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During the search for protein tyrosine phosphatase 1B (PTP1B) inhibitors from marine organisms, the
known tetramic acid derivative, melophlin C (1), was isolated as an active component together with
the new iterpenoid saponin, sarasinoside S (2), and e homologues: sarasinosides A, (3), 1, (4),
and | (5), from the Indonesian marine sponge Petrosia sp. The structure of 2 was elucidated on the basis
of its spectroscopic data. Compound 1 inhibited PTP1B activity with an ICsq value of 14.6 uM, while com-

prem— pounds 2-5 were not active at 15.2-16.0 pM. This is the first study to report the inhibitory effects of a

Tetramic acid

Melophlin

Sarasinoside

Marine sponge

Petrosia sp.

Protein tyrosine phosphatase 1B

tetramic acid derivative on PTP1B activity.

© 2017 Elsevier Ltd, All rights reserved.

Marine invertebrates, such as marine sponges and ascidians, are
a rich source of a number of useful substances with unique struc-
tural and biological features.! To date, several marine-derived
agents have been approved for clinical applications.”

In the course of our screening program for new types of protein
tyrosine phosphatase 1B (PTP1B) inhibitors from marine organisms
collected in Indonesia, we found that the EtOH extract of the mar-
ine sponge Petrosia sp. markedly inhibited PTP1B activity in an
azyme assay. PTP1B is known as an important negative regulator
in the insulin and leptin signaling pathways. f¥herefore, PTP1B
inhibitors have potential as drug candidates for the treatment
and prevention of type-2 diabetes and obesity.” Bioassay-guided
separation of the extract led to the identification of the known tet-
ramic acid derivative, melophlin C (1),” as an active component
and the isolation of four nortriterpene glycosides 2-5 including
the new compound 2 (Fig. 1). Compounds 2-5 belong to the sarasi-
noside family of 30-norlanostane-type triterpene oligoglycosides.
Pplenty-eight analogues have been reported in this family from
marine sponges of the genera Asteropus, Melophlus, and

* Cormresponding author.
E-mail address: yamazaki@tohoku-mpu.ac,jp (H. Yamazaki).

ittp: [fdx.doi.org/10.1016/j.bmecl 2016.12.077
0960-894X/@ 2017 Elsevier Ltd. All rights reserved.

Lipastrorerhya,” and, thus, compound 2 was named sarasinoside
S. We herein describe the isolation, structural elucidation, and
biological acies of compounds 1-5.

The EtOH extract of the marine sponge Petrosia sp.,” collected in
the coral reefs of North Sulawesi, Indonesia in 2013, exhibited
marked inhibitory activity (ca. 86% at 50 ug/mL) against PTP1B in
the screening bioassay. The extract was separated into seven frac-
tions using an ODS column, and compounds 1 (2.3 mg), 2 (10 mg),
3 (50 mg), 4 (15 mg), and 5 (10 mg) were isolated by preparative
HPLC

The structure of compound 1 was confirmed to be melophlin C
on the basis of its spectroscopic data and comparisons with values
in the literature.” Melophlins are tetramic acid derivatives with a
long alkyl chain and were initially obtained from the marine
sponge Melophlus sarasinorum.”® Melophlin C was previously
reported as an inseparable mixture of four diastereomers at the
C-5 and C-10 positions (Fig. 1) and compound 1 was also obtained
as the mixture of diastereomers.’

Compounds 3-5 were identified by comparing spectroscopic
data for 3-5 with the reported values for sarasinosides A;,%°
I, and 1% which possess norlanostane-triterpenoidal
pentaglycoside skeletons (Fig. 1). Among marine organisms,
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Fig. 1. Structures of compounds 1-5 oE;ained from the Indonesian marine sponge
Petrosia sp.

triterpene and steroid saponins have been obtained from
echinoderms, such as starfish (Asteroidea) and sea cucumber
(Holothuroidea).” Although a number of substances with diverse
structures have been reported from marine sponges,' examples
of sponge-derived saponins are rare. The sarasinoside family,
including 3-5, has been shown to exhibit anti-microbial, cytotoxic,
and piskflidae activities.”

The molecular formula of sarasinoside S (2)" was deduced as
CrgHggM2096 fl'al HRFABMS (mfz 1247.61 M-H], A
—0.7 mmu) and NMR data (Tables 1 and 2). The 'H and '*C NMR
spectra of 2 (in CD;0D) were very similar to those of sarasinoside
A, (3), suggesting that compound 2 was a nortriterpene saponin,
similar to 3. Analyses of the 2D NMR spectra of 2 and comparisons
of spectroscopic data for 2 with those for 3 led to the elucidation of
the sugar moieties of 2, which consisted of the same pentagly-
coside as 3: xylose (Xly), 2-N-acetylglucosamine (2-NAc-Glc), two
glucoses (Glc-1 and Glc-I1), and 2-N-acetylgalactosamine (2-NAc-
Gal). The connectivity of the sugar residues was assessed by HMBC
correlations, as shown in Fig. 2.

