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STRUCTURE OF THEONELLAPEPTOLIDE ID, A NEW BIOACTIVE PEPTOLIDE
FROM AN OKINAWAN MARINE SPONGE, THEONELLA SP., (THEONELLIAE)
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A new peptolide named theonellapeptolide Id (1) has been isolated
from an Okinawan marine sponge of Theonella sp. (Theonelliae) together
with some minor peptolides (theonellapeptolides Ia, Ib, Ic, and Ie).
These peptolides inhibit development of the fercilized eggs of the sea
urchin Hemicentrotus pulcherrimus. The structure of theonellapept-

olide 1Id g%) has been determined on the basis of chemical and physico-
chemical evidence. Theonellapeptolide Id (1) is rare example of a
peptolide characteristically comprising N-methyl and D amino acids in
high ratio.
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In search of new bioactive substances from marine organisms,l) we have inves-
tigated the chemical constituents of a marine sponge of Theonella sp. (Theonelliae)
which was collected in July in the coral reef of Zamami-jima, Okinawa Prefecture.

2)

We have so far isolated a macrolide and five new peptolides named theonellapept-—

olides Ia, Ib, Ic, Id, and Ie which inhibit development of the fertilized eggs of

the sea urchin Hemicentrotus pulcherrimus3) at 2, 2, 2, 50, and 10 ug/ml concentra-
tions, respectively. This paper deals with the structure of the major peptolide
theonellapeptolide Id (}).4)

The acetone extract of the fresh marine sponge was partitioned into an AcOEt-
HZO mixture and the AcOEt soluble portion was first subjected to silica gel column
chromatography (CHC13—Me0H) to separate the macrolide fraction and the two pept-
olide fractions. The more polar peptolide fraction was further purified by HPLC
(Cosmosil 5C18’ CHCl3—CH3CN—H20) to afford theonellapeptolides Ia, Ib, Ic, Id (L,
and Ie (0.04, 0.08, 0.05, 2.2, and 0.29% respectively) from the AcOEt soluble por-
tion.

Theonellapeptolide Id (i), colorless crystals, mp 168-169°C (CH3OH-H20),
CooH125016N73s [0120 -68° (MeOH), FAB-MS m/z 1404 (M+If)+, was shown by its IR spec-
trum to have amide groups (3330, 3030, 1680, 1540 cm ) and a lactone group (1740
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cm_l). Complete acidic hydrolysis (6N HC1l, 110°C, 24 h) of theonellapeptolide Id

QL) provided eight amino acids [Thr (1), BAla (3), val (1), Leu (2), aIle (1)]
(determined by amino acid analysis) and five N-methyl amino acids [Me-Ala (1), Me-
val (1), Me-Leu (1), Me-Ile (1), Me-aIle (l)] [determined by detailed analysis of

the various partial hydrolysates of 1 (vide infra)l. The analysis also revealed
that the N-terminal Vval of 1 was protected by a methoxyacetyl moiety.
The lH NMR spectrum (CDC13—CD3OD)5) of theonellapeptolide Id Qv) showed sig-

nals assignable to eight amide protons (§ 8.70, 1H 4, J=9.5 Hz; ¢ 8.51, lH d,
J=9.5 Hz; & 8.43, 1H 4, J=9.2 Hz; § 8.35, 1lH 4, J=8.5 Hz; 6§ 7.42, 1H 4, J=8.9 Hz;
5 7.38, 1H br 4,% g=ca. 5.2 Hz; § 7.22, 1 br 4,%) g=7.6 Hz; § 7.18, 1H t-like),
five N-methyl groups (§ 3.30, 3.29, 3.24, 3.20, 2.75, all 3H s), and one methoxy
group (§ 3.43, 3H s). The l3C NMR spectrum (CDC13—CD3OD) of 1 showed signals due
to thirteen amide carbons and one lactone carbon (8c 169.5-175.4, all s) and one
methoxyacetyl group (éc 71.9, t, CH3Ogﬂ2CO—). Since theonellapeptolide Id (1)
was negative in the Ninhydrin test and was unaffected by diazomethane treatment
and its partial hydrolysis yielded methoxyacetyl-Val (;}) (vide infra), 1 has been
identified as a peptolide in which the C-terminal amino acid participates in the
lactone ring and the N-terminal amino acid (Val) has a methoxyacetyl group attached
to it.

