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Abstract 

 

Increase in environmental issues is acting 

as an alarm for the living beings, 

especially Humans to act responsibly in 

this regard to avoid unimaginable 

consequences caused by environmental 

pollution. One such threatening issue is 

the massive increase of Electronic waste 

(e-waste) and the need for its sustainable 

management. E-waste has posed a 

significant threat where in, the ever 

increasing technology and innovation and 

decreased life –span of the appliances and 

are acting as the major contributing 

factors. The conventional methods such 

as bioremediation, photovolatalization, 

photoremediation, microbial remediation 

etc have been used since a long time but 

their efficiency seems to be decreasing 

with respect to exponential increase in the 

waste generation amounts. Heavy metals 

are posing a severe threat due to its stable 

and toxic nature. There is a quick need to 

find alternative solutions to this problem 

by using newer, more efficient and less 

time consuming methods, which can be 

tried using bioinformatics approaches.  

Application of a novel biological and 

bioinformatics methodologies to address 

this issue looks quite hopeful with the 

presence of many heavy metal degrading, 

bio degrading, and bio leaching bacteria, 

algae and fungi. Thus, a serious 

environmental concern can be addressed 

by using naturally present organisms. 
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Introduction 

 

Advances in the field of science and 

technology has brought about manifold 

problems including the problem of massive 

amount of hazardous waste and other wastes 

generated from electric products. The issue 

of proper management of wastes is critical 

to the protection of livelihood, health and 

environment. (1)Waste electrical and 

electronic equipment (WEEE), also 

commonly known as e-waste, is an 

important concern in developed and 

developing countries alike. It is a waste 

stream with toxic contents that are 

hazardous to human health and the 

environment. (2)The constantly changing 

today's world of technology has led to the 

serious problem of E (Electronic) waste. E-

waste constitutes multiple components some 

of which are toxic that can cause serious 

health and environmental issues if not 

handled properly. Every day, enormous 

quantity of waste is generated, which is at 

present in need of attention. (3)Broadly, it 

consists of ferrous and non-ferrous metals, 

plastics, glass, wood and plywood, printed 

circuit boards, concrete, ceramics, rubber 
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and other items. Iron and steel constitute 

about 50% of the waste, followed by plastics 

(21%), non-ferrous metals (13%) and other 

constituents. Non-ferrous metals consist of 

metals like copper, aluminium and precious 

metals like silver, gold, platinum, palladium 

and so on. The presence of elements like 

lead, mercury, arsenic, cadmium, selenium, 

hexavalent chromium, and flame retardants 

beyond threshold quantities make e-waste 

hazardous in nature. It contains over 1000 

different substances, many of which are 

toxic, and creates serious pollution upon 

disposal. (1) 

 

A major global concern prevalent in the 

world is heavy metal contamination from 

various polluting effluents. They are a major 

threat to human life and environment due to 

its toxicity.  The sources for these heavy 

metal contaminations are industrial wastes, 

automobile emissions, mining activity, and 

agricultural practices. This everlasting 

ecological effect of heavy metal 

contamination is seen through generations 

and the problem of bio magnification in the 

food chain has to be disseminated to the 

world. Heavy metals are a group of metals 

with density greater than 5 g/cm
3

. (4) 

Some heavy metals such as nickel, iron, 

copper and zinc are essential to metabolic 

reactions and are required as trace elements 

by the organisms. Others like mercury, 

silver and cadmium have no biological role 

and are harmful to the organisms, even at 

very low concentrations.  High metal 

concentrations have been linked to birth 

defects, cancer, skin lesions, and retardation 

leading to disabilities, liver and kidney 

damage. This has given birth to the need for 

a  

permanent solution to this problem. Some 

conventional methods for removal and 

management of heavy metals are land 

filling, chemical fixation, leaching, 

precipitation, ion exchange, reverse osmosis, 

microfiltration, electro dialysis, evaporation. 

