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Introduction 
 

Halophile is a Greek derived word in which 

„halo‟ means „salt‟ and „philos‟ means 

'loving‟. Halophilic organisms are salt loving 

organisms that thrive well in various ranges of 

salt concentrations (Sarma and Sarma, 2012). 

The halophilic organisms are classified 

according to Kushner as slight halophiles, 

moderate halophiles and extreme halophiles.  

 

Slight Halophiles lives in the salt 

concentration of 1 - 3 % NaCl ranging from 

0.2% - 0.85%. Moderate Halophiles lives in 

the pH range of 3 – 15% NaCl concentration 

where as extreme Halophiles require 20-30 % 

NaCl range. Apart from these three there is 

halotolerant organism which grows in salt 

concentration of less than 1% NaCl but will 

tolerate high salt concentrations up to 2.5M 

(Moreno, 2013).  

Halophiles are group of microorganisms known for their ability to survive 

in conditions of extreme salinity and also temperature. They fall under all 

three domains of life and categorized into three groups based on the 

requirement of NaCl for their survival as slight halophiles, moderate 

halophiles and extreme halophiles. Their natural behavior of their existence 

in regions of high salinity has provided them with number of novel 

elements and mechanism which can be used in several areas. One among 

their important component is their pigments. The present review deals with 

the various types of pigments produced by halophiles and their applications 

in various field of biotechnology and medicine. 
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The halophilic organisms are found in all three 

domains of classification i.e., Bacteria, 

Archaea and Eucarya (Shivanand and 

Mugeraya, 2011). The presence of NaCl over 

the accepted limit is critical for any organism 

to survive as it causes high osmolarity in the 

environment. As a result the organism loses its 

water content to the surrounding environment. 

To prevent this, halophiles carry over several 

mechanisms to equate the osmolarity in the 

inside and outside environment (Sarma and 

Sarma 2012). The halophiles are also gaining 

industrial importance because of their greater 

use in several manufacturings from food to 

textiles.  

 

The halophilic organisms produce several 

useful complexes such as compatible solutes, 

enzymes like protease (Vidyasagar et al., 

2009), chitinase, lipases (Singh et al., 2010) 

glycosyl hydrolase, β galactosidase, amylase, 

restriction enzymes, esterase (Li et al., 2012) 

and lipase which is used in detergent and food 

industries, baking industry, degradation of 

xylan, removal of fructose, textile industries, 

laundary detergents, as a biocatalysts and a 

biotechnological tool. On the environmental 

basis they play a significant role in 

degradation of heavy oils (Hao et al., 2009), 

azo dyes, tannery waste treatment, prevents 

nitrate pollution and shows tolerant to heavy 

metal toxicity and its growth were detected in 

acid mine drainages, waste water treatment 

and aquarium biofilters (Sarma and Coker, 

2010; Calderon et al., 2013). Apart from these 

they also aids in the production of biofuel and 

PAH (Calderon et al., 2013). Medically it has 

been used in the production of gas vescicles 

and liposome in vaccine development and 

production of halocins and microhalocins 

which is an antibacterial agent. Including all 

these they also produce β carotene and the 

Bacteriorhodopsin is used as light driven 

photon pump in several optical mechanics 

(Shivanand and Mugeraya, 2011 Calderon et 

al., 2013). 

Applications of Halophiles 

 

In recent years, the halophilic microorganisms 

have been concentrated for various industrial 

applications because of their ability to tolerate 

extreme environmental conditions. The 

halophilic enzymes being unaffected by 

extremes of salinity and pH changes have 

been used in several industrial processes 

(Gomez and Steiner 2004; Vijayanand et al., 

2009). The biomolecules such as compatible 

solutes and carotenoids produced by them also 

show several applications in various 

industries. The ability of photochromic protein 

bacteriorhodopsin produced by Haloarchaea 

Halobacterium salinarum has been 

experimented to produce Dye sensitized solar 

cells (Ashwini et al., 2017). The present 

review deals with essentials of halophilic 

pigments in various applications. 

 

Halophilic pigments 

 

Halophiles produce Carotenoids as their 

predominant pigments. The major carotenoid 

compounds produced by halophilic archaea 

and bacteria are β – carotenoid, Lycopene, 

Phytoene, haloxanthin, Bacterioruberin 

(monoanhydrobacteriorubeerin, 

bisanhydrobacterior- -buerin, 

epoxymonoanhydrobacterioruberin) (Fang et 

al., 2010; Mandelli et al., 2012). Though 

several carotenoids such as lycopene, 

phytoene and haloxanthin are produced by 

halophiles, the pigment β – carotene, 

bacteriorhodopsin and bacterioruberin are 

explored by various research communities for 

application in several fields. 

 

β – carotene 

 

The carotenoid pigment β – carotene (Fig 1) is 

majorly produced by the halophilic algae 

Dunaliella salina. It is a flagellated species 

that grows in salinity and withstands high 

temperature of about 40 °C. The ability of the 
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organism to withstand these unusual 

conditions and also their capability in 

producing carotenoid makes it an efficient 

candidate for the industrial production of β – 

carotene.  

 

It is the main carotenoid accumulated by the 

organism and is the carotenoid pigment that 

accounts for about 20 % of total carotenoids. 

These carotenoids accumulate in globules 

located in interthylakoid space within the 

chloroplast of Dunaliella salina.  

 

Apart from β – carotene, the organism also 

produces other pigments such as astaxanthin 

and cantaxanthin (Borowitzka et al., 1984; 

Amotz 1999; Hosseini and Shariati, 2010).  

