11
(AKAW_00489)]i% laeA DfEEEIZ L 0 5BL&E) A LTz, —J T, Embden-Meyerhof-
Parnas (EMP) pathway (Z B8535 [#2 (AKAW_04737) & #3 (AKAW_03026)]<°, TCA [al& D 7
T UFRAEER TH D [#4 (AKAW_00170) L #5 (AKAW_06223)]i% laeA ORI X 0 R B &
DMETT LT, Fric#5 (AKAW_06223)1Z log fold chage -11.35 &, ZH BB FDOHF T b
FHEMET LW, LR S, AKAW 06223 (37 = U BRAEESE DAL Y a7z
BWTRIL~NUIRWZD, 7 = UBEEAEPEICK T 2 F 530N L nEZ 2 b,

WA, A niger IZHBW T m UEBBEAEICHEE TH S Z ENHISNTWDE 7 = BEOHE
HIZEI 545 7 = VRIS I DWW TR L7 2 (Table 4.4), Fx 138 3 Eick\\ T,

S haY RUTRER Y = UBikRE 2 — 342 ctpA (AKAW_03754) & yhmA
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(AKAW_06280) 73X b=y RU T bHilRE~D 7 = U FHEHZE L T, 7 = @Et
FEICEBE ThH I LaB LML, LnLaRb, Jh5HORE FHRBUT laeA O
\Z X o TUIEE L T o Tz, —J7. BUT A niger (2B W THIBE IR D 7 = L Rl os AR C
b5 LHEE SN CexARP DR En 7% 22— R4 %5 AKAW_07989 DI, laeA DREEIC
X Y log fold change -6.09 & BAETIK T4 2 Z ENHALMNE -T2, 7235, AKAW_07989 &
A. niger ® CexA ®7 I/ FEFHFEIPEIL 96% ToH D . AKAW_07989 73 HEHFIZ351T 5 CexA T
oD EWEINT,

AlaeABRDOMRRSL 7 = IR = > b e — Uk & Bl U CBEEE IR T LTz 72 (Fig.

45A ). cexA DFBLOIL F Mo D 7 = U T OEREIC 5 2 DBz >\ TEH LT,
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Fig. 4.8 Differentially expressed genes mapped on the proposed metabolic pathways of A. kawachii. Pathway

was constructed based on the metabolic model of A. niger and A. nidulans (37-39). The glyoxylate shunt was

placed in the mitochondria. Bold and dashed arrows indicate downregulated and upregulated reactions due to

laeA disruption, respectively. Numbers (1~15) next to the arrows correspond to the numbering of locus tags
in Table 2. Abbreviations: CoA, coenzyme A; DHA, dihydroxyacetone; DHAP, dihydroxyacetone
phosphate; FAD, flavin adenine dinucleotide; GIn, glutamine; TP, trans porter; UDP, uridine diphosphate.
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Table 4.3. Citric acid production-related genes among up- and downregulated genes
following laeA disruption.

Reaction no. Logz-fol

o Locus tag Putative function d FDR

in Fig.5

change

#1 AKAW 07170  Fructose-bisphosphate aldolase 4.01 0.0011

#2 AKAW 04737  Glyceraldehyde 3-phosphate -1.05 0.0005
dehydrogenase

#3 AKAW 03026  Phosphoglycerate mutase -0.78 0.0335

#4 AKAW_00170  Citrate synthase -0.92 0.0014

#5 AKAW _06223  Citrate synthase -11.35 1.10E-98

#6 AKAW 07594  Succinate-CoA ligase (GDP-forming) 1.27 0.0052
alpha chain

#7 AKAW 07352  Succinate dehydrogenase -0.71 0.0352

#8 AKAW 00119 Isocitrate lyase -1.40 1.063E-0

5

#9 AKAW_05189  Alpha,alpha-trehalosephosphate synthase  —0.76 0.0108
(UDP-forming) 1 (tpsA, tpsB)

#10 AKAW_03597  Alpha,alpha-trehalosephosphate synthase  0.87 0.0024
(UDP-forming) 1 (tpsA, tpsB)

#11 AKAW_00489  Ribose-5-phosphate isomerase (B) 1.03 0.0035

#12 AKAW_08691  Alcohol oxidase 1.65 3.18E-09

#13 AKAW _02095  Phosphoenolpyruvate carboxykinase 0.80 0.0139
(ATP)

#14 AKAW 00804  Pyruvate carboxylase (cytosol) -1.15 0.0168

#15 AKAW 06947  Pyruvate decarboxylase 0.83 0.0205
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Table 4.4. Gene expression change of citric acid excretion-related genes following laeA
disruption.

. ) Log2-fold
Gene Locus tag Putative function
change
CtpA AKAW 03754 Mitochondrial citrate transporter 0.08 0.9432
yhmA  AKAW_06280 Mitochondrial citrate transporter 0.09 0.9313
cexA AKAW_07989 Plasma membrane localized citrate —-6.09 3.72E-35
exporter

(6) laeA BEEEBRIZISIT B cexA DB
laeA DT LV | cexA DFBINMKT T2 Z &7 = UBIRAEFEEROJRK N E S
W ONTT D72, 2 b —/UER, AlaeA Bk, AcexA £k, AlaeAOEcexA £, AcexAOEcexA
¥R 7 = U ERAEFEMEIC DWW TN L 72 (Fig. 4.9A), MHIREIZIZZ VAT LT B R-3-1
LT FusF—YEa— K15 gpdA Y0 S oe—% —% -, 723, CAGE-Seq
DT —Z N5, gpdA [Tz b a—/LEkE AlaeA R TR LTI T, LaeA OFIE T2/
L aHERE LTz,

Bk /D BT 36 h ATES#E %, CAP KFHiIC 48 h B54 L, BiRE 72 0 7 = U FR/ERE
Ba i L7- (Fig. 4.9A), AcexA FRkiX AlaeA ¥k & RIEEIC, IS D7 = VRO ZFEITIT &
A EBLIT Ay b — R & I L TR 0.01 f5ICHR T L7z, FE72. AlaeAOEcexA £k &
AcexAOEcexA #RlE = v b m— /LR L I LT, £ 21 2.33 fif, 335 527 — e
EANL 72, AlaeAOEcexA #£I% AcexAOEcexA #k & ZIXFERD 7 = VA PERZ R LT 2 &
B, AlaeA BROD 7 — A FRARAZED EERFIR DY cexA DFEBEBEOK T TH D Z & HVRR S

iz,
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(7) cexA DEEEFHEM:

FREDENT S cexA DRBUR TN AlaeA BRD 7 = ARARAEPFED TH TR TH D Z &
DRI, 22T, a2 ha—/Lk s AlaeA k., AlaeAOEcexA #RIZI51T 5 cexA DiRE
M & i L7 (Fig. 4.9B), &kk % S/ BEHC 36 h BifEs2E L7-1%. CAP E:HiT 12 h 5%
L7 ZUBRAREATFE LT, ZOR, FiEGE L72EE2 DS RNA ZHhiH L Ths3# Oh & L
TREMT L7z, 22 e — LRRCIE, CAPEfHIT 12h #5895 2 & C, 0h LMk L C 24 %
cexA DERE &N EH L=, —JF, AlaeAFRIZEBWTIE0h & 12 h @ cexA DERE E|ZiE W
ORI Tz, ZOFERIG | LaeA 1L cexA DB GEFFE|C EE /% E 4 H O Z L AVRIE X
iz, —J7. AlaeAOEcexA #RITEEFE 12 h IcB W ClT v b —/LER & AR D cexA DFRE &
LR, 0h BlZBWTiday hr— Lk E R LT 66 [G@mnolz, 2D EMND,
AlaeAOEcexA thA =1 b m— LRk & bl U T = R AEPEME 27”9~ D%, CAP KiHfi C

