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ABSTRACT 

 

Bioluminescence is the emission of light by living organisms. The light 

emitted by a bioluminescent organism is produced by energy released from chemical 

reactions occurring inside it. Wide range of animals, from bacteria to sharks,  are 

bioluminescent. The functions of bioluminescence for every exhibiting species are yet 

to be discovered, however, typically, they serve to warn or evade predators, to lure or 

detect prey, and for intra-specific communication. The luminescent reaction of firefly 

has been widely used in medical and biological research as an assay in extracts of 

cells and tissues to determine the amount of Adenosine triphosphate (ATP), an 

important metabolic substance used by all living cells in numerous reactions in which 

energy is either stored or expended. This paper reports the variety of bioluminescent 

organisms, mechanism and applications of bioluminescence. 
 

Keywords: Bioluminescence, bioluminescent organisms, adenosine triphosphate 

(ATP), mechanism. 

 

I.  INTRODUCTION 

 

Bioluminescence is light produced by an organism using a chemical reaction. 

Bioluminescence, or the ability of an organism to create light, is one of nature’s most amazing 

phenomena, seemingly drawn more from science fiction than science and natural history. 

While only a few land dwellers, like fireflies and some fungi, can make their own light, 

bioluminescence is very common in the deep sea. Bacteria, jellyfish, starfish, clams, worms, 

crustaceans, squid, fish, and sharks are just some of the groups of marine animals that have 

bioluminescent members. All bioluminescent organisms use a reaction between an enzyme 

and a substrate to make light, but different species use different chemicals in the process. This 

suggests that the ability to make light evolved many times throughout the ages. In fact, it is 

http://www.physics-journal.org/
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estimated that luminescence has evolved independently at least 40 times. Deep-ocean 

environments are almost completely dark; yet light is still important in these environments. 

Thus, bioluminescence may provide a survival advantage in the darkness of the deep sea, 

helping organisms find food, assisting in reproductive processes, and providing defensive 

mechanisms1. 
 

 
 

Figure.  Bioluminescence (Image courtesy of Islands in the Sea 2002)1 
 

Bioluminescence occurs throughout nature in many species, the most abundant of 

which are bacteria. Most bioluminescent bacteria have been classified into the 

genera Vibrio and Photobacterium (both marine dwelling), along with a single terrestrial 

example, Photorhabdus luminescens. Bioluminescence provides an ideal bioreporter system 

that produces a physical rather than chemical signal, thus avoiding accumulation of compounds 

that may lead to toxicity or instability, as has been shown with green fluorescent protein 

expression in Escherichia coli. Light emission can be accurately measured with a high level of 

sensitivity (using an appropriate apparatus) in a nondestructive fashion and in real time3. 

In addition to bacterial bioluminescence, ATP bioluminescence assays are commonly 

used to detect bacterial survival following decontamination treatments and are considered a 

rapid, simple approach to monitoring surface sanitation. Such approaches provide endpoint 

data following the application of a biocide and require biocide neutralization prior to detection 

and the addition of exogenous substrates. Our study uses self-bioluminescent bacteria as real-

time reporters of the impact of fast-acting biocides at the point of application4. 
 

II.  MECHANISMS OF BIOLUMINESCENCE 
 

Bioluminescence  is produced within cells by chemical reactions. At least two types 

of chemicals are involved. Luciferin is the generic term for the light-emitting molecule and is 

the component that produces the fuel for the chemical reaction. The enzyme that acts as the 

catalyst  to create the glow is called luciferase. Luciferins are highly conserved - they tend to 

stay the same within a group over time. There are only five types known, of which the most 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3195015/#B3
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common is coelenterazine. It is found in nine different phyla, and was first discovered in the 

jellyfish Aequorea.  While luciferins are conserved, luciferases are diverse - within a group 

there may be many different ones. They do tend to be species-specific5. Fireflies are the best-

known bioluminescent creatures, other species of insect, fungi, bacteria, jellyfish and bony fish 

can also glow. They employ a chemical reaction to glow at night, caves or most frequently, 

the black depths of the ocean.Bioluminescence is scattered within the tree of life — although 

no flowering plants and few animals with backbones possess this ability — and researchers 

believe the ability evolved independently many times . There's no consensus on why the ability 