 

β – carotene has been extensively used in food 

applications and those extracted from the 

organism were found to have several 

medicinal applications such as anti-viral 

activity, anti-cancerous activity, anti-

inflammatory activity, anti-allergic activity, 

anti-diabetic activity, hepato-protective 

activity, for improving eye sight and as 

detoxifier (Arun and Singh 2016). 

 

Bacteriorhodopsin 

 

Bacteriorhodopsin is a 26 KDa protein (Fig 2) 

that is first recognized in halophilic archaea 

Halobacterium salinarium formerly called as 

Halobacterium halobium (Blaurock and 

Stoeckenius 1971; Mathies et al., 1991). The 

photochromic protein acquired the name 

Bacteriorhodopsin based on its similarities in 

absorption of light, chromophore, schiff‟s 

base, composition of amino acids and 

sequence of reactions with the visual 

rhodopsin found in mammals. The cell 

membrane that holds bacteriorhodopsin is 

called as “purple membrane” due to the 

presence of pigment as patches (Oesterhelt 

and Hess 1973; Ormos et al., 2002) and 

constitutes a retinal based photosynthetic 

system in the presence of sunlight under 

anoxious circumstances (Blaurock and 

Stoeckenius 1971).  

 

The protein contains 248 amino acids which 

are bound to retinal chromophore at Lys 216 

by a schiff‟s base linkage (Khorana et al., 

1979; Ovchinikov et al., 1979).  

 

Two dimensional crystal lattice view through 

electron microscope of bacteriorhodopsin 

revealed that the protein exists as trimers in 

purple membrane and each monomer consists 

of seven alpha helices running nearly 

perpendicular to the surface of membrane at 

an angle from 0º to ̴ 20º (Henderson and 

Unwin 1975).  

 

The pigment acts as a green light driven 

photon pump of wavelength 500 – 650 nm that 

converts light energy into chemical energy. 

This converted light driven energy is utilised 

by halobacterium for the production of ATP, 

amino acid uptake and locomotion (Oesterhelt 

and Hess 1973; Oesterhelt 1976; Stoeckenius 

and Bogomolni 1982). 

 

Fig.1 Structure of β – carotene (Mol view) 
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Fig.2 Structure of bacteriorhodopsin (PDB) 

 
 

 
 

Fig.3 Structure of bacterioruberin (Mol view) 

 
  

 
 

Simulation of bacteriorhodopsin by green 

light initiates photonic cascade during which 

protons of 10,000 times higher folds is 

produced within the cell (Subramaniam et al., 

1993; Haupts et al., 1997; Haupts et al., 

1999). This reversible cascade lasts for 1ps to 

3ms when light hits bacteriorhodopsin at a 

range of 250 mv. The proton avalanche 

created during the cascade makes cell more 

alkaline than the outside environment and 

generates ATP for cell‟s survival even in 

deprived environmental conditions (Haupts et 

al., 1997; Kuhlbrandt 2000; Slonczewski and 

Foster 2011). Research on Bacteriorhodopsin 

initiated with a quest of understanding its 

nature and proton pumping cycle. But in later 

years, it was considered as a model system for 

G protein coupled receptor (GPCR) and 

membrane protein folding studies (Henderson 

et al., 1990). In addition to these, the 

phototactic ability of bacteriorhodopsin has 

also enhanced its applications in several fields 

such as optical memories, real-time 

holographic media, photovoltaic cells and 

artificial retinas (Chen and Birge 1993; Stuart 

et al., 1996; Birge et al., 1999; Hampp et al., 

2000). The necessity of bacteriorhodopsin for 

its photo tactic ability is increasing every day 

and this review deals with applications of 

bacteriorhodopsin in various optical and 

electronic devices (Ashwini et al., 2017). 

 

Bacterioruberin 

 

Bacterioruberin (Fig 3) is a carotenoid 

pigment produced by halophilic archaea such 

as Halobacterium salinarum strains NRC-1 

and R1, Halorubrum sodomense, Haloarcula 
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vallismortis, Haloarcula japonica, 

Halococcus morrhuae, Haloferax volcanii 

etc. (Mandelli et al., 2012; Jehlicka 2013; 

Yatsunami et al., 2014).. The bacterioruberin 

is synthesized with geranyl geranyl phosphate 

as the initial precursor and the pathway 

deviates from lycopene to 

monoanhydrobacterioruberin, 

bisanhydrobacterioruberin finally giving the 

product bacterioruberin. The pigment 

bacterioruberin acts as antioxidant and during 

the recent years it has found to be an integral 

part of ion channel protein of archaea 

halorhodopsin and archaearhodopsin.  

 

The synthesis of bacterioruberin by 

Halobacterium salinarum was found to be 

initiated from Geranyl geranyl phosphate and 

during the formation of lycopene the pathway 

gets divided into two where lycopene gets 

converted to retinal, bacterioopsin and 

bacteriorhodopsin or it gets converted to 

monohydrobacterioruberin, 

bisnahydrobacteriorube- -rin finally 

producing bacterioruberin. The pigment 

bacterioruberin is now been explored for its 

application in photovoltaics and 

optoelectronic (Ronnekleiv et al., 1995; Bidle 

et al., 2007). 

 

The present review has explained the 

pigments of halophilic microorganisms and 

their application in several fields. These 

pigments has also been explored around the 

world by several researchers around the world 

for their other applications and improvising 

them in present field. 
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