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Abstract: 

Industrialization and extensive extraction of natural resources are causing disastrous 

impacts on the environment which are detrimental to all the living beings. Degradation of 

toxic environmental contaminants into less harmful forms is one of the best methods to 

decrease the increasing effects of toxicants on the environment. The limitations present in 

the degradation of organic and inorganic hazardous compounds by conventional methods 

have been overcome by biological methods. Bioremediation is one such biological 

techniques of environmental cleanup which involves the utilization of living organisms, 

primarily microorganisms, to degrade environmental contaminants. The revolution in 

computer science and technology has resolved greater challenges with the help of genomic 

and proteomic data using various tools and algorithms. Use of Bioinformatics, a 

combination of biology and information technology is currently trending as a potential and 

effective solution to various environmental issues. Genomics, Proteomics, systems biology 

etc, along with applied bioinformatics and biochemical tools are used for understanding 

various degradation pathways and detecting potential micro organisms and the mechanism 

involved in bioremediation. 
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Protection of environment has become an immediate cause of concern due to the substantial 

increase in the production of enormous amounts of toxic chemicals that are produced by various 

industries. Industries such as lead-acid battery recycling, mining and ore processing, tanning 

industries, lead smelting industries, chemical and dye industry etc are known to produce 

pollutants causing severe environmental and health impacts. Major pollutants include heavy 

metals such as mercury, cadmium, lead, pesticides, poly-aromatic hydrocarbons, BTEX, 

chlorinated solvents, fluorides, cyanides and other organic and inorganic compounds. 

Bioremediation is a waste management technique that involves the use of organisms to remove 

or neutralize pollutants from a contaminated site. [2]It helps in breaking down hazardous 

chemicals into less toxic or non toxic substances, thus enabling better management of waste. 

Micro organisms used in this procedure of bioremediation are called Biomediators. Use of 

biological activity for degradation decreases the further increase in the contamination. Various 

bioremediation techniques that are used can be categorized into in-situ and ex-situ methods. In-

situ methods include bioventing, bio-sparging, bio-stimulation liquid delivery system and few 

composting methods. Ex- situ techniques include bioreactors, bio-filters, land farming and some 

composting methods. In situ treatments tend to be more attractive due to less equipment 

requirement, lower cost and generate fewer disturbances to the environment. Bioremediation 

technology uses micro-organisms to reduce, eliminate or transform contaminants present in 

different environmental conditions. Bioremediation depends on the presence of specific 

microorganisms in optimal amounts and in the appropriate environmental conditions. 

 

Bioinformatics is a branch of science that deals with connecting, managing and analysis of 

complex biological information with the help of information technology. Bioinformatics, when 

applied to environmental biology, helps to enhance the understanding the complete function and 

mechanism of microbes when interacted with the environment and thus helpthe researchers 

inproviding better solutions to environmental issues. Various bioinformatics tools and techniques 

have added further more significance to bioremediation. Bioinformatics is a promising field 

which helps in various aspects of bioremediation such as detection of microbes that are capable 

of degradation, better understanding of complex degradation pathways, proteins and enzymes 

involved etc, with the aid of technologies such as genomics, proteomics, computational biology, 

systems biology, evolutionary studies and data analysis. Increased number of databases helps in 
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providing information about both chemical degradation and about microbes required for the 

purpose of degrading the toxicants into non toxic or less toxic substances. The present review 

article aims at presenting the various approaches of bioinformatics used in bioremediation, 

different tools used, prediction of toxicity of chemicals and its degradation and elucidation of 

microbial degradation pathways. 

 

This studyconcentrates on two objects: 

1. Microbes used in bioremediation. 

2. Pollutants to be degraded. 

 

II. MICROBES USED IN BIOREMEDIATION 

Micro-organisms are well known for their feature of getting adapted to different environments 

efficiently. This includes extreme heat condition, zero temperatures, presence and absence of 

oxygen and other severe conditions, which makes micro-organisms efficient to be used for 

treating tough industrial chemicals,effluents and xenobiotic compounds.Microorganisms used to 

degrade chemicals can be classified into 4 divisions as mentioned in the Table1. [3] 

 

 

Table 1.  Micro-organisms targeting different chemicals which can be hazardous to the environment. 
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The detection of many other microorganisms which may have the potential to degrade the 

toxicants through wet lab process, in random may prove costly both in terms of time and cost. 

