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Plastic is all around us, ranging from types produced 
for single usage, such as in food packaging, to those 
used for encasing electronic gadgets. The term ‘plastic’ is 

derived from the Greek word plasticós, which means ‘to mould’, 
as all plastics are mouldable and soft during their original 
production. Plastics are synthetic polymers consisting of small 
organic monomer units joined into a long chain by covalent 
bonds formed during a polymerisation reaction. Many of the 
monomers used to make plastics are derived from crude oil, 
making them a limited resource.

Uses and recycling

The main types of plastic in common use are polyethene 
(polyethylene, PE), polystyrene, polyvinyl chloride (PVC), 
polypropylene (polypropene), polyethylene terephthalate (PET) 
and polyurethane. PET and polyurethane are formed from two 
different monomer units that link together into a chain, whereas 
the other types mentioned are formed from an alkene monomer 
where, during the polymerisation reaction, the double bond 
opens up to form a linear hydrocarbon chain (Figure 1).

The applications for plastics are numerous (Table 1). In 2015, 
polyethene (low, medium and high density) accounted for 29% 
of the European plastic demand, with PET and polystyrene each 
accounting for approximately 7% (Figure 2).

It is estimated that about 311 million tonnes of plastic are 
produced each year across the globe, which includes 56 million 
tonnes of PET. Of all this plastic produced, only 10% is recycled. 
Globally, we generate around 57 million tonnes of plastic waste 

Plastic-eating bacteria
Emma Dux examines how bacteria could help break down the millions  
of tonnes of plastic waste that humanity produces each year

 wonder bugs
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• polymer applications
• polymer synthesis
• polymer recycling
• enzymes
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Alkyl chain  A chain of singly bonded carbon and hydrogen 
atoms (alkanes).

Gram-negative and Gram-positive bacteria  A method of 
distinguishing between two types of bacteria with structurally 
different cell walls was devised by Danish scientist Hans Christian 
Gram. The test involves staining the bacteria with crystal violet 
dye. Those bacteria that have a thick layer of peptidoglycan appear 
purple under a microscope and are called Gram-positive bacteria. In 
contrast, Gram-negative bacteria do not retain the violet dye but take 
up a counterstain to appear red or pink.

Hydrolyse  A hydrolysis reaction converts a molecule into two 
smaller ones by means of a water molecule, which results in the 
decomposition (splitting) of the water.

Monomers  The small molecules used to make a polymer.

Polymer  A long-chain molecule formed from smaller 
molecules (monomers).

Polymerisation reaction  A reaction where monomer molecules 
link together to form a polymer. These reactions can be addition or 
condensation reactions.

Glossary 
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Figure 1 Synthetic plastics and their monomers
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Figure 2 Demand for different types of plastic in Europe

per year, with between 5 and 13 million tonnes of this ending 
up in our surrounding environment, particularly in the oceans.

In 2014 it was found that around a quarter of plastic waste 
within the EU was recycled: over one third ended up being 
disposed of as landfill, with the rest being incinerated for energy 
recovery (Figure 3). During this time period, over 65% of all 
packaging waste was recycled (including cardboard and other 
packaging materials), but less than 40% of plastic used for 
packaging was recycled. 
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Figure 3 Fate of European plastic waste

Table 1 Products made from polymers

Polymer Common applications

Low-density polyethene Food packaging, plastic bags

Medium-density polyethene Water pipes

High-density polyethene Toys, corrosion-resistant pipes

Polystyrene Insulated cups, packaging materials

Polyethylene terephthalate (PET) Plastic bottles

Polyurethane Building insulation foam

Polyvinyl chloride (PVC) Window frames, insulation for 
electrical wires

Polypropylene Sweet wrappers, banknotes, 
microwave-proof food containers
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Plastic disposed of as waste, whether as landfill or released 
into the environment, can persist for up to 450 years. This, 
along with many of the monomers needed to make our plastic 
coming from crude oil, suggests that an efficient method of 
recycling is urgently needed. Unfortunately, current recycling 
methods consist of melting down batches of the same type of 
plastic into granules, which can then be remoulded for new 
purposes. However, the recycled plastic can only be used for 
lower-grade applications owing to purity issues, i.e. it can never 
be reused for food packaging. An additional problem is that 
batches of melted plastic have to be discarded if different types 
of plastic become mixed up within them.

What is needed is a method of breaking the plastic back into 
its monomer units — then the plastic can be reformed and will 
be of sufficient quality for any desired application. 

PET-munching bugs
In 2016 a research group from Japan reported on their 
find of a bacterial strain that could degrade PET. They had 
collected samples from 250 sites that were contaminated with 
PET debris, including waste water, soil and sludge from a 
PET recycling plant. They found that something in one of 
these collected samples was able to degrade a PET film at a 
rate of 0.13 mg cm–2 day–1, and that this degradation was solely 
due to the action of a newly discovered strain of bacteria, 
Ideonella sakaiensis.

The researchers discovered that this bacterium has two 
enzymes which enable this degradation. The first enzyme is 
secreted outside the cell to break up the PET polymer into 
MHET (mono-(2-hydroxyethyl) terephthalate), which the 
researchers have named PETase. Very small amounts of MHET 
were detected in the enzyme medium, suggesting that the 
bacterium is able to rapidly break it down, presumably to use 
as a source of carbon for growth.

