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Abstract:White pollution created by the use of 

plastics is found to have increased at an 

alarming rate. It is a major concern in the 

developed, developing and under developed 

counties due to its inexpensive, durable and 

easily available attributes. Their inability to 

degrade easily is posing a major trouble in 

waste management. Use of biodegradable 

materials, recyclable plastics and plastics 

which are comparatively easier to degrade are 

being encouraged. In spite of all the efforts and 

the awareness created, it has not been possible 

to reduce the consequences that are being 

caused by accumulation of plastics in the 

landfills. The white pollution is causing severe 

damage to marine life, terrestrial and aerial 

animals as well as humans. One of the solutions 

to overcome the adverse effects of plastics, can 

be through biological way i.e., by the use of 

microorganisms. Certain enzymes in the 

microbes cause the cleavage of polymer chains 

into monomers and oligomers, which are later 

metabolized in the microbial cells, thus 

degrading the plastics. Various micro-

organisms are proved to aid the degradation of 

plastics (e.g.:bacteriumsuch as pseudomonas 

and Streptococcus species, fungi such as A. 

glaucus and A. Niger). Of this lot, Moraxella 

lacunata is the bacteria which has the plastic 

degrading ability, but has not been exploited 

for this application. Further complementing 

the idea with a bioinformatics approach, we 

propose a study to find a suitable solution for 

the current day problem, the white pollution, 

in which we aim to carry out a comparative 

study of the micro-organisms at gene level. The 

bioinformatics approach  will help us identify 

the specific genes actively involved in plastic 

degradation in various species, which can later 

be extrapolated to the use of r-DNA technology 

and gene cloning to further overcome many 

issues with respect to plastic degradation and 

save the world before it heats up to an 

alarming temperature. 
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INTRODUCTION 

Plastic is being used extensively in packaging, 

textiles, and transportation, construction, 

pharmaceutical and recreation purposes. Plastics 

are strong and durable, making its use 

unavoidable in most cases. In various 

applications, during the past 50 years, new plastic 

materials have gradually replaced the traditional 

metal, wood and leather materials. The most 

preferred property of plastics, the durability also 

exerts a major environmental threat. Recycling 

has kind of failed to provide a safe solution for 

disposal of plastic waste. Excessive consumption 

of these plastics have led to soil and water 

pollution because of its non-biodegradable nature. 

This has an adverse impact on the environment. 

Incineration of plastics when used as a way to 
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dispose them, releases heavy toxic fumes. These 

gases increase the temperature of the earth and 

affect the environmental balance. This has led to 

the need to manufacture biodegradable plastics. 

Biodegradation is defined as the capacity of one 

or more cultures of microorganisms to utilize the 

synthetic polymer as a sole source of carbon. 

Biodegradable plastics can be degraded by micro-

organisms in the natural environment. Also they 

can be composted and they burn with a low 

calorific value compared to the synthetic plastics. 

This brings us to the urgent need to utilize the 

microorganisms to solve this global issue. Several 

microbial species were tested in the laboratory for 

their ability of degrading the polythene and 

plastics. The species extensively tested for their 

plastic degrading ability were Moraxella species, 

Pseudomonas, Staphylococcus, Micrococcus and 

Streptococcus species and two fungal species – A. 

Niger and A. glaucus. Plastic degradation by 

microbes is the result of the activity of certain 

enzymes that cause the cleavage of polymer 

chains into monomers and oligomers. Plastic that 

has been enzymatically broken down is then 

absorbed by the microbial cells which are later 

metabolised. Aerobic metabolism produces 

carbon-dioxide and water. Anaerobic metabolism 

produces carbon dioxide, water and methane. 

Microbes utilise hydrocarbons in the polymer 

backbone as the sole carbon source. Pseudomonas 

species is known to wholly contribute to the same, 

in a way better than most of the other microbes. 