DA 5 cexA DERGENEHE TH D Z L NEK TH 2 lREMEN R S vz,
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Fig. 4.9 (A) Extracellular citric acid production by A. kawachii strains. The control, AlaeA, AcexA, AcexAOECexA,
and AlaeAOEcexA strains were cultured as described. Mean and standard deviation were determined from the results
of 3 independent cultivations. Asterisks indicate a statistically significant difference (**, P value <0.01; ***, P value
<0.001; Student’s t-test) from the results for the control strain. (B) Transcriptional levels of cexA; control, AlaeA, and
AlaeAOEcexA strains were precultured in M medium for 36 h, then transferred to CAP medium and further cultured
for 0 or 12 h. Mean and standard deviation were determined from the results of 3 independent cultivations. Asterisks
indicate a statistically significant difference (*, P value < 0.05; ***, P value <0.001; Student’s t-test) from the results
for the control strain cultured for O h.
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(8) cexA7/mE—F—EILDOE R F ¥ AF ML~

LaeA 1T & A F DA TF MAUERICEE G532 2 & TREFRELZHIETL L Z 26T
7 02109 2 = = LaeAITHKAE LT2 cexA DB A b AEHGIC K D RIS 2 B 5 2
T 570, 2 ba—/LEkE AlaeA BRIZI\ T, anti-histone H3 Hi{A. anti-histone H3K4 me3
PUiA, anti-histone H3K9 me3 Hi{& % V7= ChIP-gPCR fi##fT 247> 7=, H3K4 me3 (F>2—7 1
~F UREROFEIE TH Y, H3KIme3 (I~T v 7 u~ T VEHIOEE TH D,

ChIP-qPCR fi#AT Dt 5. cexA fEIi D & 2 F v H3 D EARIZ = bn—/LEE L AlaeA #RIZ
BWTGEWTIRD bz >72 (Fig. 410A), —F . AlaeABED H3K4 me3 (=—27 v~ F
ve—h—) EEREIRATT 4T ar ho— L tRASOEEEFLTEY (Fig. 4.10B) .
H3KIme3 A (~Trru~vFr~v—h—) [Tar br— ke i L T EF LTV

(Fig. 4.10C), LA LEOFER LV | LaeAlTt A F ERiZ I L T HAEEE D cexA fEI D 1 — 27

nwFuiNTara~vF U EHIET D 2 & TocexA DRI A THIET H Z & BIRIB S LT,
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Fig. 410 ChIP-gPCR of cexA promoter region; control and AlaeA were cultured as described. (A) Histone
H3, (B) histone H3K4 me3, and (C) histone H3K9 me3 occupancies of the cexA promoter region were
investigated. The mean and standard deviation were determined from the results of 3 independent cultivations.
Asterisks indicate a statistically significant difference (*, P value < 0.05; Student's t-test) from the results for
the control strain.
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4.4 BE

AW TIE LaeABRHEEA TNV E T v A7 =7 —E Th 5 LaeA, LaeA2, LaeA3 DFffT %
TV, AREEIZEWNT LaeA 237 = UBE/AEICEETHDH Z L 2 HMNIT LT, LaeA 73
Aspergillus JERIRE B W TEEEICRF ST D DIZx LT, LaeA2 & LaeA3 (X2 T Tl
HIFESH TV o7- (Fig. 4.4B)., LaeA2 i% Aspergillus section Nigri [ZJ@9 % Aspergillus
carbonarius ITEM 5010 <>, Aspergillus acidus CBS 106.47, Aspergillus tubingensis CBS 134.48
72 EITHRAFEZ TV 23, Ao niger CBS513.88 IZIXRF SN TV e o7z, F£72, LaeA3 lE
HEAE O A. fumigatus A1163 IZ D AHLRAF S AL TN, 2D Z &6 LaeA2 & LaeA3 I,
LaeA D/RXT a7 ThdEEZEZ DL,

FRIEICH Tl laeA ORYEIZ L > COR T = U FRAFERENINAL LT, Z OFERIL A, niger
< A. carbonarius {235\ T laeA 237 = U ERE A PEIC LB T 5 &\ 9 il b 3 L7z 19,

LaeA [Z “RAHFCTERETE R OFIBIE 7 & L Tab TS 10219 i T b,
laeA DRFEIZ LV | ESRmOHEBAZENHEI L (Fig. 44A) . DETERICEE R AL

(Fig. 4.6B), HEE D AlaeA #1X, KCHIZ X DIRBEA N L ARFITITRE RSN/ 0 -
723, NaCHZ K DRFEEA b L AR ETFIERICRE DA DNTZZ &6 LaeA T T k
U0 LRI IR A B U ABRBE FICR T 20 A FRRICEE Th 2 AlRetEnd "I S 7z, Na'
X Na' /KD E WG AICEEE R T 2 e o T, 7 M U AEER Sk T
MRS~ T 2 ME R B 5 110, L, AlaeA BRICE W T b U 7 Atk z 22— R
T 5 EHEE S5 Nhal (AKAW_ 09133 35 LTV AKAW_03679) <° Nhx1l (AKAW_07982) &
FE LNV DEIA D NRIp T, Flo, FRRICT b U Lk z 2 — R4 2 LHEE
S5 Enal (AKAW 08368 35 1 Y AKAW_08719) 12D Tk CAGE fi#fTIc X v BixEBH44
A& ORF ZlfHi) % Z & RN o 72,

CAGE-Seq |2 XV, AlaeA #RIZEIT 5 1,248 Efn T ORBLE Z[FE LTz, ZNHDONR

I ZF B _EA-23 590, FEBUK T 2% 658 B 1 & BHL ER-BR 1 & BIUL T BB F-OHNIRIXF
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CTholz, LaeAlZZN O ORI FZEHEHE L TWDET TR, A< &b 9 2DiR
HHIER T (3B EH L7 IreB [AKAW_00032] % tamA [AKAW_02564] . dbaA
[AKAW 01762] 935 L OV BUEL F L 7= amyR [AKAW_09854] ™. zipA [AKAW _05495] 2
0efC [AKAW 03045] ¥ farB [AKAW _07498] ¥ cpcA [AKAW_00007] ™ . dewR
[AKAW_08419] M%) %/ L Ciltfs 736514 BIHERICHIE LT 5 FTaeEtE b oRe S huiz,

CAGE-Seq (2 LY | AlaeA BRIZ IS W THEE I E IR RIS 7 o o [l (R cexA AR D%
WP E IR T LTS Z L EZHONI L, £72, cexA DI, AlaeAfRD 7 =
FRAEPEREZ B SE 5 Z ERH LM E /o7 (Fig. 48A), 512, 2> b —/LERIZEBW
T, BDEHINN D CAP B HIICFE 32 & T cexA DERE BN EH L7223, AlaeA FRIZ B W T
ZOFFEMNE 2o 722 LD LaeA 3 cexA DR BFHEIC EE 2K E A o 2 L AVURIE
ENTo, LaeA D4y THERE DGR RIS NE < RSN TN B3 910210810 A
nidulans (23T, LaeA (I~7T v/ a~vF o X 78 HepA & B A N2 H3K9 AT L |k
FUAT 2T —EBTHD CIDIZL 2 IR AEFERIR T2 T AZ—D~TrruvF i
ICHEHL LT < = & H ATV D M8 ChIP-gPCR DfE B 5. AlaeA #1233 T cexA 7
0 —X —[E LD — 7 a~F UFEENTEL L TR Y W12, HepA (AKAW_02119) <° CIrD