The conventional method includes pure culture isolation and characterization of micro-

organisms. This limitation can be overcome by using bioinformatics techniques.Also 

identification of genes in microorganisms, which attribute to theresistance against the pollutants 

and degradation of toxic materials, can be efficiently carried out using bioinformatics approaches 

andthese potential genes can be cloned and engineered to other microbes to produce pollutant 

resistant strains. 

 

Genomics is a powerful bioinformatics tool which helps usto understand the structure and 

function of all genes in an organism, based on the knowledge of the DNA sequence of the 

particular organism.Bacterial genomics is the study of the wholegenomes of bacteria in which 

genes involved in biodegradation and other metabolic processes can be predicted. [2] 

Type of microorganism Examples Pollutants degraded 

Aerobic bacteria 

Pseudomonas,  

Alcaligenes,Sphingo

monas, 

Rhodococcus,Mycob

acterium 

pesticides and hydrocarbons, both 

alkanes and polyaromatic compounds 

Anaerobic bacteria Dehalococooides Polychlorinatedbiphenyls (PCBs) in 

river sediments, dechlorination of the 

solvent trichloroethylene (TCE), 

andchloroform. 

 

Ligninolytic fungi White rot fungus 

Phanaerochaetechrys

osporium 

Extremely diverse range of persistent 

or toxic environmental pollutants. 

Commonsubstrates used include 

straw, saw dust, or corn cobs. 

Methylotrophs M. flagellatus chlorinated aliphatics, 

trichloroethylene 

and 1,2-dichloroethane 
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Commercially available NGS technologies include Roche/454, Illumina/Solexa, SOLiD/Life/ 

APG, Helicos BioSciences, and Polonator Instrument can be used to acquire the whole genome 

sequences of several micro-organisms and further help in providing information about the 

degradative capabilities of these microbes. Evolutionary studies also play a very important role 

in the identification of the potential micro-organisms. 

 

The application of proteomics in environmental bioremediation research provides a global view 

of the protein compositions of the microbial cells and offers a promising approach to address the 

molecular mechanisms of bioremediation. With the aid of proteomics, functional genomics 

provides an insight into global metabolic and regulatory networks that can enhance the 

understanding of gene functions. [4] The availability of bacterial genomes, with respect 

tobiodegradation, in recent years has allowed the study of complex interactions between cellular 

reactions at genomic and proteomic level. A quantitative understanding of how the cells function 

requires every gene and protein to be placed in their dynamic context, which includes the 

integrated consideration of many interacting components. [1] 

 

The application of, ―environmental proteomics,‖ can provide information on the proteome of the 

dominant microbial species or the metaproteome of the microbial community under specific 

environmental conditions. Gel-to-gel variation, which can impair this alignment, has been 

overcome through the use of precast gels and use of Differential Gel Electrophoresis (DGE) 

analysis. [5] Computational biochemistry and biophysics, which make extensive use of structural 

modelingand simulation methods, such as molecular dynamics and Monte Carlo method-inspired 

Boltzmann sampling methods in an attempt to elucidate the kinetics and thermodynamics of 

protein functions. [9] With the advancement of bioinformatics tools and techniques, novel 

biomarkers which are relevant to bioremediation can be identified. In silico analysis of the 

bacterial genome leadsto the prediction of metabolic pathways for the biodegradation of 

xenobiotics and gives a holistic view of the metabolicnetwork of particular bacteria. [6] Several 

metabolicpathways may be predicted from the genomes of xenobioticdegrading bacteria. For 

example, the whole genome of Cupriavidusnecator, JMP134 (previously known 

asRalstoniaeutropha, Strain JMP134), which utilizes variety of aromatic and chloro-aromatic 
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compounds as the sole carbon and energy sources, was sequenced andseveral genes coding the 

enzymes involved in the degradationof various xenobiotic compounds were identified[7, 8]. 

