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Abstract 

The discovery of green fluorescent protein (GFP) from jellyfish Aequorea victoria has provoked 

numerous studies to unveil the myriads of biomedical applications. Consequently, several studies 

also revealed the prevalence of fluorescence in different marine and terrestrial organisms. However, 

since GFP’s discovery or the Nobel prize award on GFP, the fluorescence has not been explored so 

far from India. The current study presents the widespread fluorescent organisms resources available 

in India for biomedical and toxicological applications. Fluorescence emission from different plant 

and animal components were examined by direct observations using UV torchlight. Investigation 

revealed that blue light excited fluorescence in several organisms. For the first time, this study 

observed GFP like fluorescence in a cockroach Neostylopyga rhombifolia from India. Observations 

are indicating that fluorescent proteins have essential ecological functions that are yet to be 

determined. The examined plant and animal components were not bioluminescent. In comparison, 

the potential untouched research areas on fluorescence aspects are detailed. A thorough review of 

fluorescent organisms reported hitherto is also provided to spread the current knowledge on 

fluorescence.  
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Introduction 

Fluorescence is a bio-optical phenomenon in which light is absorbed in one wavelength and re-

emitted at another longer wavelength. Fluorescence disappears when the excitation source ceases, 

but phosphorescence remains for a while even after removing of the excitation source. Fluorescent 

proteins (FPs) have become an indispensable component of the biomedical imaging toolbox for 

cellular imaging applications [1,2]. In 1852, George Gabriel Stokes, “Father of Fluorescence,” 

Lucasian Professor at Cambridge University, first introduced fluorescence as a refrangibility of light 

[3]. Later, pioneers on bioluminescent organisms have observed fluorescence coupled with 

luminescence [4]. The first representative of fluorescent protein-coupled to bioluminescence was the 

green fluorescent protein (GFP). For the first time, Osamu Shimomura and colleagues discovered 

and extracted the GFP from the jellyfish Aequorea victoria [5]. It took about 30 years from GFP’s 

discovery to find GFP’s potential application as a genetically encoded fluorescence marker. The 

tremendous impact of GFP technology on life science research was recognized by the award of the 

2008 Nobel Prize in Chemistry to Osamu Shimomura, Martin Chalfie, and Roger Tsien [6]. A recent 

study suggested that fluorescence can be used as a biosignature to observe life in other planets [7]. 

Applications of FPs include the labeling of cells, cellular compartment or proteins, studies of gene 

activity, sensor studies, and taxonomic markers. This has increased the requisite demand for 

investigating novel and potential FPs other than GFP for different biomedical and industrial 

applications.  

Invertebrates and vertebrates are the most promising sources of novel marker proteins 

because of the vast diversification of photoactive and photo-inactivated FPs within the tree of life  

[6,8]. These glowing FP markers allow researchers to visualize the tagged protein movements, 

positions, and interactions in live cells. Therefore investigating FPs from marine organisms- from 

ecological to application-level would fetch discoveries in evolutionary and industrial applications. 

Since 1999, FPs have increased commercial potential as tagging markers in bioscience applications. 

Dr. Zhiyuan Gong and his colleagues developed a patented brand of GloFish for detecting pollution 

through selectively fluorescing in the presence of environmental toxins. It is the first genetically 

modified animal to become publicly available as a pet, and later Alba, the fluorescent rabbit [9]. 

Since then, GFP has revolutionized industries and biomedical institutions worldwide by enabling a 

wide range of applications. Recent studies have focused on FP’s from different marine organisms 

such as sea anemones [10], corals [11], sharks, rays, turtles [12], shells [13,14], different marine 

fishes, such as eels, lizardfishes, blennies, scorpionfishes, gobies, goatfish and flatfishes [8], bristle 

worms, anemone hermit crab, nudibranchs and tunicates. 
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Among the vast array of marine pigments [15,16], FPs have gained more attention due to 

their applications in neurological studies and toxicological assays to visualize cancer cells in vivo. 

Therefore, the exploitation of natural FP’s from marine organisms is increasing in recent years. 

