. HOKKAIDO UNIVERSITY

Title BREMENT TO—FICLZRREERERITIVRYDT ) LA ZV T
Author (s) FXH, BiF
Degree Grantor biEEKE
Degree Name Bt (EF)

Dissertation Number FA&132395

Issue Date 2018-03-22
DOI https://doi.org/10.14943/doctoral. k13239
Doc URL https://hdl. handle.net/2115/70103
Type doctoral thesis
File Information Koji Narita.pdf

kaid
e U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




ARAEY) T 7 a—F N L AR SR
T REZTNRDTF ) A =T

AbHEE R KRR AL ARSOSHHITIEE
i Bl ]
2018 4F  [H 15w






H &

R pl
-1, KRR SEDAEWIEYET V) A4 R
-2, THEEREMET LU BLEEE O BREREBIC LAY ) A~ = T

13 HRRENET LU BREEER OMRERNTIC L DR A Z T A D ) A~ =T p8
1-1. “REREMET M~ BRALEE SR O SRFASHIEAT
1-2. EERRE R & B4
1-2-1. 7 b— REEERE 72T U B UEESE OFSRERENT
1-2-2. i A & T N~ OHEE B
1-2-3. NfSS 1) 2 248 FiE AR
1-3. 7 L— RN AICRT 2 “BERMEERILBERIZ OV T DELE
1-4.1EDE &0

2% TNV BRGERDERUEMIZ X D AMIETER IR OBEFEHIE B p 38
2-1. TR A RAEGRICE T DEMFRRRT
2-2. EERFER &L B5-7 L — N A HERER(LIKOBR L&
2-2-1. terpestacin E & GEIR 7 T A ¥ — OREHEMAT
2-2-2. terpestacin DOHEE A=A RS
2-2-3. betaestacin A B GBI T2 T A ¥ — OFERERFAT
2-3. EBRAE IR & 552 -ophiobolin JE&AL &) D A& R ST
2-3-1. ophiobolin ¥8fx{L. &%)
2-8-2. Aspergillus clavatus B RAE Al SRR T OFEREMAT
2-3-3. Bipolaris maydis, Emericella variecolor HAEfi#E &5 T OFEHEREAT
2-3-4. OblB DHETE St Hn
2-3-5. OblCac (7 7 B AR IR F)IC K D 6 OHEE A5 R
2-3-6. ObID (T > AR—ZF NI DN TDHEL
24.2EDELD

3E  FEERES p 81
3-1. General
3-2. Strains and culture condition
3-3. Preparation of genomic DNA (gDNA) and complementary DNA (cDNA)
3-4. Cloning and plasmids construction
3-4-1. Construction of A. oryzae expression plasmids harboring 0b/ genes
3-4-2. Construction of A. oryzae expression plasmids harboring biosynthetic genes of

sesterterpenoids



3-4-3. Construction of £. coli expression plasmids harboring spliced Bm7TS genes
3-4-4. Construction of Z. coli expression plasmids harboring mutated N£SS genes
3-5. Fungal transformation
3-6. Isolation and analysis of the metabolites
3-6-1. Isolation and analysis of ophiobolins
3-6-2. Isolation and analysis of Bm1, Bm3, and Pb1 from AO-transformants
3-6-3. Isolation and analysis of Bm1, Bm2, and Bm3 from £. coli transformants
3-6-4. Isolation and analysis of metabolites from EC-N£SS (mutants)
3-6-5. Isolation and analysis of terpestacins and betaestacins
3-7. Chemical conversion of metabolites
3-7-1. Chemical conversion of ophiobolines
3-7-2. Chemical conversion of sesterterpenes

3-7-3. Chemical conversion of preterpestacin III

“



FrE

Fr-1. RIRHDRODEWIEET V<) A K

TN NTHEDOWAEMI K> THAEEN D FE R “IRRFEM OO L S TH D, BlEE TIZ
BEE 4 THEELOTNA_UPEHRRANOHBES L TRV 12, 2O} RITEMHkTH D &
WO TN D, WS ONOREFZ Fig. 1-1ISRLTEY , ZOFEIIER T2 L, HIRA
BR % 5 D RHE e ZER M B RS L) LR SR B REZE DN IS A SN M2 = o2 o 2
ERDND, ZTNOHOFITITBEEREVIEEZ R T LORBEZ< ML TEY, EICEREMLE L
THIHEINTWD, #lziE, 1972 4FEI27 Y =2 VoL HBES LT artemisinin (3~ 7 U 7 I12%}
T ORI LTHRBMICAVW G, BRETH D Tuld 2015 412/ —~VAERY - BYEEEZS
B L3, £o, ZAA I TATFA ORI D BB S 7o taxol I XEEK FIHUEAI & LRI S
TWBIED, FWFRIVE T D gibberellin (3ffi7e L7 R UAEHOREHREAIE L THO LR
TS, ZOD LI ISR FEE MR A2 RS 2 LD < OILFEE DRI &
DIEHULE E L THEE LTE 2, L LR, —MRICHEME S O KR &AL 6 i it
%ﬁéik@ﬁ%?%w\Mml@4?4@%%%%%6@%&Liofﬁﬁéhfwéo*ﬁ\
i 7 U7 TH S artesunate (ZBI L TITEFRHC X 5 ATBRIADIEREERE AR L7 B A
0 REMFEDFTREIC IR o726, ZD X ) RAEGHZTER L7z FIEIRARY O BERIHHG T W TEHE
NThHDEBZLI, EOTDITIIER L 725 R OEE R OMPANEETH D,

OH @y

Bt

H tooH HO™"
. |
artemisinin gibberellin Az OH  aphidicolin
(antimalarial activity) (plant hormone) (inhibitor of DNA replication)

fusicoccin A ophiobolin A
(antitumor activity) (activation of proton-ATPase) (antitumor activity)

Fig. 1 KIRHCROEMIELET V) A R

TR DAL AL, TIOEHBEE L BRILEM O _BRICEN S D (Fig. 2), £7. &
RN BICAFET ADIRER b DA VY FLra=y N ThiA VR TF= L) L (IPP)B
FOVAFAT UL Y VER(DMAPP) 2 E & LT, 7 L = VIR RESFR I X - THUIRATERAD
B END, 7 7 VR ) UEE(EFEPP) A REER X FIE T R TOAEWRE O — RGBT IR F S
nNTnsolizxtL, 77 =177 =10 VEGGPP)R°T 7 = /L7 7 L3V ) U EE(GFPP)
DERITIZ FPP 05 & HIZIKRBMHEMET H7200 7 L= VERBEEZ N LE TH 5, Z Ok



[ZBWTIPP OEFEAEDIEN & » TRFHELHIE S TR Y | RFEH 10, 15, 20, 25,30 DT
NARNIENENTE ) TR BFAFT AN UT AR FREZ TR R TRy
LN D, FeWTERILBERIC L > TERREMEDN R S L, BERABESh D, ZoRk
BRI S EAEIE DENZ LV class T & class ITICHFE S, B CTlE U U EEOBIEEC X - T4
CTeINVRAF A o afim s UTRIBRISPEIT L, % CIIEHEGO T 1 b baifas L
TEBRALDHEIT T 57, Bl 2134 FAI2BT 5 taxol DAEAK TIE, class I (BT 5 ER(LEEE TXS
NE Y B Z OV T L taxadiene & 5- % 58(Fig. 3), — 7. A R IZH S 5 gibberellin
AT class IT & class I OBALEER D ERAICE Z & TT T X VRIFsE OV T L~
entkaurene % 52 59Fig. 3), £7=. N7 T U T nbH b entkaurene DR T 7 X LM UT )L
ARUA RIS B oo TV A, cyclooctat-9-en-7-ol A k%3 CotB2 (class I) 117 & DFERE
ENT IS STV b (Fig 4), SRIRED S I1d® 2% 7 /12 aristolochene % 5 x % Bg{b 43
(class I) 1252, <7 /LX> aphidicolan-16B-0l % 5- 2 % AbACS (class I, I ®/~A 7' U » R) 187
ENFRE SN TV 5 (Fig. 5),
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AR U7 BRABIRIE, T2 OEMiER B TIC L > THA RERENEAIND Z & TRAYMN
ALEREND, FlZIE, 1997-2008 20T T gibberellin A& B 5112 BI3 2 HFZE D S O AF
I N =TI Lo TIThiL, M ERIRE L TEENENE R 2BILEMBEEICL > T
gibberellin A IV TWND Z ERHL NI EINT-14, T2, 2011 FITIT YRR DOFEREIC K
> THIE B R BLRIZ X 5 aphidicolin 2B KT 7 A X —DRIENR S WD T NS
SR S 7215, Fo, filfA XV AT N—T B I OYHEED LR 51 L > THH
kD 7 L~ pleuromutilin DEE GBI 7 T A # — O[RIE BEREFENT 23 T i1 721617(Fig.
6)e ZDXITT N Doy X OVEMIEIEDZARNET, IRFBHESCBRILE, BhEiko
N — g A2k TEETWS,

Ple4
(GGPP Ple3 :W Ple3
FPP synthase) (class 1l Kt (class 1
cyclase) cyclase) .9
|PP

Ple5 l Ple6
(P450) l(P450)

Ple7
I — (dehydrogenase
: Ireductase)

pleuromutilin

Fig. 6 pleuromutilin &4 & iR

ANROBEY | T AT DOW T B HEFEEI L O E AR 2 5 A S R D255
DR SN TOWD BN DI N’ b b E STV D, —J, REBEKRDOEARAZ TR & LT
IZ ophiobolin X° terpestacin, retigeranic acid, mangicol 72 & 2 =— 7 2 ZRMEFHKEZHTHH O
NHEEX LTV D B0 D1819(Fig. 7). #£1R ™ ophiobolin F A kl##E 71 2013 2 A SN 5 £ T,
IS DAL 5 BREEFR I L OMEMIBESR IC OV TIIBRRERAT G123 22 v o Te, 202 8
NS, TR A RO THERZ T AR DEGEMRITFHCENTHLONRBRTH L &
Ao

H
Hd" ophiobolin A terpestacin retigeranic acid A

mangicol A
OH

Fig. 7 RARHRDE 2 Z T /L2 D



FF-2. HBREMET VAR UBRAEBER ORI L DT ) A~ A =0T

—IZ, TN A RORFBEEEEER IO T L = VR RS & B LBER I30 4 1217
FELTWD, LNLAR G, DDA Le ZHREET LU BREBER BT FE R 2o TV D,
2007 AT RF DB « 24 51, SR/ E Phomopsis amygdali 7> & 591D —HEREMEER L5
PaFS #[AlE L7220, AEEFIZFPP & IPP 238 & LC, CRMMDO T L=Vl KA A &
N KMl OB R A A O NRFBEHOME LB EZ —ZRIMEST 22 L TYT AR THD
fusicocca-2,10-diene % 449 5 (Fig. 8), PaFS 1T X #f &t birbn Tk, X512
Z DEBRAVBEREZ SOW TR RIS I E 2 F\N 72 1n vitro ﬁ%ﬂ: X 05z & h-22(Fig. 9),
F9, class [ OB LEER S MHFMEZ R TERIL B A1 2L 0, BRALATBMA GGPP 726 U U EEH
BT 5 Z & CHNARITFAUBEL D, KNT 1-11 u 10-14 AL CERALSE D EIT L, 11-5
BRZbOTHIK A DRI ND, T DOBRAKIBEENINED DNVARDF A DAL Z#ED KL, 2-6
S OB kI L > T 5-8-5 B¥% D fusicocca-2,10-diene 234 %4 5,

DDVTD DDFQD
(92-96) (474-478)
1 VYV 334!335\/ 719

N—] TC I PT —cC
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”\(/K/;
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+ (PT domain) (TC domain)
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PP GGPP fusicocca-2,10-
(C20) diene

Fig. 8 fusicocca-2,10-diene A& k4% (PaFS)
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Fig. 9 PaFS |Z L % fusicocca-2,10-diene & it



S BT, 2009 FEIIZF 7 =TI Lo TRERI R IUBEME B 2 5OV T X Th D
phomopsene % 5 -2 5 PaPS N R X723, & DO USEREIZ OV TE T~ O 7 L — 712 &
o CIRINARRE R ATBA AR 2 W T2 3R 72 T 23T TR 0 . PaFS &[RRI TR A 248 CIUSR
PEBHPREE SN D Z LA LM EN-24(Fig. 10), £7-, YAFFEEO T, H 5% PaFS Ok
E0 S ERERE U CHBERBRE AW =S ) A~ A = 7 &4T0, Aspergillus clavatus, Neosartorya
fischeri 22 5 Z N EHRFEE 25 @ ophiobolin F, sesterfisherol 5 2 5 AcOS25, NfSS26% HLH L
oo AcOSITEAFZ TGRSR E L CIHRPIOREETH Y . PaFS & [FABRICHEE A %
P LT 5-8-5 BB B 5225 LHEE Sz, ZHUx LT NESS (301 15-56 BERE K 2P
L, ZDt% 586 BERZIBKIEKRT 5 2 & THURMEEHKZ 5 25 &0 ) SOCHE RS S vz
(Fig. 10), ZNHDFALIRE, 77 A~ A =2 712X D BEREME V12 A 2 7 L B LEER Ofif
B EHRITIThN TV 5, HELRFEOWIZE 7 )L — 71X Emericella variecolor, Penicillium B 75 5
T “HEREMEER (LR (EvAS?2T, EvSS28, PvPS3t, EvVS29, EvQS30, PbSS3) B LU En b D E 2 5
FHA R (astellifadiene, stellate-2,6,19-triene, variediene, quannulatene,
sesterbrasiliatriene) % Hf5 L 7= (Fig. 11),

®
PaFS
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————
/ B
i A h ; hiobolin F
GGPP orGFPP P 0?532?9"0 HO® Op (lgzg)m

®
— — H
N I niss A . ;
| _— _— H ‘.
/ / — )
OPP

sesterfisherol
GFPP (C25)

Fig. 10 PaFS, AcOS, NfSS O Bttt

astellifadiene stellata-2,6,19-triene preasperterpenoid A variediene sesterbrasiliatriene quiannulatene
(C25, EVAS, (C25, EvSS, (C25, PvPS, (C20, EvVS, (C25, PbSS, (C25, EvQS,
clade B) clade B) clade B) clade C) clade E) clade F)

Fig. 11 E. variecolor, P. brasilianum 13k —#§rEMEBRLEE SR 35 L OVE DAL

LIEDRERING . MR EEER T, TRBRZGLEKL=— I RERWEEKE 525
Z L& BEREFRIT I DOV I N A X TR B B2 D 2 ERMIfES L. HTRT VN A RIERREAT
O ETIHFITHEIINREN T D LB OGN, £2C 1 ®ETIE, KRRES 7 & LIRS 16
D HEREMEBR LR A PRR L, ENARGIRB I D Z LICK OV MBEEREEZITH 2L (F ) A~
A= 7)ERE Lo, 522 TR, B L2 LIRS X 2 BEMES J OB RIA
Wy D BT FE B kAT,
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1E BT AURILEROBEFRITIC K AFRERA I TARU DT ) b~ =0T

1-1. “HSREMET VAU BRI SR O SRR AT

FFEIC TR . R T VAR UBREBER X T AR R A X T AR ERRRKIZB N
THEL R DR Th D, HIMBBUT XV R R ZBRIEF NS DN D 80, ORILAERY N
BHE IR ISR A T RN G FIH R R BT 2/ BN Th D, £z, BIICEEL
FDPISRDELNE AL T NRCFRIZEBW T, TORBEBA E D X 5 Ichlfl S Tnd0h
IZOWTHREBBENFF 2N D, ZHIUCK L TEEMZRMAERL7-DI12%, L0 %< 0R{bE
FITOW TR BRI 217 5 WD D D,

) h=A = T OEREIF ERET D208, AR ) AT — 2 _R—Z FICBRES R TW
2 AR HOR DOBEREARFN “BEREVET LU B bR 2 114 TR L, 2D DER{L R A A 2D
W TCRABHENT 21T > 72 (Fig. 1-1), TORER, 7 L— K A~F 2SN, FRcZ L—RA B
EEROBLE 50%% 55 EHER T L— RKTHDH I ERNbnotz, BEITHEREMNT 1T DIV 8R
fLiEEZ D 5 5 PaFS, PaPS, AcOS @ 3fiZ7 L— RFBIZ, NfSSIIZ7 L —FAIZBLTWAL
Fo. EFEERKFOMIE T V— 71 K o THREMRNT A3 T4z EvAS, EvSS 1Z7 L— | B,
EvWS %7 L—F C., EvQS (37 L' — R F 2B L T\ 52345(Fig. 1-2), W ERLFx / adDt AXT
NRUBACERICBW T, 7R BEELSIFRE & BRALEERE & OBEMENER ST D Z
56, 7 L— R BIZET D BRILEESE OBRILEREICE R L& 2 A, ZNEhAIR ORI 1EE
LTEY ., BREABRAED 163z T3HB L 4 BBHO HEHEEGD 1 B H OBRIERICE S L
TW5Z NP5 (Fig. 1-3, Type B)y ZHIZK L, 7 L—FA BT 5 NfSS OBA1E 4 %A
L5 FEHDO _EEA DD OBRIZE LG LTV AH(Fig. 1-3, Type A), ZDZ &b, FEREMESR
LR DB R AL ZBWTH, 7 X/ BESI ORI & B IR & 5 D Tl
W E RIS, ZOMBIZOWTIINRD Z X, B O HIBEIEERE I DV TR 72 BRAE
#1585 ETEHETHLI EZ X LN,

Z 2T, HEREMENTHI NISS D 1 oA Th HEH /7 L— RAICERL, ZHZBT 581k
FEFRIZ OV TR BRERIT 217 5 2 & & L7z, 114 FEOEA R 1D 9 . Bipolaris maydis C5
FRD 7 7 B B3 R S - i fn+ 73 4 ffi(ophiobolin F A i%l%3% OblApm & & 5 & 3 5 f)F4E L
THEY, ZON3FEMBMTSL, 2,387 L—FAZ, BmTS4 37 L— KK CIZBL Tz, b
DAL R A A 250V TC, BmTS1, 2, 3 1L NfSS & 30%LL_ LR (dentity) 27~ L7=DIZx L.
AcOS & OFEFIMIE 30% KM TH D Z LD, 30% & W I MFEMENR 7 L— ROEREZED D LT
O & OOHIWTEEREIZ 72 2 DTl E & 2 5415 (Table 1-1), B. maydis @ X 912 5 Ll EOBR
{LEEZ A O RREIZEZ L L, i b T\ b Dl Emericella variecolor O & Tdh %, E.
variecolor ® & OB LR EvAS (7 L— R B), EvVS (7 L— R Q)2 Kid & TR 24 % 5 2
TV Z b, BmTSL, 2, 3, 4 6 b ENEIVHT-RAEMD BT OND EHfF SNz, Zh
OAKER L U CHEREMT 24T 5 Z & & L7z, F7=. Phoma betae PS-13 #kf3kd PbTS £, 7 L — K
AIZBLTEY ., YWERED LHEIZ L > TEOMREMEIT 3T, RFETIX PbTS (2T 55
B L OB IO T H I CERET .
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astellifadiene stellata-2,6,19-triene variediene quiannulatene
C25 C25 C20 C25
(EVAS, clade B) (EvSS, clade B) (EvVS, clade C) (EvQs, clade F)

Fig. 1-2 E. variecolor H3k DL (EvAS, EvSS, EvVS, EvQS) 3 5- % 5 A4

Type A

®
PaFS R
AcOS i H
- — .,
CA-lll-Iv y

né® ophiobolin F

GGPP orGFPP fusicoccadiene

Fig.1-3 7 L — N A, B OBR{LEERIZEIT D415 OER{bEL

gene BmTS1 BmTS2 BmTS3 PbTS PaFs PaPS
identity/similarity

(%) with AcOS 23/58 26/56 26/57 22/55 39/65 33/64
identity/similarity

(%) with NfSS 38/68 39/71 38/68 30/62 25/58 24/54

Table 1-1. 7 L — K A, B (Z2J8 7 2 BR(LEEE OFA R i
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1-2. FEBRE R & B4

F9. B EMERBRZFN L CERB IS OWRRIT 21T > 72, B. maydis C5 £, P, betae
PS-13 62 Ei BmTS1L2,3, 48 XN PbTS = nEhsa—=27 L, BBEHAX7 % —
BmTS1/2pUARA2, BmTS3/4pUSA2, PbTSpTAex3 Z il L7z, Zh &M\ T 4 EREIRHRIA
AO-BmTS1/2/5/4 % L OB IR AO-PhTS A5 L, KEFRIC L » TEH L7 e % iR
BrL7z, GC-MS Zo#r DfER. AO-BmTS1/2/3/4 15 1% 3 SOF -2 AR S, b
%Z Bm1, Bm2, Bm3 & L7=(Fig. 1-4), AO-PbTS 1513 1 SO -2 A MR S, vk
Pbl & L7-, Bml, Bm2, Pbl ¥ m/z 340 THIHI 4. HR-MS 72543+ % CasHao EIRE L,
Bm3 % m/z 358 THIHI 4L, HR-MS 754551 %& CasHaeO & iRE L7=(Fig. 1-5), JEEHRHAA
DREEARIZ IV, Bml, Bm3, Pbl ZZ 4L kEH 1 kg 72V 40 mg, 2.5 mg, 14 mg HiffE L
72(Fig. 1-6), Bm2 OAFERITI T METH 722 & D, AO-BmTS1/2/5/4 7> 5 X BB T & 22y
-7,

eV T AO-BmTS1/2/3/4 123 T E DB 3

DB ZEFE L TWA DS 5720, % e e )

. . B 2% % AO-WT
NENKIGHEBBRIC LD EEMEREZITo T2, m/z 340
AO-BmTS1/2/3/4 7>5 4 RNA ZHiH L, ¢cDNA ~ e g
WHEE9 252 LT BmTSI, 2, 3OxTXx Y S| % J\ AO-BmTS1234
mELE, 206 ZHAWVWTERIEH ST XA IR )

BmTS1pColdl, BmTS2pColdl, Bm7TS3pColdl
X EThMBR L, KBERIR EC-BmTS],
EC-BmTS2, EC-BmTS3 % ##%55 L7-(Fig. 1-7), %

m/z 358

e

\Aﬁ m/z 340

k AO-BmTS1234

SR A BRI T CHe L B0 A L Pol— AO-PbTS
FRHTEM % GO-MS |2k > THHF L& = 5, miz 349
EC-BmTS1 7% Bm1l %, EC-BmTS2 7 Bm2 %, EC-WT
EC-BmTS3 7 Bm3 %A LT\ 5 2 & 23R m/z 340
ni=(Fig.1-4), ZHIC kY | KBET L AR L %

IS5 Z LN TE, 52 EC-BmTS2 D K& K ric/:z-ir:()TSl
BRI X 9.6 L2265 Bm2 % 1.2 mg BT 5 -~

ZEITEPILE, Zhun 4 FEOERMIZONWT,

NMR (2 % % HEHRHT %17 o 7= (Table 1-2), L iy

EC-BmTS3
m/z 358

T .
1dn [ 170 190 4o 190 min

Fig. 1-4 BRALEEREIURRORHEW D GC-MS 437
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%
1004

Bm1l so 161
176 325
204 340
189
0. L qu T A M T .
50 100 150 200 250 300 350 miz
Y
100] %
5
Bm2 s0
295 340
o o o o s Ty | Lo
50 100 150 . 200 250 300 350 miz

149
358

0’ |.mﬁjﬂm tﬁf%ﬂﬁ Eﬁ} w ZQEEQH 235 2%q‘ 355 340 i | 369

50 100 150 200 250 300 350 m/z
%

100+ 105
Pbl B0 81 118 e
55 6o 133 147
173 201

0 |||. ‘h ||||. L 238241 e ZE\'? 375 BTU 355

50 100 150 200 250 300 350 m/z

Fig. 1-5 BR{b{ED GC-MS A~7 kL

sesterfisherol

Fig. 1-6 #FHBR(LAKY I K O sesterfisherol Db A



kDa

250

150
100

75

50

M

EC-WT EC-BmTS1 EC-BmTS3 EC-BmTS2
A r A \ A \ A

1 2 3 4 5 6 7 8

1, 3,5, 7 AIEVERISY 2,4, 6,8 NEMEES)

Fig. 1-7 K5 SR SR Gl i o SDS-PAGE 4347
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Table 1-2 NMR spectral data of novel sesterterpenes

CeD¢ Bmi1 CeD¢ Bm3 CeD¢ Pb1 C¢D¢ epoxy-Bm2
dc Oy (multiplicity, J in Hz) OS¢ Sy (multiplicity, J in Hz) O¢ Sy (multiplicity, J in Hz) OS¢ Sy (multiplicity, J in Hz)
1 435 2.18 (d, 8.5) 1 42.9 1.88 (m) 1 441 1.87 (m) 1 48.8 *
2.23(dd, 7.7, 13.5) 2.20 (m)

2 124.7 5.56 (t, 8.5) 2 125.9 5.38 (brt, 8.2) 2 127.1 5.32 (d, 11.2) 2 1345 -
3 133.8 - 3 134.7 - 3 139.2 - 3 * 1.76 (m)
4 39.2 1.97 (m) 4 40.2 2.10 (m) 4 37.9 2.45 (d, 14.0) 4 32.7 1.43 (m)

2.06 (m) 2.98 (m) 1.67 (m)
5 27.1 1.18 (m) 5 243 2.08 (m) 5 123.3 5.15 (dq, 2.5, 10.7) 5 30.2 1.33 (m)

1.58 (m) 2.13 (m)
6 42.9 2.88 (t,6.7) 6 124.9 5.36 (brt, 7.5) 6 142.3 6 42.2 *
7 39.2 2.06 (m) 7 132.9 - 7 32.7 2.68 (m) 7 36.3 2.49 (m)
8 323 1.38 (m) 8 35.6 1.91 (m) 8 33.9 1.42 (m) 8 29.3 1.23 (m)

1.67 (m) 2.06 (m) 1.82 (m) 1.82 (m)
9 29.6 2.16 (m) 9 30.6 1.70 (m) 9 27.6 1.6 (m) 9 29.6 1.55 (m)

2.27 (dd, 9.4, 17.1) 1.84 (m) 1.98 (t, 12.5)
10 145.2 - 10 77.0 3.96 (dd, 4.3, 9.6) 10 50.9 3.4 (m) 10 79.2 -
11 125.7 11 134.6 - 11 133.3 - 11 63.9 -
12 134.1 5.93 (d, 15.7) 12 131.9 5.27 (br) 12 128.9 5.7 (d, 10.6) 12 130.8 -
13 131.2 5.49 (dd, 10.1, 15.7) 13 23.0 1.94 (m) 13 26.0 2.25 (m) 13 26.4 2.15(dd, 1.4, 14.0)

