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TVENWINTUART 2T —E

TV NN TURT 2T —RITRFI 5 DAV TV BTSNV T L=
YL ALEM DA LD DITILNT 7T R EIZE 5L TW5, Evbit, a
TIAR, AT RARRIVES | ATF ) 28X ) T TAR ) EnoT-— IR
VAL EMDEG RS, RS T8 GTP fGax " VEOT L=/ AkiZB 5957
LoV AT 27— BT EHLN TS, Ee, IEFEMDOIX T L = AL T TR
ARRED IR PED Z BT DT L =V T AT =T —PH R EESh T
1

ZITIER AR RAY T L o=y N ThHLAY X T =)V U (IPP) &V AF
AT UL ZUEE (DMAPP) 75 C10, C15, C20 bW\ 7= E DR WL =1 "
MaESRTAHEME L=V 2725 —F  C15 DT 730 iR
(FPP) <° C20 D7 7=\ F7=/L U (GGPP) % GTP f&& & /7' EIZAH U
NS 7 T IAGRTEEZFRIZ L N VETE TV =)V hT AT 2T —F | C40R° C50 D44
D7V =) U lE% 4-hydroxybenzoate (4-HBA)<X> 1,4-dihydroxy naphthoate
(DHNAZAHIIL T2 /R0 F /o BT AN /IR E TV =V T AT =
T —BIZOWTEAT 5, 2B, KL TIEINoEEEO TREMO TV =L T A7
=7 —R Lk T2,

PEHERE 7L =)L T A7 27 —F X DMAPP IZJIER IPP it A LEEE O R WL
=NV ERE G T AR ThD, T T= )V VR G SR (GPPS) 1d R FEEL S
DYAFNTIN "Vl (DMAPP) (2 IPP % 1 [BIFEAUIRFEE 10 D7 T7=L "V
& (GPP) 25T 5, 77V RV U A HEES (FPPS) X DMAPP (Z IPP % 2
[ElfE S LRSI 15 D7 7RV U (FPP) 26T 5, IRFEEL 20 D7 T =)L
7= "V (GGPP) REIVEHEDRWT L =/L U RARIZ A S5,



TV TR AT D EME TV =V NI RAT 2T — B d trans L=V
VU BEE AT D trans L& cis 7V =)V V& BT 5 cis BT T HN5[2],
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Ao v horgr —L—| A,
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1 trans-TL DIV EEEBERICEANSVRABTILIILZYVEDOERK

oPP

2 Cis-TUZIEEBBRIZEKDIVABILIILI) VEBOE

Trans T 7V =)V N7 27 =5 —F %, trans KD GPP, FPP. GGPP RLEXLICHE D
EWL =L U igaa kL., ZNBITTE /T IIL_ |  BART LA DT

AT JARRLAT uA R ORI E72D,

ZO trans BTV VNI AT 2T —BIZIFEE THLT L=V IO U TR
EREEETFT —T7 L T ANTGF Uy F 72 DDXXD £F—7 2 E R FI T
%, =URNJHIED FPPS OfEbEMHTIZEHE N K> DDXXD EF—7 % GPP
DV EREFEA L, C KD DDXXD EF—7 78 IPP DY FEEFEA L T3], 728,
DDXXD EF —7 DT ANTX ULV FREOFE AT Mg™ 2B ELZ ) IPP O
AT RED|ERILCTUNAAF AL DA AT 5, Z07=0, M2 IE R IG I
WIH T D,

—F . cis TV =NV T AT 2T —BIIRNT U ARO TV =)L YU ERIZ IPP 23 A

NI TR A DO T L =0 ZV e G T 5, ZHBIERYa— Lo KK



=T ADFTEARE 725, cis BT L=V T AT 25— B3 T I BEEC A . ST AR & 312
trans W7V =)V 8T AT 27— B LI FEIMENES, DDXXD 5 —7H MU [4], L
LS Mg 8L T D 1T @ L Tunvd,

LR PEIREE TV N NT AT 2T — B I~Tud A~ — L2 100 kDa 2
FEDH R T Mg RO Zn* MR AFHINTAR Sy B GTP #6422 /'8 T b Ras A
—/N—7 73— Ras # /7 V'EX Rab #L/~7'E D C KDY AT A Dt 5 )i 1
BTV = AL T B[5], TIWVETITRFEE 15 O FPP #FVE ZL, 77 /LR VA AN
9% Protein FPP Transferase & fk3E% 20 ® GGPP Z#REH ZL, ¥ I= V7 o= s
£1IN9% Protein GGPP Transferase 23 HI5HAL TN D,

T =Sz Ras 2o VB E, BKED T L =V BRI L > THEICRTET 5, £
L CRBERPDLORNKIZEY GTP 2345 & LI-iE Al L 72> T Raf 7 —E, MAPK 7 A
r—=R~ERIRENT 7 AREZATV, MR ST 5L T\ d, D%, 1l I
GTP % GDP ~EfRUANTE MR R D, UL, ZE 57 Ras #7378 Cld GTP 357
fE CE IS 7 v 2 N UEET 2O TR RS 7 AL 2 RIRNIC /2 5 & ST
W%, Ras #2737 DIEMEFBLZITT L =AU EDIE~D J{{ED L ThH DT O G
LU TV = AL R B FE R OB R8T TV D[6], —J7, L= baii-
Rab #7378t Ras 2 _VE AR RICB B 5, £ LTl 7L AR
[Nl D a[oXN DL peS el S Reas R YA Y oY s I QUAYST i B

HIRIAN DR IXTE D 2% N TV = NALIIVTWVDEVI I ELHY, XX EREE
TV =T AT 27— BITMlaN CEEREEX 2 H-STWHEE LI TV D8],



BEBEIEE TV =N T AT 27— RIE a2 ) oo A & ) DE S R EITORER
THH[9], LEF /U ITHIE TIE chorismate, EAZAEW TlIF i o nbakansd
4-hydroxybenzoate (4-HBA) (Z7°L=/VIEENIIL GRS D, 72351 REI chorismate
1BH 4-HBA G T 228 TEH[10], E7z, AT /13 1,4-dihydroxy naphthoate
(DHNA) IZ7 V=V ER LA S IVD, ZRHE X R0 T X ) DEERRIC
BTV = Ab & ikl 3 5% 3213 polyprenyltransferase (PPT) EREIZAL, KIGE E.
coli ® EcPPT (UbiA) [11], B%RED ScPPT (COQ2) [12]. A % Ortza sativa ® OsPPT[13],
A X AT Arabidopsis O APPT NHILIVCWND[14], Fio, 28 /A akBER 1L
TV VHAE HARE L TR FEEL 10 D GPP B R FEEX 45 @ solanesyl diphosphate T
R IREE DTV =0 T VBRI LN E R B A R 28 s g,
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Do TND, £T Y TIE R EDEL CTEHDOT L =L T TR AR
OO TEY, ZDOEMIEMEIHIRE ., ik, i HUEERE LI HTz>TnD
[1, 15], ZNETHHO —IRRFNFEDL G FHEEE 7V =V RSB MR O/ n—=
YT ENEIe o Te M, AR L. erythrorhizon K a= G kR EA T LU THER
HE SV =NV T AT 2T — BB T [ePGT N/ a—=27E72[16], LePGT 13/
fafR DS 737 LTI BLL 4-HBA |2 GPP KD 7 T = V3 EAINT 5, 7233, v =2

ITPLETE R 7 7 AT L o L TEIIL S TH A (X 4),

F TV =D 8 i AF AT UL T S N8DT 97 = AT AL D 6 ©iaP A
FNTINALT D GDT br/u—=27 i, ZNETHRATH T kD71 =
WALT TR ARG R IFEFRIZ DV TH DI/ TE TS (K 5)[17], ZAIbHEY)
HRD T =)L T 2T =57 —FEDDXXD EF — 72 A L, IHMEICII Mg AL ET
HD,
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naringenin 8-dimethylallyl naringenin
HOO| G6DT HOO|
O Mg2* = O
OH O
OH OH O OH
genistein 6-dimethylallyl genistein

5 N8DT, G6DT IZ&BTLZILIEISHR/ARE R RIE

Eo DEDPBL T L= LSS BEES IV TWD D Z DA G R 1B D0
FEBIEFEITATIO4V, Claviceps purpurea WD dmaW. Aspergillus fumigatus HD
feaPTI . fgaPT2 57350540 CV5[18], [19], DmaW, FgaPT2 % L-tryptophan (Z
DMAPP H13ED Y AF LT U LA INL | M3 DGHEE e mE A ER 2B s
ergot alkaloid (A 7 V104K ORHIEEATH S 4-dimethylallyltryptophan 25 75
[19], [20], HEH KOG EFHEIELE TV =/ T A7 27 —E 1L DDXXD EF—7 372
VAR Mg B2 S — IR A SR DT L = L b T 2T =5 — P
LRI TND, FTo, LIXC & FgaPT1 XTIV I TF AL D 1 LD R Tixe< 3 LD R
FEBFHEALEWITATINT 5 Reverse prenyltransferase iGMEE AL T 5,
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fumigaclavine A fumigaclavine C

6 Reverse prenyltransferase FgaPT1 [C&kATL =)L EELFE RIG

FgaPTU I ITUNVATF AL D INDRFEPEIGT DI N—=AT V=V T AT =7 —BIEHEZ AL
5

EZADIAE, TN LRI RSV B EEE TV =N T AT 2T —
ERPUEWE 7 vt 4 R Th DR Streptomyces roseochromogenes X077
n—= 7 &N72[21], S. roseochromogenes D7 nt A AL KEE T cloQ 1E
4-Hydroxyphenylpyruvate (4-HPP) |Z DMAPP Hi kDY AT LT UV Bz A N4 215
g, LU cloQ 1FBERD T L =)V T AT 27— B EFRRIME N 72 < IEPE NS
TV AT T T L CEBRIEEE TV = VNV AT 2T — B TR IR TS
N TVV5 DDXXD EF — 7 WIEAELZR, £, 3GV Mg B2 S BEE D

LoV NTU AT 25— P LRI A,
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OH DMAPP OH /Y
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7 FREFBEEETILZILNSURTIS—F CloQ A3 27 Z L RSB KRG

cloQ IFZNETITHON TV T L =T AT 25— B EHRIPENRL ST Mg b M EEE L

IRhoT,

RYTZAR-TNRIARBEILEWE CloQ HRERrS

FOBR R X 267 R EE & AL PEL | 2D —EBRY T X AR ET L~ AR DR
BB EER KT HIEDRHSBIVTND, Streptomyces sp. CL190 £E23NAEFE T HHTHE
1EE T 77 e, Streptomyces sp. KO-3988 ¥R EFET HHUEBEME 7 7% /2,
Streptomyces sp. CNQ525 KN A PFE T 5T TV A ~ A 2| Streptomyces
cinnamonensis INEFETDHT T )T TR I U NEO—HITHDL, LA ILEWEE
PET DR L — RGBT TR 32 AF V=AU — LY g (MEP) R DIF)NT
TIRARHFEM A AR OTDIZ AN BB EL AL TRY, BAa e o4 A RER
FITAZ =T ZDANa R IDIAFAEL TCND, T2lZLT T /T 7 R 13 A
Nua xS —EBDHNITAZ—HIFET D, ZNODMELEWMAG OB T
I FAB—ZI3HEL T 1,3,6,8-tetra hydroxyl naphthalene (THN) & %% rppd "EH
T NFELTEY, RITFZARE 1T THN 2B LTRSS EE2LN5[22], £
7o TS IARETENEND I TAZ —ITAFAET DRV T L =)V ZU B A R R
ICEATERSNDT L=V ZUVBRICH KT D, ZRHEELEWITT L~/ AR D



PRI DALE IS L > THEE S ARMENE LD OIS &3 571 =1
NIV AT 27— ENEGROBIER ThHHEB 2D (K 8),

CoAS OH o
HO OCH
0 0 = ?
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o 0
l THN synthase OH
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THN S prenyltransferase o och
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AL 9=t

TV =AML E M DL IFHEM N DI RSN T L = AL T TR VAR T, £ DHiE
SERMEN D= AN AR Fas X — RIS PUETE M, BU AR, BT
FESENE | ZAIMHE I HITE 2R E R 2 2 B TE 2 R 3 2 e STV 5[23],
FO—HEK 10 1[5 T T2, 6-FAF AT INTV AT MO ABCG2 EN)
ABC U AR—F—ZHEL T, I AMIEOEHRHEHZAEL | FurAlaR o)
FITRBE% 2 I TWB[24], Humulus lupulus (R 7 )HROFH -7 B— L3 D
JVANTY AT VT UV ER SR INL 72 A i 2 L C R 0 I A3 AR 33 W\ CHE S O BT
Hill&T AR N— AFFETE A R T ZEN A SV TN D[25], Sophora flavescens (~ A%}
W) HRDVRTTT/3 70 G 1ZT N H UV FEEWNG D AT LT UL LN ORI,
LT OMEHAE RS, =2 /A REAFEEEZ AT 5, 207 A2 /A
REEADNRKNESND T M — 2 G 570 8 OIEHRIZHIFFSI T B[26], TV 7=
(ZRFBHE0 DT T =NV HBINUT 67T =0TV 7 = ATNRN O b A4l 42
P g2 7R 97 [27], Fio, RUALEIZRFEE S OVAF AT UVENINL: 6-
AFNT IV = ATHRACTE PN 2 CHURTE M, PO IS A2~ 3 203
HEINTND[28], FT2. 8 MLDIRFEDT AT LT IUNALE T 8- AT LT UL F I
=AFEDBIC AT A EZ R T ZEB MBI TN D[29], HEETEEFE RN FEIC LY
ZNHDALE W DOIEMEIZIT TV =V E PN EETHLIEN 50> TD, ZILSMIE
TV =B AL BN TOL0N, G HBECEL BN ME THLZEbdH
S TABTEECIE BB O 2T VA TR, —KBIITIET L = {bEhb
Z LT E o THREMED i E VMR A 1251 L 03 <o > THEL A~ D B IA - A3 N9
HTENFR MRS TND[30],
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6-DMA naringenin

10 L= Afb7FKR AR

LA EINDIFIZ DTV =AU E S HEES T TRV T OAEMIE T FRO IS LIKIZH
TZOERSILTOD,
£ 1 TLZEISR/ARDEYES

=xvE2 EMESE Ref.
6-dimethylallyl chrysin ELONAMRE ABC b5 U RKR—2—DHEEF [24]
xanthohumol A L OBBEIHE & TR F— P RBFEE [25]
sophoraflavanone G MR AEEA [26]
6-geranyl naringenin MERIEE M [27]
6-dimethylallyl naringenin MEREER. MEEE. NESEHE (28]
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BRI DF R E WA E

BEEZFI AL THBIL AW E SR TARAIE AN TON TS, ZOHBITA
AR R T I EBOIEFAE B E G D LN TEDNLTHY, GO —v
ELTHIFF SN TS,

BER: Candida utilis \Z7127 JARAEG BGBIR T crtE, crtB. crtl 8 AL, VA~
EAETOBMBAAIE LA, B 7 2= VAL L R 5 OB R BT
(bphA. bphB. bphC., bphD) D4, LT — % KW ICE AT 528 TR
PERTZ T T AL B0 TR I IVSEARL AWM TA T TV — %155 AT
B TWB[31], B 7 == i A OFITiE, IR RENEVYIREEFEE DNA
shuffling HATIZ Lo THERFRMZERICL, E 7 2= /UL EMTE T TR TR IAR
R FHICT I RN RF Vo B AR R A MO G FIREICL TV 5([32],
il K Type 11 PKS ZHIHL . B4 22 N THNALF AR LT AN TEEE O
CoA k%A% —%—|Z, malonyl-CoA #%\ & acecyl-CoA EAEASEDHIEIZEST
FERIRBARV r 2 AR DG RLHITHOIL TV D33, 34],
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Streptomyces sp. CL190 &0 6 RS- 77 WA G GBIG 17T AY —%
WED | RV T HAR =T R IANM G E WS B 77 AZ — I T cloQ
RERT THHLT V=NV NTG AT 2T —BEBE X GNDBIE - DMFAET Do AAFFETIL
FTITNE G OT V=V RNT AT 2T —F NphB £7 7% /2 U A S GEE T
JT AR —AFAET D NphB AnE117 Fur? ([COWTC, & 1 3, 55 2 HCAHPLE O
[FE & iR Ar D E R  BEREMRAT 24T o 72, F£7=. NphB 1L Mg KIFHETHEA Fur?
IR IFIETH D, 54 B TIIZOBBAA ARG OZEZIE T DT B D[R

ExEITHT,

EBIZ, FHIBETIEINDDOMME R KTV =V NT AT 2T —RIZE BT TR AR
RNV T ZAR DTV = AV EFRIR Tz, EOFER  EE O BT TRIST
HZEW ol ZOIE R RN TR LB E R TV =V T AT 2T — PR
FIAL, RERIZIIEEICLOMFAEL W T FIR AR RV r AR O 7 L= AkAk
EYOE AL LT,

Flo HEMZBNTT V=N RNT VAT 2T —BERBLSHE 'L =L &4
PEZ TR IR DN E R B DM B CRUGE O | HE R E XN EE CThoT-, £2 T 5
3 ETHMLIET L =AU E S EAE LU A I & s 7L =
MALE D LC-MS IZ XD RIEEIT 1256 5 &),
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—f  IIF/OEESRBEFITRF—DHET A

7% )2 1% Streptomyces sp. KO-3988 #R AL FE T D HUEEE A A3 2R 7 &
AR-T NS JARBENE ThD, 7T7% ) G GRGE T77AZ—I3NIFHIZE
D RIGHE — R S ¥ MV 2 —pWHM3 (27 a—= 7 &, R BRI T
VWB[35], 7T AL —IZIE furl 75 fur2l 7T 21 D ORF NEFENTEYD, £ 1-1 DX
ONTHERE T HIL 72,

ZIUTEEASNWTT TR DAEB IR ZHEE T DL 1-2 DIDIZRoT, TV
X ARERSIIE Furl9 IZEV G RSILD GPPICH R T 5B 2 Db, —J7, RITZAR
W31 rppA TR TS Type I PKS Furl (28> TERKENS 1,3,6,8-tetrahydroxyl
naphthalene (THN) (ZHIRT5E5 2 515, THN 23512, Fur2 <9 Fur3 2L 501k
RAEMASZITT2DB | Furd, Fur6 [ZE> TAT /LS TRV T ZA R B BSTE SIS
EFRL, LTI LT AT 27— Furl ([CE> TRV AR BRI L =1
BEBRMENRV T ZAR-T NI AR EACE N L7122, Btk lT, SHITERILOKEE
{bEZTTTTX ) DA RSO EE 2T,

Frim Cib 7z R T ZAR-TN_IANECEM A G OB IR 17 7 AZ —I121%
WINLT V=N RT U RT 2T —BPMFET D08, T OB EMIIRIITH-
T2l AR TI fur7 SRR | IWEAFE LT, SHIZ, Fur? LEEE DSOS
FEMI DB R TR T DT LA REFI L, Fur7 OBEBEREATIC DUV ThITo72,

16



D

123 4 5 6 7 8 910111213 1415 16 17 1819 2021 22

[ mevalonate biosynthesis Il polyprenyl synthase

B polyketide biosynthesis

™ prenyltransferase

% 1-1 7IX A RGEIG T AR —

x 1-1 IIX/VUEERERFISAI—ICEFENSD ORF OHETI/BEEIID
HREMERRER
Gene Amino Sequence similarity Similarity / Protein
Proposed function accession Reference
Product acids (no.) (protein, origin) Identity (%) number
Furl 356 Typlll polyketide syntase RppA, Streptomyces antibioticus 92 /87 BAB91443 [36]
quinone-forming _
Fur2 195 monooxygenase MomA, Streptomyces antibioticus 86 /80 BAD89290 [37]
Fur3 385 aminotransferase NapB3, Streptomyces sp. CNQ525 85/76 ABS50480 [38]
SAM dependent . .
Furd 331 O-methyltransferase FNQ?9, Streptomyces cinnamonensis 87/77 CAL34087 [39]
Fur5 506 fatty-acid-CoA ligase NapB4, Streptomyces sp. CNQ525 85/74 ABS50481 [38]
SAM dependent . .
Furé 337 C-methyltransferase FNQ27, Streptomyces cinnamonensis 86/ 77 CAL34105 [39]
Fur7 307 Putative prenyltransferase  Fng26, Streptomyces cinnamonensis 80/ 66 CAL34104 [39]
Furs 434 P450 CypX, Streptomyces 48/31  BAI44339 [40]
melanosporofaciens
Furls 324  Sroxoacylacyl-carier-protein] o ¢ gyeniomyces anulatus 89/82  CAX48662 [41]
synthase
Furl6 652 hypothetical protein Fng20, Streptomyces cinnamonensis  82/75 CAL34098 [39]
3-carboxy-cis,cis-muconate . .
Furl7 484 cycloisomerase Fng21, Streptomyces cinnamonensis 84 /78 CAL34099 [39]
Furl8 209 hypothetical protein Fng22, Streptomyces cinnamonensis 66 / 53 CAL34100 [39]
Furl9 352 trans-polyg;?]rtlggggphosphate Fng23, Streptomyces cinnamonensis 80/ 71 CAL34101 [39]
Short-chain Z-isoprenyl Streptomyces roseosporus NRRL
Fur20 282 diphosphate synthase 11379 81/70 ZP_04711629
Fur2l 336 SAM dependent Fng27, Streptomyces cinnamonensis 77 / 60 CAL34105 [39]

C-methyltransferase
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polyketide biosynthesis
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terpenoid biosynthesis

HO OH HO OH
A o A o
HO’F{\O O//P\o/\)% + HO’F{\O O//P\o/\)\
IPP DMAPP
Furl9
" OH/\)\/\/k
HO’P o F =
GPP
HQ OH
A o,
HO-Ry ,',D/‘OH
00
PP
o
HO. o
. X
Rt N34 Lo o
Furl7?  Fur8?

furaquinocin D
(Streptomyces sp. KO-3988)

TIX )R GE R T AL =T BLD ORF OREEE TIZH L ICHEE A R A2 £ L

7o [ TCHAZALEMITHBE SN TEOTHEEMIE Th D,
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BIE X/ VVEESHEEBETFIFIRAI—DEEHRR

TI% ) B GEAG I T AA—furl~8 & furl 5~21 ) pWHM3 (Z/a—= 7 &
N7 T7AIR pWFQ (K 1-5) =& LRSI KRFZEO KRR AELID T oG- x
Streptomyces albus %72 A7 #— LT, ZNEEEERL, TENARMN, BiR=T /140
L C HPLC TH#rLiz,

KB T7 15

S. albus DT ONTTANAERIL  7F% ) A GER AV TAS— PN Ta—=
T ENTZpWFQ ThIV AT p—ALTz, Tubh T TZANOFREL 1, NIV AT 4 — LD T
JEI X SEBREIZRE LT,

O Z A% TSB §5H#1 (30 pg/ml A AR TR &2ETe) T30°C, 2 HIH
ARG L. 30 pg/ml A AR 7 R ZEde SKIT E5 I E7- 13X NMMP B5H#1C 27°C, 3 H
[FIAREE B 2T 0T, BRI TR HIRIREEBEOT Eh 2N, 4 FERFRE LT,
KEAHELTERE, 72 N 2T/ \ARL—RLU T, ook B I L TR =T L il &
11572, NapSOy ZIMZ THLAK |, FEfE =T L&/ \RL — R TR & AX ) — VTR
fi#ZL, HPLC, MS THOHTL7=,

HPLC Z&ff: Column: 2 x 150 mm (ODS, Senshu, Tokyo)
Solvent: A, acetonitrile; B, water (+0.1% acetate), 0.8 ml/min.
10%-100% A over 40min, 100% A for 10 min.
Detector: Photo Diode Array (MD-2010, JASCO)
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S

1-3 DEHIT 347 min (IZ7FF /2 A, 39.1 min (27 T7F /22 D HBFHSIL,
Streptomyces albus TDT 7% )2 EFENMERR TETe, TNLENOEEEM 14 (TR
L7z,

39.1 min
furaquinocin D

34.7 min l
furaquinocin A

0.0 10.0 20.0 30.0 40.0 50.0

(min)
1-3  ISFX/VVEBBEBELRTFIIRAI—EEEFEBLT- Streptomyces albus F&E

HHPD HPLC 247 (265 nm)

B2 % HPLC COMTL. 265 nm COIa~IF L%~ LT, 34.7 min [Z75% /30 A,

39.1 min \IC7 7% /30 D 2R L,

furaquinocin A furaquinocin D

1-4  furaquinocin A, D D#&&
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E=EH fur? BIEMNOERLIEERBY OB

HIHIC Streptomyces albus \Z557 7% )2 DAFERMETR LT, fur? MREEREE 1ERL
L. 55381 5L Furl OIEBENERTT 5EE 2 5NHDT fur? RO ER AT T,

E—IH fur? BEHETSAIFOEE

Sfur? WEER A AE T 572027 TAZ— 2 KD pWHM3 X7 X —|Z/a—= 7 S
72 pWFQ X7 Z—% N, ZZ05 fur? O— &I IREESR LRI L RIESE =TT A
INAAERLT,

KB T7 1

Sur?7 BEERIZLL T OINHER LTz, £7°, 77F% /2 AR BIR T/ TAZ =)D
819 L7z Xbal-EcoRV W1 [y %, pET Duet X7 X —(Z7 A% —a> L pEFQI LL7=, &
512 pEFQI 735 Nofl-EcoRV THIV HL7- DNA Wi % pET28a (27 A7 —var L, =
h%& pEFQ2 L7z, WKIZ, 220 Bglll-EcoRV T DNA Wi &8I0 L, pACYC (25
A —a L pAFQ & LTz, pAFQ % Nrul THIRRILEIL /=D BT 54— ar L
T fur7 7% 646 bp KKLT T TAINEHFG LT, Z1vhk pAFQ_d7 L L7-, pAFQ _d7 /5
Bglll-EcoRV Wi i &1V L pEFQ2 |27 A4 —3a> L C pEFQ2_d7 Z{ERIL7=DbH
Notl-EcoRV WrFr 24810 HHLC, pEFQI (271 —=7"L pEFQ1 d7 Z#{ERIL7=, H1%
(Z pEFQ1_d7 7>5 Xbal-EcoRV Bt i A0 H L T pWEQ IZT A7 —a U fur? HIMBE
SNTTTFX )V EEBIR T T A —FEBL 72 —pWFQ d7 Z/ERIL7=(4
1-5), 728, ZOTFTAIRNT Streptomyces albus &I EILBALT-H D% fur? EERKEL
7
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4 3211 5133 7291 7937 8893 17936
Xbal Notl Balll Nrul Nrul EcoRV Hindlll

fur7 (7035-7958)

~DIDDODBODI D IDDD

furl 2 3 4 5 6 7 8 15 18 19 20 21

e | SO AL DU L DOdDDID

15  pWFQ_d7 O

pWHM3 (27 T% /v GRG0/ TAZ — RN /a—=0 & iz pWEQ b, fur7 %
Nrul-Nrul C 646 bp RSV T- fur7 RETTAIR pWFQ fur7 Z{ER LT, ZOTFAIRT

Streptomyces albus Z T ERMRLUT=H D% fur? MEKELT,

1. ®174/ Hincll ’_—h—
2. pWFQ_d7&T>FL—KZLT=PCR

1057bp —

345bp —

1-6  pWFQ d7 #F>FL—K Ltz fur7 7S54<—T® PCR

Sfur7 1% 923bp THZHH Nrul-Nrul 23R I U722 L12E059 300 bp DT A3 HEIE L 7=,
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FTIE fur? REHEE W HY OB

AETCIERLT-, 79% )V VAR BBIR 7T AZ =0 fur] DB—HRKLIZTZ
ZIR pWFQ_d7 T Streptomyces albus Z T EIREAL | N7 NVATE = A7 T A TH#&
L7cDB| Bz 7 el i, BER—=F Ll HPLC TofrLic,

EX A pIReS

pWFQ d7 T Streptomyces albus ZEHx#A L, TSB 55 (30 pg/ml FA A7k
v EETe) T30°C, 2 HMES#EL-0H, NMMP §4:#1C 27°C. 3 AFIAEE L, B
ik T ErAIHL, ABIZL > THKZRWZZ, 7B 2T/ SR —RLT, o
TR L Tl ~F L 25 &N TH L, B =T VIR AT K2 52 2R
IZIT NaSO4 Zii s Z 1 RFHFE LIz, DT, B~ F L&/ 3R —hL
Ptz A2 ) — AT EARL T HPLC TortrLiz,

HPLC Z&ff:  Column: 4.6 x 250 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water (+0.1% acetate)
10%-100% over 40min 100% for 10 min 0.8 ml/min,
Detector: Photo Diode Array (MD 2010, JASCO)

S

1-7 DINZT7TF /v D OAFEITR SN /2o T, UL, PRI L TH
ICERBL CWOAIEAEIEEE T, Fur? OEE ORIEICIZELR )T,

23



39.1 min
furaquinocin D

PWFQIEZ 4 tH ¥

34.7 min
furaquinocin A

pWFQ_d71i%E 4

(min)

1-7  pWFQ & pWFQ_d7 E&EH YD HPLC 234 (265 nm)

265 nm TOZO~K T LERUTC, VIAZ—RRERBBIE T BRI (LB Tix 347
min (27 7% /322 A, 39.1 min (27 7% /30 D BRI SIVZ0, fur7 IR R (T BY)
\ZUFT7T% ) A RERRE IR U CRFICEREL TSI E I S ivien o7,
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EMET  Fur? ORBRERR

LI FOEERTHWS Fur? O 2 7% KGE CRBIL, FRL7Z, Fur7 (XN
RIZ Neol, C RIZ BamHl HANEAITILIZ FROTZA~—"7T PCR IZLVHEIEL .
pHis§ XU —Z/a—=27 LTz, ZOTTFAIRTRMGE BL21 (DE3)A T AT 4—
DU A Z Z X% AR T, Z o X RUIC B 3 2 EBR IR L IR IAICR LT, R
U BT D% BB DY 7 L% SDS-PAGE (Zff:L . Elution |Z 33 kDa D H.— /3~
ROHERR C&T-, VRIS 1 L 57295 50 mg THHo7-,