Natural FPs such as GFP, RFP (red fluorescent protein), and YFP (yellow fluorescent protein) have 

numerous applications in research [17]. FPs are being used more extensively in biotechnology as 

genetically encoded labels and reporters [6]. Many model organisms such as Rats, Rabbits, and Pigs, 

Mouse & Mice Models, Drosophila, Adenovirus, Vaccinia virus, yeasts, Caenorhabditis elegans, 

Bradyrhizobium, Escherichia coli, Salmonella typhimurium, Vibrio cholerae, Shigella, Zebrafish, 

White Leghorn Chick Embryo, African clawed frog Xenopus laevis, cynomolgus monkey Macaca 

fascicularis and various plants (e.g., Arabidopsis) have been developed to study the properties of FPs 

for multiple applications including the development of cells, disease propagation and toxicity [18–

25]. In this context, the present study is focused on geographically distinct and unexplored Andaman 

and Nicobar Islands to study marine biodiversity as a prospective source of natural FPs for industrial 

applications. 

Andaman and Nicobar Islands have located about 1500 km from the mainland, consisting of 

a chain of 572 Islands. These islands have rich marine biodiversity and erratic weather conditions, 

making these islands different from other geographic places. Diversity of marine fluorescent 

organisms on these islands are prevalent, and GFP possessing jellyfish Aequorea victoria, other 

species of jellyfishes, and some fishes are existing in these Islands (author Unpublished data). 

Fluorescence from marine and terrestrial organisms has not been documented anywhere in India, 

especially from Andaman & Nicobar Islands. This has necessitated the present study to explore the 

fluorescent organisms for ecological and biomedical applications. 

Material and methods 

Standard methods are performed throughout this research [6,8,10,11] and being implemented for 

future applications.  

Study area, field surveys, and identification of specimens  

Andaman and Nicobar Islands are rich in marine biodiversity but least studied in India. The field 

surveys were mostly conducted at different locations along the Burmanallah coast of Andaman 

Islands (11⁰33’36.24” N, 92⁰43’49.73” E). In addition, some field surveys were conducted in 

Barrankula, Andhra Pradesh on the east coast (15⁰53’46.51” N, 80⁰57’22.02” E), and Goa 

(15⁰29’48.39” N, 73⁰49’40.17” E) on the west coast of India. Different specimens of invertebrates 

(e.g., sponges, sea slugs, shrimps, molluscans, and sea stars) were handpicked; vertebrates (e.g., 
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fishes, sharks, rays) from the tide pools in Burmanallah were collected with a hand net. Some 

specimens, such as corals and sea anemones, were photographed during SCUBA diving at night 

dives. Terrestrial specimens such as frogs, snakes, bird feathers, scorpions were investigated during 

night fields at Barrankula, Andhra Pradesh. After careful observations and photography, live 

specimens were released back into their habitats for conservation. All the living and non-living 

fluorescent components were identified with identification keys and previous literature.  

Photography of fluorescent organisms 

Images of fluorescent organisms under natural illumination and UV blue light were captured with 

Samsung Galaxy grand2 smartphone or underwater digital cameras GoPro Hero 6 and Nikon Cool 

Pix using yellow filters. Fluorescence of different plant and animal components was excited using 

underwater blue LED torchlight (Tonelife Fluoro-Diving Fluo Night Dive Underwater UV Light 

torch) (450 nm) or UV blue torch lights (THINK3 21 LED UV Ultra Blacklight Pocket Flashlight 

and WOLFWILL 100 LED Ultraviolet Blacklight Flashlight) (390 to 395 nm). 

