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(ZIIIMEE ) —ERF Y oy DR GO ARIZITEEL, SERIFHZ
otm SINEENTWVWDZ ERH BN TV, 19 HALHIEE, = OB 1
salicin & FEIIIN D/ Ny FALEW TH D Z L BHI 500272 0 | F£ 72 salicin X% D
#% aspirin ~& SRR S NBUE THIEAS HNOINTWL DITA4ARFETH
5o FoHi~T7 VY 7H quinine 1T~V —DA T 4 T U~ T U TIHREICH
LCWEF TN S IR ST, 20 XK 9 ICKKRITITIF 215 L. QOL (Quolity
Of Life) %[\ EXH 9 5/Ny 1 baWnigiz <ik->TkY . Ehrlich 23Mb53E
fnZ W TIRIEZ1T 9 “ILFEIE" Z42"8 L72 2 & X° Fleming & 232G
PEY) D5 penicillin 23R L7z Z & 2282 Hix 72 3B EME 2 A 9 5/ 11k
EWINRKIRID O RFERNTREE I ND L 91272572, Penicillin X° streptomycin
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JE &N o 7o MBRRIEE R DR & b BEIEDS AITKT 220 5% 13+ & 1
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THRTHZENRETHL B2 B, 2003 Dk N7 MMigaise T &3k
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+HEEEDLNTEY, (ERAVWONTELY =X T 4 7 ADOFIELIT T
NOTXTOZ U NTEREZHNT T2 2 L ITWNEETH -7z, 1980 F{X
Schreiber &%, fefE il FK506 OEHET 2 5023 5729, FK506 %
W LT 740 =7 4= NV EE LFK506 DRI X X7 LTA LT
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I INNA Fa =R OHEEI ISR I L AEMN AR AR TH D, B
£, ALY OIS ITITNER DO RRBRALEH TIER< . 2 EF MY T VAR
{EEMDILL A HiLTnb, LA L Ortholand HI13ALEMD 7 I L AR—
2 (L& O FEE 72 BTN EHFRIITIC L > TR S v 5 %
BRMEZER]) Z bl U RO SRR Z 2 N EIRMICET 2 ST 5 8, 72,
Koehn 5. #AEMRBEMORHELE LT, #ETIZEZEOF 7 L F LSO E
EDOSIEMEN D K DEHERNIKEZHE L TND I &, FBETICEENLI~T
PR BAE T D & ~a s oRREE A D KRZED RN O OIRAY G E
MZITBHRER T REL EENTND I LE2FTTND 4, 2O Lid, RARWH
Z Ry E L OMAAERICEE R KFERE D donor/acceptor (2720 9 5 EEE
EEBALTNDLIEEHEELTEY, o THX NI HEMAEIEML O 51k
B OBREIRE L THOMAEMREED S RE S TE T,

& ZCEF I MRS E 2 e D A RE Y E 2 AR EED 1~ &
WRL, 7I A A a v —E~DibH ez BT, TO/RRE. 7THR b=
A2 & X7 E Bel-xL OBERHFE I & LT incednine %, F 7/Mafg A ~ L&
JERZHR G R XBP1 OIEMACIAEYE & L T trierixn ZF W L7,
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MR & DM OHELE, MDA, A A5 R 7 v — 2 L IEN,
oW ik s ~7 a7 7 —VICK AR EMEO MO B TH D 5,
FFOAEENRERIL, B, REIZ o o ia0A 5 7o flila 2 5812
EHLOHDH T LT, EmORBESCIREZE ., FBHAH & Vo R OEFEMED
MFFO—BzRd 2L ThdEVZ D, THR NV ZAOMRITNY], HlxE
THEL, TR M=V ADFETICEDLELT « 0 VUL TOMNT A T
2o TORER, TR b= 2DV 7TV EEIT Ced-3, Ced-4, Ced-9, EGL-1
EWV o T kkx 72 B R BN LT e RS I Ll ST n g 2
EBWH BN /o186, D%, TR b—T AR ILZE R EEEEY
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TR b= AFEAIIEE S OBRBAM LN TS, ZDE LI b
Ay R TA~EEHEND, SHICI Fay R 7 FRTIEEIC Ced-3 OE k
RER T THD Caspase EWMEEN D T 0T 7 —VEEOIEMELZ I L, FERIC
DNase OIEMALIZ LV MR FEITIND Z ENFHILTWD 7, Z @D Caspase
Ty IV —EZT AR = RIS CCHEEO T 2 BESINICHFET D
Asp-X BeHIDRE DRI L D IEMAL L, EEHDOT AT X o C Rimfll % Y
Wb A7 A4 7ur77—8ThHs 8, Caspase 3 ILIED DEVD Bl %
R LU+ 7 —EThHY 9 Caspase 77 I U —H Tk
effector Caspase & LTT AR h— ZADFETICHR b EELEEZR/-LTWD
EEZ LN TS, Caspase 3 DHEE L LTiL, MIEHKO—>THDLT 7 F
> 105> DNase T 5 CAD OHfIA 1- ICAD1, &% DNA % {%i#9 % PARP 12 7¢
ENFHBNTND

7R F—VXE‘?IJ{%MBX F72 by RY TIEEEEENTTE L, NN S
Cytochorome ¢ 72 E DT AR — ¥ AFHEK 7 Ot 423, Cytochrome c |3
WAV X—pEMICEG L TCWAI ha vy RUTHUANTETHLINT R F—
VAV FMISE LT bary FUT7abiah s &, Ced-4 Db FARE
1 7 Apaf-113 & Caspase 9 DEEIKZ KL L. Caspase 9. Caspase 3 ZJIHIK
EMALT 5 14, F7= Fas 72 £ ® Death Receptor iE Caspase 8 ZiEM kL. 2
ko R T %20 &9 ICEHE Caspase 3 ZiEHALTE 515, ZHHDT AR b—
U AGIERRIL Caspase 77 2 —IC Lo CHIEEHZENAT R F— A TH
V. Caspase IKTFIIREES & FEZIL TV D, ZAUZH LT, I04F Caspase DIEME
CIITKAFE L22 W T R b=V AFERBEOFIENH LI | £ DFATR T
& LTAIF WEHZIONTUW5 16, ATF 1% Cytochorome clRlfk, X b= KV
TRUNRNTETHY  WEIIEREICAEL S b ar B 7 EAREROHER
5T TWD, L LMRES—ET7 R = RAfEE=2 T 5 L
AIF (XX b= RU T GMilRE 28 T~ L 1T L DNase ZiEMH{t, DNA
DT—VTIZT AT —vary - ravFrOiEE oMt 2 HET 5
ZEDRH LN/ o T 2 1718,

EZATING—HDT R M=V AT T FIREIZBNT Bel-2 77 IV —
EREEHD & R B REDN B E %%tbfw519B&2ﬁ1%5$
Tsujimoto & W@ B U U N DOZ K ITR O B LD Y (K5 i
t(14;18):(q32;q2D) DY RS 14 FYEK LR 7 v 7 ) CEEEIS &



e LTS 18 F AR LORMOBIR T EEM & LTI LT AVBIR T IED
Th b 20, 1988 4 Vaux, Hiclv T Tsujimoto 7% Bel-2 D7 48 b — 3 A killH%
REZ s L CLUR Bk x 72 77 R b — 3 AR )32 Bel-2 OFIZN R s &
NTE 72, ZD1% 1993 4FIZ Bel-2 & EEIICHAL L7z Bel-xL (Ced-9 @t
AERrZ) 2L Bax (EGL-1 Ot hdFEETY) B L) ZODS5FINRES
HE. IEEYY I Bak?t & Bad?s, Bid26, Hrk2?, Bim?8, #xiT Clx Noxa2?
EWVI) EIHICka L B2 Eu N sa—= 780, BEETICHN30 O
77 IV —Z U RTEOFERRE SN TS, 2O RIE BH KA A
(Bcl-2 Homology domain) & M:EiL5 7 7 2 U —[M TOMIREEDEWNT X/
MRS (BH1~4) Z83AH L TWAONBMITHY . TOKELHEICE -
TREL 3D End, 725, OBH1~4 249 % Bel-2, Bel-xL, Mcl-1
ICREENDT R F— 20 Z )7 ERE. @OQBH4 2R 3OO RA A v %
A9 5 Bax, Bak (CfAFEEIND TR b — R gt Z 7 B, @BH3 DA%
A9 5 Bid, Bad (2fXFE =D 7R b—v At X X7 ERE (BH3-only ¥ >
NIE) ThbhH, ZobDZ N7 EOBERBOEWT BH NA A limnz 3T
HEBZOIL, RAAL UEHTM TN, ZOEE, TR b — A & o3
VB DINAFAET H BHA AL U IHWERICED L RAAL o THDHZ & F
7T R =V AL X TENIEET 5 BH3 RAA T AR F— U AFFE|IC
WA RAA L TODZENRBEINTZ1, 26 Bel2 77 I U —X 2378
LT RN = ADT T FNMeED D BLEIZI hay R T B TR T
TV IRA L M eHSTND 30, £ DT AR F— AR pb3 72 EE T LT
R & 2 R OB EZ NS 31, X 512 BH3-only # > X7 B % LT
Bax X Bak ZiEMEA b4 5, &ML L7- Bax ° Bak 123 b2 R U 7R BICAE
£9 % VDAC <> ANT. cyclophilin D & W o 72T ¥ RV H /X7 BTl & )
J. X b RY T 06 OMISEREERF O A2 7 32, Bel-2 X° Bel-xL i3,
FIZI Far RYUTEEIZRIEL, EH L Bax b E~T o Z&EKEEET 5
Z LD EOKEEE RIEMEL T D Z L1 XY Cytochrome ¢ =X° AIF Ot %
Pl L. Caspase (A7, FFERAFRRBE O WS 2B+ 2 2 LA BTN D 33,
MAZEIT LD ET DA REHREAB T, Z2<OHET R M= RIZED D
BRI EORBOWEEICRET 2 XL TEBY, TOZ EREA REBROF
SE « ML L BEICBIE L TV D 2 ERbho TE 72 34, 1T BelxL X° Bel-2
FHIROFEIZ L > TEDORBNT = NREDH DD, THEOBEONANAR



RISEHRAS A7 8 RIEHLL Eo v A AMIECTEOBRIFHEIBE I TN D
3, Bel-2 X° Bel-xL ORFIFEBUIANKRMED T R b — 22 BFIZHET 5720
MR D ER 7o 2 — o A — =%, BADORIEO R/ 5D ERES
(RSN D, FEER, IR L VL O TlE, Bel-2 Z RIS EZ F T X
V= AN —ERE TEMEEGEARIET D 2 ENME SN TND 36,
FINBDZ R EOBRPFEEIIHN A2 EOSRPED T R h— 3 X
U THIMBISRZ R L, 25 AT AR EICET 5 L TnD Z &R
WEIN TS 3, DL EOHEN G, Bel-2, Bel-xL IR AJERIEOBF I
THN G FENEZEZHILTWD 38, EEE. Bel-2 X° Bel-xL # % —7% > MCZ
L7 FN DRI TR % R FET — L3 T-o TR, TOMY AL EZ AT D &
KEL TOPT BN, =T v F o A0 —AREHUE, VARV A L 0%
vy, Bel-2 OB A B, AvELV DYy —L LT FRIFAHETHY ., bel-2
BIEFIZXT AT FE A4 T X7 AT K Oblimersen (155 3 FHRAER T
BRIRA MEZ R LTV D 490, /N EIZ OV T O A 1%, Bel-2 & Bax
EDREBEMET LI IRWEN L Ea—FET U 7R NMR fi#tiz b &
IZE%EE « ARk S dL. HA14-141<° BH3I42, gossypol43, ABT-73744 73 E /3 FHIK
THE I, BIRICMITZHRBRLICEH I 2055 45,

Bel-2 X° Bel-xL 13 ALR, =37 4 7 AOFEIC XY ZBIRBEA O
BEREOARE LB X b TE T, L L ZEEREAEEE R\ e Bel-2 ZRIKICTH T
N E—=V ZMENEER S H L 8070 T A X F—EBERRA T 7 4 —8, &
¥Xr | Caspases, Apaf-17¢ Efkx 705 /7B Bel-2 LfEGTHZ LR
DNnoTEZ L1228, Bel-2/Bel-xL DIEAMEFFDOAREL Bax & OREE 21T
MELDEOTIFHRNWEBZZ ML )IT72o7z, LrL, Bel2 77 IV —¢&
IR & 7 EEOHAEERICE DT AR b — 3 ZAIHREREIZ OV TIIRTE AR
722 SR\, & 2 CHEFIT, Bel-xL BEPEBGMILZ V72 cell-based X7 U
—=2 7128V Bel-xL OEREEMEZRK L, B oo/ ke z A
FTa—TE LI AN T =R T 4 7 ALY Bel-2/Bel-xL O Fiiz 22k
MBS DI 2 52 T2,
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RFEA-ORESHATIN) MNAEEL, 2 b/ Maky v o o OERIC X v #iEk s v
NWZBEITELLITY Iz F i, EAONBRHEER RSN D, *J‘if\‘d\ﬂaﬁi Z
X5 R TE O RERE L AE L, (L DORINTHRA L )
BRGNS NDDERRIIES Z ENTE D, ?“foezbfad\ﬂaﬁi
POl VIR T HIERICED X A"V EOWEEZEBRL TV D,

NI A R U ADREM SN, BN ZBA -2 8D X X 7R
PEESNTDTHEHO0 Il e RO NT o 2B AT, /MMUERNT
unfolded 72 % /N7 E NI 5, T & /MaEA MR ERES, MIfIT/ M
KA R L ZARRBIZ/2 D &L LT D 3 DOMIIASE VMaEA F L 2%, UPR ;
unfolded protein response) % <9 47, O/NMafRIZEIVLL FFAE S X7 BN
EVIAENRNE DT D7D OFERIH., @/NUEANTOH Y 7ele b %
HWIRT 272D/ v Xu SEEFEE . Qe ) ¥R D 72D D3k
RN OERGFHFETH D, £ IO ONRE TRINEEE L WA IXT R
h— R XD HIRIIEEIR T D, UPR D45 FH#E X I ZERERE 2 B T2 R AT I

DERL., B FTIX 3 2O/NMafkR LAkt — (PERK., ATF6, IREl)
DINIRIRN D 2 2 X7 B OREIE LN S 00 E 2 D EHBICER L 0D 2
L. unfolded 72 % RV ENERET D Lo —0nEH L, FRENICEA
DY T T IGEEFETH I ERH LN TE7248, UPRIZZHZE D, HE
FHEARFHEH] tunicamycin <° Ca2t-ATPase [HEH| thapsigargin, #=7cH| DTT
72 EOEFNERA NS HERAN TR AT AL LT RIZIEZ T AN LI
W2 ENE o2 b DD, ITHE UPR O FHENRH L SN TV LIz o T
8 A TEMEAL ~ D B G- S MR B~ DR G-, BERIFRRIE~DR 5.7 X Z D&
B2 ER DD 2 ’7260’(%7”’ 49,50,

[ A3 AN ORERRIZm Y, (KEESE - (K52 - K pH T2 & & SdvhafE A k
LAIRREIZH D H DD, ZDO/NMafEA b LR IZ X - TiEM b EN S UPRICLY
HERBREFCHLAERL, BHEEL Y 22 EnHEIN TS 50, FiZEEN
A DOEEFECEMEALIZIE UPR TR O H T H R ZHEREM RSN 7+ X-box
binding protein 1 (XBP1)DIEMHALNMLEATH D Z EMHMBIL TS 5152,
XBP1 (3@ %, EIEME R A A V2Rl WARIEER O & > 378 XBP1(U) &
LCTHREN DD MR A h LRI L DIEME L2 IRE1 DA T T A VY — A
TR T L— B AL v TFRIRT F 4 2 T ROSIZE Y XBP1 O FiBRAS
mRNA 725 26 HHENETIV SN, 7L —AT 7 FE#E D U TIENEREEER



 XBP1(S) & L THIER SAVINIaE Y v ~Xm o O R IR IR 1 D FE B & 5538
% 53, XBP1 %/ v 777 s UTensAfila & Bl %2 SCID v 7 A ZBHET 5
&L BHRIEENEE K LDkt L XBP1 &/ v 7 7 7k LT VISR
RS R SN oT= 52, 2D Linh XBP1 218 & 3 2 FANXEIE S ATRIE
HEADISHBHFEI N TS, —F5 T XBP1 ORREMER 2~ 27 a7 LA fE
Pz Ko THRBET D L/MaEZ b L RARTF-LISMNZ S & 37 H D57 EIZ
O AEIGF 1L L FE SN D 54, XBP1 127 & % &l & HUREEA M~
A LIC ARG R 1L L THRESNTZHFTHY 5, ZD%OIENDL
TEREE AR T A L A IO A L DR DY RIBE N TN D 56, X
(R EIEMERE &2 Ff 272 N U 7 0 R T % XBPL(U) O FIER 23 XBP1(S) & [z
FEIZR LD ZEND XBPLU) B L 0OMREEF T 52 LR THRIND 57,
1iE> T XBP1 OiEMEALCHRE A #9252 K 9 22bEWIE. BIED AJREE~D
JERIT S B A A, XBP1 ORHBEEDHIICLEMT 22 & 03Zx b b, £2
TEHIXIXBPL D7 L—L AL v TFRIRAT S5 4 THECEH LA U —
=2 X0 /NEE A N U AFEEM XBPL G EWE OWRBE 1T -T2,