Increasing amount and complexity of toxic 

waste effluents, can be bio remediated by 

appropriate plants and microbes, either 

natural occurring or tailor-made for the 

specific purpose. (5) Bioremediation can be 

defined as any process that uses 

microorganisms or their enzymes to return 

the environment altered by contaminants to 

its original condition. Bio sorption can be 

defined as the selective sequestering of 

metal soluble species that result in the 

immobilization of the metals by microbial 

cells.(6)Use of microorganisms and plants 

for remediation purposes is thus a possible 

solution for heavy metal pollution since it 

includes sustainable remediation 

technologies to rectify and re-establish the 

natural condition of soil. Prokaryotic and 

Eukaryotic microbes are capable of 

accumulating metals by binding them as 

cations to the cell surface as a passive 

process like redox reactions, Vander Waal’s 

forces, electro static interactions, 

extracellular precipitation. Pseudomonas 

genus is one such model organism when it 

comes to heavy metal remediation. 

Pseudomonas aeruginosa is known to 

accumulate metal in their cell by the process 

bio sorption (7).  

 

There are many metal resistant 

pseudomonas strains that have been 

identified. Bioinformatics is an upcoming 

interdisciplinary branch that has immense 

potential in assisting in the above mentioned 

field of metal remediation. Using next 

generation sequencing and other sequencing 

tools bioinformatics has taken forward the 

research in life sciences. One such 

opportunity is being proposed here where 

the transcriptome sequences of some 

microbes that have prior proof of being 

actively remediating metal contamination 

are aligned, translated and annotated for 

functional regions contributing to the same. 
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This is a holistic comparative approach 

towards heavy metal degradation which 

poses a problem worldwide.   

 

Heavy metals in E-waste 

 

Heavy metals are part of earth’s natural 

crust, but human activities have altered 

geochemical cycles and biochemical 

balance. These heavy metals mainly include 

transition metals, metalloids, lanthanides 

and actinides. Any metal species is said to 

be a contaminant if it is said to exist in a 

form or quantity detrimental to man or 

environment. (8)Heavy metals are metals of 

great concern and huge impact to animal or 

plant Biosystems.  There is a high 

concentration of such poisonous metals in 

the environment. Some of such metals are 

cadmium copper, zinc, lead, mercury, 

nickel, chromium, manganese and silver. 

The source of such heavy metal is usually 

natural, sometimes anthropogenic. Natural 

means include volcanic activity, animal 

excretion etc. Anthropogenic includes 

mining, agriculture, fossil fuel burning etc. 

(9).  At present rivers and oceans are most 

polluted and 80% of diseases are water 

related. These metals are a great threat to 

both our land and water ecosystems as they 

cannot be degraded like organic substances. 

They pose a crucial challenge in the form of 

bioaccumulation and bio magnification. 

Hence, there is a requirement to find 

sustainable ways to reduce heavy metal 

toxicity. (10)The main threats to human 

health from heavy metals are associated with 

exposure to lead, cadmium, mercury and 

arsenic. Cadmium compounds are currently 

mainly used in re-chargeable nickel-

cadmium batteries. Cadmium emissions 

have increased dramatically during the 20th 

century, one reason being that cadmium-

containing products are rarely re-cycled, but 

often dumped together with household 

waste. Recent data indicate that adverse 

health effects of cadmium exposure may 

occur at lower exposure levels than 

previously anticipated, primarily in the form 

of kidney damage but possibly also bone 

effects and fractures. During the last 

century, lead emissions to ambient air have 

caused considerable pollution, mainly due to 

lead emissions from petrol. Children are 

particularly susceptible to lead exposure due 

to high gastrointestinal uptake and the 

permeable blood-brain barrier. Blood levels 

in children should be reduced below the 

levels so far considered acceptable, recent 

data indicating that there may be neurotoxic 

effects of lead at lower levels of exposure 

than previously anticipated. Long-term 

exposure to arsenic in drinking-water is 

mainly related to increased risks of skin 

cancer, but also some other cancers, as well 

as other skin lesions such as hyperkeratosis 

and pigmentation changes. Occupational 

exposure to arsenic, primarily by inhalation, 

is causally associated with lung cancer. (11) 