to produce light has evolved so many times, but one theory has gained traction for life in the 

deep sea, according to Sparks. "Luciferins, these light-producing molecules, are all good 

antioxidants, so it is thought that they may have been around as antioxidants, then, over time, 

they were co-opted for signaling," Sparks said. As the oxygen content of the oceans increased, 

animals moved into deeper waters, out of the reach of harmful ultraviolet radiation. In the deep 

water, where the antioxidants were no longer needed to repair genetic damage caused by UV 

radiation, luciferins became the basis for a light-producing system, he said.  Not everything 

that glows is bioluminescent. Some organisms, such as corals, fluoresce, meaning they absorb 

light at one wavelength, such as UV radiation, and emit it at another wavelength. Since UV 

light isn't visible to the human eye, these creatures can appear to produce their own light2.  

 

III.  BIOLUMINESCENT  ORGANISMS 
 

A.  Glowing Mushrooms 
 

The Mycena lux-coeli mushrooms sprout from fallen chinquapin trees and as they 

grow, a chemical reaction involving a light-emitting pigment occurs, causing them to glow a 

ghostly green. The caps can grow to as large as 2 cm (about 1 inch) in diameter, but because 

the mushrooms are prone to dehydration, they only have a few days to live once the rain stops. 
 

B.  Hawaiian Bobtail Squid 
 

In the darkness of the deep ocean, some animals create their own light. Among these 

is the Hawaiian bobtail squid Euprymna scolopes, which forms a partnership with the luminous 

bacterium Vibrio fischeri. The squid houses colonies of these bacteria in special light organs, 

and it can control the brightness and direction of their illuminations. But these organs do much 

more than produce light - they detect it too. The organs generate nervous signals when they 

sense light and they're loaded with proteins responsible for detecting it. The light organs are 

effectively an extra set of primitive eyes, each equipped with its own "iris" and "lens". The 

squid comes equipped with a pair of living, 'seeing' flashlights. 
 

C.  Alarm jellyfish  
 

Animals use their bioluminescence to "scream" for help. Once an animal is caught in 

the clutches of a predator, its only hope for escape may be to attract the attention of something 

bigger and nastier that may attack and eat whatever is about to eat it. This amazing light show 

https://www.livescience.com/6730-antioxidants-key-anti-aging.html
https://www.livescience.com/6730-antioxidants-key-anti-aging.html
https://www.livescience.com/17685-glow-coral-oceans-nsf-bts.html
https://www.livescience.com/17685-glow-coral-oceans-nsf-bts.html
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is known as a "burglar alarm" display. The deep-sea jellyfish, Atolla wyvillei, is a master of 

this displa. 
 

D.  Jack-O-Lantern mushroom 

 

Through metabolic and physiological functions, all living things must produce and 

ultimately dispose of waste. This fungus exudes its waste through its gills, and some of these 

wastes are luciferases. Luciferases are enzymes commonly used for bioluminescence (or 

emission of light by a living organism) such as in fireflies. The Jack o'Lantern mushroom is 

an orange- to yellow-gill mushroom that to an untrained eye appears similar to some 

chanterelles. 
 

E.  Luminescent  Panellus  
 

Panellus stipticus is a widely distributed, hardwood-rotting saprobe, but it is more 

common in eastern North America than in the West. It is quite tough, and revives in rainwater 

after drying out, like many Marasmius species. This little mushroom has reportedly been used 

as a styptic (blood thickening) agent, and it has luminescent gills. 
 

F.  Ctenophore Bathocyroe 
 

We probably know more about the surface of the moon than we do the ocean. Every 

day we discover new species. This little beauty is Bathocyroe fosteri, a lobate ctenophore 

found at intermediate depths in all the seas. It's very common and abundant near the Mid-

Atlantic Ridge, and measures about two inches tall. Because of its fragility, it was only 

described in 1978, when it was collected from a submersible. This genus can produce blue and 

green luminescence. 
 

G.  Dinoflagellates 
 

The dinoflagellates are a large group of flagellate protists. Most are marine plankton, 

but they are common in fresh water habitats as well. They are characterized by two flagella, 

one girdling the cell and the other trailing the cell. Some dinoflagellates exist in coral, in a 

symbiotic relationship. These dinoflagellates are termed the zooxanthellae. Other 

dinoflagellates occur in such high numbers that the water is colored red, a phenomenon known 

as a red tide. 
 