2.02 (m) 1.76 (m) 2.96 (dd, 3.2, 15.8)

14 53.6 2.57 (t, 10.6) 14 465 1.91 (m) 14 479 1.88 (m) 14 461 1.41 (m)
15 48.1 - 15 46.5 - 15 44.8 - 15 40.7 -
16 43.1 1.37 (m) 16 41.9 1.41 (m) 16 42.9 1.41 (m) 16 40.6 1.11 (m)

1.44 (m) 1.55 (m) 1.55 (m)
17 28.0 1.37 (m) 17 28.6 1.16 (m) 17 26.8 1.52 (m) 17 29.0 1.51 (m)

1.58 (m) 1.69 (m) 1.76 (m)
18 51.5 1.84 (m) 18 52.4 1.65 (m) 18 49.7 1.83 (m) 18 46.8 1.69 (m)
19 29.2 1.65 (m) 19 29.6 1.53 (m) 19 27.3 1.79 (m) 19 31.1 1.68 (m)
20 16.7 1.65 (s, Me) 20 15.9 1.59 (s, Me) 20 18.7 1.66 (s) 20 * 1.02 (d, Me, 6.5)
21 15.8 1.04 (d, Me, 7.5) 21 15.5 1.57 (s, Me) 21 22.8 1.07 (d, 6.0) 21 14.7 0.89 (d, Me, 6.7)
22 19.0 1.74 (s, Me) 22 10.9 1.60 (s, Me) 22 20.7 1.73 (s) 22 20.4 1.40 (s, Me)
23 22.0 0.96 (s, Me) 23 242 1.06 (s, Me) 23 249 1.01 (s) 23 18.3 0.76 (s, Me)
24 215 0.86 (d, Me, 6.7) 24 21.9 0.93 (d, Me, 6.6) 24 21.3 0.88 (d, 6.5) 24 222 0.85 (d, Me, 6.3)
25 23.7 1.02 (d, Me, 6.5) 25 22.6 0.95 (d, Me, 6.3) 25 244 1.03 (d, 6.0) 25 244 1.00 (d, Me, 6.2)

The signals with asterisk were not observed possibly due to significant broadening.
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<Bml OfEERE >

£ IH-NMR (ZFBW TR 2 D0 " HfE A F /LSy 0.86, 1.02) & 1D —FEHEA F /LK
By 0.96)D T 7 F AN S, Zh 52 C18/C19, C1/C14/C15/C16 & HMBC #HBg A L7- 2
L b, sesterfisherol IZH. BN D 187, 15NICA Y 7 eV b A F VAN ER LT- 5 EBRA
B) ZboZ tRbhotz, BC-NMRIZBWT 6 204 L7 4 VRFEO Y T HANEBHEIS L, &
FAFE 6 0D MU =% b0 SBRIEFEHK TH D Z L3 b, &5 NMR O & Fhifk %
HeE L7 (Fig. 1-8),

SEARETFIZOWT, NOESY B bR fE 2 P L7z, H23-H24 i), H14-H18 M T% i
FAVEBADR R OGN LD ABRE DY OBEHILT H14 (X LT 232D A FILEE 18 DA
VTR ENVHENRENEILE T VABRBEIZR>TWD I Enbiolz, £7-. H6-HT7 EOFBEN S
CEBREDLVOEHILIT 21 fLOATFNIHE H6 N T UV ARBETHDL Z EDRboTz, EHIT,
H23 & OIS H2 & HI3IZZEN T 23 (iD A F S L A —H EICALE L TWD 2 L
D, ZNHN6H EMEEZR LI Z E0D A, C B EOBEBRIEOFRELE % BE-S1F 7=, 2z k
0. T RR ORI E 2 R E LT,

Me H

H oy
H
\/‘k/ ‘j—b NOESY

Fig. 1-8 Bm1 Ofb At L O 2D-NMR A

VT, VCD JIEIZ X DBl DR EETT 572, Bml IALRETHVEH THfEshTL
FHT LD, AV B KONRITIC K o THfifA A Bm1-R &6k L 72 (Fig. 1-9), Bm1-R
® IR, VCD A7 hUZDWT, FEHIfE & DFT 3R AE & % kit L7z & Z A(Fig. 1-10), Region I,
IMIAZNETNLEL LI NG ARED Y OfftxtidE % 148, 16K, 18R LR E LT, L k.
DT EROMRELE & ARE DY OMEEN S, Bml OHftktilE % 6R, TR, 148, 15k, 18R &
RE LTz,

1) O3
— > H
2) NaBH,

Bm1-L Bm1-R

Fig. 1-9 Bml O /3
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Region Il Region |

AL

50

25

\I?u

obsd 1

:

2S5 g

- 100

/\/\ calcd
L /\__,\_ 50
0.005 j;\/\ i 0 ©
De VvVCD
0 ;\/\,\/\/\/\/\\/l\/\ / \/\f\_
obsd
-0.005 |- 4 0.01
calcd De

N

|
1500 1400 1300 1200
wavenumber [cm1]

Fig. 1-10 Bm1-R ® IR, VCD A% hLF—#

%

<

-0.01

<Bm2 OERE >

Bm2 (3= TR 2 (28R L, BN 2 O RMRORAH L 725 Z & 23 TH-NMR (2
Ko Uran(Fig. 1-11), K&k “EHEG OIAIC & 2 BMEBRKR TH 2 L S hzizo,
mCPBA R(LIZ L » T EEAZZRI IALT D 2 & THEIR epoxy-Bm2 & L(Fig. 1-12), D
WERT 21T > T2,

Bm1 & [Ffk, H24, H25, H23 ® ¥ 7 F /L C18/C19, C1/C14/C15/C16 & HMBC fHB =7~ L
722 Enb . sesterfisherol IZR.OHILD HEERA LR 2152 Enbhno7z, 1BC-NMR IZHT
2 ODFA VT 4 VERFEOY T TABBR S, RERE 6 0D “EHEG L TARFY K —oFo
HOWUBERMER TH D Z &3 boo7-, COSY, HMBC fE#T 7> 5 sesterfisherol & [FAEDBRES %
FoZ MY | epoxy-Bm2 OGN Bm2 I3 sesterfisherol @ 2-12 (\7iZ " EHEA N EA X
NI PERE Th 2 L RiE Sz (Fig. 1-13).
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HEL 10 A%

M SN

3’5 3 2’5 2 1.5 1

Fig. 1-11 Bm2 @ 'H-NMR

mCPBA p-TSOH
e g —_—
CH,CI, acetone
0,
Bm2 29% epoxy-Bm2 sesterfisherol 22% Bm2

Fig. 1-12 Bm2 O R F IALKIEE K W sesterfisherol DRL/K G

N\
Me i MeMz\j*Me Me H H
I
H Hg H H'I_|
— HMBC — NOESY

Fig. 1-13 epoxy-Bm2 Ofb5#4# 5 I O 2D-NMR #H B4

Bm2 O EHifEiET sesterfisherol Di/KAEIZFYS 325 Z Love, FEBERIC sesterfisherol DR
AVERIZ 1 5 K S i 2 3 Fx 7=, sesterfisherol (2% LT pTsOH Z{EH &E7-L 24, FA®EY
Bm2 DERNHER S L, EC-BmTS2 noFoieb D LEEDOHF SN —H Lz, 2D &h
5. Bm2 (I#xIALE % & D sesterfisherol & [Fl— DS E{LFThHDH I LBHEND LT,
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epoxy-Bm2 @ NOESY #HRE2 5 & Z O NARbLFN FF STz,

< Bm3 OFEIERE >

Bm1 & [Fl#k, H24, H25, H23 @ 7 F /5 C18/C19, C1/C14/C15/C16 & HMBC FHE%# 7~ L
722 L. sesterfisherol IZH.ON D HERA R ZLOZ EXbhoT-, 72, HIO D7)
(8, 3.960)F L OV F R BRI A RO Z L Ao dz, BC-NMRIZEWT 6 RKDOA L7 1
IRBDO L 7 F VBB S, REFIE 5 D MY =2 2RO BREFKE CTH D EHEE I, &
NMR DM & AN IS 2 R E LTz, BROAY U ROSIZ R0 . A BROFMXEE
Z P E LT (Fig. 1-14),

— NOESY

Fig. 1-14 Bm3 O{b &R L U 2D-NMR FHES

Bm3 O#ExELEIZ DWW TIX, 3 EIC TR 5@ 0 | BRLEER & B UEMEEE & OIRBLZ XY
BEFNRKIRY) terpestacin ~ L3 Z L CTiRE I 7= (Fig. 1-15), 18 AMLOLAILFIZE L Tl
NOESY B 6k 7E L7,

oxidative
modification

Bm3 terpestacin

Fig. 1-15 Bm3 OFELIEAIC L 5 terpestacin DAL

< Pbl OFEERE >

Bm1 & [ERE, H24, H25, H23 7)) C18/C19, C1/C14/C15/C16 & HMBC fHRSZ 7~ L
722 L5, sesterfisherol IZR LN 2 HERAR)Z L OZ ENbo7=, BC-NMR IZEBWT 6
DOF VT 4 VIRFDOT T FANRERI S, REFE 6 2D M) = 2RO ZRIEEKE TH D Z
ERHIND . AHE NMR OERNT A & kS 2 gk L= (Fig. 1-16),

SAREFIZHOWT, NOESY FHEAZ & XL E 2 R E L7z, H19-H23 [#], H14-H5 [T €
AR RGN ED AREDL Y OEEIIT H14 12X LT 23D A F L 18 (LDA
TR ENIENRENEIN T AREIZ RS> TWD I ERbhoTe, £7-, H21-pHS [, H7-aHS8
MOMENS CEEb Y OB 21 (Lo A F L L HI0 AR D EICERL TWD Z L0
bhotz, &5z, H23-H13-H5 MOMED A, C B Lo EILOFGHEIE 2 BEST, Zh
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(2 &V R DOERBLE 2 R E LT,

—= NOESY

Fig. 1-16 Pbl Ok #EiEds L OV 2D-NMR 8

Pbl D#fax il 2k E9 572012, Pbl & Bm3 O A 3% 1T - 7= (Fig. 1-17), Vit E)»
5. Pbl & Bm3 134 Y 3 RIZ K - TH— Otk 4 £5-54ER4 Pb1-R, Bm3-R # 52 % &
TRINTTD, ZTORENKEZ LT 2 2 L THRXIBLEZIRET 5 ENTE D LB, FE
A VR L o> TS Ph1-R, Bm3-R (XAl —® NMR A<7 hML& 52| EXE L —#
LizZ &b, INBIRNIMMEF 2 GO TR DG+ ThD I ENMER SN, 2D b,
Pbl ® ABRE DY OHEXIELE % 14K, 158, 185 EIRE LTz, UL b, o FE2EOMEAEE & ARE
DY OMEXIELE DS, Pbl OffixtfilE % TR, 108, 14R, 158, 185 FRGE L7z,

OH HO
Pb1-L + :\/:b
HO
/[\—4 ) Pb1-R
¢4 OH OH Bm3-R
Bm3-L

Fig. 1-17 Bm3, Pbl O A4~/ L 53
LEOFEREMNS, oz 4 mOBRLAERYT sesterfisherol & 5 VWM DAES AP & FE

PLLT= B EZ b ORIEAKE « T — K THY, WITNHHHEALZ T AR THDLZ LD
Nz,

19



1-2-2. FHlE 2% 70 OHEEBR LI

1-2-1 THE LI 4 FEOBRIAER TV T3 F k& 23 sesterfisherol A& AR 21T HH
MR L L —&LTWADZ ENbho7=(Fig. 1-18), sesterfisherol ARt IL, JeATHIZEICE
T DR E DI IABFEER TR L O%IR T 5 0 FHLEFTR O RN ORO L O ITHEE Sz, £
FTERALATERIZI T 2 43K H & 5 H O ~HEE G ONE CERILHET L SRR IMA 2 5 %
%o T, BRIBAR & KEB BN 24 0 K9 2 & T =B A IM6a, IM8a, PUBRYEH [ {A IM10a
DNARAER L, 5% IM10a (25t L TR F23M3I13 5 Z & T sesterfisherol BNAEGRK S 415 &
HESND, ZOREKETIZHE T Bm3 12 IM4a O SRR ent-TM4a 7> 5 K5 FOFHINC & -
TAERLTWE EEZOND, £/, Pbl, Bml I ¥ IM6a, IM8a o F (K
ent-117-10-epi-IM6a, 6-epi-IM8a 7>/l ~7' = k AKIZ L > TARL L, Bm2 (% IM10a 2> 6 i 7 &
MAIC K > THEKT D EHEE SN D, LDz Nt 2 OLAYITEL O A A BRI
LR LTAELELDTHDL EEZ LD,

sesterfisherol

NfSS TT +H,0

ent-IM4 6-epi-IM8a

BmTS3 | +H,0 BmTS1 ' H*

Fig. 1-18 s LIRS X O sesterfisherol OHEE A A RS
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1-2-3. NfSS 14 2 248 S A SR

TN BRI L D ZBRIEE R OMBEICB T, HEOBRNED X ) RIEFTERSND
DD Z L1, ZOBREE A MBI 2 ECHETHDH L EZX BN D, sesterfisherol
D H OB IEE S N D BEORERDIAT & L TiX, ARPHEEINT-%ZICD E-B/IC D
IETER S5 Path A & BE—C/DERDIETE S5 Path B D 2180 " EZ b,

IO 2 ORI HONTIE, LFAFFEE Th D R R PO L 1815 DFT 5 % v T
FHREALFHICHRGE - 52 LT 58 (Fig. 1-19), Path A Tix, FTBRILATRIAD 4 FH & 5 FH
D HEAEGONLE T M H ORI EIT L ARZIEKRT 2 2 & CORETHARIMA Z 52 %,
FE T D ERDOERIC K - T ZBRPEF A IMba 23ERL L, Z D% HEBRIE A IM9a % #%C B/C
BRSTER S v, UERMETP A IM10a 284 L 5, &% IM1la (2K L CTKRBMAIMT 52 & T
sesterfisherol NAG SN D, BIKZE L THEFHE L EBIRE L O LF—21TB L% 20
kcal/mol INIZIXE > TWH Z &b, FIRTHIEITL 2 2RKTHLEEZLND, —H.
Path B TIZ A BROIEKIZ L > TIM4 AR L7, VT BENEMKIILD Z & TIMbb &5
25, Dk, HERMEFREIA IM12b Z#H LT C/D BB S5 Z & T sesterfisherol @ VIER
PeEMZ 52 5, mi# & b RMAERIER & FE LW Th 5 2 &b NISS OB bz
PIZIZ S B R 0 FRALBEENLETH D, £ T, NSS (x5 LREAERICLY
sesterfisherol A= & AR I DRI 2 5k 7 72, R HIEFRIZ LV sesterfisherol ~7 5 FIRIAD B 53l
LTcAEM a0 Z N TENL, ZOFFHENDS ELLORKEERTHELZLDTH D0
Wrd o2 LNTED,
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IM10a (-45.9) TS_9a-10a (-33.7) IM9a (-58.4) TS_8a-9a (-26.2)

IM11a (-52.2)

Path B

IM8b (-26.8) TS_8b-9b (-24.9)

IM10b (~27.5)

IM12b (-41.8) IM13b (-30.2) IM14b (= IM11a) (-52.2)

Fig. 1-19 DFT #5253 < sesterfisherol MDHEE A AR
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5 BB A FTIZOW TG 572912 NfSS & BSREMRNT 7 2 —BEREMERILEER L DT T A4 A v
N b A 1T - 72 (Fig. 1-20), PaFS (2 2oW T TR i & T BT TR, F8Y X° V192
REDT I ) BREENRIAL B O BEIALE L VR H F A 2SS LTV B ATREMEA
RSN TNDY, T 74 AL M OFER, PaFS IZ81) 25 V192 IZxHE T 2B IEICER T 5 &
7 L—RBIZJET 5 AcOS R PaPS TIEVH LWL C THDHDIZK L, NfSS TIX F191 &72 o
TNDHZ eNbhole, #iko DFT FHENG, FEKET I 7 BiEEIE CH-n HHA/ERIC LV R
{EASRE O BIENCIRLS B D aTREMEN & 5 & B 2 Sl 7= F191 122 PaFS (23 CIEPESRNT
EPHCALET 57 X/ BRI LTV D &R IE(W164, F196, W318) A 28 5L A& At D
Bl Lize £/ NISSORER P —FF ) Ik TCINO DT I 7 BEENMEA YRR
MELTWDZENRENTZZ DY, TOEREMEN IR Sz (Fig. 1-21),

AcOS SRTGKIE----—- DKGSDGKRQMVTQIIREMMAIDPERAMTVAKSWAS RHSSRRKEDT 168
PaFS AHTGAIDTSNKVDIRRAGKKRIQSQLFLEMLAIDPECAKTTMKSWARFYEVGSSRQHET 176
PaPS LDTTSAK--———- GKKSGEGLELRNILKEVTAIDPVRAAELMKFWKR-HDLDVSRDRK--- 169
NfSS EQLPSRR----- GTRAAKLKKLVSQILLEAIRIDRDMGMYMFDMYNK SVAGGEGKVP 175
V192 i % % % . .
(PaFs) wie4

AcOS NFKALEQYIPYRALOVEYMIWHGLVTFGCAITIPNEEEEEAKRLITPALVQASLLNDLES 228
PaFS RFVELAKYIPYRIMOVEEMHWFGLVTFGLGLHIPDHELELCRELMANAWIAVGLQNDIWS 236
PaPS HFRDFDDYMEYRIVOCRSYHLEALSTFAMALTIPAEDKDEVFTLTRPVWARARLTNDVQS 229
NfSS QFKSVEEYQAYRRDIF IRE

{PMVEFGMAMRLSDEDKKLIEPVMEPIDKATIWTNDYWS 235

k1 wwx k3 - W *
: F191 F196° - -F e % - :
(NfSS)
ACOS FEKEKNDANVQ------ NAVLIVMNEHGCSEEEARDILKKRIRLECANYLRNVKETNAR- 281

PaFS WPKERDAATLHGKDHVVNAIWVLMQEHQTDVDGAMQICRKLIVEYVAKYLEVIEATKND- 285

PaPS WEKEDKLFQKDNATDMTNGVWMLMKQYSIGVEERAKRRILGKAREHVAEFVKTLSQIHNR- 288

NfSS FDREYHESITNG-SRLTNVVEVVRQIENKSIDEAKAAVRQLLVNLEQQYLERKRAIYAQN 2964
- * & s = - % - w

-

AcOS ADVSDELKRYINVMQYTLSGN TNCPRYNGPTKFNELQLLRSEHGLAKYPSRWSQEN 341
PaFS ESISLDLRKYLDAMLYSISG LECPRYNPDVSFNKTQLEWMRQGLPSLES-CPVLA 354

PaPS LDLSLDSRLEFVEAMQYMISGNL ISTPRYHSDQSLDEMMVARMKYGWENHREVTKLTS 348
NfSS PSIPSHLRKWIEVVGITVAGTH SCSPRHHAWRNNSRNGLKPANHVAAPTLITPSNNL 354

I wKk -

""" T T W3IB : T

Fig. 1-20. AcOS, PaFS, PaPS, NfSS © 7 X / fahd 41| b
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N
192
~\

Fig. 1-21 PaFSICHSWENISSOFRER—ET Y 7

FEBT NESS A AR KIGHE R O 1T > 7=, NfSS B~ 7 A 2 N NESSpMAL c4E
77 L—hE L, BREAX > FEHVWTF191, W164, F196, W318 #ZNZh T 7 =1C
B LT T AI REMB L, b2 RBEISEAL, 15507 EIRHE O HEY %
GC-MSIZ L > THHr LTz, ZDOREE., T X TOERIKT sesterfisherol DAEPEDNMER S 72 < 7
V. F191A OB - 72AERM DO Y — 2 % 5 2 7= (Fig. 1-22), EC-N£SS (F191A)D KR &
DG OLNTAGEED Z TLCIZ X > T LT (BEREE LTA=D VY UIRIEZ A W) E 2 A,
TR 72 EOICAE R 72 RER DI e R AR » b 2 SEE Sz (Fig. 1-22), 2
52U BHFINA T LE IO HPLC 12 X » TEL4 % = & T, 2 FEO LR NFM-1, NFM-2
Z LBEH 11.2L 262N 2.1 mg, 0.5 mg ODINETHEELZ, bz s GC-MS %y
iz & - T m/z 340 THEH S 1U(Fig. 1-23) . HR-MS 7> 555 13 % CosHao ERE LT-, & HIZNMR
(2 K DRSS 21TV, NFM-1, NFM-2 Ok 24§ 1E % & L 72 (Table 1-3, Fig. 1-24),

s — NFM-1

‘ —— NFM-2
BRI hexane

SEGE N=Y Y SRR

Fig. 1-22 EC-NfSS (F191A) /54 5 7= EW @ TLC 54T
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sesterfisherol
m/z 340

[\ EC-NfSS

EC-NfSS (W164A)

NP S L

NFM-1  NFM-2

Ih Y EC-NfSS (F191A)

EC-NfSS (F196A)

et

EC-NfSS (W318A)

10 1 12 13 14 (min)

Fig. 1-22 EC-NfSS (mutants)?’> 545 5 7= R#ES O GC-MS 7347

370 wiz 51000 Abs_ Inten.
754

NFM-1 o 5119 137 161

5 ‘ ‘ 297 340
o | || \l |” IH |‘H \Illm_w 1 |\| |||| .I 241 255 h ‘\ ! ‘ ‘I 855
0.0 .0

385 401 429 461

Zod 0 =K 2500 2790 Jod 0

0 Rel Inten. 0.

3290 350.0 EEEN dod 0 229.0 SN [EEN) s00.0

niz Abs. Inten.

Fel. Inten.
NFM-2 340
203 s07 375 ‘
how dy2l7 earess ] | | oses  ams (04479 44
73.0 Zod 0 7290 2s5d0 2780 sod_0 328,10 5.0 3790

aod.a 2280 asd.d 730 sod.d

Fig. 1-23 NFM-1, NFM-2 D~ A A~7 k)L

NFM-1

NFM-2

Fig. 1-24 NFM-1, NFM-2 Ot 5 4#iE
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< NFM-1 O#EEfRYT >

Bm1 & [FfR, H24, H25, H23 ® ¥ 7 F /L7 C18/C19, C1/C14/C15/C16 & HMBC fHBdZ# R L
722 LD sesterfisherol IZRHNDHHEBRA R A D2 LR bholz, BC-NMR IZEBWT 4
DDA VT 4 VIRFEDY 7 FIVNRBII S I, REFIEE 6 725 2 DD HE S A FFOMBRMEF# T
BDHZENDNY ., A NMR O & - Hitk s % & L7z (Fig. 1-25),

NOESY f#friz & v, H19-H23-H12-H20 [E]. H18-H14-H6-H21 [E DO AHBE D & (& 4 oD FH 6 i

EERE LT, MXTELEIC DU Tl sesterfisherol (233175 A, C BROMEXIELE & AR TH D LHE

T L7,
\‘r‘
4 r); \ %
R\
— COSY

— HMBC

—= NOESY
Fig. 1-25 NFM-1 Oft*#4iE+ L U8 2D-NMR A7

< NFM-2 O#EERRYT >

H, BC-NMR 7—4# N NFM-1 Dt 0 EFHE L TEBY, =%V 4L 7 07 v hAHYET 5
7 (Bn 4.90, 4.9 BRI Sz, D Z LD, NFM-1 O " EREA ONE DSR2 D BYER
T o LHEE S, COSY, HMBC fifth > & Vs 2 ke L 7= (Fig. 1-26),

NOESY ###ric L v, H19-H23-H12-H20-BH4 [#], H18-H14-H2 [#]. aH4-aH5-H6-H21 [H D
FARE D & EHAFE DA ECE 2 T8 LTz, o Bl E 12DV Tl sesterfisherol (23517 5 A, C B Dt
RFLE & [ CTh D EHEE LTz,

—= NOESY

Fig. 1-26 NFM-2 Ot Ak L OV 2D-NMR FHEY
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Table. 1-3 NFM-1, NFM-2 ® 1D-NMR 7 — %

CeDg NFM-1 CeDg NFM-2
8¢ Oy (multiplicity, J in Hz) Oc Oy (multiplicity, J in Hz)
1 133.4 5.64 (s) 1 476 1.42 (dd, 11.0, 13.6)
1.89 (m)
2 144.6 2 432 2.77 (ddd, 7.2, 11.0, 12.1)
3 458 2.34 (m) 3 156.2
4 323 1.43 (m) 4 39.4 2.03 (m)
1.56 (m) 2.45 (dt, 5.1,12.7)
5 261 1.08 (M) 5 267 1.09 (M)
1.46 (m) 1.71 (m)
6 411 3.81(dt, 6.5, 11.9) 6 447 2.84 (dd, 6.0, 10.9)
7 393 2.07 (m) 7 40.3 1.91 (m)
8 296 1.20 (m) 8 30.0 1.18 (m)
1.53 (m) 1.55 (m)
9 319 214 (m) 9 299 1.30 (m)
1.80 (m)
10 139.9 10 131.1
11 129.1 11 137.1
12 443 2.93(d, 6.1) 12 484 2.38 (dt, 9.6, 12.8)
13 28.4 1.75(dd, 6.1, 12.9) 13 30.8 1.61 (m)
2.10(m) 2.23 (m)
14 465 2.04 (m) 14 440 2.05 (m)
15 436 15 419
16 37.2 1.41 (m) 16 43.0 1.15 (m)
1.50 (m) 1.53 (m)
17 292 1.56 (m) 17 315 2.22 (m)
1.91 (m) 2.26 (m)
18 471 1.62 (m) 18 459 1.62 (m)
19 327 1.63 (m) 19 310 1.54 (m)
20 236 1.11 (d, Me, 6.9) 20 108.3 4.90 (s)
4.98 (s)
21 15.0 0.94 (d, Me, 6.9) 21 15.5 0.97 (d, Me, 6.9)
22 20.5 1.71 (s, Me) 22 224 1.67 (s, Me)
23 21.8 0.86 (s, Me) 23 253 1.00 (s, Me)
24 23.0 0.82 (d, Me, 6.0) 24 21.7 0.87 (d, Me, 6.4)

25 238 0.99 (d, Me, 5.8) 25 246 0.91 (d, Me, 6.1)



