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Venomous predatory polychaetes: inter-specific interactions and biological activity
of their toxic secretions 
 
Marine annelid is a large group of invertebrates that dominates many benthic communities. They represent a key trophic link in estuarine and marine food webs, acting as detritivores, primary and secondary consumers. They are also common prey of various fishes, crustaceans, and shorebirds. Besides their innate immunity, the defences of marine annelids against their enemies (predators, competitors, parasites and/or pathogens) are based on behavioural strategies, structural deterrents, or chemical compounds. These traits make them resistant to microbial disease, distasteful or toxic. The few toxic or venomous polychaetes known to date show different lifestyles and possess a wide range of diversely acting biomolecules that remain poorly studied. The mechanisms of interaction between these compounds and their potential target (e.g. the activation of certain cells in predators or the toxicity in individual prey) are still scarcely studied in these animals, limiting their potential for applications in the field of marine biotechnology. 
The fireworm Hermodice carunculata (Amphinomidae) and the trawl worm Halla parthenopeia (Oenonidae) are two venomous marine predator annelids that colonize Mediterranean hard and soft bottom, respectively. 
Both species are currently reared in the aquaria room of DSV. H. carunculata is an important omnivore/scavenger in rocky and reef ecosystems that preys on various organisms, including sea anemones. It is notorious among marine biologist and the public for its invasive potential and stinging dorsal bristles (notochaetae) that have both defensive and offensive functions. Recent LC-MS/MS and NMR analyses carried out at UNIMORE suggested the presence of new complanine related compounds (CRCs) in the notochaetae and in the gut. Complanine is a neurotoxic trimethyl-ammonium compound that exhibit inflammatory activity. The activity of the new CRCs on target biological systems (prey such as sea anemones, human cells) still needs to be determined. H. parthenopeia is a valuable fish bait highly appreciated in the North-western Mediterranean. From a trophic point of view, it is specialized clam predator living in tubes borrowed on sandy bottoms. Preliminary studies suggest that it exhibits preference for its prey, both in terms of type and size of the clams. H. parthenopeia produces two feeding type of mucus with paralytic and digestive function against different species of clams. It was suggested that the paralytic and digestive activities is due to peptides but they have not yet been characterized. The chemical arsenals of the fireworm H. carunculata and the Mediterranean trawl worm H. parthenopeia are representative of those of predator annelids. These compounds and their biological activity deserve characterization to gain new knowledge on the chemical ecology of invertebrates. Besides, they could be of valuable interest in the field of the blue biotechnology.  
A key objective of my pHD study proposal is to demonstrate that H. carunculata CRCs are responsible for the reaction observed in fireworms prey (e.g. sea anemones) or fireworm predators/organisms perceived as predators (such as humans). To test this hypothesis variousexperiments will be set up. 
First, I will obtain an adequate amount of purified CRCs by the application of the methods recently developed at UNIMORE (12 months distributed during the 3 years). Then, it will be tested if the behavioural responses in sea anemones after injection of /exposure to purified CRCs are similar to those observed after their sting with the notopodial or neuropodial chaete of the fireworms (about 7 months in the first year). In addition, CRC’s antimicrobial activity against microbes (i.e. selected fungi, Gram-positive and Gram-negative bacteria) and antiproliferative, inflammatory and/or apoptotic activity in selected cell lines (macrophages, fibroblast) will be tested (about 6 months at the end of the second year). 
The other aim of the PhD study proposal project is to assess whether, when eating clams, the Mediterranean trawl worm emits mucus containing specific proteinaceus venoms on its prey.  
I will test the hypothesis that the proteinaceus venoms of the trawl worm are active against different species of clams, but the worms exhibit clear preferences when feeding on their prey. It is expected that in foraging the trawl worm will choose the most profitable prey (in terms of energy content and manipulation costs) (5 month). This experiment will permit to obtain and adequate amount of the paralytic mucus that will be analyzed with molecular and bioinformatic tools to assess if it contains specific Halla proteinaceus venoms (HPVs) that are homologous to those found in other organisms (6 months). Then I will try to demonstrate that the behavioural responses observed in bivalves after injection of HPV are similar to those observed when they are covered by the feeding mucus. Furthermore, I will explore the role that HPVs could play against selected microbes and cell lines (about 6 months).  
Most of the activities should be performed at the Ecology Lab and in the aquarium room of the DSV. In addition, I will ask to my teachers of Omics for the study of biological systems and Microbiology (Prof. Boraldi and Prof. Sabia, DSV) to help me in the experiments concerning the activity of CRC and HPVs on microbes and cell lines. This project also includes a period of time spent in a foreign laboratory. Suitable laboratory may be the SeaTox lab of the UCIBIO Department of the University of Lisbon. In fact, this research group has recently worked on the venomics of another annelid (Eulalia Sp.), evaluating its effects on cell cultures. 
