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S1. Supplementary discussion

S1.1 Biochemical characterization of DmPETase and LCCICCG

Determined MWs of DmPETase and LCC!“Y, at 31 kDa and 29 kDa respectively (Figure
S5), come to an agreement with the theoretical ones calculated through ExPASy ProtParam

tool [1], at 30827 Da for DmPETase and 28834 Da for LCC!C6,

DmPETase acts optimally at 50 °C, with the enzyme retaining over 60 % of its maximum
activity within a temperature range of 10 °C around this optimal temperature (Figure 2A). In
comparison, LCC!“CY achieves maximum activity at 60 °C, maintaining 50 % of this activity
within a temperature range of 20 °C around this value (Figure 2A). DmPETase was stable for
3 days at temperatures ranging from 20 °C up to 50 °C, retaining over 70 % of its activity
(Figure 2C). At 60 °C, the enzyme remained active after 1 h, but was completely deactivated
after 8 h. At higher temperatures of 70 °C and 80 °C, DmPETase retained less than 20 % of its
activity after 1 h. The thermal stability of LCC'®“C was confirmed, with 70 % of its activity
remaining after 3 days of incubation at 60 °C, and roughly 55 % and 65 % remaining activity

at 70 °C and 80 °C, respectively (Figure 2D).

Regarding pH, DmPETase showed maximum activity at pH 6.0 (C-P), with approximately
70 % activity retained at pH 7.0 (Figure 2B). The enzyme lost significant activity at slightly
acidic (pH 5.0) or alkaline (pH 8.0-9.0) pH values, in the ballpark of 60 % and above.
Conversely, LCC'“C exhibited maximum activity at pH 8.5 with roughly 80 % activity at pH
8.0 and 9.0 (Figure 3). The stability of DmPETase increased from acidic to alkaline pH, with
maximum stability observed for T-H buffer system pH 9.0 (Figure S6). On the contrary, G-N
buffer system at alkaline pH values compromised the stability of the enzyme. LCCICY stability
was, favored at T-H pH 9.0 buffer, while P-P buffer systems of slight acidic to neutral pH
negatively affected LCC!“CC stability (Figure S6). In fact, for the majority of the tested buffer

systems the enzyme was more stable compared to the standard storage buffer.

The determination of kinetic constants for both DmPETase and LCC'“CS (Table 1) on
pNPA, pNPB, pNPO and pNPD indicated a typical Michaelis-Menten profile. The affinity of
DmPETase, was highest with pNPB, and 4- and 6-fold lower with pNPA-pNPD and pNPO,
respectively. The highest kear for DmPETase was observed for pNPB, which was almost the
same as for pNPA, but significantly decreased with increasing substrates’ acyl chain length,

reaching a 15-fold drop for pNPD. According to these results, DmPETase showed the highest
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catalytic efficiency (kca/Km) towards pNPB followed by pNPA, pNPO and pNPD. Concerning
LCCICCS, the enzyme displayed major affinity for pNPB, followed by pNPD, pNPA and pNPO.
Enzyme’s kcar was the highest for pNPA, decreasing with increasing chain length, resulting in
a 20-fold drop for pNPD. The catalytic efficiency of LCC!“CC peaked towards pNPB followed
by pNPA, pNPO and pNPD, with a significant difference, around 60-fold lower.

Both DmPETase and LCC!““C have similar biochemical properties. They exhibit a
thermophilic profile, being preferably active and stable at higher temperatures, with LCC'¢S
exhibiting superior thermotolerance. Although their optimum pH values might differ, they both
work efficiently at neutral pH (70 % of the optimum), whereas their stability is favored at
alkaline pH of 9.0 in the presence of Tris-base ions. The optimum conditions of DmPETase
could be associated with the thermo-philic/tolerant nature of the microorganism of origin,
being isolated from desert soil [2], while the stability of the enzyme at alkaline pH is justified,
as studies of different soil samples from Sonoran Desert showed an average pH value near 9.0
[3]. The optimal activity conditions of LCC!CY are partially consistent with the findings of
Sulaiman et al. and Su et al., who studied the wild-type LCC and its ICCG variant, respectively,
demonstrating optimum activity at 50 °C and pH 8.0-8.5. According to recent studies [4,5],
LCC!CCG stability was only minimally affected (minimum relative activity 70 %) at 50 °C -70
°C for up to 8 h incubation, which accords with our results. Both DmPETase and LCC'“S
show similar catalytic efficiency on pNPB (Km,pmpETase=158.8 mM-!s, Ky, 1cc!“CC = 180.1
mM-!s™), while DmPETase is 1.4-fold more efficient on pNPA and, LCC'“C slightly more
active on pNPO, presenting 1.6-fold higher efficiency, but similar efficiency on pNPD (Table

1).

