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Abstract—Zygosporamide (1), a new cyclic pentadepsipeptide, was isolated from the seawater-based fermentation broth of a mar-
ine-derived fungus identified as Zygosporium masonii. The structure of 1, which is composed of a-hydroxyleucic acid and both p-
and L-amino acids, was determined by combined spectral and chemical methods. Despite a simple structure, zygosporamide illus-
trated significant cytotoxicity in the NCI’s 60 cell line panel (median Glso = 9.1 uM), with highly enhanced selectivity against the

CNS cancer cell line SF-268 (GIso = 6.5 nM) and the renal cancer cell line RXF 393 (Gls5o < 5.0 nM).

© 2006 Elsevier Ltd. All rights reserved.

Studies of marine-derived fungi during the past 15 years
have demonstrated that these organisms produce
diverse, bioactive secondary metabolites.! The most
recent review of secondary metabolites from marine-
derived fungi revealed that strains belonging to the
common terrestrial genera Aspergillus and Penicillus
produced most of the reported metabolites.> Zygospo-
rium masonii is a terrestrial fungus known for the pro-
duction of cytochalasins.®> As is the case with most
marine-derived Aspergillus and Penicillium species, it is
not clear if marine-derived Z. masonii is metabolically
active in the marine environment or how adaptations
to marine conditions may influence the production of
unique secondary metabolites. As a part of our interest
in the discovery of drug leads for the treatment of can-
cer, we isolated a strain (CNK458) of the fungus Z.
masonii from a marine cyanobacterium collected off
the island of Maui, Hawaii.# Cultivation of this isolate
in a seawater-based medium resulted in the production
of a new cytotoxic cyclic depsipeptide, zygosporamide
(1). Here, we report the isolation, structure elucidation,
and biological activity of zygosporamide.

Keywords: Zygosporamide; Marine-derived fungus; Zygosporium

masonii; Cancer cell cytotoxicity; Central nervous system cancer;
Renal cancer.

* Corresponding author. Tel.: +1 858 534 2133; fax: +1 858 558
3702; e-mail: wfenical@ucsd.edu

0040-4039/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2006.08.113

Zygosporamide (1),°> [¢]p —112 (¢ 0.26, CH;CN), was
isolated as a white powder and analyzed for the mole-
cular formula C34Hs5oN4Og (14 units of unsaturatlol
by high resolution mass spectral data, [M+H]
I’}’l/Z = 635.3806 (calcd for C36H51N4O6 6353809)

This formula was fully supported by '"H and '*C NMR
data, comprehensive analysis of which (Table 1) showed
distinctive characteristics of a depsipeptide. In the 'H
NMR spectrum, four D,O exchangeable doublet reso-
nances at oy 7.66, 7.16, 7.11, and 6.97, were assigned
as four amide protons, while five protons at oy 4.83,
4.74, 4.69, 4.12, and 4.08 were assigned as a-amino acid
methine protons. Four double doublet proton signals at
ou 3.34, 3.12, 3.03, and 2.88 were indicative of two
phenylalanine units. Five carbonyl signals at ¢ 173 7
173.1, 172.7, 171.4, and 170.9 were observed in the '*C
NMR spectrum and four out of the five carbonyls were
assigned as amides. The 1nfrared spectrum of 1 showed a
absorption band at 1743 cm™' indicative of an ester
carbonyl. This, coupled with the presence of one oxy-
gen-bearing carbon (d¢ 76.6) in '*C NMR spectrum of
1, suggested that one of the carbonyl signals was from
an ester functionality.

Further analysis of DEPT and 2D NMR spectral data
(COSY, TOCSY, HMQC, and HMBC) allowed five
subunits to be established: two leucines (Leu), two
phenylalanines (Phe), and one o-hydroxyleucic acid
(O-Leu). Since the two aromatic rings and five carbonyls
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Table 1. NMR spectral data for zygosporamide (1) in CD;CN

C/H# 0y (Jin Hz)® 5

L-Phe-1 1 1714 C
2 4.83,ddd (11.0, 7.5, 5.0) 53.5 CH
3a 3.12, dd (14.0, 11.0) 37.3 CH,
3b 3.34, dd (14.0, 11.0)

4 138.7 C
5/9 731, m 130.5 2CH
6/8 7.28, m 129.2 2CH
7 7.23, m 127.6 CH
2-NH  7.66, d (7.5)

L-Leu (Leu-1) 10 172.7 C
11 4.08, m 53.8 CH
12 1.26, dd (7.5, 7.0) 40.8 CH,
13 1.54, m 25.5 CH
14 0.86, d (6.5) 22.7 CHj;
15 0.90, d (6.5) 22.7 CHj;
11-NH 7.16, d (8.5)

p-Leu (Leu-2) 16 173.1 C
17 4.12, m 540 CH
18a 1.41, m 39.6 CH,
18b 1.55, m
19 1.52, m 254 CH
20 0.77, d (6.5) 21.2 CHj;
21 0.85, d (6.5) 22.3 CHj;
17-NH 7.11, d (6.5)

