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ABSTRACT

SEea Plastic pollution is a pressing global challenge owing to the pervasive, near-
updates unmanageable threat it poses to living and non-living systems and the environmental

stress it causes. The widespread use of plastic materials, their slow degradation rates,

and their ability to travel vast distances through air and water currents have made plastic
DOI waste a significant environmental challenge. Plastics are classified as degradable and
non-degradable ones based on their extent of degradation in natural environments.
Conventional plastics, have an extremely slow degradation rate in the environments.
Degradation of plastics by environmental microbes are fast, eco-friendly and minimises
specific grant from any funding agency in pollution. This study focuses on role of PETase in PET plastic de-gradfation. Conventiopal
the public, commercial, or not-for-profit methods such as photochemical, thermal are employed. Biological method using
sectors. microbes provide greener solutions. Mutagenesis of marine hydrocarbonoclastic
bacterium Pseudomonas aestusnigri showed PET degrading potential. The Ideonella
sakaiensis mutant showed 3-fold increase in PET degradation compared to wild type.
Two strains C. reinhardtii CC-124 and CC-503 degraded PET completely to terephthalic
acid detected using HPLC. The in vitro technique of plastic degradation does not fit
industrial applications. Thus, genetically engineered microorganisms combined with
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1. INTRODUCTION

Plastic pollution is a pressing global challenge owing to the pervasive, near-unmanageable threat it poses to living and
non-living systems and the environmental stress it causes. Herein, we define plastic pollution [encompassing macro-,
micro-, and nano plastic debris] as the intrusion or invasion by plastic materials [i.e., polymeric systems], either through
direct introduction or degradation processes, of environments [to which they are not native] to negatively or undesirably
impact such environments [1][3]. Like greenhouse gases, persistent pollutants, and other environmental contaminants,
plastic pollution transcends territorial boundaries and legal restrictions. It spreads across water bodies, travels through
the air, and reaches distant locations through human activities, making it a global environmental challenge. [4]. Across
the world, the issue of plastic pollution has brought about a paradigm shift in discourses on climate change and ocean
and environmental sustainability [2]. In almost every country in the world, multiple individuals and groups have become
environmental activists against plastic pollution [6][7]. In addition, governments, world leaders, and various
stakeholders participate in discussions, conventions, and resolutions in concerted efforts to find a holistic solution to
plastic pollution.[5]

Plastics are polymer- based system for example, polyethylene, polyacrylamides, polyesters, and polypropylene. Although
plastics are generally polymers, not all polymers are plastics, such as natural cellulose, carbohydrates, proteins [e.g.,
leather], lignin, and natural rubber [Hevea brasiliensis] [14]. Plastics can be divided into degradable and non-degradable
ones based on their degradability in natural environments [8[[9]. Conventional plastics, including polyethylene [PE],
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polystyrene [PS], polypropylene [PP], polyvinyl chloride [PVC], polyethylene terephthalate [PET], polyurethane [PUR],
and other polymer compounds, have an extremely slow degradation rate in the environments [10]. These plastics are
not biodegradable and get accumulated in the environment posing problems to all life forms.

Polyethylene terephthalate [PET] is a very common plastic. It is primarily utilized for manufacturing beverage bottles
due to its durability against impact, lightweight nature, and exceptional transparency. [13]. The consumption of PET has
significantly increased over the decades, primarily due to its outstanding mechanical properties.

PET wastes are incinerated, then a large amount of air pollutant such as CO; is emitted during this process [15-17].
Therefore, the biological treatments for plastic waste have been gaining attention. At present, scientists have confirmed
27 enzymes that can break down synthetic polymers or oligomers. PET hydrolase [PETase] and mono[2-hydroxyethyl]
terephthalic acid hydrolase [MHETase], both of which demonstrate PET degrading

activity. PETase are a polyethylene terephthalate hydrolase, which can convert PET into mono[2-hydroxyethyl]
terephthalic acid [MHET] and mono[2-hydroxyethyl] terephthalate hydrolase, responsible for the conversion of MHET
to terephthalic acid [TPA] and ethylene glycol [EG][18-21]. Since then, numerous PET hydrolases, belonging to the
esterase class [EC 3.1.1., carboxylic ester hydrolases] have been reported and characterized [22-28].

