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Jy
1. SRIREDOEET D IRREEY

EMOENTIL, 72 7 ECIENBE, B s, —RIWHED & Jidns, 4
MHERFIC R DR WMEEIDER R SN TV D, T LT kEEDIC
X, NPT ESFHTODEFERL, RR2EE2FHEIIT 657wy, Ay
FEA R ST LOHBRENFMET D, O FAEMOMEEITEERBER LW
N, Bkx B0, —IRINHPFEM 2 B L TARRESN D, —IRIHE
Wix, T ZEEHE T —RIBHEDNORI T EZA N, T4 R, T
JhnaA R LI EN D, EWH ZIRAGETFEY O & RIE 4 2 5 R
FEITEMRE SN TEBY, TR alARLEL 2 & TEIZESHE S
RbOEELZENTE S,

TRARHPEE D E S RRICRIH D EEZRFEHE, 72T L CoA, % Ik,
AUk, 1T AR R e — 5 U VEBICHETH(X D, ZnbixERn
. FIEERRIE . O IBMRKE. AN UEBRRK. FAEYvERL L —2RY
FERRIEGEA N a VBRI OFMR L e DG Th 5, BRI GIX, 7=/
— W, TRAZ T UV, v/ u T4 RERUAEME, Rataaxdx s
fe72 EORFIEIE NG SN D, VX IMBRKIX. FHERT 2 Bae s
THDICEERZE ZHW, BN IRRHEDIL. Sk 7 = ) —/VH,
FWEERBEAR, USSP U, Taahug RRERBD, A UEEREE T
FXTForue—RY VEEREKIL, BRBREBOT VR A4 RRATu A ROA
BRRICEG L TWD, ZoiEniz, AEpEEtE LTEER b DIZ, 7 /%
N, X IMRKELUNTEEKRIINDT I BBITHFEERT L Krebs [F]#
OHEN LG SN D, BFoiLd ZIRREEDICIL, BRIRASTF ROT7 Ll
2o RipERNmbis,



OH OH
~_OH ~_ ~OH
—
HO : OH PO ~~oH
OH OH
D-glucose glucose-6-phosphate

¢

: OH

e PO\/'\_/§O

3 OH
erythrose-4-phosphate

'

OHC._ .OH CO,H
j L-Phe
! PO —» L-Tyr
‘glyceraldehyde-3-phosphate : HO" 7 "OH L-Trp
| ¢ ‘ OH
shikimic acid
HO,C._ .OH A
L-Cys <«— L-Ser =— j
Gly ! PO o
3-phosphoglyceric acid i 9
. P=—P-OH
| P o
HOZC\H/OP """"""""""
phosphoenolpyruvate
¢ ! Y
| OH
L-Val | HO,C.__O |
L-Ala <— b . oP
L-Leu pyruvic acid ‘ O OH
““““““““““““““““““““““““ deoxyxylulose-5-phosphate
'
CoAS\fO -~ é
COHN\. |
acetyl-CoA mevalonic acid
L-lle o~ COH HOSC_ o~ COM |
i 2 2 L B
L-Lys : O O ¢
oxaloacetic acid 2-oxoglutaric acid L-Arg

I EICREENDRIRENEFET D IRAHIED T, MR ERD,
BEEE 7o AR BE M 2 R TAL BB S < AFET D (X 2), 2L AT m— /LK A
lovastatin(ZR U 7 % A R)HAEME penicillin FHOEED R Y — MMEFHAS T T



R). fE R LVE L gibberellin (T /L2 A4 IINIEDOREFTHD, 2D LD
IZBAE R TEMEZ S ORIRE KAWL, EIRLCRIEDO Y — Mg & L TlR%E
SNT&E, RIWDOEBRK T, MIDITER ZHEET 2R M X | RICHE4
IEMIRER DR ER 2 BRI T 5, F4 D ORIGHERE L EIT R BLEREE < |
% < DRFGEE DS RN D A=A G OFRMT 21T > T & 7=,

1,0

,,,,, b 9 H H H
&’ WAW :jK
HO NG -OH o] oj;N /
----- CO,A CO,H
chaetoglobosin A OH gibberellin penicillin G
inhibitor of actin phytohormone antibiotic agent

polymerization

solanapyrone A
radicicol lovastatin DNA polymerase 3
antitumor agent cholesterol lowering drug inhibitor

2. SRIREE H R ZIRAGHPED D& & AR

2. RIRERIRMAEABAIEIZ I T 53851 LIV DOfENT

SIRE R OELBAFTRICE L TE, REFEOEREROEZEENRH V. B#
M7 EORENRAEARE DRI SN TS, BIsT LV OFE
t, 1990 AN - TR ITIEIIT /e » TE 7228, 2000 FRITHEE O RIRE 7/
DENTIC K0 . REAEB BTN ) A EORFEOEBICES LT, #
TV TAE—L LTCIFET D Z EDNH LN~ 722(K 3), 2010 AU AAL
=l =N LT D b PERDIFIE TRRKDHEEERE L 7o TN T A
B —DRBNEB 20 7 ) DT —=ENSNEIR T T AR — %0 AT Tk
ML L C& T, T7abb, EBRIICHEEEMRIT SN -BER E2FIH L
BLAST (Basic Local Alignment Search Too)!Z X 2 fHEMEMZRE 2 W5 = & T,
BERERMOBIE T TH . T OMEEEZHERITE 5 X 01272 > 1=, BI/E TiE, 2ndFind,
antiSMASH, SMURF 72 E R EAGEBIE 7 T AX—TH7 0 77 54%
BRI TS, ZDICEY, BEICH BB FIHROF L, EOEER
FTNERKIZEDLD BRI TED LI Tz, T2 THLNTZEETIER



& RKIRW) % ki S B IAUR, A 7eTB M2 R0 SRR R O R BRGS0,
R OFIBIC SN BT T Th 5,

Bl D X DI REMAEBRICED S 7 T A —NTFRITE D L, RIZZDIAE
EEATIR O MER D D, —MICFEIHE DI D DX, B ik & BFERELO
TFEEOTFERMOND, B EIL, EAES 2RI Lo TX
B, BERTZ OMMED OB EZHRDLFIETH DL, AR FIETH LN,
1% DAY Z L IR EHSRIF 2 BT 2N ER H D Z L0, BREIC LD T
H$ 2 REMNAEFE LW ERNFERTECTYH, PRI FRENEEE S
ol AEEMET TR EAHARERPGE LNV R EORMEL H 5,
—J7, BEREIT, HOBE 7% BE FEECR B TIENHESL LT2E R L,
R OFRBUZ L W REEY 2 5 L, B TOWEZT 25 FIETh D, =
DOFETH, BBLBTDEEET 208 2 MITEA L TRV E G5 720D,
FHHUC L0 IFF SN D B 2 EFET DAL,

M C —{__— @ll— genomic DNA
— gene cluster

#@—

cpaO cpaD cpas
o]
HN OH
acetylCoA  (nag o~ CpaD
malonleoA—p:- 0 —p-
L-Trp N DMAPP
N
H
cyclo-acetoacetyl- p-cyclopiazonic acid a-cyclopiazonic
L-tryptophan acid

X 3. SRIRERAYDELGKELET 7 7 AZ—DHF]3

3. SRIREAEGHGEE T O BFRBLC X 5 BEREMHT 51

1996 4, HKD FujiilBUa FEKR) 5. Aspergillus terreus DREREARHIR U
A A REa#E#EPKS)EL T atX % . Aspergillus nidulans {238 A L
6-methylsalicylic acid Z#AEKT 5 Z L 222 & 1LHT724, 2T, SRIREOER
& [[ USRREE EICB L, ZIRGETEY & A G GBI 2 xS S T
DO L 72T,

1999 #£1Z1% Hutchinson 573, A. terreus DAFET % lovastatin DA k&
5+ lovB (R U 7 % A RE kSR PKS). lovC (o,p—Ffafniz cli#s5,ER) & . [F]



U< A. nidulans #15 FICHWTEMHEREI L7-5, Znickv, #7xH PKS I
K DB HABRTERIE A 5 M2 72 0 (X 4), Diels-Alder S % & T o4 A A 12

DOWTHRANE LT,

CH4COS-CoA O _SE
+ KR,DH , Eg T oo,
CH;COS-CoA = =
COOH 3 CH,COS-CoA
KR, DH, ER +
CH;COS-CoA
5 COOH
SE_CH
4 chze 3
HyC” ~ o
4 HBCJK,COSE
KR, DH, Eﬂj
- ﬂ ” Hyc”~~COSE
HOu~coon Ho, coou e coon
i cose
H CHQ
8 1 _cHs cHy )
Lovastatin
HsC” H;C” H (o H (o
Dihydromonacolin L Monacolin L Monacolin J

4. RWETEEZHWT-FZE T 5 26272 5 77 lovastatin D44 AR

AREB T 2T 58 EE LT, RIRELSMT S RIGESCEERE2S VS
NT&, REORFIZZET S E, Tang HiX. 2009 FIZEEREZ 18 FICHW,
lovastatin A RIEEELT TH D lovB, lovC % BFEFRBT LT-6, 51X, RBH
L7=& o7 EaRER L, In vitro F8R%1T 5 Z & T, LovB OFEAl 72 S E
ZfiEpT L= (X 5),

LovB | KS [MAT| DH | MT [ER®| KR |ACP|CON|  Lovc | ER ) Chain Extension
Loading Diketide Triketide Tetraketide Pentaketide Hexaketide
MHJ_Li/l_[i/ug/u:/ ACP
o<, { | mti ' CJ 4
Hexaketide Heptaketide Octaketide Nonaketide O OH HO_~_O
Ho. (J
_ ACPl / I / ) l RT) L OH => ) l“
Diels- o_$ elease € P
Alder Hl ‘oH HOL b S P [ { f
Reaction I p ;5‘[/ ) L oH CIy s
" (er) 5y Hl ) A
H ( I ( sz !‘/ Dihydromonacolin L Dihydromonacolin L
“h ( T acid 1 2

“H

5. BERIEHLR Z A= in vitro fEATIZ X - CREB & 41072 LovB D it



SR OFRFEME TIL, 7/ A DNA 7B #ERE S v mRNA mikfAIx, 27
TA T INA Y haBAIRRESND, TO%, BIRS T3S LICEE
FRIMELND, ZOTEOREEAMTH LI RBES., RICEBRAEMTHL AT T4
U THEEIN BIR DR VT, SRIRE KRR OB BRI T 2 3BT 512
. mRNA ZWi#:5 L7z cDNA Z AFTH0E R H D, £DDIZiE, AT
BRI AEPET DGR 2 Mt L i 7220, Ukt L, A. oryzae
BRERBIA T, TBOARKRHOBLRTFRATHLZ LD, ERICAT T4
T I, EEOH HEEROREDGTE BRI RELND T LR
THREIND,

FalR o X ) IcYeta R I FET D85 7 7 A X —I|Zi%, BEORBESMNT
THRE SN, IRoTBIE 7 7 AZ =B GFET S, Bl2iE, RIRE
Aspergillus fumigatus DYEAR LT, WY 72 A BRI R Y — LKAFTA
TF R EOAEGHERT 7 7 AX —1X 30 L EH DY, RARW & kbis LT
L6016 HRE LRV 2, ZO%E, BinFaRBlToEEL L TORREL
fERHT % & . A fumigatus ® 24 OBV T A X —D X 512 mRNA %5l
TERVBIRF ORI A TEDITT TH D, Thbb, KRIREERERIR
X, BFHULEORIE(T ) L~ A = INIEHTE D REEEZFLD TV 5,

4. Aspergillus oryzae B:AEFE %

SIRE DT ) A DNAICa— RESNLHBEERIE T2 EEEEATE 5 A oryzae
R A. nidulans Z15F & LT RIRE KRB O 4G A5 5851 DO EEME
MrMThoi CTE Iz, IEEAPEIC b SV D A. oryzae X, 7 X 7 —EBEPERET
NEm< 1 Uy MVORFET, g BN CTAEETE S, L, BREOX R0
B EFERE ST D 100-1000 5 & Wbiv b, 165 T, A. oryzae [TEEZAEW O
TH Y NI BEERANDENE VR D, ZHUE, 77 —BERFERE
RSB D200 )77 1T —4%—PamyB 235 L C\W5, PamyB i,
~IV R = ART U DIFAE T T FROBIEFDIEFATEHEL L, Zra—2A
DAFE N CTRAZIE T2 LW I FEE b o, ZOHEAEZSHL, ZNET
A. oryzae [ ITEWHIKENL T —BOWREM F VXV ETHLXRA 7 U Ui L,
Kz I B2 R EOAFEIZHN B TET,

A. oryzae M-2-3 (dargB) 3. 1998 £\ A. nidulans D/EFET 503 YWA O
PKS BIx T wA OBFEFHBUAD THEH S Nz8, 2D A. oryzaeM-2-3 1%, 7
N = AR T argB 73 RIB LTCRBERMERKTHY . ~— I —Eis
F(argB % Fi>, KIBHE CHEELATEEZ: pTAex3 & W H X7 Z— (T EALVWE
BFEMIAATE T T AI Fa W TOPEERT 2 &, TAF=OIFFE TR T
FEBETEFOBEBRANSGEOND, ZOERBEFOEAKEZREEL T,



B D B3E YWA OAFERRD -k ST,

2000 AL Y-TIL, A. oryzae BFERBIH O~ % —pPTRI 28R S, #
Bol s O RIFFFE BN ATEE & 72 - 72, 2010 £ Kushiro &%, A. oryzae M-2-3
2. REERM~— N —argB & pyrithiamine MM &R~ — B —ptrd = #H
L. RUTEAL RETNAR) A RPREE LTEEE SO AR T L) A R
pyripyropene A DA BB T 5 FOMERERENT 21TV, & OB AR 2 1
5T LT29(X 6-A), F7=. [F4E Cox 5%, PKS-NRPS &1 & Tt OfR{bEE
FBIE 728 G4 DOBI % A oryzae M-2-3 TRIFFIZEFER I L | tenellin
DB A ER L1004 6-B), Z ORI Lz~ —h—#&{5 7%, argB
DO glufosinate M4EIE R 1 bar & bleomyecin itHEE R T ble D 3FETH - 7=,

SR R AEFEZ A. oryzae BFERBRZMHHT 22U v FELTUUTD
ZEMFETOND ;D RRFEBETEZEATLIEOL V b U RENARETH
HETRENDG, HIG, IRoTWHEBETOKREMITDL TX 5 ; 2) MBILZECk
REMTET HEERCHINZEM 21T O R M- T\ 5 ;5 3) BEREES L L
TWB T2, KIGE TIIFEL T 22\ P450 72 E DI 37 B OFSHE b b <
x5 ;4) A oryzae | IEFEAPET DA ERIT D OITIBEEIZ 72 D —IRIREHE
MalZE AV EELZRN, DFE D | EERAOEE MO ZIRAEHREK IZEH S
RN AR OIEN L, b ESIT05,

DNZRE LT, B TR OEESE 2 5B L7236, fliselER 3 E L < HERE
RWEANRD D, HlziE, PKS #iEHOH HIREIZT 11T, BRICHE 28
T 2L R DBRARNRY T A VEHOREERUATH D, sl 2 ETHRA
L™, BELKRKBE CZIoEN KIS 2 BT I LI, &
phosphopantetheinyl transferase # L X &2 LENH 5,

—Ji, AR LT, ATFOEAREZLND ;1) KIBESCERHICHE T
A. oryzae DEENE 5 2) WEHEROBIENEMTH D ; 3) Bz TZ2EAT
2% BRI AT RE 7RI~ — B — 03D 72 0 5 4) A, oryzae 5 EiE. 5% < OEMHE
HHDO R AR—=2—2[GLTEY, 2L OFEANTMEZ RT T2, BEIR
BIRDOA 7 V== JIZHEE RV DORZNEEZ B,

10



. N prenyltransferase (PT)
\I(O CoA ligase COASWKQJ
=

flavin adenine dinucleotide
dependent monooxygenase
(FMO)

:

TN transformant A )
TAex3 pPTRI PKS CoA ligase
P pTAex —Mp— B~  oPTRI —Ep_ ER—

transformant B
PKS CoA ligase PT

pTAex3 —MpC— Hl— pPTRI —EpC ER-wp—— ER

transformant C
‘ FMO PT

S oo : pTAex3 —MpC_— M~  pPTRI —EpT—  EE—

transformant D
FMO PT cyclase

pTAex3 —Mp— i~  pPTRI

transformant E
cyclase

pTAex3 —Mp__ Ml

(o]
malonyl CoA x4 tenS (PKS) ho HO,
acetyl CoA x1 tenC (ER) — “
SAM x2 —— N0
Tyrosine x1 H
pretenellin-A
HO
OH O
tenA X Ay tenB
(P450-1) | (P450 2)
—
N” 7O
H
pretenellin-B tenellln
transformant A
KS ER
PTAex3 pBar pTAex3 — M OBl pBar —Mp— DEE
—
argB Bar transformant B
P450-1
pTAex3 —-1::>-— pBar —Q:>[ pBle —Mp—— El—
pBle transformant C P50 Pa50.2
Ble pTAex3 m pBar —m pBle — WP EE-=pC— ER—

6. A pyripyropene A A5 AR & ERL U 72 IR E AR O FESE ; B! tenellin
DAL RGRR I & MERL L 72 I SR O FEEH

11



% 2T, AWFZETIE Kitamoto 5 723BA% L 72 A. oryzae NSAR1 I[Z%& H L7,
T DRI RFBERIED 4 EERM(AargB, sC, adeA™, niaD ) T, ﬁéﬁﬂfﬂ‘@v—
B —(ptrA) = o= 5 MOy X —MEHMRETH L1, ZHk v,
DY 5’*—&:*/30)5%?6%%%7\ LTH. Bt b OB ZRAEREILTE D,

SIZITH, AW FLRIFTEE O Gomi H A3, 2 3FTd MCS % i 7=
N7 Z—HMRE LT, ZHhITED fﬁ%n 10 HOBER T[RRI EFERBE T 5
X777, iz, RAUL~—"—HBETE2LONT X —IHOBIE %
HHAIAATE 2 %ﬁ*ﬁ@j’?% S RERFFICEATEAZE QM L2, K
R CTE DB TEIIREMICEE R Lz, 2B, 26077 A NiE, 5
TOYLR EITHRA én B DNA O 2k LRV EDTH D,

ROVRPVINPNRPYRNPRGRINGUINGRPUNPRGT. - Wild type genomic DNA

Transformation

| Vector
target pTAex3 pAdeA pUNA pPTRI

promoter, = terminator argB adeA niaD, ptrA
<
marker %

pUARA2 pAdeA2 pUNA2
= PamyB| . argB adeA niaD
== TamyB

7. AR NS X —

KRIREDOAEBERT 7 7 AF —ICEHENDIBIFEN 20 22 5 2 L1134
72<, b L 20 HDOEE - EAZ L D2WEAEENTRRIC X, B L2 ToX
R DAEFENTEX A Z LIz b, (X8, # 1),
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F£ 1. SRIRERRY L ABRELE D

natural product organisms number of genes type ref
aspericin E A. alliaceus 3 non-ribosomal peptide (NRP) 13
aspernidine A. nidulans 6 meroterpenoid 14
aphidicolin Phoma betae 6 terpenoid 15
equisetin Fusarium 7 PK-NRP hybrid 16
heterosporum
fumagillin A. fumigatus 16 meroterpenoid 17
gliotoxin A. fumigatus 12 NRP 18
griseofulvin Penicillium 9 polyketide 19
aethiopicum
paxilline Penicilliun paxilli 7 indoleterpenoid 20
stipitatic acid Talaromyces stipitatus 11 polyketide 21
tenellin Beauveria bassiana 4 PK-NRP hybrid 9
viridicatumtoxin P aethiopicum 14 meroterpenoid 22
yanuthone D A. niger 10 polyketide 23
o}
N
aspermdme
aspercine C
\ X

HO.

X 8.

viridicatumtoxin

OH O

| S N
N
OH tenellin

equisetin

AEERB EA 27 T A2 =DM S TR IRE SRR

yanuthone D

stipitatic acid

“o—

. sN/
H (o] OH

gliotoxin

06

NN~ OH

o

fumagillin o

griseofulvin
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A. oryzaeNSAR1 I\Z%& H L7244, A. oryzae % F\ T2 KW D245 RBTTE,
tenellin® 7217 T&Hh YV . NSAR1 k% AW 7= BAEAEFEGNI )T, D72, LL
TOMESRFET N ;1) BALEE2TOBELRFNELIEEE, FRRshd
D5 2) BRI OEBIEHIC LD, EE~DX A=V OFHE ; 3) fliTeREFE N R
FESRICKT L CTIEL @< 25 4) bEWfE, HFEICX L TEZETIHHELRH S
2 5) R eE—4—TEDOEMLTZRRRETE 50 ; 6)EENH O
FIZ X DRISITETT 50, £ 2T, BEICERIUEESRE OBEMAT S T LT
% aphidicolin O 2AEAEZITV, b OB T 2L Z G0N 6, A,
oryzae BFEFRE LA % W TSRIRE R 0 BAd L PEIE DR FT 21T - T2,

235 3CHR
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1% A oryzae BFEFEER 2 H\ - B O R - HEREMAT 5 DO FESL

1-1. RO BFEAPED 515w

KR DO BIEEFERATOIZHT- > T, RN ED LI ITEARSND NE
HHVEND D, —IZ, RARMOAEEGE TIX, PIDICREEBI SR I, ]
\ZHE 2 DIERT S EITT D, RO SR AARER OB S DY, B
RO, BSOS 7 EOEMIC L > TEAH IR TS (X 1-1),

synthesis of skeletone

?

oPP PaFS PaFS H..

DMAPP . - e
)\/\ GGPP terpene
= OPP x 3 | synthesis cyclization
IPP GGPP fusicoccadiene
modification OH OAc
HO ) OH HO ) OH
] °
_— ~ -~ OAC
HI . HI .

OH
oMe FusicoccinJ

owme Fusicoccin A

1-1. fusicoccin A O AA AR

AR L7 &80, D ORLZ T 5 R ER 1T, Bk T T2
A —Z L TWD o%OT\Eéﬁgm¥?72&—ﬁﬁ\¢ﬁ<k%lo
DEHERIBEREL RO, ZOFDIZIL, BiEEEE T BATFELTND
ZENRZ, TOXIREBIETF I TAE— ﬂk@ioﬁ%%%@éﬁﬁﬁ%@
LTWAZHBIT DI, BRAREEROT X BESIE LD & L, B
AREER L, EARFE 2 BT D720 OB T 2 BRESI(ET— )2 H
Lfméo#ﬁb%\ﬁﬁ%wﬁﬁﬁﬂ#%8®i5@‘%&%#%%Aﬁ¢
HinaTHTES, Ok, AR LB 7 I BESIOME MR RIC
of\%K%ﬁﬁﬁbhk%%t7\/%Mﬁ#Ufmni\Utioﬁﬁm
Z g D rTREE S m UV E W2 D, Bl 21X, chaetoglobosin DAFER THh % 5%k
RE Chaetomium globosum D Y:tafk Ei21X CHGG_01239 £\ 9H 12 kb D&
BA-NFET D, ZOT 2 /RS E R A A FHlY —/L pfam <° BLAST Cfi#
Brd2s &, H@NM&*W%#é*kﬁ%%LkoHL@EE%%W%*%%
T 5L, ZOBEBTOMEIZIE 3 SOBLEEREE 7-(p450 35 LU FMO) & o,B-
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NEFLE TR B FERPFEL, BEFIEIN 120X 5ATHD Z &N
Dhrolz, 20 CHGG_01239 & | m\WHHEIFEINEZ 7RT 6 DIT Aspergillus clavatus
® PKS-NRPS i&fs1 cesA (ACLA_078660)03% 5, Z DiEfs 1%, Tang 5D
B THEESERRIZ LV . cytochalasin E OEAREMLR T THDH Z E NS
722, ZOZ &S, CHGG_01239 1E chaetoglobosin Z 4 &4 2 Eis+ Th
L AREMER B & TRTE B, FEBRIC, Watanabe 5 i3, & s EERIC XL D |
Z DAV T A X — chaetoglobosin DAESKIZEE L TWAZ L a/R LT
3, ZOXHIT, BETHERVPOEEZHEL T M IS TF~T 4 7 A
ZEE L TR E R D B F AR L, ERICBER FIRESCEMBEOFIEL
HWT, RIMDOAEE RS Z T X 5,

chaetoglobosin biosynthetic gene cluster

a Cmaa
CHGG_ 1239 1240 / 1242-1 | 1243
(PKS-NRPS)  (ER) (FMO)/(P450)
1241 12422 1244
(unknown)  (P450) (unknown)

prochaetoglobosin |

CHGG1242-1
(FMO)

CHGG1242-2
(P450)
———

,,,,,
.....

cytochalasin biosynthetic gene cluster

G e———

ccsG cesC cecsE cesD ccsA ccsB F
(P450) (ER) (a/p- (P450) (PKS-NRPS)  (mono- OYO ~/ 9
hydrolase) oxygenase) o o “OH cytochalasin E

1-2. chaetoglobosin G GEIE T 7 T A Z# — OREREREHT

1-2. aphidicolin ® &4 A KO FRET

1-2-1. TR DA kRS

TNNE, VAFAT U VEEDOMAPPIZ, A YR T =0 ) VR
(IPP)7" head-to-tail DEER THE S LT FIBEE A S BRI LT-LEMEETH D . ~
T (CB), E T (CL0), B A X T L (C15), VT2 (C20),
T AL T NAN(C25) 7 BRI ERE D, Fl2. 7 7R v L U VEE(FPP)
R T =T =0 U UIR(GGPP) S tail-to-tail ThHEA L 72 RIBRIAN S5 5
DREMZIZ, b U T _(C30), 7 k7T X (C40) 72 Eidd 5 (K 1-3),
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mevalonic acid deoxyxylulose
phosphate

N/
)\/\opp - )\/\Opp

dimethylallyl isopentenyl
diphosphate diphosphate
(DMAPP) (IPP)

Y

C10J\/\/J\/\ - —> monoterpenes

O
IPP \i geranyl diphosphate (GPP)

x2 Cis )\/\)\/\)\/\OPP —> sesquiterpenes

IPP \i farnesyl diphosphate (FPP)

x2 )\/\/I\/\)\/\/l\/\
Coo X X X Xopp —— diterpenes

IPP \¢ geranylgeranyl diphosphate (GGPP)

Cos5 = = = = oPP — sesterterpenes
geranylfarnesyl diphosphate (GFPP)

Cao » triterpenes

'

steroids (C18-C30)

Cao » tetraterpenes
caroteniods

X 1-3. KT WX A FEOAEB R

AWFIECHEB LT2 YT Ao, 3l L2 AESEEREIILL T o X 9 2@ T
x5, MIHIZ, GGPP G klEE GGS BHIIENIC KEICTHFET DHIBMATH 5
DMAPP &, L IZFPP &, IPP #}/E(Z, GGPP # &K T 5, RIZTT R
AR R R) DB R R 2 Gk T2 (K144, 2oL X, BRILK
JinE, GGPP ot U U EEOBEEL L<IX, —EHEGO T bAkic ks
WA FF RO BIaE D, BHOZERMIZ. DR FF 2 OARK
LB DML, T~ OB OSSN RIS L > TR EN D, & 51T, BHREER
%, BILSE OMOBHE SIS EITT 5 2 & T, AHEEEOROKIRY~ L&
I,
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= = =

( )vopp> )\/\ IPP

DMAPP

cyclase gﬁ/‘\/\

HO =
taxol Bz’%co

1-4. VT DAL RIS

1-2-2. aphidicolin OHEE A=A kR

1972 4=, Brundret 5725, SRIRE Cephalosporium aphidicola />0 HEfE L 7=
PUgRTE 27 /L~ aphidicolin (DI, = D%, 3 FEORIKRE S & Hlf S 725,
Z OBMEIAEBR B L 6 ORFPLE SO & BIOERAEY D DNA R Y
AT —RBallxt T 2R RAEEE P 2. 2 OERILTFEEDRAERORG &
ol

Bu’ Lock &3, SHEENARIEGRIADOE Y IALFZROFERND ., 1 DAGHKT
I%. GGPP 725 syn-CPP Zi#8 i L, 4 BRI EHE S TE D BRILEEIE 2 208 LTz s,
Hanson 513, [A] U < B TERN AR S AV 72 RIBEIAR DBV JA R FZER 24T U,

DAL R 2 HEE L7-(K 1-5)°, Oikawa HII/EFERE CTdh D Phoma betae
PS-13 (2% L T P450 OILEAIZ NS 5 Z LI K D LGP RIEO BUS 217
Sizto, ZDORESR, aphidicolan- 16B-0l (2) & 3-deoxyaphidicolin (4)& L T8, 4
BED3NELNTC, ZOZ LD 1 DAEGHRKEZ 25841 & FHILTZ, %
72. 2002 4, %ik9 % aphidicolin & ¥ 3E (ACS) DARIERERE 2 H#EE 3= <[ 2
R sy CDP O 7 F v Z{RIZ VA A% S S8, BILBEXDO B2 G E &
L7z, ZoOfREGDYE. S FHUERIRICL D BV NARDF A PREED
AP EREE 5 2 & T, ACS OB LHME Z HEE LT-,
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Xa
GGDP syn-CDP R = PP
analog R=H

aphidicolan-16p-ol (2)

(l)H 5 (!)H aphidicolin (1)
1-5. aphidicolin OHEE A G AR K

1-2-3. ABNRERLRT7 T AZ—

2001 42, Oikawa HlE, HEMKIRE DT VU BLEERICE < RIF S
7R REANE IR S T A ~v— = ER L, EERETH D P betae ® cDNA
RN PCR 24T o 7-, ZDfE%. entkaurene & EZ &L FICEEO YT
N A RS G T OEER R S N1 2, 20k, i T042E% PCR T
g U, M EECAI 2R L= & 2 A, 2835 bp @ aphidicolin A k%% (ACS) &
et ZIRET DI LIS LT,

D 3 4%, Olkawa BT 1 DAEGKEBLR T2 7 AF —%FELTZ13, 972
PH, ACS Bin T PPACS DJHBICH H BT EHET A0, 7/ LT+ —
X TEEHWT, Bt KOOSR 2T LTz, EORER, 1 D4ES
GEAG7 T AKX —IZiX, PPACSUAMZ., GGDP A ikli#F (a1 PbGGS, 2
FEOELEESE PbP450-1. PbP450-2, ABC k7 > AR —% —PbTP, #55. K1
PbTF DF 6 HNEG N TS Z EAVHIBALZ(K 1-6, % 1-1),
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PbGGS PbACS PbP450-1 PbTP PbP450-2 PbTF
—
1 kb
1-6. aphidicolin DAEEKIEE 17 7 AKX —, FBE T OHRIZA > br
Y ONEZTR LTV D,
7% 1-1.  aphidicolin DAEKEE 17 7 A X —

gene conserved domain/function size in AA
PbGGS GGDP synthase 343
PbACS terpene cyclase 944
PbP450-1 cytochrome P450 486
PbTP ABC-transporter 564
PbP450-2 cytochrome P450 541
PbTF transcriptional factor 425
AMFFETIE, BRI E IR R OREN D> TV HBIG TV 7 A4 —% A
oryzae BERERBRAIZHEM L, FE TR _7-MESIZ OV TR LT,

T2 EARELT 7 7 A X —F20E P450 s 0% PbP450-1, PbP450-2 &
QMIEFAET DA, 1 OEAKIZIE, C3NL, C17 (L, C18 (Lo 3 AT /KL,
MUETHD, €2 TR T, BIETOIEKEAIZ X 5 AH Rk O iR
L 1ORERKAEBELT, AFEOKRFETHZ LicLiz, (¥ 1-7),
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)\/\ GGDP

— — synthase
PamyB TamyB M
OPP

3

genomic DNA

OH

- cyclase
mm H

ACS
H

‘ double transformant H aphidicolan-16p-ol
A — -

e m—— P450-2

P450-1

quadruple transformant éH aphidicolin

X 1-7. JWEHOEFE & TAAERY

1-3. FEBuiER &5
1-3-1. 7T A3 RORES

Kpnl
Smal
Pstl

Hindlll Smal

Vector

1-8. A. oryzae%BH 77 A3 K



1-81Z A. oryzae BELHA DRI 2 — %~ Uiz, HHARER B FD 5 B, FfE
D% pTAex3 & pPTRI L EHHERICEE 2 PPACS & PbGGS DE AN ZfF H
L7z, 80 2 DOBLEER BRI 71X, WA ) —=2 T RR S 72 pUSA B
LU pAdeA ITE A L7z, pPTRI B XU pAdeA X, YuE—%—%HF L T\
Wiz, INHDORT X —EHWDHERIZIE, — ) pTAex3 [ZHEG F2EA LT
%, HEPCR T/ RE—X¥—%2GHEEEZ/  n—=0 VT H0ERD D,

AT HIEE AL BEGFOT T A RE LLIX B betae D 7 1 DNA % §#7!
(2 L CHEME L, ligation & L < [3% 389 % In-Fusion {£% AW TR Z —|ZHEA
L7,

PbP450-1 D77 A I REMEET HEE, #1901 pUNA ITHHAZA AT L 72
D, EEHAORIRMENIEFITHES | IFREEREAO a0 =—2RLHE 61
oo THUT, BIREEHICEENT-T T =0 R EOEHRFICL - T, ~— D —1&
LA bl WIEEEIBA L EFE &bt Ex b, LiE-> T,
PbP150-1% . 7T =AW EMRMT 527 % —pAdeA ITEATHZ LT L
776

