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INTRODUCTION 
The growing worldwide concern about the buildup of 

plastic trash in the environment means that industrial 
plastic waste accounts for a major share of this problem. 

Modern solutions are needed, as conventional recycling 

techniques fight to keep up with the rising amount of 

plastic trash. An appealing approach is to create 

genetically engineered bacteria that can decompose 

plastic materials [1]. The creation and optimization of 

bacterial strains geared specifically to degrade industrial 

plastic ash is the subject of this research. By harnessing 

the power of synthetic biology and genetic engineering, 

we hope to improve the natural capacity of some bacteria 

to metabolize plastic polymers. This method has two 
advantages. This might be a sustainable way to handle 

plastic waste and could be a useful source of raw 

materials for industrial operations [2]. 

 

Among the aspects investigated in this study were the 

identification of appropriate bacterial species, design and 

insertion of plastic-degrading genes, and optimization of 

bacterial growth environments for effective 

biodegradation. We also examined the scalability of this 

method and how it could fit current waste management 

systems. Focusing on the enzymatic routes involved in 

breaking down several types of polymeric plastic 

polymers, this work investigates the molecular 

mechanisms underlying plastic biodegradation [3]. 

Promising for the degradation of polyethylene 

terephthalate (PET), a frequent plastic used in packaging 

and textiles, we investigated the structure and activity of 

two important enzymes, PETase and MHETase. We also 

examined the possible environmental effects of 
introducing genetically modified bacteria into 

ecosystems. This includes the evaluation of ecological 

risks, investigation of horizontal gene transfer potential, 

and development of containment methods to avoid 

unintended effects [4]. 

 

This research also examines the difficulties of enlarging 

laboratory-based tests for industrial use. We examined 

the plastic degradation product efficient recovery 

method, bioreactor design, process optimization, and the 

development of. We also investigated the economic 

feasibility of using this technology extensively, 
considering operational expenses, energy needs, and 

possible income sources from recovered materials [5]. 

To guarantee the relevance of this study, we work with 

environmental policymakers and waste management 

specialists to create plans for including this technology 

in the current waste management system. This entails 
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Abstract:    Studies on genetically modified bacteria for biodegradation of industrial plastic waste 
have involved various important facets. These include bacterial species identification, genetic 
modification methods, enzymatic pathway examination, optimization of growth conditions, 
environmental impact evaluation, challenges of scale-up, compliance with regulations, public 
acceptance, compatibility with existing systems, potential for circular economy, comparative studies, 
and long-term monitoring. Bacterial species are identified through the screening and selection of 
strains with inherent plastic-degrading capabilities or genetic modification potential. Genetic 
engineering methods, such as CRISPR-Cas9, are used to promote plastic degradation in bacteria. 
Enzymatic pathway analysis studies have maximized particular enzymes involved in the degradation of 
diverse plastic polymers. Optimizing growth conditions identifies the optimal environmental conditions 
for maximizing bacterial growth and plastic degradation efficacy. The assessment of environmental 
impact analyses potential environmental effects and formulates containment measures. Scale-up issues 
resolve the complications related to large-scale production and implementation in industrial 
environments. Regulatory compliance navigates convoluted frameworks that control the application of 
genetically modified organisms. Public acceptance strategies deal with public concerns and encourage 
education about the benefits and safety controls of technology. Integration with existing systems 
considers how to include biotechnology in existing waste management systems. The circular economy 
potential examines ways to transform degraded plastic waste into useable raw materials or energy 
sources. Comparative assessment assesses the cost-effectiveness and efficiency relative to other 
plastic waste management technologies. Long-term monitoring sets standards for the constant 
monitoring of technology performance and environmental effects. This increased scope of research 
seeks to develop an all-inclusive solution for industrial plastic waste management that covers both 
technical and social issues, and supports global sustainability objectives. 
 

Keywords:  Genetically Modified Bacteria, Biodegradation, Plastic Waste Management, Enzymatic 
Pathways, Circular Economy 
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investigating possible legal systems and public 

acceptance problems, and creating rules for the safe and 

effective use of genetically modified bacteria in plastic 

waste management. Finally, we discuss the broader 

effects of this technology on a circular economy [6]. This 
method can generate new economic possibilities while 

also solving environmental problems by turning plastic 

trash into useful raw materials. We investigated how this 

technology could be included in a larger ecosystem of 

sustainable techniques, including lowered plastic output, 

enhanced recycling techniques, and the production of 

biodegradable substitutes for conventional plastics. 

Through genetic engineering and synthetic biology, this 

all-encompassing approach seeks to support worldwide 

initiatives in environmental protection and sustainable 

resource management [7]. 

 

Figure 1: Environmental Impact of Plastic Waste 

Disposal on Atmospheric, Land, and Marine 

Ecosystems 

 
 

Global Impact of Plastic Waste on Ecosystems 
Plastic trash has become a major global environmental 

problem that affects terrestrial, freshwater, and maritime 

ecosystems. Extensive use and inadequate garbage of 

plastic products have caused them to build natural 

habitats, thereby harming species and ecosystem 

functions. Plastic pollution affects marine ecosystems. 

Microplastic fragments under 5 mm have been 

discovered in all ocean basins, including remote 

locations such as the Arctic and deep-sea regions. Marine 

creatures consume these particles, which results in bodily 

damage, decreased feeding efficiency, and possible 

toxicological consequences from the transport of 
hazardous chemicals connected with plastics. Marine 

creatures can become entangled with large plastic debris, 

injuries, movement restrictions, and death. Additionally, 

coral reefs can suffocate coral colonies and spread 

illnesses, thereby adding to coral disorders and bleaching 

[8,9]. Plastic waste also affects terrestrial ecosystems. 

Microplastic pollution can change the soil composition, 

water-holding capacity, and microbial populations, 

thereby impairing plant development and soil fertility. 

Furthermore, larger plastic trash particles can be ingested 

or entangled by land animals, leading to death or injury. 
Plastic waste in landfills leaches hazardous substances 

into soil and groundwater, thus impacting the 

surrounding ecosystems and potentially entering the food 

chain [10]. As rivers and lakes act as the main pathways 

for plastic garbage to enter the marine environment, 

freshwater ecosystems also face comparable problems. 

Plastics in freshwater habitats can interrupt food 

networks, change habitat forms, and compromise water 

quality. Microplastics found in freshwater fish and 
invertebrates spark concerns regarding their 

bioaccumulation in aquatic food webs and their potential 

transfer to terrestrial habitats via predation [11]. 

 

Worldwide, plastic trash has consequences beyond its 

immediate environmental impact. It also has economic 

consequences for sectors, such as fisheries, tourism, and 

shipping. Plastic trash can harm fishing equipment, 

lower catch rates, and pollute fish stocks, thereby causing 

financial damage to the fishing communities. Areas 

dependent on tourism could see income decline as a 

result of plastic contamination on beaches and coastal 
waters. Because plastic trash entanglement in propellers 

and cooling systems [12] increases the costs of vessel 

maintenance and repair, shipping companies suffer. 