ARG CIE, BelxL @EIFEIMILZ 72 cell'based A7 U —=2712L 5

Bel-xL ORSREILEA| DR, K N incednine O HEERE R #EETE ., AWiEE,
HITHTE ER A b L ZF%EME XBP1 {EMLIREYE trierixin O EREIZD
WTIHERIZHDTHY . ZOHFELTITIRT,

%5 1 B TIIHTHL Bel-xL BEREFH E W E incednine DFE R FEMEAPE, HLEEH Y
[ZOWNWTIH %, Bel-xL OMREZIREH+ 2 WE 2 W EMMGHEY LV IRET 5
TS L. #2000 BROBRE M D Streptomyces sp. ML694-90F3 #6773 H
OB EEFEL TNDZ EE2RA LT, FRBERORERR I =IO~ 5
Bl m~ 7o 74— AT Z1T), incednine O BEEICHE) L=,

% 2 % ClT incednine OREEREIC OV TR S, Incednine D1 1XFRLF
AR, &5 NMR A7 RUVEFTIC L0 VmEiEE 2R E L, KRIZIEZ Lwn
BWEATHHH 24 BIlR~7 0o 7 2 L5 REEMWTHDLZ LW LN LT,
FESFSEARBLE (3 TH A B U FESEES NOE A7 MV OFEMZR T 2 B LIk
ELTZ, SHIT7 7V a x4 2B Mosher (EOmEA., N p-7 v E
N A VEHERE AT X B IERAT IS K 0 fe STARRLE 2 D E LT,

55 3 7 Tl incednine OAEMTEMEIZ DWW TR 5%, Incednine I% Bel-xL 2 Y



Bel-2 OHL7 R b= 2 REF v oA L, FUREAIRS Bax & OOFHICL Y
Bel-2/Bel-xL i@ EI R BLALIZ Caspase FEK AV Mifat ziFE L7z, £7220
& ¥ incednine (% BelxL & Bax & OFESIZHE Lo 72,

4 BTl trierixin OFEEREIZ DWW TR S, Trierixin [F/MNaA 2 L&
L > THFEEIND XBP1 OEMHALZHET 2WE L L TR I
triene-ansamycin RILEWTH Y | HEFITHER 2B =—7 G %
HLTWD, Trierixin OE&EIIEFE NMRIEIZ L D IRE LT,



%13 Bel-xL #SHEMLEYE OB . incednine D4 FE N ONELEfEFRS H

TR b= A& ' Bel-2 X° Bel-xL 13kk 4 7o b MEMIL TEE B BIER
v, AR O B L ER MG ~ DB G R R E N D 35, ZhbD
& XY B RERE H L E T 2 W EILHUN ATRIERIE~DIE AN SN D 1ENn 0 T
72 RIERAZR D20 Bel-2/BelxL O 7 A h— A il 4 7 I vy =
RT AT ADFIETHAT H M AT o —T L LTHENEZS 2 OND, 2
T Bel-xL OFERE 2 FHE T 2 W HE 2 ARG EY J 0 BR3R L 72, F# 1%, Bel-xL
ZImEIFEEL S E7o e MR Ms-1 /a2 7z cell-based DA 7 ) — =2
JREMESL L, BAEMRGHEY LV Bel-xL OREZ L ET 2ME A RE LT,
ZDOFEF, ML694-90F3 D53 HiFIC BOIEHEYE % H.H L. incednine %
[, L7z (Figure 1-1 (a)) ., Incednine 2E JE [ 1 X S RIMEIR 2> & Streptomyces sp.
ML694-90F3 E[FIELT-, £7- incednine |TIEEEHE ﬁk IR LIERICAZE T
HY . HEEHOTRERCIIHEBCIIE S o 7oy, B A ELY B~ b
77 74— (CPC) ZBME L7oREHRIEIC ] 0 et & U CHLEEIC AT LT,

W1 A7 V—=27

A7 V== 71Z1% Bel-xL Z i@l A I8 Bl < 72 v /Nl et Ms-1 /i
(Ms-1/Bel-xL #24 #ijg) Z vz, Zofax, <7 Z—ar bo—/L4ifl<T
& 5 Ms-1/Neo #13 fifi & 1Z 572 ¥ adriamycin (ADM) 72 EOHuEA N #biM:

R ZEND, ZOMIBICHAED O —IRREEM A, &5 ADM &0
2T & FIZOHERINNTHIIIE A L Z S5 L 9 70385 % Bel-xL ORREFH E A
EEZ T2 ROMESIZER L IRINT 5 ADM OUWINEE 2 Mgt L 7=, 96-well plate
12 1.2X 104 cells/well THit\ 7= Ms-1/Neo #13 #lifid & Ms-1/Bel-xL #24 #lifdiZ,
ZNF10.03, 0.1, 0.3, 1. 3 ug/ml & ADM DOEE 2L SETHRIML, 48
IRFfEI 12 DI AEFR 2 b U N 7 — ARG TR L 72, £ D5 R, 3
ug/ml © ADM # 48 FRALERIZ 1 » Ms-1/Neo #13 {113 CIE 90% L4 E o FfaAS
T TWT=DIZkE L, Ms-1/Bel-xL #24 #ild TiZ Bel-xL (2 & > T ADM #E4:
DOAMBAFEI I S Av, WHE OAESEITIAE R ZNBND Z &Moo Tz (Figure
1-2 (@), YL EOmKED S Figure 1-2 OIITRT A7 U —=0 T REMEHE LT,
I 724> Ms-1/Bel-xL #24 #iil 2 96-well plate (Z 1.2 X 104 cells/well THfitx .
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BHRIZ Y == W TN (A7) == 7% TV OFREEEITEBROEIC
FLL72) & 1%USIN L7z, 30 7o IRiaLE L7=%. 3ug/ml ® ADM #/x., &5
248 il F aX— K L7z, T & & ADM AR L TR WA % it B
& X, ADM Nz 726 DI O HRIEIRINHMIEIEZ FHET DR 2 B L-, 1
2000 BRORAEWERFE FIE X 0 PR 24T o 7o kG R B ML694-90F3 #£2° H 7Y
DOIEMEMEZAEL TNDHZ xR L7 (Figure 1-3 (a)), F7=%EH LLARL,
V-ATPase PHLEH| TH 5 destruxin E 7% camptothecin & O HFHIZ LV
Ms-1/Bel-xL #24 #MICHIfEZFFE T 5 2 & 2 /I L TWz2d, Acridine
Orange 222XV Z OEKOAFET DIEEWE L V-ATPase FHEHI T2
& Zfigsd L7z (Figure 1-3 (b)), # Z CHIARHRIEAZ TR L., 5 b IEMEARR
DOREERRAT 24T > 7o & 2 AKREEWITHHILEM ThH -7 Z £ 5| incednine
Lndh LTz,
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incednine

(b)

CHs

OCHj

incednine aglycon

Figure 1-1 Structures of incednine (a) and its aglycon (b)
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100

75

Ms-1/Neo #13
Ms-1/Bcl-xL #24
Ms-1/Bcl-2 #7

50 Bcl-xL

Cell Viability [%]

25 «am» | Bcl-2

| ] | —— o — Bax
0.1 1 10
Adriamycin [ug/ml]

(b)

Ms-1/Bcl-xL #24 cells, 1.2x10* cells/well in 96 well-plate

incubated for 24 h, 37 °C
added screening sample (1%)
incubated for 30 min, 37 °C

+ 3 ug/ml adriamycin

incubated for 48 h, 37 °C

observe cells under phase-contrast microscopy

Figure 1-2 Assay method for discovery of a Bcl-xL functional inhibitor

(a) Cells were treated with adriamycin as indicated for 48 h (Ms-1/Neo #13 cells; open circle,
Ms-1/Bcl-2 #7 cells; closed circle, Ms-1Bcl-xL #24 cells; closed square). Cell viability was
assessed by trypan blue dye exclusion assay. Values are means of three samples: bars, SD.
Right panel; Expression patterns of Bcl-2, Bcl-xL, and Bax in Ms-1 cell lines. (b) Assay system
for inhibitory activity of Bcl-xL.
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= 40 F
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© [
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o I,/IIIIIIII L L1 111
0.1 1
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(b)
Control Destruxin E

0.3

Figure 1-3 ML694-90F3 strain produces a modulator of the anti-apoptotic
function of Bcl-xL

(a) Cells were treated with the indicated concentrations of screening sample in the presence
(closed circle) or absence (open circle) of 3 ug/ml Adriamycin for 48 h. The cell viability was
assessed by trypan blue dye exclusion assay. Values are means of three samples; bars, SD.
(b) Ms-1/Bcl-XL cells were treated with screening sample or 1 ug/ml Destruxin E, V-ATPAse
inhibitor for 4 h, and then stained with 1 uM acridine orange for 30 min. After washed, the
cells were observed under a laser-scanning confocal microscope.
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% 281 Incednine ZEEF DIRIE

Incednine %4 pE9 % R, ML694-90F3 ki Streptomyces J& &3 5 Fi
WThO ., MmO LI Bt z, AEEOE - BMEE5 21T Figure 1-4
2777, ML694-90F3 tkix, FRLICFLHE T 2 W #2679 5,

1. JEhe

ML694-90F3 #kix., B L= AR RL D, RIEVWREAREZHMEL, £
DIEEHINEZR, V=T RKD DN BT FAETERT D, A LTI
FH#E 10—-50 oI —HER O 2 HE8HT 5, H7FoRE I8
0.5~0.6x0.8~0.9 X 7 v > T, T OERMEIIFEHETH D, WAL, HAR, lar
D 9 ¥ L ONEBE FITFR O Hiv7aw,

2. SFEEEHIC IS 1T BB INEE

(1) A —A b - ZIFERREH (ISP-H5H 2, 27°C Ha%)
IZSE-DWEDORE EIC, BWA- O THEOREREELET D, Al
BRITFED LR,

(2) A— F I — VEEREH (ISP-55Hl 3, 27°C H54#%)
ITHEITSEDIEF LIZ, FALWKOKE R T EFEAE L, AlEtEaRiEnd
AR E RN,

(8) A¥—F « MR KL (ISP-15Hh 4, 27°C H53%)

ITHEDOFEF LIZ, HEA-HALIWKOKE R T HAE L, AlEtEAaFRITERD
Y ARAAN

(4) 7V TANTXUEREM (ISP-H5HL 5, 27°C H54%)

IZSE AL WEAORE LIZ, HHRAOKE Rz T CHEE L, AiEtEs
EJES: N A

(B) o/ m—R - HEBEFEREH (27°C §54%)

ITHEHDFE LIZ, HIDWIKORE X E D > T b EFAL, EMEAFITR
D HILZR,

3. AEAME
(1) EFIREHIPH
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A —A B« A —FFEREM BT 7 1.0%, £ —A FTX R 0.2%,
OHEKR 2.4%, pHT7.0) %AV, 10°C, 20°C, 24°C, 27°C, 30°C, 37°C
Je O 45°C O TR L72#5 5%, 10°C, 37°C, 45°C TOAFITRD L
9. 20°C~30°C O#IPHCAEE Lz, LB EMELIL 27°C I Th 5,

(2) AL —F DOIKGfE (A5 —TF « MEEIEFERIE M, ISP-15H#1 4, 27°C ¥548)
Btk 18 HHE IV b TN A X —F ORGSR HiLiedy, £ DfE
FIEEH,

4. WY
MNEEF D 2,6-7 2 B AU VEBIX LA CH 5,

5. 16S rRNA i&{= 14T

16S rRNA &5 - O AR S (458 bp) ZRE L, DNA 77— X _X—R|Z
BEES NI AHEROT — 2 L LTz, ZOREE, ML694-90F3 kO AL
51X Streptomyces J& kR E @ 16S rRNA & s+ & &R 2R L=,

UL EOMERZ 95 &, ML694-90F3 #kiX, TR |, X< ok Lk
AREARELY HEBRORWRER RS D, £0kmiE, &R, v —7 Kb
LWL BESEWEbEAZEA L, ITHE—HEEORT 2 EHT 5, fx
DEEHIT, 2 THICSHOHEE RIZHKA-H L WIKOKE R T EAET D,
AIAMEAR TR B2V, UIHEAKEZFHF D, 2 OFEKOAMEEF O 2,6-
TRV VERIELLTH D, ML694-90F3 kD 16S rRNA 151 D
MR B N DT — 2 L L= & 2 A, Streptomyces JEFGERE & &
WFERIPEZ 7R LT,

PLEDOFER XV, ML694-90F3 £kix Streptomyces IBIZJETHHDEEZ D
N5, % Z T, ML694-90F3 ¥ % Streptomyces sp. ML694-90F3 & L7-, 7235,
ML694-90F3 #R (T M SZAT B iE N PE R Airie S WFJEAT I ARt a6 L. FERM
P-19631 & LTt v/,
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Figure 1-4 Scanning electron micrograph of Streptomyces sp. ML694-90F 3
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% 3 Hi Incednine DIEEEAPE

55 FESH DK HLAZ VY, HPLC T incednine O ERA ERT L2 LICLV E
AR A RS LT, ZOREER, IR (U ra—x 1.0%, 7Y kte—1
1.0% . L- 7V I T FU DA 03%. 7 V7 ay 1% KEBEANLT T L 0.1%,
pH7.4) 4 AR ICB W TR KOREBRAE LG LT (Figure 1-5), £7-, “I
B 2 BeEAIR L-ssi 2 W= & 2 A, 2 %A IRES Tl incednine ZEPENE
DY 2 M B LT, Z O A A pERS I EIR L 7=,

Incednine DFFEAEFEITIALHIZ 200 LBV ¥ —7 7 — A U X —% HWTIT
S72, T bh, Streptomyces sp. ML694-90F3 £k D %€ K4} ks ks 24 O 14
R—HEE%, MRS (FXA R Y 2.0%, 727 h—2A 2.0%, /37 kY
A hY 1.0%, 23— AT =TV — 0.5%, BT E=U A 0.2%, K&
TN A 0.2%, pH 7.4) % 110 ml 5537 L 7= 500 ml % Erlenmeyer 7
TA3 1 ARIZER L, 27°C T 3 AMIREEE LTz, SOICEDOREMEZHIE,
FERFEEHI A 110ml 3°2437E L 72 500 ml % Erlenmeyer 7 7 A 2 18 A2 2 ml
TORFEL, 27°C T3 HREHRGEEE Lo, TN AR E LT, ApER (7
Na—2A 0.5%, 7V tr—1L 0.6%, L-7AFZI BT R UL 015%, 7Y
7r s 0.5%, REEH VT T N 01%., pHT.4) ITHEEAIE LT rId—/LZ& N
ZT-REH 100 Lic2assfE L, 27°C, FEEA. 200 rpm/min Q@RS T 3
A& LT,
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Figure 1-5 Detection of metabolites of ML694-90F 3 in various producing Media

Seed culture of ML694-90F3 strain was inoculated into 55 kinds of producing media as
indicated, and incubated on a rotary shaker at 27°C for 4 days. These cultures were extracted
with CHCI; and analyzed by HPLC. Production yields of incednine was determined by its peak
intensity in HPLC chromatogram using authentic sample.
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% 481 Incednine O HLEEFS M

Incednine (3% O FRIZRMEE &, B8R 2 HNE - SRR NIck < AT
LTLD 2l £t WITmBHEIE T TELSITEENMET T2 &, £
U BTN VR 7R E ORZ FW TR RIS [RICER D3 iR L 2K )
ST Z e n, BOKA DB v~ N7 T 7 4 —&BME L7z Figure 1-6 (27”5
FEIZX R LT, 3720 b5k % pH I, WilE T U v A%z
10°C THHE L7z, IRmIC XV KL EEmE2BIN L, ZoitEh%E 7 an
RV LA L ) —=1:1 THIH, IRMEHCIE L7z, o zfitimids v ek i
AL ) —)VK=5:614 D JERITIEME L, DB LT, ZOAREEE 7 va kL
AL ) —)ViK=516:14 KD FRIEIZ CELR A Bl v~ 2757 4— (CPC)
ATV, IEIEH O FRAMER 531245 B AV iE PR 5 2 IR A R L s i R & 15
710 —7J7. incednine | E T EMEERELZ AT D2 LD T2D T, K

COMBM KA FHERBYESME T, ZJaakR s AKX ) — L1 mM HEEEK
=5:6:4 RO EHIEIZ T CPC 217> 7, ZO#EHE, incednine |ZIERH TH 57K
FEYEE IR O T S iviz, £72 2 0BR, IWHESIZONWT 1 AT
MS 7ua~ 757 4—%1T95 Z &I2X Y incednine 73R % & Lo AHIM) % B
< ZEMTE, MK incednine Z i EH MK E L THT-,

20



Cultured broth of Streptomyces sp.ML694-90F3 (3 days, 100 L)

added 5 kg Na,SO,

adjusted topH 9

stored at 10 °C

filtered

pellet

— extracted with CHCI;-MeOH (1:1, 40 L)
— concd. to dryness

— dissolved in CHCI;-MeOH-H,0O (5:6:4, 1.6 L)

Organic layer (640 ml)

— Centrifugal liquid-liquid partition chromatography
eluted with CHCI;-MeOH-H,O (5:6:4) system,
descending mode

Crude powder (11.8 )

— Centrifugal liquid-liquid partition chromatography
eluted with CHCI;-MeOH-1 mM HCI aq. (5:6:4) system,
ascending mode

- MS chromatography monitored by m/z 738

— lyophilized

Incednine (1.89 g)

Figure 1-6 Purification procedure of incednine
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% 2% Incednine OAEEMENT