* 1-2 Furrv0—=2 5 RETS5/4<—E5

TIA~—4% | HIREERY A [Lhedl
Fur7 N Ncol 5’-GGGCCATGGCCCGGGTACGGACGATGTCGC-3’
Fur7_C BamHI 5’-GGGGGATCCTCATGTCGACTCCTTGTCGCG-3’

fur? ra—=2 T 7744~ =0/, THREHBILHIBREESR A,

96 kDa — oy &
66 kDa =——| =
45 kDa —— .5 e
b- - : A .
‘ e 2. FHRARERE
30 kDa —— | 3. BLEROLFE
4, 728—X)L—
5. wash
6. elution
20kDa — 7. His®YJ Ykt
14 kDa — [ Wi

1-8 Fur7 f&&LEFE D SDS-PAGE
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ERE Fur7 DEBEMEEORESEERTE

F—IE EER~OHEEEZ Fur7 & GPP OFEM

RITEGC . fur? MEERREE M 2 Fur? OB L Db B MO S AR
o7z, ZORERENSILE DSHGEITMD S, albus WIEVEREESICEVELL TLES T
WARIREMEZE 2 72, LU, Fur7 OIEE BT fur? HER ORI PIZFEL
TWIIR, Fur? ZIRINT 228 TH L= kS i, ZOIGEDZRIHTEDEE 2
7

KB T7 1k

fur7 FREERRZ TSB B (30 pg/ml FA AL 7RG Ee) T30°C. 2 A RIEF#EL
72Dt NMMP E5#1C 27°C, 24 FERIARS R LIz, £2~T7 VX —3RE LT- KRG E
#4% %35 Fur7 % 10 mg (R 0.1 mg/ml) & GPP % 3.5 mg (FI2E 0.1 mM) MNz7z,
ZDHRIBIT 27°C, 48 WFHIARG R LI, ARk 7% IR IRICE RO T B2
ZTHIH L, AIIZ Lo THEIRZ R\ 7B 2 R —RLTe, o7 K8 I
KLU TCHIE = F L2 E & M2 THIH L, BFfg = F L 2=/ SR —hL7e Db | FRiEZ A
2 ) — AZERMEL C HPLC CofrL7=,

HPLC £:f4: Column: 4.6 x 250 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water (+0.1% acetate), 1.0 ml/min
2%-98% A over 30min, 98% A for 5 min
Detector: Photo Diode Array (MD 2010, JASCO)

26



S

Fur7 & GPP Z 5 N2 CTHEFR L7=H O Tl 34.5 min ([CHi7-728 — 7 A S,
UV AL (220, 265, 300, 340 nm [ZARKIZIY) BT 7% 22 FafRiRk S 2 B
7oo 2OV —2% 5B, NMR THEGE AR ELTEZATTF /0 C ThoT1z (K 1-9,
1-10, & 1-3), ZOZ&iE, FEHII SR FE DB Fur? (k> T
=/ bSH, BEREICRVIAFI TRV, 77F% /00 CICEMS NI 2RI
LTW5,

ZOFERENS BRI R EICERIIL WS OO Fur? O4 B EE NMEE
TDIENRIBINT=D T, IRIZ fur? BEEMKE KRB ELULEDOREE HIEL,

34.5min
furaquinocin C

l pWFQ_d7+Fur7

L

| | | | |
0.0 10.0 20.0 300 40.0

(min)

1-9  fur7 BIERR. BX U Fur? & GPP 5L 7= fur? BIEMRIEE R H YD HPLC
[Z&kD73H (265 nm)

2T 265 nm TOZ R~ T RE R UT=, Fur] 2RI G380 (FEY) A6 34.5

min [277% /32 C ODE— 7B Enr-,
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HMBC

1-10 5%/ 2 C s,

7% ) C O L HMBC {8 S0 S - AH RS & R EICoR LT,

#x 13 I5F%/O0COTIHILUIMNE

H Ju(Hz) 13C
1 180.8
2 156.8
2-O-Me 3.86 s 60.8
3 132.6
3-Me 1.86 s 9.7
4 182.9
4a 108.3
5 159.6
6 127.2
7 156.8
8 7.01 s 109.0
8a 133.3
1 1.37 d 6.2 14.0
2' 4.40 q 6.2 90.8
3 46.5
4 1.65 m 35.1
5' 1.81 m 26.0
6' 495 t 6.8 124.8
7' 131.1
8' 1.53 s 25.9
9' 1.35 s 24.0
10' 1.40 s 17.9
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FTIE  fur7 BEREELSE Furr ORS

Ok BD fur? MRS ERIRIC Fur? ORI EE N EE T DT EDRIRS
T=DT, fur7 MRS ARG AP S E DO 2 A 7275, HPLC TILHEE TE72
Mol ZZTRERFERZITORNC, UV JVBEED R LC-MS T Fur7 OB B L
OBUSPER ORI 23 I T2, fur7 WA NMMP 55H0T 30°C, 3 HEIAREEL. 3
H H O8R5 DB Lo TRRE BTE 25T, BIEIC Fur7 & GPP 212 T
IGEMBI O T E6Y AR IE)E LC-MS THorL7-,

ES kS

Sfur7 EERRZ TSB 55#1 (30 pg/ml FA4 AR TR &g Te) T30°C, 2 HRERGEL
7dOH, NMMP 5 HT 27°C, 3 H[FAE: & LT, 852 % 4000 rpm 10 min 2.057 Bt
LERE BIEICmT, BiEERIEE, 50 mM Tris-HCI (pH 8.0), 0.2 mg/ml Fur7, 0.2
mM GPP 7250 IZFHEEL | SRR TR 15 R RS S B2 bR =F Vil 2175
Too Wil F N /iR — L Te DS | FRIEZ AR ) — WL T, LC-MS Tl
72X 1-11),

LC-MS £:f4: Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetontril; B, water (+0.1% acetate), 0.2 ml/min
2%-75% A over 30 min, 75%-98% A over 5 min, 98% for 5 min
Detector: MS (ESI)
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S

Fur? SUGRITHS O KISERZ LC-MS TH#RT 5L, K 1-11 1ZRL7E m/z=233
M-H) OEERBEATHELHIT, m/z=369 (M-H) OILE# B4R LT (K
1-12), m/z=233 (M—H) OALEMZT 7=V ER N HE m/z=369 (M—H) &7250D
TZAEAEWIE Fur? ICX > T 7= LS UG PER) ThHET AL,

A.m/z=233.0-233.5

233.0 27.8 min

l

T T T T T
300 400 500

(m/z)

T
200

B.m/z=369.0-369.5

I I I I I I I I I
0.0 10.0 20.0 30.0 40.0 50.0

retention time(min)

1-11  fur? BEMIEE EED Fur? RIGRTIOEFBRTFI)LEMO 2T (LC-MS)

A, m/z=233.0-233.5 D~AZua~< /' TFh, £ FIZ27.8 min DE—7 D AATMNVERLTZ, B,
m/z=369.0-369.5 D~AZ~<h7T L, ZOFHATIIWNT oAb SN/ -7, HIEIX

ESI TiT-o7=,
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A.m/z=233.0-233.5

NM—JLL_N

B.m/z=369.0-369.5

369.3

41.8 min
hllmm:-lMllnll.ul.lnhl.lI.. IuNI.:“QI_lIJ l
200 300 400 500
AW‘LMJ\/'\MW
[ [ [ [ [ [ [ I [ [ I [
0.0 10.0 20.0 300 40.0 50.0

retention time(min)

1-12  fur7 BEEFR EB D Fur? RISEBOEFERIFILHMEMDO 54T (LC-MS)

B£:233.0-233.5 D~ AT~ N T A, fur? BEERR FIEIZAFELTZ 27.8 min D{LEWHE L
7o TEB£:369.0-369.5 D~ A7~ hTT I, fur? MEER EIE AR T, Fur? ICXARGEMD LR
PNDHEEWDS 41.8 min ITRIEENTZ, EDSTAART NV AR, WTivh ESTCHIEL
77

31



EZIH  fur7 RERKEEEL Fur REOEERTE

HITTEC Fur? &55 18 234 OALEWN ST HIENRIBRINT-DTZOLEMD
HEEZ AL T fir7 WEEREZ 4 L 55 L, BIE2FfR =T LA L C HPLC THO#TL
7~

EX RS

Sfur? BEEERRZ TSB Bi#t (30 pg/ml F4 AR 7 hoaETe) T30°C, 2 HEREL
7=DH NMMP E5#1T 27°C, 3 HFIARSR LIz, 5528 Lig 4 L Z2fFe = LAl
FEfE =T VA T NI — M| TR R AY ) — VIZEEfEL HPLC (&> ToOlTLiz,
T ARPEITATED LC-MS ERIGMELT,

HPLC Z&{F: Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water (+0.1% acetate), 0.2 ml/min
2%-75% A over 30 min, 75%-98% A over 5 min, 98% A for 5 min
Detector: Photo Diode Array (MD 2010, JASCO)

S

A o LC-MS THRE SNy & 234 O RKREERS DT
2,5,7-trihydroxynaphthalene-1,4-dione (flaviolin) £ UV A~XZ7kL (X 1-13) Z#/~L
Teo 77CF VAL, 7T7F ) DRV T ZARFRENNEE DL TNDHIEND | ZORKIFA]
EALEYHHOEFMIVE % %2 HPLC T/ L 0.4 mg 2157-(K 1-14), &RIZ,
HEEREDT=0 , 2O/ NMR, HRMS ZHIEL7=, HR-MS DO RS 55 15K
Z C1oH 1905 EIREL , EHIT HMBC ORNIEDD 6 MO T ah b 507, 7 D KERH:
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DFHFRDR T, 8 AL IRFITHHBEINBILESI, 8 (NLOT BR D BIE 6 MDRKHEE 1
PO IRFBIAHBENBLEE S LT, — 7T AT VEENBIT AL O b OfFITFAR ~DFHES
BRSO TAF NV EEDOALE SR 3 L, ANV EEDOALEE 2 (L ERET HIENTE
o SO RNL, 20k & W O HEE % 5,7-dihydroxy-2-methoxy
-3-methylnaphthalene-1,4-dione (2-methoxy-3-methyl flaviolin) & E L7z (K 1-15),

215nm

O

oo

OH O

flaviolin

| | [ [ |
200 300 400 500 600

wavelength (nm)

1-13  TIIEX)CDIEEE UV ARINL

g E B8 & 4 ¥ B ¥

200 300 400 500 600
wavelength (nm)

ro o e no 00 20
Ratertion Tiwe [ran]

1-14  fur7 BIRMIEE R EFE D HPLC [2&5 %4 (Photo Diode Array)

HEDREITRLIZE—28 LC-MS TR LI T & 234 Db A EIERICE HFM<h
STz F2L BIZFED UV AT MVEARLUEN, K 1-13 1IRLE7 I8 F U EE72 UV A7 ML

RLTZ. ZNODZENLZDOLEW D Fur] AR EE ThoHEE X T,
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OH O

1-15  2-methoxy-3-methyl flaviolin D #&&

HMBC DHIEIZED 8 it abh & 1 (LD RFBEDHEANBIE ST, — T TAF VDT ak

MOIE 4 MLDRFEEDHBEDNBIES NI D TAF IV EE 3 AL, ANV EZ 2 &R ELT,

% 1-4 5,7-dihydroxy-2-methoxy-3-methylnaphthalene-1,4-dione ® HR-MS Bl E &

BELUHTIHLL TR (DMSO-d6)

HR-MS (ESI) calculated for C;,H9O5 (M—H), 233.0450; found: 233.04041

HMBC

position H 13C
1 180.8
2 156.8
2-O-Me 3.86 60.8
3 132.6
3-Me 1.86 9.7
4 182.9
4a 108.3
159.6
6 107.2
156.8
8 7.01 109.0
8a 133.3
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SERET  2-methoxy-3-methyl flaviolin & Fur7 ® Rt

Fur7 OAFRR I THDHEE 2 HILD 2-methoxy-3-methyl flaviolin 24552 &N TX
72T, ¥KIZ 2-methoxy-3-methyl flaviolin & Fur7 @ in vitro TO G FRATZ,

KB T7 1

LU D IS 73 O iR 2 i B L 2-methoxy-3-methyl flaviolin & Fur7 O i & ik 72,
25°C T 6 IStk ROSER AR~ F VAL | B —F L &2/ R —hL7z
%\ BRI EAS ) —VAZEEL HPLC ToatrLiz,

& 1-5 2-methoxy-3-methyl flaviolin & Fur? G i& &8 K

WS volume

1 M Hepes pH 7.5 500 pl
"""""""" 0.1MMgCL6H,0 500
”””””””””” 01MGPP  100u
10 mM 2-methoxy-3-methyl flaviolin 500 ul
”””””””””””” Fu7  10mg
"""""""""" miliQ water

total 10ml

S

HPLC CTHOMTLI-fER, —ODKIGE®H 10 1 TEMEL TH=X 1-16), 2
% fur-P1, fur-P2 L, HPLC T43EL T NMR, HR-MS ZHI7E L 7=, HR-MS D 7>
5 fur-P1, furP2 D43 FT CouHag0s THHERE LT, fur-P1 1T 7 1 b DRERE R
DRHEAYR 6.2 ppm DX T NVE T Ly "RIBIEESINIO T 7=V 5D 3 L THIIL T
WHZEDNHIBA LTz, HMBC O 5R15, 8 (DT T 3h 1 LD IV IR =)L DfFITAR

35



DIRFESOFABIPBIEE S TZDT 6 ML TWHZENFER ST, fur-P2 13577
=IVID VALDZ T L RS 4.66 ppm (ZBIEES LI D TKEEFLIZAT L TWAHZ L3
L7z, L C HMBC ORIEIZLY 7 A OIKEEFEZT T = VIR TNDZEDR
SNz, ZOMEIR(X 1-17) OBV THY, FAEKD THS fur-P1 OREEIZTT7F /v
Y OREIEE D IEING T T3 )3 ARG P IRV DM E CTh -T2,

fur-P1  fur-P2

A £

A T

2 a -3
g 8§ 38

1-16 2-Methoxy 3-methyl flaviolin & Fur7 @ RISE#D HPLC 4247 (photo diode array)

2-methoxy-3-methyl flaviolin & Fur7 Z G SH 724G R DO KSHEY) fur-P1, fur-P2 23 HE 7z,

1-17  fur-P1. fur-P2 Mg &< HVBC 18RS
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# 1-6 fur-P1 M HRMS D{EL73HILL T+ (DMSO-d6)

HR-MS (ESI) calculated for C,H,505 (M ), 369.1702; found:369.1733

H Jn(H2) 13C
1 180.4
2 157.9
2-O-Me 3.93 S 60.0
3 133.5
3-Me 1.86 S 7.3
4 189.5
4a 107.9
5 164.5
6 124.
7 163.6
8 6.91 S 107.0
8a 133.3
1 4.76 d 10.3 107.9
1 4.82 d 18.0 107.9
2 6.26 dd 10.3,18.0 90.8
3 44.5
4 1.79 m 35.1
5' 1.94 m 26.0
6' 5.00 t 6.8 131.1
7' 133.1
8' 1.54 S 25.9
9 1.52 s 24.0
10' 1.42 S 17.9
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# 1-7  fur-P2 D4 2AH)LL T (DMSO-d6)

H Ju(Hz)
1
2
2-0O-Me 4,05 s, 3H
3
3-Me 2.01 s, 3H
4
4a
5
6 6.64 s 1H
7
8 7.07 3
8a
1 4.66 d, 2H 6.8
2' 541 t, 1H 6.2
3
4 2.08 m, 2H
5' 2.11 m, 2H
6' 5.05 t, 1H 7.6
7
8' 1.60 s, 3H
9' 1.77 s, 3H
10' 1.57 s, 3H
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E Rl fur? BIBWRIEERAD fur-P1 O AN

HIEI CARRLTZ fur-Pl N7 7% /2 AR R0 D15 E Th 7D T, =
W fur? WEERRESERRICINA T, 7% /) OEENEIETHNEIDNEMERLT,
ZOFEBRIZID, fur-Pl DNEIZTIX IV UESKRT A THAZ LA TEDEE X
77

KB T7 1k

Sfur? EERRA TSB 551 (30 pg/ml FA4 AR 7R &2ETe) T30°C, 2 HRERGEL
72OH  NMMP 51T 27°C, 2 HRIAEZE L7z, 352 HK 100 ml (2L T 0.1 mg @
fur-P1 22U, 512 24 BRI LT, BRI T# . BERIRICEEO T 200
ZTHIE L, AiIC Lo CTHREBR %, 7R Z /KL — R e, FR 72K IS
KLUTHIR = F L2 8N THIEL, B~ F L2 SR —hL7eD b | FKikZ A
& ) —AZEEfEL T HPLC, LC-MS/MS THfirLiz,

HPLC &4
Column: 4.6 x 250 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water (+0.1% acetate), 1.0 ml/min
2%-75% A over 30 min, 75-98% A over 5 min, 98% A for 5 min
Detector: Photo Diode Array (MD-2010, JASCO)

LC-MS/MS £
Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water (+0.1% acetate), 0.2 ml/min
40%-98% A over 18 min, 98% for 2 min
Detector: MS/MS (API3000, Applied Biosystems, ESI )
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S

HPLC (2L 47 T, X 1-18 DIANTTTF /v C LIRS — 3 A — )3
MBSz, £72 LC-MS/MS IZBW T, K 1-19 DIHIZ, 77F /2 C DFFEshE—
B a8 — 03 R &L, 7 7% VU DEFENRHER CTEIZ, LIe> T fur-Pl 87 7%
S AER TR Th D LR LT,

fur-P1

\J/ o]
e @
=
x OH O

fur-P1

fur7BEIRBE+Fur-P1 GRINE1R)

fur7BE E Rk +Fur-P1 (2485 E1%)

furaquinocin C
\L fur-P1

furaquinocin C (AZ&)
furaquinocin C o

! D00

=
o O
furaquinocin C

I I I I I I
32.0 34.0 36.0 38.0 40.0 42.0

(min)

1-18  fur? BIE¥RAD fur-P1 B INEERD HPLC M4

LC §AE13 588 J7HEICRE LT=, #iHHIE Photo Diode array (MD-2010, JASCO)T4T\ > 265 nm TD
sa~ T LR U, fur7 RSS2 B B fur-P1 % 100 ml 720 0.1 mg HINL7Z, 51
24 REfEIEE R L, BB AT LI2E2ATTF% /2y C BT D I 727 — 7 3 HH S
iz,
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A.furaquinocin C
m/z=369->256

m/z=369->228

m/z=369->228

B. fur7BEE#k +fur-P1 \A\ m/z=369->256
A
| |

| I
0.0 5.0 10.0 15.0 20.0 25.0 30.0

retention time (min)

1-19  fur? BIEEAD furP1 RINEERD LC-MS/MS 247

LC &I EBR G IR LT, 79% /2> Clk (BSI) TOMIEIZEY m/z=369 DA A 1%t
LT m/z=228, m/z=256 D777 A NHMEELS V=D C m/z=369/256 (red line), 369/228 (blue line)
TO~AIO~N T LR UTE (A), fur? BIERRIZ fur-P1 ZERINUT-E81R (B) Db 7 7% /o

C BebEng=,
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FIET  Fur7 OBEEERRHT

Fur7 @ pH KA ME, &RAL AMAKGFEIC O W TRE LTz, $72, 77830
1,3-DHN, A B HE TH S 2-methoxy-3-mehtyl flaviolin % F& (ZIEMEHIE Z1 T\ B
R FERZ KD T,

£—1H pHEKEHE

2-methoxy 3-mehtyl flaviolin Z 3B (ZL T Fur7 @ pH K 7 A MET L7,

eSS

TRESGVARNR 100 ul & 3 B CRAHRIL | 20 732 ICEERR =T /L CHilH . =/ N\7RL—hkL
7= DBFM " AR ) — VIZEEEL HPLC CTOtTL7-, B —ZHEN O i FEY) % TE &
L4 pH CTOFXHEMEZE R DT,

x 1-8 RINBE&HER

HE RIRE

MES (pH6.0, pH6.5), Hepes (pH 7.0, pH 7.5), Tris (pH8.0, 9.0) 50 mM
"""""""""""""""""""""""" MgCl6H.0  5mM
””””””””””””””””””””””””””” P 2mmM
"""""""""""""""" 2methoxy-3-methyl flavioln ~~ 03mM
A Lmgml

milliQ water

total 0.1 ml
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S

Fur7 I% pH 7.0, pH7.5 Tieh m\WIEMEERL, pH8.0, 9.0 D7 /L UM TIL 40%F2
FEDIEMEZ A LT3, pH6.0, 6.5 DOEEMEAM TIXEER N EEEL TLEVEMENZEA
i inien o7z, Fur7 OIEMEIT T CRbEWIEAHIAL,

120 -

100 - ® -
& 30
g
=
£ 60 1
[1+]
g
‘S 40 4
&
v [)
20 L 4
O .l. 1 1 L] 1 1 L]
6.0 6.5 7.0 75 8.0 8.5 9.0
pH

1-20  Fur7 ;&0 pH IREFH

pH 7.0, pH7.5 Thcb mWNEMEZ R UTC, BRI CIIRERE 2 EREE L CLEVEMEIRIZEA LR HS
VR T=,
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FITIE  Fur? JEEOERBAAUIKEN

Fur? 138 B AT IR IFINC ST HIENTELN, KL B A4 ARLEE A
A7z,

KB T7 1

TRESOSTAR 100 pl % 3 38 TR, 20 0% ICHEEBE =T /L Tl . =/ 73R L—hkL
T=DBFRW R AZ ) — AZEEfEL HPLC CdT LTz, B — 2 NG St FEY) &% TE &
L& BAA L TOFSHEMZ R DT,

x 19 RIGE&EHER

AE BRE
Hepes (pH 7.5) 50 mM

EDTA, MgCl,-6H,0, ZnCl,, MnCl,-4H,0, CaCl,,
5 mM (EDTA [% 1 mM)
FeS0,7H,0, CuCl,2H,0

GPP 2mM
2-methoxy-3-methyl flaviolin 0.3 mM
Fur7 1 mg/ml

milliQ water

total 0.1 ml
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e R

Fur7 /X 1 mM EDTA Z 1% CTHIEMHEARL, @B AT VKA ETHoT, — /T
EIRAT L OEINZIIEPEIZZ LR ABA, ZnCl, X° CuCly2H,0 Z RN 5 &5
IMRKREHD LTz, KT CuCL2H,0 ZIRINILIS G BEEELILIRL TLE-72, Fe.
MgCly6H,0 ZIRINL 7= E &I 30%DIEMED _ER- N BlERS T,

160

140

—

120

100 [ +

80 - 1 1

60 [

rerative activity (%)

40

20

0 1 1 1 1 1 II_—PII

EDTA MgCI2 ZnCl2 MnCI2 CaCl2 FeSO4 CuCl2

1-21  Fur? OERBAAKFHE
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$F=I1H  Fur?7 ORIGEEROEN

AR HYE THD 2-methoxy-3-mehtyl flaviolin &, 7Z7E 4V 1,3-DHN % F/E |
TG E ATV B R B ) P e A KD Tz,

(1) 2-methoxy 3-mehtyl flaviolin, GPP & [ i3 BE s HOFRAT
EBR 1L

TRERUSIRWZ 500 pl FHEIL, 10 432212 100 ul ZFERE=F /L CHiH, =/ KL —
ML= B R E AY ) — VIR L HPLC CToMrLiz, B —Z NG ED B4
TE B UG 3R 60 C Sigma Plot 10.0 2 VT K. ke ZHH LT,

& 1-10  2-methoxy-3-mehtyl flaviolin (239 % &M BIE O K IGE RAARK

HE KRRE

Hepes (pH 7.5) 50 mM
- MgcheHo smM
”””””””””” P 2mom
© 2-methoxy-3-methyl flaviolin 003, 0.06, 0.15, 0.3, 05, 0.7 mM
”””””””””” Fo7  imgml

milliQ water

total 0.5 ml
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%= 1-11 GPP 239 5/EMHAIE D R E &R

RE RIRE

Hepes (pH 7.5) 50 mM
""""""""""" MgCheH0 smm
”””””””””””””” GPP  0025,00501,0205mM
"""""" 2-methoxy-3-methyl flavion ~~ 03mmM
A Lmgml
””””””””””” miliQwater

total 0.5ml

RS
2-methoxy 3-mehtyl flaviolin (25t 55 HHIE

2-methoxy-3-mehtyl flaviolin (ZXt 3 DIEMHIEZAT ST BR . SUSE® S fur-Pl,
fur-P2 O “FEFHTEDHDT, TNZEIUIDONWT K ke ZRKDT= (FF 1-15), Fur-P1 %
ER LSS EEA R ® | Sigma Plot 10.0 (ZXVFHET5HE K ke 13 Kin=0.05420.009
(mM) | k., =0.66£0.03 (s'x107) LR ® &7z, Z DL E Michaelis-Menten .
Lineweaver-Burk 7' 0 MIX 1-22 DIHIZ7e -7, £z, fur-P2 2 E & LUK IR E %K
. Sigma Plot 10.0 (ZEVEHE T 5L K. kear 13 Kn=0.41£0.19 (mM). ko= 0.200.05
(s'x107) LRDBIZ, ZDEE Michaelis-Menten, Lineweaver-Burk 7 1 FZ [
1-23 DIHTTe oz, ZOFRERID fur-P2 BAER T DG fur-P1 AR T HEIGIC
AT Ky 23 8 fi5 < BEOAERNOIRWEERE CIUFEALRILRNEE XD
iz, L7235 in vivo Tl Fur7 {245 T 2-methoxy-3methyl flaviolin 2>5E&RAJIZ
fur-P1 2MERKL CWHEE 2 HILD,
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10 - a0 -
///‘"
08 - - 2.5 -
- S 20
£ D6 1 ‘\::L
£ E
= < 15 <
3 l 3
> D4
1.
02 - 05 -
(111 T T T T T 1 T T T T T 1

00 o1 o062 03 04 05 06 30 20 40 0 10 20 30 40
[2-methoxy 3-methyl flaviolin] (mM) 1/[2-methoxy 3-methyl flaviolin] (mM-1)

1-22  fur-P1 £ RIGEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P1 @ £ % & % 5E & L | 2-methoxy-3-methyl flaviolin 2>6 fur-P1 72342 a9 5 KOG 13

K»=0.054+0.009 (mM). k.= 0.66+0.03 (s'x107) LsksbbHir-,

0.20 - 50 -
40
0.15
- s
£ =
E £ 309
s S
i 0.10 3 <
> — 20 4
0,05
10 1
0.00 T T T 1 r T T T 1
00 0.2 0.4 0.6 08 -10 0 10 0 a0 40
[2-methoxy 3-methyl flaviolin] (mM) 1/[2-methoxy 3-methyl flaviolin] (mM-1)

1-23  fur-P2 £REZEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P2 @ 4 B & % iE 8 L, 2-methoxy-3-methyl flaviolin >0 fur-P2 734 Bl 9 24 K 1

Kp=0.4120.19 (mM), ko= 0.20+0.05 (s-1x107) L3k b7z,
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GPP [Zx} 3 AIE MR E

2-methoxy-3-methyl flaviolin D% 0.3 mM (Z[EE L, GPP DA R kI
FLL72d8912 0.025 mM 25 0.5 mM DO TE(LEE T GPP (Zxf T2 Ky B3R 72,

ZORISIZDOUWNTS fur-Pl, fur-P2 OAERGHEEZZNZEIRKD T GPP 12T 5 K
ZAEBNC RO T=, EDORER, fur-P1 AT HEED GPP 12X T 5 K 1E 0.073+0.010
(mM) EHEHENTZ, ZDEED Michaelis-Menten, Lineweaver-Burk 7' MNI[X 1-24
DI o7z, Fio, fur-P2 AT HEEZD GPP IZKT 5 K 1% 0.11£0.03 (mM) &
FHEhiz, ZOFED Michaelis-Menten, Lineweaver-Burk 72 ME[X 1-25 OXHIZ
720l ZORERDD fur-P1 D3R T DG 2-methoxy 3-methyl flaviolin (Zx14 %
K DMEWZTT72< GPP K T5 K BIRLS KOFUR LR WNEWNI T ED AL 72,

07 -
06 - 6 E
-~ 051 2
£ £
S 04 £ 4
3 =
> 0.3 — x
02 2
0.11 /
0.0 . , : : : . :

00 OI.1 0.2 0.3 0.4 0.5 0.6 -20 -10 0 1‘0 2;0 3ID 40
[GPP] (mM) 1/[GPP] (mM-2)

1-24  fur-P1 £ &RIGEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P1 AERK T HEED GPP D Ky, [ 0.073+£0.010 (mM) LB HEINT=,
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v (uM/min)

0.30 4

0.25 4

0.20

0.13 1

14 4
12 4
23_ 10 4
<
E &4
2
— 5 4
4]
24
oo 0.1 0’.2 EITS DLi 0.'5 EITB -‘IU -5 o ; 1‘0 1‘5 2‘0
[GPP] (mM) 1/[GPP] (mM-1)

1-25  fur-P2 & = iR EE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P2 MER T BEED GPP M K, [E 0.11+£0.03 (mM) EEH SN 1=,
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(2) 75 FY L GPP, DMAPP & DR )i 18 BE S rOARAT

FRDIDNZTTEAVATTTF )2 DEGHEIE Th D, DT, Furl DOFEEIZ
MIHLEZ K 112 DIIRUEE TR SRS ZAA Tz, £ DORERK 1-26 D
FONCZHODUSEM RO HPLC THBILIEEZ NMR TIRETDE,
77 = v N 1 AL T fF L 7= (E)-3-(3,7-dimethylocta-2,6-dienyl)
2,5,7-trihydroxynaphthalene-1,4-dione (fur-P3)&., 3 (L2 7=V 20 3 (L CTfHANLTZ
3-(3,7-dimethylocta-1,6-dien-3-yl)-2,5,7-trihydroxynaphthalene-1,4-dione (fur-P4) T&H