(AKAW_07568) |Z L5 ~T 17 o= F ALIMEES TN D 2 EARIE S 4177, AlaeA #E
IZBWWT, AKAW_02119 & AKAW_07568 DFEBLEIZZEAGIZA DI >T2b DD, LaeA
DRBIZED, ERXANABMONRT AR, a—ru~vFui~Trarsua~vF ol mEL
ToATREMESZ 2 HIVD, LaeA Il KDk A N AEHD 53 FHEEITA % ORI L D B 6T
TOHMEND D, 72, cexA DEEGHIEIKR FIZOWTERMATH D . I LR DHHEDH
RSN D,
45 /N

PLEDHER LD, LaeAlL cexA D7 nE—% —JHi0D A b EAiZ I LT cexA DFEH

ZIEICHIES 5 2 & T m UBRAE RIS D Z L AVRER S LTz,
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o
(57

F5E AR

HEES BBEOT VY ) BRETHD Z L ITRO LR TV R Y, Z0FRIZRE S
TR oTe, AWFFRIZE Y, B3 NBRCA308 #E D 7 /L v/ AEH DK A, DHN-melanin
BHEETGRT D720 DR Y 7rF FERIERRIS T pksP O 1HERHTH 5 Z EBP 5NN
feofe B MA T, ABEONETZBANTHZ 81080, HETIC UV CBEA b L
A, AT E—LMEERN 5T D28 o, SEFRZENSEL Z LRGN R-
7z, B XD FEOEINE, BHEIZIHBVTIE DHN-melanin DA KA TE 2207z
D, FEFORBPENTNDZLZERTLLEEATND, ZNHORRITAME L B
B OMEE OEWZER L, BERREICRWTHEE BRZHEW1T 5 ECEERMA T
H D,

. BHE O T UBEAEREICEE T 5 7 T VB RIIRFE TH o728, R b=
v RU TS HEA~D 7 T U FRIREC 2 5D 7 = IR CtpA & YhmA 23545 =
EERBGHINC LTz O, RIS O SRR & N HEIRIRIE 2 D ClpA 13 ) v Tk %
YhmA XA F Y ZVZNAEEITY v Tdfa I bay R TICERT 2 L Tllahiz, 2h
XA niger IZBIFTH2RHET VBT, T hary U707 = U kRiL s = e )
VAR A AT D L WO e —E L= P, E7-. CtpA & YhmA 23 kT % 7 — g
(TN ~D 7 = RRAEPETZ T T < MIEICRIT D7 B FL-CoA GRRICHEETH D
T LAVREES NI, Fo. 7 UM ERESRNE (CAP E5 ) 1231 SN T 5 /L-CoA
BRIy = U RRIRAPESRME (R b B5th) LI L C V100 FREETH Y | 7 = o s AL ERRC
BWTIEL, MIRN D7 = DT & FL-CoA B RGRIZIZ L A SRS STV RV ATREMEDS
JRIE X 7= (data not shown), FHEBE72E T £ F L-CoA ARICEE THHITT DI =
i 2 EIAIMCHEH LT LE 2 OMNZHOWTUIBETH R TH 5, A niger (ZBW T,

TR T T EERRIC T UM EF L — T 52 LT, BETOSHEZMRE FIHT
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HI-WIC7 T UBEPEH L CO B ATHEE SR ST 5 2, 72 pH 2 TIF 5 2 & TH
FEHONBOEFTZMEI L TV DL AMREME LB b D, 5k, 7= B oB RO
Z LB LT, BEEES A niger O HRBREFIZHIT HABEZP LN TE L Z RIS
Do

ZAVETIZ, A niger IZBWT, SRIREDOIESMEL RO L F 2 L—F — & L TH
BIVTWAHEEA TV N T VAT 2T —F LaeADS 7 = U EAEFEIC BV T HE R & H %
LOFEMESHE STV ¥ 7o UEREAPERIC 0 K D R lE T OFBLA HIE
LZONZOWVWTIEARHTH 572, ABFFEIZL Y. LaeA D3 HEEMIE R ERL 7 o o ik
FBE T cexA D7 BT —HF —fEkD 7 a~F UHEOMMAICEE Th 5 Al REMEN /R I 1L
Teo 7 TR TCARIBOFHMRHM TH D &V RTIE—RRBEBTHLR, 7=
D WEPEIIF R EINTR E 5 2 L0 b 2 “IRKAEETH 5 L Ehbh T 5 2,
IHODOBSEEHHT S LT, SRREICE W TAHR R AHA GRS T 0O 5 B2 HlE 4
% LaeA 73, Mg ~D 7 = U EHEH AT 5 CexA ZHilHId 2 & 9 FRITMAELS N b O
ThoT,

LaeA D & A b2 ~D A FVIEEBIRIEITEA S Tu0Ze gy 1190 JaeA BEEERRIC IS0
T, cexA BETFOTRE—F =[O A N AEMiDNRT U ARND Z ERPH LN E R
STz, FRITE A b H3K9 D A F/HBEMINBEE TN L TRV ( ~T 17 u~<F ALHTE
HEINTND Z EAVRIBE T2, A nidulans [ZBWTiX - OB ZH 5 BB TH D CIrD <°
~TarzavF B R E HepA ZIEET 5 2 LI L0 IR ENT 5 2 L3
HEENTVD ™, AEBEICENTHS LD X 237 H cexA MG FHkO~T 17 n~
FUAETO> TWDGE, ET L2 LI THEREID b7 = VB E &S D Al aetE
Ny, BEOEEE LTEBICRDIARELZE X OND, £O— T KIITER 138
BRAEAICHBE L, RIRE BT ZRR# M T2 2 &hmonTn o —F a1

22D RET 7D 1O Th D SID A HHE LT84 7 T U BAEIHE T L= 2 eand 129,
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MO 7 U BREFEIL. LMY 3T 4 v 7 A= T 0D 2 &N
Enbd, 72, cexA OERG A BEEHIET 2GR L REIETHY . SHINLEHL N
T 52 ET, 7o UBEILU O T 2 HMERS OA HWE £ %2 HIE 3 5 Hiffo R Rz

HKTEHLBEZBND,
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AWTEEAT O IZHTD | #hn THE JHHE, WONTHIEE & LTOMED Tz ZHIRE Y
FLIERERER SR MR BERT - FEREAEEMIE Y X MR AR ISR

ROPEERLET,

Flo, KmXOFEEW I THEE, ZHE2BY £ LBREBRY: B WEBER -

S‘ﬁf

FWEFEEMIE Y ¥ —Fd% REMBEE L, ERARPRPER BRI <&

T2 LET,

ARG L DTN N TR DT 2150 £ LIRS KT B MR BER - R~ ZE b
Jik v =% EEMANE L, BERRERZPEER SMLESE IR EHVTE LETS

WHIEZITICH T2 . TS 2B £ LBIRERT B MRS - B HEsE
TS —HEHER R E T, ReE . RESRE R, IR R ER TR AT
SREEBLATE L VLR TS M AR R BHE L RV BRI ST HEE A
WIS o Z —HAfr SRS B LBV, S A AREERIZE EEHWZ LETS

K BATT DI HT D | a2 & bIZ LIeBERMEY eI NS, BERH S

MR DAL, AR RIZEEH W LET,

W LY RBARNLXATINEFEE, BiE KNLHrLOMEERLET,

RO OB SR 250 £ Lz AARPIHRBSICIRER DM ELZR LET,

92



10.