 

Bioremediation to the rescue of 

environment 

 

Bioremediation is defined as a process by 

which microorganisms are stimulated to 

rapidly degrade hazardous organic pollutants 

to environmentally safe levels in soils, 

sediments, substances, materials and ground 

water. Bioremediation has the potential to 

restore contaminated environments 

effectively and inexpensively. 

Bioremediation process involves 

biotransformation and biodegradation by 

transforming contaminants to non–

hazardous or less hazardous chemicals. 

Researchers now have the ability to cultivate 

and sequence microorganisms that are 

important to bioremediation. Biodegradation 

is nature's way of recycling wastes, or 

breaking down organic matter into nutrients 

that can be used by other organisms. The 

degradation is carried out by the 
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microorganisms: bacteria, fungi, insects, 

worms etc. by taking nutrients such as C, N, 

and P from the contaminant which on long 

term acclimatization convert the toxic 

compound into environment friendly 

compound. (12). this process is sometimes 

lacking with certain substances requiring 

outside help to degrade. Micro-organisms 

are principle agents in bioremediation. They 

work on enzymatic reactions to degrade 

toxic chemicals. They are either induced or 

depressed based on the presence of 

contaminants. Microorganisms that carry out 

biodegradation in many different 

environments are identified as active 

members of microbial consortiums. These 

microorganisms include: Acinethobacter, 

Actinobacter, Acaligenes, Arthrobacter, 

Bacillins, Berijerinckia, Flavobacterium, 

Methylosinus, Mycrobacterium, 

Mycococcus,Nitrosomonas, Nocardia, 

Penicillium, Phanerochaete, Pseudomonas, 

Rhizoctomia, Serratio, Trametes and 

Xanthobacter. Some contaminants and non-

biodegradable substances or hazardous 

compounds that need bioremediation 

include pesticides, benzene, petroleum 

hydrocarbon compounds like toluene, 

plastic. (13) 

 

Microbial interactions with some metalloids 

have been known to have caused noticeable 

impact in the environment. Metals bind to 

many cellular ligands and displace essential 

metal from their binding sites that is toxic to 

the body. Different methods by which 

microbes restore the environment are 

oxidizing, binding, immobilizing, volatizing 

and transformation of heavy metals.(5) 

There may be several potential microbial 

metal bio sorbents. These include genera of 

Bacillus, Pseudomonas, Streptomyces, 

Aspergillus, Rhizopus and Penicilium. 

(14)Studies revealed that 

Thiobacillusferrodoxinsand 

leptospirllumferroxidans are capable of 

oxidizing iron and sulphur. Eubacteria and 

archaea are able to oxidise manganese, iron, 

and cobalt. Some microbes reduce ions such 

as mercury ion or silver ions. A strain of 

alcaligenes faecalisis known to reduce 

ASO2- to ASO43- . Pseudomonas 

fluorescens is known to reduce CrO42- to Cr 

(OH) 3. These are redox reactions involving 

enzymatic microbial detoxification.(5)Bio 

stimulation of microbes, bio augmentation 

of population, bio sorption of microbial 

biomass, bioaccumulation of toxic 

substances in living cells are known 

mechanisms of bioremediation therapy of 

heavy metal contamination to the 

environment. (7)The toxic effects of heavy 

metals on microorganisms are influenced by 

a multitude of factors such as pH, 

concentration of chelating agents, 

speciation, and organic matter. Bacterial 

pigmentation and enzymatic activities such 

as catalase, gelatin hydrolysis and nitrate 

reduction are some of the processes known 

to degrade hazardous waste. Metal tolerant 

Enterobacteriaceae strains were 

investigated for their resistance to 

antimicrobial drugs, intending to study the 

possible relationship between metal 

tolerance and antimicrobial resistance. 

