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Organis ms  in nature adapt and evolve to 
thrive in their environment…

…including ‘eating’ plas tic was te (s lowly)



Plastic degrading organisms 
make specialised enzymes

Jacquin et al. (2019). Front Microbiol. 10. doi: 10.3389/fmicb.2019.00865 



Bioplastic degrading enzymes
• Bioplastics are made from renewable 

materials – lower net carbon emissions
• PLA, PBS/PBSA, PBAT, PHA/PHB

• ‘biodegradable’ and ‘compostable’… 
under specific conditions

Bacteria and enzymes to 
enhance bioplastic composting



Bioplastic degrading enzymes
• Bioplastics are made from renewable 

materials – lower net carbon emissions
• PLA, PBS/PBSA, PBAT, PHA/PHB

• ‘biodegradable’ and ‘compostable’… 
under specific conditions

Enzymes for plastic chemical recycling

Hong & Chen (2017). Green Chemistry. 19:  3692-3706.

Enzyme

Bacteria and enzymes to 
enhance bioplastic composting

Enzymes embedded in bioplastics 
enhance composting

DelRe et al.  (2021). Nature 592: 558–563.



Optimising bio-plastic 
degrading enzymes 
• Temperature tolerance
• High activity
• Stability and longevity
• Solvent tolerance
• plastic specificity 

• Using engineering biology techniques
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Project approach

Enzyme 
Identification

Enzyme 
Characterisation

Enzyme 
Engineering



Data-mining for enzymes with 
high temperature tolerance

Microbes living in 
high temperature environments make 

thermal tolerant enzymes



Data-mining for enzymes with 
high temperature tolerance

DNA sequence of 
known plastic 

degrading enzyme 

Microbes living in 
high temperature environments make 

thermal tolerant enzymes
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laboratory bacteria
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bacteria
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characterise 

enzyme



Characterising newly 
identified enzymes

• Thermal tolerance

• Bioplastic degradation activity
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Engineering bioplastic 
degrading enzymes 

Reproduce

Survival advantage –
faster/more reproduction

Microbe living with
plastic waste

Progenitor variant with enzyme
better at ‘eating’ plastic

Accelerating the natural evolution process 
in the lab…



Engineering bioplastic 
degrading enzymes 

Reproduce

Survival advantage –
faster/more reproduction

Microbe living with
plastic waste

Progenitor variant with enzyme
better at ‘eating’ plastic

Accelerating the natural evolution process 
in the lab…

…using the latest computational tools

Adapted from Lovelock et al. (2022). The road to fully programmable protein catalysis. 

Nature 606: 49–58. 

Natural 
enzyme

Enzyme production
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