S1.2 Properties of tested polymeric materials

Two highly crystalline (cPET and bPET) and an amorphous PET (aPET) were the virgin
grades, selected as the extreme cases of crystallinity. cPET and bPET presented the highest x4
values of 40 % and 36 %, respectively (Table S1). These values were high enough for our
analysis, given that the post-consumer PET packaging products typically present crystallinity
higher than 20 % [9,10], about 35 % [11]. During the first heating, typical glass transition
temperatures (71) of 81-82°C were monitored for cPET and bPET [12], and a double melting
behavior with melting points at 237 and 249-250°C (Figure S7, A). The double (or multiple)
melting behavior of PET is a typical phenomenon strongly dependent on the material’s thermal

history [13]. It is mainly attributed to different distributions of lamella thickness and/or melting
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and recrystallization (reorganization) of crystallites formed at low temperatures during the
heating scan [13,14]. During cooling from the melt, cPET and bPET presented similar 7. and
X, (26 and 23 %, respectively). Single melting points were monitored (7m2 248-249°C, which
is typical for PET) [15] during the second heating, as cPET and bPET had enough time to

crystallize during cooling, and probably no significant recrystallization occurred.

Regarding aPET powder, a sharp 71 was monitored at 77 °C during the first heating
indicating the amorphous character, which was confirmed by the calculated x., (i.e., 6 %), the
lowest of all the examined materials. Cold crystallization occurred at 145 °C, followed by
melting (7m1 256 °C), a typical behavior of amorphous polymers. Crystallization from the melt
occurred during cooling at 197 °C (Figure S7, B), followed by melting during the second
heating. The Tz was weak and thus unable to be defined during the second heating (Figure S7,

C), while the calculated x., was about 28 %.

All the post-consumer PET bottle pieces and powders presented mass fraction crystallinity
values between the limiting cases aPET (x.; 6 %) and cPET, bPET (x.; 40 %, 36 %). The
transparent and green bottles’ bottom (tbtPET and gbtPET), body (tbdPET and gbdPET) and
shoulder (tsPET and gsPET) reached higher x.,; values (27-31 %) compared to the necks
(tnPET and gnPET) that presented x.; of 10-11 %. This difference is due to the manufacturing
process of the bottles (i.e., blow molding), which results in stress-induced crystallization and
macromolecular orientation in a parallel fashion regarding of the stretched parts of the bottles
(bottom, body, shoulder) [16,17]. The bottles’ powders (tPET and gPET) presented x.; of
about 21 %, between the neck and the stretched parts’ mass fraction crystallinity, as expected.
All the post-consumer PET grades presented decreased 71 (73-76 °C) compared to the virgin
semi-crystalline grades (cPET and bPET), probably indicating water-induced plasticization
[18], considering the continuous contact of the products with water during usage. The
monitored 7 were higher (80-81 °C), as residual moisture was probably removed during the
first heating. All the post-consumer grades crystallized during cooling at 179-188 °C (x, ~ 22-
27 %) and presented similarly single melting points of 250-255°C during the first and the
second heating (Figures S8 and S9).

Overall, across all tested PET samples, a range of crystallinity degrees, spanning from low
(6 %) to high (40 %), was observed. All other thermal properties presented significant
similarities, besides slightly decreased, 71 of post-consumer PET grades compared to virgin

grades, within rational bounds.
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Except from PET, investigated target polyester (PBS, PCL, PHB, PLA) and polyurethane
(PU) based polymers’ properties (Table S2) were retrieved by Nikolaivits et al. [19], whose

study was conducted using the exact same material grades.

S2. Supplementary Figures and Tables
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Figure S1 Different investigated forms of post-consumer transparent PET bottle and their crystallinity grade: Whole transparent PET bottle
grinded into powder (tPET of x,. 21%), hole-punched chips from bottle’s neck (tnPET of x. 10%), shoulder (tsPET of x.31%), body (tbdPET of
x.35%) and bottom (tbtPET of x,. 33%).
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Figure S2 Different investigated forms of post-consumer green PET bottle and their crystallinity grade: Whole green PET bottle grinded into
powder (gPET of x. 21%), hole-punched chips from bottle’s neck (gnPET of x. 13%), shoulder (gsPET of x. 31%), body (gbdPET of x,. 30%)
and bottom (gbtPET of x. 29%).
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DmPETase LCClcca IsPETasae

Figure S4 Electrostatic (Coulomb) potential distribution mapped to the solvent-accessible
surface of DmPETase, LCC'CS and IsPETase structures. The colors represent negative
charges in pink and positive charges in blue, with a scale in kcal-mol !-e"!. The front side of
the enzymes was determined the one, where the active-site cleft (in red dashed circles) is on
the top. The models were then flipped 90° along the x-axis three times to display all sides of

the enzymes.
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Figure S5 SDS-PAGE gel (12 % w/w) of LCC'“S (A) and DmPETase (B).
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30 phosphate (S-P, pH 6.0-8.0), 0.2 M Tris-HCI (T-H, pH 8.0-9.0) and 0.2 M glycine-NaOH (G-