INLDOTTAI RERIZBWT, 4 P — FOFET PCR THERR L7-(X
1-9), L—r OIS vV — b F v I EfTolzan=—DHThDH, £/, ¥
— I VAR K > T, BB TICERN RN E 2R LT,

v
) ¥

PbGGS/pPTRI
colonyNo. 1 2 3 4 5 6

colony No.
after PCR

28kb —»
2322b

P450-1:1631 bp
P450-2:1749 bp

1353 bp

1032 bp

X 1-9. BWEBEHATIAI RO oY — " F v P

b 5D Z—2iE, FIHAREZRHIREERE T A DI &R
ThHholz, WRDODTTAI ROWETIX, v~ VForu—=0 7Y A MIFEET
% 2 P ORIREESRE A R EZ W, AT LB FOMEZRET D, —H.
I ATREZ2HIREE SR VA B 2% 1 Lov/aWiga . R T om & N IEHH & W
D 2 FIHN TE L7203 T < HIRREER TUl o 7o 7 Z =D BRICR 5 'L
TIA = a AT,
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ZORKR E LT In-Fusion IERN AN CTHD Z ENbhrolz, ZOREEIL.
BRI Loy & — & | Wiliic 15 bp D7 % — L H[E /2Bl 5 % &> PCR EY
AHFETH I ENHRD, ZOHFEIZIT UUTOL 57 A Y v A& 5 ;1) PCR
PEW A HIFREE LR L 72 TRV, F070, HERETHETH 7=, HHE
GAPNICAFET DHIRELZ Y A FE2XUCETICT T A I FEENTRELE R D ;
2) BUGKEEN 15 73 EHWD T, X7 X —B LU % — FORE) D K
DB ETEZ 1 HTHRZIDZENMKRD 5 3) 7T A RIEEEOMIIEN G
W, 2D X512, In-Fusion {EZH WD Z & T, X HHIREERE YA h2Y 1 T
L7WGAETH, 77 A REREITHEEST D Z L3 kD, KRimslH 17
ST T A FHEFEIL, 13E A EDEE, In-Fusion E2HWTW 5,

1-3-2. A. oryzae O E ik

[EIEi=pers S ADPIAC IR LN

AW TIEL, —WICHWLRTWAS 7 e N 77 X N-PEG £ HWT, A
oryzae DB AT > 7=, WIOIT, 1Y 7R TR 2 M9 2 k28 5y (argB
—arginine, sC—methionine, nzaD—ammonium sulfate, adeA—adenine) % /Il
Z7- DPY s gl U7, 7272 L. ptrd #~—0—\ZHW 5545, DPY O &
I IR E R B TlX, AN T thiamine NEB I, PLAEME TH D
pyrithiamine MTPEDOHRIMEIXL TLE S, ZHIC KV | FEEBHK ORI
DENR-TLEI D, R/IEHTH D Czapek-Dox (CD)EFHIUZ D ED R Y
7R EEERE S EINZ M AE HE LT,

3 HRIE#& L7-H iK% Yatalase (TaKaRa)iZ k> C7'm h7Z & ML L, #llfa
BEFH L, Zo7e b7 2 MEBIRICT 7 A REiML, BERZ
1T-77,

EERIRIIa e =—2 T2 2 E0NE 0N, T L— ho—IcEEA 7 <
B2 TLDHZEbH-72(X1-10), Flo, F~— I —OBRREITIFLLTO L H 12
X5 RHY, argB~—h—<° ptrA~—H—DIE)», hT7—kL I g
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D TED adeA~—71— b IFREERIIK & OBBD LT W ENgoTa, sC
~—H—lX, N7 7T e UCEREERIR LA X TS 203, BEERR
RIZARE /oo =—L LTRSS -0, BINILHNES ThoT-, &k
2, niaD~—7—%, BEORERZRE LTS THIFREEBIRN —mIZ
HEZTL D720 BHINKNEETH -7z, £DI2d, niaD ~—71 — 2 WD ERIE,
END 4O~ — T —% AN %IHEHT20LERD 5,

1-3-3. TEEHRHAME DOZIN & 23 & OIHIPEY O AT
TWEREH O RS 2 pIWrT 2 HEIZIZ, UTOX S %F =y 7R A L FailS
72 D) BRI CTOAE, ZTOR7 ) —=r FiF~— B IEFEL TR
0. FEREEBANEZ T LE ) ~—D—Tlik, EREOR KT L 137
5725 2) &7 A DNA Z##8 2 L7z PCR, Zhix., AR L7=% /7 2 DNA ®
FESCIREIC L > TiX, BEBEBTFAHFEL TV TS, HEIENHER TE VT
ERBHDH, T L, BETOHEENER SN TH, BE IFU WLEIZES
T A>T LESTEAX, BB E LW, §E-o T, HllrEHE LS LT,
BESERE DM LB ST LTV 5 ; 3) cDNA 2§12 L 7= PCR TOHEERER,
BMASINTEBEBLGFRELLEESHTWIUEL, BIIOZ R0 BRI Sh
TWD EWIRIHET, IEOMR T IR ARIIEOILAEYZE-> TW
L AREMED Y 5 4) B OLEMER, WEBRBEORMED R L. B
DORBPFED DG SN, BRI DNEASINTZ LB TE5, ZURRBEE
FEOBmWHINTERE L 725, L7ed > T, IEEEHO R 2]l 2 R EO R
FElX4>3>1>2 L7205,
AR CIER L o B EEVADRE L | o2 n =—% PCR TEx T
FAZHER LIzae =—8 BLXORPEDOMHEZE N TEloan=—Kr kK 1-2
WZE DT,

#1-2. JBEHEBBAOR 7 ) —=7

T HA A o =—¥a| PCR CEAZMR LM | APEMEDR
ACS 13 (4)P — 1
ACS+GGS 12 (8) ACS: —GGS: 1 5
ACS+GGS+P450-2 8(8) P450-2 : 3 2
ACS+GGS+P450-2+P450-1 4 (4) P450-1 : 2 3

a) In=— T 1HOTL— T O
b) ONOBUTAFEMREAICEE Lo =—¥
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PbACS W Ein iR

HIDIZ, PbACSpTAex3 815 1% A. oryzaeM-2-3 |Z3E AN LTz, 15607 F
BHHRIZ 18 2 n=—T7, Z09b4an=—%RKL, vV b—2ZET
CMP £5#1C 30 C, 1 HEIRELE Lok, EEROOMRBEEZMmE Lz, 2
oD 5L, —OOEEREAEI GG LN 2 GC-MS THEAT L,
aphidicolan-16B-ol (2) DFEM & bk U7z, ZDOFER, IWEIREKR TH 7212
SN2 —7 OLRFFRFEE MS D7 F 7 A 2 "AXZ — UL e —E LT, 12
mE W ER CEELZIToTM R, INEIX 0.18 mg/L TH -7,

PbACS+PbGGS — HL B sk

ACS WEHA T, BIEMDOIENME - T2720, ACS DIEETH D
GGPP DGR ZEANT H 2 &IZ LT, WHEERBROBRFIIEMET, B4 1
fEF2EA L TWTIE, BB 57-0. PPACSpTAex3 & PbGGS/pPTRI
# [AIRFIZ A. oryzae NSAR1 IZEA UTo, IWEEEHAIZ 1 o7 L— F 4720 12
on=—#HSh 2, BALEG T, Rl BT oA ATHEAS DT
D, REFEMOAERIIL, BRERH D, TOTD, BHREMRERIZBNT
EWAEPERRZ b DI E IR 2 R ESVNEN H 5, Bl S 7z 12 [HO R E LR
Db 8D =—% CMP BT 1 BREIREERZE L., AEEDOHERZ1T -
7o it 2 — E E O~ F /L CHfiE S, TLC THERRDIEWZ R LT,
2Ry bELTHoBMETERZ 2471 % GC-MS TN L(X 1-11-A), IV &
R U7z, iR, AEEREDOKRWTIE 0.8 mg/L, APERED E W JT1E 5.8 mg/LLk @
INET2NELNT, EbIC, AFEEDN L2 B L., KEEEE HWTE
A Z R LI A, K1kgH7V ., 40 mg DINETHIIMZ 5T,

F7-. PbGGS ODH ML, BEHMBETX =, 7/ -5 DNA 4 L, PCR
MR &a T o1z, THUZ LY, EFEED LN - - IWEE#HAAKIZIZ, PPGGS D3 EA
INTWD EHEIL7Z(X 1-11-B),

D& 51T, GGPP Dt EA LT Z LT, 2 DINENHEMM LT, > T
DTN R B AL OFEREMAT OERIZIX. GGS Bin 2 [FRFIZREE S 5
&L REFEMOREERENE G L Lz, AL, EERBRAIZL > T
EPFEBMNRI DT, TEX 51 TEL OFEIEROEFERZRITET 5 LEN
b5, FHCRIRMOREGHE BRI TH6 . HEBEOBME TAEERD W
BHRR R T 2 Z ENEE L 2D,
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GGDP |
oP )\/‘OPPsxnthase | N

—_— X —_—i—
Fop Mopp PbGGS PbACS >~
3 &
GGDP aphidicolan-16p-ol (2)
A B
Extract 1 2 M

2
TIC \ 94

lL 218
55 &0 | ) 1078 by
’“|IL = M E I '!. l\ iy |.. oy e | ik 2 p

_— 1 212 sap

Sténdarcl” (min) 5o 75 100 125 150 175 200 25 250 275 (mA) ‘ = -

TIC |2 94 1032bp

J' 218
:.i-—.—.\;—.——r—’",——.——".—“‘.: " |]||J| | Ijl I.l| Ilh g g e @ l 239

i

10 11 ™ ey 75 100 125 150 175 200 225 250 275 f}"b)

X 1-11. “EBERREICIST D PbGGSEG T DA DGR & @Y O
GC-MS fiftr, A: GC-MS itk ; BB« i, TE : £Rd,
B: &7/ & DNA Z#§5% & L7z PbGGSi&fs1® PCRfEH ; Lane 1 : “HE
HHsfaKo 7 7 . DNA H3K, Lane 2 : Phoma betae PS-13 @77/ . DNA H
., M : A HindIII digest and ¢x174 Haelll digest mix

PbACS+PbGGS+PbP450-2 — F W linffaik

WIZ, PbP450-2pUSA %A\ T, ZEHEIRIAREER L7, 2O &Y
AARIE, 8 arm=—Fllsi, TN o2 THE CMPHEHITEE L, ZNHD
REBPEEM 2 L, LC-MS THEM &g L72(X 1-12), 8 =2 =—H 2 DD =
0 =—5 OMHEY T, m/z 346 O ¥ — 7 O{RFFREE Y 3-deoxyaphidicolin (4)

DOFESLE —B L2 Lnh, P450-2 78 C17 fir & C18 (DB T- 2 M Frd A F
NI ENLE SRR ERE L TS Z VA LT, 72, “EHBERH L F
BRIC, REEHIZHWTERTL522E T, K1lkgH72D, 90 mg DINET 4 %15
DI ENHFRT,

KEBBIESID A F NI T OBENT=HATIZE L TR, 865 bfftmi
MNZZEX HTWA, Z ORBEREICHOWTIT, HETHS 20 CPKEF L5 H
WTEZE LK 1-13),
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PbP450-2

—_—
maono-
oxygenese
OH
aphidicolan-16p-0l (2) 3-deoxyaphidicolin (4)
T259aThT 5L m/z346
4
B 3-deoxyaphidicolini® f A_
0 2 4 6 8 10 12 14(min)

1-12. = EPEEHRAGEHED O LC-MS f#fT

185
aphidic

stemodin (+):kaurene piméra-&, 15-diene  sesterstatin 5

X 1-13. 2 ® CPK EF /L & LB %2 b 2LEH D H

2314 FLVD LD B E L TR KBB{LSIDd AT VIO
i FNCAIE L TWD, EOFET /A EmEIICH L TS5 &, C18 147
DA FIVIED CLTHALD A F NI L NFIER UALEIZKD Z L BbhoTz, 205
FOMERFR7: Z LD P450-2 I3KBEFEDO A IICE DL 53, T O
ik LT, Kbzt 2 EZ x5, L -> T, P450-2 [T HEAYA
WIRERREA AL TV b d, £, TO XD kiR, RRITEZ
KO REEE LT b OT NN UENREEAFET 5 2 L PLHMEO E il

28



ELTORALHIETX S, 2B, 20O LI TR RE &2 KEE{LT
% P450 11 2011 A2 2 B s SN D 7a & I OIS B 2 TV D (K 1-14) 14,

HO. COOH Ho. COOH HO COOH Ho COOH
OH P450 <OH OH P450 . OH
i : N\

M LovA H PR LovA H
—- — —3m O
H H H '1-!
“..-E i 5 \9\”\ ‘..-'E ig ﬁ j 5
4a,5-dihydro- 3a-hydroxy-3,5-  monacolin L acid  monacolin J acid
monacolin L acid dihydromonacolin L acid J. Am. Chem. Soc., 2011, 133, 8087.

pyripyropene O deacetylpyripyopene A
J. Antibiot., 2011, 64, 221.

1-14.  Hi—o P450 2% 2 7 FT DB 7= IR 35 & KER L3 5 1)

PbACS+ PbGGS+PbP450-2+ PbP450-1 VU & J & fin#a ik
B2 IZ, PbP450-1lpAdeA % —HEIFEHAHAIZEA L, WEPEERIALZ/FE
U7, Bl SNz 4 >ORE IR Z CMP B¢ 1B BRZRZE U, e
Y% LC-MS TR L7c, ZOREE, EIRTIT L, BEAKOMEMITINT
aphidicolin (1) DL & RFFREM A — 8T o — 2 28I L7=, E-> T, UEE
BHAARS 1 2B L TWD Z VI L=(K 1-15), ZAuLZ LV, P450-1
S 3 NLD KR & NSRRI ARIEE T 5 = & D3RR STz, S BIT, ki
FHNWTE#ETDHZ LT, Kk1kgdH72V, 130 mg DILET 1 #1572,
TARIAINT 5L m/z303
A RIS

l't1
B aphidicoliniZ & n

0 2 4 6 a 10 12 | 14(min)

1-15. WEPEIREARHED O LC-MS fi#tT
PO X 510, A FEORE T2 B BSHICEA LT 2 & T, FEEREE T ORhE
PR L., 1 O24ARAZZER LT-(X 1-16), Z OfFZen D, FFE TR L2
BEIZOWTLUL FOEAREONT- ;1) 7/ ADNAMNL 7 u—=2 7 Lz
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fmvid, ELLKERE « FRR S, BERESEELZ ; 2) AFRBIC L D E~DF
A—=VIFBIR S e o Te s, BAEEBD TH D 1ITEETIER <, B s

i Sz 3) 1FEICb > TV D P450 iEuisE 2N AL P450 2%k L. 12

LTI )4 FEOBEE 6, FU7mE—4 —% H O CRIRECIREE

B9 2 2 EA[EE ; B) 15 B L DRIBUSTER S e o7z,

UZEIL T, LIZDNAKRY AT —FaDLEH & L TOFEEZRTT-D,
JashcBEH E N E 2 b, A oryzae < A. nidulans \Zi%., ZHIM: %=
9~ ATP-binding cassette (ABC) transporter <> Major Facilitator Superfamily
(MFS)Z @ 2 BEHHHEE N B < b > TR Y | it &2 Riokk & 7k B & K4
WZHEHTE %, 201, BEL b HORBMOEFES ARET, EERERT 7
T AL —|AFET DRI T2 BB E AT DB NIRRT ERbroT,

MTHONWT, fEEICIE, 150 fHLL D P450 238 578, BEITHERILT->7-D 2
il L2ME BTV, Z D728 IRmInlERITIZIA P450 FFARED & 5 & Wittt
STV, FERRZ, SRIRE P450 % BAREL S 721X, tenellin!5<°
pyripyropene A4 DAGRMFFE T HEE SV TE Y | A. oryzae DFi-> P450 1E
JUPEFR TS P450 ITK L CTH IERIZHRET 2 & HEET& 2, 61T, P450 D
EITICEE /e NADPH £ b HANICHDBEGFEL TS LB HND,

FREOFEEOMIZ LA ESGD 2 ENTE2;6) [ UBEIREA T,
AEPERBICKERIBVR S D7) KEHEZH WD Z & TIUENRF LML,

IR LT, AEERICEEEN D HJRK L LT, MAT HBE T3 E EORE
KEICT U H DI ADTZD, AT L > TE, BBEINICLS S D=0 EEZ
bbb, £ T, BEEMEM CEWEERE L OEIRKAEZ A7 ) —=
7T HI LT, FIROBEBRLEFEEALEZLEATH., BEREN ATRERRE
DNEZHZEOLND,

NZOWT, K 100 g ZHRIAEEH 100 mLICHE CE 2 L MRETHE, 11T 1
L5720 130 mg N5 RITR 5, KIEHITFFER CTH LT 7 D@D K
100g H7-0#180g £ Z <  HELZLRWVWOT, WIZHIFEEZMNT LD,
T, EAREEHORE L LT, REENFERE SO IR & e~ CEEIRIC
RN, EIVELOEERETE D, Z0OXH1T, FHIKRE BB EOHMM
INEOHENMZORN > TWNWEHEEZ HND,

OH oH OH oy
e

PbP450-2
B
mono-
oxygenese

PbP450-1
H
mono- )
oxygenese MO X
OH (I)H
aphidicolan-16p-ol (2) 3-deoxyaphidicolin (4) aphidicolin (1)

1-16. aphidicolin DA A %R HE
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ZDXHIT, A oryzae NSARL #iZEHWT, BEELEFL2IEEAL, K&
R DOREMAT I L ORI O RAEGR AT O FIEIZZ < OMAEZ b6 LT,
AFET, BRICYIRETEHEINTWHIED, HERFED Abe HI2H WS
NTWAH 16,

1-4. SRRERERBICHEHIND LD IChos el 77 2 I MEEE

INETTIAI FOMEIZHWONTE2olE, HlREEER & ligase & W
HFETHoTe, AFEORBERIZ, BAT LA oI — bBRRS 25 &, Hik
Ry Zfii 2 D T2 O\ O HIBREER N IRE SN D, £7o, HIFRMESR OREZ D Ik
DTV ERANZIIENZ 2 TORELVEREGRETH T2, ZDEM,
R ENELBE, BE OB T % FIRFICHAR TN EOERRH Y | FRkx
REFEDFHIND LI T&E 7z, FIZEMLEEEDbND b O LLTITH
9%, 1) Gibson Assembly System. 2) USER Friendly Cloning Kit, 3) B%
RE:%f# H L 7= Gap Repair Cloning #£ (DNA assembler £),

1-4-1. Gibson Assembly System

AKEEITZ=ZDDORR DB IS —DOD /Ny 77 —TITH Z & T, BED
DNAW R %2 —JEICBIEHL 26N TES ;1) =F Y X7 L7 —E2 DNA K
RO SZSEL, SMERHEES, Zhicky, oMM (F—1—7
O TTHEN) ET ==V T TEDHLIHICTH;2) R AT—ERENZNLD
T ==V 7 LW O OX v v 7 &b % ; 3) DNAligase 8= v 7 Z &
DNA Z 27 &5 bt 51X 1-17),
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dsDNA fragments with overlapping ends.
A

3
5 B
5
3
. J/
SN A Gibson Assembly
Add fragments to ' 3
Gibson Assembly = &
Master Mix. - 3

' 5° Exonuclease chews back 5° ends.

‘.}
]
5°
s
| 5 5 e—
/ 3

' DNA fragments anneal.
3 5

' DNA polymerase extends 3° ends.
Incubate at 50°C
for 1 hour.

. DNA ligase seals nicks.

Y

A+B
Fully Assembled DNA

1-17. Gibson Assembly System DHEHE[X]

Z X In-Fusion £ & FEFICIHVMEA TH D, LA L, In-Fusion i£L D
B D PCR FEM A — LT Z—IZH AT 281 Em, ZxISHT 5 &,
“ODMCS HEORY Z =KL, ZoDA Y — FEFEIFICEAT L& G
KRG Lb, ZNETEHWHTOBGBFZEAL, A U — FOAZRER
LThBROBIETEFHFAL TN, 77 A ROEIZREREIN o> T
W2, ZOFETIE, 1 BT 208 FEHAALTE TS 7 AI RE/oLD
(X 1-18),
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insert 1 |nsert 2

spacer
Kpnl Spel insert 1
pUARAZ Llnearlzatlon of vector f o Gibson Assembly
_— | — | insert 2

argB
1-18. EEMW A D [FIRFE AL

1-4-2.  USER Friendly Cloning Kit

AKF#1Z. New England Biolabs TIRFEL TWAF v h&ffiolm/ n—=1
JHETHDH (X1-1917, #WIHIZ, Forward & Reverse i D7 7 A ~— |17
1£3 HEE D deoxythymidine (T) % deoxyuridine (U2 & Z #: 2 . PCR %17 9,
ZOKE, RIEHAEZFFODNARY AT —B I U 2T — L3 LTCLEI
D, REMEOIRNARY A7 —B 2R T L7 572\, 2, Stratagene
7> & PfuTurbo Cx Hotstart DNA polymerase 25k52 S 3T 5, RIZ. USER
BRI L, 2HRmEERT %, ZOBEEICIE, deoxyuridine @ uracil £
% B RIIZ BT~ % uracil DNA glycosidase & . 7% - 7= phosphodiseter % &7
9-% DNA glycosylase-lyase endo VIII 23 & £ T\ 5, ZD _DDIEMEIZ LV,
HALRE U Z&T 5o DNA U S D, ZHUC L > TERSh DR
Uik, D721 720 DNA Wi (13230 PCR EEH0X T 4 —) & FA 72 B L
Tk &, ligase IC LA IS ZHTIT, BRIk DNA 28 Ccx | RIGE~EAT
x5,
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A. Ndel (optional)
Left Primer: 5-GGAGACAUCATG)NNNNNNN..

5°-terminal sequence

Right Primer: 5-GGGAAAGUNNNNNNNNNNN...

3’-terminal sequence

B. GGAGACAUNNN. ..
Left Primer =
Target DNA
- Right Primer
...NNNUGAAAGGG
l PCR
GGAGACAU AcCTTTCCC
GGAGACAT 5
5 TGAAAGGG l USER™
ACTTTCCC
7777 INEB20BA 7 7 7 7 daparayy 'aroet DNA

! Assembly
GGAGACAT AcTTTCCC
CCTCTGTA T T GAAAGG G

’f

NEB
Transformation

1-19. USER Friendly Cloning Kit O#El[X]

AKFVEZEHWT, 2013 4F, Mortensen &3 A. terreus H13K D geodin 4Gk
BAnT 7 7 A2 —2WiT % 18 O8I Fersun—=r27 L, RIZ, 250
TITTRAY MIGTTHEE LT 7 A RE BRI A. nidulans D ISTERT
\ZFAE L 2 T A L72(K 1-20), Z DI, 7T A X —|ZE&ENHIRENF %
gpdA 7' HE—HX —TEFHIEIESH Z LT, geodin DRFEAFEITKI LT3,
L L, APEEREHEDKRNRY AT —BE2FHT -0, ¥ F
a— N DOEICE RPN ANDHERN LR L EORMEG AL 5,
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A)

gedL, K,

10,

s LHG, FEER D G

o o

GedC I

1) Malonyl-CoA

HO'

2) Atrochrysone thioester

B)
15/ 20000 2|

B gedA

w BT wPopdA™

on o oH o

i_ipnGedB L
—

Ciy Ho'
O

HE,

o
]
—0H
'CHy HO CHy O
o ON

3) Atrochrysone carboxylic acid

oH oH o

4) Atrochrysone

5) Emodin anthrone

o ! R 2 oH
EOM [gedA,
P |gedD, —
o - edG | o g o
°
6) Emodin 7) Questin 9)
HE, HLE, HC,
N o H Y 0 H ‘L\o 2 on "5
o on
GedL “ Ged) o
—-— —— —- E— Ho-
HO' 'CH3. HO' HO' 'CHy HO HO' "CHy.
o [ o 0 "CHy
OH 0, 0, a
Nory \<.><. 0" o —chy d

11) Desmethylsulochrin

12) Sulochrin

13) Dihydrogeodin

14) (+)-Geodin

BROAD Proposed

annotation annotation  Enzyme class Validation Reference
ATEG_08449 GedA Putative O-methyl transferase® BLAST, Hhpred This study
ATEG_08450 GedB B-lactamase type thioesterase Heterologous expression, in vitro assays [20]
ATEG_08451 GedC Polyketide synthase Deletion mutants, heterologous expression, in vitro assays [19-21]
ATEG_08452 GedD Putative O-methyl transferase®* BLAST, Hhpred This study
ATEG_08453 GedR Putative transcription factor Deletion mutant, quantitative RT-PCR This study
ATEG_08454 GedE Putative gluthathione-S-transferase Annotation from BROAD, BLAST, Hhpred This study
ATEG_08455 GedF Putative oxidoreductase BLAST, Hhpred This study
ATEG_08456 GedG Putative SAM-dependent-methyltransferase® BLAST, Hhpred This study
ATEG_08457-2 GedH Putative emodin anthrone oxidase, similar to HypC ~ BLAST, 34% amino acid identity This study
ATEG_08457-1 Gedl Putative mdpH homolog BLAST, 46% amino acid identity This study
ATEG_08458 Ged) Dihydrogeodin oxidase Enzymatic assays, protein sequencing [18]
ATEG_08459 GedK Putative Bayer Villiger-type oxidase Enzymatic assays, Identity inferred in this study 7
ATEG_08460 GedL Sulochrin halogenase Deletion mutant, functional complementation This study

All similarity percentages indicate identities at the amino acid level.
*One of these three putative ORFs is likely to encode the emodin O-methyltransferase described by Chen et al [16].
doi:10.1371/journal.pone,0072871.t001

1-20. geodin EA/REIE TV T A X — D BFEFH
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1-4-3. Gap repair cloning (DNA assembler)i%

Gap repair cloning (238l L 72 DNA assembler %1%, 2009 4=, Zhao 7%
BR¥E U 7= 715 C . ER: Saccharomyces cerevisiae \ 2434 DNA W 238 A L |
—BEMETT T A REMA LTSN DI1E0, BEROREGE EITIHAL TE 519,
Zhao B, Z D F¥ET Erwinia uredovora ® zeaxanthin £ & REML 7 T A

S —Z B L72(X 1-21),

(a) 2 _
\_ n-2
__ 14 ...... -
n-1
ampJ ura3
L vector helper fragment
ura3 hisG &1 82 nx
-
hrsG
ER—— X X
X X T
I _
2 n 3 site chromosome

ENO2t PDC1p
FBA1t crty

TEF1p crtz
HisG FBA1p TDH2t
Bi1-f \ B5-f Delta2
- > -
Bi-r B2-r B3-r Ba-r B5-r
le— B1 (2210 bp)—b‘ le—— B3 (2838 bp) —»‘ |-— B5 (2293 bp) _.|
|4— B2 (2125 bp) —-| |-— B4 (2769 bp) _.|

1-21. DNA assembler |Z X 5 zeaxanthin ZE & BT+ 7 T A ¥ — D FAEEE

X 52, 2013 4, Tang HIxZ OFEZEF|H L. neosartoricin B DA A RKIC
B 5.3 52 ChEfsT % Trichophyton tonsurans />6 7 2—=27 L7220, Ik
WCEERECTIERR L7277 T A R&, Nod THIR{L L. A. nidulans ~3 A L7z,

- O)E# A. nidulans ® wA 81is 1 EHERBZ ZEZ T L 2121 o — FORd

ZREIL TR LT, EHLORETOAZ Y —= /?@ﬂﬁ I, ap=—0
@7%% LI EIR IR 2 BB TE D L 912D, Z O . — Bl H OFHEFE
P CHERICLERBRFREAZEAL, gﬁﬁwﬁﬂﬁ@zf . —IEH
TEANLT=~v—T—8BaT L wABLFO—HIZHIE 2B %Hﬂﬂbﬁ\ fEfiff
BREZEOERTHEZEA LT, ZICL Y, A nidulans TIEARIESL 720
neosartoricin B {2023 (LG & T & 72(X 1-22),
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Core PKS genes

f nscD nscc nscR nsca\

NFIA12230—?$5
@ E— 5 =) =)

Afua 7900170 160 120
TE FMO pcPT  NR-PKS

(- g )

TEQG_O&z 5!9 g 5347 5346
535 536 537 538

= @ O E=—)

TRV_00390 389 388 387

=) =) o G| ¢

MGYG_06592 6591 6590 6589 6588

T
T —

ARB_00534

Neosartorya fischeni 1kb

Aspergillus fumigatus  pgditional genes

/DO HP MFS R ADH\

SEDEDT S e
s:g s?‘ » ¢ ‘ Trichophyton equinum

5342 5341 5340

€:| <:| - ‘ E> ? Arthroderma benhamiae

;t <:| 5;‘5:?2 § - Trichophyton verrucosum
SIp DD STEET
g Trichophyton rubrum

Acc 2 A
35? 359? Arthroderma otae (Microsporum canis )

SOE-PCR

-

vector

recombination

Yeast

Linearization

Transformation

1-22. DNA assembler (Z L 5
T L

neosartoricin B ZEGEL T 7 7 A X —DH
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AWFGETIL, BEERMDELE %2 1 DT O L Cx =N, ok HicE
BT TR =R RBERELL, 7 A A= T EATOME S ZHEE S
NT&Ee, ZnbofZix, 77 A3 FaMHEE3, PCR THIX LM A D
{nF% fusion PCRIETHERE L. KIREEFETHIA LB FET H 21,

2013 =, Oakley H1X A. nidulans Dfg F xR L., sterigmatocystin <°
emericellamide 72 & D “IRREHED O LGB FAE L, REH7RREEY
EESRWT ) —VR A NEEolz, 2D EICR L, A. terreus DYAAR I
IR->7- PKS B LT oBRER T2 85A L, WENRT ) AvA =00
ZT-72(% 1-23), 2D L&, Ytk LD wABIG T 2E L >HOHNER %
BALTWD, 372bb, wABGEFEMERIZRESNZ B s Ficik&E L, <
DO~ — —&fs T (pyrG). 7' v Et—% —(PalcA)F L O HHEML T ZHAIA
ATWD, ZOFEIZELD, #5136 {0 PKS Bia % BRI L, £ O
PEMEIRIE LTz, ZOFEIE. PCR T DNA Wz # i T i, TRE A
FHATEDL WO FELZFF>—F, 7 AU > MBIHET 5, BIfETRI LT
DAL IEAREZ FF>7- DNA R Y 27— TH, 10kb H72 0 1 HEOEE N A
AREER B 5, BB, KW DNA W% PCR L. #E#fSET 5729 fusion PCR
ELTHUBSNAZ 2ES PCRT D&, BERDOADMENSIDHIZEAT S, 20
k. PCRITA O E FTix, SRAFFIMINEN-T20 | > —F A FHT OFHEMED
Ko 7e ) EFRFLWDBRETH 5,
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5" portion of coding
wAS5' AfpyrG alcA(p) sequence of PKS gene

3’ portion of coding sequence of

1 AfriboB  wA3'
Fusion PCR . PKS gene + 3'UTR e : ,
Fusion PCR
X Transforming
L L ! ) fragments
e ‘ wAgene : X Chromosomal
e l e WA locus
alcA(p) ‘ Replaced
— 1 1 L A
. - ) WA locus
WAS' AfpyrG PKS coding sequence + 3' UTR AfriboB wA 3
Group I b. Group lll C. Group V
@%%@ S e O
ATEG_| 034501
ATEG_00145.1 ATEG_07500.1 ATEG_08451.1 (ACAS) (ACTE)

OH OH O OH

oH Q OH O
OH T 7 {s] - CO,
—Ho o No product detected. 0
HO 7 - HO N -
HO OH
o 2

atrochrysone carboxylic acid

! o OoH O OH OH © oH © OH
7 .
10
d. Group V €. Group V| f. Group VI
@@@0@ ATEESM s‘" "cP @@@@@
ATEG_02434.1 ATEG_D:BEZG‘I ATEG_10080.1
OH O oH O
OH HiC. oH
Unstable metabolites detected. ,@k ﬁrt
HO' Ty HO (]
CH; CHy
5 8
Group VII h. Group VII *  Group Vil
) ! { "ER p ATEG 08668.1
T e o o et -
ATEG_03432.1 ATEG_07661.1 (HR-PKS) ATEG_08662.1 ATEG_08667.1
OH H o
HONA S N T No product detected.
HO' ? 0

(o] H a
H,cwl I Hie
HO oH

8

1-23. fusion PCR (Z X 2 AR X FH & » b OFEEE & AR
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DX, R RAESRELE D u—= U TIENEEINTE TV D,
FEHEHE 2 2R 42 715 TlE. A nidulans T 261032005, 2,
FRFEIRHI 2 DL BT e nkuA WEERRDBRIE SN2 T2 Th 5, [AFEIZ Gomi
SRS Z M b D X I L7z A oryzae ligD WFER 2 FRLL
etz WIFETT ) b~A =0 T 2T 5 HENE S TETND,