Pseudomonas is amongst the extensively found 

gram negative soil bacterium with the ability to 

degrade hydrocarbons and various organic 

molecules. Moraxella is a genus of gram negative 

bacteria in the moraxellaceae family. Moraxella 

lacunata is one of the causes of 

blepharoconjuctivitis in humans.  Identifying that 

common gene in the micro-organisms, which are 

responsible for their own ability to degrade the 

plastics, leads us to explore the microbial 

population using various bioinformatics 

techniques. Bioinformatics is a highly 

interdisciplinary field that is progressing at an 

exponential pace due to recent advances in new 

technologies, software and reduction of large 

volumes of data. Bioinformatics, which has been 

incorporated into each branch of life sciences, 

provides a platform for researchers to develop 

valuable computational tools for human and 

environmental welfare. Specifically the NGS 

technologies have changed the path of genomics 

and proteomics research by providing massive 

parallel sequencing with high accuracy and 

greater throughput. In recent years, an increasing 

number of databases have been developed to 

provide information regarding chemicals and their 

biodegradation. These databases may be 

characterized into two categories: chemical 

databases and bio degradative databases. This is 

now driving biological research to several 

applications at the DNA or RNA level, including 

whole genome sequencing. Informatics 

technology can be applied to assemble and 

annotate some plastic degrading microbes’ 

genome using NGS data analysis. 

 

 

CONVENTIONAL APPROACHES 

 

Biological approaches have been applied for 

providing optimal solution for the degradation of 

plastic. Microorganisms have been found out to 

be having the potential to degrade plastic 

efficiently. The different types of plastics that are 

widely used in our daily life include 

Polyethyleneterepthalate, HDPE, Polyvinyl 

chloride, LDPE, Polyropylene, Polystyrene etc. 

Few plastics are found to be biodegradable. 

Different degradable plastics, such as 

polylactides, poly (3-hydroxybutyrate- 3- 

hydroxyvalerate), ethylene-carbon monoxide 

polymers, vinyl ketone copolymers (Guillet 

process), and starch-filled polyethylene (Griffin 

process), have been developed.[1] Abiotic 

degradation includes the physical and/or chemical 

processes that exerts intramolecular modifications 

in the polymer. Biodegradable polymers are 

comprised of two types: a) Polymers that are 

intrinsically biodegradable; whose chemical 

structure enables direct enzymatic degradation 
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(e.g. starch, cellulose, chitin, etc.) and b) 

Polymers that undergo photo oxidation or thermo 

oxidation upon exposure to u.v. or heat, 

respectively. Often, the synthetic polymers will 

contain pro-oxidant.These plastics have varied 

degradation rate, resistance, stability etc based on 

its composition. 3 major methods that are being 

used in the process of degrading degradable 

plastics are chemical degradation, 

photodegradation and biological degradation.  

 

Microorganisms can degrade plastic over 90 

genera, from bacteria and fungi. The main 

microorganisms involved in plastic degradation 

are: Streptomyces species, Phanerochaete sp. 

Pseudomonas, Xanthomonas, Flavobacterium, 

Micrococci, Streptococcus, Staphylococcus, 

Bacillus Penicillium, Alcaligenes, Fusarium, 

Amycolatopsis species, Comamonasacidovorans , 

Alternaria, Spicariaspp., Aspergillus, 

Aureobasidium,Poecilomycesetc. It has also been 

reported that the Mangrove soil is a rich source of 

microorganisms that degrade plastics, irrespective 

of the Mangrove zone.[2]  Shaker flask studies 

have yielded the following result consisting of 

plastic degradation. 

 

Table 1: Degradation of the polythene and 

plastics incubated with different microbial 

speciesin shaker cultures under laboratory 

conditions 

 

Various microbes take part in biodegradation 

process, where one breaks up the polymer into 

smaller monomers, one utilizes them and excretes 

waste by-products and the other utilizes those 

excreted waste. The most involved bacterial 

species include Pseudomonas and fungal strains 

are Aspergillus and Penicillium .The microbial 

enzymes and genes responsible for polythene 

degradation needed to be characterized so that 

they can be transferred to other easily available 

microbes to enhance the polythene degrading 

capacity.  

 

Researchers from Yale University found out an 

endophytic fungi namely Pestalotiopsis a 

microspora, which eats plastic by breaking it up 

using serine hydrolase enzyme even in anaerobic 

condition leaving no waste thereby leading to 

easy disposal of wastages like electronic gadgets 

that are being buried in the ground.[3]  

 

BIOINFORMATICS APPROACH 

 

