ACETYLCHOLINE HYDROLYSIS AT THE MAMMALIAN SKELETAL NEUROMUSCULAR JUNCTION: MORE THAN ONE ENZYME
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Two enzymes hydrolyze acetylcholine (ACh) in mammals, acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). These two enzymes share a noteworthy molecular polymorphism. These oligomers result from the expression of two catalytic subunits, each encoded by one gene, AChE and BChE, and of two anchors, ColQ and PRiMA. Each anchor has two functions 1) organization of an enzyme tetramer, 2) targeting of the tetramer to the extracellular domain. ColQ anchors tetramers in the basal lamina and PRiMA anchors tetramers on the cell surface. At the neuromuscular junction (NMJ), ACh actions appear multiple since each of the cells that organize the NMJ are sensitive to ACh: 1) the muscle end-plate is activated by quantal ACh release, 2) the presynaptic motor nerve terminals generate fasciculation and back-firing after AChE inhibition and 3) the Schwann cell response to ach release. To understand this complexity, we started genetic approaches to remove cholinesterases oligomers. In the absence of ColQ, the mice live but are affected by a myasthenia, like humans affected by mutations in ColQ. We have shown that in ColQ-/- mice AChE is absent, but BChE is still present in the teloglial domain, probably anchored by PRiMA. To evaluate the functional consequence of the absence of AChE and the presence of BChE, we quantified nerve-evoked muscle contraction at different frequencies of nerve stimulation. The muscle failed to maintain a tetanus during repetitive stimulations (higher than 30 Hz). At 10 Hz of nerve stimulations, the contraction of the ColQ mutant is very similar to the control, but the mutant is very sensitive to BChE inhibition, while the control is not affected. This indicates that BChE controls the level of ACh during repetitive stimulations. However, BChE does not play the same role as AChE because miniature Endplate Potentials (mEPPs) and EPPs due to spontaneous and evoked release are not modified after BChE inhibition. This clearly suggests that the ACh level is controlled differently depending on the localization and/or the nature of the enzyme.
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