NfSS F191A ¥k CTl% IM10a 25451k % = & ¢ NFM-1, NFM-2 # 5.2 5 L #fiE sh b, Zh
12 X Y sesterfisherol iX Path A Z# R CTHEESKINTWB EHEINT-Z, LT=N-T, ZIVETH
REFENTICEE) L7z 7 L — K A OB LEER TV T 4L h Path A 2Tk 0 . BILDIAF XTI~ THk
HABR-DHER-B/ICEDIBTHDL Z Enbrol,

sesterfisherol £ & i 1235 1T 5 F191 OFEFENCHOWTELET 5, LR LIC L - TGRS
FIZHEE 4172 Path A Tix, FERMEFEA IM9a 705 IM10a ~D il idds L% 25 keal/mol
EWV) BN RV —ERENIFET H 2 LRI TS, —J, F191 MMeA W B irE+ 5
ZLTHELD CH-nfHAERAZBE L-5E12E, IM9d—IM10d—IM11d OE#IZI T 515
b= FAFX—=PRE L BT 2RENRE SN (Fig.1-27), Zhic kv, NfSS WT Tl it
HEAR IM9a A8 L 72 W RSB AYICHEIT 9% 2 & C sesterfisherol DA% 5.2 5 L H#EE &
b, —J7. NfSS (F191A TIEZ @ CH- n #HEAERA MBI 0 /2 e ofzZ LI LD, AV o)
DOHEERE Path A 2% T NFM-1, NFM-2 % 5- 2 7= & & 2 5115 (Fig. 1-28),

K . H
IM9d @ IM10d H;‘@ IM11dH§

Fig. 1-27 CH- = FHAEMIC X % IM8d 75 IM11d ~DZEHaZ 31T % IEMEAL = R L 3 — DD

sesterfisherol

IM8a IM9d @

Fig. 1-28 NFM-1, NFM-2 35 X O sesterfisherol O A=A pl it
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NfSS DEEERICE D, 7 L— FAIZBRT 2 R(EEER TV T E Path A Z#R72AMY % 52
HZENREINTZ, LMALRANGIE, Path B 2B TAEARINTWD LHEEIND
thalianatriene <° aspterpenacid b B X LT 51011(Fig, 1-29), 5%, RIREH KNS Zh b
DHEBFNZ D330 2 BRALEESE D3R E SAVAUIX L NESS & D el |Z & 0 BRAVIEFF O filfENC DU CTa A
DIFONDAREMEDRH D LB Z BiILD,

thalianatriene aspterpenacid A
(from plant) (from fungi)
A A
v Path B ¥
- - -
EEEE P
sesterfisherol
NfSST + H,0
Path A
H — " —

Fig. 1-29 Path B ## CTAEGM I N D LHEE S D KR

7 L— R A BT DBLEER O A G RERE IR\ T DI OBRUNLE & BRALONEF A HIE S
TND I ENRENTZ, FNT, REFOHFBUED DB LR~ T DD = F o T
ORI L TMAEZ/L 2 HME LTI LR HIEREREITT-,

7L —RADOBRILEBERIZONWTT FA4 A &L, AEnY—27 U U7 OfEREEDE
T F OIS LE 5 727 X BRFREL 2 SR AT & L Cisgik L 72 (Fig.1-30),

B DOEBRIZOWTHRERIT 21T o 72 & = A, T60F, 160N, 160S, T88G, 192F, G169E X
sesterfisherol D AN EIZEE IILTEY . L68W, F191V 134z 5 2 TWRWZ & RNboo
7-(Fig. 1-31), W N DZEFIR) D 1 sesterfisherol 2E & FfE s H o H AR & 43I L CA U= 87
T2RAEBIIF LN DT, ZNHOT 2 BERITRILKINIIE E A EBE Ly
t, D (160, T88, 192, G169)7>, & D W IBR{LEESR & L CORRICZAE b D(L68, F191) Th 5 =
EWRBE I NI, ZO/MRNG, 72 F U T ORIENCED ST X BRI OV TR, AER
VTV IR RESN OO L THEE - iEim T 5 Z L IXRETH D L E X b, AR
DELENS & HREHNTAEICH DT IV BEENEECTHLAREMED B X DD 2Dz,
PRSI SE b & O T A1 O & & 72 3R T 3 R E 12 B,
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o1phoiq

o1phoLy

olpAde el

s1pAalg

o1pA 1L

olphoedial

160N

Fig. 1-30

CHEREVEBR LBER O T X BRBLA LK

160F
1608 L68W T88G
BuTS-3 ostfFhrsevefnbsirverarprrievravfsPreLIEDDG-— -~ -~ ———m—mm == 98
EXL91788.1 RRARF{PSPVGNWHESLLY PEAMPERLGAVSYRLPLGLIHNDL-—————===———=—====— 98
KLP22271.1 RRTYFEFSPVGNWESLIYPEAI PERLGVLAYYSPLGLIEDDT————————=—————=—=— 98
KLP10102.1 RETYFHFSPVGNWESLIYPEAT PERLGVLAYRSPLGLIHDDT—————————————————— 98
ERG16032.1 RRTYFHFSPVGNWESLIYPEAI PERLGVLAY}SPLGLIHDDT -~~~ 98
ENG48393.1 = -—-1-{MVILPS----R----- RYP$ISDRNSDG-——————====——===== 19
EOD52649.1 et i TR i ittt ittt ] A T e et 0
EUN27651.1[Bipolaris QSTHF$FSEVGNWESLIYPEAI PERLGVLAYYSPLGLIHDDG- === === === === m e 98
CCF44887.1 RRSNGHPCVVGNWESFINPESI PDRMGLLCYJLPVGCFHDDA-——= === === =— === m = 101
ELO66782.1 RKSNGPPCRVGNWESFIWPESEPDRLGLLCYRLPVGCFHDDA— == 101
BmTS-1 SESNSRLSEVGNWESLVFPETRPERIGTLTY}TPLGLIHDDN-========= = === ———m 98
PbTS SRSGSAISRKVGNWESFIFSEALPERLPCITYIANIGNIKDVPHYHSTPTM-========~ 110
CoT8-2 QRSASPNSPVGNWHAFIFPESLPDRLGVITYJARMGNIHDDL - === === === === === 98
EUC41906.1[Bipolaris SESNS$LSEVGNWESLVFPETKPERLGTLTYJTPLGLIHDDN- === =============m 98
KNG45959.1 ARSGSAISKVGNWESFIFSESLPERLASITYJAYNIGNIHDGERPIEKLSKGKDPCGLTAF 120
EJT79122.1 QRS4s¢WSPVGNWEAF I FPETVPERLGVLTY JANMGNIHDDL -~ == === === === == === 98
CCF38398.1[Colletotrichum RESGSEWSPVGNWEAFIFPESLPERLGVITYJANMGNIHDDL -~~~ === === === === = 98
EQB57380.1 HESGS$WSPVGNWHAFIFPESLPERLGVITYJAYMGNIHDDL -~~~ =============m 93
ELA23316.1 HESGSEWSPVGNWEAF I FPESLPERLGY ITY JANMGN IHDDL -~ == == =======—==== 98
BmTS-2 LLTYNACSRLGNMYSPTFIESPPDRLDVAAYHGPLGLLEDDH -~ ———===—====—==—z 96
ERA}I$ISELGNLGAFAYPEVPPERLAIVTYTPLGILHDDG- === =========m===u 97
GAQ03171.1 ERAQVHISDLGNLEAFAYPEVAPERLAILTY}TPLGMLEDDG -~~~ 97
ANID_02611.1_cyc ARAYVEFSDLGNLEAFAYPEAEPERLEILTYATPMGMLEDDG -~ —————=————=——==— 100
CBF87199.1[Aspergillus ARARVEFSDLGNLEAFAYPEAEPERLEILTY] ‘I‘IMGMI,HDDG ------------------ 100
GARQ47624.1[Aspergillus ERALIFTSELGYLEAFAYPRVEPRRLAILTYITPLEMLEDDG-————————————=———=— 97
REY77225.1 QRVQIISDLGNLGAFAYPEVPPERLAILTY}TPLGMLEDDG 97
RNG51078.1 KRA}TPFSHLGYLYAFTYVEALPERLGVLSY}LPLGLIHDDA 95
D190N
W164A G169E F191V
BmTS-3 ererrMraarFrofwhatdEh- -NsDREROTMEEYLRYRSONGEM-——————————————— 193
EXL31788.1 ELGISMLEAFRVIWLDVAEN--ASSEEPQTLDDYWR NGEL-—-—————————————— 193
ELP22271.1 ELGLNMLAAFRDIWLAISEY--NSDEEAQTLEEYLOYRSONGEM-————————————--- 193
ELP10102.1 ELGLNMLAAFRDIWLAIFER - -NSDEEAQTLEEYLOYRSINGEM-——————————————— 153
ERG16032.1 ELGLSMLAAFRDYWLAISEY--GSDEEAQTMEEYLOQRSONGEM-————-————————-= 193
ENG48353.1 ELGLEMLAAFRDIWLAI§ER--NSDKEAQTMEEYLEYRSINGEM--—=========c=c= 114
EOD32645.1 ELGLEMLAAFRDIWLAISEY--NSHEEAQTVEEYLOYRSONSEM-———--———cnnuuun 61
EUN27651.1[Bipolaris ELGLEMLAAFRDIWELAISER--NSDREARTMEEY LEYRSNGEM-—==-=======-o-= 193
CCF44887.1 VGALRMLEAYREEWLAINET--YNTEEIDNLDDY FFSRANNGEM--==ccmcmmm e e
VGALRMLEAYRERWLAINEN--YDTERIETLDEYFES
ERGTRMIRAYREEWELEVYDS-- PPSDAFNDISSYLEFRM
BbTE mmmmm——————d -F--1-§--H--==-==-- PFRERPEPHDSRI-———==—=—=====—= 124
CoTS-2 ARALRMINSYRSEWLDVNES--ONVNDMOTLEEY LAFRNINGEM-=—=====m=—meme 156
EUC41906.1[Bipolaris ERGSRMIRAYREIWLEVND$--PPSDAFNDISSYLRFRMINGEM-——=—======= === 153
ENG45959.1 DMGTRMIMSYQRWLDVNER--HNYDEIRSLEEYLDFRMINGEM-~============== 220
EJT79122.1 ARALRMLDSYREFWLDVNES--RDPQRIQTLDDYLVERN M=mmmmmmmmmmm 196
CCF38358.1[Colletotrichum PRALERMINTYRSEWLDVNER--RDVNEIETLDEYLVFRN. 3 196
EQB57380.1 PRALRMINTYRTEWLDVNER--SDVNEINSLEEYLIFRN
PRALRMINTYRSEWLDVMER--RDVNEITSLEEYLIFRN
ERCLYMVDRYRTJWFDV{EX-PRPEEGFSSLEEYMNYRN
DMGMYMFDMYNEGWLSVAGE-EGRVPQFRSVEEYQAYRR I-——————————————— 153
GaQ03171.1 DLGMYMFDMYNEGWLSVAGE-EGEVEQFNSLEEYQAYRR s 193
ANID 02611.1 cyc ALAMYMFDMYNEGWLAVAGY--AREWHFNSVEEYQRY A——————————————— — 195
CBF87199.1[Aspergillus ALAMYMFDMYNEGWLAV] GE— -LREWHFNSVEEYQRY 3 Y 195
GAQ47624.1[Aspergillus DLGMYMFDMYNEGWLSAAGEREGRAPEFESLEEYORY 195
EEYTT7225.1 DMGMYMFDMYNEGWLSVAGE-EGREVPOFRESLEEYQRY IRYTPTNVNCPHLDSLS 209
ENG51078.1 DMGIHMLEMYQRYWLAIVEX--NDDEEFENLEEYYAYRK M===m====mm=m=== 194
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m/z 340 sesterlfisherol

EC-NfSS (160F) JL
EC-NfSS (I60N) J\
EC-NfSS (160S) 4]\

EC-NfSS (L68W)

EC-NfSS (T88G)

LN \

N
EC-NfSS (G169E) j

EC-NfSS (F191V)

v

EC-NfSS J \

10 1 12 13 14 15 min

EC-NfSS (192F)

Fig.1-31 EC-NfSS (mutants)’» 545 572 AEEEY D GC-MS /3 #7
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1-3. 7L —FAICRT 2 HREMBRILEERIC OV T DB L

7 L— R AOBRLER TIIW TN b ERILAIBRAD 4 FH & 5 FEB O _EESGN —BERE OBR1b
B2 Z LT 1556 BRZIEMT 2, ZHICKL, 7 b—F B OBRLERTIZ3HFH L 4%FH
D EEEGNERGIZEAD D Z L T11-5 BRAZENT 5, 2O Z b BILEERIINOICKEER
BT DERCERDOY A X2 15875 2 & CRILMEZSI L Wb B2 b, 7L
—FALBOHELN TV DERIMIKDIRFEHED N == g 2OV TS RILALEDENDD
AT LN TED, 3FHE AFKHO _HESOME CTERILPIEEDL 7 L— FB MBIV T
NR LB RABTFARCDEFRESNTNADIZH L, 5 HFHO EESNRILICKNERZ L
— RADNBITIRFEE 256 DB AL TN DHNELNTWAH(Fig. 1-32), A LD Z e, A
<EBLTZL—FRALBIZOWTIET X/ BEECHIHEIRINE & #1558 O BRALAE & ORI B fife 72 B 3
DT ENREINT,

Type A (clade A terpene synthases)

sesterterpene
(C25)

GFPP

sesterfisherol

Type B (clade B terpene synthases)

@
— | S H,, diterpene
cA-l-v / ’ (C20)

fusicoccadiene

S
| N sesterterpene
—_— (C25)

no® ophiobolin F

GFPP
Fig. 1-32 7 L — R A, B OBRILERIC L > THERKR LSS BRILIRDRFEEDE N

VT, 7 L— K A OBRLEERICEIT 2SR L F ORI ONTELET 5, 1-2-2 TR~/
V. 7 L—=FRANOHELNEERILERDITO TSR L7 FlEEE RO b 0D, B DT
BEFTEZIANY == a R A LRD, OB EFEIL, 2 2O ZEEGM T C-CHAEERL
BRAEEPBEINDIBRCAE LT WD, BEEADIIZOBRLKEN —EEAE D LOHE & H TOK
JETHDHENI HTHY , FOHEBRIEDENT L > TIEREEREIHEENTWD EEZ BRD,
Bl 2 1E A RO T, BALRTBRIK OB Fig. 1-33 123811 5 IM1 @ X 5 72IRRE TERILA
#1794 10E sesterfisherol B DS AAELE (148, 158, 18R % &2 IM2 NER &N 5, Zha FEYEC
EZDHE, FOF VT 4 AR LIZEUEAML) S 1= v F A~ —(entIM2)., 5 D4
L7 ¢ VIEDER LTEEEAM) 2 5157 AT L A~ —(18-epir IM2)IZ AR 24 9~ 5 SEAR B AA
HELDH ERDND, Thbh, —EORILIZK > TEU D REMERIT 18-eprIM2 D =) > F
Fv—bEHDH L AEHETH D,
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sesterfisherol type
configuration v ;‘%V 3
M1 S
p { enantiomer
:o"t‘ \@3/
| Kv PY
. \
—+»|vm - :ib -
3 kg
. IM1 ent-IM2
diastereomer N J
[ e |
. THN
.,<V S8
v g 1
M1 18-epi-IM2

Fig. 1-33 A BRZHKICH T 5 HEREE OHEERIEOE N L - TE UFR 5 R EMEER

[FEEDOSLARLZOHIEENE B/IC B8R, DBRIEKFHCBEL D L35 L, BRIFMROBRICA U525 Bk
RITRK 64 FETH D L E X B DH(Fig. 1-34), £z, RPIOBR{LTAE Uz BRI REEN ST
BRMEFEAR~E D £ TOMIZ, Fig. 1-19 128175 Path A, B OWT OIS L7 v ko
LD L BAERINBAE TS, EHIZ, Pbl IZROND &9 R ZEHEGOKMAKLE
DD E EINAERT 2BRIEOREIIRIBICH KT A2 Licmd, ZOLHZZ7L—FA
& 2 BRAEER I, BRAEDBR O FE0BR L, EAE A ORTRMER 2T 52 L1tk
Bl L 72 S 2 R H 2203 b b RIICIT R R 5 E 2 AT 2 —#HO(LEMHEAAIH L TV D
EEZHND,

enantiomers enantiomers enantiomers
regarding the regarding the

stereochemistry on stereochemistry on
the D ring the B/C ring

Fig. 1-84 3 SDDERILAKIFIZAE U155 sesterfisherol Y #& DR LAk
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TR, SRIRECHED D> 5 1L sesterfisherol & FAEL L 7= B H# % © O retigeranic acid13.14%°
nitiol!5, aleurodiscallé’p EAHBEI N TR Y | ZONMEFAZIIANY == a UBRAGNL 2 &
N5 Fig. 1-35), T 6D ABREDLY OFBHILIZER T 5 L, retigeranic acid B /X Bm1 <
Bm?2, sesterfisherol & [ USSR L572(14S, 15R, 18R) T 5 D%} L., nitiol, aleurodiscal DA
LFHFE DT v F A~ —(14R, 1565 189X°V T AT LA~ —(145 15R, 1891272 > T\ %,
It WK D' A TR EEER IS OV TTHRREMT M T Tl . RREICEBIT 57 L
— K A OB LB & FERLO OSHEREIZ X - T sesterfisherol EXEELOEH 525 Z LR EN
721, I OBRERIIT Lo VIR R AL U ERTZRVW OO, SRR R OB LEESR O
BRIL RA A U EHFEMEZ T Z ERbhoTz, HlZlE, KIREHKDO quiannulatene & RklESR
EvQS &, ZOx=FrFA~—% 52 2B kOERLEESE AtTPS25 (Fig. 1-36)17 & ORIZIE
22/57% (identity/similarity) DAR[FEIVEN R O 72, WY ERIREO LRI L7zt A X T~
BRALEESE OME(LH) 72 IR FI BRI OV I REBBRIELS | 5% O S b 5Nz
Do

H
OHC
(14S, 15R, 18S)-1IM2 aleurodiscal retigeranic acid A

Fig. 1-85 sesterfisherol & FE{L L7 REMICE T Db F DN =—2 3 >

quiannulatene (-)-ent-quiannulatene
(EvQS from fungi) (AtTPS25 from plant)

Fig. 1-36 SKIRE B L O H Sk DBR{EEER EvQS, AtTPS25
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14, 1EDOELD

2007 4E0 PaFS D3 HLLARE, 5D "SR SR (VIR BAnF I DU THRR - BEREMFAT 23 6D &
NCT&E, LOLINETOY ) h~vA =07 T, EEE X PaFS 72 FEEMBRLEEE & O
FARMED A FE SV TRIRESNTEY . TR ED L ) RBALIEE 52 2 O (% D \WIZAERY %
B 20O TOWET D LILTEhehole, RETIE, BIL KA A o ORBHFRAEHTIZ X -
TRHSNEFERZ L—RAIZERL, ZHICBRT 2 4 MOBREER IOV THERBIIT 217 -
2o TOFRERE SN 4 FOFHILEY Bml, Bm2, Bm3, Pbl i, W bLFEITLZ L—FKAIZ
JET % sesterfisherol &JEULL L 72 FmfiEER>— 5T, MIMEFRITZEN TN R ->TNDH T &
Mbhole, EHITFHET THRAE L2 BRALEER &2 JC B L2 2 . ILAMED @O BR LRI & 12
B2 ENTE, AEIZBTAERBERBIOEZNLELNTMAEZLUTICEL DS,

a) 7 L— R A, BIZEIF5ma & fHEs

22507 L— ROME AL WDICKERDER SN BRI PERPIBRIER SN DA TH D,
7 L— K AIZJET 5 NfSS ° Bm1l 722 FI3HIHIC 15-5 BERMNEMR SN, F D% Fig. 1-19 IR L
7z Path A, BOWFN AT 5-8-6-5 BEDNEK SN D, [FAEKIZZ L—FBIZET 5 PaFS X
PaPS TixEJ 11-5 RV I, Dk 585 BERSBKIEBIIG A 2 & T 5655 8
BRI ENER SN D,

—FH. 7 L—FA BOHERE LTI, PIBORICERANE R Z BT onsd, 7 L—1F
A DBAVEESE TIXBRLETERMAD 4 FH & 5 FH O EHES O E TR EIT T 501Icx L, 7
L— RBORIEEETIE3EH & 4 FHO ZHEESOME CERILDET T2, 202 &b, &R
DB REICRFESND Z L IZ R > TRILMERFI SN TWD EEZEZBILD, ZOEWICE
D7 L—RADPLITEAZT AR OHEPFELNDEZZ LI, 7 L— RBMhHIIyTaurt
TRAZTNRCOEGTPMEY 3T bib, £z, BEROEHEICE LT, 71— KA TIIKERE
OB MY KT Z & TR L PRS2 FF OB E IS DOICxf L, 7 L— R B Tidk
FRBEOHROLE & IRFEHOMIEZ D Z 2560 2 80 OHEIC X > TR a4 5
ZTWA,

b) 7 L— K AIZBT DBRILEESE ORRE

7 L— R AIZBWT, BRILEEESHIE L T 25 b oixEic, OBRILAIBEOYIEE, @8Rk
2B 5 “HES OmERYE, QRILDIEF, @7 = F o7 OD4RTHLEEZBND,

DOIZ2WTERNR D & B 0 BRBICD L “EF-EGOMELZHIE L T, ZudkZ7 L— FNT
@ OHIEERE L 72> TV D,

@Iz oW TIE, BB DR SN D I 4 FEOSNLIRRMEERN A U HAMREMRH Y | Z OfilfE
BRI IBRILBER Z LT R > T D, FEBE ARG LN LEYE L OEREU KRR O b O’
IO FTR T L IINY == a VRO, SO EEA ORI EERLAETHD Z
Elbinolz, ZHICK Y, FEEEEEL L o0 b S RIICIZ R AR DB A b O KR EEA A
HEhnTtnd

@UZHOWTIE, HIEHBEMT I 2 DBRALEEE N S5 b TALEWITWVF e Path A (A—>D—
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BICER)EZR TR EN TV EEXLND, L LRENSIE, Path B (A—>B—C/D 8) &% T
WD EHEINDLDHALND Z LD, BILDIAFIZEL TXZ 0 2 Y OFEEENH 5
OTIF W EEZLND,

@IZOWTHE, 7 = FOMESCERRWL 7 7 h AL KOIMITEBRbEEE Z L IC R 72> T D,
AUZ DWW TIE NfSS (1§ 2 A BEAERICE D, Bira b ALDOED BRI D £l & 155
CATREE UT2AS, 2 O IR X 5200272 o T, A1k S 57 A8 BB NSRRI
L VEEMZR RS B D Z E IR S LD,

-
—
-

—

ZOXIIC, Z7L—FRABIZELTEZIET 2/ BRECHIFRIVE & BRAUAE & ORICITRED A
BR®H 5 Z LRSI, 7 b— K A OBRUEER TR BEESERME O A HERIE 2D\ Tz 72 %0
RESDZEnTE, BIERORIECEb DT 2/ BELORE R & & DISFEM 7R RN 231
DHUL, 7 X BRSNS AP OHEER, N ARREER BT K 5 RRY OB R LA
PEDRANHICER D ATREMERH D LB 2 TND, Tz, BAX TR UBRLEIEIC R T 53R LS
DAIMENTR S, BRINTITHED D S5 TORWAER RS BIKIC oW T, FHE LRIk
SHEENFREIZIR D EB 2 DD,

PLEomRicik-S&, 72 7 BESIFREMECIES IR T V2 A4 ROBRTIEE S BIHTZIC
RTHZENTE T, D7/ BRESIMEMNEZ D EITHIERMD 7 L— REEET S, 271
(2B T 2 BRACEER AR T ORRERAT 21TV BRALAERP OMEZ A S c T 2, 3)FERAY, F1HA
LN E DOAEBREECHRIRZHEE T2 2 LT, FILZ L— b6 5bAHO#EIC
SWTHRZELNDITTTH D, )INITHESNT Y L— NERRARBEREMRT 21T 5 Z L IC &
0, FEUAEEELUR R O MR A A ATREIC 72 B D TRV E B X TV D, RTEITHH
BREA IER OBRRITIN A BER R DA IO 2 BIEBER ORIEICE W TH AN TH S
EEZHND,
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28 TNARVERILKOBRERRIC X D EMIEMERRY OBERRIE L

2-1. TN A REGRIZEIT D IEMEEEER T

TR ) A REGKRTIE, BLEERIC L BE SN BILIER D4 OB EE =T 5 Z &1
Ko TEMIGIERR ~ L8 ivd, 25 LIEMRIG & i3 2 BER BB 1%, SRIRES 7 A
FlzBW TR BB T OFBICFE L T D, TR A REGHREE 7 7 AX =280

TiE, B{LEMZ S P450 Ra-7 b 7V VIERIKAERIR LIRSS . 7 T © R R 5 |
short-chain dehydrogenase (SDR)72 E 1% < f77ET 5, FHE & 72 D BRALIRIZRALKSZE D D WVIET
Na—URKTH D720, RiEMER sp3 IRFED C-HFEA 21T LIg(bd 2 2 L3 T& % P450 X
a7 N7V E VR KA R LB R SR LIERR OB — B A ) HE DB L W, — . 7T B UIKAF
IR %S> SDR 1ZKERIERC A L 7 ¢ 7 U LR 72 & HE TR A A OB LIC B D 5 7
B, AT~ OEMBFS 2 S BENE N, £, TNDHICE o TEA SN BET R
ZREEND L LT, fixOEBMIFEICL > TT B F AR AF LM, B OERELENEASN
%o Bl ZIE5REBE kD R U 7 TH D helvolic acid DAEAS KL 2 (Fig. 2-D T, 7
BALIARTH 2 protosta-17(20)Z, 24-dien-3-0l /> 5 CYP5081A1 (P450)iZ X > T 29 (L3 LR v
fizl2, AfuSDR1 (SDR)IZ L - T 3MLOKEEIEMN 7 b B b SN D, Hitl VT 29 (LD BB )N
V. ZOH% P40 LD 6, T, 21 Wi DER{L., T I IVEERBEERIC L D 6, TALO T B F Lk, ik
KRFWEFRIZL D 1, 200~D ZEHFEGEAN Lo TIREEMDEGR SN D,

\

<d§§50815} ; helvolic acid

protosta-17(20)Z,24-dien-3-ol

< helvolic acid biosynthetic gene cluster from Aspergillus fumigatus >
AfuSDR

AfuOSC3 CYP5081A1 CYP5081B1 CYP5081D1 Afu4g14820 CYP5081C1 Afudg14840 Afudg14850
cyclase P450 P450 P450 acyltransfetase P450 AT dehydrogenase
(AT) (DH)