51 F 3R

Akiyama H. 2010. Sake: the essence of 2000 years of Japanese wisdom gained from brewing

alcoholic beverages from rice. Brewing Society of Japan, Tokyo, Japan.

Kitamura Y, Kusumoto K, Oguma T, Nagai T, Furukawa S, Suzuki C, Satomi M, Magariyama Y,
Takamine K, Tamaki H. 2016. Ethnic fermented foods and alcoholic beverages of Japan. p 193—
236. In Tamang JP (ed), Ethnic fermented foods and alcoholic beverages of Asia, Springer India,
New Delhi, India.

Suganuma T, Fujita K, Kitahara K. 2007. Some distinguishable properties between acid-stable
and neutral types of alpha-amylases from acid-producing koji. J Biosci Bioeng 104:353-362.
https://doi.org/10.1263/jbb .104.353.

https://www.jozo.or.jp/koujikinnituite2.pdf
LR, & M T 1949, BE T, 27, 162-166

JbERERE 1974, 7L a— L THEIZBIT A7 I 77—, AAROT /)La—)LOREH D
T L HA (WFmeRE 135, W), 244

Yamada O, Takara R, Hamada R, Hayashi R, Tsukahara M, Mikami S 2011. Molecular
biological researches of Kuro-Koji molds, their classification and safety. J. Biosci. Bioeng., 112,
233-237

Hong SB, Lee M, Kim D. H, Varga J, Frisvad J. C, Perrone G, Gomi K, Yamada O, Machida M,
Houbraken J, Samson R. A. 2013. Aspergillus luchuensis, an industrially important black
Aspergillus in East Asia. PLoS One, 8, e63769

Hong SB, Yamada O, Samson R. A.2014. Taxonomic re-evaluation of black koji molds. Appl.
Microbiol. Biotechnol., 98, 555-561

Tsai HF, Chang YC, Washburn RG, Wheeler MH, Kwon-Chung K. J. 1998. The

developmentally regulated albl gene of Aspergillus fumigatus: its role in modulation of conidial
morphology and virulence. J. Bacteriol., 180, 3031-3038

93


https://doi.org/10.1263/jbb%20.104.353
https://www.jozo.or.jp/koujikinnituite2.pdf

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Takahashi T, Mizutani O, Shiraishi Y, Yamada O. 2011. Development of an efficient
gene-targeting system in Aspergillus luchuensis by deletion of the non-homologous end joining
system. J. Biosci. Bioeng., 112, 529-534

Jargensen TR, Park J, Arentshorst M, van Welzen A. M, Lamers G, Vankuyk PA, Damveld RA,
van den Hondel CA, Nielsen K. F, Frisvad J. C, Ram A. F. 2011. The molecular and genetic
basis of conidial pigmentation in Aspergillus niger. Fungal Genet. Biol., 48, 544-553

TRARIER, —ApZRJE, HRIFHERE, & RS 2014, BERHED O Identity 75 . B, 109,
219-227

Karaffa L, Kubicek CP. 2003. Aspergillus niger citric acid accumulation: do we understand this
well working black box? Appl Microbiol Biotechnol 61:189-196.
https://doi.org/10.1007/s00253-002-1201-7.

Magnuson JK, Lasure LL. 2004. Organic acid production by filamentous fungi, p 307-340. In
Tkacz JS, Lange L (ed), Advances in fungal biotechnology for industry, agriculture, and

medicine. Springer, Boston, MA.

Legisa M, Mattey M. 2007. Changes in primary metabolism leading to citric acid overflow in
Aspergillus niger. Biotechnol Lett 29:181-190. https://doi.org/10.1007/s10529-006-9235-z.

Jaklitsch WM, Kubicek CP, Scrutton MC. 1991. Intracellular organisation of citrate production
in Aspergillus niger. Can J Microbiol 37:823— 827.] https://doi.org/10.1139/m91-142.

Ruijter GJG, Panneman H, Xu D-B, Visser J. 2000. Properties of Aspergillus niger citrate
synthase and effects of citA overexpression on citric acid production. FEMS Microbiol Lett
184:35- 40. https://doi.org/10.1111/j .1574-6968.2000.th08986.x.

Torres N. 1994. Modelling approach to control of carbohydrate metabolism during citric acid
accumulation by Aspergillus niger. 1. Model definition and stability of the steady state.
Biotechnol Bioeng 44: 104-111. https://doi.org/10.1002/bit.260440115.

Torres N. 1994. Modelling approach to control of carbohydrate metabolism during citric acid
accumulation by Aspergillus niger. Il. Sensitivity analysis. Biotechnol Bioeng 44:112-118.
https://doi.org/10.1002/bit .260440116.

94


https://doi.org/10.1007/s00253-002-1201-7
https://doi.org/10.1007/s10529-006-9235-z
https://doi.org/10.1139/m91-142
https://doi.org/10.1002/bit.260440115

21.

22.

23.

24.

25.

26.

27.

28.

29.

Alvarez-Vasquez F, Gonzélez-Alcdn C, Torres NV. 2000. Metabolism of citric acid production
by Aspergillus niger: model definition, steady-state analysis and constrained optimization of
citric acid production rate. Biotechnol Bioeng 70:82-108.
https://doi.org/10.1002/1097-0290(20001005) 70:182::AID-BIT103.0.CO;2-V.

Palmieri F, Stipani |, Quagliariello E, Klingenberg M. 1972. Kinetic study of the tricarboxylate
carrier in rat liver mitochondria. Eur J Biochem 26:587-594,
https://doi.org/10.1111/j.1432-1033.1972.tb01801.x.

Bisaccia F, De Palma A, Palmieri F. 1989. Identification and purification of the tricarboxylate
carrier from rat liver mitochondria. Biochim Biophys Acta 977:171-176.
https://doi.org/10.1016/S0005-2728(89)80068-4.

Kaplan RS, Mayor JA, Wood DO. 1993. The mitochondrial tricarboxylate transport protein.
cDNA cloning, primary structure, and comparison with other mitochondrial transport proteins. J
Biol Chem 268:13682-13690.

Kaplan RS, Mayor JA, Gremse DA, Wood DO. 1995. High level expression and
characterization of the mitochondrial citrate transport protein from the yeast Saccharomyces
cerevisiae. J Biol Chem 270:4108-4114. https:// doi.org/10.1074/jbc.270.8.4108.

Xu Y, Kakhniashvili DA, Gremse DA, Wood DO, Mayor JA, Walters DE, Kaplan RS. 2000.
The yeast mitochondrial citrate transport protein. Probing the roles of cysteines, Arg(181), and
Arg(189) in transporter function. J Biol Chem 275:7117-7124.
https://doi.org/10.1074/jbc.275.10 .7117.

Watson JA, Lowenstein JM. 1970. Citrate and the conversion of carbohydrate into fat. Fatty
acid synthesis by a combination of cytoplasm and mitochondria. J Biol Chem 245:5993- 6002.