% 1 E T Streptomyces sp. ML694-90F3 £k DO £524% & B L 7= incednine
DOREIEIIEFEANT MR, 2 Ea—F2ET7 U7 X BREREMRTIZ LV
PE LT, AETITETHEME NMR 227 MU a L Ea—XTT ) )
(2 & % incednine D MG, K UM HEEDOREICHONTIERD, 7
incednine 4P DR HAF/E L 72 incednine 7 7'V 2 ¥y~ Dk B
Mosher 75O & OWE D X #EEMHTIZ X % incednine DffixiE DR EIZ
DNTHE~D,

% 181 Incednine OFRLZFAIMIR

Incednine @ HEALZERIPEIRIL Table 2-1 (278 L7=, Incednine (@AM
121-122°C OEHEMARTH Y . @oafFeE ESI-MS A7 bbb Z Do+
% Cu2HesN3Og ERE L7 (m/z: 738.4691 [(M+H)* caled. for Ci2HgsN3Os,
738.4688]), Incednine IFZHEEEHE & L TldA ¥ / —/L, KIZAETHY, /7 an
RNVLRT B N ATITHAECTHS, —, 7V —ORETIEZZ ariLr iAo
UV UNZRIETH D, 7238, incednine [THEFEME T TIIHLIRIZE TH 53, R
PRI T B 5 WIERITITIEFITARLZE TH D, Incednine DU B 7NV L Dk
Jg§7 v~ ~7T 7 4 —TRARE Y nu R L LA Z ) —iK=4:1:0.1 (vlv) T
Rf=0.26 #/~9, 2OKNTIY D 77 UREERIEK, GLRFKICEETH S,
Incednine ® UV A~ kL NIR A7 R L& ZNEI Figure 2-1 (a) XY
(bIZR LTz, UV A7 FLiE294.5, 309.5, 322.5, 356.0 nm |ZHRAWLIN %
RL7EZ E0D | incednine AR Y =LA TH D Z LR INTZ, &5
([Z IR A7 h/LiE 1650, 1510 em M IZHRVIRINA R L72Z & GLRIEIZ L 5
BEMKSBEBETH T2 06T I ROGIENTRE S L,
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Table 2-1 Physico-chemical properties of incednine as a HCI salt

Appearance pale yellow powder
Melting point (°C) 122-124
HRESI-MS (m/z)

found 738.4691 (M+H)"

calcd. 738.4688 (for C,,HgsN;Og)
Molecular formula C4oHgsN3;Og=2HCI
Molecular weight 810.98
Optical Rotation [a]p® -702.3° (¢ 0.2, MeOH)

UV Amax M (log €) in MeOH  294.5 (4.88), 309.5 (5.23),
322.5 (5.38), 356.0 (4.64)

IR vy (KBF) cm” 3440, 2980, 2930, 1650, 1620,
e 1580, 1510, 1460, 1160, 1080,
990, 960
TLC? (Rf) 0.26
Color Reaction
positive phosphomolybdate-H,SO,, GL
negative ninhydrin, dragendorff

@ Silica gel TLC (Merck Art. 105715): CHCl;:MeOH:H,0=4:1:0.1
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Figure 2-1 UV spectrum and IR spectrum of incednine

(a) UV spectrum of incednine was measured at RT in MeOH : incednine-2HCI (5 ug/ml), (b) IR
spectrum of incednine was taken in a KBr disc.
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% 28 Incedinine O it E DT E

Incednine 3% DL EMHSCEEMEDORIEND 7 V) —OIRIEIZI W T b MR
DIRFEIZIB N T b F— I CI3 T vl e 72 NMR 27 MG b enoTz,
HEAEBOIRE ORMEME 21T T2 & 2 A, A X ) —)b-ds/k=3:1 R, -5°C
DFMF T THBHRAF72 NMR A7 M EGS 2 LN TE72,1H & 13C-NMR
AR NVEZEDT —H L Figure 2-2, 2-3, Table 2-2 (2R L7Z,
IH-NMR A7 "L LD, 6 DDOAF I/, 1 DODA X, KN2DD N-AF
NOIFEE, 1OO7 I K7a by (87.62), SBIZI4HGZOA VT 4 AT
YDV T FNERER L, £ BC-NMR IR0 b Pl ESZ 42 0y 7
NERL, TOSEEICHOWTIE DEPT 227 kL (Figure 2-4) I2XY. 9
ODDATF IV, 4 DODDAF L, 14D spZ ATF L, 9D sp3 AF . 5 OD sp?4
R, 1 DOD spPA FURFTHDHZ EEHLMNI LTz, £ BC O Iy
7 M. EROVHMQC A7 VDTS 1 ODT 2 R/ T AT )V VR =)L (8
167.7). KO 9 DOF V7 4 UPNEENLHZ LB LT, 202 & LT
MOFE I NA AT LV | incednine O EF 2L 3 DOBRIEE N Z LD
ZENbhol,

Incednine ® H-TH COSY A< hLDfEHTIZ LV . Figure 2-5 IZ/R9 5D
DEDHEEDFAEZ A S Lz, EotEE (a) (2O TIE 4-CHs L 0 =fRAHE
DROHND HB 00 H9EFTAYUHEERy N —27 B3R 6, 4-CH3~C-9 £
TODRNY ZRE LTz, #oE (b) X H-11 76 —FEfSAHko H-18 £
TBIRSNDAEURESICEVIRE L, £72 C-11 (8 84.1) [ZIFEEFEF 2
FEAELTWDLZERNTI N7 NEVHA L, BofkdE (c) I220n T
20-CHs X 0 =[RFHEEN R 6 5 “HEHiEGH Kk H-20 775 23-CHs £ TOAE
ey N —27 BBl S, 20-CH3~C-23 KT 23-CHs D723 0 2 R7E L
oo AV UREER Y MU —27 OREGTHFET 2 H-23 1%, 8 7.6212F 7 L v b
ELTBHEND Y 7TV EBLAE VS LTV, 208 T7.62 DY 7 F VT
KT D mRFEL 7T iE HMQC A7 MV TIIBH SN2 ho7=Z &b,
C23 IZ7 2 FOEFLFRTLEMALTWVD I EAURBR I N, BoES (A) IX
H- b H-5E TOAEUFEER Yy NI = BBIE I C-1~C-5DOR )R %
O Uiz, ERIGT2RFEO BC I N7 bhvn C-38 (8§69.2), C-4

(877.1), C-5 (§63.0) IZIFMEHIRFFEA L TWAH I ENboolz, UMl
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ZOIH, BCH I AN T (81 4.89, 8¢ 99.9) NOEZIHEDT ) ~— %
FHES B, EHICC-21TFFD H, BCH I BN 7 b (8u 3.02. d¢ 62.7)
75%%7%@%75%*/\1,@\5 EDRME S VT, B HMEE (B) (2O WTIE HA1”
o H-6"ETIZBHI SN DA UfEET Yy U —27 K0 C-1"~C-6"D-D72 73
S5z, F£2B8C I 7 b C-5 (8 73.7) ITITRFBIFE A
D, C-AZZFDH, BCH I AN T (01 2.86. 8¢ 59.7T) M HZEFF A
FBELTWDLZ ENREINT, "itb 2D H, 18C 7 I b7 b (81 4.69,

8¢ 101.1) MORBIHEDT /) ~— L& FfES &7,

PLETH LI 572 5 DOESAEE OMIZ, incednine AT HREF‘E L L
<. Figure 2-5 (2783 220D 7 Ly k AF /L [10-CHs (8u 1.51, 8¢ 23.3) .
16-CHs (8m 1.61, 8¢ 12.8) 1, 2 2 NCH3[2-NCHs (8u 2.82, 8¢ 32.3) . 4”-NCHjs

(0m 2.66, 8¢ 31.0)]. 1 2® OCHs [2-OCHs (0u 3.52, 8¢ 61.4)]. sp?4 #kfx
FM2o [C2 (5147.9), C-16 (5135.8)], MEENFER LT spd 4 FfmFEN 1
- [C-10 (876.5)]. 7TI R/ AT )L H/LAR=L31-> [C1 (§167.7)] K&
O, H-H COSY TidlmEn N et naEdied L 7 4 v AF N 6 > [C-3

(8 127.5), C-14 (8§ 125.6), C-15 (5 138.5), C-17 (§132.9), C-18 (5 124.8) .
C-19 (6138.5)] fFETHZ LEH LM LT,

TS DK RFE R ORI EER OS2 230 X HMBC A2 Mg Bl LY
Rt L7z (Flgure 2-6), #hootEiE (a) KOV (b) @223 013X 10-CHs 2> 556
R (a) K dH D C-9, BB -2 FES L sp34f&r§% C-10 K OERSHE
& (b) DR &'o%s C-11 ~OFEARBHI SN Z LICKVRELTE, S5
oG () ICFAET 5 1I-NH 225 1 {i@ﬁﬂ/ﬁiiﬂ/mi*% (8 167.7) ~DFHEA,
EASRERE (2) D 4-CHs 6 3NED A L 7 ¢ VIRF~DHB, H-37206 11 h
wtﬁ‘:/vﬁ%f%&zﬁ C-2 ~DHE, 2-0CHs 5 C-2 ~DOFHBENZ L Z Bl X
N2 MBESHEE () KO (0) 1T /) — Lo —F 1T I REW) KK
= u\%mf‘ofmwm\é EEIFALMZL, C13~C-20 ZFR< IRFE,
ERMOORDBD LN LT, #HoHE (b) & (o) O2RBviTFLr>r
o FEI (S 6.1~6.3) 12 8 DK FENMED THET L CHN S 72 1H-1H COSY T
IIHEE TE 2p)v o 72, F Z T 1H-1H COSY DiEEFHE & HMBC, 1D,2D-TOCSY
AT V& H R TRET L7z, £ OfEE, TH-1H COSY Dx=fRFERS & HMBC
AT MVENT LD C-15~C-17 KT 16-CHs, C-19~C-21 K TUF 20-CHs D5y
EIENBH M2 o 7, F 72 Figure 2-7127~89 &L 9 12 1D-TOCSY (2B W TH-13
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76 H-16, H-17 225 H-19 FTOMEPBIE SN Z L bEniE (b) &
W (¢) IR HZ U ERNLTORB>TWNDL I EERELE, LEXDY
incednine O 7 7' U @ 5y OFEDHIBA L incednine 7% 24 B~ 7 17 7
AABRERATDHZ LML,

e O oS (A) KO (B) I22WTIE HMBC A7 MUz WT, H-T
Mo C-5 H-1"16 C-P~pu v 7Ly CH Ay ) IRl Esn=Z &
MOESHEE (A) KON (B) BWENENRFET ) —RAR, ~FVET ) —
ABREER L TWD Z Enbnotz, £7282.82 & §2.66 IZEHI S5 N-CHs
MNOZENENR FET ) —RBRD C2, ~FVET7 /) —RARO C-4"~DFHE
NRLNT-Z LTz, LC-MS/MS TO 7 Z 7 A v k83— (m/z: 128, 146
[M+H]*, Figure 2-8) M&H THH7=Z LB WNTNOREL 1 DOERER 1%
BT I /PETHDLZ EBbhoT, S5 HMBC A7 ML LY H-102 5
C-11, H-1"2"5 C-4~OMHEPBRISNIZZ EnoT I /8 (A) 1770 =
YO 1L ALICEALTWS Z &, WNCT 2 28 (A) KO (B) 2xnth 4
AL AT/ Y ay REAELTWA Z Enbhrotz, LLEXY Figure 1-1 (a)
12779 incednine O HABEDNHH 5 7N 72 o 72, Incednine (XZ D7 7)) @
ICREMIZE LWVERKR (=) —Lo—F -7 2 R) Z2HT 588 24 B~
rna gy X AEHEIRTH ST,
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(left panel) DEPT spectra of incednine, (right panel) "*C-NMR spectra of incednine.
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Table 2-2 'H and 3C NMR data of incednine-2HCI (CD,OH:H,0=3:1, -5°C)

No. O¢ Oy (multiplicity, J [Hz]) No. O¢ Oy (multiplicity, J [Hz])
1 167.7 (s) 23 48.0 (d) 4.06 (1H, m)

2 147.9 (s) 24 14.3 (q) 2.06 (3H, s)

3 127.5(d) 6.05 (1H, brs) 25 23.3(q) 1.51(3H,s)

4 133.2 (s) 26 12.8(q) 1.61(3H, s)

5 138.0 (d) 5.87 (1H, d, 11.6) 27 12.8(q) 1.64 (3H, s)

6 129.0 (d) 6.51 (1H, dd, 11.6, 14.4) 28 20.3(q) 1.28(3H,d, 6.7)

7 137.6 (d) 5.95 (1H, dd, 10.8, 14.4) 29 61.4(q) 3.52(3H,s)

8 130.4 (d) 6.28 (1H, dd, 10.8, 15.8) 1-NH 7.62 (1H, d, 10.4)

9 142.1 (d) 5.52 (1H, d, 15.8) 1" 99.9 (d) 4.89 (1H, d, 7.0)

10 76.5 (s) 2 62.7 (d) 3.02 (1H, t, 7.0)

11 84.1(d) 4.44 (1H,d, 9.0) 3 69.2 (d) 3.85(1H, dd, 7.0, 8.0)
12 129.2 (d) 5.47 (1H, t, 9.0) 4' 77.1(d) 3.77 (1H, ddd, 4.2, 8.0, 8.0)
13 130.1 (d) 6.13 (1H, m) 5' 63.0 (t) 3.33(1H, dd, 8.0, 12.0),
14 1256 (d) 6.09 (1H, dd, 11.0, 14.0) 6' 32.3(q) 2.82(3H,s)

15 138.5(d) 6.19 (1H, d, 14.0) 1" 101.1 (d) 4.69 (1H, dd, 1.5, 9.1)
16 135.8 (s) 2" 30.5() 1.56 (1H, m),

17 132.9 (d) 6.05 (1H, m) 3" 24.4 () 1.60(1H, m),

18  124.8(d) 6.17 (1H, m) 4" 59.7 (d) 2.86 (1H, m)

19  138.5(d) 6.17 (1H, m) 5" 73.0(d) 3.70 (1H, dq, 6.1, 9.2)
20 138.3 (s) 6" 18.5(q) 1.36(3H,d, 6.1)

21 130.8 (d) 5.42 (1H, dd, 6.0, 10.4) 7" 31.0(q) 2.66 (3H,s)

22 38.3(t) 2.23 (1H, m),

Chemical shifts in ppm from TMS as an internal standard.
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Figure 2-5 Partial structures of incednine determined by 'H-"H COSY spectrum

Five partial structures were determined by 'H-"H COSY spectrum (dashed curve, observable
"H spin-spin coupling; values, spin coupling constant).
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(B)
H3C /b\v CHy
H;CHN - 28
@)

Figure 2-6 Gross structure of incednine determined by 2D-NMR spectroscopy

Connectivity of partial structures were elucidated by 2D-NMR spectra (bold line, COSY;
arrows, selected HMBC correlations; dashed squares, selected TOCSY connectivity; single
squares, partial structures determined by 'H-'"H COSY spectrum).
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Figure 2-7 1D TOCSY spectrum of incednine -2HCI in CD,OH:H,0O (3:1)

Bold arrows indicated the irradiation position of H-11. (a) mixing time 20 msec, (b) mixing time
40 msec, (c) mixing time 80 msec, (d) "H-NMR spectrum of incednine-2HCI
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Figure 2-8 MS/MS analysis of incednine

Incednine was analyzed by LC-MS/MS using a Orbitrap mass spectrometer equipped with an
electron spray in positive ion-mode (LC, 70% MeOH-5 mM (NH,),CO, aq.; MS/MS, pqgd mode).
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% 38 Incednine 7 7 U 2 L OFARI NARBL & DY E

Incednine 7 7'V 2 X9 2D A L7 4 v & 3ODARFIRZBIVDAFIET D,
FZITETALT 4 ORMEMEICONTHET LT, 6 i, 8 i, 12 fiLiZ>W
TIEZED H DAV U FERTEBNEIEI Jo7=14.4 Hz, Js9=15.8 Hz, J1215=9.0
Hz Tho72Z &LV 6E, 8E, 127 ERE LT, BHOOAFLT7 4D HH 14
AEUNDSEARILEE NOE TResf L7z, Figure 2-9 (2R3 XK 912 2-OCH3 &
4-CHs 8. H-3 & H-5 . 4-CHs & H-6 [Hic NOE @8l /-2 &b 24f
X ZEA). 4 Wi EBRCIR ERE LT, £72 16 if, 18 fif, 20 f£IZ >V TiX 16-CH;
& H-18 fi], H-17 & H-19[#, H-18 &£ 20-CHs[H, H-19 & H-21 iz ZEh
NOE MR R o= Z Lo 2T Ellm &ERE LT, 14 fLORMMEMEIZ O
TlZ I H-NMR A7 MBI AU A ER DA NKEE TS > 722 L b
H-TH J AT MIVFENT 24T -T2, FOFEE., Figure 2-10 (237X 9|
H-15 DA SR ERN 140 Hz Th o722 D 140X EfdfTH D Z &
3B L7,

KIZ C-10, C-11 DARM AR EIZSOWTHE L7z, H-11 & H-12 o 2 &
VHEETEBMN J1112=9.0Hz THDHZ L6 11 4L, 126207 1 b X anti IZHC
EINDZ ENDN-T,C10 & C-11 W TT 7 ¥ LBRIEED gauche BLE Th
L6 FEXSLARLE L Figure 2-11 (@)-(DIZRT 4@V NAIEETH D, ZD 9
H. ()% 10-CHs & H-11 [f]® NOE %, (d)i% 10-CHs & H-1'&% " 2-NCHs ]
® NOE %, (b)ix H-8 & 10-CHs ], H-11 & H-14 [#, H-11 & H-I’'® NOE
Zii /e T &7, Figure 2-11 () O A DB &5 NOE 2 G BRAYICH T & 7=,
—F. T 7% LEED anti BEE OS5 A Figure 2-11 (e). (O23A[HETH 5 03,
B OEEITNTNS EFENOE I P E LTz, - T, 1040, 11 fLDFE%fSE
ABELE X 1I0R*, 118 TH D Z N INTz, & 5|2 Incednine 77 U = 1%
CHAEA ORI L AL, 16 2, 20 LD A FVEEEDICEI S D NOE 7>
O 4 FEOBREEER A ARETH D (Figure 2-12), & Z CENLENDET IVIZ
2T Discovery III 7’12 77 M X D iiifb =17~ 72 & 2 A, Figure 2-12 (a)
(27~ 7 conformer-1/10R*, 11S*ET /LI B a—¥ ECiHE SN REE
BiEAS, FZBRA0IC NOE 2SI T& % & &5 3.4 A ICELE S /-, —J7. Figure
2-12 W)~ DET /ML NOE #FER < T&ERh o7z, C-23 T2\ T
conformer-1 (2B T 10R*, 118%, 23S*OE T /L) 23 frEBIZBHI S NS
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2-OCHs % (¥ 20-CH3 & 1-NH [#, H-21 & H-23 i} NOE fRE &5 2 35 DI
L. 28R*DET /WL NOE IZFETLHZ LD S*ThHDHZ LRI
(Figure 2-12 (B)), L EX V., 77U a U NIFEET DX LIRRE (X 10R*,

118%, 238* L iE LTz,
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Figure 2-9 Selected NOE correlations of incednine-2HCI
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Figure 2-10 'H-"H J-resolve spectrum of incednine-2HCI in CD,OH:H,0 (3:1)
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Figure 2-11 Stereochemistry of C-10 and C-11

Six considerable chemical conformations of C-10 and C-11 were visualized by Newman
projection. C-9 and C-12 were in a gauche relationship (a-d) and in an anti one (e,f)

40



(A)

(a) Conformer-1/10R*, 118~ (c) Conformer-2/10R*, 118~

(b) (d)

(B)

Conformer-1/10R*, 118 %, 23S~ Conformer-1/10R*,11S %, 23R~

Figure 2-12 Optimized structure of incednine aglycon calculated by computations.