Fig. 2-1 A. fumigatus (23517 % helvolic acid & i #

—MRIT, BRSO DNLARES O EEHUE & 2 Hl i STV %, helvolic acid G AIZIS W
frb\ 4 fTIZEH L TWD gem- ¥ A FAIED—FOLNEBILENTND AL, 6, 16 fLITEA X
L ERIEDISKIGTED S | B EEERIZ L DSOS OBIRMEN LTl S, F7z. CYP5081A1 73
$ZE“C7< FNIEZ DNV BB L TWD Z ENH DD £ 912, P450 7o & DR LR FIT %L B
PEDBLS S 23550805, ED1D, T/ A4 REGEKREER T2 7 A% —HIZ
R ONDBCEER BB FIIRKED OBILEIZL L TOHTH D Z LR ZV, RO ZERE L
S Fusarium fujikuroi (235 1) % ent-kaurene 7* & gibberellin A1 D/E S THME SN THY |
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BaT7 7 A2 =PI L% 4T P450 2351 13 B OMALERi 2 > T\ 5 EHEE Sh T
%3 (Fig. 2-2), ¥£7-. entkaurenoic acid 7> gibberellin A4, gibberellin As ~DZE#aiE e Tl B
BR O/ NS 20 SEDOBELHIIE A T /AL E TND Z L | IR TR B E K OBEIZIB N T
HEBEREEZRIZLTWDLZ Enbnd, LEDOZ Enn | BLEERITAEMIEET VX A4 R
ABRITB N THEIELREZ BN T 5720 DRIFR TH D LW R D,

) 0 ~OH
P450-4 [ P450-1 e @ P450-2 @ 0 P450-3 : @
— _' "o 9 HO .
3steps ¢ COOH 5 steps éoon COOH 4 steps H ‘cooH H ‘cooH

ent-kaurene ent-kaurenoic acid gibberellin Ay gibberellin A4 gibberellin A4

< gibberellin biosynthetic gene cluster from Fusarium fujikuroi >
GGPP
desaturase P450-4 P450-1 P450-2 synthase cyclase P450-3

« mm =)

Fig. 2-2 F fujikuroi (Z351F % gibberellin 4= & ik

FFEEIZ TR L 7= ophiobolin F A kli#E%E (AcOS)X°, 1 3 THRERINT 21T - 7= 4 FEOBR(LEESR

BIRFOJEAD G b EBOEMEEEER TR RO > TnD, Zivb OBRUEER R & BRLE
FRBEFEZBENTIRBIELZ L1280 EMIEET VX A4 RERGTE 2 MR H 5
EEZDNIZ, KETIE, BT 7 7 A X —OMRERNTIC &0 BLE & 2 VW IR O B
JKZh L7z 3 DD, terpestacin, betaestacin, ophiobolin DA A HIZ DOV CREHET 5,
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2-2. FEBRFER L BL-7 L— N A HORBRILIR DR E A

2-2-1. terpestacin ZE A EBR 7 7 A X — OHREMHT

5-15 BEVEHED 10 (LI KIEIEZ OB A X T AU T v a—/L Th 5 Bm3 13, BEERARM T
% % terpestacin B L OERZILEM LR L 15-5 EEFK & F-D, terpestacin X 1993 4T
Arthrinium sp.2> G HBE SNz B A X T 4 RTH Y . AR AL EEECHUER G %
NP EMNEI BTN H45, F 7=, Fusarium proliferatum, Alternaria alternata 7> 5 (3 25 {7 0D 7Kg
\ZT B F VIR TV a— A HNE A STz fusaproliferiné<° 25-glucosylterpestacin?? Biff X 41 C
W5 (Fig. 2-3), £ DEGRICOWTIEH S0 ST WA, Bm3 BEGPFIETH D LK
ETDHE ARE 25 (LRI HMILEMN LI/ D, FEEIC BmTS3 (tpcADJEIIZIL 3 FED
P450. 7 7 & AR LR 72 & ORUEFREIS 1 DFAE L T iz(Fig. 24, tpe 7 7 A % —),
S BT, terpestacin 33 L U fusaproliferin A& FER & L THI 5415 Bipolaris sorokiniana8, Fusarium
proliferatumé /% / A E&PRIZ LT- & Z A B. maydis KD tpe 7 7 A X — L L OBIE T2 T A
=R SNz, ZDOWN 2 FED P450 (¢peB, tpeC) & 7 7 & AR LEE S (tpeD) 3 4 C DI
5t 7 7 AL —IZIB L T2 LD 25D terpestacin DAESFRIZEI S L T2 AlaeMEN
EmWEEZ LN, T2 T, tpcA & tpeBCD DI K 5 BFiApE & I T2,

H_?

H g A
X Y OAc
OH
LN 2 i
: H

OH/ I
OH fusaproliferin HO

! : (from F. proliferarum) OH
H, : 0
Bm3 terpestacin \ OH

H H
(from B. sorokiniana) X N\ o
o
7
B o

glucosyl-terpestacin
(from A. alfrernata)

Fig. 2-3 terpestacin 8fx{L &%
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BmTs3
tpcB tpcA tpcD tpeC

B. maydis C5

I
1
I

B: sorokiniana [ (- INHTN
NSDR-011 Y ’ ’ ¢ NTi i
similarity ,f 98% !..r !"' 98%, ,‘:" 98% :? 'J' II'
. / i 1 fig g .

F. proliferatum !

NRRL62905
similarity 91% 83% 89% 96%

P450-1 terpene flavin  acetyl- P450.2

cyclase dependent transferase
oxidase

i ) ) Similarity/ i
Amino acids Protein homologue ) Pfam domain
Gene ) ] Identity
/Base pairs (Accession number) (%) (number)
0
NfSS (XP_001258098), Polyprenyl synthetase
tpcA 704/2210 i _ 70/42
Neosartorya fischeri (PF00348)
benzoate 4-monooxygenase
Cytochrome P450
tpcB 506/1845 cytochrome P450 (KXH27883), 91/76

_ ) - (PF00067)
Colletotrichum simmondsii

Trichodiene oxygenase

Cytochrome P450
tpcC  525/1685 (OCT53733), 75/50

i oL (PFO0067)
Cladophialophora carrionii
Bifunctional solanapyrone o
FAD binding_4
tpcD 518/1713 synthase (OMP86940), 88/70
(PF01565)

Diplodia seriata
Fig. 2-4 3 FHORIREHERD tpe 7 7 A X% —

B. maydis C5 D77 7 1 DNA /6 tpcA, tpeB, tpeC, tpeD % 7 v—=27 L, ¥ EH77 A
I N tpeABpUSA2, tpcCDpUARA2 % #E4E L7, Tz B\ CHE U &E I E 65 K
AO-tpcABCD %R L, = OHFEW 2 fi#hT L7z, LC-MS ¥ OfER[Fig. 2-5), 2 2DHi=72
fb& 11, 14 o Ev—27 BEH S, HR-MS 2LV 2nZhosy+RX%& 110 CesHaoOs, 14
CosHssOs LIRTE L7z, b 2 b i d Bm3 OmfLAkd) & HEE S, Fri2 14137
TARY) Th D terpestacin LR U+ XNAE 52722 Ln, 26 OHEER X O ERE %2 5l A
72o AO-tpcABCD O KEF:FE I\ XL 0 [EAE# 1 kg H72V 11 % 1.8 mg, 14 % 11 mg O TH
BEL. NMR (2 L BOHEERST 21T > 72, £ ORER. 14 @ H, BC-NMR A7 kLI terpestacin
OB E L —BLTBY ., ZolEdtE (alp2s -21 (¢ 0.1, MeOH)) % CiikfiE ([alp25 -18 (¢ 0.1,
MeOH))9 L LW\ —FZ /R L2 E0nh, Zhun()-terpestacin Th D Z EDBEND HLTZ, Th
&0, 2 B OREEMT 41T o 72 Bm3 OfftetBidiE 4 108, 14R, 155, 18S LiRE L7z, F7z, 11
[T Bm3 DA V7w ENVEIR T VR BRI S NIALEM T D 2 & N0 Tz, R TIEA
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V7 a ENHITE ) A VIR STV D Z LD U terpestacin A G ARG IS IS B 5y
Iz A= i & HERE S 47z,

FEVN T, terpestacin A£G AR IZ 31T D & IB15 - DOFEREHEE 35 L O MR O R E A 3 A 72,
Bm3 (2% % — BB H OBRLIISIC1E P450 TH D tpeB, tpecCOWT N 05125 L P S
T2t ETERENROT T A I K tpcABpUSA2 % W C " EHIFE K AO-tpcAB % 4%
L7z ZOREHEME LC-MS ICL > ToOoMr Lzt Z A(Fig. 2-5), 11 IZMA 724/ 12 O
E— 7 MEH S 3L, HR-MS 12 L0 20413 % CosHaeO2 ERE LT, 12 & 11 ORI
HIRIAEL 2513 8 11 ~MRD AN R SN2 LD | ks comIfERgR 2l Aa, Zh
IZED 12 2R 1 L 729 3.2 mg OINETHEEL, NMR IZ L AE&EMT 21T 572, €D
FER, 121X Bm3 O 4 Y 7'v VKIS E A S T- B b (preterpestacin IDTH 5 =
LRl

12 776 14 ZHEAERT 272D, 16, 17 (LI 2BILEMBVNETH D, £ 2 T,
tpcC-pUARA2 % L AO-tpcAB\Zxt L THEAT 5 Z & CoHEBEIEEHA AO-tpcABC % HE5E
L7z, TOMREEYE LC-MS 12X - Tolr Liz & 2 A(Fig. 2-5), #iT=724EmW 13 O B — 7 1\l
i, HR-MS 2LV 437K % CosHaeO4 ERE LT-, TN EBEREM 1 kg 720 1.2 mg DI
BECHEEL., NMR (2 X ST 21T > 72, ZOFE, 131312 ® 16 fif, 17 Hi8 1,2-V 4 —/L
W b S kA% (preterpestacin IIDTH D Z L 3bino7z, LLFIZ, SLEMOREEDTED
FEAIZOWT E & B 7-(Table 2-1, Fig. 2-6),

14 1
12 AO-tpcABCD
I |__Ao-ee
13
’\ AO-tpcABC
J AO-tpcAB
ﬂ AO-WT
A . .
6 5 1'0 1'5 2'0 2'5 [min] preterpestacin Ill (13) terpestacin (14)
Fig. 2-5 BEEEIAEOGEHEY O LC-MS 73T Fig. 2-6 11-14 Oy FHfiE

< 12 OHEIERT >

3 CosHaoOe N HEEE S 7 Bm3 LV 6 1 DWW 2 2Ry | REIFENS THHI L
225, Bm3 ICAKBEEAN 1 DBAINTHETH DL B ZHILD, £/, H, 13C-NMR (ZHBW\T
FEAEDVTFANRBM3 DD E L —HLTNDLZ LD, Bm3 EREROEHKEEL D
ZENbND, Bm3IZBITHAFARKOZERT 1 7T L@ 0.95)MER L, il A ¥
VAFrOTa R T G 3.22, 3.620B L WIRHE YT TG 6T.O0NBMIN TS Z &
N, 25 ENKBILEN TS Z ENbho7-, NOESY f#ric kv, aHla-H23-aH16,
H18-BH16, H14-H12-H10-H1 O/ TENENAAREN R b7z Z L2 b . Bm3 & [REERONAK{E
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T D T & AR S  (Fig. 2-7),

Fig. 2-7 12 ® 2D-NMR

<11 OEfRNT >

7R CesHaoO3 705, 12 L0 & S SICEWEMNEA LA TH D LH#HEE S N7z, H,
1BC-NMR 726, Bm3 IZBIF 2 AT NEDOT a vy 7 n@u 0.95) 03K L, Hil-lchvi=
WIRFE T 7T (Sc 180.5) BB STV D Z Enb, 25 (iR AVR U FRIZEE S Tnd Z b
o 7= (Fig. 2-8),

— NOESY

Fig. 2-8 11 ® 2D-NMR

< 13 OHEIERT >

57 CosHazO4 206, 12 10 b I BICERILEMNEATEILEW TH D L HEE SN, H,
BC-NMR (22T 12 Db D LT 5 &, il 2 2OFF v AF o7 e by 7)1 @
3.64, 3.99) 1 L ORFE > 7 T /1(Bc 80.7, T2. DBl S = 2 L h | 12 12%F LT 2 DOKEEHEA
BAINTALEW TH D L HEE S iz, 23 f1-16 (7] > HMBC #HBd3 KO 16 fi2-17 fizfi] o> COSY
FEEADN B (16, 1T KEE(E STV D 2 & A bno> 72, NOESY fi##ric L v \H23-H16, H24-H17
DOREITENZENAEBEN LGN Z E D 16 A-1T VO KEREEN E L ENPHEITALE LTV D & HE
ESNTz(Fig. 2°9), 2D 1,2- VA4 — AR syn Bl TH D Z L MNP DHT-D, 13 DT & h = N}
i A7 (Fig. 2-10), 13 27 & F U HTRRAET 5 Z L2k, BIRT v ¥ — 2R 15
DA HER I Z &6, NOESY AR HHEE S AV AR LT IE LN 2 & D3RS STz,

Fig. 29 13 ® 2D-NMR
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—_—
acetone

preterpestacin Ill (13)

Fig. 210 13 ®7 ¥ k= F{%
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Table 2-1 terpestacin ¥8fx{b 5% NMR 7 — %

45

CcDCl3 terpestacin CDCl3 preterpestacin Il C¢Dg 11 CDCl3 preterpestacin lll
Oc &y (multiplicity, J in Hz) Oc Oy (multiplicity, ./ in Hz ) [ Oy (multiplicity, J in Hz) 0c Oy (multiplicity, J in Hz)
1 395 1.68-1.80 (m) 1 42 6 185(dd,8.7,135) 1 431 1.89 (m) 1 347 2.05 (m)
240 (dd, 10.4,13.7) 2.08(m) 221(dd, 7.7,13.4) 239 (dd, 83, 136)
2 1217 525(dd, 52,10.1) 2 1252 521 (m) 2 1251 536( 77) 2 1227 528(t,7.7)
3 138.3 - 3 1348 - 3 1352 - 3 136.0 -
4 405 1.90-2.04 (m) 4 398 2.05(m) 4 402 2.10 (m) 4 399 211 (m)
2.22-2.30 (m)
5 240 2.22-2 30 (m) 5 239 210(m) 5 241 213 (m) 5 240 211 (m)
219 (m)
6 1245 514 (m) 6 1248 514 (t,6.2) 6 1250 5.30 (brt, 5.6) [ 125.4 5.02 (br)
7 1331 - 7 1326 - 7 1330 - 7 1328 -
8 351 1.68-1.80 (m) 8 351 176 (m) 8 355 1.90 (m) 8 352 178 (m)
2.09-2.12 (m) 1.99 (m) 2.06 (m) 2.04 (m)
9 30.0 1.68-1.80 (m) 9 298 162 (m) 9 305 1.71 (m) 9 297 1.61 (m)
1.76 (m) 1.89 (m) 1.79 (m)
10 767 407 (dd, 40,10.1) 10 770 392 (dd, 36,102) 10 771 4.01(dd,32,9.0) 10 772 394 (dd, 40,99)
11 136.7 - 11 133.7 - 11 1348 - 11 133.7 -
12 1291 541 (m) 12 132.3 5.18(m) 12 1315 5.30 (brt, 5.6) 12 131.9 517 (t,5.8)
13 290 1.90-2.04 (m) 13 231 192, 5.0) 13 24 4 1.93 (m) 13 250 1.94 (m)
245(d, 174) 213 (m) 205 (m)
14 498 272 (dd, 21,11.3) 14 458 1.76 (m) 14 470 212 (m) 14 455 2.06 (m)
15 491 - 15 46.2 - 15 462 - 15 46.9 -
16 208.0 - 16 412 1.38(m) 16 M7 1.36 (m) 16 80.7 364 (br)
151 (m) 1.45 (m)
17 1468 - 17 280 123 (m) 17 276 1.02 (m) 17 721 3.99 (br)
1.71(m) 1.53 (m)
18 1490 - 18 46.5 1.73(m) 18 472 2.33 (m) 18 492 231 (m)
19 373 268 (m) 19 36.7 164 (m) 19 414 2.39 (m) 19 338 1.89 (m)
20 155 1.64 (s, Me) 20 157 1.57 (s, Me) 20 158 1.64 (s, Me) 20 15.6 164 (s, Me)
21 158 1.65 (s, Me) 21 15.3 1.59 (s, Me) 21 156 1.58 (s, Me) 21 15.2 1.61 (s, Me)
22 10.7 1.58 (s, Me) 22 10.6 1.54 (s, Me) 22 109 1.64 (s, Me) 22 104 1.55 (s, Me)
23 16.4 1.01 (s, Me) 23 239 094 (s, Me) 23 242 1.00 (s, Me) 23 218 097 (s, Me)
24 146 1.30 (d, Me, 7.3) 24 16.5 098 (d, Me, 6.4) 24 17.7 1.12 (d, Me, 6.7) 24 14.4 1.14 (d, Me, 6.9)
25 66.3 3.83(dd, 55,10.4) 25 67.0 322(dd, 8.2, 105) 25 1805 - 25 68.8 355 (dd, 3.5, 11.1)

3.90 (dd, 7.0, 10.4)

362 (dd, 3.6, 10.5)

3.63 (br)




2-2-2.  terpestacin OHEEA A RFREE

2-2-1 THELNTAEGET RS X OV AR O FAEE DG | terpestacin DA BRI &
WD X o HeEE Lz (Fig. 2-11), £ TBALIK preterpestacin I (Bm3)7>5. P450 T 5 TpeB IZ
X o> T 25 (PlT/KFREE N B A &5 Z & T preterpestacin II 12)R3 A ES N5, FHE TH D Bm3
@ H-NMR (28T 24, 25 (DA F VIO 7 FVTENENRR D077 M e 52TV
Z &b (Table 2-1). ZHAUBIHMEFRICHEMTH L ZL3bNnD, ZHIZELY TpeB 37w
TNV EBIE AR L. BERONEERMEZ B ICHE L TWAH B X b D, [REROFNIE
Phomopsis amygdali {23517 % fucicoccin J @D 19 (LIZxf 3 HERLEARIZ H /5 110(Fig. 2-12), =D
ALEIEIRMEIE TpeB L@ LTV D 2 &G, AL L 7oBRE L & SRR LEER N 72 5 R & 5-
2 HBInTf 7 TAZ—BTHELTWD Z LX) D,

H :

OH
5o
O terpestacin (14)

TpcD
(FAD-oxidase)

preterpestacin | preterpestacin Il (12) preterpestacin Il (13)
(Bm3)

Fig. 2-11 terpestacin OHEEAE A RRE

OH
Ho Lo
,H "0
0 ™ |
& OH

P450-5 H.,

——

H \—OMe

fusicoccin J dideacetylfusicoccin A
Fig. 2-12  Phomopsis amygdali {23317 % fucicoccin ZE5 %

HWT, 22D P450 TH 5 TpeC (2 &> T 12 D 16-17 ML SEARZERINAIZ 1,2- 2 A — L~k
&35 Z & T preterpestacin IIT (1) EESI D, ZOE TEAINLKEEITESL S HPIH
WALE LTV D Z &G, TpeC OEUSNZIS T A SRR IZIE 15, 18 fLOE HAFEIZ K 5 SRR
ENRFELTCWDLAREMER S D EEX DD, £72, 12 O 25 MBI AR BB bInD 2 &
THELD 1L ELNTWD, AO-tpcAB DFFATIZEBW T, FEMMNE L 2512250 T 12 234
Fr I 11 OEFERPMENT BB RO Z &b, 11 13E EHRROBLEEE O X 12 L -
THER LA TH D EHEE S5, FEofl & LT, BE12 L 5 solanapyrone D Fffi/E
PEIZEBWCTAE R A prosolanapyrone I 23EEIC L > THOERRD ~E BB IND Z & RH
HEEINTWAI(Fig. 2-13), ZDOBNZEB W TS 11 OfR{bEAf & [FIFEIZ, prosolanapyrone I % FEE
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L 9% Sol6 (P450) & 1B ME AT 2 = & TIROEA R MK prosolanapyrone II 23% 50TV 5,
ZOZTENDS, BEICKDEISITERBREICBIT 5 TR0 bEESE 288 AT 5 2 & T
H+2ZENTEDLEEZLND,

o]

HO
S-CoA OMe o OMe
© Solt Sol6 =
acetyl-CoA (PKS) /I (P450) O
— o o = P a4 _— _
o o Sol2
HDJI\/LLs—ch X7  (O-methyl- prosolanapyrone | x—F
malonyl-CoA transferase) prosolanapyrone Il
l A. oryzae
OMe
= i OH
00" F =

shunt product

solanapyrone C

Fig. 2-13 (2 X % solanapyrone C 7 B fd/EFE

BZIT 13 D 16 f-17 A1 7 7 B UARLFRER{EEESRE TpeD IZ L > Ta- T b~k i,
17NN T ) — AT D 2 & THRAKPEY) terpestacin AN EESKEND EEZ BND,12 15 13,
14 ~DOEE ML, chaetoglobosin EAIZ A O DB IHEMI B OZ N EFELIL T D
12(Fig. 2-14), = OHE . EERTREIATH % prochetoglobosin I @ 19 /i7-20 728 P450 (2 & » T
1,2- VA=~ b, 5127 7 B URFREREEESR(CHGG_01242-2)I12 X - T 20 A3
b & a7 h—I V&R T 5 Z & T chetoglobosin A 3AEEK S5, TpeD & CHGG_01242-2
I3t FAD binding 4 € F-— 7 % 52 vanillyl alcohol oxidase (VAO)~7 7 X U —13|ZJ& L C
BY . RO L > TKEERIEZ 7 o ~EBRELTWAD EEZEZXBND, — T, TpeD
X 1,2-VA—NEDT bt LTS 0IEx L, CHGG_01242-2 (% 20 (O KERHE D 7 % [
ELTWD Z s, ME TR L OB R > TnD Z Ebnd,

CHGG_01242-1
e ——

CHGG_01243
R ——
P450

P450

prochaetoglobosin |

CHGG_01243

CHGG_01242-2
e

FAD dep.
oxidase

CHGG_01242-1
B —
P450

chaetoglobosin A

Fig. 2-14 chetoglabosin & R
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2-2-3. betaestacin A EBIE 17 T A X —DOREREMAT

Phoma betae PS-13 %/ & L2k T, PbTS (btcA) DJENIZIE 2 T D P450 (bteB, btcO)F &
Va7 b 7S N IK AR R LI SR (bteD) DAFAE L TV = (Fig. 2-15, btc 7 7 A X —), Zhb%
IR EED Z L2k, Pbl BEMLERZZ T CTEUDHRARBINELND L WIF Sz,
MIFFREDEIZ L > TS ORBEHT M THONT=D T, ORI R A AREICFEHT 5.

