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Theoretical Study on the Luminescent Reaction Process of Bioluminescent Protein Aequorin
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School of Pharmaceutical Science, Kyoto University) OTomohiro Ando', Shigehiko Hayashi',
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Aequorin is a blue light emitting protein extracted from jellyfish. It has three EF-hands which
are a substructure of calmodulin 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 molecule, coelenterazine-peroxide.

In this study, we analyzed the correlation between the luminescent reaction of coelenterazine
and structural changes of the protein through QM/MM RWFE-SCF method V. 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 we analyzed
reactivity of our model by calculating QM/MM free energies using BAR method 2. The
calculations accurately determine molecular interaction between the substrate molecule and the
surrounding amino acid side chains that are important for the reaction and revealed dynamics
of protein structural changes associated with calcium ion binding. And we demonstrated the
reorganization of the hydrogen bond network near the active site due to water influx.

We will also discuss our effects to explore the proton transfer pathway leading to the
luminescent state and to analyze oxygen addition reaction to form peroxide.
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