I, SRIREBBAROEE L L TRIMB SN D0, Fusarium
heterosporum ATCC 74349 ¥k CTH 5, Z DOSRIRE I, Schmidt & 2328 L TH
Y . corn grit agar ¥5Hi CH% 9% & | equisetin Z4J 2 g/L AEPET HREI &2 FF o
TWwbz2, LinL, TSN oEE#AE WD & AEEN 10 ng/LREETT
DD, ZOEEBEDZEIL, equisetin EAEL 17 7 A X —IZ8E £ HERE A
T eqxR ORBLEICEK L TEY, ZORER -2 BERET 5 & [ UEGT
7 T AL —|AFET D 7 1 —H —PeqxS D& A ELF DIEHALE T 5 7
B, AEFEEPHINT (X 1-24), #51E, 207 o —% —ZGRfIFBL L2 il
BFOBERNCHA LT T A RE{ERL L | F heterosporum TEFEFRBLZT >
77

A eqxS peqxS eqxC eqxD eqxR
(omEmpmm YR
2 kbp eqx3 \] \\;
- 1<
(FR GU@ T corn
: VA -
< > .
T -
palcA-eqxR

1-24.  equisetin 24 RO HITEIEEE 7 1
A:equisetin A IEE T2 T A X —, eqxS ; PKS-NRPS, eqxC ; ER. eqxD ;
A F VIR SR
B: BAKRTIZ, FUERaVHROBEHTOA, equisetin DA AR 2
EHEL SN D,
C: EKRF % alcA 7' v E— % —ClEHI LZBEOET L, ZORHL, b
UEBR A HRORITITELA SR,

VLED X 91z, 2010 4EEN S, EE OB % RINE S & CHEREMAT I 24
TN Z CE =, T2 TR LTE A oryzae BFERBIEOBENT- SIZEH L.
F2ETIT, TORMHMEERF T L E LT,
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2% RNUTEA RORAEGRKHY
2-1. KRV 7 HA NEpkEEEPKS)

RY B2 A ROESRK TR, Bifeo~ o L7 & ol a5 e h ko
CoA = A7 /L T¥H 5 acetyl-CoA X° malonyl-CoA 72 &3, BliREEZEZ & 6729
Claisen M & 1Z & - THEATT 2 FHOMREE & | H LITHR A B REMLNE Z
HIEMEER S ERE L CTEL D, DL HIC U TAE LR P RIEITERIES S &
WA, KRG E 7 E DSR2 BB L > T, Bix B %E b O RBRM~ &
Bhhd, ZbEEHT 5 PKSIZiX, Type I 225 Type IIT £ T 3 D OfEHH
DIFET D1, Type LIZEH D KA A L n—o2DR Y ~LTF K& LTEL, Type
IL 35 % OFBENEEREER L, RN rX A4 FEHEEKRT 5, Type III 137
STe—=DD RAAL VPRI r &4 REOMBENGERIL, IV LEITHY, A
RTIHEZDI L, BTORIRERY 7 ¥ A NICE57 5 Type IPKS IZ1EH L7z,

2-1-1. Type I PKS

Type I &FFEN D PKS FRHIEEOEEE R A A 2 F L TR Y | MG RN
BHERE R A A %0 R LAE - 2 IENGIE & A% 3R (FAS) L L L TV 4 (X
2-1)2,

animal FAS fungal PKS (Type 1)
DDI)IIE

bacterial PKS (Type I) Module 4

Loding Modue 1 Module 2 Module 3 @ Module 5 Module 6

2-1. PKS & FAS DO Lrigk

Type I PKS (213, HfRE 2 EOMBEICEZ RoNbd~ AT EY 2T —RIL %
WHE 722 IS L FET MR LN S 5, ~/VFEY 27 —Mo PKS 13,
DIEBE R AA v H B OEY 2— RN Dbt > T, —o0 PKS 2 LT
W5 (K 2-2), —fRIZ, v FEY 27— PKS Tid, 2D KA A L iE—0
LoMBiT, RAVERED X 512, RU 7 ¥ A REOME L BN ETT 5,
ZOTD, KA COBEBDAIIIE, ERTHHY 744 REOHER L O
FALEERHEE T & D,

Z I T, % RAAL ORES 5 RISIZOWTEHAT 5, #0IC, Loading
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module @ AT (acyltransferase) K A A > MBHAEHANL Th 2 FE % ACP (acyl
carrier protein) KA A 2 —7 4 > 7925, ACP X, & KA A > OIEMEAL
2T VIR A ESKRE 2 5, KS (keto synthase) K A 1 % EjEd ACP K £
Ao, BEDY AT A VRIBICT VNV EZZITIR D, RIZ, THO AT KX
AVUBAECEY 2—LO ACP IZHMRRAO~ 0 UIRE#HED, 5L, KS T
AA D ACP Lo~ nm VERONIKEEZ 5 Claisen ffg & Z il %, 25 LT
ACP EiTiZ, 2 REME LT VI VBENERT 5, £ U7p-4 F T KR (B-keto
reductase) K A 1 > %%t L, DH (dehydrogenase) K A A T4 U727 /b —
NORKE MBS 5, 2 LT, AR LIza,p-RfafiF 4= 27 1%, ER (enoyl
reductase) K 2 A >3 fafnze 7 L OVEHICIE LT 5, %2, TE (thioesterase)
RAAL PMBR LTIZARY 24 A FNOKBIEIC LS~ 27 iRk L<
TR L T, BEREHEI0 HT,

Module 4
Module 1

Module 2 Module 3 Module 5 Module 6

6-deoxyerythronolide B

2-2. wNATEY 278 Type I PKS Ot

ZAUZHK L, RIREOMR L PKSITE Y 2 — b i—2 L7z, A,
—ODEY 2 — R —HORISEE AT 52 & T, AU T Z A RGO
FLEMZEITHIX2:3), LrL, MELERIZZ A REOBLEN R 5
G EHERHIERIE BTV D & TRREIND N, ORI TH
5
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aDedurER(ece
@ “ﬁ‘? ‘@—OMDH
o4

=
(" oH
l o o @ 0o OH @ o) @ o)
@A s @t e @t e (G
- NAD(P)H i NAD(P)H
oo\ o o o B
HO - HOMN\M/\
non-reduced polyketide reduced polyketide

2-3. M L% Type I PKS O

ACP K A A % phosphopantetheinyl transferase (PPTase)|Z & % FliR % 1&
iz T, B U VERERICHR AR AR T T Vi sn s, 2k,
BASNIZEHRIEIL, 7TV EHE S R AL ESOEE 2 5 (X 2-4),

o PPTase Vo
AC B @
| CoA
OH
H OH o

,,,,,,,,,,,,, e ____° " T
NH
TP P z
N \n/\/ ~, ~ N
HS 01010 </ I
(e] (o] o-©° O.__N /)
s H
on 056
-0

X 2-4. ACP K A A v OFHR#ZAES

RIREOMOE L PKS 1%, R Y 7 ¥ A REOBEILOFMZL T, 1)
nonreducing PKS (NR-PKS). 2) partial-reducing PKS (PR-PKS). 3) highly
reducing PKS (HR-PKS) & & S (ZHlin< I D 3,

NR-PKS @ R A A UAEpIE, K25 DX HIT/>TD, N RIRIZBHIAHEAT
LB IE A —F 735 SAT (starter unit-ACP transacylase) K A A
&Y. ACP KA A »DERNZ PT (product template) KA A B3 H 5, ZD K
AA T, HOREMEDHEATZRY 72 A4 REEZFRH L., FEROK % fil
W5, BENLOUY HLIE, TE RAA 4 L<IE, Claisen Bt & filigit 3
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% CLC (Claisen cyclase) K A A V35, ZDftl, ACP KA A > D% AIZ MT
(methyl transferase) K A A L ZFFO b D0, FATZ AT A EDIEITLH 2]
L & i35 R (reductase) KA A U ZFFO b DL ST 5, KR X° ER
2E. BT AT AR RIRE S ZEILT D RAAL VIIFELRY, £,
NR-PKS @ SAT KA A ANIFEFRFHNZEE T, W OBRGHEAL TH 5
acetyl-CoA Dfti, ~F 4 > f&(norsolorinic acid)<°H] D PKS 12 &k » TIEL LT
FE#HDORY /r % 4 RiH(zearalenone 72 O) b E L L Cr—TFT 4 L/ TEX 5,

TE/CLC
0. _.OH
OH OH OH OH O
) js el MOO
HO OH HO (o] OH
oH SMAT76
orsellinic acid tetrahydroxynaphthalene . .
bikaverin precursor
OH O OH O OH O
Ho ‘ ' Wﬁji\(
(o]
norsolorinic acid citrinin zearalenone

2-5. NR-PKS @ KA A iRk & Sk B plid O

PR-PKS ® R A A UHERIEX 2-6 DX D27 > TV | LD FAS LT
W5, NR-PKS & 138720, SAT °PT R A A U id7enAs, Bk T EBIRKE Ak
T OBRCEER Core RAA &2 b0, £/, UV HLAAEEST D NA A bk
STWRNWED, AR SNTET VT, XUBUVRSOE R VEREZEK L OO

CEINSIDYIET

/ﬁ\ O._OH
SCoA PR-PKS O OH O O HO
HOMSCoA

6-MSA
2-6. PR-PKS O RN A A U KERR & Fx i RS DR S
HR-PKSIZERSCKR & WoTm BT RAAL U E2H L, ZHEARBLEDKRY /7
2 A REEAKRT S, 77, TV 2a—LIND ER KA A U KEEER. a7 L
7~ #FE(transsER) & LTI OB H BN TW5D, BEENLLOH Y H LITIX
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TE FAA R FAAL MBI HE S H 525, PR-PKS O X 9B L L THIY
HansZ bbb, I6IT, =D 1TOT I RERI ¥ A4 REICHAZAD
% NRPS (non-ribosomal peptide synthetase) € = —/L % £ - 7= PKS-NRPS
A7V R HR-PRS 2B+ 5 (X 2-7),

00///////

dihydromonacolin L dehydroprobetaenone |

lovastatin precursor betaenone precursor pyrrocidine B

2-7. HR-PKS @ R A A R & Bf& Bk O

PKS LAEIA L TWA NRPS £ o — /LIZFETAEARARAAL T4 5EH Y
KrEDT 2 AR L, ATP 2 HW CiEM L3 5 A (adenylation) K A A >,
AL L1272 ) B &2 859 % T (thiolation) KA A > EROT IV A8E T R
AL ANKES LT X ) EMEST 5 C (condensation) KA A >, FL TR K
AL TH D,

Type I PKS OZRMBHRIT 5. A A UHERRIC L > T2 b o PKS 73 #72
% Clade IZ SN D, £z, ZOMENTHR RS, HR-PKS & FAS X KA A~
ATV DI S b bT | EETHDH I Enbns (X 2-8)4,
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Gderaln PrED
i T g PG
— 50 changes ke (i) .
Lt :mgnﬁf" — ) ! &
PRES reducing PKS clade |: 0
= K5-AT-DH-(ME}-ER-KR-PP] O
T S e -
_ m:m':x:-:.:rvnsrp . py
£ TN nﬁ“‘?;r‘ =
Aspanuiag M meus O
. = L L %%?g PKES O
loss of ER domain, & i s :..... Ly <]
gain of NPS module: = B St e a
CON-AMP-PP domains r"""'“‘% Exste [
b reducing PKS clade I o
‘ = “:“"' ‘“"‘l‘»c;gi‘g;ms KS-AT-DH-(ME}-KF-PP [
ﬂ'%,“ Ly -[CON)-(AMP-PP) o
loss of ME domain = “ u";;‘.s?‘g}_smﬂ *0 uanion ks ~
N = o e Y e A
Fddemmia mendlmi PRSI0 T}
A — GibOerels tame FEE 0 o
s - auioupars oAk U reducing PKS clade 11l KS-AT-DH-ER-KR-PP-{PP} = m
|— M imEpaTs CrassE FHE2 e —— E =
. .:':5! A 1 5 =
e Bloberety monstams RS (FUN _§ 4
' =11 1]
cammmnb:né?fﬁlaalz 2 |D_|
raducing PES clade IV o

s RREiE KS-AT-DH-ME)-ER-KR-PP E":!:,

e @ S
%'%:Tgmw“usu £ .E o

PES1S

hrmur\x\hnm F“nggé o
o B fosketans

Tntbﬂl‘h Imhsu;ﬁf’aam

""“‘1‘” non-reducing PKS clade I:
Al
i

qu_m':?m KS-AT-PP-(PP}CYC

a5 Fangmalooa, 4
|| = SRR
o e s
" i&mwm"'“s“ PRSI

LS Hal e fuckekana Eﬂ;lfu PR
Gibbareda Taye PR 13

gain of ME domain

EX

non-reducing PES clade (I:
K5-AT-PP-(PP)-CYC

.. malating

non-reducing PES proteins
basal bo clades | and 1|
KS5-AT-PP-FPHCYC)

o charameezed pEies

Gabansia resm PR5 14
" 8 Tvcwakana FEE 16

fungal non-reducing PKSs:
KS-AT-PP-(PP}-(ME}-(C¥C)

’ ""“““"“" Jineros "2%"“'-"'"-'" non-raducing PKS clade 1i:
PE531 PP
" / anmmoﬁg?wgﬂw me KﬁﬂLiﬁ'ﬂErzﬁ!‘dE‘{C‘fC]
E e apinan
gain of CYC domain, %:nh .‘I.‘G:«E?rmﬁ
loss of DH-ER-KR domains ® "“‘."Es 35 me 0 &
Foiiy uﬂ%ﬁmqﬁ 1 P
"‘* Ll \g&lﬂ\xl! ;"“.KE [r w
[ cfemy e e 5{
NS e, e ) ) o
RS R bacterial PKSs Iva g
T and 2 clades of fungal PKSs: e
g L Eechigels he i frsganpar] fungal NRPS/PKS | KS-AT-(DH)-(ME)-ERMKR)-PP | L3
m e 's!e.".&'&#: ‘%‘Eﬂ‘éﬁ fungal GBMSAS: ” g —
g Jagmue KS-AT-DH-KR-PP h=2
10 vlﬂlﬂ B
Aimpfomyces lﬂ:bn\m’ru nlln @
' T g e oloc
LS =" 508
§ e S s sko
apsC: maken 2 S ,.LD
= " s £¢S
GTH waralece maa w-mc:us naeus W1 modue 2
wpaneass sabll modele 1
G m
eI EE 0 o | animal FASS: KS-AT-DH-ER-KR-PP
—m—l— oo sapiens acPsetense | type || bacterial PKSs, bacterial and

S e e E“':L“J&'Lm. mitochondrial ketoacyl-ACP-synthetases

Giene mas AP snease

2-8. PKS O %5kt fiEtT

2-2.  solanapyrone DO&EE DG,

B8 5 R W Alternaria solani ASP-2 75 HEE S - 3 F#
solanapyrone AB)X, E R EBRETH U UEMERT LRI XX A4 RTHD,
RFEO AR L LT, B4 O DNA polymerase BOBHLETRMEDN N ST
W55, 6 OEARTIEZ, Diels-Alder SDEHG- 2 FEBRAVIZGEH S TR 6,
Oikawa & OFEMRAEGKMRIC LD 2 TOEAKRFPRIENER I TNS T,
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X 512,2010 £, Kasahara 51, solanapyrone A& (s 27 7 A ¥ —I21%
PKS 15T soll, A T NVIEEBIEFER T sol2, WKBHEFRERT sol3, #-5
KIF sold, 7 T & ANKAFHERAVEER BT sol6, P450 BIsT sol6 735 £ T
WD &R LTzs, i B I3E I L OEERE 215 12, Soll & Sols 388 L |
ZORERERIT 21T 70 o T2, TOFER, 6 DEAKTIX, PKS ICL->THELRF
R 7 A F AL L KB L Z 52T, Sols M7 va— &7 LT b Rz
#%. Diels-Alder MG Z il U CT h U BB AL T D &0 5 A AR & fif
B L7-(% 2-9), £7-. Sol31%6 D7 /L7t RF%Z&ET L, solanapyrone B %5
2HEZEZLND,

):0 g&g rv M

desmethylprosolanapyrone | (7)

Sol2
con-s7 (O-methyltransferase) CH,OH )
7x Malonyl-CoA Sol6 o OCH; ‘S?h
S-adenosylmethionine (monooxygenase, P450) 0. - (oxidase)
= [4+2]
H
solanapyrone A (6)
HO.
Sol3 ° OCH
ehydrogenase solanapyrone
dehyd ) I B
—_—

2-9. solanapyrone D4 A AR

AWFFE Tl 2 MOEEEE OIE & AR DORIER L KRRy O 24 G K %
1To77 ANTEANT D PKS B0 T LR B bEEE IR, 8kb & K&\
72, WEIRHRITIKL 725 Z L& I,

2-3. FEBREIR LB
2-3-1. 7T A FHEE

soll/pTAex3 & solblpTAex3 I%. 5 FERDOBEHBBER I HFED 1T 725, soll
VIS DOEIE 1T, BEICHESR SNTE=7 T 23 B LT A solani ASP-2 D& ) A
DNA % #5812 PCR 217\, N ENRBIDR Y #—|Z In-Fusion ¥:% H\ T
A L7z, aphidicolin ® & & & [AIREIZ, 7°n:e—5f~ﬁﬁﬂz%ﬁf:mw& & —|Z
BT A HANT DR, — pTAex3 IZEE T2 A L, PamyB-TamyB %5
TefHlk 2 PCR TR L7, BRIORT X —|THAAALTE, 2O LI LT,
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soll/pTAex3. sol2pPTRI. sol6/pUSA. solslpAdeA O 4FED T 7 A3 R&EAE
L7,

F7=. %k 358, NCBILIZHE S LTz s0l6 DiEfnESNIAY TH -
77e DD, s0l6 1L 3K mE R LIZER T/ e—=7 LHEL, ZDFE,
SOI2 AR HHEAT L LT, HPEHERALHIRS I L, Z
DI 2 ODBIL % —DODRY X —|Z#HH LD pUSA2 # AT wa‘:f:&b
sol2 8 taEtE LV a THIRDO®H S pPTRI 706 pUSA2 ITB LEXT-, =
o ZODBEMLBTDI n—=27TlX, s0l2pUSA2 & s0l6/pUSA2 % W1
F LRI 50163815 1% s0l2pUSA2 124 A L C sol2+s0l6/pUSA2 ##E5E L7z,

2-3-2.  JEEHHUROIER & A PEY O ittt
soll B HEHAAR

HOIZ, solllpTAex3 % A. oryzae NSAR1 I[ZEA LTz, G L7727 an=—
DI B, 450 soll WHElEHAZ CMP BT 185 L. GHEY & fhit
L7z, ZORE K% A F Al L7=%. prosolanapyrone I (8) DA% 5 & ks L
72,

HPLC fi#tr OfER. 2 SOTGEERIAED D ORI D X F/ALIT 8 DFE S
RN — T o7 2R Lz, L7 -> T, soll IRWEHMAKN T %
APFELTND I ENHA LK 2-10), 2D 9 BAEFEREO @R 2 K ThH 2
L7-fE R, Kk 1kg ™79 120 mg DINETHM 2572,

‘ PKS |
0 ;SOH Ilj\/\/\/\/\/\ Moo n/W\
N N
SCOA K,CO; ©

7 x malonyl-CoA desmethylprosolanapyrone | ( DMF prosolanapyrone | (8)
1 x S-adenosylmethionine

=
1=

1000 -

m methylated extract l

«. Prosolanapyrone|(8)authentic sample

.L'...,.."-'L“

0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 min

X 2-10. soll TWEHHBUREFEY D HPLC 9+ — b
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it et ]

I e T L e A
a R o R A P e T W P o o

———————————————————

““*%\féﬁfﬁiﬁ?é—‘d"""““

mmmmmmmmmmmmmmmmmmmmmmmm

2 | 12 4 1]

B P

H 7 1 13 18 "

A ' i, #
1 [ [ H ] 7 1
5/ pon
'H NMR (500 MHz, CDCl,) & ppm
H5 | 5.80(s, 1H) H-11 | 1.38(m, 2H) H-16 | 5.50 (m, 1H)
H-7 | 5.90-6.01(m, 1H) H-12 | 2.02(q,J=65Hz, 2H) | H-17 | 1.69(d, /=6.5 Hz, 3H)
H-8 | 6.59(dt/=16,7.1Hz, 1H) | H-13 | 552(m, 1H) H-18 | 1.89 (s, 3H)
H-9 | 2.15(q,J=7.1Hz, 2H) H-14 | 5.81-6.01(m, 1H)
H-10 | 1.39(m, 2H) H-15 | 5.81-6.01(m, 1H)
2-11. Hifff L7~ desmethylprosolanapyrone I1(7)?> 'H NMR A7 k)L

soll + sol2 T E LK

O-methyl
transferase

PKS
i SOH fj\/w\/\/\ SOIZ) IL]\/\/\/\/\/\
)LSCOA P4 AN

7 x malonyl- CoA desmethylprosolanapyrone | ( prosolanapyrone | (8
1 x S-adenosylmethionine

s0l2pPTRI % soll FWEHAHAKIZEA LTz, 5 L7220 2 =—0D5 %, 4
an=—% MPY ¥ T4 L, (UEY 2 HPLC T#fT L7=(X 2-12), —
DFEEBUR DT 7> BT 72 1T L7 AGHEY 2 MS 36 LUV NMR 'C“ﬁ’ﬁﬁ
L7ze MSEMT/D ., T DOHFEQTLIIZAFNEEL 2 SOBFIF 238N L
72 m/z345.17 [M+Nal*O v —27 L ik L7z A5 5 m/z305.16
[M-H:O0+H]*® v — 7 Mgl S iz, TH-NMR A2 b L& HIE L7455, 3.87
ppm (2 3H 3O 7 F AR S iz, E> T, KEBREIZAFILVENEAIN
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TREEN L E SN2 2-13), 72, B UEMLICFE YT 5 2 7 Ui B b
72< . 5.81-6.01 ppm @ 1 H(15 7). 5.50 ppm @ 1 H(16 /7)) X 512 1.69 ppm
DO 1HQATAD) D> 7 FVNER L, Z £ 4.01 ppm(15 7)., 3.85 ppm(16 i),
1.18 ppm(17 N H 77> 7P BBl S e, ZHICE Y, Kiso ZHES
N I — VT S U7z prosolanapyrone-15,16-diol Q)3 H N/ EZ B
%o EHIC,FD E, Z0REEIL, 8 Z mCPBA ek L TH b7 AnE A1)
KGR LTAba M D—T7 & —ETHZ b bR LT,

i
wn] desmethylprosolanapyrone | i l‘

prosolanapyrone |

soll+2 transformant extract
00 = e 8

som ) G
prosolanapyrone-15,16-diol f‘ H
. I .

El 1] L L1 LE3 14 13 L] B = ol -] = b
e

2-12.  soll+sol2 B HARGEHPEY O HPLC v — b
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1H NMR (500 MHz, CDCls) & ppm
H-5 5.98 (s, 1H) H-11 1.46-1.67 (m,2H) H-16 | 3.85(m, 2H)
H-7 5.97 (m, 1H) H-12 2.09-2.38 (m, 2H) H-17 | 1.13(d, /=6.5Hz, 3H)
H8 | 6.70(m, 1H) H-13 | 5.74(dt J=16,6.9 Hz, 1H) | H-18 | 1.93 (s, 3H)
H-9 2.23 (dt, /=13,6.8 Hz,, 2H) H-14 5.53 (dd, /=16, 7.0 Hz, 1H) H-19 | 3.87 (s, 3H)
H-10 1.46-1.54 (m, 2H) H-15 4.01(dd,/=7.0,4.0Hz, 1H)
2-13.  Hifft L 7= prosolanapyrone-15,16-diol (9)®> TH NMR

Z O ZHEHPERERIC sol6 BInFEBA LT E 2 A, FHMAHEDIISE LN
72707, Sol6 I K DKLU Bl S 72 o TR & LT, B0
T 5 open reading frame (ORF)2Mi] & MDA TR > T D Z ER3E
b, £EZTC. A b a2 TPHITE S web Y —/LTh 5 AUGUSTUS @
BERE ML A IA TR, 7 s DNA ORLHNEZEANT 5 & =% Y VIR G O & |
TR X7 BT X BEEY, & LCRERABLS & OFFEMER —E I T X
% 2ndFind (http://biosyn.nih.go.jp/2ndfind/) % FiV T, solanapyrone 4= & iki&
It T AR —2RE2MTT 5L, NCBLIZREH STV sol6 8L D b
SHNEWES2 ORF & L TR 7= (X 2-14),
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A

Majority TCAACCCTRACAGATGECTAAGGAAGAATTCCCGAGACCTGGACAAGTATCTTGCAACCTTCAACAGREGTGCGAGGCAR

1590 1540 1855 1560 157 1500 1600
2ndFind i i : T 5T 5 T XY (600
NCBI I § 1 1600
Majority TGTCTCGGCARGGAGTGGEGT ACACTCCTATCAAATCGCAGGCT TG TGO AR GAT T AIGH M MM M M RO M MM M H MM MM KN
1610 1620 1630 1640 1650 1660 1670 1680
2ndFind GCTTGTGGEARGAT TAGIGE : AT : 1680
NCBI I ; J 1657
Majority MO KO SO X M KO OO OO OO OO OO
1690 1700 1710 1720 1730 1740 1750 1750
2ndFind 1760
NCE| 1657
Majority XXX RO OO RO OO K OO KK
1770 1780 17490 1800 1810 1820 1830 1240
2ndFind E Ak EGTE & ah 1 18400
MNCBI 1657
Majority XXX RI N
1850 1860 1870 1880
2ndFind GAGGATAACCTGTGLGCAGAGGTTGAGARAAGGGECGGATTAG 1882
MNCBI 1657

From NCBI database

- - - I ’ With intron: 1657 bp

Exon: 1386 bp

From 2ndFind prediction
I N N [ B with intron: 18826p
Exon: 1602 bp
4 2-14.  A:s0l6BinT 3KRumD L, FB : 2ndFind (2 X % Fifll, FEB:NCBI
Fl# D DNA B4, B : sol6 B +DA > b ALED T,

4 2-14-BlZ PSS A v hrrOffEZR LI, ZHUCED . 5l G 2
SDHDOA v Y DEINERSTNDED, Kiba RO ENRED-ST &
HHITZ5, ZOL2A v b rOEREDD &, £IBIORY XTF R
PIEGND LI D, ZDOZ LD, FITHEE ST sol6 8T D7 1
—= 7 EME LT,

WICHIR L2 X DI L 727 T 2 2 F(s0l2pUSA2, sol6lpUSA2,
sol2+sol6l pUSA2) % VTR soll 8 A& T Bl LT,

\

X 2-15. HEEEHAROEFT RN, 4 1 soll+6, T soll+2, /£ : soll+2+6,
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K E AL, MPY B2#C 1 8. 30 ‘CTIRER#E L., Y 2 HPLC
TN LT~ F7-. 2 TotEWi3. HPLC TKHL L. 1H NMR 12 THE 2 [
E LT,

soll+sol2 — B ERIIK

W L T EPEERA 18 ar=—0 9 b, 6 an=—% MPY EH#
THEE L=, &0 -ERE® 51X, prosolanapyrone (8)23FH i, K
BRI K> TEMEIC RS T2 oA — QL. FAER & L TEONeho T
(B4 2-16-A), 8 BB S A7z 3 SDIHEIEHUAD 5 6| fie bAEERD EN > T2JE
UK 2 KBS I CRE B Lo, ZOREHR. 8 % 26 mg/kg, 9 % 9.0 mg/kg DI
mCAEELE, SHIC, BEEHBEEZDZLIZLD 9 L 8DAEKIDELE
BRIL-AER, 1B TIZ9 OAEKED 8ITHEXTO05ETHoT=DITXIL, 2
HETIX 1.3 65, 4BMTIX3.6MGL7%2o7,

soll+sol6 — E BT

Bl =N 15 [HOBEHERBAD H B, 6 2 r=—% MPY i CTHE L7,
D OFE Y 2 AT U 72 fE R, desmethylprosolanapyrone I (7)73 E4Ek%
e L TR BNTZ(K 2-16-B), 2R bIEHRH O RV EI 727 v — 7
DR SINTD, REERTDPEHTE T, MEZRE TRz, 1272
L. UVOWIRART Munb, e REFTHLEMTHD Z LRI
72(X 2-16-0),
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c / desmethylIPSPI

3246

1
a5 040
030
030 150
028,

] 3 E
324 nm M 329 nm 120
010 010 050

o0s. /

000. 000

324 nm

3246

p—

#0600 120,00 24060 26600 74000 30060 37000 34000 36000 JHG00 20600 220100 24000 16000 23000 30000 32000 34000 36600 38000
nm am

% 2-16.

