
19

M. Gavagnin/Chem. J. Mold. 2011, 6 (2), 19-23

EXPLORING THE CHEMISTRY OF MARINE OPISTHOBRANCHS:
RECENT RESULTS 

Margherita Gavagnin

Istituto di Chimica Biomolecolare (ICB),Consiglio Nazionale delle Ricerche, 
Via Campi Flegrei, 34, 80078 Pozzuoli (Na), Italy

e-mail: margherita.gavagnin@icb.cnr.it, phone: +39 0818675094, fax: +39 0818041770

Abstract: The current communication is an extended abstract of the presentation delivered on the joint 
Moldo-Italian seminar “New frontiers in natural product chemistry”, held in the Institute of Chemistry, 
Academy of Sciences of Moldova on 30th September. An overview of the recent studies conducted by our 
group on opisthobranch molluscs from distinct geographical areas is briefl y presented.

Introduction
Marine opisthobranch molluscs are apparently unprotected by the physical constraint of a shell which is either 

reduced or completely absent in the adults. Their survival is based on a series of defensive strategies, which include 
the use of deterrent or toxic molecules. Opisthobranchs obtain their chemical “weapons” by either bio-accumulation of 
selected metabolites from their dietary sources, bio-transformation of dietary compounds, or de novo bio-synthesis [1]. 
Thus they represent a remarkable source of bioactive molecules that have been selected in nature to play fundamental 
roles for the survival of the species that contain them. This reveals an extraordinary library of compounds that could be 
considered excellent drug candidates. Among others, a remarkable example is represented by jorumycin (1), the defence 
allomone of the opisthobranch Jorunna funebris, which was isolated some years ago by our group from the mantle and 
the mucus of the mollusc [2]. The synthetic analogue of jorumycin, Zalypsis® (PharmaMar), is now in phase II clinical 
trial for the treatment of endometrial and cervical tumours [3]. This communication presents an overview of our recent 
results obtained studying opisthobranchs collected in different  sites around the world,  in the frame of international 
collaboration programs. 

The chemical investigation of a Chinese population of J. funebris [4] has led to the isolation of a series of alkaloids 
analogues of jorumycin (i.e. 2-4), which were differently distributed in the distinct parts of the animal suggesting possible 
different biological properties. In the internal organs a plethora of isoquinoline-quinone alkaloids probably derived from 
the oxidative degradation of renieramycins were also found [4]. 
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A new member of the ecteinascidin family, compound 5, structurally related to jorumycin and renieramycin series, 
has been isolated from the external part of some specimens of the eolidacean nudibranch Phidiana militaris, collected 
in South China Sea [4]. In addition, the extract of the mollusc contained two other new and extremely interesting 
molecules: phidianidine A (6) and B (7) exhibiting an uncommon carbon skeleton with a 1,2,4-oxadiazole system never 
reported from marine natural products [5]. This structural moiety has been found only in quisqualic acid isolated from 
the fruits of a tropical plant. Even though the 1,2,4-oxadiazole system is so rare, there is a wide interest in the synthesis of 
compounds containing this scaffold due to the broad spectrum of biological properties. The cytotoxicity of phidianidines 
has been evaluated in terms of cell grow inhibition and the results are very interesting. Both compounds have shown 
high cytotoxicity against various tumour and non-tumour mammalian cell lines at nanomolar concentration [5]. The 
specifi city towards some cell types relative to others (strongly active against C6 and HeLa cancer cell lines) suggests the 
existence of specifi c interactions with biological targets.

Remaining in the eolidacean group, the chemical investigation of two different Spurilla species from Argentina 
and Italy has revealed a different composition of the terpene content of the two molluscs. A new molecule, diterpene 8, 
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has been characterized in this study [4]. Very interestingly, bursatellin 9, structurally related to antibiotic chloramphenicol 
and previously reported from the anaspidean Bursatella, has been found in both species.
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The chemistry of the nudibranch Actinocyclus papillatus from South China Sea is very interesting [6]. The main 
metabolite of the mantle extract is the novel molecule actisonitrile (10). This compound is an ether lipid with a glyceryl-
like moiety in which the secondary hydroxyl function is replaced by an isocyanide group. Another uncommon compound, 
methyl-β-ionene alcohol (11) has been also found in both mucus and mantle. The two molecules were tested for the 
cytotoxicity against a series of tumour and non-tumour cell lines. Actisonitrile revealed a moderate activity suggesting to 
further investigate the pharmacological potential. In this light, it was necessary to complete the structure determination 
of actisonitrile (10) with regards to the assignment of the absolute confi guration of the single chiral centre.                        

The stereospecifi c synthesis of both enantiomers of actisonitrile was planned with the aim at comparing the 
optical properties of synthetic products with natural 10 [6]. In Scheme 1 are reported all steps to construct one of the two 
enantiomers. The enantiomer with the opposite confi guration has been prepared in the same way starting from the same 
precursor with the opposite chirality. The comparison of the optical rotation values and the circular dichroism profi les of 
synthetic compounds with those of natural product led us to establish that actisonitrile has the R confi guration.
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Scheme 1