L-Phe-2 22 173.7 C
23 4.59, ddd (9.5, 7.5, 6.0) 53.6 CH
24a 2.88, dd (13.5,9.5) 39.7 CH,
24b 3.03, dd (13.5, 6.0)

25 138.3 C
26/30 731, m 130.4 2CH
27/29  7.28, m 129.2 2CH
28 7.23, m 127.5 CH
23-NH 6.97,d (7.5)

O-Leu 31 1709 C
32 4.74, dd (10.0, 5.5) 76.6 CH
33a 1.50, m 40.8 CH,
33b 1.72, m
34 142, m 252 CH
35 0.86, d (6.5) 23.0 CH;
36 0.92, d (6.5) 23.2 CHj;

Assignment by DEPT and gHMQC.
%500 MHz.
125 MHz.

accounted for 13 of the 14 unsaturations in 1, zygospor-
amide was deduced to be a monocyclic depsipeptide.

The sequence of the five fragments in 1 was determined
by analysis of HMBC NMR correlation data. HMBC
correlations from H-3a and H-3b (B-protons of Phe-1)
to C-1 (6¢c 171.4) revealed that this carbonyl carbon
was positioned in the Phe-1 unit. Long range correla-
tions observed from H-2 (o-proton of Phe-1) and H-11
(a-proton of Leu-1) to C-10 (carbonyl carbon of Leu-
1) established the Phe-1 to have Leu-1 linkage. Both
11-NH (Leu-1) and H-17 (a-proton of Leu-2) showed
correlations with the C-16 carbonyl carbon of Leu-2
defining the Leu-1 to Leu-2 sequence. Similarly, correla-
tions from 17-NH (Leu-2) and H-23 (a-proton of Phe-2)
to C-22 (carbonyl carbon of Phe-2) allowed the sequence
of Leu-2 to Phe-2 to be established. A three bond corre-

lation from H-23 (a-proton of Phe-2) and H-32 (a-pro-
ton of O-Leu) to C-31 (carbonyl carbon of O-Leu)
established the linkage Phe-2 to O-Leu. Lastly, the ring
closure linkage was secured by a four bond HMBC cor-
relation between H-32 (a-proton of O-Leu) and C-1
(carbonyl carbon of Phe-1), which allowed the structure
of zygosporamide to be completed (Fig. 1).

Treatment of 1 with NaOMe in methanol resulted in a
smooth conversion to the linear peptide, methyl ester
2. The ESI positive mode mass spectrum showed clear
serial loss of the predefined subunits through cleavage
across the amide bonds (Fig. 2), thus confirming the
sequence assignments made by interpretation of NMR
data.

The absolute configurations of the amino acid units
were partly established by acid hydrolysis, subsequent
Marfey’s derivatization of the hydrolysate, and LC/
MS analysis.® The hydrolysate was identified to possess
two L-Phe, one L-Leu, and one D-Leu. The absolute
stereochemistries of Leu-1 and Leu-2 were proposed
by cautious analysis of 2D ROESY, 1D NOE spectra
(Fig. 3). The cross ring NOE/ROE correlation between
one B-proton (dy 3.12) of L-Phe-1 and the amide proton
(0 6.97) of L-Phe-2 was clearly observed. In addition,
correlations between the other B-proton (dy 3.34) and
one of the B-protons (dy 1.50) of O-Leu, and between
the other B-proton of O-Leu and the amide proton (dy
6.97) of L-Phe-2, revealed that the lipophilic parts of
L-Phe-1 and O-Leu and the amide proton of rL-Phe-2
are on the same side. The NH proton (dy 7.66) of
L-Phe-1 showed a NOE/ROE correlation with the
aromatic protons (dg ~ 7.3) of L-Phe-1, indicating that
this amide proton is oriented toward the aromatic ring.
The NOE/ROE correlation between the B-protons (dy

2
o NH | » 34
L»LM O-Leu
1 3
O
L-Phe-2

(0]

D- LeuY

Figure 1. The structure of zygosporamide.

Figure 2. Mass spectral cleavage (ESI-MS) of methyl ester 2.
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Figure 3. The key NOE/ROE correlations of 1.

1.54) of Leu-1 and the aromatic protons (dyg ~ 7.3) of L-
Phe-1 provides evidence that the side chains of Leu-1, L-
Phe-1, and O-Leu, and the amide proton of L-Phe-2, are
on the same side of the ring. The a-proton (Jdy 4.08) of
Leu-1 displayed a very weak correlation with the amide
proton of L-Phe-1. These correlations support the
assignment of an L-configuration of Leu-1. The NOE/
ROE correlation between NH (dy 7.16) and the A-pro-
ton (dy 1.26) of Leu-1 indicates that the amide proton
is oriented toward the side chain of Leu-1. The strong
correlation between the amide proton of Leu-1 and the
o-proton (dyg 4.12) of Leu-2 suggests that Leu-2 has p-
configuration. On this basis, the absolute configurations
of Leu-1 and Leu-2 were proposed as L and D,
respectively.