Results  

During the night, field observations have unveiled the widespread of fluorescence in different plants, 

animals, and non-living components under UV blue flashlight (Fig. 1-5). Red fluorescence is more 

prevalent in plant components, including marine filamentous algae, seaweed, seagrass, and several 

other terrestrial plants. Scientifically, it is evident that marine and terrestrial plants display red 

fluorescence due to chlorophyll-a pigment; however, not many plants displayed red fluorescence 

(data not shown). In this study, fluorescent components are alone represented from the application's 

point of view. Interestingly, the development of brown spots on exterior fruit parts of the banana 

plant Musa paradisiaca was obvious under UV blue light. Similarly, the internally damaged flower 

part of the false-bird paradise Heliconia rostrata displayed green fluorescence. In rose periwinkle 

Catharanthus roseus, flower buds alone showed green fluorescence. Various species of wood-rotting 

fungi such as Trametes sp. and Coriolopsis sp. have exhibited greenish-yellow fluorescence, which is 

not demonstrated by any plant investigated in this study (Fig. 1a-x). 

 In contrast, the majority of the animal components displayed mostly blue-green fluorescence. 

Most of the cnidarian groups of animals, such as corals, sea anemones, and zoanthids, showed green 

fluorescence (Fig. 2a-o). Exceptionally, mouth regions of sea anemone, Phymanthus buitendijki, 

displayed yellow and orange fluorescence besides their whole body green fluorescence (Fig. 2e-h). 

In a polychaete worm, Marphysia sp., parapodia alone found to fluoresce in green. Likewise, some 

part of the crab, Thalamita integra carapace, revealed green fluorescence (Fig. 2q-t). Blue-green 
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fluorescence commonly seen in spiders, cockroach, and flies; red fluorescence was detected in a 

butterfly and praying mantis (Fig. 3). Red fluorescence is highly prevalent in gastropods than in 

other groups (Fig. 4). Orange-red fluorescence was perceived in sea slugs Haminoea ovalis and 

Pteraeolidia ianthina, and sea urchin Temnopleurus toreumaticus (Fig. 2p & 2u-x). Green 

fluorescence is prevalent in the epidermis of scorpion Hottentotta tamulus and tarsal segments and 

thoracic segments of the cockroach Neostylopyga rhombifolia (Fig. 2y-a2). Though red fluorescence 

is dominant in gastropods, gastropod’s fluorescence pattern is area-specific, but the whole shell 

fluorescence is not typical in all cases (Fig. 4a-a6). The common hermit crab, Diogenes sp. displayed 

green fluorescence (Fig. 4a3). 

The emission color of fluorescence varied among higher animals like birds, amphibians, 

reptiles, and fishes (Fig. 5a-l). The eggshells of country chicken Gallus gallus domesticus showed 

red fluorescence, while newly hatched chick feathers displayed green fluorescence in the hackle 

region (Fig. 4a-d). In amphibians like the Indian burrowing frog Sphaerotheca breviceps and 

common tree frog Polypedates maculatus, blue-green fluorescence was detected in their eyes (Fig. 

5e-h). The white cross bands on the nonvenomous Indian wolf snake, Lycodon aulicus, emits yellow 

fluorescence (Fig. 5i&j). The Indian mud moray eel, Gymnothorax pictus is seen in large numbers 

during August month at near freshwater channels connected to the Burmanallah coast, where this 

species comes for breeding and spawning. During this period, investigations revealed whole body 

yellow fluorescence in G. pictus (Fig. 5k&l). 

In non-living components, several chemical components are involved in the emission of 

varied colors of fluorescence (Fig. 6). Often, phosphorescence is mistaken as fluorescence by several 

people. Fluorescence is seen only under source light exposure like blue light and remains up to light 

exposure, but phosphorescence lasts up to several minutes even after removing inducing light (Fig. 