PbTS
bitcD btcC bicB bicA
akG-dependent P450 P450 terpene
oxidase cyclase
G Amino acids Protein homologue Similarity/ Pfam domain
ene
/Base pairs (Accession number) Identity (%) (number)
NfSS (XP_001258098), Polyprenyl synthetase
btcA 651/2388 i ; 61/34
Neosartorya fischeri (PF00348)

benzoate 4-monooxygenase
btcB 528*/1818 cytochrome P450 (Q2HEW1), 58/26
Chaetomium globosum

Cytochrome P450
(PF00067)

isotrichodermin c-15

Cytochrome P450
btcC 510*/1763 hydroxylase (KNG45957), 86/75

; . (PF00067)
Stemphylium lycopersici
taurine catabolism
. TauD
btcD 294%/1184 dioxygenase (KNG45955.1), 81/74
(PF02668)

Stemphylium lycopersici
Fig. 2-156 btce 7 7 A % —

P. betae PS-13 ®% / . DNA 75 bteB, btcC, bteD %7 u—=2271_, ¥HH77 A I K
bteBpUSA2, bteBC-pUSA2, bteDpAdeA2 ZFH#L7-, Tz HWTHEHIR AO-btcAB,
AO-btcABC, AO-btcABCD #HEEE L, REEW % fighr L7z, LC-MS Z#r OfEHR. AO-btcAB 7>
ST 7R O v — 7 3R S 1u(Fig. 2-16), HR-MS 7255y 7% CasHzeO4 EIRE LTZ, 2
DALEW & K5 1 kg H72 0 116 mg OULE THEE L  NMR (Z X 5 #EEfEHT 217 > 7= (Table 2-2),
H, 13C-NMR (2B T, PblIZA LD 24, 25 (D A F /DT v kv 7)1 (8u 0.88, 1.03)
ML, FTIZ 20D B IVR D IRFE Y 7T (B¢ 174.0, 174 DRI S 7= Z £ e, Pbl
D 24, 25 MIIN T IR UBRICIRIL SN EETH D Z LR bh o7, NOESY fi#ric L v . Pbl
E RO L 2 FF2 2 E SR S Tz, UL EDOFEREN G | bteB A Pbl OER{LIESZ 15 T
HZENDMNY . ZOHFHLAEY % betaestacin IT & L7=(Fig. 2-17), AO-btcABC, AO-btcABCD
DRHEM Z T LT & 2 A, AO-bteAB LRIfkD 70 7 7 A NV 52122 LB tpeC, tpeD
L Pb1 X° betaestacin II OERLERGICES G- LieWZ 3o Tz,
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m/z 350-410

betaestacin Il

A AO-btcAB
ﬂ AO-WT
0 ’ 5 10 15 20 25 a0 betaestacin | betaestacin I
SRERFRAmin] (Pb1)
Fig. 2-16 AO-btcAB DEIPEY D LC-MS s34 Fig. 2-17 betaestacin II ®DEAE K

BAVAERI D A F VIR TV R CBRICIBIE SN D132 < . RREHROE R Z T ~2 b
X< R o % (Fig. 2-18), il 21E. Neosartorya fisheri, Emericella variecolor 725 % ) LA~ A =7
|2 & o T sesterfisheric acid!4X° stellatic acid!5, quiannulatic acid6® 7 V7R R AICES D 5
P450 MFEIE SN TW5D, F7-. Aspergillus terreus CHiIAFE CT&H 5 Lobaria retigera 7> 5 1%,
sesterfisheric acid <> betaestacin & Ll L 725 #% % & D aspterpenacid!, retigeranic acid187)3 Hi
HESNTnd, ZnODEBIE 1 DDA FVHENRE ) HVRVBRICERESNTZHOTHY | [F
FEENTZ P450 (TG HIT 3 BREORLAIS Z A L TV D, ZAUTx LT Pbl 205
betaestacin IT ~DZ #2235\ Tl BteB 23 BT 6 BB & ORRL LS Z i35 L ¥ LR Vg
ZIEAL LT 2 S BLRTE N,

sesterfisheric acid stellatic acid quiannulatic acid
(Neosartorya fischeri) (Emericella variecolor) (Emericella variecolor)

HOOC H \——‘
H"
H
retigeranic acid A aspterpenacid A
(Lobaria retigera) (Aspergillus terreus)

Fig. 2-18 &A% 7 )LD
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Table 2-2 betaestain II @ 1D-NMR

CDCIs Betaestacin |l
[ On (multiplicity, J in Hz)

1 439 1.85(d,14.4)

2.10 (m)
2 1256 5.11 (d, 10.2)
3 134.3 -
4 372 243 (d, 14 4)

287 (dd, 10.8, 13.2)
5 1226 4.80 (d, 9.0)

1399 -
324 2.71(t,7.8)

8 336 1.47 (m)
1.90 (t, 9.0)

9 272 1.57 (m)

10 50.5 3.15 (m)
11 1421 -
12 126.1 5.38 (d, 10.8)

(
13 255 1.59 (m)
215 (m)
14 482 1.76 (M)
15 251 -

16 M7 1.48 (m)

17 283 1.61 (m)

18 432 2.95 (m)
19 528 3.52 (d, 10.2)
20 188 1.71 (s)

21 226 1.00 (d, 9.0)
22 204 1.53 (s)

23 250 0.99 (s)

24 1741 -
25 174.0 -




TREREVEERALEE SR DRI A 1T O L T, Colletotrichum orbiculare 2> 5 % bteA DT v 7 (btcAco
ERFT )DL SN TEY . HEREMRHNT OFE R betaestacin 1 #5225 Z L3 RSN, &6
\ZZF DJEDIZIL P. betae HkD 7 T A Z —th O i&EAs 1 (bteXpy) & FBIFME % 77 bteBes, bteCeo,
bteDeo BIFE L T LW 2 (Fig.2-19), MR D &I K - T i b BRI B 51 OMERERIAT 23T
i, betaestacin IT & 13572 HELEEXE © 2 6 OFBULEWNRESG S iz, & OEG KR E
(23T BteBeo I3 betaestacin I D 25 i &2 F2{k9 % Z & T betaestacin III, IV 2 5-2, BtcCco
X betaestacin IV @ 2-3 /i1, 5 \7, 7L, 10 {7, 21 7% BE{k.9-5 Z & T betaestacin Va, Vb, Ve, VI
25 ZENbroT-Fig. 2-19), BMEWZ L2, bteBeo bteBry i3 L 112 betastacin I DA
Y IaENVEERIET 2 b OO, FORE R R L AR R > TWD, £, bteCpp 134
% 5- 2 72025 7o DIZXE L, bteCoo X B, C BROEALIESGIZ L > T 4 FOERMEZ 52 T b,
ZOZENG, FUPLICEIE 7 7 AZ =0 bR HEELE S OBLAERY RGO 5601 &
D EDNIRENT, TAUR, AR LRI CBER R & 5-2 1 tpe 7 7 A% — O & I3k Y2
MRTHD,

ZORERIE, R T A2 = OB BIEFOHRAMEOEVWAKMENTND EEZ b5, Fig
2-4 TR LT2 30D tpe 7 T A X —HIAFET DB BISFIE. WD 83-99% & W 5 Ailisd T
FRMEZ R LT, —T5. 2 D0 bte 7 T A X —HITHET D8I OMFEMEZEN L 40%LLF
Th ol T RIRE D gibberellin 44 %2350 T, Gibberella fujikuroi 35 X OF Phaeosphaeria sp.
HRDER(LE%ESE Geps/ks, Peps/ks 13 45% DFEFRIVEZ R L, & $1T ent-kaurene % 52 5 Z & D3VA
HNTWNDHY, ZDZEnb, RERZ L) LNE—OHREZ 29 Pl 2 ET, BX
Z40% & VO FRIPERONE DOHBIEAE L 72 D R[REME N H D LB X B D,

bicApy bitcBpy, btcCpy btcDpy,
Phoma betae PS-13 - _-_

terpene P450 P450 a-KG dep.

synthase oxidase
thACO thCCO btcECo thBCo thFCo b!CGCO thHCo btc”Co thDCO

Colletotrichum orbiculare ___
MAFF 24042 — — - -
similarity 39% 36% 38% 15%

7 BtcAppico  FPP
(TS) +

< IPPx2

betaestacin Il

BtcBg,
(P450)
: CO,H
BtCCcO
(P450)
—_—

betaestacin Vc betaestacin VI

betaestacin IV betaestacin IV

Fig. 2-19 btcco 7 7 A% —IZ¥\F 5 betaestacin E5 K
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2-3  FEBRFE AL L B %2-ophiobolin iz & W D 4L A A5

2-3-1. ophiobolin ¥zl &%

FHAY 72 5-8-5 HiBr B # & > ophiobolin JEx LA WITARKE O EPET 2 AEN B A X TV
~_ ) A RTH Y., EIT Bipolaris oryzae, Aspergillus ustus 75 £ OREWEGM SRR E 2 & BB Sy
TW5, BIfEE TIT ophiobolin Hix{bEMITRMAL & FOALIT 20 FIEL LA ERE SN TEY
SRR T2 BTN B e 2 & VAT S TV 5 20(Fig. 2-20), 5 %1 ophiobolin A I HUEETE A /R
T, RIRE R Bacillus J&HE ., ~ 7 U 772 BRI EYFEIZ R L TR % 7777, ophiobolin B
g~ 7 22 5 F(LDso 4.4 mg/kg) HHEN D 5L TE Y . ophiobolin C <2 ophiobolin K 72 &
TR RIEEZ R T 2 ERMBNATWD, 2 b Db PGB L OEMIEED AN Y =— 3 1%
FITBLEDENC L > TAEL TS,

R = OH: ophiobolin J

Ry = BH, R, = OH: ophiobolin A R = H: 8-deoxyophiobolin J

Ry = BH, R; = omitted: 3-anhydroophiobolin A
Ry = aH, Rz = OH: 6-epiophiobolin A
Ry = aH, Ry = omitted: 3-anhydro-6-epiophiobolin A

R4 = BH, R; = OH: ophiobolin B
R4 = aH, R, = omitted: 3-anhydro-6-epiophiobolin B

R = BH: ophiobolin M
R = gH: 6-epiophiobolin M

R = BH: ophiobolin C

R = ¢H: 6-epiophiobolin C
R4 = Me, R; = BH: ophiobolin |
R; = MeOH, R; = pH: 25-hydroxyophiobolin |
R; = Me, R; = oH: 6-epiophiobolin |

6-epiophiobolin N

Fig. 2-20 ophiobolin (L&MW O FAEE
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ZUHOEGHRICER TS . & bEILE DR ophiobolin F 73— O¥E#kx (L& 4 0 AL iE AiTER
KThdEEZLND, BlAIE. PUEEISME% 3 ophiobolin A iZ. ophiobolin F 735t 6 B o
FEfbAEffi 2 517 %2 Z & T ophiobolin C, B ## TAEAGK S5 & HEE S LD (Fig. 2-21),
Aspergillus clavatus D/ ) 1 EIZBWTT AU BLEEZBIEF AcOS (0bIAA)2 D & B+
RURR LT & 2 A, 2 FOmIEFRIER T (P450: 0blBae, 7 7 & ARIFIIERVEESR: 0bICa) S LY

kN Z AR — 2 —(obIDa) IFAEL T D Z E b o 1= (Fig. 2-22, oblac 7 7 A X —), ZiLHD

Fe bR 1%, FEfRIR D H C ophiobolin F OWRIZER{LEE DKV ophiobolin C DAARIZEE- L Ty
LAREMEDR D D LB X BiLTe, £ 2 TCARETIX, T OB bR BT 2 BE N T oblda: & 3558
BlEw5 Z & CHEREMENT 21TV, ophiobolin FEfx (LG4 D A= pkAR BE fif B & 3l 2 7=,

£ . . H : . . 7 ophiobolin A
6H ophiobolin F 6H ophiobolin C OH ophiobolin B HO (antitumor)

Fig. 2-21 ophiobolin %t &% O T HEAE S AR

Aspergillus oblB,. oblA,, obIC,. , oblD,,
clavatus
gene putative function
obIA ophiobolin F synthase (terpene synthase)
oblB cytochrome P450 monooxygenase
oblC FAD/FMN-dependent monooxygenase
obID ABC transporter

Fig. 2-22 A. clavatus H13£® ophiobolin A& K& n -7 7 A% — (oblac V7 T A X —)
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2-3-2. Aspergillus clavatus W HAEAiE TR B AR 1 OFEREfEHT

F 7", ophiobolin F 76 ¥R OBELAELRIZEI 1 2 DT spd IRF T3 D EELIERRH FTREZR P450
ThdEBZOLNTTD, 0bIBa (DWW THEREMRNT 21T > 7=, A. clavatus ©77 /) . DNA 2 H
oblBac 7 v —=227 1L, pUSA2 LT 52 L CREMH 77 AI REME LT, ThazBE
ophiobolin F EERK AO-0blAaclZxt L CTEHAT 5 Z & T, HFEBUE AO-0blAacBae EHEE LT,
Z OMRA BRI TR R L7tk B EM ORI X OYRIT 217 - 72,

%725 TLC (2 X % ophiobolin F OEELAERKY O %17 > 7=, A. oryzae NSAR1 B34
RAO-WD DA EY & el L= & = A, AO-0blAacBac 7> %1% ophiobolin F Otz Hi7=72 AR
v M 4 ORIz, ZAUBIEWTILD ophiobolin F XV & @sEMIC R Hh, N=D U >
f¥iiZ & - T ophiobolin F & X< Pl A% /R L= (Fig. 2-23), Z ORI L 2 bl
0blBa:\Z X % ophiobolin F OE{LAERY CTh 5 Z ERHIFF ST, HEERE 2R 72, Hih
Wz V5o sra~ 7T 7 0 —BLOWH HPLC I2Xk-> THE L, HBROLEY
1,2,3,4 TN KEH 1 kg $720 100 mg, 1 mg, 2 mg, 40 mg DI E TH7-,

wr @ @

ophiobolinF

| 1
1) B

2
@: AO-0blAA. - JEBAIATE: Hexane/AcOEt =1
@: AO-0bIAxBA: ‘ . t/ 3 SR N=Y Y

Fig. 2-23 TLC I X 2t A p o

NS AFEDLE PN OV THEEDIE 2 3772, 1~4 D LC-MS (ESI+H) /3 HT Dfs 5. m/z 355, 391,
389, 357 Dy 1A A B — 7 BNENEZIELIN & U(Fig. 2-24), HR-MS 7347 L W Zh 2o sy1
& 10 CosHa002, 2: C25Ha203, 3¢ C25Ha204, 4: CosHa202 EIRE L72, HWVT, NMRICL - TE
DI EEH 22 S 7T 21T - 7= (Table 2-3, Fig. 2-25),
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AO-WT

—aa m/z 355-392
1
m/z 355
nz
m/z 391
3
m/z 389
4

m/z 357

0 10 20 min

Fig. 2-24 AO-0blAa.Bac 75 Wil S 17- ophiobolin BEALAM 1, 2, 3, 4 ® LC-MS f#hF

OH

/[ H
OH

Fig. 2-25 ophiobolin F OEE{LARWY) 1, 2, 3, 4 DAL Ak
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Table 2-3. NMR spectral data of oxidation products of ophiobolin F

ophiobolin F (in CsDs) 1 (in CDCl3) 2 (in CDCl3) 3 (in CDCl3) 4 (in CDCls)
O¢ Oy (multiplicity, J in Hz) O Oy (multiplicity, J in Hz) O Oy (multiplicity, J in Hz) O¢ Oy (multiplicity, J in Hz) O¢ Oy (multiplicity, J in Hz)
1 2570 1.94 (m) 38.20 1.17 (m) 3845 1.10 (m) 3521 1.49 (m) 36.83 1.29 (m)
2.00 (m) 1.63 (m) 172(d, 14.6) 176 (m) 1.57 (m)
2 5419 1.62 (m) 3768 2.07 (m) 4670 212 (m) 4311 2.05(m) 5351 1.90 (m)
3 80.20 85.07 7915 83.76 8137
4 41.90 1.68 (m) 51.29 1.61(m) 4774 1.58 (m) 4656 1.59 (m) 4167 1.93 (m)
1.96 (m) 249 (dd,149,72) 1.97 (dd, 13.0, 7.3) 237 (dd, 14.9,7.3)
5 2383 1.43 (m) 75.44 421(dd, 7.2,19) 75.02 410(q,6.9) 70.30 465 (m) 2547 1.61 (m)
1.54 (m) 1.79 (m)
6 4252 315(t, 83) 4595 233(d 3.9) 50.03 210 (m) 5427 246(d, 4.0) 40 46 3.23 (dd, 8.5)
7 136.62 111.38 49 32 266 (dd, 8.7) 7261 138.36
8 12915 564 (t, 83) 30.99 1.63 (m) 2899 1.48 (m) 3722 1.69 (m) 136.08 594 (dd, 8.5)
222 (m) 1.66 (m) 1.95(m)
9 2370 213 (m) 23.04 1.54 (m) 29 67 1.19 (m) 17.50 1.54 (m) 2335 1.43 (m)
1.70 (m) 1.83 (m) 2.03 (m)
10 5585 1.68 (m) 49.90 1.46 (m) 4823 163 59.04 161 (m) 5476 1.69 (m)
11 4392 4433 4314 4292 4384
12 4366 1.34 (m) 44 .84 1.34 (m) 4316 1.29 (m) 4367 1.34 (m) 297 1.35 (m)
1.44 (m) 1.35(m) 214 (m) 1.42 (m)
13 36.81 1.32 (m) 2268 1.31(m) 2344 1.43 (m) 2370 1.52 (m) 2320 1.29 (m)
1.44 (m) 1.38 (m) 162 (m) 1.52 (m)
14 4597 2.30 (m) 4712 228 (m) 4536 2.33(m) 4590 218 (m) 4539 233 (m)
15 33.37 1.68 (m) 3315 1.59 (m) 3266 1.48 (m) 33.80 1.60 (m) 302 1.62 (m)
16 3T 1.27 (m) 37.20 1.12(m) 3r47 1.08 (m) 37.46 113 (m) a7 1.13 (m)
1.40 (m) 1.20 (m) 1.18 (m) 1.34 (m) 1.29 (m)
17 2673 1.95 (m) 2633 1.95 (m) 26.18 1.91 (m) 2599 191 (m) 2573 1.81 (m)
1.98 (m) 1.99 (m)
18 12556 528(t,69) 124 .95 510(t, 7.0) 12477 503(t 60) 124.97 510(t,6.7) 124 91 511(t72)
19 130.93 131.09 131.20 131.08 13114
20 29.00 1.05 (Me, 5) 21.32 1.26 (Mg, 5) 28 42 1.30 (Me, 5) 2164 1.23 (Me, 5) 2792 1.28 (Me, 5)
21 2195 2.03 (Mes) 137.99 503 (s) 206.76 966 (s) a7.39 459 (s5) 66.66 3,90 (d, 11.5)
430 (d 11.5)
22 19.06 0.85 (Me,s) 18.687 0.91 (Me, s) 19.18 0.72 (Me, s) 18.21 0.94 (Me, s) 18.94 0.87 (Me, s)
23 17.18 083 (Med, 6.9) 16.18 075(Me, d 6.7) 16.48 0.69 (Me, d, 6.8) 17.60 0.80 (Me, d 6.8) 16.87 0.77 (Me, d, 6.8)
24 17.76 1.62 (Me,s) 17.62 1.60 (Mg, s) 17.62 1.53 (Me, s) 1767 160 (Me, s) 17.66 1.61 (Me, s)
25 26.10 1.71 (Me,s) 2572 1.68 (Mg, 5) 2570 1.65 (Me, 5) 2574 169 (Me, s) 26.20 1.69 (Me, 5)

OH
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< LAY 1 OREIEfRNT >

TH-NMR (23 T, ophiobolin ‘B ¥ 2RI 72 A F L 0>+ 7))L (H20: 1.26 ppm, H22: 0.91
ppm, H23: 0.75 ppm, H24: 1.60 ppm, H25: 1.68 ppm) N 5N5 Z Enn . ZOLEMIE
ophiobolin F /b8 i X7z b D L& X 5415, ophiobolin F IS AREIFIE 5 THHDIZK L 1 1%
AAFES6 TH D Z LD “HEGH D WITEMENHZIZ 1O ESNTND EE 2 b,
1 ® 'H-NMR A7 kL% ophiobolin F & Hilcd % & H21, H8 DT 7 F /R HEk L, #Hiizl
du 4.21, 81 5.93 D 7 FANBII S NIz, Su 4.21 T4 F T AF 7w b AR Y 7oL
ThHY, TN H4 & COSY HHBZE G 2722 b, 5 ALICKBRENEAIINLTWND Z &R
olz, —J, BEFE= LT r FTHY C3 Lo HMBC HBEIABI SN2 Evh, T-8 (D
THEAN 721 MBI LT ) V=T USRI U CHITE R BB AL TS Z b
Mmoi-, £/, BC-NMR O#fER L, = ) — o —F UEEBICE B> 7 (8¢ 111.38,
137.99MB A 5= 2 &b b (Fig. 2-26)22, /) — )L —T UREEDFEN L S -, NOESY
figtric kv . H5-HSBMOFEN S 5 MO SAKLFE AR E L, Z Do SR I B LT
ophiobolin F & [AlEETH 5 L kE S 7= (Fig. 2-27),

Gca 114.9 ppm

o]

O,N

(o]

arabilin A
% ¥~ B¢, 144.4 ppm

Fig. 2-26 =~/ — /L ——7 WEIEIZRHERI b F 2 7 MEDH

o—

- COSY
------ overlapped signals

—> HMBC

Fig. 2-27 1 ® 2D-NMR 1R

< B{LAERA 2 OREERIT >

BC-NMR ([ZBWTA LT 4 VIRFBO T T F N 2 SEH S ., REFEN 5 THHZ Enb
ophiobolin F ® LG 1 DIc STV 5 EHEE Shv7z, TH-NMR (2350 T ophiobolin F (2
BIF28HOE= LT 0 T FAREREL TS Z LD, 7T-8 LD “EAEAEIT I LTV
DI ENbnolz, £z, H2L OV 7 FARER L, TATE ROTa b 7 )@y 9.66)13
AN EMD 2L MDA TFNERT AT e RICEBRINTWDLZ ERbooT, I,
FXUAFTa b DY T F NGy 41008 H4 & ORIT COSY MHBINBRI S -2 &b, 1
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LRIBEIZ B NI AKFR AN E A SN TWAD Z &N bho72, NOESY f##ric L v, H7-H10 RO
BN S 7TALOSLRIEAE T AT & ROBELE T D L E L, H5-H4() B OB S 5 fLOSLIR
LI KEREE S BECIE T d D L I E L= (Fig. 2-28),

-— COSY
------ overlapped signals

e N

Fig. 2-28 2 ¢ 2D-NMR Fip

—> NOESY

< ER{bAR 3 OfEERENT >

BC-NMR (ZEBWTA LT 4 UIRFEDO T T 2 BRI S v, REFIENRS THDHZ Lnb,
ophiobolin F @ " HEfEE 1 1 DR IT SIHT7210 1 DERBENTER STV D EHEE ST, 72,
H-NMR (ZBWTAF U AF 7 by 7 F 10y 4.59, 4.65)75 H4, H6 & COSY MR % 5
ZTWDHZ END 1 LRBRIC 5 MRKIBIE SN TS Z ERbhoTz, T b DR E 45+
B, 3X LB ELICILEMiZZ T TAbEmTH DL Z N TRINT, 1LIZB TS 721 o= )
— VT —FIVDRFE T ANHEI L. I —BEROATF I AF e v 7A@y 4.59)
BLOMmRFEL 7 Ge 97.39), W#kIRFEL 7T 1@ 12.6DRHNTNWEZ ENnD, 31T 1
D TAL, 21008 1,2-V A — N~ LR SN Ab AW Th 5 & HEE S 7= (Fig. 2-29), 2N A DD
LT, 1,2- VA — NV OREHIBREUG 2387 72, 3 12k LT NalOs ZAEfH S 72 & 2 A, Hifs
B 1,204 —ARHA LT b BRIV INZ AT A~ EEBINTALEY 5 B 5L
(Fig. 2-30), 2117 & 4 LDKFED NOESY FHEAN B 21 ML ONAK(L 2 ZRGE L, £ OO AL
FIXL EFEIERTH D ERE SN,

overlapped signals

Fig. 2-29 3 ® 2D-NMR 17

Fig. 2-30 3 OER{VAIBIZL IS
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< FR{LAERY 4 OREIERRT >

IH-NMR (23T, ophiobolin F (Z3iF % H21 O 7 F/ABNHEE L, Hillctx AF o7
2 R 7T (S, 3.90, 4. 30013 BLIL TV S, i & NMR Offi 5123 T, ophiobolin F (2%}
LU CKBEN—DEASINTZZ LRSI 025 4 13 ophiobolin F @ 21 2 23Kk S 7=
HiEThH D ERESNT, NOESY HIN 5, &L~ T ophiobolin F L [AfTH 5 = &
DD BTz (Fig. 2-31),

25 £
S e D
4
HO
— cosy = HMBC —> NOESY

------ overlapped signals

Fig. 2-31 4 ® 2D-NMR #HES

PLEDFERNS . AO-oblAscBac 1> DA% H VT 4 FEOLE YL ophiobolin F 73 1~4 EXpEOmRL
Bz 52 L CERLEFTBILAEM TH-T-, 0. BERMRRY & FEEOALEG A7, 21 (1)
DEINTWD OO, KA L TWoiR (B TH % ophiobolin C DA FEITMERS S L7
MNolz, ZDOIZ LD, ophiobolin FEAEFERE TH D A. clavatus HR OB LEERBIZ 1T, Ak
DOREREN A THE SN TND EB 2 b, & Z TR TIX, ophiobolin A FER KDL 17
T AL —IZOWTHEREIT 5 2 & CTREA RGN 5008 9 DREiE LTz,

2-3-3. Bipolaris maydis, Emericella variecolor H A& BIR T DIERERHT

ophiobolin A, K ®/AEPERE & L TH HID Bipolaris maydis 233 1O\ Emericella variecolor
UCEFEKR BHBER IV 7 ) MERETEAN)T ) A EERR LI 2 A, oblac 7T A K —
UL LB B T T A =R Sz (Fig. 2-32), U, T O OEKN &L NIZEE T
J T AR =% ZNEI oblpm 7 T AKX —, oblpgy 7 T AKX —L L, £V TAX—HOBIKT &
0bIXBm, obIXpy £ RKFLT D, 0blac 7 T AKX —H &G0 3 OD 7 T AKX —%Likd 5 & oblA, obB,
obID D 3 BIEF T ~NTUITHIBEL TEY (W FRH AN 50%L L& WS mWREIMEZ R LT
T2 b, FROERELZFF OB T Tho EHESIND, S BIT, obla, oblpm 7 7 A% — Tl
obIC HILBE L TWAHDIZXT L, oblpy 7 7 A X —IZ1% oblC DDV IZEH 9 OEDD P450 Th 5
obIE 3F1E L T,

BIE0 = & 75 . ophiobolin HHE (L A ¥ BRI SN TR D L 5 124 w:(Fig 2-33),
%7 ophiobolin A, K D#EE A Ll T 5 L, 5O b 2107 AT RpnH@EL TnD 2
L7225, ophiobolin A, K IZ ophiobolin F 7*5 ophiobolin C & CTAGKIND EEZBND, =
DIBILERIZBID D DX, TXTD 7 7 A X — |23l U THEET 2 P450 Th % obIBh3 b A T)
IEHTH D, IO ERERICE H T % &, ophiobolin A [Z=—7 /LEE, ophiobolin K |33
T L O END, BLEBEEDOE VLS TINOLOERENMED ST N TND EEX
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HA1%, ophiobolin A DAA R TIX. 0blac, 0blpm 7 T A X —Z8 5 obIB & %\ NEZ O P450
|\Z &> T ophiobolin C ® 14 fZA3/KEE{t. S+ %5 Z & T ophiobolin B AR S 4L, H%IT obIC
WCEoTm—T VBRBERESND & TIEIND, —F5 ophioblin K DAEE R TIX, oblpy 7 7 A%
—\Z& % obIEZ . - T ophiobolin C DHIEHIC —FEiEA N E A Z415 Z & T ophiobolin K A
REND EB R HILD, oblE DFEFEIMERHT ORE RS Z O TH% K LT Y | 0blEk. 13 ergosterol
DEBRUITIBNTT AT 2 “HEFESGOHEAICE DS P450 TH D ERGS 25 L )\
FME93%) & /R LTz, Z OHEEAEG R % b &2, £ 0blBsm, 0blBey DFSREMFATIZ X > TREHN
$E#%14 ophiobolin C ® Huf5: % ik 7=,

Aspergilus oblB,. oblA,, obIC,, oblD,,
clavatus —<J<:|—<}:|~<}:|—»—|>[>~ -
Bipolaris OblA, 0blBg, obIC, obIDy,,
A
maydis -
(ophiobolin A £ E&) g 55% 68% 53% 76%
Emericella obIE,, oblA., obIB, obIDg,
variecolor — 1
(ophiobolin K % ZE &) R 62% 67% 76%
gene putative function
obIA ophiobolin F synthase (terpene synthase)
oblIB cytochrome P450 monooxygenase
obIC FAD/FMN-dependent monooxygenase
oblD ABC transporter
oblE cytochrome P450 monooxygenase

Fig. 2-32 3 D HEE ophiobolin A B s 17 T A X —

0bICx,
obICpgp,
L H —_— Y ) .
én  ophiobolin B Ho = ©ophiobolin A

(antitumor)

OH

oblEg, &
ophiobolin F ophiobolin C

én  ophiobolin K

Fig. 2-33 ophiobolin Fii#(b-&4 O T 1A A RS
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ob1Buac DFEEREFRAT &[R4k, 0bIBpnpUSA2 18 XN 0bIBrypUSA2 ZFHHL L. obldac & DILFEH
¥k AO-0blAacBBm, AO-0blAacBey W55 LT, TV 0 & TV EN K- CHERR U RENFEW & b
L7-& 2 A, TLC BLOLC-MS A OWT U T b Hi7z 2 AR I 3R S vz ns - 7= (Fig.
2-34), L L7265, TLC IZBWTHE TH % ophiobolin F OEE IR INIZZ &b, BB
{BERD B E I RICEND DRI TND Z ENRB Iz, Friz, THRAERMTH S
ophiobolin C 235 £ 2%} L CEMEEZ/RT Z & THMIN TV D AREMENE 2 72729, Ac, Bm,
Ev 7 7 A% —3 _XCIHl L TRIFENTWD b T AR—4% —(obIDIZ7E H L=, 2% oblA,
B EHRBLIELHZ LR, EBWIR DRI DRNCEEASNE PSS 2N TELHDT
L7220\ E B 272, B. maydis D/ ) 2 DNA )6 oblDpm % 7 @ —=27 L. 0bIBemDpmpUSA2
B X W 0obIBeyDpmrpUSA2 Z B U 7-, 2w AW CHEE 3 BB IRHAK AO- 0bIAscBmDpm, AO-
0bIAABE-Dpm %W U T NEN D KEEFRIC K - TE LN TAEBIEY & b L=, © OfEF. TLC
ETET AR O ARy R3S 20, LC-MS 3 HTIC Ko TH72IZ 3 SDAERM D v — 27 H3E]
H &= (Fig. 2-35, 2-36), = D 1 2% ophiobolin C D&, & 45+ EMMW 386) « ¥ i E 28—
HLTEY, ZOfft 2 ©i ophiobolin C & [d] U4y 153 L OE O PRI Y T 5 55+ EMW
368)% -2 7-Z LB, WIALY ophiobolin F OFR(LAERM TH D & PRI, ZhbET Y
BTN T AT v~ 7T 7 4 —B LW HPLC (2 X > TR L, NMR |2 L A E R EZ1T
ST, TORER, Zhn 3 2OLEWD TH-NMR A7 MUTZENENBEM KR TH D
ophiobolin C, 6-epiophiobolin C, 6-epiophiobolin N ¢ SC#ikfi26.27 & —% L 7= (Fig. 2-37) (N &% <
NZIKEMH 1kg 72V 1 mg, 4 mg, Img), Z DI )5, ophiobolin AFEF KD 0bIBam,
oblBEy 1L, obIBac & 135730 ¥y DT AR To % ophiobolin C ZEFET HHKEENH D Z &N
RENTe, Flo, EOEFEIZIZ N TV AR—=F—ThH 2 oblDpn B3LEEToHDH Z L b oTz,

® ® @ @ © ©2 0 @
- ophiobolin F #
- ’
ophiobolin F 1
4 @ AO-0blA, -
® AO- ObIAACBBm " ‘~
x @ AO-0blAxBE, ‘ 5 bt | ophiobolin C
i - Ac
i 3 ©® AO-0blAxB: B ®® 3 ophioboiin C =4,
BRI Hexane/AcOEt = 1 @ AO-0blAABADEM

: @ AO-OblAAcBBmDBm
BRI =Y U R

. i °H /AcOEt =1
Fig. 2-34  AO-0blAscBpmm KHFEM D TLC PRI Hexane/Ac

BEFHE =Y ) R

Fig. 2-35 AO-0bIA4cBmDpm XHTFEY) D TLC fiEAT
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m/z 369-388

AO-WT

AO-0blAa:Bam

\ L/\ AO -0blA4cBpmDen

AO -oblAacBrv

N\
A/U\ AO 'ObMAcBBmDEV
/ ophiobolinC #% 44
10 15 20 25

<~ AANRYT hL

369
387  ophiobolin C
35Ll 4
L e i i cini pi de R B GE Sem L
350 400
387
369 6-epiophiobolin C
L
~r T % vy g ¢
350 400
369
6-epiophiobolin N
e e e
350 400

6-epiophiobolin N

Fig.2-36  AO-0blAacBBu/evDpm (S EEY) O LC-MS 34T
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Fig. 2-37 ophiobolin C, 6-epiophiobolin C, 6-epiophiobolin N ® H-NMR (CDCls, 500 MHz)

6-epiophiobolin N

_%LL; ’ jﬁ

ok

m-owwowgowozbof F
_ e A

1

AL e a M

ophiobolin C : 6-epiophiobolin C=3:1

*G-epiophiobolin C kD v 7 ) /L

| Lo h

b L !