20000 120,00 24000 260,00 230.00 30000 37000 34000 36000 36000
nm

T EIBEEESIRONHEY O HPLC F % — (320 nm),

A: soll+sol2 TR #sHAR, B: soll+sol6 T EisHiiRk, C: soll+sol6 T E sk T

BRHsn-tv—270 UV 27 L

soll+s0l2 — BEIEEHAK NG

L8 DI Y U BN EIRF A EZIT I HIT

KR U T ¥ A — V03 e éﬂf:o ZDXIIT A oryzae gL Lz XI(C

RYFEA REEEREOAT V7 0 RS - FIBMI S FET 5,

2011 4,

Cox b, A. oryzaeM-2-3 %Tﬁ% IZ bassianin A£G ERTFOOEDTH S

dmbS % BAERB LR,

A V7 4 b S iu7c proto-DMB X2
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prototenellin C 3G 55 Z & AW L7z (K2-17), F7= Cox ML= D+
ML THRBEOHRHRZME L5, Magnaporthe grisea \ZAFET 5
PKS-NRPS &5 1 acel #RAERH LTI-BE. 7 VBROMENEZ 59, PKS
HATHEMENMEL L, ZOT7 U AHBEIIE e VBERICLYD . BEEMD
o st ALV T 4 UCRROBIUEM 22 T2 10, Jed FERREER
EADbETEZDLE, 2OV TR FERALTERTLIEEZD
N5, £, BALZBEETOKIENOHERIT 5 &, =R % b LOBHERX
JETE EDORFOMELEER M2 L b s, =ARF¥ T NOBBRKIGIE,
pyripyropene A X° paxilline DG H A THEH SN TNDH 11,

ZD LD REISINE A. oryzae BFEFBIROMBER L 720 5 5728, Ffbl%EsR
DR EZ AT, £ ZOTRF A2 M S8 & LT P450 2 4E L7,
JUMNKZD Ichinose oI, A. oryzae \ZAF1ET % 155 {H D P450 % FERFCTHRELL
77477V —%2fALTERY 12, il e A7 ) —= 7 EE AT IEERR
wILFEITIT o7, TORER, 3HOD P450 28 8 A L=, VA —b L<IE
TRF Y REF B L oTe, ZORENSL, TNLSNORACEESE, Bl 21T
77 B MK OB EER R E b EME L THET b5,

o DmbS
P (PKS-NRPS) ~ HO o 0
SCoA > _ NN
o o DmbC
J L R N
HO SCoA pre-DMB A
L-Tyr DmbS o
(PKS-NRPS)  HO HO
SAM > — N NF
N~ O
H proto-DMB B
HO Ho (0] OHOH
— PNF
N~ O
H proto-DMB C
X
SCoA
Ace1 OH
jivji (PKS-NRPS) & orPH
HO SCoA o oo NN
L-Phe
SAM 12,13-dihydromagnaporthepyrone

epoxyde
P450 o hydrolase orH
[O] H,0

2-17. RERBUCIVEONTARY 7 & A RPEHRDN D O D A4 — VA RS

HO
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ZDOZRFIACRIEDOANEGE R AL, 8 TIHEITL, O-AF /b TV
T TCIIET LR oTemTh D, £o, BT VT 4 008 A oryzae lZ X > Tx
REMLENRP ST B MESNTVD (M 2-18)13, ZhbHDREENS, —
R A A S 5 Fd ko bizERiE. PKS $ L <13 PKS-NRPS (Z L -
THEARSNIALAmICR LTS . AL 7 0 L ORBEBLT 2, K
F ORI oG ZRF L TR0 . IEEINIC 2 £ <IE LR > T LEMIT
LN EBZbND, ZOXHIZ, BELEOBMEMENZ L1, 80259
SOEEHBENE N ) EERFEFELE —F L T\ 5,
soll+so0l6 " BEIZEIRHIKTIL, TR T2 &b, Sol2 kb 0- 4
F AL TEIZHEIT L. RIZ Sol6 IZ K BKEMEN I Z 5 Z EnbaoTz,

OH OH
=~ I OH OH
0% o AN AN A A AN~ PN AW N
aslanipyrone aslaniol
OH OH
~ A. oryzae = OH
| e ! = =
= N o~ o
0”0 OH
desmethylprosplanapyrone | (7)
OMe OMe
= A. oryzae = | OH
| P . 00" N Z
0”0 epoxidase OH
prosolanapyrone | (8) epoxide hydrolase

2-18. 15 LR OER{LEF 3R O R HE Fr Rk

s0l1+s0l2+ s0l6 — B G iRtk

soll TEEHAHARIZ R LT, 2 DOBIE T % s0l2+s50l6/pUSA2 %> TEHAL
7o 2O LTELNEZEEERRIA30 au=—D55, 5 an=—DRHEDE
RN LT, ZOFRER. 3 F D an=—TH e —7 Pt S =7, 'H NMR
ThE G 2R L72(X 2-19), 95 & . prosolanapyrone I (8) D Bz L ERICHEA L
TWBAF VIO 7 F UL L, 4.55 ppm (ZH7- KB SN AF L~
IZHIE T2 & 7T U B S du, B NMR 77— & —H L72729°, A F LK
D3 /KERIL S 4172 prosolanapyrone II (10) 3G b7~ 2 L 2R LT-, F7=. 2
ODBILTZEHALZIZHBED 5T, Sol2 DANENT 8 M5 L= E sk
(A5, Solé DA N & b 2 TREIA BB Sz, 20 3FDIVE
BRHUR 2 K5 L CREEE L7 1 kg %720 12.5 mg OYLET 10 B F 57,
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330 8
- A <
o,
T80 ?
T40 ¢
20
200 ':
140 |I colony No.
|
3140 10
140, | II 5
1
130 | \
100 - — e e J J S — 4
oao
A - 3
080, [ T
- - [ . Y
040 e e o S _.' M — - - 2
[

oo — o 1
606 010 040 O8O OB0 100 130 140 100 180 100 950 A0 1BO TAO 300 150 140 180 JB0 ab0 430 &40 4lo 4d0 800 830 S0 Sio ShO a0
#

14
B OH OMe
18 4
= -+
a | B LI F 14 16 =
o " = e i’
[
{ |
|.
II
- - —— _|==|_I“|i‘
1 ] 5 4 3 1 1}

*H NMR {500 MHz, CDELL) & ppm

H-5 | 5.98(s, 1H) H-11 | 1.46-1.67 (m, 2H) H-16 | 5.95-6.05 (m, 1H)

H-7 | 5.97(m, 1H) H-12 | 2.07(dd,i=15,75Hz, 2H) | H-17 | 1.73(d, /= 6.0Hz, 3H)
H-8 | 6.70(dt,#=157.0Hz, 1H) | H-13 | 5.95-6.05 (m, 1H) H-18 | 4.55(brs, 3H)

H-2 | 2.23(g, /= 7.0Hz 2H) H-14 | 5.53(dd,i=14,7.0Hz, 1H) | H-19 | 3.90(s, 3H)

H-10 | 1.46-1.54 (m, 2H)

H-15

5.59 (dd,J = 14, 7.0 Hz, 1H)

2-19.  A:soll+sol2+sol6 T E iR DR FEY) © HPLC 9+ — b (320 nm),

B : prosolanapyrone II (10)® 'H NMR A~X7 kb
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solI+sol2+sol6 =B E A D HPLC F v — bk TlE. Bz 2 A5
NTWie, an=—4 %X, desmethylprosolanapyrone I (7)D %% £k L T\
e, Ny 2777 RELTAZXTE T, BlaFrOEAINRN-T
an=—Toholh, BASNIZHLEDLL T, Bt o EHEEBLARN-
TeeBHhoDd, 18E 5HFIL. 8 ZAEML TW2/o®H, Sol2 1THERE L7273, Sol6
@Dl E B D, BT, 2 31T, Sol6 DA R LTZEEZ bR
5o TOXIITHEALZBLR BN VEBE LT ROZENBZIOLND ;
1) Qetifk EOERE S WL EICBIR BB ASNT;2) XN\ THEa—
RE25EECTT 7 A Ro3sii, MM Z 72, 26 OFKEZ S 7
T DI, Btk LD EONLEICEB T PFEA SN0 E MR T O2VLERND D,

Z OIFE R 3 FIE, ARIDEGRTHAETH S 10 24 L Tz, 20
BRCIE, BALLE ZoOBENELIERELIZB D EEZIOND, EHIT, 8
AR T VA= @B SN o= 2 E0 b fFEHROBRLEIL X
D H. Solé DIENFEL T L EHEE SN, i, fEEOM(LEESE
RV ESERR 2 & D7D, 8 ~DBFIMED Sol6 LV HIRW=D L HE X5
b, o T, HEHKRDOERIZELDEIKISIL, THROMELZEATLHZ LT
M TEx D Z LR E N,

s0l1+5012+ 5016+ s0l5 D BT G i (R

solblpAdeA % T, LR 3 FDOFEEMIKZ T EEE# L 7= (X 2-20-A),
ZOWEEHRIZ 1RO T L — R4 20 an=—FEEZ T, TDIH b,
6 20 =—% MPY M 1M, 30 CTIRERE Lz, Zhbo0R#EDE
HPLC TfEfr L7-/E5%. 6l 3o an=—TH7=Mbam it L=
2-20-B), Z#1% HPLC THM L7-t# ., MS #2117 o 7ofE 5. /18 331 (m/z
332 [M+HI") DfLEW & i Uiz, & 512 1TH NMR THEE ORI 2175 & | 9.99
ppm [ZT7 VT b RO 7V Lic, @i ilid, H-H COSY % THEMT L
Tofti R, T H Y AR AL TWD SR L2 &6 Solb 1TIE L < e
TN T—)NET VT B RO XY, Diels-Alder St & il U7= &35 2
bivs, LarL., OMe @7 FvinEk L, 10.8 ppm, 3.89 ppm, 3.53 ppm (Z
Bric 22y 7 F BB S 72 (% 2-20-C), BFEARY LT — 2 3 3CHME & —
L=, 560 -1bE%iE solanapyrone A Tid72 < . solanapyrone C (12)
ThHDEHH LT, OEEEOE DS DB R 2 KBS Th AR L7 AE R,
12 # 1 kg 2472V 47.3 mg OILE TH-,
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colony No.

6

solanapyrone C—s
N s
A 3
2
JU_ s

0 05 10 15 20 25 3.0 3.5 4.0 (min)

C
[ 7
.rIL i Fla l-.d L.Jl.
peal H)
H 1 L] [ 3 7 i [ i 3 E i t
1H NMR (500 MHz, €DCl;) & ppm H-16 | 2.60 (m, 1H)
H-5 5.98 (s, 1H) H-11 | 1.70 (m, 2H) H-17 0.94 (d, J = 7.0 Hz, 3H)
H-7 2.35 (dd, J =12, 10 Hz, 1H) H-12 | 1.07-1.13 (m, 2H) H-18 9.99 (s, 1H)
H-8 | 2.29 (m, 1H) H-13 | 2.13 (m, 1H) H-19 | 10.8 (brs, 1H)
H-9 1.46 (m, 2H) H-14 | 5.43 (dt, J = 9.8, 1.5 Hz, 1H) H-20 3.53 (g, /= 5.2 Hz, 2H)
H-10 | 1.15-1.22 (m, 2H) H-15 | 5.65 (ddd, /= 9.8, 5.0, 2.6 Hz, 1H) | H-21 3.89 (t, 4 = 5.2 Hz, 2H)

2-20. A soll+sol2+sol6+sol5 W B B Snia A o[B8 B & DR
B: soll+s0l2+s0l6+solb T B Hrif R ORGETFEY) O HPLC 9+ — (320 nm),
C: solanapyrone C ® NMR 2A~7 ~L, JERKILH-16 D7 v koo 7 F b,

Sol5 OEREIZEEICMEI STV, 10 DKEEFE A T /LT b RIZE{L L.
Diels-Alder KtMZ L0 TV B EZ ST 5 6, Z ® Diels-Alder i3, B
R THHEITL, KPP T 3 EE#ZICIEL. endo L & exo BID AN 23:1 1277
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%, 2L, Sol5 fFfE FTiL, endo: exo = 1:5 DL TERALAERM DG LN D,
AEIOMFFETIL, endo ARITHEEL T e, 12 O NMR A2 LT, 5.55
ppm (M ST 7 F i, endo (RICHKTH T 7 F A THH L4, HE- T,
AHFFRICBNTH, D72 &t endo: exo=1:28 DT endo AN ER L TV 5
Z LR S Tz,

solanapyrone C |3, solanapyrone A [Zx] L CIERER I /) — /LT I N
EHRLTELDIZ ENHLN TS, AEIDOEA D, solanapyrone A 24K
L7e#, BENCHFETHZY ) — AT I VPRERLIZEE 2 B 5 (K 2-21),

solanapyrone C

2-21. solanapyrone A 75 solanapyrone C ~MZ [ )i

Sw@@@ H

)=o PKS
desmethylprosolanapyrone 1(7) ;{M
41-
Sol2 diol (9)
o o (O methyltransferase) ﬁ by host

CoASJ\/u\OH
= PN 4.[ ?fr/\l)\]

7x Malonyl-CoA
S-adenosylmethionine prosolanapyrone | (8)
i Sol6
(

P450)

o] 0

R= y AN

Sol5
(oxidase)
e
1) oxidation
2) [4+2]

H H
prosolanapyrone Il (10) solanapyrone A (11) solanapyrone C (12)

2-22. solanapyrone C ZE& Rk
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ZDOEHIT, 4HEOBML & R L, solanapyrone C D444k % B
L72(K 2-22), FE TR LTERMBEAICOWT, U TO X ICHLMNITH 2 &
MNTE72 ;1) AL 4FEOBMGHIZIELLSERS, FlRRET- ;2 Az X
DIEE~D K A —VIFBR S e d o7z 5 3) PKS OFRZELS P450 DiE T
A0 ) M TERER T IE L <@\ T2 4) AR L V. A oryzae BFERBLRITT
NARTEF TR, R XA RIZbEAEETH D Ebhrolz; 5) RLY
RE—H—TAMEDOBIFZRIEE TS LITWETH L LHERTET ; 6)
16 EHKDOBERIC L ARIS)STBIA S NI, TIOBREEZRBLT 5 Z & TH
flCTEDZ &nbhrol,

2IZBH L T, solanapyrone A iX DNA 7R U X 77—V BDOLEERMEN I H TV
%73, aphidicolin @ £ D IZHAMIPEH S5 &V ) BIGUIBHI S e o Tz,
I HIZ, MREANTIE, =% 7 —/ 7T 2 2 & o T solanapyrone C [ZZEH# X 41T
LEITZD, Solb IZ L > THEMLIZEZRD, MEFAET HRRE TR, BERY
A—=UkhEzpolztEZBND,

IR L T, Al SN RIBOSIE, $UIRA Y 7 &2 A RRIICHET A4 L
7 4 OB LB X UORRKSTHo7e, 2O X9 72id EHROKISIE, AkD
FERSOL LD DBV LR SN,

Fio. ERRUANAORES L LT, soll DG TIE, BV A4 ARk
XN END, KIBENTRD EEZ LN, ZiE. A oryzae DYAIR EIZ
BIAFHAIAEN DB, 7T A ROEBEDONE TN TIHRASNS -9,
EWEEF TR, BHERFOEBR CTUNLHERN ERL516THDH 15, ACS
DIVEIHRIT 8 an=—h1 2 an =—TAEENER SN, 12.5%DIFE L
NFEIEST-DIZXF L, soll TEEHSHRIE 50% DFfE=E T desmethylprosolana-
pyrone I (DDAFELEHR TEX 722 LD, BIETOKRE ST L > TREITHL)
RIIEDOLRNZ EDURB ST, B, U= CTIrbiuioftho 525k T,
NRMET T DM S Ao d,

S5, B A b 5z, aphidicolin (1)X° 7 OA AL TlE. 100 mg/kg
B Z DINEE T2 L, TR XA RORREHERIE. T4
Wi TND Z ENRMEINTZ, T, T — ¥ _X—2ADBEERIC
TRV 250 b DO UFIET D128, kx 70y — LR BRI 7 Tk 2 H VTR
THULERDDZ Ebbholz,

AW TITEBICEEM OB L7 T A% —2 fliZ BERHE L KR OLES
KEAT>Te, ZOHRT, KRFEEMEEYOLEEICRIEZRSHEHTEZ 2R
ML, Bx 2fEREZRE Lic, £70. ZOWRT, 7/ AE#R» BT
T AL —H T Y — VOB, BB X —DiFE, BILORER T T
A I FHEEHEDORIEIZ LY | A oryzae BIERBLADHRFT 2 BB LIS LD b
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RN AR EITZA D L 9o, BARRICIE, 7T A I ROREE
2 1 EMRRE, — D OBEEHADOIER & ARG PEEY OfFHTIC 2-3 TR D)
LET 5 e, BETEITKET D2, 45 » A TRAESK b ATREIC R S, Z O
WX, BEGEETORBBEALIHT 22 EOTRT, SHICEMTES, K
FEILRTIE L 72 aphidicolin D% 5 8, % < OLEWFEIZK L CTHEHFTRETH
LD EHRESND 720, ARRFRICBWTCIHEFICHR Yy — b Z b
Mo,

2-4. cytochalasin E EA& AL O 5
cytochalasin E . SRR E Aspergillus clavatus <° Rosellina necatrix 75 £ )H»
DHEtINIAbEW 16 T, BT SND I EDEFESTHvA A T b
L CAHEA T, MAIEICx L& FEDEEMEE AT 5, cytochalasin 2K
RN ITH S < OFERALEW N LI TR, EENREME LT, Erl R
VERE G 5°6-13 £721X 5611 BB A H (X 2-23) 17,
n :

H
X 7
HN- O O/
o \g

OH MeO

cytochalasin E

A. clavatus pyrichalasin H

chaetoglobosin A .
inhibitor of anti-angiogenic effect Chaetomigm globosum Magnaporthe grisea

inhibitor of actin polymerization inhibitor of germination

HN—,]:‘O

(e} &
N\
(o]

x
aspochalasin Z cytochalacin A phomopsichalasin
A. flavipes Hypoxylon fragiforme Phomopsis sp.
inhibitor of HIV-1 integrase inhibitor of HIV-1 protease antibacterial activity

2-23. cytochalasin F KW OIS & A BE M

s OFENED G| cytochalasin 52 KW E B 72 425 AR IE CTHEE S
5 EHEHITE 5,1992 F-12 Oikawa © 13, chaetoglobosin A A # Chaetomium
subaffine ~® P450 OHEARIF 5-FHBRIZ LV | i b EBILE DR AES R R
ZHEEL7o, ZOHEEREZ S AS BN LTRSS, Diels-Alder SOSIZ K 5 2ERK
WThHsdETHISNT(K 2-24), R Z OF A2 PKS-NRPS (2L » TEA
REhnZ ELHEE LTZ18, D% 2007 41 Hertweck &3, Penicillium
expansum @ PKS-NRPS 151 cheA %= RNA T CARIEMELT 5 Z & 1ITH)
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L. Z OB 11 chaetoglobosin A DAGKICEE G52 L A2 EXLHT19,
ZAUZ LY, cytochalasin RILEWOAEAEHIZIEL, PKS-NRPS & trans-ER %5
FON WS ONDEMBERDUETH L LHERITE D L DT o7z, 2011 4,
Tang 5%, A. clavatus ® PKS-NRPS i&15 1 ccsA ZMEE L. Z OB )1
cytochalasin E OAEAKRICE G725 2 L 28X kdi-20, ZZ TRIFIETIZIZ
D cesA & ER BIn T cesC % AR BL L, cytochalasin SZLE W DA G Rk kA
OfFAETHZ LI Lz,

inhibitor

chaetoglobosin A

CheA
U (PKS-NRPS)
HO S-CoA  —

8x malonyl-CoA
3x S-adenosylmethionine
L-Tryptophan

X 2-24. P450 PHEFIPHGERIZ L > TH O ASRRT AR & oW S
fiE T

A

ace1 (PKSNRPS) ER1 o SDR cypy TF xR CYP2 1p UNK o) CYP3 PKS-NRPS
UNKl CYPl UNK2 HYD

PKS-NRPS CYP2 ~ SDR

<-<_<::c><:<:<-¢><::->

PKS-NRPS CYP1 FMO TP CYP2

-(,':I—CZII:D @@

CYP1 ER UNK HYD CYP2 PKS-NRPS FMO TF

& Ec) B ) oeeeee—————) ) =)

2-25. cytochalasin RLEW) OHEE LG GBS T 7 T A X — D g
A: M. grisea Mk acel B+ 7 7 A% —, B: C globosum H3¥ chaetoglobosin
ALEBREL TV 7 A% —, C: P expansum M1k chaetoglobosin A £ & % i&
o+ 7 A% —,D: A. clavatus FH 3 cytochalasin E ZE & GBI T2 7 A4 —,
SDR: short chain dehydrogenase/reductase, CYP: cytochrome P450, TF: transcriptional
factor, OXR: oxidoreductase, TP: transporter, UNK: unknown, HYD: o/p hydrolase
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cytochalasin R{LE Y D R 72 B K O TR 121, Diels-Alder SOt 23 B
HLTWa EFRIShER, ZHICEALT 2 208ME R H -T2, 77205 ;
D V) 74 ThHE R Y ) v OEL R ; 2) Diels-Alder it % fi
I AEEZEDOIER, TH D,

DICBAL T, BEEA TIX, TAZATARRILENTT AT E KELTHY
H &N 72%. Knoevenagel il k- T nl /) U BRAEROHRIKICAKE SN
%, #%# B Tif. Dieckmann BR{LIZ K> THEELOHU D HEaNn-%, 7 hF 3
VEEE LRI, BKkER TR Y 2 UBRICESH(K 2-26), Ziuh 2 DORRE
Z XA DI, TV A0 T R RAA ORI N EE & 72 5,
R RA A L dims., BT V8280 H4EED1E >, Dieckmann 31k
ZAEEDKC KA A )T OB LA O TND, ZTHHDEWX, 2D FAA
NZ& £ 5 short chain dehydrogenase/reductase (SDR)E F— 7 (TR ) 72
Ser-Tyr-Lys @ Tyr 75 Phe 72 CICEB SN TWH R THDH, Ll flFHIZ
Fusarium heterosporum O3 % fusaridione A @ PKS-NRPS |3,
Dieckmann BRI Z T 512 H D 5T, Tyr FZEDB KT F £ &0 9 S H
ENDT=8, 9@% Lo “C?fhﬁﬁﬁ‘é%%ﬁ%o 7=(¥ 2-27),

Q@
(PKS-NRPS)
!’i m:

\__/H@

[ — route A
o0 o NAD(P)H
CoA—SJ\/U\OH o

7x malonyl-CoA
3x S-adenosylmethionine

N
H
Hzoi Knoevenagel

reaction
route B

1) Dieckmann
cyclization = |
B

2) reduction D
3) dehydration

..... : CcsB (FMO)
§f CosD (P450)
X 7 o CCsG (P450)
HN-7 O 0.~ -
o I

cytochalasin E

2-26. cytochalasin E OH#EE A A AFR
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! 11

Majority SLRPANL NSTXELVRLALPRS ------- I PFHYI SSXXVTLLXGSX ----- ){FPXXS}(SSSPPF‘SDGSDGYVASKWASER
4130

FsdS ] S
DKC tens TINA A PIF ASRERH
= ) =

ATEG_00325 SIMEAT

= TR Y i 3
2-27. DKC RAA L R ww/@? J BRECH D L

TR LTI, 6-11 BERZ 5T 5 Diels-Alder T & OFESE M REET 5 7>
EWVWHRTHD, INETITMBEN TV D Diels-Alder FEE I K E < 2 DOFHE
W T ond, TRobH, FFEDHRDISEDOmWAERE MG T 5 & & b,
[l — TR CERAL T 5 b D & | FrE DOREFR DS Diels-Alder S d % filii4~ 2
HDTH D, HiFE IZ1E solanapyrone @ Sol5, lovastatin @ LovB, macrophomate

synthase? ! riboflavin synthase?27¢ E3 1 5305, — 5 %1213, spinosyn
A ® SpnF & F o523, LaL, ZHHICHEET 2R 2B5IE 72 < |
FHFEIMED S Diels-Alder BARZ4FETH Z EITREETH S, £ 2 TERUFZETIZ
cytochalasin R{LAWDHEE B 7 7 A X —ICEm < RIFESN D, BEREEARH O
4 2737 'E CesE (o/B hydrolase) 5 & OF CesF (unknown)Z 75 H L7z, CesE 1,
Tang ©(Z X o T cytochalasin E % cytochalasin K (ZZ# T 5L THD & F
HENTWi=, —J5. cesF EAFINED EWEIA 1%, chaetoglobosin A EA %,
BaT 7 7 A% —(CHGG_01241)X° equisetin A KIER T 7 7 A ¥ —(eqx3)
72 &, Diels-Alder RGN EARICEE G T 2 R OBl 17 7 A7 —IT L <R
FEENTWD, > T, CesF % Diels-Alder B35 D5 — i & LT, BAERE
et LTz,

2-5. FEBRRIR & B

ccsA & cesClX A. clavatus NRRL1 @/ 7 2 DNA Z§Mc /7 a—=7L
Tro R B — D IIAIZI1E2 T In-Fusion 2 H LTV 5, cesA 13 12 kb
ERWEH 3WT A2 T PCR 217V, —Wr i 37 DlIEKR pTAex3 ([ZE A L7,
ccsC 13 pUSA @ Kpnl %A ~~HBIAATE, cesF L, A% DNA ZEEHZ 7 v
—= 7 LTz, AT D pAdeA ITIT T 0 —HF — L ¥ — I 32— HF —FHIEA /20
72, pTAex3 ZHFRIZ Z N 6 Z 2 [ZHE LTz, £ D%, & DNA O 7' F %

X K% EeoRI THIY H L7z cesF & Fusion PCR Tl L, pAdeA @ Ps 4
A4 MIEALE, FEEFOF AT PCRICTHER L, =7 —NR2WZ Lldv—
v A RN CRERS LT,
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ces C A Rt

PKS-NRPS O#fiBhfEsE & L i< CesC X, ¥FEDAERD Z 5 2 7272,
HREBEDZ NS DE®RK LTIz, GONTEREERKX, 12an=—5b0, 20D
I'BH 6 an=—% MPY M TEE L, 2O DOEEND ., total RNA it
BiTo72, ZOFE, &2TOY 7T 18S rRNA & 28S rRNA M3 KA KR
TE7(X 2-28), £/, ZNOORE LHMELZLLTORIITT,

colony No. 7 2-1. total RNA D2 & i
7 (mg/mL) | #E (A260/A280)
1 2.54 1.89
2 1.13 1.82
3 1.48 1.86
130 285 rRNA 4 1.29 1.84
18S rRNA
5 1.17 1.80
6 1.86 1.90

2-28. HHHi# D total RNA

A 260 nm O EL VR 2-1 DL HICEH LT, Zhbod 7%
cDNA IZH#RE L7z, ¢cDNA Z#HW\WTCBE FOREEZ i3 55, EFIC
FHE L TWDHiEE & LChistone H4 DB EL 2 fo—L e LTEY T
ND cesCDRBEEZHE LTI 25, 1 BORERBATRbEm B LTW
5HZEnNbho (X 2-29),

colony No. colony No.
1 2 3 4 5 6 1 2 3 4 56

1095 bp 1078 bp
_—
310 bp

312 bp

2-29. FEILED
/2 : histone H4 ® = Y V251312 bp), £ : cesCD=F Y L Fid%1(1095 bp)
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cesA+cesC B E iR

RO 1 FOREEBIEOI %2 FV, cesA 8 A LTz, S Lo E s
i, 7L —F 1472V 12a0=—T, Z0OHIb6an=—%FRL, cesC
& RFEIC R B E 2 b L7-(K 2-30), = Z T b R E D & W R A 2 K5
HicHE L, REME HPLC THT L7z, 75 &, BETFEZEAL TN
AR (Wild Type, WIIZ X720 E—7 B &7z, £ 5 % HPLC THHRLL .
A FE NMR 35 X OV MS fighric CHEE 2 L7=(K 2-31),

A colony No. B colony No. ¥

N
1.2 3 4:5 6 1 23456 %

12 3 456

a part of PKS-NRPS histone H4
840 bp 872 bp
285 rRNA Vo
» . 312 bp
18S rRNA =
=
310 bp

240
220
200
180
150
140
120

3 100
ox CcsA+CasC
050
040
020
000 _L /\\ j‘\—n———__‘_'__—wr

000 100 200 300 a0 5 00 500 700 300 300 1000 i100 12100 1300 1400 15.00

Ed

2-30. A: HiHH#% @ total RNA, B: cDNA ###82 L T PCR L7=#55%; /20 :
PKS-NRPS Ol G R, 40 : histone H4 DR G EE, C: _HEIPEHRHLAD
R#tPEY O HPLC 5 % — (270 nm)
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e _J”’T — —”“”J M”’* ‘\‘WL”LL*—

TH NMR (500 MHz, CDCl5) & ppm H-10 | 5.68 (dt, /= 14.6,6.3 Hz, 1H) | H-19 1.70 s, 3H)

H-2 | 2.78(d, J=16.7 Hz, 1H) H-11 | 6.22(dd, /= 14.6,7.0Hz, 1H) | H-1’ 3.47 (dd, /= 10.9,3.8 Hz, 1H)
2.85(d, J=16.7 Hz, 1H) 3.37(dd, /= 10.9,5.3 Hz, 1H)

H-4 | 1.93(t, /= 7.5 Hz, 2H) H-12 | 631 (m, 1H) H-2' 4.23 (m, 1H)

H-5 | 1.21-1.42 (m, 2H) H-13 | 632 (m, 1H) H-3’ 2.70(d, /=75 Hz, 2H)

H-6 | 1.68(m, 1H) H-15 | 5.52 (g, J=7.1Hz, 1H) H-5°9" | 7.26 (m, 2H)

H-7 | 1.08-1.17 [m, 2H) H-16 | 1.58(d,J=7.1Hz, 3H) H-6"8" | 7.27 m, 2H)

H-8 | 1.29{m, 1H) H-17 | 0.69(d,J=6.5Hz, 3H) H-7" 7.20 (m, 1H)

H-3 | 1.96(dd,/=13.8,6.3Hz, 1H) | H-18 | 0.85(d, /=65 Hz, 3H) NH 6.90(d, /=7.0Hz, 1H)
2.07 (dd,s= 13.8,6.3 Hz, 1H)

2-31. HHAEPEY (13)0 TH NMR 27 kv

peak B OIb&WIE HR-MS T OfER. m/z 440.3147 TH Y | 75+
CesH42NOs [M+H]* (m/z 440.3165) & FlllSi7=, iz, 'TH NMR 7»6, AR
DZENbhro72:1) 7.20-7.27 ppm I 5H S OFFERICHEE L= 70 b 2F
LTW5% ;2 55263l ppm I 5 2D E=/L7a hvRdH5b ;3) T/LTE RIZ
FIY 45 2 7 F i3, & 512 H-H COSY 76 IR DERSHEE I HEE S iz,

196 1.08- 1.21- T.ETH 3,47
632 622 207 117 142 0 e 7 200i.C.726 337 OH
H H Hz1 2aH1.66H, CH; H,C-C= ' Hfﬁ ~“CHH.C 493
ACsgCigCgCELCopr l H552 77 HCmCJJJ\C,CHH/
H H ! ' H 2.78
6.31 CH, CH 2 3 asH 796 H Hz H
388 0B85 oes 1B el 270 680

Wiz, BCNMR A7 k)i, 207.5 ppm & 167.2 ppm (22 DD H LR =
JVIRFEDIFAENTFF S, HMBC #HRIZ L » T, PHEINEZT AT b ROET
K18 offENEE H ST,
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|
*““““”dh—*_wuxwxwﬁhmﬁ_JHJ_M”iHJJaﬂLghﬁ_ﬂh}LjUﬁJUKfk. ;

THNMR (500 MHz, CDCl;) & ppm H-10 | 5.74(dd,/=15.5,6.3Hz, 1H) | H-1’ 3.55 (m, 2H)

H-2 | 3.32(m, 2H) H-11 | 6.10(dd,/=15.5,9.6 Hz, 1H) | H-2' 4.16 (m, 1H)

H-4 | 2.45(m, 2H) H-12 | 6.28(dd,/=15.5,9.6Hz, 1H) | H-3’ 2.75 (dd,J= 14.0,8.4 Hz, 1H)
H-5 | 1.31(m, 1H), 1.50(m, 1H) H-13 | 6.18(d,J=15.5Hz, 1H) 2.95(dd,/=14.0,6.5Hz, 1H)
H-6 | 1.62(m, 1H) H-15 | 5.61(t, /= 6.4 Hz, 1H) H-5'9" | 7.26(d, /= 6.5 Hz, 2H)

H-7 | 1.11(m, 2H) H-16 | 4.23(d,J=6.4 Hz, 2H) H-6' &' | 7.2B(t, J = 6.5 Hz, 2H)

H-8 | 1.47 (m, 1H) H-17 | 0.84(m, 3H) H-7" 7.37 (m, 2H)

H-9 | 1.96(dd,/= 13.8,6.3Hz, 1H) | H-18 | 0.86(m, 3H) MH 7.12 (m, 1H)

2.08 (dd, s = 13.8,6.3 Hz, 1H)
H-19 | 1.81(s, 3H)

2-32. FHUGHTEY (14)D 1TH NMR 27 ~L

HPLC CTHHEREY—7 L LTRSS A OfbEWIE. HR-MS £V, m/z
456.3161 TH Y . 45 7T CosHaoeNO4 [M+H]* (m/z 456.3114) & RE S 417z,
IHNMR 7°5, 18 D C16 (\iD A F)VFD > 7 F VL L., #H7=I12 4.23 ppm
KB T2 A F LAY T 5 v 7 ARz, > T, 20L&
RV 72 A REORENKBIL ST VLT Iva—)L 14 ThD EHEE S,
BFEIITENMR 7T —% X0, ZOEEERDT-,

FEAEY “FOIEITK 1 kg 4720, 18 8 50mg T, 14 73 18 mg ThH -
oo EBHIZZDEN, 72T 720 OGN Fay U IcEE b2k
ML ERD & LTELNZA ESR),

cytochalasin RALEWDAEGHIZEIT DR MOISIL, Er U J VERIEO
B, B0 O8I0 H LNE TR TT 5 2>, Dieckmann B{BIZ L > THEAT
T HMEWVI ERMEL 72D, AWFFETIE PKS-NRPS & trans-ER % B a5 H
L. $Ro(bEW % 1E7-, Dieckmann BBt T—E7 7 I V&2 R LT
G, 80k 18 2 52 28133 2 M T2 o, BER D OE) D HE L ANEITTHIIC
@ﬁb\TWTEFﬂé%u@ﬁéﬂﬁk%iéi?ﬂﬁ%@%éoﬁ%ﬁ
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lyngbyatoxin A ®/EGKIZEE 595 NRPS DR RAA U RNF AT AT /LING 1
T v a— )V EERT DHNIE S A 24 (K 2-33), Z AVIFASKARBE G R X K
JGCTHHT=D, ARIOFEF 2D, CesA DR RAA RT3 —/UKE Tz
LT 5 EMRGET L, Knoevenagel GO RTNZBIOEEFIC L Wb 2= 1T 54k
Z3d 5, cytochalasin R R DB BT 7 7 A Z —IZiE, YT 58
EERE D RS T2 B0, o T, R AL UNET AT v REAERNRT 2 D04k
DT, WREEICIIE FHROBERI I L TWs EEZ 2615,

LyxA (NRPS)

BIPOIP
=$ { =S

NH

NH

lyngbyatoxin A

4 2-33. lyngbyatoxin A DAEAFFUTES5-3 5 R N A A » OEE

13 13 & BT TREF LD o B-REZFIFE S HIEIL STV D, cytochalasin E
DREIED G | o, B- AR A 23— R T SR IR L S 3 DRI 1A B Tl
RN, o T, ZOWPIRITL Y 1EEOEFOBEENE L TV D ATEEMEN D B,
ERRIZ, CesC DT 2 JERECHIZ 7 = V2, A. oryzae DYEKIZH 5 ER %
£ Lt}: A 1THED & 2 2R 7 DA u*ﬂoto I BTSRRI BT %
T2 E LTIV IATLMLEDN B D,

THPEEBERO EENRBEED OO L DT, 18 DRV 7 X A REHO KNG IK
Ribxiiz 14 &L, ZORKIE, midk L7z X 912, Tﬁﬂ‘i@ﬁoﬁ?ﬂﬁ@%f
PMENTWD LB b5, SREH S BbSE, L Y=o
X%TUWﬁKﬁLT@:OﬁW\uWuﬁﬂéﬂtAxﬁV74/@%mf
X, =X ALERET 54— BB STz, o> T, SFEIOBRLITR
DEERICL > THEIT LT EEZBND,

ZoE o, HRPEES RN DYV a2 &iE, vnl ) VROE
5526 £5 Knoevenagel SiniE. PKS-NRPS Tix7a <. BIOEEE T2 w]

REVEA R T DR & o Te, AWIETIE, MOBIT 7 7 A F—iZbm < Ik
T?éﬂ“(b\%)\ HERER 72 CesF Y Knoevenagel i & #i < Diels-Alder )i
AT 2 LWER TH DL B, —HPEIERA LT LT,
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ccsA+cesCreesF = I E iaffak

FRED cesAteesC " EIEIBRICXT L, cesFEEAN LT, Sbonlzan=
—IZ1 7V —hr4D 50 avn=—LLET, 2055 5 HOFEEHIAIZONT
cDNA ZFH8L L. cesF D¥sG R L7-(X 2-34-A), TOFER. 4 >DOIWEER
AT cesF DERG A fER CE 272, b % MPY K CHsa L, (RE#ED
% HPLC Tf#hT L7-(X 2-34-B),

A
colony No. 1 2 3 4 5 g

1128 bp

l

<— 1191bp

%00

450 B li
400 |
150 14— ‘ <13
\ |
s I} I‘ ; | A
219 | / \and | S CcsA+CesC+CesF
5 J\ B l = \ e ————— S
o0 A \ ——————=
150 A VA CcsA+CcsC
A S W NV \ NN~
1004 —— e ————— S —
050
000+ SN WT
0c0 100 280 300 400 500 (1.7 700 400 300 1000 100 1200 1200 1400 1500

