Sci Innova a quarterly e-magazine

December 2024; Volume - 1, Issue - 4, Pages: 130-132

Popular Article

Plastic eating pathogens- A new wave to combat global pollution
Aditya Agrawal'”, Rohini Gupta?, Nishtha Kushwah'

1. College of Veterinary Science and Animal Husbandry, Rewa (M.P.)
2. Department of Veterinary Medicine, IIVER, Bahu Akbarpur, Rohtak, 124001

*Corresponding author: Aditya Agrawal, Email: agrawaldityal 986@gmail.com

Introduction

In recent decades, plastic pollution has
emerged as one of the most pressing
environmental challenges of our time. The
sheer volume of plastic produced and
discarded globally has overwhelmed natural
ecosystems, leading to  widespread
contamination of land, water,
Traditional methods of waste management,
such as incineration and land filling, often
fall short in addressing the scale of the
problem and can introduce
environmental

and air.

new
concerns. However, a
promising new avenue is gaining traction:
the utilization of "plastic-eating pathogens."
These microscopic organisms, primarily
bacteria and fungi, possess the remarkable
ability to break down plastic polymers,
offering a potential biotechnological

solution to combat global pollution.

The problem with plastic

The durability and persistence of plastic
materials, which are their defining
characteristics, also make them incredibly
problematic  once they enter the
environment. Most conventional plastics,
like polyethylene (PE), polypropylene (PP),

polystyrene  (PS), and polyethylene
terephthalate (PET), are not readily
biodegradable. They can persist for
hundreds to thousands of years,
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fragmenting into smaller and smaller pieces
known as microplastics and nanoplastics.
These tiny particles infiltrate food chains,
contaminate water sources, and are even
found in the air we breathe, posing potential
health risks to humans and wildlife.

The dawn of plastic-eating pathogens

The concept of using microorganisms to

degrade pollutants, known as
bioremediation, has been around for
decades. However, it was not until

relatively recently that scientists began to
discover organisms capable of breaking
down plastics. The first significant
breakthrough came in 2016 with the
discovery of Ideonella sakaiensis, a
bacterium found in a plastic recycling plant
in Japan, which was able to efficiently
degrade PET.

Since then, research has accelerated,
leading to the identification of numerous
other bacteria and fungi with plastic-
degrading capabilities. These '"plastic-
eating pathogens" are not harmful in the
traditional sense, but rather "pathogens" to
the plastic itself, initiating its breakdown.
They secrete enzymes that act as biological
catalysts, cleaving the strong chemical
bonds within plastic polymers into simpler,
more manageable molecules..

How do they work?
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The mechanism of plastic degradation
by these microorganisms is intricate and
varies depending on the type of plastic and
the specific microbe. Generally, the process
involves firstly the microorganisms first
attach themselves to the surface of the
plastic material. Then they secrete
extracellular enzymes, such as cutinases,
lipases, and esterases that are capable of
breaking down the complex polymer
chains. These enzymes facilitate hydrolysis,
a chemical reaction involving water, to
break down the plastic into smaller
oligomers and monomers (the building
blocks of plastics). The microorganisms
then absorb these smaller molecules and
metabolize them as a source of carbon and
energy, effectively the
degradation process.

completing

Types of plastic-eating microbes

Scientists have identified a diverse
range of microorganisms with plastic-
degrading potential which includes -

Bacteria: Besides Ideonella sakaiensis,
other notable plastic-eating bacteria include
Pseudomonas, Rhodococcus, Bacillus, and
Sphingomonas species, which have shown
promise in degrading various plastics like

PE, PP, and PS.

Fungi: Fungi such as Aspergillus
tubingensis (found on plastic in a landfill),
Pestalotiopsis  microspora  (from  the

Amazon rainforest), and Phanerochaete
chrysosporium (white-rot fungus) have
demonstrated the ability to break down
polyurethane and other plastics.

The promise of a new wave

The potential applications of plastic-
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eating pathogens are vast and exciting:

e Bioremediation of Contaminated
Sites: These microbes could be
deployed directly in landfills,
polluted oceans, or contaminated
soil to accelerate the breakdown of
accumulated plastic waste.

e Industrial
these

Recycling: Integrating
biological processes into
existing infrastructure
could offer a more efficient and

recycling

environmentally friendly way to
process plastic waste, reducing the
need for high-energy mechanical or
chemical recycling methods.

e Novel Material Development:
Understanding the enzymes and
pathways involved in plastic

degradation could inspire the design
of new, biodegradable plastics that
break down more readily in the
environment.

e Microplastic Mitigation: As
research progresses, these pathogens
might even be engineered or applied
to tackle the pervasive problem of
microplastics in  aquatic  and

terrestrial environments.
Challenges and future directions

While the promise is significant, there
are several challenges to overcome before
plastic-eating pathogens can be widely
deployed:

e Efficiency and Speed: Current
degradation rates are often slow,
especially for highly crystalline and
robust plastics. Enhancing the
efficiency and speed of enzymatic
breakdown is crucial.

e Environmental Conditions: The
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optimal conditions (temperature,

pH, nutrient availability) for these

microorganisms to thrive and
degrade plastics vary, making large-
scale  application in  diverse
environments complex.

e Specificity: Many microbes are
specific to certain types of plastic.
Developing consortia of microbes or
engineering broader-spectrum
enzymes might be necessary.

e Scale-Up: Moving from laboratory-

scale experiments to industrial-scale

bioreactors  or  environmental
deployment requires significant
engineering and logistical
considerations.

e Ecological Impact: Thorough

assessment of the ecological impact
of introducing engineered microbes
into the environment is paramount
to prevent unforeseen consequences.

Future research will focus on genetic
engineering to enhance enzyme activity and
stability, developing microbial consortia for
synergistic degradation, optimizing
environmental conditions for large-scale
application, and exploring novel microbes
from extreme environments for more robust
plastic-degrading capabilities.

Conclusion

The discovery and ongoing research
into plastic-eating pathogens represent a
significant new wave in the fight against
global pollution. These remarkable
microorganisms offer a natural, sustainable,
and potentially scalable solution to break
down the persistent plastic waste that clogs
our planet. While challenges remain, the
rapid advancements in biotechnology and

microbial science provide a strong
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foundation for optimism. As we continue to
unlock the secrets of these tiny plastic
combatants, we move closer to a future
where plastic pollution is not an
insurmountable burden, but a solvable
environmental challenge, paving the way
for a cleaner, healthier planet.
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