The family Chromodorididae is the most studied group of nudibranchs from a chemical point of view. Most 
species belonging to this family contain dietary terpenes which are generally accumulated in the border of the mantle or 
in mantle dermal formations. Some selected species collected in South China Sea have been analyzed [4]. Chromodoris 
reticulata was found to contain aplyroseol-2 (12) as main metabolite along with other two known related diterpenes 
(13,14). All three diterpenes have been reported to be cytotoxic being aplyroseol-2 the most active [7]. Aplyroseol-2 
has been demonstrated to be also unpalatable for the marine shrimp Palamon elegans [4]. This very nice and simple 
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assay has been performed in our lab [8]. The use of colored pellets allows to observe easily if the food treated with 
the compound to be tested is accepted or rejected by a generalist predator. Similar diterpene components including 
aplyroseol-2 (12) have been isolated from Chromodoris sinensis [4]. In the mantle border of the animal, we were able 
to detect by 1H-NMR analysis the unstable compound 15 exhibiting two dialdehyde groups that is the precursor of 12. 
This molecule is highly reactive and is rapidly converted into the corresponding lactone-hemiacetal derivative 12. The 
comparison of the proton spectra of the same sample before and after the fi ltration on silica-gel clearly demonstrates 
the rapid transformation [4]. Known degraded spongiane diterpenes (i.e. 16,17) have been isolated from Chromodoris 
geometrica [4]. A correspondence between the ecological and the pharmacological activity could be observed also in 
this case. Particularly interesting are the pharmacological properties of macfarlandin-E (16) and norrisolide (17) that 
exhibit a potent and unique Golgi-modifying activity [9]. Analogously with other Glossodoris species, the chemistry 
of Glossodoris cincta is characterized by the presence of sesterterpenes. Heteronemin (18) is the main component of 
the terpene pattern of the nudibranch and is also the most active showing several different biological properties. In 
particular, it has been recently reported that heteronemin is a potent and promising inhibitor of  TNFα-induced NF-kB 
activation [10].
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The chemistry of the nudibranch Dermatobranchus ornatus from South China Sea has been found to be 
characterized by some known diterpenes with eunicellin skeleton (i.e. 19). These molecules are sequestered from 
a gorgonian of genus Muricella and accumulated in the mantle of the animal [11]. Cytotoxic properties have been 
reported in the literature for some of these compounds [12]. Structurally related molecules, named tritoniopsins (20,21), 
characterized the metabolite pattern of a Chinese population of Tritoniopsis elegans which was found associated to the 
soft coral Cladiella krempfi  [13]. All isolated compounds, which were also detected in the prey, were evaluated for the 
cytotoxic activity. Tritoniopsin B (21) was the most active.

The secondary metabolite pattern of Mediterranean Discodoris atromaculata is dominated by a series of long-
chain polyacetylenes, named fulvynes (i.e. 22) all deriving from the sponge Haliclona fulva on which the animal feeds 
[4]. The biological properties of these molecules have not yet been investigated. However, it is interesting to note that 
they are structurally related to petrocortyne A, which is a potent modulator of the transcription factor NF-kB [14].

The chemistry of the nudibranch Tambja ceutae collected at Azores along with the bryozoan Bugula dentata 
was found to be characterized by a series of 4-methoxy-pyrrolic alkaloids belonging to the tambjamine family [15]. 
Tambjamines are reported to intercalate DNA and facilitate single-strand DNA oxidative cleavage. The new member we 
isolated (tambjamine K, 23) has displayed a signifi cant antiproliferative activity against different tumor and non-tumor 
cell lines.

The chemical studies on a population of circumtropical anaspidean Syphonota geographica, collected along the 
Greek coasts, led us to discover very interesting bioactive natural products [16-19]. The skin metabolites, aplykurodinones 
(i.e. 24), are degraded sterols that are typical of different species of the family Aplysiidae from distinct geographical 
areas [16].
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The metabolite pattern of the inner organs was found to be dominated by the presence of syphonoside (25), 
a macrocycle with a unique structure, that inhibits high-density induced apoptosis [17]. This bioactive compound is 
sequestered from the sea-grass Halophila stipulacea, prey of the mollusc. Further studies on both the mollusc and the 
sea-grass have resulted into the fi nding of a series of novel minor syphonoside-related compounds (i.e. 26) [18] as well 
as of two very rare malonyl fl avones (i.e. 27) [19].
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Finally, a few examples of chemicals isolated from sacoglossans should be mentioned. The Azorean Aplysiopsis 
formosa was found to contain aplysiopsenes (i.e. 28) [20]. These compounds belong to the sacoglossan polypropionate 
family and are the smallest members to date isolated. Polypropionates interact with the light by trapping oxygen and 
therefore protecting the molluscs from sunlight damage. So it has been suggested a possible use as sunscreen in the 
solar creams [21]. The chemical study on Elysia patagonica from Argentina has led to the fi nding of a new member 
of elysioidean polypropionates, tridachiapyrone J (29) [4]. This molecule is probably formed by a photochemical 
conversion of a suitable precursor containing the reactive conjugated diene system [21]. However, the main secondary 
metabolite of Elysia patagonica has resulted to be the osmolyte proline betaine [4]. Our studies have demonstrated that 
this compound, which is accumulated in the mollusc, derives from the diet, the alga Bryopsis plumosa. Comparison of 
the proton spectrum of proline betaine purifi ed from the mollusc extract with that of crude extract of the alga clearly 
showed the presence of this compound in the alga. In addition, we have also proven that Mediterranean sacoglossans 
Ercolanea funerea, Caliphylla mediterranea and Placida dendritica all feeding on Bryopsis plumosa, analogously with 
Elysia patagonica, are able to sequester proline betaine from the diet and accumulate this molecule in the defensive 
mucous secretion.

 Conclusions. The examples presented here clearly indicate that marine opisthobranch molluscs are a remarkable 
source of natural products with a high pharmacological potential. The large chemical diversity observed in these 
organisms refl ects their ability of colonizing several different ecological niches and establishing trophic relationships 
with organisms of different phyla, from which they select bioactive molecules.
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