Furthermore, ingestion of seafood containing 

microplastics and associated toxins can cause human 

health issues. Microplastics can serve as conduits for 

other toxins and persistent organic pollutants (POPs), 

thereby carrying dangerous chemicals to humans via the 

food chain. Although research on the long-term health 

consequences of microplastic intake in people is 

ongoing, there are concerns about its possible effects on 
the digestive system, immunological response, and 

endocrine disturbance [13]. The persistence of plastic ash 

in the environment worsens its environmental effects. 

Most traditional plastics do not biodegrade; rather, they 

break down into smaller particles and persist in 

ecosystems for hundreds of years. This long-lasting 

existence allows plastics to damage flora and ecosystems 

for several years. The effects of climate change on plastic 

ash are now widely evident. Plastic manufacturing, 

chiefly derived from fossil fuels, adds to greenhouse gas 

(GHG) emissions. Moreover, as plastics decompose in 

the environment, they emit methane and ethylene, which 
are greenhouse gases that hasten global warming [14]. 

 

A complex strategy, including better waste management 

systems, development of biodegradable alternatives, and 

enforcement of policies to reduce plastic usage and 

support recycling, is needed to solve the worldwide 

plastic trash issue. In different nations, Extended 

Producer Responsibility (EPR) systems, whereby 

producers are accountable for the entire lifespan of their 

goods, including disposal, are being introduced to 

encourage sustainable product design and boost 
recycling rates [15]. Advances in material science have 

produced compostable and biodegradable polymers, as 

well as plastic substitutes made from renewable 

materials. These developments strive to offer more 

sustainable alternatives for consumers and businesses 

and minimize the environmental effects of plastic goods. 

Changing consumer behavior and encouraging 

responsible plastic use and disposal depends 

significantly on education and awareness campaigns. At 
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the individual and local levels, many projects have aimed 

to cut single-use plastics, promote the use of reusable 

goods, and improve recycling habits [16]. Dealing with 

the transboundary characteristics of plastic pollution 

depends on international cooperation. Global agreements 
and projects, such as the resolution to eliminate plastic 

pollution passed by the United Nations Environment 

Assembly, aim to coordinate efforts across countries to 

minimize plastic trash and its environmental impact. 

Understanding the entire scope of plastic pollution and 

its impacts on human health and ecosystems still depends 

on research and monitoring. Improved data collection 

and analysis can help direct targeted solutions and inform 

policy choices that address the most pressing 

components of the plastic waste crisis [17]. The 

worldwide effects of plastic trash on ecosystems are 

extensive and multifaceted, affecting marine, freshwater, 
and terrestrial environments. Solving this problem 

requires a thorough strategy, including technical 

innovation, policy enactment, education, and global 

collaboration. Coordinated efforts are required to reduce 

the consequences of plastic pollution as the world 

becomes more sensitive to its health and environmental 

effects and to switch toward more sustainable habits in 

plastic manufacturing, consumption, and disposal [8]. 

 

Overview of Industrial Plastic Types and Their 

Persistence 
Industrial plastics are artificial polymers that are widely 

employed in several industries because of their 

adaptability, durability, and cost-effectiveness. 

Polyethylene (PE), polypropylene (PP), Polyvinyl 

Chloride (PVC), Polyethylene Terephthalate (PET), 

polystyrene (PS), and polyurethane (PU) are among the 

most commonly used materials. PE, which has variants 

of HDPE and LDPE, is utilized in packing, containers, 

pipes, and bags and is lightweight and chemically 

resistant but exceedingly persistent in the surroundings. 

Used in food packaging and automotive parts, PP is heat-

resistant and widely recyclable, but degrades slowly 
[18]. Often found in medical devices and construction, 

PVC is durable and fire-resistant but is highly persistent 

and perhaps toxic. Utilized in beverage bottles and 

textiles, PET is strong and widely recycled but can 

remain for centuries. PS, utilized in packaging and 

disposable items, is rigid and easily foamed but breaks 

down into persistent microplastics and is frequently not 

recycled. Used in foams and adhesives, PU is flexible 

and durable, yet challenging to recycle owing to its 

complex chemical composition. With degradation times 

ranging from decades to centuries, these polymers have 
varied environmental effects that create major problems 

in waste management and ecological preservation [19]. 

 

The persistence of polymers causes major environmental 

problems including greenhouse gas emissions, chemical 

leaching, food chain contamination, microplastic 

creation, and ecosystem accumulation. Plastics build up 

and influence animal habitats on land and in water 

systems. Large plastic items shatter into microplastics, 

which organisms at different trophic levels can ingest, 

invading the food chain and endangering both human 

health and ecosystem stability. Plastic additives can seep 

into the surroundings and possibly cause toxic effects 

[20]. Furthermore, the production and disposal of 
plastics contribute to greenhouse gas emissions and 

aggravate climate change. Developing biodegradable 

substitutes, improving recycling techniques, enacting 

more stringent standards on plastic manufacture, 

consumption, and disposal, encouraging the reuse and 

repurposing of plastic goods, studying the long-term 

consequences of plastics on ecosystems and human 

health, educating customers about the environmental 

impact of plastics, and holding manufacturers 

accountable for the entire lifecycle of plastic goods are 

among the initiatives to tackle these problems [21]. 

Crucial steps include inventing plastic replacements that 
decompose naturally in the environment; improving 

mechanical and chemical recycling methods; imposing 

more stringent regulations on plastic manufacturing, 

consumption, and disposal; promoting circular economy 

models; investing in research; launching public 

awareness efforts; and extending manufacturer 

obligations. Addressing these issues and putting 

thorough solutions into practice could help lessen the 

environmental effects of industrial polymers while 

preserving their valuable uses in several fields [22]. 

 

Figure 2: Circular Process of Bioplastic Production 

Using Genetically Engineered Bacteria and Biowaste 

Management 

 
 

Selection and Genetic Modification of Plastic-

Degrading Bacteria 
The selection and genetic engineering of plastic-

degrading bacteria includes many essential stages, each 

with complicated systems and factors to be considered. 

The first step is isolation and screening, starting with 

sampling from several plastic-contaminated habitats 

including trash, oceans, and soil. Using high-throughput 

screening techniques, selective media containing several 
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different types of plastics can help identify possible 

plastic-degrading colonies. Weight reduction 

calculations and microscopic inspection were used to 

verify the plastic degradation process [23]. Other 

screening methods include colorimetric tests to identify 
degradation products, clear zone formation on agar plates 

with plastic particles, and fluorescence-based screening 

using fluorescently tagged plastics. The second stage is 

characterization, which entails 16S rRNA sequencing for 

taxonomic classification, whole-genome sequencing to 

identify probable plastic-degrading genes, and 

proteomics and metabolomics to clarify enzymatic 

pathways. Protein structure and function prediction were 

performed using bioinformatics techniques, and gene 

expression profile analysis was performed under various 

plastic degradation conditions. Advanced 

characterization techniques include transcriptomics to 
detect upregulated genes during plastic disintegration, 

isotope labelling experiments to follow carbon flow 

during plastic metabolism, electron microscopy to 

observe microbial-plastic interactions, and atomic force 

microscopy to investigate the surface changes of plastics 

[24,25]. 