The relative stereochemistry of incednine aglycon was simulated with Discovery Ill programs.
(A) The geometries of double bonds in aglycon and NOEs observed surrounding 4,16, and 20-
Me allowed four types of conformers (1-4). Based on the NOEs and the coupling constant of
J11.12, the conformation of aglycon were suggested to be conformer-1 with (10R", 11S"). (B) The
structures of 23S" or 23R" in conformer-1 were modeled. The conformer-1 with (10R*, 11S",
23S") was in excellent agreement with the results of NOEs, while the other not. The data
indicated showed the calculated-atomic distances (A). The distance in white (< 3.4 A) shows
the observable NOE, pink (> 3.4 A) not.
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¥ 48 Incednine 7 7 U 2 L ORI NLARBL E DO E

Incednine DRI E 2T T HI2H7-0 . %4 incednine @ p-7 17 E
NV A IAGHERIZ L DR ek et L7z, 7 Y —® incednine Z#E/K 'Y
Vi p T rEXRCY A u ] RERIGSE, BRWICT I B (B) %R
(ZEA LR~ B2, L L Z OFFEMRIIARK L FEE, WRTP TRE
ETHoTZ LML EIZIZE S ) 72, £ Z T incednine O7 7Y 2
oy &7 X BT OW TN UM SEARBLE 2 FEt LTz,

§1 Incednine 7 7'V = O HEERERL HEEMAT

Incednine 4 PEH ML693-90F3 #k DY) % LC-ESIMS % AV CREMIZ /50T
L7z, Incednine |ZHFEAI 2R RKKINTH 5 UV 322 nm TOE=F —DHER,
Rt 5.5min, 11.5 min [ZZNENRERE—7 BB, ZD5H Rt 11.5
min OILEWFEELDIEH/NZ —2 )25 incednine THDH Z ENbhoTz, £
7= photodiode array TODH#E R 5 Rt 5.5min IZEH S 2 ¥E X
incednine & [F] U UV ORI EZ &> Z LB G072 0 | incednine O FH#%
KTHDHZEWRBINTZ, S HIT MS N5 ARKYED incednine 7 7' =
VBT HME TH D Z E N LT o 72 (Figure 2-13) AL &I OME L,
AY'E X incednine FERIMRE TH L7 mr AR/ L2 X 7 —)/Li1 mM HEFEK
=5:6:4 %D CPC CTIEBEHEI/MICEENTVD ZENTFRINIFZ LTI O
DN BTNAT R a~w NI T T ¢ — WEBREE AW TORERIC L0
wEmARE LTHHOME 15T,

KYE X & fEeeE ESI-MS A7 R Lint £ D413 incednine 7 7'V =
YRy &R U CogHgoNOs & RE L7 (m/z : 488.2762 [(M+Na)* caled. for
C29H39NO4Na, 488.2771]), F£7= UV A7 ki 294.5, 309.0, 322.0, 358.0
nm [ZHRWIZ R L, A ER S BRI —E L7722 & XY incednine &
I PEEEBE LTS Z WA ENT,

AKYVE OREEFHT IS NMR A7 ML X U175 7z (Table 2-3) , Incednine
O NMR A7 RLEEE LT, A7 FL EOKE 72 (0IT incednine (247
ET5 2 OO7 X YT L 7T ABNERLIEATHY, Ry 7
IFincednine 7 7'V 2 ¥4y & L < —E L7z, PLEORE R A¥E 13 incednine
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WO ZODT X HERNANTET ) aryThbsr I ERnbhnoTr, £ DOKRK
F0EENT=T 7Y 27 incednine & A USNAARBLEZ A LTV 5 7 CD A
7 MVE BRI Uz, O R, Figure 2-14 (2R X 9 ICH#E D CD 1334
—VMERIZ B L2 e, MBI SLRELE & 5 oD T iE N il T
DT LB ENT,

§2 Incednine 7 7'V 2~k B! Mosher 15D

Kakisawa © D 7 /L—7"7% 1991 F |28 FK Lo B Mosher 7% 3813, 1973
12 Mosher 512 & » TG &7z Mosher £ 2R L, 7/ _#k7 /=
=L, R T X THIN A AR VAR BRI E TR IR 23 SR S o T ek SE AR EC
DWRELETH D, SEZRE LIWMEEZ2 X T AAiH O @)-a- A R ¥ T -a-

(R ZnFdaxrAFn) Z7=z=ATE7—F (MTPA) ZHW\WTYT AT LA
v—~LEEX ZN5H0O NMR A7 MVOBKBE TR L DI vy
7 N OEAC BAEIEE 2R ET D, EHITATHI T 57 incednine 77V
2D ALF TV LT 3 — b ~Deg B Mosher 1EDi & gt Lz, 7
7Y ariEEAKE ) o ERTH-MTPA 7 v U REERHS® 5 & KR ITH
RMNTHEST U, 11 ALK ERFE IS BRI MTPA S48 A L7= R-MTPA-O-7 7'V
aUHEHEERNEEAM AL LTHELNTZ, SMTPA-O-7 7'V 2 B ERIX
(=)-MTPA 72U FZHWTEHEMK LT, (RIS)-MTPA-O-7 7'V 2 U iFEKRORE
S E o fiERE ESI-MS A7 hL L0 2045513 CaoHaeNOeFs ThHh D Z &
FHENMR A7 bV KOT 70 afaififrshTngd Z &, HMBC A
7 MZENTT 7 U 2 H-11 775 MTPA = A7 V7 X RICHHBDEIH &
7= BB L7 (Table 2-4, Figure 2-15), = Z T SIK, RIKD»7 I v
> 7 DAL [AS (ppm)=8S-0R] # 57t L7 (Figure 2-16), & DOfEHR, Figure
2-1TITRT L DI 122,13 ATl A E73-0.14,-0.02 L A DfEZ & ¥ (10-CHs,
9fr, 8fLIE AS fEA+0.18, +0.01, +0.02 L IEDfE%E & ~>7=, MTPA miZxf L
AS<ODEREM Z M, ASSODEREM AL MNCE S 2 Z LIk V| 11 (ot
SARELENE S LIRETE 2, 6o T, incednine 7 7'V = DR L AKREL & X
10R, 118, 23S THDH Z EVHI L., CPK 7T /L THIWEET 77U 22 3R
THBEM e REE 2R LTz (Figure 2-18),
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Figure 2-13 Detection of metabolites of ML694-90F3 by LC-MS

Cultured Broth of ML694-90F3 was extracted with CHCI,-MeOH and extract was analyzed by
LC-MS. (a) Elution pattern of incednine and its derivatives (LC; 70% MeOH-5 mM (NH,),CO,
ag.; UV, monitoring at 321.5-322.5 nm). (b, d) PDA and MS spectra of the compound eluted at
RT5.54 min. (c, e) PDA and MS spectra of the compound eluted at RT11.5 min, which is
corresponded to incednine.
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Table 2-3 'H and *C NMR data of incednine aglycon (CDCI,:CD,0D=1:1, 25°C)

No. Sc 8y (multiplicity, J [Hz])
1 167.0 (s)

2 147.4 (s)

3 126.9(d)  6.15 (1H, brs)

4 132.3 (s)

5 137.7(d)  5.95(1H, d, 11.4)

6 128.0(d)  6.43 (1H, dd, 11.4, 14.8)
7 137.3(d)  6.02 (1H, dd, 10.9, 14.8)
8 129.0(d)  6.19 (1H, dd, 10.9, 15.6)
9 1433(d)  5.65(1H, d, 15.6)

10 76.1(s)

11 759(d)  4.22 (1H,d, 9.0)

12 130.7(d)  5.45 (1H, t, 9.0)

13 125.4(d)  6.10 (1H, m)

14 130.5(d)  6.15 (1H, m)

15 137.7(d)  6.18 (1H, d, 15.4)

16 135.5 (s)

17 132.3(d)  6.05(1H, d, 10.6)

18 1245(d)  6.21 (1H, m)

19 137.9(d)  6.21 (1H, m)

20 137.7 (s)

21 130.0(d)  5.45 (1H, m)

22 385()  2.28 (1H, m),

2.32 (1H, m)

23 472(d)  4.16 (1H, m)

24 14.2(q)  2.09 (3H, s)

25 228(q)  1.49(3H,s)

26 12.9(q)  1.66 (3H, s)

27 12.7(q)  1.70 (3H, s)

28 20.7(q)  1.32(3H,d, 6.8)

29 61.1(q)  3.58 (3H, s)

Chemical shifts in ppm from TMS as an internal standard.
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Figure 2-14 CD spectra of incednine-:2HCI and its aglycon.

Each CD spectrum was measured at RT in MeOH : incednine-2HCI (¢ 10 [ug/ml], dashed line) ;
Aglycon (c 6 [ug/ml], solid line)
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Table 2-4 'H and 3C NMR data of R- MTPA and S- MTPA ester of aglycon

R-MTPA ester (CDCl;, 25°C)

S-MTPA ester (CDCl,, 25°C)

No. d¢ Oy (multiplicity, J [Hz]) d¢ Oy (multiplicity, J [Hz])
1 166.0 (s) 166.0 (s)
2 146.5 (s) 146.6 (s)
3 126.7 (d) 6.27 (1H, brs) 126.6 (d) 6.25 (1H, brs)
4 132.2 (s) 132.2 (s)
5 137.1 (d) 5.98 (1H, d, 11.1) 137.1(d) 5.96 (1H, d, 11.6)
6 128.5(d) 6.43 (1H, dd, 11.1, 14.3) 128.4 (d) 6.43 (1H, dd, 11.6, 15.0)
7 135.9 (d) 6.00 (1H, dd, 11.1, 14.3) 135.8 (d) 5.99 (1H, dd, 11.1, 15.0)
8 129.8 (d) 6.18 (1H, m) 129.8 (d) 6.20 (1H, m)
9 139.6 (d) 5.60 (1H, d, 16.3) 139.7 (d) 5.61 (1H, d, 16.2)
10 75.2 (s) 75.0 (s)
11 79.4 (d) 5.63(1H, d, 9.8) 79.8 (d) 5.58 (1H, d, 10.0)
12 122.9(d) 5.43 (1H, t, 9.8) 123.0 (d) 5.29 (1H, t, 10.0)
13 133.4(d) 6.30 (1H, dd, 9.8, 11.4) 133.2(d) 6.28 (1H, dd, 10.0, 11.0)
14 123.5(d) 6.15 (1H, m) 123.6 (d) 6.16 (1H, m)
15 139.1 (d) 6.23 (1H, d, 15.0) 138.9 (d) 6.22 (1H, d, 14.8)
16 134.5 (s) 134.5 (s)
17 132.9(d) 6.06 (1H, d, 10.4) 132.8 (d) 6.06 (1H, d, 10.4)
18 123.8 (d) 6.19 (1H, m) 123.8 (d) 6.19 (1H, m)
19 137.9 (d) 6.22 (1H, m) 137.8 (d) 6.23 (1H, m)
20 136.9 (s) 136.9 (s)
21 129.7 (d) 5.50 (1H, dd, 5.2, 11.5) 129.7 (d) 5.50 (1H, dd, 5.3, 11.0)
22 38.4 (t) 2.20 (1H, q, 11.5), 38.4 (t) 2.20 (1H, q, 11.0),
2.31 (1H, m) 2.31 (1H, m)
23 46.5(d) 4.27 (1H, m) 46.5(d) 4.26 (1H, m)
24 13.9(q) 2.06 (3H, s) 14.0 (q) 2.07 (3H, s)
25 23.1(q) 1.30(3H, s) 23.4(q) 1.48(3H,s)
26 12.7(q) 1.67 (3H, s) 12.5(q) 1.67 (3H,s)
27 12.5(q) 1.67 (3H, s) 12.7 () 1.67 (3H,s)
28 21.1(9) 1.30(3H, d, 6.0) 21.1(q) 1.30 (3H, d, 6.6)
29 61.2(q) 3.56 (3H, s) 61.2(q) 3.57 (3H,s)
1-NH 5.90 (1H, d, 11.0) 5.88 (1H, d, 10.6)
MTPA, C=0  165.7 (s) 165.8 (s)
MTPA, C 84.5 (s) 85.0 (s)
MTPA, OMe 55.4(q) 3.57 (3H, s) 55.5(q) 3.57 (3H,s)
MTPA, ph  132.4 (s) 131.8 (s)
MTPA, ph  129.5(d) 7.42 (1H, m) 129.8 (d) 7.42 (1H, m)
MTPA, ph  128.4(d) 7.42 (1H, m) 128.5(d) 7.42 (1H, m)
MTPA, ph  127.7(d) 7.42 (1H, m) 127.7 (d) 7.42 (1H, m)
MTPA, ph  127.3(d) 7.55 (2H, m) 127.6 (d) 7.53 (2H, m)

Chemical shifts in ppm from TMS as an internal standard.
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Figure 2-15 HMBC correlation of H-11 and MTPA carbonyl in R and S-MTPA
ester of aglycon

(upper panel) HMBC spectrum of R-MTPA ester of aglycon, (lower panel) HMBC spectrum of
S-MTPA ester of aglycon.
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Figure 2-16 Comparison of 'TH-NMR spectra for R and S-MTPA ester of aglycon

(upper panel) "H-NMR spectra of R-MTPA ester of aglycon, (lower panel) "H-NMR spectra of

S-MTPA ester of aglycon.
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Figure 2-17 Incednine aglycone 11-O-MTPA ester with shifting values;
Ad (ppm)=06S-0R
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Figure 2-18 CPK model of incednine aglycon

51



55 H BEDONREIEIRE

Incednine |ZfF/ET 2 5D T I /DS B, 7 8 (A) IXATEIC THaExE
SARBLE A RE LT ) ar b NOE FERFIC K W Z O S ARRLE 2 HH L
2o 770 (B) X NOE EERD1X7 2 /8 (A) & OMLEREGES TR
TERM-STZEMDL, T8 B) O p7un®_X0 Y A ViFERE SR - B
BEL . 20 X BMEEMNTIC L0 SRR E 2R E LTz,

§1 78 (A) OiRbE

T8 (A) © H1I25 HEETOZNZENDOE VT ILKFED AL U FER
TER D FIEI Jr2ax=T7.0 Hz, Jo3=7.0 Hz, J34=8.0 Hz, Jy5.x=8.0 Hz T&
ST EMB, T B (A) TEBRT HRE, ER, BRERFHE2TZIT B
UTWAZENL LTz B A v —RABICTH L Z LR LIRS T, FEOHX LR
Bl 2 DWW CIENOE EBRIC L W IR E L 7=, Figure 2-912~9 X 9 ICH- 1L H-11
fil. H-1’L 10-CHsfE]. &Y 2-NCH3s & 10-CHs [HicZ 24 NOE FAR 58 D
bl kT 7V arer I (A ONEBRIZT—FEWICRES L, T
NOMXINARELE DN S THDHZ Enborote, 202 &I dME LT L
MO LI-fEr 2 Ba—Z E Ty Iab—ra L, ERMICEN X
5 NOE & OBAEMERFTLIERR, DEOANES L2 L e L —HK L
(Figure 2-19), L EXV ., 7 /8 (A) X 2-74F-2-AF L7 X /-B-D-
FAueT ) —RALPRELE,