Brunengraber H, Lowenstein JM. 1973. Effect of (-)-hydroxycitrate on ethanol metabolism.
FEBS Lett 36:130 —132. https://doi.org/10.1016/ 0014-5793(73)80353-9.

Endemann G, Goetz PG, Edmond J, Brunengraber H. 1982. Lipogenesis from ketone bodies in

the isolated perfused rat liver. Evidence for the cytosolic activation of acetoacetate. J Biol Chem
257:3434 -3440.

95


https://doi.org/10.1111/j.1432-1033.1972.tb01801.x
https://doi.org/10.1016/S0005-2728(89)80068-4

30.

31.

32.

33.

34.

35.

36.

37.

Conover TE. 1987. Does citrate transport supply both acetyl groups and NADPH for
cytoplasmic  fatty  acid  synthesis?  Trends  Biochem  Sci 12:  88-89.
https://doi.org/10.1016/0968-0004(87)90042-9.

Kaplan RS, Mayor JA, Kakhniashvili D, Gremse DA, Wood DO, Nelson DR. 1996. Deletion of
the nuclear gene encoding the mitochondrial citrate transport protein from Saccharomyces
cerevisiae. Biochem Biophys Res Commun 226:657— 662.
https://doi.org/10.1006/bbrc.1996.1411.

Ferndndez M, Ferndndez E, Rodicio R. 1994. ACR1, a gene encoding a protein related to
mitochondrial carriers, is essential for acetyl-CoA synthetase activity in Saccharomyces
cerevisiae. Mol Gen Genet 242: 727-735.

Palmieri L, Lasorsa FM, De Palma A, Palmieri F, Runswick MJ, Walker JE. 1997.
Identification of the yeast ACR1 gene product as a succinatefumarate transporter essential for
growth on ethanol or acetate. FEBS Lett 417:114 -118.
https://doi.org/10.1016/S0014-5793(97)01269-6.

Palmieri L, Lasorsa FM, Vozza A, Agrimi G, Fiermonte G, Runswick MJ, Walker JE, Palmieri
F. 2000. Identification and functions of new transporters in yeast mitochondria. Biochim
Biophys Acta 1459:363-369. https://doi.org/10.1016/S0005-2728(00)00173-0.

Kirimura K, Kobayashi K, Ueda Y, Hattori T. 2016. Phenotypes of gene disruptants in relation
to a putative mitochondrial malate-citrate shuttle protein in citric acid-producing Aspergillus
niger. Biosci Biotechnol Biochem 80:1737-1746.
https://doi.org/10.1080/09168451 .2016.1164583.

Omori T, Takeshima N, Shimoda M. 1994. Formation of acid-labile -amylase during barley-koji
production. J Ferment Bioeng 78:27-30. https://doi.org/10.1016/0922-338X(94)90173-2.

Futagami T, Mori K, Wada S, Ida H, Kajiwara Y, Takashita H, Tashiro K, Yamada O, Omori T,
Kuhara S, Goto M. 2015. Transcriptomic analysis of temperature responses of Aspergillus
kawachii during barley koji production. Appl Environ Microbiol 81:1353-1363.
https://doi.org/10.1128/ AEM.03483-14.

96


https://doi.org/10.1016/0968-0004(87)90042-9
https://doi.org/10.1006/bbrc.1996.1411
https://doi.org/10.1016/S0014-5793(97)01269-6
https://doi.org/10.1016/S0005-2728(00)00173-0
https://doi.org/10.1016/0922-338X(94)90173-2

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Niu J, Arentshorst M, Nair PD, Dai Z, Baker SE, Frisvad JC, Nielsen KF, Punt PJ, Ram AF.
2015. Identification of a classical mutant in the industrial host Aspergillus niger by systems
genetics: LaeA is required for citric acid production and regulates the formation of some
secondary metabolites. G3 (Bethesda) 6:193-204.

Bok JW, Keller NP. 2004. LaeA, a regulator of secondary metabolism in Aspergillus spp.
Eukaryot Cell 3:527-535.

Bayram O, Braus GH. 2012. Coordination of secondary metabolism and development in fungi:

the velvet family of regulatory proteins. FEMS Microbiol Rev 36:1-24.
Perrin RM, Fedorova ND, Bok JW, Cramer RA, Wortman JR, Kim HS, Nierman WC, Keller
NP. 2007. Transcriptional regulation of chemical diversity in Aspergillus fumigatus by LaeA.

PLoS Pathog. 3:e50.

Oda K, Kabayashi A, Ohashi S, Sano M. 2011. Aspergillus oryzae laeA regulates kojic acid
synthesis genes. Biosci Biotechnol Biochem. 75:1832-4.

Kawauchi M, Nishiura M, Iwashita K. 2013. Fungus-specific sirtuin HstD coordinates

secondary metabolism and development through control of LaeA. Eukaryot Cell 12:1087-1096.

Tashiro S, Futagami T, Wada S, Kajiwara Y, Takashita H, Omori T, Takahashi T, Yamada O,
Takegawa K, Goto M. 2013. Construction of a ligD disruptant for efficient gene targeting in
white koji mold, Aspergillus kawachii. J. Gen. Appl. Microbiol., 59, 257-260

Kadooka C, Onitsuka S, Uzawa M, Tashiro S, Kajiwara Y, Takashita H, Okutsu K, Yoshizaki Y,
Takamine K, Goto M, Tamaki H, Futagami T. 2016. J. Gen. Appl. Microbiol., 62,160-163

Fungal Genetics Stock Center : http://www.fgsc.net/methods/anidmed.html

Aramayo R, Adams T. H, Timberlake W. E. 1989. A large cluster of highly expressed genes is

dispensable for growth and development in Aspergillus nidulans.Genetics, 122, 65-71

97


http://www.fgsc.net/methods/anidmed.html

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Kimoto D, Kadooka C, Saenrungrot P, Okutsu K, Yoshizaki Y, Takamine K, Goto M, Tamaki H,
Futagami T. 2019. Pex16 is involved in peroxisome and Woronin body formation in the white

koji fungus, Aspergillus luchuensis mut. kawachii.J. Biosci. Bioeng., 127, 85-92

Jahn B, Koch A, Schmidt A, Wanner G, Gehringer H, Bhakdi S, Brakhage A. A. 1997. Isolation
and characterization of a pigmentless-conidium mutant of Aspergillus fumigatus with altered

conidial surface and reduced virulence. Infect. Immun., 65, 5110-5117

PO EE—RB, RS 1953. f21k, 27, 524-529

Belozerskaya T A, Gessler NN, Aver‘yanov, AA. 2017. Melanin pigments of fungi. Fungal
Metabolites (Springer, Cham) , 263-291

Hagiwara D, Sakai K, Suzuki S, Umemura M, Nogawa T, Kato N, Osada H, Watanabe A,
Kawamoto S, Gonoi T, Kamei K. 2017. Temperature during conidiation affects stress tolerance,
pigmentation, and trypacidin accumulation in the conidia of the airborne pathogen Aspergillus
fumigatus. PLoS One, 12, e0177050

Esbelin J, Malleam S, Ramm A. F, Carlin F. 2013. Impact of dye-protein interaction and silver
nanoparticles on rose bengal photophysical behavior and protein photocrosslinking. Photochem.
Photobiol., 89, 758-761

FERHiZ:. 2014, A 4 v B — AFRELINORERE & EZERA. b5 L AW, 52, 659-664

Tanaka H, Wang P-L, Yamada O. 1966. Yellow pigments of Aspergillus niger and Asp. awamori.
. Isolation of aurasperone A and related pigments. Agric. Biol. Chem., 30, 107-113

Wang P-L, Tanaka H. 1966. Yellow pigments of Aspergillus niger and Aspergillus awamori. II.
Chemical structure of aurasperone. Agric. Biol. Chem., 30, 683-687

Choque E, Rayess Y. E, Raynal R, Mathieu F. 2015. Fungal naphtho-y-pyrones-secondary
metabolites of industrial interest. Appl. Microbiol. Biotechnol., 99, 1081-1096

Chiang Y-M, Meyer K. M, Praseuth M, Baker S. E, Bruno K. S, Wang C. C. C. 2011.

