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Abstract—A unique bicyclic peptide, moroidin (1), from the seeds of Celosia argentea (Amaranthaceae) strongly inhibited the
polymerization of tubulin. The stereostructure of moroidin (1) was reinvestigated by spectroscopic data, chemical degradation, and
molecular dynamics simulation. © 2000 Elsevier Science Ltd. All rights reserved.

There are a number of natural compounds which inhibit
the microtuble formation and the mitotic arrest of
eucaryotic cells.! The antimitotic agents have potential
applications in drug development. The seeds of Celosia
argentea are Chinese herbal medicines used as a thera-
peutic drug for eye and hepatic diseases in China and
Japan.?? During our search for bioactive compounds
from medicinal plants, we found that moroidin (1), a
unique bicyclic peptide isolated from the seeds of C.
argentea, remarkably inhibited the tubulin polymeriza-
tion. Furthermore, the stereostructure of moroidin (1) was
reinvestigated by spectroscopic data, chemical degrada-
tion, and a computational approach, although that of
moroidin (1) obtained from Laportea moroides (Labia-
tae) have been elucidated by NMR data and molecular
modeling.*> This paper describes the potent inhibitory
activity of moroidin (1) on tubulin assembly, and the
assignments of the NMR data and stereostructure of 1.

The seeds of C. argentea were extracted with MeOH,
and the MeOH extract was in turn partitioned with
hexane, EtOAc, and n-BuOH. n-BuOH-soluble materi-
als were subjected to a Diaion HP-20 column (MecOH:
H,0, 0:1—1:0) followed by a C;g column (CH3;CN:
0.05% TFA, 4:1) to afford moroidin (1, 0.02% yield) as
colorless powder. FABMS data of 1 {[o]2* —55° (¢ 0.3,
50% MeOH)} showed the pseudomolecular ion at m/z
987 M+H)™", and the molecular formula, C47Hgg
N140;0, was established by HRFABMS (m/z 987.3421,
(M+H)", A —0.6 mmu). IR absorptions implied the
presence of an amide carbonyl group (1675 cm~—!). The
assignments of 'H and '3C signals of moroidin (1) were
made by the combination of DQF-COSY, TOSCY,
HMQC, and HMBC data in DMSO-ds. The 2-D NMR
spectra of moroidin (1) led to the complete assignments
of 'H and '3C signals of individual amino acid residue
as shown in Table 1.
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Table 1. 'H and '3C NMR data and NOE correlations of moroidin (1) in DMSO-d;