72, NMR OHEAEIFFEFRIAICF LT,

o

HOOH

OH O

flaviolin furaquinocin D

x® 1-12 RIGBERHER

RE KIRE

Tris-HCI (pH 7.5) 50 mM
~MgCheHOo smM
””””””””””””” P _5mM
"""""""""""" flavioin ~ s5mm
""""""""""""" O 1mgml
- miliQwater

total 0.1ml
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HO OH
oo 1)
99 D
S OH 0 &

OH O
fur-P3 \ / fur-p4

| | | | | | |
0.0 5.0 10.0 15.0 20.0 25.0 30.0

retention time (min)

1-26  Fur7 I2&BI7SEAX) DTS IVIE RIGEYD HPLC 7347

LLF® HPLC $f-THIEL 265 nm D/~ T L& R U, 78 F VAT T R TIEESNT

16 min & 19 min (& DSOS EY DB STZ, N ENOREE L NMR (IZX-> THIRE LT,

HPLC 5:f4: Column: 2 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, methanol; B, water (+0.1% acetate), 0.2 ml/min
75% A for 30min
Detector: Photo Diode Array (MD-2010, JASCO)

F7, Fur7 13778 AV 2 LB ELT28& DMAPP 7L = VI GARE LU TR
HIEWTETZ, ZORER, X 127 DI SDORISERBFHNITZT2% , HPLC
T/ HL NMR THEE AR ETHETTEAV D 30T, VATV TINVIED 1 (LM}
mu 7= (E)-3-(3,7-dimethylocta-2,6-dienyl)-2,5,7-trihydroxynaphthalene-1,4-dione
(fur-P5) L. 794V D 3 MNICPAFATIALED 3 AL 7=
3-(3,7-dimethylocta-1,6-dien-3-yl)-2,5,7-trihydroxynaphthalene-1,4-dione (fur-P6) T
272 NMR ORI E R ILEBRIAICFE LT,
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flaviolin o]

HO OH
HO OH
J 1) 9@
o OH 0 &
OH O
fur-P6
fur-P5
| | | |
0.0 5.0 10.0 15.0

retention time (min)

1-27  Fur7 IZ&BISEFYD DO AFILTY) IIVIERIEEHD D HPLC 24

LU F@OHPLC 4 THIEL 265 nm D/~ T L& R UT-, FE THD flaviolin DIE)>Z 9 min

E 11 min (2 " ODKIGED RS-, ZNZENOREE L NMR (IZX->TRELT,

HPLC Z:fF: Column: 2 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; water (+0.1% acetate), 0.2 ml/min
57% for 15 min
Detector: Photo Diode Array (MD-2010, JASCO)
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(2-1) 7FEFV GPP &0 i BE s ROARAT
ERGIE

TR A 500 ul FHELL . 10 43812 100 pl ZFFEF LTI, = RL—
NLT=D LR AX ) —AZEEfEL HPLC CTHOrLiz, B —JHiENS S E &%
EBL7 784V & GPPD fur-P3. fur-P4 2395 5 )iisk 4 %5 L C Sigma Plot
10.0 %2 T Ko ke 3R D72,

%= 1-13  Fur7 O flaviolin 5= JL1E Rt 5E MBI TE D R A & #8 AL

Hepes (pH 7.5) 50 mM
””””””””””” Mgtk  B5mM
"""""""""""" /P 2mm
""""""""""" flavioin ~ 006,015030510mM
"""""""""""" F?  ooimgm
"""""""""" miliQ water
total 0.5ml

7 F AR AIEMERIE

T VAT T DIEMREZATT2BR . SUSEY DS fur-P3, fur-P4 (X 1-26) O
TRETELDOTENLTIUCONWT K kea 23RO (R 1-15), £F fur-P3 2 &
USSR EE %KD | Sigma Plot 10.0 (ZEVEHE T 5HE Ky=0.064+0.006 (mM), ko=
13.5£0.30 (s'x107) ERkdB7z, ZDEX Michaelis-Menten, Lineweaver-Burk 712
NMIE 1-28 IS/ 5Tz, WIZ, fur-P4 & E & LSS E %R | Sigma Plot 10.0 (2
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FVEFHETHE Kn=0.044+0.003 (mM). keo= 17.940.20 (s'x107) RSNz, ZDE&E
Michaelis-Menten, Lineweaver-Burk 7' MIX 1-29 O LHIZ7 o7, ZDkE RS
Fur7 % 2-methoxy-3-methyl flaviolin S0 7 ZE A VATK LT, SUGZHEHRD 50 15 E 0
ZEN T, LNLTZFEA VAL 3N T L =SSN TLEI 00, AR T

[ECAAN
.30 g
Z e
0.25 e =
e £
—= 0z >
— ~ 4 4
E —
~. Q.18
2
< oato g |
0.05
0.00 , , ' . : .
00 02 04 06 08 10 12 30 20 -10 o 10 20 20
[flaviolin] (mM) 1/[flaviolin] (mM1)

1-28  fur-P3 £RREZEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P3 3 ERE T4 ST Kp=0.06420.006 (M), ke 13.5+0.30 (s'x107) &RDST-,

30
—
10 4
25 =
=.
—_ S~
c c =8
£ ® £
\ ~—
2 15 i 61
= —
>
10 41
05 2 4
00 T T T T T 1 ¥ T T T
00 02 04 06 08 1.0 12 -20 -10 0 10 20 30

[flaviolin] (mM) 1/[flaviolin] (mM)

1-29  fur-P4 £RURZEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P4 AR SR OB B 1R E R Ky=0.04420.003 (mM). k= 17.940.20 (s'x107) &k 7=,
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(2-2) 75 FV . DMAPP LD i3 BE s I AT
ERGIE

RS Z 500 pl FHRLL ., 10 232 &2 100 pl ZFEEE—F L ChitH , =R L —
N7=DBF i 2 AR ) — W ZERfEL HPLC THObTLiz, B —Z a0 D Y &4
TE B Ui FE & B HH L C Sigma Plot 10.0 &2 T K, ke ZHH LT,

= 1-14  Fur7 @ flaviolin ¥ AF LT 1) JLAEL BIGETEBIE O RIS S R

Hepes (pH 7.5) 50 mM
"""""""""" MgCheH0 smm
~ owap 01,0205 10mM
"""""""""""" favioin ~ 01,0205mM
""""""""""""" Ffw7  oolmghl
”””””””””” miliQwater
total 0.5 ml

i e
TEFVATK T HIEHERIE

TIEF VAT DIEMERIEZAT T2 BR . BUSEY DS fur-P5, fur-P6 O "R T
HDTEIETUZDNT K, ke Z23ROT= (3R 1-15), fur-P5 ZEELUUGHEEZRD |
Sigma Plot 10.0 (ZXVEHH 5L Kin=0.48+0.04 (mM). k.= 0.32+0.02 (s'x107) &3k

Sz, 2D EE Michaelis-Menten, Lineweaver-Burk 7 2 MEX 1-30 DXHIT78 77,
F72. fur-P6 & E B LUSUSHEEZ KD | Sigma Plot 10.0 (ZEVEHE 5L Ky=0.50+0.03
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(mM) | ke =0.41£0.02 (s'x107) &R O BN 7=, Z D & & Michaelis-Menten .
Lineweaver-Burk 71 MNI[X 1-31 DIHIT/ro7,

0.30 - 14 -
0.25 12 q
= S
E 0.20 1 =5
- E 8
z 015 —
3 E .
> o0io 2
— 4
005 4
2
000 T T T T T g .
oo 0.1 0.z 0.3 0.4 05 06 4 2 a 2 4 8 8 10 12
[flaviolin] (mM) 1/ [flaviolin] (mM-1)

1-30  fur-P5 & Bk & it R EE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P5 23T DS D flaviolin (2§ DR E) /) 78 A KD | K,=0.48+0.04 (mM), ko=
0.32+0.02 (s'x107) &L7-,

035 10 4
0.30 4 o
c =
= 0251 =5
£ =
[
~ 020 c
3. 0415 ~
= = 4
> <
010 ]
24
0.05 /
000 v r T T T 1 , f

0o o1 02 03 0.4 05 08 -4 -2 o 2 4 6 8 10 12

[flaviolin] (mM) 1/ [flaviolin] (mM-Y)
1-31 fur-P6 £ RISEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P6 MERT DS flaviolin (ZxF T DR EN /) 7 EE A KD | Kip=0.50+0.03 (mM). k.=

0.4140.02 (s'x107) &L7=,
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DMAPP [Z%t3AIEMHERIE

TIEFVDOEEE 0.3 mM IZEEL ., DMAPP D E 2 FER 7 1EIZGE L8910
0.1 mM 725 1.0 mM DB TZ{LEHE T DMAPP (2575 Kn 23K D 7=,

ZDORISZOWTS fur-P5, fur-P6 DERGHE 22 12 415K T DMAPP (25975
K ZfEHBNT RO T, Z DRGSR, fur-P5 2NERKT 2LE D DMAPP 1232 K 13
0.86+0.25 (mM) EHEH 7=, ZDEED Michaelis-Menten, Lineweaver-Burk 7' 7>k
(X 1-32 DISITao7z, Fiz, fur-P6 HAERKT HEED DMAPP (2625 K 13
0.67+0.23 (mM) EHEHSILTZ, EDFED Michaelis-Menten, Lineweaver-Burk 7' 2k
XX 1-33 OIS Tz,

0.30 -

0.25 4 -
E 0.20 ’E-\ v 164
= =z
~ c
0.15 4 =
3 £~
: 0.10 A >
—
000 . ’ . . . . . / .
00 02 0.4 06 08 1.0 12 2 0 2 4 5 8 10
[DMAPP] (mM) 1/ [DMAPP] (mMY)

1-32  fur-P5 &£ RIGERE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P5 AR THEED DMAPP D K, 1% 0.86£0.25 (mM) LR HENTZ,
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0.35 4
0.30 ~—~ b
2 14
’E 025 \3-‘2_
€ ox) g
S o ~ &4
=4 2
\>’ 010 —
0.05 2
P00 o2 ox s e 10 12 2 o 1 + s &
[DMAPP] (mM) 1/ [DMAPP] (mM)
1-33  fur-P6 &£ RIGEE (Michaelis-Menten kinetic, Lineweaver-Burk plot)

fur-P6 KT 5EED DMAPP @ K, 1% 0.67+0.23 (mM) SR HE N7,
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FEH

Fur7 @ 2-methoxy-3-methyl flaviolin, 774U, 1,3-DHN 2k} 3 2843 112419
EE AR T=, T5& 2-methoxy-3-methyl flaviolin (Z%fL CTiE K, =0.054 £ 0.009
(mM), ket = 0.66 = 0.03 (s'x107) LE SNz, —FTr7IeF U icx LT
K=0.064 £ 0.006 (mM), ke =13.5 + 0.3 (s'x107) THY . Kn DIEIZIFTIERE TH 7=
(3% 1-15), in vitro (ZBW I 7T F VAR L TROIEMER SRS T=s, 7T
EIEICLIZGE 6 M Clae 3 M7 L =&, 775 /2 v AR R
REITZ AL, LTIe> T, LA BRIEED LN EL TH 7 I8 AV 3BT
HE Ty, — 5T 1,3-DHN (%L Cid Ky=0.30 £ 0.07 (mM), ke = 0.15 £ 0.01
(s'x107) TH-o1=(F 1-15),

1,3-DHN &3 58 Ky OfES 457 7/hSW 2875 2-methoxy 3-methyl flaviolin
75) Fur7 @E@Eﬁﬁgf%ékﬁ ,fil‘ j_f\_o

Fo, Fur7 13778 AV E FEE LT X DMAPP & 7 L= /LR BAREL | BUGL
720 GPP IZX%fL T K(y=0.073 £+ 0.010 (mM) THDHDIZxFL, DMAPP (2% L CTld K=
0.86 + 0.25 (mM) 72o728, ZNETITHME R T L =LV T A7 =57 —E Tld
NphB AR DIE TH2 GPP DIFNNIHT /I DMAPP LG T HIENHEI
TWDET T42]. ZAUZE T 7 LS DB R DA 1T72< | Al s SR 23 T& i

BOHEZERET DT IR DPHALMITRDDH LR,
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% 1-15 1,3-DHN, Z5E#1)>, 2-methoxy 3-methyl flaviolin 23 5 EER B HF I E R

ke (s1)x103

substrate K. (mM) product ko /K. (Ms7)
o o]
HO. OCHg HO o
9@ 0.66 == 0.03
0.054 =+ 0.009 -
2-meth%k;(yo3-methyl N on 0 12.2
flaviolin fur-P1
Q o
" 9@ ocre O oL 0.20 %+ 0.05
0.41 =0.19 W O‘
OH 0 0.48
2-methoxy 3-methyl OH O
flaviolin fur-P2
o (¢}
HO oH "o o 13.5+ 0.3
0.064 =+ 0.006 211
OH O OH O
flaviolin fur-P3
o o
HO OH Ho OH 17.9 £ 0.2
0.044 * 0.003 248
OH O OH O X
flaviolin fur-pP4
o (0]
HO OH HO OH
+
0.48 = 0.04 0.32%0.02
OH O OH O 0.67
flaviolin fur-p5
o] (o]
HO. OH HO OH
0.41%x0.02
0.50 = 0.07 O‘
OH © OH 0 &u 0.82
flaviolin fur-P6
o M
OO ? 0.15£0.01
0.30 = 0.07
o on 0.50

1,3-DHN

1-O-geranyl 1,3-DHN




EAE BE

Sur? WEEREE R LY Fur? ST 516E ) 2-methoxy-3-methyl flaviolin Z Hif5
L7z, Fur7 (255 in vitro S 38V T 2-methoxy-3-methyl flaviolin 75 fur-P1, fur-P2
VARSIV, fur-P1 % fur? ERESRIRIZINZ A2 LT IR /v oS- 2 .
Mo fur-Pl 77XV CESGRTRHIETHLIENZ, TDEETHD
2-methoxy-3-methyl flaviolin |ZAFRAYIE THLE MR LTZ, RV ZAR =T L~/ A
Rt A LB AERRIZB N T L= VNIV AT 27— B O A E NHL) 2o
TeDIZZNHHID TTHD,

Fo, BOSHERIIX 134 DIDIZEZDND, £ GPP b7 rUT AT
SNAFFWNEL, BT OMBINZESTIRRATF AU L3RI T A O HrRiE
%o 3 #%S1F A 78 2-methoxy-3-methyl flaviolin 075 & B & 3R HE F- & HA L e 2 L Ui
LTIEE® fur-P1 23ERLL, 1 $A T A DBIKFRIEE ST DA fur-P2 34K
THEBZBND, fur-Pl & fur-P2 1% 10:1 THRL, —XANZIL 3 BATF AL BNLET
HENBZDOFERITIZ Y THHEBZ 2 HILDHMN, Fur] D7 T84V EEORT 5561
WA F A b 3BT TF AL D IT3 3 (LD RFEEFIGL fur-P3, fur-P4 % 1:1 TARKT
% (K 1-26), 2-methoxy-3-methyl flaviolin ® 6 (\.&1% 3 $k AT 4L DHNKIGTHZ
EMBH,.TIEFVD 2 fLOKEEEEEL 3 LB AF I NDLZEITE- T,
2-methoxy-3-methyl flaviolin |Z 1 $&H T AL D8 6 (LD IRFE LG TERMLE ISR A
ENDLOTIFRVINERERIZID, L7235 T fur-P1 & fur-P2 OARLIIL 3 fkA T4
DLZEMTZT TIIe | R EORBAERREIZEDEZAL RENEE LD, Fo, 20
2D 2 AL DIKEEIL K R 3 LD AF NAKIE Fur? OIS EVRNCEIHEE 2 i,
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©_ OH_ OH
o\ﬁ/o\ﬁ/OH
o O
PPi
OH_ OH
O.1.0.1_OH
= = =z = ~prINpe
Y\/\r\@ Wuﬁ ;
(6]
l ‘ GPP
W fo) I6) 0o
HO OCH;

I et e aaee @
< -
M OH O S OH O OH O

2-methoxy 3-methyl flaviolin fur-P1 fur-P2

\ cyclyzation cyclyzation
(0] (0]
HO O ‘ OCH3 O i OCH;
Z X I
o O OH O

furaquinocinC furanonaphthoquin

1-34 RIGHERE

F7z. Streptomyces cinnamonensis N EPES DT T )T TR ) ATT TR S LITER
{EDALE D72 DD B THVERACEESR DA DL G BEER 1T EL TWDHEE X HLD,
75 )F T B RREIG I TAZ—DT VL =T AT 27— Fnq26 7T
FVow FEEUT6 Fur? ERBRIZ 3 NEDNLEIZ T T= NV AF A D 1 Arb LT 3
N2, fur-P3 & fur-P4 28I D2 EMMESNTVND[43], ZDZEND Fng26
DOAEFPIEHCTV 7 T84V Tli7Zed,| 2-methoxy-3-methyl flaviolin 23 3@ o 5
B ThoneEADND, 5%, fur-Pl ZHEEETHILTIIXR IV TT7/FT T/
LB U B B3 D BRALIRE R OB REMRAT M TR 20 DEE 2T,
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el

£—8 FOTIEVAEESRBIEFIFTAZI—DHEET A

PR L E T 7 TNV LR Streptomyces sp. CL190 #8832 ESBRV 7 2 AR
—T NS JARBECE THD, T 7T NVE L DA G RBRIA - IFA N0 B K&
T T A —0 il NphA 7°5 NphN T 14 {HD ORF 2 & e/ T AX—% TR L T
W5 (F 2-1), T7TNEAGHRITRE DT TT IS ARDE R, R THZARD
B RVTEARD 6 fDAF AL, RVTZARETIN_RIARDRE (7 F7=/ 1),
TN ARE G DAL B2 5, ZAVETOMFRIZED, K 2-2 DIDITT /L~ ARES
4313 NphN 23§25 R #5010 0 GPP IZHI R L, U7 ZARE453 13 5 45 -0 malonyl
CoA 75 NphC, NphD (ZL-> CH SIS THN #FERICH KT HEB B TND,
F72. 6 NLDOAF )V HIL S-adenosylmethionine (ZH KT HZENALNII/R-> TS
[44],

FTITNE G RORRIE THHRI T ZARET NI AROREE L5 E Y
TV =)V T AT 27— NphB M3~ 525 2 Hid, LarL, NphB OA B SLE
EIRDIRV I A AR A X RN E SHU TR, S EFFER OfE 28D nphB BRI FF
RWICERE T 2/IAY 3,6,8-trihydroxy-2-methoxy-7-methyl-1,4-naphthoquinone
(d2-8) M[RIESALIZAH3, d2-8 1% NphB DFE 27257 NphB O FEE N E AN TIHIT
{Effi< 4172 Shunt product THoHESITE (K 2-3),

AWFFETIL, 7T = ACREERR (nphB BREERR) EAT WACEERIERR (nphF T
Mz AW TH 7T A AEARRIZEIT S NphB OREREFRIAZ H e L7-,
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H GF EDC B A

> mevalonate biosynthesis I®» polyprenyl synthase

I polyketide biosynthesis

@ prenyltransferase

2-1 FIOTIEVEESBEEFISRE—

£ 2-1 FITIEVEEREEFIZAZ—FD ORF

Gene Amino Sequence similarity Similarity / Protein
Proposed function accession Reference
Product acids (no.) (protein, origin) Identity (%) number
NphA 319 sigma factor Orfl, Streptomyces antibioticus 97/92 BAB89288 [37]
NphB 307 Putative prenyltransferase = Fng26, Streptomyces cinnamonensis 61 /42 CAL34104 [39]
NphC 410 Typlll polyketide syntase RppA, Streptomyces antibioticus 95/89 BAB91443 [36]
quinone-forming _
NphD 188 monooxygenase MomA, Streptomyces antibioticus 89/84 BAD89290 [37]
NphE 385 aminotransferase Fur3, Streptomyces sp. KO-3988 88/79 BAE78971 [35]
SAM dependent . .
NphF 331 O-methyltransferase FNQ?9, Streptomyces cinnamonensis 86/77 CAL34087 [39]
NAD(P)H:quinone . .

NphG 206 oxidoreductase Fnql0, Streptomyces cinnamonensis 86 /72 CAL34088 [39]
NphH 528 fatty-acid-CoA ligase NapB4, Streptomyces sp. CNQ525 88/81 ABS50481 [38]

Nphl 410 putative SAM synthase Fngl2, Streptomyces cinnamonensis 92/ 87 CAL34090 [39]

SAM dependent
NphJ 356 C-methyltransferase NapB5, Streptomyces sp. CNQ525 84/72 ABS50493 [38]
NphK 634 hypothetical protein Furl6, Streptomyces sp. KO-3988 84 /76 BAE78984 [35]
3-carboxy-cis,cis-muconate

NphL 455 cycloisomerase Furl?, Streptomyces sp. KO-3988 89/86 BAE78985 [35]
NphM 208 hypothetical protein NapU1, Streptomyces sp. CNQ525 74159 ABS50449 [38]
NphN 355  trans-polyprenyldiphosphate 19 syentomyces sp. KO-3988  80/73  BAE78987 [35]

synthase
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polyketide biosynthesis

CoAS\n/\n,OH

o o
malonyl CoA

¥ NphC

OH OH
THN

1o
o

HOOH

Flaviolin

terpenoid biosynthesis

N
AN

HO_ o OH HO_ o OH
NphD HO/R\ociP\O/\)\\ + HorR\oé’F’\O/\)\
o
NphE HO. IPP DMAPP
—=. 4@ NphN
—_— OH
AFILE OH O
NphF?, NphJ? HO_ o OH
Ho’F{\; d’P\ /\)\/\)\
GPP
o M 2+
Peen N
OH
OH O o
928 Ho-R,P~om
00
PPi
o
HO. = =
4@ =
OH
OH O Rt OH O
?
NphL? Naphterpin
(Streptomyces sp. strain CL190)
Y —_— 14 o~
X 2-2 FITIELFRELRRE

HO

OH
OH O

% 23 d2-8 DI
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F_8  nphB BiERk. nphF BIEKROER S KEHER

55—IE nphB IR¥HDIERFGELTHER

nphB FRIERRIIAMEE DMERL 726 0% iz, ZOMEER 321248720,
NATVEAL =2 a NIV IELKBIES N TWD AR LT,

nphB WIEFRIZLL T O IO R FIATER SN, £3°. nphB 3T 9.0 kb D
BamHI- BamHI DNA W7 Jv % K EE E.coli Fi~<27%—pUC118 @ BamHI YA NI/ a—
=27 LT, ZOTTAIR%E pCL3301 &L7=, KIZ, pCL3301 % EcoRI #LEREL , A U7=
3.5 kb ® EcoRI-EcoRI DNA i /% pUC118 @ EcoRI A MZ/m—=2 7 Liz, ZDF
ZAIR% pCL3301E3 L7z, F7-. pCL3301 ® 2.0 kb ® BamHI-EcoRI DNA i} %
pBluescript @ BamHI-EcoRl A ~ZZ7m—=>71_ pCL3301BE2 L7, &KIZ
pCL3301E3 % BglIl CHillpREZEALEEL . T4 DNA polymerase CT7 7 MLFEL/-DHt
NTTAF—ar&ET-, ZAUTEY nphB N7V —AV 7 NERERIT, ZOTTAI
K% pCL3301Bg L7z, ¥&IZ pCL3301Bg 7580 HL7= 3.5 kb @ EcoRI-EcoRI DNA
Wr fi % pCL3301BE2 @ EcoRl A MZ/u—=271L7z, Zi% pBlueNphB & L7, €L
T pBlueNphB 75 5.5 kb D Xbal-Kpnl DNA Wi i % i — KIGHE S ¥ L= 2 —
T&% pSE101 DAY AMIr/u—=7 LTz, ZivZ pSEINphB &L T Streptomyces sp.
CL190 ¥RZE AL 20 pg/ml DF A AR TR Z& el TR LT, RiZ, 20D
TEEHEHARZ 20 ug/ml DF A AR bz Er e SKIL EFHIT 30 °C, 3 HHEF#EL, 7
B TANFHL CF A AN T N5 E720 R2YE EREFHICRE R LT, LT
an=—%, FA AT I %G T Bennett 55 H1E 5 F720 Y Bennett 55 H ClRIFFIZEG 8
LT A AT R M2 o Tan=—% nphB WEEE LT,
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EX A pIReS

Ba T IEEOMEGRIT Streptomyces sp CL190 ¥R D 7"/ 1% EcoR1 & Bglll TiH b,
PCR THAEL 7= nphB %7 00— IZL CYH oA T VX A B —a TlToT,

S

nphB AEEERE Tl 3.5 kb @ EcoRI-EcoRI DNA Wi 723 bglll A hCTTL — LT T M
L2 L, Y& 2leo CWDZ Ea R LT (K 2-5),

0.6 kb 2.9 kb

EcoRI [Bglll EcoRI

KK HRT—<=
B

nphE nphD nphC nph nphA nphR

2-4  nphBiEEZFHIRAE

Bglll Y A a7 T ML LYV T T4 — a8 TTL—AY 7 MIEY nphB ZiELT-,
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CL190 d2-8
(EcoRlI, Bglll)

(W

2.9kbp 3-2Kbp
—

0.6 kbp

2-5 nphB HIFERHEER HHUN(T)F(E—ay

nphB BIn %70 —7IZL T AT IVE A —3a92C nphB O HERLT-, nphB i
BT Belll AR T TU b, BT TA =2 a2 L0 RIS TODD T Bglll THIKSL IS

3.5 kb @ EcoRI-EcoRI Wi 3k HHE 7=,
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%I nphF BIEHRORER

KB T7 1k

BE T IEEOMGRIT Streptomyces sp CL190 #£D 77"/ 1% BamHI & Bglll CiHAL
. PCR CHEWE L7z nphF %7 0—7 1 ZL TH o ATV A B —a TiToT,

R

nphF 8K 0.3 kb @ BgllI-Bg/ll DNA Wi i 3 KIEL CWAZEEfER LT (X

2-T)o
1.3 kb 0.3kb 1.3kb
Bam HI Bglll | Bglll Bam HI
yd |/ Z k K
\ e\ N\
nphH nphG nphF nphE nphD nphC

2-6  nphF &=z FHIEAE

BgllI-Bglll Wi i 280 L'V 7 T4 47— a2k nphF B EERRZ TERIL 72,
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CL190 d6-11 CL190 d6-11
(BamHI) (BamHI, Bglll)

O L

1.3kbp 1.3kbp
S  —

0.3kbp

2-7  nphF BRHER (PHon1JUF/4E—23Y)

nphF B %7a—7 LT oA TV A B —a T nphF OWELEFEZR LT, nphF i
HERETIE 0.3 kb O Bglll-Bglll Wi i 3 A Rt/ 7T A4 —2 a2 k0 R L TWAHD T BamHI
DOIHTHIWTL 7254 0.3 kb 45\ 25 &4, BamHI & Bglll TYIWTL 7235413 0.3 kb O

BgllI-Bglll W i 3810 72E 412 1.3kb O BamHI-BamHI Wi r O 23 Sz,
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$=# CL190 %R U nphB Ril#k. nphF MR DEEYO LE

FTI7TNEAEG IR Z SN T D120IT T = N ACEER IR (nphB %
BR) AT IWACEERBIEMR (nphF WERR) OEEREN ST 77 e G R ]
(1= g R N = L P Bl

EX A pIReS

WHFSER TIXBFERR (Streptomyces sp. CL190 £8) DMLIZHEIZiR 7= nphB Al
PRE nphF FEEERR D 2 FEOREREPMERE I T D, 22C, £ 2 FHOMIER S
SKII 511G 30°C, 2 H R Li=DH | KGEFHIC27°C, 3 H AR E LT, k%
BIRE BIRICoT ., WIRIT T BRI L, ABICE > TERAEZ ROV %, 7R 2T
NI —RUT, BTk B Ik LU TR = F L2 F |z T L, i =T VIR
ALTe AR Z FERITIRTZOIT NapSOy Zl ENNA 1 RFRIFHE L 7=, S, i~
Nz T /NI —RL, FRIEZAY ) — )VICERL T HPLC TotrLiz, LIGIIHFRE—F
UL CToHrLZ,

HPLC 5o/
Column: 4.6 x 250 mm (ODS, Senshu, Tokyo),
Solvent: A, methanol; B, water (+0.1% acetate), 1.0 ml/min
40% A for 10 min, 40%-100% A over 45 min, 100% for 15 min
Detector: Photo Diode Array (MD-2010, JASCO)
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IS
b MR {OFINEES

CL190 %k (BFA4EHK). nphB AR . nphF BEEERRIC DWW TENE DR E HIG0D
FeMtE S F(HCl T pH2.0 F2EEIZHRHE) CREfE—F L fhii L7 7 L% HPLC THr
Hrizz (K 2-9),

nphB WEERRDHIT S 502 CUARTHBES AL72 d2-8 (X 2-3) DOAIZEFEL TV
{LEMIRE I TEed o7, F7o. nphF EERRIZIL CL190 & nphB BEREERRIZIZ/R N
{LEMOERITFITM I TE e o7z,

P HR A2 D53 Tt SR

ReE BIELIRBEICH L, o7 V& HPLC Ttz (X 2-10), nphB BRIERE,
nphF TG d2-8, T3 Ry 7= (X 2-8) DIENICEEL TWHHILEWIE
B CER otz TR T =TT 7T Ve U LRIBEIC Streptomyces sp CL190
RRISAEFET 2 ZIRREEM TA Y TV ARV R R DT V) AR EZFF> T
AN

2-8 SNVURITZUDEE

Bold THHDOUTZERS AT L~ A RS T D,
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CL190#k %% £

3000

2

£

E 2000

g naphterpin

é d2-8 l

2 1000 i
. L SN R | N
0 10 20 30 40 50 60 70 80

d28 nphBLE I b

lavanducyanin

!

