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Abstract: Enzymatic polyethylene terephthalate (PET) recycling processes are gaining interest for
their low environmental impact, use of mild conditions, and specificity. Furthermore, PET
hydrolase enzymes are continuously being discovered and engineered. In this work, we studied a
PET hydrolase (PET2), initially characterized as an alkaline thermostable lipase. PET2 was produced
in a fusion form with a 6-histidine tag in the N-terminal. The PET2 activity on aromatic terephthalate
and new indole-based polyesters was evaluated using polymers in powder form. Compared with
IsPETase, an enzyme derived from Ideonella sakaiensis, PET2 showed a lower PET depolymerization
yield. However, interestingly, PET2 gave significantly higher polybutylene terephthalate (PBT) and
polyhexylene terephthalate (PHT) depolymerization yields. A clear preference was found for
aromatic indole-derived polyesters over non-aromatic ones. No activity was detected on Akestra™,
an amorphous copolyester with spiroacetal structures. Docking studies suggest that a narrower and
more hydrophobic active site reduces its activity on PET but favours its interaction with PBT and
PHT. Understanding the enzyme preferences of polymers will contribute to their effective use to
depolymerize different types of polyesters.

Keywords: plastic biodegradation; marine PET hydrolase; enzymatic degradation; indole-based
polyesters; PETase; PET

1. Introduction

Plastic materials are essential to society due to their wide range of applications. However, the
vast production and use of fossil-based non-biodegradable plastics (~99% of all plastics) has raised
growing global concerns, including plastic littering and pollution, fossil dependence, and greenhouse
gas emissions [1]. Recently, significant attention has been paid in academia and industry to
developing effective plastics recycling technologies, including mechanical, chemical, and biological
methods [2—4]. Notably, using microbes and enzymes for plastics recycling is attractive because of its
milder and environmentally friendly conditions that can enhance sustainability [5].

Polyethylene terephthalate (PET) is a major plastic material widely used in packaging, beverage
bottles, and textiles. The polymer structure consists of terephthalic acid and ethylene glycol units
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linked by ester bonds. Despite PET's resistance to biodegradation, several cutinase-like enzymes with
PET-hydrolase activity have been discovered [3]. The enzymatic PET-hydrolysis was reported for the
first time in 2005. A low crystallinity (9%) PET was depolymerized up to 50% by using a thermostable
hydrolase (TfH) from Thermobifida fusca, at 55°C for three weeks [6]. Recently, other thermostable
hydrolases have shown promising results. Without PET pre-treatment, a cutinase (HiC) from
Humicola insolens has shown equal depolymerizing activity of amorphous and crystalline regions at
45 to 55 °C [7]. A modified form of compost metagenome-derived cutinase (LCC) depolymerized a
pre-treated (amorphized and micronized) PET up to 90% in 10 hours at 72°C [8]. Recently, a PET-
hydrolase (PET2) discovered in a marine metagenomic library that showed optimal activity between
55 and 70°C and higher stability than the LCC at 90°C [9] attracted our attention for assessing its
activity in a series of different aromatic synthetic polymers (Figure 1).

Apart from PET, many another aromatic terephthalate homo- and copolyesters are also widely
used or gaining interest due to their physical and chemical properties. For instance, AkestraTM
(Perstorp AB), a new terephthalate copolyester with spiroacetal structures, is an amorphous, durable
polyester with potential use in hot-filling packaging [10,11]. Similar thermal and mechanical
properties have also been achieved by using other rigid cyclic diols (e.g. 1,4-cyclohexanedimethanol,
2,2,4, 4-tetramethyl-1,3-cyclobutanediol) in the production of terephthalate copolyesters (e.g. PETG,
TritanTM from Eastman). Furthermore, polybutylene terephthalate (PBT), synthesized from TPA (or
DMT) and 1,4-butanediol, is used in electrical plug connectors, household devices like irons, and
sportswear [12,13]. Incorporating flexible adipic acid in the backbone of PBT resulted in a
biodegradable polyester, PBAT, which has recently received considerable attention [14,15].
Polyhexamethylene terephthalate (PHT) has excellent potential in semiconductor materials and
textiles [16-18].