In the present study, PETase sources, mechanism of action is explored as a promising tool for plastic management and
providing greener solution to reduce pollution.

2. METHODOLOGY
Usually, the degradation mechanisms of plastics include the conventional methods such as
photooxidation degradation
catalytic degradation
ozone induced degradation
thermal degradation
e mechanical degradation
The most advanced method for degradation of plastics is biological method called as “Biodegradation”. In
biodegradation, the final products of biodegradation are CO, and water, which has the advantages of green
environmental protection and low energy consumption [11].
The plastics in the environments can be degraded into microplastics [MPs] or nano-plastics [NPs] under the action of
weathering, cracking, and decomposition, involved in the physical, chemical, and biological processes [13].
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MECHANISM OF ACTION OF PETASE

The key factor influencing the biodegradability of plastic polymers is the nature of the bonds that connect the monomers.
Among the six major types of synthetic plastics [PE, PP, PS, PVC, PUR, and PET], the backbone containing C-C bonds of
PE, PP, PS, and PVC are highly resistant while PUR and PET with a hydrolysable backbone are more vulnerable to
enzymatic degradation.

In the degradation of ester-linked PET, both PET and PET hydrolase can act on the terminal or ring structures of the
polymer chains, facilitating enzymatic hydrolysis. This process enhances the hydrophilicity of PET, thereby improving
the efficiency of subsequent enzymatic breakdown. [26].Ideonella Sakaiensis 201-F6, a bacterium from the genus
Ideonella, was reported to degrade and assimilate PET [27] after the generation of PETase and MHETase that efficiently
converts PET into environmentally friendly monomers, terephthalic acid, and ethylene glycol. [27]. Notably, this PET
hydrolase has 45-53% homology with actinomycete keratinase [28] but can completely degrade PET, compared to other
PET hydrolases.However, the low stability of PETase limits its wide application. After enzymes hydrolose the ester bond,
PET is broken down into MHET. MHET can continue to be hydrolyzed into TPA and EG under the action of MHETase [29]
and finally enter the tricarboxylic acid cycle [TCA cycle] [30].
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3. RESULTS AND DISCUSSION
Degradation of plastics by environmental microbes has drawn more attention. Recent studies have explored various
microorganisms, including actinomycetes, algae, bacteria, and fungi, for their ability to biodegrade different plastic
polymers. So far, over 56 bacterial and fungal species from 25 genera have been identified as capable of degrading
polyethylene, with soil and landfill environments being their primary sources. [31]. The polyester degrading ability of a
novel carboxylic ester hydrolase identified in the genome of the marine hydrocarbonoclastic bacterium Pseudomonas
aestusnigri was studied. The crystal structure was solved at 1.09 A resolution. A rational mutagenesis study to improve
the PET degrading potential showed improved activity. The crystal structure of this variant was solved at 1.35 A [32].
Three mutations in Ideonella sakaiensis PETase active site for enhancing its PET-degrading activity was studied. Notably,
the S238Y mutant, positioned near the catalytic triad, exhibited a 3.3-fold increase in degradation activity compared to
the wild-type enzyme. This structural modification significantly enhanced the enzyme’s ability to break down highly
crystallized PET (~31%), commonly used in commercial soft drink bottles. Furthermore, microscopic analysis of PET
samples treated with the enzyme revealed that IsPETase performs more effectively when mechanical stress alters the
smooth surface of highly crystalline PET.
A green alga, Chlamydomonas reinhardtii, which produces PETase, was developed. Two representative strains,
Chlamydomonas reinhardtii CC-124 and CC-503, were analyzed, revealing that CC-124 effectively expressed PETase. To
confirm the catalytic activity of PETase produced by C. reinhardtii, the transformant's cell lysate was incubated with PET
samples at 30°C for up to four weeks. Following incubation, high-performance liquid chromatography analysis detected
terephthalic acid (TPA), the fully degraded product of PET. Additionally, morphological changes, such as holes and dents
on the surface of PET film, were observed using scanning electron microscopy [34].

4. CONCLUSION

The degradation of plastic by microorganisms occurs at a relatively slow rate, limiting its industrial applicability. At
present, no in vitro plastic degradation method is suitable for large-scale industrial use. Therefore, the development of
genetically engineered microorganisms incorporating highly efficient plastic-degrading enzymes presents a promising
solution for practical implementation.
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