1 MJLJu N

ABS at 263 nm (mAu)

0 10 20 30 40 50 60 70 80
NphFIRIRKIEE L
3000
5
P4
E
E 2000
«
w
o~
=
* .
% 1000 Iavalnducyanln
0 A S —MN“\_.—‘."A A -
0 10 20 30 40 50 60 70 80

Time (min)

2-9  CL190 #¥k. nphB #iE#k. nphF MR D EEE LiED HPLC

nphB TEEMRGE HIEIIT T 77 VeI TE T, 7T A E U R ARSIV -T2tk
VIR RYT = DAEFENEE R LT, F7o, d2-8 IAMTEREL T Db &3 k7272,
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200

2-10

CL190%kE A&
naphterpin

!

lavanducyanin

}
e

A

10 20 30 40 50

60 70 80

nphBEIRIRE A

lavanducyanin

N

N

10 20 30 40 50 60 70 80

nphFEIRRE 1K

lavanducyanin

I T M
10 20 30 40 50 60 70 80
Time (min)

CL190 ¥k, nphB flIERE ., nphF FEEERE OB (R %) HPLC

nphB FEEERRERIZIZ T 7 7 A NI SI T IR T =0 DAEER R LT, £,

d2-8 LIFMZEFEL CODILEMIIM Tk o7,
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BE

NphF [, 77 W DAEERIZIBNT, 6 fLOAF NALKINZE G L TnbHEE
R OND, LUIRHE, nphF EEIRIZIZT AF V77 ve s (1 2-11) [45]1°7 78
FUVAFBRILTALED DT T = bENT- B 265 UV AT MLERELAY)
DOERITB RSN -T2, ZOZET T 7T NAE U AGRIZEBW T NphB (2L 53RV
AR 3 D77 =N AVIL NphF (ZED AT ALDRZRITHLZ AT EERIBL TV,

2-11  TAFILFITILELDDHEE

IBIZ, nphB WKL nphF BERR TlX, T30 R 7 =0 DAPEDS CL190 #R& ik
LTHRL Tz, 7230 R 7 =21 phenazine ‘B #4512 IPP & DMAPP 2B 4 &S5
lavandulyl ZE3MIINU7-AEIE 2L TW5[46], D72 CL190 BRTIX T 77 e D4
PEL IPP, DMAPP OF|FIZOWTHITIL TWHEE 2 s, Lo LB Cld )~
TIE BRGSO TIPP & DMAPP BRI/ R T =0 DA RRIZED L b,
BRI EE ZBND,

lavandulyl Zt lavanducyanin

2-12  lavandulyl £
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T

$ET  nphB BEiR#E nphF WIREK D HIES

nphB TREERRE nphF BRIERRIZIZ T 7T A A R T A O BB 22 S 2
o7z, Ll Fur7 OAEFREE D6 L[RAL, NphB OAEFRREES CL190 #RoAh
DEEHR THMNICEBIINTLESTOD A REMNR B X DI, £ 2T, nphB BHEKE
nphF BIERR O WA EERR D IR R A1 TH LT nphB WEERK CAFESND A BN HE
DS nphF MEERRIZ > THEDIST T = kS, 7T e OERENREIE T 545

2717

KB T7 1

nphB EERRE nphF BEEERRE Z 0230 SK-TT RS C 30 °C, 2 H IR &E L=, £
NZNNE 2 ml T0LD | KG FFHUTHEE LT 30°C, 3 H AT R LT, Bk T#.
A EIEEE R ISR T VAT BB T LA TSR L —
Mg R A AY ) — VIZERL T HPLC THOtrL7c, BRIZEEO 7 BRI T 2
(S IE i) ) Nl e sV N PRl 6 N/ = N o @ L e 1 e w g AN £ -
F % T NIRL—hL, BRI E AY ) — VIZERARLC HPLC THfrLiz,

HPLC 5:f4: Column: 4.6 x 250 mm (ODS, Senshu, Tokyo),
Solvent: A, methanol; B, water (+0.1% acetate), 1.0 ml/min
40% A for 10min, 40%-100% A over 40min, 100% for 10 min
Detector: Photo Diode array (MD-2010)
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ESTNEES

SIMTRE RIT 2-13 DEDIT7RY | nphB IEIRE nphF WK 2 JL R U7 R (Rl
WIZIE 43.5 min ([T 7T AR DOAEFENBILESILC, ZORERND., nphB BEERRIZE
S THAPESILTZ NphB O HE DS nphF BEEEHR O D NphB (28> T 7=/LbEhbHZ
ENTRIBE T, T D nphB BRI L > TAESND B D HRIRICERE L2V 2 e
5. ZOHE LR DB DI NIENE DM OAE AR 12 Lo TR DL B P ~28
SN TLEIEE T2,

naphterpin
CL190
lavanducyanin
lavanducyanin naphterpin

[ nphBRE#R+ nphFIRIERR 1A |

0.0 10.0 20.0 30.0 40.0 50.0 60.0

retention time (min)

2-13  E:CL190 % DIEHMEMD HPLC 747,
T: nphB B{i®#k & nphF BRI S B YD HPLC 547

HPLC 13 FEBR F1EIZGE LIS THOML ., 265 nm D7~ K7 I 8%~ UT-, 27 min [ZF/3 R
T =43 min (\ZF 7 TR BRI EITE, L7235 T nphB SRR X > TAEES LT NphB O
FE DS nphF AEEERE D NphB (2 X > T T =k &, T 7T A RE RSO I EDRIBS LT,
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E£HE  NphB ORI, HE

LT OFEBTHWS NphB Oz 2 &35l KR L7-, NphB IZ N KIZ
BamHI, C KIZ EcoRl AL FRLO 7T A4~ —"T PCR (ZXEVIEIEL | pHis8
Ry B—\Za—=2 7 U, ZOTTFAIRTRGE BL21 (DE3)E 7 A7 4 — AL,
KHA R 2RI B AT, NG RN AT 2 FERFIRIZEFHICG LI T EZ W
72, BEFFERUC BT DB MDY 7 L% SDS-PAGE (ZflL . WL 2B LT, i
FERIIZIE H A7 C 33 kDa lZH — D SRR CE 7o, INEITEE =R 1 LH720 150 mg
Th-oTz,

xR 2-2 nphBYO—=V5BATS5/47—

TIoA~—% | HIREEE A el
NphB_N BamHI 5’- GGGGGGGATCCTCCGAAGCCGCTGATGTCG-3’
NphB_C EcoRI 5’- GGGGGGAATTCTCAGTCCTCCAGCGAGTCG-3’

nphB 70 —=27 N7 T4~ —0ORH, IR A,

96 kDa —— —
66 kDa ——
c 1. ¥—h—
4kba — . 2. MRRERE
4. elution

. “t 2.
30 kDa = 5. His%J YIEF#
20 kDa ——

2-14 NphB {5 & @2 D SDS-PAGE
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FRE  NphB BiE%IEE EEE NphB ORIG

NphB DIE D nphB MEEREE R IR PICAFAET DI EIE nphF MR E DL R
BRCHOINNIRoTeD T, ZORELX BT 5282 E 220, BEOLIMMOILEY
ICEMSIVTUEWERE T DD BIRO ML D A PEY)S01E H R 53 & D 57 e A3 A #E T
ol T THIZ 2 7378 NphB % VT nphB BRI PICHEETHE%E
X 5% NphB OAEB G D7 7= Ab i T, 77 =/ AL T HZETHUKMED -
AU OB ORI 73 L D K BINE B (272 b L iR LT,

KB T7 1

nphB TBRIERRER 1% BIELBEMICOBEL . DL N IR ROk a L | fH# R
57378 NphB IZ LD BB ESE DT = At &5 T,

#£ 23 BEEEOTT= AR LY

AE RIRE

Hepes (pH 7.5) 50 mM
"""""""""" MgC6H,0  smm
e o2mM
"""""""""""" N8 osmgml
""""""""""" mEEX 0 g2l
FRERISE R FRIL, IR T 15 B RnS iz, €0, Bk /L CThilt

L HPLC TotraiTo72,
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S

FSRR a2 e —F Vil L HPLC THOMTLIzE2 A, KIGEMEE 2 bns 3
SOLEW IR SN, FNFN%E HPLC THHEIL . NMR 2l EL THISZ R EL
7-LZAK 2-17 DXHTHoT=,

FERIOMEFRE T, nph-P1 134k % 1243 7208 18 /& nph-P2 ~EB b LTz, 2D &
235 nph-P1 (3K VER 2517 C nph-P2 ~EZ8EL TBEE 2 BT,

M

Nph-P2

Nph-P1 | Nph-p3

| I I | | | | |
28.0 30.0 320 340 36.0 38.0 40.0 42.0

(min)

2-15  NphB [2&% nphB HiE#%IEE FFERIGHEYMD HPLC 247

B : nphBRBEERRRE 2% 115 O NphB SUGRTONERE ~F /LAl ¥, T B nphBREMRE % LIF O
NphB St OFERR = F /L4 4, nph-P1, nph-P2, nph-P3 @ 3 -0 NphB S HEM LS 2 HD
v —2% LT, 37.8 min DILAWIE 7-O-geranyl daidzein, 38.8 min O{LA#IT 7-O-geranyl
genistein TV T 41E KG F5HIIZ & £ Tz soybean D5y ThHOF A BA L L7 = AT AL M

SNTZHDOTHD,
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[ v 1 v [ v | 1 |1 T 17 T T T 17 T 11 [T [ T [ 1t ] T [ 1
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
(nm) (nm) (nm)

nph-P1 nph-P2 nph-P3
2-16 UV spectrums of nph-P1, P2, P3

Nph-P3 (3T 7T A ED UV AT RV ES S TOTZAMID 2 DT R ART MV ERLTZ,

2-17 Nph-P1, P2, P3 M#&&

FHNEND HMBC IZX0 7 T =)V DA B, Br OS2I E LT,
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% 2-4 nph-P1LD4IH)LL T (DMSO-d6)

T 13
H C

2 145.0

4 191.6

5 160.9

6-CH3 2.01 (s, 3H) 7.45

8 6.68 (s, 1H) 106.7

1’ 2.4,2.9 (dd, 2H, JH =7.4,13.0 Hz) 35.4

3 139.2

5 2.06 (m, 1H) 26.5

7 131.1

o 1.65 (s, 3H) 15.5
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& 2-5 nph-P2 ®72AH)LL Tk (DMSO-d6)

T 3
H

2 153.8

4 189.6

5 167.0

6-CH3 1.99 (s, 3H) 5.94

8 6.60 (s, 1H) 105.7

1’ 3.36 (d, 1H, J ,=6.2 H2) 37.6

3 137.5

5 2.06 (m, 1H) 26.5

7 131.4

9 1.78 (s, 3H) 15.5
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& 2-6  nph-P3D72AhH/LL Tk (DMSO-d6)

T 3
H

2 122.8

4 185.6

5 12.35 (br, 1H) 162.0

6-CH3 2.06 (s, 3H) 7.94

8 6.95 (s, 1H) 106.7

1’ 3.0(d,2H,J =7.6 Hz) 23.1

3 135.7

5 1.94 (m, 2H) 26.6

7 131.0

o 1.75 (s, 3H) 15.0
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ELEE  naphterpin £E&RHPREIEFILEMIZLSD nphB IEIEH%R DB

KB T7 1k

nphB WK% KG B HICARR R L, 538 2 A BIZEFEIK 100 ml 729, 0.1 mg D
nph-P1~P3 ZZAVEAVINIIL . SHIT 24 ARG LT, B5R kA T Eh Al Big—
F i L7=0H HPLC, LC-MS., LC-MS/MS TH#rL7z,

HPLC 5:1F:
Column: 2.0 X 150 mm (ODS, Senshu, Tokyo)
Solvent: A, methanol; B, water (+0.1% acetate), 0.2 ml/min

80% for 30 min
Detector:  Photo Diode Array (MD-2010)

LC-MS #I7E At
LC 5:f4: Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water (+0.1% acetate), 0.2 ml/min
40%-98% A over 18 min, 98% for 2min, 40% for 10min
MS S EST

R

2-18 DEHIZ, nph-P1~P3 & nphB HEEERESF U IZIINL T 24 RFfRIREE LI L2
7. nph-P3 ZIRNMNLIZE O HF 7TV LRI HHEFIC UV A7 LD —Fd
HAEEM I T&T=, —J7 T nph-P1 & nph-P2 Tl T 7T A NI CTEah o7z,
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Fo, IINER D70~ T LT HE nph-P3 DNHESILTWDIEN DD (X
2-19),

F72, LC-MS TO /T Tldnph-P3 UL 72356 D A7 7 e LRI C A R
(2o EO—BT DB RONTZR  ZNTH RIS B OO E W E
LTV (B 2-20), ZRHDLE AR RO FWIEIZ A, B, C, D &L TENE
NDMS/MS 7T T A NG = T DL A B IS T T TN DT T T At
=== (K 2-21, K 2-22), ZDOZENS ALEY B 27T e LEIEL
72o nph-P3 ZIRMLIZG AT 7T NV E U NEFESN TNDZENIEH TE=0D T,
nph-P3 87T NE G PIRE THLZ LAVRIRS N,

NphBRE RIS 2K (nph-PL RN 245 A5 3)

R

nphBEE#KIE & (nph-P2 N 24B R 15 2)

N,

nphBRE RIS 2K (nph-P3 RN 245 A5 3)

RN

naphterpiniZ&

naphterpin

b

N

I I I T T [ I
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Retention time (min)

2-18 nph-P1, P2, P3 i&/0 nphB BiE#kIEE &K H D HPLC 247

nphP1~nphP3 % nphB WIEMRESFRIRIC ARG 2 B HITHINL, 612 24 FFfEIE % il #EE
Z4TVNHPLC THOHTLT-, 22T 265 nm DY v~ 75 5% 7R LT, nph-P3 ZHML7=5& 137~
TNAEERHFERO—E T o8 —7 (%) DEIEEIIL/2AY nph-P1, nph-P2 TidMk I T&E7Zeh o

77
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nphBEEIRKIEE K (nph-P3 FHMNER)

nph-P3

nphBIERIRIEE K (nph-P3 A& 24515 E)

naphterpiniZ &

naphterpin

¥

I | I I I [ |
0.0 5.0 10.0 15.0 20.0 25.0 30.0

retention time (min)

2-19 nph-P3 1B##3%EE (HPLC)

HPLC 5133280 7RI RE L7280 T2 2Tl 265 nm O/~ h T A% 7~ L7-, nph-P3 % nphB
TIERR TSI 24 BEES L= B 95 L nph-P3 3L, 77 LB SR R O —
THE—7 (K) BROLIL,
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nphBRS IR (nph-P1 AN 24BE R 1)

nphBHIEIEE K (nph-P2 iR 24 R E)

oo
N

A
NphBEEIZ L # % (nph-P3 A IN14 24K R 1 ) A BCD
/M —
naphterpiniZ & naph:cberpm
| | | ! | | |
0.0 5.0 10.0 15.0 20.0 25.0 30.0

retention time (min)
2-20 d2-8 fBf#H3EER (LC-MS)

m/z=353.0-353.5 O~Ar/u~r7TLERLIZ, nph-P3 ZIRINLIZSGEOHR T 7T e &5

THE =R BHEN, REFICREIC ) F 8O 4 SO mtiS i,
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naphterpin

5.0e* —|

3.0e* —|

353.3/240.7 353.3/255.3 353.3/283.7 353.3/231.6 353.3/266.4
Q1/Q3 Masses,amu

2-21  naphterpin ® MS/MS

FTTIVE LD MSIMS 7T 7 A b2 — X BNZIZZNENDOBRAT | AT HR_ LT,

A B
1.00e* —
1.00e* —|
5000.00 —
‘ 5000.00 —|
|
353.3/240.7 353.3/2553 353.3/283.7 353.3/231.6 353.3/266.4 353.3/240.7 353.3/255.3 353.3/283.7 3533/231.6 353.3/266.4
Q1/Q3 Masses,amu Q1/Q3 Masses,amu
C D
1.00e* —|
1.50e*
1.00e* —|
5000.00 —
353.3/240.7 353.3/2553 353.3/283.7 353.3/231.6 353.3/266.4 353.3/240.7 353.3/255.3 353.3/283.7 353.3/231.6 353.3/266.4
Q1/Q3 Masses,amu Q1/Q3 Masses,amu

2-22 L&Y A-D D MS/MS

EEY A~D D MSIMS 757 A MB— %Rk LT, 777 Ve S R R — B L b G
¥ BIX MS/MS 777 A hRE— b —H L7 TN ThHZEN MRS, X #laidehns
NOBAT L NFAF D miz = LTz,
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BI\ET B

malonyl CoA
HO OH
0 S 0 9
o P ,Ig\’\&/k/\)\
OH OH HO H N
1,3,6,8-tetrahydroxy OO GPP
naphtahalene (THN) (@]
OH O g g
HO" 4P 6rPe
PPi
o) . o] o @M o
HO H H" Ho O‘ H  Ho i HO ~ -
/ €] —_—
g ' OH 0 ) NphB 0"
OH O OH O OH O o4 OH O
Mg
nph-S1 l
o)
| \ | PO M
OH
N | OH O
o OH
O - PO O
OH  Mg?* OH 0 \ l
OH O OH O OH O K o
d2-8 nph-P1 nph-P2 HO O‘ ‘
N/_L o)
\ OH O
naphterpin

2-23  Naphterpin £ & IZ& 174 NphB &It FHEE

4Bl NphB DOIEE D RIEITIZE SRS T2N, T I T A ~EEBEINDEE
FiCHR A nph-P3 A HARfETHZ L3 TX72, nph-P3 137 A HIEKIZL T Streptomyces
sp. A69785 775 BE69785A LU CHLBES N BUIE A & L CRAETFHIES LTV D (RrBAE
11-349522), nph-P3 D7 5, NphB OE BRI FE O IZ-OV T nph-S1 DEHIZ
HEE L7, nph-STITEIE T T/ ubo SREEL | 1 AL& 3 LD TG G2 L5852
BIND TZANT TN I T AL N2 DT =A LR E AT HZ LI~ T nph-P3
NAELD,
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ZOIORBISHAELT 7 /T 7 /B RlESR Fng26 N7 78 AV ERUST D
B SO AERE L U CTHRES U CUND[43], Fnq26 DS EE N7 T84V THHD T
2NEDKIEE DT T 78 pH 8.5 IZE W THFHEL | 4 AL T LR =)L & D] TGS
ZlD, TLTC 3T =4 NELTZBIC T L =V I TF A NG HEEN TV D,

%72, nph-P1 & nph-P2 O#&iE&EN 5 NphB 73, d2-8 D 1 fLD A /LR =/LERERL TV
DTEDNTRMESIT, 12720 d2-8 ITSURTER DB HRIC K BEIZE L TR, I d2-8 73
HE LR TCOEA . TDORIGEIRIT 0.01%FRE ThHEE 2 HND, 512, nph-Pl
& nph-P2 |3 nphB i EERRIZ H- 2. CTH 7 7 e s Sk 72~ T2 Z e DA A R
BARCIIAeNZEAVHIBALT,

nph-P3 13X trans O 7 =)V TEY, FT7TNAE L OREFO7T =)L K
(ZHIRT DH 0 DILARIT cis THDHZEND, BRALDOHT, b LITBR(L L RIRFIZ SR D S
ML BN HHLEZBND, LNUAHREMER R TlE, 2O LI RB b0, Rk
b 2B An FIE A DD > TR, ALV nph-P3 ZHWHZET, Bk
BESR7RE DOTEMZ in vitro THETL TWOKZERAS B OB TH D,
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B3E  BREEXRILDIUNURIIS—EEA:
Lzt EMER
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BRI, RIS R R B S R TR T D, T CATETITHH
FHEWRIEE TV = VIR R IO IR I R RS DB 2 ZnaFIL,
REIRZIIEEIZLDFELR W T L =L T TR VAR, IERRTU DT L = Abfb &
WO LR E B LTz, 7L = ISR L 5 B IR IEE 7L =V Bin i %513 NphB,
Fur7 {ZH12 , NphB & 25% D7 X /AR % 7R~ Streptomyces coelicolor A3(2)Hi>k
DREREARINER T SCO7190 % =,

KRG IE
(1) 7L=/bSE
NphB, Fur7, SCO7190 \2&57 7 = /WVALKSIZLL T D X572 BOSHEALR T1T > 7,

& 31 TLDIIEEEYERRGERDHEM

Tris-HCI (pH 9.0) 50 mM
MgCl,-6H,0 5mM
GPP 5mM
Aromatic substrate 5mM
Prenyltransferase (NphB & f=I& Fur7 &£ 7=1& SCO7190) 1 mg/ml
milliQ water
total 10 ml
ERERIGE Rz R SR TH 15 BRI RS ST, 0%, Bk =T /L ThiL

TLC, HPLC TH#T. FHEAT o7, KU SEFEY L NMR, MS % T ik
ExEIToTZ, 7 =rfbxmat Lzt amiz (K 3-1) @Y Thd,
Dihydroxynaphtalene (DHN) JE-<C[F UL 7 = /— W KER FEA ST TR /AR (4, 5, 6,
7) R RV T2 AR (8, 9) AT,
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OH

OH OH HO 0 O

>
OH HO OH 0O

1. 1,3-DHN 2. 1,6-DHN 3.2,7-DHN 4. naringenin

5. apigenin 6. genistein 7. daidzein
OH
OH
HO
OH
8. olivetol 9. resveratrol

¥ 3-1 AETREICALLEY
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£—H& NphBIZ&BTLZIL{LiLEMER
$£—IF NphBIZ&BF I ILIEREG

NphB & dihydroxynaphthalene (DHN), 7773 /AR ¥RV 7 XA RO TIREE
1T o720 BUSERALAIEER 3-1 1ZFELT, ROBNIEEIR T 15 RERA T RS TR IR 2 I
TF VT LTz, BEiR =T V&2 =/ \iRL— KL Te DB A ) — )VIZEEMEL T HPLC C
ST, S EE B ol WL LA YA NMR, HR-MS ([CXOREEE R E LT, K
ISPER OREEIT (K 3-11, X 3-12, X 3-13) |2, NMR 73I4/L> 7k, HR-MS O
I E RS R LRI LT,

TIZ—f#ELT 1,6-DHN EDORniEi ¥ HPLC 73 AmfE feam 7,

a) 1,6-DHN

20

1.0
El
=
E
= 0
= :
~ 0 5 10 15 20
=
]
;.E: 20 | P 2
o
v
=]
<L

10 1 1,6-DHN 3

* ‘\1 :
0 : .
0 5 10 15 20

t/min

3-2  NphB & 1,6-DHN O RIS ZDOEFEETF )LD 7547

a) no NphB, b) add NphB. NphB (2&> T 3 DSOS ES AR SN T2, ZNEhatEidEie

%H& 1: 4-geranyl-1,6-DHN, 2: 5-geranyl-1,6-DHN, 3: 2-geranyl-1,6-DHN T -7,
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5$5Z-IH NphBICKAFEKRILEMOERE

NphB OIE DTV = AL B ~D R E R T, ZHULFEBRO T =11k
LB DAEFELNHBLRNDE BRI HEE 2 DD,

KB T7 1

LUF ORUSHRGR A /ERL | 25°C TRISZETT -7, NphB ORI EY K% B
B 1,3,6,9,12, 15,18, 21, 24, 27, 30, 36 FEH#£1Z 100 ul 972 200 wl OFFEE=F /L
THIH L, Biie =T V&2 E 22K 7 ChRREL, FRikia A ) — VICEEfEL T HPLC T4y
Hrlie, 7R~ IO — RN DS FEYZ E B L, AR CTO B DA #ig
ZROT=,

R 3-2 FM|BIRERRCEEHEMK

RE BRiRE

Tris-HCI (pH 9.0) 50 mM
""""""" MgCL6H0  smM
””””””””” P s5mM
 Aomaticsubstrate o5mM
""""""""" NphB  05mgml
""""""" miliQ water
""""""""" ol 1om

98



S

FVLHF =y TR P2 RTFAUE 20 BRI IZIREIE 90% 7 L = kS,
Fio, FABAL | FVRE— DN TH 36 R £ T L = AL S FRE L TRV
FIEPEIL RO TN ZEDURE T, LT35> C NphB (ZZ b0 BT § 5K
ISR LRNb OO, 28 THY , RIS T 528 TT L= AE A O AL
ARE THDHEE ZBID,

yield of product formation (%)

0 10 20 30
t/hr

3-3 NphBIZLBEEDEH]E

naringenin (®), apigenin (0), genistein (m), daidzein (0), olivetol (A FZNZ D IEE

(0.5 mM)IZ 5B 25 e
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$=I18 Kinetic parameter D& H

NphB (DWW TET T =AU IE DA 5B IREESE %95 kinetic parameter 23K &

2o FTo AHTERIE DOFE RDDT L = ALBUS D FUSHEF A DWW THIRE LTZ, BUG
ERLEII LA T O TH D,

*& 3-3 EMEIERISERBER

HE KRRE

Tris-HCI (pH 9.0) 50 mM
"""""""""""" MgCh6HO  smm
- e  250M
"""""""""" Aromatic substrate o+
”””””””””””””” N8 osmgm
"""""""""""" miliQwater

total 1.0 ml

*. 1,6-DHN, 1,3-DHN, 2,7-DHN % 0.5, 1.0, 2.5, 5.0 mM
naringenin, apigenin, olivetol (X 0.5, 1.25, 2.5, 5.0 mM
genistein [ 0.3, 0.5, 1.0, 2.5 mM
daidzein (X 0.15, 0.25, 0.3, 0.5 mM

resveratrol {3 0.15, 0.3, 0.5, 1.0 mM

FRKIGEEZ Ty~ (1.5 ml) IT/ERL, 25°C C NphB ORINC LD &% B
hhE 7z, DHN ICBI LU CIIFERIRINGE 3, 6, 9, 15 70t4. T LSO FE I 10, 20, 30,
40 43 F&IT, FXEAL200 pul &V 200 pl OFERETF VA ANV DTy ~AZHEE |
5% kD HERIRFICHI N 21T o7, R =T LA EZER 7 TREL, 60 ul DAZ ) —

P g

JUZIADLC HPLC (2 5 pl 23 L7, HPLC OMIILLF Di@) Th o,
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HPLC &/
column: PEGASIL ODS 2 mm X 150 mm,
solvent: methanol (isocratic), 0.2 ml/min

detector: Photo Diode Array (MD2010, JASCO)

HPLC THIEL THELIZZa~ N F7 MBI EY O — 7 mfEa RO TEEL .
S A L L C Sigma Plot 10.0 (Z2Ji> T kinetic parameter 2% HL7-,

TV =2 BN LT 556 6-geranyl naringenin & 7-O-geranyl naringenin 73
ERT D, TNENIZHOWTE =V EENDE BLMISHEZ RO DL FROLIITA
STz, ZOT —H%&EHEIZ Sigma Plot 10.0 T Ky, ke 23RO 72L 25, 6-geranyl naringenin
DA R IS5 LTI Ko=2.140.5 (mM) . keu=0.67£0.08 (s"x10%). 7-O-geranyl
naringenin DRSS LTI Kn=1.6£0.2 (mM), keo=2.340.1 (s'x10°)&H HEN
7o

& 3-4 NphB FTULT=ZURIEDRIGRE

naringenin 6-geranyl naringenin =& iE 7-O-geranyl naringenin 4= i i g
g V (uM/min) V (uM/min)
5mM 0.365 1.45
2.5 mM 0.284 1.12
1.25 mM 0.186 0.783
0.5 mM 0.106 0.447
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0.4 4

10 4
.
0.3 8
< :
= 6
‘= S~
€ o2 £ o
= £
> £
= 2 .
> —
0.1+
2
0.0 T T T T T 1 r T T T T 1
0 1 2 3 4 5 6 1.5 0.0 0.5 1.0 15 2.0 25
[naringenin] (mM) 1/[naringenin] (mM1)

3-4 FIUFZUICRT BEMBIE (Michaelis-Menten kinetic, Lineweaver-Burk Plot)

6-geranyl naringenin 23K T DL X TV =KL Kip=2.120.5 (mM), k.,=0.67+0.08
(sx10%) rEHENT-,

1.6 ¢
2.0
1.4 1
= s
] s
__ 1o s
= £
= S
£ oo >
1.0
= =
= 06
>
0.4 1 0.54
0.2
0.0 : . . .
0 1 2 3 4 5 6 -1.0 0.5 0.0 0.5 1.0 15 2.0 2.5

[naringenin] (mM) 1/[naringenin] (mM-1)

3-5 FULHFZUIZHTBHEMBIE (Michaelis-Menten kinetic, Lineweaver-Burk Plot)

7-O-geranyl naringenin 25 £ i T2 L & F VU U 7 = 2k L Kp=1.6£02 (mM) |

kea=2.340.1(s'x10%) LB SN,
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F7-. NphB O it BH 57523572812 naringenin, GPP M5 D2 %4 bt
TEMERIEZITWENE D IE DOV T Lineweaver-Burk Plot 2 E 437~

@
3
s /

-10 0 10 20
1/[GPP] (1/mM)

1/v (min/uM)

(b)

1/v (min/uM)
[} w o
o \\

1/[naringenin] (1/mM)

3-6  NphB, GPP IZxt9 % Double-reciprocal plots

(a) naringenin 0.5 mM (e), 1.25 mM (0), 2.5 mM (m), 5.0 mM (o) TOIETERIEE GPP S 0.05,
0.1,0.2,0.5, 1.0 mM (2D TITVY, ZALE 4D Linewaevear-Burk Plot Z #4272, (b) GPP 0.05 mM
(e), 0.1 mM (0), 0.2 mM (m), 0.5 mM (o), 1.0mM ( A) TOIEVERIE % naringnenin 2 0.5, 1.25,

2.5, 5.0 mM (2 DWW TATV, £HE 4D Linewaevear-Burk Plot 2 H 4272,
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Z RO ERASTATRBIEE LA A S 2 U D, =
DR RS NphB OEEHE% & MM (Ordered mechanism) ffa {172, %47
FBTIZOU N CHE NphB &5 BT B L 0D 645 135U U RV A3, GPP B,
GSPP LW EFILED “FHE LOIFEFIIFLN TODHDTAT], GPP 35 ERIAE
FOSETREA T BUENDHEE XN, ST ThHHEE LTS,

ti . lated
GPP  limme PPl mpoind
E EA <EAB> EQ E
EPQ

3-7 NphB O RiEH#E

GPPEIATHE LT HEFHELES 2 T2

3-8 NphB&GPP D it#E@#EiE (£). NphB & GSPP, 1,6-DHN D 4 R1E:E (H)

