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Abstract: In light of the discovery of the bacteria Ideonella Sakaiensis in 2016 [1] , enzyme based
recycling has become a very promising field of study. The bacteria was found in the sludge of a
Japanese recycling plant and produced the enzyme PET hydrolase. This was one of the first enzymes
discovered capable of breaking down type 1 plastic. As time went on, researchers began developing
more efficient versions of PET hydrolase [2]. Though it has amazing potential, its ability in a low
fidelity setting is still unknown. In our study, we produced a series of low fidelity bioreactors to test
the enzyme’s capabilities under stress. For our procedures, we used E. Coli modified with the
pET21b(+)-Is-PETase plasmid [3] to produce the enzyme for our study. We conducted our experiment
over the course of 4 weeks with 5 unique batch style bioreactors. In our research we were able to
determine that E.Coli was able to decrease the weight of 0.6 grams (+ 200 milligrams) PET plastic
strips by 0.2 milligrams (+ 0.1 milligram).
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Introduction

As a society which has mastered the mass production of plastics. We have been creating waste
at a rate approaching 400 megatonnes of plastic waste per year [4]. Of all of the plastic waste produced
by humans, one of the biggest contributors is PET plastic. This makes up 12% of global solid waste
[5]. Despite PET being easily mass-producible, there are very few cost-effective methods to deal with
its waste. With the introduction of new biological recycling methods, recycling PET plastic with
enzymes has become a viable method [1,2]. To use enzymes to digest plastic a bioreactor is required.
Bioreactors are vessels used to facilitate biological reactions using enzymes, bacteria, or other
biological systems. A bioreactor is a large system which takes time to build, and needs a lot of
optimization before it can be constructed and deployed. This is because bioreactor systems are very
costly to maintain. Though the plasmid that produces PET hydrolase is naturally found in Ideonella
Sakaiensis, genetic modification allows this enzyme to be produced by other bacterium as well. We
wish to study a strain of genetically modified E. Coli. E. Coli is very easy to work with bacteria
because it is resilient and easy to produce. This will allow us to produce a sufficient amount of the
enzyme for a short-term bioreactor. We also chose to work with batch-style bioreactors because they
are easy to maintain. The results of these experiments will be valuable in the prototyping of future
bioreactors based on this method of plastic degradation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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METHODS

Materials
-Incubator -500mL GL45 bottle -Deionized water
-Microwave -LB broth Dry Powder -125ml beakers
-Petri dishes -Sigma Aldrich Ampicillin -Agar LB Broth
-Micropipettes | -Antibacterial soap and wipes -Inoculating loops

-500ml beaker -E. Coli: pET21b(+)-Is-PETase was a gift from | Mettler Scale

Gregg Beckham & Christopher Johnson

(Addgene plasmid # 112202 ;

http://n2t.net/addgene:112202 ;

RRID:Addgene_112202)

-Parafilm Microscope

Over the course of the 5 weeks, we ran a set of 5 batch-style bioreactors. They contained cultures
of our genetically modified E. Coli suspended in liquid luria broth. We submerged plastic strips
weighing roughly 0.6 grams into each of the bioreactors. Throughout each of the 4 weeks, we would
meet 2-3 days to perform different tasks. These consisted of drying/weighing the plastic strips,
cleaning the reactors, remaking the liquid cultures, and overall maintenance.

In the first week of the experiment we cultured 2 LB Agar plates with the E. Coli and the
antibiotic ampicillin. It was made at a concentration of 100 pig/mL* We used 2 plates to give ourselves
a contingency plan in case 1 plate failed. Also, it allowed us to see how the 2 cultures affected our
results. Over the course of the first week, the bacteria grew to the size as shown below. While it was
easy to maintain a clean laboratory environment, it was difficult to maintain sterility. After a week of
usage, the Agar plates became contaminated with a fungus. This forced us to replate the LB Agar
plates weekly for the rest of the experiment.
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Figure 1. One of the first plates of the genetically modified E.Coli. There are small spots of fungal contamination
around the plate.

