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STRATEGY (Fireflies send nitric oxide to bind to the mitochondria instead, freeing up

the oxygen to fuel the light show)
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(The common eastern firefly produces light through a chemical reaction
that energizes a molecule so it can release a photon.)
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The function of the flash has long been known. What’s more recently been uncovered is a clear
understanding of exactly how it happens. Scientists have tracked the trait down to a set of five
molecules located in light-producing cells called photocytes that line a firefly’s lantern:
luciferin, luciferase, adenosine triphosphate (ATP), nitric oxide (NO), and oxygen. Insects do
not have lungs like humans do, but instead transport oxygen into their bodies through tubes
called tracheoles. Oxygen travels through the tracheoles and enters the photocytes, where it
binds to mitochondria. Normally the mitochondria would use the oxygen to release energy for
regular cellular processes. But when it’s time to glow, fireflies send nitric oxide to bind to the
mitochondria instead, freeing up the oxygen to fuel the light show about to begin. The oxygen
enters another cellular structure, the peroxisome.
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In a firefly bioluminescence reaction, an enzyme known as a luciferase uses adenosine
triphosphate (ATP) to activate a molecule called a luciferin. The product of this reaction
combines with molecular oxygen to produce an excited-state oxyluciferin species. When
oxyluciferin relaxes back to its ground state, energy is released in the form of light. There are
variations on this theme, of course. One of the fascinating aspects of bioluminescence is how
many variations have evolved. Different organisms have come up with structurally different
luciferins and enzymes to attain bioluminescence. (Pepling 2006:36)

Firefly luciferase produces light by converting substrate beetle luciferin into the corresponding
adenylate that it subsequently oxidizes to oxyluciferin, the emitter of bioluminescence. We have
confirmed the generally held notions that the oxidation step is initiated by formation of a
carbanion intermediate and that a hydroperoxide (anion) is involved. Additionally, structural
evidence is presented that accounts for the delivery of oxygen to the substrate reaction site.
Herein, we report key convincing spectroscopic evidence of the participation of superoxide
anion in a related chemical model reaction that supports a single electron-transfer pathway for
the critical oxidative process. (Branchini et al. 2015:7592)
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