Recently, the exploration of new aromatic polyesters with other potentially sustainable aromatic
building blocks has been active, such as those with furan, indole, pyrazine, or various lignin-derived
aromatics [19-25]. Particularly, sugar-based 2,5-furan-dicarboxylic acid (FDCA) has been intensively
studied for the production of polyester, namely poly(ethylene furanoate) (PEF), which shows similar
thermal and mechanical properties, and even better barrier properties as PET and thus has potential
to replace PET in the beverage bottles [26]. However, the relatively low thermal stability and
discolouration during the polymerization of furan-based monomers have been a frequently
countered challenge [27,28]. A lab-scale synthesis of bottle-grade PEF has been achieved using a
complex 3-step procedure [21]. Many other furan-based polyesters have also been reported on a lab
scale [29]. In parallel to the rapid development of furan-based polyesters, some authors of this paper
have been exploring the possibilities of developing polyesters based on indole, a larger aromatic unit.
Indole and many indole-derived aromatic molecules widely exist in nature and wastewater streams,
which could also be produced by microorganisms [30]. It makes indole a potentially attractive
aromatic building block for developing sustainable polymers. So far, several series of indole-based
polyesters with different structures (e.g. flexibility, substitution patterns, type of ester bonds, and
others) have been successfully synthesized, and their possibility to be degraded by enzymes has also
been preliminarily demonstrated [31-34].

doi:10.20944/preprints202306.1939.v1
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Figure 1. Assessed polyesters as potential substrates for the PET2 depolymerase. (A) PET, (B) PBT,
(C) PHT, (D) Akestra™, (E) AB (aromatic) and (F) AABB (aliphatic aromatic).

This article focuses on fundamental depolymerization studies and not directly on recycling.
Therefore, the polymers used as enzyme substrates were prepared in powder form by dissolution-
precipitation [35]. The PET2 activity on different aromatic terephthalate and indole-based polyesters
was compared with the IsPETase activity on the same substrates. PET2, characterized initially as a
lipase (lipIAF5-2) [36], has been recently suggested as another alternative for PET depolymerization,
and thermostable mutants with improved activity have been developed [37]. However, to the best of
our knowledge, the PET2 activity on polyesters other than PET is evaluated for the first time in this
work.

2. Results and Discussion
2.1. Production of the Recombinant PET2

Recombinant PET2 was successfully produced in E. coli BL21(DE3). The yield was 0.3 g/L, and
the estimated purity was more than 93%, according to the SDS-PAGE analysis (Figure 2A). However,
the band observed in the gel, close to 25 kDa, did not match the molecular mass of the PET2. The
average theoretical mass of the protein, including the tag in the N-terminal containing six histidines
(MGSSHHHHHHSSGLVPRGSH), is 30258 Da. Therefore, the intact mass of the produced protein
was analysed by linear MALDI mass spectrometry, giving 30419 Da (Figure 2B) using external
calibration. This result indicates that PET2 was produced at its full length, and the band observed in
the gel could be attributed to an anomalous migration.
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Figure 2. Purification and molecular weight analysis of PET2. (A) SDS-PAGE, notice that PET2 looks
a bit smaller than 25 kDa, which is attributed to an anomalous SDS-PAGE migration. (B) Linear
MALDI Mass spectrometry analysis of the same sample, intact PET2. Notice that the molecular weight
is 30 419 Da, close to the theoretical determined mass of 30 258 Da.
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2.2. PET2 Activity on Terephthalate Aromatic Polyesters