 

Enhancement of the plastic degradation capacity of 

bacteria through genetic alteration includes several 

methods, including gene amplification, promoter 

engineering, protein engineering, and metabolic pathway 
optimization. These approaches use methods such as 

plasmid-based systems, inclusion of genes into bacterial 

chromosomes, synthetic promoter design, CRISPR-Cas9 

gene editing, directed evolution, and synthetic operon 

engineering. Multiplex genome engineering using 

CRISPR-Cas systems, synthetic biology approaches to 

design artificial plastic degradation routes, genome 

reduction to generate minimal genomes optimized for 

plastic degradation, and horizontal gene transfer studies 

to discover and include new plastic-degrading genes 

[26,27] all qualify as advanced genetic modification 

techniques. High-throughput assays using flow 
cytometry were developed, adaptive laboratory 

evolution was used, plastic degradation kinetics were 

assessed, and strain performance was evaluated under 

several environmental conditions in the selection of 

modified strains. Advanced selection techniques include 

microfluidic devices for single-cell analysis and sorting, 

machine-learning algorithms for forecasting strain 
performance, competitive assays for choosing strains 

with enhanced plastic degradation capacity, and in situ 

selection methods mimicking actual plastic 

contamination scenarios [28]. 

 

Among other things, safety and environmental factors 

include performing comparative genomics, carrying out 

microcosm studies, creating genetic safeguards, 

assessing potentially dangerous byproducts, and 

assessing long-term genetic stability. Horizontal gene 

transfer risk assessment, ecotoxicological research to 

assess the effect on indigenous microbial populations, 
development of biocontainment techniques, life cycle 

assessment of altered bacterial strains, and regulatory 

compliance and ethical considerations are among the 

additional safety precautions [29]. Scale-up and 

applications include designing optimized bioreactors, 

inventing immobilization techniques, formulating 

bacterial consortia, conducting pilot-scale research, 

creating integration strategies, and investigating possible 

value-added products from plastic degradation. The 

development of continuous flow systems for plastic 

degradation, integration with existing waste 
management infrastructure, design of specialized plastic 

pre-treatment processes, exploration of synergistic 

effects with physical or chemical degradation 

techniques, development of approaches for handling 

mixed plastic waste streams, and creation of closed-loop 

systems for plastic recycling and upcycling. This all-

inclusive approach seeks to produce highly effective, 

environmentally benign, and economically viable 

bacterial strains to solve global plastic trash issues. 

Creating creative solutions for plastic pollution reduction 

requires a multidisciplinary approach combining 

microbiology, genetics, biochemistry, environmental 
science, and engineering [30,31]. 

 

Table 1: Comprehensive Approach to Developing Genetically Modified Plastic-Degrading Bacteria 

Step Description Examples / Tools Purpose 

Sampling from Diverse 

Environments 

Collect bacteria from plastic-rich 

zones like landfills, industrial 

effluents, marine debris. 

Soil cores, water samples, 

sludge 

Increase microbial 

diversity for screening. 

Enrichment Culturing Growing microbes in media with 

plastic as the sole carbon source. 

PET, PE, PS powder/films in 

minimal media 

Select for plastic-

utilizing bacteria. 

Morphological & 

Biochemical 

Characterization 

Preliminary identification using 

microscopy and metabolic tests. 

Gram staining, catalase test, 

API strips 

Classify and profile 

microbial isolates. 

Molecular Identification Taxonomic identification 

through 16S rRNA gene 

sequencing. 

PCR, BLAST, phylogenetic 

analysis 

Confirm bacterial 

species and diversity. 

 Screening for Plastic-

Degrading Ability 

Qualitative and quantitative 

assays for degradation. 

Weight loss, FTIR, SEM, 

clear zone assay 

Verify plastic 

biodegradation 
potential. 
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Enzyme Assays and 

Activity Profiling 

Measurement of enzymes like 

PETase, lipase, esterase. 

Spectrophotometric assays, 

SDS-PAGE 

Evaluate enzyme 

kinetics and efficiency. 

Whole Genome 

Sequencing (WGS) 

Complete sequencing of high-

potential strains. 

Illumina, Nanopore, 

Bioinformatics pipelines 

Identify genes and 

pathways for 

degradation. 

Bioinformatics Analysis Functional annotation of 

biodegradation genes. 

KEGG, UniProt, Gene 

Ontology, RAST 

Pinpoint targets for 

genetic manipulation. 

Gene Cloning and 

Vector Construction 

Insertion of plastic-degrading 

genes into vectors. 

pET, pUC19, shuttle vectors Enable expression in 

host strains. 

Genetic Transformation Introducing vectors into 
competent host strains. 

Electroporation, chemical 
transformation 

Develop engineered 
plastic-degrading 

strains. 

Expression 

Optimization 

Enhancing expression using 

promoters, RBS, codon 

optimization. 

T7 promoter, synthetic 

biology tools 

Maximize enzyme yield 

and activity. 

Metabolic Pathway 

Engineering 

Integration into microbial 

metabolism for complete plastic 

breakdown. 

Synthetic operons, pathway 

balancing 

Convert plastic 

monomers into 

biomass/CO₂. 

CRISPR-Based Gene 

Editing 

Precision editing of native or 

engineered strains. 

CRISPR-Cas9, dCas9 for 

regulation 

Enable modular and 

precise genetic control. 

Co-expression of Helper 

Genes 

Expressing transporters, 

chaperones, or degradation 

enhancers. 

GroEL/GroES, transport 

ATPases 

Improve efficiency and 

tolerance. 

Design of Microbial 

Consortia 

Combining engineered strains for 

synergistic degradation. 

Synthetic ecology, co-

culturing 

Degrade complex/mixed 

plastics. 

Pilot-Scale 

Biodegradation Trials 

Testing engineered bacteria in 

simulated or real waste settings. 

Bioreactors, composting 

beds 

Assess real-world 

performance. 

Environmental Fitness 
Testing 

Evaluating survivability, activity, 
and adaptation. 

Soil microcosms, biofilm 
studies 

Ensure sustained 
function in complex 

environments. 

Biosafety and 

Regulatory Compliance 

Evaluating risks and meeting 

GMO release guidelines. 

Risk assessment, gene 

containment, biosafety 

protocols 

Ensure environmental 

and human safety. 

 

Pilot-Scale Bioreactors for Plastic Waste Treatment 

From laboratory experiments to commercial applications, pilot-scale bioreactors are vital for extending the plastic trash 

treatment techniques. These mid-scale systems allow scientists and engineers to assess the effectiveness of biological 

approaches for degrading plastic trash under real-world circumstances. Three main areas—design considerations, operating 

factors, and microbial consortia have expanded the discussion on the major characteristics of pilot-scale bioreactors for 

plastic waste treatment. Design factors center on optimizing reactor size for cost-effectiveness and representativeness, 

choosing suitable materials for construction, incorporating monitoring and control systems, adopting modular designs for 
experimental flexibility, adding sampling ports and observation windows, and considering reactor geometry for optimal 

mixing and mass transfer [2]. Temperature control, pH control, management of oxygen supply, stirring and agitation 

techniques, nutritional supplementation, optimization of residence time, and control of hydraulic and solid retention times 

are operational parameters. The microbial consortia component comprises choosing and growing plastic-degrading 

microorganisms, maintaining microbial communities, investigating bioaugmentation potential, monitoring community 

dynamics using molecular approaches, studying symbiotic interactions between species, and designing adaptation and 

acclimatization techniques to improve plastic degradation [32]. 

