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Theoretical Study on the Bioluminescence Process of Aequorin
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Aequorin is a blue light emitting protein extracted from Aequorea victoria and possessed
three EF-hands where calcium ions bind. It is experimentally known that the binding of calcium
ions to aequorin initiates its structural changes of protein that triggers the chemical reaction of
the luminescent substrate, coelenterazine, leading to the luminescent state formation. However,
the mechanism of the correlation between the luminescent reaction and the structural change
has not yet been elucidated. In this study, we analyzed the luminescent reaction of aequorin by
using QM/MM RWFE-SCF method". This method can simultaneously achieve both highly
accurate description of chemical reactions and ample statistical sampling of long-time
dynamics of protein structural changes, and thus enables us to analyze the structural changes
of proteins and water molecules in response to changes in the reaction state and the protonation
state. The calculations accurately determined interaction between the substrate and the
surrounding amino acid side chains that are important for the reaction. The calculations also
showed formation of a cavity around the binding site with coordination of water molecules due
to protein structural changes upon the changes in the protonation state and the binding of
calcium ions, which is expected to affect adduct formation of a molecular oxygen to the
substrate and a proton transfer reaction that controls formation of the luminescent state. We
will investigate the reaction pathways of the proton transfer, the adduct formulation of a
molecular oxygen, and formation of the luminescent precursor, dioxetanone.
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