§2 T8 (B) OiRbEF

78 (B) IZH-1", H-2", H KO H-5"O B AKEOAE UFESTE
BRENEN J1r2ax=9.1 Hz, Jr5=9.2 Hz L REMEZ R LT &b H-17,
H-4, H R 7 v /vlidm L7z 2,846 7 b7 T 4AF T4 AF VT )
-B-erythro~% Y 7 ) —A T 5 Z &L L7, NOESY A~ kVfigHT
FER, TI8 (A) O HEEKO H4 L7 8 (B) © H- 1’ ThH NOE
FEADBHI S, 267 X HEONERRICOWTIZZ AL, | NOE fiftr i~ &
RETERDNST, T TT I8 (B) IZoW0WTE 7 R AZEALFERA~

52



L R BIC X DM AR E 2 ME L7, 7 U —® incednine BV ¥
YHp T RERCY AN a ) RERIGSEZE, p T RERC Y AU LT
TI/WE B) OAFNT Y ay FEBEET5HMT, 2O ELEDEEY
yana AR 10%EREA X ) —NVKFTRAX ) VU AR ToT0, KibWE 7 v
BV A L ) =)L KRTHIE L, 1§ Do A E 2 IR %, HPLC 12 &
58, TLC ETORMEIT) ZEICEVART I /O a B, BRIATF LY
ay REZFNTENETZ, TNHDT ) ~v—%~FH-T¥ kR TOEMRE
BATol L 2A, BT /) ~—T X BEEMNTICE T 5 MBS & 2 1572,
Z OfE T E S EEE ESI-MS 227 M LI & W D47 C1sH2oNOsBr T
D2 ENHH L (m/z 364.0507 [(M+Na)* caled. for CisHz20NOsBrNa,
364.0519]) , NMR A7 hUET I ROEMBHEIC L > TAET L EBZZLND
FEAYE 211 D AT MARELNTZN, TS O T H-NMR A7 R Ly 73
JHE (B) ICH¥ETDH 1 DX 7Ly b AF N, 150 NCHs 2z, 1 25D
OCHs, 4H o7 a~T7 4 v 77 hoOv 7 F ViR LT (Table 2-5),
IH-TH COSY A7 bR/ T X /8 (B) 2% 35 H-1~H-6 DA B
Aty NI —27 &R Lz, £72 HMBC A7 bz T, H-1 5 C-5
~pu 7Ly CH hy 7V rpglifilah/l-Z &, 1-0CHs 7»5 C-1,
4-NCH3 £V C4 (U7 2 RANLR=L~OMENEHSH7-2 & (Figure
2-20), &HIZH-1, H-2, H4 KO H-5 ODEVFNVKED A UFESTEENZ
NEIN Jr2ax=9.5 Hz, Jr5=9.3 Hz &L KEREEZRLIZZE X0, RYHEN A
FNV-N@G T aERXRY A1V)234,6 T N T TAF T4 AF LT I
-B-eythro~%Y V7 ) R THDZ &R L, 0.23X0.23X0.06 mm D
Z X B sfET O LT L7, ABtOfEET —# % Table 2-6 12,
ORTEP X} UVKF & FRW =5 R 1 O f5 & IEBE % Figure 2-21 12777, X #fG
SRR L VS 572 ORTEP XLV 7 2 /8 (B) OffixSrRELEIL D
ThHbHI R oTo, 728, KibdhiX The Cambridge Crystallographic Data
Centre |[ZZ7FEHFE L, CCDC-661551 & L Cit iz,

PLEDOFER LV | incednine OREIEIT Fif, MAAKRLE & 6 2B 5722 L, Figure
2-22 DX D ITRE LTz,
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Figure 2-19 D-Form of aminosugar (A) met the experimentally-observed NOEs.

The streochemistry of H-1" in aminosugar (A) was confirmed by computations. Two types of
structures were modeled and the atomic distances (A) were calculated as indicated. The
distance in white (< 3.4 A) shows the observable NOE, pink (> 3.4 A) not.
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Table 2-5 'H and '3C NMR data of methyl N-(4-bromobenzoyl)-2,3,4,6,-
tetradeoxy-4-methylamino-3-D-erythro-hexopyranoside (CDCI,, 25°C)

No. dc 8y (multiplicity, J [Hz])
1 102.4 (d) 4.30 (1H, d, 9.5)
2 26.0(t) 1.42 (1H, m), 1.91 (1H, m)
3 30.9 () 1.81(1H, m)
4 60.0 (d) 3.33 (1H, m, 9.3)
5 72.1(d) 3.65(1H, dq, 6.2, 9.3)
6 17.9(q) 1.13(3H,d, 6.2)
7 27.7(q) 2.92(3H, s)

1-OCH;  56.2(q) 3.43(3H,s)

C=0 171.8 (s)

Ph 135.5 (s)

Ph 132.0 (d) 7.54 (2H, d, 7.8)

Ph 128.0 (d) 7.19 (2H, d, 8.1)

Ph 123.8 (s)

* Chemical shifts in ppm from TMS as an internal standard.

* This compound exsited in two types of isomers (2:1)
in the solution, likely due to the geometry of amide.
The spectral data of major isomer were presented

in this column.
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Figure 2-20 Key HMBC correlation of methyl N-(4-bromobenzoyl)-2,3,4,6,-
tetradeoxy-4-methylamino-3-D-erythro-hexopyranoside
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Table 2-6 Crystal data of methyl N-(4-bromobenzoyl)-2,3,4,6,-tetradeoxy-4-
methylamino-3-D-erythro-hexopyranoside

Empirical Formula C5H,oNOsBr

Formula Weight 342.23

Crystal Color, Habit  Colorless, Platelet

Crystal Dimension 0.23x0.23x0.06 mm

Crystal System monoclinic

Lattice Type Primitive

Lattice Parameter a=8.41004 (15) A
b=10.48964 (19) A
c=9.317450 (17) A
p=107.8149 (8)°
V=781.31 (2) A®

Space Group P2,

Z Value 2

Dae 1.453 g/cm®
Fooo 352.00

u (CuKa) 36.456 cm™
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Figure 2-21 ORTEP drawing of methyl N-(4-bromobenzoyl)-2,3,4,6-tetradeoxy-
4-methylamino-f3-D-erythro-hexopyranoside
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Figure 2-22 Gross structure of incednine
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BLThHLZENDEFO~ I nT 7 2 ARIEME IIHELZRICTLHDL
4%, X5HIZ incednine |ZENLT D HBHE, T/ 27U a3y RERITIZR
B TIXZE A EREFORN_DOOT I JFETHERS L TEY, ZoZ &n
5 % incednine [ZEHILEM DO R W EK 2T 2ILEMEFT A D M- T,
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Figure 2-23 Structures of other macrocyclic lactams
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% 3% Incednine O AEFIEME

BelxL ODEZHE T 2ME 2K LT R . Streptomyces sp.
ML694-90F3 #k D52 & V Fi#l¥'E incednine % [FlE L7-, AETIX
incednine ® Bel-xL XD HRE T 7 ThH D Bel-2 1TxF4 GBI TG M7 k

[ZDWTE &7z, Incednine (IHUEGAIRCT R b — 2t Z X7 ETH D
Bax ICLVFEINDT A h— R 2% 5 Bel-2 K O Bel-xL O #1280 3 % =
¥ >/ L7z, —F Tincednine |Z BelxL & Bax & OfEA#HET 5 Z Lt
molz, ¥72 incednine fA/E N CHUEE AT X » THHE S 5 ML Sk
DOFRMTIZ DWW TR R B

% 18 Incednine @ Bel-xL #SRERH 151

§1 Bel-xL OFURIEHNCKTT 5 T AR b — ZHNHIEFEIZ incednine
AN GPRY = 2

Incednine |Z & % Bel-xL OFERERAFETEME A MFT L7z, Ms-1/Bel-xL #24 Hifi
Z 48-well plate (Z 4 X104 cells/well THtZ ., ¥ H 100 nM incednine & 3 pug/ml
adriamycin (ADM) R L7-, Z D& & ADM 22 TV 7t 0 % 5z
Bz, 48 IFfHI#E ., MEOER T2 BAMEE T CT8IEE L7z, Bel-xL Z @ REFEL L 72
MIfIZ~ 2 &% —=2 2 b r—/Ld Ms-1/Neo #13 flifd & (X572 ADM IZJitt % 7~
L7273, 100 nM incednine O ALEEZ 0 Bel-xL O 7 R b — 3 2 Hiilzh 25 %
Y oL Eiu, ADM FHEMEOMIEENBIZE Sz (Figure 3-1 (b)), F 7= [FEE
DOIEMEIE Bel-2 2 FIFHL L 72 Ms-1/Bcl-2 #7 Ml 2 iz & 2 b Bls s e

(Figure 3-1 (c)), Z® Z & 5 incednine X ADM (Z%t9 % Bel-2/Bel-xL D7
RN b= ZHIRSRE 2 PLE L T\ D Z & AVRIR S LT,

WIZ Z DOEEH incednine |2 & 5 ADM OFLIEHE TR R CTlanZ L 2 oRd 2
ExAE L, OFEREFORL Z2HUEEH & incednine OUFHIZ X 2 flifust
FHETEYE, @Bel-xL ZBFIFHEL L TW Wy X —a fr—Lfilalxid %
incednine DO#NH 2 7 L 7=,

Fix OPUESEANZRTT 5 Bel-2/Bel-xL O 7 7R b — 3 A Hil#&HEIC incednine
NE-Z2 DB L2, Bel-2 X° Bel-xL Z @I58 L2 Ms-1 fifjaix, ~7
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H—ar hu— /)Ll Th s Ms-1/Neo #13 Hifig & b L, DNA 1EH3E
cisplatin (CDDP ; 100 ug/ml) . Topoisomerase I FH##l camptothecin (CPT ;
3 ug/ml) . PIHPLEA] inostamycin (INM ; 0.3 ug/ml) . #/N&/EFZE taxol

(TXL ; 100 ng/ml) &% O®vinblastin (VBL ; 10 ng/ml) Zxf L CHiilZhiE %2 %
fH L7z (Figure 3-2), Ms-1/Bcl-xL #24 #fiffid, Ms-1/Bcl-2 #7 #fild|Z incednine
L& GBS A2 FRLOIRE TENENRIL, 48 KefiliZ OMIAFEFEE Y
R TR EREBRIEIC L D FEHE L7z, £ ORER. W obUEEH 4
iz & X128V, incednine 100 nM OIRAINZ £ ¥ Bel-xL (2 & 2 HuiEZH
M 2 7a ik U, HIISEDS 8 S 4u7- (Figure 3-3), [FIARDIEMEIX Ms-1/Bcl-2 #7
MRz HW-E xicbBigg i/ (Figure 3-4), ft> C. incednine I fEHT
RN KT D Bel-2/Bel-xL D7 AR b — 3 Al 2 BET 5 2 L3 bho
7o

RIZ Ms-1/Neo #13 iz 12.5, 25, 50, 100, 200 nM @ incednine % (}
adriamycin OEEZ 2L I ETHRM LTz, 2D L& ADM Z M2 TWRNE 0
XTIz, 48 KffffE . MO EfEFE %2 Y N 7 L —ifa s R bRk
(2 &V FH L7= (Figure 3-5), & OfEH. Ms-1/Neo #13 flifaiZ % L CHARCTHE
JRFE % 3538 L 72 WO R O ADM % 0FF L T % incednine BMALEE & L < B2 7'\
TrANEED | IR SN O RRITBE I N0 T,

LI EX V| incednine I, adriamycin OZNEZ T H/EH Tid/2 <. Bel-2
R Bel-xL O 7 AR b — 3 2R 2 [HE L, HUES Al & OO I X 0 itz
FHET DL ORI N,

§2 BelxLh @ Bax/Bak #EMEMSLICK$ 2T A b — 2 Il HHE

(Z incednine 73 5- % % 5%

% < OPUIEEANIL Bax ° Bak & W o727 R b— 3 AEHER Bel-2 7 7 2 U —
Z Ry EOTEMAL 2 L THIIAE 2 FET 5 Z A sh T 66, £Z
THH T Bax, Bak OEFEBUC L - TRHE SN 5 MIESEIZK T 2 Bel-xL O
A b — ZAMHIFEIC incednine 73 5-% 8% Rt L7-, Bax & L <% Bak &
Bel-xL Z — @AY\ FIFR B 72 v MG RS S M HEK293T #iifa (i Hoam
TITHAESE 2 3538 L 72 WRE @ incednine (60 nM) Z¥RINL . 48 KR4 Dl
HAFFRE Y ST e — s E IS TR L 72 (Figure 3-6), & Ok
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E.Bax b L < (% Bak OiEEIFEIIC LY 50%U\J:@?ﬁﬂﬂﬂ’ﬂ75§§l§&;: ERbroT,
F 72 Z DML Bel-xL DILFEBLUZ KV SE2IZHH 4172, Incednine Z HN
3% &, Bax b L <& Bak, Bel-xL %%ﬂ%ﬂ B R B X B 7o A O AR AR ER (T

I BE 5 2 2o T2, —J7, Bax/Bak & Bel-xL % 58 7= filmic s LT
LB IS & 753 L 72, i€ » T, incednine % Bel-xL OF&HE % #1# L . Bel-xL
IZ &> THE S5 Bax, Bak OMIfuSEHEEIRMEZFIE I 5 2 & 3 5000
IRoT,
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(a) Ms-1/Neo #13 cells

Control Adriamycin

(b) Ms-1/Bcl-xL #24 cells

Incednine
+ Adriamycin

Control Adriamycin Incednine

(c) Ms-1/Bcl-2 #7 cells

Incednine

Control  Adriamycin  Incednine Adriamycin

Figure 3-1 Incednine overcome the anti-apoptotic function of Bcl-xL/Bcl-2 against
adriamycin-induced cell death in Ms-1/Bcl-xL cells.

Cells were treated with adriamycin or incednine as indicated (adriamycin; 3 ug/ml, incednine;
100 nM). After 48 h, cells were observed under a phase-contrast microscope and
photographed.
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Figure 3-2 Overexpression of Bcl-2/Bcl-xL protected Ms-1 cells from anti-tumor
drug-induced apoptosis.

Cells were treated with compounds indicated for 48 h. Cell viability was assessed by trypan
blue dye exclusion assay. Values are means of three samples: bars, SD. (adriamycin; ADM, 3 u
g/ml, cisplatin; CDDP, 100 ug/ml, camptothecin; CPT, 3 ug/ml, inostamycin; INM, 0.3 ug/mi,
taxol; TXL, 100 ng/ml, vinblastine; VBL, 10 ng/ml.)
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Figure 3-3 Incednine overcomes the anti-apoptotic function of Bcl-xL against
anti-tumor drug-induced apoptosis in Ms-1/Bcl-xL cells.

Cells were treated with incednine in combination with several types of anti-tumor drugs as
indicated for 48 h (incednine alone; open circle, combination; closed circle). Cell viability was
assessed by trypan blue dye exclusion assay. Values are means of three samples: bars, SD.
(adriamycin; 3 ug/ml, cisplatin; 100 ug/ml, camptothecin; 3 ug/ml, inostamycin; 0.3 ug/ml,
taxol; 100 ng/ml, vinblastine; 10 ng/ml.)
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Figure 3-4 Incednine overcomes the anti-apoptotic function of Bcl-2 against anti-
tumor drug-induced apoptosis in Ms-1/Bcl-2 cells.

Cells were treated with incednine in combination with several types of anti-tumor drugs as
indicated for 48 h (incednine alone; open circle, combination; closed circle). Cell viability was
assessed by trypan blue dye exclusion assay. Values are means of three samples: bars, SD.
(adriamycin; 3 ug/ml, cisplatin; 100 ug/ml, camptothecin; 3 ug/ml, inostamycin; 0.3 ug/ml,
taxol; 100 ng/ml, vinblastine; 10 ng/ml.)
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Figure 3-5 Incenine did not enhance adriamycin-induced apoptosis in Ms-1/Neo
cells.

Cells were treated with incednine in combination with adriamycin as indicated for 48 h . Cell
viability was assessed by trypan blue dye exclusion assay. Values are means of three
samples: bars, SD.
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Figure 3-6 Effect of incednine on anti-apoptotic function of Bcl-xL in Bax- or
Bak-induced apoptosis in HEK293T cells.