10

E 8 7 6

3

2
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Z Z T B L7z 6-epiphiobolin C, 6-epiphiobolin N %, ophiobolin C 725 6 (i D FE AL Fs LY
KSR L > THELTZb D EEZBND, % T, ophiobolin C % pH 5 O/ Ny 77—
TA Fax—h L&A, fHEEHIIZ ophiobolin C 23#/> L 6-epiphiobolin C, 6-epiphiobolin
N 2MERT 28123 LC-MS (2 & » TEIH & 7= (Fig. 2-38), 42 XLV | ophiobolin C 3 E&M1:5c
PERIZEBWTIHRERIIC = 1L - BKPETT D Z &b holz,

Y &
%%
%%
2 %.
‘éo ]
m/z 350-400
ophiobolin C #Z
FRALERT% (24 h)
fELE% (48 h)
_/
feiueit: (72 h)
T T T T T T T T T T T T T T T
10 15 20 25

min
Fig. 2-38 ophiobolin C FEALEEA= B4 @ LC-MS 34T

0blBpm, oblBry DEEHEFRATIZ XV ophiobolin C DAEFEIZKE L7272, #i\ T Ac, Bm 7 7 A
2 —HDH 5O OO LEERBEIR T (FMO) Toh 5 oblC DFEREFRNTIZ LV | S HIZERLAHEIT L
72 K¥R%) ophiobolin B <> ophiobolin A DAEFEZ R AT, HEH T T A I N 0blCarpAdeA2,
obICenpAdeA2 ZFHEL L, T 6 % BE ophiobolin C EEMKICK L TEATHZ LT
AO-0bIA4:BBm CacDpm, AO-0bIA4cBBm ComDpm % #EEE U=, Z 15 O EHRIRE & K5 - Th % L
RERFEED) DA 24T o712 & Z A, LC-MS Z3#7112 K = T AO-0blA4acBem CacDpm D> 58 1= 72 b A
4 6 (MW 400, Co5Hs704) 23 fen8 S 7= (Fig. 2-39), 0% HiEfE L (L& 0.8 mg/k 1 kg). NMR
I & D AT 247 5 72 (Fig. 2-40, Table. 2-4),
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m/z 401
/240 6 D AANRY KL

AO-oblA B, D,

, . O YU N 401
rr~r ¢ v T1 1 ¢ T T T T+ T
6 383
l ﬂ AO-0bIA B_ C, D__ 365
7—1_'_T_|_Vﬁ——1_
r . r 71 Tr +r T T 71T T+ T
0 10 20 min 350 400

Fig. 2-39  AO-0blAacBBn CacDpm RETEY O LC-MS 737

Fig. 2-40 6 O4yFi#id

6 ® NMR 7 —# % ophiobolin C ®& D & (k4 5 & 1TH-NMR 28\ THi721Z8u 6.06, 6.00
O 7 FANRBRHIETEY . ZHUIBEM KA 6-epiophiobolin K28DMHIEHIZ H & 5 ke —
yo7a Ny 7l E—H LTV (Table 2-4), £72 1BC-NMR 128\ T, = A7 /(8¢
174.00 £ 7 # = @n 1A DDORKFIHE T 22 7 FANBRIS A TE Y . ZHUIBEmRAY
ophiobolin 129(Z i, 531 5ot & & < —E L T\ 5 (Table 2-4), COSY, HMBC fi#4 7> & “Fifi
M2 E L, 607& 10200 NOESY HHBE D 6 L DOKFEIFZafilZfiE L T\ d Z &b iols
(Fig. 2-41), VL EDOFERENE | 0blCac DFERERFHTIZALEN L. ophiobolin C 28 & & [ZER{LIERAT % 5
05 Z & TERLE &b b BBl ba4 6 % i L 7=, ophiobolin A= FEH K D 0bICBm, 0blCry
WZDWTIE, FIRRICHEREMRNT 23R 7= b DD 6 3 LU - e b AE IR S e o T2, &
7=, ZDOFEBRIZEB VT, AO-0bIA4:BBmCacDpm, AO-0bIAABBm ComDim H> 5 4 0] D T HA KM TH
% ohiobolin B, ophiobolin A M/ FEITHERR S dL72 o 7,

/_\4\‘

— cosy > HMBC —> NOESY

Fig. 2-41 6 ® 2D-NMR 1}
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Table 2-4. NMR spectral data of 6 (CDCls) 6
ophiobolin L 6-epiophiobolin K 8
oc On (multiplicity, J in Hz) dc o1 (multiplicity, J in Hz) Oc On (multiplicity, J in Hz)

1 35.1 41.29 1.55 (m) 30.70 1.17 (m)
1.75 (m) 1.65 (m)

2 50.9 49.60 2.16 (dd, 10.5, 4.2) 55.65 1.70 (m)

3 79.9 76.72 83.17

4 513 54.94 242 (dd, 16.8, 1.5) 56.52 215 (m)
3.09 (d, 16.8) 2.28 (m)

5 113.3 217.27 114.69

6 50.5 3.24 (brd, 9.3) 48.82 3.30 (brd, 10.8) 55.61 330(d, 9.7)

7 131.2 141.31 128.85

8 1411 6.93 (m) 160.78 6.87 (dd, 6.9,2.7) 147 91 6.92 (brs)

9 234 30.85 2.84 (ddd, 20, 4, 2) 32.30 2.00 (m)
2.22 (ddd, 20, 14, 2) 254 (m)

10 60.9 43.74 2.54 (ddd, 14.7, 10, 4) 45.03 232 (m)

11 424 4470 46.73

12 41.3 27.71 1.65 (m) 47.39 1.47 (m)
1.20 (m)

13 428 45.25 1.45 (m) 44 .32 1.49 (m)
1.45 (m) 1.67 (m)

14 952 54.06 1.87 (m) 5469 1.83 (m)

15 36.6 32.58 2.53 (m) 35.75 2.47 (m)

16 302 135.59 512 (t,9.9) 138.29 5.11 (t, 9.6)

17 70.9 4.40 (ddd, 9.0, 7.0, 7.0) 129.97 6.07 (dt, 9.8,0.9) 126.74 6.06 (t, 11.2)

18 126.0 5.12 (brd, 8.9) 119.97 6.00 (md, 9.8, 1.2) 122.94 6.00 (d, 11.7)

19 135.3 136.42 138.98

20 257 1.21 (Me, s) 25.86 1.45 (Me, s) 2754 1.27 (Me, s)

21 171.0 194.30 9.17 (s) 173.95

22 174 0.81 (Me, s) 23.32 0.85 (Me, s) 26.38 0.76 (Me, s)

23 17.8 1.03 (Me, d, 6.9) 21.31 0.98 (Me, d, 6.6) 2412 0.96 (Me, d, 6.7)

24 18.2 1.65 (Me, s) 18.22 1.77 (Me, brs) 21.00 1.72 (Me, s)

25 258 1.70 (Me, s) 26.56 1.83 (Me, brs) 29.32 1.81 (Me, s)

(o]
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2-3-4. ODbIB DHEE S Itk

1) OblBac OHETE B ikt

A lEfG S TR LA ) 1~4 OIS S Z 51XV 3D ophiobolin C & [FIFRIC 5 75 21
RIS TEY ., 1,2, 31220 TE 2 BFSLULEDORALAEIT L TWD Z L bnd, LD
(LRI D B 1~4 DB FREIC W TRD L 9 12522 L T-(Fig. 2-42),

ObIBs. | woH
—

QH —+Hs |
O6H ophiobolin F

A A

ObIB, l —+H21

i ObIB,,

(minor) (major)

| o

Fig. 2-42  OblBac DHEE i A

%9, ophiobolin F |Zk4 % 1 B EH OEE(bix, 500 21 (e OWT NN THATT 5, 21 LD
AL WIDICHEIT LT3 E, TULNTAa—LEERTHIETA 2525, —Ji. 5 MOE{L
WFNTHEAT L7e 6. BRI EEANE AN SV A D3RR 5, HEV T 21 7 CRb AN HEST
T DB LT 7 ¥ B NFED 3 LD KK L KIS T 5 2 & Co—T VERE T 5 (T B),
WNT T-8 (LD —HFEAN T-21 fi~BMEL T2 2 & T2 /) — V=T VEBM L, FAEED TH
H1NECD, LITEBITHAKSRRIC L > TR L, 2 ~eEH IS, £72, OblBacll k- T
10 THE, 21 A0S 1,2- VA — N~ LB b END Z & TINEKT D, 4 EOLEWDON, 1 DA
FERNR O SN2 Z E0nh 1 BB ORI Z 2 BEOALERIRMEIX 21 2 L 0 b 5 L5 R
BhRInNsEEZLND,

Z OHEEAEBRIRIKICE LT, YYD T TIE OblBac (2 L » T 21 (X7 VT & RiZERbSh
% Z & Tophiobolin C ~YEhivd LBz bz, L LEBRICIE, BLBREWZ &2 3-21 (7
TREFEEZRIZIT A OV —T VB2 TR L T 5, ophiobolin F @ X #fk st 1S fEsT 2 F
EL72E ZA, 21D fRFE L 3 OKBEDHRHIB L% 3.3 ATHY | +ockasa kLS
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HI1E EZEBENCITE L TWD Z E by o 72 (Fig. 2-43), 2D Z & 75, OblBacld 21 fLDKFET
CHNEBIER N, 21 ML KEREEZ B AT ARV IZ, IHICH D SMLOKEEIEIHKFET
CHNEBIEHRENTLED) ZETIZOMENDKIEZRZ LTS EE 2 bivs (Fig. 2-44, Path
Ac),

Fig. 2-43 ophiobolin F ¢ X #is stk & i@t

FHEN=06 (Path Bm/Ev)

Fig. 2-44 OblBaclZ k% 1 DA Rkt

1 BNAERT HIBRET, =—T7 VEPEK SN ZIC ZEAEG DS BRME L TV D R FEF I HLEE
TN, Z 20, CHEEA DRI DRI OV TR L ERE D5 T 11731 5. (ChemBio3D Ultra)
EATol & T A, ZHMA DR DT D EMALANZ TR 5 keal/mol ZETH D Z &b
nol-(Fig. 2-45), ZDZEMnb 1 DT ) — Lo —TF UREEIL, BEREMICARR SN D A Rerk & &
HiZ, BENZR _EEGOBRMEIICE > TEREINTWAHREERELH D EE 2B D,
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1,3-H-shift
—

ASE =-5.3 kcal/mol

64.9 kcal/mol 59.6 kcal/mol

Fig. 2-45 _HEfEA ORMAIC K D 1 OREL E(L

2) OblBBm, OblBry O H#E & S hi i

OblBBm, OblBry DEREFEATIZ &2 - T ophiobolin C 5 L O F DO RMEERNELN-Z Eb, I
D DA B2 RO L 5 ICHEE L7 (Fig. 2-46), ophiobolin F (Zx13 % 1~2 BtfE B O LI&Af
BT DALEEIRED OblBac DA E R TH D LB X T-HE. £9 500, 21 (L DNAIZKEESE
PEASNT R A—AHEERT7 2522, EHICZ0 M) A—ARERMICBbsns & T
ophiobolin C WAEAKIND, D% 6 o=t ~—fbBILY 3 fLORPKIZE - T
6-epiophiobolin C, 6-epiophiobolin N 23MMAR AT 5, Z AT DUV TIL, BEMESR{H: T C ophiobolin
C ONLREMAL, BKRDPIEFERINHEITT 5 2 L 245 RIERIITR Lo, K CTORESET
TiE pH 28 4 BEIZR > TWAH Z & b3o, B b 5\ IR CRERO RIS EIT LTz &
EZBND, 6 MORMAL, 3 LOBKILMD ophiobolin HLAMICH W T HHER I TEY
(Fig. 2-20), O CTHEITL CWD ETFHREND, £2, O TETAREIZBNTY 6 L)
BV U7 EE D R = 2L F—MIZH 8 keal/mol ZETH D Z ER I I, ZDORILNES I
HEATT 5 2 & 23R Sz (Fig. 2-47),

OblBBm/Ey (Z & % ophiobolin F 7> ophiobolin C ~DZHIZIX 5L & 21 AZLITxE L TRt 4 B
DA NI TH D3, K 7 2>5 ophiobolin C ~DERLIZF1T DINEFIZBIT 5 FErn 72
FRIFE I TRV, L LN S, Bipolaris oryzae 7> 5 B X 31TV % ophiobolin J 35 &
N ophiobolin A lactone D4y {7 5 (Fig. 2-20)1, Z OMRLLIGNIIE 2 8 Y OFRRIEHEE S
% (Fig. 2-46), 4725, ophiobolin J (X 21 (EICT U AT L a— L& b o2 b, 70D 5ALH
TRy Z ETELL PREPHEEI ZRHA L TEAKIN TS EEXBND, —T,
ophiobolin A lactone @7 7 k VEHEEIL, TAAFRIAE 8 1281 D 5 MLOKEEILD 21 ftDT VT
b RREHE L%, 21 (i3SIl ds 2 & TSN EHEESND, 2D LI,
7D 50L& 21 (LT D FRVIEST D FLAMED AR FERR A OIE Y /30 IR BfR LT 5 ATREME
D5, FEEE, OblBBmEy & VW EIEMEZ 7R L7z OblBae WEBMOBL AR % 52722 L0 b
ZORREMEIISFF SN D, 2D X 5 7 P450 12 L D LB MERRALEST D L 0 FEM e SO REREAT 2
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TH701I201F, BREE2EEE L-BERRERIC I DN 2B D0, HDHWEI 7 a Y — Al
AR In vitro fFENTZ2AT O WERH B,

formation |Ho

e

ObIB | C-21[0]

lactone H

ophiobolin C

6-epiophiobolin N

lT epimerization

6-epiophiobolin C

Fig. 246  OblBaumy O ik
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HG ©  ophiobolinC HG ©  6-epiophiobolinC

Fig. 2-47 ophiobolin C, 6-epiophiobolin C D43+ /)55 5H

3) OblBac & OblBgm, OblBry D7 X/ BAECHI LL#E

PLEDEED G OblBac I ophiobolin F (2%t L CHAR TEL BB DOBWIERT 21T 5 HERE % Ff > T
WBHHDD, ZHUZ L > THE L D DI ophiobolin C A& AR > ANV T DI AR T 5 &
2%, ZHUZxt L, OblBac & 67-68%DFH[FIM: % 7~ 9 OblBem, OblBEy 7% ophiobolin C % 5-% 7=
ZEMD, FU LY TAX —HIFET DRER SRR DERME 5255805 2 &0
TR I T2 L FB OB Penicillium brasilianum 231} % preaustinoid A1 OELIERGIZ T /54,
a-7 N TN H VIR LEESE T D AusE & PrhA 13 2% DMFRIEEZ RTICHED LT, £
NENRRDERME G252 ERMBITNDS, 29 LICHEEERIZ2E W AT R 32 D)
FHRD 72912, OblBac, OblBBm, OblBey D7 X / BAELS D Lk 21T - 7= (Fig. 2-48), Z DT 74
A2 MZBWT OblBac DABMUD 2 DETER>TNWDHT I kA~ & 2 A, K128,
R175, A432, E447, A470 72 EBRFEN L2 b DD, NP DT I 7 BREFITIZ L A ED3E RAF
ENTNDHZ ERDholz, ZOZ NG, OblBac lHIEMHNLD Z < OFT MREWIZ L > THZR
LA E G2 TR0, B—0OAEEM%E 5 2% PA50 OREHESZIC L > TEERR A 1315 b
LAREMERH D Z L ETE LTV D,
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2-3-5. OblCac (7 7 B UARAFRIERLEEF)IC K 5 6 DOHEE A Rb
ObIC /% Pfam IZ LD EF—7HRKZDOFEFR NAD _binding 8 TF — 7 ZHHOZ LD b,

cyclopiazonic acid A& FAREE F O FAD (KFRLT 2 A F v X —ETH 5 CpaO 72 & L HFMEE
R LT, AO-0bIA4eBBn CacDpm 1> H 45 HILTZFEILAERM 6 13, 6 fLDOKFENaflE THDHZ &b
6-epiophiobolin C Z#¢H L CTARK L T\ 5 &5 % 5115 (Fig. 2-49), 6-epiophiobolin C @ 5 iz}
TSN~ ERE T, — S OKERIEN 21 DT VT b R~ REHEL, 522147
WIS D Z LTI 7 b UBREPIER S VPR 10 23 ERCT 50 fe v TRIBHOD 16-17 /2.25 OblCac
WL TEIL SNV 2T 52 & T NERKIND EHEE SN D, 4P OHEE T OblC
I% ophiobolin A IZ . & 1L 2 MIEHO = — T VBRI RG-S 2 & bt Tz, ERICHER S
7-#%6E1E ophiobolin K (ZHL. 6N A BT U DK Th > 7o, Ziud=— 7 VEREKICKLE 7 14
REDKIEIENEE TN Z ENRE & B 2 545, ophiobolin B S EEE TH 256, 1THALOT
U IAEAKFED ObIC (2 L » THI LI, F 2~ 14N DOKERIEDN R K #ES 5 2 L To—T LER
BT 5 Z L3 TE D, OblBac Dt TIXEEFR HIROBERERIRIEIC L » TN O LR 35
HITW=DITH L, OblCac DL TIFEAEE D E R D 12O FRRADRIEREEE TS K HIZE
1%, ophiobolin C 75 ophiobolin B ~DZE #4235 DL OblB & AW NE T T A X —HTAF
ET D510 P450 EE 2 L5 H DO, OblB 3Bk ophiobolin B DAFEIIMR I TE DL
P AEMEAS F DI RITITE > TV, OblC A ZEERIC ophiobolin A DAEBRKICE LD E 9
DATOUNTIL, OblC FEELRK 2 - TR Za s, /B 2 BESR I K D in vitro ffHT, EFEERE OER
FHEEIZ L > THERT D ENTEHEEZL TV D,

on  ophiobolin C

“ epimerization

Fig. 2-49 ObIC DOHERE SIS
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2-3-6. ObID (h 7 > AR —H —=)ZDONTDEL

0bIBpm & oblBry DEEREFRNT 21T o 725 AO-0bIA4cBBm, AO-0bIA4cBpm 7> % 1% ophiobolin C IX
AREINT, P T UAR—=FZ—Tho OblD ZIEI I EIIGEDOREENHR SN, ZHUE
TEEICRT DM OBERRRTH Y | £ O@mMEZERES 2 7201218 EDMAENOEEIZ L -
THEBMZEDRLTLESTND EHE X HILSH, ophiobolin FEF (LA WIXEAZLMIIAIT ) L TRtk
Zon9 2 &7/ 532 ophiobolin C AEEICx L CEMEERLTZE LTHELS RX Z ETiEZew,
FEE. BHEEFAERRICK LT ophiobolin C 2% 5-L7c & 2 A, BEHOAFTNHEINDL L L HIT
ophiobolin C 2{H%E S DR+ MR S i=(Fig. 2-50), F7-. B. maydis % IR TR L
ophiobolin A Ol Z 57 7= & = A B5EEIEWK )5 ohiobolin A 3% < i SN 7= &b APE
123312 C ophiobolin BRILAMIEL b T o A H— & —I2 & » CHIRA AP ST 5 = & i
& n7=(Fig. 2-51),

FaMEEE LTHOTW A EEIE, BEE TR 2500 OOV —T712 k- T
ZOIAMED R E L TE Y | aphidicolin <X° solanapyrone, paxilline 72 & O ElEAL &) 0 Bl AL pE
(2 &AL TU 533 34,85, 36, 37, 38(Fig, 2-52), Z OO —K &> TnD D%, B OFf
ODED NT U AR—E =T D, bT U AR—Z—TkEx 7255+ & BN~ 5 e
HOX T ETHY FFIZABC kT v AR —F — 3N O IEFIT M I3 T EH AR5 E 2 B
7o LT\ %39, BE IO RIRERERE & BT 5 L 2 DN T AR—F—%FLTEY, ABC
N7 AR—Z—ICB L TCHLIBETH D A nidulans LV H 6 DL FFoTWDH I ERbnd
(Fig. 2-53)40, ZOEFER N7 U AR—F —DEEIC X - T, B bEME BEAEIETHEN
ERBNA ST L 2N TE D, BRI EEE LTEWIAEE R LI D EE X B
%o L LAMIOEA . ophiobolin C I3 DFF> kT AR —H —DOIEZ /M DAL Z
EMBEFAEPEICRIELTZHRRTH D EEZ b, THITHEEFEREBLR O EH Sz
MOMEF T o7, PLENG | THAALEYORFAEICENT, 77 A —PIHET D T
VAR=B=INUEAE TR DIGEN DD LD TR RS BT,

ophiobolin A

N

.
.
A. oryzae NSAR1 WT A. oryzae NSAR1 WT "
+ ophiobolinF (50 ug) + ophiobolin C (50 ug) JEBATABE: Hexane/AcOEt = 1
F3% 3 [ 1% BEaaE N2V U Rt

Fig. 2-50 #8245 % ophiobolin C # 5-3Hk Fig. 2-51 #&{KEZH#17)> 5 ophiobolin A O]
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OH

ophiobolin F paxilline™
anditomin
pyripyropene A
HO T N Ph
D ; o
o= cytochalasin E precursor OH O
\>:.. = & “
. " |
, cytochalasin E . N“To
OH OH

betaenone B

solanapyrone C

o A tenellin
§ o
oo,
o OH

* BRI T 2 BN HGRE S N TV D b D

Fig. 2-52 R8BI K 2 FAhA pE o i 1 1
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A.oryzae A.nidulans A.fumigatus N.crassa

Total Transporter Proteins 610 474 548 339
ATP-Dependent 61 54 74 55
ABC family 52 46 37 34
P-ATPase family 2 2 26 19
lon Channels 18 26 22 10
Annexin family 3 14 3 0

Secondary Transporter 529 389 444 270
AAAP family 5 8 17 4

APC family 75 39 47 15
DMT family 5 5 13 6

MC family 18 12 26 33
MFES family 365 278 251 142
Unclassified 1 4 7 3

Fig. 2-563 SRIREDOFFO T v AR—F—DHK




2-4. 2EDOFELD

TN A REGHIEMED 5 5| 1 FETITRB B OMEERSITE R LY T, 4 MO 2581k
BB T2 R Lz, 200 ORICITEEOBLEEEE G DN FEL TV e b, AR
TIEZ OEEREMATIC X 0 AEMIEIE RN DA G R R I T2, £ OfER, Bm3, Pbl OELEAIC
X0 BRI RS (-)-terpestacin 35 L OV L KSR betaestacin DRI A RIZKE L=, £7-. A
clavatus 35 X OY ophiobolin ZAPEE D7/ A E 6 B H & iU7= ophiobolin iz b &4 D4 A RlGES
7 T AL — ORI 2 AT, T ORER. A clavatus H13KE D obIBac (P450)1% 4 T D F ARk
WZ 5 2 7-DIZ%f L., ophiobolin A2 pEEE H D 0bIBsm, oblBry IZEEFN KXY ophiobolin C % 5-
DT ENbhol,

