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Exploratory studies of microbe-derived compounds that promote blood vessel formation.
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A, BHICFER L RELMG L, “LIRE L EFEY ZHINT 5 HERGE Th D, IEF R IME
FMENPEEZE S 1B MENEGIL L . 2 OFMAZ 18T 2 JEMIaSE TR S L. WEGHIa R 2o
PECHBRICE DD Z R B ERTT 5 2 & TMERNIN~OWEDOERZ1T> T\ 5,

1M S EYIRAE AL RO AR S CHeA2 . B D WVIEPAZET 5 & MUY | Al XRER R - R FIRAE, &
b HEMIREICH S, FriZ, BREIT EMEHOTXALX—THLT T /=1 U (ATP) DpE
FILVETH L Z b, REERIRIEIL, MIaOMBRERESCEE A <, MIBEEEICE 5 £ TORH
R, TARFRREH L T 3~5 43, LM T 20~60 43 T L IEFICELS . BILIREEDFReIE, 7o & 2 —iatk
ThHhoTHEMEMLRICE 7, EFE 2015 FICBT D MR O CIRNOF 1AL M5 &
2ALIFM AR TH Y | FIETHEE 5640 HAD D B, 1500 HABNEMAERT HKETE o> T
%%

FEC K 5 FEE 28I 2 IR SN~ D MR EHE S LETH D | 4 F T E TR & O
LSS, MARTEREIEE OB N e SN TE 7z, £ LT, BITE, 24D OIRFRIEN S T X 7 VWER] %

TG E LT, {RERAME R & FHEN D IBFRIEDBREMTHb TV 5,

281 IRRAY M E A

1—2—1 J(BROMEHE

MAEHE & F, AESET 28 LOME ZED T 72D O(EHA TH V| IRFEIMAEHE &3, W
FAEAZRELZY  MEIMATERESEZ0 95 2 &1L - T, BIMEBAL O M A B11E L, Ml oEE
P CHEIE A [ - RS L D T AWMV AMATH D, 4 F T EHAEITE D 5 M4 PN Bl i 1

BHIK ¥ (vascular endothelial growth factor; VEGF) <o ZE Mk 2F Ml 458K 1 (basic fibroblast growth



factor; bFGF) 72 EOMEBAEIERAZH T LR F ORI, T D OBIBTFELZFIH LI iaE N A

STV D 34

1—2—2 VEGF

VEGF %, 1980 4EfRIC, M ZE@mIER 7, 3 X O N A BN+ & L CHlE - 7 n—=27
SN L T ETH D55, VEGF (VEGF-A) I, M N AR B2 R BAYIZ BT 2 2 45 R
Fr X —8 VEGFR2 #/1 LT, MENMIdOBEE, i, mEFEREOTTELTT %, mE
BrEDBAED BT E TITHLHY B 2 Rz L T\ %,

VEGF % AW o IG RN E B AL OBFFEIE. £ OFELLIRE, KB Thi, TR M=, (OpEZED
Y ET VI VEGF & X0 4 595 2 & C, BMIMAE B O IN-CRIE] AT O R EREFE DT &
iz ) ety 180, MR MEEIZ VEGF B+ a2 B/ 7 AI RV F—% 535 Z & Tk
DEESNIZL WO WME IFRLRIN TN,

ZDO—J5T, BIMMELHEEBEIT VEGF ¥ 37 45 U725 1L FEERER (VIVA trial) 10%°, VEGF
7T AR REEE L% 1 #8588k (Euroinject One Trial) X CTix, &EGHE L 7T B RBTHEZEN 2N
EWVOMENRINDE, TRTORBRICENTHOREENGE LN TV D DI TIER,

Iz <, g7z VEGF /EMIZ. MRS ORFIEE L ZEtEOTOELZFE L, IWENEM R LT
WIEBS 72 IS 25583 %, WIBOUGENRO bl &5 Lo TREMBFE ~OFEIZB W T,
FEPE D TUHEI R R U723 E 350D B, IR ¥4 VEGF OHMFIH CERT 52 &L DL

XEFELTNWDHENZ S,

1—2—3 FGF

FGF X, 1970 ERICHEMESF M DY 2R T 5+ & LTI FRIA L W A SR Y XTF R
Th D 1218, 4 F T2 aFGF X° bFGF 55, 20 filL BV R S 4, MEFHAER 1L LTHI MBS h
T35,

Masaki & 725 FRIE M OB EF I BW T, VEGF Bin 2 &5 LT, mESICL) THEE



LS ET2H . bFGF BIn T 25 LIHEL, WBOEEPRBD SN EME L TWD L 9121, #@fl
bFGF 1. VEGF <CiT#la5E [N+ hepatocyte growth factor OIEMEZ ] L <. HERERY 221 DOFE K %
BT 5L B2 5N TND, —F T, FGF % B TR - B KFBR TIX. VEGF [Fkk, 1+ 72 sl 3345
BTN 1536, VEGF, 36 & U FGF D HUMFIIIC & » TAE U 288X, W& ORG24 I 0 708K

BREZFIELTAT O ALSKHHT D 2L THRIRTE 20000 Lt

F3E WEORAR

F1Hich -~z EFQME T, MENPEEZES 180 MmEN & 2 OSMUIlZHET 5
JEMESE THER STV D,

BRI BT 2 RER R MEF EORKUTFHFL L Wb D & O T, MEHE L MEZEE N 2
OOBEERWBRICL VRS TS (K 1-1), FEFRMEHETIE, £FBFEOME ) S JEHie o i
i & 1 P BRI OO AR I G DFR S EEE S, AN RLENRT D, fe T IE PR EGH R 0 1E
& B S AL, BEFOIME D DFC AN R SN D (EH4) . €Ok, B RN BT H
AR DR, M SMU A~ Ja A O R 2 8 T HEIERYIC RIS 2 RE M SR S D (B %
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FiglZ TICEENFEMA THER L=

I-1  Process of sprouting angiogenesis.

Abbreviations: Ang-2, angiopoietin-2; PDGF, platelet-derived growth factor.

Z OIMEHT A B L O ZE(LOMRERIZ T AE R OIEFRAIE HT 4= T H ST & 72 VEGF X°bFGF
PSMZ . < omEFHAER T, FunEH AR - ELERFREEL TS 3, 2L T, Znb
DR DOIEMHILZ, EOEAI/NT AR MUAENEGHIG & 242 B & < JE MR C oW 7288 BAR
R, Rk e R TR S du, 13 U THRREBM ZRME BT S L5, 55 2 fi Tib~<7- VEGF X° bFGF %
oD L8 7 AL R - 00 BEAR FE C o0 ZR B RE L A & B8 C & i o 7o DR MR M TERL O & 14y
IRETE Rpoleled & EZbND, £ 2C, MWEHE, BLOMELED 2 >OWfEE | kkx 72
K123 59 5 AEEA KO METRERE CIRESE 5 Z LN T H2WEIL, RN & DA % 2
L, JBENMETEICAHTHDL EE X, T LT, 2O L5 B ZBIEGT 572012, LATICR~
52007 Fu—F Bz ], 100, EARGMREER S0 T 1T 5 BB AL BT 57 7'n—F T,

b O 12 MER/E & FRFICmEZESFET LT Tn—FThH o,



RREE RN TOMEHR LT 27 70 —F Tid, ZOBRICEELRRREZRTLBmbN
TW % hypoxia-inducible factor (2 H L7z A7 V—=2 7% EfE§ 5 Z &2 L7 (hypoxia-inducible
factor G AL E DIRHR) .,

M HAE & MELEOW G EFET LT 7 a—F BT, ZELOBEN /03 fiEH S h
TW ez, b MR EEIE (human umbilical vein endothelial cells; HUVECs) & b b ¢ e
FEMAE (normal human dermal fibroblasts; NHDF) & O3EEE# R E AWz 7 = ) 24 7T vt A Z iz
A7 V== 7 EFERTHZ LI Le (BRI B T U E B OHRR)

o, AL — FORK Y — A ITTIMEMRERIR S > 7V EVWD Z & & U, RRE TEME R

WE OB E B LTz,
% 4 H  Hypoxia-inducible factor #&E ML DR

1 —4—1 Hypoxia-inducible factor

MR EICS b shd & ([RBRIGERE T L MHEN D —EHOBE T REORE A4 55 L TR
FIRBICIAIS T 5, DOIRBHRICEEBE CTHOMRERZ R L TWDH O, 5K+ hypoxia-
inducible factor (HIF) T» %,

HIF (%, 1992 4T Semenza & Wang (T L - TIKEE R K AFAYIZ & IMLA - erythropoietin (EPO) DA 5
EHETLORFE LTHRAIN Y, T, HIF 3BEBLZHIET 28E 73Kk x ERIES N, Zh
FETIT 800 UL b DBEaFAFIET 2 Z & AMR S B, 2Rk, mEFHAEICEET 5 VEGF,
VEGFR2, bFGF %% U, Il #EDOWIH B T 2 A2 &1k 9 5 angiopoietin-2 <o, Il #d o % 12
L 72 R Bk DT Rk 2 3583 2 1/ R SRk = [R)1- platelet-derived growth factor beta polypeptide %5 % &

FNTWD, £ I-LICHIF BAREEAFET LK O —Fl 2R~
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Factors induced by HIF.

Blood/Blood vessel

adrenergic receptor

ADM adrenomedullin
Ang-2 angiopoietin-2
ceruloplasmin
EPO erythropoietin
EPOR erythropoietin receptor
ET-1 endothelin-1
HO-1 heme oxygenase 1
iINOS inducible NO synthase
PAI-1 plasminogen activator inhibitor 1
PDGFb platelet-derived growth factor beta polypeptide
Tf transferrin
TR transferrin receptor
uPAR urokinase plasminogen atitivator receptor
VEGF vascular endothelial growth factor
VEGFRA1, 2 VEGF receptor 1, 2

Glycolysis system / Cell proliferation

ALDA aldolase A

Glut-1 glucose transporter 1

Glut-3 glucose transporter 3

GAPDH glyceraldehyde-3-phosphate dehydrogenase
HK-1, 2 hexokinase 1 and 2

IGF-2 insulin-like growth factor-2

IGFBP-1~3 IGF binding protein 1~3

PGK1 phosphoglycerate kinase 1

TGF-p3 transforming growth factor 33

etc.

1—4—2 HIF Ol

HIF i3, a-# 7 2=y & B-HT 2=y bNEEDL~T v “BEOIEGERFTHY , a-h7T2=2 b
72D 3T (HIF-1, HIF-2, 8L OHIF-3) BHEEL TS, -7 2=y ML, Zihb 3FTIH
WLTEL, BRI aryl hydrocarbon receptor (AhR) <0, FARAERE R DI AEICE T /L single
minded (SIM) D/ x— FF—[KF & L THEIH 45, aryl hydrocarbon receptor nuclear translocator (Arnt)
ER—METH L, b HIF OIRFFHFLEL, o-h 7 2=y hOREMII L > THIE SN TV D,

H B SN TV D HIF-1 OIS IC W T, B Z LT IZRT,



HIF-1lo i3, MREN TEEIICAEE SN TWD 2, FHERFRETIT 2 o7 1 U %Ik (Pro402
& Pro564) 73 3 f HIF prolyl hydroxylase isoforms (PHD1-3) |2k~ T, /Kb &%%) 5, KERLEh
7= HIF-1a 1. von Hippel-Lindau tumor suppressor gene product (pVHL) (2 X > T % F L&, =
EXF =TTy Y= AR THESHIOEN D, — T, KEEFIREETIX, PHD OIEMEA ] &
M. HIF-la O fRBZTOIIR, DR & Z 1T 720y 72 HIF-1o 13~ EBAT L, HIF-1p E~Tn &
RE2RT 5, £ LT, BIE T D EMBHFICEBIE T O LHICAZE T % hypoxia-responsive element

(HRE) IZfEA L. TDtk, a7 7 F_X—X T % CBPIp300 L EEKREZIK L, BEEHETDH (X

1-2)

goliah=1
Hypoxia HIF-1o Normoxia
PHD ™a
HIF-1a
ZEL -
pVHL :
v @@@
HIF-1a
HIF-1a
Proteasome
R

%

HAT—RRK

I-2  Regulation by HIF.

Abbreviations: pVHL, von Hippel-Lindau tumor suppressor gene product; Ub, ubiquitin.



1 —4—3 HIFEHEWEORR

R L7230 | HIF IMEEEFE R T ClEM (b S, SEMLEFERFORRELFHEET H, £ T,
HERFRIRAE T HIF ZiEM L S 2WEITIL, ERPA L TV D IMEFARKEZ RS2 2 &3 AT6E
EEZDNT, LU AFFEE R LA T, HIF ZIEMH S 2 2 L8 TE D, Exx
., =90 b, H 5T deferoxamine (DFX) D X 9 AgkF L —FZ—TH 0 9. ZH SIHRRMEOB A
PO HAFK— RE LT L CWieholz, £2C, HIF X, KRR T U —=v T O 52 —7
v R EEBZ WAEMEREY T VIND OBRFREE T L (B2,

B, AimIL O 2 BB L 2 |22 ESWTRABLZb DO TH S,

55 5 Hi HERERY I TR R E M B D PRI

1 —5—1 Angiopoietin-1

F3EI TR LBV BERER 72 A DIZARIC B MELTEE D 2 DDIBFENTFLE
LTCWADN, IT4E, FFIZHEBZHED TV ONMELZTE/LDOWBETH S, £ LT, ZOIMEZE/DIE

FECHEBEREH 2R L TWHIAT23, angiopoietin-1 (Ang-1) Th 5,

Ang-1 13, 1996 4FIZ i & WA EICRFRIICHEBLT 22 AR T n X F—B Tiea 0 U I
RELTRRENTHEY X7 ETHD 28, Ang-1 1%, Tie2 24 L <, &N AIRE o088 o1
e, JEMAO Y 7 v— R EFET 52 LT MEOLEMICHELG L TWD B, FlZIX, BJE T Ang-
FRERBRSEE T ATV 2=y 7w U ARV, RE R ARG A L, S E I o
DD BT L) HiE 5% cartilage oligomeric matrics protein (COMP) & Ang-1 Ofiia % o /37 G T
&% COMP-ANg-1 73 RFEAZR IS ML E 2 J8 i TR 7o Z AL B (T 28 Ha L7z & o 26 % Ang-1

FE T TR WIMENTER S ND &V |ENEER S TWD,

1—5—2 HEREMETERIEEDE OPRR

&R & RIRFIC, Ang-1 O K 5 I iE L E (L bIEET 2B, HRER 2 ILE O Z AlRE & L



IBRAMERFEICAEREBZ bR, Ll 20X 5 2EME AT AL, REBEBIL TV
[N

MAE TR ORI, 5 3 Hi Cilk 7 K 512, #ix RIKF2 53T 28 MR D Th 573, FrIZLE
OBEREIT I STV, 2 2T, AR — XOBRBEITIE, L0 AR ME R BRI TS

Jond X olc, HIoMa» bR D7 vt A %R TiEZe <. HUVECs & NHDF OILEE R4 -7

=) IATT A ZHEEL, TOREMNT Ang-l BROBREE M ZFHET DMEEZRKRTHZ L&
L7z, £ LT, M8 - MELENMD K D BRI &4 R T 51213, AEWEERIEY 7 s
BOBWRNBLBE L NWEBZ, A7 V—=2 7 %% (FE3#),

2B, RO 3 EITBEHH LI MO IHESHWTHABR LB DO TH S,



% 2%  Hypoxia-inducible factor J& M/ #'E D LR

BI1E A7 V—=27T%

Hypoxia-inducible factor (HIF) {GPELE OEEFZIZ, & M B MIEE HepG2 12, HIF JEZ& ML+
72T —BULR—=F—FF A KTHD pHREL-Luc 77 A I R&EA L THIN. L7-#aEE (HRE4 #il
fd) RV C3EHE L7z, pHRE4-Luc 77 A X Ri%, "7 A X K pGL3-Promoter (Promega ) ¢ Sv40
71— % —® Lt hypoxia response element (HRE; TACGTG) DfdF| % % > 7 AT 4 [A3E A L TERL

L7zo MEEAZ -1 17T,

== HRE | HRE | HRE | HRE == SV40 Luciferase p—

TCGATACACAGTGCATACGTGGG-
HRE
-TTTCCACAGGTCGTCT

I1-1  HIF-dependent reporter gene construct (pHRE4-Luc).

HRE4 fif L, (KER#EE: % (1% 0,) CEEEND HIF iEMALME Th 5. $k¥F L — & — D deferoxamine
(DFX,100 uM) MERIZ LY | 8By 7 = 7 —BIE%REFE L2 b (K 1-2) . HIF ML

BOAT ) —= Z IR ATHE &I L7z,
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Nor. Hyp. DFX

11-2  Validations of HRE4 cells.
HRE4 cells were treated with normoxia (18% O>), hypoxia (1% O2) or DFX (100 uM). Means
+ SD of three independent experiments. Abbreviations: RLU, relative luminescent units; Nor.,

normoxia; Hyp., hypoxia.

KT A RE AT R T i A2 ) — 2 7 L4 5. Streptomyces sp. SANK 60101
DREFEIRY > 7 ATHRWEME 2 B L. Z ORERIRD O FR HIF iEME(L Y E A-503451 FH4 R LT-,
F L U7z A-503451 JEDAEPER , FFEApE, HEERER, IR, MEEMNT. A, B LU

HEROIERLE Z DEMIEYEIZDOWT, LLNOF 2 fi Tk 75,
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%28 A-503451 ¥ED 3 K

A-503451A R:=ClI A-503451 C (virantmycin) R, = ClI
A-503451B R.:=0OH A-503451D R,=OH

A-503451 $5

2—2—1 4R

SANK 60101 #kid, IR 5L v Sz,

ARk, Rectinaculiaperti % A 7O Z kK L, ZORFEHEOIZE A LT, 1 DO#EHHZD 3
~10 DT 2HETHHNEDOT, 7y 7, b LIV —R, T20L, AEEZMEE, &L <X
1, 2 [FIEEOWEFERTZ 572, BTFOFIE, 04~0.6 X 15~2.0 um OFHR T, ZTOERmITFEH, b L
IEBRIR7Z o7z (B 11-3), BARERO/IE, @, EHERANOHRIKTH Y | SR A O EITET 7
LHEWIKIZ STz, AT=FHET, XT by o A —A FZF A - SREEREH (ISP B i1 No. 6) (2380
THFm o FEREEM (IPS HiHL N0 7) IZB W T HAEEI N o7z, EFIREIL 14~45 CEo T,
B o b MU U AEIX, 0~3% OHIFATEFTAIRELE ~7c, TASA, IEAL LV BIXOETT
NIRRT o7z, D-Z VA=A LTI —A D-FTH—A AT )b, D-¥r= b —
N D-TNT F—=A L-TL/)—A A=A BIXOT 74/ =%, $TXTEFICHIMAATREZ
Too BARAIK RO LL- T X 2 B AU VISR S 72 2 LD | AR type | OffifuEEZ A
LTWD ZENRH LML oo, M OPERIREA 27 — 3B b otz £ LT,

16S U AR — . DNA E2¥] (1462 #iJL) % EzTaxon-e 7 —# _X—Z X2 W TRHE L7Z & 2 A, SANK

12



60101 £ & Streptomyces ipomoeae NBRC 13050 (AB184857) 7% 100% DAH[FEIMEA R~ L7z, LA EDZ &)
5 . A FE % Streptomyces sp. SANK 60101 & s %4 L 7=, MEGA program (version 6.05,

http://www.megasoftware.net/) % A CTYERL L 7= Rkt 2 X 11-4 (27,

11-3  Scanned electron micrograph of strain SANK 60101 on potato extract-carrot

extract agar, 28 °C for 2 weeks.
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84 rStreptomyces scabiei KACC 201927 (AY207603)
” -Streptomyces europaeiscabiei KACC 20186 (NR_042790)
-Streptomyces deccanensis KCTC 192417 (NR_042790)
Streptomyces diastatochromogenes ATCC 123097 (NR_025867)
> L Sweptomyces bottropensis ATCC 254357 (NR_115571)
Streptomyces neyagawaensis ATCC 27449T(NR_025868)

100 [ Streptomyces heilongjiangensis NEAU-W2T (JF431459)
100 |SANK 60101
Streptomyces ipomoeae NBRC 13050T(AB184857)
Streptomyces ogaensis NBRC 138177 (AB184505)
Streptomyces hygroscopicus subsp. ossamyceticus NBRC 13983T (AB184560)
Streptomyces torulosus LMG 203057 (AJ781367)
Streptomyees decoyicus NRRL 2666T (NR_116226)
"Streptomyces_spinicoumarensis “ NBRC 138577 (AB184535)
Streptomyces krungchingensis KC-035T (LC008304)
-Kitasatospora setae KM-6054T (NR_037063)

81

0.005

I1-4 The taxonomic position of the strain SANK 60101.
Bootstrap values (%) are indicated at the branches from 1000 replications. The scale bar

below the phylogenetic tree indicates substitution per site.