HEK293T cells were transiently co-transfected with pCl-neo plasmids encoding Bax or Bak
and Bcl-xL. The total amounts of DNA were normalized with pCl-neo empty vector. After 5 h
incubation, cells were treated with (closed squares) or without (open squares) 60 nMm
incednine for 48 h. Apoptotic rate was assessed by trypan blue dye exclusion assay. Values
are means of three samples: bars, SD.
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FTNVEIRET D, EF X INM & incednine ZFLALBL L 7= & J|IHFEIND TR
= ZMI bar RUTEN LIV T FMEETH 02T 5 BRYT
JC-1 Ytz T o7, JC-1 1T FA U Ma I TH Y . MMP 23 1EH 72 A /i
IV IAEND LAICHE LA ETEEL, Ar L—F—IZ X 5b§bt’€“5’fé
WHAEFET D, —FHTMMP AMEF Licfildic i iA Eni=5a. JC-1 135%E
HTHERE U THFEEL, fEEEEZHT 5, INM 0.3 ug/mL k incednine 100
nM % 9 Fpf], B S U < I3R3ALEE L 72 Ms-1/Bel-xL #24 #ifid = =i JC-1
L, I bz FUTEEME 7R —Y A A —F—ICX VT LT, 2D
fiti k. incednine, INM Z #2110 HUAMLER T3 O MG & Ak, MMP @
KT & e h - 7=, —F.incednine & INM % HALEL L 7= #ifd T, MMP
DOPERIR T RBIEE sz (Figure 3-7), €-> T, incednine, INM % J:ALEHE
L7 XICHFEINDLG TR =Y AEI hary RUTENMLTCHFEIND Z &
MHBMNIR o T,
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§ 2 Caspase IK/FHIREEE DFRFT

MMP 2ME T L72X b= R U TIEEEE A 7T L, D) b AR SE % E A
TEBRETS 67, F—KIZ, TRV RJRICEDI Fa > R T0H5
Cytochrome ¢ 23t &4, #t < Caspase DIEMALZ £ - 72 MR SEAR FERR L MY A
SHENLENTWD, £ Z CTHHEIT incednine & INM D FEALFRIC K 2 HESEA
Cytochrome ¢ D% 9 Caspase KAFHIREEE CHE SN D0 & 7-l L7z,
INM 0.3 ug/ml % 8 BFfjLEE L 7= Ms-1/neo #13 #ifid & . incednine 100 nM &
0.3 ug/ml @ INM & % 12 BERINA S U < [ZILALEE L 7= Ms-1/Bel-xL #24 #f 0
HARE E 4y 257 L, $T Cytochrome ¢ HUIKIZ X 5 western blot #17->72, %
D& Ms-1/neo #13 #lifid Tk INM #SNZ & - T Cytochrome ¢ D 238152
STz, Ms-1/Bel-xL#24 #fifd TiX. incednine, INM % #1241 D B MALEE TlX
Cytochrome ¢ DA H S 72> 72D IZxt L incednine & INM o LB
TliE. Ms-1/neo #13 iz INM Z N L7z & = L [EEE, Cytochrome ¢ Diffifia
H~DRHNBIE Sz (Figure 3-8 (a)),

KIZ effector Caspase T 5 Caspase 3 DiEMALZ ZFDEE TH D PARP D
Gl & FeE |2 Mgt L7z, Cytochrome ¢ D HZBI22 U7- 552 H V-, HRAI QLB
L 7z oo rl AT 5y 2 510 PARP HUR THeHE L7z, £ OfsF. Ms-1/neo #13 #ilig
TiE INM LB K-> T 82 kDa 12 PARP Ol N> Rk & vz, —F
Ms-1/Bel-xL #24 fflif Tix, MIRENFHE SN D528V TH PARP Ok
Ny R S o 7= (Figure 3-8 (),

X 512 Caspase &% Z M E 3 5 z-VAD-fmk % V>, Ms-1/Bcl-xL #24 iz
BT incednine & INM OHAFZ K-> THEEINDT R b—T AR F v ot
L END RN L7z, Ms-1/Bel-xL #fifdiZ 100 uM @ z-VAD Z#M L., 1 K
HIALEE L7z, & dD7%, incednine 100 nM, INM 0.3 ug/mL % #sil L 48 Bffiit
DORfAALFEER L U S 7 v —Hifas kB E TRIE L7z, z-VAD-fmk O%)
%61 Ms-1/neo #13 HIEIZxd 5 INM OHIRIEEEIEMEICE 2 2 B8IC LY

7 L7z, INM 7% Ms-1/meo #13 MifRIZ55E S 5 7 A b —3 A1 z-VAD-fmk ®
WLV ESNTE, L L7235, incednine & INM & QIR IZ K-> T
X F L7z Ms-1/Bel-xL #24 #lifia D A 172 1% z-VAD-fmk ORI L > THEIE L
727> 7= (Figure 3-8 (b)) , 7 © T, incednine T—Y—T’C“ INM 7% Ms-1/Bcl-xL #24
HIICREE ST 2T R = A0 Y 7 UmiElL, INM 28 Ms-1/neo #13 AHfEIC
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FHETDHTRBN—VAFEE T F LT H 72 ) Caspase FEEAFHITH D Z LA
R ST,

§3 AIF o5

Caspase FEIRIFNI2T R h— AFFER - L LT, ITEMENEATHDD
NI hary RUTnbBENs 77 e 2375 AIF (Apoptosis inducing
factor) TH 5, AIF [T#FE. I a2 NU 7 OEMEICFE L E FoER
Complex I OFHEZITOTWNDLHDD 8 TR M= ZAFLIC L > T—EI b
A R TbESNG &, MlE LR TE~EB1T L. DNase OIEME(L,
IaxF U DEE -DNADT =TT T 7 AT —va U EEET D2 &R %
ﬂ’(b‘é 17, % Z T incednine & INM OIMLERIZ L 5 AIF OHIENRIEIC

5B 2 iR LT, Cytochrome ¢ D H A3 HY S 4172 Sk Tl 4 A Lt
L. MIfESENC K » TR b Lo I E E 57 & T ATF HURIZ K Y western blot %
1To7, 255, Figure 3-9 @IZ7AT X 912, Ms-1/Bel-xL #24 flifa Tl
incednine, INM %240 BEAALEECiX AIF O R S 720> 72 DI
%*f L. incednine & INM DILALER T, BAZE 72 ATF OB SN, &5
\Z AIF OB 5-% ZFr9 5728, AIF © /v 7 %7 7 incednine & INM D3t
JLERIZ K D ANRSEIC B 2 D% et L=, AIF @ siRNA (2 L Y ATF OB &
X 90% LA EfNH & vz, 2D L X incednine 2 OV INM &2 4LBE % & | AIF % /
v 7 A LIl Tl incednine & INM OIALFRIZ X » CTHBE X5 AL
DB IZHH S v (Figure 3-9 (b)), 7> T, incednine /77E F C INM 233
457K h— AL AIF 241 L7 Caspase JEEFHIRE CHESINDS Z &0
R E T,
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ICN INM + ICN
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77 77 77 77
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Figure 3-7 Incednine led to dissipation of the mitochondrial membrane potential
in inostamycin-treated Ms-1/Bcl-xL cells.

Cells were treated with incednine in combination with inostamycin for 9 h. Collected cells
were stained with JC-1 and analyzed by flow cytometer. (inostamycin, INM; 0.3 ug/ml,
incednine, ICN; 100 nM.) The indicated values in each panel show the percentage of MMP-

dissipated cells.
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(a)

Ms-1/Neo Ms-1/Bcl-xL
ICN
[cytosol] ctrl INM ctrl  INM ICN +INM
- rr—
Cyt. c
tubulin — — — — —— ———
[whole]
T A S—
PARP ———
(b)
1 z-VAD (-)
1007 m Z-VAD (+)
_T5¢
§ 50
3
25 1
o
ctrl INM ctrl INM ICN  ICN+INM
Ms-1/Neo Ms-1/Bcl-xL

Figure 3-8 Caspase activation was not observed in incednine plus inostamycin-
treated Ms-1/Bcl-xL cells.

(a) Cells were treated with incednine in combination with inostamycin for 12 h. Cell
fractionation was performed with digitonin technique. Cyt.c in cytosolic fraction and PARP in
whole lysate were immunoblotted with each antibody. (INM; 0.3 ug/ml, incednine, ICN; 100
nM.) (b) Cells were pretreated with 100 uM of z-VAD-fmk, and then treated with drugs
indicated for 48 h. Cell vailbility was assessed by trypan blue exclusion assay. Values are
means of three samples: bars, SD.
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(a) Ms-1/Neo Ms-1/Bcl-xL

ICN
[cytosol] ctrl INM ctrl INM ICN +INM
AIF — po—
tubulin —  ,— e e —— ————
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— AIF
100 e | tubulin
g' 75 T
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§ 50
>
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(@] 25 |

0 25 50 100 O 25 50 100 ICN [ng/ml]
INM(-) INM(+)

Figure 3-9 Involvement of AlF-mediated pathway in incednine and inostamycin--
induced Ms-1/Bcl-xL cells apoptosis.

(a) Cells were treated with drug indicated for 12 h. AlF and tubulin in cytosolic fraction were
immunoblotted with each antibody. (INM; 0.3 ug/ml; ICN; 100 nM.) (b) Immunoblots of AIF
expression in Ms-1/Bcl-xL cells 6 days after transfected with 25 nM siRNA. Equal loading was
confirmed by probing with a tubulin-specific antibody. The siRNA-transfected (closed squares)
or untransfected (UT, open squares) cells were left untreated or treated with INM in the
presence or absence incednine for 24 h. Cell viability was assessed by trypan blue dye
exclusion assay. Values are means of three sar7r16ples: bars, SD.



% 38 Incednine @ Bcel-2 77 X U —[MOfE &2 5 2 5%

Bcl-2 <° BelxL iZZ DIERAEFDO—> L LT, X bar N7 ECREERT
H7% BaxX°Bak & ~T7 v &K EFEHE L, T Fa FU 75O cytochorome
¢ X° AIF O i3 5 33, miffilZ T incednine | INM & OffHIZ L W AIF
DOz L, Ml ZFHET 52 &2 A L7 Z £ 226 incednine |% Bel-xL
& Bax L O EFREKRERET 2O TIE W EE T, RIFE LB L
Jar e b BelxL # 73 7'F & Bax ZiEEI3H <72 HEK293T #iifa o
RO & V. in vitro T BelxL & Bax & OfEA 5 L=, BEIZ Bel-2
& Bax & OFEAEFENRE ST D HA14- 14 2 V7= & 25, HA14-1
1L 1uM 225 Bel-xLi & Bax OfEA 25722 E L, FHERDHERET 5 2 & 21k
BTz, £ TZOFERICEBWT incednine DIEMEE MG L2, £ ORERE,
incednine (FHIFEFEAR R THOITR LIS HIRE (100 nm) KD IT DI
EVREIZE W TS BelxL & Bax OfEa 2 HE Len > 7 (Figure 3-10), i
- 7T, incednine [T Bel-xL & Bax OfG & HE LW &R Iz, Lk
X V| incednine {Z X % Bel-2, Bel-xL OFERHETEMEIT Bel-2/Bel-xL & Bax
L DOfER ZET D2BEAFO Bel-2 FHEAI & 13572 0 | Bel-2/Bel-xL 235679 2 5
DEUNTEINERT A Z LI X RSN D TR B S L,
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HA14-1 [uM] Incednine [uM]

| I |
0O 1 3 10 30 0 0.3 1 3 10

- -+ + + ++ + + + + + + GST-BelxL

- + - + + + 4+ + + + + + + MycBax

Myc-Bax - PRpR——

Bcl-xL - ——— -—-.-‘-

Figure 3-10 Effect of incednine on heterodimerization of Bcl-xL and Bax in vitro.

The lysate from HEK293T cells transiently transfected with pCl-myc-bax (50 ug) was
incubated with recombinant GST-Bcl-xL (1 ug) and glutathione-sepharose 4B beads in the
presence or absence of indicated concentrations of incednine or HA14-1 for 2 h at 4°C. The
amount of Bax bound to Bcl-xL was determined by immunoblot analysis with anti-Myc
antibody.
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/N

AFETIE incednine (2 X 5 Bel-xL/Bel-2 ORHERR ETEME K& O incednine & T
NG & OO K - THE SN DML A T = X LIZHOWTHRFT L7z, Bel-2
R Bel-xLi Z i@l FE Bl U 7o MR 2 FE 2 HFUES AN M2 7~ L7223, incednine (%
ZOiEE R Lz, 727 X —a b — VlllE CIEREBROIEMER & 5
7o 1o Z £ G incednine 13 Bel-2/Bel-xL OHL7 AR b — 3 A TEME A HIH 35
ZERTFEBENTE, ZLOT AR BNV AREIEII R RYU T L0
cytochorome ¢ D fitH . i< Caspase DiEMALZ ) L 7= Caspase 1FHIREEE T
RS A 3589 %, Incednine & INM ZHMET 5 LI har RUTH60
Cytochrome ¢ D 2ME S Fu72 A3, BLBRZEV Z & IZZ D T Caspase 3 O
MALIZ R O N2 o7z, S HIZZ OMIESEIX Caspase 7 7 2 U — ik A fHET
% zVAD ORFILEIZ L > THIE SR -Tz, ZDZ L b Z ORI
Caspase FEEFIICFHFEEIND T ENB 2 L2, I Caspase FEKAFH
IR EN 1 & L CHEAZIBONTW D AIF o5 2 /s Lz, AIF 13 k
oy R TEERECGET D277 8 X /"I ETH Y  staurosporin X° As203
HE e Bl R o TENEBIT L2~ TF VEHE -DNA 7 —V 7 7 7 AT —
I UEFETDHIENMON TS 17, Ms-1/Bel-xL #ifldiZ incednine & INM
ZIWPT 5 LI Fa s R T 60ER AIF OB BIE Iz, S HIT,
siRNA % 7= AIF ORBIMENC L v 20T Shi-2 &n b
incednine & INM i AIF %/ L7- Caspase FE(KAFHIRREE CHNNSE & 7589 2
ZE DR ST, BLBRIEUV T & 12 Ms-1/Neo AR INM Z 4L L T8 AIF @
I ABIER S 7z, INM 2 Ms-1/Neo Mg iZ #5255 lllnsEi% z- VAD CTHIE§
5 LB ZOMISEIL Caspase IRIFFITH D Z L3 E 2 B, AIF [THI0E
I SN DTS TITERE L 2 W2 E R EIn5, %0, AIF (FHIlaEC
BHEND AT v 7, BICBITT D AT v 7N EIHIEERE N FE L
incenine X AIF OBEBATICEDO HHfH A 71 = X L~ B % 5 2 5 JREMEN S
2 bbb, AIF OBEBATICED 2K+ & L TiE HSPT70 OGN #E STV D
ONKRIEAARREE L SBRERDLIBHNPLETH D, S BIZ—DDEEMNTE
%, —Cytochrome ¢ OHIMEEINTWHIZHED LT, 72 Tt Caspase
DETEAL L2 o)y 2 — Cytochrome cl3ilEH X h=2 > RU T oiiians &
Apaf-1, pro-Caspase 9, ATP/dATP & 41K Apoptosome % 2% L Capase 9
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DIEMAL, Caspase 3 DIEMALZFHEE T 5 14, FEHITZ Z THINIA ATP &2
H L7z, 172 L T incednine & INM % ZLER L 7= G CIXHIIEAN ATP EDIK T
DEIE S, Z0Z & A Apoptosome FEALIHE 2754 L Capase RNi&EM(LD—
K2 >TWh EEX B, L L, PRIZRRBROMR TIEH S b 0D ATP
DOHFRIR L 725 73— AT L > T Z OMBSEIZEE Lo 2 b
25, Caspase NEMALIZI 1T AN ATP &K~ OB 5 IFHED & Z AHEH
DIZ WL A2, 7238, Bel-xL Offa Z /N7 HD—>L LT Apaf-1 2815
TWDH 1, Z D Z & D [ncednine 13 Bel-xL OFHEIFHE T 5 O D Bel-xL
& Apaf-1 & OFEABLERRZA L TE 57 Apoptosome BTEAL S 720N &)
R & T ET D RMNTEK D,

FEH 1T 1C incednine 78 ED X 9 g A T = X LT Bel-xL OFEREZ ] L
Caspase FERIFMIZAINNIEE FHE S 2 DN OV THRET Lz, 7TH h—T AR
LRI ETH D BaxX°Bak 3% < O T AR b — ¥ AR K - THEMHAL S 4,
I b=y RY THEREAR A, MRS 7 (cytochrome ¢, AIF 72 &) OfH
5T % 7, Bel-2 X° BelxL 3 EAREMEF & LT, I b2 FU 7 ET Bax
R Bak & “BEZEE L. I b3y U T 0D OMBSETEER T O K A B
95 Z &5 incednine (X216 O " EAEEKAZHE L. Bel-xL OFHE & Hifil
L TCWAREEMENE S BB I, L L TPAIZK LT, incednine i Bel-xL
& Bax DRSS E % 5 2 720 o 1=, T4 Bel-2 <° Bel-xL 13 yeast two hybrid
ECREILRRIE S XD Bel-2 77 I U —LAMNIbEEZ D& 3T LR
BTHIEDBPLNERY, FEZNLDOF N IE EOREEICTL > THM
FEANHIREE 2 74 3 D A REME S STV D 72, Los LR B Z OFERITAR
728 5D Tl 72V, Incednine |3 Bax & Bel-xL @ — &Kk % [HE 3 2 BEF D
Bel-2 BRFEH] & 13572 D A 1 = X LT Bel-2/Bel-xL OBEREZ M52 Z &b
A% incednine Z/NA AT 0 —T L L2 I N T 2 RT 4 7 ARFRIZE D E
DIERY X 277 BN B2 7200 E Bel-2/Bel-xL O 37 7= 7 A RS O i B 12 o
D T ENMIREIND,
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4 FE  HH triene-ansamycin SRILEW). trierixin OFEEEAT

TS AV PNER DO AR T (KSR - RRER - (K pH TIT S b SFVMEE R K
VARFEIZH D H DD /KA b L RIZ L > TEMAL 2415 unfolded protein
response (UPRIC X W AHEARBRBE T CTHAMFL, B L D 2 Z LM EIN
T 50, EEE £ < ORAMKETIE UPR FHA 7 ORRIFEEABIE S TE

