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Spontaneous Attachment to PET

20 um 20 um

Combination of electrostatic effects and ciliar entanglement
lead to the adhesion of Chlamy to PET.

Degradation Products are Not Toxic

cell number [10%/ml]

The degradation products of
PET don’t impact the growth of

Chlamydomonas. suitable for industry

no harm done by maintaining the efficiency in collaboration with
degradation products

—CHLAMY YUMMY—

Revolutionizing plastic degradation by introducing Chlamydomonas reinhardtii as a eukaryotic secretion platform
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Plastic pollution is threatening life in all environment niches on this planet. We are taking action to save our planet by developing a biological recycling
method for PET, a major plastic waste component. By inserting the genes for PETase and MHETase into the green algae, C. reinhardtii, we enable the deg-
radation of PET into its monomers. These will be purified and used for resynthesizing PET. Our Bio-enzymatic recycling method is environmentally friendly
and has a lower energy consumption in contrast to conventional recycling methods. These rely on high pressure and temperature as well as toxic chemi-
cals. Our approach allows the resynthesis of virgin PET, thereby maintaining the quality of newly synthesized plastics, while eliminating the need for new
PET synthesis. We aim for our recycling system to become established in waste management and water treatment centers worldwide. Our Vision is to
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eliminate pollution of our environment with macro- and microplastic by developing a closed circle economy for PET!
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After successful expression, secretion was our main goal. Since PETase was possibly stuck in the ER, we

(' p |dentification by LC-MS/MS

PETase Gets Stuck in the Secretory Pathway
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introduced the SP20-tag.®! This led to higher yield of secreted proteins and an additional mass shift. successful secretion

Western blot results were veryfied via LC-MS/MS.

Auxotrophic Strain Small Doses of Arginine
Guarantees Biosafety Suppress Auxotrophic Phenotype

Safety Briefing

Chlamy is

® arisk group 1 organism

e on the iIGEM white list

¢ non-toxic for humans and environment!”!

weak lab strains with no selection
advantage in environment

wide variety of
trigger factors

after fusion with SP20-tag
mass shift by glycosylation time [min]
protein identification via MS

Optimizing Growth by Adjusting
Abiotic Factors

Culturing Chlamy at 33°C and 170 uE leads to faster
growth compared to 25°C and 80 uE.

Crystalline PET Amorphous PET!®

in addition to standard labsafety severely impaired

arginine-auxotrophic strain to further
increase safety

plEeEliiels, UE USEe Eln fitness in environment
auxotrophy verified by
growth and drop test secretion at 25°C and 80 WE.

High yield of secreted MHETase
at 33°C and 170 pE and of PETase

enclosed culture in bioreactor
no harm for humans
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Expert Suggestion: Using Amorphous PET

Kaiser Collection by Simulated Interaction
IGEM TU Kaiserslautern
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We want you to use Chlamy in your next
project. To simplify your workflow, we
designed the Kaiser Collection.

e 20 standardized parts

e codon-optimized for Chlamydomonas

e golden-gate-based assembly

e introducing secretion signals and enhancers
e suitable for any project

e tested and approved

e N-glycosylation signal found at
Asn 205, Asp 206, Ser 207
close to the active site
e glycosylation could affect activity
e catalytic triade:
Ser 160, His 237, Asp 206 P!

Wild type PETase R280APETase

Modified PETase

increased accesibility of binding site , ,
stronger hydrophobic interaction improved understanding

one-pot, one-step rea.CtionBA] == enhanced affinity to PET of PETase through MD
6x faster MoClo reaction investigated R280A mutation
Kaiser Collection identified glycosylation site

standardization

Proof of Enzyme Activity via
Reverse-Phase HPLC
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wastewater as source for microplastics
pollution

impact unkown

missing legal framework

Chlamy can target microplastics to
stop this pollution
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Culturing Chlamy in a Bioreactor

Possible Industrial Applications
of Chlamy Yummy

1000

b A
0
6 6,5 7 7.5 8 8,5 9
time [min]

Higher temperatures lead to increased

PETase activity against BHET. This could be

because of the PETase temperature optimum 40 60 20 100 120 140 Recycling collected PET waste in a bioreactor or in
at 40°C time [h] an open pond system.!
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Separating PET from other plastics,
dyes and plasticizers.
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Amorphous PET is more accessible
for PETase due to its loose structure.
Using commercial PET films with
known properties enables

inter-lab work.

. First upscaling towards our industrial
quicker growth at application using a bioreactor. Our

higher temperature idea is to keep high cell density under first steps in a bioreactor
" . low cost phototrophic conditions to le to in trial
facilitated degradation for ensure high yield of secreted protein. upscale to industria

amorphous PET .dimensipns.
different temperature Integration in wastewater

optima for secretion treatment
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New Screening Protocols for

Secreted Proteins

Disadvantages of
TCA precipitation...
toxic

high volume
time consuming
loss of protein
blurry signal

... Were overcome
by lyophylisation
followed by acetone
precipitation

NaPi-Buffer Shows Misleading Activity
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How to do
Crowdfunding

Kaiser
Collection

How to handle
Chlamy

Chlamy Combines Various
Benefits

e the best properties of
microorganisms and higher plants
all genomes sequenced

easy to transform

mixotrophic growth

suitable for bioreactor

Previous iGEM projects mixed with fresh ideas
Sy .
4 R < o

Advancing Plant Synbio

Chlamy Guide for future iGEM teams
Kaiser Collection

improvement of secretion process
plastic pollution has a global impact
established in bioreactor

safety is ensured

optimized screening
protocol
glycine buffer is necessary

for PETase reactions
simplified research
for future iIGEM teams

Degradation of PET Waste
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To accomplish PET degradation in an industrial

setup, we generated a bioreactor-compatible

strain. Using PET waste, we could already

detect degradation. We will continue to

optimize our system.

HPLC-based analysis
distinct activity against BHET

significant activity of MHETase
first steps towards PET
degradation

Plasic pollution is a problem of global concern and everyone is affected. Our solution
is based on synthetic biology. Therefore, we felt the need to reach out and to inform
people of all ages about the advantages of genetic engineering. At the same time
we tried to address their sorrows and evaluated their opinion.

What do you think about the idea of using a GMO
to solve the plastic pollution problem? N=163

4‘ Junior University )—

How do you value the problem of plastic
pollution? N=276
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all-encompassing
approach to increase
synbio’s acceptance

multitude of events for
everyone