PET2 showed activity on PET, PBT, and PHT, while there was no activity on Akestra™. The
highest activity was with PET, followed by PHT and PBT (Figure 3A). Compared to the IsPETase
activity, both enzymes preferred PET with markedly higher IsPETase activity than PET2 under
respective suitable pH and temperature conditions (Table 1). Both enzymes showed similar product
profiles, including TPA, mono-(2-hydroxyethyl) terephthalate (MHET), bis-(2-hydroxyethyl)
terephthalate (BHET), and ethylene glycol (Figure 3B), which was also reported in other work [37].
However, PET2 showed greater activity than IsPETase on PBT and PHT. Regarding Akestra,
IsPETase showed low activity while no activity was detected for PET2 (Table 1), which significatively
contrasts with the remarkable activity of HiC cutinase from Humicola insolens [38].

Table 1. Depolymerization of different terephthalate and indole-based polyesters after 72 hours with
PET2 at 55°C, pH 9, and IsPETase at 37°C, pH 7. The enzyme/substrate ratio was 0.07 mg/mg.

PET2 IsPETase [35]
Polvmer Degradation = Depolymerizatio Degradation Depolymerizatio
y products (mg/L) n (%) products (mg/L) n (%)
PET 1965 19.66 3934 39.34
PBT 138 1.38 25 0.25
PHT 974 9.74 12.5 0.13
Akestra™ N.D. N.D. 13.3 0.13
AB N.D. N.D.
AABB 925 7.01 N.Q. N.Q.
N.D. No detected, N.Q. Detected, but no quantified.
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Figure 3. PET2 depolymerization activity on terephthalate polyesters. (A) HPLC analysis of PET2
depolymerization of terephthalate polyesters after 72 h: polyethylene terephthalate (PET),
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polybutylene terephthalate (PBT), polyhexamethylene terephthalate (PHT), and Akestra™. Notice
that the tiny peak corresponding to TPA in the Akestra-depolymerization chromatogram is also
present in the control. (B) PET depolymerization reaction. Notice that the ethylene glycol was not
analysed, but it is a predicted product.

To further investigate the activity of PET2 and Trx-IsPETase against PET, initial reaction rates
were obtained with incubation of a high enzyme/substrate ratio (1.12 mg/mg) for 4 hours. The
thioredoxin fusion domain (Trx) has allowed a significative higher yield production of Trx-IsPETase
than IsPETase and a positive effect on PET depolymerization [35]. Trx-IsPETase reached significantly
higher activity than PET2, around 5-fold (Figure 4A). Furthermore, the thermostability of both
enzymes was also compared. The DSF analyses have shown melting points (Tm) of 47.7 °C for Trx-
IsPETase, and 56.7 °C for PET2 (Figure 4B). The Tm for PET2 determined here is significantly lower
than the previously reported value in another work, 69°C, by circular dichroism [37]. This difference
can be attributed to several factors, mainly the use of different methods, additional amino acids from
the histidine tag in the N-terminal of the construct (headline 2.1), and different buffer compositions,
pH 9 here and 7 in the referenced work. The pH was chosen based on another work reporting PET2
preference in alkaline pH, from 8 to 9 [9]. No effect of calcium was detected by DSF analysis for either
of the enzymes, which was consistent with the circular dichroism analysis reported previously [37].
The determined suitable temperature of 55 °C being so close to the Tm also indicates that the Tm
determined by DSF might be underestimated, at least during operational conditions.
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Figure 4. Compared reaction rates and melting points of PET2 and Trx-IsPETase. (A) Reaction rates
of PET2 at 55°C and Trx-IsPETase at 37°C. The enzyme/substrate ratio was 0.12 mg/mg. (B) Melting
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points of PET2 and Trx-IsPETase; dotted lines represent melting points at 56.7 and 47.7°C,
respectively.

