THE ROLE OF CaMKII MUTATIONS IN THE FUNCTION OF THE GIANT FIBER SYSTEM   
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   Ca2+/calmodulin-dependent protein kinase II (CaMΚII) is one of the most prominent protein kinases, present in essentially every tissue but most concentrated in brain. Neuronal CaMΚII is involved in the regulation of neurotransmitter synthesis and release, synaptic plasticity, learning and memory and in many other crucial neuronal functions (1). 

   The multifunctional role of this protein was the impulse to study its effect on the function of the Giant Fiber System (GFS), the circuit that controls the jump-and-flight escape reflex in Drosophila. The GFS has been well characterized anatomically and physiologically, and therefore this simple circuit underlies a model system for cell biological, electrophysiological and genetic studies. Hence, it was possible to study the main physiological parameters of the GFS, such as short latency response, refractory period and following frequency 50% (2), in two types of CaMΚII mutant flies. These CaMΚII mutants were the result of point mutations, which produced either a Ca2+-independent (CaMΚII-D) or a Ca2+-sensitive (CaMΚII-A) mutant form protein. The expression of these mutations was effectuated specifically in the GFS neurons, by using the binary system (Gal4-UAS). 

   The main conclusion is that the CaMΚII-D mutation, where the majority of the mutant flies manifest the infantile phenotype (the wings remain folded), affects all the physiological parameters of the GFS. The other mutation (CaMΚII-A), such as the overexpression of the wild type protein, do not exhibit a perturbed GFS function. In this point, it is interesting to note that the infantile phenotype seems not to be correlated with the defective GFS function. Flies with normal wings, which express the Ca2+-independent mutant form protein (CaMΚII-D), show an abnormal phenotype, regarding the three physiological parameters tested. The mode of action of CaMKII may be lying at the presynaptic axonal terminals of the interneuron or/and the postsynaptic dendrites of the motoneurons. Finally, similar physiological defects are presents when the CaMΚII-D mutation is expressed under the control of a specific Gal4 driver (D42) for motoneurons (including the motoneurons of the GFS), suggesting that the site of the CaMΚII action may be at either the postsynaptic dendrites or/and the presynaptic terminals of the motoneurons.
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