 

Several main processes in the preparation of plastic garbage improve the decomposition effectiveness. These include 

washing and decontamination techniques to remove contaminants and methods to increase surface area and accessibility 

by size reduction and pretreatment, sorting, and separation technologies for mixed plastic waste streams. Furthermore, we 

evaluated several plastic types and their influence on decomposition effectiveness, measured the impact of additives and 
plasticizers on microbial activity, and created standardized plastic waste samples for comparative research. Monitoring 

plastic degradation rates and efficiency, studying metabolic compounds and possible environmental effects, and evaluating 

industrial applications for scalability and economic viability make up the performance evaluations [33]. It also includes the 

characterization of degradation intermediates and end products, assessment of biogas generation capability in anaerobic 

systems, life cycle assessments of the pilot-scale process, and comparison with other treatment technologies. Challenges 

and optimization efforts are focused on resolving long-term stability and reproducibility issues, raising degradation rates 

and substrate specificity, and creating approaches for managing various plastic types and additives. Additional areas of 
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interest include reducing the prospective inhibitory effects of degradation products, maximizing energy consumption and 

operating costs, improving process robustness and resilience to fluctuations in waste composition, and studying 

microplastics and nanoplastics' throughout treatment [34]. 

 

Improving plastic waste management depends on the integration of biological treatments with other technologies. This 
includes exploring hybrid systems, merging biological processes with physical or chemical treatments, and integrating 

waste sorting and recycling technologies. For tenacious polymers, sophisticated oxidation techniques can be combined and 

membrane technologies can assist in product recovery. Electrochemical systems and integrated waste-to-energy solutions 

are also being investigated. Scale-up issues include identifying critical process parameters, building predictive models, 

assessing heat and mass transfer constraints, examining mixing and flow patterns, considering feedstock variability, and 

designing control strategies for optimal conditions at larger scales [35,36]. Environmental and safety elements include 

evaluating greenhouse gas emissions and carbon footprints, assessing possible microplastic release, developing 

containment strategies for genetically modified organisms, applying safety precautions for handling pathogenic bacteria, 

managing odor control and air quality, and evaluating wastewater production and treatment needs. Data acquisition and 

analysis involves implementing advanced sensors and online monitoring systems, developing data-driven process control 

strategies, applying machine learning algorithms for optimization, integrating pilot-scale data with life cycle assessment 

tools, establishing comparative databases, and utilizing statistical methods for robust experimental design and analysis 
[37]. 

 

Risk Assessment and Biosafety of Engineered Bacteria 

Working with engineered bacteria requires careful attention to risk assessment and biosafety. The main concerns to be 

addressed are the containment techniques and environmental effects. Containment techniques include physical barriers and 

biological containment. Physical barriers include biosafety cabinets (Class II or III) to manage potentially hazardous 

materials, sealed fermentation tanks to avoid leaks and contamination, HEPA filtration systems to clean air and stop 

microorganism release, and negative air pressure chambers. Biological containment includes auxotrophic strains created 

to need specific nutrients that are not present in nature, kill switches (genetic circuits meant to cause cell death under 

specific circumstances), conditional replication systems (bacteria only able to reproduce under laboratory conditions), and 

suicide genes triggered by certain stimuli [38]. Environmental impact factors include potential horizontal gene transfer, 
ecological effects on native bacterial populations, and the long-term monitoring of discharge sites. The evaluation of mobile 

genetic elements, transfer rates to native microorganisms, and possible ecological consequences are all part of the 

horizontal gene transfer assessment. Ecological effects on native microbial communities include competition for resources, 

alteration of ecosystem functions and biogeochemical cycles, and the potential disruption of symbiotic relationships. 

Survival rates under various conditions, degradation routes, half-life of engineered genetic material, and long-term 

monitoring of release sites are all ways to assess persistence in the environment [39]. 

 

The pathogenicity potential, antibiotic resistance concerns, and allergenicity of engineered proteins are among the human 

health hazards related to engineered microorganisms. Pathogenicity potential is assessed through the inspection of 

virulence factors, toxin production, invasion, host range, and possible interactions with the human microbiome. Screening 

for resistance genes, assessing possible transfer to pathogens, and creating alternative selection markers address concerns 

regarding antibiotic resistance. The allergenicity of engineered proteins is assessed using in silico and in vitro methods, 
animal models, and monitoring of personnel for allergic reactions [40]. Compliance with national and international 

biosafety standards, including the NIH Guidelines for Research Involving Recombinant DNA Molecules, WHO Laboratory 

Biosafety Manual, and country-specific regulations such as EU Directive 2009/41/EC, are part of regulatory compliance. 

Proper documentation and reporting protocols are vital, including the maintenance of thorough laboratory records and 

procedures, routine reporting to institutional biosafety committees, and submission of safety data to appropriate regulatory 

bodies [41]. 

 

Risk mitigation measures include thorough instructions for culturing, storage, disposal, use of personal protective 

equipment, decontamination, sterilization techniques, guidelines for personal protective equipment use, and standard 

operating procedures for working with engineered bacteria. Emergency response systems for unintentional release include 

containment methods for spills and breaches, communication processes with pertinent agencies, and environmental clean-
up techniques. Staff members receive biosafety and good laboratory practice training, practical training for particular 

containment equipment, periodic refresher courses, and competency evaluations as part of their regular safety training [42]. 

Monitoring and surveillance include frequent integrity checks of physical barriers, validation of biological containment 

systems, and simulation exercises for containment breach scenarios to evaluate the containment effectiveness.  

Environmental monitoring for probable escape includes sampling of nearby soil, water, and air, the use of molecular 

detection methods, and long-term ecological studies at release sites [43]. Health surveillance of laboratory staff members 

encompasses regular medical check-ups and immunization programs, monitoring of possible allergic responses or 

infections, and maintenance of occupational health records. Ethical considerations involve balancing possible advantages 

against risks through a detailed cost-benefit analysis of research projects, assessment of alternative methods with lower 
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risk profiles, and engagement with stakeholders and the public in decision-making. Transparency in research and risk 

communication is achieved through open access publishing of safety data and risk assessments, clear communication of 

possible public and media risks, participation in public discourse, and addressing concerns [44,45]. 

 

Table 2: Key Components and Process Parameters in Pilot-Scale Bioreactors for Plastic Waste Treatment 

Component / Step Description Examples / Technologies Purpose / Outcome 

Bioreactor Type 
Selection 

Choosing suitable reactor 
systems based on plastic type 

and degradation process. 

Stirred-tank, packed-bed, 
fluidized-bed, membrane 

bioreactors 

Optimize degradation 
efficiency and scalability. 

Reactor Material and 

Design 

Materials compatible with 

plastics and microbial cultures. 