In the second week of the experiment we created our first set of the bioreactors. For the 5 batch-
style bioreactors, we created the following experimental setup. They consisted of one bioreactor
which would be a control. This was placed in the incubator and had no bacteria present. It was labeled
with a C. For the other four, the bioreactors were split into categories. For the first category, two
bioreactors would be in incubator conditions and the other two would be in room temperature
conditions. This gave them the label I or R. The second category was the LB Agar plate from which
the bioreactor would receive their bacteria. Each plate was labeled with a 1 or a 2. These bioreactors
were labeled as 1R, 11, 2R, and 2I. We then cut out five 0.6 grams (+ 200 milligrams) plastic strips from
a PET plastic bottle. We measured all their weights on a Mettler scale which had a margin of error of
0.1 milligrams. After cleaning out the 125ml beakers used for the bioreactors with alcohol soap, we
prepared 500ml of liquid luria broth. This was split equally among the 5 beakers. Finally, we
introduced the bacteria from the plates into the bioreactors with an inoculating loop. After creating
each bioreactor, we covered them with parafilm and poked a single hole through each bioreactor.
This prevented contamination and allowed airflow into the bioreactors. Throughout this week, the
bacteria grew as shown. Similarly to the LB Agar plates, the bioreactors became contaminated after a
week. This forced us to create fresh bioreactors weekly. The plastic strips were cleaned and dried
thoroughly for each new batch in our bioreactors.

Figure 2. The E. Coli after a week of incubation.
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During the 3rd week of our experiments we began weighing each plastic sample and cleaning
out the bioreactors. Each plastic sample was removed from its respective bioreactor and then
microwaved for a minute. After, it was patted down with a towel to remove residual moisture. They
were individually weighed on a scale, and the measurements were recorded. After cleaning all the
equipment with alcohol soap and disposing of the liquid culture, we remade each bioreactor and put
them back in their growing environments.

During the 4th week of our experiments, we repeated the same process of weighing and drying
each plastic sample. However, comparing the weights of the prior 2 weeks, we realized the increased
porosity of the plastic samples would increase the water weight of them as the enzymes digested the
plastic. To see if this created a significant enough extra variable, we performed a set of 3 different
drying methods and weighed the plastic samples after each method. We first patted them down,
microwaved them for a minute, and then we left the plastic samples in the incubator to dry for a day.
Before we finished the day and remade the bioreactors, we conducted in-vitro staining on our sample
of the E. Coli and the contaminant found in our LB Agar cultures. We confirmed the presence of our
E. Coli, and an unknown fungus as shown below. We then remade each bioreactor, and put them
back in their growing environments.

Figure 3. The red bacteria is confirmed to be the gram-negative E. Coli. This can be seen from its red coloring by

the stainings.
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Figure 4. The contaminated areas were confirmed to have a gram-positive organism. We believed this to be some

form of fungi.

At the final week of testing there was a complication in our incubator. Both LB Agar plates we
were using were dried out. Plate 1 was too compromised to recover a clean culture from, so we made
a culture called 1’ from the bacterial stock. We were able to rehydrate plate 2 and made a new culture
from that plate which we labeled 2’. For this week, we conducted the same tasks as we did during
the first week of the experiment. Once we weighed all of the plastic strips, we were finished running
the bioreactors. We terminated both cultures and cleaned out all of the equipment with alcohol soap.

Data Figure 1

* For the different plastic strips, the number (1 or 2) determines which culture of the bacteria the
bioreactor was made from. The letter (I or R) determines whether the bioreactor was placed in an
incubator environment or a room temperature environment for the duration of the experiment.

1la. This is our compiled data in a table for the final weights of the different plastic strips after
we towel dried them each week. The samples were weighed in grams.

1b. This is a graph of the compiled data from 1a in a line graph format.

1a.

Weight of the Plastic Strips in Grams Over the Course of Each Week Elapsed

Control Sample 11 Sample 1R Sample 21 Sample 2R Sample

Week 1 Sample

Weight (grams) 0.5448 g 0.598 g 0.5953 g 0.6153 g 0.6191¢

Week 2 Sample

Weight 0.5448 g 0.5982 g 0.5952 g 0.6151¢g 0.6191¢
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(grams)
Week 3 Sample
Weight
(grams) 0.544 g 0.5972¢g 0.5942 g 0.6144 g 0.6181 g
1b.