1,6-DHN HLAR L D Sl SRS 1345500 TR S GPP D7, GSPP & 1,6-DHN O i fb ki 23
HHNTWADT GPP NATHRE ThHHEE 2T,
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e — ke

—& Fur7lz&BIL DLt EYME Rk

Fur7 & dihydroxynaphthalene (DHN), 7778 /AR | #i#7RV /7% A RIZ-2 T NphB &
RIS A T o120 SUSTRIRLRIZERE 3-1 (ZRL LTz, SOSIE=RIR T 15 BTV R
ISR E BER =T LTI LT, BEfE =T L = SR L — KL T D AKX ) — LT R iR
LT HPLC TH#T, iz o7, M- LIE % NMR, HR-MS ([ZJ0H§1E%E
RE LT, ROSEYOREIL (K 3-11, X 3-12, ¥ 3-13) (2, NMR 7I0/LT 7k,
HR-MS Ol7E i R ERIE T L,

—]E LT 1,3-DHN ED i HPLC s34 O B a5t 9

No enzyme + Fur7
1000 -~ 1000 -
> i J
(o
(7]
o
o R 4
S 500 - 500
® 4 J
E)
> A
£
0 Ll T T T — T 0 k T T =TT |
0 10 20 30 40 50 0 10 20 30 40 50 60

retention time (min) retention time (min)

3-9  Fur7 &1,3-DHN O RIGE®M® HPLC 247

Fur7 & 1,3-DHN Z RS 5E 33 3N EMEE 2 bnbHE — 7B E 7=, HPLC D54
WX FEOEYT, 22T 231 nm D7~ T 0% R/ LT-, ZOE—27%45 L . NMR (12 LA

&7 %H&E 1-O-geranyl 1,3-DHN Tho7,

HPLC Z&f4 Column: PEGASIL ODS 4.6 mm X 250 mm,
Solvent: A, methanol; B, water, 1.0 ml/min
80 % A for 30min, 80-100% A over 10 min, 100% A for 5 min
Detector: Photo Diode Array (MD2010, JASCO)
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E=H SCO7190 [Z&BTLZILiLiEEYME RL

SCO7190 & dihydroxy naphthalene (DHN), 777K /AR fl#)HRY r 2 A RIZ-DONT
NphB E[RIERIZIISZAT o T2, SOSTSHEARROEZR 3-1 1250 LT, SOSIFER T 15 KefH]
ITOWBRISER IR AR —F L CHItH U, BT L2 =/ SR — LD B A ) — )L
(2R T HPLC Tl s Ex B2 o7, FRLIZ{bA % NMR, HR-MS 25V
MEZRE LT, ROREYHOMEIT (K 3-11, 3-12, 3-13) 2. NMR,
HR-MS DI E#E RILFEBRIHEICFE L,

—]E LT 1,6-DHN ED i HPLC s34 O B a5t 9

No enzyme + SCO7190

Z 2000 - 2000 1

o

o

3

2 1000 - 1000 A

3

>

oo Lh L

0 < T T T 1 T 1 0 T T T 1 T 1

0 10 20 30 0 10 20 30

retention time (min) retention time (min)

3-10 SCO7190 & 1,6-DHN D RI&E¥D HPLC 7347

SCO7190 & 1,6-DHN % M SH5E 6 KIS EMES 2 bns8 —r i3 Eniz, HPLC &
SMEXTFROMEY T, Z2TIE 227 nm D/~ T L% 1k UTZ, 2O —27%4yEL . NMR (201

R E 9 HE 5-dimethylallyl 1,6-DHN Téh-o7=,

HPLC &% Column: PEGASIL ODS 4.6 mm X 250 mm,
Solvent: A, methanol; B, water, 1.0 ml/min
80 % A for 30min, 80-100% A over 10 min, 100% A for 5 min
Detector: Photo Diode Array (MD2010, JASCO)
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Substrate

NphB

Fur7 SCO7190

Km (mMM) Product

Kcat (3_1) x103

kcat /Km (M_1S_1)

1,3-DHN

OH
Ho

1,6-DHN

1,6-DHN

OH

1.05+0.17

0.54 £0.07

0.51+0.08

HO OoH
034006

2,7-DHN

2,7-DHN

no products

0.32+£0.02

0.30

42+02

77

oH #

OO 11201
HO

2-geranyl 1,6-DHN

22

0. I_oH
OO 047+0.01

1-geranyl 2,7-DHN 1.4

N.D.a

1,6-digeranyl 2,7-DHN

HO OO OH

O/\)\/\)\

no products
OH

1-O-geranyl 1,3-DHN

no products

5-dimrthylallyl 1,6-DHN

no products no products

no products

no products

1-geranyl 2,7-DHN 1-dimrthylallyl 2,7-DHN

no products no products

3-11

NphB. Fur7, SCO7190 & DHNs O & it E#)
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Substrate NphB Fur7 SCO7190
K (mM) Product Kear (51 x10%
Keat /Km (M1
8 10
\
g

OH O
naringenin

apigenin

OH O

apigenin

genistein

daidzein

OH O 1.4

21+05 0.67 +0.08
OH O 0.31
6-geranyl naringenin
\
OH ‘ OH
0.58 +0.06 0.33+0.01
OH O 0.57
7-O-geranyl apigenin
OH OH
0.53 £ 0.06 0.60 £0.03
11
6-geranyl apigenin
\
\
0.33+0.01 0.48 +0.01
15
OH OH
7-O-geranyl genistein
\
\
0.29 + 0.05 0.17 £0.01
0.59
OH OH

7-O-geranyl daidzein

HO.

not determined not determined

8-geranyl daidzein

no products

no products

no products

no products

no products

no products

no products

OH O

6-dimethylallyl naringenin

no products

no products

no products

no products

no products

no products

NphB. Fur7, SCO7190 £T757R/ A KD Kt FEH)
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Substrate NphB Fur7 SCO7190

K m (MM) Product Keat (871 X103

Keat / Km (M71s?)
9 10
OH OH OH
0.043 +0.003 >
0.64 +0.16 8 no products
0.067
HO CsHyy HO CsHyy HO CsHiy
olivetol 2-geranyl olivetol

OH OH
A S 4
0.52+0.03 0.027 +0.001
HO CsHyq HO CsHyy

olivetol

resveratrol

!OH
X

OH
resveratrol

0.44 +0.06

not determined

0.052

4-geranyl olivetol

0.053 + 0.002

4-geranyl resveratrol 0.12

2,4-digeranyl resveratrol

2-geranyl resveratrol

not determined no products

2-dimethylallyl olivetol

OH
X
no products

HO CsH11
4-dimethylallyl olivetol

2-dimethylallyl resveratrol

no products

3-13
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el

Lo

o

g LB eEMOREEY

JFim Chilk N e LBV TV = b EMIE SR A TEYEZ R L | BLETE L Fio
TWDLDOHLHBITND[23], Fio, T =37 L = b SN D Z E TR %
BT HZEDNHMBILTND[28], £ 2 CHIHT TR X #7278 NphB, Fur7, Sco7190
ZRWTHEOLNTZT L = AEAE TN T Staphylococcus aureus (253 HPUETE
PEZE LTz,

ES kS

7V — )V AN T CERAFEITZ Staphylococcus aureus %7 A9 FEREEHIT 37 °C,
24 FERETESE LT, &7 L=/ LLAE ML DMSO IZIEL, 96 N7 L —MImELT,
I ACEZ 3 E LT LD 7 A3 F R E 100 ul T 200 E | F TR L,
s N £ 7= | BiiESLT= Staphylococcus aureus % 14 B CHIE L C 37°C T 24 K
MR LT,

110



ESINTES

T —NIAEB DR CTERLRHBEEZZONEYOLEERERE (MIC) &L
7o FERITLL T OLENTHS, ENEND MIC ZRDFE 3-51TR-LTE

123 45 8 910 11

12 13 14 15 16 17 18 19 20 21

X 3-14 JLZIILbiEEHDOMEEL,

IRFETHATEE 53 DY Staphylococcus aureus (PR .7 RUERE) OEBFDBIESNIZH 7, BE
BLIEEMB DR ISIERR—DIZEEELT-
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1, Ampicillin; 2, 6-geranyl naringenin; 3, 7-O-geranyl naringenin; 4, 7-O-geranyl daidzein; 5,
7-O-geranyl genistein, 6, 2-geranyl olivetol, 7, 4-geranyl olivetol; 8, 6-geranyl apigenin; 9,
7-O-geranyl apigenin; 10, 4-geranyl resveratrol; 11, control (_=: DMSO, F: 7/K); 12, 6-dimethylallyl
naringenin; 13, 2-dimethylallyl olivetol; 14, 4-dimethylallyl olivetol; 15, 4-dimethylallyl resveratrol;

16, naringenin; 17, genistein; 18, daidzein; 19, olivetol; 20, apigenin; 21, resveratrol.

% 35 TJLDILIEEMOIREEME (MIC)

compound MIC (ng/ml)
naringenin >100
apigenin >100
genistein >100
daidzein >100
olivetol >100
resveratrol >100
6-geranyl naringenin 10
7-O-geranyl naringenin >100
6-geranyl apigenin 25
7-O-geranyl apigenin >100
7-O-geranyl genistein >100
7-O-geranyl daidzein >100
2-geranyl olivetol 5
4-geranyl olivetol 10
4-geranyl resveratrol 5
6-DMA naringenin 25
2-DMA olivetol 25
4-DMA olivetol 25
2-DMA resveratrol 100
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Staphylococcus aureus \ZxL TV =/ALHTOFEITNT40H 100 pg/ml LA R Tl
PR A RS2 o7, UKL, NphB OIS HES TS 6-geranyl naringenin,
6-geranl apigenin, 2-geranyl olivetol, 4-geranyl olivetol, 4-geranyl resveratrol, SCO7190
DR PFEY) T D 6-dimethylallyl (DMA) naringenin, 2-DMA olivetol, 4-DMA olivetol,
2-DMA resveratrol (ZHLETE 2R LTz, ZORERENLT L = AL ETE O &S IC
FET DL RENTZ, PUBETEIEEZ R LIZDIIWN T b R B 1127 L = L HEA
IMUTALEH THY | BT TV =)V EEPMI I L IAL ST R CTHURE TS P
BIEZRSNIR D 2Tz, ZOTEND | FLETEMEDIE BT, 7 ML OKBEEPNLETHLZ L
PRRSND, 7V =G HHUETEEZ R TR IS O W TIHS T
IRV AR, T = S BUKYED s 5 ZE TR R O Z e 2s EAF-L
B IA DI KB L TODBD TIHRWNEE 2 BTV DH[48],

113



ERE BE

TV =L EIIHRER 72 ED DR HBES L TERY, ZOIEHL A FUEE .
SR PEIHIZR R 2 ThD, LLRDNS RIRICERIT HEE I & CrEH R O
fRBAVIHE A TUNR U,

ARIFFETIZ, IR E RO B FREE TV =V B R ThHD,
Streptomyces sp. CL190 1% H > NphB. Streptomyces sp. KO-3988 ¥ Hi KD Fur7, 3
KOS, coelicolor A3(2) ¥R 3D NphB SE1 Sco7190 &\ o7 BB RE S S L
MREAETHLE DD ZIRAH A G Al F 4 F T L T, dihydroxynaphthalene
(DHN), Z7HR /AR FE R KRRV T ZA RO TV = A {b & E L, ThbD 4
HEMEA R LT,

NphB (% 1,6-DHN, 2,7-DHN &, FU7F =2 F AT AL LD T TR AR AV
— /L VAT a— /LW ST ARV 7 ZARIZH LT IRFEE 10 7T =L 3
AT DIENTEILND, TV = BRI BIL T E R R RD TR
THHIENHA L=, NphB (£7 78 /A RIZ LT 7 MLOKEEFLAZ T =)V He AN
LT B80T T =)V B A INU T2 B8 1 341D TTH D, £z, Fur? 13 1,3-DHN,
2,7-DHN (L ARTRa— Wk LT T =V a3 52813 C& 7=, —J5, NphB @
REDZ TS SCO7190 14 1,6-DHN, 2,7-DHN, TV =2 FU~_p—/L L AT
2— VR FE S DV AF VT INVEE M INTHENTET,

NphB (X7 778 /AR U TR BB R M2 R LT T A BRED S TH -
=, — i T 4-hydroxyphenylpyruvate (4-HPP) (Z AT /LT UVILAEAHINT % /R4
A SR NovQ X7 TR JARD B BREK ST HIENREZILTND[49], 2
< NphB OABHE RN F 72 U BRTHY ., NovQ OAEBIE THD 4-HPP /3
HEROEETHHIEEE X DHE NphB N7 XL BEIZITV A BROAIEFRFRL
NovQ [ZHERD B BREZRIL QDLW R D, R, Wl S & E MAlgE (NphB
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TIX B B, NovQ TiZ A BRE C BR) 23HDIThh b b T ARSI EIEE TR
WCETND, ZIUTBELIEE T LDOMIEIZED D THLEZEZHLNDN, Eml
MIPHZ TR L DORL CELMEIITE AR B TEHILN, ZNOHHRE K7L =
NWET AT 27— BDREEFRGRD ILFLS T D7D TODD TIHRUVINEE 2 B,

(0]

OH OH
HooC NOVQ HoOC O
HO NovQ HO O o
PPO X ; ;
OH OH o /\)\ OH O
PPO

4-hydroxyphenylpyruvate (4-HPP) 3- dlmethylallyl 4-HPP naringenin 3'-dimethylallyl naringenin

3-15 NovQl DR

AN IVEER LD T L = LB O EFERFIRE Th DI LA /R T &N TX
7o i ChIR T2l 7L =kt &8 KTV = AL T7 TR AR I3k 0 Ik
REPEME L TS HBES L, A& A FEME AR T 28D MG STV, L,
RIRINBIFHE LB WS DL AEBEME PR T 030722 TWHRnb D
20, LIEHo TARIFRITEE SR Z AWV Etn o7 L = Uik B O A FER ATREIZL
TV =AML E D O A PEVELAE B O S<b D THLHEN D,

F72, NphB T DWW TIE X s s & AT I LD FE M7 A IE DS B BT 25 T
W5, A 141% Fur7 KT Sco7190 (2N Th ik s s AR S 41, SNL R A28 A
BAL, RVT =)= VD T DB DAL B M I E USRI L LOTEMEZ
] b ST SO e TS LR~ T b B e G 28 Bl R 2T YA
THIERTENUL, V=LA TA T T) —DREEIENL DB Z DD, &6
(ZZDOHFNSHE ARARIEHEZFFOL OB R ONDHIEE LA TND,
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FARE EEBEROERCHEMN
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E£—8 NapT8 & NapT9 DH#EREMRHT

NphB & Fur7? USMZ T BTV~ AT DEB B IG 7T AF = bb 7 L =)L
VAT 27 —BRERT napT8. napT9 7> HNTEEINTND, ZZC napT8 & napT9 (2D
WTH KGR CHLA R 5% 32 2 T8 B LB RE AT 21T o 7,

$—IH NapTs, T9 DFEH

NapT8 & NapT9 |LLL FIZRLTe 7 T4~ —Z W T PCRICEDIFIRL | BT T A
K pHis8 (Z7ma—=7 LTz, ZOTFAIRTKAIGE BL21 (DE3)2 T A7 4+ —2A1
KLHAZ 2 XY 5 G T, 2o NGB T 5 RPN FERIE ISR L2 1EE
oo WEERE LB D5 BB DY 7 V% SDS-PAGE (ZtL | WS 2 MR LT,
Elution (Z H T 34 kDa |ZHL— D/ RN TE 7o, INEITEF =K 1 L H72Y NapT8
1% 33 mg, NapT9 (% 20 mg G417z,

% 4-1 NapT8 & NapT9 OYO—=2F ATS54<—ER5

TIA~—% il BRI 5 51 b 7T~ —hS
napT8 F Ncol 5’-GGGCCATGGCACTGACACAGGCATGGAAGG-3’
napT8_R BamHI 5’-GGGGGATCCTCAGCTGCCGGCGCCCGCCGC-3°
napT9_F Ncol 5’-GGGCCATGGCTCCGGAGCTACTGGGGCGGA-3’
napT9_R BamHI 5’-GGGGGATCCTCACGAGGCTTGGCCTTCTTC-3’

123456 123456

:;-% =jes 1 %—H—
e R o RER
nre ¥ 3. BmDEOLE
e : 4, 70—X)L—
5. Wash
- : 6. Elution
NapT8 NapT9

4-1 NapT8, NapT9 O SDS—PAGE #& &
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BTIH  NapT8 & NapT9 MHRERRHT

FEHIL 72 NapT8 & NapT9 & W C FRED XA 72 S IAR 2 TR | BTG IE 2T~
7~

& 4-2 NapT8 & NapT9 RiERDIAMK

Tris-HCI (pH 9.0) 50 mM
MgCl,-6H,0 5mM/0mM
DMAPP F1z[d GPP 5 mM
flaviolin 1mM
NapT8 F 7= NapT9 1.0 mg/ml
milliQ water
total 1.0 ml

HPLC Z&1f: Column: 2.0 mm X 150 mm (ODS, Senshu, Tokyo)
Solvent: A, methanol; B, water (isocratic), 0.3 ml/min
75 % A for 30min
Detector: Photo Diode Array (MD2010, JASCO)

R

NapT8 TiE Mg” OF I )b LT RIS ED DR S-, ZE /Bl NMR
[CTHEERET HEM 4-4 ITRULTZIDNT 3 (LIS AT LT UV IS U T A&7 -
720 F72. NapT9 1 M DBFIETHEXITK 4-4 (R DD USED D RIS
7278, Mg MIEAEL RN E X TIEMEA W &AL o 72, %2 C NapT8 /% DMAPP % J&
BEL, BIRAA L IHKIFEDMESE  NapT9 1L GPP 2 E L L, & B A4 L ARFMEDORESE
THHZENHALT,
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ABS at 263 nm (mAu)

300
Mg2+ | | ot Mg2+ -
2001
T8-P1
100
otk J\ ]
0 10 2_0 30 40 O 10 ZQ 30 40
min min
4-2  NapT8 &I7FEA U RIGEMD HPLC 7347
NapT8 (T Mg> IHEAFHN S FED DI ST,
300
—Mg2+ | +Mg2+
200 A
] ] T9-P2
100 | | T9-P1
o J
0 10 20 30 40 0 10 20 30 40
min min
4-3  NapT9 &TFEAX U RIGEYD HPLC 7347
NapT9 (T Mg> BEIET DL XD RS ED SN,
T8-P1 T9-P1
O O
HO OH HO OH
I I
OH O OH O
3-dimethylallyl flaviolin 6-geranyl flaviolin 8-geranyl flaviolin

4-4  T8-P1 & T9-P1&TI-P2 DHEE
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FH  ZEEEROFEHR

VT HAR-TNA_IARECENEE B IG 7T A =D RO 7=
NWET AT 2T —BIZDOWTERJRAA AKAFNEIL NphB & NapT9 2548 & A A4 KA1
THY, o> Fur? & NapT8 |34B B A4 FIHKFMETH -7z, SHIZ Fng26 b @14
R THAZENMEZIINL TN D[43], 2T, LT L=V T AT =57 — B ]
TTIAL AN LD EH 4-5 DI oT,

TIA A hE NphB OftidbtiE s, 2 ab IR LT Fur? OE T Vo 7 &N D
TEMEHLO GPP AE G REIRO 73 /Wi HlC DWW Tl B A ik 458, 51 & H . 64
FHORIFERILNS3HEZRH., 6T HZBBHDOT N =0 AR I Y T HZE0 000, l7 2
VBRI S BAT ANEAF FHRENE T L =T 2T 25— PR TR ARSI T,
Fur7 OE7 V713 Insightll TITo72 (4 4-10), ZOT T7A L A R0b, 2D &Y
VRN G BA T ARAE AT E L WD RTREME A % 7=, £ 2T, NphB(S51R),
NphB(S64R), NphB(S51R, S64R), Fur7(R53S), Fur7(R67S), Fur7(R53S, R67S) % {ERIL
TIEMEZRIEL ., U7z, ERUZIZFR 4-3 DS 7T A4 ~—%H\), Strategene £HD
QuikChange® XL Site-Directed Mutagenesis Kit Z{#~7-, FEE TS TS
Tl iEo7,

F7-. [ACL, NphB & NapT9 Tix NphB @ 121 & B (ZAH Y 925 13T 0 Th
553 Fur7 & NapT8 TIZN ' h7 7o LT EHI TS, £ZT NphB (Y121W),
Fur7 (W123Y) HAFRL TEMEZ LT,
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& 43 ZREEBREHDODTSAT—

TIA~—4

7T~ —hkS

NphB (S51R) N

5’-CGTCGTCTTCCGCATGGCGAGCG-3’

NphB (S51R) C

5’-CGCTCGCCATGCGGAAGACGACG-3’

NphB (S64R) N

5’-GAACTGGACTTCCGTATCTCGGTGCCG-3’

NphB (S64R) C

5’- CGGCACCGAGATACGGAAGTCCAGTTC -3’

NphB (Y121W) N

5’-GGCTTCAAGAAGACGTGGGCCTTCTTCCCCACC-3’

NphB (Y121W)_C

5’-GGTGGGGAAGAAGGCCCACGTCTTCTTGAAGCC-3’

Fur7 (R53S) N

5’-GATCGCCTTCAGCGTGGCCACCA-3

Fur7 (R53S)_C

5’- TGGTGGCCACGCTGAAGGCGATC-3’

Fur7 (R67S) N

5’- GGGACTTCGACGTTAGCTTCACCGTTCC-3’

Fur7 (R67S)_C

5’-GGAACGGTGAAGCTAACGTCGAAGTCCC-3’

Fur7 (W123Y) N

5’-GGGTTCAAGAAGGTCTACGTGTACTTCTTCCCG-3’

Fur7 (W123Y)_C

5’-CGGGAAGAAGTACACGTAGACCTTCTTGAACCC-3’
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NphB

1
VEGGS FlsMal. sG
SDAGG\IL.|SLQ.AG
EQ. .ANIAFRVATNA

NphB MSE....
NapT9 VSG....
Fur?7 MPGTDDV

NapT8 MTD.... DK. . AFRVTT . .
A
n2 o4 B3
NphB 90 020000000000 ————pTTT
60 90 100
NphB HSTEL FPHTGHPVDDEL HLP viTG
NapT9 |THV|PEM L TEpDI;8AYS TVIAAEIVSLAP HVG
Fur? HEGDF IA TDHPVGSHLSDIQQLCS ¥KS
NapT8 |[RG|SKDL AEAPD)RYG TLMDDVQANTI P VVE
B4 oS 06 o7 Bs B6
NphB  =——————p TT 020000 TT Q0000 000000 >
13? léq 15? 16? l?q
NphB YRAFFETDNMPGVAELSAT PRI rA VA ERAEL FAR YRR . K VoM TS MpF{KKRQVIYL
NapT9 YANF)gH . DQQTVAALAGLPEINZRA VIGGIYAEF FAJIHIA R VAL I|G VR VINK T TR L
Fur? WVY[FIJAGEHE TLARLTIGLTEINGS LAGIVIDF F T V[ AWK VD[V I|G IRMR|S R TIMIIV
NapT8 WIOFLIEGNDLQKLSKVAALPEINEP|S LAERNLDF YA Y[GADMK NSMI/G IBFYPSR \
(]
of o9 al0 p7 B8
NphB  =—» Q00 00000000000 000000000 =—————b>
180 220 230
NphB [§gSE. .LSAQTL |F s[viq Pp$AN E TIGKHDEIL C[F A
NapT9 }#3QVSAATAGNL A'Y RITN4Tg# AQER LI A
Fur? Al. . .APSECF FG[LP{Th9 MEMENI|SY|G
NapT8 }43jLQ..FPDET Nieli YRy T L. PREOIITFA
all B9 B10
NphB = =—p TT Qo00000000000 TT >
249 25? 26? 279 289
NphB VIS...NDPTLVPS[SD..EGD HN Al YAYVGE TLEYG LSPKERYY 2|
NapT9 PKPRRGIDPADLPAR[L..EPR . . .[LRATIHKYPGALIN . AT WS PERIVL DA
Fur7 VKT...ENPMTFFARL..GT Hiy. . . N*PYGVDT.Q M. VY TSSGERYY QE
NapT8 TLV...PDAEALPGRIAVEPS . . .ARNVJJHTYPGP G‘EYN SYSGGYFKMQ
al2
NphB == 0...000000000
2390 300
NphB YYHIMD. . .VQRGLLJKAFDSLED
NapT9 HYQV|SA...VQMKAIIEAEEGQAS
Fur7 YYRWRSVSRLNAAYIAARDKEST
NapT8 YHQLAEG.SLEARVLLGAAGAGS

X 4-5 WBEEBREILZIISURIIS—EDTIAUAVE

NphB & NapT9 73 Mg* Ik f7tE T b, ZZTIE51EFER L 64 FHDEY /T AF= 5%
5 (A) L R2IFHOTFr /N T 77 U5 (@) [ZHEH LT,
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EB=H  Fur7 EEESROMBEMRHT

Fur? OFNZEFNOERERIZONWTTIIEA V2 RE IS EITWZEILE I
HPLC TH#rLi=,

EBRITIE
R 4-4 Fur? ZEBRRGBRHER
HE KRRE
Tris-HCI (pH 9.0) 50 mM
MgCl, 5mM /0 mM
GPP 5 mM
flaviolin 1mM
Fur? 1.0 mg/ml
milliQ water
total 0.1 ml
R

53 /B OTNAX =V VYRR IEICESR L2 T MgT IR TR L L7
Motz £, 67 H B OT N = FR A VU R IRICER LT EZATEVEDR 5%
AATE D MZ DTN LV DT ITIEEREEL TWDHEE BN, S5IC53%FH .
67 FHDOWF DT NX = e vIAE T THE Mg ~DIRIFERHE LN E
IpoTCe,
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o

o

HO. OH HO. OH
O o T
OH O OH 0 N\

fur-P3 fur-P4

N,/

+|V|g2+ _Mg2+
Fur7
0

T T T T
10.0 15.0 20.0 25.0

5.0 10.0 15.0 20.0 25.0 5.
Fur7 (R53S) /\A;
T T T T T T T T T T
5.0 10.0 15.0 20.0 25.0 5.0 10.0 15.0 20.0 25.0

Fur? (R67S)

5.0 10.0 15.0 20.0 25.0 5.0 10.0 15.0 20.0 25.0

Fur7 (R53S, R67S)

T
5.0 10.0 15.0 20.0 25.0 5.0 10.0 15.0 20.0 25.0

4-6  Furf 7IVXZUBRELZERBERIFMELR

Fur7 (R67S)IAtdhA 10 fFIZHERLTC, 53 FHE 67 FEHOMG OT NF = F A ) NI
B hL, -Mg  TITIEEA IS IZ o T2,

124



FEN T, Fur7 (W123Y) OSSR HPLC 58 RIS T o 72, Z D 3 Fur?
(WI123Y)ix Mg ~DIRIFEIT E o 7= BB S e o T8, fur-P3 & fur-P4 DAkt
23 1: 1705 3: 1 ~EZEEL T,

fur-P3  fur-P4

Vo

Fur?7
_Mg2+

0.0 10.0 20.0 30.0
(min)

Fur7 (W123Y)
+Mg?*

]

0.0 10.0 20.0 30.0
(min)

_Mg2+

0.0 10.0 20.0 30.0
(min)

4-7  Fur7 (W123Y)&ETSEA VO REEY® HPLC 7347 (265 nm)

W123Y 1T Mg IRAEEI T RS0 7228, fur-P3 & fur-P4 OFE LN ARIEEE D 1: 1 15

3:1 ~EE{EL T,
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el

EME  NphB ZEEROHBEH

NphB DZNZENDEREEFRIZONWT TV =0 BB I KON EITOE N T
HPLC TH#rLi=,

ERITIE
& 4-5 NphB ZEERRIGARER
HE KRRE
Tris-HCI (pH 9.0) 50 mM
MgCl, 5mM /0 mM
GPP 5mM
Naringenin 5mM
NphB 1.0 mg/ml
milliQ water
total 0.1ml

B AERIRESR 1L Mg™ IR TFETHY | Mg” FIEIF1E T CIldE k2R &72 57243, NphB
(S51R) Tl Mg FEAF(E T3V Th 11 min & 15 min | 6-geranyl naringenin &
7-O-geranyl naringenin 23R SV, 7T = BIEME RS CT& T, 2O O FLEE S
Tl Mg™ OF B ) b b TEERTEE DR TER) o7z,
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OH

-

NphB 6-geranylnaringenin I
\/ 7-0O-geranylnaringenin
+Mg?* —Mg?*
4/\ e N—————
T T T T I l I I
5.0 10.0 15.0 200 50 10.0 15.0 20.0
(min) (min)

NphB (S51R)

+Mg? J\ ~Mg?*
VAN

T T T T T T T T

5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0
(min) (min)

4-8  NphB & NphB (S51R) D RISE#® HPLC 247 (290 nm)

NphB +Mg* LIS itz 10 f5129EK, 51 &K H OBV AT A= F Ll 725 5
%35 T Mg? IRAFME DSBS STV,
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eV T, NphB (Y 121W)D S EARR D HPLC 23 M R I2 T 72, £ DO 5 NphB
(Y121W)ix Mg* & A7 T UL B AR L 2K RIU Tho 7o, LILT TR /RS
MRV T ZAR RN ST DL VARG M — L E S LT B N SOGEE I8 22 kL
oo ZORISHEDZ 77 BUL NMR (Z& > THEIEZ IR E L T2 LA 2-geranyl resveratrol C
H-oTz,

NphB

5.0 10.0 15.0

(min)

OH
HO. ‘ S O
X X
OH

NphB(Y121W) 2-geranyl resveratrol

|

T | :
5.0 10.0 15.0
(min)

4-9  NphB (Y123W)EL ARSRA—ILD K GEYD HPLC 247 (290 nm)

NphB (Y123W)iZ Mg> IKIF I ZE (b LR o 7= 3L AT I — L LR S ST A I R

MDA L TN, OREIGEA TR TE T 5 & 2-geranyl resveratrol 234ER% L TV /e,
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ERE BE

