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Abstract 

Amino acids are substrates for protein synthesis in skeletal muscle but also have a regulatory effect through signalling cascades to activate participants in mRNA translation initiation and elongation. In order to confirm current understanding of translational control, a mathematical model was built to simulate mechanisms by which amino acids and insulin stimulate protein synthesis in skeletal muscle. The model was written in Advanced Continuous Simulation Language and is composed of a set of differential equations which describe the dynamics of 11 state variables: amino acids, tRNA, acyl-tRNA, eukaryotic initiation factor- (eIF) 2 with GDP, eIF2 with GTP, eIF4E, the eIF4E binding protein 1 and its complex with eIF4E, available and hidden mRNA start codon, and active ribosomes. Material is assumed to flow from one variable to another according to first-order, mass-action kinetics. Uncharged tRNA inhibits GTP exchange on eIF2, and free amino acids and insulin activate reversible loss of the eIF4E binding protein. The model simulates observed responses of protein synthesis to hyperaminoacidemia, hyperinsulinemia, leucine excess, leucine deficiency and histidine deficiency. It is concluded that regulation of eIF2 and eIF4E activity is sufficient to explain short-term effects of amino acids and insulin on protein synthesis in skeletal muscle of fish. 
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