Microbes were isolated from the soil and 

sludge by serial dilution and pour plating 

method. Strains were maintained in agar 

slants containing nutrient broth. They were 

characterized morphologically and on the 

basis of biochemical reactions. They were 

allowed to grow in the synthetic media 

having different heavy metal solutions to 

make capable of heavy metal resistant. 

Experiments of heavy metals bio sorption 

were done in Erlenmeyer flasks. (6) 

 

Pseudomonas aeruginosa is known to 

accumulate metal in their cell by the process 

called Bio sorption. High levels of zinc, 

cesium, lead, and arsenate and mercury 

resistance in eight copper resistant 
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Pseudomonas strains is known to be 

identified by wet lab experiments. Different 

studies depicts that this bacteria removes 

chromium efficiently and this could be used 

for industrial waste management and other 

environmental contaminants. These metal 

resistant strains were capable of 

bioaccumulation of multiple metals and 

solubilisation of copper. Metal accumulating 

bacterium Pseudomonas stutzeri is capable 

of producing silver based single crystals 

which can reduce toxicity of metals. putida 

is known to be responsible for the active 

efflux of arsenite from cells. The 

ATpaseArSA protein complex is the one 

responsible for the same. (6) (14) 

 

Bioinformatics in Bioremediation 

 

Bioinformatics is the combination of 

biology and information technology. It is the 

branch of science that deals with the 

computer based analysis of large biological 

data sets. Bioinformatics incorporates the 

development to store and search data and of 

statistical tools and algorithms to analyze 

and determine relationships between 

biological data sets, such as macromolecular 

sequences, structures, expression profiles 

and biochemical pathways. Bioinformatics 

is the focus on cellular and molecular levels 

of biology. Biology and computers are 

becoming close cousins which are mutually 

respecting, helping and influencing each 

other and synergistically merging more than 

ever. The availability of bacterial genomes 

relevant to biodegradation in recent years 

has allowed the feasibility to study the 

complex interactions between cellular 

reactions from a genomic and proteomic 

level. (12) 

 

There is highest scope in this technological 

world of computers to use bioinformatics in 

the bioremediation field of using microbes 

to degrade heavy metals and in turn e-waste 

from our environment and reduce its 

harmful; effects to flora and fauna alike. 

This proposal states that transcriptomic 

information of heavy metal degrading 

microbes is used in a comparative approach 

and studied for functional regions. This aims 

to identify conserved annotated functional 

region which could be proven to contribute 

to heavy metal remediation or degradation.  

 

Homology and similarity tools are used to 

align two or more transcriptomic sequences. 

Homologous sequences are sequences that 

are related by divergence from a common 

ancestor.  Thus the degree of similarity 

between two sequences can be measured 

while their homology is a case of being 

either true of false. This set of tools can be 

used to identify similarities between 

different microbe sequences of unknown 

regions of function and database sequences 

whose structure and function have been 

elucidated .Nucleotide 6-frame translation-

protein (blastx)-This program compares the 

six-frame conceptual translation products of 

a nucleotide query sequence (both strands) 

against a protein sequence database. 

 

Annotation tools in turn will give us the 

functionality of the proteins present on 

translating the given transcriptome. 

Sequence annotations describe regions or 

sites of interest in the protein sequence, such 

as post-translational modifications, binding 

sites, enzyme active sites, local secondary 

structure or other characteristics. 

 

Conclusion 

 

Nature offers solution within itself to 

address most of the problems. The solution 

finding process can be fastened by using 

bioinformatics techniques and be validated 

by wet lab experiments and on site testing. 

A thorough research on various microbes, 

study on side effects, efficacy, applicability 
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and many other factors will aid in giving us 

effective solution against the ill implications 

of E-waste. 
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