NphB I3 Mg* K TE M TH M3, FurT 134 B A4 FEIRIF M TH 5, Sbic, TETY
A~ AV R BGEIG T NapT8 & NapT9 #7/0—=7 L7 784K L CRUGE
RAT2EZAH Nap T8 1T B BA A L FHKAFHNC T ATF VTV EEA T TV D 3 (1IT,
NapT9 I Z&BA A AKFRNT TN HE 7TV D 6 fLETIE 8 ALITAHNLT,
INBTV =N T AT =T —BRITT IA A Ml Dl G RAT L IFRFHED
Fur7, SCO7190, NapT8 TiX Fur7 ® 53 & H & 67 & HITAH Y57 IR ENR TV
X=UThY, BRAFAKAFNED NphB & NapT9 Tix gV Thotz, 7L =L T
A7 2T —PRIGTIET L= U ROA~NTa) VAN AELT= T L = B F AR
FKHEBRERE BSOS E G T HEHEESNTRY, Mg” BZ D% o C
WHEEZEZ BN TWD, 22T, Fur7 RRED®BAT L IFEEEDOREFE TIX, 71¥F =
VERFEINT V=V T A DARRIZES G- LTS RTREME A B X T2, £ ZC NphB(S51R),
NphB(S64R), NphB(S51R, S64R), Fur7(R538S), Fur7(R67S), Fur7(R53S, R67S)&1EHRLL
TIHEMEARIE L2, TOREF, NphB(SSIR)ICEWT Mg FEMEAE T THIRMES B &S
iz, —77 T, Fur7(R53S, R67S)iE Mg IRAFE DAL LI=Z M, Fur] ZEUo ., 4
BAT L FAKIFMED T V=V T AT 2T — BT OO T NFX =V RN T L =L
AT A DERRIZE G L TN ENRIBENT,

Fo, TIA A MekbHE NphB, NapT9 Ti& NphB @ 121 F HIZH7=5T 1o 7%
F=23, Fur7, NapT8 TIIN 7 M7 7o R EHRIN TS, £ZT NphB (Y121W),
Fur7 (W123Y)ZERLL THEMEZ it L7-& 25 NphB (Y121W)Tix Mg ik AitE oo 28
{BIFBES N7y VAT e — VA SEIC LT G IS PFEM N B b LTz,
F7o. Fur7 (YR_RIW) T3V 2 HICLZ G G2, bebe 111 BETH-T
fur-P3 & fur-P4 DERLEEDS 3:1 1T > TR 1 R TF AV INZEILS N TODZEN 7y
Mol ZOZEND, Furl TIEN T T 70O n B RICE S T3 T AL DL TE
BN TNWBEEBZ TS, 2T, 7% 7V AGRICBWTL 3 b F A4 23K E
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TEBRSIGT DU ERH DT THDHEVZ D, — T NphB Tl F 77 VB AEARK
IZBWT 1 BT AL TRINTDUNENRHY, 207Dl F o O n BRI
1 B h F A R EALL TNDEE ZHID,

4-10  (a) NphB & 1,6-DHN, GPP M ##5&#EiE. (b) Fur7 DETV V&

NphB (25T Mg” HfE A LTS D62 13 Fur7 THERES L TUVD(D65), FAUTKIL T S51,
S64 1% Fur7 TiE R53, R67 (2725 T\ %, £72, NphB @ Y121 1% Fur7 TiX W123 L7225 Td,
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7o, AT HE Aspergillus fumigatus FHRDN T 7 72 % AF VT UL T 57 L
=IVNT AT 27 —F FgaPT2 Ot niiE 23 & S4172[50], FgaPT2 1X[X 4-11 D15
WZNV T N7 7o D 4 5% AT VT UALT HEESE T, NphB 12K T 12%, Fur7 ([Z%fL
T 6%EFARME T8O TIRWAS, #3813 NphB & [RIC (00pp)s-app-D PT /S ETH
o7z, ZL T, FgaPT2 T Mg JERIFIEDEEFETZ2S, DMAPP OV FRIZT LF =2
PRIV DU/ EIEO BRI AL DT I /R ERE AL TV e, Fur7 X° NphB(S51R)%
FgaPT2 [FkE, 7 X =V BENDUU LR A T5HZLT Mg FHEIFRI72 7L =L
Bl T b EE 2 bbb, £7-, FgaPT2 TldhF AU BERTAHAEIZ 3 DD
F L LIS DMAPP ZPHTr JOICAF/EL CTHY, 26T NphB Rk 1 kAl F4
ERELTNDHEE X HID,

HO\P/O‘P’OH“)\ HO o PH
e Ho Yy g o™ HO-R  P~oH | NiHz
COOH DMAPP 00 COOH
A\ / N\
N FgaPT2 N
L-tryptophan dimethylallyl-tryptophan

4-11 FgaPT2 DR

R404

4-12  FgaPT2 & DMSPP (£ #t R
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el

¥—8 &

T D —IRAGHPEM E L Th 2 27 L = /BB S IR EEES TRY, ThbD A4
PIEYEDER SN TWD, LinL, £D—T7 T, AEERNUE THLIZOLE M DIF
ENNEETHY | EVTETEPREI SN TORWMEE B E W,

AREETIX~ ARMEY) Sophora flavescens Hi 3D 8-dimethylallyl naringenin & i\ f% 5
N8DT [17]. 6-dimethylallyl genistein &%l G6DT & BGIRE HIk 7L =L T 27
=7 —+% NphB, SCO7190 |Z2W\WTI¥ =2/ ¥ (miyakojima R#)&H A X, h~h
(micro tom &, money maker ) THRELIH | Hi) TOT'L = AL B D BFEAPEDS
ARE CHLOMN IR LT, T OB, B E R T L =V o 27 =5 —BZ2H AL T
BRRLET L = b A E RS E LTV, LC-MS T 528 T, TR finf ik
POV = AL BV DRIEZTGRITATOZ LN TEDLEE R T,

OH
HO o O NSDT
O M92+

OH O OH O
naringenin 8-dimethylallyl naringenin

HOO| G6DT HOO|
§ } $
OH O
OH oH o OH
genistein 6-dimethylallyl genistein

5-1 NB8DT, G6DT Dt d 5 &It

N8DT (X T Vo7 =0 D 8§ (MLDIRFBIZIAF LT UL HE  GODT I = AT AL D 6 (fLDRFEIT

DAF T VIVEEATINT 5,
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E_f MEERERSVYIJTHEHMOS T

BF—IE NphB RHEIVvasHHEYO ST

Y2/ YT NphB ZFHSE -V 725U, TWEEEHARDO/ERI T4~ T
FUORS KR AEAF R TR AT, Rl — S Je A ORFJE =R T Tz, NphB 1A/ v, 7
FAFR  IharRT TRIASEILLOLFER LT, Iva/7 % D%EL 100 mg Dry
Weight/ml {2725 X912 A% /— /L CHIHL 15000 rpm Ciz (3%, 0.45 um D7 (/L4 —
TAHBLT= Y7 V% LC-MS THoHrLiz,

KB T7 1k

VAT Y NOAS )= AR L= 7 0% 10 512 RL T 10 pl 2 LC-MS T4y
Bride, i SRAIHT L F O EBYTHS,

LC Z&ft:

Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),

Solvent: A, methanol; B, water (+0.1% acetate), 0.2ml/min
40%-100% A over 20 min, 100% A for 10min

MS Z&ft: ESI-
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S

NphB ZEEi#K TlZ NphB 27 7 AF R TRELSETZ D9 74128 W T, 0.1 mM T
VIR AT A B E LU TIRINLIZEE IS’ 405 (ESI) Ofkd
Mkt E e, £OMO AR NIRRT TRELSE - TIETL =1 1k1k
BT TER) ST,

D9G

AN o A S g A,y e
|

DION

AN A g A g A e Rl oy Pt ""“‘"‘"'f‘\
D9
WP S o A NI Wi Mt

10.0 20.0 30.0
rt/ min

5-2  NphB Ik (D9)HE WD A7

D9 A 1E NphB I/ % D7 FAF R THELIE /8K, LC-MS it RO~Ara~ 7
2 (m/z=405.0-405.5)% 7~ L7z, D9G | D9 7112 0.1 mM genistein Z¥RINL 72> 7 /L, DIN |%

D9 7412 0.1 mM naringenin Z¥SINL7=H2 7 0, DY IZAIHIRIIL TR 7L,

K12, 0.1 mM naringenin $£721% genistein Z¥RINL72 D9 714 TSN LE W)
Z[EET 5720, NphB ([ZEV AR TEDT7 IR IARDHIH m/z=405 (M-H) TH5H
6-geranyl apigenin, 7-O-geranyl apigenin, 7-O-geranyl genistein &AL T, LC-MS 43
PricfikLrz,
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EX A pIReS

D9 74> ™ 0.1 mM naringenin #$J1Y> 7L (DIN) & NphB (28> CTH R LTAE i
(6-geranyl apigenin, 7-O-geranyl apigenin, 7-O-geranyl genistein) (Z-DWT, ZLE 4L
%z LC-MS TotrL7zob, i & iEa L T LC-MS TatrLic,

S

D9 FANRNTT VT =0 F=AT A BINY 7V inb i S & Wi
7-O-geranyl genistein E¥A IR 23 —E L7z, Z4UZLY, D9 A PEM % 7-O-geranyl
genistein L[RIE T HZENTET,

A.NphB B Er#2{K (DIN) 0.1 mM naringenini&n
|
|

|
|
|
|
i
e e B e s o b g b il b

7-0-geranyl genistein

B. &5
OH
e
OH O
7-0-geranyl apigenin
)
C.A+B jI
h
i
h
I
— N | N W
5 10 15 20 25 30

retention time (min)
5-3 NphB 3tk (D)EEYDRE
D9 FA 2 TR ENTAL AL 7-O-geranyl naringenin E¥& HIRFE 23— 7=,
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%I G6DT.N8DT.SCO7190 Rtk E YD EH

~ ABMEW) Sophora flavescens 3D 6-dimethylallyl genistein 75 %EEs% G6DT
& 8-dimethylallyl naringenin & ilE%5% N8DT[17]. LT SCO7190 %I HLL7=kk D
H# % LC-MS CTHoMrLiz,

EX A pIReS

YT NE10FFICAIRL T 10 pl & LC-MS TH#rL7z, LC-MS S&{H 3L F i@,

LC S
Column: 2.0 x 150 mm (ODS, Senshu, Tokyo)
Solvent: A, acetonitrile; B, water (+0.1 % acetate) , 0.2ml/min
40%-98% A over 18 min, 98% A for 2min
MS Z&ft: EST
it SR

G6DT BRI T TAF R TRISETZ AA L AE 74128V T, 0.1 mM 7
ZAT AWML= EXIZ m/z=337 M-H)DILEWnskHEni=, £7-. SCO7190 %
T IAFRTIHBLIETZ TP-SCO7190 C-18 A NZHBWT 0.1 mM F U7 =22
L72E%12 m/z=337 M-H)DAL &8 hs i &g (X 5-4),

512, TP-SCO7190 C-18 7A(ZF T 0.1 mM naringenin Z RN 72 EXI(T
m/z=339(ESDDILE W Bbivic (K 5-5),

F7-. N8DT ZEEL#K2HH 0.1 mM naringenin Z R34 52 & T 8-dimethylallyl
naringenin R 352N TE2 (K 5-6),
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A.B19 (naringenin)

R A N
W
L 143
C.G6DT AE37 (genistein)
D.TP-SCO7190 C18 (naringenin)
N o
E. RS 6-dimethylallyl
genistein
143
| | | | | | |
0.0 5.0 10.0 15.0 20.0 25.0 30.0
(min)

5-4 WEERBRIVYIJHHMEYO LC-MS 247

m/z=337.0-337.5 D~A/a~<v T L5773, A, A B19 (+0.1 mM F UL =>); B, G6DT
FHE AA2 (+0.1 mM 7 =Z7A>); C, G6DT FFfk AE37 (+0.1 mM 7 =A7A>); D,

SCO7190 %k C18 (+0.1 mM F U7 =), E, FEdh 6-dimethylallyl genistein.

SCO7190 FEHIRICHBWT 0.1 mM FU =% 5452 TRtz m/z=337.1 DILEW
I G6DT ¥ HHFERT 23— 2L, 6-dimethylallyl genistein &[FlE T 5 LA TE72, 23 min DB —7|Z

DNWTIRENTHD,
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A.B19 (naringenin)

B. G6DT AA2 (genistein)

N

C.G6DT AE37 (genistein)

D.TP-SCO7190 C18 (naringenin) 6-dimethylallyl
naringenin

/V\/\/\”J\V\N\J\WMW

3’-dimethylallyl 6-dimethylallyl

E 12 . . . .
naringenin naringenin
135 14.7
8-dimethylallyl
naringenin
12.4
| | | [ [ [ |
0.0 5.0 10.0 15.0 20.0 25.0 30.0
(min)

5-5 WMEEMEIvITSHHEYO LC-MS 531

m/z=339.0-339.5 D~ AIu~ T LR T, A, A B19 (+0.1 mM U7 =), B, G6DT
FHE AA2 (+0.1 mM 7 =27 A>); C, G6DT FFFk AE37 (+0.1 mM 7 =A7A>); D,
SCO7190 ¥ Bl #k CI18 (+0.1 mM F U 7 = ), E, t£ i 8-dimethylallyl naringenin,

3’-dimethylallyl naringenin, 6-dimetylallyl naringenin.

SCO7190 FEHFRIZFV T 0.1 mM naringenin 4% 5752 L TR ISV m/z=339.0 DILEY)

TR L i 95 2 2T, 6-dimethylallylnaringenin E[R]E 3§ HZ LN TE T,
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v
1
iy

o e |
8-dimethylallyl i |

. naringenin Illl i
mi i

I '

H
b
———
J——

i i
\ Iwis 11 ) LI}
..... el L Tl T Ty | PR I L) "Mk
1ol PYRCT URVRL S Y R U TY, LT QTR T o) e m o .
1wy oy AR L B L A TN TP Y
I W YT
- Y
'E
o h ﬂl IH
" W‘W WW" SN
5-6 L£:N8DT FIEIVvaJH(X2), F:B25 (MG EF4E#k)

N8DT %77 AF R THELL 0.1mM naringenin #INL723-F =227 H(X2)D LC-MS 53470 m/z

339.0-339.5 IZBIFH~vAIa~ T L, X2 T4 75T 8-dimethylallyl naringenin 73 7.8 min (2%

Hahiz,
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B=IH  FED

® 51 WMEEHMIVITHOLTHER

enzyme %‘;’i% + 0.1 mM naringenin + 0.1 mM genistein
N8DT(X2, X5) N.D. 8- dimethylallyl naringenin R
G6DT(AA, AE) N.D. 6- dimethylallyl genistein 6- dimethylallyl genistein
NphB (D9, D14) N.D. 7-O-geranyl genistein 7-O-geranyl genistein
$CO7190 (C3, C18) N.D. 6-dimethylallyl naringenin Seas b

6- dimethylallyl genistein

WSR2/ Ty = bk e i Snic o 7 i wihs U
T FIIT AT A B R G LTS G Chole, TDJRREL TR asZFDT7IHR )
ARDEFERDNDIRNZENE 2 NS, £, Al BERE AN L TTAFR b
A RYT CTHRBAIETLOEENEIIIT LI IEEDRRE CET=DIZTTATFRT
B ST EERHRTZS ThoTe, WTNOBEIEBHIKIZ OWTE, R EhnH
NI DFEBLL TWDHZETIRIIHDE DDV = AF Ty N THER ST D, LT
N> TT V=LA T TAF R DB TR SN DD T L =V GAR D7 —
IVEITIKAFLTIRY, T TAF ROZ UL Db LR,

TV = B 5 LT IZb 57 NphB F8 Bk Tl geranyl naringenin 23 H
SALF 7-O-geranyl genistein 75, SCO7190 FEHLEK Tl 6-dimethylallyl naringenin %>
TR TE72H DO 6-dimethylallyl genistein 2350 <R HS NIz, ZHiIIv=ar
P+ o oW P @  2-hydroxy isoflavanone synthase (IFS) & hydroxy
isoflavanonedehydratase (HID)(ZJL->CHUL T =0 WP = AT A ARG SN2 T
FAREEZ TS (M 5-8), 7272, in vitro SISIZIVT SCOT190 L4 =AF A2
DFUSEEMIT HPLC T TE e »7c, £ZTAEL SCO7190 &7 =AT A2 D in
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vitro [SSIERZ LC-MS THHTL7=EZ4 dimethylallyl genistein & m/z 73— 235X
IGPEMEE 2 bhH — s (¥ 5-7), L7z23-> 7T, SCO7190 137 =27 A
VKL TCHIEEE A T ENRBENTZ, LML, in vivo TR
6-dimethylallyl genistein (14.2 min) &IFEE RS —EL7edro7c, ZOHERNE,
SCO7190 FHLE TIL7 = AT A XL Tin vitro &3 872 5L & 1 dimethylallyl #£%
T 20TV EE 2 b5, HLLIT 6-dimethylallyl naringenin 23 & RS AL T
HIYa s ONIEMERESEICL > T 6-dimethylallyl genistein ([ZEHSNTWEEEZD
MDD, EOIIRBER TN ETHHI TR,
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A.SCO7190 daidzein & EEYD

11.7

B.SCO7190 genistein [ i 4

C. 6-dimethylallyl naringenin

D.SC0O7190 apigenin R i EE ¥ 145

| I [ I [ I
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

(min)

5-7  SCO7190 EFAEAV  TZRTAV  FIVT =V  TET =V RISEHD
LC-MS 7#f7

A, SCO7190 X A B AL ?D in vitro KIGFEY (m/z=320.0-320.5); B, SCO7190 &7 =AFT A D
in vitro SSPERY) (m/z=337.0-337.5); C, 6-dimethylallyl naringenin (m/z=339.0-339.5); D, SCO7190

ETE =0 invitro SFEY) (m/z=337.0-337.5)

SCO7190 LD USFEYH HPLC THIMER TE=DITT V7 =0 DI THYZ DO D3RS

FHITHD,
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OH OH
e g g
[0] O| HO. O O. Exact Mass: 270.0528
genistein
IFS, HID

OH O flavanone lyase oH O

Exact Mass: 272.0685 > Exact Mass: 272.0685 >
naringenin chalcon naringenin
/CHS
Exact Mass: 284.0685

p-coumaroyl-CoA biochaninA

CHS
iso liquiritigenin

oH OH
O Ho o O Exact Mass: 254.0579
HO flavanone lyase daidzein
O | IFS, HID
—
e
o]

OH O Exact Mass: 256.0736
Exact Mass: 256.0736 xach Hass, 55
liquiritigenin

Exact Mass: 268.0736
formonetin

5-8 isoflavone & RBIRER

F UV =X IFS, HID ([ ZED 7 = AT A ) 7 TR AR E NS,

144



E£=H BMEEBESA AHMHETTILONH

IY T IIIEE LD T TR IARDEFEN LN B DIRINN LB CTH -T2
D, AARTT TR AR FFICF A BA LR AT AL DAEFERNZ WD FE DR
ML Tr L= b E SN sZ L2 ML=,

F£—1H BRI ZHLIHEDOSH

Y aZ Y OgELRITEIIC, NphB, SCO7190, NSDT A BLIE/-LZ A XD AV
2% LC-MS Tt Ui, IWEEEHASY A X ORI L9~ TRERR F A A7 B
ZERT, Sl — S AR DRFFE R LRk,

ES kS

7115100 mg Dry Weigth/ml (27252912 A% 7 — /L CHiH L 15000 rpm Tz L
% FIE% 045 um D7 V2 —TABL THBE.SI TS, DT 7% 10 5127 R
L 10 ul % LC-MS TH#rLT=,

LC 21t

Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),

Solvent: A, acetonitrile; B, water (+0.1% acetate), 0.2ml/min
40%-98% A, over 18 min, 98% A for 2min

MS Z&f4: EST
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S

NphB, SCO7190 3Lk Tl dimethylallyl daidzein & m/z D—E§ 5" —27 3 i H
Shic, ZOE—21% in vitro 1235155 SCOT7190 X4 A BA L DRIGFEME—BL T, L
L SCO7190 &4 A BANIIULEN RS, NMR K OHEEMRITIZ R 5 BFHIL
IR | ZOBUGPEM ORISR E I LR - TUVRUY,

NphB, SCO7190 (A R~/ LAEIA) TP-SCO7190 (77 AF RHEIAL) NSDT DL
FTNERBEETFEHR T m/z=337 (M-H) OILEWH R ESh -, IR O g
Tl 6-dimethylallyl genistein &3 —EH3, SCO7190 &7 = DISHED E—E
L7z, L2rL SCOT190 T 7 = AL sh =R A3 E  NMR HEE AT IZ 2 BT
FURNTD | ZO S FEM ORGSR EIZIZE > TRV, F72, in vitro TiX NphB &
DMAPP D FUGEEYIEL HPLC Tldfi tH TE TV S NphB # B 68 SCO7190
FERRERICE — 72 &7-, $£7=. dimethylallyl naringenin &—%3% m/z=339
(M-H) OibE&EMImHEhien->7-,

SHIZ, NphB DUSPEY &L THEZHAD geranyl naringenin, geranyl apigenin,

geranyl genistein, geranyl daidzein |38 H S 720 o7z,
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A WT 321.0-321.5

11.7

M

B. TPNphB5-2

C.5C07190 5-1

D.TPSCO7190 3-1
E. N8DT 7-1
AN
11.7
F.SCO7190 daidazein X I&EY
| | | | | | |
0.0 5.0 10.0 15.0 20.0 25.0 30.0
(min)

5-9 S AXAHILRMEHD LC-MS %7

m/z=321.0-321.5 O/u~ I 5%7-7, A, B4AHE; B, NphB ZEE (F7AF R THEL), C,
SCO7190 3Btk (A /L THHEL); D, SCO7190 FHME (7T AF RN THHL), E, NSDT Ik
(AR L TEEBL); F, SCOT190 4 AE AL D in vitro SUSFEY.

B ARXTIVADNSIE m/z=321.0-321.5 O~A7a|lB WY —IRHHEni-, 2O —271% in

vitro T SCO7190 EX A B AL % LSBT SIS FEMNZ —E LT=, 7272, ZOAL B OREE T AN
Thd,
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A.WT

e M_.J .
B. TP-NphB5-2
14.6 /\
A N
C.SC071905-1
12.2 146 j\
/\
D.TP-SCO71903-1
14.6
12.0
E.N8DT 7-1

1
F. 6-dimethylally genistein

.
o

| | T |
0.0 5.0 10.0 15.0 20.0 25.0 30.0

H. SCO7190 apigenin J= i EEH)

4.3
G.SCO7190 genistein RIGEY 134

4.5

T

(min)

5-10 AAXHILAHEHYID LC-MS 7347

m/z=337.0-337.5 O/~ I L% 77, A, BAEK; B, NphB FHik (F7AFRTHE),; C,
SCO7190 ZEHIE (A /LTI H); D, SCO7190 FHEE (FF7AF R THE), E, N8DT FHikk
(AR THHL); F, 6-dimetylallyl genistein; G, SCO7190 &4 =A7 A2 ® in vitro Kt EW; H,

SCO7190 ET7E 47 =D in vitro S FEY).
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HAZXTNADNSIE m/z=337.0-337.5 OD~A7allB W TE— 73S, 2O —271% in
vitro T SCO7190 &7 7 =0 Z ROSSE T USHEMIC—F L= (K 5-7), 7272, 20L& ok
EIIRINTHD,

A.WT \

B. TP-NphB 5-2 h
C.SC07190 5-1

D.TP-SCO7190 3-1

E.N8DT 7-1

I | [l [l [ | |
0.0 5.0 10.0 15.0 20.0 25.0 30.0

(min)

5-11 SAXHIILAHEYID LC-MS 7347

m/z=339.0-339.5 O~Ar/u%19, A, BFAER; B, NphB RILE (FZ7AFKTHHA); C,
SCO7190 JHLEE (A M/ /L THE); D, SCO7190 JBkEk (77 AF RT3 H), E, N8DT FEHiLkk
(AR LTI,

WO H 7LD BE dimethylallyl naringenin [ 345 S 4727~ 72,
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BIIEH MEGRRSAXEREMORN

NphB F721% SCO7190 Z3EBLS W74 A XDOEEDHH W% LC-MS THMrLIz,

ES kS

715100 mg Dry Weigth/ml (27252912 A% 7 — /L CHEH L 15000 rpm Ciz L
% EiE% 0.45 um D7 L2 —TAHBL TSI TS, EDOHF 7 V% 10 fEIZA/R
L 10 ul & LC-MS TH#rLT=,

LC 21
Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetonitrile; B, water( +0.1 % acetate), 0.2ml/min
40%-98% A over 18 min, 98% for 2min
MS Z&f4: EST
ol R

NphB, SCO7190 EIHKIZHBWT 01 mM F UV F = &2RMTH2LT
dimethylallyl daidzein, dimethylallyl genistein &43 & —E T H—7 BRIz,
ZRHOE =27 in vitro KGO SCOT190 X A BA L | F=AT AL DRIGEDEE L
AR — LT,

SCO7190 |3 in vitro it~ Tid HPLC THOMTLIZROA A BA LR = AT A DK
ISPEM I L TER DT85 [A] LC-MS THOMLTI-EZARISFEM DS~ L
NUZEDOREEIZOW TSI E R ELS NMR I EICEHENEOLN TR THD,
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Fo WAERMZ ATV =0 2R LGB R — 73 S ivie, L7ehi-
THARXA G DOERIZEIAEBL DTN > TWAATHEMED S5, NphB (ZBL T
in vitro SOt Tl DMAPP & SUSEEN I HS AL TR0, 512, NphB DU EY)
ELTHE 255 geranyl naringenin, geranyl apigenin, geranyl genistein, geranyl
daidzein |[3ZE TR H SN R2D 72,

A. WT leaf (naringenin)
11.8

B. Tp-SC07190 4-1-1-3 leaf (naringenin)

11.7

e

C. Tp-SC07190 4-1-1-3 leaf (naringenin)
11.7

P S

D. Tp-SC07190 4-1-1-3 leaf

—

E. SCO7190 daidazein/R i B )
11.7

\

I T [ T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0

(min)

5-12 ASAAXEHEMD LC-MS 247

m/z=321.0-321.5 Dru~< T 55T, A, BAEK (+0.1 mM FVU> 4~ =>); B, NphB J& 5tk
(0.1 mM F UL =), C, SCO7190 FELFE (+0.1 mM F VU7 =1); D, SCO7190 FELLE (FV

V=N L); B, SCOT190 &4 A B AL D in vitro i FEY)

NphB, SCO7190 & HHk TR &S 72— 21 in vitro T SCO7190 £ & A B AL % UGS W= KO
FEMNC—3 LTz, 7272, 2oL EMOREE IR THS, Fo, R WT T, TV
T ERIMUEWEG ST L =V A B A LB 2 LNHE — 73S otz
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A. WT (naringenin)
14.0

B. Tp-NphB 1-4-1-3 leaf (naringenin)

14.0

ISV |

C. Tp-SC07190 4-1-1-3 leaf (naringenin)

14.0

D. Tp-SC07190 4-1-1-3 leaf

P I

E. SCO7190 genistein RIS

F. 6-dimethylallyl genistein

G. SCO7190 apigenin & it EE )

139
143
145
T I

I ] I
0.0 5.0 10.0 15.0 20.0 25.0 30.0

(min)

5-13 AAXEHEMD LC-MS 247

m/z=337.0-337.5 OD~AruZzRd, A, BAEK (+0.1 mM U~ =>); B, NphB Bl (+0.1
mM FULZ=2); C, SCOT190 FEEHE (+0.1 mM FUr 4 =>); D, SCO7190 3 Ekk (FV7=
CYERMZEL); E, SCO7190 &7 =A7 A2 @ in vitro i PEW); F, 6-dimethylallyl genistein; G,

SCO7190 LT A =20 in vitro K G FEY)

NphB & SCO7190 FEE TR S 728 —21F in vitro C SCO7190 &7 = A7 A L % K HEH T
FOSENC—E LT, 7272, ZOEMOREEIIRI THD, Fio, EITDRNRD5 WT Thik
iz, TV = EBRIMURNE R IX TV =V = AT A 5 2 BNAE — 73R SN0 -
7=

152



B=IH  FED

FAHa % H A RDDIIHEENBE N O T L = AL B DR X TE AR Do T, L
A, BED M I7 )5 prenyl daidzein, prenyl genistein Z4% H A ZENTE =W A
PEEIIME ThH -7z, 2D in vitro T SCO7190 EX A BAY | F=AT AL H LGS
W LEDO UG FEYE LC-MS Tlx—3 L7253 HPLC TIIMIG R TERN B
B THHIZH NMR ZEDHIEREITTE TR, o, T, 7=kt E&w
M ERNOB RSN TLESTCZENDE A XA H DEER ICLAE B E WD A]
BEMEN DD,

® 52 HARXHHHER

Enzyme AR - 3
Prenyl daidzein Prenyl daidzein
NphB S o
Prenyl apigenin Prenyl genistein
SCO7190 Prenyl da!dze!n Prenyl da@zel_n
Prenyl apigenin Prenyl genistein
N8DT 8-prenyl naringenin RO

BT X A X5 (-)-Glycinol 2V AF /LT VAL T DS G2DT & G4DT A3/ a—
=TSN [51], ZHDOREFE D EE OWNMNCLVFEELL | prenyl daizein <> prenyl
genistein Z/EPEL CWDAREMEN B D, 514, EBINZT L =/ibEMZRIEL |
REBAN L LICIDE DR ET L = b & WA E B OEENINN FIAEND DD
FHL7ZW,

HO o)
Cﬂ OH
=
0
G2DT/ OH

HO. HO. 2-dimethylallylglycinol
(OH) O O oo
OH \
(-)- Glycmol

daidzein
( genistein ) (6aS, 11a8)-(-)-3,9,6a-trinydroxypterocarpan

4-dimethylallylglycinol

5-14 G2DT, G4DT D &t
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EMNE MHEIGHERNMOGEST T ILDO S
%—IF N8DT.SCO7190 RIRED 17