H.  Crystal jelly  

 

Aequorea victoria, also sometimes called the crystal jelly, is a bioluminescent 

hydrozoan jellyfish (which is also known as hydromedusae) that is found off the west coast of 

North America. You may not have heard of it, but the hydromedusa Aequorea victoria is 

probably the most influential bioluminescent marine organism. Calcium-activated 

photoprotein and green-fluorescent protein (GFP) were first discovered and cloned from this 

cnidarian. 
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I.  Glow worm  

 

Lampyris  noctiluca, the Common Glow-worm of Europe, is a firefly species of the 

genus Lampyris. These are beetles as evidenced by the hard cases that fold over the wings 

when not in use. The females are often twice the size of the males (up to 25mm in length), but 

do not have wings, whereas the males do. The females emit the glow, whereas the males do 

not. 

 

J.  Fireflies  
 

Fireflies or lightning bugs make light within their bodies. They light up to attract a 

mate. To do this, the fireflies contain specialized cells in their abdomen that make light3. 

 

IV.  APPLICATIONS OF BIOLUMINESCENCE 

 

A.  GFP – Green Fluorescent Protein – was first discovered and extracted from the 

jelly Aequorea. It is used as a biomarker in many ways today, because its DNA can be cloned 

and even a tiny amount fused into cells of many other organisms. GFP and similar fluorescent 

proteins can induce glowing in bacteria, protozoa, plants, nematodes, birds, mammals, fish and 

many more organisms. Other fluorescent proteins such as Yellow Fluorescent Protein (YFP) 

have also been developed. Osamu Shimamura, Martin Chalfie and Roger Tsien shared a Nobel 

Prize for their work in this area. One of the organisms into which GFP has been inserted is the 

zebrafish, Danio rerio, a commonly usedmodel organism. The “Glofish” available as pets are 

a perhaps unfortunate result of this research. 
 

B.   Tourism-  Bioluminescence in the oceans has been observed for centuries (see Darwin's 

account of milky seas in the History tab). Today, tourists flock to areas such as Puerto Rico’s 

Vieques Island to witness the magic. In 2005, a glowing area roughly the size of Connecticut 

was first observed from space in the Indian Ocean (PNAS  102:14181-14184; article by Miller, 

Haddock, Elvidge, and Lee). 
 

C.  Bioluminescent imaging – or BLI – allows for noninvasive imaging of biological 

processes in living animals. Among other uses, this makes it possible to study the processes of 

various diseases and of treatments for those diseases. It can also be used to locate 

tumors.Bioluminescent Resonance Energy Transfer, or BRET, is used to map neuronal circuits 

in order to understand brain function. 
 

D.  Quorum sensing- Studies on bioluminescence in bacteria in sea water led to the discovery 

of what is known as quorum sensing. J. W. Hastings and E. P. Greenberg reported in 

the Journal of Bacteriologyin May 1999 that at low cell densities, the luciferase gene was not 

transcribed, but luminescent genes do activate at high cell densities when the light emitted is 

bright enough to serve a purpose. It is now accepted that cell-cell communication in bacteria 

is common. 

http://guides.hcl.harvard.edu/labrats
http://www.glofish.com/
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E.  Tools- Tools have been developed that use bioluminescence in many ways. Since 

adenosine triphosphate (ATP), an energy storing molecule found in all living cells, is required 

for emission of light, the amount of light is directly proportional to the amount of ATP. 

Measurements of ATP can therefore detect contamination far more quickly and accurately than 

traditional culturing. An example of a tool that does this is the BioScan made by GE; there was 

one on display in the exhibit. This small instrument measures bacteria in water simply and 

almost immediately. 

 

V.  CONCLUSIONS 

 

Bioluminescence can be portrayed in a number of different ways, which are usually 

species specific, such as the rod and bacterial lure of anglerfish, the defensive squirts 

of sepiola squid and the counter-illuminating photophores of lantern fish. The aim of which is 

to provide the organism with an advantage to feed, mate or escape before another 

organism.  Overall, bioluminescence is a vital sensory system to a variety of marine organisms, 

which is used in a variety of different ways to cope with the extreme conditions the encounter 

living in the deep sea.  
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