2-34. cesF DIRERER L. —HEEIRBAETEY © HPLC v — b

HPLC (T & Dt OfE R, o e REPED I SR oTo, > T, coesF
HARIZIBW T, Diels-Alder RUNMIEIT L 2o/ b Abind, ZORKE L
T, UTFOZ ERHERITE 5 5 1) SURPEIED CesF OIEEIZ B2 o7
2) CcsF @ ORF FEIE 2N EE - TV 5,

DIZEE L TiL, Knoevenagel St B DOEEZE 2 Ml L, CesF 73 Diels-Alder
FOSIZED > TWaDalaetEnnd 5, BB, CesA Ul HEhiEdnv o7 v
T b RIIBOBEDORE L 725, 2013 4, Humpf 5. Fusarium fujikuroi
® fusarin C A£G GRS T OMEIR AT o 72, ZOfEH. PKS-NRPS O 4Rk
WTHLT7NTE RPRBRIETCZSZT, 1TV a—ARnAER L2 8 BED
o/B hydrolase 7% Knoevenagel << Jis & fill i3~ 2 f[REMEN B 5 Z L 23 L7 (K
2-35)25, Z L% cytochalasin E Oi&{5 17 7 A X —|Z#H T2 &, cesE o/
hydrolase [ZfH% 3%, CcsE iZ. cytochalasin E ®D=R¥% R&FIER L.
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cytochalasin K #/E3 5 & IS TWDN, ZOMANSELET L L
Knoevenagel )&z filtiitd9~ 2 "R & 5

Fus1 (PKS-NRPS)

DORMTIKRIACE

HO
/\J\ i i
HO NW%\W\
H

prefusarin

Fus2 i’
o/p hydrolase ¢

o]
HO
\_—4
VA NN

1

., Y N N Y N
HO
HNX oo

fusarin C |

2-35. fusarin C OHEE A G ORI

2 DHOWEEME L LT cesF @ ORF SR> TWDH T ENBEZBILD,
A TIZ NCBLIZ B S VTV D IERAAY ZH 0 IZE R DNA 27330 L7223,
Sol6 D/ i —= FRHIh R % F4E L 7= 2ndFind (2 K A fHT CIZE 72 D55 R0
Boniz, T7b b, cesF D 5REEN 100 bp 1E EEWEAIAN L D005 T
S, BL, 2TNZ2HRT HI21E. cDNA Zi% L. RACE(rapid
amplification of cDNA ends)EZ1TV), Blth=a R b f&iba R 2R T 54
ENd 5,

PLE®D X 512, cytochalasin 2L &YW DAEEIZ IS T D 8t 1E Diels-Alder
It ToH Y, PKS-NRPS & trans-ER # B L, SRR EZHET S 2
LT, VI T NV OAEGEICI A 52 T, ZOERIEE 18 1%, Ak
DIETHAHTNVT & RIZHEERETH D72, 5% in vitro DT 1T H Z &
C. Diels-Alder )&% it 3~ 2R O RIEIZ DR D AIHetEN H D, AT E
T B - 8 7% JC1T eytochalasin E OS2 HET T D ELLTFD LD
(272 % (X 2-36),
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7 Malonyl-CoA
3 S-adenosylmethionine

HN- O 0.~
7"

cytochalasin E

CcsE
(o/p hydrolase)
B

-H,0

CcsD (P450)
or
CcsG (P450)

CcsD (P450)
or
o CcsG (P450)

o =

2-36. cytochalasin E OHEE A A AR
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3 % nonadride A KIRW D LA RBE D g
3-1. BRI DHE =

SR OAEPES D RIMITIX, ok~ LA U IEEE L b LA FEL T
WA (X 3-1), Bz 1X. chaetomellic anhydride (. farnesyl protein transferase
DO ETEEZFF S, fiEA & L TH#EET 5, £7-. glauconic acid 72 & D
nonadride &2 KAWL, FLEETEHESCHIETEEZ A L TV HD0RE0 1,

OH o) 0
. OM"

(o]
o 07g”=0 05”0 o
cordyanhydride A Jd ]
fo) chaetomellic anhydride

(o}
X

Ho_ | \ I
7 ' 9 o : 0
)
0 o [ o [ o
HO o b ) | 0

zopfiellin A glauconic acid rubratoxin B cornexistin byssochlamic acid heveadride

3-1. MK~ LA VG b ORI

0”7 S0 0FNg7 =0 0N g~=0
cordyanhydride B

O Ho |\
o
N
o
0 (o]

0

TNHDORRYD H 5, cordyanhydride A, B, zopfiellin, nonadride & KA
¥1%. chaetomellic anhydride |ZH&E 2N EEL L7k~ L A Ui E A © OF
Jw—D_BbH LIEZ B Lo TAAREINIHEENREBE I N TV 52,
1965 4, Sutherland &%, glauconic acid DWW 4B KNI LY, £/ ~—D
M & ARG 2 TR LTV A (K] 3-2) 38,

O Ho |\ o

o o o PN

N x ~ HO
o = o | = "o = o
H H
o co, y Och\,coza-l
4 T on

0=~g” 0

3-2. glauconic acid & heveadride ¥4 & R ARHT

ZOEv—IX R XA R LALAENIRE & A%V 2 BER(OAA) OFE AT
Lo THEAMEIND & TR ST, 2000 4, Sulikowski 51X, ZE RN
L 7= A R EH]2,3-13Co] -succinic acid. [1,4-13Cg]-succinic acid, [2-13C] acetyl
SNAC. [1,2-13Cs] acetyl SNAC) % Phoma sp.\Z#5- L Zi#k X4 7- phomoidride
BEBELT-4, ZHICXY ., 151X, OAA D CoA = AT VL EHEL =R Y 7 &
A RS LAIIEMEER TV R—=AAMieT 52 & TE/ ~—BNEGKRIND L HE
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E L72(X 3-3),

phomoidride B

o 0
[2-13C) acetyl SNAC ﬁ
o o; F
ACHN_ _~ S/‘\' = \o
[1,2-13C,] acetyl SNAC o labeled-phomoidride B

3-3. phomoidride DIFEFALIFEER & € / ~— OHEE A A AR

RV ZA R L ITAENEEE OAA BTV R— VT DX, 7 = R
ERBEROMIEE LTELMLNTNDS, 7 = U RAKEEEITIHDIC OAA %
SZRTHE, ENENL, TEFLCAEZZRTEHLITRD, I, T
T F L CoA Dafiid 7' v k)3 Asp FEIEIZ L > Tol & Hodr, =/ —/LHRER
WAERRT D, HWTT IV R—ARINZ LY, > haA L CoA BWAEL D, KEIC
CoA = AT )LV DIKIFIRNEIT LT o = VBB AR SN 5 (X 3-4),

H, H

H
N= N HN=\ N
G S O R S

H
His w His
_H 0._.SCoA 0. _.OH
HO i@ i — _» HO R ;\) - i H:0 i
\n/u\)"‘on &LSCoA \[Hl\/u\OH SCoA HO OH ﬁ HO oH
o H o v o OH (o] OH

CoA
oxaloacetic acid ) citrate
0 g 0, _.COH
Asp Asp

3-4. 7 T UPRE PRINESR D S CHEE
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1966 4. Sutherland &IF#R'E L7- BV A BT 2720, AERTH
% Penicillium purpurogenum \Zxf L C, 14C 7~V INT=F /) ~— DO REEAK
L, BB T NAL ST IRBD RV A ENTZ & &R LTS,
1981 4{Z1% Tamm 5 7° rubratoxin B A PERE To 5 Penicillium rubrum |ZhY
FPERMARIERR L72E /) ~— DRI L 15 LIchs, 79U kiZ T ¥ LI
AT L WO FRERPFF LT (9 3-5),

Sutherland's3 experiments 3y OH\
o f Penicillium
W purpurogenum 4 N
—————
0.25% 3H
o 0™Ng7~0
o) Penicillium

e X purpurogenum
_—
14cH 52%
o 3

Tamm's experiments 140

o Penicillium

. rubrum

s
o_ | randomly
A 14CH, labeled
Sulikowski's experiments
o
o (0] o,D
X Y K =
Phoma sp. D

o_ | o b —
R=H, ~ HOC
no Incorporatlon o

phomoidride

3-5. MU PERINZ AT R L 7=t AR D B W GA 7 F28R

Sulikowski 5%, f%F 7 nonadride & L C, phomoidride {255 H L. HEH/K
FLT7 L EINT=F /) ~—® Nacetylcysteamine thioester (SNAC)Z &% L 7=
8, ZN&AFER Phoma sp. (ATCCT74256)I2# 5 U=fE 8. #i%5 L7-8AricE
KFENEA I 72 phomoidride 3G 547z, LarL., SNACIATIEZe<, W%
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WS RIEREHE SNTE ) v — 2 &5 LIcGa, KB LT S
phomoidride 3% 511725 > 7=, Sutherland 5 OE Y IALFEER T, BEORE
DT )~ =0 ZOMREIRNZ KB TE 2o T2, ZOMRENG, 1 5I1E,
ERER L CWRWE )~ — N @b FE &7 | PREEE T L 325 &1k
Pt 2 4218 L 7= (X 3-6),

) dimerase

(o] o ——

N head-to-head 0 l_o
qqozc COZHO (o] (o]

hevaedride pathway

HO,C
J S [o] o o
dimerase
(o] N ! (o] - fe) \ / 0
head-to-tail
0 co,H° e 0

rubratoxin pathway

o]
phomoidride pathway

3-6. HETEINT-F /) ~—0O _EfbiE

ZDOXEHEFDOE & AKHFSE TlX phomoidride B DA A EIm T DIRIE & |
—BAvEESR OMRERET 2 B9 L LT, A oryzae W BER B 1T o712, KF
(2. AT OIZOWTHRGEE L 7= ; 1) Sulikowski &1, BURERIANE ) ~—Th
HEVHAEEMEEGE L, e ZEEELRE L TV DR, B TOFERE
Ex . HAICEHBH TE Ty ;) 2) Sulikowski b O & bEREICBW T, £
J =D RITERTE 228, ZEHKEG O RS T ORI O Z A
Y TIZODONWTHIREN TR,

3-2. EERAER L B
3-2-1. phomoidride B "4 R
DIz, AT LT=HFkE Phoma sp. (ATCC74256) ® phomoidride B A= FERE & fife
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R L7, SRORETE, pH IZ K » TRIRHBEM O 4 A & Hili#H C© & 51851 pacC
ZHLTW59, Sulikowski 5%, pH #2 % C Phomasp.#E LIZL Z A,
pH % 3~4 |[Z FIF7=FfZ. phomoidride B OAFEENEINT 5 Z & #HE LT,
FEEIZ pH & TR0 272 b D LT 2 & FRDERF IR R 5 Z & 3bino
oo £, pHZ T b OIFTBEREP RS LA LR, TTRVEDIX, HA
BNoTERY, PGEHZDOLEDDOEIZEITWE, RICpH 2 FIF 72 ik, £
FTIROFEEDMRNDIZH L, T 220 b Ok, MimIREMES BN Y | EE o
IZIERR T CIZREE 2 T LE 70, EOTEEN L O % HPLC TEHT L
7oA. pH 2 FIF728412. UV 241 nm (SRR 2 F bWz Ak Lz
EHIH LTz, £, iMoo —i % HPLC TR L, hFE2HELZE 24,
phomoidride B {ZFHY4 35~ A AT &&=, 7> T, Phomasp.i% pH %
T 72FIC phomoidride B #4642 Z L MR T 7=, ZHICXk V., ARk
BIR T OEREZMRT HZ ENTET,

B T C
phomoidride B —> 2ooff |
080 pH 3 150, r l\
- = 5 \ 241.4
2 0% 100 Z
pH 7 050 \241.4
-0-1.0 15 20 25 30 35 40 45 50 o
D min o o 2
553.2
20
575.1
1s
Exact Mass: 552.24
1 phomoidride B
[M+H]*: 553
: [M+Na]*: 575
535.2 591.1 [M+K]+: 591
e l R Ltk Al
m/z 450 500 550 600 650 700 750

3-7. phomoidride B DA FERER, A : FEBIEOET, £l pH 2 FiF ko
=bo, HlXpH ZTFiF7=tH®, B: HPLC 5+ — b, C : phomoidride B ®
UV A7 )b, D : phomoidride B D~ XA ZA~X7 )L,
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3-2-2. phomoidride B A& B2 7 A ¥ — DR

Ak L7280, £/ ~—0OEFHK. T72DBIRNEEAL & 455 o FEg &
DIISNE T = G RIESR OFONMELL L T 5, SRIREICIE, 7 = U BRRlEg
DA, 2-AF 7 = UEERIEAH L TWD Lo, Tk, RENIEED B EE(kIC
LFoTHELET v F UL ELE U E AT ORETH S,

2-methylcitrate 2-methylcitrate

o
synthase m dehydratase m W pyruvate
SCoA 7—» —
propionyl-CoA HO

2-methylcitrate 2-methyl-cis-aconitate 2-methylisocitrate OH
0 succinate

o O I
oxaloacetic acid -~ =
i 2-decylhomo
- o}
HOzC/\)kC()zH citrate synthase /\H%O/ZH\/\/\/\/\ 0, ,CoH
° ™ Ho,C v — ;
CozH CO.H - L
spiculisporic acid
C°ASJ\/\(CHZ)BCH3 2-decylhomocitrate P P

3-8. 2-methylcitrate cycle DGR & spiculisporic acid D A4A BRE

E ) v —DOFIAEA AL, 2-methyl-cisaconitate O A& FASHE IZFERL L
TWAH72H(X 3-8)1 1, phomoidride DA kil 1-1Z1%. 2-methylcitrate
synthase (CO)IZFAL L 7-B#E B s - & . 2-methylcitrate dehydrogenase
MCDIZIER e R BRI ETHh 5 & b,

KRB EFET D KT, 2-methylcitrate synthase O A F /LN KT
WERNEICEE D ST T NVF N7 = RO EMRZHERE SN TS 12,
spiculisporic acid |X, 7T PR E a7 N T IVZIVEEDRT )V R—)VUGZ L - T
e Lk, 77 bUZBl LIEELZ L TnD, ZOMEMOEGHIZIB
TT IV R— UG Z i~ 215813 CS Th 5 & PRIND 23, IEifEE 5T
LHEEEIX. FAS & L <1X PKS Ol 5 DO FREMENE 2 5415, A L, phomoidride
BO7VFRABIIL, 2O LT 4 UBFET D2 &2BETHE, FASD
BIHIIE 21V, T dZ s, phomoidride B O4EERLIZIE, PKS &
CSBEBXLUMCD B ETHDL EHERTE 5, LrL, Phomasp.ld, NCBI 72
EDOT —HRX—=R FZF ) DMEFRDAFA SNV TV DEKTIZ o722, H
OT ) LT AT O MEDR Do T,

Phomasp.% PG i CHz&E L, EENDL S A DNA it L=, ZhzH
WTC, RIZ7 hNo—T U Rt z1To72, 77 b7 —2%, YRl ol
FBLHN DI D72 N > T DI TlEZe < Wik S vz fils) fﬁ?&f% LD, Bk
L EOBLETHERESD Z LN TE S, 2k Blast Station & 9 FH[AEIELS D
MR Y 7 b ERWTT —#_X—=2{b LT, RER 24 0 I LA PKS Th % LovB
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DFEESN % 7 2V DT —FR—=RERETLH L BLE 34 HOBIETH
BRIz ZEN > T2, WRIZ, Salmonella tryphimurium LT2 @ CS T&% 5 PrpC® %
7 VIZT 5 &, MHEMEFEW NG, ZbDEMOFIZ, CSEFR27 T
AL —(phi 7 T ABZ =)0 LTz, ZDV T AR —% 2ndF1nd & CHREMT LT 55
£, PKS OirfFIZ CS & MCD BFEL TWD EHBH L7z, [N S ) i
M1 %17 - 7= zopfiellin AEEE Zopfiella curvata D YR G IR DB 17 T
AB—(zop 7 T AZ=)DBFIELTEY, ZThOEBET S L AWITHERMER
FNZ ERDNoT2(F 3 1-A) 13, IO ABE 2 TRLUEAGHRRE 2K 3-9
2T, AO0-o7= PKSIZiE, MT RAA U nb5H, TRESKFEEDR
U &4 FEIZAFIVIITRN, 20 K9 REREZ K72 720 MT % £7-2 PKS 13,
fijat L7z aslanipyrone X° aslaniol Z/E& %7 % PksF X° sorbicillinoid %44
%9 % SobA THEH STV DH 14,15,

%/ ~—DAEGITIE, PKS, CS. MCD OGN RSN, & bl

BT 2RI ETH o7, zop 7 T AX—L DB Y, 2 3 FELL

J%T?éﬂ“(b‘é@(ﬁ%ﬁ 5RO ~-72(3 3-1-B), =D 955 phiD & phil
IZIHTEBI & B 2 bND T8, o7z phiB. phiC, phiM O\ &%
WEENTND LTINS,

# 3-1. A : phomoidride DHEEEERKER T 7 7 A% — ; B : zopfiellin #EE 4
BB 7 T A X — & ORI L

A
gene conserved domain/function size in AA  homology (% identity/% similarity)
orf(-1)  methyltransferase 403 LEMA_P093740.1 (56%, 70%)
phiA polyketide synthase 2577 TSTA_048430 (63%, 76%)
phiB PEBP superfamily 208 TSTA_048450 (63%, 75%)
phiC hypothetical protein 226 TSTA_048460 (69%, 81%)
phiD MFS multidrug transporter 659 TSTA_048470 (60%, 75%)
phiE methyltransferase 300 TSTA_048480 (61%, 77%)
phiF DUF1115 superfamily 301 ACA1_153620 (40%, 55%)
phiG o/ hydrolase 363 SNOG_10482 (64%, 76%)
phiH membrane protein 279 GLAREA_03912 (33%, 46%)
phil 2-methylcitrate dehydratase 504 AFUA_2G13610 (62%, 78%)
phiJ citrate synthase 457 TSTA_048490 (59%, 73%)
phiK hypothetical protein 276 TSTA_048540 (63%, 75%)
phil bicyclomycin resistance protein 424 TSTA_048530 (60%, 76%)
phiM hypothetical protein 224 TSTA_048520 (48%, 66%)
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phiN  PEBP superfamily 226 TSTA_048510 (42%, 58%)

phiO transcriptional factor 440 AN9221.2 (26%, 39%)

orf1 hypothetical protein 317 SNOG_14253 (37%, 56%)

B

phi gene cluster zop gene cluster homology (% identity/% similarity)

PhiA Zop8 54%, 70%
PhiB Zop7 47%, 57%
PhiC Zop4 41%, 63%
PhiD Zop2 56%, 74%
Phil Zop3 59%, 77%
Phid Zop11 57%, 70%
PhiLL Zopb 48%, 68%
PhiM Zop9 42%, 62%

PhiJ
(citrate syntase Phil (2-methylcitrate
like enzyme) HO dehydratase
0 ——> HOC 0 like enzyme)
\ lo) HO
-H,0
Hozc)j\/cozH COzH / 2
AA
CoA-S OH
5x Malonyl-CoA
\ \
(o)
imerizati 0— —0
dlmerlgatlon o P
oxidation

cyclization

HO,C
—

phomoidride B
3-9. phomoidride B DOHEE A S R E

3-2-3. 77 A I NOME & K E BRI ED O AT

B BR 11X Phoma sp.®D77 / . DNA #=§AZ PCR 17\, phiAd 13 E&ED
8kb & EW=IZ, 2WTAIZ/HEIL C pTAex3 IZE A LT-, £/, phil & phiJ
L T BEMEC pUSA2 ITHLAIA AT, T X —~DF AIZ1E In-Fusion £ % V>,
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phiAlpTAex3 & philFJlpUSA2 O 2FEE D77 A &g L7, Zhbn”
T A NICHMBL BB AINTZE, PCRICE > THER L., HIEG I
TEHRNIPNZ ST —4 v AT CHERR L 7=,

BonsbEmE LT, £/ v—BLO £/ v —DOBRRBIKENRE 2 bz,
RN HELNTWD K~ LA S Z R (LB o UV RIE, PR
L7=bOn UV 300 nm ##i 2 5 Dizxt L2, BLREE L TWRWE /<~ —TI,
UV 268 nm & K& Bipo>TW5 (K 3-10) 1 6, JBEIRA ) D OIHTFEY % fiF
o283, 260 UVIRIRE FRNDICE ) ~—DBREEZIT-o T2,

o} o)
\ x
o | o |
CO.H
o o

amax. 211 and 268 nm imax. 303 nm
X 3-10. K~ LA URAE ) ~—F XL OWREEIKD UV I E

phiA+ I+J — FE AR R

DPY 55 CHs# L7 A. oryzaeNSAR1 27’10 N 75 A MU L, JTWEEEH# A 1T
oz, WHEEBREIZ I KO 7L — YD 20 an=—REEFL, 205256 =
B =—ZOWTCTRMED & fENT L=, 21D 6 OBk % MPY 55T 7
HMREE R L, TATBEIII AR VB THLH-0, BEOT & - o HiH
MG WRTENC K0 P 2 rE%. KEO pH % 1IZ T, Eifg—=F
VORI K0 B E Sy 2157, 5 Davic 7 v & HPLC T L 74
R OLODOEEHAN D, T< DTN 5, UV 312 nm (TR % 7
OE—7 @M LT, BRI DM & ORI LN UV 27 Fin—#
LizZ &, B2 bEWIX phomoidride € /) ~—DREEATH 5 &
M L7=, #t-> C. phi@in{ 7 7 A% —[% phomoidride A& IZES 5 LT
WhHZ ERpnoT,
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HPLC analysis (320 nm)

C UV spectrum

\ . 314 nm

Standard pamerert= e W wE e iae

phiA+ts) i
wild type H ** ” 314 nm

340 7300 "4do "4f0 440 4do 4lo 580 5% sl sko sio

3.5 40 45 50 5.5 6.0(min)”""’

3-11. phid+RJ —FEPEiEAR & HPLC 7 — k
A FEEEEZ OB, B:UV320nm TOZ ua~ 75 A, C: 4.5 min ® UV
AT Kb,

Z U FE T nonadride SR KWL E D K 5 ERIZ L > TAEARE D AH
Tholz, KWL TIL, A oryzae BFERELRZ W, EFEIZ nonadride & KHK
MDE ) ~—OMREEARN PKS, CS., MCD IZX > TAAKIIND Z & &FEH
L7z,

BonibeEmit, E/~—20bOTiERL, BRBEATH-T=, ZhZE
TIZHM BN TV D BEKYEIE ) ~—DH T, A3V afifglko b oid4eT
BLRFRIAR & L TR BTV 5D, filziE, X 3-1 ® chaetomeric anhydride,
itaconitin, tyromycin 72 ER T B b, —FH . PUKEEL TW s o & LT,
cordyanhydride A, B 8% %, A F Y ol ko Kyt ) ~—Iid, v &=
VO =ua s LB LT ENTE, BH Cﬂﬁﬁﬁ?ﬁ‘é ZEnTREnS, E
B2 Adlington &%, Kk~ LA VERICHEZE L “EESEZFFO>T/ ~—% 5
R LTZBE, VRV ERE TOREHD 1 2O DIIUENMEV DK L, 25D
HOIFERTHELNT-Z EE2HRE LT D(X3-12)1 7,

0 facile o

x decarboxylation X
o I — > O |
o

COz;H (o}

o

A . No decarboxylation
o | product
CO,H
(o]

3-12. F / ~—OfiREE
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L7>L. phomoidride |Z — &tk T H5EF / ~—DFGFBBREL, &9 HIE
TR BED RS TV D, MO YE — BRN I NR ARz &
o, A LIRS REE DS I T T 5 & THITCX %5 Z L2k L, phomoidride
DG, —HDBBURIE LW H 5 EHEI S5, AL, ZHICEIL T
St ZEACER MR T D MNER D D,

LLED Z &£ 9v5 | nonadride 2 KR DA A AGERT-121%. PKS, CS. MCD
Z LT BftfEEE a— T HBEBEFDEENTWHDLZ Enbrote, T
Wiz, 5%, YR EIZIR > TV 5 nonadride 2 KM DA A B s 1-12xt L
TT ) L~ A= 7T HERICHHATE 5,

3-3. Talaromyces stipitatus\ZA7{E 9 % nonadride L& ER T DT ) L~ A
=7

Talaromyces J&# L. Penicillium JEHE OBIEIZL7-5EHTHY ., ZNHIZE
95 SRR E DOV < D033 glauconic acid X° rubratoxin Z4EFES S 18, ARFFET
EH LY ) DNABER T stipitatus \213, phi 7 7 A% — & @mWHEEMEZ ©OE
517 T A —0N{FE L TEH Y, phomoidride DAA KB -7 T A X — D
FIMFRIZIBW T, BLAST sk CHE R < R Sz, 2O, BiEKkY &
BRURIR % FEPE L 72 WIZ b b b, PKS, CS, MCD 7234ii - 7= nonadride
BRI AEGHGEIG 7 7 AZ =R 2 FELAEL TWH(X 3-13), &I T,
A. oryzae BFERBL R\, 25 DR TWAAEEKEL T2 Wil BT 5
ZET, T ARA= T ERTOZEE LT,

TF  PBP1 UNK MF51 CS MCD PBP2 HYP MFS2
T. stipitatus clusterl —-(::I e ) O & )

MFS1 HYP UNK1 UNK2 MFS2 pBP  LIG CS MCD CYP RED

T. stipitatus cluster2 <::| <:| |:> <:| - |::>- - # — |:> <::I

3-13. 7T stipitatus 25 phi 7 T A% —|ZMRER ZOD@BIn 7 T AKX —
PBP: PEBP superfamily, MFS1: multidrug transporter, MFS2: bicyclomycin
resistant protein, LIG: AMP dependent ligase, RED: reductase, HYP:
hypothetical protein
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# 3-2. T stipitatus\Z& D _ODOEERER TV T A X —
Cluster 1 (¢st cluster)

gene conserved domain/function sizein AA  homology
tstA polyketide synthase 2601 Zop8, PhiA
tstO transcriptional factor 587 Zop1, PhiO
tstB PEBP superfamily 208 Zop7, PhiB
tstC hypothetical protein 225 Zop4, PhiC
tstD MFS multidrug transporter 554 Zop2, PhiD
tstJ citrate synthase 437 Zop1l, Phid
tstl 2-methylcitrate dehydratase 491 Zop3, Phil
tstN PEBP superfamily 198 PhiN

tstM hypothetical protein 231 Zop9, PhiM
tstL bicyclomycin resistance protein 489 Zop5, PhilL

Cluster 2 (st7 cluster)

gene conserved domain/function sizein AA  homology
stiD MFS multidrug transporter 1402 Zop2, PhiD
stiMd hypothetical protein 221 Zop9, PhiM
stiC hypothetical protein 264 Zop4, PhiC
stiP isochorismatse family protein 171 Zop6

stil bicyclomycin resistance protein 534 Zop5, Phil,
StiN PEBP superfamily 228 PhiN

sti@) AMP dependent ligase 587

st citrate synthase 443 Zopll, Phid
stil 2-methylcitrate dehydratase 491 Zop3, Phil
stiA polyketide synthase 2604 Zop8, PhiA
StiR cytochrome P450 491

stiS reductase 614

IO ZODEIBTF I TAZ—D 5L, AMETEFLI-OIX, BisF2 T
AL — DRI phi 7 T A2 —IZ X0 @mWHEEMEZ R LTz tst 7 7 A X —Th %,
WD, IODOEERFERESDT-D, tstA, tstd. tstl %E N UT-#%iHH
L., 20t%, —EfbiCBEHDLIERELTEZRET H2D, phi 7 7 A X — zop
7 T AL =@ < BRAFSNTCBIB IS T 5 tstB. tstC., tstD, tstM. tstL
D RFERBL & FET LT,
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3-4. FFRHLIS LUK EIRHR O PEY O g

T. stipitatus NBRC9186 751577/ . DNA ##i# & L, PCR 2T HAJ#E
D7 a—=2 7 %iTo7, tstAl1Z 2 3B LT pTAex3 IZE A L., tstl, J I
AR pUSA2 (ZHLAA AT, 2306 OEFIZIE In-Fusion VEZfEH L, 1 ¥ —
N DORERRZIZ PCRIEZ Wz, £, FEIEFICERB RN Ty —F A
FENTIZ X o THERR L7z, tstJlpUSA2 OIEEEDER, R7p 20 an =—/nb 2 fEHO
PCR EEMIN G B T-, v —r v ARNTOFE R, tstd DT, check point protein
kinase & WIHOEFRE 2 — T 5B OB N R Lz, o T, tstd
DIELIHASINTZ T T AI FIZX LT tstl ZRLAIAATE, ZDOLHIZL T,
tstAIpTAex3 35 L O tstf+tstllpUSA2 A HESE L 7=,

tstA++J — E I E R R

DPY 551 C 3 HIEE:# L7- A. oryzae NSAR1 27’1 v 7Z A ML L, BE
AR 21T > 7o, 15 DAVC B EREIAD 5 H 18 = m =—Z KEFHI 20 g ITHAE L |
7 AR L, 2 AR T L Chiltt L, HPLC TIUGHEY Ot 2 LTz,
ZORER, 4 SOWEEEIRORBED 2, phid+F+J = EIREHRBIKTE O
7AbE L F U R, UV 312 nm (W 2 FF b &8 2 8L L 7= (X
3-14-A), ZNn % HPLC THEL L, & NMR 2227 hLBLIOMS 227 kL
ZHIE L7=(X 3-14-B),
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A decarboxylated monomer
040 colony No.
\
038 f\_‘_,__.__—-——ﬂ_'_'_-_'_'_ 6
T N e
030
08y - Y Y . _.___.'F‘-u.,__. — n 7
020 13
o.mM
o0 M 15
JA
005,
PhiA++]
-~
T T R AR T AR T AT AT RS T AET RS T AR 410 440 480 450 SO0 530 54D SB0 G0 600

310 340 380 380 400
#

B
8] 3 5 a 11
12 e
| 4 E B 1 2
14 g
Q
| 'l |

A, J‘. N i‘JLJ‘\U

T B 5

*H NMR (500 MHz, CDCl5) & ppm

H-3 | 6.23(d, J=16Hz, 1H) H-7 | 1.49(qu,/=7.5Hz, 2H) | H-11 | 5.41(m, 1H)

H-4 | 7.12(dt, J=16,75Hz, 1H) | H-8 | 1.35(m, 2H) H-12 | 1.64 (dd,/=3.0,1.0Hz, 3H)
H-5 | 2.28(g, /=7.5Hz, 2H) H-9 | 1.95(m, 1H) H-15 | 2.11 (s, 3H)

H-6 | 1.35(m, 2H) H-10 | 5.41(m, 1H)

3-14. A tstA+FHJ —HPHIHAD HPLC v — |,

B: phomoidride & / ~— OB EEA 15 O TH NMR A2 KL

HR-MS fEHTIZ L0 . ZAbEMID A 4 B — 7 1% m/z249.1484 THi
Sz &b, 45T C15H2103 [IM+H]* (m/z 249.1485) & kg Sz,
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IH NMR & 13C NMR JIED#ER, LT Z L3 oh-7, 1) 2.11 ppm IZ 4
WMIRF AR LT AT AEDND D, 2) “HEGOT v hAZ4FEETH D, 3)
H VAR =)VERFEIN 166.6 ppm & 164.7 ppm (2 2 DFFET 5, KiZ, H-H COSY
DFERNG, K 3-15 DL D 7 g s Iz,

6.23 228 149 185 541

E EE EE E: A e 211
S oS i i wit o ¥ H.C
H H, H, H ’ o

F12 135 135 541

3 (( Oy
164.7C =c‘3"'*

166.6 G~ ‘jmd HMBC correlations
ir
MY '\H

0
3-15. #%fE NMR (2 L » THERE S 7 i ot

%2, HMBC #2062 T O HEE D R U7 FhiiiE N & & ez,
N END, tstA+ v —HEIPEIEHIAIT, T4 L LT phomoidride
Wt )~ —DMRERIK 15 ZEFETH Z Enbhol=, 728, INEITK 1 kg 4
729 1.3mg Th-o7-,

B2k~ LA “BEIX. UV 257 nm AT i RWRIN 2 FFons, 4o — i
HHEHOE/~—i%. UV 267 nm (KW ZFi> Z & 03 tkik 35 in vitro 52
RO b FF ST e, Los L, IWEIEEEROREE®IZIL UV 267 nm {1
(R KRR & &2 B — 7 (3 &3, UV 312 nm (ISR A AT % 15
DR S, Rk L7zk 91z, £/ v—O)EFE;'ﬂﬁEMK IF~F YT 303 nm