The second enzyme (named MHET hydrolase) then hydrolyses 
the MHET once it is taken up within the cell (Figure  4), 
breaking it down into ethylene glycol and terephthalic acid, 
which are the original monomer units that PET is prepared 
from. However, this whole process is, by enzymatic standards, 
incredibly slow — it took 6 weeks for a small piece of PET film 
to undergo complete degradation. The researchers observed 
that the bacteria seemed to attach themselves to the PET surface 
using thin tubes, which might be how the cell is able to deliver 
the PETase enzyme to the surface of the substrate.

PE-munching worms
A paper published by a Chinese research group in 2014 reported 
that the larvae of Plodia interpunctella (commonly referred to as 
‘wax worms’) could damage polyethene films, and found that 
this was due to two bacterial strains present in their gut. One of 
these was identified as Gram-negative strain YT1 (Enterobacter 
asburiae) and the other as Gram-positive strain YP1 (Bacillus sp.).

One third of all plastic waste within 
the EU is disposed of as landfill
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Figure 4 Hypothesised action of the I. sakaiensis bacteria, which contain PETase and MHET hydrolase

Colonies of each of these strains were incubated with PE 
film sheets for 28 days so the extent of degradation carried out 
by each could be measured. The researchers used a number of 
techniques to monitor the rate and extent of PE degradation. 
They used infrared (IR) spectroscopy (see CHEMISTRY REVIEW, 
Vol.  21, No. 2, pp. 2–6 and 10–11) to monitor the gradual 
appearance of a peak at 1715 cm–1, which is associated with 
C=O double bonds. The emergence of this peak indicates that 
the alkyl chain of PE is being functionalised, making it more 
reactive to other enzymes.

The group also used a technique called atomic-force 
microscopy (AFM), which typically provides an image resolution 
on the sub-nanometre (10–9 m) scale. Using AFM, they were able 
to observe pits and cavities forming on the normally smooth PE 
surface, providing further evidence that it was being degraded.

Hungry caterpillars
In 2017 researchers in the UK and Spain reported that a particular 
species of caterpillar was able to degrade PE at a comparably 
faster rate than any observed previously. Caterpillars of the wax 
moth Galleria mellonella were found to be able to degrade PE at a 
rate of 0.23 mg cm–2 h–1, a greater rate than the one found for the 
PETase degradation of PET.

Articles on polymers from past issues of CHEMISTRY REVIEW:

‘Designer polymers’, Vol. 4, No. 2, pp. 20–24.

‘Positively plastic’, Vol. 9, No. 3, pp. 2–5.

‘Polymer protected professionals’, Vol. 11, No. 4, pp. 16–17. 

‘Polyesters: plastics of the future’, Vol. 17, No. 1, pp. 17–20. 

‘The polymer predicament: making plastics from plants’, Vol. 19, 
No. 1, pp. 25–28. 

‘Polyamides’, Vol. 20, No. 1, pp. 29–32.

‘The PET that got away’, Vol. 20, No. 1, p. 34.

‘Self-healing polymers’, Vol. 20, No. 3, pp. 2–6.

‘Reclaiming plastic waste’, Vol. 23, No. 2, pp. 6–10.

‘Biodegradable polymers’, Vol. 24, No. 1, pp. 24–27.

Online archive 

Recycled plastic can currently only be used for 
lower-grade applications due to purity issues
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required specialist enzymes? The latter scenario is more likely, 
so further research will be needed to identify, isolate and study 
the relevant enzymes from the caterpillars’ digestive bacteria. It 
will be interesting to see how efficient such enzymes are at the 
biodegradation of PE when used in isolation, as well as how they 
actually work.

Cleaning up
Introducing the wax worms and wax moths for plastic 
degradation into environments outside where they naturally 
occur cannot be done, as it would endanger other species in 
those ecosystems such as bees. However, the bacteria and their 
proteins responsible for the breaking down of the plastic can 
be cultured within a laboratory and have the potential to be 
used on a large scale for plastic recycling. Further research into 
optimising and understanding these enzymes could result in a 
solution to the problem of recycling and disposing of plastic.

Like with the study using wax worms, these researchers 
used IR spectroscopy to monitor the appearance of the band 
associated with the C=O carbonyl bond being introduced onto 
the polymer as it is degraded. They also used AFM to monitor the 
introduction of cavities and holes onto the previously smooth 
PE surface.

The researchers provided a probable explanation as to why 
these caterpillars were able to digest an artificial substrate such 
as PE. The female wax moth lays its eggs within crevices and 
gaps of bee hives, so that once they have hatched, the larvae 
can use the bees’ honeycomb as a food source. Honeycomb 
contains a complex mixture of components, with one of the 
main ones being beeswax, which itself is composed of over 248 
different compounds, many of which contain long alkyl chains. 
It therefore seems likely that the ability of these caterpillars 
to digest the C–C bonds in the alkyl chains of the beeswax 
translates into being able to digest the C–C bonds within PE.

There is much to find out about how the wax moth caterpillars 
are able to digest PE on a molecular level. Are the caterpillars 
themselves equipped with enzymes capable of this digestion, or 
do they contain bacteria within them that are equipped with the 

Emma Dux helps with inorganic research in the Department 
of Chemistry at the University of York and is a sub-editor for 
CHEMISTRY REVIEW.

The ability of Galleria mellonella caterpillars to digest beeswax 
may explain why they are able to digest polyethene
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