2—2—2 FEFEE

Bih 2-1 450 ml 2 B 2 LFE AT T A A — M7 L—TRHEL, T AT L N TAEBSE
7= Streptomyces sp. SANK 60101 #k%& —H&HHEM L7z, I x RRRER =T, [[lEsE 210 rpm,
28 CT 144 WeIRG2E L, HERFBIRE LT,

WIZ, B 2-115 L % 30 L & Jar K5I A4, 121 “CC 30 S RINERE L=, Zh# 28 Clci
HU7et%, FEERR 450 ml 28 L, @5%E 15 L0 CIE TR & 5.0 ppm Z R FF S5 X 5 I2Flg
¥4 100~280 rpm DOFIFH THEE L7225, 28 CC 24 Iefi@ X B EEEEE L, B Elk L Lz,

RIZ, H5Hh 2-2 300 L Z 600 L % tank B3 E&IZ AfL, 121~127 CT 35 MBS L7z, Zh%
26 CITHEI LT, AR 9L Z86FE L, @A & 3001, 4y CIasfFiR#E & 5.0ppm 2R SH5 L9
(2 [Bl#E%L % 83~110 rpm DOFIPH CTHHEE L7223 5, 26 “C T 168 BifmAdps# L,

7ok, BEME 2-1 BN 2-2 ORI, EBROEBICELEH LT,
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2—2—3 HERK

R, B1EHCHRRET v A K DE AR T o7z, £ LT, EEEZ AT 5 A-503451 A,
BIOCEZRH LK, 2o LD UV AT M EFTH2WE ZREERE» ORE L, 5%
A S22V RRIR A-503451 B, B OYD &AL L=,

A-503451 FHDRE 2 AE - T7 12 4 11-5 (TR T,

BeRik 310 L MM T pH 5.0 ICFHFE L=, 7k b2 310 L 2z CHItH L7, Zhic ALl
& LT Celite545 (Thermo Fisher Scientific #£#) 10kg #/MMz CAiM@ L., 7& b o HiHik 570 L 2157,
ZOTE b ARHIE O pH 2R T 2.9 ISR L7214, BERR=F L 300L ZNZ THEL L, HEiR=F L
J& 430L Z457c, Ziva BB K T, BOKEEE T U U A THAK L7z, Zi1a AT AL,
WL T IEMERLE L C A-503451 A, B, C. BLO'D 25Tt 28249 %157-,

Wiz, Z ot % ODS A —7> %5 F I (Cosmosil 140C18-OPN, F 4 7 A 7 A 7 #t#l 14L) %
WKL U=, FhiH 28249 A% 27—/ 500 ml IZIRfEL . 30% 7 & b=k VLK TRk L7
AT TF v —T i, TOHT L% 40%, 50%, L U60% 7 h=h UK, % 40 L CTERE

HLU., KA 10L 992 12 45 L7,

A-503451 A, B LU C DfEHL

60% 7 F=FUNMKTIHEHLIEABIOCYEELEZL ODS A —TF T LDOFET T 7 va s
No.9~11 Z 4, TNEWIE FRM L CTT7 ' h= MU L EFHEK, BEEETpH30ICHE L, £ZIC
BElE — T V&0 2 Ch U 7o, BEfg — 7L & faFn R K CHeidr %, BKRREE T N U o A THIK L 72,
FhaEAH|THIEBHE, BIE FEMEZE L CTA, BLOCYWHEZELRERY 1689 21572, Z OHK
M % 4y B HPLC 7 7 2 (YMC Pack R-3105-20AM, 100i.d. X 500 mm, YMC #L8) T/l 7=,
TER=FUL:05% MU =F AT IV BNy 77— pH50=3:2 TE#{b L7 HPLC 7 A
T, ML 16.89 & A %/ —/L 100ml (ZHE L 7= 30RHATE 50 ml 2V E A%, [R] UIAEEC, ik 250
ml,/ 53 CHH L7z, MR 300 nm TIEHK A £ =% — L., {RFEFREMHE 52.8~60.8 57, B L 62.4~
66.6 DA SN D B — 7 2 LT, KV OFREHERK 50 ml (ZHOWTH FEBROEIEZITV, B —7

15



TR E £ LD, ENENOS BRI OV T, EFE & [FRRICEERE = T U 21TV, RRRRER
52.8~60.8 /r DO — 7 LV C W Z &G 534 g &, FRFEFIFMH] 62.4~66.6 IR S LD B —
7 X0 AMEOAGEKHA 960mg &7z,

CWHE % & Y 534 g IOV T, & HIC EBROSEH HPLC 17 2% AWV T, [R I,
[ Ui lc TR AT o 72, MR 210 nm &2 Hvy, (REFIER] 53.2~61.6 JICEH I D E—7
oW UTz, BB O T, WETRMEL T h=rI VEZEEL, V8T pH3.0 (2

AR, LRC & RERICHERR =~ F L 21TV, CHEOREHR 4889 &3/,

A-503451 B 5 L' D o k5l

50% 72 F=FULKTHEELZBBIUODWEEZEZT ODS A—F L AT LDRMT T 7 v a v
No.5~6 Z#H7-, ZNZBIETEM L7 b=V LEZEEL, HEETpH 3.0 ([CFH#E#%, Btk
[FERICHERE = F LRI H 21TV B, B XD WEZ S THHERY 2019 21572, Z oMY % L
OB HPLC 17 A CHBE LTz, 72 h=FUL:05% Y ZF LTI U UEENy 77— pH5.0
=9 : 11 Tk L7= HPLC 1 7 A2, MM 2019 2 A% / —/L 100 ml (ZIAfR U 7= 30BHA R 50
ml ZEA%, [\ UG, pitd 240 ml, 70 TR L7z, MR 300nm TEHIKREZE=%— L. &
FFRE[H] 49.6~62.8 77, B L1 66.8~74.8 FITEH SN D=7 ZZN TN LT, 55D OFEHATK
50ml (ZOWTHAEROEIELATV, B—7 ZEIZniRE £ & Oz, TRENDOHBKIZONT, |k
A0 & [FRRICHER = F LR 24T\ ARFFIGRD 49.6~62.8 0D B — 7 L 0 D WE & & e MUY 7.73 g
% JRFFIRR] 66.8~T48 DICIAHI SN A E—2 LW BWEDOHAKAK 1559 2157,

D WHE & &SR 7.73 g ([COWTIE, S HIC EROGEH HPLC 7 7 A% W, A UIAEE,
A Uil ic TR AT > 72, BRI 210 nm 2 v, (R 52.6~64.6 /IR S D B —7
ORI, BN BIRIZOW T, BIETEMHL T b= I LEREEL, U ERT pH3.0 IZ

AR, LR & RARICHE = LA 21T\ DB O HEHR 4869 1372,
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Cultured broth of Streptomyces sp. SANK 60101, 310 L

I pH5

| Extracted with acetone 310 L

| Filtered with Celite 545
Acetone extract 570 L

I pH29

| Extracted with ethyl acetate 300 L
Ethyl acetate extract

| Concentrated to dryness
Oily substance 282.4 g

l Cosmosil column chromatography

eluted with 50-60% ag. Acetonitrile

I
16.8 g containing A-503451 A and C
| Preparative HPLC
YMC Pack R-3105-20AM,
100 i.d. x 500 mm

eluted with

A-503451 A 5.34 g containing C
960 mg | HPLC
same as

above conditions

A-503451 C
4889

X 11-5

acetonitrile : 0.5% TEAP buffer (pH 5.0) =3 :

20.1 g containing A-503451 B and D

2

| Preparative HPLC

YMC Pack R-3105-20AM,
100 i.d. x 500 mm

eluted with
acetonitrile : 0.5% TEAP buffer (pH 5.0)=9: 11
I
A-503451 B 7.73 g containing D
1559 | HPLC
same as

17

above conditions

A-503451 D
4.86 g

Isolation of A-503451s.



2—2—4 W LFHME

A-503451 FH OB E & 3 11-1 1T,

I

3 fEE TOF-MS 5 —# (ESI positive) 75, A-503451 A B LT C D4+ % CioHsCINO3, A-
503451 B B L O'D D4y 1% CroH7NO, & RE L 7=,

UV A7 KL TlE, 9-XTO A-503451 5T 205, 227, FB 110308 nm {HUT 1A KWL 238 <
Y

IR A7 RV Tl 3T D A-503451 T 3400 cm™* {371 NH Hi2k, 1670 cm™? fiT1Z C=0 12k
DRI BLR S iz,

18



# 11-1  Physico-chemical properties of A-503451s.

A-503451 A (1)

A-503451 B (2)

Appearance White powder
Molecular formula C19H2CINO,
HR-TOFMS (m/z)
Found: 352.1664 [M+H]"
Calcd.: 352.1679 (for C14H,;CINO3)
[a] 2° +71 (c 0.5, MeOH)

D

205 (33000), 227 (12000),
308 (24000)

1503, 1455, 1431, 1271, 1120, 774

Uv A n“:'a‘f“ nm (g)

HPLC?R.T. (minute) 9.9

White powder
C1oH27NO,

334.2003 [M+H]*
334.2018 (for C1oH,sNO,)

+30 (¢ 0.5, MeOH)
204 (30000), 226 (11000),
307 (19000)

3411, 3353, 2983, 2924, 1671,
1610, 1503, 1455, 1433, 1270,
1113, 774

4.3

A-503451 C (3)

A-503451 D (4)

Appearance White powder
Molecular formula C19H56CINO,
HR-TOFMS (m/z)

Found: 352.1685 [M+H]"

Calcd.: 352.1679 (for C1gH,;CINO,)

25
o] -14 (c 0.51, CHCL,)
205 (36000), 227 (11000),

uv A MM mm(e)
max 307 (27000)

1517, 1432, 1289, 1254, 1131,
1110, 774

HPLC?R.T. (minute) 8.9

White powder
Ci9Hz7NO,

334.2003 [M+H]"
334.2018 (for C14H,sNO,)

-14 (¢ 0.51, MeOH)
205 (31000), 229 (10000),
309 (24000)

3404, 2981, 2926, 1672, 1607,
1517, 1433, 1288, 1254, 1132,
1108, 774

3.7

Abbreviation: R.T., retention time.

*YMC AM-312-3 (6 i.d. x 150 mm), MeCN : 0.3% TEAP buffer pH 5.0 = 3 : 2, 1.5 ml/minute
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2 —2—5 G

A-503451 A (1) DR EfEHT

FN-LITRT LT AWEDFRIT, @0 fERE TOF-MS 7 — % X U | CigH2CINO3 & R 7E L 7=,
FEUAF AL ZANLRFY RIEET THIE L7 H NMR 2227 ML&E -6 [TRT, KANY RMUICE
WT, 3D ATF VI (51.60, 1.61, BLV1.62), LD A MF I (§3.34), HEKESK (5 6.46~

756). BXO2 HoOAZHMET 2 h (8§6.73, BLUN11.95) O FAANBE Tz,

11-6  *H NMR spectrum of A-503451 A in DMSO-ds.
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B AT INVAVERF Y REERTCHIE L7z BCNMR A7 ML N-T 2R T, RART MUZE
WT, JmErREZR 19 o 7 AnBllll s, £ bIiE H, BC, HSQC A7 FAd b 4 fHD A F
VIR, AHDATF L U RFE, AEDOAF U iFE, BLOTEONMBKEICEI N, Bllllshiz9
E D sp? RFEIE, 6 HNFHER, 2N A VT 4> TLTLUEBIIVR=NVRZATH LD Z ENER

X7,

—— h iy st

T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

11-7  3C NMR spectrum of A-503451 A in DMSO-ds.

2 MOz HMET 7 b Z RS TR TOT 1 b HSQC AT MLIC K - TH—AR 2 & DFEE NN
L& iz, AED H, BCNMR A7 hMT—X2 OIFEEE 1.2 17T, M2 T, Bl
TRREEMS 7 — 4 L BEN, H, BCNMR 27 hLT —Z b AEL AR O IX, Bl S 2 {F
DR T T N UM 2T I E NV ARFVIEIIHKTH O THD Z EBNRB I LT,

B, ZN-2121F, BT AWEOEEICE S\ N v BEXOBWEORIEIZOWT
Hat L7,
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#% 11-2

'H and 3C NMR signal assignments of A-503451 A and A-503451 B in DMSO-ds.

Position A-503451 A (1) A-503451 B (2)
3¢ 3y Sc S
NH 6.73 (1H, d, 2.1 Hz) 6.34 (1H,d, 1.4 Hz)
1 1181 () 1175 (s)
2 1252 (d) 751 (1H, br.s) 1252 (d) 7.48 (1H, br.s)
3 1272 (s) 1280 ()
4 155.6 (s) 156.3 (5)
5 106.0 (d) 6.46 (1H,d, 8.0 Hz) 1059 (d) 6.43 (1H,d, 8.3 Hz)
6 1303 (d) 756 (1H,dd, 1.7, 8.0 Hz) 1302 (d) 753 (1M, dd, 1.6, 8.3 Hz)
7 1674 (s) 1675 ()
8 304 () H, 301 (1H,dd, 8.0,16.7 Hz) 288 () H, 2.89 (IH,dd, 9.7, 16.4 Hz)
H, 3.11 (1H,dd, 10.3, 16.7 Hz) H, 2.97 (1H,dd, 9.0, 16.4 Hz)
9 63.4 (d) 4.28 (1H, ddd, 2.1, 8.0, 10.3 H2) 64.2 (d) 3.97 (1H,dt 1.9, 9.5 Hz)
10 785  (s) 732 (5)
11 333 () H, 1.68 (IH,ddd,5.1,12.0, 14.5 Hz) 318 (1) 137 (2H,m)
H, 1.79 (1H,ddd, 5.1, 11.5, 14.5 H?)
12 284 (1) 2.12 (2H, m) 276 () H, 1.97 (1H,dt 5.6, 12.2 H)
H, 2.06 (1H,dt 4.9, 12.2 Hz)
13 126.5°% (s) 1277 (s)
14 124.0? (s) 1228 ()
15 196° (q) 1.62 (3H,5s) 196 2 (q) 1.60 (3H,s)
16 739 () H, 358 (IH,d, 10.3Hz) 750 () 3.30 (2H, m)
H, 3.62 (1H,d, 10.3 Hz)
17 182 (q) 1.60 (3H,5) 182 (q) 157 (3H,s)
18 20.3° (q) 161 (3H,5s) 20.3°% (q) 157 (3H,5s)
19 58.6 (q) 3.34 (3H,s) 58.6  (q) 329 (3H,s)
COOH 11.95 (1H, br. s) 11.87 (1H, br.s)
10-OH 4.26 (1H, br.s)

Chemical shifts are given in ppm referenced to TMS.
a,b) interchangeable.

W BT DRSS 2 RN - 4571, DQF-COSY., HSQC. ¥ X UNHMBC Z D4 ff NMR 2<%
R K > THENT 7=, DQF-COSY A7 R ZEBWTIE, 3 oAU FK, 725 H-5~H-6,
H-8~NH-9, X WH-11~H-12 2’8l & 7=, HMBC 227 hLTiL, X H-8A IZRT L 972 C-H =

VTV URENENIE ., EEERDSERRNALNE o7, FEIZ, NH-9 & C-8, H8 &£ C-3, BX

'H-8 & C-4 L DX, A-B03451A A > RY U EREZAL TS Z &R L,

ﬁ%ﬁ%@f\ﬂé\

10 Cho7-, LT, C10D{LFET 7 M 6785 b+ DS A B KE L=,

22
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FRPBCIE IS, 254) J-HMBC A7 bV 3L 2 TOREZAA T, LirL, A-503451 A O 3Jcae, v I,
351Hz (middlevalue) T& Y . 7>, C-11 & H-9 & OMHRIN N> 7272, J-HMBC Z~2 kL% [
W AT I AR FIBETE o 72, E D728, FRMELE L ROESY A7 hL& W CIRE L7 3, ROESY A
A7 RMZEWT, H-9 & H-16ab. H-8ap & H-11ap & OFICHE L 72 2 FHEADELI S 4172, H-9 A% Pseudo-
axial a-oriented 72 7' h U ERGE LT & &, T7205 & R*E{UE LT & &, Bl 7z ROE tHB
X, KN-8B 128D L HIZ 10 fiAs S*THh D Z & & R-T, MA T, H-12 & H-164p O MITHBLI S du7- 41
BN ZORERZ B XFFLIZZ &6 AMEOHXELEZ (9R*, 10S*) LIRE LT,

UbDZ Lt AWBEOHEEZM N9 O X DICRE LT, B, K N-9 (2%, Rild 28 AE

TOEER LT,

23



/" \ HMBC

—— DQF-COSY

7"’y ROE

11-8 NMR data of A-503451 A.
(A) HMBC and DQF-COSY data. (B) ROE data.
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15

A-503451A (1) R;=Cl
A-503451 B (2) R;=OH

A-503451 C (virantmycin, 3) R, = ClI
A-503451D (4) R,=OH

I1-9  Structures of A-503451s.
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A-503451 B (2) DGR

KIN-LIRTEOIC, AOMETOR-MS 7 —# L0 B o/ BWEO G +RL. AH DI CWE
Do T RN DIEFER DRI, D VITKER T EBER TR ERTh 1 >Tolbolb Do
7o Y AT VAR RV REEET CHIE L2 HBCNMR A7 hVT — X OIfE % % 11-2 12R T,

BWHE®D IR, UV, Y ATV AVERF L FEEHPICTHE L7 H, 8LV BC NMR O~
ML (ZZHatE7 e o EERL) 1T, AWEICEEIL W e, ZheoT—21%, AWEICEIT S C-10
DHFIF 7, B WHEICB O TUIKBEICERIN TS Z LA RLT7c, HMBC Z 54 NMR A
N7 MVERWT, S HICHBMRFZED, BWHEOFHEigEERE LT,

B WE OMELEILX A WE & [AFEIC ROESY A% b ZHWWTIRE LTz, FHEkEEOREDEIC
HEHL72EY AT ALARF > RERT CTHIE L7 HHNMR A7 hbid, H-16, & H-16, D> 7 /L
WEAL (§3.30,2H,m), FXELEOMNIIIARE Chote, T2 T, MARKEAZEZ o r AL AL
EHEL, 26O Y 7 F a5 S 72 (H-164;83.44, 1H, d, J=9.2 Hz, H-16p; § 3.53, 1H,d, J=9.2 Hz) ,
7 v u RV AEEE T CHIE L7z ROESY A2 hUIZEWT, H-84p & H-11ap, H-9 & H-16,, B L
H-12 & H-16, & ORIICHBE E— 27 BBl S 7= Z £ (K 11-10), C-9 B LV C-10 OHXELE % &
NEINR*, BIUS*EWRELT,

PLEDZ &, BWEOREEZK -9 O L 5 IZRE LT,

[1-10 ROE data of A-503451 B.

