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Abstract 

 

Microplastic pollution, particularly from polyethylene terephthalate (PET), poses a growing 

environmental challenge. Among various mitigation strategies, enzymatic degradation has 

emerged as a promising and sustainable approach. However, the molecular mechanisms 

governing enzymatic PET breakdown remain poorly understood, limiting our ability to 

optimize or engineer more efficient biocatalysts. A deeper mechanistic understanding is 

essential not only for advancing plastic biodegradation technologies but also for enabling 

scalable, targeted interventions in real-world environments where conventional recycling 

methods fail. In this study, we computationally investigate the molecular-level interactions 

between PET and two key plastic-degrading enzymes: PETase and MHETase. Using molecular 

docking, we explore the binding conformations and interaction profiles of these enzymes with 

PET oligomers of defined lengths and monomeric compositions. Our analysis reveals stable 

enzyme–substrate complexes mediated by secondary-level interactions. Despite strong binding 

affinities, the catalytic degradation mechanisms remain partially unresolved. To further 

elucidate these mechanisms, we incorporate deep learning-based reaction prediction models 

trained on organic chemistry reaction data to identify plausible bond cleavage pathways and 

intermediate states. The AI-driven predictions suggest stepwise hydrolysis of monomer 

linkages, consistent with mechanistic features observed in similar hydrolases. This integrative 

computational framework offers new insights into the structural and mechanistic basis of PET 

biodegradation and supports the rational design of improved enzymatic systems for plastic 

waste management and removal of oil pollutants. 
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