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Abstract—Melleumin A (1), a novel peptide lactone, has been isolated from the laboratory-cultured plasmodium of myxomycete
Physarum melleum, and its structure was elucidated by spectral data. Melleumin A (1) consisted of four residues (p-methoxybenzoic
acid, LL-threonine, glycine, and an unusual amino acid, a tyrosine-attached acetic acid).
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Myxomycetes (true slime molds) are an unusual group
of primitive organisms that may be assigned to one of
the lowest classes of eukaryotes.1 Studies on the constit-
uents of cultured myxomycetes have been very limited
except for only one species, Physarum polycephalum,
from which isolation of several pigments2 or bioactive
lysophosphatidic acid3 had been described. During our
studies in a search for natural products from myxomyce-
tes,4 we recently studied spore germination experiments
of hundreds of field-collected myxomycetes collected in
Japan, and succeeded in laboratory culture of plasmodia
of several myxomycetes in a practical scale for natural
products chemistry studies.5 As a result, we recently re-
ported isolation of pyrroloiminoquinones and polyene
yellow pigments from the laboratory-cultured myxomy-
cetes Didymium bahiense,6 Didymium iridis,7 and Physa-
rum rigidum,8 respectively. Here we describe the
isolation and structure elucidation of a novel peptide
lactone, melleumin A (1), and its seco acid methyl ester,
melleumin B (2), from the cultured plasmodium of the
myxomycete Physarum melleum.
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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2. Results and discussions

The fruit bodies of the myxomycetes P. melleum9 were
collected at Tokorozawa, Saitama Prefecture, Japan,
in June, 2001. The plasmodium of this myxomycete ob-
tained in a plate culture was mass-cultured in the labo-
ratory on agar plates in the presence of Escherichia
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coli according to the methods described previously.5,6

The harvested plasmodial cells (19.5g from 2112 plates
(9cm/)) were extracted with 90% MeOH and 90% ace-
tone, and the combined extract (2.3g) was partitioned
between ethyl acetate and water. The ethyl acetate-solu-
ble layer was subjected to silica gel column chromato-
graphy, and the fraction eluting with 5–9% MeOH in
chloroform, containing UV(254nm)-positive spots on
TLC, was combined with the corresponding fraction ob-
tained by the same procedures starting from the cultured
plasmodial cells (7.5g from 998 plates (9cm/)). The
combined fraction was further separated by HPLC on
ODS eluted with 50% MeOH to give two UV(254nm)-
positive compounds, named melleumins A (1) and B
(2), in 0.007% and 0.02% yield, respectively.10

Melleumin A (1),11 colorless amorphous solid, ½a�26D +27
(c 0.15, MeOH), showed a quasi-molecular ion peak at
m/z 500 (M+H)+ and 522 (M+Na)+ in its positive
FAB mass spectrum. The molecular formula of 1 was
revealed as C25H30O8N3 by the HRFABMS data [m/z
500.1995, (M+H)+, D �3.9mmu]. The UV spectrum of
1 showed absorption maxima at 254 and 225nm, indic-
ating the presence of conjugated or aromatic system(s).
The 1H NMR spectrum of 1 in DMSO-d6 (Table 1)
Table 1. 1H and 13C NMR data of melleumins A (1) and B (2) in DMSO-d