31 N, pH 9.0-10.0).
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34  Figure S7 First heating (A), cooling (B) and second heating (C) of the virgin powders cPET,
35 bPET and aPET.
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Figure S8 First heating (A), cooling (B) and second heating (C) of the post-consumer
transparent bottle compartments (tnPET, tsPET, tbdPET, tbtPET) and powder (tPET).
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Figure S9 First heating (A), cooling (B) and second heating (C) of the post-consumer green
bottle compartments (gnPET, tsPET, tbdPET, tbtPET) and powder (gPET).
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Figure S10 Water-soluble products released after treating different compartments of a

transparent post-consumer PET bottle with DmPETase (dark grey) and LCC'““C (light grey).
Transparent PET bottle samples: Neck of x. 13% (A), shoulder of x. 31% (B), body of x,
30% (C) and bottom of x. 29% (D). Reactions took place at 50 °C for 72 h. Asterisk brackets

represent statistically significant differences between corresponding values, according to

Independent-Samples t-Test with a significance level of p-value < 0.05.
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58  Table S1 Thermal properties of the various tested PET materials.

1% heating Cooling 2nd heating
Tgl Tec AH Tm AHm1 Xecl T. AH. Xec ng Tm2 AHy, Xec2
Sample
O (O Jg) (O gy () O  Jg Jg €O (O Jg (%)
237+1
cPET  81£2 55€5 4043 17440 3744 263 79+1 248+1 3543 25+2
24940
237+1
bPET  82+0 5183 3642 17741  32+£2  23+1 81+0 249+0 33+1 24+1
250+0

aPET  77+2 145+£2 30+4 25643 39+2 6+2 1971 51£9 3747 nd* 2533 3944 2843

tnPET  73+0 128+0 1942 25542 33+2 100 189+2  33+2 2342 81+l 25241 34+1 2441

tsPET 7542 254+2 43+4 3143 18442  33+£3 23+£2 80+1 25042 33+£3 24+£2
tbdPET 76+l 253+1 43+£5  31+£3 17941  31+0  22+0 81+l 250+0 33+2 24+1
tbtPET  75+1 25540 43+4 3143 185+0 35+0 25+0 8l+1 25240 34+3 24+£2

tPET  74+1 12740 1243 253+0 4244 21+5 188+2  34+0 25+0 QI+l 251+l 35+0 25+0

gnPET  73+1 129+£2 1940 254+1 3443 11+£2  188+4  33+2  23+]1 80+0 251+0 34+1 2540

gsPET 7540 25340 44+1 31£1  184+2  32+1  23+1 80+l 250+0 40+7 2945
gbdPET  74+2 25340 44+2  31+2 184+1  37£2  27+£2 80+0 251+0 34+1 2441
gbtPET  73+1 25340 384 2743 185+£2 3145 2244 80+0 250+0 3243 2342

gPET 7440 135+£1 11£2 25140 400  21+1 186+0 34+£2 24+1 80+0 250+0 36+1 26+l

59  * Not determined.
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60  Table S2 Thermal properties and average molecular weights of target PBS, PCL, PHB, PLA and PU powders.

DSC properties! TGA properties' Average molecular weights?
1% heating Cooling 2"d heating
POlymer Tml AHfl xC Tc AHC Tg ch AHcc Tmz AHfZ xC Td’s% Td Chal' v —_—
powder  (°C) (/g) (%) (C) (Ulg) (O (C) (g (O (g (%) | O ©C) (%) | Mnke/moh M, (kg/mol) PDI
PCL 63 80 58 30 62 -64 — — 56 63 45 365 397 3 80.7+9.0 1182 £2.7 1(.)51:l:
PLA 156 29 31 — — 59 114 1 152 12 11 320 356 2 492 +33 100.7 £ 15.2 2(')();:
PBS 115 81 66 83 78 -32 101 7 11(195’ 78 64 333 387 2 12.8+0.1 27.4+0.1 2(')2(;:
160, 2717, 42 +
PHB 170 74 51 113 64 -4 — 168 72 49 254 370 4 324+1.5 135.0+ 3.5 01
343, 2.0+
PU — — — 53 3 150 — - - - — 303 397 14 66.3+0.3 1285+£2.2 0.0
61 1:119] %: Defined by GPC analysis.
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62  Table S3 Average molecular weights of different synthetic polymers before and after
63  enzymatic treatment with DmPETase and LCC!CS,

Average molecular weights

Average molecular weights
after enzymatic treatment

II;(())IV};I(;I:: before enzymatic treatment DmPETase LCCICCG
M,, (kg/mol) M, My M, M, My,
" (kg/mol) (kg/mol) (kg/mol) (kg/mol) (kg/mol)
PCL 80.7+9.0 1182+2.7 732+19 1150+19 ND* ND*
PBS 12.8£0.1 27.4+0.1 12.8+0.1 274+0.1  12.8+0.1 27.4+0.1
PHB 324+1.5 135.0+£3.5 324+15 1350+35 32+£15 135.0+£35
PLA 493 +33 100.7£ 152 493+33 100.7+152 493+3.3 100.7£15.2
PU 66.3+0.3 120822 609+32 121.2+79 634+17 1272+1.1

64  *Not determined (not enough residual polymer sample).
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