26



A-503451 C (3) D EfEAT

B REE TOF-MS & — X L 0 5572413, UV A7 Fb, H, BCNMR 5¥—4%, BL O/ n
2RV AR CRIE L2l EIC K 0 . C WEAZBEFWE CTh 5 virantmycin® 3 L [EE L2 (¥
11-9), Virantmycin % A-503451 A &R U+ R TH D23, A-B03451 A D L 5724 > R U B TR
X, FhIebRuX ) U UBREALTWS, B2 1oL AEET CHIE L7z tH, BCNMR 2~
MVTF— 8 D@ &2 F& N-3 12737,

B, KN-B 2T, BT 25 DWEDIFEIZOWTHRELT,

# 11-3  'H and ¥C NMR signal assignments of A-503451 C and A-503451 D in CDCls.

Position A-503451 C (3) A-503451 D (4)
d¢ Oy 3¢ dy

1 1175 (s) 117.8 ()

2 1325 (d) 7.76 (1H,") 1332 (d) 7.78 (1H,d, 2.1 H2)

3 116.1  (S) 117.0 (5

4 1472 (s) 147.4  (s)

5 1136 (d) 6.53 (1H, d, 8.6 Hz) 1134 (d) 6.50 (1H,d, 8.6 Hz)

6 1304 (d) 7.76 (1H,Y 1302 (d) 7.75 (1H,dd, 2.1, 8.6 Hz)

7 1711 (s) 1717 (s)

8 335 () H, 311 (1H,dd, 6.0,17.0 Hz) 327 () H, 2.86 (1H,dd, 6.0,17.1 Hz)
H, 3.37 (1H,dd, 5.0, 17.0 Hz) H, 311 (1H,dd, 4.3,17.1 Hz)

9 56.2 (d) 4.36 (1H, dd, 5.0, 6.0 Hz) 67.4 (d) 3.99 (1H, dd, 4.3, 6.0 Hz)

10 58.1 (s) 576 (s

11 336 () H, 1.61 (1H,ddd, 4.5,12.1, 14.1 Hy" 333 () H, 1.54 (1H,ddd,5.1,12.0,14.1 Hz)
H, 1.81 (1H,ddd,5.0,12.1,14.1 Hz) H, 1.82 (1H,ddd,5.3,11.8,14.1 Hz)

12 278 () H, 2.01 (1H,dt 4.0,12.1 Hz) 27.7 (b) 2.07 (2H,m)
Hy, 2.09 (1H,dt 5.0,12.1 Hz)

13 126.5 (s) 126.8 (s)

14 124.8 (s) 1246 (s)

15 19.9% (q) 1.61 (3H, ) 20.0 % (q) 1.63 (3H,s)

16 740 () H, 355 (1H,d, 9.0 Hz), 750 () H, 349 (1H,d,9.4Hz)
H, 3.58 (1H,d, 9.0 Hz) H, 3.67 (1H,d, 9.4 Hz)

17 185 (q) 1.63 (3H,9) 184 (q) 1.61 (3H,s)

18 20.6 % (q) 1.61 (3H,59) 20.6 % (q) 161 (3H,9)

19 59.4 (q) 339 (3H,5) 59.5 (q) 3.40 (3H,s)

Chemical shifts are given in ppm referenced to TMS.
a) interchangeable. b) Not clearly observed due to overlap. c) The signal was identified by the SELTOCSY experiment selecting H-12a signal.
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A-503451 D (4) OREEMEAT

FN-1ITRT XD, @mOHE TOF-MS 7 —2 X0 G o/ D WEO»+XIX B WEHEFE LE-
7z LT, ABLOCWHEDG TR BRI 7RI, RV ICKER T EBRRFREE
n1oFTobolcbDiEolz, BEZ AL AERT THIE L tH, BCNMR A7 MLTF—4 D
JRJE & 2 11-3 1R,

DWE®D IR, UV, EZ v a R/ AEERPICTHELZ H, BEUBCNMR OFFEA~NT b
C '8 (virantmycin) (ZHLEL L TW o, MOFERIK & FIERIZAFE 2DNMR A2 h L Z IV TRET L,
DWEZ CWED9-T /7 un-9-t RuFx I (kERE LR,

D W OFIRIBLE L, J-HMBC, 3 X ONOESY A2 hLl& HWTIRE L7z, J-HMBC A~2Z kL
WZBUWT, 2cg nsa S 6.47 Hz (large value) ToH Y | 23D 2Jcg nap 25 3.04 Hz (small value) 72722 &
M5 C-9 DKL L H8 T T — 2 ThH Y [[FKEEHE L H-8 137 FDOEURICH 5 Z & ARSI,
NOESY A7 FLZEBWT, H-8y & H-11ap DRI BIIN S 272 (M 11-11) . C-9, BX U C-
10 DFEXHELE 2 Z N EA R, BLOR*EWRE L7z, —7F, NOESY A~X” ML TiX, H-8 & H-16, D
M OFES & B & A7z (K 11-11) , Z4UiE H-8, & C-16 73 1,3-diaxial (2% Y #55 Z & % 7K L, virantmycin®
<> benzastatin D338 L [FEEIZ A-503451D & 2 DOEEA D 1525 Z L 2V L 7=,

PLEDZ &6 DWEOREEEZK N1-9 D X 9 IZRE LT,

H
(\H 1 —ZL
M5 /
—\ .
NH —=
10 OMe

16

v 2J(C, H); a6.47 Hz, b 3.04 Hz

I1-11 NOE data of A-503451 D.
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2—2—6 ‘AEWiEtk

PGVB2-EPO V> 7 = F—F LR — X —ELFT vEA

Huf5 L 7= A-503451 JH D HIF iEMAVREA TS 72012, & bR H kR HepG2 (2 pGVB2-EPO
TI7AI RE—BRICEAL VY T 2T =B UR—F —&a+7 v A il % 366 L 7=, pGVB2-EPO
T AI REIE, pGVB2 77 A I K (FLMi3E T34 I HIFISEERFCThiHr Y AT

(EPO) v —trane—4—%2EALELOTHD, MELZX IN-12 1277,

- EPO-E = EPO-P Luciferase  jum
CCTACGTGCTGTCTC
HRE

11-12 HIF-dependent reporter gene construct (pGVB2-EPO-Luc).
Abbreviations: EPO-E, EPO enhancer; EPO-P, EPO promoter.

FOFER. A-503451 A, BEIORC I 72T —PiEMEZMIHEE L, ZNEND ECs BT, A-
503451 A 75 23nM, A-503451C 7% 48nM (& 11-4), —J7. A-503451B. B LD IL, JEMEZ RS2,
7= (ECso > 15000 nM), AWE DOREERGENZFE L7 7 7 2K U-13 1237, I RIEITARFERN 2

HIF iIEMHbE L LT D, $kF L —%—D DFX & RfRETH - 7=,
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% 11-4  Induction activities of A-503451s on pGVB2-EPO-Luc reporter gene assay.

Compounds ECso (M)
A 23
B >15000
C 48
D >15000
Each activity was shown using the value of DFX (200 uM) as a
base of 100.

1250

=) = 1250
£ —8—pEPO-Luc =
o c
S 1000 1 —o—pGL3-Control 8 1000 |
2 2
a 750 | = 750 t
5 5
(=]
S 500 | L 500
2 >
= E
S 250 | Z 250
< <
0 0
0.1 1.0 100 1000 10000 10000.0 200 pM
A-503451 A conc. (nM) DFX

11-13 Activation of HIF-dependent reporter gene expression by A-503451 A in HepG2 cells.
Luciferase activities in HepG2 cells following stimulation with indicated concentrations of A-503451
A or 200 uM DFX. Each activity was shown using the RLU value of treatment with DMSO as a base

of 100. Means £ SD of three independent experiments.
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HIF-1a% > /37 & DOHER.

HIF-1 1% HIF-1a. & HIF-1B (ARNT) O~7 1 2 &R THRET 5723, £ OIEMEIZEIC HIF-lad Z /3
7 EEEICE > THIF ST D, £ 2T, A-503451 A A HIF-1a % /X7 B DR EICF 53 5 0
ERARDED, V2 AX Ty T 4 T EAWVTHIF-la % 87 BOMRETT - 12, T OFEFE, HIF-
lo % /37 B OEREIL, W% 1~3 R[] CHAs S, A-503451 A 78 HIF-1o & Z2E kT % Z & 2348
L7z, ZOFER Y — L DFX CIZIEFABECTH o720, REIAFAF CTII S HIC R, WPk LR T

LRI TWE (K 11-14), —F T, A-503451 A X HIF-1p DX > /37 BICIZEE 5 2 o 72,

A-503451 A Hypoxia DFX
Mw
time(hr) 0 1 3 6 24 01362 0136 24 K3
IB: 150
HIF-1a - --‘ - '..‘ S|Sse 10

1B:

HIF-1p M w sasee
75

IB:

G-TUDULIN | S———— —“4 F’ 50

11-14 Time-dependent accumulation of HIF-1a protein in HepG2 cells.
HepG2 cells were treated with A-503451 A (284 nM), hypoxia (1% O), or DFX (100 uM) for

indicated time period. The HIF-1a protein was detected using anti-HIF-1a antibody. The blue bands
are protein markers. Representative images of three independent experiments are shown.

Abbreviation: 1B, immunoblot.
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VEGF & EPO @ mRNA O%Bl&E, B LY 37 &DfER

REMREEFISE BT TH D VEGF, L TUEPO ® mRNA OFEBLIC A-503451 A 1352 5 5%
Do, EERT-PCR % L7z, € OfER, A-503451 A % 1421 nM T 16 FRFfEALEE L 72454 .
WA OB EL 1 L9 5 L VEGF, BL UV EPO ORHEL TN 5284102, 3L 102.85+20.45
ICETHIINS 72, ZOREEIT, [KBEELEE (1%0,) FEOKESTE -7, —FH, HIFIZ L - T
ZZF 720 HIF-1a, 38 X OVHIF-180D mRNA O FEHLEICELITERD S o2 (F11-5),

WIZ, VEGF, BEXWEPO O ¥ v /37 &% ELISA IZCHER L7z, T ORER., A-503451 A % 1421nM
T 16 BFELEE L72354 . VEGF, B X WNEPO ¥ > /37 % Z N2 246%3%, 35 L 18 2040£100% |2 %

THMMEE (¥ 1-15),

Z< 11-5 mRNA expression levels of HIF-dependent or -independent genes.

VEGF EPO HIF-1B HIF-1o
Normoxia 1.00 * 047 1.00 + 0.30 1.00 + 035 1.00 + 0.24
A-503451 A, 284 nM 438 + 0.91** 274 + 1.32* 0.77 + 0.14 0.78 + 0.06
A-503451 A, 1421 nM 528 + 1.02** 2.85 + 0.45** 077 + 0.21 0.70 + 0.22
Hypoxia 11.92 + 2.27** 6.33 + 0.87** 1.04 + 040 174 + 0.58
DFX 100 uM 6.73 + 0.54** 266 + 0.87* 053 + 0.24 0.76 + 0.21

(induction ratio)
Means + SD of three independent experiments. *P < 0.05, **P < 0.01.
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A VEGF

= 500 N
S 400
O
(4]
X 300
e
S
S 200
kS
< 100
0 284 NM 11421 nM
Nor. | A-503451A | Hyp. | DFX
B EPO
°
£ 8000
o
O
(4]
£ 6000
o
-
S 4000
>
kS
< 2000
0 284 nM | 1421 nM
Nor. | A-503451A | Hyp.| DFX

11-15 Induction of VEGF (A) and EPO (B) protein secretion by A-503451 A.
HepG2 cells were treated with A-503451 A (284 or 1421 nM), hypoxia (1% O2), or DFX (100 uM)
for 16 hrs. The VEGF or EPO protein was detected using ELISA. Means + SD of three or eight

independent experiments, respectively. **P < 0.01. Abbreviations: Nor., normoxia; Hyp., hypoxia.
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Bk A A L AF(E F O HIF IETE(LRE D 2l

HIF-1o D43 fi# 2B D PHD (%, Z OIEMHIBICEA A LBEFEOM F 243539 F1L T, #

FL—F =N HIF 21T 5 2 LRI TV DT, IBFRIZR8F(E FIZH1T 5 A-503451 A @ HIF
TE M EE 2 5 L 72,

ZOFEF, WEIZREROIFAE T TlX, DFX & [ABE, A-503451 A IZ X % HIF-1a ¥ v /37 B OERIT*
Y roe I, —FH ARBELEE L b Ok, BREIREKOFE T TH HIF-la ¥ /X7 B OERMPR
iz (K 11-16A),

F72.pGVB2-EPO Vv 7 = 7 —EB L AR —F —BI5 17 v EAIZBWNTH FIREkDFIEIC L - T,

A-503451 A @ HIF IEMHALIER N E R T2 Z E BB LN E e o7= (X 11-16B),

34



A o j
X Lo ©
£ 3 5
e o X 8_
o Lo LL >
z < @) I Mw
(kDa)
Fe -+ -+ - 4+ - 4+
150
IB:

IB: 0

HIE-1p 10
W - o 75

IB:
a-Tubulin .ﬁ 50

B
4000 - I/ control
m+Fe
S 3000
=
3
9) 2000 -
=
o
S 1000 -
g L
0 T ——

DMSO A-503451A DFX Hypoxia

11-16 Excess iron ion inhibited the activity of A-503451 A.

HepG2 cells were pretreated with 200 uM ferrous chloride and then treated with A-503451 A (284 nM),
hypoxia (1% O2), or DFX (100 uM). (A) The HIF-1a, HIF-1p and a-tubulin protein were detected by western
blotting. Representative images of three independent experiments are shown. (B) pGVB2-EPO reporter gene

activity. Means + SD of six independent experiments. Abbreviation: Fe, pretreatment of 200 uM ferrous

chloride.
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A-503451 A DFkF L — bEME

A-503451 A D#EF L— MEPEIZ DWW T, SRS MEEOE 7' n— 7 Th 5 calcein % VTR L 7=,
Calcein (X 2 ffi, LU 3fHDOEA A E2FL— ML, TOENKEKD 9, £ T, A-503451A L
gk (1) DIREVEIRIC calcein Z¥shI LT, calcein OHOEHRE 2 HIE Lz, T OREE, A-503451 A |
WFILOREIZI VT S caleein DEIETREIZ LY 5 X 72 o 7o, —J7 . DEX 1T, IR EKAFHIIC calcein
DHOEIRE 2 B S calcein LA A DOFEEEELZ (K 1I117A), 2O Z L6 A-503451 A
[ZIE8kF L — MR N Z E RSN E o T2,

WIZ, A-503451 A DS HIRAPNBERIERR |2 - 2 D58 % i~ D 7=, calcein-AM 7 A b # & FEfi L7=, &
DOifiF, A-503451 A [X, DFX & [AIERIZ calcein DG 2 [FIE &, Mld NGERESR 2 b ST o 2 &

NS E 257 (X 11-17B),
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11-17 Iron chelating activities.
(A) In vitro iron-chelating activity assay. Means + SD of four independent experiments.

(B) Cell-based calcein-AM test. Means + SD of twelve independent experiments. **P < 0.01.
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2—2—7 FHEROER

PGVB2-EPO Vv 7 = T —EB LR — ¥ —BIn 17 v EAIZEBNT, IHHEEZA L7 A-503451 A, B LY
CIEmTHICHERRFA2H LTV, IEEEZ RS-z A-503451 B, B LD ITEHER 1O b
DIZKEER A L CWniz, £ 2T, IGHERBUCEB T 2 EER - OEE 25 -0, Bilis Lol
FIFFIZHEH L, A-503451D @ C-9 OEMIELN /e D 2 DOFEMLREZ AR LT (X 11-18), Z DFEH.

9- A LUK ({BA¥ 5) 1X A-503451 A & [RIZEDFRWVEMEZ R L72 (ECso=24nM), — )7, 9-7 & F /LK

UbEW 6) 1XIEMZ RE 720 > 7= (ECso> 13000 nM),

A-503451 D MsClI
TEA

N—fl,
O

HO

Ac,0
pyridine

Compound 5

Compound 6

11-18 Structures of compounds 5 and 6.
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INFTHERTE @Y . HIF IEHEACHE DR A7 U —=2 728\ T, Streptomyces sp. SANK
60101 DRFFEIKN D 2 DDOIEVEYE A-503451 A, BLUC & EMEA A S RWERZIK B, BXU'D %
FHE LI, AL Bl BLXUDWHEIZ, Z0WEMETH), BLXOODEFHT — 2 L0 FBmE TH L Z &
C W'E 1% HIV protease inhibitor & L COHENH 2 virantmycin® THDH Z VA L=, £ L T, A-
503451 A % W= B HEREA i, WEEFIRAE T HIF-1o ¥ U XV B ZEAT 5 2 & REN KSR
JSEBIR T CTdh D VEGF X°EPO OFHLAFE L, X VXV E L)L THIMSEL 2 LR BN E 7R
o7, F7z, A-503451 A 1T, ZAVE TIZHE SN RIRH R D HIF IEME(LE 4298 L3RR | 8k
L— & —TlEenolz, Ll MRNERESEZ D S8, APEIZ2=—2 72 HIF I§M b A 1 =X
LEALTVD EB 2 BT,

A-503451 FEOHEEEM E LTIk, KEL 29502 R TFbN5, 1213, ABLOB®WHEIZA
VRUVEKERLTVWDLOIK LT, CBLXUODWEIZT FTJe Fax/ U UEkasa L Tnbd 2
ETHY, £ 120F, EHEEZATL ABLO CWEIZERRTFO BAICHEFERFZH L TWDHH,
EMEZRZ20 B B LU D WEITERIEF2AKBAICER I N TS Z L Thd, T2bb, Ex
95 A BLXOCWEIZ, BHIZRRLN, ERFTO BIMICHFR F2HT 52 EnEmLTH
%5, LT, AL B, BLOC L DWHEOHMEEIZFRILE -7, 26D b, AL B, BX
O'C & DWHEICIEZ, ZhEn@d 2 Pk, »5003, 2 b 4 WET @ 5 PRIEHA T
L., ZOHRURIZIE A 4 0K A A BRI CHIEN ST X v 7 LTEKRLTZEEZ BN
7=

Z LT, A-503451 JHD HIF fEME(L A 7 = X LB LTI, BUS L2 BERIE, B X OE I FIEIC X
S TER L7 8RORIE L 1EMEND. LLFIC 5 2 DDA REMEA R S L7,

D%, A-503451 FHD HIF IEMHEALERNIE. 7 VW AHIEMEIC L2 6O TIERWI L Th D, A-
503451 FHOMEE X, 7V — T DA VHIEA & LT STV 5 benzastatin C, D, 3 L ONESS 338 &

APl L T\ 7=, Benzastatin C /. A-503451 A X° C & [ FINICHEZER 44 L. benzastatin D |Z
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A-503451B ° D L [AARIC TSR Z A LTV D, ZNHD 7 Y —F ¥ h VIR IE X R4 &
WSS g B3 F722b 5 benzastatin C O C-9 OMEFEIF11%, 7 ¥ W VHHIRIEMEIC R AR Trk72
WA, A-503451 BT B 1T DHEFRIEF1E HIF DIEMEALIC AR TH YD . 2D Ldb T VA VHliRIENE
R L TR E B bz,

9 1-21%, A-503451 FHOIEMRBUTIZEFRIR A D BALICBWVIEEE N ML E R Z L ThH D, THMEFRE
BUCR T 2RI OEFN TR D 2D I L2 FF SR OER & Z OFEHlc B\ T, D WED 9 i
DRI, BWIHBERE & L TRIDND A VAR AHA LI DIXEWENEO b d & 512 o72h5,
TEFNIEEBEANLZ L DOITEEEZ RS RVEX Tholz, ZOZENEH, A503451A BLNC D
FEAIE, DB S U THREL TV 2 2 L VRIB S L7z, A-503451 A X°C HE A, BBELA BG4 %
P& 29 UTHER 2 /3 7 B & FOG L TW D D0, & 2 W& BEEE A BALR 3 5 [ 2 41 LT A-503451
AR CoILET HIEERENER I TND D0, BB OEB LT 5 2 L1345 % O
MTH 5,

ARHFZE TR L7 A-503451 JH2Y, & 5725 HIF OIEHAL A T = X A DEHICEH S L, AA 7 J—=

> 7 DR AETH DMK T DIGRIEDORRBITRILTOND Z NSNS,
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HepG2 /%, 100 units/ml &= 1J > & 100 ug/ml DA M7 h~A 2 10% O 7 2GR MmiE
(Invitrogen #1:#) % & Z» Dullbecco’s modified Eagle’s medium (Invitrogen #1:5) TH:FE L7=, HIfRIX.
L 37 C, CO2 iR 5% (T THi#R Lo, ERMERESMET (1% O2) Oi;#E L. ACI-165D CO/multi gas

incubator (7 A7 v Z74EH) ZH W TiT-72,

pHRE4 V2 7 =25 —FB L R—F—FFAXAI K

pGL3-Promoter (Promega #L:#4) @ Bgl Il %1 KIZ hypoxia response element (HRE) % 7 ¢¢fd %]
(TCGATACACAGTGCATACGTGGGTTTCCACAGGTCGTCT; FH AT HRE) DECHZ Z 5 LT 4 |A]

AL, pHRE4 V> 7 =T —F L KR—%—7 7 A3 K (pHRE4-Luc) Z{EHIL 7=,

HRE4 #fifa

HepG2 (Z k72 pHRE4-Luc 77 A X K% Tfx-20reagent (Promega fE#) Z MW CEA L, 2 HME#E
Lze TDH%, Y%7 43> (Sigma tH) 600 pg/ml Z %ML CHABRINZBHB LT-, 4 H I &I
Bz A3 L, Xl R v — U BRI LT, & LC, EEHESMN (1%0,) THRWREEZRL

7-7a—r%HREAMRE M L, A7 U —= T2 HWZ,

27 V== HRE4ANY 7= TF7—FLA—F—#EEF+T &A1)

HRE4 #ilfiia 96 N7 = /L7 L— M1 v x/bdH7-0 5.0 X 103cells " >fFfE L, —MusEL7-, ¥
A, & ZISHRER RS HICIAfE Lo T A M 7V ZIRINL, HEESRE T 16 REffRGEE L7z, £ D%, Steady

Glo Luciferase Assay System (Promega tf#4) ZHW\W T, Vv 7 = 7 —BiEEZHIE LT,
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HOERE, bk, REBEROENE, BLOREHOREIC OV T, Waksman®®, 35 X O International
Streptomyces Project (ISP) S T/REN - AIETEM L7z, 7 I 7 B A Y U, fllar oy o
SRR, BRI D OS5 CEE Lz, 16S U AR Y —2A DNA IE, PCRIZTHANE L, HIE S vl i %
ZOFEEMNT DL TEORSNE G-, REKIE, ENLAFFERRRIEN  EEHINR ST Rrar
A EFst e o #— (ET : BARERMRS TR 1-1-1 fREg 6) ([CEBRFFES ., Fit# 5 FERM

