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What Lights a Firefly’s Fire? Common eastern firefly
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it £ 0 %A f#3% gk 3 o 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 Strategy




Few natural phenomena can match the magic of fireflies flashing in the tall grass on a summer’s
night.

As dusk falls on grassy meadows and forest edges of the eastern and central United States,
males of the species Photinus pyralis flit about, flicking on and off bioluminescent lanterns in
their abdomens. On the ground, females flash in response, attracting the males for a
reproductive rendezvous.

The romantic 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, and that’s where the fun begins.

Inside the peroxisome, bioluminescent reactions occur using luciferase, an enzyme with
customized cubbyholes (called “binding sites™) for luciferin and ATP. The luciferin and ATP
tuck themselves into the binding sites, which bring the two molecules close enough to each
other that they can combine to form a luciferin-ATP complex.

A molecule of the freed-up oxygen then combines with the complex to form oxyluciferin, an
“excited” molecule that’s eager to release a burst of energy. When it does, it releases it in the
form of a photon—a packet of light—creating the characteristic yellow-green glow. Another
enzyme, luciferin-regenerating enzyme, then turns the oxyluciferin back into luciferin, ready to
make another flash.

The Potential

Because fireflies produce light without excess heat, mimicking their methods may help pave the
way to developing more energy-efficient artificial light sources. And the mechanism of using
the presence of a single molecule (in this case, oxygen) as an on-switch can inspire new ways to
alternate between light and darkness over extremely short time periods—an effect that could be
useful in display screens and other electronics.

Additionally, because it needs ATP to glow and ATP is found in microorganisms, the luciferin-
luciferase combination has been used to detect the presence of germs in beverages such as soy
milk and tea.
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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)

Journal articleAll That Glows: Bioluminescence provides practical applications while still
remaining a mystery

Chemical & Engineering News | 2006 | R.S. Pepling
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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 confi rmed 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)

Journal article

Experimental Support for a Single Electron-Transfer Oxidation Mechanism in Firefly

Bioluminescence

J. American Chemical Society | June 9, 2015 | B.R. Branchini, C.E. Behney, T.L. Southworth, D.M.
Fontaine, A.M. Gulick, D. J. Vinyard, G.W. Brudvig
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Journal article

Biologically inspired LED lens from cuticular nanostructures of firefly lantern

Proceedings of the National Academy of Sciences | 30/10/2012 | J.-J. Kim, Y. Lee, H. G. Kim, K.-J.
Choi, H.-S. Kweon, S. Park, K.-H. Jeong
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Firefly Experience - Summer Night with Fireflies (Lightning Bugs)
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