Characterization of a polyketide synthase in Aspergillus niger whose product is a precursor for

98



59.

60.

61.

62.

63.

64.

65.

66.

both dihydroxynaphthalene (DHN) melanin and naphtho-y-pyrone. Fungal Genet. Biol., 48,
430-437

Wallis JW, Chrebet G, Brodsky G, Rolfe M, Rothstein R. 1989. A hyperrecombination mutation
in S. cerevisiae identifies a novel eukaryotic topoisomerase. Cell 58:409-419.
https://doi.org/10.1016/0092-8674(89) 90855-6.

Sherman F.  1991. Getting started with yeast. Methods Enzymol 194:3-21.
https://doi.org/10.1016/0076-6879(91)94004-V.

Meyer V, Wanka F, van Gent J, Arentshorst M, van den Hondel CA, Ram AF. 2011. Fungal
gene expression on demand: an inducible, tunable, and metabolism-independent expression
system  for  Aspergillus  niger.  Appl Environ Microbiol ~ 77:2975-2983.
https://doi.org/10.1128/AEM.02740-10.

Yang L, Ukil L, Osmani A, Nahm F, Davies J, De Souza CP, Dou X, Perez-Balaguer A, Osmani
SA. 2004. Rapid production of gene replacement constructs and generation of a green
fluorescent protein-tagged centromeric marker in Aspergillus nidulans. Eukaryot Cell 3:1359 —
1362. https://doi.org/10.1128/EC.3.5.1359-1362.2004.

Guldener U, Heck S, Fielder T, Beinhauer J, Hegemann JH. 1996. A new efficient gene
disruption cassette for repeated use in budding yeast. Nucleic Acids Res 24:2519 -2524.
https://doi.org/10.1093/nar/24.13.2519.

Dores MR, Schnell JD, Maldonado-Baez L, Wendland B, Hicke L. 2010. The function of yeast
epsin and Edel ubiquitin-binding domains during receptor internalization. Traffic 11:151-160.
https://doi.org/10.1111/j .1600-0854.2009.01003.x.

Liu HL, Osmani AH, Ukil L, Son S, Markossian S, Shen KF, Govindaraghavan M, Varadaraj A,
Hashmi SB, De Souza CP, Osmani SA. 2010. Singlestep affinity purification for fungal
proteomics. Eukaryot Cell 9:831- 833. https://doi.org/10.1128/EC.00032-10.

Palmieri F, Indiveri C, Bisaccia F, lacobazzi V. 1995. Mitochondrial metabolite carrier proteins:

purification, reconstitution, and transport studies. Methods Enzymol 260:349 -369.
https://doi.org/10.1016/0076 -6879(95)60150-3.

99


https://doi.org/10.1016/0076-6879(91)94004-V
https://doi.org/10.1128/AEM.02740-10
https://doi.org/10.1128/EC.3.5.1359-1362.2004
https://doi.org/10.1093/nar/24.13.2519
https://doi.org/10.1128/EC.00032-10

67.

68.

69.

70.

71.

72.

73.

74.

75.

Saraste M, Walker JE. 1982. Internal sequence repeats and the path of polypeptide in
mitochondrial ADP/ATP translocase. FEBS Lett 144: 250-254.
https://doi.org/10.1016/0014-5793(82)80648-0.

Kunji ER. 2004. The role and structure of mitochondrial carriers. FEBS Lett 564:239 —244.
https://doi.org/10.1016/S0014-5793(04)00242-X.

Robinson AJ, Kunji ER. 2006. Mitochondrial carriers in the cytoplasmic state have a common
substrate  binding site. Proc Natl Acad Sci U S A 103:2617-2622.
https://doi.org/10.1073/pnas.0509994103.

Ma C, Remani S, Sun J, Kotaria R, Mayor JA, Walters DE, Kaplan RS. 2007. Identification of
the substrate binding sites within the yeast mitochondrial citrate transport protein. J Biol Chem
282:17210-17220. https://doi .org/10.1074/jbc.M611268200.

Aluvila S, Kotaria R, Sun J, Mayor JA, Walters DE, Harrison DH, Kaplan RS. 2010. The yeast
mitochondrial citrate transport protein: molecular determinants of its substrate specificity. J Biol
Chem 285:27314-27326. https://doi.org/10.1074/jbc.M110.137364.

Castegna A, Scarcia P, Agrimi G, Palmieri L, Rottensteiner H, Spera I, Germinario L, Palmieri
F. 2010. Identification and functional characterization of a novel mitochondrial carrier for
citrate and oxoglutarate in Saccharomyces cerevisiae. J Biol Chem 285:17359-17370.
https://doi.org/ 10.1074/jbc.M109.097188.

van Leeuwen MR, Krijgsheld P, Bleichrodt R, Menke H, Stam H, Stark J, Waosten HA,
Dijksterhuis J. 2013. Germination of conidia of Aspergillus niger is accompanied by major
changes in RNA profiles. Stud Mycol 74:59 —70. https://doi.org/10.3114/sim0009.

Ljungdahl PO, Daignan-Fornier B. 2012. Regulation of amino acid, nucleotide, and phosphate
metabolism in Saccharomyces cerevisiae. Genetics 190:885-929.
https://doi.org/10.1534/genetics.111.133306.

Hynes MJ, Murray SL. 2010. ATP-citrate lyase is required for production of cytosolic acetyl

coenzyme A and development in Aspergillus nidulans. Eukaryot Cell 9:1039 -1048.
https://doi.org/10.1128/EC.00080-10.

100


https://doi.org/10.1016/0014-5793(82)80648-0
https://doi.org/10.1016/S0014-5793(04)00242-X
https://doi.org/10.1073/pnas.0509994103
https://doi.org/10.1074/jbc.M110.137364
https://doi.org/10.3114/sim0009
https://doi.org/10.1534/genetics.111.133306
https://doi.org/10.1128/EC.00080-10

76.

77.

78.

79.

80.

81.

82.

Chen H, He X, Geng H, Liu H. 2014. Physiological characterization of ATP-citrate lyase in
Aspergillus niger. J Ind Microbiol Biotechnol 41: 721-731.
https://doi.org/10.1007/s10295-014-1418-3.

Darby MM, Serebreni L, Pan X, Boeke JD, Corden JL. 2012. The Saccharomyces cerevisiae
Nrd1-Nab3 transcription termination pathway acts in opposition to Ras signaling and mediates
response to nutrient depletion. Mol Cell Biol 32:1762-1775.
https://doi.org/10.1128/MCB.00050-12.