BP-8016 % ff5-Xi7-,

i 2-1
Ta—2A 3.0%, FA—A b 1.0%, Kk 3.0%., REEHT/L 7L 04%, Wit~ 7% 70« 7

KFW) 0.2%. 1H7EA) CB-442 (HimAHLD) 0.01%. PEErT pH 7.2

e 2-2
A7 ma—A 50%, A —AF 1.0%. KTH 3.0%. REEH/LI T A 0.4%, Wit~ 7 %> 70« 7

KFn# 0.2%. 477 CB-442 0.01%., JHEERT pH 7.2

General
BRI 227 h L, C-Hdual, BLXONTXI 7Y u—7 %2 ZnZF 3% L7~ Bruker 15 AVC500
ARy ha A= —ZHONTHIE L, NEERE L LT TMS Z W, (b5 7 MEIX ppm TR LT=,

Ay fRRE TOF-MS 5 — % 1%, Waters #E8 Micromass LCT A-X7 b1 A —& —Z% W CHIE LTz,

APCI, BX OV ESI MS 5 —# %, Agilent Technologies #1:%! 1100 > U — X LC/MSD % W CHlllE L
7

IR A7 hWiE, BADHAE FT/IR-610 227 hu XA —X—% T, Bbh U o AEEANEIZT
HE LTz,

UV 237 Ruid, BEERUERTAESRL UV-265FW A7 ka2 —& —% FIWCHIlE L7,
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FEREYCEE 1Z. A AR et DIP-370 L A~ b o A —& —Z AW TCHIE L,

7 o a RV AEET CHIE Lz A-503451 B @ H, B LUV C NMR

H NMR (500 MHz, CDCls, TMS [internal standard]): 5 1.48 (1H, dt, J = 4.8, 13.6 Hz), 1.57 (1H, dt, J = 4.4,
13.6 Hz), 1.64 (3H, s), 1.64 (3H, s), 1.66 (3H, s), 2.01 (1H, dt, J = 4.8, 12.5 Hz), 2.16 (1H, dt, J = 4.4, 12.5 Hz)
2.98 (1H, dd, J = 9.2, 15.8 Hz), 3.08 (1H, dd, J = 10.6, 15.8 Hz), 3.13 (3H, s), 3.4 (1H, d, J = 9.2 Hz), 3.53 (1H,
d,J=9.2 Hz), 4.17 (1H, dd, J = 9.2, 9.9 Hz), 657 (1H, d, J = 8.1 Hz), 7.77 (1H, br. s), 7.83 (1H, dd, J = 1.8, 8.1
Hz). 3C NMR (125 MHz, CDCls, TMS [internal standard]): & 18.3, 20.0, 20.6, 28.1, 29.9, 32.6, 59.6, 66.3, 73.0,

78.5, 107.5, 118.7, 124.6, 126.6, 127.1, 128.1, 131.6, 155.9, 171.7.

pGVB2-EPO Vv 7 =2 F— B L AR—F—FTFAI K

PGVB2 75 A I N (FGCHIEE T¥48) DR Z ALY T = F— BT+ O FiIC 126-bp 3’ EPO (=
JA2aBRZF V) monrt— (RY AMIEALO 3D X 7 AT R 120~245 [T YT 5) & 144-
bp minimal EPO 7' = & — % — (B BHAGENIZBAMR T2 X 7 L AT F-118~+26 ITFHY T %) ZfHA L,

PGVB2-EPO /LS 7 = F—VP LiR—& —7FF 23 RE{ERLL 7=,

pGVB2-EPO LY 7 =5 —F L R— X —iE 17 viA

HepG2 # 96 X7 = /L7 L — hZ 1 7 =/LH7=0 1.0 X 10%cells S >FR L., —BulgE®E L=, A,
HepG2 (Z LF2 pGVB2-EPO Y7 X I KN, F/id=av hr— v b R—F%—77 2 I K pGL3-Control
(Promega f1:#4) % Tfx-20 reagent Z W TENZEVEA L, —BEEFE Lo, B H, HERE ISR
L7zT AR vaime, HRFEIRRET 16 KR E L7z, £ D%, Steady Glo Luciferase Assay
System (Promega f:#) ZH W T, V7 =7 —BIEEEZRIE L7z, EEMEIX. DMSO 4P RLU A

% 100% &S L. L FOFENTRE L,

Activity (% of DMSO control) = 100 x RLU (7 A K> 7/V) [/ RLU (DMSO)
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A-503451 $ D ECso fEIL. 200 uM DFX #LEL CTOIGPEME A 100% iEPEE L TR L7,

VAR Ty T 4T

HepG2 % 6 /X /L — MM 1 7 =/L&H7-1 1.0 X 105cells " >fFfE L, —Wuksss L=, Britf ks
(22 LTz, Az A-503451 A (284nM), DFX (100 M), F7oidEmEHRE (1% 02) THIB L,
AL 2 [E0X U 72, SRERINEBR IV TiE, FeCly (100 uM) T 30 3 INIE DI, SRANEE TRl L .
FREFAIC IR Z B L 7=, #MAE % lysis buffer (50 mM Tris, 150 mM NaCl. 5 mM EDTA, 0.5% NP-40,
1 mM PMSF, ptotease inhibitor cocktail, pH7.4) |2 CifR L, @& A%, [RlEs%L 15,000 rpm (2T 30
O LT, BEERI L, BoNF oI &4~12% 77V hSDS-RU T 27 U L7 IR
TNERAWTERIKEL, = hrtere—REcT ey T 47 Uiz, HIF-lo % > /37 E1X, HlHIF-
la FLiA (BD Transduction Laboratory #E#4) Tk L7z, =Dk, FIEEZ MV, HIF-1B # X7 8 B
X o-Fa—T Vo2 RUEE, ZnEhbt HIF-1B Hiik (Cell Signalling Technologies #E#Y) | 35 &
Ot a-F = —7 U Uil (Sigma #H8) TRl L7z, HifRi%. Amersham Imager 600 (GE #L#4) % FHu»

THIE LT,

JEf# RT-PCR

HepG2 % 6 /XL — M1 7 =/L&H7-1 1.0 X 105cells F>fFfE L, —Wuksss L=, 5z acH
L7z, 212, A-503451A (284nM, 1421nM). &SV I DFX (100puM) Z#INL, EEe#E, & L<
L EESRIZ T 16 FEfESEE L7z, RNA X, Sapazol (774 7 A7 #M) #HWNTHER L, HiiRE
IZ. RT-PCR kit 35 & U random hexamer primer % F\C32Jii L 7z, Real-time PCR (%, TagMan Universal
PCR Master kit (PE Applied Biosystems #1:4) % F\>C ABJ Prism 7700 Sequence Detection System (Thermo
Fisher Scientific #:%¢) (2 THIE L7, I L~ULiL, 188 UARY —ALRNA T/ =<7 A X L7, i
LT I7A—_TIFUTOLEEY TH D ;

VEGF; 5- CTTGCTGCTCTACCTCCACCAT-3'&
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5'- ATGTCCACCAGGGTCTCGATT-3,
EPO; 5’- GCATGTGGATAAAGCCGTCAGT -3° &

5’- AGAGTTTGCGGAAAGTGTCAGC -3°,
HIF-1a; 5’- AACGCCAAAGCCACTTCGA -3° &

5’- AGTGCTTCCATCGGAAGGACTAG -3°,
HIF-1B; 5’- CATTGGCAGATTGCAGGTAACTAG -3’ &

5’- ACAGCGGTGATCCACAAAAGT -3°,

TagMan probes IZLL T DO EEBY TH 5

VEGF,; 5’- CACCAAGGCCAGCACATAGGAGAGAGATGA -3,
EPO; 5’-TCAGCTGCTCCACTCCGAACAATCAC -3°,
HIF-1a; 5’- ACCATGCCCCAGATTCAGGATCAGACA -3,
HIF-1B; 5’- CAACCAACAGAGTTCATCTCCCGACACAAC -3°,

18S VU 7R Y — 2 RNA X, Pre-developed TagMan assay reagent Eukaryotic 185 rRNA (Applied Biosystems

HED 2V,

ELISA

HepG2 % 96 "N/ L— M2 1 7 =/L5H7=0 50 X 103 cells T L, —WBukiss L=k, #Mlnzx
Dulbecco’s modified Eagle’s H5HL T 2 FEBEYE L7, & 212, A-503451 A (284 nM, 1421 nM), & 5\
DFX (100uM) Z#HnL, (Efed, & L <ILWEERIZ T 16 FFfIEFE L7z, ELISA [TIdE:E R4 Huv
7zo ELISA X, VEGF ELISA kit (R&D Systems #£44) | & L < % EPO ELISA kit (Stemcell Technologies

8L 12 TER LT,

XL — b7 vEA invitro

EIREDO 3FDT A M7 b 3uMFeCly, 2% &7 DIRE L, EIRIZ 10 /FE Lz, £~
L= B calcein (750nM) Z WA L. 59412 calcein > 7 )Ls@E 2 e L7~ (Fhikdk = 485nm., #&
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H% & 530 nm),

XL —hr7 v A cell-based

a7 M7 o7 HepG2 fliidiz A-503451 A (284 nM, 1421 nM). & 5\ & DFX (100 uM)
ZIWINL, 6 KefilEs#E L7z, & Z~~, calcein-AM (0.4 uM) Z¥RINL., =IRIZ 10 pE#E LT, £0
. fMfEA PBS T 2 [mIPEiE L. calcein O 7 F VIR ZJIE L= (BhECIKE 485 nm, MR 530

nm),

2-(3,4-Dimethylpent-3-enyl)-2-(methoxymethyl)-3-[(methylsulfonyl)oxy]-1,2,3,4-tetrahydroguinoline-6-

carboxylic acid (9- X VIR, LA 5)

A-503451D (50mg) Z 7 mu /L (dml) [ZEfL, kinL, £Z~FJx=F L7 I (560 ul)
EAZ AR =7 Y Ro(60p) ZEINULIZ, TR a=iRICRE L, 2 Rpfft#: Lz, ROSIIKEZ IR
T 252 & THRT S, RSO pH Z 4.5 ZF% L, FEfg—F /L CHlith U7z, Wi — VI8 %
FIBHK CHEE% ., SoRNRET Y U L THK LT, Zia AR T A%, BE NRMERZE LTkl
%157, = O % 53 BUH HPLC 7 7 4 (SYMMETRY C18, 19 id. X 100 mm, Waters f:#i)
THEELT-, BEMRICIZ, T2 =Y BERT =0 A—FRR pHA5=2: 1 2z /o, (LAWY
5D —7 4L, GONTEaBIRICOWTRIE FMRMEL T 7 b= v z@E LK, EREEF
BRICHRR —F VI 21TV (LA 5 O A AR 8.2mg 2157,

APCI-MS (m/z): 412 [M+H]*, 316 [M-CH3SO3sH+H]*. *H NMR (500 MHz, CDCls, TMS [internal standard]):
§1.56 (1H, *), 1.58 (3H, s), 1.60 (3H, s), 1.60 (3H, s), 1.71 (1H, ddd, J = 5.1, 12.1, 13.6 Hz), 2.04 (2H, m), 3.01
(3H, s), 3.15 (1H, dd, J = 3.5, 18.0 Hz), 3.22 (1H, dd, J = 3.5, 18.0 Hz), 3.43 (3H, s), 3.46 (1H, d, J = 8.8 Hz),
3.59 (1H, d, J = 8.8 Hz), 4.66 (1H, br. s), 5.07 (1H, t, J = 3.5 Hz), 6.52 (1H, d, J = 8.8 Hz), 7.77 (1H, J = 8.8 Hz),
7.78 (1H, s). *C NMR (125 MHz, CDCls, TMS [internal standard]): 6 18.4, 19.9, 20.6, 27.7, 30.0, 33.3, 39.1,
57.2,59.3,72.7,74.5, 113.5, 114.7, 117.7, 125.0, 126.2, 130.5, 132.6, 146.8, 171.3.

* Not clearly observed due to overlap.
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3-(Acetyloxy)-2-(3,4-dimethylpent-3-enyl)-2-(methoxymethyl)-1,2,3,4-tetrahydroguinoline-6-carboxylic acid

Q-7 EF VIR, {LEW 6)

A-503451D (78mg) #EUr (5ml) ([ZIEfE L., = 2 ~EKEEEE  (1.5ml) ZFMML, =|EICT
14 WEEBEE UTe, POSEIRZ T FIRME L. SOGH & i~ F L ChI U7z, Fiig—F Vg % fafn &
WK THES A, BKAREE T N U ¥ ATHK L7z, T ad A CTAHIR%E, BUE FIRMGZE Uity
13-, O E B HPLC 7 7 4 (SYMMETRY C18, 19i.d. X 100mm) THEfL7-, BHE)
X, 78 =R NUZFAT I BNy 77— pHE.0=3:2 o, {LEME DY
— 7 ESB L, BN BURICOWTRIE FIRMLCT7 ' b= Y VEZRE L%, Bl FERIC
FEfe = F VI 21T BB 6 D @R 67.5 mg & 157,

ESI-MS (m/z): 414 [M+K]*, 398 [M+Na]*, 376 [M+H]*, 316 [M-CH3COOH+H]*.*H NMR (500 MHz, CDCls,
TMS [internal standard]): 6 1.59 (3H, s), 1.60 (3H, s), 1.60 (3H, s), 1.60 (1H, m), 1.73 (1H, m), 2.04 (3H, s), 2.04
(2H, m), 2.86 (1H, dd, J = 4.4, 17.2 Hz), 3.13 (1H, dd, J = 4.0, 17.2 Hz), 3.39 (3H, s), 3.39 (1H, d, J = 8.5 Hz),
3.49 (1H, d, J = 8.8 Hz), 4.75 (1H, br. 5), 5.24 (1H, t, J = 4.4 Hz), 6.52 (1H, d, J = 8.4 Hz), 7.74 (1H, s), 7.76 (1H,
dd, J = 2.2, 8.4 Hz). 3C NMR (125 MHz, CDCls, TMS [internal standard]): & 18.4, 19.9, 20.6, 21.2, 28.0, 29.1,

33.4,56.9, 59.4, 67.6, 73.3, 113.3, 115.9, 117.2, 124.6, 126.6, 130.2, 132.6, 147.4, 170.5, 171.5.
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53 E PREER I P e E W E D PR

BI1E A7 V—=27T%

BERERI IS TE L EME DIRRIT, 7= ) XA T T v, THDH VS-G 7 viA ZANTIToT,

VS-G 7 vt A%, b bEEMMELEMAZ (normal human dermal fibroblasts; NHDF) & fktas s & voX s

(Green fluorescent protein; GFP) 1%k L7 & A7 # R M3 P9 EGMA. (human umbilical vein endothelial
cells; HUVECs) D #E55#2CTd V. NHDF | T HUVECs WERER LT 2814 GFP > 7 /L Tt -
BT 27 A ThD, IEEOH®E HUVECs DIFRE, BLOZ O CIMli Lz, 7 vt A O
A -1A TR, KT v A %IV T, VEGF 1 HUVECSs (2% L TEINERE #7554 5 A3, Ang-
LIZEBREEEZFET 5 (K -1B) . £Z T, VEGF #7210 | Ang-1 4O Z 54 2 W I,
BERER R M TR AFE T2 LMEL, DX O WBEEZIRET L2 Lic L,

MAEMRERIEY > T Ve A7 ) —= 7 LizfE R, Streptomyces sp. SANK 63697, 33 L OY Incrucipulum
sp. SANK 10414 ORI v 7V HICER, BLOER EEROW S OB ELFHET i E T
PR U7, £ LT, BRI BB RE ) LB T AR vestaine %1 & F-36316 $H & £ T L5
A LT,

Vestaine DA pER . FEMEAEPE, HLEPREL, WEULFROME., HEMTICOWTIZLL T OH 2 fHilZ,
F-36316 DO LN HIZHOWTITLA N O 3EiIZFEb 9%, £/, vestaine . 5 LU F-36316 D EY

TEPEIZOWCIEE 4 Bl it 3 5,
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http://catalog.takara-bio.co.jp/product/basic_info.php?unitid=U100007858

GFP-HUVECs

coculture

-1 VS-G assay.
(A) Outline of the assay system.

(B) Morphological changes observed in this assay system.
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Vestaine Az R =CHs
Vestaine B1 R = CH2CHs

Vestaine %8

3—2—1 AR

SANK 63697 #i%, HEHNZHAT HEEX ~F (Terminalia catappa) DI L Y 4B S,

AR, Rectinaculiaperti % A 7O 2 L, 1 DOEHZ 0 20 LN Lo+ 26 L7, la+
KL, FEE-72 (K 1-2) o AT, A —Z b - ZHFEREM (ISP i No. 2) LR & —F -
PRIETER B (ISP H54i No. 4) TRCAF L, an=—0@d, MEN6REE -7, IPS HiH No. 2,
F— b I —/VEREHL (ISP 554 No. 3) | ISP 85HiNo. 4, 7" Ut U ¥ « 7 AT X FREHL (ISP 57
#1No.5) |, BROTF m I FREEMH (ISP H5H#1 No. 7) LTI SN EREROESEOAIT. AND
JRETE S T2,

16S U AR Y —2 DNA Fe4l (1472 3K % EzTaxon-e 7 — 4% X—2A O ZHNTHT L& 25,
SANK 63697 £k & Streptomyces tendae ATCC 198127 (D63873) 7% 100% DAR[EMEZ R L7=, bz &
M6 . K FE % Streptomyces sp. SANK 63697 & fiy 4 L 7=, MEGA program (version 6.05,

http://www.megasoftware.net/) % FVCTHERE L 72280k 2 X 11-3 (2R,
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1112 Scanned electron micrograph of strain SANK 63697 on ISP 4, 28 °C for 2 weeks.
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Streptomyces violaceoruber NBRC 12826 T (AB184174)
Streptomyces coelescens DSM 40421 T (AF503496)

86 Streptomyces anthocyanicus NBRC 148927 (AB184631)
Streptomyces tricolor NBRC 154617 (AB184687)
Streptomyces humiferus DSM 43030 T (AF503491)

49 |69 | Streptomyces violaceolatus DSM 40438 T (AF503497)
77 || Streptomyees rubrogriseus LMG 20318 T (AJ781373)
Streptomyces marokkonensis AplT (AJ965470)
Streptomyces lienonycini LMG 20091 T (AJ781353)
SANK 63697
Streptomyces tendae ATCC 19812 T (D63873)

Streptomyces trifolerans DAS 165 T (DQ345779)
Streptomyces violaceorubidus LMG 20319 T (AJ781374)
Streptomyees griseorubens NBRC 12780 T (AB184139)
Streptomyces matensis NBRC 12889 T (AB184221)

97 | Streptomyces althioticus NRRL B-3981 T (AY999791)
Streptomyces malachitospinus NBRC 101004 T (AB249954)
Streptomyces geysiriensis NBRC 15413 T (AB184661)

100 |Streptomyces ghanaensis KCTC 9882 T (AY999851

59

37

69

Kitasatospora setae KM-6054T (NR_037063)

0.005

I11-3  The taxonomic position of the strain SANK 63697.

Bootstrap values (%) are indicated at the branches from 1000 replications. The scale bar below the

phylogenetic tree indicates substitution per site.

