D3.4 Publication and/or presentation in International Conference on the
selective degradation of PET & PLA polymers

The results from the investigation of the selective degradation of PET and PLA, which formed the
core focus of the experimental activities within WP3, were disseminated at 4 international

conferences through a total of 5 poster presentations, and one scientific publication at a peer-

reviewed journal.

Poster presentations

e LignoBiotech 2024, Toulouse, France (14-17/10/2024), attended by over 250 participants.

1) “Mimicking the enzymatic plant cell wall hydrolysis machinery for the degradation of

polyethylene terephthalate” by Dr. Efstratios Nikolaivits.
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Mimicking the enzymatic plant cell wall hydrolySIS machinery
for the degradation of polyethylene terephthalate

Efstratios Nikolaivits, George Taxeidis, Evangelos Topakas
IndBioCat Group, Biotechnology Laboratory, School of Chemical Engineering, National Technical University of Athens, Greece
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The poster described the use of fungal enzymes in a synergistic manner for the selective and

complete enzymatic depolymerization of PET, as a part of WP3.



e The 3rd International Electronic Conference on Catalysis Sciences, online (23-

25/04/2025), attended by over 500 participants.

2) “Screening biocatalysts for the selective enzymatic separation of polyester blends” by Mr.

Konstantinos Makryniotis (PhD candidate).

Screening biocatalysts for the selective enzymatic
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K. Makrvniotis, E. Nikolaivits, E. Topakas™*
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The challenge of managing complex packaging waste streams Experimental procedure

Packaging materials, mostly utilized in food-related y¢: 17 serine hydrolases
applications, contribute significantly to pollution.
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3) “Comparing the secretome response of Aspergillus and Fusarium species on chemically

treated plastics” by Mrs. Markella Papi (PhD candidate).
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Plastic pollution is one of the most pressing environmental issues of our time, with millions of tons of plastic waste accumulating in landfils and natural ecosystems every year. Among these,
polyethylene terephthalate (PET) and polylactic acid (PLA) are widely used polymers that persist in the environment due to their slow degradation rates [1], [2]. PET is extensively used in packaging.
textiles, and plastic bottles, while PLA is a biodegradable polymer commonly found in compostable plastics. However,the natural degradation of these materials s ineflicient and requires innovative
biotechnological solutions. In recent years, microbial degradation of plastics has gained attention as a sustainable alternative for managing plastic waste [3]. Fungi have shown significant potential
due to their ability to y ble of breaking polymers [4]. This study aims to screen fungal sirains for their ability to degrade PET and PLA and to evaluate
the enzymatic activity involved in this process

( ) (

Materials & Polymer Preparation Plate screening for PET/PLA degraders

BHET and casein were purchased from « Among the strins tested on PET dispersion plates, Fusarium
Sigma-Aldrich. PLA (Ingeo™ 3001D) was. oxysporum BPOPIS and Aspergillus parasiticus MM36 showed visible [
hydrolyzed at 60 °C for 360 h and and PET growth. This was observed as dense mycelial biomass and distinct
(POIPET™ 76W) was glycolyzed with clearance halos around the colonies (Fig. 14, B)

ethylene glycol at 180°C for 6 b, to obtain || + The same two previous ones exhibited visible growth on PLA
oligomers used in degradation assays dispersion. This growth was also observed as the formation of mycelial
(Table ). biomass on the agar plates (Fig. 2A, B).

Fungal Cultivation

Fungal strains were grown on YPD agar |« .

(30°C. 3 days). Plugs were transferred to
mineral medium (MM) for liquid culture
screening, with either 1% casein, 1% olive
oil or 1% BHET as induc
Sercening for Plastic Degradation
Initial screening was performed on MM-
agar plates containing 1% PLA or PET

Time-course of enzyme expression in fungal cultures

Cultures with degraded PET:
+ No activity was detected in cultures pre-grown with BHET,
* Olive oil-based precultures induced only slight esterase activty.

oligomers. Strains with clearance zones and ./ N s 48

growth were selected for further testing in Cultures with degraded PLA

tiquid cultures with plastic oligomers as the |~ -

sole carbon soure. - . Figure 3 presents the time course of esterase (Ief)) and protease
Enzyme Activiy Assays . (righ) activity in fungal cultures grown with degraded PLA, with
Protein concentration was measured by ” biomass pre-grown on olive oil and casein, respectivly.

Bradford assay [3]. Esterase activity was
tested with pNPA, and protease activity
was measured using casein as substrate.
Proteomic Sample Preparation
Supematants from high-activity cultures
(PLA + casein-induced) were fitered,
concentrated, dialyzed, and frecze-dricd oil,
before mass spectrometry analysi. - - - =

* Low enzymatic activity suggests that olive oil does not
efficiently induce the expression of enzymes involved in PLA
degradation.

+ When grown in casein, both enzymatic activities were
significantly higher compared to cultures pre-grown with olive
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This study was presented as a poster, showing the results of the comparison of the secretome
responses of Aspergillus and Fusarium species when exposed to chemically treated plastics
such as PET and PLA. Through plate screening and enzymatic assays, F. oxysporum BPOP18
and A. parasiticus MM36 demonstrated growth and polymer-degrading activity on both
plastics. Proteomic analysis of F. oxysporum cultures grown on degraded PLA revealed
upregulation of several enzymes, aiming to the discovery of novel PETases and PLAases for

selective biodegradation.

