YAKUGAKU ZASSHI 130(10) 1273—1281 (2010) © 2010 The Pharmaceutical Society of Japan 1273

—Review—

BlEEZ4aM L IcRAEY ¥R

AT

Study on Natural Products for Drug Development

Sachiko TSUKAMOTO

Graduate School of Pharmaceutical Sciences, Kumamoto University,
5—1 Oe-honmachi, Kumamoto 862-0973, Japan

(Received June 24, 2010)

The ubiquitin-proteasome system (UPS) plays a major role in selective protein degradation and regulates various
cellular events. Approval of bortezomib for the treatment of multiple myeloma validated the proteasome as an antican-
cer target. In order to find drug candidates targeting the ubiquitin-dependent protein degradation, we paid an attention
to inhibitors against three enzymes, ubiquitin-activating enzyme (E1), ubiquitin-conjugating enzyme (E2), and ubi-
quitin-protein ligase (E3), which are required for polyubiquitination of proteins and prerequisite to proteasome-mediat-
ed protein degradation. We succeeded in isolating various compounds with three distinct inhibitory activities against an
E1 enzyme reaction, Ubc13 (BE2)-UevlA interaction, and p53-HDM2 (E3) interaction as well as the proteasome inhibi-
tors. We also isolated new alkaloids, notoamides, from a marine-derived Aspergillus sp. Among them, notoamide B and
stephacidin A contain a bicyclo [2.2.2] diazaoctane ring in their structures. We proposed this ring is constructed from
notoamide E by the intramolecular Diels-Alder (IMDA) reaction. Recently, the isolation of the antipodes of
notoamides from the terrestrial Aspergillus has been reported. We propose that each enantiomer is generated by a dis-
tinct face-selective IMDA.
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Fig. 1. The Ubiquitin-proteasome System (UPS)
Ub, ubiquitin; E1, Ub-activating enzyme; E2, Ub-conjugating enzyme; E3, Ub-protein ligase.
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BHERT, EY NI EEENL I EFT Akl
M1 FF U H—Y E3IENSY >IN EIC
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Fig. 2. Structures of Proteasome Inhibitors 1-5
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Fig. 4. Structure of an E2 Inhibitor 11

Fig. 3. Structures of El Inhibitors and Related Compounds 6-10
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DT, UevlA ZHRNBHENE THD EEZDS
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REDEMERICBVWTEERBHZZ2TIH00%
W, LMo T, filxDENS 2 INTEO 5 fF7% %
RAICHET 2B, /EROPINAF L3 H
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T ITEESIE, RARERFEMNS, p53 & HIm2
(E b Mdm2 REOY) EOEGEKRDOERKRZEET
LI EM DEREZE ZITY, Arthrinium J&EH O 53
&5 (—)-hexylitaconic acid (14, ICs, 50 ug/ml,
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Fig. 5. Structures of E3 Inhibitors and Related Compounds 12-19
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DEREINE (H)-KE2HWTHEEHRZHN,
(D) -ROHEBERAELELEZEZA, WTNHHE
FHEOHEERZRLEZOT, HEXIDREDIIK
Bl HEERICHEZEZ T IRV EEA SN 5.
£z, 1413, pSBITHTEHHD 1 DD EIMETH
% COP1 & p53 LOMEEGERDOEKZHEL R >
DT, HIm2 IZHE L THELTWS EEZ 5N
5. KRB S O p53-Hdm2 # &K L E W)
BHOBEEELTIX, 41320 EERS. BE,
I 5 TR p53-Hdm2 & &K Bk H ZE W E O %R
i Th 5.

