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MPs entry into the Environment

SOURCES

Mismanaged Plastic Waste Maritime Plastic Debris Microplastics
o [(Litter) (Primary or In-Use Product Wear)

s |ugge

Organic manure or
fertilizers

Agricultural

. PATHWAYS
soil

Treated or
Untreated
Wastewater

Runoff
(e.g., Urban,
Ag, Industrial)

Atmospheric
Deposition

Direct Input
to Ocean

b

|
. dd.d Biosolid/ % g 5
Packaging/ d lud
storage materials, ad Jd d& sewagesiudge
machineries Atmosphericdeposition
THE UNIVERSITY OF
https://tos.org/oceanography/article/the-story-of-plastic-pollution-from-the-distant-ocean-gyres- NEWCASTLE
to-the-global-policy-stage AUSTRALIA

5| The University of Newcastle www.newcastle.edu.au



Presenter Notes
Presentation Notes
Table Slide

Above is a generic table page with a heading.

To insert a table:

Click on the table icon shown in the centre of the slide. 

Enter the number of rows and columns you require, The top menu bar will change, highlighting the variety of tables available. You will find that the tables are aligned with the UON colour palette.

Choose the table that best suits your needs and enter your data. 


Impact of MPs on Environment and Human Health
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Challenges in MPs Remediation

. Detection and quantification difficulties
. Heterogeneity of microplastics
. Persistence in the environment

. Economic and technological barriers
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Biotechnological Approaches
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Microbial Degradation
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Enzyme-based Technologies
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Case Studies

Ideonella sakaiensis

PET Degradation

Moraxella sp.

PVC Methane Production

Klebsiella sp.

Network graph illustrates the complex interactions between various
microorganisms and the polymers they degrade

The graph showcases a range of organisms,
such as Ideonella sakaiensis, Moraxella sp.,
and Klebsiella sp., each linked to specific
polymers like PET and PVC.

Certain microbes demonstrate specialized
degradation pathways. For instance,
Ideonella sakaiensis is connected to PET
degradation leading to significant enzymatic
breakdown, a critical pathway for recycling
PET-based plastics.

The connections leading from polymers to
outcomes such as methane production
indicate potential biotechnological

applications in bioenergy.
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Network Graph of Engineered Organisms and PET/PBAT Degradation Pathways
PETase Secretion

Phaeodactylum tricornutum

/F'E'I’Hydrolyzation

Essential Enzymes for PET Digesi

PET

Ideonella sakaiensis PBAT

Improved PETase Efficiency

W

Pseudomonas putida

Plastic Depolymerization

Engineered Enzymatic Enhancement:
Phaeodactylum tricornutum and Chlamydomonas
reinhardtii showcase the engineering efforts to
express and secrete enzymes like PETase, which
are crucial for breaking down PET at a molecular
level.

Ideonella sakaiensis has been further engineered to
improve the stability and efficiency of enzymes like
PETase and MHETase, which are essential for PET
digestion. This enhancement is visualized through
connections to outcomes like increased PETase
efficiency and essential enzyme activity.

Pseudomonas putida demonstrates a wide range of
degradation capabilities, handling both PET and
PBAT. The integration of PET hydrolase expression
constructs into the genome has led to various
degrees of plastic depolymerization, effectively
demonstrating the versatility and robustness of
engineered bacterial systems.

The graph links each organism to specific
outcomes, such as 'Plastic Depolymerization' and
'Improved PETase Efficiency’, highlighting the
targeted approaches in genetic engineering to
optimize polymer degradation pathways for

industrial scale-up.
THE UNIVERSITY OF
NEWCASTLE
AUSTRALIA
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Bottlenecks in Bio-based Remediation

Cell Based Polymer Type
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= Coupling technology with economic incentives,
financial support, policy support, and waste
infrastructure modifications is essential for
advancing biobased plastic degradation.

Multilayer
Plastics
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Products
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Plastic
Additives

= Current technologies in industrial settings are in
early stages and lack the scalability and ease
required to compete with mechanically recycled
and virgin plastics.

Process
Temperature

J

Process pH

Plastic
Crystallinity

= A comprehensive global effort is necessary to
make significant progress in addressing the

plastic waste problem. nnm ,‘: @ \
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