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Identification of Novel Pheromones from Caenorhabditis Elegans using Comparative Metabolomics and Multi-dimensional NMR Spectroscopy
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Introduction

The nematode C. elegans produces hormones and pheromones to control its development.  For example, C. elegans secretes the ascsarosides, derivatives of the 3,6-dideoxysugar ascarylose, as pheromones to trigger development of the stress-resistant dauer larval stage.1  In this project, we are using LC-MS-based metabolomics to identify compounds that are present in wild-type worm extracts, but missing in the extracts of ascaroside biosynthetic mutants and other natural product biosynthetic mutants.  We are then purifying novel ascarosides and other novel natural products and using NMR spectroscopy to elucidate their chemical structures.
Experimental


dqf-COSY, HSQC, HMBC, ROESY experiments were performed on the AMRIS Agilent 600 MHz NMR with a 1.5 mm HTS cold probe.
Results and Discussion
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In order to identify novel natural products produced by C. elegans, we have pursued a metabolomic approach in which we have compared the metabolites produced by wild-type worms and mutant worms (daf-22, which does not produce the ascarosides,2 and pks-1 and nrps-1, which do not produce other natural products in the worm), using LC-MS and the metabolomics software XCMS.3  In the past year, we have identified the masses of natural products associated with pks-1 and nrps-1 and used mass-guided fractionation to purify these natural products from 50L of wild-type worms (Fig. 1).  These natural products are produced in extremely limited quantities (100 g or less from 50L of worms).  However, we have been able to use NMR spectroscopy to elucidate their chemical structures.  This work is currently under review for publication.
Conclusions

Our results suggest that LC-MS-based comparative metabolomics, followed by NMR characterization of purified compounds, is a viable approach for the identification of novel secondary metabolites in C. elegans.  Further studies will be required to identify the biological function of molecules identified using this method.
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Fig.1.  LC-MS peak corresponding to a natural product that is present in wild-type worms and missing in pks-1 and nrps-1 mutant worms.  The natural product was purified from wild-type worms, and the novel structure of the natural product was elucidated using NMR spectroscopy.