Bioinformatics is an interdisciplinary area of the 

science composed of biology, mathematics and 

computer science. Bioinformatics is the 

application of information technology to manage 

biological data that helps in decoding plant 

genomes. During the last two decades enormous 

data has been generated in biological science, 

with the onset of sequencing the genomes of 

model organisms andrapid application of high 

throughput experimental techniques in laboratory 

research.The ‘bio-’ part of the term bioinformatics 

refers to biology, more particularly 

conceptualization of biology in terms of 

macromolecule, while ‘-informatics’ refers to the 

disciplines (applied math, computer science and 

statistics) involved in managing and revealing 

information related to these molecules.This whole 

very fast journey of molecular biology totoday’s 

era of ‘omics’ including genomics, 

transcriptomics, proteomics etc.,could not have 

Name of the Microbe                      % weight 

loss 

Bacteria:Plastic degradation 

Pseudomonas sp.                                 3.97 ± 

0.21 

Staphyloccoccussp.                             0.56 ± 

0.04 

Moraxella sp.                                      8.16 ± 

0.65 

Micrococcus sp.                                  1.02 ± 

0.08 

Streptococcus sp.  1.07 ± 0.05 

Fungi: 

Aspergillusglaucus                             7.26 ± 

0.51 

Aspergillusniger 5.54 ± 0.32 
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been conceptualized without the support of 

bioinformatics. 

Here, we propose three different but 

interconnected ways of using bioinformatics 

approach towards comparative study on plastic 

degrading microbes 

 

Genomics Approach  

The deciphering of DNA sequences has become 

instrumental for further studies in biological 

sciences. Next-generation sequencing (NGS) 

ignited a revolution in genomic science with 

many ground breaking discoveries. The NGS 

technologies have enabled comparative genomics 

by resequencing related organisms/species/strains 

to understand how genetic differences affect 

phenotypic features.Next generation DNA 

sequencing platforms are characterized by high 

paralleloperation, high throughput and low cost. 

[4] 

Our approach starts with downloading 

transcriptome data of microbes that have known 

to play a role in plastic degradation from SRA 

(sequence reads archive) of NCBI 

(http://www.ncbi.nlm.nih.gov/sra/). The 

sequences are ‘.sra’ files and need to be checked 

for its quality. This is a part of NGS data analysis 

where FastQc is used to check for quality of data, 

its sequence length, adapter contamination, GC 

content, sequence duplication levels etc.  

Determining the arrangement of DNA, RNA, or 

proteinsequences in order to identify conserve and 

similar regions can provide insightsinto the 

functional, structural or evolutionary role of the 

sequences. The basic idea behind sequence 

alignment is to find conservation between 

sequences, asit is believed that evolutionarily 

conserved sequences can be indication of active 

functionality. Pairwise alignment is used to find 

the best matching for a subsequence (local)or for 

an entire sequence (global), between two 

sequences at a time. Sequence alignment need to 

be carried out to get conserved regions and 

percentages of similarity, identity and homology.  

Based on these results the transcriptomes of 

microbes are annotated and its region of 

functionality could be determined by mapping out 

to gene level.  When a certain molecular entity 

such as a nucleic acid, protein sequence,protein 

structure or a cell is known, annotation is the next 

process of addingthe layers of analysis and 

interpretation for these entities, which can be used 

toextract their biological significance and to 

identify their role in some biologicalprocesses. It 

is a multi-step process. [4] 

Transcriptome data of microbes is difficult to 

acquire as there are very few research institutes 

devoting for it due to requirement of expertise in 

the various fields. 

 

 

Enzymatic Approach 

Most studies on the microbial degradation of 

plastics have been performed with the aimof 

preventing microbial hazards, and not much 

researchhas been conducted on the enzymes or 

biochemical mechanisms involved in Plastic (e.g.: 

PUR-polyurethane) degradation by 

microorganisms. Plastics differ from other 

macromolecules in that its physicochemical 

characteristics depend on the kinds of polyols and 

polyisocyanates used as raw materials for its 

synthesis.[5]Enzyme degrades PUR in a two-step 

reaction: hydrophobic adsorption onto the PU 

surface followed by the hydrolysis of the ester 

bonds of PUR.The PUR esterase was considered 

to have a hydrophobic-PUR-surface binding 

domain(SBD) and a catalytic domain. The SBD 

was shown to be essential for PUR degradation. 

