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Abstract 
Plastic pollution has emerged as a critical and growing ecological issue, posing 

significant threats to both human health and natural ecosystems. The widespread 
accumulation of plastic waste in terrestrial and marine environments has led to severe 
consequences, including harm to wildlife, contamination of water sources, and the release of 
toxic chemicals into the environment. Traditional methods of plastic waste management, 
such as incineration and landfilling, are often inadequate and can exacerbate environmental 
problems by contributing to air pollution, soil contamination, and greenhouse gas emissions. 
In response to these challenges, bioremediation, particularly through the use of bacteria, 
offers a promising and sustainable solution for plastic degradation. This review investigates 
the various mechanisms by which bacteria can break down plastics, including the role of 
specific bacterial species and enzymes that facilitate the biodegradation process. It identifies 
the most effective bacterial strains, such as Ideonella sakaiensis, known for its ability to 
degrade polyethylene terephthalate (PET), and explores the enzymatic pathways involved in 
plastic decomposition. Furthermore, the review examines the potential of bacterial 
bioremediation in addressing the global plastic waste crisis, highlighting both its benefits 
and the challenges it faces. These challenges include the slow rate of degradation, the 
diversity of plastic polymers, and the environmental conditions required for optimal bacterial 
activity. Recent advancements in genetic engineering and biotechnology are also discussed as 
key factors enhancing the efficiency and scalability of bacterial plastic degradation. 
Innovations such as the development of genetically modified bacteria with improved plastic-
degrading capabilities hold promise for accelerating the breakdown of plastics and 
promoting environmental sustainability.  
Keywords: Plastic pollution, bioremediation, bacteria, plastic degradation, enzymes, 
genetic engineering, environmental sustainability. 

Introduction 
Plastic pollution is a pervasive ecological problem, with loads of tons of 

plastic waste generated annually. Traditional waste management strategies are 
insufficient, leading to accumulation in natural habitats. Bacterial bioremediation 
offers an eco-friendly alternative, utilizing the metabolic capabilities of bacteria to 
break down plastics into less harmful substances. This review examines the current 
state of research on bacterial plastic degradation, the biological mechanisms 
involved, and the future prospects of this technology. 

Mechanisms of Bacterial Plastic Degradation 
Bacteria degrade plastics through various enzymatic processes, primarily 

involving hydrolysis and oxidation. 
1. Hydrolysis: This process involves breaking down polymers into monomers 

through the addition of  water molecules. Enzymes such as esterases and 
lipases play crucial roles in hydrolyzing plastic polymers like polyethylene 
terephthalate (PET) (Danso et al., 2019). 

2. Oxidation: Certain bacteria can oxidize plastic polymers, introducing oxygen 
molecules into the polymer chains, making them more susceptible to further 
degradation. Enzymes such as laccases and peroxidases are involved in this 
process (Urbanek et al., 2018). 

Effective Bacterial Species and Enzymes 
Several bacterial species have been identified as effective agents for plastic 

degradation. 
1. Ideonella sakaiensis: This bacterium can degrade PET using two key 

enzymes, PETase and MHETase. PETase breaks down PET into mono (2-
hydroxyethyl) terephthalic acid (MHET), which is further degraded by 
MHETase (Yoshida et al., 2016). 

2. Pseudomonas species: Various Pseudomonas species are known to degrade 
polyurethane (PU). They produce enzymes such as ureases and esterase that 
can hydrolyze the ester bonds in PU (Howard et al., 2012). 
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3. Thermobifida fusca: This thermophilic bacterium produces cutinases that can degrade PET. Cutinases 
hydrolyze the ester bonds in PET, leading to the formation of  terephthalic acid and ethylene glycol (Silva et al., 
2018). 

Potential and Challenges of Bacterial Bioremediation 
Bacterial bioremediation holds great potential but faces several challenges. 

1. Potential: 

Sustainability: Bacterial degradation of plastics offers an environmental friendly substitute to old-fashioned 
methods, decreasing dependence on landfills and incineration. 

Scalability: Advances in biotechnology can enhance the scalability of bacterial bioremediation, allowing for large-
scale applications (Wei & Zimmermann, 2017). 

2. Challenges:  

Efficiency: Natural bacterial degradation of plastics is often slow. Enhancing the efficiency of these processes 
through genetic engineering and optimization of environmental conditions is crucial (Tiwari et al., 2020). 

Environmental Factors: Factors such as nutrient availability, pH, and temperature can significantly impact the 
effectiveness of bacterial degradation. Developing robust bacterial strains that can thrive in diverse environmental 
conditions is necessary (Auta et al., 2017). 

Advances in Genetic Engineering and Biotechnology 
Genetic engineering has the latent to considerably enhance the efficiency of bacterial plastic degradation. 

1. Enzyme Engineering: Modifying the active sites of  enzymes such as PETase to increase their affinity for 
plastic substrates can accelerate degradation rates (Austin et al., 2018). 

2. Metabolic Engineering: Engineering bacterial metabolic pathways to optimize the breakdown and assimilation 
of  plastic-derived monomers can improve overall degradation efficiency (Wilkes & Aristilde, 2017). 

3. Synthetic Biology: Designing synthetic microbial consortia that combine the strengths of  different bacterial 
species can create more robust and efficient bioremediation systems (Zhang et al., 2016). 

Conclusion 
Bacterial bioremediation offers a favourable solution to the rising problem of plastic pollution. Through the 

action of specific enzymes, bacteria can break down various types of plastics, offering an environmentally sustainable 
alternative to traditional waste management methods. Advances in genetic engineering and biotechnology are 
essential for enhancing the efficiency and scalability of bacterial plastic degradation. Addressing the challenges of 
environmental variability and degradation efficiency will be crucial for the successful implementation of bacterial 
bioremediation strategies on a global scale. 
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