6a-d). The macro fecal excretions from the herbivore fish guts displayed red fluorescence due to 

chlorophyll-a intake via plant components (Fig. 6i&j). Fluorescence phenomena are utilized in the 

currency for security from duplicated currency (Fig. 6e&f), but photoluminescence is utilized to 

direct the paths (Fig. 6g&h). The presence of fluorescent compounds in other products such as color 

naphthalene balls and yogurt, and their functions are unknown (Fig. 6k-n). The methanol extractions 

of several invertebrates and bacteria have displayed red fluorescence; however, these fluorescent 

molecules are yet to be elucidated.       
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Discussion 

The tiny blue planet earth is filled with mesmerizing and unexplored living and non-living 

components with novel and new chemistry. Among all the known animals and plants from terrestrial 

and marine environments, only some creatures have attained special attention due to their 

extraordinary biochemistry of fluorescence, bioluminescence, and iridescence. Primarily, FP’s were 

well documented in bioluminescent [26] and non-bioluminescent Anthozoa species [22,27]. In 

hydromedusan like Olindias formosus and other marine fishes, fluorescent proteins function as prey 

attractants [28], and significantly, many reef fishes used fluorescence for visual function [8]. In 

corals, the photoconvertible red fluorescent proteins (pcRFPs) transform the prevalent blue light into 

orange-red light, penetrating into zooxanthellae containing coral tissues to facilitate homogenous 

distribution of electrons [29]. This mechanism helps corals to adapt and acclimatize to shallow to 

deep water environments through coral–Symbiodinium association [29]. Significantly, the 

fluorescence of corals also demonstrated to attract symbiotic photosynthetic dinoflagellates of the 

genus Symbiodinium [30]. Several other hypothesized functions of fluorescence in scleractinian 

corals are photoacclimation [31], visual contrast [32], antioxidation [33,34], coral health [35], 

photoprotective from excessive sunlight and light enhancers under low light and resistant to heat 

stress [36], photoprotection of zooxanthellae [37] and regulation of symbiotic dinoflagellates [38]. 

Many fishes possess the yellow intraocular filters that act as long-pass filters to perceive 

fluorescence in the surrounding milieus [39–41]. Several other hypothesizes were also inferred from 

the presumed functions of fluorescence in fish [42]. A recent study also reported the application of 

FPs to detect coral recruitment, coral health, tissue damage, and disease propagation and identify 

organisms not visible to naked eyes [43]. 

The present study infers that the widespread fluorescence in different components is not in 

correlation with emission color. Coelenterates have a distinct fluorescence than molluscans (shells), 

where the former group of animals exhibits blue-green, orange, red, and pink, while the latter 

displayed red fluorescence. The fluorescent molecules in coral tissues regulate light exposure; thus, 

coral tissues are protected from sunlight [37]. The red fluorescent proteins present in silkworm, 

Bombyx Mori L., has displayed potential antiviral [44] and antimicrobial activities [45]. Insects may 

use fluorescence to attract prey or warn predatory creepers. However, further experimental studies 

are required to understand the actual functions. A study reported the fluorescent fecal excretion by 

German cockroach, Blattella germanica, upon feeding orange fluorescent bait [46]. In the present 

study, the cockroach, N. rhombifolia did not show any fluorescence in fecal pellets or eggs. One live 

specimen of cockroach, P. americana, investigated from Andaman did not show fluorescence, but 
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the same species from Goa did fluoresce, suggesting the evolutionary adaptation in this species. 

Fluorescence of the internal organs of cockroaches may be considered non-functional [47,48], but 

needed to be confirmed with experiments. High nitrogen content containing molecules like resilin 

may be responsible for external fluorescence in many insects [49]. 

A review has detailed various chemicals responsible for fluorescence in different plants and 

animals [50]. The primary light-harvesting pigments of photosystem II of algae are water-soluble red 

fluorescent phycobiliproteins proteins. While, chlorophyll-a and phycoerythrin are among the well-

studied fluorescent molecules with red and orange emission, respectively, and are used as fluorescent 

probes or antibodies in different applications. The autofluorescence of plant components is non-

function. In addition to chlorophyll, most algae and plants also possess orange-fluorescent pigment 

phycoerythrin [51]. The green fluorescence in Heliconia rostrata and Catharanthus roseus might be 

due to the presence of betaxanthins [52]. In crustaceans, exoskeletons display blue fluorescence due 

to chitin. Based on the fluorescent color emitted from fishes' excretions under the UV blue light, fish 

can be differentiated as herbivore or carnivore or omnivore. The gut contents of herbivore fish 

display red or orange fluorescence. In contrast, the carnivore fish gut contents exhibit blue 

fluorescence, and omnivore fish shows mixed fluorescence of blue, orange, and red colors. Some 

experimental studies demonstrated that predator animals' fluorescent proteins act as lures to prey 