3—2—2 FEEAGE
Streptomyces sp. SANK 63697 4 EB I/ AT7 > b2 10% 7V K10ml THREY = FA X

L. ZDOKREY = F A Rji %/ A b L—J— (Thermo Fisher Scientific -5, A~ =49+ X 100 um)
ZHWTAE LT, ZOAKS0pl 24— b7 L—798E Lo 3-180ml 2532 500 ml & =47 7
ATHRE LTz, Tk Rl S . [Rl54k 210 rpm, 28 °C. 48 BRIRGEE L. RiRGHIRE L
72

WIZ, ZORMBERE L ml 24— 7 b— 73 L 7o 851 3-2 80 ml 25 ¢ 500 ml & =447 F X i

Pl Lo, T PiRRZE =T, BlEA% 210 rpm, 28 “C. 96 IFfiRGEE L 7=,
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7ok, BEME 3-1 B LU 3-2 offRkIE. EBROEBIZELE LT,

3—2—3 KRR

R, 51 8Tl _72 VS-G 7 v A1 L DIEMEEFEIEIZAT > 72, Vestaine JHDORER 72 R 14
Z X -4 1287,

BEARUR 5 L & AL Celite 545 Z W T A L, WAL BIGIZH T2, TOEIKIZ80% 7 &~
K 12 L &Mz CThHith#, B EFBRICAEB LT, ERT & b otk a5, BT &~ omig
(DT H O n-7 % 7 —/L 100 ml 2RI L7, BIETREL T bra2f@E Lz, ZORN
RO pH Z 3T 3.0 ICFRFE L7-t%. HP-20 7 7 2 (DiaionHP-20, —=#/ I B /L4E8 200ml) (2F %
—Y LT, ZOHTLE30% T KK 600ml THEE, 80% 7 hik 600ml TR L7, &
HAG 22 U T A RLE L. vestaine Ar. B XL OBy 2 & Te A A LkHIH Y 418 mg 2457,

WIZ Z O % ODS A—7"> % 7 4 (Cosmosil 140C18-OPN, 40 ml) 2 CHRL L 7=, 4 418
mg % 50% A%/ —K 20mlIZIEfRE L, 30% 7% b=k VU/L—01M iBEEHEEET U v LK TEH
fEL72 0DS A—TF > BT HCF ¥ —V Lz, TDOHT L% 40%, 45%, BL150% 7% h=hU /L
—0.1M EBHEHEmET N U 7 AK (4% 200ml, 800ml, L U400ml) TE:REEH L, WK Z 15ml 3

DO E LT,

Vestaine A; D FEHL

45% 7ER=1V/L—01M EERET MY U LKTHEHLE AWEEZET ODS A —7 > 71 T A
DRET7 77 a w28, TNERIETEMLTCTE = NI VEEELL, LT, BEDOD,
Z DM Z HP-20 717 & (10ml) IZF ¥ —Y Lic, ZDON T A%&/K 40ml THEE, 80% 7 & kv
K 40ml TEEH Lo, WHIRZ B TIRMEZE L. AAE 2 S TSR 24.1mg 2157, &iz, =
DHKERIY) %2 /7y BUH HPLC 7 7 & (SYMMETRY C18 19 i.d. X100 mm) THEEL7Z, HH0 LT %
F="hVU/L:005M i#EFEET bV 7 LKk=45: 55 TEMHi{k L7= HPLC 7 7 A12, MR 24.1 mg

Z 50% T & ) — LK 240 pl (¥R U 7o URHA#E 60 pl 2B AL, [ CEBEC, 3iE 9 ml, > Tl
53



L7z, Bt & 210 nm TRz & =% — L IRFFIFIE] 20.1~254 3 ilisi s D B — 27 LTz,
7% 0 OFEHAIR 180 ul IZ OV THRBEDERIEZITV, HKE £ &z, £ LT, Z OBk % T
TEMHELTTE b= U AEZEEE, ERERBEICHP20 77 ATHME L. AAE O FGR 12.2mg
R,

B/ole ALEIZOW T, HPLC T 24T o 72t k. X NI-5A IR T R —27 1, BXU 2D
20O =7 BBIISHL, INOLOE—7 TP EMRICH D ZERHPI LT, Fo, B—2 1, BLW

2D UV AT Mt EBEH8EIETE-72 (X 1-6B)

Vestaine B; Dkl

45~50% 7 h=hKU/L—01 M EHERET U U LK THEH L BiWEZET ODS A —7 7
TLDGET T v a B ENERETREL T =M VEHELEL, ZL T, ROk
B, FOWRMEKE HP-20 #Z7 A 20 ml) ([ZF v —T Liz, ZDOH T L%E/K 80 ml THEH%, 80% 7
T bk 80ml TYEH L7z, WHIKABUE FIRMEHLE L, BiWE 4 &g Ry 506 mg #4572, =
ORGSR Z BB OB HPLC 4 7 A THBELT-, 50U 7T h= KU/ : 005M i#HEHRERT
U 7 L7Kk=50 : 50 Tk L7= HPLC 7 7 AT, HUFEH4 50.6 mg % 50% T % / —/L7K 500 pl &
Vg U 7o BHASIE 60 wl Z1EATR . (R CERBET, W 9 mL 43 TR L7, MR 210 nm T H
WaEE=%— L, fRFEFFEH 16.5~20.0 3 ICEH SN D E— 2 2 E LTz, 580 OFEHANR 440l 12D
WTHRROEBIEZITV, NEURZ £ L 7, £ LT, ZO0BIRERE TR L T 7 b= L%
EEMH, R L FERIC HP-20 7 7 ACHUME L, BiWE % A A v CHTERY) 23.7 mg 21537-, Z O
B T, AR OB HPLC 7 7 AT L7, 5202 U®H 72 h=hKU /L :005M @R
U 7 57Kk =45: 55 Tk L7z HPLC 7 7 AT, K54 23.7mg % 240 pl D 50% =¥ / — /LKIZH
fig U7 s UBHATR 60 pl Z7EATL, [A CIEBET, Wi o ml 2y CIEH L7z, MR 210 nm CIEHIK
E=H— L, PRFFFER] 32.5~39.0 CAH SN B — 2 2B LTz, 720 OFEHAR 180 ul 1225
THAROBIEEZITV, R E £ & 0T, Z LT, TONBUREZRIE FIEMG LT h=r U V%2

£, ERLERIERICHP-20 7 7 ACRUME L, BiEO AEMAR 127 mg 157,
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HPLC Z#T OFE S, BiWE S ALWE & [FIERIC, FRERICH 5 2 oo —2 (B—72 3, BLUW4)
DRI, 2O UV A7 FLix, AAE LR TH -7 (K NI-5C, BXOV6D)
B, AROBBETICIE, AAMBLRIUSTFREAETS AWE. BLXOBIWELF U+ %

AT 2 BWELEZENTWER, ZTHODAEERITEN T2, BIG LR o7,
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Cultured broth of Streptomyces sp. SANK 63697, 5 L
| Filtered with Celite 545
Mycelium
| Extracted with 80% ag. acetone 1.2 L
| Filtered with Celite 545
Acetone extract
| concentrated to remove acetone
| pH3.0
l HP-20 column chromatography
eluted with 80% aq. acetone
418 mg containing vestaines
1 Cosmosil column chromatography
eluted with 45-50% acetonitrile - 0.1 M ag. NaCIO,

24.1 mg containing vestaine A, 50.6 mg containing vestaine B,
| Preparative HPLC | Preparative HPLC
SYMMETRY C18, SYMMETRY C18
19i.d. x 100 mm 19i.d. x 100 mm
eluted with eluted with
acetonitrile : 0.05 M ag. NaClO, =9 : 11 acetonitrile : 0.05 M aq. NaClO,=1: 1
Vestaine A, 23.7 mg
12.2 mg | Preparative HPLC
same column describe above
eluted with
acetonitrile : 0.05 M ag. NaClO,=9: 11
Vestaine B,
12.7 mg

I11-4  Isolation of vestaines.
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Peak 1 Peak 2

R
O
40
20

-20
40

B maU
100

B0

80

40)

20

0

LRI DA
200 300 400 500 nm

Peak 4
Peak 3 /

C mAU N\
50
&0
20
0
207 Vestaine B,
B —
0 2 4 [+ ] min

D mAl
&0
40

20

04
O I S B
200 300 400 500 nm

I1I-5  HPLC data of vestaine A; (1) and B; (2).

(A) HPLC chart of 1. HPLC conditions: column, Unison UK-C18, 3 um, 4.6 i.d. X 75 mm; mobile phase,
MeCN/20 mM ag. ammonium acetate (1/1); flow rate, 1 ml/min; sample, 2 mg/ml, 3 pl injection. (B) UV
spectrum of peak 1. Both peak 1 and peak 2 show the same UV spectrum. (C) HPLC chart of 2. HPLC
conditions are the same as (A). (D) UV spectrum of peak 3. Both peak 3 and peak 4 show the same UV
spectrum.
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3—2—4 WELFRIEE

Vestaine A OWBALFIME 2 3K 11-1 1ITR T,

IR A7 bV ClE, 1720 e A1 C=0 Hik DI MBI = 4u7=,

o fERE MS 5 — % (ESI positive) 725, vestaine A RO E—7 1, BLW 2 oAk
C2aHsN204S & 7E L. vestaine By kD B — 7 3, B L V4 D431 %& LT CosHagN204S & IRTE LT,
Wi R DIFAE L, RINLIRA A2 & LT, vestaine A I TIE, CaaHarN20434S H2E D m/z 461.3211 &
C228CoHa7N204S H3KE D m/z 461.3297 ALl S 7= Z & (X 11-6A, F X 6B) | vestaine By (235 T
IZ. CasHaoN2043S 1D miz 475.3366 & C23'3CoHaoN204S HIHD miz 475.3452 BBl S iz Z &7 b

b, FTOFENTEEEINZ (@ I-6C., BXU6D) .

# IlI-1  Physico-chemical properties of vestaines.

Vestaine A; (1)

Peak 1 Peak 2
Appearance White powder
IR vipsem™ (ATR) 3262, 2923, 2852, 1721, 1654, 1599, 1490, 1467, 1373
Molecular formula Cy4H4sN,O,S Cy4H46N,0,S
HR-MS (m/z)
Found: 459,3246 [M+H]* 459.3244 [M+H]"
Calcd.: 459.3251 (for C,,H,7N,0,S) 459.3251 (for C,4H,7N,0,S)
Vestaine B, (2)
Peak 3 Peak 4
Appearance White powder
IR vmcm™ (ATR) 3258, 2924, 2853, 1721, 1655, 1601, 1491, 1464, 1375
Molecular formula CysHagN,O,S CysH4gN,0,S
HR-MS (m/z)
Found: 473.3400 [M+H]" 473.3400 [M+H]"
Calcd.: 473.3407 (for Cp5H49N,0,S) 473.3407 (for CysH49N,0,S)

Abbreviation: ATR, attenuated total reflection.
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00— 461.3211
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b} -
= —
S 607
-
o 40
= 7
" .
w 204
o ]
I:I_ I I I I | I T T 1 | I I I I
481 .25 451,30 481.35
miz
00— 4753366 4oc 24cs
o ]
2 80
@ -
= -
5 807
-
o 40+
= =
2 207
o ]
0 1 1 1 11 1 [ T 1.1 1T 711
475.30 47535 475 .40
miz

455 3248
100
] ]
g2 204
b} —
= —
S 807
N
2 403 4503275
7
w 20
- 461.3211
I:'||||||||||||l||||||||
455 458 480 462 464
miz
473.3400
100
o .
2 804
w —
= —
S 807
£ 4
2 403 4743430
o 207
v 4753368
I:'||||||||||||‘||||||||
470 472 474 475 478
miz
I11-6  HR-MS data (ESI) of vestaine A; and B:.

(A) HR-MS data (ESI) of peak 1. (B) Enlarged view of figure 6A ranged from m/z 461.25 to 461.40.
(C) HR-MS data (ESI) of peak 3. (D) Enlarged view of figure 6C ranged from m/z 475.27 to 475.42.
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3—2—5 &GN

Vestaine A; (1) DO EfEAT

K IN-LITRT LI AMBED 7T, @R MS 77— K0 | CaaHasN20,S LIRE L7z, A
4 ) —)VERIEH CHIE L7z tHNMR 2227 b L% K -7 121,

RFf Of%E & & BT, §2.8~29, BLT § 4.6 DT 7 FINEK LTz, HPLC /3% — 1 & [Alkk
12, HNMR A7 R LIZBWTH, ENENXT 72D 2 2OV 7 F VBB S v, vestaine Ay 1% 2 D
DEMK la B LV b THER SN TND Z EPREINT (HPLC i TR bz 2 2O —7 1,
BLUO20EbE60 la, BELO b THLINLIARHATHL) , £2 T, Blllsnc{Ex DL 7 F %
DQF-COSY., HSQC., HMBC, # LU H-15N HMBC D 45f 2 Y7t NMR 222 hL OB % & 12,
la, 25V b HRIZHEE L TRT 21T - 7=,

la HIRD HNMR & 7 F/UZBW T, 32D AFNHEEETe, @EICEH R 727 VXL (51.22
~1.39) BB Sz, Mx T, OB E &bz 220> 7)) (52.80~2.90, LW 4.58) 7
HELZ, ZNHOV 7oK, EAREICEY, land b, 50T 1b b la BERT S

LIk o TROBNDBG LRI LT,
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5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 05 0.0 ppm

I1I-7  H NMR spectrum of vestaine A; in methanol-d..
(A) Before deuteration. (B) After deuteration.

61



HAHX ) — VIR CRIE L7 BCNMR A7 kL& 11-8 1237,

la Hi2k®D BC NMR 27 RUCEWTIL, JRErEER 16 HO S 7 F e W OhDEE L2
7 (8532, XU 30.6~30.8) 2B 47z, JFJE rIRER 16 D> 7 F/Lid, DEPT A7 b
D 3D AFIERE T HDAF LR, 3D AF R, L3 HOMMRE IS N,
FHELZY 7T 18306~308 1%, TRTCAFLURETHY, ZOZ &L lalZ7 VXL EHEAF L
TWHZ EWRBENT, T LT, 7u by 7 EEEC, 2 000 —R v 7T VidBl+ 5 2
EDRHEETS 572 (C22, BELUC4)

FAY ) — VIEEF THIE L7 H, BCNMR A~ MLF—X DI E 23 -2 [25R7,

L 0 .

T T T
200 180 160 140 120 100 80 60 40 20 ppm

I1I-8  13C NMR spectrum of vestaine A; in methanol-da.
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€9

< 1-2

'H and *C NMR signal assignments of vestaines in methanol-d..

Vestaine A; (1)

N -acetyl Cys

2-NHAc

Alkyl chain 1

2'-N(CHg);

14'-CH,

la

1b

¢
After deuteration
176.3 (5)
55.0 % (d)
36.9 (1)

172.8" (s)
22.8 (a)
28.8 (1)

75.5 (d)
207.2 (s)

236 (t)
29.8° (1)
30.57 ° (1)
30.61° (1)
30.75° (1)
30.83° (t)
31.1 ()
28.5 (1)
40.3 (t)
29.2 (d)
231 ()
53.2 (q)
53.2 ()
53.2 ()
231 (q)

3y
Before deuteration

443 (1H, dd, 4.7, 7.0 Hz)
2.80-2.90 (1H, *)
3.27 (1H, *)

2.01 (3H, s)

2.93-3.06 (1H, *)

3.31 (1H, *)

458 (*,dd, 3.6, 10.9 Hz)

2.80-2.90 (*, *)
157-1.67 (2H, m)

1.22-1.39 (14H, *)

1.14-1.20 (2H, m)
1.47-1.57 (1H, m)
0.88 (3H, d, 6.7 Hz)
3.216 (*,s) °

0.88 (3H, d, 6.7 H2)

After deuteration

4.43 (1H, dd, 4.7, 7.0 Hz)
2.86 (1H, dd, 7.0, 14.2 Hz)

3.28 (1H, *)

2.01 (3H, s)

3.02 (1H, d, 13.5 Hz)

3.30 (1H, *)
disappeared

disappeared
1.57-1.65 (2H, m)

1.22-1.39 (14H, *)

1.14-1.20 (2H, m)

1.47-1.57 (1H, m)

0.88 (3H, d, 6.7 H2)
h

321 (%)

0.88 (3H, d, 6.7 H2)

After deuteration

176.3 ()
55.1° (d)
36.1 (1)

172.9° (s)
22.9 (a)
28.5 (f)

75.7 (d)
207.2 (s)

23.6 (1)
29.8" (©)
3057 (t)
30.61° (1)
30.75 (1)
30.83 (1)
311 (1)
285 (1)
40.3 (1)
29.2 (d)
231 (q)
53.2 (q)
532 (q)
53.2 (a)

231 (@)

3n
Before deuteration

4.45 (1H, dd, 4.7, 6.0 Hz)
2.93-3.06 (1H, *)
3.10 (1H, dd, 4.7, 14.2 Hz)

2.02 (3H, s)

2.93-3.06 (1H, *)

3.37 (1H, dd, 3.7, 13.5 Hz)
4.60 (*, dd, 3.6, 10.9 Hz) °

2.80-2.90 (*, *)
1.57-1.67 (2H, m)

1.22-1.39 (14H, *)

1.14-1.20 (2H, m)
1.47-1.57 (1H, m)
0.88 (3H, d, 6.7 Hz)
3.220 (*,5) ¢

0.88 (3H, d, 6.7 H2)

After deuteration

4.45 (1H, dd, 4.7, 6.0 Hz)
3.02 (1H, dd, 6.0, 14.2 Hz)
3.10 (1H, dd, 4.7, 14.2 Hz)

2.02 (3H, 5)
2.97 (1H, d, 13.5 Hy)
3.37 (1H, d, 13.5 H2)

disappeared

disappeared
1.57-1.65 (2H, m)

1.22-1.39 (14H, *)

1.14-1.20 (2H, m)
1.47-1.57 (1H, m)
0.88 (3H, d, 6.7 H2)
h
3.22(*5)

0.88 (3H, d, 6.7 H2)




79

# 11-2  Continued.
Vestaine B, (2)
2a 2b
d¢ Sh Sc Sy
After deuteration Before deuteration After deuteration After deuteration Before deuteration After deuteration
N -acetyl Cys 1 176.4 (s) 176.4 (5)
2 55.1 (d) 442 (1H,dd, 4.4,7.0 H2)  4.42 (1H, dd, 4.4, 7.0 H2) 55.2 (d) 4.45 (1H, dd, 5.0, 6.1 Hz) 4.45 (1H, dd, 5.0, 6.1 Hz)
3 37.0 (1) 2.80-2.92 (1H, *) 2.85 (1H, dd, 7.0, 14.1 Hz) 36.1 (1) 2.94-3.06 (1H, *) 3.02 (1H, dd, 6.1, 14.3 Hz)
3.28 (1H, *) 3.28 (1H, *) 3.10 (1H, dd, 5.0, 143 Hz)  3.10 (1H, dd, 5.0, 14.3 Hz)
2-NHAc 172.8" (5) 1729 (5)
22.9 (q) 2.01 (3H, 5) 2.01 3H, s) 22.9 (q) 2.02 3H, s) 2.02 (3H, s)
Alkyl chain 1 28.7 (1) 2.94-3.06 (1H, *) 3.01 (1H, d, 12.3 H2) 28.5 (t) 2.94-3.06 (1H, *) 2.97 (1H, d, 13.4 Hz)
3.28 (1H, ®) 3.28 (1H, *) 3.37 (1H, d, 13.5 H2) 3.37 (1H, d, 13.4 H2)
2 75.5 (d) 458 (*,dd, 3.6, 10.9 Hz)!  disappeared 75.7 (d) 462 (*,dd, 3.6, 109 Hz)!  disappeared
3 207.2% (s) 207.3% (s)
4! 2.80-2.92 (*, *) disappeared 2.80-2.92 (*, *) disappeared
5 23.6 (1) 1.57-1.69 (2H, m) 1.57-1.69 (2H, m) 23.6 (t) 1.57-1.69 (2H, m) 1.57-1.69 (2H, m)
6' 29.8 (1) 29.8 (1)
7 28.2™ (1) 28.2" (1)
8 30.6™ (1) 30.6" (1)
9 30.6 ™ (t) 1.22-1.39 (14H, *) 1.22-1.39 (14H, *) 30.6" (1) 1.22-1.39 (14H, *) 1.22-1.39 (14H, *)
10 30.8™ (1) 308" (1)
11 308" (1) 308" (t)
12' 31.1M (1) 311" (1)
13 37.8 (1) 1.05-1.16 (1H, m) 1.05-1.16 (1H, m) 37.8 (t) 1.05-1.16 (1H, m) 1.05-1.16 (1H, m)
1.31 (1H, ®) 1.31 (1H, *) 1.31 (1H, *) 1.31 (1H, m)
14 35.7 (d) 1.30 (1H, *) 1.30 (1H, *) 35.7 (d) 1.30 (1H, *) 1.30 (1H, *)
15' 30.6 (1) 1.09-1.19 (1H, m) 1.09-1.19 (1H, m) 30.6 (t) 1.09-1.19 (1H, m) 1.09-1.19 (1H, m)
1.35 (1H, *) 1.35 (1H, *) 1.35 (1H, *) 1.35 (1H, *)
16' 11.8 (q) 0.87 (3H,t, 7.2 Hz) 0.87 (3H, 1, 7.2 Hz) 11.8 (q) 0.87 (3H, 1, 7.2 Hz) 0.87 (3H, 1, 7.2 Hz)
2'-N(CHj)s 53.1° (9 532° (q)
53.1° (q) 321 (*s)° 3.21(*,s) 9 53.2° (q) 3.22 (*,s)° 322 (*,s) ¢
53.1° (q) 53.2° (q)
14'-CH, 19.7 (q) 0.86 (3H, d, 6.6 Hz) 0.86 (3H, d, 6.4 Hz) 19.7 (q) 0.86 (3H, d, 6.6 Hz) 0.86 (3H, d, 6.4 Hz)

Chemical shifts are given in ppm referenced to TMS.