The difference in the molecular formulas of 2 and 3 was C3H,
(40 Da) and was detected in the '*C NMR spectra of 2 and 3. Four
carbon signals (6 125.2, 156.7, 20.8, and 27.6) due to C-24-C-27
in 3’ were not observed in the spectrum of 2; ethyl signal
was instead detected at d¢ 30.5 (8y 2.10) in the 'H and ">C NMR
spectra of 2 (Table 1), The structure of the side chain in 2 was con-
firmed by the HMBC spectrum of 2 (Fig. 2). A HMBC correlation
from the methyl signal (4 2.10) to C-23 (6 212.3) revealed the agly-
cone of 2 as 3-hydroxy-25,26,27,30-tetranorlanosta-8(9)-en-23-

Table lm
'H and "C NMR data for the aglyconiety of 1in CD40D.

Position 8¢ Bt (J'in Hz) HMEC ('H to 13C) cosy

1 37.1 120, m 10 2
1.70, m

2 282 172, m 3 1.3
1.82,

3 919 3.03, m 2 2

4 40.7

5 52.1 112, m 6 6

6 194 1.51, m 5.7
1.71, m

7 295 1.75, m 8.9 6
1.98, m

8 1288

9 1374

10 379

11 229 197, m 12,13 12
2.07, m

12 38.1 1.40, m 11
1.86, m

13 433

14 545 2.06, m 15

15 247 135, m 14 14,16
1.66, m

16 298 133, m 15,17
1.89, m

17 53.2 1.17, m 21,22 16

18 117 0.66, s 12,13, 14,17

19 204 1.00, s 1,510

20 342 213, m 22,23 22

21 20.1 0.91,d(7.2) 17, 20

22 516 252, dd (13.6, 3.2) 20, 21, 23 20
2,09, m

23 2123

24 305 2.10, s 23

28 17.2 0.92,s 3,4,5,29

29 284 1.08, s 3,4,5, 28

one. The position of the sugar moiety was assigned at C-3 from
the HMBC correlation from H-1’ (4 4.28) to C-3 (4 91.9). Thus, the
planar structure of 2 was elucidated as shown in Fig. 2.

Four compounds (2-5) were found to have the same sugar moi-
ety with the p-anomeric configurations from their 'H/'*C chemical
shifts and coupling constants in the "H NMR spectra.’° Although
the correlations detected in the NOESY spectrum of 2 were
limited, *C NMR data for the asymmetric carbons in compounds
2 and 3 were similar to each other, and the specific rotations of 2
([2]¥ —1.9) and 3 ([2]Y —2.8) in CH;0H were also very similar.”
Since compounds 2-5 were obtained from the same marine
sponge, these compounds were biosynthesized via the same path-
way. Therefore, the absolute configuration of 2 was assumed to be
the same as that of 3, which was elucidated by X-ray crystallogra-
phy and chemical degradation experiments.”*

Nortriterpenes possessing a degraded side chain are very rare,
and few compounds have been reported from terrestrial plants.'”
Compound 2 is the first example of a nortriterpene with a
degraded side chain in the sarasinoside family.

Compounds 2-5 did not inhibit PTP1B activity at 15.2-
16.0 uM."" The mixture of A*?- and A%'¥.aglycones, prepared
by acid hydrolysis from 3,'” was not active against PTP1B.
Although some sarasinoside derivatives have been reported to
exhibit weak cytotoxicity against several cancer cell lines,® com-
pounds 2-5 were not cytotoxic against two human solid cancerm
lines, Huh-7 (hepatocarcinoma) and A549 (lung carcinoma).'” The
PTP1B inhibitory activity of the EtOH extract of the sponge at
50 pg/mL was reproduced by melophlin C (1), which had an 1Csp
value of 14.6 pM. Oleanolic acid (a positive control)'* showed an
IC5p value of 1.3 uM in the same bioassay.

Nineteen melophlins have been identified to date,”® some of
which exhibit various biological activities,'” such as anti-dormant
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Fig. 2. 'H-"H COSY and key HMBC correlations of 2.

mycobacterium activity,'” Ras-pathway modulation,'*” and
influences on IL-8 production'®® in addition to general cytotoxic
and antimicrobial activities.”” Therefore, this is the first study on
the inhibitory activity of a tetramic acid derivative on PTP1B. The
isolation of other melophlin derivatives detected in the active frac-

tion is now being conducted in order to investigate the structure-
activity relationship of melophlins.
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