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Abstract As the most common bioluminescence (BL), firefly BL, is of great significance in the fields of biotechnology,
biomedicine and so on. The entire BL process involves a series of complicate in vivo chemical reactions. The BL is initiated
by the enzymatic oxidation of luciferin. This is a spin-forbidden reaction of low efficiency, because that luciferin is in singlet
state and O, is in triplet state. However, firefly is till-now the most efficient system of converting chemical energy to light
energy. Why this spin-forbidden reaction occurs efficiently? A single electron transfer (SET) mechanism has been confirmed
on this reaction by experiments. However, there is lack of a complete and detailed description of the mechanism and reaction
process. Via a calculation of density functional theory (DFT), this article described the complete process of this reaction. The
oxygenation of luciferin is initiated by a SET from singlet L*~ to triplet O, to form RC *[L* -0, "]. Then the reaction is
carried out on the potential energy surface (PES) of triplet state (T;), on which O," performs a nucleophilic attack on C4 of
L. There is an intersystem crossing between the ground (S) and T; PESs nearby the first transition state (TS1). After the
ISC (intersystem crossing), the reaction continuously undergoes on the Sy PES to produce dioxetanone FDO  via two TSs
and two intermediates (Ints). The analysis on electron densities and natural orbitals indicates that there is a quick reaction of
biradical annihilation around the ISC. About 11.9 kcalemol™" energy is needed to reach the ISC before the whole reaction
occurs on the Sy PES. The highest barrier of the reactions on the So PES is only 4.2 kcalemol™'. The biradical annihilation
around the ISC and the very low energy barriers explain the reason of the spin-forbidden reaction with high efficiency. This
study is helpful for understanding the initiation of firefly BL and the other oxygen-dependent BL.
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Figure 1 Two half reactions in enzymatic oxygenation of luciferin (LH,)
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Figure 2 Computational model and labels of key atoms
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