In order to determine the amino acid sequence, theonellapeptolide Id (1) was
hydrolyzed with 30% ag. trifluoroacetic acid (TFA) (110°C, 40 min) to afford vari-
ous fragments (Fr.l - Fr.8 and Fr.l14), which were separated by HPLC [Zorbax ODS
Anal 0.25 m x 9.4 ¢; eluent: solvent A= isoPrOH-CH3CN (7:3)-0.1% TFA, solvent B=
Hzo—O.l% TFA; gradient: A (0+100%) and B (100+0%) in 30 min]. The structures of
Fr.l - Fr.5 have been elucidated as 2 - 6 by FAB-MS' (JMS-HX 100, positive) and lH
NMR (D20) analyses and by chemical analysis of their dansyl (DNS) derivatives.
Thus, the presence of a Leu~Me-~Ile > BAla +alle+Me-Val sequence in 1 has been de-
termined. Comparison of FAB-MS data has shown that Fr.6 (7) is a des-methoxy-
acetyl derivative of Fr. 8 (2), while Fr.7 (§) is a C-terminal (Leu) less deriva-
tive of Fr.8 (9). The DNS derivation method has revealed that the N-terminal of
Fr.8 (9) is Me-Ala.

Azidic hydrolysis of Fr.8 (2) (2N HC1l, 110°C, 1 h) yielded fragments H83, H86,
H88, H89, H81l, and H812. The structures of H83 (ll), H86 (12), H88 (13), HBI
(;ﬁ), and H81l1l (;g) were determined by FAB-MS and lH NMR analyses and by the DNS
derivation method. Fragment H812 was further subjected to enzymatic hydrolysis
[0.01M ag. tris(hydroxymethyl)aminomethane hydrochloride (pH 7.75), thermolysin
(excess, ca. 1/100 weight of H812, 40°C, 2 days] to furnish fragments H812T1,
H812T2, and H812T3. The structures of these fragments (;Z, £§, ;g) were deter-—
mined by examination of their physicochemical data and by the DNS method. Thus,
the structure of H812 (16) has been elucidated.

The ester linkages branching at Thr in H86 (12), H88 (13), H81l (15), and
H81l2 (16) were further confirmed by the lH NMR signals due to the B~H of Thr resi-
dues in these fragments. They were observed at 8§ 5.58 (dd, J=2.5, 6.5 Hz) in H86
(L2), 6 5.50 (m) in H88 (13), ¢ 5.64 (m) in H811 (;E), and § 5.49 (m) in HB12 (16),
whereas the signals due to the B-H of Thr's in H812T1 (;Z) and H812T2 (18) were
observed at § 4.11 (m) and 6§ 4.31 (m).

Based on the elucidated amino acid sequences of H83 (1ll), H86 (12), H8S8 (&3),

o~
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theonellapeptolide Id (1)
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H89 (;3), H811 (13), HB8l2 (;5), and Fr.2 (2), the structure of Fr.8 (2) has been
determined. Consequently, the structures of Fr.6 QZ) and Fr.7 Qv are substan-
tiated and the amino acid sequence of theonellapeptolide Id (1) has been deter-
mined as shown and Fr.l4 (;9) is shown to be a des-methoxyacetyl derivative of 1.
Finally, the absolute configurations of the constituent amino acids were de-
termined by CD analysis of the amino acids liberated by acidic hydrolysis (6N HC1,
110°C, 24 h) of Fr.2 (3), Fr.3 (4), Fr.4 (5), H89 (14), H812T1 (17) and H812T3 (19).
Theonellapeptolide Id (1) is a rare example of a peptolide characteristically
comprising N-methyl amino acids and D amino acids in high ratio. We are current-
ly studying the structure of other theonellapeptolides: Ia, Ib [m/z 1391 (M+H)+],

Ic [m/z 1404 (m+H) 7], and Te [m/z 1418 (m+H) ] .
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