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ABSTRACT

4 Milnamide D

The crude methanol extract of a marine sponge  Cymbastela sp. collected in Papua New Guinea was selected for chemical investigation due
to its significant cytotoxicity. Fractionation of the extract led to the isolation of jaspamide (1), hemiasterlin (2), milnamide A (3), and a new
metabolite, milnamide D (4). The structure was solved by interpretation of NMR and mass spectra data. The cytotoxic and antitubulin activities

of milnamide D (4) were evaluated.

Two families of closely related cytotoxic peptides, miln- The spongeCymbastela(order Halichondrida, family
amides and hemiasterlins, have been isolated from severalAxinellidae), collected in Milne Bay, Papua New Guinea,
marine sponges. Milnamide!Avas obtained fronAuletta was investigated due to the marked activity of its crude
cf. constricta (Papua New Guinea). Hemiasterlins were methanolic extract in in vitro cytotoxicity assays against
independently isolated frorhlemiasterella mincr (South Caco-2 and A-431 cell lines. In this paper, we report the
Africa) andAulettasp.? Cymbastelap.# andSiphonochalina isolation of jaspamidel(),” hemiasterlin 2)2 milnamide A
spp? (Papua New Guinea). The hemiasterlins are potent (3),! and a new milnamide, milnamide @)2 Milnamide D
antimitotic agents that inhibit the polymerization of tub&fn (4) binds to purified tubulin and inhibits its assembly in vitro.
by binding to the Vinca-peptide domdin.
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The specimen o€ymbastelacollected from Papua New [

Guinea was extracted with MeOH. The crude extract wWas tapie 1. 1H and3C NMR Data for Milnamide D4)
subjected to a solvent partition scheme to yield hexane, (DMSO-c)

CHCI;, and aqueous MeOH extracts. The Ckl€ttract was
subjected to reversed-phase flash column chromatography

Milnamide D (4)

using a MeOH/HO gradient. The fraction eluting with (75:  position 6¢ mult Jx mult (J in Hz) HMBC
25) MeOH/HO was concentrated to provide 66.9 mg of 1 154.0d 950 s C-9a
material that was further separated by HPLC using a 3 69.3d 4.81s C-1, C-4, C-9a, C-10, C-20
reversed-phase semipreparative column to provide 20.7 mg 4 36.8 s
of jaspamide 1),” 2.7 mg of hemiasterlin2),? 1.7 mg of 4a  124.3s
milnamide A (3)! and 1.3 mg of milnamide D4) (Figure 4b 1209
1). 5 121.1d 7.82d(8.3) C-8a, C-9a
6 120.6d 7.17dd(7.8;7.3) C-4b
7 127.1d 17.50dd (8.8;7.3) C-8a
8 110.9d 7.63d(8.8) C-4b
| 8a  1402s
o o 9a  127.1s
@ ! 0 tr| 0 10 1618s
=g WH NNOH 11 8.67d(9.8) C-10
Q - NN 9 A 12 54.7d 4.63d(9.3) C-12a, C-22
oo o)\r“ ' 12a 35.0 s
W o} N\H 2 Hemiasterlin 13 167.7 s
WINF 15 55.9d 4.84t(10.0)
1 Jaspamide 15a 28.8d 1.83m C-16, C-17, C-18
16 136.5d 6.58d(8.3) C-18, C-25
- o T . 17 130.2 s
% i jin/l\ll i NP, & i \/Ea(l!l 15 i 18 166.4 s
| N N o GMH =y /\g}ﬁgw 19 45.7q 3.57s C-1,C-3
AR 5N e P 20 30.0q 1.38s C-3, C-4, C-9a, C-20'
LG a 20 224q 159s C-3, C-4, C-9a, C-20
3 Milnamide A 4 Milnamide D 21 302q 391s C-4a, C-8a
Figure 1. Jaspamide (1), hemiasterlig)( milnamide A 8), and 22 26.5q 0.93s C-12,C-12a
milnamide D @) 23 31.1 q 2.80 s C-13
24 19.6q 0.73d(6.4) C-15, C-23, C-24'
24' 19.0q 0.51d(6.4) C-15, C-23, C-24
Compound 4 was obtained as a yellow glass. The 25 139q 1.76s

HRFABMS gave an [M} ion at 537.3451 (calcd 537.3441)
corresponding to the formulas@ssN4sOst. NMR spectra (see Table 2). Milnamide D4j (ICs, 66.8 nM) was

of compounds3 and4 were very similar, but ESMS results  gjgpificantly more potent than milnamide &)(ICso 1652.6
indicated tha#t contained one less proton. Inspection of the nM) but less active than hemiasteri2) (ICs; 6.8 nM). These

'H NMR spectrum (see Table 1) indicated a change in the gigpificant differences in the level of activity between the
tetramethyliryptophan unit. In particular, the signals for three compounds suggest that cyclization of the tetrameth-

the C-1 methylene_group were replaced by a Olje-proton yltryptophan unit decreases cytotoxicity. However, addition
singlet ato 9.50, which showed an HMQC correlation to @ ¢ 4 positive charge on nitrogen partially ameliorates this
carbon atd 154.0. Because of this supplementary double g¢act

bond and charge in compourd methyl C-19 [¢ 3.57;dc In an assay for inhibition of tubulin polymerization, all

45.7] and methine C-30f 4.81; oc 69.3] are shifted 66 compounds showed inhibition; however, milnamide A

dqwnfie]d compared to methyl C-19 and methine_ C-3in (3) (ICso 6.02 uM) and D @) (ICso 16.90 uM) were less
milnamide A @).! The complete structure dfwas assigned potent than hemiasterlir2) (ICso 1.16 xM) (see Table 3).

on the basis ofH—*H, COSY, HMQC, and HMBC data. In T reversal in the order of potency from the cytotoxicity

particular, COSY data allowed us to define the same spin assays suggests that milnamide 4) tay act by multiple
systems as in milnamide A3): H-5/H-8; NH-11/H-12 and mechanisms.

H-16/H-24/H-24'. Key HMBC correlations were observed
between H-1 to C-9a; H-19 to C-1 and C-3; and H-3 to C-1, [ EGEGTcNINNGNG
C-4, C-9a, C-10, and C-20. These HMBC cross-peaks placedrpie 2. HCT-116 Cytotoxicity Assay Resufts

the quaternary methylammonium group between C-1 and C-3

and the new methine between C-9a and N-2. ICso (nM)
Compound®—4 were tested against two colorectal cancer Hemiasterlin Milnamide A Milnamide D
cell lines (HCT-116, wild type, and p53-deficient mutant) cell line (2) 3) @)
(10) Tubulin polymerization assay: (a) Hamel, E.; Lin, C. Blochem- HCT116 p53-+/+ 6.8 1652.6 66.8
istry 1984,23, 4173—4184. (b) Hamel, ECell Biochem. Biophy2003, HCT116 p53—/— 3.0 1366.2 82.8

38(1), 1-22.
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