2.3. PET2 Activity on Indole-Based Polyesters

No PET2 activity was detected in polymer AB, while three depolymerization products were
detected for AABB by LCMS (Figure 5). The main product was an indole monoester [2-(3-((3-
hydroxypropoxy) carbonyl)-1H-indol-1-yl) acetic acid], followed by an indole-diester [3-
hydroxypropyl 1-(2-(3-hydroxypropoxy)-2-oxoethyl)-1H-indole-3-carboxylate], and an indole-diacid
[1-(carboxymethyl) indole-3-carboxylic acid], which was under the quantification limit of the HPLC
analysis. The depolymerization products were quantified as equivalents in methyl 1-(2-methoxy-2-
oxoethyl)-1H-indole-3-carboxylate, assuming that the extinction coefficient of the chromophore
tryptophane group is the same as in the AABB depolymerization products. Thus, PET2 activity
yielded ~925 mg/L depolymerization products corresponding to ~7 % of the polymer used as a
substrate (Table 1).
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Figure 5. PET2 depolymerization activity on AABB polyester. (A) LCMS analysis of depolymerization
products. (B) Proposed reaction based on the LCMS analysis. Notice that the 1,3-propanediol was not
analysed, but it is a predicted product from the AABB molecular structure. The molecule marked in
red is not expected to be a main product based on the chemistry.

2.4. Structural Analysis

PET2 thermostability and its thermostabilized forms were recently reported by Nakamura et al.
[37]. Therefore, the structural analysis performed in this work focuses on comparing the active sites
between [sPETase and PET2. PET-like enzymes were previously classified into two types, where type
IT enzymes were further subdivided into Ila and IIb [39]. This classification is based on a phylogenetic
analysis of 69 putative PETases, and a comparative analysis of structures of IsPETase and cutinases
active on PET. The catalytic amino acids Ser, His and Asp are well conserved in all these enzymes,
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suggesting the same catalytic mechanism, independently of their thermal stability [40]. Ser is the
nucleophile, His is the base, and Asp is the acid. The substrate cleavage point divides the binding
cavity into subsites I and II. Type I and II PETases share the same key residues in subsite I but differ
in subsite II. Furthermore, type II enzymes have an extended loop region connecting the B-strand 8
with the adjacent o-helix 5 and an additional disulfide bond linking this loop with the neighbouring
B-strand 7 [40,41]. IsPETase is classified as type IIb due to the presence of a Ser132, while type Ila
enzymes have Phe or Tyr instead [39]. Interestingly, PET2 does not fit very well whiting this
classification system. PET2 has an extended loop but not an additional sulfide bond. In addition,
PET2 has a Trp instead of Phe or Tyr in type Ila, or Ser in type IIb. It is also remarkable that the His229
of PET2 in the subsite I is also present in type I enzymes, such as PHL7, LCC and TfCut2, while in
IsPETase it is Ser214 (Figure 6a). More structural and functional studies are needed to update the
PETase classification system. Therefore, PET2 can be provisionally classified as a type Il PETase.

Dockings of IsPETase and PET2 with mono-(2-hydroxyethyl) terephthalate dimer (MHET)2
have shown different ligand conformations—the carboxyl-free end MHET unit bound to subsite I,
while the glycol-free end MHET unit bound to subsite II. In IsPETase, the OC-CO dihedral angle of
the ethylene glycol (EG) moiety adopted a gauche conformation. However, interestingly, in PET2, the
OC-CO dihedral angle of the EG moiety adopted a trans conformation (Figures 6b and 6¢). NMR
studies have shown that gauche EG moieties predominate in amorphous PET while trans do it in
crystalline PET [42]. These results, among others, could contribute to explaining the remarkably
higher activity of the IsPETase than PET2 using as a substrate a highly amorphous PET (11.3%
crystallinity).

