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1. Introduction 

 
A hot water spring, also known as a thermal spring, 
is a natural discharge of hot water from the earth. 
Such springs normally occur in areas where 
underground water passes through hot igneous 
rock. The hot spring is being formed out of a 
volcanic eruption. It is this proximity that accounts 
for the number of hot springs in this region.  
 
The warm water of the springs allows an abundant 
growth of algae and bacteria which are called as 
thermophilic microorganisms. These organisms 
prefer to survive in high temperatures, which are 
not normally found in nature. The thermophiles 
may among the first living things on the earth, 
developing and evolving during the primordial 
days of earth when surface temperatures were quite 
hot, and thus been called the “Universal 
Ancestor”.The geological survey of India has 
identified 350 hot springs in India having 
temperature range from 60-120 ˚ C.   
 
Use of these microbes for bioremediation is not 
limited to detoxification of organic compounds. In 
many cases, selected microbes can also reduce the 
toxic cations of heavy metals (such as selenium) to 
the much less toxic and much less soluble 
elemental form. Thus, bioremediation of surface 
water with significant contamination by heavy 
metals can now be attempted. The efficiency of 
bioremediation by these organisms is depended on 
the presence of biochemical factor present in the 
cell. These substances may be present as protein, 
enzyme, EPS (Extra polymeric substances) or 
biogenic volatile substance.  
 
 

 
 
 
 
Hot-springs exhibit diverse bacteria and it serves as 
potential reservoirs for bacteria. These bacteria are 
unique in their metabolic activities. The 
temperature of this hot water varies between 37°C 
and 70°C. The bacteria thriving in this hot springs 
contain various proteins and other compounds that 
can function at high temperatures. And such 
compounds can find its use in biotechnology 
industries, food industries and for bioremediation.  
 
A large number of proteins and other biogenic 
volatile compounds from bacteria, fungi, and plants 
have been reported to be involved in the 
biodegradation of toxic organic pollutants. 
Bioremediation is a cost effective and nature 
friendly biotechnology that is powered by 
microbial compounds. The research activity in this 
area would contribute towards developing 
advanced bioprocess technology to reduce the 
toxicity of the pollutants and also to obtain novel 
useful substances. The information on the 
mechanisms of bioremediation-related enzymes 
such as oxido-reductases and hydrolases have been 
extensively studied. This review attempts to 
provide descriptive information on the not only 
enzymes but also other biogenic volatile 
compounds from various thermophilic 
microorganisms involved in the biodegradation of 
wide range of pollutants, applications, and 
suggestions required to overcome the limitations of 
their efficient use. 
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Some of the study on factors responsible for 
bioremediation includes: 
 
The arsenite oxidase present in P. lubricansand its 
potential application in biological treatment of 
wastewaters contaminated with arsenic was studied 
by Abdul Rehman, S.A wais Butt and Shahida 
Hasnain in 2008.  
 
Production of Volatile Derivatives of Metal (loid)s 
by Microflora Involved in Anaerobic Digestion of 
Sewage Sludge was studied by K. Michalke,E. B. 
Wickenheiser, M. Mehring, A. V. Hirner and R. 
Hensel in 2000.  
 
In 2009, the team of researchers from the Georgia 
Institute of Technology, Michigan State University 
and the Pacific Northwest National Laboratory 
analyzed the gene sequences, proteins expressed 
and physiology of 10 strains ofShewanella. They 
believe the study results will help researchers 
choose the best Shewanella strain for 
bioremediation projects based on each site’s 
environmental conditions and contaminants.  
 
Chandrakant S. Karigar and Shwetha S. Rao in 
2011 have described enzymes that are responsible 
for biodegradation of pollutants.  
 
Arundhati Pal, A. K. Paul in 2008 have presented 
the function of EPS from various sources with a 
view to establish their role as central elements in 
bioremediation of heavy metals.  As microbial 
ecology enters a new era, in which molecular 
techniques permit improved detection of specific 
populations, it seems useful that microbial 
ecologists should consider whether patterns of 
occurrence of microbial species are governed by 
principles similar to those that explain the 
evolution and ecology of larger, more complex 
species. 
 