LLEDZ &inh, ARETIIRIGEER B L B LB R B & ORI L D2 RO T ) L
~A =TI ONT 3B DRl ER LT, OBER KRR DRSS (terpestacin, ophiobolin C),
QOHHIRZD OTAFE] (betaestacin 1D, @FALLEIS T2 T A Z —i b ORRESN L HTHIR IR DI
541 (betasestacin I11, 1V, 1, 2,3,4) Toh 5, QDO TIIEKEDCT BIIAEOREN TR T, E
GAREREEE OIS T LRSS TH D, — . QDFNTHONTIE, BURTIRBEEDT 2/ BRESI)
DA OIS EZ TS L2 LN TET, EBRICKET 2B LR BE O < EF S —2
—ORFEL TV MERH D, @OFITIEL, BbEEREOB NAFIZEE L, A X —E5 LT
B THLAREEDRENE DD, KERERT LD LOERMNELR D FICTKREEN~EDHETIC
VBRI O L BRI D G503 5, WoT, 7 A~vA = TIC LD RMAFEETT |
T, U TFO X RPN > TEBRZIT) ZENEBETHLEEX D, T, "M AA T 7
VT A7 ALKV ENEEFORER VA RR L, HEOBIET 7 T A X —BNEERO BRI
SNTWENE I DERT 5, B Z 22— SN 5GE, FAba kT 52 L TK
KW DOESKICE G T DBEMEE T 2R VAL ENTE D, BEHEE T TXTEILRI T
ZLIZRY ZEDBIEF I T AX—ITBT DEMEDEZEISS L, Fi\ TEx DEMERFIZOWT
BERERRAT 21772 0 2 & CTAEGRPHEDORIEZRA D, I OLICHEEERT7 7 A X —IZ201ThH
[FIERICHEREREAT 21T 9 2 & T, B{bARX D B72 DR OFHLR R 2 BUfS T X D[RR & 5,

P bR DFAFINE & HRE & OFRBIZ DWW T, AE 2-2 & 2-3 ITBW TR F A AME b
7o tpe 7 7 AL —ITEPER & [Rl— OB KM % 52 1= DTk L, 2250 bte 7 7 A% — |37
DR G272 L hh, FUEEZ b OSRETr ZBICRS NSRS LTiEE &% 40%7203
AR EEZERT, LnLRR D, obl 7 72X —DOREREMTIZ ISV Tl K2 T0%DFHFRIM: %
7~ OblBac, OblBeuey BN ELDEM Z 52722 0D, 2T O EEERIZI T < o077
J BRI DE NN L > THEBIEIED 2T TOWDEERH D Z RSNz, 5% 295 LI-tHH
IZHOWT RV FEMZR RGO aUX, 7 7 BRSNS < B AR R O S T ISl L RE R
DNAEREREL B BN D AR S 5O T nh B2 b5,

AIROEY | T A REGHREBIR T2 7 A X —OHIIFEE O RRE OB TR I T
HHDONRHDH T ENITED) > T & 72, ophiobolin X° terpestacin, betaestacin DA & IR T2
Z A 4 —I|% B. maydis, E. variecolor, P. betae, C. orbiculare 72 O RIRE ICREFESNTEY, &
O DEKROZ ITHEBDT NN U BREBERBIRFE AL TWD, 2O Enb, KRIREITSSK
DTN ) A REGBBR T 2RI AR, ZNEEFHEFOFRTIEHL TWDHDOTIER
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WhEEZ LI, FOEWFIERICOWTIISBROMIENE-NDE ZATHD,

BB, ARFFED o CIIBERERAT 23T 72 > - 72 BmTS1, BmTS2 D JEIE LoV T h
#I9%, Bipolaris maydis C5 D%/ A 2BV T, BmTS1 OJEIIZIE P450 3 X Qa-4 k7 v
S OVERIEAF IRV B SR N FAE L T 7= (Fig. 2-54, Bm1l 7 7 A% —), £7=, BmTS2 O EI) 5 1%
2 fi> P450 & SDR, 7 7 ©ARIFRIERLEE R A L S 7= (Fig. 2-54, Bm2 7 7 A % —), 5%,
2N H OB LV Bm1, Bm2 MBERUES & 5 T 1= BB RS B S n 2 L IR S D,
XD, ZL—RFAMNOHELNIZRILERD L5 ITHEEOEL LI L& E 5 LTIk, BRbBEREE
ot E LB G T OMA S bEE ANEZ D Z L TE LTS IRV & B © &
HAREME D H DO TII RN EE Z TN D,

Bml 7 7 A% — COCHE COCHE
DRAFL.  BmTS1 DRAFT-
1219799 1189114
P450 terpene aKG-dependent
cyclase oxidase

Bm2 7 7 A% —

COCHE COCHE COCHE COCHE COCHE COCHE COCHE
DRAFT  DRAFT_ DRAFT_  DRAFT_ DRAFT_ DRAFT_ DRAFT_
BmTS2 1131246 1192591 1192592 1028424 1170650 1131257 1131258
terpene P450  P450 SDR FAD-  transferase epimerase SDR
cyclase binding
protein

Fig. 2-54 &R 28R (L% BmTS1, BmTS2 # 5o GMER 7 7 A% —
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3-1. General

All reagents commercially supplied were used as received. Column chromatography was carried out on
60N silica gel (Kanto Chemicals). Optical rotations were recorded on JASCO P-2200 digital polarimeter.
'H- and *C-NMR spectra were recorded on Bruker DRX-500 or Bruker AMX-500 spectrometer (500 MHz
for "H-NMR and 125 MHz for **C-NMR). NMR spectra were recorded in CDCl; (99.8 atom% enriched,
Kanto) and C¢Ds (99.5 atom% enriched, Kanto). 'H chemical shifts were reported in & value based on
residual chloroform (7.26 ppm) and benzene (7.15 ppm) as a reference. *C chemical shifts were reported in
d value based on chloroform (77.1 ppm) and benzene (128.0 ppm) as a reference. Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br =
broad), coupling constant (Hz), and integration. GC-MS analyses were conducted with MS-2010
(Shimadzu). Mass spectra were obtained with a JEOL JMS-T100GCV (EI mode) or a JEOL JMS-T100LP
(ESI mode).

Oligonucleotides for polymerase chain reactions (PCRs) were purchased from Hokkaido System
Science Co., Ltd. PCRs were performed with a BioRad S1000 thermal cycler. Cell disruption was dealt
with an ultrasonic disrupter UR-200P (TOMY SEIKO, Tokyo, Japan). Analysis of the samples during
protein purification was performed using SDS-polyacrylamide gel electrophoresis, and the proteins were
visualized by using coomassie brilliant blue staining. Protein concentration was determined by the bradford

method with bovine serum albumin as a standard.

3-2. Strains and culture condition

Escherichia coli HST08 and E. coli DH5a was used for cloning and following standard recombinant
DNA techniques. E. coli BL21-Gold(DE3) was used for protein expression. A fungal host strain used in
this study was Aspergillus oryzae NSARL1, a quadruple auxotrophic mutant (niaD", sC", AargB, adeA"), for
fungal expression.

E. coli was cultivated in Luria-Bertani (LB) medium. A. oryzae NSAR1 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 (100 g porished rice, 0.1 g/kg of adenine), CD medium (3.5% Czapek Dox, 4.65% NaCl,
1.5% agar, and appropriate nutrients). The appropriate nutrients: 0.6 g/L of arginine, 1.5 g/L of methionine,
9.25 g/L of ammonium sulfate, and 0.1 g/L of adenine were added to incubate the corresponding

auxotrophic mutant.
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3-3. Preparation of genomic DNA (gDNA) and complementary DNA (cDNA)

Genomic DNA of Aspergillus clavatus NRRL 1, Bipolaris maydis C5, Emericella variecolor GF10,
and Phoma betae PS-13 was extracted according to the following method; the mycelia of fungus was
collected by filtration, washed with water, and dried using paper towel. 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 Tris-HCI (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 12,000 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 12,000 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 CH3COONa solution and genomic DNA was
recovered by centrifugation at 12,000 rpm for 10 min. The pellet was then washed with 70% ethanol
solution and dried for 15 min. Finally, the isolated DNA was resuspended in TE buffer (10 mM of Tris-HCI
(pH 8.0) and 1mM of EDTA) and stored at -20°C for further use.

For extraction of total RNA, A. oryzae transformants were cultivated in MPY medium for 3 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 13,000 rpm for 5 min. To the supernatant was then added chloroform. After
being vortexed for 2 sec, the mixture was centrifuged at 13,000 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 CH;COONa solution and total RNA
was recovered by centrifugation at 13,000 rpm for 15 min. The pellet was then washed with 70% ethanol
solution and dried for 5 min. The total RNA was resuspended in RNase free water. Finally, cDNAs were
preparated with PrimeScript™ |1 1st strand cDNA synthesis kit (TaKaRa) using 5 ug of total RNA as a

template according to the manufacture’s protocol.
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3-4. Cloning and plasmids construction

3-4-1. Construction of A. oryzae expression plasmids harboring ob/ genes

The oblBac, 0bIBgym, 0bIBgy, 0bIC,., 0bICg, 0bIDg,, and oblEg, were amplified from genomic DNA of
Aspergillus clavatus NRRL1, B. maydis C5, or E. variecolor GF10 with primer set as shown in
Supplemental Table S1. PCR reactions were performed with the KOD-Plus-Neo (TOYOBO). Each PCR
product was inserted into appropriate restriction site (site 1 and/or site 2) of pUARA2 or pUSA2 using
In-Fusion Advantage PCR cloning kit (Clontech Laboratories) to construct expression plasmids.

Table 3-1. Oligonucleotides used for construction of A. oryzae expression plasmids harboring ob/

genes.
Restriction Size
Insert ] Sequence 5-3’
site Vector
1B Nhel F: ATCGATTTGAGCTAGATGGAGGCCAGCTTG | 1849 bp
O, c e
. R: TAGTGCGGCCGCTAGTTAACGAAAAATAAC | pUSA2
F: ATCGATTTGAGCTAGATGTCTTCTATACAG 1927 bp
0blBBm Nhel
R: TAGTGCGGCCGCTAGCTAGTTGAACTTGAC | pUSA2
F: ATCGATTTGAGCTAGATGGAGGCCTACTTC 2007 bp
0blBgy Nhel
R: TAGTGCGGCCGCTAGTCAGTTATAAACAAC | pUSA2
F: ATCGATTTGAGCTAGATGCATCTCTCCTTT 1449 bp
0blCac Nhel
R: TAGTGCGGCCGCTAGTCACAACCCCTCAAT pAdeA2
F: CGGAATTCGAGCTCGATGAGTTTGGGACCC | 4578 bp
obIDpm Kpnl
R: ACTACAGATCCCCGGCTAAAATGCAGCTCT | pUSA2
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3-4-2. Construction of A. oryzae expression plasmids harboring biosynthetic genes of

sesterterpenoids
The BmTS1, BmTS2, BmTS3 (tpcA), BmTS4, PbTS (btcA), tpeB, tpeC, tpeD, btcB, btcC, and btcD were
amplified from genomic DNA of B. maydis C5 or P. betae PS-13 with primer set as shown in Supplemental
Table S2. PCR reactions were performed with the KOD-Plus-Neo (TOYOBO). Each PCR product was
inserted into appropriate restriction site (site 1 and/or site 2) of pUARA2, pUSA2, pAdeA2, or pTAex3

using In-Fusion Advantage PCR cloning kit (Clontech Laboratories) to construct expression plasmids.

Table 3-2. Oligonucleotides used for construction of A. oryzae expression plasmids harboring

biosynthetic genes of sesterterpenoids

Restriction Size
Insert ) Sequence 5-3’
site Vector
F: CGGAATTCGAGCTCGATGGAGGCAATTTTC 2134 bp
BmTS1 Kpnl
R: ACTACAGATCCCCGGCTATTGAGTGAGACT pUARA2
F: ATCGATTTGAGCTAGATGTACTTACTCCAA 2413 bp
BmTS2 Nhel
R: TAGTGCGGCCGCTAGCTACCAATCGCCACT pUARA2
F: ATCGATTTGAGCTAGATGGAGCAGCTTTCA 2210 bp
BmTS3 Nhel
R: TAGTGCGGCCGCTAGTCATTTGCTAGTACT pUSA2
F: CGGAATTCGAGCTCGATGTCAACTTATATC 2404 bp
BmTS4 Kpnl
R: ACTACAGATCCCCGGTCATACCTCCAATCT pUSA2
F: AATTCGAGCTCGGTACATGGCAAACCCTCC 1956 1
AGTCACC P
PbTS Kpnl
R: TACTACAGATCCCCGGTCATTGGTTCAAGC
pTAex3
TAAGCGTC
oeB Foond F: CGGAATTCGAGCTCGATGGCAGTGATTTCT 1845 bp
pe P R: ACTACAGATCCCCGGCTATTGAAACCTTTT pUSA2
el Foond F: GAATTCGAGCTCGATGGCAATATTGAGC 1686 bp
Pe P R: ACTACAGATCCCCGGCTAAGAAACCTTTAC pUARA2
oD N F: ATCGATTTGAGCTAGATGCAGCTACTAGGA 1713 bp
Pe “ | R: TAGTGCGGCCGCTAGTTAATTGATCTTGT pUARA2
e Foon F: CGGAATTCGAGCTCGATGGATGCAATGAACGGGT | 1818 bp
c n
» R: ACTACAGATCCCCGGCTAGCTCTCCCGCTTCTG pUSA2
il Nl F: ATCGATTTGAGCTAGATGTCATTTCCAGGGGTGA | 1763 bp
c e
R: TAGTGCGGCCGCTAGCTACGCTCCAGGAGAAGC | pUSA2
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3-4-3. Construction of £. coli expression plasmids harboring spliced Bm7S genes

The spliced BmTS1, BmTS2, and BmTS3 were amplified using cDNA with primer set as shown in
Supplemental Table S3. PCR reactions were performed with the KOD-Plus-Neo (TOYOBO). Each PCR
product was inserted into Ndel site of pColdl using In-Fusion Advantage PCR cloning kit (Clontech

Laboratories) to construct expression plasmids.

Table 3-3. Oligonucleotides used for construction of . coli expression plasmids harboring spliced
BmTS genes.

Insert ReStl.ﬂiCtion Sequence 5-3’ e
site Vector
BmTS1 Ndel F: ATCGAAGGTAGGCATATGGAGGCAATTTT 2028 bp
(exon) R: ACCGAGCTCCATATGCTATTGAGTGAGACT | pColdI
BmTS2 Ndel F: ATCGAAGGTAGGCATATGTACTTACTCCAA | 2241 bp
(exon) R: ACCGAGCTCCATATGCTACCAATCGCCACT | pColdl
BmTS3 Ndel F: ATCGAAGGTAGGCATATGGAGCAGCTTTCA | 2115 bp
(exon) R: ACCGAGCTCCATATGTCATTTGCTAGTACT pColdI
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3-4-4. Construction of £. coli expression plasmids harboring mutated N£SS genes

Mutations were introduced into a previously constructed pMalc4E- NfSS by PCR using
respective primers as described in the Table S4 according to the manufacture’s protocol of
PrimeSTAR Mutagenesis Basal Kit (Takara). These plasmids were separately introduced into
E. coli BL21-Gold(DE3) for overexpression.

Table 3-4. Oligonucleotides used for construction of . coli expression plasmids harboring mutated
NfSS genes.

Insert Sequence 5-3’

F: CACTTTGCCGCCAGCTGCTCTCCCCGT
NfSS (W318A)

R: GCTGGCGGCAAAGTGAGTACCAGCCAC

F: AGGGCAGCTTGGCCGATGGTGGAGTTT
N£SS (F196A)

R: CGGCCAAGCTGCCCTGATGCCGAAATC

F: GATGATGCAGGCATCAGGGCATTCTGG
N£SS (F191A)

R: GATGCCTGCATCATCCCTTCTGTAGGC

F: AAAGGAGCATTGTCCGTTGCAGGAGGG
NISS (W164A)

R: GGACAATGCTCCTTTGTTATACATGTC

F: GCACTTTTCTCCATCAGTGAGCTCGGG
N£SS (160F)

R: GATGGAGAAAAGTGCAAGTGCTCTCTC

F: GCACTTAATTCCATCAGTGAGCTCGGG
N£SS (I60N)

R: GATGGAATTAAGTGCAAGTGCTCTCTC

F: GCACTTAGTTCCATCAGTGAGCTCGGG
N£SS (160S)

R: GATGGAACTAAGTGCAAGTGCTCTCTC

F: GGGAACTGGGGTGCTTTTGCCTACCCC
N£SS (L68W)

R: AGCACCCCAGTTCCCGAGCTCACTGAT

F: TACTTGGGAGATCTAGGGATTCTGCAT
N£SS (T88G)

R: TAGATCTCCCAAGTAGGTCACAATCGC

F: CTAGGGTTCCTGCATGACGATGGGTAC
N£SS (192F)

R: ATGCAGGAACCCTAGATCGGTCAAGTA

F: GTTGCAGAAGGGGAGGGCAAGGTGCCT
N£SS (G169E)

R: CTCCCCTTCTGCAACGGACAACCATCC

F: AGGGATAATTTCGGCATCAGGGCATTC
N£SS (D190N)

R: GCCGAAATTATCCCTTCTGTAGGCTTG
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3-5. Fungal transformation

A spore suspension of A. oryzae NSARL or transformants were inoculated into 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 NaH,PQO,, pH 6.0) with
gentle shaking at 30 °C for 2 h. Protoplasts were filtered through Miracloth (Calbiochem) and centrifuged
at 2,000 rpm for 5 min. Then, protoplasts were washed with 0.8 M NaCl solution and adjusted to 2.0-2.5 x
10° cells/mL by adding solution 2 (0.8 M NaCl, 10 mM CaCl,, 10 mM Tris-HCI, pH 7.5) and solution 3
(40% PEG4000, 50 mM CacCl,, 50 mM Tris-HCI, pH 7.5) in 4/1 volume ratio. Plasmids (12 pg) were
added to the protoplast solution (200 pL). 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 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 7 days.

3-6. Isolation and analysis of the metabolites
3-6-1. Isolation and analysis of ophiobolins

Isolation of metabolites. Mycelia of A. oryzae transformants were inoculated into a solid medium
containing polished rice (100 g) and adenine (10 mg) in 500 mL Erlenmeyer flasks. Each culture was
incubated at 30 °C for 10 days. After extraction with CHClIj, the extract was concentrated in vacuo to afford
crude extracts. The crude extracts were purified by silica gel column chromatography (hexane/AcOEt=10)
followed by HPLC equipped with respective columns at the conditions summarized in Table S5 to afford
oxidative products.

1; Isolation yield: 10 mg from 100 g of rice medium. [a]p25 +112° (¢ 0.20, CHCl3); ESI-HR-MS: calcd.
for C2Hs9O [M+H-H:20]+: 355.3001, found: 355.2955. 'TH NMR and 13C NMR data are
summarized in Table 1-1.

2; Isolation yield: 0.2 mg from 100 g of rice medium. [a]p? +16° (¢ 0.20, CHCls); ESI-HR-MS: calcd.
for C25H4102 [M+H-H20]+: 373.3107, found: 373.3096. 'TH NMR and 13C NMR data are
summarized in Table 1-1.

3; Isolation yield: 4 mg from 100 g of rice medium. [alp25 +57° (¢ 0.27, CHCls); ESI-HR-MS: calcd.
for C25H4103 [M+H-H20]+: 389.3056, found: 389.3044. 'TH NMR and 13C NMR data are
summarized in Table 1-1.

4; Isolation yield: 0.1 mg from 100 g of rice medium. [a]p25 +3° (¢ 0.047, CHCls); ESI-HR-MS: calcd.
for CasH410 [M+H-H:20]+: 357.3157, found: 357.3169. 'H NMR and 3C NMR data are
summarized in Table 1-1.

6; Isolation yield: 0.8 mg from 1 kg of rice medium. [a]p25 +163° (¢ 0.20, CHCl3); ESI-HR-MS: calcd.
for C25H3704 [M+H]*: 401.2692, found: 401.2692. 1H NMR and 3C NMR data are summarized
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in Table 1-2.

ophiobolin C; Isolation yield: 0.1 mg from 100 g of rice medium. ESI-HR-MS: calcd. for C25H3903
[M+H]+: 387.2899, found: 387.2922. All respects including 'H NMR, 13C NMR, and optical
rotation are in good agreement with the literature datalz2.

6-epiophiobolin C; Isolation yield: 0.4 mg from 100 g of rice medium. ESI-HR-MS: caled. for
CasH3903 [M+H]*: 387.2899, found: 387.2946. All respects including 'H NMR, 13C NMR, and
optical rotation are in good agreement with the literature datalz2.

6-epiophiobolin N; Isolation yield: 1 mg from 1 kg of rice medium. ESI-HR-MS: calcd. for C25H3702
[M+H]*: 369.2794, found: 369.2805. All respects including 'H NMR, 13C NMR, and optical
rotation are in good agreement with the literature data2.

Analysis of the metabolites. The crude extract was analyzed by LC-MS with a ZORBAX XDB-C18
column (50 mm x 2.1 mm) at the following condition;

1-4, 6; Solvent: A/B = 20/80—0/100, 0-10 min; A/B = 0/100, 0-20 min; A/B = 0/100—20/80, 20-21 min;
A/B = 20/80, 21-25 min (A: H,0+0.1% HCOOH, B: CH;CN+0.1% HCOOH) at a flow rate of 0.2 mL/min
with 210 nm detection.

ophiobolin C, 6-epiophiobolin C, 6-epiophiobolin N; Solvent: A/B = 50/50—0/100, 0-15 min; A/B =
0/100, 15-25 min; A/B = 0/100—50/50, 25-26 min; A/B = 50/50, 26-35 min (A: H,0+0.1% HCOOH, B:
CH3CN+0.1% HCOOH) at a flow rate of 0.2 mL/min with 210 nm detection.

Table 3-5. HPLC conditions for purification of ophiobolins.

Compound Column Flow rate (mL/min) detect (nm) solvent
5 Wakopak navi ¢4.6 mm x 250 mm 1 210 100% MeCN
6 Wakopak ODS ¢10 mm x 250 mm 3 210 100% MeCN
7 Wakopak ODS ¢10 mm x 250 mm 3 210 95% MeCN
8 Wakopak ODS ¢10 mm x 250 mm 3 210 95% MeCN
11 Wakopak navi ¢4.6mm x 250 mm 1 235 80% MeCN
2a Wakopak navi ¢4.6mm x 250 mm 1 235 100% MeCN
2b Wakopak navi ¢4.6mm x 250 mm 1 235 100% MeCN
10 Wakopak navi ¢4.6mm x 250 mm 1 235 100% MeCN
9 Wakopak navi ¢4.6mm x 250 mm 1 210 100% MeCN

3-6-2. Isolation and analysis of Bm1, Bm3, and Pb1 from AO-transformants

Extraction of metabolites. Mycelia of AO-BmTS1234 or AO-PbTS was inoculated into a solid medium
containing polished rice (100 g) and adenine (10 mg) in 500 mL Erlenmeyer flask. Each culture was
incubated at 30°C for 10 days. After extraction with CHCIs, the extract was concentrated in vacuo to afford
crude extracts.
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Analysis of the metabolites. After partial purification of the crude extracts, the metabolites
were analyzed by GC-MS equipped with a DB-1ms capillary column (0.32 mm x 30 m, 0.25 um film
thickness; J&W Scientific) at the following conditions; the sample was injected into the column at 100°C in
the splitless mode. After a 3 min isothermal hold at 100°C, the column temperature was increased at 14°C
min™ to 268°C, with a 4 min isothermal hold at 268°C. The flow rate of helium carrier gas was 0.66 mL
min™.

Bm1l; The crude extracts of AO-BmTS1234 were partially purified with silica gel column
chromatography (hexane). Further purification with HPLC equipped with Wakopak® Navi
C18-5 (¢10 x 250 mm) at the conditions (A = 210 nm, 100% acetonitrile at a flow rate of 1.0
mL/min) gave Bm1 (40.0 mg from 1 kg of rice medium). [alp25 -56° (¢ 1.0, CHCls); EI-HR-MS:
caled. for CasHao [M]+: 340.3130, found: 340.3122. 1H NMR and 13C NMR data are summarized
in Table 1-2.

Bm3; The crude extracts of AO-BmTS1234 were purified with silica gel column chromatography
(hexane/AcOEt = 20 to 10) followed by HPLC to give Bm3 (2.5 mg from 1 kg of rice medium). [a]p2>
-34° (¢ 1.0, CHCI3); EI-HR-MS: calcd. for C25H420 [M]*: 358.3236, found: 358.3232. 1H NMR
and 13C NMR data are summarized in Table 1-2.

Pb1; The crude extracts of AO-PbTS were purified with silica gel column chromatography (hexane)
followed by HPLC to give Pbl (14 mg from 1 kg of rice medium). [alp25 +12° (¢ 1.0, CHCls);
EI-HR-MS: calcd. for Ca5Hao [M]*: 340.3130, found: 340.3122. 'H NMR and 13C NMR data are

summarized in Table 1-2.

3-6-3. Isolation and analysis of Bm1, Bm2, and Bm3 from E. coli transformants

Extraction of metabolites. EC-BmTS1, EC-BmTS2, or EC-BmTS3 were grown at 37°C at an ODgg of ~
0.6 in a 500 mL flask. After the culture was cooled at 4°C, isopropyl B-D-thiogalactopyranoside (0.1 mM)
was added to it. After incubation at 16°C for 18 h, the cells were harvested by centrifugation at 4000 rpm
and were then soaked with acetone. After filtration, the filtrate was concentrated in vacuo and the residues
were extracted with EtOAc, and the combined organic layers were concentrated in vacuo to afford

crude extracts.

Analysis of metabolites from E. coli transformants. The crude metabolites were analyzed by GC-MS
according to the procedures described in 4-6-2.