A

Type Enzyme | Catalytic triad | Subsite | | Subsite Il | Extended loop region ]
| PHL7  5131/H209 D117 F63 M132 W156 |179193 [Q95 H185F189T64 A65 S69 H130 1210 [V2115212N213[1214P215 D16 | - | - | - |A17d]
n PET2 jSl?S H253 D221 Y102 M176 W199 1223Y132 Q134 H229 FlSiiL](ﬁ\SlUﬂ‘SLDBWlY‘l w254 |G255A256 N257 (G258 G259 N260 1261 Y262 5263 GZlBA
llb  UsPETase 5160 H237 D206 Y87 M161 W185 2081117/q119 5214 1218 [T88 A89 593 W159 5238 -cz}!g A240N241 5242 (G243 N244 5245N246 Q247 cz;n,

3
additional disulfide bond

additional disulfide bond

Figure 6. Subsites of [sPETase and PET2. (A) Alignments of structurally equivalent amino acids of
IsPETase, PET2, and PHL?7 (PDB ID: 8BRA). The catalytic triad is conserved in all enzyme types. The
amino acids in subsite I that directly interact with the ligand are conserved (highlighted in cyan),
while those in subsite II vary in several positions (in red). The extended loop is present in IsPETase
and PET2 (type II enzymes), while not in PHL? (type I). PET2 lacks an additional disulfide bond. (B)
Surface representation of the IsPETase/(MHET)2 complex and (C) PET2/(MHET)2. The ligand is
represented by sticks (carbons in green and oxygens in red). Note that (MHET)2 is in a gauche
conformation in IsPETase, whereas it is in trans in PET2. Catalytic amino acids are in yellow, subsite
I amino acids are cyan, subsite Il amino acids are magenta, and the extended loop is in orange.

IsPETase and PET2 share 53% of identity when comparing their amino acid sequences, excluding
the signal peptides. However, despite these differences, the active sites have several conserved amino
acids (Figure 7). Thus, the catalytic triad in PET2, Ser175, Hist237, and Asp212 corresponds well to
the positions of Ser160, His237, and Asp206 in IsPETase. The amino acids of the proposed oxyanion
hole [39] are also well conserved in both enzymes, Tyr102 and Met176 in PET2 and Tyr87 and Met161
in IsPETase. Other amino acids which stabilize PET are Trp199 and Ile223 in PET2, corresponding to
Trp185 and Ile 208 in IsPETase [32,43]. The Trp has been proposed to make n-w interactions between
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its indole ring and the PET aromatic ring. These amino acids have shown similar interactions with
other aromatic terephthalates (Figure 7b-7d) and indole (Figure 7e) dimeric esters used as ligands for
docking. The presence of Trp254 and Leul03 in PET2 instead of Ser238 and Thr88 in IsPETAse,
respectively (Figures 5a and 5b), is the main difference between their active sites. The bulkier side
group of Trp254 forms a narrower groove in the active site of PET2 than in IsPETase, which could
affect the access of the polymeric substrate giving a lower PET depolymerization yield, which was
supported experimentally (Table 1). It is also consistent with the non-detectable activity on Akestra™
with PET2, which has a rigid spiroglycol terephthalate linker group (Table 1). On the other hand, the
Leul03 increases the hydrophobicity in PET2 remarkably (Figures 5a and 5b), which could favour
the interactions with long flexible terephthalate linkers, such as the diol moieties of PBT, PHT, and
AABB (Figures 7c to 7e). Indeed, PET2 gave a higher depolymerization yield than IsPETase for these
substrates (Table 1). The Phe105 in PET could also contribute to additional hydrophobic interactions
with large linker substrates, such as PBT and PHT (Figure 7c and 6d), or bulkier aromatic groups,
such as the indole group of AABB polymers (Figure 7e). The corresponding amino acid in IsPETase
is Arg90. Although the docking studies can provide valuable information on PET hydrolases/ligands,
more experimental support is still needed.
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Figure 7. Docking of different ligands (represented in green) into PET2 and IsPETase. The
hydrophobicity surfaces of the active sites are represented according to the Kyte-Doolittle scale,
ranging from dodger blue for the most hydrophilic to white and to orange-red for the most
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hydrophobic [44]. Catalytic amino acids are labelled in red, while the suggested amino acids that
stabilize the oxyanion intermediate are in blue. (A) (MHET):/IsPETase (PDB ID:6EQE). (B)
(MHET)2/PET2. (C) (MHBT)/PET2. (D) (MHHT)/PET2. (E) (Indole-monoester):/PET2. Figure
elaborated in UCSF Chimera v.1.15 [45].