IR ZFFS Z ENHBNTWD 2, T DX DT, BURBRAHEITT S &, ok~
l//l' VEEERON-mMES B3y . UV %ﬁﬂlﬁh‘%ﬁﬁ@' V7 hNTHEEBEZLND,

3-5. CS. MCD O in vitro{&E MR
3-5-1. Tstd 3 L O Tstl DOIEMEER

T stipitatus D*EGHGEIL T DT ) L~ A =2 712X Y phomoidride & /
< —DRIBRIRPGE NI Z £ Tstd I(TRFB 12 DR 7 ¥ A REHAE L H#
T 5 EHEPTE T, £ 2T ARBFIE TIE ARG O CS (22T in vitro D
FEBRREMBEL, LTFTOZEZRGEELZ ;1) BET7 a7 L LT, CoA AT
NEMHTE 570 2) CS & MCD O s TE /) v — &85 b5 7 ; 3) Tstd
DS C12 OFEE IR RB D,
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DICBAL Tid, 7 = U RRIEESSR 2- A F /L 7 = VBRI O CS X L < HfgE s T
WD, T IVF VT = Rk D CS T in vitro fifHT 7= b 1, spiculisporic
acid A PER Penicillium spiculisporum @ 2-decylcitrate synthase 35 X O
2-decylhomocitrate synthase D& T&H 519,20, T 115 OIEMERER T, AE
\ZHEMIEE CoA = AT VA L TWD, ART VF L7 = VRO CS I3,
PKS & L <X FAS ® ACP KA A AZH#RE L7=7 V8RR L T . R
LOEY HLUIZED->TWL EBERZDBND, T Z THENIME CoA — A7 /LIRS
ETIUNEHEBT TWARARNALTTF = VAR L TWAT-D, 207 F
o ZRZFIH LT,

NTPI LTI, 2-AF 7 = gEE Tld, CS & MCD e SO & Bl L
TWDHR2, T sy oo CS B X MCD OIGNMlIL, &S T
[AYAY” N,

3-5-2. FERAR & B

HIDIZ, tstd & tstl DT ST v UESITEA DNA Zi%5FHL7-, A
FLE7 A RegilicL, PCR CHWEG % pColdl (V7 /7 mn—=
7 LTz, B 1OfAIX In-Fusion (2 HW., 7 v —=C27HOKGE E. coli
HSTO8 IZHEA LT, %77 A3 RICHMOBEFRFHFAISNTNS Z L% PCR
BIOR—7 U AITICTHEGR L. BBLHOKH E. coli BL21-Gold (DE3) %
PR LT, ZOREIRBAREEE L, IPTG (sopropyl-B-D-1- thiogalacto-
pyranoside)|lZ T ¥ XV EOFRBLFHE Z 0T 7 (X 3-16), Ziuz kv, Tstd
KO Tt IZRAFHTHBLL, b5 EnbroT,

Tstd (+) Tstd (-) Tstl (+) Tstl ()
® ™ &° Q v & Q &
QQ ,:\‘\ &\\ 9\5 QQ .;\Q ‘P\\ 90 QQ

2
QO N
Fy & & & 4
& &

49 kDa 54 kDa

3-16. Tstd & Tstl OFRHMEE, (+): IPTG #FEA4, (—): IPTG #iE 72 L, sup:
ARGy, ppt: RIS,
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RIZ Tstd & Tstl 2 Ni-NTA 0 7 LA THE L, WHIZHWS A I XY —)1
ILHE Do, B-AREIFIFE ST 1,492 Z VR L7272, R A1 THfE L
7c#. PD-10 71 7 5 CME L7c, 2 a R, 1570 % /X7 BHIRE O,
Tstd 7% 165.7 uM, Tstl 75 173.5 pyM TH > 7=,

PR LOSIE, CSBELUIMCD &, HEHE L TN CoA = 2T VB LU
XY oS &2 H L7z, phomoidride & / <~ —IZi%, RV 7 ¥ A REOK
BN ZHEREEDAET D05, 2 OFD i b Uz o, B- A EFIAERE CoA — A
Th Lk, fafufishife CoA T AT VA B & U CTHH Lz, ElifROHEE
X, C6, C8, C10. C12 DIUFIRE CHEE DB Fr M 2 Mt L 72(1X 3-17),

cu.&SMR (12mmy  Tstd HO %R Tstl 2R
120 uM) 2oumy Q|
o = HOLC COH | —= COH
HoLo A COH  (12mM) OH o
2

buffer: 50 mM NaHFPO. (pH 7.5), 200 mM NaCl, 20% wiw glycerol
G 2h

X 3-17. Tstd & Tstl O

PS8 SO O Tstd & Tstl 13 BA4F 7o filim 1424 L. o, B-REaFIIENEE CoA
T ATV E OAA L DOFEEZAEE L7, ZORIGTHRE &7z UV 267 nm OW
W% b AbEWIE, BREET DRIDTE /) ~—Th D Z &M LC-MS figtr i L O,
TMS 7 V' A& i b AF iz k> TR ane (K3-18), &6
2. WHEE OBWLEICHH &7z UV 312 nm (2N E & O B — 27 1%, Btk
A ThsrEBEZOLND (K3-19),
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i |<_ wlB Y Ca Aow. 1

| MeO,C._~w (CH;)sCHs Me0:C & 241
e |
| — com
il % M;Cmfm Me0,C e

8l ;7 Exact Mags: 326,17 Exact Mass: 241,08 295 326

M 23 267 +
| . ar MQMe VI
S g . ; I ]“H.I. L || i [ 1 A L
2.0 10.0 11.0 [min) 50 75 100 125 150 175 200 225 250 275 300 325 (mjz)

¢ Mass chromatogram at m/fz 267
without OAA
20
L1}
. Exact Mass: 266.12
without enzymes ractMass
20 D
204
104
o pA0.07%4 Mass spectrum
' 2670926 [M+HJ*
enzyme reaction
20 ]
1 285.1060 3070627
o I | L LA L
0 5 1lD ‘5 T T T T T T T L] L T L T T L] r T

T L
min myz 250 260 270 280 290 300 310 320 330

% 3-18. A oOEESHEER, A GC-MS 7 u~ 7' A(m/z241) ; B:
GC-MS 2~<%7 k)L C:LC-MS 7 u—~ k75 A(m/z 267) : D: LC-MS 2~ k
b,

267 nm

3 -
L. 267 nm
0:. .

i
i
g
5
&
5
£
g
"
g
5
B
8
&
&
g

X 3-19. EEEMSERY O HPLC 7 o~ 7 F A,
EE; : UV 312nm. TE : UV 267 nm
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BRSO 2 30 4712 L. UV 267 nm OWRIERTHOr/a~ 7T A0
MFEEZ L Lz 2 A, $HE 10 DF /) ~—DARERE 100% & L7254, #
613 0%, #HE 81%17.4%, #HK 121326.3%L 720, C10>C12>C8>>(C6
DNEE 72~ 7=, (K 3-20), in vivo EBROFERNHHERNIT S & Tstd 3 L O Tstl
£ C12 OFEEIZx L CTHUVEHZRT B2 bz, & 2AN, ERRIT IRE
U C10 OFEE N SUER mn o 72, - T, Tstd 38 L O Tstl 13 EEH D
PRI L CThHRREFFARFMHNIANE VR D,

200

anhydride
' hydrid =0
[ dodecenoyl CoA +TstJ+| St I\
1504 _I e / N
dod | CoA J\ \
1] ' ogecenoyl Lo R \\__________
\
120] J \ _;'I \\’w decenoyl CoA +TstJ+|
' '. ||"| __ decenoyl CoA
e, - - i |I —— -— -
0s0] anhydride 3 \ octenoyl CoA +TstJ+l
QE04
. } \_"-\._\__L octenoyl CoA
o ] —
0404 f n
N L - B hexenoyl CoA +TstJ+|
hexenoyl CoA
Q004

ooo.  odo  odo  ofo  ofo b0 ado 140 180 1d0 ade 2o wdo 2fo  2f0  ado  ade  3d0  3fo 3o wbe
k]

%] 3-20. Tstd & Tstl (2% L CAREAFIAGHIEE CoA = AT V& I 2 - B SOG D
HPLC F+— b

ARG CoA = AT VA FEIC L, [FERO FERZIT o 7ol R, FE oD
IS <7223, anhydride (A% 925 B — 27 138N S v Ze oo 72 (X 3-21), ¢
ST, Tstd BELOTstl IL, op-REEFIFE S ZRFOHEDOHE /)~ —~ L BT
HEWETE D, BEOBD BB SRR E LT, FERERRI 2K iR )
L Z o TV D AREMEIZIR Y, Zede b, HE L fRER O AT 2 FELL EROS &
HTH, BEITED Lol bThbd, Tz, FEEDOMKIEIZ Tstd
IZEDH 00, ATREMEITARN A, TREICIRA LI RIBE H SO ME S v 78
ko TlZIbEEZLND,

UEDZ &0t AR TIELLTOmMAT ;1) FHE7 1 712 CoA = AT )L
ZHEHTX % ;2) CS & MCD O St TA U BRI KYE ) ~—I%, BRI
SR CIE LR R LBV 5 3) Tstd 38 KON Tstl 12 X B Ui, $HR DR B EN
it CoA = AT )Wkt L, BUEIBIRMZ Rz /e, FFETREZ LT, ko
FE LT, C12 DfiENE CoA = AT /L XVt C10 DIE X L CTRVWVAE#R
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PosLiz,

lauroyl CoA +TstJ+
Ao A
700
l.' lauroyl CoA
600 —
20 o decanoyl CoA +TstJ+
0 A
E
decanoyl CoA
N A
400
L octanoyl CoA +TstJ+l
300
L octanoyl CoA
200
|\ hexanoyl CoA +TstJ+l
100
o 't hexanoyl CoA

00 25 50 75 100 125 150 175 200 226 280 276 300 3285 Min
3-21. Tstd & Tstlioxf L CEAFIIENIE D CoA = AT /L & I 2 T BESE & D
HPLC F+¥— k

3-5-3. A. niger DYLEAR EIZAFET 5 CS 38 LU MCD OEREMFAT

Aspergillus niger FH-X-213 IX, Zcarboxymethyl-3-n-hexyl-maleic acid
anhydride (CAf# asperanhydride & FEFRT2) & EpET 5 Z ERNHIHN TV D
22,23 Z OALAEMIX. AR L7z nonadride 52 KIRW) D / ~— L L 7= i
AHLTWDN, AR~ LA UL % T 5 “EHEGZF> TRy, Z0
&0 7R IR R X NENE G R SR FAS IR > THAEGKTE D, £
Z T, AWFZETIX asperanhydride OEPERE & 13572 D A. niger D77 ) LIEH
26, FAS, CS, MCD #=2— R4 58I FRI#EL TWHER 7 7 A X —
% T stipitatus DE L FRRICEER Lz, ZOfE5, 18.5 kb MfEIRIC 5 FED &
LA PO 5—DDBIET 7 T AX =i LTH LG 3-3),

FAS subunit o Cs TF MCD FAS subunit

EEmsss—s ) =) @ EEEE———)

7 3-3.  asperanhydride O#ELEAKEBER TV 7 A X —

gene conserved domain/function size in AA
anhAl FAS subunit a 1705
anhJ citrate synthase 458
anhO transcriptional factor 628
anhl 2-methyl citrate dehydratase 483
anhA2 FAS subunit B 2005
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ZOERT7 T AZ—ITiE, PRS B OOV IZFAS Dok LUBY 7=
=v h&a— FT 25872 FAS B0 A S vz, SRIRE O AT 5 e ik
KPPBIRIRNZ VL, B~ LA VERIZHE LT B S ZRTE Vb O b 25
fEET 5, anhBIn17 7 AZ—%, a7 VX VEHE b OWEEKY) % £ 5 Rk
THMBMIRBIE 7 T AZ—Thd EHRIND, AFETIE, ZOBET
JIAF—ITEEND CS & MCD 2 KIGERBARICTRIL, RAHTHD
FAS B DE /) ~— DRI AR E e LTz,

3-5-4. AnhdJ & Anhl O3 L iEMERER

anhJ & anhl I KIGE CRILES Y, in vitro i+ 57-, —H A. oryzae
NSAR1 THH SH7-1%. cDNA Z#72 PCR L. KIFEEHHAZ ¥ —Th
% pColdl |[ZHLAIA AT, FARICHEV, TN DOEEZ KRGHE CTRILSED &
Mg & b BAFHCRBL L, b5 2 ERbho72(K 3-22), & 512 Ni-NTA
THREL, BAAE, BiE, Bzt €& L7 EZ A, Anhd 28 61 pM,
Anhl 78 330 uM DOEE T H iz,

Anhl (+) () AnhJ (+) (-)

s s A
r " r ar al

N N N N
SERERL KL

452 kDa

53 kDa ——

5??08

3-22. Anhl & Anhd OFEI L ONA[BL O

35 B3 KO IE . Tstd & Tstl D i & REED S TIT - 72 (K 3-23),
fafnfglfifig CoA = A7 /v & AT ILIZ UV 257 nm TN EZH L TR Y |
XBIASFIZ< <, HPLC THMFEME=E< L, K< BT 25845 A\ Th
Mr 7=, —J5. Rfafnflglfifiz CoA = A7 V& FEEIZHW-5E ., BEI1X UV 257
nm (2, AL UV 267 nm (TSR ZFF>D T, BE EDOXRIN->E
LTV, FDED, ERE THOMRRE OV HPLC & (UPLC) Tf#thr L 7=,

i35 B Ot H. Anhd & Anhl 1% C8 O faFfiENifE CoA = AT VA FEE L L
T, KW asperanhydride 25225 Z E b o7-(X 3-24) ', X 5(2, C6-12
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DN CoA =27 V& v, ERFREMEZ G LR, C10 ofaffghife
CoA AT NVH R U CTAERM %= 5 2 1=, R A faFulgliEE D CoA = A7 )L
EHEIZLESGATYH, C8 & C10 OREITK L CESEME 2R LTz, X 3-25
T HEEOMIZ UV 257 nm IRV Z (bGP (peak 2, 4) 3 BLA S 47223,
INBIEFEED CoA AT NV ERU UV RN ZFFo72, WEORfaffEAE O
BRSNS KIGE SR DKL R EIZ L > TEBENT-H D TH D Al fErEnNE
bbb,

INHDOZ ENS, Anhd 34k, C8 DfufIElik%s E LT HEHETH D
N, REEFIENECHLZARTE, HEICLOIBREOHTRHANH D L bho
oo Flo, ZOWMIEICLY, BRI A RBIOE ) ~—721F T <, IR
E ) v — DR E R A ZER TE -, ATl A. oryzae BFEREBLR % FI H
LT cDNA Zifi L, AnhJ & Anhl % KIGE CHIT 2 Z LIk LTz, o
T, RO AEFER D cDNA Z i3 2 2 L BNEERGE T A oryzae
HERBZRZ WD Z & T, B cDNA 21550, BERCRIE ORI RICE
T2 ENnbhroT,

(o] o o
EQASMR (1zmM) Anhd | 22 R | Anhl . R
(20 uM) (20umMy Q@
fa) Hﬂgc CGIH e GGzH
Hoe AN C0H  (12mM) OH o
2

buffer: 50 mM MNaHPOy (pH 7.5), 200 mM MaCl, 20% wiw glycerol
30°C,2h

X 3-23. Anhd £ L Y Anhl OE£E 5
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A 257 nm

authentic sample
octanoyl-CoA
*+Anhl+AnhJ asperanhydride
- | authentic sample AL
4 octanoyl-CoA
ol n ————
octanoyl-CoA +Anhl+AnhJ
o J A
L] 10 1% m Fad El » - -5 -

lauroyl CoA +AnhJ+|
' A

- i lauroyl CoA
R I decanoyl CoA +AnhJ+|
150 I o A
ﬁ decanoyl CoA
1= L.l

octanoyl CoA +AnhJ+l

' A
o L octanoyl CoA

hexanoyl CoA +AnhJ+

o N A

H hexanoyl CoA
o _l r.

o0 25 =0 5 100 [F13 150 s 00 =25 250 F1.53 200 us =0 s w00 an 0

3-24. AnhdJ & Anhl IZ X 5B )GO HPLC % — b ; A : C8 o fafnfigh
D CoA = AT V& FHWTEEER G ; B O HEKE D CoA = A7 )V % FHW -
E I
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_Chromatogram (254 nm)

ro— 4 | dodecenoyl CoA +AnhJ+l
g2 s J’k—‘ dodecenoyl CoA
400 L
_f . 2;\-____?'-, decenoyl CoA +AnhJ+|
220 & decenoyl CoA
2
- Jk¥—,h/1m__ﬁ octenoyl CoA +AnhJ+l
160 N
P J N - octenoyl CoA
. J'L’“-\—- hexenoyl CoA +AnhJ+|
I Y Y hexenoyl CoA
S e T e e ey T E % T ey e
SIS - Lscon nsuz
o 1 268 nm w3 265 nm ih 4
o 257 nm - L =e 257 nm
5?"" || i“.; | \ :
. ool ol |
=il . walf

X 3-25. AREAFIAENIEE D CoA = AT V& HW =S A © HPLC 34T,

3-6.

AR AEPET D MR HE KRR IR DB E £ B BRI DFEE

AT VXL 7 = AR CS 351 % & PREN LA WRE
21X, nonadride & KIRY) DA, zaragozic acid X° cinatrin, spiculisporic acid? 4
72 ENET 5 (X 3-26), S EIOFEREZFEICELZT 5 & 5N & A3 W o
HLlLiFa 7 FTNVENABRIZ L > TEERIND Z ERFMRTE T,
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HO CO.H

HOZC\/‘Q’/\/\/\/\/\/\ = HO C\)OL )Cl’\/\
<3 2 CO,H  EnzS (CH2)1oCH3

COH CJ-13,982
Ox-0, ,COH HO, CO.H
- — HOZCWM
CO,H CoH

spiculisporic acid

o) o)
—
HOZC/\)I\COZH EnzSJk/\(CH2)5CH3

HO CO,;H HO CO.H

HOW HOﬂ:&\/\/\/\/\/\
o . OH :OHOH
0o cinatrin B R
c{/’ HO,C
HO COH 0 o
HO.C A~
— 2 ) =
R HOZC\)I\CQZH Enzsk/\(CHz)wCHs
COH
o
0
\ .
HO.C—-0 Ph
HO,C o} PO o
On COzH HOJ ©
. . Hozc : : a Ph
zaragozic acid A OH i OHHH
HO, COH HO,C

— HOZCWPh
CO.H o

m—
HO,C \)LcozH E"ZSJK/\/\/\KY\ Ph

X 8-26. T ILX LT U EEOE] & Wi A R RAT

ZOCSIZXINE, CSMENiE= =y hDafiD7 1 b &5 EHh< Z
& CH#EITT 525, nonadride 2RI DN = NrbliZy 7w h o
Rl EHR EBZHNDH(H 3-27), FEBEIZ Anhd 1%, BFAENIEE D CoA = A7
NTEF TR, REFIEERDOIE T a7V &2 bidik L. 7V R— Vs %
it L7z b, afiBL Oy MO ELENLTHL Y e b2 EHKR Z &
MWTEXDHERNbhroTz, —F, Tstd 1%, fafuflgiiEoIE 7 v 7kt LT
TV R Vi B R U7 v o 72, M2 CTld, zopfiellin DAEERICES 59
% CS. Zopll Mfafnd X OMEEFIENIEE CoA = A7 VOl F %2 KEIZT5 2
EHRFLMILTEY, TAX LT = RO CSITIT. b 7 BB Bk % o)
THEDONHDHZ DR T,

102



His
J~NH
?T %@
Hk/ (o] HLO
HO)JL\(\/V\ HOJ\‘%}\I/\/\
H™ H™
OYS) OYS)
Asp Asp

3-27.  Salmonella typhimurium H3 2-methylcitrate synthase @ il
R 2 FLCHEE U - BB K — B R DA I 535 CS OHEE il ik

Ui S D CS P RIBE H kD CS ICR L T, X i missmtric ko, &
DT X BEIEPIISITE G L TW D00 BEChroTnd 7, afiib LTy
N7 b &g &k T 2 WRFERIL Asp TH Y . Anhd, Tstd, Phid, Zopll
WHRE LS RIFESIN TS (H 3-28), HEOEIRMEIL, ZD Asp D—DFRIDOT
B SEE L TWDHEA S D, 2011 4, Chittori &%, Salmonella
typhimurium @ 2-methylcitrate synthase (StPrpC)® X it A S fEATIZ L D |
acetyl-CoA & Ak DFE TH % propionyl-CoA (Zxf3 5 HB R Bt 4 5~ 7=,
ZHIT LV | acetyl-CoA %87 % CS TiL, His & Val (272> TW D03,
propionyl-CoA % 787 % 2-methylcitrate synthase Tli&, ZiZ 41 Tyr & Leu
ICEE DS TWD LB LY, &bEERSL, WEEIEVIRT I/ BROB
KHFBEAER TH YD . Val R Leu NEHE ORI > T\ 5 & TS 7z,
ZNEARMFETH -7 CSIZH TITD 5 & R TH 5 Asp D—D>FHIIL,
LGRS DN T R VB TH D Ala il > TWnd, ZOEBIZL Y THIEE
PNIEL 2o TWNWHEEZLNDZ D, HEODREWEE 2R T 5 Lt
BTED,
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Anhl 0

L e 115 1 | A0S RT5 kA 1 SN WANDF B P T ettt L 50

Phil =====cccecceca-MALSS SLTK--ﬂL 62
mmmmmm e === GHFTH -==k=-=-MRE

Phil
Zopll
Cod_C5
StPrpC

Anhl
Tstl
Phil

Zopll
Cod_C5
5tP rpC

. = 5 3
Majority GSPXNVPAF L EQVLF".RERRL FGYGHRVYKXEDPRL AXMEGKL KEL DEEF‘}(REP‘I. L A1 .Fl}(E[ DRLASEDEYF THRXL RXM

Majority ADFYXAF XYXAMAF DXXMI THXHNXXMRI | GF MAHWRE AMXQXT KI FRPTD] YXGPS--- - - H¥- = - - - WXI XKRL
410 420 430 0 5 460 470
h ! ] T : F BALN-----------REWA 153
Wl QEDNRTVLEEFPK 438
KDPNRESSGTGI L ] 457
7 T aa gl 439
----1EK----1GYSS /I 4
WODGE it

X 3-28. CS O7T 2/ EEECH|D il
SLENZ, TEMEERALIC & < SRAE S D His 7. BENL. ML Th 5 Asp &
RLTWD, W=AT1%, HEORMRICE G325 & PHISN=T I ) BRI,

A EIFFEIC W2 CS T afiih LSy i 7' e bzl &thka,. =/ 7—F
HRAZ A C7=%1%, y AL TlE7e< afii T OAA & DT IV R— )V % 4= %
EEZOND, EINTZT XTI Z UBOEEGRIZES 535 CS OIS HENE
ZEAE, FOIRHEEALICIE, X 3-29 O L5 IZE#EHE kO 7 T — k& OAA
DELE SN D720, SEOMIMERE LD, S EIOMIE T, MK LK~
LA VPR OIS, SARMEFIZE T DERIL T E 220D, Z oA S
BT D L BRIEKMBIRARY D CS X D7 /v R— V& b [RIRE DR CHEAT
THEZEZLND,
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D i
R e

\ SCoA Rz COH
HO, CO,H
E0 N = HO;C\/'MR
HO,C CO,H HO,C CO.H COZH

H

[X] 3-29. CSIZ XL 27V R— Vs D SEARH]

AREOHHETHI 7=, Sulikowski S, —EBAVIZBRER % £E-> CTH#EITd
% L4 L7= (X 3-5), A4t TiL PKS, CS, MCD @ 3 fED LA B s 1% %
FERBLL, &/ ~—DORIRBEKEZET-Z b MREELTELD T =4 13,
FRHEEK ) T VAR = VAT K0 BERBIC L EIL S D T2, ALFERIT RS LS
TWEEX T, —H., invitroFEBR T, DIREET DRIOE ) v — 035672
EMD ., RIS T CIEIMREE LEEE WO IR A ST, 2 DFERFEE
BEE 2. BURRE LY BRI L TERT D L, RUICHURBENEIT LT
LT =3 RNE 9 —FDE ) v —IZRERET 5 Z &£ T, phomoidride &
O " EAGITFARE TH D25, [ THEMRE TIE, o RO " BALITFHRATE
R, ZOFEE, ZEIEOEEN DO L ENWEZ X2 LICERT S LT
ML=, TNEMRT 572, aconitate 35 L U asperanhydride O iR 2 A= B
WD SR 2 2512 LT2(X 3-30), T72b b~ LA VIR O A k) (aconitate,
asperanhydride) D LRI —EAEANBE) L. exo-methylene i & 72 - 7=
{b& ¥ (itaconate, 2-methylene-3-n-hexyl-butanedioic acid) 2345k 3 5, Z D%
Wiz, B _EES LR/ ~—IZHHAT 5 &, exo-methylene B i
R B B LV, K~ LA VBRMEORBREAR C B ZEKICOFMEE LTHE
bbb,
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o]
HO | H 0 \JN\AL
HO
OH
cls—accnltate

O

) decarboxylase
" aconitate itaconate
{\‘0 HOY 0 o
oy 9 R R HO
= Hf
) “H - ] — - o] — - HO
© o o o
asperanhydride
Gu
LR
»= O
H* ;r*

R

H
o /

vy 2SR
G]Ellhﬁ - 0,

: o h_.H ¢

O © (0] )‘"H4 }L‘u/hh"ih

monomer A }f_ -

decarboxylated manomer C

X 3-30. fHREEE ) ~ — DA ikt

ZNEToOHIT, &E<FEUEED ZEISICHWGN S & SN TE 7205,
INE CSBLUMCDIZEVAELLIARDE /) ~—OMIZ, BiREEAE BB X
WNCEHETDHE, UTD XSz, £2ToO _B(WIRDERE#E N > £ AT
EH801275 (M3-31), LBEL TWAHUGHEML LT UL FOZ ENFZD
1) FIDIZE ) ~v—A OBRIEBIEZ 5 ;2) < O%A 1,6-(MKIEDOF T &
{EEOSDHKEAET D, Bie>TWH DI, /) ~—A ORURBEIZEN, C2ALDfR
BNOREIENELEZDMNETH D, UL, 7787 H—LrbE)~—1
L < IR A DOFEEEIZKF L. homo-A TIX CENL T, £/ ~—AXC Tl
CIrT, BTIEZC2MrH LIXCHMTEZ D,

Sulikowski 5725 & L7l EORERRFER S . ZOMICEZITHETE 5,
9725 rubratoxin TILA & BO_EILKIGTH S0, Tamm L35 L
7= CIEFEE & 72 5720, rubratoxin @ & 5D HALE DR SN T- DL, R
Tk ST CR— B L%, BERVIAENTTZOTHLEBZ2HND,
glauconic acid TIX A L CO_EILISTH LT CONR LIS EVIAE N,
APERNO A EROS LT B %2 Hivd, phomoidride Tk, A R+ —&fb/x
JETH DT80, BEKRBIER SN C OV IAENRP T2 EHPTE 5,
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derived from o-KG ™ Ho — — X
072”007 g7 0
cordyanhydride A
/\) g
6
C—_ I~ ° 0 )
o 1y N0 —— ¢ o >
X5 2 } -
o} .
N o (0] le) le) o o o
(o)
HoA //\) rubratoxin B
B (2-5'/2'-6)
o A —,
25 0 y (0]
(o] ﬂ |\v 0 —_—
K/2 } o 0 heveadride
(0] 2 o o U~
5 Qj o o (2-2'/5'-6)

0 glaucanic acid

(2-36'-6)

0™ ~o

3-31. BRIE/KMRUR I O T 18— Bk

phomoidride B



Z DX D R EAb AR 2 BER DA 113, 2 DD ATREMEEZ B 272 5 1)
#E’ﬂﬁﬁ%—;ﬁﬁl%/ ~—ADPOBRIBIKB R C 2{Folctk, b9 —0TDE/~
—A 7&5& DiAF, ZEbT 5 5 2) EALEESR L ITRNCIIRER IR A VE D EERE DM
fEL, & bl :’C% NHIEEEZITID, £/ ~—A%ZH\i= 8T
ﬂ‘fﬁf@z%tﬁkﬁ"é D, TEALEESR B B DILRER & RIS D A AR R

B AR EZ T % Al éﬂ%x%ﬂéo% IZEN BTV D kg &
L C. ditryptophenaline £ U579 % P450 3 & 525, Z D P450 1%, .
NFDE) =% T VNS TE&LT HBER T, IRWEER 7y hEA L
TWb, D, WHEDOE/)~—DT7 VAN HRIEERFLIEZEE, O
FOE)~—IZb TV NERESE, ZEBbaficx s L EEIN TV D
(X 3-32), —J7. 2 >OEEHENRE LT Eb a2+ 28R 121X, V7 oo
BRREEZE NN LTV D, U 7 213 coniferyl alcohol % JFEHZ AR S 115,
Z DA, B bF%E dirigent protein 3, ~ULA XX —BIZ Lo TERKR LT
T )X VTVANEZITRY . D FDE )~ — ORI A A L ook
B AT 2 Z EnmbinTnbdze, DLEDOFIDO L D12, ZE{bRUS % fil
B DEERITIE, —DOOBEETEMETHH DO L, 2 OOBEENLFE L TEH o
PAFET 5, > T, nonadride 2 RKIMDAEGRKIZHBNTH, 2 DO A[EEMEN

Ez2oHh5,
DtpC
N~ (P450) P

\(N —_— N

OH

peroxidase 0=©_{H\OH

—_—
dirigent — R
0" protein 0=©=\-‘j_°”
H H
coniferyl alcohol ~0 (+)-pinoresinol

X 3-32. KIRIZAFIET D _EfbEEE DO IG
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nonadride R KA D —EAGIZIE, BUREEDBEEG 52 L0, RARITHE
T D WLREERESE & DU - il i %2 L OREEDNER & L TE 2 b D, HARRMIC
X, 7 = BRI O FR TS % cisaconitate & i fRlE L. itaconate % %3
% W43 cisaconitate decarboxylase (CAD)MFEAET 5 (X 3-33), = OEEFEITH
450 7 X /MBI K H AR Y XTF KT, MCD & [F U MmgE_PrpD 77 X U —|Z
BT %, LaL., A terreus ® CAD &, Tstl <° Phil [ZAHREMEMEK < | BiAREE
BESR DGR Tl W ATREME RN BV, S BIZ, 3EDEIE 7 7 A X — 238 L T
{FET D851 phiB. phiC. phiM |26 @ WEMEIZ RO HE R0 o7, 20
Ko e, BRI, INETIIHESIN TR RAL VROEF
— 7 R FFORREMEDN B D, TRIERESE & B bEEE DB 2 DR Y XTF R
DA EOWFEIZ L > TH LT b EWFF S D,

aconitate itaconate
3-33. aconitate OifRfE
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4 & Experimental section
4-1. Strains and culture condition

Phoma betae PS-13 and Alternaria solani ASP-2 were obtained from the
Hokkaido National Agricultural Experimental Station, Sapporo. P betae, A.
solani, Aspergillus clavatus NRRL1, Phoma sp. (ATCC74256), Talaromyces
stipitatus NBRC9186, and Aspergillus niger ATCC1015 were cultivated in
potato-glucose medium (200 g/L potate broth, 20 g/L of glucose) at 30 °C for
extraction of genomic DNA. E. coli HST08 and DH5a were cultivated in
Luria-Bertani (LB) medium for routine cloning and sequencing, while E. coli
BL21-Gold (DE3) was utilized for expression of recombinated proteins.
Aspergillus oryzae NSAR1 (4ArgB, sC~, niaD~, AdeA™) was cultivated in
DPY medium (20 g/L of dexstrin monohydrate, 10 g/L of polypeptone, 5 g/L of
yeast extract, and appropriate nutrients), MPY medium (30 g/L of maltose,
10 g/L of polypeptone, 5 g/L of yeast extract, and appropriate nutrients), and
rice medium (20-100 g porished rice, 0.1 g/kg of adenine) for transformation,
detection of metabolites, and structure determination of new compounds,
respectively. The appropriate nutrients: 0.6 g/l of arginine, 1.5 g/L of
methionine, 9.25 g/LL of ammonium sulfate, and 0.1 g/Li of adenine were

added to incubate the corresponding auxotrophic mutant.

4-2. Preparation of genomic DNA (gDNA) and complementary DNA (cDNA)
For extraction of gDNA each fungi was cultivated in PG medium for 1-3
weeks. In the case of A. oryzae transformants, they were cultivated in MPY
medium for 4-7 days. The dried mycelia was frozen in liquid nitrogen and
crushed by SK-mill (Tokken). To the frozen powder was added extraction
buffer (400 mM of TrissHC1 (pH 8.0), 500 mM of NaCl, 20 mM of
ethylenediaminetetraacetic acid (EDTA) and 1% of sodium dodecyl sulfate)
and the suspension was kept at room temperature for 5 min. To the
suspension was added phenol:chloroform solution and the mixture was
vortexed for 2 sec. After incubation at 65 °C for 60 min, the reaction mixture
was centrifuged at 12000 rpm for 5 min. The supernatant was then treated
with RNase at 37 °C for 90 min. To the reaction mixture was then added
phenol:chloroform solution. After being vortexed for 2 sec, the mixture was
centrifuged at 12000 rpm for 5 min. The supernatant was transferred to a
new centrifuge tube and re-extracted twice with phenol:chloroform solution

followed by chloroform. To the final supernatant was added cold-isopropanol
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and CH3COONa solution and genomic DNA was recovered by centrifugation
at 12000 rpm for 15 min. The pellet was then washed with 70% ethanol
solution and dried for 15 min. Finally, the isolated DNA was resuspended in
water and stored at -20 °C for further use.