Position 1

dH J in Hz dC

1 170.7

2 2.36 m 38.7

2.55 m

3 3.75 m 69.6

4 4.10 m 54.9

5 6.21 d 10.4

6 169.2

7 3.49 m 44.4

3.52 m

8 8.54 br t 5.6

9 169.1

10 5.00 dd 8.9, 3.4 54.8

11 5.63 qd 6.4, 3.4 71.7

12 1.20 (3H) d 6.4 16.1

1 0 8.07 d 8.9

2 0 166.6

3 0 126.0

4 0,8 0 7.91 (2H) d 8.9 129.4

5 0,7 0 7.01 (2H) d 8.9 113.4

6 0 161.8

100 2.86 dd 14.7, 2.4 30.8

2.57 m

200 129.3

300,700 6.95 d 8.5 129.6

400,600 6.63 d 8.5 115.0

500 155.5

1-OMe

6 0-OMe 3.81 (3H) s 55.4

3-OH 5.43 d 3.9

11-OH

500-OH 9.15 br s

a 500MHz for 1H, 125MHz for 13C. Assignments were made by HMQC an
b Signals may be reversed.
c Signals may be reversed.
d Signals may be reversed.
showed five signals of low-field resonances at dH 9.15
(1H, br s), 8.54 (1H, br t), 8.07 (1H, d, J = 8.9Hz),
6.21 (1H, d, J = 10.4Hz), and 5.43 (1H, d, J = 3.9Hz)
with no HMQC correlation with any carbons, which
were assignable to hydroxyl or amide protons. The 1H
NMR also showed signals due to two p-substituted ben-
zene rings [dH 7.91 and 7.01 (each 2H, d, J = 8.9Hz); dH
6.95 and 6.63 (each 2H, d, J = 8.5Hz)], one methoxy
protons [dH 3.81 (3H, s)], four oxygen- or nitrogen-bear-
ing methine protons [dH 5.63 (1H, qd, J = 6.4 and
3.4Hz), 5.00 (1H, dd, J = 8.9 and 3.4Hz), 4.10 (1H,
m), and 3.75 (1H, m)], three sp3 methylenes [dH 3.52
(1H, m) and 3.49 (1H, m); dH 2.86 (1H, d, J = 14.7
and 2.4Hz) and 2.57 (1H, m); dH 2.55 (1H, m) and
2.36 (1H, m)], and one secondary methyl group [dH
1.20 (3H, d, J = 6.4Hz)]. These observations were also
corroborated by its 13C NMR spectrum (Table 1), aided
by DEPT experiments, which gave signals assignable to
four carbonyls, two p-substituted benzene rings, four sp3

methines, three sp3 methylenes, and two methyls includ-
ing one methoxy group. Since 12 out of 13 unsaturation
equivalents were accounted for from the 13C NMR data,
compound 1 was inferred to have one ring besides the
two benzene rings. Chemical shifts of four carbonyl
groups (dC 170.7, 169.2, 169.1, and 166.6) were likely
6
a

2

dH J in Hz dC

171.8

2.29 dd 15.6, 9.5 38.3

2.38 dd 15.6, 3.7

3.91 m 67.5
b 3.84 m 54.7

7.53 d 9.2
c 168.5

3.57 dd 5.2, 16.7 42.2

3.74 dd 6.3, 16.7

8.31 br t 5.8
c 170.8
b 4.30 dd 7.6, 4.9 60.1

4.08 m 66.7

1.11 (3H) d 6.4 20.0

8.02 d 7.6

166.3

126.1
d 7.89 (2H) d 8.9 129.4

7.01 (2H) d 8.9 113.5

161.8

2.73 dd 13.7, 5.8 35.0

2.47 dd 13.7, 8.6

129.1
d 6.93 d 8.6 129.9

6.59 d 8.6 114.9

155.4

3.55 (3H) s 51.2

3.81 (3H) s 55.4

5.13 d 5.5

5.09 d 6.1

9.12 br s

d HMBC analyses.
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to be assigned to amides (or esters), and the nature of all
these 1H and 13C NMR data was strongly suggestive
that 1 was a peptide-related compound. The 1H–1H
COSY spectrum of 1 showed connectivities for two ami-
no acid residues: threonine (Thr) [H3-12/H-11/H-10/
NH-1 0] and glycine (Gly) [H2-7/NH-8], along with an-
other proton-network included in an unusual amino
acid residue [H2-2/H-3/H-4/H2-1

00(NH-5)], as shown in
Figure 1. Interpretation of the HMBC spectral data of
1 (Fig. 1) revealed the presence of a p-methoxybenzoic
acid group (pMB) [C-2 0 to C-8 0 position; HMBC corre-
lations: MeO/C-6 0, H-5 0/C-3 0 (H-7 0/C-3 0), H-5 0/C-7 0 (H-
7 0/C-5 0), H-4 0/C-6 0 (H-8 0/C-6 0), H-4 0/C-8 0 (H-8 0/C-4 0),
and H-4 0/C-2 0 (H-8 0/C-2 0)] and a p-hydroxyphenyl group
[C-200 to C-700 position; HMBC correlations: H-300/C-500

(H-700/C-500), H-300/C-700 (H-700/C-300), H-400/C-200 (H-600/
C-200), H-400/C-500 (H-600/C-500), and H-400/C-600 (H-600/C-
400)], and this p-hydroxyphenyl group was revealed to
be connected to C-100 [HMBC correlations: H2-1

