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Abstract 

Extremophilic microorganisms have built up an assorted variety of atomic methodologies with a 

specific goal to make due in outrageous conditions. Biocatalysts extracted by these life forms are named 

extremozymes, and have remarkable properties of thermostability, and chilly adaptivity. Extremozymes 

are exceptionally impermeable to excessive conditions inferable from their extraordinary strength, and 

they present new open doors for biocatalysis and biotransformations, and for the advancement of the 

economy and new line of research, through their application. Thermophilic proteins, piezophilic proteins, 

acidophilic proteins, and halophilic proteins have been examined amid the most recent couple of years. 

Amylases, proteases, lipases, pullulanases, cellulases, chitinases, xylanases, pectinases, isomerases, 

esterases, and dehydrogenases have incredible potential application for biotechnology, for example, in 

agrarian, concoction, biomedical, and biotechnological forms. The investigation of extremozymes and 

their principle applications have risen in recent years. 
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Introduction  

The most important factor that plays a prominent role in advancement of microorganisms is 

temperature. There are microorganisms that have tendency to develop their habitat at high temperature i.e 

between 55℃ to 150℃ and are commonly known as “Thermophilic microorganisms”. Also as per [1] 

Thermophilles are the most basic sustainable development of life on earth when the whole earth surface 

crust was hot and life forms were not so common. Due to hot and extreme habitat they also have the 

tendency to kill other microorganisms. Thermophilic microorganisms can be usually found around a hot 

spring and also sometimes in the boiling water, due to their habitat in harsh temperature. Differentiation 

or we can say classification of Thermophilles have been always a keen topic in the modern research world 

due to their tendency to survive in even too hot temperature and their ability of getting denatured[2]. They 

can be located usually from marines, geothermal lakes, hot springs or any adverse situation climate where 

the temperature has high effect and this is the reason they are the decent wellspring of mechanical 

chemicals.  

The, 21°57' – 37°5' N latitudes and 72°40' – 97°25' E longitudes of Himalayan region makes it suitable 

for thermal conditions and hot boiling water is normal at these regions. The niches created by thermal hot 

springs retained some of the biotechnological microorganisms which are still unrealized to the world 
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however advancement of technology has led to make an attempt to create phylogenetic microflora around 

the various parts of the world as New Zealand, Thailand etc. [3] 

It has well known applications of microorganisms as biocatalyst or in the process of catalyst [4].In 

industries the process of catalyst is very harsh and extreme and so is the high demand of biocatalyst. The 

majority of the enzymes used till date are mesophiles and due their nature of moderate temperature 

sustaining they are unable to retain at the extreme harsh conditions of catalyst process in Industries as 

thermozymes . Thermophiles on the other hand due to their extreme temperature sustain high temperature 

and harsh  conditions and therefore are rapidly being used in industries leading to a transformation 

technology from  academic to industrially viable technology. Each group of the thermophiles provide 

unique enzymes feature due to their habitat and nature [5]. Extremophiles were earlier considered as 

incompatible with biological materials however ongoing research on them and their nature of high 

retaining extreme temperature has made them an active biocatalyst for use in Industries giving source of 

various enzymes. One of the major components of sustaining at high temperature is due to stability of 

macromolecules. Due to stability of macromolecules and sustainability at high temperature thermophilic 

bacteria can possess high metabolic rates, physically and chemically stable enzymes  and therefore are 

considered more stable and higher yields production than mesophiles. Thermophiles are therefore 

considered more relevant, stable, and perfect choice as a biocatalyst in modern age [6]. 

Hot springs 

It has been well known fact that microorganisms play an important role in nature 

especially in the areas of extreme temperatures. Although everything is everywhere the Bass 

backing theory has been accepted by many scientists however the same got rejected by 

researching on hyperthermia hillock archaeon, Sulfobolus it has been challenged by others 

including a study using hyperthermophilic archaeon [7] which indicates that different pattern 

exist around the globe. Therefore, study on microorganisms in remote location enhances the 

quality of understanding the diversity and evolution. 

 

Hot springs are basically the ancient hydrothermal and are widely spread across the world 

which are evolved as movement of hot water from the Earth's bloom referring to the faults made 

by tectonic movement or volcanic eruption. One of the most habitat location for thermophiles are 

hot springs [8].The well-known hot springs present in India are given in the table(1).The 

temperature of the hot-springs in geothermal areas is usually very constant, not varying more than 

1-2°C over many years even though the temperature between the hot springs can vary greatly, 

ranging from 20°C up to above 100°C. Also hot springs provide vast range in acidity, 

oxidation/reduction states, solute concentrations, gas compositions, mineralogy and nutrition 

which is suitable for growth of chemolithotrophs and chemoorganotrophs which results in vast 

microbial and genetic diversity [9]. 
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Table 1: Hot springs of India [10] 

 

Name of the hot springs  

 
States  

 

  