Stainless steel, glass, HDPE 

with corrosion resistance 

Prevent leaching and ensure 

durability. 

Input Material 

Preparation 

Pre-treatment of plastic waste 

for enhanced degradation. 

Shredding, UV irradiation, 

thermal treatment, chemical 

oxidation 

Increase surface area and 

microbial accessibility. 

Inoculum Preparation Culturing genetically engineered 

strains under controlled 

conditions. 

Engineered E. coli, 

Pseudomonas, microbial 

consortia 

Ensure active, viable 

inoculum for bioreactor 

seeding. 

Operating Conditions 

Optimization 

Setting optimal temperature, pH, 

oxygen, agitation, retention 

time. 

30–37°C, pH 6.5–7.5, 

aeration systems 

Maximize bacterial activity 

and enzyme stability. 

Substrate Feeding 

Strategy 

Continuous or batch input of 

plastic substrates. 

Fed-batch, semi-continuous, 

pulse feeding 

Control degradation rate 

and avoid substrate 

inhibition. 

Monitoring & Control 
Systems 

Real-time data collection and 
automation. 

Sensors for CO₂, DO, pH, 
biomass; SCADA systems 

Maintain process stability 
and performance. 

Sampling and 

Analysis 

Assessing degradation progress 

and by-product formation. 

FTIR, GC-MS, HPLC, 

TGA, SEM 

Evaluate biodegradation 

efficiency and kinetics. 

By-product 

Management 

Handling residuals and 

intermediates. 

Organic acids, CO₂, water-

soluble fragments 

Ensure environmental 

safety and reduce 

secondary pollution. 

Scale-up Feasibility Assessment of performance in 

larger volumes. 

100 L – 1000 L pilot units Prepare for industrial-scale 

transition. 

Containment and 

Biosafety Measures 

Preventing escape of engineered 

microbes. 

Closed systems, kill-

switches, biofilters 

Meet regulatory and 

environmental safety 

standards. 

Economic and Energy 

Assessment 

Cost-benefit analysis of pilot 

operations. 

Energy input vs output, 

labor, maintenance 

Determine sustainability 

and commercial viability. 

Integration with 

Waste Management 

Systems 

Coupling bioreactor outputs 

with downstream processing. 

Composting, wastewater 

treatment, recycling units 

Develop a circular and 

zero-waste strategy. 

Regulatory and Ethical Frameworks for GMO 

Release 

To guarantee responsible development, growth, and 

dissemination of genetically modified organisms, 

regulatory and ethical frameworks for GMO release are 

crucial. These systems typically have two key parts: risk 

assessment and labeling specifications. Before 

authorization, risk assessment focuses on assessing the 

possible environmental and health effects of genetically 

modified organisms. On the other hand, labeling rules 

specify a clear identification of GMO goods for 

consumer knowledge [46]. This process consists of 

thorough investigation of possible ecological effects, 
assessment of human and animal allergenicity and 

toxicity, gene flow studies, and evaluation of long-term 

effects on biodiversity and ecosystem stability. This 

entails specifying threshold levels for GMO content in 

food goods, establishing standard labeling conventions 

for genetically modified goods, implementing rules for 

GMO-derived ingredients in processed foods, and 
guaranteeing supply chain transparency through 

appropriate documentation. 

 

Tracking GMOs throughout the supply chain depends on 

the traceability systems [47]. For every GMO event, 

these systems call for creating distinctive identifiers, 

setting up documentation systems for GMO movement 

and processing, applying digital tracking technologies 

such as blockchain to improve traceability, and 

conducting periodic audits to check the integrity of 

traceability systems. Minimizing crossover 

contamination between GMO and non-GMO plants 
requires coexistent effort. These measures include 

specifying the isolation distances between GMO and 

non-GMO crops, creating buffer zones and pollen 

barriers, setting guidelines for equipment cleaning and 

segregation, and devising tactics for managing volunteer 

plants and gene flow [48]. The transboundary movement 
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of GMOs is governed by international treaties, including 

the Cartagena Protocol on Biosafety. These agreements 

entail establishing national biosafety clearing-houses for 

information exchange, developing harmonized risk 

assessment techniques, implementing procedures for 
advanced informed consent, and resolving responsibility 

and redress for possible GMO-related damages. 

 

Ethical issues in GMO regulations include solving issues 

regarding biodiversity, food security, and socioeconomic 

effects. This involves evaluating the potential impacts on 

traditional farming practices and livelihoods, assessing 

implications for global food security and distribution, 

considering cultural and religious perspectives on 

genetic modification, and addressing concerns about 

corporate control and patenting of genetic resources [46]. 

Involving stakeholders and the general public in 
decision-making processes is essential. Arranging public 

meetings and discussions on GMO-related regulations, 

creating educational initiatives to improve public 

knowledge of GMOs, setting processes for including 

public comments in regulatory choices, and guaranteeing 

openness in the GMO approval procedure are all ways to 

achieve this. To guarantee adherence to rules and to 

evaluate long-term effects, one must have monitoring 

and enforcement mechanisms. These systems include 

creating inspection procedures for GMO growing and 

processing plants, conducting post-release monitoring of 
approved GMOs, designing quick detection techniques 

for forbidden GMOs, and implementing penalties and 

corrective actions for noncompliance [49]. 

 

Regular review is imperative for keeping efficient 

regulatory systems for genetically modified organisms 

(GMOs) in place. This process calls for frequent 

framework changes to reflect new scientific discoveries 

and address growing problems. Establishing expert 

committees to review and update regulatory rules, 

incorporating new scientific results into risk assessment 

methods, addressing emerging technologies such as gene 
editing within regulatory frameworks, and adjusting laws 

to changing social issues and ethical considerations are 

all important components of periodic reviews. Capacity 

building is another major component of GMO control, 

especially in helping underdeveloped nations build and 

apply regulatory systems. This entails technical 

assistance in creating national biosafety frameworks, 

training programs on risk assessment and management, 

technology transfer for GMO detection and monitoring 

facilitation, and regional cooperation development 

support for GMO regulation [47,50]. 
 

CONCLUSION 

Genetically modified bacteria for industrial plastic waste 

biodegradation are a promising solution to plastic 

pollution. This new technique overcomes the long-term 

persistence of numerous industrial plastics by tapping the 
energy of microbial metabolism. By selecting and 

genetically modifying plastic-degrading bacteria, 

scientists have produced specialized strains that can 

degrade intricate polymer structures better than their 

natural predecessors. Pilot-scale bioreactors have shown 

promise for upscaling such technology, which provides 

an indication of what can be expected from large-scale 

plastic waste treatment plants in the near future. The use 
of such systems requires careful risk assessment and 

strict adherence to biosafety guidelines to permit the use 

of genetically modified organisms (GMOs) in 

environmental treatments. 

 

Regulatory and ethical paradigms regarding the release 

of genetically engineered bacteria to degrade plastics are 

still unfolding. As technology advances, it is important 

to ensure a balance between innovation and 

environmental protection, where the advantages of 

plastic waste minimization overrule the risks of releasing 

GMOs. In summary, although genetically modified 
bacteria hold tremendous potential in solving the 

worldwide plastic garbage dilemma, their effective 

application relies on ongoing research, stringent safety 

assessments, and the establishment of uniform regulatory 

protocols. This multidisciplinary effort, spanning 

biotechnology, environmental science, and policy-

making, holds great promise in greatly reducing the 

impact of industrial plastic trash on ecosystems globally. 