In order to determine the absolute stereochemistry at
C-32 of O-Leu, the S- and R-Mosher esters (3a and
3b) of the linear peptide 2 were prepared.’ Interpretation
of 'H chemical shift differences, based on the '"H NMR
and TOCSY spectra of the S- and R-MTPA esters, re-
vealed the absolute configuration of C-32 as S (Fig. 4).

The structural features of 1 are similar to those of the
exumolides,® sansalvamide,” and N-methyl sansalv-
amide!? as the amino acids are hydrophobic and the ring
is closed by an ester linkage. However, none of those
cyclic peptides involves a p-amino acid.

+0.10
-0.03 +0.02
H O
RO .\\\/A N ‘1‘?‘
-0.01 H
-0.06 +0.25 o

-0.11 -0.11

Figure 4. 3a: R = S-MTPA; 3b: R = R-MTPA, Adgs  values are
displayed in ppm.

Zygosporamide is one of the first examples of a cyclic
depsipeptide containing a p-amino acid residue. In the
extensive structure—activity studies reported with sansal-
vamide analogs, the substitution of one p-amino acid
residue increased the anti-tumor activity against colon
cancer cell line (HT-29) more significantly than the
introduction of an N-methyl group, indicating an
important role of a p-amino acid in this class of
depsipeptides.!!

The biological activity of zygosporamide (1) was evalu-
ated against various cancer cell lines and drug-resistant

Panel/Cell line Log,,Gly, Log, GL;-Log,Median
Leukemia
CCRF-CEM -4.91
K-562 -4.91
MOLT-4 -5.18
RPMI-8226 -5.09
SR -5.00
Lung Cancer
AS549/ATCC -5.13
EKVX -5.04
HOP-62 -5.00
HOP-92 -5.06
NCI-H226 -4.84
NCI-H23 -4.80
NCI-H322M -4.60
NCI-H460 > -4.30
NCI-H522 -4.93
Colon Cancer
COLO 205 -5.17
HCC-2998 -4.93
HCT-116 -4.94
HCT-15 -4.73
KM12 -4.81
SW-620 -4.81
CNS Cancer
SF-268 -8.19
SF-295 -4.81
SF-539 -4.82
SNB-19 -6.22
U251 -4.61
Melanoma
LOX IMVI -4.75
MALME-3M -4.89
Mi4 -5.00
SK-MEL-2 -4.91
SK-MEL-5 -5.06
UACC-257 -5.12
UACC-62 -5.07
Ovarian Cancer
IGROV1 -4.84
OVCAR-3 -5.00
OVCAR-4 -4.88
OVCAR-5 -4.88
OVCAR-8 -5.08
SK-OV-3 -4.99
Renal Cancer
786-0 -4.81 -
A498 -4.99
ACHN -4.74 L
CAKI-1 -4.97 1
RXF 393 < -830 P
SN 12C -4.96 1
TK-10 -4.64 -
U0-31 -4.89 n
Prostate Cancer
PC-3 -5.04
DU-145 -4.93 |
Breast Cancer
MCF7 -4.39
NCI/ADR-RES -4.42
MDA-MB-231/ATC(] -5.07
HS 578T -4.89
MDA-MB-435 -4.87
BT-549 -5.02
Median -5.04
R ‘00 —
Range 4.00
L1 1 1 1 1 11
+3 +2 +1 0 1 2 3

Figure 5. Mean graph illustrating 50% growth inhibition of NCI cell
lines.
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pathogens. Zygosporamide showed no significant
inhibition of methicillin-resistant Staphylococcus aureus,
vancomycin-resistant Enterococcus faecium, and ampho-
tericin-resistant Candida albicans. However, this cyclic
peptide displayed highly selective cytotoxicity in the
National Cancer Institute cell line assay (Fig. 5).
Zygosporamide showed selective inhibition of the CNS
(central nervous system) cancer cell line SF-268 and re-
nal cancer cell line RXF 393, with G5, values of 6.5 nM
and less than 5.0 nM, respectively. These values are at
least 1000 times more selective than most of the 54 tested
cancer cell lines considering that the median Glsg=
9.1 uM.

Zygosporamide is the first cyclic b-amino acid bearing
depsipeptide to be isolated from Z. masonii. This new
peptide displayed significant cell inhibition selectivity
against a variety of cancer cell lines. The isolation of
zygosporamide further supports previous observations
that marine isolates of terrestrial fungal species are a
rich source of new secondary metabolites.
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