ORGANIZATION OF CYTOSKELETON OF MUSCLE FIBERS BY MUSCLE ACTIVITY AND AGRIN
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Contraction and stretch produce mechanical forces in skeletal muscles that are transmitted longitudinally along sarcomeres and transversely across sarcolemmas. For transverse transmission, cytoskeletal F-actin links to dystrophin, which links to transmembrane dystroglycan, and thence to extracellular laminin. Normally, these proteins form transversely oriented stripes over Z-lines (costameres). At neuromuscular junctions (NMJs), cytoskeletal proteins connect to postsynaptic acetylcholine receptors (AChRs) aggregated by nerve-derived agrin. Muscle-derived agrin is almost identical to neural agrin but, owing to differential splicing, lacks a few amino acids needed for AChR aggregation and NMJ formation. Here we search for factors that regulate the organization of cytoskeletal proteins in adult rat soleus muscles using immunocytochemical methods, application of purified nerve- and muscle-derived recombinant agrin, and electrical muscle stimulation.

Denervation caused costameric proteins to become longitudinally oriented. This disorientation was prevented by muscle stimulation or externally applied muscle agrin. Thus, muscle agrin may act in an activity-dependent and autocrine way to organize the cytoskeleton in accordance with the mechanical forces operating in the muscle. Neural agrin caused the appearance of strings of AChR microaggregates that colocalized with dystroglycan, dystrophin, and postsynaptic-specific proteins. In denervated fibers, these strings were longitudinally oriented but switched to a transverse orientation during muscle stimulation or after external application of muscle agrin, suggesting that muscle agrin stabilizes the postsynaptic apparatus by organizing the cytoskeleton to which it is linked. These results provide the first direct evidence for a function of muscle agrin.
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