[28,41,53]. This happens when prey or predator can perceive fluorescence through special retinal 

cones. In animals like cnidarians, GFP-like molecules are primary chemical agents responsible for 

fluorescence (Table 1). Several other fluorescent compounds responsible for fluorescence in birds, 

millipedes, scorpions, cockroaches, and other marine organisms are detailed in a review [50]. The 

exterior fruit part of the banana showing brownish bruises or spots indicates that the entire fruit acid 

content is converted to sugars, and the fruit is ripe. These brown to black spots are highly 

accumulated with TNF-cytokines, which regulate and direct immune cells to infection areas. 

Peripheries of these black spots display cream to white fluorescence caused by tyrosinase enzyme 

and TNF-cytokines accumulation (Fig. 1p). While phosphorescence is mostly due to chemical 

formulations of strontium aluminate or zinc sulphide mixed with copper. 

The present study raises various questions on the existence of fluorescence in specific parts of 

animal bodies like mouth rings of sea anemones, cockroach tarsal segments, wolf snake yellow 

bands, frog eyes, eggshells, gastropods, and parapodia of polychaete worm (Fig 2-5). Why only 

some parts of the body display fluorescence rather than whole-body fluorescence? and why 

fluorescence color remains the same in different gastropods, and it varies in other groups of 
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animals?. These questions need to be addressed in further research to understand the functions of 

fluorescence. 

Prospects of this work 

The present study findings reveal new avenues in the field of fluorescence from different ecosystems 

in India. The various visual colors of fluorescence observed in other organisms will be extracted, 

purified, and maintained as a baseline data depository for future reference. They will be readily used 

for further applications in biomedical research. The discovery and development of novel fluorescent 

molecules with potential fluorescence ability will be given special attention for further analysis.  

Conclusion 

Fluorescence is widespread in tropical environments than in Polar Regions and vastly distributed in 

marine than in terrestrial ecosystem. Numerous fluorescent animals, plants, and minerals have been 

documented from freshwater, marine, and terrestrial environments. Based on the evidences, does the 

same phenomenon exist in other planets? If so, this could assist in resolving evolutionary lineages. 

This manuscript provides a detailed preliminary data on some fluorescent resources of flora and 

fauna available in India. Further, the immense biodiversity potential hotspot areas viz. the Andaman 

& Nicobar Islands, Lakshadweep, Gulf of Mannar, Gulf of Kachchh, Malavan, Western Ghats, and 

North-Eastern Hills of India are yet to be explored for a variety of fluorescent organisms to address 

evolutionary aspects as well as to explore novel proteins for various applications. Especially, the 

exploration of fluorescent proteins and minerals from special and extreme environments such as the 

deep sea, glaciers, hydrothermal vents, and other planets will be of great interest to delineate the 

evolutionary lineages and improve the fluorescence-based assays. In addition, detailed reviews are 

required on natural, synthetic, and recombinant fluorescent proteins to understand the comparative 

chemical properties and their applicability in different fields. Spectral analysis and chemical 

molecules responsible for fluorescence in these organisms need to be elucidated. This study infers 

that fluorescence can be utilized as an important proxy to identify life on other planets. 
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Figure legends: 

 

Fig. 1. Red and green fluorescence in different plant components under daylight and UV blue light. 