. FESR. BEAF OB BRGSO FRIE I 2 R~ T 2 E R b ATV S, S
DIZEE D A OFEMELIZIZ UPR TR O H THERE K7 X-box binding
protein 1 XBP1)DIEMAL RSB TH D Z ENHHILTE Y . XBP1 #1E/1) & 5
2 HANIA N 72 BT 05 AR IRIEA~ OIS ST % 52, XBP1 130@H | 48
BIEME RAA VBRI OWARIEERIO 2 X7 L U TEIRRE NS 23, /B aiR
A RVATFTIEEU—% 27D IREL 12 K-> T XBP1 mRNA @ 26 ik
WEJVE DI, 7L—AY 7 hERI L TIREIEE R A A V20T 515 L
LTHRIRREND 88, ZDXIRT L —Lv 7 Mk TEMELT D24 308
T XBP1 L ZDFRERER 7 ThD HACL DA THDH Z &6 U5 =E Tl,
ZDa=—=7 RIEMHEA B = A LIZER L XBPL O Tl 7 L— A7 Rk
ol EDOHNT T =T =B R R EERBT HT T A I ROLEFRBIE
Z M7z cell-based DAZ U —=2 7 FKICE Y MalkA b L AFE#EME XBP1
TEMALLER OB TON TE 7o, WAEM _KRBEM IV A7 ) —=7
DTOIT-RER:. Streptomyces sp. AC654 ¥EH HBDIEMEME #4£FEL T\ 5
ZEDH BN E 72 o7, Tashiro HITAEREERIKO 7 % 7 —/v, B~ F /Ll
a7 ol - A2 )=k KM -TR2 R TOT Y ATV
ZLZEDSEL, EHICEONIIEEE > 2 HPLC THEd 2 2 & I2 k0%
W' trierixin Z1EMEWE & L CRIE L7- (Figure 4-1) 73,

AKE T trierixin O &0 fERE MS A7 kL, UV UL A7 kv, IR WY
AR My WREEE, @R E D 2 OB bR A S L, £
£FE NMR A7 RVAENT LV | trierixin 3 A FILT AR B R U4 — LA
%9 D HH triene-ansamycin RILAEMTHH Z EZHAL MM LT,
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O CHg

Trierixin R =SCH,
Mycotrienin Il R=H

Figure 4-1 Structures of trierixin and mycotrienin |l
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% 1Hi Trierixin ®EALFAIMEIR

Trierixin OFALFZAOMIR L Table 4-1 (2% & 72, Trierixin [Z#EPEEHR T
HY ., ERIT 121-122CTH 5, mofiEeE ESITMS A ~7 hLiZiBWnT
m/z=683.3372 [(M-H)", A +0.06 mmulic ' —2 Z/R L= Z L2 b, D412
% C37H53N20sS ERE L7-, UV A7 FLid 261, 271, 281 nm (ZHRKILIY
Zaal, NI ZUEEZAT LI LRIz, £72 315 nm OWI A
PEFTIE335nm 27 ML Z &b 7 = ) — KB IEDOIFIEDN R ST,
X5 IR A7 L XV trierixin 728 NH/OH (3420 cm'), = A7 /L (1740
cm), 7 I R (1650, 1540 cm DDOHEREREZHT 25 Z LR Iz,

axawd

%28  Trierixin OfEIGEHRE

W5t Tashiro 53 trierixin O HEBERIZIBWN T, [FIEEFEEEKRF LY
B D triene-ansamycin 52L& %) mycotrienin II % [Fi€ L 7= 73, Trierixin @ UV
AT PV ONTH-NMR AX7 kJLiE mycotrienin IT & 86D THEELL TW /= 2
EMG ., HEEMNTIZ mycotrienin IT & LRl U722 ST L 7=,

Trierixin @7 v v 7RV A-d; F O TH-NMR, 13C-NMR, 'H-'H COSY.HMQC.
HMBC A~7 hLV XV IRE L7=%& T 7 ) /Vv% Table 4-2 |Z/~7, £ 7= Sugita &
(Z & % mycotrienine II ®JfiJ& & Table 4-2 |[Z7R3 74,

Trierixin |% 3C-NMR A7 hv X0 37 HD > 738l =i, HMQC
I EOFEMRMATIC LY . TRENABDATF v, TIEOA hx | 9D AF
L BEDATF U BEDEERFE IS LIz AT LY, 8HDOA LT 1]
6D 4fkA LT 4 DI VR =V RFE EIwJE LTz, TH-TH COSY LY (a)
C-2~C-13 KU C-24, (b) C-15~C-17, (c¢) 28-NH~C-29 O 3 S DH# /343 % W]
Bz Lz (Figure 4-2), £72 2 b O HE E HMBC O fi# AT & Y
mycotrienin II D& & & g L7z #5R . (1) trierixin @ C-1~C-17 KT
C-27~C-36 (V7 ~FH o /L AR=)LT 7 =/LK) IZ mycotrienin II & 3:iF
LTCWzZ &, (2) mycotrienin ITIZIZFELR N Ou2.17T DY T Ly R AT
ABFIELT=Z &, (3) mycotrienin II TiX 2 EIFELI=AL 7 4 AF L0
trierixin TiX 1 B2 TV Z ERH BN -Tc, TR HDRRITA,
treirixin & mycotrienin II @7y DiEVY (CHS) #&[E3 5 &, trierixin
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I mycotrienin II ® 21 7% L <13 23 f2IC SCHs DN EAN LR KTH D =
ERHERI S 7c, HMBC A7 RV AR RRET L 726 R. Figure 4-3 |[ZR T
K221 MDA V7 ¢ U RFEITIE SCHs X OV 1-NH L W AHEI B &z, &
HIZZDEE H-23 05 C-17T ~OMMEDBEIHI S vl Z & 25 SCHs 23N
I LITHEA L TWD Z ENRH LN E R 5T, & 2 ATEL D triene-ansamycin
REEW T 11 LI FE S LTV B 25, trienomycin G 13 13 ALICIEH D
fEA L& Z2 A LT 5D, Trierixin @ HMBC A7 hUZEBWTiE H-11,
H-13 oW by C-27T~0oua 7Ly CH B v 7Y U 23 BE S n b
ST, 11 Lo 7w Fr (8 4.88) DIERBEGMA~OT > L—3 9 37 FR3EL
HENZZEnd, v 7andh U VRV T 7 =)V N 11 LIS LT
5D EDNIRBEE T,

728, trierixin IZEEND A LT 4 L DORTEM IOV H-4, H-6, H-8
DAY UFEGTESR (J15=15.4 Hz, J57=15.0 Hz, Js9=15.0 Hz) £V 4 {iL, 6 i,
SNITET ERMTHDZ ERNbhoTz, Fiz 14 L OEMEMEIX NOE A7
FUZEWT H-15 & 14-CHs HOMENBII SN2 Z LD ZRERE LT
(Figure 4-2),

PLEX D trierixin O F-HEHE %L Figure 4-1 O X 9 IZHRE LTz,
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Table 4-1 Physico-chemical properties of trierixin

Appearance pale pink powder
Melting point (°C) 121-122
HRESI-MS (negative)
found 683.3372 (M-H)
calcd 683.3366 (for C3;H5/N,O5S)
Molecular formula Ca7H52N20S
Molecular weight 684
Specific rotation [a]p%° +306.2° (c 0.2, CHCI,)
UV Amax M (log )
in MeOH 261.5 (4.54), 271.0 (4.66),

281.0 (4.56), 315.0 (3.65)
in 0.1 NHCI-MeOH  261.5 (4.56), 271.0 (4.67),
281.0 (4.57), 315.0 (3.67)
in 0.1 N NaOH-MeOH  261.5 (4.43), 271.0 (4.50),
281.0 (4.40), 335.0 (3.75)

R v, (KBr) cm” 3420, 2930, 2860, 1740,

1650, 1540, 1470, 1380,

1290, 1210, 1160, 1090,

1000, 960, 730

HPLC Rt (min.)? 7.9

a: column; UG120 (4.6 mm x 250 mm, shiseido), 80% MeOH, 0.7 ml/min
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Table 4-2 'H- and "3C-NMR data for trierixin and mycotrienin Il

trierixin mycotrienin Il *
% ppm . ﬁlHlppm . 8¢ ppm (multiplicity)
No. (multiplicity) (multiplicity, J in Hz) No. c
1 170.8 (s) 1 169.7 (s)
2 435 (t) 2.66 (1H, dd, 8.6, 13.6) 2 43.1 (t)
- 2.97 (1H, dd, 4.5, 13.7) -
3 80.0 (d) 4.23 (1H, m) 3 79.6 (d)
4 1298 (d)  5.50 (1H, dd, 7.3, 15.4) 4 129.1 (d)
5 135.8 (d) 6.28 (1H, dd, 10.4, 15.4) 5 134.4 (d)
6 1303 (d)  6.04 (1H, dd, 10.4, 15.0) 6 129.5 (d)
7 1355(d)  6.23 (1H, dd, 10.4, 15.0) 7 134.9 (d)
8 1347 (d)  6.04 (1H, dd, 10.4, 15.0) 8 133.9 (d)
9 1304 (d)  5.63 (1H, m) 9 129.6 (d)
10 349 (t) 2.31,2.48 (2H, m) 10 33.7 (t)
11 76.3 (d) 4.88 (1H, m) 11 75.8 (d)
12 39.8 (d) 1.85 (1H, m) 12 39.0 (d)
13 69.4 (d) 4.64 (1H, m) 13 68.7 (d)
14 139.0 (s) 14 137.8 (s)
15 124.8 (d) 5.11 (1H, d, 8.8) 15 124.3 (d)
16 271 (t) 2.02, 2.39 (2H, m) 16 26.6 (t)
17 33.2 (t) 2.17,3.07 (2H, m) 17 31.7 (©)
18 136.9 (s) 18 132.7 (s)
19 1435 (s) 19 141.1 (s)
20 127.1 (s) 20 1255 (s)
21 110.9 (s) 21 107.5 (d)
22 150.9 (s) 22 149.2 (s)
23 116.1 (d) 6.78 (1H, s) 23 115.8 (d)
24 10.5 (q) 0.79 (3H, d, 6.8) 24 9.6 (q)
25 21.2 (9 1.70 (3H, s) 25 20.3 (q)
26 57.6 (q) 3.36 (3H, s) 26 56.6 (q)
27 1741 (s) 27 173.3 (s)
28 495 (d) 4.43 (1H, m) 28 48.7 (d)
29 18.8 () 1.42 (3H, d, 7.1) 29 17.7 (q)
30 1774 (s) 30 176.9 (s)
31 46.0 (d) 2.10 (1H, m) 31 45.1 (d)
32 30.4 (t) 1.23,1.85 (2H, m) 32 29.4 (t)
33 26.6 (t) 1.23-1.75 (6H, m) 33 25.6 (t)
34 26.6 (t) 34 256 (t)
35 26.7 (t) 35 25.7 (t)
36 305 (t) 1.23,1.85 (2H, m) 36 294 (t)
1-NH 8.53 (1H, s)
19-OH 7.68 (1H, s)
21-SCH,  19.4 (q) 2.17 (3H, s)
29-NH 5.94 (1H, d, 6.6)

Recorded at 300 MHz for 'H and 75 MHz for '*C in CDCl,
* M. Sugita et al., J. Antibiotics (1982) 35, 1460
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Figure 4-2 Selected 2D correlations for trierixin
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B
VEN

55 =

1990 X, Schreiber & 1390 Nl FK506 & V>, S FIEFICEE
T HITEEALIZ B D 58 LW A T = X AOfFB L B /Ny b EIc K % 2 2 o3
7 ERERERATAITGE “r S ANT =X T 4 7 A7 OF ML LIS LTz,
ZD%., & N LD HIEE o Thk 2 22 BBIER 723 FE S 4L, Bl 213
FryrX =BT m T T Y — AT AMERMER TSI IV T ) 2
AWFFRIL S HDFEDO MBS O, AEMIZEICEBRL T& 72, LavL, AR
VB L SNDHEMIRED A N = AL E T ETLERTDHZ B0,
T ZTEHIIT AR b — v AR, DA N U RIRE &V ) oM
BNZBWT, FRIN AL E OFERERBEENRE S LD BelxL, XBP1 &5 453
FIZEBR L, TN O OWREMEAORSICLY 7 I DA A e P —i5t % ik
B9 52 &Rk ATz, FOREE, KIREL Y FHMWE incednine & O trierixin %
M ZEME & L TR Le, fREENT D ERDO X DI22 5,

1) Adriamycin (Z%F9° % Bel-xL D7 AR b — 3 ANHIEEE & BHLE T 2 WE & 1%
EWRETEY X 0 BEZR L. Streptomyces sp. ML694-90F3 ¥k A9~ 2 87
HP'E incednine % . L 7=,

2) Incednine (ZZ O % 5 £ < FIH L. AT centrifugal liquid-liquid
partition chromatography % 72 AEH8EIC 10 SEREHE & U CHEE L 7=,

3) Incednine O E[EAEEIIAFE NMR A7 MLEDREL, FTEHET ) —
NT—T )T I REATH24BER~I7 0T 7 XN _DOO7T I JHEREANL
LTWHZ EZB LT LT,

4) Incednine OFARIZIKELE X, NOE A7 ML 1H AV UHEAER., =
Y a—HET VT ES EICKREEDT I HEER R BEEZIRE LT,

5) Incednine Dt L AEIE (X, incednine AEPEREEFHEWR L VRIE LT=7 7V
2 ANZXET D SR Mosher 1D 1 o OFHRIEIE 3B 6 22 TR o 7oK
SibE ORE ARl « X BRREEAENTIC XV IRE LT,

6) Incednine /% 100 nM C Bel-xL & QX Bel-2 Ok % 727 A b — 3 AR %3
L IiE M A B L7z, Incednine DIFM#ET 28 62023 2 BAY T, HulE
Bl & incednine DFFES 5 ML EREME A AT L=, ZORR, AIF
%9 L7z Caspase KGRI 72REE CHIAAENFTEIND Z 2 LML
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/2o £72Z M L X incednine |Z Bel-xL & Bax DS ICEE 5252 LiX
2o Tz, € T, incednine IZREFFD Bel-2 [HEH & 138D A 1 =X A
C Bel-2/Bel-xLi OREREABHE L TV D ATREMEN IR S, 2 b DX X
7B\ D DT IS A T 0 ETAER Y — v ki 2 L EOR
LTWa,

7 EEA L RIZE S THE IS XBP1 OIEMELILEWE 2 M E b5
WRHICHRIGZ L, Streptomyces sp. AC654 £ FiE L 0 HRODOIEMEZH+
HAV W & B U 72, B NMR AT b IVRRHT e OSBAL SRR 2> & A i
REEATST2 & ZABEMIATFNTF AR B R UA—NEEEHT D
## triene-ansamycin R{LAEY TH D Z & HVHB] L. trierixin & s L7z,

ARFZEI L0 B S5 E incednine M O trierixin 348 &A= W75 M
NIEFIZ2=—7 ML EW TH 5, Incednine 1%, BEAFD Bel-2 FHEA] & 125872
BH AT = AL T Bel-2/Bel-xL OREREZIIHITH Z Enn, FOEN X X T 8
DRIEPRIEAB 28D 2 BelxL O 7 7R h— 3 AR DT i B8V
HAThHdZ L3k d AT, S 512 Bel-xL 2NEEIFEIHL L TR0l ik
Caspase K 71972 MR SE 2 7559 2 Pl 4173 incednine & O H Tl Bel-xL
PR BLHIIZ % L T Caspase FEMEAFRIRRIE TT A h—T A 2B il b FEH
(ZHLRER, 23 AT Bel-2 LIAMZ Caspase <° Apaf-1 ORBLEFE /2 EI2 LY
Caspase IKFERBICKEmAZ E L TCWDAT—ANE 42 HY . Z OO A
(2% LTl Apaf-1 X°> Capase ZimEIFH 5 Z & 6, Caspase A5 4571 IAP
77 IV —=F R EOWREEHET D Z &1 K o THUEG A~ D s 4 %
MEFEDHEDITHOITWD 77, £ bI2zx., IwHEHOMNIZRD Sobh
LI b R TH NI ED AIF X EndoG™, U Y Y—AL7 077 —ED
Cathepsin™ %% 41 L7z Caspase FEIEKAFHIT R b — AN ANRIE D 127253
TR E L THERSNTWAS Z &6, incednine HHITH H A A, incednine
# AV 72 Caspase FEIKAFREIE DT IZAIZEMIFED = — X5 2 9 D T & 3 Wit
Id, —J7 trierixin (% XBP1 HEEMEZAET 200/ Ny FALEWMTH 5,
BESFE D triene-ansamycin RILAWIL pp60sc O F 1 v & — B EE M

(mycotrienin I & II) 80 X° FTase FHEVEM: (UCF116) 81, NO pEAERHE
(trienomycin G) 8<° EGFR v 7} /L L EEYE (thiazinotrienomycin B) 83
DR ZFLTUNZ2Y, triene-ansamycin SRLAW) OHUESETEME & 0 B XA
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Tholz, T ONATITIEAEA R URIRENTLEE L XBP1 255 EIC)E
MAL L TV D Z & 84 trierixin @ in vitro HUIEEIEME X XBP1 FHEREM: & FH B
95 Z &, X 5| trienomycin A X° mycotrienine IT |2 % XBP1 BHEEM N H 5
Z & B XV triene-anasamycin RA{LAEW OHFUEEEMEIX XBP1 BLEICEIK L T
WD ZERHERIEND, 5% trierixin ZN3A AT a0 —T L LI IV 2R
T A 7 AFTRIE AR RO %\ XBP1 OBREZ I LIS T 2D H7 5T,
triene-anasamycin RILEY OHUESIEMEDOFEMZ B 52002 T 5 Z L BHIFE S
AUy IRIEDNEE R BT AT~ DI S5,

Incednine (ZOWTIFBEIZ B F UKD G ZTE T LTE Y | £ DIERZ
VX TEDREZEIED TS, Trierixin IZfL triene-ansamycin &{LE&Y %
W T AEETETEA B/ MR R b L RSB E 2 D B ORGI B ED BTV
Do Sk, TN DILEMER WS I WAL Fu DN T 2 A B
BOMZF G T 27210 T <, RA b Greevec 72 5 EDOH A~ L D720
L2 EEHSTRER,
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6 EEROHE
Chemistry
R