For extraction of total RNA, A. oryzae transformants were cultivated in
MPY medium for 4-7 days. The dried mycelia was frozen in liquid nitrogen
and crushed by SK-mill (Tokken). To the frozen powder was added TRIzol
reagent (Life technology) and the suspension was kept at room temperature
for 3 min. The mixture was centrifuged at 13000 rpm for 5 min. To the
supernatant was then added chloroform. After being vortexed for 2 sec, the
mixture was centrifuged at 13000 rpm for 5 min. The supernatant was
transferred to a new centrifuge tube and re-extracted twice with
phenol:chloroform solution followed by chloroform. To the final supernatant
was added cold-isopropanol and CH3sCOONa solution and total RNA was
recovered by centrifugation at 13000 rpm for 15 min. The pellet was then
washed with 70% ethanol solution and dried for 7 min. The total RNA was
resuspended in RNase free water. Finally, cDNAs were preparated with
PrimeScript™ II 1st strand cDNA synthesis kit (TaKaRa) using 5 pg of total

RNA as a template according to the manufacture’s protocol.

4-3. Cloning

PCR amprification was carried out using either KOD-plus polymerase or
KOD-plus-neo polymerase with genomic DNA as a template. Oligonucleotide
primers were purchased from Hokkaido System Science Co., Ltd. DNA
sequencing was performed either at FASMAC Co., Ltd. or by an automated
DNA sequencer PRISM-3100 (ABI).

4-3-1. Construction of expression plasmids of aphidicolin biosynthetic genes
The PbGGS, PbP450-1, and PbP450-2 genes were amplified from P betae
PS-13 genomic DNA with the primer sets shown in Table 4-1. PbACS gene
was amplified from a plasmid PbACSpGEX4T-3 prepared previously. The
amplified DNA fragments were digested with the corresponding restriction
enzymes, and the digested DNA products was inserted into the
corresponding sites of the expression vectors to create the PbACS/pTAex3,
PbP450-2pUSA and PbGGSpTAex3. In the case of PbGGS gene, the second
PCR product containing PbGGS with a-amylase promoter/terminator was
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obtained by amplification with the primers from the resultant plasmid
PbGGSpTAex3. The amplified DNA fragments were inserted into the
corresponding sites of the expression vector pPTRI to obtain the
PamyB-PbGGS TamyB/pPTRI in a similar manner shown above.
PbP450-1pTAex3 and PamyB-Pb450-1-TamyB/pAdeA were constructed by
using an In-Fusion® Advantege Advantage PCR cloning Kit (Clontech
Laboratories, Inc.) to insert the first and the second PCR products into
pTAex3 and pAdeA that had been respectively digested with Smal and Psil.

4-3-2. Construction of expression plasmids of solanapyrone biosynthetic
genes

Two plasmids, soll/pTAex3 and sol5/pTAex3, were kindly gifted by Prof.
Fujii (Iwate medical university)'.

In the follow experiments, In-Fusion method was used to insert of PCR
products into corresponding vectors.

The sol2 gene was amplified from A. solani ASP-2 genomic DNA with the
primer sets as shown in Table 4-1. The so/2 gene was inserted into the
Smal-digested pTAex3 or Nhel-digested pUSA2 to obtain sol2/pTAex3 or
s0l2lpUSA2. To construct sol/2[pPTRI, the so/2 gene flanked by PamyB and
TamyB was amplified from so/Z/pTAex3. The purified PCR product was
inserted into the HindIII-digested pPTRI.

The sol6 gene was amplified from genomic DNA with two sets of primer as
shown in Table 4-1. The so/6-1 gene was inserted into Smal-digested pUSA
to obtain so/6/pUSA. The sol6-2 gene was inserted into Kpnl-digested pUSA2
and Kpnl-digested so/2pUSA2 to obtain sol6/pUSA2 and sol/2+6/pUSA2.

PamyB-so/5-TamyB was amplified from a plasmid so/5/pTAex3 and inserted
into Pstl-digested pAdeA to obtain so/d/pAdeA.

4-3-3. Construction of expression plasmids of cytochalasin E biosynthetic
genes

The ccsA and cesC genes were amplified from A. clavatus NRRL1 genomic
DNA with primer sets as shown in Table 4-1. The cesC was inserted into
Smal-digested pUSA to obtain ccsC/pUSA. In the case of ccsA, this gene was
amplified in three parts (Fr1-3) because it is difficult to amplify the ccsA
which is 12 kb length at once. Frl was inserted into pTAex3 digested with
FcoRI and Smal to obtain Fr1/pTAex3. Fr2 and Fr3 were inserted into the
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resultant plasmid in a stepwise manner to afford ccsA/pTAex3. The ccsF
gene was synthesized by Life technologies CO., Ltd. Purchased ccsFlpMAT
was digested with EcoRI and resultant fragment was inserted into pAdeA to
obtain cesFIpAdeA.

4-3-4. Construction of expression plasmids of phomoidride B biosynthetic
genes and silence genes in 7. stipitatus

The phiA, phil, phiJ, tstA, tstJ and tstl were amplified from Phoma sp.
(ATCC74256) or T stipitatus genomic DNA with primer sets as shown in
Table 4-1. The phiA and tstA genes were separated into two fragments (Frl
and Fr2) and each fragment was inserted into pTAex3 as follows; Frl was
inserted into Smal-digested pTAex3, and then Fr2 was inserted into the
resultant plasmid to afford phiA/pTAex3 or tstA/pTAex3. The phil and tstJ
were inserted into Nhel-digested pUSA2 to obtain phill[pUSA2 or
tstJlpUSA2. Then, phiJ and tstl were inserted in Kpnl-digested phillpUSA2
or Kpnl-digested tstJJpUSA2 to obtain phil+JjpUSA2 or tstJ+1/pUSA2,

respectively.

4-3-5. Construction of expression plasmids of asperanhydride biosynthetic
genes

The anhd and anhl genes were amplified from A. niger ATCC1015 genomic
DNA with primer sets as shown in Table 4-1. The anhl was inserted into
Nhel-digested pUSA2 to obtain anhllpUSA2. The anhd was inserted into
Kpnl-digested anhllpUSA2 to obtain anhA+J/pUSA2.

4-3-6. Construction of plasmids of CS and MCD for E. coli expression system
The tst and tstl genes were amplified from synthesized genes and inserted
into pColdI digested with Ndel to obtain tstJ/pColdl or £stf/pColdl. The anhd
and anhl genes were amplified from cDNA of the A. oryzae anhd and anhl
double transformant with primer sets in Table 4-1. These genes were
inserted into Ndel-digested pColdI to obtain anhJ/pColdl and anhllpColdl.
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Primer Sequence 5'-3' value ‘Product
c) (size, vector)
AGAGGTACCATGGTTCCAA
ACS-fw-Kpnl TTTCGACTCG 63.4 AC?I‘A(Z.';)kb,
ACS-ro-Kon | AMAGGTACCCTATTCCCCGT | o PRAcx
TVAPEL pOCGAAC '
AAAGAATTCATGGCATATAC
GGSw-BeoRL | (i poaaacoc 61.9 GGSTA(Lg)kb,
0GSro-Konl | CCCGGTACCTTACGACAGC | . o PRAcx
VAPHL | CTAGTAATC '
AATTCGAGCTCGGTACCCA
P450-1fw InF | 1 on o) o T ACE 66.4 ", lfkle)OTlA .,
Pasotrotnp | AGCTACTACAGATCOCCTCA | (D, PRACK
VR TCGAACAACCGGC '
AAAGGTACCATGATCAAAC
P450-2-tw-Kpnl | \ s AGeoTTA 644 1 bi50-2 (1.7 kb,
o AAAGGTACCCTACAAAGCC pUSA)
P450-2-rv- Kpnl TTGGCTAGC 63.4
. GGGGGGGAAGCTTTTCATG
Pamys HindlL | o o p GATCATTTTAA 63.9 P(’}Zﬁ %ﬁXXP/%E“{f
oo g | TTTTCCCAAGCTTTTCOGTT | o 0 %5, P
amyB” L1112 CCTTTGCTTTCTGC '
pPTRI-Pamys- | GGTGGTCGACTCTAGAGGA
Smal-InF TCCOCTTCATGGTGTTTTGA | 90 P&“ﬁ / ;EEXXP/ESS
PPTRI-Tunyi- | TOGAGOTCGGTACCCTTCC | o o 0 %0, P
Smal-InF GTTCCTTTGCTTTCTG '
GGGGATCCTCTAGAGTCGA
AdeA-fw-InF CCTTCATGCTCTTTTGA 67.4 (f)’;:iBgA;{);'XMA'I‘Sng)
AdeAonp | CCAAGCTTGCATGCCTTCC | 2 D, PACE
eaTTvEn GTTCCTTTGCT '
TCGAGCTCGGTACCCATGG
Sol2-fw-InF CGCTAAAATCC 67.4 .
AGCTACTACAGATCCCCTCA (L5 K © TAexd)
Sol2-rv-InF | AATATTCAGATGAACCTCGA | 685 9 %D, pLASX
CTAGACCC
TCCAGCTCGGTACCCATGT
SOl twInl | ppgrecoracoaaratace | %8 Sol6
Sol61roInp | COTACTACAGATCCOCTAAT | o (1.7 kb, pUSA)

CTTGCCACAAGCCTGCG
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Sol2-pUSA2-fw

Sol2-pUSA2-rv

Sol6-2-
pUSA2-fw

Sol6-2-
pUSA2-rv

cesA-fr1-fw

cesA-frl-rv

cesA-fr2-fw

cesA-fr2-rv

cesA-fr3-fw

ccsA-fr3-rv

cesC-fw

cesCrv

phiA-fr1-fw

phiA-fril-rv

phiA-fr2-fw

phiA-fr2-rv

ATCGATTTGAGCTAGATGG
CGCTAAAATCC

TAGTGCGGCCGCTAGTCAA
ATATTCAGATGAACC

CGGAATTCGAGCTCGATGT
TTGTCCCTAGC

ACTACAGATCCCCGGCTAA
TCCGCCCTTTTC

GCAAGCTCCGGAATTATGG
GGTCATTTCAGAACTCC

CTACTACAGATCCCOGGGC
CCTCCAACCATGC

CATGGTTGGAGGGCCACCA
GGTGCAAGG

TACTACAGATCCCCGTGATC
AAGAATTCCTGCTGCACC

ACTGAACTGGAATTCTTTGT
TTTCTTCTCCTCGATGGC

CCCGTGATCAAGAATICTA
GAAAAAGCTCCCTTGC

CGGAATTGCAGCTCGATGA
CCGTACCAACC

ACTACAGATCCCCGGTTAC
ATGCCGATGCT

TCGAGCTCGGTACCCATGT
CGCCTTTCATGG

CTACTACAGATCCCOGGGC
GCAGAGCGCAG

CATCTGCGCTCTGCGCCCG
G

CTACTACAGATCCCCCTAAG
CATCCTCCCC

61.9

65.4

66.0

67.2

67.4

70.8

69.3

68.1

64.9

65.3

67.4

66.0

68.5

71.5

66.6

67.4

Sol2
(1.5 kb, pUSA2)

Sol6
(1.7 kb, pUSA2)

cesA-frl
(3.0 kb, pTAex3)

cesA-fr2 (4.1 kb,
cesA-fr1/pTAex3)

ccsA-fr3
(5.5 kb,
ccsA-fr1+2/pTAex3)

cesC (1.2 kb, pUSA)

phiA fr1
(3.7 kb, pTAex3)

phiA fr2
(4.3 kb,
phiA-fr1/pTAex3)
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phil-fw

phil-rv

phid-fw

phid-rv

tstA-fr1-fw

tstA-frl-rv

tstA-fr2-fw

tstA-fr2-rv

tstJ-pUSA2-fw

tstd-pUSA2-rv

tstI-pUSA2-fw

tstl-pUSA2-rv

tstd-pColdI-fw

tstd-pColdI-rv

tstl-pColdI-fw

tstI-pColdI-rv

ATCGATTTGAGCTAGATGC
AAGAAGCCCAGGTTGATGT
C

TAGTGCGGCCGCTAGTCAC
AGCCTAGGG

CGGAATTCGAGCTCGATGG
CCTTGTCGTCG

ACTACAGATCCCCGGTCAT
AGCCTTGCCTG

TCGAGCTCGGTACCCATGT
CACCTCTTATTCACG

CTACTACAGATCCCOGGGC
TTAGAGGTAATATTGGCC

ATTACCTCTAAGCCCGGTG
ACAAGCTCG

CTACTACAGATCCCCCTACT
CATGCGTTTGC

ATCGATTTGAGCTAGATGTC
AGACGGCACC

TAGTGCGGCCGCTAGTCAC
AATCTGGATTG

CCGAATTCGAGCTCGATGA
CTGACGAGATACC

ACTACAGATCCCCGGTCAT
AGTTTTGCCATTCC

TCGAAGGTAGGCATATGAG
TGATGGCACCC

GTACCGAGCTCCATATTACA
GACGGCTCTGAATTTTCG

TCGAAGGTAGGCATATGAC
CGATGAAATCC

GTACCGAGCTCCATATTACA
GTTTTGCCATACC

66.9

69.3

68.7

67.4

67.8

68.3

64.9

65.8

64.6

66.0

67.0

65.5

66.0

67.1

63.3

64.3

phil
(1.5 kb, pUSA2)

phid
(1.5 kb, pUSA2)

tstA frl
(4.1 kb, pTAex3)

tstA frl
(4.1 kb,
tstA-fr1/pTAex3)

tstd
(1.5 kb, tstJ/pUSA2)

tstl
(1.5 kb, tstd/pUSA2)

tstd
(1.3 kb, pColdl)

tstl
(1.5 kb, pColdl)
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CGGAATTCGAGCTCGATGC
anhJPUSAZIW | oogacaTcaeaTce 705 anhJ
(1.6 kb,
) ) ACTACAGATCCCCGGCTAC anhl/pUSA2)
anhd-pUSA2-rv GCCATCTCGCG 70.1
ATCGATTTGAGCTAGATGA
anhl-pUSA2-fw CTGTCATTCCTGC 63.1 R
MoUSAgy | TAGTGOGGCCGCTAGTTAG | . (1.6 kb, pUSA2)
anhrp ™ | ACATAAACATAAACC '
TCGAAGGTAGGCATATGCC
anhdJ-pColdI-fw 66.4
CGACATCGC ikl
e cole, | GTACCGAGCTCCATACTAC | | (1:3Kb pColdD
ARRTPLOIEY 1 GecaTeTeGeG '
TCGAAGGTAGGCATATGAC
anhI-pColdI-fw 62.0
TGTCATTCC anhl
oCondley | GTACCGAGETCCATATTAG | | (15 Kb, pColdD
AMREPLOIETIY | ACATAAACATAAACC '

Table 4-1. Primer sets used in each experiment. Under bar meant restriction

site. Gray boxes showed the homologous sequence of vector.

4-4. Fungal transformation

A spore suspension of A. oryzae NSARI1 or transformants were inoculated
mto 100 ml DPY medium or CD medium supplemented with appropriate
nutrients. After 3 days incubation at 30 °C and 200 rpm, mycelia were
collected by filtration through glass filter and washed with sterile water.
Protoplasting was performed using Yatalase (TaKaRa: 5 mg/mL) in solution
1 (0.8 M NaCl, 10 mM NaHsPO4, pH 6.0) with gentle shaking at 30 °C for 2 h.
Protoplasts were filtered through Miracloth (Calbiochem) and centrifuged at
2000 rpm for 5 min. Then, protoplasts were washed with 0.8 M NaCl solution
and adjusted to 2.0-2.5 x 108 cells/mL by adding solution 2 (0.8 M NaCl, 10
mM CaCls, 10 mM Tris-HCl, pH 7.5) and solution 3 (40% PEG4000, 50 mM
CaClz, 50 mM Tris-HCl, pH 7.5) in 4/1 volume ratio. Plasmids (12 pg) were
added to the protoplast solution (200 uL). The protoplasts were incubated on
ice for 20 min. To this aliquot was added solution 3 (1 mL) and incubated at
room temperature for 20 min. To the mixture was added 10 mL of solution 2
and the mixture was centrifuged at 2000 rpm (Beckman JLA 10.500) for 5
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min. The transformation suspension was poured onto a CD agar plate
supplemented with 0.8 M of NaCl and appropriate nutrients and then
overlaid with soft-top agar (1.2 M sorbitol, 3.5% of Czapek-Dox, 0.6% of agar).
The plate was incubated at 30 °C for 3-7 days.

4-5. Production and analysis of the metabolites
4-5-1. aphidicolin and its intermediates

A spore suspension of A. oryzae transformants was inoculated to CMP
medium (100 ml) in 500 ml Erlenmeyer flasks. Each culture was incubated
at 30 °C for 7 days while shaking at 200 rpm. The mycelia were collected by
filtration through Miracloth and disrupted with a Polytron homogenizer
(Kinematica) in acetone. The mycelial extract was filtered and concentrated
to obtain an aqueous residue which was extracted with ethyl acetate (2 x 100
ml). The combined organic layers were washed with brine, dried over MgSOy,
and concentrated. Preparative thin layer chromatography (CHCl3:CH30H =
9:1) yielded partially purified metabolites. The production yield of each
expected metabolite was preliminarily estimated by a TLC analysis of the
cultures extracts of all transformants, and a quantitative analysis of the best
transformant was then performed.

Alternatively, a spore suspension of the A. oryzae transformants was
inoculated into a solid medium containing polished rice (100 g, presoaked
with 10 mL of water overnight) in 500 mL Erlenmeyer flask which was
autoclaved before use. Each culture was incubated at 30 °C for 5 weeks and
then directly extracted with EtOAc. Partially purified metabolites were
obtained in a similar manner to that with the liquid medium.

Partially purified samples of 2 were analyzed with GC-MS, whereas those
of 1 and 3 were analyzed with LC-MS under the condition described below.
Polar metabolites 1 and 3 were converted for quantitative analyses into the
corresponding trimethylsilyl ethers with N,O-bis(trimethylsilyl)acetamide
(TCI) at 78 °C for 3 h. Compound 2 and the corresponding trimethylsilyl
ethers of 1 and 3 were quantified by peak integration from GC-MS. A plot of
integral values for peak area against the respective concentrations
generated a linear standard curve for each compound among the
concentrations examined (5-100 ug/mL).

LC-MS analysis was performed using the Agilent 1100 system with a
Zorbax Eclipse XDB-C18 column (2.1 x 50 mm, particle size 5 um; Agilent)
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and AccuTOF LC-plus JMS-T100LP (JEOL) with an electrospray ionization
(ESI) source in the positive mode. LC analytical conditions were as follows:
0-19 min, linear gradient 20-80% CH3CN/0.1% formic acid in H20/0.1%
formic acid and then 19-24 min, 80% the same solvent system at a flow rate
0.2 mL/min. GC-MS analysis was conducted using a GC-MS QP2010
apparatus (Shimazu) with a DB-1MS capillary column (0.32 mm x 30 m, 0.25
um film thickness; J&W Scientific). Each sample was injected onto the
column at 100 °C in the splitless mode. After a 3 min isothermal hold at
100 °C, the column temperature was increased by 16 °C/min to 250 °C with 3
min isothermal hold at 250 °C. The flow rate of the helium carrier gas was 1

ml/min.

4-5-2. Solanapyrone C, its intermediates, and CcsA+C product

A spore suspension of A. oryzae transformants was inoculated to MPY
medium (100 mL) in 500 mL Erlenmeyer flasks. Cultures were incubated at
30 °C for 7 days while shaking at 200 rpm. The mycelia were collected by
filtration through cotton filter and disrupted by a Polytron homogenizer
(Kinematica) in acetone. The mycelial extracts were filtered and
concentrated in vacuo. The residues were extracted with ethyl acetate (2 x
100 ml). The crude extracts (10 mg/mL in acetonitlile) were directly analyzed
by HPLC (SHIMADZU Class VP system) equipped with Wakopak navi C18-5
column (4.6 x 250 mm for analysis and 10 x 250 mm for preparation, 5 pm
particular size) or HPLC (Water ACQUITY ™ UPLC H-Class system)
equipped with ACQUITY ™ UPLC BEH C18 column (2.1 x 50 mm, 1.7 um
particular size).

HPLC conditions to analyze metabolites from so/7 transformants;
20% CH3CN in H20 for 2 min, a linear gradient from 20 to 100% of CH3CN in
H20 over 8 min, and 100% CH3sCN for 15 min at a flow rate of 1 mL/min;
detection at 325 nm.

HPLC conditions to analyze metabolites from so/l+sol2 transformants;
10% CH3CN in H20 for 2 min, a linear gradient from 10 to 100% of CH3CN in
H20 over 18 min, and 100% CHsCN for 5 min at flow rate of 1 mL/min;
detection at 325 nm.

HPLC conditions to analyze metabolites from other transformants;
A linear gradient from 20 to 90% of CH3CN in H2O over 5 min, and 90%
CH3CN for 5 min at flow rate of 0.5 mL/min; detection at 325 nm or 270 nm.
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HPLC (Gilson HPLC system) conditions to purify metabolites from
transformants; A linear gradient from 20 to 100% of CH3CN in H20 over 15
min, and 100% CH3CN for 10 min; flow rate of 3 mL/min; detection at 325

nm or 270 nm.

4-5-3. phomoidride

Mycelium of Phoma sp. (ATCC74256) was inoculated into PG agar medium.
After 7 days incubation at 30 °C, mycelium was collected and inoculated into
200 mL of seed medium (40 g/L of tomato paste, 5 g/L of corn steep liquor, 10
g/L of D-glucose, 10 g/L of oat flour and mineral mixture composed of 1 g/L of
FeSO4:7TH20, 1 g/Li of MnSO4-4H20, 0.025 g/L of CuClz-2H20, 0.1 g/Li of
CaCly-2H20, 0.056 g/L of H3BOs, 0.019 g/L of (NH4)eMo70244H20 and 0.2
g/L of ZnSO4, adjusted to pH 7.0 before autoclaving). After 6 days incubation
at 120 rpm and 20 “C, 5 mL of this seed culture was transferred into 500 mL
flask containing 200 mL of PG medium (pH 7.0). After 3 days, the pH of
culture medium was adjusted to 3.1 and the culture was incubated at 120
rpm and 20 ‘C for further 3 days.

Filtration of the culture afforded 10 g (wet weight) of fungal mass. After the
wet mass was extracted with 50 mL of acetone, the mycelial extract was
filtered and concentrated in vacuo. To the residue was added 1 M HCI to
adjust the pH to 1.0. The mixture was diluted with 20 ml of water and
extracted three times with 30 mL of ethyl acetate. The organic extracts were
combined and concentrated in vacuo to give a crude extract (127 mg). The
crude extract (10 mg/mL in 20% THF in acetonitrile) was filtered and
analyzed by HPLC equipped with ACQUITY ™ UPLC BEH C18 column (2.1
x 50 mm, 1.7 um particular size) at following condition. HPLC analytical
conditions were a linear 20-90% gradient of CH3CN in H20 over 5 min, and
90% CH3CN for 5 min; flow rate of 0.5 mL/min; detection at 242 nm.

The remaining was purified by HPLC equipped Wakopak Navi C18-5
column (10 x 250 mm for preparation, 5 um particular size). HPLC
preparative conditions were as follows; a linear 20-100% gradient of CH3CN
in H20 over 15 min, and 100% CH3CN for 10 min, flow rate of 3 mL/min,
detection at 242 nm.

The isolated compound was recorded its molecular weight by AccuTOF
LC-plus JMS-T100LP (JEOL) with an electrospray ionization (ESI) source in

the positive mode.
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4-5-4. decarboxylated phomoidride type monomer

A spore of A. oryzae transformants was inoculated to 20 g of rice medium in
50 mL glass petri dish. Each culture was incubated at 30 °C for 7 days. The
mycelia were soaked in 30 mL of EtOAc for 3 h. The supernatants (5 mL)
were filtrated through cotton filter and concentrated with air. Then, the
extracts were dissolved in 1 mL of CH3CN or MeOH and analyzed by HPLC
equipped with ACQUITY ™ UPLC BEH C18 column (2.1 x 50 mm, 1.7 um
particular size) at following condition.

HPLC conditions to analyze the metabolites from transformants; A linear
gradient from 20 to 90% of CHsCN with 0.1% TFA in H20 with 0.1% TFA
over 5 min, and 90% CHsCN with 0.1% TFA for 5 min; flow rate of 0.5
mL/min; detection at 312 nm.

HPLC (Gilson HPLC system) conditions to purify metabolites from
transformants; A linear gradient from 20 to 100% of CH3CN in H20 over 15
min, and 100% CH3sCN for 10 min; flow rate of 3 mL/min; detection at 312

nm.

4-6. Overexpression and purification of CS and MCD

Constructed expression plasmids were separately introduced into X. coli
BL21-Gold (DE3) for overexpression. The transformant was grown at 37 C
at an ODgoo of ~0.6 in 500 mL flask. After cooling at 4 ‘C, isopropyl
B-D-thiogalactopyranoside (0.1 mM) was added to the culture. After
incubation at 16 “C for 20 h, the cells were harvested by centrifugation at
5000 rpm. Harvested cells were resuspended in disruption buffer (50 mM
NaH:PO4 (pH 7.5), 200 mM NaCl, 20% w/w glycerol) and disrupted by
sonication. The lysate was clarified by ultracentrifugation at 20,000 x g for
25 min. The supernatant was incubated with 2 mL of Ni-NTA-agarose resin
(Qiagen) at 4 °C for 1 h in a column. The resin was then washed with a
buffer (10 mL) containing 50 mM NaHPO4 (pH 7.5), 200 mM NaCl, 20% w/w
glycerol, and 10 mM imidazole. Hiss-tagged proteins were eluted with 200
mM imidazole in 50 mM NaH2PO, (pH 7.5), 200 mM NaCl, 20% w/w glycerol.
Fractions containing desired proteins were pooled and concentrated using
Amicon Ultra centrifugal filter device (Millipore). The protein was
buffer-exchanged by gel filtration chromatography using a PD-10 column
(GE Biosciences) with a buffer containing 50 mM NaHPO4 (pH 7.5), 200 mM

NaCl, and 20% w/w glycerol. Fractions containing desired proteins were
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pooled and further concentrated using Amicon Ultra centrifugal filter device.
The protein concentration was determined by Bradford assay. Proteins were
aliquot-flash-frozen in liquid nitrogen and stored -80 “C for further usages.
Each average of overproduction yield was ca. 8.1 mg/mL for TstdJ, 9.4 mg/mL
for Tstl, 3.1 mg/mL for AnhdJ, and 17.4 mg/mL for AnhlI.

4-7. CS and MCD assays

Typical conditions are as follows; a reaction mixture (100 uL of 50 mM
NaH3PO,4 (pH 7.5), 200 mM NaCl, 20% w/w glycerol) containing 20 uM of CS
and/or MCD, 1.2 mM of the substrate, and 1.2 mM of oxaloacetic acid was
incubated at 30 °C. The reaction was quenched by the addition of methanol
(100 L) and the resultant mixture was vortexed and centrifuged at 12,000 x
g. The supernatant was directly analyzed by HPLC (SHIMADZU Class VP
system) equipped with Wakopak navi C18-5 column (4.6 x 250 mm, 5 um
particular size) or HPLC (Water ACQUITY ™ UPLC H-Class system)
equipped with ACQUITY ™ UPLC BEH C18 column (2.1 x 50 mm, 1.7 um
particular size).

HPLC conditions to analyze the supernatant from reaction mixture
containing CoA ester of saturated fatty acid as a substrate; 20% CH3CN with
0.1% TFA in H20 with 0.1% TFA for 5 min, a linear gradient from 20 to 90%
of CHsCN with 0.1% TFA in H2O with 0.1% TFA over 30 min, and 90%
CH3CN with 0.1% TFA for 5 min; flow rate of 1.0 mL/min; detection at 260
nm.

HPLC conditions to analyze the supernatant from reaction mixture
containing CoA ester of unsaturated fatty acid as a substrate; A linear
gradient from 20 to 90% of CH3CN with 0.1% TFA in H20 with 0.1% TFA
over 5 min, and 90% CHsCN with 0.1% TFA for 5 min; flow rate of 0.5

ml/min; detection at 260 nm.

4-8. Substrate synthesis

All solvents and chemicals were purchased from Wako Chemicals unless
otherwise state. Column chromatography was performed with a silica gel
60N (40-50 um, Kanto Chemical Co., Ltd.).

4-8-1. a,B-unsaturated carboxylic acid 2
To a solution of (carbethoxymethylene)triphenylphosphorane (4.05 g, 11.7
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mmol) in toluene (21 mL) was added octanal (1.36 g, 10.6 mmol). After
stirred at 120 C for 3 h, the cooled yellow mixture was concentrated in
vacuo and diluted in hexane. This mixture was filtrated with celite and flash
silicagel using 50% Et20 in hexane. The solvents were removed in vacuo to
afford a crude ethyl deca-2-enoate (2.06 g).

To a solution of this clude in 45 ml of H2O: THF: MeOH = 1:1:1 solvent was
added 1.3 g of LiIOH-H20. After stirred at 100 ‘C for overnight, the cooled
yellow mixture was concentrated in vacuo. To the residue was added 1 N HCl
to adjust the pH to 1.0. Then the mixture was extracted with CH2Clz (3 x 20
mL). The combined organic layers were washed with water (2 x 50 mL) and
saturated brine (30 mL). After dried over Na2SO4 and concentrated in vacuo
to afford 2-decenoic acid (1.5 g, 83%, 2 steps, E/Z = 20).
1H NMR (500 MHz, CDC1ls) of 2-decenoic acid: 8y 11.8 (br s, OH), 7.08 (dt, J=
15.5, 7.0 Hz, 1H), 5.82 (q, J= 15.5 Hz, 1H), 2.24 (q, J= 7.0 Hz, 2H), 1.49 (qu,
J="1.0 Hz, 2H), 1.31 (m, 10H), 0.90 (¢, J= 7.0 Hz, 3H)

4-8-2. ethylcarbonate anhydride?

To a solution of 2-decenoic acid (256 mg, 1.5 mmol) in dried CH2Cls (20 mL)
was added triethylamine (240 pL, 1.7 mmol). After stirred under Ns
atomosphare at room temperature for 30 min, ethyl chloroformate (400 pL,
3.8 mmol) added to the mixture. After stirred at room temperature for 2.5 h,
the reaction mixture was concentrated in vacuo to afford a crude sample (748
mg).
1H NMR (500 MHz, CDCl3) of dec-2-enoic (ethyl carbonic) anhydride: u 7.18
(dt, J=15.6, 7.0 Hz, 1H), 5. 84 (dt, J= 15.6, 1.5 Hz, 1H), 4.34 (g, J= 7.1 Hz,
2H), 2.26 (qd, J= 7.6, 1.5 Hz, 2H), 1.48 (m, 3H), 1.42 (m, 10H), 1.38 (t, J=17.1
Hz, 3H)

4-8-3. CoA ester?

To a solution of CoA trisodium salt (27.5 mg, 33 pmol) in 500 pL of 0.4 M
NaHPO, buffer was added the activated ester (50.6 mg in crude) in 500 pL of
tBuOH. After stirred at room temperature for 20 h, the reaction mixture was
directly purified by a HPLC (Gilson HPLC system) equipped with Wakopak
navi C18-5 column (10 x 250 mm for preparation, 5 pm particular size).
HPLC preparative conditions were a linear 20-100% gradient of CHsCN with
0.1% TFA in H20 with 0.1% TFA over 15 min, and 100% CHsCN with 0.1%

124



TFA for 10 min; flow rate of 3 mL/min; detection at 300 nm. The
decenoyl-CoA was yielded 11.7 mg, 12.7 umol, 38.5%.

4-9. Structure determination

Optical rotations were recorded on a JASCO P-2200 digital polarimeter.
NMR spectra were recorded on a Bruker AMX-500 and DRX-500
spectrometers. Chemical shifts were reported in ppm with the solvent
resonance resulting from incomplete deuteration as the internal standard
(CDCls 87.26, CD3sOD 83.31). Data were reported as follows; chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, qu = quintet, br
= broad, m = multiplet), coupling constants (Hz), and integration. Molecular
weights were recorded on a Jeol AccuTOF LC-plus JMS-T100LP instrument

and an electrospray ionization (ESI) source in the positive mode.