Ganeshpuri, Akloli, Vajreshwari  

 

Maharastra 

Manikaran, Khirganga, Tapri, Tattapani, Garam Kund, Vashisth  

 

Himachal Pradesh 

Bendrutheertha, Irde, Bandaru  

 

Karnataka 

Chavalpani, Dhunipani, Tatapani  

 

Madhya Pradesh 

Suryakund  

 

Gaya,Bihar 

Phurchachu (Reshi), Yumthang, Borang, Ralang, Taram-chu and 

Yumey Samdong  

 

Sikkim 

Bakreshwar of Birbhum, Tantloi, Kendughata, Bholeghata, Tantni  

 

West Bengal 

 

Gaurikund, Tapt Kund, Surya Kund  

 

Uttrakhand 

Hotspring of Dirang area  

 

West Kameng,  

Arunachal Pradesh  

Taptapani, Atri, Deulajhari, Tarabalo  

 

Orissa 

Tatta, Jarom, Brahma Kund, Ram Kund  

 

Jharkhand 

Ushnagudam  

 

Andhra Pradesh 

Mannargudi  

 

Tamil Nadu 

 

Diversity 

Kumar M et .al., 2013 isolated, cultured, screened and characterised 235 isolates from the hot 

water spring of Manikaran, Kullu (Himachal Pradesh). A total of 85 isolates were amplified using 

restriction analysis of ribosomal DNA (16S-rRNA). After being sequenced, 42 of them were found to be 

the members of Fermicutes, Actinobacteria and Proteobacteria. Thermo-tolerant upto 70
0
C, isolates were 

found to have amylase and protease activity. After sequencing and other genomic analysis, majority of 

isolates were of Fermicutes and Bacillus family. The bacillus derived genera like Brevibacillus and 

Aneurinibacillus were also characterized using BLAST analysis. An earlier reported novel microbe 

named Chelatococcus sambhunathii was also recorded in the growth. 

Sharma B et.al., 2012 reported 97% genome sequence similarity with Pseudomonas species and 

Bacillus licheniformis after nBLAST analysis and 16s rRNA (PCR amplified) sequencing of the microbes 

isolated from soil and water sample of Manikaran, Kullu (Himachal Pradesh). Microbes were 

differentiated on the basis of colour, texture, morphology and Gram’s staining method.  RAPD analysis 

was also done to identify the presence of amplicons using suitable primers. Further dendrogram was 
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constructed and studied for genetic relatedness. The optimum growth temperature was found to be 50
0
C. 

B.licheniformis was found to be gram positive but other was gram negative. 

Thermus sp. strain RL was isolated from a hot water spring (90 to 98
0
C) at Manikaran, India, and 

its genome was sequenced by using both the Roche 454GS (FLX Titanium) system (3-kb paired-end 

library, 5, 89,157 reads) and Sanger shotgun sequencing (40-kb library in Super Cos1vector of 1,200 

reads).The draft sequence of Thermus sp. RL represents a genome size of 20, 36,600 bp with an average 

GC content of 68.77% was submitted by Dwivedi V et .al., 2012. Genome annotations predicted 1,986 

protein-coding genes and 710 hypothetical proteins. Strain RL has two rRNA operons (5S-16S-23S and 

5S-5S16S-23S) and 47 tRNA genes. A total of 111 tandem repeats, 2,825 CpG islands, and a single 

clustered regularly interspaced short palindromic repeat (CRISPR) element were found to be located on 

contig 3. 

Bhatia S et .al., 2015 isolated Firmicutes, a gram-positive and Endospore forming bacterium that 

was predominantly found in hot water spring of Manikaran, India. This isolation was followed by 

Aquificae and the Deinococcus-Thermus group. Sequencing data and BLAST analysis revealed the 

isolation of microbes like Bacillus megaterium, Bacillus sporothermodurans, Hydrogenobacter sp. GV4-

1, Thermus thermophiles, and Thermus brockianus as the main members present in spring water. The 

predominant archeal phylums that were present in spring water were Crenarchaeota, Pyrobaculum 

aerophilum and P. cladifontis, surviving due to sulphur reduction or sulpfur respiration showing their 

organotrophic or chemolithoautotrophic mode of nutrition respectively. 

Applications of Thermophiles 

The capacity of thermophilic microorganism to develop and replicate at high temperature and to 

create extracellular catalysts with interesting and significant properties was because of their capacity to 

control their hereditary sythesis. In this manner, these thermophilic microorganisms are considered as the 

most important bio prospecting organisms for modern and biotechnological applications. A noteworthy 

fascination for thermophilic small scale living beings is the creation of solvents, for example, ethanol, 

butanol and acetone. The vanishing of unpredictable items at high aging temperatures supplies an answer 

for the issue of expulsion of conceivably inhibitory items in the way of life medium. As opposed to yeast 

and Zymomonas, thermophilic ethanol makers might be restrained by as little as 1 % ethanol 
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