2-5. BIRHBEMIER(LEY girolline D LKA
ST2ENICET D8I f# Axinella brev-
istylla D A% ) — V¥ 7Y p388 Ml i iz %t L THll
fasEzZRLZDT, EEMEZEZRELZEZA,
JKEEVEE 7y 71 5 girolline (20, Fig. 6) 715 7/=.
201F, DARTIC7 9 RAICBVWTHRAFIELTO
KRBT O N0, ERNOERIZEET 2115
b Twiaho/z, TITEESIL, 20 2H
BEL 722 2RI, ZOAEYDOERNERIZEE
I HMNEfTo/-. FLT2013, psS3 DEM (X
T 7 E) KEGELTWDY NI EDERZHE
LTWEDTIRBWNEHEETHICES .Y Th
ETIZ, EMOZXT v 7 ERENICHET 2G5
WENMNCEERINTVWARNDT, 20 DEMHIZK
BHEIRFENEEZEZ TS, BIfE, p53 OEzHE
THMDILEMDHREZED TS,

3. A KR—=J7I)ILHAB4 E notoamide ([CD\T

BB THREL =1 1 (Mytilus edulis gallo-
provincialis) NOBEELZEHEN S, 4 HEOHH
4> R—=JL 7)1 K notoamides A-D (21-24)
E B DB &Y sclerotiamide (25), stephacidin
A (26), deoxybrevianamide E(27) ZH#t L /- (Fig.
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Fig. 6. Structure of a Recruit Inhibitor 20

7).1921-271%, MUT Ty, TOYS, AV
T U 2INS T % AN E X — 21T U TR
HHENZDT, TNSLEYDEGHRIEEITDONT
#eE L7 (Fig. 8). TR, URFIELHEEIN
TWiaho 72L& 28 71— @ notoamides D 4
BkEEZ D ETORERPEKICRS EE X, 28
% notoamides E Em#& U /=. H¥), 28 1XHE N
TWIRIN D728, FEE ST 28 RS TIREED
HIZHEET S EER . T THDIZ, GlINk
28 ZIEFEICH W T 20 HREIRE 2 U 7= Aspergillus O
REBEYHIZ 28 ME TN TVEINENZE TR,
283 I NIno /=, F I T, 28 H notoamide
MIOHRIBMATH 27261, BEOWMICOAAES
NHOTIEBWhEEZ., ZLT, BZE20/HKD
FERTL—b ETREEL, BH 28T O ETY,
HPLC % T 28 &[Al UV tHIREE D i 73 & 73 B L
. ZTOMESO HNMR 27 MLzE#lELZzE
25, BESHEHOKEYTIZ 28 ITHKRT D27
FIVEMHRTE N, BHIIFZHEL TV 19 Z
DFERM S, 28 FBERYITEGR I N NI <
DB ERICEMT DRIMAETH D EER 2. K
i, 80 EDEDBLEMITERT 2 DN EFTHN
70z, EEMAFICLDERINE [12,17-
BC,]28 Z HHWTH D IAAER ZITo T2, ZDRER,
BCINIEIN23 243 ENEDN, TH
Diels-Alder (IMDA) JRICE D AR T 2 EHEFEL
7= bicyclo [2.2.2] diazaoctane B8 = 5 3 2L &W
(21, 22, 26) FeE<miiENmho/z. 19 Lal,
Z D%, IMDA kD H K & & X 541 % noto-
amide M (29) WHEEI N Z &N 5,10 —HOD
notoamide @£ FRIZIZ I D IMDA KR A B 5
LTWEHDEEZTNS,

—75, % 5 73 notoamide $H D A4 & R AR EE % fiRHH
T HODOMDAAFEREZEIT> TWE, Glore #
% (University of Iowa) 54, NTJADF/ aAM5
BBt U 7= Aspergillus versicolor In %, 2% 5 SELEH
L7222 %26 OHEEGEREMEEKITHLET S (+) -noto-
amide B (30) % (—)-stephacidin A (31) & & H 12,
WM E (+)-versicolamide B (32) Z HEEL /2. 1®
MWTEESD, R OFEGRAMEAEKTHD (—)-ver-
sicolamide B (33) ZH@EEL /=17 §/2bb, 2D
L& D Aspergillus 705 3 # O FEGRIEERN TN Z
NHBEE I N/~ L1275, Bicyclo [2.2.2] diazaoc-
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21: R'=0OH, R?=H
22: R'=R?=H
25: R'=H, R2=0H

