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DETERMINATION OF PHEROMONE BIOSYNTHETIC PATHWAYS BY SIM-GCMS: PBAN-REGULATED RATE-LIMITING STEPS
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Moths constitute one of the major groups of agricultural pests. In many species the females emit sex pheromones for attracting their mates. The development of specific and safe insect control strategies utilizing pheromone systems depends on a clear understanding of the molecular mechanisms involved. The sex pheromones of moths are commonly blends of aliphatic chains varying in length, geometry, degree and position of double bonds and functional groups. They are formed by various actions of specific enzymes which are involved in chain shortening, elongation, reduction, acetylation, and oxidation of fatty acid precursors. The pheromone production sequence is triggered by PBAN (Pheromone Biosynthesis Activating Neuropeptide), a neurohormone released under a circadian rhythm. 

In the present study, we combined the use of labeled precursors with specific enzyme inhibitors to elucidate the biosynthetic pathway of pheromone biosynthesis in P. interpunctella, a moth pest of stored products. The rate-limiting step/s in the production of the diene main pheromone component of Plodia interpunctella, regulated by PBAN, were compared with those in Helicoverpa armigera, which is producing a monoene compound as the  main pheromone component.

The main pheromone component of Plodia interpunctella, Z9,E12-tetradecadienyl acetate, and of Helicoverpa armigera, Z11-hexadecenal, labeled with 2H from deuterated fatty acids (16:Acid and 14:Acid) or with 13C from malonyl CoA and acetate were identified by the SIM- GC/MS method, measuring concurrent labeled and unlabeled pheromone components. We found that the main pheromone component Z9, E12-14:Ac of P. interpunctella is formed through the action of a 11 desaturase from the 16:Acid precursor. P. interpunctella is also capable of utilizing the 14:Acid as a precursor, although to a much lesser extent than the 16:Acid. In both species incorporation levels of acid precursors were unaffected by the addition of PBAN. The incorporation of 13C isotope from 13C-sodium acetate into the main pheromone components was also established for both species. A number of possible incorporations of 1-8 acetates in H. armigera and of 1-7 acetates in P. interpunctella were detected and their average distribution was compared. PBAN significantly stimulates the incorporation of 13C-sodium acetate into the main pheromone components in the two species. On the other hand, the addition of the herbicide, Tralkoxydim significantly inhibited pheromone production.

The obtained information concerning the molecular mechanisms involved in the biosynthesis of pheromones will enable the development of methods for preventing the production of the relevant pheromone, thereby disrupting the sexual communication of target pest moths.
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