* Not clearly observed due to overlap.
a-c, g-k, 0-g) changeable, d, I) Not clearly observed due to overlap and deuteration. e, f, m, n) interchangeable



H-9A (2R H i iE (a)~(c) 1L, DQF-COSY ., HSQC., HMBC, X (M H-15NHMBC 72 & D4
i NMR A7 M VIZ Ko Tt Sivlz, £ LT 7SO REIEIX, B IHI-9A () IZR”T XD
(2o LT D Z & D330 Te, B R OREEEALIC BT L Tl B ZRREILIAG D AL72 b o 7223,
H-3 (8286 & 3.28) & H-1" (83.02 & 3.30) »fb5¥y 7 M, H-3 & C-1", H-1"& C-3 DEiC H-13C
ny 7L VBN E N2 & A TH-3 & H-UDORIZ H-H fHENRD bivenolcZ &
5, C3ECI'OMERELZ, ZDZ E1X, 1la ® collision-induced dissociation (CID) A7 kLT
BT M Frmiz162 BBl ST LI ko Th IR s (BIN-9B) o TRV FioiEE
@ X N-TEFALLRTA L THEZENHLNERoT-, £ LT, BCNMR A7 ML TEIHIS
THEE LB O A F LU RFIL, HOHE (b) @ C-3&HoHEE ) @ C-IVDORBIIIET D Z &
DHBA L7z, LWLRRDL, ZNHICK s TR SN2 T AV FALEHORE I & N2 ITHAET D ATV

DEAE, ARET TIFRIERFEE > 1o,
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¥ O\ HMBC ¥ 'H-"NHMBC —— DQF-COSY
o) (o c
o Xy, ,«N%jHS]R:zOrs
Jedaa wila Al
.“"'/H\“‘-—’s \_/ 1\—/O| \\_/‘\_/
@ (b) (©

B —T -
00 ~_/-
o
NN S$¢)\//\//\/n\/ﬁ\/A\/i\
H

I11-9  NMR and MS analyses of vestaine A1 (1).
(A) Partial structures obtained from the NMR analyses of 1. Both 1a and 1b had the same partial
structures. (B) Product ion observed in collision-induced dissociation spectra of the protonated

molecules of 1. Both 1a and 1b gave the same product ion.

—J7 b RO Y 7T v % la L RIRRICHENT L72RE R, 1b 225 b 1a & [A] CER MG 235, 1b 13
la LA CFEHMEZA L TWD Z EHB L=,

WIZ, TUVXNVEHOES & N2IHEGT DA TFVEOEERET H72012, AAWEEEY AT )L
ZVRF L NI L, AFE NMR A7 RMUVICTIRIT T 2 Z &I LT, ZORE, ALEITED X
FNANRF L FIEETTIREY 3 ~ BT D2 L nhole, /ol fba® 3 1%, EAX /) —
JEIRF T STz X S ekt & o> 7 Vi3l S e, AZRMEITHEA L TV,
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LAY 3IZOWTEREE MS ZIE L7z & Z A, miz400.2508 DA AU BB S iz Z b, £

K& CuHyrNOsS ETRIE L7z (CotHasNOs [M+H]*DFHHAE ; 400.2516) , &KIZ, H, B XL OV 18C
NMR A7 ML EHIE LT E Z A, BCNMR A7 MUZBWT, TAFAEHFPO AT Lo v 7))L
EEDTRTCOH—R v 7T URHBICBI S iz, £ LT, £FNMR A7 RV ZJIE LT
Hri7omf. Iba 313, N-2ABRBEL ., £ 2ITH72IicA V7 ¢ USRS U724 1-10 1IR3 K 5 72
HETHLZ NN RoTc, ZOZEND, AAWEDVE#EZ, NI AFAT VE=TU L%
AT HEM-10 13T L) G ERELZ, T LT ALEW3IE, 2O MY AFAT UE=T LNRY
AFNANEFR Y FEEERP TR 7~ CBEL TER L2 D TH L EEA DI las bk, 7 F—=

)= NVHEBMEEN L2V T AT LA~ —RLETHY ., C-2NONIRELE N R D &bt 7=,

B BHIN-10 12, %ib T D BIWEBRO DM THHILEW 4 125V THR LT,

N

Vestaine A, (1); R = CHs
Vestaine B, (2); R = CH2CHjs

J/ DMSO, 14 days

(0] OH
| j\;/
S
)kN % R
H
3;: R=CHjs;

4; R = CH2CH;s

I11-10 Hofmann elimination of vestaines.
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ALVE DY AT A VREIEONRELE X, B Marfey 1512 TIRE L7252, & AT A L FRFIRITERINAK Sy
FRICEB W TIEFICTE LT NI ETHHR TS B, L L, vestaine HIZBWTIE, v A7 A
VIR STNARMEENTNDLLEDIZ T IRz biLd &2, ZOGHIE, Jacobson HIZ Lo
THXFFENTZN M, IBICTEIMEMAL72DITT T v a kSR S Z2HnT, Ikl T
WRWS AT A 2 B Uiz, 15 b 7oK o 41 L-1-fluoro-2,4-dinitrophenyl-5-leucine amide
(FDLA), % L <% D-FDLA %ZHffia ST, DLALY AT A U &{ERLT-, ZhE LC-EnfifRE MS (2
THMT LIz 2 A IFEAEDDLALY AT A %, DLALY AT v & L TRt Sz, 2 aiEdh
ML, VAT A VEREONIRRE A LIk RE L (K 11-11) .

k. K11, Bl D BiWEOSHTRERIC OV T HRL LTz,
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I11-11  LC-HR-MS analyses of DLA-derived cystine.

HPLC conditions: column, Unison UK-C18, 3 um, 3.0 i.d. x 50 mm; mobile phase, 5 mM ag. ammonium
formate in 0.02% formic acid (A), MeCN in 0.02% formic acid (B); gradient rate, A:B (7:3)-A:B (3:7), 10
min; flow rate, 0.6 ml/min; detection, total ion count from m/z 829.0000 to 831.0000. (a) LL-cystine-L-
DLA, (b) LL-cystine-D-DLA, (c) racemic cysteine-derived cystine-L-DLA, (d) vestaine A;-derived cystine-
L-DLA, (e) vestaine Ai-derived cystine-D-DLA, (f) vestaine Bi-derived cystine-L-DLA, (g) vestaine B;-
derived cystine-D-DLA.
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DEDZ s AAMEOREZ N2 DX HICHRE L, 7228, K IN-12 1213, %845 B WwE

DIEIE SR LTz,

Vestaine A1 (1) R=CHs
Vestaine B1 (2) R =CH2CHs

I11-12  Structures of vestaines.

Vestaine By (2) DAELEHENT

BiVEIZOWTH AL WE & [RIERIC 2 DD BIE(R 2a 38 K OV 2b THERR S LTV 72 (HPLC 34T Titded
bNE250OE—27 3, BLR4DELLN 2a, BLV2b THLNIARRATHD) . mmfiREE MS 7
— 2 X0k 2aB LV 20 04T laB L 1b O FRAH AF Lo LESAHEI L T,
BAY ) —VIEEF CRIE L7z BiE O H, BC NMR 227 hMLT—H DIFJEEHE -2 127 T, By
WED IR A7 hLF =4 H, BLOBC NMR 2227 MF—Z 13, AVEICESEIL Tz, &
D=, BLWE OMERENTIL, &7~ BB X 20 OERL, B8 X OMERT b & T AWE &

FRIZAT o T2, T OFER, BiWE %2 7 )V X VEHO Km0y B2 5 . X -12 [R5 &I E LT,
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3 F-36316 JHOFE R

F-36316 A Ri=Ry=H
F-36316 B R1 =0OH, R2=H
F-36316 C R1=R,=0H

F-36316 ¥

3—3—1 AR

SANK 10404 FRi%, # ] I TEREE S M7=+ 3K BB S iz, 1TS-5.85 U > — 2 DNA fil
5% DDBJ 7 — & ~— A (http://www.ddbj.nig.ac.jp) % I\ THEHT L7= & Z A, Incrucipulum J&IZJE T %
ZEDBH BN E TR o T, 2 TUAE Incrucipulun sp. SANK 10404 & 144 L 72, MEGA program  (version

6.05, http://www.megasoftware.net/) % F\ N CHERR L 7225 2 X 111-13 127~ T,
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91 ncrucipulumradiatum FC-2283 (AB481261)

50 |L SANK 10414

P | L merucipulum radiatum FC-2286 (AB481262)

Incrucipulum
—TIncrucipulum longispinewm FC-2323 (AB481256)

Incrucipulum ciliare FC-2295 (AB481253)

100 |Incrucipu[um ciliare FC-2294 (AB481252)

Albotricha albotestacea FC-2094 (AB481235)

9ol dlbotrichasp.FC-2190 (AB481237)

I11-13  The taxonomic position of the strain SANK 10414,

Bootstrap values (%) are indicated at the branches from 1000 replications. The scale bar below the

phylogenetic tree indicates substitution per site.

3—3—2 FEEERE

Incrucipulum sp. SANK 10414 ¥k 2 4B SH 7= AT F&2REKSmlI THREY = F A AL, ZTDOERE
VA R AI~2ml A — b7 L— T U 3-330ml A& T 100ml F =T T A S THERE L
2o THE, BEEEERGFEMA VT, 210 pm, 23 CT7 HEEE L, AiERK s Lo,

WIZ, ZOREEIR 4~5ml &4 — h 7 L— 7P L7285 3-480 ml & & ¢e 500 ml A =47 T A =
WCHERE L7=, Zhg., [EiEiREE S Z AV C, 210 rpm, 23 CT 14 HME:E L=,

7ok, HEHh 3-3 B XN 3-4 OfHAIE. FEEROEBICFEE LT,

3—3—3 HAEER
ERUX, F1H TR _7=VS-G 7 v AL AIEMEEEIEICIT-7-, £ LT, &2 H 95 F-36316
A BEOBZRELEH, 2H EFRBEDO UV 27 NMLAEATAWE Z RIEERE DIFEZR L, 1EME

A S 7 WERRIA F-36316 C & R L 7=,
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F-36316 FHORE ek RIT7 k2 X 11-14 12757,

BRARIR IL Zim OB L . IR & BIEIC T T, ZOEIRIZT ' o 400ml ZIRIIL, ZivE il
SEEL. BIRT B IR AT, CEBIET, BHEL., TE 2B ELL, ZORMEIKD pH
ZMEEAC 3.0 IS L7, Mg —=TF /L 125ml ZNx CoHoEd L., Kigg—F ViR a1537-, vz
FOEHEK CUe L. MOKEERE T b U © A CROKIR, JBUE PR E LT F-36316 A, B, B3LU'C 25
oA A VRO Y 96.8mg 157,

ZDOFA VRO Z I HPLC 7 7 A TR LZ, HoE 072 h=KU L 10mM Fil2
FRU T LK—003% U f=58:42 THf{t L7z HPLC 77 A (SYMMETRY C18 19 i.d. X 100 mm)
2. ot 96.8mg & 50% =& / — LK 3ml (ZEEE L 7ZEUEHANR 100 ul ZiEA%L, FT
BT, Wil 5 ml/ 5y TEH U, W HIRIIMRIN IR 210nm TE=% — L7z, 780 ORERAENR 2.9 ml

(ZOWT B AROBIEEZITV, it E £ & DT,

F-36316 A O f

b0 HPLC 12T, FREFHEFR 14.2~17.0 0 &2 B L7z, Z O BUREZRJE FiEMHL T h=Kr UL
FRELE, £ LT, MO0, TOEMEIRE SP207 71T L (B —X SP207., =24 I L4k
#®Wosml) ICFv— LT, ZOHTAEK 20ml TEEE%. 80% 7 Fok 20ml THEH L, &

HIG 2 J0E TRz L. AME O BEABHm KR 6.2mg 2157,

F-36316 B ™l

| HPLC 12T, {555 85~115 &2 H L7-, Z O Eik%E AWE & RERICHiE L. BWEOD

HEBmAR 183 mg &7,

F-36316 C Dl

EFRLHPLC 12T, PrEFHFMH] 6.0~75 320X L7z, T HikAa AWE L FERICHE L, CWED
Y 8.3 mg 157,
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ZOMKEM AR O HPLC 7 ATHE Lz, 67007 F=FU/b: 01 M @R
B~ U 7 Ak=51: 49 TP L= HPLC U 7 A2, HUKEEU 8.3 mg Z/K 2 ml (ZIAME L 7=alkt
AR 400 pl ZyE A%, A UIASEC, Jid 5 ml /23 T L7, MR 210 nm TR Z T =4 —
L. PREFIRFH] 4.1~6.8 piCia SN b B —2 20 LTz, 780 OFEHARK 1.6 ml (22T H RIERO#E:
EZATWV, iz £ L DT, TONTKZRE FREL T 78 b= MU V2R ER, B L RIS

SP207 1 7 AT L, CWEOBHAEKAK 5.0mg 2157,

Cultured broth of Incrucipulum sp. SANK 10414, 1 L
| Centrifuged
Mycelium
| Extracted with acetone 400 ml
| Centrifuged
Acetone extract
| Concentrated to remove acetone
I pH3.0
| Extracted with ethyl acetate 125 ml
Ethyl acetate extract
| Concentrated to dryness
Oily substance 96.8 mg
| Preparative HPLC
SYMMETRY C18, 19 i.d. x 100 mm

eluted with
acetonitrile : 10 mM ag. Na,SO, in 0.03% H,PO, =58 : 42
I I 1
F-36316 A F-36316 B 8.3 mg containing F-36316 C
6.2 mg 18.3 mg | SYMMETRY C18, 19 i.d. x 100 mm
eluted with
acetonitrile : 0.1 M aq. NaCIO, =51 : 49
F-36316 C
5.0 mg

I11-14  Isolation of F-36316s.

74



3—3—4 W bFHME

F-36316 32 O LR MEE 2 3% -3 (2T,

ESREEMS T — & 35, F-36316 A, B, BLUNC O+ AE FNF I CyH307, CoH30s, B LN

C20H3209 & RTE L T2,

IR A7 KL Tl, 1700~1730 cm™ 2 C=0 H1k DWRI A EIM] S 417z,

# II-3  Physico-chemical properties of F-36316s.
F-36316 A (1) F-36316 B (2) F-36316 C (3)
Appearance White powder White powder White powder
HR-MS (m/z)
Found: 383.2075 [M-H] 399.2020 [M-H] 415.1968 [M-H]
Calcd.: 383.2064 (for CyoH3,05) 399.2013 (for CyyH3;Og) 415.1962 (for CyyH3,0g)
[a] 2 (c 0.50,50% EtOH)  -75.8 -78.4 -84.4

UV AR im (e)

IR Vye €M™ (ATR)

266 (16,000), 233 (14,000)

3575, 3217, 2918, 2850, 1703,
1597, 1466

268 (16,000), 233 (14,000)

3388, 2920, 2852, 1722, 1622,
1566, 1460

268 (15,000), 233 (14,000)

3359, 2919, 2850, 1726, 1648,
1563, 1461

Abbreviation: ATR, attenuated total reflection.
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3—3—5 &GN

F-36316 A (1) DOAEIEHENT

KIM-BIZRT I AWEDFRIL, mOEREMS 7 — % L0 | CaoHa07 LRE LTz, ZD54
K bER S D RfafEIL 5 72 o7z,

Y AT NV AVERF Y RIFERP CRIE L7z 'H NMR A-X7 MU, IEREZITZN TNt &5 2
DO T FARBR SN, TNHDORE 725 2 7T VIR OfRE & & HIZEDOHFIIZINR LTz,
vz, F-36316 A IXTALERMEEZF L TND Z EARBENT, R LIZ AT ML &K 1-15 (275
To RART MUIZEWT, @EICERZLZT7 VR0 (6 1.20~1.30) . 1 DDA F /LM (50.85) .

2OMAF LU (8142, BLUN258) . BL2 oD AF 3 (54.20, 35 L 104.38) @I <7,

N | Iy !

I T T T T T T T T 1

5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 00 ppm

I11-15 *H NMR spectrum of F-36316 A in DMSO-ds.

FBEIOAF AL ZALARFY RIEET THIE L7 3C NMR 2227 L (INHE#) 2K 1N-16 (273, AR
A7 FVIZEBWT, JREAREZ 11O 7T A RNEH &, Z 61X DEPT A7 ks LEO A
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FViRF, STEDOAF L URHE, 2HOAF ViRFE, BLOSEOMERFICHEINTZ, T LT, T
IVFIVEEIRIC I W TIE, SEICEE LA TF LU RENBIH Sz, AT, DEPT A7 ML XV

1ODAF LU RFE (C9) NIEHS 7 F N LEHER>TWAZENHLME ST,

|1_|I IH .

X 111-16 3C NMR spectrum of F-36316 A in DMSO-ds.

B AT AN Y R CRE LTz 1H, 5C NMR X227 b7 — 5 OFft i A4 114 1SR,
. R4 ICE, BET5 AREOMEICIESN T8 7 BEUB, CHHOMIEICL

Tbit L7z,
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8.

# 1l-4

IH and 3C NMR signal assignments of F-36316s in DMSO-ds.

F-36316 A (1)

F-36316 B (2)

F-36316 C (3)

Position d¢ OH d¢ OH d¢ OH
2 174.5 (5) 174.0 (s) 174.1 (s)
3 96.0 () 94.0 (s) 94.2 (5)
4 192.2 (s) 192.4 (s) 192.3 (5)
5 80.5 (d) 4.38 (1H, d, 2.2 Hz) 81.1 (d) 4.44 (1H, d, 2.2 H2) 81.0 (d) 4.44 (1H, d, 2.2 H2)
6 70.4 (d) 4.20 (1H, d, 2.2 Hz) 70.2 (d) 4.26 (1H, d, 2.2 Hz) 70.0 (d) 4.29 (1H, d, 2.2 H)
7 172.0 (5) 171.8 (s) 171.7 (s)
8 193.7 (5) 194.3 (s) 192.7 (5)
9 39.4° (1) 2.58 (2H, m) 73.3 (d) 4.38 (1H, m) 75.2 (d) 4.49 (1H, br.)
10 24.5 (t) 1.42 (2H, m) 34.2 (1) 1.21 (1H, ©) 71.0 (d) 3.67 (1H, m)
1.58 (1H, m)
11 (t) 25.3 (1) 1.32 (2H, m) 34.2 (1) 1.42 (2H, m)
12 (t) (t) 25.4 (1)
13 (t) (t) ®
14 (t) (t) ®
15 28.6-29.1 (t) . 28.6-29.1 () 28.6.292
16 ® 1.20-1.30 (20H, ) ® 1.15-1.30 (18H, 9) D) 1.20-1.30 (18H, 9
17 (t) (t) (®)
18 (t) (t) ®
19 31.2 (1) 31.2 (1) 31.2 (1)
20 22.0 (t) 22.0 (1) 22.0 (1)
21 13.8 (q) 0.85 (3H, t, 7.0 Hz) 13.9 (q) 0.85 (3H, t, 7.2 Hz) 13.9 (q) 0.86 (3H, t, 7.0 Hz)

Chemical shifts are given in ppm referenced to TMS.
a) The signals were measured 10 days after dissolved.

b) The signal was measured by DEPT135 spectrum because it was not clearly observed due to overlap with DMSO signals in 3¢ NMR spectrum.
¢) Not clearly observed due to overlap.



i3 1X, DQF-COSY . HSQC, HMBC, ¥ X O INADEQUATE 72 & D% fli NMR A7 hLIZ X
S TfEfr &= (K -17)

INADEQUATE A7 M LIZEWTIX, C4 7005 C-7 L TOMBENBH ST,

HMBC A7 FLZHEW T, H-5 & C-3 D OFBIIBIH S /g > 7225, H-6 & C-3 OAHEIIEES
<BMlsn 7z, ZL T, H9 5 C-3, C-8 ~DMHENBHISNTZZ L2 b, C41LC3 LFFALTY
L, F7ebb, C31XC4 L C8DOMIAELTWNDZ ENEZ LN, ZOMFIE, 7 Iy 7 b
e b XSz, AT, C4 (8192.2) & C-8 (§193.7) D7 I Hvv 7 Mk, HIVR=)ViR
FLLTEEBBICHY ., C3(596.0) OFrI WLy 7 MELA L7 4 U RFELE LTTEMSEICH-T-
ZEnDh, ZOFPTTE /=, B LIET S UBERINTND Z EARB ST,

C2D7 I BNy 7 MESITAS I L TiE, AT NVEDOINR=VRFELEZEZ HNTZ, H5 & C-
2DMIZC-H v 7 Ly DHEPBHIENT-Z L . CEDFr I N7 MEN §805 THDH I &b,

2-7 7 ) O REENEEHEN, ZHICL Y COITIIVRNAEEDFEE L TWD Z &L=,

— INADEQUATE ¥ HMBC

I11-17  Partial structures obtained from the NMR analyses of F-36316 A.