MICROBETECH 2025, online (27-29/05/2025), with an outreach of more than 100
participants.



4) “Screening Biocatalysts for Targeted Polyester Degradation” by Mr. Konstantinos

Makryniotis (PhD candidate).
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Both posters presented results accomplished through WP3, focusing on the investigation
of 17 serine hydrolases, including esterases and proteases, for their ability to selectively
degrade project’s key polyesters, PET and PLA. Through heterologous expression in E.
coli and P. pastoris, followed by polymer degradation screening utilizing GPC and HPLC
analyses, distinct substrate preferences were observed. Esterases exhibited limited polymer
selectivity, while proteases favored PLA degradation. Notably, LCC®CC exhibited the
highest PET hydrolysis activity (PETase), whereas Protease K and Savinase (PLAases)
efficiently degraded amorphous and semi-crystalline PLA, respectively.



e Joint International Conference of Mikrobiokosmos & CEESME, Thessaloniki, Greece
(22-24/09/2025), attended by over 200 participants.

5) “Engineering the activity of a thermophilic esterase from Zhizhongheella caldifontis for

MHET degradation” by Mr. Konstantinos Grigorakis (PhD candidate).

Engineering the activity of a thermophilic esterase from
Zhizhongheella caldifontis for MHET degradation

igorakis', Christina Ferousi', Natalia Kastana’, Efstratios Nikolaivits', Evangelos Topz
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trial Biotechnology & Biocatalysis Group, Biotechnology Laboratory, School of Chemical
Engineering, National Technical University of Athens, Athens, Greece

Introduction

Polyethylene terephthalate (PET) is the world’s most extensively recycled polymer, the dominant material for beverage packaging, and valuable
enough to drive sustained R&D into post-consumer recovery strategies.! Enzymatic depolymerization can fully convert PET into its monomers, tereph-
thalic acid (TPA) and ethylene glycol (EG), enabling separation from mixed-plastic streams, upgrading to higher-value chemicals, and re-synthesis of
virgin-quality PET, in contrast to the chain-degrading nature of conventional thermomechanical recycling.>® PETases can recycle PET, but the buildup
of the intermediate MHET slows the process.* We englneered a th olerant esterase from Zhizhongheella caldifontis ( ) to improve enzy-
matic recycling of PET. Two tailored variants, ZcMHE T i ) and ZcBHETase (ZCEST_D: , showed dramatic boosts in activity on the
PET intermediates MHET and BHET, with up to 21-fold and 5 ld increases compared to the respectively and increased tempera-
ture stability compared to current benchmark IsMHETase. Experiments using HPLC, thermal stability assays, and kinetic analysis confirmed both the
efficiency and resilience of the new variants. Together, these advances position ~derived hydrolases as strong candidates for industrial PET re-
cycling and demonstrate how targeted protein engineering can accelerate the development of circular plastic solutions.

Methodology ~ {_

« MHET has a predicted \_/
pKa of 3.77, meaning / \/

that at the common r\_\ |

PETase working ranges

of pH > 7 it is negatively

charged.

o e R e D etz taionsYinciiding

site of (ZcBHET: and c) ZcEST_D355K.

possesses an aspartic .« A series of targeted mutations were designed (Figure 2) to test:

acid residue (D355) « Adding a positive charge (D355R and D355K), inspired from

that inhibits MHET IsMHETase

binding at this pH « Hydrogen bonding (D355N)

range (Figure 1). « Increased space (D355S and D355A)
Figure 1 Iteractions n the. of The * Only D355N and D355S were successfully constructed with
E,Z"‘;‘”"E‘" chargechMEEY site-directed mutagenesis and subsequently assayed.

Results Discussion
= « Targeted engineering of
Figure 3: MHET co tion ) e
mﬁ;'e c):sTuPn;n“;(;; from Zhizhongheella caldifontis
plots) by wild-typ enhanced hydrolysis of PET inter-
£ mediates.
Substitution of D355 removed un-
+ favorable interactions with MHET,
sent standard deviations of
samples. validating the structural hypothesis.
Variants Zc
HET showed
21-fold and 51-fold higher catalytic
activity than in MHET and
BHET repsectively.

Table 1: Melting temperature (DSF)

Figure 4: BHET consumption Both variants exhibited improved
(lines) and release of TPA and thermostability (>66 °C) compared
MHET(bar ploto) Ryspld.One to current benchmark ISMHE
meeting industrial needs.
Further work could explore intro-
ducing a e e in the
active site, inspired by HETase
(Figure 5), synergistic integration
with PETases and scale-up.
These advances move enzymatic
recycling closer to practical alter-
natives for plastic management.
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Scientific publication

A review research paper was published on Catalysts journal in an open access format titled
“Protein Engineering for Industrial Biocatalysis: Principles, Approaches, and Lessons from

Engineered PETases” by K. Grigorakis, C. Ferousi and E. Topakas.

The paper explores the principles and methodologies of protein engineering, emphasizing
rational design, directed evolution, semi-rational approaches, and the recent integration of
machine learning. These strategies have significantly enhanced enzyme performance, even
rendering engineered PETase industrially relevant. Insights from engineered PETases
underscore the potential of protein engineering to tackle environmental challenges, such as
advancing sustainable plastic recycling, paving the way for innovative solutions in industrial
biocatalysis. More specifically, this work is correlated with making enzymes specific for

specific polymers with high yields that make them industrially relevant.
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