Potential contribution to knowledge in the field 
of social relevance or national importance:  
Protein and cellular engineering are powerful 
approaches to enhance the efficiency of biological 
processes. Our current focus is on heavy metal 
bioremediation. The thermophiles are adapted to 
the environment containing sulfate and other heavy 
metals, its potential use in bioremediation will be 
significant. There are various compound or 
substances that are responsible for bioremediation 
like Extracellular Polymeric substances, biogenic 
volatile substances and also proteins or enzymes.  
 
A large number of microorganisms are capable of 
growing in the presence of high concentrations of 
heavy metal (Nies, 1992; Gaballa and Helmann, 
2003; Rehman et al., 2007). Anderson and Cook 
(2004) have reported strains of Aeromonas, 

Exiguobacterium, Acinetobacter, Bacillus and 
Pseudomonas, that can tolerate high concentrations 
of arsenic species (up to 100 mM arsenate or up to 
20 mMarsenite). Several bacteria (Cervantes et al., 
1994; Ahmed and Rehman, 2009) belonging to the 
genera Acidithiobacillus, Bacillus, Deinococcus, 
Desulfitobacterium and Pseudomonas (de-Vicente 
et al., 1990; Dopson et al., 2001; Niggemyer et al., 
2001; Suresh et al., 2004) have also been reported 
to be resistant to arsenic. Since heavy metals are 
ubiquitously present in the hot water springs, 
thermophiles have developed mechanisms to resist 
the toxic effects of these metals (White and Gadd, 
1986).  
 
Depending upon the microorganisms, The 
bioremediation processes can be due to proteins 
and enzymes that are responsible for carrying out 
this process or other factors like extracellular 
polymers and biogenic volatile compound.  
 
Volatile derivatives of metal (loid)s are found in 
gases released from natural environments such as 
sediments, wetlands, and hydrothermal springs, as 
well as from anthropogenic environments such as 
wastewater treatment plants and waste deposits. 
The production of volatile metal (loid) compounds 
is a significant part of the biogeochemical cycles of 
metals (e.g., Bi, Hg, and Sn) and metalloids (e.g., 
As, Sb, Se, and Te) because of the increased 
mobility of the resultant compounds. Additionally, 
most of the volatile derivatives exhibit higher 
toxicity than their inorganic counterparts, since 
organic derivatives are lipophilic and are thus more 
biologically active. Thus, biogenic volatile 
compound from thermophiles can serve as a good 
resource for bioremediation of heavy metals.    
 
Other substances like Extracellular polymeric 
substances (EPS) of microbial origin are a complex 
mixture of biopolymers comprising 
polysaccharides, proteins, nucleic acids, uronic 
acids, humic substances, lipids, etc. Bacterial 
secretions, shedding of cell surface materials, cell 
lysates and adsorption of organic constituents from 
the environment result in EPS formation in a wide 
variety of free-living bacteria as well as microbial 
aggregates like biofilms, bioflocs and biogranules. 
Irrespective of origin, EPS may be loosely attached 
to the cell surface or bacteria may be embedded in 
EPS. Functionally, EPS aid in cell-to-cell 
aggregation, adhesion to substratum, formation of 
flocs, protection from dessication and resistance to 
harmful exogenous materials. In addition, 
exopolymers serve as biosorbing agents by 
accumulating nutrients from the surrounding 
environment and also play a crucial role in 
biosorption of heavy metals.    
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The rapid expansion and increasing sophistication 
of the chemical industries in the past century and 
particularly over the last thirty years has meant that 
there has been an increasing amount and 
complexity of toxic waste effluents. At the same 
time, fortunately, regulatory authorities have been 
paying more attention to problems of 
contamination of the environment. Industrial 
companies are therefore becoming increasingly 
aware of the political, social, environmental and 
regulatory pressures to prevent escape of effluents 
into the environment. The occurrence of major 
incidents (such as the Exxon Valdez oil spill, the 
Union-Carbide (Dow) Bhopal disaster, large-scale 
contamination of the Rhine River, the progressive 
deterioration of the aquatic habitats and conifer 
forests in the Northeastern US, Canada, and parts 
of Europe, or the release of radioactive material in 
the Chernobyl accident, etc.) and the subsequent 
massive publicity due to the resulting 
environmental problems has highlighted the 
potential for imminent and long-term disasters in 
the public's conscience.   
 