4-9-1. desmethylprosolanapyrone I

IH NMR (500 MHz, CDCls) & 6.59 (dt, /= 16, 7.1 Hz, 1H), 5.90-6.01 (m,
1H), 5.81-6.01 (m, 2H), 5.80 (s, 1H), 5.52 (m, 1H), 5.50 (m, 1H), 2.15 (q, J =
7.1 Hz, 2H), 2.02 (q, J = 6.5 Hz, 2H), 1.89 (s, 3H), 1.69 (d, J = 6.5 Hz, 3H),
1.39 (m, 2H), 1.38 (m, 2H)

4-9-2. prosolanapyrone I 15,16-diol

1H NMR (500 MHz, CDCls) 8u 6.70 (m, 1H), 5.98 (s, 1H), 5.97 (m, 1H), 5.74
(dt, J=16, 6.9 Hz, 1H), 5.53 (dd, J= 16, 7.0 Hz, 1H), 4.01 (dd, J= 7.0, 4.0 Hz,
1H), 3.87 (s, 3H), 3.85 (m, 2H), 2.23 (dt, J= 13, 6.8 Hz, 2H), 2.09-2.38 (m, 2H),
1.93 (s, 3H), 1.46-1.67 (m, 2H), 1.46-1.54 (m, 2H); 13C NMR (125 MHz,
CDCls) 8¢ 157.4, 157.2, 139.3, 138.6, 134.8, 128.0, 122.1, 121.9, 94.3, 76.5,
70.1, 56.2, 32.5, 32.0, 28.5, 28.0, 17.7, 8.73
ESI-HR-MS: caled for C1sH2705 [M+H]+ 323.1853, found 323.1821

[alp242 -7.4° (c 0.32, CHCl»)

4-9-3. prosolanapyrone II

1H NMR (500 MHz, CDCls) 8u 6.70 (dt, J = 15, 7.0 Hz, 1H), 5.95-6.05 (m,
2H), 5.98 (s, 1H), 5.97 (m, 1H), 5.59 (dd, J/= 14, 7.0 Hz, 1H), 5.53 (dd, J= 14,
7.0 Hz, 1H), 4.55 (brs, 3H), 3.90 (s, 3H), 2.23 (q, J= 7.0 Hz, 2H), 2.07 (dd, J=
15, 7.5 Hz, 2H), 1.73 (d, J= 6.0 Hz, 3H), 1.46-1.67 (m, 2H), 1.46-1.54 (m, 2H)
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4-9-4. solanapyrone C

1H NMR (500 MHz, CDCls) 8u 10.8 (brs, 1H), 9.99 (s, 1H), 5.98 (s, 1H), 5.65
(ddd, J=9.8, 5.0, 2.6 Hz, 1H), 5.43 (dt, J=9.8, 1.5 Hz, 1H), 3.89 (t, J= 5.2 Hz,
2H), 3.53 (q, J= 5.2 Hz, 2H), 2.60 (m, 1H), 2.35 (dd, J= 12, 10 Hz, 1H), 2.29
(m, 1H), 2.13 (m, 1H), 1.70 (m, 2H), 1.46 (m, 2H), 1.15-1.22 (m, 2H) 1.07-1.13
(m, 2H), 0.94 (d, J= 7.0 Hz, 3H)

4-9-5. reduced product 13

1H NMR (500 MHz, C¢Ds¢) 8u 7.27 (m, 2H), 7.26 (m, 2H), 7.20 (m, 1H), 6.90 (d,
J=17.0 Hz, 1H), 6.32 (m, 1H), 6.31 (m, 1H), 6.22 (dd, J = 14.6, 7.0 Hz, 1H),
5.68 (dt, J= 14.6, 6.3 Hz, 1H), 5.52 (q, J= 7.1 Hz, 1H), 4.23 (m, 1H), 3.47 (dd,
J=10.9, 3.8 Hz, 1H), 3.37 (dd, J=10.9, 5.3 Hz, 1H), 2.85 (d, J=16.7 Hz, 1H),
2.78 (d, J=16.7 Hz, 1H), 2.70 (d, J= 7.5 Hz, 2H), 2.07 (dd, J= 13.8, 6.3 Hz,
1H), 1.96 (dd J=13.8, 7.3 Hz, 1H), 1.93 (t, J= 7.5 Hz, 2H), 1.70 (s, 3H), 1.68
(m, 1H), 1.58 (d, J = 7.1 Hz, 3H), 1.42 (m, 1H), 1.29 (m, 1H), 1.21 (m, 1H),
1.17 (m, 1H), 1.08 (m, 1H), 0.85 (d, J= 6.5 Hz, 3H), 0.69 (d, /= 6.5 Hz, 3H);
13C NMR (125 MHz, C¢Ds) 8¢ 207.5, 167.2, 139.6, 137.5, 136.3, 134.3, 133.2,
130.8, 129.9, 129.7, 127.9, 65.5, 54.8, 50.2, 45.5, 42.7, 42.4, 38.4, 32.3, 32.1,
31.0, 20.7, 20.4, 15.1, 13.3

ESI-HR-MS: caled for CesH4oNOs [M+H]+: 440.3165; found 440.3147.

[alp242 +6.2° (c 0.01, CHCls)

4-9-6. allyl alcohol 14
1H NMR (500 MHz, CDs0D) &u 7.37 (m, 1H), 7.28 (t, J= 6.5 Hz, 2H), 7.26 (d,
J=6.5Hz, 2H), 7.12 (m, 1H), 6.28 (dd, /= 15.5, 9.6 Hz, 1H), 6.18 (d, J=15.5
Hz, 1H), 6.10 (dd, J=15.5, 9.6 Hz, 1H), 5.74 (dd, J= 15.5, 6.3 Hz, 1H), 5.61 (t,
J=6.4 Hz, 1H), 4.23 (d, J= 6.4 Hz, 2H), 4.16 (m, 1H), 3.55 (m, 2H), 3.32 (m,
2H), 2.95 (dd, J = 14.0, 6.5 Hz, 1H), 2.75 (dd, J = 14.0, 8.4 Hz, 1H), 2.45 (m,
2H), 2.08 (dd, J = 13.8, 6.3 Hz, 1H), 1.96 (dd, /= 13.8, 6.3 Hz, 1H), 1.81 (s,
3H), 1.62 (m, 1H), 1.50 (m, 1H), 1.47 (m, 1H), 1.31 (m, 1H), 1.11 (m, 2H), 0.86
(m, 3H), 0.84 (m, 3H); 13C NMR (125 MHz, CDs0D) 8¢ 207.1, 169.1, 139.9,
136.0, 134.5, 133.5, 131.3, 130.5, 129.9, 129.6, 127.5, 64.2, 59.6, 54.5, 48.6,
45.5, 42.3, 41.4, 38.1, 32.3, 32.0, 31.0, 20.0, 19.8, 12.7

ESI-HR-MS: calcd for C2sH4eNO4 [M+H]*: 456.3114; found 456.3161.

[a]p245 +1.0° (c 0.007, MeOH)
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4-9-7. decarboxylated phomoidride type monomer 15

1H NMR (500 MHz, CDCls) 8n 7.12 (dt, J= 16, 7.5 Hz, 1H), 6.23 (d, J= 16Hz,
1H), 5.41 (m, 2H), 2.28 (q, J= 7.5 Hz, 2H), 2.11 (s, 3H), 1.95 (m, 2H), 1.64 (dd,
J = 3.0, 1.0 Hz, 3H), 1.49 (qu, J = 7.5 Hz, 2H), 1.35 (m, 4H); 13C NMR (125
MHz, CDCls) 8¢ 166.6, 164.7, 148.1, 137.3, 135.0, 131.4, 125.0, 117.2, 34.5,
32.5, 29.4, 28.8, 28.4, 18.0, 9.39

ESI-HR-MS: caled for C15H2:103 [M+H]*: 249.1485; found 249.1484.
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4-10. NMR spectra
desmethylprosolanapyrone I H NMR)
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prosolanapyrone I ({H NMR)
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prosolanapyrone I-15,16-diol (13C NMR)
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prosolanapyrone 1-15,16-diol (H-H COSY)
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prosolanapyrone I-15,16-diol (HSQC)
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prosolanapyrone 1-15,16-diol (HMBC)
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prosolanapyrone II ({H NMR)
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solanapyrone C

solanapyrone C ({H NMR)
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reduced product 13 ('H NMR)
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reduced product 13 (13C NMR)
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reduced product 13 (H-H COSY)
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reduced product 13 (HSQC)
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reduced product 13 (HMBC)
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reduced product 13 (NOESY)
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allyl alcohol 14 (\H NMR)
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allyl alcohol 14 (13C NMR)
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allyl alcohol 14 (H-H COSY)
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allyl alcohol 14 (HSQC)
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allyl alcohol 14 (HMBC)
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tyrosine type reduced product C'H NMR)
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tyrosine type reduced product (H-H COSY)
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decenoic acid 'H NMR)
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ethylcarbonate anhydride ('H NMR)
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decarboxylated phomoidride type monomer 15 (\H NMR)
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decarboxylated phomoidride type monomer 15 (H-H COSY)
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decarboxylated phomoidride type monomer 15(HSQC)

~ \
\ N o~ -~ .
e NP N N

o |

w_ﬂ .

O  decarboxylated monomer

20

40

60

a0

100

120

140

160

PRI
80

ppm (H)

1=

155



decarboxylated phomoidride type monomer 15 (HMBC)
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4-11. Predicted sequences of so/6 gene by NCBI and 2ndFind
NCBI

* * * * * * * * * * * * * * *
1vatgtttgteectageaatataggetggetegtgetgagttgeggectttttgttgectactgggttetactggecatetacegeetteactt ccgttatcacgatat tgtcgaacteatggtacy150
1>atgtttgtccctagoaatataggetggotegtoctgagttgeggectttttgttgectactgggttetactggecatetacegoctteacttecaccegttateacgatatcggggaccaagggtagecgeagtgtegaacteatggtacy150

* * * * * * * * * * * * * * *
151>gagtggtattggaattattatet tgatatttgagattcagaggtt tacggtazactagaagcotgottggagaccgcacattgctaacgactage tggtacggataggegtgaacgate»>300
151>gagtggtattggaattattatctcaacggacaaatgatatttgagattcagaggrtacacaagcaatacy accggtggtacggataggcgtgaacgatc»250

% % % % % % % % % % % % % % %

301tcagea tgaagtctatcaggegal cagg acgaaaga’ a atcgatgeatcteg! catega: cgat tegaatcogtegeaaagtge>450
251>tcageatagacgaccotgaagtotatcagucgatgaccaaagtgagotoggactticacgaaagatoctoatttotategatgoatctogtttocaggaacatogattggagagaccgatooogoacagagtogastoogtogaaagtgey400

* * * * * * * * * * * * * * *

451>k tetgtet + tectegteaaggt act: ggacctetgtgeacaatet tetgeat ttgtasageacttaccatggata>600

401>taacaccegetetgtetggeaccegagtecaagagetegecceegegatectegtcaaggt tact tggacctctgtgcacaatctgcaaagaccatetgeateaccagegetigtaaageacttaccatggata>sso
* * * * * * * * * * * * * * *

@0l>tecatctecaagattgtteteggacatgagattggatgcatcgaagageccgacttcagaaacagtttcatecgagaacttgaacacagetttcgaaacgggatggategcaactgecttccccaggttagetacgctegeactetggatag>750

551>TCatctocaagattgrictCggacgtgagattggatgcatcgaagagcccgacttCagaaacagtitcatcgagaacttgaacgcagetitogaaacgggatggatcgcaactgccticcccaggitagetacgctcgeactetggatgg>700

* f * * * f * * * f * * * f *
751>cttogatgagegacttoteggtoattoctaatoctottatcgatttcaaacaagtyaggcaggtgcggctactoactoatagaccacatogotaacaacatyt tgte tcace 200
7013cttoga tog agctacctggaagttttogatey 742
* * * * * * * * * * * * * * *
901>cacattcagecgtetacgt tcaacgtgecatcagecatt t tcagctgtgatagacatgcteatggat toacegt t t acg>1050

743>cacattcagecgtetacgtagecegegaagacgteaacgtgecatcageeattgoageccatgeggacagateagetgtgatagacatgeteatggatceocteaccgteazaggecacaccgtaccaagectagaacagetaaacgacg>892

* * * * * * * * * * * * * * *
1051>aggccgtgatactectcaccgeaggtaacgacaccacttcgaactegatgatettcagtctetatecaaatectgcaacaacatgtetgtatacaaaaccetatttcaggaactgcagggacactttcecteagtegaccageagateacct»>1200
893>aggccgtgatactcCLCacCgCaggtaacgacacCacttcgaactcgatgatcttcggtctctatcaaatctgc tgtctgtat CCTATTTCaga: tgc tttccctcagtogaccageagatcacct>1042
* ¥ ¥ * * ¥ ¥ * * ¥ ¥ * * ¥ ¥
12013 tatctagtgtgtaacccacctatcacctoogototgcgagtoaagotoaccacd: 1350
1043>acgaagaagcaaagcagotcoogtatots) taccato tottac cootot gtotoocacgot>1132
* - * * * - * * * - * * * - *
1351>tgatcccatcttecggttttcaactntacagtcaggacctgcctecgaaagtaagatggttecteaaccoaccttgcatoccacacagotgacgcaccaac tacatcgccctacctantcaategecat >1500

1133>tgatcceatettecggttttcaactntacggteaggacctgocteogass acgageatccatacategecctacetanteaategecateecageat>1229

* * * * * * * * * * * * * * *
1501>ctggga’ ttc tgacagatggct tt t tcttgcaaccttcaacaggggt: aatgtctcggcaaggagtgggtacactcctatcaaatcgecaggcttgtggea»-16350
1230>ctgggat gacttc Agat T T L tatCcttgcaaccttCaacaggggtgcgaggcaatgtctcggcaaggagtgggtacactcctatcaaatcgcaggcttgtggcar1379

1651>agattag>1657
1380>agattag>1386

Top: sol6 with intron; bottom: so/6 exon
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2ndFind

1ratg tactgag 160
1>ATGTTIGTCCCTABCARTATAGGCTGECTCETGCTGART TECGECCTTITTET TGCCTACTGEETTCTACTGECCATCTACCECCTICACT TCCACCCET TATCACGATATCGRGEACCARGEETAGCCECAGTGTCGARCTCATGETACGAGTGETATI>160

N * * B N N + * * N N
161>ggaattattatcteaacqgacaaatgatatttgagattcagagrttacacaagcaatacqgtaaactagaagccrgcttagagaccgcaca ccaggaccagtag 320
161>GGAATTATTATCTCAACGEACAAATEATATTTGAGAT TCAGAGGT TACACAAGCAATACH SACCGGTEETACGEATAGGCGTEARCGATCTCAGCATAGACGACCCTBAR> 270

* * * * * * * * * * * * * * * *
321 tecteatttotatega tega tec>480
271>GTCTATCAGGCGATGACCARRGTGAGCTCGGGCTTCACG. GATCCTCATTICTATCGATGCATCTCGTTTCCAGGAACGT CGATIGGAGAGACCGATCCCGCACAGAGTCGARTCCGTCGCARRGTGCTARCACCCGCTCTGICTIGGCACCCGAGTCC>430

* * * * * * * * * * * * * * * *
481> tca ttg 640
431 >ARGAGCTCGCCCCCGCGATCCTCCT CARGGTAGRACGECTACTARGAAGGETGEACCTCIGTGCACART CTGCARAGRCCATCTGCATCACCAGCGLTTGT GCACTTACCATGGATATCATCTCCARGATTGTICTCGGACGTGAGATTGGATGCAT>530

641 200
591>CCAAGAGCCCGACTICAG CAGTTTCATCGAGARCT TGARCGCAGCTITCGARRCGGEATGERTCGCAACTGCCT ICCCCAGET TAGCTACGCTCGCACTCIGEATGECTICGATGAGCGACTICTCGGTCATTCCTARTCCTCTTATCGATTTICAARST SO

* * * * * * * * * * * * * * * *
801>cgggtgaggceggatgoggetactoactoatagaccacategotaacaaca ttttegatecaca 960
T51>CG6G TGICGAGCCATCACCARGAGCTACCTGGAAGTTTTCGATCCACRT TCAGCCGT CTACGTAGCCCGCGRAGACGTCARCETGCCATCAGCCATTGCAGCCC>E56

% % * « « % % % * « « % % % « «
981>at gctgtgatagacatgcteatggat 2 gt t +; + gatactcet tegaactegatgatetteggtetetateaaats>1120
857>ATGCGEACAGATCAGCTGTGATAGRCATGCTCATGEATCCCCTCACCGTCARAGGCCACACCETACCARGCCTAGAACAGCT, CGACGAGGCCETGATACTCCTCACCGCAGGTARCGACACCACTTCGRACTCGATGATCTTCGGTCTCTATCARAT>10146

% % * % % * % % * % % % % % % %
11215ct: gtctgtat tttcaggaact: ttcccteagh . tccogtatctagtgtgt tat tcegotetgegagteaaget gteg>1280
1017>CTGCARCARCATGTCTGTATACARAACCCTATT TCAGGRAACTGCAGGEACACTTTCCCTCAGT TCACCT GCAGCTCCCGTATCTAGTGTGTAACCCACCTATCACCTCCGCTCTGCGAGTCARGCTCACCACGTCG>1176
% % * % % * % % * % % % % % % %
1281>tgtgt t tcttacgacteggt tctacctggtegtet tett tntacggt geet tggttccteaac ttgcatcccacacaget>1440

1177>TETETACAGACAGC TACCATCAA R GAGATCT TACEACTCEETACCCCTCTACCTGGTCATCTCCCACGCT TEATCCCATCTTCCGET T TTCAACTHT ACGET C A GACC T B0 T C G 1296

* * B N N N * * B N N * * * N N
1441>gac t tegecatcecageatctggga tt t: t + tt >1600
1297 C GG CAT CCATACAT CGCCCTACCTANTCAATCRCCATCCCAGCATCTGEEATARCCCARRCGACT TCARCCCTRACAGATRECTARGGAAGRATTCCCEAGACCTAGACAAGTATCT TGCAACCT TCARCAGH: I .1 432

* * B N N N * * B N N + * * N N
1601>tgtcteggeaaggagtgggtacactectatcaaat ttgtggcaagatiagtaa tgtctagtottge tctgggtettettegegaacttgtttegeeggtateatat + tatgcaatg>1760
T AATTGATGCGATETCTAGTCT TGCETGETGCARACTCTGEETCT ICT ICECGARCTTIGT T ICECCRETATCATATCARGACGCTACCAGCERATATGCARTG1535

* * B N N N * * B N N +
1761 atttgatcttggtamagtgagtatcogagtgacaatgtgegticgetgtacgggtactaagagaggcttaggtitgaggataacctyt t tag»1882
1536>BCEEGATTTEATCTTEETAAACT]S T TGAGGATARCCTSTGCRCARRGETTGAGAARAGGECEEATTAGS1602

Top: sol6 with intron; bottom: so/6 exon

2% 3CHR

1 Kasahara, K.; Miyamoto, T.; Fujimoto, T.; Oguri, H.; Tokiwano, T.; Oikawa, H.;
Ebizuka, Y.; Fujii, 1., Chembiochem 2010, 11 (9), 1245-1252.

2 Cha, J. Y.; Huang, Y.; Pettus, T. R. R., Angew. Chem. Int. Ed. 2009, 48 (50),
9519-9521.

3 Nawarathne, I. N.; Walker, K. D., J. Nat. Prod. 2010, 73, 151-159.
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I, DNA > —7 U AP REICERT L L eI, N TA T 4+~T
o4 7 AEBE LT, AEMT ) A RIS D R A BB T O RIEED
BAYE S, ZARIR IS & AEWTEMEZ BT 2 R OBEFR GRS AIREIZ 72 D DD
bbH, AWFETIL. A oryzae BFEFRBELRZMEHA L, RO BRAG I L,
BARF DHEREMRMT 21T > 72,

A. oryzae 15 E1E, 20 FF1Z EHiID BRI E B OBREMTICHW O TE 2
FRENH - Te D, EEGRE T E2 RIS L 723D 72 h o 7o, ABFETHW
5+ A oryzae NSAR1 (%, SRBERMED 4 EERKEK T, ZHOEBET-ZFIFFC
WHTE D, &EZAN, “IRRBIEMOEG KRBT % A. oryzae NSAR1 THE
FEREL L 72AN3 S . ITORICBW RS 2SNz D) thoRikEEE L
[FERIC, SRIREBEE T2 ELEES - FERTE 5200 ; 2) EROEIEMEIZ X
ST H A=V HZT 57 3) MiTEEER N RFERER IR L TIEL < B< A 4) L
MMz RTIChiz> T, LW, EREICKH L TEZETHRATE LD ; 5) [H
U7 mE—4 —CfE DB Z FRFFEELTE 20,

NG OBEERDY R 728, aphidicolin & solanapyrine C D &/E& K 21T
>72(K 51), TOFER, LTOL 212 Dz ERnbirolz; 1) A oryzae
NSAR1 /ZRIRE S/ 2 DNA HROBB 2B TE 5,2) HEOH HILEW
X, BIMCHEH T 22>, BIOILEWNCERT HZ LT, ¥A—VEMAD ; 3)
P450 DiELEEFES° PKS OFFRZIEMRER 70 &, MielR L8 E L X7 HIZ
xf L CRIEZ <HERET 5 34) TARUIZT TR R 72 A RIZbiA T,
(LA LR WTIETH D & L HIT, Aspergillus J& D> B imifx D KR H B
BFIcbEATE5(X 5-2);5) RL7YeE—4—Tiddbia td 4 DOEMLT
IZIRIFFRBLTE D 5 6) KIFHAZH WD Z & T, FICREZFHETE, IR
AR THEEEDHEMNT S 5 7) R 724 RRAHEDICS L TE, mEICE
LHEIISNEITT 52 b H 5D, TROBRERTFZEATIUL, BICE
M cEDE VWD, ZDE T, A oryzae NSAR1 % F 7= BAER TR,
WHMERE . AEARIZH LW R R a L L 700 2 5, £7-, &
ARFHEERICS T 7 BEATE, RAWEBGE~EZEBmT 2B THEHREET
» D,
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OH

IDP )\/\opp GGDP 7 1

synthase cyclase monooxygenase
—_—- — -
FDP ~~Ttopp PPGGS PbACS H PbP450-2

|
OH OH aphidicolin

polyketide synthase  OH

Sol1 O-methyltransferase
i i ﬁ/\/\/\/\/\ 2 g !
)I‘scm / 070" ~F PNF T 0o N F ANF

7 x malonyl-CoA CH,0H
1 x SAM
X Pa50 O OCHs oxidase | ©
Sol6 o= Sol5
- e e
N

H H
solanapyrone A solanapyrone C

5-1. aphidicolin ¥ J U" solanapyrone C ™ 4= A il f%

Orbilomycetes

Pezizomycetes (Pezizales
Lecanoromycetes
Eurctiomycetes Aspergillus oryzoe

Lichinomycetes Taralomyces stipitatus

Leotiomyceta’ Geoglossaceae
Lectiomycetes

Sordariomycetes Chaetomium globosum
Laboulbeniomycetes Beauveria bassiana
Dothideomycetes Phoma betae

Arthoniomycetes Alternaria solani
. m |_ahmiales

e

- 7= Medeolariales

= 7= Triblidiales

5-2. SRIREE O RGRHENT

AR TIL, WAL L7 RIRE s O BERBEL V., EHER KL
KIRW DA RS (2 DU CEn L A2 1572, eytochalasin & KA 1L. PKS-NRPS
IZHE ST 8RR 5 . Diels-Alder i Z#8H L CAERRT 2 L HEHI ST
WIS P ) T VR DREEREE I OV TTUT 2 D ORE MRS ST,
Thbb, BraxZ T TPKS 2ol 7Zsih, TATk REleoToth,
Knoevenagel il K-> TR U /U 2T 588K & . Dieckmann E{bIZ X
STPRS/2 60 23 B kT nrn ) ) AT oK TH D,
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AHFFETIE, cytochalasin E @ PKS-NRPS & ER % A. oryzae NSAR1 CHJf&E
FHE L, PHEUZERPREEN S DICETEZ T bEW 18 L=, 2O
EEREEL B 2D, BRENOOYID LIRS T T 2 RRE A 24 T
HbHENZD, FIEFIZ, Knoevenagel SUNIBIOBERZDMbIET 5 Z & HHBH L
Too WIZV ) 7 4 WML OMHEZE L | i< Diels-Alder SIS & il 9~ 2 B3 4 fFe
ET B2, cytochalasin 2 KW OHEELE G HRBRLR T2 7 AX —ITEm < RAF
SN TWDEERERI Z v /X7 & CesF ORSBEMNT &2 Mgt L=, & OfEHE,
PKS-NRPS/ o435 707 & RliX CesF DREIT /2 B0 2 LB L=,
Z 3z £ V. Knoevenagel i & Diels-Alder i % it~ 2 B35 1351 & 12 1F
FEL, BEOMIELEDLETELRTHZ LT, BiFEIE CesE (2 X » TS5
AlRetEA L L 72 (K 5-3),

990090RPD -,

)ZO @ -[}'RT 0=S\_/ HE rOUteA

CcsE

—_— \© (a/p hydralase)
4.. R A
U NAD(P - -H,0
CoA-S OH =0  __H .0 A=) TN
7 Malonyl-CoA @\I
3 S-adenosylmethionine

phenylalanine
over reduction by host ¢

S i

N [o]

alcohol 13 H

i,0

CcsD (P450) ,
H ] or R
CcsG (P450) H .
HN-; 0. 0.~ ° Xz o
0 11; 'bH e O HN'C—,] 0.0 ~
cytochalasin E

5-3. cytochalasin E D E A= G iR

AR AMIFE Tl nonadride R KM DA bR 2 i3 5 72
phomoidride D24 A K& f#iFt L7-, nonadride S2A KAWL, 9 BERICHRET 5
20K~ LA UIBEEA A L TRBY, WAEGHMBT NG, ZOAGHKIZIE
ok~ LA VRE D FRSF ) ~—0 BB+ 5 L HEE STz,
Z LT, 20/ ~—IFF Y afiiels LONENROMAEIZ L > TERT L Z
& 73 Sulicowski X Sutherland & ORI AAEERE S 2V 72 BIBRAAR D HL Y A FEhRk X
STHFFIN TV, ZELOWEIT, 3 SO V—7RNENEN T L
/) ~ — O RNAREERAR 2 OB IABFEBR A AT o 7o hy . A& CEBRE R 250
B CX 2 "B b IR S v T e o 7o, & 2 CAFZE Tl phomoidride
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DEGHELRFERE L, £/ v —DEGHEME & —BIZHOWTHRETT 2 2
Lz, MIIZ, TAFNV7 o BRHOARKRRESZEIL, B/ ~v—D%E

BRI T 28E T2 TR L, T70bb, Aol s PKS (285§ Lo
RU A A R BB, CSRT IV R—/VRSZ il U, S o8 0 Hd, #
D% MCD DRSS % il U, k< LA AL 25T 5, LirL, 2

AUE TIZ nonadride ;2R KM DAEERBIR 7 7 A2 —I3FFE I N TR
72 % ZC. phomoidride £ Phoma sp. (ATCC74256) D/ 7 2 DNA % fif
MrL. TREAEESRKRIZESWT PKS & CS, MCD 2Ar# L CWA 87 7
AL —H R LTz, TR, phi 7 T AX—%3 A L, 16 DEMLT phiA
(PKS). phil MCD). phiJ(CS)% A.oryzae NSAR1 TEMEFRIH L 7-, ELH
RO EY Z fRAT L 72 & Z A phomoidride B / <~ — DR FRIK 15 2157~
ZOZ NG, L LIzEIs 2 7 A X —7) phomoidride DA A A EI 53
HTk 75§¥IJED% L7c, [FIRFIC, K~ LA VBE L FF LB DO EAER T

7T AR — i-—&ﬁ&mﬂﬁ&xﬁmii@ﬁwCSLﬁﬂw%%kém ZD
JEIZ i, MCD%&UPKSﬂffLTV% Lo Tl, WIZ, ZOHA
R\, T stipitatus DY R FICIRD phi 7 7 A %2 — EMEMEO mWER T
JTAR =% ) b A= T LT E L LTz tst 7 7 A X —D tstA (PKS),

tst (CS), tstI MCD)% BFEFBL L, RFEMOMELZIRELIZEZ A, 50
N b &L, 1BRIC Y phiA, phil, phiJ % B3 U7 & [F CAERPED 156
Tholc, TOZ LD, tst 7 7 AKX —|% phomoidride & {El7-FfEKpH — &
BEEGHRT D EEZBND,

AR BB IS FEBL U TR I L D b D2, EOMINEREEIZ X 2 6 DI
Thollo®, tst BLW tstl %= KWGHE CTHIL L, In vitro E5r %17 7=, B
KYHE 7 ~—D CS B L UIMCD Z KGE CIEMHRER L7plldmE s Tk b
9. JEMIE CoA = AT )V EE & L THIHTE 572, CS & MCD Oiife i
IZBIRNATREDN & W o T BEE DY B o 7o, TEMRBROFE S, Tstd 38 L O Tstl 13,
#HE 12, 10, £ L T8 OARfaFfENfE CoA = AT VA FE L L TEH L, M
IREEHTDE ) ~—%HER LTz, 76> T, Tstd ATV afifg s D7 /v F—IL X
JSDEE, 7 T UBREREER IR . o TERL y Lo T e F &R &k
ST ETCRISEMBIS D Z EnXFani, £, Zhickv, ZEkoED
FEDPBREE L 2WE ) ~—Th v, PUREBITEEERICEME T TIFAETITS W
et 753%375)0 776

—J ., ZEALICHARARRIRS S AR 0E ) v — BRI b B ST
W5, A. mgerFH X-213 |, asperanhydride Z AT 5 Z EBHIHIL TN D
Ziud, PKS T < | MR A REESR FAS IC X o TAEGKREN D E B2 B
oo TNETOMAERE X, 7 DOHKOBLFIEREMIT LT Z A,
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CS & MCD D82 FAS WF1ET 5D anh 7 T A X —%&%F R L=, ZDOEGT
7 T AL = MBI IR BTG & 2 R 720 /) ~ — O BRI 22 AR A RGBS
FITAZ—ToHDHIEERIET D72, 2@ Anhd & Anhl % KIGEBELR T
DOIEFERARZITo7-, ZhbZa— NI 5814, —H A oryzaeNSAR1 T
BFERBL L7, cDNAZFHH L, KGEFBHORY 2 —ITHAAATE,
FUT7- 2 b ORER AN T X OV EaffE iR CoA = AT VA B & L
THIMLIZE Z A, 1K 8 & 10 DIENIER CoA = AT /WIZIRB W TAF ¥ 1 i
E DA NHER ST, ZHIC XY, anh 7 7 A% —[% asperanhydride D45
BUCBG L Tnd Ebholz, £D ] Anhd 1T, oD 71 b 721 TR,
yPMDOT v b B EHRIT.0AA L DTV R— UGS E it T & 5 L HIF L7z,

AR AT T ;’CZE(KEFEK%EE‘J@EFE%%’i’ﬁ%“é L7, Thbb, &
Kb A VBRICIE LA fafifEa 2 b o/ v —A L, ZOMKBAE BB X
NCEEZEZDHZLETHLWDDHREARYE — BRKRKIRY O A SR 2T X
5o ZDO X DHIT, Invivo LW in vitro DWFEH 5, Sulikowski © DA T
RIS TWRNSTCE ) ~—DEAEIENE, MRBOZ A 7, ZEki
WIZOWTHAAE2 2D Z &nTE (K5-4),

in vitro EFp %0 LT, BREET HRIOE ) v~ —DNFEEFPDE L TR LN
ED, BREEZ D ZBACROSITBE 7 7 A2 =25 £ 5 B OB D il
FarlEzons, LinL, BREE Btz —DOOEERIAEET 2 80
X, BH%OBIIEIC L > TN D LR S LD,

M_T:@@@? PhiJ Phil

TSTF TstG
S): PhiA (PKS) S Houc (MCD Oyz0 byhost
2
HO, cJ'k/COZ"| 0,H HZO cozH
5x Malonyl-CoA
Ry = NN decarboxylated
monomer 15

dimerization
oxidation
cyclization
—_— -
—_—
in vivo
o) Tstd fo) Tstl o in vitro
. . Tstd, I: C,=C;3 Ry = CH5(CH,),CH.
> R AnhJ :_R Anhl «. R 2=C3 Ry 5(CH2)2CH;
COASJJ\/\/ 2 (CS) HO 2 (MCD) N2 = CHy(CHy)4CHs
o HO COH o I com = CHy(CHa)sCHy
HOZC\)LCQZ & OH AnhJ, I: Ry = CHy(CH,),CHs
= CHy(CH,),CH;

5-4. in vivo B L in vitro EBRIC L » TR I LT-F ) ~— DES st
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WEEAT I HT- 0 . KA TS ZHifEA 15 0 £ U772 LS KRB B T
et ASOSTRITIEE R KINERKEAIZ O RV E#H - LET, BHAk
WRLZRFIZITEE L SFRE L, FRIZIMEE <N 2B LT, BB DKL
FaRETH5Z 0 HkE L-, Z 2T LIZREBRIZSHE DO NAETH KWNIZ
B> TN EREEL TRV £7°,

BRSO R R KRR, AL FORS 2 H 2 TWiere
Wiz &SR, FEFICA e 2V < O b TV I2W T2 BT TRAO
FERIME L7 Z & 2D K0 Wz UL,

HHEROCTRT e =B MEEREAICIL, REFEER TS, ZHE2B
F L7, 2 ZITEET T LR,

JeHEE KRR LA ebe IR L e E 2% KRIBUEEIIE. &
YOREFE L L TCEHEERIERZGD LT, FESCV VAT TLRYE
THITHE2 WP W2 Ll L0 EEh - L xS,

HAL KRB P ZERE O R B B Z 213, BE OO T 2 —D
WEICOWTEBIMERICR Y £ L, 2 I EEIN - LET,

B E E 2Rt L TS o7, R KRFERFEPLRFAMGEEER, LA
O Z #FHfzE L Wsolanapyrone G kR B D7 7 A RERHIEL T EE 5
7o, BFERRFIFE, BB LET,

ASCTERRICH T2 FEZBE L LTE O IWEZTAE £ Lo, SWARFREAIR,
B R ERFEARITITIR EHWTZ L £

HREFOSFRT e ORI, A2 DEFEOR TCREBHEEICRAD L, 2
% AVl D=3

BT, BT L BICEZ TS o, FEOEHEIZLNOFEHFN-LE
7
20154 3 H
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