In de-polymerase enzymes, the hydrophobic SBD 

has beendetermined by amino acid sequence 

analysis and its various physicochemical and 

biological properties. [6] 

During theinitial phase of degradation, the 

waterinsoluble high molecular polyester 

chainshydrolyze to water soluble low-molecular- 

weight oligomers by attacking the chemicalbonds 

in the amorphous phase. During the second step, 

the degradation process was continued through 

the conversion of low molecular weight 

components of Plastics into carbon dioxide, water 

and humus. [7] 
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With the above conformation from wet lab studies 

that enzymes in microbes degrade plastic, an 

enzymatic approach in bioinformatics is only 

logical. On identifying the enzyme that plays a 

role like de-polymerases, esterase, lipases, ureases 

present in the microbe respectively, a 

bioinformatics approach could be designed to 

study the same. The presence of plastic degrading 

enzymes and proteins in various other 

microorganisms can be predicted using the study 

of pathways. There are chemical and toxicity 

databases that are available to provide further 

information regarding the level of toxicity, 

composition etc.  

 

Protein Docking Studies 

Macromolecular docking is the computational 

modeling of the quaternary structure of complexes 

formed by two or more interacting biological 

macromolecules. Protein–protein complexes are 

the most commonly attempted targets of such 

modeling, followed by protein–nucleic acid 

complexes. 

The ultimate goal of docking is the prediction of 

the three-dimensional structure of the 

macromolecular complex of interest as it would 

occur in a living organism. Docking itself only 

produces plausible candidate structures. These 

candidates must be ranked using methods such as 

scoring functions to identify structures that are 

most likely to occur in nature. 

Docking studies could be carried out between 

enzyme in the microbes and the plastic 

components. Synthetic plastics structures are 

identified in various research organizations. A 

plastic is made up principally of a binder together 

with plasticizers, fillers, pigments, and other 

additives. The binder gives a plastic its main 

characteristics and usually its name. 

Thus, polyvinyl chloride is both the name of a 

binder and the name of a plastic into which it is 

made. Binders may be natural materials, e.g., 

cellulose derivatives, casein, or milk protein, but 

are more commonly synthetic resins. In either 

case, the binder materials consist of very long 

chainlike molecules called polymers. The enzyme 

substrate reactions could be visualized in various 

docking tools and the process of degradation 

analyzed to be replicated in other non-degradable 

substances. Docking studies are a major gift of 

bioinformatics to the research field where they 

give a better understanding of various such 

specific binding reactions. 

 

Genomic Approach – An illustration 

As a simple way to establish the plastic degrading 

ability in the microorganism Moraxella lacunata, 

we followed a basic genomic approach, in which 

we have aligned the whole genome sequence of 

Moraxella lacunata with, the most commonly 

used microorganism in plastic degradation, 

Staphylococcus aureas, using a wrapper called 

Basic Local Alignment Search Tool (BLAST). 

This tool helped us in identifying the similar 

regions between the two species. Higher degree of 

identity between the sequences of the different 

species clearly indicates that there are several 

common genes between them which carry out 

similar functions within the cell.  

Using Blast, we obtained 78% identity 

between the whole genome sequences of 

Moraxella and Staphylococcus, indicating that 

there are high probabilities of Moraxella 

containing the same genes as in 

Staphylococcus.(Fig1) Thus providing us a first 

evidence that the Moraxella species can also be 

efficiently used in the process of microbe aided 

plastic degradation. Further identifying the 

common genes and studying the pathways in 

which the particular genes are involved will give a 

deeper insight into theextended application of 

Moraxella and other similar organisms in 

degrading plastics. 

DISCUSSION 

The bioinformatics approach can be a promising 

approach to various environmental issues, 

including White Pollution. It has the potential to 

answer various ambiguities regarding interactions, 

http://www.infoplease.com/encyclopedia/science/polymer.html
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organisms that can be used for the purpose of 

plastic degradation, designing recombinant 

organisms for degradation, identification of genes 

and proteins that can aid in creating a better 

environment by degrading Plastics. The extent in 

which the problem is increasing is inversely 

related to the solutions that are being created. 

There has been very minimal work done in the 

field of bioinformatics towards environmentally 

important organisms. Thus, proves to be a very 

important field of study in the present scenario. It 

also helps in decreasing time and cost of research 

involved, substantially as it provides predictions 

for wet lab studies. Like the genomic approach, 

enzymatic and the proteomic approaches 

alsoproves to be of a great support to establish the 

plastic degrading ability in various unexplored 

organisms in the field with very less space and 

time. 
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Fig1. BLAST Output for sequence comparison of Moraxella lacunata and 

Staphylococcus aureas. 
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