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Subject description (2 pages max):  

1) Study context 

Marine invertebrates-derived microorganisms have been recognized as an outstanding source of diverse and 
bioactive specialized metabolites, with sponge and tunicate-derived microbes being the most studied 
producers of these exceptional natural products. In a biodiscovery strategy, most of bioprospecting studies 
target these two phyla for their environmental niche leaving others out and poorly studied.1  



 

 

 

 

In this context, we plan to identify, isolate and culture the microorganisms living in a host-symbiont system 
with annelid worms. A metabarcoding approach will be initiated to identify several families of bacteria and 
fungi that will be then cultured in our facilities. A chemical investigation will be performed on annelid-derived 
microorganism grown in different environmental conditions to reveal cryptic metabolites as underlined in 
the “One Strain Many Compounds” (OSMAC) strategy.2 The second objective of this work will be to 
understand the ecological roles of the isolated compounds within a bi- (annelid/microbe) and a tripartite 
(annelid/annelid/microbe) marine system. 

The CPNFB team (MCAM unit of MNHN) is particularly well equipped to undertake the natural product 
chemistry aspect. The laboratory has access to two NMR spectrometers (400/600 MHz cryoprobe), two LC-
ESI-QTOF and UPLC-MS mass spectrometers as well as common analytical laboratory instruments 
(polarimeter, electronic circular dichroism, preparative and analytical HPLC). As previously mentioned, the 
laboratory includes a fungal and a bacterial culture service (incubators). 

The SOMAQUA team (BOREA unit of MNHN, Concarneau Marine Station) possess all the facilities to perform 
both chemical ecology and biosynthesis studies with state-of-the-art culture systems such as fully equipped 
aquaria, mesocosms and a seawater pumping system.  

2) Details of the proposal 

Eupolymnia nebulosa is a widely spread terebellid worm usually living buried in tube-shape sand structures 
yet there is an increasing number of reports of it being enrolled in a host-symbiont association with sponges 
and other polychaetes. Even if toxic and deterrent properties have been proposed for E. nebulosa as anti-
predatory strategies, no secondary metabolite has been correlated to this reported behavior so far.3 

A recent work in our group allowed the isolation and structure elucidation of a novel family of natural 
products, the nebulosins.4 These metabolites consist in a cysteine amino acid condensed on a tetraketide 
unit forming a rare and highly branched thiolane ring. Nebulosins contain structural features that suggest a 
possible microbial origin, namely a nonproteinogenic amino acid (D-cysteine) and a mixed polyketide-amino 
acid pathway. Additionally, these natural products seem to play an important ecological role as they were 
also found in another marine polychaete Polynoe scolopendrina, living in a commensal relationship with 
Eupolymnia nebulosa in the same tube-shape sand structure.  

In the course of its PhD, the successful candidate will connect anatomic structures of the annelid to potential 
producers of cysteine-containing natural products such as nebulosins by stable isotope tracing using 
nanoSIMS (National Ion MicroProbe Facility of MNHN).5 Employing a metabarcoding approach, the candidate 
will then compare the microbial content in the anatomic compartment of the commensal polychaetes, in 
which nebulosins were localized. Within an OSMAC strategy, the candidate will chemically screen each 
isolated microbial strain for the discovery of new natural products using a Molecular Networking approach 
(MCAM). The candidate will also assess the ecological role of these compounds including nebulosins through 



 

 

 

 

developed aquarium experiments. Finally, the candidate will study the biosynthesis of nebulosins by feeding 
experiments with 13C-labeled precursors and compound specific isotope analysis.6 

First year: Stable isotope probing experiments to look for the nebulosin-producers using nanoSIMS. Microbial 
metabarcoding in the selected compartment of the two commensal polychaetes. Microbial Isolation and 
optimization of cultures. Writing at least one article. Present one poster in a conference. 

Second year: Chemical screening of all cultured strains using a Molecular Networking approach. Isolation and 
structure elucidation (NMR spectroscopy and mass spectrometry) of the secondary metabolites. Preparation 
of the aquarium experiments for both the ecological and biosynthesis studies. Writing at least one 
publication. Present one oral communication in a conference. 

Third year: Aquarium experiments and subsequent data treatment. Writing the PhD thesis and writing 
article(s). 
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4°) Profile of the Applicant (skills/diploma…) 

The applicant should have knowledge and/or experience in:  



 

 

 

 

- Natural product chemistry: isolation and structure elucidation using mass spectrometry and NMR 
spectroscopy 

- Culture of marine fungi and bacteria 
- Biosynthesis of natural products 
- Chemical ecology 

The applicant should have a first publication record expressing its ability to write scientific publications and 
a good command of scientific English. 

Finally, the applicant should have demonstrated high proficiency in lab work in the field of natural product 
chemistry and/or microbiology. 
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