Of course, the bioprocesses for treating toxic 
effluents must compete with existing methods in 
terms of efficiency and economy. However, the 
biotechnological solution to the problem requires 
only moderate capital investment, a low energy 
input, are environmentally safe, do not generate 
waste (hopefully), and are self-sustaining. 
Biotechnological methods of toxic waste treatment 
are likely to play an increasingly key role both as a 
displacement for existing disposal methods and for 
the detoxification of novel xenobiotic compounds. 
On the other hand, however, it is important to limit 
the generation of both hazardous and non-
hazardous waste as much as possible, and utilize 
recycling methods wherever possible. 
 
Conclusion 
 
Use of microbes for bioremediation is not limited 
to detoxification of organic compounds. In many 
cases, selected microbes can also reduce the toxic 
cations of heavy metals (such as selenium) to the 
much less toxic and much less soluble elemental 
form. Thus, bioremediation of surface water with 
significant contamination by heavy metals can now 
be attempted.   
 
Research Highlights 
 
The microbes are very beneficial in bioremediation 
of various pollutants. These microbes play very 
significant role in green technology.   
 
 
 
 

Limitations 
 
The exact mechanisms and also other factors that 
can be responsible for bioremediation has to be 
found out.   
 
Recommendations 
 
Research can be carried out to find the newer factor 
responsible for bioremediation. As the pollutant 
varied, the method and factor for bioremediation 
also changes.   
 
Author’s contribution and competing interests  
 
Sonali Patil has carried out research on various 
factors responsible for bioremediation and 
depending upon that an article has been written.    
 
References  
 
Ahmed A., Rehman A., 2009. Isolation of Cr(VI) 
reducing bacteria from industrial effluents and their 
potential use in bioremediation of chromium containing 
waste water. Journal of environmental science. 21: 814-
820.   
 
Anderson C.R., Cook G.M., 2004. Isolation and 
characterization of arsenate  reducing bacteria from 
arsenate contaminated sites in New Zeland. Current 
Microbiology. 48: 341-347.   
 
Boden R., Murrell J.C., Schäfer H., 2011. 
Dimethylsulfide is an energy source for the heterotrophic 
marine bacterium Sagittulastellata. FEMS Microbiol 
Lett. 322, 188-193.    
 
Cervantes C., Silver S., 1994. Plasmid chromate 
resistance and chromate reduction. Plasmid, 27:65-71.    
 
Chandrakant S., Rao S.S., 2011. Role of Microbial 
Enzymes in the Bioremediation of Pollutants: A Review, 
Enzyme Research.    
 
De Campos, Radford J., Steward W., Milroy R., Dougal 
M., Swindell R., Testa N., Thatcher N., 1995. Clinical 
and in vitro effects of recombinant human erythropoietin 
in patients receiving intensive chemotherapy for small-
cell lung cancer. Journal of Clinical Oncology, 13, pp. 
1623–1631.   
 
De V., Ramaiah N., Vardanyan L., 2008. Detoxification 
of toxic heavy metals by marine bacteria highly resistant 
to mercury. Mar. Biotechnol. 10: 471-477.     
 
Dupraz C., Reid R.P., Braissant O., Decho A.W., 
Norman R.S., Visscher P.T., 2009. Processes of 
carbonate precipitation in modern microbial mats. Earth 
Sci. Rev. 96: 141-162.    
 
Fomina M., Charnock J.M., Hillier S., Alvarez R., 
Francis F., Gadd G.M., 2008. Role of fungi in the 
biogeochemical fate of depleted uranium. Curr. Biol. 18: 
375–377.    
 



 

 

Ph ton                                                                                                                                                                                   286 

 

Gadd G.M., 2010. Metals, minerals and microbes: 
Geomicrobiology and Bioremediation. Micrbiol. 156: 
609-643.    
 
Glendinning K.J., Macaskie L.E., Brown N.L., 2005. 
Mercury tolerance of thermophilic Bacillus sp. and 
Ureibacillussp. Biotechnol. Lett. 27: 1657-1662.    
 
Helmann J.D., Wu M.F., Gaballa A., Kobel P.A., 
Morshedi M.M., Fawcett P., Paddon C., 2003. The global 
transcriptional response of Bacillus subtilis to peroxide 
stress is coordinated by three transcription factors.J 
Bacteriol., Jan, 185(1), 243-53.      
 
Hockelmann C., Juttner F., 2004. Volatile organic 
compound (VOC) analysis and sources of limonene, 
cyclohexanone and straight chain aldehydes in axenic 
cultures of Calothrixand Plectonema. Water Sci. 
Technol. 49: 47-54.    
 
