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Anti-apoptotic oncoproteins Bcl-2 and Bcl-xL are overexpressed (Amax = 294.5, 309.5, 322.5, 356.0 nm) was indicative a polyene
in many cancer§,resulting in the expansion of a transformed moiety. The positive color reaction to GL reagent, negative reaction
population and the advancement of the multidrug-resistant stage.to ninhydrin, and the typical IR absorption at 1650, 1510-&m
Consequently, Bcl-2/Bcl-xL have stood out among molecular targets suggested the presence of an amido group.
in oncology, and the functional blockade of these proteins will be ~ The assignable NMR spectra were obtained when the sample
an aid to novel anti-tumor therapies. Since these proteins are knownwas dissolved in CEDH/H,0 (3:1) and measured at5 °C. The
to show an anti-apoptotic effect partly through forming a het- 13C NMR and DEPT spectra revealed tiatontained 42 carbons,
erodimer with pro-apoptotic Bcl-2 members, such as Bax anc?Bak, including one carbonyl, four quaternary2spne quaternary $p
several researchers have rationally designed and synthesizedourteen spmethines, nine Spmethines, four methylenes, and nine
compounds that target their binding pocket and have reported methyl carbons. One carbonyl signal and eighteeh cspbons
several compounds such as HA14-1 and ABT-737 as Bcl-2/Bcl- require the presence of three rings from the unsaturation numbers
XL inhibitors3 Currently, several lines of evidence indicate that of the formula ofl.

Bcl-2/Bcl-xL clearly have other functions related to their abilities Partial structures ofl were determined byH—!H COSY,

to interact physically with many other proteins; however, the TOCSY, and HMBC (Figure 1). A detailed analysis of the COSY
underlying mechanisms for the regulation of apoptosis by Bcl-2/ spectrum ofl revealed five partial protoaproton connectivities:
Bcl-xL through interacting with such proteins still remain uncléar. (a) H-5 to H-9 and methyl group H-24, (b) from H-11 to H-13, (c)
For further understanding of the regulation of apoptosis by Bcl-2/ from H-21 to NH and methyl group H-27 and H-28 and (A) from
Bcl-xL, the development of a new class of chemical tools is H-1' to H-5, and (B) H-1' to H-6". The linkage of the partial
required. Cell-based chemieayenetic screens have been used to stryctures between (a) and (b) was established by HMBC correla-
help discover small, cell-permeable bioactive molecules that induce tions from H-25 to C-9, C-10, and C-11, which were bridged by
phenotypic changes, and through subsequent identification of their the quaternary oxygenated carbon of C-10. The overlapping olefin
target proteins, they can contribute to reveal the molecular basis region @ 6.1-6.3) was assigned by the following experiments. The
of biological processes. Therefore, we constructed a cell-based¢gnnectivities from H-13 to H-15, H-17 to H-19 in TOCSY spectra
chemicat-genetic screening system to discover small molecules gnd those from H-26 to C-15, C-16, and C-17 and from H-27 to
that induce apoptosis in Bcl-xL-overexpressing human small cell C-19, C-20, and C-21 in HMBC clarified the linkage of the partial
lung carcinoma Ms-1 cells when combined with anti-tumor drugs. siryctures (b) and (c) to a pentaene structure. The correlations from
In the course of our screening, we isolated a structurally and ine NH proton in the partial structure (c) to C-1, from H-3 to C-1
functionally uniqgue compound, namedcednine (1), from the and C-2, from H-24 to C-3, C-4, and C-5, and from H-29 to C-2
culture broth ofStreptomycesp. ML694-90F3. Here, we describe  qnstrycted a 24-membered macrocyclic lactam ring. The remaining
the isolation, structure elucidation, and biological activitieslLof partial structures (A) and (B) were deduced from HMBC experi-
ments. The correlations from H-to C-1, from H-5' to C-1', and

from the N-methyl group of H-6 to C-2 and H-7' to C-4'
established the presence of two types of aminosugars: a pentopy-
ranose (A) and a hexopyranose (B), respectively. Furthermore, the
HMBC correlations from H-1to C-11 and from H-1 to C-4
revealed the planar structure @oif the linkage of aminosugar (A)
and the macrocyclic lactam ring at C-11 and the glycoside linkage

Incednine 1) was obtained (18.9 mg/L) as a pale-yellow powder of C-1" of aminosugar (B) and C-4f aminosugar (A).
from the cultured broth of the producing strain by centrifugal The stereochemistry of incednine aglycon was elucidated as
liquid—liquid partition chromatography for two reasons: (1) this follows. The geometry of the double bonds was determined by the
compound decomposes easily under acidic conditions or when proton coupling constants and NOEs (Figure S8). The coupling
exposed to light, and (2) the isolation using a solid carrier such as constants 08 7 = 14.4 Hz,Jg 9 = 15.8 Hz,J;513= 9.0 Hz revealed
silica gel was inefficient. The molecular formula bfwas found 6E, 8E, and 1Z, respectively. NOEs observed between H-24 and
to be G,He3N3Og by HRESIMS. The characteristic UV absorption  H-29, H-6 and H-24, H-18 and H-26, H-18 and H-27, and H-19
and H-21 showed 2 4E, 16E, 18E, and 2, respectively. The

Incednine (1)

lﬁ?éfog{‘aif’é'ﬁgg’ﬁisw Research Center. geometry of H-14 was inferred froAH—1H J-resolved spectros-
§ Rigaku Corporation. copy to be 1& (Jis15 = 14.0 Hz, Figure S9). The relative
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Figure 1. Gross structure aof determined by 2D-NMR spectra (bold lines,
COSY; arrows, selected HMBC correlations; dashed squares, TOCSY
connectivities; single squares, partial structures labeled as indicated).

stereochemistry of three chiral centers was established by NOE
experiments and computations. The geometry of double bonds in
aglycon and NOEs observed surrounding 4, 16, and 20-methyl
groups allowed four types of the ring conformers. The coupling
constant ofJ;11,= 9.0 Hz and NOEs observed between H-8 and
H-25, H-25 and H-11, and H-11 and H-14 indicated the relative
stereochemistry of C-10 and C-11 to B& and S, respectively.