Kaplan RS, Mayor JA, Johnston N, Oliveira DL. 1990. Purification and characterization of the
reconstitutively active tricarboxylate transporter from rat liver mitochondria. J Biol Chem
265:13379-13385.

Pel HJ, de Winde JH, Archer DB, Dyer PS, Hofmann G, Schaap PJ, Turner G, de Vries RP,
Albang R, Albermann K, Andersen MR, Bendtsen JD, Benen JA, van den Berg M, Breestraat S,
Caddick MX, Contreras R, Cornell M, Coutinho PM, Danchin EG, Debets AJ, Dekker P, van
Dijck PW, van Dijk A, Dijkhuizen L, Driessen Al, d’Enfert C, Geysens S, Goosen C, Groot GS,
de Groot PW, Guillemette T, Henrissat B, Herweijer M, van den Hombergh JP, van den Hondel
CA, van der Heijden RT, van der Kaaij RM, Klis FM, Kools HJ, Kubicek CP, van Kuyk PA,
Lauber J, Lu X, van der Maarel MJ, Meulenberg R, Menke H, Mortimer MA, Nielsen J, Oliver
SG, Olsthoorn M, Pal K, van Peij NN, Ram AF, Rinas U, Roubos JA, Sagt CM, Schmoll M,
Sun J, Ussery D, Varga J, Vervecken W, van de Vondervoort PJ, Wedler H, Woésten HA, Zeng
AP, van Ooyen AJ, Visser J, Stam H. 2007. Genome sequencing and analysis of the versatile
cell factory Aspergillus niger CBS 513.88. Nat Biotechnol 25:221-231. https://doi.org/10.1038/
nbt1282.

Umbarger HE. 1978. Amino acid biosynthesis and its regulation. Annu Rev Biochem 47:532—
606. https://doi.org/10.1146/annurev.bi.47.070178 .002533.

Bhattacharjee JK. 1985. a-Aminoadipate pathway for the biosynthesis of lysine in lower
eukaryotes. Crit Rev Microbiol 12:131-151. https://doi .org/10.3109/10408418509104427.

Garrad RC, Bhattacharjee JK. 1992. Lysine biosynthesis in selected pathogenic fungi:

characterization of lysine auxotrophs and the cloned LYS1 gene of Candida albicans. J
Bacteriol 174:7379 —7384. https://doi.org/10 .1128/jb.174.22.7379-7384.1992.

101


https://doi.org/10.1007/s10295-014-1418-3
https://doi.org/10.1128/MCB.00050-12

83.

84.

85.

86.

87.

88.

89.

90.

Zabriskie TM, Jackson MD. 2000. Lysine biosynthesis and metabolism in fungi. Nat Prod Rep
17:85-97. https://doi.org/10.1039/a801345d.

Schébel F, Jacobsen 1D, Brock M. 2010. Evaluation of lysine biosynthesis as an antifungal drug
target: biochemical characterization of Aspergillus fumigatus homocitrate synthase and
virulence studies. Eukaryot Cell 9:878-893. https://doi.org/10.1128/EC.00020-10.

Fazius F, Shelest E, Gebhardt P, Brock M. 2012. The fungal a-aminoadipate pathway for lysine
biosynthesis requires two enzymes of the aconitase family for the isomerization of homocitrate
to homoisocitrate. Mol Microbiol 86:1508-1530. https://doi.org/10.1111/mmi.12076.

Vorapreeda T, Thammarongtham C, Cheevadhanarak S, Laoteng K. 2012. Alternative routes of
acetyl-CoA synthesis identified by comparative genomic analysis: involvement in the lipid
production  of  oleaginous yeast and  fungi. Microbiology =~ 158:217-228.
https://doi.org/10.1099/mic .0.051946-0.

Flikweert MT, Van Der Zanden L, Janssen WM, Steensma HY, Van Dijken JP, Pronk JT. 1996.
Pyruvate decarboxylase: an indispensable enzyme for growth of Saccharomyces cerevisiae on
glucose. Yeast 12:247-257. https://
doi.org/10.1002/(SICI1)1097-0061(19960315)12:3%3C247::AID-YEA911%3E3 .0.CO;2-I.

Pronk JT, Yde Steensma H, Van Dijken JP. 1996. Pyruvate metabolism in Saccharomyces
cerevisiae. Yeast 12:1607-1633. https://doi.org/10.1002/
(SICI1)1097-0061(199612)12:16%3C1607::AID-YEA70%3E3.0.CO;2-4.

van den Berg MA, de Jong-Gubbels P, Kortland CJ, van Dijken JP, Pronk JT, Steensma HY.
1996. The two acetyl-coenzyme A synthetases of Saccharomyces cerevisiae differ with respect
to Kkinetic properties and transcriptional regulation. J Biol Chem 271:28953-28959.
https://doi .org/10.1074/jbc.271.46.28953.

Remize F, Andrieu E, Dequin S. 2000. Engineering of the pyruvate dehydrogenase bypass in
Saccharomyces cerevisiae: role of the cytosolic Mg2* and mitochondrial K* acetaldehyde
dehydrogenases Ald6p and Ald4p in acetate formation during alcoholic fermentation. Appl
Environ Microbiol 66:3151-3159. https://doi.org/10.1128/AEM.66.8.3151-3159 .2000.

102


https://doi.org/10.1039/a801345d
https://doi.org/10.1128/EC.00020-10
https://doi.org/10.1128/AEM.66.8.3151-3159%20.2000

91.

92.

93.

94.

95.

96.

97.

98.

99.

Kadooka C, Izumitsu K, Onoue M, Okutsu K, Yoshizaki Y, Takamine K, Goto M, Tamaki H,
Futagami T. 2019. Mitochondrial citrate transporters CtpA and YhmA are required for
extracellular citric acid accumulation and contribute to cytosolic acetyl coenzyme A generation

in Aspergillus luchuensis mut. kawachii. Appl Environ Microbiol 85:e03136-18.

Kodzius R, Kojima M, Nishiyori H, Nakamura M, Fukuda S, Tagami M, Sasaki D, Imamura K,
Kai C, Harbers M, Hayashizaki Y, Carninci P. 2006. CAGE: cap analysis of gene expression.
Nat Methods 3:211-222.

Futagami T, Mori K, Yamashita A, Wada S, Kajiwara Y, Takashita H, Omori T, Takegawa K,
Tashiro K, Kuhara S, Goto M. 2011. Genome sequence of the white koji mold Aspergillus
kawachii IFO 4308, used for brewing the Japanese distilled spirit shochu. Eukaryot Cell
10:1586-1587.

Bernreiter A, Ramon A, Ferndndez-Martinez J, Berger H, Araljo-Bazan L, Espeso EA,
Pachlinger R, Gallmetzer A, Anderl I, Scazzocchio C, Strauss J. 2007. Nuclear export of the
transcription factor NirA is a regulatory checkpoint for nitrate induction in Aspergillus nidulans.
Mol Cell Biol 27:791-802.

Palmer JM, Theisen JM, Duran RM, Grayburn WS, Calvo AM, Keller NP. 2013. Secondary
metabolism and development is mediated by LImF control of VeA subcellular localization in
Aspergillus nidulans. PLoS Genet. 9:¢1003193.

Wang B, Lv Y, Li X, Lin Y, Deng H, Pan L. 2018. Profiling of secondary metabolite gene
clusters regulated by LaeA in Aspergillus niger FGSC A1279 based on genome sequencing and
transcriptome analysis. Res Microbiol 169:67-77.