 

REFERENCES 

1. Arunrattanamook, N., W. Mhuantong, A. 

Paemanee, O. Reamtong, B. Hararak, and V. 

Champreda. “Identification of a Plastic-

Degrading Enzyme from Cryptococcus 

nemorosus and Its Use in Self-Degradable 

Plastics.” Applied Microbiology and 

Biotechnology, vol. 107, 2023, pp. 7439–7450. 
Springer, https://doi.org/10.1007/s00253-023-

12816-6. 

2. Bharti, U., P. Gaur, K. Kaur, and M. Singh. 

“Tracking Genetically Modified (GM) Rice 

Ingredients in Samples of Packed Rice and 

Food Products from the Marketplace in India: A 

Pilot Study for Regulatory Compliance.” 

Journal of Environmental Health Science and 

Engineering, vol. 22, 2024, pp. 263–269. 

Springer, https://doi.org/10.1007/s40201-024-

00892-3. 

3. Cai, Y.-J., and T.-M. Choi. “Extended Producer 
Responsibility: A Systematic Review and 

Innovative Proposals for Improving 

Sustainability.” IEEE Transactions on 

Engineering Management, vol. 68, 2021, pp. 

272–288. IEEE, 

https://doi.org/10.1109/tem.2019.2914341. 

4. Castro-Amoedo, R., J. Granacher, I. Kantor, A. 

Dahmen, A. Barbosa-Povoa, and F. Maréchal. 

“On the Role of System Integration in Plastic 

Waste Management.” Resources, Conservation 

and Recycling, vol. 201, 2024, 107295. 
Elsevier, 

https://doi.org/10.1016/j.resconrec.2023.10729

5. 

https://doi.org/10.1007/s00253-023-12816-6
https://doi.org/10.1007/s00253-023-12816-6
https://doi.org/10.1007/s40201-024-00892-3
https://doi.org/10.1007/s40201-024-00892-3
https://doi.org/10.1109/tem.2019.2914341
https://doi.org/10.1016/j.resconrec.2023.107295
https://doi.org/10.1016/j.resconrec.2023.107295


433 
J Rare Cardiovasc Dis. 

 

How to Cite this: Sujitha Jesu Ravi and Harish Manoharan. Development of Genetically Engineered Bacteria for Biodegradation of Industrial Plastic 

Waste. J Rare Cardiovasc Dis. 2025;5(S4):425–435. 

 

5. Catherine, K. N., B. R. Mugiira, and N. J. 

Muchiri. “Public Perception of Genetically 

Modified Organisms and the Implementation of 

Biosafety Measures in Kenya.” Advances in 

Agriculture 2024, 2024. Hindawi, 
https://doi.org/10.1155/2024/5544617. 

6. Chappell, B., A. Pramanik, A. K. Basak, P. K. 

Sarker, C. Prakash, S. Debnath, and S. Shankar. 

“Processing Household Plastics for Recycling – 

A Review.” Cleaner Materials, vol. 6, 2022, 

100158. Elsevier, 

https://doi.org/10.1016/j.clema.2022.100158. 

7. Cf, S. F., S. Rebello, E. Mathachan Aneesh, R. 

Sindhu, P. Binod, S. Singh, and A. Pandey. 

“Bioprospecting of Gut Microflora for Plastic 

Biodegradation.” Bioengineered, vol. 12, 2021, 

pp. 1040–1053. Taylor & Francis, 
https://doi.org/10.1080/21655979.2021.190217

3. 

8. Deneault, E. “Recent Therapeutic Gene Editing 

Applications to Genetic Disorders.” Cells in 

Molecular Biology (CIMB), vol. 46, 2024, pp. 

4147–4185. MDPI, 

https://doi.org/10.3390/cimb46050255. 

9. Dolezel, M., A. Lang, A. Greiter, M. Miklau, 

M. Eckerstorfer, A. Heissenberger, E. Willée, 

W. Züghart, and others. “Challenges for the 

Post-Market Environmental Monitoring in the 
European Union Imposed by Novel 

Applications of Genetically Modified and 

Genome-Edited Organisms.” BioTech, vol. 13, 

2024, 14. MDPI, 

https://doi.org/10.3390/biotech13020014. 

10. Evode, N., S. A. Qamar, M. Bilal, D. Barceló, 

and H. M. N. Iqbal. “Plastic Waste and Its 

Management Strategies for Environmental 

Sustainability.” Case Studies in Chemical and 

Environmental Engineering, vol. 4, 2021, 

100142. Elsevier, 

https://doi.org/10.1016/j.cscee.2021.100142. 
11. Farsani, M. H., R. J. Yengejeh, A. H. 

Mirzahosseini, M. Monavari, A. H. Hassani, 

and N. Mengelizadeh. “Effective Leachate 

Treatment by a Pilot-Scale Submerged Electro-

Membrane Bioreactor.” Environmental Science 

and Pollution Research, vol. 29, 2022, pp. 

9218–9231. Springer, 

https://doi.org/10.1007/s11356-021-16196-0. 

12. Fernandez, A., E. Danisman, M. Taheri 

Boroujerdi, S. Kazemi, F. J. Moreno, and M. M. 

Epstein. “Research Gaps and Future Needs for 
Allergen Prediction in Food Safety.” Frontiers 

in Allergy, vol. 5, 2024. Frontiers, 

https://doi.org/10.3389/falgy.2024.1297547. 

13. Fooladi, S., N. Rabiee, and S. Iravani. 

“Genetically Engineered Bacteria: A New 

Frontier in Targeted Drug Delivery.” Journal of 

Materials Chemistry B, vol. 11, 2023, pp. 

10072–10087. Royal Society of Chemistry, 

https://doi.org/10.1039/d3tb01805a. 

14. Gao, W., M. Xu, W. Zhao, X. Yang, F. Xin, W. 

Dong, H. Jia, and X. Wu. “Microbial 

Degradation of (Micro)Plastics: Mechanisms, 

Enhancements, and Future Directions.” 

Fermentation, vol. 10, 2024, 441. MDPI, 
https://doi.org/10.3390/fermentation10090441. 

15. Gilani, I. E., S. Sayadi, N. Zouari, and M. A. Al-

Ghouti. “Plastic Waste Impact and 

Biotechnology: Exploring Polymer 

Degradation, Microbial Role, and Sustainable 

Development Implications.” Bioresource 

Technology Reports, vol. 24, 2023, 101606. 

Elsevier, 

https://doi.org/10.1016/j.biteb.2023.101606. 

16. Guicherd, M., et al. “An Engineered Enzyme 

Embedded into PLA to Make Self-

Biodegradable Plastic.” Nature, vol. 631, 2024, 
pp. 884–890. Nature, 

https://doi.org/10.1038/s41586-024-07709-1. 