Bm2 (isomeric mixture); The crude extracts of EC-Bm7S2 were partially purified with silica gel
column chromatography (hexane). Further purification with HPLC equipped with Wakopak®
Navi C18-5 (10 x 250 mm) at the following conditions (A = 210 nm, 100% acetonitrile at a
flow rate of 1.0 mL/min) gave Bm2 (1.2 mg from 9.6 L of LB medium). [a]p25 +18° (¢ 0.50,

89



CHCls). 'TH-NMR for Bm2A (500 MHz, CDCls) § 2.48 (m, 1H), 2.41 (m, 1H), 1.97-2.22 (m, 6H),
1.45-1.89 (m, 14H), 1.40 (m, 1H), 1.09-1.17 (m, 2H), 1.07 (d, /= 6.8 Hz, 3H), 0.98 (d, /= 6.8 Hz,
3H), 0.93 (d, /= 6.2 Hz, 3H), 0.86 (d, J= 6.4 Hz, 3H), 0.84 (s, 3H). 13C-NMR for Bm2A (125
MHz, CDCls) § 139.1, 134.4, 133.6, 129.2, 49.9, 46.9, 46.9, 46.7, 46.6, 42.1, 40.9, 39.1, 32.5,
31.5, 31.3, 31.2, 29.3, 28.8, 24.3, 22.3, 21.2, 18.7, 18.4, 17.2, 15.2. 1H-NMR for Bm2B (500 MHz,
CDCls) § 3.27 (m, 1H), 2.79 (d, J= 16.8, 1H), 1.80 (s, 3H), 1.01 (3H), 0.96 (3H), 0.86 (3H), 0.80
(s, 3H), 0.74 (d, J= 6.9 Hz, 3H) (Most signals were overlapped with those of Bm2A). 13C-NMR
for Bm2B (125 MHz, CDCls) 6 139.5, 132.3, 130.4, 126.5, 52.3, 46.7, 41.0, 40.6, 40.3, 39.7, 35.0,
34.0, 31.0, 30.1, 30.0, 28.8, 28.7, 24.5, 24.4, 22.1, 21.8, 19.2, 18.2, 15.1 (One carbon signal was
not observed possibly due to broadening or overlapping with those of Bm2A). EI-HR-MS: calcd. for
C25Hao [M]+: 340.3130, found: 340.3121.

3-6-4. Isolation and analysis of metabolites from EC-NfSS (mutants)

The EC-NfSS (mutans) were grown at 37°C at an ODgq 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 17
h, the cells were harvested by centrifugation at 4000 rpm and were then soaked with acetone. After
filtration, the filtrate was concentrated in vacuo and the residues were extracted with EtOAc, and the

combined organic layers were concentrated in vacuo to afford crude extracts.

Analysis of metabolites from E. coli transformants. The crude metabolites were analyzed by GC-MS
according to the procedures described in 4-6-2.

NFM-1: The crude extracts of EC-F1914 were partially purified with silica gel column chromatography
(hexane). Further purification with HPLC equipped with Wakopak™ Navi C18-5 (¢10 x 250 mm) at the
following conditions (A = 210 nm, 100% acetonitrile at a flow rate of 1.0 mL/min) gave NFM-1 (2.1 mg
from 11.2 L of LB medium). [a]p> +78° (¢ 0.75, CHCly); EI-HR-MS: calcd. for CasHyo [M]': 340.3130,
found: 340.3123. "H NMR and "°C NMR data are summarized in Table 1-3.

NFM-2: The crude extracts of EC-F1914 were partially purified with silica gel column chromatography
(hexane). Further purification with HPLC equipped with Wakopak®™ Navi C18-5 (¢10 x 250 mm) at the
following conditions (A =210 nm, 100% acetonitrile at a flow rate of 1.0 mL/min) gave NFM-2 (0.5 mg
from 11.2 L of LB medium). [a]p> +9° (¢ 0.33, CHCls); EI-HR-MS: calcd. for CosHyo [M]": 340.3130,
found: 340.3122. "H NMR and "°C NMR data are summarized in Table 1-3.

3-6-5. Isolation and analysis of terpestacins and betaestacins

Myecelia of transformant, AO-tpcAB, AO-tpcABC, AO-tpcABCD, or AO-btcAB was inoculated into a
solid medium containing polished rice (100 g) and adenine (10 mg) or MPY medium in 500 mL
Erlenmeyer flasks. Each culture was incubated at 30°C for 10 days. After extraction with CHCl3, the
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extract was concentrated in vacuo to afford crude extracts.

Analysis of the metabolites. The crude extract was analyzed by LC-MS with a ZORBAX XDB-C18
column (50 mm x 2.1 mm) at the following condition; Solvent: A/B = 50/50—0/100, 0-15 min; A/B =
0/100, 15-25 min; A/B = 0/100—50/50, 25-26 min; A/B = 50/50, 26-35 min (A: H,0+0.1% HCOOH, B:
CH3CN+0.1% HCOOH) at a flow rate of 0.2 mL/min with 210 nm detection.

Preterpestacin II isolated from AO-£pcAB; The crude extracts were purified with silica gel column
chromatography (hexane/EtOAc = 5 to 1). Purification of partially purified metabolites with HPLC
equipped with Wakopak® Navi C18-5 (¢10 x 250 mm) at the conditions (100% acetonitrile at a
flow rate of 5.0 mL/min) gave preterpestacin 11 (3.2 mg from 1 L of MPY medium). [a]p25 -24° (¢ 1.0,
CHCls); ESI-HR-MS: caled. for C2sH410 [M-H20+H]*: 357.3157, found: 357.3188. 1H NMR and
13C NMR data are summarized in Table 2-1.

Compound 11 isolated from AQO-tpcABCD; The crude extracts were purified with silica gel column
chromatography (hexane/EtOAc = 1). Purification of partially purified metabolites with HPLC
equipped with Wakopak® Navi C18-5 (¢10 x 250 mm) at the conditions (100% acetonitrile at a
flow rate of 5.0 mL/min) gave 11 (1.8 mg from 1 kg of rice medium). [a]p25 -13° (¢ 0.42, CHCl3);
ESI-HR-MS: caled. for C2sH3902 [M-H20+H]*: 371.2950, found: 371.2989. 'H NMR and 13C
NMR data are summarized in Table 2-1.

Preterpestacin I1I isolated from AQO-¢pcABC: The crude extracts were purified with silica gel column
chromatography (hexane/EtOAc = 5 to 1). Purification of partially purified metabolites with HPLC
equipped with Wakopak® Navi C18-5 (¢10 x 250 mm) at the conditions (100% acetonitrile at a
flow rate of 5.0 mL/min) gave preterpestacin 111 (1.2 mg from 1 kg of rice medium). [a]p?5 -15° (¢
1.0, CHCl3); ESI-HR-MS: caled. for C2sHa10s [M-H20+H]*: 389.3056, found: 389.3013. 'H
NMR and 13C NMR data are summarized in Table 2-1.

Terpestacin isolated from AO-tpcABCD, The crude extracts were purified with silica gel column
chromatography (hexane/EtOAc = 5 to 1). Purification of partially purified metabolites with HPLC
equipped with Wakopak® Navi C18-5 (¢10 x 250 mm) at the conditions (100% acetonitrile at a
flow rate of 5.0 mL/min) gave terpestacin (11 mg from 1 kg of rice medium). [alp2> -21° (¢ 0.1,
MeOH); ESI-HR-MS: calcd. for CasHs904 [M+H]+: 403.2848, found: 403.2829. 'H NMR and 13C
NMR data (shown in the appendix) are in good agreement with the reported data.’

Betaestacin II isolated from AQO-btcAB; Purification of crude extracts with HPLC equipped
with Wakopak® Navi C18-5 (10 x 250 mm) at the conditions (30% acetonitrile with 0.1% TFA
for 5 min, a linear gradient from 30% to 100% acetonitrile with 0.1% TFA for 10 min and 100%
acetonitrile with 0.1% TFA for 10 min at a flow rate of 1.0 mL/min) gave betaestacin II (3.5 mg
from 30 g of rice medium). [alp3! +58.3° (¢ 1.0, MeOH); ESI-HR-MS: calcd. for C25Hs902 [M-H]":
399.2541, found: 399.2504. 1H NMR and 13C NMR data are summarized in Table 2-2.
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3-7. Chemical conversion of metabolites
3-7-1. Chemical conversion of ophiobolines
Oxidative cleavage of 3.

To a solution of 3 (5.0 mg, 12.9 pmol) in MeOH (1.0 mL) and H,O (0.25 mL) was added sodium periodate
(25.0 mg, 0.12 mmol), and the mixture were stirred at r.t. for 1 day. The reaction mixture was extracted
with ethyl acetate and the combined organic extracts were washed with sat. NaHCO3, dried over anhydrous
Na,SO,4, and concentrated in vacuo. The crude was purified by silica gel column chromatography
(hexcane/AcOEt = 3) followed by HPLC equipped with wakopak navi at the conditions summarized in
Table S2 to give 5 (1.1 mg, 2.7 umol, 21%).

5; [alp2s +2° (¢ 0.50, CHCls); ESI-HR-MS: calcd. for C24H370 [M+H-HCOOH-H:0]+: 341.2844,
found: 341.2826. 'H NMR & 7.91 (s, 1H), 5.03 (t, J = 7.0 Hz, 1H), 4.63 (d, J = 6.4 Hz, 1H), 3.00 (dd, J =
9.4 Hz, 6.7 Hz, 1H), 2.72 (dd, J = 14.1 Hz, 7.9 Hz, 1H), 2.63 (m, 1H), 2.58 (m, 1H), 2.25 (m, 1H), 2.16 (m,
1H), 1.91 (m, 2H), 1.83 (m, 1H), 1.79 (m, 1H), 1.67 (m, 1H), 1.62 (s, 3H), 1.58 (s, 3H), 1.55 (m, 1H), 1.53
(s, 3H), 1.46 (m, 1H), 1.40-1.41 (m, 2H), 1.28-1.32 (m, 2H), 1.18-1.22 (m, 2H), 1.05 (m, 1H), 0.99 (m, 1H),
0.81 (s, 3H), 0.71 (d, J = 6.7 Hz, 3H); *C NMR & 214.55, 131.28, 124.69, 160.18, 88.94, 71.31, 60.19,
49.21, 48.53, 46.57, 44.91, 44.77, 43.69, 43.24, 39.64, 37.42, 32.16, 26.14, 25.71, 24.23, 23.45, 21.11,
18.93, 17.63, 16.73.

Acid treatment of ophiobolin C. To a solution of ophiobolin C (100 ug) in MeOH (10 uL) was added to
100 mM phosphate buffer (5 mL, pH 5.0), and the mixture was stirred at 30 °C for 1-3 days. After dilution
of the mixture with methanol (5 mL), the solution (20 uL) was directly analyzed by LC-MS at the
following condition; solvent: A/B = 50/50—0/100, 0-15 min; A/B = 0/100, 15-25 min; A/B =
0/100—50/50, 25-26 min; A/B = 50/50, 26-35 min (A: H,0+0.1% HCOOH, B: CH3;CN+0.1% HCOOH) at
a flow rate of 0.2 mL/min with 210 nm detection.

3-7-2. Chemical conversion of sesterterpenes

Ozonolysis of Bm1, Bm3, and Pb1. Ozone was bubbled through a solution of substrate (Bm1;
60 mg, 0.18 mmol) in methanol/CH2Clz =1/2 (10 mL) at -78 °C for 30 min. The reaction
mixture was then flushed with N2 for 10 minutes to remove the residual ozone and the
solution was treated with NaBH4 (0.20 g, 5.3 mmol). After an hour, the reaction was quenched
with water (10 mL). The residue was extracted with CH2Cl2, and the organic phase was
washed with saturated aq. NaCl, dried over Na2SO4 and concentrated in vacuo. The crude
extracts were purified by silica gel column chromatography (hexane/EtOAc = 3). Further purification with
HPLC (Wakopak® Navi C18-5 (¢4.6 x 250 mm), 100 % acetonitrile) gave ozonolysis products
(Bm1-R; 2.5 mg, 12 umol, 7 %, Bm1-L (1.3 mg, 7.6 pmol, 4 %, epimeric mixture) as colorless oils.
Ozonolysis of Pbl and Bm3 was employed in a similar manner: Pbl (34 mg, 0.10 mmol) gave Pb1-R
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(11 mg, 51 umol, 51 %) and Pb1-L (less than 3 mg, more than 4 diastereomeric mixture) as colorless oils.
Bm3 (4.3 mg, 12 umol) gave Bm3-R; 1.5 mg, 7.0 umol, 58 %) as colorless oils.
Bm1-R; colorless oil, [a]p25 +3 (¢ 0.50, CHCls); ESI-HR-MS: calcd. for Ci2H2502 [M+H]*:

201.1855, found: 201.1890. 'H-NMR (500 MHz, CDCls) § 3.79 (dd, J = 10.9 Hz, 3.3 Hz, 1H),
3.76 (m, 1H), 3.69 (m, 1H), 3.65 (dd, /= 10.9 Hz, 7.9 Hz, 1H), 1.88 (dt, /= 7.5 Hz, 3.2 Hz, 1H),
1.68-1.79 (m, 4H), 1.48-1.57 (m, 3H), 1.24 (m, 1H), 1.13 (s, 3H), 0.94 (d, J= 6.4 Hz, 3H), 0.88 (d,
J=6.5 Hz, 3H). 13C-NMR (125 MHz, CDCl3) § 61.1, 60.3, 50.2, 49.7, 46.3, 43.2, 40.3, 29.2,
28.4,22.9, 22.7, 22.4.

Bm1-L (epimeric mixture); colorless oil, [alp?> +18 (¢ 1.0, CHCls); ESI-HR-MS: calcd. for
Ci0H2:102 [M+H]+: 173.1542, found: 173.1569. Bm1-LA (major isomer); 'H-NMR (500 MHz,
CDCls) 6 3.93 (m, 1H), 3.81 (m, 1H), 2.21 (m, 1H), 2.07 (m, 1H), 1.92 (m, 1H), 1.62 (m, 1H),
1.24-1.51 (m, 6H), 1.20 (d, J = 6.2 Hz, 3H), 0.83 (d, J = 7.2 Hz, 3H). 13C-NMR (125 MHz,
CDCls) § 77.9, 68.6, 51.6, 37.9, 34.3, 33.3, 30.7, 24.3, 23.6, 15.7. Bm1-LB (minor isomer);
TH-NMR (500 MHz, CDCls) § 3.93 (m, 1H), 3.81 (m, 1H), 2.21 (m, 1H), 2.07 (m, 1H), 1.92 (m,
1H), 1.67 (m, 1H), 1.24-1.51 (m, 6H), 1.20 (d, & = 6.2 Hz, 3H), 0.83 (d, J = 7.2 Hz, 3H).
13C-NMR (125 MHz, CDCls) § 77.9, 68.2, 51.1, 37.6, 34.3, 33.3, 30.8, 24.3, 23.7, 15.7.

Pb1-R; colorless oil, [alp25 -11 (¢ 1.0, CHCls); ESI-HR-MS: caled. for C1sH2702 [M+H]+: 215.2011,
found: 215.2057. "H-NMR (500 MHz, CDCls) § 3.64-3.73 (m, 3H), 3.57 (ddd, J = 10.3 Hz, 8.4
Hz, 6.6 Hz, 1H), 1.69-1.81 (m, 3H), 1.50-1.62 (m, 4H), 1.36-1.48 (m, 3H), 1.23 (m, 1H), 0.98 (s,
3H), 0.87 (d, J= 6.6 Hz, 3H), 0.88 (d, J= 6.6 Hz, 3H). 13C-NMR (125 MHz, CDCls) § 63.5, 60.2,
50.2, 45.1, 44.1, 44.0, 37.8, 29.5, 28.4, 27.2, 23.2, 22.3, 22.0.

Bm3-R; colorless oil, [alp2> -12 (¢ 0.15, CHCls); ESI-HR-MS: calcd. for CisH2702 [M+H]*:
215.2011, found: 215.1995. 'H-NMR (500 MHz, CDCls) § 3.65-3.74 (m, 3H), 3.58 (ddd, /= 10.3
Hz, 8.4 Hz, 6.6 Hz, 1H), 1.71-1.80 (m, 3H), 1.51-1.63 (m, 4H), 1.37-1.47 (m, 3H), 1.23 (m, 1H),
0.99 (s, 3H), 0.88 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H). 13C-NMR (125 MHz, CDCls) §
63.6, 60.3, 50.2, 45.2, 44.1, 44.1, 37.7, 29.5, 28.4, 27.3, 23.2, 22.3, 22.0.

Acid treatment of sesterfisherol. To a solution of sesterfisherol (18 mg, 0.050 mmol) in acetone (4.0 mL)
was added p-TsOH (0.10 g, 0.53 mmol) at room temperature, and the mixture was stirred for 10 min. After
addition of sat. NaHCOs, the mixture was extracted with EtOAc. The organic layers were concentrated in
vacuo. The crude extracts were purified by silica gel column chromatography (hexane) to give Bm2 (3.9
mg, 0.011 mmol, 22%).

Bm2 (isomeric mixture) synthesized from sesterfisherol; [a]p25 +29° (¢ 0.50, CHCls); EI-HR-MS:
caled. for CzsHao [M]*: 340.3130, found: 340.3122. The NMR data are in good agreement with

the above data.

Epoxidation of Bm2. To a solution of Bm2 isomeric mixture (2.0 mg, 5.9 umol) in CH,Cl, (1.0 mL) was
added mCPBA (5 mg, 29.0 umol) at 0°C, and the reaction mixture was stirred for 10 min. After addition of
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sat. Na,SO;, the reaction mixture was extracted with EtOAc. The organic layers were concentrated in
vacuo. The crude extracts were purified by silica gel column chromatography (hexane). Further purification
with HPLC (Wakopak® Navi C18-5 ($10 x 250 mm), 100% acetonitrile) gave epoxy-Bm2 (0.6 mg,
1.69 umol, 29%).

epoxy-Bm2; [a]p2> +26° (¢ 0.50, CHCls); EI-HR-MS: calced. for C25H400 [M]+: 356.3079, found:
356.3065. TH NMR and 13C NMR data are summarized in Table 1-2.

3-7-3. Chemical conversion of preterpestacin 11l
Derivatization of preterpestacin III

H =

H
OH
N N H H*
. OH — »
g acetone
(o

preterpestacin Il (13)

To a solution of preterpestacin III (1.2 mg, 3.0 umol) in acetone (1.0 mL) was added p"TsOH
(0.5 mg) in 0°C and the reaction mixture was stirred for 50 min. After addition of sat. NaHCOs, the
reaction mixture was extracted with EtOAc. The organic layers were concentrated in vacuo. The crude
extracts were purified with HPLC (Wakopak® Navi C18-5 (¢4.6 x 250 mm), 100% acetonitrile at a
flow rate of 1.0 mL/min) to give acetonide derivative 15 (0.70 mg, 1.6 umol, 53%). 'H-NMR (500
MHz, CDCls) § 5.23 (t, J= 8.1 Hz, 1H), 5.17 (t, J= 5.4 Hz, 1H), 5.12 (brt, J= 6.1 Hz, 1H), 4.34
(t, J= 6.5 Hz, 1H), 4.30 (d, /= 7.8 Hz, 1H), 3.93 (dd, J= 3.8 Hz, 10.3 Hz, 1H), 3.59 (dd, J= 3.8
Hz, 10.6 Hz, 1H), 3.33 (dd, J= 7.8 Hz, 10.6 Hz, 1H), 2.00-2.23 (m, 10H), 1.91 (dd, J= 8.8 Hz,
17.0 Hz, 1H), 1.79-1.83 (m, 2H), 1.65 (m, 1H), 1.63 (s, 3H), 1.62 (s, 3H), 1.57 (s, 3H), 1.50 (s,
3H), 1.32 (s, 3H), 1.14 (d, /= 6.6 Hz, 3H), 1.11 (s, 3H).

15; ESI-HR-MS: calcd. for C2sHa503 [M-H20+H]+: 429.3369, found: 429.3394. 'H NMR data is

shown in the appendix.

Reference

! Nozoe, S.; Hirai, K.; Tsuda, K. Tetrahedron Lett. 1966, 20, 2211-2216.

2 Wei, H.; Itoh, T.; Kinoshita, M.; Nakai, Y.; Kurotaki, M.; Kobayashi, M. Tetrahedron. 2004, 60,
6015-6019.
*J. Chan, T. F. Jamison, J. Am. Chem. Soc. 2004, 126, 10682-10691.
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HARFUTEB W T, HHOMAEMIIRY 72 A4 BT A aA R, TAR) A Rip ELELER
TIRREY A EPE L TS, FRICEIRSL & L THW OIS K9 2@ AT IMmAE 72 KR o & ik
FElZB N T, BRAEDFHIFEEZ AW ERIEITAEDI TH DL LEZ bND, ITFE, DNA Y —/7
ZIEATEART O LR ME LD R 2T RE LT, N AA T H~T 4 7 AT KRR
WA BB AR F D R ER ARG RN DB R AR FIREIC 72 > TE TV D, BERERIN D R
WEMARHERFEZRE L, TNEZREPERIEL 2 LI OVWEEEZITO BB /) A~
A =27 LT, FHRIROBIFIZB W TEE R FIETH D,

TSR TRE A D AEPET H EBER IRIRHPEM OO L D TH Y | £ DESIBERITE
KA S L BRIER D BB K E N D, TA) A FOFREHKBEZEDOTICIT T L =/ LiEk
RAA 2 EBRIE R A A U 3EE LT —HiE %Eﬁ{lﬁﬁ%??ﬁ)ﬁfb 2007 12 fusicoccadiene A FEEE
# PaFS A SN TURE, £ORE R 7 ORI A SHICED SN TEZ, LAALINET
X, BERER T I1X PaFS 72 £ &L OMFEMED AIZE SN TRIRENTE D . Z DA S
o ONCOHETET D LT TERNPoT, Fo. BLEMZE0RAES RO RENHRH I
T3 UF -2 (C20)1% aphidicolin 72 & O¥BIZE A TNADLRT, £ A K T L~ (C25)
WL THIFEA MBS TW o7, & 2 CRIMZE T, SRIREBRFERIRZFH LizHr
BT NARUBURD 7 ) b~ A =0 78 L O OB X 2 ATEME KR O SAE A 123
F L7

1 BT, ZBEREMET L U BB R O RBHRAT IC SO < 7 b — R RN T ) b~ A =
T w47 o=, SKIRE Bipolaris maydis 35 . O° Phoma betae 7> 7 L — K AZJET 5 4 FEDOBR(L
B%% BmTS1, 2, 3, Pb1 23 L S, £ OFEREMATIC LV 4 FOBBILRA) Bm1l, Bm2, Bm3, Pbl
RS L7=(Fig. 4-1), Zhubid, RLZ b— K AZET 5 NfSS O sesterfisherol & $E{
DEGHIENO I L TELTZbDTH D EHEEINZ, TOUFEOR{LEM#EIL, 7L — 1 B
BT DERILEER IS T 28 L 1T > T2 &0 n, BYLBER O T 2 BRELSIAR R & 5]
bttt & OFICITBEENENH D Z L BNRS NI,

S HIZ 1 E T NISSITkf9 228 B A FBRIZ LV sesterfisherol 4G AR EE D[R E 2 A T-,

Je8 T DRI LIZ X - T, sesterfisherol ZE A RIZ W CTERIZEKDIAFF 13 722 2380
@fXEﬂ(Path A, B)FHREALFRINCHEE ST, NfSS IZBW LAY EFIALE T 5 & TSN
TEBBERT BRI LERZEALT-EZ A, Path A 2Ol L7c & B s Ak
NFM-1, 2 355 7=(Fig. 4-1), D Z &5, sesterfisherol S ARKDOEEIZKII L, & A
BT N AR X OV R DOHEE I B W CEMEA LR FENE D TH D Z LR ENT,

INHOHBENG, T BESIREPEICESHT A A ROBBEFIELRE LT, K
FIEIZLY | FHldH 2 WIEBEA O KRR % 5 2 2 FREVED & 5 BRALEESR OHEE S, HEEFELIRIR
MOEFIEENATREIZR D B bD, 61T, HEATFHFEEZEAGDEDL ZETLY
R EE D W ES GRS OHEE LB TR RIEN FRRIC R D L EZX BLD,
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Fig. 4-1 7 L — FA RS 2BRILEESR N5 2 5 LR DHEE A6 Rt s

2 BT, THRREMERRILEESR D52 D BRALIK ORISR K U AEWTE M R IR D BAR AR e % 53R
#7zo BmTS3, Pbl ORI FZPRR L, L S bEER RS & RALBER B s & L%
HEE25Z 212k, BEEKARY terpestacin 35 KX UVHTH KA betaestacin DHUSIZTh L 7=
(Fig. 4-2), % 7= ophiobolin F O L&l LV ophiobolin $Efx{L AW D B A FE 2 7k A 7= fE 5
ophiobolin FEAEFER T 5 A. clavatus H 2k D 0blBa: (P450)13 4 FE DO FHR AR &2 5- 2 - DIT% L
ophiobolin A= PEE 13K D 0bIBpm, 0blBey I3BEHI KA ophiobolin C % 5- % 7= (Fig. 4-2),

U EOFEBRIZELY , BEFRARYOTSG, Tl REM OIS, BB R 27 7 A% —hb OIEE
SRR OEFF L WD 3 BV DT ) A~A =2 T OFMNR STz, Phoma betae -
Colletotrichum orbiculare 75 WL X 172 betaestacin £/ K7 7 A% —H D P450 (FHIFIME:
36-38%) N IR DM A G- 2 T Z L E . RERS E D LAE CHREEREO2E 9 Il %
ETBEZE 40%E W) FHREERERE L 25 DO TlE v EE 2 bilz, —J T, ophiobolin A&
FGEAR T2 7 A2 —H D 0blBac & 0blBpmmy (FARIVE 67-68%)D X 512, mWHHFEMEZ R LR 5
bHRROEREEZ OB DD Z LRSI,

1EICTIRB LT ) b~ A = TFiEE 2 BETHWBRIMEESR S EMRER OB FE L
B DT LT, HHAEMTEIE R IR ORI A FTREIZ 2 2 D TIERWINE BTN D,
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Bz, BIpfEBh#, RIRIBIEL. & U CHARUR TR KRR LR FEbe O KR HIZ 0 K
DR L B ET,

AMFFEICER U E LCHEAMFSE & LT DFT §HR 217 > TIHW 2 BURR PR FBL 32 70 O N
INEfh e, L, Ry X 7o alb—3 g 24 L THEVW BEKRE RS TS0
FROKRBFEELIRICE KRR ZHHETEEE L2 EA2ECEHH L B4, £/, PbTS
X betaestacin A HURIA T2 T AKX — ORSREMANT 217 o TIHW - @47 + LRV i IS
=LET,

NfSS OFREa YV —ET Vv V& {To CTHE E LI R RFAEWEE TPt 2 — ol
B, B AR, B EREBEICE LR L BT,

LB OREEREICE L E LT, VCD JIE 217> CIHE £ LAkl KP4 ekl 20 5e
Beoo PR g . 4 HEBh . NMR JHIE % (i & & CTHV 2 il R R il o fe LT B
TR A2 LES,

ophiobolin AfFFE° “HEREMET VU BRAVEER OIRRIZH W B. maydis 4L L T\ =722
BERF SO R EI L —B Bd%. E variecolor D7 7 2 DNA ZHt L T\ =72 W= a8 FER
REDOFEHBHR GRS = LET,
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