Oy [int. mult, J (Hz)] d¢ NOE relationship
PyroGlu!
o 4.12 (1H, dd, 3.7, 8.7) 55.1 PyroGlu': HB, NH; Bs-Leu®: NH, HB
B 226 (2H. m) 28.9 PyroGlu': Hy
y 1.77 and 2.05 (2H, m) 253
NH 7.70 (1H, s) 177.4
C 172.2
Bs-Leu?
o 4.86 (1H, t, 11.1) 54.9 Bs-Leu?: NH, Hp, H$; Trp®: H4, H5
B 3.05 (1H, dd, 3.5, 11.1) 51.4 Bs-Leu®: NH, H$; Trp>: H5, H7
Y 2.15 (1H, m) 26.3 Bs-Leu?: NH, HS; Trp’: HS, H7
8 0.78 (3H. d, 6.8) 18.4 ps-Leu2 NH: Trp™: H7
0.86 3H. d. 6.8) 29
NH 8.30 (1H, d, 11.1) C=0 172.0
Leu?
o 4.01 (1H, dt, 4.2, 10.5) 51.4 Leu®: NH, Hy, HS
B 1.24 and 1.45 (each 1H, m) 41.9 Leu®: NH
Y 1.46 (1H, m) 26.3 Leu®: NH, HS
) 0.71 (3H, d, 6.8) 20.9 Leu®: NH, HS
0.80 3H. d. 6.8) 239
NH 825 (1H. d. 10.5) Cc=0 1713 Bs-Leu®: Ho
Val*
o 3.69 (1H, t, 7.7) 57.5 Val* HB, Hy; Trp>: NH
B 1.86 (1H, m) 311 Val*: Hy
v 0.76 (3H, d, 7.0) 18.2 Trp>: NH
0.79 3H. d. 7.0) 21.6
NH 6.88 (1H, d, 7.7) C=0 169.5
Trp®
o 5.49 (1H, brs) 41.9 Trp>: NH, H4, HS, HB; Arg®: NH
B 2.70 (1H, dd, 11.8, 14.8) B 26.6 Arg: NH, Ho; His®: H4
3.38 (1H, dd, 4.8, 14.8) C2 124.8
NHI1 11.20 (1H, s) C3 101.0 Trp>: H7; His®: H2, H4
H4 7.53 (1H. d, 8.5) C4 112.7
HS 6.97 (1H, d, 8.5) C5 117.8
H7 6.87 (1H, s) Co6 119.3 Bs-Leu?: Ha
NH 7.94 (1H, d, 8.1) C7 118.6 Argt: Ha, HB
C8 137.3
9 128.7
C=0 171.7
Arg®
o 4.13 (1H, m) 52.1 Arg® HB; Gly’: NH
B 1.73 (1H, m) 28.3 Arg®: Hy
1.87 (1H, m) 25.0
Y 1.51 (2H, m) 39.9
5 3.12 (2H. m) 157.2
¢(NH) 7.40 (1H. br s) C 172.7
NH 8.62 (1H, br s) Arg®: Ho
Gly’
& 3.67 (1H, br d, 16.8) 4.1 His®: HB, H4
3.80 (1H, br d, 16.8) C=0 165.8
NH 7.22 (1H. br s)
His?
x 4.45 (1H, br t, 10.0) 51.7 His®: H4
B 275 (1H, dd, 10.0, 15.8) 29.8 His®: H4, H2
3.15 (1H, m) Cl 137.3
H2 7.73 (1H, s) 2 117.8 Trps: NH
H4 7.33 (1H, s) C4 130.7 Trp>: Ho; Arg®: NH
NH 7.98 (1H, d, 10.0) C=0 172.2 His®: Ho, HB, H4

The absolute configurations of the PyroGlu!, Leu?,
Val4, Arg®, and His® residues in moroidin (1) were
determined as all L-configurations by chiral HPLC
analysis of the hydrolysate of 1. The Trp’ residue was
transformed into Asp by treatment of 1 with O3/AcOH
and then H,0, followed by acid hydrolysis.® Chiral
HPLC analysis of Asp in the degradation products
revealed it to be L-form, indicating S-configuration at
Ca of the Trp’ residue. The absolute configurations at
Co and CP of the B-substituted Leu? (B-Leu?) residue

were elucidated by the floating chirality method as fol-
lows. The floating chirality method’ allows the distance
constraints to guide the molecule into configurations
consistent with its NOE data. For molecules possessing
complex ring systems, high-temperature dynamics alone
may fail to invert certain chiral centers with sufficient
frequency. This chiral inversion is caused by the appli-
cation of NOE constraints (Table 1).% Simulation start-
ing from the possible four isomers possessing different
two pair of chirality at Co. and CP of the B-Leu? residue
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Figure 1. Effect of moroidin (1), moroidin hydrolysate (2) and colchicine on the polymerization of tubulin. Moroidin (1) at various concentrations
was mixed with tubulin (1.5 mg/mL) at 0 °C and incubated at 37°C. The absorbance at 400 nm was measured.

was concentrated to be both S-configurations.® These
configurations were identical with those proposed for
moroidin (1) obtained from L. moroides.*>

Generally antimitotic agents bind to either the colchi-
cine binding site or the vinca alkaloid binding site. In
this study it was found that moroidin (1) remarkably
inhibited the polymerization of tubulin!® (Fig. 1). The
inhibitory activity (ICsp, 3.0 uM) of the tubulin poly-
merization by moroidin (1) was more potent than that
(ICsp, 10 uM) of colchicine. On the other hand, the
hydrolysate (2) of 1 by a-chymotrypsin,'! which pos-
sessed the structure cleavaged between the Arg and Gly
residues of 1, showed less activity than moroidin (1) but
comparable activity to colchicine. These results suggest
that moroidin (1) is a new class of microtuble inhibitor
and its bicyclic ring system may be important for the
activity.
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