17. Jin, K., Y. Huang, H. Che, and Y. Wu. 

“Engineered Bacteria for Disease Diagnosis 

and Treatment Using Synthetic Biology.” 

Microbial Biotechnology, vol. 18, 2025. Wiley, 

https://doi.org/10.1111/1751-7915.70080. 

18. Koodamvetty, A., and S. Thangavel. 

“Advancing Precision Medicine: Recent 

Innovations in Gene Editing Technologies.” 

Advanced Science, vol. 12, 2025. Wiley, 
https://doi.org/10.1002/advs.202410237. 

19. Kotova, I. B., Yu. V. Taktarova, E. A. 

Tsavkelova, M. A. Egorova, I. A. Bubnov, D. 

V. Malakhova, L. I. Shirinkina, T. G. Sokolova, 

and E. A. Bonch-Osmolovskaya. “Microbial 

Degradation of Plastics and Approaches to 

Make It More Efficient.” Microbiology, vol. 90, 

2021, pp. 671–701. Springer, 

https://doi.org/10.1134/s0026261721060084. 

20. Kumar, S., et al. “Reducing Environmental 

Plastic Pollution by Designing Polymer 

Materials for Managed End-of-Life.” 
Macromolecular Symposia, vol. 413, 2024. 

Wiley, 

https://doi.org/10.1002/masy.202300146. 

21. Li, Y., S. Wang, S. Qian, Z. Liu, Y. Weng, and 

Y. Zhang. “Depolymerization and 

Re/Upcycling of Biodegradable PLA Plastics.” 

ACS Omega, vol. 9, 2024, pp. 13509–13521. 

ACS Publications, 

https://doi.org/10.1021/acsomega.3c08674. 

22. Lin, X., R. Jiao, H. Cui, X. Yan, and K. Zhang. 

“Physiochemically and Genetically Engineered 
Bacteria: Instructive Design Principles and 

Diverse Applications.” Advanced Science, vol. 

11, 2024. Wiley, 

https://doi.org/10.1002/advs.202403156. 

23. Liu, Y., J. Feng, H. Pan, X. Zhang, and Y. 

Zhang. “Genetically Engineered Bacterium: 

Principles, Practices, and Prospects.” Frontiers 

in Microbiology, vol. 13, 2022. Frontiers, 

https://doi.org/10.3389/fmicb.2022.997587. 

https://doi.org/10.1155/2024/5544617
https://doi.org/10.1016/j.clema.2022.100158
https://doi.org/10.1080/21655979.2021.1902173
https://doi.org/10.1080/21655979.2021.1902173
https://doi.org/10.3390/cimb46050255
https://doi.org/10.3390/biotech13020014
https://doi.org/10.1016/j.cscee.2021.100142
https://doi.org/10.1007/s11356-021-16196-0
https://doi.org/10.3389/falgy.2024.1297547
https://doi.org/10.1039/d3tb01805a
https://doi.org/10.3390/fermentation10090441
https://doi.org/10.1016/j.biteb.2023.101606
https://doi.org/10.1038/s41586-024-07709-1
https://doi.org/10.1111/1751-7915.70080
https://doi.org/10.1002/advs.202410237
https://doi.org/10.1134/s0026261721060084
https://doi.org/10.1002/masy.202300146
https://doi.org/10.1021/acsomega.3c08674
https://doi.org/10.1002/advs.202403156
https://doi.org/10.3389/fmicb.2022.997587


434 
J Rare Cardiovasc Dis. 

 

How to Cite this: Sujitha Jesu Ravi and Harish Manoharan. Development of Genetically Engineered Bacteria for Biodegradation of Industrial Plastic 

Waste. J Rare Cardiovasc Dis. 2025;5(S4):425–435. 

 

24. Mashaan, N. S., and C. A. E. Ouano. “An 

Investigation of the Mechanical Properties of 

Concrete with Different Types of Waste 

Plastics for Rigid Pavements.” Applied 

Mechanics, vol. 6, 2025, 9. MDPI, 
https://doi.org/10.3390/applmech6010009. 

25. Meyersohn, M. “Plastic Packaging Waste 

Management: A Case in Implementation of 

Extended Producer Responsibility Policies in 

Minnesota.” Journal of Science Policy & 

Governance (JSPG), vol. 24, 2024. JSPG, 

https://doi.org/10.38126/jspg240110. 

26. Moresi, M. “Design and Operation of a 

Multifunctional Pilot-Scale Bioreactor for 

Enhanced Aerobic Fermentation.” 

Fermentation, vol. 11, 2025, 101. MDPI, 

https://doi.org/10.3390/fermentation11020101. 
27. Narayanan, C. M., and V. Narayan. “Biological 

Wastewater Treatment and Bioreactor Design: 

A Review.” Sustainable Environment 

Research, vol. 29, 2019. Springer, 

https://doi.org/10.1186/s42834-019-0036-1. 

28. Naiel, M. A. E., et al. “The Arsenic 

Bioremediation Using Genetically Engineered 

Microbial Strains on Aquatic Environments: An 

Updated Overview.” Heliyon, vol. 10, 2024, 

e36314. Elsevier, 

https://doi.org/10.1016/j.heliyon.2024.e36314. 
29. Nava, V., et al. “Plastic Debris in Lakes and 

Reservoirs.” Nature, vol. 619, 2023, pp. 317–

322. Nature, https://doi.org/10.1038/s41586-

023-06168-4. 

30. Nawaz, F., et al. “Microplastic and Nanoplastic 

Pollution: Assessing Translocation, Impact, and 

Mitigation Strategies in Marine Ecosystems.” 

Water Environment Research, vol. 97, 2025. 

Wiley, https://doi.org/10.1002/wer.70032. 

31. Patel, M. “Legal and Technical Challenges of 

Developing Robust Traceability Systems for 

Genetically Modified Organisms.” Irshad 
Journal of Law and Policy, vol. 2, 2024, pp. 23–

33. Irshad, https://doi.org/10.59022/ijlp.195. 

32. Qin, Z., et al. “Biotechnology of Plastic Waste 

Degradation, Recycling, and Valorization: 

Current Advances and Future Perspectives.” 

ChemSusChem, vol. 14, 2021, pp. 4103–4114. 

Wiley, 

https://doi.org/10.1002/cssc.202100752. 

33. Reddy, C. N., et al. “Review of Microplastic 

Degradation: Understanding Metagenomic 

Approaches for Microplastic Degrading 
Organisms.” Polymer Testing, vol. 128, 2023, 

108223. Elsevier, 

https://doi.org/10.1016/j.polymertesting.2023.

108223. 

34. Retnadhas, S., D. C. Ducat, and E. L. Hegg. 

“Nature-Inspired Strategies for Sustainable 

Degradation of Synthetic Plastics.” JACS Au, 

vol. 4, 2024, pp. 3323–3339. ACS Publications, 

https://doi.org/10.1021/jacsau.4c00388. 

35. Samadi, A., Y. Kim, S. Lee, Y. J. Kim, and M. 

Esterhuizen. “Review on the Ecotoxicological 

Impacts of Plastic Pollution on the Freshwater 

Invertebrate Daphnia.” Environmental 

Toxicology, vol. 37, 2022, pp. 2615–2638. 
Wiley, https://doi.org/10.1002/tox.23623. 