Weight of the Plastic Strips in Grams Over the Course of The 3 Weeks
@contol ®1 @ 1R @2 @ 2R

0.6300
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2
(]
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0.5420 hd * )
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Weeks Elapsed
Data Figure 2

*For the different plastic strips, the number (1 or 2) determines which culture of the bacteria the
bioreactor was made from. The letter (I or R) determines whether the bioreactor was placed in an
incubator environment or a room temperature environment for the duration of the experiment.

2a. This is our compiled data from each of the weights of the plastic samples after each of the
drying methods we performed during week 2. It is presented in a table format and the samples were
weighed in grams.

2b. This is a graph of the compiled data from 2a without the comparison to the starting and final
in a line graph format.

2a.

Weights of the Plastic Strips After Different Drying Procedures

Control Sample 1I Sample 1R Sample 2l Sample 2R Sample

Towel Drying 0.545 g 0.5986 g 0.5955 g 0.6156 g 0.6195 g
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Method Sample

Weight (grams)

Microwave
Drying Method
Sample Weight

(grams) 0.5448 g 0.5982 g 05952 g 0.6151 g 0.6191 g

Incubator

Drying Method

Sample Weight

(grams) 05422 g 0.5954 g 05924 g 0.6125¢g 0.6163 g

2b.

Weights of the Plastic Strips After Different Drying Procedures
@cContol ®1 @ 1R @2 @ =R
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Results

The data obtained from the tests appears to show a slow degradation of the plastic. We
determined this through the changes in mass for the plastic strips in the bioreactors as compared to
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the changes in mass for the control. We did not see any major degradation in the plastic strips because
of factors such as the low surface area and the slow acting nature of the enzyme. One result which
was not expected was the increase in mass upon weighing the plastic strips straight from towel
drying. The mass of these pieces would go down to normal after a more thorough drying technique
was performed. This also was in conjunction with our observation that the strips which experienced
the largest increase in mass also experienced the greatest decrease upon fully drying. These results
pointed to porosity as an important variable. The porosity of the plastic pieces would increase their
water retention potential. Under this theory, the plastic strips with the greatest porosity were also
those which experienced the most enzymatic degradation. The increase in porosity by the
enzymatic digestion would complicate our weighing procedure.

Of significant note is the changes to the bioreactor 11I. Plate 1 remained the most pure throughout
our experiment. As such, this bacteria had a better ability to produce the PET hydrolase enzyme.
Within the incubator, it was expected to thrive and yield the best results in change of mass. However,
purely based on the changes in mass from the start to the end, it was beaten by 2I. However, the
porosity theory supports 11 being the best bioreactor. Through all the drying procedures, 11 had a
greater change in mass compared to 2I. This calls into question whether the mass of 1I could be
accurately compared to 2I with the moisture it had accumulated.

Discussion

While we were able to derive pretty significant results from our study, we were very limited in
our facilities. The experiment was performed in the closet of a high school biology laboratory with a
budget of $500. We did not have access to the types of fabrication technology and testing equipment
that the best hold as standard. However, despite our environment, the bioreactors were able to run
and degrade the PET plastic. This shows the capabilities of Enzyme based recycling in lower fidelity
environments. This means that there is a great possibility for enzyme based recycling in an industrial
setting. Even while we were performing our experiment, the field of enzyme-based recycling
skyrocketed. Many new microorganisms and enzyme development procedures have been
developed. The fact that we were able to find any significant decreases in mass was amazing. Within
the low fidelity environment of our lab, it was very unlikely for us to be able to sense any changes.
The fact that the changes beat the margin of error for our scale shows the potential of PET hydrolase.
It is important for future studies to try using different types of bioreactors which retain the enzymes
in the bioreactors. This will allow for a specific amount of the enzyme to be used on a plastic sample.
Using this standard will help minimize the effects of variables such as contamination and porosity.
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