Fig. 7. Structures of Notoamides and Related Compounds 21-33

a-face
[Q]

IMDA IMDA

Fig. 8. Postulated Biosynthetic Relationships of Notoamides

tane IR D 7713 IMDA RSIC K D EGRR Sz & EIND. TLT, 06 3HOBEHREEEKRNNT
EZoN5ZEMhS, 2HEHOERHICEERSTS > NHIEZEMTHIFETH S Z &1%, Diels-Alderase @
F 458K %2 H T 5 Diels-Alderase D3FFEIET 5 & ITF>FHBERENZERICHBE I N TWDS Z &R
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BLTND. 19 RARERN S BB N/ ARILED
DOHIZIE, EGKRINIZ IMDA G THKR I N &
ZAONDILEMNLEO SN, EEIZZD
St 7 filt i3 5 % 52 T d % Diels-Alderase (2D W T
WM TONFIEH E DA SN TR, BTE,
G RRIFFE 2 HETTH TH U, notoamide ¥4 D 47 bk
IZB85. L T % Diels-Alderase O & 2 fEHT 3 Z
LIk, RARMDAEGKIZEEY 2 EHE/RH RO
H5NHEEZTNDS,

4. BHYIC

EHD, BB —XE U THERFH KR 2T
RUIEWEEBZTWS, Z20DITIE, INEXTI
HFEDITHONTVIRNE D IR AEYTE MR & FERRT)
WIEHAT 2 ZEMEETIERWNEEATND, &
Fx, LA, 7 2V RPN DY O A R & i
T2 RAYM DR 217> T, TR, Hi
FHRBRIREDA ) == T TIRRODM SN
AbEME L LS FERT DI ENTEZ. T ORERN
5, gon (FibbA V) -7 ki) &k
ABHZEITRD, BRIZFLVWEZAEETINSD
Ty EnSHEnEHRE< LTk,
ZLT, AR CRELAELDIC, 2EFF T
OF7Y—ATATAEVIH LW ZEY,
RIRRAYZEHEMEE LU THBET 2 ENTE
7=. F7z, notoamide OHFFEICEHL TiZ, 1L&WD
HEIZ b TR ERT =6 ZERWHERh
FHRETH - ZEZEATNWD, EZSNRKAREEN
SHEET LA, N1 AN —T v hZ 7Y —=
U DETRIERBEDEDDIED 1 DI/
TLEO DB LB, RAMIEFEDOFERELT
O HeamEREFIZLTL2<DMEED ) &0
LBEBZBLTRATESIHR DD END L%
notoamide DFZEZA L TEREL TWD., SEDOH
FKaml T, RAERNS NEORITIEDESREM
W AEMBIR ORI DY —IVERERL
72WEEZ TS, E7~, notoamide O X D ITHF5FE
=R EUTHRBENRAYM 2R AL THEE KE
<ERL, Y1 ADHERBIZEBMLIZWEEAT
n5,

B A FFo-TOFTYV—LAIATAIT
B3 27vbA REMETHIIHD, THREEE
F U BAIER RS FEEIR S R 2% s K

FHBEBR) TR SEHB LU XTI, Notoamide D
A A RRIFZE1X, Robert M. Williams #(#% (20 5
RINSERF) EOEFRAETITWE Lz, AR
BIRKFARFERL A ARETER GEER) RAMIL
FFEE (KEHEAZR), TERZEREREEZ
FRE KRRV EIEE, REARRERFL B Amt
IR IR Z A TFICBNW T T2 2D TY. I
NEZELEAHZIZESHEHLEL RIFET.
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