 

III. POLLUTANTS TO BE DEGRADED 

Large number of microbes capable of utilizing toxic chemicals as their sole sources of carbon 

and energy have been isolated. Many of these microbes break complex chemical compounds into 

carbon dioxide and water, through a series of chemical reactions catalyzed by microbialenzymes, 

such as mono-oxygenases, dioxygenases, reductases, deaminases, and dehalogenases.[10]There 

is a huge set of chemical databases that are available for the purpose of classification, 

identification, and biodegradative pathway analysis and risk/toxicity assessment of various 

chemicals that are causing threat to the environment. Table 2 provides the list of chemical 

databases and biodegradative databases that are available. 

 

Table 2. List of chemical/biodegradative databases available.   

Database Description 

TOXNET 

 

 

A cluster of databases on toxicology, hazardous chemicals, 

environmental health, and toxic releases. 

 

 

Comparative 

Toxicogenomics Database 

(CTD) 

 

 

This database describes genetic bases by which environmental 

chemicals affect human diseases. 

 
 
  

 

Carcinogenic Potency 

Database 

 

This database contains the results of 6540 chronic, long-term 

animal cancer tests on 1547 chemicals. 

 

ChemIDplus 

 

Information about 370,000 chemicals. 
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Arora and Bae (2014) 

 

These databases store large amount of information regarding the biodegradation of chemicals, 

including xenobiotics-degrading bacteria, metabolic degradation pathways of toxic chemicals, 

enzymes and genes involved in the biodegradation. [2]The UM-BBD is a popular database, 

freely available at http://umbbd.ethz.ch/. This database provides information related to multiple 

fields of interest including microbes, biotransformation rules, enzymes, genes and reactions 

involved in microbial degradation. QSAR models are used for knowing the toxicity based on 

physical characteristics and structure. Few such models that are available are Sarah Nexus for 

prediction of the mutagenicity of chemicals; Virtual ToxLab for prediction of the toxic potential 

of drugs, chemicals and natural products; Toxicity Estimation Software Tool; TOPKAT; 

ECOSAR; Estimations Program Interface; CAESAR; Toxipred etc. These databases provide 

information on eco toxicity, mutagenecity and toxic potential of various chemicals. 

[2]Anthropogenic chemicals are widely used in agriculture, industry, medicine, and military 

operations. Examples include pesticides such as atrazine, pentachorophenol (PCP), 1,3-

dichloropropene, DDT, explosives such as trinitrotoluene (TNT), solvents such 

astrichloroethylene, and dielectric fluids such as PCBs. [12] There has been extensive research 

going on in this field to engineer and discover microbes to degrade the harmful chemicals. 

 

Bioinformatics, apart from databases, also helps in primer design, restriction mapping etc which 

can be used to engineer genetically modified living organisms which can degrade complex 

chemicals. The UM-BBD and PathPred are famous pathway prediction systems for 

biodegradation purpose. Using these pathway prediction systems, users can predict not only the 

degradation pathways, but also can identify enzymes involved in the degradation pathways.This 

Hazardous Substances Data 

Bank (HSDB) 

 

Toxicology information for 5,000 chemicals. 

 

EnviChem 

 

Environmental properties of chemicals. 

 

Haz-Map An occupational health database that provides information on 

chemicals and related occupational diseases 
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provides better understanding of metabolism and pathways involved in the degradation process. 

Knowledge about microbes and the pollutants in an integrated manner will elevate the 

applicability and practicality of bioremediation. 

 

CONCLUSION 

Integrated approaches of different domains enable us to obtain solutions for various complicated 

issues in a better manner. Bioinformatics and Bioremediation are two such approaches that can 

be collectively used to address the environmental issues. The constantly increasing rate of 

different types of pollution is alarming and has a need to be addressed immediately. 

Bioinformatics can aid the process of fastening research dealing with creating solutions for the 

environmental hurdles that are being created. Effective solutions can be found out with the help 

of bioinformatics and biotechnology to create a cleaner, safer environment. 
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