Isotope Effects on Stopped-flow Kinetics of Tryptophan Indole-lyase and Tyrosine Phenol-lyase
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Tryptophan indole-lyase (Trpase) and tyrosine phenol-lyase (TPL) catalyze the hydrolytic β-elimination reactions of L-tryptophan and L-tyrosine, respectively, to give indole and phenol and ammonium pyruvate (Figure 1).  The mechanism for 
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Figure 1. Reactions of tryptophan indole-lyase and tytosine phenol-lyase.

β-elimination of unactivated carbon leaving groups requires proton transfer to the aromatic carbon to activate it.  In stopped-flow kinetic experiments, we have found that deuteration of the α-carbon of these substrates results in not only an expected kinetic isotope effect (KIE) of about 3 on α-proton abstraction to form quinonoid intermediates, but also on elimination to form aminoacrylate (1, 2).  Thus, these results show that there is significant internal return of the α-proton of substrate to the aromatic product.  Furthermore, β-deuterium on L-tryptophan in the reaction of Trpase results in a secondary KIE on aminoacrylate formation (1).  The reaction of α,β,β-trideuterotryptophan exhibits a larger KIE than for α-deuterotryptophan, suggesting that proton transfer and carbon-carbon bond cleavage are concerted.  Thus, these enzymes appear to use an unusual SE2 mechanism.
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