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Introduction
Entomopathogenic nematodes of the genus Steinernema are lethal parasites of insects that have shown promise as biological control agents [1]. The nematode survives in the soil as a  stress-resistant infective juvenile (IJ) that seeks out and infects insect hosts.  Once inside the host, the IJ regurgitates a bacterial pathogen (of the genus Xenorhabdus) from its gut that ultimately kills the host.  According to preliminary data obtained in the Stock lab, Steinernema species paired with their native Xenorhabdus bacterial species (rather than a non-native species) form a higher percentage of lethal IJ larvae.  In the proposed project, we will identify the IJ pheromones from different Steinernema species, and we will determine if the chemical composition of these pheromones changes when the Steinernema species are paired with native versus non-native Xenorhabdus species.  The results from this work have the potential to guide the formulation of Steinernema nematodes as biocontrol agents (targeting insect pests that attack food crops) and to increase the virulence/effectiveness of these agents. 
Experimental


dqf-COSY, HSQC, HMBC, ROESY experiments were performed on the AMRIS Bruker 600 MHz NMR with a 5mm HTS cold probe.  Additional 1H experiments were performed on the AMRIS Agilent 600 MHz NMR with a 1.5 mm HTS cold probe.
Results and Discussion

Steinernema carpocapsae was cultivated on its native bacterial species, Xenorhabdus nematophila, on nutrient agar plates until IJs developed.  Crude pheromone was extracted from the nutrient agar and fractionated using solvent partitioning, followed by C18 chromatography, silica gel chromatography, and HPLC.  At each fractionation step, the activity of the pheromone was followed using an IJ recovery assay that we developed specifically for Steinernema nematodes.  Active pheromone fractions prevented IJ recovery, thereby promoting the accumulation of IJs late in the insect infection process.  

We have purified a number of active pheromone components and used mass spectrometry to show that several of them are ascarosides, derivatives of the 3,6-dideoxysugar ascarylose.  Based on multidimensional NMR spectroscopy and mass spectrometry data, we determined the preliminary structure of two novel pheromone molecules as structurally unusual glucosides, containing hydroxyls in their side chains.   

Conclusions

We have determined candidate structures for two novel glucosides from S. carpocapsae with hydroxyls in the side chains.  Our current experiments are designed to determine the position, number, and stereochemistries of these hydroxyls.  We are synthesizing our candidate structures and will perform NMR spectroscopy on the synthetic compounds in order to help confirm the structures that we have proposed.  In the future, using mass spectrometry, we will determine whether cultivating Steinernema species on their native versus non-native bacterial partners affects the composition of the pheromone produced (that is, the ratios and amounts of different ascaroside and glucoside components) and thus the potency of the pheromone.      
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