N8DT, SCO7190 %8Bl 7=h~h (micro tom F#, money maker f) DIRREFE J
Bt LC-MS THtrLiz, IWEERHAR N~ Ml 39~ TR K7 AR A7 BT
EBINEN il S5 C ek ==V Y SRRy b el AV el

KB T7 1

7113100 mg Dry Weigth /1 mlZ72 58912 A% ) —/L TR L 15000 rpm Tz
D% B 045 pm O 7 4 /LA —TAIBL THEEIN TS, 2OV 7 )V 10 51 F
FRL T 10 pl & LC-MS THHLT=,

LC Z&ft:
Column: 2.0 x 150 mm (ODS, Senshu, Tokyo),
Solvent: A, acetnitrile: B, water (+0.1 % acetate)
40%-98% A over 18 min, 98% for 2min, 0.2ml/min
Detector: MS (ESI')

R

NS8DT & Bk, SCO7190 FEHAEEHICh~ M TITIE D IRMZ2 L TH prenyl
naringenin &—E T AHLAY (m/z=339.0) DSz, EILE VM & HLEg LT 5G
- MT-NSDT #£, MM-N8DT £k Tl 8-dimethylallyl naringenin, MT-SCO7190 £k TliZ
3’-dimetylallyl naringenin &[FIE 3D EMTET,
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8-dimethylallyl
naringenin

12.4

A. MT-N8DT TK17 peel

8-dimethylallyl
B. MM-N8DT TK1 leaf naringenin
WMAMW
3’-dimethylallyl
naringenin
C. MT-SCO7190 TK12 peel 135
6-dimethylallyl
D.iZER 3’-dimethylallyl naringenin

naringenin 14.7

8-dimethylallyl 13.5
naringenin
12.4

\

[ [ [ T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0

(min)

5-15 WEEHEr<rD HMEHD LC-MS 247

m/z=339.0-339.5 O~ AruZRxL7iz, A, NSDT FILFE (), B, NSDT # Bk (FE); C,

SCO7190 FBIME (HFZ); D, #%E 4 8dimethylallyl naringenin, 3’-dimethylallyl naringenin, 6-

dimethylallyl naringenin. MT {3 Micro-Tom F&, MM |% Money Maker i,

FE L ELEig U7 k5 5. NSDT J&8ifETlL 8-dimethylallyl naringenin &, SCO7190 F&HILETIX

3’-dimethylallyl naringenin &—£( 7=,
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EZIH  FED

FMIEEDORMRUIZ TV =Wt Wz EREL Tz, N8DT FEERK TIE TR
1Y 8-dimethylallyl naringenin 23& (1S 4172, SCO7190 FBikKEIZ DUV Tl in vitro Tl
6-dimethylallyl naringenin Z/EPES 255, F~ M CHRMERIL-HAILTHIZKLT
3’-dimethylallyl naringenin 23 4EPES U CU e, 724 in vitro St & H 702 UG FEMI DY
L TWADNIATHS,

F7-. h~MIIZX 5-16 D X5 naringenin DK 100 ££0D naringenin # /L= HNF
FEL TV, ZDZED D naringenin H/La % I CEAEESE AR AT HUT. Lvzh
IV =L EMD R FEITR HEB X TND, IIvar D7 L= ALRITEN
TP LTE PO A S ST D O TS H OB WIfFF <41 5[52, 531,

#® 53 KIILODHER

R B ERiR fruits peel Leaves
8-dimethylallyl 8-dimethylallyl 8-prenyl
MM-N8DT
naringenin naringenin naringenin (TK1)
8-dimethylallyl 8-dimethylallyl
MT-N8DT RERHT
naringenin naringenin
3’-dimethylallyl
MT-SCO7190 REEHT REEHT
naringenin

156



A.MT-N8DT TK17 peel

5.8
]L
B. 42

naringenin
chalcone  naringenin
5.8 6.4

N/
I |
0.0 5.0

5-16 ~ILHY T ILHD naringenin F & U naringenin chalcone

[ [ [ [ [
10.0 15.0 20.0 25.0 30.0

(min)

m/z=339.0-339.5 O/~ T L% /RLT-, A, N8DT FEBifk; B, FEih naringenin chalcone,

naringenin. M MIIX TV = AZK LT 100 [FDF V7 =0 Ivar gL T,
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ERE BE

YT HNIT TR AR DARE B ARR D72 7L =)L EITFFO IR D2 T2 D3
TIAFRTREIE, 0.1 mM HE (FV 7= F 375 =7 1) ZIRINT5E7
Vb EMEEET S LRGN/ 572, GoDT AA2, G6DT AE37 Tl
6-geranyl genistein 25k f T&, D9 (NphB ¥ Hi#K) Tl 7-O-geranyl genistein,
TP-SCO7190 C18 TlX 6-dimethylallyl naringenin, 6-dimethylallyl genistein 73 HH T

o SRIZINODTA L H T INIE &R ERBITOMNE DL H D,

Flo, FARIIT TR /AR B L EIZEHATEY, WEPEEIHAET S0, BE
DEGRLT, TV =L EMOAER IS Ivas PRk L =11kt
BDOEFEIZIT0.1 mM OIEE ORIMMBME TH -T2, ZOJFKEL TIL NphB Tlxf%
FDOTTRIARICHTD Kn DS 1| mM FRELEWZENEZBND, Fio, X ARXEDY
YINVTIEI AR THIE O 50TV = A b B D A FE N BLEE S NI 2 LD
LI AXHH DRI L LTV =L B D EREL I Z > TWD ATRENEN DD, fiilt
B AZX)0(-)-Glyeinol 2P AF VT UNALT 5 GADT, G2DT 3/m—=127 S [51],
FEDOIIMIED WT THZD IR BERE MMBN T D ATRENED DD,

M MBITEE ORI L THIV = D7 v =k b &b, o1k

AL LC-MS CHESL &Ll U7 #E & 3°-dimethylallyl naringenin CTéh -7z, SCO7190

I in vitro "Gl 6-dimethylallyl naringenin O A A 9543, in vitro & B72DIEMEN R~
O FFRFE B SR TR SN2 Z T BLRTER U,

WTNDOEED in vitro THRRLIAEME WD ZETIERAEEY ORI ENTE
7o 72120, invitro TIXSUSUIZK WS DXR in vitro EIT LR D SUGPE DAE R Tl
BRI, 2OV ST AL D RIEN S B OB THD, /o, EEEREITOIZLT,
FOT V=L B D L PER DS VB EEIIR DT A L 218K 52 Lb 5 % DR
ETH5,
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FRR X 272 ZRAE & A E T 228N EBILTERY , DI HLO—HITARY
TEAR-T N )AREILEWME AT D, Streptomyces sp. CL190 #RDAFET 5
7T IVE U [46]X° Streptomyces sp. KO-3988 ¥k D/EFETDH T T % ) [35],
Streptomyces sp. CNQ525 D AEPE T H T VT A ~ A [38]. Streptomyces
cinnamonensis D'EFESTH 7T ) F TR 3912 E BRELNTWD, ZNHEIELEY
DEAB KBS 7 F7AZ—ZITEHRO @ L2 RS, 20560 —2)
THN A klESR rppd HRETT THDH[22], LIRS THRIFZXARE 31X 5 01D
malonyl CoA HE A EILD THNICH KL | BR{LRCAT AL E DERMiE = T HEE %
BD, SHIT, T IARBROIEE LD TV =V )G RS L TF
1ET %, ZHET, B RO T A F R EWME B LT 27V =V o AT
= T— IO TNRD T2, Streptomyces roseochromogenes YY), 7ame A
HEEEZE D —DELT cloQ N —=2TENT=, cloQ IFEEID T L =)V vT A7
=7 —B LRI Z RS2 o723, 4-Hydroxyphenylpyruvate (4-HPP) (Z DMAPP
ROZAFNTINIEAINT DIEHE AL Ve, £L T, ERLIEARI 7 ZAR-F7 1
XIARBEAC B EE GEIR -7 T AZ—IZH A RIPENT 20% 2 LRV 2238 cloQ
RERZPIEL TEEL TWD, LINL, 2D cloQ R ERT DTV =)V TV AT =5
—EBOABIIEEIZOWTIL, REICThoTo, TR TIZT 7T AE AR
ETTX )BT OUNT, nphB WIERRE fur7 RO TV = VN T AT 2T —
EOAMAEORELBIELI. Bl &E, H2 W), Flo, Fhb7 V=L AT =
T— BRI ZATOL LB, WRBREE R LRI AL T IR /AR R
FRARD TV =) AbZ R I T2 (5 3 35), 7L =L T TR AR T L = /AR
TEAARTIUAE ., Pk, i FUEGRE DT I AEMIEEEZ AL TOD KRR
(VI EICUINMEIEE T RS RO EMETHY B2 G AR RO TN,

F2 BB TV = VT AT 2T — BT R CE IR SN DDXXD £F—
TEAL, IEEOT L =)L TV UBEORE G LG MgT A TH D, LUk h
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DTV ZNIT AT 2F—P T 7T AL AS R EE#E NphB, TE TV~ A
A RKEESE NapT9 1348 /A ARTFIETE N7 7% /o A A ISR Furl, TEIY
A A A EESE NapT8 I3IEIRIFIECTH T2, T2 T, EDENIZH S THT7I/
FRFR LA BDNT T D282 BERLIZ (B 4 ), &R, iR E BT L =1 R o2
727 —BERWTERLIET L = b AR T 22 T ORI & £
NOWER TV =GO RIEL AT (5F 5 ),

F1E TIX U OESRB IO Fur? OFEREARAT

B 1 mETIET IR VR TAY I
Y Fur? A EE DRIE AT o7, Fur? DERRAIEE L fiur7 EERK RS BIG0D
HEET DI ENTE MEEMNT OFE R 5,7-dihydroxy 2-methoxy 3-methylnaphthalene-
1,4-dione (2-methoxy 3-methyl flaviolin) CTh->7= (X)), ZDOZENBRV X AR EE T
Fur7 (L7 L =L DRNIAT /SN L ZEN LT, — T TFx /v DE Sy
15 CTH 5 2,5, 7-trihydroxynaphthalene-1,4-dione (flaviolin) % FE I &l To7-L2

FNAT L=V RTL AT = T—

A TTH ) TIFATVIETEBRINTND 3 MLORFBICT L =/VHER L, 2
DZEINEAF AL T L = NACD RN EDZ LIS TIELVMZE IS T L =L B
N 2IDCEER L OREAIREDZEATHEE X BV, £72. 2-methoxy 3-methyl
flaviolin & Fur7 #GSHAHIET 6-(3,7-dimethylocta-1,6-dien-3-yl) 5,7-dihydroxy
2-methoxy 3-methylnaphthalene 1,4-dione (fur-P1)23 & XS 4172, fur-P1 % fur7 EERE
\ZH-RTee2AT TR ) DAEFENEIR LI-ZE0 D, fur-P1 BAEGKFRETHHT
EEFAETAHZENTET,
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ppo/\)\/\)\

oPP

o GPP o) o)
RO o geoss
X X X
OH O OH O OH 0 Ko
flaviolin fur-P3 fur-P4
PPOM opp
o GPP o o
heg@ AL eI NR RIS &
=
OH O ~ OH O OH O
2-methoxy 3-methyl flaviolin fur-P1 fur-P2

o
Ho!lo\
X
§,)—0 ©

furaquinocin D

| Fur? DEBHEEREV., 757/ 05 G REIE

o2 FITALCOELSK

2 ECTIIT 7 TN ARG I TAS =G ENDL TV =N TV AT 2T —
£ NphB QAR ILE D[EEL B fELTz, FEDREITIZELRNSTD nphB ki
PERF IR E NphB Z SUSSH D& T, 5538 1K AR L TV A SR E ) NphB (2
Ko T 7= b7 &% 2 H45 nph-P3 % BB L 7=, nph-P3 % nphB I ERKET 2K
WCIMZT2eZAT T T AR DEFENRBIE LT85, nph-P3 N F 7T LB G RK
FRATHHZENHONT IR ST, T T T AL DT I IARE Y X cis BT D3,
nph-P3 (37 /L~ A RIEHIT trans IR ThH-T=Z 0D BMAVFEE OFEN THISND
DFAFPERR R DDITZE DL ZRTEMEZ S DEER D FFEIL TERD -T2, 51%1% nph-P3
Z I MR R BRI R B DI B2 TO LN B 2 DD, Fi, BIRUSPE
¥ &L C nph-P1, nph-P2 23HFEZIL, £ DOREED D NphB 23 /LAR = /L OFHTFRO &
FERET DI EDIRIBS LI,
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malonyl CoA

HO OH
9@ s 9 9
o P HAM
OH OH HO H HO™ 5P oK
1,3,6,8-tetrahydroxy GPP
naphtahalene (THN) [6)
OH O (.P? (.P?
\ l HO 6P &Pe

PPi
[¢] " 0 o] H @M o]
HOH HOH HO o/ HO = =
S P _
OH o 0 o

NphB
OH O OH O OH O Mg2* OH O
nph-S1 l
o
| \ ‘ BS0 Gaae
OH
N\ | OH O
0 OH
HO O‘ o NphB o O‘ O -H0 HO OO °N§ nph-P3
OH  Mg?* OH o -\ l
OH O OH © OH © K o
d2-8 nph-P1 nph-P2 HO ‘
N/g O‘ o
\ OH O
naphterpin

Il NphB DH#ERCHEEL ST ITIVE G BHREIK

F3FE SN AT =T —PERH LT L = b E I DA%

NphB, Fur7 & Streptomyces coelicolorA3(2) 3@ NphB €12 SCO7190 Z
T dihydrxy naphthalene (DHN) °7 73R /AR AW RV T Z AR DTV = AL AAT
77, ZOFER NphB TliX 1,6-DHN, 2,7-DHN, 7JR /AR THH T V7= TES
=T ZATA  FABA YK T ZAR THLA VR — /L L AT e
—NHE TN THIE N TET-, £72., Fur7 1% 1,3-DHN, 2,7-DHN, resberatrol 271
=IALLTIZR T TR A RITHR U TURIEME D R TE72h o7, SCO7190 1% 1,6-DHN,
2,7-DHN, FU 7=y FU_h—L LARTha— LIt TREI S OUATF LT
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UNFEEA NIz, W OEEFRS 7 L =V 2 (N3 AN B 13K EE O A /L Mz
KEEFEDIEFZ IR - ThoT-, ARG LT L= AL & O P I H L &%t
BEEENTRY, WER RO TR R I EME PR EH OB L
WO RTCIEFIZHE THV A THDHZEa R T LN TE,

/

o4 A SR OE R ERE AT

RYT ZAR =T N AREG REAT) R R T L =V T AT =5 — B DT
NphB & NapT9 > Mg® Ik /74t T Fur? & NapT8 I3 FEKFMETH -7, TIA L A
& NphB O i, Fur? DET V7 b, ZO&RAT ARG EZRET DT/
F% 5% NphB @ S51, S64, Fur7 @ R53, R67 THHETHIL, NphB (S51R), NphB
(S64R), NphB (S51R, S64R), Fur7 (R53S), Fur7 (R67S), Fur7 (R53S, R67S)&/EHIL T
TEPEAE LTz, 0% 5 Fur? (R53S, R67S)TiE Mg* ~DIKFEVEA B <720 . NphB
(S51R) Tl Mg FEAEAE T Th TV = ATkt L TIE M M S 7=, Mg - AFED
fE#ETlE Mg Ick > THL =L DDV AR IETAT RIS AN Y, FL=/L
AFF WAL TRIGETHEEZLNTODN, Fur7 TIETLF =0 RN Mg R
POERIZLTNDHESZ 2 HD, £72, Y121 1 NphB & NapT9 THRIFE4L, Fur7 & NapT8
TIEEBICN TR 7 AT EHRS I TUZA3 NphB  (Y121W), Fur7 (WI123Y)IiZEH 124
JBA A AR B CIT B S o 72, LidL, Fur7 (W123Y) Tl 7L =1 a5
Fo D 3 I F A EIET DIEENBA U, 1 I F A LG T DIEMED KL T
W2, ZOZEND WI123 1% 3 AT AL DR BT, YI21 1% 1 AT 0= E
IZFHLTHDDOTIERWMNEE 2 BT,
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F5E JPHEIBAEY DL ET LTV = AEE RO FIE

S as Y X AKX bbb~ Y H kD N8DT, G6DT. #rEE D NphB,
SCO7190 #H AL, EEHAEOM Y Z LC-MS THHTL T, 7L = {blb& D
Rl EZAT o7, HhH Yo 7 AL R TR R A AE B SUT, SRlfs— s Se A DB
FEPLHEG L T2, Y= Cid N8DT JEHiFL T 8-dimethylallyl naringenin,
G6DT FBIFK T 6-dimethylallyl genistein, NphB F$ELEE T 7-O-geranyl genistein,
SCO7190 FEHLKK T 6-dimethylallyl genistein & 6-dimethylallyl naringenin 23k H & 4172,
WTNOHEBEEELTO0.1 mM OFVT = T AT A&V VU CHEIZEE
WINUTz IILR WG EITT L = b S I T&E2Rd o7, A X Tl NphB,
SCO7190, N8DT FEERZ T LTz, X AXHNUNIF A BA LT = AT AL 7RET TR
JARNEEAFIET DO TT L= /b G O AL FER RS 172, NphB <> SCO7190
TR D H VAT dimethylallyl apigenin &35 2 HLHLE WD R HEINTZBEENLD
MY 7TV = b E e Ok o 7z, Ll FAXDZETHIY
a7 EFRBRIC 0.1 mM DOF IV = OFRMIZEY dimethylallyl daidzein <2
dimethylallyl genistein &%& 2 LIV LA DR HSITZ, ZHIXW T b B AERI D4
ARXTHIR SN ARXIINTEMDRER L > TO ST TOD ATREME DS RIS
iz,

F=hMZ 2V TIX SCO7190, NSDT F& Ik Z 73 #r L, SCO7190 J& HLER 2> 51
3’-dimethylallyl naringenin 75, N8DT Z& Bl 513 8-dimethylallyl naringenin 25 H S
iz B CIIEEORNRLIZZNGD 7L = b A A CT& 7=, 7=, in vitro
ST SCO7190 D FEYNIE 6-dimethylallyl naringenin D T DD Th~ M TH
BEE7-Z82E>Tin vitro TIEARTEZRV 3°-dimethylallyl naringenin 234 PES
TeZ LT BR R,
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WTIOGED in vitro TH M LR fnZ WD ZE T EREPEY DR E D TET,
72721, in vitro TS LIZKWS DR, in vitro UG EITER/R2 D S FEMI HEY T
IS, TV ST AL B DIRIEN S R DBRETH D, £z, ERFREITOL
T, 0TV = b G D EFERED LN E IR DT AL 8T 52805 %D
iR CdH D,
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TBOBREE DFERR, B, oA

TSB £5#1 (pH 7.3)
Pancreatic digest of casein 170 g

Papaic digest of soybean meal 3.0 g

NaCl 50g
KH,PO4 25¢g
Glucose 2.5g/L
SKII £% Htt

Soluble starch 20g
Yeast extract (=t 4 X) 5g
Poly peptone 3g
Meat extract (£ ) 3g
KH,PO4 02¢g
MgS04-7H,0 0.6 g/L

F L C Soluble starch Z¥F7)>L7=&& NaOH T pH 7.6 [ZFHFE LA —F L —7,

KG 55 Hh
Glucose 25¢g
Soy bean 15¢g
Dry yeast 2g
CaCOs; 4 ¢g/L

HCI C pH 6.2 IZF#EZA— L —7,
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NMMP £5#f

(NH4)2SO4 2¢g

Difco Casaminoacids 5¢g
MgSO4-7H,0 06¢g
PEG6000 50¢g

Trace element * 1 m1/800 ml

F—hL—7 % IZLL N AR 80 ml (2L TR

NaH,PO4/K,HPO, buffer (0.1 M, pH6.8) 15 ml
Sucrose (20%) 2.5ml
[sir iR D155 ]

ORI SKIT B #7213 TSB £5 4 KaBRE 12 10 ml 207 EL SR &2 AL T2 H
i 30°C TRIEE LT, Zi%., 500 ml D/ 7 )L D& =7 T AT 1HES- KG 5
H1<° NMMP 55H1 100 ml 12 2 ml fEE L. 3 HE 30 °C TARESELZ{T T,

[ R i b o dh ]

BERA& T 14 B &% 0 (5000 rpm, 10 min) L. 5538 BiE. BRI BEL CF
NEUTHh B EZ AT o7, 158 R IXEBOFR—T L C2 B L=t Filg—
FVEZIY | filE T Ny LA THK LTz, RIS, =R —F — TR F L2 EL
T FRIEZ AR ) — VIZIEMEL . 0.45 um D7 4V X —TAi L C HPLC THo#TL7=,

—FH. BRI 2 EEOT BN ZINZ . 10 B E L%, ke A8 CHEEE
X =R —RLTT B Z RN, ZOLE FRE . BLOUKIES, F IR
TFNEMNA 2 B ATV B SRSV ARSI HPLC 12 ToHOHTL
7~
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BB DT B n e

TSB £5#1 (pH 7.3)

Pancreatic digest of casein

Papaic digest of soybean meal

NaCl
KH,PO4

Glucose

YEME 5%
Yeast extract
Poly Peptone
Malt extract

Glucose

Sucrose

20% glycine
2.5 M MgCl,

3g

5g
30g
10g
340 g/L

25 ml
2 ml

170 g
30g
50¢g
25¢g
2.5g/L
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R2YE H5Hf

Sucrose 103 g
Glucose 10g

Yeast extract S5¢g

K>SOy 025¢g
MgCl2 0.1g
Casamino acid 10.12 g

Trace element®* 2 ml

TES 5.73 g/850 ml
Agar 22 g

F =ML =T RIZLTEIREG
0.5% KH,PO;  10ml

5M CaCl, 4 ml

20% proline 15 ml

IN NaOH 7 ml

P Buffer

Sucrose 103 ¢g
K>SOy 0.025 g
MgCl, 6H,O 0.202 g
Trace element™ 0.2 ml/80 ml

F =ML =T RIZLTEIREG

0.5% KH,PO4 1 ml
3.68% CaCl, 2H,0O 10 ml
5.73% TES Buffer (pH 7.2) 10 ml
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*Trace element

7ZnCl, 40 mg
FeCl; 6H,O 200 mg
CuCl, 2H,0 10 mg
MnCl, 4H,0 10 mg
NaB4O7; 10H,O 10 mg

(NH4)6MO7024 4H20 10 mg/L

[ KB Streptomyces albus 70N 77 ARD/ERL]

1.

TSB 7'V —NZ S. albus ZHEE L 30°C THiE L V7 /Vaa=—% TSB ;I 2l
L., 30°C T2 HME#ETD,

TSB £5:1i1725 YEME £5 #1112 1%HEE L. 30°C T 3~5 HHE#E T D,

E238% 50 ml % 10.3% A7 01— APRIEC 2 (B2 ART 5,

4000 rpm 10 77l EIEZH#E TTEEEZIOIC 0.3% A7 02— A 30 ml (25
B2,

4000 rpm 10 4yim.D L, BiEZ2#CCHE A% P Buffer 10 ml TR 5,
Lyzozyme 20mg % P Buffer 10 ml [ZIfEL | 0.45 pm O7 /L2 —TAHIEPLEE L 7R
B RARIZINZ., 30°C T 30~60 Z3AvFaX—hT2,

BEPSBE C7 NS T AMEL TV DD &R T 5,

fEAZELIEe—NCAHIET 5, (2 [8])

4000 rpm 10 430U _EiEZ#CT1 ml @ P Buffer (&L, 100 pl 9o m 2
(2 ET D, PRAFIE-80°C TIT9,
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[k B oD F B i ]

1. 7BR7ZANI DNA 5 pl ZZ5,

2. PEG1000 1 g {Z P Buffer 3 ml Z /X 723§i& 500 pl 27" 2 7" ZAMIINZ | 1 57 i
[ERERAR

3. P Buffer # 5ml 125,

4. .07 BER% . P Buffer 1 ml 22 TRAEL . R2YE 7L —MIHEE LT 30°C THi &
ERAN

5. BEEE 12~24 Wi TF A AR T &7 L — M X 1 ml OWREKICEEAFEL , &
&9 %,

6. SHIZ 30°C T 2~5 HEFBLHT&zan=—% 30 pg/ml FA AN T %G
TSB £5HIAEAES,
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ik AV L Y (=

LB £5Hb
Bacto tryptone 10g
Bacto yeast extract 5¢g
NaCl 5¢g/L
LB FER 5t
LB 5
Bacto agar I5¢
TB £5Hb
Bacto tryptone 10g
Bacto yeast extract 5¢g
Glycerol 5.04 ¢
*KH,PO4 231¢g
*KoHPO4 12.54 g/L
I KR
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Lysis Buffer

Wash Buffer( FE0)(Z Tween 20 % 1% (v/v) JNZ5,

Wash Buffer
50 mM Tris-HCI (pH 8.0)
0.5 M NaCl
20% (w/v) glycerol
20 mM Imidazole (pH 8.0)

milliQ water

Elution Buffer
50 mM Tris-HCI (pH 8.0)
0.5 M NaCl
20% (w/v) glycerol
250 mM Imidazole (pH 8.0)

milliQ water

BT
50 mM Tris-HCI (pH 8.0)
0.1 M NaCl
10 mM 2-mercaptoethanol

milliQ water
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[$H#L % 20 7 DFEH]

HE)HZ R DB - IN7a— =2 7 ST R R B~ % —pHis8 T E. coli
BL21(DE3) #h72 A7 4—ALTz, ZAVE 50 ug/ml OB~ AT %G Te LB #EKE:
HIZHEEE L, 37°C T 14 Kl ER LT, Bbh/can=—% 50 ug/ml OHF~ AT %
G LB HFHUCHEE L, 37°C C 14 BRI R 21T o7,

WA A7 T A ASTZ 50 ng/ml DI ~A2 %G Te TB 5l 100 ml 12, BiE;
BUTZHIRZ 2 ml MAAREEREAT T2, AEGFEIT 37°C THI 2 FFfH 30 70852 L .
ODgpo=1.5 (Z72o74% A 7T A% KAKHFT 10 /3 HHE=CL, 23—V Rvayrz b
2 HEIREE 0.5 mM (27258912 IPTG ZHAINL7z, £ LT, 18°C T 20 Kff#kF#E L,
oz 2 R HFE BT E. coli BL21 (DE3) %15%7-,

[z 20 o Dkl
F9, B A 5000 rpm T 10 4y i DU CERE LIZ, 2% Lysis Buffer (ZEREL
BE AR LT, A 16000 rpm C 20 4y fiiLaL, &% Ni-NTA agarose
(QIAGEN) T AT LTz, EIENAEThHT L& il-~7=1% Wash Buffer 277 LHHKD 5
BREUIER RN T MTHES LIZ L 0 &PV L=, %E\ T Elution Buffer %
RIS AT LK D 5 (F &L B O 20 R B LTz, 2212 His-tag % Y)
W3 5723 Thrombin Z & E 4 U/ml (2725501 A4, DO FFEEHFEICANT—
WA 21T o7,

BATHE T 1% . YIWr &7z His-tag ZBR< 72 FFEE Ni-NTA agarose 77 L& 8 L7=, it
VT Thrombin %< 72 % Benzamidine Sepharose™ 6B (Amersham Biosciences) 7772
LT, RICZDORESR W% Vivaspin (10 kDa molecular weight cut off) Z HV TR
#EL . Protein assay (Bio-Rad) ZH\W\THL UV EIREDEREEITHT-, F-. KB
DY 7 V% SDS-PAGE ([ URERLE G\ A fEB L7z,
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TV = ALROSEM ORE., 5347

[#hHi. TLC. HPLC 12X A55#T]

TV = ACEOGHE T RONRIZEROFRR T L&z 3 B EREE1T 7,
FEfR =T Vg & R URREE T R Y A& %, 2 BERIE W CORKL . =3 L —2—C
FER =T L L1 U7, FRIEE A ) — VZIRfEL T 0.45 pm D7 LA —THIEL, ¥
U457 v TLC F721% HPLC I TR FEM AR LT=, ~ U157V TLC OREFREELY
PRV LAS ) —/L=15:1 FREE T BRI L, BB UV i3V 7 7 U R Al
FOEORPEEM ZAR H LTz, HPLC SRR RICHFRE L@ Th %, BUGPEYIE HPLC
ZRWCTRRIL | A RE[E 1%, —25 °C TRAFLT,

[HRMS and NMR analysis]

HPLC [ CTHRRILIAL ST SR —Z—Tre[E L, 37 L3471 (15 mm X
50 mm) |22 L, NMR HIE H O B\EIEEIZIAE)L T NMR ZHIELT-,

NMR HIEH . WA [E S B HPLC 7L —R DA% )— VTR L . HRMS
ZHELT,
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AW TR LR
ESI-MS (HR-MS)  JEOL The Accu TOF JMS-T100LC

LC-MS/MS Applide Biosystems API3000

HPLC 7 A Senshu Pak Pegasil ODS 2.0 X 150 mm
Senshu Pak Pegasil ODS 4.6 X250 mm
Senshu Pak Pegasil ODS 20 X250 mm

NMR JEOL Superconducting Magnet 600 MHz

"H NMR, 600 MHz, 1*C NMR, 150 MHz

RHFFTHEALIZKIEE
E. coli BL21 (DE3)
F-, ompT, hsdSg, (rg",mg"), dcm, gal, M(DE3)
E. coli DH5a

deoR, endAl, gyrA96, hsdR17 (ry,my), phoA, recAl, relAl, supE44, thi-1,
A(lacZY A-argF)U169, ¢80dlacZAM15, F, &

AFETER LI RBE A2 —

Plasmid Description reference or source
pT7blue E.coli cloning vector; Amp"; pUCori Novagen
pETDuet-1 E.coli coexpression vector; Amp'; pBR322ori Novagen
pHis8 E.coli expression vector; Kan'; pBR322ori [54]
pACYCDuet-1  E.coli coexpression vector; Cm'; pl5Aori Novagen
pET28a E.coli expression vector; Kan'; pBR322ori Novagen
pWHM3 Streptomyces-E.coli shuttle vector; Thiostrepton’, Amp' [55]
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HRMS . NMR O E i 5

(E)-3-(3,7-dimethylocta-2,6-dienyl)-2,5,7-trihydroxynaphthalene-1,4-dione  (fur-P3)

was converted from flaviolin by recombinant Fur7.