TOXIICLTAMEOHEEZX IN-18 T Lo #il3-T v kT he B CThd ERE LT,
LT, WIREZICBIN SN T-EZRMET, 7 ha VB S TEUTWEZ ERNRBENTZ S, 450
TE SN D AERMREZX -19 127,

B, B8 ICIE, Rk DFBMA T N ToMiEZ R LT,
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F-36316 A Ri=R2=H
F-36316 B R1=0H,R2=H
F-36316 C R1=R2=0H

I11-18  Structures of F-36316s.

(@) (b)

© (d)
OH O OH OH o0 N
1o /Kj‘ "o on
(0] 0 (0]
° \o \\o

111-19 Four assumed tautomers of F-36316 A.

Structures of (a) and (b) are endo-enol types, whereas those of (c) and (d) are exo-enol types.
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F-36316 B (2). B XX C (3) DA IEMMT

FMN-BIRT IO, BOMEEMS 7—% L0 B, BLOCHWEDHTHiT, £ ZEI CoHa0s,
BEL U CooH309 ERTE LTz, Y ATV ANLKRF TV RIEET THIE L72 tH, BCNMR A7 kLT —
Y OIREESRE -4 12777, B, BEOCWHEIZ, AWED X ICAEEREHKO > 7V izl s n
RInoTeN, T hua BSOS v e — K= LTV,

APVE L L= B, B X ONC B OHBEEREVIE C9, BX U C-10 DKEERDE B 7 — 12
ST, EOMREEMS, BLOEMNMR A7 MAT—2 10 BWHEIZAWED 9-t Kaxik C

WEIZAWED9,10-U RuXxifkThrLikE L~ (¥ I111-18) .
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FAR AEWTENE

3—4—1 invitro AR

i3 L7z vestaine #H, 3 L O F-36316 AN MEREIC G- 2 21EHZR~57-0ic, A7V —=7
THWZ VS-G 7 v A1 Cakii & 3kt L 7=,

AR L7z X 912, VS-G 7 v A 2BV T, VEGF X HUVECs 2% L TEIRDOEEEZFHE L, Ang-1
TEROFEEZFHET S,

Vestaine J8I1%. FIROREAFHE L7 (X 111-20) . Vestaine A1, 36 LU By TR KA EREZ L
AFHE L, ALENFHET 5 HUVECs Di KEFEIEA 100% &M & L TR L7z ECso fEIZ. AtE
H. BiE HIZIZRZE T, 60~403nM 7257 (X 11-21) . 2072, LIBEOFANIEL AAE DA THE
i L 7=,

—77. F-36316 A, BL U B SFE LIoRIL, BRE BIR. WM OREZ R ->TkY, VEGF
&b, vestaine #H & b HE AR o7 (X 111-20) , F-36316 C (IPREA L 27 Lisho7-, F-36316 A,
L OB IR ERFAICIEREA L 275 L, vestaine Ay (5 uM) 2335E 4% HUVECs D [Ef4fE % 100%

ML U TR L7z ECsoflld, F-36316 A A 1.8 uM, F-36316 B 78 11.7 uM 7=~ 7= (X 111-22)
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\Vehicle

F-36316 A
- N

111-20  The morphologies of GFP-HUVECS in VS-G assay.
GFP-HUVECs were treated with 0.25% DMSO, VEGF (50 ng/ml), vestaine Az (0.21 uM), or F-36316 A
(3.0 uM). The data of vestaine A is representative data obtained by another independent experiment. Each

scale bar is 400 pum.
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110 _
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0

10 100 1000 10000
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I11-21  Activities of vestaines in the VVS-G assay.
GFP-HUVECs were treated at various concentrations of vestaine A or vestaine B1. In vitro activity
was shown using the number of maximum area value of treatment with vestaine A1 as a base of 100.

Each value is represented as the mean * range (n = 2 wells per group).

84



80 I

= —e—F-36316A

g0 | =O=F-36316B /6\?\
£ < —9—F-36316C / Do;
2 2 4
C®
© %
(=]
5 < 20
5 9
g S

©

R

— -20

10 100 1000 10000

Compound conc. (nM)

I11-22  Activities of F-36316s in the VS-G assay.
GFP-HUVECs were treated at various concentrations of F-36316s. In vitro activity was shown using the
number of area value of treatment with vestaine A; (5.0 uM) as a base of 100. Data is representative of

three independent experiments. Each value is represented as the mean + range (n = 2 wells per group).
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3—4—2 invivo :BR
Vestaine A;, F-36316 A, LB 2% in vivo IZB W Tl &Gt ER 2 38ET 20525729
(I O 2 RN 2 invivo BTV TH D~ U X B iERER 42 i Lz, € OMEEZ X -
23T, FORER., KlBRWE 2 EIENRE S LTz~ 7 A Cld, VEGF ALHLZ L Y JUiE$ % Evans Blue
O I E 7z,
Vestaine A1 1%, 1 mg/kg (2T VEGF (2 X 2 Fi{EH % 90% FREEHHI L. 0.1 mg/kg 123 T 1 50%
FERERNHI L7 (X 111-24)
F-36316 A, B3 LB %, & H1T 10mg/kg 28T, VEGF IZ X Y jLi#Ed % Evans Blue Dt % 50%
FREEIHI L, VS-G 7 v A THRD LNIEHEOZEIT, invivo IZBWTIZIFE A ERD 2o

7= (K 11-25)

Vehicle
VEGF
Sa}'nple 4 @ — not leak
ip. .d.
¥ N
4hr 30 min VEGE
> > — leak
< Evans Blue
iv. VEGF
+ Sample
— 7

I11-23  Vascular leakage assay.

Abbreviations: i.p., intraperitoneal; i.d., intradermal; i.v.,intravenous.
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I11-24  In vivo vascular leakage assays of vestaine A.
The difference between vehicle and VEGF control was compared using a Student’s t-test (#: P < 0.05).
Statistically significant differences were determined by a Dunnett’s multiple comparison test vs. VEGF

control (*: P < 0.05). Each value is represented as the mean + SEM (n = 8 per group).
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F-36316 A F-36316 B
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I11-25  In vivo vascular leakage assays of F-36316 A and F-36316 B.
The difference between vehicle and VEGF control was compared using a Student’s t-test (#: P < 0.05).
Statistically significant differences were determined by a Dunnett’s multiple comparison test vs. VEGF

control (*: P < 0.05). Each value is represented as the mean + SEM (h = 6 per group).
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FABECTCTRANTE /@Y WENMERREEVEOREAZ U —= 27128V T,
Streptomyces sp. SANK 63697 DI IE )N D ., 2 DDOIEMEYE vestaine Ar, 33X OVB1 %, Incrucipulum sp.
SANK 10414 D538 AN B, 2 DOTEMEY'E F-36316 A, BELUB &, TEMEZA S WERIK C 25 L
L7c, Zhb 2 REOWERT. TR, BLODNFNT —Z X0 TR HBRME TH
DT LT,

Vestaine % & F-36316 $EIZ (X, [Al—2 T PWIZBUKIER 53 & BUKMES 0 &2 3 2 MM E Ch 5 2
R, I b ) VHERMERT D2 LEOIET DHENRESEO bR, Zbicko
THEH SN D HUVECs OJEREIE R e - Tvie, MR « MEZERDO A T =X 80T, £ < ORFR

BET AR LD THADA, SEFEA LY 2 ZHEOWERIL., FOMBICESTH>Z LRI N S,

Vestaine FHIZ DWW T

Vestaine J8i%. N-7 & F L AT A > LIRS DR D WS E TH O . 2>o, Fl—45 I
VAFNT VBT LEINRFLY T — NT=F 2B TH5XZA U YWETHLH-T2, LT, 7 B
—x ) = NVHBERWEN L2 T AT LA~ — TR S, ST TARZE CTh D%, I
== RWMEE o7, ELT, ZRHOMWEIZE > T, KAWEORKR, MEEMT X, Slc T REEL
7=

RISV TIE, x OMF A/ T, ODS 7 7 AZiERET U U L2 RN L-BEIEZ S
TEAE R Uz, WEFER T N U v AT BA A REiEER %2 ODS 11 7 ATt 2B & < Av
HNHRITH D, WrERmIENER & L To vestaine B2 b it il HE T, EHIBIFRICH D 2 D4y
Bt RAFIZ o7, —J5CL R RERET B Y U LI AHEHIEIED 2D LC-MS 347 TITMEH TE 9. MS 4>
WREOBENEIZIIRER T E=T L2 HWDEDHE NI HAMETE 572,

HERRATICEB WL, B S22 TONMR v 7T /UZDONWT, VT AT LA —Z LI LT
T2 dED -, M T, 7 h—=/ — )VAEEBRMEITER L EKERBIZE DV 7T AHEKELRD
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&

. BRI 20 7=, Vestaine B E 1L, REAITIE, A F IV ALKRF Y RIEKT THRR L=

FRD OREIEIZ K > THDL TR o T2y, ZOGMRBIED . AWE PSR T TREETH HH

&

H7Z o7, AT =07 MIHEMRIE T OR 7~ ViS5, AORWIE, P AFAT o E=
TANKRT 2 BB L7 Z I Ko TERLTIZEEZZ DL, VAT ALALKRXY RIFEP CTHRT7~
Bk A £ U X700, vestaine HE W OBEEL7Z U AF T I XM LS ST,

Vestaine A; Z W 7= @ REEME Tld. AWEIL invitro 7207 T2 < invivo IZB W T H 9 < I I VB
THZENRHBNE o7, FRIC, invivo FHIiIZI5V T, VEGF IZ X - TiFiE i 5 Mg & ik & i
L7z Z &k, AE R VEGF (2 X - TR S 2 Megs 722 i IS E R 3 2 B OTRIRFEIZ 22 0 15
HZ EamLTz,

Vestaine BHO/EH A 1 = XL L TIE, £OROHZENDBLUT D 2 O0H LML R-> TS,

71581, AWHEIT VEGF R 2 S TICmENEMIICIER T2 2 & Th D, VEGF, BIV
Ang-1 1%, HICZRIERICH S, extracellular signal-regulated kinase (ERK) & Akt VU iRk Z2FE 5
ZERHMBITWD, F7o, HIEHNCH B M8 N A TIE ERK OIEMALMELIZ, ZEMLL TV
178 N EAAR Tl Akt OTEVE(LDMBAL & 7o o TN D L DIENRH D 5, & Z TARWED ERK & Akt D
U LEEZ TN L 2 A, IBEEIFHIC ERK & Akt O U UL ZFE L (X 111-26A) | U kD
E— 7 1 3ALEE 10 3 THDH Z ERH LN Eeo72 (K 11-26B) . & LT, MEKL2 ORERITH 5
PD98059., PI3-kinase MPAEFHITd % LY294002 THILLHE L 72354 . vestaine A1 12 K % ERK & Akt DU
VIEALIZBAE S AU, vestaine Ar Y MEK1/2 %41 L T ERK % PI3-kinase /1" L C Akt ZiEME(L325 =2 &
AR ENTz, —J5. VEGFR2 kinase inhibitor THIZLEE L 7235413, vestaine Aq ZLEEIZ 11 5 ERK & Akt ©
U UBRMBIXPE S e o7 ([ 11-26C) , Mx T, vestaine I VEGFR2 ® U Vb Z 358 L 722
&, VEGF & lE_T Akt Z58< U k32 —J7, ERK O U UEBLIEFHW EOfRER &Lz (X 111-
26D) , 52, VS-G 7 kA ZHWT, VEGF & O L D8R A R FER, DR A
TraE—4—L LT VEGF BREEMRELL DV T FNVRERZIE LT 5 Z L THMHNS teleocidin Bs
& OMALH T VEGF DIERICHBEE 5 2 72> 7273, vestaine Ay & OIALHEL T, VEGF OfEHIZFEM
BTHoT-, (K I-27) B, VS-G 7 v A2 T, VEGF OYEMIZ 50 ng/ml IZBWTHIfIL Tk
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V. VEGF R ZIMT 2 X 5 E LA, HIMERIZALR2WEEZBND, ZNHORR K
v . vestaine Ay 73 VEGF & 13572 2% B2 C i NEGHIRICAER LS5 2 & e Sz,

2 OHIX. KWE D 7 F WALEEIZ, sphingosine-1-phosphate receptor-1 (S1P;) (B85 L Cu g2 &
Toh D, Vestaine Alz, A7 1 > TNRE O TH 5 sphingosine-1-phosphate (S1P) &[RRI i1 i
MWE CH D, SIP X, G F UV HEKEGLE S X —Th D SIP LT X —~OfEE %2 LT, Mg
HTHSOMI i A 7 & O A HT AEREAE R & . EZ@EMEMSIER 21X T &3 5 E L EIEM 2 54
% %850, T MAEEBIHIIEAICE L TIE, SIP LT X —D—D>Th D SIPHRIFHTH D Z &
DS STV 2 80, 2 2T S1Py FEBUMIAL A T vestaine Ay @ SIPy 7 = = A MEHEA G L 7273,
TEPEITRMR M S 720> 72 (data not shown)

Vestaine B O/E AT OBNIE MG E 72 1E0 0 Th D, TNDH AT 2 2 L1k, mEEWF D

FERR, MESH 22 mAE BT AN 2 R DRI S 5 b L Bbh b,
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I11-26  Vestaine A induced both proliferation and survival signals in endothelial cells.

(A) HUVECs were treated with vestaine A; at various concentrations for 5 min and the level of the
phosphorylated ERK of Akt were determined using Western blotting. (B) HUVECs were treated with 1 uM of
vestaine A; for various amounts of time. (C) After pre-treatment of inhibitors for 15 min, vestaine A; was
treated at 1 uM for 5 min. The treatment concentrations were below: PD98059 (PD, 5 uM), LY294002 (LY, 5
uM), and VEGFR?2 inhibitor (R2 inh., 0.5 uM). (D) HUVECs were treated with 1 pM of vestaine Ay or 50

ng/ml of VEGF for 5 min. Data is representative of three independent experiments.
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I11-27  Co-treatment with vestaine A; and VEGF.

(A) Morphologies of GFP-HUVECs in VS-G assay treated at 220 nM of teleocidin B3 or at various
concentrations of vestaine A; alone, or with 50 ng/ml of VEGF. Magnification of the representative
morphology was achieved by a 10-fold lens. (B) HUVECSs were treated at various concentrations of vestaine
A alone, or with 50 ng/ml of VEGF. The value of treatment with vestaine A is the black line and that of the
co-treatment with vestaine A; and VEGF is the dotted line. In vitro activity was shown using the number of
maximum area value of treatment with vestaine A; as a base of 100. Data is representative of three independent

experiments. Each value is represented as the mean * range (n = 2 wells per group).
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F-36316 ZHIZ DV T

F-36316 #HiX. = OME LT, I X OIEFHT — 2 L 0Bl 3-7 2 kT b e Uil x A4
LZMETHDHZ EMNHP LT, B L7z 3 FED F-36316 FEOMEEREV X, TV L OKEEFED
Bz otz

AN THLZ NN TV T EBEMTHL IS, 2O X577 -7 b7 b UEEfEE L RO
WE Z AT L 800 2 LT, o OEWIZIEL, SrEiE M, BERILEEE, @R L —2—7l,
Bz 2RTEYEOE R 8 5 67, RBFRIZIH VT, 3-7 kT b e U IiEE % A9 5 F-36316 $HIZ,
Bric7pigte e LT, MESESRIMENTEERH D Z RSl

E2EICTRRIZEBY, WAZ Y —=2 7R TiE, FHWE vestaine HEZ ¥ AL C\5, EikL7-
£ 912, F-36316 Hi & vestaine FHIZIE, Ll T DHENFE 5 — T, 2 HDFEET 5 HUVECS
DEREIT R/ > TV, ZDOBREDIE WL, ZAVE VML L2 invitro FHMIIC B W THERE SO b i,
ENZNOEN AN =X LNRIR D Z LRSIz, £ LT, F-36316 A DAH =X LI LTIE
RGO B LA TSR 2 DO AlietE & i L7z,

1 2B, F-36316 A X VXV ETF a7 4 A7 7% —=E (Protein tyrosine phosphatase; PTP) BH
EHE LTI TS AHEMETH 5, F-36316 A IZREM KA D RK-682 IZHRIL T\ 5, RK-682 i
HIV-1 7' a7 7 —BIEAIE LTRSS L2 Z20%IC PTP IEEA AT 5 2 L A#WE Sh
7o %, MEERICAEMT % PTPs & L Tid, WEAGHITIZRFRAIZHIL L TWHZER PTP TH D
vascular endothelial-PTPs (VE-PTP) 23&% 5, VE-PTP OBHELX, Tie2 Lt 7% —&#1EMHA L L, MEZRE
b~ L < 6869 RK-682 X, &K PTP T& % cluster of differentiation 45 (CD45) % 1Csofif 54 uM T
P L. ffnER PTP T % vaccinia virus VH1-related phosphatase % 1Cso i 2 uM CTRHE 3% 66, RK-
682 7 VE-PTP Z[HET 5 &L OB TRV FEERI RO 5 F-36316 A 2% VE-PTP Z[HE %
ATREMEIE D D,

2 OHIX, F-36316 A3 SIPy 7 T =A M & LTEINWTW D EEMETH D, Ak L7z & 912 SIP i

BEREIERL, SIPL LT X —~DfEAEE N L CHEIND, —F, SIP DRHIRTH L A7
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DUTIEFFEINT. ZOMICOFERITIZY VIBENRAFIRTHDL ZENMLATWD, LarLaen
5. F-36316 A XV VEEEEAH L T auy,

RK-682 & VH1-related phosphatase & DfEAET MICHBWT, T MbS=T ha U g7y =4 2 )
PTP DV  BAL DOBBIREE Z BT 5 Z L AHME SN TN D 0772, §72bhH | RK-682 D7 b g
WY AT %, b L. F-36316 A DT k1 UEEERYAS, SIP DU VRO K S ICIES S Z &
MTEDH7 5, F-36316 A 73 SIP DbV L7x 0  SIP, 7 F=X M & LTERT % Z L A3 AlRE & Bbh
%, FEBE, F-36316 FHOZ DHOBFIEITIN T, F-36316 A 1X, 33\ \223 5 SIP, 7 =& MEMHEZA L
TWDLZ ERHBNEZR> TS (data not shown)

F-36316 MMM L EAICHT LT, EOLSIIMEM LT O MIT 5 Z L b, vestaine 1 & [F]

FRICHEHE 2 AT, MERENMD AT = A L% L0 BT DDIEKLOTHA D,
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EEROED

AR RS AR
HUVECs i, HuMedia-EG2 £5Hl (7 Z AR v #E#) % H\ T collagen-1 coated plate (Z T35 L 72, NHDF
1%, HuMedia-EG2 ¥4 #1% I\ T normal plate |~ THzE L7=, MiAMlalL, 1R 37 C. COEE 5% 12T

&L,

GFP-HUVECs

HUVECs # VascuLife EnGS Comp Kit (7 774 7 #:#) 10 ml %% Z» collagen-1 coated 10 cm dish (Z,
15 x 10° cells " >FFME L, —Weks L7, FH, KM 10 ml @ ice-cold HuMedia-EG2 (ZEH#a L, 4
pg/ml @ polybrene &% & 250 pl 7 A /L A% (Cignal-Lenti Positive Control (EGFP), 7 %7 #fL#il)
UL TR S, FH, BaRZ L, 10ml @ VascuLife EnGS Comp Kit (7 7R w#Hl) 12T
Bea% U7z, 2 (81 H O D> 51X HuMedia-EG2 (2 THE#E L &t 4 [Bl DAk RES 8 % 1T - 72 % . CELLBANKER-
1 (¥ 748 % FCL 9 1x100 cellsivial, iiJE -80 CCIRE L7z, R L 72 A#MIfu % GFP-HUVECS

Ems L,

VS-G7rvtAg

NHDF % 7 ¢ — & —#fild & LT 96 /X7 = /L7 L— K (black clear bottom plate, Corning %) (2T,
HuMedia-EG2 FiHhi T 1~2 HEfER L2, 1 7 =/vH72 v 7.5 x 10* fi> GFP-HUVECs Z#Eff L7z,
NHDF D J&(Z GFP-HUVECs # #235 & t7-1%. HuMedia-EG2 KiHiA prE L7=, & 212 05% U R
1& (HyClone #£8Y) & 1% <=3 U > — & b L7 b~ A ¥ % & T Medium-199 55 1 (M199, ThermoFisher
Scientific #L8Y) (CHfEL 72T A ML EIRIL, 37 CT3 HMEF#& L7z, # L T, GFP-HUVECs
DJEHEZ In Cell Analyzer 6000 (GE Healthcare #£:84) | & L <% ImageXpress ULTRA (Molecular Devices
A &2 HWTEIZR LT-, GFP-HUVECs O EifEfE (X, InCell Investigator 1.6 (GE Healthcare #-8) | %