36. Schneier, A., G. Melaugh, and J. C. Sadler. 

“Engineered Plastic-Associated Bacteria for 

Biodegradation and Bioremediation.” 

Biotechnology and the Environment, vol. 1, 

2024. Springer, 

https://doi.org/10.1186/s44314-024-00007-0. 

37. Shafana Farveen, M., and R. Narayanan. 

“Omic-Driven Strategies to Unveil Microbiome 

Potential for Biodegradation of Plastics: A 

Review.” Archives of Microbiology, vol. 206, 

2024. Springer, 
https://doi.org/10.1007/s00203-024-04165-3. 

38. Sharma, H., and D. K. Neelam. “Understanding 

Challenges Associated with Plastic and 

Bacterial Approach toward Plastic 

Degradation.” Journal of Basic Microbiology, 

vol. 63, 2023, pp. 292–307. Wiley, 

https://doi.org/10.1002/jobm.202200428. 

39. Shilpa, N., N. Basak, and S. S. Meena. 

“Microbial Biodegradation of Plastics: 

Challenges, Opportunities, and a Critical 

Perspective.” Frontiers in Environmental 
Science and Engineering, vol. 16, 2022. 

Springer, https://doi.org/10.1007/s11783-022-

1596-6. 

40. Sreenikethanam, A., S. Raj, R. B. J., P. 

Gugulothu, and A. K. Bajhaiya. “Genetic 

Engineering of Microalgae for Secondary 

Metabolite Production: Recent Developments, 

Challenges, and Future Prospects.” Frontiers in 

Bioengineering and Biotechnology, vol. 10, 

2022. Frontiers, 

https://doi.org/10.3389/fbioe.2022.836056. 

41. Tang, T.-C., et al. “Hydrogel-Based 
Biocontainment of Bacteria for Continuous 

Sensing and Computation.” Nature Chemical 

Biology, vol. 17, 2021, pp. 724–731. Nature, 

https://doi.org/10.1038/s41589-021-00779-6. 

42. Teufel, J., et al. “Strategies for Traceability to 

Prevent Unauthorised GMOs (Including NGTs) 

in the EU: State of the Art and Possible 

Alternative Approaches.” Foods, vol. 13, 2024, 

369. MDPI, 

https://doi.org/10.3390/foods13030369. 

43. Thai, T. D., W. Lim, and D. Na. “Synthetic 
Bacteria for the Detection and Bioremediation 

of Heavy Metals.” Frontiers in Bioengineering 

and Biotechnology, vol. 11, 2023, 1178680. 

Frontiers, 

https://doi.org/10.3389/fbioe.2023.1178680. 

44. Vázquez, L.-B., A. V. Mansilla-Garcia, M. 

García-Arroyo, and I. MacGregor-Fors. 

“Global Waste, Local Impact: International 

Debris Influx to Cozumel Island Beaches.” 

https://doi.org/10.3390/applmech6010009
https://doi.org/10.38126/jspg240110
https://doi.org/10.3390/fermentation11020101
https://doi.org/10.1186/s42834-019-0036-1
https://doi.org/10.1016/j.heliyon.2024.e36314
https://doi.org/10.1038/s41586-023-06168-4
https://doi.org/10.1038/s41586-023-06168-4
https://doi.org/10.1002/wer.70032
https://doi.org/10.59022/ijlp.195
https://doi.org/10.1002/cssc.202100752
https://doi.org/10.1016/j.polymertesting.2023.108223
https://doi.org/10.1016/j.polymertesting.2023.108223
https://doi.org/10.1021/jacsau.4c00388
https://doi.org/10.1002/tox.23623
https://doi.org/10.1186/s44314-024-00007-0
https://doi.org/10.1007/s00203-024-04165-3
https://doi.org/10.1002/jobm.202200428
https://doi.org/10.1007/s11783-022-1596-6
https://doi.org/10.1007/s11783-022-1596-6
https://doi.org/10.3389/fbioe.2022.836056
https://doi.org/10.1038/s41589-021-00779-6
https://doi.org/10.3390/foods13030369
https://doi.org/10.3389/fbioe.2023.1178680


435 
J Rare Cardiovasc Dis. 

 

How to Cite this: Sujitha Jesu Ravi and Harish Manoharan. Development of Genetically Engineered Bacteria for Biodegradation of Industrial Plastic 

Waste. J Rare Cardiovasc Dis. 2025;5(S4):425–435. 

 

Ambio, vol. 54, 2025, pp. 745–750. Springer, 

https://doi.org/10.1007/s13280-025-02141-9. 

45. Vergara, D., J. De La Hoz-M., E. A. Ariza-

Echeverri, P. Fernández-Arias, and Á. Antón-

Sancho. “Evaluating Solutions to Marine 
Plastic Pollution.” Environments, vol. 12, 2025, 

86. MDPI, 

https://doi.org/10.3390/environments12030086

. 

46. Yang, P., A. Condrich, L. Lu, S. Scranton, C. 

Hebner, M. Sheykhhasan, and M. A. Ali. 

“Genetic Engineering in Bacteria, Fungi, and 

Oomycetes, Taking Advantage of CRISPR.” 

DNA, vol. 4, 2024, pp. 427–454. MDPI, 

https://doi.org/10.3390/dna4040030. 

47. Yang, X.-G., P.-P. Wen, Y.-F. Yang, P.-P. Jia, 

W.-G. Li, and D.-S. Pei. “Plastic 
Biodegradation by In Vitro Environmental 

Microorganisms and In Vivo Gut 

Microorganisms of Insects.” Frontiers in 

Microbiology, vol. 13, 2023. Frontiers, 

https://doi.org/10.3389/fmicb.2022.1001750. 

48. Yao, L., S. Zhao, L. A. Tremblay, W. Wang, G. 

A. LeBlanc, and L. An. “Implications of Plastic 

Pollution on Global Carbon Cycle.” Carbon 

Research, vol. 4, 2025. Springer, 

https://doi.org/10.1007/s44246-024-00188-z. 

49. Yoezer, N., D. B. Gurung, and K. Wangchuk. 
“Environmental Toxicity, Human Hazards and 

Bacterial Degradation of Polyethylene.” Nature 

Environment and Pollution Technology, vol. 

22, 2023, pp. 1155–1167. NEPT, 

https://doi.org/10.46488/nept.2023.v22i03.006. 

50. Yu, R.-S., and S. Singh. “Microplastic 

Pollution: Threats and Impacts on Global 

Marine Ecosystems.” Sustainability, vol. 15, 

2023, 13252. MDPI, 

https://doi.org/10.3390/su151713252. 

https://doi.org/10.1007/s13280-025-02141-9
https://doi.org/10.3390/environments12030086
https://doi.org/10.3390/environments12030086
https://doi.org/10.3390/dna4040030
https://doi.org/10.3389/fmicb.2022.1001750
https://doi.org/10.1007/s44246-024-00188-z
https://doi.org/10.46488/nept.2023.v22i03.006
https://doi.org/10.3390/su151713252