% 2 BCTHY EIF7 incednine % & LB EAL AW OREZR 7IHTICZIE, WD D720
FR O LLUF o388 2 vz,

- FlR (m.p.)
Yanagimoto micromelting point apparatus Z W CTHIE L7=, B L. @l
DAFIEITAT > T2,
- et (lalp20)
FrU T ADRRENIRE L, JASCO P-1030 polarimeter ZfEH L7=, I 7
L OEEEE 10 em)., 20°C THIE L7=,
« IR A7 kv
Horiba FT-210 spectrometer # f\v>, BAbh U SEAIEIC THIE LT,
- UV A7 hb
Hitachi U-2800 spectrophotometer & V>, * ¥ / — /L CTHIE L7,
+ CD A7 kv
JASCO J-720 CD spectropolarimeter Z AV, X % J — L CHIE L7z,
- ESI-MS 27 R~ @m5rfiEae ESI-MS 27 kL (HRESI-MS)
Thermo Fisher SCIENTIFIC LTQ Orbitrap mass spectrometer % V> 72,
*« NMR A7 kv
KFE NMR A7 RVIZNEIEEIZIZT T AT T > (TMS) % v,
JEOL JMN-ECA600 spectrometer % FTHIE L 7=,
- X BAE IS AT
Rigaku R-Axis RAPID II imaging plate area detector % f\ > CillliE L 7=,
I ATNEE I v~ 757 ¢+ — (TLC)
Silica gel 60 F254 'L —  (Merck) Z# M /=, MHIZIZ UV 77 (254
nm, 366 nm) HH5WIV Y TT UM (FVTTUBT N UL 12 g,
HsPO4 1.5 ml, H2SO0425ml, H20 500ml). GL R XD E%2 H -,
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cmOEAER D v~ N7 F 7 44— (CPC)
CPC 1% Sanki engineering CPC-B29 # v /o, BTG CTH— R ¥
Z 1000E x 6 (440 ml %) & L <1 250W x6 (125 ml &) (ZASHL L 7=,

7085, B 4 FECHLY _EIF 72 trierixin OEEZROHTD 9 B FlaS, EhEYGEE ., IR,
UV i EitodEE 2 AW CHIE L2, &5 NMR L TOXMS A7 MLVORIEILLL
ToEEE W,

« MS A7 [V
JEOL JMS-T100LC mass spectrometer % F\ 7=,

*« NMR A7 kv
A FE NMR IINEIEREIZ X T R T AT AT > (TMS)Z AV, 7 B kLA
-d; "7 ¢ JEOL JMN-AL-300 spectrometer % i CTHIE L7,

Fo. ARBUSITFRHZEEDIRNRY 7T v T SR T TIT o 12,
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B 1HT HT Bel-xL #EREFRE A D BEFE M (N incednine DA FE

1 27U —=2 Y IOk

ARG v 2 — X0 5 S - AR 1.5 ml & 100°C T 5 %
B, D5 500wl &2 15ml~vA 72T A MFa—T2LD, HED
7B =)V EIN % C 30 B L < #iEHkE L7, 13000 rpm T 5 4y [ O L4y B A
1To7-t%, AHIE 400 ul 2 &0 | BEZE Lz, 2z 200ul DA Z ) —/LI
WL (ZOREEZXx1 £35), A7V —=7 %7 ne LTHWE,

% 2TH incednine A FEHE D [FE

ML694-90F3 ¥R DT REITEAAY S 7 BAMEE S-570 (Hitachi) Z MW THIZL
Too ASFEEEH L COAFIRE L OAEPRAMEE X, Shirling & Gottlieb®, & 5\
IZ Waksman8é O H{ETIT o 72, fMfEEEICE £1D 2,6- 7 2/ EX U UEROY:
FEPEOHEIZIE Becker H D 515872 LY e L7,

% 3IH incednine OFEEAFE

R E LT XA RNT > 2.0%, T2 F—R 2.0%, N7 bV A b

(DIFCO) 1.0%., 22— A7 4 —7" U 1— (Iwaki) 0.5%. FilE7 »E=7 A
0.2 %, KEEH N T L 0.2%% &Lt (pH 7.4) % 110 ml 375437 L 72 500
ml & Erlenmeyer 7 7 A 2% HE L., 120°C T 20 m&EEHE L7, Z D5
Mz F= RKAHEES i CHE 2 L 7= Streptomyces sp. ML694-90F3 ¥k & — 1 [ H 48
L. 27°C T 180 rpm/min C 3 HEIREEE L, ZO LI L THELNHE
BRI & 55 FEOEHIIZZF 1 2 ml o8 L, 27°C. 180 rpm/min THg
Zits#% U7z, Incednine ®AEpERIE HPLC Z AW CHIE L7z, ZAPERE 4 HIHE:
#1500 ul & pH3 THED 7 uu kLA THE L2#% KE%Z pHI ISR L,
JauafR/V AL ) — =51 {RIE TiRE Lo, SO AHE 10 uliZ A%/
—vi40mMm U U TOKFE S U U LOKIER=60:40 & B E)E & L7 HPLC

(PEGASIL ODS 1 7 A 4.6¢ X150 mm, Senshu) TZ#7%17v . Rt=9.3 min
DOE—7 O 322 nm TOWHEE S & 1Z incednine DAEFEREZ R LT,

94



% 281 incednine ¢ HLFEHE

APEREIEEWK (100 L) % pHO IZF#E%, 5kg O ~ U 7 A%z 10°C
THHEFE LTz, BRI 25 LIZo&E A 7 r A——k/L 1 kg & A7
X VEEREGLREDE R LT, ZOWREBME 7 aafRL LA ) —)L
=1:1 (40 L) THEH, ISR X0 SO N8R (40 L) ZEMEwE L7z, 55
N7 va iRV A X ) —)LiKk=5:614 (1.6 L) @ _J&8RIZIEMEEL. &
BeL7z, ZOFMKE (640ml) OHH 1/8 EIZHT=5 80 ml /7% 7 v kLA
AH ) —)ViKk=5:6:4 2D FEIEIZT CPC (1t CPC, — kU v 1000Ex6,
JiE 10 ml/min, [EI#EEC 500 rpm) 1TV, IEEHONEEMER > & L TR LU
T IEVET oy A R LS AR (147 g) 21572, RICZ OB AEZ 7 oo
FVLA L =il mM HEEEK=5:6:4 2D LI T CPC (20 CPC, #— h
U > ¥ 1000EX6, Jitif 10 ml/min, [F#5%0 500 rpm) %417- 72, #HIHK % 15 ml
T2 40 A4 HE[#%, incednine D4y & (m/z 738) TE=#—L7MS /7~
N2 7 4 —%4T\V), incednine Z mAMEICEE 7 2 HE D, 236.2 mg D iE
YR EFST-, 720 D 78 BOHEIEIZ S\ T H[RBEDOEMEEZITV., it 1.89¢g

@ incednine % 7~

Bl W AR
m.p. ; 121-122 °C
[alp?0 ; -702.3° (0.2, MeOH)
molecular formula ; C42H63N305* 2HCI
HRESI-MS m/z ; found: 738.4691 (M+H)+

caled for C42HesN3Os: 738.4688
UV A7 kb A Figure 2-1() 2/~ 9

UV/VIS (MeOH) Amax nm (log €) ; 356.0 (4.64), 322.5 (5.38),
309.5 (5.23), 294.5 (4.88)

IR A~7 k)L ; AL Figure 2-1()IZRT,

IR (KBr) vem™ ; 3440, 2980, 2930, 1650, 1620, 1580, 1510,
1460, 1160, 1080, 990, 960

CD A~X7 kv A Figure 2-14 |Z7R" 7,

NMR J7 )& ; A3 Table 2-2 12777,
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IH-NMR 27 kL ; AL Figure 2-2 127”7,

13C-NMR 222 KL : AL Figure 2-3 (127857,
DEPT %227 kL ; AL Figure 2-4 (277,
HMQC A7 kL ; Figure 6-1 |2/~
1H-1H COSY AX7 kL ; Figure 6-2 |27~ 79,
HMBC A7 k)L ; Figure 6-3 |27~ 7,
TOCSY A7 KL ; Figure 6-4 |27~ 79,
1H-1H J resolved A~X7 KL ; AL Figure 2-10 127”87,
NOESY A7 kL ; Figure 6-5 |27~ 79,
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Figure 6-1 HMQC spectrum of incednine-2HCI in CD,0H:H,0 (3:1)
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Figure 6-4 2D TOCSY spectrum of incednine-2HCI in CD,0OH:H,O (3:1)
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% 3Hi incednine 7 7 U o BT A EER

%18 LO-MS b

Incedenine “EFEFE FEEWR T IC incednine DT 7Y a U BMFE L TW A 0%
RHHMT, BRI VGEONTZ7 ool L- A% 7 — VIO 10 FA R
K 10 ul IZ2WT LC-MS it 247 -72, A% /—/:5mM REET E=7 7K
Wik=170:30 2B &8 & L7z LC (MG # 7 A 2.1¢ X75 mm, Shiseido) T,
IZ MS & PhotoDiodeArray (PDA) T1T- 72, Rt 11.5 min (T incednine, Rt 5.54
min {2 incednine 7 7'V 2 O EIC—HTAHE— 7 A FENFNET-,

¥ 2TH incednine 7 7 VU = 1 D BB RS L

Incednine @ HEEERLEFE TH 5 20d CPC OKEREHE 7> (RS 7)) %
B RITE A TR Lo, ARSI Ak L7, IUE TG L7, 4357 skie

(1.16 @) 2ABEOZ v uAd VLR L, 7 raRVL-AZ ) =R TOY
UBGNAT L0~ 8T TT 4 =TT, JundL ATHER, 700
ARV A H ) =) (100:1) TR S VT2 BI5y & J8E TRz L, 55 kR % 15372,
ZOMRE -7 b2 (10:1) IR THER L. RIS IC incednine 7
7V 32181 mg EHURARIER AR L LCRE, ZOREE TEEY KL,
&5t 156.0 mg @ incednine 7 7' U 2 & 157,

Bl W AR

[alp20 ; -1616.7° (c0.1, CHCls)
molecular formula ; C29H39NO4

HRESI-MS m/z ; found: 488.2762 (M+Na)+

caled for CagH39NO4Na: 488.2771
UV/VIS (MeOH) Amax nm (log &) ; 358.0 (4.66), 322.0 (5.43),
309.0 (5.28), 294.5 (4.94)

CD A~7 kv A Figure 2-14 |Z7R 7,
NMR J% )& ; AL Table 2-4 |27~ 7,
1H-NMR %27 kL : Figure 6-6 (2777,
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13C-NMR %27 kL : Figure 6-7 27”7,

HSQC A~7 kL Figure 6-8 |2/~
1H-1H COSY A7 k)L ; Figure 6-9 |27~ 79,
HMBC A7 kL g Figure 6-10 (2757,
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Figure 6-6 'H NMR spectrum of incednine aglycon in CDCI,:CD,0OD (1:1)
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Figure 6-7 3C NMR spectrum of incednine aglycon in CDCIL,:CD,0D (1:1)

105



:'=!
=
]
L]
[ |
»
-
= g
=
_.I
+ .
4
-'. =
+ :
Rl -
|_ =
L
=
-
-9
-i
¥
-
tofed
-
oy i
2
i L
-
L L I I e o e e e e e
FOOWR OFR T Ll g LY 3 L1 Uy LN L | L g ] o Uyl el Ll i)
asmrpuna 1 smepuyy sad mamd : g

Figure 6-8 'H-"H COSY spectrum of incednine aglycon in CDCI,:CD,0D (1:1)
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Figure 6-9 HSQC spectrum of incednine aglycon in CDCI,:CD,0D (1:1)
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Figure 6-10 HMBC spectrum of incednine aglycon in CDCI,:CD,OD (1:1)
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¥ AE incednine 7 7V = ® 11-O-MTPA = 2 7 )WAKD A RK

A =727V =2 (10.0 mg, 0.02 mmol) Z#H/KE U 2 1 ml IZIEfE
L. (H)-MTPA-Cl (40 ul, 0.24 mmol) Z Mz =R T 4 FFEFFE L=, KB T
10 Wl DAKRZ T LIS Z kD To, Z ORISR Z T TG Lo, 1557 5%E
TV AN T b ru~ NTTT 4— (bLbxiTE h=101) THRL,
13.7mg ®7 7'V 2> R-MTPA = 27 WViEZ 457~ (% 92.4 %), S-MTPA —
AT NARIZT 77V 22210.0 mg & (-)-MTPA-Cl1 40 ul #HW\C EFE & RO )
EICTEM, BRL 129 mg #EEAKH KL LTHEZ (IR 86.9%),

R-MTPA — 25 )UK

N AR

[a]p2o ; -719.5° (0.2, CHCls)
molecular formula ; Cs9H46NOgF's

HRESI-MS m/z ;

found: 704.3169 (M+Na)+
calcd for C39H46NOgF3sNa: 704.3169

NMR J# )& ; 3L Table 2-4 12777,
IH-NMR Z<7 kL ; Figure 6-11 (27”9,
1BC-NMR Z <7 kL ; Figure 6-12 |2/,
DEPT %227 kL ; Figure 6-13 (Z/~k7,
HSQC A~ kL ; Figure 6-14 |2/~
1H-1H COSY %A~<7 kL ; Figure 6-15 (Z7R7,

L

HMBC A~7 kb ;

Figure 6-16 2/~

S-MTPA — AT )UK

N AR

[a]p20 ; -886.9° (0.2, CHCls)
molecular formula ; Cs9H46NOgF'3

HRESI-MS m/z ; found: 704.3162 (M+Na)+

Calcd for C39H46NOgF3Na: 704.3169
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NMR J# )& ; AL Table 2-4 27”7,

IH-NMR A7 kL ; Figure 6-17 (Z/R7,
1BC-NMR %227 kL ; Figure 6-18 |Z/~" 7,
DEPT %227 kL ; Figure 6-19 {27~k
HSQC A7 kb ; Figure 6-20 (277,
1H-1H COSY %A~<7 kL ; Figure 6-21 (Z7R7,
HMBC 2% kL ; Figure 6-22 {2779,
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Figure 6-11 "TH-NMR spectrum of R-MTPA ester of aglycon in CDClI,
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Figure 6-12 3C-NMR spectrum of R-MTPA ester of aglycon in CDCI,
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Figure 6-13 DEPT spectrum of R-MTPA ester of aglycon in CDCI,

(Left panel) DEPT spectra of R-MTPA ester of aglycon, (right panel) "*C-NMR spectra of R-
MTPA ester of aglycon
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Figure 6-14 HSQC spectrum of R-MTPA ester of aglycon in CDCl,




T L 12

fandancr

0 a2 04 s

: H

Wz purts poe bl

Figure 6-15 "H-"H COSY spectrum of R-MTPA ester of aglycon in CDClI,
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Figure 6-16 HMBC spectrum of R-MTPA ester of aglycon in CDClI,
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Figure 6-17 "H-NMR spectrum of S-MTPA ester of aglycon in CDClI,
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Figure 6-18 3C-NMR spectrum of S-MTPA ester of aglycon in CDClI,
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Figure 6-19 DEPT spectrum of S-MTPA ester of aglycon in CDCI,

(Left panel) DEPT spectra of S-MTPA ester of aglycon, (right panel) *C-NMR spectra of S-
MTPA ester of aglycon
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Figure 6-20 HSQC spectrum of S-MTPA ester of aglycon in CDCl,
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Figure 6-21 'H-"H COSY spectrum of S-MTPA ester of aglycon in CDClI,
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Figure 6-22 HMBC spectrum of S-MTPA ester of aglycon in CDCl,
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(PEGASIL ODS # 7 A 30¢ X250 mm, Senshu) (2L VR L, a/p-AF 7
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IH-NMR A~7 KL ; Figure 6-23 (27”7,
13C-NMR 222 KL : Figure 6-24 |2/~ 77,
HSQC A7 kv ; Figure 6-25 (27~
1H-1H COSY A7 h)L ; Figure 6-26 (2757,
HMBC A~7 kL ; Figure 6-27 (27”7,
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Figure 6-23 'H-NMR spectrum of methyl N-(4-bromobenzoyl)-2,3,4,6,-
tetradeoxy-4-methylamino-3-D-erythro-hexopyranoside in CDCI,
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Figure 6-24 '3C-NMR spectrum of methyl N-(4-bromobenzoyl)-2,3,4,6,-
tetradeoxy-4-methylamino-3-D-erythro-hexopyranoside in CDCI,
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Figure 6-25 HSQC spectrum of methyl N-(4-bromobenzoyl)-2,3,4,6,-tetradeoxy-
4-methylamino-f-D-erythro-hexopyranoside in CDCI,
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Figure 6-26 'H-'H COSY spectrum of methyl N-(4-bromobenzoyl)-2,3,4,6,-
tetradeoxy-4-methylamino-3-D-erythro-hexopyranoside in CDCI,
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Figure 6-27 HMBC spectrum of methyl N-(4-bromobenzoyl)-2,3,4,6,-tetradeoxy-
4-methylamino-f-D-erythro-hexopyranoside in CDCI,
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molecular formula ; C37H52N20sS
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Figure 6-28 "TH-NMR spectrum of trierixin in CDCI,
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Figure 6-29 3C-NMR spectrum of trierixin in CDCl,
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Figure 6-30 HMQC spectrum of trierixin in CDCl,
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Figure 6-31 'H-"H COSY spectrum of trierixin in CDClI,
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Figure 6-32 HMBC spectrum of trierixin in CDCI,
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