00/C-200,
H2-1

00/C-300(C-700), and H-300(H-700)/C-100], constructing
an unusual amino acid residue (C-1 to C-4 and C-100

to C-700 position), which corresponded to a tyrosine-at-
tached acetic acid (TyrA).12 The HMBC correlation
data clearly revealed the connectivity of these partial
structural residues from TyrA to Gly (NH-5/C-6), from
Gly to Thr (NH-8/C-9), and from Thr to pMB (NH-1 0/
C-2 0), thus giving rise to the sequence of four residues as
pMB-Thr-Gly-TyrA. This sequence was also corrobo-
rated by the observation of the ROESY correlations
for 5-NH/H-7, 8-NH/H-10, and 1 0-NH/H-4 0(H-8 0). The
oxymethine proton on C-11 having low-field resonance
(dH 5.63) showed HMBC cross-peak with C-1 carbonyl
(dC 170.7), which suggested the presence of a linkage
between the hydroxyl group of Thr (C-11) and the car-
bonyl group of TyrA (C-1) through an ester bond to
construct the whole molecule of melleumin A as 1.

The molecular formula of melleumin B (2)13 was re-
vealed as C26H33O9N3 by the HRFABMS data [m/z
532.2338, (M+H)+, D +4.3mmu], having one methanol
molecule more than melleumin A (1). Although the opti-
cal rotation ([a]D value) of 2 was almost zero, 2 was opti-
cally active since it showed a characteristic CD curve
[kext 212 (De �6.1), 224 (�1.9), and 252nm (+2.7)].
The 1H and 13C NMR spectral data of 2 (Table 1) as
well as its UV absorption were almost parallel to those
of compound 1, though the oxygen- and nitrogen-bear-
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Figure 1. Key 1H–1H COSY and HMBC data of 1.
ing methine protons on C-11 and C-10, respectively, res-
onated in relatively higher field for 2 [dH 4.08 (H-11) and
4.30 (H-10)] than those of 1 [dH 5.63 (H-11) and 5.00 (H-
10)]. The HMBC spectrum of 2 did not show correlation
from H-11 to C-1 carbonyl carbon, while another hy-
droxyl proton [dH 5.09 (1H, d, J = 6.1Hz)] was observed
in the 1H NMR spectrum of 2 and this signal was assign-
able to the OH group on C-11 (11-OH) based on the
1H–1H COSY correlation with H-11 (dH 4.08). On the
other hand, another methoxy signal [dH 3.55 (3H, s)]
was observed in the 1H NMR spectrum of 2, and this
methoxy proton showed HMBC correlation with the
C-1 carbonyl group (dC 171.8). From these results,
melleumin B (2) was deduced to be a seco acid methyl
ester derivative of compound 1, which was supported
by the 1H–1H COSY and HMBC spectral data of 2.
Treatment of 1 with 28% MeONa afforded 2, which
was detected on the basis of TLC examination.14 Since
methanol was used during isolation processes, 2 was
likely to be an artifact of isolation produced from 1.

The stereochemistry of the chiral centers at C-3, C-10,
and C-11 positions was examined by using compound
2. After acid hydrolysis of 2 (6N HCl, 110 �C, 12h),
the resulting hydrolyzate was subjected to chiral TLC
analysis using LL-Thr and DD-Thr reference samples to re-
veal that the threonine residue was LL (10S,11R).15 In
addition, compound 2 was converted into its (R)- and
(S)-MTPA esters (3 and 4, respectively),16 and on the
basis of the modified Mosher�s method,17 the absolute
configurations of the carbons bearing secondary hydrox-
yl group (C-3 and C-11) were revealed as 3S and 11R
(Fig. 2). The 11R-configuration was also suggested by
the chiral TLC analysis (vide supra). The absolute ste-
reochemistry of the C-4 position, however, remained
undefined.

The crude extract of the cultured plasmodium of P. mel-
leum exhibited antimicrobial activity against Bacillus
subtillis, but the fraction containing melleumins A (1)
and B (2) was inactive. The antimicrobial activity was
likely to be ascribable to unstable yellow pigments,8
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purification of which is not currently successful and is
still under investigation in our laboratory. Melleumins
A (1) and B (2) did not show cytotoxicity against
VCR-resistant KB cell lines and TRAIL (TNF-related
apoptosis inducing ligand)-resistant KOB (adult T cell
leukemia) cell lines.4a,18
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