The remaining asymmetric center, C-23, was elucidated by NOEs
observed surrounding the C-23 position to 8t which was
supported by Discovery Il programs (Figure S10).

The absolute configuration of the C-11 position of the aglycon
(2)°> was determined by the application of a modified Mosher’s
method® Both the @)-MTPA esters 8, 4) of 2 were prepared and
subjected to'H NMR analysis. TheAod values of the protons
allowed the absolute configuration at C-11 to Bethus, the

Ms-1 cells
ADM

Bcl-xL overexpressing  Ms-1 cells
ADM

Control ICN ADM+ICN

Figure 2.
adqriamycin—induced apoptosis. Cells were treated with drugs as indicated
(ADM, adriamycin; 0.3zg/mL, ICN, incedenine; 100 nM). After 48 h, cells
were observed under a phase-contrast microscope.

apoptosis in HEK293T cells, and it was inhibited by coexpression
of Bel-xL (Figure S17). Upon treatment with 60 nM of incednine,
HEK293T cells overexpressing both Bax/Bak and Bcl-xL underwent
apoptosis, indicating that incednine restored the pro-apoptotic ability
of Bax or Bak that was inhibited by Bcl-xL. However, incednine
did not inhibit the binding capacity of Bcl-xL to Bax (Figure S18).

In addition, incednine did not decrease the expression levels of Bcl-
xL (data not shown). These results clearly suggest that incednine
can inactivate the anti-apoptotic function of Bcl-2/Bcl-xL by a
distinct mode of action from other inhibitors that recognize the
surface pocket of Bcl-2/Bcl-xL.

In conclusion, we isolated a structurally unique compound,
incednine, as a modulator of Bcl-xL function through a cell-based
chemicat-genetic screening from microbial origin. Because this
compound inhibits the anti-apoptotic function of Bcl-2/Bcl-xL
without affecting its binding to pro-apoptotic Bcl-2 family proteins,
it may target other proteins associated with the Bcl-2/Bcl-xL-

stereochemistry of the three asymmetric centers of the aglycon WaSregulated apoptotic pathway. Therefore, incednine may be a useful

10R, 11S and 23 (Figure S12).

The stereochemistry for two aminosugars was deduced as
follows. Large coupling constants df yax = 7.0 Hz,Jy 3 = 7.0
Hz, J334f =8.0 HZ,J4"5'ax =8.0 HZ,J].”'g”axz 9.1 Hz, and]4~,5~ =

tool for further study of Bcl-xL function, and the identification of
its target protein could provide a new insight into the anti-apoptotic
mechanism of Bcl-2 family proteins.

9.2 Hz indicated that the connected carbon, nitrogen, and oxygen _Acknowledgment. We thank Dr. H. Osada and Dr. S. Simizu
atoms were all equatorial. Moreover, the absolute stereochemistry(RIKEN) for kindly providing us with humarbcl-2, bel-xL, and

of H-1' was elucidated to b& by NOEs observed between H-1
and H-11, H-1and H-25, and H-6and H-25 (Figure S13). Thus,
the aminosugar (A) was 2-deoxy-2-methylamjiho-xylopyranose€.
To determine the only remaining absolute stereochemistry, tie 4-
4-bromobenzoyl derivative of the aminosugar (B) was prepared.
Methanolysis of the 4N-4-bromobenzoyl derivative of® gave
the corresponding andg (5) methyl glycoside. Compoursiwas
recrystallized with hexane/acetone to give a colorless plétleay
crystallography for5 elucidated the aminosugar (B) as 2,3,4,6-
tetradeoxy-4-methylaming-b-erythro-hexopyranoseN-monodem-
ethylb-forosamine, Figure S149.Thus, incedninel) consists of
a novel skeletal structure, enol-ether amide in the 24-membered
macrolactam core, with two aminosugars.

Incednine was tested for its suppressive activity against the anti-
apoptotic function of Bcl-2/Bcl-xL. Bcl-xL-overexpressing Ms-1

cells displayed resistance to various types of anti-tumor agents, such
as adriamycin (Figure S15). However, this resistance was overcome

by the sequential combination of anti-tumor agents and 100 nM

incednine, whereas incednine alone did not induce apoptosis in these

cells (Figure 2, S16). The same results were obtained when Bcl-

2-overexpressing cells were used (data not shown). These findings

suggest that incednine significantly sensitizes Bcl-2/Bcl-xL-over-
expressing cells to chemotherapeutic treatment most likely through
dysfunction of Bcl-2/Bcl-xL.

Most anti-tumor agents reportedly induce apoptosis through
activation of pro-apoptotic Bcl-2 family proteins such as Bax or
Bak!! Indeed, overexpression of either Bax or Bak induced

baxconstructs. We also thank Dr. Y. Tsujimoto (Osaka University,
Japan) for the generous gift of humbak plasmid.

Supporting Information Available: Experimental procedures,
NMR spectra data, crystallographic information, and results of Bcl-xL
inhibitory activities forl. This material is available free of charge via
the Internet at http://pubs.acs.org.
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