HRMS (ESI) caled. for CyHy0s (M), 341.13890; found 341.13531. 'H NMR
(DMSO0-d6) &: 1.47 (s, 3H, H-10"), 1.53 (s, 3H, H-8"), 1.64 (s, 3H, H-9°), 1.85 (m, 2H,
H-4), 1.95 (m, 2H, H-5"), 3.01 (d, J = 6.8 Hz, 2H, H-1"), 4.98 (t, J = 6.8 Hz, 1H, H-6"),
5.07 (t, J= 6.8 Hz, 1H, H-2"), 6.41 (s, 1H, H-6), 6.81 (s, 1H, H-8), 13.60 (s, 1H, C-5-OH),
13C NMR (DMSO-d6) &: 16.6 (C-9°), 18.1 (C-10°), 22.0 (C-1"), 26.1 (C-8’), 26.8 (C-5"),
39.9 (C-4), 107.6 (C-8), 108.7 (C-4a), 108.7 (C-6), 108.9 (C-8a), 120.1 (C-3), 122.8
(C-2°), 124.8 (C-6"), 131.3 (C-7), 134.7 (C-3"), 162.2 (C-2), 162.9 (C-7), 163.3 (C-5),
183.2 (C-1), 189.9 (C-4).

3-(3,7-dimethylocta-1,6-dien-3-yl) 2,5,7-trihydroxynaphthalene 1,4-dione (fur-P4) was

converted from flaviolin by recombinant Fur7.

HRMS (ESI') caled. for CaoHyOs (M), 341.13890; found 341.14055. '"H NMR
(DMSO-d6) &: 1.41 (s, 3H, H-7"), 1.44 (s, 3H, H-10"), 1.49 (s, 3H, H-7), 1.72 (m, 1H,
H-2’), 1.83 (m, 2H, H-3"), 1.99 (m, 1H, H-2"), 4.76 (d, J = 10.3 Hz, 1H, H-9"),4.82 (d, J
= 18.0 Hz, 1H, H-9"), 4.98 (t, J = 6.8 Hz, 1H, H-4"), 6.22 (dd, J = 10.3, 18.0 Hz, 1H,
H-8), 6.45 (s, 1H, H-6), 6.84 (s, 1H, H-8), 13.18 (s, 1H, C-5-OH), *C NMR (DMSO-d6)
8: 17.9 (C-7°), 24.1 (C-37), 25.9 (C-7"), 26.5 (C-107), 40.8 (C-2), 44.2, (C-1"), 107.0
(C-8), 108.7 (C-6), 109.0 (C-4a), 109.2 (C-9°), 124.0 (C-3), 125.6 (C-4’), 130.8 (C-5"),
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131.7 (C-8a), 149.2 (C-8"), 159.8 (C-2), 163.0 (C-7), 163.4 (C-5), 182.3 (C-1), 190.0
(C-4).

(E)-3-(3,7-dimethylocta-2,6-dienyl) 2,5,7-trihydroxynaphthalene 1,4-dione (fur-P5) was

converted from flaviolin by recombinant Fur7.

'H NMR (CD;OD) &: 1.64 (s, 3H, H-5"), 1.74 (s, 3H, H-4"), 3.17 (d, J = 6.8 Hz, 2H,
H-1), 5.14 (m, 1H, H-2"), 6.46 (s, 1H, H-6), 6.96 (s, 1H, H-8)

3-(3,7-dimethylocta-1,6-dien-3-yl) 2,5,7-trihydroxynaphthalene 1,4-dione (fur-P6) was

converted from flaviolin by recombinant Fur7.

'H NMR (CD;0D) &: 1.52 (s, 6H, H-4*, H-5"), 6.24 (dd, J = 10.9, 16.5 Hz, 1H, H-2"),
6.47 (s, 1H, H-6), 6.96 (s, 1H, H-8)

4-geranyl 1,6-DHN was converted from 1,6-DHN by recombinant NphB.

'"H NMR (CD;0D) &: 1.50 (s, 3H, H-10"), 1.54 (s, 3H, H-8"), 1.84 (s, 3H, H-9"), 1.94
(m, 2H, H-4"), 2.03 (m, 2H, H-5"), 3.67 (d, J = 6.2 Hz, 2H, H-1"), 5.00 (m, 1H, H-6),
5.14 (m, 1H, H-2"), 6.51 (d, J = 7.6 Hz, 1H, H-2), 6.97 (m, 2H, H-3, H-7), 7.17 (s, 1H,
H-5), 8.05 (d, J= 8.9 Hz, 1H, H-8)
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5-geranyl 1,6-DHN was converted from 1,6-DHN by recombinant NphB.

HRMS (ESI) caled. for CaHaz0, (M), 295.16980; found 295.17000. 'H NMR
(CD;OD) &: 1.50 (s, 3H, H-10%), 1.54 (s, 3H, H-8"), 1.84 (s, 3H, H-9°), 1.94 (m, 2H,
H-4%), 2.03 (m, 2H, H-5"), 3.67 (d, J = 6.2 Hz, 2H, H-1"), 5.00 (m, 1H, H-6"), 5.14 (m,
1H, H-2"), 6.58 (d, J = 7.6 Hz, 1H, H-2), 6.97 (d, J = 8.9 Hz, 1H, H-7), 7.16 (dd, J = 8.3,
7.6 Hz, 1H, H-3), 7.27 (d, J = 8.3 Hz, 1H, H-4), 7.91 (d, J = 8.9 Hz, 1H, H-8)

2-geranyl 1,6-DHN was converted from 1,6-DHN by recombinant NphB.

'"H NMR (CD;0D) &: 1.50 (s, 3H, H-10"), 1.54 (s, 3H, H-8"), 1.84 (s, 3H, H-9), 1.94
(m, 2H, H-4"), 2.03 (m, 2H, H-5"), 3.67 (d, J = 6.2 Hz, 2H, H-1"), 5.00 (m, 1H, H-6"),

5.14 (m, 1H, H-2"), 6.98 (m, 2H, H-3, H-7), 7.05 (m, 2H, H-4, H-5), 8.05 (m, 1H, H-8)

1-geranyl 2,7-DHN was converted from 2,7-DHN by recombinant NphB and Fur?7.

HRMS (EST) caled. for CaHas0, (M), 295.16980; found 295.16599. 'H NMR
(CD;OD) &: 1.50 (s, 3H, H-10), 1.53 (s, 3H, H-8°), 1.85 (s, 3H, H-9°), 1.95 (m, 2H, H-4),
2.03 (m, 2H, H-5%), 3.62 (d, J = 6.2 Hz, 2H, H-1"), 5.01 (m, 1H, H-6"), 5.15 (m, 1H,
H-2), 6.81 (d, J = 8.9 Hz, 1H, H-6), 6.86 (d, J = 8.9 Hz, 1H, H-3), 7.10 (s, 1H, H-8),
7.42 (d,J= 8.9 Hz, 1H, H-5), 7.55 (d, J= 8.9 Hz, 1H, H-4)
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1,6-digeranyl 2,7-DHN was converted from 2,7-DHN by recombinant NphB.

HRMS (ESI) caled. for CioHzoO, (M), 431.29500; found 431.29322. 'H NMR
(CD;OD) &: 1.45 (s, 3H, H-10), 1.47 (s, 3H, H-8), 1.58 (s, 3H, H-10"), 1.68 (s, 3H,
H-8”), 1.69 (s, 3H, H-9°), 1.83 (s, 3H, H-9), 1.92 (m, 2H, H-5"), 2.00 (m, 2H, H-4"),
2.04 (m, 2H, H-5”), 2.10 (m, 2H, H-4”), 3.59 (m, 2H, H-1°), 3.60 (m, 2H, H-1"), 5.01 (m,
2H, H-6"), 5.38 (m, 2H, H-6”), 6.86 (d, J = 8.3 Hz, 1H, H-3), 7.11 (s, 1H, H-8), 7.35 (s,
1H, H-4), 7.35 (m, 1H, H-5)

6-geranyl naringenin was converted from naringenin by recombinant NphB.

HRMS (ESI') calcd. for CysHy70s (M), 407.18515; found 407.18454. 'H NMR
(DMSO-d6) 6: 1.48 (s, 3H, H-107), 1.55 (s, 3H, H-8”), 1.65 (s, 3H, H-9”), 1.85 (m, 2H,
H-4”), 1.94 (m, 2H, H-5”), 2.63 (dd, J = 17.2, 2.8 Hz, 1H, H-3eq), 3.07 (d, J = 6.9 Hz,
2H, H-17), 3.16 (dd, J = 17.2, 13.1 Hz, 1H,H-3ax), 4.99 (m, 1H, H-6"), 5.08 (m, 1H,
H-2”), 5.34 (dd, J = 13.1, 2.8 Hz, 1H, H-2), 591 (s, 1H, H-8), 6.75 (d, J = 8.3 Hz, 2H,
H-3’,H-5%), 7.26 (d, J = 8.3 Hz, 2H, H-2’,H-6"), 9.64 (br, s, C-4’-OH), 12.39 (s, 1H,
C-5-OH), °C NMR (DMSO-d6) &: 16.4 (C-9”), 18.0 (C-107), 21.1 (C-17), 26.0 (C-8”),
26.7 (C-57), 39.9 (C-4”), 42.6 (C-3), 78.8 (C-2), 95.0 (C-8), 101.9 (C-4a), 108.1 (C-6),
115.7 (C-3%), 115.7 (C-5"), 123.0 (C-2"), 124.6 (C-6"), 128.8 (C-2"), 128.8 (C-6"), 129.6
(C-17), 131.2 (C-77), 134.3 (C-37), 158.2 (C-4’), 161.0 (C-8a), 161.1 (C-5), 165.4 (C-7),
196.8 (C-4).
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7-0-geranyl naringenin was converted from naringenin by recombinant NphB.

HRMS (ESI) caled. for CosHy7Os (M), 407.18515; found 407.18732. '"H NMR
(DMSO-d6) &: 1.50 (s, 3H, H-10"), 1.57 (s, 3H, H-8”), 1.63 (s, 3H, H-9”), 1.97 (m, 2H,
H-47), 2.01 (m, 2H, H-5"), 2.66 (dd, J = 17.2, 2.8 Hz, 1H, H-3eq), 3.25 (dd, J = 17.2,
13.0 Hz, 1H, H-3ax), 4.53 (d, J = 6.2 Hz, 2H, H-17), 5.00 (m, 1H, H-6”), 5.32 (m, 1H,
H-2”), 5.42 (dd, J = 13.1, 2.8 Hz, 1H, H-2), 6.01 (s, 1H, H-8), 6.03 (s, 1H, H-6), 6.75 (d,
J=6.9 Hz, 2H, H-3’, H-5"), 7.27 (d, J = 6.9 Hz, 1H, H-2", H-6), 9.67 (br, s, C-4’-OH),
12.05 (br, s, C-5-OH), *C NMR (DMSO-d6) &: 16.7 (C-9”), 18.1 (C-10”), 26.0 (C-8"),
26.2 (C-57), 39.5 (C-4”), 42.5 (C-3), 65.7 (C-1"), 79.1 (C-2), 94.8 (C-8), 95.7 (C-6),
103.0 (C-4a), 115.7 (C-3"), 115.7 (C-5°), 119.3 (C-2”), 124.2 (C-6”), 128.9 (C-2°), 128.9
(C-6"), 129.2 (C-1°), 131.7 (C-77), 141.8 (C-3"), 158.3 (C-4), 161.0 (C-8a), 163.6 (C-5),
167.2 (C-7), 197.4 (C-4)

6-geranyl apigenin was converted from apigenin by recombinant NphB.

HRMS (ESI) caled. for CosHapsOs (M), 405.17027; found 405.17115 'H NMR
(DMSO-d6) &: 1.48 (s, 3H, H-10”), 1.54 (s, 3H, H-8"), 1.70 (s, 3H, H-9”), 1.88 (m, 2H,
H-4”), 1.96 (m, 2H, H-5”), 3.19 (d, J = 6.9 Hz, 2H, H-1"), 4.99 (m, 1H, H-6”), 5.17 (t, J
= 6.9 Hz, 1H, H-2"), 6.44 (s, 1H, H-3), 6.67 (s, 1H, H-8), 6.86 (d, J = 8.2 Hz, 2H, H-3",
H-5°), 7.84 (d, J = 8.2 Hz, 2H, H-2’, H-6), 13.15 (br, 1H, C-5-OH), °*C NMR
(DMSO-d6) §: 16.5 (C-9), 18.0 (C-10), 21.6 (C-17), 26.0 (C-8”), 26.7 (C-5"), 39.9
(C-4”), 93.9 (C-8), 103.0 (C-3), 103.2 (C-4a), 111.7 (C-6), 116.5 (C-3°), 116.5 (C-5),
121.7 (C-17), 122.9 (C-2”), 124.7 (C-6”), 128.8 (C-2°), 128.8 (C-6), 161.9 (C-2), 131.1
(C-77), 134.4 (C-37), 155.8 (C-4°), 158.7 (C-8a), 161.9 (C-5), 163.7 (C-7), 181.9 (C-4)
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7-0-geranyl apigenin was converted from apigenin by recombinant NphB.

HRMS (ESI) caled. for CasHysOs (M), 405.17027; found 405.16686 'H NMR
(DMSO-d6) &: 1.52 (s, 3H, H-10"), 1.57 (s, 3H, H-8"), 1.69 (s, 3H, H-9"), 2.02 (m, 2H,
H-47), 2.04 (m, 2H, H-5"), 4.63 (d, J = 6.9 Hz, 2H, H-17), 4.99 (m, 1H, H-6"), 5.17 (t, J
= 6.9 Hz, 1H, H-2"), 6.30 (s, 1H, H-3), 6.72 (s, 1H, H-8), 6.76 (s, 1H, H-6), 6.85 (d, J =
8.9 Hz, 2H, H-3’, H-5"), 7.88 (d, J = 8.9 Hz, 2H, H-2’, H-6"), 12.93 (br, 1H, C-5-OH),"*C
NMR (DMSO-d6) &: 16.9 (C-9), 18.1 (C-107), 26.0 (C-8”), 26.3 (C-57), 39.9 (C-4”),
65.9 (C-17), 93.8 (C-8), 99.0 (C-4a), 103.0 (C-3), 105.1 (C-6), 116.8 (C-3"), 116.8 (C-5"),
119.4 (C-27), 120.5 (C-17), 124.3 (C-6), 129.1 (C-2"), 129.1 (C-6"), 131.6 (C-77), 141.8
(C-3"), 157.7 (C-4"), 161.7 (C-8a), 163.3 (C-2), 164.8 (C-5), 164.8 (C-7), 182.3 (C-4)

7-O-geranyl genistein was converted from genistein by recombinant NphB.

HRMS (ESI") caled. for CasHsOs (M), 405.17027; found 405.16781 'H NMR
(DMSO-d6) &: 1.52 (s, 3H, H-10"), 1.57 (s, 3H, H-8"), 1.68 (s, 3H, H-9"), 2.02 (m, 2H,
H-47), 2.04 (m, 2H, H-5"), 4.63 (d, J = 6.8 Hz, 2H, H-17), 5.02 (m, 1H, H-6"), 5.39 (m,
1H, H-2"), 6.35 (s, 1H, H-8), 6.60 (s, 1H, H-6), 6.78 (d, J = 7.6 Hz, 2H, H-3", H-5"),
7.34 (d, J = 7.6 Hz, 2H, H-2’, H-6"), 8.35 (s, 1H, H-2), >C NMR (DMSO-d6) &: 16.9
(C-97), 18.1 (C-107), 25.9 (C-8”), 26.2 (C-5"), 39.8 (C-47), 65.9 (C-17), 93.5 (C-8), 99.1
(C-6), 105.9 (C-4a), 115.7 (C-3"), 115.7 (C-57), 119.2 (C-27), 121.5 (C-1°), 123.0 (C-3),
124.2 (C-6”), 130.7 (C-2"), 130.7 (C-67), 131.7 (C-77), 142.0 (C-3"), 154.8 (C-2), 158.0
(C-8a), 158.0 (C-4"),162.3 (C-5), 164.9 (C-7), 180.9 (C-4)
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7-0-geranyl daidzein was converted from daidzein by recombinant NphB.

HRMS (EST) caled. for CpsHysOs (M), 389.17528; found 389.17653 'H NMR
(DMSO0-d6) &: 1.58 (s, 3H, H-10"), 1.61 (s, 3H, H-8”), 1.78 (s, 3H, H-9”), 2.09 (m, 2H,
H-4"), 2.13 (m, 2H, H-5"), 4.70 (d, J = 6.2 Hz, 2H, H-1"), 5.07 (m, 1H, H-6"), 5.47 (m,
1H, H-2"), 6.83 (d, J = 4.8 Hz, 2H, H-3", H-5"), 7.02 (s, 1H, H-8), 7.03 (d, J = 13.0 Hz,
1H, H-6), 7.36 (d, J = 4.8 Hz, 2H, H-2’, H-6"), 8.09 (d, J = 13.0 Hz, 1H, H-5), 8.17 (s,
1H, H-2), *C NMR (DMSO-d6) 5: 14.5 (C-9”), 17.1 (C-10), 24.6 (C-8”), 26.0 (C-57),
39.3 (C-4”), 64.7 (C-17), 93.5 (C-8), 99.1 (C-6), 104.9 (C-4a), 115.7 (C-3°), 115.7 (C-5"),
117.7 (C-5), 118.9 (C-2”), 122.9 (C-3), 123.7 (C-6), 125.0 (C-1°), 130.2 (C-2*), 131.5
(C-7”), 141.9 (C-3"), 153.6 (C-2), 157.5 (C-4"), 158.5 (C-8a), 164 (C-7), 176.7 (C-4).

8-geranyl daidzein was converted from daidzein by recombinant NphB.

HR-MS (ESI) caled. for CasHasO4 (M), 389.17528; found 389.17653 'H NMR
(DMSO-d6) d: 1.57 (s, 3H, H-10"), 1.60 (s, 3H, H-8"), 1.89 (s, 3H, H-9), 2.04 (m, 2H,
H-47), 2.11 (m, 2H, H-5"), 3.63 (d, J = 6.2 Hz, 2H, H-17), 5.05 (m, 1H, H-6), 5.31 (m,
1H, H-2"), 6.90 (d, J = 4.8 Hz, 2H, H-3’, H-5"), 7.02 (d, , J = 8.9 Hz, 1H, H-6), 7.43 (d, J
= 7.6 Hz, 2H, H-2’, H-6), 7.98 (d, J = 8.9 Hz, 1H, H-5), 8.27 (s, 1H, H-2), °C NMR
(DMSO0-d6) d: 15.0 (C-9), 16.3 (C-10"), 21.4 (C-17), 24.5 (C-8”), 26.2 (C-57), 39.4
(C-47), 114.2 (C-6), 114.9 (C-3°, C5°), 115.6 (C-8), 116.9 (C-4a), 121.6 (C-27), 123.0
(C-17), 123.9 (C-67), 124.2 (C-3), 124.0 (C-5), 130.1 (C-2"), 130.7 (C-7"), 135.2 (C-3"),
153.3 (C-2), 156.2 (C-4"), 157.3 (C-8a), 160.5 (C-7), 177.3 (C-4).
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2-geranyl olivetol was converted from olivetol by recombinant NphB.

HRMS (ESI) caled. for CyH30, (M), 389.17528; found 389.17653 'H NMR
(DMSO-d6) &: 0.88 (t, J = 6.9 Hz, 3H, H-5"), 1.32 (m, 6H, H-2', H-3', H-4"), 1.55 (s, 3H,
H-10"), 1.60 (s, 3H, H-8"), 1.71 (s, 3H, H-9"), 1.94 (t, J = 6.8, 7.6 Hz, 2H, H-4"), 2.04 (c,
J =638, 6.8, 7.6 Hz, 2H, H-5"), 2.43 (t, J = 7.6 Hz, 2H, H-1"), 3.21 (d, J = 6.2 Hz, 2H,
H-1"), 5.04 (m, 2H, H-2", H-6"), 6.10 (s, 1H, H-6), 6.12 (s, 1H, H-4), °C NMR
(DMSO-d6) &: 13.1 (C-5"), 15.0 (C-9"), 16.4 (C-10"), 22.4 (C-1"), 23.8 (C-4'), 24.5
(C-8"), 26.4 (C-5"), 30.8 (C-3"), 31.9 (C-2"), 33.0 (C-1"), 39.5 (C-4"), 99.8 (C-4), 107.1
(C-6), 117.5 (C-2), 124.1 (C-2"), 124.8 (C-6"), 130.7 (C-7"), 132.7 (C-3"), 142.8 (C-1),
155.1 (C-5), 155.7 (C-3)

4-geranyl olivetol was converted from olivetol by recombinant NphB.

HRMS (ESI") caled. for CH; 0, (M), 389.17528; found 389.17653 'H NMR
(DMSO-d6) &: 0.88 (t, J = 6.9 Hz, 3H, H-5'), 1.29 (m, 6H, H-2', H-3', H-4"), 1.54 (s, 3H,
H-10"), 1.59 (s, 3H, H-8"), 1.73 (s, 3H, H-9"), 1.93 (t, J = 6.8, 7.6 Hz, 2H, H-4"), 2.04 (c,
J =628, 7.6, 6.8 Hz, 2H, H-5"), 2.37 (t, J = 7.6 Hz, 2H, H-1"), 3.22 (d, J = 6.9 Hz, 2H,
H-1"), 5.05 (m, 1H, H-6"), 5.21 (t, J = 6.9 Hz, 1H, H-2"), 6.11 (s, 2H, H-2, H-6), "°C
NMR (DMSO-d6) &: 13.1 (C-5'), 14.5 (C-9"), 16.4 (C-10"), 21.7 (C-1"), 22.3 (C-4"), 24.5
(C-8"), 26.4 (C-5"), 30.9 (C-3"), 31.3 (C-2"), 35.4 (C-1'), 39.6 (C-4"), 106.5 (C-2), 106.5
(C-6), 112.2 (C-4), 123.7 (C-2"), 124.3 (C-6"), 130.6 (C-7"), 133.2 (C-3"), 141.0 (C-1),
155.6 (C-3), 155.6 (C-5)
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4-geranyl resveratrol was converted from resveratrol by recombinant NphB.

HRMS (ESI) caled. for CaoqHy05 (M), 363.19602; found 363.19137 'H NMR
(DMSO-d6) &: 1.53, (s, 3H, H-10"), 1.59 (s, 3H, H-8), 1.73 (s, 3H, H-9"), 1.92 (m, 2H,
H-47), 2.02 (m, 2H, H-5"), 3.25 (d, J= 7.6 Hz, 2H, H-17), 5.20 (m, 2H, H-2”, H-6"), 6.47
(s, 2H, H-2, H-6), 6.73 (d, J = 15.8 Hz, 1H, H-P), 6.75 (d, J = 8.3 Hz, 2H, H-3", H-5"),
6.89 (d, J = 15.8 Hz, 1H, H-a), 7.31 (d, J = 8.3 Hz, 2H, H-2’, H-6"), °C NMR
(DMSO-d6) &: 15.0 (C-9), 16.4 (C-10"), 21.9 (C-17), 24.6 (C-8”), 26.4 (C-57), 39.6
(C-47), 104.5 (C-2), 104.5 (C-6), 114.6 (C-4), 115.2 (C-3"), 115.2 (C-57), 123.2 (C-2"),
124.1 (C-6"), 125.9 (C-a), 127.0 (C-2°), 127.3 (C-B), 127.3 (C-6"), 129.4 (C-17), 130.9
(C-77), 133.7 (C-37), 136.3 (C-1), 155.8 (C-3), 155.8 (C-5), 156.6 (C-4").

1-O-geranyl 1,3-DHN was converted from 1,3-DHN by recombinant Fur7.

HRMS (ESI) caled. for CyoHy30, (M), 295.16980; found 295.17000. 'H NMR
(CD;0D) &:1.59 (s, 3H, H-10"), 1.63 (s, 3H, H-8"), 1.77 (s, 3H, H-9"), 2.03 (m, 2H, H-4"),
2.10 (m, 2H, H-5"), 4.67 (d, J=6.9 Hz, 2H, H-1), 5.10 (m, 1H, H-2"), 5.55 (m, 1H, H-6"),
6.47 (s, 1H, H-2), 6.65 (s, 1H, H-4), 7.16 (t, J=7.6 Hz, 1H, H-7), 7.31 (t, J=7.6 Hz, 1H,

H-6), 7.52 (d, J/=8.3 Hz, 1H, H-5), 8.01 (d, J/=8.3 Hz, 1H, H-8)

2-geranyl resveratrol was converted from resveratrol by recombinant Fur7.

'H NMR (DMSO-d6) &: 1.40, (s, 3H, H-10"), 1.46 (s, 3H, H-8”), 1.73 (s, 3H, H-9"),
1.84 (m, 2H, H-4"), 1.91 (m, 2H, H-5"), 3.22 (d, J = 6.2 Hz, 2H, H-1"), 4.91 (m, 2H,

H-2", H-6”), 6.16 (s, 1H, H-4), 6.43 (s, 2H, H-6), 6.70 (d, J = 8.3 Hz, 2H, H-3’, H-5"),
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6.75 (d, J = 15.8 Hz, 1H, H-B), 6.96 (d, J = 15.8 Hz, 1H, H-at), 7.28 (d, J = 8.3 Hz, 2H,
H-2’, H-6")

5-dimethylallyl 1,6-DHN was converted from 1,6-DHN by recombinant Sco7190.

'"H NMR (CD;OD) &: 1.57 (s, 3H, H-5"), 1.77 (s, 3H, H-4"), 3.56 (d, J = 6.9 Hz, 2H,
H-1), 5.07 (m, 1H, H-2"), 6.58 (d, J = 8.9 Hz, 1H, H-7), 6.59 (d, J = 6.8 Hz, 1H, H-2),
7.16 (dd, J=8.2, 7.6 Hz, 1H, H-3), 7.18 (d, J = 8.2 Hz, 1H, H-4)

1-dimethylallyl 2,7-DHN was converted from 2,7-DHN by recombinant Sco7190.

'"H NMR (CD;0D) &: 1.59 (s, 3H, H-5"), 1.78 (s, 3H, H-4"), 3.48 (d, J = 6.2 Hz, 2H,
H-1), 5.06 (m, 1H, H-2"), 6.86 (d, J = 8.9 Hz, 1H, H-3"), 6.87 (d, J = 8.9 Hz, 1H, H-6),
6.97 (s, 1H, H-8), 7.41 (d, J = 8.9 Hz, 1H, H-5), 7.53 (d, /= 8.9 Hz, 1H, H-4)

6-dimethylallyl naringenin was converted from naringenin by recombinant Sco7190.

"H NMR (CD;0D) &: 1.54 (s, 3H, H-5”), 1.62 (s, 3H, H-4), 2.58 (dd, J = 13.1, 2.8 Hz,
1H, H-3eq), 3.01 (d, J = 6.9 Hz, 2H, H-17), 3.09 (dd, J = 17.2, 13.1 Hz, 1H,H-3ax), 5.04
(t, J= 6.2, 6.9 Hz, 1H, H-2”), 5.29 (dd, J = 13.1, 2.8 Hz, 1H, H-2), 5.81 (s, 1H, H-8),
6.73 (d, J = 8.3 Hz, 2H, H-3",H-5"), 7.25 (d, J = 8.3 Hz, 2H, H-2",H-6"), 12.36 (s, 1H,
C-5-OH), *C NMR (CD;0D) &: 18.1 (C-4”), 21.1 (C-5”), 26.0 (C-17), 42.4 (C-3), 78.7
(C-2), 95.4 (C-8), 108.3 (C-4a), 108.4 (C-6), 115.7 (C-3"), 115.7 (C-5"), 123.3 (C-2”),
128.8 (C-2°), 128.8 (C-6"), 129.7 (C-17), 130.7 (C-3), 157.9 (C-4"), 160.9 (C-8a), 161.0
(C-5), 165.4 (C-7), 196.8 (C-4).
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2- dimethylallyl olivetol was converted from olivetol by recombinant Sco7190.

'"H NMR (CD;0D) &: 0.89 (t, J = 6.9 Hz, 3H, H-5"), 1.32 (m, 6H, H-2', H-3', H-4"),
1.63 (s, 3H, H-5"), 1.71 (s, 3H, H-4”), 2.42 (m, 2H, H-1°), 3.20 (d, J = 6.8 Hz, 2H, H-1"),

5.03 (m, 2H, H-2"), 6.09 (s, 1H, H-6), 6.11 (s, 1H, H-4)

4- dimethylallyl olivetol was converted from olivetol by recombinant Sco7190.

'"H NMR (CD;OD) &: 0.88 (t, J = 6.9,7.5 Hz, 3H, H-5'), 1.29 (m, 6H, H-2', H-3', H-4"),
1.62 (s, 3H, H-57), 1.72 (s, 3H, H-4”), 2.37 (t, J = 6.9, 7.6 Hz, 2H, H-1), 3.21 (d, J = 6.8
Hz, 2H, H-17), 5.18 (m, 2H, H-2"), 6.11 (s, 1H, H-2, H-6)

2-dimethylallyl resveratrol was converted from resveratrol by recombinant Sco7190.

'H NMR (CD;OD) &: 1.64 (s, 3H, H-5"), 1.78 (s, 3H, H-4"), 3.34 (d, J = 7.6 Hz, 2H,
H-17), 5.08 (m, 1H, H-2"), 6.20 (s, 1H, H-4), 6.53 (s, 1H, H-6), 6.74 (d, J = 8.3 Hz, 2H,
H-3’, H-5°), 6.80 (d, J = 16.5 Hz, 1H, H-p), 7.10 (d, J = 16.5 Hz, 1H, H-a), 7.29 (d, J =
8.3 Hz, 2H, H-2’, H-6")
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