Hungate, R.E., Philips, G.D., Mcgregor A., 1969. 
Microbial fermentation in certain mammals. Science, 
New York 130, I 192-1 194.   Jarosz-Wilkolazka A., 
Gadd G.M., 2003. Oxalate production by wood-rotting 
fungi growing in toxic metal-amended medium. 
Chemosphere 52, 541-547.    
 
Kadota H., Ishida Y., 1972. Production of volatile sulfur 
compounds by microorganisms. Ann. Rev. Microbiol. 
26, 127-163.   
 
Kelly D.A., Budd K., Lefebvre D.D., 2006. Mercury 
analysis of acid- and alkaline-reduced biological 
samples; identification of meta-cinnabar as the major 
biotransformed compound in algae. Appl. Environ. 
Microbiol. 72: 361-367.    
 
Lefebvre D.D., Kelly D., Budd K., 2007. 
Biotransformation of HgII by cyanobacteria. Appl. 
Environ. Microbiol. 73, 243-249.    
 
Macaskie L.E., Creamer N.J., Essa A.M., Brown N.L., 
2007. A new approach for the recovery of precious 
metals from solution and from leachates derived from 
electronic scrap. Biotechnol. Bioeng. 96: 631-9.    
 
Michalke K., Wickenheiser E.B., Mehring M., Hirner 
A.V., Hensel R., 2000. Production of volatile derivatives 
of metal(loid)s by microflora involved in anaerobic 
digestion of sewage sludge.Appl Environ Microbiol. Jul, 
66(7), 2791-6.   
 
Nies D.H., 1999. Microbial heavy-metal resistance in 
prokaryotes. FEMS Microbiologcal Reviews. 27, 313-
339.   
 
Niggemyer Spring A., S., Stackebrandt E., Rosenzweig 
R.F., 2001.Isolation and characterization of a novel 
As(V)-reducing bacterium: implications for arsenic 
mobilization and the genus Desulfitobacterium. Appl. 
Environ. Microbiol. 67, 5568–5580.    
 
Pal A., Paul A.K., 2008. Microbial extracellular 
polymeric substances: central elements in heavy metal 
bioremediation. Indian J. Microbiol.48, 49–64.   
 

Perry R.S., Mcloughlin N., Lynne B.Y., Sephton M.A., 
Oliver J.D., Perry C.C., Campbell K., Engel M.H., 
Farmer J.D., 2007. Defining biominerals and 
organominerals: direct and indirect indicators of life. 
Sediment. Geol. 201: 157-179.    
 
Rehman, A., Farooq, H. and Hasnain, S. 2008. 
Biosorption of copper by yeast, 
Loddermyceselongisporus isolated from industrial 
effluents: its potential use in wastewater treatment. 
Journal of Basic Microbiology, 48: 195-201.    
 
Schafer H., Myronova N., Boden R., 2010. Microbial 
degradation of dimethylsulfide and related C1-sulfur 
compounds: organisms and pathways controlling fluxes 
of sulfur in the biosphere. J. Exp. Bot. 61 (2): 315-334.    
 
Suresh Reddy K., N.G.S., hivaji S., 2004. Arsenic 
resistant bacterium from aquifer in West Bangal, India. 
International journal of systematic evolutionary 
microbiology. 54: 457-461.    
 
White C., Gadd G., 1986. Uptake and cellular 
distribution of copper, cobalt and cadmium in strains of 
Saccharomyces cerevisiae cultured on elevated 
concentration of these metals. FEMS Micro. Boil. Rev. 
38, 227-283.    
 
Wood W.L., Higbee D.J., Gooldy M., Glogowski S., 
Fitzpatrick R., Karalus R.J., Wood T.D., Mangino D.J., 
2006. Analysis of volatile bacterial metabolites by Gas 
Chromatography-Mass Spectrometry. LC-GC North 
America 24, 170-188.    
 
Zhao J., Zhang R., 2004. Proton transfer reaction rate 
constants between hydronium ion (H3O?) and volatile 
organic compounds. Atmos Environ 38:2177–
2185.doi:10.1016/ .atmosenv.2004.01.019 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For publications/ Enquiries/ Copyrights:  
Email: photonjournal@yahoo.com 