3. Materials and Methods
3.1. Production and Purification of Recombinant PET2 and Trx-IsPETase

A recombinant intracellular PET2-enzyme was produced in the Escherichia coli BL21(DE3) strain.
A synthetic gene encoding PET2 (GenBank accession number ON416993), with optimized codons,
was inserted into the vector pET28b between the Ndel and Xhol restriction sites, giving the plasmid
pET28b::PET2. The vector backbone provided a sequence encoding a histidine tag at the N-terminus
of PET2. E. coli BL21(DE3) harbouring the plasmid was grown, at 37°C, in 300 mL LB medium
supplemented with kanamycin 35 mg/mL as a selection factor. The protein expression was induced
with 1 mM IPTG and decreased to 20°C when the optical density (I=600nm) reached 0.6 for 20 hours.
Then, the cell pellets were separated by centrifugation at 5600 xg for 10 minutes and washed with 30
mL of binding buffer (BB). PET2 was purified by immobilized metal affinity chromatography (IMAC)
as described in our previous work [35], using a BB consisting of 100 mM Tris-HCI, 500 and mM NaCl
adjusted to pH 7.4, and an elution buffer (EB) with the same composition as BB but with additional
500 mM imidazole, adjusted to pH 7.4. Recombinant Trx-IsPETase was also produced similarly and
purified as described in our earlier work [35].

3.2. MALDI-TOF/TOF

MS spectrum of intact PET2 protein was acquired using an Autoflex Speed MALDI TOF/TOF
mass spectrometer (Bruker Daltonics, Bremen, Germany) in positive linear mode. The protein sample
was diluted 1:3 with 0.1 % TFA (Trifluoroacetic acid), then 1 uL of the sample was put on a MALDI
target plate together with 0.5 pl matrix solution consisting of 5 mg/ml a-cyano-4-hydroxy cinnamic
acid, 80% acetonitrile, 0.1% TFA. The spectrum was externally calibrated using intact BSA from
Bruker Daltonics.

3.3. Polymer Preparation

Akestra™ was a courtesy from Perstorp AB, PET (Ramapet N180) was purchased from
Indorama, PBT was purchased from Sigma-Aldrich, and PHT was synthesized according to a
previously published protocol [46]. All the samples were prepared into powders by dissolution-
precipitation as described previously [31,35]. Changes in crystallinity were assessed by differential
scanning calorimetry [35,47]. Sample properties are summarized in Table 2.

Table 2. Properties of the polymers used before dissolution-precipitation, and crystallinity
determined after dissolution-precipitation.

Polymer ( dlljg) Tg (°C) Tm (°C) M (g/mol) (g/l\rllnv:ﬂ) Cl‘yS:Oa/glmty Reference
PET ~0.8 ~78 ~245 11.3 [35]
PBT ~203  ~38000 38.6 [35]
PHT ~1.26 ~17 ~140  ~26000  ~43000 n.d. [35]

Akestra™  ~(0.64 ~95 - Amorphous [35]
AA 102 - ~8100 ~14500 Amorphous [32]

AABB 93 - ~35800 ~71700 Amorphous [31]

IV is intrinsic viscosity measured by GPC in chloroform. n.d. is not determined.
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3.3. Enzymatic Reactions

The reaction mixtures were prepared in 2 mL vials. They consisted of 20 mg of prepared
polymer, 50 mM buffer glycine/NaOH pH 9, 2 mM CaClz, 10% DMSO, and 0.7 g/L of PET2. All
reactions were performed in triplicates, for 72 h at 55°C and under shaking at 200 rpm. A negative
control, including all components of the reaction except the enzyme, was incubated in the same
conditions for each enzyme.