Hoff B, Kamerewerd J, Sigl C, Mitterbauer R, Zadra I, Kurnsteiner H, Kiick U. 2010. Two
components of a velvet-like complex control hyphal morphogenesis, conidiophore development,
and penicillin biosynthesis in Penicillium chrysogenum. Eukaryot Cell 9:1236-1250.

Steiger MG, Rassinger A, Mattanovich D, Sauer M. 2019. Engineering of the citrate exporter
protein enables high citric acid production in Aspergillus niger. Metab Eng 52:224-231.

Odoni DI, Vazquez-Vilar M, van Gaal MP, Schonewille T, Martins Dos Santos VAP,
Tamayo-Ramos JA, Suarez-Diez M, Schaap PJ. 2019. Aspergillus niger citrate exporter

103



100.

101.

102.

103.

104.

105.

106.

107.

108.

revealed by comparison of two alternative citrate producing conditions. FEMS Microbiol Lett
366:fnz071.

Punt PJ, Dingemanse MA, Kuyvenhoven A, Soede RD, Pouwels PH, van den Hondel CA. 1990.
Functional elements in the promoter region of the Aspergillus nidulans gpdA gene encoding

glyceraldehyde-3-phosphate dehydrogenase. Gene 93:101-109.

Punt PJ, Zegers ND, Busscher M, Pouwels PH, van den Hondel CA. 1991. Intracellular and
extracellular production of proteins in Aspergillus under the control of expression signals of the

highly expressed Aspergillus nidulans gpdA gene. J Biotechnol 17:19-34.

Strauss J, Reyes-Dominguez Y. 2011. Regulation of secondary metabolism by chromatin

structure and epigenetic codes. Fungal Genet Biol 48:62—609.

Sarikaya-Bayram O, Palmer JM, Keller N, Braus GH, Bayram O. 2015. One Juliet and four

Romeos: VeA and its methyltransferases. Front Microbiol 6:1.

Linde T, Zoglowek M, Libeck M, Frisvad JC, Lubeck PS. 2016. The global regulator LaeA
controls production of citric acid and endoglucanases in Aspergillus carbonarius. J Ind
Microbiol Biotechnol 43:1139-1147.

Rodriguez-Navarro A. 2000. Potassium transport in fungi and plants. Biochim Biophys Acta
1469:1-30.

Kinclova-Zimmermannova O, Gaskova D, Sychrova H. 2006. The Na+,K+/H+ -antiporter
Nhal influences the plasma membrane potential of Saccharomyces cerevisiae. FEMS Yeast Res
6:792-800.

Benito B, Garciadeblas B, Pérez-Martin J, Rodriguez-Navarro A. 2009. Growth at high pH and
sodium and potassium tolerance in media above the cytoplasmic pH depend on ENA ATPases
in Ustilago maydis. Eukaryot Cell 8:821-829.

Purschwitz J, Mller S, Kastner C, Schéser M, Haas H, Espeso EA, Atoui A, Calvo AM,

Fischer R. 2008. Functional and physical interaction of blue- and red-light sensors in
Aspergillus nidulans. Curr Biol. 18:255-2509.

104



109.

110.

111.

112.

113.

114.

115.

116.

117.

Downes DJ, Davis MA, Wong KH, Kreutzberger SD, Hynes MJ, Todd RB. 2014. Dual DNA
binding and coactivator functions of Aspergillus nidulans TamA, a Zn(I1)2Cys6 transcription
factor. Mol Microbiol 92:1198-1211.

Gerke J, Bayram O, Feussner K, Landesfeind M, Shelest E, Feussner |, Braus GH. 2012.
Breaking the silence: protein stabilization uncovers silenced biosynthetic gene clusters in the

fungus Aspergillus nidulans. Appl Environ Microbiol 78:8234-8244.

Gomi K. Regulatory mechanisms for amylolytic gene expression in the koji mold Aspergillus
oryzae. 2019. Biosci Biotechnol Biochem 83:1385-1401.

Yin WB, Reinke AW, Szilagyi M, Emri T, Chiang YM, Keating AE, Pdcsi |, Wang CC, Keller
NP. 2013. bZIP transcription factors affecting secondary metabolism, sexual development and

stress responses in Aspergillus nidulans. Microbiology 159(Pt 1):77-88.

Lee BY, Han SY, Choi HG, Kim JH, Han KH, Han DM. 2005. Screening of growth- or
development-related genes by using genomic library with inducible promoter in Aspergillus
nidulans. J Microbiol 43:523-528.

Hynes MJ, Murray SL, Duncan A, Khew GS, Davis MA. 2006. Regulatory genes controlling
fatty acid catabolism and peroxisomal functions in the filamentous fungus Aspergillus nidulans.
Eukaryot Cell 5:794-805.

Hoffmann B, Valerius O, Andermann M, Braus GH. 2001. Transcriptional autoregulation and
inhibition of MRNA translation of amino acid regulator gene cpcA of filamentous fungus
Aspergillus nidulans. Mol Biol Cell 12:2846-2857.

Tuncher A, Reinke H, Martic G, Caruso ML, Brakhage AA. 2004. A basic-region
helix-loop-helix protein-encoding gene (devR) involved in the development of Aspergillus
nidulans. Mol Microbiol 52:227-241.

Patananan AN, Palmer JM, Garvey GS, Keller NP, Clarke SG. 2013. A novel automethylation

reaction in the Aspergillus nidulans LaeA protein generates S-methylmethionine. J Biol Chem
288:14032-14045.

105



118.

119.

120.

121.

122.

123.

124.

Reyes-Dominguez Y, Bok JW, Berger H, Shwab EK, Basheer A, Gallmetzer A, Scazzocchio C,
Keller N, Strauss J. 2010. Heterochromatic marks are associated with the repression of

secondary metabolism clusters in Aspergillus nidulans. Mol Microbiol 76:1376-1386.

FfE T2, SR, ACRERE, B LB BERE, HWHET, i, %ERER),
R fE, PRIk 2019. 8 Aspergillus luchuensis mut. kawachii NBRC 4308 @ 77 /L
v KRB O R KBS DOFEHT. In press

Odoni DI, van Gaal MP, Schonewille T, Tamayo-Ramos JA, Martins Dos Santos VAP,
Suarez-Diez M1, Schaap PJ. 2017. Aspergillus niger Secretes Citrate to Increase Iron
Bioavailability. Front Microbiol. 8:1424.

Michael T.Madigan, John M.Martinko, Jack Parker, Z8{k & 7+ BGER, B A+ BEER.
2003. 7'\ v 7 WA A St 11, TEREW A YR

Shimizu M, Masuo S, Fujita T, Doi Y, Kamimura Y, Takaya N. 2012. Hydrolase controls
cellular NAD, sirtuin, and secondary metabolites. Mol Cell Biol. 32:3743-3755.

Itoh E, Odakura R, Oinuma KI, Shimizu M, Masuo S, Takaya N. 2017. Sirtuin E is a fungal
global transcriptional regulator that determines the transition from the primary growth to the
stationary phase. J Biol Chem. 292:11043-11054.

Miyamoto A, Kadooka C, Mori K, Tagawa Y, Okutsu K, Yoshizaki Y, Takamine K, Goto M,
Tamaki H, Futagami T. 2019. SirD is involved in a-amylase activity and citric acid production
in Aspergillus luchuensis mut. kawachii during a solid-state fermentation process. J Biosci

Bioeng. in press.

106