Red fluorescence in biofilm-forming algae growing on glass aquarium (a, b), green algae Caulerpa 

serrulata (c, d), green algae Bornetella nitida (e, f), brown algae Padina gymnospora (g, h), seagrass 

Halophila ovalis (i, j), water spinach Ipomoea aquatica (k, l), and green chilli Capsicum annuum (m, 

n); cream-colored fluorescence around brown spots on exterior fruit part of banana plant Musa 

paradisiaca (o, p); green fluorescence in false-bird paradise Heliconia rostrata (q, r), green 

fluorescent flower buds of  rose periwinkle Catharanthus roseus (s, t), common wood rotting fungi 

Trametes sp. (u, v) and wood rotting fungi Coriolopsis sp. (w, x).  
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Fig. 2. Green in different marine cnidarians, polychaete, crustaceans, and terrestrial arachnids and 

insects, and red fluorescence molluscans and echinoderms. Green fluorescence in coral Acropora 

millepora (a, b), Montastraea sp. (c, d), sea anemone Phymanthus buitendijki green variant (e, f), P. 

buitendijki orange variant (g, h), unidentified sea anemone green fluorescence (i, j), Telmatactis sp. 

with red fluorescent ring (k, l), Stichodactyla haddoni (m), zoanthids Palythoa mutuki (n, o), red 

fluorescence in sea urchin Temnopleurus toreumaticus (p), green fluorescent parapodia of polychaete 

worm Marphysia sp. (q, r), carapace of crab Thalamita integra (s, t), red fluorescence in sea slugs 

Haminoea ovalis (u, v) and Pteraeolidia ianthina (w, x), green fluorescence in Indian brown 

scorpion Hottentotta tamulus (y, z) and cockroach Neostylopyga rhombifolia (a1, a2). 
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Fig. 3. Samples under UV blue and white light. Blue fluorescent fungal species spreading over the 

epidermis of breadfruit, Artocarpus altilis (a, b), blue-green fluorescence of cooked sunflower oil 

vapors on kitchen tiles (c, d), green fluorescence in basal femur region of jumping spider, Asemonea 

cf. tenuipes (e, f), green fluorescence on ventral body segments (g, h) and on head (dorsal) of 

cockroach, Periplaneta americana (i, j), abdominal green fluorescence in fruit fly, Drosophila 

melanogaster (k, l), red fluorescence on dorsal wings of praying mantis, Mantis religiosa subsp. 

inornata (m, n), red fluorescence on basal hindwing of tailed jay, Graphium agamemnon (o, p), and  

red fluorescence in an algal mat (q, r). 
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Fig. 4. Different gastropods displaying red fluorescence. Chamaeleon nerite Nerita insculpta (a, b), 

dotted periwinkle Littoraria undulata (c, d), jingle shell clam Enigmonia aenigmatica (e, f), sea snail 

Bulla ampulla (g, h),  common delphinula, Angaria delphinus (i, j), Nerita rumphi (k, l), Nerita 

polita (m, n), Nerita sp. (o-r), common button tops Umbonium vestiarium (s-v), N. polita (w, x), 

unidentified oyster shell (y, z), turban shell Euchelus asper (a1, a2), green fluorescence in hermit 

crab Diogenes sp. (a3), chiton Acanthochitona sp. (a4) and pearl oyster Pinctada fucata (a5, a6).  

  

 

Fig. 5. Fluorescence in birds, amphibians, reptiles, and fish. Red fluorescence in eggshells of country 

chicken, Gallus gallus domesticus (a, b), blue-green fluorescence in feathers of domesticated chick, 

Gallus gallus domesticus (c, d), blue-green fluorescent eyes of Indian burrowing frog Sphaerotheca 

breviceps (e, f), and common tree frog Polypedates maculatus (g, h), yellow fluorescence in Indian 

wolf snake Lycodon aulicus (i, j), and yellow fluorescence in Indian mud moray, Gymnothorax 

pictus (k, l). 
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Fig. 6. Fluorescence in non-living components. Phosphorescence in glow in the dark Vinyl star 

stickers (a, b), fluorescent painting on a plastic sheet (c, d), fluorescent security threads in Indian 

currency (e, f), photoluminescent emergency floor path on aircraft (g, h), red fluorescence in the 

excretion of a herbivore fish (i, j), orange fluorescence of a red color naphthalene ball (k, l), yellow-

green fluorescence of packed yogurt (m, n), and red fluorescence of methanol extract of a 

hydromedusan (o, p).  