Reaction rates for PET2 and Trx-IsPETase were determined over a period of 4 hours. The enzyme
concentration was 0.12 g/L, and the substrate was 20 mg PET. The reaction conditions for PET2 were
the same as described above, while for Trx-IsPETase pH 7.4 and 37°C, as described in our previous
work [35]. The samples were taken every hour and analysed by HPLC.

3.4. Reaction Products Analysis

The reaction products were analysed by HPLC and LCMS following the methods previously
developed [35]. Samples of 500 mL were retrieved and diluted to 1:1 with DMSO. Afterwards, the
dilutions were filtered and loaded in analytical vials. A hydrophobic column C18 (Kinetex® 1.7 um
XB-C18 100 A, LC Column 50 x 2.1 mm) was used with operational conditions described in a
published paper [35]. The HPLC used was an Ultimate 3000 RS (Dionex), while the LCMS analysis
was performed in an HPLC system (Thermo Fisher Scientific) coupled to an LTQ Velos Pro Ion trap
mass spectrum (Thermo Fisher Scientific) using a heated electrospray ionization source (HESI-II)
operated in negative mode.

3.5. Differential Scanning Fluorometry

The thermal stability of both PET2 and Trx- IsPETase was evaluated by Differential Scanning
Fluorometry (DSF) using the Prometheus NT 48 nano DSF (NanoTemper Technologies GmbH,
Munich, Germany). Samples, with or without 1 mM CaClz, were prepared in 50 uL of a 50 mM bulffer,
Gly-NaOH for PET2 and phosphate buffer for Trx-IsPETase, and 1 mg/mL of the enzyme. Triplicates
of 10 pL were loaded in the instrument capillaries and were heated from 20 to 90°C at a rate of 1°C
per minute; then, to monitor protein unfolding, intrinsic fluorescence at emission wavelengths of 330
and 350 nm was analysed.

3.6. Molecular Docking

PET2 was docked with ligands consisting of dimers of mono-(2-hydroxyethyl) terephthalate
(MHET)2, mono-(4-hydroxybuthyl) terephthalate (MHBT)2, mono-(6-hydroxyhexhyl) terephthalate
(MHHT)2, and (Indole-monoester)z; and IsPETase with (MHET).. The structure of the wild-type PET2
was obtained by reverse mutation of the crystal structure of the mutant 2M [37] (PDB ID: 7ECS8), using
YASARA v21.12.19 [48]; while the crystal structure 6EQE (PDB ID) of IsPETase was used as the
receptor. All ligands were prepared in the Avogadro program [49] as described previously [50]. The
molecular geometries were optimized using the force field MMFF94, with the steepest descent
algorithm, 5000 steps and convergence of 107. Dockings were performed with AutoDock Vina [51],
considering the total flexibility of the ligands. The interactions between enzymes and ligands were
analyzed in UCSF Chimera v.1.15 [45].

4. Conclusions

Although PET2 is significantly more thermostable than IsPETase, the latter has shown
remarkably higher PET-depolymerizing activity. However, interestingly, PET2 has yielded higher
depolymerization products from PBT and PHT than IsPETase. While IsPETase was able to
depolymerize Akestra™, PET2 did not produce any detectable degradation products. The highest
activity of IsPETase, and the different product profiles suggest that the differences between the active
sites of PET2 and IsPETase are more determinant than the thermostability for the depolymerization
processes. On the other hand, PET2 is more selective for indole-based polyesters, being able to attack
the AABB-type indole-based polyester with 1:1 ratio of aromatic and aliphatic ester groups, while
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unable to attack the AB-type indole-based polyester with purely aromatic ester groups. Finally,
understanding the enzymatic preferences of polymers will contribute to the effective use of enzymes
to depolymerize different types of polyesters.
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