L < 1% MetaXpress (Molecular Devices #1:#) z HW TR L7z, IEMEMEIX. VEGF (Peprotech #1:4%) 50
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ng/ml O FE1E % positive control (100% &) . 0.25% DMSO O [Eiflfid % negative control (0% i%14:)

L. UTFoREN TR L,

In vitro Activity (%)

=100 X [(7 A hH¥ 7 L) - (negative control)] / [(positive control) - (negative control)]

Vestaine %8 ECso (. vestaine Ay #LEE T K fEfE % 100% JEMEE L CHEH L7z, F-36316 350D

ECso fEi1Z. 5 uM vestaine Ay ZLFR T O HEFE(E 2 100% J&MEE L THRH LT,

SANK 63697 kD4 ¥E

HOJERE, Rk, RBIFOENE, BLOEDREICOWTIE, Waksman, 3 X 08 International
Streptomyces Project (ISP)%° TR S 7= HiETHEM L7-, 16S U 7R — 2 DNA (X PCR IZCHIlE L, 4

ESNIZWh 22 DEE T 5 Z & TEDORINZFTT,

Hith 3-1

AEMETASAL 40%, 73— 1.0%, KEF 1.0%, 1 —A FTF R 045%, 2— AT 4 —
Ud— 0.25%, U lt—A U wh 0.05%, Vot~ 7 h - 8K 0.005%., HRlgwEN - 7 AR
¥ 0.001%, filt= > /v - 6 KF1% 0.0001%, HEfk=3v k- 6 KFi4# 0.0001%., iHid#l CB-442

0.005%, JE AT pH 7.0

Hiih 3-2

W METCTASA 8.0%, Zba—2A 1.0%., K 1.0%, f —A xR 045%, a— AT 41—

U 51— 0.25%, {477l CB-442 0.005%, AT pH 7.0
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BRI A~ hviL, DCH, BX W TCl 7 A4 A7 0 —7 2 ZnEhEE%E LT Bruker
AVC500 27 b A —&—% HWTHIE Lo, WEEERES LT TMS ZHW, (k537 MEIX ppm T
~ LT,

o EEE MS 7 — Z 1X, Agilent Technologies 1:# 1200 >V — X HPLC A7 A |Z#H#4 L 7= Thermo
Fisher Scientific #1:8 LTQ Orbitrap XL A~<X7 b1 XA —& —% FHWCHIE L=,

IR A7 huiE, HARS S FT/IR-6100 typeA 227 b A —4% —% T, ATRIEICTHIEL
72

UV A7 huid, BB ERTAERL UV-265FW A7 b A —& — % W CHlE LTz,

FeRECE X, AARS et DIP-370 U AR v A —Z —Z W TCHIE LT,

N-acetyl-S-[(1E)-14-methyl-3-oxopentadec-1-en-1-yl]-L-cysteine ({t-& 41 3)

Vestaine A1 (1.1mg) ZHEY A F /AR FY NITHEMR L, K7~ BB ISOET%2 NMR 12 TE

IR Lo, RO, 14 HRETRET L, ZEAED AAWEIXEEY 3 ~LE# S/, NMR
IINT D%, RIS % BRSHEE U, LC-E 0 fifEE MS T 24T - 7=,

HR-MS (ESI): m/z: calcd. for C21H3sNO4S, 400.2516; found, 400.2508 [M+H]*. *H NMR (500 MHz, DMSO-
ds, TMS [internal standard]): 6 0.84 (6H, d, J = 6.6 Hz), 1.10-1.15 (2H, m), 1.19-1.27 (14H, overlapped), 1.43—
1.50 (2H, m), 1.47-1.54 (1H, m), 1.83 (3H, s), 2.47 (2H, t, J = 7.3 Hz), 3.13 (1H, dd, J = 7.1, 13.2 Hz), 3.31 (1H,
dd, J = 4.7, 13.2 Hz), 4.23 (1H, dd, J = 6.7, 11.7 Hz), 6.17 (1H, d, J = 15.5 Hz), 7.75 (1H, d, J = 15.5 Hz). 13C
NMR (125 MHz, DMSO-ds, TMS [internal standard]): & 22.4 (two carbons), 22.5, 23.9, 26.7, 27.3, 28.6, 28.7,
28.82, 28.88, 28.95, 29.2, 34.3, 38.4, 39.2*, 52.5, 122.7, 147.0, 168.9, 171.1, 196.1.

*The signal was detected by DEPT spectra owing to the overlap with the solvent signals.
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N-acetyl-S-[(1E)-14-methyl-3-oxohexadec-1-en-1-yl]-L-cysteine ({b-& %) 4)

Vestaine By (1.2mg) ZHEY A F /AR F Y NIHEME L, K7~ BRSO T2 NMR 12 TE
AN Lo, 20K, AcWE & RERICAE L WEEMNT 21T > 72,

HR-MS (ESI): m/z: calcd. for C22HsoNO.S, 414.2672; found, 414.2670 [M+H]*. *H NMR (500 MHz, DMSO-
ds, TMS [internal standard]): & 0.82 (3H, d, J = 7.0 Hz), 0.83 (3H, t, J = 7.0 Hz), 1.03-1.10 (1H, m), 1.17-1.32
(18H, overlapped), 1.44-1.53 (2H, m), 1.84 (3H, s), 2.48 (2H, overlapped), 3.12 (1H, dd, J = 8.2, 13.5 Hz), 3.31
(1H, overlapped), 4.38-4.44 (1H, m), 6.19 (1H, d, J = 15.7 Hz), 7.76 (1H, d, J = 15.7 Hz). $*C NMR (125 MHz,
DMSO-dgs, TMS [internal standard]): 6 11.1, 19.0, 22.3, 23.8, 26.4, 28.6, 28.7, 28.8 (two carbons), 28.89, 28.94,
29.3, 33.3, 33.6, 35.9, 39.2*, 51.6, 123.1, 146.0, 169.2, 171.3, 196.2.

*The signal was detected by DEPT spectra owing to the overlap with the solvent signals.

DLAfLT AT A

Vestaine A; (0.2mg) % 5NHCI (500 ul) . 105°C, 1 HEETHIKDIE LT, 553K gy %
RAREZE L=, K (@oop) &AM HERERFT MU A (50ul) Mz, 37 CTLEREINAE L, %
OYEE 30ul) 12 1%D-, b L< T L-FDLA 7 & h &R (40pul) Z¥HL ., 37°CT 1.5 RERINE L
7o ZO%, BUGZ INHCI (10ul) THRT SE7, 2O A 50% * %/ — /LK THIRL, LC-&
SIERE MS 3T 24T o 72,

Vestaine B; (0.2mg) 122\ T Eikod X 512 DLA Bz ER L, 987 L7,

FEALEDDLS b AT A X DLA LY AF & LTIl SNz, e LTE, LL-v A F
BEL meso-v AF % D-, b L<IE L-FDLA ICTHREMRL LI b D A/FR L7z, meso-+ A F &,

Kawasaki © 535 CTIERLL 7= 73,

SANK 10404 ¥k D4y %

ITS-585 U AR Y —2 DNA FEANIZ., IADLDOHE “ICTHRELEZ, o -BAIX.
DDBJ/GenBank/EMBL |Z &% S 41, LC177543 ZfF5- &7z,
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Bz 3-3
Ja—2Z 3.0%, 7V to—L 3.0%, AIEMETASA 2.0%, KEH 1.0%, £ —A % % 0.25%,

YT7F L 0.25%, WET E=7 A 0.25%, FEK 0.3%., MK CB-4420.005%, JKEF AT pH %

tiith 3-4

<L h—R 2.0%, 73— 1.0%,EAm— AR H— 05%, K YT ko (HAREEAE) 0.2%,
A —AFZFZ 0.08%, Filt~ 7 XU L 7TKMY 01%, Vo EE—HY UL 0.05%, Hikrsy
2 0.0055%. HEALEE (1) - 6 KF4 0.001%., Hilzaish - 7 KF4) 0.0002%. VHiEAl CB-442 0.005%,

P AT pH A

F-36316 A (just after dissolved in DMSO-dg)

'H NMR (500 MHz, DMSO-ds, TMS [internal standard]): 6 0.85 (3H, t, 7.0 Hz), 1.20-1.30 (20 H, overlapped),
1.42 (2H, m), 2.58 (2H, m), 4.20 (1H, br.), 4.38 (1H, br.). 3C NMR (125 MHz, DMSO-ds, TMS [internal
standard]): & 13.8, 22.0, 24.5, 28.6, 28.9, 29.0-29.1 (6 carbons), 31.2, 39.37 and 39.40 (tautomers)*, 70.37 and
70.41 (tautomers), 80.5 and 80.6 (tautomers), 96.0 and 96.1 (tautomers), 171.9 and 172.0 (tautomers), 174.5 and
174.6 (tautomers), 192.2 and 192.3 (tautomers), 193.6 and 193.8 (tautomers).

*The signals were detected by DEPT spectra owing to the overlap with the solvent signals.

~ U A B g i AR

HEAL AT 100 % DMSO % FIVN T &IEEE D 10 [S1FEI270 A L D IR LT-1% . etk %

i

W

IR ISR U7 (B f&/ER : 10% DMSO & A 4ER), RBR(LAW O EIENFE 5 4 FERT % 12 1

i

iR A FEhE L7, 1.5 % Evans Blue f3899% (0.9% NaCl (Z¥fFE) 100 ul & J2FIRE 0 Be5-L,

AN

D%, BHIZA Y TIVT VR T ~ 7 ADOREIZ 4 ug/ml VEGF R (PBS IZHEME) 151 (B
KU © VEGF 60 nglear) & N ENENE L LTz, 30 0%, 6 mm A 72— XU FIZ TR Z
W EE O B A AR U7z, B L 7= EWi A % 60 pl DMSO (22 L C=IL T 3~4 HFEE L.
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Hi & 417= Evans Blue % SpectraMax M5 (Molecular Devices #:%) % T 650 nm O WY CHIE L.

EE LT,
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=
o

FAFE  RRES

AWFFETIR, BMLMEREOIREE L L TE S TOW D IERIIAE ST AEIZE S Z S T, ZOH%ET
M & 72 o TV DERBRI 2 I OTERL A HIIZ, T L) RIEMHEE G T 2MEE 2 2O7 7 a—Fn
DYRFR LTz, ORGSR, AEMRRIRY v 7 s | ARRE CIEEEZ R, 3ROV Thba=—7
BRI R LT,

B2 F T, RBELRNG TOMEFAEDOMBRZEMT 27 7 r—F & LT, TR EER&E
ERETZEDMONTWAEGR S HIF IZEH LIZBERAZ ) —=v 7L, ZInbRAMLE A
503451 JHDEPER , FEEF/EPE, PRI, MG, B X OEMIEMEIZ W TERER L7z,

5 3 HETCIX MR & Z RIS < MAE L EO T OmfE A4 #FE T 57 7' m—F & LT HUVECs
& NHDF DIFEHRRIC LD 7 = ) FATT v ¥ A ZHWIERRAZ U —=0 7L 2ZhbRIELE
vestaine $H. 36 X UNF-36316 JHD/EPER ., FEEF/AEPE, HIBERTRL, MREAENT. B LOEMIEMEIC >V TE

nENFE LTz,

F2EOELD

PHRE4-Luc LR —X —BE 77 v A ZHEL T, HEBFRET HIF 215 LT 2WEEZ A7 U —
= 7 LTl R. B Streptomyces sp. SANK 60101 Bk D EEE IR HICsRVEMEZ R L=, £ LT, &
Wil T Lrma<x 87T 7 4—2TWV, ZOREENS 2 >DOTEMEYE A-503451A B LU C & EME%
RS TRV A-503451 B BB LU D A HEEL 72, ZAHIZHONWT, FHEANRY LT — X 2 BE L
T, WEIEMRNT LR S, A-503451 A, B, BXU'DIZHHMWE CTHH Z &, A-503451 C (ZBEFIME D
virantmycin & —#79"2% Z L3 HB L 7=,

A-503451 A L virantmycin 1Z, Wb FNICIERIEF42F L, IEEE /RS20 A-503451 B 15 &
DX, \BHRETOMRDVIZKEEEZA LTz, A-B03451A (31 > KU BH# % virantmycin (37
FNoe kX U BgaERT2WE ThHo TN, HMERFOMAEBIL, WThbERR T OBALTE
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flil 23nM THY 7 =T —BIEMEZFFE LZ, T LT, 625 mKHHEIC LY FEEFIRAE T HIF-la
BT HRENT HZ L, VEGF, BEEPO 2% /X7 E LNV THEET L NP LML R
272,

Z LT, HIF {EMALREZ R T2 < ORKHRILEM DB A F L — b T2 Z LI L - THEMREBLT S
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ONOFANNE A MIGHFIE L U CHRBBE T THH S, 2 bOFANT LY HIFIZXL 5 EPO OFEA
AH = XLOFITIEF IR E > TETWDH, HIF 233595 T CTOHIEENRH & s> T
WD DT TR, AHFE T S 7 A-503451 O EI R, & 5725 HIF OFEMEAL A 1 = 2 KO fEIH

IZFF5 L, AR BIETH 2B IR B OBFIEDHFEICELTONDL Z L EHH D,

EIEDELD

HUVECs & NHDF OILEEE RN 5725 VS-G 7 v A 25 LT, VEGF WiFE T 5B IKEHE L
B2 Ang-l BFEET LX) EBEREEEFETI2MEE AT ) —=2 T Lic, TORE. Hlr#E
Streptomyces sp. SANK 63697 & E [ Incrucipulum sp. SANK 10414 OFs#iEHIC B & T 535 % AL
L7z, £ LT, HABERSRL - SR 217\, Streptomyces sp. SANK 63697 £E D EF #1871 & 1L B IR RE %
P 5 HAME vestaine $H % | Incrucipulum sp. SANK 10414 O ESFI A HIX, ik & B RO 5 O

HEA 584 2 0T E F-36316 A A LT,
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Vestaine 381, VS-G 7 v A 128 T HUVECs DJEREE Ang-1 BED ERIRIZFEE L, £ D ECs flI
60~403 nM 72> 7= (vestaine Ay 235355 9% HUVECs O i K ffiEi % 100% 751k & LCHH) ., AWE
X invitro 7217 T72 <, invivo IZB W T H ROV IMAE ERIMETEEEZ R L, ~ 7 A BB mMmHaikic s v
T, VEGF LHL CTILE SN 5 M O 240 L7z, 20 Z Lid, AWED, @FI72 VEGF IZ X - TE
i S AL D FH R A RN DRI DIRIRIE L 72 0 15 5 AlREME & R LT,

KWE DI ALK, Z DIMETR A 7 = X LIZHOWTOIFZENTT I, VEGF I 2 & I e w
BHIRICAER 42 2 & M ZEMENZRT ZLRMENATND SIP [FEE L T2 & 238

L& oTND,

2. F-36316 ¥HIZ D>\ T

F-36316 Ji3, 3-7 2/ b7 b v U gtiE 2 A9 D RETIZ 72, VS-G 7 v A1281T % F-36316
$0> ECso fi&i13 F-36316 A 7% 1.8 uM. F-36316 B 7% 11.7 uM 72~ 7= (5 uM vestaine A; 73759 % HUVECS
DOIHFEE A 100% JEMEE LCTHR), £ LT, AWERE S ~ © 2 H i U8R C i 7 1 i e
AL, MELEMHERT D ZERHALNE T,

F-36316 fA1%. AR vestaine JH & MBI TH D Z L0, AARMEZETHANIEL TV, L
2L, VS-G 7 vt A THE L7z HUVECs OFREIL, Bk & Btk W7 OR A OFERED | Bk
PG5 vestaine FHEIXEA2 > T2, TDOZ D, F-36316 HOIME K A 7 =X A%, vestaine
HE TR D Z LR ST,

F-36316 JHO/EM AU =X LB LT, £ ORERREN S TICET D 2 DO RN S 2 5
iz, 120%, ZTOMED PTP BEA L L THESN TS RK-682 IZHEBIL TWD Z L2 n, M
ZEIZE G 5 VE-PTP ZHET LR TH Y . & 5 1 2lL, RK-682 & VH1-related phosphatase

EDFEEET MIBNT, 7 b VBN Y BRI AT 2 Z &G SIPy IC/EM 5 AIREME T
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bHnH, FLT, EEE. Z20OH%OFZRIZHBWT F-36316 A l1E., 59025 SIP 7 =R MNEMEEZ A LT

WD ZENRHALMNE RS> TN D,

RA7 V== 7T, HENIE ORREZRET SME L LT, MELRE(LOBREEZREST D 2
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WioHii, £, BRSNS 250 AR ORRES72 EEk A B OIRIR & 7p D 2 LRI S
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—RCHYED EBbh s,

ABILH U7z vestaine J & | F-36316 0 %0 AN EMEZ il S L7 VTR A 1 = X b iR % —
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WCEERT D Z & A UNCHE D,

105



R

RO R 2B E 2 WelZ& Z2ICoh, ZHEEZHY £ LR T RFRFEE IGHAE
b PRI MR AR BaRICEEH W LE T, RRXOERICHTZY TS BY £ LEFTHE
Ry DB — WEEdR. KWK BRINSFSC BoR, RRURTRY: Jde¥psfn dEEdR. BRI RY:
WAKRE T BIBIC O X RSV LET,

KRIFFEOEI R % X2 TLIEE0, ZL OFWRITHZTEHY £ LG — RS IR
T AARR L RO X EHN T LE T,
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HSQC spectrum of A-503451 A in DMSO-ds.

HMBC spectrum of A-503451 A in DMSO-ds.

DQF-COSY spectrum of A-503451 A in DMSO-de.

ROESY spectrum of A-503451 A in DMSO-ds.

'H NMR (A) and '3C NMR (B) spectra of A-503451 B in DMSO-de.
'H NMR (A) and '3C NMR (B) spectra of A-503451 C in CDCls.

'H NMR (A) and '3C NMR (B) spectra of A-503451 D in CDCls.
HSQC spectrum of vestaine A1 in methanol-da.

HMBC spectrum of vestaine A; in methanol-da.

DQF-COSY spectrum of vestaine A1 in methanol-da.

'H-15N HMBC spectrum of vestaine A; in methanol-da.

'H NMR spectrum of vestaine B1 in methanol-da.

13C NMR spectrum of vestaine By in methanol-da.

'H NMR (A) and '3C NMR (B) spectra of compound 3 (vestaine Aj-derived) in
DMSO-ds.

'H NMR (A) and 3C NMR (B) spectra of compound 4 (vestaine Bi-derived) in
DMSO-de.

HSQC spectrum of F-36316 A in DMSO-ds.

HMBC spectrum of F-36316 A in DMSO-ds.

DQF-COSY spectrum of F-36316 A in DMSO-ds.

'H NMR (A) and '3C NMR (B) spectra of F-36316 B in DMSO-ds.

'H NMR (A) and '3C NMR (B) spectra of F-36316 C in DMSO-ds.
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SI-11-1 HSQC spectrum of A-503451 A in DMSO-ds.
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SI-11-2 HMBC spectrum of A-503451 A in DMSO-ds.
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SI-11-4 ROESY spectrum of A-503451 A in DMSO-ds.
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SI-11-5 'H NMR (A) and 3C NMR (B) spectra of A-503451 B in DMSO-ds.
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SI-11-6 'H NMR (A) and 3C NMR (B) spectra of A-503451 C in CDCls.
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SI-11-7 'H NMR (A) and 3C NMR (B) spectra of A-503451 D in CDCls.
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SI-111-1 HSQC spectrum of vestaine Ai in methanol-da.
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SI-111-2 HMBC spectrum of vestaine A; in methanol-da.
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SI-111-3 DQF-COSY spectrum of vestaine A; in methanol-da.
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SI-111-4 'H-15N HMBC spectrum of vestaine A; in methanol-da.
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(A) Before deuteration. (B) After deuteration.

123

B
o IV [
' 5.0 45 40 35 3.0 25 20 15 1.0 05 0.0
SI-111-5 'H NMR spectrum of vestaine B; in methanol-ds.
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SI-111-6 13C NMR spectrum of vestaine B1 in methanol-da.
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SI-111-7 'H NMR (A) and **C NMR (B) spectra of compound 3
(Vestaine Ai-derived) in DMSO-ds.
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(Vestaine Bi-derived) in DMSO-ds.
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SI-111-8 'H NMR (A) and **C NMR (B) spectra of compound 4
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SI-111-9 HSQC spectrum of F-36316 A in DMSO-ds.
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SI-111-10 HMBC spectrum of F-36316 A in DMSO-ds.
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SI-111-11 DQF-COSY spectrum of F-36316 A in DMSO-ds.
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SI-111-12 'H NMR (A) and *C NMR (B) spectra of F-36316 B in DMSO-ds.
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SI-111-13 'H NMR (A) and *C NMR (B) spectra of F-36316 C in DMSO-ds.
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